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Vineland, NJ 08360 (609) 692-8500

It e li m i n a t e s  t r o u b l e s o m e  c o l d - e n d  flask s a n d  fix e s  
all t w e l v e  flask s a t  e q u a l  d i s t a n c e s  e n s u r i n g  e v e n  
h e a t i n g .  T h e  e n tir e  a p p a r a t u s  o c c u p i e s  o n l y  
1 8  i n c h e s  o f  b e n c h  s p a c e  a n d  it c a n  b e  r o t a t e d  to 
p o s it io n  a n y  flask " u p - f r o n t "  or,  t o  a g i t a t e  flask s.
A  v a r i a b l e - v o l t a g e  tr a n s fo r m e r  m a y  b e  u s e d  to 
e x p a n d  th e  t e m p e r a t u r e  r a n g e .

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

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

T o  s a t i s f y  y o u r  a p p e t i t e  for m o r e  p r o d u c t  i n f o rm a t io n  
a n d  a p p l i c a t i o n s  o f  th is  a n d  o t h e r  K j e l d a h l  
a p p a r a t u s ,  c o n t a c t  y o u r  K o n t e s  m a n  or s e n d  for 
o u r  p r o d u c t  b u lle tin .
•Application papers include use with plant and biological specimens.
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I S b Í f Í e d s o l v e n t s

Detector Electron Capture OC-Mode torOrganochlotine Compound* as Heptachlor, v* Expoxids; Standard ... No peak > IO pg/ml

E v e r y  ‘ B A K E R  R E S I - A N A L Y Z E D ’® S o l v e n t  is 
g la ss distille d a n d  u s e - t e s te d  to  m e e t  t h e  e x a c t i n g  
r e q u i r e m e n t s  o f  o r g a n i c  r e s i d u e  a n a l y s i s  b y  g a s  
c h r o m a t o g r a p h y  ( G C ) .

All  1 7  s o l v e n t s  are fu lly  c h a r a c t e r i z e d  fo r  k e y  
m o d e s  o f  G C  d e t e c t i o n .  U s e  t e s t s  i n c l u d e  a s s e s s 
m e n t  o f  o r g a n i c  r e s i d u e s  b y  E C D ,  F I D ,  F P D  fo r  
P  a n d  S  a n d  H a l l  d e t e c t o r  f o r  N .  T h e  s o l v e n t s  
m e e t  t h e  r e q u i r e m e n t s  o f  t h e  E P A  a n d  A O A C  fo r  
p e s t i c i d e - r e s i d u e  a n a l y s i s .

S p e c i f y  ‘ B A K E R  R E S I - A N A L Y Z E D ’® - y o u r  a s s u r 
a n c e  o f  i n t e r fe r e n c e - fr e e  s o l v e n t s  f o r  g a s  c h r o m a 
t o g r a p h y .  S e e  J . T .  B a k e r ’ s n e w  C a t a l o g  80 fo r 
c o m p l e t e  d e t a il s .  C a ll  B a k e r  at (2 01) 8 5 9 -2 15 1  
t o  o r d e r  y o u r  c o p y  t o d a y .

8 pt(3.8 L) 3-9265
P e t r o l e u m  E t h e r
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30-60X
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Sample concentrated 100 fold. Analysis performed on Tracor 222Q, 4-modes of detection. 6' X 4 mm i.d. Column packed with 3% OV- 101 on Gas Chrom-Q, 80-100 mesh at 200°C. Carrier gas—purified helium at 65 ml/min. 5 ¿8 injection.

BAKER ANALYZED’ Reagent

LOT 024085
Organic Residue Analyses:
Organochlorine Compounds (as heplachlor epoxide)(by GC. ECO) . no peak> 5 pg/mlOrganophosphorus Compounds (as parathion)(by GC. FPD.

phosphorus mode) no peplo 100 pg/mlOrganosulfur Compounds (as parathion)(by GC. FPD. sulfur mode) no peak> 3 ng/mlOrganonitrogen Compounds (as diazinon)(by GC. Hall detector, 
nitrogen mode) no peak> 10O ng/ml

FIO Active Compounds (as n-hexadecane)(by capillary GC) no peak> 5 ng/ml
AcidityColor (APHA) ............Non-Voialile MatterWater (H,0)(by Karl Fischer titrn)

passes test 10 max 5 ppm max 0.05 Wnax
This solvent has been specially purified by a multi-step process that includes distillation in all-glass equipment.

J.T. Baker Chemical Co., Phillipsburg, N.J. 08865
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J.T. Baker Chemical Co. 
2 2 2  Red School Lane 

Phillipsburg, NJ 0 8 8 6 5 CHEMICALS

Sample concentrated 1000 fold. Analyses performed on Hewlett Packard 5840A: FID Detection. 30 meter SP-1000 WCOT column. Carrier gas-purified helium at 3 ml/min. 2 n\ injection.



A n  i n v i t a t i o n

t o  c o n t r i b u t e  a n d  s u b s c r i b e  t o

Talanta provides a forum for the rapid publication of original research papers, preliminary communications, full reviews and mini-reviews. Other features are annotations (critical commentaries), analytical data (stability constants, etc.) and letters to the editor. In addition to welcoming papers in the traditional fields of Pure and Applied Analytical Chemistry, and in order to provide an interface between those doing research and those applying the results of research in Analytical Chemistry, the editors wish to encourage submission of reports on developments and new techniques in fields such as:
Toxic Impurities in Biological Systems Food AdditivesPharmaceutical and Drug AnalysisPesticides and FungicidesClinical ChemistryMaterials Science and EngineeringGeochemistryEnvironmental Analysis

A further service to readers is an instrument review column, containing critical reviews of new instruments for analysis.
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S a v e  t i m e  a n d  s o l v e n t s
Automate residue clean-up procedures 
with the GPC Autoprep 1 0 0 2 .
S a v e  lab or, t im e  an d  c h e m ic a ls  w ith  th e  GPC 1 0 0 2 . Your lab o ra to ry  
p r o d u c tio n  h ou rs w ill b e  e x te n d e d  b y  u n a tte n d e d  c le a n -u p  p ro ced u re .  
T h e GPC 1 0 0 2  is a p p lic a b le  to  p e s t ic id e s ,  p riority  p o llu ta n ts  an d  d ru gs in 
p la n t an d  a n im a l t is su e s , seru m , urin e, so ils  a n d  s e d im e n ts . T h e u n it  is 
d e sc r ib e d  in EPA m e th o d  for p riority  p o llu ta n ts  in s lu d g e s .
W rite or ca ll for m o re  in fo rm a tio n  
A n a ly tica l B io c h e m is tr y  L ab orato ries, In c .
P .O . B ox 1 09 7  C o lu m b ia , M O  6 5 2 0 5
3 1 4 /4 7 4 -8 5 7 9



I S  Y O U R  
A O  A C  L I B R A R Y  
C O M P L E T E ?

Optimizing Laboratory Performance 
Through the Application of Quality As
surance Principles—Proceedings of a 
Symposium. 1981. 160 pp. Softbound. $25 
+  $ 3 b oo k p ost and handling in U . S ., $25 +  
$6 outside U .S . ISBN 0-935584-19-6. 

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

FDA Training Manual for Analytical Ento
mology in the Food Industry. 1 9 7 8 .184 pp. 
Looseleaf. $12.50 +  $2 book p ost and han 
dling in U .S ., $12.50 +  $3 outside U .S . 
ISBN 0-935584-11-0.

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

Infrared and Ultraviolet Spectra of Some 
Compounds of Pharmaceutical Interest.
1972. 278 pp. Softbound. $12 + $2 book  
post and h a n d lin g in U .S ., $12 +  $3 outside  
U .S . ISBN 0-935584-04-8.

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

Mycotoxins Methodology. 1980. 22 pp. Soft- 
bound. $11 +  $1 book post and hand ling in  
U .S ., $11 + $2 outside U .S . ISBN  
0-935584-16-1.

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

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

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

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

Chem ical and biological tests p lu s m eth od s  
for interpreting or predicting results through  
m athem atical m odels.

FDA Bacteriological Analytical Manual 
(BAM) 5thEd. 1978.448 pp. L ooseleaf. $25 
+  $2 book post and h a n d lin g in U .S ., $25 +  
$5 outside U .S . ISBN 0-935584-12-9. 

Provides regulatory and industry laborato
ries w ith  m ethods for detection of m icroor
ganism s. U p dated  by supplem ents.

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

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

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

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

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

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

Send check to AOAC, Suite 210-J, 1111 N 19th St., Arlington, VA 22209, 703/522-3032.
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IN S T R U C T IO N S  T O  A U T H O R S
Scope o f Articles

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; 
(e) compilations of authentic data; (f) technical com
munications, cautionary notes, and comments on 
techniques, apparatus, and reagents; (y ) invited reviews 
of methodology in special fields. All articles are re
viewed for scientific content and appropriateness to the 
journal.
Preparation o f Manuscript

Authors are required to submit three copies of the 
complete manuscript, including all tables and all il
lustrations. The manuscript is to be typewritten on 
one side only of white bond paper, 8 V2 X 11 inches, 
with minimum page margins of 1 inch, and must be 
double-spaced throughout (including title, authors' 
names and addresses, footnotes, tables, references, and 
captions for illustrations, as well as the text itself). 
Tables are to be typed on separate sheets, not inter
spersed through the manuscript. Drawings and pho
tographs should be mounted apart from the text or 
submitted as separate items, not interspersed through 
the text.
Style and Format

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

Methods, Results an d /o r Discussion, Acknowledg
ments, and Recommendations (applicable to reports of 
General and Associate Referees) should be placed in 
separate sections under appropriate headings typed in 
capitals and lower case letters, centered on the page, 
not underscored.

Abstracts: Each manuscript should be accompanied 
by a concise abstract (not more than 200 words). The 
abstract should provide specific information rather 
than generalized statements.

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

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., con
centrated HC1, chloroform, ordinary glassware, ovens, 
etc.), or those which require no special preparation or 
assembly, need not be listed separately. Hazardous 
an d /o r carcinogenic chemicals should be noted. The 
steps of the procedure should not be num bered, but 
should be grouped together to form a logical sequence 
of two, three, or four operations. Any very long, de
tailed 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 in
cluded. Care should be taken that the num ber of sig
nificant 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 consecu
tively. Tables are numbered by arabic numbers, and 
every table must have a descriptive title, sufficient so 
that the table can stand by itself without reference to 
the text. This title should be typed in lower case let
ters, not capitals, with the exception of the word 
"Table" and the first word of the 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 sub
mitted as original drawings or photographs; photo
copies are acceptable for the two review copies but not 
for the printer's copy. All figures must be cited in the 
text consecutively. Figures are num bered by arabic 
numbers, and all figures must be accompanied by de
scriptive captions, typed on one (or more) separate 
sheets, not on the figure itself. The figure should be 
identified by num ber 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 accept
able). 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, w ith proper 
identification conforming to journal style (example: 
wavelength, nm), at the sides and bottom of the figure. 
Lettering or num bering on the face of the figure itself 
should be kept at a minimum; supplem entary 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. J A O A C  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.

F o o t n o t e s :  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 num ber w ithin the 
text.

A c k n o w l e d g m e n t s :  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 R e f e r e n c e s  section.

R e f e r e n c e s :  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 num ber in parentheses. Every reference 
must be cited somewhere in the text in numerical order 
(rather than alphabetical or chronological). ( N o t e :  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 a l l  authors (n o t  just the senior author); year of pub
lication, enclosed in parentheses; title of journal, ab
breviated according to accepted C h e m i c a l  A b s t r a c t s  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; num bers of pertinent pages, chap
ter, or section. Citation to private communications or 
unpublished data should be included in the text, n o t  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 i b i d .  T h i s  J o u r n a l  

will be referred to as J .  A s s o c .  O f f .  A n a l .  C h e m .

The compendium of methods of the Association 
should be listed as follows: O f f i c i a l  M e t h o d s  o f  A n a l y s i s  

(1980) 13th Ed., AOAC, Arlington, VA, w ith appro
priate section numbers; the edition and year are, of 
course, subject to change.
S y m b o l s  a n d  A b b r e v i a t i o n s

kS kilogram(s)
s gram(s)
mg milligram(s)
Mg microgram(s)
n g nanogram(s)
L liter(s)
mL milliliter(s)
pL microliter(s)
m meter(s)
cm centimeter(s)
mm millimeter(s)
¡ x m micrometer(s) (n o t  micron)
nm nanometer(s) (n o t  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 nom enclature should
follow the rules contained in O f f i c i a l  M e t h o d s  o f  A n a l 

y s i s ,  "Definitions of Terms and Explanatory Notes.")
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M Y C O T O X I N S

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  a n d  
C l e a r a n c e  T i m e  o f  A f l a t o x i n  R e s i d u e s  i n  S w i n e  T i s s u e s

DORIS M. MILLER, DAVID M. WILSON,1 ROGER D. WYATT,2 
JERRY K. McKINNEY,1 WAYNE a . CROWELL, and BARRY P. STUART
University of Georgia, College of Veterinary Medicine, Department of Veterinary Pathology, 
Athens, GA 30602
L iver, k id n e y , and  m u sc le  tissu e s  from  s w in e  g iv e n  
a sin g le  oral d ose o f 1 .2  m g a fla to x in s/k g  b o d y  w eig h t  
and from  y o u n g  p ig s  fed  an a fla to x in -co n ta m in a ted  
d ie t (0 ,4 0 0 , or 800 n g /g  feed ) fo r  1 0  w e e k s  w er e  ana
ly ze d  fo r  a fla to x in  resid u es. E xtraction w as p er
form ed  accord ing  to  th e  m eth od  o f S tu b b le f ie ld  and  
S h otw e ll. A fla to x in  resid ues w ere d etected  b y  h ig h  
p erform ance liq u id  ch rom atograph y  (H PLC ), and  
residue le v e ls  w ere correlated w ith  w ithd raw al tim es. 
R esid u es w ere p resen t in  liv e r  and k id n e y  b u t n o t  
m u sc le  b y  1 2  h  p o st-d o sin g ; resid u es w er e  d etected  
in  m u sc le  a fter 24 h . R esid u e le v e ls  decreased  over  
th e  72 h  p er io d  in  a ll tissu e s . N o  a fla to x in  resid u es  
w ere d etected  in  th e  m u sc le  from  a n y  p ig  72 h  p o s t
d osin g  or in  th ose p ig s  fed  th e 400 n g /g  d iet, but w ere  
p resen t in  th e  m u sc le  o f  p ig s  fe d  th e  800 n g /g  d ie t.

A flatoxins are probably the m ost th orou gh ly  
investigated  m ycotoxins. The presence o f afla
toxins in  anim al feed s is a health  hazard to ani
m als and a poten tia l public health  hazard (1) 
because exposed  anim als can retain residues of 
aflatoxins or their m etabolites in  their tissues 
(2-4). There m ay be a direct re lationsh ip  be
tw een  hum an consum p tion  o f contam inated  
foodstuffs and cancer because liver tum ors occur 
at a h ig h  rate in  countries w h ere consum ption o f  
aflatoxin-contam inated foods is com m onplace
(5).

Two principal detection  m ethods, th in  layer 
chrom atography (TLC) and h igh  perform ance  
liq u id  chrom atography (HPLC) (6), are used  to 
assay aflatoxins. R ecent in vestigation s have  
sh o w n  that HPLC is a usefu l tech n iq u e for d e
term in in g  aflatoxins in  feeds and foods, w ith  
ex cellen t resolu tion  o f the in d iv id u al aflatoxins  
(6-8). N orm al phase HPLC analysis o f tissues

1 U niversity  of Georgia, D epartm ent of P lant Pathology, 
T ifton, GA 31793.

2 U niversity  of Georgia, D epartm ent of Poultry  Science, 
A thens, GA 30602.

from p igs experim entally fed k n ow n  am ounts of 
aflatoxin  has not b een  p reviou sly  reported; 
how ever, Gregory and M anley (9) recently  d e
scribed reverse phase HPLC m ethod  for detect
in g  aflatoxins in  anim al tissues and products. 
T hey used  TFA derivatives o f Bj, Gj, and M; in  
their m ethod and obtained goo d  resolu tion . 
Aflatoxin B2a can occur naturally and this m ethod  
w ou ld  add the Bi derivative to the B2a present in  
th e tissue. Results obtained by u sin g  norm al 
phase and reverse phase HPLC sh ou ld  n ot be 
different. The use o f a packed ce ll g iv e s  about 
the sam e sen sitiv ity  for norm al phase HPLC as 
TFA derivative w ith  fluorescence d etection  in  
reverse phase HPLC. W ith co n tin u ed  research  
and sim plification o f extraction m ethods, HPLC 
w ill im prove the accuracy and precision  o f afla
toxin  m easurem ent in  num erous agricultural 
products and anim al tissues.

The present in vestigation  reports on  lev e ls  of  
aflatoxin residues extracted from tissues of sw ine  
w ith  k n ow n  aflatoxin  w ithdraw al tim es and  
detected  by norm al phase HPLC.

METHOD
Protocol

In a chronic study, 30 m ixed breed feeder pigs  
(10 an im a ls/d ie t) w ere fed  a d iet prepared from  
naturally contam inated corn con ta in in g  either  
0, 400, or 800 n g  total (B; +  B2 +  Gi +  G2) afla
to x in s /g  feed. Concentrations o f in d iv id u al 
aflatoxins are sh ow n  in  Table 1. The p igs w ere  
fed  the diets continuously w ith ou t a withdraw al 
period  for 10 w eek s before euthanasia.

In the acute study, 8 feeder p igs w ere d osed  
w ith  a s in g le  oral d ose o f a rice p ow d er-w ater  
slurry containing 1.2 m g total aflatoxins (Bi +  B2 
+  Gj +  G2)/k g  body w e ig h t. E ight addition al 
p igs served  as controls. O ne treated p ig  d ied  at

004-5756/82/6501-0001-04Î01.00 © Association of Official Analytical Chemists, Inc.
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Table 1. Equivalent amounts (ng/g) of individual aflatoxins in diets and rice powder

Dosage Bi b2 Gi G2
1.2 mg total aflatoxins/kg body weight3 972 T r6 228 Tr
400 ng total aflatoxins/g diet3 300 56 40 4
800 ng total aflatoxins/g dietc 600 112 80 8

a Administered in single oral dose of rice powder-water slurry. 
b Tr = trace amounts found.
c Diet prepared from naturally contaminated corn. Values shown are means of 10 determinations, thin layer chromatog

raphy.

12 h  post-dosing. Two treated and 2 control pigs 
w ere eu thanized  at 24, 48, and 72 h. H isto
pathologic, electron m icroscopic, and clin ical 
pathologic results observed w ith in  these pigs are 
reported in separate publications.

The feed  and rice pow der inocu lum  w ere an
alyzed  for aflatoxin  content by the Pons rapid 
cottonseed  m ethod, 26 .A 09-26.A 16 (10).
Apparatus and Reagents

(a) High perform ance liquid chrom atograph .— 
Waters (Waters A ssociates, Inc., M ilford, MA  
01757) 6000A pum p and U 6K injector; Zorbak® 
Sil 4.6 X 25 cm colum n (DuPont); Fluorichrom™  
(Varian) fluorescence detector equ ipped  w ith  
silica gel-packed cell, 365 nm  excitation (7-54 and 
7-60, C orning glass color d esignation) and 440 I 
em ission filters; and M odel N o. 9176 Varian dual 
p en  recorder.

(b) HPLC mobile ph ase .—3.5 L: 60% water- 
saturated CHCI3 (1544 mL water-saturated CHCI3 
+  1029 mL CH Cl3)-cycloh exan e (700 m l)-ace-  
tonitrile (140 m L )-ethan ol (77.3 mL).

(c) A fla to x in  s ta n d a r d s .— A p p lied  S cien ce  
Laboratories, Inc., State C ollege, PA 16801. 
Prepare usin g  HPLC m obile phase as d ilu en t as 
described in  ref. 7 to contain 0.5 jug aflatoxins Bj 
and Gi and 0.15 jug aflatoxins B2 and G2 /m L. 
Prepare separate Mj standard to contain 1 p g  af
latoxin  M j/m L .
Extraction

U se m ethod o f Stubblefield  and Shotw ell (11). 
W eigh 100 g  tissue and b len d  in to  paste. 
Transfer paste to flask and add 10 mL 20% citric 
acid solu tion , 20  g  diatom aceous earth, and 200  
mL m ethylene chloride. Shake 30 m in, and then  
filter m ixture through paper in to  E rlenm eyer 
flask containing 15 g  N a2SC>4. Mix filtrate 2 m in, 
and then  refilter. Record volu m e o f filtrate and  
evaporate to near dryness on  steam  bath.
Column Cleanup

D isso lve extract in  15 mL h exan e-C H C l3 (1 +  
1), and transfer to colum n prepared according to

m ethod of Stubblefield and Shotw ell (11). Rinse 
beaker and colum n w ith  additional portions of 
hexane-C H C l3 (1 +  1) (4 mL total). Sequentially  
elu te colum n w ith  25 mL glacial acetic a c id -to l
u en e (1 +  9), 25 mL hexane, 25 mL aceton itr ile-  
eth er-h exan e (1 +  3 +  6 ), and 40 mL a ceto n e-  
CHCI3 (1 +  4). C ollect acetone-C H C U  fraction  
and evaporate to near dryness on steam  bath, 
transfer residue quantitatively to sm all v ia l w ith  
CHCI3, and evaporate under vacuum  to dry
ness.
High Performance Liquid Chromatography

Stabilize HPLC flow  rate at 1.3 m L /m in giv in g  
pum p pressure o f ca 1000  psi, chart speed  o f 1 
cm /m in , detector on  lo w  gain , lo w  lam p, w ith  
attenuation of 10. Separation of Bj, B2, G i, and  
G2 is described by Thean et al. (12). M i has re
ten tion  tim e o f ca 13 m in. Typical chrom ato
grams o f sp iked  tissue sh ow  baseline resolu tion  
of all 5 aflatoxins w ith  no in terfering peaks. 
R etention  tim es are reproducible to ±1% or 
better.

D isso lve dry sam ple extract w ith  100 juL m o
b ile phase. Inject 10 p L  sam ple extract and re
cord chrom atograph for 30 m in  to a llow  M! e lu 
tion. Record peak h eigh ts and retention  tim es  
of kn ow n  quantities o f aflatoxin standards (Bi, 
B2, Gj, G2, and M i) daily  for quantitation. N ote  
and m easure peak h eigh ts (mm) and retention  
tim es for each possible aflatoxin peak in  samples. 
Calculate aflatoxin  lev e ls  as described by Stub
blefield  and Shotw ell (11), using peak heights for 
sam ple and standard peaks.
Confirmation

Confirm  by u sin g  trifluoroacetate (TFA)- 
treated th in  layer chrom atogram s of aflatoxins  
Bi, G i, and M i, according to the m ethod  o f 
Trucksess and Stoloff (4).

R esu lts and D iscu ssion
Several experim ents have been  conducted  to 

determ ine tissue residue lev e ls  in  sw in e  after 
eith er  acute or chron ic in toxication  (2-4 ).
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Table 2. Aflatoxin residues in swine tissues (ng/g, wet matter basis) ‘  from 30 swine fed naturally contaminated diets
for 10 weeks with no withdrawal time

Aflatoxins, 
ng/g diet

Liver Kidney Muscle
Bi b2 Gi G2 Mi Bi b2 Gi Û2 Mi Bi b2 Gi G2 Mi

800 1.57 0.17 NDb ND 1.07 0.25 0.05 ND ND 0.91 0.19 ND ND ND 0.45
400 0.51 0.03 0.31 ND 0.58 0.20 0.02 ND ND 0.61 ND ND ND ND ND

0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

a Each value represents the mean for 10 animals. 
b Not detected.

H ow ever, m ost o f these experim ents sp ecified  
TLC m ethods w ith  or w ith ou t densitom etry as 
the m ethod o f aflatoxin quantitation and w ere  
d esigned  o n ly  to sh ow  the presence o f tissue  
residues w ithout regard to clearance times. The 
present study specifies an extraction technique  
dev ised  by S tubblefield  and S h otw ell (11), w ith  
norm al phase HPLC as the primary m ethod of 
detection. Recovery experim ents carried out 
w ith  this m ethod sh ow ed  recoveries o f Mj and  
Bj from  85 to 115% at lev e ls  o f 0 .1 -5  n g /g ,  w ith  
at least 3 determ inations on samples spiked at 0.1,
0.5, 2.5, and 5 ng aflatoxins Bx and M ^ g .

The lev e ls  o f aflatoxins Bj, B2, Gj, G2, and Mj 
detected in  sw in e  tissues by usin g  HPLC are 
sum m arized in Tables 2 and 3. The equ ivalent 
am ounts o f in d ivid ual aflatoxins in  the feed  are 
presented  in  Table 1. The presence o f possib le  
M2 and other aflatoxin metabolites was observed  
in  som e tissues but these w ere not quantitated  
because o f lack o f available standards.

In our study on tissue lev e ls  o f aflatoxins Bj, 
B2, G i , G2, and M i in  sw in e  fed  d iets naturally  
contam inated w ith  aflatoxin or dosed  w ith  an 
aflatoxin-r ice pow der slurry, both Bi and Mi 
w ere present in  the m uscle o f p igs fed the 800

n g /g  d iet (w ith  no w ithdraw al tim e). Table 1 
show s levels of individual aflatoxins in  both diet 
and rice pow der. N o detectable residues w ere  
found  in  m uscle from sw in e fed the 400 n g /g  
diet (w ith  no w ithdraw al tim e) or at 72 h post
d osing in  the 1.2 m g /k g  body w e ig h t exposure. 
A flatoxins w ere not detected in  the m uscle o f a 
p ig  receiv in g  1.2 m g afla tox in /k g  and d y in g  12 
h after dosing. Residue levels w ere consistently  
low er at 72 h than at 24 h post-d osin g for p igs  
adm inistered 1.2 m g a fla tox in /k g  body w eigh t. 
A flatoxins w ere not detected in  the control 
tissues.

The rates o f clearance o f the d ifferent aflatox
ins (Bi vs Gj) depend on  their different chem ical 
structures (13), and on  route o f exposure, dose, 
diet, sex, and species (14). A d dition  o f the sec
ond lactone ring to the Bj m olecu le to form  Gi 
reduces the activity and clearance o f Gi vs Bj. 
The greater polarity o f the M t m olecu le makes 
it more water-soluble, facilitating rapid rem oval 
once form ed. In the present experim ent, the  
diet, sex, dose, and species were all the same, thus 
elim in atin g  these factors as variables in the  
clearance o f the aflatoxins.

The various aflatoxins and their m etabolites

Table 3. Aflatoxin residues in swine tissues (ng/g, wet matter basis) ‘  after a single LD50 dosage (1.2 mg aflatoxins/kg
body weight) 6

Liver Kidney MuscleHours -------------------------------------  ------------------------------------
post-dosage Bi b2 Gi G2 M, B, b2 Gi Û2 Mi Bi b2 Gi G2 Mi

12 9.00 0.64 0.47 0.08 5.44 3.80 0.29 0.60 0.07 3.30 NDC ND ND ND ND
24 6.65 0.17 0.11 0.03 16.80 1.50 1.52 0.45 ND 2.10 1.50 0.28 ND ND 2.18

2.53 0.37 0.53 0.03 5.17 0.64 0.08 ND ND 4.10 0.47 0.03 ND ND 0.68
48 3.31 0.75 0.25 ND 1.70 0.47 0.24 ND ND 1.11 1.57 0.45 ND ND 0.66

1.22 0.13 0.09 ND 1.29 1.92 0.23 0.19 ND 4.00 0.70 0.07 ND ND 0.33
72 0.15 0.04 ND ND 0.30 0.16 0.03 ND ND 0.28 ND ND ND ND ND

ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
0.39 0.01 ND ND 0.01 0.23 0.06 0.08 0.04 0.04 ND ND ND ND ND

a Each set of values represents results for a single animal.
b No aflatoxin was detected in any of the tissues from 8 control pigs (2 euthanized at 24 and 48 h, 4 euthanized at 72 h 

post-dosing). 
c Not detected.
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are carcinogenic in  several anim al species at low  
doses (1, 5, 15, 16). W ogan et al. (15) reported  
hepatomas in  rats fed 1 n g /g  diet after 104 w eeks 
and Butler et al. (16) reported irreversible cellular 
hepatocyte changes by 6 w eek s in  rats on  diets 
conta in ing 5 ppm  aflatoxin. A  h igh er rate of 
liver cancer is present in  countries in  w h ich  the  
people consum e aflatoxin-contaminated diets (5). 
The lev els  present in  the tissues in  th is experi
m ent could be considered  sign ifican t not for 
their acute toxicity potential but for their carci
nogen ic potential after chronic consum ption by  
man.

Our residue results are in  general agreem ent 
w ith  results o f others w h o  dosed  you n g  sw in e  
w ith  h igh  lev e ls  o f aflatoxins (3, 17), w ith ou t  
w ithdraw al tim es before analysis. Krogh et al. 
(2) reported consisten tly  h igh er aflatoxin resi
dues w ith in  th e tissues o f the p igs in  h is study  
com pared w ith  our results and others. In a re
cent experim ent, N e ff (14) fed  various lev e ls  of 
aflatoxin to you n g  sw in e and reported residue  
lev els  sim ilar to ours, w ith  no detectable afla
toxin  residues found  in  tissues 4 days after afla
toxin  w ithdraw al. The sw in e  tissues analyzed  
by Gregory and M anley (9) w ere obtained from  
N eff's experim ent. T hey used  reverse phase 
HPLC and w ere in  agreem ent w ith  N eff's TLC 
results. The absence o f detectable residues in  
one of 3 pigs at 72 h  and the low  level o f residues 
in  th e other p ig s at th is tim e confirm s the clear
ance of detectable aflatoxin residues by 4 days as 
reported by N e ff (14).
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C o l o r i m e t r i c  D e t e r m i n a t i o n  o f  P a t u l i n  P r o d u c e d  b y  P é n i c i l l i u m  
p a t u l u m

T H IR U G N A N A  S U B R A M A N IA N 1 *
University of Madras, Department of Biochemistry, Guindy Campus, Madras-600025, India

A quantitative method has been developed for the 
determination of patulin, a mycotoxin produced by 
P en icilliu m  pa tu lu m . The fungus was grown sepa
rately in well defined liquid minimal medium, and 
on rice and bread for 15 days. Patulin was extracted 
with ethyl ether and determined colorimetrically, 
using phenylhydrazine hydrochloride. Recovery of 
pure patulin added to bread and rice was also studied. 
The lower lim it of detection was 1 /¿g/g.

Food and feeds may becom e contam inated w ith  
fu n gi, m ain ly o f A spergillus and Penicillium  g en 
era, under poor storage conditions. A  num ber  
of secondary metabolites of these genera, isolated  
from  cultures and from  contam inated feeds, are 
toxic to hum ans and anim als (1). It has been  
reported that patu lin , produced by the com m on  
food  contam inant Penicillium  patu lum  (2), is a 
hepatotoxic (3) as w e ll as carcinogenic (4) m e
tabolite. The LD5o value of patulin for m ice and  
rats is approxim ately 0 .3-0 .7  m g /20 g  body  
w e ig h t  w h en  in jected  in tra v en o u sly  (5). 
Therefore, a m ethod of analysis to determ ine the 
presence and the quantity o f toxins in  food and  
feed s is needed .

Chem ical and b iological m ethods have been  
reported for d eterm in in g  m any fungal toxins, 
such as aflatoxin B! in  corn (6), aflatoxins in  
groundnuts (7), zearalenone in corn (8), citrinin  
in  food  m aterials (9), sterigm atocystin in  cereal 
grains and soybeans (10), and terreic acid in  
culture filtrate and contam inated bread and rice
(11). Som e m ethods are available for deter
m in in g  patulin  (12, 13). We have d ev elop ed  a 
sim ple colorim etric determ ination  o f patulin  
produced by P. patu lum , based on  the reaction of 
patulin  w ith  p h en ylh yd razin e , w h ich  is m ea
sured at 540 nm.

M ETH O D
Apparatus

(a) Thin layer chrom atographic (TLC ) appara
tu s .—20 X 20 cm glass plates, applicator, and  
d ev elo p in g  tank.

(b) P h o to e lec tric  c o lo r im e te r .— K lett-Sum - 
m erson.

1 Present address: M adurai M edical College, D epartm ent
of M icrobiology, Madurai-625020, India.

Reagents and Materials
(a) Penicillium patu lum .— O btained from  J. J. 

Vander Watt, South African M edical Research  
C ouncil, Pretoria, South Africa.

(b) Synth etic m inim al m edium .— C ontains the  
fo llo w in g  (g/L): g lucose 40.00, sodium  nitrate
2.00, potassium  d ih yd rogen  p hosphate 1.52, 
potassium  chloride 0.52, m agnesium  sulfate  
(M gS0 4 -7 H 2 0 ) 0.52, and ferrous sulfate (F eS 0 4- 
7H zO) 0.01.

(c) R aw  rice.—Good quality fresh rice (pur
chased locally).

(d) Fresh bread.—C ontain ing 0.2% calcium  
propionate as preservative (su pplied  locally).

(e) Patulin  stan dard  so lu tion .—D isso lve  10 m g  
patulin (Makor Chem icals Ltd, Jerusalem, Israel) 
in  50 mL ethanol.

(f) D eveloping so lv en t.— U se analytical grade 
solvents. T o lu en e-eth y l acetate-form ic acid (50 
+  40 +  10).

(g) P h enylhydrazine hydroch loride solu tion .— 
Freshly prepared. D issolve 2 g  phenylhydrazine 
hydrochloride in  100 mL water.
Preparation o f Sample

Separately sterilize 1 L m inim al m edium  (ad
justed to pH  6.5), 100 g fresh bread, and 100 g  raw 
rice w ith  30% moisture- 15 m in  at 10 psi and  
120°C. Inoculate each w ith  1 mL spore sus
pension  of P. patulum  (106 spores/m L, counted by 
hem ocytom eter) and let grow 15 days at 30 ±  2°C  
in  stationary phase culture.
Extraction

Filter to rem ove m ycelia from  m inim al m edi
um. Adjust pH  to 2.0 w ith  2N  HC1. Extract w ith  
three 20 mL portions o f eth y l ether. C om bine  
extracts and concentrate to dryness under vacu
um  in  flash evaporator. Add 10 mL ethan ol to 
extract patulin . Repeat extraction procedure  
w ith  bread and rice sam ples.
TLC Determination

A p ply slurry (0.25 mm  thick) o f 11 g  silica gel 
G and 20 mL w ater to 20 X 20 cm glass plate, 
usin g  applicator. A ctivate plate 1 h  at 120°C, 
and cool. Spot w ith  know n am ount (0.05 mL) of 
extract and 0.02-0 .08 mL patulin  standard solu-

0004-5756/82/6501-0005-03Î01.00 © Association of Official Analytical Chemists, Inc.
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Table 1. Patulin production * by Pénicillium  patulum  on 
3 substrates

Trial No.

Substrate
Minimal
medium Bread Rice

i 10.67 1.08 0.92
2 10.39 1.13 0.88
3 10.72 1.00 0.94
4 10.60 1.23 0.97
5 10.28 1.17 0.91

Av. 10.53 1.12 0.92

a Results are m g/Lfor minimal medium, and mg/lOOgfor 
bread and rice.

tion. D evelop  p late w ith  to lu en e-e th y l ace
tate-form ic acid (50 +  40 +  10) in  sealed  tank. 
R em ove plate after 45 m in , air-dry, and spray 
w ith  p h en ylh yd razin e hydroch loride solution . 
Keep plate 5 m in  at 100°C. Mark and separately 
scrape yellow  spots o f patulin phenylhydrazone. 
Extract p h en ylh yd razon e from  each scraped  
sam ple w ith  5 mL «-butyl a lcohol, and centri
fuge. Read color in ten sity  o f supernate im m e
d iately at 540 nm  in  colorim eter.
Recovery Experiments

A dd 100, 200, 300, 400, and 500 p g  patulin  to 
separate 100 g portions o f fresh bread and raw  
rice, and determ ine patulin.

R esu lts and D iscu ssion
Absorbance m easurem ents, u sin g  p h en y lh y 

drazine hydrochloride, obeyed Beer's law  in  the 
concentration range 4 -20  p g  p atu lin /m L .

Our laboratory reported earlier (14) on  the  
quantitative estimation of patulin by colorimetric 
m eth o d s, u s in g  3 -m eth y l-2 -b en zth ia zo li-  
n o n eh yd razin e h yd roch lorid e (MBTH) and  
2 ,4 -d in itro p h en y lh y d ra z in e  h yd roch lo rid e  
(D N PH ). We studied  the use o f MBTH and  
D N P H , as w e ll as p h en ylh yd razin e hyd roch lo
ride, in  the present m ethod. P henylhydrazine  
hydrochloride perform ed best, form ing a color 
complex o f h igh  intensity. A m ong the 3 patulin  
hydrazones, patu lin  p h en ylh yd razon e is the  
least so lu b le in  water. To overcom e th is d iffi
culty, w e  used  «-butyl alcohol w h ich  is the best 
so lven t for extracting patulin  hydrazone, and  
carried out the m easurem ent in  an «-butyl alco
h ol m edium .

In the previous study (14), after the patulin was 
scraped from  the TLC plate, the color w as d e
ve lop ed  w ith  MBTH and D N PH . In the present 
m ethod, w e  sprayed p h en y lh yd razin e hydro

Table 2. Recovery of patulin added to bread and rice *

Added
p g / 100 g

Recovery, %
Bread Rice

0 0 0
100 70 85
200 74 90
300 80 91
400 89 97
500 91 98

a Averages of 3 determinations.

chloride directly and scraped off the y e llo w  
patulin  p h enylhydrazon e. This is a sim ple  
scraping and iden tification  process, com pared  
w ith  the earlier m ethod, w h ich  sp ecifies exam i
nation under UV ligh t and scraping th e dark 
brow n patulin  spot. In the latter case, it is d if
ficu lt to id en tify  the toxin.

Patulin was extracted from cultures w ith  ethyl 
ether in  the present m ethod and the extracts 
w ere concentrated to dryness. The residues 
w ere then  extracted w ith  10 mL ethanol, and a 
0.05 mL aliquot was applied to the TLC plate. In 
the previous m ethod the ether extract is con
centrated to 10 mL, and a 0.05 mL aliquot is ap
p lied  to the plate. If ethyl ether were used as the 
so lven t, it w ou ld  be d ifficu lt to obtain an exact 
vo lu m e because o f its lo w  b o ilin g  point. To 
overcom e th is problem , w e  used  eth y l a lcohol, 
w h ich  has a h igh er b o ilin g  p oin t and is a good  
so lven t for patulin.

M easurem ents o f patu lin  indicate that the 
production of the toxin by P. patulum  on m inim al 
m edium  w as greater than that on  rice and bread  
(Table 1): 10.5 m g /L  m inim al m edium , 1.1
m g/1 0 0  g bread, and 0.9 m g /1 0 0  g  rice. Pro
duction o f patulin w as optim um  betw een  12 and  
17 days.

Recoveries of patulin from bread and rice were 
quantitative and w ith in  the lim its o f experi
m ental error at a lev el o f 500 p g / 100 g substrate 
(Table 2). This m ethod is less sen sitiv e b elo w  
100 p g  p a tu lin /100 g.

The m ethod can be useful for screening grains 
before d istribution and consum ption .
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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  o f  Z e a r a l e n o n e  a n d  
Z e a r a l e n o l s  i n  R a t  U r i n e  a n d  L iv e r

LYNDA J. JAMES,* 1 LARRY G. McGIRR, an d  TREVOR K. SM ITH2
University of Guelph, College of Biological Science, Department of Nutrition, Guelph, Ontario, 
Canada N IG  2W2

A h ig h  pressure liq u id  ch rom atograph ic tech n iq u e  
w ith  internal standardization has been  d evelop ed  for 
d eterm in ing  zearalenone and m etabolites in  rat urine  
and liver . F o llo w in g  extraction  w ith  m eth y le n e  
ch lor id e and so lv e n t p artitio n , sam p les  are c lean ed  
up b y  a p p ly in g  the extract to  a S ephadex  L H -20 c o l
um n  and e lu tin g  w ith  a m ixture o f  b en z e n e -m e th a 
n o l (85 +  15). C om p ou n d s w ere re so lv ed  on  2 Part- 
is il-1 0  co lu m n s (25 cm  X 4.6 m m  id ) in  ser ies  w ith  a 
m o b ile  phase o f iso o c ta n e-ch lo ro fo rm -m eth a n o l (35 
+  25 +  3), and d etected  at 280 n m . T he in tern a l 
standard w a s  6 'a -acetoxyzeara lan e. L im its o f d e 
tectio n  w ere abou t 2.0 n g  for zea ra len o n e and 5.0 ng  
for zeara len o ls (6 '-hyd roxyzearalane). Z earalenone  
and zea ra len o ls  w ere excreted  m a in ly  in  free form  
w ith  re la tiv e ly  li t t le  g lu cu ro n id e  co n ju g atio n . M e
tab olism  o f zeara lenone to free zeara lenol w as m inor  
com pared  w ith  form ation  o f b ou n d  form s.

Zearalenone is a uterotropic m ycotoxin produced  
by Fusarium  fu n gi and has recently been  d e
scribed as an im portant m ycotoxin in  Canadian  
corn crops (1). The presence o f zearalenone in  
anim al feedstuffs can result in  reproductive  
disorders in  m any classes o f livestock, especially  
sw in e (2). Som e progress has been  m ade in  u n 
derstanding the m etabolic interrelationships 
betw een nutrients and zearalenone (3); how ever, 
analytical lim itations have required the use of 
radioactive tracers (4).

N um erous procedures have been  d evelop ed  
to determ ine zearalenone in  cereals, in clu d in g  
thin  layer chrom atography (TLC) (5), gas-liquid  
chrom atography (6), and h igh  pressure liquid  
chrom atography (HPLC) (7). HPLC detection  
of zearalenone and isom ers o f the m etabolite 
zearalenol form ed by in  vitro preparations of rat 
liver has also been  reported (8). R ecently, a 
m eth od  for d eterm in in g  zeara len on e  and  
ce-zearalenol in blood plasma has been described  
(9). The m ethod in this paper perm its determ i
nation w ith  internal standardization o f residual
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zearalenone and the isom ers o f zearalenol in  
tissues as w e ll as urine.

M ETH O D
Apparatus

(a) H om ogen izer.—Super Dispax T issum izer  
(Ultra-Turrax), SDT series m otor w ith  SDT 182 
EN shaft and generator (Tekmar Co., C incinnati, 
OH).

(b) C entrifuges.—Sorvall Superspeed RC2-B 
(Ivan Sorvall, Inc., N orw alk, CT). IEC clin ical 
cen tr ifu ge  (IEC E quipm ent Co., N eed h am  
H eights, MA).

(c) Liquid ch ro m a to g ra p h y .— W aters 6000A  
so lven t delivery  system  equipped w ith  M odel 
440 absorbance detector (280 nm ), data m odule, 
and WISP 710A autom atic injector (Waters Sci
entific Inc., M ississauga, Ontario). T w o 25 cm  
X 4.6 mm id Partisil-10 co lum ns (Bendix AEL, 
M ontreal, Quebec) w ere used in  series fo llow in g  
a guard colum n containing Perisorb A (E. Merck, 
Darmstadt, GFR). Isomers of zearalenol in  urine 
w ere som etim es separated on  a s in g le  reverse  
phase Partisil-10 ODS colum n of sim ilar d i
m ensions.

(d) Chromatographic columns.—Glass (1.45 X 25 
cm) w ith  T eflon  stopper (K ontes Glass Co., 
V ineland, NJ).

(e) V o rtex  m ix e r .— Canlab d e lu x e  m ixer  
(Canlab, Toronto, Ontario).

(f) Gas ch rom atograph -m ass sp ec tro m eter .— 
Sigm a 3 gas chrom atograph (Perkin-Elm er Ltd, 
M ontreal, Q uebec) com bined via glass jet sepa
rator to VG 7070 mass spectrom eter (VG M icro
mass Ltd, W insford, UK). Glass chrom ato
graphic colum n (183 X 0.2 cm id) packed w ith  
2.5% SE-30 s ilicon e gum  rubber on  80-100 m esh  
Chrom osorb W HP (Chrom atographic Speciali
ties Ltd., Brockville, Ontario).

(g) D eriva tizin g  v ia ls .— 100 pL Reacti-Vials 
(Pierce C hem ical Co., Rockford, IL).
Reagents

(a) E xtraction  s o lv e n ts .— P estic id e  grade  
m ethylene chloride, hexane, m ethanol, and ethyl 
acetate (Fisher Scientific, Toronto, Ontario).

0004-5756/82/6501-0008-06$01.00 © Association of Official Analytical Chemists, Inc.
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(b) Colum n chrom atographic m ateria ls.— Seph- 
adex LH-20, 0 .025-0.100 m m  (Pharmacia Fine 
Chem icals, Dorval, Q uebec). B en zen e-m eth a
nol (85 +  15), both pesticide grade (Fisher Sci
entific).

(c) HPLC mobile so lv en ts .— (1) N orm al phase 
system: isooctane-CFICl3-m eth an ol (35 +  25 +
3). (2) Reverse phase system: m ethanol-w ater  
(65 +  35) (HPLC grade, Fisher Scientific).

(d) Zearalenone stan dard solution. — 1 j ig /5 jiL 
m ethanol (IMC Chem ical Group Inc., Terre 
Haute, IN).

(e) Zearalenol stan dard  solution. — 1 j ig /5 jiL 
m ethanol for both a -  and /5-isomers.

(f) 6 'a -A ceto xyzea ra la n e in ternal stan dard  solu
tio n .— 1 j ig /5  jiL m ethanol.

(g) /3-G lucuronidase.— 2 m g/20 0  jtL 0.1M so
dium  acetate buffer (pH  5.0). Enzym e activity  
920 000 u n its /g  (bovine liver type B -l, Sigm a  
Chem ical Co., St. Louis, MO).

(h) G C -M S  deriva tizin g  reagen t.— Tri-Sil TBT 
(Pierce Chem ical Co.).
E x p e r im e n ta l  A n im a ls

Four fem ale w ean lin g  Wistar rats (W oodlyn  
Laboratories Ltd, G uelph, Ontario) w ere fed  a 
casein-based sem ipurified diet (3) supplem ented  
w ith  250 jig crystalline zeara len on e/g  d iet for 2 
w eeks. A ll anim als w ere then  k illed  and livers  
w ere rem oved for analysis. Six other rats w ere  
fed the casein diet w ithou t supplem entation for 
2  w eeks, and then  w ere intubated w ith  zearale
n on e (10  m g /1 0 0  g body w eigh t) and urine w as 
collected  for 48 h as p reviously  described (4).
I n c u b a t io n  o f  U r in e

Pipet 0.5 mL urine and 5.0 mL sodium  acetate 
buffer (pH 5.0) into duplicate 30 mL tubes. Add  
200 jiL 5-glucuronidase solution to one tube and  
200 jiL sodium  acetate buffer to duplicate tube. 
Incubate 24 h at 37°C.
S y n th e s i s  o f  6 'a - A c e to x y z e a r a la n e

A cetylate 1.0 g a-zearalanol (IMC Chem ical 
Group Inc., Terre Haute, IN) for 18 h  in  the  
presence of 8.0 mL pyrid ine and 5.0 mL acetic 
anhydride. H yd rolyze excess acetic anhydride  
by addin g 40 mL water. Extract resu lting tri
acetate 3 tim es w ith  40 mL CHCI3. Wash CHCI3 
extract w ith  IN  HC1 and then  w ith  water. 
Evaporate w ashed extract under vacuum  to form  
thick residue. Reflux residue 1 h in 100 mL p i
perid ine (10). A fter coo lin g  add 50 mL ethyl 
acetate and extract m ixture w ith  50 mL 6N  HC1 
until pH  of water layer is >7.0. Evaporate ethyl 
acetate layer to dryness under vacuum . Crys

tallize product from  m eth ylen e ch loride plus  
hexane.

Internal standard 6 'a-acetoxyzearalane w as 
isolated as w h ite  n eed les w ith  m eltin g  point of 
130-131 °C. This compares w ith  literature values 
of 133-134°C  (11). Spectral data inclu d ed  UV  
maxima at 264 nm  (e 10 300) and 302 nm  (e 4700), 
and m olecular ion  M + 364. Proton m agnetic 
resonance (PMR, 60 M H z) determ inations in d i
cated (CDCI3) 1.36 ppm (3H ,d,12'-CH3, J =  6 cps),
2.03 (3H ,s,6'-O A c), 3.32 (2 H ,m ,l,-H ), 5.13 
(2H ,m ,6'-H ,10'-H ), 6.22 ( lH ,d ,3  or 5-H, J = 2.5 
cps), 6.28 (lH ,d ,3  or 5-H, J = 2.5 cps), 7.26 
(lH ,s,4-O H ), 12.13 (lH ,s,2-O H ).
S y n th e s i s  o f  a -  a n d  ( i -Z e a r a le n o ls  ( 6 'a ;
6' /3 -H y d r o x y z e a r a le n e )

D isso lve 2.0 g  zearalenone in  10 mL ethanol 
and dropw ise add 0.5 g sodium  borohydride in  
15 mL ethanol. Let stand 2 h at 23°C, add 50 mL 
w ater, and extract products w ith  CHC13. Sepa
rate isom eric alcohols by HPLC (Partisil-10 ODS 
colum n; m ethanol-w ater, 65 +  35) and recrys
ta llize from m ethanol-w ater.

a-Z earalenol w as isolated as w h ite  n eed les  
w ith  m elting point of 164.5-165.5°C (168-169°C
(11)); m olecular ion  M + 320 (302/320 0.61, base 
peak 188). PMR spectra in clu d ed  (d6-acetone) 
1.40 ppm  (3H ,d,12'-CH 3, J =  6 cps), 3.80 
(lH ,m ,6 '-H), 4.98 (lH ,m ,10'-H ), 5.69 (lH .m ,2'-H ), 
6.21 ( lH ,d , 3 or 5-H, J =  2.5 cps), 6.56 (lH ,d , 3 or
5-H, J = 2.5 cps), 7.17 ( lH ,d ,l'-H , J = 16 cps). 
a-Z earalenol fluoresced  stron gly  under lo n g 
w ave UV ligh t w h en  analyzed  by TLC (12).

/3-Zearalenol w as isolated  as w h ite  n eed les  
w ith  m elting point of 161.5-162.0°C, (174-176°C
(11)); m olecular ion  M + 320 (302/320  0.74, base 
peak 188). PMR spectra in clu d ed  (d6-acetone) 
1.36 ppm  (3H ,d,12'-CH 3, J =  6 cps), 3.71 
(lH ,m ,6 '-H), 5.12 (lH ,m ,l0 '-H ), 5.91 (lH ,m ,2'-H ), 
6.29 (lH ,d , 3 or 5-H, J = 2.5 cps), 6.54 ( lH ,d , 3 or
5-H, J =  2.5 cps), 6.90 ( lH ,d ,l'-H , J =  16 cps). 
^-Zearalenol exhibited m inim al fluorescence on  
TLC w h en  v iew ed  under UV light.

The a  and /? assignm ents w ere m ade by com 
parison o f fluorescence, polarity, and mass 
spectral data as described by H agler et al. (13).
P r e p a r a tio n  o f  S a m p le s  f o r  E x tra c tio n

U rine .—A dd 50 jig 6 'a-acetoxyzearalane in 
ternal standard to each o f the tubes conta in ing  
urine.

Liver.—Thoroughly hom ogen ize 3.0 g  liver in
15.0 mL distilled  water and heat in  bo ilin g  water 
bath until color changes from  red to pale brow n  
(ca 10 m in). R esuspend denatured liver by re
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h om o gen izin g  fo llo w ed  by thorough m ixing  
w ith  vortex mixer. Transfer 6.0 mL hom ogenate 
to 30 mL tube and add 4.0 pg 6 'a-acetoxyzeara- 
lane internal standard.

E x tra c tio n
A dd 10 mL m eth y len e ch loride to tubes con

taining urine or liver and blend thoroughly w ith  
vortex mixer. C entrifuge 5 m in at 3020 X g. 
Rem ove low er layer (m eth ylen e ch loride) and  
filter through sm all cotton p lug in  Pasteur pipet. 
C ollect filtrate in  25 mL tube. Extract aqueous 
upper layer tw ice w ith  5 mL portions o f m eth
y len e  chloride. C om bine the 3 m eth ylen e  
chloride fractions and evaporate to dryness  
under nitrogen. R edissolve residue in  2.5 mL 
hexane, add 2.5 mL 90% m ethanol, and mix 
thoroughly w ith  vortex mixer. Separate phases 
in clinical centrifuge (3 m in, 3/4 maximum speed). 
Discard upper (hexane) layer and re-extract 2 
more times w ith  2.5 mL hexane. Discard hexane 
layer and evaporate low er layer to dryness under 
nitrogen. D isso lve residue in  3.0 mL eth y l ace
tate, add 1.0 mL water, and mix thoroughly w ith  
vortex mixer. Separate phases in  clin ical cen
trifuge as described previously. Discard low er  
(water) layer, add 1.0 mL water, and repeat ex
traction of ethyl acetate twice. Thoroughly rinse 
centrifuge tube w ith  eth y l acetate, filter w ash 
in gs through cotton p lug in  Pasteur p ipet, and  
com bine w ith  orig inal layer o f eth y l acetate. 
Evaporate to dryness under n itrogen.

C le a n u p
C leanup w as a m odification o f the m ethod of 

H older et al. (14): Equilibrate 9 g  Sephadex  
LH-20 resin by soaking in ben zene-m ethanol (85 
+  15) for 3 h. Add Sephadex slurry to glass 
chrom atographic co lum ns until colum n h eigh t  
is 180 mm  for liver sam ples or 150 mm  for urine  
sam ples. D isso lve residue from  extraction pro
cedure in  0.5 mL b en zen e-m eth a n o l (85 +  15) 
and apply to top o f colum n. Rinse flask 3 tim es 
w ith  0.5 mL b en zen e-m eth an ol and add rinse to 
top o f colum n. W ash colum n w ith  b en zen e -  
m ethanol (85 +  15) and co llect eluate in  2.5 mL 
fractions. Discard first 7 fractions and collect 
fractions 8 -13  for determ ination  o f liver zear- 
alenone. Pool fractions 14-20 for determ in ing  
isom ers o f zearalenol. R egenerate colum n by 
w ash in g  w ith  3 tim es the vo id  vo lu m e of b en 
zen e-m eth an o l. Evaporate sam ples under n i
trogen and red issolve in  2 mL isooctan e-  
CH Cl3-m eth an ol (35 +  25 +  3). Discard first 5 
fractions for urine sam ples, in d iv id u a lly  collect

fractions 6-12 and pool fractions 13-20. Proceed  
as for liver sam ples.
L iq u id  C h r o m a to g r a p h y

Inject 2-200  p L  sam ple, d ep en d in g  on  con 
centrations o f zearalenone and m etabolites. Set 
absorbance detector to 280 nm  and so lven t f lo w  
rate to 1.5 m L /m in  w ith  colum n pressure o f ca 
750 psi. Set chart speed  at 1 cm /m in . If n eces
sary, im prove resolu tion  of zearalenol isom ers 
in  urine sam ples by usin g  the reverse phase  
system . Evaporate sam ples under nitrogen and  
red issolve in  2.0 mL m eth an ol-w ater (65 +  35) 
and apply to colum n w ith  flow  rate of 1.0 m L/ 
m in.
G a s C h r o m a to g r a p h y - M a s s  S p e c t r o m e tr y  
( G C -M S )

C ollect zearalenone and zearalenol peaks d i
rectly from HPLC system  and concentrate in  100 
p L  Reacti-Vials. Add 10 p L  Tri-Sil TBT to sam ple 
and let stand 30 min at room temperature. Inject 
1 p L  in to  chrom atograph w ith  heliu m  flow  rate 
of 30 m L /m in , injection block tem perature 
280°C , tem perature program from 180 to 280°C  
at 5 ° /m in , and interface tem perature o f 300°C. 
O perate mass spectrom eter at 70 eV.

Results and Discussion
The m ethod described perm its the determ i

nation of both free and glucuronide-bound forms 
of zearalenone and zearalenol isom ers in  b io
logical fluids and tissues. The lim its of detection  
for the instrum ent are about 2.0  ng for zearale
none and 5.0 ng for zearalenols. The sensitiv ity  
of the technique for the described procedure and 
injection volum es is 270 ng zearalenone and 500 
n g zearalenol/m L  urine. Sen sitiv ity  for liver  
sam ples is 28 ng zearalenone and 107 n g  zear- 
a le n o l/g  tissue. H igh er sen sitiv ities  can be 
achieved  by concentrating sam ples.

A  norm al phase HPLC tracing o f an external 
standard m ixture is g iv en  in  Figure 1; chro
matograms o f zearalenone and isom ers o f zear
a len ol in  rat urine are sh ow n  in  Figures 2 and 3, 
respectively . This type of system  uses a polar 
colum n and a relatively nonpolar so lven t. Re
tention tim es o f com pounds, therefore, increase 
w ith  polarity. The least polar com pound, 
6 'a-acetoxyzearalane, e lu ted  first fo llow ed  by 
zearalenone, a-zearalenol, and /3-zearalenol. In 
som e urine sam ples, the resolu tion  o f j3-zear- 
alenol w as confounded by the interference o f an 
unidentified  peak. Subsequent analysis of these  
sam ples by usin g  a reverse phase system  e lim i
nated this interference. The elution pattern was
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Figure 1. H ig h  pressure liq u id  chrom atogram  o f a 
standard  so lu tio n  c o n ta in in g  1 0 0  n g  6 'a -a ce to x y -  
zeara lane (A ), 50 n g  zea ra len o n e (B), 50 n g  a -zea r -  
a len o l (C), and 50 n g  /3 -zearalenol (D ). C on d ition s:  
norm al p h ase  P artisil-10  co lu m n s w ith  iso o c ta n e -  

C H C l3-m e th a n o l (35 +  25 +  3) m o b ile  phase.

therefore reversed w ith  /3-zearalenol elu tin g  
before a-zearalenol (Figure 4). The 6 'a-acetox- 
yzearalane internal standard could  not be used  
w ith  the reverse phase system because o f overlap  
w ith  the zearalenone peak. This m ade it n ec
essary to first analyze sam ples w ith  the norm al 
phase system  before usin g  the reverse phase 
system .

Values for free and boun d  zearalenone and  
6 'a -  and 6'/3-zearalenols in  urine are g iv en  in  
Table 1. In all cases the free form  of excreted  
com pounds exceed ed bound form s by at least 
100%. Variability b etw een  anim als w as in 
creased because o f d ifficu lties in  ensuring total 
co llection  o f urine over the 48 h co llection  peri
od. Free and bound form s o f zearalenone and

RETENTION TIME, MIN
Figure 2. H ig h  pressure liq u id  chrom atogram  o f  
u rin e from  rats o ra lly  d osed  w ith  zeara len on e: 6 '- 
a -a cetox y zeara lan e in tern a l standard (A ) and zear
a len o n e  (B). C on d itio n s: n orm al p h ase P artisil-10  
co lu m n s w ith  iso o c ta n e -C H C l3-m e th a n o l (35 +  25 

+  3) m o b ile  p hase.

RETENTION TIME, MIN
Figure 3. H ig h  pressure liq u id  chrom atogram  o f  
u rin e from  rats ora lly  d osed  w ith  zeara len on e: 
T racing sh o w s  6 'a -z ea ra le n o l (C) and 6 '/J-zearalenol 
(D ). C onditions: norm al phase P artisil-10  co lu m n s  
w ith  isooctan e-C H C h -m eth an ol (35 +  25 +  3) m o b ile  

phase.

m etabolites have also been  reported in  rat urine  
by U eno et al. (15), a lth ou gh  the 3H -labeling  
technique did  not perm it quantification. The 
fin d in g  that zearalenone is m etabolized  m ainly  
to glucuronide conjugates and to a lesser degree  
to free or bound zearalenol agrees w ith  previous 
reports (8 ).

Residue levels o f zearalenone and m etabolites 
in rat liver w ere determ ined o n ly  in  free form. 
HPLC tracings o f zearalenone and isom ers of 
zearalenol are sh ow n  in  Figures 5 and 6 , respec
tively. M ean levels  for 4 rats ±  standard error 
for zearalenone, a -zearalenol, and /3-zearalenol 
w ere 3.86 ±  0.60, 1.19 ±  0.12, and 0.23 ±  0.03 
p g /g  liver, respectively . Variability w as less  
than that observed for urine sam ples because of 
m ore accurate sam pling. T hese data confirm  
that in  v ivo  conversion  o f zearalenone to zear-

Table 1. Zearalenone and metabolites In urine of rats orally dosed with zearalenone 3

Compound
Free
form

Glucuronide
conjugates

Bound/
free

Zearalenone 209.6 95.0 0.45
SEM 57.1 40.0

a-Zearalenol 34.5 11.4 0.33
SEM 14.8 3.7

/3-Zearalenol 19.0 1.5 0.08
SEM 16.5 0.9

Total 263.1 107.9 0.41
SEM 75.6 39.8

3 n g  excreted in 48 h following dosing: mean ±  standard 
error for 6 rats.
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RETENTION TIME, MIN
Figure 4. H ig h  pressure liq u id  chrom atogram  o f  
u rine from  rats ora lly  d osed  w ith  zeara len on e: 6 '- 
a -zeara len o l (C) and 6'/3-zearalenol (D ). C onditions: 
reverse phase P artisil-10  O D S  co lu m n  w ith  m eth a

n o l-w a te r  (65 +  35) m o b ile  phase.

alenol is likely of m inor quantitative importance, 
although physiological sign ificance may be 
greater.

Shreeve et al. (16) have reported transfer of 
zearalenone into urine and m ilk o f cows but their 
m ethodology did  not perm it determ ination  of 
zearalenol. D eterm inations o f zearalenone in  
porcine and b ovine m ilk have inclu d ed  HPLC 
m eth od ology  to detect both zearalenone and  
zearalenols (17,18); how ever, internal standards 
w ere not included.

RETENTION TIME, MIN
Figure 5. H ig h  pressure liq u id  chrom atogram  o f  
liver from  rats fed zearalenone: 6 'a-acetoxyzearalane  
in tern a l standard (A) and zea ra len o n e (B). C o n d i
tions: n orm al p h ase P artisil-10  co lu m n s w ith  iso -  
o cta n e-C H C l3-m e th a n o l (35 +  25 +  3) m o b ile  

phase.

RETENTION TIME, MIN
F igure 6 . H ig h  pressure liq u id  chrom atogram  o f 
liv e r  from  rats fed  zeara lenone: 6 'a -z ea ra le n o l (C) 
and 6 ’/J-zearalenol (D ). C on d ition s: n orm al p h ase  
Partisil-10 co lum ns w ith  isooctane-C H C l3-m eth an o l 

(35 +  25 +  3) m o b ile  phase.

The use of 6 'a-acetoxyzearalane as an internal 
standard w as very usefu l in  im proving repro
ducib ility  o f analyses, because recovery valu es  
w ere in con sisten t (50-80%). Thermal denatur- 
ation o f liver was required before addition of the 
standard to prevent enzym ic cleavage o f the ac
etate group. An attem pt to use an acid -b ase  
cleanup procedure w as sim ilarly unsuccessfu l 
because the internal standard w as destroyed in  
the presence o f base.

The described m ethod perm its rapid and sen 
sitive determ ination o f zearalenone and m etab
olites in biological flu ids and tissues and should  
prove m ost successful in  detection o f residues in  
food  products.
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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  C h r o m a t o g r a p h i c - A t m o s p h e r i c  P r e s s u r e  A c t i v e  N i t r o g e n  M e t h o d  
f o r  O r g a n o m e r c u r y  S p e c i a t i o n  i n  E n v i r o n m e n t a l  S a m p l e s

G A R Y  W . R IC E , JO H N  J. R IC H A R D , A R T H U R  P . D 'S IL V A , and  
V E L M E R  A . F A S S E L 1
A m e s  L a b o r a t o r y 2 a n d  D e p a r t m e n t  o f  C h e m i s t r y , I o w a  S t a t e  U n i v e r s i t y ,  A m e s ,  I A  5 0 0 1 1

M eth o d s  are p resen ted  for the d e term in ation  o f  
m eth y lm ercu ry  in  fish , w ater, u rin e , and  sed im en ts , 
and d iorgan om ercu ry  co m p ou n d s in  w ater. T w o  
sign ifican t d ifferences from  previous m ethods are the  
u se o f m eth y le n e  ch lor id e ex tracting  so lv e n t  w h ich  
perm its sam ple extracts to be concentrated to vo lum es  
as lo w  as 0 .1  m L, and u se  o f a gas chrom atograph  in 
terfaced  to  an a tm osp h er ic pressure a ctive  n itro gen  
(A P A N ) a fte r f lo w  detector. Such  a d etector  is  very  
se n s it iv e  and se le c t iv e  for H g at p icogram  le v e ls . 
T h us, lim its  o f d etectio n  w ere s ig n if ic a n tly  e n 
hanced .
Organom ercury com pounds have considerably  
h igher toxicity and longer b iological half-lives  
in  organism s than do inorganic form s o f the e l
em ent (1). M ethylm ercury and dim ethylm er- 
cury are n ow  know n to be readily form ed by 
bacterial b iom ethylation  o f inorganic mercury
(2) . O f these 2 com pounds, m ethylm ercury has 
been  the predom inant species found  in  b io lo g i
cal system s, a lthough  the presence o f d im ethyl- 
m ercury as w e ll as other diorganom ercury  
com pounds and organom ercury salts is possible
(3) . The w idespread industrial use and natural 
distribution  of mercury in  the en v iron m en t has 
m ade it im perative to d evelop  analytical m eth
od o logy  for the specific determ ination o f orga
nom ercury com pounds w h ich  may originate 
from these sources.

In the past 25 years, num erous incid ences of 
m ethylm ercury p o ison in g  from contam inated  
foods, particularly fish , have resulted in a num 
ber o f m ethods for the specific determ ination of 
m ethylm ercury in fish  and other environm ental 
sam ples. Early work by W estoo (4, 5) consisted  
of liberating the protein-bound m ethylm ercury

1 Correspond w ith  th is author.
2 O perated for the U.S. D epartm ent of Energy by Iowa State 
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clusive, royalty-free license to publish or reproduce the  pub
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Received May 27,1981. Accepted July 29, 1981.

as m ethylm ercury ch loride by the addition  o f 
HC1. The CH3H gCl w as extracted in:o b en zen e  
and then back-extracted into an aqueous cysteine  
so lu tion  as a H g -cy ste in e  com plex to e lim in ate  
interferences from  b en zen e-so lu b le organic  
constituents in  the subsequent gas chrom ato
graphic (GC) determ ination. The aqueous layer 
w as re-acidified w ith  HC1 and the liberated  
CH 3H gC l was extracted back into benzene. The 
final analysis w as perform ed by GC; an electron  
capture detector w as used to measure the elu ted  
C H 3H gC l. A lth ou gh  the W estoo procedure, 
w ith  som e m odifications, has been  recom 
m end ed  by the U.S. E nvironm ental Protection  
A gency (6 ), it is a tim e-consum ing procedure. 
Because the choice o f so lven ts is lim ited  by the  
use of an electron capture detector, the possibility  
of usin g  other solven ts, e.g., chlorinated h ydro
carbons, is not feasible. Partitioning in  each  
extraction is also not quantitative. Thus, cor
rection factors are required in  the calculations.

A m ethod d ev elop ed  by Watts et al (7) e lim i
nates the cysteine cleanup by u sin g  a sim p le ac
eton e w ash  o f the fish  tissues to rem ove lip ids  
and other organic m olecu les that m ay interfere  
in the GC analysis. The sam ple is then acidified  
w ith  HC1 and the liberated CH3H gCl is extracted 
into benzene for analysis. The Watts procedure, 
although  m uch sim pler, is still susceptib le to 
in terferences in  the chrom atographic analysis 
from organic species not rem oved in  the acetone  
w ash but co-extracted into b en zen e w ith  the  
CH 3H gCl.

In both the W estoo and Watts procedures, the  
ultim ate lim its o f detection  are constrained pri
m arily by the vo lu m e o f b en zen e used  in  the 
extractions. A ttem p ts to con cen tra te th e  
CH 3HgCl by evaporation of the ben zene solven t 
results in losses o f CH 3H gCl. It has been  ob
served that the total volu m e of ben zen e m ust be 
kept at 8 mL or greater to avoid loss of CH3HgCl
(7).

A m ethod described by Talmi (8 ) sp ecifies a 
h ig h ly  selective and sen sitiv e m icrow ave-in 
duced plasm a (MIP) as a GC detector for m oni-

0004-5756/82/6501-0014-06$01.00 © Association of Official Analytical Chemists, Inc.
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toring H g em ission s at 253.7 nm. Sam ples are 
h om o gen ized  in  water and acid ified  w ith  HC1, 
and the CHaHgCl is partitioned into 2 mL b en 
zen e for analysis. The selective detection  of 
atom ic m ercury em issions elim inates interfer
ences from co-extracted organic species if the GC 
is capable o f reso lv in g  other organom ercury  
com pounds w hich may be present in  the sample. 
Although the m ethod is rapid and very sensitive, 
m icrow ave plasm as have several operational 
lim itations (8-10). The injection of m icroliter 
am ounts of species in to  the plasm a, i.e., so lven t  
plug, can d ecouple the m icrow ave resonant 
cavity, resu lting in  total q u en ch in g  o f the d is
charge. Thus, experim ental m anipu lations are 
required to rem ove the so lven t from  the plasm a  
before or after the species to be determ ined has 
eluted from the GC colum n. A lim itation of MIP 
sources maintained at low  pressure is the buildup  
of carbonaceous deposits on  the w alls o f the 
discharge tube from effluents containing carbon; 
thus, periodic clean ing is required.

M ethods for the analysis o f surface w aters for 
diorganom ercury com pounds have b een  very  
lim ited . A procedure d evelop ed  by Dressm an
( 11 ) in v o lv ed  extraction o f several dialkylm er- 
cury species w ith  a m ixture o f 20% ether in  17- 
pen tane, fo llo w ed  by concentration to 5 mL. 
The extract w as then  analyzed  by gas chrom a
tography w ith  a flam e ionization detector. The 
extractions w ere not quantitative and varied for 
each com pound. The possibility o f co-extracting 
organic interferences severely  lim its the appli
cability of the technique.

We have recently sh ow n  that an atm ospheric 
pressure, active n itrogen  (APAN ) afterg low  can 
function  as a sen sitive detector for several e le 
m ents (12). Reactions of a variety o f inorganic  
and organic species w ith  active nitrogen  sources 
have been  extensively  docum ented over several 
decades (13). In such reactions, the transfer of 
excitation energy from  relatively lon g -liv ed  
m etastable atom ic and m olecular n itrogen to 
species introduced in  the discharge afterglow  
results in  fragm entation and excitation of the 
in troduced m olecules, to produce characteristic 
atom ic a n d /o r  m olecular em issions.

Our recently reported observations (12) that 
the detection lim it of H g in the A PA N  afterglow  
w as about 10 pg suggested  an evaluation  o f this 
excitation source as a specific detector for the GC 
speciation  of H g. We report here the results of 
apply ing a GC-APAN system  to the determ ina
tion o f m ethylm ercury in fish, water, urine, and 
sedim ents, and diorganom ercury com pounds in  
water. The procedures described overcom e

several lim itations or problem s en countered  in  
earlier m eth od ologies for perform ing these d e
term inations.

M ETH O D
P r in c ip le

M ethylm ercury is isolated  from  sam ples as 
m ethylm ercury chloride and extracted into  
m eth y len e chloride. D iorganom ercury com 
pounds are extracted from w ater w ith  either  
m eth ylen e chloride or carbon d isu lfid e. A ll 
extracts are concentrated to 1.0 mL, from  w h ich  
2  p L  aliquots are taken for analysis by gas chro
m atography. Interferences from  other co-ex
tracted organic m olecu les in  th e GC detection  
and quantitation of the organom ercury species  
are elim inated  by observing the H g (I) em ission  
at 253.7 nm  excited in  an A P A N  afterglow .
R e a g e n ts

(a) M eth y len e  ch loride.— D istilled  in  glass  
(Burdick & Jackson Laboratories, Inc., M uskegon, 
MI 49442). Carbon disu lfide.—"Photrex" reagent 
grade (J. T. Baker Chem ical Co., Phillipsburg, NJ 
08865). N o  H g w as detectable w h en  50 mL of 
either so lven t was evaporated to 1.0 mL and an
alyzed.

(b) H C l solutions.— D ilute HC1 (ACS grade) to 
6 N  in d e-ion ized  w ater for sam ple acidifica- 
tions.

(c) O rganom ercury reference sam ples.— M eth
ylmercury chloride (Alfa Products, Danvers, MA  
01923): Prepare stock so lu tion s con ta in in g  1.0 
m g/m L  m eth y len e chloride. Prepare serial 
d ilu tion s conta in ing concentrations o f 1 0 0 - 0.01 
p g / m L  in  10 mL volum etric flasks.

D im ethylm ercury, d iethylm ercury, di-n-pro- 
pylm ercury, diisopropylm ercury, dibutylm er- 
cury, d ihexylm ercury, and d iphenylm ercury  
(Pfaltz and Bauer, Stamford, CT 06902): Prepare 
stock so lu tion s conta in ing 1.0 m g/m L  of each  
diorganom ercury species in  eth y l ether as a 
mixture. Prepare serial d ilu tion s in  the sam e 
m anner used  for CH3H gC l solutions.
A p p a r a tu s

(a) G la ssw a re .— Standard filters, vacuum  
flasks, and separatory fu n n els. A  sp ecia lly  d e
signed  flask, consisting of a 2.0 mL graduated tip 
on the bottom of a 50 mL round-bottom flask, was 
used for concentrating organic extracts (14).

(b) Gas ch rom atograph .— H ew lett-P ackard  
M odel 5700A w as m odified  for interfacing to 
A P A N  afterglow  by using heated transfer line. 
APAN instrum entation, excitation characteristics 
of afterglow , and details o f interfacing to GC
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system  have b een  described p reviously  ( 12 , 
15).

(c) GC colum ns and conditions.— (A )  M ethyl- 
mercury chloride: 4 ft X Vs in. od glass colum n  
conta in ing 10% SP2401 on  100-120 m esh Supel- 
coport (Supelco, Inc., B ellefonte, PA 16823); 
colum n tem perature, 180°C; n itrogen flow  rate,
110 m L /m in; interface tem perature, 230°C. (B) 
Diorganom ercury com pounds: 3 ft X Vs in. od 
stainless steel colum n conta in ing 4% SE-30/6%  
SP2401 on  100-120 m esh Supelcoport (Supelco, 
Inc.); colum n tem perature, 50°-210°C  at 3 0 ° / 
min; nitrogen  flow  rate, 80 m L /m in; interface 
tem perature, 210°C. Before use, condition  co l
um ns 24 h at 250°C at a n itrogen  flow  rate o f 10 
m L /m in , fo llow ed  by deactivation w ith  4 se
quential 10 p L injections o f silan iz in g  reagent 
over a 1 h period.

(d )  D ete c to r  ch a ra c te ris tic s .— A P A N  in p u t  
pow er, 500 watts; n itrogen  flow  rate, 30 L /m in; 
analytical w avelength, 253.7 nm; bandpass, 2 nm; 
PMT voltage, 850 V.

I s o la t io n  o f  M e r c u r y  S p e c ie s  f r o m  S a m p le s
(a) M eth ylm ercu ry  in fish .— Prepare h om oge

neous sam ples of fish  tissue by cutting ca 2.5 cm 
w id e  strip from head to tail. F inely chop tissue  
and then  pu lverize in sta in less steel tissue  
grinder (Latapie Type, Arthur H. Thom as Co., 
P hiladelphia, PA 19105). Transfer 1.0 g repre
sentative sam ple to 5 cm diam eter, m edium  po
rosity filter and w ash w ith  four 15 mL portions 
of acetone, fo llo w ed  by tw o 15 mL portions of 
m eth y len e  ch loride to rem ove water and lipids  
from sam ple, as described by Watts et al. (7). 
Rem ove each w ash ing by vacuum  filtration, and  
discard. Quantitatively transfer sam ple to 50 mL 
screw-cap bottle, add 20 mL portion o f 6N  HC1, 
and vigorously shake mixture 2 min. Add 20 mL 
m eth ylen e ch loride to extract and again shake 
bottle an additional 2 min. Vacuum-filter entire 
contents to rem ove tissue and to break up any 
em ulsions that may have form ed. Separate or
gan ic layer from  aqueous layer in  60 mL separa
tory funnel. Recom bine tissue and aqueous 
layer in screw-cap bottle, add second 20 mL 
portion o f m eth y len e ch loride, and repeat ex
traction. C om bine organic fractions and con 
centrate to 1.0 mL on steam  bath for subsequent 
analysis.

(b ) M eth ylm ercu ry  in w a te r .— A cidify 100 mL 
w ater sam ple w ith  20 mL 6 N HC1 and extract 
twice w ith 20 mL portions o f m ethylene chloride 
in  250 mL separatory fun n el. Separate organic 
layers from aqueous layers. C om bine and con

centrate organic fractions to 1.0  m l  for anal
ysis.

(c) M ethylm ercury in urine.— Follow procedure 
for water except use on ly  25 mL sam ple and add  
10 drops o f concentrated HC1 to acidify sam ple. 
Vacuum -filter com bined organic and aqueous 
layers to elim inate em ulsions before separa
tion.

(d ) M eth ylm ercu ry  in sedim ents.— C ontam ina
tion  of sed im ents w as expected to be a surface 
p henom enon; thus, no breakdow n of the sed i
m ent particles w as attem pted. Dry sed im en t 
before analysis. Treat 1.0 g sam ple w ith  10 mL 
6N  HC1 and extract w ith  20 mL m eth y len e  
chloride in  50 mL screw-cap bottle R em ove  
sedim ent by vacuum filtration. Separate organic 
layer and concentrate to 1.0 mL for analysis.

(e) D iorganom ercury com pounds in w ater. — Ex
tract 1 L w ater sam ple three tim es w ith  20 mL 
portions of m eth y len e ch loride or carbon d isu l
fide in 2 L separatory funnel. Com bine organic 
fractions and concentrate to 1.0 mL for anal
ysis.
R e c o v e r y  S tu d ie s

Spike sam ples by adding 100 p L  aliquots from  
reference CH3H gC l so lu tion s o f appropriate 
concentration to g iv e  m ethylm ercury con cen 
trations o f 1.0 and 10 ppb in w ater sam ples, 1.0 
ppb in  urine sam ples, and 1.0  and 10 ppm  in  
sedim ent samples. Spike fish sam ples know n to 
contain m ethylm ercury w ith  2.0  or 20  ppm  
CH3HgCl after rem oval o f water from fish  tissue  
by acetone w ash ings as described by Watts et al.
(7).

For diorganom ercury com pounds, sp ike 1 L 
w ater sam ple w ith  1.0 mL reference m ixture 
conta in ing 1 fig /m L  of each com pound to g iv e  
concentration in water of 1.0 ppb (1 p g /L ) .

R e s u lts  a n d  D is c u s s io n
The A P A N  afterglow  was a sen sitiv e GC d e

tector for H g species m onitored at the atom ic  
mercury lin e at 253.7 nm. D etection lim its were  
as follow s: 2 pg dim ethylm ercury, 5 pg di-
ethylm ercury, 10 pg dipropylm ercury, 20  pg 
dibutylm ercury, 30 pg dihexylm ercury, 50 pg 
diphenylm ercury, and 50 pg m ethylm ercury  
chloride. Values represent the absolute am ounts 
of analyte required to g ive  a peak h eig h t w ith  
signal-to-background scatter o f three. Analytical 
calibration curves w ere linear to approxim ately  
1 p g ,  w e ll w ith in  the range o f valu es expected  
from  analysis o f contam inated sam ples.

The 10% SP2401 colum n packing gave excel
lent and reproducible peak shapes for CH3H gCl
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Figure 1. Chrom atographic peaks obtained from  5 
sequentia l 2 /¿L in jections each con ta in in g  2 ng  
CH3HgC1. C olum n temperature: 180°C. Arrows 

ind icate p o in t o f sam ple in jection .

as sh ow n  in  Figure 1 for 5 sequentia l 2 n g  injec
tions. The negative deflection  before each peak 
w as caused by the elu tion  o f the so lven t, w h ich  
tem porarily caused q u en ch in g  o f the spectral 
background from the afterglow . This q u en ch 
in g  effect had no effect on  em ission s from  the  
sam ple efflu en ts. A n attem pt w as m ade to use 
colum n packings recom m ended by others for 
separating CH3H gC l, in clu d in g  15% DEGS (7) 
and 10% FFAP (8 ), but these packings gave con
siderably broader and ta ilin g  peaks.

A 5% SE-30/6% SP2401 co lum n w as excellen t  
for separating a num ber of diorganom ercury  
com pounds, as sh ow n  by the chrom atogram  in  
Figure 2. The resolv ing pow er of the colum n is 
h igh ligh ted  by the separation of the di-n-propyl 
and d iisopropyl isom ers o f Hg.

The results o f the analyses and recovery  
studies for m ethylm ercury in fish , w ater, sed i
m ents, and urine are g iv en  in  Table 1. The first 
3 fish species were obtained from Canadian lakes 
suspected o f h av in g  h ig h  lev e ls  o f H g contam i
nation.

Figure 2. Chromatogram obtained from  m ixture of 
several diorganom ercury species present at 2 -5  ng  
leve ls . (1) (CH3)2H g, (2) (C2H 5)2H g, (3) (i-C 3H 7)2Hg, 
(4) <C3H 7)2H g, (5) (C4H ,)2H g, (6) (C6H 13)2H g, (7) 
(C6H 5)2Hg, and (*) im purities. Tem perature pro
gram: in itia l 50°C, rate 3 2°C /m in , fin a l 210°C w ith  

2 m in hold.

The precision  o f the determ inations w as ac
ceptable, w ith  deviations from  the average value 
of 5% or less obtained from duplicate sam ples in  
all cases. A n average recovery o f 95% w as ob
ta in ed  from  sam p les sp ik ed  w ith  k n ow n  
am ounts o f CH3H gCl.

There appeared to be no loss o f protein-bound  
m ethylm ercury due to evaporation during the 
pulverization and w ash ing o f the fish  tissues, or 
due to adsorption during th e short contact tim e  
w ith  the tissue grinder. There w ere also no  
mercury species detected in  the solvents used for 
the prelim inary w a sh in g  o f the fish  tissue.

Rem oving em ulsions by centrifugation did not 
im prove recoveries. A pparently n eg lig ib le  
am ounts o f CH3H gC l w ere trapped in  the  
em u lsified  material that w as filtered  from  the  
urine and fish  extractions.

Chrom atogram s o f the sam ples in  all cases 
exh ib ited  on ly  the CH3H gC l peak. O rganic

Table 1. Analysis and recovery study results for methylmercury in various sample types3
Sample Found, ppm Added Recovered Recovery, %

Walleye 10.2 (±0.3) 20.0 ppm 29.3 (±1.2) ppm 95
Lake trout 1.65 (±0.03) 2.0 ppm 3.55 (±0.13) ppm 95
Small mouth bass 4.04 (±0.07) — — —
Carp 0.34 (±0.01) — — —
Surface water ND6 1.0 ppb 0.96 (±0.02) ppb 96

ND 10 ppb 9.4 (±0.4) ppb 94
Sediments ND 1.0 ppm 0.94 (±0.01) ppm 94

ND 10 ppm 9.4 (±0.2) ppm 94
Urine ND 1.0 ppb 0.96 (±0.02) ppb 96

3 All duplicate samples. 
b Not detected.
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Table 2. Percent recovery of diorganomercury compounds from 1 L.water samples, column adsorption and solvent extraction techniques

Compound8
Column 

recovery, %b

Solvent extraction 
recovery, %
CH2G 2 CS2

Dimethylmercury 15 23 25
Dlethylmercury 25 98 98
Dipropylmercury 28 88 94
Dibutylmercury 35 85 99
Dihexylmercury 30 97 95
Diphenylmercury 80 99 98

8 1.0 ppb of each compound (1 pg/L). 
b Methylene chloride used as eluting solvent.

materials present in the concentrated extracts 
appeared to have no detrim ental effects on  the 
colum n or detector perform ance. For exam ple, 
peak heights of reference samples injected before 
and after 60 injections o f several fish  sam ples 
exhib ited  less than 5%  deviation.

B enzene, ethyl ether, and carbon d isu lfid e  
w ere also evaluated as solven ts. B enzene was 
elim inated  because o f d ifficu lties in  con cen 
trating extracts to sm all vo lu m es (< 1  mL) w ith 
out loss o f CH 3H gCl. Ethyl ether w as inad e
quate because of poor partitioning of CH 3H gCl 
due to co-extraction o f HC1. Peak h eigh ts ob
tained from  reference CH 3H gC l so lu tion s pre
pared in  carbon d isu lfid e w ere o n ly  approxi
m ately one-fourth the peak h eigh ts obtained  
from identical reference solu tions prepared in  
either b en zen e, ethyl ether, or m eth y len e ch lo
ride. The reasons for this observed decrease in  
signal are u n k n ow n  at this time.

M ethylene ch loride w as the m ost suitable  
so lven t of those evaluated. CH 3H gCl w as effi
cien tly  extracted from acidified aqueous so lu 
tions w ith  no apparent decom position  during  
chrom atographic separations. Extracts could be 
concentrated to as little as 0.1 mL w ithou t loss of 
CH 3H gCl.

Recoveries for diorganom ercury com pounds  
at 1.0 ppb in  w ater for 2 separation m ethods are 
g iven  in Table 2. First, an attem pt w as m ade to 
elu te w ater sam ples through an XAD-2 resin  to 
adsorb H g species on  the XAD-2 surface. The 
Fig species w ere then  elu ted  w ith  30 mL of 
m ethylene chloride and the solvent concentrated 
to 1.0 mL for chrom atographic analysis. The 
dialkylm ercury species, how ever, beh aved in  a 
similar manner observed for hydrocarbons: low  
recoveries due to poor adsorption on  XAD-2 
resin (G. Junk, A m es Laboratory, Iowa State 
U n iversity, private com m unication).

Table 3. Detection limits for organomercury compounds in various sample types
Detection lim its8

Sample A, ppb B, ppt
Diorganomercury in:

Water, 1.0 L 0.01-0.05 0.4-4
Methylmercury in:

Water, 100 mL 0.50 0.4
Urine, 25 mL 2 16
Sediments, 1.0 g 50 400
Fish, 1.0 g 50 400

8 A = Extracts concentrated to 1.0 mL; 2 /xL GC aliquots 
used. B = Sample quantity increased 5-fold, extracts con
centrated to 0.1 mL, and 5 f i t  GC aliquots used.

M ultiple extractions w ith  m ethylene chloride  
or carbon d isu lfid e gave good recoveries, as in 
dicated, for all diorganom ercury com p ounds  
except d im ethylm ercury. The lo w  recoveries 
suggest the latter com pound is lost in  the solvent 
concentration step because of its h igh  volatility. 
Carbon d isu lfid e gave the best extraction e ffi
ciency for the com pounds studied. The reasons 
for the consistently low er recoveries for dipropyl 
and dibutyl H g species w h en  m ethylene chloride 
is used as the so lven t are not know n.

The detection  lim its obtained for several or
ganom ercury species, in  reference tc th e actual 
water, urine, sed im ents, and fish  sam ples stud
ied , are sum m arized in  Table 3. The detection  
lim its in  Colum n A are based on  the injection of 
2 n L aliquots from  a 1.0 mL so lven t concentrate  
for the g iv en  sam ple quantity. The detection  
lim its can be sign ifican tly  enhanced, as sh ow n  
in Colum n B, if sam ple sizes are increased 5-fold, 
if  extracts are concentrated to 0.1 mL, and if a 5 
fiL  GC aliquot is used.

In this com m unication w e have presented  
relatively  sim ple and h ig h ly  sen sitiv e m ethods  
for determ in ing organom ercury com pounds in  
a variety of environm ental samples. The APA N  
detector exhibits excellen t sen sitiv ity , linear  
analytical calibration curves coverin g several 
orders o f m agnitude, good  stability, and h igh  
specificity. Extensive sam ple cleanup is reduced  
because species other than mercury present in 
extracted sam ples w ill not interfere in  the chro
m atographic analysis. Several lim itations or 
problem s encountered in  earlier m ethodologies  
have been  overcom e. These include: (a) the  
afterglow  detector a llow s the use of m eth ylen e  
choride, rather than the m ore toxic and less v o l
atile b en zen e  as the solvent; (b) the m eth ylen e  
chloride significantly reduced evaporative losses 
during preconcentration of the analyse, a factor
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w h ich  has a llow ed  for detection  lim its in  the 
various sam ples to be im proved over ex isting  
m ethods; and (c) the operational problem s  
caused by so lven t p lug overload ing and carbo
naceous d ep osit form ation in  the elem en t-sp e
cific MIP detector are circum vented. These 
factors make G C -A PA N  a viab le alternative for 
the determ ination of organomercury com pounds 
in  food and environm ental sam ples.
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D i f f e r e n t i a l  P u l s e  P o l a r o g r a p h i c  D e t e r m i n a t i o n  o f  T o t a l  I o d i n e  
i n  M i l k

A. RALPH CURTIS 1 and  PERCY H A M M IN G 2
M ic h ig a n  D e p a r t m e n t  o f  A g r ic u l t u r e ,  B u r e a u  o f  C o n s u m e r  P r o t e c t i o n ,  1 6 1 5  S H a r r is o n  R d ,  
E a s t  L a n s in g ,  M l  4 8 8 2 3

A d ifferen tia l pu lse polarographic m ethod for total 
iod in e  in  m ilk  is presented. Sam ples are ashed, so 
d ium  hypochlorite is added to ox id ize iod id e to io - 
date, and the product is  m ixed w ith  sod iu m  su lfite  
so lu tion  and m easured by  d ifferen tia l p u lse polar- 
ography at —90 V against SCE. The standard d ev ia 
tion  for 53 duplicate sam ples w as 0.011. Average 
recovery for 10 or m ore sam ples at d ifferen t leve ls  
w as 98.6% w ith  a standard d ev iation  o f 2.9%.

The accurate quantitation o f iod in e in  food  
products is necessary to establish the am ount of 
iod in e consum p tion  by the consum er and to 
determ ine w hat lev els  are necessary for good  
nutrition. Especially important in these respects 
is the accurate determ ination  o f iod in e in  m ilk  
because it is possib le for an 8 oz glass o f this  
product to supply the m inim um  daily require
m ent for iodine. M ilk iod ine values can also be 
im portant in  alerting the producer to possible  
iod in e toxicity in  the dairy herd and to h elp  the  
producer select proper feed  supplem ents for 
good  iod in e nutrition. The introduction o f io 
dine-based teat d ips and sanitizers has caused  
som e concern about the possib le contam ination  
of m ilk w ith  iodophors and this has resu lted  in  
the n eed  to m onitor iod in e lev els  in  m ilk. For 
these reasons, the fo llow in g  m ethod for m ea
suring total iod ine in  m ilk was developed . The 
m ethod  is reliable, selective, and extrem ely  
sim ple to incorporate as a routine procedure in  
the analytical laboratory.

M ETH O D
A p p a r a tu s

(a) Differential pulse polarograph.— EG&G 
Princeton A p plied  Research M odel 174 polaro
graphic analyzer.

(b ) Recorder.—H ouston M odel 2000 w ith  type 
3 plug-ins.

(c) Saturated calomel reference electrode (SCE).

1 Present address: Michigan Department of Natural Re- sources. Environmental Services Division, 315 N Clippert St, Lansing, MI 48910.2 Wyeth Laboratories, Mason, MI 48854.Received May 8,1980. Resubmitted July 1,1981. Accepted July 29, 1981.

(d) T ap ered  c a p il la r y .—For use as dropping  
mercury electrode.

(e) Z ircon ium  c ru c ib les .— B-J Enterprises, Inc., 
A lbany, OR.
R e a g e n ts

(a) A sh a id  A .— D isso lve 50 g sodium  nitrate  
and 50 g potassium  nitrate in  200 mL water.

(b) A sh aid B .—20% sodium  carbonate and 20% 
potassium dihydrogen phosphate, mixed 1 +  1 .

(c) S ta n d a rd iz ed  iod id e so lu tio n .— 1000 ppm  io 
dide.

(d) S odiu m  h y p o c h lo r i t e .— 5% (J. T. Baker 
Chem ical Co.).

(e) O rgan ic  iod in e r e fe r en c e  stan d ard . —o-Iodo- 
ben zoic acid (Ultrex, J. T. Baker C hem ical Co.).(f) O rgan ic  iod in e s ta n d a rd s .—8-H ydroxy-7-
io d o -5 -q u in o lin esu lfo n ic  acid , 2',4',5 ',7 '-
tetraiodofluorescein  d isodium  salt.

(g) In org an ic  iod in e s ta n d a rd s .—Potassium  io- 
date, potassium  periodate.

(h) Sodium  s u lf it e .—  Saturated solution .
P r o c e d u r e

S a m p le  p re p a r a t io n .—W eigh 2.00 g  w e ll m ixed  
m ilk into adequately marked ash ing v esse l, add 
0.5 mL ash aid A, mix w e ll by gen tle  sw ir lin g , 
and dry on  steam  bath, usually  about 3 h  or 
overn igh t.

C alibration cu rv e .—In the fo llow ing procedure, 
ashing vessel 1 is used to establish reagent blank  
and ash in g  vessels 2 -9  are used  as standards to 
determ ine response factor o f standard curve.

To each o f 9 ash in g  vessels, add, respectively , 
0, 0, 0.50, 1 .00 ,1 .50, 2.00, 2.50, 3.00, and 4.00 pg  
iod ide. To vesse ls  2 -9 , add 2.00 mL lo w  io 
d ine-content m ilk and mix w e ll by gen tle  
sw irling . Treat reagent blank and standards 
exactly as sam ples, as given  in S am ple p rep ara tion , 
b eg in n in g  ". . . add 0.5 mL ash aid A , . . ."

A sh in g  p ro c ed u re .—U se m uffle furnace large 
en ou gh  to a llow  about 1V2 in. head space above 
ashing vessels. Place dry sam ples and standards 
in  100°C m uffle furnace 1 h; then  set tem pera
ture to 200°C w ith  low  control setting, and check 
periodically  to ascertain if sm oking has ceased. 
Set tem perature to 250°C w ith  lo w  control set

0004-57 56 /  82 /  6501 -0020-04$01.00© Association of Official Analytical Chemists, Inc.
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ting; after sm oking has ceased, set tem perature 
to 350°C w ith  m edium  control setting and leave 
samples at this temperature 1 h. Set temperature 
to 525°C w ith  h igh  control setting. Leave sam 
p les at final tem perature u n til ash is w h ite  and  
no carbon particles are visible. This w ill usually  
happen im m ediately  after the tem perature has 
reached 525°C. Let sam ples cool in  m u ffle  to 
about 250°C , rem ove, and let cool.

O xidation of iodide to ioda te .—To each cooled  
sample and standard, add 6  mL water and 4 drops 
o f 5% sodium  hypoch lorite  so lu tion . Heat 
m oderately on  steam  bath until ash is d ispersed  
throughout solu tion , heat additional 3 m in , re
m ove from  steam  bath, and let cool to room  
tem perature.

Polarographic analysis.—Quantitatively transfer 
sam ples/standards to 10 mL graduated cy linder  
equ ipped  w ith  glass stopper, usin g  at least 3 
w a sh in gs o f ash ing vessel w ith  d istilled  w ater 
and k eep in g  total vo lu m e b etw een  8 .5-9 .5  mL. 
D ilu te to 10.0 mL mark u sin g  saturated sodium  
su lfite so lu tion , m ix by in vertin g , and transfer 
to electrochem ical cell. Perform  polarographic  
analysis for sam ples and standards by u sin g  pa
rameters g iv en  below:

Initial poten tia l —0.90 V against SCE
M ode d ifferentia l pu lse
M odulation 50 mV

am plitude
Drop tim e 2 s
Scan rate 2 m V /s
Scan direction negative
Sen sitiv ity  2 /ramps fu ll scale
Low pass filter off
Calculations.—Measure peak height o f samples 

and standards by ex ten d in g  lev e l baseline b e
neath peak m axim um , and m easure distance, in  
/ramps, b etw een  this b aseline and peak m axi
m um . D eterm ine reagent blank response from  
ash ing vessel 1 , described in  calibration curve  
section , and perform  blank subtraction for each  
sam ple and standard.

Linear regression is recom m ended procedure 
for characterizing relationship  b etw een  re
sponse, /ramps peak h eigh t, and the standards, 
/rg iod id e added. S lope o f linear regression  
equation is th en  u sed  for response. A lterna
tively, p lot standard curve of /tamps peak h eigh t  
against added iod id e, find  slope, and use this as 
response. Total iod in e in  sam ple is th en  calcu
lated as

Iodine, ppm  =  (S — B ) / ( R  X W)
w h ere S and B =  /ramps peak h eig h t o f sam ple  
and reagent blank, respectively; W =  g  sam ple

w eight; and R =  response factor calculated from  
standard curve, /tamps peak height per added f ig 
iod ide.

D iscu ssio n  and R esu lts
The m ethod as w ritten can accom m odate m ilk  

sam ple sizes up to 3 g. Larger sizes may be used; 
how ever, the am ount o f ash aid A sh ou ld  be d e
creased to 0.2 mL and the ash ing rate w ill  have  
to be slow er. If lo w -io d in e  m ilk  sam ples are 
encountered , 0 .05-0 .2  ppm , a 5 g  sam ple m ay be 
necessary. This w ill increase th e response su f
ficiently for accurate measurement; how ever, the 
recoveries are o n ly  85-92% and the precision  is 
not as good  as that w h en  2  g sam ples are used.

The iod in e standard is in  th e form  of iod id e  
because th is is the prevalent form  p resent in  
norm al m ilk and also is the major form  present 
w h en  m ilk is exposed  to elem ental io d in e  or io- 
dophors (C. S. Gelda, E. L. Thom as, J. J. Jezeski,
W. G. M izuno, & E. D. Berglund (1962) /. D airy Sci. 
45, 663).

There w ere no d ifferences, at the 95% co n fi
d en ce lev e l of sign ificance, in  the regression  re
sponse factors calculated from  each o f th e 20  
standard curves used  in  the d ev elop m en t work. 
This can be expected because the recoveries are 
nearly quantitative and the dropping mercury 
electrode has a self-calibrating capability due to 
its d ep en d en ce on  physica l properties w h ich  
may be duplicated from  day to day. This w ou ld  
su ggest that the standard curve n eed  not be run 
for every batch o f sam ples, a lth ou gh  som e con 
trols w ou ld  be necessary to validate the re
sponse.

The standard curve response factor is deter
m in ed  by usin g  the peak h eig h t responses ob
tained from  ash in g  vessels 2 -9  and u sin g  linear  
regression analysis to calculate the ratio of /ramps 
peak h eigh t per added f ig  iod ide. By incorpo
rating a lo w  iod in e-con ten t m ilk  sam ple in  the  
standards, it is b elieved  that actual sam ple con 
d ition s are sim ulated  during the analysis. The 
disadvantage of d o in g  th is is that som e very low  
iod in e-con ten t m ilk sam ples m ay not be brack
eted  by the standard curve. A lternatively , the  
standard curve may be prepared w ith  on ly  water 
standards and th is w ill ensure that all sam ple  
responses are bracketed. If on ly  water standards 
are used, then  ash in g  vesse ls  1 and 2  are both  
reagent blanks and their peak h e ig h t responses  
sh ou ld  be averaged to obtain the blank value. 
There seem s to be no difference in  the regression  
response factors fou n d  by incorporating a m ilk  
matrix in  the standards or by u sin g  water: re
sponse slope o f curve and 95% con fid en ce in-
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-E VOLTS
Figure 1. D iffe r e n tia l p u lse  po larograp h ic d eter

m in a tio n  o f iod ate .
A, 0.1 ppm iodine, 5 g milk; B, 0.4 ppm iodine, 5 g 

milk; C, 0.3 ppm iodine, 2 g milk; D, 0.9 ppm iodine, 2 
g milk.

terval for m ilk  m atrix = 0.141 pamp/|U.g 
I and 0.138-0.143; for w ater matrix =  0.143 and
0.136-0.150, respectively . It may be concluded  
that the d ifference is not significant.

The tem peratures g iv en  in  the ash in g  proce
dure, and the rate o f increase to these tem pera
tures, are critical in preventing the ignition  of the 
sam ples. The ash ing m ethod is w ritten  for 2 g 
sam ple sizes. If sam ple sizes larger than 3 g are 
used, the am ount of ash aid A sh ou ld  be de
creased to 0.2  mL and on ly  the low  control set
ting used  until the tem perature reaches 400°C. 
The h igh  control setting can then  be used  to in 
crease the tem perature to 525°C. Pyrex beakers, 
nick el crucibles, and zirconium  crucibles have 
successfu lly  b een  used for the ash ing vessels. 
The zirconium  crucibles are preferable.

The com plete oxidation o f iod ide and sam ple 
d isso lu tion  is assisted by the heating o f the 
sam ple after adding water and hypochlorite. 
Inadequate heating w ill result in poor recoveries. 
The sam ple is not com p letely  d isso lved  by the  
heating and som e precipitate w ill remain during 
the polarographic analysis. This d oes not in 
terfere w ith  the quantitation o f iodate.

Illustrations o f typical iodate peaks are show n  
in  Figure 1. A  greater sen sitiv ity  m ay be ob
tained by u sin g  the 100 mV pulse and this w ill  
sh ift the potential corresponding to the peak of 
the curve sligh tly  m ore anodic than that sh ow n  
in  the figure.

N o  interferences have been  detected. Iron is 
reduced at —0.75 V against SCE, and if present in  
high  am ounts it w ill cause a distorted baseline in  
the v ic in ity  of the iodate peak. N itrate is re
duced at —1.55 V and if present in  a large excess 
it w ill distort the iodate peak. This w ill not in 
terfere w ith  the quantitation o f iodate. This 
nitrate effect w ill be noticed m ainly w h en  run

n ing sam ples low  in organic material because the 
nitrate level is not greatly dim inished during the 
ash in g  procedure. Curves C and D in  Figure 1 
sh ow  th is distortion.

The polarographic m ethod w as used  for the  
final d etection  o f iod in e for 2  reasons: ( 2 ) it 
greatly s im p lifies the m ethod, (2 ) it provides a 
great deal o f sensitiv ity . O ther m ethods have  
b een  successfu lly  used; h ow ever, th ey  all re
quired the incorporation of m ore reagents a n d / 
or the controlling o f several m ore variables to 
obtain reliable results. This com plicated the  
m ethod  and increased the analysis tim e.

The m ethod w as d esign ed  to com p letely  ana
lyze  about 36 sam ples in  an 8 h w ork in g  day. 
This necessitated sacrificing som e experim ental 
param eters to shorten the procedure. If the  
analysis tim e is not critical, there are som e ad
vantages that may be gain ed  by a s im p le m od i
fication of the m ethod. By increasing the sam ple 
size to 5 g  and decreasing the am ount o f ash aid 
A to 0.2 mL, the iodate curve is considerably  
im proved. This is because o f the reduced in 
flu en ce o f the nitrate on the iodate peak shape  
due to less nitrate being added and because more 
nitrate is used in  destroying the larger am ount 
of organic material. The im provem en t can be 
seen  in  Figure 1 w h ere curves A and B m ay be  
com pared w ith  curves C and D. The advantage  
of im proving the curve is that this allow s the use 
of the 100 mV pulse am plitude and th is w ill  s ig 
n ifican tly  increase the sen sitiv ity  w ith ou t sac
rificing resolution. Also, if the drop tim e is then  
decreased to 0.5 s and the scan rate is increased  
to 5 mV per s, the sam ple through-nut on  the  
polarograph w ill be doubled w ithou t sacrificing  
sensitiv ity . A co n v en ien t result is that the cali
bration curve obtained by usin g  the above pa
rameters is equal to that obtained w h en  using the 
parameters g iv en  in  the procedure.

The standard deviation  w as 0.011 ppm  iod in e  
and w as estim ated from  53 duplicate sam ples. 
The detection lim it, for a 2 g sample size, was 0.05 
ppm  iod in e and w as su ffic ien t for the quantita
tion  o f iod in e in  all m ilks from  the M ichigan  
area. The average recovery of iod ine was 98.6% 
w ith  a standard d ev iation  o f 2.9 percent: A ver
age recoveries for 10 or more sam ples at different 
levels w ere 98.8 ±  2.1, 98.1 ±  3.4, 98.2 ±  3.4, 98.8 
±  2.1, 96.7 ±  4 .0 ,100 .0  ±  1.4, 97.3 ±  2 .9 ,100 .0  ±
1.9, and 99.2 ±  2.3% for 0.50, 1.0, 1.50, 2.0, 2.50,
3.0, 3.50, 4.0, and 5.0 p.g I.

Table 1 show s the recoveries o f inorganic and  
organic iod ine. The organic com pound used  as 
a reference standard was U ltrex grade o-iodo- 
ben zoic acid and w as certified to be 99.9% pure.
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Table 1. Inorganic and organic iodine recoveries
Iodine form Range, Mg 1 No. of recoveries Recovery, % ±  SD

Potassium iodide 0.1-6 >100 98.8 ± 1.8Potassium iodate3 0.5—4.5 20 98.8 ± 1.5Potassium periodate 0.5-4.5 9 104.7 ± 1.9
8-Hydroxy-7-iodo-5-quinolinesulfonic acid 0.5—4.5 9 101.0 ± 1.82,4,5,7-Tetraiodofiuorescein disodium salt 0.5-3 14 98.0 ± 2.0
o-lodobenzoic acid6 0.5-3 17 101.0 ±  2.1

a Inorganic iodine reference standard. 
6 Organic iodine reference standard.

The inorganic reference standard w as potassium  
iodate recrystallized 3 tim es from  w ater and  
dried at 180°C. The nearly quantitative recov
eries o f both form s o f io d in e  w ou ld  su ggest that 
the results sh ou ld  be expressed in  total iod in e  
units.

The range o f iod in e in  raw m ilk from  the  
M ichigan area w as 0 .05-3 .5  ppm  w ith  a m ean of 
0.35 ppm . The concentration o f iod in e in  raw  
m ilk w as quite variable and w as assum ed to re
flect the am ount o f iod in e  fed  to the cow . The 
use o f iodophors, an iodine-based  teat dip  and  
sanitizer, m ay cause som e elevation  o f iod in e

levels in  milk; how ever, data from the regulatory 
laboratory has su ggested  that the extrem e vari
ation o f iod in e  lev e ls  is prim arily a result o f io 
d in e-su p p lem en ted  feeds.

A ck n ow led gm en ts
The author thanks G eorge Sabolish  and John 

T hiesen  for their assistance in  the d ev elop m en t  
of the procedure. Also, appreciation is extended  
to K athleen Callahan and V ivian M iller for their 
patience in  the preparation o f the m anuscript.
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P E S T IC ID E  R E S ID U E S

C o l o r i m e t r i c  D e t e r m i n a t i o n  o f  3 - A m i n o - 1 , 2 , 4 - T r i a z o l e  i n  G r a i n  
o r  M e a l

M IC H E L  G A L O U X , JE A N -C . V A N  D A M M E , an d  A L B E R T  B E R N E S  
M in is tè r e  d e  l 'A g r ic u ltu r e , S ta tio n  d e  P h y to p h a r m a c ie  d e  l 'E ta t ,  1 1 , ru e d u  B o rd ia , 
B -5 8 0 0 -G e m b lo u x , B e lg iu m

T h is  co lo rim etric  m eth od  for th e  d eterm in ation  o f
3 -a m in o - l ,2 ,4 -tr ia zo le  in  gra in  or m eal is  a m o d if i
cation o f the Storherr and Burke m ethod. T he herb
ic id e  is  extracted from  grain  w ith  m eth a n o l, and  p u 
rified  by adsorption-desorption  on  resin. T he extract 
is  clean ed  b y  d ig estio n  w ith  su lfu r ic  acid  and clari
fied  w ith  charcoal. T h e co lored  co m p lex  form ed  b y  
co u p lin g  w ith  A M l-n a p h th y l)e th y len ed ia m m on iu m  
d ich lor id e is  m easured spectroph otom etr ica lly  at 455 
nm . T he lim it  o f d etectio n  is  0.05 ppm .

3-A m ino-l,2 ,4-triazo le (am inotriazole or am i- 
trole) is a n on -selective herbicide used  before 
planting w heat, oats, m aize, and kale. It is ab
sorbed by roots and leaves and translocated
(D-

The present colorim etric m ethod for deter
m in in g  residues o f am itrole in  grain or m eal is 
an adaptation o f the m ethod of Storherr and  
Burke (2 ,3), and has been d eveloped  because the 
Storherr and Burke m ethod is len gth y  and gives  
poor reproducibility. The extraction step has 
been  m odified , the resin adsorption-desorption  
is w e ll controlled , and cleanup is sim plified . 
Color d evelop m en t has been  particularly stud
ied, and the lim it o f detection of the m ethod has 
been  low ered.

M ETH O D
R e a g e n ts

(a ) A ctiva ted  charcoal.—Boil and stir for 2 h on  
sand bath 120 g charcoal (Merck 2186), 100 mL 
water, and 300 mL concentrated H 2S 0 4. Filter 
through large fritted glass Buchner fu n n el (pore 
size 90-150 Jim), and w ash  residue on  fu n n el 
w ith  hot w ater until w ash in gs are neutral to 
universal indicator paper. Dry charcoal 48 h in  
130°C oven, cool, and shake to powder. Store in  
closed  container.

(b) F ilter a id .—C elite 545 (Johns-M anville).
(c) Ion exchange resin J.—Pour 250 g resin  

(Merck 4765) onto large fritted glass Buchner  
fu n n el (pore size 90-150 g m ) ,  rinse w ith  2 L hot
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concentrated N H 4O H, filter under suction , and  
w ash w ith  hot w ater until w a sh in g s are neutral 
to universal indicator paper. Then stir resin  
w ith  2 L hot 5N  HC1, filter under suction , and  
w ash w ith  w ater until w ash in gs are neutral. 
Dry resin 2 h  under suction  and store in  closed  
container at room tem perature. U sed resin can 
be reactivated by sam e procedure.

(d) S ta n d a rd .— 3 -A m in o -l,2,4-triazole (Pes- 
tanal Riedel- de H aen N o. 35701, >99% pure).

(e) Standard solu tions.— Stock solution. — 100.0 
m g 3-am in o-l,2,4-triazole in  500 mL water. 
Working solutions.—Prepare appropriate dilutions 
in water as needed.(f) Sulfuric acid G R .—Concentrated H 2S 0 4-  
w ater (75 +  25).

(g) Sodium nitrite G R .—0.5% aqueous solution. 
Prepare fresh daily.

(h) A m m onium  sulfam ate G R .— Merck 1220. 
Prepare 5% aqueous solution .(i) N -(l-N a p h th y l)e th y len ed ia m m o n iu m  dichlo
ride G R . —Merck 6237. Prepare 1% solution in 2 
N HC1. Prepare fresh daily.
E x tra c tio n  o f  G ra in

P ulverize grain in chopper. In O m ni-m ixer, 
blend 100 g hom ogeneous m eal w ith  20 g  Celite 
filter aid and 250 mL m ethanol for 3 m in at h igh  
speed . Transfer m ixture to 500 mL centrifuge  
bottle and centrifuge 5 m in at 3000 X g . Filter 
supernate on  10 cm diam eter Buchner fu n n el 
through 1 cm layer o f filter aid into 1 L Erlen- 
m eyer flask. Re-extract residue in  bottom  of 
centrifuge tube w ith  150 mL m ethanol, centri
fuge, filter, and w ash filter aid w ith  50 mL 
m ethanol. C om bine extracts and w a sh in g s in  
same flask. Add 15 mL 30% H 20 2. Heat 30 min  
on (200°C) sand bath; then  cool at room  tem 
perature.
P u r if ic a t io n  o n  R e s in

Add 30 g ion  exchange resin (c) to flask con 
tain ing m ethanol extract, stopper, and shake 
m echanically 45 m in. Transfer resin and liquid  
onto 300 X 20 mm chrom atographic colum n
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con ta in in g  glass w o o l plug. Discard liquid. 
Wash resin w ith  three 30 mL portions of acetone 
and w ith  four 50 mL portions o f water. Discard 
all w ashings.

Replace resin  in to  previous flask, add 50 mL 
water and 20 mL concentrated N H 4O H, and boil 
30 m in on  200°C sand bath.

Transfer hot m ixture onto sam e chrom ato
graphic colum n containing glass w oo l p lug, and  
co llect eluate and subsequen t w ash in gs in  400 
mL beaker. Wash flask and colum n w ith  four 25 
mL portions o f 2N  N H 4OH. C oncentrate com 
bined eluates and w ashings on sand bath to ca 20 
mL, and cool.

C le a n u p
Add 5 mL H 2S 0 4-w ater so lu tion  (f) to cooled  

concentrated extract. Add 2 glass beads, cover  
w ith  w atch glass, and boil g en tly  10 m in  on  
200 °C sand bath. Cool th is so lu tion , add 50 mL 
w ater and 0.8  g  activated charcoal, cover w ith  
sam e w atch glass, and boil 15 m in  on  sand  
bath.

Filter hot m ixture on  4.5 cm diam eter Buchner 
fu n n el through S&S N o. 602 paper, or equ iva
lent, and collect filtrate in  400 mL beaker. Wash 
reaction beaker and fu n n el w ith  200 mL hot 
0.75% H 2S0 4, fo llo w ed  by 50 mL hot water.

Concentrate com bined filtrates and w ashings  
to 15 mL. If so lu tion , after that concentration, 
is y e llo w ish  in  color, an additional charcoal 
cleanup  is necessary. To do this, add 50 mL 
w ater and m axim um  0 .2  g charcoal to con cen 
trated solution; heat to b o ilin g  15 m in, filter, and 
concentrate as described above.

Cool concentrate and d ilu te to 25 mL w ith  
water. Shake m ixture th orou gh ly  and filter  
through fo ld ed  paper. Take 5 mL aliquots for 
color reaction.

C o lo r  D e v e lo p m e n t
Pipet 5 mL sam ple aliquots into each o f tw o 25 

mL Erlenm eyer flasks. Add 1 mL w ater and 3 
mL H 2S 0 4-w ater  solu tion , and sw irl. A dd 0.5 
mL 0.5% N a N 0 2 so lu tion , sw irl, and let stand  
> 30  m in. Add 0.5 mL 5% am m onium  sulfam ate 
solu tion , sw irl, and im m ediately  elim inate n i
trogen oxides from solution by 0.5 m in ultrasonic 
bath treatm ent, fo llo w ed  by m anual stirring  
under ligh t air current d isp en sed  through Pas
teur capillary pipet. Im m ediately, add to one  
sample flask 0.5 mL 1% N-(l-naphthyl)ethylene- 
diam m onium  d ich loride solu tion , and swirl. 
E lim ination o f n itrogen  oxid es and addition  of 
color reagent must be don e in less than 2  m in.

Table 1. Effect of resin adsorption and desorption on recovery of 9.42 pg amitrole
Resin-conditioning treatment Ree., >xg Ree., %

Cold 5% NaOH, 
cold 5 N HCI 7.33 77.8

Hot 5% NaOH, 
hot 5 N HCI 8.33 88.4

Cold coned NH40H, 
cold 5 N HCI 8.63 91.6

Hot coned NH40H, 
hot 5 N HCI 8.91 94.6

To other flask, add 0.5 mL water, and swirl. Let 
both flasks stand > 5  m in.

M easure absorbance o f both  so lu tion s against 
w ater at 455 nm. Subtract blank from  sam ple  
reading. W ith standard curve, determ in e  
am ount o f am itrole in  the 5 mL aliquot.

C a lib r a t io n  C u r v e
Into a series of 25 mL Erlenm eyer flasks, pipet 

5 mL portions o f appropriate w ork in g  solu tions  
conta in ing 0, 2, 4, 8 , 16, 24, and 32 p g  am itrole. 
To each flask add 1 mL w ater and 3 mL H 2S 0 4-  
w ater solu tion , and sw irl. A dd 0.5 mL 0.5% 
N a N 0 2 solution . Sw irl, and let stand 30 m in. 
T hen proceed as for sam ple determ ination. 
Draw standard curve a n d /o r  determ ine regres
sion  lin e  and correlation factor, r.

R esu lts and D iscu ssio n
E x tra c tio n

The filtration step in  the extraction procedure 
of Storherr and Burke (2) has b een  replaced by  
centrifugation to reduce am itrole losses because 
filtration after b len d in g  results in  considerable  
foam in  the Buchner funnel, w ashing is not easy, 
and the extract is not very clear. T hese d if
ficu lties are not encountered  in  centrifugation , 
w h ich  allow s an easier addition al extraction. 
M oreover, this centrifugation  is faster than the 
filtration step.

P u r if ic a t io n  o n  R e s in
The purification described by Storherr and  

Burke (2) has been  retained, except for the con
ditioning step of the resin and the quantity used. 
Table 1 show s the in flu en ce o f co n d ition in g  of 
resin on  recovery. Effect of the am ount o f resin  
used  w as tested on  9.42 p g  am itrole. For 20, 25, 
30, 35, and 40 g  resin, recoveries w ere 8.38 (90.0), 
8.90 (94.5), 8.92 (94.7), 8.91 (94.6), and 8.98 p g  
(94.8%).
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Table 2. Effect of dilution on absorbance of colored solution at high amitrole concentrations
Amitrole, 
¿¿g/5 mL

Direct
absorbance Water diln

Absorbance 
after diln

20.05 0.585 __ 0.585
60.15 1.734 1 /3 0.584

100.25 >2.500 1 /5 0.510
200.50 >2.500 1 /10 0.533
601.50 >2.500 1 /30 0.510

C le a n u p
The cleanup step is critical. W hen a poor 

quality o f charcoal is used , the recovery and re
producib ility  o f the m ethod decrease consider
ably. It is im portant to use a fresh ly activated  
charcoal to ensure a recovery o f 90% or better. 
Therefore, each n ew  charcoal batch m ust be 
checked before use. For 9.42 p g  amitrole and 0.8,
1.0, and 1.2 g charcoal, recoveries w ere 8.93 
(95.3), 8.80 (93.4), and 8.22 p g  (87.3%).

W ith the present m ethod, the acetonitrile 
cleanup recom m ended by Storherr and Burke (2) 
is not necessary; in  fact, the acetonitrile cleanup  
could reduce the sen sitiv ity  o f the m ethod.
C o lo r  D e v e lo p m e n t

Color d evelop m en t is the m ost sen sitive step  
of the m ethod. The tim es b etw een  the addition  
of the various reagents in  the color developm ent 
sequence have to be carefully controlled.

After the addition  o f N a N 0 2 so lu tion , there 
m ust be a delay o f at least 30 m in  before the sul- 
famate solution is added. In a study on  the effect 
of tim e betw een  addition of these 2  so lutions on  
recovery o f 9.25 p g  am itrole, for 1 ,10 , 20, 30 ,40 ,

and 70 m in  periods b etw een  additions, absorb
ances w ere 0.240, 0.265, 0.268, 0.270, 0.270, and  
0.270, respectively .

As soon  as the sulfam ate so lu tion  has b een  
added, the delay for elim inating nitrogen oxides 
and for adding the color reagent must be as short 
as possible (< 2  m in). Studies on the recovery of 
9.25 p g  am itrole sh ow ed  absorbances o f 0.270, 
0.266, 0.260, 0.254, 0.247, 0.239, and 0.200 for 
tim es o f 0 .5 ,1 ,2 ,3 ,4 ,  5, and 10 m in, respectively, 
b etw een  am m onium  sulfam ate addition  and  
elim in ation  of n itrogen  oxides. Sim ilar studies  
on  the effect o f tim e b etw een  elim in ation  o f n i
trogen oxides and addition o f color reagent 
sh ow ed  absorbances of 0.270, 0.270, 0.267, 0.255, 
0.229, 0.188, and 0.148 for 0.5, 1, 3, 5 ,1 0 , 20, and  
30 m in  periods, respectively .

Color developm ent is com plete after 5 m in and  
the color d ev elop ed  is stable for a m axim um  of  
30 m in , after w h ich  fad ing is observed.

C a lib r a t io n  C u r v e
W hen the conditions for color d ev elop m en t  

are correctly fo llow ed , the curve is linear b e
tw een  2 and 32 p g  am itrole / 5 mL (0 10-1 .6  ppm  
in  grain under the conditions o f the m ethod), 
and its correlation factor is better than 0.9995.

For m ore concentrated so lu tion s (up to 500 
p g / 5  mL, or 25 ppm ), an estim ation can be made 
by d iluting the final colored solution w ith  water. 
But, as sh ow n  in  Table 2, an accurate reading is 
obtained on ly  by repeating the entire determ i
nation , reducing the in itia l sam ple w e ig h t, or 
d ilu tin g  the solu tion  before color d ev elop m en t 
in  such a w ay that the absorbance is less than  
0.900.

Table 3. Recovery of amitrole added to grain
Added, 1.004 mg/kg Added, 0.183 mg/kg Added, 0.05 mg/kg

Crop Crop Crop
Ree., ppm 

(incl. blank)
blank,
ppm

Ree., % 
(corrected)

Ree., ppm 
(incl. blank)

blank,
ppm

Ree., % 
(corrected)

Ree., ppm 
(incl. blank)

blank,
ppm

Ree., % 
(corrected)

0.891 0.002 86.2 0.169 0.003 90.7 0.060 0.010 1000.891 0.003 86.0 0.171 0.006 91.3 0.061 0.006 1110.887 0.002 86.6 0.183 0.011 93.4 0.065 0.023 1040.895 0.001 88.1 0.167 0.005 88.5 0.067 0.013 1080.887 0.001 87.2 0.157 0.003 84.1 0.065 0.015 1000.898 0.001 88.7 0.154 0.001 83.1 0.060 0.013 940.879 0.000 87.2 0.073 0.021 1040.890 0.000 88.1 0.061 0.008 1060.894 0.001 88.4 0.052 0.008 880.891 0.001 87.5 0.058 0.010 96Mean ree. 87.5 88.6 101Variance 0.814 14.201 43.690Std dev. 1.027 4.257 6.610
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L im its  o f  th e  M e t h o d
D eterm inations on  grain sam ples sp iked  at 

1.004, 0.183, and 0.05 m g /k g  sh ow ed  recoveries 
o f 87.5, 8 8 .6 , and 101%, respectively  (Table 3).

The concentration lim it for the colored reac
tion is 1 p g  amitrole in 5 mL. Thus, based on the 
m ethod and its crop blank, the lim it of detection  
is  0.05 ppm . It is not suitable to try to increase 
the lim it o f detection  by increasing sam ple 
w eigh t, because w h en  sam ples are larger than  
100  g, the crop blank valu e increases and repro
ducib ility  and recovery decrease.

The increase o f crop blank valu e from  spiked  
grain at 1.004-0.05 m g /k g  is due to the calibra
tion  curve w h ich  has not exactly the sam e slope  
at very lo w  lev els  (2 p g  am itro le /5  mL). H o w 
ever, the present m ethod a llow s the determ ina
tion , w ith  good precision , o f 0.05 ppm  am itrole 
in  grain.

The m odifications of the Storherr and Burke 
m ethod  (extraction and cleanup) and the u n 
derstanding of all the steps, particularly cleanup  
and color d evelop m en t, and their in flu en ce on  
the final result, have resulted in  a m ethod  w ith  
im proved sen sitiv ity  and reproducibility.

A ck n ow led g m en ts
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G a s - L i q u i d  C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  o f  R e s i d u e s  o f  
O x a d i a z o n  a n d  I t s  M e t a b o l i t e s  i n  G r e e n  a n d  D r y  H o p s  
a n d  H o p  F o l i a g e

DONALD A. GEORGE
U.S. Department of Agriculture, Scietice and Education Administration, Yakima Agricultural 
Research Laboratory, Yakima, WA 98902

R onstar EC (e m u ls if ia b le  con cen trate) w as a p p lied  
at rates o f 4.48 or 8.96 k g  a i/h a  as a broadcast spray  
durin g  th e  w in ter , in  late sprin g, and in  m id -su m m er  
to  p lo ts  in  com m ercial h op  fie ld s . R esid u es o f  ox 
ad iazon , th e  a ctive  in g re d ien t, and  its  4 m eta b o lites  
(m ethoxy , alcohol, acid, and p h en ol) w ere determ ined  
at harvest (1 m onth  after last treatm ent) in  green  and  
dry h op s and in  hop  fo lia g e , b y  u sin g  g a s-liq u id  
ch rom a to gra p h y  a fter  co lu m n  ch rom a to gra p h ic  
clean up . D ry in g  th e co n e increased  resid u es o f  ox 
a d iazon , bu t resu lted  in  lo ss  o f th e  m eth o x y  and a l
coh ol m etabolites. O xadiazon residues in  hop  fo liage  
ranged  from  0.058 to  0.163 p p m . M easurab le  
am ou n ts  o f  m eta b o lites  w ere a lso  fo u n d  in  th e fo 
liag e.

O xadiazon (2-ferf-butyl-4-(2,4-d ichloro-5-iso- 
p ropoxyp henyl) - A 2-l,3 ,4 -oxad iazo lin -5-on e, 
Ronstar®) is an effective herbicide for control of 
obnoxious grasses and broadleaf w eeds in  a w id e  
variety o f crops. H ow ever, its use w ith  a par
ticular crop depends prim arily on the am ount of  
residue left in  the harvested crop. Am brosi et 
al. (1, 2 ) studied  its persistence and m etabolism  
in  various types o f so il, and in  an aquatic m odel 
ecosystem , w h ere the residue could  be easily  
transferred through the b iological chain. They  
found that oxadiazon degraded slow ly in  all soils 
tested. Hirata et al. (3 ,4 ) did an extensive study  
on residues in  rice. They fou n d  that oxadiazon  
accumulated in the low er leaves and stem s o f the 
rice plant, in  shoots of seed lin gs, and in  straw of  
plants at harvesting. Ishizuka et al. (4) fou n d  
that oxadiazon w as stable in  rice p lants, w ith  
75-80% o f the residue id en tified  as oxadiazon. 
G uardigli (5) determ ined residues o f oxadiazon  
and its m etabolites in  soybeans, peanuts, and  
their by-products. The major isolated  residue  
w as u nchanged  oxadiazon, w ith  lesser am ounts  
of the 4 u n id en tified  m etabolites. H e reported  
the use o f a Florisil colum n for e lim in a tin g  in 
terfering plant material. B ingham  et al. (6 ) d e
term ined the uptake and m etabolism  in  various 
parts o f the peanut plant w h en  it w as grow n  in  
so il treated w ith  oxadiazon, and fou n d  about 
0.74% of the applied oxadiazon equ ivalent in  the  
plant at maturity. They specified  the use of thin

layer chrom atography for cleanup o f the residue  
sam ple.

W hen it becam e apparent that oxadiazon  
w ould  control obnoxious w eeds in  hop fields, the 
need  arose for data on residues of oxadiazon and  
its m ethoxy, a lcohol, acid, and p h en o l (m etabo
lites) (Figure 1) in  green and dried hops and in  
hop  foliage. This paper reports on  a gas-liquid  
chromatographic (GLC) m ethod for determ ining  
these residues, fo llo w in g  colum n chrom ato
graphic cleanup.

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

(a) Solvents. —A ll so lven ts w ere red istilled  in  
an all-glass system .

(b) Herbicide stan dard  solu tions.— Prepare sep 
arate so lu tion s o f 1.0 p g  oxadiazon, oxadiazon  
m ethoxy, oxadiazon alcohol, oxadiazon acid, and 
oxadiazon p h en o l (R hóne-Poulenc, Inc., M on
m outh Junction, NJ 09952)/m L  d ich lorom eth- 
ane. Store so lu tion s in  refrigerator.

(c) Silica g e l.— Baker A nalyzed Reagent grade 
(N o. 3405, J.T. Baker Chem ical Co., Phillipsburg, 
NJ 08865).

(d) A lum inum  oxide.—Acid (J.T. Baker).
(e) Boron triflu oride solu tion. — 14% BF3 in  

m ethanol (Pierce Chem ical Co., Rockford, IL 
61105).(f) G as ch ro m a to g ra p h .— H ew lett-P ackard  
5840A equ ipped  w ith  n itrogen-phosphorus se
lective detector. O perating conditions: tem 
peratures (°C )—injector 250, colum n 240, d e 
tector 300. 1.22 m (4 ft) X 4.763 mm (3 /1 6  in .) 
glass colum n packed w ith  80-100  m esh  Chro- 
mosorb GHP coated w ith  5% OV-101; helium  gas 
flo w  rate 60 m L /m in .
F ie ld  T r e a tm e n t

Ronstar EC (em ulsifiab le concentrate) (2 lb /  
gal.) w as applied  at 2 rates, 4.48 or 8.96 kg ox
adiazon a i/h a  (4 or 8 lb oxadiazon a i/acre, re
spectively), in  2 -4  replicated plots in  commercial 
hop yards at 4 d ifferent locations. O xadiazon  
w as applied  as a broadcast spray to so il during
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3z:
F igure 1. S tructures o i  oxad iazon  (I) and  its  m éta b o lite s , oxad iazon  m eth o x y  (II), oxa d ia zo n  a lco h o l (III),

oxad iazon  acid  (IV ), and  oxad iazon  p h é n o l (V).

w in ter (or late w inter) for w eed  control. The 
form ulation w as d ilu ted  at the equ ivalent of 
75-15 2  L /acre at the above rates for application  
to g iv e  the equ ivalent o f 4.48 or 8.96 kg a i/h a  
treatm ent.
S a m p l in g  P r o c e d u r e  a n d  P r e p a r a tio n

Residue sam ples w ere selected  from  each  
replicate per plot about one m onth  after the last 
treatm ent o f oxadiazon. Sam ples (2.2 kg) from  
each replicate o f each treated p lot and 4.4 kg 
sam ples from  untreated plots w ere taken for 
analysis and im m ediately frozen. Samples were 
ground w h ile  frozen , in  a Buffalo® chopper, 
m ixed thoroughly , and returned to the freezer  
u n til analyzed .
E x tra c tio n  a n d  C le a n u p

Reflux 5 g  subsam ple o f dry hops (20 g green  
hops or hop foliage) 30 m in  w ith  200 mL 0.02N  
phosphoric acid. C ool sam ple and b len d  w ith  
150 mL dich lorom ethane for 3 m in. Transfer 
mixture to beaker, rinse blender bow l w ith  small 
am ount o f w ater and d ich lorom ethane, and add 
w ash in gs to beaker. Let m ixture stand to par
tially separate; then filter through glass w ool into  
separatory fu n n el. A fter d ich lorom eth an e  
separates, filter it through anhydrous N a2S 0 4

Received A pril 13,1981. Accepted July 29,1981.
This paper reports the  results of research only. M ention of 

a pesticide in  th is paper does not constitute a recom m endation 
for use by the  U.S. Departm ent of Agriculture, nor does it imply registration  u n d e r FIFRA as am ended. Also, m ention  of a 
comm ercial product in  th is paper does not constitute a rec
om m endation for use by the U.S. D epartm ent of A gricul
ture.

in to  250 mL graduated cylinder. A dd 1 mL 
concentrated HC1 to w ater solution .

Transfer plant material back in to  beaker, add 
50 mL d ich lorom ethane, and stir. T hen filter  
m ixture through sam e fu n n el in to  separatory 
fu n n el, and shake m ixture. A fter d ich loro
m ethane separates, filter it through N a2S 0 4 into  
graduated cylinder. Repeat procedure. R inse 
N a2S 0 4 w ith  d ich lorom ethane and note total 
am ount of so lven t. O n rotary evaporator, 
evaporate just to dryness an aliquot representing  
1 g, and add 5 mL hexane (5 g aliquot w as used  
for green  hops and hop fo liage). T hen chro
m atograph sam ple through 20  mm od glass co l
um n conta in ing 10 g  silica g e l (add anhydrous  
N a2S 0 4 w ith  cotton at top and bottom  of co l
um n). W ash sam ple onto colum n w ith  15 mL 
hexane and 2 mL dichlorom ethane. Then wash  
colum n w ith  85 mL hexane and 100 mL each of 
the fo llow ing: 10, 20, 30% d ich lorom eth an e-
hexane, and discard w a sh in gs. W ash colum n  
w ith  100 mL each of 40 and 50% dich lorom eth- 
an e-h exan e , co llect and mark com bined w ash 
in g s "A" (contains oxadiazon and m ethoxy m e
tabolite residues). W ash co lum n w ith  100 mL 
60% dich lorom ethane-hexane, collect w ash, and 
mark "B" (contains acid m etabolite residue). 
Then w ash colum n w ith  100 mL each o f 70 and  
80% d ich lorom eth an e-h exa n e and discard so l
vent. W ash colum n w ith  100 mL 90% d ich loro
m ethane-hexan e and 200 mL dichlorom ethane, 
collect w ashings, and mark "C" (contains phenol 
m etabolite residues, except for fo liage sam ples  
w h ere p h en o l residues are rem oved from  co l
um n in  next fraction). W ash colum n w ith  150
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Table 1. Recovery of oxadiazon and its 4 metabolites added to 3 crops

Crop
Av. ree., % (±SD)a

Oxadiazon Methoxy Alcohol Acid Phenol
Green hops (cones) 69 ±  12 78 ± 12 76 ± 15 81 ± 28 85 ± 17
Dry hops (cones) 80 ± 7 84 db 8 80 ± 21 92 ±21 94 ±  19
Hop foliage 65 ± 6 75 ± 14 76 ± 11 76 ± 12 71 ± 10

3 For 5-7 determinations each.

mL 0.5% m eth an ol-d ich lorom eth an e, collect  
w ash in gs, and mark "D"  (contains a lcohol m e
tabolite residues, except for fo liage sam ples 
w h ich  had p h en o l m etabolite residues).

Evaporate A and C sam ples on rotary evapo
rator and dilute to specific volu m e w ith  ben zen e  
for GLC determ ination.

Evaporate B sam ple as for A and C sam ples, 
add 10 mL m ethanol and 1 mL BF3 so lu tion  to 
flask, reflux so lu tion  30 m in , and then  cool. 
Filter solu tion  through O ttawa sand into separ
atory fun n el, and extract w ith  dichlorom ethane. 
Filter so lv en t throu gh  anhyd rou s N a2S0 4, 
evaporate, and d ilu te to specific vo lu m e w ith  
b en zen e for GLC determ ination.

Evaporate D sam ple as for A  and C sam ples and 
add 1 mL acetone. F oliage sam ples require no  
further cleanup and, instead o f adding acetone, 
d ilu te to specific vo lu m e w ith  b en zen e for GLC 
d eterm ination . For rem ain in g  D sam ples, 
chrom atograph acetone so lu tion  through 20  g 
AI2O 3 acid (anhydrous Na^SC^ and w ith  cotton  
at top and bottom, 15 mL hexane prewash). Add 
acetone so lu tion  to colum n that had 10 mL h ex
ane on top, rinse flask w ith  5 mL hexane, and add 
rinse to colum n. Repeat acetone w ash  o f flask 
tw ice, transferring w ashes to colum n. Then  
w ash colum n w ith  150 mL hexane and 100 mL 
30% aceton e-h exan e. C ollect 150 mL 50% ace

ton e-h exa n e, evaporate, and d ilu te to specific  
vo lu m e w ith  b en zen e for GLC determ ination.

R esu lts and D iscu ssio n
Recovery of oxadiazon and its 4 m etabolites 

from a fortified control sam ple o f each o f the 3 
crops is sh ow n  in  Table 1. Equal am ounts w ere  
added to the control sam ples, ranging from  0.25 
to 2.00 ppm . The average recovery for the 3 
crops for oxadiazon ranged from 64.8 to 80.0%; 
for the m ethoxy m etabolite, 75.4-83.6% ; for the 
alcohol m etabolite, 75.9-79.8%; for the acid m e
tabolite, 76.0-92.1%; for the p h en o l m etabolite, 
71.0-93.9% . Control sam ples representing the 
same am ount o f plant material used in  recoveries 
and sam ples were adequately free o f potentially  
interfering materials for oxadiazon and m ethoxy  
and alcohol m etabolites. Control valu es found  
for the acid m etabolite range from 0.573 to 1.922 
ppm , and for the p h en o l m etabolite 0 .101-0 .460  
ppm , d ep en d in g  on  the hop yard sam ple.

The residue data found  in  the hop leaf and  
cone corresponded closely  w ith  the data found  
by Ishizuka et al. (4) for the absorption o f oxadi
azon in  rice plants. They found  a decreasing  
concentration o f oxadiazon in  the plant parts in  
the order: leaves and stem s >  husks >  h u lled  
grains. The green  hop cone did  not have m ea
surable am ounts of oxadiazon residue present at

Table 2. Average total residues (ppm) of oxadiazon and its 4 metabolites in 3 crops at 2 application rates
Av. residue, ppm (±SD)a

R a t e , --------------------------------------------------------------------------------------------------------------- ----------
Crop kgai/ha Oxadiazon Methoxy Alcohol Acid1’ Phenol6

Green cones 4.48 <0.020 c ± 0.027 0.025 ± 0.030 0.262 ± 0.470 <0.020 ± <0.020 0.224 ± 0.6798.96 0.125 ± 0.256 0.156 ± 0.346 1.540 ± 2.497 <0.020 ± <0.020 0.268 ± 0.274Dry cones 4.48 <0.100 ± 0.122 NDC1 <0.100 ± 0.103 <0.020 ± <0.020 0.211 ± 0.6498.96 0.305 ± 0.133 <0.100 ± 0.065 ND 0.879 ± 0.901 0.100 ± 0.124Hop foliage 4.48 0.058 ± 0.031 0.056 ± 0.040 0.021 ± 0.056 <0.020 ± <0.020 <0.020 ± <0.0208.96 0.163 ± 0.173 0.046 ± 0.023 0.061 ± 0.150 <0.020 ± <0.020 <0.020 ± <0.020
3 Results have been corrected for average recoveries; 5-7 determinations. 
b Results have been corrected for average check values found. 
c  Below the minimum sensitivity of the method: 0.1 ng for each. 
d  None detectable.
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the recom m ended treatment rate of 4.48 kg ai/ha; 
how ever, w h en  th is rate w as doub led , the ox- 
adiazon residue averaged 0.13 ppm  (Table 2). 
M easurable residues w ere fou n d  for each o f the  
m etabolites in  th e green  cones.

D rying the cone concentrated th e residue o f  
oxadiazon, but apparently produced a loss o f the 
m etabolite residues. The m ethoxy and alcohol 
m etabolite residues in  the dry cone eith er w ere  
not m easurable or w ere b e lo w  the m inim um  
sen sitiv ity  o f the m ethod.

Bingham  et al. (6 ) analyzed peanut plants and  
found  about 1 ppm  oxadiazon eq u ivalen t in  
peanut h u lls  131 days after treatm ent. A  large 
concentration o f residue equ ivalen ts w as not 
found in  any o f the hop sam ples w h en  they were 
sam pled  on e  m onth  after th e last treatm ent.

G uardigli (5) used  a num ber o f cleanup  
m ethods to rem ove p lant material for residue  
analysis. N o n e  o f these m ethods w ere satisfac
tory in  rem oving the hop  resins from  th e sam 
ples. We used colum n chromatography through

silica ge l to clean sam ples. This m ethod had the 
advantage o f rem oving the hop resins and also 
o f separating the m etabolites, w h ich  facilitated  
later gas chrom atographic analysis.
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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  C a r b a r y l  i n  G r a i n s

KALAPANDA M. APPAIAH, RASAMSETTI RAMAKRISHNA, 
KADARI R. SUBBARAO, and OMPRAKASH KAPUR
Central Food Technological Research Institute, Mysore-570013, India
A m e th o d  has b een  d ev e lo p ed  fo r  d e te rm in in g  car
b ary l (1 -n a p h th y l /V -m ethyl ca rbam ate ) in  g ra in s , 
b ased  o n  h y d ro ly s is  o f ca rb a ry l w ith  m e th an o lic  
p o tass iu m  h y d ro x id e  to  1 -n a p h th o l, reac tio n  w ith
4 -a m in o p h en az o n e  in  th e  p re sen ce  o f a lk a lin e  oxi
d iz in g  ag e n t, an d  sp ec tro p h o to m e tric  m ea su re m en t 
a t th e  ab so rp tio n  m ax im u m  a t 475 n m . T h e  re la 
tio n sh ip  b e tw ee n  ab so rb an ce  a n d  co n c e n tra tio n  is 
lin ear in  th e  range o f 0.5-20 jig /m L . T he m eth od  can 
be ap p lie d  to  leve ls as lo w  as 0.3 p p m  ca rb a ry l in  
g ra in s .

Carbaryl, 1-naphthyl N-methyl carbamate, is a 
contact insecticide with slight systemic activity. 
It is used in pest control in India and many 
tropical countries and thus the determination of 
its residues has become imperative. Miskus et 
al. (1) and Johnson (2) reported that alkaline 
hydrolysis of carbaryl yields 1-naphthol which, 
when coupled with p-nitrobenzene diazonium 
fluoborate, produces a color with an absorption 
maximum at 590 nm in alkaline medium. The 
reaction is sensitive to 5 p g . The colorimetric 
method of Vonesch and de Riveros (3) is based on 
the reaction of the insecticide with diazotized
2,5-dichloroaniline. This reaction is sensitive to 
0.1 p g  with a detection lim it of 0.2 ppm. An
other spectrophotometric method based on the 
reaction of carbaryl with diazotized o-toluidine 
has also been reported (4). The resultant red 
product is measured at 520 nm with a sensitivity 
of 0.1 jug/20 g sample. Klisenko (5) developed 
a colorimetric method based on coupling car
baryl w ith diazotized sulfanilic acid and mea
suring the dye at 500 nm. This reaction is sen
sitive to 1 p g  carbaryl/2.5 mL.

We developed a sensitive spectrophotometric 
method based on the reaction of 1-naphthol, the 
hydrolysis product of carbaryl, with 4-amino- 
phenazone in the presence of an alkaline oxi
dizing agent. The occasional unavailability of 
other reagents has necessitated a search for an 
alternative chromogen.

Received December 10, 1980. Accepted September 1, 1981.

M E T H O D

A p p a r a t u s  a n d  R e a g e n t s
(a) C h rom atograph ic  co lu m n .—400 X 20 mm id 

Pyrex glass column.
(b) S p e c tro p h o to m e te r .—Perkin-Elmer Model 

475 with 1 cm silica cell.
(c) Blender. —Fire and explosion proof (Russell 

& Stall Waring Products D ivision, Dynamics 
Corp. of America, New Hartford, CT).

(d) C a rb a ry l.—Reference standard material 
(Union Carbide Corp., Chemicals D iv., Technical 
Center, South Charleston, WV). Prepare 100 
ppm working standard solution (100 p g / m L )  of 
carbaryl in methanol.

(e) 4 -A m in o p h e n a z o n e .—Analytical reagent 
grade (Koch-Light Laboratories Ltd., Coinbrook, 
Bucks., UK). Prepare 3% solution in water.

(f) P otassium  ferr ic ya n id e .—Analytical reagent 
grade (British Drug Houses, London, UK). 
Prepare 20% in water.

(g) H yd ro ch lo r ic  a c id .—35.4%, sp. gr. 1.18. 
Dilute to 0.2N with water.

(h) A m m on iu m  h y d ro x id e .—25% NH3, sp. gr. 
0.91. Analytical reagent grade (British Drug 
Houses). Dilute 1:2 with water.

(i) M e th a n o lic  p o tassiu m  h y d ro x id e .—0.2N in 
methanol.

(j) C arbaryl form ulation. —50% wettable powder 
(Union Carbide Co., Bhopal, India).

(k) Silica g e l .—60-120 mesh, column chro
matography grade (British Drug Houses). Ac
tivate 3 h at 105°C.

(l) Sodium  s u lfa te .—Anhydrous (British Drug 
Houses).

P r e p a r a t i o n  o f  S t a n d a r d  C u r v e
Pipet 0.0, 0.25, 0.50, 1.0, 2.5, 5.0, 7.5, and 10.0 

mL aliquots of carbaryl working standard solu
tion (25-1000 p g )  into clean, dry test tubes. Add 
2.5 mL 0.2N methanolic KOH to each tube and 
shake 5 min. Neutralize alkali by adding 0.2N 
HC1 and adjust pH to 9-10 w ith 1:2 NH4OH. 
Add ca 2 mL 3% 4-aminophenazone to each tube 
followed by 2 mL 20% K 3Fe(CN)6- Orange dye 
w ith absorption maximum at 475 nm (Figure 1) 
is stable >8 h. Quantitatively transfer solutions 
to clean, dry separatory funnels. Let stand 5 min
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F igure  1. A b so rp tio n  sp ec tru m  of a n tip y r in e  dye.

for fu ll color development and extract orange 
dye with three 10 mL portions of CHCI3. Pass 
CHCI3 extract through anhydrous Na2S0 4 and 
wash adsorbed color from Na2S0 4 3 times with 
5 mL portions of CHCI3. Collect CHC13 extract 
in 50 mL volumetric flask and dilute to volume 
with CHCI3. Read absorbance of orange dye at 
475 nm in spectrophotometer against blank 
sim ilarly prepared. Plot of concentration of 
carbaryl (0.5-20 pg/mL) vs absorbance w ill yield 
straight line.

D e t e r m i n a t i o n  o f  R e c o v e r y
Transfer 100 g grain (rice, wheat, and jowar) 

and pulse (pigeon pea, black gram, and green 
gram) samples to Waring blender and blend 5 
min with 200 mL CHCI3. Spike samples in 
blender with 30, 60,120, and 240 pg carbaryl in 
5 mL methanol. Blend spiked samples 2 min. 
Decant CHCI3 into 250 mL Erlenmeyer flask 
through Whatman No. 1 filter paper and retain 
residue in blender. Repeat blending and f il
tering twice with 100 mL portions of CHCI3 and 
transfer residue completely onto filter paper. 
Rinse blender w ith 20 mL CHCI3 and add rinse 
to filter paper. Wash residue on filter paper 
twice with 20 mL portions of CHCI3. Combine 
CHCI3 extracts and evaporate to 10 mL in rotary 
vacuum evaporator. Plug bottom of chromato
graphic column with glass wool. Pack column 
with 10 g silica gel and add Na2S0 4 to 2 cm 
height above silica gel. Prewash column with 
100 mL CHCI3 and discard eluate. Pour CHCI3 
extract (concentrated) onto column and elute 
insecticide with 200 mL CHCI3 at 5 m L/m in. 
Collect eluate in 500 mL Erlenmeyer flask. Re
move solvent in rotary vacuum evaporator and 
dissolve residue in 10 mL methanol. Develop 
color as described under preparation of standard 
curve and measure absorbance against crop 
control (blank).

Table 1. Recovery of carbaryl from spiked grain and pulse samples
Sample Added, Mg Found, ¿¿ga Ree., %

Rice (polished) 30 29.97 ± 0.33 99.960 58.98 ± 0.40 98.3120 117.36 ±0.57 97.8240 232.80 ± 1.37 97.0Wheat 30 30.00 ± 0.00 100.060 59.46 ±0.14 99.1120 117.48 ± 1.05 97.9240 233.04 ±2.45 97.1Jowar (sorghum) 30 29.70 ±0.24 99.060 59.16 ±0.11 98.6120 115.56 ±0.72 96.3240 225.60 ± 0.66 94.0Pigeon pea 30 29.79 ±0.71 99.3
60 59.40 ±0.74 99.0120 115.56 ±0.51 96.3240 228.00 ± 1.70 95.0Black gram 30 29.76 ±0.35 99.2
60 58.86 ± 1.89 98.1120 115.20 ± 1.44 96.0

240 227.52 ± 1.79 94.8
Green gram 30 29.67 ± 0.40 98.9

60 58.68 ± 1.31 97.8
120 115.56 ±0.56 96.3
240 226.80 ± 1.22 94.5

Average ± standard deviation of 8 analyses.
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Table 2. Analysis of 50% wettable powder formulation of 
carbaryl

Batch Wt of sample, mg Carbaryl 
found, mg Carbaryl, %

i 1.120 0.543 48.501.810 0.873 48.202.360 1.121 47.50
3.000 1.410 47.00 Av. 47.50

2 0.760 0.372 49.031.950 0.950 48.71
2.200 1.060 48.183.200 1.492 46.65 Av. 48.143 0.950 0.463 48.751.660 0.800 48.25
3.320 1.581 47.62
4.000 1.875 46.85 Av. 47.87

F o r m u l a t i o n  A n a l y s i s
Weigh 0.760-4.0 mg 50% carbaryl and dissolve 

in 10 mL methanol in centrifuge tubes. Centri
fuge 5 min at 5000 rpm and decant supernate into 
clean, dry 25 mL volumetric flask. Re-extract 
residue in tubes with another 10 mL portion of 
methanol as before and combine extracts. Dilute 
to 25 mL with methanol and use known aliquots 
of solution for color development as outlined in 
standard curve preparation.

Results and Discussion
To check recovery of carbaryl by method de

scribed, grain and pulse samples were spiked 
with known amounts of carbaryl and analyzed. 
Recoveries of carbaryl from grains (rice, wheat, 
jowar) and pulses (pigeon pea, black gram, and 
green gram) varied from 94 to 100% (Table 1). 
The described spectrophotometric method is 
sensitive to 0.5 jug with a detection lim it of 0.3 
ppm, which makes it useful for determining in
secticides in microquantities. Determination of 
carbaryl in 50% wettable formulation is given in

Table 2. Average carbaryl content in 3 batches 
of the formulation varied from 47.50 to 48.14% 
against the declared value of 50%.

The linear relationship between the absorb
ance at 475 nm and the concentration of carbaryl 
is valid up to 20 qg/mL reaction mixture. Be
yond this level, the relationship is not linear and 
recoveries are inconsistent. Although maximum 
color development takes place in 5 min and color 
is stable for more than 8 h, absorbance should be 
recorded within 1 h because of cloud formation. 
A sim ilar problem is encountered when the or
ange dye extracted with chloroform is not passed 
through anhydrous sodium sulfate.

The proposed colorimetric method is more 
sensitive than the colorimetric method (1) that 
specifies fluoborate as a chromogenic salt. 
Carbaryl can be estimated at levels as low as 0.5 
ixg as opposed to 5 /rg by the latter method. A l
though the present method is not as sensitive as 
other colorimetric methods (2-5) with reported 
sensitivity of 0.1-0.4 f ig, the method is very 
useful for the determination of carbaryl from 
grains (permissible lim it 2.5-5.0 ppm). 4-Ami- 
nophenazone is a common reagent used in the 
laboratories for the determination of phenols and 
as such it w ill serve as an alternative sensitive 
reagent for the determination of carbaryl from 
grains and formulations.
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R e s i d u e s  o f  G l y p h o s a t e  a n d  A m i n o m e t h y l p h o s p h o n i c  A c i d  i n  
B l u e b e r r i e s

RICHARD A. GUINIVAN, NEAL P. THOMPSON, and WILLIS B. WHEELER
University of Florida, Food Science and Human Nutrition Department, Pesticide Research 
Laboratory, Gainesville, FL 32611
A n ew  m e th o d  based  on  d ev e lo p m en t o f th e  2-chIo- 
ro e th y l N -h e p ta f lu o ro b u ty ry l d e riv a tiv e s  o f  g ly 
p h o sa te  an d  its  m ajo r m e tab o lite  a m in o m e th y l
p h o sp h o n ic  acid  is rep o rte d  fo r fo r tif ie d  b lu e b e rry  
sam ples. T he co n c en tra te d  aq u eo u s ex trac t is  ch ro 
m atographed  on  a gel perm ea tion  co lum n in  a low  pH  
e lu a n t. U n d e r  th ese  co n d itio n s , su g a r is  e lim in a te d  
b y  p e rm e a tio n  a n d  p ig m e n ts  a re  s tro n g ly  ad so rb ed . 
A d d itio n a l su g a r is e l im in a te d  w ith  a sm a ll ca tion  
exchange co lu m n  an d  th en  th e  sam ple is  easily  d ried  
an d  d e r iv a tized . T he d e riv a tiz e d  co m p o u n d s  are 
ex trac ted  from  an  aq u eo us e n v iro n m e n t w ith  hexane 
an d  an a ly zed  b y  gas c h ro m a to g rap h y  w ith  e lec tro n  
ca p tu re  d e te c tio n . T h is  p ro ced u re  re q u ire s  s ig n if i
can tly  less sam ple h an d lin g  tim e an d  p rov ides greater 
s e n s i tiv ity  fo r  g ly p h o sa te  th an  th e  co m m o n ly  used  
p ro c ed u re  reco m m en d ed  b y  EPA.

Glyphosate (N-(phosphonomethyl) glycine) is 
the active ingredient of the broad spectrum, 
non-selective herbicide Roundup (a product of 
the Monsanto Co.). This compound is effective 
in the control of a wide range of weeds (1- 11) 
and at the same time is relatively non-toxic to 
mammals. The LD 50 based on oral feeding of 
male rats is 4320 mg / kg (12). Properties which 
make this compound effective include high 
water solubility, rapid absorption and translo
cation by plants, and low degrees of in vivo me
tabolism and degradation. A recent review calls 
glyphosphate a unique compound in that it is the 
only registered herbicide which acts by disrup
tion of phenolic metabolism (13). The above 
factors have led to the development of glypho
sate as a very important herbicide.

Because of its significance, a sensitive, accurate, 
widely applicable crop residue analysis for gly
phosate and its major metabolite aminomethyl
phosphonic acid (AMPA) (14) is essential. 
Special complexities arise in the quantitation of 
these compounds because they are extracted in 
water and are insoluble in organic solvents. 
Cleanup and conversion to volatile molecules for 
analysis has proven difficult for these com
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pounds in an aqueous mixture. The literature 
cites several methods concerning the determi
nation of the metabolite and/or the pesticide 
including: fluorogenic HPLC analysis (15); thin 
layer chromatography (16-18); amino acid ana
lyzer detection of the ninhydrin-glyphosate 
reaction product (19); direct analysis by HPLC
(20); and gas chromatography (21). The method 
developed by the manufacturer (Monsanto) and 
recommended by the Environmental Protection 
Agency (22) involves water extraction and 
elimination of pigments by charcoal treatment 
and organic solvent partitioning. This is fol
lowed by anion exchange chromatography, cat
ion exchange chromatography, acylation, and 
methylation. The derivatized products are an
alyzed by phosphorus mode flame photometric 
gas chromatography. This procedure has been 
adapted for use in this laboratory (23) for nu
merous analyses on a large variety of crops and 
generally is time consuming, involves large 
residue losses, and results in many chromato
graphic interferences. In this study, gel filtra
tion cleanup and new derivatives are investi
gated as improvements in this procedure for the 
determination of glyphosate and aminometh
ylphosphonic acid residues in blueberries.

M E T H O D

R e a g e n t s
(a) S o lven ts .—Pesticide grade ethyl acetate and 

hexane (Mallinckrodt, Inc., St. Louis, MO); 
Aquasol-2 (New England Nuclear, Boston, 
MA).

(b) D e r iv a t iz a tio n  r e a g e n ts .—Heptafluoro- 
butyric anhydride (Pierce Chemical Co., Rock
ford, IL ); BCl3-2-chloroethanol (10%) (Applied 
Science Laboratories, PO Box 440, State College, 
PA 16801).

(c) Sodium  su lfa te .—Anhydrous (Mallinckrodt, 
Inc.).

(d) S ta n d a rd s .—Glyphosate, 14C-glyphosate, 
and 14C-aminomethylphosphonic acid (gifts 
from Monsanto Co.); unlabeled aminomethyl
phosphonic acid (Sigma Chemical Co., PO Box

0004-5756/82/6501 -0035-05$01.00© Association of Official Analytical Chemists, Inc.
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1450, St. Louis, MO).
(e) S ta n d a rd  so lu tio n s .—Stock solutions of 200 

p g  glyphosate and aminomethylphosphonic 
acid/mL water. Dilute as needed.

A p p a r a t u s
(a) G as ch ro m a to g ra p h .—Automatically inte

grating, microprocessor-controlled Hewlett- 
Packard Model 5840A gas-liquid chromatograph 
equipped with 63Ni electron capture detector and 
327 cm X 4 mm id glass column packed with 10% 
DC-200 on 100-120 mesh Gas-Chrom Q (Applied 
Science Laboratories). Parameters: argon-
methane (95 + 5) carrier gas flow 60 m L/m in; 
injection volume 5 p L ; detector 300°C; injection 
port 250°C; column oven— in itial 130°C, hold 
15 min, program sequentially at 30°/min to 
210°C, hold 7 min, and then 220°C for 13 min.

(b) G el f i ltra tio n  a p p a r a tu s .—Pharmacia K 
26/100 column (2.6 cm X 100 cm) packed with 
Bio-Gel P-2 (Bio-Rad Laboratories, 32nd & G rif
fin , Richmond, CA) and equipped with Phar
macia 5A-50 sample applicator. Gilson Minipuls
2 peristaltic pump maintains system flow rate at
3 mL/min.

(c) Liquid scin tilla tion  co u n ter .—Searle Analytic 
Model 92.

(d) Strong cation exchange co lum n.—2.2 X 6.5 cm 
AG 50W-X8 (Bio-Rad Laboratories).

C a l i b r a t i o n  o f  G e l  P e r m e a t i o n  C o l u m n
Fortify 21 g blueberry sample with 15 p g  each 

of glyphosate and aminomethylphosphonic acid. 
Add 125 000 cpm of 14C-glyphosate and 70 000 
cpm of I4C-aminomethylphosphonic acid. Treat 
sample according to sample preparation section 
and apply to gel permeation column equilibrated 
in pH 2.1 water. Elute at 3 mL/min with pH 2.1 
water and collect 190 mL void followed by thirty 
8 mL fractions. Monitor 1 mL of each fraction 
for radioactive content by counting 20 min in 10 
mL Aquasol-2 in scintillation counter. Plot cpm 
vs fraction number.

C a l i b r a t i o n  o f  S t r o n g  C a t i o n  E x c h a n g e  
C o l u m n

Equilibrate AG 50W-X8 column in pH 2.1 
water. Apply blueberry sample which has been 
cleaned up on Bio-Gel P-2 column and fortified 
with 15 p g  unlabeled pesticide and metabolite as 
well as 2.1 p g  radioactive standard. Collect 5 mL 
samples until 21 mL eluant has been collected; 
change eluant to pH 7.0 deionized water. 
Monitor each fraction by counting 1 mL sample 
in 10 mL Aquasol-2 in scintillation counter.

S a m p l e  P r e p a r a t i o n
Fortify representative 25 g blueberry samples 

to various levels with both glyphosate and ami
nomethylphosphonic acid. Homogenize and 
sonicate each twice in 100 mL water for 5 min 
with Polytron apparatus. Centrifuge 10 min at 
7000 X g after each homogenization and combine 
supernates in flash evaporator flask after passage 
through glass wool plug. Add 2 drops of 30% 
NaOH until pigments turn brown. Concentrate 
to ca 50 mL by rotary evaporation. Extract each 
sample 3 times with 100 mL ethyl acetate by 
adding stirring bar and solvent to flask, stirring 
for 3 min, and aspirating ethyl acetate. Con
centrate to 16 mL with rotary evaporation and 
adjust pH to 2.1 w ith 6N HC1. Pass sample 
through Whatman No. 1 paper in a syringe- 
loaded apparatus. Apply 10 mL (representing 
15 g sample) to Bio-Gel P-2 column through 
sample applicator. Elute at 3 mL/min with 
water adjusted to pH 2.1 with HC1. Discard first 
290 mL and collect next 100 mL. Concentrate 
collected eluates by rotary evaporation to 4 mL 
and apply this sample to AG 50W-X8 cation ex
change column (2.2 X 6.5 cm) equilibrated in pH 
2.1 water. Discard 21 mL of pH 2.1 water eluate 
(including application volume), change eluant 
to deionized water which has been adjusted to 
pH 7.0 with dilute NaOH, and collect next 150 
mL. Reduce 150 mL volume to 3-4 mL with 
vacuum rotary evaporator in 50°C water bath. 
Transfer to reaction tube and take to dryness 
under nitrogen in water bath at ca 80°C. Store 
these samples in evacuated desiccator containing 
phosphorus pentoxide.
D e r i v a t i z a t i o n  o f  S a m p l e s

Add 1.5 mL BCl3-2-chloroethanol :o each tube, 
seal tube, and heat 45 min at 110°C. Evaporate 
excess reagent in boiling water bath under ni
trogen for 30 min. Add 100 p L  heptafluoro- 
butyric anhydride to each tube, seal,, and heat to 
110°C for 45 min. Add 1 mL water to each tube; 
then add 1 mL 5% aqueous ammonia solution. 
Extract aqueous phase 3 times with 4 mL hexane 
and pass hexane through small bed of anhydrous 
Na2SC>4. Concentrate combined extracts to 1 mL 
under nitrogen flow and analyze by electron 
capture GLC. Prepare 7-point standard curve 
ranging from 0.005 to 15 p g / m L ,  according to 
this procedure. Prepare standards each time an 
analysis is conducted.

Results and Discussion
Blueberries have proven to be a particularly 

difficult crop to analyze because of large amounts
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of extractabie sugars and pigments. The bulk 
concentrations of these constituents make the 
samples impossible to manipulate in small vol
umes. Gelling of the crop extract after volume 
reduction further complicates the procedure and, 
in addition to these difficulties, water extraction 
followed by ion exchange cleanup tends to iso
late phosphorus-containing compounds (pep
tides, sugars, nucleic acid, etc.) w ith functional 
groups ionically sim ilar to glyphosate and its 
metabolite. These problems have accentuated 
the normal problems with this residue anal
ysis.

Gelling of the crop extract can be prevented by 
adjusting the sample to pH >8.0 (24, 25). This 
can be accomplished without measurement in 
the extracts by adding sodium hydroxide until 
the crop pigments turn brown. Subsequently, 
the volume is reduced and the sample is extracted 
with ethyl acetate to remove sufficient amounts 
of sugars and/or pectic substances which w ill 
allow the pH of the aqueous pesticide-containing 
fraction to be decreased without gel formation. 
Aqueous gel permeation chromatography has 
been successfully used for the chromatography 
of mixtures of oligosaccharides (26-28) and such 
applications suggest it might be useful for the 
partial purification of glyphosate and its me
tabolite from a concentrated sugar solution. 
Polyacrylamide gel filtration media have also 
been shown to absorb polymerized anthocyanins 
(the major pigment in blueberries) under acidic 
conditions (29). Chromatography of the blue
berry extracts on Bio-Gel P-2 (a neutral, hydro
philic, polyacrylamide gel, exclusion lim it 1800 
daltons) performs 2 major functions: elim ina
tion of sugars by molecular sieving, and elim i
nation of pigments by adsorption. Radioactivity 
in the spiked crop sample applied to the gel col
umn is found in the fractions representing 
202-256 mL. Approximately 85% of the counts 
applied to the column were recovered. Com
pounds of sim ilar charge but greater molecular 
weight w ill be separated from glyphosate and 
aminomethylphosphonic acid at this point. This 
step circumvents the total reliance on ion ex
change chromatography.

Enough sugar remains to prevent complete 
drying of the sample, so further cleanup is nec
essary before derivatization. Simple batch 
processing on AG 50W-X8 cation exchange resin 
w ill eliminate a major portion of the remaining 
sugar. Visual examination of schlieren lines in 
the eluate as it drips from the column indicates 
that the sugars elute in the first 21 mL. The 
mode of separation appears to be retardation

rather than ion exchange because both com
pounds (glyphosate first at 28 mL) w ill elute from 
the column without a change in eluant, although 
the use of pH 7.0 water accelerates the elution of 
both compounds. The sample can be easily 
taken to dryness and derivatized following the 
cation exchange column. The established pro
cedure calls for a complete separation of gly
phosate and its metabolite on AG 50W-X8 resin 
utilizing radioactive tracer monitoring of col
lected fractions. This step follows processing of 
the sample in a 2000 mL volume on an anion 
exchange column and precedes a 2-step deriva
tization requiring acylation with trichloroacetic 
acid and méthylation w ith fresh ether-distilled 
diazomethane. The aqueous gel permeation, 
batch cation exchange, and derivatization mod
ifications suggested in this study significantly 
reduce analysis time by providing for the u tili
zation of smaller sample-handling volumes and 
commercially available, ready-to-use acylation 
and alkylation reagents.

Lower lim its of detection and higher recovery 
data have been achieved w ith this method than 
have been previously experienced. A  5-point 
standard curve (fig/mL vs integrated area) shows 
a 0.993 linear coefficient of determination for 
glyphosate and a 0.996 coefficient for ami
nomethylphosphonic acid. A ll peaks were 
quantitated by tangent skim mediated integra
tion and expressed as unit areas. The minimum 
level of detectability for standards is 15 pg in
jected for the pesticide and 25 pg injected for the 
metabolite. The integrated area of these peaks 
is well above background and consistent through 
repeat analyses. Peaks can be obtained, which 
are 2 times background for lower concentrations 
of standards, but they are not consistently inte
grated, and therefore are not used for quantita
tive purposes. The EPA-approved method, as 
applied in this laboratory, achieves minimum 
detectability for both compounds with 16 700 pg 
injected and flame photometric gas chromatog
raphy. Recoveries for fortified 15 g blueberry 
samples (av. ±  SD are for duplicates) are 94% (1 
ppm), 61% (0.5 ppm), 66 ± 1% (0.05 ppm), and 52 
± 9% (0.01 ppm) for glyphosate and 108% (1 
ppm), 108% (0.5 ppm), and 102 ± 0.5% (0.05 ppm) 
for aminomethylphosphonic acid. A ll values 
reported for both standards and fortified crops 
are for the molecular weight equivalents of the 
underivatized compounds. Figure 1 shows 
representative chromatograms for a 12.5 f ig  
standard, 0.5 ppm crop spike, and a control crop. 
A ll samples have equal amounts of both pesticide 
and metabolite. Interference with the chroma-
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F igure  1. C h ro m ato g ram s (a tte n u a tio n  214) o f A, 
d e r iv a tiz e d  s ta n d a rd  (5 n g  in jec ted ) in  b o th  g ly p h o -  
sa te  an d  m e tab o lite ; B, 0.5 p p m  sp ik e d  crop  sam p le  
(co n ta in in g  b o th  com pounds) fo llo w in g  c leanup  and  
derivatization ; and  C, con tro l chrom atogram  sh o w in g  

m in o r  in te rfe ren ce s  (m ark e d  b y  arrow s).
Retention times are 20.19 m in for derivatized me

tabolite and 33.27 for derivatized glyphosate. Scale of 
these chromatograms has been expanded to accentuate 
background, illustrate lack of interferences w ith gly
phosate, and show interference which causes quanti
tation difficulties with 0 .0 1 -ppm fortification level of 

am inom ethylphosphonic acid.

tography of glyphosate is minimal as illustrated 
by the control chromatogram. The integrated 
area of this interference ranged from its usual 
value of zero to a maximum of half the integrated 
area of the 0.01 ppm fortification level. Inter
ferences with the chromatography cf the deriv
atized aminomethylphosphonic acid (about 0.018 
ppm) were greater than those found for gly
phosate. As a result, recovery of the 0.01 ppm 
fortification level is not reported because the 
integrated peaks were not consistently distin
guishable from background. The peaks from the 
0.05 ppm fortification level were easily quanti
tated and were always greater than 2 times 
background. The EPA method as applied in this 
laboratory provides a minimum quantitatable 
recovery for 50 g blueberry samples fortified at 
the 0.025 ppm level. Obtaining a 0.05 ppm 
minimum recovery for the metabolite rather than 
0.025 ppm is a small sacrifice for the analysis time 
and difficulty saved by using 15 g crop samples. 
A larger crop sample would probably provide 
lower levels of sensitivity, but it would also cause 
less efficient utilization of the gel permeation 
cleanup. Five 15 g crop samples can be chro
matographed on a Bio-Gel P-2 column before the 
pigments must be removed with a 4M urea so
lution adjusted to pH 8.0 with sodium hydroxide. 
It is a simple matter to re-equilibrate the column 
in pH 2.1 water and use it for more samples. 
Processing samples through the column in this 
manner (especially if the gel permeation system 
is automated) is considerably faster than the 
anion exchange step of the EPA procedure and 
requires little analyst attention. The use of 
larger crop sizes to obtain a higher level of re
covery for the metabolite would require that 
pigments be removed more frequently and a 
subsequent reduction in sample processing ef
ficiency would be experienced. It is also im
portant to note that utilizing this new method 
(with 15 g samples) provides a minimum recov
ery of glyphosate (0.01 ppm) which is 5 times 
greater than that of the EPA method (0.05 ppm) 
which uses 50 g samples and flame photometric 
detection. This could be significant in the actual 
detection of glyphosate in field-treated blueberry 
samples because residues have not yet been re
ported from pre-emergence or post-emergence 
studies.

Mass spectral studies have verified the struc
tures of these new derivatives (30). Both ami
nomethylphosphonic acid and glyphosate are 
amino-acylated and all hydroxyls are 2-chlo- 
roethylated. These 2-ch loroethyl-N-h eptafl u- 
orobutyryl derivatives are extremely sensitive to
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electron capture detection, but offer versatility 
in that they can also be quantitated by flame 
photometric and nitrogen-phosphorus detec
tion. Samples analyzed by these element-spe
cific detectors usually require less cleanup than 
those analyzed by electron capture detection. 
The extraction of these derivatives from an 
aqueous environment with hexane is also a sig
nificant cleanup step. By comparison ethyl ac
etate extraction of the derivatives results in un- 
resolvable interferences with electron capture 
detection. The element-specific detection and 
solvent-partitioning advantages could lead to the 
elimination of the gel permeation and/or the ion 
exchange cleanup steps for crops with fewer 
pigments and sugars than blueberries. Two 
additional advantages of these derivatives are the 
use of commercially purchased 2-chloroethanol 
rather than fresh ether-distilled diazomethane, 
and the stability of the derivatives (undimin
ished response 3 weeks after derivatization).

Conclusion
The method presented in this paper for the 

determination of glyphosate and aminometh- 
ylphosphonic acid in blueberries provides po
tential for a significant reduction in the analysis 
time required to process large numbers of sam
ples and an increased sensitivity for glypho
sate.
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A s im p le  co lo rim e tric  m e th o d  b ased  on  th e  reac tio n  
of b e n z o p h e n o n e  w ith  th io p h o sp h a te  is described . 
T he m eth od  is specific fo r com pounds co n ta in ing  the 
P = S  m o ie ty , g ives reco v eries of 99 ±  1%, an d  obeys 
Beer's law  for th e  co n cen tra tio n  range 35-350 pg lmL. 
O th e r  su lfu r-c o n ta in in g  co m p o u n d s such  as su lfa  
d rugs, th io b arb itu ra te , th iou rea, carbon d isu lfide , and 
d ith io c a rb a m a te s  do  n o t in te rfe re  in  th e  reac tio n . 
T h e  m e th o d  is  u se fu l in  s tu d y in g  th e  sh e lf- life  of 
fo rm u la tio n s .

Various methods have been reported for deter
mining organothiophosphate insecticides, most 
of which are based on reactions with the phos
phoric acid moiety. Getz and Watts (1) reported 
a rapid colorimetric method for determining 
organophosphate pesticides by reaction with
4-(p-nitrobenzyl)pyridine in a slightly alkaline 
solution at 175-180°C. Turner (2) further 
modified the method and carried out the reaction 
at a slightly lower temperature, 100°C. The 
color is very unstable and stability varies ac
cording to pesticides; erratic results occur due to 
rapid evaporation of solvents (2). Ott and 
Gunther (3) reported a method for determining 
organothiophosphates by wet digestion oxida
tion or alkali hydrolysis followed by treatment 
with ammonium molybdate and l-amino-2- 
naphthol-4-sulfonate to form a molybdenum 
blue complex.

Certain methods are useful for individual or- 
ganophosphorus pesticides. A method involv
ing formation of copper complex has been re
ported for malathion (4-7). Enos and Frear (8) 
reported a method for dimethioate based on 
formation of methylene blue. George et al. (9) 
formed a complex between dimethoate and 1- 
chloro-2,4-dinitrobenzene. Recently, a method 
based on reaction of mercurous nitrate w ith p -  
phenyl organophosphate insecticides has been 
reported (10). Several workers used an enzymic 
method of cholinesterase inhibition (11). Such 
esterase-activity measurements are useful only 
as screening tests, provided negative results are 
obtained. Previous identification of the pesti-

Received February 10, 1981. Accepted September 17, 1981.

cide is essential, because cholinesterase is in
hibited by many compounds: organochlorines
(12), barbiturates (13, 14), carbamates (15), and 
chloral hydrate (13).

A number of other methods based on tech
niques such as paper chromatography (16), thin 
layer chromatography (17), gas-liquid chroma
tography (18), high pressure liquid chromatog
raphy (19), and gas chromatography-mass spec
trometry (20, 21) are used for quantitative de
termination of such insecticides.

We describe a simple colorimetric method for 
determining organothiophosphate insecticides, 
based on the reaction of the P= S moiety. The 
blue reaction product, thiobenzophenone (22), 
has an absorption maximum at 598.8 nm (Figure
1 ).

Experimental
Use analytical grade reagents that are free of 

moisture.

P r e p a r a t i o n  o f  S a m p l e
Accurately weigh 10 g material. Extract 5 

times w ith 100 mL portions of ethyl ether. 
Collect all extracts and evaporate to near dryness 
under vacuum at <30°C. Dissolve residue in ca 
70 mL acetone and dilute with acetone to 100 mL 
in volumetric flask. Dilute this stock solution 
appropriately with acetone to concentration 
range of 100-1000 p g / m L .

Dilution w ill depend on original concentra
tion of formulations, e.g., dilute Cythion stock 
solution (Synamide India, 10 g/100 mL), which 
is 50% malathion, 1:100 for a sample concentra
tion of 500 p g / m L ;  dilute Dalf stock solution 
(Bayer India, 10 g/100 mL), which is 2% fenthion, 
1:4 for sample concentration of 500 p g / m L .
P r o c e d u r e

Place 1 g accurately weighed benzophenone 
in test tube with 3 mL graduation mark. Heat 
tube on microflame until benzophenone melts 
completely. Add 1 mL sample solution in ace
tone. Heat contents of tube and boil 4 min. 
Cool tube to room temperature and dilute con
tents to 3 mL mark with methanol. Measure

0004-5756/82/6501-0040-03$01.00© Association of Official Analytical Chemists, Inc.
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5 9 S .8  nm

F igure 1. A bsorp tion  m axim um  of reaction  product: 
M , m a la th io n ; Pa, p a ra th io n ; S, s u m ith io n ; F, fen - 

th io n ; D , d im e th o a te ; P h , p h o ra te .

absorbance of blue reaction product at 599 nm 
against reagent blank in 1 cm cell. For reagent 
blank, melt 1 g benzophenone in test tube, cool 
to room temperature, and dilute to 3 mL mark 
w ith methanol.
C a l i b r a t i o n  G r a p h

Prepare series of standards of thiophosphate 
authentic samples by diluting stock standard 
solutions appropriately to give concentrations of 
100,200,300,400,500,600,700,800,900, and 1000 
¿¿g / mL. Measure color produced for each stan
dard by above procedure. Plot of absorbance 
against concentration of thiophosphate gives 
straight line passing through origin and obeys 
Beer's law for concentration ranges for different 
organothiophosphates shown in Table 1.

g Insecticide/100 g sample
= { A l A ' )  X (C'/D ) X 100

where A  and A ' =  absorbance of sample and 
standard, respectively; C' =  concentration of 
standard, mg/g; D = dilution of sample.

4 0 0 '

300-

r
— i

F ig ure  2. G raph  sh o w in g  m ax im u m  h e a tin g  tim e  
a n d  s ta b ili ty  o f color.

Results and Discussion
The effect of time of heating and stability of 

color formed was checked with 50 pg of each 
insecticide. The reaction is complete after 4 min 
as shown in Figure 2. Organothiophosphates 
such as malathion, parathion, sumithion, phen- 
thoate, phorate, dimethoate, and thiometon give 
this reaction (22); other sulfur-containing com
pounds such as sulfanilamide, sulfadiazine, 
thiobarbiturate, thiourea, carbon disulfide, and 
thiocarbonates do not interfere. Because an 
authentic sample of thiobenzophenone is not 
available commercially, the percentage yield of 
thiobenzophenone is calculated by weighing the 
final reaction product after purification (22) 
through a column and confirming the melting 
point and molar extinction coefficient values 
calculated on the basis of thiophosphates. The 
percentage yield of the reaction product, the 
applicable concentration range, and percentage 
determined by the described method of the de
clared concentrations in various formulations 
and technical materials are shown in Table 1. 
This is the first reported colorimetric method for 
determining organothiophosphates based on the 
P=S moiety. Formulations lose their activity 
due to conversion of P= S to P = 0  through 
auto-oxidation. The proposed method can de
termine the shelf-life of such formulations. The

Table 1. Results of colorimetric method for determining thiophosphates in formulations and technical materials and
comparison with ISi (23) methods

Pesticide % Yield,thiobenzophenone
Declared concn, %

Recovery of declared, % 
Form. Tech.

Form. Tech. ISI P=S ISI P=S
A. Malathion 99.58 50.00 98.00 98.3 98.6 98.7 99.1
B. Parathion 98.45 50.00 97.00 98.5 99.0 99.5 99.2
C. Sumithion 98.95 20.00 97.00 98.3 98.0 99.2 98.6
D. Fenthlon 98.25 2.00 98.00 98.7 98.5 98.1 97.9
E. Dimethoate 98.32 30.00 97.00 98.6 99.5 98.2 97.9
F. Phorate 98.48 10.00 98.00 99.7 98.7 98.9 99.7

Mean results from 8 replicate determinations. Beer's law range for all pesticides listed is 35-350 pg/mL.
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proposed method is most suited to those labora
tories which are not equipped with sophisticated 
instruments for gas chromatography and liquid 
chromatography.
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D R U G S  IN F E E D S

R e v e r s e  P h a s e  H i g h  P r e s s u r e  L i q u i d  C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  
o f  A r p r i n o c i d  i n  A n i m a l  F e e d s

VIRGINIA A. THORPE
Michigan Department of Agriculture, Laboratory Division, 1615 S Harrison Rd, East Lansing, 
M I 48823
A s im p le  m e th o d  is  p re sen te d  fo r d e te rm in a tio n  of 
a rp rin o c id  in  f in ish e d  feeds by  reverse p h ase  h ig h  
p re ssu re  liq u id  ch ro m a to g rap h y . T he sam p le  is ex
trac ted  w ith  95% D M F, th e  m ajo r feed  in te rfe ren ce s  
are  rem o v ed  b y  a lu m in a  ch ro m a to g rap h y , an d  a r 
p r in o c id  is sep a ra ted  fro m  th e  rem a in in g  in te r fe r 
ences on  th e  HPLC co lu m n . T he p eak  h e ig h t d e
tec ted  at 254 nm  can be q u a n tita te d  b y  d irec t com 
p a riso n  w ith  th e  w o rk in g  s ta n d a rd .

A method for arprinocid (1), a new anticoccidial 
agent used in animal feeds, has recently been 
subjected to a successful collaborative study and 
subsequently adopted as an AO AC official first 
action method (2). In this method, arprinocid 
is extracted from the feed into chloroform in the 
presence of pH 7 buffer, transferred to 0.1 N HC1, 
and separated from interfering substances by 
partitioning with hexane. The acid solution of 
the drug is neutralized, extracted into chloro
form, injected into the normal phase column, and 
detected at 254 nm. The method also requires 
that an aliquot of the chloroform solution of the 
arprinocid stock standard be evaporated to dry
ness under nitrogen, diluted to volume in 0.1N 
HC1, and then handled in the same manner as 
the sample: neutralized, extracted into chloro
form, and injected into the chromatograph. The 
standard is handled as an internal control for this 
analytical technique.

The many steps of extractions, aliquotings, 
centrifuging, evaporations, partitionings, and 
further extractions completely isolate arprinocid 
from most feed interferences and the high pres
sure liquid chromatograph was used prim arily 
as a detection tool. Our laboratory found that 
arprinocid was not easily soluble in chloroform 
or 0.1N HC1 but readily soluble in DMF, that a 
feed containing arprinocid could be easily ex
tracted with 95% DMF, and that the major feed 
interferences could be removed by passing the 
filtered extract through a specified alumina col
umn. This procedure is essentially the same as

Received February 19,1981. Accepted July 29,1981.

the method used in our laboratory for deter
mining carbadox, furazolidone, nitrofurazone, 
and ethopabate (3).

M E T H O D

Apparatus and Reagents
(a) H igh pressure liquid ch rom atograph .—Model 

4400 equipped with U6K septumless injection 
system (Waters Associates, Inc., M ilford, MA 
01757) and Omni-Scribe recorder (Houston In 
strument, Austin, TX 78753). General operating 
conditions: 30 p L  injections, 0.05 AUFS, 254 nm 
detector, 10 mV recorder, 0.1 in./m in chart speed, 
1.5 mL/min flow rate.

(b) C h rom atograph ic  colum n. —10 cm X 2 mm 
id stainless steel precolumn containing 
juBondapak C i8/Corasil followed by 30 cm X 4 
mm id precision bored stainless steel column 
containing /¿Bondapak C i8 (Waters Associates, 
Inc.).

(c) M o b ile  p h a se .—Acetonitrile (suitable for 
ultraviolet spectrophotometry or liquid chro
matography) and triple glass-distilled water 
containing 1% acetic acid (25 + 75) and PIC Re
agent B-5 (0.97 g 1-pentanesulfonic acid sodium 
salt/g). Mix and filter through 0.45 pm filter 
(M illipore Corp., Bedford, MA 01730).

(d) S am ple ex tra ction  s o lv e n t.—Reagent grade 
dimethylformamide (DMF)-water (95 + 5). If 
DMF is colored, shake with activated carbon and 
filter before use.

(e) A lu m in a .—Alcoa F-20, 80-200 mesh. (Do 
not substitute.) Obtain from Sargent-Welch Cat. 
128 (No. SC10492-005LB).

(f) C h rom atograph ic  tu bes.— 1 X 30 cm glass 
column constricted at one end to ca 4 mm, or 5% 
in . disposable Pasteur pipet.

(g) A rp rin o c id  and  eth opaba te s to ck  s ta n d a rd  so 
lu tio n s .—0.40 mg/mL. Weigh 40 mg each ar
prinocid and ethopabate reference standards 
(Merck & Co., Inc., Rahway, NJ 07065) and place 
in separate 130 mL volumetric flasks. Dilute to 
volume with extracting solvent. Standards are 
stable if stoppered tightly.

0004-57 56/82/6501-0043-05$01.00
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F igure  1. C h ro m ato g ram  sh o w in g  sep a ra tio n  of 
a rp rin o c id  (A), 12 /ig /m L ; an d  e th o p a b a te  (E), 2 

p g /m L  u n d e r  c o n d itio n s  o f m eth o d .

(h) A rp rin o c id  w ork in g  s ta n d a rd .—12 jug/mL. 
Place 3.0 mL arprinocid stock solution into 100 
mL volumetric flask and dilute to volume with 
extracting solvent. Prepare solution fresh 
daily.

(i) C olu m n  p erform an ce te s t .—Place 3.0 mL ar
prinocid stock solution and 10.0 mL of a 20-fold 
dilution of ethopabate stock solution (20 pg/mL) 
into 100 mL volumetric flask and dilute to vol
ume with extracting solvent. Resulting solution 
contains 12 jug arprinocid/mL and 2 jug ethopa- 
bate/mL. Under conditions of method, inject 
onto HPLC column. Arprinocid and ethopabate 
leaks should be separated. See Figure 1.

P r e p a r a t i o n  o f  S a m p l e  E x t r a c t
Grind coarse or pelleted feeds to pass 20 mesh 

sieve. Weigh 10 g sample into 125 mL glass- 
stopper Erlenmeyer flask. Sw irl while adding
5.0 mL water, and let stand 5 min. Add 50.0 mL 
95% DMF, stopper tightly, shake vigorously 15 
s, and let stand overnight at room temperature. 
Filter through rapid paper and transfer ca 15 mL 
onto chromatographic column containing ca 5 g

alumina held in column with cotton plug. 
Collect eluate for HPLC injections. Quantitate 
drugs by comparing peak height ratios of feed 
extracts w ith working standards of about the 
same concentration (P H /P H ') , using identical 
injection volumes. Use standard injection, then 
duplicate feed injections, followed by standard 
injection. Repeat if  peak heights of identical 
injections are not the same.

Calculate percent of drug as follows:
Arprinocid, % = [(P H  I P H ') X C '( p  g/mL) X 

V(53 mL) X 100]/(W(g) X 106)

Results and Discussion
The work in this paper was carried out with 

the 6 collaborative samples submitted for the 
1980 collaborative study and formulations of a 
diverse group of feeds spiked with approxi
mately the same levels of arprinocid guaranteed 
in the collaborative samples. The value of water 
pretreatment and the use of 95% DMF as the ex
tractant has been discussed in the previous paper
(3).

Recoveries of arprinocid from spiked feeds 
indicate that DMF is a suitable extractant for the 
drug. The alumina chromatography used for 
cleanup is critical. Different types, different 
brands, different brands of the same type, and 
treated aluminas were all tried without success. 
Only one type and brand of alumina was suc
cessful and this was Alcoa F-20, 80-200 mesh. 
Substitutions cannot be made because major feed 
interferences w ill not be separated and/or re
coveries of arprinocid w ill not be complete. 
Recoveries of arprinocid standards through the 
column in the absence of samples w ill be about 
91%; however, in the presence of feed ingredi
ents, 100% of the drug is eluted. M ini columns 
(5% in. disposable Pasteur pipets) work as ef
fectively as macro columns, saving chemicals, 
time, and space. The eluate can then be collected 
in V2 dram screw-cap vials.

Alumina removes the major feed interferences, 
and the remaining feed interferences are sepa
rated on the HPLC column. The appearance of 
the peak gives some indication as to whether 
interferences are present. A sharp peak with 
good baseline resolution strongly suggests, but 
does not prove, that interferences are absent. It 
is possible for an interference to have a retention 
time similar to the drug in question and therefore 
not be visually apparent. This can be resolved 
by monitoring the detection of the eluting drug 
at 2 different wavelengths simultaneously and 
comparing the response ratio of the standard and 
sample. If the response ratio and the retention
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Table 1. Recoveries of arprinocid (A) added to a corn- 
based feed in the presence of ethopabate (E)

Added, Sampleppn size, g Recovery, %
50 mL DMF Extraction

250 ppm A 10 94.0
25 ppm E 

500 ppm A 10 95.4
50 ppm E 750 ppm A 10 94.0
75 ppm E 

500 ppm A 10 95.0
0 ppm E
5 rrL H2O Treatment + 50 mL DMF Extraction

250 ppm A — 103.6 (55 mL)
25 ppm E 99.6 (53 mL)

500 ppm A — 103.8 (55 mL)
50 ppm E 101.0 (53 mL)

750 ppm A — 102.5 (55 mL)
75 ppm E 98.8 (53 mL)

500 ppm A — 103.2 (55 mL)
0 ppm E 99.2 (53 mL)

H2O Treatment + Diln to Voi. (100 mL)
500 ppm A 20 97.0
50 ppm E 

1000 ppm A 20 96.3
100 ppm E 

1500 ppm A 20 96.5
150 ppm E 1000 ppm A 20 96.3

0 ppm E

time are the same, it would strongly indicate that 
interferences are absent because it would be 
highly unlikely that different compounds would 
be retained and absorb at different wavelengths 
to the same degree. If the eluted peak was a 
mixture of 2 or more compounds, the ratio would 
be quite different from than that of the stan
dard.

Carbadox, furazolidone, nitrofurazone, py
rantel tartrate, and ethopabate can be determined 
with the same sample preparation and with 
slight modifications of HPLC conditions but do 
not interfere because retention times are differ
ent. Sulfa drugs are removed by adsorption on 
the alumina column; amprolium, the arsenicals, 
tetracyclines, tylosin cannot be determined with 
this HPLC system. Ethopabate can interfere if 
certain precautions are not taken. An efficient 
column is necessary to separate ethopabate from 
arprinocid. With a mobile solvent of acetoni
trile-water (containing 1% acetic acid) (25 + 75), 
the ethopabate elutes just ahead of arprinocid. 
By adding a PIC B-5 reagent to the mobile sol
vent, ethopabate is retained on the column 
longer and elutes just after arprinocid. The PIC 
reagent also enhances the sensitivity of the ar

prinocid peak by a factor of 2.5 and improves the 
baseline considerably.

With either mobile phase, ethopabate and ar
prinocid may elute together if column efficiency 
is low. A column performance test in the 
method determines if the column separates 
ethopabate from arprinocid.

The methodology was studied for feed ingre
dient interferences, recoveries of spiked samples 
containing arprinocid and ethopabate, linearity 
of response, and precision. Six unmedicated 
feeds carried through the procedure showed no 
interfering peaks at the retention time of arpri
nocid. A corn mash feed was spiked with 
0.0025% arprinocid and 0.00025% ethopabate; 
0.0050% arprinocid and 0.00050% ethopabate; 
0.0075% arprinocid and 0.00075% ethopabate; 
and 0.0050% arprinocid only. Three sets of 
spiked samples were set up: One set was ex
tracted with 95% DMF only; one set was pre
treated with water before 95% DMF extraction; 
and the last set was pretreated with water, ex
tracted, filtered, and diluted to a specified vol
ume. Results are shown in Table 1.

Recoveries of arprinocid were not affected by 
the presence of ethopabate. Instrument re
sponse was linear from 5 to 15 ppm under con
ditions of the method. Recoveries of the drug 
not pretreated with water ranged from 94.0 to 
95.4%; recoveries with water pretreatment and 
additive volumes ranged from 102.5 to 103.8%. 
These recoveries were obtained in the same 
range as those obtained for carbadox, furazoli
done, nitrofurazone, and ethopabate for the same 
sample preparation. The formulation of the feed 
ingredients seemed to have no effect on recov
eries. In all cases the sample was pretreated with
5.0 mL water and 50.0 mL 95% DMF was added 
for a total of 55.0 mL diluent. It was deduced 
that a portion of the water was adsorbed on the 
surface of the feed ingredients and did not act as 
a diluent for the drug in the extract. Calculating 
recoveries back to 100%, it appeared that 53 mL 
acted as the diluent and perhaps 2 mL water was 
adsorbed.

Recoveries of the drug, by the same technique 
including water pretreatment but with quanti
tative filtration to a specific volume rather than 
additive volumes, ranged from 96.3 to 97.0%. 
Lower recoveries would be expected as more 
manipulation is required.

If  53 mL is used in the calculation of the re
coveries of arprinocid for additive volumes in
volving water, recoveries ranged from 98.8 to 
101.0%. Extractions, potential interferences, and 
cleanup column effects were basically the same
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F igure  2. C h ro m ato g ram s sh o w in g  a rp rin o c id  (A) p eak s o f (a) s ta n d a rd , 12 p g /m L ; (b) 1980 co llab o ra tiv e  
sam p le  2; (c) 1980 co llab o ra tiv e  sam ple  4; an d  (d) 1980 c o llab o ra tiv e  sam ple  6 .

in a ll sets, so it may be safe to assume that 2 mL 
water is adsorbed and 53 should replace 55 mL 
in the calculation. The data indicate that water 
pretreatment appears to be necessary for mash 
feeds as well as pelleted feeds to obtain good 
recoveries.

The 6 collaborative samples were then ana
lyzed by the described method. Each peak was 
sharp with good baseline resolution. Samples

Table 2. Comparison of arprinocid results for 1980 
collaborative samples by normal phase HPLC collaborative 

method (3) and proposed reverse phase HPLC method
Formulated,

% Coll.method, % Proposed method, %
0.0060 0.00629 0.006130.0070 0.00721 0.007080.0050 0.00526 0.005160.0050 0.00534 0.005130.0070 0.00729 0.006960.0060 0.00618 0.00613

and standards were monitored simultaneously 
at 254 and 280 nm to check for interferences. 
Chromatographic patterns of Samples l ,  2 and 3 
were identical with the exception of arprinocid 
levels and a small amount of ethopabate in 
Sample 3. Samples 4, 5, and 6 show sim ilar 
chromatographic patterns with the exception of 
arprinocid levels and the presence of higher 
amounts of ethopabate in Samples 4 and 5. Re
sults of the collaborative samples are found in 
Table 2 and chromatograms of Samples 2 ,4 , and 
6 are found in Figure 2.

In conclusion, the method presented is simple, 
accurate, and precise. The method does not re
quire the extensive cleanup that is required for 
a normal phase column. The major feed inter
ferences are removed by alumina chromatogra
phy and samples can be compared directly with 
working standards. The potential of HPLC is 
fu lly utilized not only as a detector but as a 
powerful tool for separation.
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A rad io im m u n o assay  d ev e lo p ed  fo r th e  d e te rm in a 
tio n  o f h y g ro m y c in  B in  feed  gave a co e ffic ien t of 
v a r ia t io n  of 3%. R esu lts  sh o w ed  97-103% recovery  
of th e  a n tib io tic  fro m  v ario u s  feed  m ix tu res. Spec
if ic ity  s tu d ie s  w ith  ra b b it-a n ti-h y g ro m y c in  B a n t i 
b o d y  show ed  in sig n ifican t cross reac tiv ity  w ith  o th er 
a n tib io tic s  co m m o n ly  u sed  in  co m b in a tio n  w ith  
h y g ro m y c in  B.

The present official microbiological assay for 
hygromycin B in feed (1) is a w ell established 
method described in detail by various authors 
(2-5). Because of the nature of the microbio
logical assay (3), sample preparation requires 
extraction of hygromycin B from the feed and 
concentration of the extract before assay. The 
feed is blended in a Waring blender followed by 
acidification, centrifugation, purification by 
ion-exchange chromatography, and concentra
tion by evaporation. Samples are then assayed 
by a penicylinder agar diffusion method re
quiring 18 plates for the standard curve and 6 
plates for each sample (3).

Although this assay procedure has some in
herent variability, its greatest drawback is the 
laborious sample preparation. For this reason, 
a radioimmunoassay for hygromycin B in feed 
was developed, which offers significant advan
tages in time and accuracy over the existing mi
crobiological assay procedure. Details of the 
procedure and experimental data are presented 
here.

M ETHOD
A p p a r a t u s

(a) M ic ro p ip e tt in g  s y s te m .—M LA, or equiva
lent, 100 p L  capacity, and 100 p L  capacity plastic 
tips.

(b) P lastic  te s t tubes.—Falcon No. 2052,12 X 75 
mm.

(c) R IA  g am m a  tu bes.—With screw caps (Re
search Products International, Mt. Prospect, 
IL ).

(d) G am m a counter.—1180 two-channel (Tracor 
Analytica, or equivalent).

Received June 15, 1981. Accepted September 1, 1981.

R e a g e n t s
(a) H yg ro m y c in  B.—Radioimmunoassay re

agents were prepared by American Diagnostic, 
1598 Monrovia Ave, Newport Beach, CA 92663. 
( 1 ) Rabbit-anti-hygromycin B antibody (blue 
reagent) (AB° blue); (2) 125I-hygromycin B (yel
low reagent) (HB* yellow); (3) Sheep-anti-rabbit 
precipitating antibody (red reagent) (AB° red).

(b) P h osph a te  buffered  saline (P B S ).—pH 7.5, 
0.01M.

(c) P h o sph a te  buffer.—pH 9.0, 0.2M.

P r e p a r a t i o n  o f  S t a n d a r d  S o l u t i o n
Accurately weigh suitable quantity of hyg

romycin B standard material to represent 100 000 
units of hygromycin B activity. Place this ma
terial in 100 mL volumetric flask and dilute to 
volume with PBS. Refrigerate this stock solution 
for a maximum of 2 weeks. On day of assay, 
prepare working standards by volumetric d ilu
tion from the 1000 units/mL stock solution to 
contain 0.02, 0.04, 0.06, 0.08, and 0.10 unit of 
hygromycin B activity/m L PBS.

P r e p a r a t i o n  o f  S a m p l e
Finished fe e d s .—Accurately weigh 30.0 g sam

ple and transfer to dry blender jar. Add 750 mL 
0.2M phosphate buffer, accurately measured, and 
blend 10 min, operating blender through pow- 
erstat setting of 7.0. Filter material from blender 
through Whatman No. 1 paper. Discard first 10 
mL filtrate and collect >2 mL filtrate in clean, dry 
test tube. Transfer 1 mL filtrate to 10 mL volu
metric flask and dilute to volume with PBS.

H y g ro m ix®.—Accurately weigh and blend 
15-20 g sample as outlined above for finished 
feed samples. Filter sample as above and dilute 
w ith PBS to contain between 0.05 and 0.07 
unit/m L.

A s s a y  P r o c e d u r e
Into consecutively numbered plastic test tubes, 

set up the following (Table 1);
1. Pipet 200 p L  PBS blank into each of 2 test 

tubes (nonspecific tubes 1 and 2).
2. Pipet 100 p L  PBS blank into each of 2 test 

tubes for total binding (B° tubes 3 and 4).
3. Pipet 100 p L  of each dilute standard solu

tion into each of 2 tubes and 100 p L  of each

0004-5756/82 /6501 -0048-04$01.00© Association of Official Analytical Chemists, Inc.
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Table 1. Flow sheet for hygromycin B radioimmunoassay

Tube Identity
Vol. buffer, 

std, or sample,
ml

Vol.
AB° blue,

ml

Vol.
HB* yellow,

ml

Vol.
AB° red, 

pL
TC total count 0 0 100 01 &2 nonspecific 200 PBS 0 100 1003 & 4 B° 100 PBS 100 100 1005 & 6 0.02 unit 100 std 1 100 100 1007 & 8 0.04 unit 100 std 2 100 100 1009 & 10 0.06 unit 100 std 3 100 100 10011 & 12 0.08 unit 100 std 4 100 100 10013 & 14 0.10 unit 100 std 5 100 100 10015& 16 sample 1 100 sample 1 100 100 10017 & 18 sample 2 100 sample 2 100 100 10019 & 20 sample 3 100 sample 3 100 100 10021 &22 sample 4 100 sample 4 100 100 100etc. etc. etc. etc. etc. etc.

sample into each of 2 tubes.
4. Pipet 100 fiL  rabbit-anti-hygromycin B 

(AB° blue) reagent into all tubes except non
specific tubes (1 and 2). Mix each tube well with 
vortex mixer.

5. Pipet 100 pL 125I-hygromycin B (HB* yel
low) into all tubes plus an empty tube labeled TC 
(total count). Mix all tubes except TC tube with 
vortex mixer.

6. Pipet 100 n L  sheep-anti-rabbit precipitating 
antibody (AB° red) reagent into all tubes except 
TC tube. Mix a ll tubes with vortex mixer.

Incubate at room temperature >20 min. 
Centrifuge all tubes except TC tube 10 min at 
ambient temperature and at >2000 X g. Imme
diately aspirate supernate, being careful not to 
remove any pellet. Do not aspirate TC tube. 
Place tubes in screw-cap gamma counting tubes 
and count all tubes to 10 000 counts with gamma 
radiation counter.

90r

j--- 1___ i-- 1—■ i . i l l.02 .04 .06 .08 0.1
HYGROMYCIN B units/ml

F igure  1. S ta n d a rd  cu rve fo r rad io im m u n o assay  of 
h y g ro m y c in  B. Each p o in t  re p re sen ts  m ean  ±  1 SD 

fo r  36 rep lica tes . L ine w as f i t te d  to  d a ta  b y  h an d .

C a l c u l a t i o n s
After obtaining counts per minute (cpm) for 

each tube, average counts for all duplicate tubes. 
Calculate % bound (B):
% B = [B (cpm for standards or sample)

— nonspecific cpm]/[B° cpm
— nonspecific cpm] X 100

Plot % B vs units/mL of standards on logit-log 
paper (Figure 1). Determine units / mL of sample 
by interpolating from standard curve.

To calculate g/ton of finished feed, proceed as 
follows:

g/ton = units/mL X (g/1.0 X 106 units) X (750 
mL/30 g) X (10 mL/1 mL) X (454 g/lb) X (2000 
lb /ton)

To calculate Hygromix g/lb, proceed as fol
lows:

g/lb = units/m L X (g/1.0 X 106 units) X (750

Table 2. Comparison of RIA vs microbiological assays of 
hygromycin B internal control standard
Radioimmunoassay Microbiological

unlts/g % Theory units/g % Theory
975.4 104 915.8 98
926.8 99 903.9 97
968.4 104 898.0 96
971.4 104 889.4 95
877.5 94 892.6 96
938.8 100 918.6 98
951.2 102 919.4 98
942.4 101 939.5 101
943.6 101 915.4 98

Mean® 943.9 ± 28.1 101 ± 3 910.3 ± 14.9 98 ± 2
a Mean ± 1 SD.
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Table 3. Recovery of hygromycin B mixed with blank feed

Weighing Sample Mg hygromycin B/g sample
Period 1, g/ton Period 2, g/ton Theor.

ree.,
g/tonDay 1 Day 2 Day 1 Day 2

1 1 15.0 13.6 13.2 13.1 13.4 13.61 2 15.0 13.4 13.6 13.3 13.9 13.6
2 1 15.0 13.8 13.8 13.3 13.8 13.6
2 2 15.0 13.8 13.6 13.6 13.1 13.6

mL/30 g) X dilns X (454 g /lb)
Calculate total percent binding by dividing net 

B° counts by the total counts. This figure is used 
to check the overall performance of the assay.

Results and Discussion
The standard curve depicted from a logit-log 

plot in Figure 1 was most linear between con
centrations of 0.04 and 0.06 unit/m L; conse
quently, samples were diluted to read at these 
concentrations. Assay precision was estimated, 
irrespective of extraction efficiency, by measur
ing the potency of a hygromycin B internal 
control standard with a previously assigned po
tency of 934 units / g. For comparison, the same 
internal control samples were assayed by the 
official hygromycin B microbiological plate assay 
on the same day RIA was performed (Table 2). 
The coefficient of variation for these samples was 
3.0%, with a mean value of 943.9 units/g for RIA. 
For the microbiological assay, the coefficient of 
variation was 3.0% with a mean value of 910.3 
units/g. RIA overestimated the potency of the 
internal standard by 1.0% while the plate assay 
underestimated the potency by 2.5%.

When assaying feed samples that contain as 
little as 0.00013 g hygromycin B/g feed, ob
taining a representative homogeneous sample is 
always a problem. To evaluate the efficiency of 
extraction and accuracy of RIA without the po
tential bias introduced by lack of sample homo
geneity, a pre-weighed sample of blank feed was 
mixed with a known amount of hygromycin B 
and assayed. Samples were weighed in dupli
cate and duplicate aliquots were taken from each 
sample. Samples were assayed on 2 separate 
days at 2 different time periods. Three months 
separated assay period 1 and assay period 2. 
Recoveries of the 16 samples prepared to contain
13.6 g hygromycin B activity/ton feed are shown 
in Table 3. The mean percent recovery for pe
riod 1 was 100 ± 1% standard deviation (SD). 
The mean percent recovery for assay period 2 was 
99 ± 2% SD. Overall mean percent recovery for 
both assay periods was 99 ± 2% SD.

Recovery experiments were also performed 
under conditions that did not control the variable 
of sample homogeneity. One lot of laboratory- 
prepared hygromycin B pre-mix (2.4 g/lb) and 
2 lots of laboratory-prepared hygromycin B fin 
ished feeds (12 g/ton) were extracted and assayed 
by RIA. Results of these recovery studies are 
shown in Table 4. The mean recovery was 97% 
± 9% SD for the Hygromix pre-mix, 98% ± 5% SD 
for Hygromix in SW-30 (an experimental swine 
ration prepared at the L illy  Agricultural Station) 
feed, and 98% ± 8 (SD) for Hygrom ix in CK-17 
(an experimental chick ration prepared at the 
L illy  Agricultural Station) feed. No activity was 
detected in the CK-17 and SW-30 blank feeds 
containing no hygromycin B.

In a sim ilar recovery study w ith a commer
cially prepared feed pre-mix blended to contain
8.0 g hygromycin B activity/lb, samples were 
assayed by both radioimmunoassay and the mi
crobiological plate assay. Mean recovery for RIA 
(6 determinations) was 103% ± 1% SD; mean re
covery for plate assay (6 determinations) was 
108% ± 3% SD.

Cross-reactivity of the hygromycin B assay 
with other antibiotics commonly found in feed 
(monensin, tylosin, bacitracin, streptomycin, and 
chlortetracycline) was measured by determining 
the amount of antibiotic required to produce 50% 
inhibition of 125I-hygromycin B binding to 
antibody. The percentage of cross-reactivity was 
determined as relative efficiency of competition

Table 4. Recovery a of hygromycin B from laboratory- 
prepared lots of hygromycin B pre-mix and finished feeds

Sample Amtadded
Mean % 

ree. SD
Hygromix pre-mix 2.4 g/lb 97 9Hygromix in SW-30 12.0g/ton 98 5Hygromix in CK-17 12.0 g/ton 98 8CK-17 without 

hygromycin B 0 0 0
SW-30 without hygromycin B 0 0 0

a Each recovery is the mean for 5 samples.
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Table 5. Recovery of hygromycin B in the presence of other antibiotics

Antibiotic added
Hygromycin B added, 

Mg/mL
Hygromycin B reed, 

Mg/mL Rec., %
Monensin, 1000 g/ton 0.080 0.080 100Monensin, 1000 g/ton 0.020 0.020 100Tylosin, 1000 g/ton 0.080 0.081 101Tylosin, 1000 g/ton 0.020 0.020 100Bacitracin, 95 units/mL 0.060 0.060 100Bacitracin, 95 units/mL 0.040 0.038 95Streptomycin, 91 units/mL 0.060 0.061 102Streptomycin, 91 units/mL 0.040 0.039 98Chlortetracycline, 93 units/mL 0.060 0.062 103Chlortetracycline, 93 units/mL 0.040 0.038 95

by the other antibiotics compared with hyg
romycin B. Monensin, tylosin, bacitracin, 
streptomycin, and chlortetracycline all showed 
less than 0.1% cross-reactivity with the hyg
romycin B antibody. In addition to the per
centage of cross-reactivity study, specificity was 
also verified by a combination antibiotic recovery 
study. Concentrations of hygromycin B varying 
from 0.02 to 0.08 mg/mL were combined with 
monensin (1000 g/ton), tylosin (1000 g/ton), 
bacitracin (95 units/m L), streptomycin (90 
units/m L), or chlortetracycline (95 units/m L), 
and the percent recovery of hygromycin B was 
determined (Table 5). Recoveries ranged from 
95 to 103% of theory. No cross-reactivity was 
detected with any of the antibiotics commonly 
used in conjunction with hygromycin B in either 
the combination antibiotic recovery study or the 
competitive binding study.

Conclusion
The radioimmunoassay described herein was 

more rapid, more sensitive, and less laborious 
than the microbiological plate assay (1) for hyg
romycin B in feed. The precision of the assay 
was established by use of an internal control 
standard; the coefficient of variation for 9 de
terminations was 3%. Recovery experiments 
gave results of 99, 97, 98, 101, and 103% for the

recovery of hygromycin B added to a pre
weighed blank feed, laboratory-prepared pre
mix, laboratory-prepared finished feeds, and a 
commercially prepared finished feed, respec
tively. Specificity studies showed that the rab- 
bit-anti-hygromycin B antibody had a cross
reactivity of < 0 .1 %  w ith other antibiotics com
monly used in combination with hygromycin B. 
Thus, RIA for hygromycin B in feeds overcomes 
many of the difficulties commonly encountered 
w ith the microbiological plate assay, i.e ., labo
riousness, inherent variability, and low recov
eries. Because of increased sensitivity, RIA 
eliminates the need for column purification and 
concentration steps required by the microbio
logical assay. Disadvantages of the hygromycin 
B assay include the necessity for specialized 
equipment and the relatively short life (6 weeks) 
of the 125I-labeled hygromycin B reagent.
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Direct Spectrophotometric Determination of Arprinocid in Premixes: 
Collaborative Study
DAVID W. FINK
Merck Sharp & Dohme Research Laboratories, PO Box 2000, Rahway, NJ 07065
Collaborators: K. R. Baker; W .}. Bliss; P. G. Brignac, Jr; P. Brunsmann; M. J. Cannon;
K. E. Carr; E. J. Davis; G. Drewery; H. C. Fink; C. L. Foster; A. Fox; G. George; A. R. 
Hanks; A. A. Lawrence; J. L. Leseney; D. Lowie; R. P. Martin, F. A. Nichols; D. G. 
Portterfield; M. Riva; W. Roozen; P. J. Sikes; R. L. Smallidge; R. W. Stringham;
V. A. Thorpe
A sp ec tro p h o to m e tric  an a ly tica l m e th o d  fo r th e  d e 
te rm in a tio n  o f a rp r in o c id  [9 -(2 -ch lo ro -6 -flu o ro - 
p h en y lm e th y l)-9 F i-p u rin -6 -a m in e ]  in  p rem ix es has 
b ee n  ev a lu a te d  in  an  in te r la b o ra to ry  co llab o ra tiv e  
s tu d y . T he sam ples  w ere p re p a red  in  p a irs  o v er th e  
co n c en tra tio n  ran g e  10.1-16.2% a rp rin o c id  w ith  2 

s im ila r  m a te ria ls  as ca rrie rs  fo r  th e  d ru g , an d  w ere  
d is tr ib u te d  to 16 la b o ra to ries . D u p lica te  an a ly ses  
w ere  o b ta in e d  w ith in  th e  o v e ra ll p a ired  sam p le  d e 
sign  b y  a p ro toco l w h ich  o b v ia tes  d a ta  cen so rin g  and 
a llo w s fo r s ta tis tic a l tre a tm e n t acco rd in g  to  b o th  
Y ouden  an d  S te in e r  g u id e lin es . Each co llab o ra to r 
w as req u es te d  to  ru n  1  d e te rm in a tio n  o n  each of 16 
d if fe re n tly  n u m b ered  sam p les  in  g ro u p s o f 8 o n  2 

d iffe ren t days. In  th is  analy tica l p rocedure, th e  d rug  
is extracted in to  CH CI3 and  transferred  in to  0.1N HC1 
fo r m ea su re m en t a t 258 n m  a f te r  iso la tio n  b y  l iq 
u id - liq u id  p a r ti t io n in g . T he m ean s o f th e  an a ly ses 
rep o rte d  b y  th e  co llab o ra to rs  ran g ed  fro m  96.9 to 
1 0 1 % of the true concen tration  of arp rino c id  and  w ere 
n o t sta tis tica lly  s ig n ifica n tly  d iffe re n t (P > 0.1 ) from  
th e  tru e  values. T he co e ffic ien t o f v a r ia t io n  a t th e  
12.2% fo rm u la tio n  concen tration  level w as 3.6%. The 
co llab o ra tiv e  d a ta  w ere n o rm a lly  d is tr ib u te d  (P 
-tO.Ol) w ith  a m ean , m ed ian , a n d  m o d e of 99.2, 99.2, 
an d  10 0 .0% recovery , resp ec tiv e ly , a n d  a s ta n d a rd  
d ev ia tio n  of 3.72%. In  th is  d is tr ib u tio n , 80% of th e  
re su lts  w ere w ith in  th e  ran g e  95.1-104.1% recovery . 
T h e  sy stem atic  s ta n d a rd  d e v ia tio n s  o f th e  4 u n it  
b lo ck s (sb) w ere each <0.4% a rp rin o c id  an d  th e  
an a ly s is  o f v arian ce  d em o n s tra te d  th a t la b o ra to ry  
b ias  is n o t s ta tis tic a lly  s ig n if ic a n t (P >0.05). T h ere  
is n o  s ta tis tic a lly  s ig n if ic a n t d iffe ren c e  in  e i th e r  ac
curacy (P >0.5) o r  p re c is io n  (P >0.05) b e tw ee n  days, 
an d  th e  ru g g ed n ess  te s t co n firm s th a t n o n e  o f th e  7 
p ro ced u ra l v a r ia tio n s  w h ich  w ere se lected  fo r s tu d y  
has a s ig n ifica n t effect on  th e  analysis. T h is  m eth od  
has b een  a d o p te d  o ffic ia l f irs t  ac tion .

The coccidiostat arprinocid, 9-(2-chloro-6-fluo- 
rophenylmethyl)-9H-purin-6-amine, can be 
determined in medicated feed in the concentra
tion range 0.0045-0.0080% by either a colori
metric (1) or a high pressure liquid chromato
graphic (HPLC) (2, 3) analytical procedure. This 
drug is formulated as a premix which contains

12% arprinocid for blending into the feed in the 
proportions of 1 lb premix/ton feed to furnish a 
final finished feed concentration of 0.0060% ar
prinocid.

Although the premix can be analyzed by both 
the colorimetric and HPLC methods, this sample 
does not require the extensive preparatory sep
arations involved in these methods for feeds 
because of the high drug concentration and the 
nature of the extraneous interferences. A direct 
spectrophotometric measurement for this sample 
would also be more rapid because it would entail 
neither the reaction time for color development 
of the former method nor the chromatographic 
retention time associated with the latter. A r
prinocid premixes have also been analyzed by an 
equally rapid differential pulse polarographic 
technique (4). In consideration of the most 
practical and rugged analytical method that can 
be universally applied in the greatest number of 
laboratories, the present direct spectrophoto
metric analytical method was selected for col
laborative testing. The statistical treatment of 
this study is based on single determinations of 
paired samples as advocated by Youden (5), but 
w ith the additional feature of including dupli
cates as recommended by Steiner (5) in an ex
perimental design which obviates the possibility 
of data censoring which is of concern to Youden 
whenever replicates are requested.

Arprinocid in Premixes 
Spectrophotometric Method 

Official First Action

P r i n c i p l e
Arprinocid is extd from premix into CHCI3 

and transferred into 0.1N HC1. Interferences are 
removed by partitioning with CC14 and arpri
nocid is detd by direct spectrophotometric mea
surement at 258 nm.

0004-5756/82/6501-0052-10$01.00
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Table 1. Ruggedness test: factors studied and assigned altered values
No. Factor Nominal Change

1 extraction time (A) 20 min (a) 15 min
2 filtration volume (B) 20 mL (b) 15 mL
3 evaporation temperature (C) 50°C (c) 70°C
4 evaporation atmosphere (D) N2 (d) air
5 solvent acidity (E) 0.10N HCI (e) 0.09N HCI6 dissolution time (F) 20 min (f) 15 min7 analytical wavelength (G) 258 nm (g) 260 nm

R e a g e n t s  a n d  A p p a r a t u s
(a) S pectroph otom eter.—Suitable for measuring 

A  at 258 nm.
(b) H yd ro c h lo r ic  a c id .—0.1N. Dilute 8.3 mL 

HC1 to 1 L  with H20 .
(c) A rp rin o c id  s ta n d a rd  so lu tio n .—Accurately 

weigh 0.12 ± 0.01 g arprinocid std (Merck Sharp 
& Dohme, Rahway, NJ 07065) and dissolve in
100.0 mL CHCI3.

E x t r a c t i o n
Accurately weigh 1.00 ± 0.05 g premix and 

transfer to 125 mL g-s erlenmeyer. Add by pipet
100.0 mL CHCI3 and mech. shake 20 min. Filter 
ca 20 mL ext thru Whatman No. 42 paper, cov
ering funnel to prevent evapn of solv. Transfer 
by pipet 3.00 mL filtrate and 3.00 mL arprinocid 
std soln to sep. 50 mL centrif. tubes. Place tubes 
in ca 50° 1120  bath and evap. solv. to dryness 
under N stream.

P a r t i t i o n i n g
Add by pipet 5.0 mL CCI4 followed by 25.0 mL 

0.1N HC1 to the tube and mix 20 min in ultra
sonic bath. If residue is not dissolved, addnl 
shaking is required. Centrifuge 5 min at 
2000-2500 rpm:

D e t e r m i n a t i o n
Transfer by pipet 5.00 mL upper aq. phase to 

100 mL vol. flask, d il. to vol. with 0.1N HC1, and 
mix. Measure absorbance of the sample (A) and 
std (A ') at 258 nm vs 0.1N HC1 in ref. cell.

Arprinocid, % = ( A l A ' )  X ( W ' / W )  X 100 
where W = g sample; and W  = g std.

Collaborative Study
P repara tion  o f C olla bo ra tive  S a m p le s .—The 4 

statistical unit blocks were prepared at concen

Received August 20,1981. Accepted September 11,1981. This report of the Associate Referee was presented at the 95th Annual Meeting of the AOAC, Oct. 19-22,1981, at Washington, DC.

trations of 10.1,12.2,14.2, and 16.2% arprinocid 
to represent a range which includes the expected 
commercial premix concentration. The mem
bers of each pair were prepared with 2 closely 
sim ilar materials as carriers for the drug: Wheat 
midds served as the carrier for 1 member of each 
pair and rice hulls as its complement. The ar
prinocid in each collaborative sample was 
blended onto its appropriate carrier w ith 2.5- 
3.5% soybean oil as a binder and 0.5% ethoxyquin 
antioxidant stabilizer to inhibit oxidative poly
merization of the oil. The batch sizes of the 8 
preparations ranged from 250 to 800 g; they were 
blended 15-20 min in a bench-top Hobart mixer 
by procedures typical of standard accepted 
practice.

R u gg ed n ess  T e s t.—In advance of distributing 
the collaborative samples, this method was 
evaluated by the conventional ruggedness test 
to examine the effects of reasonable, minor 
variations in the procedure. The 7 factors se
lected for study and their altered values are listed 
in Table 1. No control condition was assigned. 
A premix containing 12.2% arprinocid was ana
lyzed by the standard plan of 8 combinations 
which introduces several of the changes simul
taneously. The results of this ruggedness test 
confirmed that none of the variations listed in 
Table 1 has a significant effect on the analysis.

L abora tory P a r tic ip a tio n .—One month before 
the collaborative samples were circulated, each 
potential collaborator received 2 practice samples 
in an attempt to identify outlying laboratories 
and to gain experience w ith the method in the 
design recommended by Steiner: One of the 
practice samples was labeled to contain 12% ar
prinocid and the other was sent as an unlabeled 
unknown. Its concentration, 14%, was provided 
in a sealed envelope attached to the sample, to be 
opened after completion of the analysis. The 
Associate Referee recommended that an accuracy

The recommendation of the Associate Referee was approved by the General Referee and Committee G and was adopted by the Association. See J. Assoc. Off. Anal. Chem. 65, March issue (1982) for detailed reports.
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of <5% relative error be established as a criterion 
for laboratory participation. No comments were 
received. The final sample of 16 laboratories 
included representatives of 3 foreign countries 
(i.e ., Australia, England, and Holland) in addi
tion to 13 domestic participants.

E xperim en ta l D e s ig n .—Each of the 8 collabora
tive samples was sent in duplicate bearing d if
ferent sample numbers. Hence, because the 
collaborators were unaware of receiving dupli
cates, censoring was eliminated in this collabo
rative design. The 16 samples were divided into 
2 groups of 8 to be analyzed on 2 days such that 
the duplicates were treated on different days. 
Although it is recognized that this experimental 
design confounds between-day effects with 
sample duplicates, it nevertheless is designed to 
reveal the possibility of improved results with 
added experience. In addition, because each 
member of the 4 statistical pairs was analyzed on 
each day, this design does not sacrifice any sta
tistical information furnished by the overall 
paired statistical design.

Distribution o f Sam ples.—The 8 samples for each 
day were numbered in random order with the 
aid of a computer-generated table of random 
numbers (6). Each collaborator was supplied 
w ith 3.5 ± 0.1 g of each premix sample, 0.5 g an
alytical reference standard arprinocid, a copy of 
the absorption spectrum in 0.1N HC1, and the 
structure of the drug for information. The col
laborators were told only that all samples con
tained the drug in the concentration range 9-18% 
arprinocid. Each collaborator was requested to 
perform a single analysis on each of the 16 pre
mixes in 2 groups of 8 samples on each of 2 days. 
The collaborators were urged to prepare dupli
cate standards on each day to confirm that these 
do not differ by more than ±0.005 absorbance 
unit and to repeat the measurement of an ana
lytical standard at the end of the 8 analyses to 
check for any possible instrument drift.

Results and Discussion
The 2 well known principles of collaborative 

statistical testing have been clearly compared by 
Horwitz in his Foreword to Youden and Steiner's 
S tatistical M an ua l o f the A O  A C  (5): The difference 
in the techniques of these 2 statisticians concerns 
the use of duplicates. Youden's design calls for 
single determinations on paired unit blocks to 
separate systematic from random error. He 
emphasizes that duplication increases the num
ber of degrees of freedom for the precision error, 
but adds nothing to the systematic error esti
mates. Youden stresses the value of only single

determinations because he is concerned about 
the possible censoring of results that could occur 
when a chemist knows that he is repeating his 
analysis. Conversely, Steiner's guidelines call 
for the use of duplicates as a factor in the analysis 
of variance computations and to establish the 
homogeneity of the residual variance. His 
manual does not consider the possibility of cen
soring. The present study incorporates the at
tributes of both experimental designs in a col
laborative study in which duplicates are obtained 
w ithin the overall framework of a paired sample 
design. The possibility of censoring is elim i
nated by distributing the duplicates under d if
ferent sample numbers and requesting single 
determinations on each sample. Because the 
collaborators are not aware of receiving dupli
cates, censoring is not a factor. This experi
mental design allows for data treatment accord
ing to both Youden and Steiner guidelines. The 
256 (28) analytical results of the collaborative 
study are presented in Table 2, which shows that 
the means of the recoveries of arprinocid on each 
sample ranged from 96.9 to 101%.

The 2-sample charts for the 4 unit blocks are 
presented in Figure 1. That the averages of the 
duplicates are used for each point of each sample 
of the pairs gives more confidence to these points 
than is usually available from conventional 
charts which are based on single measurements. 
The points are predominantly found in quad
rants I and III, representing +,+ and —,— results:

Arprinocid Concentration, %

Figure 1 . T w o-sam ple charts fo r th e  4 sta tistical u n it 
b locks. Each p a ir  consists o f th e  sam e co n cen tra tio n  
of a rp rin o c id  b le n d e d  o n to  2 d if fe re n t m a te r ia ls  as 
ca rrie rs. N u m b ers  b es id e  th e  p o in ts  id e n t ify  th e  
collaborators; on ly  certa in  laborato ries are id en tified . 
T he reference values are in d ica ted  by  th e  cross-ha tch  

n ea r th e  ce n te r  o f each chart.



Table 2. Collaborative results for the determ ination  of arprinocid in prem ixes (% arprinocid found)

Coll.

Pair 1 Pair II Pair III Pair IV
Wheat midds Rice hulls Wheat midds Rice hulls Wheat midds Rice hulls Wheat midds Rice hulls

Spl 4 
Day 1

Spl 13 
Day II

Spl 6 
Day 1

Spl 15 
Day II

Spl 1 
Day 1

Spl 11 
Day II

Spl 7 
Day 1

Spl 12 
Day II

Spl 3 
Day 1

Spl 9 
Day II

Spl 8 
Day 1

Spl 16 
Day II

Spl 2 
Day 1

Spl 10 
Day II

Spl 5 
Day 1

Spl 14 
Day II

I 3 10.3 13.0 10.1 11.6 12.5 12.6 12.9 14.1 14.1 15.9 15.1 17.5 15.6 18.0 17.7 17.82 9.95 10.1 10.0 10.1 12.1 12.6 12.1 12.6 14.8 15.0 14.8 1 5 .7 17.2 16.9 16.5 1 7 .8
3 9.95 10.7 10.3 10.7 11.6 11.9 11.5 12.1 13.1 13.5 13.3 13.7 14.4 14.7 14.3 15.44 10.8 10.6 9.82 10.2 12.8 11.0 12.0 12.3 13.8 13.1 12.9 14.6 16.9 15.4 13.8 15.4
5 10.9 10.3 1 1 .2 10.6 12.9 13.0 13.3 12.9 14.6 14.8 14.0 14.1 16.9 17.5 15.1 15.86 10.1 9.68 10.3 9.83 12.0 11.5 12.3 11.6 14.1 13.7 14.0 13.8 16.0 15.6 15.8 15.57 10.2 9.97 10.3 9.99 12.3 11.9 12.4 11.9 14.0 14.0 14.1 12.7 16.2 16.0 13.8 15.2
8 10.1 10.2 10.1 8 . 5 3 11.9 12.5 13.2 1 0 .7 13.3 14.6 14.0 13.9 16.1 15.8 16.3 16.39 10.3 10.3 10.2 10.3 12.1 12.0 12.3 12.3 14.2 14.6 14.2 14.6 16.1 16.5 16.4 16.4

10 10.2 10.1 9.96 10.3 12.4 12.1 12.2 12.2 14.3 13.9 14.1 14.1 16.2 15.7 16.0 16.211 10.0 9.88 10.1 10.0 12.1 11.9 12.2 12.1 13.9 14.1 13.9 14.3 15.8 16.0 16.0 16.112 10.5 9.87 10.4 10.2 12.1 12.0 12.5 12.2 14.0 14.1 13.9 14.2 16.5 15.8 16.1 16.413 10.0 10.0 10.1 10.3 12.2 12.0 12.2 11.8 14.1 13.7 14.0 14.2 16.4 15.9 16.1 16.014 9.92 9.78 10.0 9.90 11.5 11.8 11.7 11.8 13.3 13.7 13.4 13.9 1 4 .3 15.0 14.1 15.015 10.1 10.0 10.4 10.2 11.9 12.2 1 5 .9 12.7 14.5 1 6 .6 14.4 14.2 16.1 16.1 16.2 17.7
16 10.0 9.84 10.0 10.0 11.7 11.8 11.8 11.8 13.9 14.0 13.9 13.5 15.8 15.8 16.1 16.0

Av„ %a 10.1 10.2 12.1 12.2 14.0 14.0 16.0 15.7CV, % 2.9 2.1 3.5 3.6 3.6 3.3 4.2 5.6Formulated 10.1 10.1 12.2 12.2 14.2 14.2 16.2 16.2
concn, %

Arprinocid 100 101 99.2 100 98.6 98.6 98.8 96.9rec., %
a Outlying laboratory 1 and individual italic results excluded.

Ulcn

FINK: 
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F ig u re  2. C o m p o site  o f  th e  2-sam p le  c h a rts . A b 
sc issa s  an d  o rd in a te s  o f  th e  p a irs  re m a in  th e  sam e as 
F ig u re  1. Fram es around  the re ference concentra tions 
in  each  p la n e  sh o w  th e  b o u n d s o f  ±1 s tan d a rd  de

v ia t io n  o f th e  re fe re n ce  v a lu e s  o f each  sam p le .

of the 64 total points, 82% of those not located on  
the borders b etw een  quadrants are fou n d  in  
quadrants I and III. The usual ellip tical pattern  
around a major axis at 45° is clearly ev id en t and  
the points are also genera lly  clustered near the  
reference concentrations. O nly  certain labora
tories rem oved from  the clusters are id en tified  
in this figure. The 4 points for Collaborator 1 lie  
w ell out o f the clusters in  quadrant I and distant 
from the 45° lines. This pattern is clear evidence 
of both  a system atic error w h ich  is large in  com 
parison w ith  the other collaborators and w h ich  
is w ork ing in  com bination w ith  an atypically  
large precision  error. It is in teresting that the  
scatter o f data points from  the 45° lin es in  these
2 -sam ple charts increases w ith  arprinocid con 

centration, a pattern w h ich  is also reflected in  the 
coeffic ien ts o f variation inclu d ed  in  Table 2.

Figure 2 is a com posite o f the 2-sam ple charts 
w h ich  serves to h igh light those points w h ich  are 
consistent am ong the 4 charts. The pattern o f  
Collaborator 1 is clearly characterized by its lin 
earity and its location w e ll rem oved from  the  
cluster o f lines. The large precision  error o f  
Collaborator 15 is also ev id en t in  the pattern of 
its d iscontinuous line.

Rejection of O u tliers .—The results o f ranking  
the collaborative analyses are presented in  Table
3. The report o f Collaborator 1, w h ich  ranked  
N o. 14, 15, or 16 on  11 o f the sam ples, also in 
cluded the highest analytical result on  half o f the 
16 prem ixes. The total rank for th is laboratory, 
217, is w e ll b eyon d  the approxim ate 5% 2-tail 
lim its for ranking 16 collaborators w ith  16 sam 
p les, w h ich  are 190 and 81. W ith this ranking, 
w h ich  is also apparent in  the 2 -sam ple charts 
(Figures 1 and 2), Laboratory 1 was not included  
in  the further analysis o f the data because o f this 
abnorm ally large system atic error.

A lth ou gh  Laboratories 5 and 14 also received  
total rankings beyon d  the statistical lim its, the  
results from these collaborators were retained on  
the basis o f their average recoveries over the 16 
sam ples o f 104 and 95%, respectively . The total 
ranks for Laboratories 3 and 16 are just b eyon d  
the criteria for rejecting an ou tly in g  laboratory. 
H ow ever, th e ranks for these collaborators g e n 
erally reporting lo w  results are w ith in  1.5 units 
of the statistical limit. In addition, the points for 
these collaborators, as w e ll as for Collaborator 5, 
are not consistent am ong the four 2 -sam ple  
charts. H ence, because th ey  are not clearly  
id en tified  unam biguous outliers, Collaborators

Table 3. Ranked collaborator results

Sample
TotalColl. 1 2 3 4 5 6 7 8 9 10 i i 12 13 14 15 16 rank

1 14 3 10 12.5 16 7.5 13 16 15 16 14.5 16 16 15.5 16 16 2172 8.5 16 16 2.5 15 4 5 15 14 14 14.5 13 9.5 15.5 7 15 184.53 2 2 1 2.5 4 12 1 2 2 1 6 7.5 15 3.5 15 3 79.54 15 14.5 4 15 1.5 1 4 1 1 3 1 11.5 14 3.5 9 13.5 112.55 16 14.5 15 16 5 16 15 8.5 13 15 16 15 12.5 6 14 7.5 2056 6 6 10 8 6 12 9.5 8.5 4 4 2 2 1 5 2 4 907 12 10.5 7.5 10.5 1.5 12 11 11.5 7.5 10.5 6 6 6 2 4 1 119.58 4.5 8 2.5 8 13 7.5 14 8.5 11.5 7 13 1 11 11 1 5.5 1279 8.5 8 12 12.5 14 10 9.5 13 11.5 13 9 11.5 12.5 12.5 12 13.5 18310 13 10.5 13 10.5 7.5 2 7 11.5 6 5 11 9.5 9.5 10 12 7.5 145.511 8.5 4.5 5.5 5 7.5 7.5 7 5 9.5 10.5 6 7.5 5 9 5.5 12 115.512 8.5 13 7.5 14 10 14.5 12 5 9.5 7 9 9.5 4 12.5 9 10 15513 11 12 10 5 10 7.5 7 8.5 4 9 9 4 7.5 7.5 12 5.5 13414 1 1 2.5 1 3 4 2 3 4 2 3.5 4 2 1 3 10 42.515 4.5 8 14 8 12 14.5 16 14 16 12 12 14 7.5 14 9 10 185.516 3 4.5 5.5 5 10 4 3 5 7.5 7 3.5 4 3 7.5 5.5 2 80
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F ig u re  3. F re q u e n cy  d is tr ib u tio n  o f data. A l l  re su lts  
n o rm a liz e d  to  p e rce n t re c o v e ry . C la s s  w id th : 1% 
re c o v e ry . N o rm a l e rro r  cu rv e  sh o w n  is  o f m ean  

99.2% re c o v e ry  an d  stan d a rd  d e v ia t io n  3.72% 
re c o v e ry .

3 and 16 w ere also retained in  the fo llo w in g  
statistical analysis.

A fter exclu d in g  ou tly in g  Laboratory 1, there 
are 8 ind iv id u al laboratory results rem aining  
w h ich  are b eyon d  the lim its established  by the 
normal law  o f errors as evaluated by Dixon's test. 
These are indicated in  Table 2; each o f the cal
culated values o f r 21 for these data exceed ed  the  
critical va lu e o f r22 for 15 m easurem ents, w h ich  
is 0.53. Because each of these ratios is beyond the 
criterion for rejection w ith  a 1 in  2 0  probability  
of a w rong decision, these 8 individual outly in g  
results were excluded. It is not surprising to find  
8 statistical outliers in  a sam ple of 240 data points, 
and these 8 are un iform ly distributed across the  
concentration range, w ith  2  ind iv id u al outliers  
found in  each of the 4 un it cells. It is significant 
that 3 o f the collaborators (2, 8 , and 15) each ac
counted  for 2 o f the 8 outliers. E lim ination of 
the 2 outliers reported by Collaborator 15 (on  
pairs II and III) also serves to straighten  th is  
collaborator's lin e  in  Figure 2.

H om ogen eity o f Variation B etw een R eplica tes.— 
The h om ogeneity  of the residual variance can be 
established  in  th is collaborative study because 
each o f the m em bers o f the 4 un it ce lls  w as run 
in duplicate by all collaborators. This calculation  
is based on  the variance o f the range o f duplicate 
valu es for each laboratory and sam ple after 
om itting the outliers. The m axim um  variance 
found , s^ax, w as 1.62 and the sum  of the 112 
variances, 2sj;, was 15.95, yield ing a ratio s ^ / S s \  
= 0.10. This ratio is b e lo w  the critical lim it of 
Cochran's test for h om ogen eity  w ith  a 1 in  20 
probability of a w rong decision, confirm ing that 
the data may be considered  hom ogen eou s.

Statistical D istribution of the D a ta .—Figure 3 
presents a frequency d istribution  for a ll o f the  
results exclusive o f the 8 individual outliers and 
of Collaborator 1 (232 data points) norm alized to 
percent recovery on  each sam ple and u sin g  a 
class w id th  o f 1% recovery. The m ean, m edian, 
and m ode o f this d istribution are 99.2, 99.2, and  
1 0 0 .0 % recovery, respectively , and a sm all n eg 
ative skew  is apparent in  the figure (i.e., 7 anal
yses <89% recovery). In th is d istribution , 80% 
of the values lie w ith in  the range 95.1-104.1%  
recovery. The standard d ev iation  o f this distri
bution  is 3.72% recovery, y ie ld in g  a 3.75% coef
fic ien t o f variation.

Figure 3 also includes a norm al distribution of 
a m ean o f 99.2% and a 3.72% standard deviation  
for com parison w ith  the actual data. These data 
w ere tested for norm alcy according to Laitinen  
(7). Figure 4 sh ow s the p lot on  norm al proba
bility  paper o f the cum ulative percent frequency  
as a function  o f percent recovery u sin g  a class 
w id th  of 2% recovery. The linearity o f these data 
for recoveries >92% dem onstrates that th e d is
tribution is normal, and the positive deviation at 
concentrations below  this range results from  the  
sm all n egative skew . The x 2 test w as also used  
to determ ine if th is d istribution fo llo w s the  
norm al curve. The calculated x 2-value for these  
data over the 11 classes o f Figure 4 w h ich  cover 
recoveries >91% com pared to th e expected

Recovery, %

F ig u re  4. N o rm a l p ro b a b il it y  p lo t o f d ata . C u m u 
la t iv e  p e rce n t fre q u e n c y  as a fu n c t io n  o f p e rce n t re 
c o v e ry . A l l  re su lts  n o rm a liz e d  to p e rce n t re c o v e ry . 

C la s s  w id th : 2% re c o v e ry .
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Table 4. Results of statistical analysis of collaborative results for arprinocid

Pair
Amt.

present,
%

A V.
found,

%
Diff.,

%
95% Conf. 

limits
Precision 
(x/2 S r)

Systematic
(Sb)

Distribution
(Sd)

F-value
( S I / 2 S ? ) DF

C \l.
%

Rec.,
%

( T -
Rt) /2

1 10.1 10.2 0.1 10.1-10.3 0.24 0.10 0.22 0.84 12 2.5 101 0.050
11 12.2 12.1 0.1 11.8-12.4 0.16 0.33 0.48 9.0 12 3.6 99.2 -0.050
III 14.2 14.0 0.2 13.7-14.3 0.31 0.36 0.56 3.3 12 3.4 98.6 -0.150
IV 16.2 15.9 0.3 15.5-16.3 0.88 0.29 0.74 0.71 12 5.0 98.2 -0.250

frequencies o f the norm al distribution is 18.75. 
This is less than the critical x 2 at the 1% lev el of 
sign ificance for 10 degrees o f freedom , con
firm ing that the assum ption that this distribution 
is in d eed  random  and cannot be rejected (P <t 
0 .0 1 ).

Statistical R esu lts .—Table 4 sum m arizes, in  
standard form, the results o f the statistical study 
based on  the averages of each pair o f the blind  
duplicates. The precision  standard deviation , 
\ / 2sr, was com puted from  the differences o f the  
paired sam ples, the d istribution standard de
viation , Sd, from the totals of the pairs, and the  
standard d eviation  of the d istribution o f sys
tem atic errors, Sb, from the relationship  Sj =  2sj; 
+  s2. U sin g  the 26 differences b etw een  d u p li
cates available from  each pair, the in d ep en d en t 
estim ates of s r are 0.30, 0.49, 0.59, and 0.69% ar
prinocid  for pairs I-IV , respectively . O nly  the  
last of these values is less than the corresponding  
\ / 2 s r value in  Table 4. That the other 3 values  
are greater than the corresponding \ f l s r values

Arprinocid Concentration, %
F ig u re  5. A c c u ra c y  and  p re c is io n  va r ian ce s  and  b ias  
o f sy s te m a tic  e r ro r , ( T  -  R r ) / 2,  as a fu n c t io n  o f a r
p r in o c id  co n ce n tra t io n . L e f t  o rd in a te : • ,  S£ , O , s?. 

R ig h t  o rd in a te : ©, — ( T  — R x )/2 .

correlates w ith  the fact, as explained by Youden, 
that censoring could  not have occurred because 
the collaborators w ere unaware o f receiv in g  
duplicates in  this study. For 12 degrees o f free
dom , the calculated F-value variance ratios for 
pairs II and III exceed the critical F at the 5% level 
of sign ificance, 2.69. H ow ever, the calculated  
F-values for pairs I and IV are less than the criti
cal F even  at the 10% level (P >0.1). These ratios 
also substantiate the absence o f system atic error 
in  the m ethod because s(i is <  2sJ half the time. 
In addition, the 2 statistically significant Sb values 
are each <0.4% arprinocid and are <3% of the  
true concentrations in  these pairs. The co effi
cients o f variation listed  in  Table 4 w ere com 
puted  in  a standard m anner from all o f the 58 
in d iv id u al analyses at each concentration level. 
The values show  a trend of increasing coefficient 
w ith drug concentration w hich  is also illustrated  
by the p lot o f s 2 as a function  o f arprinocid con 
centration show n in Figure 5. In this figure, the 
sm ooth curves w hich are drawn through the data 
sh ow  that s2 increases rapidly as the am ount 
present gets larger, and that (w ith the exception  
of the m ost concentrated sam ples) the curve 
genera lly  lies  above the s2 curve. The shape o f  
the sj curve is in  accord w ith  the qualitative ap
pearance of the 2-sam ple charts in Figures 1 and
2 .

A ccu racy .—Because the true reference con
centration o f arprinocid is k n ow n  in this co l
laborative study for each unit cell, Student's f-test 
can be used  to test for system atic error in  this 
m ethod. For pairs I, II, III, and IV the calculated  
valu es o f t are 1.2, 0.53, 1.35, and 1.72 for corre
sponding St values o f 0.31, 0.68, 0.80, and 1.05%, 
respectively . The f-values are less than the  
critical f at the 10% lev el of sign ificance for 12 
degrees o f freedom , dem onstrating that there is 
no statistically sign ificant d ifference (P >0.1) 
b etw een  the average analytical results and the  
true (reference) values. Figure 5 also in clu d es  
a plot o f the valu es o f (T — Rx) / 2 for each pair 
(w hich are listed in  Table 4) to show  the effect of 
the am ount o f arprinocid present in  the sam ple  
on the system atic error o f the m ethod: The fig-
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Table 5. Analysis of variance of collaborative results for arprinocid

Source of variation
Sum of 
squares

Degrees of 
freedom

Mean
square

Variance
ratio

Between labs 9 5 . 6 14 6.83 1.13
(MSl ) (MSL/M S Ls)

Between samples 1 1 0 0 7 157 26.0
Laboratory-sample interaction 592 98 6.04 0.33

(MSls) (MSLs/MSo)
Between replicates 1900 105 18.1

(MSo)

ure reveals the perfectly  linear increase o f sys
tem atic error w ith  sam ple concentration (corre
lation  coeffic ien t >0.99).

A n alysis of V ariance .—Table 5 presents the  
analysis o f variance table of the collaborative 
data. These statistics ignore the paired unit cells 
of Y ouden but inclu de the laboratory-sam ple 
interaction term w h ich  is provided  by the d u 
plicates in th is experim ental d esign  as recom 
m end ed  by Steiner. H ow ever, the statistical 
com putations presented  in  this table m ust be 
considered  an approxim ation because an equal 
num ber o f observations are not provided for the 
8 o f the 120  laboratory-sam ple com binations  
w h ich  contain  the ind iv id u al outliers. N ever
theless, the F-ratios betw een laboratories and for 
laboratory-sample interaction are both less than  
the critical F -values for the corresponding d e
grees o f freedom  at the 5%  lev el o f significance. 
T hese results, then , confirm  that n either a sta
tistically significant (P >0.05) laboratory bias nor 
interaction exists.

D ifference Between D a ys .—Table 5 cannot in 
clude a betw een-days variance ratio because this 
effect is con fou n d ed  w ith  the variance b etw een  
duplicates in  this experim ental design . A c
cordingly , the d ifference in  accuracy and preci
s ion  b etw een  days w as evaluated by 2  in d ep en 
dent statistical tests. The mean recovery over all 
the individual analyses on  day I (n =  117) and on  
day II (n =  115) w as 99.2 and 99.1%, respectively, 
and the corresponding standard deviations were
4.03 and 3.53%, y ie ld in g  coefficients o f variation  
of 4.06 and 3.56% for the 2 days. A com parison  
of the m eans o f these 2  d istributions u sin g  the  
appropriate form  of the f-test in  this sen sitive  
experim ent w h ich  provides 230 degrees o f free
dom  y ie ld s a f-value of 0.2. This valu e is less  
than the critical t ev en  at the 50% lev e l o f s ig 
nificance for an in fin ite  num ber o f degrees of 
freedom , 0.674. H ence, there is no statistically  
sign ificant d ifference (P >0.5) b etw een  the  
m eans o f the analyses on  the 2 days. The d if
ferences in the standard deviations betw een days

w ere compared via  the con ven tion a l F-test 
variance ratio. The calculated F-ratio, 1.14, is less 
than the critical F at the 5% lev el o f significance, 
dem onstrating that precision  did not change (P 
>0.05) b etw een  the days. A lth ou gh  an im 
provem ent in precision m igh t have been  ex
pected on  the second day because the collabora
tors w ou ld  have m ore experience w ith  the  
m ethod, it is probable that their prior experience  
1 m onth  earlier w ith  the 2  practice sam ples 
served  to offset th is effect.

Spectral Properties and C haracterization of the  
M eth o d .—In the present procedure for the de
term ination of arprinocid in  prem ixes, the drug  
is extracted from  the sam ple in to  CHCI3 and  
transferred into 0.1N HC1 for measurement. The 
so lu b ility  of th is com pound is 3.1 m g/m L  in  the  
form er so lven t and 2.6 m g/m L  in  the latter. 
Further partition ing o f the final analytical so lu 
tion w ith  CC14 ensures that interferences are 
separated to provide a su ffic ien tly  pure sam ple  
for direct spectrophotom etric m easurem ent. 
The ultraviolet absorption spectrum  used for 
analytical m easurem ent is presented in  Figure 6 , 
sh o w in g  the Xmax at 258 nm  (e = 1.59 X 104 L/ 
m ole-cm ) w h ich  serves as the analytical w a v e
len gth . These spectral characteristics reflect 
electronic transitions localized prim arily on  the 
ad en in e chrom ophore o f th is com p ound, es
sen tia lly  unperturbed by th e 2 -ch loro-6-fluo- 
robenzyl-substituent on N(9). Indeed, the molar 
absorptivity of the 2 -ch loro-6-flu orotoluene  
m oiety of arprinocid at 258 nm  is less than 2% of 
that of the intact drug. The absorption spectrum  
of Figure 1 is nearly superim posable on  the ab
sorption spectrum  of an equim olar m ixture in  
0.1N  HC1 of ad en osin e [chosen to represent the  
N(9) substituted adenine] and of 2-chloro-6-flu- 
orotoluene.

Comparison of M eth o d s .—The accuracy o f the  
determ ination of arprinocid in  prem ixes over the 
concentration range 10-14% by HPLC analysis 
has b een  dem onstrated previou sly  (3). Table 6 
presents a com parison of analytical results ob-
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F ig u re  6. A b s o rp t io n  sp e c tru m  o f a rp r in o c id . 
S o lv e n t : 0 .1N  H C 1 . C o n c e n tra t io n  5.58 X 10- 5M .

tained by the present direct spectrophotom etric  
procedure and by adsorption HPLC on a silica  
colum n w ith  a m ixed so lven t m obile phase of 
m eth an ol-w ater-ch loroform  (3 +  0.2 +  97). 
Each prem ix w as analyzed  in duplicate by both  
m ethods by one analytical chemist. The relative 
difference b etw een  the m eans o f the 2 m ethods  
ranged from  0 to 5% and averaged 2%, d em o n 
strating com parable accuracy and close agree
m ent b etw een  the 2  m ethods over a w id e range 
of concentrations.

Comments of Collaborators
That no com m ents w ere received  concerning  

the practice sam ples w ou ld  suggest that the  
participants w ere satisfied w ith  their results on  
both the k n ow n  and u n k n ow n  practice sam ples  
and that th ey  had no su ggestion s for im proving  
the m ethod at that time. Two collaborators used 
a son ic bath to aid d isso lu tion  o f the drug into  
0.1N HC1 in the presence of CC14. A lthough the 
collaborative m ethod  in clu d ed  a precaution for 
additional m echanical shak ing tim e at th is step  
to ensure quantitative d issolution , the ultrasonic 
treatm ent is an excellen t su ggestion  w h ich  is 
inclu ded  in the m ethod.

Conclusions and Recommendation
The 16 participating laboratories in  this study  

present a random sam pling of the application of 
th is m ethod  on  13 d ifferent spectrophotom e
ters—w h ich  inclu de m odels m anufactured by 
the Varian (Cary), Perkin-Elm er, Pye U nicam ,

Table 6. Comparison of spectrophotometric and HPLC 
methods (% arprinocid found)

Sample
Spectrophotometric HPLC Diff.

between
means1 2 1 2

A 10.3 10.3 10.2 10.3 0.0
B 10.2 10.3 10.1 10.2 0.1
C 12.1 12.0 12.0 12.0 0.1
D 12.3 12.3 12.1 12.1 0.2
E 14.2 14.6 14.1 14.1 0.3
F 14.2 14.6 14.0 14.0 0.4
G 16.1 16.5 15.9 15.9 0.4
H 16.4 16.4 15.7 15.7 0.7

and Beckman Instrum ents com panies, and also 
inclu de on e flow -throu gh  ce ll—to dem onstrate  
the applicability o f the m ethod on a w id e  range 
of instrum ents. The m ean molar absorptivity at 
258 nm  from 44 total measurements of arprinocid 
reference standards reported by 13 of th e co l
laborators (exclusive o f Laboratories 1, 2, and 3) 
w as 1.59 X 104 L /m ole-cm , w ith  a coeffic ien t of 
variation o f 2.3%. A ll the absorbance values  
reported by Collaborator 3 were 2.5-2.7 times the 
valu es found  by all other collaborators, ind icat
ing either that this collaborator did r.ot carry out 
the d ilu tion  pattern for both standards and  
sam ples exactly as prescribed in  the m ethod, or 
that the spectrophotom eter w as producing er
roneously h igh  absorbance values. At any rate, 
this collaborator w as not excluded from  the sta
tistical analysis because it is apparent that the  
general p rin cip les of the m ethod w ere n ever
th eless retained. The low  results from  this co l
laborator (Table 3) w ere not surprising in  ligh t  
of the h ig h  absorbances ( > 1 .0 0 ) m easured for 
both sam ples and standards.

A lthough the increasing trend of random error 
w ith  drug lev e l w h ich  is underscored by Figure 
5 has not been  accounted for, its sm all absolute  
valu e can be tolerated in  the m ethod. It is also  
sign ifican t that the sj lin e  on  Figure 5 passes 
through its m inim um  in the concentration range 
o f the com p lete form ulated com m ercial prem ix  
product. This m ethod has also been  applied  to 
aged prem ixes after storage for 1 year at 30 °C  
w ith  u n changed  analytical results. The statis
tical analyses o f th is study w ere perform ed ac
cording to the Statistical M anual of the A O A C  after 
elim in ation  o f 1 ou tly in g  laboratory and 8 in d i
vidual ou tly in g  results. Inclusion o f all the  
collaborative data of Table 2 in  the computations, 
how ever, does not m arkedly alter the results. 
A lth ou gh  recom putation in clu d in g  all the ou t
liers does increase the overall coeffic ien t o f 
variation o f the data in  Figure 3 to 5.5%, the
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m ean, m edian, and m ode o f the resu lting distri
bution  are 100, 99.3, and 100% recovery, respec
tively. Based on these collaborative results, it is 
recom m ended that the m ethod be adopted o ffi
cial first action.
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H ig h  P ressu re  L iq u id  C h ro m a to g ra p h ic  D e te r m in a t io n  o f  
S u p p le m e n ta l M e th io n in e  in  P o u ltr y  P rem ix
DUBRAVKA MATESIC
University of Zagreb, Veterinary Faculty, 55 Heinzelova St, 41000 Zagreb, Yugoslavia
S u p p le m e n ta l m e th io n in e  w as  extracted  fro m  a feed 
sam p le  w ith  0 .1M  HC1 and separated b y  reverse  phase 
o r io n -e xch a n g e  h ig h  p re ssu re  l iq u id  ch ro m ato g ra
p h y  an d  is o c ra t ic  e lu t io n  w it h  K H 2P O 4 b u f fe r  s o lu 
t io n  as th e  m o b ile  p h ase . M e th io n in e  w as  detected  
at 205 n m . T h e  m ost re l ia b le  re su lts  w e re  ob ta in ed  
b y  u s in g  re ve rse  phase  ch ro m a to g ra p h y , 0 .05M  
K H 2P O 4 b u f fe r  at p H  2.6 as m o b ile  p h ase , an d  ty ro s 
in e  as in te rn a l s tan d a rd .

The am ino acid m eth ion in e is an essential con
stitu en t o f anim al nutrition  (1, 2 ) and should  be 
taken into consideration in  m anufacturing feed  
rations, especially  for you n g  anim als. It w ou ld  
be very expensive and uneconom ical to m eet the 
m eth ion in e dem and on ly  from  h igh  protein  
substrates. Therefore, synthetic m ethionine has 
becom e an im portant nutritional supplem ent in  
m anufactured poultry feed  (3) and prem ix (vi- 
ta m in s-m in e ra ls -a n tib io tic s  feed  su p p le 
m ents).

Several m ethods are used for determ in ing  
am ino acids: gas chrom atography (4), m icrobi
o log ica l techn iques (5), and liqu id  chrom atog
raphy (amino analyzers and h igh  pressure liquid  
chrom atography (HPLC)). Protein hydrolysis  
by 6N  HC1 before determ ination is com m on to 
all these m ethods; treatm ent o f the hydrolysates 
d ep en d s on  the m ethod used.

Liquid chromatographic m ethods are based on  
ion-exchange separation, but derivatization w ith  
d ansyl ch loride (6 , 7), or fluorescam ine (8 ) is 
necessary for the fluorom etric detection  o f free 
am ino acids. For spectrophotom etric detection, 
addition  o f n in h yd rin  is required (9-11), as 
sh o w n  by Fahnenstick and Tanner (12), w h o  
d eterm ined  supplem enta l am ino acids in  feed.

This paper describes a rapid, quantitative  
m eth od  for determ in ing supplem enta l m eth io
n in e in  a premix. The m ethod involves a sim ple  
extraction w ith  0.1M HC1 fo llow ed  by HPLC  
separation and direct m easurem ent at 205 nm , 
thus avo id in g  conversion  to a fluorom etrically  
or colorim etrically detectable com pound. Our 
m eth od  is therefore sim pler and less tim e-con
su m in g than other know n m ethods.

Received June 3, 1980. Accepted Septem ber 23, 1981.

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

(a) Liquid ch ro m a to g ra p h ,— Perkin-E lm er  
M odel 601 w ith  R heodyne loop  injector. O p
erating conditions: w a velen gth  205 nm , pres
sure 400 psi, flow  rate 1 m L /m in , tem perature 
am bient, sen sitiv ity  0.02 AUFS, chart speed  30 
in ./h ,  m obile phase 0.1, 0.05, or 0.01M  KH2PO4 
adjusted to pH  2.6, 3.2, or 3.8.

(b) D etector. —UV-VIS contin uously  variable 
w a v e le n g th  absorp tion  sp ectrop h otom eter , 
Perkin-Elm er M odel LC 55.

(c) R ecorder.—Perkin-Elm er M odel 123; cal
cu latin g integrator, Perkin-Elm er M odel M-2.

(d) H P L C  co lu m n s.—LiChrosorb RP-18 
(Knauer KG, BRD), 25 cm X 4.6 mm  id. Part- 
isil-10 SCX (W hatman, Inc., C lifton, NJ 07014), 
25 cm X 4.6 mm id.

(e) S ta n d a rd  so lu tio n s .—M eth io n in e  (1000  
ppm ) and tyrosine (500 ppm ) (Serva Fein- 
biochem ica, BRD) in  0.05M phosphate buffer. 
Prepare w ork ing standards in  buffer so lu tion  
iden tical to m obile phase used.

(f) S am ples.— Prem ix A w as prepared accord
in g  to standard recipe for poultry prem ixes. It 
contained all com ponents except m ethionine (all 
vitam ins, m icroelem ents, antibiotics, and pollard 
as carrier). Premix B was made in  the sam e way, 
w ith  addition  o f 100  ppm  m eth ion in e.

P r e p a r a t io n  o f  S a m p le s
W eigh  prem ix A  in to  3 laboratory bottles, 5 g 

per bottle. A dd 40, 30, and 20 m g m eth ion in e, 
respectively, to make samples w ith  8000 (Sample 
A i), 6000 (Sam ple A 2) and 4000 ppm  m ethionine  
(Sam ple A 3). A dd 30 mL 0.1M  HC1 to each  
sam ple and mix 15 m in. Filter susp ension  
throu gh  rough paper and evaporate extract 
under vacuum  at 35 °C. Wash residue in vacuum  
flask w ith  20 mL water and dry again. D issolve  
sam ple in  10 mL 0.1M HC1 and transfer to 100 mL 
graduated flask. Wash vacuum  flask tw ice w ith  
10 mL 0.1M  HC1. A dd 0.05M  KH2P 0 4 p h os
phate buffer to volum e.

Take 2 mL aliquot from Sam ple Aj, 4 mL from  
Sam ple A 2, and 5 mL from Sam ple A 3 and trans
fer to three 10 mL graduated flasks. Add 0.8 mL

0004-5756/82/6501-0062-04$01.00
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0.05 0,1
CONCENTRATION IMI

F ig u re  1. In f lu e n c e  o f co n ce n tra tio n  an d  p H  o f 
m o b ile  p h ase  on  re te n tio n  tim e  o f m e th io n in e  and  
ty ro s in e  fo r  re ve rse  phase co lu m n : —  p H  = 2.6 ; -  -  

p H  = 3 .2 ; —  p H  3 .8 ; O m e th io n in e ; * ty ro s in e .

tyrosine standard so lu tion  to each flask and d i
lu te w ith  0.05M  phosphate buffer.

W eigh  10 g prem ix B and repeat procedure 
above, through "Wash vacuum  flask tw ice w ith  
10 mL 0.1N  HC1." A dd tyrosine standard so lu 
tion  and d ilute to volu m e w ith  0.05M phosphate  
buffer.

Sim ilarly, prepare sam ple so lu tion  w ith ou t  
tyrosin e . Filter a ll extracted preparations 
through 0.25 ¿tm M illipore filter, and analyze by 
HPLC for m eth ion in e content.

R esu lts and D iscu ssion
To determ ine the parameters for separation of 

m eth ion in e, w e  u sed  the fact that th e ionic  
strength  and pH  of the eluant can in flu en ce the  
ion -exch an ge chrom atographic separation of 
w eak acids and alkalies (13). W e u sed  different 
concentrations and pH  of buffer so lu tion s to 
ach ieve a satisfactory separation. Both ion -ex
change and reverse phase chrom atography w ere  
d on e w ith  the sam e sam ples and the sam e e l
uants.
R e te n t io n  T im e

Because the analysis in vo lved  9 eluants of 
d ifferen t concentrations and pH  valu es and 2 
chromatographic techniques for each am ino acid

X

F ig u re  2. C h an g es in  re ten tio n  tim e  o f m e th io n in e  (1) and  ty ro s in e  (2) acco rd ing  to p H  o f e lu an t: L iC h ro so rb  
R P -1 8 ; m e th io n in e  +  ty ro s in e  (100 pp m  + 40 p p m ); 0 .05M  K H 2P O 4,  (A )  p H  = 2 .6 , (B ) p H  = 3 .2 , (C )  p H  = 3.8.
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CONCENT«*! ION IMI
F ig u re  3. In f lu e n c e  o f co n ce n tra t io n  an d  p H  v a lu e  
o f m o b ile  phase on  re te n tio n  tim e  o f m e th io n in e  and  
ty ro s in e  fo r  io n -e xch a n g e  c o lu m n : —  p H  = 2 .6 ; -  -

p H  = 3 .2 ; —  p H  = 3 .8 ; 0  m e th io n in e ; * ty ro s in e .

(m eth ion in e and tyrosine), 18 retention  tim es 
w ere obtained. Each result w as the arithm etic 
m ean o f 3 successive injections.

A  com parison o f ion-exchange and reverse 
phase chrom atography sh ow ed  that changes in  
retention  tim es, d ep en d in g  on  pH  and con cen 
tration o f m obile phase, w ere m ore pronounced  
w ith  reverse phase chrom atography: The re
ten tion  tim e o f m eth ion in e varied from  186 to 
352 s, and of tyrosine from 247 to 793 s (Figure 1). 
D ifferences in  retention  tim es for m eth ion in e  
and tyrosine, w h ich  can also indicate effic ien cy  
of separation, ranged from 65 to 440 s. As pH  of  
the eluant increased from  2.6 to 3.8, retention  
tim es for m eth ion in e and tyrosine decreased  
regardless o f the concentration o f the m obile  
phase (Figure 2A, B, C). R etention  tim e w as in 
versely  correlated w ith  pH  valu e and eluant 
concentration, but the effect o f the change in  pH  
w as m ore intense.

W ith ion-exchange chrom atography, the sit
uation was similar. By increasing pH  and eluant 
concentration, retention tim es o f m ethionine and  
tyrosine decreased, but to a sm aller degree (Fig
ure 3). There was almost no difference for either 
am ino acid w ith  0.05 and 0.1M  KH2P 0 4. Re
gardless o f the pH  value, differences in retention  
tim es b etw een  m eth ion in e and tyrosine at the  
above m entioned  concentrations o f th e eluant 
w ere not greater than 48 s. This m eans that an

F ig u re  4. C h rom atogram  o f p re m ix : P a rtis il-1 0  S C X ;
0 .01M  K H 2P O 4;  p H  = 3 .2 ; (1 ) m e th io n in e .

interference w ith  som e com ponent in  the sample 
is possible. A  som ew hat greater d ifference (82 
s) in  retention tim es for tyrosine and m ethionine  
w as ach ieved  w ith  0.01M  KH2PO4, at pH  =  2.6, 
w h ich  can therefore be regarded as the m ost 
con ven ien t m obile phase for ion-exchange  
chrom atography.
Q u a n t i ta t i v e  M e a s u r e m e n t

The experim ents w ith  all 8  com binations of 
m obile phase on  both co lum ns w ere perform ed  
w ith  a sam ple o f prem ix B, w h ich  w as prepared  
for injection w ith  or w ithou t tyrosine as internal 
standard.

In ion-exchange chrom atography, tyrosine  
elu ted  before m eth ion in e and at th e sam e tim e  
as interferences in  the sam ple, so it w as not 
suitable as internal standard. M eth ion in e w as 
quantitated w ith  the aid o f an external standard  
at pH  2.6-3.8 w ith  0.01M KH2PO4 buffer solution  
(Figure 4).

The least effic ien t separation on  the reverse  
phase colum n w as at pH  3.2 (Figure 5B). If pH  
w as increased to 3.8 w ith  all 3 buffer concentra
tions, m eth ion in e was separated from the ballast 
peak w h ich  interfered at pH  3.2. A lth ou gh  
peaks w ere not w e ll separated (Figure 5C), pre
cise results could be obtained by m eans o f an  
integrator. The m ost reliable and reproducible
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F ig u re  5. C h ro m a to g ram  o f p re m ix  w ith  a d d it io n  o f ty ro s in e  (40 p p m ) as in te rn a l s ta n d a rd : L iC h ro s o rb  
R P -1 8 ; 0 .05M  K H 2P 0 4; (A )  p H  = 2 .6 ; (B ) p H  = 3 .2 ; (C ) p H  = 3 .8 ; (1 ) m e th io n in e ; (2 ) ty ro s in e .

results w ere achieved w ith  0.05M KH2PO4 at pH
2.6 (Figure 5A), because the d ifference in  reten
tion  tim es w as good (370 s), and there w as no 
interference.

W e analyzed  7 sam ples con ta in in g  100 ppm  
m ethionine (premix B) and 3 groups o f 5 samples 
each, w ith  4000,6000, and 8000 ppm  m ethionin e  
(prem ix A). T yrosine w as added to all sam ples 
as internal standard. A verage results for 100, 
4000,6000, and 8000 ppm m ethionine were 98.10, 
1.35% CV, 3904, 0.69% CV; 5971,1.18%  CV; and  
7854, 0.99% CV, respectively .
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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

C o n firm a to r y  I d e n t if ic a t io n  o f  C a rb a d o x -R ela ted  R e s id u e s  in  S w in e  
L iv er  b y  G a s-L iq u id  C h r o m a to g r a p h y /M a ss  S p e c tr o m e tr y  w ith  
S e le c te d  Io n  M o n ito r in g
M A R T IN  J. L Y N C H  a n d  S. R IC H A R D  B A R T O L U C C I  
Pfizer Inc., Drug Metabolism, Central Research, Groton, CT 06340
A  c o n firm a to ry  m ethod  has been d eve lo p ed  to 
id e n t ify  q u in o x a lin e -2-c a rb o x y lic  a c id , the carbadox 
t issu e  re s id u e , in  s w in e  l i v e r ,  a ta rg et t is su e , at the  
re g u la to ry  le v e l o f 30 p g /kg . Q u in o xa lin e -2 -c a r-  
b o xy lic  ac id  (Q C A ) is  iso lated  fro m  liv e r  h yd ro lysa te s 
b y  so lv e n t  e x tra c tio n  and  io n -e x c lu s io n  ch ro m ato g 
ra p h y , an d  a m e th y l e ste r d e r iv a t iv e  (C P -2 5 ,5 3 6  o r 
Q M E ) is  id e n t if ie d  b y  g a s - liq u id  ch ro m a to g ra p h y /  
m ass sp e c tro m e try  w it h  se lected  io n  m o n ito r in g . 
T h e  re la t iv e  in te n s it ie s  o f 3 io n s : the  base p eak  at 
m / z  = 130, a second  s ig n if ic a n t  m ass at m /z  = 158, 
and  th e  m o le c u la r  io n  (M +) at m /z  = 188, are  m o n i
tored  s im u lta n e o u s ly  w it h  a q u ad ru p o le  m ass sp ec
tro m e te r . V a lid a t io n  s tu d ie s  c o n s is t in g  o f the 
a n a ly s is  o f l iv e r  fo r t if ie d  w ith  Q C A  at the re g u la to ry  
le v e l and  a n a ly s is  o f s w in e  sp e c im e n s c o n ta in in g  
p h y s io lo g ic a lly  in c u rre d  carb ad ox re s id u e s  d em o n 
stra ted  th at p eak  h e ig h t ra tio s  o f io n s  in  these t issu e  
e x tra c ts  co rrespon ded  to io n  in te n s it ie s  o f stan d a rd s  
m o n ito re d  at m /z  = 1 8 8 ,1 5 8 , an d  130.

Carbadox [hydrazinecarboxylic acid (2-quinox- 
alinylm ethylene)-, m ethyl ester N  ',N 4-dioxide] 
is used as a grow th-prom oting and chem other
apeutic agent for treatm ent of enteric diseases in 
you n g sw in e. It is the active com pound in  Me- 
cadox, a m edicated prem ix, for use in  sw in e  
starter feeds at a lev el o f 0.0055%. To ensure  
absence o f detectable residues o f carbadox and  
safety o f meat products to the food consum er, the 
drug is w ithdraw n from sw in e  several w eek s  
before they reach market w e ig h t ( 1).

The assay and d ep letion  o f residues of carba
dox have been investigated in pigs by radiotracer 
m etabolism  studies. Carbadox is rapidly m e
tabolized to several com pounds. These residues 
are h igh er and m ore persistent in  liver than in  
kidney, considerably low er in m uscle, and non- 
detectable in  fat. Q uinoxaline-2-carboxylic acid 
(QCA) has been identified  in tissue hydrolysates 
as the last rem aining major residue, and is des
ignated the marker substance (2 ).

The official carbadox tissue residue assay

Received June 15, 1981. Accepted A ugust 4, 1981.
This paper was presented at the 95th A nnual M eeting of the AOAC, Oct. 19-22, 1981, at W ashington, DC.

m easures QCA in hydrolysates o f tissue by e lec
tron capture gas-liquid chrom atography (GLC- 
ECD) o f an «-propyl ester derivative (1). The 
d ep letion  o f QCA from  tissues assures absence  
o f its precursors, i.e., drug and its in itia l m etab
o lites. Because liver is the target tissue, i.e., 
m etabolite residues are h igh er and m ore persis
tent in  liver than in other tissues, chem ical 
analysis for QCA in liver is su ffic ient to detect 
m isuse o f the drug. The regulatory lev e l for 
QCA in  sw in e tissue is 30 jtg /k g .

Chem ical assay residue dep letion studies w ith  
the official m ethod for QCA have sh ow n  that 28 
days are required for d ep letion  o f carbadox 
residues b elo w  30 pg / kg in sw in e liver. Essen
tially the sam e results w ere found by Skarka et 
al. (3) and Sestakova et al. (4) w h o  used  polaro- 
graphic m ethods to analyze tissues of sw in e and  
calves fed carbadox.

GLC-ECD or polarographic analytical m ethods 
do not unequivocally  confirm  the iden tity  o f  
QCA. For th is reason, w e  used com bined gas 
chrom atography/m ass spectrom etry w ith  se
lected  ion  m onitoring, w h ich  has been  recom 
m ended by others (5-9) for confirm atory id en 
tification of residues in tissues. Also, to sim plify  
the recovery and derivatization o f QCA, w e  d e
ve lop ed  alternative isolation  and esterification  
procedures. The application o f this confirm a
tory m ethod to the analysis o f control, fortified , 
and w ithdraw al sw in e  liver sp ecim ens is the  
subject o f this report.

METHOD
P r in c ip le

A lk aline h ydrolysis o f sw in e  liver liberates 
q u inoxaline-2 -carboxylic acid as a major m etab
o lite  o f carbadox. This acid is separated from  
major interfering tissue com p onents by se
quential extraction into ethyl acetate and pH  6.0 
buffer fo llow ed  by an ion-exclusion  chrom a
tography step. The colum n eluate is extracted  
w ith  CHCI3, concentrated by evaporation of the  
solven t, and then  esterified  w ith  m ethanolic
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sulfuric acid to convert it to a readily extractable 
m ethyl ester derivative (QME or CP-25,536) that 
is suitable for analysis by gas-liquid chrom atog
raphy/m ass spectrom etry.

R e a g e n ts
All solvents were glass distilled, or equivalent. 

N o special precautions w ere taken w ith  glass
ware. A ll chem icals w ere reagent grade.

(a) lon-exclusion resin .— M acroporous, strong  
acid cation exchanger, AG M P -50 ,100-200 m esh  
(Bio-Rad Laboratories, R ichm ond, CA 94804).

(b) A n a ly tica l stan dards .— QCA (CP-16,505), 
and QME (CP-25,536) (provided  by Central Re
search, Pfizer Inc., Groton, CT 06340).

(c) Citric acid buffer.— 0.5M. Adjust pH  of 100 
mL 1M citric acid to pH  6.0 w ith  5M NaO H  (ca 55 
mL), usin g  p reviou sly  calibrated pH  meter. 
Adjust final vo lu m e to 200 mL w ith  water. 
(Note: Before m aking final pH  adjustment, cool 
buffer to room tem perature.)

(d) M eth an o l-su lfu ric  acid reagent.— 97 +  3. 
D ilu te 3.0 mL sulfuric acid to 100 mL w ith  
m ethanol p reviously  dried over anhydrous  
N a2S0 4 (prepare daily  and use ice bath).

P r e p a r a tio n  o f  S ta n d a r d  S o lu t io n s
(a) Q C A .— W eigh  exactly 1.50 m g analytical 

standard and dissolve in  100 mL m ethanol (stock 
solution). Dilute 1.0 mL stock solution to 100 mL 
w ith  m ethanol (so lution A). A lso d ilute 1.0 mL 
o f stock so lu tion  to 100 mL w ith  w ater (solution  
B).

(b) Q M E .— W eigh exactly 1.50 m g analytical 
standard and d isso lve in  100 mL of m ethanol 
(stock solution). D ilute 1.0 mL stock solution to 
100 mL w ith  to luen e.

A p p a r a tu s
(a) M ass spectrom eter .— Finnigan M odel 3200 

quadrupole instrum ent equ ipped w ith  Prom im  
unit for m onitoring selected  ion s w as used  in  
conjunction w ith  M odel 9500 gas chrom ato
graph. Glass GC colum n, 1 m X 2 mm id, packed  
w ith  3% Silar 10C on 80-100 m esh Gas-Chrom Q 
(A pplied  Science Laboratories). Before use, 
packed co lum n w as con d ition ed  overn igh t at 
250°C  w ith  low  gas flow . H eliu m  w as used as 
carrier gas (10 lb / in .2). Vacuum  diverter was 
used  to ven t colum n efflu en t. Injector, colum n  
oven , separator oven , and transfer lin e  w ere  
operated at 230 ,190,220, and 220°C, respectively. 
U nder these conditions, retention  tim e o f QME 
was 1.25 min. Ionization energy was set at 70 eV, 
and em ission  current w as 0.74 mA. Ion chro

m atogram s w ere recorded on  a m u lti-p en  
H ou ston  recorder at chart speed  o f 1 cm /m in .

(b) Chrom atographic colum ns.— 25 cm lo n g  X 
10.5 mm id, equipped w ith  T eflon stopcocks and 
200 mL reservoir capacity (S.G.A. Scientific Inc., 
B loom field , NJ 07003; Cat. N o. JC-1506).

C o lu m n  P r e p a r a tio n
Preparation of the A C  M P -5 0  resin.— Transfer 100 

g AG MP-50 resin (Bio-Rad Laboratories) to 
Buchner fu n n el equ ipped  w ith  fritted disc 
(coarse) and filter flask. Wash resin in  sequence  
w ith  1 L m ethanol, 1 L water, and 500 mL IN  
HC1. Stir resin  w ith  glass rod and m aintain a 
moderate filtration rate by usin g  suction. Store 
filter cake in  capped amber jar.

Preparation of ion-exclusion columns.— Mix ca 7.0 
g w ashed AG MP-50 resin in  IN  HC1 and transfer 
to 10.5 m m  id  glass colum n con ta in in g  a sm all 
glass w oo l p lug to retain the resin. Pack resin to 
h eigh t o f 4 in., using glass rod, and cap resin bed  
w ith  glass w oo l plug. M aintain lev el of IN  HC1 
sligh tly  above resin bed.

P r o c e d u r e
Dissolution and h yd ro lysis .— Transfer 5.0 g 

fresh ly  sliced  frozen  tissue to 50 mL centrifuge  
tube. Pipet 10.0 mL 3M NaO H  into tube, stopper 
ligh tly , and place it in  pre-heated silicon e oil 
bath set at 95-100°C  for 30 m in . (Note: Level 
of silicon e o il bath sh ou ld  exceed  that o f tissue  
sam ple.) To validate d etection  o f carbadox res
idue at regulatory level, fortify 5 g tissue w ith  150 
n g  quinoxaline-2-carboxylic acid or 1 mL QCA 
w orking standard solu tion  B. Add alkali and  
proceed as directed above.

Extraction of h yd ro lysa te .— Cool alkaline h y 
drolysate in  ice bath and acid ify to < p H  1 (deep  
red to alkacid test paper) w ith  4 mL HC1. Add  
15 mL ethyl acetate to acid ified  hydrolysate, 
stopper, and extract by shaking 20 s. Centrifuge 
mixture 5 m in at 1500 rpm to clarify ethyl acetate 
phase. Recover eth y l acetate phase w ith  b lo w 
out p ipet equ ipped w ith  pro-p ipet bulb, and  
transfer extract to 60 mL separatory fu n n el 
equ ipped  w ith  T eflon  stopcocks. Re-extract 
hydrolysate w ith  2 additional 15 mL portions of 
eth y l acetate and com b ine organic extracts. 
(Caution: D o not contam inate eth y l acetate
phase w ith  interfacial material during these ex
tractions.)

A dd 5 mL 0.5M pH  6.0 citric acid buffer to 
eth y l acetate extract, shake, and let low er phase  
clarify (ca 10 m in). C ollect aqueous phase in  50 
mL glass-stopper centrifuge tube. Re-extract
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eth y l acetate phase w ith  additional 5 mL pH  6 
buffer, w ait for aqueous phase to clarify, and  
com bine aqueous extracts w ith  2 mL HC1.

Ion-exclusion chrom atography .— Transfer acidi
fied  aqueous extract to ion -exclu sion  colum n  
prepared as described above. Drain extract to 
top o f resin  bed. W ash tube and resin w ith  20 
mL IN  HC1 and drain w ash  through colum n. 
Rewash co lum n w ith  additional 20 mL IN  HC1. 
Discard this and previous effluents from column. 
Place 250 mL separatory fu n n el under colum n  
and elu te colum n w ith  75 mL 10% m ethanol in  
water. Colum n may run dry in this step. (Note: 
Flow rate of efflu en t is ca 1.2 m L /m in . This 
resin has been discarded after each assay, but may 
be regenerated by w ash in g  in  sequence w ith  
m ethanol, water, and IN  HC1.)

Concentration of cjuinoxaline-2-carboxylic acid el- 
uate.—Add 1.0 mL HC1 to eluate and extract w ith  
three 50 mL portions of CHCI3. Collect extracts 
in  250 mL round-bottom  flask and evaporate to 
dryness on  rotary evaporator at 45 -50 °C . 
Transfer residue to 15 mL centrifuge tube by 
w a sh in g  flask w ith  3 sm all portions (ca 1.0 mL 
each) o f m ethanol. Place tube in  55°C water 
bath and evaporate so lven t to dryness under  
stream of nitrogen . Esterify th is residue as in 
dicated below . (Note: U se disposable Pasteur 
p ipet to transfer m ethanolic residue.)

Esterification of quinoxaline-2-carboxylic acid .— 
R econstitute residue w ith  0.2 mL fresh ly  pre
pared (97 +  3) m ethanol-su lfuric acid. Stopper 
and heat 30 m in in 50-55 °C water bath. Remove 
tube from water bath, add 0.1 mL toluene to tepid  
esterification solu tion , and thoroughly  m ix on  
test tube mixer. Follow  w ith  addition o f 1.0 mL 
water, mix thoroughly, and centrifuge to clarify. 
W ith aid o f disposable Pasteur p ipet, rem ove  
m ost o f aqueous layer. Process to lu en e extract 
by gas-liquid chrom atography/m ass spectrom 
etry w ith  selected  ion  m onitoring (GLC/M S- 
SIM). (Note: T oluene extracts are stable for at 
least 3 m onths w h en  stored at reduced tem per
ature to prevent losses through evaporation.)

Preparation of process standards for G L C /M S-SIM  
analysis.— Pipet 1.0 mL w orking standard so lu 
tion  A of quinoxaline-2-carboxylic acid (0.150 
p g /m L )  into 15 mL centrifuge tube and evaporate 
to dryness under stream o f n itrogen  at 55°C. 
Add 0.2 mL m eth an ol-su lfu ric  acid (97 +  3), 
stopper, and incubate 30 m in at 55°C. Extract as 
directed above (Esterification of quinoxaline-2-car- 
boxylic acid).

G as-liqu id  ch rom atograph y I m ass sp ec tro m e
try .— Set mass spectrom eter to detect ion  current 
p rofiles at m /z  = 188, 158, and 130 via Promim

units. Inject 6 -12  ng preform ed CP-25,536  
(QME) (1.50 p g / m L  to luen e) into gas chrom ato
graph to determ ine its retention  tim e and to 
evaluate response of GLC/M S detector. Adjust 
optim um  ion  source voltages for m axim um  sen 
sitiv ity  consistent w ith  good peak shape. Fol
lo w in g  th is tu n in g  procedure, injection o f neat 
to lu en e sh ou ld  g ive  no response at ion s o f in 
terest. Follow  this w ith  p L  injections o f process 
standard, control, and sam ple tissue extracts. 
A llow  10 m in  betw een  sam ple injections to clear 
gas chrom atograph o f background  peaks. 
M easure peak h e ig h t (mm) o f sam ples and stan
dards for each ion  current profile. N orm alize  
results w ith  respect to in ten sity  o f base peak at 
m /z  - 130.

Results and Discussion
Studies w ere conducted  to optim ize recovery  

and isolation of QCA from co-extractives of tissue 
hydrolysates, its conversion  to a derivative su it
able for gas-liquid chromatography, and analysis 
by mass spectrom etry. Earlier studies sh ow ed  
that an extended h ydrolysis o f liver is not re
quired to liberate QCA (2). Its recovery is con
trolled by the effic ien cy  of the isolation  steps.

QCA is quantitatively extracted into e th y l ac
etate or chloroform from strongly acidic (pH <1) 
solu tions, and is readily extracted into aqueous 
buffered solutions at pH  6 or higher because it is 
a strong carboxylic acid (pKa 2.88) (10). The 
partition in g o f QCA in to  eth y l acetate and then  
pH  6 buffer isolates it from a com plex m ixture of 
tissue hydrolysates, and provides an aqueous 
extract that is suitable for purification by ion- 
exclusion  chrom atography.

The ion-exclusion  process (11) is usefu l be
cause it provides the m eans for trace co llection  
of QCA and its separation from non-electrolytes. 
Like other aromatic and aliphatic carboxylic 
acids, QCA in  its n on -ion ized  form  (pH  < 1 ) is 
sorbed by the matrix o f the resin polym er and is 
excluded as the dissociated species. Several ex
am ples of this technique have been  reported for 
organic acids (12-16). In the application d e
scribed here, an organic m odifier, m ethanol, is 
added to the elu tin g  so lven t to expedite the re
covery o f QCA. A m ong strong cation exchange  
resins exam ined, the m acroporous resin  AG  
MP-50 w as selected  because o f its n on -sw e llin g  
properties and its apparently greater sorptive  
capacity for non-electrolytes. U nder the rec
om m en ded  use conditions, 150 n g  QCA, or the  
equ ivalent am ount of com pound required for 
assay at the regulatory lev e l, is recovered in  the  
ion -exclu sion  chrom atographic and subsequen t
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F ig u re  1. N o rm a lize d  E l  m ass sp e c tru m  o f Q M E .

extraction steps w ith  an effic ien cy  o f 82 ±  6.7%
(n =  10).

A m on g several esterification  procedures ex
am ined (17), su lfuric acid catalysis w ith  dried  
m ethanol provided the best yields, convenience, 
ease o f extraction, and com patibility  w ith  the

GLC/M S system . The esterification  o f QCA to 
QME is com p lete under the recom m en ded  con
d ition s for derivatization . The facile extract- 
ability o f QME into  sm all vo lu m es o f to lu en e or 
b en zen e  from  the derivatization  m edium  also  
provides a sim ple m ethod  for concentrating the  
sam ple.

The mass spectrum  of QME under electron  
im pact (El) ion ization  con d ition s at 70 eV, as 
presented  in  Figure 1, is characterized by prom 
in en t ion s above m /z  100 at 188, 158, 130, 129, 
103, and 102. A m ong these ion s the m olecular 
ion  at m /z  188, the base peak at m /z  130, and a 
third sign ificant ion  at m /z  158 w ere chosen  for 
selected  ion  m onitoring. T hese ion s w ere cho
sen  from  the El spectrum  because th ey  are m ore 
diagnostic for QME, and are less subject to in 
terference by co -e lu tin g  com pounds. N o  frag
m entation  o f the M +  1 ion  (189) w as observed  
under chem ical ion ization  (m ethane) conditions 
and, therefore, this techn ique p rovided  no ion  
ratios to further confirm  the presence o f QCA.

For th is application o f th e selected  ion  m on i
toring techn ique, peak io n  ratios w ere deter
m ined w ith  a quadrupole mass spectrometer (18). 
This instrum ent w ith  its ability to sim ultaneously

F ig u re  2. Io n  ch ro m ato g ram s o f Q M E  d e r iv e d  fro m  th e  p re fo rm e d  co m p o u n d , p rocessed  Q C A , an d  w ith ' 
d ra w a l s w in e  l iv e r .  P e n s  w e re  o ffse t to m o n ito r  io n s  at m / z  = 1 8 8 ,1 5 8 , and  130.
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Table 1. GLC/MS-SIM analysis of fortified and withdrawal liver samples for carbadox-related residues, 2 trials

Standard-sample Identity
No. of 

replicates
Intensity ratios, 
188/158/130

Trial 1
Preformed QME 3 h 33 100
QCA converted to QME (process stds) 3 8 32 100
Swine liver3 fortified with QCA at 30 /¿g/kg 2 9 33 100
Withdrawal liver contg 80 ¿ig/kg of QCA (assayed by 21 CFR 556.100) 6 9 32 100

Trial 2
Preformed QME 3 15 27 100
QCA converted to QME (process stds) 3 16 27 100
Swine liver3 fortified with QCA at 30 ¿ig/kg 3 14 26 100
Withdrawal liver contg 30 jug/kg of QCA (assayed by 21 CFR 556.100) 6 12 26 100

a No carbadox-related residues were detected In control liver.

m onitor any 3 ions in the mass spectrum  of QME 
has an advantage over m any m agnetic sector 
mass spectrom eters w h ich  have a lim ited  range 
for SIM. In this particular case a m agnetic sector 
mass spectrom eter w ith  a lim itation  in  mass 
range of approximately 10% can acquire only one  
ion current profile at a time (e.g., m /z  130). This 
m eans that the ion  current profiles for blanks, 
standards, and sam ples cannot be acquired s i
m ultaneously , but m ust be m onitored  seq u en 
tially, a process w h ich  m akes the assay cum ber
som e and less precise.

The procedure described here w as evaluated  
by assaying control liver specim ens, tissue for
tified  w ith  QCA at the regulatory lev e l (30 
Mg /k g ), and w ithdraw al specim ens conta in ing  
incurred residues at 30 and 80 Mg/kg. Two trials 
w ere conducted  and representative chrom ato
grams are presented in  Figure 2. These analyses 
(Table 1) dem onstrated that w ith in  each trial, 1 
or 2 , peak h eigh t ratios for the fortified  and  
w ithdraw al sam ples corresponded to ion  in ten 
sities o f the processed and preform ed standards. 
N o  major or sign ificant interference w as found  
in  extracts o f control liver.

Based on  these results, the GLC/M S-SIM  pro
cedure is suitable for verify in g  the id en tity  of  
carbadox-related residues in  sw in e liver at and  
above the regulatory level.
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D E C O M P O S IT IO N  IN F O O D S

E ffec t o f  A d so r p tio n  o f  H is ta m in e  to  G la ss S u r fa ce s  o n  Its  E stim a tio n
JOHN MURRAY and ALISTER S. McGILL
Ministry of Agriculture, Fisheries and Food, Torry Research Station, PO Box 31,
Aberdeen AB9 8DG, Scotland

H is ta m in e  is  r a p id ly  adsorbed  on  the su rfa ce  o f g lass 
c o n ta in e rs  w h e n  sto re d  in  aq ueou s o r 10% m e th an o l 
so lu t io n  at a m b ie n t o r su b -ze ro  te m p e ra tu re s . T h is  
e ffe c t can  lead  to m arke d  e rro rs  in  the  d e te rm in a tio n  
o f h is ta m in e . A d d it io n  o f a c id  to th e  h o ld in g  m e
d iu m  o r sto rage in  p o ly e th y le n e  c o n ta in e rs  e l im i
n ates th is  e ffe c t .

The consum ption  of fish  such as m ackerel is oc
casionally  accom panied by scom brotoxic p o i
son in g . It has b een  specu lated that a relation
sh ip  exists b etw een  the am ount o f h istam ine  
produced by spoilage organism s and the toxicity  
of the fish. The valid ity o f this hypoth esis is the 
subject o f a current investigation  (1) w h ich  re
quires the rapid analysis o f large num bers of 
extracts from  m ackerel sam ples orig inating  
during an outbreak.

A  variety of m ethods for estim ating histam ine  
have been  described in  the literature (2). O ne  
extrem ely sen sitive  techn ique, w h ich  is capable 
of m easuring 10 n g  o f h istam ine, is based on  its 
condensation w ith  orthophthaldehyde (OPT) to 
form  a stable fluorescent product. The analysis  
of extracts from  biological tissues such as fish , 
how ever, is com plicated by interference from  
h istid in e  and to a lesser extent from  other sub
stances (3).

System s d ev elop ed  for the rem oval o f hista- 
d in e have sp ecified  ion  exchange (4, 5) or se lec
tive extraction techn iques (6). Certain irregu
larities becam e apparent during m odification of 
an autom ated system  based on se lective  extrac
tion  (7), w h ich  uses a T echnicon A utoA nalyzer  
cou p led  to a fluorom eter. H istam ine standards 
in  10% m ethanol so lu tion , ranging in  con cen 
tration from  50 to 400 n g /m L  and stored in  glass 
liqu id  scin tilla tion  counting vials for co n v e
n ien ce, gave response variations that w ere a 
function of the storage tim e betw een preparation 
and assay.

It has b een  reported that histam ine is m ore 
stable in  p olypropylene containers than in  glass, 
and that under certain conditions it can becom e

Received June 8,1981. Accepted A ugust 4,1981.

unstable in  neutral or basic aqueous solution  (2). 
In contrast w ith  this finding, it is reported (8) that 
storage in  0.1N  HC1 in  glass for 1 day at — 20°C  
leads to a loss o f 35% in  fluorom etric response, 
although  the effect w as not n oted  w h en  p o ly 
e th y len e  bottles w ere used. A dsorption  o f h is
tam ine to glass test tubes and p ow dered  glass 
from  aqueous so lu tion s (10_6-1 0 _8M) has also  
been noted (9), but no indication w as given  of the 
tim e such solu tions w ere held  before assay. In 
v ie w  of these d ifferent fin d in gs, the effects o f  
storing histam ine under various con d ition s in  
both glass and p o ly eth y len e  containers have  
been  investigated .

Experimental
Glass and p o ly eth y len e  liq u id  scin tilla tion  

cou n tin g  vials w ere purchased from  2 d ifferent 
suppliers. The [ring 2 14C] h istam ine d ihyd ro
chloride (59.7 m C i/m  m ol), [2,5 3H] h istam ine  
d ihyd roch loride (53 C i/m  m ol), and carboxyl 
[14C] h istid in e (50 m C i/m  m ol) w ere purchased  
from  Radiochem ical Centre, A m ersham , UK. 
The radiochem ical purity o f these m aterials 
(>96%) w as checked by radio th in  layer chro
m atography (RTLC) w ith  a Panax th in  layer 
scanner fo llow in g  chrom atography on  silica gel 
plates, usin g  CH Cl3-m ethanol-17%  N H 4O H  (2 
+  2 +  1). After scannin g, spots w ere located by 
usin g  a n inhydrin  spray. N onradioactive stock 
so lu tion s o f h istam ine and h istid in e  w ere pre
pared and stored in  p o ly eth y len e  containers.

Adsorption o f h istam ine and h istid ine to glass 
and p o ly eth y len e  w as studied  by d isp en sin g  
d ilu ted  portions o f the radioactive m aterials as 
su p p lied  in to  p o ly eth y len e  v ia ls con ta in in g  19 
mL of either w ater or 10% m ethanol. H and- 
operated pipets w ith  polyethylene tips w ere used  
to d isp en se and rem ove aliquots o f all so lu tion s  
to avoid  possib le adsorption to m easuring  
glassware. After rem oval o f a zero tim e sam ple, 
contents o f a num ber o f vials w ere poured in to  
em pty glass v ia ls before further assay o f 1 mL 
portions. Sam ples for cou n tin g  w ere placed  in  
glass v ia ls that conta ined  0.2 mL of a 10 m g/m L  
aqueous so lu tion  o f the relevant carrier before

0004-57 56 /  82 /  6501 -0071 -05$01.00© Association of Official Analytical Chemists, Inc.
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Table 1. Activity of [14C] histamine in 10% methanol solution after storage in glass and polyethylene vials

Time held at 20°C
Vial type 0, h 2, h 4, h 6, h 23. h

Glass 28 321a 14 621 7 786 5 883 2 591
Polyethylene 28 164 28 516 28 479 28 069 28 158

a Values are average disintegrations per minute from 4 vials of each type at each sampling.

addition  o f 10 mL NE 260 scin tillant (N uclear 
Enterprises, Edinburgh, UK). A ctiv ity  w as d e
term ined w ith  a N uclear Chicago Isocap liquid  
scin tillation  spectrom eter usin g  the sam ple 
channels ratio (SCR) m ethod for estim ating  
cou n tin g  efficiency.

The effect on  adsorption o f reducing the sp e
cific activity o f h istam ine w as in vestigated  
w ith in  glass vials in  a sim ilar m anner by first 
adding various lev e ls  o f nonradioactive hista
m ine carrier fo llo w ed  by a standard aliquot o f  
[14C] histam ine to polyeth ylen e vials. Variation  
in the histam ine adsorbed due to the presence of 
HC1 and NaO H  was m onitored by incorporating 
these com p onents at d ifferent concentrations  
in to [14C] histam ine solutions, w ith  the glass and 
p o ly eth y len e vials h eld  at 20°C and —20°C  be
tw een  assays. This experim ent w as repeated in  
glass v ia ls at 20°C, usin g  NaCl and h istid in e as 
replacem ents for the acid and base. Adsorption  
in  the presence o f 2 d ifferent scin tillants w as 
noted by introducing 0.2 mL volu m es o f [14C] 
histam ine (150 ng) into glass v ia ls already con 
tain ing 10 mL NE 260 or a sim ilar vo lu m e o f tol- 
u en e-2-eth oxyeth an ol (T-2EE) (7 +  3) (10). In 
certain trials, 6 mL on ly  o f an aqueous [14C] h is
tam ine solu tion  w as carefully  placed on  the 
bottom  of glass v ia ls and h eld  for 20 h at 20°C. 
Initial and final activities were estimated and the 
vial contents w ere rem oved by usin g  a Pasteur 
pipet attached to a vacuum  lin e. A ctiv ity  re
m aining w ith in  the vials w as determ ined using  
external standard channels ratio (ESCR) and SCR 
techniques, after addition  o f 12 mL T-2EE scin 
tillant, before and after introduction  o f 0.2 mL 
carrier histam ine solu tion . The w alls o f other  
vials, after rem oval of aqueous phase as above, 
w ere thoroughly  w etted  w ith  0.5 mL d ilu ted  
carrier and the solu tion  w as freeze-dried. A li
quots of the concentrated solution were subjected 
to RTLC. Solutions o f h istam ine h eld  in  0.1N  
HC1 for 15 days at —20°C w ere sim ilarly con 
centrated and chrom atographed after rem oval 
from the glass v ia ls used for storage.

The in flu en ce on  h istam ine so lu tion s o f stor
age in a range o f d ifferent containers in clu d in g

liqu id  scin tillation  cou n tin g  v ia ls and in  soda 
and Pyrex glass test tubes w as routin ely  m on i
tored usin g  [14C] h istam ine. O ccasionally , 
h ow ever, [3H] h istam ine, because of its h igh er  
specific activity, w as used  as a m ore sen sitiv e  
adsorption indicator.

Results
Initial experim entation  w as d esign ed  to test 

the different capacities o f glass and polyethylene  
vials to adsorb h istam ine from  solu tion . Table 
1 lists fin d in g s obtained  w h en  20 mL [14C] h is
tam ine at a concentration o f 23.7 n g /m L  10% 
m ethanol (2.1 X 10-7 M) solu tion  w as stored for 
various tim es in  each type o f vial. Essentially  
identical results w ere obtained for aqueous so
lu tion s o f histam ine. A  sligh t d ifference in  up
take b etw een  the 2 batches o f glass v ia ls w as 
noted , 1 lot g iv in g  on  average 12% less adsorp
tion  than its counterpart, but no adsorption was 
ev id en t for any o f the p o ly eth y len e vials. Re
p lacing h istam ine w ith  [14C] h istid in e at a con
centration o f 40.1 n g /m L  (2.6 X 10~7M) sh ow ed  
that the latter w as not adsorbed to glass or p o ly 
ethylene under the same conditions, 99.2% of the 
in itial activity w as recovered after 23 h.

The range o f concentrations o f standards 
norm ally used  for estim ating h istam ine by the  
OPT m ethod is b etw een  100 and 500 n g /m L  (4,
7). The extent o f adsorption at concentrations 
of this order for 20 mL volum es of histam ine held  
in  glass v ia ls is sh ow n  in  Figure 1. A d dition  of 
HC1 and N aO H  at final concentrations of 
0.0025-0.1M to aqueous histam ine solutions (26.0 
ng/m L ) com pletely prevented loss o f activity, at 
m olarities o f 0.01 or greater, in  glass or p o ly eth 
y len e vials held  at 20° or —20°C, whereas neutral 
so lu tion s in  glass lost activity at — 20°C as ex
pected. Vials h eld  at 20°C w ere sam pled at in 
tervals up to 23 h , w h ile  those at —20°C w ere  
assayed less frequently over a period o f 15 days. 
RTLC of sam ples stored in  0.1M  HC1 for 15 days 
indicated that 96% of activity (identical to that in  
the material as supplied) was associated w ith  the  
carrier h istam ine spot.

In contrast w ith  the marked effect o f acid or
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F ig u re  1. C h an g e  in  th e  ra d io a c t iv it y  o f [14C ] h is 
ta m in e  s o lu t io n s  (26 .5  n g / m L ) sto red  fo r  v a r y in g  
t im e s  in  g la ss  v ia ls  in  th e  p resence  o f  th e  fo llo w in g  
co n ce n tra tio n s o f c a r r ie r  h is ta m in e : A ,  1 m g /m L ; B , 
600 n g / m L ; C , 400 n g /m L ; D , 100 n g /m L ; E ,  50 n g /m L ; 
F ,  0 n g / m L . R e s u lts  sh o w n  are  ave rag e  v a lu e s / m L  

fro m  2 v ia ls  a t each  co n ce n tra t io n .

base, greatly increased concentrations o f NaCl 
were required to elim inate adsorption. To study 
this effect, various concentrations o f salt w ere  
added to fixed  portions o f aqueous [14C] hista
m ine (18.4 n g /m L ) h eld  in  p o ly eth y len e  vials  
before transfer to glass vials. After 20 h at 20 °C, 
[14C] histam ine in  0.005,0.01, 0 .025,0 .05,0 .1 , and  
0.25M  NaCl so lu tion s sh ow ed  DPM  valu es of 
10.4, 19.5, 50.2, 71.2, 8 8 .8 , and 97.0, respectively, 
expressed as a percentage o f in itia l ac tiv ity / 
mL.

H istid in e, as indicated  earlier, a lth ou gh  not 
itse lf adsorbed, protects m ore effic ien tly  than  
does NaCl (Table 2). To avoid  possib le com p li
cations in  interp reting the results, the free base 
rather than h istid ine hydrochloride w as used to 
obtain th e valu es sh o w n  in  Table 2.

Interesting d ifferences in  the ability  o f the 2 
scin tillants to prevent adsorption o f histam ine  
em erged. W h en NE 260 w as em p lo yed  no ad
sorption was observed w ith  [14C] h istam ine held  
for 24 h  in  the absence or presence o f carrier. 
Identical activ ities incorporated in  T-2EE scin 
tillant, h ow ever, in  the absence o f carrier gave, 
after hold in g for 1 and 24 h, respectively, on ly  83 
and 72% of the activity observed usin g  NE 260 or 
T-2EE w ith  carrier. Estim ation o f activity re
m ain ing w ith in  v ia ls that orig in ally  h e ld  6 mL 
active h istam ine sh ow ed  valu es u sin g  th e SCR 
m ethod that w ere 115% of those obtained  from  
the sam e vials by the ESCR techn ique. The

degradation o f the [14C] en ergy  spectrum  pro
duced w ith in  the scin tillant due to the close as
sociation  o f activity w ith  the v ia l w a ll is re
sponsib le for this effect (11 ) and provides classic 
evidence of the existence o f such adsorption (12). 
Addition of carrier histam ine increased the count 
rate by about 44% in itia lly , and calculated ac
tiv ities w ere sim ilar by SCR and ESCR m ethods  
after h o ld in g  for 72 h. The va lu e obtained  ap
proxim ated that expected  from  a consideration  
of the in itia l and final so lu tion  activities during  
storage in  the glass vial. Exam ination o f ad
sorbed activity from  sim ilar v ia ls dem onstrated  
that 95% w as co inciden t w ith  the p osition  occu
p ied  by authentic h istam ine, w h ich  strongly  
suggests that alteration o f h istam ine d id  not 
occur during adsorption.

Discussion
The p h en om en on  o f adsorption to glass sur

faces, w h ich  can be effective ly  and e legan tly  
dem onstrated by the use o f h igh  specific activity  
radiochem icals, has been  n oted  frequ en tly  for a 
variety o f organic and inorganic m aterials 
(11-14). H igh ly  sensitive analytical techniques, 
such as the OPT m ethod  for h istam ine, carry a 
potentially greater risk o f error should this effect 
operate. Data in  Table 1 sh ow  that h istam ine is 
quickly adsorbed to the surface o f glass liqu id  
scin tilla tion  counting v ia ls such  as those w e  
p reviously  used  for storage o f h istam ine stan
dards, but it is  not adsorbed on  p o ly eth y len e  
containers. The fact that h istid in e  is not ad
sorbed desp ite its structural sim ilarity to hista
m ine im plies that th e adsorption m echanism  is 
not a direct consequence of the im idazole moiety, 
although  other in flu en ces on  structure may 
predom inate in  solu tion . From the dramatic 
effects o f HC1 and N aO H  relative to those ob
served  w ith  NaCl it is obv ious that [H]+ and  
[O H ]-  operate to suppress adsorption. Various

Table 2. Effect of histidine on the adsorption of 
histamine to glass vials ‘

Time held at 20°C
Histidine, mM 3, h 20, h

0.033 43.1 6.7
0.066 40.3 7.5
0.166 45.9 16.6
0.333 51.2 20.6
0.666 56.3 27.0
1.000 56.9 33.3

3 Values are expressed as a percentage of Initial activity/ 
mL. Each vial contained 29.4 nghistamine/mL with a histi
dine concentration as shown.
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reasons can be advanced for these effects in 
clud ing deactivation of sites on  the vial w a ll and  
alteration o f the net charge on  the h istam ine  
m olecule.

Figure 1 dem onstrates that the range o f con
centrations at w h ich  adsorption is apparent from  
10% m ethanol so lu tion  exceeds that com m only  
used  as standards by others in  estim ating h ista
m ine by OPT (4, 7). It sh ou ld  be stressed, h o w 
ever, that these authors used histam ine solutions 
w h ich  w ere prepared, held , and d ilu ted  in  rela
tive ly  strong acid solu tion , w ith  sim ilar precau
tions taken at all stages o f th e estim ation , a sit
uation that w e  find  com p letely  prevents ad
sorption. Other workers (6 ) have apparently not 
found  th is precaution necessary w h en  usin g  5 
pM  aqueous h istam ine as a reference solu tion , 
and no indication  is g iv en  that such so lu tion s  
sh ou ld  be acid ified  or stored in  p o ly eth y len e  
containers. O f the large num ber o f d ifferent 
types o f glass containers exam ined for potential 
h istam ine adsorption, w e  have not fou n d  any  
that are free from the effect; som e adsorb to a 
greater extent than do the liq u id  scin tillation  
counting vials used for m ost experim ental work  
here, a lthough  d ifferences in  m agn itud e b e
tw een  various glass types are apparent. Varia
tions of about 15% betw een vials of the same type 
w ere also observed, presum ably due to d iffer
ences in the surface micro structure of individual 
containers.

In the AOAC m ethod for th e analysis of h is
tam ine in fish (4), m ethanol is used for extraction 
of the tissue and a com parison o f d ifferent h o 
m ogen izin g  m edia has sh ow n  th is so lven t to be 
superior to perchloric or trichloroacetic acid for 
its recovery from tuna (6 ). W hile it is likely that 
other constituents o f the extract w ill exert a 
protective action on histam ine adsorption similar 
to that noted  w ith  h istid in e (Table 2) and, as 
discussed above, to a lesser extent w ith  NaCl, w e  
recom m end that m ethanol extracts be stored in  
polyethylene containers. Extracts stored in  glass 
should  be acidified. H old in g  neutral m ethanol 
extracts of cheese in  glass containers may lead to 
a loss of histam ine (15), and it may be significant 
that sim ilar losses occurred (2 ) w h en  using glass 
as opposed  to p o lyp rop y len e (4) ion-exchange  
colum ns. We suspect that the low  absorbance of 
a h istam ine standard obtained by on e o f th e an
alysts in  a collaborative study o f histam ine in  
tuna sam ples (4) cou ld  have arisen from  such a 
standard being prepared in  aqueous rather than 
acid so lu tion  as recom m ended.

W e are unable to explain  the discrepancy be
tw een  our results in  w h ich  addition  of HC1 at

concentrations o f 0 .0 1 M or greater com p letely  
p revented  the adsorption o f h istam ine to glass 
vials and those o f others (8 ) w h o  find  a co n sid 
erable loss o f fluorescence from  solu tions con 
tain ing 1 m g/m L  during storage in  0.1N  HC1 at 
—20°C for 1 day. The fact that 96% of activity is 
associated w ith  the histam ine spot on a TLC plate 
after storage in  0.1N  HC1 at — 20°C for 15 days 
elim inates th e p ossib ility  that degradation is a 
cause o f the loss. It is also apparent that losses  
do not occur w h en  acidic so lu tion s of h istam ine  
are stored at refrigerator tem peratures (4, 5).

The lack of adsorption of h istam ine to glass 
vials in  the absence o f carrier usin g  NE 260 con
trasts w ith  the loss o f activity noted  in  T-2EE. 
The form er scin tillant incorporates aqueous 
phase in  a m icellar form , w hereas in  the latter a 
true solution  of the aqueous phase in the organic 
m ixture exists. The observed  d ifferences are 
m ost lik ely  to arise from  th e d ifferent m odes o f  
accom m odation of the water com p onent a l
though , because the exact com p osition  o f the  
com m ercial scin tillant is unavailable, other ex
p lanations cannot be dism issed.

The experim entation  adopted in  this work  
does not a llow  d istin gu ish in g  the relative im 
portance o f adsorptive and degradative p h e
nom ena as possib le factors in  the loss o f activity  
during storage o f neutral so lu tion s in  glass. 
H ow ever, the radiochrom atographic ev id en ce  
suggests that the form er is o f major im portance 
because it is u n lik e ly  that degradation products 
w ill occupy the same position as histam ine on the 
TLC plate.

Preparation and storage of histam ine standards 
and extracts in  p o ly eth y len e containers has a l
low ed  us to dem onstrate that no interference  
from  h istid in e is detectable in  the m odified  au
tom ated m ethod for determ in ing h istam ine at 
concentrations o f h istid in e that are s ligh tly  in  
excess of those norm ally present in  fresh m ack
erel extracts. Fuller details o f the m ethod and  
of the in flu en ce o f other poten tia lly  interfering  
com p onents w ill be p u blished  later.
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P R E S E R V A T IV E S  A N D  A R T IF IC IA L  S W E E T E N E R S

A u to m a te d  H ig h  P ressu re  L iq u id  C h r o m a to g ra p h ic  S y s te m  fo r  
D e te r m in a t io n  o f  M a n n ito l,  S o r b ito l ,  an d  X y lito l  in  C h e w in g  G u m s  
an d  C o n fe c t io n s
EUGENE C. SAMARCO and ERNEST S. PARENTE
Warner-Lambert Co., Consumer Products Group, Research and Development Department, 
170 Tabor Rd, Morris Plains, NJ 07950

A  ra p id , p re c ise , an d  re p ro d u c ib le  au tom ated  h ig h  
p re ssu re  l iq u id  ch ro m ato g rap h ic  m eth o d  w a s  d e
ve lo p e d  to d e te rm in e  x y l i t o l  in  th e  p resence  o f 
m a n n ito l and  s o rb ito l in  c h e w in g  g um s an d  co n fe c
t io n e ry  p ro d u cts . A  m o b ile  phase  o f w a te r  and  
m e th a n o l e lu te s  the p o ly o ls  s im u lta n e o u s ly  f ro m  a 
ca tio n -e xch an g e  c o lu m n  w ith o u t  p re tre a tm e n t o r 
d e r iv a t iz a t io n . In je c t io n s  in to  th e  l iq u id  ch ro m a
to g rap h  w e re  m ade b y  an  au to sa m p le r , an d  d ata  re 
d u c tio n  w a s  p e rfo rm e d  w it h  a p ro g ram m ab le  e le c
tro n ic  in te g ra to r . A ve ra g e  re c o v e r ie s  fo r  one le v e l 
each  o f  m a n n ito l, s o rb ito l, an d  x y l i t o l  in  6 re p lic a te  
sam p les prepared  b y  the standard  ad d it io n  tech n iqu e  
w e re  1 0 2 .5 ,1 0 0 .5 , an d  100.7% , re s p e c t iv e ly .

The polyhydric alcohols, xy lito l, m annitol, and  
sorbitol, are used  in  pharm aceuticals, ch ew in g  
gum s, and confectionery food products alon e or 
in  com bination as sugar substitutes. Various 
ion-exchange chrom atographic m ethods have  
been  reported by G ou ld ing (1) and Verhaar and  
Dirkx (2) to separate these p o lyo ls, but not 
quantitatively or sim ultaneously . Schw arzen
bach (3) separated them  by h igh  pressure liquid  
chrom atography (HPLC) after form ing the ni- 
trobenzoate derivatives.

Xylitol and sorbitol w ere not separated by the 
HPLC m ethod previously described by Samarco
(4). By m od ify in g  the resin  (as p reviously  d e
scribed (4)) and the m obile phase w ith  m ethanol, 
xylitol, m annitol, and sorbitol could be separated 
and quantitated rapidly and accurately w ith ou t  
pretreatment or derivatization. The m ethod was 
then  autom ated to perm it contin uous, unat
tended  operation.

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

(a) Liquid chromatograph.—M odel ALC 204/401  
equipped w ith  M odel 401 d ifferentia l refrac- 
tom eter, M odel 6000 so lven t d elivery  system  
(Waters Associates, Inc., M ilford, MA 01752),

Received A pril 24,1981. Accepted A ugust 20,1981.

M odel 420 autosam pler equ ipped w ith  100 /iL 
injection loop (Perkin-Elmer Corp., Norwalk, CT 
06856), and M odel SP4100 com puting integrator 
(Spectra-Physics, 2905 Stender Way, Santa Clara, 
CA 95051). Typical instrum ent operating con 
ditions: f lo w  rate 2 .0  m L /m in  (ca 800 psig); 
tem perature 55°C; refractive index detector at
tenuation  X16; autosam pler cycle tim e 38 m in; 
chart sp eed  0.5 cm /m in . U nder these con d i
tions, m annitol, xy lito l, and sorbitol elu te in  ca 
18, 2 2 , and 26 m in , respectively.

(b) HPLC co lu m n.—Empty colum n assem bly  
(316SS) N o. 98146, % in . X 2 ft w ith  10 n m  end  
fittin gs (Water Associates).

(c) Colum n packin g .—N o. 147-2202 A m inex  
Q-15S, converted  to calcium  form  (Bio-Rad Lab
oratories, R ichm ond, CA 84004).

(d) M obile phase.—W ater-m ethanol (65 +  35); 
filter in d iv id u a lly  through 0.45 ftm pore m em 
brane filters (M illipore Corp., Bedford, MA  
01730).

(e) H eat controller and heating ta p e .— Thermo- 
lyn e controller N o. E-2023 and heating tape N o. 
H 2125 (Scientific Glass Apparatus, B loom field , 
NJ 07003).

(f) Standard prepara tion .—Prepare 3 standard  
m ixtures o f m annitol, xylito l, and sorbitol (ca 1, 
2, and 3 m g /m L  of m annitol; 5, 10, and 15 
m g/m L  of xylitol; and 40, 50, and 60 m g /m L  of 
sorbitol) in  water. Filter through 0.45 /cm pore 
m em brane for HPLC analysis.
P r e p a r a t io n  o i  R e s in  a n d  C o lu m n

Filter a ll reagents through 0.45 ¿¿m pore 
m em branes. W ash ca 50 g A m inex Q-15S resin  
w ith  three 1 L portions o f water, decanting each 
tim e to rem ove fines. A dd ca 1 L IN  HC1 to th e  
w ash ed  resin  and heat to b o ilin g  on hot plate. 
C ool, filter through fin e  porosity sintered  glass 
fu n n el under vacuum , and w ash  w ith  tw o 200  
mL portions of water. Add ca 1 L 1M CaCl2, heat 
to boiling on  hot plate, cool, filter, and wash w ith  
water as above. Wash w ith  tw o 200 mL portions 
of w ater-m eth an ol m obile phase. Slurry resin
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F ig u re  1. L iq u id  ch ro m ato g rap h ic  se p a ra tio n  o f 1, 
2 m g /m L  o f m a n n ito l; 2 ,1 0  m g / m l o f x y l i t o l ;  3, 50 

m g / m l o f s o rb ito l in  a m ix e d  stan d a rd  so lu t io n .

in  100 mL w ater-m eth an ol m obile phase and  
slurry-pack colum n under pressure.
S a m p le  P r e p a r a tio n

Accurately w e igh  about 2 g  sugarless ch ew in g  
gum  or about 1 g sugarless candy into 50 mL 
centrifuge tube. Add 10.0 mL to lu en e and 20.0 
mL water. Shake m echanically  u n til gum  is 
dispersed . C entrifuge, and filter portion of 
aqueous phase through 0.45 p m  pore m em brane 
for HPLC analysis.
L iq u id  C h r o m a to g r a p h y  a n d  
D a ta  R e d u c t io n

O nce in itiated , the fo llo w in g  analysis is per
form ed w ith ou t operator intervention:

A 100 p L  portion o f each standard m ixture is 
autom atically injected in to  the liqu id  chrom a
tograph. The peak area o f each com p onent is 
obtained by a com p utin g electronic integrator. 
The integrator is preprogram m ed to perform  
linear regression analysis of peak area vs m g/m L , 
and a calibration curve is obtained for each  
com ponent.

In a sim ilar m anner, a sam ple preparation is 
injected. The am ounts o f xy lito l, sorbitol, and  
m annitol are com puted autom atically by the in 
tegrator w h ich  interpolates each com p onent  
from  its respective calibration curve. A  fu ll re
port can be generated by entering sam ple  
w eig h ts and d ilu tion  factors.
C o m p o s i te  S a m p le  A n a ly s i s

A  batch o f sugarless ch ew in g  gum  h av in g  a 
previously analyzed  com p osition  o f 1.3% m an
nitol, 6 .8% xylitol, and 57.4% sorbitol was cut into 
small pieces (V4 X V4 in.) and mixed. Six replicate

F ig u re  2. L iq u id  ch ro m ato g rap h ic  se p a ra tio n  o f 1 , 
1.3 m g /m L  o f m a n n ito l; 2 , 6.8 m g /m L  o f x y l i t o l ;  3, 
57.4 m g /m L  o f s o rb ito l in  a su g a rle ss  ch e w in g  g um .

sam ples w ere prepared from the com posite  
sam ple.

The recovery study w as perform ed on  the  
com posite sam ple, by the standard addition  
technique. Six sam ples, representing on e-h alf 
the determ ined concentration (1 g), w ere accu
rately w e igh ed  and ca 550 m g sorbitol, ca 75 m g  
xylito l, and 20 m g of m annitol w ere added to 
each sam ple w h ich  w as then  ready for HPLC 
analysis as above.

R esu lts and D iscu ssion
Typical separations o f a m ixed standard (Fig

ure 1) and a ch ew in g  gum  sam ple (Figure 2) 
sh ow  retention  tim es o f 18, 2 2 , and 26 m in  for 
m annitol, xy lito l, and sorbitol, respectively . A 
blank ch ew in g  gum  sh ow ed  no interferences  
under the peaks o f the com p onents o f interest.

The averages for the analysis o f 6 replicates of 
the com posite ch ew in g  gum  sam ple w ere 1.3 
(m annitol), 6.8  (xylitol), and 57.4% (sorbitol). 
The relative standard deviation s w ere 3.2 (m an
n itol), 4.4 (xylitol), and 0.9% (sorbitol).

The average recoveries for 6 replicate sam ples 
prepared by the standard addition m ethod were  
102.5 (m annitol), 100.7 (xylitol), and 100.5% 
(sorbitol). The relative standard deviations were
3.7 (m annitol), 2.6 (xylitol), and 1.4% (sorbitol).

A variety of com m ercially available ch ew in g  
gum s and confectionery products w ere analyzed  
by th is m ethod (Table 1). A s a  rule, in  our lab
oratory, especially  w h en  d ea lin g  w ith  sam ples  
of u n k n ow n  concentrations, the approxim ate 
concentrations are determ ined first. Then, 
standard concentrations are prepared at 50 ,100 , 
and 150% of expected am ount. Exact con cen 
tration is found  by linear regression analysis.
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Table 1 . Analysis of some sugarless gum and 
confectionery products

Product Mannitol, % Xylitol, % Sorbitol, %

Gum brand A
Bubble gum flavor 2.3 10.0 55.5
Fruit flavor 2.1 9.4 53.6
Spearmint flavor 2.5 9.4 55.9

Gum brand B
Bubble gum flavor 13.8 7.9 42.5
Fruit flavor 1.3 6.8 57.4
Spearmint flavor 0.8 7.1 57.0

Gum brand C 0.7 44.7 32.8
Gum brand D — 71.9 8.2
Candy brand X 3.4 53.6 41.8

Ease of sample preparation, simultaneous de
termination of the 3 polyols, automated analysis,

and data reduction afford a considerable time 
savings and permit a high throughput of samples 
per day.

It  has been our experience that the colum n it
se lf is very  durable. A fter prolonged column 
usage, the resin may be removed from the col
um n, regenerated, and repacked w ith  no no
ticeable deleterious effects.
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MICROBIOLOGICAL METHODS
R e c o v e r y  o f  E g g s  o f  T w o  P a r a s i t i c  N e m a t o d e s ,  A s c a r i s  s p .  a n d  
T r i c h u r i s  s p . :  I n t e r l a b o r a t o r y  S t u d y

RICHARD A. RUDE, JEFFREY W. BIER,1 GEORGE J. JACKSON,1 and 
FOSTER D. McCLURE2
Food and Drug Administration, Minneapolis Center for Microbiological Investigations, 
Minneapolis, M N  55401

A n interlaboratory stu dy  w as conducted  to  determ ine  
th e e ffectiven ess  o f th e N acconol ether centrifugation  
m eth od  for recoverin g  parasitic nem atode eg g s from  
3 co n ta m in a ted  products: a crop (cabbage), a s lu d g e  
fe r t iliz e r  (M ilo rg a n ite ) , and  a sew a g e  e f f lu e n t  
(M in n eap o lis). S ix rep licate sam p les for each o f the  
3 products w ere seeded  w ith  eggs at 3 d ifferen t levels: 
200 Ascaris suis and 8  Trichuris muris; 15 A. suis and  
15 T. muris; 8  A. suis and 180 T. muris. R ecovery w as 
lo w  fo r  a ll sam p les  excep t sew a g e  e f flu e n t , in  w h ich  
reco v er ies  greater than  1 0 0 % in  2  sam p les  resu lted  
from  th e  m is id e n tific a tio n  o f arthropod eg g s as As
caris sp. T he average m ean percent recovery for the  
o th er sam p les  w as 22.53. R ep eatab ility  for rep licate  
sam p les  and rep rod u cib ility  o f resu lts b y  in d iv id u a l 
lab orator ies w ere p oor, and th e m eth od  is  n o t rec
o m m en d ed  fo r  q u a n tita tiv e  estim ates  o f n em atod e  
e g g  co n ta m in a tio n  o f  fo o d s  and fo o d -co n ta ct m ate
ria ls. H o w e v e r , th e  N acco n o l eth er cen trifu g ation  
m eth od  can be used  as an a ll-or-n on e test. (O n ly  13% 
o f 1146 counts w ere fa lse ly  negative.) O f 69 sam ples, 
o n ly  4 w ere fa lse ly  n eg ativ e  for A. suis eggs and o n ly  
1 w as fa ls e ly  n eg a tiv e  fo r  T. muris eg g s in  cou n ts o f  
6  rep licates.

Eggs of the pathogenic nematode parasites /ls- 
caris spp. and Trichuris spp. surv ive  common 
methods of sewage treatment and can contami
nate food crops fertilized w ith  sewage sludge or 
irrigated w ith  sewage effluent. D iverse meth
ods have been tried for recovering parasitic 
nematode eggs from the feces of infected hosts 
or from soils, waters, and vegetation where feces 
may be deposited. Some of these techniques 
were quantitative; others were used in  an all- 
or-none manner. To select one technique for an 
interlaboratory study, 4 of the more common 
methods were compared in  previous studies: 
zinc sulfate flotation (1), saline centrifugation (1),

1 Food and Drug Administration, Division of Microbiology, Washington, DC, 20204.
2 Food and Drug Administration, Division of Mathematics, Washington, DC 20204.Received March 17,1981. Accepted July 21,1981.G. J. Jackson and R. A. Rude are Co-Associate Referees on Parasitology.

Nacconol ether centrifugation (2), and the water 
trough method (3). Because Nacconol ether 
centrifugation gave the best results (e.g., recov
eries from cabbage exceeded 90%), it was the 
method selected for use in  this interlaboratory 
study.

Sample Preparation and Shipment
Samples of M ilorganite (a dried fe rtilize r 

product prepared from M ilw aukee, W I, m unic
ipal sludge), liqu id  sewage effluent (from M in 
neapolis, M N ), and shredded cabbage were 
seeded w ith  3 levels of A . suis and T. m uris eggs. 
These eggs are considered to represent other 
species in  the genera A scar is and T richu ris , and 
hereafter w ill  be referred to by the generic name 
alone. For even d istribution, the A scar is eggs 
had been treated w ith  0.2% sodium hypochlorite 
(2). Seeding levels were 200 A scar is and 8 T ri
churis, 15 A scaris and 15 Trichuris, 8 A scaris and 180 
T richuris /10 g sample. Seeded samples were 
checked by M inneapolis Center for M icrobio
logical Investigations to establish that the eggs 
were even ly distributed. S ix replicate samples 
at each seeding level were weighed into po ly
ethylene bottles, placed into shipping containers 
(refrigerated at 0-6°C . w ith  gel packs), and 
shipped to each laboratory by a ir express. On 
a rriva l, the temperature was recorded and the 
sample was stored in  a refrigerator until analysis. 
Participants were asked to begin analysis as soon 
as possible after receiving the sample.

Method

Reagents and Apparatus
(a) F orm alin  solu tion . — 10%. Add 730 m L 

water to 270 m L of a 37% stock formaldehyde 
solution.

(b) N a cco n o l 35 S L .— Sodium linear alkylate 
sulfonate, 35% active (Stepan Chem ical Co., 
N orth fie ld , IL ) .

(c) N a cco n o l so lu tion .—0.008%. 3.7 m L Nac
conol 35 SL in  16 L  physiological saline.

0004-5756/82/6501-0079-03Î01.00
© Association of Official Analytical Chemists, Inc.
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(d) G rid d ed  tissu e cu ltu re d ish es .—Falcon Inte- 
grid  3030 (Becton, D ickinson & Co., Oxnard, 
C A ).

(e) B oltin g  c lo th . — 100 jam pores. N itex 
HC3-100 (N itex Corp ., Bern , Sw itzerland).

( f ) P asteu r  p ipets. —229 mm, w ith  cotton plug 
and rubber bulb.

D eterm ination
Add 85 m L 0.008% Nacconol solution to sub

sample in  plastic bottle. Cap and shake 25 times 
in  30 cm arc, 25 shakes in  about 7 s. Pour con
tents of bottle through soaked piece of bolting 
cloth into 450 m L beaker. Soak bolting cloth in  
0.008% Nacconol immediately before use. Rinse 
bottle w ith  two 50 m L portions of 0.008% Nac
conol. Pour rinses through bolting cloth into 
beaker. S tir contents of beaker w ith  glass stirr
ing rod and pour into 15 m L conical centrifuge 
tubes. Centrifuge tubes 4 m in at 2000 rpm and 
d iscard supernatant. W ith  Pasteur pipet, 
transfer sediment into 4 of the 15 m L conical 
centrifuge tubes. F i l l  the 4 tubes w ith  0.008% 
Nacconol and centrifuge at 2000 rpm. Discard 
supernatant and add 3 m L 10% form alin  to each 
tube. Resuspend sediment on Vortex m ixer and 
loosen from bottom of tube w ith  4 mm glass rod. 
Add another 5 m L 10% formalin to each tube and 
let stand 4 m in. Under chemical hood, add 3 mL 
ether to each tube. Stopper tubes w ith  size 0 
rubber stopper and shake vigorously 30 s. 
Centrifuge a ll tubes 4 m in at 2000 rpm. Under 
the hood, pour supernatant into safety can; add 
3 m L 0.008% Nacconol to each tube and resus
pend sediment. For liquid  sludge, combine 
resuspended contents of 2 tubes into Petri dish 
for total of 2 Petri dishes/subsample, or combine 
a ll 4 tubes into 1 Petri dish if  amount of back
ground material is small. For cabbage, combine 
resuspended contents from all 4 tubes into 1 Petri 
d ish. For M ilorganite, pour resuspended con
tents of each tube into separate Petri dishes. I f  
background material is too heavy, dilute contents 
into more Petri dishes. To count the recovered 
parasites, scan entire Petri d ish w ith  inverted 
microscope and record results.

Results and Discussion
Table 1 lists mean percent recovery (M PR) for 

a given nematode egg type at a specified seeding 
level, the standard deviation (SD) and coefficient 
of variation (C V ) that reflect the repeatability or 
variation among replicate samples for a given 
egg type and seeding leve l, and the SD and C V  
that reflect the reproducib ility of the results 
among laboratories and replicate variations.

The average percent recovery of A scar is and 
Trichuris eggs at each of the seeding levels (low , 
m id, h igh) were as fo llows: For M ilorganite 
samples at the h igh seeding leve l, M PR for T ri
churis was sign ificantly greater than for A scaris  
(P <0.01). There were no significant differences 
between the M PRs for Trichuris and A scaris at the 
low and mid levels (P <0.25). For liquid  sludge, 
the M PR for A scaris was significantly higher than 
that for T richuris at the low and m id levels (P 
<0.05). There was not a significant difference 
between the M PRs for A scaris and Trichuris at the 
h igh level (P >0.10). For shredded cabbage 
samples, the M PRs for Trichuris were s ig n ifi
cantly higher than those for A scaris at the h igh 
and mid levels (P <0.01). There was no s ig n ifi
cant difference between the MPRs for A scaris and 
Trichuris at the low  level (P >0.01). For M ilo r
ganite samples, M PRs were sign ificantly less 
than 100% for both egg types at a ll levels (P 
<0.01). For liqu id  sludge, the M PR for A scaris  
was significantly less than 100% at the high level, 
greater than 100% at the medium and low  levels 
(P <0.05); the M PR for Trichuris was significantly 
less than 100% for a ll levels (P <0.01). For cab
bage samples, the M PRs for Ascaris and Trichuris  
were significantly less than 100% for a ll levels (P 
<0.01).

Interpretation o f Results
The Nacconol ether centrifugation method can 

be used as an all-or-none test. O f 1146 counts, 
only 149, or 13%, were negative. W hen 6 rep li
cates were counted for each product at each 
seeding level, the number of false negatives was 
4 for the Ascaris and 1 for the T richuris per 69 
different samples. I f  only 3 replicates were done 
on each sample, there would probably be 19 false 
A scaris negatives and 6 false Trichuris negatives 
per 69 samples.

The low  M PRs (except for A scaris in  liqu id  
sludge) may be due to the difficult-to-overcome 
adherence of eggs to a ll types of surfaces and 
particles. Th is appears to be the most like ly  ex
planation for the great variance of the results, 
especially for the “ sticky" A scaris eggs. Appar
ently , the attempt to remove the A scaris egg's 
adhesive coat w ith  sodium hypochlorite before 
seeding succeeded only in  part. Manual shaking 
of the sample 25 times in  a 1 ft arc also may have 
contributed to the low  M PR. The greater- 
than-seeded numbers of A scaris reported in  liq 
uid sludge were probably due to m isidentifica- 
tion of other bodies (mite eggs) in  these samples 
as A scar is eggs.
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Table 1 . Interlaboratory results for recovery of Ascaris sp. and Trichuris sp. eggs from 3 sample types
Seeding level3

Ascaris eggs Trichuris eggs

200 15 8 8 15 180
Parameter Sample 1 Sample 2 Sample 3 Sample 1 Sample 2 Sample 3

Milorganite
Mean % recovery 
SD

6.24 30,28 27.43 20.66 21.67 37.90

Repeatability 3.66 14.54 26.17 15.93 18.76 7.26
Reproducibility

CV
6.07 23.64 38.66 21.99 35.14 22.28

Repeatability 58.65 48.02 95.41 77.11 86.57 19.16
Reproducibility 97.28 78.03 140.94 106.44 162.16 58.78

Liquid Sludge

Mean % recovery 
SD

17.92 132.40 304.55 25.38 25.15 23.75

Repeatability 4.43 65.90 158.34 19.68 19.77 6.09
Reproducibility

CV
20.74 164.89 393.03 32.09 22.54 13.48

Repeatability 24.72 49.77 51.99 77.54 78.61 25.64
Reproducibility 115.74 124.54 129.05 126.44 89.62 56.76

Cabbage

Mean % recovery 
SD

6.83 13.06 18.66 24.65 31.11 29.86

Repeatability 6.70 13.91 19.14 18.09 16.81 14.34
Reproducibility

CV
10.27 24.28 32.07 19.56 21.24 18.12

Repeatability 98.09 106.54 102.57 73.38 54.05 48.02
Reproducibility 150.22 185.94 171.83 79.35 68.28 60.68

3 Samples 1, 2, and 3 were seeded with both Ascaris and Trichuris eggs at the levels shown.

Recom m endation
Nacconol ether centrifugation is recom

mended as a qualitative test for determ ining the 
presence of A s c a r is  sp. and T r ic h u r is  sp. eggs in  
liqu id  or on solid food-contact materials (crop 
irrigants and fertilizers) and on foods. However, 
for better quantitative recovery an improved 
method is needed. Th is method should then be 
compared collaboratively w ith  the Nacconol 
ether centrifugation method, using A s c a r is  and 
T r ic h u r fs  eggs seeded at the m id-level (15 eggs) 
onto the 3 products (M ilorganite, liqu id  sludge, 
shredded cabbage). Steps for implementing the 
recommendation have been undertaken.
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COSMETICS
F l u o r o m e t r i c  D e t e r m i n a t i o n  o f  D e h y d r o a c e t i c  A c i d  i n  M a s c a r a  
P r o d u c t s

FRANCOIS X. DEMERS and RONALD L. YATES
Food and Drug Administration, Division of Cosmetics Technology, Washington, DC 20204

A flu o rom etric  m eth od  for th e d e term in ation  o f 
d eh yd roacetic  acid  in  m ascara p roducts w as d e v e l
oped . T he m eth od  is  based  on  th e fo rm a tion  o f  the  
flu o rop h ore y -p y r o x o n iu m  borate, w h ich  occurs  
w h en  dehydroacetic acid is  reacted w ith  su lfu ric  and 
b oric acids. F luorescence in te n s ity  is  m easured  and  
the am ount o f dehydroacetic acid is  determ ined  from  
a standard calibration curve. S tud ies w ere conducted  
at th e  0 .1 ,0 .05 , and 0.01% le v e ls . R ecov er ies  ranged  
from  8 8  to  106% w ith  an o v era ll average o f 99%.

Dehydroacetic acid (D H A ) (methylacetopyrone), 
along w ith  one or more other chemical preser
vatives, is used in  mascara form ulations as a 
preservative. Effective preservative systems are 
essential in  such products to prevent the growth 
of harm ful m icroorganisms, w h ich  can be in 
troduced into a product during manufacture or 
repeated customary use. Serious eye in juries 
have resulted when mascara products contami
nated w ith  P s e u d o m o n a s  a e ru g in o sa  have come 
into contact w ith  the scratched or damaged cor
nea of the eye (1). O ur laboratory is frequently 
requested to identify preservatives and deter
mine their concentrations in  products w h ich  
have been found to be contaminated w ith  
microorganisms. This information is needed to 
determine if  the contaminated product under 
investigation actually contains the preservatives 
specified in  the form ulation.

Nagasawa et al. (2) and W ilson (3) reported 
methods for the th in layer chromatographic 
(T LC ) identification of D H A . U ltrav io let (U V ) 
spectrometry (4, 5) and gas chromatography (6) 
have been used to determine D H A . These 
methods, when applied to mascara products, 
require extensive sample preparation to e lim i
nate interfering compounds. A fter some in 
vestigation, it was determined that a more se
lective  method requ iring  m in im al sample 
preparation was needed.

W hen treated w ith  su lfu ric  acid , D H A  
undergoes isomerization and decarboxylation to

Received June 25,1981. Accepted A ugust 21, 1981.
This paper was presented at the 94th A nnual M eeting of the AOAC, Oct. 20-23, 1980, at W ashington, DC.

form 2,6-dimethyl-y-pyrone (7). The y-pyrone 
forms fluorescent, stable oxonium salts w ith  
m ineral acids. Shibazaki (8, 9) isolated D H A  
from foods by steam distillation and determined 
it fluorom etrically as the y-pyrone borate salt.

The method that we developed invo lves dis
persing a sample of mascara in  warm  methanol 
and diluting to a known volume w ith  methanol. 
A fter the pigment has settled, an aliquot of the 
supernatant liqu id  is diluted w ith  water to a 
know n volum e. An  aliquot of this solution is 
reacted w ith  su lfu ric  and boric acids according 
to the general procedure of Shibazaki to form the 
fluorescent oxonium salt. Fluorescence intensity 
is then measured, and the amount of D H A  
present is determined from a standard emission 
curve. The accuracy of the method was verified  
by conducting recovery studies at 3 concentra
tion levels.

M E T H O D
Apparatus

(a) F lu o r e s c e n c e  s p e c t r o p h o to m e t e r .— M odel
MPF-3 w ith  Model 150 power supply (Perkin- 
Elm er Corp., N orw alk, C T  06856), or equivalent. 
Operating conditions: excitation, 325 nm;
emission, scan from 330 to 500 nm; excitation and 
emission slits, 10 nm ; filte r, 350 nm Let in 
strument warm  up for 30 m in.

(b) C onstant tem peratu re b a th .—W ith accuracy 
of ± 1°C .

Reagents
(a) A cetic  a c id , boric  a c id , m eth a n o l, an d  su lfu ric  

a c id .—ACS reagent grade, or equivalent.
(b) Boric acid  solution . —Dissolve 1 g boric acid 

in  100 m L water and m ix.
(c) D eh y d ro a cetic  a c id  (D H A ) sta n d a rd  so lu 

tion s .— Prepare fresh stock solutions w eekly .
(1) Stock  solution  A .— Accurately weigh ca 20 mg 
D H A  (Eastman Kodak Co., Eastman Organic 
Chemicals, Rochester, N Y 14650, Cat. No. 1624). 
Q uantitatively transfer to 100 m L volum etric 
flask , dilute to volum e w ith  water, and m ix.
(2) S tock  solution B .—Pipet 1.0 m L stock solution
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A  into 100 m L volum etric flask, dilute to volume 
w ith  water, and m ix.

Preparation o f  Standard Calibration Curve
Pipet 1.0, 2.0, 3.0, 4.0, and 5.0 m L aliquots of 

stock solution B into separate 100 m L volum etric 
flasks, dilute to volum e w ith  water, and m ix.

Pip'et 1.0 m L of each of above solutions into 
separate 10 m L volum etric flasks. Place vo lu 
metric flasks into ice-water slurry and slow ly add 
7 m L concentrated su lfu ric  acid, using Pasteur 
pipet or buret. Agitate flasks to aid cooling. 
Add 1.0 m L boric acid solution to each and m ix 
w e ll. Cool volum etric flasks to 20°C , dilute to 
volume w ith  concentrated sulfuric acid, and m ix 
w e ll. Incubate standards at 35°C for 20 m in in  
water bath. Cool to room temperature (ca 2 h), 
and then determine fluorescent emission. A d 
just sensitiv ity  of fluorescence spectrophotom
eter so that the most concentrated standard is on 
scale. Prepare standard curve by plotting m i
crograms of D H A  vs peak height of emission 
band. A  linear relationship should be ob
tained.

Preparation o f  Sam ple
Accurately w eigh 1 g mascara into 50 m L bea

ker, and add 1 m L acetic acid and 15 m L metha
nol. Warm m ixture on steam bath w ith  stirring 
until sample is dispersed. W ith the aid of several 
sm all portions of m ethanol, quantitative ly 
transfer m ixture to 100 m L volum etric flask , d i
lute to volum e w ith  m ethanol, and m ix thor
oughly. Let pigment settle, and then pipet 1.0 
m L of the clear supernatant liqu id  into 100 m L 
volum etric flask. D ilute to volum e w ith  water 
and m ix. P ipet 1.0 m L aliquots of th is solution 
into each of three 10 m L volum etric flasks, and 
prepare the fluorescent pyrone derivative, using 
procedure g iven under Preparation of Standard 
Calibration Curve.

D eterm ination
Determ ine fluorescent emission intensity of 

sample solution, using operating conditions used 
to prepare standard curve. I f  emission values do 
not fa ll w ith in  or near range of standards, make 
appropriate dilutions of fina l sample solution 
and prepare fluorescent derivative again. A v 
erage sample emission values and determine 
amount of D H A  from standard curve. Calculate 
percent D H A  in  sample according to fo llow ing 
equation:

% D H A  = Wd X D / W s X 104 

where Wd is the w eight of D H A  from standard

Table 1. Recoveries of DHA added to mascara
Sample3 Added, mg Found, mg Ree., %

i 1.00 0.96 96
2 1.00 0.98 98
3 1.00 1.00 100
4 0.50 0.52 104
5 0.50 0.53 106
6 0.50 0.52 104
7 0.10 0.099 99
8 0.10 0.092 92
9 0.10 0.088 88

Mean 98.6
SD(<r) 5.9

3 1 g samples of mascara; one determination per 
sample.

curve (pg), D is the dilution factor, and Ws is the 
weight of the sample (g).

Results and Discussion
The proposed method was evaluated by con

ducting recovery studies w ith  a laboratory-pre
pared mascara to w hich  known amounts of D H A  
had been added. The mascara, typical in  com
position to commercial form ulations, was com
posed of w ater, trie thano lam ine , g lyce ry l 
monostearate, stearic acid, cetyl and stearyl al
cohols, acrylic-acrylate copolymer, and pigment 
(Fe30 4 ). D H A  was added to 1 g samples of 
mascara in  amounts corresponding to 0.1, 0.05, 
and 0.01%. Results of the study are shown in 
Table 1.

In itia l investigations invo lved  the determ i
nation of D H A  by U V  spectrometry after sample 
preparation by column partition chromatogra
phy. H ow ever, recoveries of added D H A  were 
low  and erratic. Colum n eluates frequently 
contained interfering components that absorbed 
in  the U V  region of interest. These studies in 
dicated that a more selective method for deter
m in ing D H A  was required.

Pre lim inary w ork invo lv ing  the fluorescent 
method was directed toward determ ining the 
linearity  and reproducib ility obtainable w ith  
standard solutions of D H A . Results indicated 
that the D H A  conversion to the fluorescent de
rivative was quantitative or at least reproducible 
and linear over the range studied.

As a result of Raman scatter, the standard 
emission curve does not intersect the origin . 
Th is  is expected because of the close proxim ity 
of the excitation and emission bands, 325 and 368 
nm , respectively. The stab ility of the fluoro
phore was determined by periodic measurement 
of emission intensity over a 48 h period. There 
was no significant change in  emission values.
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Several sample preparation methods were 
evaluated. W hen mascara was dispersed in 
methanol and filtered through a fine glass frit by 
suction, much of the pigment passed through the 
filte r. The retained pigment soon clogged the 
fr it  and prevented filtration . Experim ents con
ducted w ith  various filters of know n pore sizes 
indicated that much of the pigment consisted of 
particles less than 1 jum in  diameter, thus making 
the extraction and filtration  approach im practi
cal. When D H A  was separated from the mascara 
by steam distilla tion  from aqueous suspensions 
saturated w ith  sodium chloride, clean distillates 
containing no interfering components were 
obtained. However, maximum recoveries were 
only 75%. The sample preparation procedure of 
the developed method is simple and avoids the 
problems associated w ith  filtration . Pigments 
usually settled in  a few  hours. In  some com
m ercial mascara samples, a sm all amount of 
pigment remained in  suspension after 4 to 5 h ; 
however, after serial d ilution and preparation of 
the fluorescent derivative , no effects on recov
eries of added D H A  were noted.

In  summary, a simple, selective method for the 
fluorometric determination of D H A  in  mascaras 
has been developed. The accuracy of the

method was verified by conducting recovery 
studies at 3 levels that cover the normal con
centration range of DHA in these products. 
Results indicate that the method is adequate for 
the determination of DHA in mascaras. With 
minor modifications in sample preparation 
technique, this method can be applied to other 
products.
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VITAMINS AND OTHER NUTRIENTS
R a d i o i s o t o p e  D i l u t i o n  T e c h n i q u e  f o r  D e t e r m i n a t i o n  o f  V i t a m i n  B i 2 
i n  F o o d s

PATRICK J. CASEY, KEEVIN R. SPECKMAN, FRANK J. EBERT, and 
WILLIAM E. HOBBS
General Mills, Inc., James Ford Bell Technical Center, Medallion Laboratories, 9000 Plymouth 
Ave N , Minneapolis, M N  55427
A radioisotope d ilu tion  (RID) m ethod for th e deter
m ination  of v itam in  B22 is  presented. The m ethod  
com bines a standard extraction procedure (AOAC  
43 .108 ,12th ed.) w ith  a com m ercially availab le RID  
assay kit. The m ethod was evaluated on a w id e range 
o f fortified and unfortified food  products. Recovery  
studies on both groups y ield ed  average recoveries of
98.1 and 95.8%, respectively . R eproducibility  data 
generated from  replicate analyses on both  groups  
gave a relative standard d ev iation  o f 6.9% for the 
fortified  group and 9.2% for the u n fortified  group. 
For the sam ples studied, the mean vitam in B12 content 
determ ined b y  the RID m ethod w as 8.01 /jg /10 0  g vs  
a mean of 7.54 ¿ig/100 g by  the AOAC m icrobiological 
m ethod; the correlation coeffic ien t w as r =  0.983.

The determ ination of v itam in  B 12 is of consid
erable interest to the food industry. M any 
methods exist, and these have been appropriately 
reviewed (1). Because of the low  levels of v ita
m in B 12 in  foods (2), microbiological procedures 
have long been the method of choice for the food 
industry. H owever, these procedures generally 
are time consuming, requiring from 2 to 4 days 
to complete, and can be quite technique-spe
cific.

For many years, radioisotope d ilution  (R ID ) 
techniques have been used by c lin ica l laborato
ries to monitor serum levels of v itam in B i 2; R ID  
assays are rapid , sensitive, and uninfluenced by 
antibiotics and other drugs (3). These tech
niques are based on the princip les of saturation 
analysis described by Ekins (4), and a vitam in B12 
radioassay described by Lau et al. (5). Measured 
amounts of serum, buffer, cyanide, and radioac
tive-labeled (57Co) v itam in  B i 2 are m ixed and 
heated to dissociate the various forms of vitam in 
B 12 from the b ind ing proteins present and con
vert them to a single form of the v itam in , cya- 
nocobalamin. Th is m ixture is then incubated 
w ith  a measured amount of a glycoprotein, in 
trinsic factor (IF ), w h ich  serves as a nondiscrim- 
inative b ind ing agent for both labeled and un-

Received A pril 16, 1981. Accepted A ugust 4, 1981.

labeled cyanocobalamin. D uring  incubation, 
labeled and unlabeled cyanocobalamin compete 
for IF  on the basis of their concentrations. Fo l
low ing  incubation, IF-bound cyanocobalamin 
and unbound cyanocobalamin are separated, and 
the level of radioactivity is measured in  either 
fraction. The concentration of vitam in B 22 in  the 
serum can then be determined from a standard 
curve, by comparing the degree to w h ich  the 
binding of the labeled vitam in B i2 is inhibited by 
the unlabeled vitam in B 12 present in  the serum. 
Recently, th is technique has been used for de
term ination of v itam in  B 12 in  a varie ty of sub
stances, including food extracts (6, 7) and natural 
waters (8).

The purpose of this study was to explore the 
application of a com m ercially available v itam in 
B i 2 R ID  assay k it , developed for c lin ica l app li
cations, to food products. We felt that the com
bination of this w ide ly accepted technique w ith  
a standard extraction procedure (9) should give 
a method applicable to a broad range of food 
products, w ith  accuracy and precision sim ilar to 
that of the c lin ica l techniques, w h ile  s ig n ifi
cantly reducing the time and cost of the assays.

M E T H O D

Apparatus
(a) G a m m a  c o u n te r . — P icke r Compac 120 

equipped w ith  P A LL-M  data analyzer (P icker 
Corp ., N orthford , C T  06472), or equivalent.

(b) C e n tr i fu g e .—Beckman TJ-6 equipped w ith  
TH-4 rotor and No. 339285 M axi-carriers (Beck
man Instrum ents, Inc ., Palo A lto , C A  94304), or 
equivalent.

(c) M i x e r .—Vortex, Genie K-550-G (Scientific 
Industries, Inc ., Bohemia, N Y  11716), or equiva
lent.

(d) F o o d  p ro c e sso r .— M oulinex 354 (M oulinex 
Products, Inc ., V irg in ia  Beach,VA 23454), or 
equivalent.

(e) H e a tin g  b a th .—Thelco 182 (G CA/Precision 
Scientific , Chicago, IL  60647), or equivalent.
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(f) R ea c tio n  tu b es .— 12 X  75 mm polypropylene 
(Bio-Rad Laboratories, Richm ond, C A  94804), or 
equivalent.

Reagents
(a) E x tr a c t io n  s o l v e n t .—Dissolve 13 g anhy

drous sodium phosphate dibasic, 12 g citric acid 
(monohydrate), and 10 g sodium m etabisulfite 
in water. D ilute to 1 L  w ith  water. Prepare 
fresh for each run.

(b) P h o s p h a te  b u f f e r .— pH  7.0. D issolve 9.1 g 
anhydrous potassium phosphate monobasic and
18.9 g anhydrous sodium phosphate dibasic in  
water. D ilute to 1 L  w ith  water.

(c) E th a n o l .—25%. Add 250 m L absolute 
ethanol to 1 L  flask. D ilute to volum e w ith  
water.

(d) R a d io a s s a y  r e a g e n ts .—Contained in  the 
Quanta-Count II™ test kit (Bio-Rad Laboratories).
(1) V ita m in  B 12 b in d in g  p r o te in  s to c k  s o lu t io n .— 
Reconstitute w ith  10 m L water. Agitate gently 
to dissolve. Refrigerated solution is stable 30 
days. (2) V ita m in  B I2 b in d in g  p r o te in  w o r k in g  so
lution.—D ilute 1 part b ind ing protein stock so
lution w ith  4 parts water. Prepare fresh daily .
(3) D ith io th r e ito l  ( D T T ) - b o r a te  b u f fe r  so lu tio n .  
Reconstitute one v ia l of D TT  (10 p g  D T T /m L  
K C N ) w ith  4 m L borate buffer drawn from 120 
m L borate buffer supply. Agitate gently to dis
solve. Q uantitatively add a ll of dissolved D TT  
to rem aining borate buffer, and m ix w e ll. Re
frigerated solution is stable 30 days. (4) W o r k in g  
t ra c e r  s o lu t io n . — 10 p L  v itam in B 12 (57Co) solu
tion/m L DTT-borate buffer solution. Prepare 
im mediately before required addition in  exper
imental section: "A dd  1 m L w ork ing  tracer so
lution to each tube." (5) A dso rb erit ta b le ts .—Store 
at 10-25°C. Use as supplied.

(e) C y a n o c o b a la m in  s to c k  s ta n d a r d  s o lu t io n s .— 
Use low actinic flasks. ( 1) 100 p g / m L .— Accu
rately w eigh 50 mg cyanocobalamin (IC N  Phar
maceutical, Inc ., Irv in e , C A  92715; store in  des
iccator) into 500 m L volum etric flask . Dissolve 
and dilute to volume w ith 25% ethanol. Store in  
refrigerator. Solution is stable 6 months. (2) 10 
p g /y n L .— Pipet 50 m L 100 p g / m L  solution into 
500 m L volum etric flask and dilute to volume 
w ith  25% ethanol. Store in  refrigerator. Solu
tion is stable 6 months.

(f) C y a n o c o b a la m in  w o r k in g  s ta n d a r d  s o lu 
t io n s . — Use low  actin ic flasks. (1) 1
p g l t n L .—Pipet 10 m L 10 pg/m L solution into 100 
m L volum etric flask and d ilute to volum e w ith  
extraction solvent. Prepare fresh daily . (2) 10 
n g I  m L . — Pipet 1 m L 1 p g / m L  solution into 100 
m L volum etric flask and dilute to volum e w ith

extraction solvent. (3) W o r k in g  s o lu t io n s .— Pipet 
0, 1, 3, 5, 10, and 20 m L portions of 10 ng/m L 
solution into separate 100 m L volum etric flasks, 
and add 50,49 ,47,45,40, and 30 m L, respectively, 
of extraction solvent to prepare w ork ing  solu
tions containing 0,100 , 300, 500,1000, and 2000 
pg/m L, respectively.

Preparation o f  Sam ples
(a) L o w  m o is tu r e  s a m p le s .—G rind  to pass 40 

mesh sieve. Accurately weigh portion of sample 
(maximum w eight 5 g) containing ca 70 ng B 12 
into 100 m L low actinic volum etric flask and add 
50 m L extraction solvent. Agitate to disperse. 
Wash down sides of flask w ith  m inim um  of d is
tilled  water.

(b) H ig h  m o is tu r e  sa m p le s  ( m e a ts  a n d  p r e p a r e d  
f o o d s ) .—Grind sample in  food processor. Weigh 
portion of this s lu rry  (maximum w eight 5 g) 
containing ca 70 ng B 12 into 100 m L low  actinic 
volum etric flask and add 50 m L extraction sol
vent. Agitate to disperse. Wash down sides of 
flask w ith  m inim um  of d istilled  water.

Experimental
Autoclave samples and w ork ing  standard so

lutions 10 m in at 121-123°C. Cool rap id ly to 
room temperature and dilute to volum e w ith  
phosphate buffer. Invert flasks 10 times to m ix 
w e ll, and filter solutions through Wnatman No. 
2 paper. Pipet 100 p L  portion of filtrate for each 
sample or w orking standard solution into each 
of 2 reaction tubes. Add 1 m L w ork ing  tracer 
solution to each tube. Vortex-m ix tubes gently 
and place in  100°C heating bath for 15 m in. 
Cool tubes rapid ly to room temperature. Add 1 
m L vitam in B i 2 b ind ing protein w ork ing  solu
tion to each tube. Vortex-m ix tubes w e ll and 
incubate 45 m in at room temperature. Add 1 
adsorbent tablet to each tube and let tubes stand 
for 5 m in. Vortex-m ix 10 s, and let stand 5 m in. 
Centrifuge tubes 10 m in at 1500 R C F (relative 
centrifugal fie ld  in  g). Discard liquid  fraction 
by gently inverting  tubes and touching each to 
adsorbent paper to remove last droplets.

Count S7Co decay in  precipitate for 1 m in. I f  
sample is outside standard curve range, dilute 
w ith  zero standard and repeat procedure, be
g inn ing " In vert flasks 10 times . . ." .

Determ ine vitam in B12 concentration in  sam
ple extracts by P A LL-M  data analyzer using 4- 
parameter logistic equation:

B =  [a/ (1 + b p c)] +  d
where B = counts per minute, p  =  concentration, 
pg/m L, and a , b , c , and d  are adjustable parame
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ters determined by iterative methods. Th is 
equation has the advantage of e lim inating the 
severe nonuniform ity of variance introduced by 
the logit transformation (10). A lte rnative ly , 
concentration can be determined by any of sev
eral methods reviewed elsewhere (11).

Calculate vitam in B i2 level in products as fo l
lows:

vitam in B 12, /ig/100 g = C / (100 X  W)

where C = concentration, pg/m L; W = sample 
weight, g; and 100 is a combined factor that takes 
into account 100 m L extract, level reported per 
100 g, and conversion of pg to f ig .

Resu lts and D iscussion
Prelim inary experiments w ith  0.1N HC1 as the 

extraction medium gave erratic results, w hile  the 
A O A C  extraction procedure was reproducible 
and worked w e ll on a ll food samples analyzed. 
The use of 50 m L extraction solution resulted in  
the quantitative extraction of cobalamins from 
as much as 5 g sample. Occasionally, gelling of 
the diluted extract made filtration difficult. This 
was easily remedied by centrifug ing the extract 
at 1500 X  g for 10 m in before filtration .

The problems w ith  incomplete extraction 
noted in  a previous paper (7) were not encoun
tered here. This is probably due to the use of the 
more rigorous autoclave extraction, rather than 
the heating bath method.

The use of a benzyl alcohol partitioning step 
to remove interfering compounds, previously 
reported (6, 8), did not appear necessary in  this 
study. We speculate that the rigorous extraction 
coupled w ith  the increased specificity of the 
h ig h ly  purified  in trins ic  factor used effective ly 
elim inates interference by other biochemical 
compounds.

Twenty different fortified and unfortified food 
products were analyzed by the R ID  method and 
by the A O A C  m icrobiological method (12). 
Duplicate and triplicate analyses of each sample 
were conducted by the R ID  method on different 
days to determine the reproducib ility of the 
method. Recovery data were obtained by sp ik
ing each of the samples w ith  cyanocobalamin at 
levels approxim ately equal to their o rig inal B I2 
content. The samples were then processed 
through the entire analytical sequence.

Reproducibility results for the 8 fortified foods 
analyzed indicated a relative standard deviation 
of 6.9% (10 degrees of freedom). Recoveries 
were essentially quantitative (98.1 ± 2.9%) for the 
8 samples. Results are shown in  Table 1.

Results for the 12 unfortified products in d i
cated a relative standard deviation of 9.2% (17 
degrees of freedom). Again excellent recoveries 
were observed w ith  an average of 95.8% (SD 
6.5%). Results are shown in  Table 2.

The combined results from both the fortified 
and unfortified samples were compared w ith  
results obtained by analyzing each of the samples 
by the A O A C  microbiological method. The data 
from Tables 1 and 2 illustrate that the R ID  
method compares quite favorably w ith  the 
A O A C  method, exhib iting a correlation coeffi
cient of 0.983 w ith  a linear regression equation 
of y  =  0.94y  + 0.04. The mean vitam in  BJ2 con
tent determined by the R ID  method was 8.01 
^g/100 g compared w ith  the mean determination 
of 7.54 jiig/100 g by the A O A C  m icrobiological 
method.

The overall procedure described gives good 
results for a w ide variety of products. Repro
ducible results for B i 2 in sample extracts could be 
obtained at levels as low  as 50 pg/m L, corre
sponding to 0.10 n g  B 12/100 g (5 g sample

Table 1. Comparison of RID with microbiological method for vitamin determination in fortified food products

Sample
No. of 

samples

RID
Micro.,

av.
Bi2(Mg/100 g)

Bi2.
¿ig/100 g (av. ± SD)

Av.
rec., %

Drink mix 3 23.5 ± 1.21 96.7 22.5
Fortified bar 2 10.6 ±0.21 95.5 13.5
Dog food 2 7.45 ±0.10 93.9 9.57
Wheat cereal 3 28.0 ± 1.01 103.3 28.4
Corn cereal 2 8.38 ±0.86 98.1 7.12
Oat cereal 2 10.4± 0.14 99.2 8.96
Meal composite 2 4.38 ±0.11 98.1 4.37
Imitation bacon 2 11.7 ± 1.56 100.0 8.60

Overall mean rec. ± SD 98.1 ± 2.9
RSD (10 degrees of

freedom) 6.9%
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Table 2 . Comparison of RID with microbiological method for vitamin B12 determination in unfortified food products

Sample
No. of 

samples

RID
Micro.,

av.
Bi2(Mg/100 g)

Bl2.
Mg/100 g (av. db SD)

Av.
rec., %

Casein 3 1.24 ± 0.17 83.0 1.18
Cheddar cheese 3 0.665 ± 0.048 95.7 0.73
Powdered egg yolk 2 6.15 ±0.31 89.3 5.37
Nonfat dry milk 3 2.23 ± 0.14 101.2 2.11
Clams 2 14.6 ± 1.13 103.8 10.2
Pollock 2 1.61 ± 0.23 99.3 1.85
Whiting 2 0.626 ± 0.013 95.3 0.66
Hamburger 2 1.48 ± 0.21 106.3 1.40
Pork chop 2 0.559 ± 0.001 91.5 0.52
Chicken liver 3 25.7 ± 0.87 94.0 22.9
Chicken 2 0.347 ± 0.076 91.4 0.29
Beef enchilada 3 0.55 ± 0.017 98.4 0.59
Overall mean rec. ± SD 95.8 ±6.5
RSD (17 degrees of freedom) 9.2%

weight). Th is compares w e ll w ith  the generally 
quoted detection lim it of 0.12 pg/100 g for the 
A O AC method (10). The minimal sample hand
ling  and workup required, as w e ll as the rapid 
turnaround, make the R ID  method attractive for 
routine w ork.
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REFERENCE STANDARDS
A c c u r a c y  o f  P e s t i c i d e  R e f e r e n c e  S t a n d a r d  S o l u t i o n s .  P a r t  I .  F a c t o r s  
A f f e c t i n g  O r g a n i c  S o l v e n t  E v a p o r a t i o n

DAVID W. HODGSON and RANDALL R. WATTS
U.S. Environmental Protection Agency, Health Effects Research Laboratory, Research Triangle 
Park, NC 27711

A  gravim etric experim ent w as undertaken to  id e n tify  
th e  factors a ffe c t in g  so lv e n t  evap oration  from  ana
ly tic a l referen ce standard  so lu t io n s  and to  es ta b lish  
th e  m a gn itu d e  o f  th e  resu ltan t so lv e n t  ev a p o ration . 
T h e ev a p o ration  o f  organ ic  so lv e n t  from  standard  
so lu t io n s  is  a ffe cted  by: ( 1 ) so lv e n t , (2 ) co n ta in er  
typ e, (3) so lu tio n  v o lu m e, and (4) storage tem perature. 
S o lv en ts  w ith  lo w  vapor p ressure-to-surface ten sio n  
ratios h av e lo w  ev a p o ration  rates. Screw -cap  co n 
ta in ers w ith  p rec is io n -m a d e caps and  sea ls  h a v e  th e  
lo w e s t  ev a p o ration  rates. T he u se  o f la rg e-v o lu m e  
standard  so lu t io n s  red uces th e  p ercen t so lv e n t  lo ss . 
Storage at refrigerator or freezer  tem p eratu res can  
reduce ev a p o ration  rate b y  as m u ch  as a factor o f  7.

The integrity of reference standard solutions 
should be of prim ary importance to the analytical 
chemist. The accuracy of analytica l determ ina
tions cannot be any better than the accuracy of 
the reference standard solution used for the 
analysis.

Th is  laboratory serves as a quality assurance 
(Q A ) coordinating center for approxim ately 30 
pesticide residue laboratories. We have often 
noticed incorrect results from audit sample ex
ercises that could not be traced to laboratory 
handling error or quantitation technique. For 
example, results from the analyses of unknow n 
standard solution Q A  samples are quite often 
low er than the form ulation values. These low  
results are lik e ly  caused by the use of analytical 
reference standard solutions w h ich  have evap
orated and therefore concentrated during  
storage.

A  two-part investigation was therefore in i
tiated to gain a better understanding of the var
ious factors affecting the rate of solvent evapo
ration from the standard solution. Th is  study 
was intended to identify  the magnitude of sol-

This report has been reviewed by the Health Effects Research 
Laboratory, U.S. Environm ental Protection Agency, and  approved for publication. A pproval does not signify that the  
contents necessarily reflect the  view s and  policies of the  U.S. 
Environm ental Protection Agency, nor does m ention of trade 
nam es or commercial products constitute endorsem ent or 
recom m endation for use.Received February 4,1981. Accepted A ugust 4,1981.

vent evaporation under norm al laboratory con
ditions. The experiments were not intended to 
be a rigorous study of physical chemical prop
erties. The factors studied include choice of 
solvent, type of container and closure, solution 
volum e, and storage temperature. Part I I  (1) 
reports a long-term study of the chemical sta
b ility  of solutions representing 4 classes of pes
ticide compounds.

Experim ental

Reagents and Equipm ent
(a) S o lv e n t s .—Acetone, benzene, e thyl ether 

(containing 2% ethanol), hexane, isooctane 
(2,2,4-trim ethylpentane), methanol, m ethylene 
chloride, and toluene, d istilled in  glass (Burdick 
& Jackson Laboratories, Inc .).

(b) B a la n c e .—M ettler M odel PN163, w ith  
plastic dome to reduce a ir currents.

(c) C o n ta in e r s .— (1) Volum etric flasks w ith  
glass stoppers, clear glass, 100, 50, 10, and 5 
m L.

(2) P r e s c r ip t io n  b o t t l e s .— C lear glass w ith  
cardboard-lined plastic caps, 3, 1, and V2 oz 
(Brockway Glass Co., In c ., Brockway, P A ), and 
added Teflon cap liners (A . H . Thomas; No. 
2390H).

(3) M u l t i v ia l s .— 10 m L, clear glass (Supelco, 
In c ., Bellefonte, P A ; No. 3-4579).

(4) S e r u m  b o t t le s .— 10 m L, w ith  Teflon-lined 
septa and seals (Wheaton Scientific, M illv ille , NJ; 
bottle No. 223739, septum No. 224167, seal No. 
224182).

(5) S m a ll  c o n ica l v ia l s .—Clear glass w ith  Te f
lon-lined caps, or M in inert valves (Supelco, Inc .; 
0.3 m L v ia ls  No. 3-3291,0.1 m L v ia ls  No. 3-3293, 
and valves No. 3-3301).

(6) S m a ll  f la t - b o t to m  v ia l s .—Clear glass w ith  
Teflon-lined caps, 1.5 and 4 m L (Wheaton Sci
entific ; No. 225170 and 224882).

Experim ent Design
The fo llow ing  evaporation rate experiments 

were performed in  duplicate for 10 weeks each:

0004-5756/82/6501-0089-05$01.00
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(3) hexane and isooctane from an open 10 m L 
volumetric flask at ambient temperature (without 
replication, for one day only); (2) 8 solvents from 
10 m L glass-stopper volumetric flasks at ambient 
temperature; (3) hexane from 4 sizes of glass- 
stopper volum etric flasks (5, 10, 50, and 100 m L) 
at ambient temperature; (4) hexane from 10 m L 
glass-stopper volum etric flasks at 3 storage 
temperatures (ambient, + 4°C , and —15°C); (5) 
hexane and/or isooctane from several types of 
containers at ambient temperature.

A t the beginning of each experim ent, the ap
propriate glassware was weighed empty, filled  
w ith  test solvent, and weighed again. Vo lu
metric glassware was filled  to the mark. Non- 
volum etric glassware, such as prescription bot
tles, was filled  to give a head space equivalent to 
approxim ately 10% of the container volum e. 
Samples were weighed w eekly and returned to 
storage. Storage temperatures were recorded 
w eekly .

The balance was carefu lly calibrated against 
the same 4 reference weights (chosen to be close 
to the weight of the fu ll containers) before each 
data collection. To prevent containers from ac
cum ulating fingerprin t o ils, a ll containers were 
handled w ith  nylon  "lin tle ss" gloves.

Before fina l data reduction, a ll data points 
were corrected for w eekly variation by adding 
the calibration factor from the w eighing of the 
reference w eight closest to the w eight of the 
container w ith  solvent. Then  a ll 11 data points 
(the weight at day zero and each of the 10 weekly 
w eighings) were subtracted from the day zero 
weight and analyzed by least squares regression 
of the linear relationship and the linear trans
forms of the power, exponential, and hyperbolic 
functions.

The densities 0.664 and 0.689 g /m L were de
termined for hexane and isooctane, respectively, 
at ambient laboratory temperature at the begin
n ing of the experiment

Resu lts and D iscussion
In  all cases, the data analyzed best fit the linear 

relationship by least squares regression, in d i
cating no change in  the rate of solvent evapora
tion over the 10-week duration of the experi
ments.

Experiment 1. Evaporation Rates o f  Solvents  
from  Open Volum etric Flasks

The evaporation rates of hexane and isooctane 
from an open 10.0 m L volum etric flask at ambi
ent laboratory temperature (24°C.) were estab
lished without experimental duplication to be 4.7

m L/w k  and 1.8 m L/w k , respectively. The 
evaporation rate of hexane was approxim ately 3 
times that of isooctane under these conditions. 
The vapor pressure of hexane is 3.0 times that of 
isooctane at 25°C (2).

Experiment 2. Evaporation Rates o f  Solvents  
from G lass-Stopper Volum etric Flasks

The average evaporation rates of hexane and 
isooctane from duplicate closed 10.0 m L vo lu 
metric flasks at ambient temperature (24° C) were 
established to be 0.15 (±0.07) m L/w k  and 0.06 
(±0.02) m L/w k , respectively. Th is  difference is 
significant by Student's f-test at the 99% confi
dence lim it. Under these conditions, the hexane 
evaporation rate is approximately 3 times that of 
isooctane.

A  graph of evaporation rate vs boiling point 
temperature showed a direct relationship for all 
test solvents. However, because of the scatter on 
the plot, it was obvious that boiling point is not 
the only critical factor. A  plot of solvent evap
oration rate as a function of the ratio of vapor 
pressure to surface tension (D . Jernigan, Radian 
Corp ., June 1979) gave a linear correlation coef
ficient of 0.9827 for the 8 test solvents.

Table 1 lists the experimental values obtained 
for the evaporation rate and the vapor pres- 
sure-to-surface tension ratios (2) of each of the 
solvents. In  addition, there are vapor pres- 
sure-to-surface tension ratios listed for other 
solvents commonly used in  the pesticide residue 
laboratory.

Table 1. Evaporation rates from 10 mL glass-stopper 
volumetric flasks and vapor pressure/surface tension 

ratios for some common organic solvents

Solvent

Vapor press./ 
surf. tens, 
ratio, atorr 
cm/dyne

Evapn rate, b 
mL/wk ± SD

Pentane 33.1
Ethyl ether 32.4 0.63 ±0.17
Methylene chloride 16.0 0.25 ± 0.10
Hexane 8.45 0.15 ± 0.07
Acetone 8.01 0.22 ± 0.01
Chloroform 7.32 —

Methanol 5.65 0.086 ±0.17
Ethyl acetate 3.97 —

Acetonitrile 3.79 —

Benzene 3.38 0.096 ± 0.0013
Ethanol 2.73 —

Isooctane 2.68 0.058 ± 0.022
Heptane 2.31 —

Isopropanol 2.11 —

Toluene 1.02 0.045 ± 0.0021
Decane 0.04 —

a Calculated from Riddick and Burger (2). 
b Only listed for this work.
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Figure 1. T est con ta in ers. Front row  (1-r): 4 mL 
sm a ll v ia l, 0.3 and 1.0 m L con ica l v ia ls . Back row  
(1-r): 3 o z  p rescrip tio n  b o ttle , 100 m L v o lu m etr ic  
fla sk , and 25 m L m u ltiv ia l (tested  w ith  th e g la ss  seal 

tu b e rem oved  and c losed  w ith  th e v ia l cap).

W rapping Teflon plum ber's tape on the out
side of the joint between glass stoppers and the 
neck of the volum etric flask did not reduce the 
evaporation rate of the solvent inside the con
tainer.

Experim ent 3. Solution Volum e Effects for  
G lass-Stopper Containers

Four sizes of volum etric flasks were tested in 
duplicate at ambient temperature to evaluate the 
effect of solution volum e on the solvent evapo
ration rate. The average evaporation rates of 
hexane from 5, 10, 50, and 100 m L volum etric 
flasks were 0.16 (±0.03), 0.15 (±0.07), 0.11 
(±0.06), and 0.11 (±0.04) m L/w k , respectively. 
The decreasing evaporation rates w ith  increasing 
solution volum e in  itse lf makes the larger vo l
ume solutions somewhat more desirable. But, 
more im portant, the relative evaporation rates 
(percent of the solution volum e evaporated per 
week) were 3.3, 1.5, 0.23, and 0.10% of the con
tainer volume evaporated per week, respectively. 
Use of larger flasks c learly increases the useful 
life-tim e of the reference standards

Experim ent 4. Evaporation Rates o f  Solven ts  
at D ifferent Storage Temperatures

Average evaporation rate for 10.0 m L glass- 
stopper volum etric flasks filled  w ith  hexane and 
stored in  duplicate at ambient temperature 
(23-24°C), in  the refrigerator (± 4°C ), and in  the 
freezer (-1 5 °C ) w ere 0.15 (±0.07), 0.06 (±0.12), 
and 0.02 (±0.001) m L/w k , respectively. The rate 
of loss at refrigerator temperature was approxi
mately a factor of 3 less than rate of loss at ambi-
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Figure 2. Serum  b o ttle  (10 m L) and T eflo n -fa ce d  
septum . N ote  puncture h o le  in  sep tu m  on  right after 
o n e  p u nctu re w ith  standard  b e v e le d -p o in t  n ee d le  

from  10 jrL H a m ilto n  sy r in ge .

ent. A t freezer temperature, the factor was ap
proxim ately 7 less than ambient. The simple 
precaution of refrigerator or preferably freezer 
storage w ill s ignificantly increase the useful life  
of standard solutions.

Experiment 5. Evaporation Rates o f  So lven ts  
from  D ifferent Containers

The evaporation rates of isooctane and hexane 
were determined at ambient temperature for a ll 
sizes of glassware listed under R e a g e n ts  a n d  
E q u ip m e n t  (Figures 1 and 2).

In  Figure 3, the horizontal lines represent the 
range of the evaporation rates for the solvent/ 
glassware-type combinations. The vertical tick 
marks on the horizontal lines represent the av
erage evaporation rates calculated for each of the 
tested sizes of the glassware. In  the case of the 
sm all v ia ls , the vertical tick marks represent the 
tested v ia l s ize /v ia l closure combinations used 
in  the experiment.

V o lu m e tr ic  F lasks. —The results in  Figure 3 give 
ample illustration of the fast evaporation rate of 
hexane and the sign ifican tly  low er evaporation 
rate of isooctane from closed volum etric flasks. 
Care should be taken when closing the flask. A  
sm all tw ist of the stopper greatly im proves the 
seal. W hen more than 3-5% of the solvent is 
evaporated, the standard solution should be re
placed.

P re s c r ip tio n  B o t t le s .—As seen in  Figure 3, the 
evaporation rates of solvent (both hexane and 
isooctane) from prescription bottles are some
what lower than evaporation rates of isooctane 
from volum etric flasks. The evaporation rate 
range of the 2 solvents from prescription bottles 
is 0.01-0.03 m L/w k . These evaporation rates are 
low  enough to keep solvent loss under control 
from a 50 m L volum e. As in  the evaporation of 
solvent from volumetric flasks, firm ly  tightening
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Figure 3. C om parative evap oration  rates (m L /w k ) o f h exan e a n d /o r  iso o c ta n e  from  d iffer en t con ta in ers  
at a m b ien t tem perature. R ange o f data for each  co n ta in er is  p lo tte d . V ertica l lin e s  represent d iffer en t  
con ta in er v o lu m es (i.e., v o lum etric fla sk s and prescrip tion  b ottles) or d ifferen t co n ta in er /cap  co n figu ration s

(i.e ., sm a ll v ia ls).

the cap on a prescription bottle helps to reduce 
the solvent evaporation rate. Caps w ith  a hard 
line r backing underneath the Teflon lin e r give 
the best seal. Caps w ith  soft foam-backed seals 
should be avoided, because they can be totally 
distorted away from the mouth of the bottle 
when tightened.

M u lt iv ia ls ,  S e p tu m  B o tt le s , a n d  S m a ll  V ia ls .—We 
discourage the use of these containers because of 
handling problems and/or unacceptable solvent 
evaporation rates. The solvent evaporation rate 
from m ultiv ia ls w ith  the ampule top removed, 
using the container as a screw-cap v ia l, is almost 
double the worst case for prescription bottles 
(0.07 m L/w eek) unless the glass below the 
snap-off score line  is removed w ith  a punch or 
pliers. When the glass below the snap-off score 
line is not removed, protruding sharp edges tear 
the septum cap seal, resulting in  contamination 
of the solution in  the v ia l. The serum bottle 
(Figure 2) solvent evaporation rate is almost tr i
ple the prescription bottle rate (0.09 m L/w k) a fte r  
the bottle seal has been punctured w ith  the 
beveled needle of a standard 10 juL Ham ilton 
syringe. The relative evaporation rates from all 
of the sm all v ia ls tested (Figure 1) are a ll greater 
than 5% of the solution per w eek, m aking them 
useless for long-term storage of standards.

General Considerations
A  great deal of caution must be used in  the 

interpretation of the values of the evaporation 
rates presented in  th is paper. The evaporation 
rates presented are a function of w ith in-lo t and 
between-lot container closure variations as w ell 
as care taken by the user in  firm ly  sealing the

closure. Th is  va riab ility  is evident in  the low 
experim ental precision in the values reported. 
Efforts on our part to obtain the same evaporation 
rates, when the work was performed by another 
chemist, were unsuccessful. The differences 
between the evaporation rates of solvents from 
the various containers proved to be consistent 
between experim enters, thereby confirm ing 
experimental conclusions. Laboratories are also 
cautioned against applying the same experi
mental conclusions to s im ilar glassware but of 
different design or manufacture. The analyst is 
encouraged to perform his own evaluation of 
solvent containers w h ich  are not specifically 
covered by this investigation.

C o n c lu s i o n s  a n d  R e c o m m e n d a t io n s
The results of this study clearly demonstrate 

that solvent evaporation from organic reference 
standard solutions is a significant source of error 
that must be controlled by the analyst. Solvent 
evaporation can only be m inim ized by the 
proper handling and storage of a ll organic so
lutions. From the results of this study and good 
Q A practices, the fo llow ing general recommen
dations are made to help m inim ize solvent 
evaporation:

(1 )  Use the solvent w ith  the lowest possible 
evaporation rate or vapor pressure-to-surface 
tension ratio that w il l  dissolve the material. 
Isooctane, toluene, and other h igher molecular 
w eight hydrocarbons are recommended for the 
lower polarity pesticides.

(2) Choose a container of approxim ately 100 
m L volum e, such as prescription bottles or vo l
umetric flasks, for the storage of often-used ref



H O D G SO N  & WATTS: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 1, (1982) 93

erence standard solutions. A lternative ly , small 
volumes may be stored if  the solution is divided 
into several sm all containers (about 20 m L) and 
kept in  a refrigerator or freezer. They may be 
w ithdraw n one at a time, used for a maximum of 
one w eek, and then discarded.

(3) M ark the solvent level when the container 
is o rig ina lly  filled  w ith  the solution. M onitor 
the solvent level in  the container. A liquots of 
the fina l d ilution (w orking solution) should not 
be removed for other uses because then it is  im 
possible to know  if  solvent has evaporated.

(4) Store solutions that are not in  da ily  use in  
a refrigerator or freezer to reduce solvent 
losses.

(5) Seal containers tightly to reduce evapo
ration from around the cap seal.

(6) I f  in  doubt about solution concentration

beyond 3-5%, either check the solution against 
a solution know n to be accurate or replace the 
standard w ith  a fresh ly prepared standard.

(7) Do not store standard solutions for more 
than one year.
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A c c u r a c y  o f  P e s t i c i d e  R e f e r e n c e  S t a n d a r d  S o l u t i o n s .  P a r t  I L  
C h e m i c a l  S t a b i l i t y  U n d e r  F o u r  S t o r a g e  C o n d i t i o n s

D A V ID  W . H O D G S O N , JO H N  F . T H O M P S O N , an d  R A N D A L L  R . W A T T S
U .S .  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y , H e a l t h  E f f e c t s  R e s e a r c h  L a b o r a t o r y ,
R e s e a r c h  T r i a n g l e  P a r k ,  N C  2 7 7 1 1

A stu d y  w as u n dertak en  to assess th e  lo n g-term  
ch em ica l s ta b ility  o f d ilu te  standard  p estic id e  s o lu 
tio n s  o f  4 com p ou n d  classes. T h e so lu t io n s  w ere  
studied  under 4 storage conditions: freezer at —15°C; 
refrigerator at 3°C; am bien t tem perature in  th e dark; 
and a m b ien t tem perature on  the b en ch  top  exp osed  
to  f lu o rescen t and natural lig h t. P estic id e  co m 
p o u n d s  in c lu d in g  27 org an o ch lo r in es, 20 organ o- 
p h o sp h a tes, 10 tr iazin es, and 13 carbam ates w ere  
m o n ito red  for p er io d s o f 6 m o n th s to 2 years. M ost 
o f th e  com p ou n d s w ere stab le (<10%  d ecom p o sitio n )  
u n der a ll co n d itio n s  for th e  fu ll le n g th  o f  th e stu dy . 
S o lu tio n s  o f CDEC, b u ty la te , and  d isu lfo to n , h o w 
ever, d ecom p o sed  w h en  stored  u n der a ll storage  
co n d itio n s . S o lu tio n s  o f carbaryl, m eth iocarb , and  
carbofuran d ecom p o sed  w h en  stored  at a m b ien t  
laboratory tem perature w ith  exp osu re to  lig h t. 
R ecom m endations are m ade for form ulating  so lven ts, 
storage, and practical sh e lf  l i fe  o f h ig h  concentration  
stock  so lu t io n s  and d ilu te  gas ch rom atograph ic  
w o r k in g  standards rep resen tin g  4 p estic id e  classes.

A  careful consideration of the integrity of stan
dard solutions is of utmost importance to any 
analytical laboratory. Pesticide residue chemists 
are generally concerned w ith  the concentration 
accuracy and chemical stability of their reference 
solutions. H ow ever, laboratory time and re
sources are rarely available for conducting the 
long-term studies necessary to evaluate proce
dures for preparation, storage maintenance, and 
use of standard solutions.

Suett et al. ( 1 ) reported on a 2-year evaluation 
of the storage stability of 6 pesticides after our 
study had been completed. The compounds 
were formulated in 3 solvents at 1 m g/m L, sealed 
in  ampules, and stored in the dark at —20, 1, and 
20°C . The study concluded that these concen
trated stock solutions were at least as stable as the 
pure prim ary standards from w h ich  they were 
prepared.

A  reference standard solution stability study 
was also reported by the Food and Drug Ad-

This report has been reviewed by the H ealth Effects Research 
Laboratory, U.S. E nvironm ental Protection Agency, and ap
proved for publication. A pproval does not signify that the 
contents necessarily reflect the  view s and policies of the U.S. 
Environm ental Protection Agency, nor does m ention of trade 
names or commercial products constitute endorsem ent or recom m endation for use.

Received February 4, 1981. Accepted A ugust 4, 1981.

m inistration (2) for 7 common organochlorine 
pesticides. M aterials were formulated in  iso
octane and stored in  Pyrex volum etric flasks at 
ambient temperature w ith  exposure to fluo
rescent lamps. It was concluded that no quali
tative changes occurred in  the dilute solutions 
during the 8-month testing period. The exper
iment was not designed to monitor changes in  
concentration.

Investigations were conducted by this quality 
assurance coordinating laboratory, w h ich  re
sulted in  a 2-part report of the various factors 
affecting the analytical integrity of standard so
lutions representing 4 pesticide classes. The first 
study (3) concerned the effect of the choice of 
solvent, solution container, and storage condi
tions on the evaporation of the solvent and the 
resultant changes of the standard solution con
centration.

The present report describes studies under
taken to assess the long-term chemical stability 
of standard reference materials w hich have been 
formulated in  appropriate organic solvents and 
stored under various conditions. Th is  study 
encompasses 2 areas of investigation. The first 
is an evaluation of chemical stability of dilute gas 
chromatographic (G C) standard reference solu
tions (w orking solutions) of organochlorine, 
organophosphate, carbamate, and triazine pes
ticides in  solvents suitable for dissolution of the 
compounds and also compatible w ith  the GC 
detector systems. The second and s im ilar eval
uation was conducted on acetone solutions of 
organochlorine and organophosphate pesticides 
formulated for use as fortification solutions in  
our quality assurance program for water and 
blood serum analyses.

These 2 stability studies were intended to 
identify  compounds that are not stable in  solu
tion, and to evaluate the magnitude of the in 
stability under normal residue laboratory con
ditions. No effort was made to rigorously con
trol the temperatures, evaluate the total amount 
of light radiation absorbed by the test solutions, 
or in  any other w ay to make this a rigorous 
physical-chemical study. The figures presented 
in  this paper are presented as representations of 
the data trend. They are not intended to be
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studied in  great detail to establish the degrada
tion curve of each specific compound.

E x p e r im e n ta l
Reagents and M aterials

(a) S o lv e n t s .—Isooctane (2,2,4-trimethylpen- 
tane), hexane, toluene, ethyl acetate, and acetone; 
a ll d istilled-in-glass quality (Burdick & Jackson 
Laboratories, Inc ., Muskegon, M I 49442).

(b) A n a ly t ic a l  s ta n d a r d s .—Obtained from the
Pesticides A nalytica l Standards Repository, En 
v iro nm enta l Protection Agency, Research 
T riang le  P ark , N C  27711. (1) O r g a n o -
c h lo r in e s .—A ldrin  (99.5%), Aroclor 1016, Aroclor 
1254, /3-BHC (99.8%), technical ch lordane, 
chlordecone (87.3%), chlordene (99.6%), D CPA  
(99.9%), p ,p '-DDD (99+%), p,p'- D D E (99%), o ,p '-  
-DDT (99+%), p,p'-DDT (99+%), dieldrin (99.9%), 
endosulfan I  (100%), endosulfan I I  (100%), endrin 
(99.0%), hexachlorobenzene (98+%), heptachlor 
(99.8%), heptachlor epoxide (99.3%), 1-hydrox- 
ychlordene (100%), lindane (99.9%), methoxy- 
chlor (99+%), m irex (99.9%), frans-nonachlor 
(100%), oxvchlordane (98%), PCN B (99.03%), and 
toxaphene (68.9% C l).

(2) O r g a n o p h o s p h a te s .—A zin p ho s m ethyl 
(99.5%), carbophenothion (98.5%), chlorpyrifos 
(99%), D EF  (94.6%), d ichlofenthion (97.0%), di- 
methoate (99.5%), dioxathion (74%), disulfoton 
(98.8%), ethion (95.5%), ethoprop (99%), fenthion 
(98.2%), leptophos (100%), m alathion (99.3%), 
m ethyl parathion (99+%), m evinphos (64.5%), 
parathion (99+%), phencapton (98.5%), phorate 
(99.9%), phosmet (99.5%), and ronnel (99+%).

(3) C a r b a m a te s .—Am inocarb (97.0%), bufen- 
carb (97.8%), butylate (99.7%), carbaryl (99.7%), 
carbofuran (99.5%), C D EC  (98.6%), mecarbam 
(99.6%), methiocarb (99.0%), mexacarbate (99%), 
pirim icarb (100%), promecarb (>98%), propoxur 
(98.4%), and thiobencarb (99.9%).

(4) T r i a z in e s .— A m etryn  (99+% ), atraton 
(89+%), atrazine (99+%), cyanazine (99%), 
cyprazine (99.3%), prometon (99.5%), prometryn 
(99+%), propazine (99+%), simazine (99+%), and 
terbutryn (98+%).

(c) S ta n d a r d  p r e s c r ip tio n  b o t t le s .— Clear glass, 
screw-cap, 2 oz and V2 oz (Brockway Glass Co. 
Inc ., Brockway, PA ).

(d) T e flo n  cap  l in e r s .—For prescription bottles 
(A . H . Thomas, Ph iladelph ia , P A ; Cat. No. 
2390-H).

(e ) G as c h r o m a to g r a p h s .— (1) Tracor Model 222 
equipped w ith  63N i electron capture detectors 
(ECD ) operated in  the D C mode and dual flame 
photometric detector (FPD ); 1.8 m X 4 mm id

glass columns for EC D  packed w ith  1.5% OV- 
17/1.95% OV-210 on 80-100 mesh Gas-Chrom Q;
1.8 m X  4 mm id glass column for FPD  packed 
w ith  4% SE-30/6% OV-210 on 80-100 mesh Gas- 
Chrom  Q; oven 190-200°C; injector and transfer 
line 250°C; column nitrogen flow  60 m L/m in ; 
FPD  gases 50 m L hydrogen/m in and 100 m L 
a ir/m in .

(2) Hewlett-Packard Model 5710 equipped 
w ith  N /P  therm ionic detectors (N P D ); 1.8 m X 
4 mm id glass column packed w ith 5% OV-101 on 
100-120 mesh Carbowax 20M support-bonded 
on Chromosorb W AW  (4, 5); oven 180-200°C; 
injector 200°C; detector 300°C ; detector gas 
flow s, 3 m L hydrogen and 50 m L a ir/m in ; col
umn gas flow  60 m L helium /m in .

Experimental Procedure
The fo llow ing definitions apply for this ex

periment:
Prim ary standard: the pure standard com

pound as received from the Standards Reposi
tory.

Stock solutions: so lutions of ind iv id u a l
compounds (concentration >100 pg/m L) pre
pared d irectly from prim ary standards, used to 
prepare solutions of ind iv idua l compounds or 
mixtures at appropriate injection concentrations, 
and used as a reference point in  the experi
ment.

W orking solutions: solutions at the concen
tration appropriate for injection (EC D  <100 
pg/pL, FPD and N PD between 100 pg/pL and 10 
ng/p L) and tested in  this experim ent.

In  this experiment, one month is defined as 28 
days.

A ll  quantitations were done by manual peak 
height measurement.

Reference Stock Solution Preparation and  
Storage for Both Studies

O n the first day of the experim ent, reference 
stock solutions were prepared from the respec
tive prim ary standards at approxim ately 200 
pg/m L. The stock solutions of the organochlo- 
rines and organophosphates were prepared in 
benzene. Carbamate stock solutions were pre
pared in  toluene. Stock solutions of triazines 
were prepared in  ethyl acetate because of inso l
ub ility  in  toluene and benzene. A l l  stock solu
tions were stored in  the freezer at —15°C when 
not in  use.

Preparation, Storage, and S ta b ility  Testing o f  
D ilu te W orking Solutions

O r g a n o c h lo r in e s  a n d  o r g a n o p h o s p h a te s  ( in  isooc-



96 H O D G SO N  ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 1, 1982)

Table 1. Organochlorine and organophosphate isooctane solutions and 2-year stability test results

Degradation at storage condition b
Compound Solna Concn, pg/pL Freezer-15°C Refrig.+3°C Dark~24°C Light ~24°C

Organochlorines

Aldrin B 9.9 + + + +
Aroclor 1016 E 100 + + + +
Aroclor 1254 F 200 + + + +
/S-BHC C 16.2 + + + +
y-BHC (lindane) C 6.0 + + + +
Chlordane (tech) G 80.4 + + + +
Chlordeconec K 19.5 + + + +
Chlordene D 5.3 + + + +
DCPA B 15.1 + + + +
p,p'-DDD B 30.2 + + + +
p,p'-DDE A 22.0 + + + +
0,p'-DDT A 36.5 + + + +
p,p'-DDT A 47.8 + + + +
Dieldrin B 20.6 + + + +
Endosulfan 1 C 26.0 + + + +
Endosulfan II C 30.0 + + + +
Endrin C 50.0 + + + +
HCB C 5.0 + + + +
Heptachlor A 8.9 + + + +
Heptachlor epoxide A 15.0 + + + +
1-Hydroxychlordene D 15.8 + + + +
Methoxychlor F 71.4 + + + +
Mirex A 48.3 + + + +
frans-Nonachlor D 14.0 + + + +
Oxychlordane D 13.7 + + + +
PCNB A 7.8 + + + +
Toxaphene H 452 + + + +

Organophosphates

Azinphos methyl J 2500 + + + +
Carbophenothion J 400 + + + +
Chlorpyrifos J 150 + + + +
DEF J 300 + + + +
Dichlofenthion K 100 + + + 4-
Dimethoate L 100 + + + +
Dioxathion L 300 + + + +
Disulfoton J 75 -(13.8%) + -(34.2%) -(68.8%)
Ethion K 150 + + + +
Ethoprop L 50 + + + +
Ethyl parathion K 150 + + + +
Fenthion L 100 + + + +
Leptophos K 850 + + + +
Malathion L 200 + + + +
Methyl parathion K 100 + + + +
Mevinphos L 100 + + + +
Phencapton K 130 + + + +
Phorate j 50 + + + +
Phosmet j 1250 + + + +
Ronnel K 100 + + + +

a Identifies components of pesticide mixtures. 
b Stable (+) or unstable (- ) and % decomposition.
c Solvent 1% methanol in benzene because of electron capture response characteristics (4).

t a n e ) .—To reduce the number of necessary GC 
injections, m ixtures of structurally s im ilar stan
dards were prepared by d ilution to appropriate 
injection level concentrations. The m ixture 
compositions and concentrations are specified 
in  Table 1. Each injection concentration w ork
ing standard solution was d ivided into three V2

oz prescription bottles w ith  Teflon-lined caps 
and stored as fo llow s: (2) one in  the freezer 
(—15°C) for one year; (2) one in  the refrigerator 
(+ 3°C ) for one year; and (3) one at ambient lab
oratory temperature (ca 25°C ) stored in  the cab
inet under the laboratory bench w ithout expo
sure to ligh t for one year, followed by storage at
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Table 2. Carbam ate to luene solutions and triazine ethyl aceta te  solutions and 1-year stability tes t results

Degradation at storage condition3

Concn, Freezer Refrig. Light
Compound Pg/pL —15°C +3°C Dark ~24°C ~24°C

Carbamates (in Toluene)

Aminocarb 200 + + + +
Bufencarb 800 + + + +
Butylate 200 -(51%) -(51%) -(51%) -(49%)
Carbaryl 1600 + + + -(38%)
Carbofuran 400 + + + -(17%)
CDEC 30 -(65%) -(59%) -(47%) -(98%)
Mecarbarr 100 + + + +
Methiocaro 400 + + -(13%) -(40%)
Mexacarbate 300 + + + +
Pirimicarb 120 + + + +
Promecarb 400 + + + +
Propoxur 200 + + + +
Thiobencarb 400 + + + +

Triazines (in Ethyl Acetate)

Ametryn 400 + + + -(17%)
Atraton 200 + + -(14%) + Ö
Atrazine 200 + + -(50%) -(13%)
Cyanazine 500 + + + +
Cyprazine 200 + + + +
Prometan 200 + + + -(11%)
Prometryn 300 + + + -(11%)
Propazine 200 + + + +
Simazine 200 + + + +
Terbutryn 400 + + + +

3 Stable (+) or unstable (-) and % decomposition. 
b Reference to discussion, this solution concentrated.

ambient temperature on the laboratory bench 
exposed to fluorescent and natural light for an
other year.

The 3 storage test solutions were compared 
w ith  fresh d ilutions of the respective reference 
stock solutions m onthly (28 days) to monitor for 
changes in  the concentration of any of the com
pounds and to watch for the appearance of any 
decomposition products. The test solutions and 
the fresh reference standard solutions were al
ways injected in  duplicate.

Fresh re-weighed reference stock solutions of 
each compound were prepared every 3-4 months 
from the orig inal prim ary standard used on day
1. A fter establishing that the new reference 
standard solutions agreed w ith in  3% of old ref
erence standard solutions, the older reference 
solutions were discarded. A ll  analyses of the 
respective organochlorine and organophosphate 
m ixtures were made on the Tracor 222 gas chro
matograph. The electron capture detector was 
used for the organochlorines and the flame 
photometric detector (P  mode) was used for the 
organophosphates.

C a rb a m a te s  (in  to lu e n e )  a n d  t r ia z in e s  ( in  e th y l  a c 
e ta t e ) .—The experim ental design was identical 
to that of the organochlorines and organophos
phates w ith  2 modifications. Because of sm aller 
numbers of compounds in  these 2 groups and 
suspected catalytic breakdown of carbamates in  
solution as m ixtures (R . Moseman, Env iro n 
mental Protection Agency, Research Triangle 
Park, N C ; February 1975), these test solutions 
were formulated ind iv id u a lly . Three samples 
of each test solution in  V2 oz prescription bottles 
were prepared and stored at the same conditions 
used for organochlorines and organophosphates. 
A  fourth test solution was stored at ambient 
temperature exposed to light. Table 2 lists the 
compounds tested and their respective solution 
concentrations.

A l l  G C  analyses of these 2 classes were made 
on the Hewlett-Packard 5710 gas chromatograph 
equipped w ith  N /P  therm ionic detectors. The 
m odified Carbowax 20M support-bonded col
umn packings (4, 5) were used because of their 
vastly im proved chromatography of carbamate 
compounds (6).
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Table 3. Organochlorine and organophosphate acetone solutions and half-year stability tes t results

Degradation at storage condition6

Conen, Freezer Refrig. Dark Light
Compound Solna Pg/pL — 15°C +3°C ~24°C ~24°C

Organochlorines

Aldrin N 100 4 4 4 4
Aroclor 1016 0 1000 4 + 4 +
Aroclor 1254 P 2000 4 + 4 4
(3-BHC M 160 4 4 4 4
Chlordane (tech) Q 805 4 4 + 4
p,p'-DDE M 220 4 + 4- 4
p,p'-DDT M 475 + 4 4- 4
Dieldrin N 200 4 + 4 4
Endrin M 660 4- 4 + 4
HCB M 50 4 + 4 4
Heptachlor N 90 4 4 4 4
Heptachlor epoxide N 150 4 4 4 4
1-Hydroxychlordene N 150 + 4 + 4

Organophosphates

Carbophenothion R 4000 4 4 4- 4
Chlorpyrifos R 2000 + 4- 4- 4
Dichlofenthion R 1000 4 4 4 4
Dimethoate T 5000 4 4 + 4
Ethion S 2500 4 4 + 4
Ethyl parathion R 1750 4 4 4 4
Fenthion S 1500 4 4 4 4
Mevinphos T 1000 4 4- 4 4
Phorate R 500 + 4- 4 4
Ronnel R 1250 + 4 4 4

a Identifies components of pesticide mixtures. 
6 + = stable.

Preparation, Storage, and S ta b ility  Testing o f  
Acetone Formulation Solutions

O rg a n o c h lo r in e s  a n d  o rg a n o p h o sp h a te s . —On the 
first day of the experiment, stock solutions were 
prepared in  benzene as previously mentioned. 
D ilute m ixtures were then prepared in  acetone 
at concentrations 10 times that norm ally used for 
G C injections (Table 3). These m ixtures were 
subdivided into 2 different storage containers for 
solvent evaporation comparison: 6 sealed glass 
ampules (one per month of the study) and a 
prescription bottle. A ll  samples were stored at 
— 15°C w hen not in  use. Solutions from both 
container types were monitored m onthly. A c
etone mixtures were diluted 1:10 w ith  isooctane 
just before GC quantitation. (A  study conducted 
at the beginning of the experiment indicated that 
the detector response was not affected by the 
presence of 10% acetone in  isooctane.) The 
electron capture detector was used for organo
chlorines; organophosphates were analyzed w ith 
the Tracor 222 equipped w ith  a flame photo
metric detector (P  mode).

Because this acetone study was initiated after

completion of the GC w ork ing  reference stan
dard solution study, the reference solutions of 
organochlorines and organophosphates were 
know n to be stable for up to one year when 
stored in  the freezer at —15°C. Reference stan
dards for this study were, therefore, prepared at 
injection concentration as isooctane dilutions of 
the reference stock solutions and stored in  the 
freezer.

Resu lts and D iscussion
By the criterion that decomposition of less than 

10% over the length of the study is defined as 
stable, 59 of 70 compounds tested proved to be 
stable in  the w ork ing  solution study. E ight 
compounds were unstable on ly at ambient tem
perature and 3 other compounds were unstable 
under a ll storage conditions. A ll of the 13 or
ganochlorines and 10 organophosphates tested 
in  the acetone formulation solution study proved 
to be stable in  the freezer by this criterion .

W orking Standards S ta b ility  Experiment
O rg a n o ch lo rin es  (in  Iso o c ta n e ) .—A ll compounds



H O D G SO N  ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 1, 1982) 99

Figure 1. D egrad ation  cu rves o f D D T -ty p e  co m p o u n d s  from  w o r k in g  standard  s tu d y  (iso oc ta n e , a m b ien t 
tem perature). D egradation  curves from  so lu tio n  A (p,p'~D D T , p ,p '-D D E , and o ,p '-D D T ) illu stra te so lu tio n  

con cen tra tion  b y  so lv e n t  ev a p o ration . B =  p ,p '-D D D ; F =  m eth ox ych lo r .

in  this class (24 single component compounds, 
plus toxaphene, chlordane, and Aroclors 1016 
and 1254) were stable in  isooctane under test 
conditions during the 2 years of study (Table 1). 
The compounds were stable to chemical degra
dation even under the most severe test condi
tions. A s illustrated in  Figures 1 and 2, the sta
b ility data plots of the DDT-type compounds and 
the Aroclors do not indicate any reduction of 
concentration. The 3 compounds from solution 
A  increased in  concentration after month 10, 
obviously due to solvent evaporation because 
only two-thirds of the solvent was left at the end 
of 2 years. The other 2 compounds are of the 
same general chemical structure (p,p'-DDD and 
methoxychlor), but were in  mixtures B and F that 
did not exh ib it concentration through solvent 
evaporation.

O n ly  a few  of the compounds could be illu s 
trated, but they are typical of a ll of the other 
compounds tested.

O r g a n o p h o s p h a te s  ( in  I s o o c ta n e ) .— A ll com
pounds in  this class (20 compounds) except di- 
sulfoton showed no degradation in  isooctane 
during 2 years under a ll test conditions (Table 1; 
Figures 3 and 4). The degradation of disulfoton

was evident under a ll storage conditions (Figure
4). The results illustrated, w ith  the exception of 
disulfoton, are typical of the rem aining organo
phosphates tested.

C a rb a m a te s  (in  T o lu e n e ) .—O nly  8 of the 13 test 
compounds in  this class were stable in  toluene 
under a ll 4 test conditions (Table 2). C D EC  (in  
isooctane) and butylate decomposed rap id ly 
under a ll test conditions (Figure 5). Butylate 
decomposed approxim ately 50% per year under 
a ll test conditions. C D EC  decomposed 50-98% 
per year depending on storage conditions.

Carbaryl, carbofuran, and methiocarb de
composed 38, 17, and 40%, respectively, w ith  
exposure to light at ambient laboratory temper
ature in  one year. O f these, only methiocarb was 
unstable (13% decomposition) during the same 
time period at ambient temperature when stored 
in  the dark. Solutions of aminocarb, thioben- 
carb, mecarbam, bufencarb, mexacarbate, pir- 
micarb, promecarb, and propoxur were stable for 
one year under a ll conditions tested. Repre
sentative examples of some of the ambient-dark 
degradation curves are g iven in  Figure 6.

T r ia z in e s  ( in  E th y l  A c e ta t e ) .—O nly  h a lf the 
compounds tested in  this group were stable

Figure 2. D egrad ation  cu rves o f  A roclors 1016 and  1254 from  w o r k in g  standard  s tu d y  (iso o c ta n e , a m b ien t
tem perature).
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Figure 3. D egradation curves o f e th y l and m eth yl parathion from  w ork in g  standard stu dy  (isooctane, am bient
tem perature).

under all test conditions (Table 2). Figures 7 and 
8 are representative of the stability curves of 
some stable compounds: chlorine-, methoxy-, 
and thiomethyl-substituted compounds.

Atrazine and atraton degraded approximately 
15% in  one year at ambient temperature in  the 
dark. Prom etryn, prometon, atrazine, and 
ametryn degraded 11-17% at ambient tempera
ture w ith  exposure to light. Because of solvent 
evaporation from the atraton solution container, 
decomposition of atraton w ith  light exposure 
could not be measured.

Acetone Formulations o f  Organochlorines 
and Organophosphates

A ll 19 ind iv idua l compounds and 3 technical 
mixtures (chlordane and Aroclors 1016 and 1254) 
in  acetone were stable at — 15°C to chemical 
degradation for the 6 months of the test (Table 3) 
and would be suitable for preparation of quality 
assurance samples. No evaporation was evident 
in  either the ampule or the screw-cap prescrip
tion bottle.

Degradation Curve
Because of the extent of chemical breakdown 

of disulfoton, C D EC , and butylate, their data

were used as models for regression analysis. The 
regression correlation coefficients for the first 
order rate equation

, C° , c _ktIn  —  =  k t ,  o r — = e  C C0
were high (>95% confidence), indicating that 
degradation of these compounds was at least 
pseudo-first order. The calculated time neces
sary for 10% decomposition of the unstable 
compounds is listed in  Table 4.

Degradation rate curves show exponential 
decreases in  concentration. The most severe 
changes, therefore, occur early in  the life  of the 
standard solution. General recommendations 
reflect this fact and consequently may appear 
more conservative than a cursory rev iew  of re
sults w ould indicate.

Conclusions and Recom m endations
The majority of compounds proved to be stable 

(less than 10% concentration change) in  organic 
solution for one year when stored under any of 
the 4 test conditions. Therefore, standard solu
tions of these stable compounds can be used for 
one year for accurate quantitative determinations 
as long as solvent evaporation is properly con-

Figure 4. D egradation  curves o f organ oph osp h ates co n ta in in g  th io -e th er  fu n ctio n s  from  w ork in g  standard  
s tu d y  (iso octa n e, a m b ien t tem perature). C om p o u n d s in c lu d e  p h en ca p to n , fe n th io n , ca rb o p h en oth ion , and  

d isu lfo to n ; d isu lfo to n  (A ) illu stra tes  s ig n ific a n t d egrad ation .
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Table 4. Time (in months) for 10% degradation of unstable compounds under test conditions
Conditions

Compound Freezer —15°C Refrig.+3°C Dark~24°C Light~24°C
Organophcsphates (in isooctane)Disulfoton 2.18 _a 3.27 1.18Carbamates (in toluene)Butylate 2.02 1.90 1.91 1.93Carbaryl — — — 2.55Carbofuran — — — 7.58CDEC 1.31 1.54 2.13 0.368Methiocarb — — 10.2 2.70Triazines (in ethyl acetate)Ametryn — — — 7.21Atraton — — 8.93 _b

Atrazine — — 2.17 9.66Prometcn — — — 11.3Prometryn — — — 11.7
a <10% degradation.6 Reference to discussion, this solution concentrated.

Figure 5. D egradation  curves o f CDEC in  isooctan e  
(A ) and b u ty la te  in  to lu e n e  (B) from  w o r k in g  s ta n 

dard s tu d y  (a m b ien t tem perature in  th e  dark).

F igure 6 . D eg ra d atio n  curves o f 5 arom atic JV- 
m eth y l carbam ates from  w o r k in g  standard  stu d y  
(to lu e n e , a m b ien t tem p eratu re in  th e  dark). C om 
p o u n d s  in c lu d e  p ropoxur, carbofuran, m eth iocarb , 

carbaryl, and  am inocarb .

trolled through use o f recom m ended solven ts, 
storage vessels, storage conditions, and so lven t  
vo lu m e m onitoring (see Part I, ref. 3). A cetone  
so lu tion s of organoch lorine and organophos- 
phate pesticides w ere also usefu l for at least 6 
m onths.

Q uality control practices recom m ended from

Figure 7. D egradation curves o f triazines con ta in in g  
ch lo r in e  o n  th e  ring  from  w o r k in g  standard  s tu d y  
(to lu e n e , a m b ien t tem perature in  th e  dark). C om 
p ou n d s in c lu d e s im azin e, cyanazin e, and  p ropazine. 
S im a zin e  (A ) illu stra tes  so lv e n t  ev a p o ration  after  

m o n th  4.

Figure 8 . D egradation  curves o f triazines con ta in in g  
— O C H 3 and  — SC H 3 on  th e  rin g  from  w o r k in g  
standard s tu d y  (to lu en e, am bien t tem perature in  the  

dark). C om p o u n d s in c lu d e  am etryn  and atraton.

the stability study results are as follow s:
(1) Primary reference standards: Store in  a 

desiccated container in  the freezer.
(2 )  C oncentrated stock solutions: Store in  a 

freezer. Every year, replace com pounds that did
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not degrade (Tables 1 and 2). Every 6 m onths, 
replace com pounds that degrade on ly  at am bient 
tem perature. This group inclu des carbaryl, 
carbofuran, m ethiocarb, am etryn, atraton, atra- 
zin e, prom eton, and prom etryn. M onth ly , re
place com pounds that degraded under all test 
conditions. This group inclu des d isu lfoton , 
CDEC, and butylate. O ther alkyl carbamates 
that were not tested, such as vernolate, pebulate, 
etc., shou ld  probably also be in  this group.

(3) D ilu te w ork ing solutions: Store stable
com pounds (Tables 1 and 2) in  a refrigerator if 
not in  daily use. Replace by d ilution  from stock 
solution  every 6 m onths. If solutions were used  
often  and left on  bench top, replace by d ilu tion  
from  stock so lu tion  every 3 m onths. Replace 
sooner if evaporation is ev ident. C om pounds 
k n ow n  to be unstable at am bient tem perature 
sh ou ld  be stored in  a refrigerator b etw een  uses  
and be replaced w ith  fresh d ilu tion s from  stock  
solu tions every 2 m onths. Replace sooner if

evaporation is ev ident. U nstable com pounds 
sh ou ld  be stored in  a refrigerator b etw een  uses  
and be replaced w ith  fresh d ilu tion s from  stock  
so lu tion s every w eek.
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C O L O R  A D D I T I V E S

A u t o m a t e d  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  I n t e r m e d i a t e s  a n d  S i d e  R e a c t i o n  P r o d u c t s  i n  F D & C  
R e d  N o .  3

ALLEN L. GOLDBERG and ROBERT J. CALVEY
Food and Drug Administration, Division of Color Technology, Washington, DC 20204
A rapid , se n s it iv e , rep rod u cib le  m eth od  that uses  
h ig h  p erform ance liq u id  ch rom atograph y in  th e  re
v erse  p h ase  m o d e is  d escrib ed  for th e  d e term in ation  
o f in term ed ia tes and s id e  reaction  products in  FD&C  
R ed N o . 3. W ith  th is  m eth od , 2 in term ed ia tes , 
p h th a lic  acid  and reso rc in o l, and  2  s id e  reaction  
products, 2 -(2 ',4'-d ihydroxybenzoyl)benzoic acid and  
2-(2 ',4 '-d ih yd roxy-3 ',5 '-d iiod ob en zoy l)b en zoic  acid, 
are e lu ted  in  a rep rod u cib le  pattern  as a g ra d ien t in 
creases th e  organ ic nature o f th e  b u ffered  m o b ile  
phase. P hth alic  acid  and th e 2 s id e  reaction  products  
are q u an tita ted . T he in term ed ia te  reso rc in o l is  d e 
tected  b u t n o t q u an tita ted . R ecov er ies  averaged
99.4-102.8%  fo r p h th a lic  acid  and th e  2 s id e  reaction  
p rod ucts added  to  sam p les  o f FD&C R ed N o . 3 at 
le v e ls  ra n g in g  from  0 .0 2  to  0 .2 2 %.

FD&C Red N o. 3 (Colour Index N o. 45430) is a 
syn th etic  color additive that is prepared by con
densation o f resorcinol w ith  phthalic anhydride  
to produce fluorescein  (Figure 1) w h ich  in  turn 
is iod inated  and treated w ith  NaO H  to produce  
FD&C Red N o. 3 (Figure 2). Every batch o f cer
tifiable FD&C Red N o. 3 that is m anufactured  
m ust first be chem ically analyzed and approved  
by the C ertification Branch, D iv ision  o f Color 
T echn ology, Food and Drug A dm inistration  
(FDA) before it can be used in  a food , drug, or 
cosm etic in  the U n ited  States. The Code o f 
Federal Regulations (CFR) (1) lim its the am ounts 
of the interm ediates, resorcinol and phthalic  
acid, to a total o f 0.1% by w e ig h t o f FD&C Red 
N o. 3. The lim its for 2-(2,,4'-dihydroxy-3,,5'- 
d iiod o b en zoy l)b en zo ic  acid and 2,4,6-triiodo- 
resorcinol are each 0.2% by w eigh t of FD&C Red 
N o. 3. The CFR im poses no specific lim it on  the 
am ount o f 2-(2',4'-d ihydroxyben zoyl)benzoic  
acid that m ay be present in  FD&C Red N o. 3. 
The CFR states, how ever, that a lim it for this side 
reaction product may be set in  accordance w ith  
good  m anufacturing practice.

In an internal progress report, Graichen and  
W atkins reported that 2 ,4,6-triiodoresorcinol

Received July 29,1981. Accepted Septem ber 9,1981.This paper was presented at the  95th A nnual M eeting of the 
AOAC, Oct. 19-22,1981, at W ashington, DC.

arises from  the iod ination  o f resorcinol (C. 
G raichen and N . W atkins, D iv ision  o f Color 
T echn ology, 1965). T hey also reported that 
w h en  2,4,6-triiodoresorcinol and FD&C Red No.
3 are m ixed together as pow ders, less than 1% of  
the 2,4,6-triiodoresorcinol added is recovered  6 
days later. We prepared so lu tion s co n ta in in g  
m ono-, di-, and triiodinated resorcinols. After
4 h these solutions had decom posed to resorcinol 
and m onoiodoresorcinol. T herefore w e  m ade 
no attem pt to determ ine or recover triiodo- 
resorcinol.

At the present tim e, the interm ediates in  
FD&C Red N o. 3 are b ein g  d eterm ined  by a ce l
lu lose co lu m n /am m on iu m  sulfate eluant pro
cedure (2). This m ethod  g ives reproducible re
sults, but is tim e-consum ing and lim ited  in  its 
ability  to resolve contam inants that m igh t be 
found in  commercial sam ples of this dye. A  new  
reverse phase h ig h  perform ance liqu id  chro
m atographic (HPLC) m ethod usin g  a Zorbax C-8 
colum n has been  d ev elop ed  w h ich  separates all 
kn ow n  contam inants, is  faster, is fu lly  auto
m ated, and g ives greater reproducibility  o f re
sults. The interm ediate phthalic acid and the  
side reaction products 2-(2',4'-d ihydroxyben- 
zoyl)b en zo ic acid and 2-(2',4,-dihydroxy-3',5'- 
diiodobenzoyl)benzoic acid are quantitated; the  
in term ediate resorcinol, w h ich  has n ev er b een  
found in  a sam ple o f FD&C Red N o. 3 subm itted  
for certification, is detected  but not quanti
tated.

M ETH O D
A p p a r a tu s

(a ) Liquid chrom atograph .—W ith gradient e lu 
tion  capability. A ltex M odel 420 w ith  2 A ltex  
M odel 110-A pum ps (A ltex Scientific Inc., 
Berkeley, CA 94710), or equ ivalent. O perating  
conditions; chart speed 0.2  in ./m in; flow  rate 1.0 
m L /m in; colum n tem perature am bient. Gradi
en t program: from  20 to 65% B in  12 m in; from  
65 to 85% B in  18 min; from 85 to 100% B in  5 min; 
h old  at 100% B for 3 m in; from  100 to 20% B in  4

0004-5756/82/6501-0103-05$01.00
© Association of Official Analytical Chemists, Inc.
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Figure 1. F lu orescein .

m in; then  h old  at 20% B for 3 m in and start in 
jection program. Injection program: S ignal is 
sent to autoinjector to rinse loop w ith  water; then  
the sam ple is injected onto the colum n. This is 
accom plished in  1.05 m in. G radient program  
and integrator are then  started.

(b) D etecto rs .—Waters M odel 440 dual w a ve
length detector (Waters Associates, Inc., M ilford, 
M A 01757) operated at 280 nm  w ith  attenuation  
set at 0.05 AUFS and connected  in  series w ith  a 
H itachi M odel 100-10 variable w a velen gth  d e
tector (Thom son Instrum ent Co., N ew ark, DE 
19711) operated at 230 nm  w ith  attenuation set 
at 0.05 AUFS; or equ ivalent instrum entation.

(c) In jector.— M icrom eritics 725 autoinjector 
equipped w ith  20 p L  loop  (M icrom eritics In
strum ent Corp., Norcross, GA 30093), or eq u iv
alent.

(d) 3-Pen recorder.—Soltec M odel 3314 (Soltec 
Corp., Sun V alley, CA 91352), or equ ivalent.

(e) Chrom atographic co lu m n.—D uPont Zorbax 
C-8  co lum n, 25 cm X 4.6 m m  id (D uP ont Instru
m ents, W ilm ington , DE 19898), or equ ivalent.

(f) In tegra tor.—Supergrator 3 (Colum bia Sci
entific Industries Corp., A ustin , TX 78766), or 
equivalent.

(g) Spectrophotometer.—Ultraviolet (UV) range. 
Cary M odel 118 (Varian Associates, Inc., Palo 
A lto, CA 94303), or equ ivalent.
R e a g e n ts

(a) W a ter .—D eio n ized , d istilled , obtained  
from  M illi-Q  w ater purification system  (M illi- 
pore Corp., Bedford, M A 01730), or equ ivalent.

(b) P rim ary so lven t A .—0.2M  N H 4CI. W eigh
10.7 g  N H 4CI and d isso lve in  ca 970 mL water. 
Adjust pH  to 3.5 w ith  10% HC1; add dropw ise  
w h ile  the solution is constantly stirred. Measure 
the pH  w ith  pH  m eter. Transfer so lu tion  to 1 L 
volum etric flask and d ilu te to vo lu m e w ith  
water. Prepare fresh daily.

(c) Secondary solvent B.—20% (v /v )  acetonitrile 
in  m ethanol. Prepare fresh daily.

(d) Stock solutions for calibration.— ( 1 ) Phthalic 
acid .—D isso lve  10-14 m g in  w ater in  100 mL 
volum etric flask and d ilu te to vo lu m e w ith  
w ater. (2 ) 2 - ( 2 ' ,4 '-D ih yd ro x yb e n zo y l)b en zo ic  
acid .—D isso lve 8-11 m g in  w ater in  100 mL v o l

um etric flask and d ilu te to vo lu m e w ith  water. 
(3) 2 -(2 ',4'-D ih yd ro x y -3 ',5 '-diiodobenzoylfbenzoic  
acid.—D issolve 12-14 m g in  m ethanol in  100 mL 
volum etric flask and d ilu te to vo lu m e w ith  
m ethanol. D eterm ine exact concentration o f  
each stock so lu tion  from  th e UV spectra o f ali
quots d ilu ted  to volu m e as follow s: D issolve 25 
g (N H 4)2S 0 4 in  ca 60 mL w ater in  a 100 mL v o l
um etric flask; add a 5 mL aliquot o f the stock so
lu tion  and 1 mL HC1 and d ilu te to vo lu m e w ith  
water. A pproxim ate absorptivities, a (L /m g /  
cm), for these com pounds in  the same solven t are 
phthalic acid, 0.045 at 228 nm; 2-(2',4'-dihy- 
droxybenzoyl)benzoic acid, 0.053 at 286 nm; and  
2 - (2',4' - dihydroxy - 3',5' - d iiodobenzoyl)benzoic 
acid, 0.056 at 232 nm.
C a lib r a t io n

Integrator is program m ed to integrate peaks 
on the 230 nm  detector for the first 12 m in and  
then  to integrate peaks on  the 280 nm  detector  
for rest o f run.

Construct calibration p lots for phthalic acid  
from  integrated area from  230 nm  detector and  
for 2-(2,,4 '-d ihydroxybenzoyl)benzoic acid and  
2 - (2',4' - dihydroxy - 3',5' - diiodobenzoyl)benzoic  
acid from integrated areas from 280 nm  detector. 
O btain these p lots from  chrom atographic anal
ysis o f standard so lu tion s prepared as follow s: 
D isso lve 250 m g FD&C Red N o. 3 (sh ow n  by  
previous analysis to be free of interm ediates and  
side reaction products) in  w ater and transfer to 
a 100 mL volu m etric flask. A dd appropriate al
iquots (0 .5-5 .0  mL) of stock so lu tion s o f the in 
term ediate and 2  s ide reaction products to the  
volum etric flask and d ilu te to vo lu m e w ith  
water. A n alyze 6  calibration so lu tion s con 
tain in g  fairly ev en ly  spaced concentrations o f  
each com pound. For each com pound in  so lu 
tion , calculate C, % by w e ig h t relative to the  
am ount o f FD&C Red N o . 3 in  the solution:

C = V  X C  X 100 (%) X (1 /250  m g)
w here V  =  volum e of stock solution aliquot (mL), 
and C  =  concentration o f stock so lu tion  (m g / 
mL) determ ined spectrophotom etrically.

I I
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O n the basis o f current a llow able lim its, con 
centrations o f phthalic acid, 2-(2',4'-dihydroxy- 
b en zoyl)b en zoic acid, and 2-(2',4'-dihydroxy- 
3',5 '-d iiodob enzoyl)benzoic acid, sh ou ld  cover  
range 0 .0 2 - 0 .2 %, expressed as % by w e ig h t of 
FD&C Red N o. 3.

M athem atically choose b est-fitting straight 
lin e  for the calibration data by m ethod  o f least 
squares. For each interm ediate and side reaction 
product calculate the regression line, y  = bx +  a, 
by usin g  fo llo w in g  equations:

& =  [ 2 ( x - x ) ( y - y ) ] / [ 2 ( x  -  x)2]
=  [2 (xy) -  [(2 x 2 y ) /n ] ] /[2 x 2 -  [(2 x)2/«]]

a =  y  — bx
w here x =  concentration of calibration standard; 
y  =  integrator area response to calibration stan
dard for interm ediate or side reaction product; 
n =  num ber o f determ inations; b =  s lop e o f re
gression  line; and a =  y  intercept o f regression  
line.

D eterm ine linear correlation b etw een  peak  
area and concentration o f standards by calculat
in g  correlation co effic ien t r:
r =  [2 (x -  x)(y -  y)] / V [ 2 (x -  x)2][2 (y -  y )2]

Value o f r sh ou ld  be b etw een  0.95 and 1.00.
D e te r m in a t io n

D issolve 250 m g FD&C Red N o. 3 sam ple in  30 
mL water. Transfer quantitatively to a 100 mL 
volum etric flask. D ilu te to vo lu m e w ith  water 
and mix w ell. Transfer som e of the dye solution  
to a sam ple vial. As described under Calibration, 
prepare a standard FD&C Red N o. 3 so lu tion  
con ta in in g  each o f the 2  s ide reaction products 
and the interm ediate. Load autosam pler in  
fo llow in g  way: first position, a rinse vial w h ich  
contains water; second position, a blank gradient 
vial w h ich  contains water; third position, a rinse 
vial; fourth position , the FD&C Red N o. 3 stan
dard; from  th is position  on , all odd-num bered  
positions contain rinse vials and even-num bered  
positions contain  sam ple vials. Last sam ple is 
the FD&C Red N o. 3 standard.

Chrom atograph m ay be started w h en  all 
sam ples are loaded in  the autoinjector. Place 
in le t tubes from  pum ps into the appropriate 
solvents, w h ich  are prepared fresh daily. Pump  
solvents through lines w ith  colum n bypass valve 
opened . Pum p lon g  en ou gh  to ensure that all 
lin es contain fresh solven ts. Set pum ps to 20% 
B at 2 m L /m in  for 10 m in; then  set f lo w  to 0 and  
close bypass valve. Set flow  to 1 m L /m in  and % 
B to 20; then  start injection program. From this

p oin t on , chrom atograph w ill operate autom at
ically . A fter all sam ples have b een  run, rinse  
colum n w ith  100% B to rem ove all buffers; then  
set flow  to 0 and % B to 0; then open bypass valve. 
R em ove in le t tube from  prim ary so lven t and  
place in  water. Rinse primary pum p w ith  water 
to rem ove all buffers from  pum p and lines. 
A fter pum p and lin es have been  rinsed, set flow  
to 0 and close bypass valve.

From regression lin e  equation, y  =  bx +  a, 
calculate x , the % o f each interm ediate or side  
reaction product in the FD&C Red N o. 3 sam ple, 
by substituting valu es o f y  (integrator area for 
each interm ediate or side reaction product) and  
so lv in g  for x.
R e s o r c in o l  D e te c t io n

If chrom atogram  of FD&C Red N o. 3 sam ple  
indicates presence o f resorcinol (Figure 3, peak 
1), prepare 3 calibration so lu tion s conta in ing  
0.05, 0.15, and 0.25 m g resorcinol. For each so
lu tion , accurately w e ig h  th e resorcinol and 250 
mg FD&C Red No. 3 (show n by previous analysis 
to be free o f interm ediates and side reaction  
products), d isso lve  in  water, and quantitatively  
transfer to a 100 mL volum etric flask. D ilu te to 
volu m e w ith  water.

P lot peak h eigh t vs am ount o f resorcinol ex
pressed as % by w e ig h t o f FD&C Red N o. 3. 
T hese values for resorcinol % by w e ig h t shou ld  
fall w ith in  the range 0.02-0.1%. U se calibration  
plot and peak h eig h t o f appropriate peak in  
chrom atogram  o f sam ple to determ ine w h eth er  
resorcinol in  sam ple is under a llow able lim it.

R esu lts and D iscu ssio n
For the d ev elop m en t o f the m ethod, w e  used  

concentrations of the quantitatively determ ined  
interm ediate and 2 side reaction products in  the  
9 calibration solutions that covered the follow ing  
ranges expressed as % by w e ig h t of FD&C Red 
N o. 3: phthalic acid, 0.004-0.218% ; 2-(2',4'-
d ihyd roxyb en zoyl)b en zo ic acid, 0.021-0.165%; 
and 2-(2/,4 '-d ih yd ro xy -3 ',5 '-d iiod o b en zoy l)-  
ben zoic acid, 0.026-0.211% . The 0.004% low er  
lim it of this phthalic acid range is w e ll below  the 
0 .0 2 % low er lim it o f the calibration range finally  
suggested  in  the m ethod, w h ich  w as designed  to 
m eet certification requirem ents; the recovery  
studies for all 3 com pounds were conducted w ith  
am ounts added at the 0 .0 2 % lev e l or higher. 
A lthou gh  the 0.2% upper lim it of the calibration  
range su ggested  in  the m ethod for 2-(2',4'-di- 
hydroxy-3',5'-diiodobenzoyl)benzoic acid is the 
sam e as the a llow able lim it, and 0 .2 1 1% w as the  
h igh est concentration used  in  the d evelop m en t
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Table 1. Recovery data and paired-difference 99% confidence interval results

Detn
Phthalic acid, % 2-(2',4'-Dihydroxybenzoyl) benzoic acid, % 2-(2\4'-Dihydroxy-3\5'-diiodo- benzoy!)benzoic acid, %

Added Found Ree. Added Found Ree. Added Found Ree.
i 0.087 0.084 96.6 0.082 0.081 98.8 0.158 0.176 111.42 0.065 0.066 101.5 0.124 0.127 102.4 0.211 0.216 102.43 0.109 0.108 99.1 0.165 0.165 100.0 0.053 0.052 98.14 0.070 0.069 98.6 0.041 0.041 100.0 0.106 0.103 97.2
5 0.052 0.053 101.9 0.062 0.062 100.0 0.132 0.131 99.2
6 0.044 0.044 100.0 0.021 0.021 100.0 0.185 0.205 110.87 0.022 0.020 90.9a 0.144 0.149 103.5 0.026 0.032 123.1 a8 0.087 0.089 102.3 0.103 0.104 101.0 0.079 0.081 102.59 0.218 0.210 96.3 0.049 0.049 100.0 0.063 0.066 104.8

10 0.131 0.129 98.5 0.082 0.083 101.2 0.106 0.105 99.1
Av. recovery 99.4 100.7 102.8Paired-difference 99% confidence interval0.0012 ±0.0033 -0.0009 ± 0.0018 -0.0048 ± 0.0082

3 Point not included in calculations.

of the m ethod, w e  b eliev ed  that it was unn eces
sary to calibrate to a h igher lev el (e.g., 0.3%) be
cause this side reaction product has n ever been  
found in a sam ple of FD&C Red N o. 3 subm itted  
for certification.

The fo llow in g  lim its of detection  w ere calcu
lated according to the m ethod o f statistical 
analysis described by Bailey et al. (3): phthalic

Figure 3. HPLC chrom atogram  o f  test so lu t io n  o f  
FD&C R ed N o . 3 (peak  5). 1 =  resorcino l; 2 =  
p h th a lic  acid; 3 =  2 -(2 ',4 '-d ih y d ro x y b en zo y l)-b en -  
z o ic  acid; 4 =  2 -(2 ',4 '-d ih yd rox y-3 ',5 '-d iiod o b en - 

zo y l)b e n z o ic  acid.

acid, 0.024%; 2-(2',4'-di hydroxy be n /o y l)b en zo -  
ic acid, 0.011%; and 2-(2,,4'-dihydrcxy-3',5'-di- 
iod ob en zoyl)b en zo ic acid, 0.030%.

Recovery studies w ith  the m ethod gave the  
fo llo w in g  recovery ranges and averages for the 
in term ed iate  and s id e  reaction  products: 
phthalic acid, 96.3-102.3% , 99.4%; 2-(2',4'-dihy- 
droxybenzoyl)benzoic acid, 98.8-103.5%, 100.7%; 
and 2-(2',4 ,-d ih y d rox y-3 ',5 '-d iio d o b en zo y l)-  
ben zoic acid, 97.2-111.4% , 102.8%. Recovery  
data for the individual determ inations are given  
in Table 1. The paired-difference 99% co n fi
dence intervals all inclu ded  zero.

A n ew  standard solu tion  should  be analyzed  
every day for the intermediate and for each of the 
2 side reaction products. Each set o f acceptable 
calibration data is added to the preced ing data 
and a n ew  regression lin e  and coeffic ient of 
correlation are calculated. The correlation  
coeffic ien t shou ld  be b etw een  0.95 and 1.00. A  
colum n that produces a correlation coefficient of 
less than 0.95 shou ld  not be used.

Figure 3 sh ow s the separation of resorcinol, 
phthalic acid, 2-(2',4'-d ihydroxybenzoyl)ben- 
zo ic  acid , and 2-(2',4/-d ih yd roxy-3 ',5 '-d iio -  
d ob en zoy l)b en zoic acid. Because C-8  co lum ns  
vary from com pany to com pany, s ligh t m od ifi
cations in  the gradient may be needed to achieve  
sim ilar results.

Twenty-six commercial sam ples representing  
12 manufacturers were analyzed by the m ethod. 
N eith er side reaction product nor the in term e
diate phthalic acid was found  in any o f th e  sam 
p les above the d etection  lim its. N o  peak w as 
seen  in the region w h ere the resorcinol peak  
(Figure 3, peak 1) or the triiodoresorcinol peak
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occurs. (The triiodoresorcinol peak w ou ld  ap
pear im m ediately  after peak 4, Figure 3, as a 
shoulder.) T hese results, w h ich  are typical for 
sam ples o f FD&C Red N o. 3 subm itted for certi
fication, agree w ith  those obtained for the sam e 
sam ples w ith  the ce llu lose co lu m n /am m on iu m  
su lfate eluant procedure (2 ).
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A L C O H O L I C  B E V E R A G E S

D e t e r m i n a t i o n  o f  P r o o f  b y  D i s t i l l a t i o n :  L o w  R e s u l t s  f o r  C o c k t a i l s  
a n d  S p e c i a l t y  P r o d u c t s

FRANCES G. MARK an d  TROY E. VAUGHN
Schenley Distillers, Inc., Cincinnati, OH 45202

A variety  o f sp ec ia lty  p roducts, as w e l l  as a lco h o l 
so lu tio n s  c o n ta in in g  in d iv id u a l in g re d ien ts  o f the  
p roducts, w ere p ro ofed  according  to  th e  accepted  
d is til la tio n  m eth od  for b ev erag es co n ta in in g  > 60 0  
m g extract/100  mL. P roducts and so lu t io n s  co n 
ta in in g  n on -d a iry  cream er, co m b in a tio n s  o f  citric  
acid  and sugar, or acetic  acid  g av e d is tilla te s  w ith  
sp e c ific  g ra v itie s  corresp on d in g  to  p ro ofs  0 .2 -0 .7 0 

lo w er  than exp ected . L ow  resu lts  caused  b y  carry
over o f acetic acid  in to  th e d is tilla te  can be preven ted  
b y  m aking  th e sam p le  a lk a lin e  b efore  d is til la tio n . 
T h e m ech an ism  o f apparent reduced  recovery  o f a l
co h o l in  th e o th er cases is  s t i l l  u n der in v es tig a tio n .

A search for the causes o f alcohol losses during  
the m anufacture o f cocktails and specialty  
products has produced ev id en ce that the losses  
do not occur during processing and hand ling. 
A ttention  has, therefore, turned to the m ethods 
and instrum entation used to m easure proof.

Because the products of interest contain large 
am ounts o f solids, the norm al m ethod  o f deter
m in in g  proof requires d istillation  o f the sam ple 
in  a laboratory still fo llow ed  by m easurem ent of 
proof o f the d istillate by hydrom eter or pyc
nometer. Improved accuracy, obtained by using  
pycnom eters and the d en sity  m eter ( 1, 2 ), has 
confirm ed that som e losses can be attributed to 
erroneously low  proof results on  products in the  
low er proof range ( <6 0°  proof).

The present study is an investigation  o f the 
laboratory d istillation  procedure. It is know n  
that it is theoretically  im possib le to recover all 
the alcohol in a distillation pot. The am ount left 
in  the pot is a function  o f condenser efficien cy, 
distillation  rate, and the com p osition  o f the pot. 
This study w ill dem onstrate the im portance o f  
he com position o f the pot in  the d istillation and  

recovery of alcohol from  com plex products.
E xperim ental

A lcoh ol-w ater so lu tion s and selected  cordial 
and specialty products having know n proofs 
w ere prepared by the fo llow in g  m ethod: The 
calculated am ount o f a lcohol w as w e ig h ed  into

Received June 30, 1981. Accepted Septem ber 9, 1981.

a volu m etric flask, w ater or other ingred ien ts  
w ere added as required, and the solu tion  w as 
dilu ted  alm ost to volu m e. The flask w as stop
pered and cooled  to 60°F, and final d ilu tion  to 
vo lu m e w as m ade w ith  w ater cooled  to 60°F.

D istillations w ere carried out in a sim ple still, 
u sin g  a 500 mL d istillation  pot connected  to a 
vertical condenser, as described in  the official 
m ethod (3). A 100 mL sample, d ilu tee in the pot 
w ith  100 mL water, w as d istilled  in 50-35  min; 
96 mL d istillate w as collected, adjusted to the 
tem perature of the original sam ple, and diluted  
to volum e w ith  distilled water. (The pot residue 
from  certain products w ill scorch before d istil
lation  is com p lete if on ly  40 mL rinse is used, as 
sp ecified  in  the official m ethod.)

Proofs o f all so lu tions and distillates w ere de
term ined by d en sity  meter.

R esu lts and D iscu ssion
Table 1 sh ow s proof results obtained after 

distilla tion  o f various a lcoh ol-w ater solutions. 
Com parison o f actual proof, determ ined before 
distilla tion , w ith  calculated proof dem onstrates 
the accuracy w ith  w h ich  solu tions can be pre
pared by the m ethod  described above. The d if
ference betw een  actual proof and distillate proof 
sh ow s that ev en  in  this sim ple system , a lco h o l-  
w ater, proof determ ined after d istillation  is ap
proxim ately 0 .1 ° proof low .

Table 2 sh ow s results obtained w ith  a repre
sentative selection  o f cordial and specialty  
products. Calculated proofs are assum ed to be 
as accurate as those obtained w ith  the a lcoh o l-  
w ater system . In all cases the d istillate proof is 
low er than the calculated proof. For exam ple, 
for crem e de cacao and anisette, the d ifference is 
approxim ately the same as for a lcoh ol-w ater  
so lu tion s o f the same proof. For the other  
products, representing various specialties, the  
distillate proof ranges from 0.2 to 0.7e proof less 
than the calculated proof.

Table 3 show s results obtained w ith  b loody  
mary product and w ith  alcohol so lu tions o f var
iou s ind iv id u al ingred ien ts o f b loody mary 
product. The concentration of each in d ivid ual
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Table 1. Proof loss in distillation method for various distilled spirits

Product Calcdproof Actualproof Distillateproof3 Diff.
Spirits 54.00 54.00 53.84 -0.16Spirits 40.00 40.04 39.88 -0.16Vodka 35.00 34.99 34.85 -0.14Rum 30.00 29.98 29.87 -0.11Rum 25.00 24.97 24.88 -0.09Tequila 25.00 25.01 24.94 -0.07Vodka 20.00 20.00 19.90 -0.10
3 All values represent the average of 4-8 replicate determinations.

Table 2. Comparison of calculated proof with distillation proof of cordials and specialty products

Product Calcdproof Distillateproof3 Diff.
Creme de cacao 54.00 53.89 -0.11
Anisette 40.00 39.84 -0.16
Gimlet 35.00 34.80 -0.20Daiquiri 30.00 29.74 -0.26Pina colada 25.00 24.66 -0.34
Tequila sunrise 25.00 24.79 -0.21
Bloody mary 20.00 19.30 -0.70
3 All values represent the average of 4-8 replicate determinations.

Table 3. Comparison of calculated proof with distillation proof of bloody mary and Ingredients

Sample Calcdproof Distillateproof3 Diff.
Vodka & tomato juice 20.0 19.9 -0.1Vodka & seasonings 20.0 19.9 -0.1Vodka & vinegar 20.0 19.4 -0.6Bloody mary 20.0 19.3 -0.7Bloody mary made alk. before distn 20.0 19.9 -0.1

3 All values represent the average of 4-8 replicate determinations.

Table 4. Comparison of calculated proof with distillation proof of pina colada
Non-dairy creamer, % usage level Calcdproof Distillateproof3 Diff.

0 25.00 24.87 -0.1350 25.00 24.72 -0.28100 25.00 24.66 -0.34120 25.00 24.62 -0.38
3 All values represent the average of 4-8 replicate determinations.

in gred ien t was the sam e as its usage lev el in  the 
product. The so lu tion  o f vodka and vinegar  
sh ow s a low  result alm ost equal to that seen  w ith  
the bloody mary product. Solutions of the other 
in gred ien ts sh ow  on ly  the same low  result (0 .1° 
proof) seen  w ith  a lcoh ol-w ater solu tions o f the 
sam e proof. In this case, the apparent reduced  
recovery o f alcohol can be attributed to an in 
crease in  specific gravity of the distillate caused 
by carry-over o f acetic acid. It w as therefore 
necessary to make the solution in  the distillation  
pot alkaline by addin g, before d istillation , sod i
um hydroxide in  excess o f the am ount needed to 
neutralize the acetic acid. The last item  in  Table 
3 sh ow s the proof result obtained after d istilla
tion  o f an alkaline b loody mary sam ple. This 
result is also 0.1 ° proof low er than the calculated  
proof.

Table 4 show s results obtained w ith  a series of 
pina coladas conta in ing various lev els  o f n o n 
dairy creamer. Low results obtained after d is
tillation  range from  0 .1 ° proof low , w h ich  has 
occurred w ith  all d istillations, to 0.34° proof low  
for the commercial product (represented by 100% 
usage lev e l non-dairy creamer), and 0.38° proof 
low  w h en  an excess of non-dairy creamer is used. 
The trend is clear and show s the low  proof results 
to be a function  o f the non-dairy creamer con
centration. The m echanism  is un k n ow n . The 
possibility of an interaction betw een alcohol and 
the casein com p onent of the non-dairy creamer 
is b ein g  investigated . L ikew ise, neither m ech
anism  nor cure has been found for the low  results 
obtained  w ith  the other specialty products 
sh ow n  in  Table 2.

It appears possib le, therefore, to m easure al
cohol into a product or solution  in  a precise way 
and yet be unable to dem onstrate the presence  
of that alcohol by the accepted m ethod  o f proof 
determ ination. Studies w ill con tin u e in  an at
tem pt to find the cause for the low  results and to 
find  a m ethod for determ in ing alcohol content 
accurately. Results o f this in itia l w ork are pre
sented  to dem onstrate the d ifficu lties o f deter
m ining alcohol content in complex products and 
to call attention to the persistent 0 .1 ° proof loss  
w h ich  occurs in  all d istillations.

References
(1) Strunk, D. H., Hamman, J. W., & Timmel, B. M.

(1979) J. Assoc. Off. Anal. Chem. 62, 653-658.
(2) Mark, F. G„ & Vaughn, T. E. (1980) J. Assoc. Off.

Anal. Chem. 63, 970-972
(3) Official Methods of Analysis (1980) 13th Ed., AOAC,

Arlington, VA, secs 9.012-9.013



110 HANKS: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 1, 1982)

P E S T I C I D E  F O R M U L A T I O N 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  M e t h o d  f o r  A n a l y s i s  o f  
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77843
Collaborators: J. B. Audino; A. W. Burns; A. A. Carlstrom; E. J. Davis; N.D. Ellis; L. C. 
Firestone; S. Foster; G. M. Gentry; S. Gollob; L. R. Hageman; W. E. Hodgins; J. J. Karr;
V. J. Meinen; H. F. Morris; T. L. Partipilo; N. W. Rowe; R. M. Speth; G. W. Winstead
A co llab o ra tive  s tu d y  has b een  co n d u cted  o n  a gas- 
l iq u id  ch rom atograph ic (GLC) m eth o d  fo r  d eter
m in in g  p en ta ch lo ro n itro b en zen e  (PC N B) in  fo rm u 
la tio n s . W ettab le p ow d er , liq u id , and  granular  
m atched  pairs o f  com m ercial products w ere analyzed  
b y  17 lab oratories u sin g  p eak  h e ig h t m easurem ents  
and  by 1 2  lab oratories u s in g  in tegrator area m ea
su rem en ts. S am p les w ere d is so lv ed  in  ch loroform  
and a liq u o ts  w ere m ixed  w ith  in tern a l standard  b e
fore GLC a n a ly sis  on  a 5% SE-30 co lu m n . M ean  
coeffic ien ts o f variation  for th e com pleted  stu dy  w ere
1.54% for integrator area m easurem ents and 1.35% for 
peak  h e ig h t m easurem ents. T h e m eth od  has been  
adop ted  o ffic ia l first action .

A gas-liquid  chrom atographic m ethod for the 
determ ination o f the fu n gic id e p en tach loron i
trobenzene (PCNB, Terrachlor, Q uintozene) in  
fertilizers w as first reported in  1972 (1). The 
colum n packing and internal standard w ere  
changed and the m odified  m ethod w as applied  
to dust, pow der, liquid, granular, and fertilizer  
form ulations conta in ing PCNB (2). The latter 
m ethod w as subjected to collaborative study.

Each collaborator w as furnished  w ith  6 sam 
p les (3 m atched pairs) and asked to perform  a 
sin g le  analysis on each sam ple. Included w ith  
the sam ples w ere the p ublished  m ethod (2 ), 
PCNB analytical standard, the internal standard 
(o-terphenyl), 5% SE-30 colum n packing, and  
report forms. Collaborators w ere instructed to 
use peak h eig h t m easurem ents for PCNB calcu
lations and integrator area m easurem ents if this  
m ethod was com m only used in  their laboratories. 
In addition , it w as requested that each collabo
rator return all data and chrom atogram s.
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P en tach loron itrob en zen e (PCNB) — Gas- 
L iquid  C hrom atographic M eth od

O f f ic ia l  F ir s t  A c t io n
P r in c ip le

Sam ple is d isso lved  in  CHCI3, o-terph enyl is 
added as internal std, and PCNB is detd by GLC 
w ith  flam e ion ization  detection.

A p p a r a tu s  a n d  R e a g e n ts
(a) Gas chrom atograph w ith  recorder.— W ith

flam e ion ization  detector and 1.8 m X 4 mm (id) 
glass colum n packed w ith  5% SE-30 on  80-100  
m esh Chrom osorb W (d im ethylch lorosilane- 
treated) (Analabs, Inc.). C o n d ition  n ew ly  
packed colum n 24 h at 285° w ith  lo w  N  flow . 
O perating conditions: tem ps (° )—in let 200,
colum n 175-180, detector 250; carrier gas flow  to 
elute PCNB at ca 4.5 m in; adjust H and air as 
recom m ended for detector by m anufacturer; 
sen sitiv ity  to g iv e  peak h eigh ts 60-80% fu ll 
scale.

(b) PCN B s td  so ln .—2.0 m g/m L  CHCI3. A c
curately w e ig h  ca 0.2 g PCNB (O lin Corp., A gri
culture Products Dept, PO Box 991, Little Rock, 
AR 72203) into 100 mL vol. flask and dil. to vol. 
w ith  CHCI3.

(c) Internal s td  so ln .— 0.8 m g/m L  CHCI3. A c
curately w e ig h  ca 0.2 g o-terph enyl (Eastman 
Kodak Co.) in to 250 mL vol. flask and dil. to vol. 
w ith  CHCI3. Discard after 3 days.

(d) M ix ed  s td  soln. — 1.0 m g PCNB +  0.4 m g  
o- terpheny 1 / mL. Pipet 25 mL each o f PCNB and  
internal std solns in to  v ial and mix.

P r e p a r a tio n  o f  S a m p le
(a) Solid form ulations.—Grind 100 g  w ell m ixed  

sam ple to pass 1 mm sieve. A ccurately w e ig h  
portion o f w e ll m ixed, ground sam ple contg ca 
0.2 g  PCNB in to  250 mL g-s erlenm eyer and add
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Figure 1. Gas chrom atogram  o f m ixed  standard and  
PCNB im p u rities: A , o -terp h en y l; B, PCNB; C, h ex -

ach lo ro b en zen e; D , te trach loron itro b en zen e.

100 mL CHCI3; stopper and shake 2 h on  rotary 
shaker. Let in so lu b le matter settle.

(b) W et table p o w d e rs .— A ccurately  w e ig h  
portion o f w e ll m ixed sam ple contg ca 0 .2  g 
PCNB in to  250 mL g-s erlenm eyer and proceed  
as for solids.

(c) Liquids. —Accurately w eigh  portion of w ell 
m ixed sam ple contg ca 0.2 g PCNB into 100 mL 
vol. flask and dil. to vol. w ith  CHCI3.

(d) Soln for a n a lysis .—Pipet 10 mL sam ple ext 
above and 10 mL internal std so ln  into vial, cap, 
and mix.

D e te r m in a t io n  a n d  C a lc u la tio n
Inject 4 p L  aliquots of m ixed std so ln  until 

variation in  response ratio (area or peak height) 
for PCNB (first peak) to o-terph enyl (second  
peak) is ca 1%. Inject m ixed std, inject sam ple  
tw ice, and repeat injection o f m ixed std. Re
tention  tim es m ust be the sam e for sam ple and  
std. Calc. av. ratios o f PCNB to o-terph enyl for 
the 2 m ixed std and sam ple injections, and calc. 
% PCNB.

% PCNB = (R /R ')  X (W '/W ) X P
W here R and R ' =  av. response ratios for 

sam ple and m ixed std, resp.; W ' =  g P C N B /100 
mL std soln; W = g sam ple extd; and P =  purity  
(%) of PCNB std.

Discussion
In the analysis o f any pesticide form ulation it 

is necessary to consider poten tia l in terferences 
from im purities. The prim ary im purities in  
PCNB are hexach lorobenzene (HCB), tetrachlo
ronitrobenzene (TCNB), and pentachloroben- 
zen e  (PCB).

Figure 1 illustrates the chromatography of 2 of 
these com pounds, HCB and TCNB, a lon g w ith  
PCNB and the internal standard (o-terphenyl). 
PCB, w hich is not included in the chromatogram, 
w ould  elute before TCNB. The on ly  potentially  
in terfering im purity, HCB, is resolved  from  
PCNB, even  at approxim ately equal concentra
tions (Figure 1). The usual lev e l o f HCB is less  
than 0.5% of PCNB. In som e countries there are 
specific legal constraints on  the lev e ls  o f HCB 
and PCB. D eterm in ing these im purities w h ile  
determ in ing PCNB by the m ethod  used in  this 
study has not been tested; how ever, the problem  
of sim ultaneous determ ination  o f PCNB plus 
im purities is b ein g  addressed by the D utch Pes
ticides A nalytical Com m ittee (A. Martijn, Plan- 
ten ziek ten k u n d ige D ienst, 1980).

Collaborative Study
The sample pairs analyzed in  the collaborative 

study w ere selected  to represent the broad 
spectrum  of form ulated products conta in ing  
PCNB as follow s: for pow ders and dusts, 75% 
w ettab le pow ders; for liquids, 25% em ulsifiab le  
concentrates; and for granules and fertilizers, 
10% granules. The study was designed to follow  
Youden's procedure for closely m atched pairs (3). 
A ll sam ples w ere co llected  during routine pes
ticide inspections.

Table 1 g ives the collaborative results for all 
determ inations m ade usin g  peak h eig h t m ea
surem ents, w h ile  the results obtained for in te
grator area m easurem ents are g iv en  in  Table 2. 
M atched pair calculations w ere perform ed ac
cording to Youden's m ethod. C onfid ence in 
tervals of 99% (2-tail l values at the probability of 
0 .0 1 ) w ere applied  to the sum s o f paired results 
to id en tify  outlier laboratories. N o n e  was 
iden tified . Sim ilarly, application o f 99% con fi
den ce intervals to d ifferences b etw een  paired  
results id en tified  outliers as indicated in  Tables 
1 and 2. T wo-sam ple plots w ere constructed to
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Table 1. Collaborative results for PCNB by peak height measurements

Coll.
Pair 1 Pair 2 Pair 3

Sample A Sample B Sample C Sample D Sample E Sample F
1 75.02 73.75 25.95 25.11 10.29 10.472 74.62 73.99 26.00 25.35 10.16 10.523 74.11 73.15 26.22 25.06 9.97 10.614 74.60 72.34 25.83 25.15 10.48 10.705 75.00 73.76 26.32 25.69 10.23 10.656 75.20 73.64 25.153 25.513 10.05 10.597 78.05 76.06 26.28 25.04 10.77 10.788 75.77 73.80 26.37 24.96 10.29 10.709 74.48 74.09 25.97 25.23 9.90 10.5510 74.58 73.36 26.56 25.59 10.16 10.8211 75.18 73.73 26.21 25.53 10.14 10.6712 74.74 73.64 26.13 25.29 10.03 10.6913 74.62 73.48 26.03 25.22 10.07 10.5714 77.603 74.063 26.31 25.84 10.21 10.6615 75.68 74.47 26.59 25.77 10.32 10.7516 74.65 73.81 25.88 24.27 10.023 9.58a17 73.44 72.77 25.76 25.15 10.09 10.52

Mean 74.98 73.74 26.15 25.27 10.20 10.64Sd (CV) 0.90(1.21) 0.32 (1.25) 0.16(1.53)Sr 0.36 0.22 0.13
sb 0.82 0.23 0.10
3 Outlier by pair difference.

visually  confirm  the statistical rejections.
After rejection of outliers, the random , actual 

data, and bias standard deviations (Sr, Sd, and Sb) 
w ere determ ined for each pair for both m ethods 
of measurements (Tables 1 and 2). Youden F-test 
ratios (3) were greater than the 99% critical values 
for Sam ple pair 1 by both peak h eigh t and in te
grator area m easurem ents, ind icating the pres
ence o f bias or system atic error. Further com 

parison of the results is g iven  in Table 3. The 
average precision  is s ligh tly  better for peak 
h eight results. Visual com parison o f the sam ple 
m eans indicates potential d ifferences in the re
sults obtained by the 2 m ethods of m easurem ent 
for Sam ple pair 1. i-Test calculations on Sample 
pair 1 d ifferences o f pair totals obtained by the  
2 m ethods g ives a f value considerably less than  
the 99% critical value. Thus, no staristical dif-

Table 2. Collaborative results for PCNB by integrator area
Pair 1 Pair 2 Pair 3

Coll-_______Sample A______ Sample B______ Sample C Sample D Sample E Sample F
1
24
6
8

10
11
1213141516
Mean Sd (C V) Sr Sb * 6

75.12 73.7975.21 74.1476.33 75.7875.27 73.6776.20 74.2075.04 73.5975.09 73.9475.04 73.6174.66 73.4476.52 74.6375.82 74.4376.00 74.36
75.52 74.130.63 (0.84)0.270.56

26.11 25.4826.01 25.3426.18 25.9225.12 25.5026.07 24.9926.70 25.5126.23 25.3826.09 25.2925.97 25.2226.40 25.7126.58 25.7527.40 24.81
26.24 25.410.44(1.70)0.48__b

10.21 10.7610.85 10.5210.39 10.8810.04 10.6010.18 10.689.95 10.8110.14 10.649.99 10.6110 09 10.5310.36 10.8310.27 10.7410.003 9.58'
10.21 10.600.197 (1.89) 0.204__b

3 Outlier by pair difference.
6 Sr > Sd by chance; Sb obscured.
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Table 3. Peak height and integrator area calculations of PCNB

Sample
PCNB, av. (%) CV of pairs

Peak ht Integr. area Peak ht Integr. area
A 74.98 75.52 1.21 0.84B 73.74 74.13c 26.15 26.24 1.25 1.70D 25.27 25.41E 10.20 10.21 1.58 1.89F 10.64 10.60Av. 1.35 1.54

ference is indicated in the sets of results obtained  
by peak h eig h t and integrator area m easure
m ents; the Associate R eferee recom m ends that 
the m ethod o f peak m easurem ent be left to the 
discretion o f the analyst.

Collaborators generally found the m ethod easy 
to use and encountered  few  problem s. Collab
orator 1 reported that the internal standard so
lution did not appear stable for more than 3 days. 
Instructions to discard the internal standard so
lu tion  after 3 days have b een  added to the  
m ethod. The A ssociate Referee w ill further in 
vestigate internal standard stability. C ollabo
rator 2  used a m agnetic stirrer in place of a rotary 
shaker, w h ile  Collaborator 10 suggested  that 
laboratories w ith ou t a rotary shaker m igh t use a 
wrist-action shaker w ith  resultant loss o f so lven t 
due to splash onto the glass stopper. A  screw- 
cap flask could  be used  under these circum 
stances. Collaborator 4 repeated the analysis of 
samples w ith  a colum n packed w ith  10% SP-2401 
and obtained com parable results w ith  a shorter 
analysis time and reversal of the elution order for 
PCNB and o-terphenyl. The Associate Referee 
does not recom m end the use o f alternative co l
um n packings w ith ou t com plete evaluation  of 
potential interferences. In addition  to evaluat
in g  results for peak h eigh ts w ith  the internal 
standard, Collaborator 13 also determ ined PCNB 
in  the sam ples by ignoring the internal standard,
i.e., usin g  external standard calculations. An  
auto-injector w as used  and the results w ere es
sentia lly  the sam e w ith  or w ith ou t the internal 
standard. It appears that the injection precision  
of auto-injection com pensates for the precision  
lost by ign o rin g  the internal standard. The A s
sociate Referee recognizes the value of screening  
sam ples w ith ou t usin g  an internal standard. 
Finally, Collaborator 16 reported that the peak 
h eig h ts for both  PCNB and internal standard  
w ere u nusually  low  for Sam ple pair 2. The 
lev els  o f PCNB fou n d  in  the sam ples w ere also

low . After he adjusted the hyd rogen  m ore in  
lin e  w ith  the recom m ended flo w  for h is GLC 
system , both peak heights and results o f analysis 
increased. The Associate Refereee exam ined the 
chromatograms from all other collaborators and 
did  not find  a decrease in  peak h eigh ts for Sam
p le pair 2 to be a problem . The make and m odel 
of GLC apparatus used by Collaborator 16 was 
the same as that used by other collaborators. The 
results o f Collaborator 16 on  Sam ple pair 2 were  
retained for statistical analysis and w ere not re
jected as outliers.

A lthough one basic principle o f a collaborative 
study is the use o f the sam e con d ition s by each  
collaborator, this is seldom  ach ieved  and d iffer
ences in  instrum entation may be a source o f  
variation. The operational parameters used for 
the analysis o f PCNB by the collaborators in this 
study are given  in  Table 4. Colum n temperature 
is the primary parameter that w as altered. 
Com m ents from  som e o f the collaborators in d i
cated a h igher tem perature than specified  was 
n eed ed  to ach ieve the recom m ended retention  
tim e for PCNB. The source o f th is problem  is 
probably 2-fold: d ifferences in  colum n packing  
techn iques used by the collaborators and d if
ferences in the upper lim it of carrier gas flow  that 
can be used w ith  detectors o f various m anufac
ture. In sp ite o f use o f elevated  co lum n tem 
peratures by som e o f the collaborators, n on e o f  
the outlier results is iden tified  w ith  this m ethod  
param eter alteration. O nly changes in  the rec
om m en ded  colum n diam eter and the injection  
volum e are associated w ith  outliers. Since other 
collaborators used sim ilar condition  alterations, 
it appears that the outliers can not necessarily be 
attributed to these parameters. Thus, the 
changes in  m ethod conditions u sed  by the co l
laborators probably did not affect the results, and 
the alterations used  tend  to com p lem ent the  
previously  dem onstrated ru ggedness o f the  
m ethod  (2 ).

Recommendations
N in ety -n in e  percent con fid en ce lim its w ere  

used to evaluate the data from  the collaborative  
study to retain the m axim um  num ber of results. 
This approach g ives a m ore accurate picture of 
m ethod perform ance than that provided  by 
over-cen soring the data w ith  narrower lim its. 
As a result, the precision  o f the m ethod  m ay be 
sligh tly  poorer than expected o f a GLC m ethod  
and an internal standard; how ever, the predicted  
m ethod  perform ance is a realistic reflection  of 
the variety of conditions likely to be encountered  
in  d ifferent laboratories. Thus, the Associate
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Table 4. Collaborator method parameters
Injectionvol.,

ml
Column, mm Temperature. °C

Coll. id Length Inlet Column Detector Carrier gas3
1 6 4 1828 200 180 250 H2 4.5 4 1828 200 200 250 N3 4 4 1524 200 175 245 N4 4 4 1828 200 175 250 H5 4 — 1828 — 180 300 N60 3 2 1828 200 175 250 N7 4 4 1828 — 175 250 N8 5 4 1828 200 175 250 N9 6 4 1828 175 175 250 N10 3.5 4 1828 200 175 250 N11 4 4 1828 200 190 250 N12 4 4 1828 220 175 250 N13 4 ‘4 1828 200 190 250 N140 4 — 1828 200 175 250 N15 4 2 1828 200 175 250 N160 4 2 1828 200 175 250 N17 4 2 1828 200 170 250 NSpecifiedcond. 4 4 1828 200 175 250 N

a H = helium; N = nitrogen. 
b Collaborator with outlier results.

Referee recom m ends that the GLC m ethod col- 
laboratively studied  for determ ination  of PCNB 
in form ulations be adopted official first action.
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A . T o p p in g ;  A . K. T orren ce; L. U llr ic h ;  R. L. W h ita k er; G. R. W in ste a d , III; D . L. W o n g

T h e d eterm in ation  o f d ia z in o n  in sec tic id e  in  K nox  
O ut 2FM fo rm u la tion  w as stu d ied  co llab o ra tive ly  by  
18 laboratories. K nox O u t 2FM is a f lo w a b le  m i
croen cap su la ted  in sec tic id e  fo rm u la tion  c o n ta in in g  
23 wt% active ingredient. A nalytical sam ples are first 
treated  b y  g r in d in g  in  a tissu e  grin d er and th en  ex 
tracted in  s itu  w ith  a ce ton itr ile . T h is  preparative  
step  breaks th e cap su les and a llo w s  th e a ctive  in g re 
d ie n t to d is so lv e  in  the so lv e n t . S in g le  d eterm in a 
tion s on  each of 2  closely  m atched sam ples w ere m ade 
by flam e ion ization  gas-liquid  chrom atography. The 
standard  d ev ia tio n  by ana ly sts  w as 0.18 wt% and the 
c o e ff ic ie n t  o f var ia tion  w as 0.76%. T he co m b in ed  
lab oratory  and a n a ly st var ia tio n  g av e a standard  d e
v ia tio n  o f  0.59 wt% and a co e ffic ie n t o f var ia tio n  o f  
2.49%. T h e m eth od  has b een  adop ted  o ff ic ia l first 
action .

Knox Out® 2FM is a flow able m icroencapsulated  
form ulation conta in ing 2 lb d iaz in on /ga l. Its 
controlled  release a llow s excellen t residual kill 
of cockroaches and silverfish. The form ulation  
is used for residual pest control in and around  
residential b u ild in gs in clu d in g  hom es and  
apartm ents, and in and around non-food  areas 
of industrial, institutional, and com m ercial 
b u ild in gs, in clu d in g  but not lim ited  to stores, 
hospitals, m anufacturing plants, w arehouses, 
and schools.

The reported acute oral LD50 (rat) for m i
croencapsulated d iazin on  (Knox O ut 2FM) is 
greater than 21 000  m g /k g , m aking it on e o f the  
safest insecticidal formulations marketed. Knox 
Out 2FM is un iqu e in  that it consists o f an in 
secticide contained  w ith in  sm all, bubble-like  
polym eric capsules about 30-50 qm  in diameter. 
The sustained release o f the active in gred ien t is
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A nnual M eeting of the AO AC, Oct. 19-22,1981, at W ashington, 
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by the  General Referee an d  by C om mittee A and was adopted 
by the  Association. See J. Assoc. Off. Anal. Chctn. (1982) 65 
(March issue).

controlled by the thickness of the capsule w alls, 
w h ich  varies according to the s ize o f droplets  
they contain. D iazinon  is retained or released  
through the w all, d ep en d in g  on the am ount of 
surrounding moisture. Water tends to keep the 
in so lu b le active in gred ien t in  the capsule; pes
ticide is released w h en  water around the capsule 
evaporates after application.

G as-liquid chrom atography (GLC) is the  
preferable analytical procedure, because o f its 
rapidity, specificity , and reliability. Several 
years of continued research on this m ethodology  
have established  con fid en ce in the m ethod's 
applicability. The m ethod specifies the m ost 
suitable sam pling techn ique along w ith  proper 
sample preparation w hich allow s for quantitative 
determ ination by flam e ion ization  GLC (Figure
1).

C o llab orative Study
The analytical procedure w as evaluated by 

having several laboratories system atically  ana
lyze  production batches o f Knox O ut 2FM. Ac
cording to Y ouden, it is best to select 2 closely  
m atched sam ples and make one determ ination  
on each; how ever, these 2  sam ples must be quite 
close in content and very sim ilar in com position. 
Each collaborator received a m atched pair of 
sam ples labeled  A and B, representing produc
tion  batches w ith  d iazin on  content approxi
m ately 23 wt%. Each collaborator also received  
a glass tissue grinder as n eeded , internal stan
dard, analytical grade diazinon, colum n packing, 
w eig h in g  dishes, safety data sheet, and a copy of 
the m ethod. Each laboratory w as requested to 
analyze each sam ple on ly  once and to report in 
dividual values obtained for Sam ples A and B. 
For those laboratories w h ich  had n ever used  a 
tissue grinder, it w as advised  that a practice 
sam ple be prepared before preparing the ana
lytical sam ple. M istakes in techn ique could be 
corrected at that time.

0004-5756/82/6501-0115-04$01.00© Association of Official Analytical Chemists, Inc.
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(b) GLC colum n .— 6 ft X V4 in . od, 2 m m  id
glass, packed w ith  3% OV-17 on  80-100 m esh  
Supelcoport. O perating conditions: colum n
190° (isotherm al); detector 250°; injection port 
200°; H e f lo w  35 m L /m in; H flo w  optim um  for 
instrum ent detector chart speed  0 .2  in ./m in ;  
sam ple size; 1 g L .

(c) Tissue grin der.— 40 m l  capacity (Corning  
Glass Works, No. 441969, Corning, NY 14830), or 
equiv.

R e a g e n ts
(a) Internal s td  so ln .— Accurately w e ig h  ca 2.0 

g dibutyl phthalate in to  100 mL vol. flask. D is
so lve  in  and dil. to vo l. w ith  acetonitrile.

(b) D iazinon s tan dard  so lu tion .— A ccurately  
w eig h  ca 0.2 g d iazin on  into 50 mL vol. flask. 
Pipet in  10.0 rr.L internal std soln, dil. to vol. w ith  
acetonitrile, and mix w ell.

D e te r m in a t io n
Mix sam ple thoroly. W ith m edicine dropper 

or disposable p ipet, transfer ca 2 g sam ple to A1 
w e ig h in g  d ish  and w e ig h  accurately. Transfer 
to tissue grinder, add 30 mL acetonitrile, and  
grind 3 m in. W hen sam ple is thoroly ground, 
quant, transfer to 100 mL vol. flask, wash grinder 
w ith  acetonitrile, and add w ash ings to vol. flask. 
Pipet in  20.0 mL internal std soln  and dil. to vol. 
w ith  acetonitrile. U sin g  10 p L  syringe, make 
duplicate 1 p L  in jections of sam ple and std 
solns.

M easure peak h eigh ts of first peak, d iazin on , 
in  sam ple (PH) and std soln  (PH') and second  
peak, d ibutyl phthalate, in  sam ple (IS) and std  
so ln  (IS').

D iazinon , wt% = (PH /PH ')
X ( 1 S ' / I S ) X ( V J ' / W ) X P

w h ere W and W  -  g  d iazin on  and internal std 
in  std soln; and P =  purity o f d iazin on  std.

R esu lts and D iscu ssion
S ta t i s t i c a l  E v a lu a tio n

Collaborative results are given  in  Table 1. The 
P r in c ip le  statistical study is based on single determ inations

Sam ple is ground in  tissue grinder and extd on each o f a m atched pair o f sam ples by 18 col-
w ith  acetonitrile, d ibutyl phthalate is added as laborators. A n initial rev iew  of the data w ou ld
internal std, and d iazin on  is detd by GLC w ith  indicate results from Collaborators 6 and 11 to be
flam e ion ization  detection . gross outliers. A 2-sam ple plot was constructed

(Figure 2) w h ich  show s that those results and  
A p p a r a tu s  results from Collaborator 5 are outliers. Sys-

(a) G as-liquid chrom atograph.— Equipped w ith  tem atic errors for the laboratories su p p ly in g
flam e ion ization  detector (Perkin-Elm er 900, or these data are ev id en ta lly  large in  com parison  
equiv.). w ith  the other collaborators. Outliers w hich  are

F igure 1. C hrom atogram  for 1 gL in je c t io n  o f s ta n 
dard so lu t io n  o f 0 .2  g  each d ia z in o n  and d ib u ty l  

p h th a la te /50 mL a ce ton itr ile .

M icroencapsu lated  D ia z in o n  — G as-L iquid  
C h rom atographic M eth od

O ffic ia l First A ction
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Table 1. Collaborative results for determination of diazlnon in encapsulated formulations

Coll. Sample A, wt% Sample B, wt% Diff. Total
1 23.68 22.97 0.71 46.652 24.00 23.40 0.60 47.403 24.05 23.86 0.19 47.914 24.17 23.96 0.21 48.135a 24.80 23.30 1.50 48.106a 19.46 19.37 0.09 38.837 24.30 24.00 0.30 48.308 23.67 22.89 0.78 46.569 22.47 22.06 0.41 44.5310 24.30 23.80 0.50 48.10I I a 26.50 26.32 0.18 52.8212 25.17 24.26 0.91 49.4313 23.94 23.65 0.29 47.5914 24.28 24.13 0.15 48.5115 23.36 22.95 0.41 46.3116 24.02 23.80 0.22 47.8217 23.68 22.97 0.71 46.6518 23.90 23.77 0.13 47.67

a Outlier laboratory results omitted from calculations.

id en tified  in  Table 1 exceed  the 98% confid ence  
lim its; on ly  the results from the rem aining 15 
collaborators w ere used to develop  the standard 
deviation  and co effic ien t o f variation data.

The standard deviation of analysts (Sr) was 0.18 
wt%, w h ile  the standard d ev iation  for laborato
ries (Sb) w as 0.56 wt%; the com bined variation  
(analysts plus laboratories) resulted in a standard 
deviation  o f 0.59 wt% (Table 2). The corre
sponding data for the coefficient of variation for 
analysts w as 0.76%, and for laboratories, 2.38%. 
The coeffic ien t of variation (com bined) was 
2.49%.

C ollaborators' C om m ents
Collaborator 16 recom m ended p ip etin g  a 

kn ow n  am ount o f internal standard in to  the 
sam ple and standard solu tions, w h ich  w ould  
elim inate transfer errors. This w as accepted. 
A lso, Collaborator 16 used an O m ni-M ixer (D u
Pont) blender w ith  a 50 mL stainless steel cup for 
sam ple preparation. H is results for a sin g le  
analysis on  Sam ples A and B agree w ith  the data 
in  Table 1.

Collaborator 13 used a shorter analytical co l
um n than the one recom m ended in  the m ethod. 
N everth eless, by op tim izin g  colum n and oper
ating parameters, he w as able to obtain satisfac
tory data.

Collaborator 14 proposed u sin g  sharp sand as 
a gr in d in g  aid in  the sam ple preparation step: 
"Prewash sharp sand w ith  acetone and dry. 
Place en ou gh  sand in a 125 mL Erlenm eyer flask 
to cover flask bottom . W eigh sam ple into flask

18 20 22 24 26 28
Sample B 

wt % D iaz in o n

Figure 2. T w o -sa m p le  p lo t o f co lla b o ra tiv e  sam p le  
resu lts.

directly on  top of sand and extract 4 h w ith  ace
tonitrile conta in ing internal standard." His 
analytical data agree w ith  the collaborators' re
sults. This author does not disagree w ith  this  
practice; how ever, in  the ev en t of questionable  
data, the tissue grinder techn ique is preferred. 
This is the o n ly  sam ple preparation technique  
that has been  subjected to the valid ation  pro
cess.

Collaborator 12 substituted h is ow n  analytical 
colum n w ith  a Tracor M odel 222 gas chrom ato
graph and H ewlett-Packard 3380 A recording  
integrator. Results w ere expressed as electronic 
peak area m easurem ents and w ere consistent  
w ith  the results o f the study.

Collaborator 11 experim ented  w ith  the use o f  
a kaolin clay as the gr in d in g  m edium  in  lieu  of 
using the tissue grinder: "W eigh 2 g sam ples  
into 250 mL Erlenmeyer flask, and add 20 g sand, 
20 mL internal standard, and 80 mL acetonitrile. 
M echanically shake sam ples 2 h, let settle, and  
inject 1 /¿L into GLC system ." These variations 
in v o lv e  less sam ple h an d lin g  and no special 
glassware. U sin g  sea sand under sim ilar con 
d itions, he found  23.55% and 25.54% diazinon . 
U sing 16-40 m esh  Little Rock kaolin  clay, he

Table 2. Statistical analysis of data in Table 1
Statistic SD CV, %

Analyst variation only, Sr 0.18 0.76
Laboratory variation only, Sb 0.56 2.38
Combined variationVs? + s i

0.59 2.49
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found  27.12% and 26.79%, respectively . Kaolin  
clay causes the sam ple to break into sm all pieces 
and mix in  the grinding m edium , w h ile  sea sand 
perm its the sam ple to rem ain as a thick film  on  
the bottom  of the flask. U nfortunately, the  
systematic error for the laboratory supplying data 
for this technique is large in comparison w ith  the 
other collaborators.

Collaborator 7 also su ggested  the alternative  
use o f sharp sea sand w h ich  is routin ely  used  in  
state laboratories to analyze encapsulated prod
ucts. "Addition of 2-3  g sharp sand (washed and 
ign ited ) to the sam ple in  a 125 mL Erlenm eyer 
flask fo llo w ed  by 1 h  o f shaking is all that is 
necessary for sam ple preparation. The m ethod  
is effective , rapid, and clean  (no transfer neces
sary). Our analyses o f sam ples A and B by this  
m ethod resulted in  22.6% and 22.5% d iazin on , 
respectively ."  Collaborative study data d ev e l
oped by Collaborator 7 were consistent w ith  the 
data in Table 1; how ever, the analytical data 
points obtained for the sharp sand technique  
qualify as acceptable, but on ly  m arginally.

C ollaborator 6  subm itted  chrom atogram s 
alon g w ith  the analytical data. A n initial anal
ysis gave low  values. A secon d  analysis w ith  a 
n ew  gas chrom atographic co lum n provided  
higher analytical results; how ever, inspection of 
the chrom atogram s casts doubt on the accept
ability o f these data. A 2-sam ple plot o f the re
sults clearly sh ow ed  the data to be outliers.

R ecom m en d ation
The results of the collaborative study indicate 

excellen t agreem ent am ong laboratories a long  
w ith  h ig h  precision  am ong analysts and satis
factory ruggedness. Invariably, collaborators 
introduce m odifications in  the procedure to sat
isfy  their analytical judgm ent. The myriad  
changes introduced by several collaborators in  
the sam ple preparation step show ed no evidence  
of data degeneration . A lso, use o f area m ea
surements in  place of peak height measurements 
along w ith  colum n substitution and variations 
in sam ple size did not introduce inconsistencies  
in  the results. It is therefore recom m ended that

the gas-liquid  chrom atographic m ethod  for the  
determ ination  o f d iazin on  in  encapsulated for
m ulations be adopted official first action.
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F I S H  A N D  O T H E R  M A R I N E  P R O D U C T S

F i s h  S p e c i e s  I d e n t i f i c a t i o n  b y  T h i n  L a y e r  A g a r o s e  I s o e l e c t r i c  F o c u s i n g  
a n d  D e n s i t o m é t r i e  S c a n n i n g

W A R R E N  D . H A M IL T O N
Queensland Government Chemical Laboratory, William St, Brisbane, Queensland,
Australia 4000

E xam ination o f sarcoplasm ic p ro te in s o f fish  b y  th in  
la y er  p o ly a cry la m id e  g e l iso e le ctr ic  fo cu s in g  as a 
m eans o f fish  sp ecies  id en tifica tio n  is  a p o w erfu l and  
re liab le  te ch n iq u e , bu t it d isp la y s  a n u m ber o f d is 
a dvantages. T h ese p ro b lem s in c lu d e  th e care re
q u ired  w h en  h a n d lin g  a cry lam id e m o n o m er (a n e u 
rotox in ), the m echan ical sk i l l  n eeded  in  m o ld in g  the  
g e l, th e  d iff ic u lt ie s  in  en su r in g  correct g e l p o ly m e r 
iz a tio n , and th e e x te n s iv e  d e sta in in g  p er io d s. S p e
cia lly  treated agarose has been  used  to obta in  protein  
patterns for an in terv a l o f pH  5 -8 . T he pattern s so  
p roduced  w ere scann ed  b y  a d en s ito m eter  in  the  
v is ib le  range after co m p le tin g  sta in in g  and d es ta in 
in g . M ost o f th e p ro b lem s a ssocia ted  w ith  p o ly a c
ry la m id e  g e ls  h av e b een  o vercom e b y  u s in g  agarose  
as a sup p ort m ed iu m .

Agarose has b een  used for m any years in  e lec
trophoresis, particularly im m unoelectrophoresis
( 1) , but agarose is unsuitable for electrofocusing  
because o f the electroosm osis effect caused by 
interaction o f the h igh  fie ld  strengths and low  
conductiv ities experienced  in  electrofocu sing  
w ith  the residual charge on  the agarose matrix
(2) . D uring an experim ent this effect leads to 
solven t drift to one of the electrodes, com m only  
the cathode. This results in  areas of flooding and 
drying, causing severe disruption of pH gradient 
and m echanical stability o f the gel.

The low  residual charge in  electrophoresis  
grade acrylam ide, as opposed  to the relatively  
h ig h  residual charge in agarose, has led  to the 
w idespread use of polyacrylam ide ge ls  for e lec
trofocusing. A n ew  form of agarose has, by and  
large, overcom e the lim itations o f agarose as a 
support m edium  in  isoelectric focusing by lo w 
ering the residual charge by chem ical m eans.

Isoelectric focusing has been  successfu lly  ap
plied to the identification of fish species (3-6) for 
both  w id e (pH  3.5-10.0) and narrow range (pH
4 -6  and pH 3.5-7) gradients. A ll experim ents in  
the quoted references w ere carried out w ith  
polyacrylam ide as support m edium . A lth ou gh  
results obtained from polyacrylam ide isoelectric 
focusing are specific and reproducible, polyac
rylam ide suffers from  a num ber o f drawbacks.

The use o f acrylam ide requires extrem e care 
because of toxicity and because o f the d ifficulties  
som etim es experienced  in  gel polym erization . 
Polym erization occurs on ly  w ith  the use o f h igh  
purity chem icals, fresh solu tions, proper d e
gassing periods, and adequate tim e for correct 
polym erization . It is by no m eans a rare ev en t 
to encounter a ge l o f poor m echanical stability  
ev en  w h en  it appears that all criteria have been  
met.

Polyacrylam ide ge ls  require ex ten sive d e
sta in ing periods and n eed  delicate han d lin g , 
especially w h en  the gel separates from the glass 
backing plate. Tears are a com m on occurrence 
w h en  photographin g or scannin g by d en sitom 
eter. The d ifficu lties experienced  can lead to 
poor results and affect the acceptance o f iso
electric focusing as a technique. O f course, the 
difficu lties arising from  laboratory casting of 
polyacrylam ide plates may be overcom e by the  
use o f factory-prepared polyacrylam ide plates  
but the problem s arising from  toxicity and d e
sta in ing periods still remain.

Chem ically treated agarose (agarose IEF) offers 
certain advantages regarding h an d lin g , safety, 
tim e, and con ven ien ce  com pared w ith  polyac
rylam ide. Fish sam ples w ere subjected to iso 
electric focusing on agarose as a support m edium  
w ith in  a pH  gradient o f 5-8 . This range was 
chosen to take advantage o f the fact that agarose 
IEF is form ulated for m inim al cathodic drift be
tw een pH  5 and pH  8 . Because the characteristic 
sarcoplasm ic protein  bands fall largely in  this  
region , the protein  patterns obtained after 
sta in ing are sim pler and gen era lly  m ore w id ely  
spaced than those g iv en  w ith  a w id e  range pH
3-10  gradient.

M ETH O D
R e a g e n ts

(a) A garose .— Agarose IEF (Pharmacia Fine  
Chem icals AB, Sw eden).

(b )  Sorbitol.— AR grade (BDH Chem icals Ltd, 
UK).

0004-5756/82/6501-0119-04$01.00
© Association of Official Analytical Chemists, Inc.
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Figure 1. Sarcoplasm ic protein  patterns from  22 sp ecies  o f fish  o bta ined  from  isoe lectr ic  fo cu sin g  o f sam p les  
in  pH  grad ien t 5 -8  o n  agarose. A n o d e  is  at to p  o f p h otograp h .

From left to right: whiting (Sillago maculata), sea mullet (Mugil cephalus), dart (Trachinotus russelli). black bream 
(Girella tricuspidata), hussar (Lutjanus amabilis), John Dory (Zeus faber), jewfish (Johnius antarctica), barram undi 
(Lates calcarifer), thread finned salmon (Eleutheronema tetradactylum), king salmon (Polydactylus sheridani), coral 
trout (Plectropoma maculatum), bream (Acanthopagrus australis), tailor (Pomatomus saltratrix), tuna (Kishinoella tonggol), 
sweetlip (Lethrinus chrysostomus), parrot (Choerodon venustus), Moses perch (Lutjanus russelli), pearl perch (Glaucosoma 
scapulare), red emperor (Lutjanus sebae), spotted cod (Cephalopholis cyanostigma), schnapper (Chrysophrys auratus), 
and Spanish mackerel (Cybium commersoni).

(c) A m pholine solu tion.— pH 5-8 . Pharm alyte 
pH  5 -8  (Pharmacia Fine Chem icals AB).

(d) Fixing solution.— Dissolve 25 g  sulfosalicylic 
acid (Ajax Chem icals) and 50 g trichloroacetic 
acid (Ajax Chem icals) in  water and d ilu te to 500 
mL w ith  water.

(e) D estain ing solu tion.— Mix 700 mL alcohol 
and 200 mL acetic acid. D ilu te to 2 L w ith  
water.

(f) Staining solution.— D issolve 0.5 g  Coomassie 
Brilliant Blue R250 (Pierce Chem icals) in  250 mL 
d estain ing solution .

(g) C athode solution. — 1M NaO H .(h) A node so lu tion .—  0.05M  H 2S 0 4.
A p p a r a tu s

(a) Isoelectric focusing.— LKB 2117 M ultiphor  
(LKB— Produkter AB, Sw eden).

(b) P ow er su pp ly .— Constant pow er, voltage, 
current (150 W, 2000 V, 150 mamp) (TPS Pty Ltd, 
Australia).

The m ention of any product by trade nam e or the nam ing 
of commercial firm s does no t im ply endorsem ent by The 
G overnm ent Chemical Laboratory.Received N ovem ber 10,1980. Accepted May 28, 1981.

(c) Circulating cooling w ater supply.— M ultitem p  
conta in ing water at a constant tem perature of 
4°C  (LKB—Produkter AB).

(d) Plastic backing sheet.— 240 X 125 mm  to 
support ge l (Gel Bond, FMC Corp.)

(e) Gel casting fram e.— Internal d im ensions of 
225 X 115 mm  w ith  thickness of 3 mm. Frame is 
m ade of plastic (Pharmacia Fine Chem icals 
AB).

(f) Leveling table.— To ensure that gel produced 
is perfectly  uniform  (LKB—Produkter AB).

(g) T rays.— 300 X 200 X 30 mm to fix, stain, 
and destain  gels.

(h) D ensitom eter.— Camag TLC/HPTLC scan
ner (Camag, M uttenz, Sw itzerland).

S a m p le  P r e p a r a tio n
O btain sarcoplasm ic protein  so lu tion  by ma

cerating 10 g m uscle tissue w ith  100 mL water at 
room  tem perature and then  leavin g  overn igh t  
at 4°C. C entrifuge resu lting solu tion  at 9000 X 
g for 10 m in at room  tem perature and use su 
pernatant liquid  obtained for analysis.
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G e l P r e p a r a tio n
Pour w ater (2 mL) onto perfectly  horizontal 

lev elin g  table and place plastic backing sheet on  
table. Backing sheet is sp ecia lly  coated for 
"hydrophobic" side and a "hydrophilic"  side.

Place "hydrophobic" side in  contact w ith  
water on  lev elin g  table and rem ove excess water 
and air bubbles by ro llin g  plastic sh eet w ith  
prew etted  glass rod. Carefully rem ove excess 
water w ith  paper tissue.

Place plastic ge l casting frame over lev e lin g  
table and clamp w ith  spring clips w h ile  ensuring  
that frame is in sid e con fin es o f plastic backing  
sheet. Place table, sh eet, and attached frame in  
40°C oven  10 m in to warm.

Mix agarose (0.3 g) and sorbitol (3.6 g) in  con 
ical flask w ith  water (27 mL) and heat, w ith  
stirring, in  b oilin g  water bath until all solids are 
dissolved. Let solution  cool to ca 75°C, and add
1.9 mL am pholine solution  w ith  shaking. Final 
solution is 30 mL, w ith am pholine concentration  
ca 2.5%, agarose concentration 1%.

Rem ove lev e lin g  table from  oven , and pour  
agarose solution  quickly and ev en ly  over plastic 
backing sheet, b ein g careful to avoid  form ation  
of air bubbles. Let ge l set 15 m in. Pass scalpel 
blade around interior o f casting frame and care
fu lly  rem ove frame. Let ge l harden 1 h at 
4°C.
I s o e le c t r ic  F o c u s in g

Smear w ater (2 mL) on  coo lin g  plate o f elec- 
trofocusing apparatus and place plastic backing  
sheet and ge l on  plate, b ein g  careful to rem ove  
any air bubbles. Blot excess water from edges of 
plastic sh eet by adsorbent paper tow elin g .

Soak filter paper strips ( 1 0 X 5  mm) in  sam ples 
and apply to surface o f ge l near anode.

T horoughly w et sp on ge rubber electrode  
strips w ith  appropriate solutions for cathode and 
anode, blot on filter paper ca 1 m in, and apply to 
edges o f gel. P osition in g  of electrode strips 
corresponds w ith  anode and cathode platinum  
w ire contacts.

Supply isoelectric focusing apparatus w ith  
coolin g  w ater at 4°C from circulating water 
supply, and connect platinum  electrode strips to 
constant pow er supply w ith  15 watts o f constant 
pow er. Lim it vo ltage to 1500 V m axim um . 
Rem ove sam ple application strips after 45 m in  
and contin u e separation to m inim um  of 1.5 h.
F ix in g , S ta in in g ,  a n d  D e s ta in in g

After com p leting isoelectric phase o f separa
tion, rem ove ge l and plastic backing sh eet and  
place in  tray conta in ing fix in g  so lu tion  30 min.

Figure 2. T yp ica l d en s ito m étr ie  scan  (w h it in g ) .

W ash ge l and backing sheet in  desta in ing  so lu 
tion  30 m in. Dry gel by p lacing filter paper, 
glass plate, and 1 kg w e ig h t over it 15 m in  fo l
low ed  by final dry ing w ith  a draught o f hot air 
from hand -held  hair dryer.

Stain ge l in sta in ing so lu tion  10 m in. Place 
stained  gel in  desta in in g  so lv en t until back
ground is clear. Rem ove, drain, and finally dry 
w ith  hair dryer.
D e n s i to m e t r y

Scan dried gel on plastic backing at w a ve
len g th  o f 577 nm  by densitom eter, u sin g  slit 
w id th  o f 0.1 m m , slit len g th  o f 1 m m , and scan
n in g  speed  of 1 m m /s. Feed output from scan
ner to chart p en  recorder w ith  10 mV fu ll scale 
deflection .

R esu lts and D iscu ssion
The results obtained from  the analysis o f d if

ferent species o f fish are sh ow n  in  Figure 1 w ith  
the anode (pH 5) at the bottom  and the cathode  
(pH  8 ) at the top. The patterns are un iq u e and  
are far less com plicated than the patterns w h ich
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w ould have been obtained had a w ide range (pH
3-10) am pholine been  used.

The patterns obtained are h igh ly  reproducible, 
and u n k n ow n  sam ples have been  readily id en 
tified . It is, o f course, conceivable that one  
species o f fish  w ill have no characteristic bands 
in  this interval but experience to date w ith  fish  
protein  subjected to isoelectric focusing show s  
that this is not the case. A ll species o f fish  ex
am ined in  this laboratory have characteristic 
bands in  this interval.

The pH  gradient was measured w ith  a surface 
pH  electrode and w as found  to be uniform , 
thou gh  this is not d on e on  a routine basis. The 
use o f a v is ib le  tracker protein  is not d eem ed to 
be necessary.

The ge l w as subjected to densitom etric scan
n in g  and the results for one sam ple, w h itin g , are 
sh ow n  in  Figure 2. The slit w id th  and scanning  
speed chosen produced adequate resolution and  
led  to un iqu e and h ig h ly  reproducible patterns. 
U n k n ow n  sam ples w ere readily id en tified  by 
com parison w ith  the den sitom eter scans of 
standards. Traces o f protein from the same fish  
may differ sligh tly  in  in ten sity  or sharpness of 
the bands but never in  overall pattern.

Experience has show n that agarose has definite  
advantages in  tim e, ease, and safety w h en  com 
pared w ith  polyacrylam ide. The quality and  
reproducibility of the patterns obtained w ith

agarose are equ ivalent to polyacrylam ide in  the 
pH  interval studied  (pH  5-8).

Densitom etric scanning of the protein patterns 
obtained in  the v isib le  region  in conjunction  
w ith  visual com parisons offers an unequivocal 
m eans of fish  species identification .

Because o f the added ease and the tim e saved, 
it is suggested  that agarose be used  as a support 
m edium  in  isoelectric focusing in preference to 
polyacrylam ide for fish species identification .
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F E R T I L I Z E R S

S u l f u r  O x i d a t i o n  i n  F e r t i l i z e r s  u s i n g  N i t r i c - P e r c h l o r i c  A c i d

JA M ES R. M E L T O N , W IL L IA M  L. H O O V E R , JA N IC E  K O S K A , a n d  
W E N D Y  H . A N D E R S O N
Texas Agricultural Experiment Station, Agricultural Analytical Services,
College Station, TX 77843

AO A C  2.160-2.161 is  inadequate for determ in in g  total 
su lfu r  in  fertilizers. T he b ro m in e-n itr ic  acid  co m 
b in a tio n  does n ot o x id ize  a ll reduced form s o f su lfu r  
to  su lfa te; co n se q u e n tly , so m e f in d in g s  are b iased  
low . A p erch loric-n itric acid m ixture w as used as the  
o x id iz in g  m ixture, and  recovery  o f su lfu r  from  3 
standards w as co m p lete . A lso , q u a n tita tiv e  resu lts  
o n  fe rtilizer  sam p les  com pared  favorab ly  w ith  a p o 
tassium  p erm an gan ate-n itr ic  acid  procedure that has 
b een  su c ce ss fu lly  u sed  in  th e  authors' laboratory  for  
abou t 16 years. T he described  m eth od  is  recom 
m ended  for d eterm in in g  all form s o f su lfu r fou n d  in  
fe r t ilize rs  excep t e lem e n ta l su lfu r. A procedure is  
d escr ib ed  for d eterm in in g  e lem e n ta l su lfu r.

The determ ination o f sulfur by precipitation as 
barium sulfate (BaS04) has long been recognized  
as an accurate m eans o f sulfur determ ination. 
Textbooks (1, 2) have described the m ethod of 
preparing and co llectin g  the B aS04 precipitate. 
In 1959, M orris and Bozalek (3) reported a 
m ethod d evelop ed  by m eans of a statistical ap
proach for the determ ination  o f sulfate in  su
perphosphate fertilizers. Their m ethod  in 
volved  a sim ple hydrochloric acid digestion step; 
how ever, they recogn ized  that certain ion s in 
terfered w ith  their procedures. Barker (4) 
adapted the Morris and Bozalek m ethod for the 
determ ination  o f total sulfur in  fertilizers. H e 
added steps to oxid ize the sulfur and to rem ove  
nitrate, fluoride, and silica. H is d igestion  pro
cedures in v o lved  the addition  of brom ine in  
carbon tetrachloride, nitric acid, and HC1 to the 
fertilizer sam ples. The m ethod was adopted by 
the AOAC as official first action in  1964 (5). 
H ow ever, this m ethod, AOAC 2.160-2.161 (6 ), is 
inadequate for determ in in g  sulfur in fertilizers
(7) because the recom m ended brom in e-n itric  
acid ox id iz in g  mix does not com p letely  convert 
som e reduced sulfur com pounds to sulfate.

Because o f the inadequacy o f 2.160-2.161 (6 ), 
in  1965 w e  began usin g  a nitric acid-potassium  
perm anganate (H N 0 3-K M n0 4 ) ox id iz in g  m ix 
for determ ining total sulfur. In this procedure,

Received July 15,1981. Accepted Septem ber 18,1981.

the chem ist must observe any in so lu b le y e llow  
elem ental (free) sulfur floating  on  the digest. 
This free sulfur is analyzed  and added to sulfate  
sulfur to obtain accurate total sulfur results.

Initially , w e attem pted to oxid ize various 
form s o f sulfur w ith  sodium  peroxide. This 
one-step  oxidation w orked w e ll for alm ost all 
fertilizers, especially  the th iosulfates that had  
consistently  required 2  steps w h en  oxid izin g  
w ith  H N 0 3 -K M n0 4. H ow ever, 2 sam ples re
ceived  from the regulatory service w ere repeat
ed ly  found to be low er in  sulfur w ith  sodium  
peroxide than w ith  H N 0 3 -K M n0 4. H ow ever, 
Thorpe (7) successfu lly  used peroxides for ana
lyz in g  sulfur; her m ethod w as adopted official 
first action in 1980 (8 ).

Sulfur analysts agree on  the n eed  for a sin g le  
m ethod o f oxid izing all forms o f sulfur to sulfate. 
T herefore, a strong ox id iz in g  m ixture o f nitric 
acid-p erch loric acid (H N 0 3-H C 1 0 4) w as in v es
tigated. The described m ethod resulted from  
th is investigation .

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

(a) Potassium perm anganate solution (saturated). 
—W eigh 5 g K M n 0 4 in to 100 mL volum etric  
flask. D ilu te to vo lu m e w ith  w ater and mix.

(b) Barium chloride so lu tion .—D isso lve  100 g  
BaCl2.2H 2 0  in 900 mL w ater and filter through  
W hatman N o. 42 paper (2.160(a)).

(c ) Am m onium  hydroxide solu tion.— Add 50 mL 
N H 4OH to 50 mL water and mix.

(d) M eth y l orange indicator solu tion.— D issolve
0.1 g  in  100 mL water.

(e) Gooch crucible.—50 mL, h igh  form , w ith  
m edium  porosity fritted disc.
S a m p le  P r e p a r a tio n  a n d  D e te r m in a t io n

H N O 3-H C IO 4 oxidizing m ethod  (see 2.020(e)
(9)).—W eigh 1 g fertilizer in to  200 mL v o lu 
metric flask. Add ca 25 mL water and swirl until 
m ixed. Add 25 mL H N O 3, boil gently  ca 30 m in  
(until so lu tion  turns straw y e llo w  or clear), and  
cool. Add 15 mL 70-72% HCIO4, bo il very

0004-5756/82/6501-0123-03$01.00
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Table 1. Recoveries of sulfur from chemicals with HNO3-HCIO4

Recoveries, %a

Chemical Guarantee Mean SD CV, %

N3 2 SO4 22.57 22.63 0.15 0 . 6 6

Na2 S03 25.44 25.36 0.15 0.59
Na2S2C>5 33.73 33.55 0.38 1.13
Na2S2C>3 40.55 40.41 0.31 0.77

a Based on 5 replicates.

gently  until solution  is colorless or nearly so and 
dense w h ite fum es appear in flask. Danger! Do 
not boil to dryness at any tim e. If sam ples con
tain large am ounts o f organic matter, increase 
tem perature to fum ing point, ca 170°C, over a 
period of >1 h. Cool slightly , add 50 mL water, 
and bring to a gen tle  boil. C ool and fill to v o l
um e w ith  water. Let settle > 4  h (or filter 
through paper). Transfer aliquot conta in ing  
50-150 m g S into 250 mL graduated beaker and  
dilu te to ca 150 mL w ith  water. A dd m ethyl or
ange indicator until pink holds w h ile  stirring (ca 
3 drops). Add, dropwise, N H 4OH solution until 
yellow  holds w h en  stirred. Add ca 1 mL HC1 (ca 
pH  1). A ccording to 2.161 (6 ), heat filtrate to 
b oilin g . Add 5 -6  drops BaCl2 so lu tion . After 
1 m in, add, dropw ise, an am ount o f BaCl2 so lu 
tion  equ ivalent to expected S content plus 5 mL 
excess. D igest at gen tle  boil 1 h. Rem ove from  
hot plate and let precipitate settle 15-20 m in. 
Filter im m ediately through p reviously  ign ited  
and w eigh ed  gooch. Wash w ith  hot water until 
10 mL w ash w ater sh ow s no precipitate w ith  3 
mL 1% A gN O s. Dry and ign ite  at 800°C to con
stant w eigh t. Cool in  desiccator over MgClC>4 
and w eigh .

% S = g BaSC>4 X 2747.4/g  sam ple
X mL aliquot

H N O z -K M n O i oxidizing m ethod .—W eigh 1 g 
fertilizer into 200 mL volum etric flask. A dd ca 
10 mL water and sw irl until m ixed. A dd, drop- 
w ise , KMnC>4 so lu tion  un til v io le t rem ains after 
sw irlin g . A dd 10 mL H N O 3, boil g en tly  ca 15 
m in (until so lu tion  turns straw y e llo w  or clear), 
and cool s ligh tly . A dd 50 mL H 20 ,  bring to 
gen tle  boil, and cool sligh tly . If y e llo w  precip
itate (free S) is observed in  flask, filter under 
vacuum  through gooch, catching filtrate in  200 
mL volum etric flask. W ash residue w ith  water 
several tim es w h ile  ap p ly in g  vacuum  (volum e  
should  not exceed  200 mL). R em ove flask con
tain ing filtrate, cool, fill to vo lu m e w ith  water, 
and let settle if needed. Proceed as described in

preced ing paragraph, “Transfer aliquot con
tain ing 50-150 m g S into . . . Treat residue as
described in  fo llow in g  paragraph. If no ye llow  
precipitate is observed, proceed as described in  
preced ing paragraph, "Cool and fill to vo lu m e  
w ith  water. Let settle . . .".

Free su lfur procedure. —T horoughly w ash  resi
due from  H N 0 3 -K M n0 4 ox id iz in g  m ethod 5 
times w ith  5 mL filtered, S-saturated acetone and 
vacuum  filter after each w ash. Dry gooch  and  
contents 1 h  at 100°C, cool in desiccator, and  
w eigh. Wash contents of gooch 5 times w ith  CS2 
until all free S is rem oved. Vacuum -filter after 
each w ash . Dry crucible and contents 1 h at 
100°C, cool in  desiccator, and w eigh .
% Free S = d ifference in  w t o f crucible and

contents before and after w a sh in g  
w ith  CS2 X 10 0 /g  sam ple

A dd free S results to H N 0 3 -KMnC>4 oxid izable  
S (from filtrate) to obtain total S. Sam ples con
taining only elem ental sulfur should be analyzed  
by the free sulfur procedure.

Results and Discussion
For about 16 years, w e  successfu lly  used  the 

H N 0 3 -KMnC>4 m ethod, in  conjunction w ith  the 
free sulfur procedure, for determ in ing sulfur in  
fertilizers. H ow ever, during all those years w e  
desired a consistent, one-step  m ethod. T here
fore, an attem pt w as m ade to d erive a one-step  
oxidation procedure.

We theorized  that HCIO4, an excellen t oxi
d izing agent, w ould  com pletely oxidize all forms 
of sulfur fou n d  in  fertilizers. Since a H N O 3-  
HCIO4 m ix is used  in AO AC 2.020(e) to oxid ize  
phosphorus com pounds to phosphate, th is mix 
was investigated.

D igestions w ere made w ith  H N O 3-H C IO 4 on  
sod iu m  su lfate (N a2S 0 4), sod iu m  su lfite  
(Na2S0 3 ), sodium  m etabisu lfite (N £2S2Os), and  
sodium  thiosulfate (Na2S20 3 ). Recoveries were  
com plete and w ere not sign ifican tly  d ifferent 
from the guarantee (Table 1). Also, coefficients
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Table 2. Comparison of oxidation procedures for determining sulfur in fertilizers received through the state control
services

Guarantee

HN03-HCI04a HN03-KM n04a

Mean SD Mean SD

1.0 3 . 1 1 0.09 3 . 2 1 0.22
4.0 5 . 0 1 0.07 4 . 7 7 0.17
5.0 5 . 0 1 0.06 4 . 5 4 0.22
9.0 10.26 0.33 1 0 . 3 9 0.11

14.0 16.17 0.12 16.38 0.56
26.0 26.03 0.31 25.70 0.88

a Based on 5 replicates.

of variation of approxim ately 1% w ere quite en 
couraging.

To com pare the H N O 3-H C IO 4 oxidation  
against the H N 0 3-K M n 0 4 oxidation, 3 dry and  
3 liqu id  fertilizer sam ples from the state control 
service w ere analyzed . Equal aliquots w ere  
taken for precipitate form ation. N o  sign ificant 
d ifferences for sulfur w ere found  by the 2 
m ethods (Table 2). Standard deviations tended  
to be greater for the H N 0 3 -K M n0 4 oxidation, 
especially  for the liqu id  th iosulfates conta in ing  
26% sulfur, w h ich  required additional analysis  
of free sulfur.

O f the 4300 fertilizer sam ples that have been  
analyzed  for sulfur since this in itial in vestiga
tion, over 400 have b een  analyzed  by both  the 
H N O 3-H C IO 4 and H N 0 3-K M n 0 4 m ethods. 
N o practical d ifferences have been  found to n e
gate the valid ity  o f the in itia l find ings.
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Free sugars and m ajor no n v o latile  organic acids 
p resen t in  straw berries at 3 degrees of ripeness w ere 
dete rm in ed  by 3 analytical m ethods: enzym ic, gas- 
liqu id  chrom atographic, and high perform ance liquid  
chrom atographic. R esults show ed th a t variab ility  
in  sugar com position  due to bo th  degree of ripeness 
and m ethod of analysis was g reater for sucrose th an  
for glucose and fructose. Sucrose w as alm ost com 
pletely hydrolyzed in the overripe fruit. Acid results 
show ed th a t there  w as lit tle  variation  in  citric  acid 
levels due to ripeness or m ethod  of analysis; m alic 
acid, how ever, decreased g reatly  in  overripe fru it. 
M alic acid also show ed h igh  variab ility  due to 
m ethod  of analysis. The glucose:fructose ratios for 
the u nderripe , ripe, and overripe fru it were 0.86,0.92, 
and  0.60, respectively . The citric:m alic ra tio s were
1.58, 2.39, and 14.86 for the u n d errip e , ripe, and 
overripe stages, respectively.

Sugars and acids are major com ponents o f fruits, 
w h ich  have a low er susceptib ility  to change  
during processing and storage than other com 
ponents such as pigm ents and flavor compounds. 
This relative stability offers a practical advantage 
for usin g  sugar and non volatile  acid profiles as 
an index of authenticity in products such as juices 
and juice concentrates.

Fructose, g lucose, and sucrose are the main  
sugars reported in strawberries (1-6). Wrolstad 
and Shallenberger (7) found  considerable vari
ation in  the free sugar com p osition  reported in  
the literature for strawberries. Dako et al. (2), 
Lee et al. (5), and Selvaraj et al. (8 ) found  d iffer
ences in  quantitative com p osition  am ong vari
eties; Sw eeney et al. (4) exam ined the seasonal as 
w ell as varietal variation o f free sugars. Presence 
of the sugar a lcohols sorbitol (9) and xylito l (9,
10) has also been  reported. The major acids of 
strawberries are citric and malic; lesser am ounts
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pinas/FEAA, Campinas S.P., Brasil 13100.

2  Cornell University, Department of Food Science, Ithaca, 
NY 14853.
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of g lucolic, succin ic, fumaric, isocitric, galactu- 
ronic, aspartic, glutam ic, phosphoric, and quinic 
acids have been  reported (4, 11-13).

The purpose of this work was to determ ine the 
sugar and n on v olatile  acid com p osition  of 
strawberry fruit at 3 stages of maturity. An ad
ditional objective was to compare 3 analytical 
m eth od s—gas-liquid chrom atographic (GLC), 
h ig h  perform ance liq u id  ch rom atographic  
(HPLC), and enzym ic m eth od s—in the quanti
tative determ ination o f sugars and n on v o la tile  
acids.

Experimental
P l a n t  M a t e r i a l

Strawberries (Fragaria ananassa Duch. variety  
Benton) at 3 visual degrees o f ripeness— under
ripe, ripe, and overripe—were obtained from the 
OSU Department of Horticulture during the 1979 
harvest season. Fruits at each degree o f ripeness 
w ere packed in  polyeth ylen e bags, quick-frozen  
at —34°C, and stored at — 10°C.
A p p a r a t u s

(a) Gas ch rom atograph .—Varian A erograph  
M odel 200 w ith  h ydrogen  flam e ion ization  d e
tector and 3 m X 2 mm  id glass co lum n conta in 
in g  5% SE-52 on  80-100 m esh Chrom osorb  
W(HP); injection tem perature 190°C, detector  
tem perature 275°C, n itrogen  carrier gas flow  25 
m L /m in . For sugars, operate colum n isother- 
m ally 5 m in  at 165°C, program at 7 ° /m in  to 
275°C, and h old  at this tem perature. For acids, 
program from  100 to 275°C at 7 ° /m in  and  
hold.

(b) Liquid chrom atograph .— Varian M odel 5000 
equ ipped  w ith  colum n heater. For sugars: 
Varian Aerograph refractive index (RI) detector,
7.8 X 300 mm  A m inex HPX-87 carbohydrate 
colum n (Bio-Rad Laboratories, R ichm ond, CA), 
colum n tem perature 85°C, m obile phase 0.01% 
CaCl2-2H 20  in degassed, deionized water filtered  
through 0.45 pm  M illipore filter (keep at 65°C
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and con tin u ou sly  degas by use o f m agnetic stir
rer), flow  rate 1 m L /m in, injection volum e 20 pL. 
For acids: Varian liqu id  chrom atographic vari
able w a velen gth  detector M odel UV-50 at 210 
nm , 7.8 X 300 mm  A m inex HPX-87 organic acid 
colum n (Bio-Rad Laboratories), co lum n tem 
perature 65°C, m obile phase 0.013N  H 2SO4 in  
d eio n ized  w ater filtered  through 0.45 pm  M illi- 
pore filter (keep at 65°C and continuously degas 
by use of magnetic stirrer), flow  rate 0.8 m L /m in, 
injection vo lu m e 20 pL.

(c) In te g r a to r .— H ewlett-Packard M odel 3380 
A  recording integrator.

(d) U ltr a s o n ic  p ro b e .— B ronw ill B iosonik III 
ultrasonicator; dial settin g  70.

(e) S p e c tr o p h o to m e te r .— Perkin-Elm er M odel 
550.

(f) S y r in g e s .— For HPLC analyses: G lenco
micro syringe, 50 pL capacity (Glenco Scientific, 
Inc., H ouston , TX). For GLC analyses: H am il
ton m icroliter syringe, 10 pL capacity (H am ilton  
Co., Reno, NV).
R e a g e n t s

(a) E n z y m ic  a n a ly s is .— G lucose/fructose, su 
crose /g lu co se , L-malic acid, and citric acid kits 
(Boehringer M annheim  Biochem icals, Indian- 
polis, IN). For isocitric acid, reagents specified  
by B oehringer M annheim  w ere obtained from  
that com pany.

(b) S u g a r s  a n d  a c id s  s ta n d a r d s .— /3-D-Fructose 
crystalline (Sigm a Chem ical Co.); D-glucose 
certified  ACS (Fisher Scientific Co.); sucrose 
Grade I crystalline (Sigma Chemical Co.); L-malic 
acid crystalline (Sigma Chem ical Co.); citric acid 
m onohydrate crystal reagent (Baker Chem ical 
Co.); tartaric acid NF fine granular (Mallinckrodt 
Chem ical Works).

Sugars and acids w ere stored under vacuum  
over P2O 5 at least 24 h before w e ig h in g .

(c) lo n -e x c h a n g e  r e s in s .— W ash 12 mL cat
ion ic-exchange resin (Bio-Rad AG 50W-X4, 
200-400 m esh in  hyd rogen  form ) w ith  25 mL 
deionized  water. Wash 12 mL anionic-exchange 
resin (Bio-Rad AG 1-X8, 200-400 m esh , acetate 
form) w ith  25 mL 0.1N acetic acid and then  w ith  
25 mL d eio n ized  water.

(d) P o ly v in y lp y r r o l id o n e  p o ly m e r  (P V P P ) .— 
Wash PVPP according to procedure described by 
Loom is (14).
S a m p l e  P r e p a r a t i o n

W eigh 250 g  w h ole frozen fruit, heat to boiling  
in  m icrow ave oven , h o ld  30 s in b o ilin g  water  
bath, and cool im m ediately  by im m ersing in  ice 
bath. Correct w e ig h t loss by addin g water.

H om ogen ize in W aring blender. For GLC 
analyses, w e ig h  25.00 g; for HPLC analyses, 
w eig h  10.00 g; for enzym ic analysis, w e ig h  5.00 
g hom ogenate. Store sam ples at —10°C for fur
ther analysis.
Determina tion

(a) Sugars and acids by GLC .— Transfer 25.00 g 
prepared sample hom ogenate to centrifuge tube, 
add 75 mL 95% ethanol, ultrasonicate 3 m in, and  
centrifuge at 2000 X g  for 10 m in. Wash residue 
tw ice w ith  25 mL 80% ethan ol, and com bine su- 
pernates. Percolate extract through cationic- 
exchange colum n and then  through anionic- 
exchange colum n. W ash co lum ns w ith  d eio n 
ized water until 1 L is eluted. For sugar analysis, 
take 100 mL of fraction eluted from colum ns and 
d ilu te w ith  water to 250 mL. P ipet 1 mL into 3 
mL vial containing 100 pL 0.2% rham nose in 80% 
ethanol as internal standard. Dry sam ple on  
rotary evaporator (35°C) and store under vacuum  
over P2O 5 at least 24 h.

Recover acids from  an ion ic colum n by w a sh 
in g  w ith  250 mL 10N formic acid, fo llow ed  w ith  
d eio n ized  w ater until 1 L eluate is collected. 
Take 100 mL aliquot o f acid fraction to dryness 
on rotary evaporator (40°C) and d isso lve residue 
in  10 mL water. Pipet 1 mL so lu tion  in to  3 mL 
vial conta in ing 100 pL 1% tartaric acid in  80% 
ethan ol as internal standard. Take sam ple to 
dryness on  rotary evaporator and store under 
vacuum  over P2O 5 at least 24 h.

(b) Preparation of T M S deriva tives .— To sugars 
in  3 mL vials, add 0.3 mL Tri-Sil reagent (Pierce 
Chem ical Co., Rockford, IL), shake vigorously in  
Buchler shaker 5 m in, heat 20 m in  at 70°C in  
Pierce Reacti-Therm h eatin g m odule, shake ad
ditional 15 m in, and centrifuge. Inject 2 pL su- 
pernate into gas chrom atograph.

To acids in  3 mL vials, add 0.3 mL Tri-Sil re
agent, shake vigorously in Buchler shaker 5 m in, 
heat 30 m in at 50°C in Pierce Reacti-Therm  
h eatin g m odule, shake additional 5 m in , and  
centrifuge. Inject 2 pL supernate into gas chro
m atograph.

(c) Sugars and acids by H PLC .— For sugars, 
transfer 10.00  g  prepared sam ple hom ogenate to 
centrifuge tube, add 40 mL 95% ethan ol, and u l
trasonicate 3 m in. Refrigerate sam ple (2°C) 1 h, 
and then  filter by suction  through pad of 10 g  
hydrated PVPP on 7.0 cm diameter Whatman No. 
1 paper. Rinse PVPP and sample residue 3 times 
w ith  25 mL portions o f 80% ethanol. Com bine 
filtrate and w ash in gs and concentrate under 
vacuum  in  rotary evaporator (35°C) to final v o l
um e o f ca 5 mL. Percolate concentrate through
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Figure 1. GLC separation  on SE-52 colum n of TM S ethers of sugars from  straw b erry  fru its  at 3 degrees of 
ripeness: 1, and  2, rham nose (in t. std); 3, fructose; 4, a -g lucose , 5, /3-glucose; and  6 , sucrose.

6  mL cation ic-exch an ge co lum n and then  
through 6 mL an ionic-exchange co lum n, and  
wash colum ns w ith  deion ized  water. Collect all 
eluates from colum ns in 50 mL volu m etric flask  
conta in ing 5 mL 10% D-m annitol as internal 
standard and 1.0 mL 0.5% CaCl2-2 H 2 0 . Filter 
sam ple through 0.45 /im  M illipore filter before 
injection into HPLC apparatus.

For acids, proceed as previou sly  described for 
sugars, but percolate solu tion  on ly  through 10 
mL cation-exchanger (hydrogen form) and rinse 
w ith  d eio n ized  water to final vo lu m e of 100 
mL.

(d) Sugars and a d d s  by en zym ic analyses.— D e
term ine sugar content w ith  glucose/fructose and 
su cro se /g lu cose  kits, fo llo w in g  supplier's d i
rections. D eterm ine citric, isocitric, and m alic 
acid content w ith  en zym e kits, reagents, and  
recom m ended procedures o f supplier.
C a l c u l a t i o n s

(a) GLC analyses.— Calculate individual sugar 
and acid content in  sam ple according to fo l
lo w in g  formulas:

Sugar (g /1 0 0  g fruit) =  (P A /P A ')  X (W '/K ) X 
(D F /R )  X 4
Two glucose peaks appear in  the chromatogram; 
therefore, glucose peak area is sum  of the a -  and 
/3-peaks.

A cid (m eq u iv ./1 00 g fruit) =  (P A /P A ')  X ( W -  
/K )  X ( D F /R )  X (4 /eq u iv . w t) w here PA  and P A ' 
=  peak area o f sugar or acid in  sam ple and stan
dard, respectively; IN' -  w e igh t of internal 
standard added to vial; K =  detector response  
factor for g iven  sugar or acid calculated as f( =  
( P A / P A ' ) / ( V J / W ') ;  D F  =  dilu tion  factor; and R  = 
percent recovery.

(b) HPLC analyses .— Calculate content o f in 
d ividu al sugar by the fo llo w in g  formula:

Sugar (g /1 0 0  g  sam ple) = (P A /P A ')  X (W '/K )  
X (D F /R )  X 10

R esu lts and D iscu ssion
Strawberries at 3 d ifferent visual degrees o f  

ripeness w ere selected  to study the in flu en ce o f  
m aturity on  the variability in  sugar and organic 
acid com position . The sam ples presented the 
fo llow in g  valu es for total so lub le solids (°Brix) 
and titratable acidity (m equiv . / 100  g fruit): 6.0 
and 199.8, 7.4 and 123.5, and 6.2 and 117.5 for 
underripe, ripe, and overripe fruit, respec
tively.

Figure 1 sh ow s a typical GLC separation for 
strawberry sugars at each degree o f ripeness. 
Major sugars present in all sam ples were fructose, 
glucose, and sucrose. The sm all peak present 
betw een  a -  and /3-glucose in  the GLC chro
matogram of the overripe sam ple had the same 
retention  tim e as sorbitol, su ggestin g  that sor-

Figure 2. HPLC separa tion  on A m inex HPX-87 
carbohydrate colum n of free sugars from  u n d errip e  
s traw berry  fru it: 1, so lven t; 2, sucrose, 3, glucose, 4, 

fructose; and 5, m an n ito l (in t. std).
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Figure 3. GLC separa tion  on SE-52 colum n of TM S ethe rs  of non v o la tile  acids from  straw berry  fru its  at 3 
degrees of ripeness: 1, u n k n o w n ; 2 m alic; 3, ta rta ric  (in t. std); and 4, citric.

bitol could have been  form ed during the process 
of m aturation. If th is peak is sorbitol, its con
centration w o u ld  be approxim ately 200  p g /g  
fresh fruit or 0.78% of total sugars as estimated by 
its peak area. M akinen and Soderling (9) re
ported that ripe strawberries contain 320 /rg 
so rb ito l/g  fresh w e igh t, w h ich  w ou ld  be 0.58% 
of total sugars if one assum es a total sugar content 
in  strawberries o f 5.5 g /100  g  fresh w e ig h t (7). 
In an earlier publication  (15), w e  stated that 
presence o f sorbitol in  strawberry products 
w o u ld  be ind icative o f adulteration w ith  less  
ex p en sive sorbitol-conta in ing fruits, such as 
fruits o f the Rosaceae fam ily—apples, pears, and  
plum s. This suggestion  needs to be qualified so 
that quantities o f sorbitol in  excess o f trace 
am ounts, e .g ., 1% of total sugars, w ou ld  be in 
d icative o f adulteration.

Figure 2 show s a typical HPLC chromatogram  
for separation o f strawberry sugars. The tim e 
required for HPLC separation w as 15 m in, 
w hereas that for GLC separation w as 30 m in.

D erivatization o f sugars for GLC analysis adds 
considerably to the total analysis time., Both the 
GLC and HPLC chrom atogram s reveal the  
cleanup ach ieved  in  sam ple preparation. Data 
on sugars by GLC are consisten tly  low , but GLC 
offers greater sen sitiv ity  and better resolution.

Figures 3 and 4 sh ow  typical GLC and HPLC  
separations of the nonvolatile acids o f strawberry 
fruit, w h ich  g ive  results sim ilar to other p u b li
cations (4 ,1 1 ,1 2 ); citric and m alic are the major 
acids present. It is ev id en t that the m inor com 
poun ds present in  the underripe and ripe sam 
p les increased in  concentration at the overripe  
stage. Further work n eeds to be don e for id en 
tification and quantification o f these m inor  
com pounds.

To determ ine the percent o f recovery, know n  
am ounts of sugars and acids were subjected to the 
same extraction procedure as the samples. There 
w as no ev id en ce o f sucrose h ydrolysis w h en  
sucrose standards w ere subjected to preparation 
and separation conditions sim ilar to those o f the 
sam ples. Table 1 sh ow s the detector response

Figure 4. HPLC separa tion  on A m inex HPX-87 o r
ganic acid analyses colum n of nonvolatile  acids from  
straw berry  fru its  a t 3 degrees of ripeness: 1, citric; 

and 2 , m alic.

Table 1. Detector response factor (K) and percent 
recovery of sugars and nonvolatile organic acids of 

strawberry

Sugar or 
acid K

Rec.,
%

Method 
of anal.

Fructose 0.82 96.0 GLC
1.04 95.5 HPLC

Glucose 1.56 100.0 GLC
1.03 98.7 HPLC

Sucrose 1.14 100.0 GLC
1.01 99.4 HPLC

Citric 0.80® 80.3 GLC
ext std 95.2 HPLC

Malic 1.13® 82.3 GLC
ext std 98.4 HPLC

3 Reported by Akhavan et al. (16).
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Table 2. Free sugars content of strawberry fruit (mean values) *

Fructose Glucose Sucrose
Degree Meth.

of
ripeness

g/100
g

%
CV

%
TS

g/100
g

%
CV

%
TS

g/100
g

%
CV

%
TS

Total
sugars

Glu/
fru

of
anal.

Underripe 1.48 3.23 50.17 1.24 2.94 42.03 0.23 7.84 7.80 2.95 0.84 ENZ
1.23 5.47 50.62 1.08 6.47 44.44 0.12 11.03 4.94 2.43 0.88 GLC
1.52 3.00 49.03 1.32 3.35 42.58 0.26 3.99 8.39 3.01 0.87 HPLC

Mean 1.41 3.9 49.94 1.21 4.25 43.02 0.20 7.62 7.04 2.80 0.86 —
Ripe 1.97 0.97 46.24 1.75 2.51 41.08 0.54 2.90 12.68 4.26 0.89 ENZ

1.63 8.46 45.66 1.64 5.01 45.94 0.30 5.01 8.40 3.57 1.0C GLC
2.22 3.84 47.03 1.94 1.77 41.10 0.56 3.99 11.86 4.72 0.87 HPLC

Mean 1.94 4.42 46.31 1.78 3.10 42.71 0.47 3.97 10.98 4.18 0.92 —
Overripe 1.83 3.99 62.03 1.07 1.96 36.27 0.05 24.36 1.69 2.95 0.58 ENZ

1.55 2.32 61.26 0.97 3.98 38.34 0.02 18.39 0.40 2.53 0.63 GLC
1.88 2.44 62.46 1.10 1.10 36.54 0.03 20.94 1.00 3.01 0.55 HPLC

Mean 1.75 2.97 61.92 1.05 2.35 37.05 0.03 21.23 1.03 2.83 0.55 —

3 % CV = % coefficient of variance between duplicate samples.
% TS = percent total sugars (fructose + glucose + sucrose).
Glu/fru = Glucose:fructose ratio.
ENZ = enzymic, GLC = gas-liquid chromatographic, HPLC = high performance liquid chromatographic.

factors (K ) and the percent recovery values used  
for quantitative purposes for the GLC and HPLC 
analyses. In the case o f the HPLC analyses for 
citric and m alic acids, a standard curve relating  
area and concentration w as used  for the quanti
tative analyses.

Table 2 show s the sugar content of strawberry 
fruits at 3 degrees of ripeness and by 3 m ethods  
of analyses. The percent coefficient o f variance 
(% CV) indicates the variability b etw een  d u p li
cate samples. In general, the % CV was low er for 
enzym ic and HPLC analyses than for GLC anal
yses. A lso, the quantitative valu es for the 3 
sugars as determ ined by HPLC and enzym ic  
m ethods w ere in closer agreem ent than GLC.

In general, m axim um  fructose, g lucose, and

sucrose content was obtained for ripe strawberry 
fruit. Fructose, g lucose, and sucrose content  
agrees w ith  values previously reported in  the 
literature (1, 2 ,5 ,7 ) . Sucrose content decreased  
dram atically at the overripe stage, probably be
cause o f enzym ic hydrolysis. (The purpose of 
the m icrow ave heating in sam ple ^reparation  
w as to inactivate any native invertase.) Glu- 
cose:fructose ratio for the underripe and ripe 
sam ples sh ow ed  a m ean value o f 0.89 w h ich  is 
close to an invert sugar pattern. In the overripe 
sam ple, the decrease in glucose w as greater than  
the decrease in  fructose, resu lting in  a glucose: 
fructose ratio of 0.60. Sim ilar results w ere re
ported by K liew er (17) in  grapes.

M altose w as not found in any o f our sam ples.

Table 3. Nonvolatile organic acids in strawberry fruit (mean values)3

Degree
Citric Isocitric Malic Total

acids, Meth.
of meq. % % meq. % % meq. % % meq./ Citric: of

Ripeness 100 g CV TA 100 g CV TA 100 g CV TA 100 g malic anal.

Underripe 13.5 0.33 64.71 0.46 7.70 2.20 6.93 0.48 33.09 20.9 1.96 ENZ
10.4 2.38 60.26 — — — 6.89 1.59 39.73 17.3 1.52 GLC
10.9 6.12 55.80 — — — 8.65 6.25 44.20 19.5 1.26 HPLC

Mean 11.6 2.94 60.26 — — — 7.49 2.77 39.01 19.1 1.58 __
Ripe 10.3 2.31 81.86 0.29 28.1 2.31 1.99 1.70 15.83 12.6 5.17 ENZ

7.7 2.74 57.12 — — — 5.78 1.44 42.88 13.5 1.33 GLC
5.8 3.64 40.26 — — — 8.65 6.32 59.74 14.5 0.67 HPLC

Mean 7.9 2.90 59.75 — — — 5.47 3.15 39.48 13.4 2.39 __
Overripe 10.2 0.74 91.94 0.23 7.80 2.08 0.66 1.82 5.98 11.1 15.38 ENZ

12.1 2.81 96.25 — — — 0.47 6.43 3.75 12.6 25.63 GLC
9.3 1.39 77.95 — — — 2.63 2.91 22.05 11.9 3.54 HPLC

Mean 10.5 1.65 88.71 — — — 1.25 3.72 10.59 11.8 14.85 —

3 % CV = % coefficient of variance for duplicate samples, 
meq. = mllllequivalents.
% TA = % total acids.
ENZ = enzymic, GLC = gas-liquid chromatographic, HPLC = high performance liquid chromatographic.
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Lee et al. (5) and Richm ond et al. (6 ) reported the 
presence o f m altose in  their strawberry samples. 
Both authors refluxed their sam ples w ith  80% 
ethanol for at least 2  h  during the sugar extrac
tion. This practice could  have prom oted the  
hydrolysis o f starch.

Table 3 sh ow s the citric and m alic content of 
strawberry fruits at 3 degrees of ripeness and by 
3 m ethods o f analysis. A lso  reported is the iso- 
citric acid content determ ined by en zym ic anal
ysis at the 3 degrees of ripeness. The variability 
of the results w ith in  each m ethod  o f analysis is 
quite acceptable; 6% CV is the h ighest variation. 
HPLC analyses sh ow ed  the h igh est % CV and  
enzym ic analyses the low est. The agreem ent is 
not as good  am ong th e d ifferent m ethods as 
w o u ld  be desired, how ever. HPLC determ ina
tions gave h igh er valu es for m alic acid, particu
larly for the overripe sam ple. A  possible source 
of error could be the presence o f interfering  
com pounds w h ich  absorb at 210 nm . GLC and  
enzym ic determ inations for m alic acid w ere in  
fair agreem ent, except for the ripe sam ple. 
V alues for citric, m alic, and total acidity are in  
general accord w ith  those reported by S w een ey  
et al. (4), Fernandez-Flores et al. (11), Ryan and  
D u pont (13), and Sistrunk and Cash (12). Be
cause of the variability am ong m ethods, patterns 
for changes in  acids during rip en in g  are m ore 
clearly seen  by exam in ing either results for in 
d ividu al m ethods or m eans o f the 3 m ethods. 
Table 3 -reveals a decrease in  total acidity during  
maturation. Citric acid lev e ls  w ere least at the  
ripe stage, w ith  little  d ifference in  citric acid  
content b etw een  underripe and overripe fruit. 
In contrast, m alic acid sh ow ed  a large decrease 
at th e overripe stage. T hese changes result in  a 
m uch larger citric:malic ratio for overripe sam 
ples com pared w ith  underripe and ripe samples. 
In a previous study on  the changes of nonvolatile 
acids during rip en in g  o f pears (18), sim ilar re
sults w ere reported: M alic acid con ten t d e
creased sharply in  overripe fruit w hereas citric 
acid decreased on ly  s ligh tly . W e w ere unable  
to quantitate isocitric acid by GLC and HPLC 
analyses because w e  cou ld  not satisfactorily re
solve citric and isocitric acids. Enzymic analyses 
revealed  that isocitric acid w as present in  
strawberry fruit at very low  concentration com 
pared w ith  citric or m alic acid. Sim ilar results 
for levels of isocitric acid in  strawberry juice were  
reported by Benk (19).

W e fou n d  less variation in  the determ ination

of sugars than in  the determ ination  o f acids due 
to both analytical m ethod and lev e l o f maturity. 
Variability of nonvolatile acid com position limits 
its use as an index o f authenticity.
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D R U G S

High Pressure Liquid Chromatographic Determination of 
Physostigmine Salicylate and Physostigmine Sulfate in Liquids 
and Ointments: Collaborative Study
NORLIN W. TYMES
F ood  a n d  D ru g  A d m in is tr a t io n ,  9 0 0  M a d is o n  A v e ,  B a lt im o re , M D  2 1 2 0 1
Collaborators: G. Briguglio; C. Corcoran; R. Everett; L. V. Feyns; E. Fisher; V. Gray; 
D. Hughes; A. Lazar; A. Marks; J. Radin; R. Thompson

R esults of 11 laboratories are p resen ted  for the  col
laborative s tudy  of a p roposed  m ethod  for the 
q u an tita tiv e  reverse phase h ig h  p ressure liq u id  
chrom atographic (HPLC) de te rm in atio n  of ph y so 
stigm ine salicylate and  physostigm ine su lfa te  in 
pharm aceutical form ulations. The sam ples consisted 
of com m ercial so lu tion , in jection , and  o in tm en t 
p reparations, each con ta in ing  one of the  ph y so stig 
m ine salts. The physostigm ine salt is extracted from  
o in tm en ts  w ith  aceton itrile  a fter the  o in tm en t is 
dissolved in  hexane. Liquid preparations are dilu ted  
directly. Physostigm ine is determ ined at 254 nm  on 
a Cis colum n by  com parison w ith  a physostigm ine 
standard. Flurazepam  hydrochloride is the in ternal 
standard. The m ethod has been adopted official first 
ac tion  for th e  so lu tio n  dosage form .

P h ysostigm in e, also kn ow n  as eserine, is the  
main alkaloid present in  the seeds of the Calabar 
bean (P hysostigm a venenosum ) (1). It is usually  
obtained by extracting the dried, ripe seeds w ith  
alcohol. Physostigm ine's m iotic effect makes it 
usefu l in  ophth a lm ology  in  the treatm ent of 
glaucom a; it increases the facility o f ou tflow  of 
aqueous hum or and thus reduces intraocular 
tension  (2 ).

P hysostigm in e has b een  determ ined by acid
im étrie (3, 4), colorim etric (5), and ultraviolet 
(UV) spectrophotom etric (6 ) techn iques. The 
acidim étrie procedures in clu d e both  a back ti
tration o f excess acid w ith  base in  an aqueous  
system  and a nonaqueous titration w ith  per
chloric acid in  dioxane or acetic acid. The co l
orim etric procedure is based on  the reaction of 
p h ysostigm in e w ith  sodium  nitrite in  acid solu-

This report of the Associate Referee was presented at the 94th 
Annual Meeting of the AOAC, Oct. 20-23,1980, at Washington, 
DC.

The recommendations of the Associate Referee were ap
proved by the General Referee. Committee B approved the 
recommendations, except the method was approved only for 
the solution dosage form. The Committee's recommendation 
was adopted by the Association. See /. Assoc. Off. Anal. Chem. 
65 (March issue).

Received July 8 , 1981. Accepted September 4,1981.

tion to form  a y e llo w  nitroso com p ound w h ich  
is stabilized  w ith  am m onium  sulfam ate. In the  
UV spectrophotom etric procedure, the p h yso
stigm ine is extracted into an aqueous m edium  as 
the salt and its absorbance is m easured at the  
w avelen gth  o f m axim um  absorbance at either  
246 or 305 nm. A ll of these procedures are rather 
nonsp ecific  and are not stability-indicating.

O ne of the characteristics of p h ysostigm in e is 
that it is  easily  h ydrolyzed  to eseroline, m ethyl- 
am ine, and carbon dioxide. The eseroline, 
w h ich  is colorless, is further ox id ized  to rubres- 
erine, w h ich  is red (7). Physostigm ine products 
m ay turn red as th ey  age, ind icating a chem ical 
deterioration. Thus, w ork w as in itiated  to d e
ve lo p  a m ore specific assay that w ou ld  be sta
b ility-indicating.

H igh pressure liquid chromatography (HPLC) 
w as investigated as a m eans to both iden tify  and  
quantitate physostigm ine and its salts. A reverse 
phase HPLC system  usin g  octadecyl-bonded  
silica m icroparticles as the stationary phase and  
acetonitrile-pH  6.0 am m onium  acetate buffer as 
the m obile phase satisfies these requirem ents. 
This system  separates physostigm in e from  its 
degradation products, as w e ll as from  preserva
tives that are frequently present.

Figure 1 sh ow s on e HPLC chrom atogram  of 
p h ysostigm in e salicylate, before and after d eg 
radation w ith  sodium  hydroxide, obtained by the 
proposed system s. Figures 2 -4  sh ow  typical 
HPLC chromatograms of the sam ples used in  this 
collaborative study. The degradation products 
and preservatives encountered all eluted  before 
the p h ysostigm in e peak, w h ich  has a retention  
tim e o f 3 -4  m in.

P hysostigm in e has a h ig h  m olar absorptivity, 
12140 in  acetonitrile, w ith  an absorbance m axi
m um  at about 256 nm. The UV detector at 254 
nm  w as su ffic ien tly  close to the m axim um  ab
sorbance to provide a goo d  response.

A recovery of 99.2%  w as obtained for physo-
0004-5756/82/6501-0132-06$01.00 
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Figure 1. HPLC chrom atogram  of physostigm ine 
salicylate, 0.1 m g/m L  w ater, before degradation  (A) 
and after partia l degradation  (B) w ith  2 d rops of IN  

NaO H.
Figure 3. Typical HPLC chrom atogram  of p h y so 
stigm ine salicylate so lu tion  sam ple: 1 , p h y so stig 

m ine salicylate; 2, flu razepam  HC1 in te rn a l 
standard .

l

Figure 2. Typical HPLC chrom atogram  of p h yso
stigm ine salicyla te in jection  sam ple: 1 , benzyl a l
cohol; 2, physostigm ine salicylate; 3, flurazepam  HC1 

in te rn a l standard .

2
<s>OS
i

Figure 4. Typical HPLC chrom atogram  of p h yso
stigm ine sulfate o in tm en t sam ple: 1 , physostigm ine 

sulfate; 2, flurazepam  HC1 in te rn a l standard .
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stigm in e sulfate by the m ethod for oin tm ent  
preparation, w h ich  in v o lved  addition  o f 7.5 m g  
standard /g  ointm ent.

P hysostigm in e salicylate and p h ysostigm in e  
sulfate w ere extracted from  20 mL hexane w ith  
tw o 20 mL portions o f acetonitrile. The pro
posed  HPLC m ethod w as used to compare the  
extracted standards w ith  sim ilar standard so lu 
tions that w ere not extracted. The am ount of 
standard recovered through th e extraction w as 
98.6% physostigm in e salicylate and 100.4% 
p h ysostigm in e sulfate.
P h y so stig m in e  S a licy late and P h ysostig m in e  

S u lfa te -H ig h  Pressure L iquid  
C hrom atographic M eth od

P r i n c i p l e
Physostigm ine salicylate or sulfate is dissolved  

or extd in to  acetonitrile and detd  as p h ysostig
m ine by HPLC w ith  UV (254 nm ) detector and  
w ith  flurazepam  as internal std.

A p p a r a t u s
(a) Liquid ch rom atograph .— M od el 204

equ ipped  w ith  2 M odel 6000 pum ps, M odel 660 
solv. program m er, 254 nm  UV  detector, M odel 
U 6K injector (Waters Associates, Inc.) and M odel 
3380A integrator (H ewlett-Packard). Equiv. 
HPLC system  w ith  strip chart recorder m ay be 
used.

(b) HPLC colum n.—/xBondapak Cis, 3.9 mm id  
X 30 cm (Waters Associates, Inc.) or equiv. re
verse phase colum n p rovid ing appropriate re
tention  tim es and sepn for p h ysostigm in e and  
internal std.

R e a g e n t s
(a) Am m onium  acetate.—0.05M. D issolve 3.85 

g N H 4OAC in  H 2O and dil. to 1 L. Filter thru 4.7 
cm W hatm an G F /F  glass m icrofiber paper, or 
equ iv ., in  M illipore-type filter holder. Adjust 
filtrate to pH  6.0 ± 0 .1  w ith  H O  Ac or N H 4OH.

(b) Solvents. —UV grade hexane and acetoni
trile (Burdick & Jackson Laboratories, Inc., or 
equiv.) filtered  thru sam e filter as in (a).

(c) M obile phase.—Acetonitrile-0.05M  N H 4OAC 
(1 +  1) at flo w  rate o f ca 2.0 m L /m in . M obile  
p hase ratio and flow  rate m ay be varied to g ive  
approxim ate retention  tim e o f 3 -4  m in for ph y
sostigm in e peak (first) and separation o f flura
zepam  internal std peak (second).

(d) Internal s td  so ln .— D isso lve 50 m g flura
zepam  HC1 in  M eO H  and dil. to 100 mL w ith  
M eOH.

(e) P hysostigm ine std  soln s.—3.0 m g /100 mL. 
Transfer 60 m g accurately w e igh ed  USP P hyso
stigm in e, P hysostigm in e Salicylate, or P hyso
stigm in e Sulfate to 100 mL vol. flask and dil. to 
vol. w ith  acetonitrile. Transfer 5.0 mL aliquot 
to 100 mL vol. flask contg 5.0 mL internal std soln  
and dil. to vo l. w ith  acetonitrile. U se p h yso
stigm ine and salicylate stds w ithout drying. Dry 
su lfate std 2 h at 105°C.

S a m p l e  P r e p a r a t i o n
(a) O in tm en ts .—Transfer accurately w e igh ed  

sam ple (W) contg ca 3 m g physostigm in e salicy
late or physostigm ine sulfate to 60 mL separator. 
A dd 20 mL «-hexane and ext w ith  four 20 mL 
portions o f acetonitrile. C ollect exts in  100 mL 
vol. flask contg 5.0 mL internal std soln  and dil. 
to vol. w ith  acetonitrile.

(b) Liquids.—Transfer aliquot of liq. (V ) contg  
ca 3 m g physostigm in e or its salts to 100 mL vol. 
flask contg 5.0 mL internal std soln  and dil. to 
vo l. w ith  acetonitrile.

S y s t e m  S u i t a b i l i t y  ( C h r o m a t o g r a p h i c  
S y s t e m )  C h e c k

(a) R e p ro du cib ility .—Let system  equilibrate  
w ith  flow  rate o f ca 2 m L /m in. Then make four
10.0 pL injections of any std soln. Measure coeff. 
of variation o f peak response for 4 injections by  
fo llo w in g  formula:

CV, % =  100 \ / ^ X ~  x)1 ±  x V « — 1
w h ere x  =  ratio o f area o f physostigm in e peak 
div id ed  by area o f internal std peak, x =  m ean of 
these ratios, and n = num ber o f injections.

Coeff. o f variation shou ld  be <2%. If repro
ducibility is unsatisfactory, let system equilibrate 
lon ger  and repeat test.

(b) R esolu tion .— R etention tim e for ph yso
stigm ine peak should be 2.5-4.5 min. Resolution  
factor, R , for physostigm ine peak and internal std 
peak sh ou ld  be > 3 .0 , usin g  fo llo w in g  formula:

R =  2 ( t '  - t ) / ( P W  +  P W ')
w h ere t and t'  =  mm  retention of physostigm ine  
and internal std peaks, respectively; and P W  and  
PW' =  mm peak w id th s m easured at baseline of 
p h ysostigm in e and internal std, respectively.

D e t e r m i n a t i o n
Make duplicate 10 /uL injections each of sample 

soln  and appropriate std soln, alternating sam ple 
and std solns. Calc, results by using response  
ratios (R R ) rel. to internal std, based on  peak  
areas:
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For ointm ents:
P h ysostigm in e (or salt), m g /g  =  100 X (R R / 

R R ') X (C /W )
For liqs:
P h ysostigm in e (or salt), m g/m L  =  100 X 

(R R /R R ')  X (C /V )
w h ere RR  and R R ' =  response ratio o f sam ple  
and std; C = concn  o f std ( m g /100 mL); W  =  g 
ointm ent; V  =  mL liq. Identification is based on  
sam e retention  tim es for sam ples and stds.

C ollab orative Study
A collaborative study was conducted in  w h ich  

11 collaborators exam ined 3 sam ples. Table 1 
lists the com p osition  o f each sam ple. Each co l
laborator w as su p p lied  w ith  th e 3 sam ples and  
2 0 0  m g each o f standard p h ysostigm in e salicy
late, standard p h ysostigm in e sulfate, and inter
nal standard flurazepam  hydrochloride. Each 
sam ple consisted  o f intact, com m ercially pre
pared units from  sin g le  lots. Both the com m er
cia lly  obtained p h ysostigm in e salicylate and  
p h ysostigm in e su lfate standards w ere analyzed  
by the author according to the U. S. Pharmacopeia  
(USP) XX m onographs (4) for these com pounds  
and failed  the "Readily C arbonizable Sub
stances" test. This w as b elieved  not to affect the 
results o f the collaborative study. The p h yso 
stigm ine sulfate standard also failed the "Loss on  
Drying" test, being 1.8% more than the allowable 
lim it. The standard is dried before use and this  
loss on  d rying w o u ld  not affect the results.

Collaborators were instructed as to the am ount 
of each sam ple to use to obtain the correct final 
concentration. The standard p h ysostigm in e  
sulfate w as to be dried at 105°C to constant 
w eig h t before use and the standard p h ysostig 
m ine salicylate w as to be used  w ith ou t drying. 
The collaborators w ere instructed to keep all 
so lu tion s in  the dark u n til ready for use and to 
calculate peak areas by a recording integrator, if 
available.

R esu lts and D iscu ssion
Individual results from  each collaborator are 

sh ow n  in  Table 2, alon g w ith  the average, range, 
and the co effic ien t o f variation for each o f th e 3 
sam ples. The results from  Collaborator 4 could  
not be used, because the system  suitability test for 
coeffic ien t o f variation w as not m et. Because 
Collaborator 9 m ade o n ly  on e injection for the  
p h ysostigm in e salicylate so lu tion  and p h yso 
stigm in e su lfate o in tm en t sam ples, on ly  on e re
sult was reported. The results from Collaborator 
6 for the p h ysostigm in e salicylate sam ple solu-

Table 1. Composition of samples for collaborative study

Composition Label content, %

Physostigmine Salicylate Solution

Physostigmine salicylate 0.5
Chlorobutanol 0.15
Hydroxypropyl methylcellulose 
Sodium chloride

0.5

Citric acid 
Sodium bisulfite 
Purified water

Physostigmine Salicylate Injection

Physostigmine salicylate 1 m g/mL
Sodium bisulfite 0.1
Benzyl alcohol 
Water for injection

2.0

Physostigmine Sulfate Ointment

Physostigmine sulfate 0.25a
Anhydrous lanolin 4
White petrolatum 75
Mineral oil 20
Purified water 1

a Personal communication from manufacturer of 
product.

tion  m et D ixon's requirem ents for an outlier (8 ) 
and w ere discarded. This collaborator reported  
results that w ere approxim ately 15% low er than  
the m ean for both th e p h ysostigm in e salicylate  
solu tion  and injection sam ples. Because the  
sam e standard so lu tion  w as used  for both sam 
p les, it appears that th is collaborator could  have  
m ade an error in  the standard concentration.

The p h ysostigm in e salicylate so lu tion  w as 
assayed by the author according to the USP XX
(9) procedure. A  result of 0.555% w as obtained, 
com pared w ith  a m ean o f 0.479% by the HPLC 
procedure. The physostigm ine sulfate ointm ent 
w as also assayed by the USP XX procedure w ith  
a result o f 0.254% com pared w ith  a m ean o f
0.238% by the HPLC m ethod. The higher values 
obtained by the USP m ethods indicate their lack 
o f specificity . In su fficient p h ysostigm in e sali
cylate injection w as available for assay by the  
USP procedure, because the nonaqueous titration 
required a m inim um  of 50 m g, or, in  this case, 25 
am pules. The sam ples w ere not assayed by the  
AO AC m ethods for physostigm ine; these m eth
ods w ere o n ly  general for alkaloids, w h ich  are 
extracted and titrated w ith  0.02N  sulfuric acid. 
M ore than 20 tim es the am ount o f sam ple is 
n eed ed  for the titrim etric procedure as for the  
proposed HPLC m ethod to produce a titration of 
at least 10 mL 0.02N  sulfuric acid.

W hen reagent grade hexane w as u sed  to ex-
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Table 2. Results of collaborative study for physostigmlne

Coll. Column cv, % Resolution
Retention, min 

Phys./flur.
Solution,

%

Amount found

Injection,
mg/mL

Ointment,
%

1 uBondapak 1.5 3.4 3.5/6.9 0.482 0.886 0.255
C18 0.477 0.862 0.245

2 juBondapak 1.0 6.5 3.3/6.7 0.486 0.962 0.240
0.486 0.952 0.243

3 /¿Bondapak 0.55 2.8 3.3/5.6 0.470 1.000 0.205
0.477 0.992 0.203

4 uBondapak 3.668 6.2 3.8/8.0 0.595 0.988 0.247
C18 0.542 1.049 0.222

0.449 1.019 0.256
0.382 1.073 0.224

5 uBondapak 0.79 5.6 3.7/6.4 0.492 0 939 0.244
Cl8 0.482 0.983 0.243

6 juBondapak 0.37 2.8 3.4/5.6 0.417'’ 0.796 0.236
0.417" 0.803 0.241

7 Ultrasphere 1.73 4.33 3.5/11.2 0.466 0.962 0.226
ODS 0.462 0.971 0.221

8 LiChrosorb 0.63 4.17 3.9/6.9 0.478 0.957 0.230
RP-18 0.466 0.974 0.227

9 Spherlsorb 0.67 2.84 4.0/6.7 0.476 0.950 0.248
S-ODS 0.952

10c ¿iBondapak 0.58 3.2 3.2/7.0 0.508 1.019 0.243
0.506 1.008 0.242

0.239
11 ¿¿Bondapak 1.40 5.0 3.5/6.5 0.484 0.924 0.256

0.456 0.916 0.271
Ranged 0.456-0.508 0.796-1.019 0.203-0.271
Mean d 0.479 0.940 0.238
cv, % d 2.93 6.56 6.75

8 Did not meet the system suitability test.
6 Rejected on basis of Dixon test (8) at the 95% confidence level.
8 Associate Referee results.
a Does not include outlier from Collaborator 6 or results from Collaborator 4.

tract the ointm ent, an im purity from the hexane 
was extracted w ith  the acetonitrile and produced 
a peak betw een the physostigm ine peak and the 
internal standard peak in  the HPLC chrom ato
gram . T his im purity  w as e lim in a ted  by 
sw itch in g  to UV grade hexane.

Comments from  Collaborators
A ll collaborators, except Collaborator 4, re

ported encountering no problem s w ith  the 
m ethod. O ne collaborator reported that the 
HPLC m ethod is a w elcom e im provem en t over 
the extraction and titration o f the AOAC official 
m ethod for physostigm in e and its salts (3). 
Collaborator 3 noted  that the p hysostigm ine  
sulfate standard turned brown w h en  it was dried 
overnight at 105°C. This drying tim e was much  
longer than called for in the m ethod. O ne co l
laborator noted that the commercial preparations 
of p hysostigm ine salicylate solu tion  and ph y
sostigm in e sulfate oin tm ent had a s ligh t colora

tion. Collaborator 4 had d ifficu lty  fin d in g  a 
suitable colum n and an instrum ent that func
tioned properly, and reported results that failed  
to m eet the system  suitability test. Collaborator 
7 reported a small peak under the physostigm ine  
peak that was not in itia lly  resolved  in  the p h y 
sostigm in e salicylate injection sam ple.

Collaborator 11 found  5 im purities in  the  
physostigm ine sulfate standard by increasing the 
concentration of standard injected in  the pro
posed  HPLC system ; the major im purity w as es
tim ated to be 1.11% by area norm alization. A 
p h ysostigm in e sulfate standard material cur
rently under investigation  as a USP Reference 
Standard gave the sam e pattern o f im purities. 
T his collaborator suggested  that the resolution  
be increased to a m inim um  of 2.5 or 3.0.

Collaborator 11 also questioned the suitability  
of flurazepam as an internal standard because of 
the varying retention , w ith  respect to p h yso
stigm ine on different colum ns. The colum n that 
Collaborator 11 used was performing at less than
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50% of in itia l effic ien cy  but still m et the system  
suitability test.

Several collaborators w h o  tried usin g  the 
Zorbax ODS colum n found  it too retentive and  
not suitable.

Recom m endations
Based on  the collaborative results, it is rec

om m en ded  that the resolu tion  factor be in 
creased to a m inim um  of 3.0; that the drying time 
for p h ysostigm in e sulfate standard be changed  
to 2 h at 105°C; that UV grade hexane be speci
fied; that the m ethod as m odified  be adopted  
official first action for determ in ing p h ysostig 
m ine, p h ysostigm in e salicylate, and p h ysostig
m ine sulfate in drug preparations; that work  
contin ue to id en tify  degradation products and  
their retention  tim es.
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Titrimetric M ethod With Ion Selective Electrode for Determ ination  
of Acetylenic H ypnotics
MOHAMED S. RIZK, MOHAMED I. WALASH, and AMINA EL-BRASHY 
Mansoura University, Chemistry Department, Faculty of Pharmacy, Mansoura, Egypt
An ion selective electrode has been used for ind irect 
titrim e tric  assay of e thch lo rvyno l, e th inam ate, and 
m eparfynol carbam ate. These acetylenic hypnotics 
form  silver acetylide in  the presence of excess silver. 
Excess silver is determ ined  p o ten tiom etrica lly  w ith  
standard ized  iodide solu tion  and an iodide selective 
electrode. W ith th is technique, 0.10-20 mg drug was 
dete rm in ed  w ith  95.7 ±  1.3-110.8 ±  5.9% accuracy. 
T he p rocedure has been successfully  applied  to d if
fe ren t pharm aceutical dosage form s.

E thchlorvynol, ethinam ate, and m eparfynol 
carbamate are w id e ly  used  as h ypn otic and sed
ative drugs. T hese com pounds are m onosub- 
stituted acetylene derivatives; the eth in y l group  
in flu en ces the drug activity (1). These com 
pou n d s can be assayed by titrim etric (2-4), co l
orim etric (5, 6 ), spectrophotom etric (7-10), n u 
clear m agnetic resonance (11 ), and gas-liquid  
chrom atographic m ethods (12 - 2 1 ).

Titrim etric m ethods d ep end  on  form ation of 
silver acetylide, according to the equation:
R— C = C H  +  n A g N 0 3

— R— C = C .A g(n  -  l ) A g N 0 3 +  H N 0 3
Liberated acid is titrated w ith  standard alkali and 
the equ ivalent p oin t is determ ined by m ethyl 
red -m eth y len e  b lue m ixed indicator (3, 4).

D uring the last few  years, the scope o f ion  se
lective electrodes has been extended successfully 
for analysis o f m any pharmaceutical com pounds
(22). The technique has the advantages o f ra
p id ity  and accuracy besides its sensitiv ity .

A  usefu l application o f the ion  selective elec
trode is a m icroanalytical procedure for h yp 
notics; quantities as low  as 100 Mg can be assayed 
w ith  good  accuracy. In neutral m edium , silver  
nitrate reacts w ith  m onosubstituted acetylen ic  
com pounds to form silver nitrate-silver acetylide 
com plexes w ith various stoichiometric ratios (23, 
24). T hese acetylides are h ydrolyzed  in acid  
m ediu m , but in  the presence o f am m onia the 
reaction is straightforward.
R— C = C H  +  A g (N H 3)J +  O H~

— R—C = C A g  +  H 20  +  2N H 3
The ratio o f acetylenic com pound to silver is 1:1;

Received April 28, 1981. Accepted August 6 , 1981.

excess silver  ions are determ ined p oten tiom et
rically w ith  standard sodium  or potassium iodide 
solu tion  and the iod id e selective electrode.

METHOD
A p p a r a t u s  a n d  R e a g e n t s

(a) pH  m eter .—O rion M odel 701 A digital 
p H /m V  m eter equ ipped  w ith  iod ide electrode  
(O rion 94-53), and sin g le  junction reference 
electrode (Orion 90-01).(b) W a ter .—D istilled , d eion ized , to prepare 
all so lu tion s and standards.

(c) Ionic strength  adjustor (IS A ).—To keep  
constant background ionic strength: 2 mL 5M 
solution of reagent grade K N 0 3 added to 100 mL 
standard iod ide solution to bring background to
0.1M.(d) Standard so lu tions.—(1) 0.1M sodium  or 
potassium  iodide solution: 15 g N al or 16.6 g KI 
d isso lved  in  1 L water. (2) 0.1M silver amine: 
A ccurately w e ig h  8.5 g silver nitrate (AR), d is
so lve  in 100 mL water, add am m onia solution  
dropwise until precipitate redissolves, and dilute 
to 500 mL w ith  water. Other concentrations are 
prepared by d ilu tin g  these standards.

(e) Drugs.—Ethchlorvynol (BP grade): Abbott 
Laboratories Ltd, Q ueensborough, Kent, UK. 
Ethinamate (NF grade): C1D Laboratories, Giza, 
Egypt. M eparfynol carbamate: Latema Labo
ratories II, bis rue Bolzae, Paris 8 , France. Each 
drug w as prepared in  0.01M  ethanolic so lu tion  
to contain  ca 10 Mg-5 m g/m L .
P r o c e d u r e  f o r  P u r e  D r u g

Transfer 10 mL acetylen ic com pound (10 
Mg/mL) to 250 mL beaker, add 5 -10  mL 1 X 
10-3 M silver am ine solution, and d ilute to about 
100 mL w ith water. Turn function sw itch to mV 
position , place electrodes in  solu tion  to ca 3 cm, 
and stir thoroughly; w ait for stable m illiv o lt  
reading, and record. Titrate w ith  0.5 X 10~3M 
or 1 X 10~3M sodium  or potassium  iodide so lu 
tion . Plot m V readings against mL titrant to 
determ ine unreacted or excess silver ions. D e
term ine en d  point from m axim um  of AE/A V . 
Each 1 mL of 1 X 10~ 3 silver nitrate is equivalent 
to 167.2 Mg ethinam ate, 144.6 Mg ethch lorvynol, 
or 141.2 Mg m eparfynol carbamate.

0004-5756/82/6501-0138-03$01.00© Association of Official Analytical Chemists, Inc.
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Table 1. Recovery of acetylenic hypnotics 3

Amt
taken.

mg

Ethchlorvynol Ethinamate
Meparfynol
carbamate

Amt
found, mg

Ree.,
%

Amt
found, mg

Ree.,
%

Amt
found, mg

Ree..
%

0.03 0.01926 64.2 ± 13.9 0.03564 118.8 ± 14.5 0.01881 62.7 ± 27.2
0.05 0.04095 81.9 ±8 .3 0.04720 94.4 ±9 .6 0.0376 75.2 ± 8.1
0 . 1 0 0.1108 110.8 ± 5.9 0.1083 108.3 ± 8.3 0.0993 99.3 ± 10.9
0 . 1 2 0.13008 108.4 ± 1.5 0.12768 106.4 ± 8.0 0.1314 109.7 ± 6 . 8

0.15 0.1572 104.8 ± 2.4 0.1611 107.4 ± 6 .4 0.1505 100.3 ± 5.4
0.30 0.3075 102.5 ±3 .5 0.3129 104.3 ± 1.2 0.3111 103.7 ± 4.4
0.50 0.5075 101.5 ± 3.3 0.5035 100.7 ± 1.2 0.50035 100.7 ± 3.2
1 . 0 1.025 102.5 ± 6.7 1.046 104.6 ± 2.2 1.037 103.7 ± 5.5
5 5.080 101.6 ± 5.8 5.085 101.7 ± 7.5 5.2 104.0 ± 1.6

1 0 10.34 103.4 ± 4 .4 9.57 95.7 ± 1.3 9.97 99.7 ± 1.4
2 0 2 0 . 2 101.0 ± 4 .2 19.74 98.7 ± 1.3 19.70 98.5 ± 2.8

3 Mean (%) recovery for 3 determinations ± standard deviation.

Table 2. Comparison of reference and proposed methods for acetylenic hypnotics

Exp.

Ethchlorvynol, % Ethinamate, % Meparfynol carbamate, %

Proposed3 Official (3) Proposed 3 Official (4) Proposed3 Official (3)

1 110.8 103.4 108.3 99.1 99.3 98.2
2 108.4 102.7 106.4 99.95 109.7 98.9
3 104.8 100.6 107.4 102.4 100.3 100.98
4 102.5 98.5 104.3 98.9 103.7 100.3
5 101.5 98.2 100.7 102.2 100.07 98.6
6 102.5 100.99 104.6 — 103.7 101.7
7 101.6 — 101.7 — 104.0 —
8 103.4 — 95.7 — 99.7 —
9 101.0 — 98.7 — 98.5 —

Mean 104.06 100.73 103.09 100.51 102.51 99.71
Variance 11.51 4.49 17.74 2.83 12.50 2.01
Student’s 2.129 1.244 1.502
t-test (2.160)b (2.179)b (2.160)b

3 Mean (%) recovery for 3 determinations. 
b The tabulated values of Student's f-test.

Repeat described procedure w ith  1-20  mg 
acetylen ic com pound, taking into consideration  
that the appropriate concentration o f silver  
am ine solution  m ust be m ore than 3 tim es (6 ) the 
eq u iva len t am ount (to drive reaction to com 
p letion ).
P r o c e d u r e  f o r  P h a r m a c e u t i c a l  P r e p a r a t i o n s

Q uantitatively transfer aliquot o f pow dered  
tablets, con ten t o f capsules, or drops corre
sp o n d in g  to 100 m g drug to 100 mL volum etric  
flask, add 50 mL ethan ol, shake thoroughly , d i
lu te w ith  ethanol, and filter if  necessary. 
Transfer 10 mL of this solution to another 100 mL 
volu m etric flask and d ilu te to vo lu m e w ith  eth 
anol. Transfer 1 mL to 250 mL beaker and pro

ceed  as above, b eg in n in g  ". . .  add 5 -10  mL 1 X 
1 0_3M silver am ine s o lu t io n ,. . ."

R esu lts and D iscu ssio n
Table 1 sh ow s the percent recovery obtained  

w ith  d ifferent am ounts o f pure com pounds. 
Satisfactory results (average % recovery) w ere  
obtained  w ith  am ounts m ore than 0 .10  mg. 
N onreproducib le results w ere obtained w ith  
sm aller quantities. This m ay be caused by the  
form ation  o f s ilver  a ce ty lid e -s ilv er  nitrate 
com p lex due to the large am ounts o f silver  
am ine. H ow ever, m ore accurate and reproduc
ib le  results w ere obtained for 0 .1 -2 0  m g drug.

Results in  Table 1 w ere subjected to a paired  
com parison test (25); calculated valu es o f Stu-
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Table 3. Determination of acetylenic hypnotics in various dosage forms ‘

Preparation

Proposed procedure Compendial method

No. of 
detn

Amt
found, mg Ree., %

No. of 
detn

Amt
found, mg Ree.. %

Ethchlorvynol capsules,6 500 mg 4 497.25 99.45 ± 3.6 6 510.85 1C2.37 ± 1.63
Ethinamate tablets,c 500 mg 4 493.95 98.79 ± 2.14 5 497.35 99.47 ± 1.56
Meparfynol carbamate drops, d 20% 4 19288 96.44 ± 0.92 6 20016(3) 100.08 ± 0.98
Meparfynol carbamate tablets, d 300 mg 4 301.5 100.5 ± 2.65 6 307.59 (3) 102.53 ± 1.09

a Mean (%) recovery ± standard deviation. 
b Placidyl (Abbott). 
c Valamid (Schering). 
d N. Oblivon (Latéma).

dent's f-test for the results obtained using official 
m ethods are g iven  in  Table 2. Student's f-test 
show s no significance differences, although the 
coefficient of variation sh ow s the proposed  
m ethod to be less precise than the official 
m ethods. (M eparfynol carbamate is a nonofficial 
com pound; the reference m ethod is an adapta
tion of that for ethch lorvynol (3).)

This m ethod was applied  to the analysis o f 
com m ercial preparations and recoveries w ere  
96.44% ±  0.92 -  100.5% ±  2.65 (Table 3) com 
pared w ith  the official m ethods, w h ich  in vo lved  
titration of not less than 100 m g of the drug as the 
liberated acid w ith  standard alkali usin g  m ixed  
indicator (3, 4).
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Spectrophotometric Determination of Menadione and Menadione 
Sodium Bisulfite
MADIHA B. SIDHOM and MICHEL E. EL-KOMMOS
University of Assiut, Faculty of Pharmacy, Department of Pharmaceutical Chemistry, 
Assiut, Egypt
A spectropho tom etric  m ethod  is described for the 
determ ination  of m enadione and m enadione sodium  
b isu lf ite  in  b u lk  and in  so lu tion  for in jection . The 
m eth od  m easures the  in ten sity  of the v io le t color 
(Xmax 540 nm ) developed w hen m enadione reacts 
w ith  th iosem icarbazide in  a lka line  m edium . Beer's 
law  is obeyed in  the concentration range 4-40 jig / m l  
( r  = 0.9995). T he m ethod  is sim ple , sensitive, and 
p a rticu la rly  su ited  for rou tin e  analysis of official 
m enad ione sod ium  b isu lfite  in jection . R esults are 
com parable w ith  th e  USP m ethod.

M enadione and its sodium  b isu lfite derivative  
(MSB) are used as synthetic analogs o f vitam in
K. T hey are 3 tim es m ore active than natural 
vitam in  K. M any analytical m ethods such as 
titrimetry (1-3), polarography (4, 5), fluorometry
(6 ), gas chrom atography (7, 8 ), and spectropho
tom etry (9-14) have b een  reported for deter
m in in g  the drug. The m ost w id e ly  used phar- 
m acopeial m ethod  for determ in ing m enadione  
and MSB is titrim etry w ith  ceric sulfate (1-3). 
T here is a n eed  for a m ore sen sitive, sim ple, ac
curate, and tim e-saving m ethod. Existing p h o
tom etric m ethods either use d ifficu lt to obtain  
reagents (14), do not give reliable or reproducible 
results (12,13), or are comparatively tedious, such 
as th e USP XX assay for m enadione injection. 
W e report a n ew  spectrophotom etric assay for 
m enadione and MSB based on the interaction of 
th e drug w ith  thiosem icarbazide to form  an in 
ten se v io le t derivative. The m ethod is sim ple, 
sensitive, and more specific for microgram levels 
o f m en ad ion e and MSB. The procedure is also 
app lied  to the determ ination o f MSB in  som e 
d osage forms.

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) Spectrophotom eter.— M odel 5886 (Prolabo), 
10 m m  path cells.(b) Thiosem icarbazide so lu tion .—D isso lve 0.5 g 
thiosem icarbazide in  10 mL w ater and dilute  
w ith  «-propanol to 50 mL.

(c) Standard menadione solu tion .—D isso lve 10

Received May 11, 1981. Accepted August 20, 1981.

m g pharm aceutical grade m enadione in  100 mL 
«-propanol.
P r e p a r a t i o n  o f  S a m p l e s

Sam ple solution.—D issolve w eigh ed  am ount of 
m enad ion e in  «-propanol to y ie ld  solu tion  con
ta in in g  0.1 m g/m L . Treat MSB as described in  
USP to obtain m enadione, w h ich  is used  to pre
pare assay solu tion  (0.1 m g/m L ) in  «-propanol.

K-Throm byl injection.—Dilute 6  mL solution for 
injection to 20 mL w ith  water and treat as d e
scribed in  USP to obtain m enadione, w h ich  is 
u sed  to prepare assay so lu tion  conta in ing 0.1 
m g/m L  «-propanol.
P r o c e d u r e

Pipet 1.0 mL assay solu tion  in to  5 mL v o lu 
m etric flask. Add, in  order, 0.2 mL th iosem i
carbazide solution and 0.1 mL 0.1N NaO H . Mix 
w e ll and let stand 30 m in at 25°C. D ilu te to 
vo lu m e w ith  «-propanol and m easure absorb
ance at 540 nm  against blank prepared under  
sam e conditions w ith  1.0 mL «-propanol instead  
o f sam ple.

R esu lts and D iscu ssion
A characteristic v io le t color w ith  absorption  

m axim um  at 540 nm  d evelops w h en  m enadione  
reacts w ith  thiosem icarbazide in alkaline pro- 
panolic m edium . Figure 1 show s the spectra of 
th e reactants and products o f the reaction in  al
kaline propanolic m edium .

O ptim um  concentration o f thiosem icarbazide 
for m axim um  inten sity  o f color w as 0.04% final 
d ilu tion , w h ich  corresponds to 0.2 mL 1% 
th iosem icarbazide rea g en t/5 mL reaction m ix
ture. Increasing concentration decreased the 
color in ten sity , probably due to the reducing  
effect o f thiosem icarbazide on  the chrom ogen  
form ed.

For the reaction b etw een  m enadione and  
th iosem icarbazide in  alkaline m edium , sodium  
hydroxide, am m onium  hydroxide, sodium  car
bonate, sodium  acetate, and am m onium  acetate 
so lu tion s w ere tried at d ifferent concentrations  
ranging from  0.05 to IN . The color reaction  
occurs only in  the presence of sodium  hydroxide.

0004-5756/82/6501/0141-03$01.00© Association of Official Analytical Chemists, Inc.
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Table 1. Quantitative determination of menadione and menadione sodium bisulfite

Recovery, % (x ±  SD)a

Sample Claimed, mg Proposed method USP method

Pure menadione 20 101.5 ± 0.15 104.2 ± 1.14
Pure menadione sodium bisulfite 50 99.8 ±0.23 98.3 ± 1.06
Menadione sodium bisulfite injection b 50 99.6 ± 0.43 96.8 ±0.88

a Three determinations. 
b K-Thrombyl injection (Roussel).

Figure 1. Spectra of a lka lin e  n -p ro p an o l so lu tion  
of 1, m enadione (20 /tg /m l); 2, thiosem icarbazide (0.4 
m g /m l) ; and  3, chrom ogen (from  20 /xg m en ad io n e/ 

mL).

Optim um  concentration of sodium  hydroxide for 
m axim um  in ten sity  o f color w as 0.002N  final 
dilution  (corresponding to 0.1 mL 0.1N N aO H /5  
mL reaction m ixture). H igh er concentrations 
did  not s ign ifican tly  increase color intensity.

The so lven t affects both the w a velen gth  and  
in ten sity  o f m axim um  absorption. Water, 
m ethanol, ethanol, «-propanol, and isopropanol 
w ere studied. «-Butanol as w e ll as h igh er or

Figure 2. A bsorption  spectra of chrom ogen in  1, 
w ater; 2, m ethanol; 3, e thanol; 4, n -p ro p an o l; and  5, 

isopropanol.

Figure 3. Effect of reaction  tim e on color 
developm ent.

ganic so lven ts failed  to mix w ith  the aqueous 
reagents used. Figure 2 show s that «-propanol 
gave the h igh est in ten sity  w ith  a red shift. 
M axim um  color in ten sity  w as obtained after 30 
m in at 25°C and w as stable an additional 30 m in  
(Figure 3).

A  linear correlation (r = 0.9995) w as found  
betw een absorbance at 540 nm  and concentration 
of m enadione in  the range of 4-40  p g / mL. The 
apparent m olar absorptivity w as 3.6 X 103.

The continuous molar variation of m enadione  
and thiosemicarbazide (Figure 4) show ed that the 
interaction b etw een  these 2  com pounds occurs 
on an equim olar basis. The m echanism  of the

0 1  2 3 4 5 6 7 8 9  10 Menadione 10 9 3 7 6 5 4 3 2 1  0 Thiosemicarbazide
MOLAR CONCENTRATION X10‘ ,‘

Figure 4. M olar varia tion  curve of m enadione 
th iosem icarbazide in teraction .
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reaction o f nap h th oq u in on es w ith  thiosem icar- 
bazide is not described in the available literature. 
A ttem pts to separate the chrom ogen in  a pure 
form  w ere unsuccessfu l due to the form ation of 
a resinous, colored mass. The possib ility  of 
thiosem icarbazone formation is unlikely, because 
the reaction does not occur w ith  anthraquinone  
or w ith  MSB. Sim ilar to reactions b etw een  
am ino or th iolated  com pounds and 1,4-na- 
p h th oq u in on e (15), a n u cleop h ilic  attack by  
thiosem icarbazide m ay occur according to the  
fo llow in g  schem e. The colored product form s

on ly  in  strong alkaline m edium , as described  
here.
A p p l i c a t i o n  t o  D o s a g e  F o r m s

The suggested  m ethod w as applied  to the 
quantitative determ ination o f m enadione and  
MSB in bulk and in injection. Comparison of the 
proposed m ethod w ith  the official USP m ethod  
(3) sh ow ed  the results to be com parable (Table
1).
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The Apj m ethod  is app lied  to sim ultaneous d e te r
m in a tio n  of oxazepam  and d ipy ridam ole  in  2 -com 
p o nen t m ixtures. A uthentic  m ix tures and tablets 
containing oxazepam and dipyridam ole were assayed 
by m easuring  th e  absorbances in  0.1N H 2 SO 4 and
0.05M borax so lu tio n s and calcu la ting  the  A p i  a t 2 
w avelength  sets: 272-312 nm  (at 8  nm  intervals) and 
288-328 nm  (at 8  nm  in tervals). The concentration  
is evaluated  by so lv ing  a p air of s im ultaneous equa
tions. T he resu lts  ob tained  are reasonably  rep ro 
ducib le w ith  a coefficient of v aria tio n  less th an  2%. 
T he proposed m ethod  is com pared w ith  th e  AA 
m odification  of V ierord t's  m ethod  of 2-com ponent 
analysis. The A p, m ethod  gave m ore accurate and 
precise results.

A bsorption spectrophotom etry in  the UV or 
v isib le  range is w e ll established  as a rapid and  
reliable determ inative technique for analyzing  
drug products w h en  interferences can be e lim i
nated. Figure 1(a) sh ow s that the drugs o f in 
terest here, oxazepam and dipyridam ole, exhibit 
pH -d ep en d en t U V /v is ib le  spectra such that d i
pyridam ole interferes w ith  the quantitative 
m easurem ent o f oxazepam w h en  both drugs are 
present and a sin g le-w avelen gth  direct proce
dure is tried. H ow ever, both drugs can be ac
curately and precisely determ ined by spectro
photom etry w ith ou t separation w h en  a p o ly n o
m ial approach is used. This approach in vo lves  
m athem atical treatm ent o f data points from  
U V /v is ib le  spectra (obtained in  each o f 2 so l
vents) for preparations of the m arketed product 
and the individual drug standards. Commercial 
tablets containing a mixture of these 2  drugs have 
b een  assayed by the A pj m ethod, saving analyt
ical tim e and effort w h en  com pared w ith  alter
native m ethods that use a com bination o f direct 
sp ectrop h otom etry  for d ip yr id am ole  and  
len g th y  isolation  steps (in clu d in g  hydrolysis) 
fo llo w ed  by reaction co lorim etry for oxa
zepam .

In 1971, A b dine et al. (1) introduced a d iffer
ential spectrophotom etric m ethod o f analysis 
(the A pj m ethod) that depends on  differences in 
orthogonal function  coefficients. The authors
( 1) found  that the peaks o f certain com pounds

1 Universität Kiel, Pharmazeutisches Institut, D-2300 Kiel, 
GFR.
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may sp lit in to subsidiary peaks w ith ou t any 
change in in ten sity  by changing the pH  in  a 
suitable interval. The behavior o f these com 
pounds restricts the application of the AA 
m ethod (2) and the AA  modification of Vierordt's 
m ethod of 2-com ponent analysis (3) because AA 
m ay not fu lfill the requirem ents specified for its 
successful application. In these circum stances, 
the A pj m ethod offers a solu tion  for the deter
m ination o f such com pounds in  the presence of 
irrelevent absorption. Thus, the contribution of  
a p H -in sen sitive irrelevant absorption may be 
cancelled  by m eans of

Apji = [a jiaCx +  Pji(z)] -  [ctjibCx +  Pji(z)] (1) 
and

Cx = A p ji /A a jj  (2 )
w h ere p j is the coeffic ien t of the polynom ial, Pj
(4); cq is pj (1% , 1 cm), i.e., the coeffic ien t for A 
(1%, 1 cm) of the pure com pound, X; Cx is the  
concentration; Pji(z) den otes the contribution  
from irrelevant absorption; the subscripts i, a, 
and b d en ote the w avelen gth  range and the 2 
different solu tions, respectively . Thus, by 
ch oosin g  Pj and also the sets of w a velen gth s i so 
that pji is optim um  in one solven t and n eg lig ib ly  
sm all in  the other so lven t, Apj, can be used to 
evaluate com pound X. The m ethod has been  
successfu lly  applied for determ ination o f som e  
drugs (1, 5, 6 ).

In the present w ork, the Ap, m ethod has been  
extended  to analyze a 2-com ponent mixture. 
Thus, the concentration o f a m ixture o f 2 com 
poun ds X and Y can be evaluated from  a pair of 
sim ultaneous equations o f the fo llo w in g  form:

Apji = Cx Aoiji +  Cy A(3ji (3)
Apj2 =  CXAcq2 +  Cy A(3j2 (4)

Subscripts 1 and 2 refer to w a velen gth  ranges; 
Apj den otes the d ifference b etw een  pj o f the  
m ixture in  the 2 d ifferent pH  m edia a and b; Cx 
and Cy are the concentrations of the com pounds 
X and Y; w h ile  Acq and Aj3j are the Apj (1%, 1 cm) 
of the com pounds X and Y, respectively .

To obtain precise estim ates o f concentration  
for the analysis o f a binary m ixture by the pro
posed m ethod, the fo llo w in g  requirem ents are

0004-57 56/82/6501-0144-04$01.00
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Figure 1. (a) A bsorp tion  spectra of 1.12 m g % oxa
zepam : ( —  ) in  0.1N H 2 SO 4, ( .....) in  0.05M borax; 1
m g % d ipyridam ole: (— ) in  0.1N H 2SO 4, (— ) in 
0.05M borax, (b) A p 2 convolu ted  curves derived
from  abso rp tion  spectra: (— ) oxazepam ; (------- )

d ipyridam ole.

essential: (1) The A pj (1%, 1 cm) valu es for the 
com p onents are su ffic ien tly  d ifferent at the  
chosen w avelen gth  ranges to perm it an accurate 
solution o f Equations 3 & 4, (2) preference for Ami 
and Xm2 (Am = the m ean o f the set o f w a ve
len gth s) to correspond w ith  a m axim um  or a 
m inim um  in  the delta con volu ted  absorption  
curves o f substances X and Y  and taking in  con 
sideration that the valu e o f | Apj|.Nj1/2 for each  
com p on en t shou ld  exceed 140 X 10-3  for the 
co effic ien t o f variation to be less than 1.0  ( 1).

E xperim ental
A p p a r a t u s  a n d  R e a g e n t s

(a) Spectroph otom eter .— Beckman M odel 35.
(b) D ipyridam ole and oxazepam .—A nalytical 

grade (Karl Thomae GmbH, Biberach an der Riss, 
W est Germany).

(c) Reference drug solutions.—Prepare solutions 
o f 20 m g oxazepam  and 50 m g d ipyridam ole in  
100 mL ethanol. D ilu te tw o 3 mL portions of 
each so lu tion  to 100 mL w ith  0.1N  H 2SO4 and
0.05M  borax solu tions, respectively .

(d) Persum bran® tab le ts .—Labeled to contain  
10 m g oxazepam  and 25 m g dipyridam ole per 
tablet (Karl Thom ae GmbH).

Procedure
W eigh and pow der 20 tablets. D isso lve ac

curately w e ig h ed  am ount of pow der equivalent 
to ca 20 m g oxazepam  and 50 m g dipyridam ole  
in  100 mL ethanol. Filter, and d ilu te tw o 3 mL 
portions o f filtrate w ith  0.1N  H 2SO4 and 0.05M  
borax solutions, respectively . M easure absorb
ances o f 1 cm p ath length  o f both  so lu tion s over  
w avelen gth  range 272-328 nm  at 8 nm  intervals 
and at 283, 296, and 414 nm. Calculate co effi
cient p 2 for each so lu tion  at each w avelen gth  
range as follow s:
P 21 = (5/4 272 — A  2 8 0  — 4^  288 — 4/4 296

— A  304 +  5A 312)/8 4
P22 =  (5/4288 ~  A 296 — 4/4 304 — 4 /4 3i 2

— A 3 2 0  +  5/4 32s ) /84
Calculate a 2i/ « 22/ f lz i, and /322 in  the sam e m an
ner from absorbance m easured for reference  
drug solutions. Calculate content o f oxazepam  
and dipyridam ole in tablets, according to Equa
tions 3 and 4.

R esu lts and D iscu ssio n
O xazepam  exhibits a m axim um  absorption at 

283 and 360 nm  in 0.1N  H 2SO4 and at 315 nm  in  
0.05M  borax solution. D ipyridam ole exhibits a 
m axim um  absorption at 237 ,283 , and 400 nm  in  
0.1N  H 2SO4 and at 296 and 414 nm  in  0.05M  
borax solution (Figure la). In 0.1N  H 2SO4, both  
oxazepam  and dipyridam ole have overlapp ing  
spectra in  the region from  264 to 337 nm; in  
0.05M borax, dipyridam ole absorbs in  the visible  
range in  the region  from  360 to 440 nm  w h ile  
oxazepam  has a n eg lig ib le  absorption (Figure 
la).

According to general rules (7), the quadratic 
polynom ial, P2, w as chosen  because it m akes a 
large contribution to segm ent de (Figure la ) and  
a sm all contribution over the sam e segm en t in  
the absorption curves o f oxazepam  in  0.1N  
H 2S 0 4 and 0.05M borax solu tions, respectively; 
P2 makes a large contribution to segm en t fg 
(Figure la) and small contributions over the same 
segm en t in  the absorption curves o f d ipyridam 
o le  in 0.05M  borax and 0.1N  H 2SO 4 solutions, 
respectively.

Six-point orthogonal polyn om ials (4) w ere  
chosen  as a com prom ise b etw een  the n eed  for 
draw ing maximal inform ation from  the con tin 
uous parts of the spectra and the laboriousness 
of the calculations. The optim um  w avelen gth  
ranges Ami = 292 nm  and Xm2 =  308 nm  for oxa
zepam  and dipyridam ole, respectively , w ere
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Table 1. Assay parameters for Ap2 determination of oxazepam and dipyridamole in 2-component mixture

Compound
Concn, 

m g /100 mL
Wavelength 
range, nm Am,nm A p2X 103 \A p 2\-N 21/2. l 0 3 Ap2 ;i% , 1 cm)

Oxazepam 1 . 1 2 272-312 292 (Xml) 19.166 175.659 17.112 (A«2i )
288-328 308 (Xm2) 0.571 — 0.510 (A î*22)

Dipyridamole 1 . 0 0 272-312 292 (Xml) -0.476 — -0.476 (A/32i)
288-328 308 (Xm2) -22.345 204.795 -22.345 (A fe )

chosen  to correspond w ith  a m axim um  or a 
m inim um  in the delta con volu ted  absorption  
curves (Figure lb).

Table 1 sh ow s the fin a lly  chosen  assay pa
rameters for the proposed m ethod. Table 2 in 
dicates that the 2 requirem ents (2) o f the AA 
m ethod are not fu lfilled  and th e A A  (1% , 1 cm) 
of oxazepam  and d ipyridam ole at the chosen  
analytical w a velen gth s are not com p letely  d if
ferent.

Irrelevant absorption in  spectra from  tablets 
originates from  the d ilu en ts (lactose, starch, su
crose), m oisten in g  agents (acacia m ucilage, g e l
atin, liquid glucose), and lubricants (talc, stearic 
acid, and m agnesium  stearate). Different grades 
of these ingredients from different sources were  
dissolved in ethanol and filtered, and the spectra 
w ere m easured in  0.1N  H 2SO4 and 0.05M  borax 
solutions. The irrelevant absorption curves are 
not too com plex (8 ) and are approxim ately linear 
over the w a velen gth  range chosen . Further
more, the irrelevant absorption is unaffected  by  
the change in  pH  and grade-to-grade differences 
w ere n eg lig ib le .

In general, an assay based on  orthogonal 
functions rejects all com ponents of the irrelevant 
absorption curve other than those w h ich  are used  
to calculate the assay coeffic ien t (9). Further
more, in  the analysis o f binary m ixtures, the ap
plication  o f orthogonal functions elim inates  
linear irrelevant absorption w h ich  may originate 
from  d ifferences b etw een  batches o f the com 
ponents o f the m ixture and the reference sam ple

used to establish the assay coefficients (9-11). In 
particular the A pj m ethod is usefu l w h en  the  
optim um  conditions o f the A A m ethod are not 
fu lfilled  and the irrelevant absorption d ep ends  
linearly  on  the spectra o f the pure com pounds  
(!)■ Table 3 sh ow s the results obtained for s im u l
taneous determ ination o f oxazepam  and d ip y 
ridam ole in  authentic m ixtures and purchased  
tablets (Persum bran tablets). The results ob
tained by the proposed m ethod are both precise  
and accurate. The unsatisfactory results (Table 
3) obtained by the AA m odification o f Vierordt's 
m ethod  o f 2-com p onent analysis (3) are due to 
th e reasons m en tion ed  p reviously  (Table 2). In 
th e analysis o f the purchased tablets, the results 
obtained w ere com pared w ith  other spectro- 
photom etric m ethods. Good agreem ent w as 
obtained betw een  the proposed m ethod and the 
colorim etric m ethod , i.e., m easurem ents o f the  
azo dye formed after hydrolysis of oxazepam and  
coupling w ith  Bratton-Marshall reagent (12), and 
direct m easurements of dipyridam ole absorbance 
in  0.05M  borax at 414 nm  (Table 3).

Errors in  the Apj m ethod are m ainly attributed 
to w avelen gth -settin g  errors w h ich  affect ab
sorbances m easured on  steep  slopes in the ab
sorption curves (1). Furtherm ore, the error in  
an assay result based on  the 2 -com ponent Apj 
m ethod, w h ich  involves 4 coefficients calculated 
at 2  w a velen gth  sets, w ou ld  be greater than an  
error in  a result based on 2  coefficients calculated 
at a s in g le  w a velen g th  set in  a one-com p on en t

Table 2. Fit of oxazepam and dipyridamole to requirements of A A method

Compound
Concn, 

m g /100 mL
Am 3 
(nm) 4a 6 Abb (4a + 4b) c l(Aa -  4b)| ^ A4 (1%, 1 cm)

Oxazepam 1 . 1 2 283 (X,) 0.440 0.180 0.620 0.260 232
296 (X2) 0.370 0.094 0.464 0.276 246

Dipyridamole 1 . 0 0 283 (Xx) 0.582 0.510 1.092 0.072 72
296 (X2) 0.463 0.561 1.024 0.098 98

a At Xi and X2, A4 appears to be maximum for oxazepam and dipyridamole, respectively. 
b 4a and 4b are the absorbances of 1 cm layers in 0.1N H2 SO4  and 0.05M borax, respectively. 
c Should not exceed 1.0. 
d Should be about 0.430.
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Table 3. Determ ination of oxazepam and dipyridamole in 2-com ponent m ix ture“

Oxazepam, % Dipyridamole, %

Sample Assays Apj method A A m ethod
Colorim. 

m ethod (2) Apj m ethod A A method
^max-

m ethod0
Authentic m ixtures0 6 
Tablets1* 7

100.3 ±  1.2 
101.7 ±  1.4

97.3 ± 3 .1  
107.3 ± 7 .4 100.4 ±  1.1

100.4 ± 1 .8  102.2 ± 9 .3  
98.0 ± 0 .7  98.8 ± 4 .1 98.2 ±  1.0

3 Mean ±  standard deviation.
b Absorbance m easured at Amax = 414 nm in 0.05M borax.
c Concentration range 0 .6-1 .1  m g /1 0 0  mL for oxazepam; 0 .8 -1 .6  m g /1 0 0  mL tor dipyridamole. 
d Labeled to contain 10 mg oxazepam and 25 mg dipyridamole.

Apj m e th o d ; th e re fo re , g rea t care m u st b e  tak en  
in  th e  ch oice o f assay pa ram eters .
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F O O D  A D D IT IV E S

A t o m i c  A b s o r p t i o n  S p e c t r o s c o p i c  D e t e r m i n a t i o n  o f  
D i m e t h y l p o l y s i l o x a n e  i n  J u i c e s  a n d  B e e r

JURGEN L. KACPRZAK
Health Commission of New South Wales, Division of Analytical Laboratories, PO Box 162, 
Lidcombe, New South Wales, 2141, Australia
A m eth od  is  d escrib ed  for d eterm in in g  d im e th y l
p o lysilox an e (D M PS), an antifoam in g  agent, in  juices  
and beer. T h e m eth od  in v o lv e s  adsorb in g  th e  b e v 
erage o n to  F lo ris il (an activa ted  p orou s m a gn esiu m  
s ilica te ) , d ry in g , and S ox h le t extraction  w ith  c h lo 
roform . T he ch loroform  extract is  evaporated  to  
d ryn ess and D M P S is  d eterm ined  in  the residue after 
d is so lu tio n  w ith  m eth y l iso b u ty l k eto n e  and a sp i
ra tion  in to  a n itro u s o x id e -a c e ty le n e  flam e o f an 
atom ic absorption spectrophotom eter. T he detection  
l im it  is  abou t 0.2 ppm .

D im eth ylp olysiloxa n e (DM PS) is used in  anti
foam  preparations in  the food industry. DMPS 
is so lu b le in  m ost aliphatic and aromatic hydro
carbon so lven ts (1) but is d ifficu lt to extract 
quan titatively from  aqueous sam ples by sim ple  
so lven t extractions (2). M ethods that have been  
reported for determ in ing DM PS in  liquid  sam
p les sp ecify  len g th y  liqu id-liquid  so lven t ex
tractions (3) or azeotropic d istillations w ith  
hazardous so lven ts such as b en zen e (4).

This paper describes a m ethod that overcom es 
th is extraction problem  by adsorbing such sam 
p les onto a so lid  matrix (Florisil) and then , after 
drying, extracting the m ixture for about 7 h w ith  
chloroform  in a Soxhlet apparatus. The ch lo
roform  extract is evaporated to dryness, the res
id u e is d isso lved  in  m ethyl isobutyl ketone  
(MIBK), and DM PS is quantitated by atom ic ab
sorption  spectroscopy (AAS), usin g  a nitrous 
oxid e-acetylene flame. The m ethod is rapid and 
in terference-free and results in  good recoveries 
of DM PS. The atom ic absorption quantitation  
is not specific for DM PS because all organic s ili
con com pounds extracted by chloroform  and  
so lu b le  in  MIBK are m easured; how ever, these  
are not norm ally found  in  food, a lthough  traces 
could  enter food from  m achinery treated w ith  
silicon  lubricants.

M ETH O D
Use analytical grade reagents unless otherwise 

specified . S ilicon  grease or any oils  contain ing

Received June 17,1981. Accepted A ugust 6, 1981.

silicon must not be used on apparatus at any stage 
o f determ ination.
Reagents

(a) C hloroform .—Glass d istilled , or equ iva
lent.

(b) F lorisil.— 100-200 m esh.
(c) Dim ethylpolysiloxane standard solutions.—(1) 

Stock so lu tion .— 1000 pg  DMPS (DC 200 flu id , 20 
cen tisto k es, D o w  C o rn in g )/m L  MIBK. (2) 
W orking so lu tions.— Pipet 1.0, 10.0, and 20.0 mL 
portions o f stock solu tion  in to  separate 100 mL 
volu m etric flasks and d ilu te to vo lu m e w ith  
MIBK to g ive  10,100, and 200 p g  D M PS/m L, re
spectively .
Apparatus

(a) Soxhlet a p p a ra tu s.—Q uickfit N o. EX5/ 
55/100 , w ith  28 X 100 mm (Whatman) extraction  
th im ble, 250 mL Q uickfit flask w ith  B34 socket, 
and Q uickfit water condenser to fit B34 socket, 
or eq u ivalen t apparatus.

(b) A tom ic absorption spectrophotom eter.—Var- 
ian Techtron M odel AA-5 equ ipped w ith  IM-6 
d igita l ind icating m odule, BC-6  background  
corrector, Varian Si h o llo w  cathode lam p oper
ated at 10 m A and Varian hydrogen h o llo w  
cathode lam p, AB50 h ig h  tem perature burner, 
and M80 automatic gas control unit. A fuel-lean  
nitrous ox id e-acetylene flam e w as used (the red 
inner portion of the flame was ca 5 mm high) and 
burner h eigh t w as adjusted to g ive  m axim um  
absorbance w ith  100 pg D M PS/m L standard  
(base o f burner to top of burner w as ca 53 mm). 
Spectrophotom eter was set at 251.6 nm  w ith  slit 
w id th  o f 100  pm.
D eterm ination

Add suffic ient Florisil to alm ost fill a th im ble  
(usually ca 23-24 g) to 200 mL beaker, pour 25 mL 
sam ple of w e ll shaken juice or degassed beer onto  
Florisil, and mix thoroughly  w ith  glass rod. 
Place beaker conta in ing adsorbed sam ple and 
glass rod into ca 60 °C forced air o ven  to dry 
sam ple (ca 2 h). Rem ove sam ple from oven  and
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Table 1. Dimethylpolysiloxane con ten t of juice sam ples

Sample No. of samples Dimethylpolysiloxane, ppm
Orange juice 10 < 0.2

7 0 .5 , 0 .7 , 0 .9 , 1 .5 , 1 .6 , 1 .6 , 1.8
4 9.4, 20, 20, 30

Orange juice cone. 5 <0.2
2 1.5, 2.1

Various juices 3 <0.2
6 0.6, 1.3, 3.2, 3.3, 13.5, 24.7

Fruit juice drinks 29 <0.2
18 0 .2 -3 .0

7 4.3, 6.8, 8.6, 9.2, 9.5, 11.0, 13.5
7 14.3, 20.5, 21.8, 22.8, 23.6, 51, 152

stir w ith  g lass rod to break up any lum ps. 
Transfer sam ple from  beaker to extraction  
th im ble, w ip e  glass rod w ith  tissue and p lug  
th im ble w ith  same tissue, and extract 6 -7  h  w ith  
150 mL CHCI3 in  Soxhlet apparatus. D isconnect 
250 mL flask conta in ing CHCI3 extract from  
S oxhlet apparatus and evaporate to dryness on  
b o ilin g  w ater bath. P ipet 5.0 mL MIBK into  
sam e flask, rotating flask w h ile  p ipetting so that 
MIBK w ash es sides o f flask. Warm flask con
taining MIBK solution on  water bath ca 1 m in (do 
not evaporate any MIBK at this stage) to d issolve  
any extracted DM PS and then  transfer contents 
to 10 mL glass-stopper test tube. Then aspirate 
MIBK so lu tion  d irectly into nitrous ox id e-acet
y le n e  flam e for determ ination o f DMPS, using  
co n d ition s specified  under A ppara tu s, after 
zeroing instrum ent by aspirating pure MIBK into 
flam e. O btain calibration curve w ith  standard  
so lu tio n s co n ta in in g  10 , 1 0 0 , and 2 0 0  p g  
DM PS / mL MIBK. Read concentration of sample 
solutions from curve, d ivide this value by sample 
w eigh t, and m ultip ly  result by 5 to g ive  DMPS 
co n ten t o f sam ple (ppm).

Resu lts and D iscussion
N in ety -e ig h t sam ples in clu d in g  21 orange 

juices, 7 orange juice concentrates, 9 other juices 
in clu d in g  apple, p ineapple, apricot, tomato, 
lem on , and grapefruit juices, and 61 fruit juice 
drinks (com binations o f som e o f the fo llo w in g  
ingredients—pineapple, m ango, apricot, orange,, 
and lem on fruit juices, and water, flavorings, and 
sugar) w ere analyzed for DMPS by this m ethod. 
The results on  these sam ples are sum m arized in  
Table 1. The recom m ended lim it for DM PS in  
foods is usually 10 ppm; 14 sam ples exceeded the 
10 ppm  level and 1 sam ple had a h igh  level of 152 
ppm . A n orange juice sam ple w h ich  had a 
DM PS content o f 30 ppm  w as checked in  trip li
cate and gave results o f 28, 29, and 30 ppm. 
Eight sam ples o f beer w ere also analyzed  for

DM PS and all w ere b elo w  th e d etection  Em it of
0 .2  ppm .

The recovery o f DMPS added to juices and beer 
w as determ ined by sp ik in g  25 mL sam ples w ith
62.5, 125, and 250 p g  DMPS from a 500 p g  
D M PS/m L MIBK solution: 125,250, and 500 p L  
quantities, respectively , o f th is so lu tion  w ere  
transferred from  a 250 p L  syringe. The sp iked  
sam ples w ere treated the sam e w ay as sam ples. 
The recovery o f DMPS at the 3 spiking levels (2.5,
5.0, and 10.0 ppm ) w as usually  close to 100% 
(Table 2). Recoveries w ere also determ ined on  
orange juice sp iked  w ith  antifoam  AF em ulsion  
(D ow  Corning), w h ich  is an aqueous suspension  
con ta in in g  about 30% DM PS (actual DM PS con 
tent w as 30.7% as determ ined by d isso lv in g
0.1150 g  antifoam AF in 200 mL MIBK, aspirating 
this directly into the AAS system , and obtaining  
th e DM PS content from  the calibration curve). 
T his form  of DM PS is o ften  used  for beverages  
in  the food industry. The antifoam  AF w as d i
rectly added to m easured quantities o f juice 
(500-3000 mL) at 6.8  and 27 ppm  lev els. The 
juice and added antifoam  w ere m agnetically  
stirred for about 5 h to ensure thorough m ixing  
o f antifoam , juice, and fruit pulp. The spiked  
juices w ere left to equilibrate in  a refrigerator 
(< 4 °C ) for 3 days and, after V2 h  m agnetic stirr
in g , w ere analyzed  for DM PS in  the usual way. 
R ecoveries w ere 100 and 95% at the 6.8  and 27 
ppm  sp ik in g  lev els, respectively  (Table 2).

The addition of DMPS in  the form of antifoam  
AF m ore c lo sely  sim ulates the w ay DM PS is 
added to beverages during m anufacture. O ne 
determ ination  w as also m ade on  the pulp-free  
portion of the sample, spiked at the 27 ppm  level, 
to d iscover w h eth er DMPS is significantly  
trapped by the fruit pulp portion of juices. The 
bulk  o f the pulp  w as rem oved from  th is sam ple 
by cen tr ifu gin g  5 m in  at 2000 rpm. The DM PS  
con ten t o f the pulp-free portion was 8 .8  ppm , 
w h ich  means that 67% of the DMPS was retained



150 KACPRZAK: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 1, 1982)

Table 2. Recovery of dimethylpolysiloxane added to juices and beer

Sample
No. of 
detns Unspiked

Dimethylpolysiioxane, ppm 

Added Found
Av. rec., 

%
CV,
%

Orange juice 5 <0.2 2.5 2.2, 2.4, 2.4, 2.4, 2.6 96 5.9
Orange juice 5 <0.2 5.0 4.7, 4.9, 4.9, 4.9, 5.1 98 2.9
Orange juice 5 <0.2 10.0 8.6. 8.6, 8.6, 9.4, 11.1 93 11.7
Apple juice 2 <0.2 10.0 8.6, 12.4 105 —
Pineapple juice 5 <0.2 10.0 8.9, 9.6, 9.9, 10.1, 10.3 98 5.6
Apricot juice 5 <0.2 10.0 8.8, 9.2, 9.3, 9.3, 9.5 92 2.8
Tomato juice 4 <0.2 10.0 9 6 ,9 .9 ,  10.1, 10.3 100 3.0
Mango juice drink 5 4.9 10.0 14.4, 14.4, 14.6, 14.6, 15.0 97 1.7
Beer 2 <0.2 2.5 2.0, 2.5 90 —
Beer 2 <0.2 5.0 4.2, 4.5 87 —

Beer 2 <0.2 10.0 9.0, 9.6 93 —
Orange juice3 5 <0.2 6.8 6.6, 6.7, 6.8, 6.8, 7.0 100 2.2
Orange juice3 9 <0.2 27.1 24.9, 24.9, 25 .3 ,25.9 , 26.0 

25.6, 26 .2 ,26 .4 , 26.9 95 2.6

3 Samples spiked with antifoam AF instead of straight DMPS.

in  the pulp; th is could explain w h y  sim ple so l
v en t extractions from  aqueous sam ples are not 
quantitative for DM PS (2).

The m ethod is quite sen sitive and a typical 
absorbance reading for a 10 jig D M PS/m L  stan
dard is 0.018 absorbance unit, equ ivalent to 2 
ppm  DM PS in  a 25 mL sam ple. The detection  
lim it, 0 .2  ppm , w as determ ined as the con cen 
tration o f DM PS g iv in g  an absorbance reading  
equal to tw ice the standard deviation  o f 10 con
secu tive readings o f the blank, w h ich  was
0 .001.

The calibration curve is linear to at least 200 /ug 
D M PS/m L  concentrations, and results for a 
typical calibration curve are 0.018, 0.178, and  
0.355 absorbance unit for 10, 100, and 200 jig 
DM PS / mL standards, respectively . The coeffi
cients o f variation of the various spikings (Table
2) are <3% in  all but 3 cases. Because about 67% 
o f the DM PS is adsorbed on  the pulp, sam ples 
m ust be thoroughly  m ixed to ensure h om oge
n e ity , o therw ise precision  and accuracy o f anal
y ses can be seriously affected.

The m ethod is interference-free and is not 
in fluenced  by the presence of inorganic forms of 
s ilico n  (5). The m ethod (excluding the Soxhlet 
extraction) is rapid and does not require a great 
dea l o f  operator skill; the actual h an d lin g  tim e  
and num ber o f steps per sam ple are m inim al.

The precision  and sen sitiv ity  o f the m ethod are 
good and, because there is no appreciable residue 
from  the chloroform  extract o f these sam ples, it 
is reasonable to expect that the detection  lim it 
cou ld  be low ered  ev en  further by sim ply usin g  
larger sam ple sizes (w ith  proportional increases 
in  the am ount o f Florisil adsorbent, larger ex
traction th im bles and apparatus); th is could not 
be attem pted in  the present study because the  
necessary apparatus w as not available.
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A  rap id  m eth od  has b een  d ev e lo p ed  fo r  th e  d eter
m in a tio n  o f N -n itr o so p y r r o lid in e  (N PY R ) in  fr ied  
b acon  at le ss  th an  th e  1 p pb  le v e l. G round  fr ied  
bacon  is  m ix ed  w ith  a n h y d ro u s so d iu m  su lfa te  and  
C elite  b y  u s in g  a g la ss  m ortar and p estle . T h is  dry  
m ixtu re is  th en  added  to  a ch rom atograph ic co lu m n  
c o n ta in in g  a layer o f a c id -C e lite . T he co lu m n  is  
w a sh ed  w ith  p e n ta n e-d ich lo ro m eth a n e , and  th e  n i-  
trosam in es are e lu ted  w ith  pure d ich lorom eth a n e . 
T h e e lu a te  is  con cen tra ted , and  th e  n itr o sa m in es  are 
quantita ted  b y  u sin g  a gas chrom atograph interfaced  
w ith  a th erm al en erg y  ana lyzer. R ecovery  o f  the  
n itro sa m in e  in tern a l standard , N -n itr o so a z e t id in e , 
added at th e  10 ppb  le v e l, w as o ver 90%. T h e resu lts  
obtained  b y  th is  m eth od  are in  g oo d  agreem ent w ith  
th e  m inera l o il d is tilla tio n  procedure currently  used  
in  th e FSIS m onitorin g  program. Because 25 sam ples  
can b e a n a ly zed  per d ay  per p erso n , th is  s im p le  
screen in g  p roced ure o ffers  a d van tages o ver o th er  
m eth od s.

In 1978, the USD A Food Safety and Q uality Ser
vice (n ow  Food Safety and Inspection  Service 
(FSIS)) established  a 10 ppb vio la tive lev e l for 
vo la tile  n itrosam ines in  fried, cure-pum ped  
bacon (1) because th is product con sisten tly  con 
tained N -n itrosopyrrolid ine (NPYR) and, to a 
lesser extent, N-nitrosodim ethylam ine (NDM A). 
Since th en , the m ineral o il d istilla tio n -gas  
chrom atographic (GC) therm al energy analyzer  
(TEA) screening m ethod developed by Fine et al.
(2 ) has been  the m ost w id e ly  used procedure for 
determ ining volatile nitrosam ines in  cured meat 
products. Their m ethod  in vo lves  vacuum -dis
tillation  o f the nitrosam ines from  a m ixture of 
com m in uted  sam ple, m ineral oil, and a sm all 
am ount o f base, fo llo w ed  by extraction o f the  
aqueous distillate w ith  dichlorom ethane (DCM), 
and concentration o f the DCM before detection  
and quantitation. This procedure is used by FSIS 
in  their m onitoring program. Sam ples pre
sum ably in  v io la tion  are then  analyzed  by the  
m ore broadly applicable and len g th y  FDA m ul

1 U.S. D epartm ent of Agriculture, Food Safety and Inspection 
Service, Chemistry Division Branch Laboratory, Beltsville, MD 
20705.Received M ay 26, 1981. Accepted A ugust 24,1981.

Reference to b rand  or firm  nam e does not constitu te en 
dorsem ent by the  U.S. D epartm ent of A griculture over others 
of a sim ilar na tu re  not m entioned.

tidetection  procedure, w h ich  in v o lv es  sam ple 
d igestion  in  m ethanolic potassium  hydroxide, 
liquid-liquid extraction o f the nitrosam ines into  
DCM, d istillation  from  base, acid ification  o f the  
aqueous distillate , extraction w ith  DCM , con
centration before d etection  by GLC w ith  alkali 
flam e ionization detection (AFID), and a colum n  
chrom atographic cleanup step for subsequent 
G LC/m ass spectrom etric confirm ation  (3). In 
th e original m u ltidetection  m ethod , the n itro
sam ines w ere detected by GLC, usin g  a m odified  
therm ionic or alkali flame ionization detector (4). 
H avery et al. (3) analyzed 18 fried bacon sam ples 
and generally  found  good  agreem ent b etw een  
NPYR valu es obtained by the GLC/AFID, 
GLC/TEA, and mineral oil distillation-GLC/TEA  
procedures. Greenfield et al. (5) recently carried 
out a 9-laboratory collaborative study on  fried  
bacon fortified w ith  6 vo la tile  n itrosam ines at 6 
lev e ls  ranging from  0 to 17 ppb and 10 ppb N -  
nitrosodipropylam ine internal standard, usin g  
the m ineral o il distillation-G LC /TEA proce
dure.

H ow ever, the m ineral o il distillation-G LC / 
TEA and other p u blished  procedures (6 ) have  
several d isadvantages. The m ost im portant of 
these is the len gth y  analytical tim e involved . A 
m ore rapid m ethod therefore is n eed ed  for the  
routine determ ination o f vo la tile  n itrosam ines  
in  fried bacon. W e have d ev elop ed  a rapid dry 
colum n m ethod based on the principle em ployed  
by M axw ell et al. (7) for iso latin g  lip id s from  
m uscle and adipose tissue.

M ETH O D
Note: Nitrosam ines are potential carcinogens. 

Exercise care in  h an d lin g  these materials.
Reagents

(a) C elite 5 4 5 .— N ot acid-w ashed (Fisher Sci
en tific  Co.). Run reagent blank before start of 
sam ple analysis, particularly if  n ew  bottle o f 
C elite is used. If in terfering chrom atographic 
products are noted , prew ash C elite tw ice w ith  
dichlorom ethane, then  dry 4 h in  120° C vacuum  
oven  before use.

(b) D ichlorom ethane (D C M ) and n -pen tan e .—
0004-5756/82/6501-0151-06$01.00
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D istilled  in  glass (Burdick & Jackson Laborato
ries, Inc.).

(c) H ydrochloric acid.— 6N . Extract once w ith  
equal vo lu m e of DCM to rem ove im purities.

(d) Sodium  su lfa te .— A n h yd ro u s, granular  
(M allinckrodt N o. 8024).

(e) Internal standard solu tion.— 0.10 p g  N -n i-  
trosoazetid ine (NAZET)/m L DCM.

(f) N -N itrosopyrro lid in e  (N P Y R ) and N A Z E T  
GLC working stan dard .— Each 0.10 p g /m L  DCM .
Apparatus

Usual laboratory equipm ent and the follow ing  
items:

(a) M o rta r  and p estle .— Glass, 473 mL (16 oz), 
A. H. Thom as Co.

(b) Chrom atographic colum n.— Glass, 350 X 32 
mm  id w ith  60 X 6 mm id drip tip.

(c) Evaporative concentrator.— Kuderna-Danish 
(KD), 250 mL; concentrator tube, 4 mL, gradu
ated; Snyder (3-section) and micro Snyder d is
tillin g  colum ns (K ontes Glass Co.).

(d) Tamping rod.— Glass, 450 mm lon g w ith  12 
mm diam. disc prepared by glassblow er.

(e) Gas ch ro m a to g ra p h -th erm a l en erg y  an a
ly ze r .— Varian Aerograph gas chrom atograph  
M odel 2700, or equ ivalent, interfaced w ith  a 
thermal energy analyzer M odel 502. O perating  
conditions: 2.7 m X 3.2 m m  sta in less steel co l
um n packed w ith  15% Carbowax 20M -TPA on  
60-80  m esh Gas-Chrom P; h eliu m  carrier gas 35 
m L /m in; colum n 180°C isotherm al, injector 
200°C, TEA furnace, 450°C; TEA vacuum 1.5 mm; 
liquid  n itrog en -eth an o l cold trap.
Procedure

(a) Sam ple analysis.— W eigh 10 g C elite into  
250 mL beaker. Add 10 mL 6N  HC1,2 ca 3 mL at 
a tim e, and stir C elite w ith  sm all glass rod until 
m ixture is fluffy and uniform  in texture. U sing  
a pow der fu n n el, pour acid-C elite into chrom a
tographic colum n conta in ing glass w oo l p lug at 
bottom. Insert tam ping rod through Celite and 
tamp from bottom  up to ach ieve h eig h t of ca 25 
mm. Accurately w e ig h  10.0 ±  0.1 g  doubly  
ground fried bacon and quantitatively transfer 
sam ple to mortar. Add 1.0 mL internal standard  
solution (equivalent to 10 ppb) to bacon sam ple, 
usin g  1.0 mL transfer pipet. T hen add 25 g 
N a2S 0 4 and mix w ith  pestle ca 30 s. Add 20 g 
Celite to mortar and grind 15-20 s until Celite is 
thoroughly  m ixed w ith  N a2S 0 4 and bacon. 
T hen, grind  w ith  m oderate pressure for an ad

2 A uthor's note: Phosphoric acid (6N) has replaced hydrochloric acid.

ditional 2 m in. Q uantitatively transfer free- 
f lo w in g  dry m ixture in to  chrom atographic co l
um n, and tamp w ith  glass rod to achieve total 
heigh t of ca 100 mm. Add 30 g N a2S 0 4 to top of 
colum n. Rinse mortar and p estle w ith  10 mL 
pentane-DCM  (95 +  5), and add rinse to colum n, 
im m ediately fo llow ed  by 90 mL of same solvent. 
Collect eluate in  100 mL graduated cylinder. 
W hen level o f so lven t in colum n drops so that it 
just touches top of N a2S 0 4, add 125 mL DCM at 
on e tim e. A fter 85 mL of w ash  eluate has been  
collected, discard and change receivers. Collect 
rem aining eluate in  250 mL KD flask equ ipped  
w ith  4 mL concentrator tube. (Som e sam ples 
yie ld  turbid effluent; this is norm al.) W hen  
colum n stops dripping, rem ove KD flask, add 2 
sm all b o ilin g  chips to flask, attach 3-section  
Snyder colum n, and concentrate eluate to 4 mL 
on steam bath. C ontinue concentration (add 
n ew  b o ilin g  chip) to 1.0 mL w ith  micro Snyder  
colum n in 70°C w ater bath. Note: Room tem 
perature shou ld  be < 24°C  during analysis of 
sam ple.

(b ) N itrosam ine determ in ation .— Inject 9.0 pL 
GLC working standard at low est attenuation that 
y ie ld s signal at least one-th ird  fu ll scale TEA re
sponse, and m easure peak heights. Repeat to 
assure good reproducibility of retendon time and 
response. Inject 9.0 pL concentrated nitrosa- 
m ine-con ta in in g  sam ple, m easure response of 
the 2 nitrosam ines, and calculate NPYR in  ppb, 
usin g  fo llo w in g  formula:

Z =  Y A C V  X 1000 /X B W , w h ere Z =  pg  
N P Y R /kg (ppb); V  = total vo lu m e o f sam ple =
1.0 mL; X = peak h eigh t of NPYR in  standard; Y 
=  peak h eigh t of NPYR in  sam ple; C =  con cen 
tration of standard = 0.10 p g/m L ; A  =  pL of 
standard injected; B =  pL o f sam ple injected; W 
= w e ig h t of sam ple analyzed  =  10.0  ±  0.1 g.
Statistical A nalysis

O ne-tailed paired f-tests or analyses o f vari
ance w ere perform ed on the m easured nitrosa
m in e  accord ing to m eth od s d escrib ed  by  
Snedecor and Cochran (8 ). W here on ly  the sta
tistical sum m ary is presented , the raw data are 
available on  request. The uncorrected NPYR  
data were reported as measured and the corrected 
NPYR data w ere adjusted for the recovery of the 
internal n itrosam ine standard. For statistical 
purposes, NPYR data w ere reported to 2 decim al 
places.

R e s u lt s  a n d  D is c u s s io n
The recovery of 14 volatile nitrosam ines added  

to nitrosam ine-free fried bacon was determ ined
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Table 1. Recovery of volatile nitrosam ines a t the  10 ppb level from  nltrosam lne-free bacon

N- Nitroso 
compound

Ree., %

Range
Mean 

(n = 4) SD CV, %
Dimethylamine 100.0-104.0 101.40 1.89 1.86
Methylethylamine 87 .7 -94 .7 91.43 3.75 4.10Diethylamine 69 .7 -77 .3 74.20 3.38 4.55
Methylpropylamine 42 .7 -62 .7 52.28 8.23 15.75Ethylpropylamine NRa — — —
Dipropylamine NR — — —
Ethylbutylamine NR — — —
Propylbutylamine NR — — —
Methylamylamine NR — — —
Azetidine 90 .7 -95 .7 93.20 2.17 2.33Dibutylamine NR — — —
Piperidine 62.5-74.1 68.08 4.77 7.01
Pyrrolidine 103.6-110.0 105.43 3.57 3.38Morpholine 94 .1-104 .1 98.08 4.32 4.41

3 NR = no recovery.

Table 2. Statistical analysis on repeatability of ERRC method

NPYR, uncorrected NPYR, corrected % Recovery of NAZET
Sources of variation df SS MS F SS MS F SS MS F

/V-Nitrosopyrrolidine 10 463,10 46.31 472.53 47.25 1607.61 160.76
Error 23 3.09 0.13 344.77** 3.03 0.13 359.16** 404.47 17.59 9.14**
Total
Repeatability3

33 466.19
0.37 ppb

475.54
0.36 ppb

2012.09
4.19%

** P < 0 .0 1 .
a Repeatability = \7MSerror

to assess the applicability  o f our procedure, re
ferred to here as the ERRC m ethod  (Table 1). 
The 2 nitrosam ines that com m only occur in  fried 
bacon, N D M A  and NPYR, as w e ll as N -nitroso- 
m eth y le th y lam in e , -azetid in e, -m orp h o lin e, 
were recovered at a mean level >90%. The mean  
recovery o f the other nitrosam ines varied from  
0 to 74%. The m ean recovery for N -n itrosop i- 
perid ine, w h ich  is occasionally  fou n d  in  fried  
bacon, w as 6 8 %. Because N -nitrosodipropy- 
lam ine (N D PA ), the internal standard in  the  
m ineral o il m ethod, w as not recovered, NAZET 
w as selected  as the internal standard. The pos
sib ility  o f this 4-m em bered heterocyclic nitro- 
sam ine being naturally present or form ed in food  
products w as considered  un likely . A lso, pre
lim inary ev id en ce indicates a h igh ly  significant 
correlation (r2 =  0.925, P <0.01) betw een NAZET 
and NPYR recoveries. A lth ou gh  the ERRC 
m ethod is applicable to all the vo la tile  n itro
sam ines detected  in  fried bacon, this study was 
restricted to the determ ination of NPYR, because 
it is found  in  th e h igh est concentration and is 
m ost lik ely  to exceed  the v io la tive  level.

E leven bacon sam ples w ere analyzed , 6 in  
quadruplicate and 5 in  duplicate, to determ ine  
w ithin-laboratory repeatability o f the ERRC
Table 3. Determ ination of IV-nitrosopyrrolldine (ppb) in 

fried bacon by the ERRC and mineral oll-TEA m ethods

Sample
No.a

Mineral oil ERRC

Uncorr. Corr.
NDPA, 
% ree. Uncorr. Corr.

NAZET, 
% ree.

1 5.28 6.29 84.0 4.64 5.29 87.7
5.45 5.85 93.2 4.40 5.13 85.8

2 17.75 22.05 80.5 16.46 21.57 76.3
14.84 20.14 73.7 15.82 19.36 81.7

3 6.16 6.88 89.5 5.29 6.71 78.9
6.58 6.38 103.2 5.43 6.52 83.3

4 6.33 6.01 105.4 4.13 4.64 89.1
4.94 5.26 93.9 4.19 4.83 86.8

5 15.14 15.92 95.1 16.23 16.70 97.2
13.87 14.47 95.8 15.25 16.93 90.1

6 7.14 7.01 101.8 6.85 7.42 92.3
6.08 6.31 96.3 6.71 7.10 94.5

7 13.16 12.70 103.6 13.08 13.57 96.4
13.61 13.24 102.8 13.69 13.69 100.0

8 5.71 5.50 103.9 5.22 6.40 81.6
5.84 5.62 103.9 5.37 5.91 90.8

a Duplicate determ inations.
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Table 4. Statistical analysis on determ ination of /V-nitrosopyrrolidine in fried bacon by the  ERRC and m ineral oil-TEA
m ethods

Determination
No. of 
detns

Mean (X) SD between samples Results between 
m ethods Min. oil 

vs ERRC 
t

Min. oil
(*i)

ERRC
m

Min. oil 
(si)

ERRC
(S2) Xi -  x2 Si -  s 2

NPYR, uncorr. (ppb) 16 9.25 8.92 4.63 5.22 0.33 -0 .5 9 0.342
NPYR, co n . (ppb) 16 9.98 10.11 5.80 6.02 -0 .1 3 -0 .2 2 -0 .21 1
% Ree. of int. s td a 16 95.40 88.38 8.83 6.53 7.12 2.30 1.532

a NAZET for ERRC m ethod, NDPAfor mineral oil method.

m ethod. Determ inations o f NPYR ranged from  
2.23 to 16.93 ppb, corrected (1.78 to 16.23 ppb, 
uncorrected) and recovery o f the NAZET inter
nal standard ranged from  73.7 to 101.8% w ith  a 
m ean of 91.3%. A n alysis o f variance o f the re
sults (Table 2) indicated that repeatability of 
NPYR determ ination  is 0.36 ppb (0.37 uncor
rected) and standard d ev iation  o f recovery of 
NAZET standard is 4.19%.

A ruggedness test o f the ERRC m ethod for the 
determ ination o f 1.5 and 6.0 ppb NPYR, con
ducted by using different grinding, packing, and 
so lven t elu tion  steps o f the procedure specified  
in  the experim ental section, indicated that results 
w ere not sign ifican tly  d ifferent. H ow ever, the  
colum n-packing step o f the procedure did  lead  
to sign ificant d ifferences in  the determ inations  
of 1.5 ppb NPYR. W hen co lum ns w ere packed  
too tightly , determ inations varied 16% (23%, 
uncorrected) at 1.5 ppb NPYR com pared w ith  
0.3% (1.0%, uncorrected) at 6.0 ppb NPYR.

Comparative analysis of the ERRC and mineral 
o il m ethods w as obtained  w ith  duplicate deter
m inations of 8 sam ples o f fried bacon contain ing  
from 4 to 20 ppb NPYR (Table 3). The 2 m ethods 
require a d ifferent internal standard because 
N D P A  w h ich  is used in  the m ineral o il proce
dure, is not recoverable by this procedure, and  
NAZET, w h ich  is u sed  in  th is procedure, som e
tim es decom poses during the d istillation step of 
the m ineral o il procedure. Statistical analysis of 
th ese determ inations indicated that th e results 
w ere equ ivalen t (Table 4). M eans o f NPYR d e
term inations w ith  this m ethod w ere 1.3% higher  
(3.6% lower, uncorrected) and standard deviation  
o f the determ inations w as 3.7% h igh er (11.3%, 
uncorrected) than w ith  the mineral oil reference 
m ethod. Recovery o f internal standard averaged  
7.5% low er and varied 35% less than w ith  the  
reference m ethod. From the m ean differences  
and standard d eviations o f determ inations and  
recovery o f internal standard, a f-test (P =  0.05) 
indicated that results w ith  the 2  m ethods w ere  
not sign ifican tly  different.

D eterm ination  o f NPYR tends to be h igh er  
w ith  the m ineral o il m ethod  than w ith  the m ul
tidetection  m ethod  (3, and u n p u b lish ed  data). 
W e therefore undertook a study to determ ine if  
NPYR w as produced as an artifact during anal
ysis. From 0 to 100 ppm  sodium  nitrite (N a N C y  
w as added to n itrite-free bacon, and then  deter
m ined  by both  the ERRC m ethod  and the m in 
eral o il procedure. W ith increasing lev e ls  o f  
NaNC>2, NPYR increased in  the m ineral o il pro
cedure; up to 4 ppb w as fou n d  w h en  50 ppm  so 
dium  nitrite was added (Table 5). N o NPYR was 
detected w h en  the sam ples were analyzed by the 
ERRC m ethod. H igh  residual nitrite in  fried  
bacon could result from  undercooking, w h ich  
m ay be caused by slice thickness or com p osi
tional factors that affect the rate o f frying. This 
bacon, w h en  analyzed  by the m ineral o il proce
dure could produce m ore NPYR as an artifact. 
Because o f th is p ossib ility , several investigators  
n ow  add sodium  ascorbate an d /o r  a-tocopherol 
before d istillation  to avoid artifactual nitrosa- 
m in e form ation in  the m ineral o il m ethod (un
published). This precaution is not necessary  
w ith  the ERRC m ethod.

A  lim ited  interlaboratory study usin g  the  
ERRC m ethod w as conducted  on  fried bacon  
con ta in in g  0 -50  ppb norm ally incurred NPYR. 
Sam ples w ere analyzed  in  3 laboratories; h ow -

Table 5. Effect of added sodium  nitrite  on 
/V-nitrosopyrrolidine form ation, determ ined by the 

mineral oil and ERRC m eth o d s9

NPYR, ppb
Sample

No.
NaN02 

added, ppm
Min.
oil ERRC

i 0 0.23 ND"
2 10 0.99 ND
3 25 1.34 ND
4 50 3.58 ND
5 100 4.84 ND

a Two separate  experim ents in duplicate. 
" ND = none detected .
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Table 6. Interlaboratory collaborative study on determ ination of N -nitrosopyrrolidine (ppb, corrected) in fried bacon
by ERRC method

Sample No. 
(dupls)

Analyst 1 Analyst 1A Analyst 2 Analyst 3
NAZET,
% rec. NPYR

NAZET, 
% rec. NPYR

NAZET, 
% rec. NPYR

NAZET, 
% rec. NPYR

1 108.2 27.73 89.5 30.21 97.7 30.71 88.8 31.85
103.4 27.61 91.7 31.07 74.1 33.32 84.9 29.20

2 102.3 10.76 89.5 10.39 103.5 8.75 82.5 11.33
102.3 10.83 95.8 10.72 82.4 9.48 93.6 10.66

3 100.0 8.92 85.3 8.92 103.5 8.75 91.1 8.79
100.0 9.08 91.6 8.80 78.3 8.39 82.2 8.65

4 108.0 N.D. 96.8 N.D. 92.0 = N.D. 92.3 N.D.
109.1 N.D. 96.9 N.D. 91.8 N.D. 96.1 N.D.

5 100.0 48.82 98.9 45.57 100.0 47.01 92.2 49.12
94.6 47.80 100.0 47.32 95.7 44.92 92.4 46.66

6 91.3 2.86 95.6 2.36 82.6 2.35 87.3 2.60
90.3 2.61 92.8 2.61 85.7 2.70 85.9 2.76

7 86.8 7.90 89.0 8.23 91.3 7.36 82.9 7.91
96.7 7.60 97.6 8.23 104.8 7.34 77.4 . 8.23

8 91.4 6.69 97.6 6.61 88.1 4.19 85.0 6.88
98.9 6.18 95.2 6.10 100.0 4.92 83.3 6.60

a Average used for statistical purposes, no internal standard added.

ever, in  Laboratory 1, 2 d ifferent analysts per
form ed the assay. Because each analyst worked  
independently , the data were treated statistically 
as if  from  2 separate laboratories. Corrected re
sults o f the study (Table 6 ) w ere treated statisti
cally  because the variation w as less than in  the 
uncorrected data. The average w ithin-labora- 
tory recoveries w ith  standard d ev iation  for the  
internal standard were: 1A, 99.0 ±  6.7%; IB, 94.0 
±  4.2%; 2, 92.0 ±  9.5%; 3, 87.4 ±  5.2%. The anal
ysis of variance on  the corrected results is sh ow n  
in  Table 7. A sign ificant (P  <0 .01) d ifference  
b etw een  the bacon sam ples w as observed w ith  
an F-test as expected because fried bacon samples 
w ith  a w id e  NPYR range w ere in ten tion a lly  
used. N o  sign ifican t laboratory effect nor lab
oratory X sam ple interaction w as indicated  by  
the analysis o f variance. The standard dev ia
tions for reproducibility and repeatability, d e
term ined as prescribed by Steiner (9), w ere 1.03 
and 0.71, respectively. This compares favorably 
w ith  th e values of 1.34 and 1.04 for reproduc-

Table 7. Analysis of variance on interlaboratory 
collaborative study

Variation df SS MS F

Sample 7 14635.9 2090.8 4182.5*»
Laboratory 3 3.9 1.3 <1
Lab X sample 21 35.1 1.7 3.3
Error 32 16.0 0.5
Total 63 14690.9

** P < 0 .0 1 .

ib ility  and repeatability obtained  in  the recent 
collaborative study (5) on  the FSIS m ineral oil 
procedure. A  collaborative study o f th e ERRC 
m ethod  in v o lv in g  a larger num ber o f laborato
ries is planned.

In conclusion , w e  are reporting a m ethod  for 
the determ ination of NPYR in fried bacon, w hich  
is rapid, less susceptible to artifactual nitrosam ine 
form ation, and quantitatively as goo d  as the 
currently em p loyed  m ethod. W ith th e ERRC 
m ethod, 25 or m ore sam ples per analyst per day 
can be analyzed w ith  lim ited glassware, thereby 
sign ifican tly  reducing the cost o f analysis.
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C o m p a r i s o n  o f  N i t r i t e  a n d  N i t r a t e  D e t e r m i n a t i o n s  i n  V e g e t a b l e s :  
S u i t a b i l i t y  f o r  A c c u r a t e  a n d  A u t o m a t e d  M e a s u r e m e n t s
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Central Laboratories of the Pharmaceutical Sciences, State University Gent, De Pintelaan 135, 
B-9000 Gent, Belgium
A method is reported for improved accuracy for n i
trate and nitrite determinations in aqueous solutions, 
especially plant extracts. The sampling procedure 
can be adapted for automated determinations: At 
least 6 aliquots with increasing volume of nitrate- 
containing solutions are subjected to the reducing 
agent under stabilized conditions to obtain nitrite, 
treated with one of 2 different diazotization reagents, 
and measured colorimetrically. The slope of the 
curve, absorbance vs sampled volume, is determined 
by linear regression; this slope is directly dependent 
on the nitrate (nitrite) content. Original nitrite is 
determined by omitting the reducing step. Low n i
trate levels (<0.1 qg/mL) can be determined directly 
with the sulfanilamide-(V-(l-naphthyl)ethylenedi- 
amine dihydrochloride diazotization procedure or 
indirectly by constant nitrate addition, with the 
su lfan ilic  acid-l-naphthylamine hydrochloride 
diazotization mixture (Griess reagent). The latter 
procedure can be used to measure concentrations up 
to 20 fig/mL.

D u ring the past 10 years, attention  has been  fo 
cused  on  the natural and occasional presence of 
nitrate and nitrite in  foodstuffs, especially  
drinking water, fresh and frozen vegetables, and 
canned  foods. Factors contributing to concen
trations of these almost non-intentional additives 
in  food  w ere reported p reviously  (1-4).

Accurate nitrate and nitrite determ inations are 
of interest because both nitrates and nitrites may 
act as precursors to the formation of carcinogenic 
nitrosam ines in  the body. The chem ical m ethod  
for nitrate determ ination in  food is based on  the  
reduction to nitrite by pow dered cadmium at pH  
9.6; the nitrites, original and reduced nitrates, can 
be determ ined by colorimetry after diazotization  
to water-soluble (5) or organic-soluble (6 ) colored  
products.

D uring our experim ents, w e  observed that the 
extrapolated absorbance value for zero con cen 
tration of pure nitrate solutions differed from the 
extrapolated absorbance values for in fin ite  
dilu tion  in  each of the investigated food extracts 
(Table 1). This is probably due to adsorption of

1 School of Commerce, Shiga University-Japan, 1-1-1 Banba, 
H ikone, Japan.
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nitrite on  the cadm ium  pow der during the re
duction stage, a phenom enon  yet to be reported. 
T his food-d ep en d en cy  through variable blanks 
m ay be an im portant source o f error, especially  
w h en  low  nitrate concentrations are investigated  
and w h en  constant blank values are used in  au
tom ated nitrate determ inations. A m ethod de
sign ed  to avoid variable blanks w as briefly  re
ported previously (4). The present report gives  
m ore details concern ing the theoretical aspects 
and inclu des supporting data to prove the ap
p licab ility  o f the proposed m ethod. Two d if
ferent diazotization  m ixtures w ere tested to de
term ine their reproducibility, accuracy, and  
u sefu ln ess for m easuring nitrate concentra
tions.

E xperim ental
Suitable food  extracts w ere obtained as d e

scribed previously (4). About 10 g  fresh material 
or 1 g dried product w as heated 30 m in  in  a 250 
mL beaker w ith  50 mL water on  a water bath, and 
th en  h om ogen ized  1 m in w ith  a Bamix mixer. 
A fter cooling, the plant-m ixture was transferred 
in to  a 250 mL flask, d ep rotein ized  w ith  Carrez 
so lu tion s, and d ilu ted  to vo lu m e w ith  water. 
The clear, nearly colorless filtrate w as co llected  
in  a dry flask through a S & S N o. 597 ]/2 filter  
paper.

T his filtered  so lu tion  w as sam pled 6 tim es by 
p ip ettin g  0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mL into  
separate receiv in g tubes; 5 mL N H 4C I-N H 4OH  
buffer so lu tion  (pH 9.6) w as added to each tube. 
These solutions were diluted to 25 mL w ith water 
and then pressed under controlled circumstances 
throu gh  a Cd colum n (Figure 1). The treated 
so lu tion s and rinsings (± 40  mL) w ere co llected  
and adjusted to 50 mL w ith  water. To prepare a 
calibration curve, a sodium  nitrate solu tion  
con ta in in g  10 pg nitrate n itrog en /m L  (6.068 g 
NaNC>3 /L  d ilu ted  X 100) was sam pled and  
treated sim ilarly.

A  10 mL aliquot from each 50 mL solution was 
m ixed in  separate dry receiv in g  tubes w ith  one  
of 2  d iazotization  mixtures;

(1) 10 mL Griess m ixture (4). A blue-red  sta
b le color is obtained in  presence o f nitrite after

. 0004-5756/82/6501-0157-05$01.00
©  A s s o c i a t io n  o f  O f f i c ia l  A n a l y t i c a l  C h e m i s t s ,  In c .
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Table 1. Comparison of calculated and extrapolated values of nitrite  for infinite dilution of different food extracts 3

Product
g Sam ple/ 

250 mL
NO3-N concn 

of ext, 
Mg/mL

NO3-N concn 
of prod., 

Mg/g
Extrapd zero 

value, A
Calcd slope, 

A /m L

Red cabbage 20.6539 1.82 22.03 0.039 0.0467
Cheese 4.3873 0.252 14.3 0.039 0.0064
Clover

(chem. fertilizer) 4.5762 5.316 290 0.032 0.1363
Clover

(biol. fertilizer) 4.9200 2.59 131 0.030 0.0664
Ham 24.5480 1-127 11.5 0.025 0.0289
NaN03 0.0151 7» 10 .0 0 — 0.009 0.2565
H2O blank — — — 0.015 —
Cd blank — — — 0.026 —
Radish leaf 0.800 10.93 3.430 0.046 0.2967
Onion 34.5289 0.178 1.29 0.026 0.0050
Mushroom 29.3824 1.60 13.63 0.030 0.0500

3 Griess reagent; absorbance at 526 nm. 
b 6.068 g NaN03 in 1 L (or 1.517 g in 250 mL), diluted X 100.

20 m in  in  darkness (absorption m aximum at 526 
nm ).

(2) 1 mL N -l-n ap h th y leth y len ed iam in e  d i
h ydroch loride so lu tion  and 1 mL sulfanilam ide  
so lu tion  (7, 8 ) added in  order. A deep  red stable 
color is obtained im m ediately after m ixing (ab
sorption  m axim um  at 539 nm).

The absorbance o f the colored solu tions was 
m easured through 1 cm path len g th  H ellm a  
quartz ce lls  w ith  a Zeiss spectrophotom eter PM 
2A against d istilled  water. Results w ere re
corded as p g  total nitrites. Blank readings were  
obtained from 5 to 25 mL diluted buffer solutions 
passed through the Cd colum n or not, adjusted 
to 50 mL, and d iazotized . The presence of 
original nitrite is detected w ith  the same proce
dure o f extracting, deproteinizing, buffering, and 
colorimetric reaction, but deleting the Cd colum n  
treatm ent.

N itrate concentration w as calculated by sub
tracting original nitrite readings from  total n i
trites, as dem onstrated above.

Aspects Concerning Calculation of Nitrate 
(Nitrite) Content

The relationship  b etw een  the m easured ab
sorbances versus the respective primary aliquots 
of the food extract a n d /o r  th e NaNC>3 so lu tion  
con ta in in g  10 p g  N 0 3-N /m L  is linear. The 
straight lines obtained from the calibration curve 
and the u n k n ow n  solu tion  may be expressed  
as

y c = axc +  zc and  
y s =  bxs +  z s Figure 1. C adm ium  reduction  co lu m n  con n ected  to  

h y d ro -p n eu m a tic  system  for con stan t pressure.
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w h ere y  =  m easured absorbance; x  =  p ipetted  
aliquot o f food  extract or NaNC>3 so lu tion  (ex
pressed in  mL); z  =  theoretical value o f absorb
ance at zero sam ple vo lu m e (in fin ite  d ilu tion  o f  
extract); a, b =  curvature (slope) calculated by 
linear regression  from  6 m easured absorbance 
valu es obtained from  on e food extract; c, s =  
calibration solu tion  and sam pled food extract. 
Norm ally zc, zs, Cd blank, and water blank values 
are expected  to be equal. Table 1 dem onstrates 
that these values can differ from one food extract 
to another, w h ich  is probably the m ain reason  
w h y  chem ically  d eterm ined  N O 3-  contents by 
standard m ethods d iffer w ith in  each other. To 
avoid  th is sam ple d ep en d en cy , the fo llo w in g  
considerations can be taken in to  account:

In standard m ethods, the absorbance value (y s
— w ater blank) instead o f the real (y s — z s) valu e  
is com pared on  a calibration curve to fin d  the  
corresponding N O 3-  concentration. W e m ay 
assum e that equal N O 3-  quantities are present 
in  both the food extract aliquots and the NaNC>3 
so lu tion  aliquots w h en  absorbance readings are 
equal after the prescribed treatment, or w h en  ( y c
— z c) =  (ys — zs), or w h en  a .xc =  b.xs. For xs =  1 
mL, w e  fin d  =  (b /a ) X 1 (mL). T his fraction  
(b /a ) o f the calculated curvature expresses also  
that 1 mL of the food extract under investigation  
contains as much nitrates as x c mL of the standard 
NaNC>3 so lu tion  conta in ing 10 p g  N -N O s/m L .

A lso  the N -N O 3 concentration o f the food  ex
tract can be calculated by m u ltip ly in g  x c by  10 ; 
this is (b /a )  X 10.

By the fact that b and a represent curvatures, 
the calculated concentration b /a  X 10 is in d e
p en d en t o f the suspect zero a n d /o r  blank  
values.

This also m eans that the calculated con cen 
tration d ep ends on ly  on  the curvatures and w ill  
not change if  an equal am ount o f nitrates (1 mL 
of 10 p g /m L  solu tion , for exam ple) is  added to 
each food  extract before treatm ent throu gh  the  
Cd colum n.

Figure 2 dem onstrates that the absorbance 
valu es p lotted  as a function  o f the p ipetted  a li
quots w ith  increasing volu m es under a constant 
N 0 3-  addition  or not, result in  parallel lines. 
The intercept A(i2 — ii)  o f the 2 lin es w ith  the  
calibration curve dep ends on  the added am ount 
of nitrate. If w e  sh ou ld  on  the other hand in 
vestigate a series o f so lu tion s w ith  increasing  
N O 3-  concentrations, obtained  by nitrate addi
tion  from  on e  food extract, w e  w ill fin d  a fan of 
lin es w ith  a constant extrapolated absorbance 
valu e for zero vo lu m e but w ith  an increasing  
curvature in  respect to th e increasing con cen 
tration.

0.5 1.0 m L 1-5 2.0 2.5 3.0

F igure 2 . A b sorb ance as a fu n ctio n  o f  sa m p le  v o l
u m e, G riess reagents and red cabbage extract: 1 , 
o r ig in a l extract; 2 ,  o r ig in a l extract a fter a d d itio n  o f  
5 ng N O 3-N  to  each p ip etted  a liq u ot; 3 , ca lib ra tion  
cu rve . (D rafted  on  H e w le tt  Packard In stru m en ts  

calcu lator.)

To dem onstrate this, w e  m ade a series o f so
lutions w ith  increasing N O 3 concentration from  
a red cabbage extract. Each solution  is analyzed  
for NO:/ as described before. The results for the 
Griess colorim etric m ethod are plotted in  Figure
3.

The results o f th e nitrate determ inations on  a 
series o f original extracts o f radish leaves and  
w ith  nitrate addition  as described before, using  
both coloring m ethods, are sum m arized in  Table
2 .

Similar series of experim ents were repeated for 
other vegetab le extracts such as red cabbage, 
spinach, and salads. Preliminary studies show ed  
that the ratio of the slopes of the calibration lines  
for both colorim etric m ethods w ere constant 
during the experiments, although the ratio o f the 
corresponding slop es for the extracts m ay be 
different d ep en d in g  on  the vegetable.

The origin of these differences w ill be reported 
in  detail e lsew h ere. A  sum m ary o f ratios and  
C a /C b valu es for both radish leaves and red- 
cabbage extracts as a function  o f the N O 3 con 
centration is sh ow n  to dem onstrate the lim its of 
applicability of both colorimetric m ethods (Table
3).

From these results it can be ded uced  that low
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m L

F igure 3. A bsorbance as a fu n ctio n  o f sam p le  v o l
u m e, G riess reagents and radish le a f extract (4 g /2 5 0  
mL): 1, o r ig in a l extract d ilu ted  (10 —  25 mL); 2, 
o r ig in a l extract d ilu ted  (10 —- 25) +  su p p lem en ta l 
n itra te to  2 /ig /m L ; 3, orig in a l extract d ilu ted  (10 —►  
25) +  su p p lem en ta l n itrate to  5 pgl mL; 4, calibration  
curve; 5, o r ig in a l extract d ilu ted  (10 —  25) +  su p p le 
m ental nitrate to  10 Mg/mL; 6, orig ina l extract d ilu ted  
(10 —» 25) +  su p p le m en ta l n itrate to  17.5 ftg /m L . 
(D r a fte d  o n  H ew le tt-P a c k a r d  In str u m e n ts  

calculator.)
concentration lev els  (< 1  p g/m L ) can be deter
m in ed  m ore accurately by u sin g  the second co l
orim etric m ethod; for h igh er concentrations

(> 20  p.g/m L), how ever, the Griess colorim etric  
m ethod  (m ethod A) seem s to be m ore accurate 
and reproducible.

From our experim ents w e  deduce that even  
extracts w ith  lo w  nitrate lev els  can be deter
m ined by using the increasing sam pling m ethod  
w ith  addition  o f a constant am ount o f nitrates. 
O nly the slope of the final line (parallel w ith  that 
o f the original extract) determ ines the con cen 
tration o f the original so lu tion  (cf. Figure 2 and  
Table 2).

C o n clu sion s
Our results dem onstrate the applicability of 

the proposed m ethod for nitrate determ inations. 
A dvantages o f the procedure include: (a) an 
extended apparatus w ith  controlled parameters;
(b) an im proved sam pling o f plant extracts— 
instead of repeating the work on a constant a li
quot and referring the obtained absorbance to a 
calibration curve for the determ ination o f the  
concentration, w e  sam ple the vegetab le extract 
w ith  increasing vo lu m es and calculate the final 
concentration from  the slopes o f the obtained  
absorbance/volum e curves of both solutions: (1 ) 
so lu tion  w ith  k n ow n  N O 3-  concentration, (2 ) 
extract o f the investigated  vegetable. This w ay  
m akes the NC>3~ (or N O 2- ) determ ination  in d e
p en d en t o f blank values, w h ich  are a source of 
errors especially  at lo w  concentrations. Fur
therm ore, lo w  nitrate lev els  can be determ ined  
accurately by usin g  the su lfan ilam id e-N ,l-n a- 
p h th y leth y len ed iam in e d ihydroch loride dia-

Table 2. N itrate determ inations in radish leaf extracts

IIa IIa IIa IIa IIa
Calibr. Original Original + +  0.5 + 2 + 5 + 10 +  17.5

Object curve soin 10 Mg II3 Mg/mL Mg/mL Mg/mL Mg/mL Mg/mL
Griess Reagent

Z 0.0512 7 0.0452 0.3639 0.0591 0.0818 0.05360 0.04420 0.0404 7 0.0730
£>a 0.2714 0 0.2967 0.2720 0.1146 0.1295 4 0.1685 1 0.2438 9 0.3772 6 0.6080
Correi. 
Conen A,

0.9994 1 0.9999 0 0.9996 0 0.9981 0 0.9875 9 0.9993 0 0.9980 4 0.9970 8 0.9905 7
Mg/mL 10.0 10.93 10.02 +  . . . 4.22 4.727 6.209 8.986 13.90 22.40

N-l-Naphthylethylenediamine Dihydrochloride
Z 0 .1 1 1 3 3 0.0509 3 0.7602 0 0.0877 3 0.0510 7 0.0872 7 0.0525 3 0.0777 0 0.2305 0
b b 0.5482 9 0.5922 3 0.5032 0 0.2314 9 0.2549 1 0.3422 3 0.4941 7 0.7542 0 0.9790Correi. 
Conen B,

0.9982 1 0.9990 3 0.9992 8 0.9974 0 0.9916 7 0.9964 3 0.9987 1 0.9976 7 —
Mg/mL 10 10.80 9.18 + . . . 4.22 4.65 6.24 9.01 13.75 17.8

öA/ b B 
Conen A /

0.4949 9 0.5009 9 0.5405 0.4950 5 0.5081 8 0.4923 9 0.4935 3 0.5002 1 0.6210
concn B 1 1.012 — 1.000 1.016 0.9950 0.9972 1.0105 1.254

II: Original extract diluted 10 mL — 25 mL.
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Table 3. N itrate determ ination in extracts of radish leaves and red cabbage

Concentration, fig /m L

Term Radish Leaves
10a 4.22 4.69 6.22 9.0 10.9 13.8 22.4

bk
bß

0.49499 0.4950 0.5082 0.4924 0.4935 0.5010 0.5002 0.6210
Ca 1.000 1.000 1.016 0.9950 0.9972 1.012 1.010 1.25

Red Cabbage

10a 1.80 1.50 1.97 2.45 3.68 4.77 6.88 12.6
¿»A
be

0.527 36 0.4532 0.5308 0.5199 0.5346 0.5208 0.5157 0.5288 0.5179
Ca 1.000 0.8597 1.009 0.9864 1.014 0.9883 0.9780 1.002 0.9819Cb
a Solution of NaNC>3 containing 10 fig N03-N/mL.

zotization  m ixture or by addin g a constant 
am ou nt o f nitrates to the series o f sam pled v o l
um es to reach a suitable nitrate range.

Because blank valu es for N O 3 standard so lu 
tions and N O 3-containing vegetable extracts can 
differ, it can be ded uced  that nitrate concentra
tion  d eterm ined  by an autom atically set blank  
can not be accurate.

F inally , our results sh ow  that the m ethod  is 
su itable for autom ated N O 3 determ ination , in  
w h ich  absorbance readings are transm itted to a 
com puter w h ich  calculates the concentration  
from  slop es determ ined by linear regression.
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D e t e r m i n a t i o n  o f  P o l y s o r b a t e  6 0  i n  S a l a d  D r e s s i n g s  b y  C o l o r i m e t r i c  
a n d  T h i n  L a y e r  C h r o m a t o g r a p h i c  T e c h n i q u e s

DANIEL H. DANIELS, CHARLES R. WARNER, and SAMI SELIM
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M eth od s are d escr ib ed  for th e  q u an tita tio n  and v er 
if ica tio n  o f p o lysorb ate  60 (PS 60) in  salad  d ressin g . 
T h e sam p le  is  p ar titio n ed  b e tw e e n  m eth y le n e  ch lo 
rid e and w ater . T h e m e th y le n e  ch lor id e  extract is  
further treated b y  silica  g e l co lu m n  chrom atography. 
T h e iso la ted  PS 60 is  co m p lexed  w ith  a m m on iu m  
co b alto th io cy a n a te  and d eterm in ed  sp ectro p h o to -  
m etrically  at 620 nm . A d dition al ev id en ce in d icatin g  
th e  p resen ce o f PS 60 is  o b ta in ed  from  th in  layer  
ch rom atograph ic a n a ly sis  u s in g  th e m o d ifie d  D ra- 
g en d o r ff reagent fo r  v isu a liza tio n  o f sp o ts .
Polysorbate 60 (PS 60), w h ich  is a com plex m ix
ture of po lyoxyethy lated  fatty acid esters o f sor
bitol and its anhydrides, is w id ely  used as a food  
additive and processing aid. The Code o f Fed
eral R egulations (CFR) lim its the use o f PS 60 in  
foods to concentration lev e ls  o f 1% or low er, 
depending on  the food product (1). The lim it for 
PS 60 in  salad dressings is 0.3% (3 m g PS 6 0 /g  
sam ple).

A num ber o f analytical m ethods for the d e
term ination o f PS 60 have been  described in  the  
literature. M urphy and Scott (2) used  a Soxhlet 
apparatus to extract PS 60 from baked goods and  
fat fo llow ed  by detection  w ith  th in  layer chro
m atography (TLC). Sm ullin  et al. (3) analyzed  
several food  matrices by sap on ify in g  the p o ly 
sorbate and precipitating the resu lting p olyo l 
w ith  barium phosphom olybdate. L indner (4) 
quantitated the fatty acid ester portion o f the  
polysorbate m olecu le via gas chrom atography. 
Boyer et al. (5) quantitated p olyoxyethy lated  
detergents in  environm ental sam ples, using the 
am m onium  cobaltothiocyanate com plexation  
procedure. T hese m ethods, if app lied  to com 
plex food  m atrices, w o u ld  require tim e-con
sum ing sam ple preparation to elim in ate inter
fering com pounds. We b elieved  that a m ore 
se lectiv e  m ethod requiring m inim al sam ple 
preparation w as needed .

In th is paper w e  describe a m ethod for the  
determ ination of PS 60 in  salad dressings w ith  a 
com bination o f silica ge l colum n and colori-
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metric techniques. A lthough PS 60 is authorized  
for use in a w id e variety of foods, w e  lim ited  our 
work to salad dressings because of the extensive  
use of this additive in salad dressings of all types. 
N o t on ly  is th is matrix su ffic ien tly  com plex to 
provide a challenge for the m ethod, but it is also 
free from the com plications o f therm al decom 
position , w h ich  can occur in  heated products 
such as baked goods. A  TLC procedure, u sin g  
the m odified  D ragendorff reagent as d iscussed  
by M urphy and Scott (2), is also described and is 
used to substantiate the results o f the colorim 
etry.

The colorim etric technique, w h ich  is based on  
the reactions o f specific functional groups, the  
poly(oxy-l,2-ethanediyl) oligom ers, was selected  
because PS 60 is a com plex m ixture consisting of 
m any d ifferent com pounds, all o f w h ich  are 
com p letely  or partially com posed o f p o ly oxy
e th y len e  chains. T hese substances com prising  
PS 60 fall in to  2 m ain categories: T w eens and  
carbowaxes. The T w eens consist o f the sorbitan  
m olecu le w ith  on e or m ore fatty acid ester lin k 
ages as w e ll as p o lyoxyeth y len e chains, w ith  a 
total of 20  e th y len e oxid e eq u ivalents per m ole
cule. The carbowaxes include polyoxyeth y len e  
oligom ers as w e ll as sorbitan-derived substances 
w h ich  bear one or m ore p olyoxyethy lene chains 
(but no fatty acid esters). These polyoxyethylene  
chains are foreign to food but com m on to all the 
com pounds fou n d  in  PS 60.

The sam ple is partitioned betw een  m ethylene  
chloride and water and the phases are separated. 
The m ethylene chloride fraction is concentrated  
and transferred to a silica ge l colum n for purifi
cation. The silica ge l colum n is w ash ed  w ith  
acetonitrile to rem ove interfering sam ple com 
ponents. The PS 60 is e lu ted  w ith  a m ixture o f  
m eth y len e chloride, m ethanol, and acetone. 
The eluate is  evaporated and the residue is d i
luted  to vo lu m e w ith  m eth y len e chloride. The 
sam ple is then  reacted w ith  am m onium  cobal
tothiocyanate reagent and the color in ten sity  is 
m easured at 620 nm. The results are verified  by  
the TLC detection  procedure w ith  m od ified  
D ragendorff reagent.
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M ETH O D
Apparatus

(a) Spectrophotom eter.—V isible and ultraviolet 
(UV) range. Cary M odel 118 (Varian Associates, 
Palo A lto, CA 94303), or equivalent.

(b) G lass co lu m n.—25 cm K ontes Chrom aflex  
N o. K 420280,17 m m  od, 14.5 m m  id (Kontes Co., 
V ineland, NJ 08360).

(c) TLC develo p er.— Camag Vario KS (Camag 
Inc., 16229 W Ryerson Rd, N e w  Berlin, WI 
53151), equ ipped  w ith  18 X 2.5 cm so lven t  
cham ber and w ith  18 X 18 cm so lven t tray (for 
saturation o f atm osphere near plate).

(d) Solven t w icks for TLC d eveloper.— Camag 
Inc.

(e) Precoated TLC plates. —Silica ge l 60, 20 X 20 
cm , 0.25 m m  layer th ickness (available from  
Scientific Products D iv ., Am erican H ospital 
Supply Corp., M cGaw, IL 60085).

(f) TLC sp ra ye r .—Supelco Cat. N o. 5-8005 (Su- 
pelco, Inc., B ellefonte, PA 16823), or equ iva
lent.

(g) Shortw ave u ltraviolet lam p .—Chromato-Vue 
cabinet (Ultra-Violet Products, Inc., San Gabriel, 
CA 91778), or equ ivalent.

(h) R otary evaporator.—Equipped w ith  ¥  24 /40  
ground glass joints (Buchler Instrum ents Inc., 
Fort Lee, NJ 07024).

(i) Tem perature b a th .—Buchler Instrum ents 
Inc.
Reagents

(a) S o lven ts .— M ethanol, m eth y len e chloride, 
acetonitrile, and acetone. D istilled -in -glass  
quality (Burdick & Jackson Laboratories, Inc., 
M uskegon, MI 49442).

(b) A m m onium  cobaltothiocyanate reagent.— 
Dissolve 62 g am m onium  thiocyanate, 28 g  cobalt 
nitrate, and 50 g  sodium  ch loride (all reagents  
certified  ACS, Fisher Scientific Co., Pittsburgh, 
PA 15219, or equ ivalent) in  250 mL water. D i
lute to 500 mL w ith  water. Extract im purities  
w ith  100 mL m eth y len e chloride.

(c) P olysorbate 60 (PS 60).— Sam ples from  the  
fo llow ing suppliers gave equivalent colorimetric 
responses and id en tical TLC patterns: Emery 
Industries, Inc., PO Box 628, M auldin, SC 29662; 
G lyco Chem icals, Inc., W illiam sport, PA 17701; 
H odag Chem ical Co., 7247 N  Central Park A ve, 
Skokie, IL 60077; ICI Am ericas, Inc., Atlas 
Chem ical D iv ision , W ilm ington, DE 19810; PVO  
International, Inc., 416 D iv ision  St, Boonton, NJ 
07005.

(d) High vacuum  grease .—D ow  C orning Corp., 
M idland, MI 48640.

(e) Silica gel.—7% deactivated (Fisher Scientific 
Co.). Heat silica gel at 100°C in  vacuum  oven for 
> 4  h. To 100 g silica ge l add 7 mL water; mix  
thoroughly . Store in  airtight jar.

(f) C entrifuge.— Sorvall RC-3 (D uPont Instru- 
m ents-Sorvall B iom edical D iv ., D uPont Co., 
N ew tow n , CT 06470), or equivalent, equipped to 
h old  50 mL test tubes.

(g) Vacuum o ven .—N ational A p pliance Co., 
Portland, OR 97204, or equ ivalent.

(h) M odified  D ragendorff reagent.—D issolve 1.7 
g b ism uth subnitrate (Scientific Products D iv.) 
in  20 mL acetic acid; som e heatin g  m ay be n ec
essary to obtain clear solution. A dd 80 mL water 
and solu tion  o f 40 g potassium  iod id e in  100 mL 
water. Add 200 mL acetic acid, label as Solution  
A, and store solu tion  in  dark. Prepare Solution  
B by d isso lv in g  20 g  barium ch loride in  75 mL 
water and d ilu ting to 100 mL w ith  water. These 
solu tions are stable for 2 w eeks. Prepare spray 
im m ediately before use by m ix in g  2 parts Solu
tion  A  w ith  1 part Solution  B (6 ).

(i) Sodium nitrite solu tion.—D issolve 5 g  sodium  
nitrite in  95 mL water (7).
Sam ple Extraction and L iquid-L iquid  
Partition

W eigh 5 g  sodium  ch loride in  250 mL separa
tory fun n el. Add 5 g  salad dressing, 125 mL 
m eth y len e chloride, and 25 mL water. Shake 
vigorously 200 times. (If he desires, the analyst 
m ay note tim e required to shake v igorou sly  200  
tim es and perform  subsequent extractions on  
basis of that tim e.) Let layers separate and drain 
m ethylene chloride layer into 200 mL volum etric 
flask. Re-extract aqueous layer w ith  75 mL 
m eth y len e chloride. Shake v igo rou sly  200 
times. Com bine m eth ylen e chloride extracts in  
200 mL volum etric flask. D ilu te to 200 mL w ith  
m ethylene chloride. Quantitatively transfer 150 
mL of sam ple extract to 250 mL round-bottom  
flask. Set rem ainder o f sam ple aside for TLC 
analysis. U se rotary evaporator w ith  w ater as
pirator vacuum  to reduce so lu tion  v o lu m e to
5-15  mL.
Silica Gel Chrom atography

To glass colum n add 7 g silica gel. Prewash  
colum n w ith  25 mL acetonitrile. Drain aceto
n itrile from  colum n un til m eniscus is 1 mm  
above top o f silica gel packing. Transfer sam ple 
to colum n, usin g  four 25 mL acetonitrile rinses. 
A fter each addition , drain colum n, u n til m en is
cus nearly touches top of colum n packing. Elute 
PS 60 from  colum n w ith  150 mL m eth y len e  
ch lorid e-m eth an ol-aceton e (55 +  30 +  15) and
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Table 1. Spiking studies of polysorbate 60 in salad 
dressings3

Level, % (w /w )
Av.

ree., % CV, %
0.1 82 3.7
0.3 85 2.4
1.0 86 1.3

3 9 determ inations at each level.

collect in  250 mL round-bottom  flask. Rem ove  
all solvent on rotary evaporator and im m ediately 
dissolve residue in  ca 20 mL m ethylene chloride. 
Quantitatively transfer to 50 mL volum etric flask 
and d ilu te to volu m e.
Standard Curve

Pipet 1, 2 ,4 ,8 ,1 5 ,  and 30 mL aliquots o f PS 60 
standard stock solu tion  (3 m g PS 60 / mL m eth
y len e  chloride) into separate 100 mL volum etric 
flasks and d ilu te to vo lu m e w ith  m eth ylen e  
chloride to obtain standard concentrations of 
0.03, 0.06, 0.12, 0.24, 0.45, and 0.90 m g/m L , re
spectively. P ipet 20 mL of each standard so lu 
tion  in to  separate 60 mL separatory funnels. 
Q uantitatively add 20 mL am m onium  cobal- 
tothiocyanate reagent to each fu n n el and shake 
vigorously 100 tim es. (If he desires, the analyst 
m ay note tim e required to shake v igorou sly  100 
tim es and perform  subsequent analyses on basis 
of that time.) Centrifuge at 1500 rpm for 20 min. 
Measure absorbance at 620 nm. (Color begins to 
fade sign ifican tly  after 1 /2  h.) Plot standard  
curve of absorbance vs concentration.
D eterm ination

Pipet 20 mL aliquot of purified sam ple into 60 
mL separatory fun n el. Carry out colorim etric  
procedure as described for standards and m ea
sure absorbance at 620 nm . Read concentration  
of PS 60 from standard curve. Calculate am ount 
PS 60 in  sam ple as follow s:

C =  C ' X  (50/150) X (2 0 0 /W)
w h ere C is the concentration o f PS 60 in  the  
sam ple (m g /g ), C  is the concentration o f the  
sam ple from the standard curve (m g/m L ), and  
W is the w e ig h t o f the sam ple (g).
TLC A nalysis

Score silica ge l TLC plate in to  eig h t 2 X 20 cm  
channels. About 1 in . from  base o f a channel, 
spot enough  sam ple to deposit 6 ¡ig polysorbate. 
U p to 400 juL o f sam ple extract may be spotted. 
O n on e side o f sam ple, spot 5.0 fig  polysorbate

standard; on  the other side, spot 8.0  fig  p o lysor
bate standard. Fill so lven t chamber and solven t  
tray o f TLC developer w ith  m ethylene chloride. 
P osition  plate in  TLC developer. (A TLC tank  
instead o f the TLC develop er w as used for this  
step.) D evelop  to w ith in  2 cm of en d  o f TLC 
plate w ith  m eth y len e ch loride to rem ove oil 
from  spots. Place plate in  hood for 1 h  to perm it 
evaporation of m ethylene chloride. V iew  plate 
under UV light. If the region  b etw een  the ori
g in  and 8 cm above the origin  is not free o f flu 
orescence-quench ing m aterial, redevelop  in  
m ethylene chloride to w ith in  2 cm of top o f TLC 
plate. Repeat drying process. Fill so lven t  
chamber and solven t tray o f TLC developer w ith  
m eth y len e ch lo rid e-m eth an ol-aceton e-w ater  
(55 +  20 +  15 +  4). Position  plate in  TLC d e
ve lop er and d ev elop  8 -10  cm. After d ev e lo p 
m ent, spray w ith  m odified Dragendorff reagent 
(6 ). Four spots w ill be obtained. D ragendorff 
spray turns the T w eens (less polar spots) orange 
and the carbowaxes (m ore polar spots) p ink. 
Spray w ith  sodium  nitrite so lu tion  after the  
D ragendorff spray to enh ance p o lyoxyeth y len e  
d etection  (7).

R esu lts and D iscu ssion
W e spiked  a PS 60-free com m ercial salad 

dressing at lev els o f 0 .1 ,0 .3 , and 1.0%; recoveries 
averaged 82, 85, and 8 6%, respectively , as deter
m ined  by colorim etric analysis. T hese results 
are sh ow n  in  Table 1.

We also analyzed 6  stable em ulsion  dressings, 
each o f w h ich  inclu d ed  PS 60 as an ingred ien t. 
These results, w h ich  are g iv en  in  Table 2, w ere  
substantiated by TLC. Four spots for each sam 
p le were obtained w ith  Rf values 0.5,0.6, 0.7, and  
0 .8 ; som e streaking, w h ich  occurred in  b etw een  
the spots, was due to the com plexity o f the PS 60 
m ixture. Because Rf valu es are som ew hat vari
able, reference standards w ere included on  each  
plate. We used D ragendorff spray to v isu alize

Table 2. Polysorbate 60 in stable emulsion dressings3

Dressing Polysorbate 60, m g /g 6 c
Creamy italian— brand A 2.6
Creamy italian— brand B 1.7
Russian 0.9
Thousand island 1.0
Low calorie french 2.3
Creamy cucumber 1.7

3 Values semiquantitatively confirmed by TLC. 
b Results were corrected  on the basis of the 84.4% mean 

recovery for the spiking studies. 
c Duplicate determinations.
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the spots. From our observations, the TLC pro
cedure w as accurate to w ith in  2 0 % of the values  
d eterm in ed  in  the co lorim etric procedure. 
Therefore, w e  bracketed each sam ple spot w ith  
standards w h ich  w ere ± 2 0 % of the analytical 
value.

To determ ine w h ich  spots in the PS 60 w ere  
Tweens and w hich  were carbowaxes, w e used the 
W iebull procedure as described by C oupkova et 
al. (8 ). The sam ple is partitioned betw een  
aqueous sodium  chloride and ethyl acetate. The 
Tweens are retained in the ethyl acetate layer and 
the carbowaxes enter the aqueous layer. We 
found the carbowaxes to be the 2  most polar spots 
(low er R f values) and the T w eens, the 2 least 
polar spots (h igher Rf values).

We used  the TLC procedure to ensure that all 
of the PS 60 was eluted from the silica gel colum n  
w ith  a 150 mL volu m e o f m obile so lven t. We 
passed six 25 mL aliquots o f m eth ylen e chlo- 
rid e-m eth an ol-aceton e (55 +  30 +  15) through  
the colum n and spotted an aliquot o f each frac
tion on  a silica gel TLC plate. N o  polysorbate 
w as detected in the last fraction.

The techn iques reported above perm it the 
analysis o f PS 60 in a variety o f salad dressings.

The silica ge l co lu m n /com p lexim etric  m ethod  
provides rapid quantitation of the ethoxylates in 
the sample. The specificity of the m ethod is due 
in part to the fact that the colum n can be w ashed  
w ith  a polar so lven t such as acetonitrile to re
m ove interfering sam ple com ponents before the 
PS 60 is eluted  w ith  the m eth y len e ch lo rid e-  
m eth an ol-aceton e so lven t m ixture. Further 
evidence o f the identity of PS 60 can be obtained  
w ith  the TLC system  described.
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L em on o ils  w ere characterized  b y  q u a n tita tiv e  g lass  
cap illary  gas chrom atography. C om p on en ts present 
to  th e  ex ten t o f m ore than 0.05% w ere m easured  and  
id en tified  by m ass spectrom etry. In expressed lem on  
o ils , m o n o terp en es and géran ia l w ere th e  o n ly  co m 
p on en ts  present at concentrations o f 1.0% or more. In 
concentrated  lem on  o ils , /S -caryop h yllene, lin a lo o l, 
neral, a -te r p in e o l, n ery l acetate, and  geran y l acetate  
w ere p resent in  som e sam p les  in  am ou n ts o f 1% or 
m ore. A d ultera tion  w as d etected  b y  co m p on en t  
con cen tra tion s o u tsid e  characteristic ranges for o ils  
judged  to  be a uth en tic .

For the assessm ent o f the proper rate of duty on  
im portations of essential oils, it is necessary to 
correctly id en tify  these com m odities and detect 
any adulteration. Work perform ed w ith  several 
different perfum ery m aterials in clu d in g  laven 
der and lavandin oils (1, 2 ) and products from the 
bitter orange tree (3) has sh ow n  that this can be 
accom plished  by quantitative determ ination of 
com p onents present to the extent o f about 0.5% 
or m ore in  these com plex mixtures. Because the 
concentrations o f the com pounds present in  
these natural products vary to som e extent, it is 
usefu l to analyze num erous sam ples and deter
m ine concentration ranges for the major com 
p on en ts o f the oils. Adulterated oils  have been  
recogn ized  frequently by concentrations o f im 
portant com p onents that fall outside o f the es
tablished  ranges. Glass capillary colum n gas 
chrom atography is a satisfactory technique for 
the analysis o f essential oils. The use of packed  
colum ns, on  the other hand, has provided  in 
sufficient separation of com ponents for adequate 
quantitative analysis o f these com m odities.

Natural and concentrated lem on oils  are 
com m on ly  im ported into this country. M any 
analytical studies o f lem on oils  have been re
ported in  the literature, prim arily provid ing  
concentration data for m onoterpenes, neral, and 
géranial, the predom inant com ponents of lem on  
oil. O ften  the analysis was perform ed on  pre-

Received M arch 17,1981. Accepted May 28,1981.

separated fractions o f the oils. Relatively few  
papers (4-9) g ive a m ore detailed quantitative  
analysis performed on the com plete oil. For best 
accuracy, analysis of the com plete oil is preferred 
to analysis o f fractions obtained by prelim inary  
separations (10). A lth o u g h  glass capillary  
chrom atography is the m ethod o f choice for the 
determ ination of citrus oil com ponents (11), on ly  
on e of the quantitative studies o f lem on oils  was 
reported (9) to have been  perform ed w ith  a cap
illary colum n. The analysis of concentrated  
lem on o ils has not been reported and the studies 
of natural oils at tim es involved  on ly  one sam ple 
(6 - 8 ) or achieved  poor separation o f even  the  
most im portant com ponents (4). C onsequently, 
there is actually in su ffic ien t analytical inform a
tion available for judging the authenticity of 
lem on oils.

M ETH O D

Apparatus and Reagents
(a) GLC colum n.— 33 m X 0.5 mm id SCOT 

glass capillary colum n containing Carbowax 20M  
stationary phase (Scientific Glass E ngineering  
Inc., 2800 Longhorn Blvd, A ustin  TX 78759).

(b) G as-liquid chrom atograph.— Perkin-Elm er
M odel 3920, equ ipped w ith  flam e ion ization  
detector and sp littin g  injector p rovid ing a sp lit 
ratio o f 30:1. O perating conditions: initial
temperature of 60°C held  4 m in, program m ed at 
2 ° /m in  to 200°C, and held  32 m in; injector 
225°C; detector 250°C; heliu m  carrier gas 19 
cm /s; h ydrogen  40 m L /m in; air 550 m L /m in .

(c) M ass spectrom eter— H itachi-Perkin-Elm er 
M odel RM U-6L, s in g le  focus, low  resolu tion  
cou p led  to chrom atograph w ith  jet separator. 
O perating conditions: ionization voltage 70 eV; 
source tem perature 200°C; interface 250°C; tar
get current 50 p A ;  accelerating voltage 3200 V.

(d) D ata  sy s te m .— H ew lett-Packard M odel 
3352 B.

(e) pH  m eter— Leeds & Northrup M odel 7415 
w ith  glass and saturated calom el electrodes.
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Figure 1. C hrom atogram  o f exp ressed  le m o n  o il. S ee  T able 1 fo r  id e n t ific a tio n  o f p eak  n um bers.

(f) Essential oils.— Imported samples submitted  
for Customs exam ination and reference sam ples 
from  Berje Chem ical Products Inc., N e w  York, 
NY, and Dragoco, Inc., Totowa, NJ 07511.

(g) E ssential oil co m p o n en ts .— C am phene, 
m yrcene, neral, geran iol, citral (A ldrich C hem 
ical Co., Inc., M ilw aukee, WI 53233); lim on en e, 
7 -terp inene, lin a loo l, lin a ly l acetate, lin a loo l 
oxid e (IFF Inc., H azlet, NJ 07730); terpineol-4  
(A pplied  Science Laboratories, Inc., State C ol
lege, PA 16801); a-terpineol (Eastman Kodak Co., 
Rochester, NY  14650); « -terp in en e (PCR Re
search Chem icals, Inc., G ain esville, FL 32602); 
p-cym ene (Fritzsche D od ge & O lcott Inc., N ew  
York, NY  10011); /3-caryophyllene (Roure Ber
trand D uPont, Teaneck, NJ 07666); /3-pinene 
(Procter & Gamble, Cranford, NJ 07016); terpi- 
n o len e  (Colgate P alm olive Co., Piscataway, NJ 
08854).

(h) H ydroxylam ine hydrochloride reagent.— 0.5N. 
D isso lve 17.4 g NH^OH-HCl (AR grade) in  iso 
propyl a lcohol and d ilu te to 500 mL.

(i) Sodium hydroxide reagent— 0.5N. D isso lve
20.0 g  N aO H  (AR grade) in  water, d ilu te to 1 L, 
and standardize.

Procedure
(a) Gas chrom atography-m ass sp ec tro m etry .— 

Inject 0.2 pL sam ple or reference com pounds  
directly into gas chromatograph. M easure peak 
areas o f the major com p onents o f o ils  for quan
titation by attenuating the chrom atogram  and  
determ ine retention  tim es relative to lin a loo l =  
1 for iden tification . For confirm ation, m easure 
mass spectra o f separated com p onents and com 
pare w ith  spectra or reference m aterials or pub
lish ed  data (12-14).

(b) Total a ldehyde determ in ation .— Place 50 pL 
N H 2 0 H-HC1 reagent in 125 mL Erlenmeyer flask 
and add en o u gh  sam ple to require about 20 mL 
titrant (10 mL samples o f concentrated lem on oils  
w ere used). Let stand at room  tem perature 30 
m in. R inse solu tion  w ith  m inim um  am ount of 
isopropyl alcohol into 150 mL beaker and titrate 
potentiom etrically  w ith  standard 0.5N  NaOFI 
solu tion .

R esu lts and D iscu ssio n
O f 41 sam ples analyzed , 31 are considered  to 

be natural lem on  oils. A  typical chrom atogram
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obtained w ith  a sam ple o f on e o f these o ils  is 
sh ow n  in  Figure 1. O f the rem aining 10 sam 
ples, 6  are considered  to be concentrated and 4 
are adulterated oils. Concentration data based  
on area percent for the chrom atographically  
separated com ponents and identification of these 
based on relative retention tim es (RRT) and mass 
spectroscopic analysis are listed  in  Table 1.

In the natural o ils, the sam e 17 peaks each  
representing 0.06% or more of the total area were 
found  in  alm ost all of the sam ples, and con cen 
tration data for these com pounds are g iv en  in  
Table 1. These com p onents accounted for 
97.4-100% and 99.4% on the average o f the com 
position  of the vo la tile  portion o f the oils. The 
nonvolatile com ponents of lem on oil account for 
up to 2% of the total oil (10). O ne other peak, 
geranyl acetate (RRT = 1.43), was found in about 
one half of the sam ples, and 2 additional sm all 
peaks w ith  RRT of 0.46 and 0.53 w ere found  in  
about one third of the sam ples. These latter 2 
peaks w ere very close to other peaks w ith  RRT 
0.47 and 0.52, respectively , and m ay not have  
been  separated from  these larger peaks in  most 
of the analyses. N o  other peak w as found  in  
m ore than 6 sam ples.

In these 31 chromatograms, on ly  41 additional 
peaks w ith  RRT of 1.5 or less w ere recorded. 
T w enty-nine of these peaks corresponded to 0.1% 
and only 2 were as large as 0.4%. There were also 
24 sm all peaks w ith  RRT greater than 1.5.

The concentrations o f the com p onents found  
in  lem on oil fe ll in to narrow ranges. O nly one  
com ponent concentration w as sign ifican tly  d if
ferent from those observed in the other oils, one  
sam ple contained  0.9% lin aloo l com pared w ith  
no m ore than 0.3% in  the other sam ples. N in e  
terpenes and geranial were the only com ponents 
present in  these sam ples to the extent o f 1% or 
more and also averaged at least 1.0%. Neral was 
the on ly  other com pound present in  concentra
tions greater than 0.5% in  any sam ple. Limo- 
nen e is the main com ponent in  lem on oil and its 
concentration in these sam ples averaged 67%. 
C oncentrations o f /3-pinene and 7 -terpinene  
averaged about 10% each. The results obtained  
in these experim ents agree w ell w ith  those found  
in the literature (4-9), except that som e data (5.0% 
a -p in en e  and 2.9% 7 -terpinene) by Fincke and  
Maurer (7) differ substantially from those found  
in  this work and by others.

The m ain sources of these 31 sam ples w ere  
Argentina, 11 sam ples, and Italy, 6 samples. N o  
significant difference in the concentration of any 
com ponent was observed that could be attributed 
to country of origin. It has been reported (9) that

lem on oils  from  Italy contain a little  m ore citral 
(geranial p lus neral) than oils  from  A rgentina, 
about 3-4% and 2-3%, respectively . Som ew hat 
h igh er citral values w ere obtained in  this work  
also for Italian oils, 2.2-3.1% com pared w ith  
1.4-2.6% for oils  from  A rgentina, but they w ere  
not statistically different w h en  exam ined by the 
Student f-test (15).

The citral content is an important factor w hich  
in flu en ces the quality o f lem on oils  ( 10 , 16). 
Concentrated lem on o ils contain larger am ounts 
of a ldehydes and other oxygenated  com pounds  
and sm aller quantities o f terpenes than do ordi
nary expressed oils. Flash d istillation  is one  
process used  to rem ove the terpenes w ith  low er  
b oilin g  points and thereby increase the relative  
am ounts o f citral and other oxygenated  com 
pounds. A  reference sam ple o f such an o il was 
analyzed  and a com m ercial sam ple labeled  
lem on oil w as apparently treated the sam e w ay, 
since its com position w as alm ost identical to that 
of the reference sam ple. T erpenes that elute  
before lim onene are alm ost entirely absent from  
these 2  sam ples, w hereas they com prise more 
than 17% on the average o f ordinary lem on oils. 
The lim on en e content o f these 2 sam ples is on ly  
about 70% of that fou n d  in  natural lem on oils. 
Later elu ting com ponents on  the other hand are 
present in  m uch h igh er concentrations than in  
natural lem on o ils, e.g ., 7 -terpinene, /3-caryo- 
p h y llen e , neral, a -terp in eol, geranial, neryl ac
etate, and geranyl acetate.

Four other sam ples w ere also concentrated  
lem on oils, but processed differently. These oils 
im ported by one com pany over a period o f sev 
eral years are concentrated by so lven t w ash in g , 
in  order to avoid  exposure o f the products to 
heat. The data obtained for these o ils  indicate  
that by this process the concentration o f all ter
p en es is decreased (inclu d in g  7 -terp inene and  
/3-carophyllene) approxim ately to the sam e ex
tent, about 20%. The citral content is increased  
to about 15%. The chrom atogram s o f these  
sam ples conta ined  3 other peaks, in clu d in g  up  
to 0.3% each o f nerol and geraniol. Two o f the 
sam ples contained up to 0.5% of these 2 alcohols  
and had 4 other com m on peaks equ ivalen t to 
0.1-0.5% and RRT of up to 1.5.

Sam ples 1 -4  o f Table 1 are considered  to be  
adulterated. Sam ple 1 contains m ore than 30% 
citral, compared w ith  about 3% in  natural lem on  
oils and about 15% in concentrated oils. Linalool 
and a -terp in eol concentrations o f 1.7 and 1.0%, 
respectively , are also h igh . Terpene con cen 
trations, on  the other hand are w ith in  expecta
tions, the lo w  am ount o f lim on en e b ein g  due to



Table 1. Composition (%) of lem on oils

Peak RRT
Natural lemon oil

C oncentrated lemon oil 
Flash distn Solv. washing Adulterated oils

IdentityAv. Range RSD (%) Av. Range Av. Range 1 2 3 4
1 0.25 2.2 1.8-3 .6 18 0.0 0.0 2.1 2.0-2 .1 1.6 0.7 4.4 1.5 a-pinene
2 0.27 0.1 0.0-0 .1 — 0.0 0.0 0.1 0 .0-0 .1 — 0.2 — 0.2 cam phene
3 0.32 10.5 6 .1-1 5 .0 20 0.1 0.1 9.2 9 .1 -9 .2 8.5 2.9 1.2 6.7 ß-pinene
4 0.33 3.1 1.5-4 .6 27 0.0 0.0 2.3 1 .3-3 .2 1.9 0.5 0.6 1.9 sabinene
5 0.37 1.5 1.0-2.1 16 0.1 0.1 1.0 0 .9 -1 .2 1.0 0.7 1.3 1.1 m yrcene
6 0.38 0.2 0 .0 -0 .5 __ 0.1 0 .0-0 .1 0.2 0.2 0.2 2.4 0.8 1.5 a-terplnene
7 0.42 67.2 62 .1 -74 .5 4.2 46.2 4 4 .4 -47 .9 54.7 53 .6 -56 .2 44.2 58.6 82.4 68.2 limonene
8 0.46 0.3 0 .2 -0 .4 — 0.3 0 .2 -0 .4 0.1 0 .0 -0 .2 0.1 — — — —
9 0.47 9.3 6.0-11 .6 13 22.3 20 .7 -23 .9 7.0 6 .8 -7 .3 5.0 3.1 2.7 8.0 7 -terpinene

10 0.50 1.0 0 .3 -1 .8 38 1.9 1.9 1.3 1 .1-1 .4 0.5 1.5 1.0 1.9 p-cym ene
11 0.52 1.0 0 .3-1 .9 47 2.5 2 .3 -2 .6 0.5 0 .4 -0 .6 0.2 1.0 1.0 5.8 terpinolene
12 0.53 0.2 0 .1-0 .5 — 0.0 0.0 0.6 0 .4 -1 .0 0.2 1.0 — — octanal?
13 0.58 0.0 0.0 — 0.0 0.0 0.2 0 .2 -0 .3 — — — — —
14 0.70 0.0 0.0 — 0.3 0.3 0.5 0 .3 -0 .6 0.2 0.2 — — nonanal?
15 0.81 0.0 0.0 — 0.0 0.0 0.1 0 .0-0 .1 0.1 0.1 — — frans-linalool oxide
16 0.86 0.0 0.0 __ 0.2 0 .1 -0 .2 0.4 0 .4 -0 .5 0.2 0.4 __ __ c/s-linalool oxide
17 0.91 0.0 0.0 — 0.2 0 .1 -0 .2 0.1 0 .0 -0 .2 — — — — decanal?
18 1.00 0.1 0 .0-0 .9 — 0.8 0 .6 -0 .9 1.0 0 .7 -1 .6 1.7 1.9 0.3 0.1 linalool
19 1.04 0.0 0.0 — 0.2 0 .0 -0 .3 0.1 0 .0-0 .1 0.2 0.9 — — linalyl ace ta te
20 1.09 0.2 0 .0 -0 .4 — 0.3 0 .2 -0 .3 0.2 0 .0 -0 .4 0.3 0.2 — — terpineol-4
21 1.12 0.2 0 .0-0 .5 __ 3.9 3 .2 -4 .5 0.3 0.3 0.1 0.2 0.1 0.3 ß-caryophyllene
22 1.25 0.6 0 .2-0 .9 25 2.6 2.6 5.0 4 .8 -5 .3 9.7 3.9 0.8 0.5 neral
23 1.27 0.2 0 .0 -0 .4 — 1.4 0 .7 -2 .8 1.2 0 .8 -1 .5 1.0 0.8 0.2 — a-terplneol
24 1.34 1.9 1.0-3.1 26 8.1 6 .6 -9 .5 9.7 9 .0 -1 0 .4 21.1 7.4 1.4 1.6 geranlal
25 1.39 0.3 0 .0-0 .5 — 3.7 3 .6 -3 .8 0.7 0 .4 -1 .0 0.2 0.2 — 0.2 neryl ace ta te
26 1.43 0.1 0 .0-0 .3 — 2.7 2.3-3 .1 1.2 0 .0 -1 .9 0.2 0.3 — — geranyl ace ta te
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Table 2. Comparison of aldehyde content determined by titrimetric and GC procedures

Method 1
Sample

2
a

3 4
Av. aldehyde content, titr. method 10.0 17.6 18.7 13.7
Citral content, GC detn 7.6 12.6 14.0 10.5
Ratio, aldehyde content, titr. to citral content 1.32 1.40 1.34 1.30
''Total" aldehyde content, GC detn 8.0 14.4 15.3 11.7
Ratio, aldehyde content, titr. to “total” aldehyde 1.25 1.22 1.22 1.17

a Samples analyzed:
1 = a lemon oil concentrated by flash distillation 

2-3 = lemon oils concentrated by solvent washing 4 = an adulterated oil.

dilution by citral. In  Sample 2, the concentra
tions of /3-pinene, y-terpinene, and citral are far 
outside the ranges for norm al lemon oils. The 
early eluting terpenes and the aldehydes are at 
concentrations consonant w ith  those for con
centrated oils, but the a-terpinene and linalool 
concentrations are too high and the y-terpinene 
concentration is too low . The h igh lin a ly l ace
tate concentration is also an indication of adul
teration, because this component is present only 
in  traces in  lemon oils (17). Th is  sample also 
contained about a dozen unidentified late-elut
ing components w ith  R R T  greater than 2, 
equivalent to about 10% of the total area of the 
chromatogram. Samples 3 and 4 of Table 1 have 
norm al concentrations of oxygenated com
pounds, but the distribution of hydrocarbons is 
unusual for lemon oils. The /3-pinene and 
y-terpinene concentrations, which average about 
10% each and are at least 6% in normal lemon oils, 
are 1.2 and 2.7%, respectively, in  Sample 3. The 
h igh a-pinene and a-terpinene concentrations 
and the normal quantities of oxygenated com
pounds ru le  out the possib ility that th is is a 
concentrated lemon o il. Sample 4 contained 3 
times the amounts of a-terpinene and terpino- 
lene found in  any other sample.

As has been mentioned earlier, the aldehyde 
content is an important criterion of the quality 
of lemon oils and has long been cited for that 
reason. A lthough by nonchromatographic 
procedures total aldehyde content is measured, 
the results are usually expressed as amount of 
citra l, w h ich  has been said to comprise 80-90% 
of the total aldehyde concentration of lemon oils 
(18).

Several of the samples were analyzed for total 
aldehyde. The most satisfactory procedure of a 
number that were tried invo lved reaction w ith  
hydroxylam ine hydrochloride and potentio- 
metric back-titration of the liberated HC1 w ith

standard N aO H (19). The data obtained are 
summarized in  Table 2. The total aldehyde 
concentrations by titrim etry are the averages of 
2-4 measurements, w h ich  exhibited an average 
relative standard deviation of 1.7%. These re
sults were consistently one third higher than the 
corresponding neral plus geranial values ob
tained by gas chromatography.

Although several small peaks in  Table 1 could 
not be identified by mass spectrometry, in fo r
mation in  the literature (6 , 9 , 11 , 2 0 , 2 1 ) indicates 
that some of the m inor components eluting be
tween limonene and linalool may be aldehydes. 
A  lemon oil was analyzed several times after 
being spiked w ith  pairs of aldehydes. Results 
indicate that peaks w ith  RRT 0.53, 0.70, and 0.91 
represent octanal, nonanal, and decanal, re
spectively. I f  the concentrations of these com
ponents are combined w ith  the neral plus ger
anial data and compared to the titrimetric results, 
the latter are un ifo rm ly a little  less than one 
fourth h igher than the GC data based on area 
percentages.

It is concluded that even w ithout the use of 
response factors, the G C data for citral are gen
era lly  adequate when used in  conjunction w ith  
GC data for other components to determine 
whether a lemon oil is authentic or not. Natural 
lemon oils are easily identified by the charac
teristic concentrations of terpenes, neral, and 
geranial. Concentrated oils can be recognized 
by increased concentrations of several oxygen
ated compounds and changes in  terpene con
centrations, w h ich  depend on the processing of 
the oils.
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Australia
A w id e - lin e  p ro ton  m agn etic  reson an ce tech n iq u e  
(P M R ), in  w h ich  h yd rogen  resp on se is used  as th e  
m easure o f w ax in  dried  greasy w o o l, is  a v ia b le  and  
p referred  a ltern a tiv e  to  the co m m o n ly  u sed  S ox h let  
proced ure in  w h ich  extracted w e ig h t is  m easured . 
T h e v a lid ity  o f th e  PM R m eth od  d ep en d s on  w ax  
h yd rog en  co m p ositio n  (inter- and intra-breed) b ein g  
con stan t, and on  background  co n tr ib u tio n  from  
n o n -w a x  h yd rog en  (in  su in t, w o o l fib er , and  v eg e
ta b le  m atter) b e in g  sm a ll and  constant. T he exp er i
m en ta tio n  reported  in  th is  paper sh o w s  that both  
req u irem en ts are m et. T he PM R m eth od  for w ax is  
p recise  (b etter than 0 .1 % at m id-range); rapid (2 0 0  

sam p les  per 8 h  day); s e n s itiv e  (b etter than 15 mg); 
and y ie ld s  a linear ca lib ration  graph over the en tire  
range (0-100%) for a 5 g sam ple. A com parison o f the 
m eth od s sh o w s that the linear regression lin e  for wax 
b y  S ox h le t (y ) aga in st w ax b y  PM R (x ) is  g iv e n  b y  y  
= 1.0257 (SE 0.2277) +  0.9894 (SE 0 .0142)x, w ith  r 2 =
0 .99, and n =  20.

Raw wool is a heterogeneous m ixture of pro
teinaceous fiber coated w ith  wax and suint and 
containing adsorbed and absorbed water. Veg- 
etable matter and dust are present as contami
nants. The wax content of wool is routinely 
measured because it is of interest in  anim al se
lection, in  fleece rot investigations, and in  pro
cessing and scouring. Soxhlet extraction w ith  
a hydrocarbon (lip id ) solvent is the method 
commonly adopted. Th is  procedure is time- 
consuming and of uncertain precision on a rou
tine basis, requires large amounts of laboratory 
fume-hood space if  batteries of extractors are 
used, and has the hazards associated w ith  the 
d istilla tion of volatile , flammable solvents.

To elim inate these problems, an instrumental 
method was considered. It was required of the 
alternative method that it be simple to perform 
and invo lve  m inim al sample preparation; that 
operator time per sample be considerably less 
than for the Soxhlet technique; and that it be at 
least as precise as the Soxhlet procedure and 
preferably of equal sensitivity .

Received A ugust 4,1981. Accepted Septem ber 9,1981.

In  our in itia l investigations of instrumental 
methods, it seemed that, in  principle, an infrared 
method could, by judicious selection of charac
teristic peaks, determine quantitatively a ll the 
important components of wool (v iz ., wax, suint, 
w ater, wool fiber, and vegetable matter). In  
practice, however, we found no comm ercially 
available un it capable of satisfactorily perform 
ing these functions; because the problems in 
developing such a un it were assessed as form i
dable, we abandoned this approach.

Pulse nuclear magnetic resonance (N M R), 
w h ich  offered the possibility of simultaneous 
water and wax determinations, was also rejected 
after in itia l investigation because of the consid
erable developmental w ork required. The v ia
ble alternative seemed to be w ide-line nuclear 
(proton) magnetic resonance (PM R), w h ich  has 
been used for such measurements as oil in  seeds
(1) and hydrogen in  aviation fuel (2). Th is 
method, w h ich  w ould determine wax only, was 
investigated in  detail.

Experimental Rationale
In  the Soxhlet procedure (see below), wax is 

considered to be the weight of solvent-extracta
ble m aterial; in  w ide-line PM R, hydrogen re
sponse is proposed as the measure of wax. The 
Soxhlet procedure is known to be solvent-de
pendent and to be subject to carry-over of fines 
(dust, m old, bacteria, and some of the suint 
components).

Extensive studies have shown wool wax to be 
of complex and somewhat variable composition. 
The overall composition has, nevertheless, been 
established, and in  a series of review  articles 
M otiuk (3) has shown that lanosterol (11.8% H ) 
and cholesterol (12.0% H ) comprise about 75% of 
the wax alcohols.

M otiuk (4) has also shown that about 80% of 
wool-wax acids belong to 4 homologous series 
(norm al, hydroxy, iso, and anteiso acids). C a l
culations from M otiuk's (4) typical acid for each 
series show a hydrogen content of 12.5,12.5,12.6, 
and 1 1 .8 %, respectively, w ith  a weighted mean

0004-5756/82/6501-0172-06Î01.0C 
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Table 1. Contribution of raw wool components to PMR signal (6 g sample)a

Component Percent 
(by wt)i> Amt, g

Signal/g from PMR 
measurement

Contribution
toraw wool 

PMR signal
Wool protein 55 3.30 0.3 1.0Suint 7 0.42 0.5 0.2Vegetable matter, dirt 7 0.42 0.3 0.1Wax 18 1.08 30.0 32.4Water 13 0.78 Eliminated by drying 0

a Blank (wool protein, sulnt, vegetable matter, dirt): mean 1.2, SE 0.14, n = 20. 
b Typical values from Prospect Laboratory, and consistent with Onions (6) and Howitt and Preston (7).

of 12.4%, and w ith  very  sm all changes in  hy
drogen percentage throughout the like ly  range 
in  each series.

Th is constancy of hydrogen content indicated 
that hydrogen response w ould be both more 
m eaningful and more fundamental as a measure 
of wax than is extracted weight.

How ever, wool wax, mp 40-45°C (5), is a solid 
at ambient temperatures and PM R norm ally re
quires liquids or solutions. Wool wax also con
tains hydrogen in  the fiber protein, in  suint, in 
water, and in  the contaminants (Table 1). Thus, 
in  addition to the requirements mentioned 
above, it was necessary to address the fo llow ing 
problems: Could the detection sensitiv ity for 
hydrogen in  wax be increased sign ificantly by 
increasing the temperature at w h ich  the sample 
was measured, and if  so what was the optimum 
temperature? Could hydrogen in  wax be de
term ined in  the presence of other sample h y
drogen, and if  so, how could this be done opti
m ally? Was the inter- and intra-breed wax 
composition so variable as to vitiate the method? 
H ow  was the PM R method correlated w ith  the 
routine ly used Soxhlet extraction?

These investigations were carried out in  con
junction w ith  an assessment of the w ide-line 
PM R  un it itself for conform ity to specification.

Assessm ent of P M R  M ethod 

Materials
(a) I n s t r u m e n t a t i o n .— (2) W id e - l in e  P M R . — 

N ew port M K  I I I  operating at a radiofrequency 
of 2.7 M H z w ith  a permanent magnet field of 635 
gauss. The un it was equipped w ith  a tempera
ture controller (—20°C to +90°C) and, in  our 
laboratory, was interfaced to an STC  Model 33 
teletype for readout. Automatic reset and reread 
were provided v ia  the teletype interface. An  
inbuilt 7 cm cathode ray oscilloscope enabled the

PM R absorption signal to be observed and 
tuned.

The 40 m L probe assembly (power 40 m illi- 
gauss peak to peak, nominal sensitivity 15 mg oil) 
was used for the study reported in  this paper 
because the larger volum e assembly 150 m L 
(power 20  m illigauss peak to peak, nom inal 
sensitiv ity 50 mg o il) appeared to offer no ad
vantages in  our work.

(2) H ig h  r e s o lu tio n  P M R .— H itach i Model 
R-24A (14.092 kilogauss, 60 M H z); range 0-10
ppm.

(3) In fr a r e d  s p e c tr o p h o to m e te r .— Perkin-Elm er 
Model 377 (range 4000-400 cm“ 1).

(b) W o o l s a m p le s .— Raw wool samples were 
collected from M erino and Merino-crossbred 
fie ld  fleeces. Wax was determined on subsam
ples by both w ide-line PM R and Soxhlet extrac
tion (see below). In  addition, selected samples 
were processed to yie ld  wax, suint (8 ), vegetable 
matter, and clean wool fiber w h ich  were used to 
assess their contribution to the w ax PM R 
signal.

Experimentation and Results
(a) S o xh le t e x tra c tio n  p ro ce d u re .—Wool samples 

(5 g dry weight) were placed in  Soxhlet thimbles 
and extracted 3 h w ith  130 m L petroleum ether 
fraction (She ll X-222, bp range 40-95°C). The 
bulk of the solvent was siphoned from the 
Soxhlet thimble and the remainder was allowed 
to boil off. The flask containing the wax was 
dried overnight at 105°C; the wax was weighed 
and its percentage in  wool was calculated. Blank 
correction (solvent and thimbles) was negli
gible.

(b) W a x  c o m p o s i t io n .—To investigate un ifo r
m ity of wax composition from different fleeces 
and breeds, w ithout w h ich  the PM R method is 
not viable, samples of Soxhlet-extracted wax 
were analyzed on a Perkin-Elm er infrared spec-
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F igure 1. C heck  on  s ign a l saturation  at 50°C  for  
w o o l w ax (2 g), u sin g  40 m l  sam ple assem bly. S ignal 
from  sam p les  is  fu n ctio n  o f RF current (/¿A) at co n 
sta n t AF g a in  (1000). R elaxed  w ater  is  adjusted  to  
100% fo r each RF current. R esu lts  sh o w  that, under  
ch o se n  o p era tin g  co n d itio n s , s ig n a l is  n o t saturated.

trophotometer between sodium chloride plates, 
and on a high resolution PM R instrum ent in  
deuterochloroform. No differences were de
tected between spectra.

To check for thermal degradation, wax from 
the Soxhlet procedure was compared w ith  cold- 
extracted wax from w h ich  the solvent had been 
removed by rotary evaporation: No differences 
were detected by either infrared or h igh resolu
tion PM R spectroscopy.

As a further check on the un ifo rm ity of wax 
composition, hydrogen was determ ined by m i
croanalysis (A M D EL Laboratories, M elbourne, 
Austra lia) on 4 randomly chosen samples. Re
sults, w ith  PM R signal per g in  brackets, are as 
fo llows: 11.43% (28.6); 11.88% (29.5); 11.70%
(29.3); 11.94% (28.1); mean value, 11.74% (28.9). 
These values are in  agreement w ith  M otiuk's 
figures for the composition of wool w ax p rev i
ously cited (3, 4).

Wide-Line Measurements
(a) D e te r m in a tio n  o f  o p era tin g  p a ra m e te rs . —The 

in itia l evaluation of the instrum ental method 
entailed the determination of optimal values for 
audiofrequency (A F) gain and radiofrequency 
(R F) current, and probe operating temperature. 
For these optim izations, pooled, solvent-free 
wool wax from Soxhlet extractions w ith  Shell 
X-222 was used. The 3 variables were optimized 
iteratively for 1, 3, and 5 g wax samples.

For a ll samples, the maximum signal was ob
tained for maximum A F  gain (setting 1000) and

F igure 2. PM R sig n a l as fu n ctio n  o f tem perature  
from  5 g  w o o l w ax  sam p le  in  40 m l  a ssem b ly  over  
tem perature range 0-90°C ; RF current 500 pA , AF gain  

1 0 0 0 , in teg ra tio n  tim e 128 s.

m axim um  RF current (500 juA); because th is did 
not lead to signal saturation ((9) and Figure 1), 
these settings were used throughout.

The signal vs temperature curve (Figure 2) 
shows that the optimum temperature is in  the 
region of 50°C, w ith  only a 3% variation in  signal 
from  40 to 60°C ; 50°C was selected as the oper
ating temperature in  our experimentation. In 
strument temperature was controllable to better 
than 0 .5°C , and temperature stability was thus 
not a significant source of error.

Using the above established instrum ental 
settings, the PM R method was calibrated and 
then investigated for sensitiv ity  and precision.

(b) C a lib r a tio n .—The instrument was cali
brated using the pooled wax sealed in  20 m L 
glass ampules under nitrogen to prevent oxida
tion and long-term loss of any volatiles. Weights 
used were 0.00, 0.10, 0.25, 0.50, 0.75, 1.00, 1.50,
2 .00,3.00 , and 5.00 g.

A s expected for an N M R signal, w ithout satu
ration, the instrument was linear over the entire 
range from 0.00 to 5.00 g wax, i.e ., from 0 to 100% 
w ax in  5 g wool on a dry basis.

Statistical treatment of the calibration data 
yie lds an equation for the linear regression of y 
on x  of:

y = 29.771(SE 0.030)x

where y = PM R signal, and z = wax weight, w ith 
r2 = 0.99; and n  = 8 . The PM R signal per g wax 
is thus 29.8 units.
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Table 2. Determination of precision of NMR determination of wax in wool ‘

Statistic
Integration time, seconds

1 8 32 128
Mean PMR signal 59.3 59.4 59.4 59.4Range 54.4-63.9 57.3-61.0 58.6-60.4 59.0-59.7Standard deviation 1.95 0.67 0.28 0.15Standard error 0.19 0.07 0.03 0.02

a 2 g wool wax standard; 100 measurements at each integration time.

(c) S e n s i t i v i t y .— The sensitiv ity of the 40 m L 
probe assembly as calculated from the calibration 
graph was 17 mg wax for an output signal change 
of 0.5 u n it (see calibration statistics).

The calculated sensitiv ity  was checked by 
adding know n sm all amounts of wool w ax (ap
proxim ately 17 mg) to the probe w ith  the in 
strument conditions as above, and an integration 
time of 128 s. (a) Wool wax (16.0 mg) was added 
to dry, raw  wool of 5 and 20% w ax content; the 
output signal increase was measured, (b) Wool 
w ax (16.7 mg) was added to the empty sample 
probe, and the output signal increase noted. 
Statistical treatment of the data yie lded the fo l
low ing  results: For 5% w ax, PM R signal in 
creased 0.5 ± 0.05 (SE), (n  = 20); for 20% w ax, 
PM R signal increased 0.5 ± 0.04 (SE), (n  = 20); for 
empty tube, PM R signal increased 0.4 ± 0.08 (SE), 
(n  = 10). W ith in the precision of the instrument, 
both (a) and (b) represent 100% recovery of the 
added wax.

On a 5 g dry wool sample, 15 mg represents a 
sensitiv ity  of 0.3% wax. Since the 40 m L probe 
w il l  hold up to a maximum of 10 g wool in  its 
sensitive volum e, the instrument sensitivity can 
be increased to 0.15% w ax, thus enabling deter
mination of residual wax in , for example, scoured 
wool (approxim ately 1-2% residual w ax). Be
cause scouring removes suint, no background 
correction for this is required for such samples.

In  our w ork the major interest was raw wool 
w ith  wax in  the region 5-30% for a 5 g dry sample 
w h ich  contains 250-1500 mg w ax. Instrum ent 
sensitiv ity  was thus more than adequate.

(d) P re c is io n .—Precision was investigated by 
repeated determ ination (n = 100 ) on the 2  g cal
ibration sample using separately, each of the 4 
integration times (1, 8 , 32, 128 s). Results are 
presented in  Table 2.

To illustrate , based on the standard deviation 
for the 128 s integration time (Table 2), 95% of the 
random PM R values w ould fa ll between 59.36 
and 59.44 for a 2 g w ax sample. That is, a raw

wool w ith  40% w ax w ould be measured w ith  a 
precision of 0.06%.

Contribution of Non-Wax Wool Components to PMR Signal
The PM R response to weighed amounts of dry 

suint, vegetable matter, and wool fiber (protein) 
was determined in  the same m anner and under 
the same conditions as for wax. A t 50°C , the 
PM R signal of raw wool has a narrow  peak about 
0.1 gauss arising from mobile components such 
as liqu id  wax and w ater, superimposed on a 
broad hump (10  gauss) due to solid components 
such as suint, wool fiber (protein), and vegetable 
matter, w hich  are in  some form of crystal lattice. 
The problem we have, in  effect, been investi
gating, is how  to m axim ize by experim ent the 
contribution of the narrow (wax) peak, to w hich  
the instrum ent is tuned, to the background 
peak.

Water (11.2% H ) contributes the same signal 
per gram as w ax, and the w ide-line PM R unit 
cannot distinguish the water and w ax signals. 
Water had to be removed by heating for 16 h at 
105°C. Vacuum- and freeze-drying were also 
effective but less convenient.

Water and w ax signals are, in  p rinc ip le , dis
tinguishable by their relaxation times in  pulse 
PM R, but our in itia l investigations indicated this 
method was not viable because of considerable 
(unsolved) problems in  signal processing.

Wax could be rendered liquid  by heating, and 
the maximum signal was obtained at 50°C  (F ig 
ure 2). The contribution, at 50 °C , of the non
w ax components to the wax signal is shown in  
Table 1. Plere the blank correction is about 5% 
of the total signal, and numerous experiments 
showed it to be substantially constant: A  cor
rection for background is thus va lid .

Recovery of Wax Added to Wool Fiber
To ensure that wax distribution was not critical 

w ith in  the sensitive volume of the PM R  probe,
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F igure 3. C om p arison  o f w id e - lin e  PM R and  
S o x h le t e s tim a tio n  o f w ax in  raw w o o l.

In M ethod 1 ( • —• ) ,  wax was obtained from cali
bration graph. In Method 2 (O----O), points were
plotted for individual wax signal values. Linear re
gression of Soxhlet wax (y) against PMR wax (.r) was:

M ethod 1. yi = 1.0257(SE 0.2277)
+ 0.9894(SE 0.0142)*!

M ethod 2. y 2 = 1.0167(SE 0.2249)
+ 1.0432(SE0.0148)x2

In both cases r2 = 0.99 and n = 20.

pooled wax in  know n amounts was added to 
clean wax and suint-free wool fiber and also to 
dry raw  wool as un ifo rm ly as possible; and as 
non-uniform ly as possible. In  both cases the 
recovery of wax was 100%, i.e ., thus there was no 
difference in  the signal/g of wax. Thus, it is 
valid to use sealed calibration standards in w hich 
the w ax distribution is not the same as in  wool.

These results indicated that the wax response 
was not position-dependent w ith in  the sensitive 
volum e of the probe and thus that samples of 
various sizes (up to the maximum of 10 g) could 
be processed w ith  constant sensitiv ity : Experi
ment confirmed this.

Standard PMR Measurement Procedure
As the outcome of the investigation reported 

in  this paper, a standard PM R measurement 
procedure was developed.

Raw wool samples (approxim ately 6 g) were 
weighed into glass v ia ls and dried overnight in  
an oven at 105°C. A fter rew eighing ( if  dry 
weight was required), v ia ls  were transferred to 
a 50°C oven (for pre-measurement conditioning) 
and then to the 40 m L probe assembly of the

N M R unit set at 50°C ; as before, the A F  gain was 
1000, and the RF power was 500 pA . Each sam
ple was measured in triplicate w ith  an integra
tion time of 128 s. A fter the background cor
rection (calculated from Table 1 for each batch) 
was subtracted, the weight of wax corresponding 
to the N M R signal was read from the calibration 
graph, and the percentage of wax in  the dried 
raw  wool sample was calculated.

Resu lts

Comparison of PMR and Soxhlet Methods
Since wax is, at present, routinely measured by 

Soxhlet extraction, a comparison between the 
results obtained by th is method and those ob
tained by w ide-line PM R is important. D u p li
cate raw  wool samples from 10 fleeces were 
measured by the nondestructive PM R technique 
using the standard procedure previously de
scribed in  this paper. Then the same samples 
were processed by the standard Soxhlet proce
dure. The output signal from the PM R was 
converted to a wax weight by 2  methods.

M e th o d  1: Wax weight was read from the
calibration graph. Results are shown in  Figure
3. Statistical treatment of the data yields a linear 
regression for Soxhlet wax (y i)  vs PM R wax (x j) 
of V! = 1.0257 (SE 0.2277) +0.9894 (SE 0.0142)*i 
w ith  r2 = 0.99; and n  — 20.

M e th o d  2; H ere, the signal per gram of each  
of the Soxhlet-extracted waxes was determined 
by PM R. The relevant value was used to calcu
late wax weight from the previously determined 
PM R  signal for each raw  wool sample.

Method 2 was carried out to further check for 
any difference in  wax hydrogen composition. 
A s before, no gross differences were found. The 
mean signal per gram for the 20 samples was 31.4 
(range 29.0-32.8) w ith  a standard deviation of 
0.97 and a standard error of 0.22. The results are 
also shown in  Figure 3 w h ich  thus constitutes a 
direct comparison of the 2  methods.

Statistical treatment of the data from Method 
2 gives a linear regression for Soxhlet wax (1/2) vs 
PM R wax (x2) of y 2 = 1.0167(SE 0.2249) + 
1.0432(SE 0.0148)x2, w ith  r 2 = 0.99; and n  = 20.

Statistical treatment (comparison of slopes) 
shows the lines in  Figure 3 are sign ificantly d if
ferent (P < 0.05).

H ow ever, to illustrate what th is means in  
practice, the 2  curves were compared as predic
tors of w ax amount, using, in  each case, a PM R 
value of 20% wax. Method 1 predicts a Soxhlet 
w ax of 20.81%, w ith  SE of 0.51, and 95% confi
dence interval of (19.73,21.89); Method 2 predicts
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a Soxhlet wax of 21.8 8% w ith  SE of 0.51, and 95% 
confidence interva l of (20.81, 22.95).

On the predicted values th is represents a pre
cision of about 5%, and since, as the next section 
shows, intra-fleece variations are like ly  to be 
considerably more than th is, the single calibra
tion graph (Method 1) suffices for a ll except the 
most precise w ork.

D iscussion
The PM R technique meets the requirements 

specified in  that it invo lves m inim al sample 
preparation (on ly d rying  is required), and op
eration of the instrum ent is sim ple and largely 
automatic. Total operator time (w eighing , 
d ry ing , and subsequent transfer to PM R unit) is 
estimated at less than 2 m in per sample. In 
strum ent time per sample (duplicate reading 
w ith  128 s integration time) is about 5 m in and 
one operator could therefore process in  excess of 
90 pre-dried samples per 8 h day. Instrum ent 
time can be reduced considerably by using a 
shorter integration time (32 ,8 ,1  s), thus enabling 
a da ily  throughput of several hundred samples, 
but w ith  decreased precision (Table 2). Auto
mation of the process is feasible; the major 
problem is the maintenance of a 50° C environ
ment for the sample changer.

Because operator involvem ent is m inim al, the 
sensitiv ity  and precision of the PM R method is, 
in  our experience, superior to the Soxhlet pro
cedure in  routine use.

O ur results indicate that wax does have a 
variable composition but this variab ility did not 
prove to be the problem in it ia lly  anticipated. 
Nevertheless, the PM R method is empirical and 
must be used w ith  an awareness of the assump
tions underly ing  it.

Under marginal conditions (small sample size 
and/or a low  w ax percentage), the highest pre
cision can be obtained for the PM R method by 
basing (w here feasible) the calibration on wax 
extracted from sim ilar samples to those under 
study.

The blank correction for suint, vegetable 
matter, and wool fiber should be s im ila rly  de
term ined. I f  the conductivity method recently 
reported by Lipson and H ilton  (8 ) proves viable, 
w ax and suint could be determined sequentially 
and a direct correction, rather than a calculated 
one, could be applied.

Wools heavily  contaminated w ith  vegetable 
matter may present a high blank problem. 
H ow ever, Townend and Russell (10) report that 
85% of the Austra lian  wool clip  has less than 7%  
vegetable matter, and thus w ould present m in i

mal problems to the PM R method. It has been 
our experience that the factor lim iting  the accu
racy of w ax determ ination by any method is the 
intra-fleece variab ility .

The PM R method has been successfully used 
in  our laboratories for 3 years to measure samples 
for research projects. Wax in  raw  wool from a 
varie ty of fie ld  stations has also been measured: 
In  a ll cases, results have been satisfactory. The 
long- and short-term stability of the PM R in 
strum ent is good.

Conclusion
The wide-line PM R technique is a replacement 

for the Soxhlet method for the determ ination of 
w ax in  wool and has the advantages detailed in  
this paper. It is especially applicable where large 
numbers of samples need to be screened rapidly,
e.g., in  fleece-rot studies, in  wool evaluations, 
and in  wool-scouring plants.

It  would seem to have a place in  the objective 
measurement of the properties of wool in  w hich 
scheme in excess of 4 m illion bales were reported 
in  the Austra lian  Wool Corporation Interim  
A n nu al Report, as being core sampled in  
1979-1980 (11). A lthough, in  our v iew , one is 
urgently needed, no instrumental method for the 
determ ination of the other components of raw 
wool exists at present.
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TECHNICAL COMMUNICATIONS
P o l a r o g r a p h i e  D e t e r m i n a t i o n  o f  K j e l d a h l  N i t r o g e n

L A W R E N C E  E . F O S D IC K  an d  R IC H A R D  K . P IK E
Ministry of Commerce, Consumer Protection Department, Quality Control Directorate, Midwest 
Research Institute, Riyadh, Saudi Arabia

A  s im p le  and rapid m eth od  is  d escrib ed  fo r  d eter
m in in g  am m on ia  co n ten t o f a K jeldah l d ig est b y  
polarography. T he digest is d ilu ted  and p ipetted  into  
a so lu tio n  o f form ald ehyd e in  an acetate bu ffer. T he 
h ex a m eth y len etetra m in e  p roduced  b y  reaction  b e 
tw e e n  am m on ia  and fo rm a ld eh y d e  is  d eterm in ed  
e lec tro ch em ica lly  at —1.04 V . T hree d iffer en t sam 
p le s  (m ilk , bread , and cashew s) w ere a n a ly zed  and  
K jeld ah l n itro gen  sh o w ed  an average re la tive  stan 
dard dev ia tion  o f 3.4%; repetitive analyses o f th e sam e 
d ig est dem onstrated  a re la tive standard d ev ia tio n  o f 
1.5%.

There are a number of methods for quantitative 
determination of total protein (1). O f these, the 
K je ldah l procedure (2) is routinely used. The 
K je ldah l method for total protein analysis in 
volves 3 steps: catalyzed digestion of the sample 
w ith  boiling sulfuric acid to reduce all protein
aceous nitrogen to ammonium sulfate, isolation 
of ammonia by steam distillation of the alkaline 
digest into an acidic trapping solution, and 
quantitation of ammonia by back-titration of the 
acid trap w ith  d ilute acid. Percentage nitrogen 
determ ined is converted to percent protein by a 
factor w h ich  depends on the nature of the d i
gested foodstuff (1). Attempts have been made 
to determine the ammonia present after diges
tion by using an ammonia electrode (3). Polar
ography (4) has been used to determine the am
monia after the distillation step, but it is neither 
more precise nor more rapid than titration. This 
study demonstrates the use of polarography for 
direct determination of ammonium in the acidic 
digest.

M E T H O D

Reagents
Reagents were AC S grade and were used 

w ithout further purification.
(a) M e r c u r y  c a ta ly s is  ta b le ts . —Containing 1 g 

sodium sulfate and the equivalent of 0.1 g mer
cury (BD H  Chem icals Ltd , Poole, U K ).

(b) A m m o n iu m  c h lo r id e .— 99.5% (Analar grade, 
BD H  Chem icals); dried over silica gel overnight

Received April 28,1981. Accepted August 24,1981.

before use. S ta n d a r d  so lu tio n : Accurately weigh
314.5 mg into 100 m L volumetric flask, add 50 m L 
double-distilled water and 2 m L concentrated 
su lfu ric  acid, and dilute to volume w ith  dou
ble-distilled water. D ilute fresh daily for use in 
standard addition procedure: Pipet 10 m L
standard into 50 m L volum etric flask and dilute 
to volume w ith  double-distilled water (200  ppm 
ammonia).

(c) S u p p o r tin g  e le c tr o ly te . —W eigh 10.4 g sodi
um acetate, dissolve in  water, add 32 m L glacial 
acetic acid, dilute to 200 m L, and add 200 m L 37% 
formaldehyde (1:1 mixture of 0.4M acetate buffer 
and 37% form aldehyde, pH 4.5).

Apparatus
Polarographic measurements were made w ith  

Model 174A polarographic analyzer, Model 303 
static mercury drop electrode, and Model RE0074 
X-Y  recorder (Princeton Applied Research, PO 
Box 2565, Princeton, NJ 08540). For differential 
pulse operation: drop time 0.5 s, pulse height 25 
m V , scan rate 5 m V/s, in itia l potential —0.7V, 
final potential —1.2V, and current sensitivity 100 
n A / in. Three-electrode operation was used w ith 
dropping m ercury electrode, s ilve r /s ilve r chlo
ride reference electrode, and platinum auxiliary 
electrode. Glass polarographic cell, containing 
10 m L electrolyte, was purged 4 m in before use 
w ith  stream of nitrogen w h ich  had been deoxy- 
genated by bubbling through vanadous chloride 
solution over amalgamated zinc.

Preparation of Sample
Digest from any size Kjeldahl flask may be 

used; adjust w ith  double-distilled water to give 
ammonia content of 0.5-20 m g/m L. In  this 
study: Accurately weigh 200 mg sample into 100 
m L K jeldahl flask, add 4 m L sulfuric acid (sp. gr. 
1.84), 1 m ercury catalyst tablet, and 1 bumping 
chip . A fter digestion is complete (1V2 h ), quan
tita tive ly transfer contents of K je ldahl flask to 
100 m L volum etric flask w ith  aid of 3 washings 
of double-distilled water and dilute to volume 
w ith  double-distilled water.

0004-5756/82/6501-0178-03$01.00 
©  A s s o c i a t io n  o f  O f f i c ia l  A n a l y t i c a l  C h e m i s t s ,  I n c .
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F igure 1. T yp ica l d ifferen tia l p u lse  polarogram s o f  
blan k  ce ll, sam ple from  a K jeldahl d igest, and sam ple  

a fter standard  ad d itio n .

Determination
Scan supporting electrolyte through voltage 

range, reset in itia l voltage and recorder, pipet 
e ither 50, 100, or 250 juL diluted sample digest 
into the cell (chosen aliquot size depends on 
percent protein in  sample, corresponding to 
ranges of >50%, 25-50%, and <20%, respective
ly ) , purge 2 m in , w ait 15 s after term ination of 
purge, and scan sample through voltage range. 
Reset voltage and recorder, pipet 50 ¿¿L standard 
solution into ce ll, purge 2  m in , w ait 15 s, and 
scan.

Calculations
Determ ine concentration of nitrogen in  sam

ple from equation:
Am m onia, % = [(P — P b )/(P / — P)] X R / 100 

w here P , Pb and P '  = peak height of sample, 
b lank, and sample plus standard; R  =  (C ' X  V ' ) l  
(W  X  V ) ,  w here C  = concentration of standard 
in  pg/m L; V '  = volume of standard added to cell 
in  p L ; W = w eight of sample in  mg; and V  = 
volum e of sample added to ce ll in  p L . The % 
protein can be determined by m ultip ly ing  % n i
trogen by appropriate factor for sample type 
being analyzed.

Table 1. Determination of protein (%) in 3 commercial 
foodstuffs •

Detn Cashews Nonfat powdered milk Arabic bread
1 21.7 33.6 9.02 21.3 31.2 8.8
3 22.9 34.4 9.4
4 22.6 33.9 9.55 22.5 33.1 9.5Av. 22.2 33.2 9.2SD 0.67 1.23 0.32

Rei. SD,
%

3.0 3.7 3.5

a Five replicate determinations.

Results and D iscussion
In  dilute aqueous solutions, formaldehyde 

combines w ith  ammonia to y ie ld  hexam ethyl
enetetramine in  accordance w ith  the equation

4N H 3 + 6H C H O  — (C H 2)6N 4 + 6H zO

The reaction occurs quantitatively and forms the 
basis of a titrim etric method for determ ining 
formaldehyde (5). In  the present study, am
monia in  the digest reacts w ith  formaldehyde in  
acetate buffer to give hexam ethylenetetramine 
w h ich  is determined at —1.04 V  vs A g /A g C l 
reference electrode by d ifferentia l pulse polar- 
ography. A  typical polarogram is shown in  
Figure 1. The reaction between ammonia and 
formaldehyde in  the supporting electrolyte used 
in  this study required approxim ately 80 s for 
quantitative results. The linearity of current vs 
ammonia concentration was checked by pipett
ing into the polarographic ce ll successive 10 pL 
(2 pg N H 3) aliquots of standard ammonia solu
tion ranging from 0 to 24 pg (2400 ppb in  the cell) 
(2  pg of ammonia is equivalent to a protein level 
of 2.1% by the method in  th is paper). A  linear 
regression of the amount pipetted against the 
observed detector current response gave a cor
relation coefficient of 0.996. The blank cell 
showed a positive response of 152 ppb for am
monia. The formaldehyde was suspected as its 
source. Despite this positive cell b lank it was 
possible to determine ammonia concentrations 
to 50 ppb. This represents a protein level of 0.5% 
in  the orig inal sample; the detectable leve l for 
protein itse lf can be taken low er than th is by 
pipetting in  larger aliquots of the diluted sample 
digest. The sample digestion and d ilution  
methodology is designed to give a fin a l con
centration level of ammonia in  the range of 
2 0 0 -2 0 0 0  ppb.

Three different foodstuffs were analyzed, and 
the results are shown in  Table 1; no interference
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from other ingredients that survive the digestion 
are evident. One of the replicates from each run 
was analyzed 4 times; the average relative stan
dard deviation for these 3 samples was 1.5%. 
Comparison of the relative standard deviations 
shown in  Table 1 w ith  relative standard devia
tions (average on 4 samples = 4.0%) published for 
an A O A C  collaborative study (6 ) partly con
cerned w ith  the traditional K je ldah l procedure 
shows that the polarographic technique is more 
precise. Th is  polarographic method reduces 
both the amount of manual m anipulation and 
reagent preparation required in  the classical 
procedure and, although polarography offers an 
expensive alternative to distillation and titration,

it can be used for a variety of other analyses as 
w ell.
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A s im p le  so lid -p h a se  rad io im m u n oa ssay  w as d e v e l
oped  for d etectin g  stap h y lo co cca l en tero to x in  A  
(SEA) in  fo o d . T he m eth od  d etected  85-100%  SEA  
added  to  extracts o f  6  k in d s  o f fo o d s , and  52-100%  
SEA added  d irectly  to  fo o d s  at a co n cen tra tion  o f 1 
n g /g . A ssay  s e n s it iv ity  is  abou t 0.3 n g  to x in /m L  
extract. T h e m eth od  is  sp e c ific  fo r  SEA; resu lts  are 
o n ly  m a rg in a lly  a ffected  b y  stap h y lo co cca l en tero -  
to x in s  B and C 2 p resen t at co n cen tra tion s as h ig h  as 
500 n g /m L  extract.

Staphylococcal enterotoxin A  (SEA ) belongs to 
a group of closely related simple proteins that are 
causative agents of staphylococcal food poison
ing. Sufficient partially purified staphylococcal 
enterotoxins have been available for use in  the 
m icroslide test, w h ich  is the method most fre
quently used to detect enterotoxin in  food ( 1). 
The ava ilab ility  of h ig h ly  purified  enterotoxins 
has made it possible to develop radioimm uno
assay systems requiring relatively simple sample 
preparation and able to detect as little  as 1 ng 
enterotoxin/g food in  food extracts (2). Th is  
paper describes some results and characteristics 
in  the application of a solid-phase radioimmu-

Received April 7,1981. Accepted September 1,1981.

noassay (R IA ) of SEA  and indicates that it may 
meet these requirements. It is a modification of 
our in it ia lly  reported assay (3), using d ifferent 
incubation conditions and a better defined tracer. 
The present assay is about 10 times more sensi
tive than our earlier assay. The procedure has 
been used in  our laboratory for quantitation of 
enterotoxin in  a variety of food preparations. 
Presence of large amounts of organic matter in  
food extract samples did not appear to interfere 
w ith  the R IA  test. Th is find ing enabled the use 
of one buffer for the standard curve to determine 
the concentration of toxin for a variety of food 
items. The alternative is to employ food extract 
from a comparable, toxin-free food source as a 
negative control instead of buffer (4).

Experim ental

Reagents and Apparatus
(a) B u ffe r  A . —0.1M carbonate-bicarbonate 

buffer (pH  9.6) containing 0.05% (w /v ) sodium 
azide.

(b) B u ffe r  B .— 0.5% (w /v ) bovine serum albu
m in (R IA  grade, Sigma) dissolved in  0.05M

0004-5756/82/6501-0180-05Í01.00 
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phosphate buffer (pH  7.4)-0.15M  sodium chlo
ride containing 0.05% (w /v ) sodium azide.

(c) N a 125I .—Atom ic Energy of Canada, Ltd , 
Ottawa, Ontario, Canada.

(d) SEA standards.—Prepare doubling d ilu 
tions of standard SEA  in  buffer B to give 5 
w ork ing  standard solutions in  range 0.078-1.25 
ng/100 qL . Standard toxin used in  this study 
was obtained from M. S. Bergdoll.

(e) Chromatographic column.—K  26/40, Phar
macia Fine Chem icals A B , Uppsala, Sweden.

(f) Assay tubes.—Polypropylene test tubes, 12 
X  75 mm. (No. 9950, Canada Wide Scientific Ltd , 
Ottawa, Ontario, Canada).

(g) Gamma counter.—Beckman 4000 automatic 
w ith  scintillation  7 -counter.

Preparation of 125I-SEA
Labeled SEA  was prepared by a m odification 

of the method of Freedlender et al. (5): To 15 qL 
solution containing 1 mg pure S E A /m L water, 
add 2.5 m L 0.05M sodium phosphate buffer, pH
7.4, and ca 10 q L  solution containing 1 m Ci 125I. 
Dropwise and w ith  continuous stirring , add 0.5 
m L freshly prepared solution of chloramine T  (30 
qg/m L) in  0.05M phosphate buffer. A fter 10 
m in , dropwise add 0.7 m L fresh ly prepared so
lution of sodium m etabisulfite (30 qg/m L) in
0.05M phosphate buffer and continue stirring 
additional 10 min. To remove unreacted iodide, 
app ly reaction m ixture to 3 m L column of 
Dowex-1 resin w hich has been equilibrated w ith  
100 m L 0.05M phosphate buffer and treated w ith 
2 m L 2% (w /v ) bovine serum album in (6 ). Co l
lect 0.5 m L aliquots and pool fractions 2-8 w hich  
contain labeled SEA .

Use gel filtration for assessing degree of io- 
dination and for determ ining extent of damage 
or degradation of I25I-SEA: A pp ly  2 m L freshly 
labeled SEA  to 2.6 X 33 cm column of Sephadex 
G-100 equilibrated in  buffer B at room tempera
ture. Elute w ith  buffer B and collect about 60 
fractions of 4.0 m L at 10-15 m L/h . Count f ifty  
10 q L  aliquots in  7 -counter 1 m in.

For most SEA  iodinations, an amount of high 
molecular w eight radioactive material appears 
shortly after void volum e on Sephadex column 
(peak I  of Figure 1). Th is  material represents 
m ain ly aggregated or damaged enterotoxin 
w h ich  only poorly binds to the antibody. Frac
tions from Peak I I ,  corresponding to purified  
enterotoxin, are selected to m inim ize contami
nation w ith  material from peaks I  and I I I ,  the 
latter being m ain ly free 125I. Selected fractions 
are pooled and stored at 4°C . Iodination e ffi
ciency is calculated from elution pattern. La-

A .

1 i— 1 v /  V

30 4 0  50FRACTION NUMBER
Figure 1. Pattern o f e lu tio n  o f rad ioactivity  after gel 
f iltra tio n  (Sephadex  G -100) o f 125I-SEA . Fractions  
(4.0 mL) w ere p o o le d  as in d ica ted . A b ou t 10% total 

ra d io activ ity  w a s  in corporated  in to  peak  II.

beled enterotoxin is usable for up to 2  months, 
after w h ich  assay tends to become unstable, re
sulting in  erratic replicates and reduced dose 
response.

Extraction Procedure
Use method of Robern et al. (7): B lend solid 

food samples w ith  2 volum es of buffer B, and 
centrifuge at 4 °C  for 30 m in at 34 900 X  g. A d 
just supernate to pH  4.6 w ith  2N HC1, let stand 
at room temperature 10 m in, and then centrifuge 
as above. Re-adjust to pH 7.4 w ith  2N N aO H , 
store at 4°C  for 2 h , and centrifuge once more.

Assay Procedure
Salient features of the radioimmunoassay are 

as fo llows: Antibody-coated plastic tubes are 
incubated w ith  know n amounts of SEA  or test 
sample at 4°C . Tube contents are removed, la
beled SEA  is added to each tube, and incubation 
is continued b rie fly  at room temperature. 
Antibody bound and free label are separated by 
aspiration of tubes.

(a) Preparation of antibody-coated tubes.— Coat
ing procedure fo llow s princip les of Catt and 
Tregear (8 ), who elaborated in  detail the re
quirements for coating plastic tubes w ith  rabbit 
gamma globulin . Tubes were coated at room 
temperature. A  range of antibody dilutions 
prepared in  buffer A  were used and coating time 
was 10 m in. Antiserum  against SEA  (anti-SEA)
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was obtained by im m unization of rabbits w ith  
SEA  (9). A t the antibody dilution where 25-30% 
of the tracer (15 000 cpm) was bound in  the ab
sence of unlabeled SEA  (corresponding to our 
assay conditions), 0.078 ng unlabeled SEA  dis
placed about 15% bound tracer from solid-phase 
antibody. Th is  d ilution of antibody, usually 
2 000- to 3 000-fold, was used for preparation of 
standard curves.

Dispense 0.2 m L rabbit anti-SEA antibody in  
buffer A  to polypropylene test tubes. Let tubes 
remain at room temperature 10 m in. Remove 
antibody solution by decantation and wash tubes 
tw ice w ith  1 m L buffer B by vortex m ixing for a 
few  seconds. Then add 1 m L buffer B to each 
tube and let tubes rem ain at room temperature 
30 min. Remove buffer as completely as possible 
by decanting and draining tubes. Use tubes for 
assay w ith in  1 h.

(b) R I A  p ro ce d u re .—Add 100 p L  standard SEA 
or unknow n to coated tubes. Add 100 p L  buffer 
B to each tube to give fina l volum e of 200 p L .  
Shake m ixture, and incubate 20 h at 4°C . Assay 
each standard and unknow n in  duplicate, zero 
dose tubes in  triplicate. A fter th is pre-incuba
tion, discard contents and wash tubes twice w ith  
1 m L ice-cold buffer B on vortex m ixer; invert 
tubes for complete drainage. Then add 200 p L  
(15 000 cpm) 125I-SEA  to each tube. Let tubes 
remain at room temperature 2 h. Then remove 
contents by aspiration and wash each tube twice 
w ith  ice-cold 0.85% (w /v ) sodium chloride. 
Count each incubation tube (antibody-bound 
125I-SEA ) in  7 -counter 5 m in. Express binding 
as ratio of bound to total counts (B /T ) after 
making correction (150 cpm, in  the present case) 
for background radioactivity.

Resu lts and D iscussion
The standard curve was drawn m anually by 

plotting the ratio of bound counts to total counts 
(B /T ) on the vertical axis against the arithmetic 
dose of enterotoxin on the horizontal axis. 
Figure 2 shows a typical standard curve of the 
system described. The advantage of th is ap
proach is that it presents a reasonably complete 
picture of the characteristics of any one assay run. 
For instance, the amount of labeled enterotoxin 
bound in  the zero dose tubes can be read directly 
from the curve; i f  this is low , it suggests deteri
oration in  either the labeled enterotoxin or the 
antibody. U nknow n values can be obtained by 
interpolation on the standard curve.

Standard curves were established on 12 days 
w ith  2 lots of labeled SEA . Mean values and 
standard deviations of the percent bound counts

F igure 2. E nterotox in  A standard  curve. Inset: 
p red icted  in tra-assay  p recis io n .

(B/B0 X  100) were calculated as 84.0 ± 4.2,73.4 ±
4.0, 64.8 ± 2.8, 53.5 ± 3.4 and 40.7 ± 4.3 for added 
SEA/tube of 0.078, 0.156, 0.312, 0.625, and 1.25 
ng-

Intra-assay precision of the method was de
termined by calculating the variance of replicate 
responses for several doses on the standard curve 
and describing the relationship between the 
variance and mean of the dose-response (B/T) by 
regression analysis, as suggested by Rodbard et 
al. (10). The power function (their Equation 5) 
was fit to the data w ithout weighting and by the 
use of a hand calculator. The standard deviation 
of the SEA  estimate at any point on the standard 
curve was estimated from the standard deviation 
of the response variable and the slope of the 
dose-response curve calculated at this point (11 ). 
Precision, expressed as the predicted coefficient 
of variation of the dose, varies w ith  the part of 
the dose-response covered (Figure 2, inset). It 
is less at the extreme of low  SEA  concentrations. 
In  the region of the standard curve correspond
ing to 30-65% inh ib ition of b inding, precision of 
duplicate samples is about 10%.

In  this assay, the mean of observed B /T  values 
in  the absence of unlabeled SEA  could usually be 
distinguished statistically (P  < 0.05, one-tailed 
f-test ( 12 )) from the response in  the presence of 
an unknow n, assayed in  duplicate, i f  6% of the 
maximum bind ing is displaced. In  an incuba
tion volum e of 0.2 m L, th is displacement corre
sponds to about 30 pg SEA , as estimated by dose
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1.0 ------1------- 1------- 1------- 1-
0.5 1.0 1.5 2.0Log DOSE

F igure 3. T estin g  p a ra lle lism  o f standard  and  u n 
k n ow n  (strain S -6  culture flu id ) dose-resp onse curves, 
u sin g  s im p le  lin ea r regression . Log (pg  SEA d etect

ed) v s  lo g  sa m p le  v o lu m e  (10~ 2 pL).

interpolation on the standard curve. Th is gives 
a w ork ing  sensitiv ity for the assay of 0.3 ng / m L 
w ith  100  juL as the largest sample size.

Specific ity of the antiserum was assessed by 
comparing the ab ility  of other related proteins 
such as staphylococcal enterotoxins B and C 2 at 
various concentrations to compete w ith  125I-SEA 
for b ind ing sites on the antiserum. W hen 
staphylococcal enterotoxin B (Makor Chemicals, 
Jerusalem) and C 2 (13) were added at 50 ng/tube 
(equivalent to 500 ng/m L extract), about 10% of 
labeled SEA  was displaced from the antibody 
w ith  enterotoxin B, and 6% w ith  enterotoxin C 2. 
Increasing the concentration of each of these 
enterotoxins to 200  ng/tube did not increase the 
percentage of labeled SEA  displaced from the 
antibody w ith  enterotoxin B, but resulted in  
fu rther displacement w ith  enterotoxin C 2 (to 
15%). Th is  effect is a reflection of the specificity 
of the antiserum and may be d ifferent for other 
antisera.

A n  important criterion for specificity is a linear 
decrease in  measured im munoreactive SEA  lev
els w ith  d ilution . Th is  was demonstrated w ith

Table 1. Recovery of staphylococcal enterotoxin A 
added to extracts of som e foods

Food Slope3 Intercept r
Cheese 0.914 -10.1 0.998
Ham 0.925 3.4 0.978
Pasta 0.864 -29.6 0.999
Salmon 0.925 62.3 0.994
Salami 1.022 -76.0 0.990
Sardine 0.850 12.0 0.989
a SEA (pg/tube) vs SEA added (pg/tube) was analyzed by regression which permitted straight lines and rvalues to be 

calculated.

the supernatant flu id  of cultures of S. a u reu s  S-6 , 
a strain producing both enterotoxins A  and B. 
D ilutions were prepared to encompass the pg 
dose range of the assay. Samples were assayed 
in  duplicate, and the apparent amount of mate
ria l detected per tube was calculated. Analysis 
of an experim ent, fo llow ing  Rodbard et al. (14), 
used the logjo transformation of a ll data to correct 
for heterogeneity of variance. These data are 
shown in  Figure 3. Calculation of a straight line 
by means of simple least squares regression 
analysis gave a slope of 1.09 and a correlation of
0.992, w h ich  indicates that good parallelism  was 
achieved.

Accuracy was determined by recovery studies 
of SEA  added to food extracts containing less 
than 0.3 ng endogenous SEA /m L (determined by 
radioimmunoassay). Samples were extracted by 
the acid-base method of Robern et al. (7). When 
o ily  specimens were examined, the fina l super
natant flu id  was filtered through a M ille x  filte r 
unit (0.45 qm, M illipore) and the filtrate was used 
for analysis. SEA  was added to the extract at 12.5 
ng/m L and at halving dilutions of 6.25, 3.12, and
1.56 ng/m L. Buffer B was the diluent and 100q L 
portions were assayed in  duplicate at each d ilu 
tion. The results are sum m arized in  Table 1. 
The average recovery (about 94%) was deter
m ined from the slope of the straight line  (y  =
0.936x — 0.0127; r  = 0.987), calculated by least 
squares regression analysis of the amount of SEA  
detected vs amount of SEA  added, plotted for a ll 
data on rectangular coordinates. Variation  be
tween duplicates was no greater than 15%.

U nknow n samples are regularly tested at 
multiple dilutions and a mean SEA  concentration 
is calculated. Parallelism  between the dilutions 
of food extract and SEA  standards provides evi-

Table 2. Recovery of staphylococcal enterotoxin A 
added at 1 n g /g  to som e foods

Vol. SEA, ng/mL
ext assayed, SEA

Food al Detected 3 A V. reed, %
Cheese 100 0.80 0.75 72200 0.70
Pasta 100 0.50 0.52 63200 0.53
Sardine 100 0.90 0.95 97200 1.00Salmon 100200 0.90

0.70 0.80 105
Sausage 100 0.70 0.63 75200 0.55
Salami 100 0.50 0.45 52200 0.40

3 Average of duplicate determinations.
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dence that the radioimmunoassay is measuring 
SEA  in  the sample. Non-specific inh ib ition due 
to the food itself was negligible in  most cases; the 
inh ib itory effect of extracts of pasta, cheese, sar
dine, salmon, egg noodles, and fortune cookies 
not treated w ith  enterotoxin ranged between 0 
and 5% reduction of I 25I-labeled toxin uptake. A  
desirable test for SEA  detection should require 
simple sample preparation and an ab ility to de
tect 100-200 ng S E A /100 g food (15). Samples 
of food to w h ich  100 ng enterotoxin A  had been 
added gave positive results in  the test (Table 2). 
Average recovery of the toxin ranged from 52 to 
105%, and there was good agreement w ith  ana
lytica l volumes of 100 and 200 qL . Because ap
proximately 94% SEA  was recovered when added 
to food extracts, the low recovery of toxin added 
directly to these foods, particu larly salami and 
pasta, must be attributed to losses during the 
extraction procedure. We have been able to 
improve the recovery of SEA  from these foods by 
re-extracting the residue tw ice and combining 
the extracts.
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A proced ure w as d ev e lo p ed  for d eterm in in g  acry lo 
n itr ile  (A N ) in  3% acetic  acid , th e  so lv e n t used  to  
s im u la te  carbonated  b everages. M anual headspace  
sa m p lin g , a d etector o u tp u t a m p lif ie r /f i lte r , and  
vapor p h ase en h a n cem en t u sin g  an io n ic  m aterial 
w er e  co m b in ed  to  g iv e  a d etectio n  lim it  in  th e lo w  
parts per tr illion  range. A N  standards w ere analyzed  
u sin g  th e m eth od , and th e resu lts  are p resented .

Headspace gas chromatography (GC) is w e ll 
suited for the determ ination of volatile  compo
nents in  foods and food-simulating solvents. 
N ovel approaches to headspace sampling for
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trace volatile  compounds have been reported, 
w ith  major emphasis on the determ ination of 
v in y l chloride (V C ) in  many matrices. The 
sam pling of headspace gases from plastics sealed 
in  “ hot jars" has become an o ffic ia l ASTM  pro
cedure for determ ining volatiles in  flexib le bar
rie r film s (1). Rosen et al. (2) described a proce
dure using the hot jar technique to liberate re
sidual V C  from the polym er w ith  subsequent 
analysis of the headspace for V C  using GC/mass 
spectrometry. Dennison et al. (3) described a 
sparging technique in  w h ich  V C  was removed 
from the polym er m atrix, trapped and concen
trated in  a holding solvent, and analyzed by GC

0004-5756/82/6501-0184-04*01.00 
©  A s s o c i a t io n  o f  O f f i c ia l  A n a l y t i c a l  C h e m i s t s ,  In c .



M cNEAL & BREDER: J. ASSOC. OFF. ANAL. CHEM . (VOL. 65, N O . 1, 1982) 185

using a manual headspace sam pling technique. 
Depending on the toxicity of the volatile  com
ponent, it is often desirable to measure small 
quantities w ith  high precision. The analyst 
wants a rapid , sim ple procedure. Selective de
tector systems are presently available for use in  
reaching these goals. O ur w ork (4), as w e ll as 
that of others (5, 6 ), has followed this course in 
developing methods to determine acrylon itrile  
(A N ).

The lowest reliable lim it reported for the de
term ination of A N  in  3% acetic acid, a solvent 
used to simulate carbonated beverages, was 10 
ppb (7, 8 ). Using headspace methodology, the 
detection lim it was decreased to 1 ppb (M . E. 
B row n, 1978, unpublished data, Food and Drug 
Adm in istration , W ashington, DC 20204). Now 
a procedure has been developed, using a n itro
gen selective detector and a manual headspace 
G C  technique, for determ ining part per tr illio n  
quantities of A N  in  3% acetic acid. Th is sensitive 
procedure incorporates a detector signal am pli
fie r / filte r and the use of an ionic compound to 
enhance the A N  concentration in  the head- 
space.

Experim ental

Apparatus
(a) H e a d s p a c e  s a m p le  v ia ls .—23 m L v ia ls  w ith  

12 X  20 mm fin ished  tops and alum inum  seals 
(Shamrock Glass Co., 201 E  10th St, Marcus Hook, 
P A  19061), or equivalent. Tuf-Bond Teflon/ 
silicon d isks, No. 12720 (Pierce Chem ical Co., 
Rockford, I L  61105), or equivalent.

(b) S y r in g e s .— 100 /¿L H am ilton 700 series, or 
equivalent. Tw o and 5 m L Pressure-Lok, series 
A-2 gas syringes (Precision Sam pling Corp ., 
Baton Rouge, L A  70815), or equivalent.

(c) F o rce d  a ir  o v e n .—Stable-Therm constant 
temperature cabinet (Blue M Electric, Blue Island, 
IL  60406), or equivalent.

(d) G a s c h r o m a to g r a p h .— Perkin-Elm er Model 
3920 w ith  nitrogen-phosphorus (N-P) selective 
detector (Perkin-E lm er Corp ., N orw alk , C T  
06856), or equivalent. Detector parmeters: jet 
potential 3 (N-P mode), bead rheostat setting 
(400-700) as necessary to give 10% fu ll scale de
flection for A N  from 2 ¡ iL  injection of 0.05 Mg/mL 
A N  in  3% acetic acid solution (100 pg A N ). 
Electrom eter setting 4 X 1  w ith  5 m V signal 
output (4 X  10-12  A  fu ll scale). Operating con
ditions: temperatures (°C )—injection port 175; 
oven, column A  115, column B 125; interface 215. 
Gas flow  (m L/m in )—helium  carrier, colum n A  
25, column B 20; hydrogen 5; a ir 125.

(e) C h r o m a to g r a p h ic  c o lu m n s .—  Co lum n A , 
coiled 6 ft X  2 mm id glass, packed w ith  80-100 
mesh Chromosorb 101; column B, coiled 3 ft X 2 
mm id glass packed w ith  100-120 mesh Chro
mosorb 108.(f) S p e c tr u m  f i l t e r  a n d  a m p li f ie r . — 1021A 
(Spectrum Scientific Corp ., N ew ark, D E 19711), 
or equivalent.

Reagents
(a) A c e tic  a c id .—3%. Baker Analyzed Reagent 

(J.T. Baker Chemical Co., Phillipsburg, NJ 08865), 
or equivalent. Prepare fresh w eekly .

(b) A c r y lo n i t r i le  ( A N ) . —99% pure (Po lysci
ences, Inc., Warrington, PA  18976), or equivalent. 
Caution: A N  is a teratogen and carcinogen. Use 
safety precautions.

(c) S ta n d a r d  so lu tio n s .— S to c k  s o lu t io n s .—About 
2000 ppm A N  in 3% acetic acid. In  hood, transfer 
20 m L 3% acetic acid into fared headspace v ia l, 
cap, and weigh to nearest 0.1 mg. Transfer 50 i±L 
A N  into v ia l using 100 /j L  syringe; cap v ia l w ith  
fitted butyl septum, rew eigh, and seal v ia l. C a l
culate A N  concentration in  stock solution.

In te r m e d ia te  s o lu tio n .—About 10 ppm. Add 0.1 
m L stock solution to 20 m L 3% acetic acid.

W o r k in g  s o lu t io n .—About 0.05 ppm. Add 0.1 
m L intermediate solution to 20 m L 3% acetic acid. 
Seal v ia l w ith  Teflon-faced septum. W orking 
solution is stable for 2  weeks i f  kept sealed at 
room temperature.

Preparation of Standards and Samples
H e a d sp a ce  s ta n d a rd s . —Transfer 4.5 g anhydrous 

Na2S0 4 to headspace vial. Pipet 15 m L 3% acetic 
acid into v ia l. Add appropriate volum e (qL) 
interm ediate or w ork ing  solution to v ia l, using 
100 q L  syringe. Q u ick ly  seal v ia l w ith  Teflon
faced septum. Transfer v ia l to 90°C forced air 
oven. Periodically shake v ia l until salt dissolves 
(ca 1.5 h).

H e a d s p a c e  s a m p le s .—Add 15 m L sample to 
headspace v ia l containing 4.5 g anhydrous 
N a2S0 4. Seal v ia l w ith  Teflon-faced septum, 
and prepare for analysis as described for head- 
space standards.

Analysis of Headspace Solutions
The headspace analysis of samples and stan

dards is performed in  the same manner. A fter 
complete dissolution of salt, a llow  0.5 h for 
complete phase equilibrium  to occur. W ith 
previously heated syringe (in  same oven), pierce 
v ia l septum, draw up fu ll volum e of syringe 
once, and then draw desired headspace volume. 
Let needle rem ain in  v ia l headspace for at least
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F igure 1. C h rom atogram s o f head sp ace sam p led  
from  15 m L 100 p p t A N  in  3% acetic  acid  w ith  4.5 g  
N a 2SC>4 and  th e ir  corresp on d in g  b la n k s, a, 5 mL 
h ead sp ace a n a ly zed  u sin g  C hrom osorb  101; b , 5 mL  
headspace analyzed  u sin g  Chrom osorb 108. D etector  
a tten uation  2 X 1 .  Spectrum  filte r  cu t-o ff freq u en cy  

0.02 H z. L ow er chrom atogram  is  b lank.

1 m in in  closed oven. Q u ick ly  close syringe 
va lve , remove syringe, and inject headspace 
gases into gas chromatograph. Under operating 
conditions described, A N  elutes in  ca 6 m in on 
columns A  and B.

A N  in samples is quantitated by external 
standardization. The linearity of this system has 
been demonstrated from 0.05 to 0.6 ppb using 
headspace standards.

Resu lts and D iscussion
The manual headspace technique allows large 

volumes of sample headspace to be introduced 
onto the GC column. Water vapor, volatile  im 
purities, and acetic acid are the major compo
nents of the headspace gases injected. The in 
jection size and the h igh ly polar nature of water 
and acetic acid require a hydrophobic column 
packing material of high capacity. Chromosorb 
101 and 108 have been used to separate A N  from 
the 3% acetic acid m atrix using a direct liquid

injection technique (8 , 9). Chromosorb 101 re
solves A N  from early eluting liquids, such as 
water, w h ile  Chromosorb 108 resolves A N  from 
late eluting liquids, i.e ., acetic acid. The use of 
both columns has been incorporated in  th is 
w ork. Figure 1 shows chromatograms of head- 
space from 15 m L 0.1 ppb A N  in  3% acetic acid 
w ith  4.5 g Na2SC>4.

The in itia l developmental work at the part per 
tr illio n  level showed an inadequate signal-to- 
noise ratio for A N  when 5 m L headspace aliquots 
were injected. The value of enhancing the A N  
headspace concentration using a compound of 
high ionic strength to sh ift the A N  partition 
equilibrium  toward the headspace was therefore 
investigated. Sodium chloride concentrations 
of 1.5,3, and 4.5 g /15 m L 0.2 ppb A N  in 3% acetic 
acid were evaluated by headspace GC. As ex
pected, the higher the salt content, the higher the 
A N  headspace concentration. Addition of 4.5 g 
N aC l to 15 m L 0.2 ppb A N  in  3% acetic acid ap
proxim ately doubled the A N  headspace con
centration. A  further study w ith  4.5 g N a2S0 4  
added to 15 m L 0.2 ppb A N  in  3% acetic acid tr i
pled the A N  concentration in  the headspace. 
The addition of sodium sulfate enhanced A N  
headspace concentration so that the desired re
sponse for A N  above baseline noise was attained. 
Figure 2 compares the increase in  response seen 
for A N  w hen equal headspace aliquots are sam
pled and analyzed by GC. The 13 mm A N  re
sponse observed w ith  no salt increases to 38 mm 
w ith  the addition of 4.5 g Na2S0 4 .

Figure 2 also shows the level of high frequency 
noise associated w ith  the h igh sensitiv ity in 
herent to the N-P detector. Th is noise is greatly 
reduced by using a noise filte r between the 
electrometer and recorder. Using the filter, high 
frequency noise was dampened su ffic ien tly  at 
cutoff frequencies of 0.05 and 0.02 H z. Figure 
1 shows chromatograms u tiliz in g  the 1 021A  f i l 
tering capability.

To avoid the chromatographic interferences 
derived from grey butyl septa, only Teflon-faced 
disks were used for headspace sam pling. The 
responses of headspace solutions analyzed using 
the Teflon-faced disks were stable. A s m any as 
3 samplings of the same v ia l headspace gave the 
same response for A N  even w hen the solution 
was m aintained at 90°C  up to 5 h. A lthough 
sealed A N  solutions were apparently stable, they 
were analyzed on the day of their preparation 
and then discarded.

A fter each injection, the syringe and needle 
were flushed w ith  acetone to remove any septum 
particles clogging the needle. Care was taken
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Figure 2. Chromatograms of 5 mL headspace sampled from 15 m l 200 ppt AN in 3% acetic acid with (left 
to right) no added salt, 4.5 g NaCl, and 4.5 g Na2S0 4. Detector attenuation 4 X 1; no signal filtering was

used.

w ith  the injection technique to prevent disfigu
ration of the needle tip. A  burr on the needle tip 
qu ick ly  shredded the septum and clogged the 
gas-tight syringe needle.

Rapid analysis of a series of headspace samples 
was hindered by a late-eluting compound. Th is 
was overcome by bracketing injections before 
and after the interference, and was most easily 
accom plished using the Chrom osorb 108 
colum n.

A l l  results reported represent analyses of 
standard parts per trillio n  range A N  in  3% acetic 
acid solutions. O ur laboratory only had access 
to samples in  the parts per b illio n  range, and 
these samples were not analyzed using this 
procedure since their concentrations could be 
easily determined using other, less sensitive 
procedures.

Detector linearity , expressed as mm response 
for A N  injected vs A N  concentration in  solution, 
was demonstrated from 50 to 600 ppt. L inear 
correlation coefficients of 0.993 and 0.999 were 
observed using the Chromosorb 108 and 101 
colum ns, respectively. The response observed 
for 5 m L headspace injected from duplicate 
samplings of three 100 ppt solutions of A N  in  3% 
acetic acid was 28.5 mm (SD 1.41) for the Chro
mosorb 108 colum n and 33 mm (SD 2.04) for the 
Chromosorb 101 column. Precision and lin 

earity were reinforced further by using 2  d if
ferent injection volum es, 2 and 5 m L.

In  sum m ary, a procedure is presented w hich  
perm its the determ ination of parts per tr illio n  
levels of A N  in  3% acetic acid. The procedure is 
re la tive ly  simple and gives precise and accurate 
results for standard solutions.
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FOR YOUR INFORMATION

James P. Minyard is AOAC President for 
1982

James P. M inyard , Jr, head of the M ississippi 
State Chem ical Laboratory and Professor of 
Chem istry at M ississippi State U n ive rs ity , is 
President of A O A C  for 1982. D r. M inyard is 
active in  research and numerous professional 
societies, and is listed in  W h o 's  W h o  in  th e  
S o u th ,  L e a d e rs  in  A m e r ic a n  S c ie n c e , and A m e r ic a n  
M e n  o f  S c ie n c e .

D r. M inyard 's research is p rim arily  
concerned w ith  pesticide residues, pesticide 
degradation, and biological control of the 
cotton boll w eev il. He and colleagues at the 
Bo ll W eevil Research Laboratory at M ississippi 
State isolated and identified the sex attractant 
compounds by w h ich  the male boll w eevil 
attracts its mate. He has published over 35 
scientific  papers in  national and international 
journals, is co-inventor on two patents, and is 
coauthor of a chapter in  the book, C h e m ic a ls  
C o n tr o ll in g  In s e c t  B eh a v io r .

It  is  often said that if  you want a job done, 
ask a busy man or woman to do it. James P. 
M inyard  is a classic case in  point. A  member 
of A O A C  since 1960 and an energetic 
participant since h is appointment as Associate 
Referee on D D T  in  1968, D r. M inyard has 
served on the Interagency Committee, the 
Committee on Classification of Methods, the 
Committee for Collaborative Studies, and the 
Committee on International Cooperation, as

Chairm an of the Ed itoria l Board, and as a 
member of the Board of Directors.

In  addition to A O A C , he is active in  many 
other professional societies includ ing  the 
Pesticide Chem istry D iv is io n  of the Am erican 
Chem ical Society (Chairm an 1977, and Fellow  
1974), the Am erican Association for the 
Advancem ent of Science, the M ississippi 
Academ y of Sciences, Sigma X i, the 
Newcomen Society in  North Am erica, the 
Am erican O il Chemists' Society, Am erican 
Feed Control O fficia ls (President 1975), the 
Association of Am erican Plant Food O fficia ls , 
and P h i Lambda Upsilon .

D r. M inyard is an ex-officio member of the 
M ississippi A gricu ltu ra l and Industria l Board 
and a member of the S ta rkville  Chamber of 
Commerce. A  native M ississippian, he 
received h is B.S. in  chem istry from M ississippi 
State U n ive rs ity  in  1951, studied at the 
C alifo rn ia  Institute of Technology, and 
received a Ph .D . in  organic chem istry from 
M ississippi State U n ive rs ity  in  1967. Before 
that, he had been employed by the M ississippi 
State Chem ical Laboratory and the U n iversity  
as an instructor and chemist, and by the U .S. 
Departm ent of Agricu lture as a research 
chemist.

D r. M inyard is married to the form er M ary 
Louise W hitesell and has five  ch ildren . He is 
an active member of the Sta rkville  F irst United 
M ethodist Church , the S ta rkville  Chapter of 
the F u ll Gospel Business M en's Fellow ship  
International, and does lay w ork in  the 
M ethodist Church  throughout M ississippi.

AOAC Welcomes Its Newest Private Sustaining Members
A O A C  welcomes these latest additions to 

the growing list of companies aware of the 
need to support an independent methods 
validations association: Agrico Chem ical Co., 
Baltim ore, M D; Bacardi Corp ., San Juan, PR ; 
Coca-Cola Co ., Atlanta, G A ; Corn Products 
(C P C  International), Summit-Argo, IL ;  Duphar 
B V , The N etherlands; Endo Laboratories, Inc ., 
Garden C ity , N Y ; FBC Ltd , U K ; FM C Corp ., 
Princeton , N J; E & J Gallo W inery, Modesto, 
C A ; O . M. Scotts & Sons, Inc ., M arysv ille , O H ; 
and Technicon Industria l Systems, Tarry  town, 
N Y .
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AOAC to Hold 7th Annual AOAC Spring Training Workshop
A O A C  w il l  holds its 7th A nnual Spring 

W orkshop and Exposition A p ril 13-15,1982, at 
the Fairm ont Hotel, N ew  Orleans, LA . There 
w il l  be 14 main sessions, 4 supplementary 
symposia and seminars, a w ine and cheese 
party, and an exhib ition. Co-chairpersons are: 
N ico le H ard in , Food and Drug 
Adm in istration , 4298 E lysian  Fields A ve , New 
O rleans, L A  70122, 504/589-2471, and Hershel 
M orris , Louisiana Dept of Agricu ltu re , PO Box 
16390-A, U n ive rs ity  Station, Baton Rouge, L A  
70893, 504/388-2755.

Session topics and chairmen w ill be: A n im a l  
F e e d s  (includ ing  drugs and antibiotics), 
chaired by A lan  H anks, Agricu ltu ra l 
A nalytica l Services Lab ., Texas A  & M 
U n ive rs ity , College Station, T X  77840, 713/ 
845-4111. Th is  session w il l  include a seminar 
on m onensin. For additional inform ation, 
contact A lan  H anks, or W illiam  M orris, FD A , 
721 19th St, U .S . Customs House, Room 500, 
D enver, CO  80202, 303-837/4223. F e r til iz e r s ,  
chaired by C. H . M cBride, USS Agricu ltu ra l 
Chem icals, 685 DeKalb Industria l W ay, 
Decator, G A  30033, 404/292-2525. P e s tic id e  
F o r m u la t io n s , chaired by Edw in  Jackson, 
M ississippi State Chem ical Lab ., PO Box C R , 
M ississippi State, MS 39762, 601/325-3324. 
P e s tic id e  R e s id u e s , chaired by W . E. M cCasland, 
Texas Dept of Agricu ltu re , PO Box 1119, 
B en ham ,TX  77833, 713/836-5641. In 
conjunction w ith  the pesticide residues and 
pesticide form ulations sessions, the Chem ical 
and Biological Investigation Branch of the EP A  
Laboratory at Beltsv ille , M D , is sponsoring 
discussions on sam pling techniques and 
methodology; for additional inform ation, 
contact Adrian  Burns, 301/344-2015, or Paul 
Jung 301/344-2246, EP A /C B IB , Beltsv ille , MD 
20705. A n a ly s i s  f o r  T o x ic o lo g ica l R e s e a r c h ,  
chaired by M alcolm C. Bowm an, National 
Center for Toxicological Research, FD A , 
Jefferson, A R  72079, 501/541-4000. A n a ly s is  
R e la te d  to  S e a fo o d  Q u a l i ty ,  chaired by Beverly 
Sm ith , National M arine Fisheries Laboratory, 
PO  Box 1207, Pascagoula, MS 39567, 601/762- 
4591. M y c o to x in s ,  chaired by Louise Lee, 
U S D A /S R R C , PO Box 19687, N ew  Orleans, L A  
70179. E n v ir o n m e n ta l  M o n i to r in g ,  chaired by 
James P. Wood, Carbon Systems, Inc ., 1287 
M ain St, Baton Rouge, L A  70802, 504/343- 
3353. L a b o ra to ry  A u to m a t io n ,  chaired by Robert 
Beine, D iv is io n  of Regulatory Services,

U n ive rs ity  of Kentucky, Lexington, K Y  40506, 
606/257-1656. L a b o ra to ry  Q u a l i ty  A s s u r a n c e ,  
chaired by Patricia Sm ith, Woodson-Tenent 
Laboratories, PO Box 2135, M em phis, TN  
38101,901/525-6333. V e te r in a r y  T o x ic o lo g y ,  
chaired by Steven S. N icholson, 231 Knapp 
H a ll, Louisiana State U n ive rs ity , Baton Rouge, 
L A  70803, 504/388-4141. D r u g  a n d  A n tib io t ic  
R e s id u e s  in  A n im a l  T is su e , chaired by Raymond 
Ashw orth , U .S. Dept of Agricu ltu re , Food 
Safety and Inspection Service, Be ltsv ille , M D 
20705. E n v ir o n m e n ta l  C o n ta m in a t io n  in  F o o d  
S u c h  as M e a t  P r o d u c ts  (2 sessions), chaired by 
Raymond Ashworth and Robert Epstein 
(address same as above).

Additional symposia and seminars to be 
held in  conjunction w ith  the A O A C  Spring 
Workshop are as fo llows: F o o d  T o x ic o lo g y ,  
sponsored by the Association of Food and 
Drug O fficia ls ; for additional inform ation, 
contact Martha Rhodes, Florida Dept of 
Agricu ltu re , Mayo Bldg, Tallahassee, F L  32304, 
904/488-0670, or John Turner, Food and Drug 
Adm in istration , 900 Madison A ve , Baltimore, 
M D 21201, 301/962-3790. P e s tic id e  E n fo r c e m e n t  
L a b o ra to ry  P ro ce d u res  (R e s id u e  a n d  F o r m u la t io n ) ,  
a train ing program for analysts invo lved  in  the 
pesticide enforcement grant program, 
sponsored by EP A  National Enforcement 
Investigations Center; for additional 
inform ation, contact Dean H il l ,  E P A /N E IC ,
Box 25227, Denver, CO  80225, 303/234-3751.

For display booth space at th is meeting, 
contact Joseph Ford, U .S. Dept of Agricu ltu re , 
Pesticide M onitoring Laboratory, PO  Box 989, 
Gulfport, MS 39501.

Reminder of Deadlines for Nominations for A wards
The fo llow ing deadlines have been set for 

nominations for awards: 1982 Fellow  of the 
A O A C  Aw ard , March 1, 1982; 1982 H arvey W. 
W iley Aw ard , A p ril 1, 1982; and 1982-1984 
Scholarship Aw ard , M ay 1,1982.

The Fellow  of the A O A C  award was 
established in  1961 to recognize those persons 
g iving meritorious service to the Association. 
E lig ib le  candidates have performed notably 
for 10 years or more, usually as O fficers, 
Referees, or Committee members. Fe llow s are 
selected by the Committee on Fellow s and 
approved by the Board of Directors. Selection 
is made from a list w h ich  includes elig ible 
candidates, their contributions, and the point 
count assigned to each candidate according to
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an established point system. The Committee 
is also inform ed of any nom inations received.

Free Guide Available for Claims Substantiation for Disinfectants and 
Sanitizers

H il l  Top Research, Inc. of C inc innati, O H , 
announces the ava ilab ility , upon request, of a 
booklet, D is in fe c ta n ts  a n d  S a n i t iz e r s : G u id e  to  
C la im s  S u b s ta n t ia t io n  T e s tin g . The G u id e  
outlines testing required or recommended by 
EP A  in  support of antim icrobial efficacy claims 
for various types of germ icidal products. To 
obtain one, contact Ward L . B illh im er, D irector 
of Operations, M icrobiological Services 
D iv is io n , H il l  Top Research, In c ., PO Box 
42501, C incinnati, O H  45242, or phone 512/ 
831-3114.

Meetings
A p r i l  1 3 - 1 5 ,  1982: 7th A nnual A O A C  Spring 

Tra in ing  Workshop and Exposition, Fairm ont 
H otel, N ew  Orleans, L A . (For details, see 
article above.)

O c to b e r  2 5 - 2 8 ,1 9 8 2 :  96th A nnual A O A C  
M eeting, Shoreham Hotel, W ashington, DC. 
For additional inform ation, contact Kathleen 
Fom inaya, A O A C , 1111 N 19th St, A rling ton , 
V A  22209; telephone 703/522-3032.

J u ly  1 7 - 2 3 ,1 9 8 3 :  SA C  83—A n  International 
Conference and Exh ib ition  on Analytica l 
Chem istry, The U n ive rs ity  of Edinburgh, 
Ed inburgh, Scotland. Organized by the 
A na lytica l D iv is io n  of the Royal Society of 
Chem istry. To include: one-day U P D A T E  
courses, an exh ib ition, a social program and

tours, lectures, contributed papers, and poster 
sessions. To be covered—techniques: atomic 
spectroscopy, biochemical methods, 
chromatography, electroanalysis, 
electrophoresis, enzyme techniques, 
im munoassay, mass spectrometry, 
m icroanalysis, molecular spectroscopy, 
photoacoustic spectrometry, probe methods, 
radiochem istry, sample preparation 
(preconcentration and separation), thermal 
methods, and X-ray methods; materials: 
ag ricu ltu ral, biological, c lin ica l, 
environm ental, food and d rink , geological, 
pharmaceutical, surfaces, m etallurgical, and 
w ater and effluents; other aspects: 
automation, data processing, process control, 
microcomputers, microprocessors, quality 
control, h istorical, and industrial. For 
additional inform ation, contact P. E. 
H utch inson , Secretary, Analytica l D iv is io n , 
Royal Society of Chem istry, Burlington House, 
London, W 1V O BN , U K .

J u ly  2 7 - 3 0 ,1 9 8 3 :  3rd International 
Conference on the Instrum ental Analysis of 
Foods and Beverages— Recent Developments, 
the Corfu  H ilto n , Corfu, Greece. U nder the 
auspices of the Greek M in istry of Agricu lture . 
Co-sponsored by the Agriculture and Food 
Chem istry D iv is io n  of the Am erican Chem ical 
Society, the Institute of Food Technologists, 
and the Society of Flavor Chem ists, In c ., in  
association w ith  the Department of Food 
Science of the U n ive rs ity  of Ioannina, Greece, 
and the Cereal Institute of Thessaloniki, 
Greece. For inform ation, contact C . J. 
M ussinan, IF F  R & D , 1515 H ighw ay 36, Union 
Beach, N J 07735; telephone 201/264-4500.
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BOOK REVIEWS
M ethods in  V ita m in  B6 N utrit io n  — A n a lys is  

and Status Assessm ent. Edited by J. E. 
Leklem  and R. D . Reynolds. Published by 
Plenum  Press, N ew  York  and London, 1981. 
x i + 401 pp. Price: $49.50.

T h is  book was w ritten  for the analytical 
chem ist, biochemist, c lin ica l chemist, food 
technologist, and nutrition ist. The topic is 
very  w e ll covered and the bibliographies, old 
and current, are complete and make this an 
excellent reference book.

The volum e is d ivided into three sections. 
The first section covers historical background, 
chem ical properties, and structures of vitam in 
B6 and its d ifferent form s, and describes the 
chem ical, m icrobiological, and most recent 
instrum ental methodologies used to determine 
v itam in  B6 and its isomers or metabolites. The 
second section deals w ith  application to 
d ifferent matrices and serves as a powerful 
tool for the analyst invo lved in  methods 
developm ent w ork or the scientist invo lved  in  
measurements of v itam in  B6 and its isomers or 
metabolites. Each method assessment is 
w eighed to provide a help fu l guide for the 
scientist in  the fie ld . The fina l section deals 
w ith  recommended methods for vitam in B6 
determ ination, evaluation of established 
methods, and recommendations for future 
methodological development.

A  research chemist can read this book, gain 
he lp fu l h in ts , and perform the assay, as w e ll as 
pursue a direction in  developing a method of 
analysis.

In  sum m ary, th is inform ative and w e ll 
w ritten  book is h ig h ly  recommended as a 
reference book.

M a r t i n  B u e n o
F o o d  a n d  D r u g  A d m in is t r a t io n  
W a s h in g to n ,  D C  2 0 2 0 4

L iq u id  Chrom atographic A n a lys is  of Food 
and Beverages. Vo lum e 1. Edited by 
George Charalambous. Published by Aca
demic Press, In c ., N ew  York , N Y  10003 and 
Academ ic Press, Inc. (London) Ltd , London, 
U K , 1979. 236 pp. Price: $16.00.

Papers presented A p ril 1-6,1979, in  
H ono lu lu , H aw aii, at a symposium on the 
analysis of foods and beverages by H P L C  
comprise this book. The symposium was 
organized by the Flavor Subdivision of the 
Am erican Chem ical Society at its 177th 
National Meeting in  conjunction w ith  the 
Chem ical Society of Japan, w ith  officia l 
participation of the Royal Austra lian  Chem ical 
Institute , The N ew  Zealand Institute of 
Chem istry , and the Chem ical Institute of 
Canada.

The book presents a good assemblage of 
actual H P L C  analysis and methodology for a 
varie ty of food components: citrus products, 
am ino acids, aflatoxins, anthocyanins, 
capsaicins, v itam ins, pesticides, essential oils, 
Am adori compounds, and germinated 
soybeans and flours. It contains up-to-date 
inform ation on the use of microprocessor- 
based variable wavelength detectors, dual 
detection systems, fluorescent detectors, and 
im proved data collection. The scientist 
invo lved  w ith  analysis of foods w ould find  
th is book useful because H P L C  analysis very 
often offers superior accuracy, precision, and 
identification .

Volum e 2, in  the process of publication, 
contains other presented papers not available 
for Volum e 1. S ix chapters in  Volum e 2 cover 
theory and application of reverse phase H P LC .

R o b e r t  D . S t u b b l e f ie l d  
U .S . D e p a r tm e n t  o f  A g r ic u l tu r e  
N o r th e r n  R e g io n a l R e se a rc h  C e n te r  
P e o r ia , IL  6 1 6 0 4
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NEW PUBLICATIONS
The Q u a lity  of Foods and Beverages,

Chem istry and Technology, Vo lum es 1 and
2. Edited by George Charalambous and 
George Inglett. Published by Academic 
Press, Inc ., I l l  F ifth  Ave , N ew  York , N Y  
10003, 1981. Vo l. 1: 456 pp., $29.50, ISBN
0- 12-169101-2. Vo l. 2: 400 pp„ $26.50,
ISBN  0-12-169102-0.
These two volumes present the proceedings 

of a conference on the quality of foods and 
beverages held in  Athens, Greece, in  1981, 
under the auspices of the Greek M in istry  of 
Agricu lture . Fifty-eight authors discuss the 
recent find ings of 105 scientists from 20 
countries on the chem istry and technology 
underly ing the quality of foods and beverages. 
Effects on quality of taste and flavor 
interactions w ith  food components, as w e ll as 
those of complex carbohydrates, cyclodextrins, 
hydro lyzed proteins, and plant additive water- 
lip id  interactions; new sweeteners and the 
search for sweetness criteria ; flavor 
contribution of volatile  su lfu r compounds, 
carotenoids, and cell-mediated immune 
responses; new mechanized plating 
instrum ent for viable microorganism counts; 
novel proteins; advances in  shoyu research, 
legume processing, cheese flavor research and 
breadmaking; and developments in  analytical 
methodology in  the fie lds of scotch w h isky 
flavor, w ines, v inegar, alcoholic beverages, 
and coffee.

1982 U S A N /U S P  D ictio nary  of D rug Names.
Published by U .S. Pharmacopeial 
Convention, Inc .; distributed by U SAN  
D iv is io n , USP Convention, Inc , 12601 
Tw inbrook Pkw y , Rockville , M D 20852,
1981. 615 pp. Price: $25.00 in  US (for
1- 10 copies), $21.75 in  US (for 11-24 copies). 
Since 1961, the United States Adopted

Names (U SA N ) system has been operating to 
assign a single , nationally recognized name'for 
every new substance that shows promise as a 
drug. The U .S . P h a r m a c o p e ia , the N a tio n a l  
F o r m u la r y , and the Food and Drug 
Adm inistration use U SA N  as established or 
officia l drug names. Inform ation included 
among the 17 000 entries is U SA N , 
pronunciation guides, compendial and other 
generic names, brand names, therapeutic 
categories, m anufacturers, investigational code 
designations, CA S registry numbers,

International Nonproprietary Names (IN N ), 
and molecular weights. To facilitate literature 
search, the m ultip le CA S registry numbers are 
annotated to relate them to various forms of a 
compound. O f the 2881 IN N  included, 2462 
are independent entries because the 
compounds concerned are covered by no other 
entries in the book.

H andbook of To x ic  Fungal M etabolites. By
Richard J. Cole and R ichard H . Cox. 
Published by Academic Press, Inc ., I l l  F ifth  
A ve , N ew  York , N Y  10003,1981. 924 pp. 
Price: $79.00. ISBN  0-12-179760-0. 
Facilitating the identification of known or 

related mycotoxins is the purpose of this 
handbook. It provides a comprehensive 
accumulation of chem ical, physical, spectral, 
and biological data on toxic fungal metabolites 
and related chemicals that are scattered 
throughout the literature. The book w il l  also 
be particu larly useful to scientists interested in 
some aspect other than the toxic nature of a 
particu lar chemical species or related species. 
Where possible, actual copies of U V , IR , 
1H -N M R, 13C-N M R, and mass spectra are 
presented to facilitate spectral identification of 
know n mycotoxins or related metabolites.
The handbook is p rim arily  oriented toward 
fungal metabolites that e lic it a toxic response 
in  vertebrate anim als; however, metabolites 
that show little  or no know n acute toxicity are 
included because of their chemical or close 
biosynthetic relationship to a toxin or group of 
toxins.

Q u a lity  Contro l in  A n a ly t ica l C hem istry . By
G errit Kateman and Frans W . Pijpers. 
Published by W iley Professional Books-By- 
M ail, John W iley & Sons, Inc ., Dept 0199, 
Somerset, NJ 08873, 1981. 320 pp. Price: 
$40.00. ISBN  1-46020-6.
Techniques for im proving the quality of 

analytical methods, sam pling, and data 
handling are described in  th is guide.
Questions such as w h ich  quality parameters 
can be improved and w h ich  one should be 
improved first are answered on the basis of 
statistical techniques. In  addition, effective 
ways to control and select analytical 
procedures and organize analytical w ork for 
maximum benefit are discussed.
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A quatic C h em istry , 2nd E dition . A n  
Introd u ction  E m ph asizin g  C hem ical 
E quilibria in  N atural W aters. By W erner 
Stum m  and James M organ. P ublished  by 
W iley P rofessional Books-By-M ail, John 
W iley & Sons, Inc., D ept 0199, Som erset, NJ 
08873, 1981. 780 pp. Price: $45.00. ISBN
1-04831-3.
The latest ed ition  o f this text responds to 

aquatic chem istry's m aturation in  u n ify in g  
concepts, applications, and techn iques, and to 
its b u rgeon in g data. Chem ical equ ilibrium  is 
retained as the basic fram ework essentia l for 
an understanding o f aquatic chem istry w ith  
increased attention  g iven  to steady-state and  
dynam ic m odels em p loy in g  m ass-balance 
approaches and k inetic inform ation. 
A d ditional sections are d evoted  to organic 
com pounds in  natural w ater system s and to 
th e use o f stable and radioactive isotopes in  
characterizing physical and chem ical 
processes. S ignificant advances in  m arine 
chem istry, so lid -so lu tion  interface, and k inetic  
considerations are also covered.

D ig ita l C om puters in  A n aly tica l C h em istry , 
Parts I & II. Edited by J. B. Justice, Jr, and
T. L. Isenhour. P ublished  by Academ ic 
Press, Inc., I l l  Fifth A ve, N ew  York, NY
10003,1981. Parti: 384 pp, $56.00. ISBN
0-12-786786-4; Part II: 416 pp, $56.00, ISBN
0-12-786787-2. Price for Parts I & II 
purchased together, $ 1 0 0 .0 0 ; not va lid  in  
Australia or N ew  Zealand.
The evo lu tion  o f com puter use in  analytical 

chem istry is traced in  th is tw o-vo lu m e work. 
Part I surveys 1950-1969 and covers the 
d ev elop m en t o f large-scale data processing  
facilities in  the U n ited  States. It em phasizes  
w ork on  o ff-lin e num erical processing o f data. 
Part II covers 1970-1978 and d iscusses the

ev o lu tion  o f m inicom puters and the grow th  of 
data acquisition.

O rganic Trace A n a ly sis  b y  L iquid
C hrom atography. By James F. Lawrence. 
P ublished  by Academ ic Press, Inc., I l l  Fifth 
A ve, N ew  York, NY 10003,1981. 284 pp. 
Price: $34.00. ISBN 0-12-439150-8.
A nalysts in v o lved  in  the determ ination  o f  

trace organics in  m any d ifferent substrates w ill 
fin d  this book to be o f value. It w ill be of 
particular interest as a teach ing aid for those  
entering the field  o f trace analysis w ith  the  
in ten tion  o f usin g  liqu id  chrom atography. 
Chapter titles are: G eneral C onsiderations in  
D ev elo p in g  a Trace A nalytical T echnique  
E m ploying Liquid Chrom atography, P um ping  
System s, Sam pling T echnique and Injection  
Ports, Chrom atography C olum ns and Packing  
M aterials, D etectors, Chrom atography, 
Chem ical D erivatization, Sam ple Extraction 
C leanup, Approach to M ethods D evelop m en t, 
and Routine A n alysis, and A pplications.
C arotenoids as C olorants and V ita m in  A 

Precursors, T ech n olog ica l and N u tr itio n a l 
A p p lica tion s. Edited by J. C hristopher 
Bauernfeind. P ublished  by A cadem ic Press, 
111 Fifth A ve, N ew  York, NY  10003,1981. 
924 pp. Price $95.00. ISBN 0-12-082850-2. 
The ex isting k n ow led g e on  the application  

of carotenoids to food  and to the feed  of 
anim als, fish , poultry, and birds is assem bled  
in  th is book. The use o f carotenoids in  
m edicine, in  the co loring o f pharm aceutical 
and cosm etic products, their un iq u e role as 
photoconductors, and analytical m eth od ology  
are discussed. The vo lu m e illustrates the  
im perfect state o f k n ow led g e  on  the  
qualitative and quantitative distribution of 
carotenoids in  natural foods and calls for an 
effort in  apply ing m odern analytical 
m eth od ology  to carotenoid determ ination.
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A n a l y t i c a l  D i v i s i o n  o f  T h e  C h e m i c a l  S o c i e t y  to include a wide range of topics of 
general interest to analytical chemists, a change of title to 
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Recent and forthcoming issues include the following:
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