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IS CONVENIENT
N e w  4 - l i t e r  B - J a c k e t ®  S a f e t y  B o t t l e  C o v e r  p r o t e c t s  l a b o r a t o r y  

p e r s o n n e l  a g a i n s t  f l y i n g  g l a s s  a n d  s p i l l e d  s o l v e n t s  in  c a s e  o f  

b o t t l e  b r e a k a g e .  T h e  b o t t l e - h u g g i n g  c o v e r  r e m a i n s  o n  t h e  b o t t l e  

t h r o u g h o u t  u s e  a n d  d o e s  n o t  i n t e r f e r e  w i t h  p o u r i n g  f r o m  t h e  

b o t t l e .  If  b o t t l e  b r e a k a g e  o c c u r s ,  t h e  d u r a b l e  t w i s t - o n  t w o - p a r t  

j a c k e t  c o n t a i n s  t h e  b r o k e n  b o t t l e  a n d  c o n t e n t s ,  m i n i m i z i n g  

s p l a s h i n g  o f  l i q u i d ,  a n d  m a k e s  d i s p o s a l  c o n v e n i e n t .  F u l l  d e t a i l s  

a r e  p r o v i d e d  in  o u r  n e w  b u l l e t i n .  W r i t e  f o r  y o u r  c o p y  t o d a y .

B U R D I C K &J A C K S O N

L A B O R A T O R IE S , IN C .
1953 South Harvey Street, Muskegon, Michigan U.S.A. 49442 616-726-3171
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TECATORINC 
Sales and

When Dr. F. von Soxhlet introduced his method 
of extraction he had no idea how far it would one 
day be developed. So he would be very surprised if 
he could see how effectively our Soxtec Systems 
carry out the same process today.

W ith Soxtec the traditional methods such as 
Soxhlet and Goldfisch have been improved in 
every essential aspect.

Soxtec is much faster. The extraction time 
has been reduced by 80 % when compared to th a t 
ofSoxhlet.

It is much safer. There is no risk of electrical 
discharge in the vicinity of solvent vapours to 
touch off any explosions.

It is much cheaper to carry out. F aster analy- 
handling and up to 70 % 

bring improved economies.
5 we achieved w ithout loss of accu-

racy. Detailed comparisons show th a t Soxtec pro
vides results equal in accuracy and reproducibili
ty to Soxhlet and Goldfisch.

In short, Soxtec is the Soxhlet revolution. It 
is also a further example of the Tecator philo
sophy. To develop and rationalize well proven 
and tested methods and to convert them  into 
modern routine analyses. Today there are more 
than  a thousand laboratories using Soxtec. And 
their num bers are increasing every day.

tecator
WE MAKE ROUTINE ANALYSIS SIMPLE.

INC. PO Box405. Herndon VA 22070 Phone (70314353300. Telex 903034 
service exclusively by Fisher Scientific Company.

:e w o n  w a d e r  service  'card



A U T O M A T I O N

S Y S T E M

F R O M  A B C  L A B O R A T O R Y

UTOVAP™ Model 6 0 0

R e a d y  fo r  G C /L CAutomatically:
• evaporates
• concentrates
• solvent 

exchanges
• makes to 

volume
• transfers 

samples
to GC/HPLC 
Autoloader j 
sealed vials 
for analysis I

• Capable of 
o n - l i n e  j 
or discreet 
s a m p l i n g

A N A L Y T I C A L  BIO-CHEMISTRY LABORATORIES, INC 
P.O. Box 1097 • Columbia, MO 65205 
314/474-8579 • Telex 821 814

Foss Electric
Germany phone: 040-85-9016 j

j Italy (0429) 5566 R.A. j
! Ireland 01-953301 !

France 280.64.30 |
(Lignes Groupées)

Australia (02) 450-2822 j
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UNITREX

Universal Trace Residue Extractor.
SGE’s Universal Trace Residue Extractor - 

Unitrex - gets the worst out of your samples. Unitrex 
has been developed as an efficient and economical 
clean-up system for the recovery of pesticides and 
organic residues from meat fats, butter, cheese, 
vegetable oils and a wide range of samples.

Operating and maintenance costs have been kept 
to a minimum. Unitrex can process 10 samples 
simultaneously, and only small amounts of solvent and 
gas are required. The processing is fast and reliable - 
and Unitrex has rapid warm-up and ±  1°C temperature 
stability.

Performance is excellent. Recoveries for a range of 
pesticides, both organo-chlorine and organo
phosphorous compounds, are better than 90% for 
most samples at ppb levels, and the extract is clean 
enough for direct chromatographic injection into 
capillary columns or packed columns, even with highly 
sensitive detectors such as ECD, FDP. and NPD.

Head Office and International Sales
Scientific Glass Engineering Pty Ltd 
7 Argent Place Ringwood 
Victoria 3134 Australia.
Telephone (03)8746333
UK Sales Office
Scientific Glass Engineering (UK) Ltd 
Potters Lane Kiln Farm 
Milton Keynes MK11 3LA Great Britain 
Telephone (0908)56 8844
U.S.A. Sales Office
Scientific Glass Engineering Inc 
2007 Kramer Lane Suite 100 
Austin Texas 78758 USA 
Telephone (512)837 7190
German (BRD) Sales Office
Scientific Glass Engineering GmbH 
Fichtenweg 15 
D-6108 Weiterstadt 1 
Telephone (06150) 40662
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IS  Y O U R  A O A C L

C O M P L E T E ?

i

Quality Assurance Principles fo r FDA Bacteriological Analytical Manual
Analytical Laboratories (BAM) 5tb Ed.

1984. 224 pp. Softbound. ISBN 0-935584-26-9. 1978. 448 pp, Looseleaf. ISBN 0-935584-12-9-
Members: $41.25 in U.S., S44.25 outside U.S. Members: $24.50 in U.S., $27.50 outside U.S.
Nonmembers: S45.50 in U.S., $48.50 outside U.S. Nonmembers: $27.00 in U.S., $30.(X) outside U.S.

A handbook for initiating or improving a laboratory quality Provides regulatory and industry laboratories with methods
assurance program. for detection of microorganisms. Updated by supplements.

FDA Training Manual fo r  Analytical Newburger’s Manual o f Cosmetic Analysis 2nd Ed.
Entomology in the Food Industry. 1977. 150 pp. Softbound. ISBN 0-935584-09-9-

1978. 184 pp. Looseleaf. ISBN 0-935584-11-0. Members: $1.3.70 in U.S., $14.70 outside U.S.
Members: S 13.25 in U.S., S 14.25 outside U.S. Nonmembers: $15.00 in U.S., $16.00 outside U.S.
Nonmembers: $14.50 in U.S., $15.50 outside U.S. Chromatographic techniques and spectroscopy with

With the aid of this text, organizations can set up their analyses for various specific cosmetics.
own in-house training. Statistical Manual o f the AOAC.
Nutrient Analysis Symposium: Proceedings. By W.J. Youden and E.H. Steiner. 1975. 96 pp Soft-

1980. 116 pp. Softbound. ISBN 0-935584-17-X. bound. Illustrations. ISBN 0-935584-15-3.
Members: $9-10 in U.S., $10.10 outside U.S. Members: $12.25 in U.S., $13.25 ouside U.S.
Nonmembers: $10.00 in U.S., $11.00 outside U.S. Nonmembers: $13.50 in U.S., $14.50 outside U.S.

State of the art and new possibilities for nutrient analysis. A do-it-yourself manual for statistical analysis of inter-

Mycotoxins Methodology. laboratory collaborative tests.

1980. 22 pp Softbound. ISBN 0-935584-16-1. International Symposium on Drug Residues
Members: $10.90 in U.S., $11.90 outside U.S. in  Animal Tissues: Proceeding.
Nonmembers: $12.00 in U.S., $13.00 outside U.S. 1978. 119 pp. Softbound. ISBN 0-935584-18-8.

Reprinted from Chapter 26 Offkal Methods of Analysis, Members: $910 in U.S., $10.10 outside U.S.
13th Edition. Approved methods for natural toxins in Nonmembers: $10.00 in U.S., $11.00 outside U.S.
many commodities. Papers on instrumentation and methodology needed for

Mycotoxins Mass Spectral Data Bank. low-level determination of drugs and their major

1978. 60 pp. Softbound. ISBN 0-935584-13-7. 
Members: $12.80 in and outside U.S.
Nonmembers: $14 00 in and outside U.S.

A computer-based compilation of 104 mass spectra with

To obtain books, send order with your 
name and address and payment to 
AOAC
1 1 1 1 N. 19th St., Suite 210-J 
Arlington, VA 22209, USA.
703/522-3032
To qualify for member price, include 
Member Number with order. Member 
Numbers begin with VM .

listing by molecular weight.

A Chemist’s Guide to Regulatory Drug A nalysis.
1974. 134 pp. Hardbound. Illustrations ISBN 
0-935584-05-6. Members: $11.00 in and outside U.S. 
Nonmembers: S12.00 in and outside U.S.

A guide to laws, regulations, literature, and methods 
structure of regulatory drug analysis.

Test Protocols fo r the Environmental Fate and 
Movement o f Tbxicants—Symposium Proceedings.

1981. 336 pp. Softbound. ISBN 0-935584-20-X.
Members: $27.30 in U.S., $30.30 outside U.S. 
Nonmembers: $30.00 in U.S., $33 00 outside U.S. 

Chemical and biological tests plus methods for interpreting 
or predicting results through mathematical models.
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H o lly  D . R o s s  a n d  J o s e p h  H . H o t c h k is s

Veterinary Analytical Toxicology_______________________________________________________________

44 A tom ic  Absorption  Spectrophotom etric D eterm ination  o f L iv e r  Copper: 
C ollaborative Study  
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Oils and Fats__________________________________________________________________________________________
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56 Com parison o f C arr-Price Analysis and L iq u id  Chrom atographic Analysis for 
V itam in  A  in Fortified  M ilk  
R o b e r t  S . M ills

Pesticide and Industrial Chemical Residues__________________________________________________________

59 Gas Chrom atographic D eterm ination  o f P icloram  in Fish
A lla n  W . R i e g e r ,  D e r e k  C . G . M u ir , a n d  M a r ily n  R . H e n d z e l  

61 D eterm in ation  o f Phosphine: Com parison o f Rates o f Desorption by Purge-and- 
T rap  M ethod  and by Sulfuric A cid  Treatm ent 
T a la t  S a e e d  a n d  R o h i  A b u - T a b a n ja

64 T h e  L u ke  et al. M ethod  fo r Determ in ing M ultipesticide Residues in Fru its and 
Vegetables: C ollaborative Study  
L e o n  D . S a w y e r

71 Residue M ethodology for A M D R O  F ire  A n t Insecticide (A C  217,300) in Pasture 
Grass and Crops
S t e v e n  J .  S to u t , W illia m  A . S t e l l e r ,  R o b e r t  E .  T o n d r e a u , A r th u r  J .  M a n u e l,  
a n d  A d r ia n  R . d a C u n h a

76 Im p roved  Polarographic M ethod  fo r D eterm ination  o f Glyphosate H erb ic ide  in 
Crops, Soil, and W ater  
H â k o n  O . F r i e s t a d  a n d  J a n  O . B r p n s t a d

Preservatives and Artificial Sweeteners_______________________________________________________________

80 E xtrac tion  o f Organic Acids by Ion -P a ir Form ation w ith  T ri-n -O cty lam ine.
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83 Sim ple C o lorim etric  M ethod  for D eterm ination  o f Thiam ine H ydroch loride  in 
Pharm aceuticals
R a m e s h  T. S a n e ,  V ip u l J .  D o s h i ,  S w a t i  J u k a r ,  S a n ja y  K .  J o s h i ,
S a t i s h  V . S a w a n t ,  a n d  U lh a s  R . P a n d it

85 L iq u id  Chrom atographic D eterm ination  o f Prim idone in Tablets: C ollaborative
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J e r r y  F o g e l ,  J a y  S i s c o ,  a n d  F r itz  H e s s
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NEW PRODUCTS

UV Detector
M o d e l 116 high sensitivity, variable  
w avelength U V  detector allows pro
gram m ing o f all instrum ent param e
ters fo r routine and com plex L C  
applications. M odel 116 operates from  
190 to 380 nm w ith  a sensitivity range 
o f 0 .0 0 1 -2 .0  A U F S , m onitors at 2 
s e n s it iv it ie s  s im u lta n e o u s ly , and  
incorporates a built-in  keypad and 
com puter interface to set w avelength , 
cell pathlength, sensitivity, am plifier 
tim e constant, and fullscale output 
voltage. The optical com partm ent is 
purgeable, and the stepper m otor- 
driven m onochrom ator is laser-aligned 
fo r m axim um  precision. Contact: G il
son M edical Electronics, Box 27, 3000 
W . B eltline , M idd le ton , W I  53562; 
608/836-1551.
Circle No. 391

Drinking and Waste Water Analysis
System

T he  Closed Loop  Stripping Analysis  
(C L S A ) system incorporates capil
lary  G C  and G C /M S , uses charcoal 
as an absorbent, uses small amounts 
o f trapping m aterial to m in im ize arti-

facts from  filter bed materials, has high 
sensitivity in the 1 -1 0  ng/L  range, and 
has a 10 min extraction. Contact: Tom  
Jackson, E rba  Instrum ents, 4 D oul- 
ton PI, Peabody, M A  01960; 617/535- 
5986.
Circle No. 392

Filtration Apparatus
The U ltra -w are  funnel/support assem
bly for micro filtration o f liquids uses 
standard 47 m m  diam eter filter mate
rial. A  T F E  adapter which can connect 
to 1000 m L  filter flasks, and provides 
total inertness. Funnel capacity is 300 
m L  (100 m L  filter is optional) .C o n tact: 
K ontes Scientific G lassw are/Instru- 
ments, Spruce St, PO  Box 729, V ine- 
land, N J 08360; 609/692-8500.
Circle No. 393

LC Column
Cyclobond I  is based on the bonding 
of beta-cyclodextrin  to a 5 pm  silica 
gel to produce a non-nitrogen, non- 
hydro lytic  chiral and general purpose 
phase. The m ethod o f separation is 
inclusion com plexing, and C yclo 

bond I  can separate enantiom ers, 
positional isomers, and analogs in high 
aqueous solvent systems. Columns are 
100 x  4 .6  m m  and 250 x  4 .6  m m  
sizes. Contact: A dvanced  Separation  
Technologies In c ., 37 Leslie  C t, PO  
B ox 297, W h ipp an y , N J  07981; 201/ 
428-9080.
Circle No. 394

Liquid Chromatograph
The Series 1000 uses axial com pres
sion, h igh-efficiency columns (40 and 
80 m m  id) that are slurry-packed by 
the user fo r separation o f pharm aceu
ticals, organic chem icals and in te r
m ediates, fragrance and flavo r chem 
icals, essential oils, natural products, 
peptides, proteins, and polynucleo
t id e s . E ff ic ie n c ie s  e x c ee d  10 000  
plates/m . A  m icrocom puter w ith  a 
m e n u -d r iv e n  p ro g ra m  in  B A S IC  
a u to m a tic a lly  c o n tro ls  o p e ra tin g  
param eters, including sample in jec
tion , fraction collection, recycling, 
column conditioning and backflush, 
and step gradients. Contact: Jack 
Cazes, E lf  A quita ine D evelopm ent, 
PO  B ox 1678, M u rra y  H ill  S tation,

$ £ v * Multi-function 
statistics library

■  P o w e rfu l d a ta  m a n ip u la t io n  a n d  t ra n s fo r m a t io n  u til it ie s

■  A S C II f i le  s tru c tu re  fo r  in te r fa c e  to  o th e r  a p p lic a t io n s  s o f tw a r e

■  E x te n s iv e  c o m p u ta t io n a l lib ra ry

■  A v a ila b le  fo r  C P /M , M S  D O S  (P C  D O S ), a n d  C T O S  (B T O S )

N o r t h w e s t  A n a l y t i c a l ,  I n c .

5 2 0  N W  D a v is  S t., P o rtla n d , O re g o n  9 7 2 0 9  5 0 3 -2 2 4 -7 7 2 7
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Let's talk at the Pittsburgh Conference. 

Reserve time for our mini-seminars in Rooms EE/FF.

Look for announcements at Booths 1745-47-49.

Ion a n a ly s e s  in 2 0  s e c o n d s . 
L et u s s h o w  y o u  th e  w a y .

ip

is in 
cample

Method
|sys-

high

Flow Injection Analysis is the fastest and jbiost 
effective method for routine analyses of it 
water, soil, fertilizers and beverages, for < 
analyses of N 0 2, N O3, PO 4 - , NH 4  , S 0 2  ar 
C 0 2.

We have led the development of this i 
and it has resulted in the highly advancec 
tern we have nam ed FIAstar® System.

FIA star provides for analyses a t a ver 
speed, w ith production of results w ithin 2 0  se
conds . The consumption of both sample and 
reagents is extremely low and the rapid start-up/ 
shut-down enable changes of method to be carried 
out very quickly. In addition FIA star calculates 
the results im m ediately and shows them  on a 
display and a printer/plotter.

Flow Injection Analysis is already well 
established in a num ber of fields, which have 
been the subject of hundreds of publications. Its 
growth and expansion into new fields is contin

ual, thanks to intensive development of m etho
dology in our application laboratories and in the 
hands of users all over the world.

Why not allow us to teach you about Flow 
Injection Analysis? We are world leaders in our 
fields and we hold sem inars a t frequent intervals 
as well as workshops in num bers of cities.

We will be happy to send you more inform a
tion about the analytical technique of the future, 
Flow Injection Analysis.

tecator
WE MAKE ROUTINE ANALYSIS SIMPLE.

TECATOR INC. P O Box 405. Herndon VA 220 70 Phone (703) 435 3300. Telex 903034. 
TECATOR AB. Sweden. Phone 042-42330. TECATOR LTD. UK. Phone 0454-41 7798. 

TECATOR GmhH. Germany. Phone 06106 13072. TECATOR S.A. France. Phone 01-2602424



A N N O U N C I N G

A  N ew  H andbook o n  
H ow  to  Set Up o r  Im prove  

L ab o rato ry  Q uality  
A ssu ran ce P ro g ram s

Q u a l i t y  A s s u r a n c e  P r i n c i p l e s  

f o r  A n a l y t i c a l  L a b o r a t o r i e s

by Frederick M. Garfield
f o r m e r  A s s is t a n t  A d m in i s t r a t o r  

U.S. D r u g  E n fo r c e m e n t  A d m in is t r a t io n

This handbook provides essential informa
tion needed to design, document, implement, 
or improve a laboratory quality assurance pro
gram . . .  A program that can enable you to 
document the credibility of your laboratory’s 
analytical data.

The handbook also provides a rational and 
solidly based justification for commitment of 
resources to improved laboratory operation.

Drawing from published principles, prac
tices, guidelines, and procedures, the book 
brings together the experiences of experts who 
have developed and implemented s u c c e s s fu l  
“QA” programs.

CONTENTS:
C h a p t e r s  —
I. Administrative Considerations
II. Personnel Management
III. Management of Equipment and Supplies
IV. Records Maintenance
V. Sample Analysis
VI. Proficiency Testing
VII. Audit Procedures
VIII. Design and Safety of Facilities
IX. Laboratory Accreditation Programs and 

Good Laboratory Practices Regulations

A p p e n d i c e s —
A. Quality Assurance Publications 

and Programs
B. Forms Used by U.S. Federal Agencies
C. Instrument Performance Checks
D. Control Charts
E. FDA Audit Measure Procedures
F. Safety Publications
G. Glossary

1984. 224 pp. Softbound, ISBN 0-935584-26-9. 
Price — Members: $41.25 in U.S., $44.25 outside 

U.S.; Nonmembers: $45.50 in U.S., $48.50 
outside U.S.

1 8 8 4 - 1 9 8 4

To obtain book, send 
order and remittance 

toAOAC, 1111 N. 19th 
Street, Suite 210-J, 

Arlington, VA 
22209 USA 

(US funds only)

QUALITY ASSURANCE PRINCIPLES For ANALYTICAL LABORATORIES
Fr«d»rtcJt M <SarS*la

10A J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 1, 1985)



N E W  P R O D U C T S

N e w  Y o rk , N Y  10156; 212/725-2555. 
C ircle No. 395

R eagent D ispenser
O xford  5200 dispensers have 3 adjust
able ranges: 0 .2 -0 .8 , 0 .8 -3 , and 3 -1 0  
m L ; thread diam eters o f 2 0 -4 5  mm ; 
vern ier-type adjustm ent to yield  vo l
ume settings w ith  1% accuracy and 
0 .5%  precision; and construction of 
Fluoroplastic and glass, w ith  ceram ic  
ball valves. Contact: Sandra O siecki, 
M onoject Scientific, Sherwood M e d 
ical, 1831 O live St, St. L ou is , M O  
63103; 314/621-7788.
C ircle  No. 396

D esiccator C abinet
The A u to  D ry  desiccator cabinet fo r  
c h ro m a to g ra p h y  p la te s , ch em ica l 
standards, and general storage fea
tures a self-contained, heat-driven  
component that autom atically absorbs 
m oisture in the cabinet, and a 15 W  
incandescent light to provide addi
tional heat fo r m oisture absorption. 
The cabinet has 2 rem ovable trays, 
one w ith  slots fo r chrom atography  
plates, and is made o f 20 gauge, cold- 
ro lle d , e p o x y -c o a te d  s te e l. U n it  
dimensions are 16 x  12 x  14 in. and 
25 lbs. Contact: Susan G regory, L ab - 
conco C o rp ., 8811 Prospect, Kansas 
C ity , M O  64132; 816/333-8811.
C ircle  No. 397

P rep arative  E lectrofocusing System
The Im m obiline®  gel has a p H  gra
dient covalently  bound to a po lyacry
lam ide gel to a llow  preparative elec
trofocusing o f large sample volumes  
and high protein loads, w ith  high res
olution and recovery. A ll procedural 
steps, from  pouring the gel to recov
ering the sample, are detailed in 
A pplication  N o te  323, available free  
upon request. Contact: L K B  In s tru 
m ents, 9319 G a ith er R d, G aithers
burg, M D  20877; 301/963-3200.
C ircle  No. 398

Salt A nalyzer
A n  a u to m a te d  a n a ly z e r  s im u lta 
neously measures N a , K , and C l con
tent in any aqueous food extract and 
a w ide varie ty  o f beverages by stan
dard electrode methods. U p  to 52 
samples m ay be analyzed/h. A  m icro 
processor allows com plete autom a
tion , including periodic recalibra
tions. Contact: Project M anager, N o va  
A n aly tical, N o v a  B iom edical C o rp .,

20 Ossipee R d , N e w to n , M A  02164; 
617/965-0800.
C ircle  No. 399

D atabase
The A m erican  Society o f H ospital 
Pharm acists has produced a data
base, D rug Inform ation Fulltext®, that 
represents the A m e r i c a n  H o s p i t a l  

F o r m u l a r y  S e r v i c e — D r u g  I n f o r m a 

t io n  8 4 ®  and the H a n d b o o k  o n  I n j e c t 

a b l e  D r u g s ,  T h i r d  E d i t i o n .  The  data
base is a v a ila b le  th ro u g h  D ia lo g  
In fo rm ation  Services, In c ., o f Palo 
A lto , C A , and Bibliographic Retrieval 
Systems, o f L a th am , N Y .  The data
base represents more than 50 000 
m a rk e te d  d ru g  p ro d u c ts  th ro u g h  
generic, evaluative drug descriptions 
containing inform ation  on cautions, 
in te r a c t io n s ,  p h a rm a c o k in e t ic s ,  
c h e m is try , d o sag e , and  s ta b ility .  
Contact: A m erican  Society o f H os
pital Pharm acists, 4630 M ontgom ery  
A v e , Bethesda, M D  20814; 301/657- 
3000.
C ircle  No. 400

T L C  Developing C h am b er
T he V e g a -T 200X  developing cham 
ber has 2 solvent com partm ents, each 
o f  15 m L  c a p a c ity ,  p e r m it t in g  
simultaneous developm ent from  either 
end o f the T L C  plate or sequential 
developm ent; adjustable leveling legs 
to ensure linear solvent fronts; pack
age o f 25 w icks; and package o f 5 
saturation pads. Contact: Advanced  
Separation Technologies, In c ., 37 
Leslie C t, PO  B ox 297, W hippany, 
N J 07981:201/428-9080.
C ircle  No. 300

Liquid Injection  System
The A S  550 A utosam pler autom atic  
liquid  injection  system fo r septum 
less, cold, on-colum n injectors and 
vaporizing capillary  injectors avoids 
d is c r im in a t io n  o f  sam p le  c o m p o 
nents, elim inates m any peak distor
tions, prevents therm al sample deg
radation, and avoids sample flash
back. Features include injection o f up 
to 60 samples, vaporizing  in jector sta
b ility , excellent volum e reproducibil
ity , fu ll volum e adjustab ility , accu
rate sample in jection , and optional 
m a n u a l o p e ra t io n . C o n ta c t:  T o m  
Jackson, E rb a  Instrum ents, 4 D oul- 
ton PI, Peabody, M A  01960; 617/535- 
5986.
C ircle  No. 301

Fiber
Analysis.

The new Fibertec E  
for enzymatic methods.

Dietary

Fibertec E.
Fibertec E is a system for 
laboratory testing of die
tary fiber in foods, e.g. 
according to the official 
method. The Fibertec E 
has been developed in 
cooperation with leading 
fiber researchers to 
speed up and rationalize 
enzymatic fiber determ i
nation.

Precision.
The Fibertec E gives re
sults as precise or better 
th a n  those obtained by 
m anual methods.

Capacity.
24 samples a day.

Please call or w rite for 
your 8 page color 
brochure today.

t e c a t o r
P.O. Box 405, Herndon, VA 22070. 

Phone: (703)435-3300. Telex: 230/903034.

Sales and service exclusively by 
Fisher Scientific Company.
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I f  y o u  d o n ' t  s u b s c r i b e  t o

trends in
analytical chemistry

y o u  w i l l  h a v e  m i s s e d  t h e s e  i m p o r t a n t  a r t i c l e s  i n  r e c e n t  i s s u e s :

Using computers to interpret IR spectra of complex molecules 
by H.B. Woodruff

Instrumentation for process measurement and control in the bioprocess industry 
by J.R. Wilson

X-ray fluorescence spectrometry applied to the analysis of environmental samples 
by N.G. West

Determination of drugs and metabolites in biological fluids 
by R.V. Smith

The measurement of enzyme catalysed rates of reaction by 2D NMR spectroscopy 
by J.A. Ferretti and R.S. Balaban

Steroid analysis in the pharmaceutical industry 
by S. Gbrog

Analysis of anti-hormones
by H.F. de Brabanderand R. Verbeke

Enzyme immunoassays with electrochemical detection 
by G.S. Sittampalam and G.S. Wilson

Agarose gels in FIPLC separation of biopolymers 
by S. Hjerten

In every issue you w ill find:
★  C ritica l reviews - by leading experts which assess every aspect of analytical

methodology, instrumentation and applications
★  Updates - on new techniques, new methods and new approaches
★  Comm entaries - on significant papers in the current literature and important

scientific congresses
★  B iotechnology Focus - Short articles describing new developments
★  Com puter Corner - Chemical applications, hardware, software, interfacings,

mathematical tools and tips

TrAC provides a comprehensive digest of current developments in the analytical 
sciences.
Personal Edition -10  issues per year: UK: £ 25.00; USA & Canada: US $43.00; 
Europe (except UK): 118 Dutch guilders; Japan: Yen 14,000; Elsewhere:
128.00 Dutch guilders.
Library Edition - volume 4 (1985) - 10 issues plus hardbound compendium volume. 
USA, Canada, Europe: US $ 142.50/385 Dutch guilders. Elsewhere: 398 Dutch 
guilders.
Prices include air delivery worldwide.
Send or call now for a free sample copy

E L S E V I E R  S C I E N C E  

P U B L I S H E R S

P.O.Box 330 Dept. NASD
1000 AH Amsterdam 52 Vanderbilt Avenue
The Netherlands New York, NY 10017, USA m
tel.(020)5803 911 te l.(212)916 1250 S
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Solvent and Acid Cabinets
The Protector solvent storage cabinet 
safely stores solvents and other flam 
mable liquids and features an auto
m atically closing door in case o f fire. 
The Protector acid cabinet is for stor
ing and venting acids and other highly 
corrosive liquids and features a spill
stopping w ork surface. Cabinets are 
constructed o f durable 18-gauge, dual
wall steel. Contact: Susan G regory, 
L a b c o n c o  C o r p .,  8811 P ro s p e c t, 
Kansas C ity , M O  64132:816/333-8811. 
Circle No. 302

Protein and Nucleic Acid Analysis 
System

M odel 360 M in i V ertica l Slab Cell 
allows analysis o f protein  and nucleic 
acid samples 2 to 3 times faster than 
16 cm cells, w ith  com parable resolu
tion. Features include S D S -P A G E / 
silver stain analysis in 2.5 h: 8 x  8 
cm gel; staining sensitivity to < 1  ng; 
alum ina-based heat transfer system; 
and optional casting stand for prepa
ration o f up to 10 gels. Contact: Bio- 
Rad Chem ical D iv .,  2200 W right A ve , 
Richm ond, C A  94804; 415/234-4130. 
Circle No. 303

Spectrophotometer Accessory
The Spectra-Scope, the latest in IR /  
F T IR  accessories, speeds and sim pli
fies the sampling and view ing w ith  
F T IR  spectrophotom eters by e lim i
nating the use o f external detectors  
and the need fo r cutting and prepa
ration o f samples. The Spectra-Scope  
also features image m asking, m icro  
positioning, interchangeable reflect
ing objectives, flexib le illum ination , 
and laser block and purge. Contact; 
D on Sting, S pectra-Tech , In c ., 652 
G le n b ro o kR d , Bldg N o . 8, Stam ford. 
C T  06906; 800/243-9186.
Circle No. 304

Photo Micron Sizer
Gilson M odel SA-2000S features a 
larger C R T  display and printer output 
in a new , larger, m ore detailed fo r
m at. System accuracy is ±  1% over 
a range o f 0 .1 -5 0 0  |a,m, w ith  an ana
lytical tim e o f <  30 m in. The sizer 
operates at 0 .05%  solids concentra
tion, w ith  very good precision and 
repeatab ility . Contact: G ilson C om 
pany, In c ., PO  Box 677, W o rth in g 
ton, O H  43085.
Circle No. 305

A L L T E C H
HPLC S o lv e n ts  
in  S a fe ty  C oated 
C o n ta in e rs
. . .  Because we’re concerned 
about lab safety.

■  S a fe ty  C o a te d  B ottles
■  D is tilled  in G lass
■  100%  N itro g e n  B lanke ted
■  C o lo r  C o d e d  Labels
Distilled in glass, high purity 
solvents packaged in color 
coded, easy-to-handle, hard-to- 
break, safety coated amber 
glass containers for your added 
protection.

'OMATI

Repetitive Pipetter
T he S ta t-M a tic  I I  is a hand-held, 
com pact, repetitive p ipetter, w ith  a 
total length o f only 8 in. (20 cm). 
Because o f its construction, the Stat- 
M atic  I I  is inert to most common  
chem icals. Its light, smooth plunger 
action w ill not fatigue a user even over 
long runs. Contact: Glen Coultrip, T ri- 
Continent Scientific. Inc ., 12541 Lom a  
Rica D r. Grass V a lle y ,1 C A  95945; 916/ 
273-8888.
Circle No. 306

Laboratory Hood
The Protector Series hood w ith  inte
gral m otor/b low er costs less than 
buying a hood and b low er separately 
and is also easier and less expensive  
to install. Because the b low er is not 
exposed to the elem ents, the hood 
requires less m aintenance. Integral 
m otor/b low er hoods are quieter than 
most home appliances. Hoods are 
available in 4, 5, and 6 ft sizes. Con
tact: Susan Gregory, Labconco Corp., 
8811 Prospect, Kansas C ity , M O  
64132; 816/333-8811.
Circle No. 307

Test Kit for Mutagenic Substances
T h e S .O .S . Chrom otest K it  is a rapid, 
colorim etric  test fo r the detection o f 
mutagenic substances. The kit can 
provide quantitative results in <  8 h 
w ith  sensitivity equal to that o f the 
Am es test. The k it can also detect 
toxic substances that usually create a 
false result in the Am es test. Each kit 
contains the necessary reagents and 
S-9 liv e r extract fo r activation o f pro- 
mutagenic substances. The S .O .S . 
Chromotest can provide up to 72 point 
determ inations. Contact: Sally Len - 
hart, G ilfo rd  Instrum ent L ab ora to 
ries, 216/774-1041.
Circle No. 308

Roller-Bottle Apparatus
T he W heaton M id -S ize  R o lle r A ppa
ratus fits larger bench top incubators 
and floor model incubators too small 
to accom m odate the W heaton M o d 
ular R o ller Apparatus. This mid-size  
ro ller holds a total o f 10 ro ller bottles
ranging in size from  225 to 260 mm .

J, ASSOC. OFF.

CIRCLE 26 ON READER SERVICE CARD 

ANAL. CHEM. (VOL. 68, NO. 1, 1985) 13A

All solvents afe placed under 
nitrogen blankets to avoid 
contamination and final filtered 
through 0.2 micron TFE 
membranes. Supplied with 
NFPA code, U.V. absorbence, 
GC assay, evaporation residue, 
water content, i  
safety and 
first aid data.

Quality invitef 
comparison.
Compare. Call 
312/948-8600 or write/: 
Alltech/Applied Science, 2051 
Waukegan Road, Deerfield, i l l  
60015.

A L L T E C H
APPLIED SCIENCE
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provides increased traction fo r bot
tles, facilitates the use o f lightweight 
plastic bottles, and operates at speeds 
o f 0 .2 -2 .5  rpm , ensuring uniform ity  
o f speed. O ne additional deck can be 
added to increase the capacity to 15 
bottles. E lectrica l requirem ents are: 
105/120 V A C , 220/240 V A C , 50/60 H z , 
50 W . Contact: Beth C hain , W heaton  
Instrum ents, 1301 N o rth  10th St, 
M illv ille , N J 08332; 609/825-1400 (E xt. 
2237).
Circle No. 309

Metering Pump
The M in iP u m p  V S  is a low  cost, vari
able speed m etering pum p featuring a 
new m ulti-p iece liquid end which uses 
check valve cartridges fo r increased  
re liab ility  and ease o f maintenance, 
and an electronically controlled flow  
rate ranging from  0.5 to 5 .0  m L/m in  
for accurate and precise flow deliv 
ery. The M in iP um p  V S  is pressure 
rated to 3000 psi. Contact: L D C /M il-  
ton R o y , PO  Box 10235, R iv iera  
Beach, F L  33404; 800/327-6182. 
Circle No. 310

L ite ra tu re

ASTM Standards Book
The 1984 Annual Book o f A S T M  
Standards is now  available. The book 
contains m ore than 7000 standards 
published in 66 volum es. Sixteen sec
tions divide these yolumes into related 
subject areas. F o r ordering in form a
tion , contact: A S T M , 1916 Race St. 
Philadelphia, P A  19103; 215/229-5585. 
Circle No. 311

New Products Catalog Supplement
Bulletin 484 features more than 50 new  
products, including m icro filtration  
glassware, gas sampling tubes, E D B  
testing apparatus, and others. F o r a 
free copy, contact: K ontes, PO  B ox  
729, V ineland, NJ 08360; 609/692-8500. 
Circle No. 312

ANSI Standards
The 1984 edition o f the Catalog o f 
A m erican  N ational Standards lists all 
c u rre n t A N S I-a p p ro v e d  standards  
(about 8000). Institu tional members 
and libraries that serve the general 
public receive the catalog and its sup
plements free. Supplements are issued

several times a year. N onm em bers  
m ay obtain a copy o f the catalog from  
A N S I Sales D epartm ent fo r $10.00. 
F o r m ore in form ation , contact: D eb 
orah M ask in , A N S I,  1430 B roadw ay, 
N e w  Y o rk , N Y  10018; 212/354-3315. 
Circle No. 313

Applications Report
E S A , In c . has published an applica
tions report that details the sample 
preparation and analysis o f various 
phenolic preservatives used in the food  
and cosm etic industries. Contact: 
E S A , In c ., 45 W iggens A v e , Bedford , 
M A  01730; 617/275-0100.
Circle No. 314

Microsphere Bibliography
O ver 742 citations covering the fun
dam ental applications fo r regional 
blood flow  using inert and biodegrad
able m icrospheres, plus m any non- 
radioactive extensions o f the tech
nique are featured in the M icrosphere  
Bibliography. Contact: D ic k  Reid, 
L K B  Instrum ents In c ., 9319 G aither 
Road, Gaithersburg, M D  20877; 800/ 
638-6692 E x t. 282.
Circle No. 315

DON’T FORGET
T H É < 5 ^  P / f T K S /

Deadlines for Award Nominations

1 9 8 5  Fellows of the A0 AC March 1 , 1 9 8 5  
1 9 8 5  Harvey W. Wiley April 1 , 1 9 8 5

F o r fu rth e r in fo rm atio n  an d  n o m in a tio n  fo rm s  for  
W ile y  A w ard , c o n ta c t A O A C , 1111  N  19 th  S t., 
S u ite  2 1 0 , A rlin g to n , V A  2 2 2 0 9 , U S A  
T e le p h o n e  7 0 3 /5 2 2 -3 0 3 2

1884-1Ç85

A g g e
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BOOKS IN BRIEF

Moisture Sorption: Practical Aspects of 
Isotherm Measurement and Use. By
T . P. L abuza . Published by Am erican  
A s s o c ia t io n  o f  C e re a l C h e m is ts  
(A A C C ), 3340 Pilot Knob Rd, St. Paul, 
M N  55121,1984. 150 pp. Price: $22.50  
(A A C C  m em bers)/$28.50 (nonm em 
bers). IS B N  0-913250-34-1.

This w a te r ac tiv ity  w orkbook pro
vides m athem atical exam ples and m eth
ods o f predicting shelf life and moisture 
pickup o f most baked, extruded, and 
d e h y d ra te d  c e re a l-b a s e d  p ro d u c ts . 
Topics include typical sorption iso
therm s, use o f the m oisture sorption 
isotherm , and draw ing the isotherm.

Cereal Polysaccharides in Technology and 
Nutrition. Published by A m erican  
Association o f Cereal Chem ists, 3340 
Pilot K nob  R d , St. Paul, M N  55121,
1984. 184 pp. Price: $18.00 (A A C C  
m e m b e rs )/$ 2 3 .0 0  (n o n m e m b e rs ). 
IS B N  0-913250-36-8.

This book discusses various food and 
industrial applications o f many diverse 
cereal polysaccharides. I t  contains the 
latest inform ation on cereal polysac
charide research, and elucidates the role 
of these carbohydrates in technology and 
health.

Advances in Pesticide Formulation Tech
nology. B y H . B. Scher. Published by 
A m erican Chem ical Society (A C S ), 
1155 S ixteenth St, N W , W ashington, 
D C , 1984. 250 pp. Price: $44.95 (U .S . 
and Canada)/$53.95 (export). IS B N  0- 
8512-0838-7.

A C S  Sym posium  Series N o . 254, 
based on a symposium sponsored by the 
A C S D ivision  o f Pesticide Chem istry at 
the A C S  186th m eeting, August 28 -S ep - 
tem ber 2, 1983, W ashington, D C , treats 
new and wide-ranging developm ents in 
form ulation techniques and technology, 
w ith emphasis on physical and chemical 
principles relating to pesticide disper
sions ( f lo w a b le  fo r m u la t io n s ) , c o n 
trolled release form ulations, com puter 
applications, and surfactant u tilization.

Drugs and Nutrients: The Interactive 
Effects. Edited  by D . A . Roe and
T . C. C am pbell. Published by M arce l 
D ekker, In c ., 270 M adison A ve , N e w  
Y o rk . N Y  10016, 1984. 624 pp. Price: 
$99.75 (20%  higher outside U .S . and 
Canada). IS B N  0-8247-7054-4.

V o lum e 21 o f the series Drugs and 
Pharm aceutical Science emphasizes the 
effects o f nutrition  on the disposition o f 
foreign com pounds and the effects o f 
drugs on nutrition , w hile including the 
most recent advances, methodologies, 
and research goals in this field.

Food Constituents and Food Residues: 
Their Chromatographic Determina
tion. Edited by J. F . Law rence. Pub
lished by M arce l D ek k e r, In c ., 270 
M adison A v e , N e w  Y o rk , N Y  10016,
1984. 632 pp. Price: $99.50(20%  higher 
outside U .S . and Canada). IS B N  0- 
8247-7076-5.

V o lum e 11 o f the Food Science and 
Technology Series evaluates a w ide  
range o f chromatographic techniques for 
detection o f im portant organic food  
constituents and residues o f additives 
and contam inants at concentrations  
varying from  trace levels to percent 
compositions.

Handbook of Vitamins: Nutritional, Bio
chemical, and Clinical Aspects. Edited  
by L . J. M ach lin . Published by M a r
cel D ek k e r, In c ., 270 M adison A ve , 
N e w  Y o rk , N Y  10016, 1984. 632 pp. 
Price $79.50 (U.S. and Canada)/$95.25 
(elsew here). ISBN 0-8247-7051-X.

F o r each o f  the vitam ins, V o lum e 13 
of the Food Science and N utrition  Series 
details the chem istry, ava ilab ility , and 
content in food; methods o f bioassay 
and chem ical analysis; metabolism; 
function; history; methods fo r evaluat
ing overt or m arginal deficiencies; nutri
tional requirem ents; interaction o f v ita 
mins w ith  environm ental factors, other 
nutrients, drugs, alcohol, and smoking; 
and the efficacy and hazards o f their use 
at high dosages.

Proceedings of Seminar on Challenges to 
Contemporary Dairy Analytical Tech
niques. D istributed  by R oyal Society  
o f Chem istry D istribu tion  Center, 
Blackhorse R d , Letchw o rth , H erts  
SG 6 1 H N , England, 1984. 337 pp. 
Price: 12£ (sterling).

T he sem inar was organized jo in tly  by 
the In ternational D a iry  Federation , the 
Federation  o f European C hem ical Soci
eties, and the Association o f Official 
A nalytical Chem ists and was concerned 
w ith the application o f methods in qual
ity  control o f  dairy  products and w ith

the techniques that w ill be in regular use 
in quality control.

Computers in Flavor and Fragrance 
Research. Edited by C. B. W arren and 
J. P. W alrad t. Published by the A m er
ican Chem ical Society, 1155 16th St, 
N W , W ashington, D C  20036, 1984. 
A bout 164 pp. Price: $29.95 (U .S . and 
Canada)/$39.95 (export). IS B N  0-8412- 
0861-1.

A C S  Sym posium  Series N o . 261, 
based on a sym posium  sponsored by the 
D iv is io n  o f  A g r ic u ltu r a l  and F o o d  
Chem istry at the A C S  186th meeting, 
August 28 -S ep tem b er 2, 1983, W ash
ington, D C , explores the use o f m icro
c o m p u te rs  in  f la v o r  and  fra g ra n c e  
chem istry and in inform ation manage
m e n t. T o p ic s  a re  p re s e n te d  by  
researchers in the field and include lab
oratory robotics and com puter design 
o f molecules.

Reference Edition Volume 2 1983. Edited  
by P. T . Shepherd. Published by 
E lsevier Science Publishers, PO  Box  
211, 1000 A E  A m sterdam , The N e th 
erlands, 1984. A lso  available from  
Elsevier Science Publishing C o ., Inc ., 
PO B ox 1663, Grand Central Station, 
N e w  Y o rk , N Y  10163. 298 pp. Price: 
$92.25 (U .S . and C anada)/D fl. 240.00  
(elsew here). IS B N  0-444-42303-6.

This second com pendium  o f Trends  
in A nalytical C hem istry  (T rA C ) con
tains the archival m aterial published in 
T rA C  in 1983. A rtic les  include: In te r
face and C om puter C orner, focusing on 
practical applications o f com puters and 
statistical methods in analytical labo
ra to r ie s ; and B io te c h n o lo g y  F o cus , 
highlighting the im pact o f biotechnol
ogy on analytical chem istry and analyt
ical problem s in biotechnological pro
cesses.

Evaluation of Analytical Methods in Bio
logical Systems. Edited  by R . A . De  
Zeeuw . Published by E lsev ier Sci
ence Publishers, PO  B ox 211, 1000 
A E  A m sterdam , T he  Netherlands, 
1984. A lso available from  E lsevier 
Publishing C o ., In c ., Grand Central 
Station, N e w  Y o rk , N Y  10163. 338 
pp. Price: $73.00 (U .S . and Canada)/ 
D fl. 190.00 (elsew here). IS B N  0-444- 
42207-2.
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A  n e w l y  u p d a t e d  c o m p i l a t i o n  

o f  o v e r 3 0 0  m e t h o d s  f o r  

p e s t i c i d e  f o r m u l a t i o n  a n a l y s i s

EPA MANUAL OF CHEMICAL 
METHODS FOR PESTICIDES AND DEVICES

C o m p ile d  b y  E P A  a n d  sta te  la b o ra to r ie s

F o r a n a ly s is  of:
• g e r m i c i d e s  • h e r b i c i d e s  • r o d e n t i c i d e s

• f u n g i c i d e s  • i n s e c t i c i d e s

U sing th e  fo llo iv in g  te c h n iq u e s:
• g a s - l i q u i d  a n d  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

• i n f r a r e d ,  u l t r a v i o l e t ,  a n d  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 y

• c l a s s i c a l  c h e m i c a l  p r o c e d u r e s

I n  s o m e  c a s e s ,  t h e s e  a r e  t h e  o n l y  m e t h o d s  a v a i l a b l e

f o r  a  p a r t i c u l a r  f o r m u l a t i o n .

S p e c ia lfe a tu re s:
• P e s t i c i d e  f o r m u l a t i o n s  b i b l i o g r a p h y

• S p e c i a l  s e c t i o n  o n  t h i n  l a y e r  c h r o m a t o g r a p h i c  

a n a l y s i s  w i t h  d e t a i l e d  d i r e c t i o n s  f o r  t h e  p r e p a r a 

t i o n  o f  T L C  p l a t e s ,  a n d  t a b l e s  l i s t i n g  o p t i m u m  

s o l v e n t  s y s t e m s  a n d  v i s u a l i z a t i o n  t e c h n i q u e s  f o r  

e a c h  p e s t i c i d e

• C r o s s - r e f e r e n c e  i n d e x  -  t r a d e  n a m e s  c r o s s -  

r e f e r e n c e d  t o  t h e  m a n u a l

• I n f r a r e d  s p e c t r a  -  m o r e  t h a n  3 5 0  s p e c t r a  o f  

p e s t i c i d e  c o m p o u n d s

C o n t a i n s  2 0 0  m e t h o d s  p u b l i s h e d  i n  1 9 7 6 ,  p l u s  s u p p l e m e n t s

w h i c h  a d d e d  2 0  m e t h o d s  i n  1 9 7 7 ,  3 0  i n  1 9 7 9 ,  a n d  5 5  i n  1 9 8 2

1363 pages With spectra. 1983 Includes 3 supplements and binder ISBN 0-935584-23-4. Price—Members: $61.95 in
U.S., $64.95 outside U.S.. Nonmembers: $68.50 in U.S., $71.50 outside U S. 1982 Supplement can be purchased separately.
Price—Members: $15.40 in U.S., $16.40 outside U.S., Nonmembers: $17.00 in U.S.. $18.00 outside U.S.

O r d e r  f r o m  A O A C ,  1 1 1 1  N .  1 9 t h  S t . ,  S u i t e  2 1 0 j ,  A O A C  
A r l i n g t o n ,  V A  2 2 2 0 9  U S A  ( U . S .  f u n d s  o n l y )
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BOOKS IN BRIEF

Part B: H azardous M etals  in H um an  
Toxicology reviews currently  available  
techniques fo r the bioanalysis o f metals 
and considers factors such as sample 
p re tre a tm e n t, d ig es tio n  tech n iq u es , 
recoveries and losses, sample through
put, cost, and autom ation. The volume  
also  d ea ls  w ith  to x ic o k in e t ic s  and  
dynamics o f metals, distribution and 
elim ination, biological changes, and 
sym ptom atology.

Modern Methods of Food Analysis. Edited  
by K . K . S tew art and J. R . W h itaker. 
Published by A V I  Publishing C o ., 250 
Post Rd E , PO  Box 831, W estport, 
C T  06881, 1984. 406 pp. Price: $49.50. 
IS B N  0-87055-X .

Based on the Seventh Basic Sym po
sium o f the Institu te o f Food Technol
ogists, this volum e by 21 authors in the 
fields o f b iochem istry, chem istry, food  
science, food technology, and nutrition  
provides contributions to the study and 
practice o f food analysis, including  
c o m p u te r iz a tio n , sen so ry  a n a ly s is , 
sample preparation, and autom ation.

Veterinary Pharmacology and Toxicol
ogy. Edited  by Y . Ruckebusch, P. L . 
T ou ta in , and G . D . K o ritz . Published 
by A V I  Publishing C o ., 250 Post Rd  
E , PO Box 831, W estport. C T  06881. 
1984. 838 pp. Price: $56.00. IS B N  0- 
87055-442-5.

Based on the proceedings o f the Sec
ond European Association fo r V e te ri
nary Pharmacology and Toxicology, this 
volum e provides current research in 
veterinary perinatal and com parative  
pharm acology and in pharm acological 
methods and technology, w ith  emphasis 
on rum inant pharm acology and animal 
models. The assessment o f carcino
genic properties o f veterinary drugs, 
clinical u tility  o f pharm acokinetics, and 
neonatal treatm ent o f diseases in calves 
are also discussed. N e w  drugs such as 
detom idine, etom idate, m etoclopram - 
ide, atracurium , and others are exam 
ined in detail.

Natural Pesticides: Methods. Edited  by
B. M andava. Published by C R C  Press, 
In c ., 2000 C orporate B lvd , N W , Boca 
Raton, F L  33431, Spring 1985. 592 
pp. Price: $108.00 (prepub., U .S .) /  
$125.00 (outside U .S .) .  IS B N  0-8493- 
3651-1.

V o lum e I: T heory , Practice, and 
D etection  explains pest management 
practices, discusses allelopathy and 
a lle lo c h e m ic a ls , and exam ines  how  
insects depend on sensory chem icals for 
reproduction. A lso presented are m eth
ods fo r detection. Regulations and reg
istration requirem ents fo r pesticides are 
review ed.

Polynuclear Aromatic Compounds.
In ternational Agency fo r Research on 
Cancer ( IA R C ),  L yo n , France. D is 
tributed by the W orld  H ealth  O rga
nization , 1211 G eneva 27, S w itzer
land, 1984. 245 pp. Price: $25.00  
(U .S .y S F r . 60 .-. IS B N  92-832-1533-9 
(s o ft-b o u n d ); IS B N  9 2 -832 -1533 -8  
(hard-bound).

V o lum e 33 o f the IA R C  M onographs  
o f the Carcinogenic R isk o f Chem icals  
to Hum ans contains evaluations o f car
bon blacks, m ineral oils, and some 
nitroarenes. A lso  included are evalua
tions o f carcinogenicity o f both carbon  
black particles and solvent extracts o f  
carbon blacks.

CRC Handbook of HPLC for the Sepa
ration of Amino Acids, Peptides, and 
Proteins. Edited  by W . S. Hancock. 
Published by C R C  Press, In c ., 2000 
C orporate B lvd , N W , Boca Raton, 
F L  33431, 1984. 512 pp. Price: $92.00 
(prepub., U . S . )/$ 106.00 (outside U . S .). 
IS B N  0-8493-3511-6.

V o lum e I  introduces the general p rin 
ciples o f H P L C  and covers H P L C  
instrum entation, m obile phases, detec
tion m ethods, separation o f free amino  
acids, resolution o f am ino acids as dia- 
steriom eric derivatives, and application  
o f ligand-exchange chrom atography to 
separation o f am ino acids, peptides, and 
proteins.
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P a r t ic ip a t io n  in  th e  C o p y r ig h t  C le a ra n c e  C e n te r  (C C C )  
a s s u re s  y o u  o f  le g a l p h o to c o p y in g  a t th e  m o m e n t o f  need .

Libraries everywhere have found the easy way to fill 
photocopy requests legally and instantly, without the 
need to seek permissions, from more than 3000 key 
publications in business, science, humanities, and social 
science. You can:

F il l  re q u e s ts  fo r  m u lt ip le  co p ie s , in te r l ib ra r y  lo a n  (b e y o n d  
th e  C O N T U  g u id e lin e s ) ,  a n d  re s e rv e  d e s k  w ith o u t  fe a r o f  
c o p y r ig h t  in fr in g e m e n t.

Supply copies from CCC-registered publications simply 
and easily.

The Copyright Clearance Center is your one-stop place 
for on-the-spot clearance to photocopy for internal use.

Its flexible reporting system accepts photocopying 
reports and returns an itemized invoice. You send only 
one convenient payment. CCC distributes it to the many 
publishers whose works you need.

A n d , y o u  n e e d  n o t k e e p  a n y  re c o rd s , the CCC computer 
will do it for you. Register now with the CCC and you will 
never again have to decline a photocopy request or 
wonder about compliance with the lawforany publication 
participating in the CCC.
To register or for more information, just contact:

Copyright Clearance Center
21 Congress Street 

l Salem, Massachusetts 01970 
J (617) 744-3350

a not-for-profit corporation

NAME TITLE

ORGANIZATION

ADDRESS

CITY STATE ZIP

COUNTRY TELEPHONE
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FOR YOUR INFORMATION

A New Year and a New President for 
AOAC— Richard J .  Ronk of FDA

Richard J. R onk, deputy d irector o f 
the Food and Drug Adm inistration (F D A )  
C enter fo r Food  Safety and Applied  
N u tritio n , w ill serve as A O A C  (Asso
ciation o f O ffic ia l A n aly tica l Chemists) 
president fo r 1985.

As deputy d irector since 1980, M r  
Ronk provides overall administrative and 
management d irection fo r the center 
through his invo lvem ent in planning  
financial and general resource manage
m ent, program  analysis evaluation, and 
developm ent and operation o f appro
priate scientific and program  manage
ment support systems.

M r  Ronk has been d irector o f the 
D ivision  o f Food and C o lor A dditives, 
Office o f Com pliance; ch ie f o f the 
Guidelines and C om pliance Research  
B ranch, Regulatory Guidance D ivision; 
Food and D rug  O fficer fo r the Regula
tory Guidance D iv is ion , Bureau o f 
Com pliance; and an F D A  chemist. H e  
has also served as U .S . Delegate to the 
Food Additives Com m ittee o f the Codex 
A lim entarius Com m ission.

R ichard R onk received both B A  and 
M S  degrees from  Creighton U n ivers ity . 
H e is vice president o f the Toxicology  
Forum  and is a m em ber o f the A m erican  
Chem ical Society. H e  has received the 
F D A  A w ard  o f M e r it  fo r the m ercury in 
fish program  in 1971 and the Superior 
Service A w ard  fo r Public H ea lth  Ser
vice in 1977.

Summaries of Collaborative Studies 
Conducted by Other Organizations

A O A C  is initiating a new feature o f 
sum marizing the results o f collaborative  
studies conducted by other organiza
tions. A lthough A O A C  m ay have been 
the first organization to insist on the use 
o f interlaboratory trials to validate the 
perform ance o f methods o f analysis, 
many other organizations now are seeing 
the necessity fo r determ ining the intra- 
and interlaboratory perform ance char
acteristics o f methods. T here  is no need

to publish methods o f analysis i f  they 
are not intended fo r use by other labo
ratories. As soon as 2 laboratories are 
involved in the analysis o f the same lot 
o f goods, w hether it be fo r scientific, 
econom ic, or legal reasons, there is a 
need to know how well they are expected  
to agree w ith  each other. C ollaborative  
studies provide the estim ate o f expected  
agreem ent, and w ith  a suitable experi
m ental design, an estim ate o f how  well 
the results should agree w ith  the cor
rect, assumed, o rrequ ired  com position.

T o  initiate this series, the In tern a
tional O ffice o f V in e  and W ine provided  
an extensive study o f the fundam ental 
determ inations used in the exam ination  
o f wines: mass per unit volum e (den
sity), alcohol content, reducing sugars, 
and total and volatile  acidity. The sum
m ary is published in this issue. The  
organization represents most o f the v iti- 
cultural countries in the w orld . A  sub
commission was established about 50 
years ago to unify the methods o f anal
ysis and characteristics o f w ines. They  
publish a book o f those methods (200 
French francs) and a journal (300 French 
francs/year). The address o f the orga
n ization is: O ffice International de la  
Vigne et du V in e , 11, rue Roquepine, 
Paris (8e), France.

The results o f collaborative studies 
from  other organizations in any com 
m odity area m ay be subm itted fo r con
sideration fo r inclusion in this section. 
These m ay or m ay not have been pre
viously published, but in all cases, a 
copy o f the original data (individual 
determ inations, not averages), carefully  
checked to ensure freedom  from  typo 
graphical errors, must be submitted  
Although all studies w ill be presented  
as interpreted  by the adm inistrator o f  
the study, the original data w ill be fu r
th e r  a n a ly z e d  b y  th e  p ro g ra m  
F D A C H E M IS T ,  or a subsequent ver
sion, in order to place the results from  
all studies on a consistent statistical basis 
A n  explanation o f the program  (w ritten  
in A P L  language) and an exam ple o f its 
use w ill be found in the article “ Perfor
mance o f M ethods o f Analysis Used for 
Regulatory Purposes. I .  D rug Dosage 
F o rm s”  ( J .  A s s o c .  O ff. A n a l .  C h e m

(1984) 67, 81 -9 0 ). Com paring the in ter
pretations o f the adm inistrator o f the 
study w ith  that obtained by the statis
tical program  m ay provide a basis for 
harmonizing the interpretation o f results 
from  collaborative studies.

Candidate studies fo r inclusion in this 
series should be sent to W illia m  H o r-

w itz, Center fo r Food Safety and Applied  
N u tr i t io n ,  H F F - 7 ,  F o o d  and  D ru g  
A dm in istration , W ashington, D C  20204 
U S A . Such studies should meet the cur
rent recom m endation o f the Com m ittee  
on C o llaborative Studies fo r the design 
o f a m in im um  collaborative study: 
(num ber o f m aterials x  num ber o f lab
oratories) =  30, w ith  a m inim um  o f 5 
laboratories (and an even num ber o f  
materials, i f  Youden pairs are used), w ith  
single determ inations by each labora
tory. H o w ev e r, the collection o f consid
erably m ore data is encouraged.

S u b m is s io n  o f  c o m p le te  p ap e rs  
describing collaborative studies per
form ed by o ther organizations fo r con
sideration fo r publication in fu ll in the 
J o u r n a l  o f  t h e  A s s o c i a t i o 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  is an alternative  
w hich is also available.

EPA Project Summary
Eighteen laboratories participated in 

a study o f E P A  M ethod  609 fo r measur
ing concentrations o f the Category 4 
chemicals nitrobenzene, isophorone, 2,4- 
dinitrotoluene, and 2,6-dinitrotoluene in 
m unicipal and industrial aqueous dis
charges. M ethod  609 involves solvent 
extraction o f the pollutants w ith  m eth
ylene chloride, fo llow ed by F loris il 
cleanup and subsequent gas chrom ato
graphic analysis o f the 4 subject com 
pounds, using flam e ionization and elec
tron capture detection techniques.

The study design was based on Y o u- 
den’s plan fo r collaborative tests o f ana
lytical methods. T hree  Y ouden  pair 
samples o f the test com pounds w ere  
spiked into 6 types o f test waters and 
then analyzed. In  general, m ean recov
eries, overall standard deviations (S), 
and the single-analyst standard devia
tions (SR ) w ere d irectly  proportional to 
the true concentration levels. There were 
no discernible d ifferences due to w ater 
types among mean recoveries, overall 
precisions, and single-analyst preci
sions.

Based on the results o f the interlab 
oratory m ethod study, M eth od  609 is a 
viable analytical m ethod fo r measuring 
concentrations o f the Category 4 chem 
icals in industrial w astew aters. U se o f 
M ethod  609 by experienced analysts 
should enable industries to m eet the 
requirem ents o f the N P D E S  program  
for discharging the subject pollutants into 
the environm ent.

The com plete report (order N o . PB  
84-176 908) can be obtained fo r $11.50 
(subject to change) from  the N ational
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F O R  Y O U R  I N F O R M A T I O N

Technical Inform ation Service, 5285 Port 
R oyal Rd, Springfield, V A  22161; 703/ 
487-4650. F o r more inform ation , con
tact: Edw ard  L . Berg and R obert L . 
G raves, E nvironm ental M onitoring  and 
Support Lab ora to ry , U .S . E n v iro n 
mental Protection A gency, C incinnati, 
O H  45268.

T ex a s  In s tru m en ts  F o u n d a t io n  M em o r ia l  
P rize

N om inations for the Texas Instru 
ments Foundation Founders’ Prize o f 
$50,000 (tax free) to be awarded in the 
spring o f 1985 are new  being accepted.

This m em orial prize is awarded to 
re c o g n iz e  o u ts ta n d in g  in d iv id u a l  
achievem ent in the physical sciences, 
health sciences, managem ent sciences, 
engineering, or m athem atics. F o r more 
inform ation concerning the prize and 
nom inations, contact: M r . S. T . H arris ,
M .S . N o . 232, chairm an, Founders’ 
Selection C om m ittee, Texas Instru
ments Foundation , PO  B ox 22574, D a l
las, T X  75265.

S ta n d a rd  R e fe r e n c e  M a ter ia ls

The N atio n al Bureau o f Standards 
(N B S ) Office o f Standard Reference  
M ateria ls  announces the availab ility  o f  
the follow ing Standard Reference M ate 
rials (S R M ): S R M  640a, a high purity  
silicon pow der, features a mean particle  
size o f about 2 |xm, lattice spacing o f 
5.430825 Á , tw elve  20 values (C u K a  
r a d ia t io n )  ra n g in g  fro m  2 8 .4 4 3  to  
158.644°, and re lative intensities for 
constant volum e are given for 11 dif
fraction lines. Price: $83/10g unit.

S R M  675, a synthetic fiuorophlogo- 
pite m ica, ground to pass a 75 p.m sieve, 
features lattice spacing o f 9.78104 A , 29 
va lu e s  (C u K  a  ra d ia t io n )  ran g in g  
from  8.853 to 135.574°, and relative  
in te n s itie s  g iven  fo r  11 d iffra c tio n  
lines. Price: $105/5 g unit.

S R M  674, a set of 5 powders (A120 3, 
Z n O , T iO T ru tile ), C r20 3, and C e 0 2). 
Price: $132 per set (20 g o f each pow 
der).

S R M  1878, Respirable A lpha Q uartz, 
features size d istribution in the inhala- 
ble/respirable range (0 .3 -5  |xm). Price: 
$147/5 g unit.

S R M  493, Spheroidized Iro n  C ar
bide (F e3C ) in Ferrite, is used for the 
calibration o f X -ra y  d iffraction and 
M ossbauer equipm ent. Price: $133/ 
w afer.

The fo llow ing 4 Standard Reference  
M ateria ls  (in the form  o f disks) are used 
fo r assessing X -ra y  d iffraction tech
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niques used in determ ining the amounts 
o f retained austenite in ferrous m ateri
als: S R M  485a, 5 %  Austenite in F errite , 
$290; S R M  486, 15% Austenite in F e r
rite , $301; S R M  487, 30%  Austenite in 
F errite , $290; and S R M  488, 2 .5%  A us
tenite in F errite , $283.

These S R M ’s may be purchased from: 
Office o f Standard Reference M ateria ls , 
B 3 1 1 Chem istry B ldg, N ational Bureau  
o f Standards, Gaithersburg, M D  20899; 
301/921-2045.

S h o r t  C o u rs es

The State U n ivers ity  o f N e w  Y o rk  at 
A lbany w ill o ffer 2 short courses in the 
sum mer 1985: X -R a y  Pow der D iffra c 
tion , June 17 -28; and X -R a y  Spectro
m etry, June 3 -14 . Both courses deal with  
the basic theories and techniques on the 
subject m atter. F o r more inform ation , 
contact: Professor H enry  Chessin, State 
U niversity o f N e w  Y o rk  at A lbany, Dept 
o f Physics, 1400 W ashington A v e , 
A lb an y , N Y  12222; 518/457-8339.

T he A m erican  O il Chem ists’ Society  
w ill o ffer 2 short courses: Processing 
and Q uality  Contro l o f  Fats and Oils, 
A p ril 30 and M a y  1, 1985; and A p p li
cations o f A naly tica l M ethodology in 
Fats and Oils Processing, M ay  2 -4 ,1 9 8 5 . 
F or m ore inform ation , contact: M eeting  
C oordinator, A m erican  O il Chem ists’ 
Society, 508 S 6th St, Cham paign, IL  
61820.

M eetin g s

A p r i l  8 - 1 1 ,  1 9 8 5 :  10th A nnual A O  A C  
Spring Train ing  W orkshop, Sheraton  
H o te l, Dallas, T X . Contacts: M . V ir 
ginia G ibson, F D A , 3032 B ryan , Dallas, 
T X  75204, U S A , 214/767-0312; or M o lly  
R eady, A lcon  Labs, 6201 S F reew ay , 
F o rt W o rth , T X  76134, U S A , 817/293- 
0450.

A p r i l  1 1 - 1 2 ,  1 9 8 5 :  A m erican Associ
ation o f Cereal Chem ists’ O ak Ridge 
Conference on Advanced A nalytical 
Concepts fo r C lin ical L ab ora to ry , Sher
aton C harleston, C harleston, SC. C on
tact: M eetings D ep t, A A C C , 1725 K  St, 
N W , W ashington, D C  20006, U S A , 202/ 
857-0771.

M a y  2 ^ 1 ,  1 9 8 5 :  A m erican O il C hem 
ists’ Society Research Conference on 
Fat Requirem ents fo r D evelopm ent and 
H ealth , Hershey Poconos, W hite H aven, 
P A . Contact: M eetings C oordinator, 
A m erican O il Chem ists’ Society, 508 S 
6th St, Cham paign, IL  61820, U S A , 217/ 
359-2344.

M a y  5 - 9 ,  1 9 8 5 :  76th Annual M eeting  
o f the A m erican  O il Chem ists’ Society,
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W ynham  F rank lin  P laza H o te l, Ph ila
delphia, P A . Contact: M eetings C o or
dinator, A m erican O il C hem ists’ Soci
ety, 508 S 6th St, Cham paign, IL  61820, 
U S A , 217/359-2344.

J u n e  1 7 - 1 9 ,  1 9 8 5 :  A O A C  M idw est 
Regional Section M eeting , Joliet, IL .  
Contact: Devendra Trived i, Illinois L aw  
Enforcem ent D ep t, Bureau o f Scientific  
Services, 515 E  W o o d ru ff R d , Joliet, I L  
60432, U S A , 815/727-5301.

J u n e  2 3 - 2 6 ,  1 9 8 5 :  The  Canadian  
Institu te o f Food Science and T echno l
ogy’s 28th A nnual Conference, R oyal 
Y o rk  H o te l, T o ron to , O ntario . This  
year’s them e, “ Food L in ks  fo r Prog
ress,”  is designed to provide a p latform  
for dialogue to food professionals around 
the w orld  so that we m ay obtain a b etter 
understanding o f how  w e can m utually  
benefit from  w orking together. O ther 
features include: technical sessions, 
social events, com panion program s, 
student activ ities, and exhib it booths. 
Contacts: Tena K oornneef, M arketing  
and P ublic ity, Foodpro  N a tio n a l In c ., 
1589 The Q ueensw ay, N o . 2, T oron to , 
O ntario , Canada M 8 Z  5W 9, 416/252- 
7286; or B ill M unns, Conference chair
m an, Canada Packers In c ., 95 St. C la ir 
A ve W , Toronto , Ontario, Canada, M 8 Z  
1P2, 416/766-4311.

J u n e  2 4 - 2 7 , 1 9 8 5 :  M edical Device and 
Diagnostic In d u s try ’s 4th Conference  
E x p o ., O ’H a re  Convention  Center, 
Chicago, IL .  Topics w ill include: com 
puter hardw are/softw are validation  sys
tems; current regulatory affairs; drug- 
delivery systems; device failure analy
sis; as w ell as state-of-the-art in form a
tion on other m anufacturing, business, 
and m arketing topics. Contact: E xpo- 
con M anagem ent Associates, 3695 Post 
R d, South Port, C T  06490, U S A , 203/ 
259-5734.

J u l y  2 1 - 2 6 ,  1 9 8 5 :  37th A nnual M e e t
ing o f the A m erican  Association fo r  
C lin ic a l C h e m is tr y , G e o rg ia  W o r ld  
Congress C enter, A tlan ta , G A . C o n 
tact: M eetings D ep t, A A C C , 1725 K  St, 
N W , W ashington, D C  20006, U S A , 202/ 
857-0717.

O c t o b e r  2 7 - 3 1 ,  1 9 8 5 :  99th Annual 
A O A C  International M eeting , Shore- 
ham H o te l, W ashington, D C . Contact: 
A O A C , 1111 N  19th St, Suite 210, 
A rlington, V A  22209, U S A , 703/522- 
3032.

N o v e m b e r  3 - 8 ,  1 9 8 5 :  W orld  C onfer
ence on Em erging Technologies in the 
Fats and Oils Industry , Palais des Fes
tivals, Cannes, France. Contact: M e e t
ings C oordinator, A m erican O il C hem 
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ists’ Society, 508 S 6th S t, Cham paign, 
IL ,  U S A , 217/359-2344.

N o v e m b e r  4 - 1 0 ,  1 9 8 5 :  A G  China 85 
(the first China agricultural exhib ition), 
Beijing N a tio n a l A gricu ltural E xh ib i
tion C enter, Beijing , C hina. Topics w ill 
include: agricultural technology and 
related products, processing equipm ent 
in the field, fertilizers  and other agri
cultural chem icals, equipm ent for the 
small farm er, and products fo r state 
fa rm s . C o n ta c t: C E G /In te r n a t io n a l,  
Cahners Exposition  G roup , PO  Box  
70007, W ashington, D C  20088, U S A , 
301/657-3090.

A p r i l  1 3 - 1 6 ,  1 9 8 6 : 11th Annual A O A C  
Spring Train ing  W o rkshop, M adison  
H o te l, Seattle, W A . Contact: M ike  
W ehr, Oregon D ept o f A griculture, 
A griculture B ldg, 635 Capital St, N E ,  
Salem , O R  97310, U S A , 503/378-3973.

J u l y  2 0 - 2 6 ,  1 9 8 6 :  S A C  86 In te rn a 
tional Conference on A n aly tical C hem 
istry and the B iennial N ational A tom ic  
Spectroscopy Sym posium , U n ivers ity  
of B risto l, B risto l, England, is orga
nized by the A n aly tical D iv is ion  o f the 
R oyal Society o f C hem istry in conjunc
tion w ith  the Spectroscopy G roup o f the 
Institu te o f Physics. Contact: T he Sec
re tary , A naly tica l D iv is ion , R o yal Soci
ety o f C hem istry , Burlington H ouse, 
London W 1 V  O B N , U K .

A u g u s t  1 0 - 1 7 , 1 9 8 6 : 6th International 
C o n g re s s  o f  P e s t ic id e  C h e m is tr y ,

O ttaw a, O ntario , Canada, is sponsored 
by the In ternational U n ion  o f Pure and 
A pplied  Chem istry. M a in  topics deal 
w ith  the chem ical, b iochem ical, physio- 
chem ical, analytical, and regulatory  
aspects o f pesticide science. Contact 
Chem ical Institu te  o f Canada, 151 Sla
te r St, Suite 906, O ttaw a, O ntario , C an
ada K IP  5H 3 .

N ew  P r iv a te  S u sta in in g  M em b er s

A O A C  welcom es 3 new private sus
taining m em bers to the growing list o f 
firms aw are o f the need to support an 
independent methods validation  asso
ciation: Jack D an ie l D is tille ry , L E M ,  
M o tlo w , P rop ., Lynchburg , T N ;  Con- 
agra Consum er F rozen  Foods C o ., 
Colum bia, M O ; Chem ical W aste M a n 
agem ent, In c ., R iverdale , C A .

R e m in d e r  o f  D ea d lin e s  f o r  N o m in a tio n s  
f o r  A w ard s

The fo llow ing deadlines have been se: 
fo r nom inations fo r awards: 1985 F e l
low  o f the A O A C  A w ard , M arch  1,1985; 
and 1985 H arvey  W . W iley  A w ard , A pril 
1, 1985.

The F e llo w  o f the A O A C  aw ard was 
established in 1961 to recognize those 
persons giving meritorious service to the 
Association. E lig ib le  candidates have 
perform ed notably fo r 10 years or more, 
usually as O fficers, Referees, or C om 

m ittee m em bers. Fellow s are selected 
by the C om m ittee on Fellow s and 
approved by the Board o f D irectors. 
Selection is made from  a list which  
includes eligible candidates, the ir con
tributions, and the point count assigned 
to each candidate according to an estab
lished point system. The C om m ittee is 
a lso  in fo rm e d  o f  a n y  n o m in a tio n s  
received. Contact: M argare t R . R idgell, 
A dm in istra tive  M anager, A O A C , 1111 
N  19th St, Suite 210, A rlington, V A  
22209, U S A ; 703/522-3032.

Corrections

J .  A s s o c .  O ff. A n a l .  C h e m .  (1984) 67, 
1024-1026,

“ Q uantitative A m ino  A cid  A n a ly 
sis o f  Feedstu ff H ydro lysates by 
Reverse Phase L iq u id  C hrom ato
g ra p h y  and  C o n v e n t io n a l Io n -  
E xc h an g e  C h ro m a to g ra p h y ,”  p. 
1024 right colum n,

Change the sentence w hich begins 
w ith  “ T h e  p resen t s tudy . . . ”  to  
read, “ T he  present study was con
ducted to quantitative ly  com pare a 
recently developed reverse phase L C  
technique w ith  a conventional IE C  
procedure fo r the am ino acid analy
sis o f corn, soybean, and isolated  
soybean  p ro te in , 3 com m on feed - 
stuffs o f low , interm ediate, and high 
protein  content, resp ective ly .”
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REVIEW OF ASCORBIC ACID METHODOLOGY

Analytical Methods for Determining Ascorbic Acid in Biological Samples, Food Products, and 
Pharmaceuticals

LAWRENCE A. PACHLA and DONALD L. REYNOLDS
W a r n e r - L a m b e r t ! P a r k e - D a v is ,  P h a r m a c e u t i c a l  R e s e a r c h , P h a r m a c o k in e t i c s / D r u g  M e t a b o l i s m  2 8 0 0  P ly m o u t h  
R d , A n n  A r b o r ,  M I  4 8 1 0 5  
PETER T. KISSINGER
P u r d u e  U n iv e r s ity , C h e m is t r y  D e p a r t m e n t ,  W es t L a f a y e t t e ,  I N  4 7 9 0 7

Over the last decade, numerous publications have appeared describing 
analyses for ascorbic acid in food products, pharmaceuticals, and 
biological samples. This review focuses on the chemistry associated 
with many of these procedures. The papers discussed have historical 
importance, are important to understanding the method, or have sig
nificantly advanced ascorbic acid analysis. The review has 4 major 
sections: spectroscopic, electrochemical, enzymatic, and chromato
graphic methods of analysis.

Ascorbic acid is an im portant vitam in having a chemical 
structure that justifies its classification as a carbohydrate. Its 
physical/chem ical properties, com piled by K utsky (1), are as 
follows: aqueous solubility  =  0.3 g /m L , m elting point =  190- 
192°C, redox potential =  E a =  0.166 V  at p H  4, p K a  =  4.17, 
p K a : =  11.57, and absorption m axim a =  245 nm (acid) and 
265 nm (neutral). A scorbic acid is rapidly oxidized to dehy- 
droascorbic acid (D H A A )  by oxygen and metal ions in alka
line and acidic m edia. Dehydroascorbic acid can be further 
oxidized to d iketogulonic acid. The structures o f these 3 
compounds are shown below:

analysis (3, 4). A  symposium on ascorbic acid, its chem istry, 
m etabolism , and uses, was sponsored by the D ivision o f 
Carbohydrate Chem istry at the Second Chem ical Congress 
in 1980. A t this sym posium , Sauberlich and colleagues pre
sented a rev iew  tnat discussed the advantages o f liquid chro
m atographic (L C ) methods over spectroscopic methods (5). 
M e t h o d s  in  E n z y m o l o g y  has also devoted a section in a recent 
volum e to ascorbic acid (6).

Recently , Cooke and M oxo n  have review ed spectroscopic 
and chrom atographic methods o f analysis for this vitam in in 
food products (7). T hat review  does not include electrochem 
ical or enzym atic methods o f analysis.

This review  surveys the analysis fo r ascorbic acid in phar
maceuticals, food products, and biological samples, and focuses 
on the chem istry associated w ith  m any o f these procedures. 
A  review o f stability or sample extraction has not been included, 
because this topic is discussed in cited papers or the above 
review s. O n ly  selected papers o f historical im portance have 
been cited, those which are im portant to the chem ical under-

o 0 CO0Hi
$__J * C=0»

o f X C L
c»oi

V \ h y s HO-C-H
1/ v U

CHQH
ch2oh

CHOHT H-C-OH
1

ch2oh H2C-0H

Ascorbic Acid Dehydroascorbic Acid Diketogulonic Acid

O ver the last decade, numerous publications have appeared 
describing analyses fo r ascorbic acid in food products, phar
maceuticals, and biological samples. This resurgence in new  
analytical procedures results from  the im portance o f the v ita 
min in nutritional, clin ical, pharm acological, and industrial 
studies. A  monograph containing selected procedures for 
pharm aceutical preparations has appeared (2). In  addition, a 
review on the determ ination o f this vitam in in pharm aceuti
cals has been included in biannual updates on pharm aceutical

standing o f the m ethod, or im portant in advancing the selec
tive . sensitive analysis fo r ascorbic acid. The review  has been 
divided into 4 m ajor sections: spectroscopic, electrochem i
cal, enzym atic , and chrom atographic methods o f analysis.

Spectroscopic Methods

The classical chem istry associated w ith  spectroscopic 
methods can be divided into 2 general categories: (a) those 
using a redox ind icator in its oxid ized form , and (b) those



2 PACHLA ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 1, 1985)

L a w r e n c e  A .  P a c h l a  i s  a  r e s e a r c h  

a s s o c i a t e  i n  t h e  

P h a r m a c o k i n e t i c s / D r u g  

M e t a b o l i s m  D e p a r t m e n t  a t  

W a r n e r - L a m b e r t '  P a r k e - D a v i s  

a n d  i s  a  l e c t u r e r  i n  t h e  

C h e m i s t r y  D e p a r t m e n t  a t  

L a w r e n c e  I n s t i t u t e  o f  

T e c h n o l o g y .  H e  re c e i v e d  h i s  B . S .  

d e g r e e  i n  C h e m i s t r y  w i t h  a  

m i n o r  i n  P h y s i c s  i n  1 9 7 3  a n d  h i s  

P h . D .  i n  A n a l y t i c a l  C h e m i s t r y  

w i t h  a  m i n o r  i n  B i o c h e m i s t r y  

f r o m  P u r d u e  U n i v e r s i t y  i n  1 9 7 8 .  

F r o m  1 9 7 8  t o  1 9 8 1  h e  w a s  

e m p l o y e d  i n  t h e  a n a l y t i c a l  a n d  

b i o a v a i l a b i l i t y / p h a r m a c o k i n e t i c s  

g r o u p s  a t  M c N e i l  

P h a r m a c e u t i c a l .  H i s  r e s e a r c h  

i n t e r e s t s  a r e  t h e  a u t o m a t i o n  o f  

a n a l y t i c a l  p r o c e d u r e s ,  

b i o a n a l y t i c a l  a n d  

e l e c t r o a n a l y t i c a i  c h e m i s t r y ,  

a p p l i c a t i o n  o f  c h r o m a t o g r a p h i c  

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

p r e - c o l u m n  a n d  p o s t - c o l u m n  

d e r i v a t i z a t i o n  t e c h n i q u e s ,  a n d  

t h e  a r e a s  o f  p h a r m a c o k i n e t i c s  

a n d  b i o a v a i l a b i l i t y .  H e  h a s  

p u b l i s h e d  p a p e r s  o n  

p h a r m a c e u t i c a l ,  c l i n i c a l ,  a n d  

f o o d  a n a l y s i s .  H e  i s  a  m e m b e r  o f  

t h e  A m e r i c a n  P h a r m a c e u t i c a l  

A s s o c i a t i o n ,  A m e r i c a n  C h e m i c a l  

S o c i e t y  ( A C S ) ,  a n d  A C S  

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

C h r o m a t o g r p h y  D i v i s i o n s .

D o n a l d  L .  R e y n o l d s  i s  a  s c i e n t i s t  

i n  t h e  P h a r m a c o k i n e t i c s / D r u g  

M e t a b o l i s m  D e p a r t m e n t  o f  

W a r n e r - L a m b e r t ! P a r k e - D a v i s .  H e  

r e c e i v e d  h i s  B . S .  d e g r e e  i n  

P h a r m a c y  f r o m  F e r r i s  S t a t e  

C o l l e g e  i n  1 9 7 6 ,  a n d  h i s  P h . D .  

d e g r e e  i n  P h a r m a c e u t i c a l  

C h e m i s t r y  f r o m  t h e  U n i v e r s i t y  o f  

K a n s a s  i n  1 9 8 3 .  H i s  r e s e a r c h  

i n t e r e s t s  i n c l u d e  p h a r m a c e u t i c a l  

a n a l y s e s ,  b i o a n a l y t i c a l  

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

p h a r m a c o k i n e t i c s .  H e  h a s  

p u b l i c a t i o n s  c o n c e r n i n g  t h e  

t h e o r y  o f  l i q u i d  c h r o m a t o g r a p h y  

a n d  i t s  a p p l i c a t i o n  t o  

p h a r m a c e u t i c a l  a n a l y s i s .  H e  i s  a  

m e m b e r  o f  t h e  A m e r i c a n  

P h a r m a c e u t i c a l  A s s o c i a t i o n  a n d  

t h e  A c a d e m y  o f  P h a r m a c e u t i c a l  

S c i e n c e s .

P e t e r  T .  K i s s i n g e r  i s  a  p r o f e s s o r  

o f  c h e m i s t r y  a t  P u r d u e  

U n i v e r s i t y  a n d  p r e s i d e n t  o f  

B i o a n a l y t i c a l  S y s t e m s ,  I n c .  

( B A S ) ,  w h i c h  h e  f o u n d e d  i n

1 9 7 4 .  H e  r e c e i v e d  a  B . S .  i n  

C h e m i s t r y  ( 1 9 6 6 )  f r o m  U n i o n  

C o l l e g e ,  S c h e n e c t a d y ,  a n d  a  

P h . D .  i n  A n a l y t i c a l  C h e m i s t r y  

( 1 9 7 0 )  f r o m  t h e  U n i v e r s i t y  o f  

N o r t h  C a r o l i n a  a t  C h a p e l  H i l l ,  

w o r k i n g  w i t h  t h e  l a t e  P r o f e s s o r  

C h a r l e s  N .  R e i l l e y .  B e f o r e  

j o i n i n g  t h e  f a c u l t y  a t  P u r d u e  i n

1 9 7 5 ,  K i s s i n g e r  w a s  a  r e s e a r c h  

a s s o c i a t e  a t  t h e  U n i v e r s i t y  o f  

K a n s a s  ( 1 9 7 0 - 7 2 )  a n d  a n  

a s s i s t a n t  p r o f e s s o r  a t  M i c h i g a n  

S t a t e  U n i v e r s i t y  ( 1 9 7 2 - 7 5 ) .  H i s  

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

o f  o r g a n i c  e l e c t r o d e  r e a c t i o n  

m e c h a n i s m s ,  

s p e c t r o e l e c t r o c h e m i s t r y ,  

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

t e c h n i q u e s ,  m o d e r n  l i q u i d  

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 ,  

a n d  e l e c t r o c h e m i c a l  

m e t h o d o l o g y  f o r  t h e  

n e u r o s c i e n c e s .  M o s t  r e c e n t l y ,  

t h e  K i s s i n g e r  r e s e a r c h  g r o u p  

h a s  b e e n  i n v e s t i g a t i n g  t h e  

m e t a b o l i s m  o f  a r o m a t i c  

x e n o b i o t i c s  w i t h  t h e  g o a l  o f  

b e t t e r  u n d e r s t a n d i n g  t h e  

m o l e c u l a r  b a s i s  o f  t o x i c i t y .  

K i s s i n g e r  a n d  c o l l e a g u e s  h a v e  

p u b l i s h e d  o v e r  1 1 5  r e s e a r c h  

a r t i c l e s  a n d  p r e s e n t e d  o v e r  2 0 0  

i n v i t e d  l e c t u r e s  i n  1 5  c o u n t r i e s .  

H e  i s  a  f o u n d i n g  m e m b e r  o f  t h e  

S o c i e t y  f o r  E l e c t r o a n a l y t i c a i  

C h e m i s t r y  ( S E A C ) ,  a n d  i s  a c t i v e  

i n  t h e  A m e r i c a n  C h e m i c a l  

S o c i e t y  a n d  t h e  A m e r i c a n  

A s s o c i a t i o n  f o r  C l i n i c a l  

C h e m i s t r y .
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involving chrom ogen form ation  by derivatization. The redox 
indicators that w ill be discussed include 2,6-dichloroindo- 
phenol, m etal ions, and other miscellaneous reagents. The  
derivatization  o f ascorbic acid includes reaction w ith  2,4- 
din itrophenylhydrazine, d iazotization , and quinoxaline fo r
m ation.

R e d o x  R e a c t io n s

2 ,6 - D i c h l o r o i n d o p h e n o l .— The standard redox reagent used 
for ascorbic acid analysis in a varie ty  o f sample types is 2,6- 
dichloroindophenol (D C IP ). Solutions o f the reagent are blue 
at neutral p H  and p ink in acid. The stoichiom etry o f the redox  
reaction was first proposed by Tillm ans (8). The reaction is 
rapid and is first o rder w ith  respect to each reactant. The  
overall second order rate constant was pH-dependent w ith  
an optim um  value o f 56.5 x  103 L /m ole/s  at low  p H  (9, 10).

phenol, and therefore interfere. A ttem pts to m inim ize these 
positive biases have included chrom atographic isolation o f  
ascorbic acid (22) and heavy metal ion rem oval v ia  mercap- 
tide salt precipitation  before the reaction (23). A nother way  
to im prove the specificity involves follow ing the kinetics o f 
the reaction betw een the vitam in  and D C IP . H iro m i and 
cow orkers used the linear relationship between the apparent 
first order rate constant fo r reduction o f the indophenol to 
determ ine ascorbic acid concentration (24, 25). The reaction  
o f excess ascorbic acid w ith  D C IP  was linear between 0.5 
p,M and 50 |xM  and was suitable fo r analysis o f orange ju ice. 
Cysteine and glutathione did not in terfere, and interference  
by triose reductone was m inim ized. Recently , these investi
gators im proved the low er detection lim it to 2 p.M by reacting  
ascorbic acid in the presence o f excess reagent and using a 
stop-flow  kinetic procedure (26). This m ethod was applied to

The first application o f 2,6-d ichloroindophenol to ascorbic 
acid analysis was reported in 1932 by T illm ans et al. (11). 
A fte r numerous m odifications, the m ethod still consists o f  
m onitoring D C IP  absorbance at 518 nm  before and after sam
ple addition. H o ffm an  et al. have autom ated the D C IP  pro
cedure and used it to determ ine the concentration o f ascorbic 
acid in orange and grapefruit ju ices (12). T h e ir method was 
unsuitable fo r the assay o f lemons because o f the high acidity  
o f the sample. Sam ple tu rb id ity  was m inim ized by dialyzing  
the ascorbic acid fro m  the sample d irectly into the flowing  
D C IP  solution. A n other autom ated version introduced by 
Egberg and cow orkers was applied to the assay o f fortified  
grains and beverages (13). This method required a metha- 
nolic-m etaphosphoric acid extraction step to reduce turbid
ity  from  collo idal suspensions. The detection lim it o f the 
method was 6 |ug/mL and response was linear up to 200 p,g/ 
m L .

There has been considerable interest in determ ining ascor
bate concentrations fo r nutritional and biom edical surveys. 
Because o f the large num ber o f samples in these studies, 
several variations o f the basic methodology have been devel
oped. M ethods have been introduced fo r cataractous lens
(14), ovarian (15), and lingual tissues (16); infant m ilk (17); 
and serum, w hole blood, and saliva (18 -2 0 ). One autom ated  
version, rigorously evaluated by independent investigators, 
has been chosen as a “ selected m ethod” fo r clinical labora
tories (21). This m ethod produces a linear response from  2.0  
to 20 |xg ascorbic ac id /m L  serum, w ith  a m axim al sampling 
rate o f 60/h. Interferences from  sulfhydryls, sulfites, and th io 
sulfates and from  catalytic oxidation o f ascorbate by iro n ( II I)  
and c o p p e r(II) w ere m in im ized by using a p H  3.5 solution o f  
metaphosphoric acid.

The limitations encountered w ith  D C IP  methods result from  
poor specificity and dye instability. M an y  molecules (e. g., 
phenols, sulfhydryls, and triose reductones) and ions (e.g ., 
ferrous, cuprous, or sulfite) can reduce 2,6-d ichloroindo-

a varie ty  o f vegetables and fruits and requires only 1 -2  si  

sample. The suitability  o f this type o f m ethodology depends 
on advances in stop-flow methods (27) and a need to analyze  
m any samples. This m ethodology should find acceptance in 
clinical laboratories w ith  centrifugal analyzers.

M e t a l  I o n s —  A n other class o f colorim etric redox reactions 
involves the reduction o f m etal ions to produce a stable col
ored solution. F o r exam ple, ascorbic acid m ay be determ ined  
in pharm aceutical preparations by using potassium ferricyan- 
ide (28) or ferric in ium  trichloroacetate (29). P elizzeti. et al. 
(30, 31) have reported the kinetics and mechanisms between  
ascorbic acid and m any potentially  useful m etal-ion com plex  
oxidants.

The m ore com m on m etal-ion redox methods involve the 
reduction o f iro r .( I I I )  to iro n (II)  by the v itam in . A n  intensely 
colored iro n ( II)  com plex is form ed after addition o f a chelat
ing agent. Absorbance is m onitored at the absorption m axi
mum o f the com plex and is d irectly proportional to the ascor
bic acid concentration. The most com mon iro n (II)  chelating  
agents are a ,a '-d ip y r id in e , 2 ,4 ,6 -trip yridy l-S -triaz in e  (T P Z ), 
and ferrozine.

Zannoni and cow orkers have published a m icrom ethod for 
the determ ination o f ascorbic acid in plasma and tissue sam
ples (32). This procedure detects as little  as 0.1 g,g ascorbic 
acid and requires 0.01 m L  sample; the com plex is stable for 
at least 2 h. O kam ura has reported a procedure fo r the 
simultaneous determ ination  o f ascorbic and dehydroascorbic  
acids in plasm a (33, 34). In  both procedures, dehydroascorbic  
acid is reduced to ascorbic acid w ith  d ith io threito l. The ascor
bate and dehydroascorbate concentrations are then deter
mined by difference. Precip itation o f iron from  urine samples 
and treatm ent w ith  activated charcoal to rem ove interfering  
substances w ere necessary. E xcellent agreement was found  
between this procedure and a dinitrophenylhydrazine method.

L lo yd  et al. have used 2 ,4 ,6 -trip yridy l-S -triaz in e  to  develop  
a procedure fo r analysis fo r ascorbic acid in platelets (35).
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The platelets are extracted and the supernate is chrom ato
graphed on cellulose T L C  plates. Ascorbic acid was eluted 
and reacted w ith  ir o n ( II I)  in the presence o f the com plexo- 
m etric reagent. The precision o f this method was 2 .5% . This  
reagent was also suitable fo r the analysis o f plasma samples 
(36). Acidification o f plasma followed by reaction with iro n (III)  
and treatm ent w ith  chelating reagent are the only necessary 
treatm ent steps. This procedure was applicable to clinical 
samples.

A n other excellen: iro n (II)  com plexing agent in widespread  
use is ferrozine (3-(2-pyridyl-5,6-bis(phenylsulfonic acid)-l ,2,4- 
triazine)). The advantages o f ferrozine over other F e ( II)  
reagents include w ater solubility, stability , and a higher molar 
absorptivity (27 900) w hen com pared w ith  phenanthroline  
(11 000) or a ,a '-b ip y r id y l (8650) com plexes. The kinetics o f 
the reaction betw een iro n ( II)  and fe rro z in e , 1-10-phenanthro- 
line, and ct,a '-b ipyrid ine  have been compared (37). Jaselskis 
and N e lapa ty  have characterized the optim al reaction con
ditions and have developed a method suitable fo r the quan
titation  o f ascorbic acid in citrus fruits (38). A  p H  3 -6  solution 
was optim al fo r color form ation , and as little  as 0.2 |xg ascor
bic ac id /m L  could be quantitated. Butts and M u lv ih ill have 
used this chrom ogenic reagent to develop a procedure for 
determ ining the v itam in in serum or urine (39). T h e ir proce
dure was based on rapid form ation o f the ferrozine com plex, 
using the unique ab ility  o f a centrifugal analyzer to sim ulta
neously measure standards and samples (and a blank i f  nec
essary) after very  short reaction times ( >  15 s). By carefully  
optim izing  the p H , reagent com position, and reaction tim e, 
they w ere able to successfully assay for ascorbic acid in the 
presence o f uric acid, sulfhydryls, and other reductants. 
Recently , this procedure has been modified for manual deter
m ination o f the vitam in in tissue samples (40).

O ther reported  m etal-chelom etric procedures include the 
form ation  o f an iro n (II)-b ath op h en an th ro line  com plex to 
determ ine ascorbic and dehydroascorbic acids in rat tissue 
samples (41), and form ation  o f a c o p p e r(I)-2 ,2  bisquinoline 
com plex w hich is the basis o f a method for pharm aceutical 
preparations (42). In  general, the redox chelom etric methods 
have the same disadvantages as D C IP  methods. Because the 
vitam in  is measured ind irectly, the presence o f otherreducing  
agents w ill positively  bias the results.

M i s c e l l a n e o u s  R e a g e n t s .— Several other redox reagents 
have been used fo r determ ining ascorbic acid in biological 
fluids, pharm aceuticals, and food products. One method for 
pharm aceutical preparations is based on the production o f an 
intense red-vio let color when dim ethoxyquinone is reduced

by ascorbic acid (43). The m olar absorptivity o f the product 
is 1738 at 510 nm and B eer’s law  is follow ed fo r ascorbate 
concentrations between 10 and 80 p,g/mL. This reagent has 
been m odified and applied to the quantitation o f the vitam in  
in citrus fru its (44). The reaction has been characterized (45) 
and is com plete w ith in  6 min at 25°C for amounts o f ascorbic 
acid as high as 0.8 mg. The reaction product has been syn
thesized and characterized by infrared, nuclear magnetic res
onance, and mass spectrom etric techniques. The reduced  
dim ethoxyquinone was present as 2 isom eric products.

K in etic  analytical methods have appeared that use brom ine  
generated from  the reaction between brom ate and brom ide  
in acidic solution (46, 47) or oxidation o f ascorbic acid by 
iodate (48). W h ite  and F itzgerald  used m ethylene blue to 
analyze ascorbic acid tablets and fru it ju ices (49). The reduc
tion o f perinaphthindan-2,3 ,4-trione at p H  3 w ith  subsequent 
m onitoring o f the reduced chromogen at 460 nm was the basis 
o f another m ethod used fo r citrus fruits (50). T he  ease o f  
determ ining the tite r o f  standard ascorbate solution has been 
facilitated  by using o-toluidine (51), and phosphotungstic acid 
has been used as the basis o f a serum ascorbate m ethod (52). 
T w o  phosphotungstic acid methods have been published for 
the determ ination o f ascorbic acid in pharm aceuticals, plasm a
(53), and vegetables (54). Folin  phenol reagent has been used 
fo r determ ining ascorbic acid in biological samples (55).

D eriv a tiz a tio n  R e a c t io n s

D i n i t r o p h e n y l  H y d r a z i n e .— A nother classical colorim etric  
m ethod involves measuring the absorbance produced when  
din itrophenylhydrazine (D N P H ) couples w ith  the oxid ized  
form  o f ascorbic acid. In  this procedure (com m only term ed  
the Roe and K u eth er m ethod) (56), ascorbic acid is first con
verted to dehydroascorbic acid (D H A A )  via a suitable o x i
dizing agent. D in itrophenylhydrazine  is added and, after a 
b rie f incubation tim e, color is produced after acidification  
w ith  concentrated sulfuric acid. The absorbance is measured 
at 520 nm and is proportional to the original ascorbic acid 
and D H A A  concentrations.

The specificity o f the method is attributed to the follow ing  
factors: ( 1 )  color is produced more easily w ith  2 ,4 -d in itro - 
phenylhydrazine derivatives o f 5- and 6-carbon, sugar-like 
compounds; (2 )  the rate o f coupling is much faster w ith  dehy
droascorbic acid than w ith  o ther carbohydrates; and ( 3 )  m ea
surable chrom ogen form ation from  non-ascorbic acid sub
stances is m inim ized by carrying out the reaction at low  
tem peratures. Zloch and cow orkers (57) have evaluated the 
Roe and K u eth er m ethod using thin layer chrom atography
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and l4C-labeled ascorbic acid and found that only 30-53% of 
the bis-2,4,-dinitrophenylhydrazone derivative was pro
duced. Optimal derivatization conditions yielding maximal 
derivative formation were 3-4  h at 37°C, or 1.5 h at 60°C. 
This approach has been used to monitor urinary ascorbate 
levels (58).

A method has been reported, using the oxidant potassium 
bromate, that can quantitate ascorbic acid and its important 
metabolite, ascorbic acid-2-sulfate, in urine and tissues (59). 
Free ascorbic acid is quantitated after 1 h incubation at 37°C, 
although its metabolite is measured after incubation for 3 h 
at 60°C. The difference in absorbance at both temperatures 
corresponds to the initial amount of ascorbic acid-2-sulfate.

Many investigators have integrated selective chromato
graphic techniques to increase specificity. For example, Bel- 
jaars et al. combined thin layer chromatography with the 2,4- 
DNPH method (60). They applied densitométrie detection for 
measuring 0.08-1.00 p,g ascorbic acid in buttermilk. Shmidt 
and Holfelder used thin layer chromatography to isolate the
2,4-dinitrophenylhydrazone derivative from interfering com
ponents and were able to quantitate the ascorbic acid content 
in black current juice (61). Micro and macro methods using 
this approach were developed to determine ascorbic acid 
levels in body fluids and tissues of insects (62).

Toothill and coworkers incorporated column chromatog
raphy and compared their results with a 2,6-dichloroindo- 
phenol method for ascorbic acid analysis in evaporated and 
fortified sterilized milk (63); they reported the DPNH method 
to be more accurate. The presence of sulfhydryl groups and 
reductones present in evaporated and sterilized milk inter
fered in the 2,6-dichloroindophenol method, but not in the 
TLC/DPNH method. Dried feeds have been assayed for 
ascorbate content with combined column chromatography 
and the DPNH method (64). This approach has a throughput 
of 50-60 samples/day and a detection limit of 0.1 p.g ascorbic 
acid/g. Sample cleanup on a Dowex 1-X2 anion-exchange

column has also been used for quantitation of ascorbic, dehy- 
droascorbic, and 2-ketogulonic acids (65). A 50 mM H3P 0 4 
mobile phase was optimal.

The DPNH method has been automated by Aeschbacher 
and Brown and applied to analysis of tissue samples (66). A 
manual method has also been reported for analysis of platelets 
and leukocytes for ascorbic acid (67). Serious disadvantages 
of the manual methods include lengthy derivatization steps 
and the fact that DHAA is also measured as ascorbic acid. 
Pelletier has reported a combined manual method incorpor
ating dichloroindophenol and dinitrophenylhydrazine to dif
ferentially measure ascorbic acid and DHAA levels in bio
logical samples (68). An automated version of this method
ology has been adapted for determining ascorbic acid in serum 
(69) and pharmaceutical products (70). An in-depth investi
gation of the automated experimental parameters has been 
undertaken and applied to foodstuffs (71). The parameters 
investigated included maximization of the conversion of DHAA 
to ascorbic acid for blanks, minimization of osazone forma
tion by sugars, and optimization of color development. The 
procedure was applied to vegetables, fruit juices, and other 
food products. The method was more specific when com
pared with a manual DPNH method. Behrens and Madere
(72) have made further improvements in Pelletier and Bras
sard’s method (69). Refinements in the reaction conditions 
and choice of reagents allowed determination of ascorbic acid 
in small volumes of rat plasma and tissue extracts. The new 
procedure requires only 0.15 mL sample and could measure 
as little as 1.2 p.g/mL. Use of the method yielded standard 
deviations of 0.5-1.5%  for ascorbate concentrations between
1.6 and 6.8 pig/rr.L.

Wahba and ccworkers developed a simplified colorimetric 
assay to determine ascorbic acid in pharmaceutical prepara
tions (73). This method consists of reacting ascorbic acid with 
phenylhydrazinium chloride in acidic solution at 50°C, with 
subsequent measurement at 395 nm. The assay obeys Beer’s
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law from 25 to 100 p,g, and interference by other vitamins 
and reducing substances is minimized.

Diazotization .—Another class of derivatization methods 
involves the reaction of ascorbic acid with diazotized 4-meth- 
oxy-2-nitroaniline. First studied by Schmall and coworkers 
(74, 75), the reaction mechanism is a hybrid redox-derivati- 
zation and is illustrated below.

The manual OPDA method has been automated on Tech- 
nicon Autoanalyzer by simply replacing the Norit oxidation 
step with redox reagents (84—86), but a major drawback of 
using redox reagents in a totally automated system is that 
naturally occurring fluorescing plant components may inter
fere because they are no longer adsorbed onto the Norit. This 
problem can be minimized by using a semiautomated version
(87).

o.

+
 cm
S5-

/O H
A * 2

0 + : I  -
\ J k V^OH x/
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o c h 3
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Derivatization is rapid, and the absorbance of the alkaline 
blue solution (570 nm) is proportional to the original ascorbic 
acid concentration. Other vitamins and dehydroascorbic acid 
do not react with the diazotization reagent. This methodology 
is, therefore, appropriate for pharmaceutical stability studies.

The basic manual procedures have been modified and 
adapted to a Technicon Autoanalyzer for automated serum 
and urinary ascorbate analysis (76). The automated method 
obeys Beer’s law over the concentration range of 1-7 mg/100 
mL, and specificity is enhanced for biological samples by 
using blank correction. Diazotized 4-methoxy-2-nitroaniline 
has also been used in an ovarian ascorbic depletion assay (77) 
and more recently in an automated pharmaceutical formula
tion assay (78). Chromatography on a cellulose column has 
been used for sample cleanup for selective determination of 
ascorbic acid in foodstuffs (79). Other variations of the method 
use p-nitroaniline (80) and/or diazotized p-aminobenzoic acid 
as the redox-derivatization reagent (81);

Quinoxaline Form ation .—Alternative derivatization reac
tions include the formation of condensation products derived 
between dehydroascorbic acid and substituted o-phenylene- 
diamines (OPDA):

AA ----- ►  DHAA +  I

The most commonly used method is the manual Deutsch 
and Weeks assay (82). Norit (carbon) oxidizes ascorbic acid 
to DHAA which then reacts with o-phenylenediamine to yield 
a fluorescent quinoxaline derivative. This method is more 
specific, faster, and less restrictive to sample type when com
pared with the dichloroindophenol and DPNH assays (83).

The automated method of Roy et al. (85) and semiauto
mated method of Egberg et al. (87) have been compared (88) 
with 2 manual AOAC titrimetric and fluorometric methods 
(89,90). In this study, 40 products (cereals, fruits, vegetables, 
baby foods, meats, frozen dinners, juices, nutritional health 
bars, and pet foods) were assayed in duplicate on 2 days and 
included a recovery study. Egberg's method was found to 
have a correlation factor of 0.999 with the official methods 
and an average recovery of 97.8%; while the Roy method had 
a correlation factor of 0.979 and an average recovery of 99.3%. 
On the basis of these results, it has been suggested that 
Egberg’s method is the method of choice for most of the 
products tested. A recent study has determined the within- 
and between-laboratory reproducibilities of Egberg’s semiau
tomated method (91). Fifteen samples of 12 different products 
(cereals, fruit juices, and infant formula) were assayed by 5 
different laboratories. The within-laboratory relative stan
dard deviations for 3 different blind duplicate samples were
11.9, 0.93, and 3.2%. The average relative standard deviation 
between laboratories was 4.9% (range 1.5-12.6%). On the 
basis of these results and the historical performance of the 
method (88, 91), the semiautomated version was adopted as

an official method at the 97th annual international meeting of 
AOAC.

Other variations of the basic o-phenylenediamine approach 
have used substituted analogs of OPDA in the reaction. For 
example, Szepesi used 4,5-dimethyl-1,2-phenylenediamine
(92). This new derivatization reagent allowed the ascorbic
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acid content of pharmaceutical preparations to be determined 
by ultraviolet spectroscopy, and a 4-fold decrease in deriva- 
tization time was reported.

Another spectrophotometric method that incorporates an 
analog of OPDA, 4-nitro-o-phenylenediamine, has been used 
for analyzing ascorbic acid in foodstuffs (93) and pharmaceu
tical preparations (94). These approaches consisted of retain
ing ascorbic acid on an anionic Sephadex column. After inter
fering substances were eluted, ascorbic acid was oxidized to 
dehydroascorbic acid in situ with p-benzoquinone. Dehy- 
droascorbic acid was eluted from the column and reacted 
with 4-nitro-o-phenylenediamine. The absorbance was mea
sured at 375 nm after removal of excess reagent. The method 
has a detection limit of 15 p,g ascorbic acid/g of sample, and 
dehydroascorbic acid can be quantitated after reduction to 
ascorbic acid with dimercaptoethanol.

Electrochemical Methods

The electro-oxidation of ascorbic acid at an electrode fol
lows an irreversible, EC type of electrode mechanism (95), 
involving the loss of 2 e -  and 2 H +  to form dehydroascorbic 
acid. This product reacts rapidly via an irreversible hydration 
to form diketogluconic acid. Ascorbic acid has a rapid het
erogenous rate constant with many types of electrodes; there
fore, it is not surprising to find many electroanalytical meth
ods. These procedures are based on dynamic electroanalyt
ical techniques (i.e ., measurements of i, t, and/or q) and have 
been available for many years (96).

Lindquist (97) and Soderhjelm and Lindquist (98) applied 
linear sweep voltammetry at the carbon paste electrode to 
determine ascorbic acid in fresh fruits, vegetables, multivi
tamins, and beverages (97, 98). Voltammograms were run in 
metaphosphoric acid solutions at scan rates of 20 mV/s. The 
linearity range extended between 10“6 and 1(L3M. To deter
mine ascorbic acid in the presence of iron(II), it was neces
sary to add 5-nitro-l,10-phenanthroline. This reagent com- 
plexed the iron(II), and the complex had an increased oxi
dation potential, thus allowing ascorbic acid to be selectively 
measured. The method was compared with a 2,6-dichloroin- 
dophenol titrimetric procedure and yielded lower results due 
to better selectivity.

Differential pulse voltammetry at the glassy carbon elec
trode has been applied to the determination of ascorbic acid 
in multivitamins containing iron(II) (99). This method did not 
require a complexation agent. The multivitamin preparations 
were dissolved in aqueous solution and filtered. This solution 
was then diluted with pH 4 Mcllvaine buffer and differential 
pulse voltammograms were obtained by scanning at 5 mV/s 
with a pulse modulation of 50 mV. Measurements of peak 
potential for ascorbic acid were obtained at 230 mV versus 
SCE, and the linearity of the method ranged between 10 6 
and 10 'M. Differential pulse voltammetry has also been used 
to determine ascorbic acid in vivo from the striatum of rats 
and guinea pigs at an electrochemically pretreated electrode 
(100). A graphite/epoxy electrode was able to differentiate 
between ascorbic acid and dopamine (101). This procedure 
has a linearity range for ascorbic acid of 5 x 10 4 and 2 x 
10-3M in the presence of 2 x 10"5M dopamine.

Mason and coworkers have used amperometric detection 
of ascorbic acid at a tubular graphite electrode in a flow 
system (102). The limiting current was monitored at 0.75 V 
versus SCE and was linear over the concentration range of 
10~6 to 10 3M. The method is suitable for determining ascor
bic acid in multivitamin preparations and is more specific 
than iodometric titration. Although the method involves man
ual injection of the samples into a flowing stream (25-30

samples/h), it could be readily automated using recent advances 
in automated chromatographic sample processors.

Recently, Strohl and Curran (103) used flow injection anal
ysis with a reticulated vitreous carbon flow-through electrode 
to illustrate the applicability of the technique to determine 
ascorbic acid in ascorbic acid tablets. This procedure had a 
detection limit of 0.4 ng/injection. Flow injection analysis has 
also been used to determine the diffusion coefficient of ascor
bic acid (104).

In constant-current coulometric methods used for deter
mination of this vitamin, a reagent is generated in situ at an 
electrode, which then reacts with ascorbic acid. The amount 
of current per unit time used to obtain the end point is directly 
proportional to the original ascorbic acid concentration. Marsh 
and coworkers used electrogenerated Br2 to determine the 
vitamin in ascorbic acid tablets (105). The relative standard 
deviation of this method was 2%.

Moros and coworkers (106) described an automated, iodine- 
base coulometric method and found it to be equivalent to the 
USP method. This method can analyze 25 samples/4 h and 
only requires 1.5 h of constant operator time. The accuracy 
and precision of the method were ±  0.3%. Another iodo
metric, constant-current coulometric method has been pub
lished, with accuracies within 0.9% and precision of 0.15% 
(107). Other coulometric methods involve constant potential 
coulometric analysis of ascorbic acid with I2 (108) and cou
lometric determination of the vitamin with electrogenerated 
octacyanomolybdate (109).

Enzymatic Methods
Spectroscop ic .—Earlier enzymatic methods using ascor

bic acid oxidase (EC .1.10.3.3) relied on isolation of the enzyme 
from plant material. Few practical methods for determination 
of ascorbate have been reported, because the enzyme was 
not commercially available. Lee and Dawson (110) presented 
an in-depth report on the isolation and characterization of 
ascorbate oxidase. An enzymatic procedure for quantitation 
of ascorbic acid in fruit juices has been reported (111) and is 
based on the difference in absorbance before and after incu
bation. The method response was linear between 1 and 10 
|xg/mL, with an average recovery of 98 ±  0.8%. The optimal 
experimental parameters for application of this procedure to 
plant and animal foods are pH 5.5 for sensitivity and enzyme 
stability and 30 min incubation at 30°C (112). This procedure 
gave results comparable to those using 2,6-dichloroindo- 
phenol or 2,4-dinitrophenylhydrazine.

Recently, Liu and coworkers have used commercially 
available ascorbic acid oxidase to develop a suitable method 
for clinical serum or plasma samples (113). In this procedure, 
ascorbic acid is specifically quantitated by pretreating one of 
a pair of replicate samples with enzyme. Both samples are 
reacted with Fe(III) and the complexometric reagent 2,4,6- 
tris(2 pyridyl)-5'-triazine. The difference in the absorbance 
(593 nm) of these samples is proportional to the original 
ascorbic acid concentration. The method was linear between 
0.01 and 0.10 mg/mL and had a precision of 2.8%. The major 
advantages of the method were (1) endogenous compounds 
present in biological samples do not interfere, (2) deprotein- 
ization of samples is unnecesary, and (3) the procedure is 
complete within 25 min with routine clinical laboratory equip
ment.

The enzyme horseradish peroxidase has also been used for 
the determination of ascorbic acid. Roe and Bruemmor have 
described a kinetic procedure based on the lag time produced 
between ascorbic acid.p-phenylenediamine, and horseradish 
peroxidase (114). In this procedure, the enzyme converts p-
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phenylenediamine to its colored oxidized form. Ascorbic acid 
rapidly reacts with the oxidized form, converting it back to 
phenylenediamine. The time required for production of a 
stable color (of oxidized p-phenylenediamine) is proportional 
to the original amount of ascorbic acid. This method has been 
applied successfully to the quality assurance for the labeling 
compliance of fruit juices. Another variation substitutes 
guaiacol or homovanilic acid for p-phenylenediamine and is 
suitable for trace determination in plant extracts (115).

E le c t r o c h e m ic a l .— Many workers used electrochemical 
techniques to monitor the depletion of oxygen during the 
following reaction.

AA +  1/2 0 2
Ascorbate

Oxidase
DHAA +  H20

Marchesini and coworkers used a Clark electrode to mon
itor the depletion of oxygen for this reaction (116). Their 
procedure was applied to ascorbic acid analysis in fresh and 
canned spinach. Dehydroascorbic acid was quantitatable only 
after reduction to ascorbic acid with homocysteine, and the 
method gave results comparable to the 2,6-dichloroindo- 
phenol and 2-4 dinitrophenylhydrazine procedures. Posadka 
and Macholan coated a Clark oxygen electrode with a thin 
coat of insolubilized ascorbate oxidase (117). This produced 
linear results between 10 and 100 mg. Of 35 compounds 
tested, only chlorogenic acid interfered. Ascorbate oxidase 
has also been immobilized on collagen and mounted on a 
Clark electrode (118). The linearity of the method ranged 
from 5 x  1(L5 and 5 x 10~4M, and the precision was better 
than 2.3% over 35 successive assays. The ascorbate-selective 
electrode is stable for 3 weeks and has been applied to food 
analysis.

An excellent paper has described coupling ascorbate oxi
dase with chronoamperometry (119) to determine ascorbic 
acid in brain homogenate. In this procedure, a chronoampero- 
metric response for total oxidizable compounds in brain 
homogenate was first determined. A known amount of ascor
bate oxidase was added, and the total of oxidizable com
pounds (minus ascorbic acid) was monitored by chronoam
perometry. Ascorbic acid content was determined as the 
difference between the 2 readings. The differential technique 
requires 1 s or less for each measurement, and the entire 
assay is completed in a few minutes. The method’s specificity 
has been corroborated by liquid chromatography, and the 
method has a precision of 2.6%.

Chromatographic Methods
Because many of the spectroscopic and electrochemical 

methods that have been discussed cannot distinguish ascorbic 
acid, dehydroascorbic (DHAA), tZ-isoascorbic (IAA) (also 
known as erythorbic acid), or other oxidizable compounds, 
it is not unusual tha: separation methods have been used to 
increase selectivity. The following chromatographic tech
niques will be discussed in some detail: paper and thin layer 
chromatography, gas chromatography, and liquid chroma
tography.

P a p e r  a n d  Thin L a y e r  C h ro m a to g ra p h y .—Numerous paper 
chromatographic methods have been reported for the quali
tative and quantitative determination of ascorbic acid. De 
Ritter has reviewed many of these procedures (120). Initial 
paper chromatographic methods were concerned with iden
tifying suitable visualizing reagents or optimal elution sol
vents. Partridge reported the first qualitative separation of 
ascorbic and dehydroascorbic acids (121). Cold ammoniacal 
AgN 03 was used to visualize the chromatographic zone. 
Dehydroascorbic acid was detected after heating.

Mapson and Partridge proposed a method to separate 
ascorbic and isoascorbic acids, using Whatman No. 1 filter 
paper with an acidified KCN (potassium cyanide) developing 
solvent (122). Phenol-acetic acid has been used in combina
tion with metaphosphoric acid-impregnated paper (123) or 
glass fiber filter paper impregnated with silica gel (124) to 
eliminate the hazardous solvent combination. The method 
reported by Mitchell and Patterson (123) was used to quan
titate human urinary ascorbic acid excretion (125). In this 
method, ascorbic and erythorbic acids were measured using 
a 2-6-dichloroindophenol method after isolating each com
ponent from the filter paper. Recoveries of 101% and 108% 
were reported for rat urine and cress seedlings (126). This 
procedure involved a preliminary separation using a butanolic 
solvent followed by a second separation with a phenolic sol
vent. Ascorbic acid was eluted and measured via a DCIP 
procedure with a recovery of 85% at the 0.5 mg/mL level. A
2,4-diphenylhydrazine method has also been reported using 
separation by paper chromatography (127).

Thin layer chromatography has been more useful than paper 
chromatography for quantitation of ascorbic acid. For exam
ple, Saari and coworkers studied oxidation of ascorbic acid 
using a 14C-labeled compound and densitometric and radioau- 
tographic detection (128). The separation system resolved 
ascorbic and dehydroascorbic acids and an additional com
pound that was presumed to be 2,3-diketogulonic acid. A 
densitometric detection method has also been used to mea
sure ascorbic acid in pharmaceutical syrup formulations con
taining vitamins A, B ,, C, and D3 (129). Lyle and Tehrani
(130) described another exotic thin layer chromatographic 
method that involves the pyrolysis of thin layer zones directly 
into a flame ionization gas chromatograph. This method was 
linear over the range of 0.2-3.0 |xg ascorbic acid.

Thin layer chromatographic determinations of ascorbic acid 
should attract renewed interest in the coming years because 
of advances in high performance thin layer chromatography
(131) . The major advantages of this separative technique include 
increased sensitivity and resolution, ability to run several 
chromatograms in parallel, and capability of using densito
metric and fluorimetric detection.

G a s  C h ro m a to g ra p h y  — The. discovery and application of 
gas chromatography to trace organic analysis produced dra
matic improvements in sensitivity and selectivity. The ther
mal conductivity and flame ionization detectors were the 
most universal detectors. Unfortunately, polar compounds 
(e.g., ascorbic acid) were not easily analyzed by this tech
nique.

Sweeley and coworkers (132) reported the first gas chro
matographic analysis of ascorbic acid. Trimethylsilylether 
derivatives were synthesized to increase volativity. The deri- 
vatization reaction was carried out in a mixture of hexame- 
thyldisilazane and trimethylchlorosilane (2 +  1) in pyridine. 
This basic procedure has been modified for the derivatization 
of ascorbic acid (133-136). The rate of derivatization and 
elimination of voluminous ammonium chloride precipitation 
has been investigated. N-Trimethylsilylacetamide (137) or 
7,0-bis(trim ethylsilyl)acetam ide (138) were appropriate 
reagents. Because ascorbic acid may be derivatized at any 
one of its 4 hydroxyl groups, Vecchi and Kaiser (137) char
acterized the silyl derivative of ascorbic acid with gas chro- 
matography-mass spectrometry and concluded that the tetra- 
trimethylsilylether derivative was formed.

A GC procedure for quantitation of ascorbic acid, pyridox- 
ine, and nicotinamide in multivitamin preparations has been 
reported by Sennello and Argoudelis (138). This method gave 
results similar to the USP procedure and has a linearity range
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between 50 and 400 p-g and a recoveryof 98%. Another GC 
procedure has a linearity range of 0.7-7.0 mg ascorbic acid 
in orange drink (135). Schlack has also published a method 
suitable for food products and pharmaceuticals (136); ascor
bic acid was precipitated as a lead salt, derivatized, and 
detected via flame ionization. Linearity was observed between 
0.1 and 1.0 mg, and recovery was 100.1%.

L iq u id  C h ro m a to g ra p h y .—Liquid chromatography (LC) has 
been used extensively for ascorbic acid analysis. This tech
nique combines high selectively and sensitivity with rapid 
sample analysis and does not require derivatization. A mini
review of LC methods used for ascorbic acid has recently 
appeared (139).

(a) E le c t r o c h e m ic a l  d e t e c t io n : The early LC methods for 
ascorbic acid analysis used electrochemical detection (LCEC). 
Kissinger et al. (140) used a thin layer amperometric cell to 
measure ascorbic acid in urine. Diluted urine was directly 
injected onto a strong anion-exchange column, and ascorbic 
acid was detected at a carbon paste electrode set at +  0.8 V 
vs Ag/AgCl. Analyses were complete within 4 min, and high 
selectivity, reduced sample preparation, and decreased anal
ysis time were reported. Multivitamin preparations, fruit juices, 
milk products, and urine were analyzed using this method 
(141, 142). Samples were extracted with 3% metaphosphoric 
acid in 8% acetic acid, and the supernate was diluted with 
cold perchloric acid (0.05M) before injection. Liquid chro
matography with amperometric detection has also been used 
to measure ascorbic acid in human serum, plasma, and leu
cocytes (143). Samples were deproteinized with 6% trichlo
roacetic acid, and ascorbic acid concentrations were quan- 
titatable between 2 and 30 pg/mL. A similar method has been 
reported for urine and plasma (144).

Thrivikraman and coworkers (145) reported a method 
applicable to mouse, rat, and guinea pig tissues. Sample prep
aration consisted of homogenizing the tissue, dilution of the 
supernate, and then separation on an ion-exchange column. 
Recovery was 102% with a linear range of 15-50 ng/injection. 
This method provides increased sensitivity and selectivity 
when compared with ultraviolet detection. Low nanogram 
levels of ascorbic acid have also been monitored in various 
vertebrate and invertebrate tissues using LCEC (146). This 
method was compared with the DNPH and a,a'-dipyridyl 
methods (147). The LCEC and DNPH methods compared 
favorably, whereas the a ,a  '-dipyridyl method gave signifi
cantly higher values for many sample types.

Ascorbic acid concentrations in human serum, plasma, and 
leukocytes have been determined by using reverse phase ion- 
pair LC with amperometric detection (148). Samples were 
deproteinized before analysis, and 97-100% recoveries were 
reported over the range 0.1-5 pg/mL. Many common drugs 
and metabolites did not interfere in this assay.

Green and Perlman (149) and Grun and Loewus (150) have 
used cleanup procedures to improve LCEC selectivity. Plasma 
ultrafiltration was used to remove protein before separation 
by reverse phase ion-pair LC (149). Recovery was 100%, and 
advantages include increased sensitivity (due to reduced sam
ple dilution) and increased column life. Grun and Loewus 
(150) used a C-18 Sep-Pak® cartridge to selectively retain 
interfering species from extracts of algae and growth media. 
Recovery was >99% . Various sugars, sugar acids, and lac
tones did not interfere.

Stillman and Ma (151) studied the use of polarography for 
the quantitation of ascorbic acid in multivitamin preparations. 
Vitamins B ,, B ,2, C, and K 3 were simultaneously measured 
at +1 .5  V. Analyses were complete in 9 min; however, no 
detection limits were reported.

An ion-pair LCEC method was used to measure ascorbic 
and erythorbic acids in orange juice, rat plasma, urine, liver, 
and brain tissues (152). Numerous counter ions were inves
tigated, and decylamine gave the best separation. The method 
was highly specific, and no interferences were observed.

(b) S p e c t r o s c o p ic  d e t e c t io n : Ultraviolet detection has been 
used to monitor ascorbic acid after separation by ion-exchange 
chromatography. Williams and coworkers (153) determined 
ascorbic acid at 254 nm in orange juice, and the method was 
specific for ascorbic acid. Another method has described the 
quantitation of ascorbic acid in small volumes of aqueous 
humor (154). Aqueous humor (2 pL) was diluted 5-fold, directly 
injected onto an ion-exchange column, and detected at 254 
nm. This method gave results comparable to the Roe and 
Kuether method. Liebes and coworkers (155) reported the 
analyses for ascorbic acid in human lymphocyte extracts. 
Their method also agreed with that of Roe and Kuether. 
Floridi and coworkers (156) described a method for deter
mining ascorbic acid in food products. Linearity ranged from 
5 to 30 pg/mL, and analyses were completed in 20 min. 
Recently, Ashoor and coworkers (157) desribed a method for 
fruit juices and vegetables.

Reverse phase LC was used to investigate the urinary 
excretion proffe of ascorbic acid in human subjects (158). 
These results agreed with the USP titrimetric method. Ascor
bic acid was determined in citrus juices with a similar method 
that gave results comparable to the DCIP method (159). Lin
earity was observed from 50 to 400 |xg/mL. The analysis of 
the vitamin in a variety of fruit juices and vegetables has been 
described by Watada (160). Recoveries of >  96% were reported, 
and the method was linear up to 7 pg ascorbic acid.

Sood et al. (161) described the first ion-pair LC method for 
determining ascorbic acid in foods and multivitamin prod
ucts. Several pairing agents were evaluated, and tridecylam- 
monium formate (1 mM) provided the best results. Quanti
tation at 254 nm gave detection limits of 5 pg/mL, and their 
method was in excellent agreement with the USP method. 
The method has been modified and used to measure ascorbic 
acid levels in potatoes and potato products (162). These authors 
reported detection limits of 0.02-1.125 pg. A method suitable 
for the routine analysis of bulk pharmaceutical vitamin-min
eral formulations has recently appeared (163). Ascorbic acid 
levels o f500-5000 pg/mL extract were measurable. The abso
lute purity of ascorbic acid standards has been determined 
by reverse phase ion-pair LC coupled with conventional stoi
chiometric analyses (164). Plots of peak height versus the 
volume of standardized iodine solution added were linear. 
The titration end point was determined by extrapolation in 
zero peak height. Sample purity was calculated by using 
conventional titrimetric equations. This method offers 
enhanced selectivity and sensitivity as well as reduced sample 
requirements over conventional stoichiometric methods.

Bui-Nguyen T65) first reported the separation of ascorbic 
and isoascorbic acids by LC that used a weak anion-exchange 
column with detection at 265 nm. These acids were detected 
in various fruit juices with a similar method (166), and detec
tion limits of 20 ng for each acid were reported. Arakowa and 
coworkers (167) have also described a procedure for analyz
ing the acids. Ascorbic acid levels of 500 ng/mL were meas
ured at 254 nm, with a total analysis time of 15 min. DHAA 
and DHIAA could also be indirectly measured following 
reduction with H2S. This method was used to measure ascor
bic acid and IAA in rat liver, adrenals, spleen, heart, and 
kidney tissues (168). Tissues were homogenized and the 
supernate was diluted and injected onto an LC column. No
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interferences were observed, and recoveries of 108% and 
107% were reported for the 2 acids, respectively.

The simultaneous determination of dehydroascorbic and 
ascorbic acids has been unsuccessful, because DHAA is elec- 
trochemically inactive or does not absorb UV light at the 
same wavelengths as ascorbic acid. Nevertheless, several 
approaches for simuitaneously determining ascorbic acid and 
DHAA have been reported. A combination of UV and refrac
tive index detectors has been used to measure these acids in 
orange juice and urine (169). Isoascorbic, dehydroascorbic, 
diketogulonic, and diketogluconic acids were also detected 
with this method. A simple procedure that uses dual UV 
detectors to quantitate ascorbic acid and DHAA in food (170), 
biological and pharmaceutical samples (171), or guinea pig 
tissue has been reported (172). Filtered liquid samples or 
aqueous extracts of solid samples were directly injected and 
ascorbic acid and DHAA were detected at 254 nm and 210 
nm, respectively. This method was modified to determine 
ascorbic acid and dehydroascorbic acids in fruits and vege
tables (173). Detection limits were 50 ng and 100 ng, and 
recoveries of 93% and 92% were reported for the 2 acids, 
respectively. Both compounds have also been determined in 
guinea pig, monkey, and human plasma (174) and orangejuice 
(175) with dual UV detector methods. In both procedures, 
the selectivity of the quinoxaline derivatization reaction was 
used to enhance the UV absorptivity of DHAA. Ascorbic 
acid was quantitated by electrochemical (174) and ultraviolet 
(175) detection in these procedures.

Dennison and coworkers (176) reported a single wave
length method in which ascorbic acid was determined directly, 
and DHAA was estimated as the difference between ascorbic 
acid and total ascorbic acid at 244 nm. Total ascorbic acid 
was determined following quantitative reduction of DHAA 
with D,L-homocysteine. The acids were measured in a variety 
of beverages, and analyses were made over the range 10-100 
pg/mL. Luminescence detection has been investigated for 
the direct determination of these acids in ascorbic acid tablets 
(177, 178). A lucigenin-base-reductant system was the basis 
for the postcolumn reaction of the acids, and conditions were 
optimized for maximum ascorbic acid emission. Ascorbic 
acid and DHAA concentrations of 5-800 |xg/mL and 10-100 
p-g/mL were quantifiable, respectively.

Derivatization procedures have been used to increase the 
sensitivity of LC methods. Garcia-Castineiras and coworkers
(179) used the 2,4-dinitrophenylhydrazine method and mon
itored the resulting bis-(dinitrophenylhydrazone) derivative 
at 254 nm. Ascorbic acid concentration was taken as the 
difference between direct sample derivatization (DHAA and 
DKG) and derivatization following sample oxidation (ascor
bic acid, DHAA, and DKG). This method was applied to the 
analysis of aqueous humor samples, and ascorbic acid levels 
of 50-1150 pmol (45-1000 gg/mL sample) were measured. 
Advantages of this method included increased specificity and 
small sample volume (20 pL). Van Boekel and Meeuwissen
(180) also used DPNH derivatization to determine ascorbic 
acid in beers. Reaction times were reduced to 2 h by heating 
at 70°C, and recovery of the vitamin was 100%. The method 
was highly selective, and no interferences were observed 
during the analysis of 27 different beers. Selectivity for intact 
ascorbic acid could be introduced by using the dual sample 
approach of Garcia-Castineiras (179). Recently, a fluorescent 
assay was used to cetermine total ascorbic acid in whole 
blood (181). The assay consisted of derivatization of ascorbic 
acid to the quinoxaline derivative after oxidation with ascor
bic acid oxidase. Recovery from whole blood was 97%, and 
fluorescence detection (excitation, 255 nm; emission, 475 nm)

provided detection limits of about 35 ng total ascorbic acid/ 
mL blood.

Future Directions
The search for a single ideal method to analyze ascorbic 

acid in food products and biological and pharmaceutical sam
ples may never be successful. Because each sample type has 
its own special requirements, a multitude of analytical pro
cedures will always appear in the literature. Future methods, 
however, will always rely on the basic chemical properties 
of ascorbic acid or on sophistication of instrumentation to 
develop selective, sensitive methods. In addition to the many 
suggestions offered in the text, the following avenues for 
analysis are offered:

Many spectroscopic or electrochemical methods may not 
be selective for ascorbic acid, so future advances may involve 
incorporating solid phase extraction columns (e.g., Bond 
Elute®, Sep-Pak® cartridges) to isolate ascorbic acid. This 
type of isolation is amenable to robotic automation. Robotics 
may prove useful in totally automating the semiautomated 
quinoxaline method of Egberg (87). Future liquid chromato
graphic methods may rely on using £  3 (xm particle size 
stationary phases or microbore columns for the selective, 
sensitive determinations of ascorbic acid. LCEC methods 
will rely on chemically modified electrodes and on advances 
in stationary phases to further improve selectivity and sen
sitivity.

“ Fortified with vitamin C 
it’s a sign we often see 
is it there just like they say 
or has it oxidized away.” (ref. 141)
A sample may be scrutinized 
to see if the vitamin has oxidized 
no matter what the method.
The analyst will detect it.
However, the method is only terrific 
if it’s specific.
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SEAFOOD TOXINS

Indirect Enzyme-Linked Immunosorbent Assay for Saxitoxin in Shellfish

FUN S. CHU and TITAN S. L. FAN
U niversity o f  W iscon sin , F o o d  R e s e a r c h  In stitu te an d  D ep artm en t o f  F o o d  M icro b io lo g y  a n d  T oxicology , 
M ad ison  W I53706

An indirect enzyme-linked immunosorbent assay (ELISA) was devel
oped for the detection of saxitoxin (STX). Antibodies against STX were 
demonstrated in rabbits 5 weeks after immunizing with STX-bovine 
serum albumin (STX-HCHO-BSA). In the ELISA, STX-HCHO-BSA 
or polylysine-STX was coated onto the microtiter plate, followed by 
incubation with standard toxin and anti-STX antibody. The amount of 
antibody bound to the solid phase was determined by incubation with 
goat anti-rabbit IgG peroxidase conjugate and a reaction with chrom- 
ogenic substrate. Competitive indirect ELISA revealed that the anti
serum did not cross-react with either carbamoyl-neo-STX-sulfate or 
tetrodotoxin. The antibodies for STX cross-reacted with decarbamoyl- 
STX and neo-STX about 56% and 16% as much as they did with STX, 
respectively. The lower detection limits for STX, decarbamoyl-STX, 
and neo-STX in this sytem were about 25, 45, and 156 pg per assay, 
respectively. When STX added to clams or mussels was assayed, the 
detection limit for STX was about 50-100 ppb, and recoveries were in 
the range of 86.8-107% .

Saxitoxin is one of the major and most potent in a group of 
toxins involved in paralytic shellfish poisoning (PSP) (1-3). 
The toxin is produced predominantly by the dinoflagellate 
G on y a u la x  c a t e n a l la  (4) and is primarily isolated from toxic 
mussels, clams (2), and other marine animals in waters inhab
ited by G o n y a u la x . The poison has no adverse effect on the 
shellfish using the dinoflagellate as a food source. Human 
ingestion of toxin-contaminated shellfish has resulted, how
ever, in paralytic poisoning and occasionally death (2). The 
amount of PSP poison that causes death in humans is esti
mated to be about 0.5-4 mg (2). The Food and Drug Admin
istration has set the maximum acceptable level for paralytic 
poison in fresh, frozen, or canned shellfish at no more than 
400 mouse units (MU) or about 80 p.g/100 g edible portion
(2).

Because of the potential health hazard, a quick, sensitive, 
and specific method is needed to determine the presence of 
toxins in shellfish. Due to its simplicity, the mouse bioassay
(5) has been adopted as an official method for monitoring the 
poison; however, this method is neither specific nor sensitive, 
and also requires a continuous supply of mice. About 0.18 
p,g STX is required to kill a 20 g mouse in 15 min. Other 
methods, including fluorometric assay (6) and colorimetric 
techniques (7), also have sensitivity and specificity problems. 
More recently, a liquid chromatographic method was devel
oped by Sullivan and Iwaoka (8). Although this method can 
detect low levels of PSP (0.5-25 ng/assay), it requires expen
sive equipment, and samples must be analyzed one at a time 
(8, 9).

Because of the highly specific antigen-antibody interaction, 
several laboratories have attempted to develop an immu
noassay for PSP. As early as 1964, Johnson etal. (10) reported 
an immunoassay involving a hemoagglutination reaction; 
however, the sensitivity was not high enough for practical 
application of the immunoassay. Most recently, Carlson and 
Guire (11) demonstrated a radioimmunoassay system that
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permitted detection of less than 1 ng STX, but the antiserum 
did not react with neo-STX, and, therefore, the antiserum 
has only limited use. In our laboratory, we have attempted 
to produce specific antibodies against STX. Among several 
approaches tested, we found that the antibody produced in 
rabbits after immunizing with STX conjugated to bovine serum 
albumin was useful for STX assay. Subsequently, we devel
oped an indirect enzyme-linked immunosorbent assay 
(ELISA), and details for production, characterization, and 
the ELISA protocols for determination of STX in clams and 
mussels are described here.

Experimental

Materials

Purified STX was provided by E. J. Schantz and R. W. 
Wannemacher, Jr. Decarbamoyl STX was prepared accord
ing to the method of Ghazarossian et al. (12, 13). Neo-STX 
and tetrodotoxin were supplied by R. E. Carlson, and car- 
bamoyl-neo-STX sulfate was provided by H. Schnoes. Bovine 
serum albumin (BSA, RIA grade), polylysine (mol. wt. 60,000), 
Tween 20, 2,2-azino-di-3-ethyl-benzthiazoline-6-sulfonate 
(ABTS), 30% hydrogen peroxide, and goat anti-rabbit IgG 
peroxidase were purchased from Sigma Chemical Co. (St. 
Louis, MO). Complete and incomplete Freunds’s adjuvant 
were obtained from Difco Laboratories (Detroit, MI). Gelatin 
was purchased from Fisher Scientific Co. (Fair Lawn, NJ). 
Polystyrene microwell plates (NUNC product, Denmark; No.
2-69620) were obtained from Vangard International Inc. 
(Neptune, NJ). CF-1 mice were purchased from Harlan/ 
Sprague-Dawley (Madison, WI). Albino rabbits, female, 5 lb 
size, were purchased from Klubertanz Rabbit Farm (Edger- 
ton, WI) and were tested to be P a s te u r e l la -n e g a t iv e  before 
use. All chemicals and organic solvents were reagent grade 
or better.

The cultivated mussels (M ytilus recu rv u s) and cherrystone 
clams (M erc en a r ia  m e rc en a r ia ) , harvested from the Chesa
peake Bay, MD, were purchased from a local seafood store. 
Clams were kept refrigerated and mussels were kept in crushed 
ice. Both extracts were tested by mouse bioassay which 
showed no toxicity. The naturally contaminated scallop (Pec- 
ten grandis) samples, supplied by E. J. Schantz who collected 
them from the Bay of Fundy in 1980, were shucked and kept 
frozen at -20°C before extraction.

Preparation of Saxitoxin Antigen

The antigen (STX-HCHO-BSA) was prepared according 
to Johnson et al. (10) with slight modifications. In a typical 
experiment, 14.25 mg bovine serum albumin in 6 mL 0.1M 
sodium acetate buffer (pH 4.2) was reacted with 1.5 mg sax
itoxin in the presence of 0.081 mL 37% formaldehyde (w/w). 
The reaction was carried out at room temperature for 72 h 
and then at 5°C for another 12 h. The reaction mixture was 
dialyzed against 2 L acetic acid (0.001M) at 5°C for 72 h with 
2 changes of the acetic solution during this period to remove 
residual-free saxitoxin. The molar ratio of STXiBSA was 
estimated to be about 16:1 by measuring the free amino groups
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before and after react on (14). The same method was used to 
prepare the STX-polylysine. Succinyl-STX-BSA and decar- 
bamoyl-STX BSA were prepared according to the procedure 
of Ghazarossian (15).

Immunization Schedule

Three rabbits were immunized with STX antigen, using a 
multiple site injection method (16). The fur along the back 
and the proximal limbs of the rabbits was shaved before 
injection. Two mL of emulsion was made by mixing 500 |xg 
STX-HCHO-BSA in 0.5 mL sterilized saline and 1.5 mL 
complete Freund’s adjuvant. About 30-50 p.L emulsion was 
injected intradermally at each site over the shaved area, and 
0.2-0.25 mL emulsion was injected subcutaneously on each 
shoulder. Each animal received about 30-40 injections. Three 
or four weeks after the initial immunization, the rabbits were 
bled on a weekly basis, and the titers were determined. Six 
to eight weeks after the initial injection, the animals were 
boosted intramuscularly with another 500 p.g antigen in 
incomplete Freund’s adjuvant emulsion prepared by emul
sifying 1 volume of antigen with 1 volume of adjuvant. The 
same schedule (5-6 weeks interval) was used for subsequent 
booster injections. The antiserum collected was precipitated 
with ammonium sulfate to a final 33% saturation. The precip
itate was redissolved in water to the same original serum 
volume, dialyzed against 2 L 0.1M PBS overnight, and then 
lyophilized. The lyophilized, purified antibody was stored at 
— 4°C.

Enzyme-linked Immunosorbent Assay

Titration o f  antibody titers.—The ELISA protocols are 
essentially the same as those we described for the analysis 
of aflatoxin B, (17). The optimal dilution of antigen necessary 
for precoating microtiter plates was determined by the check
erboard test. Fifty |xL antigen (STX-HCHO-BSA) at a con
centration of 1.6 p-g/mL in 0.5M bicarbonate buffer at pH 9.6, 
was added in each well and incubated overnight at 4°C. The 
plate was washed with various amounts of washing solution 
(0.1M sodium phospnate buffered saline containing 0.1% 
Tween 20, pH 7.5) in the following sequence: twice with 0.1 
mL, twice with 0.2 mL, and 3 times with 0.32 mL each well. 
Three hundred p.L 0.1% gelatin in PBS was added to each 
well to eliminate nonspecific binding by blocking the plastic 
surface where protein was not bound. After 30 min to 1 h 
incubation at 37°C, the well was washed 4 times each with 
0.32 mL washing solution. Next, 50 p.L of various dilutions 
of antibody, diluted in PBS containing 0.1% BSA, was added 
to each well. Following 1 h incubation at 37°C, the plate was 
washed again to remove the free antibody. Fifty pL goat anti
rabbit IgG peroxidase conjugate (1:500 dilution in PBS con
taining 0.1% BSA) was added to each well, and the wells 
were incubated another hour at 37°C. The plate was washed 
again. The peroxidase substrate (ABTS in citrate buffer, pH 
4.0) of 0.1 mL was finally added to each well. After developing 
the color 20 min at 37°C, the reaction was terminated by 
adding 0.1 mL hydrofluoric acid-ethylenediamine tetracetic 
acid stopping reagent, and absorbance at 410 nm was deter
mined by a Dynatech minireader. The antibody titer was 
defined as the reciprocal of the antiserum dilution that gives 
an absorbance at 410 nm that is 0.1 unit greater than that of 
the pre-immune serum.

Competitive indirect ELISA .—Protocols used for titration 
of antibody titers were slightly modified in this assay. One 
hundred pL of an appropriate dilution of antigen in 0.05M 
carbonate buffer, pH 9.6, was coated to the plate. In addition, 
50 pL purified STX, other PSP toxins, or unknown samples

were incubated together with 50 pL of appropriate dilution 
of antibody in each well. The amount of bound antibody was 
determined by adding 0.1 mL goat antirabbit IgG peroxidase 
conjugate.

Preparation of Samples
The AO AC acid extraction method (5) was used throughout 

the experiment for extraction of STX from clam and mussel 
before ELISA. The whole tissue of clam was used for extrac
tion whereas only the dark gland of mussel was used. Mussels 
were shucked and the dark glands (hepatopancreas) were 
removed. About 15 mussels gave a total of 5 g dark glands. 
The samples (50-100 g clam or 5 g dark gland) were homog
enized with an equal volume of 0.1N HC1 and then boiled 5 
min. After cooling to room temperature, the solution was 
adjusted to pH 4.0-4.5 and then centrifuged to remove the 
tissue. The acidic extract was adjusted to pH 7.0 and imme
diately used in the ELISA.

In the recovery experiment, different concentrations of 
STX diluted in PBS were injected into 6 groups (5 g each 
group) of dark gland samples. After 30 min, 5 mL 0.1N HC1 
was added, and the sample was extracted by the procedures 
described. For clam samples, toxin was added to 50 g of 
sample during the homogenization step.

Analysis of Samples by Competitive Indirect ELISA

In a preliminary study, the effect of the acid extracts of 
blank samples on the indirect ELISA was tested. However, 
we observed significant interference in the ELISA where 
more than 50 mg sample was used. The interference was 
minimal when 5 mg/mL of mussel dark gland or 50 mg/mL of 
clam meat was used. Subsequently, a phosphate-buffered 
saline solution (0.1M, pH 7.4) containing either blank mussel 
dark gland or blank clam meat acid extracts, at concentrations 
of 5 and 50 mg/mL, respectively, was used for preparation of 
STX standard and sample solutions for ELISA. A naturally 
contaminated scallop sample was also analyzed for STX by 
ELISA. A high level of STX was present in this sample, so 
high dilution was necessary (1 to 10,000 dilution of the acid 
extract). ELISA was carried out in regular phosphate buffer 
instead of buffer containing blank samples for this naturally 
contaminated sample.

Results and Discussion
In the initial studies, we tested several different STX-BSA 

conjugates for their ability to produce antibodies against STX. 
using indirect ELISA to monitor the antibody titer. We found 
that decarbamoyl-STX BSA, succinyl-STX BSA, and STX- 
HCHO-BSA all elicited antibody against STX. Because the 
best antibody titers were obtained from rabbits that had been 
immunized with STX-HCHO-BSA, our efforts were concen
trated on this immunogen. Figure 1 shows a typical titration 
curve for the antibody titer for a rabbit immunized with this 
antigen. Figure 2 shows results for the average antibody titers 
of 3 rabbits over a period of 10 weeks. Good antibody titers 
were obtained from rabbits as early as the 5th week after 
immunization. Antiserum titer increased considerably after 
the first booster.

Antibody specificity was determined by a competitive indi
rect ELISA in which different STX derivatives were present 
in the assay system to compete the binding of STX coated to 
the solid phase with the antibody. In this assay, the STX- 
polylysine conjugate was coated to the plate because this 
conjugate gave less aggregation after repeated thawing. After 
incubation with the antibody and different STX derivatives, 
the rabbit antibody bound to the STX-polylysine solid phase
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Figure 1. Titration of antibody titer by indirect ELISA. See text for 
description of procedure. Titer is defined as reciprocal of antiserum dilu
tion that gives an absorbance at 410 nm that is 0.1 unit greater than that 
of the pre-immune serum. Antisera from rabbits immunized with STX- 

HCHO-BAS (•); pre-immune serum (O).

Figure 2. Average antibody titers for 3 rabbits immunized with STX- 
HCHO-BSA. Range of antibody titer for bleeding of 3 rabbits is repre

sented by an error bar. Arrow indicates time of booster injection.

CONCENTRATION, LOG(ng/mD

Figure 3. Competitive indirect ELISA for STX. See text for description of 
procedure. Saxitoxin (•), neo-saxitoxin (O), decarbamoyl-saxitoxin (*..), 

carbamoyl-neo-saxitoxin sulfate (A), and tetrodotoxin (A).

Figure 4. Effect of clam and mussel extracts on indirect ELISA of STX. 
Curves represen: data obtained from experiments using STX in PBS 
buffer. Data from experiments using clam and mussel extracts are shown 
as bars. STX concentrations for spiking experiments are indicated to left 

of bars on X-axis. All data represent average of 3 measurements.

was determined by reaction with goat-antirabbit peroxidase 
complex and enzyme substrate. Results (Figure 3) indicate 
that the antibody has high affinity for STX. The concentra
tions that cause 50% inhibition of binding of the antibody to 
the solid phase antigen (i.e., STX-HCHO-polylysine) by STX, 
decarbamoyl-STX and neo-STX are 3.2, 50, and 180 ng per 
assay, respectively. Thus, the antibodies for STX cross-reacted 
with decarbamoyl-STX and neo-STX only about 56.2% and 
16% as much as they did with STX. Carbamoyl neosaxitoxin 
sulfate and tetrodotoxin showed no cross-reaction with the 
antibody at the maximal concentration tested.

Carbamoyl neo-STX sulfate did not cross-react with the 
antibodies whereas neo-STX did, so modification of the struc
ture of the C-l 1 position may greatly affect the conformation 
of STX and thus prevent these derivatives from reacting with 
the antibody. Because the decarbamoyl-STX cross-reacts 
with the antibodies somewhat, the role of the terminal amide 
bond in the STX in determining the antibody specificity may 
not be as important as the side chain in the C -ll position. 
Additional experiments using other derivatives such as 11- 
hydroxysaxitoxin sulfate, which is produced by Gonyaulax 
tamarensis and is also a major PSP along the Alantic Coast
(3), are needed to verify this hypothesis.

Competitive ELISA  results reveal that the present ELISA 
system can detect 2-10 pg STX (0.1-0.5 ng STX/mL) and

150 pg neo-STX (3 ng/mL) in each assay where 3 standard 
deviations of the blank response were 5% of binding (Figure
3). It has been reported that the reactivity of neo-STX with 
anti-saxitoxinol antibody, which was obtained from rabbits 
immunized with saxitoxinol-BSA conjugate, is less than 1% 
of those for STX (11). Therefore, the anti-BSA-HCHO-STX 
antiserum has some advantage over the anti-saxitoxinol anti
body, and can be used for monitoring the neo-STX, one of 
the major toxins in PSP.

Although the indirect ELISA  could detect as little as 2 pg 
STX in each assay when the analysis was carried out with 
pure STX in buffered solution, high interference was observed 
when the food samples were analyzed. The problem was 
particularly serious when whole mussel meat extract was 
used. Results ^Figure 4) indicate only a slight effect on the 
standard curve when an extract equivalent to 50 mg/mL (or
2.5 mg/assay) of clam meat was used; however, high inter
ference was observed when an extract equivalent to as little 
as 5 mg/mL (0.25 mg/assay) of mussel meat was used. There
fore. subsequent recovery experiments, including the stan
dards, were carried out in a buffer that contained either blank 
extract of clam meat (50 mg/mL) or blank mussel dark gland 
(5 mg/mL) extract. The rationale for using dark gland in the 
assay of STX n mussel is based on the observation (1) that 
more than 95% of the PSP is accumulated in this gland, and
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Table 1. Recovery (%) of saxitoxin from clam and mussel by ELISA*

Toxin added, 
ppb

Clam Mussel

Rec., % ( N ) SD° C V b Rec., % ( N ) SD6 CV6

50 207 (12) 27.3 13.2 95.2 (12) 17.4 18.3
100 103 (20) 15.8 15.3 97.5 (20) 15.8 16.2
200 107 (24) 9.5 8.9 106.5 (12) 9.6 9.0
250 _C _C _C 89.6 (8) 8.8 9.8
500 90.8 (24) 11.8 13.0 86.8(12) 11.4 13.1

1000 105.2 (24) 9.3 8.8 95.4(14) 19.0 19.9

“Saxitoxin was added to whole clam tissue or mussel dark gland. In the assay, either whole tissue (clam) or whole dark gland (mussel) extract was 
used. In the final calculation, weight of whole mussel was used. In general, dark gland of mussel accounted for about 10% of whole mussel weight. 

6SD and CV represent standard deviation (%) and coefficient of variation (%), respectively,
“Not determined.

that this gland is relatively easy to separate from the meat 
tissue. Several cleanup protocols were tested, but we felt that 
adding the blank sample extracts to the assay was the simplest 
approach in solving the interference problem. Table 1 gives 
results for the recovery of STX spiked in mussel dark gland 
and clam. Recoveries were between 86.8 and 107% in the 
range 50-1000 ppb (on the basis of total tissue weight) and 
90.8-105% in the range of 100-1000 ppb STX added to the 
mussel dark gland and clam samples, respectively. Coeffi
cients of variation for these assays are in the range 9-20%, 
which is in the range for most ELISAs. The detection limit 
appears to be in the range of 50-100 ppb where the blank 
response at 95% confidence was 3 standard deviations.

A naturally contaminated scallop sample was tested by 
mouse bioassay according to the AOAC method (5) and by 
the present ELISA. The sample contained 97.8 ±  7.8 pig 
STX/g sample by ELISA and 112.53 ±  6.53 p-g/g by mouse 
assay. In the bioassay, a series of standard solutions were 
injected into the same strain of mice under the same experi
mental conditions where 0.363 pig STX was determined to be 
1 mouse unit. Present results indicate that 86.9% of the STX 
determined by mouse bioassay was detected by ELISA. The 
lower recovery by ELISA  may result from the presence of 
other toxins in the sample or from problems existing in both 
assays. Further comparative analyses for additional naturally 
contaminated samples by both methods as well as testing the 
cross-reactivity with other PSP toxins, are needed to estab
lish the validity of the assay.

Conclusions
Results obtained from the recent study indicate that anti

bodies obtained from rabbits immunized with STX-HCHO- 
BSA are adequate for the analysis of STX in foods, according 
to ELISA  protocols described. Although the antibodies also 
recognize neo-STX, the ELISA  for this toxin is not as sen
sitive as that for STX. The antibodies, however, could not 
recognize STX when the OH-group at the C -ll position was 
esterified by sulfate, i.e., carbamoyl-neo-STX-sulfate. Addi
tional experiments are needed to prepare other STX-protein 
conjugates for eliciting antibodies that will recognize other 
PSP toxins.
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EXTRANEOUS MATERIALS

Improved Method for Extraction of Light Filth from 90% Rye Bran Crisp Bread

RICHARD R. HAYNOS
F o o d  a n d  D rug A dm in istration , N ew  York Im p ort D istrict, 850 Third A ve, B rook ly n , N Y  11232

A new technique has been developed for the analysis of light tilth in a 
high bran rye product. Compared with the official AOAC method, 
44.063, the plates were much easier and less time-consuming to read 
microscopically (about 8 min compared with about 34 min for the 
AOAC method). Average recoveries for insect fragments and mouse 
hairs were 93.4 and 90.8%, respectively, with coefficients of variation 
(32 samples) of 7.7 and 7.9% , respectively. Average recoveries by the 
AOAC method were 87.5% for insect fragments and 62.5% for mouse 
hairs, with coefficients of variation (6 samples) of 7.9 and 14.1%, 
respectively. A ruggedness test for 7 variables in the extraction indi
cated that 2 variables caused significant changes in the results.

The current AOAC method (1) for the extraction of light filth 
from high bran breads is tedious and lengthy. When used to 
analyze a very high bran content bread, it yields extraction 
papers containing large amounts of extraneous plant material, 
which makes counting difficult and causes analyst eye strain 
and fatigue. A new method, which was developed for the 
analysis of light filth in a high bran rye product, yielded 
extraction papers that contained minimal amounts of extra
neous plant material. Changes in this method as compared 
with the AOAC method involved the amount of acid used 
during acid hydrolysis, the sieve mesh, defatting step, extrac
tion vessel, extraction medium, and extraction oil. A seques
tering agent was also added (Table 1).

METHOD

Apparatus
Only glass or metal apparatus should be used, because 

insect fragments and rodent hairs adhere to plastics.
(a) A utoclave.—(1) Slow exhaust type: Set slow exhaust 

to lower pressure from 15 to 0 psi in 15-20 min. (2) Non-slow 
exhaust type: Let cool to 0 psi before opening or venting.

(b) Trap fla sk .—2 L Erlenmeyer.
(c) Stirring rod  with w afer stopper.—(Entomological Sup

plies, Inc., Baltimore, MD 21227).
(d) Sieve.—Plain weave, USA standard No. 230, 8 in. 

diameter.
(e) Rapid flow  filter pap er .—32 cm pre-pleated filters 

(Schleicher and Schuell, Inc., 543 Washington St, Keene, 
NH 03431) No. 588, or equivalent.

(f)  Rapid flow  filter p ap er  cup.—Center filter paper over 
bottom of 600 mL beaker. Partially shape paper over bottom 
of beaker and gently insert beaker into 1 L beaker. Remove 
600 mL beaker.

(g) Ruled filter p ap er .—Use smooth, high wet strength, 
rapid-acting 9 cm filter paper ruled with oil, ethanol, and 
water-proof lines 5 mm apart (Schleicher and Schuell) No. 8, 
or equivalent.

(h) M icroscope.—American Optical (AO) wide field ster
eomicroscope, or equivalent.

Reagents
(a) Dilute HCL—Dilute 30 mL HC1 to 1 L with water.

Received March 21, 1984. Accepted July 27, 1984.

(b) S ilicon e sp ra y .—Packaging Equipment Slipicone 
(Dimethylpolysiloxane plus silica aerojel) (Dow Corning Corp., 
Midland, MI 48640).

(c) Isopropan ol.—Purified grade.
(d) Tween 80^10% isopropanol solution.—To 40 mL poly- 

sorbate 80 (I.C .I. United States, Inc., Chemical Research 
Dept, Wilmington DE 19899) add 210 mL isopropanol-water 
(40 +  60), mix, and filter.

(e) N aA EDTA solution.—Dissolve 5 g technical grade tet- 
rasodium ethylene diaminetetraacetate in 150 mL water, add 
100 mL isopropanol, mix, and filter.

(f) Mineral o i l — Paraffin oil, white, light, 125/135 Saybolt 
Universal Viscosity (38°), sp. gr. 0.840-0.860 (24°) (Fisher 
Scientific Co., 711 Forbes Ave, Pittsburgh, PA 15219) No. 0- 
119, or equivalent.

(g) Flotation liquid.—Mixture of mineral oil and «-heptane 
containing <8%  toluene (85 +  15).

Procedure

Weigh 50 g sample in 2 L beaker. Break product into 1 in. 
pieces. Add 1 L dilute HC1. Spray silicone into beaker for ca 
1-2 s. Autoclave 30 min at 121°C. Wet sieve with forceful 
stream of hot (55-70°C) tap water until effluent is clear. Wash 
sieve retainings to side of sieve and soak with 100 mL iso
propanol. Quantitatively transfer sieve retainings with 500 
mL isopropanol to preshaped, rapid flow filter paper cup in 
1 L beaker. Place beaker on preheated hot plate and boil 
gently 10 min. Remove cup from beaker, place on Buchner 
funnel, and aspirate to slow drip. Discard filtrate, replace cup 
in I L beaker, and repeat boiling and aspiration steps twice 
with 500 mL isopropanol.

Quantitatively transfer filter paper retainings to 2 L Erlen
meyer (trap) flask with 40% isopropanol. Wash filter paper 
thoroughly. Bring volume of flask to 800 mL with 40% iso
propanol. Add magnetic stirring bar (stirring rod clamped at 
midpoint of flask), and boil gently for 10 min while stirring 
magnetically. Rinse sides of flasks with 40% isopropanol in 
wash bottle to prevent material from accumulating and drying 
on flask. Remove flask from hot plate and place in water bath. 
Cool flask to room temperature (20-25°C). Add 50 mL flota
tion liquid down stirring rod, stir magnetically 5 min, and let 
stand another 5 min. Mix 50 mL Tween 80-40% isopropanol, 
50 mL Na4EDTA solution, and 200 mL 40% isopropanol. 
Pour mixture slowly down stirring rod, with top of disk or 
rubber stirring stopper held just below surface of liquid. Mix 
contents 1 min by gently swirling with stirring rod just beneath 
surface of liquid. Let flask stand 5 min. Pour 40% isopropanol 
slowly down stirring rod to bring top of oil layer 1 cm from 
top of flask. Gently stir plant material at bottom of flask 5 s 
with stirring rod every 5 min for 20 min. Clamp stirring rod 
at midpoint of flask and rinse rod with 40% isopropanol. Let 
flask stand undisturbed 10 min. Trap off into beaker, rinsing 
neck of flask and rod with 40% isopropanol. Add 35 mL 
flotation liquid and hand-stir with stirring rod 1 min to dis
perse oil throughout liquid phase. Pour 40% isopropanol slowly 
down stirring rod to bring top of oil layer 1 cm from top of 
flask. Gently stir plant material at bottom of flask 5 s with
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Table 1. Differences between the official and the proposed method

Equipment and 
procedures AOAC Proposed

Acid hydrolysis (HCI) 50 mL 30 mL
Sieve mesh No. 140 No. 230
Defatting procedure in sieve, isopropanol 

or ethanol and 
chloroform

in filter paper cup, 
Isopropanol

Extraction vessel percolator or Kilborn 
funnel

trap flask

medium acid-alcohol 40% Isopropanol
oil mineral oil flotation liquid

Sequestering agent none Tween 80-40%  
isopropanol and 
NaiEDTA solution

Table 2. Comparison of official and proposed methods for recovery of 
light filth from 90% rye bran crisp bread

Parameter

AOAC Proposed

Rec., %

Time,
min

Rec., %

Time,
min

Insect
frags

Mouse
hairs

Insect
frags

Mouse
hairs

Range 85 -9 5 50 -7 5 17-45 75-100 75-100 5 -14
Average (N) 87.5(6) 62.5(6) 34.3(6) 93.4(32) 90.8(31)» 8.3(32)
SD 6.9 8.8 9.3 7.2 7.2 2.3
CV, % 7.9 14.1 27.1 7.7 7.9 27.3

»One piece of data rejected as outlier.

Table 3. Ruggedness test results and effect of altered conditions on recovery of light filth

Boiling time Flotation liquid Tween 80-40%  Na4EDTA

Parameter
Defatting,

min

Trap
flask,
min

Amount,
mL

Stirring
time,
min

Standing
time,
min

Ratio,
mL

Standing
time,
min

Ruggedness test 
conditions 10(15)» 10(15) 50(55) 5(3) 5(10) 50:50(55:45) 5(10)

Change in Insect 
fragment rec., % 4.375 1.875 -1 0 .6 2 5 6 -3 .1 2 5 11.875" -3 .1 2 5 -0 .6 2 5

Change in mouse 
hair rec., % 1.25 - 2 .5 -6 .2 5 2.5 -3 .7 5 2.5 10.0'

"Number in parentheses =  altered condition.
‘’Minus sign denotes that recovery obtained under original test condition was lower. 
"Significant (P <  0.05) by Student’s f-test.

stirring rod every 5 min for 20 min. Clamp stirring rod at 
midpoint of flask and rinse rod with 40% isopropanol. Let 
flask stand undisturbed 10 min. Trap off into original beaker, 
rinsing neck of flask and rod with 40% isopropanol. Filter 
combined trappings onto ruled filter paper and examine under 
microscope at 30 x .

Comparative Study
Thirty-two samples of a commercial 90% rye bran crisp 

bread were analyzed by the technique described above. In 
addition, 6 samples of a commercial 90% rye bran crisp bread 
from the same product lot were analyzed by the official method
(1) , using 50 g of product each so that both methods would 
contain the same amount of product. (The official method 
calls for 225 g of product.)

Ruggedness Test

Sixteen samples (2 for each determination) of a commercial 
90% rye bran crisp bread were subjected to a ruggedness test
(2 ) .

Spiking

In both the comparative study and the ruggedness test, 20 
granary weevil elytral squares (ca 0.6-1 sq. mm) and 20 
mouse hairs (ca 1-4 mm) were added to each sample after 
the bread was broken into ca 1 in. pieces. Previous analysis 
of a portion of this tread had indicated no contamination 
from rodent hairs or granary weevil fragments.

Results and Discussion
For insect fragment recovery, the proposed method gave 

slightly better results than the official method, and precision 
was about the same (Table 2). Significantly improved recov
eries and precision (P <0.05, Student’s f-test) for mouse hairs 
were obtained with the proposed method.

Compared with the official method, reading the plates 
obtained from the proposed method took much less time. The

AOAC PROPOSED

Figure 1. Comparison of plates obtained by official method and pro
posed method for extraction of light filth from 90% rye bran crisp bread.

2 extraction papers (per 50 g sample) yielded by the official 
method contained excessive amounts of extraneous plant 
material (Figure 1) and were very difficult to examine, requir
ing an average of 34.3 min to read. The one extraction paper 
(per 50 g sample) yielded by the proposed method contained 
minimal amounts of extraneous plant material and were very 
easy to examine, requiring an average of 8.3 min to read 
(Table 2). Recoveries of mouse hairs by the official method 
may have been significantly lower because they were obscured 
by the large amounts of extraneous plant material on the 
extraction papers.

Analysis of the ruggedness test results (Table 3) indicated 
a significant decrease for insect fragment recovery (P  <0.05, 
Student’s f-test) when the time allowed for standing after
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stirring the flotation liquid was increased from 5 to 10 min. 
Mouse hair recoveries decreased significantly (P <0.05, Stu
dent’s (-test) when standing time after stirring the Tween 80- 
40% isopropanol and Na4EDTA solution mixture was increased 
from 5 to 10 min. Thus, it is important to adhere closely to 
these timing steps to obtain maximum recoveries.

Recommendation
For the analysis of a very high bran content bread, filth 

recoveries, especially for mouse hairs, are higher with the 
proposed method than with the official method. Because the 
extraction papers are cleaner, they are easier to read micro

scopically and much time is saved. Analyst eye strain and 
fatigue are alsc reduced.

Further work is needed to determine if the proposed method 
is applicable to lower bran content breads or if further mod
ifications in the method are needed. If satisfactory, the method 
will be collaboratively studied for possible recommendation 
for adoption as an official method.
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(1) Official Methods o f  Analysis (1984) 14th Ed,, AOAC. Arlington. 
VA, sec. 44.063
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AOAC, AOAC. Arlington, VA
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DRUG RESIDUES IN ANIMAL TISSUES

Screening Tests for Sulfa Drugs and/or Dinitrobenzamide Coccidiostats and Their Monoamino 
Metabolites in Chicken Livers

O W E N  W. PARKS
U .S .  D e p a r t m e n t  o f  A g r ic u l t u r e ,  E a s t e r n  R e g i o n a l  R e s e a r c h  C e n te r ,  P h i l a d e lp h i a ,  PA  1 9 1 1 8

Two procedures were developed for the simultaneous determination of 
0.1 ppm suifaquinoxaline and sulfadimethoxine, 1.0 ppm Zoalene and 
nitromide, and/or 0.1 ppm of their reduced coccidiostat metabolities 
from the same sample of chicken liver. Both methods include blender 
extraction of S g liver with chloroform-ethyl acetate (1 +  1), adsorption 
of the drugs and metabolites on neutral alumina, and subsequent 
elution with 0.2M carbonate buffer (pH 11.0). In Method A, all parent 
drugs and coccidiostat metabolites were partitioned into dichloro- 
methane, following the addition of a small amount of tetrabutylam- 
monium hydroxide (TBAH). The presence of the dinitrobenzamides 
was confirmed by the formation of a color with TBAH, which occurs 
when the solvent is concentrated (Zoalene =  green; nitromide =  red). 
Sulfa drugs and coccidiostat metabolites were detected by the Bratton- 
Marshall reaction after thin layer chromatographic (TLC) separation. 
Method B separates the individual classes by selective extraction tech
niques. The coccidiostats and their metabolites were extracted from 
the buffer eluate by ethyl acetate-dichloromethane ( 3 + 1 )  before ion 
pairing: sulfa drugs were extracted with dichloromethane after ion 
pairing with TBAH. The detection techniques were similar to those 
described for Method A.

A wide variety of drugs (1) are available for the prevention 
and control of caecal and intestinal coccidiosis in chickens. 
Among the drugs are aklomide. 2-chloro-4-nitrobenzamide, 
and the dinitro-substituted compounds nitromide (3,5-dini- 
trobenzamide) and Zoalene (3,5-dinitro-o-toluamide)— all of 
which are considered tc be potentially toxic to humans because 
they contain nitro-groups. Although analytical methods are 
available for detecting and quantitating the individual drugs 
in chicken tissues (2), the procedures are generally time con
suming and cumbersome. As a result, few data have been 
obtained to determine the extent of the residue occurrence 
in animal tissues caused by the use of these drugs. The need 
for a rapid, simple screening procedure for this purpose is 
evident.

The coccidiostats are readily metabolized (3) in vivo to 
monoamino compounds, which are included in the violative 
levels established by the regulatory agencies for chicken liv
ers (4). The procedure for determining Zoalene residues does 
not determine its metabolites, which requ:re a separate method
(5). However, the latter method along with the analytical 
procedures for aklom.de, nitromide, and their metabolites 
relies on the Bratton-Marshall (B-M) reaction that is widely 
used for the colorimetric detection of sulfonamides in animal 
feeds and tissue. Suifaquinoxaline. and to a lesser extent 
sulfadimethoxine. are also fed to chickens to prevent cocci
diosis and certain microbial diseases. Hence, the use of the 
B-M reagent creates the potential for the erroneous deter
mination of sulfa drugs in the presence of coccidiostat metab
olites in chicken tissues and vice versa. The screening meth
ods presented here were designed to overcome this problem.

Reference to brand or firm name does not constitute endorsement by the 
U.S. Department of Agriculture over others of a similar nature not mentioned.

M ETH O D

Reagent and Materials

(a) Solvents.—Ethyl acetate, hexane, dichloromethane, 
methanol, and acetonitrile (Distilled-in-Glass®, Burdick and 
Jackson Laboratories, Inc., Muskegon, MI 49442). Chloro
form. Baker Analyzed reagent (J. T. Baker Chemical Co., 
Phillipsburg, NJ 08665). AhN-Dimethylformamide (Aldrich 
Chemical Co., Inc., Milwaukee, WI 53233).

(b) Tetrabutylammonium hydroxide (TBAH)—40% aqueous 
solution (Aldrich Chemical Co., Inc.).

(c) 0.2M and 0.5M carbonate buffer.—pH 11. Prepare from 
0.2M and 0.5M solutions of sodium carbonate and sodium 
bicarbonate.

(d) Pipet tip.—5 mL (Rainin Instrument Co., Woburn, MA 
01801).

(e) Neutral alumina.—Brockman Activity I, 80-200 mesh 
(Fisher Scientific Co., King of Prussia, PA). Insert 5 mm 
glass bead into 5 mL pipet tip. Layer glass bead with 0.5 cm 
sea sand followed by 3 cm bed of neutral alumina— packed 
firmly by gently tapping top of pipet tip. Add 0.25 cm layer 
of sea sand. Wash column with three 2 mL portions of CHC1,- 
ethyl acetate (1 +  1) before use.

(f) Sulfa drugs.—Sulfadimethoxine (Hoffmann-La Roche, 
Inc., Nutley, NJ 07110); suifaquinoxaline (Pfaltz and Bauer, 
Inc.. Stamford, CT 06902).

(g) A klom ide: nitromide; Z oalene.—Salsbury Laborato
ries, Charles City, IA 50616.

(h) 3-Amino-5-nitro-o-toluamide (3-ANOT).—Gift from Dow 
Chemical USA. Midland, MI 48640. 3-Nitro-5-amino-o- 
toluamide (5-ANOT), 2-chloro-4-aminobenzamide, and 3- 
amino-5-nitrobenzamide— see acknowledgments.

Apparatus

(a) Centrifuges.—Sorvall Superspeed centrifuge, Type SS- 
1 rotor (Ivan Sorvall. Inc., Norwalk, CT). International Clin
ical centrifuge, rotor No. 273 (International Equipment Co., 
Needham Heights. MA 02194).

(b) Vortex stirrer.—Super Mixer (Lab-Line Instruments, 
Inc., Melrose Park, IL 60160).

(c) Tissue grinder.—Brinkmann Polytron® homogenizer 
(Brinkmann Instruments Inc., Westbury, NY 11590).

(d) Liquid chromatography (LC).—Altex Model I00A pump 
(Altex Scientific Inc.. Berkeley, CA 94710) connected to 
Schoeffel Model SF770 Spectroflow variable wavelength 
detector operated at 254 nm. Altex Model 210 sampling valve 
with a 50 p.Lloop. Column— 25 cm x 4.6 mm id, 5 p.m Alltech 
Cm (Alltech Assoc., Deerfield, IL 60015). Mobile phases: 
sulfa drugs— methanol-water-acetic acid (40 +  59.5 +  0.5); 
coccidiostats— methanol-water (30 +  70): coccidiostat 
metabolites— acetonitrile-water ( 10 +  90).

(e) Thin layer chrom atography (TLC).—2.5 cm x 10.0 cm 
glass plate with 250 |xm layer of silica gel G (Analtech. New
ark. DE 19711). Developing solvent— CHCfi-ethyl acetate- 
methanol (5 +  5 +  1). Develop plates to 0.5 cm height and 
dry in forced air oven 1 min at 50°C. Redevelop plates to
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height of 1.0 cm, then 4.0 cm, with oven drying between and 
after attaining final height. Visualize sulfa drugs and cocci- 
diostat metabolites with Bratton-Marshall (B-M) spray reagent 
according to procedure previously described (6). Rf values: 
sulfadimethoxine, 0.74; sulfaquinoxaline, 0.67; 2-chloro-4- 
aminobenzamide, 0.58; 3-amino-5-nitrobenzamide, 0.55; 3- 
ANOT, 0.56; and 5-ANOT, 0.45.

A nalytical P roced u re

Weigh 5 g frozen chicken liver, obtained from cross section 
of individual organ or from homogenized sample of livers, 
into 50 mL polypropylene centrifuge tube. Let sample par
tially thaw. Add 20 mL CHCl3-ethyl acetate (1 +  1) and 
blend 30 s with Polytron homogenizer at low speed. Centri
fuge 5 min at 3000 rpm. Remove aqueous layer with dispos
able Pasteur pipet and discard. Recover solvent with dispos
able pipet and filter through 3 cm column of anhydrous sodium 
sulfate contained in large volume (4 mL) Pasteur pipet plugged 
at top and bottom with small wad of glass wool. Collect 10 
mL filtrate. Pass filtrate through neutral alumina column. 
Wash column with 7 mL CHC13. Remove excess CHC13 from 
column with air pressure and continue pressure until column 
dries as evidenced by disappearance of moisture on outside 
of column. Elute column with 0.2M, pH 11 carbonate buffer, 
using air pressure if necessary to obtain flow of 1-2 mL/min. 
Collect first 5 mL eluate in 15 mL screw-cap centrifuge tube. 
Add 5 mL hexane and shake carefully 1 min, using rocking 
motion. Centrifuge 2 min at 2500 rpm. Remove hexane with 
disposable pipet and discard. Proceed to Method A or 
Method B.

M eth od  A — Sim ultaneous D etection  o f  S u lfa  D rugs an d  
D in itrobenzam ide C occid iostats an d  T h eir  M on oam ino  
M etabolites

Add 30 (jlL  TBAH solution to eluate in centrifuge tube and 
vortex-mix 15 s. Add 10 mL dichloromethane and shake 
vigorously 2 min, using rocking motion. Centrifuge 2 min at 
2500 rpm. Recover dichloromethane as previously described
(6). Evaporate solvent in 9 mL screw-cap specimen vial at 
40°C under stream of nitrogen to just dryness, noting color 
of residue. Definite green color indicates presence of Zoalene; 
red indicates nitromide. Dissolve residue in 0.2 mL methanol 
and spot 10 p.L in 1.0-1.5 p.L increments on TLC plates, 
drying spot with stream of nitrogen between applications. 
Subject samples to TLC and B-M spray reagent to visualize 
sulfa drugs and monoamino coccidiostat metabolites.

M eth o d B — S ep arate  D etection  o f  S u lfa  D rugs an d  
D initrobenzam ide C occid iostats a n d  T h eir  M on oam in o  
M etabolites

(a) M onoam inobenzam ide m etabolites.—Add 1 mL0.5M, 
pH 11 buffer and 9 mL ethyl acetate-dichloromethane 
(3 +  1) to alumina eluate in centrifuge tube. Shake vigorously 
2 min, using rocking motion. Centrifuge 2 min at 2500 rpm. 
Remove ethyl acetate-dichloromethane with disposable Pas
teur pipet and evaporate to dryness in 9 mL screw-cap spec
imen vial at 50°C under stream of nitrogen. Dissolve residue 
in 0.2 mL methanol. Spot 10 p-L solution and subject samples 
to TLC and B-M visualization reagents as described above.

(b) D initrobenzam ide cocc id io sta ts .—Evaporate TLC 
methanol solution in (a) above to dryness. Dissolve residue 
in 0.1 mL DMF. Add 1 drop of TBAH solution and note any 
color formation— green indicates presence of Zoalene; red 
indicates nitromide.

(c) Sulfa drugs.—Add 30 pL TBAH solution to ethyl ace
tate-dichloromethane extracted alumina eluate in (a) above.

Mix thoroughly. Add 9 mL dichloromethane and shake vig
orously 2 min, using rocking motion. Centrifuge 2 min at 2500 
rpm. Recover dichloromethane and evaporate to dryness at 
50°C in 9 mL screw-cap specimen vial. Dissolve residue in 
0.2 mL methanol. Subject sample to TLC and B-M visualiza
tion reagents according to procedure described above.

R ecovery  Studies

Fresh chicken livers were obtained locally and held frozen 
at -  10°C. Five g samples of individual livers were spiked 
while frozen with methanol solutions of the drugs and/or 
metabolites (sulfaquinoxaline and sulfadimethoxine, 0.12 pg/ 
pL; Zoalene and nitromide, 0.4 pg/pL; 3-ANOT and 5-ANOT, 
0.18 pg/pL; ar.d 2-chloro-4-aminobenzamide, 0.19 pg/pL). 
The spiked livers were held frozen for 1 h before extraction. 
Controls for the spiked samples were obtained from the same 
liver. Recovery data were determined by LC. To the residues 
obtained by Method A or B was added 0.4 mL of the appro
priate mobile phase. The samples were vortex-mixed 30 s, 
followed by centrifugation 1 min at 2500 rpm. Fifty pL sam
ples were injected onto the LC column. Recoveries were 
determined on the basis of peak heights relative to those of 
known quantities of the drugs and metabolites. TBAH was 
excluded from recovery studies of the coccidiostats by Method 
A because the dinitrobenzamides decomposed on evapora
tion. Difficulties in purifying 3-amino-5-nitrobenzamide pre
vented carrying out recovery studies cn this metabolite. 
Retention times (min) were sulfadimethoxine, 12.8; sulfaqui
noxaline, 15.2;Zoalene, 13.2; nitromide, 14.5;3-ANOT, 11.9; 
5-ANOT, 16.1; and 2-chloro-4-aminobenzamide, 8.5.

Results and Discussion
Preliminary studies revealed that Zoalene, nitromide, and 

aklomide were readily metabolized in vitro in chicken livers 
to their monoamino derivatives at room temperature. These 
observations were, generally, in keeping with previous reports 
(3, 7). Hence, screening procedures for detecting the cocci
diostats in liver tissues must detect the in vivo metabolites 
and/or those that arise in vitro as the result of the unavoidable 
time lapse between sacrifice of the birds and freezing of the 
excised liver tissue. Because the methods of detecting the 
monoaminobenzamide metabolites are the same as those used 
for sulfa drugs (i.e., the B-M reaction), the screening proce
dure must differentiate these 2 classes of drugs. Method A 
differentiates the coccidiostat metabolites, sulfadimethoxine 
and sulfaquinoxaline, on the basis of TLC retention values; 
Method B separates the coccidiostat metabolites from the 
sulfa drugs before TLC separation and detection procedures 
by selective extraction techniques.

The parent dinitrobenzamide coccidiostats are detected in 
both methods by the formation of a color with TBAH at >  1.0 
ppm (liver basis). Aklomide, a mononitrobenzamide, does 
not form a color and is not detectable as the parent compound 
by the screening procedure. In Method A, TBAH acts initially 
as a counter ion to extract the sulfa drugs from the basic 
solution with dichloromethane. On evaporation of the sol
vent, the partitioned TBAH forms the color with the dinitro
benzamide coccidiostats. In actual practice, the concentrated 
solution takes on the appropriate color when approximately 
0.5-1.0 mL solution containing >  1.0 ppm coccidiostat remains. 
In Method B, at relatively high concentrations, the appro
priate color is formed with DMF alone, but the color is greatly 
intensified by the addition of TBAH. In both procedures, 
control sample extracts exhibit only slight yellow colors in 
the presence of TBAH.
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Table 1. Recovery (%)a of sulfa drugs, dinitrococcidiostats, and 
coccidiostat metabolites added to chicken livers

Sample
Added,

ppm Method A Method B

Sulfadimethoxine 0.1, 0.2, 0.4 78.5 ± 4.0 71.0 ± 4.5
Sulfaquinoxaline 0.1,0.2, 0.4 63.9 ± 5.5 62.3 ± 8.8
Zoalene 1.0 78.2 ± 1.4 79,4 ± 3.1
3-ANOT 0.5 34.4 ± 3.3 61.1 ± 1.2
5-ANOT 0.5 17.2 ± 1.7 38.6 ± 2.7
Nitromide 1.0 60.2 ± 2.6 66.5 ± 5.7
2-Chloro-4-

aminobenzamide
0.5 23.6 ± 1.8 36.7 ± 1.5
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Figure 1, TLC of extracts of chicken livers treated according to Methods 
A and B. Livers spiked with 0.4 ppm sulfadimethoxine, 0.4 ppm sulfaqui- 
noxaline, and 1.0 ppm Zoalene before analyses. 1) Unabused liver, Method
A. 2) Abused liver, Method A. 3) Authentic sulfadimethoxine; sulfaqui- 
noxaline; 3-ANOT; 5-ANOT (decreasing R(). 4) Abused liver, Method B, 
coccidiostat fraction. 5) Abused liver, Method B, sulfa fraction. Abused 

liver—sample thawed and held 30 min at ambient temperature.

The monoaminober.zamide metabolites, sulfaquinoxaline 
and sulfadimethoxine, are detected using the B-M spray reagent 
following TLC. In addition to detecting the Zoalene and 
nitromide metabolites, the procedures are capable of detect
ing 0.1 ppm 2-chloro-4-aminobenzamide. In contrast to pre
vious reports (8), studies have shown that a second metabo
lite, tentatively identified as 5-ANOT on the basis of TLC 
and LC studies, is formed during the in vitro metabolism of 
Zoalene. This latter observation aids in differentiating the 
presence of Zoalene metabolites from the singular metabo
lites of nitromide and aklomide in liver tissue, despite similar 
Rf values. The separation of the sulfa drugs and coccidiostat 
metabolites into their respective classes by Method B is not 
absolute because approximately 10% of each class of drugs 
is carried over into the other class. The carryover does not, 
however, prevent recognition of the class of drugs present, 
and it can be avoided by additional extractions, if desired.

Figure 1 illustrates the TLC results of Methods A and B 
on chicken liver samples spiked with sulfadimethoxine, sul
faquinoxaline, and Zoalene. Holding sample 1 at -  10°C before 
using Method A resulted in the detection of the sulfa drugs. 
Holding sample 2 at room temperature 30 min before before 
using Method A showed the additional presence of 3-ANOT 
and 5-ANOT. Samples 4 and 5, representing the coccidiostat 
and sulfa fractions obtained by using Method B on an abused 
liver, demonstrate the separation of classes by this procedure. 
The irregular (bottom) B-M positive spot in samples 1,2, and 
5 is anthranilic acid, a naturally occurring compound in liver 
tissues (9). The detection limits for sulfadimethoxine and 
sulfaquinoxaline have been found to be <0.1 ppm. Although

aMean and standard deviation of 6 determinations at each 
concentration.

only these sulfa drugs have been used in this study, others 
should give the same results.

Table 1 summarizes the drug recoveries obtained by using 
Methods A and B on chicken livers spiked with varying 
concentrations of sulfa drugs, coccidiostats, and coccidiostat 
metabolites. Although the recoveries of the coccidiostat 
metabolites were low, no interferences were noted. Also, 
there was no difficulty detecting them at the 0.1 ppm level by 
TLC, partially as a result of the tight bands obtained. Attempts 
to improve recoveries of the metabolites by varying solvent 
systems resulted in lower recoveries and therefore higher 
detection limits, of the sulfa drugs.

The procedures were applied to livers of white leghorns 
that were fed a diet containing 0.0125% Zoalene for 5 weeks, 
and were sacrificed while still on the medicated feed. The 
livers were placed in dry ice within minutes of sacrificing the 
chickens. There was no difficulty detecting Zoalene by using 
either method on these samples. TLC of extracts obtained 
by either method revealed relatively large amounts of both 
the 3- and 5-ANOT. In addition, 3 minor in vivo metabolites 
were present in these extracts, the identities of which are 
unknown but currently under investigation. The minor 
metabolites, which may appear by using these methods, do 
not interfere with assessing the nature of the drug residues. 
The significance of minor metabolites is revealed in the fact 
that the 6.0 ppm violative level established for Zoalene in 
chicken livers (4) includes the parent drug plus the single 
metabolite, 3-ANOT. This study suggests that setting a vio
lative level for a readily metabolized drug such as Zoalene 
without the ability to measure all principal metabolites may 
be unrealistic in determining whether a significant residue 
problem is present.

In conclusion, an analyst running 4 samples concurrently 
by Method A can complete the analyses in 2 h; Method B 
requires an additional 1/2 h for completion. Method B has the 
advantage of eliminating any doubt as to the class of com
pounds present in the tissues.
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Quantitative Gas Chromatographic-Mass Spectrometric Assay of Five Sulfonamide Residues in 
Animal Tissue

RANDALL M. SIMPSON, FRANCIS B. SUHRE, and J. W. SHAFER
U .S . D e p a r t m e n t  o f  A g r ic u l t u r e ,  F o o d  S a f e t y  a n d  I n s p e c t i o n  S e r v i c e .  B e l t s v i l l e ,  M D  2 0 7 0 5

A gas chromatographic-mass spectrometric procedure using isotopi- 
cally labeled internal standards and the technique of selective-ion mon
itoring was used to assay sulfamethazine, sulfadimethoxine, sulfabro- 
methazine, sulfathiazole, and sulfaquinoxaline in liver and muscle tis
sue of swine, poultry, and cattle. The data presented clearly demonstrate 
the applicability of this procedure for confirmation of sulfonamide 
residues in animal tissue.

With the availability of relatively inexpensive low resolution 
quadrupole mass spectrometers, mass spectrometry can be 
routinely used for regulatory purposes (1). In 1981, the authors’ 
laboratory published a gas chromatographic-mass spectro
metric (GC/MS) procedure (2) designed to assay sulfameth
azine in swine liver and muscle tissue. That procedure was 
subjected to an AOAC collaborative study (1) and subse
quently was adopted official first action. Other food-produc
ing animal species are treated with sulfamethazine and with 
other sulfonamide drugs; therefore, emphasis was placed on 
expanding the applicability of the original procedure. This 
paper details the modifications required to accomplish this 
expansion of applicability.

METHOD

Apparatus
(a) Gas chrom atograph!m ass spectrom eter (GCIMS).— 

Hewlett Packard Model 5992 low resolution quadrupole GC/ 
MS, or equivalent, equipped with membrane separator.

(b) Chrom atographic colum n.—3 ft X 'A in. glass, packed 
with 3% OV-17 on 80-100 mesh Gas-Chrom Q.

(c) Rotary evaporator.—Buchi Rotavapor R -110, or equiv
alent; N-Evap, Model 111 (Organomation Associates, Inc.), 
or equivalent.

(d) D iazom ethane generator.—Aldrich Chemical Co. No. 
Z-10, 159-1.

(e) Chrom atographic colum n.— 1 x 20 cm (Kontes Glass 
Co. No. K-420280).

Reagents
(a) Solvents.—Acetone, methylene chloride, methanol, 

chloroform, ethyl ether, hexane, ethyl acetate (all UV grade 
distilied-in-glass products of Burdick & Jackson Laborato
ries, Muskegon, MI 49442).

(b) Sulfonam ides, '3C -labeled .—Sulfmethazine, sulfadi
methoxine, sulfathiazole, sulfaquinoxaline, sulfabrometha- 
zine (SMZ, SDM, STZ, SQX, SBM) (Kor Isotopes, Cam
bridge, MA 02142). Isotopic purity was stated to be 90.5% at 
each of the 6 positions on the phenyl moiety of the molecule.
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(c) Sulfonamides, ,2C -labeled .—SMZ, STZ, SQX (Pfaltz 
and Bauer, Inc., Stamford, CT 06902); SDM (Hoffmann-La 
Roche, Inc., Nutley, NJ 07101); SBM (Merck & Co., Inc. 
Rahway, NJ 07065).

(d) Pentafluoropropion ic anhydride (PFPA).—Reagent 
grade (Pierce Chemical Co., Rockford, IL 61105).

(e) Diethylamine (DEA).—Reagent grade (Fisher Scien
tific Co., Fairlawn, NJ 07410).

(f) Florisil.—60-100 mesh (Applied Science Laboratories, 
Inc.), activated 24 h at 130°C.

(g) D iazom ethane.—Prepare fresh weekly using manufac
turer’s instructions and the following reagents: N-methyl-N- 
nitroso-p-toluene sulfonamide (Diazald, Aldrich Chemical Co., 
Inc., Milwaukee, WI 53223); anhydrous, reagent grade ethyl 
ether; diethyler.eglycol monoethyl ether (Carbitol); potas
sium hydroxide pellets.

Note: Prepare diazomethane in hood behind protective 
shield. Wear gloves to prevent skin contact. Observe caution 
when handling diazomethane, because it is toxic and, under 
some conditions, explosive. The recommended conditions 
and total volume of diazomethane generated minimize insta
bility of compound. Store in freezer.

(h) Standard solutions.—,3C-labeled multisulfonamide 
internal standard: 50 p,g/mL methanol of SMZ, SDM, SQX, 
STZ, and SBM. l2C-labeled multisulfonamide fortification 
standard: 50 p,g/mL methanol of SMZ, SDM, SQX, STZ. and 
SBM.

Sam pling

Liver and muscle tissues from swine, turkey, and cattle 
were analyzed. All samples were fortified before extraction 
with predetermined amount of labeled (0.1 ppm '’C-sulfon- 
amide) and unlabeled (0.05-0.02 ppm l2C-sulfonamide) drug 
from stock solutions containing 50 p.g/mL.

E xtraction  a n d  C leanup

Sulfonamides were extracted from tissue by a modification 
of Tishler’s Method A (3).

Organic extraction and concentration: Place 50 g ground, 
frozen tissue in 500 mL Virtis flask. Add 100 mL chloroform- 
acetone (1 +  1) and blend 1 min at slow speed. Decant and 
filter through 24 cm Whatman 2V fluted paper into 1 L round- 
bottom flask. Filtrate should be clear and free of particulate 
matter. Repeat extraction twice. Concentrate combined 
extracts to oily residue by using rotary evaporator.

Aqueous partition!organic wash: Quantitatively transfer 
oily residue to 250 mL separatory funnel by using, in order, 
four 25 mL portions of hexane, two 3 mL portions of acetone, 
and two 25 mL portions of hexane. Add 10 mL IN HC1 and
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gently shake 2 min. Let phases separate and filter aqueous 
phase through 9 cm Whatman No. 42 paper into 125 mL 
separatory funnel. Repeat aqueous extraction 3 times using 
5 mL portions of IN HC1. Add 3 mL ION NaOH and mix; 
pH should be 12-13. Add 25 mL chloroform and shake 1 min. 
Let phases separate and discard organic phase. Repeat chlo
roform wash a second time, again discarding organic phase. 
Quantitatively transfer aqueous phase to small beaker 
(100 mL).

Organic partition!concentration: Buffer aqueous phase with 
25 mL saturated trisodium citrate and adjust pH to 5.25 ±  
0.1, using NaOH or HC1 as required. Extract aqueous phase
3 times with 15 mL portions of methylene chloride. Evaporate 
combined methylene chloride extract to dryness in warm 
water bath under gentle stream of nitrogen.

Organic w ash: Reconstitute residue in 2 mL methanol. Add
4 mL hexane and mix, using vortex mixer. Let phases sepa
rate, then aspirate and discard hexane layer (top).

D erivatization

Methylation o f  N' position : Add 1-2 mL freshly prepared 
saturated ethereal solution of diazomethane. Mix and let stand
5 min. Evaporate to dryness on N-Evap apparatus set at 45°C 
under gentle stream of nitrogen.

Acylation o f  /V4 position : Reconstitute methylated extract 
in 100 (j.L ethyl acetate and mix. Add 100 p,L 20% PFPA in 
hexane followed by 100 |xL 10% DEA in ethyl acetate. Mix 
and let stand 20-30 min. Evaporate to dryness and reconsti
tute in 200-400 p.L ethyl acetate. Sample is now ready for 
GC/MS analysis.

Note: An additional cleanup step is required for sulfon
amide residues in beef muscle:

Additional column cleanup fo r  b e e f  m uscle: Place 2 g 5% 
water-deactivated Florisil in 1.0 cm x 20.0 cm glass column 
fitted with coarse glass frit. Prewash column with 10 mL ethyl 
acetate followed by 10 mL hexane. Add 4 mL hexane to 
prepared sample, mix, and place on column. Wash column 
with 10 mL 20% ethyl acetate in hexane. Elute column with 
10 mL ethyl acetate, collecting eluate in 15 mL concentrating 
tube. Evaporate to dryness and reconstitute in 200-400 pL 
ethyl acetate. Sample is ready for GC/MS analysis.

P reparation  o f  Standards

Add 100 pL l3C-sulfonamide stock solution (50 pg/mL) to 
each of three 15 mL concentration tubes. Add 50 pL ,2C- 
sulfonamide stock solution (50 pg/mL) to first tube, 100 pL 
l2C-sulfonamide stock solution to second tube, and 200 pL 
l2C-sulfonamide stock solution to third tube. Add 1 mL freshly 
prepared diazomethane to each tube and let stand 5 min. 
Evaporate contents of each tube to dryness, reconstitute in 
100 pL ethyl acetate, and add 20 pL freshly prepared 20% 
PFPA in hexane, followed by 100 pL 10% DEA in ethyl 
acetate. Let stand 15-20 min. Gently evaporate to dryness 
under stream of nitrogen. Reconstitute in 200-400 pL ethyl 
acetate. Standards prepared in this manner will be equivalent 
to 0.05, 0.10, and 0.20 ppm sulfonamide tissue concentration.

GC/M S A nalysis

GC param eters: Injection port, 260°C; initial column tem
perature, 210°C; oven program, 5°C/min; final column tem
perature 260°C, time at final temperature, 10 min; helium 
flow, 25-30 mL/min. Under these conditions, elution order 
and approximate retention time (min) for compounds studied 
were STZ, 4.0; SMZ, 5.0; SDM 7.0; SBM 7.5; and SQX 8.5.

M ass spectrom eter param eters (general): Mass spectrom
eter was operated in selective-ion monitoring mode. Mass

Table 1. SIM files for SBM, SDM, SQX, STZ, and SMZ (200 msec dwell 
time for each ion)

Sulfonamide 12C-lsotope

Ion

13C-lsotope Fragment

SBM 451* 457 M-65
452 458 M-64
238* 244 M-278

SDM 405* 411 M-65
406 412 M-64
238 244 M-232

SQX 395* 401 M-65
396 402 M-64
238 244 M-222

STZ 350* 256 M-65
351 357 M-64
238 244 M-177

SMZ 373* 380 M-65
374 381 M-64
238 244 M-200

'Identifies the 6 ions used to establish a survey file.

analyzer and ion optics were set according to parameters 
determined by instrument Autotune program. Electron mul
tiplier was typically operating in 1800-2000 eV range.

Selective-ion monitoring (SIM) param eters: Selection of 
SIM parameters depends on specific sulfonamide to be assayed. 
Instrument used for this study has capability of monitoring 6 
ions at any given time. Any combination of 6 ions (within 
limits of mass analyzer) can be used to establish SIM file. 
Table 1 identifies SIM files used by this laboratory.

Qualitative identification: Conduct survey run to deter
mine which, if any, sulfonamides are present. Select appro
priate SIM file and reassay sample for specific sulfonamide. 
Criteria for qualitative identification include: (1) coelution of 
endogenous sulfonamide with internal standard; (2) presence 
of all 6 ions from appropriate SIM file; (3) ratio of M-64/M- 
65 fragments for l2C and l3C isotopes should be ±  10% of 
values determined from standards.

Quantitation: Determine tissue concentration for specific 
sulfonamide by linear regression. Establish standard curve 
by analyzing standard solutions containing tissue equivalents 
of 0.05, 0.10, and 0.20 ppm for each sulfonamide to be assayed. 
In addition, fortify each standard with 0.10 ppm tissue equiv
alent of l3C isotopically labeled internal standard of each 
sulfonamide. Plot l2C (M-65) to l3C (M-65) ion mass ratio 
against amount of l2C-sulfonamide added to each standard.

Results and Discussion
The electron impact (El) fragmentation pattern of sulfon

amides is well established (4). Although the molecular ion is 
generally not present, large fragmentation abundances are 
found that correspond to the molecular ion less 64 (M-64) and 
65 (M-65) atomic mass units. These ions correspond to the 
loss of S 0 2 and H S 0 2 from the molecular ion. For chromato
graphic and mass spectrometric purposes, all sulfonamides 
were derivatized at both the N-l (methylated) and N-4 (acy- 
lated) positions. The additional derivatization step (original 
sulfamethazine procedure (1) contained only one derivatiza
tion step, N-l methylation) serves 2 purposes: First, it short
ens the chromatographic run time and, second, it negates the 
effect of a background interference (m/z 259) corresponding 
to the M-65 l2C-fragment of the N-l methyl derivative of 
SDM.

The work described in this paper was intended to demon
strate the feasibility of using an inexpensive GC/MS system 
for screening, confirmation, and quantitation (5). Our approach 
was to establish, initially, whether a specific sulfonamide was
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Table 2. Recovery of sulfonamides from fortified turkey liver

Mean

Qual, ident. 
requirements3

Sulfonamide N Added, ppm found, ppm SD CV, % a b c

SMZ 6 0.00 ND _ _ _
SMZ 6 0.05 0.048 0.003 6.45 + + +
SMZ 6 0.10 0.100 0.003 3.19 + + +
SMZ 6 0.20 0.204 0.009 4.24 + +
SDM 6 0.00 ND - - -

SDM 6 0.05 0.050 0.001 1.26 + + +
SDM 6 0.10 0.099 0.004 4.0' + + +
SDM 6 0.20 0.199 0.009 4.59 + + +
SQX 6 0.00 ND - - -

SQX 6 0.05 0.049 0.003 6.76 + + +
SQX 6 0.10 0.102 0.005 4.97 + + +
SQX 6 0.20 0.197 0.006 3.00 + + +
STZ 6 0.00 ND - - -

STZ 6 0.05 0.056 0.011 18.90 + + +
STZ 6 0.10 0.098 0.011 10.99 + + 4-
STZ 6 0.20 0.197 0.016 8.12 + + +

*a = coelution, b = 6 ions present, c = M-64/M-65 fragmentation ratio; ( + ) condition was met, ( - )  condition was not met.

Table 3. Recovery of sulfonamides from fortified turkey muscle

Mean

Qual, ident. 
requirements3

Sulfonamide N Added, ppm found, ppm SD CV, % a b C

SMZ 6 0.00 ND _ _ _
SMZ 6 0.05 0.054 0.0001 2.81 + + +
SMZ 6 0.10 0.097 0.003 3.18 + + +
SMZ 6 0.20 0.200 0.003 4.33 + + +
SDM 6 0.00 ND _ _

SDM 6 0.05 0.047 0.008 6.86 + + +
SDM 6 0.10 0.099 0.004 4.49 + + +
SDM 6 0.20 0.204 0.005 2.67 + + +
SQX 6 0.00 ND - - -

SQX 6 0.05 0.051 0.042 8.20 + + +
SQX 6 0.10 0.099 0.008 8.56 + + +
SQX 6 0.20 0.196 0.006 3.18 + + +

‘See Table 2.

Table 4. Recovery of sulfonamides from fortified swine liver

Mean

Qual, ident. 
requirements3

Sulfonamide N Added, ppm found, ppm SD CV, % a b c

SMZ 3 0.00 ND
SMZ 3 0.05 0.047 0.002 4.46 + + +
SMZ 3 0.10 0.098 0.008 10.9 + + +
SMZ 3 0.20 0.199 0.002 1TK + + +
SDM 3 0.00 ND _ _ _

SDM 3 0.05 0.045 0.0065 14.60 + + +
SDM 3 0.10 0.098 0.015 15.00 + + +
SDM 3 0.20 0.209 0.010 4.81 + + +
STZ 3 0.00 ND - - -

STZ 3 0.05 0.057 0.001 2.0^ + + +
STZ 3 0.10 0.093 0.027 28.60 + + +
STZ 3 0.20 0.204 0.032 15.6C + + +

‘See Table 2.

present and, if present, to conduct a more rigorous identifi
cation and quantitation. Screening was accomplished by con
ducting a survey run using a SIM file consisting of the ions 
identified with an asterisk in Table 1. The survey file contains 
ions specific and common to each of the 5 sulfonamides 
studied. When the ion profile of the survey run indicated the 
presence of a particular sulfonamide, we selected a SIM file 
more appropriate to that compound (Table 1) and reinjected 
the sample. Our criteria for qualitative identification, as well 
as the means by which we arrived at a quantitative value, are 
stated above.

The relative merits of a qualitative/quantitative analytical 
response are always open to further discussion. The issue

most often associated with our approach is that no absolute 
recovery is calculated. The values reported in Tables 2-7 are 
about 100% of what was added to the tissue before conducting 
the assay. This is not accidental or a “ best data” situation. 
Any analyte loss during sample preparation is automatically 
compensated for by an equal loss of the internal standard. 
Absolute recovery from tissue becomes a concern only if 
insufficient analyte is present; this is easily monitored by 
comparing the number of counts obtained for the L,C M-65 or 
M-64 fragment of a standard with the number of counts obtained 
for the same fragment from a fortified tissue sample. All 
samples and standards contained 0.1 ppm of the l3C-labeled 
internal standard.
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Table 5. Recovery of sulfonamides from fortified swine muscle

Sulfonamide N Added, ppm
Mean

found, ppm SD CV, %

Qual, ident, 
requirements“

a b c

SMZ 3 0.00 ND - - -

SMZ 3 0.05 0.047 0.0012 2.47 + + 4-
SMZ 3 0.10 0.091 0.016 17.7 -I- • + 4-
SMZ 3 0.20 0.198 0.020 10.3 I + 4-

SDM 3 0.00 ND - - -

SDM 3 0.05 0.052 0.0065 12.30 4- + +
SDM 3 0.10 0.098 0.006 6.12 4- + 4-
SDM 3 0.20 0.194 0.004 1.95 + + 4-

STZ 3 0.00 ND - - -

STZ 3 0.05 0.046 0.005 11.88 + + 4-
STZ 3 0.10 0.086 0.010 11.46 + 4-
STZ 3 0.20 0.189 0.016 8.25 + + 4

“See Table 2.

Table 6. Recovery of sulfonamides from fortified beef liver

Sulfonamide N Added, ppm
Mean

found, ppm SD CV, %

Qual, ident, 
requirements“

a b C

SMZ 3 0.00 ND _ — -
SMZ 3 0.05 0.052 0.0047 9.15 4- + 4-
SMZ 3 0.10 0.103 0.004 3.9 4- + 4-
SMZ 3 0.20 0.197 0.003 1.46 4- 4- 4-

SDM 3 0.00 ND - - -
SDM 3 0.05 0.048 0.0032 6.650 + 4- 4-
SDM 3 0.10 0.097 0.005 5.21 I 4- 4-
SDM 3 0.20 0.194 0.007 3.43 + + 4-

STZ 3 0.00 ND - - -
STZ 3 0.05 0.050 0.011 22.70 + 4- 4-
STZ 3 0.10 0.096 0.011 11.43 4- 4- 4-
STZ 3 0.20 0.188 0.022 11.76 4- 4- 4-

SQX 3 0.00 ND - - -
SQX 3 0.05 0.042 0.002 4.76 + 4- 4-
SQX 3 0.10 0.100 0.022 21.4 + 4- 4-
SQX 3 0.20 0.208 0.019 9.17 + 4- I
SBM 3 0.00 ND - - -

SBM 3 0.05 0.048 0.0026 5.51 4- 4- 4-
SBM 3 0.10 0.093 0.0006 0.62 + 4- 4-
SBM 3 0.20 0.186 0.0067 3.57 4- 4- 4-

“See Table 2.

Table 7. Recovery of sulfonamides from fortified beef muscle

Sulfonamide N Added, ppm
Mean

found, ppm SD CV, %

Qual, ident, 
requirements“

a b C

SMZ 3 0.00 ND _ _ _

SMZ 3 0.05 0.052 0.0021 4.03 + + 4-
SMZ 3 0.10 0.101 0.0015 2.07 4- 4- +
SMZ 3 0.20 0.192 0.0087 4.51 4- 4- 4-

SDM 3 0.00 ND _ - _

SDM 3 0.05 0.049 0.0031 6.19 - - -

SDM 3 0.10 0.102 0.0004 0.56 + 4- 4-
SDM 3 0.20 0.196 0.0022 1.47 4- 4- 4-

SBM 3 0.00 ND _ _ _

SBM 3 0.05 0.048 0.0060 13.01 4- 4- 4-
SBM 3 0.10 0.109 0.0058 6.9 4- 4- 4-
SBM 3 0.20 0.230 0.0073 5.21 4- 4- 4-

“See Table 2.
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Sensitive Determination of Ethopabate Residues in Chicken Tissues by Liquid Chromatography 
with Fluorometric Detection

TOMOKO NAGATA, MASANOBU SAEKI, HIROYUKI NAKAZAWA,1 MASAHIKO FUJITA,1 and EIGO 
TAKABATAKE2
C h ig a b  P re fe c tu r e  In stitu te o f  P u b lic  H ea lth , 666-2 N ito n a -ch o , C h ig ab , J a p a n

A liquid chromatographic (LC) method is described for determination 
of ethopabate residues in chicken tissues. The drug is extracted from 
tissues with acetonitrile, and the extract is concentrated to 2-3 mL. 
This aqueous solution is rinsed with ethyl acetate and cleaned up by 
Florisil column chromatography. LC analysis is carried out on a Zor- 
bax ODS column, and ethopabate is quantitated by using a fluorometric 
detector set at 306 nm (excitation) and 350 nm (emission). Recoveries 
of ethopabate added to chicken tissues at levels of 0.01 and 0.05 ppm 
were 87.8 and 92.7% , respectively. The detection limit was 100 pg for 
ethopabate standard, and 0.5 ppb in chicken tissues.

Ethopabate, 4-acetamido-2-ethoxybenzoic acid methyl ester, 
is used as a coccidiostat with amprolium in poultry feeds. 
According to Japanese regulations (1), the medicated feed 
must be withdrawn 7 days before slaughter to prevent any 
residues of ethopabate in the tissues. There is, therefore, a 
need to monitor residues of ethopabate in chicken tissues at 
the low levels associated with human health concerns.

Gas chromatographic (GC) methods have been developed 
for determining ethopabate in feeds (2, 3) and chicken tissues 
(4, 5). These methods are quite tedious and require consid
erable time for derivatization of ethopabate before GC mea
surement (3-5). Liquid chromatography (LC) with UV detec
tion has been used to determine ethopabate in feeds (6), and 
chicken tissues (7). Because UV detectors are not sufficiently 
sensitive (6, 7) to monitor residual amounts of ethopabate in 
tissues, an improved method is necessary.

This paper describes a simple, sensitive method for deter
mination of ethopabate in chicken tissues by LC with fluo
rometric detection at levels as low as 0.5 ppb. Sample back
ground does not interfere.

METHOD

Reagents
Use analytical reagent grade chemicals and deionized water 

unless otherwise specified.
(a) Solvents—Acetonitrile, ethyl acetate, and «-hexane 

(Wako Pure Chemical Industry Ltd, Osaka, Japan).
(b) Anhydrous sodium sulfate.—Wako Pure Chemical 

Industry Ltd.
(c) Triethanolamine (TEA).—Wako Pure Chemical Indus

try Ltd.
(d) Florisil.—60-80 mesh; use as received (Floridin Co.).
(e) LC  elution solvent.—Acetonitrile-0.01M KH2P 0 4-tri- 

ethanolamine (40 +  59 +  1) acidified to pH 4.0 with ortho- 
phosphoric acid.

(f) Cleanup column m obile p h ase .—Ethyl acetate-«-hex- 
ane (35 +  65).

(g) E thopabate standard solution.—Prepare stock solu
tion at 100 pg/mL, using 10 mg ethopabate (Dainippon Sei- 
yaku Co., Ltd, Tokyo, Japan; Merck and Co.) in 100 mL 
acetonitrile. Use 2 mL stock solution to prepare 2 pg/mL 
intermediate solution. Prepare 0.2 pg/mL working standard 
solution in acetonitrile, using 10 mL intermediate solution.
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(h) Internal standard solution .—Dissolve 10.0mg(3-naphthol 
(Wako Pure Chemical Industry Ltd) in 100 mL acetonitrile. 
Dilute this solution with acetonitrile to prepare solution of 
0.2 pg (3-naphthol/mL.

Apparatus

(a) Liquid chrom atograph .—Shimadzu LC-3A equipped 
with Shimadzu RF-530 spectrofluorometer and Shimadzu CTO- 
2A column oven. Chromatographic conditions: flow rate, 1.5 
mL/min; temperature, 50°C; detection, 306 nm excitation and 
350 nm emission.

(b) Chromatographic column.—Zorbax ODS stainless steel, 
250 mm x 4.6 mm id (Dupont Co., Analytical Instruments 
Div., Westwood, NJ 07675).

(c) H igh-speed hom ogenizer.—Ultra-Turrax T 18 (Janke 
& Kunkel GmbH & Co., Switzerland).

(d) Centrifuge.—Model H-100-F (Kokusan Enshinki Co., 
Ltd, Tokyo, Japan).

Extraction and Cleanup

Accurately weigh 20 g minced tissue, homogenize twice 
for 3 min at maximum speed with 50 mL acetonitrile, and 
then centrifuge ID min at 3000 rpm. Filter through cotton and 
concentrate to 2-3 mL under vacuum on rotary evaporator 
at 40°C. Add 2.0 g sodium chloride and 50 mL ethyl acetate, 
mix well 3 min, and transfer upper phase to 200 mL flask. 
Re-extract with another 50 mL ethyl acetate and combine 
extracts. Add 20 g anhydrous sodium sulfate and let mixture 
stand 30 min. Filter through cotton and evaporate to dryness 
under vacuum on rotary evaporator at 40°C. Dissolve residue 
in 1 mL ethyl acetate-«-hexane ( 1 + 9 )  and apply to Florisil 
column. Wash column with 50 mL. ethyl acetate-n-hexane (1 
+  9) and elute ethopabate with 50 mL ethyl acetate-«-hexane 
(35 +  65). Evaporate eluate to dryness under vacuum on 
rotary evaporator at 40°C and dissolve residue in 0.5 mL 
internal standard solution (h).

Analysis and Calculation

Inject 10 pL working standard and sample solution into 
liquid chromatograph, measure peak height ratios to height 
of internal standard. Calculate concentration by following 
formula:

Ethopabate, ppm =  R s/E w  x Cw x 0.025

where Rw and Rs =  peak height ratios in working standard 
and sample solutions injected, respectively; and Cw =  con
centration of ethopabate in working standard, pg/mL.

Results and Discussion
The fluorescence characteristics of ethopabate were 

studied using acetonitrile-0.01M KH2P 0 4-T E A  (40 +  59 + 
1) acidified with orthophosphoric acid to pH 4 as LC mobile 
phase. Ethopabate shows fluorescence maxima at 306 nm 
excitation and 350 nm emission, as shown in Figure 1.

The optimal LC operating conditions were studied by vary
ing the mobile phase composition, column temperature, and 
flow rate. Under the LC conditions selected for detection, as
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wavelength ( nmj
Figure 1. Fluorescence spectra of 100 pg ethopabate/mL mobile phase. 
A; excitation spectrum a: 350 nm emission; B; emission spectrum at 306 

nm excitation.

shown in M ethod, ethopabate is well separated from the 
solvent front and other interfering components.

A calibration curve was prepared over the range 0.05-2.0 
ng ethopabate. The -atios of the peak heights of ethopabate 
to internal standard plotted against concentration of ethopa
bate gave a straight line. (3-Naphthol was selected as the 
internal standard because the fluorescence spectra were simi
lar, and the retention time was sufficiently longer than that 
of ethopabate.

The Florisil column was used to remove other co-extrac
tives that might irreversibly adsorb on the LC analytical 
column and interfere in the measurement of ethopabate on 
the chromatogram. Ethopabate was retained when l mL of 
ethopabate in ethyl acetate-n-hexane (l +  9) was applied to 
the Florisil column. Interferences were removed with 50 mL 
ethyl acetate-n-hexane (1 +  9), and then ethopabate was 
quantitatively elutec from the column with 50 mL ethyl ace- 
tate-n-hexane (35 +  65). Figure 2 shows a typical chroma
togram for a sample of commercial chicken tissues spiked at 
the 2.5 ppb level; there were no interfering peaks in the 
chromatogram. Recovery studies were performed by adding 
0.2 and 1.0 pg ethopabate to 20 g minced chicken tissues. 
These recoveries (Table 1) are satisfactory for residue anal
ysis and substantiate the validity of the method. The utility 
of the method was demonstrated by its application to com
mercial chicken tissues.

No ethopabate was detected in 10 commercial chicken 
tissues by the present method. Determination of ethopabate 
added to commercial chicken tissues showed that this method 
is applicable at levels as low as 0.5 ppb. The detection limit 
for ethopabate standard was 100 pg.

a  b

T i m e  ( m i r O

Figure 2. Typical chromatogram of ethopabate-spiked commercial chicken 
tissue, a; ethopabate, 0.5 ng; b; p-naphthol, 1 ng. See text for chromato

graphic conditions.

Table 1. Recovery of ethopabate added to chicken tissues

Added,3 pg Found, pg Ree., %

0.2 0.178 89.4
0.186 93.1
0.163 81.6
0.179 89.8
0.169 84.9

Av. 87.8
SD 1.43
CV, % 1.63

1.0 0.964 96.4
0.901 90.1
0.936 93.6
0.906 90.6
0.926 92.6

Av. 92.7
SD 0.03
CV, % 0.03

s|j.g ethopabate added to 20 g chicken tissue.
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Determination of Neomycin in Animal Tissues, Using Ion-Pair Liquid Chromatography with 
Fluorometric Detection
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A liquid chromatographic (LC) method is described for the determi
nation of neomycin in animal tissues. Tissues are homogenized in 0.2M 
potassium phosphate buffer (pH 8.0); the homogenate is centrifuged, 
and the supernate is heated to precipitate the protein. The heat-depro- 
teinated extract is acidified to pH 3 .5-4  and directly analyzed by LC. 
The LC method consists of an ion-pairing mobile phase, a reverse 
phase ODS column, post-column derivatization with o-phthalaldehyde 
reagent, and fluorometric detection. The LC method uses paromo
mycin as an internal standard, and separates neomycin from strepto
mycin or dihydrostreptomycin because they have different retention 
times. The LC column separates neomycin in 25 min; the detection 
limit is about 3.5 ng neomycin. The overall recovery of neomycin from 
kidney tissues spiked at 1-30 ppm was 96% with a 9.0% coefficient of 
variation. The method was also applied to muscle tissue.

Neomycin, an aminoglycoside, is classified as a broad-spec
trum antibiotic because it inhibits the growth of both gram
positive and gram-negative bacteria (1). Its interaction with 
other drugs as well as other antibiotics has been reviewed
(2). Neomycin is toxic to both the auditory branch of the 
eighth cranial nerve (3) and nephrons of the kidneys (4) when 
given parenterally. The toxicity of aminoglycoside antibiotics 
in general has been reviewed by Clark (5).

In the veterinary profession, antimicrobial drugs including 
aminoglycosides are used not only for the treatment of animal 
diseases, but also subtherapeutically for preventing disease 
and increasing the efficiency of feed utilization (6). Because 
of their metabolic similarities, neomycin, streptomycin, and 
dihydrostreptomycin are considered collectively when 
administered to food-producing animals (6). These amino
glycosides are excreted primarily by the kidney and are con
centrated only by the kidney and not the liver (6). Neomycin 
residues were found in kidney tissues for 28-30 days after 
oral dosing of animals (6, 7). Neomycin residues were also 
found in the kidneys of chicks 4 weeks after intramuscular 
treatment, but no residues were detected after the fifth week
(8). Therefore, the use of neomycin in food-producing animals 
may result in neomycin residues in food derived from these 
animals.

Numerous chemical and physical methods have been 
reported for the determination of neomycin. These methods 
include thin layer (9), gas (10), ion-exchange (11), and liquid 
chromatography (LC) (12, 13). None of these methods have 
been used, however, to detect neomycin in biological matri
ces. Traditionally, microbiological methods have been 
employed for the detection of residues of neomycin and other 
aminoglycosides in edible products of animal origin (10, 14- 
16); however, these methods lack speed and specificity and 
are inaccurate (17). They do not distinguish neomycin from 
streptomycin and dihydrostreptomycin, and standardization 
among laboratories is difficult. The microbiological tech
niques have little or no potential for detection and quantita
tion of metabolites of the parent drug. LC is used increasingly 
as a method for the determination of antibiotics in biological 
fluids (18), but its application to the determination of residues 
in edible tissues has only recently been reported (19-21).

This paper reports the development of isolation and LC 
methods for the detection of neomycin in tissues of food- 
producing animals.

Received May 25. 1984. Accepted August 3. 1984.

Experimental

Apparatus
(a) Liquid chrom atograph.—Waters Associates (Milford, 

MA) Model 6000A solvent delivery system. Model 730 sys
tems controller, Model 720 data module, Model 710B Wisp 
autosampler, and Perkin-Elmer (Norwalk, CT) Model 650S 
fluorescence detector set at 340 nm excitation and 455 nm 
emission. Slits were set at 5 and 10 nm for excitation and 
emission, respectively. Detector sensitivity setting was 10.

(b) LC columns.—Supelcosil LC-8-DB and LC-18-DB, both 
15 cm x 4.6 mm and 5 pun particle size (Supelco, Inc., 
Bellefonte, PA): Spherisorb ODS-2, 25 cm x 4.6 mm, 5 pun 
particle size (R. E. Gourley Co., Laurel, MD); piBondapak/ 
CIS, 30 cm x 3.9 mm, 10 pirn (Waters Associates); and guard 
columns: 10 pim LiChrosorb RP-18, 3 cm x 4.6 mm (Brown
lee Labs, Santa Clara, CA), and 5 pern Supelco LC-8-DB 
Supelguard (2 cm x 4.6 mm).

(c) Post-column reaction system .—Kratos Model URS 050 
(Kratos Analytical Instruments, Westwood, NJ).

(d) Centrifuge.—IEC Model DPR-6000 (Damon/IEC Divi
sion, Needham Heights, MA) with rotor No. 269, set at 4°C, 
and polypropylene centrifuge tubes with plug-type screw caps 
(Corning Glass Works, Corning, NY).

(e) H o m og en iz er .—Tissumizer with metal miniprobe 
(Tekmar Co., Cincinnati, OH).

(f) Liquid scintillation counter.—Beckman LS-250 (Beck
man Instruments, Inc., Fullerton, CA) set at 10°C; Aquasol 
and Protosol (New England Nuclear, Boston, MA) were used 
as scintillation fluid and solubilizer, respectively.

(g) M embrane filters.—Centriflo membrane cones (CF50A, 
Amicon Corp., Lexington, MA) and 0.45 pun Millipore filters 
(Millipore Corp., Bedford, MA).

Reagents
(a) C hem icals.—Neomycin, streptomycin, dihydrostrep

tomycin, and paromomycin sulfates (U.S. Pharmacopeial 
Convention, Inc., Rockville, MD); sodium sulfate granular 
(Mallinckrodt, Inc., St. Louis, MO); 1-pentanesulfonic acid 
sodium salt, o-phthalaldehyde (OPA) (Eastman Kodak Co., 
Rochester, NY), and other chemicals were reagent grade.

(b) Solvents.—Glass-distilled organic solvents (Burdick & 
Jackson Laboratories, Muskegon, MI) and distilled, deion
ized water were used throughout the study.

(c) Post-column derivatization reagent.—Dissolve 12.36 g 
(0.2 mol) boric acid in 800 mL water and 56 g (5.0 mol) KOH 
in 200 mL water. To prepare potassium borate buffer, titrate 
boric acid solution with KOH solution (30-35 mL) to pH 9.5. 
Dilute solution with water to 1.0 L. To prepare reagent, 
dissolve 850 mg OPA in 10 mL methanol, add 2.5 mL 2- 
mercaptoethanol and 2.5 mL Brij-35, and mix gently until 
decolorization is complete. Add 1 L potassium borate buffer 
with mixing. Filter OPA solution through 0.45 pun Millipore 
filter and refrigerate until used. Subsequently, a commercially 
available OPA reagent solution (Pierce Chemical Co., Rock
ford, IL) was used.

(d) Mobile phase (22).—0.01M l-pentanesulfonate-0.056M 
sodium sulfate-0.007M acetic acid-1.5% (for Supelco and 
piBondapak/C|8 columns) or 3% (for Spherisorb ODS-2 col
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umn) methanol, filtered through 0.45 pm Millipore filter and 
degassed by ultrasonxation under vacuum 5 min before use.

(e) R adio labeled  neom ycin .—Uniformly radiolabeled l4C- 
neomycin (specific activity 1.08 mCi/mmol) was obtained 
under FDA contract No. 223-81-7068 with the University of 
Illinois. A lyophilized sample containing 570 pCi 14C-neo- 
mycin was dissolved in 20 mL 2% ethanol for the stock 
solution. Appropriate dilutions were made as needed.

(f) Extraction solvent.—Potassium phosphate buffer (0.2M, 
pH 8.0) was prepared by dissolving 33.46 g dibasic potassium 
phosphate and 1.046 g monobasic potassium phosphate in 
water and diluting to 1 L with water.

(g) Standard solut’ons—Neomycin and paromomycin sul
fates were dried 3 h under < 5  mm Hg pressure at 60°C. Bottles 
were capped and placed in desiccator to cool. Stock solutions 
of 1000 pg/mL of each drug as free base were prepared in 
polypropylene tubes with water. Aliquots of stock solutions 
were further diluted with water to give working solutions of 
10 pg/mL or as appropriate. All solutions were refrigerated 
until used. Paromomycin was used as internal standard.

(h) Ion-pair concentrate.—A 10-fold solution of ion-pair 
reagent used in mobile phase was prepared to contain 0.1M 
1-pentanesulfonic acid and 0.07M acetic acid, filtered through 
0.45 pm Millipore filter, and refrigerated until used.

Standard Curve
All transfers and dilutions were made with Eppendorf dig

ital pipets. From the working solution (10 pg neomycin/mL), 
5, 10. 20, 40, 60, and 80 pL aliquots were transferred to 
separate vials. Aliquots of 100 pL internal standard paro
momycin (10 pg/mL) and 20 pL ion-pair concentrate were 
added to each vial and diluted to 200 pL with water. Vials 
were vortex-mixed and 50 pL aliquots from each vial were 
injected onto the LC column.

Extraction and Cleanup Procedures
Extraction.—Frozen, ground control tissue was thinly sliced, 

and 1 g samples were weighed into tared 50 mL polypropylene 
tubes fitted with plug-type screw caps. Appropriate aliquots 
of standard neomycin and paromomycin sulfate solutions 
were added; tissue-drug mixtures were vortex-mixed and 
allowed to stand >15 min. The samples were homogenized 
(Tissumizer) 1 min at medium speed in 4.0 mL phosphate 
buffer; the homogenates were centrifuged 20 min at 3600 x
g. The supernate was removed, and the tissue pellet was 
rehomogenized 10 min as before in the phosphate buffer; 
supernates were combined in a 15 mL polypropylene tube. 
Between samples, homogenizer probe was washed with 100 
mL water, 10 mL phosphate buffer, and again with 100 mL 
water; washings were analyzed by LC and no neomycin was 
detected.

D eproteination .—Polypropylene tubes containing com
bined tissue extracts were immersed 5 min in boiling water 
with occasional mixing. Tubes were centrifuged 20 min at 
2000 x g, and the deproteinated extract was decanted into 
another 15 mL polypropylene tube. The precipitated protein 
pellet was washed with 2 mL phosphate buffer by vortex
mixing about 30 s at high speed, followed by centrifugation 
10 min at 2000 x g. The wash supernate was combined with 
the above deproteinated extract. The combined sample was 
acidified to pH 3.5-4 with 50-60 pL H2S 0 4, followed by 
centrifugation for 10 min at 2000 x g. An aliquot of the clear 
supernate was analyzed directly by LC. The final volumes 
for kidney and muscle extracts were 9.6 and 7.5 mL, respec
tively, and the recovery determinations were based on these 
volumes.

Preparation o f  Tissue Samples fo r  Recovery o f  Neomycin

Aliquots of the neomycin sulfate (1000 ppm) stock solution 
were diluted with water to give concentrations of 600, 300, 
200. 100. 50, and 20 ppm. The tissue samples were fortified 
with 50 pL of each of these solutions to give fortification 
levels of 30, 15, 10, 5, 2.5, and 1 ppm. respectively. Fifty pL 
of 1000 ppm paromomycin stock solution was added to a 
control and to each of the neomycin-spiked tissue samples to 
serve as an internal standard at a 50 ppm fortification level. 
The extraction and deproteination of the tissue samples were 
carried out as described above.

Purification o f  UC-Neomycin by LC
l4C-Neomycin, obtained from the contractor, was purified 

by LC using a pBondapak/C,8 column and ion-pairing mobile 
phase as described above. Initially, the retention time of the 
reference standard neomycin was established by using post
column derivatization with OPA. This was followed by injec
tion of 100 pL of a 1/10th dilution of the stock solution of l4C- 
neomycin in the LC column with the Waters U6K injector. 
Twenty 1 mL fractions were collected. The fractions (usually 
3) at the elution position of neomycin were pooled, and an 
aliquot was counted in the liquid scintillation counter, using 
10 mL Aquasol. The pooled fractions contained about 65% 
of the injected l4C-neomvcin and were called "LC-pure” 14C- 
neomycin.

Use o f  uC-Neomycin to Determine Extraction Efficiency
To determine efficiency of extraction of neomycin from 

kidney tissues, both stock and LC-pure l4C-neomycin solu
tions were used. Two extracting solvents, saline solution 
(0.9% NaCl) and pH 8.0 phosphate buffer, were tested to 
determine their effect on extraction efficiency. Two 1.0 g 
kidney tissue samples were separately fortified with 7.1 nCi 
of either stock neomycin or LC-pure neomycin to give for
tification levels of ca 4 ppm. The kidney tissue was homog
enized in either saline solution or phosphate buffer, and the 
extraction and deproteination procedures were carried out as 
described above. Aliquots (1 mL) of the extracts before and 
after the deproteination step were counted in the liquid scin
tillation counter, using 10 mL Aquasol, to determine recovery 
of l4C-neomycin.

Preparation o f  Extracts and Tissue Residues Containing I4C- 
Neomycin fo r  Liquid Scintillation Counting

One mL tissue extract was transferred to a 20 mL glass 
scintillation vial and digested 1 h at 70°C with 4 mL Protosol. 
The digest was cooled and neutralized with 200 pL acetic 
acid, mixed with 10 mL Aquasol, followed by warming 1 h 
at 47°C. The mixture was temperature-equilibrated in the 
scintillation counter up to 2 h before counting. The extracted 
kidney residues and precipitated protein pellets were mixed 
with a small volume of water to yield 1.5 mL homogenate. 
The homogenates were digested in 6 mL Protosol. and the 
procedure as described above was followed. The details of 
the development of this procedure will be reported elsewhere.

Results

LC Separation o f  Aminoglycosides
Figure 1 shows LC chromatograms of streptomycin, dihy

drostreptomycin, and a mixture of paromomycin and neo
mycin obtained on a Supelcosil LC-8-DB column using the 
ion-pair mobile phase and post-column derivatization with 
OPA. Paromomycin and dihydrostreptomycin chromato
grams showed the presence of minor impurities, whereas the
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Figure 1. LC of aminoglycoside standards, a, streptomycin (5 pg); b, dihydrostreptomycin (5 |xg); c, paromomycin (250 ng) and neomycin (100 ng). 
Conditions: column Supelcosil LC-8-DB; mobile phase 0.056M sodium sulfate-0.01 M 1-pentanesulfonate-0.007M acetic acid-1.5% methanol; fluores
cence detector excitation 340 nm and emission 455 nm; chart speed 0.25 cm/min; flow rate 1.5 mL/min; post-column derivatization with OPA reagent

at flow rate of 0.9 mL/min; guard column 10 pm RP-18.

streptomycin chromatogram contained 4 peaks. These peaks 
represent the parent compound and presumably precursors 
and/or degradation products of streptomycin (13), the detec
tion of which is enhanced during derivatization with OPA. 
The first peak, which is the major peak in the chromatogram, 
most likely represents streptomycin. Neomycin and paro
momycin are separable from each other and are retained 
much longer than dihydrostreptomycin on the LC column; 
however, dihydrostreptomycin could not be resolved from 
streptomycin under the conditions used.

Similar retention and separation profiles for these amino
glycosides were obtained on a Supelcosil LC-18-DB column. 
Other columns examined included |xBondapak/CI8, Clearsil 
ODS, and Spherisorb ODS-2. Although all the aminoglyco
sides were retained on these columns, only Spherisorb ODS- 
2 resolved neomycin from other aminoglycosides. Strepto
mycin and dihydrostreptomycin gave similar chromatograms 
on Spherisorb ODS-2 and Supelcosil LC-8-DB columns. The 
Spherisorb ODS-2 column also completely separated neo
mycin from paromomycin and from endogenous compounds 
in bovine kidney tissue extracts (Figure 2).

The flow rate of OPA that gave optimum sensitivity of 
detection for neomycin was about 'A the flow rate of the 
mobile phase. The OPA flow rate of 0.9 mL/min was set on 
a Kratos post-column reaction system, while the flow rate of 
the mobile phase was 1.5 mL/min.

Unless indicated otherwise, the Supelcosil LC-8-DB col
umn was used throughout the study. A standard curve in the

range of 5-200 ng neomycin was constructed from the aver
age of duplicate analyses and was linear, with a coefficient 
of determination (r2) of 0.998. The average relative retention 
time of neomycin vs paromomycin was 1.18 ±  0.42% (coef
ficient of variation, CV, n =  6). The absolute retention times 
of both drugs, however, were subject to variations in labo
ratory temperature. The detector sensitivity for the neomycin 
under the conditions used was about 3.5 ng with a signal-to- 
noise ratio of about 5.

Recovery o f  uC-Neomycin from  Kidney Tissues
The results of the recovery of neomycin from kidney tis

sues fortified with stock and LC-pure l4C-neomycin at the 4 
ppm level are shown in Table 1. With saline solutions as the 
extracting solvent, the recovery of 14C-neomycin was about 
60%; this was decreased to 30% after deproteination. The 
30% unextracted l4C-neomycin remained in the kidney resi
due. Table 1 further shows that the recovery of l4C-neomycin 
was similar when tissue was fortified with either LC-pure 
(59%) or a stock solution of 14C-neomycin (61%). Therefore, 
only stock solutions of l4C-neomycin were used in subsequent 
experiments.

When phosphate buffer was used as the extracting solvent, 
90% of the l4C-neomycin was recovered. There were no losses 
during heat deproteination, resulting in an overall recovery 
of 90% (Table 1). Therefore, phosphate buffer was selected 
as the extracting solvent for recovering neomycin from ani
mal tissues in further studies. Initial attempts to deproteinate
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Figure 2, LC of bovine kidney tissue extract and standards on Spherisorb ODS-2 column, a, 25 p.L control kidney tissue extract; b, paromomycin (225 
ng) and neomycin (90 ng). LC conditions same as Figure 1 except 3% methanol in mobile phase.

Table 1. Recovery of ,4C-neomycin* from fortified beef kidney tissue

Extract, solv. 
and fort, level

Ree. 
from 

ext, %

Remain, 
in tissue 

residue, %

Ree.
after deprot. 

of ext, %

Remain, 
in protein 
pellet, %

S a l i n e  s o l u t i o n :

14C-neomycin, LC-pure 62 34 26 __b

(7.3 x  10-3 |xCi, 4.2 ppm) 56 36 20
Av. 59 35 23
14C-neomycin, stock 64 30 29 __b

(7.1 x  10~3 puCi, 4 ppm) 58 35 28 __b

Av. 61 32.5 28.5
P h o s p h a t e  b u f f e r  ( p H  8 . 0 ) :

14C-neomycin, stock 97 2 91 4
(7.1 x  10“3 pCi, 4 ppm) 84 2 89 5
Av. 90.5 2 90 4.5

aSpecific activity 1.08 mCi/mmol. 
“Not analyzed.

the phosphate buffer extract of l4C-neomycin fortified tissues 
with Centriflo membrane cones, centrifuged 1 h at 1000 rpm, 
were abandoned because over 50% of the 14C-neomycin was 
bound to the membrane.

Detection and Quantitation of Neomycin in Fortified Animal 
Tissues, Using LC

Kidney tissue.—Figure 3 shows chromatograms of 50 jxL 
injections of control and spiked beef kidney tissue samples. 
Neomycin and paromomycin were well separated from back
ground compounds in the tissue extract.

The recovery of neomycin from fortified kidney tissues at 
the 1, 2.5, 5, 15, and 30 ppm levels is shown in Table 2. 
Paromomycin at the 50 ppm level was used as an internal

standard and added to tissue samples along with neomycin 
at each fortification level. Standards and extracts were injected 
interspersed to ensure accurate quantitation. The average 
recovery of paromomycin at the 50 ppm level was 93 ±  9% 
0n =  6). Kidney tissues were also fortified with neomycin 
without internal standard and carried through extraction, 
deproteination, and LC analysis; the recoveries at 10 and 30 
ppm levels were 90 and 95%, with CVs of 8 and 9% (Table
2). Overall, the recoveries with or without internal standard 
were similar, i.e ., 96 and 93%, with 9.0 and 8.5% CVs, respec
tively. Use of an internal standard is preferred because it 
corrects for variations that occur during sample preparation 
and chromatographic procedures.

The LC profile of control and spiked porcine kidney tissue 
extracts gave chromatograms (Figure 4) that were similar to 
those of bovine tissue (Figure 3). The recovery of neomycin 
at the 10 ppm fortification level was 92 ±  3% (see Table 2).

Muscle tissue.—As for bovine and porcine kidney tissue 
extracts, the LC profiles of bovine and porcine muscle tissue 
extracts were similar. Figure 5 shows LC chromatograms of 
control and spiked bovine muscle tissue extracts. Although 
neomycin was completely resolved from endogenous com
pounds in the muscle extract, the background in muscle extracts 
was higher and different from that seen in kidney extracts. 
Because paromomycin was not fully resolved from one of the 
contaminant peaks in muscle extracts, only the neomycin 
peak was used to determine its recoveries. The recoveries of 
neomycin at the 10 ppm level from bovine and porcine muscle 
extracts were 71 and 64%, respectively, with CVs of 4 and 
6% .
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Table 2. Recovery of neomycin from fortified tissues

Added, Ree.
ppm_______________ ± CV, %

Beef Kidney

1 110
1 92
1 88

Av. 96.7 ± 12.1
2.5 108
2.5 85
2.5 108
Av. 100.3 ± 13
5 79
5 84
5 73

Av. 78.7 ± 6.3
15 92
15 104
15 109
Av. 101.7 ± 8.5

30 100
30 102
30 107
Av. 103.0 ± 3.5
10a 83
10a 95
10a 93
Av. 90.3 ±  7.7
30® 92
30a 105
30a 88
Av. 95.0 ± 9.4

Pork Kidney

10 96
10 91
10 90
Av. 92.3 ± 3.3

Beef Muscle

10 74
10 68
10 71
Av. 71.0 ± 4.3

Pork Muscle

10 67
10 66
10 60
Av. 64.3 ± 5.8

“Tissue was fortified only with neomycin; internal standard was added to
deproteinated extract immediately before LC analysis.

Specificity of Neomycin Assay

The specificity of the neomycin peak in tissue extracts was 
established by using peak height ratios obtained from chro
matograms run at 2 different emission wavelengths. The peak 
heights of neomycin in tissue extracts and neomycin standard 
were determined first at excitation and emission wavelengths 
of 340 and 455 nm, respectively, and again at 340 (excitation) 
and 490 nm (emission). The peak height ratio of first vs second 
chromatograms was calculated for both the neomycin stan
dard and neomycin in the extract. Any deviation from the 
peak height ratio expected for a particular compound should 
indicate the presence of another compound eluting near or 
simultaneously with the compound of interest. In this study, 
the peak height ratio of neomycin at the above paired wave
length settings for standard (2.30) was almost identical to that 
of neomycin detected in fortified kidney tissue extract (2.29), 
indicating that no potential contam inants were co 
eluted. Similarly, the peak height ratio for paromomycin stan
dard (2.04) was almost identical to paromomycin detected in 
tissue extract (2.02). This further indicates that the peak

height ratios of 2 compounds with small structural differences 
are different. Therefore, in addition to retention time of the 
peak, using the comparison between peak height ratios of the 
standard and sample of 2 sets of excitation and emission 
wavelengths greatly strengthens the validity of the peak iden
tification.

Influence of Guard Column

Both guard columns, Lichrosorb RP-18 and Supelguard 
LC-8-DB, protected the analytical column during tissue extract 
analysis. Supelguard, with the same packing material as the 
analytical column and a shorter length, improved peak sym
metry and increased sensitivity, making it possible to detect 
1 ppm neomycin-fortified extracts (Figure 6.) Both the guard 
and analytical columns were flushed with water followed by 
methanol at the end of the day, and the guard column was 
replaced after 2-3 months of use. This increased the life of 
the analytical column to about 6 months.

Use of Ion-Pair Concentrate and pH of Extract

LC chromatograms of both neomycin and paromomycin 
showed split peaks without addition of the ion-pair concen
trate to the sample before injection. Although the problem of 
split peaks did not occur all the time, it recurred if the ion- 
pair concentrate was not added to the samples before injec
tion. Therefore, an aliquot of the ion-pair concentrate was 
added to all the samples before injection to give concentra
tions of sodium pentanesulfonate and acetic acid equivalent 
to that in the mobile phase. The wash solvent of the Wisp 
autosampler was 0.007M acetic acid.

Acidification of the deproteinated extracts to the pH of the 
mobile phase improved peak shape and also completely 
resolved the neomycin peak from a later-eluting background 
peak. Both the acidification of the deproteinated extract and 
addition of ion-pair concentrate to the sample are vital for 
consistent chromatography.

Discussion
A rapid, accurate, and sensitive ion-pair reverse phase LC 

assay for neomycin in tissues has been developed. The method 
distinguishes neomycin from streptomycin and dihydrostrep
tomycin. Paromomycin was used as an internal standard 
because it was adequately separated from neomycin and 
endogenous background compounds. Using an internal stan
dard increased the reliability and reproducibility of the assay. 
The method was applied to the detection of neomycin in 
fortified kidney tissues with recoveries averaging over 90%. 
Use of ,4C-neomycin to fortify tissues facilitated the devel
opment of extraction and cleanup procedures. Although both 
water (8) and saline solution (23) have been used to extract 
neomycin from tissues, we could recover only 60% of the 
neomycin with saline solution; however, when phosphate 
buffer (pH 8.0), which is used in microbiological assays (16) 
was used, over 90% of the neomycin was recovered from 
spiked tissues. Heat treatment as a depreteinization step was 
especially advantageous because essentially all the added 
neomycin, free and bound, was detected in the tissue extracts, 
and further dilution by using organic solvents was avoided. 
Sample extracts and aqueous standards were stored in poly
propylene tubes to prevent losses due to adsorption of ami
noglycosides on glass containers (22,24); tissue homogenates 
were also prepared in polypropylene tubes. Because glass 
homogenizers lower the recovery of neomycin due to abra
sion of glass, which will bind the drug (24), a homogenizer 
with a metal probe was used.
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Figure 3. LC of beef kidney tissue extract on Supelcosil LC-8-DB column, a, 50 pL control kidney tissue extract containing internal standard 
paromomycin; b, 50 pL kidney tissue extract spiked with paromomycin (250 ng) and neomycin (75 ng). LC conditions same as in Figure 1.

Figure 4. LC of porcine kidney tissue extracts on Supelcosil LC-8-DB column, a, 25 pL control kidney tissue extract; b, 25 pL kidney tissue extract 
spiked with internal standard paromomycin (125 ng) and neomycin (25 ng). LC conditions same as Figure 1 except Supelguard used as guard column.



SHAIKH ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68. NO. 1, 1985) 35

Figure 5.

Figure 6 .

LC of bovine muscle extracts, a, 25 pL control muscle tissue extract; b, 25 pL muscle tissue extract spiked with internal standard paromomycin 
(125 ng) and neomycin (25 ng). LC conditions same as Figure 4.

LC of a, standard, paromomycin (175 ng), and neomycin (3.5 ng); b, 35 pL bovine kidney tissue extract spiked with internal standard 
paromomycin (175 ng) and neomycin (3.5 ng). LC conditions same as Figure 4.
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Various w orkers (25, 26) have used peak height ratios at 2 
or m ore U V  absorption wavelengths to determ ine the heter- 
ogenicity o f the peak in question. W e used this principle to 
validate the identity  o f the neom ycin peak in tissue extracts.

W ith  appropriate m odifications, this L C  technique should 
be applicable to all am inoglycosides. The m ajor advantage of 
the present m ethod fo r determ ining neom ycin over m icro
biological, enzym atic , or radioim m unoassay methods is that 
it is specific and has the potential to detect m etabolites o f the 
parent drug.
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Normal Phase Liquid Chromatographic Determination of Nanogram Quantities of Ivermectin in 
Cattle Blood or Plasma

H ERBERT J. SCHNITZERLING and JAMES NOLAN
C o m m o n w e a l t h  S c i e n t i f i c  a n d  I n d u s t r i a l  R e s e a r c h  O r g a n i z a t i o n  ( C S I R O ) ,  D i v i s i o n  o f  T r o p i c a l  A n i m a l  S c i e n c e ,  

L o n g  P o c k e t  L a b o r a t o r i e s , P r i v a t e  B a g  N o .  3 ,  P O ,  I n d o o r o o p i l l y ,  Q u e e n s l a n d ,  4 0 6 8 ,  A u s t r a l i a

A method has been developed for determining ivermectin in 5 mL 
samples of cattle blood by a 2-step process: cleanup solvent extraction 
followed by direct injection onto a normal phase liquid chromatography 
(LC) system with UV detection. Recovery was 77-80% ±5 .5%  stan
dard deviation. Endogenous interference that may be present caused 
the lower limit of detection to be set at 4 -5  ng/mL. The method was 
used to show that in blood the distribution of ivermectin favors plasma 
in a fixed proportion over cellular material, and further to provide a 
time-course profile of ivermectin in the whole blood of injected cattle. 
In whole blood, ivermectin concentration peaked between 3 and 5 days 
and dissipated slowly with a half-life of 3 days.

Iverm ectin  is a derivative o f the biologically active averm ec- 
tins (1), and is defined as a m ixture that contains at least 80%
22.23- d ihydroaverm ectin  B ,a  (H 2B ,a) and not more than 20%
22.23- d ihydroaverm ectin  B ,b (H 2B ,b ) (1, 2). Iverm ectin  is a 
potent antiparasitic agent (3).

W e are interested in control o f the cattle tick  B o o p h i l u s  

m i c r o p l u s ,  and although iverm ectin  shows high systemic 
potency against this pest (4), w e consider that future use o f  
this chem ical fo r effective control o f cattle ticks w ill be in 
sustained, slow-release systems. Because the cattle tick is a 
bloodsucking pest, a system ically adm inistered chem ical w ill 
be taken up v ia  the blood m eal. As a prerequisite fo r devel
oping a slow release system , w e needed a m ethod fo r iver
m ectin analysis sufficiently sensitive to determ ine systemic 
levels o f therapeutic significance in blood.

T w o  methods that seemed suitable fo r use w ith  blood both 
utilize  plasm a (5 ,6 ) .  T he first involved extraction, chrom ato-
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graphic cleanup, derivatization , further chrom atographic  
cleanup, and finally injection onto a reverse phase liquid  
chrom atographic (L C ) system w ith  fluorom etric detection. 
The m ethod is long and tedious and in our experience was 
subject to variable and unacceptable losses at the isolation  
and derivatization  steps. The second m ethod, although con
siderably shorter failed to give satisfactory results, and we  
w ere unable to use it on whole blood. This was unacceptable  
because there was no rational basis fo r choosing plasm a over 
w hole blood as the m edium  for analysis.

This paper describes a re la tive ly  rapid, simple, and accu
rate m ethod fo r the determ ination o f iverm ectin  in whole  
blood or plasm a by extractive cleanup and direct injection  
onto a norm al phase L C  system w ith  U V  detection. The  
m ethod was also used to provide data to decide w hich o f 
plasma or whole blood or either was acceptable as the medium  
fo r analysis and to establish a tim e-course profile fo r iver
m ectin in the blood o f injected cattle.

Experimental

Standards

H 2B ,a (9 3 % H 2B ,a a n d 7 % H 2B ,b ), a g if t fro m M e rc k , Sharp  
and D ohm e, A ustralia , was used as the analytical standard 
fo r determ ination  o f iverm ectin . A  0 .4  m g /m L solution was 
prepared in L C  grade m ethanol (3 m L ) and was diluted to 
obtain a 0.004 m g /m L  w orking solution. As required, aliquots  
w ere added to silanized tubes and evaporated to dryness at 
50°C in a stream o f dry a ir. The linearity  o f the method was 
checked in the range 5 -2 0 0  ng by injecting accurately know n
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Figure 1. Homogenizer for extraction of whole blood with ethanol and 
acetone.

quantities o f H 2B ,a d irectly  into the L C  system. R ecovery  
and reproducibility were examined by analyzing 6 whole blood 
and 6 plasm a samples spiked w ith  H 2B ,a  at 200 ng/5 m L . 
R ecovery was further checked by analyzing whole blood  
samples spiked w ith  H 2B ,a in the range 5 -2 0 0  ng/5 m L .

Solvents

n -H exane , m ethanol, acetonitrile , ethyl acetate, and 
tetrahydrofuran (T H F )  w ere L C  grade solvents. T H F  was

distilled over freshly cut sodium m etal to rem ove w ater and 
traces o f peroxices. Ethanol and acetone o f satisfactory purity 
were obtained by distilling commerical grade products through 
a D u fton  colum n. M ethylene chloride, dim ethylsulfoxide  
(D M S O ), and tcluene w ere A R  grade solvents.

Cleaning of Glassware

A ll glassware was washed thoroughly in hot w ater and 
detergent, rinsed in tap w ater, distilled water, distilled ethanol, 
and acetone, and silanized as described elsewhere (2), except 
the silanizing agent was a 2 %  solution o f d im ethyldichloro- 
silane in 1,1,1-trichloroethane.

Liquid Chromatography

A  W aters Associates unit equipped w ith  a M odel U 6 K  
universal injector, 6000A  solvent delivery system, 440 detec
tor, and a C o le-P arm er dual pen recorder (0 .1 -5 0  m V  input) 
was used w ith  a 30 x  0 .39 cm  id colum n packed w ith  W aters  
Associates pBondapak N F L  (norm al phase adsorbent). O per
ating conditions: eluting solvent, n -h e x a n e -T H F -m e th a n o l-  
D M S O  (75 +  25 +  4 +  2), w ith  the la tter 3 solvents mixed  
together before addition to n-hexane, filtered (0.45 pm  filter) 
and degassed before use; flow  rate 1 m L /m in ; am bient tem 
perature (ca 25°C); pressure 800-2000  psi (depending on the 
num ber o f passes); chart speed 0.5 cm /m in; sensitivity 0.01 
absorbance unit full scale (A U F S );  detector wavelength 254 
nm.

Determination

E x t r a c t i o n  a n d  c l e a n u p  o f  b l o o d  s a m p l e s .— The method is 
designed fo r handling 5 m L  w hole blood or plasma. Samples 
can be stored frozen w ithout any apparent deleterious effect 
at -  20°C for 5:6 months before analysis. Samples are extracted 
and processed as follows:

Add 5 m L  ethanol to 5 m L  blood in the hom ogenizer (Figure  
1), and hom ogenize ca 1 m in. Centrifuge the hom ogenizer 
tubes 5 m in at 500 x  g .  Pour supernate into 20 m L  centrifuge  
tube. Repeat operations tw ice each w ith  5 m L  acetone, com 
bine supernates :n 20 m L  centrifuge tube, and refrigerate tube 
1 h at - 2 0 ° C .  (Samples can be held indefin itely at this stage.)

TIME (min)

Figure 2. Typical LC chromatograms of 5 mL blood samples:
A, whole blood blank; B, plasma blank; C, whole blood containing 200 ng 22,23-dihydroavermectin B,a (H2 B,a); D, plasma containing 200 ng 22, 23- 
dihydroavermectin B,a (H2 B,a); E, solvent containing 200 ng 22,23-dihydroavermectin Bia (H2 B,a). See Liquid C h rom atography  for chromatographic

conditions.
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Table 1. Recovery of 22,23-dihydroavermectin Bia from duplicate, 
spiked, 5 mL whole blood samples

Added,
ng

Rec.,
ng

Rec.,
%

5 4.9 98
2.5 50

10 9.8 98
7.7 77

20 16.9 84
20.8 104

40 34.3 86
32.8 82

80 64 80
61.8 77

160 128 80
130 81

200 168 84
174 87

Precip itate that form s remains on reaching am bient tem per
ature. Centrifuge in bench-type centrifuge w ith  swing-out 
head 5 m in at 1000 x g . Pour supernate into 25 m L  measuring 
cylinder, and add ethyl acetate equal to Vi measured volum e. 
Pour m ixture  into 15 x 2.5 cm glass-stopper test tube. Add  
equal volum e o f glass-distilled w ater, and m ix contents of 
tube. E x tra c t w ith  10 m L  «-hexane by inverting stoppered 
tube gently 30 times («-hexane phase increases in volum e). 
Centrifuge 5 min at 250 x g  to separate phases. Repeat extrac
tion w ith  another 10 m L  «-hexane and com bine «-hexane  
phases in 15 x 1.5 cm  glass-stopper test tube. E x tract w ith  
4 m L  acetonitrile  by shaking 30 times. L e t phases separate 
(acetonitrile  phase increases in volum e) and transfer super
nate to 15 m L  conical centrifuge tube. Evaporate to near 
dryness in stream o f dry a ir at 50°C. Repeat extraction with  
2 m L  acetonitrile  anc use it to carefully wash down sides o f 
tube containing residue o f first acetonitrile extract. Evaporate  
to dryness. A gain , carefully  wash down sides o f tube w ith  
0.3 m L  T H F  to contain residue w ith in  1 cm from  bottom , and 
evaporate to dryness. Sample is now ready fo r injection. A t 
this stage, samples m ay be refrigerated > 1  w eek w ithout 
apparent deterioration . A fte r com pleting each blood sample 
analysis, rem ove tailing extractives by washing column w ith  
eluting solvent 4 m in at 4 m L /m in  before injecting next 
sample.

I n j e c t i o n  in t o  L C  s y s t e m .— In ject all standards and sample 
residues in volum e o f ca 100 p,L as follows: Use 90 p,L eluting  
solvent to wash down residue o f standard or sample contained  
w ith in  1 cm from  bottom  o f 15 m L , conical centrifuge tube. 
D raw  solvent solution into 100 p-L syringe. W ash tube w ith  
15 p,L eluting solvent (1 cm from  bottom ) and draw solvent 
into 100 |jlL  syringe containing first wash. In ject.

E n d og en ou s In ter feren ce

D uring developm ent o f the m ethod, w e observed that some 
samples o f drug-free nlood gave spurious indications o f ana
lyte . To  determ ine a statistically acceptable blank value, sam
ples o f blood w ere taken from  6 drug-free steers on 7 separate 
occasions over a period o f 14 days.

D rug In jec ta b les  a n d  Sam pling

D rug  injectables, supplied by M erc k , Sharp and Dohm e, 
Australia, contained 10 mg iverm ectin/m L. Cattle were injected 
subcutaneously in the m id-shoulder region at 200 and 500 pg/ 
kg body w eight. B lood samples w ere w ithdraw n from  the 
jug u lar vein.

P l a s m a  v i  w h o le  b i o o d  s a m p l e s .— N o  data w ere available  
on the d istribution o f .verm ectin  between plasma and cellular

m aterial in treated cattle and on the extent to which this 
distribution varied w ith  tim e after injection. Three steers 
(100 -150  kg) w ere injected w ith  500 pg iverm ectin /kg  body 
weight and blood samples w ere w ithdraw n on 7 separate 
occasions over a period o f 12 days after dosing. Ten  m L  
aliquots o f whole blood were centrifuged 15 m in at 1000 x g . 
The plasm a was drawn off, and the volum e was noted. A ll o f  
the residue (cellu lar m aterial), 5 m L  o f the plasma (the volum e  
recovered from  10 m L  o f w hole blood was rarely  <  5 m L ), 
and 5 m L  o f w hole blood were analyzed fo r iverm ectin.

P r o f i l e  o f  i v e r m e c t i n  in  w h o le  b l o o d .— Three steers were  
injected w ith  200 pg iverm ectin/kg body weight. Samples 
were taken at various times over a period o f 14 days.

Results and Discussion

T he M ethod

A c c u r a c y  a n d  p r e c i s i o n .— H 2B ,a  elutes w ith  a retention  
tim e o f 10 -13 .2  m in, depending on the num ber o f passes 
through the colum n. I t  is not resolved from  H 2B ,b , the hom 
olog present in iverm ectin; how ever, their structures are simi
lar so the homologs exhibit sim ilar extinctions at 254 nm and 
peak height accuracy is not affected. Figure 2 shows some 
elution profiles o f blood blanks and samples spiked with H 2B|a. 
The extractives load (nonanalyte) in plasma samples is some
w hat higher than that in whole blood samples. The linearity  
of the m ethod over the range 5 -2 0 0  ng was good; the points 
conform ed closely to a straight line relationship (standard  
deviation ±  5 .4% ). M ean  recoveries o f2 0 0 n g  spikes o f whole  
blood and plasm a samples w ere 80%  ( ± 5 .5 %  S D ) and 77%  
( ± 5 .5 %  S D ), respectively. Tab le  1 shows recovery o f H :B ,a  
from  w hole blood samples spiked in the range 5 -2 0 0  ng (1 — 
40 ng /m L). N o  endogenous interference was apparent in the 
w hole blood chosen fo r spiking. As expected, recoveries  
varied m ore at the low er levels. The concentration o f analyte  
in blood was calculated from  the form ula:

ng/m L =  200x/5/?y

w here R  =  m ean recovery; x =  peak height o f sample, 0.01 
A U F S ; and y =  peak height o f 200 ng standard, 0.01 A U F S .

Taking  1% 0.01 A U F S  as the lowest significant peak height, 
the lim it o f detection is approxim ately 3 ng. This represents 
a blood concentration o f 0 .6  ng /m L, only 3 times higher than  
that given fo r the fluorescence detection method o f Tolan  et 
al. (5), the most sensitive m ethod available. T hat m ethod and 
its m odified fo rm  (2), how ever, require m any m anipulations  
and consequently are slow to perform  and in our experience  
prone to losses. W e w ere unable to use the method o f P iv- 
nichny et al. (6) on w hole b lood, w hich m ay have been due 
to our inab ility  to standardize the behavior o f the adsorbent 
Floris il.

L e v e l s  a n d  s i g n i f i c a n c e  o f  e n d o g e n o u s  i n t e r f e r e n c e .— Spu
rious peaks at the iverm ectin  position were found in both  
plasma and w hole blood samples and in about 50%  o f the 42 
w hole blood b lank samples analyzed; these provided a mean 
value o f 2 .7  ng /m L  ±  1.7 S D . The low er lim it to which the 
m ethod is applicable m ay then become 4 -5  ng. A  sim ilar 
problem  w ith  endogenous interference was encountered by 
Tolan  et al. (5) and also by P ivnichny et al. (6) fo r plasm a, 
but the magnitude o f the interference is not clear. The in ter
ference does not appear restrictive when com pared w ith  the 
peak values associated w ith  the therapeutic doses o f 200 and 
500 pg/kg body w eight (Figure 3 and Table 2, respectively). 
Furtherm ore , the emphasis is m ore on looking at trends from  
large numbers o f samples than on an odd, unusual value.
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Table 2. Distribution of ivermectin between plasma and cellular material in blood of cattle injected with 500 pg/kg body weight

Plasma as Ivermectin derived Mean and

Days
fraction from 1 mL whole blood Ivermectin, range of
of whole ng'mL, in fractions,

after blood, ng in ng in whole P I ( P  + R ) ,
injection Animal v/v plasma (P ) residue (R ) blood (W ) in plasma ( P  + R )  x 100/W

1 A 0.62 28 5.4 39 0.82 88
B 0.48 23 7.0 39 (0.77-0.87) (77-104)
C 0.62 65 10 72

2 A 0.65 31 9.3 55 0.78 93
B 0.45 35 12 46 (0.77-0.83) (73-102)
C 0.62 77 16 91

5 A
B 0.50 36 12 44 0.78 99
c 0.65 55 11 74 (0.75-0.83) (89-109)

7 A 0.70 40 5.7 38 0.81 114
B 0.46 26 9.6 33 (0.82-0.87) (108-120)
C 0.50 34 7.6 37

9 A 0.65 32 4.5 36 0.82 101
B 0.45 22 6.5 28 (0.82-0.88) (100-101)
C 0.50 23 5.0 28

12 A 0.65 15 3.3 15 0.77 123
B 0.50 11 5.6 14 (0.66-0.82) (119-124)
C 0.55 14 3.3 14

Av. 0.56 0.80 103

blood; how ever, m ore m anipulations are required because 
plasma must be separated from  w hole blood. In  most situa
tions, use o f w hole blood should be satisfactory.

B l o o d  p r o f i l e .— Figure 3 shows the concentration o f iver
m ectin in w hole blood a fter a single injection. A  peak con
centration o f 24 ng /m L  occurred at 5 days, and from  that 
tim e, iverm ectin  dissipated slow ly. Iverm ectin  dissipation  
conform ed closely to first-order reaction kinetics. A  half-life  
of 3 days was determ ined. The inter-anim al variation, although 
high, was random ly distributed over all samplings; the rela
tive variation  from  the mean was ± 3 7 % . The reason fo r this 
large variation  is not know n.

G en era l C om m ents

A  freshly prepared column w ill last for about 150 passes 
and in itia lly  w ill provide a retention tim e o f 12.2 min for 
H 2B]a. W ith  colum n use, this tim e increases to a m axim um  
o f 13.2 m in and then decreases. The peak height also varies 
slightly w ith  the change in retention. F o r these reasons, it is 
necessary to run standards daily  w ith  samples. The column  
should be discarded w hen the retention tim e falls to 10 min, 
usually betw een 150 and 250 passes.

O ccasionally, a sample w ill record a higher than usual 
general background. This effect can be nullified by using the 
offset contro l to decrease the baseline.

The solvent extraction  system was designed specifically 
fo r high recovery and cleanup o f a sample that is d irectly  
injected onto the L C  colum n. The extractives load accom 
panying the analyte to be injected w ill be tolerable only by 
closely fo llow ing the procedure. The m ethod has been used 
to determ ine the iverm ectin  content o f over 700 samples.

A fte r an in itia l lag o f 1 day, 2 operators w orking in con
junction  can process 12 blood samples per day w ithout d iffi
culty.
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DAYS AFTER TREATMENT

Figure 3. Time-course profile of ivermectin in whole blood of steers 
injected with 200 pg/kg body weight. Average of blood from 3 steers.

A pplication  o f  th e M eth od

P l a s m a  v i  w h o l e  b l o o d .— Tab le 2 shows the data for these 
samples. The average plasm a volum e was 0.56 o f the whole  
blood volum e. In  all samples, the fraction  o f iverm ectin  in 
the plasm a varied little  from  the average value o f 0 .8 , and the 
com bined fractional values totaled nearly 100%. It  appears, 
therefore, that iverm ectin  is carried m ainly in the noncellular 
fraction, and its distribution between plasma and blood cells 
is re latively  constant. W e conclude that the use o f plasma for 
analysis is quite valid  and also advantageous, because iver
mectin w ill be in higher concentration in plasma than in whole
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FOOD ADDITIVES

Determination of Nitrate in Dried Foods by Gas Chromatography-Thermal Energy Analyzer
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The method described for determining NO.r in dried foods is based 
on extraction of NO.,“ from the sample with subsequent nitration of 
benzene. The nitrobenzene is extracted with ethyl acetate, analyzed by 
using a gas chromatograph-thermal energy analyzer (GC-TEA), and 
quantitated against a nitrobenzene standard. Sensitivity is 100-200 |zg/ 
kg. Coefficients of variation for analyses of dried foods were 3-13% . 
Recovery of N O r from nonfat dry milk spiked at 10 mg/kg averaged 
100%.

Recently, there has been increased interest in human expo
sure to nitrate ( N 0 3~) and its relationship to human health
(1). Ingestion o f N 0 3~ m ay be ind irectly  associated w ith  
certain hum an cancers (2), infant m ethem oglobinem ia (3), 
and in v ivo  nitrosation o f (V-nitrosam ines (4).

W h ite  (5, 6) estimates the average d ietary intake fo r a U .S . 
resident as 100 mg N 0 3“ per day, m ostly from  vegetables 
and cured meats. A lthough contributing only m inor amounts 
to the d iet, d irectly  drying foods in an open flame increases 
the N 0 3~ content o f foods such as nonfat d ry m ilk (7).

M ost estim ates o f the N O , -  content o f foods rely on the 
reduction o f N 0 3~ to N 0 2~ on a cadm ium  colum n, d iazoti- 
zation o f sulfanilic acid, and subsequent coupling w ith  N - {  1- 
naphthyl)ethylenediam ine to form  a chrom ophore (8). The  
N 0 3 “ content is determ ined as the difference in N 0 2 ~ content 
o f unreduced and reduced samples. This reaction is com 
m only referred  to as the Griess reaction (9) and is the A O A C  
official m ethod fo r determ ining N 0 2~ in cured meats (10).

The Griess reaction , w ith  variations, has been used to 
examine a variety o f substances, such as cured meats, cheeses, 
and vegetables (9), w hey pow der (11), m ilk  and dried m ilk  
products (7), blood (12), and feces (13). A  num ber o f inter
ferences (polyphosphates, ascorbate, sulfur d ioxide, and low  
p H ) exist fo r the Griess reaction, w hich create problems at 
low  levels (1 0 -2 0  mg/kg) and require tedious cleanup proce
dures w hen the m ethod is applied to foods (8). U sher and 
Telling (8) list o ther colorim etric  methods that are also unre
liable because o f sim ilar interferences.

D eterm ination  o f N 0 3~ by liquid chrom atography (L C ) has 
been developed fo r aqueous extracts o f plant m aterial and 
tap w ater (14). Leuenberger et al. (15) have also used L C  and 
210 nm U V  detection to determ ine N 0 3~ in aqueous extracts 
o f vegetables, cheese, and w hey. Sensitiv ity was about 5 mg/ 
kg. O ther methods utiliz ing  chem ilum inescence apparatus 
coupled to a thermal energy analyzer (T E A ) have been reported 
fo r N 0 2~, but these have no adaptations fo r N 0 3 determ i
nation (16), or have lim ited  application to foods because o f 
interference from  w ater (17).

Ross et al. (18) studied the conversion o f N 0 3" to n itro 
benzene w ith  m easurem ent by gas chrom atography-electron  
capture detection and reported the m ethod suitable fo r w ater 
and air samples. T h ey  further extended application to envi
ronm ental samples (19).
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W u  and Saschenbrecker (20) have also used the nitration  
o f benzene in a m ethod fo r sim ultaneously estim ating N 0 2~ 
and N 0 3~ in m eat products. O ur laboratory simplified the 
nitration procedure and applied it to the estim ation o f N 0 3" 
in b lood, u rine, saliva, and feces (21). The present w ork  
applies the nitrobenzene procedures to determination o f N 0 3 
in dried food products.

M E T H O D

Reagents

(a) Z n S O A a n d  A g 2S 0 4.— Prepare aqueous solution con
taining both 0 .4 8M  Z n S 0 4 (M a llin ckro d t, In c ., Paris, K Y  
40361, N o . 8880) and 7.7  m M  A g 2S 0 4 (F isher Scientific C o ., 
F a ir  L aw n  N J  07410, N o . S-190).

(b) B a(O H )2 —  Prepare aqueous saturated solution (M a l
linckrodt, In c ., N o . 3772).

(c) B en z en e .— Aldrich Chemical C o ., M ilw aukee, W I 53233, 
N o . 15630-2.

(d) H 2S 0 4.— Concentrated (M a llinckrod t, In c ., N o . 2468).
(e) N a O H .— Prepare 5 N  aqueous solution (M a llinckrod t, 

In c ., N o . 7708).
(!) E th y l aceta te .— M allin c kro d t, In c ., N o . 4992.
(g) N itr o b e n z e n e .— D ilu te  standard serially w ith  ethyl ace

tate to  5 .0  |xg/m L or w ith in  the sample range (A ldrich  C hem 
ical C o ., N o . N l-0 9 5 -0 ).

Apparatus

(a) C en tr ifu g e .— Dam on/In tem ational Equipm ent Co. high
speed, refrigerated centrifuge, M odel B -20A , w ith  50 m L  
fixed angle ro tor N o . 870 w ith  polycarbonate tubes.

(b) F ilt e r .— K im a x  filter funnel w ith  fused-in fritted  disc, 
60 m L  coarse frit.

(c) G a s  c h r o m a to g r a p h  (G C )- th e r m a l en erg y  a n a ly z e r  
(T E A / . — Aerograph M o d e l 200 chrom atograph interfaced to 
T herm o E lectron  analyzer M od e l 543. Instrum ental condi
tions: 3.05 m x  4 m m  stainless steel colum n packed w ith  3%  
O V -1 7  or 3%  O V -25  on 100-120 mesh Chrom osorb W H P ;  
helium  carrier gas 25 m L /m in ; tem peratures (°C): injector 
190, column 140, T E A  interface 175, p yro lyzer 875; pressure
2.2 to rr; cold trap  -  175°C (liquid  nitrogen cooling).

(d) G la s s w a r e .— Thoroughly clean all glassware, including  
a chrom ic acid rinse, before each analysis.

Determination

Prepare 1:5 (w /v ) aqueous solution o f nonfat m ilk  powder, 
nondairy cream er, w hey pow der, or butterm ilk  pow der, or 
1:10 d ilu tion  (w /v ) o f instant coffee, cocoa pow der, or chew 
ing tobacco. F ilte r chewing tobacco suspension.

P ipet. 2 .0  m L  sample into 50 m L  polycarbonate centrifuge  
tube and heat 2 m in in boiling w ater bath. A dd  1.0 m L  Z n S 0 4/ 
A g 2S 0 4 solution and 0.5 m L  B a (O H )2, in that order, to sam
ples in bath. Continue heating 5 min. Centrifuge 10 m in at 15 
krpm  and filter supernate, i f  necessary, w ith  fritted  glass 
filter. T o  test tube on ice, add 0.5 m L  supernate, 25 p,L 
benzene, and 1.0 m L  H 2S 0 4. H e a t 15 min at 70°C , mixing  
frequently . C ool tubes in ice. A dd 2.0 m L  5 N  N a O H  while  
vortex-m ix ing  and cool on ice. Add 0.5 m L  ethyl acetate,
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vortex -m ix , and let layers separate. M ake  duplicate 6 -8  p.L 
injections o f ethyl acetate layer (upper layer) into G C -T E A  
apparatus, and quantitate peaks w ith  proper retention times 
against 8 p,L injections o f external nitrobenzene standard. 
Calculate N 0 3~ concentration as follows:

4.41 P  ( C )  V ' l P '  V  =  p.g N O y  /g sample (dry w t), or

8.82 P  ( C )  V ’l P '  V  =  ixg  N O r / g  sample (dry wt)

where 4.41 =  factor fo r conversion o f nitrobenzene to N 0 3~ 
fo r 1:5 d ilu tion; 8.82 =  factor fo r conversion o f nitrobenzene  
to N 0 3" fo r 1:10 d ilution; P  =  peak height o f sample; P '  =  
peak height o f nitrobenzene standard; C  =  concentration  
(|xg/m L) o f n itrobenzene standard; V  =  injection volume  
(|xL) o f sample; and V" =  injection volum e (|xL) o f nitroben
zene standard. A ll infections are made at the same attenua
tion. C oncurrently  analyze and subtract reagent blanks from  
unknowns.

Table 1. Analysis of several different products for nitrate

Product N X, ng NC>3~/g SD, p,g N 0 3~/g CV, %

Nonfat milk 
Instant coffee 1 
Instant coffee 2 
Instant coffee 3 
Nondairy cream er 1 
Nondairy creamer 2 
Nondairy creamer 3 
Buttermilk powder 
Baby formula  
Dried whey powder 
Cocoa powder 
Chewing tobacco

14 12
6 96
4 18
4 46
6 13
4 37
4 11
3 8.9
4 9.8
4 4.3
4 49
4 13 000

1.1 9
7.6 8
0.7 4
1.8 4
0.9 7
1.9 5
0.3 3
0.35 4
0.98 10
0.58 13
2.9 6

1400 10

Results and Discussion

The sensitivity o f this m ethod is 100 p-g/kg fo r N O -r  in 
nonfat d ry m ilk , nondairy cream ers, baby form ulas, and dried  
w hey pow der. A ll other products had a sensitivity o f 200 pg/ 
kg because o f the higher original d ilution. This sensitivity is 
sim ilar to that o f the m ethod o f Tesch et al. (19) fo r analysis 
of environm ental and biological samples w ith  benzene n itra
tion; about 10 times low er than that o f the method reported  
fo r dried products, using the Griess reaction (9 ,1 1 ); and those 
o f L C  procedures (15). U n d er the operating conditions 
described above, our G C -T E A  instrum ent gave a 3 -to -l sig- 
nal-to-noise ratio  ( x  2) w hen 0 .1 -0 .2  ng nitrobenzene (which  
represents about 0 .0 5 -0 .1  ng N 0 3~) was injected. L inearity  
was dem onstrated (r2> 0 .9 9 ) by analyzing samples spiked at 
0 .17 -1435  mg/kg.

Recoveries o f N 0 3~ added to a sample o f nonfat dry m ilk  
(10 mg/kg) w ere 111, 125, 109, 113, 93, 108, 86, 67, 93, 89, 
109, and 99% , w ith  an average recovery ( n  =  12) o f 100% 
(s =  16%, range =  67 -  125%). The re la tive ly  large standard 
deviation in recovery is like ly  due to the presence o f 10 mg 
N 0 3“/kg in the sample before spiking. U nspiked samples 
w ere analyzed concurrently w ith  spiked samples. W e were  
unsuccessful in locating a nonfat dry m ilk  sample w ith  less 
than 10 mg/kg o f N 0 3_ . These recovery data compare fav 
orably w ith  those reported in nonfat dry m ilk  (7) spiked at 
1.25 mg/kg and analyzed by a d iazotization  coupling reaction. 
O ur recoveries are sim ilar to those reported by Sen and Lee  
(11), w ho spiked dried w hey at 3 0 -50  mg/kg and corrected  
recoveries fo r the efficiency o f their cadm ium  column reduc
tion.

W e  applied our technique to a num ber o f other dry products 
to investigate the general applicability  to this class o f products 
(Tab le  1). The concentration o f N 0 3-  in food products gen-

X16

0 1 2

Figure 1. GC-TEA chromatograms of A, 27.7 ng nitrobenzene standard; 
B, reagent blank; C, extract of instant coffee containing 48.7 mg/kg of 

N<V ; D, extract of nonfat dry milk containing 6.4 mg/kg of N03 .

erally ranged from  5 to 100 mg/kg. Chew ing tobacco (snuff) 
contained 13 000 mg/kg. Coefficients o f variation fo r repeated  
analyses ranged from  3 to 13%. W ith  the exception o f the 
tobacco product, all products are diluted w ith  w ater before 
consum ption and the levels o f N 0 3~ represent a small fraction  
o f daily N 0 3" ingestion.

As noted in the A O  A C  official method (10), filter papers, 
i f  used, should be thoroughly washed. In  our w ork , W hatm an  
filters w ere occasionally a m ajor source o f N 0 3~ contam i
nation. F o r this reason, w e routinely  centrifuged and/or used 
fritted  glass filters in place o f paper.

The therm al energy analyzer is both a sensitive and selec
tive  detector fo r n itroarom atic compounds. A ll products that 
we analyzed produced simple chromatograms, containing one 
peak (Figure 1). A ll chrom atograms in Figure 1 came from  
an O V -25  colum n. Retention times on O V -17  w ere 10-12%  
longer. The peak height, and hence the sensitivity, is related  
to the tem perature o f the p yro lyzer tube in the T E A  furnace  
(Figure 2). N o  response was seen below 700°C, and the response 
continued to increase to 925°C, the highest temperature tested. 
A t any given tem perature, response varied less than ±  3%  
o f peak height. E lectron  capture detection w ould like ly  pro 
duce sensitivity sim ilar to that o f  T E A , as w ould N -P  type 
detectors. F lam e ionization detection can be used w ith  a 
subsequent decrease in sensitivity and specificity. N e ith e r  
pigm entation nor the precipitate that occurred in some sam
ples interfered  w ith  the analyses.

W h ile  w e do not report N 0 2_ in these products, this pro
cedure can be used to estim ate N O , i f  aqueous extracts are 
treated w ith  K M n 0 4 (20) or H 20 2 (19) to oxid ize the N 0 2“ to 
N 0 3“ before n itration . The N 0 2“ concentration is then esti
mated by substrating an unoxidized N 0 3" aliquot from  an 
oxidized one. W e  found that 0.01 m L  30%  H 20 2 added to the 
2.0 m L  aliquot was sufficient to effect quantitative oxidation.

O ur procedure has advantages o f speed, sim plicity o f sam
ple preparation, and specificity. Quantities o f sample are 
small and blanks norm ally exhibit low  background N 0 3";
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Figure 2. Effect of TEA pyrolyzer temperature on detector response 
(peak height) for 12.3 ng nitrobenzene injected 

(attenuation x 64; full scale = 27 cm).

H 2S 0 4 is the m ajor source o f background due to contam ina
tion w ith  N 0 3~. Care must be exercised, how ever, because 
N 0 3~ is w ide ly  dispersed and contam ination is a potential 
problem . The e thy l acetate layer m ay be separated from  the 
aqueous layer and stored ( —5°C). T h e  m ajor disadvantage is 
the necessity o f using specialized detectors (T E A  or E C ) for  
m axim um  sensitivity.
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Atomic Absorption Spectrophotometric Determination of Liver Copper: Collaborative Study

DAVID L. OSHEIM and P. FRANK ROSS
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Collaborators: H . Casper; W. C olvin ; R .J. E m erick; R .J. Everson; D . H am ar; T. H unter; A .V . Jain; J .D . Reynolds;
J .E . R oof; G . Rottinghaus; H .M .  Stahr; B. T ip ton

Eleven collaborating laboratories conducted replicate analyses on 4 
blind duplicate pairs of bovine liver samples that either had naturally 
acquired copper levels or were spiked with one of 3 copper levels. A 
National Bureau of Standards Bovine Liver sample (SRM 1577, 193 
±  10 mg copper/kg) and a 1000 mg copper/L standard were also 
submitted to the collaborators. The method requires the tissue to be 
digested with concentrated UNO, at 60°C, diluted to volume with 
water, and analyzed by atomic absorption spectrophotometry. The 
intralaboratory coefficients of variation (CV„) ranged from 5.6 to 19%; 
the interlaboratory CVX values ranged from 7.1 to 21%. The lower 
limit of detection was estimated to be 1 mg copper/kg tissue. The method 
has been adopted official first action.

duplicate pairs, all prepared from  the same batch o f ground 
bovine liv e r as follows:

S a m p l e  P a i r s  

1, 2 
3 ,4  
5, 6 
7 ,8

I n t e n d e d  S p i k e  

L iv e r
L iv e r  +  10 mg Cu/kg  
L iv e r  +  25 mg Cu/kg  
L iv e r  +  280 mg Cu/kg

Copper in L iver
Atom ic Absorption Spectroscopic M ethod  

First Action

C opper is an essential e lem ent in several enzym e systems 
and in biochem ical reactions that influence or control such 
diverse body functions as pigm entation o f hair and w ool, 
utilization  o f iron in the production o f hem oglobin, fertility , 
and cardiovascular and neuro-m otor activities (1 ,2 ) .  Anim als  
deficient in copper m ay be u nthrifty  and suffer a w ide range 
o f health problem s (1 -3 ) .

Copper tox ic ity  can occur in rum inants, notably sheep, 
that consume m ore copper than required. This may lead to 
copper accum ulation in the liver, occurrence o f a hem olytic  
crisis evident as an ecterus, and eventual death from  damage 
to liver and kidney tissues (4).

The determ ination  o f copper in anim al serum for the diag
nosis o f copper deficiency or toxicosis has been reported  
previously (5). W h ile  serum m ay be the only sample available  
fo r the diagnosis o f a nonfatal copper toxicosis or deficiency, 
liv e r and kidney are the diagnostic samples o f choice i f  the 
anim al dies or is sacrificed.

Collaborative Study

The proposed m ethod, w hich employs a wet-ashing tech
nique reported by Braselton et al. (6), was submitted to 12 
collaborating laboratories along w ith  4 blind duplicate pairs 
o f bovine liv e r samples, a N atio n al Bureau o f Standards 
Bovine L iv e r  sample (S R M  1577, 193 ±  10 mg Cu/kg), and a 
1000 mg C u /L  standard. T he laboratories w ere required to 
assay each sample in replicate on d ifferent days.

Samples fo r the collaborative study w ere prepared as fo l
lows: The tissue was cut into 1 cm pieces, which were dropped 
ind iv idually  into liquid nitrogen ( L N 2) and then ground with  
additional L N 2 in a Stein m ill. The ground liver, w hile still 
fro zen , had the consistency o f finely divided powder. A fte r  
thaw ing, the liver was blended in a W aring  blender, and 
aliquots w ere then rem oved fo r spiking and further blending. 
Samples sent to collaborating laboratories consisted o f 4 blind
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Principle

One g liv e r tissue is digested overnight at 60° in 5 m L  H N 0 3, 
then dild to 25 m L  w ith  H 20  and analyzed by A  A S .

Apparatus and Reagents

(a ) A t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r  ( A A S ) . —  
Equipped w ith  nebulizer and 10 cm , a ir -C 2H 2 burner head. 
M o n ito r perform ance by assuring that 4 .0  mg C u /L  std pro
duces > 0 .2 0 0  absorbance unit.

(b) E x t e r n a l  c o n t r o l .— Standard Reference M ate ria l (S R M  
1577) B ovine L iv e r  (193 ±  10 mg C u/kg, U .S . D ept o f C om 
merce, N ational Bureau o f Standards, Washington, D C  20243) 
or equiv.

(c) N i t r i c  a c i d .— Coned and dild (1 +  4).
(d) T e f l o n  s c r e w - c a p  b o t t l e s .— 30 m L  w ide m outh (C ole- 

Parm er, K -6103-30) or equiv.
(e) C o p p e r  s t d  s o l u s .— ( 1 )  S t o c k  s t d  s o l n .— 1000 mg C u /L . 

Dissolve 1.000 g Cu m etal in 10 m L  H N 0 3- H 20  (1 +  1). D il. 
to 1000 m L  w ith  1% H N 0 3. ( 2 )  I n t e r m e d i a t e  s t d  s o l n .— 100 
mg C u /L . D il. 10 m L  stock std soln to 100 m L  w ith  H 20 .  (3 )  

W o r k i n g  s t d  s o l n s .— D il. 0 .0 , 0 .25, 0 .5 , 1.0, 2 .0 , and 4.0  m L  
in term ediate std soln to 100 m L  w ith  H N 0 3 (1 +  4) to give 
Cu stds contg 0 .0 , 0 .25, 0 .5 , 1.0, 2 .0, and 4 .0  mg C u /L , resp.

Sample Preparation

Rinse all glassware w ith  2 N  HC1. M ix  samples thoroughly  
before weighing. In to  sep. Teflon  screw-cap bottles, accu
rate ly  weigh 1.0 g liver tissue and 0.25 g external control, 
recording both wts to nearest 0.01 g. U se one external control 
for each 10 samples or fraction thereof. (N ote: Com plete  
digestion w ill not occur fo r > 0 .5  g dry w t o f samples or 
contro ls.) A dd  5 m L  coned H N 0 3 to each bottle , tighten cap, 
and place bottles overnight in 60°, ventilated oven.

R em ove bottles from  oven and cool to room  tem p. Using  
H 20  to rinse bottles, transfer sample digests to 25 m L  vol. 
flasks, a llow ing any fat to rem ain adhering to digestion bot
tles. D il. flasks to vol. w ith  H 20 .

Determination

A n alyze  by A A S  using fo llow ing conditions: wavelength
324.7 nm ; slit 0 .7  nm ; flame a ir -C 2H 2 (lean-blue). Aspirate  
series o f w orking  std solns, external control solns, and sample 
dilns. Prep, std curve o f concn (mg C u /L ) vs A  and det. sample
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Table 1. Collaborative data8 0 for AAS determination of copper in 
bovine liver tissue

Samples0

Lab. 1 2 3 4 5 6 7 8

1 1.7 3.0 16 16 32 32 290 300
3.2 4.0 18 17 33 33 280 290

2 4.3 4.6 17 15 29 27 290 260
3.6 3.9 16 15 26 27 270 260

3 4.2 3.8 16 16 30 31 290 290
3.9 3.7 17 17 30 31 280 280

4 2.9 2.9 18 14 33 31 305“ 390“
5.0 5.4 19 19 38 32 300“ 340“

5 3.6 4.1 17 17 32 32 300 290
3.9 3.8 17 16 33 31 300 280

6 3.8 3.8 16“ 16“ 32 32 260 270
4.6 4.6 14“ 14“ 26 27 260 270

7 4.2 4.6 18 18 30 32 300 300
4.2 4.1 17 16 31 31 290 290

8 3.9 3.9 17 16 30 33 290 270
4.3 6.9 18 18 34 33 310 300

9 3.9 3.9 17 17 31 31 270 270
3.1 3.1 16 16 30 30 290 300

10 3.8 4.7 16 16 30 30 300 290
3.6 3.7 17 16 30 31 280 290

11 3.3 3.3 18 17 34 34 290 290
2.8 3.8 16 16 36 30 290 270

“Units are mg Cu/kg tissue.
'’Results of replicate analyses of blind duplicate sample pairs.
“For spiking levels, see C o l l a b o r a t i v e  S t u d y .

“Outliers according to the Dixon test, but were included in statistical 
analyses.

soln concns. D il.  w ith  H N 0 3 ( 1 + 4 )  any samples above range 
of w orking stds. Repeat analysis i f  external control Cu value 
is not w ith in  accepted range. C alc, mg Cu/kg tissue ( X ) :

X  =  ( C  x  25 x  D )I W

w here C  =  sample soln concn (mg C u /L ); D  =  additional 
sample diln; and W  =  tissue w t (g).

Results and Discussion

Results w ere received from  1 i collaborating laboratories  
(Table  1). O ne laboratory used peak heights on a strip chart 
recorder rather than absorbance units fo r quantitation. One 
laboratory experienced leakage o f fum es from  the Teflon  
bottles during digestion. This problem  was solved by pairing  
the bottles and caps. Because Teflon  flows, a cap and bottle  
may conform  to one another o ver tim e and should remain  
paired to ensure the tightest seal. One collaborator suggested 
use o f less expensive polyethylene bottles instead o f Teflon. 
T w o  laboratories reported problem s w ith  fat particles clog
ging the A A S  aspirator tube. A llow in g  the digests to cool to 
room  tem perature before transferring them  to the volum etric  
flasks ensures that fat w ill adhere to the sides o f and remain  
in the digestion vessel.

A n  error was made in the preparation o f the 10 mg Cu/kg  
spike; therefore, no calculation o f recovery was made for this 
level. The mean recoveries o f the 25 and 280 mg Cu/kg spiked 
pairs w ere 108 and 102%, respectively. Statistical analysis 
was perform ed according to the A O A C  Statistical M anual
(7). A lthough averged results fro m  Laboratory  4 on samples 
7 and 8 and L aborato ry  6 on samples 3 and 4 w ere outliers  
according to the D ixon  test, all results returned from  the 
collaborators w ere used to  calculate the statistical values 
reported inTable 2. Previous research indicates that collaborative 
studies on results given in parts per m illion produce interlab
oratory precision values o f about ±  15% (8, 9). In terlab ora
tory precision values in this study w ere w ith in  that range and 
support the va lid ity  o f this procedure fo r diagnostic use. The  
low er lim it o f detection was estim ated to be 1 mg Cu/kg tissue

Table 2. Statistical data from collaborative study*

Samples

1,2 3,4 5,6 7,8

Mean (mg/kg) 3.9 17 31 290
Repeatability:“

So 0.74 1.1 1.7 16.2
CV„ (%) 19 6.5 5.6 5.6

Reproducibility:“
Sx 0.8 1.2 2.4 22
CV„ (%) 21 7.1 7.8 7.6

Recovery, % — _d 108 102

“The lower limit of detection is 1 mg Cu/kg liver tissue.
“Includes intralaboratory and day-to-day variation.
“Interlaboratory variation.
“Error in 10 mg Cu/kg spike preparation; no calculation of recovery was 
made.

by determ ining that a 0.04 mg C u /L  standard had absorbance 
readings > 3 0 0 %  above background.

The m ethod can be equally effective w hen used w ith  other 
biological tissue such as kidney.

R ecom m en dation

The Associate Referee recomm ends that this m ethod be 
adopted official first action.
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Gas Chromatographie Determination of Trans Unsaturation in Margarine: Collaborative Study
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An international collaborative study of a gas chromatographic (GC) 
method for the determination of trails unsaturation in margarine was 
conducted in 1980. Thirteen collaborators analyzed a set of 2 of 3 
known mixtures of methyl esters and 4 margarine methyl ester samples. 
Two of the margarine methyl ester samples were blind duplicates. The 
experimental data were subjected to statistical analysis to determine 
within- and between-laboratory variation. The statistical data were in 
excellent agreement with data from a collaborative study of the AOAC- 
IUPAC GC method for the determination of methyl esters of fatty 
acids. Coefficients of variation (CVs) for components in the range of
4-40%  were comparable (CV 2-6%  for soybean oil methyl esters 
(AOAC-IUPAC study) as well as for margarine methyl esters (this 
study) ). Good recoveries of total trans acids were obtained and between- 
laboratory as well as within-laboratory CVs were consistently better 
for the determination of total trans acids by GC vs infrared analysis. 
The GC method for determining trans unsaturation in margarine has 
been adopted official first action.

A n  international collaborative study was carried out in 1980 
o f a packed colum n gas chrom atographic (G C ) method (1) for 
determ ination o f t r a n s  unsaturation in m ethyl esters o f fatty  
acids in m argarine. The m ethod requires a 20 ft  (6.1 m) x  2 
m m  id glass or stainless steel colum n packed w ith  15% O V -  
275 coated on 100-120 mesh Chrom osorb P A W -D M C S  for  
G C  analysis o f the fa tty  acid m ethyl esters, using a flame 
ion ization  detector. The m ethod may also be useful fo r esti
mating fatty  acid com position along w ith  simultaneous deter
m ination o f t r a n s  content, although the O V -275 column is 
less suitable than other columns fo r determ ining fatty  acid 
com position.

Collaborative Study

A  set o f 2 o f 3 standard m ethyl ester m ixtures and 4 samples 
o f m ethyl esters o f com m ercially available margarines (total 
o f 6 samples) w ere sent to 17 collaborators. T w o  o f the m ar
garine m ethyl esters (Samples ct-4 and c t-6 )* 1 w ere blind dupli
cates.

Each collaborator was provided w ith  instructions to fo llow  
the procedure exactly as described by Perkins et al. (1). It  
was also requested that columns be purged w ith  carrier gas
2 -3  h before raising the colum n tem perature for conditioning  
and each tim e the colum n was exposed to air. T he collabo
rators w ere requested to analyze each sample once, except 
analyze Sam ple ct-4 in duplicate and report as c t-4 -A  and ct-
4-B . The t r a n s  content o f each sample determ ined by the 
infrared ( IR )  m ethod (2) was requested fo r com parison to the 
total t r a n s  value (18:11 +  18:2ct +  tt) obtained by the G C  
m ethod. The collaborators w ere asked to submit the peak
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area percentage o f each com ponent in the samples together 
w ith  a typ ical chrom atogram  and all G C  conditions used.

Total Trans Fatty Acid Isomers in Margarines 
Gas Chromatographic Method 

First Action
(N o t applicable to samples contg hydrogenated marine oils)

Principle

M e  esters o f fa tty  acids from  margarines are sepd and 
measured by G C  to det. total t r a n s  unsatn content ( t r a n s  

isomers o f unsatd 18 C  acids). Results by this m ethod are 
com parable to those obtained by IR  m ethod 28 .086-28 .091 .

Apparatus

(a) G a s  c h r o m a t o g r a p h . — W it h  flame ionization detector 
and m in. dead space in injection system. M ain tain  column  
tem p, w ith in  ±  1° at ca 220°.

(b) C o l u m n .— 6.1 m  (20 ft) x  2 m m  id glass or stainless 
steel (polyunsatd com ponents w ith  >  3 double bonds may  
decompose in stainless steel colum n).

(c) P a c k i n g .— Acid-w ashed and silanized diat. earth, 100- 
120 mesh, coated w ith  15% O V -275  stationary phase (15%  
O V -275  on 100-120 mesh Chrom osorb P A W -D M C S  is ava il
able from  Supelco). O V -275  columns are extrem ely sensitive 
to O , particu larly  at operating tem p. C arrie r gas and all lines 
must be free o f O . Condition  new  columns by purging w ith  
carrier gas overnight at room  tem p, and then gradually  
increasing tem p. ( l -2 7 m in )  to tem p. 10-20° higher than oper
ating tem p, but no higher than recom m ended lim its. I f  column  
has been rem oved from  instrum em  or exposed to a ir, purge 
colum n w ith  carrier gas fo r 1 -2  h before heating.

(d) S y r i n g e .  M ax . vo l. 10 ¡xL, graduated to 0.1 p.L.
(e) R e c o r d e r . — 0 -2 .5  or 5 .0  m v  range, < 1 .0  s response 

rate (tim e fo r pen to pass from  0 to 90%  follow ing m om entary  
introduction  o f 100% signal), 25 cm 'm in paper w id th , and 2 5 -  
100 cm /h paper speed; equipped w ith  attenuator sw itch to 
change range. I f  integrator is used, it must have linear response 
w ith  adequate sensitivity and satisfactory baseline correc
tion.

Reagents

(a) C a r r i e r  g a s . — H e  (preferred fo r better resolution and 
column life) or N  dried and contg <  10 mg O /kg.

(b) O t h e r  g a s e s . — H , 9 9 .9 +%  free from  org. im purities. 
A ir  or O , free from  org. im purities (< 2  ppm hydrocarbons  
equiv. to C H 4).

(c) R e f e r e n c e  s td s .-— M ix t . o f c i s  and t r a n s  M e  esters o f 
know n com position close to that o f margarines.

Preparation o f  Sample

Isolate fat by 16.236. Using ca 350 mg fa t. prep. M e  ester 
by 28 .056 -28 .059 . T o  M e  esters in g-s flask, add vol. o f 
heptane to yield 1 -10%  soln. Sw irl to dissolve.
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Fig. 28:A1. Typical chromatographic separation of methyl esters of fatty 
acids from margarines, c = cis; t = trans. Not shown are components 

18:2tt, 18:2ct + tt, and 2 0 :0 , which elute between 18:1c and 18:2cc.

GC Operating Conditions

C arrie r gas flow  depends on carrier gas and packing den
sity. Fo llow ing  flow  rates are recom m ended: H e , 15-20  m L / 
min; N ,  8 -1 0  m L /m in . F lo w  o f H  to detector should be half 
that o f carrier gas; flow  o f O  should be ca 5 -1 0  times that o f
H . In jec to r should be at 20 -5 0 ° higher than column tem p, and 
detector should be at 250-300°.

GC Perform ance Specifications

Perform  analysis o f m ixt. o f M e  elaidate and M e  oleate. 
A djust sample size, colum n tem p., and carrier gas flow  so 
that M e  elaidate peak is recorded ca 30 m in after injection  
and 'A - V i  fu ll scale. M easure base widths in mm o f M e  elai
date (w ,) and M e  oleate (w 2) between points o f intersection  
w ith  baseline o f tangents draw n to inflection points o f curves. 
Also measure distance in m m  betw een peak m ax. for elaidate 
and M e  oleate, Y . C alc , resolution, R:

R  =  2 Y / ( w ,  +  w 2)

Select conditions to obtain R  >  0.5.

Determination

W ith  app. showing stable baseline, inject 0 .1 -2  p.L 1 -10%  
heptane soln o f M e  esters. Change setting o f attenuator as 
necessary to keep peaks on chart paper.

A nalyze  ref. std m ixts under same conditions as for sample. 
M easure retention  distances o f know n esters and identify  
peaks from  sample by com parison w ith  retention distances 
of peaks from  std m ixts. F ig . 28:A1 shows a typical chro
matographic separation o f m ethyl esters o f margarine fatty  
acids.

Table 1. Operating conditions reported by collaborating laboratories'

Lab.
Carrier gas/flow rate, 

mLVmin Column temp., °C Column

1 heliLm, 8 220 stainless steel
2 nitrogen, 10 220 stainless steel
3 heliLm, 30 220 stainless steel
4 heliLm, 5.4 220 stainless steel
5 heliLm, 17 225 stainless steel
6 nitrogen, 9 220 glass
7 __b 220 __b

8 nitrogen, 8 245 stainless steel
9 nitrogen, 9 205 __b

10 heliLm, 12 220 stainless steel
11 heliLm, 10 220 stainless steel
12 nitrogen, 9 220 glass
13 helium, 20 220 stainless steel

'All laboratories used a 20 ft (6.1m) x 2 mm id column packed with 15% 
OV-275 stationary phase as specified in the method.

‘’Not reported.

Calculations

Use method o f internal stdzn (norm alization), which assumes 
all com ponents o f sample are represented on chrom atogram , 
so that sum o f areas under peaks represents 100% o f constit
uents (to tal e lution). O btain  total t r a n s  content by addn o f all 
t r a n s  isomers.

Ref.: J .  A m .  O il. C h e m .  S o c .  54, 279(1977).

Results and Discussion

A n aly tical results w ere received from  13 o f the 17 labora
tories to which samples were sent. N ine  collaborators reported 
using stainless steel columns; 2 collaborators reported using 
glass columns. Use o f either a glass or stainless steel column  
did not affect the results. Seven collaborators reported using 
helium  carrier gas; 5 collaborators used nitrogen carrier gas. 
C arrie r gas flow  rates ranged from  5 to 30 m L /m in  (Table 1). 
A gain, there was no indication that use o f either nitrogen or 
helium  carrier gas or a particu lar flow  rate affected the results.

The experim ental data received from  the collaborators  
(Tables 2 -9 )  w ere subjected to statistical analysis to obtain  
descriptive statistics associated w ith  analysis o f each o f the 
samples as w ell as to obtain w ith in - and betw een-laboratory  
variab ility  from  results o f analysis o f a blind duplicate sample. 
Tables 10-12 show results o f statistical analysis o f the col
laborative data. N o  outliers w ere om itted; only 4 o f 158 total 
t r a n s  values were D ixon  outliers (2 values each for total t r a n s  

by G C  and total t r a n s  by IR ) . T o ta l t r a n s  determ ined w ith  IR  
averaged about 1% higher than tota l t r a n s  determ ined by G C , 
apparently resulting from  IR  addition o f each t r a n s  bond in 
t r a n s ,  t r a n s  com ponents and/or G C  coelution o f m inor t r a n s  

com ponents w ith  m ajor c i s  acids. A lthough Perkins et al. (1) 
have reported good separation o f 18:2ct +  tt from  18:2cc in 
margarine m ethyl esters w ith  a 20 ft  O V -275 colum n, one 
collaborator observed that 18:2tt was net separated from  
18:1c in the samples. This collaborator alsc noted that 18:2cc 
was not resolved from  20:0. A nother collaborator reported  
that 18:2ct and 18:2tt w ere not resolved from  18:2cc. Although 
not shown in F ig . 28:A 1, com ponents 18:2tt, 18:2ct +  tt, and
20.0 elute betw een peaks 18:1c and 18:2cc

T w o  collaborators also analyzed the samples w ith  Silar- 
10C capillary  colum ns, and obtained results sim ilar to those 
w ith  the O V -275  packed colum n. One o f the collaborators 
noted that, although the capillary peaks w ere d ifficult to iden
tify  at first, w ith  some experience capillary  column analysis 
was preferred , one advantage being its speed. W ith  margarine  
samples, about 30 com ponents w ere separated on capillary
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Table 2. GC analysis of margarine methly esters (Sample ct-3)

% of total fatty acids* Total trans

Lab. 16:0 18:0 18:1t 18:1c
18:2 
ct + tt

18:2
cc 18:3 GC IR

1 11.5 8.4 15.1 33.3 6.6 22.0 1.3 21.7 23.0
2 11.2 8.3 15.0 34.0 6.7 23.2 1.0 21.7 23.8
3 13.3 8.3 15.3 34.1 6.4 22.7 _b 21.7 24.4
4 11.6 8.2 15.2 36.0 5.8 21.9 0.9 21.0 22.5
5 11.4 8.4 15.0 34.2 6.4 22.3 1.1 21.4 24.4
6 11.1 8.3 15.1 31.4 6.9 22.8 1.1 22.0 24.0
7 11.5 8.4 15.2 34.6 6.8 22.5 0.8 22.0 22.1
8 12.6 8.3 14.2 34.7 6.6 22.1 1.7 20.8 _C
9 11.2 8.1 14.0 33.5 6.3 25.0 1.2 20.3 24.0

10 11.3 8.5 15.1 32.8 7.7 22.9 1.7 22.8 20.8
11 12.3 8.4 15.4 35.3 6.0 21.4 0.8 21.4 22.8
12 11.3 8.4 15.5 34.7 6.4 21.7 0.9 21.9 23.9
13 11.0 8.3 15.3 32.8 7.4 22.7 1.7 22.7 _C

X , % 11.6 8.3 15.0 34.0 6.6 22.6 1.1 21.6 23.2
SD 0.58 0.10 0.44 1.20 0.51 0.90 0.47 0.70 1.1
CV, % 5.8 1.2 2.9 3.6 7.8 4.0 42.7 3.2 4.8

*t= trans; c = cis; ct +  tt = cis, trans + trans, trans; cc = 
“No value reported; 0.0 assumed.
'No IR analysis.

cis, cis.

Table 3. GC analysis of margarine methyl esters (Sample ct-4-A)

Lab.

% of total fatty acids“ Total trans

16:0 18:0 18:11 18:1c
18:2 
ct + tt

18:2
cc 18:3 GC IR

1 10.5 9.1 21.7 25.0 0.9 27.9 3.5 22.6 22.2
2 10.9 9.0 21.5 25.8 0.5 28.9 3.3 22.0 23.3
3 11.1 9.2 22.2 25.7 _b 28.7 3.2 22.2 23.9
4 11.4 8.8 21.7 26.1 0.4 28.0 3.3 22.1 22.5
5 10.8 9.2 21.6 25.5 0.8 27.9 3.5 22.4 23.5
6 10.6 9.0 21.6 25.0 1.0 28.4 3.3 22.6 22.0
7 10.5 9.8 22.3 26.3 0.1 28.1 3.0 22.4 22.8
8 11.9 9.4 21.7 28.3 0.1 25.7 3.0 21.8 _C
9 10.9 8.9 21.0 26.5 1.0 28.5 3.2 22.0 22.4

10 11.3 9.2 21.9 25.3 1.4 27.2 3.7 23.3 20.4
11 11.8 9.4 21.8 27.6 _b 26.8 2.0 21.8 24.2
12 10.5 9.0 21.7 26.5 0.2 28.2 3.3 21.9 24.7
13 10.5 9.1 21.8 24.4 1.4 28.6 3.7 23.2 _C

x, % 11.0 9.2 21.7 26.0 0.6 27.9 3.2 22.3 22.9
SD 0.50 0.26 0.32 1.08 0.51 0.89 0.43 0.49 1.20
CV, % 4.5 2.8 1.5 4.1 85.5 3.2 13.3 2.2 5.2

“See Table 2, footnote a.
"No value reported; 0.0 assumed. 
'No IR analysis.

Table 4. GC analysis of margarine methyl esters (Sample ct-4-B)

Lab.

% of total fatty acids* Total trans

16:0 18:0 18:11 18:1c
18:2 

ct + tt
18:2

cc 18:3 GC IR6
1 12.4 9.0 21.8 25.3 0.8 26.9 3.2 22.6
2 11.0 9.0 21.5 25.8 0.5 28.9 3.3 22.0 _
3 10.7 9.3 22.2 25.8 _C 28.8 3.2 22.2 _
4 11.0 8.9 21.7 26.2 0.4 28.1 3.3 22.1 _
5 10.8 9.1 21.6 25.6 0.8 27.9 3.4 22.4 _
6 10.6 9.0 21.6 25.0 1.0 28.4 3.3 22.6 _
7 10.9 9.7 22.3 26.1 0.1 28.0 3.0 22.4 _
8 11.8 9.5 22.1 28.3 0.1 25.2 3.0 22.2 _
9 10.8 8.8 20.6 26.5 1.1 28.9 3.2 21.7 _

10 11.2 9.6 21.9 25.0 1.6 26.6 4.1 23.5 _
11 11.6 9.4 22.0 27.0 _C 27.2 2.2 22.0 _
12 11.0 9.1 21.5 25.7 0.3 28.2 3.3 21.8 _
13 10.4 9.1 21.8 24.8 1.3 28.6 3.8 23.1a —

x, % 11.1 9.2 21.7 25.9 0.6 27.8 3.3 22.4
SD 0.55 0.28 0.43 0.95 0.53 1.08 0.44 0.51 _
CV, % 4.9 3.1 2.0 3.7 85.7 3.9 13.4 2.3 —

“See Table 2, footnote a.
"No IR analysis.
'No value reported; 0.0 assumed. 
dDlxon outlier at 95% confidence level.



GILDENBERG & FIRESTONE: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 1, 1985) 49

Table 5. GC analysis of margarine methyl esters (Sample ct-5)

Lab.

% of total fatty acids“ Total t r a n s

16:0 18:0 18:1t 18:1c
18:2 

ct + tt
13:2

cc 18:3 GC IR

1 10.7 5.5 5.6 31.9 3.3 37.2 3.4 8.9 9.4
2 11.0 5.5 5.6 32.8 2.8 33.7 3.0 8.4 11.1
3 11.0 5.7 5.8 32.0 3.1 39.0 2.9 8.9 11.6*
4 10.6 5,6 5.7 35.3 2.8 37.1 2.6 8.5 9.4
5 10.6 5.5 5.4 32.5 3.3 37.8 3.2 8.7 9.2
6 10.5 5.7 6.0 31.9 3.5 37.8 3.0 9.5 10.0
7 10,7 5.7 5.8 33.4 3.5 33.2 2.7 9.3 9.5
8 11.7 5.8 4.9 34.6 3.2 37.2 2.5 8.1 _C
9 10.8 5.5 5.2 32.6 3.4 33.9 2.7 8.6 9.5

10 10.8 5.2 5.9 32.1 4.1 37.7 4.0 10.0 8.4
11 10.8 5.7 5.6 33.7 3.3 36.5 2.7 8.9 9.6
12 10.5 5.7 6.1 33.3 3.4 36.9 2.8 9.5 9.3
13 10.2 5.6 5.9 31.3 4.1 37.4 3.7 10.0 C

x, % 10.8 5.6 5.7 32.9 3.4 37.7 3.0 9.0 9.7
SD 0.35 0.16 0.33 1.15 0.39 0.79 0.45 0.60 0.90
CV, % 3.3 2.8 5.8 3.5 11.7 2.1 14.9 6.7 9.3

“See Table 2, footnote a.
“Dixon outlier at 95% confidence level. 
“No IR analysis.

Table 6. GC analysis of margarine methyl esters (Sample ct-6)

Lab.

% of total fatty acids“ Total t r a n s

16:0 18:0 18:11 18:1c
18:2 

ct + tt
18:2
cc 18:3 GC IR

1 10.8 9.1 21.6 24.9 0.8 27.8 3.4 22.4 21.6
2 10.5 9.2 21.7 26.1 0.9 28.5 3.2 22.6 24.1
3 11.0 9.2 22.3 25.8 _b 28.6 3.2 22.3 23.8
4 10.9 8.8 21.8 26.4 0.4 28.0 3.3 21.7 22.1
5 10.8 9.1 21.7 25.5 0.8 27.9 3.4 22.5 23.5
6 10.5 9.1 21.6 25.0 1.0 28.3 3.4 22.6 21.0
7 10.1 9.5 22.6 26.3 0.1 28.3 3.0 22.7 21.9
8 12.2 9.4 21,5 28.4 0.1 25.6 2.9 21.6 _C
9 11.2 9.2 21.2 26.9 0.6 27.8 3.1 21.8 23.5

10 10.9 9.2 21.4 25.1 1.8 28.0 3.6 23.2 20.8
11 11.0 9.7 21.9 27.2 _fa 27.7 2.3 21.9 21.9
12 10.9 9.1 21.9 25.1 0.4 28.4 3,2 22.3 24.3
13 10.5 9.1 21.7 24.8 1.4 28.2 3.9 23.1 _C

Y , % 10.9 9.2 21.7 26.0 0.6 27.9 3.2 22.4 22.6
SD 0.49 0.22 0.39 1.07 0.55 0,76 0.38 0.49 1.3
CV, % 4.5 2.4 1.8 4,1 86.9 2.7 11.8 2.2 5.8

“See Table 2, footnote a.
“No value reported; 0.0 assumed. 
“No IR analysis.

Table 7. GC analysis of methyl ester standard No. 3

Lab.

% of total fatty acids“ Total t r a n s

16:0 18:0 18:11 18:1c
18:2 

ct + tt
18:2
cc 18:3 GC IR

1 10.8 10.3 5.7 30.7 1.5 37.2 3.6 7.2 7.8
3 11.0 10.2 6.9 30.9 1.1 36.3 3.5 8.0 9.5“
4 11.1 9.8 5.7 30.6 2.0 37.2 3.6 7.7 6.8
5 10.9 10.5 5.7 31.5 1.2 36.1 3.3 6.9 7.2
6 10.7 10.3 5.8 30.5 2.3 36.6 3.5 8.1 8.0
7 10.7 10.3 5.7 31.6 2.3 36.5 3.1 8.0 7.7
9 11.5 10.0 5.5 30.4 1.4 37.6 3.6 6.9 7.1

10 11.4 10.5 5.8 30.8 0.6 37.3 3.7 6.4 6.9
11 11.0 10.6 5.8 33.6 0.9 35.3 2.8 6.7 4.8“
13 10.4 10.2 5.8 30.0 1.5 36.9 3.9 7.3 _C

x, % 11.0 10.3 5.8 31.1 1.5 36.7 3.5 7.3 7.3
SD 0.33 0.24 0.38 1.01 0.57 0.69 0.32 0.60 1.25
CV, % 3.0 2.3 6.6 3.3 38.7 1.9 9.2 8.2 17.1
Known

value, % 10.3 10.0 5.6 30.0 1.1 38.3 3.9 6.7 6.7
Ree., % 106,8 97.1 103.6 103.7 136.4 95.8 89.7 109.0 109.0

"See Table 2, footnote a.
“Dixon outlier at 95% confidence level. 
cNo IR analysis.



50 GILDENBERG & FIRESTONE: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 1, 1985)

Table 8 . GC analysis of methyl ester standard No. 4

Lab.

% of total fatty acids“ Total t r a n s

16:0 18:0 18:11 18:1c
18:2 

ct + tt
18:2
cc 18:3 GC IR

1 10.6 5.1 15.7 25.5 2.5 37.6 2.9 18.2 19.2
2 10.6 5.1 15.4 25.9 2.5 37.8 2.7 17.9 20.7
3 10.9 5.1 15.7 26.0 2.2 37.4 2.7 17.9 21.5
4 11.0 5.0 15.4 25.3 3.2 37.3 2.8 18.6 18.4
6 10.5 5.2 15.5 25.4 3.3 37.2 2.8 18.8 20.0
9 10.7 5.2 15.2 26.0 2.3 37.8 2.8 17.5 16.4

12 10.9 5.3 16.1 25.9 1.8 37.3 2.7 17.9 19.3
13 10.4 5.2 15.4 25.1 2.5 37.4 2.9 17.9 __b

x, % 10.7 5.2 15.6 25.6 2.5 37.5 2.8 18.1 19.4
SD 0.21 0.09 0.28 0.35 0.50 0.23 0.08 0.43 1.66
CV, % 2.C 1.8 1.8 1.4 19.6 0.6 3.0 2.4 8.6
Known

value, % 10.2 5.1 15.5 25.0 2.1 38.3 3.1 17.6 17.6
Ree., % 104.S 102.0 100.6 102.4 119.0 97.9 90.3 102.9 110.2

“See Table 2, footnote a.
“No IR analysis.

Table 9. GC analysis of methyl ester standard No. 5

% of total fatty acids“ Total t r a n s

18:2 18:2
Lab. 16:0 18:0 18:11 18:1c ct + tt CC 18:3 GC IR

2 5.3 5.1 30.2 31.2 1.3 23.3 3.6 31.5 33.3
5 5.3 5.1 30.7 30.8 1.2 22.7 3.6 31.9 31.9
7 5.4 5.0 30.9 31.7 1.4 22.5 3.2 32.3 33.4

10 6.0 5.3 30.1 30.8 0.3 23.7 3.7 30.4“ 29.9
11 5.4 5.2 30.8 33.3 0.6 21.8 2.8 31.4 33.7
12 5.5 5.1 30.7 30.6 1.0 23.4 3.6 31.7 36.8
13 5.3 5.1 30.5 30.3 1.2 23.3 3.8 31.7 —C

x,% 5.4 5.1 30.6 31.2 1.0 23.0 3.5 31.6 33.2
SD 0.25 0.10 0.30 1.01 0.40 0.66 0.35 0.59 2.27
CV, % 4.6 1.9 1.0 3.2 40.4 2.9 10.0 1.9 6.8
Known

value, % 5.2 5.1 30.7 29.9 1.1 24.0 4.0 31.8 31.8
Ree., % 103.8 100.0 99.7 104.3 90.9 95.8 87.5 99.4 104.4

“See Table 2, footnote a.
“Dixon outlier at 95% confidence level.
“No IR analysis.

Table 10. GC analysis: margarine methyl ester sample run In duplicate (ct-4-A and ct-4-B)

Statistic

Fatty acid“ Total t r a n s

16:0 18:0 18:11 18:1c
18:2 
ct + tt

18:2
cc 18:3

GC“ IR“

x,% 11.0 9.2 21.7 26.0 0.6 27.9 3.2 22.3 22.9
SDo" 0.41 0.10 0.13 0.23 0.06 0.27 0.11 0.12 —

SDX“ 0.52 0.27 0.38 1.01 0.52 0.99 0.43 0.50 1.20
CV0/  % 3.74 1.05 0.58 0.90 9.13 0.99 3.37 0.52 —

CV„" % 4.69 2.95 1.73 3.90 85.61 3.55 13.37 2.23 5.24

“See Table 2, footnote a.
“N = 13.
“N = 11.
"Repeatability standard deviation, i.e., within-laboratory variation, reflecting random error.
“Reproducibility standard deviation, i.e., between-laboratory variation, reflecting variation arising from different analysts, apparatus, and laboratories. 
' Ratio of SD0 to x times 1 DO (100 S D J x ) .

"Ratio of SDX to x times 100 (100 SDx/x).

colum ns, whereas 8 -1 0  components w ere observed w ith  the 
packed colum n.

One o f the collaborators pointed out that resolution can be 
lost w h ile  using the O V -275  packed colum n. H o w ever, 
replacing the first 6 in. o f the column w ith  fresh coated pack
ing m aterial com pletely regenerated the column efficiency. 
A n other collaborator reported that columns are prepared in 
his laboratory  and are renew ed at least every 3 months. 
Colum ns in use are disconnected and stored overnight at 
120°C under a stream o f pure nitrogen.

The statistical data from  the collaborative study are in 
excellent agreem ent w ith  data from  a collaborative study o f

the A O A C -IU P A C  G C  m ethod fo r determ ination o f m ethyl 
esters o f fa tty  acids (3, 4). Coefficients o f variation (C V s) fo r  
com ponents in the range o f  4 -4 0 %  w ere com parable (2 -6 %  
fo r soybean oil m ethyl esters (A O A C -IU P A C  study) as w ell 
as fo r margarine m ethyl esters (this study)). Good recoveries  
o f total t r a n s  acids as w ell as individual components w ere  
also observed in this study (Tab le 4; m ethyl ester standards); 
how ever, recoveries o f total t r a n s  acids by IR  w ere always  
greater than 100% and higher than recoveries o f total t r a n s  

acids by G C .
B etw een-laboratory as w e ll as w ith in -laboratory C V s  w ere  

consistently better fo r the determ ination o f total t r a n s  acids
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Table 11. GC analysis: margarine methyl ester sample run in duplicate (ct-4-A and ct-6 )

Fatty acid* Total t r a n s

18:2 13:2
Statistic 16:0 18:0 18:11 18:1c ct + tt cc 18:3 GC6 IR*

x, % 10.9 9.1 21.7 26.0 0.6 27.9 3.2 22.3 22.7
SDo“ 0.26 0.11 0.16 0.32 0.14 0.30 0.09 0.19 0.67
SDX* 0.49 0.24 0.35 1.07 0.53 0.82 0.40 0.50 1.24
CV0t'% 2.42 1.25 0.76 1.24 23.1 1.08 2.79 0.85 2.93
CVx,s % 4.52 2.63 1.62 4.13 86.2 2.94 12.56 2.22 5.45

“See Table 2, footnote a. 
bN  = 13.
CN  = 11.
‘'Repeatability standard deviation, i.e., within-laboratory variation, reflecting random error.
“Reproducibility standard deviation, i.e., between-laboratory variation, reflecting variation arising f-om different analysts, apparatus, and laboratories. 
' Ratio of SD0 to x times 100 (100 SDo/x).
’Ratio of SDX to x  times 100 (100 SDx/x).

Table 12. GC analysis: margarine methyl ester sample run in duplicate (ct-4-B and ct-6 )

Fatty acid*

18:2 18:2 Total
Statistic 16:0 18:0 18:11 18:1c ct+tt CC 18:3 t r a n s b

x, % 11.0 10.2 21.7 25.9 0.6 27.9 3.2 22.4
SDo“ 0.41 1.38 0.24 0.19 0.13 0.43 0.12 0.23
SDX“ 0.53 1.38 0.41 1.01 0.54 0.93 0.41 0.50
CV„,“ % 3.72 13.6 1.11 0.72 21.5 1.56 3.63 1.03
CVx/% 4.80 13.6 1.87 3.90 86.2 3.34 12.62 2.25

“See Table 2, footnote a. 
bN  = 13.
“Repeatability standard deviation, i.e, within-laboratory variation, reflecting random error.
“Reproducibilityjtandard deviation, i.e., between-laboratory variation, reflecting variation arising from different analysts, apparatus, and laboratories. 
“Ratio of SD0 to x times 100 (100 SDo/x).
1 Ratio of SDX to x times 100 (100 SDx/x).

by G C  vs IR . C V  values w ere generally 2 -3  times higher for  
total t r a n s  acids by IR . F o r exam ple, the collaborative data  
for margarine m ethyl ester blind duplicates c t-4 -A  and ct-6  
(Tables 3 and 6) yielded w ith in - and betw een-laboratory C Vs  
for tota l t r a n s  acids by IR  that are about 2.5 and 3.5 times 
higher, respectively, than the values fo r tota l t r a n s  acids by 
G C  (Tab le 11). S im ilar C V  values w ere obtained for analysis 
of ct-4 in duplicate and analysis o f blind duplicates ct-4 and 
ct-6 (Tables 10 and 12).

Recommendation
I t  is recom m ended that the packed colum n G C  m ethod for 

determ ining t r a n s  unsaturation in margarine be adoped offi
cial first action to provide an alternative procedure to the 
A O  A C  IR  m ethod (2).
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VITAMINS AND OTHER NUTRIENTS

Comparison of Interlaboratory Variation in Amino Acid Analysis and Rat Growth Assays for 
Evaluating Protein Quality

GHULAM SARWAR, ROBERT BLAIR,1 MENDEL FRIEDMAN,2 MICHAEL R. GUMBMANN,2 L. ROSS 
HACKLER,3 PETER L. PELLETT,4 and TREVOR K. SMITH5
H e a l t h  a n d  W e l fa r e  C a n a d a ,  F o o d  D i r e c t o r a t e ,  H e a l t h  P r o t e c t i o n  B r a n c h ,  T u n n ey ’s  P a s t u r e ,  O t t a w a ,  O n t a r io ,  
C a n a d a  K I A  O L 2

Estimates of inter- and intralaboratory variation of protein efficiency 
ratio (PER), relative PER (RPER), net protein ratio (NPR), relative 
NPR (RNPR), and nitrogen utilization (NU) were compared with those 
of amino acid analysis in the same batches of 7 protein sources (ANRC 
casein, egg white solids, minced beef, soy assay protein, rapeseed 
protein concentrate, pea flour, and whole wheat flour). Interlaboratory 
variation (estimated as between-laboratories coefficients of variation, 
CV) of NPR and RNPR (up to 6.0% ) was lower than that of PER (up 
to 20.2%) and RPER (up to 18.5%). The interlaboratory determination 
of NPR and RNPR was also more reproducible than that of most 
essential amino acids (CV up to 10.0%), especially tryptophan (CV up 
to 23.7% ), cystine (CV up to 17.6%), and methionine (CV up to 
16.1%). Intralaboratory variation (estimated as within-laboratories 
CV) of amino acid analysis (up to 4.7% ), however, was comparable to 
that of protein quality indices in most protein sources (up to 6.0%). 
The significant (P <0 .01) positive correlations (r =  0.68-0.74) between 
amino acid scores and protein quality indices based on rat growth were 
further improved when amino acid scores were corrected for digesti
bility of protein (r =  0.73-0.78) or individual amino acids (r =  0.79- 
0.82).

Sarwar et al. (1) studied the inter- and intralaboratory variation 
in am ino acid analysis o f 7 protein  sources (casein, egg w hite  
solids, m inced beef, soy assay pro tein , rapeseed protein  con
centrate, pea flour, and w hole w heat flour). The 7 protein  
sources w ere  also tested in a collaborative rat growth study 
fo r the determ ination  o f protein  efficiency ratio  (P E R ), rela
tive  P E R  (R P E R ), net protein  ratio  (N P R ), relative N P R  
(R N P R ), and nitrogen utilization (N U )  (2). The protein sources 
used in both investigations (1 ,2 )  w ere from  the same batches 
and w ere o f sim ilar com position.

P E R  is the official m ethod fo r assessing quality o f food  
proteins in  the U n ited  States and Canada, but this test has 
been critic ized  fo r not properly  crediting protein  used in 
m aintenance and fo r lack o f precision, poor reproducibility , 
and high cost (3). In  the scientific com m unity, there is con
siderable support to replace the P E R  m ethod w ith  an appro
priate in v itro  m ethod based on am ino acid analysis (4). 
There fore , it  was o f interest to com pare the estimates o f 
in terlaboratory variations fo r am ino acid analysis and rat 
growth methods fo r evaluating protein  quality o f foods.

In  the present investigation, the P E R , R P E R , N P R , R N P R , 
and N U  data o f Sarw ar et al. (2) w ere re-analyzed to calculate 
the betw een- and w iih in -laborato ry  coefficients o f variation
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(C V ) in the same m anner as was done in  the collaborative  
am ino acid study (1). The new ly calculated variab ility  esti
mates fo r P E R , R P E R , N P R , R N P R , and N U  were com pared  
w ith  those reported fo r am ino acids (1).

M E T H O D S

T he P E R , R P E R , N P R , R N P R , and N U  data o f Sarw ar et 
al. (2) fo r 7 protein  sources [casein, minced beef, soy assay 
protein  (S A P ), pea flour, w hole w heat flour (W W ), rapeseed  
protein  concentrate (R P C ), egg w hite  solids (E W )] w ere re
analyzed in the present study. T he  arithm etic means fo r each 
protein  source w ere  com puted fo r P E R , R P E R , N P R , R N P R , 
and N U .  Analysis o f variance techniques w ere used to obtain  
measures o f betw een-laboratories and w ith in-laboratories  
variab ility  (5) fo r each protein  quality  index w ith in  each pro
tein source. T he  betw een-laboratories standard errors (S E ) 
and C V  and w ith in-laboratories C V  w ere calculated accord
ing to  the previously described (1) formulas:

B etween-laboratories S E  =

w here trA2 is the betw een-laboratories mean square from  the 
analysis o f variance.

Betw een-laboratories C V  =  - =  ° - — -  x  100
V 7  (mean)

W ith in -laboratories C V  =  „  --------- - x  100
V 7  (mean)

w here crw is the square root o f the w ith in-laboratories mean  
squares, d w2-

Results and Discussion

M eans and S E  and C V  values fo r 5 protein  quality indices 
and 10 am ino acids in the 7 protein  sources are given in Tables  
1 -7 . The protein  quality  results w ere cricu lated  as the aver
age o f 7 determ inations, whereas the am ino acid results were  
calculated as the average o f 2 determ inations (1). O bviously, 
one can m ake either m ethod more precise by averaging m ore  
determ inations.

In  casein, the betw een-laboratories variation (estimated as 
C V ) fo r most am ino acids (4 .2 -7 .1 % ) except cystine (17.6% ) 
and tryptophan (14 .3% ) was com parable to the variation  for 
protein  quality  indices (3 .0 -7 .6 % , Tab le 1). R N P R  had the 
low est betw een-laboratories C V  value. The w ith in -labora
tories variation  fo r amino acids (0 .6 -2 .6 % ) was som ewhat 
low er than that fo r protein  quality  indices (2 .2 -3 .4 % , Table  

1).
In  egg w h ite , the betw een-laboratories C V  values fo r am ino  

acids (7 .7 -1 9 .7 % ) w ere higher than those fo r protein  quality
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Table 1. Means, standard errors (SE), and coefficients of variation (CV) 
of protein quality indices and amino acid analysis of casein

Table 4. Means, standard errors (SE), and coefficients of variation (CV) 
of protein quality Indices and amino acid analysis of soy assay protein

Between
laboratories Within laboratories Between

laboratories Within laboratories

Index“ Mean SE CV, % CV, % Index“ Mean SE CV, % CV, %

PER 3.14 0.24 7.6 3.4 PER 1.60 0.21 13.1 6.0
RPER 78.00 4.39 5.6 2.5 RPER 39.00 5.14 13.0 5.2
NPR 4.55 0.25 5.5 3.3 NPR 2.74 0.10 3.7 4.0
RNPR 86.00 2.56 3.0 2.2 RNPR 51.00 3.11 6.0 3.0
NU 4.83 0.34 7.0 3.4 NU 2.79 0.19 7.0 4.4

Amino acid (g/16 g N)“ Amino acid (g/16 g N)“

lie 5.36 0.26 4.8 1.3 lie 4.72 0.16 3.3 2.5
Leu 10.16 0.44 4.3 0.7 Leu 8.51 0.40 4.7 2.0
Lys 8.44 0.42 5.0 0.6 Lys 6.34 0.37 5.8 1.9
Met 3.02 0.13 4.2 0.8 Met 1.24 0.14 11.3 4.5
Cys 0.47 0.08 17.6 2,6 Cys 1.19 0.14 11.4 2.4
Phe 5.47 0.39 7.1 1.5 Phe 5.32 0.39 6.9 1.4
Tyr 6.04 0.42 6.9 1.2 Tyr 4.34 0.18 4.4 2.0
Thr 4.64 0.32 7.0 1.5 Thr 3.34 0.34 8.8 1.1
Trp 1.31 0.19 14,3 1.1 Trp 1.14 0.27 23.7 3.7
Val 6.85 0.30 4.4 1.4 Val 4.91 0.33 6.8 1.4

“PER = protein efficiency ratio; RPER = relative protein efficiency 
ratio; NPR = net protein ratio; RNPR = relative net protein ratio; NU = 
nitrogen utilization. Formulas for calculating these indices have been 
previously reported (2).

“The data for amino acids were taken from Sarwar et al. (1). lie = 
isoleucine; Leu = leucine; Lys = lysine; Met = methionine; Cys = 
cystine; Phe = phenylalanine; Tyr = tyrosine; Thr = threonine; Trp = 
tryptophan; Val = valine.

Table 2. Means, standard errors (SE), and coefficients of variation (CV) 
of protein quality indices and amino acid analysis of egg white

Index" Mean

Between
laboratories

SE CV, %

Within laboratories 

CV, %

PER 3.71 0.20 5.4 2.8
RPER 91.00 3.06 3.4 2.6
NPR 5.08 0.22 4.4 2.0
RNPR 95.00 1.46 1.5 1.6
NU 5.43 0.27 5.0 1.9

Amino acid (g/16 g N)b

lie 5.28 0.59 11.2 2.2
Leu 8.76 0.74 8.4 1.7
Lys 6.98 0.62 8.8 2.5
Met 3.83 0.32 8.4 1.8
Cys 2.81 0.31 11.0 1.7
Phe 6.21 0.57 9.3 1.0
Tyr 4.40 0.34 7.7 2.5
Thr 4.68 0.46 9.9 2.7
Trp 1.46 0.29 19.7 1.5
Val 6.78 0.64 9.5 2.0

"■“See Table 1.

Table 5. Means, standard errors (SE), and coefficients of variation (CV) 
of protein quality indices and amino acid analysis of rapeseed protein 

concentrate

Index" Mean

Between
laboratories

SE CV, %

Within laboratories 

CV, %

PER 3.29 0.22 6.9 3.4
RPER 81.00 2.18 2.7 2.6
NPR 4.59 0.25 5.5 2.7
RNPR 87.00 2.99 3.4 2.0
NU 4.90 0.29 5.9 2.7

Amino acid (g/16 g N)b

lie 4.'6 0.38 9.1 4.1
Leu 7.84 0.41 5.2 0.9
Lys 5.70 0.33 5.8 2.9
Met 1.97 0.25 12.8 1.7
Cys 2.46 0.43 17.5 4.3
Phe 4.24 0.40 9.5 1.8
Tyr 2.82 0.38 13.5 3.9
Thr 4.19 0.35 8.3 3.6
Trp 1.50 0.23 15.2 2.9
Val 5.24 0.35 6.7 2.5

"■“See Table 1.

“■“See Table 1.

Table 3. Means, standard errors (SE), and coefficients of variation (CV) Table 6 . Means, standard errors (SE), and coefficients of variation (CV) 
of protein quality indices and amino acid analysis of beef of protein quality indices and amino acid analysis of pea flour

Between
laboratories Within laboratories Between

laboratories Within laboratories

Index" Mean SE CV, % CV, % Index“ Mean SE CV, % CV, %

PER 3.36 0.24 7.2 2.7 PER 1.56 0.31 19.7 4.9
RPER 83.00 2.87 3.4 2.4 RPER 39.00 6.10 15.8 4.4
NPR 4.83 0.26 5.3 2.2 NPR 2.68 0.13 4.5 4.5
RNPR 91.00 3.24 3.6 1.9 RNPR 54.00 2.56 4.7 3.4
NU 5.16 0.32 6.2 2.3 NU 2.69 0.30 10.3 4.1

Amino acid (g/16 g N)“ Amino acid (g/16 g N)“

lie 4.18 0.14 3.4 0.8 lie 4.27 0.34 7.9 4.7
Leu 7.75 0.46 5.9 1.4 Leu 7.67 0.55 7.1 3.1
Lys 7.94 0.75 9.5 1.2 Lys 7.68 0.52 6.8 2.8
Met 2.25 0.24 10.5 1.4 Met 1.11 0.18 16.1 4.7
Cys 1.02 0.13 12.8 2.7 Cys 1.51 0.21 14.1 4.3
Phe 3.88 0.33 8.6 2.0 Phe 4.99 0.49 9.8 2.0
Tyr 3.14 0.22 7.1 2.1 Tyr 3.50 0.57 16.4 3.1
Thr 4.21 0.17 4.0 2.7 Thr 4.17 0.22 5.4 1.7
Trp 0.99 0.17 16.9 2.6 Trp 0.67 0.16 18.5 3.0
Val 4.54 0.25 5.5 2.3 Val 4.96 0.50 10.0 2.3

“See Table 1. “See Table 1.
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Table 7. Means, standard errors (SE), and coefficients of variation (CV) 
of protein quality indices and amino acid analysis of wheat flour

Index8 Mean

Between
laboratories

SE CV, %

Within laboratories 

CV, %

PER 0.95 0.19 20.2 9.1
RPER 24.00 4.33 18.5 8.6
NPR 2.35 0.12 5.1 4.3
RNPR 45.00 2.16 4.8 3.7
NU 2.29 0.17 7.6 4.7

Amino acid (g/16 g N)b

lie 3.34 0.24 7.2 2.2
Leu 6.85 0.31 4.6 1.7
Lys 2.66 0.19 7.3 2.7
Met 1.65 0.20 12.2 4.0
Cys 2.22 0.31 14.1 2.0
Phe 4.87 0.42 8.6 1.0
Tyr 2.91 0.42 14.5 4.5
Thr 2.93 0.28 9.7 1.5
Trp 1.12 0.25 22.4 2.7
Val 4.27 0.35 8.2 1.7

" 6See Table 1.

methods (1.5—5.4% , Table 2). R N P R  gave the lowest between- 
laboratories variation . The w ith in-laboratories C V  values for 
most am ino acids and protein  quality indices w ere less than  
3%  (Tab le  2).

In  beef, the betw een-laboratories variations fo r tryptophan  
(16 .9% ).Cystine (12.8% ), methionine (10.5% ), and lysine (9.5% ) 
w ere considerably higher than the variation fo r R P E R  and 
R N P R  (3.4 and 3 .6% ), whereas the w ith in-laboratories vari
ations fo r most amine acids and protein  quality methods w ere  
sim ilar (less than 3% , Tab le 3).

In  soy assay protein , the betw een-laboratories C V  values 
fo r all am ino acids (3 .3 -1 1 .4 % ) except tryptophan (23.7% ) 
w ere low er than those fo r R P E R  and P E R  (13.0 and 13.1% ), 
whereas the w ith in-laboratories C V  values fo r most amino  
acids w ere low er than the values fo r any o f the 5 protein  
quality methods (Table 4).

In  rapeseed protein  concentrate, the between-laboratories  
variab ility  fo r most am ino acids, especially cystine (17.5% ) 
and tryptophan (15 .2% ), was higher than that fo r protein  
quality methods (2 .7 -6 .9 % , Tab le 5). The w ith in-laboratories  
variations fo r most am ino acids and protein quality indices 
w ere sim ilar (Tab le  5).

In  pea flour, the betw een-laboratories C V  values fo r most 
am ino acids w ere lo w er than those for P E R  and R P E R  but 
higher than those fo r N P R  and R N P R  (Table 6). T he d iffer
ences among the w ith in-laboratories C V  values fo r amino  
acids and protein quality  methods w ere small (Table 6).

In  w heat flour, the betw een-laboratories variations fo r all 
am ino acids (4 .6 -1 4 .5 % ) except tryptophan (22.4% ) w ere  
low er than the variations fo r R P E R  and P E R  (18.5 and 20.2% ) 
but higher than those fo r R N P R  and N P R  (4.8 and 5 .1% , 
Tab le 7). The w ith in-laboratories variations fo r most amino  
acids w ere low er than those fo r any o f the protein quality  
indices (Tab le  7).

In  most protein  sources, the interlaboratory variation (esti
mated as betw een-laboratories C V ) was less than 10% fo r all 
am ino acids except tryptophan, m ethionine, and cystine, as 
w ell as fo r N P R , R N P R , and N U  (Tables 1 -7 ). The interlab
oratory variations (estim ated as between-laboratories C V )  
fo r tryptophan (1 4 .3 -2 3 .7 % ), cystine (1 1 .0 -1 7 .6 % ), and 
m ethionine (up to 16.5% ) w ere re latively  large. In  4 protein  
sources (casein, egg w hite , beef, and rapeseed concentrate), 
the in tralaboratory variation fo r P E R  and R P E R  was less 
than 10%, but the variation  was large (13 .0 -2 0 .2 % ) in the

rem aining poor quality protein sources (soy assay protein , 
pea flour, and w heat flour). In  most cases, the intralaboratory  
variations fo r amino acids and protein  quality indices w ere  
less than 3 and 5% , respectively (Tables 1 -7 ).

Theore tica lly , am ino acid score is the best m ethod fo r 
evaluating protein  quality , but its va lid ity  is lim ited  by large 
in terlaboratory error for certain essential amino acids, lack  
o f a suitable m ethod fo r assessing ava ilab ility  o f am ino acids, 
and uncertainty about hum an requirem ents fo r amino acids 

(6).
D uring  the last few  years, m uch progress has been made 

in overcom ing obstacles to using am ino acid score. This study 
dem onstrated that the interlaboratory variation  fo r those 
essential am ino acids determ ined after hydrolysis w ith  6N  
HC1 was com parable to that fo r N P R  and R N P R , w hich  w ere  
m ore reproducible than P E R  and R P E R  values (Tables 1 -7 ). 
F urth er standardization o f methods fo r the determ ination o f  
tryptophan and sulfur am ino acids (especially cystine) is 
required to reduce to acceptable levels the interlaboratory  
variation  fo r these am ino acids; such studies are currently  
under w ay.

A nother m ajor problem  preventing widespread acceptance 
o f am ino acid score is the lack o f suitable methods fo r esti
mating ava ilab ility  o f am ino acids (6). The available amino  
acid score (am ino acid score corrected for true digestibility  
o f ind ividual am ino acids, as determ ined by rat balance 
m ethod), solves this problem  (7).

A  general consensus appears to be form ing about hum an  
am ino acid reference pattern. The F A O /W H O  1973 (8) and 
N R C  1980 (9) hum an scoring patterns are sim ilar, but the 
difference in m ethionine +  cystine requirem ents is significant 
(Table  8). A n  evaluation o f a soy protein  isolate-based infant 
form ula, using the F A O /W H O  1973 (8) pattern, w ould indi
cate the need to supplem ent this form ula w ith  m ethionine, 
but use o f the N R C  1980 (9) pattern w ould indicate no need 
fo r supplem entation. R at assays indicate that soy protein- 
based infant form ulas have re la tive ly  poor quality and should 
be supplem ented w ith  m ethionine. Studies w ith  infants, how 
ever, indicate that m ethionine supplem entation is unneces
sary and probably undesirable (12).

Pinada et al. (13) and Torun  et al. (14) conducted extensive  
studies on essential am ino acid requirem ents o f children aged
2 1 -27  m onths. M ost o f the estim ated requirem ents w ere simi
lar to values in the F A O /W H O  1973 (8) pattern, but the 
m ethionine +  cystine value was almost identical to the value  
in the N R C  1980 (9) pattern. The N R C  1980 (9) pattern con
tains only 66%  o f the amount o f methionine +  cystine required 
by the rat (Tab le  9). I f  the N R C  1980 (9) pattern is appropriate  
fo r hum ans, then the rat is an inappropriate anim al fo r eva l
uating protein  quality  fo r humans, especially o f foods defi
cient in m ethionine +  cystine. As Steinke (15) suggested, the 
use o f a correction factor (based on differences in rat and 
hum an requirem ents fo r essential amino acids) to adjust rat 
protein  quality  values should be considered.

Because d irect evaluation  w ith  humans is im practical, an 
appropriate alternative to evaluate protein quality w ould be 
the use o f an am ino acid score based on the most appropriate  
hum an am ino acid pattern and corrected fo r d igestibility o f  
protein and/or b ioavailab ility  o f am ino acids (4). In  review ing  
the relationship betw een am ino acid scores and rat bioassays, 
Pellett (16) reported a high correlation (r  =  0.84) between the 
net protein  u tiliza tion  (N P U ) and am ino acid score corrected  
for protein  d igestib ility (Score x  D ) o f 71 food items or 
mixtures. Sarwar (7) determined amino acid-digestibility scores 
(scores corrected fo r true protein d igestib ility) and available  
am ino acid scores fo r 17 foods (m ainly m ixtures) and reported
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Table 8 . Comparison of human amino acid scoring patterns and amino 
acid requirements of the rat

Amino acid 
(mg/g protein)

Human amino acid scoring 
pattern Young rat

FAO/WHO 1972 
(8)

I NRC 1980s 
0)

Hegsted6
(10)

NRC
(11)

Isoleucine 40 42 36 42
Leucine 70 70 69 62
Lysine 55 51 60 58
Methionine +

cystine 35 26 40 50
Phenylalanine +

tyrosine 60 73 59 67
Threonine 40 35 43 42
Tryptophan 10 11 11 12
Valine 50 48 54 50

aAmino acid pattern for high quality proteins. 
'’Recalculated from Hegsted (10), lowest set of values.

Table 9. RNPR, relative NU (RNU), RPER, amino acid scores (AAS), 
amino acid-digestibility scores (AADS), and available amino acid scores 

(AAAS)a

Diet
RNPR,

%
RNU,6

%
RPER,

%
AAS,

%
AADS,

%
AAAS,

%

Casein + Met6 100 100 100 100 100 100
Egg white (EW) 95 96 91 100 100 100
Minced beef 91 91 83 90 88 86
RPC" 87 86 81 97 92 89
Casein 86 85 78 100 100 100
Pea flour + Met 81 81 72 79 73 65
WWe + casein 79 79 74 100 98 91
WW + beef 79 78 73 90 84 78
WW + EW 77 77 72 94 90 85
SAP' + Met 70 68 64 100 98 77
WW + pea flour 66 63 54 90 83 77
WW + SAP 64 62 55 88 81 76
WW + RPC 63 61 51 82 76 70
WW + Lys9 55 52 42 79 74 70
Pea flour 54 51 39 79 70 64
SAP 51 49 39 93 89 83
WW 44 40 23 52 47 41

sData for RNPR, NU, and RPER were taken from Sarwar et al. (2). 
6RNU = (NU of test protein/NU of casein + Met) x 100.
“Met = methionine.
6RPC = rapeseed protein concentrate. 
eWW = whole wheat flour.
'SAP = soy assay protein.
9Lys = lysine.

highly significant positive correlations ( r  =  0.92) between  
R N P R  and availab le am ino acid score or am ino acid-diges
tib ility  score. Both Pellett (16) and S arw ar (7) used the F A O / 
W H O  1973 (8) pattern fo r calculating scores, which also suits 
the rat am ino acid requirem ent (Table 8). In  the present 
investigation, therefore, scores w ere calculated by using the 
N R C  1980 (9) scoring pattern (Table 9). The previously reported 
data on am ino acid contents and true digestibility o f protein  
and ind ividual am ino acids (7) w ere used in these calculations.

In  most cases, am ino acid scores w ere considerably higher 
than corresponding R P E R  (up to  40 units) and R N P R  or R N U  
(up to 32 units) values (Tab le 9). The differences between  
amino acid-digestibility  scores or available amino acid scores 
and corresponding R P E R , R N P R , or R N U  values, how ever, 
w ere not as large. In  all diets except S A P , the amino acid- 
digestibility scores and available am ino acid scores w ere up 
to 30 and 19 units higher than corresponding R N P R  or R N U  
values, respectively. The low er ratings by the R N P R  and 
R N U  methods (w hich credit protein used for both growth  
and m aintenance) com pared w ith  the available amino acid 
scores w ould reflect the higher essential amino acid require
ments o f the growing rat com pared w ith  those fo r humans. 
The R N P R  or R N U  value, substantially low er than available

Table 10. Correlaticn coefficients among protein quality indices noted 
in Table 9

Index“ AAS AADS AAAS RNPR RNU RPER

AADS 0.98
AAAS 0.93 0.95
RNPR 0.68 0.73 0.79
RNU 0.68 0.73 0.79 1.00
RPER 0.74 0.78 0.82 0.99 0.99

aAAS = amino acid score; AADS = amino acid-digestibility score; AAAS 
= available amino acid score; RNPR = relative net protein ratio; RNU 
= relative nitrogen utilization; RPER = relative protein efficiency ratio.

am ino acid score, o f the S A P  diet, how ever, m ay not be 
entire ly  due to higher sulfur am ino acid requirem ents o f the 
growing rat com pared w ith  those fo r humans. In  one labo
ratory, a soybean protein  isolate (having sim ilar am ino acid 
com position as S A P ) was found to have a 65%  R N P R . This  
m ay suggest the presence o f antinutritional factor(s) in the 
S A P  sample used in the present investigation.

The significant positve ( P  <  0.01) correlations between  
available am ino acid score and R N P R , R N U , or R P E R  ( r  =  
0 .7 9 -0 .8 2 ) w ere higher than the correlations between amino  
acid scores and R N P R , R N U , or R P E R  (r  =  0 .6 8 -0 .7 4 ) as 
w ell as betw een am ino acid-digestibility  scores and R N P R , 
R N U , o r R P E R  (r  =  0 .7 3 -0 .7 8 ). This investigation (Tables  
9 and 10) suggested that am ino acid scores corrected for 
digestib ility o f  ind ividual amino acids or total protein  are 
better predictors o f protein quality than are uncorrected scores. 
Sim ilar conclusions about the desirab ility  o f correcting amino  
acid scores fo r lack o f total nitrogen digestibility and/or amino  
acid ava ilab ility  w ere recently made at the third  session o f 
the C odex C om m ittee on Vegetable Proteins (17).
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Comparison of Carr-Price Analysis and Liquid Chromatographic Analysis for Vitamin A 
in Fortified Milk

ROBERT S. MILLS
L a n d  O ’L a k e s ,  I n c . ,  A n a ly t i c a l  L a b o r a t o r y ,  P O  B o x  116 , M in n e a p o l i s ,  M N  5 5 4 4 0

The determination of the vitamin A concentration in fortified milk was 
compared using Carr-Price analysis and liquid chromatography (LC). 
Carr-Price analysis required saponification of the sample with alcoholic 
potassium hydroxide, extraction with ether, and colorimetry with anti
mony trichloride in chloroform. LC analysis required hexane extrac
tion of a 71% alcohol-sample solution and centrifugation at 2000 rpm. 
A 100 p.L aliquot of the extract was analyzed on a LiChrosorb Si-60, 
5 pm column, using an ethyl ether-hexane (2 4- 98) mobile phase and 
detection at 313 nm. Each method was statistically evaluated for pre
cision and sample-to-sample reproducibility. The LC extraction pro
cedure was examined for efficiency. Each LC value was divided by the 
Carr-Price value obtained for the same sample; an average value of 
0.975 with a coefficient of variation of 6.90% was obtained. It was 
concluded that the procedures were statistically equivalent.

M ilk  that is partia lly  or w ho lly  defatted is fortified w ith  v ita 
m in A ; it is the m ain source o f v itam in  A  fo r most people. As  
a producer, this laboratory must m onitor the v itam in  A  levels 
added to m ilk  to ve rify  that they are w ith in  U .S . Food and 
D rug  A dm in istration  lim its. F o r several years, the analytical 
m ethod o f choice was a n o n -A O A C , C arr-Price colorim etric  
procedure (1). Because o f its chem ical hazards, end product 
instability, and intensive labor demands, an alternative method 
o f analysis was desired.

I t  was determ ined that any alternative method had to be 
simple, less intensive, less hazardous, reproducible, and 
comparable to the Carr-Price procedure. A  fluorometric method
(2) was in itia lly  considered, but equipm ent availab ility  dic
tated a preference fo r a liquid  chrom atographic (L C ) proce
dure. T w o  reverse phase L C  procedures (3, 4) w ere consid
ered, but only one was tested (3). This procedure was repro
ducible and less hazardous than the C arr-Price method. 
Although sim pler, this procedure still required saponification, 
several extractions, and an evaporation and redissolving step 
that could possibly produce varying results. Before w e could  
perform  a com parison study, the same authors published 
another procedure using norm al phase L C  (5). This latter 
procedure was reproducible, less hazardous, very  simple, 
and less tim e-consum ing, requiring less than 1 h fo r analysis 
o f a single sample. W e chose this norm al phase L C  method  
fo r com parison w ith  the C arr-Price procedure.

C arr-P rice  Method  

A p p a r a t u s  a n d  R e a g e n t s

(a) S p e c t r o p h o t o m e t e r . — Colem an M o d e l 620 set at 620 
nm, or equivalent, w ith  25 m L  cuvets.

(b) A l c o h o l i c  p o t a s s i u m  h y d r o x i d e  .— Dissolve 25 g K O F I 
in 50 m L  w ater, cool, and add 350 m L  ethanol.
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(c) P e t r o l e u m  e t h e r .— Reagent grade, bp 35 -60°C .
(d) S o d i u m  s u l f a t e  a n h y d r o u s .— Reagent grade.
(e) E t h y l  e t h e r . — Reagent grade.
(f) C a r r - P r i c e  r e a g e n t . — Transfer entire contents o f 113 g 

('A lb) unopened bottle o f reagent grade antim ony trichloride  
to 1 L  screw-cap E rlenm eyer flask. Crystals should be trans
lucent w ithou t any color or decom position products present. 
A dd 500 m L  chloroform , w arm , and stir to dissolve. Cool 
and add 30 m L  acetic anhydride. Store cool and in the dark.

P r e p a r a t io n  o f  S a m p le

M ix  m ilk  w ell before sampling. Pipet 30 m L  m ilk  and 20 
m L  alcoholic K O H  into 150 m L  beaker, cover w ith  watch  
glass, and im m erse in 70°C w ater bath 30 m in, m ixing occa
sionally. C ool solution and quantitatively  transfer to 125 m L  
separatory funnel w ith  ca 10-20  m L  alcohol.

A dd  35 m L  ethyl ether to separatory funnel and shake 
vigorously 5 m in. A dd  5 m L  petroleum  ether to  funnel, sw irl, 
and let layers separate. T ransfer aqueous layer to second 
separatory funnel and repeat ethyl ether extraction fo r 2 m in. 
A d d  5 m L  petro leum  ether to funnel, sw irl, and let layers 
separate. D iscard  aqueous layer and quantitatively  transfer 
contents o f second separatory funnel to the first w ith  5 -1 0  
m L  ethyl ether.

A dd  2 5 -3 0  m L  w ater to separatory funnel and gently m ix  
to rem ove K O H  from  ether phase. D iscard aqueous layer 
and repeat w ater wash until wash is neutral to phenolphtha- 
lein indicator.

Evaporate ether phase to less than 40 m L  w ith  nitrogen, 
discard any residual w ater in funnel, and quantitatively  trans
fe r ether solution to 50 m L  volum etric flask. D ilu te  to volum e  
w ith  petroleum  ether. A dd  ca 5 g anhydrous N a 2S 0 4 and 
shake. A  clear solution w ill result.

P r e p a r a t io n  o f  S t a n d a r d

W eigh ca 100 mg U S P  reference standard (vitam in  A  ace
tate in o il, capsule fo rm , U S P  Reference Standards, U .S . 
Pharm acopeidal Convention , In c ., 12601 T w in broo k  P kw y, 
R ockv ille , M D  20852) to nearest 0.1 mg in 150 m L  beaker. 
A dd 30 m L  w ater and 20 m L  alcoholic K O H  and proceed as 
in P r e p a r a t i o n  o f  S a m p l e ,  starting “  . . . cover w ith  w atch  
glass . . . . ”  T ransfer contents o f separatory funnel to 100 
m L  volum etric  flask instead o f 50 m L  flask. D ilu te  this solu
tion 1:100 to obtain vitam in  A  concentration o f ca 1 IU /m L .  
Calculate exact concentration from  w eight o f standard used 
(100 mg =  10 276 IU  vitam in  A ).

P r e p a r a t io n  o f  S t a n d a r d  C u r v e

Pipet 5, 10, 15, and 20 m L  standard solution into clean 25 
m L  cuvets. Evaporate ether under nitrogen in w arm  w ater,
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just to dryness, and im m ediately  dissolve residue in 2 m L  
chloroform . Place 2 m L  chloroform  into clean cuvet fo r use 
as b lank. A d d  10 m L  C arr-Price reagent from  rapid delivery  
pipet to b lank cuvet. Im m edia te ly  place in spectrophotom eter 
and set absorbance to zero. Repeat addition o f C arr-Price  
reagent fo r each standard level. A fte r addition o f reagent, 
im m ediately  place cuvet in spectrophotom eter and read m ax
im um  absorbance. A n  unvarying colorim etry technique is 
essential because blue com plex is unstable and dissipates 
quickly. P lo t concentration against absorbance to obtain  
standard curve. A lte rn a tive ly , calculate slope fo r use in sam
ple calculations.

Sam ple A nalysis

Pipet 10 m L  sample into 25 m L  cuvet. Evaporate ether 
under nitrogen in w arm  w ater, jus t to dryness, and im m edi
ately redissolve residue in 2 m L  chloroform . Add 10 m L  Carr- 
Price reagent, place cuvet in spectrophotom eter, and read  
m axim um  absorbance as in 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 .  

F ro m  standard curve o r slope, calculate the IU  v itam in  A  in 
cuvet.

C alcu lations

Calculate v itam in  A  level in IU /q u a rt  m ilk  as shown in the 
equation:

(1076) x  946 =  IU /q t  m ilk

w here I U  =  I U  content in cuvet; 6 =  equivalent m L  m ilk  in 
cuvet; and 946 =  tota l m L  m ilk  in 1 quart.

L iqu id  chrom atographic M ethod  

A pparatus an d  R eagen ts

(a) L i q u i d  c h r o m a t o g r a p h .— W aters M o d e l 6000A  pump  
fitted w ith  R heodyne M o d e l 7125 in jector and 100 p,L loop;
E . M erc k  L iC hrosorb  Si-60, 5 pm  colum n, 250 x  4 .6  m m  id; 
W aters M o d e l 440 absorbance detector, wavelength 313 nm; 
and H ew le tt-P ackard  M od e l 3390A integrator.

(b) W e t  h e x a n e . — A dd 200 m L  L C  grade w ater to 4 L  
filtered (0.2 pm ) hexane, m ix , and let stand 24 h.

(c) M o b i l e  p h a s e . — M ix  49 parts w et hexane, 49 parts hex
ane, and 2 parts ethyl ether. Prepare fresh daily.

(d) C l e a n i n g  m o b i l e  p h a s e . — 2 5 %  e thyl ether in hexane.

P reparation  o f  S tan dard

Dissolve ca 30 mg (weigh to nearest 0.1 mg) tra /w -retiny l 
palm itate (crystalline type I V  synthetic , Sigma Chem ical C o ., 
St. L ou is , M O  63178) w ith  hexane in 100 m L  volum etric flask 
and dilute to volum e. Calculate IU /m L  content from  assayed 
value. M ake  serial dilutions to obtain w orking standard o f ca 
1 IU /m l.

E xtraction  o f  M ilk

M ix  sample thoroughly. P ipet 2 .0  m L  m ilk  and 5.0 m L  
ethanol into 25 m L  screw-cap v ia l, m ix, and let stand 5 min. 
Pipet 5 .0  m L  hexane into v ia l and m ix vigorously on vortex  
m ixer 30 s. L e t m ixture stand 2 m in. Repeat m ixing and 
standing tw ice m ore. P ipet 3 m L  w ater into tube, cap, and 
invert tube to m ix . Centrifuge tube 10 min at 2000 rpm .

D eterm ination  o f  R etinyl P alm itate

Set flow rate o f m obile phase to 2 m L /m in  and inject 100 
p L  w orking standard. A d just detector and integrator condi
tions to 50%  fu ll scale deflection w ith  standard. Calibrate

integrator on the basis o f am ount o f v itam in  A  palm itate  
injected (1 .0  IU /m L  standard =  0.1 IU  injected). T w o  peaks 
m ay be detected. C alibration  is based on large ( t r a n s )  peak.

Set m ultip lication  factor o f the integrator to 23 650 and 
inject 100 p L  sample. In tegrato r w ill report results in IU  
vitam in  A /q uart m ilk .

R einject standard solution after every 4 sample injections 
to verify  constant response, and recalibrate i f  necessary. 
A fte r every 16-20  samples, wash colum n 10-15 min w ith  25%  
ether in hexane cleaning m obile phase and then w ith  mobile  
phase u ntil retention tim e o f the standard returns to norm al.

Discussion

The C arr-P rice  m ethod is the accepted m ethod o f vitam in  
A  analysis in  m ilk . This w o rk  statistically com pared the L C  
m ethod w ith  the C arr-Price analysis fo r precision, sample 
reproducib ility , and final value. A  fu rther objective was to 
determ ine i f  the L C  extraction  was as com plete as described 
in the literature or i f  fu rther extractions w ere necessary.

E xtraction  E ffic ien cy

To  v erify  extraction  efficiency o f the L C  m ethod, experi
m ental samples o f skim , 1% , and 2%  m ilk  w ere re-extracted  
after the in itia l extract was rem oved. The re-extraction  was 
done w ith  2 solvents: hexane spiked w ith  0.94 I U  re tiny l 
p alm ita te /m L , and hexane unspiked. W e  reasoned that i f  the 
extraction  w ere not com plete, but in equilibrium , a significant 
decrease in the IU  level w ould  occur w ith  spiked hexane. 
Sim ilarly , using unspiked hexane, any unextracted re tiny l 
palm itate w ould  be recovered by re-extraction.

V e ry  little  change in the I U  level was observed fo r re
extraction w ith  spiked hexane. Four samples were re-extracted, 
and an average value o f 0.95 IU /m L  was obtained. Com pared  
w ith  the in itia l spike level o f  0.94 IU /m L , the increase in 
detectable re tiny l palm itate is statistically insignificant.

F iv e  samples w ere re-extracted  using unspiked hexane. A  
constant recovery value o f 0.003 IU /m L  was observed. This  
is equivalent to 71 IU /q t  m ilk . In it ia lly , it seemed that a 
significant, observable am ount o f v itam in  A  was still in the 
aqueous m ilk  solution, but fu rther exam ination o f the data 
revealed that all recovered values w ere the same. This is 
unusual, because the observed values o f v itam in  A  in each 
sample w ere not the same, indicating that the recovered v ita 
m in A  came from  a source other than the aqueous extract.

W e exam ined the re-extraction  procedure and noted that 
all in itia l extracts o f the samples w ere rem oved identically, 
w ithout assurance that residual extracted  v itam in  A  did not 
adhere to the inside o f the vials. This w ould explain the 
unvarying recovery results fo r re-extraction  w ith  unspiked  
hexane. O n the basis o f the above observations, the recovery  
was considered com plete after the in itia l extraction.

P recis ion

The C arr-Price and L C  methods w ere exam ined fo r their 
precision fo r a single analysis. Each extract was analyzed 3 
times and an average (X ) , standard deviation (S D ), and coef
ficient o f variation  (C V ) w ere determ ined (Tab le 1). Standard  
deviations fo r the C arr-Price m ethod ranged from  8.00 to  
155.24%  and the coefficients o f variation  ranged from  0.29 to 
5.83% . F o r the L C  m ethod, S D  values ranged from  4.73 to 
51.87% , and C V  values ranged from  0.23 to 4 .97% .

Each m ethod was also exam ined fo r sample precision. 
Each sample was analyzed in trip licate  and an average, stan
dard deviation , and coefficient o f variation w ere com puted  
(Tab le  2). F o r the C arr-P rice  m ethod, S D  values ranged from
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Table 1. Analysis precision for Carr-Price (CP) and LC determination of vitamin A in milk

Sample

CP LC

lU/qt SD CV, % lU/qt SD CV, %

Skim 1a 2060 21.13 1.03 2142 21.6 1.01
Skim 1b 2167 25.42 1.18 2182 25.3 1.16
Skim 1c 2113 62.91 1.98 2102 4.9 0.23
Skim 2a 1876 78.12 4.16 1731 7.02 0.41
Skim 2b 1864 43.12 2.31 1774 8.54 0.48
Skim 2c 1890 38.07 2.01 1720 8.08 0.47

1% 1a 2801 8.00 0.29 2996 30.05 1.02
1% 1b 2907 143.80 4.95 2897 17.8 0.61
1 % 1 c 2958 140.53 4.75 2974 24.0 0.81
1% 2a 2502 121.50 4.86 2677 31.00 1.95
1% 2b 2536 25.87 1.02 2664 51.38 1.09
1% 2c 2513 67.16 2.67 2652 29.00 1.23
1 % 3a 1139 20.66 1.81 1043 51.87 4.97
1 % 3b 1126 35.09 3.16 1027 22.03 2.15
1 % 3c 1195 10.00 0.84 1053 16.92 1.61
1.5% 1a 2974 155.24 5.22 2846 43.78 1.54
1.5% 1b 3167 48.18 1.52 2720 27.40 1.01
1.5% 1c 3052 84.69 2.77 2853 15.31 0.54
2% 1a 1683 62.18 3.69 1717 29.4 1.71
2% 1 b 1825 75.80 4.15 1635 5.69 0.35
2% 1c 1761 36.59 2.08 1616 4.73 0.29
2% 2a 2477 73.50 2.97 2683 32.87 1.23
2% 2b 2432 60.32 2.48 2574 29.46 1.14
2% 2c 2513 146.45 5.83 2733 17.62 0.64
2% 3a 2376 66.94 2.82 2138 23.59 1.10
2% 3b 2304 103.04 4.47 2246 41.24 1.81
2% 3c 2428 25.89 1.07 2134 38.55 1.81

Table 2. Reproducibility within a single sample for Carr-Price (CP) and LC determinations

Sample

CP LC

lU/qt SD CV, % lU/qt SD CV, %

Skim 1 2113 53.50 2.53 2143 38.02 1.77
Skim 2 1877 13.01 0.69 1742 28.53 1.64
1% 1 2889 80.09 2.78 2956 51.98 1.76
1% 2 2517 17.35 0.69 2664 12.50 0.47
1% 3 1153 36.67 3.18 1041 13.11 1.26
1,5% 1 3064 97.09 3.17 2806 74.84 2.67
2% 1 1756 71.11 4.05 1656 53.67 3.23
2% 2 2474 40.58 1.64 2663 81.30 3.05
2% 3 2369 62.27 2.63 2173 63.54 2.92

13.01 to  97.09, and C V  values ranged from  0.69 to 4.05. F or  
the L C  m ethod, S D  values ranged from  12.50 to 81.30, and 
C V  values ranged fro m  0.47 to 3.23.

These data indicate that the L C  method has greater repro
ducibility than the Carr-Price method. The range o f deviation 
is much less fo r the L C  method: less than h a lf o f that found  
by the C arr-P rice  m ethod fo r analysis precision and three- 
fourths o f the C arr-P rice  range fo r sample precision. The  
coefficient o f  variation  range is about 1% less fo r the L C  
m ethod than that found fo r the Carr-Price in both analysis 
and sample precision.

M ethod Comparison

Because the L C  m ethod com pared w ell w ith  the C arr-Price  
m ethod in precision, it was necessary only to com pare results 
o f both the C arr-P rice and L C  methods to judge the latter 
acceptable. The average values o f each m ethod w ere com 
pared by d ivid ing each L C  value by the C arr-Price value. I f  
the methods w ere equal, an ideal value o f one w ould result.

The actual values ranged from  0.903 to 1.076 (Table 3) w ith  
an average value o f 0.975, standard deviation o f 0 .067, and 
coefficient o f  variation  o f 6 .90% . W ith  less than 7%  variation  
in results found betw een the m ethods, the L C  procedure is 
considered com parable to the C arr-Price procedure.

Table 3. Comparison of LC analysis with Carr-Price analysis

Sample LC, lU/qt CP, lU/qt LC/CP

Skim 1 2143 2113 1.014
Skim 2 1742 1877 0.928
1% 1 2956 2889 1.023
1% 2 2664 2517 1.058
1% 3 1041 1153 0.903
1.5% 1 2806 3064 0.916
2% 1 1656 1756 0.943
2% 2 2663 2474 1.076
2% 3 2173 2369 0.917

X = 0.975
SD = 0.067
CV = 6.90%
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

Gas Chromatographic Determination of Picloram in Fish
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A simple method for determining picloram in fish is described. The 
sample is homogenized with ethyl acetate, acidified with IN HC1, and 
extracted twice more with ethyl acetate. Ethyl acetate fractions are 
pooled, derivatized with diazomethane, cleaned up by column chro
matography, and analyzed by electron capture gas chromatography. 
Rainbow trout exposed to 14C-picloram were used to evaluate the effi
ciency of 2 methods of extraction and to provide data on the rate of 
uptake and the bioconcentration factor. The detection limit for this 
method is 5 ng/g, using a 4 g sample.

Picloram  (4-am ino-3,5 ,6-trich loropico lin ic  acid) is a w idely  
used herbicide, effective in  the control o f many broadleaved  
weeds and w oody plants (1). I t  degrades slowly in soils and 
w ater and is m obile in the soil environm ent because o f its 
high w ater solubility  (1). Thus, it has the potential to contam 
inate aquatic systems.

M ethods reported in the literature fo r determ ining picloram  
and o ther acidic herbicides are tim e consuming and subject 
to low  recoveries (2, 3). Questions have arisen concerning 
the severity o f extraction  conditions required to obtain sat
isfactory recoveries (3). Recoveries reported from  experi
ments involving  fortified  biological substrates are not as con
clusive as w o rk  done on substrates that w ere exposed to the 
chem ical under field  conditions. Absolute recovery efficien
cies determ ined by using rad iotracer techniques have not 
been reported  so far.

This study describes and evaluates a m ethod fo r determ i
nation o f p icloram  in fish, by using H C l-e th y l acetate extrac
tion , diazom ethane derivatization , F loris il m ini-colum n  
cleanup, and gas chrom atographic (G C ) determ ination.

M E T H O D

A p p a r a t u s

(a) G a s  c h r o m a to g r a p h — M od el 5700A (H ew lett-P ackard , 
A vondale, P A  19311) equipped w ith  63N i electron capture  
detector. O perating conditions: tem peratures (°C )— injection  
port 250, colum n 195, detector 300; carrier gas arg on -m eth 
ane (95 +  5); flow  rate 60 m L /m in .

(b) G C  c o lu m n .— 1.8 m  x  3 m m  glass, packed w ith  2%  
S E -30 +  3%  Q F-1  on 80 -1 0 0  mesh Chrom osorb W -H M D S .

(c) E x tra c t io n  a p p a r a t u s .— Polytron P T-10 (B rinkm ann  
Instrum ents In c ., W estbury , N Y  11590).

(d) S a m p le  c o m b u s t io n .— Packard M odel 306 oxid izer for 
determ ination  o f ,4C -content o f fish by d irect oxidation to 
14C 0 2. E vo lved  C 0 2 was collected in C 0 2-M -M e t  (Am ersham  
C o rp ., A rlington  H eights, IL  60005) and diluted w ith  PCS  
scintillation fluor (A m ersham ).

(e) L iq u id  sc in tilla t ion  cou n tin g  (L S C ) a p p a r a tu s .— B eck
man 7500. Quench corrections w ere made by use o f an inter
nal standard ratios m ethod.

R e a g e n t s

U se pesticide grade solvents and reagent grade chemicals. 
Wash w ater w ith  hexane before use.

Received March 5, 1984. Accepted July 27, 1984.

(a) S o d i u m  s u l f a t e .— Anhydrous (F isher Scientific C o .). 
H eat 12 h at 600°C and store in glass containers.

(b) D i a z o m e t h a n e  r e a g e n t  in  e t h y l  e t h e r .— Prepare from  
D iazald®  (A ldrich  Chem ical C o ., M ilw au kee , W I  53233) 
according to instructions included w ith  reagent. D iazom eth
ane concentration is ca 12m g/m L.

(c) A c i d i f i e d  w a t e r .— Prepare by adding 20 m L  concen
trated HC1 to 1 L  hexane-washed, distilled w ater.

(d) P i c l o r a m  s t a n d a r d . — 9 9  +  %  pure (U .S . Environm ental 
Protection A gency, Research Triangle Park, N C  27711).

(e) ]4C - P i c l o r a m .— U n ifo rm ly  ring-labeled, activ ity  1676 
DPM /(xg. Obtained from  A . Sm ith, Agriculture Canada, Regina, 
Sask. N o te: Standard (e) was 104% o f Standard (d).

(f) F l o r i s i l .— (Flo rid in  C o ., B erkeley Springs, W V  25411). 
Prepare by heating 12 h at 450°C. D eactivate  by adding 5 m L  
w ater to  95 g activated F loris il. M ix  w ell by tum bling before 
use.

Fortification of Fish

M easured quantities o f a solution o f picloram  in acetone 
w ere added to 4 g portions o f ground whitefish in 25 x  150 
m m  test tubes, to final concentrations o f 0.01, 0.025, 0.10, 
0.25 |xg/g (w et w t). Acetone was allow ed to evaporate at room  
tem perature and tubes w ere refrigerated until required for 
analysis.

Extraction

T w o  d ifferent extraction procedures w ere compared:
( 1 )  P o ly t r o n  e x t r a c t i o n  w ith  a c id i f i c a t i o n :  Accurately weigh 

4 g fish sample into 25 x  150 m m  test tube. Add 20 m L  ethyl 
acetate and hom ogenize w ith  Po lytron  blender 30 s. Add 5 
m L  I N  HC1, vo rtex -m ix , centrifuge, and transfer organic 
layer to round-bottom  flask w ith  Pasteur pipet. Repeat 
extraction  o f acidic residue w ith  2 m ore 20 m L  portions o f 
ethyl acetate, vortex-m ix ing  and centrifuging each tim e. Pool 
all ethyl acetate extracts and concentrate on ro tary evapo
rator to volum e suitable fo r derivatization.

( 2 )  P o l y t r o n  e x t r a c t i o n  w it h o u t  a c i d i f i c a t i o n :  U se same as 
procedure ( 1 )  but w ithout addition o f I N  HC1.

Derivatization
Take 1.0 m L  aliquot o f extract from  extraction step, and 

place in 5 m L  volum etric  flask w ith  2 boiling granules and 0.1 
m L  m ethanol. A dd  1 m L  diazom ethane solution. L e t stand 1
h. Place in boiling w ater bath to decompose unreacted dia
zom ethane and :o reduce volum e o f solvent. T ake  jus t to 
dryness under gentle stream o f n itrogen. Dissolve derivatized  
extract in ca 1 m L  toluene fo r cleanup.

N o te : D iazom ethane is tox ic , can cause specific sensitivity, 
and is potentially  explosive. Prepare diazom ethane reagent, 
m ethylate , and evaporate in fum e hood, taking care to avoid  
contact w ith  skin. A vo id  ground glass jo in ts , etched or 
scratched glassware, and sharp edges. Store diazom ethane  
solutions in a freezer; do not expose to d irect sunlight or 
strong artific ial light.



60 RIEGER ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 1, 1985)

Table 1. Recovery of 14C-activity from fish exposed to picloram 
(0.93 pg/mL), using ethyl acetate/Polytron with and without acidification 

with 1N HCI

Recovery,3 %
Exposure

time, h With acidification_______ Without acidification

1 95.4 84.6
1 88.4 81.1
6 97.4 83.3

12 98.0 —
24 96.7 —
96 94.3 —

Mean % rec.“ 95 ± 3.52 83 ± 1.77

“One analysis at each exposure time.
“Where0/» recovery = (activity (DPM) in extract x 100)/(total activity 
(DPM) extract + residue)

Table 2. Picloram concentration vs exposure time

Time, h
Picloram concn, 

M-g/g wet“
Bioconcn factor 

(BCF)6

1 0.14 0.14
6 0.10 0.10

12 0.12 0.13
24 0.11 0.11
96 0.14 0.15

“Mean of 3 samples at each time for 1,6, 12, and 24 h; 
mean of 2 samples for 96 h.

“BCF = activity DPM/g fish/activity DPM/mL water.

Table 3. Recovery of picloram added to whitefish tissue (and 
subjected to entire analytical procedure)

Fortification level, |o.g/g Mean recovery,“ %

0.01 103 ± 13%
0.025 98 ± 8%
0.10 98 ± 10%
0.25 98 ± 5%

“Mean of 3 analyses at each concentration ± SD.

Column Cleanup

Prepare m in i-co lum n by plugging Pasteur pipet w ith  glass 
w ool and adding 1.0 g  5%  deactivated F lo ris il, tapping column  
gently to settle adsorbent. Prewash column w ith  10 m L  to l
uene. L e t solvent drain just to top o f adsorbent. Q uantita
tive ly  transfer to the column the concentrated, derivatized  
extract w ith  three 1 m L  rinsings o f toluene. E lu te  column  
w ith  additional 7 m L  toluene. Discard this fraction. E lute  
colum n w ith  10 m L  ethyl acetate. E th y l acetate fraction con
tains m ethyl ester derivative o f picloram . Concentrate on 
ro tary evaporator and analyze by electron capture gas chro
m atography.

Recovery Studies

Exposure o f  F ish  to *C-Picloram

R ainbow  trout ( S a l m o  g a i r d n e r i )  (1 .5 -4 .5  g) w ere placed 
in a 20 L  aquarium  containing 15 L  dechlorinated city tap 
w ater. A fte r an adaptation period o f 2 h, 4 control fish were  
rem oved and l4C -pic loram  was added to give a concentration  
o f 0.93 p,g/mL and an activ ity  o f 1118 D P M /m L  (measured  
by L S C ). F o u r fish each w ere rem oved at 1 , 6 ,  12, 24, and 96 
h post-treatm ent, carefully  rinsed w ith  w ater, and stored in 
glass vials at - 2 0 ° C  until required fo r analysis.

The extraction  procedures w ere compared by extracting  
fish exposed to l4C -p ic loram  as described, then measuring 
14C -rad ioactiv ity  in the extracts and residues.

Recoveries ranged from  88.4 to 96.7% .

M easurement o f  l4C-Radioactivity

Count extracts containing l4C  by diluting w ith  P C S -x y le n e  
(2 +  1) and counting by L S C . Com bust aliquot o f extracted  
fish (ca 200 mg air-dried m aterial) on Packard 306 o xid izer. 
Collect 14C 0 2 and count by L S C .

Results and Discussion
Tab le 1 presents a com parison o f the efficiency o f the 2 

extraction procedures studied. The data w ere exam ined sta
tistically using a difference o f means test (4). The acidification  
step increased recovery from  83 to 95% , significant at P  =  
0.01. This  is expected on the basis o f the enhancem ent o f  
picloram  solubility in ethyl acetate at high acidity (1). The  
data also show that extraction efficiency remains high w ith  
fish exposed to picloram  up to 96 h, which indicates that the 
com bination o f IN  H C I and ethyl acetate is sufficiently strong 
to release any p icloram  incorporated into the fish tissue by 
m etabolic ac tiv ity .

Tab le 2 presents data on the uptake o f picloram  as a func
tion o f exposure tim e. N o  significant increase in picloram  
concentration was seen during the time interval studied, which 
suggests that the p icloram  level in rainbow  trout fry  reaches 
a steady state in less than 1 h, at a picloram  concentration o f  
1 ppm in w ater. The bioconcentration factor (B C F ) data  
included in Tab le  2 (m ean result 0 .13) was calculated to give 
an estim ate o f the tendency o f picloram  to accum ulate in 
rainbow  trout fry . A  B C F  o f 0.02 fo r p icloram  has been 
reported (1), but no details on the picloram  concentration in 
the w ater, the exposure tim e, or the analysis procedure were  
given. The equilibrium  B C F  predicted from  the w ater solu
b ility  o f p icloram  using the equations o f Kenaga (5) is 0.60.

Table 3 sum marizes the recovery (98 -103% ) o f different 
levels o f p icloram  added to whitefish tissue and taken through  
the entire analytical procedure. The data indicate that the 
overall recovery rem ains constant, w hile the standard devia
tion is highest at the lowest concentration. This is partly  
because the lowest concentration level requires G C  condi
tions that do not a llow  the recorder trace to return to baseline 
before the m ethyl ester o f picloram  elutes, which makes the 
peaks m ore d ifficu lt to measure accurately. The chrom ato
grams shown in Figure 1 were obtained from  whitefish extracts 
taken through the entire procedure. Pike and pickerel extracts  
w ere exam ined also and showed no interfering peaks. N o  
other com pounds w ere analyzed by this m ethod, but the lack  
o f extraneous peaks indicates the possibility that this method  
could be extended to acidic herbicides as a class.

Detection Limit

F o r the equivalent o f 1.0 g fish derivatized , cleaned up, 
diluted to 2 .0  m L , and injection o f 2 p,L, the G C  conditions 
used resulted in a sensitivity o f 1.0 ng/g per mm peak height. 
Using a m inim um  detectable peak height o f 5 m m , the detec
tion lim it was 5 ng/g. Using the definition, m inim um  detect
able peak height equals tw ice the recorder trace noise level, 
the detection lim it becomes 1 ng/g. Figure 1 includes a chro
m atogram  o f a sample that was fortified at 0.01 p.g/g to dem 
onstrate these detection lim its.

In  conclusion, the analysis described was quick, simple, 
and sensitive. In  addition, the rad io-tracer study showed that 
the extraction step was efficient when dealing with fish actually 
exposed to p icloram .
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Figure 1. GC (EC detector) chromatograms of standard picloram solution, whitefish, and whitefish fortified with 0.10 pg/g of picloram, ail subjected
to entire analytical procedure.
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Determination of Phosphine: Comparison of Rates of Desorption by Purge-and-Trap Method 
and by Sulfuric Acid Treatment

TALAT SAEED and ROHI ABU-TABANJA
K u w a i t  I n s t i t u t e  f o r  S c i e n t i f i c  R e s e a r c h ,  P O  B o x  2 4 8 8 5 ,  S a f a t ,  K u w a i t

Two methods were compared for quantitative determination of phos
phine present on fumigated food and materials. The rate of desorption 
of PH3 by using a purge-and-trap method was shown to be much slower 
when compared with sulfuric acid treatment and was also simpler. 
Application of the modified sulfuric acid treatment for real samples is 
described.

Phosphine has been w idely  used fo r years as a fum igant for 
disinfecting cereals and other stored food m aterials (1). The  
colorless gas is inflam m able and highly toxic. I t  is produced  
in situ by the slow action o f atm ospheric and grain moisture 
on preparations that contain alum inum  phosphide (A1P) and 
other ingredients that lim it the rate o f reaction and suppress 
com bustion. Because the gas is toxic  at lo w  levels (2), it is 
necessary to m onitor any residual gas in the fum igated m ate
rials.

Received May 21, 1984. Accepted August 27, 1984.

D eterm ination  o f phosphine has been the subject o f many 
studies; chem ical and colorim etric methods (3 -1 1 ) have been 
used. V insjansen and Thrane (12), how ever, found that these 
methods lacked the desired sensitivity, specificity, and adapt
ab ility . On the other hand, gas chrom atographic methods 
(G C ) (13 -1 7 ) w ere faster and m ore reliable at low  concentra
tions o f P H 3. Dum as (14) found that by using an N -P -sp ec ific  
detector, 0.005 mg P H 3/L  could be detected. O ther workers  
reported  that the flam e photom etric detector was m ore sen
sitive and also gave rapid linear response and better reprodu
cib ility  (15).

Dum as also (17) studied the purge-and-trap m ethod for 
phosphine determ ination; amounts as low  as 0.01 ng/sample 
could be determ ined quickly  w ith  reasonable accuracy. Sorp
tion and desorption o f P H 3 at d ifferent tem peratures and as 
a function o f tim e (18) w ere also studied by this author. 
N o w ic k i (19) investigated a d ifferent approach: The fum i-
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gated w heat samples w ere refluxed w ith  sulfuric acid, and 
the released phosphine was determ ined by G C  w ith  flame 

photom etric detection.
In  this paper, w e present the results o f a study o f both the 

purge-and-trap m ethod and sulfuric acid treatm ent; these 
methods w ere com pared fo r the ir accuracy, re liab ility , and 

efficiency.

Experim ental

Sampling

Samples, provided by the M in istry  o f Public H ealth , K uw ait, 
w ere fum igated w ith  20 g P H 3/ton  and w ere aerated fo r var
ious durations.

Preparation o f  Standards (19)

W eigh 3 mg Phostoxin tablet (Degesch, Frankfurt-on-M ain, 
W est G erm any) in folded filter paper and place inside 1 L  
flask that has been purged w ith  nitrogen. Phosphine is a highly 
toxic gas and makes an explosive m ixture w ith  air when  
present at 1.79%  v N .  Therefore , a ir should be rem oved by 
purging w ith  N 2, and phosphine should be contained in tightly  
stoppered, th ick-w alled  flask and handled inside a fum e hood.

A dd lO m L  10% H 2S 0 4to decompose alum inum  phosphide. 
A fte r 2 h, rem ove appropriate volum e o f headspace gas w ith  
gas-tight syringe and dilute in  glass gas sampling vessel filled 
w ith  nitrogen. D erive  final concentration o f standard by the 
fact that 3 mg pure Phostoxin yields 1 mg phosphine on 
com plete decom position.

Sulfuric A cid Treatment

The sulfuric acid treatm ent m ethod fo r liberation o f phos
phine was simplified: T ransfer 10-20  g sample to th ick-w alled  
flask filled w ith  nitrogen. A dd  10 m L  10% H 2S 0 4 and tightly  
close flask w ith  a rubber stopper containing septum. H ea t  
flask to 60°C for ca 2 h. Im m erse flask in cold w ater to 
condense w ater vapors, observing previously mentioned safety 
precautions. F or analysis, use gas-tight syringe to rem ove  
sample from  headspace gas through septum and inject directly 
into gas chrom atograph.

Purge-and-Trap System

The purge and trap  system described by Dum as (17) was 
m odified (Figure 1): Sam pling vessel, w ith  screw caps, is 
connected to  gas flow  from  injection port v ia  stainless steel 
capillary  tubing. V o lum e o f sampling vessel is ca 450 m L . 
Sam ple vessel outlet is connected to column via stainless 
steel capillary  tubing. C olum n, w hen used as a trap, is cooled  
in d ry ice contained in styrofoam  box. E ffluent end o f column  
is connected to flame photom etric detector.

Place sample (2 0 -5 0  g ) inside vessel and purge nitrogen  
through it at 40 m L /m in  fo r appropriate length o f tim e (0.5— 
1 h). A fte r purging analyze trapped phosphine by gas chro
m atography after rem oving dry ice and resuming normal 
chrom atographic process.

Determination

Q uantitate  com pound by using external standard method. 
Check detector response fo r linearity  in the range 50 p g -10  
ng, using fo r samples external standards o f sim ilar concen
tration range. Q uantitative results showed good reproduci
b ility  and accuracy (Tab le  1).

U se gas chrom atograph equipped w ith  flame photom etric  
detector and autom ated data calculation and integration. 
O ptim ize  detector response by adjusting flow o f flam e gases. 
U n d e r these conditions 30 pg phosphine produced reasonable

Figure 1. Purge-and-trap system for phosphine: (1) injection port; (2) 
connecting tube; (3) sampling vessel; (4) connecting tube; (5) column;

(6 ) dry ice box; (7) FPD; (8 ) GC oven.

Table 1. Reproducibility and accuracy of PH3 determinations, using 
external standard method

Amt injected, pg
No. of 
detns SD(%)

50 3 1.15
100 5 3.13
200 3 3.96

response (S /N  =  17). A lthough detection lim its o f 20 pg (20) 
and 5 pg (15) have been mentioned in the literature, no attempts 
w ere made to match these values.

Results and Discussion

Purge and  On-Column Trap System

The purge-and-trap system suggested by Dum as (17) used 
tw o , 3-w ay switching valves that are placed inside the G C  
oven and therefore should be high tem perature-to lerant. P H 3 
from  the samples was trapped on short traps filled w ith  Chro- 
mosorb 102. A  30 m in purge tim e was considered enough at 
a 40 m L  N 2/m in  purge rate. The m odification we introduced  
into the system elim inates the switching valves. M oreo ver, 
the colum n itse lf was used as the trap. U n d er the given  
conditions, the retention  tim e o f P H 3 on Chrom osorb 102 at 
dry ice tem perature and 40 m L  N 2/m in  flow  rate was more  
than 90 min.

F igure 2 shows the recovery o f P H 3 after purging 30 m in  
R ecovery efficiency o f the system was quite satisfactory (90— 
95% ), and we found that for an empty sampling vessel (approx, 
vol. 450 m L ), a 30 m in purge tim e was enough to rem ove all 
P H 3. The efficient recovery also reflected on the trapping, 
and it indicated the absence o f any active absorbing sites fo r  
P H 3 in the system.
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Figure 2. Gas chromatograms showing recovery efficiency of purge- 
and-trap system for PH3: A, direct injection of 100 pg PH3; B, purge-and- 
trap analysis of 100 pg PH3; see E xperim en tal for chromatographic con

ditions.

Table 2. Comparison of results obtained by purge-and-trap method 
and H2 SO4 treatment (ng/kg)a

Sample
Aeration 
time, h Purge-and-trap

H2SO4
treatment

Apricots 2 ND6 1660
Figs (loose) 2 130 200
Beans 2 740 101 000
Walnuts 2 7000 45 800
Apricot pulp 48 12 36 000
Dates 30° ND 100

“Average of 5 determinations for each sample. 
“ND = not detected (less than 1 ng/kg).
“Days.

A

Figure 3. Chromatograms showing efficiency of purging of fumigated 
bean sample: A, PH3 collected after 1 h purge; B, after additional 1 h; C, 
additional 1 h; D, additional 1.5 h; see E xperim en tal for chromatographic 

conditions.

Analysis o f  Fum igated Samples

A fte r w e  established the recovery and overall efficiency o f 
the system , actual samples w ere analyzed. W eighed samples 
w ere placed inside the sampling vessel and w ere purged 1 h 
to  ensure com plete rem oval o f  P H 3, w hich was then analyzed  
and quantitated.

To  check fo r complete rem oval o f P H 3, samples were purged 
and analyzed tw ice m ore (F igure 3). The first hour o f purging 
did not rem ove all P H 3; in  fact, the second hour o f purging 
released m ore P H 3 than the first. Purging was continued and 
still m ore P H 3 was released. These results are com pletely  
contrary to the findings o f Dum as (17), w here 30 m in o f 
purging was considered enough to rem ove all P H 3. In  our 
experience, some P H 3 was still le ft and could be recovered  
after purging 6 h. S im ilar results w ere obtained for other 
samples.

Sulfuric A cid Treatment

The o ther approach studied fo r P H 3 analysis was that sug
gested by N o w ic k i (19). The original system was simplified  
to enable us to  prepare a larger num ber o f samples simulta
neously. P H 3, released as a result o f  H 2S 0 4 treatm ent, was 
left in the flask instead o f being transferred to another evac
uated flask. Instead o f boiling the sample 30 m in  w ith  H 2S 0 4,

w e heated it to 60°C fo r about 2 h. Excessive pressure was 
reduced by condensing w a te r vapors in the flask w ith  cold 
w ater. This m odified approach was used to analyze the sam
ples by the purge-and-trap m ethod. Table 2 lists the results 
o f these analyses and those obtained by the purge-and-trap  
m ethod. F o r purge-and-trap analysis, an average 1 h purge 
was used. T he  table clearly shows the significantly different 
results obtained b y  these 2 techniques. In  some cases, the 
difference was 2 orders o f magnitude and m ore.

Tab le  3 shows the com parison o f rate o f desorption o f P H 3 
from  the sample. F o r the purge-and-trap m ethod, the rate o f 
desorption increases w ith  increasing tim e. The m axim um  is 
not reached even a fter purging 4 h. In  the sulfuric acid treat
m ent, on the other hand, the m axim um  is reached after 
approxim ately  1.5 h and then rem ains steady.

One possible explanation fo r high values o f P H 3 obtained  
by H 2S 0 4 treatm ent is the presence o f A1P dust on the sam ple, 
w hich is decomposed by H 2S 0 4 to give P H 3. In  the purge- 
and-trap m ethod, A1P dust does not decompose during purg
ing w ith  d ry N 2; how ever, from  our experience, purging o f 
P H 3 is not com plete in a reasonable tim e fo r the given con
centration ranges. Thus, fo r determ ination o f P H 3 adsorbed 
on fum igated m aterials, the sulfuric acid treatm ent appears 
to be faster and sim pler than the purge-and-trap m ethod, 
under the conditions described above.
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Table 3. Comparison cf amount of PH3 desorbed (ng/kg) as a function 
of time

Time, h Purge-and-trap H2SO4 method

0.5 210 48 000
1.0 740 78 000
1.5 1605 101 000
2.0 21 560 99 927
3.0 35 627 98 203
4.0 64 983 98 294
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The Luke et al. Method for Determining Multipesticide Residues in Fruits and Vegetables: 
Collaborative Study

LEON D. SAWYER
F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  2 4 0  H e n n e p i n  A v e ,  M i n n e a p o l i s ,  M N  5 5 4 0 1

C ollaborators: L . J. Carson; J. L . D a ft; G . M . Doose; M . K . Hennessy; M . T. Jeffus: D . E . Johnson; R . R . Laski; G . A . 
M ille r ;  D . N o rth ; P. M . W ard

Ten laboratories analyzed unfortified and fortified samples of lettuce, 
tomatoes, and strawberries for organochiorine and organophosphorus 
pesticides by applicable portions of the comprehensive multipesticide 
method of Luke et al. The 3 crops were fortified with 6 pesticides, 
a-BHC, dieldrin, chlorpyrifos, acephate, omethoate, and monocroto- 
phos, each at 3 levels per crop. Included in the 54 fortifications were 
16 pairs of blind duplicates: same pesticide, crop, and level. Recoveries 
were calculated by area comparisons with known reference materials, 
using the responses obtained from 2 separate element-specific gas chro
matographic (GC) systems. The organochiorine pesticides were chro
matographed on a methyl silicone column and detected with a Hall 
700A electrolytic conductivity detector, and the organophosphorus 
pesticides were determined with a flame photometric detector after 
being chromatographed on a specified DECS column material. Chlor
pyrifos was quantitated on both GC systems. Mean recoveries ranged 
from 82.6% for acephate fortified at 0.5000 ppm in strawberries to 
118.1% for 0.0636 ppm fortification of chlorpyrifos in lettuce. Inter
laboratory coefficients of variation ranged from 4.0% for 0.6360 ppm 
fortification of chlorpyrifos in tomatoes to 17.8% for the 0.0636 ppm 
chlorpyrifos level in lettuce. The procedure features essentially no 
cleanup before GC and proved comparable to existing muitiresidue 
methods for pesticides of the class types studied, as evidenced by the 
intra- and interlaboratory measurements of precision and recoveries 
obtained. The method with the 2 GC systems has been adopted official 
first action.

In  1975, L u k e  et al. (1) proposed an approach to the m ulti
residue analysis o f fresh fru its and vegetables w hich was

This report of the Associate Referee was presented at the 97th Annual 
International Meeting of the AOAC, Oct. 3-6, 1983, at Washington, DC.

The recommendation of the Associate Referee was approved by the General 
Referee and Committee E and was adopted by the Association. See the General 
Referee and Committee reports. 7. Arroc. O ff. A n a l.  C hem . (1985) 68, March 
issue.

Submitted for publication May 5, 1984.

designed to elim inate or m inim ize cleanup steps, com mon to 
m ultiresidue methods that use gas chrom atography (G C ) for 
the determ inative step. The advantages o f this approach are 
increased analytical efficiency by decreasing the time for 
sample w orkup  and increased recoverability  fo r practically  
all classes o f organic pesticide chemicals. The lim iting  factor 
o f this approach is the availab ility  of, or com patibility  o f the 
sample extract to, the chrom atographic system(s) used in the 
determ inative step(s). This lim itation  prevented initia l gen
eral acceptance o f the approach fo r organochiorine residues 
because a F loris il cleanup step was essential before using the 
electron capture (E C ) detector, w hich negated any real tim e  
saving from  the established M ills  et al. (2) procedure. In  
addition, residues o f the more polar organophosphorus and 
some organonitrogen pesticides could be isolated by other 
m ultiresidue procedures (3, 4) that yielded a cleaner sample 
extract to chromatograph. The chromatography o f these more 
polar pesticides, regardless o f the methods used for their 
isolation, was difficult because a reliable column packing  
m aterial was not available which routinely reproduced desir
able chrom atographic characteristics. The d irtie r extracts 
obtained from  the L uke  et al. approach tended to magnify 
these chrom atographic problems.

In  1981, L u ke  et al. (5) modified their method by substi
tuting a halogen-selective H a ll 700A  electrolytic conductivity  
detector (H E C D ) fo r the E C  detector, which allowed elim i
nation o f the F loris il cleanup step w ithout sacrificing sensi
tiv ity . T h ey  also studied the chrom atography o f the polar 
compounds and com piled a retention list, relative to para- 
thion, o f  over 80 organophosphorus compounds obtained  
w ith  a com m ercially available D E G S  column packing. Sub
sequent inter- and intralaboratory trials in Food and D rug  
Adm inistration  (F D A ) laboratories dem onstrated that reten
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tion values sim ilar to those published could be reproduced  
w ith in  an approxim ate 10% range w ith  d ifferent lots o f the 
D E G S  m aterial obtained from  the same com m ercial supplier. 
Both the retention  data and the H E C D  m odification have 
been incorporated  in recent revisions o f the P e s t i c i d e  A n a 

ly t i c a l  M a n u a l  (P A M ) (6).
The com prehensive analytical approach proposed by L uke  

et al. (5) w ou ld  invo lve  up to 8 d ifferent colum n/detector 
com binations per sam ple, and ideally this would provide the 
capability to  detect, quantitate, and confirm  the presence o f  
most organochlorine, -phosphorus, -sulfur, -nitrogen, and 
other miscellaneous pesticide types. This collaborative study 
addressed only the chlorine- and phosphorus-containing classes 
and used one separate colum n/detector com bination fo r each 
class. T he  purposes o f the study w ere ( 1 )  to com pare the 
in terlaboratory perform ance o f the L u k e  et al. approach to  
the existing offic ial m ultiresidue methods (7); and ( 2 )  to p ro 
vide a base from  which this comprehensive analytical approach 
can be expanded in the future.

Collaborative Study
The study required the collaborators to analyze a tota l o f 

12 samples consisting o f 1 unfortified  and 3 fortified  portions 
each o f lettuce, tom atoes, and strawberries by the L uke  et 
al. (5) m ethod as m odified fo r inclusion in the P A M  (6). A  
copy o f the m ethod along w ith  perform ance criteria  o f the 2 
required G C  systems as they appear in the P A M  w ere sup
plied. In d iv idu al 100 g samples prepared from  com m ercially  
available fresh produce w ere supplied in screw-top, 4 oz glass 
ja rs . Samples w ere  prepared by chopping ca 20 lb produce in 
a 40 qt cu tter/m ixer, fo llow ed  by interm ittent blending o f the 
resultant slurry during weighing to m in im ize m oisture sepa
ration. F ortified  portions w ere prepared by pipetting 1 m L  
acetone solution, containing know n concentrations o f the 6 
pesticide chem icals studied, d irectly  into the weighed prod
uct. U n fo rtified  portions w ere  treated identically w ith  1 m L  
acetone only. The sample jars  w ere then closed w ith  fo il- 
lined screw caps, and the samples w ere frozen.

Before starting the study, collaborators w ere required to 
order D E G S  colum n packing m aterial and pesticide reference  
standards fro m  specified sources. T he  colum n m aterial (2%  
stabilized D E G S  on 80 -1 0 0  mesh Chrom osorb W  A W ) source 
was Analabs In c ., 80 Republic D r , N o rth  H aven , C T  06473. 
The source fo r the reference standards was the E nvironm en
tal Protection  A gency through N o rth ru p  Services In c ., PO  
B ox 12313, Research Triang le Park, N C  27709, and included  
a -B H C , d ieldrin , chlorpyrifos, acephate, om ethoate, and 
m onocrotophos.

The chrom atographic system required fo r the organochlo
rine determ inations consisted o f a m ethyl silicone (e .g ., O V -
101) colum n and a H a ll 700A  E C  detector operated in the 
halogen-selective m ode. Both systems w ere to be operated  
at conditions that w ou ld  closely duplicate the retention data  
published in  T ab le  331-A  o f the P A M  (6). F o r the organo- 
phosphorus determ inations, a 4 f t  x  2 m m  glass column  
packed w ith  the special o rder 2%  D E G S  m aterial was spec
ified as was the use o f a phosphorus-selective flame photo
m etric detector (F P D ). B oth  systems w ere to be operated at 
a sensitivity that w ould  produce ca 50%  recorder response 
fo r 1.5 ng chlorpyrifos. In  addition, the F P D  system was 
expected to produce ca 50%  recorder response fo r 6 ng m on
ocrotophos. Each  system was to be m onitored at least tw ice  
daily w ith  a m ixed standard to check colum n/detector per
form ance. Com pounds suggested fo r checking chrom ato
graphic perform ance w ere chlorpyrifos, d ieldrin , and p , p ' -  

D D T  fo r the m ethyl s ilico n e /H E C D  system and m etham ido-

phos, chlorpyrifos, and monocrotophos fo r the D E G S /F P D  
system. Collaborators w ere expected to take corrective action 
i f  perform ance deteriorated.

A ll standard solutions, those used fo r perform ance checks 
as w e ll as those used fo r quantitation , w ere to be prepared in 
acetone suitable fo r pesticide residue determ ination and w ere  
to be refrigerated w hen lengthy storage periods (including  
overnight) w ere anticipated. E quilib ration  o f the solution for 
ca 1 h at room  tem perature was specified before use for 
quantitation. T he  concentration o f each ind ividual w orking  
standard was to be prepared such that a 3 -4  |xL injection  
w ould  produce a 3 0 -7 0 %  recorder response on properly  func
tioning G C  systems.

Before proceeding w ith  the recovery  determ inations, the 
collaborators w ere instructed to  concurrently analyze the 
unfortified  portions fro m  each com m odity. This step was to 
allow  fam iliarization  w ith  the m ethod, to ensure that the 
instructions and the requirem ents o f the study w ere clearly  
stated, and to check the perform ance o f the chrom atographic  
systems w ith  sample extracts. In it ia l sample injections w ere  
to be equivalent to ca 12 mg sample w eight and all identifiable  
residues w ere to be quantitated. A ll unidentifiable chrom ato
graphic responses obtained, using the 2 specified G C  systems, 
w ere to be reported  by retention  tim e re la tive  to chlorpyrifos. 
A fte r satisfactory com pletion o f this step, collaborators w ere  
instructed to  continue the study b y  concurrently analyzing  
the 3 fortified  portions o f a single com m odity. A ll  analytical 
steps, including calculations, w ere to be com pleted before  
proceeding w ith  the next com m odity. I t  was specified that 
chlorpyrifos be determ ined on both G C  systems.

A ll analyses w ere in itiated  by quantitatively  transferring  
each 100 g sample portion  to a b lender ja r  w ith  the aid o f 200 
m L  acetone extracting solvent. A ll final sample dilutions w ere  
measured accurately in e ither volum etric  flasks or graduated  
conical tubes that w ere calibrated w ith  acetone delivered  
from  a buret. In  the la tte r case, the calibrated volumes had 
to be used to obtain the sample w eight/volum e relationship. 
Collaborators w ere required to use peak area com parison fo r  
quantitation. A reas o f the fortified  residue and its correspond
ing reference standard w ere to be w ith in  ±  25%  o f each other. 
The use o f electronic integration was encouraged fo r expe
diency, but any m ethod o f area determ ination could be used. 
Collaborators w ere inform ed that all area measurements would  
be verified  by the m anual m ethod proposed by Condal-Bosch
(8). T o  facilitate  obtaining the accurate m anual measurements 
that this procedure requires, it was specified that the chro
m atographic peaks be broadened by using increased recorder/ 
integrator scan speeds. M in im a  o f 1/2 in ./m in  w ere specified 
fo r strip chart recorders and 1 cm /m in  fo r electronic integra
tors.

Organochlorine and Organophosphorus Pesticide Residues 
Gas Chromatographic Method 

First Action
(A pp licab le  to nonfatty , high m oisture foods 

(< 2  g fat/100 g ).)

Principle

N o n fa tty  sample is blended w ith  acetone and filtered; pes
ticides are transferred from  aq. filtrate  to org. phase by shak
ing w ith  pet. ether and C H 2C12; a fter drying, org. phase is 
coned in presence o f pet. ether and then acetone to rem ove  
C H 2C12; a liquot o f coned org. phase is injected into various 
G C  systems fo r detn o f w ide  varie ty  o f pesticide residues.

Absence o f  cleanup steps perm its exam ination fo r residues 
o f m any chem . types, including m any that w ould not be
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recovered thru  methods requiring F loris il or charcoal column  
chrom atgc step.

R e a g e n t s  a n d  A p p a r a t u s

(a) S o l v e n t s .— Acetone, C H 2C12, pet. ether, and ethyl ether, 
distd in  glass, or equiv. (B urd ick  &  Jackson Laboratories).

(b) S o d i u m  s u l f a t e . — A n h y d ., granular.
(c) G l a s s  w o o l .—  R inse w ith  acetone and alcohol several 

times and dry. W ashed glass w ool w ill be som ewhat brittle .
(d) H i g h - s p e e d  b l e n d e r .— W aring  B lendor, or equiv.
(e) C h r o m a t o g r a p h i c  t u b e s . — W ith  Teflon stopcocks, 22 

m m  x  300 or 400 m m  long.
(f) K u d e r n a - D a n i s h  c o n c e n t r a t o r .— 500 m L  w ith  Snyder 

colum n and fitted w ith  vol. flask or graduated receiving tube. 
C alibrate  receiving tube w ith  acetone delivered from  a buret. 
U se buret corrected volum e fo r sample w t calcn.

(g) S e p a r a t o r y  f u n n e l s . — 1 L ,  w ith  Teflon  stopcocks.
(It) G a s  c h r o m a t o g r a p h .— ( 1 )  F o r  o r g a n o c h l o r i n e  r e s i 

d u e s . — Instrum ent contg any suitable m ethyl silicone col
um n, such as 2%  O V -1 0 1 , on 80 -100  mesh Chrom osorb W  
(H P ), 6 f t  x  2 m m  id glass, and H a ll 700A  H E C D  halogen- 
specific detector. C olum n, 200°; H e  carrier gas, 60 m L /m in ; 
detector 900°, H  reaction gas 60 -100  m L /m in ; «-propanol 
solv. 0.35 m L /m in ; e lectrom eter range 10 in O P R /F L T  mode; 
attenuation 5. ( 2 )  F o r  o r g a n o p h o s p h o r u s  r e s i d u e s .— Instru 
m ent w ith  colum n contg 2 %  stabilized D E G S  on 80 -100  mesh 
Chrom osorb W  (H P ), 4 ft  x  2 mm id silanized glass, and P- 
specific flam e photom etric detector (526 nm filter). Colum n  
180°; detector 200°; H e  carrier gas, 60 m L /m in . Condition  
colum n (disconnect detector) by passing carrier gas thru col
um n 0.5  h at < 8 0°. Program  tem p, at l-2 ° /m in  to 230° and 
hold overnight. Establish stable flam e at electrom eter setting 
that w ill produce 50%  fu ll scale deflection fo r 1.5 ng chlor- 
pyrifos and 6 ng m onocrotofos. I f  necessary, increase air/O  
until > 5 0 %  response. Baseline noise should be < 2 % .

(i) R e f e r e n c e  s t d  m a t e r i a l s .— B H C , d ieldrin , chlorpyrifos, 
p , p ' - D D T , acephate, om ethoate, metham idophos, and mon- 
ocrotophos (U .S . E nvironm enta l Protection Agency, Pesti
cides and Industria l Chem ical R epository, Las Vegas, N V  
89114). Prep, all stds in acetone. M i x e d  s t d s .— F o r H a ll sys
tem , std soln should contain at least chlorpyrifos, d ieldrin, 
and p ,p '-D D T . F or flame photometric detector, std soln should 
contain at least metham idophos and chlorpyrifos. D o  not use 
m ixed std solns fo r quant, o f unknowns.

(j) S t d  s o l n s .— Prep, a ll stock solns and dilns in glass-distd 
acetone. Prep. G C  std solns so 4 p,L injection causes 30 -7 0 %  
fu ll scale deflection in properly  functioning system. Sug
gested concns are given below . Check responses before 
beginning analysis o f blanks, spikes, or samples. Store all std 
solns in  tightly  stoppered containers in refrigerator. L e t equi
librate  1 h at room  tem p, before using.

C o m p d n g / p L

cx-BHC 0.1
chlorpyrifos 0.5
dieldrin 0.2
acephate 0.5
om ethoate 2.0
m onocrotophos 2.0
m etham idophos 0.2
p , p '-D D T 0.5

Preparation o f  Sample 

Chop or blend fru its and vegetables and m ix th o ro ly . W eigh  
100 g chopped or blended sample into high-speed blender ja r,

add 200 m L  acetone, and blend 2 m in at high speed. D o  n o t  

add C elite . F ilte r w ith  suction thru 12 cm  Buchner funnel 
fitted w ith  sharkskin paper. (N ote: Rinse filter paper w ith  
acetone before filtration  o f sample to rem ove artifacts that 
can interfere w ith  analysis.) Collect ext in 500 m L  suction 
flask. F iltra tio n  is norm ally com plete in <  1 m in. C ontinuation  
o f vac. fo r excessive period can reduce vol. o f ext and cause 
error in calcn.

Place 80 m L  sample ext in 1 L  sep. funnel, and add 100 
m L  pet. ether and 100 m L  C H 2C12. Shake vigorously 1 m in. 
Transfer low er aq. layer to second 1 L  sep. funnel. D ry  upper 
org. layer in first sep. funnel by passing thru ca V A  in. N a 2S 0 4 
supported on washed glass w ool in 4 in. funnel, collecting in 
500 m L  K uderna-D an ish  concentrator fitted w ith  vol. flask 
or calibrated receiving tube. T o  sep. funnel w ith  aq. phase, 
add 7 g N a C l and shake vigorously 30 s until most N a C l is 
dissolved. A d d  100 m L  C H 2C12, shake 1 m in, and d ry low er  
org. phase thru same N a 2S 0 4. E x t aq. phase w ith  addnl 100 
m L  C H 2C12, and dry as above. Rinse N a 2S 0 4 w ith  ca 50 m L  
C H 2C12. A ttach  Snyder colum n on K uderna-D anish  concen
tra tor (boiling chips m ay be added) and start evapn slowly  
by placing only  receiver tube into steam. A fte r 100-150 m L  
has evapd, concentrator may be exposed to m ore steam. 
W hen liq . level in hot concentrator tube is ca 2 m L , add 100 
m L  pet. ether thru Snyder colum n and reconc. to ca 2 m L . 
A dd  50 m L  pet. ether and repeat concn step. A dd 20 m L  
acetone and reconc. to ca 2 m L . D o  not let soln go to dryness 
during any concn step. A djust vol. o f ext to suitable definite  
vol. w ith  acetone.

C a l c u l a t i o n  o f  e q u i v a l e n t  s a m p l e  w e i g h t .— Calc, equiv. 
sample w t in final soln as follows:

mg sample equiv. =  x  80 \

|xL fina l ext 2 0 0 + W - 1 0  m L  final vol.

w here 200 =  m L  acetone blended w ith  100 g sample; W  =  
am t (m L ) H 20  present in sample; and 10 =  adjustm ent for 
w ater-aceton e  vol. contraction. Thus, when sample contains 
85%  H 20  (85 m L /100  g) and final ext vol. is 7 m L , each p,L 
contains:

1 0 0  x
80 1

200 +  8 5 - 1 0  X 7
=  4.15 mg sample eq u iv ./jjlL  fina l ext

Determination

Check that both G C  systems are w orking properly  by  
injecting m ixed std soln into each. In jec t ca 12 mg sample 
equiv. into each system. Tentatively identify any G C  responses 
on basis o f retention tim es. Q uantitate residue peak(s) by 
area com parison w ith  that obtained from  know n amt o f ref. 
m aterial(s). To  ensure valid m easurem ent o f residue am t, 
area o f peaks from  residue and ref. std should be w ith in  
± 2 . 5 % .  C a u t i o n :  R epeated injection o f sample exts which  
have had m in. cleanup can be detrim ental to G C  columns. 
Replace packing m aterial at front o f G C  columns as needed 
to m aintain  chrom atgc quality and prolong colum n life.

Results and Discussion

The 3 com m odities selected fo r the study included a leafy  
green vegetable (lettuce), a high acid fru iting  vegetable 
(tom ato), and a high sugar fru it (straw berry). Besides being 
high consum ption item s, they w ere chosen in part to dem 
onstrate the applicability  o f the procedure w ith  highly varied  
product m atrices. T he  m oisture contents o f these com m odi
ties w ere experim entally  determ ined to be 95.6, 95.3, and  
91.2% , respectively, fo r lettuce, tom atoes, and strawberries.
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Commodity No. a-BHC Dieldrin Chlorpyrifos Acephate Omethoate Monocrotophos

Lettuce 1 1.044 0.0844 0.0636 10 00 1.004 1.000
2 1.044 0.1164 0.6360 10 00 2.008 1.000
3 0.3096 0.0844 0.0636 1 000 2.008 0.3000

Tomatoes 1 0.5160 0.1688 0.6360 4 000 1.004 0.5000
2 0.3096 0.1164 0.3816 4 000 2.008 0.3000
3 1.044 0.1164 0.6360 1 000 1.004 0.5000

Strawberries 1 0.5160 0.0844 0.6360 0.5000 0.5020 0.3000
2 1.044 0.1688 0.3816 1 000 2.008 0.3000
3 1.044 0.1164 0.3816 05000 0.5020 0.5000

“Underlined values are blind duplicates.

Table 2. Collaborative results (ppm) of 3 chlorinated pesticides recovered from lettuce (3 samples) by the Luke et al. method, using methyl silicone
column GC with halogen-specific EC detection (Hall 700A)

Coll.

a-BHC Dieldrin Chlorpyrifos

1 2 3 1 2 3 1 2 3

1 0.901 0.788 0.257 0.071 0.099 0.082 0.070 0.620 0.072
2 1.22 1.16 0.377 0.079 0.134 0.093 0.075 0.701 0.066
3 1.11 1.20 0.383 0.081 0.109 0.084 0.068 0.558 0.072
4 (1.04)“ (1.83) (0.478) (0.117)6 0.133 0.112 0.089 0.699 0.080
5 1.05 1.11 0.307 0.079 0.112 0.077 0.074 0.652 0.066
6 0.989 1.04 0.279 0.076 0.107 0.076 0.068 0.649 0.054
7 1.06 1.07 0.312 0.089 0.114 0.118 0.071 0.653 0.103
8 1.02 1.07 0.367 0.084 0.116 0.090 0.070 0.769 0.084
9 0.983 0.988 0.303 0.081 0.112 0.085 0.070 0.706 0.070

10 1.22 1.15 0.361 0.094 0.138 0.108 0.077 0.884 0.084
Amt added 1.044 1.044 0.3096 0.0844 0.1164 0.0844 0.0636 0.6360 0.0636
Av. found 1.061 1.064 0.3273 0.0816 0.1174 0.0925 0.0732 0.6911 0.0751
Std dev. 0.1070 0.1224 0.0458 0.0068 0.0130 0.0150 0.0063 0.0869 0.0134
Mean % 101.6 101.9 105.6 96.7 100.9 109.6 115.1 108.7 118.1
CV, % 10.1 11.5 14.0 8.4 11.1 16.2 8.6 12.6 17.8

“Results In parentheses from Collaborator 4 (unless footnoted further) are excluded from statistical summary; standard degradation or preparation 
problem suspected.

'’Excluded by Dixon test at P  >  95%.

Table 3. Collaborative results (ppm) of 4 organophosphorus pesticides recovered from lettuce (3 samples) by the Luke et al. method, using DEGS
column GC with phosphorus-selective FPD

Coll.

Chlorpyrifos Acephate Omethoate Monocrotophos

1 2 3 1 2 3 1 2 3 1 2 3

1 0.068 0.607 0.067 8.90 9.17 0.869 1.04 2.11 2.14 1.11 1.18 0.391
2 0.076 0.760 0.080 9.13 9.80 1.04 1.22 2.10 2.01 1.28 1.22 0.380
3 0.069 0.669 0.070 10.3 9.94 1.02 1.11 2.22 2.16 1.11 1.07 0.353
4 0.085 0.787 0.076 (5.64)“ (6.58) (0.665) 0.974 1.79 1.97 1.05 1.07 0.318
5 0.072 0.688 0.060 8.95 9.34 0.922 1.02 2.08 1.97 1.02 1.04 0.255
6 0.064 0.606 0.061 8.04 8.97 0.842 0.901 2.08 1.66 0.952 1.05 0.292
7 0.068 0.672 0.075 9.14 9.26 0.840 1.07 2.23 2.02 0.967 1.08 0.298
8 0.076 0.757 0.076 8.93 9.41 0.913 1.22 2.18 2.33 1.12 1.11 0.331
9 0,074 0.648 0.055 8.49 10.3 0.922 1.22 2.56 2.48 1.09 1.13 0.323

10 0.085 0.807 0.080 9.01 7.68 0.963 1.20 2.15 2.35 1.09 1.07 0.336
Amt added 0.0636 0.6360 0.0636 10.00 10.00 1.000 1.004 2.008 2.008 1.000 1.000 0.3000
Av. found 0.0737 0.7001 0.0700 8.99 9.32 0.926 1.098 2.150 2.109 1.079 1.102 0.3277
Std dev. 0.0071 0.0730 0.0089 0.605 0.744 0.0717 0.1153 0.1897 0.2371 0.093 0.059 0.0408
Mean % 115.9 110.1 110.1 89.9 93.2 92.6 109.4 107.1 105.0 107.9 110.2 109.2
CV, % 9.6 10.4 12.7 6.7 8.0 7.7 10.5 8.8 11.2 8.6 5.3 12.5

‘See Table 2.

These values compared well with published values (9) of 95.5,
93.5, and 89.9%. Collaborators were instructed to use a 95% 
moisture factor for lettuce and tomatoes and a 90% factor for 
strawberries to determine sample weight equivalents.

Table 1 summarizes the amounts of each pesticide added 
to the sample portions of each commodity. Within the 54 
fortifications, there were 16 pairs of blind duplicates: same 
pesticide level on the same commodity in a different sample. 
With the dual quantitation requirement for chlorpyrifos, each 
collaborator had to report 19 blind duplicate values. In addi
tion, 12 of the 16 blind duplicate levels were repeated using

at least 1 other commodity. Each pesticide was fortified at 3 
different levels with the exception of acephate, which had 4 
levels of fortification. In cases where a tolerance was known 
to exist for a particular pesticide/commodity combination
(10), fortification at that tolerance value was closely approx
imated and was determined in duplicate.

Tables 2 -7  present individual collaborative results by com
modity and detection system. Eight collaborators used area 
comparisons for quantitation as instructed. The results from 
Collaborators 1 ,4 ,7 , and 8 were calculated from areas obtained 
with electronic integration. Collaborators 3, 5, 6, and 9 used
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Table 4. Collaborative results (ppm) of 3 chlorinated pesticides recovered from tomatoes (3 samples) by the Luke et al. method, using methyl
silicone GC with halogen-specific EC detection (Hail 700A)

Coll.

a-BHC Dieldrin Chlorpyrifos

1 2 3 1 2 3 1 2 3

1 0.511 0.272 0.941 0.162 0.116 0.098 0.714 0.399 0.607
2 0.621 0.329 1.29 0.158 0.106 0.117 0.616 0.391 0.608
3 0.601 0.261 1.17 0.196 0.126 0.130 0.717 0.339 0.681
4 (0.744)» (0.447) (1.95) 0.229 0.122 0.119 0.660 0.408 0.683
5 0.499 0.287 1.04 0.162 0.106 0.107 0.599 0.372 0.669
6 0.469 0.255 0.988 0.153 0.085 0.087 0.588 0.362 0.588
7 0.447 0.297 1.07 0.172 0.106 0.115 0.651 0.384 0.635
8 0.507 0.322 1.00 0.170 0.130 0.082 0.656 0.384 0.648
9 0.504 0.300 1.02 0.178 0.126 0.126 0.666 0.392 0.631

10 0.588 0.345 1.12 0.174 0.149 0.131 0.706 0.391 0.653
Amt added 0.5160 0.3096 1.044 0.1688 0.1164 0.1164 0.6360 0.3816 0.6360
Av. found 0.5186 0.2964 1.071 0.1754 0.1172 0.1112 0.6573 0.3822 0.6403
Std dev. 0.0629 0.0311 0.1076 0.0224 0.0175 0.0173 0.0462 0.0200 0.0325
Mean % 100.5 95.7 102.6 103.9 100.7 95.5 103.3 100.2 100.7
CV, % 12.1 10.5 10.0 12.8 15.0 15.6 7.0 5.2 5.1

»See Table 2.

Table 5. Collaborative results (ppm) of 4 organophosphorus pesticides recovered from tomatoes (3 samples) by the Luke et al. method, using DEGS
column GC with phosphorus-selective FPD

Coll.

Chlorpyrifos Acephate Omethoate Monocrotophos

1 2 3 1 2 3 1 2 3 1 2 3

1 0.654 0.419 0.583 3.73 3.72 0.942 1.22 2.32 1.08 0.621 0.343 0.494
2 0.670 0.406 0.688 4.11 3.27 0.949 1.20 2.18 1.03 0.628 0.347 0.560
3 0.716 0.407 0.690 3.84 3.38 0.918 1.09 2.08 1.04 0.576 0.327 0.538
4 0.717 0.419 0.720 (2.77)* (2.40) (0.626) (1,5 8 ) D 1.75 0.901 0.566 0.349 0.573
5 0.682 0.348 0.639 3.64 3.83 0.892 1.09 1.93 1.09 0.512 0.306 0.530
6 0.647 0.353 0.564 3.17 3.45 0.780 1.04 1.90 0.860 0.512 0.306 0.436
7 0.660 0.391 0.675 3.51 3.67 0.916 1.12 2.25 1.05 0.506 0.326 0.506
8 0.693 0.405 0.727 3.29 3.39 1.10 1.01 1.91 1.10 0.497 0.270 0.496
9 0.714 0.418 0.664 3.43 3.56 1.01 1.20 2.32 1.20 0.486 0.357 0.581

10 0.658 0.472 0.794 3.24 3.05 0.793 1.14 2.10 1.26 0.532 0.329 0.525
Amt added 0.6360 0.3816 0.6360 4.000 4.000 1.000 1.004 2.008 1.004 0.5000 0.3000 0.5000
Av. found 0.6811 0.4038 0.6744 3.551 3.480 0.9222 1.123 2.074 1.061 0.5436 0.3260 0.5239
Std dev. 0.0274 0.0353 0.0679 0.3087 0.2425 0.0989 0.0737 0.1963 0.1198 0.0513 0.0262 0.0434
Mean % 107.1 105.8 106.0 88.8 87.0 92.2 111.9 103.3 105.7 108.7 108.7 104.8
CV. % 4.0 8.7 10.1 8.7 7.0 10.7 6.6 9.5 11.3 9.4 8.0 8.3

a6See Table 2.

a combination of electronic integration and the manual Con- 
dal-Bosch (8) method and usually reported both values. When 
the collaborator specified a value considered to be “ more 
accurate,” only this value was tabulated. When values obtained 
by the 2 methods of quantitation were reported and neither 
value was preferentially specified, the average of the 2 values 
was tabulated. Collaborator 10 used the manual measurement 
technique exclusively, and for the most part, the results would 
have been identical to peak height calculations because 
extremely symmetrical peak shapes were obtained. Collab
orator 2 reported values based only on peak height compar
isons, and unlike Collaborator 10, significant peak tailing 
occurred on both chromatographic systems. Peak tailing did 
affect the quantitation because chromatographic peaks from 
the reference standards in the neat acetone solvent tended 
(not exclusively) to tail more than peaks from the standards 
recovered in the final sample solution that contained product 
coextractives. Recalculation of these results using the manual 
Condal-Bosch (8) measurements and comparison with the 
reported peak height values showed that 13 of the 63 results 
differed by >  10%. To minimize the bias introduced by the 
tailing peaks and that possibly introduced during the calcu
lation of “ known” values, the tabulated results for Collabo
rator 2 represent an average of both peak height and Condal- 
Bosch (8) quantitation methods. The peak tailing problem 
had been previously noted in a preliminary method trial

involving 3 laboratories and was the basis for requiring area 
comparisons for quantitation in this study.

The results for the 63 individual sets of data presented in 
Tables 2-7 range from a low average recovery of 82.6% for 
a 0.5000 ppm level of acephate in strawberries to a high 
average recovery of 118.1% for a 0.0636 ppm level of chlor- 
pyrifos (by HECD) in lettuce. Coefficients of variation (CVs) 
for the 63 sets of data ranged from 4.0% for a 0.6360 ppm 
level of chlorpyrifos in tomatoes (FPD) to 17.8% for the 
0.0636 ppm chlorpyrifos in lettuce discussed above. A dupli
cate sample of chlorpyrifos in lettuce at the 0.0636 ppm level 
averaged 115.1% recovery with a CV of only 8.6%.

A summary of the collaborative results that appear in Tables 
2-7  for the ranges of average recoveries and CVs for the 
individual pesticides is as follows: (I) a-BHC average recov
ery ranged from 95.7% (0.3096 ppm in tomatoes) to 105.6% 
(0.3096 ppm in lettuce) and CVs ranged from 9.6% (1.044 
ppm in strawberries) to 15.2% (0.5160 ppm in strawberries);
(2) dieldrin average recovery ranged from 95.5% (0.1164 ppm 
in tomatoes) to 110.0% (0.0844 ppm in strawberries) and CVs 
ranged from 8.4% (0.0844 ppm in lettuce) to 16.2% (0.0844 
ppm in lettuce); (3) chlorpyrifos (HECD) average recovery 
ranged from 100.2% (0.3816 ppm in tomatoes) to 118.1% 
(0.0636 ppm in lettuce) and CVs ranged from 5.1% (0.6360 
ppm in tomatoes) to 17.8% (0.636 ppm)n lettuce); (4) chlor
pyrifos (FPD) average recovery ranged from 102.5% (0.3816
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Table 6. Collaborative results (ppm) of 3 chlorinated pesticides recovered from strawberries (3 samples) by the Luke et al. method, using methyl
silicone GC with halogen-specific EC detection (Hall 700A)

Coll.

a-BHC Dieldrin Chlorpyrifos

1 2 3 1 2 3 1 2 3

1 0.396 0.786 1.09 0.073 0.153 0.108 0.546 0.400 0.427
2 0.563 1.20 1.14 0.098 0.157 0.131 0.642 0.483 0.489
3 0.562 1.14 1.00 0.094 0.195 0.129 0.834 0.484 0.469
4 (1.34)“ (2.59) (2.69) 0.112 0.226 0.114 0.623 0.400 0.428
5 0.427 1.05 0.913 0.080 0.170 0.114 0.616 0.403 0.388
6 0.444 0.930 0.923 0.085 0.132 0.101 0.626 0.345 0.332
7 0.487 1.07 0.991 0.091 0.198 0.131 0.736 0.494 0.491
8 0.497 0.865 0.934 0.086 0.182 0.116 0.673 0.468 0.369
9 0.492 1.01 1.05 0.102 0.155 0.134 0.682 0.447 0.422

10 0.637 1.19 1.19 0.107 0.202 0.133 0.741 0.544 0.416
Amt added 0.5160 1.044 1.044 0.0844 0.1688 0.1164 0.6360 0.3816 0.3816
Av. found 0.5001 1.027 1.026 0.0928 0.1770 0.1211 0.6719 0.4468 0.4231
Std dev. 0.0759 0.1439 0.0989 0.0122 0.0286 0.0119 0.0814 0.0591 0.0512
Mean % 96.9 98.4 98.3 110.0 104.9 104.0 105.6 117.1 110.9
CV, % 15.2 14.0 9.6 13.2 16.1 9.8 12.1 13.2 12.1

“See Table 2.

Table 7. Collaborative results (ppm) of 4 organophosphorus pesticides recovered from strawberries (3 samples) by the Luke et al. method, using
DEGS column GC with phosphorus-selective FPD

Chlorpyrifos Acephate Omethoate Monocrotophos

Coll. 1 2 3 1 2 3 1 2 3 1 2 3

1 (0.472)“ 0.346 0.386 0.312 0.694 0.375 0.395 1.61 0.502 0.294 0.269 0.463
2 0.676 0.447 0.417 0.376 0.757 0.378 0.479 2.16 0.489 0.379 0.320 0.503
3 0.684 0.393 0.400 0.523 0.900 0.434 0.532 2.07 0.497 0.340 0.322 0.529
4 0.681 0.457 0.428 (0.283)“ (0.620) (0.279) 0.463 2.16 0.465 0.347 0.354 0.600
5 0.601 0.368 0.348 0.434 0.833 0.448 0.536 1.96 0.553 0.319 0.315 0.568
6 0.596 0.362 0.365 0.375 0.872 0.404 0.447 2.12 0.455 0.275 0.294 0.459
7 0.694 0.432 0.422 0.443 0.877 0.454 0.521 2.28 0.566 0.318 0.348 0.514
8 0.654 0.417 0.332 0.455 0.883 0.458 0.576 2.20 0.530 0.332 0.261 0.490
9 0.663 0.413 0.407 0.386 0.879 0.395 0.614 2.49 (0.702)" 0.343 0.357 0.542

10 0.696 0.478 0.407 0.419 0.796 0.370 0.520 1.98 0.462 0.302 0.297 0.484
Amt added 0.6360 0.3816 0.3816 0.5000 1.000 0.5000 0.5020 2.008 0.5020 0.3000 0.3000 0.5000
Av. found 0.6606 0.4113 0.3912 0.4137 0.8323 0.4129 0.5083 2.103 0.5021 0.3249 0.3137 0.5152
Std dev. 0.0377 0.0437 0.0327 0.0602 0.0698 0.0359 0.0640 0.2302 0.0401 0.0299 0.0337 0.0454
Mean % 103.9 107.8 102.5 82.7 83.2 82.6 101.3 104.7 100.0 108.3 104.6 103.0
CV, % 5.7 10.6 8.4 14.5 8.4 8.6 12.6 10.9 8.0 8.7 10.7 8.8

"'“See Table 2.

ppm in strawberries) to 115.9% (0.0636 ppm in lettuce) and 
CVs ranged from 4.0% (0.6360 ppm in tomatoes) to 12.7% 
(0.0636 ppm in lettuce); (5) acephate average recovery ranged 
from 82.6% (0.5000 ppm in strawberries) to 93.2% (10.00 ppm 
in lettuce) and CVs ranged from 6.7% (10.00 ppm in lettuce) 
to 14.5% (0.5000 ppm in strawberries); (6) omethoate average 
recovery ranged from 100.0% (0.5020 ppm in strawberries) 
to 111.9% (1.004 ppm in tomatoes) and CVs ranged from 
6.6% (1.004 ppm in tomatoes) to 12.6% (0.5020 ppm in straw
berries); (7) monocrotophos average recovery ranged from 
103.0% (0.5000 ppm in strawberries) to 110.2% (1.000 ppm in 
lettuce) and CVs ranged from 5.3% (1.000 ppm in lettuce) to 
12.5% (0.3000 ppm in lettuce).

The data summarized above exclude 22 (3.5%) of the 630 
reported results and were considered outliers. All of the 
a-BHC and acephate results (18 total) reported by Collabo
rator 4 were excluded. The HECD system used by this col
laborator preferentially degraded the reference standard as 
evidenced by its ever-decreasing response with time. The 
degradation caused high results, which ranged from 100% 
recovery on the first quantitation to 250% recovery on the 
last quantitation. The acephate values reported by this col
laborator were also excluded because they appeared consis
tently and comparatively low; the cause apparently was related 
to a standard preparation or degradation problem. Applica
tion of Dixon’s test (11) for extremes indicated that 4 other 
values could be excluded with a P  factor >95% .

Besides the a-BHC problem of Collaborator 4, relatively 
few major chromatographic problems were noted. Collabo
rator 6 reported that very poor resolution between acephate 
and omethoate was obtained on the DEGS column that was 
used for most of the study. Preparation of a second column, 
using the same required packing material as originally used, 
showed marked improvement in both the resolution and abil
ity to quantitate the 2 chemicals. Collaborator 8 reported 
continually decreasing area responses for acephate and ome
thoate throughout the study and used injections of a cabbage 
extract, isolated per the method instructions, on the DEGS/ 
FPD system to restore these responses to a higher sensitivity 
before they were quantitated. Several collaborators reported 
that p,p'-D D 7  (used in their performance check standard) 
degraded on their HECD system after 1 injection of the let
tuce extract. Collaborators 3 and 4 did not approximate the 
recommended DEGS/FPD sensitivity of 50% full scale recorder 
deflection (FSD) for 6 ng monocrotophos and 1.5 ng chlor- 
pyrifos. The monocrotophos response obtained by Collabo
rator 3 was half as sensitive (12 ng/50% FSD) and that obtained 
by Collaborator 4 was 7-10 times (40-60 ng/50% FSD) less 
sensitive when chlorpyrifos met the criterion of 1.5 ng for 
50% FSD response.

The sensitivity of the method was determined by averaging 
randomly selected standard responses from those submitted 
by the collaborators (except monocrotophos from Collabo
rator 4) and calculating the average 50% FSD per amount
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Table 8. Measures of precision for collaborative results of the Luke et al. method, using halogen-specific EC detection (Hall 700A) and
methyl silicone column GC

Commodity No.a Pesticide
Added,

ppm
Av. rec.,“ 

ppm SoC Sxd CV0S CV/

Lettuce 1,2 a-BHC 1.044 1.063 0.0461 0.1115 4.3 10.5
1,3 dieldrin 0.0844 0.0859 0.00867 0.0117 10.1 13.6
1,3 chlorpyrifos 0.0636 0.0742 0.00925 0.0102 12.5 13.8

Tomatoes 2,3 dieldrin 0.1164 0.1142 0.0125 0.0172 11.0 15.1
1,3 chlorpyrifos 0.6360 0.6488 0.0336 0.0398 5.2 6.1

Strawberries 2,3 a-BHC 1.044 1.026 0.0904 0.1198 8.8 11.7
2,3 chlorpyrifos 0.3816 0.4350 0.0381 0.0552 8.8 12.7

“See Table 1.
“Outlying laboratories excluded from results.
cs0 is within-laboratory repeatability standard deviation.
ds x is overall between-laboratory reproducibility.
“CVo is coefficient of variation corresponding to s0.
' CV* is coefficient of variation corresponding to s*.

Table 9. Measures of precision for collaborative results of the Luke et al. method, using phosphorus-selective FPD and DEGS column GC

Commodity No.a Pesticide
Added,

ppm
Av. rec.,“ 

ppm So C s / CV0e CV/

Lettuce 1,3 chlorpyrifos 0.0636 0.0718 0.00586 0.00805 8.2 11.2
1,2 acephate 10.0 9.153 0.622 0.679 6.8 7.4
2,3 omethoate 2.008 2.130 0.132 0.210 6.2 9.9
1,2 monocrotophos 1.000 1.090 0.0421 0.0764 3.9 7.0

Tomatoes 1,3 chlorpyrifos 0.636 0.6775 0.0431 0.0505 6.4 7.4
1,2 acephate 4.00 3.516 0.249 0.272 7.1 7.7
1,3 omethoate 1.004 1.101 0.0785 0.0949 7.1 8.6
1,3 monocrotophos 0.500 0.534 0.0433 0.0473 8.1 8.9

Strawberries 2,3 chlorpyrifos 0.3816 0.4012 0.0285 0.0390 7.1 9.7
1.3 acephate 0.500 0.4133 0.0294 0.0481 7.1 11.6
1,3 omethoate 0.5020 0.4990 0.0339 0.0470 6.8 9.4
1,2 monocrotophos 0.3000 0.3193 0.0235 0.0316 7.4 9.9

“-'See Table 8.

injected. For the DEGS/FPD systems, these values were 1.4 
ng chlorpyrifos, 3.7 ng acephate, 6.8 ng omethoate, and 5.9 
ng monocrotophos. For the methyl silicone/HECD systems, 
the 50% FSD responses were 0.5 ng a-BHC, 1.4 ng chlor
pyrifos, and 1.1 ng dieldrin. Based on these average responses 
and assuming 10% FSD to be the lowest reliable detector 
signal for quantitation, the method, with 12 mg equivalent 
sample injections, gave limits of quantitation at 0.008 ppm 
a-BHC, 0.02 ppm chlorpyrifos and dieldrin, 0.06 ppm ace
phate, 0.10 ppm monocrotophos, and 0.12 ppm omethoate.

All collaborators reported that the unfortified samples of 
strawberries contained residues of endosulfans I, II, and S 0 4 
ranging from 0.1 to 0.3 ppm total, and that unfortified toma
toes contained methamidophos ranging from 0.08 to 0.34 
ppm. No statistical treatment of these data was attempted 
because some collaborators reported only quantitative esti
mates from standards used for identification purposes. In 
addition to the endosulfans, the strawberries were reported 
to contain traces (<0.01 ppm) of a-BHC, dieldrin, and/or 
p,p'-DDE, as well as a significant halogen response that was 
not readily identifiable by the GC system specified for the 
study. This response was detected at an average retention 
time (relative to chlorpyrifos) of 3.3 on the methyl silicone 
column and was tentatively identified by Collaborators 5 and 
9 as p.p'-dicofol. None of these reported residues or responses 
were considered to contribute to the recovery data reported. 
Contribution from the unfortified lettuce to the duplicate low 
level chlorpyrifos fortifications at 0.0636 ppm probably 
occurred. The lettuce contained a trace (<0.01 ppm) of chlor
pyrifos, and no attempts were made to determine a quanti
tative value. At the fortification level, a 0.005 ppm blank 
would contribute approximately 8% to the total detected.

Measures of precision obtained for this study were based 
on the 19 sets of blind duplicate values which are summarized 
in Tables 8 and 9. The within-laboratory standard deviations 
and the corresponding CVs for each duplicate set were com
pared to overall between-laboratory standard deviations and 
their CVs. In all but 1 set of data, 1.044 ppma-BHC in lettuce, 
the largest contribution of between-laboratory reproducibil
ity of the method was from the variation in repeatability from 
within the laboratories.

Comments and Recommendations
Collaborator 5 used boiling chips as an aid in the solvent 

evaporation step and suggested that this should be a required 
part of the procedure. Boiling aids (chips) are not necessary 
if the solvent mixtures are slowly brought to boiling. How
ever, the addition of boiling chips should not be discouraged 
from a safety standpoint, and they should not affect the per
formance of the method.

Several collaborators noted that the strawberries used in 
this study demonstrated atypical background residues and 
should not have been used. Preferably, these particular 
strawberries would not have been chosen, but availability at 
the time of preparation dictated their use. Pre-analysis and 
the results of the study itself showed that the background 
they provided did not affect the recoveries.

The recovery data, reproducibility, and repeatability dem
onstrated in this study compare favorably with past multires
idue method studies (12-16) that included similar (or identi
cal) pesticides and commodities. Based on these satisfactory 
findings, it is recommended that this comprehensive proce
dure, featuring no cleanup of the acetone extract and the 2 
separate GC systems, be adopted official first action for mul
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tiresidue determination of the 6 pesticides in the commodities 
studied. It is also recommended that this comprehensive pro
cedure be investigated further in an attempt to include other 
chromatographic systems, commodities, and pesticides that 
may be adaptable to the no-cleanup approach.

Acknowledgments
The author wishes to thank and offer appreciation to the 

following collaborators for their commitment of time, effort, 
and attention to detail:

D. North, Health Protection Branch, Health and Welfare 
Canada, Halifax, Nova Scotia, and the following analysts 
from FDA:

L. J. Carson, Washington, DC
J. L. Daft, Kansas City, MO
G. M. Doose. Los Angeles, CA
M. K. Hennessy, Baltimore, MD 
M. T. Jeffus, Dallas, TX
D. E. Johnson, Minneapolis, MN 
R. R. Laski, Buffalo, NY
G. A. Miller, Seattle, WA
P. M. Ward, Atlanta, GA
Additional thanks are due to Richard H. Albert, Division 

of Mathematics, FDA, Washington, DC, for his statistical 
review of the data; L . J. Carson, G. M. Doose, and D. E. 
Johnson, who participated in the preliminary interlaboratory

study; and Bernice Schouviller, FDA, Minneapolis, MN, for 
preparing the sample shipments.

R e f e r e n c e s

(1) Luke, M. A ., Froberg, J .  E .,  & Masumoto, H, T . (1975) 7. 
A s s o c .  O ff. A n a l . C h e m . 58, 1020-1026

(2) Mills, P .A ., Onley, J .  J . ,  & Gaither, R . A. (1963) 7. A s s o c .  O ff. 
A g r i c .  C h e m . 46, 186-191

(3) Storherr, R . W ., Ott, P ., & W atts, R. R. (1971) 7. A s s o c . O ff. 
A n a l . C h e m . 54, 513-516

(4) Holden, E . R . (1973)7 . A s s o c .  O ff. A n a l . C h e m . 56, 713-717
(5) Luke, M. A ., Froberg, J .  E ., D oose, G. M ., & Masumoto, H.

T . (1981)7 . A s s o c . O ff. A n a l . C h e m . 64, 1187-1195
(6) P e s t ic id e  A n a ly t ic a l M a n u a l  (1982) Vol. I, Food and Drug 

Administration, W ashington, DC
(7) O fficia l M e t h o d s  o f  A n a ly s is  (1984) 14th E d ., AOAC, Arlington, 

V A , Chapter 29, General Method for Organochlorine and 
Organophosphorus Pesticide Residues

(8) Condal-Bosch, L . (1964) 7. C h e m . E d u c .  41, A235, passim
(9) C o m p o s itio n  o f  F o o d s  (1963) Agriculture Handbook No. 8, U .S. 

Department o f Agriculture, W ashington, DC
(10) C o d e  o f  F e d e r a l  R e g u la t io n s  (1982) Title 40, Part 180
(11) Dixon, W. J . ,  & M assey, F . J .  (1969) In tro d u c tio n  to S ta tistica l  

A n a ly s is , 3rd E d ., McGraw-Hill, New York, N Y , pp. 328-330
(12) Krause, R . T . (1966) 7. A s s o c .  O ff. A n a l . C h e m . 49, 460-463
(13) Gaul, J .  (1966) 7. A s s o c .  O ff. A n a l . C h e m . 49, 463-467
(14) Davidson, A. W. (1966)7. A s s o c .  O ff. A n a l . C h e m . 49, 468-472
(15) Krause, R . T . (1973) 7. A s s o c .  O ff. A n a l. C h e m . 56, 721-727
(16) Laski, R . R . (1974) 7. A ssoc. O ff. A n a l . C h e m . 57, 930-933
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C r o p s
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Residue methodology is described for the determination of AC 217,300 
residues in pasture grass and crop samples. After extraction and sub
sequent cleanup on an XAD-2 column, residues of AC 217,300 are 
determined by liquid chromatography (LC), using a reverse phase 
paired-ion chromatographic system and detection at 300 nm. The method 
has a validated limit of sensitivity of 0.05 ppm with corresponding 
control values for the commodities analyzed of <0.01 ppm. Apparent 
residues over 0.05 ppm can be confirmed by either gas chromatography 
with an electron capture detector (GC-EC) or gas chromatography
negative ion chemical ionization mass spectrometry (GC-NICI). The 
direct GC-NICI method circumvents the need for sample cleanup on 
the XAD-2 column, and offers a greatly simplified procedure that is 
useful for screening samples. Recoveries of AC 217,300 from the com
modities analyzed have been satisfactory with all methods of analysis.

AMDRO1 fire ant insecticide has been developed to control 
imported fire ants. The active ingredient, AC 217,300 (Figure 
1), is formulated as a 0.88% bait on pregel corn grits contain
ing 30% w/w soybean oil as an attractant. In this bait medium, 
AC 217,300 is rapidly photodegraded (T1/2 =  19 h of daylight) 
to many fragments, none of which is major. Stout et al. (1) 
have recently reported the mass spectrometric identification 
of the water photolysis products of AC 217,300, and Mallipudi 
et al. (2) have reported the rate of photodegradation and 
percent distribution of the photoproducts. Metabolism stud
ies using carbon-14 benzylic or pyrimidine labeled AC 217,300 
have shown that plants do not take up radioactivity from 
either the parent or its metabolites even at 10 x rates. Hence,

Received February 9, 1984. Accepted August 28, 1984. 
Registered trademark of American Cyanamid Company.

the only mechanism that allows occurrence of residues on 
plants or fruits is lodging of the bait on the commodity. Rate 
of disappearance studies show rapid elimination of AC 217,300 
residues to below the 0.05 ppm tolerance level before the 
recommended 7-day withdrawal period.

This work was intended to develop appropriate residue 
methodology specific for AC 217,300 in pasture grass and a 
variety of crop samples.

M E T H O D

Special Notes
Rinse all clean glassware thoroughly with methanol and let 

dry before using. All solvents should be distilled in glass, 
suitable for pesticide analyses, as supplied by Burdick and 
Jackson Laboratories, Inc., or equivalent. AC 217,300 is 
light-sensitive, and in dilute solution it undergoes degrada
tion. Therefore, all solutions containing the compound must 
be protected from light in all steps of the method. All glass
ware should be of low actinic variety (red or amber). If this 
is not available, other glassware may be covered with alu
minum foil or flat black spray paint.

Reagents and Apparatus for LC
(a) AC 217,300 standard solution .—Prepare solutions con

taining 0.1, 0.2, 0.5, and 1.0 (xg AC 217,300/mL LC mobile 
phase.

(b) LC  m obile p h a s e .—Dissolve 1.1 g heptanesulfonic acid 
sodium salt in 200 mL distilled water in 1 L  volumetric flask. 
Add 10 mL glacial acetic acid and dilute to volume with
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F3C<G > CH*CHfCH=CH< 3 CF3

Figure 1. Chemical structure of AC 217,300.

m ethanol. Degas solution by bubbling helium  through it for 
about 30 s.

(c) XAD-2 column.— Place glass w ool plug at bottom  o f a 
19 x  300 m m  C hrom aflex chrom atographic column equipped 
w ith  250 m L  reservoir and Teflon  stopcock (K ontes Glass 
C o ., V ine land , N J  08360; am ber-coated columns are available  
on special order). Pour 50 m L  hexane into tube. Prepare  
slurry o f purified A m berlite  X A D -2  resin (A pp lied  Science 
D iv .,  M ilto n  R oy C o. Lab ora to ry  G roup, PO  B ox 440, State 
College, P A  16801) in hexane. Add sufficient slurry to tube 
to give colum n height o f 20 cm . D raw  o ff solvent to w ith in  1 
cm o f top o f packing. I f  X A D -2  particles adhere to glass sides 
o f colum n, wash dow n w ith  a few  m L  m ethylene chloride. 
Place glass w ool plug on top o f packing.

(d) Liquid chromatograph— T racor M od e l 950 equipped  
w ith  T raco r M o d e l 970A  variable wavelength detector, or 
equivalent system , suitable for use w ith  stainless steel col
umns and capable o f m aintaining solvent flow  o f 2 m L /m in  
and pressures up to 3000 psi. Instrum ent must be equipped  
w ith  a sample injection valve capable o f delivering 100 g.L 
sample solution. U se an L C  column (stainless steel, 'A  in. 
od, 4 .6  m m  id x  25 cm ) packed w ith  m icroparticulate silica 
(10 p.m) to w hich  is bonded an octadecyl m oiety; W hatm an  
Partisil P X S -1025 -O D S -2 , or equivalent, is suitable. L C  oper
ating conditions: colum n tem perature am bient; m obile phase 
flow  rate 1 .5 -2 .0  m L /m in ; detector wavelength 300 nm ; vo l
ume injected 100 p,L; retention tim e fo r A C  217,300 ca 10 
min.

(e) Food chopper.— H o b art.
(f) Blender.— W aring.

Reagents and  Apparatus f o r  GC-EC Confirmation

(a) AC 217,300 standard solution.—Prepare solutions con
taining 10, 20, and 100 ng A C  217,300 /m L in m ixture o f 
hexan e-2 -p rop an o l-m eth an o l (85 +  5 +  10).

(b) 1% lard solution.— Dissolve 1 g lard in 100 m L  h exan e- 
2-p ro p ano l-m ethano l (85 +  5 +  10). U se this solution to  
condition G C  system.

(c) Gas chromatograph.—H ew le tt-P ackard  M odel 5730A, 
or equivalent w ith  nickel-63 electron capture detector, suit
able for on-colum n injections and fitted w ith  3 ft x  2 m m  id 
glass colum n packed w ith  3%  O V -17  on 6 0 -8 0  mesh Gas 
C hrom  Q  (A pp lied  Science D iv .,  M ilto n  R oy C o. Laboratory  
G roup). O perating conditions: in jector 300°C; column oven  
235°C; detector 300°C; argon-m ethane (95 +  5) carrier gas 
at 25 m L /m in ; detector purge flow  rate same as carrier flow; 
retention  tim e fo r A C  217,300 ca 5 min.

Reagents and Apparatus f o r  GC-NICI

(a) AC 217,300 standard solution.— U se standard solu
tions prepared in Reagents and Apparatus for GC-EC Con
firmation.

(b) 1% lard solution.— See Reagents and Apparatus for 
GC-EC Confirmation.

(c) Methane.— U H P , 99 .97%  m inim um  p urity  (M atheson  
Gas Products, East R u therford , N J  07073).

(d) G a s  c h r o m a t o g r a p h .—Finnigan Model 9610, or equiv
alent, suitable for on-column injections and fitted with 4 ft x 
2 mm id glass column packed with 3% OV-1 on 60-80 mesh 
Gas Chrom Q (Applied Science Div., Milton Roy Co. Lab
oratory Group). Operating conditions: injector 300°C; column 
oven 280°C; methane carrier gas at 15 mL/min; retention time 
for AC 217,300 ca 2 min.

(e) M a s s  s p e c t r o m e t e r .— Finnigan Model 4000 equipped 
with Pulsed Positive Ion Negative Ion Chemical Ionization 
(PPINICI) accessory, or equivalent system. Operating con
ditions: GC-MS interface temperature 300°C; ion source tem
perature 350°C; methane source pressure 0.4 torr; conversion 
dynodes ±  3000 V; electron multiplier 1000 V; preamplifier 
range 10“8 amp/V.

(f) D a t a  s y s t e m .—INCOS Model 2300, or equivalent. Ions 
at m/z 492“ and 494’ were monitored with a dwell time of 
400 ms/ion.

Procedure fo r  LC
Pulverize dry ice in bowl of Hobart food chopper to chill 

bowl and grater thoroughly. Attach 9 in. vegetable sheer 
attachment with 3/32 in. shredder plate and chop tissue to fine 
particle size. Continue adding sample and chopping until 
complete sample is chopped. If necessary, add more dry ice 
to keep sample frozen during chopping procedure. Store sam
ple in freezer ( - 20°F) until dry ice has dissipated.

Transfer representative 20 g sample of commodity to War
ing blender jar and blend 5 min with 200 mL methylene 
chloride. Filter by vacuum into Buchner funnel through 'A 
in. thick precoat of Celite 545 AW placed on glass-fiber paper. 
Dry filtrate by swirling with ca 20 mL (measured in beaker) 
anhydrous sodium sulfate.

Decant 50 mL clear filtrate and transfer to 125 mL Erlen- 
meyer flask. Add 50 mL hexane to flask and swirl contents 
to mix. Pass solution through XAD-2 column, setting stop
cock to give flow of ca 6-8 drops/s. Do not let the column 
run dry! Wash column with 150 mL methylene chloride. Place 
clean 500 mL round-bottom flask under column, and elute 
column with 100 mL acetone followed by 100 mL methanol. 
(Column may be regenerated by washing with 50 mL acetone 
followed by 150 mL hexane). Place flask containing eluate on 
rotary evaporator and, using 25-35°C water bath, evaporate 
solution to ca 20 mL. Quantitatively transfer solution to 100 
mL pear-shape flask by using few mL acetone. Place flask 
on rotary evaporator and evaporate contents to dryness. Dis
solve residue in exactly 2 mL LC mobile phase, giving equiv
alent of 2.5 g commodity/mL (Conccomm). Inject 100 g.L ali
quots onto chromatographic column and measure response 
(peak height or area) of AC 217,300 in sample (7?samp) against 
response of external AC 217,300 standard (Rstd). Concentra
tion of AC 217,300 in commodity equals (RxamrJRvxi) x (Conc5td/ 
Conccomm).

Procedure fo r  GC-EC Confirmation
If LC of field-treated sample indicates apparent AC 217,300 

residue of >0.05 ppm, identity of LC peak should be con
firmed by GC. Re-inject 100 g,L aliquot of sample and collect, 
in 125 mL separatory funnel, solvent eluting at retention 
volume of apparent AC 217,300 peak. Add 10 mL 10% aqueous 
sodium carbonate solution to funnel, mix well, and add 25 
mL methylene chloride. Shake funnel vigorously for 20 s and 
let phases separate. Draw methylene chloride layer into 100 
mL pear-shape flask, and repeat partitioning step with another 
25 mL methylene chloride. Evaporate combined methylene 
chloride layers to dryness on rotary evaporator using 25- 
35°C water bath. Dissolve residue in exactly 1 mL hexane-
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methanol-isopropanol (85 +  10 +  5 by volume) to give 
equivalent of 0.25 g of commodity per mL (Conccomm).

Before starting GC-EC confirmatory analyses, be sure GC 
column is properly conditioned. Inject 5 p.L lard solution, 
wait until baseline stabilizes, and then inject 5 p,L standard 
AC 217,300 (20 ng/mL). Repeat alternate injections of lard 
and standard solutions until good peak shape is obtained. 
Continue injection of standards until constant response is 
obtained. When GC system is properly conditioned, inject 5 
pL aliquots onto chromatographic column and measure 
response of AC 217,300 in sample (Rsamp) against response of 
external AC 217,300 standard (Rstd). Calculate concentration 
of AC 217,300 in commodity by equation given in Procedure 
fo r  LC.

Procedure fo r  GC-NICI

Chop and extract commodity as described in Procedure 
fo r L C .  Dry extract with sodium sulfate, then decant 100 mL 
clear filtrate and transfer to a 250 mL round-bottom flask. 
Connect flask to rotary evaporator. Evaporate solvent in 25- 
35°C water bath until volume of extract is somewhat less than 
25 mL. Do not evaporate extract to dryness! Transfer extract 
to 25 mL low-actinic glass volumetric flask. Rinse round- 
bottom flask with small amount of methylene chloride and 
combine rinse with extract in volumetric flask. Add methy
lene chloride to volumetric flask to bring up to volume, yield
ing equivalent of 0.40 g commodity/mL (Conccomm).

Before starting GC-NICI analyses, be sure GC injection 
port is properly conditioned by checking ratio of m/z 492 ~ 
ion to m/z 494 ~ ion on 5 |xL injection of GC working standard 
(20 ng/mL). If injection port is not properly conditioned, most 
AC 217,300 injected will be transformed into another com
pound that elutes 10-15 s sooner and generates ion at m/z 
492_ . Inject 5 |xL aliquots of 1% lard solution with GC effluent 
diverted from ion source until peak height of m/z 492 - ion is 
<20%  of peak height of AC 217,300 measured at m/z 494~. 
When injection port is properly conditioned, inject 5 p.L 
aliquots of sample extract and measure AC 217,300 content 
against external AC 217,300 GC working standard in same 
manner as described in Procedure fo r  GC-EC Confirmation.

Results and Discussion

Development of a satisfactory residue method specific for 
AC 217,300 was an extremely difficult project. The main 
reasons were the inapplicability of conventional cleanup pro
cedures, the binding of AC 217,300 to the dried crude residue 
if initial extracts were evaporated to dryness, and the photo
instability of AC 217,300. The latter 2 problems were over
come by avoiding the initial stripping step and storing all 
extracts in glassware suitable for avoiding light penetration.

The complete failure of conventionally used cleanup pro
cedures for isolation of the analyte from chlorophylls, caro
tenes, etc., in green foliage presented the most difficult prob
lem. The typically used Florisil or silica gel column chro
matographic procedures as well as slurrying with Darco were 
of essentially no use because AC 217,300 was bound tightly 
to all these adsorbents. Even the classically used deactivation 
procedures failed because at lower residue levels ( < 0 .1 ppm) 
50-60% of the AC 217,300 in the plant extracts was bound to 
the adsorbent. Work with carbon-14 labeled AC 217,300 
showed that the compound was bound vs a decomposition or 
ultimate determination problem.

In the early stages of method development, an instrumental 
method for reliably measuring residue levels of AC 217,300 
also presented problems. Satisfactory electron capture 
response could be attained from a gas chromatograph equipped

with a nickel-63 EC detector and a 3% OV-1 column. In the 
early stages of method development on pasture grasses, how
ever, conditioning the GC column to achieve reproducible 
and satisfactory response in addition to one reasonably shaped 
peak was elusive. Later, during simultaneous efforts to develop 
a residue method for the assay of cattle tissues, we observed 
that several injections of cattle muscle or fat extracts condi
tioned the GC system, resulting in improved peak shape and 
more reproducible response. It was quickly demonstrated 
with freshly packed columns that an injection of 1% lard 
solution served the same purpose. Consequently, this solu
tion was usee for later GC investigations and was required 
for this methodology, as noted in the direct GC-NICI method.

Hence, the first residue methodology for the analysis of 
pasture grasses consisted of partial cleanup of the methylene 
chloride extract (diluted 1:1 with n-hexane) on an XAD-2 
column, final cleanup by using LC on a Whatman Partisil 
PXS-1025-PAC column with a hexane-2-propanol-methanol 
(85 +  5 +  10) solvent system, collection of the fraction 
containing AC 217,300, and final determination of the AC
217.300 by GC-EC. However, because this methodology was 
exceedingly long and tedious, alternative approaches were 
explored.

Attempts at performing a direct determination of AC 217,300 
by LC were stymied by inadequate response and interfering 
peaks, using the aforementioned mobile phase and fixed 
wavelength UV detection at either 254 or 280 nm. With the 
subsequent availability and acquisition of a variable wave
length UV detector operated at the 300 nm absorbance max
imum of AC 217,300, the response of AC 217,300 for direct 
LC determination was greatly enhanced. The development 
of a reverse phase paired ion chromatographic (PIC) system 
using heptane sulfonic acid satisfactorily removed naturally 
occurring interferences from all of the plant extracts exam
ined. Many other pesticides were shown not to elute at the 
same retention time as AC 217,300. These included meth- 
oxychlor, aldrin, dieldrin, BHC, lindane, azinphos methyl, 
carbaryl, endrin, and parathion. With a 100 p.L injection 
aliquot equivalent to 250 mg of the commodity, the linear 
response range of 10-100 ng was equivalent to 0.04-0.40 ppm 
AC 217,300 in the commodity. Table 1 reports recovery val
ues of AC 217,300 from various commodities, which were 
obtained from laboratory fortification studies. Figure 2 shows 
typical LC chromatograms for leaf lettuce fortified at 0.05 
ppm and control leaf lettuce processed through the proce
dure.

Table 2 summarizes the confirmatory data obtained by GC- 
EC, and Figure 3 shows typical chromatograms of control 
and fortified leaf lettuce. The GC-EC method was linear from 
50 to 500 pg of injected standard corresponding to the same 
concentration range as the LC method.

A second alternative approach to the determination of AC
217.300 residues was a direct GC-NICI method. Exceptional 
behavior of AC 217,300 by GC-NICI was anticipated on the 
basis of reports by Hunt et al. (3), Hunt and Crow (4), and 
Stout and Steller (5), using GC-NICI for strongly electro
negative compounds. By taking advantage of the tremendous 
EC response of AC 217,300, the high molecular weight of AC 
217,300, the generation of almost solely the M r of AC 217,300 
in NICI(CH4), and the mass specificity of a mass spectro- 
metric detector, a greatly simplified sample preparation pro
cedure was feasible. Sample workup before GC-NICI anal
ysis required only extracting the commodity with methylene 
chloride, drying the extract with sodium sulfate, and concen
trating the extract. By selectively monitoring the m/z 494 ~ 
ion, the M T of AC 217,300, GC-NICI demonstrated a linear
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Table 1. Recovery of AC 217,300 from commodities determined by LC procedure

Commodity
Control,

ppm
Fort, level, 
added,ppm

Av. % rec.
(No. of replicates) Range, %

Alfalfa <0.009 0.05 84.5 (3) 80.0-88.9
0.10 74.9 (3) 66.7-80.0
0.20 80.2 (2) 77.5-82.9
0.50 65.0(1)
1.00 80.5(1)

Overall av.
(std dev.) 78.4 (7.4)

Leaf lettuce <0.008 0.05 90.0 (4) 88.0-96.0
0.10 80.2 (4) 68.6-88.4
0.20 84.9 (2) 77.9-92.0
0.50 76.8(1)
1.00 75.5(1)

Overall av. 83.6 (7.9)
(std dev.)

Broccoli <0.010 0.05 85.7 (4) 80.0-102.9
0.10 95.1 (3) 90.0-100.0
0.20 77.4 (3) 65.9-91.4
0.50 75.5 (2) 75.0-76.1
1.00 89.7(1)

Overall av.
(std dev.) 84.7 (11.0)

Soybean foliage <0.004 0.05 90.6 (3) 77.8-106.5
0.10 80.5 (3) 70.5-91.5
0.50 88.0 (1)
1.00 80.2 (2) 75.3-80.2

Overall av.
(std dev.) 84.5(10.6)

Bahia grass <0.010 0.05 83.3 (4) 75.3-97.8
0.10 73.7 (5) 62.2-89.4
0.20 69.0 (2) 68.0-70.0
0.50 76.6 (4) 69.6-87.8
1.00 67.8 (5) 62.8-73.3

Overall av.
(std dev,) 74.2 (9.5)

TIME

Figure 2. LC chromatograms of (A) control leaf lettuce and (B) leaf lettuce fortified at 0.05 ppm. Arrow shows AC 217,300 peak.
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Table 2. Recovery (%) of AC 217,300 from commodities determined by 
GC-EC confirmatory procedure

Commodity
Control,

ppm
Fort, level, added, ppm

0.05 0.10 0.20 0.50
Alfalfa <0.015 101.8 94.5 81.8 —a
Leaf lettuce <0.012 86.2 80.0 76.9 —
Broccoli <0.012 98.5 98.5 89.2 —
Soybean foliage <0.001 92.1 88.6 — 90.8

“Recovery experiment not performed at this fortification level.

Figure 3. GC-EC chromatograms of (A) control leaf lettuce and (B) leaf 
lettuce fortified at 0.05 ppm. Arrow shows AC 217,300 peak.

response range of 40-400 pg. For an injection aliquot corre
sponding to 2 mg of the commodity, this response range was 
equivalent to 0.02-0.20 ppm AC 217,300 in the commodity.

Figure 4 compares the analyses of a 100 pg standard (cor
responding to 0.05 ppm AC 217,300 in the commodity), an 
extract of control leaf lettuce, and an extract of leaf lettuce 
fortified at 0.05 ppm. Table 3 shows that control extracts of 
the commodities analyzed had apparent AC 217,300 residues 
of <0.002 ppm. Table 3 also shows that recoveries were 
acceptable with most commodities. Instances of low recov
eries could be overcome by use of a carbon-13 labeled internal 
standard.

In conclusion, the final residue method for AC 217,300 in 
pasture grass and crop samples uses LC with a reverse phase 
PIC system and detection at 300 nm. Residues over the tol
erance of 0.05 ppm are not expected as discussed in the 
introduction, so apparent residues over this level in field- 
treated crops should be confirmed by either GC-EC or the 
direct GC-NICI method. Although it requires more sophis
ticated instrumentation, the direct GC-NICI method offers a

Table 3. Recovery (av. %) of AC 217,300 from commodities determined 
by GC-NICI procedure

Commodity
Control,

ppm
Fort, level, added, ppm 

0.05 0.1
Bahia grass 0.001 80.9 79.6
Alfalfa <0.001 60.4 50.1
Soybean foliage <0.001 70.9 71.7
Broccoli <0.002 80.3 80.5
Corn silage 0.001 90.6 85.9
Leaf lettuce 0.001 119.6 105.4

M A SS

Figure 4. Ion maps from GC-NiCI analyses of (A) 100 pg AC 217,300 
standard, (B) control leaf lettuce, and (C) leaf lettuce fortified at 0.05 ppm 

AC 217,300.

greatly simplified cleanup procedure and a rapid sample turn
around that is useful for screening purposes.
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Im p r o v e d  P o la r o g r a p h ie  M e th o d  f o r  D e te r m in a t io n  o f  G ly p h o s a te  H e r b ic id e  in  C r o p s ,  S o i l ,  

a n d  W a te r

H Â K O N  O. FRIESTAD and JAN O. BR0 NSTAD1
Agricultural University o f  Norway, Chem ical Analytical Laboratory, PO Box 31, 1432 A S -N L H , Norway

A prior method for determination of glyphosate in water samples has 
been modified to accommodate samples of crops and soils. Differential 
pulse poiarography as the determinative step enables analysis in an 
aqueous medium, which is important during extraction of this com
pound. Residues are cleaned up and concentrated by ion exchange on 
a strong basic resin in OH" form. The method is rapid, is applicable 
to a relatively broad selection of sample types, and gives recoveries 
consistently better than 60% with good precision. The main shortcom
ing of the method is that the limit of detection of 0.5-1.0 ppm may 
sometimes be inadequate. The metabolite, aminomethyl phosphonic 
acid, is not detected.

Analysis of the important herbicide glyphosate has been 
reviewed recently by Guinivan et al. (1). They presented a 
modification of the gas chromatographic method (2) originally 
developed by the Monsanto Co. and appearing in the FDA 
P e s t i c i d e s  A n a l y t i c a l  M a n u a l  (PAM). More recently, Moye 
et al. (3) published a simplified liquid chromatographic method. 
However, a faster, reasonably sensitive, and generally more 
applicable procedure is still needed. We decided to improve 
our prior polarographic method (4).

The improved method has several steps in common with 
the PAM procedure (2) but is more precise and considerably 
faster, because time-consuming evaporations as well as the 
use of organic solvents have been eliminated. The determi
native step is differential pulse poiarography of the reducible 
derivative, nitroso-glyphosate, which is prepared directly in 
the electrolyte solution for later transfer to the polarographic 
cell.

M E T H O D

Apparatus
(a) P o l a r o g r a p h .—Princeton Applied Research, Model 

174A, with M174/70 drop timer assembly. The instrument 
was operated in 3-electrode mode, using dropping mercury 
working electrode, silver wire (0.7 mm) as auxiliary elec
trode, and AgCl-coated silver wire as quasi-reference elec
trode (e.g., see ref. 5). A 30 mL Teflon screw-cap vial (“Tuf- 
Tainer,” Pierce Chemical Co., Rockford, IL) was used as 
polarographic cell (see Figure 1). The screw cap was clamped 
to a rack and served as holder for the cell and, consequently, 
needs a center hole for the DME-assembly wide enough to 
permit free drop release motion (important!) and a smaller 
hole for the purge gas tubing.

(b) C h r o m a t o g r a p h i c  c o l u m n s .—200 mm x  25 mm id with 
Teflon stopcock, sintered-glass (Gl) disk, and 250 mm x  70 
mm id reservoir on top.

(c) G l a s s  f i b e r  f i l t e r .—Whatman GF/F, 4.7 cm, or equiva
lent.

Reagents

(a) A n i o n - e x c h a n g e  r e s i n ,  D o w e x  1-X8.— 100-200 mesh, 
chloride form (Sigma Chemical Co., St. Louis, MO). Convert 
to hydroxide form by adding IN KOH to cover resin in 
original plastic bottle overnight or longer. Transfer slurry to
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chromatographic column and wash with water to neutral pH. 
Store as water slurry.

(b) C a t i o n - e x c h a n g e  r e s i n ,  D o w e x 50-X8.— 100-200 mesh, 
hydrogen form. Use as received.

(c) S o d i u m  n i t r i t e  s o l u t i o n .—  \ %  aqueous. Prepare fresh 
daily.

(d) A m m o n i u m  s u l f a m a t e  s o l u t i o n .— 10% aqueous. Stable 
for months at room temperature.

(e) G l y p h o s a t e  s t a n d a r d  s o lu t io n .—Dissolve by heating 100 
mg glyphosate analytical standard (Monsanto Co., St. Louis, 
MO) in 100 mL water. Stock solution is stable for years at 
room temperature.

Procedure
A  schematic of procedure is shown in Figure 2.

Extraction
(a) S o i l .— 1To 50 g homogenized soil in 500 mL centrifuge 

vessel, add 100 mL 0.5N KOH. Close vessel with rubber 
stopper and shake on mechanical shaker 15 min. Remove 
stopper and, depending on centrifuge available, spin 10-30 
min (10 min if centrifuge can exceed 4000 rpm) and decant as 
much of clear, dark brown liquid as possible into 400 mL 
bottle. Add another 100 mL 0.5N KOH to centrifuge vessel. 
Break up and stir sediment with glass rod, and shake again 
15 min. Centrifuge and add supernate to first extract portion. 
Fill bottle to 400 mL mark with water and proceed to anion- 
exchange step.

(b) C r o p s .—To 25 g homogenized crop sample in Waring 
blender, add 250 mL water and 20 mL CH2C12 and mix 3 min. 
Transfer total contents to 500 mL centrifuge vessel and cen
trifuge 30 min at >  3000 rpm. Using 100 mL syringe or by 
decantation, carefully separate dear supernate from CH2C12- 
crop residue and transfer supernate to 500 mL beaker con
taining 30 g cation-exchange resin. Sonicate beaker 10 min in 
ultrasonic bath.

Filter by suction through glass fiber filter, and wash resin 
that is present on filter with 250 mL water. Adjust combined 
filtrates and washings to pH 10-11 with KOH solution.

Anion exchange
Prepare column by loading with 20 mL settled resin. Wash 

resin down from inner wall with water to 4-5 cm height above 
filter disk. To prevent whirling of resin, press wad of glass 
wool on the top.

Near end of working day, add water sample or soil or crop 
extract to prepared column. With stopcock, adjust flow to 
maximum of 2 drops/s. If flow decreases, open stopcock 
completely. Let column run overnight or weekend. At this 
and later steps, column may run empty. Next day, wash 
empty column with 50 mL 0.25N KOH and, when solution 
has drained, wash with 50 mL water. Discard percolate and 
washings, and place 100 mL bottle containing 0.5 g activated 
charcoal and 10 mL 5N HC1 under column outlet. At flow <  
0.5 drop/s, elute column with 40 mL IN HC1. If flow ceases 
(due to development of C 0 2 pockets), push down on glass 
wool with glass rod, possibly combined with regulation of 
stopcock. Tumble or shake eluate in bottle 15 min, and remove 
charcoal by means of glass fiber filter. Transfer 25 mL filtrate
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Figure 1. Polarographie cell.

to 50 mL glass bottle with screw cap. Save rest of filtrate to 
serve as a control for polarographic background.

Nitrosation

From stock solution of glyphosate, prepare 2 duplicate 
reference standards containing 25 p,g and 100 pg (or more if 
samples are expected to contain excessive residue levels) in 
25 mL IN HC1 for nitrosation, along with each series of 
samples. To 25 mL portions of samples and standards, add 1 
mL sodium nitrite solution, put on screw caps, shake 1 s by 
hand, and leave bottles 15 min. Then destroy excess nitrite 
by adding 1 mL ammonium sulfamate solution.

The nitrosated derivative is stable for several days at room 
temperature.

Polarography

Pour ca 10-15 mL unnitrosated portion of sample (for stan
dards, use IN HC1) into polarographic cell. Displace oxygen 
from system by bubbling high-purity nitrogen through solu
tion in cell 4 min. Remove nitrogen inlet tubing, and start 
polarographic measurement when current at starting voltage 
has stabilized (ca 1 min), using the following conditions: scan 
start, -  0.5 V; rate, 2 mV/s in negative direction; pulse ampli
tude, 100 mV; drop time, 2 s. Repeat above procedure, using 
corresponding nitrosated sample, and start scan at same cur
rent level by adjusting offset control.

If this step of the procedure has been postponed to accu
mulate a reasonable number of samples before start of the 
polarography, base final calculation on standards that have 
paralleled the samples. To save time during a run of a series 
of samples, work with 2 Teflon vials and deaerate next sample 
during polarographic measurement. Purge time after change 
of container can then be reduced to 2 min.

Results and Discussion

We demonstrated application of the method for 2 different 
sample types. Figure 3 shows polarograms of nitrosated por
tions of extracts of blueberries, a type of crop which Guinivan 
et al. (1) stated to be difficult to analyze by the gas chro
matographic method (2). By the present method, this matrix 
does not present problems, and glyphosate concentrations of 
0.5 ppm or higher can easily be distinguished from untreated 
crop samples. It should be noted that in this case the sample 
weight was 50 g.

GLYPHOSATE DETERMINATION SCHEMATIC

j POLAROGRAPHY j

Figure 2. Schematic illustration of procedure.

The series of polarograms shown includes 2 parallel ref
erence samples to demonstrate the good reproducibility of 
the polarographic step (including nitrosation). The response 
curve for standards had been shown to be linear (4). For the 
present modifications the response is also linear over the 
range 25-2500 ug.

We experienced little instrumental trouble with the polar
ographic technique, especially after we changed to a quasi
reference electrode and omitted the salt bridge. The platinum 
counter electrode originally used had to be replaced with a 
silver electrode to avoid interference from an extra peak 
appearing shortly before the “hydrogen wall.” This extra 
peak increased with increasing age of the platinum electrode, 
but has not been observed after the change to a silver elec
trode.

Using a small Teflon vial as polarographic cell for relatively 
small volumes of cleaned extracts is advantageous, because 
it drips dry when emptied and normally does not need wash
ing between runs. In contrast to other plastic materials tested, 
Teflon does not retain nitrogen bubbles that may loosen dur
ing the polarographic process and disturb the mercury drop.

Figure 4 shows polarograms of a natural waier sample 
containing glyphosate at 2 orders of magnitude less than the 
samples of Figure 3. It shows the recommended way of per
forming the polarographic step by preceding each polarogram 
of nitrosated extract with a corresponding run of the unnitro
sated portion. Also indicated in this figure are the measure
ments used for quantitation of results, on the basis of the 
formula:

Glyphosate concentration (|xg/L) =
(ht -  h0) x  2 X (A/H)

where the factor 2 indicates that only half the amount of total 
extract is used in the nitrosation step; and A and H  represent 
the amount (p,g) of glyphosate standard used as reference and
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vs . Ag/AgCl

Figure 4. Determination of low levels of glyphosate in water. Arrows 
point to peak potential of nitrosated glyphosate derivative. Every second 
scan area shows polarograms of nitrosated solutions. Preceding scan 

areas show polarograms of unnitrosated solutions.

its corresponding peak height at peak-potential, respectively. 
The meaning of the other 2 symbols is indicated in Figure 4.

Because of the good reproducibility of the polarographic 
step, it usually is not necessary to run more than 2 references 
for each set of samples. If all samples for one day were 
nitrosated simultaneously, one reference at the beginning and 
one at the end would probably be adequate. In any case, the 
response factor should be calculated on the basis of the aver
age height of the 2 most pertinent reference peaks.

If the detection limit is considered to be the concentration 
that leads to a plateau or shoulder at the peak potential of the 
nitrosated compound (see 4th scanning of Figure 3), 0.5 ppm 
would be the detection limit for blueberries, cowberries, and 
soils. For other substrates mentioned in Table 1, the cleanup 
procedure cannot handle sample weights >  25 g, and thus, 1 
ppm is the limit of detection.

In the fortification studies, presented in Table 1, crop sam
ples have been fortified before extraction with standard solu
tions of 2 ppm glyphosate; this is likely to become the max
imum residue limit for the compound in this country. The 
average recovery at this level is 65% for cereal grains and 
70% or better for other crops studied; no individual value 
was lower than 62%. Because the coefficient of variation 
within each matrix group is relatively low, acceptable results 
are obtainable by correcting for the procedural loss. The

Table 1. Analysis of fortified materials for glyphosate

Sample Fort., mg/kg
Rec.,

Mean
%
Range n CV, %

B e r r ie s :
Blueberries 2.0 86 79-94 7 6
Cowberries 2.0 77 73-80 4 3
Raspberries 2.0 72 63-84 9 7
C e r e a l  G ra in s :
Barley 2.0 68 62-75 14 4
Oats 2.0 64 62-70 6 3
Wheat 2.0 66 63-68 4 3
Rice 2.0 63 62-64 2 —
O th er  C ro p s :
Grass 2.0 70 65-73 3 5
Potato 2.0 80 77-83 2 —
S o ils :
Loam 1.0 70 63-75 4 5
Loam 2.0 86 83-89 4 3
Silt 4.0 73 67-78 5 6
W ater:
Tap 0.050 76 67-81 8 5
Pond 0.025 72 68-75 2 _ _

loss probably occurs during the extraction, as a result of 
adsorption of glyphosate to the matrix, and/or during the 
anion cleanup step, due to interfering anions. The nitrosation 
process apparently is not influenced by foreign components 
remaining after cleanup. When cleaned extracts of barley and 
raspberries were fortified with glyphosate immediately before 
nitrosation, average recoveries of 102% and 93%, respec
tively, were obtained.

The technique of preceding each polarogram of nitroso- 
glyphosate with a recording of an unnitrosated part of the 
solution adds increased selectivity to the method, because 
this precaution makes it possible to detect any directly polar
ographic active compound, either naturally present in the 
sample or introduced along with the reagents, that may sur
vive the cleanup step.

So far, no collaborative testing of the method has been 
initiated. In a few instances, however, results obtained have 
been compared with those derived from identical samples 
analyzed at Monsanto's Technical Center in Belgium, using 
their established chromatographic procedures. The samples 
were wild raspberries, which had been subjected to regular 
spraying in a forest area, and raw barley sampled from fields 
that had been sprayed shortly before harvest. Table 2 pre
sents the results. All figures represent the average of duplicate 
determinations corrected for procedural losses. For the great
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Table 2. Comparison of results obtained by 2 different methods*

Sample
Present method, 

ppm
Found by Monsanto, 

ppm

Raspberries 1 13.1 9.9
2 13.7 12.9

Barley 1 4.8 5.1
2 6.6 8.0
3 13.8 13.7
4 6.7 7.6
5 9.7 10.0
6 26.6 25.9
7 13.4 14.0
8 21.6 23.4
9 15.5 16.1

“Average of duplicate determinations, corrected for procedural losses.

procedural difference betw een the 2 m ethods, the agreement 
o f results is very  acceptable.

According to the chrom atographic determ inations, these 
samples also contained residues o f the m etabolite am ino- 
m ethyl phosphonic acid (up to a m axim um  o f 0.16 ppm ). The  
m etabolite w ill not be detected by the present m ethod; how 
ever, in most cases this probably w ill not be a severe draw 
back.

A n  im portant new  feature o f this im proved method is that 
the anion-exchange cleanup/concentration is perform ed on a 
resin in O H -  fo rm , w hich  retains glyphosate b etter than a 
resin in the b icarbonate (2) or chloride (4) form , and which  
allows some interfering  background compounds to be washed 
from  it by 0 .2 5 N  K O H .

The pre lim inary  ion exchange on a strong cationic resin, 
used fo r crop extracts, decreases interferences fro m  basic 
com ponents am enable to nitrosation. This step could more  
conveniently be done as a batch process, speeded up by use 
o f u ltrasonification. In  this w ay the tota l analysis tim e can be

reduced to 5 h, assuming that percolation o f the sample through 
the anion-exchange colum n takes place overnight.

G lyphosate has to  be converted to a n itroso-derivative  
before polarography. There is some general toxicological 
concern about nitrosation reactions; such concern has been 
expressed, e .g ., by Sm yth  et al. (6) and Y oung et al. (7) for 
glyphosate determ ination . The nitroso derivative o f glypho  
sate has been subjected to an Am es test fo r m utagenicity and 
found to  give no response (E . D ybing, N ational Institu te o f 
Public H ea lth , N o rw a y , 1979). In  addition, there is practically  
no m anipulation o f the nitroso derivative because it is pro
duced in the last step o f the procedure. A lso , at this stage, 
other nitrosable compounds have been rem oved because they  
in terfere during polarography.
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The sorbate content of commercial yogurt samples is determined by 
reverse phase liquid chromatography following ion-pair extraction with 
tri-n-octylamine. Mean recoveries (70-88%), precision (1.1-3.3% RSD), 
and detection limit of the method are presented for sorbic acid, benzoic 
acid, and saccharin.

The Belgian food legislation perm its the addition o f sorbic 
acid and its sodium , potassium, and calcium  salts to yogurt 
w ith  fru it. In  August 1983, the m axim um  allow ed concentra
tion was decreased from  300 to  150 mg,'kg (1). O ther preser
vatives such as benzoic acid, how ever, are prohibited.

The analysis scheme w e chose, consisting o f an ion-pair 
extraction  w ith  tri-n -octylam ine (T n O A ) fo llow ed  by liquid  
chrom atographic (L C ) determ ination, was already reported  
fo r the determ ination o f synthetic dyes in several foods (2 -
4) and o f dyes, preservatives, and saccharin in soft drinks
(5). Because yogurt has a m ore com plex com position than  
soft drinks, the original m ethod had to be m odified to liberate  
the additives fro m  the food m atrix . T he  applicability  o f the 
m ethod is shown through recovery and precision studies and 
by the analysis o f real samples. T he  presence o f benzoic acid 
and saccharin, both prohibited in yogurt, was also investi
gated.

Experim ental

Apparatus and  Reagents

(a) A p p a r a t u s .— V arian  L C  5060 equipped w ith  manual 
V aleo  loop in jector (loop size 100 |xL), V arian  U V  100 detec
tor, and V arian  V is ta  401 integrator. p H  values w ere con
tro lled  w ith  an O rion  Ionalyser M odel 601 and a combined  
glass and calom el electrode.

( b )  C o l u m n .— RP-18 (M e rck , D arm stadt, G F R ), 250 mm  
x  4 m m  id , particle size 10 p-m.

(c) M o b i l e  p h a s e .— M ethanol-phosphate buffer (p H  =  4.5, 
ionic strength =  0 .1) (40 +  60). M o b ile  phase was filtered  
through a 0.45 p.m filter (M illip o re ).

(d) R e a g e n t s . — 'Tri-n -octy lam ine. (A ldrich , Beerse, B el
gium ). M eth an o l, L C  grade (M e rck ). Sodium  phosphate, 
sodium benzoate, and potassium sorbate, analytical grade 
(M e rc k ). Sodium  saccharin (B D H , Poole, U K ) .  Chloroform , 
analytical grade (M e rc k ), saturated w ith  w ater. W a te r was 
double-distilled.

(e) B u f f e r s .— F o r 2 L  and ionic strength 0.1. p H  =  4.5: 0.9  
m L  1M  H 3P 0 4 and 27.598 g N a H 2P 0 4.H 20 .  p H  =  5.5: 24.650 
g N a H 2P 0 4.H 20  and 1.260 g N a 2H P 0 4.2 H 20 .

(f) S t o c k  s o l u t i o n s .— Potassium sorbate: 0 .1 ,0 .5 , 1 ,2 , and 
3 m g /m L; sodium benzoate: 0 .5 , 1, 2 , and 3 m g/m L; sodium  
saccharin: 0 .5 , 1, 1.5, and 2.5 m g/m L.

(g) S p i k e d  y o g u r t . — 0.5 m L  stock solution from  (f) was 
added to ‘b lan k ’ yogurt to produce 5 g spiked yogurt, which  
was then carefully  hom ogenized.

Received February 6, 1984. Accepted July 17, 1984.

E x t r a c t io n

A  0 .5  g portion o f thoroughly hom ogenized yogurt was 
transferred to  a 30 m L  glass screw-cap centrifuge tube; 7 m L  
phosphate buffe r p H  5.5 was added, and the tube was u ltra- 
sonically m ixed 2 m in and then shaken 20 min in a mechanical 
shaker. A fte r centrifugation (10 m in at 2000 rpm ), the super
natant liqu id  was transferred to a 25 m L  volum etric  flask. 
The extraction  was repeated tw ice and the com bined ex 
tracts w ere diluted to 25 m L  w ith  phosphate buffer p H  5.5  
(extract A ).

F iv e  m L  extract A  was transferred to another centrifuge  
tube and shaken 20 m in w ith  5 m L  0 .0 1M  T n O A  solution in 
chloroform . A fte r  centrifugation (10 m in at 2000 rp m ), 2.5 
m L  organic phase was back-extracted w ith  2.5 m L  0 .1 M  
solution o f sodium perchlorate in w ater. Phases w ere again 
separated by centrifugation.

D e t e r m in a t i o n

Organic acids w ere determ ined as in ref. (5).

Results and Discussion

S e p a r a t io n  o f  B e n z o i c  A c i d ,  S o r b i c  A c i d ,  a n d  S a c c h a r i n

Previous papers from  our laboratory described the deter
m ination o f synthetic dyes in various foodstuffs (2 -4 ) . W e  
found that the ion -pair extraction  w ith  T n O A  used fo r dyes 
can also be used fo r o ther substances, e .g ., preservatives and 
saccharin. T he  L C  separation o f these compounds is best 
achieved w ith  p H  4.5  m obile phases (5). A ll L C  m easure
ments described in this paper w ere carried out using the 
m ethanol-phosphate buffer (p H  4 .5 , ionic strength =  0.1) 
(40 +  60) m obile phase. F igure 1 shows a typical L C  sepa
ration o f food additives.

E x t r a c t io n  o f  P r e s e r v a t iv e s  a n d  S a c c h a r i n  f r o m  Y o g u r t

P relim inary experim ents showed that sorbate can be lib 
erated from  the yogurt m atrix  w ith  phosphate buffer (p H  5.5) 
and sufficient m ethanol to produce a final m ethanol content 
o f 40% . Because colum n clogging occurred under these con
ditions, d irect chrom atography proved to be impossible. Pre
cipitation o f the proteins d id  not help.

E ven tu a lly , the extraction  scheme chosen consisted o f the 
fo llow ing 3 steps: first, an extraction w ith  p H  5.5 phosphate 
buffer, second, an ion-pair extraction  w ith  T n O A , and, third, 
a back-extraction  w ith  perchlorate. As described before (5), 
recoveries are optim um  using 0 .0 1 M  T n O A  a n d O .lM  sodium  
perchlorate. T he  advantages o f this back-extraction  were  
discussed in  previous papers (2 -4 ) .

D etection  was perform ed by wavelength program m ing  
because saccharin, w hich  is very hydrophilic, co-elutes w ith  
some yogurt com ponents. A t  the in itia l wavelength o f 270 
nm, absorbance o f saccharin is m axim al, and yogurt constit
uents show a low er absorption. A fte r 4 m in, the wavelength  
is autom atically  switched to 240 nm to increase (by a factor 
o f 5) sensitivity to benzoic acid.

Tab le  1 gives extraction recoveries fo r sorbic acid, benzoic  
acid, and saccharin, spiked at d ifferent concentrations. D a ta
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Figure 1. Separation of food additives: 1a, mixture of standards, 1 ppm of each in water: 1, sodium saccharin; 2, sodium benzoate; 3, potassium 
sorbate, 0.02 AUFS. 1b, Extract from yogurt spiked with 200 ppm sodium saccharin (1); 100 ppm sodium benzoate (2); and 20 ppm potassium sorbate

(3), 0.02 AUFS. 1c, Extract from commercial yogurt sample: X =  sorbate, 0.08 AUFS. For LC conditions, see Results and Discussion.

Table 1. Recovery of additives from spiked yogurt samples

Additive,
mg/kg

Recovery, %

Potassium
sorbate

Sodium
benzoate

Sodium
saccharin

10 86.1 ± 0.8 _ _
50 88.3 ± 0.9 70.9 ± 2.2 88.3 ± 1.7

100 90.1 ± 1.2 72.7 ± 0.5 83.3 ± 1.9
150 — — 84.1 ± 1.9
200 88.0 ±  1.3 74.2 ± 1.3
250 — — 82.3 ± 1.3
300 87.7 ± 1.6 73.8 ± 0.8 —

obtained fo r benzoic acid and sorbic acid indicate no signifi
cant effect o f  analyte concentration on recovery. For sac
charin, how ever, recovery observed at 50 ppm is som ewhat 
higher than at other levels. This positive error can be explained 
by interfering  co-eluting yogurt constituents.

M ean  extraction  yields (about 88%  fo r sorbate, 70%  fo r  
benzoic acid, and 85%  fo r saccharin) are sim ilar to recoveries 
obtained from  aqueous solutions (5) and were included in 
measuring additives in com m ercial samples. These yields also 
indicate that the yogurt m atrix  exerts no significant influence 
on the ion -pa ir extraction  used. The precision o f the method  
was determ ined at the 50 mg/kg level ( N  =  5). The follow ing  
relative standard deviations w ere obtained: 1.1%  for sorbate, 
3.3%  fo r benzoate, and 2 .1%  fo r saccharin.

W ith  the extraction  scheme given above, starting from  0.5  
g o f sample and w ith  no concentration step, the detection  
lim its are about 1 mg/kg fo r sorbate and 20 mg/kg fo r benzoate 
and saccharin. This difference results from  differences between  
their specific absorption coefficients.

Analysis o f  C om m ercial Samples

Tab le  2 gives the sorbate contents o f 28 yogurt samples 
w ith  fru it or fru it arom a. W e analyzed samples before and 
after August 1983 to check i f  m anufacturers changed their 
production process. Som e samples, i .e ., those w ith  a sorbate 
content m uch higher than 300 mg/kg, w ere controlled again 
in A p ril 1983.

D ata  show tha: only  samples w ith  real fru it contain sorbate. 
Furtherm ore , it appears that the sorbate am ount depends 
m ostly on the m anufacturer and not on the kind o f fru it added. 
Indeed, all samples from  manufacturer A  contain a high amount 
o f preservative fo r 2 samples, concentrations found w ere as 
high as 450 and 540 mg/kg. A  few  months later, it was observed 
that the m anufacturer had already changed the production  
process, and the concentrations found w ere 300 and 340 
mg/kg.

O nly  samples w ith  a sorbate content higher than 150 mg/ 
kg w ere reanalyzed a fter August 1983. These samples w ere  
purchased in N o vem b er 1983. Tab le  2 shows that most sam
ples w ere below  the 150 ppm lim it. H o w ev e r, the pineapple  
sample from  m anufacturer A  did not change betw een A pril 
and N o vem ber, and the apricot sample still exceeded the 150 
ppm  lim it.

W ith  the analysis scheme used, no benzoic acid or sac
charin was found in any sample analyzed.
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Table 2. Potassium sorbate concentrations (mg/kg) found in commercial samples8

M anufacturer Yogurt Fruit Oct. 1982-Feb. 1983 Nov. 1983

A whole strawberries 317.5 ±  7.2 122.0 ±  3.5
skimmed strawberries 298.3 ±  2.0 1.0 ±  0.0
skimmed forrest fruits 337.7 ±  2.6 11.6 ±  0.5
skimmed exotic fruits 283.5 ±  2.3 50.3 ±  0.4
whole exotic fruits 257.0 ±  4.2 49.8 ±  0.9
skimmed raspberries 290.4 ±  1.3 1.2 ±  0.1
skimmed kiwis 266.6 ±  4.5 __b

whole apricots 446.9 ±  1.4 
(303.3 ±  5.4)'

166.0 ±  1.2

whole pineapple 541.7 ±  10.8 
(342.6 ±  6.3)'

350.0 ±  8.3

whole lemon aroma —
whole vanillin aroma —
whole strawberry aroma —
whole apricot aroma —

B skimmec cherries 198.8 ±  3.5 117.0 ±  1.2
skimmec bilberries 180.5 ±  0.6 43.5 ±  1.9
whole apricots 163.2 61.1 ±  2.5
whole grenadine 2.3

C whole strawberries 259.7 50.4 ±  1.3
D skimmed bananas 65.0
E skimmed grenadine —
F skimmed grenadine 38.9 ±  0.1
G skimmed kiwis —
H whole strawberry aroma —

whole strawberries —
skimmed strawberries 33.6 ±  1.8
skimmed pineapple 19.9 ±  0.7
skimmed unspecified mixture 29.6
skimmed peaches +  raspberries 14.8

“Triplicate determinations, unless no standard deviation is given. 
'Below detection limit (1 mg/kg).
'April 1983.
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DRUGS

S i m p l e  C o l o r i m e t r i c  M e t h o d  f o r  D e t e r m i n a t i o n  o f  T h i a m i n e  H y d r o c h l o r i d e  i n  P h a r m a u c e u t i c a ls

RAMESH T. SANE, VIPUL J. DOSHI, SWATI JUKAR, SANJAY K. JOSHI, SATISH V. SAWANT, and 
ULHAS R. PANDIT
Ram narain Ruia College, D epartm ent o f  Chemistry,
M atunga, Bom bay 400 019, India

A simple colorimetric method is described for the determination of 
thiamine hydrochloride (vitamin B,) in dosage forms. The method is 
based on measurement of a yellow complex formed when thiamine HC1 
is treated with p-methylaminophenol sulfate (Metol) under alkaline 
conditions. Compounds such as vitamins A, B2, B6, B12, C, D, and E, 
and niacinamide, citric acid, liquid glucose, calcium pantothenate, 
biotin, liver extract, and folic acid do not interfere in the reaction. 
Extracting the complex into chloroform before quantitation enhances 
the stability of the reaction product and removes interference of water- 
soluble colored constituents in syrup samples. Statistical validation 
shows that the method is precise and accurate. Results agree well with 
those obtained by other methods in the literature.

Thiam ine plays a fundam ental role in interm ediate carbohy
drate m etabolism  in all liv ing  cells. The compound corrects 
and prevents nutritional diseases, and is essential to energy 
utilization  by the cell.

The official com pendia describe gravim etric (1 ,2 )  and fluo- 
rom etric (3) methods fo r determ ining thiam ine hydrochloride  
(vitam in  B ,) in pharm aceutical preparations. The gravim etric  
m ethod is tim e consuming and cannot be applied to form u
lations that contain o ther nitrogenous bases. M easurem ent 
conditions are critical in the fluorom etric method because 
thiochrom e is gradually decomposed by U V  light. Various  
colorim etric methods are also reported in the literature ( 4 -
10). V ita m in  C  interferes in most o f the diazotization-based  
colorim etric procedures. The m ethod recently reported by 
Sane et al. (10) requires use o f a centrifuge fo r form ulations  
that contain a high percentage o f m inerals, and reagent blank  
absorbance increases w ith  tim e.

T he  simple colorim etric  methods described here fo r the 
determ ination o f thiam ine HC1 in various pharm aceutical fo r
m ulations elim inate these interferences.

M E T H O D S

Reagents

(a) T h i a m i n e  H C l  s t a n d a r d  s o l u t i o n — Dissolve 100 mg 
accurately weighed thiam ine H C l in 100 m L  w ater in volu
m etric flask. D ilu te  10 m L  o f this solution to 100 m L  w ith  
w ater.

(b) M e t o l  s o l u t i o n .— D issolve 100 mg M eto l in 100 m L  
w ater.

Figure 1. Proposed structure for product of reaction of thiamine and
Metol.

Received May 9. I983. Accepted August 9, 1984.

Table 1. Formulations of products assayed

Content3 Amount

Tablet A
Each capsaliform tablet contains:

Vitamin A acetate (IP) 25 000 IU
Vitamin D3 (USP) (IP) 500 IU
Vitamin B, (IP) 20 mg
Vitamin B6 (IP) 10 mg
Vitamin B2 (IP) 5 mg
Vitamin B12 (IP) 5 pg
Niacinamide (IP) 50 mg
Calcium pantothenate (IP) 11.6 mg
Ascorbic acid (IP) 0.15 g
Vitamin E (NF) 10 mg
Biotin 0.25 mg

Minerals:
Calcium phosphate (IP) 0.129 mg
Magnesium oxide, light (IP) 60.0 mg
Ferrous sulfate, dried (IP) 32.04 mg
Manganese sulfate (BPC) 2.03 mg
Phosphorus 25.8 mg
Copper sulfate <IP) 3.39 mg
Zinc sulfate (IP) 2.2 mg
Sodium molybdate 0.25 mg
Sodium borate (IP) 0.88 mg

Tablet B
Each tablet conta ns:

Vitamin B, (IP) 10 mg
Vitamin B6 (IP) 3 mg
Vitamin B12 (IP) 33 mg

Tablet C
Each tablet contains:

Vitamin Bi (IP) 2 mg
Vitamin Bs (IP) 1 mg
Vitamin B2 (IP) 11 mg
Niacinamide (IP) 20 mg
Calcium pantothenate (IP) 2.5 mg
Vitamin ¿12 1 pg

Tablet D
Each tablet contains:

Vitamin B1 (IP) 10 mg
Vitamin B2 (IP) 10 mg
Vitamin B6 (IP) 3 mg
Vitamin B12 (IP) 15 pg
Niacinamide (IPi 100 mg
Calcium pantothenate (IP) 50 mg
Folic acid (IP) 500 pg
Vitamin C 0.15 g

Syrup
Each 5 mL contains:

Vitamin B 1 2 mg
Vitamin B2 2 mg
Niacin 5 mg
Niacinamide 15 mg
Vitamin Bö 1.5 mg
d-Panthanol 5 mg
Glucose, liquid 0.9 g
Citric Acid 35 mg
Plus syrup base

Injection A 
Each mL contains:

Vitamin Bi 100 mg
Chlorbutol (as preservative) 0.35 % v/v

Injection B 
Each mL contains

Vitamin Bi 33 mg
Vitamin B6 33 mg
Vitamin B12 333 pg

aIP Indian Pharmacopoeia; USP, U.S. Pharmacopoeia; NF, National 
Formulary; BPC, British Pharmacopoeia.
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Table 2. Determination of thiamine HCI by the proposed method, for quantitation in aqueous and chloroform solutions

Product3

Amt
declared,

mg

Off.
compendial 

method 
amt, mg(3)

Found, mg Rec., % Std dev. Coeff. of var., %

Aq. CHCb Aq. CHCb Aq. CHCb Aq. CHCb

Tablet
A 20 22.39 24.4 22.24 101.8 101.3 0.25 0.26 1.8 3.2
B 10 12.47 12.54 11.9 102.06 100.08 0.24 0.22 2.6 2.7
C 2 2.87 2.6 2.9 100.2 101.2 0.175 0.25 1.89 2.8
D 10 13.14 13.7 12.6 99.99 103.10 0.20 0.27 2.05 2.8

Injection
A 100 106.0 109 104.6 100.2 98.6 0.24 0.21 2.8 2.4
B 33 37.62 39 34.98 102.98 101.56 0.23 0.14 2.4 1.8

Syrup 2 2.49 2.51 2.44 104.4 100.86 0.24 0.20 2.6 2.1

’ See Table 1 fo r product formulations.

Table 3. Recovery of thiamine hydrochloride added to formulations at 3 levels, for quantitation in aqueous and chloroform solutions

Rec., %, in aq. soin Rec., % in CHCb soin
Ami aeciarea,

Product3 mg 1 2 3 1 2 3

Tablet
A 20 103.6 100.0 105.3 97.6 99.2 102.27
B 10 102.68 99.0 102.8 97.6 99.2 102.2
C 2 101.6 99.4 100.4 101.2 101.8 101.4
D 10 97.7 98.6 99.86 102.6 101.8 103.3

Injection
A 100 97.6 102.8 100.4 98.8 98.6 98.8
B 33 101.6 104.2 102.0 99.2 104.8 101.6

Syrup 2 101.3 101.2 104.8 100.0 99.4 101.06

’ See Table 1 fo r product formulations.

(c) L i q u o r  a m m o n i a .— A R  grade.
(d) C h l o r o f o r m .— A R  grade.

Preparation o f  Assay Solutions

T a b l e t s .— Pow der 20 tablets and accurately weigh quantity  
equivalent to 10 mg thiam ine H C I. Dissolve in ca 50 m L  
w ater, and filter solution through W hatm an N o . 1 paper. 
C ollect filtrate  and 2 washings each o f 15 m L  w ater in 100 
m L  standard flask and dilute to volum e w ith  w ater.

I n j e c t i o n s .— F ro m  thoroughly shaken injection vial solu
tion , transfer volum e equivalent to 10 mg thiam ine H C I to 
100 m L  standard flask, and dilute to  volum e w ith  w ater.

S y r u p .— F ro m  thoroughly shaken syrup sample, transfer 
volum e equivalent to  10 mg thiam ine H C I to 100 m L  standard 
flask, and dilute to volum e w ith  w ater.

Preparation o f  Standard Curves

D ilu te  thiam ine H C I standard solution to give series o f 
concentrations o f 2 .5 -2 0  p-g/mL. D evelop  color and read  
absorbance o f reaction product as described under A s s a y .  

Plot absorbance vs thiamine H C I concentration to give straight 
line passing through origin. B eer’s law  is obeyed between 2.5 
and 20 p g /m L .

Assay

M e t h o d  I .— Pipet 0 .2 5 -2 .0  m L  portions o f thiam ine H C I 
standard solution into  series o f 10 m L  graduated test tubes. 
A d d  to each 0.5  m L  M e to l solution and 1.0 m L  liquor am m o
nia. S im ultaneously prepare reagent blank. Shake test tubes 
frequently  fo r 7 m in , d ilute each solution to 10 m L , and 
measure absorbance at 420 nm against reagent blank. D e ter
m ine concentration in assay solution from  standard curve  
using same procedure detailed earlier.

M e t h o d  I I .— Pipet 0 .2 5 -2 .0  m L  portions o f thiam ine H C I 
standard solution into series o f 10 m L  graduated test tubes. 
A d d  0.5 m L  M eto l solution and 1.0 m L  aqueous am m onia to 
each solution. S im ultaneously prepare reagent blank. Shake 
test tubes frequently  fo r 7 m in, and dilute each solution to 10

m L . Transfer contents o f each test tube to a separate sepa
ratory funnel. T o  each funnel add 10 m L  chloroform , and 
shake funnel 2 m in. L e t layers separate, and measure absorb
ance o f chloroform  layer at 420 nm against reagent blank. 
Determ ine concentration in assay solution from  standard curve 
using same procedure detailed earlier.

Stoichiometry o f  Reaction Products

The ye llow  com plex o f thiam ine w ith  M eto l was isolated. 
From  the results o f elem ental analysis and U V  and IR  spectra 
o f the com pound, we propose the structure shown in Figure  
1.

Recovery Experiment

To  study the reliability and recovery o f the proposed m ethod, 
we used a m ethod o f standard addition. A  fixed weight o f  
sample was taken, standard drug was added at 3 d ifferent 
levels, and the total am ount o f drug was determ ined by the 
proposed m ethod. Percent recovery was calculated as fo l
lows:

R ecovery, %  =  h'V(XAF)
-  a X j i l Y W l N a X 2)  -  (S A )2] x  100

w here X  =  am ount o f drug added/g sample; Y  =  am ount o f  
drug found/g sample; N  =  total num ber o f observations.

Results and Discussion

The proposed methods are d irect, fast, simple, sensitive, 
and accurate. Com pounds such as vitam ins A , B 2, B 6, B i2, 
C , D , and E , and niacinam ide, b io tin , liver extract, liquid  
glucose, calcium  pantothenate, citric  acid, and folic acid, do 
not interfere in the reaction.

M eto l, an acid salt, is freely  soluble in w ater and is stable 
in the pow der form  and in solution. The use o f M eto l in the 
present methods is an im provem ent over the use o f p -am i-
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nophenol, specified in  the m ethod o f Sane and Ghorpade (11) 
for thiam ine HC1. p -A m inophenol is susceptible to oxidation  
and, on standing, becomes dark brow n in color; p -am ino
phenol solutions must be prepared in alcohol; and p-am ino- 
phenol is m ore expensive than M eto l.

The stability  o f the M eto l/th iam ine  colored com plex is 
enhanced in  the ch loroform  layer. F o r syrups, a sample blank  
must be analyzed because the colored constituents are water- 
soluble. This interference is e lim inated by extracting the col
ored com plex into chloroform . The results o f analysis o f 
thiam ine HC1 by the proposed methods agree w ell w ith  those 
obtained by com pendial methods.

T ab le t, in jection , and syrup dosage form s (Table 1) w ere  
assayed by the methods described, and recovery studies were  
carried out. Percent recoveries, obtained by using the additon  
m ethod (Tab le 2), w ere in the range 9 9 -1 0 3 % , indicating lack  
o f interference by other ingredients and excipients in the 
determ ination. T he  methods are also reproducible, as shown 
by results in  Tab le  3. W e  recom m end this m ethod fo r the 
routine quality  control analysis o f thiam ine HC1 in pharm a
ceutical preparations.
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Collaborators: W . L . Childress; K . L . Eg li; D . D . Hughes; E . Lum sden; W. Sm ith; M . J. W illiam son

Six laboratories collaboratively studied a liquid chromatographic (LC) 
method for the quantitative determination of primidone in tablets. Two 
lots each of commercially prepared 50 and 250 mg tablets and 2 authen
tic mixtures, at 50 and 250 mg levels, were sent to each collaborator. 
Samples were dissolved in the mobile phase, filtered, and injected into 
the chromatograph. Average recoveries for the 8  samples ranged from
97.5 to 101.2%, and coefficients of variation ranged from 0.53 to 
3.01%. The LC method has been adopted interim official first action.

Prim idone is a w ide ly  used anticonvulsant drug; its determ i
nation in  solid dosage form s has been o f international interest. 
A t the tim e o f this study, the U S P  m ethod (1) fo r determ ining  
prim idone in tablets was a nonspecific u ltrav io let (U V )  spec- 
trophotom etric procedure that is subject to interferences from  
other U V -absorb ing  m aterials. (B y  the tim e this study was 
com pleted, U S P  had adopted a new  G C  method (2).) A  liquid  
chrom atographic (L C ) m ethod was developed and evaluated  
by an in terlaboratory collaborative study.

Collaborative Study
Eight samples w ere sent to each o f 6 collaborators. F ou r  

samples w ere  ground com m ercial tablets, 2 each labeled to 
contain 50 and 250 mg prim idone, and 4 w ere authentic m ix 
tures, 2 each at the 50 and 250 mg levels. The authentic  
m ixtures w ere prepared to  represent the most com m on for-
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Referee and Committee B and was adopted by the Association. See the General 
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m ulations m anufactured. The 8 samples w ere actually 4 sam
ples in b lind duplicate. A  prim idone standard was sent to 
each collaborator so that all samples and standards were  
identical fo r each set.

E quipm ent, reagents, and the L C  procedure have been 
previously described (3). The collaborators w ere instructed  
to perform  one determ ination on each sample and to report 
the ir L C  results based on peak height.

Primidone in Tablets 
Liquid Chromatographic Method 

Interim First Action

P r i n c ip le

Sam ple is dissolved in  m obile phase, filtered , injected into  
liq . chrom atgc system , and quantitated by com parison w ith  
external std.

R e a g e n t s

(a) S o l v e n t s .— L C  grade H 20  and M e O H  (J. T . B aker 
Chem ical C o ., Phillipsburg, N J  08865).

(b) L C  m o b i l e  p h a s e . — I n  suitable flask, com bine 500 m L  
H 20  and 500 m L  M e O H ; stir mag. F ilte r thru 0.45 |xm m em 
brane filter w etted  w ith  M e O H . Place in  u ltrasonic bath 10 
m in to  deaerate.

(c) S t d ,so/«.— A ccurate ly  weigh 50 mg U S P  R ef. Std Prim 
idone, previously dried 2 h at 105°, and transfer to 50 m L  vol. 
flask. A dd  35 m L  m obile phase, place in ultrasonic bath 15 
m in, cool, and dil. to vo l. w ith  m obile phase. Place in  u ltra 
sonic bath fo r addnl 15 m in and cool. Soln is stable 1 w eek.
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Table 1. Collaborative results of LC determination of primidone in commercial tablets and authentic mixtures9

Coll.

A B C D E F G H

mg % mg % mg % mg % mg % mg % mg % mg %

1 50.1 100.2 48.9 97.8 246.8 98,7 241.7 96.7 48.1 96.2 50.4 100.8 231.3 92.6 252.6 101.0
2 49.7 99.3 50.8 101.7 248.5 99.4 247.7 99.1 48.5 97.0 49.3 98.7 238.7 95.5 251.7 100.7
3 50.5 101.0 50.8 101.6 249.3 99.7 243.7 97.5 49.9 99.8 50.0 100.0 251.6 100.6 243.2 97.3
4 50.3 100.6 50.1 100.2 245.8 98.3 240.9 96.4 50.3 100.6 50.0 100.0 246.8 98.7 246.2 98.5
5 50.5 101.1 51.3 102.5 246.7 98.7 246.3 98.5 50.0 100.0 49.5 S8.9 247.6 99.0 247.8 99.1
6 50.0 100.0 51.7 103.4 248.1 99.2 247.0 98.8 48.6 97.2 49.4 98.8 247.1 98.8 248.9 99.6

mg/tab.,
declared 50 50 250 250 50 50 250 250

Av. wt/tab.,
mg 114.3 114.3 377.1 377.4 114.6 114.6 276.6 276.6

Av., mean 50.2 100.4 50.6 101.2 247.5 99.0 244.6 97.8 49.2 98.5 49.8 99.5 243.9 97.5 248.4 99.4
SD 0.31 0.68 0.99 1.97 1.31 0.52 2.87 1.13 0.94 1.87 0.43 0.86 7.45 2.93 3.49 1.39
CV,%  , 0.62 0.68 1.96 1.95 0.53 0.53 1.17 1.16 1.91 1.90 0.87 0.86 3.05 3.01 1,41 1.40

“Samples A -D  were commercial tablets; Samples E-H were authentic mixtures. A and B, C and D, E and F, and G and H were duplicate pairs, 
respectively.

Apparatus

(a) L i q u i d  c h r o m a t o g r a p h . — System equipped w ith  injec
tor, solvent delivery  system, and U V  detector. Operating  
conditions; flow  rate 1.0 m L /m in ; 254 nm detector, 0.2 A U F S ;  
tem p., am bient; 20 p,L injection.

(b) L C  c o l u m n .  — M ach erey-N age l N ucleosil C -8 , 10 |xm 
particle size, 25 cm x  3.2 m m , or equiv.

(c) R e c o r d e r . — 10 m V  w ith  0.5 cm /m in chart speed.
(d) M e m b r a n e  f i l t e r s —  N y lon-66, pore size 0.45 |xm (Rainin  

Instrum ent C o ., W o b u rn , M A  01890), or equiv.

Preparation o f  Samples

D et. av. w t o f 20 tablets and grind to pass N o . 60 sieve. 
Transfer accurately weighed portion o f pow der equiv. to 50 
mg prim idone to  50 m L  vol. flask. A d d  35 m L  m obile phase, 
place in ultrasonic bath 15 m in , cool, and dil. to vol. w ith  
m obile phase. Place in u ltrasonic bath addnl 15 m in and cool. 
F ilte r soln through 0.45 |xm m em brane filter and use as sample 
prepn.

Determination

E quilib rate  system w ith  column in instrum ent and mobile  
phase set at 1.0 m L /m in . In jec t 20 p,L std soln and adjust 
flow  rate and sensitivity so that peak response is ca 45%  fu ll 
scale, w ith  retention tim e ca 3 m in. In  suitable system, coef
ficient o f  variation  (C V ) o f peak responses o f 5 replicate  
injections is £ 2 .0 % . Proceed w ith  sample analysis, using 20 
|j,L injections fo r each std and sample soln.

Calculation

D et. peak responses o f std and sample peaks and calc, amt 
o f prim idone in tablets.

mg Prim idone/tablet =  ( R / R ' )  x  50 ( C )  ( T ) / W

w here R  and R 1 are peak response o f sample and std solns, 
resp.; C  is concn o f prim idone std soln in m g /m L ; T  is av. 
tab let w t in mg; and W  is sample w t in mg.

Results and Discussion

Each collaborator was instructed to analyze the samples 
in any order, but only once fo r each sample; how ever, some 
collaborators used duplicate injections, some boxed each 
sample w ith  a standard injection , and others did both. A ll 
collaborators used peak height measurements as requested  
in the instructions; how ever, the method has been changed 
to m easurem ent by peak response to a llow  the choice o f area 
or height. Tab le  1 shows the results o f the collaborative study.

N o ne  o f the collaborators had problem s w ith  the m ethod; 
how ever, one collaborator recom m ended using 3 or more  
injections for each sample or using an internal standard, which  
w ould  produce m ore accurate results statistically. M u ltip le  
injections, at least 2, w ould  be m ore accurate; some collab
orators did this. The system suitability test, how ever, requir
ing 5 replicate injections to m eet a re lative standard deviation  
(R S D ) o f 2 .0%  or less was m et by all collaborators, w hich  
indicates that there are no problems associated w ith  injection  
or stab ility . A ll collaborators except one achieved an R S D  o f  
< 0 .9 % , w ith  a range o f 0.17 to 1.88%  fo r all 6. Peak sym m etry  
was satisfactory, the m axim um  being about 1.2, and no inter
ferences w ere noted in any o f the chrom atograms received.

Tab le  2 lists the equipm ent that the collaborators used. 
F iv e  collaborators used C-8 columns from  various m anufac
turers, as specified in the m ethod, and one used a phenyl 
colum n because o f unavailab ility  o f a C-8 colum n. T he  use 
o f the phenyl colum n did not appear to affect the results 
obtained, and the data w ere included in the statistical eval
uation. A ll o ther equipm ent was expectedly variable.

Statistical Analysis

A c c u r a c y . — T he data from  the 6 collaborating laboratories  
(Table  1) w ere  statistically analyzed. The mean and S D  for 
Collaborators 1 -6  w ere 98.0 (2.84), 98.9 (1.95), 99.7 (1.55),
99.2 (1 .46), 99.7 (1.40), and 99.5 (1.78). T he  means fe ll w ith in  
a narrow  range, but the SDs showed a w ider spread. The  
authentic m ixtures had a significantly higher S D  than the 
com m erical tablets. The average S D  fo r the com m ercial tab
lets was 1.08 and fo r the authentic m ixtures was 1.76. This  
lack o f precision is probably ascribable to the d ifficulty o f  
preparing homogenous authentic m ixtures on a small scale.

H o m o g e n e i t y  o f  v a r i a n c e .— Before an analysis o f variance  
(A N O V A )  was perform ed, the hom ogeneity o f variance was 
exam ined. W hen  the com plete data set consisting o f 50 and 
250 mg samples was pooled, the variance was found to be 
sufficiently homogeneous at the 99%  confidence level. This  
was true fo r both the H a rtle y  and the Cochran tests. F o r this 
reason no laboratory  was e lim inated, and the A N O V A  was 
perform ed on all o f the collaborative results.

A n a l y s i s  o f  v a r i a n c e .— The analysis o f variance on the 
com plete set o f data (Tab le  3) showed that the betw een- 
collaborator effect and the laboratory-sample interaction were  
insignificant at the 95%  confidence level. In  fact, the largest 
am ount o f scatter in the data, by far, can be attributed to the 
betw een-rep licate variab ility . As noted above, this is prim ar-
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Table 2. LC equipment used by collaborators

Coll. Instrument Injector Column Detector“

1 Waters 204 Waters U6K Nucleosil C-8 Waters 440
2 Altex 101 Waters WISP 710A 

Autosampler
|j.Bondapak phenyl 

(slurry packed) 
(commercial)

Perkin-Elmer
LC-75

3 Haskel 20 (jlL loop Hewlett-Packard
RP-8
(commercial)

LDC Spectromonltor III

4 Waters 6000A Waters U6K Waters Radial 
Pak C-8 
(commercial)

Waters fixed

5 Varían 5060 Micromeritics 725 
Autosampler

DuPont Zorbax 
C-8 (commercial)

LDC Spectromonitor III

6 Altex 100A 20 pL loop DuPont Zorbax 
C-8 (commercial)

LDC Spectromonitor III

“All detectors were set at 254 nm.

Table 3. Analysis of variance

Factor
Degrees of 
freedom

Sum of 
squares

Mean
square
(MS) F-value

Between-laboratories (L) 5 16.84 3.37 2.73»
Between samples (S) 3 44.46 14.82
Laboratory-sample

interaction (LS) 15 18.51 1.23 0.3376
Between-replicates (0) 24 87.98 3.66
Total 47 167.79

»F = MSl/MSls, critical F (5/15 degrees of freedom) = 2.9 at 
95% significance level.

bF = M S is I M S o ,  critical F (15/24 degrees of freedom) = 2.0 at 
95% significance level.

ily  caused by the authentic m ixture samples, which appar
ently w ere not homogeneous.

R e p e a t a b i l i t y  a n d  r e p r o d u c i b i l i t y .— From  the A N O V A  table, 
the variance o f each type in the analysis was calculated. The  
square root o f the betw een-rep licate variance, 1.91, corre
sponds to the repeatab ility  o f the m ethod. The between- 
laboratory S D  was 0.517 and the laboratory sample interac
tion was < 0 .  The square root o f the sum o f the between- 
laboratories, betw een-rep licates, and laboratory-sam ple var
iances corresponds to the overall reproducibility o f the method,
1.94, w hich  is only slightly larger than the repeatab ility , for 
reasons discussed above. T h e  95%  confidence lim it o f the 
method, taken as tw ice the rep roducib ility , corresponds to a 
lim it fo r the analytical m ethod o f ± 4 % .

A n  A N O V A  test was perform ed on the com m ercial and 
authentic samples separately. The reproducibility  and repeat

ab ility  results w ere 2.45 and 2.39 fo r the authentic m ixtures 
and 1.44 and 1.26 fo r the com m ercial tablets, respectively. 
The excellent agreem ent betw een the measured and declared 
potency o f each sample, how ever, dem onstrates the accuracy 
o f the L C  m ethod.

Recommendation
I t  is recom m ended that the L C  m ethod fc r  the determ ina

tion o f prim idone in tablets be adopted official first action.
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N o r m a l  P h a s e  L i q u i d  C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  o f  S u l f a m e t h o x a z o le  i n  T a b le t s :  

C o l l a b o r a t i v e  S t u d y

JOHN W. ROBINSON
F o o d  and  D rug Adm inistration , 850 Third Ave, Brooklyn, N Y  11232

Collaborators: W. M . Adam s; L . R . A lexander; G . D . Castillo; D . V. D on; G . R . F ine lli; G . Greco; S. E . Roberts

A stability-indicating liquid chromatographic method is presented for 
determining sulfamethoxazole in tablets. The method uses a 10 pm 
silica column, an isooctane-methylene chloride-2 -propanol-acetoni- 
trile-glacial acetic acid (70 + 25 + 5 + 5 + 0.5) mobile phase, and 
photometric detection at 254 nm. Seven laboratories collaboratively 
studied this method on powdered composite samples prepared from 
commercial 500 and 1000 mg tablets and on an authentic tablet mixture 
containing 83.32% added sulfamethoxazole. Mean assay results for the 
500 and 1000 mg tablets were 102.2 and 97.9% of declared, respectively 
(n = 4). The mean recovery value for the synthetic sample was 99.4% 
(n = 4). The pooled reproducibility standard deviation (SD) (coefficient 
of variation (CV) ) and pooled repeatability SD (CV) were ± 1.01 
(1.01%) and ± 0.96 (0.96%), respectively. These results were in good 
agreement with those obtained by the Associate Referee for the titration 
method of USP XX. The proposed method can also be used for moni
toring the presence of sulfanilamide in sulfamethoxazole by increasing 
the proportions of both acetonitrile and 2 -propanol in the mobile phase. 
The method has been adopted official first action.

Several analytical methods have been reported for determ i
nation o f the antibacteria l, sulfam ethoxazole, the most com 
mon being the U S P  X X  titrim etric  m ethod w ith  n itrite solu
tion (1). Th is  m ethod is precise but nonspecific, and many  
drugs, including most o f the sulfonam ides, react w ith  the 
titran t. Q uan tita tive  thin layer chrom atography (T L C ) (2 -5 ) , 
w hich separates sulfam ethoxazole from  related compounds 
and excipients, lacks the accuracy and precision needed for 
both quality  control and regulatory purposes. These neces
sary analytical c riteria  can be m et by using gas chrom ato
graphic (G C ) methods (6 -8 ) ,  but these procedures require  
the derivatization  o f sulfam ethoxazole, which is usually a 
tim e-consum ing and m ore error-prone step. L iq u id  chrom a
tography (L C ) is p referred  over T L C  because o f its greater 
precision and resolution p ow er, and over G C  because deri
vatization  is unnecessary.

The L C  m ethod proposed here is an outgrowth o f a need 
in our laboratory to analyze sulfam ethoxazole fo r im purities. 
A  num ber o f reverse phase L C  methods for this drug have 
been published (9 -1 4 ). H o w ev e r, w ith  reverse phase sys
tem s, sulfam ethoxazole shows a retention tim e in excess o f 
1 h, whereas im purities such as sulfanilic acid elute close to 
the solvent front. T he norm al phase L C  m ethod o f Cobb and 
H ill  (15), on the o ther hand, appeared more promising and 
was used as the basis fo r the developm ent o f the present 
method.

Collaborative Study
Three samples, consisting o f  com m ercial 500 and 1000 mg 

sulfam ethoxazole tablets and an authentic sulfam ethoxazole  
tablet m ixture , w ere subm itted to 8 collaborators as blind 
duplicates, fo r a total o f  6 samples. Each collaborator was 
asked to analyze all o f  these samples in duplicate. Each  
collaborator also received samples o f standard sulfamerazine

The recommendation of the Associate Referee was approved by the General 
Referee and Committee B and was adopted by the Association. See the General 
Referee and Committee reports, J. Assoc. Off. Anal. Chem. (1985) 68, March 
issue.

Submitted for adoption July 30, 1984.

and sulfam ethoxazole and a set o f instructions fo r carrying  
out the study.

The authentic tab let m ixture was prepared in 2 steps. The  
ingredients, in the amounts given in Table 1, w ere m echani
cally d ry m ixed 2 h in a 1 L  M orto n  flask. A  33.36 g portion  
o f this m ixture , 166.64 g sulfam ethoxazole, and 400 m L  m eth
anol w ere com bined in a 1 L  M o rto n  flask and m echanically  
rotated under vacuum  fo r 12 h. The m ethanol was evaporated  
on a steam bath. The residue was finely powdered (60 mesh) 
and dried 2 h at 105°C.

Sulfamethoxazole in Tablets 
Liquid Chromatographic Method 

First Action

Principle

Sulfam ethoxazole is extd w ith  M e O H , sulfam erazine is 
added as internal std, and compds are detd by liq. chrom atgy 
on norm al phase silica column w ith  isoo c ta n e -C H 2C l2-2 -p ro -  
p a n o l-C H 3C N -H O A c  (70 +  25 +  5 +  5 +  0.5) m obile phase 
and U V  detector set at 254 nm.

Apparatus and Reagents

(a) L iqu id  ch rom atog rap h .— Isocratic system operated at 
room  tem p., w ith  U V  detector set at 254 nm , and strip chart 
recorder or com puting integrator.

(b) A nalytical colum n.— Stainless steel, 250 x  4.6 (id) mm , 
packed w ith  5 -1 0  pm  particle size, uncoated silica (pP orasil, 
W aters Associates, or equ iv .). A t m obile phase flow  rate o f  
2 m L /m in , approx, retention times o f sulfam ethoxazole and 
sulfam erazine are 3 and 4 m in, resp.

(c) M obile p h a s e — Isoo ctan e-C H 2C l2-2 -p ro p a n o l-C H 3C N -  
H O A c  (70 +  25 +  5 +  5 +  0.5).

(d) In tern al std  soln  —  D issolve U S P  Sulfam erazine Ref. 
Std in M e O H  in vol. flask to give soln contg ca 2 .0  m g/m L.

(e) S u lfa m e th o x a z o le  s td  s o ln .— D is s o lv e  a c c u ra te ly  
weighed am t o f U S P  Sulfam ethoxazole Ref. Std in M e O H  in 
vol. flask to obtain soln contg ca 5 .0  m g/m L.

Preparation o f  Sample Solution

W eigh and finely pow der >  20 tablets. Accurately  weigh  
portion o f pow der equiv. to ca 500 mg sulfam ethoxazole and 
transfer to 100 m L  vol. flask. Dissolve in 70 m L  hot M e O H .  
Cool soln to room  tem p., d il. to vol. w ith  M e O H , m ix , and 
filter.

Table 1. Composition of authentic tablet excipient

Ingredient Amount, mg

Avicel A 80s 5.5
Primojel“ 14.4
Explotab6 12.0
St-Rx' 10.6
Pre-Jel' 7.6
Stearic acid 40.0
Sodium lauryl sulfate 20.0
Lactose 50.0

•Microcrystalline cellulose. 
“Modified starch. 
'Pregelatinized starch.
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Table 2. Collaborative results (% of declared) for the LC determination of sulfamethoxazole in commercial tablets and authentic tablet mixture

Commercial tablet
Authentic tablet 

mixture“Coll. 500 mg 1000 mg

A 100.7 101.4 100.4 100.4 94.5 94.2 98.9 98.9 98.5 99.7 99.0 99.1
B 102.4 103.2 102.4 101.9 97.1 99.2 98.6 97.5 99.3 99.9 99.6 97.6
C 101.8 101.6 101.3 102.2 97.3 98.5 98.1 98.8 100.2 100.0 99.3 100.5
□ 102.0 102.2 102.2 101.8 98.2 98.1 98.1 98.2 99.3 99.7 98.5 100.5
E 101.5 102.3 104.9 102.5 101.7“ 100.7“ 99.8“ 101.4“ 100.0“ 93.5“ 100.6“ 100.5“
F 102.4 102.7 102.6 102.5 99.2 98.0 97.7 97.8 99.6 100.0 98.5 99.5
G 102.6 102.7 101.1 103.5 97.7 98.3 100.3 97.4 101.9“ 101.7“ 101.4“ 102.2“

Mean, % 102.1 97.9 99.4
Pooled mean, % 99.8
Reproducibility SD, %

(CV, %) ± 1.01 (1.01)
Repeatability SD, %

(CV, %) ± 0.96 (0.96)

“Containing 83.32% added sulfamethoxazole.
“Outlier by Dixon test.
“Outlier by range test.

Table 3. Evaluation of collaborative results for outliers by Stelner’sranking test“

Commercial tablets
Authentic

500 mg 1000 mg tablet mixture

Coll. Sum Rank Sum Rank Sum Rank Overall rank

A 422.9 1 386.5 1 396.3 2 4
B 409.9 4.5 392.4 2 396.4 3 9.5
C 406.9 2 392.7 4.5 400.0 6 12.5
D 408.2 3 392.6 3 398.0 5 11
E 411.2 7 403.6 7 394.6 1 15
F 410.2 6 392.7 4.5 397.6 4 14.5
G 409.9 4.5 393.7 6 407.2 7 17.5

“P = 0.05; for 7 collaborators and 3 samples, degrees of freedom (df) = 21. 
Conclusion: no outliers found.

Table 4. Evaluation of outliers between samples by the Dixon test8

Sample
Highest value, b 

r io
Lowest value,c 

r  io

Tablet, 500 mg 0.12 0.48
Tablet, 1000 mg 0.58 0.34
Authentic tablet mixture 0.57 0.13

“Critical value (P = 0.05) for 7 collaborators (rio) = 0.51.
Conclusion: 2 outliers found.

“For highest value use (X„ -  X„-i)/(X„ -  X,); reject if rw >0.51.
“For lowest value use (X2 -  Xi)/(X„ -  Xi); reject if r  ,0 >0.51.

D e t e r m in a t io n

Transfer 2 .0  m L  each o f sample soln and std soln to ind i
vidual 100 m L  vol. flasks contg 5 .0  m L  internal std soln, add 
20 m L  C H 2C12, d il. to vo l. w ith  m obile phase, and m ix.

Using suitable m icro  syringe or sampling va lve , test system  
suitability by m aking 5 replicate injections (between 10 and 
20 p.L) o f  std m ix t. I f  necessary, adjust injection vol. and 
flow rate to  give std peak ht o f ca 60%  A U F S . In  properly  
functioning system , resolution factor between std and inter
nal std peaks is s  2 .5 , and C V  fo r 5 replicate injections is <  
3.0%  fo r peak ht ratios o f std to internal std.

Introduce equal vols (betw een 10 and 20 p-L) o f sample 
soln and std soln into liq. chrom atograph operated at room  
tem p. F o r each in jection , calc, response ratio  (ht o f sulfa
m ethoxazole peak to ht o f internal std peak).

Sulfam ethoxazole, m g/tab. =  100 C  x  ( R / R ' )  x  (T /W )

w here C  =  concn, m g /m L , o f U S P  Sulfam ethoxazole Ref. 
Std in std soln; R  and R '  =  ratios fo r sample and std solns, 
resp.; T  =  av. tablet w t, g; and W  =  sample w t, g.

Results and Discussion
A nalytical findings w ere received from  7 o f the 8 collabo

rators. The commercial 500 and 1000 mg tablet samples showed

Table 5. Evaluation of outliers between replicates by the range test8

Commercial 
tablet diff.

Coll.

500
mg
tablet

1000
mg
tablet Authentic mixt. diff.

A 0.1 4.7 1.2
B 1.3 2.1 2.3
C 0.9 1.5 1.2
D 0.4 0.1 2.0
E 3.4 __b 7.1
F 0.3 1.5 1.5
G 2.4 2.9 __b

“Total difference: 36.9. Critical value (P = 0.05) = 0.13 when number of 
ranges is 19 and number of values in each range is 4.
Ratio of greatest difference (7.1) = 0.19.
Conclusion: 1 outlier found.
Ratio of next greatest difference (4.7) = 0.12.
Conclusion: 1 outlier found.

'’Outlier by Dixon test.

mean assay values o f 102 and 98%  o f declared, respectively. 
The authentic tab let m ixture , containing 83.32%  sulfa
m ethoxazole, had a mean value o f 99 .4%  o f  expected. The  
pooled mean fo r the 3 samples was 99 .8%  (Table 2).

W ith  S te iner’s ranking test (P  =  0 .05), no outliers w ere  
found among the results submitted by the collaborators (Tables 
2 and 3). H o w ev e r, 2 sets o f results w ere found as outliers  
by the D ixo n  test (Collaborators E  and G , Tables 2 and 4) 
and 1 set by the range test (C ollaborator E , Tables 2 and 5). 
These results w ere not included in the statistical evaluations  
(16).

W hen  the results from  the collaborators fo r the 3 samples 
analyzed w ere pooled (Tab le 2), the reproducibility  standard 
deviation  (S D ) was ±  1.01 and the reproducibility  coefficient 
o f variation  (C V ) was 1.01% . The corresponding repeatability  
S D  and the repeatab ility  C V  w ere ±  0 .96  and 0 .96% , respec
tive ly .
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Table 6. Analysis of variance (ANOVA) of collaborative results

Source of variance Sum of squares df Mean square F-statistic"

Between collaborators 14.0 6 2.30 3.77
Between samples 240.8 2 120.40 —

Laboratory/sample Interaction 7.4 12 0.61 0.74
Between replicates 49.2 60 0.82 —

"F(0.05) [6, 12] = 3.00; F(0.05) [12, 60] = 1.92 F (0.01) [6, 12] = 4.82.

Table 7. LC equipment used by collaborators

System

Coll. Column Pump Detector Integrator

A Spherisorb S-5-W" M-6000" LC 75" 3390A"
B Zorbax-Sil" SP 3500' SP 8200' _9

C pPorasil" 202" 401" _9

D Zorbax-Sil" 204" 440" ---9
E ^Porasil" 950" 970" SP 4100'
F LiChrosorb Si-60' 110A' 334' 3385A"
G ^Porasil" SP 8000" SP 8000" SP 8000"

“Alltech Associates, Inc., Deerfield, IL. 
‘Waters Associates, Milford, MA. 
"Perkin-Elmer Corp., Norwalk, CT. 
‘ Hewlett-Packard Co., Palo Alto, CA. 
"DuPont Instruments, Wilmington, DE. 
'Spectra-Physics, Inc., Mountain View, CA. 
‘ Information not available.
"Tracor, Inc., Austin, TX.
'Altex Scientific Inc., Berkeley, CA.

Table 8. Associate Referee’s analytical results by proposed and USP 
XX methods

Method

Sample LC USP XX

Tablet, 500 mg 101.9 102.8
Tablet, 1000 mg 100.1 98.9
Synthetic tablet, 83.32% sulfamethoxazole 100.4 100.1

The analysis o f variance (A N O V A )  test (Table 6) shows 
that the F -statistic between collaborators was significant at 
the 95%  confidence level, whereas the laboratory/sam ple  
interaction F -statistic  was not. U sually  the variance between  
collaborators is m uch greater than the variance due to w ith in- 
laboratory/sam ple interaction. Therefore , it is very unusual 
to find that the precision among laboratories was almost the 
same as the precision w ith in  laboratories.

O vera ll, these results show that the accuracy and the pre
cision o f the proposed m ethod are satisfactory regardless o f 
the variation  in the chrom atographic system used (Table 7). 
Close agreem ent betw een the results obtained by the pro
posed and U S P  X X  methods was obtained by the Associate 
Referee fo r the same samples that w ere sent to each collab
orating laboratory (Table 8).

The relationship betw een the response o f the detector and 
the am ount o f sulfam ethoxazole injected was linear over the 
range 0 .0 -3 .0  pg injected drug. Figure 1 shows a typical 
chromatogram o f a m ixture o f sulfamethoxazole and the internal 
standard sulfam erazine.

This m ethod w ill also resolve a m ixture o f sulfam ethoxa
zole w ith  its acid hydrolysis degradation product sulfanil
amide i f  the volumes o f 2-propanol and acetonitrile in the 
m obile phase are increased by about 50% , i.e ., an increase 
from  5 parts to 7.5 or 8 parts fo r each. U n der these conditions, 
sulfanilam ide elutes w ith  a retention tim e o f approxim ately
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Figure 1. LC separation of 1, sulfamethoxazole, and 2, sulfamerazine. 
Chromatographic conditions; column, Zorbax-Sil (USP XX, Type L3); mobile 
phase, Isooctane-methylene chlorlde-2-propanol-acetonitrile-glacial 
acetic acid (70 + 25 + 5 + 5 + 0.5); flow rate, 2.0 mL/min; detector, 254 

nm; sensitivity, 0.32 AUFS.

20 m in w ith  some loss in resolution fo r the separation o f the 
parent com pound and the internal standard. In  contrast, when  
the original m obile phase is used, sulfanilam ide elutes more  
slowly and appears in the chrom atogram  as a broad, shallow, 
tailing peak.

Recommendation
I t  is recom m ended that the L C  determ ination o f sulfa

m ethoxazole in tablets be adopted official first action.
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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  S y m p a t h o m i m e t i c  A m in e s  M e t h y l d o p a  a n d  N o r a d r e n a l i n e

MOHAMED I. WALASH, ABED ABOU OUF, and FATMA B. SALEM 
M ansoura University, Chemistry D epartm ent, Faculty o f  Pharmacy, M ansoura, Egypt

The chromogenic reagent p-dimethylaimnocinnainaldehyde (PDAC) is 
introduced for the determination of the sympathomimetic amines meth- 
yidopa and noradrenaline. The method is based on measurement of 
the orange color developed when the alkaline solution of methyldopa 
and noradrenaline is allowed to react with PDAC at pH 5.0. The color 
developed obeys Beer’s law in the concentration range 0.1-1.5 mL of 
2 x 10 3M solution of noradrenaline and methyldopa. The results are 
compared with those obtained with another chromogenic reagent, p- 
dimethylaminobenzaldehyde (PDAB). Determinations on dosage forms 
of the drugs, using PDAC and PDAB reagents, agreed well with results 
of determinations by official pharmacopoeial methods.

Several procedures fo r the determ ination o f sym pathom i
m etic amines have been described, including gas and liquid  
chrom atography (1 -4 ) ,  fluorescence and phosphorescence
(5), thin layer chrom atography com bined w ith  fluorom etric  
techniques (6), and titr im etric  and spectrophotom etric pro
cedures (7, 8).

The purpose o f our investigation was (a) to develop a sim
ple, rap id , m ore convenient m ethod fo r the estim ation o f  
some sym pathom im etic am ines, especially noradrenaline, in 
the presence o f adrenaline w ithout previous extraction, and 
also fo r m ethyldopa estim ation; and (b) to apply the proce
dure to pharm aceutical form ulations on the Egyptian m arket.

The m ethod that w e developed is a m odification o f the 
procedure o f Shelton and H e n ry  (9). M eth yld op a and nor
adrenaline are estim ated by treating the alkaline solutions 
w ith  p-dim ethylam inocinnam aldehyde (P D A C ) in sodium  
acetate m edium  and measuring the absorbance o f the result
ing orange com plex at 440 nm. In  addition, we used the 
procedure o f R am ana and Krishnan S ivaram a (10) fo r col
o rim etric  estim ation o f m ethyldopa, using p -d im ethylam i- 
nobenzaldehyde (P D A B ). W e substituted sodium acetate 
reagent fo r the p H  1.25 glycine buffer specified in their method. 
Figure 1 shows typ ica l absorption spectra o f the colored  
com plexes developed fo llow ing reaction o f the drugs w ith in  
the 2 reagents.

Experim ental

Apparatus and  Reagents

A ll chem icals w ere analytical reagents from  E . M erck  A G .
(a) S p e c t r o p h o t o m e t e r .— Perkin  E lm er 550S.

Received April 5, 1983. Accepted January 9, 1984.

( b )  p - D i m e t h y l a m i n o c i n n a m a l d a h y d e .— (A ld rich  Chem i
cal C o .) 0 .1%  w /v  in m ethanol.

(c) p - D i m e t h y l a m i n o b e n z a l d a h y d e .— (H o p k in  and W il
liam  L td .)  1% w /v  in m ethanol.

(d) S o d i u m  h y d r o x i d e .— 1.0%  w /v  in methanol.
(e) S o d i u m  a c e t a t e .— 50%  in methanol.
(f) L - N o r a d r e n a l i n e ,  L - a d r e n a l i n e , a n d  m e t h y l d o p a .—  

(B D H  Chem icals, L td .)  Prepare 2 x  10-3M  solutions by 
dissolving 0 .34, 0 .367, and 0.48 g o f each separately in 1 L  
volumes o f 0 .0 1 M  acetic acid in m ethanol.

Procedure A— Pure Drugs, Using PDAC Reagent

In to  10 m L  volum etric  flask, introduce accurately mea
sured volum e o f 0 .0 1M  acetic acid in m ethanol that contains 
up to 500 (xg noradrenaline o r m ethyldopa. A d d  0.5 m L  alco
holic sodium hydroxide, and let solution stand 5 m in. Then  
add 1.0 m L  sodium acetate solution fo llow ed by 0 .5  m L  
P D A C  reagent. D ilu te  solution to volum e w ith  m ethanol, w ait 
15 m in, and then determ ine absorbance at 440 nm  against 
reagent b lank s im ilarly prepared. Read concentration or nor
adrenaline or m ethyldopa from  calibration curve prepared in 
same m anner, using concentrations ranging from  30 to 500 
(xg noradrenaline and from  40 to 600 |xg m ethyldopa.

Procedure B — Pure Drugs, Using PDAB Reagent

F o llo w  Procedure A , except add 1.0 m L  P D A B  reagent 
instead o f 0.5 m L  P D A C  reagent, and measure absorbance 
at 420 nm  (noradrenaline) or 540 nm (m ethyldopa). Read  
concentration o f noradrenaline or m ethyldopa from  calibra
tion curves prepared in same m anner, using concentrations 
ranging from  30 to 500 |xg noradrenaline and from  40 to 600 
ixg m ethyldopa, or from  30 to 600 (xg and from  40 to 725 (xg 
noradrenaline and m ethyldopa, respectively, fo r samples car
ried through procedure o f Ram ana and Krishnan Sivam ara
(10).

Procedure C— D osage Form s

D eterm ine noradrenaline or m ethyldopa in tablets, injec
tions, solutions, or syrups by using Procedures A  and B after 
carrying out necessary sample preparations as described in 
BP and U S P  methods (7, 8).
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Figure 1. Absorption spectra for reaction of (1) noradrenaline with p-dimethylaminobenzaldehyde; (2) noradrenaline with p-dimethylaminocinnamal-
dehyde; (3) methyldopa with p-dimethylaminobenzaldehyde.

Figure 2. Effect of time on color produced from reaction between noradrenaline and methyldopa: (l)p-dimethylaminocinnamaldehyde; (2) p-dimethyl
aminobenzaldehyde.

Results and Discussion

T o  obtain optim um  conditions fo r determ ination o f the 
sym pathom im etic am ines, w e studied the effect o f various 
factors on the reaction. The results are sum m arized in the 
fo llow ing  sections.

E ffec t o f  pH

T h e  reaction is enhanced by the use o f strong bases, so 
considerable precautions w ere taken to prevent the instability  
o f noradrenaline and m ethyldopa in the alkaline m edium . A  
distinct y e llo w , orange, o r purple color is readily form ed w ith

P D A C  or P D A B  w hen the reaction is carried out in the pres
ence (0.5 m L ) o f 1.0%  w /v  sodium hydroxide in m ethanol. 
The am inochrom e derivatives that are produced (9, 11-13) 
are very  unstable; the resulting red color disappears, and  
brow n decom position products are obtained in 35 m in at 
higher a lkali concentrations (14, 15). A  m ore sensitive and 
deep coloration is obtained in the presence o f p H  4 .6  acetate 
buffer or 50%  sodium acetate in m ethanol. W a te r has been  
observed to adversely affect the reaction o f am inochrom e  
derivatives w ith  P D A C  (10, 14). The use o f m ethanol con
taining w ater in 50%  sodium acetate reagent caused the
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Scheme 1.

Scheme 2.

Reaction of adrenaline (I) under alkaline conditions to produce adrenochrome and the end product leucoadrenochrome (III).

Reactions of adrenochrome with p-dimethylaminobenzaldehyde (top) and p-dimethylaminocinnamaldehyde (bottom) to produce adren
ochrome p-dimethylaminobenzilidene and adrenochrome p-dimethylaminocinnamylidene, respectively.
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Table 1. Determination of noradrenaline, noradrenaline in presence of adrenaline, and methyldopa, using p-dimethylaminocinnamaldehyde and
p-dimethylaminobenzaldehyde reagents3’6

PDAC reagent___________________________________ PDAB reagent

Ramana Rao method (10)_____________Proposed method

Noradren., 
M.g taken

Adren., 
ixg added 

to
noradren.

Methyldopa, Noradren., 
(¿g taken % found

Noradren., Noradren.,
% found % found in 

in presence Methyldopa, Noradren., presence of Methyldopa, 
of adren. % found % found adren. % found

Noradren., 
% found

Noradren.,
% found in
presence of Methyldopa, 

adren. % found

118.3 128.1 84.4 98.36 98.21 96.3 98.762 102.13 98.11 98.82 103.93 98.22
185.9 201.3 168.8 98.24 98.06 98.74 99.47 102.48 98.69 98.67 101.65 98.62
270.4 292.8 295.4 98.97 98.82 99.11 98.55 101.89 99.24 98.87 101.93 99.05

67.6 73.2 379.8 98,32 98.65 99.393 97.29 103.38 99.34 97.95 102.51 99.16
371.8 402.6 464.2 99. C 98.81 99.52 98.76 101.63 99.42 98.67 101.27 99.31
439.4 475.8 590.8 99.29 99.33 99.53 99.22 100.83 99.43 99.22 101.5 99.18

Mean 98.7 98.65 99.1 98.68 102.06 99.04 98.7 102.132 98.93
SD ±0.46 ±0.48 ±0.507 ±0.78 ±0.88 ±0.55 ±0.43 ±0.96 ±0.428
f-test 0.29 0,27 1.682 1.8 0.07 1.063 0.38 8.88 1.042
F  ratio 0.S3 0.87 0.12 3.68 0.01 1.6 1.01 3.711 0.46

“Each result is the mean of 6 experiments.
6Results by official pharmacopoeial method: 98.67 ± 0.073% and 98.731 ± 0.22% for noradrenaline and methyldopa, respectively. 
“Adrenaline added to noradrenaline to form a mixture in a molar ratio of 1:1.

absorbance values to decrease s low ly. The highest sensitivity  
as w e ll as the m axim um  stability o f the color is observed w ith  
sodium acetate in m ethanol, w ith in  15-45 m in , as shown in 
Figure 2.

E f f e c t  o f  T e m p e r a t u r e

T h e  reaction o f P D A C  w ith  noradrenaline to form  S c h iff  s 
base is done at an elevated tem perature by using a w ater 
bath. G radual destruction o f the intense orange color is fo l
low ed by a distinct decrease in absorbance at 440 nm. M o re 
over, no reproducible absorption measurements can be 
obtained, w hich  m ay be a consequence o f com petitive side 
oxidation  reactions o f the catecholamines at elevated tem 
peratures. In  these experim ents, how ever, room  tem perature  
is the most favorable condition fo r carrying out the reaction.

E f f e c t  o f  R e a g e n t  C o n c e n t r a t i o n s  o n  C o l o r  I n te n s it y

A  study was perform ed to determ ine the optim um  concen
tration  o f the P D A C , P D A B , and sodium acetate reagents to 
develop the m axim um  color intensity fo r a given concentra
tion o f noradrenaline (183.0 |xg). I t  has been found that 0.5  
m L  o f 0 .1%  P D A C  and 1.0 m L  o f 1 %  P D A B  are the optim um  
reagent concentrations and amounts fo r the assay. Changing 
the volum e o f 50%  sodium acetate reagent used does not 
appreciably affect the absorbance readings. In  v iew  o f the 
results, 1 m L  o f 50%  sodium acetate in m ethanol was the 
concentration o f choice fo r the assay.

C h e m is t r y  o f  t h e  R e a c t io n

N oradrenaline and m ethyldopa produce color w ith  P D A C  
and P D A B  only after addition o f sodium hydroxide. A lka li 
catalyzes the d irect conversion o f noradrenaline to noradren- 
oquinone.

In  alkaline m edium , adrenaline ( I)  and isopropylnoradren- 
aline are rearranged to  form  the trihydroxyindole derivatives  
adrenolutine and isopropylnoradrenolutine (14 -1 8 ). W ith in  
the 5 m in exposure to  a lkali sodium hydroxide, the indole 
ring o f noradrenaline does not close but remains in the form  
o f noradrenoquinone ( I I ) ,  in  w hich  the nitrogen is active. The  
com pound reacts w ith  the P D A C  or P D A B  to form  the col
ored conjugate im ines that can be measured by spectropho
tom etry  (10, 11, 19, 20). Schemes 1 and 2 show these pro 
cesses.

U n d er these experim ental conditions, not only adrenaline  
and isopropylnoradrenaline, but also ephedrine and nore
phedrine fail to produce any color w ith  these aldehydes. I t  is

possible, how ever, that am inochrom e derivatives (9, 11 -13 ), 
w hich are form ed by the effect o f a lkali on noradrenaline and  
m ethyldopa, are responsible fo r color form ation  w ith  the  
aldehydes as illustrated in Schemes 1 and 2.

P r e c i s i o n  a n d  A c c u r a c y

Regression analysis o f the B e e r’s p lo t at 440 nm  fo r the 
reaction w ith  P D A C  reveals excellent correlation ( r  =  1 and
1.033). T he  calculated r  values are greater than the tabulated  
value, r0.o5 =  0.497 (14 d f), so a relationship exists up to a 
concentration o f 60 (xg/mL assay solution fo r both noradren
aline and m ethyldopa.

Regression analysis fo r determ ination w ith  P D A B  shows 
good correlation  at both 420 and 540 nm. The calculated value  
o f r  =  1.0 fo r both noradrenaline and m ethyldopa is greater 
than the tabulated value o f r0.05 =  0.532 (12 df) up to 60 gg/' 
m L  fo r both active ingredients in separate assay solutions.

Tab le  1 shows the results o f analysis o f noradrenaline and 
m ethyldopa b y  using P D A C  and P D A B  reagents. Results 
com pare w e ll w ith  those by official methods (7, 8). M ean  
percent recoveries and standard deviations are satisfactory. 
T he  calculated Student i-test and the F  ratio  (21) show no 
significant d ifference betw een the results obtained and the  
official methods.

Tab le 1 also shows results o f analysis o f these samples by  
the procedure o f Ram an Rao et al. (10). G lycine buffer (p H
1.25) was used and absorbance was measured at 420 nm. 
M ean  percent recoveries and standard deviations agree w ell 
w ith  those by official methods.

Conclusions

These procedures o ffer the advantage that noradrenaline  
can be determ ined in the presence o f the related com pound, 
adrenaline. Tab le  1 shows means and standard deviations fo r  
determ ining noradrenaline in the presence o f adrenaline in  
the ratio  o f 1:1.

Tab le  2 shows the results fo r determ ination o f 24 p,g nor
adrenaline in  the presence o f from  24.0 to 366 |xg adrenaline. 
The results obtained are satisfactory. S tudent’s i-test and F  

ratio  values show no significant difference between the result 
obtained by the P D A C  procedure and the official method. 
H o w ev e r, the proposed m ethod, using P D A B , shows a sig
nificant difference from  the official m ethod w ith  respect to  
the t and F  values.

The proposed methods w ere applied to the analysis o f  
these active ingredients in their dosage form s. The results



Table 2. Determination of noradrenaline in presence of different 
amounts of adrenaline, using p-dimethylaminocinnamaldehyde and 

p-dimethylaminobenzaldehyde reagents*4

Noradren., 
H-g taken

Adren., 
fig added

Noradren., % found 

PDAC PDAB

24.0 24.0 98.41 99.05
24.0 109.8 98.63 99.06
24.0 183.0 98.70 99.1
24.0 240.0 98.65 99,12
24.0 292.8 98.67 99.05
24.0 366.0 98.71 99.08

Mean 98.63 99.08
SD ±0.12 ±0.012
t-test 1.47 24.84
/"ratio 0.59 24.59

*Each result is the mean of 6 experiments.
‘ Result by the official pharmacopoeial method: 98.67 ± 0.073% 
noradrenaline.

Table 3. Recovery (%) of noradrenaline (samples 1,2,3) and 
methyldopa (sample 4) in pharmaceutical preparations, using 

p-dimethylaminocinnamaldehyde and 
p-dimethylaminobenzaldehyde reagents*

PDAB reagent

Ramana
PDAC Rao Proposed Official

Sample4 reagent method (10) method methods (7,8)

1 99.00 ± 0.68 98.88 ± 0.42 98.792 ± 0.371 98.61 ± 0.18
2 98.63 ± 0.591 98.46 ±  0.58 98.55 ± 0.58 98.06 ± 0.07
3 98.07 ± 0.4 98.35 ± 0.32 104.67 ± 0.57 97.99 ± 0.02
4 99.08 ± 0.23 98.94 ±  0.31 99.00 ± 0.45 98.74 ± 0.03

“Each result is the mean of 6 experiments with confidence interval 
(95%).

‘ Label claim of samples: 1,1 mg noradrenaline/mL (ampule); 2, 0.06 mg 
noradrenaline/mL (ampule); 3, 0.024 mg each of noradrenaline and 
adrenaline/mL (ampule); 4, 250 mg methyldopa/tablet.

(Table  3) show good agreem ent w ith  those obtained by official
methods.
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A stability-indicating, reverse phase liquid chromatographic (LC) method 
was developed for assay of chlorthalidone in tablet formulations. The 
chromatographic system separates the parent compound from its potential 
hydrolysis product (4'-chloro-3'-sulfamoyl-2-benzophenone carboxylic 
acid), which can be quantitated at low levels, and another degradation 
product (2-chloro-5-(l-methoxy-3-oxo-l-isoindolinyl)benzenesul- 
fonamide), which was found during the experimental work. The pro
cedure can also be used for content uniformity determinations. The 
general utility of the method was demonstrated by the assay of several 
product brands. The validated procedure was shown to be accurate, 
precise, reproducible, and specific.

Chlorthalidone ( I) ,  2-chloro-5-(l-hydroxy-3-oxo-l-isoindolinyl) 
benzenesulfonamide, is a diuretic-antihypertensive agent. For 
the determ ination o f I  in pharm aceutical dosage form s, a 
norm al phase chrom atographic m ethod was reported, which  
separated the hydrolysis product ( I I ) ,  4 '-ch loro -3 '-su lfam oyl- 
2-benzophenone carboxylic acid, on a polyam ide column (1). 
A  reverse phase liquid chrom atographic (L C ) system had 
been used fo r the quantitation o f I  in tablets also containing  
clonidine hydrochloride; the m ethod was not specific (2). The  
original U S P  procedure was a spectrophotom etric determ i
nation (3); how ever, it was reported that variable degradation  
o f chlorthalidone occurred during sample preparation (4). The  
authors used an L C  system to separate these degradation  
products from  chlorthalidone; no experim ental w ork was done 
to show the m ethod sensitivity fo r the proposed degradation  
products. The U S P  procedure for tablets was recently updated 
to an L C  m ethod (5).

A  stab ility-ind icating , reverse phase L C  m ethod was devel
oped and validated  fo r the assay o f I  and I I  in tablet form u
lations. The m ethod was also used fo r content uniform ity  
determ inations. The general u tility  o f  the procedure was dem 
onstrated by the assay o f several product brands.

Experim ental

Apparatus and  Reagents

(a ) L i q u i d  c h r o m a t o g r a p h . — H e w le tt -P a c k a rd  1084B  
(H ew le tt-P ackard , A vondale , P A ). Chrom atographic condi
tions: in jection  volum e, 25 p.L; flow  rate , 2.0 m L /m in ; detec
to r w avelength, 235 nm ; detector sensitivity, 0.2 A U F S ; col
umn tem perature, am bient.

(b) C o l u m n —  p-Bondapak C 18, 30 cm  x 3.9 m m , 10 |rm  
particle size (W aters Associates, M ilfo rd , M A )  preceded by  
guard colum n containing Bondapak C 18/Corasil (W aters  
Associates).

(c) M o b i l e  p h a s e . — M eth a n o l-w a te r-a c e tic  acid (35 +  65
+  1).

Sample Preparation

W eigh and finely pow der >  20 tablets. A ccurately  weigh  
portion  o f pow der, equivalent to ca 25 mg chlorthalidone, 
and transfer to 50 m L  conical centrifuge tube. (F o r content 
uniform ity  determ inations, place one tablet d irectly in cen
trifuge tube). A d d  25.0 m L  aliquot o f m ethan o l-w ater (80 +

20). V igorously shake centrifuge tube 30 m in and centrifuge  
5 m in at 2000 rpm . Pipet 2 .0  m L  aliquot o f supernate into 25 
m L  volum etric  flask and dilute to volum e w ith  m eth an o l- 
w ater (35 +  65). F ilte r through 0.5 p,m m em brane filter before  
chrom atographic analysis.

OH

0  s o 2 n h 2

1

0

I I I

Standard Preparation

A ccurate ly  weigh ca 25 mg chlorthalidone U S P  reference  
standard and transfer to 25 m L  volum etric flask. Dissolve  
and dilute to  volum e w ith  m ethan o l-w ater (80 +  20). Trans
fer 2 .0  m L  aliquot to 25 m L  volum etric  flask and dilute to 
volum e w ith  m e th an o l-w a te r (35 +  65.)

Procedure

In jec t replicate 25 p,L aliquots o f standard solution until 
re lative standard deviation  fo r trip licate  injections is <  2 .0% . 
W hen repeatab ility  is established, sample is injected and 
detected as fo r reference standard.

Calculate quantity o f  chlorthalidone in sample by the fo l
low ing form ula:

m g/tablet =  R/R') x C  x (W JW ) x FReceived May 10, 1984. Accepted August 3, 1984.
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Figure 1. Representative chromatogram of tablet extract containing I,
2.0 |ig (peak A) spiked with 10% each of II (peak B) and III (peak C); see 

Experimental for chromatographic conditions.

w here R  and R '  =  peak response (area) fo r chlorthalidone  
peak in sample and standard, respectively; C  =  concentra
tion , m g /m L , o f standard preparation; Vka =  average tablet 
w eight, mg; W  =  sample w eight, mg; and F  =  d ilution factor 
fo r sample.

Results and Discussion

Figure 1 shows a representative chrom atogram  o f tablet 
extract spiked w ith  10% I I .  The acetic acid was added to the 
m obile phase to optim ize the peak shape o f I I .  The chro
m atographic separation o f chlorthalidone and I I  resulted in 
k ' values o f 2 .9  and 6.2  and tailing factors o f 1.2 and 1.1, 
respectively.

D etec tor response (peak area) was linear fo r I  over the 
range 1 .0 -3 .0  p,g injected. A  linear regression analysis o f the 
data resulted in a correlation  coefficient o f 0.9999 w ith  a 
negative y-in tercept value that deviated from  the origin by 
0 .6%  (y-in tercept/y  at the 100% level x  100).

Assays o f  5 spiked placebo samples made w ith  I  at levels 
of 5 9 -1 3 5 %  o f theory yielded an average recovery o f 100.1 
±  0 .29% . N o  placebo interference was observed.

Table 1. LC assay of typical tablet batches of chlorthalidone

Sample

mg Chlorthalidone/tablet

Batch 1 Batch 2 Batch 3

1 25.2 24.0 23.7
2 25.1 23.8 23.5
3 25.0 24.1 23.6
4 25.0 24.0 23.3
5 25.0 23.8 23.7

Mean 25.1 23.9 23.6
RSD, % 0.4 0.4 0.8
Label, % 100.4 95.6 94.4

Table 2. LC assay of various product brands of chlorthalidone

Manufacturer mg Chlorthalidone/tablet Label, % II, %s

A 24.2 96.6 0.4
A 49.6 99.3 0.3
A 98.1 98.1 0.3
B 24.5 97.8 0.6
B 48.4 96.8 0.4
C 24.3 97.0 0.7
C 49.7 99.4 0.4
D 48.5 97.0 0.4
= b 25.1 100.4 0.4

•Relative to chlorthalidone content. 
bBoehrirger Ingelheim Ltd, Batch 1.

T w e n ty  replicate injections o f a tab let sample solution w ere  
done over a 10 h period; this resulted in an average peak area 
w ith  a re lative standard deviation o f 0 .4% . Aside fro m  dem 
onstrating chromatographic precision, the experim ent showed 
the stability o f I  in the injection solvent over this tim e period.

In  early  developm ent w ork , it was found that chlorthali
done w hen dissolved in  the m obile phase and allow ed to stand 
fo r approxim ately 24 h form ed a degradation product ( I I I ) ,  
2-chloro-5- (1 - m ethoxy - 3 - oxo -1 - isoindolmyl) benzenesulfon- 
am ide, w hich  eluted w ith  a k '  o f  8.4 (F igure 1). This was 
confirm ed by com parison o f its retention tim e and U V  spec
trum  w ith  an authentic sample. E th er form ation  is know n to 
occur read ily  when I  is reacted w ith  low er chain alcohols in 
the presence o f traces o f strong acids (6, 7). E th er form ation  
was avoided by the subsequent deletion o f acetic acid from  
the sample preparation and injection  solvents.

T o  show the overall reproducibility  o f the m ethod, 5 rep
licate assays w ere done on each o f 3 typical batches (Table  
1). Content un iform ity  determ inations on 10 individual tablets 
o f batch 1 yielded 25.1 ±  0.7 mg I/tab le t, w hich was in 
agreem ent w ith  the com posite assay. In  addition, 5 replicate  
assays w ere done on batch 1 using the U S P  procedure (3); 
this resulted in 25.2 ±  0.5 mg I/ta b le t, w hich was in  conform 
ance w ith  the L C  data. T o  show the applicability  o f the 
m ethod to various product brands, several tab let form ula
tions w ere assayed in duplicate; Tab le  2 sum marizes the data.

A  system suitability test was routinely  used to evaluate the 
chrom atographic system. This involved chrom atography o f 
a solution containing I  (0.08 m g /m L ) and I I  (0 .16 m g /m L), 
w hich resulted in peaks o f approxim ately  equal response. 
The resolution betw een the 2 peaks was greater than 6.4.

W ater was included in the extraction solvent, m ethano l- 
w ater (80 +  20), to aid disintegration o f the tablets, especially 
fo r content un iform ity  determ inations. T he  higher ratio o f 
m ethanol in the extraction solvent, re lative to the mobile  
phase com position, was necessary to ensure extraction effi
ciency o f I  from  the tab let m atrix . T he  sample was further 
diluted w ith  the appropriate ratio  o f m ethan o l-w ater to adjust 
the sample solvent to the m obile phase com position.

The feasib ility  o f the quantitation o f I I  was investigated. 
T o  detect levels o f 0 .1%  relative to the parent com pound, the
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tab let extract fro m  the first dilution o f the sample preparation  
(containing 1.0 mg I/m L )  was chrom atographed at the appro
priate sensitivity. V a lid atio n  w o rk  affirm ed the applicability  
o f the m ethod fo r determ ination  o f this com pound. Peak area  
was linear fo r I I  over the range 0 .0 5 -1 .2  pg (0 .2 -5 .0 % ). A  
linear regression analysis o f the data resulted in a 0.9998  
correlation  coefficient w ith  a positive y-in tercept value that 
deviated  from  the origin by 1.5%  (y-intercept/y at the 2%  level 
x  100). Using the m ethod o f standard addition, 5 tablet 
samples containing 0 .4%  I I  w ere reassayed after addition o f 
1 -5 %  I I ,  w ith  an average recovery o f 99.9 ±  2 .6% . T w enty  
rep licate injections o f  a tab let extract containing 0 .4%  I I ,  
done o ver a 10 h period , resulted in an average peak area 
w ith a relative standard deviation o f 2.8% . The product brands 
w ere assayed in duplicate fo r I I ,  and the results are shown in 
Tab le  2.

A n a ly tica l results show that this L C  m ethod is accurate, 
precise, reproducible, and specific. The general applicability

o f the procedure to d ifferent form ulations was evidenced by  
the data obtained on various products.
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In acidic medium, stanozolol reacts with phenoldisulfonic acid to form 
a stable yellow chromophore, which is quantitated by spectropho
tometry at 385 nm. The reaction gives a linear response at concentra
tions from 5 to 50 pg/mL. The method is suitable for routine analytical 
control of stanozolol and its formulations.

Stanozolo l, 17-m eth yl-2 '//-and rost-2 -eno(3 ,2-c )-pyrazo l-17- 
ol, is used fo r anti-anem ia therapy and as an anabolic steroid. 
The offic ia l com pendia (1, 2) describe nonaqueous titrim etry  
fo r quantitation  o f the pure drug and colorim etric or U V  
spectrophotom etric methods fo r tablets. A  survey o f the lit
erature revealed  re la tive ly  few  methods fo r estim ation o f  
stanozolol. M agin (3) described a gas chromatographic method 
fo r determ ination  o f stanozolol and its m ajor m etabolites. 
Lan to  et al. (4) described a highly sensitive m ethod for esti
m ation o f  stanozolol in biological fluids, based on isotope 
dilution-m ass fragm entography. O ther reported methods 
involve com bined gas chrom atography-m ass spectrom etry  
(5 -7 ) ,  radioim m unoassay (8 -1 0 ), and mass fragm entography

(11).
The co lorim etric  m ethod (1) stipulates a tim e-consum ing  

procedure that involves heating fo r 45 m in in a w ater bath. 
Excip ients in in jection and suspension form ulations interfere  
in the U V  spectrophotom etric m ethod (2).

This paper describes a colorim etric determ ination based 
on a sim ple, sensitive reaction o f stanozolol w ith  phenoldi
sulfonic acid in acidic m edium . This is a typ ical K o b er reac
tion (12) in w hich  the golden yellow  chrom ophere that is 
form ed exhibits m axim um  extinction at 385 m m . The reaction  
can be used fo r analy tica l control o f  stanozolol and its m ar
keted form ulations, w ithou t interference from  excipients  
(th iom ersal, T w een  80, sodium chloride, butyl-p -hydroxy  
benzoate, m ethyl and propyl parabens, sodium saccharin, 
sorbitol, propylene glycol, magnesium stearate, and the col
ors am aranth and erythrosine).

Received August 22, 1983. Accepted September 6, 1984.

M E T H O D

Apparatus and  Reagents

(a) S p e c t r o p h o t o m e t e r .— Beckm an M odel D U .
(b) C h e m i c a l s .— A ll A nalaR  grade reagents. G lacial acetic 

acid; phenoldisulfonic acid (B D H , England); m ethanol; chlo
roform .

(c) S t a n o z o l o l  s t a n d a r d  s o l u t i o n .— Dissolve suitable quan
tity  o f stanozolol in glacial acetic acid and dilute quantita
tive ly  and stepwise w ith  glacial acetic acid to concentration  
o f 250 (jtg/mL.

Calibration Curve

Transfer 0 .5 ,1 .0 ,1 .5 ,2 .0 ,  up to 5.0  m L  stanozolol standard 
solution into  separate 25 m L  volum etric flasks, and add suf
ficient glacial acetic acid to make total volum e o f 5 .0  m L . 
Include flask containing glacial acetic acid as blank. T o  each 
flask add 2.0  m L  phenoldisulfonic acid reagent. M ix  and let 
flasks stand 15 m in at room  tem perature (24 -28°C ). D ilu te  
solution to volum e w ith  glacial acetic acid, m ix , and deter
m ine absorbance o f each solution in 1 cm cell at 385 nm 
against the b lank. Figure 1 shows absorption spectrum o f  
stanozolol chrom ophore. P lot absorbances at 385 nm vs con
centrations o f stanozolol.

Sample Preparation and  Assay

(a) T a b l e t s .— W eigh 20 stanozolol tablets to determ ine  
average tab let w eight, and then finely pow der tablets. Trans
fe r an accurately weighed portion o f pow der, equivalent to  
ca 25 mg stanozolol, into 200 m L  beaker. Add ca 50 m L  
glacial acetic acid, and heat 15 m in on steam bath w ith  fre 
quent sw irling. F ilte r  into 100 m L  volum etric flask. Com plete  
extraction w ith  2 additional 20 m L  portions o f glacial acetic 
acid, add filtrates to same volum etric  flask, and dilute con
tents to volum e w ith  glacial acetic acid. M ix  thoroughly, pipet
2.5 m L  solution into 25 m L  volum etric flask, and proceed as 
for C a l i b r a t i o n  C u r v e .

(b) I n j e c t i o n s .— F o r assay, accurately measure volum e o f 
injection equivalent to 25 mg stanozolol. D ilu te  sample por-
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Table 1. Estimation of stanozoloi in pharmaceutical formulations by official and proposed methods

Sample“
Label 

claim, mg
Official
method

Found, mg

Proposed
method“ Std dev. Coeff. of var., % Rec., %

T 2/tab 1.998 2.004 0.0054 0.27 100.58
1 50/mL — 50.058 0.1106 0.22 100.34
S 0.4/mL — 0.401 0.0043 1.07 99.27

“T = tablet, I = injection; S = suspension. 
“Average of 6 determinations.

Figure 1. Absorption spectrum of stanozoloi chromophore developed 
by reaction.

tion quantitatively and stepwise with glacial acetic acid to 
250 |xg/mL. Pipet 2.5 mL of solution into 25 mL volumetric 
flask, and proceed as for Calibration Curve.

(c) Suspension .—Pipet 10 mL of well mixed suspension 
into 125 mL glass-stopper, conical flask that contains 60 mL 
methanol-chloroform (1 +  1). Let pipet drain thoroughly, 
and rinse with two 5 mL portions methanol-chloroform (1 +  1). 
Reflux mixture under condenser for 30 min; cool, and decant 
supernate into 100 mL volumetric flask. Rinse flask and solid 
residue with two 5 mL portions of methanol-chloroform (1 
+  1), transfer rinse to volumetric flask and dilute to volume 
with same solvent. Pipet 20 mL of dilution into 250 mL glass- 
stopper graduated cylinder, and add 100 mL water and 40 
mL chloroform. Shake 2 min, then let solution separate (total 
chloroform volume will be 50 mL). Aspirate upper aqueous 
layer and centrifuge lower chloroform layer. Transfer 30 mL 
of solution (chloroform layer) into beaker and cautiously 
evaporate chloroform. Dissolve residue in 5 mL glacial acetic 
acid and use solution for assay as for Calibration Curve.

Recovery Study
The reliability and suitability of the proposed method were 

confirmed by adding known quantities of stanozoloi to var
ious preanalyzed stanozoloi formulations, and analyzing the 
mixtures by the proposed method.

The percent recovery of stanozoloi (Table 1) was calculated 
by using the formula

% recovery =
NÇZXY) -  (XAQ cxr) 

(XX2) -  (XAQ2
x 100

where A =  mg stanozoloi added; Y =  mg stanozoloi found; 
and N  =  total number of observations.

Validation Study

This study was intended to provide an estimate of assay 
accuracy and precision and was not concerned with assay 
sensitivity, response linearity, or with the cause(s) of observed 
deviations for assay application. The validation samples, apart 
from the drug to be assayed, were composed of the other 
formula components in the prescribed formula composition. 
Three pairs of samples for duplicate determinations were 
prepared by qualified personnel on a coded “blind” basis as 
follows:

(A) Two samples contained the nominal product formula 
quantity of stanozoloi.

(B) Two samples contained an amount equal to the nominal 
product formula minus 1.5 times the difference between the 
nominal formula quantity and the upper assay specification 
limit.

(C) Two samples contained an amount equal to the nominal 
formula plus 1.5 times the difference between the nominal 
formula quantity and the upper assay specification limit.

Each analyst carried out 2 determinations on each pair of 
the 3 drug levels by the proposed method. The results of 
analyses were reported as percent of formula quantity. Cal
culations for drug level (A) prepared as shown above were 
as follows:

Av. % found (ZA)
a, +  a 2 +  q3 . .

5
+  a 5

% Relative deviation (DA)
Iq i—Z AI -F \ a i ~ Z A1 - F ................-F \ a s ~ Z AI 100

~  5 x z T

where I I indicates taking absolute values (ignore the sign of 
resultant subtraction).

% Relative error (EA) (accuracy)
_  (fli— XA) +  (a2 — XA) + .............. +  (q5- A A) ^ 100

where a u a2, . ■ . a5 are each % of formula quantity of stan- 
ozolol found by Analyst No. 1, 2, . . .  5, respectively, and 
XA indicates % formula quantity of stanozoloi added. Cal
culations for the other drug levels B and C were similarly 
computed.

The validation study on the proposed method gave prom
ising results (Table 2).

Results and Discussion
The absorption (385 nm) properties of the colored species 

as well as the influence of different parameters on color devel
opment were studied to determine the optimal conditions for 
the assay procedure. The course of the reaction was studied 
as a function of concentration and volume of reagent, initial 
reaction time, and stability of reaction.

E ffect o f  concentration and volume o f  reagent.—The reac
tion requires 2 mL phenoldisulfonic acid (25% w/v) for max-
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Table 2. Validation study of proposed method for estimation of stanozolol in formulations*

Drug
level

% formula amt of stanozolol

Av.
(Z)

% Rel. dev. 
(precision) 

ID)

% Rel. error 
(accuracy) 

(E)
Added

m

Found (a), by analyst6

1 2 3 4 5

At 85 84.88 85.50 85.20 84.90 85.72 85.24 0.27 + 0.28
Bt 100 99.80 99.90 100.90 100.08 98.57 99.85 0.53 -0.75
Ct 115 115.30 114.95 115.05 114.99 115.71 115.20 0.21 + 0.17

A, 85 84.95 85.10 85.00 85.60 86.35 85.40 0.54 + 0.48
B 100 99.10 99.95 101.05 100.00 99.50 99.92 0.50 -0.08
C, 115 114.90 115.05 114.85 115.12 114.85 114.95 0.09 -0.04

As 85 84.80 85.20 86.10 84.90 86.70 85.54 0.81 -0.64
Bs 100 99.20 99.80 100.05 99.75 100.10 99.78 0.24 -0.22
Cs 115 114.30 115.10 114.85 114.79 115.05 114.82 0.19 -0.16

aT = tablet; I = injection; S = suspension. See text for description of A, B, C sample preparation and for definitions of terms. 
“Two determinations on each sample.

Figure 2. Volume of 25% w/v phenoldisulfonic acid in sulfuric acid required 
to develop maximum color at 385 nm.

Figure 3. Initial time (at 24-28°C) required for completion of reaction at 
385 nm.

imum color development. Further increase in volume of the 
reagent did not reveal any apparent change in color intensity 
(Figure 2).

Effect o f  initial reaction time.—Optimum results are obtained 
when 2 mL phenoldisulfonic acid (25% w/v) is allowed to 
react with stanozolol for the initial time of 15 min (Figure 3).

E ffect o f  varying reagent concentration .—Absorbance of 
the chromophore increases as the concentration of phenol
disulfonic acid increases. This effect levels off at a concen-

Figure 4. Effect on absorbance (385 nm) of concentration of reagent in 
sulfuric acid.

Figure 5. Effect of time on absorbance of reaction components at 
385 nm.

tration of about 25% w/v. which is specified in the assay. A 
larger volume of reagent must be used if the reagent is diluted 
with sulfuric acid (Figure 4).
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Stability o f  reaction .—The golden yellow chromophore 
formed was stable for 3 h at room temperature (24-28°C), and 
then exhibited a gradual decrease in absorbance (Figure 5).

B eer ’s law .—Under the proposed experimental conditions, 
the relationship between absorbance and concentration of 
stanozolol is linear between 5 and 50 p,g/mL.

This colorimetric method provides a useful assay proce
dure for routine quality control of stanozolol in pharmaceu
tical formulations.
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A second interlaboratory collaborative study of the determination of 
phosphorus in processed cheese products by the molybdenum blue 
method verifies that this method is prone to producing a laboratory- 
induced systematic error. It would be useless to continue to make minor 
modifications in the details of the method, which will improve only the 
within-laboratory precision, until an accuracy control of the final mea
surement step is incorporated into the method.

A  collaborative study o f the determ ination o f phosphorus in 
processed cheese by the molybdenum blue colorim etric method
(1) o f the International Organization for Standardization (IS O ) 
was conducted by B rzenk and K re tt (2). That study con
cluded that the method required further investigation to reduce 
the betw een-laboratory e rror com ponent. The International 
D airy  Federation  ( ID F )  modified the m ethod by changing the 
reducing agent from  hydrazine to ascorbic acid and by shifting 
the w avelength fo r reading the developed color from  700 to 
820 nm. A  further collaborative study was then conducted to 
determine the effect o f these modifications. This paper reports 
the results o f the second study.

Experimental

Products

T w e lv e  processed cheese products, prepared from  various  
varieties o f cheese, w ere sent to 10 laboratories to be ana
lyzed in duplicate by each o f 2 methods. T he original cheeses, 
o f unknow n phosphorus content, contained 15 -55%  fat in the 
solids and 4 0 -5 7 %  solids. N in e  o f the products contained
2 .7 -3 .0 %  added disodium  phosphate, and products 2, 9, and 
10 contained 1 .8- 2 .9%  added polyphosphate.

Method I. Revised ISO Method

This m ethod consisted o f digestion o f the cheese w ith  sul
furic  acid and hydrogen peroxide, form ation  o f molybdenum  
blue by addition o f sodium m olybdate and ascorbic acid, and 
m easurem ent o f the blue color at 820 nm.

Method II. ISO 2962, Reference Method

F o r determ ination  o f phosphorous content in cheese and 
processed cheese products, also reproduced as ID F  Standard  
33A:1971 (3). This  m ethod is the same as M ethod  I  except 
that the reduction is perform ed w ith  hydrazine, and the color 
is measured at 700 nm.

Statistical Analysis

The original data w ere entered into the Food and Drug  
A dm in istration  com puter system and analyzed by the statis
tical program  F D A C H E M IS T  (4), that is w ritten  in A P L

'Center for Food Safety and Applied Nutrition, Food and Drug Administra- 
tion, Washington, DC 20204.

2Kaascontrolestation Friesland, 8901 BC Leeuwarden, The Netherlands.
3ARLA, 10546 Stockholm, Sweden.
Received March 15, 1984. Accepted July 16, 1984.

language and calculates the mean, m edian, standard devia
tions, coefficients o f variation (C V ) (w ith in - and am ong-lab- 
oratories), and IS O  repeatability  (r) and reproducibility  (R) 
intervals; flags outliers by the D ixon  (1- and 2 -ta il), Grubbs, 
and Cochran tests; and produces a graph o f the data input. 
A u xilia ry  programs are available fo r the perform ance o f  
analysis o f variance, rank sum test, and rem oval o f outlying  
values and laboratories.

Results

Because a com plete 2-w ay analysis o f variance o f the data  
showed that there was no significant d ifference between  
m ethods, the duplicate results from  each laboratory by each 
m ethod w ere com bined to give 4 values from  each laboratory  
at each level. Because the w ith in -laboratory variab ility  is 
considerably sm aller than the reproducibility  variab ility  (ratio  
o f w ith in - to betw een-variabilities o f 0.38 w ith  no outliers  
rem oved), the original individual values are not given, but 
are availab le on request from  the authors. T he  averages o f  
the 4 values fo r each laboratory at each level are plotted in 
Figure 1 as percent phosphorus (absolute) on the F-axis and 
the cheese num ber (product) on the X -ax is . A t the bottom  o f  
the figure on the same absolute phosphorus scale is given the 
IS O  reproducib ility  in terva l, R (5), read on the % P  (absolute) 
scale on the le ft, and the A O  A C  C V X (6 ), read on the % C V X 
(re la tive) scale on the right, m aterial by m aterial. The IS O  
intervals are prediction intervals and are obtained from  the 
w ith in - and betw een-laboratories standard deviation by m ul
tip lying  the corresponding ,v„ and sx by the factor 2 \ /2 .  The  
upper part o f  the figure includes all data fo r the product 
averages w ith  no outliers rem oved and the low er part contains 
R and C V x w ith  and w ithout Laboratories 11 (highest) and 3 
(low est) rem oved as rank sum outliers.

Tab le  1 provides a sum m ary o f the results, m aterial by 
m ateria l, w ith  and w ithout the 2 rank sum outlying labora
tories rem oved. T he  first colum n gives the m aterial num ber, 
the second colum n gives the average percent phosphorus, 
and the th ird  and fourth  columns show the num ber o f deter
m inations and laboratories supplying the data fo r that row , 
respectively. In  this case, d ividing the num ber o f determ i
nations by the num ber o f laboratories gives 4 replicates per 
laboratory. Colum ns 5 and 6  indicate that the data were  
calculated w ith  the indicated percent and kind o f outliers  
rem oved, 0/0 indicating no outliers rem oved. The second line 
fo r each m aterial shows that, w ith  the 2  outlying laboratories  
rem oved as rank sum (R S) outliers, 20%  o f the data has been 
om itted. T he  final 2 columns under coefficients o f variation  
give the repeatab ility  and reproducibility  C V s; the one on the 
le ft is the C V  w ith  outliers retained and the one on the right, 
w ith outliers rem oved. A ll o f the data are averaged or summed 
at the bottom  o f the tab le, w ith  the average C V s  accom panied  
by the standard deviation o f the 12 C V s  averaged fo r each 
colum n m ere ly  to indicate the dispersion o f results around  
the m ean C V  fo r that colum n.
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Table 1. Design and precison parameters for determination of phosphorus in processed cheese products by molybdenum blue method
(see text for explanation of column and row entries)

Outliers Coefficients of variation

Av.
Material %P Detns Labs % Kind CV„ CV*

1 0.932 40 10 0 0 1.68 6.89
0.939 32 8 20 RS 1.65 2.92

2 0.861 40 10 0 0 4.26 6.99
0.863 32 8 20 RS 1.84 3.29

3 0.927 40 10 0 0 1.82 6.29
0.929 32 8 20 RS 1.46 3.24

4 0.877 40 10 0 0 1.92 5.71
0.874 32 8 20 RS 1.77 2.90

5 0.892 40 10 0 0 1.70 6.33
0.890 32 8 20 RS 1.78 2.54

6 0.981 40 10 0 0 2.22 5.98
0.987 32 8 20 RS 1.57 3.11

7 0.974 40 10 0 0 3.02 9.48
0.987 32 8 20 RS 2.04 3.88

8 0.813 40 10 0 0 2.86 7.15
0.810 32 8 20 RS 2.15 3.29

9 0.840 40 10 0 0 2.05 7.16
0.840 32 8 20 RS 1.92 4.32

10 0.851 40 10 0 0 2.23 5.49
0.853 32 8 20 RS 1.42 3.51

11 1.030 40 10 0 0 3.44 6.83
1.031 32 8 20 RS 3.23 4.47

12 1.034 40 10 0 0 3.42 6.60
1.027 32 8 20 RS 1.31 3.54

Av. or 0.919 (384) 8 20 RS 1.85 ±0.50 3.42 ±0.57
(total) 0.919 (480) 10 0 0 2.55 ±0.83 6.74 ±1.02

Discussion
Figure 1 clearly shows that each laboratory maintains a 

m ore or less consistent system atic error in the exam ination  
o f all the cheese products. This is most clearly evident w ith  
Laboratories 3 and 11, w hich  provide the lowest and highest 
values at all levels, respectively. These laboratories are obvious 
rank sum outliers at a confidence level greater than 99.9% ; 
therefore, w e are c learly justified  in rem oving these 2 labo
ratories as consistent ran k sum outliers and recalculating the 
parameters for the remaining laboratories whose values would  
then be re la tive ly  close together. The reduction o f the C V X 
(or R ) by 50%  and the appearance o f the data on the graph 
classify these outliers as “ in fluen tia l.”  H o w ever, each o f the 
rem aining 8  laboratories also contains a sm aller yet consistent 
system atic e rror in relationship to each other (or to the mean  
o f each m ateria l). F o r exam ple, L ab ora to ry  7 is almost always  
the second highest laboratory and L ab ora to ry  8 is almost 
always the second low est laboratory.

This is almost exactly  the same pattern which was exhibited  
in the previous study in B rzen k and K re tt  (2) w ith  7 labora
tories at 5 levels. In  that study, 2 o f the 7 laboratories were 
also high and low  rank sum outliers, respectively, but at a 
significance level closer to 95% . The C V 0 and C V X o f the 
previous study w ere 2 .4  and 9 .1% , respectively (the C V X o f 
7 .6%  in the original paper has been recalculated, because 
apparently the laboratory-sam ple interaction term  was om it
ted from  the final calculation); the corresponding r  and R  are 
0.043 and 0.170%  (absolute), respectively.

I f  the 2 rank sum outliers are rem oved, the m ethod has 
acceptable precision param eters o f about 0 .05%  (absolute) 
fo r repeatab ility  and 0 .09%  (absolute) fo r reproducibility , or 
in term s o f C V s , about 1.8 and 3 .4%  (re lative), respectively. 
These are acceptable fo r a 1% concentration level (7). N e v e r
theless, the pattern exhibited by the ind ividual laboratories 
reveals the presence o f an uncontrolled systematic error on 
the part o f  each laboratory. N e ith e r L ab orato ry  3 nor L ab 
oratory 11 was aw are o f the ir position in relationship to the

other laboratories until the results o f the study w ere trans
m itted to them . W ith o u t some reference point, no laboratory  
is able to determ ine w hether or not their values are correct, 
or i f  they are exhibiting an invisible (to  them ) systematic 
error.

There is an alternative interpretation  o f the systematic data  
patterns fo r laboratories. I f  the use o f the rank sum test is 
not considered acceptable in  this situation, but rather the 
extrem e values are m erely  an extrem e m anifestation o f the 
random  system atic error pattern  between laboratories, and 
the extrem e values are part o f  the norm al population, then  
the precision param eters are too large fo r enforcem ent pur
poses. Som ething must be done to reduce the type o f error 
exhib ited  in these 2  studies.

I t  is essential, therefore, that some accuracy control be 
incorporated into this m ethod. T he  simplest such control 
w ould  be to specify the use o f a reference phosphorus m ate
ria l as a standard such as the N a tio n a l Bureau o f Standards 
(N B S ) S R M  186-1 potassium dihydrogen phosphate. The  
m ethod should incorporate an absolute or consensus absorp
tiv ity  value fo r a phosphate standard solution o f specified 
concentration w ith  a statem ent that i f  this absorptivity plus 
or minus a reasonable tolerance is not attained, the spectro
photom eter should be checked against an N B S  certified re f
erence glass o f know n absorbance and adjusted accordingly  
before further measurements are made. The wavelength scale 
should be sim ultaneously checked w ith  a reference lam p. The  
absorptivity o f m olybdenum  blue at 830 nm  is given as 2.68 
x  10‘ fo r 1 m o I/L  in a 1 cm cell (8 ). A n  alternative statement 
could be in term s o f the absorbance difference or the slope 
o f the calibration  curve fo r a given concentration range, w ith  
a reasonable tolerance. The possibility o f error in the prep
aration o f the standard solution should not be overlooked.

The differences in fat or solids content or the nature o f the 
phosphate added had no significant effect on the estimated  
phosphorus content. The fact that the reproducibility  inter
val, R ,  and the C V X parallel each other is not unusual because
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P in Cheese

Figure 1. Upper curves: Average phosphorus content (%) of processed 
cheese products calculated from 4 values from each of 10 laboratories 
for each of 12 products. Laboratory 5 was not assigned. Lower curves: 
ISO reproducibility interval (F t) is read on the left scale and AOAC reprod
ucibility coefficient of variation (CV„) is read on right scale, with and 
without rank sum laboratory systematic outliers (Laboratories 3 and 11) 

removed.

all o f the products contain about the same phosphorus content 
o f 0 .9% .

D ixo n  and Cochran outliers, often at the 99%  confidence 
leve l, are flagged frequ ently , p rim arily  from  L ab orato ry  3. 
The D ix o n  flags should be ignored, h ow ever, in the presence 
o f this type o f system atic error, because it w ould be incon
gruous to determ ine w hether a value from  Lab ora to ry  3 or 
11 is an outlier depending on the re lative position o f the next 
to the last opposite po int in  the set (usually from  Laboratory  
7 or 8 ) , as is required in  this outlier test. E ven  i f  the rank sum 
flag w ere to be ignored, e lim ination o f the laboratories on the 
basis o f the D ix o n  test (usually in itia lly  fro m  Laboratory  3) 
or the Cochran test (also usually from  Laborato ry  3) w ould  
result in the corresponding value from  L aborato ry  11 becom 

ing a flagged outlier, u ltim ate ly  achieving, in m any cases, the 
same end result as the rank sum test. Because o f the consis
tent presence o f rank sum outliers, the sporadic appearance 
o f D ixon  and Cochran outliers w ould be o f only secondary 
im portance, and, therefore, these flags are ignored in this 
interpretation.

Conclusion and Recommendations

A  second collaborative study o f the m olybdenum  blue  
m ethod fo r the determ ination o f phosphorus in cheese and  
cheese products re inforced the original conclusion o f the  
presence in the m ethod o f a system atic laboratory-related  
error. I t  is recom m ended that a new  study be in itiated , in 
w hich all laboratories w ould  measure the absorptivity o f a 
standard phosphate solution, using spectrophotom eters w ith  
scales that have been checked against designated standards 
to  incorporate an accuracy control into the m ethod. Then  the 
study o f the determ ination  o f phosphorus in  cheese should 
be repeated, incorporating some b lind duplicates into the 
design.
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A paper chromatographic method is described for determination of 
pyridine and a-picoline in ordinary denatured spirit, french polish, 
and their derived illicit liquors. The method is based on conversion of 
the pyridine bases to their salts (sulfate or hydrochloride). The salt 
residue is subjected to 2-dimensional paper chromatography on filter 
paper, using methanol-butanol-acetic acid-ethyl acetate (20 +  10 +
1 +  10) as developing solvents, and is sprayed uniformly with sodium 
rhodizonate followed by barium chloride (for sulfate salts), or 
ammmoniacal silver nitrate followed by fluorescein (for hydrochloride 
salts). Pyridine bases in alcoholic samples containing resinous/volatile 
matter are estimated in the filtrate obtained after their treatment with 
alum at pH 5-6 . The amount of pyridine and a-picoline is calculated 
from calibration graphs obtained by plotting the square of the spot 
diameter against pyridine and a-picoline concentrations. The method 
allowed detection and estimation of pyridine bases in denatured alco
holic samples at a concentration as low as 60 mg/L. Average recovery 
of added pyridine bases was 99.4% by this method.

Pyridine and a-p ico line are the m ajor ingredients o f com 
m ercial pyrid ine bases obtained from  coal tars (1). Because 
o f the obnoxious odor and tox ic ity  o f these com pounds, the 
Ind ian  Excise authorities have adopted them  as dénaturants 
fo r preparing ordinary denatured spirit (O D S ) in a concentra
tion o f 5 m L /L  (2) along w ith  a sim ilar concentration o f  
caoutchoucine. O D S  and french polish o f com merce (gener
ally made by dissolving resins like shellac, rosinin O D S ) are 
w idely  misused fo r m aking cheap, illic it potable liquor after 
rem oval o f the ir excipients (resins/denaturants) by dilution  
w ith  w ater and treatm ent w ith  alum follow ed by filtration  or 
decantation. H o w ev e r, it  is reported that i f  pyridine bases 
are retained as a com ponent o f O D S-denaturant, it is not 
possible to com pletely rem ove the dénaturant by the above 
m ethod (3). Bone charcoal recycling has been used effectively  
fo r rem oval o f pyrid ine bases, but it is not econom ical (4).

Various methods based on thin layer chrom atography (5 -
7), paper electrophoresis (8 ), spectrophotom etry (4, 9), fluor- 
im etry  ( 10), and gas chrom atography ( 11) have been reported  
fo r the detection/determ ination o f pyridine bases. Although  
these methods are sensitive, either there are some obvious 
limitations to their use in forensic routine w ork or they involve 
elaborate instrum ental assay. In  the present com munication  
we report a simple paper chrom atographic method fo r iden
tification and determ ination o f pyridine bases in O D S  french  
polish and the ir derived illic it liquors.

METHOD

Apparatus and Reagents

(a) C h ro m a to g ra p h ic  p a p e r .— W hatm an filter paper N o . 
3, 12 x  12 cm.

(b) S p o ttin g  c a p illa ry  p ip e t .— 10 |xL.
(c) U ltrav io le t (U V ) v iew in g  c a b in e t .
(d) S o lv en ts .— A nalytical grade methanol, n-butanol, acetic 

acid, ethanol (95% ), and ethyl acetate.

Received March 3, 1984. Accepted August 30, 1984.

Preparation of Standard Solutions

D issolve 1 g each o f accurately weighed pyridine and a -  
p ico line in  w ater in 100 m L  volum etric  flask. D ilu te  to volume  
and transfer 50 m L  to  an evaporating dish; add 4 m L  6N  
H 2S 0 4 (or 3 m L  4 N  HC 1). E vaporate solution to  dryness on 
w ater bath. C oo l, and dissolve residue in 100 m L  95%  ethanol 
in standard vo lum etric  flask. Prepare series o f w orking stan
dards in 95%  ethanol to give desired concentrations.

Denatured Alcoholic Samples

D iffe ren t com m ercial samples o f ordinary denatured spirit 
and french polish, all containing dénaturants o ther than p yr
idine bases, w ere fortified  w ith  d ifferent concentrations o f 
pyrid ine and a-p icoline in the range o f 0 to 0.8 g /L  each. A  
few  illic it liquor samples containing pyridine bases were  
received from  the police authority.

Preparation of Samples

(a) O rdinary  d en a tu r e d  sp irit (w ith a n d  w ith ou t w a ter -m is 
c ib le  d én atu ran ts  like m eth a n o l .— To  25 m L  O D S  (pipet enough 
sample to supply about 25 mg each pyridine base), add 0.2  
m L  6 N  H 2S 0 4 (or 0.3 m L  5 N  HC1) in evaporating dish. E vap 
orate m ixture  to near dryness on w ater bath. C ool, and dis
solve residue in 5 m L  95%  ethanol. Retain  solution in stop
pered flask fo r analysis.

(b) Ordinary! d en a tu r ed  sp irit (w ith w a ter  im m isc ib le  d én 
a tu ran ts  lik e  c a o u tc h o u c in e ) .— T o  50 m L  sample, containing  
ca 50 mg each pyrid ine base, in 100 m L  volum etric flask, add 
25 m L  w ater, 2 m L  5%  potash alum , and 1 m L  2%  N H 4O H . 
A djust to p H  5 -6 . Shake the solution and dilute to volum e  
w ith  w ater. L e t p recipitate settle (12). F ilte r and proceed as 
described under (a), beginning “ T o  25 m L  O D S  . . . . ”

(c) F r e n c h  p o lis h  (co n ta in in g  resin  up to  10%  w/v) .— To  25 
m L  sample (containing ca 50 mg each pyridine base) in 100 
m L  volum etric  flask, add 50 m L  w ater, 10 m L  5%  potash 
alum , fo llow ed  by 5 m L  2%  N H 4O H  (adjust p H  to  about 5 -
6 ). Shake the solution and dilute to  volum e w ith  w ater. L e t  
precipitate settle (12). ( I f  resin content is more than 10% w /  
v, increase proportions o f alum  and N H 4O H  to obtain clear 
filtrate .) F ilte r, and proceed as described under (a), beginning 
“ To  25 m L  O D S . . . . ”

(d) I llic it  liq u o r  d e r iv e d  f r o m  d en a tu r ed  sp ir it lfr en ch  p o l 
ish .—  To  50 m L  sample (filter i f  necessary) containing ca 3 
mg each pyridine base, add 0.05 m L  6 N  H 2S 0 4 (or 0.1 m L  
5N  HC1) in evaporating dish and evaporate to dryness on 
w ater bath. F rcm  residue, prepare sample solution as described 
under (a).

Paper Chromatography

L ig h tly  m ark 2 lines w ith  pencil (vertical and horizontal)
1.5 cm from  one corner o f 12 x  12 cm  W hatm an N o . 3 paper 
sheet. M a rk  another vertical line intercepting baseline ca 6 
cm from  same corner o f sheet. M oisten  paper sheet in m ixture  
o f ca 10 m L  HC1 and H N 0 3 (ca 10% v /v  o f each) in unsatu
rated tank until acid front reaches top (to  rem ove im purities). 
Take out strip, wash w ith  w ater until it is free from  chloride
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Table 1. Estimation of pyridine bases and their Rf values obtained by sulfate and hydrochloride salt methods

Dénaturants"

Sample Method®

Pyridine Rf: 
Direction

a-Picoline R \\  

Direction
Pyridine,

g/L
a-Picoline,

g/L

Unreacted acid fl(: 
Direction

1 II I II I il

Ordinary 0.24 0.27 0.39 0.33 1.80 3.11 0.60 0.39
denatured SM ± 0.018 ± 0.019 ± 0.020 ± 0.024 ± 0.303 ± 0.351 ± 0.045 ±  0.019
spirit" 0.21 0.23 0.39 0.41 1.75 3.15

HM ± 0.017 ± 0.018 ± 0.016 ± 0.047 ± 0.282 ± 0.242 __ a —
French 0.24 0.27 0.39 0.33 1.30 2.40 0.60 0.39

polish" SM ± 0.021 ± 0.012 ± 0.025 ± 0.026 ± 0.322 ± 0.221 ± 0.035 ± 0.022
0.21 0.23 0.39 0.41 1.40 2.50

HM ± 0.019 ± 0.015 ±  0.025 ± 0.019 ± 0.301 ± 0.308 __ a __a

Derived 0.24 0.27 0.39 0.33 0.20 0.36 0.60 0.39
liquor® SM ± 0.020 ± 0.018 ± 0.028 ± 0.025 ±  0.014 ± 0.019 ± 0.043 ± 0.051

0.21 0.23 0.39 0.41 0.25 0.40
HM ± 0.017 ± 0.021 0.019 ± 0.018 ± 0.017 ± 0.016 __ a __ a

aSM  =  sulfate salt method; HM =  hydrochloride salt method; ND =  not detected. 
"Mean ±  SD for 10 determinations.
"Sample containing other denaturants, such as caoutchouclne.
"Sample with up to 10% w/v resins.
"Sample containing 10 ±  2% v/v ethyl alcohol.

and n itrate  ions, and d ry w ith  a ir b low er. U se this strip for 
chrom atography a or b below .

(a) S u l f a t e  s a l t  m e t h o d .— A p p ly  aliquots o f 10 g L  o f both  
standard and sample solution preparations to paper sheet w ith  
m icro  p ipet, at m arked diagonal points. A fte r air-drying, 
develop chrom atogram  in presaturated cham ber up to 10 cm  
in solvent system m eth an o l-b u tan o l-ace tic  ac id -e th y l ace
tate (20 +  10 +  1 +  10) in  first d irection. Rem ove sheet from  
cham ber, d ry w ith  cold a ir, and develop at right angles to the 
first d irection, up to 10 cm  in same solvent m ixture. Rem ove  
strip and d ry in cold a ir. Spray un iform ly  w ith  spray reagent: 
freshly  prepared 0 .2 %  sodium rhodizonate solution follow ed  
by 0 .2%  barium  chloride solution. W h ite  spots w ill appear, 
due to sulfate salts o f pyrid ine bases, against red-brow n back
ground (Tab le  1). M easure d iam eter o f spots im m ediately in 
2 perpendicu lar d irections, using sliding calliper. Repeat fo r  
duplicate sample, and take mean o f 4 values (in m m ). To  
obtain  calibration  curve (13), p lo t concentration o f standard  
pyrid ine base applied in (xg/10 g L  (3 -5 0  gg each) against 
corresponding d iam eter in sq. mm .

(b) H y d r o c h l o r i d e  s a l t  m e t h o d .— F o llo w  above proce
dure, w ith  some exceptions. Prepare hydrochloride salts o f 
standard pyrid ine bases and sample solution as described 
above under preparation  o f standard and sample solutions, 
respectively. D evelop  chrom atogram  as described above and 
dry strip to rem ove acetic acid as com plete as possible. Spray 
it un ifo rm ly  w ith  freshly prepared reagent: 1%  am m oniacal 
silver n itrate fo llow ed  by 0 . 1%  fluorescein solution in ethanol. 
Expose strip to  U V  light (5 -1 0  m in) in U V  cabinet. G rey  
spots w ill appear, due to chlorides salts o f pyridine bases, 
against ye llow  background w hich changes to orange (Table  

1).
T h e  pyrid ine and a-p ico line contents in 3 d ifferent types o f 

confiscated samples w ere estim ated by the described m eth
ods (a) and (b). T he  results o f assay are tabulated in Table 1.

Results and Discussion
One-dim ensional paper chromatography using H C 1 -H N 0 3, 

pre-w ashed W hatm an  papers does not resolve either the sul
fate o r hydrochloride salts. F o r sulfate salts particu larly , the 
excess sulfuric acid gives a w hite  trailing  background after 
spraying, and it is d ifficu lt to measure the exact area o f the 
resolved com ponent. D evelopm ent o f the chrom atogram  in

the second d irection not only diffuses and dilutes excess 
sulfuric acid, but separates the components distinctly as com 
pact, round spots even at 3 gg concentration, and gives a 
round spot o f unreacted excess sulfuric acid at R f 0 .60 and 
0.39 in the first and second directions, respectively.

Pyrid ine and a-p icoline sulfates are located as w h ite  spots 
on a red -brow n background by spraying the developed chro
m atogram  w ith  sodium rhodizonate fo llow ed by barium  chlo
ride solution. T he  w hite  spots are caused by the form ation o f  
insoluble barium  sulfate (14). The hydrochlorides o f pyridine  
bases are detected b y  spraying the chrom atogram  w ith  
am m oniacal silver n itrate fo llow ed by fluorescein solution in 
ethanol (15); the spots are gray in daylight and fluoresce under 
U V  light. N o  interferences w ere noted in the hydrochloride  
salt m ethod. Experim enta l data obtained showed that both  
the sulfate and hydrochloride salt methods are equally sen
sitive (Tab le 1). W e used the hydrochloride salt m ethod for 
additional confirm ation, although either m ethod is accept
able.

The best resolution and most prom inent w hite spots (sul
fate) are obtained from  pyridine bases ranging from  3 to 50 
gg in the a liquot spotted (10 g L )  from  the prepared 5 m L  
sample solution that was derived from  25 m L  sample. Thus, 
considering 3 gg the minim um  amount detected, w e can detect 
and estim ate pyrid ine bases in the sample at a concentration  
as low  as 60 m g /L . The linear relationship obtained by plotting  
square o f spot d iam eter versus com ponent concentration is 
used fo r the assay.

C om m ercial samples o f ordinary denatured spirit, french  
polish, and liquor derived therefrom  w ere spiked w ith  pyri
dine and a-p ico line, added separately, at d ifferent levels, and 
analyzed by the described sulfate salt m ethod (a). Table 2 
gives recoveries o f pyridine and a-p icoline from  these syn
thetic m ixtures. Recoveries ranged from  95 .8%  in french  
polish to 105.3%  in liquor derived from  O D S . Average recov
ery  o f  added pyrid ine bases was 99 .4%  by the sulfate salt 
m ethod.
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Table 2. Recoveries of pyridine and a-picoline from several synthetic mixtures by sulfate salt method3

Sample

Pyridine a-Picoline

Added,
mg/L

Found,
mg/L Rec., %

Added,
mg/L

Found,
mg/L Rec., %

Ordinary 0 0 — 0 0 ___

denatured 300 298.6 99.5 300 299.4 99.8
spirit6 400 402.4 100.6 400 404.4 101.1

Ordinary 0 0 — 0 0 —

denatured 300 294.8 98.3 300 295.6 98.5
spirit6 400 395.2 98.8 400 392.8 98.2

French 0 0 ___ 0 0 —

polish" 400 390.5 97.6 500 480.6 96.1
800 770.8 96.3 700 670.8 95.8

Liquor 0 0 — 0 0 —

derived 200 210.6 105.3 200 206.0 103.0
from (b) 300 298.4 99.5 300 294.8 98.2

Liquor 0 0 — 0 0 —

derived 200 205.6 102.8 200 202,8 101.4
from (c) 300 295.6 98.5 300 203.4 97.8

aAII values are averages of duplicate determinations,
'’Commercial samples initially containing dénaturants (like methanol) other than pyridine bases.
“Commercial samples initially containing dénaturants (like caoutchoucine) other than pyridine bases.
"Commercial samples initially containing dénaturants (like methanol/caoutchouchine) other than pyridine bases with up to 10% w/v resinous matter.
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FOOD COMPOSITION

G a s  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  O x a l i c  A c i d  in  F o o d s

HIRONORI OHKAWA
M ie  U n iv e r s ity , L a b o r a t o r y  o f  F o o d  S c i e n c e ,  F a c u l t y  o f  E d u c a t i o n ,  1 5 1 5  K a m i h a m a - c h o ,  T s u -s h i ,  M ie - k e n ,  5 1 4  
J a p a n

A new quantitative gas chromatographic (GC) method has been devel
oped for the determination of oxalic acid in foods. Solid sample is 
extracted with water (soluble oxalic acid) or 2N hydrochloric acid (total 
oxalic acid) at room temperature. An aliquot of sample extract is 
evaporated to dryness, and the oxalic acid in the residue is methylated 
with 7% hydrochloric acid-methanol. The reaction mixture is extracted 
with chloroform, and dimethyl oxalate is quantitated by GC. Recovery 
of oxalic acid added to liquid samples averaged 100.6%; recoveries 
from extracts of solid samples were 96.2-99.5 and 97.2-100.1% for 
water and hydrochloric acid extractions, respectively. Results are shown 
for determination of oxalic acid in spinach and beverages. The tech
nique is simple, rapid, and accurate, and small samples may be used. 
The limit of determination is 20 p.g.

U rolith iasis  is one o f the most com m on diseases in urology, 
and over 70%  (1) o f the urinary  calculi consist o f calcium  
oxalate. O xalic  acid in urine is derived fro m  diet and endog
enous origins such as ascorbic acid, g lycine, glycolates, etc. 
U p  to 50%  o f u rinary  oxalate m ay be derived from  dietary  
oxalate on a low  calcium  d iet, nearly 15% fo r a healthy person 
on a w ell balanced diet (2)-. This suggests that d ietary oxalate  
plays an im portant role in the form ation o f calculi.

T he  determ ination o f oxalic acid in foods as w ell as in urine 
and blood is essential fo r the investigation o f urolithiasis and 
related subjects. Perm anganate (3 -7 ) , colorim etric (8 -1 1 ), 
and conductom etric titration  ( 12) methods have been used to 
determ ine oxalic acid in foods; how ever, these methods are 
com plicated, tim e consum ing, and sometimes inaccurate. 
Recently, the determ ination o f oxalic acid in foods was reported 
by enzym atic (13) and liqu id  chrom atographic (14) methods. 
T here  are several gas Chromatographic (G C ) techniques (1 5 -
17) fo r determ ining plant organic acids, including oxalic acid. 
The few  references (18) found fo r G C  analysis o f oxalic acid 
in biological material's o ffer unsatisfactory chrom atograms.

T he  author and 2 colleagues recently reported a simple, 
rapid, accurate G C  m ethod (19) fo r the determ ination o f u ri
nary oxalate. The present paper describes application o f that 
G C  m ethod, w ith  several modifications, to foods, and includes 
a new  procedure fo r extracting oxalic acid from  solid samples.

M E T H O D

Apparatus

(a) H o m o g e n i z e r .— N ih on  Seiki M odel H A  I I  equipped  
w ith  200 m L  glass cup (N ih o n  Seiki C o ., L td , T o k y o , Japan).

(b) C e n t r i f u g e .— M arusan M od el 55-1 (K . K . Sakum a Sei- 
sakusho, L td * T o k y o , Japan).

(c) V e r t i c a l  w r i s t - a c t io n  s h a k e r .— K M  Universal shaker 
M od el V -S  (Iw a k i C o ., L td , T o k y o , Japan).

(d) G a s  c h r o m a t o g r a p h .— Yanaco  M od el G 80 equipped  
w ith  F ID  detector (Yanagim oto  M anufacturing  C o ., L td , 
K y o to , Japan).

(e) C o l u m n .— 2.25 m x  3 m m  id glass packed w ith  Unisole  
F  200 (G asukuro K ogyo  C o ., L td , T o k y o , Japan).

Received February 21, 1984. Accepted July 12, 1984.

Reagents

(a) H y d r o c h l o r i c  a c i d .— 2 N  (concentrated H C l-w a te r , 1 
+  5).

(b) M e t h y l a t i n g  r e a g e n t . — 7%  H C l-m e th a n o l (concen
trated H C l-m e th a n o l, 1 + 4 ) .

(c) I n t e r n a l  s t a n d a r d  ( I S )  s o l u t i o n s .— I S  s o l u t i o n  I — 2 (xL 
m ethyl capry la te /m L  m ethanol. I S  s o l u t i o n  I I — 10 p,L m ethyl 
capry la te /m L  m ethanol.

(d) O x a l ic  a c i d  s t a n d a r d  s t o c k  s o lu t io n .— 5 mg (as C 2H 20 4)/ 
in L  w ater. U se guaranteed reagent oxalic acid (C 2H 2O 4.2 H 2O) 
and keep in refrigerator. Prepare standard solution o f 0.5 mg/ 
m L  or 0.1 m g /m L  from  stock solution jus t before use.

Extraction

Cut solid sample into pieces. W eigh pieces and hom ogenize  
5 min w ith  same w eight o f w ater.

(a) S o l u b l e  o x a l i c  a c i d . — Transfer 10 g slurry (5 g sample) 
to glass blender cup w ith  20 m L  w ater and blend 5 m in at 
highest speed. T ransfer m ixture to tw o  50 m L  centrifuge  
tubes and centrifuge 5 m in at 10000 rpm . T ransfer supernate 
to 100 m L  E rlenm eyer flask. Return rem ainder to blender 
cup and repeat extraction tw ice m ore. Collect supernate in 
same flask and add HC1 to adjust p H  to 2 (20). T ransfer extract 
to 100 m L  volum etric  flask and dilute to volum e w ith  w ater.

(b) T o t a l  o x a l i c  a c i d .— E x tra c t 10 g slurry 3 times in same 
m anner as above, except use three 20 m L  portions o f 2N  
HC1. C ollect supernates in 100 m L  volum etric flask and dilute  
to volum e w ith  w ater.

A dd  HC1 to liquid sample to adjust p H  to 2 (20), and 
measure volum e.

Methylesterification

Pipet a liquot o f extract containing 0 -5 0 0  |xg oxalic acid into  
10 m L  test tube or round-bottom  flask o f suitable volum e, 
and evaporate to dryness by using vacuum  ro tary evaporator 
in 4 0 -45°C  w ater bath. A dd 5 m L  7%  H C l-m e th a n o l and 
appropriate volum e o f IS  solution: 10 |xL IS  solution I  (0 -100  
p,g oxalic acid) or 20 p,L IS  solution I I  (100 -500  p.g oxalic  
acid). S topper test tube or flask, and place in 60°C w ater bath 
fo r 30 min.

Chloroform Extraction

Transfer reaction m ixture to 50 m L  separatory funnel. Add  
1 m L  C H C I3 and 10 m L  w ater, and shake 15 m in. Transfer 
low er layer into test tube w ith  stopper. Prepare three C H C 13 
extracts from  a sample (or sample extract).

Gas Chromatography

Use a 10 p.L aliquot o f C H C 13 solution fo r chrom atography. 
O perating conditions: column 80°C (0 -1 0 0  p.g oxalic acid) or 
90°C (100 -500  (ig): injection port 150°C; N  carrier gas 20 m L  
min; sensitivity 109 O ; attenuator 1/ 2 (0 - 1 0 0  jxg oxalic acid) 
or 1/16(100-500 |xg); chart speed 5 m m /m in.

A nalyze  each C H C 13 solution 3 times and measure peak  
heights o f d im ethyl oxalate and IS . D eterm ine am ount o f
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Figure 1. Chromatograms of oxalic acid in tea (I) and spinach (II). Peaks are dimethyl oxalate (DMO) and methyl caprylate (IS).
See text for chromatographic conditions.

oxalic acid fro m  corresponding calibration curve, and cal
culate oxalic acid content o f sample.

P rep aration  o f  C alibration  C urves

(a) C a lib ra t io n  cu rv e  I  ( 0 - 1 0 0  p g  o x a lic  a c id ) .— A d d  var
ious volum es o f 0.1 m g /m L  standard solution to six 10 m L  
test tubes to prepare a series o f oxalic acid standard solutions 
(0, 20, 40, 60, 80, and 100 p,g). F ill all tubes, except the 100 
g,g standard, w ith  w a te r to  volum e o f 1 m L  and evaporate to 
dryness w ith  a vacuum  ro tary  evaporator at 40 -45°C . Then  
add 10 |xL IS  solution I  and 5 m L  1 %  H C l-m e th a n o l to each 
tube. A fte r  30 m in at 60°C , transfer reaction m ixtures to 
separate 50 m L  separatory funnels and add 1 m L  CHC13 and 
10 m L  w a te r to each. Shake 15 m in, then draw  o ff low er layer 
into a test tube w ith  stopper. U se a 10 p,L a liquot fo r G C  
analysis. P lo t calibration  curve I  fro m  peak height ratios o f  
dim ethyl oxalate to IS . C urve  is almost linear up to 100 ¡j-g, 
w ith  the form ula  Y =  0.0200A  -  0.0438 (r  =  0.999, N  =  18, 
Y =  peak height ra tio , A  =  oxalic acid content (0 -1 0 0  |xg )).

(b ) C a lib ra t io n  cu rv e  I I  ( 1 0 0 - 5 0 0  ¡x g  o x a lic  a c id ) .— Pre
pare curve I I  according to the procedure fo r curve I ,  but use 
0.5 m g /m L  standard solution and 20 (jlL  IS  Solution I I .  The  
equation fo r the relationship was Y =  0.0015 -  0.0060 (r =  

0.999, A  =  18, Y  =  peak height ra tio , A  =  oxalic acid content 
(0 -5 0 0  (xg )).

Results

E x tra c t io n  f r o m  s o l id  s a m p le .— T en  g portions o f d ifferent 
boiled spinach slurries (5 g sample) w ere extracted w ith  each 
o f 20 m L  w ater or 2 N  HC1 according to the procedure. The  
first, second, and th ird  extracts contained 7.39 mg (76 .4% ),
1.53 mg (15 .8% ), and 0.75 mg (7 .8% ) oxalic acid fo r w ater 
extraction , and 31.50 mg (87 .2% ), 3.93 mg (10 .9% ), and 0.68 
mg (1 .9% ) fo r 2 N  HC1 extraction, respectively. T h e  chro
m atographic peak heights o f d im ethyl oxalate in the third  
extracts w ith  w a te r and 2 N  HC1 w ere 0.17 and 0.30 cm, 
respectively. There fore , w e concluded that three extractions  
are sufficient fo r extraction  o f oxalic acid in solid sample.

T en  g boiled spinach slurry (5 g sample) was extracted w ith  
three 20 m L  portions o f various concentrations o f HC1. The  
quantity o f tota l oxalic acid extracted  at room  tem perature  
was constant betw een 0.5  and 3 N  HC1. In  addition, warm ing  
during the extraction  procedure as recom m ended in some 
references (6, 11) proved to  be unnecessary. W e selected 2 N  
as the optim um  HC1 concentration fo r extraction o f total 
oxalic acid in solid sample.

T i m e  f o r  e s t e r i f i c a t i o n .— The degree o f m ethyl esterifica
tion o f oxalic  acid w ith  7%  H C l-m ethan o l was exam ined  
several tim es during 60 m in fo llow ing addition o f the reagent. 
O xalic  acid was m ethylated  almost instantaneously. T h irty  
m in was selected as the esterification tim e.

S t a b i l i t y  o f  C H C k  s o l u t i o n .—  Peak height ratios fo r the 
C H C 13 extracts (100 and 500 |xg oxalic acid) did not change 
significantly over 12 days. G C  analysis can be delayed fo r  
several days a fter extraction.

/  C h r o m a t o g r a p h y .— Figure 1 shows gas chrom atograms o f
d im ethyl oxalate and IS  w hich  w ere obtained fo r analysis o f 
tea and boiled spinach samples. T he  dim ethyl oxalate peaks 
are sharp and sufficient in  height fo r determ ination.

R e c o v e r y  t e s t s .— R ecovery o f oxalic acid from  liquid sam
ples was studied by adding 200 and 400 ug oxalic acid to 1 
m L  boiled w ater in w hich  spinach was cooked. The average 
recovery was 100.6%  ±  2 .0  (S D ) (Tab le 1). R ecovery from  
solid samples was determ ined by adding oxalic acid to  raw  
cabbage slurry and boiled spinach slurry. Samples w ere  
extracted  w ith  w a te r or 2 N  HC1. Recoveries w ere between  
96 and 100% fo r w a te r extraction  and 97 and 100% fo r 2 N  
HC1 extraction  (Tab le  2).

D e t e r m i n a t i o n  o f  o x a l i c  a c i d  in  s p i n a c h  a n d  b e v e r a g e s .—  
A b ou t 100 g raw  spinach was boiled 1 m in in 1 L  w ater and 
was soaked in  1 L  tap w ater. A fte r 1 m in , the boiled spinach 
was squeezed. D a ta  in Tab le  3 show that nearly 30%  o f the 
oxalic acid in raw  spinach is rem oved by boiling. In  raw  
spinach, 48%  o f the oxalic acid is insoluble; the rem ainder is 
soluble, o f  w hich  about h a lf is retained in boiled spinach.
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Table 1. Recovery of oxalic acid added to boiling water from spinach

Sample

Oxalic acid

Added, p,g Found," Ree., %

1 0 120.63 ___

200 326.88 103.1
400 526.25 101.4

2 0 118.13 —

200 315.63 98.8
400 515.00 99.2

Av. ± SD 100.6 ± 2.0

Table 3. Determination of oxalic acid in spinach

Sample
Oxalic acid, 

mg/100 g raw sample"

Boiled spinach water 75.8 ± 2.6
Soaked spinach water 112.1 + 6.4
Boiled spinach 162.5 ± 2.6 (sol.)

444.1 ± 1.9 (total)
Raw spinach 344.4 ± 2.3 (sol.)

657.1 ± 6.9 (total)

"Average of 9 determinations ± SD.

"Average of 3 determinations

Table 2. Recovery of oxalic acid added to raw cabbage and boiled 
spinach slurries

Sample, 
extn soln

Oxalic acid

N Added, mg Found, mg Ree., % ± SD

Raw cabbage 0 0 ___

Water 9 2.5 2.40 96.2 ± 1.7
2N HCI 9 10 9.72 97.2 ± 1.7

Boiled spinach
Water 6 0 9.57 —

6 5 14.54 99.5
Water 6 0 19.08 —

6 5 23.95 97.4
Water 9 0 18.74 —

9 10 28.50
Av.

97.6
98.2 ± 1.2

2N HCI 9 0 32.99 —

9 10 42.99 100.1
9 20 52.85

Av.
99.3

99.7 ± 0.6

T w o  g tea o r coffee sample was infused or dissolved as 
shown in Tab le  4, and the oxalic content was determ ined. 
G yoku ro , the highest grade green tea, contained m ore oxalic  
acid than did b lack  tea.

Discussion

This m ethod can be perform ed in an ordinary chem ical 
laboratory equipped w ith  com m on apparatus, including a gas 
chrom atograph w ith  a flam e ion ization  detector. T he simple 
procedure can be perform ed by any experienced analyst.

A fte r testing several packing m aterials suggested in the 
references, w e selected a glass colum n packed w ith  U nisole  
F  200, w hich  provided the best chrom atogram  o f d im ethyl 
oxalate.

A b out 2 h is required to prepare the w ater or 2 N  HC1 extract 
from  solid sample, and 30 m in is required fo r infusion o f tea 
leaves. F o r extract or liqu id  sample containing > 1 0 0  and 
< 1 0 0  p.g oxalic acid, 2.5 and 3 h, respectively, are required  
fo r the determ ination procedure, consisting o f evaporation to

dryness, m ethylation , extraction, and 3 G C  analyses. Thus, 
the entire procedure can be com pleted w ith in  3 to  5 h.

The determ ination  lim it was considered to be 20 |xg from  
the peak height (1 .4  cm ) o f the d im ethyl oxalate curve, w hich  
corresponded to  2 mg oxalic acid/100 m L  liquid sample and 
40 mg oxalic acid/100 g solid sample. The limits can be reduced 
to 0 .2  mg/100 m L  and 4 mg/100 g, respectively, by using 10 
m L  liqu id  sample or extract from  solid sample. O nly 1 m L  
extract is sufficient fo r analysis o f foods, such as spinach, 
w hich are high in oxalic acid.

Recoveries o f oxalic acid in  liqu id  sample are satisfactory, 
although recovery rates in solid sample w ith  w ater extraction  
are scattered. This point must be investigated.

Zarem bski and Hodgkinson (9) reported that carbohy
drates could be degraded to oxalic acid by heating w ith  30%  
HC1 in  a boiling w ater bath fo r 5 h. O ur experim ent confirmed  
that 65 .0  mg oxalic  acid was produced from  100 g potato  
starch by heating w ith  35%  HC1 under the same conditions, 
but no conversions w ere observed after extraction w ith  2 N  
FIC1 at room  tem perature. The possibility o f oxalogenesis
(21) from  other progenitors during the procedure should be 
carefully  exam ined, how ever.
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METHOD PERFORMANCE

P e r f o r m a n c e  C h a r a c t e r i s t i c s  o f  M e t h o d s  o f  A n a l y s i s  U s e d  f o r  R e g u l a t o r y  P u r p o s e s .

I .  D r u g  D o s a g e  F o r m s .  C .  A u t o m a t e d  M e t h o d s 1

WILLIAM HORWITZ and RICHARD ALBERT2
F o o d  and D rug Administration, C enter fo r  F o o d  Safety and Applied Nutrition, Washington, D C  20204

For analysis of drug dosage forms, precision measures of AOAC approved 
automated methods, usually containing a spectrophotometric or fluo- 
rometric measurement step, were recalculated on a consistent statistical 
basis, using a computer program “ FDACHEMIST.” Ten collaborative 
studies of 14 compounds in 38 materials, consisting of various dosage 
forms, usually in 10 replications by an average of 7 laboratories, with 
a total of 2461 determinations, were reviewed. The average relative 
standard deviations within-laboratory (RSD„) and among-laboratories 
(RSD„) were 1.1 and 1.9% , respectively, and the ratio of RSIVRSD, 
was 0.57, with an average outlier rate of 0.57% of the reported values. 
The line of best fit for RSDX plotted against -  log concentration increases 
slightly with decreasing concentration, extending from an RSDX of 
about 1.6% at 100% concentration to an RSD„ of 2.2% at 0.1% 
concentration, a change in RSDX of about 0.2% for a 10-fold decrease 
in concentration, independent of analyte and matrix.

The first paper in this series (1) discussed in detail the results 
from  application o f a com puter program  to the calculation o f 
statistical param eters o f methods o f analysis applied to drug 
dosage form s analyzed by partition  chrom atographic sepa
ration  on diatom aceous silica fo llow ed by spectrophotom e
tric m easurem ent. T he second paper (2) applied this com puter 
program  to collaborative studies o f gas chrom atographic (G C ) 
methods o f analysis o f drug dosage form s. The present paper 
extends this application to the collaborative studies o f all 
autom ated methods o f analysis w hich have been approved  
by A O A C  through July 1983 fo r drug dosage form s. A ll o f  
these studies except fo r the first one on phenylephrine (3) 
have been perform ed by Associate Referees from  the C enter 
fo r D rug  Analysis , Food  and D rug  A dm inistration , St. Louis, 
M O .

Procedure

F o r all collaborative studies o f the determ ination o f the 
active ingredient o f drug dosage form s by autom ated methods 
published in the J o u r n a l  o f  t h e  A s s o c i a t i o n  o f  O f f i c ia l  A n a 

ly t i c a l  C h e m i s t s  during the period 1971-July 1983 inclusive, 
values w ere recalculated on a un iform  basis to provide the 
statistical param eters listed in Tab le  1. O utliers w ere flagged 
by the follow ing statistical tests: D ixon  and Grubbs for extreme 
values, Cochran fo r excessive variance o f replicates (when  
present), and Y ouden  rank sum fo r consistent systematic 
laboratory bias w hen 5 or m ore materials w ere used in a 
study. T he  nom enclature and definitions used and a descrip
tion o f the output fro m  the com puter program  “ F D A C H E M 
IS T ”  are given in the first paper (1) o f this series. The nom en
clature and symbols used in  this paper are those recom 
mended by the A O A C  Com m ittee on In terlaboratory  C ollab
orative Studies (4). This involves a slight change in term i
nology o f the precision indices from  previous papers, prim arily

'The symbols and terminology conform to the latest recommendations of 
the Committees on Interlaboratory Studies and Statistics by utilizing " s ”  for 
standard deviations and “RSD” for the previous coefficient of variation.

2Division of Mathematics.
Received November 10, 1983. Accepted August 23, 1984.

in the use o f repeatab ility  re lative standard deviation (R S D 0) 
and reproducib ility  (including am ong-laboratories) standard  

deviation  (R S D X), both expressed in percentages, instead o f  
the corresponding coefficients o f variation.

A n aly te  concentrations w ere available fo r all studies, 
sometimes by consultation w ith  the authors, w ho provided  
the data from  original sources.

Results

Tab le  1 gives the recalculated data fo r 10 studies (2 on 
anticoagulants) o f  autom ated methods applied to 14 com 
pounds in 38 separate m aterials (dosage form s). The first 3 
columns o f the table identify  the m aterial studied, its source, 
concentration ( i f  know n by form ulation ), and the collabora
tive study and A O A C  (1984) m ethod references (5). T h e  num 
ber o f determ inations and laboratories in the next 2 columns, 
respectively, provide the design o f the study. The last 2 
headings indicate the repeatability (w ithin-laboratory) (R S D 0) 
and reproducib ility  (including repeatab ility) re lative standard  
deviations (R S D X), calculated w ith  the indicated percent and 
kind o f statistical outliers rem oved. The relationship between  
the 2 R SD s is determ ined from  the equation s i  =  s i  +  s i ,  

w here the s  values are the standard deviations corresponding  
to  the R SD s in the Steiner notation (6). A lthough the param 
eters w ith  the subscript “ L , ”  indicating among-laboratories  
(excluding w ith in -) variab ility , are not given in Tab le 1, they  
are printed  out by the program . The first row  fo r each m aterial 
is always the data calculated w ith  no outliers rem oved (0/0 in 
the outlier colum ns). I f  outliers are flagged by any o f the 
statistical tests, the next ro w  under the m aterial provides the 
RSD s w ith  the indicated percent and kind o f outliers removed. 
D eterm ination  o f w hether outliers are sequential or alterna
tive  to  the previous ro w  can be ascertained by com parison  
o f the values under the column “ num ber o f determ inations”  
and the colum n “ num ber o f laboratories”  w ith  those o f the 
previous row s. T he  num ber o f the laboratory responsible fo r  
the outlier is given in brackets to show consistent laboratory  
bias, w hen present. I f  no outliers are flagged in itia lly , or if  
no further outliers are indicated on recycling, the next row  
contains the next dosage form  from  the same study or, after 
the last m ateria l, fro m  a new  study. Each R S D  is presented  
in 2 columns. T he  values on the right under each heading are 
the R S D s w hich w ere accepted w ith  the indicated percent 
outliers (often 0); the values on the le ft are the R SD s which  
w ere not accepted because ( 1 )  they could be im proved sub
stantially by rem oval o f the flagged outlier(s), (2 )  outlier rem oval 
did not substantially im prove the previously calculated R S D X, 
or ( 3 )  the previous values w ere already acceptable. F igure 1 
gives the accepted R S D X values as a function o f -  log frac 
tional concentration, but labeled linearly. The individual studies 
are sum m arized in Tab le 2, w here the last columns are the 
simple averages o f the accepted RSD s and the associated 
standard deviations o f the averages (shown m erely to indicate  
the dispersion o f the R SD s fo r the m aterials averaged). Table  
3 shows the outliers by num ber and kind  w hich  w ere e lim i
nated to provide acceptable R SD s.
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Table 1. Collaborative study conditions and derived relative standard deviations for determination of various drugs in dosage forms by automated 
methods. Rows with nonzero values under "Outliers”  column are calculated from previous row with indicated outliers omitted. RSDs displaced to

right are RSDs accepted with associated percent outliers (often zero)

No. of Outliers Parameters
JAOAC ref. Concn, ----------------------  ------------------------------------- ----------------------------
method ref. Dosage form % Detns Labs % Klnd RSD„ RSDX

Phenylephrine 0.20% com. soin 0.201 55 11 0 0 0.72 1.39
54, 600(1971) 
36.147-52(1984) 0.118% syn. soin 0.118 55 11 0 0 0.56 3.08

0.512% syn. soin 0.561 51 11 0 0 1.29 2.36
0.560 46 10 10 99C[3] 0.55 2.03

Methenamine 325 mg tab. 95.6 60 6 0 0 1.51 1.87
56, 647(1973) 95.7 59 6 2 95DI/C99[6] 1.24 1.66
36.250-55(1984) 97.38% syn 97.1 60 6 0 0 1.07 1.34

97.1 58 6 3 C99[3] 0.92 1.26
500 mg tab. 52.0 60 6 0 0 1.31 2.44

52.1 59 6 2 C99[6] 1.02 2.33
325 mg tab. 52.6 60 6 0 0 1.07 1.58

52.9 50 5 17 D95[3] 1.11 1.17

Na Warfarin 2.5 mg tab. 1.12 65 7 0 0 1.33 1.60
56, 682(1973) 1.12 64 7 2 C96[1] 1.20 1.52
37.143-50(1984) 5.0 mg tab. 2.20 65 7 0 0 0.94 2.23

2.20 63 7 3 C96(4] 0.82 2.05
2.20 62 7 5 C96[1] 0.75 1,95

10 mg tab. 4.34 65 7 0 0 0.85 1.71
4.34 64 7 2 C96[4] 0.76 1.62

Dicumarol 50 mg tab. 32.1 65 7 0 0 1.12 1.59
32.1 64 7 2 C99[1] 0.96 1.48
32.1 62 7 5 C99[1] 0.82 1.45

Acenocoumarol 4.0 mg tab. 3.05 70 7 0 0 1.06 2.08
58, 80(1975) 3.05 69 7 1 C99[3] 0.87 1.85

Phenprocoumnn 3.0 mg tab. 1.47 70 7 0 0 2.89 3,61
1.46 69 7 1 C99/99DI[3J* 0.89 2.72

K Warfarin 5.0 mg tab. 2.16 70 7 0 0 1.24 2.03

Digoxln 0.125 mg tab. 0.126 60 6 0 0 2.20 3.32
58, 70(1975) 
38.165-72(1984) 0.25 mg tab. 0.179

0.179
60
59

6
6

0
2

0
C95 0.83

0.88
2.86

2.86

0.50 mg tab. 0.346 60 6 0 0 1.20 1.83

Reserplne 0.1 mg tab. 0.123 70 7 0 0 1.58 4.05
59, 289(1976) 0.123 69 7 1 C99 [4] 1.48 3.93
38.119-25(1984) 0.123 68 7 3 C99[4J 1.29 3.96

0.125 60 6 14 95D[5] 1.48 2.34
0.125 59 6 16 C99[4] 2.22 2.50
0.125 58 6 17 C99[4] 1.10 2.83
0.125 57 6 19 99C[4] 0.88 2.09

0.25 mg tab. 0.155 70 7 0 0 1.11 2.86
0.155 60 6 14 C99[2] 0.93 3.04

0.5 mg tab. 0.231 70 7 0 0 2.15 2.84
0.231 69 7 1 99DI/C99 1.35 2.24

Prednisolone 2.5 mg tab. 0.258 60 6 0 0 1.30 2.01
60, 27(1977) 0.257 59 6 2 C99 [1 ] 1.20 1.85
39.061-67(1984) 0.257 57 6 5 C99[1] 1.03 1.63

5 mg tab. 0.488 60 6 0 0 1.11 1.87
0.488 59 6 2 C98[6] 0.99 1.78

Prednisone 2.5 mg tab. 0.259 60 6 0 0 1.16 1.90
0.259 59 6 2 C99[6] 0.96 1.85
0.259 58 6 3 C99[6] 0.89 1.79
0.261 48 5 20 95G [2] 0.95 1.16

5 mg tab. 0.495 60 6 0 0 0.88 1.44
0.495 58 6 3 C99[6] 0.78 1.39
0.495 57 6 5 C99[6] 0.73 1.38
0.495 56 6 7 C99J6] 0.68 1.38
0.495 55 6 8 C99[6] 0.64 1.39
0.495 50 5 17 C99[6] 0.60 1.41

Ferrous sulfate 150 mg com. cap. 30.9 80 8 0 0 1.81 1.96
61,968(1978) 30.9 77 8 4 C99[8] 1.37 1.69
36.078-84(1984) 30.9 70 7 13 C99[8] 1.30 1.60

300 mg com. tab. 51.9 80 8 0 0 1.99 2.40
52.0 79 8 1 99DI[8]* 1.33 1.98
51.9 70 7 13 99C[8] 1.06 1.89
52.1 70 7 13 98D [4] 2.09 2.12
52.2 69 7 14 99C[8] 1.38 1.48
52.2 60 6 25 D&C[4&8] 1.08 1.26
51.9 60 6 25 C&C[8&1] 0.93 1.86
52.2 50 5 38 [4&8&1] 0.93 1.13
51.9 50 5 38 [8&1&7] 0.81 1.98
52.3 40 4 50 [4&8&1&7] 0.77 1.02

325 mg com. tab. 55.1 80 8 0 0 1.07 2.03
55,1 79 8 1 99D1/C [8] 0.89 1.93
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Table 1. (continued!
Compound, 
JAOAC ref. 
method ref. Dosage form

Concn,
%

No. of Outliers Parameters

Detns Labs % Kind RSDo RSDX
55.4 70 7 13 95D [4] 1.09 1.40
55.4 69 7 14 [8&4] 0.89 1.18

220 mg/mL com. elix. 4.5 40 8 0 0 0.63 2.39

Chlorpheniramine
maleate 4 mg com. tab. A 2.03 70 7 0 0 1.12 1.64
62,1197(1979) 4 mg com. tab. E 2.00 70 7 0 0 0.96 1.25
36.127-34(1984) 4 mg com. tab. F 1.74 70 7 0 0 1.52 1.84

4 mg com. tab. G 2.04 70 7 0 0 1.17 1.49
2.04 68 7 3 C99[4] 0.98 1.37
2.04 60 6 14 C99[4] 0.98 1.43

Nitroglycerin 0.6 mg com. tab (No.32) 1.74 60 6 0 0 0.39 1.21
63, 696(1980) 1.74 59 6 2 C98[5] 0.36 1.16
36.235-42(1984) 1.74 50 5 17 C/R[5] 0.32 1.03

0,6 mg com. tab. (No.95) 1.78 60 6 0 0 0.42 1.04
1.77 59 6 2 C98[5] 0.39 0.99
1.78 50 5 17 C/R[5] 0.35 0.89

0.4 mg com. tab. (No.68) 1.20 60 6 0 0 0.53 0.96
(blind duplicate) 1.20 50 5 17 R[5] 0.54 0.89
0.4 mg com. tab. (No.69) 1.20 60 6 0 0 2.91 2.91
(blind duplicate) 1.20 58 6 3 C99/DI99[6] 0.47 0.90

1.20 50 5 17 C99 [6] 0.45 0.92
1.20 50 5 17 R [5] 3.19 3.19
1.20 40 4 33 [5]&[6] 0.48 0.88

0.3 mg com. tab. (No.85) 0.88 60 6 0 0 0.75 1.33
0.88 59 6 2 C99/DI99[6] 0.36 1.02
0.89 58 6 3 C99[6] 0.32 0.95
0.89 56 6 7 C99[6] 0.29 0.88
0.88 50 5 17 C99[6] 0,27 0.80
0.88 50 5 17 R[5] 0.82 1.30
0.88 40 4 33 [5]&[6] 0.28 0.70

0.3 mg com. tab. (No.27) 0.89 60 6 0 0 0.39 1.02
0.89 59 6 2 C97[6] 0.36 1.02
0.89 50 5 17 C97[6] 0.33 1.10
0.89 50 5 17 R[5] 0.41 0.96
0.89 40 4 33 [5]&[6] 0.34 1.06

Abbreviations: com. m  commercial product of labeled composition 
syn. = formulated product of known composition 
tab. = tablet 
cap. = capsule 
elix. = elixir

D = Dixon laboratory average outlier 
C = Cochran outlier 

Dl = Dixon individual value outlier 
G = Grubbs outlier 
R = Rank sum outlier laboratory

The number associated with the outlier indications is the one-sided confidence level at which the outlier was flagged; ‘ indicates that the value 
removed is an outlier by the two-tail Dixon test at the overall 95% CL; the number in square brackets is the number of the laboratory responsible for 
the outlier. It is consistent only within an individual study.

COMBINED DATA

CONCENTRATION
Figure 1. Overall relative standard deviations among-laboratories (RSD„) 
as function of concentration (spaced logarithmically but labeled in per
cent) for accepted RSDX data from collaborative studies for drug dosage 
forms analyzed by automated methods. Center line is line of best fit which 

is bracketed by 95% prediction limits.

Discussion

O ne o f the m ost interesting conclusions o f the previous  
rev iew  o f the precision o f drug methods (7) was that the 
autom ated methods used in  the 6 collaborative studies exam 
ined showed no better precision than did the m anual methods 
review ed. F o u r studies have now  been added. T he  statistical 
param eters o f the data from  all 10 studies, covering 38 m ate
rials (dosage form s), are given in Tab le 1 and sum m arized in 
Tab le  2. T he  overall reproducibility  (R S D X) o f autom ated  
methods is now  1.9%  as com pared w ith  the previous 2.2% ; 
overall repeatab ility  (R S D 0), 1 .1%  vs 1.3% ; and the ratio  
R S D o/R S D x, 0 .57 vs 0.59. These param eters are com parable  
to those o f the 2 types o f methods previously re-exam ined  
(liquid  chrom atographic and G C ). Because o f the fa irly  w ide  
dispersion o f the R SD s contributing to the averages, the shift 
during the past 5 years is not statistically significant. The  
dow nw ard trend w ith  tim e fo r both R SD s m ay reflect an 
im provem ent w ith  experience in the preparation o f m aterials  
fo r the studies as w e ll as in the analytical w ork .

A utom ated  methods w ere previously characterized as 
exhibiting few er outliers than other classes o f methods. This  
characteristic is m aintained in the current series. A lthough
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Table 2. Summary of statistical parameters of automated methods of analysis applied to drug dosage forms given in Table 1

Analyte or 
class

No. of
Av. No. 
of labs

Outliers,
%

Relative standard deviations

Mater. Detns RSDo RSD*

Phenylephrine 3 161 11 0 0.86 ±0.38 2.28 ±0.85
Methenamine 4 240 6 0 1.24 ±0.21 1.81 ±0.47
Anticoagulants 7 470 7 0.2 1.06 ±0.18 1.99 ± 0.41
Digoxin 3 180 6 0 1.43 ±0.69 2.67 ±0.76
Reserpine 3 210 7 4.8 1.58 ±0.53 2.68 ±0.29
Steroids 4 240 6 0 1.11 ±0.17 1.81 ±0.25
Ferrous sulfate 4 320 8 0 1.38 ±0.64 2.20 ±0.23
Chlorpheniramine maleate 4 280 7 0 1.19 ±0.24 1.56 ±0.25
Nitroglycerin 6 360 6 0.83 0.43 ±0.06 1.03±0.10
Average or (total) (38) (2461) 7 0.57" 1.09b 1.916

"Calculated from a total of 14 values removed from 2461 determinations. 
bWeighted for number of materials used in each study.

Table 3. Numbers of materials by study for which original data had to 
be reiterated to obtain “acceptable” or homogenous reproducibility 

RSDX because of presence of indicated type of outliers

Analyte or class None No. and kind Total

Phenylephrine 3 0 3
Methenamine 4 0 4
Anticoagulants 6 1 C99/99DI 7
Digoxin 3 0 3
Reserplne 2 1" 95D 3
Steroids 4 0 4
Ferrous sulfate 4 0 4
Chlorpheniramine maleate 4 0 4
Nitroglycerin 5 1b C99/DI99 

1 C99/DI99
6

Totals 34 4 38

“One material, but all 10 values from one laboratory removed. 
bTwo values were removed for this material.

at least one m ateria l in  each o f the 10 studies has at least one 
value flagged as a statistical outlier by one o f the 4 tests 
applied, w ith  the ir associated confidence levels, outliers had 
to be rem oved from  only 3 studies (30% ) to  bring the RSD s  
into the historical range. Calculated on a num ber o f m aterials  
(38) basis, 4 (11% ) had to have outliers rem oved, and calcu
lated on a num ber o f determ inations reported (2461) basis, 
only 14 values (0 .6% ) had to be e lim inated. This value o f 
0 .6%  outliers is to  be com pared w ith  2 .5%  o f the determ ina
tions rem oved as outliers in  collaborative studies o f the chro
m atographic separation /spectrophotom etric  m easurem ent 
methods (1) and w ith  1.4%  o f the determ inations rem oved as 
outliers in the G C  methods (2).

T he  statistical design o f the collaborative studies o f auto
mated methods requires the collaborators to perform  10 
(som etim es 5) rep licate assays, each often equivalent to a 
single dose. A n  outlier, w hen it occurs, is frequently a single 
value in  the series from  a single collaborator, and often the 
outlier occurs as the first value in a set o f replicates.

In  one case, it  was questioned w h y  the last value in  a set 
o f replicates was low . I t  was discovered that the sequence o f  
values had been reversed on publication and that the outlying  
last value was actually  the first value, consistent w ith  the 
pattern occurring in  most o ther cases. T he explanation for 
low  first values is the use o f an insufficient num ber o f standard 
cups preceding the actual test solution to prevent dilution  
from  wash solutions. G ood practice now provides the pre
caution that, i f  the first test portion(s) gives a low  peak, the 
solutions should be rerun at the end o f the sequence. T h e  last 
peak w ould  either confirm  the low  value or w ould perm it a 
conclusion o f insufficient equilibration  before the measure
m ent. This  exam ple emphasizes the im portance o f follow ing

up the appearance o f outliers in collaborative studies. R eten
tion o f excellent records by the Associate R eferee perm itted  
explaining the outlie r ra ther than relegating it to the unex
plained category; how ever, unexplained outliers do occur 
occasionally at o ther positions in the sequence.

The pattern  o f a lo w  value at the beginning o f a series is 
easily recognized and easily explained as a procedural error, 
particu larly  because the value is usually m ore than 10 stan
dard deviations from  the mean o f distribution o f values o f 
that laboratory. R eporting such aberrant values w ithout 
investigation results from  operators taking too lite ra lly  the 
adm onition to report a ll values, including outliers, in  collab
orative studies. This instruction is intended to ensure that all 
norm al random  variates are included. I t  is not intended to be 
the basis fo r avoidance o f an investigation as to the cause o f  
the deviates; on the contrary, it  should stim ulate investiga
tion . T he  event and its correction should be reported  so that 
a precaution or a revision in the m ethod can be made to  avoid  
future sim ilar errors by inexperienced operators.

The fo llow ing  are some o f the special features o f the ind i
vidual studies in chronological o rder o f publication.

P h e n y l e p h r i n e .— T he  first collaborative study o f an auto
mated m ethod fo r a drug dosage fo rm  was conducted by  
M argosis (3). The published paper contained only  averages 
and standard deviations o f 5 determ inations per m aterial per 
laboratory, but the original data w ere obtained from  the author 
fo r recalculation. T w o  analysts reported 2 series o f values 
fo r 4 dosage form s and 3 fo r the fifth . These ex tra  series w ere  
arb itra rily  calculated as laboratories to provide a m ore bal
anced design. This treatm ent did not significantly affect the 
param eters. T w o  m aterials contained the deliberately added 
interferences salicylam ide and acetam inophen. The presence 
o f these m aterials resulted in high and low  recoveries, respec
tive ly , o f  the analyte, as w e ll as re la tive ly  high R S D  values. 
The m ethod was approved w ith  the qualification that it  was 
not applicable in the presence o f these interfering drugs. 
There fore , the data fro m  the 2 m aterials containing the inter
fering drugs are not included in Tab le  1.

The R S D X values from  the 3 phenylephrine m aterials are 
re la tive ly  heterogeneous, ranging from  1.4 to 3 .1% , but are 
acceptable in the light o f all o f the studies. T he  analytical 
data on the last m ateria l (0.512%  synthetic solution) con
tained a Cochran outlier at the 99%  confidence level (C L ), 
whose rem oval m erely  reduced R S D X from  2.36 to 2.03% . 
The acceptance o f the low er R S D X is not w orth  the accom 
panying stigma o f 10% outliers, although the R S D 0 im proved  
from  1.29 to 0 .55% , in line w ith  values from  the other 2 
m aterials.

M e t h e n a m i n e F o u r m aterials w ere exam ined by 6 labo
ratories w ith  10 replications o f each m aterial. The analytical
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data fo r each m aterial had an outlier flagged, each o f which  
could be ignored because the R S D X ranged from  1.3 to 2 .4%  
at an average concentration o f about 75% . The analytical data 
fo r 3 m aterials showed Cochran outliers at the 99%  C L  as the 
first or second values in the series, and the fourth material 
showed a laboratory average flagged by the D ixon  test at the 
95%  C L . A ll o f the outliers came from  2 laboratories. Removal 
o f the values triggering the Cochran test slightly reduced 
R S D X.

A n t i c o a g u l a n t s .— T w o  studies o f the same method w ere  
perform ed by 7 laboratories on 5 compounds, single dosage 
form s o f 4 drugs, and 3 d ifferent strength tablets o f sodium  
w arfarin . A n aly tical data fo r only one o f the m aterials (potas
sium w arfarin ) did not show the presence o f at least one 
statistical outlier, all o f which were flagged by the Cochran  
test at the 96%  C L  or above. F o r analysis o f the 3 mg phen- 
procoum on tab let, the R S D C and R S D X values o f all data (no 
outliers rem oved) w ere 2.9 and 3 .6% , respectively. Figure 2 
shows the original data plotted in ascending order o f labora
tory means. The single w ild  result from  Laboratory  3 (3.47 
m g/tablet) was 20 standard deviations from  the mean value 
(indicated by the right vertical arrow  at Laboratory  3) cal
culated w ith  the w ile  value included. S im ultaneously, the 
laboratory (N o . 1) w ith  the low est average was flagged as a 
D ixo n  outlier at the 98%  C L . W hen the single w ild  result was 
rem oved, the R S D 0 and R S D X decreased to 0 .9  and 2.7% , 
respectively, the mean fo r L aborato ry  3 shifted to the left 
vertical a rrow , and L aborato ry  1 no longer was flagged as an 
outlier! W hen  the w ad value (from  the laboratory w ith  an 
average that happened to be the nearest neighbor to the 
laboratory w ith  the low est average) was rem oved, the aver
age o f Lab ora to ry  3 was reduced sufficiently so that the 
num erator o f the D ixo n  statistic was dim inished to the point 
w here it no longer produced a critical D ixon  value. Because 
o f its extrem e deviation , the w ild  value was rem oved from  
the phenprocoum on set, but none o f the other flagged outliers  
w ere om itted.

D i g o x i n .— T hree materials w ere exam ined by 6 laborato
ries in 10 replications each. The analytical data fo r only one 
m aterial showed the presence o f an outlier, flagged by the 
Cochran test at the 95%  C L , but because the values from  the 
laboratory flagged as the outlier occurred in the m iddle o f the 
overall d istribution by laboratories, rem oval o f the extrem e  
value did not change the R S D X. The original value was accept
able w ithout outlier rem oval.

R e s e r p i n e .— Three tablets o f d ifferent strengths were  
exam ined by 7 laboratories in 10 replications each. Although  
Cochran outliers w ere flagged in the analytical data fo r all 
m aterials, the ir rem oval had little  effect on R S D X. In  the 
analytical data fo r the low est dosage tablet (0 .12% ), one o f 
the laboratories was flagged as a D ixon  outlier at the 95%  
C L , and none o f the ind ividual values from  this laboratory  
overlapped any o f the points from  the other laboratories. 
Rem oval o f this laboratory reduced R S D X from  4.05 (no out
liers rem oved) to 2 .34% , w ith  14% outliers. O ther Cochran  
outliers w ere still present, and R S D X could be further reduced  
to 2 .09%  w ith  19% outliers; how ever, the basic decision was 
w hether to retain the original data w ith  no outliers rem oved, 
or to  accept the rem oval o f the D ixon  laboratory average 
outlier to attain  a more “ centra l”  R S D X value o f 2.34% . 
Because this m aterial is one o f the lowest concentrations in 
the entire series, it could support the highest R S D X. but w ith  
the first outlying laboratory rem oved, the R S D X lies closer to 
the other R S D X values o f the group. There are good reasons 
fo r e ither rem oving or retaining the outlying laboratory. The  
final decision was to rem ove the outlying laboratory so that

PHENPROCOUMON

LAB NO.

Figure 2. Data from collaborative study of phenprocoumon, concentra
tion in mg/tablet (X-axis) vs f-equency (Y-axis) plotted in ascending order 
of laboratory average concentration. Each circle is a reported value. Ver
tical arrows for Laboratory 3 are laboratory averages before (right) and 

after (left) 99 + % Cochran outlier (3.47 mg/tablet) is removed.

the cum ulative data are m ore homogeneous, w ith  the penalty  
o f indicating that the R S D X from  this group is accom panied  
by a 5%  outlier rate.

P r e d n i s o n e  a n d  p r e d n i s o l o n e .— T w o  tablets o f d ifferent 
strengths o f each o f these compounds w ere exam ined by 6 
laboratories in 10 replications each. Num erous sequential 
Cochran outliers, all from  2 laboratories, w ere flagged at the 
98 and 99%  C L s; these w ere not rem oved because the original 
data from  each o f the 4 materials w ere satisfactory, and 
rem oval o f  the Cochran outliers in this case w ould have little  
effect in reducing R S D X.

F e r r o u s  s u l f a t e .— Four dosage forms— capsules, elix ir, and 
tablets o f 2 d ifferent strengths— w ere exam ined by 8 labora
tories in 10 replications each, except fo r the e lix ir fo r which  
5 replications w ere used. The analytical data fo r all solid 
dosage form s had flagged statistical outliers; the e lix ir had no 
outliers. N o ne  o f the outliers w ere rem oved because the 
precision param eters as calculated d irectly w ere acceptable 
on historical grounds.

The analytical data from  the 300 mg ferrous sulfate tablet 
w ere used as an exam ple o f a recom m ended procedure for  
validation o f analytical methods (8). These data, having an 
acceptable R S D X o f 2.40%  w ith  no outliers rem oved, showed 
an extensive sequential and simultaneous outlier pattern  
through 10 iterations. Once outlier rem oval is begun, there is 
no logical stopping point until outliers are no longer flagged 
by the statistical tests used. D uring  this progression, the 
probability  o f false rejection increases w ith  each iteration. 
Figure 3 shows the original data, and F igure 4 diagrams the 
com plex outlier flagging and rem oval pattern. B y consulting  
both figures sim ultaneously, in this particu lar case, the 
[non]significance o f the flags by the various statistical outlier 
tests can be appreciated in terms o f actual values and dis
placements. A lthough in this case outlier rem oval was o f no 
practical significance, follow ing the results o f rem oval o f  
outliers flagged by the various tests led to some very practical 
conclusions about rules to fo llow  fo r m axim um  efficiency  
(largest im provem ent in precision w ith  m inim um  rem oval o f  
aberrant values).
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Figure 3. Original data from 8  laboratories analyzing 10 portions from 
300 mg ferrous sulfate tablet composite by automated method. For these 
data, concentration in mg/tablet (X-axis) vs frequency (Y-axis) is plotted 
in ascending order of laboratory average. Each small circle represents 
reported value for one of the portions. Solid large circle around "4" 
indicates that Laboratory 4 is Dixon laboratory mean outlier; large dotted 
circle indicates Dixon individual value outlier (with respect to the other 

79 individual values).

In  F igure 4, the top box gives the results from  the original 
run o f the program  fo r calculating statistical param eters. The  
first line, “ 0 /0 ,”  indicates that no value from  any laboratory  
was rem oved, and the next line gives the values fo r R SD „/ 
R S D X. In  subsequent boxes, the first line m ay give the nature 
o f the outlie r flagged (type and C L ) and the laboratory num 
ber, in square brackets, activating the flag.

A pplication  o f the statistical outlier tests available in the 
com puter program  revealed the simultaneous presence o f 4 
types o f statistical outliers in the original data (all o f the D ixon  
tests are a  =  0.05 one-tail tests applied to both the lowest 
value and to the highest value in a set):

(a) D i x o n  i n t e r n a l  l a b o r a t o r y  o u t l i e r s .— W hen the D ixon  
test is applied separately to the 10 values from  each labora
tory, 5 o f the 8 laboratories show the presence o f an outlier 
at C L s  o f 9 5 -9 9 % . T he  laboratory numbers exhibiting these 
outliers, the C L , and an indication as to w hether they are 
high (num ber to right o f  “ D ” ) o r low  (num ber to left o f  “ D ” ) 
values are given in the box on the extrem e right o f Figure 4. 
I f  these 5 values are rem oved (6%  outlier elim ination), R S D 0 
and R S D X are 1.17 and 1.97% , respectively, given as the last 
line in the box.

(b) D i x o n  i n d i v i d u a l  v a l u e  o u t l i e r s .— T he extrem ely low  
value o f 270 from  L ab o ra to ry  8 (given in square brackets) is 
flagged as a 99%  D ixo n  outlier w hen tested against all other 
(79) ind iv idual values using an interpolation  o f the Tab le C .2  
from  Thom pson (ref. 6, p. 87), w hich  is identical to a Grubbs 
table. I f  that one value fro m  one laboratory (indicated by the 
1/1 in the second box from  the right in the second row ) is 
rem oved, the R S D 0 and R S D X become 1.33 and 1.98% , 
respectively, at an outlier rate o f 1%. N o te  the com parability  
of this R S D X w ith  that obtained by rem oving the 6%  outliers 
in the previous case and the significantly low er “ stigma”  o f 
outlier rem oval in this case.

(c) D i x o n  l a b o r a t o r y  a v e r a g e  v a l u e  o u t l i e r s .— Laboratory  
4 is flagged as a D ixo n  laboratory average outlier at the 98%  
C L . Its  rem oval brings R S D X dow n to 2 .12%  at an outlier rate 
of 13% (extrem e le ft box in F igure 4).

(d) C o c h r a n  o u t l i e r s .— L ab o ra to ry  8 is also flagged as a 
Cochran outlier at the 99%  C L . The rem oval o f the entire

laboratory results in an R S D X o f 1.89%  w ith  the stigma o f 
13% outliers and a reduction o f R S D 0 from  1.99 to 1.06%. 
P ractically  the same reduction in R S D X is achieved by elim 
inating the single w ild  value from  this laboratory which was 
flagged by the D ixon  test when it was applied to all individual 
values. This result suggests 2 points regarding outlier rem oval, 
w hich should be investigated in subsequent studies:

( 1 )  “ W ild ”  results, w hich  are apparent by inspection o f the 
original data o r by visual observation o f a p lo t o f  the data, 
m ay be rejected w ithou t statistical verification as com mon  
sense outliers. To  satisfy statistical purists, the probability  o f  
the w ild  value being a m em ber o f a norm al population o f the 
rem aining values m ay be placed at some arb itrary large num 
ber, e .g ., 1 in 105. Such values can be produced by incorrect 
recording o f irretrievab le num bers, such as sample weights. 
Such values are verifiab le as real outliers w hen they appear 
in synthetic, form ulated, or spiked samples by com parison  
w ith  the know n values. Occasionally the reported value(s) 
defies the law  o f conservation o f mass.

( 2 )  In  rem oving outliers flagged by the Cochran test from  
designs containing m ore than 2 replicates per laboratory, 
there are 3 w ays o f proceeding: R em ove all values from  the 
flagged laboratory, rem ove the most extrem e value (relative  
to the overa ll mean) but retain  all o ther values, or rem ove  
both extrem e values (one from  each end). O ccasionally, there  
m ay be a cluster o f 2 o r 3 values at one end, in w hich case 
all values from  the cluster should be considered fo r rem oval 
as a group. E xperience suggests that the most efficient pro
cedure is to rem ove only the most extrem e value(s). The  
other points are usually ‘ ‘innocent bystanders’ ’ whose rem oval 
has little  effect on the subsequent values o f R S D 0 and R S D X. 
T o  m aintain  that 1 or 2 outlying values should trigger the 
rem oval o f  all o ther values from  the same laboratory even  
though they correspond to the values from  other laboratories  
is not consistent w ith  the accusation made against the rank  
sum test. The rank sum test, w hich  flags laboratories w ith  
consistently low  o r high ranks over all m aterials, has been 
accused o f unjustly rem oving nonoutlying values (1).

F igure 4 also illustrates the noncom m utative nature o f the 
application o f outlier tests, suggesting that outlier tests should 
be applied in a system atic order. F o r exam ple, going down  
the Cochran laboratory rem oval path (the center boxes, 
rem oving all values from  Laboratories 8, 1, and 7 fo r a total 
outlier rem oval o f  38% ) is considerably less efficient fo r  
obtaining a m inim um  R S D X than the rem oval o f the single 
D ixo n  laboratory average outlier in the rem oval path at the 
le ft o f  the figure.

A ll o f  the outlie r tests in this exam ple achieve roughly the 
same R S D X values on the ir first application, as shown in 
Tab le  4.

I t  is seen that fo r a single “ w ild ”  value outlier, the most 
appropriate application o f the outlie r tests already in the 
com puter program  is the use o f the D ixo n  ind ividual value  
test. U n fo rtun a te ly , this test is objectionable on theoretical 
grounds, because the com bined data are not expected to  be 
part o f  a single norm al d istribution. The same result m ay be 
achieved, how ever, e ither by application o f the Cochran test 
so that only the extrem e value ra ther than the entire labora
tory is rem oved, or by simple application o f com m on sense.

A lthough this discussion leads to some interesting aspects 
o f the results o f applying conventional outlier tests, it must 
not be overlooked that in this case this exam ination is aca
dem ic, because the R S D X was already acceptable w ithout 
outlier rem oval.

C h l o r p h e n i r a m i n e  m a l e a t e .— This study is one o f the sim
plest fo r interpretation  o f results. F o u r com m ercial ground
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Figure 4. Progression of outlier removal for data given in Figure 3 for 300 mg ferrous sulfate tablets analyzed by 10 laboratories with 10 replicates 
each. Numbers in box at top center indicate no outliers removed (0/0) and repeatability RSD0  = 1.99% and reproducibility RSDX = 2.40%. This set of 

, data shows 4 types of outliers (see Figure 3 for interpretation in terms of actual values removed as outliers):
(?) D i x o n  l a b o r a t o r y  a v e r a g e  o u t l i e r s  ( l e f t  p a t h ) . — Displaced Laboratory 4 is flagged as outlier at 98% CL. If it is removed (10 values from one laboratory 

indicated by [10/1]), resulting RSD0 and RSDX values = 2.09 and 2.12%. But now Laboratory 8 is flagged as Cochran outlier, whose removal (now 20 
values from 2 laboratories) gives RSD0 = 1.08% and RSDX = 1.26%. Now Laboratory 1 is flagged as sequential Cochran outlier, etc.

( 2 )  C o c h r a n  o u t l i e r s  ( c e n t e r  p a t h ) . —Laboratory 8 has very wide range compared with ranges of other laboratories, much of which is caused by single 
value flagged in individual value test. When this value is removed, Laboratory 4 is exposed as Dixon laboratory average outlier (98% CL) and Laboratory 
1 as Cochran outlier. If Laboratory 4 is removed, RSDX decreases significantly; if Laboratory 1 is removed, RSD0 and RSDX are hardly affected. If only 
Cochran outliers are removed, ultimate RSD0 = 0.81% and ultimate RSD, = 1.98% (38% outliers removed). However, Laboratory 4 may also be removed 
after second iteration, joining Dixon laboratory average outlier path.

( 3 )  D i x o n  i n d i v i d u a l  v a lu e  o u t l i e r s . —Extremely low value of 270 from Laboratory 8 is flagged as Dixon individual value outlier (99% CL). If it is removed, 
(1/1 = 1 value removed from 1 laboratory), resulting values are RSD0 = 1.33% and RSDX = 1.98%.

( 4 )  D i x o n  t e s t  a p p l i e d  t o  e a c h  l a b o r a t o r y  i n d i v i d u a l l y . —Applying Dixon test individually to each laboratory, laboratories indicated in box on far right 
are flagged as containing outliers: 99D indicating lowest value is Dixon outlier at 99% CL; D99 indicates highest value is Dixon outlier at 99% CL; and 
95D indicates lowest value is outlier at 95% CL. When these 5 values are omitted, RSD0 = 1.17% and RSDX = 1.97%, at 6% total outlier rate.

Each of these types of outlier removal has exposed additional outliers, some of which are also flagged by previous iteration. Number in brackets 
identifies laboratory removed. Iterations stop when no further values are flagged as outliers (when 50% of the data are removed at RSD0 = 0.77% and 
RSDX = 1.02%).

Table 4. Comparison of relative standard deviations resulting from removal of outliers by 
different outlier removal treatments of ferrous sulfate data of Figure 3

Outlier tests

Outliers

No. % RSD„ RSDX

None (original data) 0 0 1.99 2.40
Wild value removal (common sense) \ 
Dixon, applied to all individual values \ 1 1 1.33 1.98
Cochran, removing only extreme value j  
Dixon, applied to each lab. separately 5 6 1.17 1.98
Dixon, applied to lab. averages 10 13 2.09 2.12
Cochran, removing entire lab. 10 13 1.06 1.89
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tablets w ere  analyzed by 7 collaborators in 10 replications  
each. The data appeared to  form  re la tive ly  tight clusters, and 
only one o f the m aterials displayed a Cochran outlier at the 
99% C L . In  this case, the laboratory had 2 extrem e values, 
one at each end. W hen  only these 2 values are rem oved, 
R S D X drops from  1.49 to 1.37% ; w hen all values from  that 
laboratory are rem oved, R S D X is 1.43% . In  either case, the 
change in R S D X is not w orth  the consequence o f 3 and 14% 
outliers, respectively. This example again suggests that removal 
o f only the extrem e point(s) from  the laboratory flagged by 
the Cochran test is m ore efficient than rem oval o f the entire 
laboratory in dealing w ith  the 10-replicate design o f auto
mated methods.

N i t r o g l y c e r i n .— This study is again interesting from  the 
point o f  v iew  o f the presence o f a considerable num ber o f 
outliers o f no consequence, as in the case o f the ferrous  
sulfate dosage form s. S ix m aterials w ere exam ined by 6 lab
oratories in 10 replications each. O f  greatest significance is 
the incorporation into the design o f blind duplicate m aterials, 
designated by the author as N o s. 68 and 69. The study itself 
exhibits one o f the best am ong-laboratories precisions 
encountered thus fa r— about 1.4%  when no outliers are 
rejected, yet it is riddled  w ith  statistical outliers, some o f  
which are obvious blunders. Because o f this incongruity, the 
data are p lo tted  in F igure 5 norm alized to a 100% label claim . 
The 10 replicates from  each laboratory are plotted as the 
percent o f label claim ; the materials are p lo tted  one above 
the other, and w ith in  m aterials, by laboratory, in ascending 
order o f laboratory average. F o r each m aterial, the laboratory  
num ber is given on the vertical le ft axis together w ith  the 
m aterial indentification in term s o f mg nitroglycerin /tablet 
(0 .6 , 0 .4 , and 0 .3 ), and, in parentheses, the m aterial identifi
cation num ber assigned b y  the author. A lthough the horizon
tal scale is the same fo r all m aterials, its position had to be 
shifted fo r several o f  the materials in order to keep the data  
on the same graph. E ven  so, 3 obvious w ild  outliers could  
not be included, and are entered as the actual percent o f label 
claim  ra ther than as a point. T he  short vertical arrows on 
each horizontal scale are the averages fo r each m aterial, all 
data included.

E ven  before the application o f statistical tests fo r outliers, 
2 points are obvious by inspection:

( 1 )  T hree  values, a ll fro m  L ab ora to ry  6, in m aterials 69 and 
85 are w ild  results. T o  m aintain  that these 3 values, all from  
the same laboratory , are part o f the population constructed  
from  the other 357 values, w hen they cannot even appear on 
the same scale, does not correspond w ith  experience or com 
m on sense. T he  results w ere recognized as abnorm al in the 
report, w hich states, “ N o  reason was found fo r these spu
rious resu lts .“  W hen  statistical tests are applied, these points 
are identified as outliers by the Cochran test at more than the 
99%  C L .

( 2 )  L ab ora to ry  5 alw ays has the highest laboratory average 
fo r all 6 m aterials. This  laboratory is flagged as a rank sum 
outlier by the rank sum test. In  this case, its presence does 
little  harm  because its laboratory average fo r most m aterials  
is re la tive ly  close to that o f  the next low er laboratory. L a b 
oratory 1 has almost alw ays the low est or near lowest labo
ratory  average o f the series. W hen  the statistical outlier tests 
are applied, L ab ora to ry  6 was found to produce a consistent 
pattern o f Cochran outliers w ith  many o f the m aterials, indi
cating a greater range o f values than those from  the other 
laboratories.

A n  im portant aspect o f this study was the presence o f 
identical m aterials unknow n to the collaborators. M ateria l 
N o . 68 showed a very  tight pattern o f data, w ith  an R S D 0 o f

N ITR O G LY C E R IN

LAB NO.5
0.3 j
(27)63

15
0.3 J
(85)3

1
6

< m

i f
o

T 4
(69)6

23
1

(68) J
1 3i ;

0.6
54

(95) 3
6 
15

0.6 s
(32)3

2
1

co 8 cea 8 o 
a c3ß8  oo_____

102 104 ft

[ Q____ OQ__ O OQ .fl.l-Q__£L_

100

cm Q O 8 8 Q 3 O &8 Q___ Q

104

( § y ~

104
3 m o  i___

Ü5ÜL
Q coaofia 

ormnB_o_o
_____ 8-8o..o Q

a__11:__
_sLjq_S_I
104 T~ 106 „

QQ . r j , C

o---- f t ,  rfirP ,

aß
8, n----o

Dl

102 104 106 „flCQ ano__ a C

rñ nJl ft nroB583
100 T 102 104

% LABEL CLAIM

Figure 5. Data from collaborative study of nitroglycerin, arranged as in 
Figure 2. Circled numbers are “ wild”  values flagged as 99 + % Cochran 
outliers which are removed to obtain “acceptable”  statistical parameters. 
Note particularly the patterns of materials 6 8  and 69, which are blind 

duplicates. Patterns are comparable when wild values are removed.

0.53%  and an R S D X o f 0 .96% . N o  outliers w ere flagged, and 
even w hen the rank sum outlying L ab ora to ry  5 is rem oved, 
the param eters change very  little ; R S D C becomes 0 .54%  and 
R S D X becomes 0 .89% . The same m aterial run in the same 
series under a d ifferent num ber, how ever, showed values o f  
2.91 and 2 .91%  fo r RSD „ and R S D X, respectively. T he  fact 
that R S D 0 and R S D X are the same indicates that the w ith in- 
laboratory variab ility  swamps out the among-laboratories  
variab ility , a situation caused by the presence o f the 2 w ild  
values fo r m aterial 69 from  Lab ora to ry  6. W hen  these 2 values 
are rem oved, R S D C and R S D X become 0.47 and 0.90% , 
respectively, in line w ith  the values fo r the other m aterials in 
the series. T he  presence o f another w ild  value from  the same 
laboratory in another m aterial indicates that there must be 
some undiscovered cause fo r the w ild  values.

This exam ple again illustrates the unreliab ility  o f estimates 
derived from  single m aterials and emphasizes the necessity 
fo r rem oval o f  w ild  values w hich  contam inate otherwise  
acceptable data. Furtherm ore , it is becoming evident that the 
pooled data from  sim ilar studies fo rm  a guide fo r w hen outlier 
rem oval should be in itiated  and w hen it m ay be stopped.

A lthough additional Cochran outliers are flagged through
out the series, as indicated by the “ C ”  adjacent to the labo
ratory  data in  F igure 5, it is unnecessary to rem ove them. 
The data w ith  only the w ild  outliers rem oved are very  accept
able. The rem oval o f additional flagged outliers changes both 
R S D  values b y  only small amounts.

R em oval o f  data from  Lab ora to ry  5 as a rank sum outlying  
laboratory does little  to im prove R S D X, but adds the stigma 
o f 17% outliers. The extrem e values from  this laboratory for  
2 materials w ere flagged as Cochran outliers at the 98%  C L . 
W ith  the other 4 m aterials, the consistently high averages
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from  this laboratory w ere  not o f sufficient magnitude to flag 
an outlie r at even the 95%  C L .

O utliers in  Autom ated Methods

A  d ifferent set o f  outlier rejection rules should be devel
oped fo r use w ith  autom ated methods fo r 2 m ajor reasons: 
F irs t, the ease w ith  w hich  replicates are run provides a m ul
tip lic ity  o f w ith in -laboratory  data that are not usually ava il
able w ith  m anual methods. Second, the w ith in-laboratory  
results from  autom ated methods tend to be very  repeatable. 
These characteristics result in a data pattern consisting o f 
tight m ajor clusters; even m inor deviations in range by one 
laboratory trigger a Cochran outlier test at the 95%  C L .  
Because the deviations o f the flagged points are small in an 
absolute sense, the ir rem oval has little  influence on the mag
nitude o f R S D X, the im portant precision param eter. A lthough  
m ajor outliers appear to be less frequent in autom ated m eth
ods than in m anual m ethods, they seem to be m ore extrem e  
in value w hen they do appear. This is an unexpected finding, 
because such aberrant values should be im m ediately apparent 
to an operator w ho should take steps at once to verify  the 
value. In  actual practice, usually only single aliquots o f test 
solutions from  ind iv idual m aterials are run. I t  is prudent, 
therefore, to rerun any m aterial whose results show a m arked  
deviation  from  those o f sim ilar m aterials. I t  w ould  also appear 
to be w ise to rerun a certain fraction  o f all aliquots in non- 
adjacent positions in order to note and control the appearance 
o f w ild  values.

G eneralizing  the discussion o f outlier treatm ent from  the 
ind ividual studies, particu larly  from  the ferrous sulfate and 
nitroglycerin  m aterials, the follow ing points are suggested 
w hen dealing w ith  collaborative studies o f automated  
methods:

(a) D i x o n  t e s t  a p p l i e d  t o  t h e  d a t a  f r o m  a  s i n g l e  l a b o r a t o r y  

o n  a  s i n g l e  m a t e r i a l .— Although the D ixo n  test fo r extrem e  
values was developed to apply to small sets o f data, such as 
the 10 values generated fo r each m aterial by each laboratory, 
the usual repeatab ility  o f autom ated methods results in 
num erous “ false alarm s”  by this test. W hen  view ed from  the 
vantage point o f the study as a w hole, m any such flagged 
values are seen to have little  practical significance, i.e ., their 
rem oval has little  effect on the mean or on the R S D s, unless 
they are also flagged by one o f the other statistical tests. The  
D ixo n  test should not be used w ith  the data from  individual 
laboratories because i:  is too sensitive to the vagaries o f the 
data pattern.

(b) D i x o n  t e s t  o f  i n d i v i d u a l  v a l u e s  a p p l i e d  to  t h e  e n t i r e  

s e r i e s  o f  v a l u e s  f r o m  a  s i n g l e  m a t e r i a l .— Although there are 
theoretical objections to the D ixo n  test being applied to indi
vidual values w hen rep lication  is present, this test was very  
successful in flagging those extrem e individual values which  
w ere so fa r from  the m ain body o f all the data that they could 
arise only  from  a m ajor b lunder, such as an incorrect record
ing o f an instrum ent reading or o f a weight. T he objection to 
this application involves the assumption that all the nonout
lying values are part o f the same norm al population, which  
obviously is not the case. Furth erm ore , most D ixon  tables 
stop at 25 values, whereas most data sets from  automated  
methods contain at least 60 data points. In  practice, the “ 25”  
ro w  is used fo r the critical value when 25 points are exceeded. 
This results in a test that is m ore conservative than necessary,
i.e ., a value that m ight actually be a D ixon  outlier at the 97%  
C L  w ould  be flagged as an outlier at only the 95%  level, or 
w ould  not be flagged at all. W ith  autom ated methods, there 
is a considerable degree o f overlap in the results from  this

test w ith  the results from  the Cochran test fo r extrem e ranges 
from  laboratories.

A ll D ixon  tests must be supplemented w ith  a visual exam 
ination fo r masked outliers, i .e . , 2 extrem e values sufficiently  
close together that they affect the num erator and/or the  
denom inator o f the test statistic so that it does not exceed 
the critical value w hen it is obvious by inspection or by 
another test that e ither value in the absence o f the other w ould  
be classified as a D ixon  outlier. I f  this masking effect is not 
caught b y  inspection, it  m ay be caught by the Cochran or 
Grubbs tests.

O ccasionally, w e find em pirically that the D ixon  test is not 
triggered w hen the num ber o f measurements coincides w ith  
a transition point in the D ixon  tables (at 7, 10, and 13). The  
Grubbs test is a valuable supplement to handle such cases. 
In  most o ther cases, the results o f the Grubbs test parallel 
the results o f the D ixo n  test.

(c) D i x o n  t e s t  a p p l i e d  t o  l a b o r a t o r y  a v e r a g e s .— This test 
is most successful in flagging laboratories that have probably  
incurred a calibration  error from  the use o f incorrect stan
dards, thus causing a shift o f  all values from  that laboratory. 
B ut calibration  errors are more like ly  to be operator-gener
ated than m ethod-generated, and their appearance in a col
laborative study should cause an im m ediate investigation by  
com parison o f the standard solution(s) used w ith  a freshly  
(and presum ably more carefully) prepared standard solution. 
Because autom ated methods usually have a m inim um  num ber 
o f participating laboratories, often only 6, the rem oval o f an 
entire laboratory flagged by this test (17%  o f the data) leaves 
very  little  room  fo r the rem oval o f any other outlying data. 
The appearance o f a second potential outlying laboratory  
caused by reiterating  this test poses the threat o f aborting  
the entire study because 33%  outliers is excessive by any 
standard.

O utliers flagged by the D ixo n  test applied to laboratory  
averages (denoted by “ D ”  and a C L  in Tab le  1) have been 
much less frequent in studies o f autom ated methods than in 
those o f the other 2 types o f methods (chrom atographic sep- 
aration/spectrophotom etric m easurem ent and G C ) exam ined  
in the previous 2 papers o f this series.

(d) C o c h r a n  o u t l i e r s .— Cochran outliers have been the most 
frequent type o f outliers from  autom ated m ethod studies. One 
laboratory m ay present a range o f values considerably greater 
than the ranges o f other laboratories. W hen  the average o f  
the laboratory flagged as a Cochran outlier is not the highest 
or low est o f the group, the rem oval o f that laboratory has 
little  effect on R S D X, although it  could reduce R S D C substan
tia lly . Because it was usually a single value that triggered the 
outlier signal, it appeared that a D ixon  test applied laboratory  
by laboratory to  the 10 replicates from  each laboratory ind i
v idually  m ight give the same result as the Cochran test. This  
outlier test, designated as the “ D ixon  internal laboratory  
outlier tes t,”  as discussed previously, proved to be too sen
sitive fo r practical application.

W hereas the D ixon  tests check the position o f each extrem e  
value re lative to its neighbor (o r second nearest neighbor), 
the Cochran test checks the range (technically the variance) 
o f the laboratory against all the other ranges in the series. 
The com puter program  prints out the fraction  o f the total 
variance arising from  the extrem e range. Therefore , the 
Cochran test is very  good at flagging a laboratory w ith  a w ide  
dispersion o f results re lative to the other laboratories, but 
where no single or average value is an extrem e point. The  
Cochran test signals, how ever, often overlap those o f the 
D ixon  test applied to individual values. Cochran test signals 
can often be ignored when the R S D X is acceptable even when



HORWITZ & ALBERT: J. ASSOC. OFF. ANAL. CHEM. (VOL. 58, NO. 1, 1985) 121

the outlier is included, because the test is triggered when the 
values from  most o f the laboratories are very  “ tig h t,”  i.e ., 
very close together. A  sufficient num ber o f cases exist, how 
ever, w here only the Cochran test signaled the presence o f 
an outlier having a significant effect on R S D X to w arrant its 
retention as a p rim ary  outlier test.

W hen a laboratory contributes only 2 or 3 values per m ate
rial, there is no problem  associated w ith  discarding the results 
from  that laboratory  fo r that m ateria l, because at least 2 
values contributed to triggering the Cochran test response. 
H o w ever, in an autom ated m ethod study, although 2 values 
may trigger the test, there are often 8 or 9 interm ediate inno
cent bystander values that seem to be part o f the general 
population. A lthough rem oval o f all the values fo r that m ate
rial from  that laboratory w ould not significantly change the 
RSDs from  those obtained by m erely rem oving the extrem e  
values, the percent outliers is unduly inflated. In  this respect, 
the accusation against the Youden  rank sum test as unjustly 
elim inating values w hich  are part o f the norm al population, 
in m any cases, also applies to elim inating the interm ediate  
values in a flagged Cochran outlying laboratory. In  dealing  
w ith  autom ated m ethods, therefore, a laboratory flagged as 
a Cochran outlie r should have only the extrem e value (or the 
2 extrem e values w hen the values at both ends appear to be 
outliers) rem oved in the next iteration.

(e) G r u b b s  t e s t .— The Grubbs test checks the most extreme 
deviation from  the average against the standard deviation o f 
all the values. I t  is used as a “ back-up”  test to cover the 
know n deficiencies in  the D ixo n  tests— masking and discon
tinuities.

(f) Y o u d e n  r a n k  s u m  t e s t .— T he Youden  rank sum test 
plays only a m inor ro le in exam ining the results from  collab
orative studies. M ost o f the studies contained few er than the 
5 m aterials necessary fo r its useful application. In  the one 
case (n itroglycerin ) w here it was pertinent, its signals proved  
to be redundant.

Data Summary for Automated Methods
T he  data from  a tota l o f  2461 determ inations for 38 dosage 

form s o f 14 drugs fro m  10 collaborative studies using an 
average o f 7 laboratories per study are given in Tab le 1 and 
sum m arized in Tab le 2. A utom ated  methods may be roughly  
characterized by an average R S D X o f 1.9% , increasing very  
slightly w ith  decreasing analyte concentration, an average 
R S D 0 o f 1 .1% , a RSDo/RSDx ratio  o f 0 .57, and an average 
outlier rate o f 0 .57%  (o f determ inations).

Tab le 3 sum m arizes the outlier rem oval that was done to 
obtain acceptable R S D X values. A gain , despite the fact that 
every study contained at least one m aterial w ith  outliers 
flagged by the statistical tests used, data from  only 4 o f the 
38 m aterials (11% ) required that the outliers be rem oved to 
obtain acceptable R S D X values. T hree  o f the 4 indicated out
liers w ere flagged by the D ixon  test as applied to individual 
values at the 99%  C L  as w ell as by the Cochran test at the 
99%  C L . The rem oval o f  these single values reduced the 
R S D X substantially. In  the fourth  case (reserpine, 0.1 mg/ 
tab le t), 2 d ifferent types o f outliers w ere flagged sim ulta
neously. T w o  individual values from  Laboratory 4 were flagged 
as Cochran outliers at the 99%  C L , but the ir rem oval hardly  
affected the R S D X. The average value from  L aborato ry  5 was 
flagged by the D ixo n  test as applied to  laboratory averages 
but at only  the 95%  C L . In  this case a 14% outlier rate (10 o f  
70 values) had to be accepted to bring the R S D X in line w ith  
the other values fo r R S D X in the same series. As in the pre
vious papers, the Grubbs and the rank sum tests w ere not 
needed.

T he  final R S D X data are presented in  F igure 1. T he  center 
line represents the line o f best fit fo r R S D X vs -  log concen
tration  (expressed as a decim al fraction) but labeled linearly, 
bracketed by its 95%  prediction lim its (the region w ith in  
w hich 95%  o f such future regression lines w ill fa ll). The  
reproducibility  R S D X taken o ff the line o f best fit extends 
from  about 1.6%  at the 100% concentration point to 2 .2%  at 
the 0 .1%  concentration point, a change o f 0 .2%  R S D X per 10- 
fo ld  concentration change.

As in the previous studies, the R S D X fo r autom ated m eth
ods appears to be independent o f the nature o f the analyte  
and o f the m atrix . I t  should be emphasized that although 
much o f this discussion deals w ith  handling outliers, only  
about 0 .6%  o f the reported values fa ll in the rejectable cate
gory.
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CHEMICAL CONTAMINANTS MONITORING

T h e  F D A  S u r v e i l l a n c e  I n d e x  f o r  P e s t i c i d e s :  E s t a b l i s h i n g  F o o d  M o n i t o r i n g  P r i o r i t i e s  B a s e d  o n  

P o t e n t i a l  H e a l t h  R i s k

DO NALD V. REED
F o o d  and D ru g Administration, C enter fo r  F o o d  Safety and A pplied Nutrition, Washington, D C  20204

Through an approach called the Surveillance Index (SI), the U.S. Food 
and Drug Administration (FDA) is systematically evaluating the poten
tial health risk of pesticides that may be present as residues in foods. 
The SI is being used as a primary tool in the establishment of monitoring 
priorities. Each pesticide is classified and assigned to one of 5 levels of 
potential risk. The SI documents that are prepared for individual 
pesticides (a) summarize the information used to assess potential dietary 
exposure and health risk, (b) provide the rationale for the assigned 
classification, and (c) identify needs and actions necessary to accomplish 
appropriate monitoring of the food supply. Reasons are described for 
the development of the SI, the content of the SI Documents, and the 
use of the SI in planning and redirecting FDA pesticide monitoring 
activities.

In  1978, the C om m issioner o f Food and Drugs appointed a 
Study G roup on Food and D rug  A dm inistration  (F D A ) Res
idue Program s to critically  exam ine the agency’s monitoring  
and enforcem ent program s fo r residues o f pesticides and 
industrial chem icals in food. The Study G roup reported its 
findings and recom m endations in June 1979 (1). One o f the 
m ajor issues addressed was the selection o f chemicals for 
monitoring; the Study Group concluded that monitoring should 
be based p rim arily  on potential health risk, rather than on the 
capabilities o f F D A ’s com m only used m ultiresidue analytical 
m ethods. T h ey  recom m ended that F D A  develop a Surveil
lance Ind ex  (S I)  to reflect the re lative potential health risk o f 
pesticide and industrial chem ical residues that m ay occur in 
food and feed com m odities, and use the S I to establish m on
itoring priorities. A  num ber o f param eters relating to produc
tion and usage, tox ic ity , environm ental fate , and potential 
fo r exposure w ere to be considered.

The developm ent o f the S I was initiated by F D A ’s C enter 
fo r Food  Safety and A pplied  N u tritio n  (C F S A N ), form erly  
the Bureau o f Foods, in m id-1979. The S I includes a 5-level 
classification o f potential risk to establish m onitoring p rio ri
ties, and S I Docum ents fo r individual pesticides, which (a) 
sum m arize the inform ation used to assess dietary exposure 
and health  risk , (b) provide the rationale fo r the classification 
assigned, and (c) identify  needs and necessary actions to 
accom plish appropriate F D A  m onitoring. The S I concept 
extends beyond its w ritten  com ponent, how ever, to encom 
pass u s e  o f  the inform ation  to plan and make appropriate  
changes in F D A  m onitoring programs.

Development of the Surveillance Index
Three p rim ary  questions w ere in itia lly  addressed:

W h at classification o r ranking system should be used? 
W hat inform ation  should be review ed, and where can it be 
obtained?
W h at scheduling should be fo llow ed in evaluating and clas
sifying the large num ber o f pesticides to be covered?

Classification

A  5-level risk classification was developed after consider
ation o f several ranking approaches (2 -4 )  as w ell as a less 
detailed and form alized  classification system used earlier to
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guide m onitoring plans based on E P A ’s Rebuttable Presum p
tion Against Registration (R P A R ):

C l a s s  I :  The  pesticide represents a high health hazard on a 
toxicological basis. Because o f dem onstrated adverse effects 
in anim als and/or humans and anticipated significant d ietary  
exposure, the pesticide warrants im m ediate inclusion in the 
m onitoring program  on a continuous basis.

C l a s s  I I :  A  high health hazard has not been dem onstrated, 
but there is evidence o f possible high risk tox ic ity  effects 
com bined w ith  the potential fo r significant hum an d ietary  
exposure. The potential hazard is sufficient to w arrant, as 
soon as possible, a tem porary inclusion o f the pesticide in 
the m onitoring program  until exposure to the pesticide is 
more clearly defined, or until additional tox ic ity  data, expo
sure data, or E P A  actions indicate assignment to a d ifferent 
class.

C l a s s  I I I :  A  m oderate hazard profile, based on weighing  
both tox ic ity  and d ietary exposure factors, warrants the pes
tic ide ’s periodic inclusion in the m onitoring program  over the 
long term  due to the chances o f exceeding tolerances or the 
Acceptable D a ily  In take .

C l a s s  I V :  Sufficiently low  hazard potential, from  the tox i
cological and/or exposure standpoint, justifies only in te lli
gence-related m onitoring efforts. ( “ Intelligence-related m on
itoring”  refers to m onitoring based on current area-specific 
in form ation , such as indications o f chem ical spills or other 
accidental contam ination incidents, o f  misuse, or o f extraor
d inarily  heavy usage o f the pesticide.)

C l a s s  V :  V e ry  little  potential hazard, due to low  tox ic ity  
or m inim al possible exposure, warrants exclusion o f the pes
ticide from  routine m onitoring efforts at this tim e.

The use o f precise num erical ranking, scoring form ulas, 
e tc ., was avoided because these approaches tend to indicate 
a degree o f precision (and absence o f subjectivity) which  
often is not justified  by the accuracy and completeness o f the 
supporting inform ation or by the assumptions used. Precise 
num erical ranking often leads to inflexible application; an 
effective and dynam ic m onitoring program  must include the 
flex ib ility  to respond to localized problem s, to quickly u tilize  
new inform ation  (changing usage, additional toxicological 
findings), and to m ake the most efficient use o f available  
resources. The 5-level S I classification allows the needed 
flexib ility  w hile  providing sufficient assessment o f potential 
risk to set priorities fo r m onitoring and fo r analytical method  
developm ent.

Surveillance Index Documents

F o r each pesticide, those parameters that influence the 
likelihood o f d ietary exposure and the toxicological infor
m ation that indicates the potential risk are sum m arized in a 
Surveillance Index D ocum ent (S ID ). This inform ation fu r
nishes the basis fo r placing the pesticide in one o f the above  
5 classifications. The S ID  also provides a valuable reference  
to personnel involved in m onitoring and analytical activities.

The p rim ary , and in some cases the only , source o f this 
in form ation is that which is submitted to the U .S . E nviron-
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Table 1. Surveillance Index document outline

Pesticide name Type SI Class
CFR Reference(s):
Chemical Name(s):
Trade Name(s):
Common Name(s):
Chemical Structure Empirical Formula
Molecular Weight:
Physical State:
Melting Point:__________________

I. Exposure and Use Factors
A. Production/Usage Volume
B. Chemistry

1. Solubilities
2. Stability
3. Manufacturing Process/lmpurities
4. Degradation
5. Environmental Stability

a. Foliar Degradation/Plant Metabolism
b. Aqueous Degradation
c. Soil Degradation
d. Animal Metabolism

6. Bioaccumulation Potential
7. Soil Mobility
8. Systemic Plant Activity
9. Significant Terminal Residues

10. Related Pesticides/Common Metabolites
C. Uses and Potential Exposure

1. Registered Uses
2. Tolerances
3. Known Foreign Uses
4. Exposure via Foods
5. Other Exposure Routes

II. Toxicity
A. Acute Oral LD5o (rats)
B. Oncogenicity
C. Mutagenicity
D. Teratogenicity/Reproductive Effects
E. Other Acute and Chronic Effects
F. ADI (EPA)
G. ADI (FAO/WHO)
H. Acute and Chronic Effects Triggering RPAR (if applicable)
I. RPAR Status

III. Overall Appraisal
IV. Surveillance Index Classification with Justification
V. Necessary Action

m ental Protection  A gency (E P A ) in support o f  pesticide reg
istrations and tolerances. T h e  Office o f Pesticide Program s, 
E P A , has contributed extensively  to the developm ent o f the 
S I by  furnishing sum maries or evaluations o f these data to 
F D A .

S c h e d u l i n g .— U .S . tolerances fo r residues on foods have 
been established fo r m ore than 300 pesticides; m any addi
tional pesticides have the potential fo r contam inating foods 
because o f significant use in foreign countries or because they  
are environm ental contam inants. T he  task o f evaluating and 
compiling S ID s fo r this great num ber o f chemicals was expected 
to require several years; thus, broad priorities had to be 
established to  determ ine the general order in w hich the pes
ticides w ould  be covered. Based on experience and readily  
available data, C F S A N  scientists placed pesticides that have 
U .S . tolerances in several groups. Pesticides fo r w hich E P A  
has issued an R P A R  w ere o f first p rio rity  fo r S ID  preparation, 
whereas those rou tinely  determ ined by F D A  m ultiresidue  
analytical methods w ere o f low est p rio rity ; first-hand kno w l
edge and other readily  availab le inform ation  on past m oni
toring, volum e and type o f use, chem ical and physical prop
erties, and toxicological concerns w ere weighed in scheduling 
the rem aining pesticides fo r evaluation.

S u r v e i l l a n c e  I n d e x  D o c u m e n t  c o n t e n t .— Tab le 1 shows the 
outline o f the topics addressed in the S ID . The classification  
o f each pesticide is assigned by weighing both the tox ico l
ogical risks and the likelihood and magnitude o f d ietary expo
sure. T he  S ID  also identifies needs and actions that must be

addressed to accom plish appropriate m onitoring fo r the pes
ticide.

Exposure factors include the manufacturing process scheme; 
volum e, pattern , and type o f use; rates o f degradation; envi
ronm ental fate; potential fo r transfer o f residues to m eat, 
m ilk , eggs, and fish; and inform ation on im purities and alter
ation products w hich  m ay also be o f toxicological concern. 
These factors, com bined w ith  data from  F D A  m onitoring  
program s, T o ta l D ie t Studies, or worst-case estim ates, based 
on tolerance level residues on all com m odities fo r w hich  the 
pesticide is registered, provide the basis fo r assessing poten
tial d ietary exposure.

The tox ic ity  section briefly  sum marizes the toxicological 
data base; it includes conclusions reached from  studies o f  
acute and chronic to x ic ity , oncogenicity, m utagenicity, ter
atogenicity, reproductive effects, neuro toxic ity , potentiation  
by o ther pesticides, and tests on m etabolites and im purities. 
A cceptable D a ily  In takes (A D Is ) established by E P A  and the 
Food and A gricu lture O rganization o f the U n ited  N ations/ 
W o rld  H ea lth  O rganization  (F A O /W H O ) are also included.

Because m uch o f the inform ation  received from  E P A  is 
based on confidential inform ation  from  pesticide m anufac
turers, the S ID  often uses secondary references reflecting the 
overall sum m ary conclusions o f responsible scientists rather 
than provid ing sufficiently detailed data to  perm it indepen
dent réévaluation . T he  inform ation  presented does not reflect 
exhaustive literature or inform ation  searches, but sources 
other than E P A  are often u tilized . These include evaluations  
o f the Joint M eeting  on Pesticide Residues o f the F A O /W H O  
and inform ation  from  the N atio n al C ancer Institu te , U .S . 
D epartm ent o f A gricu lture , N a tio n a l Institu te  o f Occupa
tional Safety and H ea lth , the litera tu re , and the considerable 
background inform ation  available w ith in  F D A .

Establishment of Monitoring Priorities
A fte r rev iew  o f the inform ation  by C F S A N  chemists and 

toxicologists, the pesticide is classified and necessary actions 
are recommended. The recommendations m ay include changes 
in m onitoring frequency, in itiation  o f special surveys, inves
tigations o f analytical m ethodology, selection o f appropriate  
locations and com m odities fo r sampling, and identification o f  
com m odities that are m ajor contributors to  possible d ietary  
exposure.

Distribution of SI Documents

T o  date, m ore than 140 pesticides have been evaluated and 
classified. T he  S ID s  have been distributed to F D A  head
quarters, field personnel, and other state and federal agen
cies; they are also available to  the general public from  the 
N atio n al Technical In fo rm ation  Service (5). C urrent projec
tions call fo r the evaluation  o f 3 0 -5 0  additional pesticides per 
year.

Review and Update of SI Documents

W hen  appropriate, the S ID  m ay be revised, and the pes
ticide m ay be reclassified. Factors that m ay w arrant reclas
sification include R P A R  decisions, studies dem onstrating  
previously unrecognized toxicological effects, invalidations  
o f past studies, revisions o f the Acceptable D a ily  In take , and 
changes in usage.

Use of the Surveillance Index
The S I is used to red irect F D A  m onitoring programs as 

individual pesticides are evaluated. Special surveys have been 
in itiated  fo r a num ber o f Class I ,  I I ,  and I I I  pesticides for 
w hich F D A  m onitoring was lim ited. Some o f these com 
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pounds w ere in the R P A R  process; data generated by these 
surveys have enabled E P A  to better estim ate d ietary expo
sure and have assisted that agency in reaching R P A R  and 
other regulatory decisions.

T h e  S I is an integral part o f  the planning o f the pesticide 
portion  o f the F D A  C hem ical Contam inants program . In  addi
tion to identifying  pesticides and com m odities that deserve 
changes in m onitoring emphasis, the S ID s  aid F D A  Districts  
in designing intelligence gathering activities and sample col
lections.

The S I is also used in deciding priorities fo r the develop
ment o f analytical methods fo r ind ividual pesticides or groups 
o f pesticides, in identifying  compounds that need testing 
through existing m ultiresidue analytical methods com m only  
used by F D A , and in evaluating those past F D A  m onitoring  
results that w ere  obtained by using analytical methods that 
m ay not have measured the toxicologically im portant resi
dues o f a particu lar pesticide(s).

T h e  S I is also a valuable reference that enables agency and 
other governm ent personnel to quickly  respond to inquiries 
regarding the properties, regulations, or past m onitoring o f  
specific pesticides.

Sum m ary

The F D A  Surveillance Ind ex  provides evaluations o f the 
potential health risk o f pesticides v ia  d ietary exposure. In d i
vidual pesticides are assigned to one o f 5 risk classes that 
indicate priorities fo r m onitoring. Gaps in m onitoring and 
analytical m ethodology are identified, and recomm endations  
are m ade fo r filling the gaps and redirecting sampling efforts.

The S I w ill be expanded to cover additional pesticides, w ill 
be updated as necessary and w ill continue to p lay a key role  
in the planning and redirection o f F D A  m onitoring activities.
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Abdominal fats were collected from 8-week old broilers slaughtered at 
provincially inspected abattoirs across Ontario between 1969 and 1982. 
Domestically produced hen eggs were collected from either egg grading 
stations or producers over the same period. Composite samples were 
analyzed for organochlorine insecticides and industrial chemicals. 
Between 1979 and 1982, organophosphorus insecticides were routinely 
included in these analyses. XDDT and PCB residues declined rapidly 
between 1969 and 1982 in extractable lipids of both abdominal and egg 
fats, while dieldrin declined less markedly over the same period. Declines 
in residues followed first order logarithmic regression equations. 
Chlordane and heptachlor epoxide were rarely observed above the 
detection limit of 1 ng/kg in egg fat; however, the incidence of these 
residues in abdominal fat increased after 1973 following the removal 
of aldrin, dieldrin, and heptachlor in 1969 and the subsequent increased 
use of chlordane for soil insect control until 1977. Lindane residues 
were rarely observed above the detection limit. In 1979, when the 
detection limit was reduced, both ck-BHC and lindane were identified, 
but at levels below 1 p.g/kg. Endosulfan, methoxychlor, and fenthion 
were identified on one or 2 occasions over the 13-year period.

Pesticide residues in chicken body and egg fats can be derived  
from  either top ical treatm ent o f birds, spraying o f poultry  
housing, or absorption o f contam inants from  the d iet, w ater,
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or litte r. Persistent organochlorine insecticides, w hile  not 
used d irectly  on p ou ltry , do nevertheless appear in tissues 
ind irectly  from  use o f these compounds in agriculture. Indus
tria l organochlorines also appear in tissues from  the environ
m ental contam ination o f feed and w ater.

The use o f organochlorine insecticides in O ntario  agricul
ture has changed m arkedly over the last decade (1). The  
persistent insecticides, including D D T , T D E , aldrin , d ieldrin, 
endrin , heptachlor, and toxaphene, w ere rem oved from  use 
betw een 1969 and 1972, w h ile  the less persistent insecticides, 
chlordane, endosulfan, and m ethoxychlor, w ere rem oved from  
m ajor use by the m id to late 1970s. In  1977, chlordane was 
rem oved from  the list o f  insecticides allow ed fo r controlling  
soil insects in corn, and endosulfan was rem oved from  use in 
controlling fo lia r caterpillars on tobacco. D uring  this same 
period and extending to the present, external parasites w ere  
controlled on pou ltry  by the use o f carbaryl, coumaphos, and 
m alathion (2). M o re  recently , perm ethrin  has been added to  
the list o f  recom m ended m aterials.

This survey was in itiated  in 1969 to m onitor the fats o f  
carcasses and eggs fo r organochlorine insecticides. PC B  
(polychlorinated  biphenyl) analysis was added in late 1969 at 
a tim e when the general use o f this industrial fire retardant 
was unrestricted. In  1971, PCBs w ere vo luntarily  rem oved
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Table 1. Average recoveries of organochlorine and organophosphorus insecticides, HCB, and PCBs and maximum residue levels (MRL) in
extractable fat of chicken eggs and abdominal fat

Compound
Fort.

range, pg/kg

Av. rec. , % MRL,amg/kg

Abdominal fat Eggs Abdominal fat Egg fat
p,p'-DDE 10-100 97 94
p,p'-DDT 20-200 91 90 1.0 0.5
p,p'-TDE 20-200 89 89
Dieldrin0 10-100 93 90 0.2 <0.1
Heptachlor epoxide0 10-100 90 89 0.2 <0.1
Lindane 10-100 94 92 2.0 <0.1
a-BHC 10-100 87 89 0.1 <0.1
a-Chlordane 10-100 93 90
ß-Chlordane 10-100 94 89 0.1 <0.1
Endosulfan-1 10-100 89 91
Endosulfan-2 20-200 90 88 0.1 <0.1
Endosulfan sulfate 50-500 88 84
HCB 10-100 78 71 <0.1 <0.1
PCBs 100-1000 87 86 <0.1 <0.1
Trichlorfon 200-2000 78 74 <0.1 <0.1
Fenthion 200-2000 96 93 <0.1 <0.1
Malathion 200-2000 89 92 <0.1 <0.1

aOthers included dicofol, endrin, and methoxychlor = MRL <0.1 ; tetrachlorvlnphos = MRL 0.76 ng/kg in abdominal fat, <0.1 mg/kg in egg fat.
includes aldrin.
“Includes heptachlor.

Table 2. Organochlorine residues in chicken fat and eggs collected across Ontario between 1969 and 1982

Content in extractable fat, pg/kg
No. SDDT Dieldrin PCB

Heptachloroomposue samples
Years (eggs or carcasses) Statistic Antilog Log Antilog Log epoxide Chlordane IJndane Antilog Log

Abdominal Fat:
1969-70 19 (95) Mean 391 2.592 28 1.443 <1 NMa 9 946 2.976

SD 0.266 0.526 — 18 0.305
1971-72 21 (81) Mean 114 2.058 7.7 0.889 <1 NM 2 54 1.736

SD 0.527 0.611 — 11 0.467
1973-74° 17 (49) Mean 35 1.541 6.3 0.799 14 NM <1 195 2.289

SD 0.589 0.674 44 — 0.418
1975-76 9 (30) Mean 139 2.142 20 1.306 6 22 <1 391 2.592

SD 0.467 0.447 18 20 0.452
1979-80 21 (102) Mean 7.6 0.880 1.5 0.170 1.1 1.0 0.7° 6.5 0.814

SD 0.476 0.416 0.2 1.0 2.0 0.159
1981-82° 50 (180) Mean 2.3 0.369 0.74 0.132 4.6 4.6 0.4 4.8 0.681

SD 0.390 0.230 2.5 10.0 0.6 0.297

Total 137 (537)

Eggs:
1969-70° 30 (120) Mean 188 2.974 8.3 0.920 <1 NM 5 405 2.607

SD 0.759 0.556 — 20 0.106
1971-72 31 (124) Mean 177 2.247 4.9 0.693 <1 NM <1 209 2.321

SD 0.625 0.438 — — 0.416
1973-74 22 (64) Mean 137 2.138 10.5 1.020 <1 NM <1 255 2.406

SD 0.322 0.221 — — 0.340
1978-80 4 (10) Mean 27 1.435 1.3 0.122 1.5 <1 2.4 126 2.100

SD 0.416 0.488 1.0 2.0 0.328
1981-82 31 (101) Mean 3.9 0.465 <0.5 <1 <1 <1 <10 —

SD 0.490 — — — — — —

Total 118 (419)

aNM = not measured.
“Endosulfan and its metabolite found in 6% of abdominal fat samples at 160 pug/kg (1973-74) and in 2% of samples at 5.4 pg/kg (1981-82). 
Ca-BHC identified in addition to lindane at 0.2 ± 0.1 pg/kg in 1979-80 and 0.6 ± 0.8 pg/kg in 1981-82.
°Methoxychlor found in 3% of eggs in 1969 at a mean of 390 p-g/kg in the extractable fat.

from  sale into open system use, and in 1976, PCBs were  
regulated under the E nviro nm ent Contam inants Acts and 
restricted to  use in electrical transform ers and capacitors.

M on ito ring  fo r organophosphorus insecticides was done 
on a few  samples in  1972-74; how ever, it  was not until 1979 
that this analysis was added to the routine analysis procedure.

M ethods and M aterials  

Collection of Samples
Com posite samples o f  abdom inal fat w ere collected from

3 -5  carcasses o f 8-w eek old broilers by members o f the V e t
erinary Services B ranch, O ntario  M in is try  o f A griculture and 
Food, shortly fo llow ing slaughter at p rovincially  inspected

abatto irs. B etw een  1969 and 1976, samples w ere also col
lected by officials o f the O ntario  M in is try  o f the Environm ent. 
Samples o f abdom inal fa t w ere collected at random  from  
carcasses on an assem bly line , as w ere egg samples at the 
farm  level or at a grading station. Egg samples came from  
flocks that varied  in age betw een 15 and 36 weeks  
old. Samples w ere collected from  all regions o f the prov
ince; in  the case o f abdom inal fats, 30%  came from  the south
ern, 25%  from  the eastern, 24%  from  the w estern, 16% from  
the centra l, and 5%  fro m  the northern region; in the case o f 
eggs, 32%  cam e from  the southern, 27%  from  the eastern, 
25%  from  the w estern, 10% from  the central, and 6%  from  
the northern region. The sites w ere  not alw ays the same 
because o f changes in private  sector businesses. F ie ld  staff
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Table 3. Distribution of XDDT and PCBs in composite samples of chicken fat and eggs collected in Ontario between 1969 and 1982
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Frequency distribution (%) of residues (^g/kg)

Compound Tissue Period <10 11-100 101-1000 1000 +
DDt

(% of XDDT)

XDDT Fat 1969-70 0 0 95 5 57
1971-72 0 57 38 5 54
1973-74 12 75 13 0 79
1975-76 0 22 78 0 71
1979-80 95 5 0 0 95
1981-82 94 6 0 0 63

Eggs 1969-70 3 37 37 23 70
1971-72 0 45 45 10 85
1973-74 9 35 52 4 84
1978-80 50 50 0 0 83
1961-82 84 16 0 0 94

PCB Fat 1969-70 0 70 10 20
1971-72 5 29 62 4
1973-74 25 50 25 0
1975-76 0 36 55 9
1979-80 95 5 0 0
1961-82 84 16 0 0

Eggs 1969-70 0 20 80 0
1971-72 3 48 45 4
1973-74 0 13 87 0
1978-80 10 65 25 0
1961-82 50 50 0 0

Table 4. Distribution of cyclodienes in composite samples of chicken fat and eggs collected in Ontario between 1969 and 1982

Frequency distribution (%) of residues (pg/kg)

Cyclodiene Tissue Period <1 1-10 11-100 101-1000

Dieldrin fat 1969-70 5 16 68 11”
1971-72 14 57 24 5”
1973-74 25 51 24 0
1975-76 0 33 67 0
1979-80 43 57 0 0
1981-82 76 24 0 0

eggs 1969-70 7 60 30 3
1971-72 19 71 10 0
1973-74 14 59 27 0
1978-80 50 50 0 0
1981-82 100 0 0 0

Heptachlor fat 1969-70 0 95 5 0
epoxide 1971-72 0 100 0 0

1973-74 0 100 0 0
1975-76 0 89 11 0
1979-80 40 60 0 0
1981-82 50 46 4 0

eggs 1969-70 97 3 0 0
1971-72 100 0 0 0
1973-74 100 0 0 0
1978-80 75 25 0 0
1981-82 100 0 0 0

Lindane fat 1969-70 70 20 10 0
1971-72 95 0 5 0
1973-74 95 5 0 0
1975-76 100 0 0 0
1979-80 90 10 0 0
1981-82 100 0 0 0

eggs 1969-70 82 0 18 0
1971-72 95 5 0 0
1973-74 100 0 0 0
1978-80 75 25 0 0
1981-82 100 0 0 0

“Two composite samples exceeded the 200 pg/kg MRL, one 700 pg/kg in 1970 and one 400 pg/kg in 1971.

collected samples throughout the sum mer on the basis o f 
w o rk  priorities and hence, in some years, no samples could 
be obtained. T he  size o f the com posite was intended to bear 
some relation  to the num ber o f birds slaughtered or the num
ber o f eggs involved.

Analytical Procedures

W h ere  only  organochlorine residues w ere determ ined, 
poultry  fa t samples w ere fluidized by warm ing in an oven at 
100°C; eggs w ere m ixed thoroughly w ith  anhydrous sodium  
sulfate and exhaustively extracted w ith  hexane in a Soxhlet

apparatus, fo llow ed by rem oval o f  the solvent by rotary evap
oration. Subsamples o f  fluidized fa t (1.0  g) w ere then cleaned 
up according to the procedure o f F rank et al. (3). PCB s w ere  
fractioned from  organochlorine insecticide according to the 
procedure o f A rm o u r and B urke (4) and later (after 1972) 
according to the procedures o f Berg et al. (5) and H o ld rin e t
(6). W here  organophosphorus insecticides w ere also deter
m ined, extractions w ere carried out by blending w ith  aceto
n itr ile -w a te r ( 2 + 1 )  according to the procedure o f Braun  
and Lobb (7), a measured portion o f the extract was cleaned 
up for organochlorine analysis according to the m ethod o f
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Contaminant Year Tissue

No. of 
composite 
samples

No. of 
eggs or 

carcasses

Content in
extractable fat, pg/kg

Mean SD
HCB 1972-74 abdom. fat 5 21 9 20

egg fat 24 84 108 120
1981-82 egg fat 31 96 0.6 2.0

OP 1973-74 abdom. fat 3 12 ND“ _
1979-80 abdom. fat 21 100 54" 211

egg fat 4 10 ND —
1981-82 abdom. fat 50 100 ND —

egg fat 31 96 ND —

“Less than detection limits of 10 pg/kg for fenthion and malathion, 50 pg/kg for tetrachlorvinphos.
'’Fenthion found in 9.5% of samples; in one sample, the residue exceeded the MRL of 100 pg/kg (i.e., 950 pg/kg).

Table 6. Organochlorine residue disappearance rates“

Equation Half residue
Tissues Contaminant Logi0y = F-Test r2 disappearance, years

Abdominal 2DDT 2.546 -  0.168x 22.8 0.85 1.8
fat dieldrin 1.402 -  0.116x 12.0 0.74 2.8

PCB 293 -  214 x 9.4 0.70 1.8
Egg Fat 2DDT 2.48 -  0.132x 23.0 0.88 2.3

dieldrin 1.05 -  0.1 OOx 15.4 0.84 3,0
PCB 2.67 -  0.104x 7.9 0.72 2.9

ay  = residue in pg/kg, and x = time in years.

M ills  et al. (8), and the rem ainder o f the extract was concen
trated and analyzed d irectly  using phosphorus-specific detec
tion. B efore 1976, organochlorines w ere  determ ined by gas 
chrom atography using 1.8 m  x  2 m m  id columns packed w ith  
4%  S E -30 /6%  Q F-1  on 80 -100  mesh Chrom osorb W  and 
electron capture detection (3H  and 63N i)  operated in  the con
stant dc polarizing  m ode. F ro m  1976 to  1980, organochlorine  
determ inations w ere m ade on 1.8 m  x  2 m m  id  columns 
packed w ith  1 .5 % O V -1 7 /2 .0 % O V -2 1 0 o n  100-120 mesh Gas- 
C hrom  Q  and w ith  63N i  electron capture detectors operated  
in the constant current m ode. A fte r  1980, organochlorine  
insecticides w ere determ ined by capillary  column gas chro
m atography (fused silica, 15 m  x  0.25 m m , 0.25 |xm coating  
o f S E -54) and constant current electron capture detection, 
w hile  PCB s w ere determ ined by packed colum n as in p re
vious years.

Organophosphorus insecticides w ere determ ined by gas 
chrom atography on 1.8 m  x  2 m m  id columns packed w ith  
5%  O V -1  on 100-120  mesh G as-C hrom  Q  w ith  flam e photo
m etric detection (P  m ode, 525 nm  filter) and using tem pera
ture program m ing fro m  150 to  240°C at 5°C /m in. Recoveries  
w ere determ ined in  each sampling period by fortification o f 
fluid fa t and pureed egg ju s t before extraction  and then car
rying through the procedure as described. Tab le 1 lists aver
aged recoveries; these data w ere  not corrected fo r recoveries.

D etection  lim its w ere  about 1 pg/kg in  egg fa t fo r organo
chlorine insecticides and 10 jxg/kg fo r PC B s, w hile  those fo r  
organophosphorus residues varied  fro m  10 pg/kg (dichlorvos, 
trich lorfon , chlorpyrifos, fenchlorphos, fenthion, crufom ate) 
to 200 pg/kg (tetrachlorvinphos, phosmet, coumaphos). PCBs 
w ere identified and quantitated by com parison w ith  m ixtures  
o f A rochlors 1254 and 1260 and checking fo r resem blance to 
peaks V I I ,  V I I I ,  and X  according to the system o f Reynolds  

(9).

Statistics
Because o f outliers in  the data, the results fo r 2 D D T ,  

dieldrin, and P C B  w ere  transform ed into logarithm s fo r sta
tistical and regression analyses.

Results

Abdominal Fat

Betw een 1969 and 1982, a to ta l o f  137 com posite samples 
w ere analyzed, representing 537 carcasses (Tab le 2). X D D T  
residues declined exponentially  over the 13-year period from  
a high m ean residue o f 391 |xg/kg in 1969-70 to 2.3 pg/kg in 
1981-82 . This  is fu rth er illustrated by the frequency distri
bution o f sample residues in  Tab le  3. The percentage o f fat 
samples w ith  less than 10 pg/kg increased from  zero in 1969— 
70 to  94%  in  1981-82. O n ly  betw een 1969 and 1972 did resi
dues exceed the m axim um  residue lim it (M R L )  o f 1 mg/kg, 
and during this period , 5%  o f samples exceeded this level 
(Tables 1 and 3).

Residues o f d ieldrin  declined fro m  a mean o f 28 pg/kg in 
1969-70  to a m ean o f 0.74 pg/kg in  1981-82 (Tab le 2). This  
change in residue leve l can be observed in  the frequency  
distribution w here 79%  o f samples exceeded 10 pg/kg in 
1969-70 , and none exceeded the level in 1981-82 (Table 4). 
D ie ld rin  residues that exceeded the 200 pg/kg M R L  w ere  
found in  only  2 com posite samples, one occurring in 1970 
(700 pg/kg) and one in 1971 (400 pg/kg) (Tables 1 and 4).

H ep tach lo r epoxide appeared in  tissues in 1973-74 fo llo w 
ing the cancellation o f agricultural uses o f aldrin  and dieldrin. 
Chlordane, w h ich  contained 11% heptachlor, was applied to  
soil as a rep lacem ent com pound fo r controlling insects in 
com  and o ther crops. The frequency distribution fo r hepta
chlor epoxide reveals that an increase in  residue occurred in 
1975-76 , but then decreased by 1981-82 (Tab le  4). This  
appeared to  coincide w ith  the rescinding o f the m ajor uses 
fo r chlordane in  late 1977. A t  no tim e was the M R L  exceeded  
fo r e ither heptachlor epoxide (200 pg/kg) or chlordane (100 
pg/kg) (Tab le  1).

L indane residues declined from  9 pg/kg in  1969-70 to 0.4  
pg/kg in  1981-82. A t  no tim e was the 2 mg/kg M R L  exceeded  
(Tables 1, 2, and 4). B etw een  1979 and 1982, trace amounts 
o f a -B H C  w ere detected along w ith  lindane and w ere o f a 
sim ilar order o f magnitude (Tab le 2). Endosulfan and its sul
fate m etabolite w ere detected in  2 com posite samples 

(Tab le  2).
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Figure 1. Decline in SDDT, dieldrin, and PCB in egg fat (hens) between 1969 and 1981, Ontario, Canada.

Polychlorinated  biphenyl (P C B ) residues declined from  a 
m ean o f 946 pg/kg in 1969-70  to 4 .8  pg/kg in 1981-82 and 
reflected the action taken against the uses o f PCBs mentioned  
above (Tab le  2). N o  M R L  was established fo r avian fat, hence 
a negligible residue o f 100 pg/kg is assumed as an actionable  
level. T he  frequency distribution reveals that in 1969-70 ,30%  
o f samples had levels exceeding 100 pg/kg M R L , but by 1981- 
82 all sample residues w ere below  this level (Tab le  3).

Analysis o f hexachlorobenzene (H C B ) was perform ed on 
a few  com posite samples betw een 1972 and 1974. A t  that 
tim e, samples w ere  found to  contain mean residues o f only 9 
pg/kg (Tab le  5).

A  few  samples w ere  analyzed fo r organophosphorus insec
ticides in the 1973-74 period , and no residues w ere found  
(Tab le  5). B etw een  1979 and 1982, analysis fo r organophos
phorus com pounds becam e routine. In  1979-80, fenthion was 
identified in 9 .5%  o f  samples, and in one sample, the residue 
exceeded the M R L  o f 100 pg/kg ( i .e . , 950 pg/kg) (Table  5).

N o  residues o f endrin , m irex, or toxaphene w ere detected  
throughout the 13-year period . A  first order logarithm ic  
regression equation described the disappearance o f S D D T , 
dieldrin , and P C B  fro m  successive collections o f abdom inal 
fa t over the 13-year period (Tab le 6). The r2 values and the 
h a lf residue disappearance w ere sim ilar fo r all 3 compounds.

Egg Fat

Betw een 1969 and 1982, a total o f 118 com posite samples 
w ere analyzed representing 419 eggs (Table 2). 2 D D T  resi
dues declined m arkedly over the 13-year period from  a high 
mean level o f  188 pg/kg in 1969-70 to a low  mean level o f  3.9  
pg/kg in 1981-82. T he  frequency distribution shows that in 
1969-70 , 60%  o f  com posite egg samples w ere above the neg
ligible residue level o f 100 pg/kg assumed under the Food and 
D rug A c t (1982) (Tables 1 and 3). B y 1981-82, only 16% o f

com posite samples w ere identified that exceeded 10 pg/kg  
and none exceeded 100 pg/kg.

Residues o f d ieldrin  declined from  a mean level o f 8.3 pg/ 
kg in 1969-70  to less than the detection level o f  < 0 .5  pg/kg  
in 1981-82 (Tab le 2). Three  percent o f eggs in the 1969-70  
period exceeded the 100 pg/kg negligible residue level; how 
ever, by 1981-82 all com posite egg samples contained resi
dues < 1  pg/kg (Tables 1 and 4).

H eptach lo r epoxide and chlordane w ere rarely detected in 
eggs above the 1 pg/kg level (Tables 2 and 4). Lindane appeared 
in egg fa t in the 1969-70 period and again at very  low  levels 
in the 1978-80  period; o therw ise, no residues w ere found  
above the 1 pg/kg detection lim it (Tables 2 and 4).

P C B  residues declined in egg samples from  405 pg/kg in 
1969-70  to < 1 0  pg/kg in 1981-82 (Tab le  2). These changes 
reflect the action taken on the use o f PCBs outlined above. 
Because no M R L  has been established fo r PC B  residues in 
eggs, the negligible residue o f 100 pg/kg is assumed as a 
m axim um  residue lim it in egg fat.

Discussion

The levels o f term inal pesticide residues in Canadian m eat 
was last reported by Saschenbrecker (10) fo r the period 1970— 
74. D uring  that period , mean residues in poultry  fat from  
O ntario  w ere as follow s: 2 D D T  48.5 pg/kg, lindane and B H C  
0.24 pg/kg, chlordane 0.25 pg/kg, and PCBs 6.3 pg/kg. M eth - 
oxych lor, a ldrin , d ie ldrin , heptachlor, and its epoxide w ere  
not detected. The means, except fo r 2 D D T  and P C B , w ere  
in general an order o f magnitude low er than those reported  
in this paper. F o r o ther organochlorines, close agreement 
was observed.

The rates o f disappearance o f 2 D D T , d ieldrin , and P C B  
w ere calculated fo r regression, and the equations appear in 
Tab le 6 and F igure 1 fo r egg fat. I t  was evident that the h a lf
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residue disappearance from  abdom inal fat was more rapid  
than its disappearance from  eggs. This might be explained by 
the shorter life  turnover o f broilers (8 weeks) as opposed to 
longer life  span o f laying hens (1 4 -3 6  w eeks), allow ing for 
greater accum ulation over the life  o f a laying bird and, thus, 
a greater transfer to the egg. This  is supported by the fact 
that abdom inal fat levels w ere much higher than in egg fat, 
further illustrating the redistribution from  body to egg. PCB  
residues changed fro m  30% , w hich  is above the negligible 
residue level in 1969-70 , to none exceeding this level in 1981— 
82.

Eggs analyzed betw een 1972 and 1974 contained mean 
H C B  residues o f 108 p.g/kg; how ever, by 1981-82, this level 
had declined to  0 .6  p-g/kg. N o  residues or organophosphorus 
insecticides, endrin, endosulfan, methoxychlor (except 1969), 
m irex, o f  toxaphene w ere identified in eggs over the 13 years 
o f the m onitoring survey.
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Storage of wet egg homogenates at temperatures from -1 8 °  to — 28°C 
was more suitable for long-term preservation than freeze-drying. Changes 
in residue levels of heptachlor epoxide, oxychlordane, dieldrin, hex- 
achlorobenzene, p,p'-DDE, mirex, and PCBs were not significant over 
a 3-year period in fresh herring gull egg homogenates stored at -1 8 °  
to — 28°C. Compounds with gas chromatographic retention times shorter 
than hexachlorobenzene vaporized during freeze-drying at a rate pro
portional to their volatility. Evaporative losses of components with 
vapor pressures less than hexachlorobenzene did not occur in naturally 
contaminated herring gull eggs after storage at room temperature for 
up to 1 year. Higher losses of all compounds, up to 25% for p,p'-DDE, 
occurred in freeze-dried whole-body herring gull homogenates. Easily 
dehydrochlorinated compounds were rapidly degraded in freeze-dried 
chicken egg homogenate at room temperature: The half-life of p,p'- 
DDT and p,p'-DDD was about 20 days, and that of a - and y-hexa- 
chlorocyclohexane was < < 1 6  days. About one-third of oxychlordane 
in herring gull eggs was lost in 1 year under these conditions, but none 
was lost after freeze-drying when the homogenate was stored at —18° 
to -28°C .

A rch iv ing  o f tissues and environm ental samples for subse
quent determ ination  o f heavy metals or organic compounds 
has received considerable attention in the last few  years, as 
indicated by recent conferences on the subject (1, 2). F ew  
definitive answers exist to  the problem s o f long-term  pres
ervation  fo r the simple reason that long-term  experim ents  
must be perform ed, and few  have been done (3, 4). The  
problem s can be d ivided into 2 broad areas: preservation o f 
the in tegrity  o f the sample (from  bacterial, fungal, or enzy
m atic decom position and dehydration) and preservation o f  
the levels and chem ical integrity  o f the compounds to be 
determ ined. T he  most serious problems fo r metals are exter
nal contam ination o f the sample and losses to container sur
faces. D ecom position during storage is potentially  more seri
ous fo r organic com pounds.

T h e  Canadian W ild life  Service has archived samples o f  
w ild life  tissues since the late 1960s under a variety  o f condi-
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tions. M an y  o f :he early samples w ere stored in domestic 
chest freezers a fter determ ination o f organochlorine com
pounds, such as D D T , D D E , and d ieldrin , know n to be pres
ent at that tim e. PCBs (polychlorinated biphenyls), i f  deter
m ined at all, could be estim ated only as A ro c lo r mixtures  
because o f the lack o f sophisticated analytical techniques. In  
1973, system atic collection o f herring gull eggs from  all o f the 
G reat Lakes on an annual basis was initiated to determ ine  
organochlorine com pound trends. M o re  recently , a form al 
tissue bank has been form ed from  frozen specimens (2). The  
egg hom ogenates w ere stored in scintillation vials as 6 -1 0  g 
subsamples: glass vials w ith  alum inum  foil-lined caps for 
organochlorine com pound determ ination , and linear polyeth
ylene vials and caps fo r heavy m etal determ ination. One 
subsample was analyzed im m ediately, and the rem ainder were 
archived at -  18° to - 2 8 ° C .  The size o f the collection soon 
becam e large enough that alternative methods o f preservation  
to freezing were considered. In  the last few  years, the archived 
samples have also increasingly been used fo r retrospective  
determ ination o f trends in levels o f newly discovered or newly 
im portant residues, such as chlorinated dioxins and chlori
nated styrenes. To  m eet these requirem ents, studies w ere  
needed on long-term  preservation o f residues in eggs and 
tissues.

In it ia lly , a pro ject was begun to study the effects o f freeze
drying and subsequent storage conditions on residue levels 
in egg substrates. Because not all com pounds o f interest were  
found as natural contam inants, one experim ent used artifi
c ially  contam inated chicken eggs to test the effect o f freeze
drying and short-term  storage (up to 50 days) on a w ide  
varie ty  o f com pounds. As a com plem entary experim ent, a 
pool o f naturally  contam inated herring gull eggs from  the 
G reat L akes was freeze-dried  and stored at 23°C and at -  18° 
to -  28°C in the dark fo r 1 year, and then analyzed at 3-month  
in tervals. This same pool was used over a 3-year period for 
blind reference samples in the quality assurance programs 
fo r chem ical analysis o f herring gull eggs. D ata  from  this
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Table 1. Effect of freeze-drying and short-term storage at room temperature on organochlorine residue levels in homogenized chicken egg
artificially contaminated at different concentrations*

Compound

Low-level contamination6 High-level contamination*

Nominal 
spiking level 

(mg/kg)
% ree., 

wet sample

% rec., 
dried, 

not stored"

% rec., 
dried, 

stored*

Storage
time

(days)

Nominal 
spiking level 

(mg/kg)

% rec., 
dried, 

not stored"

% rec., 
dried, 

stored*

Storage
time

(days)

1,2,3-Trichlorobenzene 0.070 69 10 19 16 0.70 19 27 23
(±1.1) (±3.3) (±4.3) 21 27

1,2,3,5-Tetrachlorobenzene 0.050 82 15 26 16 0.50 38 36 23
(±1.1) ±1.1) (±1.1) 41 34

Pentachlorobenzene 0.010 90 26 65 16 0.10 64 61 23
(±1.9) (±2.7) (±1.6) 69 61

Hexachlorobenzene 0.028 93 56 83 16 0.28 82 83 23
(±1.9) (±1.3) (±3.1) 88 84

a-Flexachlorocyclohexane 0.047 96 32 <0.1 16 0.47 43 <0.1 23
(±5.5) ( = 3.9) 54 0.3

■y-Hexachlorocyclohexane 0.055 110 56 <0.1 16 0.55 65 0.5 23
(±7.7) ( = 3.8) 75 0.5

Heptachlor 0.047 89 76 87 16 0.47 89 89 23
(±1.3) ( = 1.5) (±2.3) 98 93

Aldrin 0.038 87 82 92 16 0.38 91 92 23
(±1.6) (±0.7) (±1.9) 98 93

Heptachlor epoxide 0.029 79 89 92 16 0.29 88 89 23
(±1.3) ( = 0.6) (±2.0) 96 91

f-Chlordane 0.024 92 100 95 16 0.24 91 92 23
(±2.1) ( = 4.9) (±2.2) 98 94

c-Chlordane 0.031 90 100 96 16 0.31 93 94 23
(±2.2) (±3.7) (±2.1) 99 94

f-Nonachlor 0.030 87 96 95 16 0.30 94 95 23
(±2.0) (±2.6) (±1.5) 100 96

Dieldrin 0.038 84 98 93 16 0.38 91 91 23
(±2.1) (±1.0) (±1.6) 98 93

8-Monohydromirex 0.035 94 99 100 16 0.35 101 95 23
(±1.3) (±1.8) (±1.4) 100 97

10-Monohydromirex 0.033 85 108 96 16 0.33 93 94 23
(±1.2) (±2.6) (±1.7) 98 96

Mirex 0.039 92 101 95 16 0.39 105 87 23
(±1.7) (±0.9) (±1.9) 91 100

p,p'-DDT' 0.030 107 90 42 23 — — — —

(±5.7) (±5.6) (±17. )
p,p'-DDE9 0.030 93 95 146 23 0.30 94 95 23

(±0.9) (±1.5) (±1.0) 101 96
p,p'-DDD6 0.062 105 84 51 23 0.62 88 50 23

(±3.4) (±3.0) (±5.4) 97 52
p.p'-DDMU1 — — — 32 23 — — — —

(±1.4)
3,4,2',4',5'- 2.2 99 96 91 52 — — — —

Pentachlorobiphenyl' (±1.7) (±1.2) (±0.2)
2,3,4,2',4',5'- 2.8 92 96 95 52 — — — —

Hexachlorobiphenyt (±1.6) (±1.9) (±3.1)
2,4,5,2',3’,4',5'- 3.9 90 100 99 52 — — — —

Heptachlorobiphenyl' (±1.6) (±2.6) (±0.7)

*AII organochlorine compounds from 1,2,3-trichlorobenzene to p,p'-DDMU inclusive were eluted from the Florisil column as a single fraction with 250 
mL 50% (v/v) CH2Cl2-hexane. The Aroclor and low-level p,p'-DDT, DDE, and DDD recoveries were determined in separate spiking experiments. 
Recoveries for freeze-dried samples were calculated relative to wet sample analyses in all cases, not the nominal spiking level.

“Mean ± CV (%), n = 4.
'Duplicate analyses.
"Samples (6 g) freeze-dried in a 6 cm diameter aluminum dish, 0.25 cm depth, except low level DDT, DDD, and DDE samples, which were processed as 
described in Footnote e.

“Samples (45-50 g) freeze-dried in a 250 mL beaker, 2 cm depth.
'1,1 -Bis (p-chlorophenyl)-2,2,2-trichloroethane
91,1-Bis(p-chlorophenyl)-2 2-dichloroethylene 
"1,1-Bis(p-chlorophenyl)-2 2-dichloroethane
'1,1 -Bis(p-chlorophenyl)-2-ch!oroethylene. This compound was formed by dehydrochlorination of p,p'-DDD in the freeze-dried, low-level sample only. 
Recovery based on p,p'-DDD eguivalent weignt.

'Based on percentage of peak 4 (50% (w/w) mixture of Aroclors 1254 and 1260).

program  w ere therefore available to test the stability o f the 
m ajor organochlorine residues over a re latively  long period  
in  w et, frozen  egg hom ogenate. In  addition to these experi
m ents, w e report results on the effect o f freeze-drying on 
organochlorine residue levels in w hole-body herring gull 
homogenates. This  experim ent was prelim inary to a study on 
long-term  preservation in substrates other than eggs.

Experim ental

Apparatus and Reagents

(a) G a s  c h r o m a t o g r a p h .— H ew lett-P ackard  M o d e l 5840A  
equipped w ith  63N i  detector, splitless in jector, and M odel 
7671A  autom atic sam pler. O perating conditions: helium  car

rie r gas in let pressure 1.75 kg/sq. cm; 95%  (v /v ) arg on -m eth 
ane detector purge gas flow  o f 40 m L /m in ; in jector tem pera
ture 250°C , detector tem perature 300°C, in itia l oven tem per
ature o f 100°C, hold fo r 2 m in, 10°C/min fo r 5 m in, then 3°C/ 
m in to end o f run (final tem perature 300°C) fo r Fraction  1. 
Fractions 2 and 3 used sim ilar programs w ith  a rate o f 5°C/  
m in from  7 m in to  the end o f the run.

(b) C o l u m n .— 60 m x  0.147 m m  id fused silica capillary  
colum n, D B -5  liquid phase, 0.1 |xm film  thickness (J & W  Sci
entific).

(c) H o m o g e n i z e r .— Sorvall O m n i-M ix e r M od e l 17150 w ith  
400 m L  stainless steel cham ber assembly.

(d) F r e e z e - d r y e r .— Labconco F re e ze -D ry e r-12 w ith  V irtis  
shelf cabinet (Labconco C o rp ., Kansas C ity , M O  64132).



NORSTROM & WON: J. ASSOC. OFF. ANAL. CHEM. (VOL 68, NO. 1, 1985) 131

Table 2. Effect of freeze-drying on residue levels in a pooled herring 
gull egg homogenate (duplicate analyses)

Compound

Residue level, 
mg/kg fresh wt

% Change 
after

freeze-drying“
Wet

sample
Freeze-dried

sample

Hexachlorobenzene 0.063 0.057 -1 2
0.067 0.058

p,p'-DDE 5.2 4.7 - 9
5.0 4.6

3,4,2',4',5',- 0.93 0.85 - 7
PentachlorobiphenyP 0.89 0.83

2,3,4,2',4',5'- 1.8 1.7 - 7
Hexachiorobiphenyl6 1.8 1.7

2,4,5,2',3',4',5'- 0.93 0.86 - 7
Heptachlorobiphenyl6 0.89 0.84

Mirex 0.15 0.16 <5
0.16 0.15

Oxychlordane 0.21 0.21 <5
0.22 0.21

c-Chlordane 0.014 0.018 + 10
0.016 0.016

c-Nonachlor 0.10 0.11 <5
0.11 0.10

Heptachlor epoxide 0.12 0.11 <5
0.11 0.11

Dieldrin 0.28 0.29 <5
0.28 0.27

“A cut-off point of <5% was chosen because this is within the coefficient 
of variation of replicate injections. 

b See also Figure 1.

(e) G l a s s  m o r t a r  a n d  p e s t l e .

(f) E x t r a c t i o n  a n d  c h r o m a t o g r a p h i c  c o l u m n s .— 2.1 x  35 
cm , glass w ith  Teflon  stopcock.

(g) R o t a r y  e v a p o r a t o r . — Biichi R o tavapor-R  w ith  w ater 
bath tem peratrue 33°C.

(h) G l a s s  e v a p o r a t i n g  f l a s k s —  Round w ith  flat bottom , 250 
m L  and 500 m L  w ith  T  24/40 outer jo in t.

(i) R o l l e r  c u l t u r e  a p p a r a t u s .— (W heaton  Scientific, or 
equivalent.)

(j) F l o r i s i l .— 6 0 -1 0 0  mesh P R  grade (F lo rid in  C o .). T rans
fe r 750 -8 0 0  g F lo ris il to porcelain dish and place in muffle 
furnace 6  h at 600°C. Reduce tem perature to 130°C overnight. 
Transfer F lo ris il to brow n glass bottle , and let cool w ith  lid  
closed. A d d  1.2%  (v /w ) w ater w ith  graduated pipet and close 
bottle w ith  Teflon -lined  lid. Shake contents to break up lumps 
and transfer container to  ro lle r and ro ll slowly fo r 24 h to 
equilibrate before use.

(k ) S o d i u m  s u l f a t e . —  A nhydrous, granular (F isher Scien
tific ). H e a t overnight in 400°C m uffle furnace, cool, wash  
w ith  hexane, and a ir-d ry  before use.

(l) G l a s s  w o o l .— W ash w ith  50%  (v /v ) m ethylene ch lo rid e - 
hexane, drain solvent, a ir-d ry , then heat at 400°C at least 1 h 
before use.

(m ) S o l v e n t s .— H exane, methylene chloride, methanol, and 
chloroform , distilled in glass (C aledon, G eorgetow n, O ntario , 
Canada).

(n) U lt r a  c e n t r i f u g a l  m i l l .—  Retsch T yp e  Z M 1  (B rinkm ann  
Instrum ents, R exdale , O ntario ).

(o) H o m o g e n i z e r  m e a t  g r i n d e r .— M o d e l F W  70 (B izerba).
( p )  G e l  p e r m e a t i o n  c h r o m a t o g r a p h y  a p p a r a t u s .— G PC  

A utoprep  1002A system (A nalytica l B io -C hem istry  L ab ora 
tories, In c .).

Sample Preparation and Freeze-Drying

A  large pool (8.2 kg) was made o f naturally contam inated  
herring gull eggs fro m  L ak e  H u ron  in 1980. Portions o f this

Table 3. Effect of storage time on residue levels in a freeze-dried 
pooled herring gull egg homogenate stored at -18° to -28°C in the 

dark (duplicate analyses)

Compound

Residue level, mg/kg fresh wt 
after storage time of:

3 Months 6 Months 9 Months 12 Months

Hexach lorobenzene 0.059 0.062 0.062 0.064
0.058 0.062 0.064 0.065

p,p'-DDE 4.6 4.9 4.8 4.7
4.8 5.2 4.7 5.0

3,4,2',4',5'- 0.87 0.96 0.97 0.93
Pentachlorobiphenyl“ 0.87 1.0 0.93 1.0

2,3,4,2',4',5'- 1.7 1.9 1.9 1.8
Hexachiorobiphenyl“ 1.7 2.1 1.8 1.9

2,4,5,2',3',4',5'- 0.9 1.0 1.0 1.0
Heptachlorobiphenyl“ 0.9 1.2 1.0 1.1

Mirex 0.16 0.16 0.16 _b

0.16 0.17 0.16 0.18
Oxychlordane 0.20 0.21 0.21 0.21

0.20 0.21 0.21 0.21
c-Chlordane 0.018 0.019 0.020 0.020

0.018 0.020 0.018 0.020
c-Nonachlor 0.11 0.11 0.11 0.12

0.11 0.11 0.11 0.11
Heptachlor epoxide 0.12 0.12 0.12 0.11

0.12 0.12 0.11 0.11
Dieldrin 0.29 0.27 0.27 0.27

0.26 0.29 0.26 0.27

“ See also Figure 1. 
'’Sample lost.

pool or chicken eggs to be spiked (150 -200  g) w ere homoge
nized in a 400 m L  stainless steel container 20 m in at low  
speed.

The pesticide spiking solution in hexane was added to the 
400 m L  stainless steel container and evaporated to 1 -2  m L  
w ith  a stream o f nitrogen. The chicken egg homogenate (100 
g) was then added to the solution and mixed 20  m in at low  
speed. Tab le  1 gives com pounds and artific ial contam ination  
levels. PCBs w ere spiked as a 50%  (w /w ) m ixture o f Aroclors  
1254 and 1260.

Hom ogenates o f w hole-body herring gulls, w hich had been 
dosed intraperitoneally  fo r a clearance rate experim ent w ith  
hexachlorobenzene, y-hexachlorocyclohexane, octachloro- 
styrene. oxychlordane, p ,p '-D D E , 8 -m onohydrom irex, and 
m irex, w ere prepared by passing the sample several times 
through a hom ogenizer m eat grinder. The whole b ird , includ
ing feathers, head, feet, and wings, was hom ogenized.

Preparation fo r freeze-drying the egg homogenates and 
whole body hom ogenate o f experim entally  dosed birds was 
perform ed in  the fo llow ing ways:

(A ) A rtific ia lly  contam inated chicken egg, “ not stored,’ ’ 
results in Tab le  1: A  6  g spiked chicken egg homogenate was 
placed on a 6  cm d iam eter alum inum  dish to 0.25 cm depth, 
except fo r low  level P C B , D D T , D D D , and D D E -c o n ta m i
nated samples, w hich  w ere processed as in (B ).

(B ) A rtificially  contaminated chicken egg, “ stored,”  results 
in Tab le 1: A  50 g spiked chicken egg homogenate was placed 
in a 250 m L  beaker o f 6.5 cm d iam eter to 2 cm  depth.

(C ) Pooled herring gull egg hom ogenate, results in Table 2, 
3, and 4: A  150 g herring gull egg homogenate was placed in 
a 250 m L  glass ja r  o f  7 cm d iam eter to a 4.5 cm depth.

(D ) W hole bcdy herring gull homogenates, results in Table  
6 : A  100 g w hole-body herring gull homogenate was spread 
in an alum inum  dish to a 0.5 cm depth.

Samples (A ) to (D ) w ere allowed to freeze at -  30°C over
night. F rozen  samples w ere then freeze-dried  24 h w ith  a
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Table 4. Effect of storage time on residue levels in a freeze-dried 
pooled herring gull egg homogenate stored at 23°C in the dark 

(duplicate analyses)

Residue level, mg/kg fresh wt 
__________after storage time of:__________

Compound______ 3 Months 6 Months 9 Months 12 Months

Hexachlorobenzene 0.059 0.059 0.064 0.063
0.058 0.059 0.062 0.063

p,p'-DDE 4.6 4.5 5.0 4.7
4.6 4.5 4.6 4.6

3,4,2',4',5'- 0.85 0.85 0.99 0.96
Pentachlorobiphenyl“ 0.85 0.86 0.92 0.93

2,3.4,2',4',5'- 1.7 1.7 1.9 1.9
Hexachlorobiphenyl* 1.7 1.7 1.8 1.8

2,4,5,2',3',4',5'- 0.86 0.85 1.1 1.02
Heptachlorobiphenyl* 0.86 0.87 0.97 0.98

Mirex 0.15 0.16 0.16 0.17
0.15 0.16 0.16 0.17

Oxychlordane 0.17 0.16 0.15 0.14
0.17 0.16 0.16 0.14

c-Chlordane 0.018 0.020 0.018 0.021
0.018 0.019 0.020 0.019

c-Nonachlor 0.10 0.11 0.11 0.11
0.10 0.11 0.11 0.11

Heptachlor epoxide 0.12 0.11 0.12 0.12
0.11 0.12 0.12 0.12

Dieldrin 0.26 0.24 0.27 0.26
0.24 0.30 0.25 0.27

“ See also Figure 1. 

System vacuum o f 1.4 X 0 4 kg/sq. cm and starting shelf
tem perature o f -  30°C. The shelf tem perature contro ller was 
shut o ff  at the beginning o f the 24 h freeze-drying period, 
allow ing the tem perature to rise slowly to room  tem perature  
(25°C ). T he  freeze-dried  egg samples w ere transferred to a 
m ortar, ground to a fine pow der, and stored in tightly capped 
sample bottles either at room  tem perature in the dark or in a 
freezer at -  18° to - 2 8 ° C .  The freeze-dried  w hole-body her
ring gull homogenates w ere further ground w ith  an ultracen
trifugal m ill to pass a 1 .0  m m  particle-size screen.

Analysis

W et sample egg homogenates (5 g), freeze-dried egg 
hom ogenates reconstituted to  5 g w ith  w ater, and w et whole- 
body herring gull homogenates (7 g) w ere presoaked !/2 h in 
hexane, ground w ith  30 g N a 2S 0 4 in a m ortar, and extracted  
in a colum n w ith  300 m L  hexane at a rate o f 5 -1 0  m L /m in . 
The hexane eluate was concentrated w ith  a ro tary evaporator 
to less than 5 m L  in preparation for F loris il cleanup.

Egg extracts w ere cleaned up by colum n chrom atography  
on 30 g F lo ris il deactivated w ith  1.2%  (v /w ) w ater. The col
umns w ere dry-packed and pre-w etted  w ith  hexane. A fte r  
the extracts w ere rinsed onto the columns w ith  5 -1 0  m L  o f 
the first eluant (hexane), the columns were eluted as follows: 
150 m L  hexane (fraction  1), 150 m L  15% (v /v ) C H 2C l2-h exane  
(fraction  2), and 200 m L  50%  (v /v ) C H 2C l2-h e x a n e  (fraction
3). Each fraction  was concentrated to about 1 m L  w ith  a 
ro tary  evaporator and diluted to a suitable volum e fo r G C  
analysis.

F reeze-d ried , powdered w hole-body herring gull homoge
nates (1 0  g) w ere extracted w ithout reconstitution o f w ater 
or grinding w ith  N a 2S 0 4. The extraction was carried out in a 
column as before, but using a stronger solvent system, because 
tota l lipid  determ ination  was desired for other purposes in 
this experim ent. Sam ples in the column w ere pre-w etted V2 

h w ith  40 m L  m ethanol, and eluted w ith  250 m L  50%  (v /v ) 
m ethanol/ch loro form . T he  extracts w ere evaporated just to

dryness w ith  a ro tary evaporator, diluted to about 50 m L  w ith  
chloroform , and washed w ith  300 m L  w ater. The washed 
chloroform  extracts w ere dried by passing through a bed o f  
N a 2S 0 4, evaporated to dryness w ith  a ro tary evaporator for 
gravim etric determ ination o f lip id , and then diluted to 20 m L  
w ith  chloroform  for storage before cleanup.

Because column chrom atographic separation o f com
pounds was not required before analysis, freeze-dried whole- 
body herring gull extracts w ere cleaned up by gel permeation  
chrom atography (G P C ). A  0.5 m L  aliquot o f the extract in 
chloroform  was evaporated to dryness in a nitrogen stream, 
redissolved in 50%  (v /v ) C F I2C l2-he x a n e , and diluted to 10 
m L  w ith  the same solvent. A  5 m L  portion was cleaned up 
by G P C  using a 45 x  3 cm id glass column packed w ith  60 g 
Bio-Beads S -X 3 , 200 -400  mesh. The column was eluted w ith  
50%  (v /v ) C H 2C l2-h e x a n e  at a rate o f 5.5 m L /m in . The portion  
o f eluate from  151 m L  to 280 m L  was collected and evapo
rated in the ro tary evaporator to almost dryness and then 
diluted to suitable volum e w ith  hexane for G C  analysis. This 
method was com pared to the extraction and cleanup method 
used fo r egg and w et w hole-body homogenates matrices by 
analysis o f 3 w hole-body samples using both methods. The  
mean differences for all residues w ere w ith in  the expected  
experim ental error ( ±  9% ).

Peak areas and m ultiple external standards w ere used for 
quantitation. Representative penta-, hexa-, and heptachlo- 
robiphenyl (P C B ) congeners w ere quantified from  known  
weight percentages in a standard m ixture o f 50%  (w /w ) A ro- 
clors 1254 and 1260: 3 ,4 ,2 ',4 ',5 ' pentachlorobiphenyl (4.5% ); 
2,3,4,2 ',4 ',5 '-hexachlorobiphenyl (7.8% ); and 2 ,4 ,5 ,2 ',3 ',4 ',5 '-  
heptachlorobiphenyl (5 .7% ).

Results and Discussion

Artificially Contaminated Chicken Eggs

T o  check the contam ination levels and hom ogeneity o f the 
chicken egg homogenate spiked w ith  low  levels o f 19 orga- 
nochlorine residues by the m ethod described, 4 analyses were  
done on the w et sample. The compounds were present at 
91%  ±  10 o f the nom inal spiking level, w ith  a mean S D  o f
2.4 from  replicate analysis, indicating that the spiked chicken  
egg was homogeneous in the freeze-drying experim ent (Table  
1). Percent recoveries in the low - and high-level contam ina
tion freeze-dried  samples w ere calculated relative to w et sam
ple analyses in all cases, not the nominal spiking level, because 
o f possible losses inherent in the spiking process.

Results from  analyses o f artific ially  contam inated chicken 
eggs im m ediately  a fter being freeze-dried are given in Table  
1 under the column “ %  recovered, dried, not stored.”  Com 
pounds w ith  retention times less than that o f heptachlor were 
lost roughly in proportion to the ir vapor pressures. Recov
eries w ere affected by the physical dimensions o f the sample 
m atrix  during freeze-drying, as indicated by the higher recov
eries o f compounds w ith  volatilities less than that o f aldrin in 
the “ stored”  than in the “ not-stored”  sample (Table 1), 
particu larly  at low -level contam ination. The exposed surface- 
to-volum e ratio  o f the “ stored”  sample during freeze-drying  
was 8 times higher than that o f  the “ not-stored”  sample. 
Recoveries from  the “ stored”  sample w ere acceptable for 
com pounds w ith  volatilities less than or equal to that o f hex- 
achlorobenzene.

Both isomers o f hexachlorocyclohexane (H C H )  w ere not 
only lost due to vo la tiliza tion , but were decomposed com
plete ly  in the freeze-dried  samples after 16-23 days storage 
at room  tem perature. In  a sim ilar study, H ill and Sm art (5) 
also reported com plete loss o f a -  and y -H C H  in freeze-dried
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Figure 1. Chromatograms of Florisil fractions of pooled naturally contaminated Lake Huron herring gull eggs, comparing organochlorine 
residues in the wet sample (top); freeze-dried sample stored at -18° to -28°C for 1 year (middle); freeze-dried sample stored at room

temperature in the dark for 1 year (bottom).
Wet weight equivalent injected: A, fraction 1,0.03 mg; B, fraction 2, 0.39 mg; C, fraction 3, 0.30 mg. Peaks are numbered as follows: (1) 

hexachlorobenzene; (2) p,p'-DDE; (3) 3,4,2',4',5'-pentachlorobiphenyl; (4) 2,3,4,-2',4',5'-hexachlorobiphenyl; (5) 2,4,5,2',3',4',5'-heptachlo- 
robiphenyl; (6) mirex; (7) oxychlordane; (8) c-chlordane; (9) c-nonachlor; (10) heptachlor-epoxide; (11) dieldrin.

egg or egg fat m atrices resulting from  dehydrochlorination by 
a naturally occurring agent in the egg. Z ab ik  (6 ) reported a 
79%  reduction c f  lindane (-y -H C H ) in w hole egg and 49%  in 
egg yolks a fter freeze-drying  the samples. Storage tim e before 
analysis was not given.

As H ill  and Sm art (5) found, levels o f p ,p '-D D T  and p , p ' -  

D D D , both o f w hich easily undergo dehydrochlorination to 
p , p ' -D D E  and p ,p '-D D M U , respectively, decreased signifi
cantly in spiked chicken eggs a fter 11-23 days storage at 
room  tem perature. T he  decrease in p , p '-D D T  and p ,p '-D D D  
was quantitatively  accounted fo r by the increase in p , p ' - D D E  

and the appearance o f p ,p '-D D M U  in the low -level sample. 
Because no p ,p '-D D T  existed in  high-level contam ination  
samples, no increase in p , p '-D D E  was observed in these 
samples a fter storage. A bout 50%  p , p ' - T >]DD was lost after 
23 days regardless o f spiking level, but p ,p '-D D M U  was not 
found in the h igh-level sample. W e  have no explanation for  
this, except the possible effect o f the higher level o f other 
organochlorines on the p ,p '-D D D  decomposition m echa
nism.

D ehydrochlorination  has been found to occur in other tis
sues. The half-life  o f p , p '-D D T  in frozen avian liver at -  12° 
to - 1 5 ° C  is about 65 days (7). Degradation o f p ,p '-D D T  to 
p , p '-D D D  probably occurs via reduced Fe-porphyrins because 
the reaction does not occur under aerobic conditions. Reduc
tive dechlorination and dehydrochlorination o f p ,p '-D D T  
occurs in frozen w hole blood also, w ith  a half-life  o f about 4 
weeks at - 2 0 ° C  (8 ).

A ld rin , heptachlor epoxide, tran.s-chlordane, ckv-chlor- 
dane, /rans-nonachlor, d ieldrin , 8 -m onohydrom irex, 10- 
m onohydrom irex, m irex, and PCB levels in the spiked chicken 
egg samples w ere not affected in any w ay by freeze-drying  
or storage at room  tem perature fo r short terms (15 -5 2  days) 
after freeze-drying.

T h e  conclusions on the effects o f freeze-drying are there
fore the same as those o f H ill  and Sm art (5); easily dehy- 
drochlorinated com pounds such as hexachlorocyclohexane  
isom ers, p ,p '-D D D , and p ,p '-D D T  are lost rapidly in freeze- 
dried egg m atrices. In  addition, w e have shown that signifi

cant losses can occur during freeze-drying o f com pounds that 
have retention  times on a capillary  colum n less than hepta
chlor. N onetheless, recoveries o f even the most volatile  con
stituent studied, 1,2,3-trichlorobenzene, did not appear to 
change after 23 days storage at room  tem perature. Even for 
re la tive ly  volatile  organochlorines, vo latilization  losses after 
freeze-drying are therefore insignificant fo r short terms (e .g ., 
1 m onth), although significant losses m ay occur over several 
months or years fo r such com pounds. Losses o f organochlo
rine com pounds w ith  re la tive  retention times greater than  
heptachlor (as a general indication o f vo la tility ) are therefore  
expected to be negligible over the long term . Oxychlordane  
is the only  exception w e have found to this rule (see next 
section).

N a t u r a lly  C o n t a m in a t e d  H e r r i n g  G u l l  E g g s

Tab le  2 gives results from  analysis o f herring gull eggs 
im m ediately  after freeze-drying. O f  the compounds that were  
determ ined in this sample, apparently only hexachloroben
zene (H C B ) was affected; the difference in levels between  
the w et and freeze-dried  samples is not statistically significant 
because o f the low  concentration. The levels o f p ,p '-D D T  
and p ,p '-D D D  w ere too low  in this sample for accurate deter
m ination; therefore, the dehydrochlorination that occurred  
in fortified  chicken eggs could not be tested. The slight (10% ) 
increase in  cri-chlordane is not significant at the 0 .0 1 - 0 .0 2  
mg/kg level.

A  portion o f the freeze-dried  hom ogenate was stored at 
-  18° to - 2 8 ° C  in the dark and analyzed fo r residue levels at
3-m onth intervals fo r 1 year (Tab le  3). PC B  levels apparently  
increased slightly, w hich probably resulted from  gradual 
changes in chrom atographic separation over the period o f  
analysis. There  was no significant change in levels o f any o f 
the o ther organochlorine compounds after 1 year storage.

The results fo r room  tem perature storage (Tab le 4) were  
sim ilar to  those fo r -  18° to -  28°C storage, except that o xy
chlordane levels decreased by about 19% over 3 months and 
14% m ore after 1 year fo r a tota l loss o f 33% . W e  have shown 
sim ilar losses fo r vacuum  oven-drying o f herring gull egg
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Table 5. Trends of organochlorine residue levels in naturally contaminated herring gull egg homogenates stored at -18° to -28°C and analyzed
periodically over a 2-3 year period8

Residue
Total ----------------------------------------------------------------------------------------

Sample
storage,
months

Heptachlor
epoxide Dieldrin

Oxy
chlordane

Hexachloro-
benzene p,p'-DDE Mirex PCB6

Lake Erie pool, 1979:
Mean level (mg/kg) ± CVc (%)

36
0.12 ± 25 0.23 ± 9 0.13 ± 15 0.19 ± 16 4.2 ± 12 0.11 ± 17 82 ± 9

Trend during storage (%/y)d + 8.3 -5.7 -2.5* -6.7 + 9.7 -0.4 -6.7
Lake Fluron pool, 1980:

Mean level (mg/kg) ± CVc (%)
27

0.11 ± 19 0.28 ± 12 0.15 ± 14 0.077 ± 23 4.7 ± 10 0.14 ± 12 24 ± 16

Trend during storage (%/y)d + 4.2 -5.3 -7.4' + 5.3 + 3.7 -6.4' -12

“The pools were analyzed as blind reference samples in a quality assurance program. See also Figure 2.
'’Calculated as a 50%  (w/w) m ixture of Aroclors 1254 and 1260 based on peak 4, Figure 1 (2,3,4,2',4',5'-hexachlorobiphenyl).
"Grand mean of all analyses. There were from 5 to 11 analyses done at each time point, for a total of 65 analyses of the 1979 pool and 84 analyses of 
the 1980 pool.

"The trends are calculated from linear regression of individual analyses against time. Lines are plotted in Figure 2.
T o ta l storage tim e of 24 months.
To ta l storage time of 16 months.

Table 6. Effect of freeze-drying on residue levels in whole-body herring gull homogenate

Compound

Group A Group B Group C

Residue level 
in wet

sample, No. of 
mg/kg birds 

(mean ±  CV) analyzed

% Change after 
freeze-drying

(mean ±  SD)

Residue level 
in wet

sample, No. of 
mg/kg birds 

(mean ±  CV) analyzed

% Change after 
freeze-drying

(mean ±  SD)

Residue level 
in wet

sample, No. of 
mg/kg birds 

(mean ±  CV) analyzed

% Change after 
freeze-drying

(mean ±  SD)

Hexachlorobenzene 2.8 ±  9% 4 - 4  ±  8 4.4 ±  23% 6 - 1 8  ±  10 5.7 ±  14% 6 - 1 6  ±  10
■y-Hexachlorocyclohexane — — — — — — 3.1 ±  18% 6 - 1 8  ±  6
Octachlorostyrene 2.7 ±  5% 4 - 1 4  ±  4 4.4 ±  23% 6 - 1 3  ±  3 6.1 ±  13% 6 - 8  ±  5
Oxychlordane 0.52 ±  27% 4 - 2 2  ±  8 4.4 ±  21% 6 - 2 0  ±  9 5.4 ±  14% 6 - 1 1  ±  5
p,p '-D D E 7.2 ±  21% 4 - 2 4  ±  5 6.8 ±  21% 6 - 2 6  ±  4 7.7 ±  14% 6 - 1 3  ±  5
8-M onohydrom irex 5.5 ±  23% 4 - 1 4  ±  3 5.9 ±  22% 6 - 1 3  ±  4 6.9 ±  12% 6 - 5  ±  4
Mirex 4.9 ±  27% 4 - 1 0  ±  5 5.4 ±  19% 6 - 1 0  ±  3 6.2 ±  11% 6 - 3  ±  4

Percent lipid 23.0 ±  4.0% 4 +  0.9 ±  0.7 18.7 +  4.6% 6 + 0.3 ±  1.3 18.8 ±  2.6% 6 +  0.8 ±  1.1

hom ogenates at 4 0 -50°C . I t  is, therefore, possible that the 
losses o f oxychlordane at room  tem perature in freeze-dried  
eggs result from  vo latiliza tion . H C B  was lost, how ever, to 
the same extent as oxychlordane during vacuum  oven-drying, 
whereas no H C B  was lost during storage o f the freeze-dried  
hom ogenate at room  tem perature. T herefore , chem ical 
decom position o f oxychlordane is probably occurring at room  
tem perature. T he  present study cannot confirm  this because 
no decom position products w ere identified. I t  is interesting  
to note that heptachlor epoxide, w hich differs from  oxych lor
dane only by having one few er chlorine (at the 2 -position on 
one side o f the epoxide bridge), is com pletely stable under 
all treatm ents.

F igure 1 shows chrom atogram s o f each F loris il column  
frac tion , fo r com parison o f the w et sample residue levels to 
those rem aining after 1 year under the 2 storage regimes. The  
decrease in oxychlordane is obvious in the room  tem perature  
storage chrom atogram . A  small peak, w hich m ay be an oxy
chlordane decom position product, appeared in the third frac
tion o f  this sample.

Lon g-te rm  stab ility  o f m any organochlorine residues in 
fresh, frozen  herring gull eggs can be estim ated from  analyses 
o f 2 egg pools (L a k e  E rie , 1979; and L ake  H u ro n , 1980). 
Inserted as blind reference samples over a 3-year period, from  
1979 to 1982, these pools w ere part o f a quality assurance 
program  in routine analysis o f herring gull eggs from  the G reat 
L akes. T he  samples (6 -1 0  g) w ere archived ind iv idually  in 
glass scintillation vials w ith  alum inum  foil-lined caps, at tem 
peratures o f -  18° to — 28°C. T h e  results are sum marized in 
Tab le  5 and plotted in F igure 2. L in ear regression o f residue 
level vs. tim e over a 2 -3  year period showed statistically  
significant slopes in several cases, but the apparent trends 
w ere often up as w ell as dow n. The percent changes per year

predicted by linear regression w ere sim ilar in magnitude to 
the C V  fo r replicate determ inations at any tim e point (6 -1 0 % )  
and are, therefore, not significant. Changes in analytical 
m ethodology and variation in the quality o f analysis probably  
accounted fo r most o f the trends. F o r exam ple, capillary gas 
chrom atography was introduced between 6  and 12 months 
on the scale in F igure 2. Anas (9) found no indication o f loss 
o f total D D T  plus PCBs in 3 seal b lubber samples re-analyzed  
after 2  years frozen storage.

Because the data w ere obtained in a blind m anner in which  
a num ber o f im portant variables (such as m ethodology and 
equipm ent) w ere not controlled, they represent a “ worst 
case”  situation fo r frozen  egg homogenates and lend confi
dence to the simple deep-freezing technique for preservation  
o f organochlorine compounds in this substrate over periods 
o f years. The real loss rate per year is probably m uch less 
than 10%  fo r any com pound studied on the basis o f data for 
freeze-dried  samples (Tables 3 and 4) obtained under con
tro lled  conditions. This conclusion m ay not apply to other 
tissues or w hole-body homogenates; therefore, a separate 
long-term  storage project is being developed to test the sta
b ility  o f organochlorine compounds in whole, frozen , non
egg substrates.

W hole-body H errin g  G ull H om ogenates

Tab le  6  gives results from  the analysis o f w et and freeze- 
dried w hole-body homogenates o f experim ental gulls. L ip id  
recovery from  the freeze-dried  sample was m arginally higher 
than that from  the w et sample in most cases, but the d iffer
ences w ere not significant. In  general, organochlorine com 
pounds w ere lost to a greater extent from  whole body homog
enates than they w ere from  egg homogenates, but the degree 
o f loss was highly variable, ranging from  3.2%  fo r m irex in
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Time from first analysis 
of 1979 egg pool (months)

Figure 2. Trends of organochlorine residue levels in naturally contami
nated herring gull egg homogenates stored at -18° to -28°C: filled 
circles and dashed lines, Lake Erie pool, 1979; open circles and solid line, 

Lake Huron pool, 1980.
Each point represents the mean of 5-11 analyses for a total of 65 

analyses of the 1979 pool and 84 analyses of the 1980 pool. Data were 
obtained from a quality assurance program. The lines are based on linear 
regressions of the whole data set for each residue. The open-sided boxes 
at the end of each line represent the range for ±  1 SD from the grand 
mean of the data set. PCBs are calculated as a 50% (w/w) mixture of 
Aroclors 1254 and 1250 based on peak 4, Figure 1 (2 ,3 ,4,2 ',4 ’,5'-hexa- 
chloroblphenyl).

G roup C  to 25 .9%  fo r p , p '-D D E  in G roup B. E xcept in Group  
C , vo la tility  o f  the com pound appeared to p lay less o f a role  
than did other factors, because re la tive ly  involatile  com
pounds such as p , p '-D D E  and 8 -m onohydrom irex w ere lost 
to a sim ilar or greater extent than hexachlorobenzene and 7 - 
hexachlorocyclohexane. The exposed surface-to-volume ratio  
during freeze-drying was high because the samples were spread 
out th in ly  to hasten the rate o f w ater loss. Organochlorines  
m ay have co-distilled w ith  the w ater vapor. Losses during 
evaporation o f the ch lo ro fo rm -m ethano l extract to dryness 
tw ice before analysis could have accounted fo r low er levels 
in the freeze-dried  sample re lative to the w et sample, which  
was in hexane and never taken to dryness, how ever, re 
analysis o f 3 freeze-d ried  samples using the procedure for 
w et sample analysis indicated the same levels by both pro
cedures. Conditions fo r freeze-drying o f tissue homogenates 
should be carefu lly  designed to prevent losses by using low  
surface-to-volum e ratios fo r the samples, even if  the tim e to 
com plete w a te r rem oval is increased.

G eneral Conclusions and Recommendations

Freeze-dry ing  did not affect the levels o f most organochlo
rine residues in egg substrates, except fo r compounds more

volatile than hexachlorobenzene. Losses by vaporization from  
the sample occurred principally  during the freeze-drying pro
cess itself, ra ther than during subsequent storage. The main 
advantage o f freeze-drying  is that it opens the possibility o f 
inexpensive, long-term  storage at room  tem perature w ithout 
decom position o f the sample. Indications are that some com
pounds (p ,p '-D D T , p ,p '-D D D  and hexacnlorocyclohexane  
isomers in this study) are subject to dehydro chlorination under 
these conditions, O xychlordane was gradually lost. Because 
it is d ifficu lt to predict a p riori w hich  compounds might be 
labile, or how  the sample m ay be used after several years 
storage, freeze-drying cannot be recom m ended as a generally  
applicable m ethod fo r long-term  preservation o f egg sub
strates fo r subsequent organochlorine analysis. Changes in 
residue levels appeared to be re la tive ly  unaffected by 3-year 
storage o f w et samples at - 1 8 °  to - 2 8 ° C ,  and this method  
o f preservation is therefore recom m ended. V e ry  low  tem 
peratures (liquid  n itrogen, -  196°C) probably w ill not offer 
any advantage, and m ay be much m ore expensive to operate, 
but as a precautionary m easure, a tem perature o f -3 0 ° C  is 
preferable to -  18°C to preserve the sample m atrix  from  
bacteria l/enzym atic  degradation. I t  should be cautioned that 
no conclusions can be draw n from  the present study about 
dehydrochlorination in samples frozen  in fresh condition  
because the long-term  storage samples contained no easily 
dehydrochlorinated compounds.

Less extensive data w ere obtained on w hole-body tissue 
homogenates. G enerally , freeze-drying  produced higher res
idue losses in w hole-body homogenates than in egg hom og
enates, but the freeze-drying conditions w ere not optim um  
fo r m in im izing  losses resulting from  vo latiliza tion  or co-dis
tilla tion . A  project to study the effect o f long-term  storage o f  
frozen tissue hom ogenates on residue levels has been in iti
ated. U n til m ore data are obtained, w e recom m end low - 
tem perature storage o f tissue homogenates over freeze-drying.
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MYCOTOXINS

Determination of Aflatoxins in Vegetable Oils

N O A H  M I L L E R ,  H E L E N A  E .  P R E T O R IU S ,  an d  D O N A L D  W . T R I N D E R
N a t i o n a l  F o o d  R e s e a r c h  I n s t i t u t e ,  C S I R ,  P O  B o x  3 9 5 ,  P r e t o r i a  0 0 0 1 ,  R e p u b l i c  o f  S o u t h  A f r i c a

A simple method is proposed for determination of aflatoxins in vege
table oils. The method was successfully applied to both crude and 
degummed oils. The oil sample, dissolved in hexane, was applied to a 
silica column and washed with ether, toluene, and chloroform; afla
toxins were eluted from the column with chloroform-methanol (97 +  
3). As quantitated by thin layer chromatography and liquid chroma
tography, the oils analyzed contained aflatoxin B, at levels of 5-200 
p.g/kg. Recoveries of aflatoxin B, standards added to aflatoxin-free oils 
were between 89.5 and 93.5%, with coefficients of variation of 6 .3 -  
8 .0 %.

The presence o f aflatoxins in peanuts is a w ell known problem  
w orldw ide (1). A lthough various separation and sorting sys
tems have been developed to rem ove infested kernels, many 
batches o f peanuts— and, consequently, oils— are still heavily 
contam inated w ith  aflatoxins. A  rapid m ethod to indicate  
aflatoxin  in vegetable oils is therefore needed.

The determ ination  o f aflatoxins in vegetable oils is usually 
based on partition  between 2 im m iscible solvents. A flatoxin  
is extracted  from  the oil into a polar solvent and subsequently 
partitioned into  chloroform  (2 -4 ) . A lthough the recoveries 
are acceptable, these methods are tim e consuming, require  
large quantities o f solvents, and frequently involve trouble
some emulsions.

A  simple m ethod fo r determ ination o f aflatoxins in vege
table oils was developed which is suitable fo r thin layer chro
m atography (T L C ),  as w ell as fo r liquid  chrom atography (L C )  
quantitation , and is a convenient alternative to the liquid  
partition  methods.

M E T H O D

Apparatus

Equipm ent specified is not restrictive; other suitable equip
ment can be substituted.

(a) L i q u i d  c h r o m a t o g r a p h .— Varían  5000 with 10 p.L Valeo  
loop injector; M ilto n  R oy L D C  U V  I I I  M o n ito r detector w ith  
360 |xm lam p and filter, 0 .004 A U F S  sensitivity setting; H e w 
lett-Packard  3390A recorder, set to peak integration mode.

(b) L C  c o l u m n .— Stainless steel, 25 cm x  4.6 mm  id, packed 
w ith  5 p.m spherical silica gel (N ucleosil 50-5).

(c) C l e a n u p  c o l u m n . — Borosilicate glass, 200 x  20 m m  id, 
fitted w ith  sintered-glass discs, taps, and 100 m L  reservoirs.

R eagents

(a) S o l v e n t s . — A R  grade m ethanol, hexane, and toluene. 
A ceto n itrile , ch loroform , cyclohexane, and 2-propanol, dis
tilled in glass. E th y l ether, distill in glass and pass through  
neutral alum inum  oxide before use. W ater, distilled.

(b) L C  m o b i l e  p h a s e . — Fraction  A : C H C l3-cyc lohexane  
(800 +  240). F raction  B; ace to n itrile -2 -p ro p an o l-w a te r (32 
+  22 +  0 .7 ). M ix  fractions A  and B w ell by shaking, and 
filter under reduced pressure through 0 .6  p,m m em brane filter 
before use.

(c) S i l i c a  g e l  f o r  c o l u m n  c h r o m a t o g r a p h y .— E . M erck  sil
ica gel 60, 7 0 -2 3 0  mesh (N o . 7734). A ctivate  by drying 2 h at

105°C, add w ater at 1 m L/lO O g, seal, m ix w e ll, and equilibrate  
overnight in airtight container (5).

(d) A n h y d r o u s  s o d i u m  s u l f a t e .— A R  grade.
(e) T L C  p l a t e s . — E . M e rc k  silica gel 60 w ithout fluores

cence ind icator, layer thickness 0.25 m m  (N o . 5721).
(f) A fla t o x in  s t a n d a r d s .— Prepare individual aflatoxin stock 

solutions, and determ ine concentration by U V  absorbance
(6 ). F o r L C  determ inations, prepare w orking standard in 
chloroform  containing 1 ng B ,/p .L . F o r T L C  determ ination , 
dilute small volumes o f above w orking standard w ith  equal 
volum es o f m ethanol to produce standard containing 0.5 ng/ 
|xL. D iscard this solution after 1 w eek.

Sam ple Preparation

M ix  oil vigorously until uniform  sample is obtained. I f  
necessary, heat to 4 0 -50°C  to ensure hom ogeneity. Im m e
diate ly  weigh 20 g sample into 100 m L  glass beaker, add 20 
m L  hexane, and m ix thoroughly.

C olum n C hrom atography

W eigh 20 g silica gel into 100 m L  beaker. Add 50 m L  hexane  
and stir thoroughly to rem ove air. S low ly  transfer slurry to 
glass colum n w ith  aid o f m ore hexane, let settle, and add 
enough N a 2S 0 4 to give 2 cm upper layer. D rain  solvent, 
letting some hexane rem ain above N a 2S 0 4. T ransfer diluted  
sample to colum n, rinse beaker w ith  hexane, and add rinse 
to colum n. L e t  sample percolate through colum n. W ash suc
cessively w ith  100 m L  hexane, 100 m L  ethyl ether, 20 m L  
toluene, and 100 m L  chloroform . E lu te  aflatoxin w ith  200 m l  
ch lo ro fo rm -m ethano l (97 +  3) at ca 5 m L /m in . Evaporate to 
near dryness under reduced pressure at 4 0 -50°C . Transfer 
residue to  small am ber v ia l, using several small portions o f  
chloroform , and evaporate chloroform  under stream o f n itro 
gen jus t to dryness. Dissolve residue in 200-1000 p,L chlo
ro form , depending on am ount o f aflatoxin present in sample. 
Stopper securely to prevent evaporation losses.

T hin  L a y er Chrom atography

Spot T L C  plates, prepared according to A O A C  (7), w ith  
aliquots o f samples, together w ith  aflatoxin standards. Develop  
plates in 2 dim ensions, using chlo ro fo rm -acetone (9 +  1) and 
ethyl e th e r-m e th a n o l-w a te r (96 +  3 +  1) in unsaturated  
tanks. D eterm ine am ount o f aflatoxin in sample test spot by 
view ing under 360 nm U V  light and com paring w ith  standard 
aflatoxin spots. F o r optim um  visual quantitation, test spot 
should contain betw een 1 and 2 ng aflatoxin , and be same 
size as standard spot or spots (see R e s u l t s  a n d  D i s c u s s i o n ) .

L C  D eterm ination

Set m obile phase flow  rate to 1.4 m L /m in . U n der this con
d ition , 1 ng/fjiL o f aflatoxin  B, elutes after 5 m in and gives 
peak height equivalent o f 70%  F S D . Peak area responses are 
linear over a range o f 0 .0 5 -2 .0  ng/p.L, and resolution o f afla
toxins B ,, B 2, G |, and G 2 is adequate. From  e ither integrator 
area count or peak height measured tangentially to apex o f  
peak, aflatoxin  B , is calculated as follows;

B ,, (fxg/kg) =  P  x  C  x  D I P ’ x  WReceived June 13, 1984. Accepted September 4, 1984.
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Table 1. Recovery of aflatoxin B, added to degummed sunflower oil'

Added, p.g/kg Found

LC, peak area

Rec., % Found

LC, peak height

Rec., % Av. rec., % CV, %

5 4.9 98 4.3 86 93.5 6.3
4.95 99 4.4 88
4.95 99 4.55 91

10 8.7 87 8.0 80 89.5 8.0
9.8 98 8.0 90
8.6 86 8.0 80
9.5 95 8.2 82

10.2 102 9.4 94
9.4 94 8.6 86

50 46.5 93 43.0 86 90 7.2
46.0 92 40.5 81
50 100 44 88

“Data represent average values of all area and peak height measurements.

Table 2. Aflatoxin In crude peanut oil (day-to-day variation)

Sample Found, p.g/kg

1 220
2 200
3 230
4 200

Av. 212.5
CV, % 7.1

where P  =  area or peak height o f sample; P '  =  area or peak  
height o f standard; C  =  concentration o f aflatoxin B, in 
standard, n g /p ,L ;D  =  d ilution o f sample extract; W  =  weight 
o f sam ple, g. M easurem ent by integrated peak areas gives 
slightly better recoveries than does peak height measure
ment.

Results and Discussion

T w o  sets o f vegetable oils w ere tested: degummed sun
flow er oil and crude peanut o il. T w en ty  g samples o f an 
aflatoxin-free sunflower oil w ere spiked at 5, 10, and 50 pg 
aflatoxin B ,/kg  and analyzed according to the above method. 
Final determ inations w ere made by L C ; results are presented 
in Tab le 1. Recoveries w ere calculated from  both peak heights 
and peak areas. Peak height measurements usually gave lower 
recoveries than did area m easurements. D ata  represent the 
averages o f peak height and area recoveries.

The crude peanut oil was analyzed on different days over 
a period o f 2 w eeks. A flatoxins were quantitated by L C  and 
T L C ; results are presented in Tab le 2.

L C  determ ination o f aflatoxin B, gave good results on spiked, 
degummed oils. F o r crude peanut oil containing more than  
100 pg/kg, L C  results w ere also satisfactory, largely because

the extract was diluted and artifact peaks w ere consequently 
negligible. L o w e r concentrations o f aflatoxin in crude oil 
could be determined by T L C , but further cleanup was required 
fo r L C  analysis.

C areful adjustm ent o f the aliquots spotted on T L C  plates 
allow ed quantitation com parable to L C . The use o f a standard 
o f 0.5 ng aflatoxin  B ,/p L  ch lo ro fo rm -m ethano l (1 +  1) is 
advantageous because the polar nature o f the solvent allows 
aflatoxin to diffuse over the w hole area o f the standard spot 
during application. W ith  care and experience, the standard 
can be spotted so that, a fter developm ent in the second direc
tion , the resultant spots are o f identical size, resulting in more  
accurate quantitation.

The proposed colum n chrom atographic m ethod is reliable  
and effic ient, and isolation o f aflatoxins from  vegetable oils 
can be accom plished in one step.
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PESTICIDE FORMULATIONS

Reverse Phase Liquid Chromatographic Determination of Edifenphos in Technical and 
Emulsifiable Concentrate Formulations

R A J E S H  K H A Z A N C H I  and  N R I P E N D R A  K .  R O Y
I n d i a n  A g r i c u l t u r a l  R e s e a r c h  I n s t i t u t e ,  D i v i s i o n  o f  A g r i c u l t u r a l  C h e m i c a l s ,  N e w  D e l h i - 1 1 0 0 1 2 ,  I n d i a

A convenient reverse phase liquid chromatographic method has been 
developed for determination of edifenphos in its technical product and 
emulsifiable concentrate. The method allows determination of the active 
ingredient of the formulation directly, without any solvent extraction. 
In addition, reference standard edifenphos has been obtained by pre
parative liquid chromatography.

Edifenphos (O -e thy l S , 5-d iphenyl phosphorodithioate), an 
im portant agricultural fungicide, has high prophylactic activ
ity  against P y r i c u l a r i a  o r y z a e ;  its emulsifiable concentrate  
form ulation  is used throughout the w orld  fo r control o f rice 
blast disease (1). T w o  analytical methods are com m only used 
fo r analysis o f the technical product (2); In  the iodom etric  
titration , the tota l thiophenol content is first estim ated by 
titrating  w ith  iodine solution. T he  content o f free thiophenol, 
pre-determ ined sim ilarly , is subtracted from  the total th io 
phenol evolved from  a know n quantity o f edifenphos tech
nical. This  m ethod did not give repeatable results, probably  
because the end point determ ination is not very  sharp. The  
second m ethod, gas chrom atography (G C ), uses an internal 
standard m easurem ent o f the area under each peak. E d ifen 
phos is a very  high boiling liqu id, w hich decomposes during 
distillation at atm ospheric pressure. Therefore , its stability  
under G C  conditions is doubtful.

C u rren tly , liquid chrom atography (L C ) is assuming im por
tance in pesticide analysis. W e explored this technique for 
determ ination o f edifenphos technical and form ulations.

Experim ental

A pparatus

L i q u i d  c h r o m a t o g r a p h . — Spectra-Physics, M odel 8000B, 
equipped w ith  pum p, U V -v is ib le  variable wavelength detec
tor (M odel 4000B), connected to loop injection system, printer/ 
plo tter-type recorder, and m icroprocessor controlled data  
system.

R eagents

(a) S o l v e n t s  f o r  c h r o m a t o g r a p h y .— Double-d istilled  w ater 
and distilled acetonitrile  (guaranteed 99 .8%  pure). Equal vo l
umes o f both solvents (freshly distilled) w ere m ixed and 
degassed by stirring, and then filtered through W hatm an paper 
N o . 42.

(b) R e a g e n t s  f o r  i o d o m e t r i c  t it r a t io n .— IN  H 2S 0 4; N a H C 0 3; 
N a O H ; O .IN  iodine; 0 .1%  phenolphthalein indicator solution 
in ethanol.

(c) E d i f e n p h o s .— Hinosan® E .C . (manufacturing date M arch  
22, 1983, batch N o . 3/8, m arketed by M /S  B ayer (Ind ia ) L td .,  
label o f  25%  surfactant and 50%  edifenphos by weight.

C h r o m a t o g r a p h i c  c o n d i t i o n s :

( a )  F o r  a n a l y t i c a l

C olum n packing Lichrosorb® R P -8

Contribution No. 236 of The Division of Agricultural Chemicals. 
Received November 29, 1983. Accepted August 30, 1984.

Colum n 250 m m  x  4 .6  m m
dimensions

Colum n am bient
tem perature

M ob ile  phase a c e to n itrile -w a te r (1 +  1)
F lo w  rate 2 m L /m in
Sam ple size 10 p L
D etector U V ,  254 nm at sensitivity o f 0.08 A U F S
C hart speed 1 cm /m in

( b )  F o r  p r e p a r a t i v e  

C olum n packing Lichrosorb® R P -8
Colum n 250 m m  x  10 mm

dimensions
C olum n am bient

tem perature
M o b ile  phase a c e to n itrile -w a te r ( 1 + 3 )
F lo w  rate 5 m L /m in
Sam ple size 500 p L
D etec to r U V ,  254 nm at sensitivity o f 0.16 A U F S
C hart speed 1 cm /m in

Identity E xperim en ts

W e prepared 2.5 mg technical sample o f edifenphos by 
condensing O -ethyl phosphorodichloridate w ith  thiophenol 
in the presence o f sodium ethoxide (1). This was dissolved in 
25 m L  ace to n itrile -w a te r (1 +  1) and 10 p L  was injected and 
chrom atographed according to  the analytical conditions 
described above. A t constant pressure mode o f operation of 
the pum p, 3 peaks w ere recorded at 557 psi. The percent o f  
each com ponent calculated by the respective peak area (F ig 
ure 1) was 1 m in (6 % , I ) ,  4.4 min (8 .7% , I I ,  thiophenol), and
8,7 m in (85% , I I I ,  edifenphos).

Preparation o f  Standard

A  high p urity  standard o f edifenphos was not readily avail
able. W e obtained a pure sample from  the available technical 
m aterial (8 8 %  pure) by preparative L C . A  solution o f 50 mg 
technical edifenphos in 10 m L  ace to n itrile -w a te r (1 +  3) was 
injected (500 p L /in jec tio n ) and chrom atographed according  
to the conditions described above. Fractions corresponding  
to the m ain peak at 33 m in w ere collected, and the whole  
process was repeated 20 times. A ll fractions w ere combined  
and extracted tw ice w ith  75 m L  benzene. The benzene extract 
was dried over anhydrous sodium sulfate (5 g) and distilled. 
A fte r the last traces o f solvent w ere rem oved under vacuum , 
the residue was weighed carefully (4.6  mg), dissolved in 50 
m L  solvent m ix ture , and 10 p L  was injected onto the ana
ly tica l colum n. A  single peak was obtained (Figure 2). The  
identity  o f the com pound was also checked by infrared and 
nuclear m agnetic resonance spectroscopy.

Analysis o f  T ech n ica l Sam ples an d  Calculations

Standard reference edifenphos o f known concentration was 
first injected and chrom atographed fo r calibration purposes. 
Three batches o f technical edifenphos w ere chrom ato-
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h i

Figure 1. Analytical chromatogram of edifenphos (tech.): I, unidentified; 
II, thlophenol; III, edifenphos. See text for chromatographic conditions.

graphed, and the ir p urity  was calculated by com paring the 
area o f the relevant peak w ith  that o f  the standard (3) as 
follows:

Concn =  area/Kf

w here concn =  concentration o f the com ponent (ppm ); area 
=  area o f the peak corresponding to the com ponent; and K f 

=  area o f standard/concn o f standard (ppm ).

Analysis o f  T ech n ica l Sam ples with Iodom etric Titration

T o  enable com parison w ith  the L C  m ethod, all the above 
technical samples o f edifenphos w ere analyzed by iodom etric  
titration  as follows:

D e t e r m i n a t i o n  o f  t o t a l  t h i o p h e n o l .—  T o  0.5 g sample dis
solved in 30 m L  ethanol, 5 g N a O H  and 20 m L  w ater w ere  
added. T he  m ixture was refluxed 4 h under nitrogen atm os
phere, cooled to room  tem perature, and diluted to 250 m L , 
using, first, 90 m L  ethanol and then distilled w ater. F ifty  m L  
o f this solution was m ixed w ith  excess I N  H 2S 0 4 and 0.1 g 
N a H C 0 3 and then titrated  w ith  0 .1 N  I 2 solution.

Time/min
Figure 2. Analytical chromatogram of pure edifenphos. See text for chro

matographic conditions.

D e t e r m i n a t i o n  o f  f r e e  t h i o p h e n o l .— T o  0.5 g sample dis
solved in 40 m L  ice-cooled ethanol, 20 m L  cold w ater, 5 m L  
I N  H 2SO„, and 0.5  g N a H C 0 3 w ere added. This was titrated  
w ith  0 .1 N  I 2 solution. Edifenphos content was calculated as 
follows:

Percentage o f edifenphos by mass =
[(5 A /M , -  B /M :)] x  1.552 x  0.935

w here A  and B are the volum es in  m L  o f iodine solution  
consum ed fo r tota l thiophenol and free thiophenol determ i
nation, respectively; M i and M 2 are masses in g o f samples 
taken fo r tota l thiophenol and free thiophenol determ inations  
respectively.

Analysis o f  Fo rm u la ted  Sam ples

T w o  samples o f em ulsifiable concentrates, one prepared in 
the laboratory by the standard procedure and the other pro
cured com m ercia lly , w ere analyzed. The laboratory form u
lation was prepared by com bining 25%  Tw een-80  and 50%  
edifenphos by w eight. F o r the com m ercial sample, 0.5 g was
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Table 1. Accuracy and precision of results obtained by liquid chromatography and comparison with iodometric method for determining edlfenphos

Technical 50% E.C.

Result 1 li III Laboratory Commercial

Concn % by iodometric 87.6 88.7 88.8 __ a _
method (n = 3)

Concn % by LC method 88.59 89.65 89.47 50.05 48.47
(n = 4)

Std dev. 1.67 1.45 0.953 0.58 1.06
f-Value (P = 0.05) 1.18 1.310 1.40 0.17 -2.88
95% Conf. interval 2.65 2.30 1.51 0.93 -1.68

‘None determined.

1 2

Time/min
Figure 3. Analytical chromatogram of edifenphos emulsifiable concen
trate: I, unidentified; II, thiophenol; III, extra peak not present in technical; 

IV, edifenphos. See text for chromatographic conditions.

dissolved in 50 m L  solvent m ixture; 1 m L  o f this solution 
was further diluted to 50 m L . A fte r filtering through W hatm an  
paper N o . 42, 10 p,L solution was injected onto the analytical 
colum n (F igure 3). Standard edifenphos (5 mg/50 m L ) solu
tion was also injected. T he  active ingredient o f both samples

was calculated by com paring the areas o f the standard and 
samples.

Results and Discussion

A  typ ica l chrom atogram  o f technical edifenphos is shown 
in F igure 1. A p art from  the m ajor peak o f edifenphos ( I I I ) ,  
there are 2 m inor peaks. The peak at 4.4 m in ( I I )  was a ttrib 
uted to thiophenol by com parison w ith  an authentic sample. 
O ther com pounds that could be form ed during edifenphos 
synthesis or storage are the corresponding diphenyl disulfide 
and ethyl phosphoric acid. A uthentic  samples o f these com 
pounds w ere com pared under sim ilar chrom atographic con
ditions, but none corresponded to peak I.

The m ethod o f obtaining standard edifenphos by prepara
tive L C  is more convenient and reliable than the earlier method: 
repeated crystallization  o f the technical m aterial w ith  a m ix
ture o f to luene-« -hexane  (1 +  1) and then w ith  ethyl ether 
at - 2 0 ° C .  O ur sample had a purity o f 99 .8%  (Figure 2) and 
was used as an external reference standard fo r determ ination  
o f active ingredient in all unknow n samples.

Results o f analysis by L C  for 3 d ifferent technical samples 
have been com pared w ith  those by iodom etric titration  (Table  
1). A nalysis by S tudent’s r-test (4) revealed no significant 
difference betw een results obtained by the 2 methods. The  
95%  confidence interval fo r emulsifiable concentrates by L C  
was ± 2 .6 5 % .

Various im purities present in d ifferent batches o f technical 
samples w ere also analyzed; the m axim um  am ount o f th io 
phenol was 5 .45%  and that o f unidentified im purity , 5 .93% .

Sensitiv ity  o f this method was tested; samples containing  
up to 0.5 ppm active ingredient can be satisfactorily detected 
at 0.04 A U F S .

The present L C  m ethod has many advantages over the G C  
method: F irs t, no internal standard is needed. Second, the 
analysis is carried out at am bient tem perature, so there is no 
chem ical transform ation or degradation resulting from  heat. 
Last, the form ulation  can be conveniently analyzed by direct 
injection a fter d ilution w ith  solvent m ixture, w ithout inter
ference from  surfactants.
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TECHNICAL COMMUNICATIONS

Determination of Mass per Unit Volume, Alcohol, Reducing Sugars, Total Acids, and Volatile 
Acids in Wine by the Methods of the International Office of Vine and Wine: Summary of 
Collaborative Study

C H A R L O T T E  J U N G E
O f f i c e  I n t e r n a t i o n a l  d e  la  V i g n e  e t  d u  V i n e ;  1 1 ,  r u e  R o q u e p i n e ,  P a r i s  ( 8 C)  F r a n c e

O r i g i n a l  P u b l i c a t i o n : B u l l .  O I V  (1982) 621, 774 -800  
M e t h o d s :

Mass per unit volum e at 20°C by pycnom eter; O IV  A1 
A lcohol: d istillation  and determ ination o f mass per unit 

volum e by pycnom eter on distillate; O IV  A 2  
Reducing sugars: Luff-Schoorl; reduction o f alkaline citrate 

solution and iodom etric titration  o f unreduced copper; 
O IV  A 4 C  (usual method)

T o ta l acidity: d irect titration  to p H  7 (not including C 0 2 or 
S 0 2); O IV  A10 (usual m ethod)

V o la tile  acidity: steam d istillation from  acid solution and 
titration  (not including C 0 2 or S 0 2); O IV  A 1 1 

E x p e r im e n t a l  D e s ig n : Two studies 1979-1980 1980-1981
No. of laboratories 13 11
No. of wines 3 3
No. of replicates 5 5

S t a t i s t i c a l  A n a l y s i s :  B y  IS O  5725, calculating the follow ing  
data:
mean ±  standard deviation fo r each laboratory fo r each 

w ine;
w ith in -laboratory  (S0) and am ong-laboratories (Sx) stan

dard deviations obtained by 1-w ay analysis o f variance, 
m aterial by m aterial;

IS O  repeatb ility  ( r  — 2 \ f l S B)  and reproducibility  ( R  =
2 V 2 S f f i

standard deviations converted to corresponding coeffi
cients o f variation  (C V ) fo r this sum mary by m ultiplying  
by 100 /m ean.

O u t l i e r  T r e a t m e n t :  W i t h i n - l a b o r a t o r y :  Check the 5 replicate  
values by the Grubbs test at the 95%  confidence level (C L );  
i f  the critical value is exceeded, m ake 3 additional deter
m inations. Check the 8  values by the Grubbs test at the 
99%  C L ; i f  the c ritical value is exceeded, om it the extrem e  
value from  the calculations, but report it. 
A m o n g - l a b o r a t o r i e s :  C heck variance among laboratories  
by the B artle tt test at the 95%  C L ; i f  homogeneous, conduct 
analysis o f variance o f the laboratory averages, using a 
99%  C L  fo r the test o f significance. I f  the variances are not 
homogeneous, apply the Cochran m axim um  variance test. 
I f  the Cochran statistic is exceeded, elim inate the labora
tory.
These rules m ay be bypassed fo r practical reasons: when  
too m any laboratories must be elim inated so that the 
rem aining num ber is no longer representative; i f  inquiry as 
to the source o f system atic error w ill require too much 
w ork; or w hen a re la tive ly  large am ong-laboratories  
reproducibility  can be tolerated. Therefore , some labora
tories are still included w hich contain systematic errors. 

P e r f o r m a n c e  P a r a m e t e r s :  See T ab le  1.

C o m m e n t s  b y  W illia m  H o n v it z

The interlaboratory precision o f the results for the deter
m ination o f alcohol in w ine by d istillation and determ ination  
o f the mass per unit volum e (density) is the best o f the almost

Received April 12, 1984. Accepted September 7, 1984.

500 collaborative studies w hich have been exam ined thus far 
in a research program  that is exam ining method perform ance. 
The coefficient o f variation  am ong-laboratories (C  V x) is about 
0 .5% . A n  analyst w ould expect duplicates to agree (repeat
ab ility , r )  w ith in  about 0 . 1%  alcohol (absolute) and to agree 
w ith  another analyst in another laboratory (reproducib ility , 
R )  to about 0 .2 %  alcohol (absolute), 19 times in 20, fo r an 
alcohol content o f 10 to 17%. T he  direct determ ination o f the 
mass per unit volum e o f w ine by the pycnom eter method  
shows even better precision:

W ith in - Am ong-
lab. labs

C V  (re l.) 0 .004% 0.015%

Prediction
interval (absolute) 0 .0 0 1  (r) 0.0004 ( R )

H o w ev e r, the precision o f a physical m easurem ent cannot 
be com pared d irectly  w ith  the precision o f a chem ical m ea
surem ent, because the la tter varies considerably w ith  con
centration , which has no counterpart in physical measure
ments.

The results fo r the determ ination o f reducing sugars and 
tota l acid ity  are likew ise excellent, w ith  C V X between 1 and 
2% , at concentration levels betw een 0.4  and 10%. The lowest 
reducing sugar value fo r the d ry red w ine , 0 .2% , has a re la 
tive ly  high C V X o f 6 % , com pared to the other values. I t  is 
exhibiting the phenom enon o f an exponential increase in C V X, 
which is re la tive ly  constant over almost 2 orders o f magni
tude, until the m ethod approaches its lim it o f determ ination. 
W here  this cu t-o ff point is taken depends on how m uch error 
can be tolerated at the low  level. I f  a reducing sugar value o f
1 .0 %  distinguishes a dry w ine from  a “ soft”  w ine , a reprod
u cib ility  o f 0 .1 %  (C V X =  10%) might be tolerated; but i f  the 
cu t-o ff is 0 .5% , a reproducibility  o f 0 .03%  (C V X =  6 % ) may 
not be good enough. The function o f the laboratory, in this 
respect, is to indicate how  much uncertainty exists as a result 
o f laboratory operations. The function o f adm inistrators is to 
determ ine how m uch uncertainty they w ill tolerate before  
triggering legal or econom ic sanctions.

A nother interesting aspect o f this study is the substantial 
num ber o f outlying laboratories that had to be rem oved, 
because o f aberrant results, from  these classical determ ina
tions in food analysis. These outliers involved both displace
m ent o f means (system atic error) from  most o f the other mean 
values and an unusually w ide range o f values w ith in  a labo
ratory. The outliers w ere negligible only fo r the alcohol deter
m ination. In  the other determ inations, from  1 to 4, but usually 
2 laboratories (about 17% ), w ere rem oved by the adm inistra
to r as outliers from  the analyses o f each m aterial. F ew er 
outliers appeared in the second study than in the first. L ab 
oratories 2, 6 , and 13, all o f w hich produced a substantial 
num ber o f outliers in the first study, did not take part in the 
second study. Laboratories tend to do their best w ork  when  
participating in collaborative studies. T hey  are able to see 
only their repeatability during and im m ediately after the study.
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Table 1. Precision parameters for important methods of analysis for wines as determined in 2 collaborative studies conducted by the International 
Office of Vine and Wine (only in the case of mass per unit volume was it necessary to differentiate between sweet and other wines0)

Wine Mean
Original 

No. of labs

Outlying
labs

removed Repeatability

CV0

Reproducibility 

R CVX
Ratio
R/rNo. %

Analysis: Mass Per Unit Volume at 20°C by Pycnometer Method: OIV A1

1979 study
Red 0.99339 13 1 8 0.00009(48) 0.003 0.00029(59) 0.010 3.2
Soft rose 1.00257 13 2 15 0.00012(44) 0.004 0.00036(54) 0.013 3.0
Sweet white 1.03286 13 3 23 0.00020(40) 0.007 0.00053(49) 0.018 2.7

1980 study
Soft rose 1.00030 10 3 30 0.00005(28) 0.002 0.00045(34) 0.016 9.0
Soft white 0.99977 10 4 40 0.00005(24) 0.002 0.00031(29) 0.011 6.2
Sweet white 1.02049 11 1 9 0.00016(42) 0.005 0.00043(51) 0.015 2.7

Average or (total)
Dry and soft wines 0.99901 (46) (10) 22 0.00008 0.003 0.00035 0.013 5.4
Sweet wines 1.02668 (24) ( 4) 17 0.00018 0.006 0.00048 0.017 2.7

Analysis: Alcohol Content (% by volume) Method: OIV A2 (distillation and pycnometer)

1979 study
Red 10.91 13 0 0 0.09 (52) 0.3 0.20 (64) 0.6 2.2
Soft rose 10.55 13 0 0 0.12 (57) 0.4 0.17 (69) 0.6 1.4
Sweet white 15.41 13 1 8 0.10 (52) 0.2 0.23 (63) 0.5 2.3

1980 study
Soft rose 11.58 11 1 9 0.05 (40) 0.2 0.15 (49) 0.5 3.1
Soft white 11.05 11 0 0 0.05 (44) 0.2 0.17 (54) 0.5 3.1
Sweet white 16.64 11 0 0 0.09 (44) 0.2 0.21 (54) 0.45 2.3

Average or (total) 12.69 (72) ( 2) 3 0.08 0.25 0.19 0.5 2.4

Analysis: Reducing Sugars (g invert sugar/L) Method: Luff-Schoorl, OIV A4C, Usual Reduction Method

1979 study
Red 1.88 13 2 15 0.09 (47) 1.7 0.33 (57) 6.2 3.7
Soft rose 26.39 13 2 15 0.42 (47) 0.6 1.33 (57) 1.8 3.2
Sweet white 118.6 13 3 23 1.81 (40) 0.5 6.96 (49) 2.1 3.8

1980 study
Soft rose 24.66 11 2 18 0.40 (36) 0.6 0.79 (44) 1.1 2.1
Soft white 26.01 11 2 18 0.37 (36) 0.5 1.24 (44) 1.7 3.4
Sweet white 91.38 11 .2 18 1.18 (39) 0.45 4.00 (47) 1.55 3.4

Average or (total) 25.69 (35) ( 6) 17 0.39 0.6 1.12 1.5 2.9
Sweet wines only 105.0 (24) ( 5) 21 1.49 0.5 5.48 1.8 3.6

Analysis: Total Acidity (nequiv./L) Method: OIV A10, Usual Titration Method
(mequiv./L x 0.075 = g tartaric acid/L)

1979 study
Red 84.2 13 3 23 1.0 (40) 0.4 5.0 (49) 2.1 5.0
Soft rose 100.8 13 3 23 0.9 (40) 0.3 2.7 (49) 0.95 3.0
Sweet white 70.4 13 3 23 0.8 (40) 0.4 1.8 (49) 0.9 2.3

1980 study
Soft rose 85.2 11 1 9 0.7 (40) 0.3 3.9 (49) 1.6 5.6
Soft white 81.1 11 0 0 0.9 (44) 0.4 3.6 (54) 1.6 4.0
Sweet white 55.9 11 0 0 1.1 (44) 0.7 3.2 (54) 2.0 2.9

Average or (total) 79.6 (72) (10) 14 0.9 0.4 3.4 1.5 3.8
(mequiv./L)
(g tartaric acid/L) 5.97 0.07 0.26

Analysis: Volatile Acidity (mequiv./L) Method: OIV A11 Distillation and Titration
(mequiv./L x 0.060 = g acetic acid/L)

1979 study
Red 9.7 13 4 31 0.8 (39) 2.8 1.5 (47) 5.5 1.9
Soft rose 5.4 13 3 23 0.6 (40) 3.8 1.0 (49) 6.6 1.7
Sweet white 6.9 13 3 23 0.8 (40) 4.0 1.4 (49) 7.4 1.8

1980 study
Soft rose 7.4 11 2 18 0.5 (39) 2.5 1.3 (47) 6.1 2.6
Soft white 6.4 11 2 18 0.5 (36) 2.5 1.0 (44) 5.4 2.0
Sweet white 8.2 11 2 18 0.6 (36) 2.5 1.2 (44) 5.0 2.0

Average or (total) 7.3 (72) (16) 22 0.6 3.0 1.2 6.0 2.0
(mequiv./L)
(g acetic acid/L) 0.44 0.04 0.07

°Numbers in parentheses associated with r  and ft are degrees of freedom; repeatabilities: r = 2\ 2S0 (S0 = within-laboratory standard deviation, CV0 = 
within-laboratory coefficient of variation; reproducibilities: ft = 2V2Sx (Sx = among laboratories standard deviation); CVX = among-laboratories 
coefficient of variation (r and R are in the same absolute units as the mean; CV0 and CVX are in % (relative)).
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Figure 1. The OIV precision data on wines with the general coefficient 
of variation (CV„, %) vs log concentration curve (solid line, CV„ = 2 exp 
(1 -0.5 log C)). Key: x = alcohol, volume % (3% outliers removed); □  = 
reducing sugars, % invert sugars (17% outliers removed); o = total acid
ity, g tartaric acid/100 mL (14% outliers removed); •  = volatile acidity, g 

acetic acid/100 mL (22% outliers removed).

I f  the repeatab ility  is too great, the instructions directed that 
additional determ inations be perform ed to reduce the stan
dard deviation. But a system atic e rror o f the mean is not 
apparent to a laboratory until all the results are reported. This  
explains w hy  there are 4 tim es as m any mean outliers as there  
are range outliers, and w hy , in all cases except the alcohol 
determ ination , the outliers approach a 2 0 %  value, w hich , on 
the basis o f our experience, is excessive. These outlying  
laboratories do not do as good w ork  as they th ink they do. 
The volatile  acid ity  determ ination (0 .04%  as acetic acid), 
w hich is the low est constituent concentration m easured, had 
the highest C V X o f about 6 % , but only after a substantial 
fraction  o f the laboratories (alm ost 25% ) w ere elim inated. 
This m ethod, a steam distillation  and titration  to a phenol- 
phthalein end point, has the greatest potential fo r variab ility  
and erratic  perform ance. W hen  very  conservative outlier 
rem oval is practiced (in this case rem oving only 2  laboratories  

from  analyses o f 1 o f the 6  m aterials), the C V X is about 11%, 
w hich is som ewhat high fo r a 0 .04%  concentration (expected  
value about 6 .5% ).

F igure 1 gives the C V  values that w ere accepted by the 
adm inistrator o f the study, p lo tted  against the log concentra
tion , and shows that alm ost all the values as good as or better 
than the curve representing the sum m ary o f all collaborative  
studies review ed thus far.

Extraction of Organic Acids by Ion-Pair Formation with Tri-n-Octylamine.
Part 7. Comparison of Methods for Extraction of Synthetic Dyes from Yogurt

M A R C  L .  P U T T E M A N S ,  M .  d e  V O O G T ,  L O U IS  D R Y O N ,  and  D E S IR E  M A S S A R T
V r i j e  U n i v e r s i t e i t  B r u s s e l ,  P h a r m a c e u t i c a l  I n s t i t u t e ,  L a a r b e e k l a a n  1 0 3 ,  B - 1 0 9 0  B r u s s e l s ,  B e l g i u m

Synthetic dyes were extracted from yogurt by different methods, but 
all methods had in common a liberation of dyes from the food followed 
by ion-pair formation with tri-n-octylamine. Extraction with pH 5.5 
phosphate buffer gave high recoveries for 5 of the 7 dyes investigated 
and was relatively fast. Precipitation of proteins followed by polyamide 
adsorption and desorption gave high yields for all the dyes but was 
tedious and long.

The use o f additives in dairy products is very  strictly regu
lated. O n ly  a few  additives are allowed in yogurt by the 
Belgian food legislation (1). Synthetic dyes are prohibited, 
which means that yogurt w ith  fru it m ay be additionally col
ored only w ith  natural dyes, such as beet red, cochineal, or 
carotenoids.

T o  verify  com pliance w ith  the regulations, an analysis 
scheme fo r synthetic dyes was needed. In  earlier papers (2 -
4), we described the determ ination o f synthetic dyes in var
ious foods by ion-pair extraction w ith  tri-n-octylam ine (TnO A ). 
The same m ethodology was also applied fo r determ ination of 
benzoic acid, sorbic acid, and saccharin (5, 6 ).

As described before, in dye analysis, problems are often  
encountered because o f high binding affin ity o f dyes to pro
teins (3, 4, 7). The m ajor analytical problem  consists then o f 
liberating the dye from  the bulk o f the food m atrix. In  the 
past, w e have tried to overcom e this d ifficu lty by including  
polyam ide adsorption (4) or column elution w ith  a m ethano l- 
am m onia m ixture (3). Benzoic acid, sorbic acid, and sac
charin w ere liberated from  the yogurt m atrix  by extraction  
w ith  p H  5.5 phosphate buffer (6 ). In  the present w o rk , a few
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cleanup procedures w ere tested and com pared fo r recovery, 
length o f analysis, and ease o f m anipulations.

Experim ental

A pparatus

(a) S p e c t r o p h o t o m e t e r . — Perkin  E lm er H itac h i 200.
(b) p H  M e t e r —  O rion  Ionalyser 601 and com bined glass 

+  calom el electrode.

R eagents

(a) T r i - n - o c t y l a m i n e .— A ldrich  Europe (Beerse, Belgium ).
(b) D y e s .— P. E n trop  (M achelen , Belgium ).
(c) P o l y a m i d e  f o r  c o l u m n  c h r o m a t o g r a p h y . — W o e lm  

(Eschw ege, G F R ).
(d) B u f f e r  p H  5 . 5 . — F o r 2 L  and ionic strength =  0.1: 

Dissolve 24.65 g N a H 2P 0 4.H ;0  and 1.26 g N a ,H P 0 4.2 H ;0  in 
double-distilled w ater and dilute to 2 L  w ith  w ater.

(e) D y e  s t a n d a r d  s o l u t i o n s .— D ye solutions w ere prepared  
in a suitable solvent at 0 -5  m g /m L , and fu rth er diluted with  
w ater to 0 .1 -0 .5  m g/m L stock solutions.

(f) S p i k e d  s a m p l e s .— A  0.5  m L  aliquot o f dye stock solu
tion was m ixed w ith  sufficient blank yogurt to produce 10 g 
m ixture.

Extraction M ethods

A .  E x t r a c t i o n  w ith  b u f f e r .— Transfer 0.5 g colored yogurt 
to glass, screw-cap centrifuge tube, and add 7 m L  p H  5.5 
phosphate buffer. Shake tube 20 min and centrifuge 10 min 
at 2000 rpm . Transfer supernatant liquid to 25 m L  volum etric  
flask, and repeat extraction w ith  phosphate buffer tw ice more.
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Table 1. Comparison of methods for recovery of dyes extracted from 
yogurt (init al dye concentration 10 ppm)

Method recovery, %

Dye EExtn with buffer (A) Pptn of proteins (B)

Tartrazine 96.4 93.3
Quinoline yellow 91.0 84.8
Sunset yellow 102.0 93.2
Azorubine 2.4 97.5
Amaranth 82.6 68.4
Cochenille red A 78.9 93.1
Erythrosine 0 70.5

Table 2. Recovery of dyes from yogurt as a function of dye 
concentration (extraction with buffer (A))

Concentration of dye, mg/kg

Dye 5 10 15 20 25

Tartrazine 88.1 96.4 91.3 85.1 88.8
Quinoline yellow 86.1 91.0 90.7 86.8 87.2
Sunset yellow 100.0 102.0 93.5 92.7 93.3
Azorubine 0 2.4 2.0 1.9 2.1
Amaranth 90.5 82.6 83.0 86.1 81.1
Cochenille red A 89.9±0.3 78.9 ±1.2 85.7 ±1.1 87.8 ±3.i64 87.2 ±2.7
Erythrosine 0 0 0 0

D ilu te  com bined extracts to 25 m L  w ith  phosphate buffer. 
This is extract A .

E x trac t 10 m L  extract A  w ith  10 m L  0 .1 M  T n O A  in chlo
roform; back-extract 5 m L  chloroform with 5 m L  0 .1M aqueous 
perchlorate. D eterm ine dye content o f this latter phase by 
photom etry.

B .  P r e c i p i t a t i o n  o f  p r o t e i n s .— T ransfer 5 g  colored yogurt 
to glass centrifuge tube add 10 m L  5%  am m onia, and shake 
tube vigorously 2 m in. A dd 10 m L  acetone, shake tube 10 
m in, and then centrifuge 10 min at 2000 rpm . Store tube at 
4°C for 2 h. T ransfer supernatant solution to distillation flask 
and evaporate acetone at ca 60°C in ro tary evaporator. Adjust 
p H  o f residual solution to 4 .0  ±  0.1 w ith  30%  phosphoric 
acid and transfer solution to glass centrifuge tube. Add 0.6  g 
polyam ide and shake tune for 15 min. Centrifuge tube 10 min 
at 2000 rpm  and discard supernatant liquid. W ash polyam ide  
3 times w ith  ca 15 m L  double-distilled w ater. Shake polyam 
ide 15 m in w ith  10 m L  m ethanol-am m onia  (95 +  5), and then 
centrifuge 10 min at 2000 rpm . T ransfer m ethanol-am m onia  
to 25 m L  volum etric  flask, and repeat desorption w ith  10 m L  
o f the same m ixture. D ilu te  com bined extracts to 25 m L  w ith  
the same m ixture , and measure dye content o f m ethan o l- 
am m onia solution by photom etry.

Results and Discussion

A ll the extraction procedures described in this paper were  
tested only w ith  ye llow , orange, and red synthetic dyes; these 
colors occur most frequently  in yogurt w ith  fru it. The con
centrations chosen produced realistically colored yogurts.

First, the simplest extraction with T n O A  was tried, namely, 
addition o f p H  5.5 buffer and subsequent partition to a chlo
roform  phase containing T n O A . The recoveries obtained, 
how ever, w ere low  (3 3 -8 0 % ), and erythrosine was not 
extracted  at all.

A  previous paper from  our laboratory described the ion- 
pair extraction  w ith  T n O A  o f sorbic acid, benzoic acid, and 
saccharin from  yogurt w ith  fru it (6 ). Before extraction, the 
additives w ere first liberated from  the yogurt by repeated 
extraction  w ith  p H  5.5 phosphate buffer. This method quan
tita tive ly  liberated the analytes investigated, so the same

m ethodology was tested for dyes. As shown in Tab le 1, the 
yield o f this extraction is satisfactory and independent from  
the analyte concentration (Table 2). This efficient liberation  
o f the dyes from  the yogurt m atrix results from  the quanti
tative ion -pair form ation  w ith  T n O A .

Azorubine and erythrosine are not liberated from  yogurt. 
F o r these 2 dyes, the recoveries w ere measured in the chlo
ro form  phase because o f the ir low  back-extraction  yield w ith  
perchlorate. Consequently, this method is satisfactory for 
tartrazine , quinoline ye llow , sunset ye llow , am aranth, and 
cochenille red A , but another analysis is needed fo r all syn
thetic dyes.

Previous extraction methods have been unsuccessful because 
o f interaction o f the dyes w ith  the yogurt m atrix  (probably  
adsorption on the m ilk  proteins). W e sought to elim inate these 
interferences by either precipitation o f the proteins or specific 
adsorption o f the synthetic dyes on an adsorbent, e .g ., 
polyam ide. The first step, i .e ., precipitation, was tried w ith  
acetone. R ecovery o f the dyes was very low , which confirms 
the result obtained previously w ith  sorbic acid (6 ). S im ilar 
adsorption problem s w ere encountered in the analysis o f  
gelatin-containing sweets (4). In  that case, dyes w ere first 
adsorbed on polyam ide, the gelatin— w hich is also a pro
tein— was washed aw ay, and the extract was further purified  
by ion-pair extraction w ith  T n O A . W e tried this procedure  
w ith  yogurt.

The p H  o f yogurt is acidic, and dyes are acids, so the 
addition o f a base (e .g ., am m onia) should increase the solu
b ility  o f the dyes because o f a higher degree o f ionization. 
Therefore , the sample was treated w ith  am m onia, m ixed, 
centrifuged, and separated. This procedure liberated strongly 
adsorbed dyes, such as erythrosine, from  the yogurt. The  
am m onia extract was acidified, polyam ide was added, and 
the solution was m ixed and centrifuged. The color o f the 
polyam ide indicates that not all dyes w ere adsorbed, although 
quantitative adsorption should have occurred (4). C learly , 
this indicated that m atrix  constituents still influenced the 
extraction process.

W e then tried to com bine the alkaline m edium (increasing  
solubility) w ith  precipitation o f proteins (elim inating in terfer
ing substances) by successively adding am m onia and acetone 
to yogurt. Tab le  1 shows that good recoveries were obtained  
fo r all dyes. E rythrosine yielded about 70%  and azorubine  
recovery was also much higher than w ith  previous methods.

T o  fu lly  com pare the results o f methods A  and B , one 
should bear in mind that recoveries are determ ined in a per
chlorate phase fo r the form er, and in m ethanol-am m onia for 
the latter. The usual determ ination procedure, as described 
for gelatin-containing sweets (4). identifies and quantitates  
the extracted dyes by liquid chrom atography. This requires 
further sample treatm ent, i.e ., extraction w ith  T n O A  and 
back-extraction  w ith  perchlorate, and involves additional 
losses. F o r tartrazine , quinoline ye llow , sunset ye llow , am a
ranth. and cochenille red A , these losses are only o f the order 
o f 1- 2 % , but fo r erythrosine and azorubine these losses are 
much higher due to an incom plete back-extraction. E x trac 
tion B , therefore, gives higher yields than extraction A .

In  subsequent experim ents, we tried to im prove recoveries 
by making m inor changes in the polyam ide m ethod; how ever, 
neither the use o f acetonitrile instead o f acetone nor the 
increased am m onia concentration had a significant effect on 
yields.

It  was concluded that, in general, method B gives the best 
results. I f  the determ ination o f tartrazine, quinoline yellow , 
sunset ye llow , am aranth, and cochenille red A  (alone or in a 
m ixture ) is o f interest, procedure A  is preferred because it
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gives equally satisfactory recoveries but w ith  less tedious 
manipulations.

Consequently, in the analysis o f an unknown sample, method 
A  should be tried first. D yes are then identified and quanti
tated as described previously (2 -4 ) . I f  the sample remains 
red, w hich could indicate the presence o f azorubine or ery- 
throsine, then procedure B must be carried out as w ell. The  
extracted dye is then identified and quantitated as described 
before (4). I f  the yogurt is still red after am m onia-acetone  
treatm ent, this m ay indicate the presence o f cochineal. Coch
ineal, a natural dye, is strongly adsorbed by yogurt constit
uents and is not liberated by any o f the procedures used.

N o  synthetic dyes w ere found in the com m ercial yogurt 
w ith  fru it samples that w ere already described in an earlier 
publication (5). Extractions w ere carried out w ith  the buffer 
extraction m ethod. Dyes w ere detected and measured by 
liquid chrom atography.
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