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We Couldn’t M ake A Better 
Sim ultaneous ICP W ithout 

Inventing A Better Technology.
So Wfe D id.

Fast, flexible, and affordable, our new Optima 
3000 is the first instrument specifically 
designed for ICP optical emission spectroscopy.

It’s not just a new product, it’s a whole new 
technology. Plasma tech
nology7, detector technology7, 
and optical technology7 all 
designed from the ground 
up. All designed to fit the 
application.

The custom Segmented- 
array Charge-coupled Detector—at the heart of 
the high-energy, high-resolution optical* system— 
not only provides superior throughput, especially 
in the low UV region, but captures the complete 
analyse spectrum necessary to analyze complex 
samples. It measures the peak and background 
simultaneously of more than 5,000 analytical 
lines. And it does it all for a price you can afford.

The Optima 3000 is truly the next step 
forward for ICP. Invented, developed, and 
offered exclusively7 by7 Perkin-Elmer.
The world leader in ICP-OES, ICP-MS, 
and AA.

For more information, contact your local 
Perkin-Elmer office. For product literature in 
the U.S., call 1-800-762-4000.

Optima 3000:
The next step forward

F O R  I N F O R M A T I O N ,

C I R C L E  1 O N  R E A D E R  

S E R V I C E  C A R D

The Perkin-Elmer Corporation, 761 Main Avenue, Norwalk, CT 06859-0012, USA;
Perkin-Elmer Ltd., Post Office Lane. Beaconsfield. Bucks HP91QA, UK; Bodenseewerk Perkin-Elmer GmbH. Postfach 101164,7770, Ueberlingen, Germany 

All analytical instruments and systems manufactured by Perkin-Elmer are certified under the quality requirements of ISO 9001. *U.S. Patent No. 4,820,048.

P E R K I N  E L M E R

F O R  S A L E S  C A L L ,  

C I R C L E  2  O N  R E A D E R  

S E R V I C E  C A R D



NEW EDITION!

FDA

B a c t e r io lo g ic a l

A n a ly t ic a l

M a n u a l

This manual contains analytical methods to detect 
microorganisms and certain of their metabolic 
products. Although the methods are primarily 
for foods, the manual also contains methods for 
analysis of beverages and cosmetics. For use in 
regulatory and industry laboratories. Most 
chapters have been revised expanded and 
updated.

Not all procedures in this manual have achieved 
official AOAC status through collaborative testing; 
but all represent the methodology currently in 
use in FDA laboratories.

(BAM), 7th Edition

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

u s e  i n  U . S .  F o o d  a n d  

D r u g  A d m i n i s t r a t i o n  

L a b o r a t o r i e s

RM

%
5>s.

& & &
+***

s i 1992
N s

shA A

%

CONTENTS
Food Sampling and Preparation of Sample 
Homogenate. Microscopic Examination of Foods. 
Aerobic Plate Count. Escherichia coli and the 
Coliform Bacteria. Salmonella. Shigella. Campylo
bacter. Yersinia enterocolitica and Yersinia 
pseudotuberculosis. V. cholerae, V parahaemo- 
lyticus, V. vulnificus and Other Vibrio spp. 
Lysteria monocytogenes. Serodiagnosis of Listeria 
monocytogenes. Staphylococcus aureus. 
Staphylococcal Enterotoxins. Bacillus cereus. 
Diarrheagenic Enterotoxin. Clostridium perfrin- 
gens. Clostridium botulinum. Yeasts, Molds and 
Mycotoxins. Parasitic Animals in Foods. Inhibitory 
Substances in Milk. Rapid I1PLC Determination of 
Sulfamethazine in Milk. Examination of Canned 
Foods. Modification of Headspace Gas Analysis 
Methodology, using the SP4270 Integrator. 
Examination of Containers for Integrity. Micro
biological Methods for Cosmetics. Identification 
of Foodbome Bacterial Pathogens by Gene Probes. 
Investigation of Food Implicated in Illness. 
Appendixes: Rapid Methods for Detecting 
Foodbome Pathogens. Most Probable Number 
Determination. Media and Reagents.

529 pages. Seventh Edition. 1092 publication.
Illus. Appendixes. 3 hole drill with binder.
$99 -0 0  in Continental North America
$ 1 2 2 .0 0  outside Continental North .America
Members: subtract 10% discount and include member number.

TO ORDER: sen d  your nam e and ad d ress and paym ent. AOAC 
International accepts checks (US funds on  US banks only, p lease) and  
credit cards: VISA, MasterCard or D iners. When paying by credit card  
p lease  include: type o f  credit card, card num ber, expiration  date and  
your signature.

SEND TO: AOAC International - J, 1970  Chain Bridge Road. Dept. 0 7 4 2 , 
McLean, VA 2 2 1 0 9  0 7 4 2 .

Credit card ord ers m ay also  be placed by phone: + 1  (7 0 3 )  5 2 2 -3 0 3 2 , 
or FAX + 1  ( 7 0 3 )  5 2 2 -5 4 6 8 .

A O A C
I N T E R N A T I O N A L



The LECO FP-428 Nitrogen and 
Food Protein Determinator can add 
new dimensions to your laboratory’ s 
capabilities. An efficient, high- 
temperature combustion system 
coupled to a highly sensitive, thermal 
conductivity detection system and 
16-bit microprocessor make the 
FP-428 an instrument of 
incomparable speed and precision. 
This allows the FP-428 to provide the 
sensitivity and accuracy required for 
the dairy and food products 
industries, as well as rubber, coal, oil, 
agricultural, geological and chemical 
industries, without the mess and 
hazards associated with the Kjeldahl 
method.

L E C O  i s  a  R e g i s t e r e d  

I S O - 9 0 0 2  I n s t r u m e n t  

M a n u f a c t u r e r

For more information on this or 
other LECO instrumentation, 
call or write today!
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SPECIAL PRE-PUBLICATION OFFER .. .

B a s i c

C a l c u l a t i o n s  

f o r  C h e m i c a l  

&  B i o l o g i c a l  

A n a l y s i s

Bassey J.S. Efiok

%

T O  O R D E R : send  y o u r nam e an d  add ress, 
and  p ay m en t (A O A C  IN T E R N A T IO N A L  
accep ts  U S fu n d s o n  U S b an k s o n ly ) o r  
c red it card s: V ISA , M asterC ard  o r  D in e rs . 
W h e n  pay in g  by  c red it card  p lease inc lu d e : 
type  o f  c re d it  ca rd , c a rd  n u m b er, e x p ira tio n  
da te  an d  y o u r s ig n a tu re .
SEN D  TO : AOAC IN T E R N A T IO N A L . 
1970 C ha in  B ridge R oad , D ep t. 0742 , 
M cL ean , VA 22109-0742 .
C red it  c a rd  o rd e r s  m ay  a lso  be  p laced  
by p h o n e : + 1 -7 0 3 -5 2 2 -3 0 3 2 , o r  FAX 
+  1 -7 0 3 -5 2 2 -5 4 6 8 .

This pub lication  will help  techn icians 
and s tuden ts  to  understand  and apply 
basic biochem ical calcu lations using 
simple and consisten t techn iques. 
B iochem ical calcu lations are needed 
at some stage of m ost laboratory  
experim ents— the types of calculations 
vary b u t often include basic tasks 
such as calcu lating  the  am oun t of 
a reagent in an assay m edium ; 
converting  raw  experim ental data 
in to  concen tra tions , am ounts, and 
activ ities; in terconverting  u n its  of 
m easure; and calcu lating  variables or 
constan ts  for biochem ical reactions.

W h eth er you need a review of how to 
apply general princip les to  specific 
quan tita tive  problem s or simply a less 
complex te ch n iq u e—this book will fill 
th e  need. Q uick reference guides to 
abbreviations, SI u n its , and selected 
equations, and an index to the  
practical exam ples is provided.
CONTENTS:
C alcu la tin g  fo r A m o u n t, C o n c e n tra tio n , and  
P re p a ra t io n  o f  R eagen ts; B uffers: P r in c ip le s , 
C a lcu la tio n s  a n d  P re p a ra t io n ;  S p e c tro p h o to 
m etry : B asic P r in c ip le s  an d  Q u a n tita tiv e  
A pp lica tio ns; E nzym e A ssays an d  A c tiv ity ; 
R ad io ac tiv ity  a n d  R e la ted  C a lcu la tio n s; M iscel
lan eo u s E xam p les; A ppend ices and  R eferences .
A pprox . 200  pages. S c h ed u led  fo r Ju ly  1993 
p u b lica tio n . S o ffb ound . ISB N  0-9355 84 -51-X. 
A ppendices. Special p re -p u b lic a tio n  p ric e  befo re  
A ugu st 31, 1993: $ 3 5 .1 0  in  C o n tin en ta l N o r th  
A m erica (U S A , C anada, M exico), $42 .30  o u ts ide  
C o n tin e n ta l  N o r th  A m erica . A fte r A u g u st 31 , 
1993, $3 9 .0 0  in  C o n tin e n ta l N o rth  A m erica , 
$4 7 .0 0  o u ts id e  C o n tin e n ta l N o r th  A m erica . 
AOAC IN T E R N A T IO N A L  M em bers: su b tra c t 
10 % d isc o u n t.
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FEEDS

735 R apid D eterm ination  o f  Supplem ental V itam in E  A cetate in Feed Prem ixes by 
C ap illary  G as C hrom atography 
S va to m ir K m ostak  a n d  D a v id  A. K urtz

741 Influence o f  W ater on the N ear Infrared Spectra o f M odel C om pounds 
Jam es B. R eeves III
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Lars Jorhem

MICROBIOLOGICAL METHODS

814 D etection o f  Salm onella  in D ry Foods U sing R efrigerated  P re-E n richm en t and 
E nrichm ent B roth  C ultures: In terlaboratory  S tudy 
Jean-Yves D 'A oust, Anne M. S ew ell, a n d  P au la  G reco
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VITAMINS AND OTHER NUTRIENTS
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N e w  P r o d u c t s

New Catalog of Plastic 
Laboratory Disposables

Globe Scientific has released its 
1993/1994 catalog of disposable labora
tory plasticware. Included in the exten
sive line are over 500 routine as well as 
hard-to-find plastic items, the Macro
tube section lists tubes from 16 rnL to 
200 mL capacity in polystyrene, 
polypropylene, or TPX. The polyethyl
ene transfer pipets range in size from the 
1 mL Mini-Pipette to the 10 mL Ten- 
Pette. Multipurpose screwcap or snap 
cap containers are available in polysty
rene, polypropylene, or polyethylene in 
sizes form Va  o z . to 190 oz. Globe Sci
entific, Inc.
Circle No. 344 on reader service card.

Automated Solids Extractor

The Soxtherm is a highly automated 
Soxhlet extraction instrument capable of 
processing 6 samples simultaneously in 
less than 3 h, and is up to 5 times faster 
than traditional Soxhlet extraction. Pro
grammed parameters control each of 
several timed steps of extraction for a 
completely automated system, and it 
pays for itself with savings in time, la
bor, and solvent. ABC Laboratories. 
Circle No. 345 on reader service card.

Variable Pressure SEM Offers 
Simplified Operation, High 
Resolution Study of Natural 
State Specimens

The S-2460N variable pressure SEM 
from Hitachi permits observation of a 
virtually unlimited range of specimens 
without requiring special specimen 
preparation techniques such as drying or 
sputter coating for conductivity. It com
bines the ease of use and affordability of 
an optical light microscope with the high 
resolution of conventional SEMs, re
quiring no special expertise or training 
for operation; high resolution images are

facilitated with the touch of a single but
ton. The S-2460N’s low vacuum mode 
makes the system ideal for the study of 
wet, oily, and nonconductive specimens 
in a wide range of application areas 
ranging from plant biology, food proc
essing. and pharmaceutical to textiles, 
semiconductors, and cosmetic. Hitachi 
Scientific Instruments.
Circle No. 346 on reader service card.

Dataplate Digital Dry Block 
Heaters

Three new models of digital dry block 
heaters feature easy-to-use, simple digi
tal controls, digital displays, and the 
ability to retain 2 temperatures in mem
ory. All units have safety alarm, shorted 
heater drive protection. 99 h digital 
timer, and auto-off function. Tempera
ture readout is to 0.1 °C or F. Model 254 
accepts 4 blocks, has a temperature 
range to 210.0CC and comes with a 6 ft. 
cable for remote operation. Models 251 
and 252, which accept one and 2 blocks, 
respectively, have a temperature range 
to 125.0tC. PMC Industries, Inc.
Circle No. 347 on reader service card.

Mystaire Compact Waterweb 
Scrubbers

Mystaire Compact Waterweb scrubbers 
remove difficult and hard to scrub gases 
from 1 to 2000 CFM flow rates. Energy 
efficient and compact. Waterweb scrub
bers are ideal for many applications, in
cluding laboratory hoods, gas cabinet 
venting, acid digestion, chemical reac
tion and process vessels, and odor con
trol. Waterweb scrubbers feature Water
web mesh to create continuous volume 
of liquid, eliminating large air paths and 
voids. Continuously flooded passages 
provide nonclogging, self-cleaning op
eration. important in particulate scrub
bing. Compact Waterweb systems are 
available in component form or cart

r o b o t s  c o u p e

New Batch 
Processing 
Equipment

Ideal for R&D,
QC, scientists, 
engineers, sam
ple preparation 
for analysis 
and pilot plant 
production, 
these batch 
processors are 
used for mixing light to 
heavy viscosity matter, 
powders, liquids with solids 
or powders. Rugged 1/2 to 
15 HP motors provide mix
ing, blending, homogenizing 
and emulsification in a con
trolled environment vessel. 
Size reduction can be 
achieved during the mixing 
cycle. Mixing and size 
reduction can be achieved 
independently or simulta
neously. Some benchtop 
models can also be 
converted to continuous 
feed for size reduction.

For more information 
call Product Mgmt. Dept., 
601-956-3216 or 
FAX 601-956-5758.
CIRCLE 101 ON READER SERVICE CARD
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m o u n te d  fo r  po rtab ility . C lo se d  lo o p  
sy s tem  are  a lso  av a ilab le . H e a t S ystem s. 
C irc le  N o . 348 on  re ad e r  se rv ice  card.

An Alternative to Kjeldahl

T h e  M o d e l 7 0 0 0 N  n itro g en  a n a ly ze r  o f
fe rs  an  a lte rn a tiv e  to  K je ld ah l an a ly ses 
fo r  w a te r  an d  w astew ate r. T h e  P yro - 
ch em ilu m in esc e n t d e tec tio n  m eth o d  is 
the  sam e  tec h n o lo g y  u sed  in  A S T M  
w a te r m eth o d  D 5 I7 6 . B y  e lim in a tin g  
th e  n eed  fo r ac id  d ig es tio n  and  re su ltin g  
w aste  d isp o sa l p ro b lem s, th e  n itro g en  
a n a ly z e r  su p p lies  a  safe , c lean  analy tica l 
a lte rn a tiv e  fro m  sta rt to  fin ish . T h e  a cc u 
racy  an d  p rec is io n  o f  P y ro -ch em ilu m i- 
n e scen t n itro g en  d e te rm in a tio n  is u n ri
v a led  by  e ith e r  w e t c h em istry  o r  o th e r  
in s tru m en ta l m eth o d s. A n tek  In s tru 
m en ts . Inc.
C irc le  N o . 349  on  re ad e r  serv ice  card .

Fast, Affordable Microplate 
Washing

T h e  M o d e l 1250 a u to m a te d  p la te /s trip - 
w e ll m ic ro p la te  w a sh e r adds a ffo rd ab il
ity, speed , a n d  co n v en ien c e  to  ted io u s 
and  tim e co n su m in g  E IA  an d  E L IS A  in
c u b a tio n  step s in m ic ro p la te  analysis. 
T h is  sy s tem  is read y  to  u se , an d  co m es 
co m p le te  w ith  b u ilt-in  v a cu u m  pum p, 
an d  w ash , rin se , an d  w aste  b o ttle s. T h e  
im m u n o w a sh  a u to m a te d  m ic ro p la te  
w ash e r fe a tu res  a  p o sitiv e  d isp lacem en t 
d e liv e ry  sy s tem , 15 p ro g ram m ab le  se t
tings. 8 and  12 p o rt in te rch an g eab le  
m an ifo ld s, and  s ta n d b y  ro w  w ith  a u to 
m atic  rin se  fu n c tio n s. B io  R ad  L ab o ra 
to ries.

C irc le  N o . 3 5 0  on  re ad e r se rv ice  card.

On-Line Monitoring of 
Fermentation Off-Gases

A  new  ap p lica tio n  sh ee t fo r  th e  Q u a n 
tu m  3 0 0 0  m ass sp e c tro m e te r fro m  A sea  
B ro w n  B o v e ri P ro cess  A n a ly tic s  d e 
sc rib es  h o w  accu ra te , o n -lin e  a n a ly s is  o f

fe rm e n ta tio n  o ff-g ases  can  im p ro v e  p ro 
c ess in g  sp e e d  an d  e ffic iency . F e rm en ta 
tion  is w id e ly  u sed  in  re sea rch  a n d  d e 
v e lo p m e n t an d  th e  m an u fa c tu re  o f  a 
v a rie ty  o f  p ro d u c ts , in c lu d in g  an tib io t
ics, y eas ts , e n zy m es , a lco h o ls , f ra g ra n 
ces , a n d  g en e tica lly  e n g in e e re d  m a te ri
a ls . In c o n tra s t to  s lo w e r d ed ica ted  
a n a ly ze rs  lo ca ted  o n  e ach  fe rm en te r, th is 
m ass sp e c tro m e te r is c ap a b le  o f  m o n i
to rin g  m u ltico m p o n e n ts  an d  m u ltip le  
s tream s at sp eed s o f  1 5 -2 0  s/sam p le . It 
a lso  d e tec ts  p ro cess  ab n o rm a litie s  as 
w e ll as d e te rm in e s  re sp ira to ry  q u o tien t 
and  m ass b a la n ce  fa c to rs  to  m ax im ize  
p rec ise  co n tro l o f  the  fe rm e n ta tio n  p ro c 
ess. A B B  P ro cess  A n a ly tic s , Inc.

C irc le  N o. 351 o n  re a d e r  serv ice  card .

On-the-Spot Gas Identification 
Software

T h e  F o x b o ro  C o . h a s  a n n o u n ce d  a  gas 
id en tif ic a tio n  so ftw a re  p a ck a g e  fo r use  
w ith  its w id e ly  a ccep ted  M IR A N  IB  
line  o f  p o rtab le  a m b ien t a ir  an aly ze rs. 
T h e  new  e n h an c em e n t is a  sp ec tra l 
m a tch in g  so ftw a re  p ro g ram  th a t m ak es 
the  M IR A N  1B 2 an d  1B X  g as  an a ly ze rs  
c ap a b le  o f  id en tify in g  u n k n o w n  gases. 
T h e  sp ec tra l id en tific a tio n  is m ad e  by a 
lap to p  c o m p u te r co m p ariso n  o f  th e  g a s  
a n a ly z e r’s sa m p le d  sp ec tru m  w ith  an 
o n b o a rd  c o m p u te r  lib rary  c o n ta in in g  a p 
p ro x im a te ly  4 0 0  co m p o u n d s . Spectra l 
a cq u is itio n  an d  m a tc h in g  is co m p le te  
w ith in  5 to  6  m in . T h e  so ftw a re  p ack ag e  
g ra p h ic a lly  o v e rlay s  th e  sa m p le d  sp ec
tru m  w ith  the  3 m o s t lik e ly  m atch es. A  
seco n d  sc reen  p ro v id es  a  list o f  o th e r 
m a tch in g  c o m p o u n d s  in o rd e r o f  s im i
larity. T h e  F o x b o ro  C o.

C irc le  N o. 352  on  re a d e r  se rv ice  card .

Water Monitor from GAR

T h e  L A N -I w a te r  m o n ito r  a ccu ra te ly  
m easu re s  the  p e rce n t o f  w a te r  in liqu id  
so ap s, d e te rg en ts , an d  s im ila r  p roducts . 
W ith  the m o n ito r, the  s tream  o p e ra to r

can  a d ju s t th e  w a te r  c o n te n t to  th e  to p  
co n ce n tra tio n  p e rm itte d  fo r  th e  p a r ticu 
la r  p ro d u c t b e in g  p ro d u ced , th e re b y  
ach iev in g  th e  m o st e co n o m ica l lev e l o f  
o p era tio n . It u se s  in fra red  a b so rp tio n  to  
m easu re  w a te r  sp ec ifica lly , in d e 
p en d en tly  o f  the  o th e r  c o m p o n e n ts  in  the 
stream . It is, thu s, u n a ffe c te d  by  c h a n g e s  
in th e  re la tiv e  c o n ce n tra tio n s  o f  the  
o th e r c o m p o n e n ts  and  it is n o t a ffec ted  
by e n tra p p ed  air. G en era l A n a ly s is  C o ip . 

C irc le  N o . 353 on re ad e r  se rv ice  card .

Cartridge HPLC Columns Match 
Efficiency of Conventional 
Column Hardware

S u p e lc o ’s n ew ly  d es ig n ed  H P L C  c a r
trid g e  c o lu m n  sy s tem  o ffe rs  the  sam e 
h ig h  e ffic ien cy  an d  le a k -p ro o f  in teg rity  
as co n v en tio n a l H P L C  c o lu m n s. T h e  
system , c o m p rise d  o f  p o ly m e r-to -s tee l 
c o n n ec tio n s , reu sab le  en d -fittin g s , a n  in 
teg ra te d  g u a rd  sy s tem , an d  re p la ce a b le  
frit a ssem b lie s , p ro v id es  a ll th e  b e n e fits  
a sso c ia ted  w ith  c a rtr id g e  sy s tem s in a d 
d itio n  to  o ffe rin g  o p p o rtu n itie s  fo r lo n g 
te rm  p ro c ess  im p ro v e m en ts  in H P L C  
c o lu m n  m an u fa c tu rin g . S u p e lco  o ffe rs  
the  H P L C  cartr id g e  c o lu m n  sy s te m  in 
m o st S u p e lco s il p h ase s  o f  150 m m  o r 
2 5 0  m m  c o lu m n  leng ths, 4 .6  m m  c o l
um n id. S u p e lco , Inc.

C irc le  N o . 3 5 4  on  re ad e r  se rv ice  card .

Single Use Disposable Reagent 
Generator and Dropper 
Dispenser

A  sin g le  use  d isp o sa b le  re ag e n t g e n e r
a to r a n d  d ro p p e r  d isp e n se r  is d e s ig n e d  
fo r e x te n d ed  sto rag e  a n d  c o n tro lled  d e 
liv e ry  o f  fresh ly  p re p are d  re ag e n ts  fo r 
te s t k it u sage . T h is  safe , e a sy -to -u se  re 
a g en t sto rag e  and  d e liv e ry  sy s te m  is 
c o m p rise d  o f  an  o u te r  p las tic  tu b e  w ith  
d ro p p e r tip  an d  2 in te rn al a m p u le s  c o n 
ta in in g  sep ara te  p ro d u c t liq u id s o r  p o w 
ders. T h e  sy s tem  is a c tiv a te d  by  sq u e e z 
ing  th e  o u te r  tube  a n d  c ru sh in g  the
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internal ampules. This allows the 2 solu
tions to mix and form an active reagent 
that can be delivered in droplet form 
when and where it is needed. Newton In
dustries, Inc.
Circle No. 355 on reader service card.

Enhanced Capabilities 
Announced for ChromJet and 
Data Jet Integrators

Thermo Separation Products announced 
improved capabilities for its line of chro
matography integrators. The ChromJet 
and DataJet integrators will now have 
maximum random access memory and

the com pany’s Labnet communications 
as standard features. The additional 
RAM now totals 512K, and will allow 
the ChromJet integrator to easily store 
all chromatograms from overnight runs. 
These stored chromatograms can then 
be reintegrated and replotted on the 
unit’s high-resolution inkjet printer/plot- 
ter singly or in batches. Other reprocess
ing features include baseline subtrac
tion, recalibration, and reporting. The 
integrator is completely self-contained, 
so an external disk drive or computer is 
not required. Thermo Separation Prod
ucts.
Circle No. 356 on reader service card.

Column Thermostat Lowers 
HPLC Analysis Costs, Improves 
Resolution

A column thermostat that permits HPLC 
analyses at ambient and subambient 
temperatures is designed to provide ex
act and reproducible temperature con
trol, the Mistral column thermostat fea
tures a temperature range of ambient 
+5^3 to 9033 and <0.1 °C temperature 
accuracy, stability, and reproducibility. 
Temperatures as low as 5°C can be 
achieved with the Peltier cooling option. 
The Mistral is particularly useful for 
HPLC users who wish to improve reso-

S im p ly  t h e  b e s t  
r e p la c e m e n t  fo r
K je ld a h l.
T h e  N A  2 0 0 0  p r o v i d e s  a  s a f e  

r e p l a c e m e n t  f o r  y o u r  N i t r o g e n / P r o t e i n  

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

a n d  t o x i c  c h e m i c a l s .  T h e  s i m p l i c i t y  o f  t h e  

d e s i g n ,  c o m p l e t e  

a u t o m a t i o n  a n d  

r e l i a b i l i t y  m a k e s  

t h e  N A  2 0 0 0  t h e  

b e s t  N i t r o g e n /

P r o t e i n  a n a l y z e r .

ARL
KEVEX____________
VG IN STR U M EN TS

•  125 position autosampler

•  Results in  < 3  m inutes

C I R C L E  1 0 2  O N  R E A D E R  

S E R V I C E  C A R D

f i s o n s
Instruments

Fisons Instruments Inc. 
32 Commerce Center 
Cherry Hill Drive 
Danvers. MA 01923 USA 
Tel: 508 524-1000



E s s e n t i a l  F o r  Y o u r  Q u a l i t y  A s s u r a n c e  P r o g r a m  . . .

A O A C i

Q U A L I T Y

A S S U R A N C E

P R I N C I P I E S

A N A L Y T I C A L

L A B O R A T O R I E S

XVssential for any lab wanting to improve or initiate a quality assurance (QA) program. 
Material was extensively revised for this new edition which features new information and 
concepts developed since the handbook was last published. An important addition is a chapter 
on utilizing statistical applications and analytical control charting techniques. Appendixes, too, 
have been revised and one added on laboratory accreditation criteria — criteria which can be 
used for self-evaluation of lab QA programs and operations management procedures.

Each chapter offers recommendations for developing and operating a QA program. The book 
also provides solid justification for commitment of resources to a quality assurance program.

Contents: Quality Assurance Planning. Statistical Applications and Control Charts. 
Personnel Considerations. Management of Equipment and Supplies. Sample and Record 
Handling. Sampling and Sample Analysis. Proficiency and Check Samples. Audit Procedure. 
Design and Safety of Facilities. Laboratory Accreditation.

Appendixes: Typical Contents of a Quality Manual for Testing Laboratories. Forms Used 
by U.S. Federal Agencies. Instrument Performance Checks. FDA Audit Measure Procedures. 
Proficiency and Check Sample Programs. Accreditation Criteria.

192 pages. 2nd edition. May 1991. Softbound. ISBN 0-935584-46-3.
$63.00 In Continental North America (USA, Canada, Mexico)
$69.00 Outside Continental North America

To order:Send your name and address and payment. AOAC International accepts checks (US 
funds on US banks only, please) and VISA, MasterCard or Diners credit cards. When paying by 
credit card please include: type of credit card, card number, expiration date and your signature.
Send to: AOAC International - J ____________________________________

1970 Chain Bridge Road Credit card orders may also be placed by phone
Dept. 0742 + 1 (703) 522-3032, or FAX+1 (703) 522-5468.'
McLean, VA 22109-0742 -------------------------------------------------------

Members: subtract 10 % discount
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lution without changing columns or ex
perimenting with different solvents. In
dependent tests have shown that the sta
ble, low-temperature environment 
provided by the Mistral column thermo
stat can improve the resolution of some 
analyses by as much as 20%. Euramark. 
Circle No. 357 on reader service card.

Laboratory Safety Video 
Training Series

"Elements of Safety." a 12-part video 
training series, is designed to provide 
on-going safety training for laboratories. 
It integrates information as to how to 
create a safer laboratory environment 
and remain in regulatory compliance. 
The series is especially suitable for 
monthly safety meetings or individual 
employee training. Each 1 0 -1 5  minute 
tape covers a key laboratory safety topic. 
Diverse topics range from flammables 
to labhoods to compressed gases and 
MSDS. The tape series targets labora
tory managers, technicians, and safety 
officers. J.T. Baker Inc.
Circle No. 358 on reader service card.

Ductless Filtering Fume 
Enclosure

The Filtair 806 features a unique and 
high resolution filtration system that 
provides 99.99% efficiency for the ad
sorption of toxic gases (solvents, acids, 
fumes, odors). The unit is equipped with 
continuous monitoring of the face veloc
ity that is rated at 100 FMP in accord
ance with OSHA recommendations. 
Captair Labx. Inc.
Circle No. 359 on reader service card.

Volume II of Spectral 
Interpretation Software Available

SpectraBook Volume II. the second part 
of an award-winning spectral interpreta
tion computer program, is now available 
from Savant Audiovisuals, Inc. This in
teractive software offers instruction for

developing interpretative skills in infra
red. proton nuclear magnetic resonance, 
C—13 NMR, and mass spectroscopy. 
The second volume, like the first, pro
vides data and spectra on 50 organic

compounds, especially selected to teach 
interpretation principles. Each volume 
contains 200 interpreted spectra in all. 
Savant Audiovisuals, Inc.
Circle No. 360 on reader service card.

NUTRITION
LABEL
A N SW E R S

NUTRITION INFORMATION 
PER SERVING 
Serving Size:

4 ounces condensed 
1 cup (250 g) as prepared 

S erv ings per container: 2 3/4 
C a lories 170

C alories from  fa t 30

N utrition  labeling under the
Fat

Saturated fa t
3 g 
1 g

9000 Plymouth Avenue 
Minneapolis, M innesota 55427

new regulations will be more 
demanding. Medallion Laboratories 
can help meet those demands. We 
assist you in setting up an analysis 
program that keeps your product 
and labels current with FDA and 
USDA policy.

You get expert consultation, fast 
turnaround and quality testing — 
full service from initial ingredient 
tests to final product label.

M e d a ll io n  a n a ly z e s  fo o d s  fo r  
a d d i t iv e s ,  r e s id u e s  o r  to x in s .  
M ic ro s c o p y  a n d  m ic r o 
b io lo g ic a l  t e s t s  a r e  
a lso  p e r f o rm e d .

Call Medallion for 
the answers you need. 
1-800-245-5615 (

1

N u tr i t io n  
la b e l in g  
in  c a p a b le  
h a n d s .

M e d a l l i o n
L a b o r a t o r i e s

C holestero l
Sod ium
C arbohydra te
Fiber
Protein

5 mg 
1,000 mg 

27 g 

3 g  
9 g

PERCENT OF DAILY VALUE 
V itam in A t
V itam in C 2
C alcium  4
Iron 8
f  Contains less than 2% of 

the daily value of the nutrient

Phone 612 -540 -4453 V
C I R C L E  8 6  O N  R E A D E R  S E R V I C E  C A R D
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B e  S u r e  Y o u r  L a b o r a t o r y  U s e s  t h e  B e s t ,  

M o s t  C u r r e n t  A n a l y t i c a l  M e t h o d s  A v a i l a b l e . . .

Official M ethods o f A nalysis
o f the AO AC,

1 5 t h  E d i t i o n

Save Time and Money, Achieve More 
Accurate A nalysis, and Improve 
Your Laboratory’s R eputation

The demonstrated reliability of AOAC 
methods prompts their use whenever a 
need for analysis arises in regulatory, 
research, and quality control activities. 
Chemists, microbiologists, and other 
scientists depend upon Official Methods 
of Analysis of the AOAC because they 
know the reliability and reproducibility 
of AOAC methods have been demon
strated through thorough testing by 
interlaboratory collaborative studies 
in government, industry, and university 
laboratories.

The authority of the methods is further 
enhanced by AOAC collaboration with 
other worldwide organizations.

Take Advantage o f  AOAC M ethods 
A vailability and Ease-of-Use

Over 1,800 AOAC methods are ready for 
your immediate use. The easy-to-follow, 
step-by-step format specifies all reagents 
and apparatus. And alternative methods 
are often provided to accomodate a wide 
range of laboratory capabilities.

Each method is referenced for back
ground and development material, and 
contains Chemical Abstracts Service 
(CAS) numbers where applicable. Both 
chemical and common names are 
provided for all drugs and pesticides.

Comply More E asily  w ith  
Governm ent R egulations!

Since their inception in 1884, AOAC 
methods have been accorded preferred 
status in the courts and are often 
referred to in national, state, and 
provincial regulations and governmental 
and commercial specifications.

Be Confident You’re U sing the Best, 
M ost Current M ethods A vailable

As analytical needs change and as 
knowledge and techniques advance, new 
and revised methods are continually 
being validated by AOAC. Between

editions, these are published in annual 
supplements which are sent, at no 
additional cost to purchasers of the 
most recent edition.

Thus, AOAC’s OFFICIAL METHODS OF 
ANALYSIS not only brings you up to 
date, it keeps you there!

CONTENTS
Volume I —Agricultural Chemicals, 
Contaminants, Drugs

Agricultural Liming M aterials
Fertilizers
Plants
Feeds
Drugs in Feeds 
D isinfectants 
Pesticide Form ulations 
Hazardous Substances 
Metals & O ther E lem ents 
Pesticide & Industria l Chemicals 
Waters; Salt 
M icrochemical Methods 
Radioactivity
V eterinary Analytical Toxicology 
Cosm etics
E xtraneous M aterials 
Microbiological M ethods 
Drugs
Drug & Feed Additives in Animal T issues 
Forensic Methods

Volume II —Food Composition
Baking Chemicals 
Distilled Liquors 
Malt Beverages 
Wines
Nonalcoholic Beverages
Coffee & Tea
Cacao Bean
Cereal Foods
Dairy Products
Eggs & Egg Products
Fish & O ther M arine Products
Flavors
Fruits & Fru it Products 
Gelatin, D essert Preparations 
Meat & Meat Products 
Nuts & Nut Products 
Oils & Fats 
Vegetable Products 
Spices & O ther Condim ents 
Sugars & Sugar Products 
V itam ins 
Color Additives
Food Additives, D irect & Indirect 
N atural Poisons

In Volumes I & II:

Appendixes; Standard Solutions and 
Certified Reference Materials, Laboratory 
Safety, Reference Tables. Subject and 
Method Number Indexes.

AOAC—For over 100 years, the mission 
of the Association of Official Analytical 
Chemists has been to provide the ana
lytical science community with fully 
validated standard methods for the 
chemical and biological analysis of foods, 
drugs, cosmetics, pesticides, fertilizers, 
feeds, hazardous substances, air, water, 
soil, and any other products and sub
stances affecting the public health 
and safety, the economic protection of 
the consumer, or the quality of the 
environment.

1200 Pages. 1990. 2 Volumes. Hard
bound. 185 illus, ISBN 0-935584-42-0.
Binders for supplements are shipped 
with the first supplement. $281.00 in con
tinental North America (USA, Canada, 
Mexico). $312.00 outside continental 
North America. Members; subtract 10% 
discount. Includes 5 annual supplements 
plus a looseleaf binder for their storage.

To obtain your copy of OFFICIAL METHODS 
OF ANALYSIS, send your order with the 
following: your name and address, a check 
or Mastercard, VISA, or Diners credit card 
information (name of card, card number, and 
expiration date) and your signature to

A i m

AOAC
I N T E R N A T I O N A L

at AOAC-J, 1970 Chain Bridge Road, 
Dept. 0742, McLean, VA 22109-0742 
(703) 522-3032, FAX (703) 522-5468

All orders must be prepaid. Please make checks pay
able to AOAC, U.S. funds on U.S. banks only. Credit 
card orders may be placed by mail, telephone, or FAX.
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Meetings

J u ly  2 2 - 2 3 ,  1 9 9 3 : Fifth International 
Symposium on the Harmonization of In
ternal Quality Assurance Schemes for 
Analytical Laboratories, Washington, DC. 
Contact: George Heavner. AOAC, 2200 
Wilson Blvd, Suite 400, Arlington, VA 
22201-3301, telephone 703/522-3032.

J u ly  2 4 - 3 0 ,  1 9 9 3 : AOAC Short 
Courses, Washington. DC. Topics: QA, 
Microbiological QA, Lab Waste. How 
to Testify as Expert Witness, Statistics, 
Improving Technical Writing Skills, Lab 
Info Management Systems (A2LA), Ac
creditation vs Registration (A2LA). 
Contact: Carol Rouse, AOAC, 2200 
Wilson Blvd, Suite 400, Arlington, VA 
22201-3301, telephone 703/522-3032.

J u ly  2 5 - 2 9 ,  1 9 9 3 : 107th AOAC In
ternational Annual Meeting and Exposi
tion, Washington, DC. Contact: Mar
garet Ridgell, AOAC, 2200 Wilson 
Blvd. Suite 400. Arlington, VA 22201- 
3301. telephone 703/522-3032.

S e p t e m b e r  1 3 - 1 4 ,  1 9 9 3 :  AOAC 
Central Europe Section Meeting, Pra
gue, Czechoslovakia. Contact: Mar- 
greet Lauwaars, PO Box 153,6720 AD, 
Bennekom, The Netherlands, telephone 
31 8389 18725.

S e p t e m b e r  2 2 - 2 4 ,  1 9 9 3 :  First Inter
national Food Data Base Conference 
Sidney, Australia. Contact: Professor 
Heather Greenfield. Department of 
Food Science and Technology, Univer
sity of New South Wales, PO Box 1, 
Kensington 2033, Australia, telephone 
+61-2-697-4363.

S e p t e m b e r  2 6 - O c t o b e r  1, 1 9 9 3 :  15th 
International Nutrition Conference. 
Adelaide, Australia. Contact: Congress 
Secretariat, CSIRO Division of Human 
Nutrition, PO Box 10041, Gouger St, 
Adelaide 5000, South Australia, Austra
lia, telephone +61-8-224-1800.

O c t o b e r  4 - 9 .  1 9 9 3 :  AOAC Short 
Courses, Manhattan Beach, CA. Topics: 
QA, Microbiological QA, Statistics, 
Lab Waste, How to Testify as Expert 
Witness, Lead Abatement (A2LA), How

to Design & Develop Quality Manual 
(A2LA). Achieving Accreditation 
(A2LA), Lab Occup. Safety & Health 
(A2LA). Lab Equipment Calibration 
(A2LA), NATALead Assessor (A2LA), 
Statistical Measurement Control 
(A2LA). Contact: Carol Rouse, AOAC, 
2200 Wilson Blvd, Suite 400, Arlington, 
VA 22201-3301, telephone 703/522- 
3032.

N o v e m b e r  3 - 5 ,  1 9 9 3 :  AOAC Central 
Section Meeting, West Lafayette, IN. 
Contact: Hussein S. Ragheb, Purdue 
University, Department of Biochemis
try, West Lafayette, IN 47904, telephone 
317/494-1572.

F e b r u a r y  2 - 3 ,  1 9 9 4 :  AOAC South
east USA Section Meeting, Atlanta. GA. 
Contact: Doug Hite, Technical Services, 
PO Box 40627 Melrose Station, Nash
ville. TN 37204, telephone 615/360- 
0317.

A p r i l  1 7 - 2 1 ,  1 9 9 4 :  Sixth Interna
tional Symposium on Biological and 
Environmental Reference Materials 
(BERM-6), Kona. HI. Contact: Wayne 
R. Wolf, U.S. Department of Agricul
ture, Nutrient Composition Laboratory, 
Beltsville, MD 20705, telephone 
301/504-8927.

International Update

Over the last decade or so, the use of 
computers and computer-based systems 
has enveloped large segments of the 
analytical process. This trend has pre
sented the analyst with new problems 
and challenges, according to A. Vilu- 
mara. Laboratorio Dr. Esteve, Bar
celona. Spain.

Speaking at the third international 
symposium organized by AOAC 
Europe, “Good Automated Laboratory 
Practice Ensuring the Quality of Ana
lytical Data.” March 29-30, 1993, in 
Sitges, Spain, he explained that now, in 
addition to generating analytical data, 
analysts must also ensure the validity of 
their data. His paper gave an overview 
of the measures to take for doing this,

from the receipt of the sample in the 
laboratory to the issue of the final report. 
Specific areas of data quality assurance 
were developed in detail by other sym
posium speakers.

When automatic or computing sys
tems are employed in the analytical 
process, their use should be in accord
ance with the laboratory's standard op
erating procedures. Ensuring the quality 
of data necessitates certain measures 
and precautions when the data is being 
generated, captured, evaluated, secured, 
and stored.

At the data generation stage, the 
source and identity of the sample, the 
analyst and date of analysis, and the QC 
records, etc., should be properly docu
mented and recorded.

Data capture may be manual or auto
matic. With automatically recorded sys
tems, the time and date of entry of the 
data is important. Therefore, if correc
tions are required at a later stage, they 
will be both recognizable and traceable. 
Manual recording should be treated in a 
similar fashion and should be 
clearly legible.

When evaluating data and recording 
results, the laboratory may need to clar
ify what, when, and by whom the data 
may be corrected.

With the storage and security of data, 
only authorized persons should have ac
cess to the system and, in case of a sys
tem failure, a backup is required.

A paper presented by E. Ziegler, Max 
Plank Institut fur Kohlenforschung, 
Mulheim. Germany, outlined possible 
sources of corruption at the data capture 
stage, and a data system used at the Max 
Plank Institut fur Kohlenforschung was 
described. This chromatographic system 
consists of a microcomputer satellite for 
data acquisition and a multi-user host 
computer for data storage. COLACH- 
ROM software is used for evaluation.

“Reference Materials" for statistical 
software are under development at the 
Laboratory of the Government Chemist, 
UK, for validation of analytical instru
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mentation. These data sets, according to
S. Ellison. Laboratory of the Govern
ment Chemist, Teddington, UK. have 
very carefully controlled properties, 
with which the accuracy of basic statis
tical procedures, such as calculations of 
means, standard deviations, and linear 
regression, can be checked. Using such 
sets, software can be tested, and analysts 
can determine if the best possible results 
are being obtained.

The validation of instrumentation 
was subjected to an in depth evaluation, 
both from the viewpoint of the manufac
turer and user. Instrument manufacturers 
are conscious of the changing require
ments of their customers. These require
ments are largely driven by the con
straints of GLP. ISO 9(XX). accreditation, 
etc. Manufacturers are adapting to meet 
this changing need, but as individual 
pieces of laboratory instrumentation are 
used for a variety of tasks, the manufac
turer cannot supply a "validated instru
ment." Validation of the complete ana
lytical process is. therefore, the 
responsibility of the user.

Two speakers illustrated the practical 
aspects of the symposium's theme by 
demonstrating how they approach the data 
quality issue in their respective work situ
ations. C. Bachmann. Centre Hopitalier 
Universitaire Vaudois. Lausanne. Switzer
land. provided an example that involved 
automatic analysis in a hospital environ
ment in which "just in time" analysis and 
the interpretation of analytical data was 
emphasized. The day-to-day analytical 
variability of the hospital's automated sys
tem is incorporated into the analytical re
port enabling medical teams to interpret 
the data in a meaningful fashion and to ac
curately monitor both the patient's condi
tion and response to treatment, he ex
plained.

The second example provided by S. 
Piepponen, Technical Research Centre of 
Finland. Espoo. Finland, involved the 
ICP-AES automatic analysis of metals in 
hydrocarbon oil samples. This presenta

tion centered around the QC of the auto
mated system and the measures to take 
for ensuring the quality of data.

Next. Dr. Dirscherol of the European 
Communities. Division DG XII C-5. 
spoke about research and development 
programs aimed at improving the quality 
of measurement within the Community. 
Community research and development is 
carried out under the umbrella of the 
Framework Programs. The third program 
will terminate at the end of 1994, and the 
fourth program is scheduled to commence 
at the beginning of 1994 and to run for 
4 years.

The measurement and testing part of 
the program is currently active in the bio
logical. chemical, metrological, and 
physical fields. The measurement and test
ing program for 1994-1998 will be cen
tered around: improving the competitive 
position of European industry: technically 
supporting the development and applica
tion of European Community policy (di
rectives and regulations): undertaking pre- 
normative research in support of European 
Community policy and measurements re
lated to the needs of society in areas of 
health, safety, and trade: and providing an 
infrastructure that will ensure comparabil
ity and traceability in all areas of European 
Community measurement and testing.

The final paper gave a glimpse into 
the year 2CXX). In the future, according to
W. Wegscheider, Technische Universität 
Graz, Austria, analysis will be more bio
logically orientated, more automated, 
and limits of detection will decrease: im
provements in "on-line" equipment and 
enhanced versatility will mean that 
much routine analysis currently carried 
out in a central facility will be performed 
on site: improved communications be
tween the user of analytical results and 
the generator of analytical data, coupled 
to a more realistic approach to the im
portance of sampling and the purpose 
for which the analysis was requested, 
should lead to a reduction in sample 
throughput: and an increasing emphasis

on traceability in measurement will 
place more relevancy on the purpose for 
w hich the measurement is being carried 
out.

AOAC Board Approves 
Formation of Technical Division 
on Reference Materials

The AOAC Board of Directors, at its 
March 23, 1993, meeting, approved a 
petition to form an AOAC Technical Di
vision on Reference Materials. The Di
vision evolved to address AOAC I n t e r 

n a t i o n a l ’s  expanded mission statement 
"to promote quality measurements and 
method validation in the analytical sci
ences."

The issue of data reproducibility has 
been the previous focus of the AOAC 
Official Method Program. An expanded 
scope to make statements of accuracy on 
AOAC methods requires one very im
portant extra step— independent verifi
cation of the accuracy of measurements 
generated by the method. Accuracy of 
an analytical method must be verified at 
three separate points:

— When the method is first devel
oped and collaboratively validated. Can 
it generate the correct (accurate) num
ber?

— When the method is implemented 
in a different laboratory (after becoming 
an AOAC Official Method). Can it gen
erate the correct (accurate) number un
der different use conditions or by a dif
ferent analyst?

— When the method is used rou
tinely. Can it generate the correct (accu
rate) number each time it is used?

The petition outlined goals for the 
new division as follows:

■ Promote policy changes to incor
porate reference materials in AOAC 
methods.

■ Identify and facilitate availability 
of reference materials needed.
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■ Plan and conduct educational ac
tivities on use of reference materials 
in AO AC.

■ Provide p<x)l/net\vork7resource of 
experts in reference material areas.

Two specific proposed projects al
ready under way include setting up a 
mechanism to provide appropriate refer
ence materials for collaborative studies 
and routine use of validated methods for 
analytical measurements in response to 
the U.S. Nutrition Labeling and Educa
tion Act; and planning and organizing 
the international symposium series on 
Biological and Environmental Refer
ence Materials (BERM). BERM-6 is 
planned for April 17-21, 1994. in 
Kona. HI.

Interim Executive Committee mem
bers. serving until annual elections dur
ing the AOAC I n t e r n a t io n a l  annual 
meeting in July, are:

Chairman: Wayne R. Wolf. Nutrient 
Composition Laboratory, U.S. Depart
ment of Agriculture, 10300 Baltimore

Ave. Beltsville. MD 20705-2350: tele
phone + 1 (301) 504-8927, fax +1 
(301)504-8314

Vice Chairman: James T. Tanner. Of
fice of Special Nutritionals. U.S. Food 
and Drug Administration. 2(X) C St. SW. 
Washington, DC 20204: telephone +1 
(202) 205-5364. fax +1 (202) 205-4594 

Secretary: Jonathan DeVries. Gen
eral Mills, Inc., 9000 Plymouth Ave, 
Minneapolis, MN 55427; telephone +1 
(612) 540-2774, fax +1 (612) 540-7487 

Treasurer: Sung Soo Lee, Kellogg 
Co., 235 Porter St, PO Box 3423, Battle 
Creek, MI 49016; telephone +1 (616) 
961-2823. fax +1 (616)961-3290 

Member at Large: Norman Fraley, 
Armour Swift Eckrich. Express Ana
lytic, 3131 Woodcreek Dr. Downers 
Grove. IL 60515: telephone +1 (708) 
512-1013. fax +1 (708) 512-1062 
or 512-1125

Member at Large: Philip Oles. Lan
caster Laboratories, Inc.. 2425 New 
Holland Pike. Lancaster. PA 17601 : tele

phone +1 (717) 656-2301, fax +1 
(717)656-2681

Member at Large: Darryl Sullivan, 
Hazleton Laboratories. PO Box 7545, 
Madison. W I53707: telephone + 1 (608) 
241-4471. fax +1 (608)241-7227

Anyone interested in obtaining more 
information about the technical division 
may contact any of the executive com
mittee or AOAC Technical Services.

New JAOAC Co-Editors Increase 
Journal’s Specialization

To ensure the timeliness and quality of 
the reviews of papers submitted tc the 
Journal o f AOAC International, the 
AOAC Editorial Board recently voted to 
install two new section editors, increas
ing from six to eight the Journal’s total 
number of co-editors. Appointed were 
George W. Latimer. Jr. Texas State 
Chemist, and George J. Jackson, from 
FDA's Office of Special Research Skills,

COMING IN THE NEXT ISSUE

CHEMICAL CONTAMINANTS MONITORING
■  Survey of Benzene in Foods, Using Headspace Concentration Technique and Capillary Gas Chromatography — T.P. McNeal,
P.J. Nyman, G.W. Diachenko, and H.C. Hollifield

MICROBIOLOGICAL METHODS
■  Substrate Supporting Disc Method for Confirmed Detection of Total Coliforms and E. coli in all Foods: Collaborative Study —
P.T. Feldsine. M.T. Falbo-Nelson. and D.L. Hustead

U.S. Food and Drug Administration Pesticide Program: Residues in Foods — 1992

Final Report: AOAC International Task Force on Methods for Nutrition Labeling to Official Methods Board
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to the new sections on statistical analysis 
and food biological contaminants, re
spectively.

George Latimer, whose interest in 
statistics sterns from chemometrics, has 
for many years served as a guest editor 
for Journal papers on method perform
ance characteristics, statistical sampling 
approaches, and analytical use of linear 
regression, pattern recognition analysis, 
and diagnostic data evaluation. Latimer 
also serves as a member of the AAPFCO 
(Association of American Plant Food 
Control Officials) Board of Directors, is 
a member of the Magruder and AAFCO 
(American Association of Feed Control 
Officials) Check Sample Program Com
mittees and a member of the AO AC Meth
ods Committee on Feeds, Fertilizers, and 
Related Topics. He has also served as a 
AO AC General Referee for Feeds.

In addition to his interest in analytical 
methods. Latimer has concentrated in 
recent years on methods of sampling 
feeds and fertilizers and just finished a 
collaborative study that qualifies the 
Texas Tube as an AOAC Official 
Method for sampling fluid fertilizers.

George Jackson, trained as a micro
biologist, has been active in scientific 
editing since working as a postdoctoral 
fellow and then faculty member in New 
York at Rockefeller University, where 
he served as an author and senior editor 
for a two-volume book on immunity to 
parasites. For 11 years, he was chief edi
tor of the journal, E x p e r im e n ta l  P a r a s i 

to lo g y ,  and has been scientific editor of 
the sixth and seventh editions of F D A 's  

B a c te r io lo g ic a l  A n a ly tic a l  M a n u a l,  

published by AOAC.
At FDA's food center since 1972, 

Jackson became chief of the Food 
Microbiology Methods Development 
Branch (1981-1992). and is currently in 
the Office of Special Research Skills as 
assistant to the director. He is also on the 
U.S. delegation to the Codex Alimen- 
tarius Committee on Food Hygiene and

has been a consultant for two United Na
tions Organizations (WHO and FAO). 
He is FDA’s microbiology liaison with 
the International Organization for 
Standardization.

Overall, Latimer and Jackson will 
complement the work of the current six 
section editors: Rodney J. Noel (Agri
cultural Materials); Joseph Westheimer 
(Drugs, Cosmetics, Forensic Sciences); 
Albert E. Pohland (Food Chemical Con
taminants); Joseph Sherma (Residues 
and Trace Elements); James F. 
Lawrence (Food Composition and Ad
ditives); and James D. MacNeil (Chemi
cal Contaminants Monitoring). Section 
editors are responsible for the peer re
view of all manuscripts in their desig
nated section.

Methods Adopted First Action

As directed by the Board of Directors, the 
Official Methods Board is responsible for 
consideration of methods for first action 
approval. The following methods were 
adopted first action at the Official Meth
ods Board meeting January 28-30, 1993 
in Orlando, FL. and became official at that 
time. These methods will be published in 
the fifth supplement (1994) to the 15th 
edition (1990) of O ffic ia l M e th o d s  o f  

A n a lysis .

P e s t ic id e  F o rm u la tio n s a n d
D is in fe c ta n ts

Phosphamidon in Technical and For
mulated Products, Liquid Chroma
tographic Method

Bentazon in Pesticide Formulations, 
Liquid Chromatographic Method

A d d itiv e s , B e v e r a g e s ,  a n d  F o o d  
P r o c e s s  R e la te d  A n a ly te s

Nitrate in Baby Food, Spectro- 
photometric Method

Ethyl Carbamate (Urethane) 
in Distilled Spirits, Gas Chroma

tographic/Thermal Energy Analyzer 
Method

C o m m o d ity  F o o d s  a n d  P ro d u c ts

i.-Malic/Total Malic Acid Ratio 
in Apple Juice. Liquid Chromatographic, 
Enzymatic Methods

M ic ro b io lo g y  a n d  E x tr a n e o u s  
M a te r ia ls

S ta p h y lo c o c c a l  E n te ro to x in s  in 
Foods, Polyvalent Enzyme Immunoas
say Method (TECRA SET)

S a lm o n e lla  from Cocoa and Choco
late, Motility Enrichment on Modified 
Semi-Solid Rappaport-Vassiliadis Me
dium

S a lm o n e lla  in Foods, Colorimetric 
Monoclonal Enzyme Immunoassay 
Method (S a lm o n e lla -Tek)

L is te r ia  in Dairy Products. Seafood, 
and Meats. DNA Hybridization Method 
(GENE-TRAK L is te r ia )

C lo s tr id iu m  p e r f r in g e n s  from Sea
food, Iron Milk Method

Bacteria Counts in Raw and Pasteur
ized Milk. Reflectance Colorimetric 
Method (Omnispec)

L is te r ia  m o n o c y to g e n e s  in Milk and 
Daily Products, Selective Enrichment 
and Isolation Method (IDF-AOAC 
Method)

Somatic Cells in Milk. Optical So
matic Cell Counting Method (Fosso- 
matic) (Modification of 97826)

F e e d s ,  F e r tilize rs , a n d  R e la t e d  
T o p ic s

Nitrogen (Total) in Fertilizers. Com
bustion Method

E n v iro n m e n ta l Q u a lity

1,2-Dibromoethane (EDB) and 1-2- 
Dibromo-3-Chloropropane (DBCP) in 
Water. Microextraction-Gas Chroma
tographic Method

Trace Elements in Waters and Waste- 
waters, Inductively Coupled Plasma- 
Mass Spectrometric Method
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Books in Brief

Silica Gel and Bonded Phases: Their 
Production, Properties, and Use in LC.
By Raymond RW. Scott. Published by 
John Wiley & Sons. Inc., 1 Wiley Dr. 
Somerset, NJ 08875-1272, 1993. 261 
pp. Price: $64.95. ISBN 00471 -93985-4.

Analytical techniques based on separa
tion processes, such as chromatography 
and electrophoresis, are finding a grow
ing range of applications in chemical, 
biochemical, and clinical laboratories. 
The aim of this series is to provide the 
analyst in these laboratories with well 
focused books covering individual tech
niques and important aspects of the tech
niques, so that they can be applied more 
efficiently and effectively to contempo
rary analytical problems. Silica gel is 
probably the most important single sub
stance involved in modem chromatog
raphy. This book deals comprehensively 
with the subject of silica gel from the 
perspective of both the analyst and chro- 
matographer. It aims to provide the 
reader with a basic understanding of the 
physical and chemical properties of sil
ica gel and bonded phases and how 
those properties impact on the quality of 
the separations that are achieved by 
them.

Gas Mixtures: Preparation and Con
trol. By Gary O. Nelson. Published by Le
wis Publishers. 2000 Corporate Blvd, 
NW, Boca Raton, FL 33431.1992.304 pp. 
Price: U.S.: $65.00. Outside U.S.: $78.00. 
ISBN 0-87371-298-6.
G a s M ixtures: P re p a ra tio n  a n d  C o n tro l  

provides practical suggestions and calcu
lations for producing multicomponent test 
gas atmospheres. General topics ad
dressed include sorbent evaluation, meth
ods development, dosimeter testing, in
strument calibration. atmospheric 
simulation, and gas analysis. Learn the 
tricks of the trade for producing gas mix
tures over a wide range of concentrations 
using even the most difficult-to-handle 
materials.

Reagent Chemicals, Eighth Edition.
Published by the American Chemical 
Society. 1155 16th St. NW. Washington. 
DC 20036, 1992. 815 pp. Price: 
$149.95. ISBN 0-8412-2502-8.

R e a g e n t C h e m ic a ls  is the only resource 
of its kind that provides specifications 
and analytical procedures to assure the 
quality of your chemicals. ACS speci
fied reagent chemicals are the choice of 
most organizations such as APHA. 
ASTM, FCC, SEMI. USP, etc., and 
many regulatory agencies, such as the 
EPA. ACS reagent specifications for sol
vents using analytical methods on EPA 
protocols are the only specifications that 
will meet the strict criteria for use in en
vironmental analysis. Improved and ex
panded. the eighth edition of this 
authoritative reference now comes in a 
user-friendly format that makes look-up 
quick and easy.

EPA-Speak: The Interpharm Glos
sary of EPA Acronyms and Regula
tory Terms. Edited by Dean E. Snyder. 
Published by Interpharm Press, 1358 
Busch Parkway, Buffalo Grove, IL 
60089, 1993.631 pp. Price: 141.00.

This new reference is an invaluable 
guide to all terms, phrases, and terminol
ogy defined in EPA regulations together 
with other technical and general terms 
used in the world of environmental af
fairs. It includes definitions and expla
nations of more than 3500 environ
mental terms. Each EPA term contains 
its citation to the C o d e  o f  F e d e r a l  R e g u 

la tio n s , providing instant look-up capa
bility. Official EPA definitions are used 
in those terms that are defined in the 
CFR. The Clean Air Act. Clean Water 
Act, Safe Drinking Water Act, Super
fund, and TSCA regulations are all cov
ered. End-of-text appendixes include an 
extensive list of acronyms and abbrevia
tions related to the environment.

Chromatography in Biotechnology.
Edited by Csaba Horvath and Leslie S. 
Ettre. Published by the American 
Chemical Society, 1155 16th St, NW. 
Washington. DC 20036. 1993. 180 pp. 
Price: $49.95. ISBN 0-8412-2669-5.

This book provides the most up-to-date 
compilation of significant research on 
preparative liquid chromatography used 
for the separation of biomolecules and 
proteins. It presents recent advances in 
LC techniques for the isolation and pu
rification of bioproducts in the labora
tory and manufacturing plant. It dis
cusses novel approaches to the prepar- 
ative/process chromatography of com
plex carbohydrate and glycoconjugates. 
It also describes recent advances in col
umn materials.

CRC Handbook of Organic Analyti
cal Reagents, Second Edition. By Kei- 
hei Ueno, Toshiaki Imamura, and K.L. 
Cheng. Published by CRC Press, Inc., 
2000 Corporate Blvd. NW. Boca Raton, 
FL 33431, 1992. 534 pp. Price: U.S.: 
$159.00. Outside U.S.: $189.00. ISBN 
0-8493-4287-2.
The H a n d b o o k  o f  O rg a n ic  A n a ly tic a l  

R e g en ts , S e c o n d  E d itio n , is an indispen
sable source book of physico-chemical 
properties, preparation, and analytical 
applications of the most commonly used 
organic reagents. Updated from the first 
edition, this volume includes data on 40 
new reagents, such as ultra-high sensi
tive azo dyes, fluorescent calcium indi
cators, and chromogenic crown ethers 
and poiphyrin reagents, a new Reagent 
Index listing reagents according to the 
elements to be assayed, and completed 
updated references. Each entry contains 
information on synonyms, sources of 
methods of synthesis, analytical applica
tions, complexation reactions and the 
properties of complexes, purification 
and purity of the reagent, and other re
agents with a related structure.
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CHEMICAL CONTAMINANTS MONITORING

Total Organochlorine Content of Fish from the Great Lakes

W. H a r v e y  N e w s o m e , P a u l  A n d r e w s , and H e n r y  B.S. C o n a c h e r

H e a lth  a n d  W elfa re  C a n a d a , B u re a u  o f  C h e m ic a l S a fe ty , F o o d  R e se a rc h  D iv is io n , O tta w a , O N , K 1 A  0 L 2 , C a n a d a  
R.R. Rao and A. C h a t t

D a lh o u s ie  U n iv e rs ity , D e p a r tm e n t o f  C h e m is try , T rac e  A n a ly s is  R e se a rc h  C e n tre , H a lifa x , N S , B 3 H  4 J3 , C a n a d a

Residues of polychlorinated biphenyls (PCBs) and 
organochlorine pesticides were determined in sev
eral species of commercial fish from the Great 
Lakes and compared to the total organic chlorine 
determined by neutron activation analysis. The 
mean organochlorine contents ranged from 44 to 
138 ppm (lipid basis) and were 5 to 72 times higher 
than the contents of PCBs and organochlorine pes
ticides. Marine fish also contained a large propor
tion of unidentified organic chlorine. The unknown 
material in the Great Lakes fish was found to chro
matograph with the high molecular weight lipid 
fraction by gel permeation chromatography.

S e v era l re p o rts  in d ic a te d  th a t th e  to ta l o rg an ic  ch lo rin e  in 
fish , w ater, a n d  se d im e n t e x c e e d e d  th e  to ta l k n o w n  p o ly 
ch lo rin a te d  b ip h en y ls  (P C B s), ch lo rin a te d  p es tic id es  

(O C s) su ch  as D D T s, ch lo rd an e , an d  to x ap h en e , an d  o th e r  o r
g a n o ch lo rin e  c o m p o u n d s . T h u s , L u n d e  a n d  c o w o rk e rs  (1 -3 )  
an d  H a k an sso n  e t al. (4 ) d e te rm in e d  b y  n e u tro n  ac tiv a tio n  
a n a ly s is  (N A A ) th a t th e  to ta l o rg an ic  ch lo rin e  in  oil fro m  m a 
r in e  f ish  w as  > 1 0  tim e s  th e  c o n te n t o f  P C B s o r D D T s d e te r
m in e d  b y  g as  c h ro m a to g ra p h y  (G C ). O fs ta d  an d  M a rtin se n  (5) 
e x te n d ed  th ese  f in d in g s  to  sea ls  f ro m  N o rw e g ia n  c o as ta l w a 
ters . N o rs tro m  e t al. (6 ) re p o rte d  th a t so m e  sam p le s  o f  h e rrin g  
g u ll eg g s fro m  L ak e  O n ta rio  c o n ta in ed  2 - 4  tim es  as m u c h  o r
g an ic  ch lo rin e  as c o u ld  b e  a cc o u n te d  fo r  b y  k n o w n  c o m 
p o u n d s. M a rin e  fish  fro m  Ja p a n  w ere  fo u n d  to  c o n ta in  an  av 
e rag e  o f  21 p p m  o rg an ic  c h lo rin e  on  a  lip id  b a sis , 8 3 -9 8 %  o f  
w h ich  w as  u n id en tif ia b le  a s  k n o w n  co m p o u n d s  (7).

S u rface  w a te r  f ro m  v a rio u s  lo ca tio n s  in  S w ed en  h as  a lso  
b een  fo u n d  to  c o n ta in  o rg a n ic  c h lo rin e  th a t c o u ld  no t b e  a ttr ib 
u ted  to  in d u str ia l e fflu en ts  (8). A sp lu n d  a n d  G rim v a ll (9 ) su m 
m arize d  d a ta  in d ic a tin g  th a t su rface  w a te r  fro m  a reas re m o te  
fro m  in d u stria l a c tiv ity  co n ta in s  c o n s id e ra b le  o rg an ic  ch lo rin e . 
T h ese  au th o rs  re la te  th e  o rg an ic  ch lo rin e  to  th e  o c cu rre n ce  o f  
h u m ic  m atte r, an d  su g g e st th a t th e  u n k n o w n  m ate ria l m a y  be 
o f  n a tu ra l o rig in . W h e th e r  the  o rg an ic  c h lo rin e  in f ish  lip id  
a rises  f ro m  th a t p re se n t in  w a te r  re m a in s  to  be  d em o n s tra ted , 
b u t it c o u ld  a rise  v ia  a  m e c h a n ism  s im ila r  to  th a t d e sc rib e d  fo r 
the  p ro d u c tio n  o f  c h lo ro v e ra tro ls  f ro m  h ig h  m o le c u la r  w e ig h t
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c h lo rin a te d  lign in  (10). B y  th is  m ec h an ism , h ig h  m o le c u la r  
w e ig h t c h lo rin a te d  lig n in  is d e g ra d e d  m ic ro b ia lly  to  c h lo r in 
a ted  g u a ia co ls , w h ich  a re  in  tu rn  O -m e th y la te d  to  v e ra tro les , 
w h ic h  a re  th en  a cc u m u la te d  in  fish  tissue.

T h e  p re sen t s tu d y  w a s  in itia te d  to  d e te rm in e  th e  m ass b a l
an ce  o f  o rg an ic  c h lo rin e  in  th e  ed ib le  p o rtio n  o f  f ish  fro m  the 
G re a t L ak e s  an d  th e reb y  o b ta in  a n  in d ic a tio n  o f  th e  p o ten tia l 
fo r  h u m an  e x p o su re  to  th ese  u n id en tif ie d  c o m p o u n d s .

Experimental

M a te r ia ls

A ll so lv en ts  w e re  g la s s -d is tilled  an d  w e re  te s te d  fo r  c o n 
tam in an ts  b y  G C  w ith  e lec tro n  cap tu re  d e te c tio n  a fte r  a  300- 
fo ld  co n ce n tra tio n . F lo risil a n d  so d iu m  su lfa te  w e re  p u rif ied  
an d  a c tiv a ted  acco rd in g  to  the  p ro c ed u re  o f  M e s  (11). P estic id e  
s tan d ard s  w e re  g ifts  fro m  th e  U .S . E n v iro n m e n ta l P ro tec tio n  
A g en cy . C h lo r in a ted  b e n ze n es  a n d  P C B  co n g en e rs  w e re  p u r
c h ased  e ith e r  f ro m  U ltra  S c ien tific  (H o p e , R I)  o r  f ro m  W ellin g 
to n  L ab o ra to rie s  (G u e lp h , O N , C an ad a).

T h e  s tan d ard  re fe re n ce  m ate ria ls  (S R M s) u se d  fo r N A A  
w e re  p u rc h ase d  fro m  the  U .S . N a tio n a l In s titu te  o f  S tan d ard s  
and  T ech n o lo g y  (N IS T ).

S a m p lin g

F ish  sam p le s w e re  o b ta in e d  fro m  c o m m e rc ia l p ro c ess in g  
p lan ts  b y  the  In sp e c tio n  B ran ch , F ish e ries  a n d  O c ea n s  C an ad a . 
T h e y  c o n sis ted  o f  fille ts  f ro m  2 - 1 0  fish  a n d  w ere  s to red  fro ze n  
a t -2 0 X 1  b e fo re  co m p o s itin g . C o m p o s ite s  w e re  p re p a re d  b y  
p a rtia lly  th aw in g  the  fille t, re m o v in g  a n y  sk in , a n d  m in c in g  
e n o u g h  su b sam p le  in a  sc rew -ty p e  m ea t g r in d e r  to  p ro v id e  a p 
p ro x im a te ly  5 0 0  g  tissue . T h e  sp ec ie s , n u m b er, a n d  lak e  o f  o ri
g in  o f  th e  sam p le s  w e re  as fo llo w s: b a ss , 2  (E rie ); b u llh e a d , 4  
(O n ta rio ); carp , 2  (O n ta rio ); e e l, 3 (O n ta rio ); h e rrin g , 8 (S u p e 
rio r); m en o m in ee , 7 (S u p e rio r); p e rch , 7  (E rie ), 4  (O n ta rio ); 
p ick e re l, 2  (E rie ); sm elt, 2  (E rie ); tro u t, 2  (E rie ), 1 (O n ta rio ), 15 
(S u p e rio r); w h ite fish , 2  (E rie ), 6  (S u p e rio r). T o co m p a re  fish  
fro m  a  re la tiv e ly  c o n ta m in a te d  so u rce , 6  sam p le s  o f  c a rp  w ere  
o b ta in e d  fro m  a f ish e ry  c lo sed  to  c o m m e rc ia l o p era tio n . M a 
r in e  f ish  w e re  p u rc h ase d  fro m  a  lo ca l f ish  m arket.

E x tra c tio n

M in c e d  fish  f ille t (2 0  ±  0 .5  g ) w as  p lac ed  in  a  2 5 0  m L  c e n 
tr ifu g e  b o ttle  an d  e x tra c te d  b y  m ix in g  3 m in  in  a  P o ly tro n  ho -
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m o g e n iz e r  w ith  150 m L  a c e to n e -h e x a n e  (2  +  1). T h e  so lid s 
w e re  se d im e n ted  b y  c en trifu g a tio n  an d  th e  su p e rn a tan t w as d e 
c an ted  in to  a  2 5 0  m L  ro u n d -b o tto m  flask . T h e  so lid s  w e re  re 
e x tra c te d  b y  m ix in g  w ith  75 m L  h ex an e  on  th e  P o ly  tron. A fte r  
c en trifu g a tio n , th e  su p e rn a tan ts  w ere  c o m b in e d  an d  the  vo l
u m e  w a s re d u ce d  to  c a  25 m L  o n  a ro tary  ev ap o ra to r. T h e  c o n 
c en tra te  w as tran s fe rre d  to  a  2 5 0  m L  sep a ra to ry  fu n n e l w ith  
100 m L  h e x an e , a n d  the  o rg an ic  la y e r  w as p a rtitio n e d  ag a in st 
5 0  m L  d e io n iz ed  w ater. T h e  h e x an e  lay e r w as d ried  b y  p assag e  
th ro u g h  a  b ed  o f  an h y d ro u s  N a 2S 0 4 in  a  75 m m  g lass  fu n n e l, 
re d u c e d  to  c a  2  m L  o n  a  ro ta ry  ev ap o ra to r, an d  tran sfe rre d  to  a 
g ra d u a ted  c en trifu g e  tube. T h e  so lu tio n  w as  d ilu te d  to  10.0 m L  
w ith  h ex an e , a n d  a  1.0 m L  a liq u o t w as ta k e n  fo r d e te rm in a tio n  
o f  e x tra c ta b le  lip id .

E x tra c ta b le  lip id  w as  d e te rm in e d  b y  le ttin g  the  a liq u o t 
e v ap o ra te  in a  ta red  5 m L  v ia l in the  fu m e  h o o d  u n til co n stan t 
w e ig h t w a s  a tta in ed , u su a lly  24  h. A fte r  th e  w e ig h t w a s  re 
c o rd ed , 2 .0  m L  iso o c ta n e  w a s  add ed , an d  th e  vial w as cap p e d  
w ith  a P I  E E -lin ed  silico n  ru b b e r  sep tu m  p e n d in g  ch lo rin e  d e 
te rm in a tio n  by  N A A .

F ra c tio n a tio n

L ip id  w as re m o v e d  fro m  e x tra c ts  by  gel p e rm e a tio n  c h ro 
m a to g rap h y  on  an  A B C  A u to p re p  (A n a ly tica l B io -C h em istry  
L ab o ra to rie s  Inc ., C o lu m b ia , M O ) fitted  w ith  a  25  x  6 0 0  m m  
c o lu m n  co n ta in in g  6 0  g  B io -B ead s  S X - 3 ,2 0 0 -4 0 0  m esh . M o 
b ile  p h a se  co n sis tin g  o f  c y c lo h e x a n e -d ic h lo ro m e th a n e  (1 +  1) 
w a s  su p p lied  to  the  c o lu m n  at a  flow  o f  5 m L /m in . T h e  sam ple , 
co n ta in in g  < 5 0 0  m g lip id , w as  fo rtif ied  w ith  0 .5  m L  13C  in te r
na l s ta n d a rd  (9 .6  ng  o f  e ach  co m p o u n d ) a n d  ad d ed  to  th e  co l
u m n  in  5 m L  m o b ile  p h ase . T h e  in itia l 120 m L  m o b ile  p h ase  
w a s  d isc a rd e d  a n d  th e  n e x t 2 5 0  m L  w as co llec ted ; 2  m g  m eth y l 
m y ris ta te  w as  ad d ed  as a  k e e p e r  an d  th e  so lv en t w a s  re m o v e d  
o n  a ro tary  ev apora to r.

T h e  sa m p le  w as  fu r th e r  frac tio n a ted  on  a 1.0 x  19 c m  c h ro 
m a to g rap h y  c o lu m n  d ry -p ac k e d  w ith  6 .5  g  F lo ris il d e ac tiv a te d  
w ith  0 .8 %  w ater. T h e  sam p le  w a s  ad d ed  to  the  c o lu m n  in  2 m L  
h ex an e , a n d  the  f irs t frac tio n , w h ic h  c o n ta in ed  all o f  the  P C B s 
a n d  m o st o f  th e  o rg a n o ch lo rin e  p e s tic id es , w a s  e lu ted  w ith  
6 0  m L  2 0 %  d ic h lo ro m e th an e  in h ex an e . T h e  se c o n d  frac tio n , 
c o n s is tin g  o f  6 0  m L  60%  d ich lo ro m e th an e  in  h ex an e , re m o v e d  
d ie ld rin  a n d  the  re m a in d e r  o f  the  h e p ta c h lo r  ep o x id e .

D e te rm in a tio n  o f  P C B  a n d  O C

T h irty -n in e  PC B  c o n g en e rs  (as lis ted  in  ref. 12) w e re  d e te r
m in e d  a n d  su m m ed  to  g iv e  a to ta l P C B  fig u re . T h e  O C s c o n 
sis ted  o f  te tra -, p en ta -, an d  h e x a c h lo ro b e n z en e s , X llC I l,  
X ch lo rdane , D D T s, Z n o n ach lo r, o c ta ch lo ro sty re n e , h ep tach lo r, 
h e p ta ch lo r  e p o x id e , d ie ld rin , m irex , an d  to x ap h en e . T h e  P C B s 
an d  O C s in  th e  f irs t frac tio n  e lu te d  fro m  th e  F lo risil c o lu m n  
w ere  d e te rm in e d  by  cap illa ry  c o lu m n  ch ro m a to g ra p h y  w ith  
m ass se lec tiv e  d e te c tio n  u s in g  a  F lew le tt-P ack a rd  m o d el 5 8 9 0  
g as c h ro m a to g ra p h  an d  m o d e l 5 9 7 1 A  m ass se lec tiv e  d e te c to r  
a s  d e sc rib e d  in an  acc o m p a n y in g  p a p e r  (12 ). D ie ld rin  an d  th a t 
p o rtio n  o f  th e  h e p ta c h lo r  e p o x id e  a p p ea rin g  in  th e  se c o n d  frac 
tio n  w ere  d e te rm in e d  by g as c h ro m a to g ra p h y  w ith  e le c tro n  
c ap tu re  d e te c tio n  (12). T o x ap h en e  w as d e te rm in e d  by  g as  ch ro -

Table 1. Chlorine content of standard reference  
materials analyzed by NAA

Material

Mean Cl (ppm) ± SD

This
work

No.
replicates

Certified
value

Milk powder3 10890 ±190 12 10900 ± 100

Bovine liver0 2750 ±120 12 2800 ± 1 0 0

Citrus leaves3 406 ± 12 10 414

a NIST-SRM-1549. 
b NIST-SRM-1577a. 
c NIST-SRM-1572.

m ato g rap h y  a n d  h ig h  re so lu tio n  e le c tro n  im p a c t m ass  sp e c 
tro m e try  (12).

D e te r m in a tio n  o f  T ota l O rg a n ic  C h lo r in e

A liq u o ts  o f  7 5 0  p L  o f  sa m p le  e x tra c t w e re  tran s fe rre d  to
1.2 m L  p o ly e th y len e  v ia ls  by  a  c a lib ra ted  E p p e n d o rf  p ipet. 
T h ese  v ia ls  w e re  h e a t-se a le d  a n d  k e p t in 7 m L  p o ly e th y len e  
v ia ls fo r irrad ia tio n . T h e  1.2 m L  p o ly e th y len e  v ia ls  w e re  acid - 
w a sh e d  b e fo re  use  w ith  U ltrex  n itr ic  acid  an d  d ried . C o m p a ra 
to r s tan d ard s c o n sis ted  o f  KC1 so lu tio n s co n ta in in g  0 . 1 - 1 0  p g  
c h lo rin e  p e r v ial. A ll sam p le s  a n d  c o m p a ra to r  s ta n d a rd s  w ere  
p re p are d  to  b e  iden tica l in  all re sp ec ts  an d  irrad ia te d  30  m in  in 
an  in teg ra l f lu x  o f  5 x  1 0 11 n  c m -2 S_1 a t th e  D a lh o u s ie  U n iv e r
sity  S L O W P O K E -2  reac to r. T h e  sam p le  a n d  c o m p a ra to r  s ta n d 
ard  v ia ls  w e re  ca re fu lly  o p e n ed  in  a  fu m e  h o o d  o f  th e  ra d io 
c h em istry  lab o ra to ry , a n d  5 0 0  p L  p o rtio n s  o f  th e  irrad ia te d  
a liq u o ts  w e re  tran sfe rre d  to  fresh  1.2 m L  p o ly e th y len e  v ials. 
T h ese  v ia ls  w e re  acc u ra te ly  w e ig h ed  b e fo re  a n d  a fte r  the  ad d i
tio n  o f  5 0 0  p L  p o rtio n s  o f  the  irrad ia te d  a liq u o ts , a n d  w ere  
c o u n te d  fo r  3 0  m in  a f te r  a  d e ca y  p e r io d  o f  5 m in . T h e  1642 k e V  
p h o to p eak  o f  18C1 w as u sed  to  q u a n tita te  th e  ch lo rin e  c o n ten t 
o f  th e  sam ples.

C o u n tin g  w a s  p e rfo rm e d  by  an  A p tec  25  c m 3 a c tiv e  v o lu m e 
h y p e rp u re  G e d e te c to r  (fu ll-w id th  a t h a lf-m a x im u m  o f  2 .08  
keV  at 1332 k e V  p h o to p ea k  o f  60C o ) c o n n ec te d  to  a  L in k  h ig h - 
co u n t ra te  p u lse  p ro c esso r  c o u p le d  to  a  N u c lea r  D a ta  N D -6 6  
analyzer.

T h e  ab so lu te  d e tec tio n  lim it o f  th e  N A A  p ro c ed u re  fo r  c h lo 
rin e  m ea su re m e n t u n d e r th e  ex p erim en ta l c o n d itio n s  o f  ir ra d ia 
tio n . decay , a n d  c o u n tin g  (3 0 :5 :3 0  m in ) is 3 0  ng.

Q u a lity  A s s u r a n c e

E v ery  s ix th  sam p le  a n a ly ze d  fo r o rg a n o ch lo rin e  p e s tic id e s  
an d  P C B s c o n sis ted  o f  5 0 0  m g  c o m  o il sp ik e d  w ith  c a  2 0  p p b  
o f  eac h  o f  the  PC B  co n g en e rs  an d  c h lo rin a te d  h y d ro c a rb o n s .

T h e  p re c is io n  an d  acc u rac y  o f  ch lo rin e  m ea su re m e n ts  by  
th e  N A A  m eth o d  w ere  c h ec k ed  b y  an a ly z in g  re p lica te  sa m p le s  
o f  th e  ch lo rin e  c o m p a ra to r s tan d ard s  a n d  co n tro l s ta n d a rd  re f
e ren c e  m ate ria ls  a t re g u la r  in te rv a ls  d u rin g  th e  c o u rse  o f  the  
p ro jec t. T h e  ch lo rin e  c o n te n t o f  th e  S R M s d e te rm in e d  in  th is  
s tu d y  is sh o w n  in  T ab le  1. T h e  b lan k  o rg an ic  ch lo rin e  v a lu e  a n d  
re p ro d u c ib ility  o f  the  e x tra c tio n  an d  N A A  p ro c ed u re s  w e re  d e 
te rm in ed  b y  a n a ly s is  o f  b lin d  sam p le s  in se rte d  a t re g u la r  in te r-
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Table 2. Total organic chlorine (NAA Cl), PCBs, chlorinated pesticides (OC), and lipid in G reat Lakes fish

Species Lipid, % Total OC, ppma Total PCB, ppma NAA Cl, ppm

Bass (n = 2) 0.910.1 5.012.0 43.8113.1 138 143
Bullhead (n=  4) 1.310.1 2.211.5 5.314.4 87.1 152.6
Carp-O (n = 2)b 9.017.1 0 .6 10 1.410.2 73.4131.9
Carp-C {n = 6 ) 12.515.3 10.913.5 24.1 19.6 73.6126.7

Eel (n= 3) 13.31 1.3 4 .8 13 85.913.2 44.3113.8
Herring (n = 8 ) 6.612.5 8.812.1 1.410.9 93.4 1 32.3
Menominee (n = 7) 1.91 1.4 2.912.1 2.913.0 96.5 1 39.4
Perch (n = 11) 0.910.3 2.211.4 4.012.5 130138
Pickerel (n = 2) 1.911.4 4.714.5 4.710.7 81.1 123.0
Smelt (n = 2) 4.910.9 1 .2 1 1 . 2 1.510.1 1 0 8 1 8

Trout (n = 18) 19.71 5.6 7.013.4 3.1 1 1.9 98.1 114.2
Whitefish (n=  8 ) 8.014.9 5.412.6 2.712.8 109 1 59

3 Mean, gg/g lipid ± SD. 
6 Open fishery. 
c Closed fishery.

v a ls  w ith  e ach  b a tch  o f  fish  ex trac ts . B lan k  ch lo rin e  v a lu es 
w e re  d e te rm in ed  b y  e x tra c tin g  a  20  g  sam p le  o f  c o m  oil and  
c a rry in g  ou t a  lip id  d e te rm in a tio n  a n d  su b seq u e n t N A A  fo r  to 
ta l ch lo rin e . T h e  re p ea ta b ility  w as estab lish ed  by  re -e x trac tin g  
th e  sam e  sa m p le  o f  fish  a n d  su b jec tin g  th e  e x trac t to  N A A  and  
lip id  d e te rm in a tio n s . A c cu ra c y  w as d e te rm in e d  by  sp ik in g  a  
d u p lica te  a liq u o t o f  the  c o m  oil b lan k  w ith  an  iso o c ta n e  so lu 
tion  o f  h e x ac h lo ro b e n z en e  a t lev e ls  ra n g in g  fro m  25 to 
195 ppm .

Results and Discussion

T h e  m ea n  b lan k  c o rn  o il v a lu e  fo r  o rg an ic  c h lo rin e  d e te r
m in e d  b y  N A A  w as 4 .4  ±  2 .4  p p m . A  v ia l b lan k  w as e lim in a ted  
by  irrad ia tin g  an  a liq u o t o f  the  sam p le  a n d  th en  tran s fe rrin g  it 
to a  se c o n d  v ia l fo r  c o u n tin g . T h e  m ea n  re co v e ry  o f  c h lo rin e  
fro m  c o m  o il sa m p le s  sp ik ed  w ith  2 5 -1 9 5  p p m  h e x ac h lo 
ro b e n ze n e  w a s  8 6 .0  ±  6 .0 % . D a ta  fro m  fish  ex trac ts  a re  u n c o r
re c ted  fo r  th is v a lu e . R e p ea ta b ility  is in d ic a te d  by  a  m ean  va lue  
o f 86.1 ±  8.1 p p m  fo r  th e  sam e  sam p le  o f  fish  e x tra c te d  o n  6 
d iffe ren t ru n s a n d  su b je c ted  to  N A A  an d  lip id  d e te rm in a tio n .

Table 3. Total organic chlorine (NAA Cl), PCBs, 
chlorinated pesticides (OC), and lipid in marine fish

Species3 Lipid, %
Total OC, 

ppm*
Total PCB, 

ppm*
NAA Cl, 

ppm*

Sole 2.18 0.11 0.03 74.5

Cod 0.69 0.54 0.24 111

Haddock 0.75 0.26 0.16 56.4

Red snapper 0.97 0.07 0.03 165

Boston blueflsh 1.09 0.16 0.27 2 0 0

Shark 0.78 1.24 10.3 172

Turbot 17.2 0.27 0.33 17.3

3 A single sample of each species was analyzed. 
b gg/g lipid.

T h e  to ta l o rg an ic  ch lo rin e  v a lu es a n d  th e  to ta l o f  th e  P C B s 
an d  O C s d e te rm in e d  in the  11 sp ec ie s  o f  G re a t L ak e s  f ish  an a 
ly zed  are  su m m ariz ed  in  T ab le  2. O n  a  lip id  b a sis , b a ss , p erch , 
sm elt, an d  w h ite fish  c o n ta in ed  th e  h ig h es t lev e ls  o f  to ta l c h lo 
rin e  an d  ee l th e  lo w est. C a rp  fro m  th e  c lo sed  fish e ry  c o n ta in ed  
m ark e d ly  h ig h e r  am o u n ts  o f  to ta l P C B s an d  O C s th an  carp  
fro m  th e  o p en  so u rce , a lth o u g h  th e  to ta l o rg an ic  c h lo rin e  level 
w a s  s im ila r  fo r  b o th . In  c o m p a riso n  to  th e  G rea t L ak es  fish , 
m arin e  sam p le s , w ith  the  e x c e p tio n  o f  tu rb o t, c o n ta in e d  so m e 
w h a t h ig h e r  leve ls o f  to ta l o rg a n ic  c h lo rin e , a s  sh o w n  by  the 
d a ta  in T ab le  3. T h ese  la tte r  sp ec ie s , w ith  th e  e x ce p tio n  o f  
sh ark , h a d  lo w e r lev e ls  o f  P C B s a n d  O C s th an  th e  G re a t L ak es 
fish . T h e  to ta l ch lo rin e  lev e ls  fo u n d  in  th e  G re a t L a k e s  sam p le s  
a re  2 - 7  tim es  as h ig h  as th o se  re p o rte d  fo r  m arin e  f ish  sa m p le d  
o ff  Ja p a n  (7), a lth o u g h  w h o le  f ish  w e re  an a ly ze d  in  th e  la tte r 
c ase . T h e  p re sen t d a ta  m o re  c lo se ly  re se m b le  th e  d a ta  fo r  total

Table 4. Total organic chlorine (NAA Cl) com pared to  
total PCB and chlorinated pesticides (O C) chlorine

Species
PCB i  OC 

Cl, ppma
NAA Cl,

ppma Unaccounted, %

Bass 28.4 138 79.5
Bullhead 4.1 87.1 95.3

Carp-Ob 1.1 73.4 98.5
Carp—O 19.3 73.6 73.8

Eel 6 .2 44.3 8 6 .0

Herring 6.7 93.4 92.8

Menominee 3.5 96.5 96.4

Perch 3.6 130 97.2

Pickerel 5.8 81.1 92.8

Smelt 1.5 108 98.6

Trout 6.4 98.1 93.2

Whitefish 5.0 109 95.4

3 gg/g lipid. 
b Open fishery. 
c Closed fishery.
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Table 5. Distribution of organic chlorine by molecular 
weight3

Lipid, mg Chlorine, %

Species High MW Low MW High MW Low MW

Eel 389 3.5 85.0 15.0

Carp* 399 1 .8 78.8 11 .2

Herring 338 3.0 91.2 8 .8

Bullhead 147 1.9 96.8 3.2

Perch 104 3.5 94.9 5.1
Whltefish 387 3.8 98.3 1.7

Pickerel 256 4.0 92.5 7.5
Smelt 412 5.0 97.1 2.9

Menominee 103 2.4 91.2 8 .8

Bass 173 4.6 90.6 9.4

a “High and low MW” refer to the excluded and non-excluded 
fractions respectively, from the GPC column. 

b Closed fishery.

ch lo rin e  fo u n d  in  m arin e  f ish  o ils  (1 ) an d  in  th e  c ru d e  lip id  
e x tra c ts  o f  h e rrin g  g u ll e g g s  (10). T h e  acco u n ta b ility  o f  o rg an ic  
ch lo rin e  is  p re sen te d  in  T ab le  4 , in  w h ic h  th e  to ta l P C B  a n d  O C  
d a ta  w e re  c a lcu la te d  a s  to ta l c h lo rin e  a n d  c o m p a red  to  th e  N A A  
ch lo rin e  v a lu es. T h e  p e rce n ta g e  o f  ch lo rin e  th a t c a n n o t b e  re c 
o n c ile d  b y  th e  su m  o f  the  c o m p o u n d s  d e te rm in e d  is re la tiv e ly  
c o n s tan t a m o n g  th e  v a rio u s  sp ec ies, e v e n  th o u g h  th e  to ta l c h lo 
r in e  v a rie s  b y  a  fa c to r o f  3. C a rp  fro m  th e  c o n ta m in a te d  a rea  
c o n ta in ed  th e  lo w est p e rce n ta g e  o f  u n id en tif ie d  o rg an ic  c h lo 
rine . T h ese  d a ta  a re  s im ila r  to  th o se  o f  W atan ab e  e t al. (7 ), in  
w h ic h  8 3 -9 8 %  c o u ld  n o t b e  acc o u n te d  fo r  by  P C B s, D D Ts, 
a n d  H C H .

T o fu rth e r ch ara c te riz e  th e  u n k n o w n  o rg an ic  c h lo rin e , an  
e x tra c t f ro m  1 sam p le  o f  e ac h  sp ec ie s  w as su b je c ted  to  G P C  
fo llo w ed  b y  N A A  o f  th e  co n ce n tra ted  h ig h  a n d  lo w  m o le c u la r  
w e ig h t frac tio n s . T h e  d is tr ib u tio n  o f  c h lo rin e  is  sh o w n  in  T a
b le  5. M o s t o f  th e  o rg an ic  ch lo rin e  w as fo u n d  to  re s id e  in  the  
h ig h  m o le c u la r  w e ig h t frac tio n , an d  th e  p ro p o rtio n  in  th is frac 
tio n  w a s  re la tiv e ly  c o n s tan t fro m  sp ec ie s  to  sp ec ies . T h is  p ro 

p o rtio n  a lso  ag ree s w ell w ith  th e  p e rce n ta g e  o f  u n a c c o u n te d  
ch lo rin e  d e te rm in ed  fro m  th e  su m  o f  th e  P C B  a n d  O C  a n d  th e  
N A A  d a ta  (T ab le  4 ). F u rth e r  s tu d ies  a re  in  p ro g re ss  to  d e te r 
m in e  the  e x ac t n a tu re  o f  the  u n k n o w n  ch lo rin a te d  m ate ria l.
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CHEMICAL CONTAMINANTS MONITORING

Organochlorine Pesticides and Polychlorinated Biphenyl 
Congeners in Commercial Fish from the Great Lakes

W. H a r v e y  N e w s o m e  and P a u l  A n d r e w  s
H e a lth  an d  W elfa re  C a n a d a , F o o d  D ire c to ra te , B u re a u  o f  C h e m ic a l S a fe ty , F o o d  R e se a rc h  D iv is io n , O tta w a , O N , 
K 1 A  0 L 2 , C a n a d a

Fillets from 11 species of commercial fish from the 
Great Lakes were analyzed for residues of 39 poly
chlorinated biphenyl (PCB) congeners and 24 other 
organochlorine compounds. Eel and trout con
tained the highest amount of PCB (753 and 633 ppb 
wet weight, respectively) and other organo- 
chlorines (607 and 1404 ppb, respectively); perch 
and carp contained the lowest residues. The penta- 
and hexachlorinated PCBs were the major conge
ners in all species except whitefish, in which the 
tetrachlorinated congeners predominated. 
Toxaphene was the most abundant organochlorine 
pesticide in trout; p ,p f -DDE was the major compo
nent of this class in eel. Residue concentrations in 
commercial carp were compared with residues pre
sent in carp from a fishery closed to commercial 
operation. Although both PCB and organochlorine 
pesticide levels in carp were among the lowest for 
all commercial fish samples, levels from the con
taminated area were among the highest.

T h e  m u ltitu d e  o f  o rg a n o ch lo rin e  c o m p o u n d s  fo u n d  in  fish  
fro m  the  G rea t L ak es  h as  b een  d esc rib e d  to  so m e  e x ten t 

in the  lite ra tu re . S c h m id t e t al. (1 ) su m m ariz ed  th e  re 
su lts  o f  the  U .S . n a tio n a l c o n ta m in a n t m o n ito rin g  p ro g ram  fo r  
fre sh w a te r  fish  fro m  1976 to  1984. T h e se  d a ta  w e re  o b ta in e d  
fro m  h o m o g en a te s  o f  w h o le  fish  a n d  in c lu d ed  co m p o s ite s  o f  

severa l sp ec ie s  f ro m  th e  G re a t L ak es. A m o n g  th e  c o m p o u n d s  
d e te rm in ed  w ere  p o ly ch lo rin a ted  b ip h en y ls  (P C B s), w h ich  
w ere  rep o rted  as A ro c lo r  1248, 1254, o r  1260, an d  sev e ra l o r
g a n o ch lo rin e  p estic id es , in c lu d in g  D D T s, d ie ld rin , hep tach lo r, 
ch lo rd an e , H C H s, to x ap h e n e , an d  m irex . In  ad d itio n , D eV au lt 
e t al. (2) h a v e  d e sc rib e d  tem p o ra l tren d s  in  c o n ce n tra tio n s  o f  
P C B s, D D T s, an d  d ie ld rin  in  c o m p o s ite s  o f  w h o le  lak e  tro u t 
fro m  L ak es  M ich ig an , H u ro n , a n d  S u p erio r, a n d  B o rg m an n  
and W h ittle  (3 ) p u b lish ed  m o n ito rin g  d a ta  sh o w in g  th e  trends 
fro m  1977 to  1988 in  c o n ce n tra tio n s  o f  to ta l P C B s, m irex , 
d ie ld rin , ch lo rd an e , a n d  D D E  in w h o le  sa lm o n  fro m  L ak e  O n 
tario . R a sm u sse n  e t al. (4 ) h av e  a lso  p u b lish ed  O n ta rio  M in is 
try  o f  N a tu ra l R e so u rc es  d a ta  on  P C B  lev e ls  in sev era l o f  th e

Received M ay 1, 1992. A ccepted N ovem ber 12, 1992.

G re a t L ak es. T h o ro u g h  s tu d ies  h a v e  b een  c o n d u c ted  o f  the  
P C B  c o n g en e r  d is tr ib u tio n  in w h o le  f ish  o r  m u sc le  o f  tro u t 
fro m  L ak e  O n ta rio  (5 ) an d  in f ille ts  o f  sev e ra l sp ec ie s  fro m  
L ak e s  M ic h ig a n  a n d  S u p e rio r  an d  v a rio u s  r iv e rs  in  W isco n s in  

(6).
T h e re  a re  in d ica tio n s  th a t th e  c o n ce n tra tio n s  o f  sev era l o f  

the  c o m p o u n d s  a re  d e c lin in g  in  G re a t L ak e s  fish  ( 1 -3 ) ,  w ith  the 
p o ss ib le  e x ce p tio n  o f  to x ap h en e  (1). W h e re a s  sev e ra l o f  these  
c o m p o u n d s  p re v io u s ly  e x ce ed e d  th e  In te rn a tio n a l Jo in t C o m 
m issio n  o b jec tiv e s  (2), m o st a re  n o w  b e lo w  th ese  lim its , a n d  it 
is lik e ly  that the  c o n su m e r o f  G re a t L ak e s  f ish  to d ay  w o u ld  be 
e x p o se d  to  th ese  c o n ta m in a n ts  to  a  le s se r  ex ten t. T h e  a m o u n t 
o f  c h lo rin a te d  c o n ta m in a n t is  c o n s id e ra b ly  less  in  th e  m uscle  
th an  in w h o le  fish  (5 ), an d  fe w  d a ta  are  a v a ilab le  o n  the PC B  
c o n g en e rs  o r  c h lo rin a te d  p e s tic id e s  in  c o m m e rc ia l f ish  a s  o f
fe red  fo r  sa le  fro m  fish e rie s  o n  th e  G re a t L ak es. F o r  th ese  re a 
so n s , th e  p re sen t s tu d y  w as in itia te d  to  d e te rm in e  th e  po ten tia l 
fo r  e x p o su re  to  these  c o m p o u n d s  th a t m ig h t be  e x p ec te d  fro m  
th e  co n su m p tio n  o f  th ese  fish.

Experimental

M a te r ia ls

G lass-d is tilled  so lv en ts  w e re  p u rc h ase d  fro m  C a led o n  
L ab o ra to rie s , G eo rg e to w n , O n ta rio . A n a ly tic a l s tan d ard s o f  
ch lo rin a te d  p es tic id es  w e re  o b ta in e d  fro m  the  U .S . E n v iro n 
m en ta l P ro te c tio n  A g en cy . C h lo r in a te d  b e n ze n es  an d  m o st 
P C B  co n g en e rs  w e re  p u rc h ase d  fro m  U ltra  S c ien tif ic  (H ope , 
R I). C o n g e n e rs  N o. 8 7 ,1 7 0 , a n d  191 w ere  o b ta in e d  fro m  W el
lin g to n  L ab o ra to rie s  (G u e lp h , O n ta rio ). [13C ] P C B  in te rn a l 
s ta n d ard s  u se d  to  q u a n tita te  th e  P C B  c o n g en e rs  an d  o rg a n o 
ch lo rin e  p e s tic id e s  w e re  c o n g en e rs  N o . 15, 28 , 52 , 101, 138, 
180, a n d  194 (C a m b rid g e  Iso to p e  L ab o ra to rie s , W o b u rn , M A ), 
as n u m b e re d  by B a llsc h m itte r  an d  Z e ll (7).

In s tru m e n ta tio n

A n a ly tica l c o lu m n s  w ere  0 .2 5  m m  x  3 0  m  fu se d  s ilica  w ith  
a  0 .2 5  p m  film  th ick n ess  o f  D B -5  a n d  w ere  co u p led  to  0 .53  m m  
x  1 m  re te n tio n  g aps. H e liu m  w as u sed  as th e  c a rr ie r  g as at an 
in le t p re ssu re  o f  2 0  K P a  fo r  m ass  se lec tiv e  d e tec tio n  and  83 
K P a  fo r  e le c tro n  c ap tu re  d e tec tio n .

P C B  c o n g en e rs  an d  m o st ch lo rin a te d  p es tic id es  w e re  d e te r
m in e d  on  a  H e w le tt-P a ck a rd  5 8 9 0  c h ro m a to g ra p h  w ith  a  co ld
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Table 1. Lipid, organochlorine pesticides, and PCBs 
in Great Lakes fish

Species Lipid, % Total OCa Total PCBa

Bass (n = 2) 0.9 ±0.1 45.0 ±13.6 395 ± 80

Bullhead (n = 4) 1.3 ±0.1 30.1 ±23.0 69.9 + 59.1

Carp-0 (n = 2)b 9.0 ±7.1 56.9 + 47.0 14.6 + 8 .8

Carp-C (n = 6 )c 12.5 ±5.3 1307 + 588 2715 + 1794

Eel (n = 3) 13.3 ± 1.3 607 ± 457 753 ± 362

Herring (n = 8 ) 6 .6  ±2.5 559 ± 205 94.2 + 81.4

Menominee (n = 7) 1.9 ±0.8 43.5 + 15.7 41.2 + 24.3

Perch (n = 11) 0.9 ±0.3 20.9 + 17.4 33.6 ± 16.1

Pickerel (n = 2) 1.9 ± 1.4 57.7 ± 16.7 94.4 ± 80.9

Smelt (n = 2) 4.9 ±0.9 59.7 + 0.7 71.2 + 6.7

Trout (n = 18) 19.7 ±5.6 1404 + 811 633 ± 504

Whitefish (n = 8 ) 8.0 ±4.9 491 ±458 226 ± 221

a ng/g wet weight ± SD. 
b Open fishery. 
c Closed fishery.

o n -c o lu m n  in je c to r  an d  m o d e l 5 9 7 1 A  m ass  se lec tiv e  detecto r. 
A  2  (i p o rtio n  o f  sam p le  e x tra c t w as in je c te d  w ith  a  m o d e l 76 7 3  

au to sam p ler. S am p le s  w e re  in jec ted  w ith  th e  c o lu m n  a t 70'3C; 
a f te r  a  2  m in  delay , th e  c o lu m n  w as p ro g ram m ed  a t 8 QC /m in  to  
230°C ; a n d  th en  a f te r  a  fu rth e r 4  m in  delay , it w a s  p ro g ram m ed  
to  2 7 0 qC  at 5°C /m in . T h e  tem p e ra tu re  w as h e ld  a t 270 °C  fo r  
11 m in  an d  th en  c o o le d  fo r  th e  su b seq u e n t in jec tio n .

T h e  m ass  se lec tiv e  d e te c to r  w as o p e ra ted  w ith  a  tran sfe r  
line  tem p e ra tu re  o f  280°C  an d  w as tu n ed  on  a u to tu n e  w ith  per- 
f lu o ro tr ib u ty lam in e . T h e  e lec tro n  m u ltip lie r  w a s  se t to  4 0 0  V  
a b o v e  tune  vo ltag e . S tab le  iso to p e  in te rn a l s tan d ard s  o f  P C B s 
re p re se n tin g  e ac h  c o n g e n e r  g ro u p  e x c e p t th e  n o n a ch lo rin a ted  
P C B s w e re  u se d  to  q u a n tita te  co n g en e rs . T h e  n o n a ch lo rin a ted  
co n g en e rs  w e re  q u a n tita ted  w ith  th e  o c ta ch lo rin a te d  in te rn a l 
s tan d ard . C h lo rin a ted  p es tic id es  w e re  a lso  d e te rm in e d  w ith  
e ith e r  th e  13C  d ich lo rin a ted  PC B  (N o . 15) o r  the  l3C  hex- 

ach lo rin a ted  P C B  (N o . 138) in te rn a l s tan d ard s . T h e  c h lo r in 
a te d  b e n ze n es  H C H , h ep tach lo r, an d  a ld rin  w e re  d e te rm in e d  
w ith  c o n g e n e r  N o . 15 a n d  th e  re m a in d e r w ith  N o . 138. C o m 
p o u n d s w e re  q u a n tita ted  b y  u s in g  a l in e a r  3 -lev e l c a lib ra tio n  
c u rv e  co n s is tin g  o f  10, 20 , an d  4 0  ng o f  e ac h  a n a ly te /m L . T h e  
m in im u m  q u a n tita tio n  lim it w a s  d e te rm in e d  b y  th e  a cc u rac y  o f  
th e  in te g ra to r  on  th e  d a ta  sy s tem  an d  w as e s tim a te d  to  b e  
5 n g /m L . T h is  lim it c o rre sp o n d e d  to  0 .0 2 5  n g /g  o f  f ish  tissue.

T h e  fo llo w in g  P C B  c o n g en e rs  w e re  d e te rm in e d , in o rd e r  o f  
e lu tio n , u s in g  th e  re sp ec tiv e  ta rg e t an d  q u a lif ie r  ions: trich lo ri- 
n a te d  (N o . 28, 33, 37; m /z  2 5 6 ,2 5 8 ) ,  te trac h lo rin a ted  (N o . 52, 
4 9 , 4 1 , 4 0 , 4 4 , 7 4 , 6 6 , 60 ; m / z  2 92 , 2 90), p en ta ch lo rin a te d  
(N o. 90 , 9 9 , 87, 110, 1 1 8 ,1 0 5 ; m /z  3 26 , 3 28), h e x ac h lo rin a te d  
(N o . 1 3 6 ,1 5 1 ,1 5 3 ,1 4 1 ,1 3 7 ,1 3 8 ,1 2 9 ,1 2 8 ,1 5 6 ,1 5 7 ;  m / z  360, 
3 6 2 ), h ep ta ch lo rin a te d  (N o . 1 8 7 ,1 8 3 ,1 8 5 ,  1 8 0 ,1 9 3 ,1 9 1 ,1 7 0 ,  

189; m /z  3 9 4 , 396), o c ta ch lo rin a te d  (N o. 2 0 1 , 2 0 3 , 194; m /z  

4 3 0 , 4 2 8 ); an d  n o n c h lo r in a te d  (N o. 2 06 , m /z  4 6 4 , 4 6 2 ). T h e  
fo llo w in g  o rg a n o ch lo r in e .c o m p o u n d s  w ere  d e te rm in e d  in th e  
se c o n d  in jec tio n : 1 ,2 ,3 ,5 -te trach lo ro b en zen e , 1 ,2 ,3 ,4 -te tra - 
c h lo ro b e n z e n e  (m /z  2 1 6 , 2 1 4 ), p en ta ch lo ro b e n ze n e  ( m /z  250 ,

2 48), a -H C H , (3-HCH, y -H C H , 5 -H C H  ( m /z  181, 183), h ex - 

a c h lo ro b en z e n e  ( m /z  2 8 4 , 2 8 6 ), h e p ta c h lo r  ( m /z  2 7 2 , 2 7 4 ), 
a ld rin  ( m /z  2 6 3 ,2 6 5 ) ,  o c ta ch lo ro s ty re n e  ( m /z  3 0 8 ,3 1 0 ) ,  h e p ta 
c h lo r  e p o x id e  ( m /z  3 5 3 , 3 5 5 ), o x y c h lo rd a n e  ( m /z  3 8 7 , 3 8 9 ), 

a -c h lo rd a n e , y -ch lo rd an e  ( m /z  3 7 5 ,3 7 3 ) ,  /ran .v -n o n ach lo r ( m /z  

4 0 9 ,4 0 7 ) ,p ,p -D D E  ( m /z  2 4 6 ,2 4 8 ) ,  D D D  ( m /z  2 3 5 ,2 3 7 ) ,  o ,p -  

D D T , p , p -D D T  ( m /z  235 , 2 3 7 ), d .v -n o n ach lo r ( m /z  4 0 9 , 4 0 7 ), 

an d  m irex  ( m /z  2 72 , 2 74).
D ie ld rin  an d  a p o rtio n  o f  th e  h e p ta ch lo r  e p o x id e  w e re  d e te r

m in e d  o n  a n  id en tica l g as c h ro m a to g ra p h  fitte d  w ith  an  

a u to sam p le r  an d  a  63N i e lec tro n  c ap tu re  de tec to r. T h e  sam p le  
w a s  in je c te d  w ith  th e  c o lu m n  a t 7 0 'C ,  a n d  a fte r  2  m in  w a s  p ro 
g ra m m e d  a t 10°C /m in  to  230°C . A fte r  12 m in  a t 2 3 0 'C , th e  

c o lu m n  w as c o o le d  b e fo re  th e  n e x t in jec tio n . T h e  m in im u m  
q u a n tita tio n  lim it, d e f in e d  a s  10 x  s ig n a lm o ise , w as 9  p g /g  fo r  

h e p ta ch lo r e p o x id e  an d  17 p g /g  fo r  d ie ld rin .
T o x ap h en e  w as  q u a n tita ted  by  se lec te d  ion  h ig h  re so lu tio n  

m ass  sp ec tro m etry  m o n ito rin g  o f  th e  d ich lo ro - tro p y lliu m  ion , 
w h ic h  is ch a ra c te ris tic  o f  m o st o f  th e  c h lo r in a te d  b o m a n e s  p re 

sen t in  th e  to x ap h e n e  m ix tu re  (8). T h e  a n a ly tic a l c o lu m n  w as 
in te rfac e d  to  a  K ra to s C o n c e p t 1 m ass sp e c tro m e te r  ru n n in g  at 
8 0 0 0  p p m  re so lu tio n , an d  a f te r  in jec tio n  o f  th e  sa m p le , w as 
p ro g ra m m e d  a t 30°C /m in  to  2 0 0 qC , a n d  th en  a f te r  5  m in  
e la p se d  tim e, a t 1 6 'C /m in  to  280°C . T o x ap h en e  w a s  q u a n ti

ta te d  b y  a v e ra g in g  th e  re sp o n se s  a t m / z  1 5 8 .9 7 6 9  an d  
160 .0739 . T h e  in te rn a l s tan d ard s  c o n sis ted  o f  [13C ] P C B  

N o . 138, 180, an d  194, w h ich  sp an n ed  th e  t im e  w in d o w  fo r  

e lu tio n  o f  to x ap h e n e , an d  w e re  m o n ito re d  a t m / z  2 3 0 .0 0 9 2  a n d  
m / z  2 6 3 .9 7 0 2 . T h e  re sp o n se  fa c to r  fo r  to x a p h e n e  w a s  d e te r 

m in e d  b y  su m m in g  the  a rea s  o f  the  p e ak s  in  th e  to x ap h e n e  
s tan d ard  a n d  d iv id in g  b y  th e  su m  o f  th e  a rea s  o f  th e  in te rn a l 

s tan d ard s . T h e  av erag e  re sp o n se  fa c to r  fo r  v a rio u s  a m o u n ts  o f  
to x ap h en e  w as d e te rm in e d  b y  in jec tin g  to x ap h e n e  s ta n d a rd s  at
2 .5 , 5 .0 , a n d  10.0 p g /n iL  a n d  w a s  u sed  to  q u a n tita te  th e  u n 

k n o w n  sam ples.

S a m p le  P r e p a r a tio n

S a m p lin g , e x trac tio n , a n d  p u rif ic a tio n  w ere  d e sc rib e d  p re 

v io u sly  in  de ta il (9). B riefly , fille ts  fro m  c o m m e rc ia l f ish  p ro c 
e ssin g  p lan ts  w e re  co m p o s ited , e x tra c te d  w ith  a c e to n e -h e x a n e  
( 2 + 1 ) ,  and , a fte r  the  ad d itio n  o f  [ 13C] P C B  in te rn a l s ta n d a rd s , 

d e fa tte d  b y  g e l p e rm e a tio n  c h ro m a to g rap h y . T h e  frac tio n  c o n 
ta in in g  th e  P C B s a n d  ch lo rin a te d  p es tic id es  w as  fu r th e r  p u ri

fied  by  c h ro m a to g ra p h y  on  F lo ris il. T w o  frac tio n s  w e re  c o l
lec ted : the  first, e lu tin g  w ith  2 0 %  d ic h lo ro m e th an e  in  h ex an e , 
c o n ta in ed  th e  P C B s an d  m o st o f  th e  o rg a n o ch lo rin e  p es tic id e s . 

T h e  seco n d  w as o b ta in e d  b y  e lu tio n  w ith  6 0 %  d ic h lo 
ro m e th an e  in  h e x an e  a n d  co n ta in ed  d ie ld rin  a n d  th e  r e m a in d e r  
o f  th e  h e p ta c h lo r  ep o x id e .

T h e  so lv en t w a s  re m o v e d  f ro m  the  re sp ec tiv e  frac tio n s  o n  a 
ro ta ry  ev ap o ra to r, an d  th e  re s id u e  w as tak e n  u p  in  0 .5  m L  h e x 
an e  fo r an a ly sis . T h ree  in jec tio n s  o f  th e  f irs t f ra c tio n  w e re  
m ade: o n e  each  fo r  P C B  a n d  fo r  o rg a n o ch lo rin e  p e s tic id e  d e 

te rm in a tio n s  by  m ass se lec tiv e  d e te c tio n  a n d  a  th ird  fo r  
to x ap h e n e  d e te rm in a tio n  b y  h ig h  re so lu tio n  m ass  sp e c tro m e 

try. D ie ld rin  and  h e p ta ch lo r e p o x id e  in  th e  se c o n d  frac tio n
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Table 2. Chlorinated hydrocarbons in Great Lakes fish (ng/g wet wt)
Specles/compound Bass Bullhead Carp-Oa Carp-C" Eel Herring Menominee Perch Pickerel Smelt Trout Whitefish

X TeCBz NDC ND ND 0.33 0 .8 8 0.06 ND ND ND 0.04 0 .11 0 .2

PnCBz 0.03 ND 0.23 1 .1 0 1.54 0.16 0 .0 2 ND 0.05 0.17 0.46 0.25

HCBz 0.63 0 .2 2 1.28 9.27 9.04 2.94 0.48 0.27 0.89 1.50 9.05 3.85

XHCH 0.54 0.42 2.91 5.49 7.80 8.39 2.82 0.28 0.96 0 .6 8 23.4 2 2 .8

Heptachlor 0.96 0 .0 2 ND ND ND ND 0.08 0.06 0.13 ND ND ND

HEO 0.56 0.67 1.42 8.79 15.0 3.57 0.77 0 .2 0 0.76 1.79 14.8 11 .2

Dieldrin 2.71 0.24 3.72 40.2 30.6 11.7 1.77 0.98 3.17 6.62 41.2 25.0

OCS 1.27 0 .21 1.28 58.2 9.58 0.28 ND 0.15 0 .8 8 0.15 0.36 0.49

I  Chlordane 6.60 2.54 3.97 44.9 28.2 25.8 0.94 1.06 6.85 6.96 33.0 16.1

Oxychlordane 0.76 ND ND 4.79 5.92 1 .6 8 0.05 0.06 0.59 0.27 23.9 4.50

I  Nonachlor 11.1 5.40 3.89 52.8 46.5 2 0 .8 2.97 2.26 7.52 8.73 115 28.6

p.p'-DDE 17.1 10.1 20.4 653 166 14.4 6.26 3.49 4.67 9.04 148 48.3

TDE ND ND ND 40.0 ND 0.89 0.25 0.24 ND 10,4 6.90 4.74

X DDT 2.40 4.86 9.42 124 95.1 9.81 1.61 1 .1 2 3.11 6.15 50.3 36.1

Mrex 0.38 3.63 5.24 1 20 56.8 0.44 0.17 0.82 0.18 0 .2 0 2.38 0.82

Toxaphene ND ND 3.18 144 133 458 25.3 9.90 28.0 7.36 936 288

a Open fishery. 
b Closed fishery. 
c Not detected.

w e re  d e te rm in e d  b y  g as  c h ro m a to g ra p h y  w ith  e le c tro n  c ap 

tu re  d e tec tio n .
R e co v e rie s  o f  th e  c h lo r in a te d  h y d ro c a rb o n s  fro m  th e  gel 

p e rm e a tio n  a n d  F lo r is il c o lu m n s  a v e ra g e d  9 1 .1 %  (S D  6 .5 ); th a t 

fo r  th e  P C B  c o n g en e rs  a v e ra g ed  9 9 .3 %  (S D  3.8).

Results and Discussion

T h e  p re se n t sam p lin g , a lth o u g h  l im ite d  to  sm a ll n u m b ers  in  

so m e  sp ec ie s , re v ea le d  th a t tro u t a n d  e e l c o n ta in ed  th e  h ig h es t 
c o n ce n tra tio n  o f  to ta l o rg a n o ch lo rin e  p e s tic id e s  a n d  P C B s (T a

b le  1) re la tiv e  to  b u llh e a d , m e n o m in ee , p e rch , p ick e re l, an d  
sm elt. T h e  to ta l P C B  re s id u es  fo u n d  in  b a ss , ee l, tro u t, an d  
w h ite fish  e x ce ed e d  th e  In te rn a tio n a l Jo in t C o m m iss io n  o b je c 

tiv e s  (10). T h e  m e a n  to ta l P C B  re s id u es  w e re  b e lo w  th e  H e a lth  
a n d  W elfare  C a n a d a  g u id e lin e  o f  2 .0  p p m  in  th e  e d ib le  p o rtio n  
o f  f ish  fo r  a ll sp ec ie s  f ro m  c o m m erc ia l f ish e rie s . T h e  carp  f ro m  

th e  c lo sed  f ish e ry  c o n ta in ed  m ark e d ly  h ig h e r  P C B  re s id u es  
th an  th e  c o m m e rc ia l fish , a n d  th e  m e a n  d id  e x ce ed  th e  2  p p m  
g u id e lin e . T h e  a v e ra g e  P C B  v a lu e s  in  tro u t a re  a p p ro x im a te ly  
o n e -fo u rth  o f  th o se  re p o rte d  fo r  w h o le  tro u t f ro m  L ak e  O n ta rio  
in  1988 (3 ) o r  L a k e  H u ro n  in  1982  (2 ) a n d  are  s im ila r  to  th o se  

fo u n d  in  th is  sp ec ie s  f ro m  L a k e  S u p e rio r  in  1981 (1 ) o r  1982
(2). T h e  av era g e  P C B  v a lu e s  fo r  th e  n o n c o m m e rc ia l c a rp  f ille ts  
a re  a lso  s im ila r  to  th o se  re p o rte d  fo r  w h o le  c a rp  in  L ak e  

S t. C la ir  o r  L ak e  E rie  in  th e  U .S . N a tio n a l P es tic id e  M o n ito r in g  
P ro g ra m  (1 ); th e  v a lu e s  fo r  w h ite f ish  a re  a p p ro x im a te ly  d o u b le  

th o se  in  th e  U .S . s tu d y  o f  f ish  in  th e se  lakes.
T ro u t f ille ts  c o n ta in e d  th e  h ig h e s t c o n c e n tra tio n  o f  c h lo r in 

a ted  p e s tic id es , w ith  to x ap h e n e  as th e  m o s t a b u n d an t m e m b e r 
(T ab le  2 ). R e la tiv e ly  la rg e  a m o u n ts  o f  o rg a n o ch lo rin e  p es ti
c id e s w e re  a lso  fo u n d  in  e e l a n d  h e rrin g . T h e  m a jo r  co n trib u to r 
fo u n d  in  h e rrin g  w a s  a lso  to x ap h e n e . In  e e l th e  m o st a b u n d an t

m em b e rs  w e re  to x ap h en e  a n d  D D E , w h ic h  w e re  p re se n t in  

s im ila r  p ro p o rtio n s . C a rp  f ille ts  f ro m  th e  c o n ta m in a te d  f ish e ry  
c o n ta in ed  m ark e d ly  h ig h e r  c o n ce n tra tio n s  o f  a ll c o m p o u n d s  

th an  th o se  in  c a ip  fro m  th e  c o m m e rc ia l fishery , a n d  c o n ta in ed  

th e  h ig h es t c o n ce n tra tio n s  o f  m ire x  a n d  o c ta c h lo ro s ty re n e  o f  

all f ish  an a ly zed . T h e  a m o u n t o f  to x a p h e n e  v a r ie d  w id e ly  w ith  

sp ec ie s; i t  w as  u n d e te c ta b le  in  b a ss  o r  b u llh e a d  a n d  p re se n t in  

sm a ll a m o u n ts  in  m en o m in ee , p e rch , a n d  sm elt. T h e  a m o u n t o f  

to x ap h e n e  in  tro u t o r  w h ite fish  f ille ts  w a s  a p p ro x im a te ly  o n e - 

h a lf  th a t p re v io u s ly  fo u n d  in  w h o le  f ish  fo r  th o se  sp e c ie s  in  
L a k e  S u p e rio r  (1). T h e  re la tio n sh ip  o f  sm e lt a n d  tro u t in  the  

fo o d  c h a in  is  p a ra lle led  b y  th e  re la tiv e  a m o u n ts  o f  a ll c o n ta m i

n a n ts  in  b o th . D ie ld rin , o x y c h lo rd a n e , a n d  D D T  lev e ls  in  tro u t 

th a t w e re  p re d o m in an tly  f ro m  L ak e  S u p e rio r  a re  c o m p a rab le

Table 3. Percentage distribution of PCB homologues in 
Great Lakes fish
Species Cl3 Cl4 c i5 Cl6 Cl7 CIs Cl9

Bass 0 .2 6.4 27.8 41.9 18.6 4.7 0.3

Bullhead 0.1 19.2 35.3 26.7 13.4 4.9 0.4

Carp-Oa 0 19.8 40.4 22.3 11 .6 4.8 1 .0

Carp-C6 0 13.3 47.9 23.0 12.4 2.9 0.3

Eel 0 15.0 36.2 28.3 16.1 4.0 0.4

Herring 0.3 11 .0 31.4 40.0 13.4 3.6 0.3

Menominee 0.1 5.9 27.0 40.3 19.8 6.3 0.5

Perch 0 .2 13.1 38.7 29.1 13.8 4.5 0.5

Pickerel 0.3 11.0 39.9 31.6 13.9 2.9 0.3

Smelt 5.2 13.2 33.8 30.4 1 2 .2 4.8 0.5

Trout 0.1 9.3 28.6 40.5 16.9 4.4 0 .2

Whitefish 1,4 31.9 26.6 23.2 13.4 3.3 0.3

a Open fishery. 
b Closed fishery.
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Table 4. Percentage distribution of PCB congeners in various species of fish from the Great Lakes
Congener Bass Bullhead Carp-Oa Carp-C6 Eel Herring Menominee Perch Pickerel Smelt Trout Whitefish

138 18.3 8.9 10.1 11.1 14.0 14.0 18.5 13.5 13.6 11.7 19.9 10.9

153 12.7 3.5 6 .6 7.1 8.9 19.0 12.1 8.4 8.7 9.2 12.9 7.0

90 11.3 5.8 14.6 17.2 8 .8 11 .2 9.3 13.0 16.1 15.2 7.1 9.7

110 6.7 4.5 7.2 7.4 7.5 6 .8 5.0 11 .0 9.8 7.3 5.7 5.9

180+193 8 .2 4.0 4.9 4.7 6.5 4.8 10.4 5.8 4.8 5.4 5.5 6.1

118 3.3 5.2 6 .8 8.5 8 .2 5.7 5.3 5.3 4.4 3.8 7.2 4.5

99 3.5 3.6 6 .0 7.2 6.9 4.0 4.1 5.2 4.9 4.1 4.1 3.5
187 4.6 2.3 3.0 2.4 3.2 2.9 3.5 3.4 3.8 2 .8 3.3 3.1

170 4.1 1 .6 2 .6 2.1 3.1 2 .6 4.4 2 .8 3.1 2 .6 3.6 2 .8

52 1.5 1.4 3.5 2.4 4.0 2.4 1 .2 2 .8 2.9 3.3 1 .6 6.9

41 0.7 2 .0 3.2 2.1 3.2 2.1 1.3 1.9 1.4 2.5 1.5 11 .8

66 1.1 3.1 4.7 3.1 3.1 1.4 0.9 3.0 1.7 1 .8 1.9 2.4

105 1.1 1 .8 2.7 3.4 3.3 1.9 2.1 2.1 1 .8 1.5 2.7 1.9

201 2.5 1.5 2.4 1.4 1 .8 1.9 3.0 2.5 2.1 2.4 2.5 1 .6

a Open fishery.
6 Closed fishery.

to  th o se  p re v io u s ly  fo u n d  fo r w h o le  tro u t in  L a k e  S u p e rio r  (2), 

w h e reas  th e  am o u n ts  o f  D D T s, m irex , H C B , o c tach lo - 
ro s ty ren e , an d  c h lo rd a n e  in  th e  p re se n t sam p lin g  o f  tro u t are 
o n e -fif th  to  o n e -te n th  o f  th o se  re p o rte d  fo r  L a k e  O n ta rio  (3 , 5). 

T h e  c o n ce n tra tio n s  o f  a ll p e s tic id e s  d e te rm in e d , w ith  the  e x 
cep tio n  o f  m irex , w e re  b e lo w  th e  In te rn a tio n a l Jo in t C o m m is
sio n  o b jec tiv e s  (10).

T h e  p e rce n ta g e  d is tr ib u tio n  o f  P C B  h o m o lo g u e s  d e te r

m in e d  in  th e  v a rio u s  sp e c ie s  is g iv en  in  T ab le  3. T h e  p re d o m i

n a n t c o n g en e rs  a re  th e  h ex a- an d  p e n ta c h lo r in a te d  P C B s, a l
th o u g h  w h ite f ish  c o n ta in s  a  h ig h e r  p e rce n ta g e  o f  the  
te trac h lo rin a ted  c o n g en e rs  th an  o th e r  sp ec ies . B ass and  

m en o m in ee  c o n ta in ed  re la tiv e ly  lo w  p ro p o rtio n s  o f  the  
te trac h lo rin a ted  and  h ig h e r  p ro p o rtio n s  o f  h e p ta ch lo r in a te d  
co n g en e rs . T h e  lite ra tu re  co n ta in s  little  d a ta  c o m p a rin g  c o n g e 

n e r  d is tr ib u tio n  a m o n g  d iffe re n t sp ec ie s  o f  fish , a lth o u g h  
O liv e r  a n d  N iim i (11) sh o w ed  th a t sm e lt a n d  sa lm o n id s  fro m  

L ak e  O n ta rio  c o n ta in ed  s im ila r  p ro p o rtio n s  o f  c o n g en e rs , as in  
th e  p re se n t study.

T h e  p ro p o rtio n s  o f  th e  m o s t a b u n d an t in d iv id u a l c o n g en e rs  
a re  sh o w n  in  T ab le  4. B ass , m en o m in ee , a n d  tro u t c o n ta in ed  
re la tiv e ly  larg e  a m o u n ts  o f  th e  h e x ac h lo rin a te d  c o n g en e r  

N o. 138; th e  p re d o m in a n t c o n g e n e r  in ca rp , p ick e re l, an d  sm elt 
w a s  th e  p e n ta ch lo rin a te d  b ip h e n y l N o . 90. In  p e rch , N o. 138 

an d  9 0  w ere  p re se n t in  s im ila r  am o u n ts . T h e  large  p e rcen tag e  
o f  te trac h lo rin a ted  b ip h en y l in  w h ite fish  is re p re se n ted  m o stly  
b y  c o n g en e rs  N o . 5 2 ,4 1 ,  a n d  66 . In  c o n tra s t to  the  p re se n t da ta , 
N o . 153 w a s  th e  m o st a b u n d an t c o n g e n e r  in  a  s tu d y  o f  L ak e  
O n ta rio  tro u t (5) a n d  in  v a rio u s  sp ec ie s  o f  f ish  fro m  W isco n s in  

(6). A  la rg e r sa m p lin g  is re q u ire d  to  d e te rm in e  w h e th e r  th ese  
d iffe re n ce s  a re  d u e  to  lak e -to -la k e  v a ria tio n  su ch  as that o b 
se rv ed  fo r  P C B  co n g en e rs  in  v a rio u s  sp ec ie s  fro m  d iffe ren t 
lak e s  a d ja ce n t to  L a k e  O n ta rio  a n d  G e o rg ian  B a y  (12).
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DAIRY PRODUCTS

Liquid Chromatographic Method for Determination of Iodine 
in Milk: Collaborative Study

D avid Sertl and W illiam M alone

R o ss  L a b o ra to r ie s , 6 2 5  C le v e la n d  A ve, C o lu m b u s , O H  4 3 2 1 5

C o llab o ra to rs : P. B e lja a rs ; C . B lak e ; C . B y e rly ; R .K . C h ad h a ; T. D an ie ls ; C . D u d a ; J. L iu ; B . M c S h a n e ; N . P a rris; 
R . P o llm an ; K . P o n to ; D . S ertl; B . S o lo m an ; A . S tem p ; H . V aessen

Nine laboratories participated in an AOAC Interna- 
tional/lnternational Dairy Federation collaborative 
study on a liquid chromatographic (LC) method for 
determination of iodine in milk. Liquid milk is 
passed through a 25 000 MW membrane filter to re
move protein and insoluble material. Iodine (in the 
form of iodide) in the clear filtrate is separated by 
reversed-phase ion-pair LC and is detected electro- 
chemically. Participants analyzed 2 commercial 
pasteurized whole milks and 5 nonfat dry milk pow
ders in blind duplicate. Each sample was tested in 
duplicate on 2 days. Repeatability and reproducibil
ity standard deviations (sr and sr, respectively) and 
repeatability and reproducibility relative standard 
deviations (RSDr and R S D r , respectively) for deter
minations of iodine in whole milk (mean recovery, 
86.7%) were as follows: sr, 22 pg/L; Sr , 22 pg/L; 
RSDr, 8.2%; and R S D r, 8.3%. For powdered milk 
(mean recovery, 91 %), the values were as follows: 
sr, 0.14 pg/g; s r , 0.22 pg/g; RSDr, 9.0%; and R S D r , 
12.7%. The method was adopted first action by 
AOAC International.

I o d in e  is an  e ssen tia l m ic ro n u trie n t an d  is n e ce ssa ry  fo r 

p ro p e r  fu n c tio n in g  o f  th e  h u m an  th y ro id  g lan d . T h ro u g h  
sec re tio n  o f  its io d in e -co n ta in in g  h o rm o n es  (th y ro x in e  and  

triio d o th y ro n in e ), th e  th y ro id  g la n d  m ain ta in s  th e  lev e l o f  m e

tab o lism  in  tissu es th a t is o p tim a l fo r  th e ir  n o rm al fu n c tio n . T h e  
lack  o f  th ese  h o rm o n es  c au ses  p o o r  m en ta l an d  p h y sica l d e v e l
o p m en t in c h ild ren  an d  en la rg em e n t o f  th e  th y ro id  (g o ite r) in 
adu lts. E x cess iv e  in tak e  o f  io d in e  can  cau se  to x ic  g o ite r  ( th y 

ro to x ico sis).

Subm itted for publication A pril 30, 1992.
This report was presented at the 105th A O A C  International Annual 

M eeting, A ugust 12-14, 1991, Phoenix, AZ.
The recom m endation was approved by the G eneral Referee and the 

C om m ittee on Foods I and was adopted by the Official M ethods Board of 
the Association. See “C hanges in Official M ethods o f A nalysis" (1993)
J  A O A C  Int. 76 Jan/Feb issue.

Io d in e  is a  n o rm al trace  c o n s titu e n t in m ilk  in  th e  ra n g e  o f  

100 to  5 0 0  p g /L . I t  is g e n e ra lly  p re se n t in  m ilk  as io d id e  (I- ). 
Io d o p h o res  a re  o rg an ic  c o m p o u n d s  c o n ta in in g  co v a len tly  
b o u n d  io d in e , w h ich  re lease  io d in e  g ra d u a lly  and  se rv e  as d is
in fec tan ts  in the  d a iry  industry . M u c h  h ig h e r io d in e  lev e ls  are 
fo u n d  in  m ilk  w h e n  io d o p h o r c o n ta m in a tio n  o c cu rs  d u r
ing  p ro cess in g .

T h e  m ost c o m m o n ly  u sed  m e th o d s  fo r m ea su rin g  io d in e  in 
m ilk  are  c a ta ly tic /co lo rim e tric  a n a ly s is  and  io n -se le c tiv e  e lec 
tro d e  (ISE ) an a ly sis . T h e  c a ta ly tic /co lo rim e tric  m eth o d  (1 ) is 
len g th y  an d  req u ire s  sp ec ia l c a re  (2 ) to  av o id  low  re co v e ry  o f  
io d in e . T h e  IS E  m eth o d  (3) is the  s im p le s t a n d  m o s t ra p id  bu t 
is su b jec t to  in te rfe ren ces  fro m  su lfu r-co n ta in in g  a m in o  acids. 
N e u tro n  ac tiv a tio n  a n a ly s is  (N A A ) (4 , 5 ) is u sefu l as a  re fe r
e n ce  m eth o d  bu t re q u ire s  a  n u c le a r reac to r.

In  1979, H e ck m a n  c o n d u c ted  an  in te rlab o ra to ry  s tu d y  o f  the 
rad io c h em ica l N A A  an d  ca ta ly tic /co lo rim e tric  m e th o d s  fo r  io 
d in e  in fo o d s  a t th e  lo w  p a rt-p e r-m illio n  lev e l (6). N o t o n ly  d id  
the  re su lts  o f  the  2  m eth o d s  d iffer, b u t e ac h  m e th o d  sh o w ed  
p o o r  re p ro d u c ib ility  a m o n g  th e  lab o ra to rie s  in v o lv ed . R esu lts  
o f  th a t s tu d y  c o n firm ed  th e  lac k  o f  a  d e fin itiv e  m e th o d  fo r  the 
m ea su re m e n t o f  io d in e  in  fo o d s  (as o f  1979 tec h n o lo g y ), and 
H e ck m a n  re co m m e n d e d  fu rth e r w o rk  to  im p ro v e  the  m eth o d s 

o r to  d e v e lo p  a  n ew  one.
B e ca u se  n o  A O A C  m eth o d  w as av a ilab le , in  1985 A O A C  

re q u este d  d e v e lo p m en t o f  a  liq u id  c h ro m a to g ra p h ic  (L C ) 
m eth o d  fo r  th e  d e te rm in a tio n  o f  io d in e  in m ilk . T h e  p re sen t 
re p o rt d e ta ils  th e  d ev e lo p m en t, co lla b o ra tiv e  study, and  p e r

fo rm an c e  o f  the  L C  m ethod .

Method Development

T h e  L C  m eth o d  o f  H u rs t e t al. fo r  d e te rm in in g  io d id e  ( 7 ,8 ) ,  
w h ic h  u se s io n -p a ir  L C  an d  e le c tro c h em ica l d e tec tio n , w as 
tak en  as a  s ta rtin g  p o in t fo r  th e  m e th o d  re p o rte d  h e re . T h e  m o 
b ile  p h a se  u sed  by  H u rs t c o n ta in ed  p h o sp h a te  b u ffe r  a n d  an 
io n -p a ir  reag en t w ith  E D T A  ad d ed  to  red u ce  d e te c to r  n o ise . W e 
re m o v e d  th e  E D T A  b ecau se  th e  d e te c to r  n o ise  lev e l w as ac 
c ep tab le  w ith o u t it. T o fu r th e r  s im p lify  th e  m o b ile  p h ase , the  
c o n ce n tra tio n s  o f  p h o sp h a te  b u ffe r  an d  io n -p a ir  reag en t w e re  
re d u ce d  to  lO m M  a n d  l.O m M , re sp ec tiv e ly , an d  the  ace to n i-



712 Sertl & Malone: Journal Of AOAC International Vol. 76, No. 4,1993

m in im iz e  v o la tiliz a tio n  lo sses o f  io d in e . R esu lts  fo r  th e  2  re f
e ren c e  m eth o d s  a g ree d  w e ll o n  th e  7  m ilk  sam p le s  in th e  c o l
lab o ra tiv e  study.

In  1987, a f te r  th e  p ro p o se d  L C  m e th o d  w as  te s te d  e x te n 
siv e ly  a t R o ss  L ab o ra to rie s , it w a s  e v a lu a te d  a t 3 o u ts id e  lab o 
ra to rie s  o n  p o w d e red  an d  liq u id  m ilk  sam p les. T h e  m eth o d  p e r
fo rm e d  sa tis fac to rily  and , w ith  m in o r  m o d ifica tio n s , w as re ad y  
fo r  co lla b o ra tiv e  study.

T h e  p ro p o se d  m eth o d  q u a n tita tes  io d in e  in  th e  fo rm  o f  io 
d id e  ( r )  in  th e  m ilk  sam p le . A fte r  m em b ran e  f iltra tio n  o f  the  
liq u id  sam p les, th e  c le a r  filtra te  is in jec ted  o n to  th e  L C  sy s tem  
fo r  se p a ra tio n  o f  th e  io d id e  u s in g  re v erse d -p h a se  io n -p a ir  c h ro 
m a to g rap h y  fo llo w ed  by  d e tec tio n  b y  dc  am p ero m e try .

Collaborative Study

D e s ig n  o f  th e  S tu d y

In 1987, th e  In te rn a tio n a l D a iry  F e d e ra tio n  (ID F ) w a s  c o n 
tac ted , a n d  th ey  a g ree d  to  c o sp o n so r  th e  study. A  co llab o ra tiv e  
s tu d y  d e s ig n  w as  su b m itted  to  A O A C  in  M a rc h  1988 an d  w as 
a p p ro v ed . T h e  s tu d y  w as  d e s ig n ed  to  e v a lu a te  b o th  the  re p ro 
d u c ib ility  a n d  a cc u rac y  o f  th e  m eth o d  on  2 liq u id  w h o le  m ilk  
a n d  5 m ilk  p o w d e r  sam p le s. E ac h  c o lla b o ra to r  re c e iv e d  th e  7 
sa m p le s  in  b lin d  d u p lic a te  an d  te s te d  e ach  sam p le  in  d u p lic a te  
on  2  days. T o estab lish  to ta l io d in e  leve ls, th e  7 sam p le s  w e re  
a lso  an a ly ze d  b y  E N A A  at th e  U n iv e rs ity  o f  V irg in ia  a n d  b y  the  
c a ta ly tic /co lo rim e tric  m eth o d  (2) b y  P e te r  F isc h e r  a t H e a lth  
a n d  W elfare  C an ad a .

P r e p a r a tio n  o f  S tu d y  S a m p le s

T h e  7  m ilk  sa m p le s  w e re  se lec te d  to  c o v e r  a  w id e  ra n g e  o f  
io d in e  c o n cen tra tio n s . T h e  2  w h o le  m ilk  sa m p le s  (L iq u id s  1 ,2 )  
w e re  co m m e rc ia l p a s teu rize d  w h o le  m ilk  (3 .5 %  fa t) fro m  C o 
lu m b u s , O H , re ta il sto res . T h e  sam p le s w e re  tran s fe rre d  to  8 o z  
m eta l c an s  a n d  w e re  s te rilized  in  th e  R o ss  p ilo t  p lan t fo r  s to rag e  
an d  sh ip m en t to  c o llab o ra to rs . T h e  p o w d e re d  m ilk  sam p le s

Table 1. Source of powdered milk sam ples for collaborative study on LC method for iodine in milk

Powder Source Certified iodine content (dry weight basis)

1 Skim milk control sample
C. Olieman, Dutch Institute for Dairy Research,
Ede, The Netherlands

—

2 Reference Standard CRM 150
H. Marchandise, Commission on European Communities, 
Brussels, Belgium 
Spiked skim milk powder

1.29 pg/g (Refs 10, 11) (dry 2 h at 0 in. Hg, 102°C

3 NBS Reference Standard 1549 
Nonfat milk powder
Robert Alvarez, NBS, Gaithersburg, MD

3.38 pg/g (Ref. 12) (dry 48 h at 30 in. Hg, 20-25°C)

4 Skim milk powder, Province of Quebec
Carla Barry, Agriculture Canada, Ottawa, ON, Canada

—

5 Spiked skim milk powder 
Reference Standard CRM 151

5.35 pg/g (Refs 10, 11) (dry 2 h at 0 in. Hg 102°C)

lodili« $t«nd»rd - 102 ii* /l Ski« MIJl Fovdtr - 2.J pjT/f

Figure 992.22. Typical liquid chrom atogram s of iodide 
in iodide standard solution and in powdered milk 
sam ple analyzed on 110 x 4.7 mm id PARTISPHERE Cis 
5 pm, 2 m U m in  flow  rate, 60 pL injection, BAS LC-4B  
detector, 10 nA full scale, +50 mV.

trile  c o n te n t w a s  in c re a sed  to  32% . T h ese  c o n d itio n s  re su lted  

in  g o o d  c h ro m a to g ra p h ic  re sp o n se , w ith  ad eq u a te  sen sitiv ity  
a n d  m in im a l n o ise  (F ig u re  992.22). A  sa m p le  p re p ara tio n  p ro 

c ed u re  w as  d e v e lo p ed  fo r  liq u id  an d  p o w d e red  m ilk s  by  u sin g  
ex c lu s io n  m em b ran e  f iltra tio n  (25 0 0 0  M W ) to  y ie ld  a  c le a r  

filtra te  fo r  L C  an alysis.
T w o  m eth o d s  fo r  to ta l io d in e  (ep ith e rm a l N A A  [E N A A ] 

an d  F isc h e r  c a ta ly tic /co lo rim e tric  [2]) w e re  id en tif ie d  an d  
e v a lu a te d  o u ts id e  R o ss  L a b o ra to rie s  as re fe re n c e  m eth o d s to  

e s tab lish  th e  tru e  lev e ls  o f  io d in e  in th e  m ilk  sa m p le s  fo r  th e  

study. E N A A  (9) is an  im p ro v e d  fo rm  o f  N A A  th a t d o es  no t 
re q u ire  rad io c h em ica l sa m p le  p re p a ra tio n  b e fo re  N A A  a n a ly 
sis, u se s  e p ith e rm a l n e u tro n s  to  g iv e  m o re  fa v o ra b le  ac tiv a tio n  
o f  io d in e , an d  u se s  an  im p ro v e d  d e te c tio n  m ate ria l w ith  b e tte r  

w a v e le n g th  re so lu tio n . T h e se  a d v an tag e s  g iv e  im p ro v e d  a cc u 
racy  an d  sen sitiv ity  fo r  io d in e  d e te rm in a tio n  in  th e  lo w  p art- 

p e r-m illio n  ran g e . T h e  F isc h e r  ca ta ly tic  m e th o d  im p ro v e s  th e  

a cc u rac y  o f  th e  c a ta ly tic  m e th o d  b y  tak in g  e x tra  p re ca u tio n s  to
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w ere  n o n fa t d ry  m ilk  fro m  N o rth  A m e ric a  an d  E u ro p e  (T a
b le  1). T h o se  sa m p le s  w e re  tran s fe rre d  o n  an  a s-is  b a sis  to 
tig h tly  cap p ed , 15 m L  p las tic  c o n ta in e rs  fo r  sh ip m en t.

S tu d y  P a r tic ip a n ts

T h e  c o lla b o ra tiv e  s tu d y  w as  in itia te d  w ith  12 lab o ra to rie s  
fro m  4  co u n trie s . P a rtic ip an ts  an a ly ze d  a  p rac tice  m ilk  sam p le  
to b e c o m e  fa m ilia r  w ith  th e  m eth o d . T h re e  o f  the  co lla b o ra to rs  
h ad  D io n ex  PA D  II e le c tro c h em ica l d e te c to rs  an d  e x p e rien c e d  
se rio u s d rift p ro b lem s b e c a u se  o f  in te rac tio n s  o f  th e  m o b ile  
p h a se  w ith  th e  re fe re n ce  e le c tro d e , a n d  th ey  c o u ld  n o t rep o rt 
resu lts . A ttem p ts  to  re so lv e  th e  p ro b le m  w ith  in p u t fro m  
D io n ex  w ere  u n su c c ess fu l. (D io n e x  h as  s in ce  d e v e lo p e d  a n  im 
p ro v ed  re fe re n ce  e le c tro d e  fo r  th e  PA D  II de tec to r, w h ic h  can  
be  u se d  w ith  th is  m o b ile  p h ase .)

T h e  re m a in in g  9  lab o ra to rie s  su c c ess fu lly  a n a ly ze d  the 
p rac tice  sam p le  an d  w e re  se n t in s tru c tio n s , re p o rt  fo rm s, and  
th e  7  co lla b o ra tiv e  s tu d y  sa m p le s  in  b lin d  d u p lica te . T w o  ad d i
tio n a l re sea rc h e rs  f ro m  R o ss  L ab o ra to r ie s  to o k  p a rt in  th e  s tu d y  
as co llab o ra to rs . S p ec ia l c a re  w as  tak e n  so  th a t these  p a rtic i
p an ts  re ce iv e d  n o  m o re  in s tru c tio n s  o r  a ss is tan ce  th an  d id  the 
o th e r  7 lab o ra to ries .

992.22 Iodine (as Iodide) in Pasteurized Liquid Milk 
and Skim Milk Powder Liquid Chromatographic 
Method

First Action 1992

(A p p licab le  to  d e te rm in a tio n  o f  io d in e , as io d id e , in liq u id  
an d  p o w d e re d  m ilk )

M e th o d  P e rfo rm an ce :
Io d in e , 303 , 308 p g /L , in  liq u id  m ilk  
M e a n  re co v e ry  o f  to ta l io d in e  = 8 7 %  
sr =  22 ; sR =  22 ; R S D r =  8 .2% ; R S D r =  8 .3%
Io d in e , 0 .5 -A .6  (ig /g , in  p o w d e re d  sk im  m ilk
M e a n  re c o v e ry  o f  to ta l io d in e  =  91 %
sr =  0 .1 4 ; sR =  0 .2 2 ; R S D r =  9 .0 % ; R S D r =  12.7%
( C a u t io n : O b se rv e  c o m m o n  sa fe ty  p ro c ed u re s  fo r  o p e ra tin g  

cen trifu g e . A c e to n itrile  is e x tre m e ly  f lam m ab le  a n d  a  sk in  irr i
tan t. I f  sk in  c o n ta c t o ccu rs , im m e d ia te ly  flu sh  a ffe c te d  a rea  
w ith  larg e  a m o u n ts  o f  w ater.)

A . P r in c ip le

Io d in e  in  m ilk  sam p le s  is  m ea su re d  o n ly  in  fo rm  o f  io d id e  
(I- ). P ro te in  an d  in so lu b le  m a te ria l in liq u id  m ilk  sam p le s  are 
rem o v ed  b y  p a ss in g  th ro u g h  25  0 0 0  M W  c u to ff  m em b ran e . Io 
d id e  in c le a r  f iltra te  is se p a ra ted  b y  u s in g  re v e rse d -p h a se  ion- 
p a ir  liq u id  c h ro m a to g ra p h y  (L C ) an d  is se lec tiv e ly  d e tec ted  
e le c tro c h em ica lly  w ith  s ilv e r  w o rk in g  e le c tro d e  a t 0  to  + 5 0  m V  
a p p lied  p o ten tia l. Io d id e  is q u a n tita te d  a g a in s t ex te rn a l io 
d id e  stan d ard s .

B. A p p a r a tu s

(a) M e m b r a n e  c o n e s .— 25 0 0 0 - 3 0  0 0 0  M W  c u to ff  (A m i- 
co n  C E N T R IF L O , C F -2 5 ,  A m ic o n  C o rp ., D an v ers , M A , and 
M illip o re  U ltra free  PF, B ed fo rd , M A , are  su itab le).

(b )  C o n i c a l  m e m b r a n e  s u p p o r t .— T o su p p o rt m em b ran e  
c o n e  in c e n trifu g e  tu b e  (A m ico n  N o . C S 1 A  is su itab le).

(c) G u a r d  c o lu m n  ( o p t io n a l ) .— C 18 c a rtrid g e , 15 x
3 .2  m m .

(d) A n a l y t i c a l  c o lu m n .— 5 |tm  C 18 to  y ie ld  acc ep ta b le  k ' 
an d  c o lu m n  e ffic ien cy  (see  E ) (P A R T IS P H E R E  C 18, 110 x  4 .7  
m m , W h a tm an  Inc ., C lifto n , N J, is su itab le ).

(e) M e m b r a n e  f i l t e r s . — 4 7  m m , N Y L O N -6 6  1.2 p m , 
0 .5  p m .

(f) C e n tr i f u g e  tu b e s .— 5 0  m L , 27  m m  id , co n ica l, d isp o s
ab le  p las tic , w ith  sc rew  cap .

(g) C e n tr i f u g e .— C a p ab le  o f  h o ld in g  5 0  m L  c en trifu g e  
tu b es  and  d e liv e rin g  1000 r e f  c en trifu g a l fo rce  (re f  =  
0 .0 0 0 0 1 1 8  x  ra d iu s  (cm ) x  rp m  x  rp m ). L o w e r r e f  fo rce  c an  b e  
u sed  i f  c en trifu g a tio n  tim e  is in creased .

(h) L C  s y s t e m .— L C  p u m p  c ap a b le  o f  5 0 0 0  psi an d  
5 m L /m in  flo w  ra te ; v a lv e  in je c to r  c a p a b le  o f 5 0 - 2 0 0  p L  in jec 
tio n s; e le c tro c h em ica l L C  d e te c to r  w ith  s ilv e r w o rk in g  e le c 
tro d e  a t 0  to  + 5 0  m V  p o ten tia l (B A S  L C -4 B , B io an a ly tica l 
S y s tem s, Inc ., W est L afay ette , IN , is su itab le ) o r  p u lse d  am - 
p e ro m e tric  d e te c to r  (PA D ) (D io n ex  C o rp ., S u n n y v a le , C A , is 
su itab le ) m ay  b e  u sed  w ith  so lv en t c o m p a tib le  s ilv e r e lec tro d e  
k it; strip  c h art re co rd e r o r  e le c tro n ic  in teg ra to r/p lo tte r.

C . R e a g e n t s

(N o te :  Io d id e  is u n stab le  in  ligh t; s to re  a ll io d id e  so lu tio n s  
a w ay  fro m  e x te n d e d  ex p o su re  to  w h ite  ligh t.)

(a )  I o d i d e  r e f e r e n c e  s ta n d a r d  s o lu t io n .— 0 .1 0 0  ±  0 .0 0 1 M  
so d iu m  o r  p o ta s s iu m  io d id e  so lu tio n  (1 2 .6 9  g  io d id e /L ), re c 
o m m e n d  s ta n d ard iza tio n  trac ea b le  to  c e rtif ie d  re fe re n ce  m a te 
rial. D isca rd  12 m o n th s  a fte r  s ta n d a rd iza tio n  o r  6  m o n th s  a fte r 
o p e n in g  con ta iner. ( Io d id e  re fe re n ce  s ta n d a rd  trac ea b le  to  N a 
tio n a l In s titu te  o f  S tan d ard s  a n d  T ech n o lo g y  [N IS T ] S tan d ard  
R e fe re n ce  M a te ria l is av a ilab le  o n  sp ec ia l o rd e r fro m  R icc a  
C h e m ic a l C o , A rlin g to n , T X ).

(b )  R e a g e n t - g r a d e  c h e m ic a l s .— D ib a sic  so d iu m  p h o s 
p h a te , 85%  p h o sp h o ric  acid , « -a m y l a lc o h o l (o c tan o l m ay  be 
su b stitu ted ), an d  re ag e n t a lco h o l (9 0 %  e th an o l, 5 %  m eth an o l, 
5 %  p ro p a n o l)  (p u re  e th a n o l o r  2 -p ro p an o l m ay  b e  su b stitu ted ).

(c) A c e t o n i t r i l e .— L C  grade.
(d )  H e x a d e c y l t r im e th y la m m o n iu m  c h l o r i d e  s o l u t i o n .—  

2 5 %  in  H 20  (0 .7 8 M ) h e x a d e c y ltr im e th y la m m o n iu m  c h lo rid e  
(c e ty ltr im e th y la m m o n iu m  c h lo rid e ) (A ld rich  C h e m ic a l, M il
w au k ee , W I, is su itab le  supp lie r).

(e) L C  m o b i l e  p h a s e .— lO.Om M  d ib as ic  so d iu m  p h o s
p h a te , l.O m M  c e ty ltr im e th y la m m o n iu m  c h lo rid e , 3 2 %  a ce 
to n itrile , p H  =  6 .8 . D isso lv e  1.42 ± 0 .0 5  g  d ib as ic  so d iu m  p h o s 
p h a te  in  c a  6 0 0  m L  H 20  in 1 L  beak er. A d d  1.3 m L  
h e x ad e cy ltr im e th y lam m o n iu m  c h lo rid e  so lu tio n  an d  m ix . A d d  
3 2 0  m L  a ce to n itr ile  an d  m ix  w ell. A d ju st p H  o f  m o b ile  ph ase  
to  6 .8  ±  0.1 w ith  p h o sp h o ric  ac id  so lu tio n . D ilu te  to  1 L  w ith  
H 20  a n d  m ix  w e ll. F il te r  so lu tio n  th ro u g h  0 .5  p m  N Y L O N -6 6  
m em b ran e  filter. (M o b ile  p h ase  m ay  b e  s lig h tly  c lo u d y  b e fo re  
filtra tio n . P re filte rin g  th ro u g h  1.2 p m  filte r a id s  sig n ifican tly  in 
f iltra tio n  th ro u g h  0 .5  p m  filter. D ilu te  m o b ile  p h ase  slig h tly  
w ith  H 20  o r  a ce to n itr ile  to  a d ju s t to  d e s ired  io d id e  re ten tio n  
tim e .)  S to re  in tig h tly  cap p ed  co n ta in er. D isc a rd  a fte r  1 year.
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(f) 5 0 %  a c e t o n i t r i l e  s o lu t io n .— A d d  5 0 0  m L  ace to n itrile  to 
1 L  v o lu m e tric  flask . D ilu te  to  v o lu m e  w ith  H 20  a n d  m ix  w ell. 
S to re  in s to p p e red  g lass  co n ta in er. D isc a rd  a fte r  2  years.

(g) 2 0 %  a l c o h o l  s o lu t io n .— A d d  2 0 0  m L  reag en t a lco h o l to  
8 0 0  m L  H 20 ;  m ix  w ell.

(h )  S to c k  i o d i d e  s t a n d a r d  s o lu t io n .— 101.5 m g/L . P o u r ca  
10 m L  io d id e  re fe ren ce  s tan d ard  so lu tio n , (a ), in to  50  m L  
b eak er. P ip e t 8 .00  m L  io d id e  s tan d ard  in to  1 L  v o lu m e tric  
flask . D ilu te  to  v o lu m e  w ith  H 20 ;  m ix  w ell. S to re  a t ro o m  tem 
p e ra tu re  an d  p ro tec t fro m  w h ite  ligh t. D isca rd  a f te r  30  days.

(i) I n te r m e d ia t e  i o d i d e  s t a n d a r d  s o lu t io n .— 1015 p g /L . D i
lu te  10.00  m L  s to c k  io d id e  s tan d ard  so lu tio n , (h ), to 1 L  w ith  
H 20 .  M ix  w ell. P ro tec t fro m  w h ite  light. D isc a rd  a fte r  7 days.

(j) W o r k in g  i o d i d e  s t a n d a r d  s o lu t io n s .— 254, 152, 102, and  
20 .3  p g /L . D ilu te  25 .0 0 , 15.00, 10.00, an d  2 .0 0  m L  in te rm ed i
a te  s tan d ard  so lu tio n , (i), to  100 m L  w ith  H 20  in sep ara te  v o lu 
m etric  flask s. M ix  w e ll. P ro tec t fro m  w h ite  light. D isc a rd  a fte r 
7 d ays.

D . P r e p a r a tio n  o f  S a m p le

S o a k  n e w  m e m b ra n e  co n es in  2 0 %  a lco h o l so lu tio n  >1 h. 
R e m o v e  c o n e  fro m  a lco h o l so lu tio n , d ra in , m o u n t in  support, 
an d  p lace  in 50  m L  c en trifu g e  tub e . C e n trifu g e  5 - 1 0  m in  at 
9 0 0 -1 0 0 0  re f  to  re m o v e  e x ce ss  liq u id  fro m  m em b ran es . In vert 
and  d ra in  co n e  to  co n firm  th a t no  a p p rec ia b le  a m o u n t o f  liqu id  
re m a in s  in co n e  b e fo re  use. P lace  p re p are d  c o n es  in to  m e m 
b ra n e  su p p o rts  m o u n te d  in  c lean , lab e led  cen trifu g e  tu b es fo r  
sam p le  ana ly sis .

F o r  p o w d e r e d  m i lk  s a m p le s .— A c cu ra te ly  w e ig h  4 -4 .5  g 
m ilk  p o w d e r  to  n eare st 0.01 g. P lace  in b e a k e r  co n ta in in g  7 0 -  
80  m L  H 20 .  S tir  b risk ly  5 - 1 0  m in  to  fu lly  w e t an d  m ix  m ilk  
pow der. V isu a lly  v e rify  co m p le te  w e ttin g  an d  m ix in g  o f  p o w 
der. T ran s fe r  sa m p le  q u a n tita tiv e ly  to  100 m L  v o lu m e tric  flask , 
ad d  1 d ro p  n -am y l a lco h o l to  red u ce  fo am in g , a n d  d ilu te  to 
v o lu m e  w ith  H 20 .  M ix  w ell.

F o r  l i q u i d  m i lk  s a m p l e s .— D ilu te  10 m L  sam p le  w ith  
10 m L  H 20  an d  m ix  w ell.

P r e p a r e  2  c o n e s / s a m p l e .— F ill m em b ran e  c o n e  w ith  d ilu ted  
p o w d e red  o r  liq u id  sam p le , a b o v e , to  w ith in  5 m m  o f  c o n e  top. 
C e n trifu g e  sam p le s a t 9 0 0 -1 0 0 0  re f  1 5 -2 0  m in  ( i f  c en trifu g e  
w ill no t a tta in  9 0 0  ref. use  h ig h es t re f  av a ilab le  an d  in crease  
tim e  to  a tta in  e n o u g h  filtra te  fo r  L C  analy sis). In jec t filtra te  
fro m  e ach  co n e  se p a ra te ly  o n  L C  sy stem . S o a k  u sed  m em b ran e  
c o n es  an d  su p p o rts  im m ed ia te ly  in ho t w ater. F lu sh  co n es w ell 
w ith  s tream  o f  h o t w a te r  to  rem o v e  sam p le  re sid u e . S to re  in 
2 0 %  a lco h o l so lu tion . M e m b ran e  co n es m ay  b e  re -u sed  sev 
eral tim es.

E. L C  A n a ly s is

F o r  n ew  L C  co lu m n , w ash  c o lu m n  w ith  c a  5 0  m L  5 0 %  a ce 
to n itr ile  so lu tio n . P u m p  30  m L  m o b ile  ph ase  th ro u g h  co lu m n , 
d isc a rd in g  e lu en t. T urn  on  w o rk in g  e le c tro d e  o f  d e te c to r  and  
v e rify  p ro p e r  a p p lied  p o ten tia l. B eg in  re cy c lin g  m o b ile  phase , 
a n d  p u m p  m o b ile  p h ase  th ro u g h  sy s te m  at 2 m L /m in  u n til sta 
b le  b a se lin e  is o b ta in e d  ( 1 h  m in im u m ). S tab le  re te n tio n  tim e 
a n d  p e a k  a rea  o r  h e ig h t rep ro d u c ib ility  o f  3%  fo r  co n secu tiv e

in je c tio n s  o f  2 5 4  p g /L  stan d ard  io d id e  so lu tio n  in d ic a te s  
e q u ilib ra ted  and  p ro p e rly  o p e ra tin g  system .

Io d id e  p e a k  cap ac ity  fa c to r (k ')  sh o u ld  b e  3 -1 0 ,  a n d  c o lu m n  
e ffic ien cy  sh o u ld  a llo w  q u a n tita tio n  o f  20 .3  p g /L  w o rk in g  io 
d id e  s tan d ard  so lu tio n . I f  u sin g  in teg ra to r, ad ju s t p a ram e te rs  fo r  
p ro p e r  in teg ra tio n  o f  io d id e  p eak , b u t do  n o t in teg ra te  n e g a tiv e  
" ta il"  o f  io d id e  p eak  (see  F ig u re  992.22). I f  u s in g  m an u a l p eak  
h e ig h ts , a d ju s t in jec tio n  v o lu m e  o r  d e te c to r  sen sitiv ity  fo r  
> 7 0 %  fu ll sca le  p e a k  h e ig h t fo r  2 5 4  p g /L  w o rk in g  io d id e  
s tan d ard  so lu tio n . A d ju st a p p lied  p o ten tia l to  E C  d e te c to r  
w o rk in g  s ilv e r e le c tro d e  w ith in  0  to  + 5 0  m V  to  o p tim iz e  p eak  
sh ap e  an d  sensitiv ity .

W h en  L C  sy stem  is e q u ilib ra ted , in jec t w o rk in g  io d id e  
s tan d ard  so lu tio n s  an d  sam p les. W ait >5 m in  a f te r  io d id e  p eak  
e lu te s  b e fo re  n e x t in jec tio n . D is tr ib u te  w o rk in g  io d id e  s tan d ard  
so lu tio n  in jec tio n s  th ro u g h o u t ru n  to  a ssu re  ad eq u a te  q u a n tita 
tio n  o f  sam p le s  an d  to  a cc o u n t fo r  any  d rif t in sy s tem . (N o te :  

W e re co m m e n d  in je c tin g  all 4  w o rk in g  io d id e  s ta n d a rd  so lu 
tio n s  ev ery  6 - 8  sam p le  in jec tio n s.)

M o b ile  p h a se  m ay  be  re cy c le d  b e tw e e n  sa m p le  an a ly se s  o r 
w h en  stan d ard  so lu tio n s  a lo n e  a re  b e in g  in jec ted . H ow ev er, 
w h en  sam p le s  a re  b e in g  in jec ted , d o  n o t re c y c le  c o lu m n  e luen t, 
b ecau se  th is c an  red u ce  c o lu m n  life  an d  m ay  lea d  to  in te rfe rin g  
p e ak s  an d  g rad u a lly  d riftin g  base lin e . D u rin g  e x te n d ed  in te r
v a ls  b e tw een  use , f lu sh  co lu m n  an d  sy s tem  w ith  5 0 %  a ce to n i
trile  so lu tio n , an d  re eq u ilib ra te  c o lu m n  w ith  m o b ile  p h a se  b e 
fo re  nex t u se . In  ro u tin e  use , recy c le  m o b ile  p h a se  a t lo w  flow  
ra te  (0 .2  m L /m in ) to  m ain ta in  sy s te m  read iness.

F. C a lc u la tio n s

(N o te :  S ilv e r e le c tro d e  m ay  y ie ld  n e g a tiv e  ta ilin g  on  io d id e  
p eak ; see  F ig u re  992.22). M easu re  p e a k  h e ig h ts  fro m  b ase lin e  
e x te n d e d  fro m  b a se lin e  im m e d ia te ly  b e fo re  io d id e  p eak . T o a c 
c o m p lish  th is  w h e n  u sin g  in te g ra to r  e q u ip p e d  w ith  n e g a tiv e  
p e ak  fu n c tio n , ac tiv a te  n e g a tiv e  p eak  fu n c tio n  ca  1 m in  b e fo re  
io d id e  p eak  e lu te s  a n d  d e ac tiv a te  sh o rtly  b e fo re  e n d  o f  run .

M easu re  p e ak  re sp o n se s  (a reas o r h e ig h ts)  o f  io d id e  p eak s 
in  c h ro m a to g ra m s o f  w o rk in g  stan d ard s . (P e a k  a rea  is p re 
fe rred  to  p e ak  h e ig h t b ecau se  p eak  sh ap e  can  v a ry  d u rin g  m n . 
V isu a lly  v e rify  th a t each  iod ide  p e ak  is b e in g  d e te c te d  re a so n 
ab ly  w e ll.)  P e rfo rm  lin ea r lea s t-sq u a res  a n a ly s is  o n  re la tio n 
sh ip  b e tw ee n  stan d ard  co n ce n tra tio n  (p g /L )  v s  p e a k  a rea  
(h e ig h t) to o b ta in  ca lib ra tio n  line. (U se  o n ly  the  4  w o rk in g  io 
d id e  s tan d ard  so lu tio n s fo r  ca lib ra tio n  line; d o  no t u se  z e ro  (0, 
0 ].) C o rre la tio n  c o effic ien t (r) o f  line  sh o u ld  be  > 0 .99 .

F o r  e ac h  sa m p le  in jec tio n , c a lcu la te  io d id e  co n ce n tra tio n , 
C, in p g /L , in sa m p le  filtra te  fro m  sam p le  p e ak  re sp o n se  an d  
ca lib ra tio n  line.

C a lc u la te  io d id e  level, /¿, in  o rig in a l liq u id  sam p le  as fo l
low s:

11 (p g /L )  =  C  x  2

w h ere  2 =  d ilu tio n  fa c to r  o f  o rig in a l sam ple .
C a lc u la te  io d id e  leve l, IP, in o rig in a l p o w d e re d  m ilk  sa m p le  

as fo llow s:

/ P (p g /g )  =  C x O . l O O U W
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Table 2. Collaborative results for LC determination of 
iodine in liquid and powdered milk3

Liquid,
Powder, gg iodide/g gg iodide/g * 6

Lab. Day 1 2 3 4 5 1 2

1 1 0.530 1 .02 2.84 2.39 4.75 333 326
0.507 1 .02 2.75 2.40 4.74 327 335

2 0.576 1.04 2.54 2.32 4.09 310 311
0.532 0.971 2.47 2.57 3.78 323 305

2 * 1 0.691 0.726 2.52 2.43 4.43 248 259
2 0.480 1 .2 0 2.49 2.44 3.78 308 296

3 1 0.624 1 .20 2.17 2.24 3.78 248 258
0.715 1.34 2.48 2.38 3.99 274 278

2 0.544 1.16 2.43 2.13 3.84 254 267
0.527 1.13 2.32 2.29 4.01 270 282

4 1 0.594 1 .00 2.59 2.49 4.61 271 285
0.531 0.938 2.46 2.49 4.52 280 275

2 0.508 1.01 2.58 2.45 4.22 277 280
0.608 0.986 2.72 2.60 4.25 282 269

5 1 0.613* 1.15* 2 .6 6 * 2.57* 4.69* 294* 286*
2 0.547* 1.07* 2.91 2.75 4.86 197 278*

2.79 2.83 4.93

3C — 1.07 2.44* 2.47* 4.08* — —

1.13

6 1 0.657 1.17 2 .1 0 2.33 4.18 267 256
0.642 1.15 2 .1 0 2.30 4.18 272 262

2 0.543 1 .10 1.98 2 .2 0 4.47 276 272
0.543 1.09 2.07 2 .2 2 4.57 282 279

7 1 0.469 0.897 1.70 1.85 4.08 266 252
0.403 0.935 1.77 1 .8 8 4.17 270 252

2 0.453 0.950 1.83 1.82 3.85 277 150*
0.453 0.932 1.91 1.78 3.92 267 269

8 e 1 0.719 0.727 2 .0 2 2.41 4.27 273 260
2 0.284 0.409 2.11 2.13 4.03 261 271

9 1 0.338 1.09 2.43 2.48 4.34 337 330
0.360 1.03 2.40 2.49 4.28 338 336

2 0.509 1.05 2 .1 2 2.19 4.32 308 323
0.613 1.01 2 .2 0 2.16 4.29 329 306

a Samples were distributed as blind duplicates. Except where noted, 
each data point is the result from a single filtration and injection.

6 Analyst pooled the 2 filtrates before injection. 
c Data for Day 3 were not used in estimation of between-day and 

between-laboratory variances.
d Data point was not used in statistical analysis; it should not have 

been reported because of likely error in procedure.
3 Analyst reported a single result for each day (single filtration and 

injection).

Table 3. Collaborative data used to estimate 
between-day and between-laboratory variance for LC 
method for iodine in liquid and powdered milk3

Lab. Day

Powder, gg iodide/g
Liquid 

gg iodide/g

1 2 3 4 5 1 2

1 1 0.530 1 .02 2.84 2.39 4.75 333* 326*
2 0.576 1.04 2.54 2.32 4.09 310* 311*

2 1 0.691 0.726* 2.52 2.43 4.43 248 259
2 0.480 1 .2 0 e 2.49 2.44 3.78 308 296

3 1 0.624 1 .20 2.17 2.24 3.78 248 258
2 0.544 1.16 2.43 2.13 3.84 254 267

4 1 0.594 1 .00 2.59 2.49 4.61 271 285
2 0.508 1.01 2.58 2.45 4.22 277 280

5 1 0.613 1.15 2 .6 6 2.57 4.69 294 286
2 0.547 1.07 2.91 2.75 4.86 197 278

6 1 0.657 1.17 2 .1 0 2.33 4.18 267 256
2 0.543 1 .10 1.98 2 .2 0 4.47 276 272

7 1 0.469* 0.897 1.70 1.85* 4.08 266 252
2

**00ino

0.950 1.83 1.82® 3.85 277 269

8 1 0.719 0.727* 2 .0 2 2.41 4.27 273 260
2 0.284 0.409® 2.11 2.13 4.03 261 271

9 1 0.338* 1.09 2.43 2.48 4.34 337* 330*
2 0.509f 1.05 2 .1 2 2.19 4.32 308* 323*

3 Data identified as Cochran, Grubbs single, or Grubbs pair outliers 
were removed from the data set. See text for further information.

6 First.
c Data identified as Grubbs pair outlier (high); removed from the data 

set.
d Second.
3 Data identified as Cochran outlier; removed from the data set.
' Data identified as Grubbs pair outlier (low); removed from the data 

set.
9 Data identified as Grubbs single outlier; removed from the data set.

w h ere  W  =  sam p le  w e ig h t, g ; and  0 . 100L =  v o lu m e  o f  d ilu te d  
p o w d e red  m ilk .

C a lc u la te  m ean  o f  s in g le  d e te rm in a tio n s  fo r  filtra te  from  
e ac h  m em b ran e  c o n e  fo r  e ac h  sam p le ; ro u n d  m ean  to  3 sig n ifi
c an t figu res.

R ef.: J. A O A C  In t. (1 9 9 3 ) 76, Ju ly /A u g u s t issue.

Results and Discussion

D a ta  re p o rte d  by  th e  9 co lla b o ra to rs  a re  sh o w n  in T ab le  2. 
E ac h  lab o ra to ry  sh o u ld  h av e  re p o rte d  4  re su lts  fo r eac h  o f  the 
7 sam p les: 2  w ith in -d ay  re su lts  (s in g le  filtra tio n  and  in jec tio n ) 
f ro m  e ach  o f  2 d a y s  o f  an a ly se s . L ab o ra to ry  8 rep o rted  on ly  
s in g le  w ith in -d a y  re su lts  fo r  e ach  day. L ab o ra to rie s  2  an d  5 
p o o led  th e ir  re p lica te  filtra tes  b e fo re  a n a ly s is  and  rep o rted  o n ly  
a  s in g le  re su lt fo r eac h  day. L ab o ra to ry  5 a lso  rep o rted  d a ta  fo r
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Table 4. Statistical analysis of collaborative results for LC determination of iodine in milk

Statistic

Powder, pg iodide/g Liquid, pg iodide/g

1 2 3 4 5 1 2

Source of variance

Within-day 0.0017 0.0015 0.0078 0.0054 0.0081 77.6 62.4

Between-day 0.0174 — 0.0094 0.0090 0.0608 881.5 95.1
Between-lab. — 0.0069 0.1060 0.0149 0.0468 — 14.0
Total variance 0.0191 0.0084 0.1232 0.0293 0.1157 959.1 171.5
Mean 0.565 1.07 2.33 2.37 4.25 266 271

Standard deviations3

Within-day 0.041 0.039 0.088 0.073 0.090 8 .8 7.9

Between-day 0.132 — 0.097 0.095 0.257 29.7 9.8

Between-lab. — 0.083 0.326 0 .1 2 2 0.216 — 3.7

sr 0.138 0.039 0.131 0 .1 2 0 0.272 31.0 1 2 .6

SR 0.138 0.092 0.351 0.171 0.348 31.0 13.1
RSDr, % 24.4 3.6 5.6 5.1 6.4 11.7 4.7

RSDr , % 24.4 8 .6 15.1 7.2 8 .2 11.7 4.8

Degrees of freedom

Within-day 12 12 13 13 13 12 11

Between-day 7 9 9 8 9 7 7
Between-lab. 6 8 8 7 8 6 6

a s, and sR are standard deviations for repeatability and reproducibility, respectively; RSDr and RSDH are corresponding relative standard 
deviations.

a  th ird  day, w h ic h  w as n o t u sed  in th e  s ta tis tica l a n a ly s is  b e 
c au se  it w o u ld  im b a lan c e  th e  d a ta  unn ecessa rily .

Statistical Treatment

T h e  S A S  s ta tis tica l co m p u tin g  p ack a g e  (1 3 ) w as  u se d  to  
p ro v id e  th e  e s tim a te s  o f  th e  3 v a rian ce  c o m p o n e n ts  o f  the 
m eth o d : b e tw ee n -la b o ra to ry , b e tw een -d ay , a n d  w ith in -d ay  
v a rian ces . C o c h ran  and  G ru b b s  o u tlie rs  w e re  re m o v e d  a cc o rd 
in g  to  A O A C  g u id e lin e s  fo r  co lla b o ra tiv e  s tu d y  p ro c e 
d u re s  (14).

W ith in -D a y  P r e c is io n

D a ta  (T ab le  2 ) f ro m  o n ly  th e  6  p a rtic ip a n ts  w h o  co m p le ted  
the  a n a ly se s  a cc o rd in g  to  th e  s tu d y  d es ig n  (L ab o ra to rie s  1, 3, 
4 , 6, 7 , an d  9) w e re  u se d  to  c a lcu la te  w ith in -d ay  v a rian ce  and  
w ith in -d a y  p re c is io n  ( swd). W h en  th e  se q u e n ce  o f  o u tlie r  tes ts 
w as  a p p lied  to  th ese  da ta , no  C o c h ran  o u tlie rs  w e re  fo u n d  fo r 
p a irs  o f  w ith in -d a y  resu lts . A n  e s tim a te  o f  w ith in -d a y  v a rian ce  
w as  th en  m ad e  o n  th e  d a ta  se t fro m  the  6  lab o ra to ries.

B e tw e e n - D a y  a n d  B e tw e e n - L a b o r a to r y  P r e c is io n

F o r  th e  e s tim a te s  o f  b e tw ee n -d ay  a n d  b e tw ee n -la b o ra to ry  
v a rian ce , the  use  o f  a s  m an y  lab o ra to rie s  as p o ss ib le  is d e s ir
ab le . H o w ev er, o n ly  a  sm a ll la c k  o f  b a la n ce  in  th e  d a ta  se t can  
p e r tu rb  th e  v a rian ce  e s tim a te s  to  a  s ig n ific a n t d e g ree  (15). T h e  
p o o led  v a lu e s  re p o rte d  b y  L a b o ra to rie s  2  a n d  5 w ere  ju d g e d  to

Table 5. Summary of statistical analysis of variance of 
collaborative data for LC determination of iodine in milk

Variance source
% of total variance 

(min.-max.) Av. % of total variance

Powders
Within-day 6-18 12

Between-day 0-91 36
Between-lab. 0 - 8 6 52

Liquids
Within-day 8-36 2 2

Between-day 56-92 74
Between-lab. 0 - 8 4

Table 6. Summary of repeatability and reproducibility 
of LC method for iodine in milk
Statistic Range over samples Average

Powders

sr, gg/g 

sr, pg/g

(RSDr)
(RSDr )

0.04-0.27 (4-25%) 
0.09-0.35 (7-24%)

0.14
0 .2 2

(9.0%)
(12.7%)

Liquids 
sr, pg/L 
Sr , pg/L

(RSDr)
(RSDr )

13-31 (5-12) 
13-31 (5-12)

22
22

(8 .2 %)
(8.3%)
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Table 7. Accuracy of the LC method for determination of total iodine in milk

Powder, g g iodine/g Liquid, (ig iodine/g

Statistic 1 2 3 4 5 1 2

ENAA analysis, mean ± SD 0.527 ±0.053 1.11 ±0.08 3.21 ± 0.13 2.92 ± 0.09 4.63 ±0.14 301 ±16 312 ±16
Fischer catalytic method, 0.535 ± 0.005 1.09 ± 0.02 2.96 ± 0.06 2.78 ± 0.03 4.65 ± 0.03 305 ± 2 303 ±2

mean ± SD
Av. of data for ENAA & 0.531 1 .1 0 3.09 2.85 4.64 303 308

catalytic method
LC method, av. (as-is basis) 0.565 1.07 2.33 2.37 4.26 266 271
Bias of LC method (LC -  total) +0.034 -0.03 -0.76 -0.48 -0.38 -37 -37
LC recovery of total iodine, % 106.4 97.3 75.4 83.2 91.8 87.8 87.8

[(LC/total) x 100]

be  e q u iv a len t to  a  s in g le  re p lica te  re su lt fro m  th e  g ro u p  o f  6 
lab o ra to rie s  fro m  L ab o ra to ry  8. F o r  th is  reaso n , o n ly  resu lts  

fro m  th e  f irs t an a ly sis  o n  e ach  d a y  w ere  u se d  to  p ro v id e  d a ta  
fro m  all 9  lab o ra to rie s  (T ab le  3). T h is  m ax im iz ed  th e  d eg rees  

o f  free d o m  fo r  e s tim a tin g  b e tw ee n -la b o ra to ry  v a ria n ce  and  
m a in ta in ed  a  b a la n ce d  d a ta  set. T h e  se q u e n ce  o f  o u tlie r  tes ts  
(C o c h ran , G ru b b s  s in g le , an d  G ru b b s  p a ir) w as a p p lie d  to  the 
d a ta  set, a n d  th e  se q u e n ce  w as s ta rted  o v e r  w h en  an  o u tlie r  
w a s  found .

T h e  C o c h ran  te s t w a s  ru n  to  id en tify  e x ce p tio n a lly  large  
v a ria tio n  a m o n g  lab o ra to ry  d ay -to -d a y  d u p lica te  resu lts . N o  
o u tlie r  d u p lica te s  w ere  found .

T h e  s in g le -v a lu e  G ru b b s  test w as  ran  to  iden tify  a  lab o ra 

to ry  w ith  an  e x trem e  av erag e  resu lt. L o w  o u tlie rs  w e re  fo u n d  
fo r  L ab o ra to ry  8 /P o w d er 2  a n d  L ab o ra to ry  7 /P o w d e r  4 , and  
th e se  re su lts  w e re  re m o v e d  fro m  the  d a ta  set.

T h e  C o c h ran  tes t w a s  re run , and  the  re su lts  fo r  L ab o ra to ry  
2 'P o w d e r  2  w e re  fo u n d  to  b e  o u tlie rs  a n d  w ere  re m o v e d  fro m  

th e  d a ta  set. A ll re m a in in g  d a ta  p a sse d  th e  s in g le -v a lu e  
G ru b b s  test.

T h e  p a ir-v a lu e  G ru b b s  te s t w as  ru n  to  id en tify  p a irs  o f  lab o 

ra to ries  w ith  e x tre m e  a v e ra g e  resu lts . F o r  L iq u id s  1 a n d  2, 

L ab o ra to rie s  1 an d  9  w ere  h ig h  o u tlie rs , a n d  fo r P o w d er  1, 
L ab o ra to rie s  7 a n d  9  w ere  lo w  o u tlie rs . T h ese  o u tlie rs  w e re  
re m o v e d  fro m  the  d a ta  set.

T h e  C o c h ran  tes t fo u n d  no  o u tlie rs  o n  the  re m a in in g  data .
T h e  s in g le -v a lu e  G ru b b s  te s t th en  id en tif ie d  L ab o ra to ry  

8 /P o w d e r 1 as an  ou tlie r. T h e  p a ir-v a lu e  G ru b b s te s t id en tified

Table 8. Summary of accuracy data of LC method for 
iodine in milk
Statistic Range over samples Average

Powders
Bias +0.03 to -0.76 gg/g -0.32 gg/g

Recovery 75-106% 90.8%

Liquids
Bias -37 gg/L -0.037 gg/g

Recovery 87.8% 87.8%

L ab o ra to rie s  3 and  5 /L iq u id  1 as o u tly in g  p a irs . N o n e  o f  th ese  
w a s  re m o v e d  fro m  th e  d a ta  se t, b e ca u se  2  o f  th e  9  lab o ra to rie s  
fo r  P o w d er 1 and  L iq u id  1 w e re  a lre ad y  d isc a rd e d  a s  ou tlie rs , 
an d  rem o v a l o f  ad d itio n a l lab o ra to rie s  w o u ld  h a v e  v io la ted  the  
“ 2 /9 ” ra le . N o  G ru b b s  o u tlie rs  (s in g le  o r  p a ir)  w e re  fo u n d  fo r 
the  o th e r  5 co lla b o ra tiv e  sam p le s. O u tlie r  te s tin g  w as  su s
p e n d ed  a t th is po in t.

T h e  re m a in in g  d a ta  (T able  3 ) w e re  u sed  to  c a lc u la te  b e 
tw e en -lab o ra to ry  v a rian ce  a n d  (b e tw ee n -d ay  +  w ith in -d ay ) 
v a rian ce . T h e  b e tw ee n -d ay  v a ria n ce  w a s  th en  c a lcu la te d  by  
su b tra c tin g  the  w ith in -d ay  v a ria n ce  fro m  th e  (w ith in -d a y  +  b e 
tw e en -d a y ) v a rian ce . T h e  b e tw ee n -d ay  p re c is io n  (sM) an d  b e 
tw e en -lab o ra to ry  p rec is io n  (sL) w e re  c a lcu la ted . T h e  re su lts  o f  
th is  a n a ly s is  a re  sh o w n  in T ab le  4.

M e th o d  R e p e a ta b i l i ty  a n d  R e p r o d u c ib il i ty

T h e  m eth o d  rep ea tab ility  (sr) re fle c ts  2  so u rces  o f  v a riab il
ity: w ith in -d a y  an d  be tw een -d ay .

■V — Swcj  +  SM

T h e  m eth o d  rep ro d u c ib ility  (sR) re flec ts  a ll 3 so u rc es  o f  
v a riab ility : w ith in -day , b e tw ee n -d ay , a n d  b e tw een -lab o ra to ry .

2 2 2 2 2 2 
SR -  Sw d +  s b d  +  s L  —  s r +  SL

R esu lts  o f  th ese  ca lcu la tio n s  a re  sh o w n  in T ab le  4.

S u m m a r y  o f  M e th o d  P r e c is io n

T ab le  4  sh o w s th e  re su lts  o f  th e  s ta tis tica l a n a ly s is  o f  th e  
co lla b o ra tiv e  s tu d y  da ta . T h e  to ta l v a rian ce  o f  th e  m eth o d  is 
d is tr ib u te d  a m o n g  w ith in -d ay , b e tw een -d ay , an d  b e tw ee n - 
lab o ra to ry  so u rces in  v a rio u s p ro p o rtio n s  (T ab le  5). T ab le  6  
su m m ariz es  m eth o d  re p ea ta b ility  a n d  rep ro d u c ib ility .

S u m m a r y  o f  M e th o d  A c c u r a c y

T h e  ce rtif ied  io d in e  co n ten ts  o f  th e  3 re fe re n ce  s tan d ard  
m ilk  p o w d ers  w e re  n o t u sed , b e ca u se  th e  m o is tu re  co n te n ts  o f  
th ese  p o w d e rs  w e re  n o t m ea su re d  a cc o rd in g  to  th e  N a tio n a l 
B u reau  o f  S tan d ard s  (n o w  N IS T ) a n d  C o m m u n ity  B u reau  o f  
R e fe re n ce  p ro ced u re s . T h e  a cc u rac y  o f  th e  m eth o d  is e s tim a te d  
by  th e  b ia s  (L C  io d in e  -  to ta l io d in e  by  re fe re n ce  m eth o d s) an d  
by  th e  p e rce n t re co v e ry  (L C  re su lts  a s  p e rce n t o f  to ta l io d in e  in
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Table 9. Method performance criteria
Criteria Powdered milk Liquid milk

Applicable iodine level 0.4-10 pg/g 20-1000 pg/L
Minimum detectable level 0 .2  pg/g 10 pg/L
Average iodine level tested 3.0 pg/g 300 pg/L
Average repeatability, sr (RSDr) 0.14 pg/g (9.0%) 22 pg/L (8.2%)
Average reproducibility, sR (RSDr ) 0.22 pg/g (12.7%) 22 pg/L (8.3%)
Average method bias -0.3 pg/g -42 pg/L
Average recovery of total iodine 91% 87%

the  sam p le s)  o f  the  L C  io d in e  m easu rem en ts . T h ese  e s tim a te s  

are  sh o w n  in  T ab le  7 an d  su m m ariz ed  in  T ab le  8.
T h e  re la tiv e ly  h ig h  re co v e rie s  o f  to ta l io d in e  by  th e  L C  

m eth o d  in d ica te  th a t ab o u t 90%  o f  th e  io d in e  in  m ilk  is in the  

free  io d id e  (I- ) form .

P e r fo r m a n c e  C riter ia  o f  M e th o d

T h e  p e rfo rm a n ce  c rite ria  o f  th e  L C  m e th o d  are  su m m ariz ed  

in  T ab le  9.

Collaborators’ Comments and Poststudy Revisions

C o m m e n ts  w e re  sen t by  6  o f  the  9 co lla b o ra to rs  re p o rtin g  

resu lts . N o  m ajo r p ro b lem s w ith  th e  m eth o d  w e re  rep o rted . T h e  

m e th o d  p e rfo rm e d  w ell w ith  the  v a rie ty  o f  L C  co lu m n s and  

e le c tro c h em ica l d e te c to rs  u sed  (T ab le  10).
T h ree  c o llab o ra to rs  rep o rte d  d ifficu lties  w ith  th e  A m ico n  

m em b ran e  co n es u se d  to  c lean  u p  th e  m ilk  sam p le s  b e fo re  

ana ly sis . T h e  co n es leak  o ccasio n a lly  and , a fte r  sev e ra l u ses, 

ten d  to  p lu g  u p  and  m ust b e  c le an e d  o r rep laced . In s tead  o f  

u s in g  the  A m ico n  co n es , o n e  c o lla b o ra to r (L ab o ra to ry  8) su c 

cessfu lly  u se d  M illip o re  U ltra free  P F  filte r  u n its  (3 0  0 0 0  

N M W L ) to  ach iev e  a  c le a r  filtra te . T h is  a lte rn a tiv e  c le an u p  

tech n iq u e  q u a lif ie s  as “ e q u iv a len t” to  th e  A m ico n  con es . A n 

o th e r  c o lla b o ra to r  (L ab o ra to ry  7) o b ta in ed  e q u iv a len t re su lts  

on  th e  s tu d y  sam p le s  by  u s in g  c en trifu g a tio n  a t 2 0  0 0 0  x  g  to 

y ie ld  a  c le a r  su p e rn a ta n t fo r  in jec tio n  on  th e  L C  system . T h is  

a lte rn a tiv e  a p p ro ac h  is p ro m is in g  and  m erits  fu r th e r  in v es tig a 

tion .

L ab o ra to ry  8 m o d ifie d  th e  d e te c to r  b y  u s in g  a  p o ro u s  c a rb 
on  w o rk in g  e le c tro d e  a t - 2 0 0  m V  in  the  e le c tro c h em ica l d e te c 
tor, a lo n g  w ith  p o stc o lu m n  flo w  sw itch in g , a n d  re p o rte d  a c 
c ep tab le  da ta . T h is  m o d ifie d  d e tec tio n  c o u ld  be  e q u iv a le n t to  
th e  o n e  sp e c if ied  in th e  m e th o d  i f  th e  io d id e  is  d e te c te d  se le c 
tively , w h ic h  a p p aren tly  it is o n  the  b asis  o f  th e  da ta . T h is  d e 
tec tio n  sy s te m  n e ed s  fu rth e r in v es tig a tio n  b e fo re  it c an  b e  in 
c lu d e d  in  the  m ethod .

Recommendation

W e re co m m e n d  th a t th e  L C  m eth o d  fo r  io d id e  in m ilk  be 
a d o p te d  f irs t action .
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DRUG RESIDUES IN ANIMAL TISSUES

Simultaneous Determination of Xylazine and Its Major 
Metabolite, 2,6-Dimethylaniline, in Bovine and Swine Kidney 
by Liquid Chromatography

D avid C. H olland, R obert K. M unns, J osé E. R oybal, J effrey A . H urlbut, and A ustin R . L ong

U .S . F o o d  a n d  D ru g  A d m in is tra tio n , A n im a l D ru g s  R e se a rc h  C e n te r , D e n v e r  F e d e ra l C e n te r , P O  B o x  2 5 0 8 7 ,
D e n v e r, C O  8 0 2 2 5 -0 0 8 7

A liquid chromatographic (LC) method is described 
for the simultaneous determination of xylazine (XY) 
and its major metabolite, 2,6-dimethylaniline (2,6- 
DMA), in bovine and swine kidney in the 25- 
100 ppb range. XY and 2,6-DMA are extracted from 
kidney with chloroform, followed by cleanup on an 
acidic Celite 545 column. A pBondapak phenyl col
umn is used for LC separation with UV determina
tion at 225 nm. The mobile phase is a mixture of 
acetonitrile, water, sodium acetate, and acetic acid. 
Mean recoveries from bovine kidney were 78.3% 
for XY, with a standard deviation (SD) of 7.45 and a 
coefficient of variation (CV) of 9.51 %, and 87.2% for 
2,6-DMA, with an SD of 8.38 and a CV of 9.61%. 
Mean recoveries from swine kidney were 80.8% for 
XY, with an SD of 5.92 and a CV of 7.33%, and 
86.7% for 2,6-DMA, with an SD of 6.16 and a CV 
of 7.10%.

X y laz in e  (X Y ) is u sed  w id e ly  in fo re ig n  c o u n trie s  as a 
tran q u iliz e r  fo r  b o th  d o m es tic  a n d  w ild  an im als . It is 
u se d  no t o n ly  th e ra p eu tica lly  b u t a lso  to  re d u ce  a g g re s 

siv en ess  a n d  ac tiv ity  a sso c ia ted  w ith  l iv e s to c k  b reed in g . A  sp e
c ia l ap p lic a tio n  is its  u se  to  trea t an im a ls  d u rin g  tran sp o rt to  
s la u g h te rh o u se s  to  a v o id  d e a th  an d  lo ss  o f  m ea t q u a lity  cau sed  
by  stress  reac tio n s . A d m in is tra tio n  o f  th is d ru g  to  m a jo r food- 
p ro d u c in g  sp ec ie s  h a s  n e v e r  b een  o ffic ia lly  a p p ro v ed  b y  the 
U .S . F o o d  a n d  D ru g  A d m in is tra tio n , a n d  re ce n t co n ce rn s  o v e r  
th e  p o ss ib le  c a rc in o g e n ic ity  o f  X Y  a n d  its m a jo r m etab o lite ,
2 ,6 -d im e th y lan ilin e  (2 ,6 -D M A ), h av e  c rea te d  a  n eed  to  m o n i
to r  th e  fa te  o f  X Y  in  b o v in e  a n d  sw in e  tissue . T h e  ch em ica l 
s tru c tu re s  o f  X Y  an d  its m e ta b o lite , 2 ,6 -D M A , are  g iv en  in 
F ig u re  1.

A  lite ra tu re  sea rch  re v ea le d  th a t n o  m e th o d  is a v a ilab le  that 
w ill s im u lta n eo u s ly  d e te rm in e  X Y  an d  its m e tab o lite . T yp ical 
a p p ro ac h es  fo r  d e te rm in in g  X Y  h a v e  in v o lv e d  th e  u se  o f  gas 
c h ro m a to g ra p h s  e q u ip p e d  w ith  sp ec ific  d e tec to rs , c o lu m n  e x 
trac tio n , sp e c tro p h o to m etry , an d  liq u id  c h ro m a to g ra p h y  (L C )

Received D ecem ber 18, 1991. A ccepted N ovem ber 21, 1992.

(1 -6 ) .  In  1989, V an G in k e l e t al. (7 ) re p o rte d  an  L C  m e th o d  th a t 
u se s  U V  sp e c tro p h o to m etry  to  d e te rm in e  tran q u iliz e rs  in  p ig  
k id n ey s  a n d  th in - la y e r  ch ro m a to g ra p h y  to  c o n firm  th e ir  id en 
tities . In  the  sam e  year, K e u k en s  an d  A erts  (8) re p o rte d  an  L C  
p ro c ed u re  w ith  U V  a n d  f lu o re sce n ce  d e te c tio n  fo r the  d e te rm i
n a tio n  o f  tran q u iliz e rs  in  sw in e  k id n ey s ; th is  a n a ly s is  in v o lv es 
e x tra c tio n  w ith  a ce to n itr ile  a n d  c le a n u p  o n  a  S e p -P a k  C 18 c a r 
trid g e .

T h e  p u rp o se  o f  th is s tu d y  w a s  to  d e v e lo p  a  ra p id  ch em ica l 
m e th o d  fo r  th e  s im u lta n eo u s  d e te rm in a tio n  o f  X Y  an d  2,6- 
D M A  in b o v in e  and  sw in e  k id n ey s . A  n u m b er o f  m e th o d s  fo r  
d e te rm in in g  X Y  in d iffe re n t p ro d u c ts  (2, 6, 7 , 9 - 1 2 )  w e re  in 
v e s tig a ted  fo r th e ir  a p p lic ab ility  to  th e  p ro b lem . T h is  p a p e r  d e 
sc rib es  th e  d e v e lo p e d  m eth o d , w h ic h  u ses so lv e n t e x tra c tio n  
an d  so lid -p h ase  e x tra c tio n  c le a n u p  fo llo w e d  b y  L C .

METHOD

A p p a r a tu s

(a) P a s t e u r  p i p e t .— D isp o sab le , 5 .75  in. (1 4 .6  cm ).

(b ) C e n tr i f u g e  b o t t l e .— 2 5 0  m L  w ith  g lass  sto p p er, i  2 9 /2 6  
(N o . K -3 2 2 0 0 0 -0 0 2 1 , K o n te s , V in e lan d , N J  0 8 3 6 0 ).

(c) R o t a r y  v a c u u m  e v a p o r a t o r .— B u c h i/B rin k m a n n  R o ta- 
v a p -R  (B rin k m a n n  In s tru m en ts , In c ., W estbu ry , N Y  11590) 
w ith  w a te r  b a th  a t 55 CC , o r  eq u iv a len t.

(d) G l a s s  m i c r o f i b e r  f i l t e r s .— W h atm an  G F /C , 15.0 c m  
(C a t. N o . 2 8 4 9 7 -7 8 7 , V W R  S c ien tif ic , D en v er, C O  8 0 2 3 9 ).

(e) N y lo n  f i l t e r s .— P h e n o m en e x  25  m m , 0 .4 5  p m  (P a rt N o. 
A F O -0 4 1 4 , P h e n o m en e x , T o rren ce , C A  9 0 5 0 1 ).

(f) C h r o m a to g r a p h ic  tu b e .— 22  x  3 0 0  m m  ( K - 4 2 0 5 5 0 -  
2 3 3 , K o n tes).

(g ) C e n tr i f u g e .— M o d el D P R -6 0 0 0  (In te rn a tio n a l E q u ip 
m en t C o ., N e e d h a m  H e ig h ts , M A  0 2 9 1 4 ).

(h ) L C  c o lu m n .— W aters  p B o n d a p a k  p h e n y l, 10 p m ,
3 .9  m m  x  3 0  c m  (M illip o re -W a te rs , M ilfo rd , M A  0 1 7 5 7 ).

(i) L iq u i d  c h r o m a to g r a p h .— W aters  M o d e l 5 1 0  L C  p u m p  
an d  R h e o d y n e  in je c to r w ith  5 0  p L  lo o p  (M illip o re -W a te rs ) .

( j)  U V /v is  s p e c t r o p h o t o m e t r i c  d e t e c t o r .— S h im ad z u  S P D -
6A V  m o d u le  fo r  L C ; ce ll v o lu m e , 8 p L ; lig h t so u rce , d e u te r iu m  
(D 2) lam p ; a b so rb an c e  ran g e , 0 .0 0 5  A U F S  (S h im ad z u  C o rp ., 
K y o to , Jap a n ). O p e ra tin g  c o n d itio n s: ch art sp eed ,
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Figure 1. Chem ical structures of XY and its major 
metabolite, 2,6-DM A.

0.25  cm /m in ; m o b ile  p h a se  flow , 1 m L /m in ; c o lu m n  tem p e ra 

tu re , am b ien t; in je c tio n  v o lu m e , 50  p L .

(k ) Recorder.— D u a l channel S E -1 20  strip  ch art reco rd er set 

at 10 m V  (B B C -M etraw att/G oerz , B room field , C O  80020).

(l) B o ilin g  flasks.— 2 5 0  and  5 0 0  m L  fla t-b o tto m  flasks, 

w ith  T  2 4 /4 0  jo in t  (C at. N o . 2 9 1 1 2 -1 0 8  an d  2 9 1 1 2 -1 2 0 , 
V W R  S c ien tific ).

(m ) Tissuemizer.— M o d e l S D T -1 8 1 0 , e q u ip p e d  w ith  

M o d e l T R - 1 0  p o w e r co n tro l an d  S D T -1 8 2 E N  sh a ft an d  g e n 

e ra to r  (T ek m ar C o ., C in c in n a ti, O H  4 5 2 2 2 -1 8 5 6 ) .

(n) Blender.— W arin g , o r  eq u iv a len t.

R e a g e n t s

(a) Xylazine standard.— 2 -(2 ,6 -D im e th y lp h e n y la m in o )-  

4 //-5 ,6 -d ih y d ro th ia z in e  h y d ro c h lo rid e , 9 9 %  p u re  (S ig m a  

C h e m ic a l C o ., S t. L o u is , M O  6 3 1 7 8 ). Stock so lu tion .—  

100 p g /m L  in  m e th an o l. D ilu te  a liq u o t o f  s to ck  so lu tio n  to  d e 

sired  w o rk in g  s tan d ard  c o n c e n tra tio n  w ith  m eth an o l. F o rtif ic a 

tion  standard solution.— lO p g /m L  in  m e th an o l. K e ep  all 

s tan d ard  so lu tio n s  in  a m b e r  g la s sw a re  a n d  sto re  u n d e r  re fr ig 

e ra tio n .

(b ) 2,6 -D im ethylan iline  standard.— 9 9 %  p u re  (C at. N o. 

D 1 4 ,600 -5 , A ld rich  C h e m ic a l C o ., In c ., M ilw a u k ee , W I 

5 3 2 0 1 ). Stock solution.— 1 0 0 p g /m L  in m eth an o l. D ilu te  a li

q u o t o f  s to c k  so lu tio n  to  d e s ire d  w o rk in g  s ta n d a rd  c o n ce n tra 

tio n  w ith  m eth a n o l. F o rtifica tio n  standard so lu tion .—  

10 p g /m L  in  m eth a n o l. K e ep  a ll s ta n d a rd  so lu tio n s  in  a m b e r 

g lassw are  an d  s to re  u n d e r  re frig e ra tio n .

(c) Solvents.— A C S  re ag e n t g ra d e  HC1; d is tilled -in -g lass  

m eth an o l, « -h ex an e , ch lo ro fo rm , ace to n itr ile , a n d  p e tro leu m  

ether. P e tro leu m  e th e r  u sed  in  th e  e x tra c tio n  a n d  c o lu m n  p re p a 

ra tio n  s tep s sh o u ld  b e  p re p a re d  b y  w a sh in g  w ith  w a te r  

(w a te r  sa tu ra ted ).

(d ) L C  m obile phase.— A c e to n itr i le -w a te r -2 M  so d iu m  

a c e ta te -1  M  ace tic  ac id  (3 2  +  64  +  2  +  2).

m i n u t e s

Figure 2. Liquid chrom atogram s from  analysis of bovine kidney: (A) 4.97 ng XY standard injected (peak 1),
(B) 4.94 ng 2,6-DM A standard injected (peak 2), (C) XY and 2,6-DM A mixed standard (peaks 1 and 2), (D) control kidney, 
(E) control kidney fortified at 25 ppb XY and 2,6-DM A (peaks 1 and 2), (F) control kidney fortified at 100 ppb XY and 
2,6-DMA (peaks 1 and 2), and (G) mixed standard: 9.87 ng XY and 9.84 ng 2,6-DM A injected (peaks 1 and 2).
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m i n u t e s

Figure 3. Liquid chrom atogram s from  analysis of 
swine kidney: (A) control kidney, (B) control kidney 
fortified at 25 ppb XY and 2,6-DM A (peaks 1 and 2),
(C) control kidney fortified at 100 ppb XY and 2,6-DMA  
(peaks 1 and 2), and (D) mixed standard: 9.87 ng XY and 
9.84 ng 2,6-DMA injected (peaks 1 and 2).

(e) H y d r o c h lo r i c  a c i d  s o lu t io n .— IN . A d d  8 3 .4  m L  A C S  
g ra d e  HC1 to  c a  5 0 0  m L  w ater. L e t so lu tio n  co o l, a n d  d ilu te  to 
1 L  w ith  w ater.

(f) A c id - w a s h e d  C e l i t e  5 4 5 .— Jo h n s-M a n v ille , D enver, 
C O  8 0 2 1 7 . P u rify  as fo llo w s: S lu rry  c a  2 5 0  g  C e lite  w ith  H C 1 - 
w a te r  (1 +  1) (ca  800  m L ) an d  h ea t on  s te am  b a th  severa l hours. 
S tir  o c ca s io n a lly  w ith  g lass  rod . L e t m ix tu re  se ttle  and  p o u r  o f f  
ac id ic  so lu tion . R eslu rry  an d  h ea t a g a in  fo r sev era l hours. D e 
c an t ac id ic  so lu tio n . W ash  C e lite  w ith  w a te r  u n til pH  o f  w a sh 
in g s is n eu tra l. W ash  C e lite  w ith  su ccess iv e  2 5 0  m L  p o rtio n s  o f  
m e th an o l, //-h ex an e , an d  p e tro leu m  ether. P la ce  w a sh e d  C e lite  
in sh a llo w  d ish , h e a t o n  s team  b a th  to  re m o v e  re sid u al so lven ts , 
an d  d ry  a t 105°C un til m a te ria l is  p o w d e ry  a n d  so lv en t-free .

S a m p le  P r e p a r a tio n

B o v in e / s w in e  k id n e y .— C u t aw ay  as m u ch  fat fro m  k id n ey  
as p o ss ib le  an d  d isc a rd  fa t. H o m o g e n iz e  k id n ey  in W aring  
b lender. W eig h  5 0 -7 5  g  h o m o g en a te  in to  W h irl-P a k  bag. Seal 
b a g  a n d  k eep  tis su e  fro ze n  (—7 0 CC ) u n til ana ly sis .

R e c o v e r y  S tu d ie s

F o r  re co v e ry  d e te rm in a tio n s  o f  100, 5 0 , and  25 ppb  s tan d 
ards, fo rtify  th ree  2 0  g  p o rtio n s  o f  h o m o g en iz ed  co n tro l b o 
v in e /sw in e  k id n ey  tis su e  w ith  0 .2 , 0 .1 , a n d  0 .05  m L  o f  each

Table 1. Recovery of XY and 2,6-DM A from  bovine  
kidney

XY 2,6-DMA

Added,
ppb

Rec.,
ppb

Rec.,
%

Added,
ppb

Rec.,
ppb

Rec.,
%

98.7 96.3 97.6 98.4 94.5 96.0
80.8 81.9 1 0 0 .2 1 0 1 .8

78.9 79.9 8 8 .8 90.2
79.0 80.0 100.5 102 .1

80.1 81.2 90.7 92.2
84.3 85.4 96.7 98.3

Mean 83.2 84.3 95.2 96.8

SD 6.80 4.91

CV, % 8.07 5.08

49.4 34.6 70.0 49.2 38.2 77.6
36.3 73.5 39.0 79.3
34.4 69.6 43.1 87.6
37.9 76.7 43.0 87.4
40.1 81.2 44.3 90.0
38.8 78.5 39.2 79.7

Mean 37.0 74.9 41.1 83.6

SD 4.69 5.31

CV, % 6.26 6.35

24.7 21.5 87.0 24.6 20.9 85.0
18.5 74.9 19.7 80.1
2 0 .2 81.8 20.3 82.5
17.6 71.3 2 1 .2 8 6 .2

16.9 68.4 18.6 75.6
17.3 70.0 19.1 77.6

Mean 18.7 75.6 2 0 .0 81.2

SD 7.36 4.16
CV, % 9.74 5.13

fo rtif ica tio n  s tan d ard , resp ec tiv e ly . P e rfo rm  re co v e ry  d e te rm i

n a tio n s  in  co n ju n c tio n  w ith  an a ly se s  o f  u n fo rtif ied  b o 

v in e /sw in e  k id n ey  tissue .

E x tra c tio n

W eig h  20  g  h o m o g en iz ed  k id n ey  tis su e  in to  2 5 0  m L  c e n tr i

fu g e  bo ttle . A d d  70  m L  c h lo ro fo rm . H o m o g e n iz e  tis su e  fo r  1 -

1.5 m in  a t m ed iu m  to  h ig h  speed . R in se  T is su e m iz e r  b lad e  w ith  

c a  5 m L  c h lo ro fo rm , and  c o llec t w a sh in g s  in  b o ttle . C e n tr ifu g e  

ca  10 m in  a t 1800 ip m . D is lo d g e  tissu e  cak e  by  tiltin g  b o ttle  

a n d  tap p in g  b o ttle  w ith  f in g ers  o r  la rg e  g lass  s tirr in g  ro d . D e 

can t su p e rn a ta n t th ro u g h  fo ld ed  g las s  f ib e r  f i lte r  in to  5 0 0  m L  

fla sk  co n ta in in g  1 m L  IN  HC1. R ep ea t e x tra c tio n  by  a d d in g  

70  m L  ch lo ro fo rm  to  h o m o g en a te . B reak  u p  tis su e  c ak e  w ith  

b lad e  a n d  h o m o g en iz e  1 -1 .5  m in . R in se  b lad e  w ith  c a  5 m L  

c h lo ro fo rm , an d  c o lle c t w ash in g s  in bo ttle . C e n tr ifu g e  an d  th en  

d e c a n t su p e rn a tan t th ro u g h  fi lte r  in to  5 0 0  m L  fla sk  c o n ta in in g  

first su p e rn a tan t. R in se  f ilte r  w ith  c a  30  m L  c h lo ro fo rm , a n d  

ro to ev a p o ra te  co n te n ts  o f  fla sk  to  d ry n e ss  a t 55°C . A d d  c a  

25 m L  m eth a n o l to  fla sk  an d  e v ap o ra te  co n te n ts  o f  fla sk  to  d ry 
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ness. A d d  25 m L  p e tro leu m  e th e r  to  w a rm  fla sk  an d  sw irl c o n 
ten ts o f  fla sk  to  d isso lv e  fa tty  ex tract.

C o lu m n  C h r o m a to g r a p h y

C o lu m n  p r e p a r a t i o n .— P lace  sm all p le d g e t o f  g lass w o o l in  
co n str ic ted  p o rtio n  o f  s te m  o f  22  x  3 0 0  m m  c h ro m a to g ra p h ic  
tu be, and  p lace  g lass w o o l p a d  c a  5 m m  th ic k  in  b o tto m  o f  larg e  
p o rtio n  o f  tube. B len d  0 .5  m L  w a te r  u n ifo rm ly  w ith  2  g  C elite . 
T ran s fe r  m ix tu re  to  tu b e  w ith  a id  o f  p o w d e r  fun n e l an d  tam p  
m ix tu re  lig h tly  w ith  p a ck in g  rod . B le n d  1.0 m L  IN  HC1 u n i
fo rm ly  w ith  3 g  C elite . T ran s fe r  m ix tu re  to  tu b e  on  to p  o f  o rig i
nal 2  g  C e lite  an d  tam p  p a ck in g  lightly . P lace  sm all p led g e t o f  
g lass  w o o l on  to p  o f  co lu m n .

T ran sfe r  25 m L  p e tro leu m  e th e r  ex tra c t to  co lu m n . C o m 
p le te  tran s fe r  o f  e x tra c t to  c o lu m n  w ith  3 ad d itio n a l 10 m L  p o r
tio n s o f  p e tro leu m  e th e r; le t e ach  p o rtio n  e n te r  so rb en t b ed  b e 
fo re  a d d in g  th e  nex t. W ash  fla sk  w ith  tw o  50  m L  p o rtio n s  o f  
m e th a n o l-p e tro le u m  e th e r  (1 .5  +  9 8 .5 ) an d  ad d  w a sh  so lu tio n  
to  co lu m n . L e t f irs t v o lu m e  o f  w a sh  so lu tio n  e n te r  so rb en t b e d  
b e fo re  a d d in g  the  second . C o lle c t w a sh  so lu tio n  as it p a sse s  
th ro u g h  c o lu m n  an d  d iscard . A fte r  a ll o f  w ash  so lu tio n  h as  
p a ssed  th ro u g h  co lu m n , rin se  stem  o f  c h ro m a to g ra p h ic  tu b e  
w ith  w a sh  so lu tion .

P la ce  2 5 0  m L  fla t-b o tto m  fla sk  u n d e r  c o lu m n . E lu te  c o l
u m n  w ith  tw o  5 0  m L  p o rtio n s  o f  m eth an o l. R in se  tip  o f  c h ro 
m ato g rap h ic  tube  w ith  m e th a n o l, c o lle c t w a sh in g s  in flask , and  
ro to ev a p o ra te  c o n te n ts  o f  flask  to  d ry n ess. A d d  c a  25 m L  
m e th a n o l to  fla sk  an d  e v ap o ra te  co n ten ts  o f  f la sk  to  c o m p le te  
d ry n ess. Q u a n tita tiv e ly  d isso lv e  re s id u e  in  4 - 1 0  m L  m o b ile  
p h ase  b y  sw irlin g  flask . F il te r  c o n ce n tra ted  e lu a te  th ro u g h  n y 
lon  f ilte r  a ttach ed  to  5 m L  sy rin g e ; c o lle c t filte red  e lu a te  in 
sm all g la s s-s to p p e red  E rle n m ey e r  flask .

L iq u id  C h r o m a to g r a p h y

M i x e d  w o r k in g  s ta n d a r d  s o lu t io n ( s ).— P ip e t a p p ro p ria te  
v o lu m e  o f  e ach  fo rtif ica tio n  s tan d ard  so lu tio n  in to  sam e  5 0  m L  
p ear-sh ap e  b o ilin g  flask . A d d  1 m L  IN  HC1 an d  25 m L  m e th a 
no l, and  ev ap o ra te  to  d ry n ess. A d d  a d d itio n a l 25 m L  m e th an o l 
and  ag a in  e v ap o ra te  to  d ry n ess. D isso lv e  s ta n d ard (s)  in  4 -  
10 m L  m o b ile  p h a se  fo r  L C .

D e t e r m i n a t i o n .— In jec t 5 0  p L  c o n ce n tra ted  e lu a te  in to  liq 
u id  ch ro m a to g rap h . D ilu te  c o n ce n tra ted  e lu a te  w ith  m o b ile  
p h ase  as n ecessa ry  fo r  q u an tita tio n . B ra ck e t eac h  se t o f  e lu a te  
in jec tio n s  w ith  in je c tio n s  (5 0  p L )  o f  m ix e d  w o rk in g  s tan d ard  
so lu tions. D e te rm in e  c o n ce n tra tio n s  o f  X Y  and  2 ,6 -D M A  in 
c o n cen tra ted  e lu a te  by  co m p a rin g  re sp o n se s  o b ta in e d  fo r  e lu 
ate w ith  th o se  o b ta in e d  fo r  m ix e d  w o rk in g  s tan d ard  so lu tio n (s). 
I f  c o n ce n tra ted  e lu a te  co n ta in s  la te -e lu tin g  co m p o n e n ts , in 
c rea se  flo w  ra te  o f  m o b ile  p h a se  fo r  sev e ra l m in u te s  o r  un til 
co m p o n e n ts  are  e lu te d  fro m  L C  co lu m n . R ead ju s t flo w  ra te  
an d  le t sy s te m  eq u ilib ra te  b e fo re  n e x t in jec tion .

Results and Discussion

T h e  b o v in e /sw in e  k id n ey s  u se d  fo r  th is  s tu d y  w ere  p u r
ch ased  fro m  a  lo ca l m e a t m ark e t. T h e  p re p a re d  tis su e  w as

Table 2. Recovery of XY and 2,6-DM A from swine  
kidney

XY 2,6-DMA

Added,
ppb

Rec.,
ppb

Rec.,
%

Added,
ppb

Rec.,
ppb

Rec.,
%

98.7 80.3 81.4 98.4 85.9 87.3
78.9 79.9 87.2 8 8 .6
77.7 78.7 85.9 87.3
80.8 81.9 91.6 93.1
78.3 79.3 92.8 94.3
89.0 90.2 97.2 98.8

Mean 80.8 81.9 90.1 91.6
SD 4.25 4.63
C V, % 5.18 5.06

49.4 37.6 76.1 49.2 40.0 81.3
38.5 77.9 37.2 75.6
38.9 78.7 39.1 79.5
37.0 74.9 43.3 88  0
36.9 74.7 44.1 89 6
40.1 81.2 39.9 81.1

Mean 38.2 77.2 40.6 82 5
SD 2.51 530
CV, % 3.25 6  43

24.7 21.9 88.7 24.6 19.8 80.5
2 1 .2 85.8 21.9 89.0
19.1 77.3 20.3 82.5
18.6 75.3 2 2 .1 89.8
23.8 96.4 23.0 93.5
18.9 76.5 19.9 80.9

Mean 2 0 .6 83.3 2 1 .2 8 6 .0

SD 8.41 5.44
CV, % 10.09 6.33

sto red  in  a  free z e r  a t -7 0 ° C  a p p ro x im a te ly  6  m o n th s  b e 

fo re  use.

B o th  c o m p o u n d s  u n d e r in v es tig a tio n  w ere  d e te rm in e d  by 

m ea su re m e n t o f  U V  ab so rb an ce . T h e  w a v e le n g th  o f  m ax im u m  

ab so rp tio n  fo r X Y  a n d  2 ,6 -D M A  w as b e lo w  225  nm . M e a su re 

m en t o f  ab so rb an ce  a t 2 2 5  n m  w a s se lec te d  to  e lim in a te  b a ck 

g ro u n d  in te rferen ce .

In  th is  study, d e te rm in a tio n  o f  2 ,6 -D M A  p re sen te d  the  

g re a te s t c h a llen g e . D u rin g  th e  e n ric h m e n t step , lo sse s  o f  2 ,6 - 

D M A  o c cu rre d  b e ca u se  o f  th e  c o m p o u n d 's  g re a t vo latility . To 

so lv e  th is  p ro b lem , 2 ,6 -D M A  w a s  s ta b iliz e d  b y  ad d itio n  o f  IN  

HC1 to  the  f la sk  co n ta in in g  th e  c h lo ro fo rm  e x tra c t b e fo re  ro to- 

ev ap o ra tio n . T h e  a n a ly tes  w e re  re ta in e d  o n  an  ac id ic  C e lite  c o l

u m n  th a t w a s  w a sh e d  w ith  p e tro leu m  e th e r  a n d  m e th a n o l-p e 

tro le u m  e th e r  (1 .5  +  9 8 .5 ) to  re m o v e  re sid u al fa tty  m ate ria ls  

an d  o th e r  in te rfe ren ces . T h e  an a ly te s  w e re  s tr ip p ed  fro m  the 

c o lu m n  w ith  m e th an o l, an d  th e  e lu a te  w a s  e v ap o ra te d  to  d ry 

ness. T h e  re s id u e  w as d isso lv e d  in the  m o b ile  p h ase , and  the  

so lu tio n  w as filte red  b e fo re  L C  analy sis . T h e  a n a ly tes  a re  s ta 



724 H o lla n d  Et  A l .: Jo ur n a l  Of AOAC In ter n a tio n a l  V o l . 76, No. 4,1993

b le  in the  m o b ile  p h ase  an d  can  b e  s to red  u n d e r  re fr ig e ra 
tio n  o v ern ig h t.

T h e  L C  m o b ile  p h ase  u se d  in th is p ro ced u re , a  m ix tu re  o f  
a ce to n itr ile , w ater, 2M  so d iu m  ace ta te , an d  1M  a ce tic  acid , w as 
a  m o d ific a tio n  o f  the  m o b ile  p h a se  used  by  E tte r  e t al. (6). W ith  
th e  L C  c o lu m n  and  m o b ile  p h a se  u sed  in  the  p ro ced u re , w e 
w ere  ab le  to  o b ta in  b a se lin e  sep a ra tio n  o f  the  an a ly te s  w ith  
little  o r  n o  in te rfe re n c e  a t th e  re te n tio n  tim es  o f  X Y  and  2,6- 
D M A  sh o w n  in F ig u re s  2 and  3. B y  u s in g  c o lu m n  c h ro m a to g 
ra p h y  fo r c le an u p , w e w ere  ab le  to  p ro cess  sev e ra l sam p le s  a t 
the  sam e  tim e w ith o u t h av in g  to  d eal w ith  the  fo rm atio n  
o f  e m u ls io n s .

F ig u re  2  sh o w s ty p ica l U V  c h ro m a to g ra m s o f  XY, 2,6- 
D M A , m ix ed  stan d ard s , co n tro l b o v in e  k idney , an d  X Y  and
2 .6 - D M A  re co v e red  fro m  co n tro l (fo rtified ) b o v in e  k idney.

F ig u re  3 sh o w s ty p ica l U V  c h ro m a to g ra m s o f  co n tro l sw in e
k idney , XY, an d  2 ,6 -D M A  re co v e red  fro m  co n tro l (fo rtified ) 
sw in e  k id n ey , an d  X Y  an d  2 ,6 -D M A  m ix ed  stan d ard .

T ab le  1 sh o w s th e  re co v e rie s  o f  X Y  an d  2 ,6 -D M A  fro m  
co n tro l b o v in e  k id n ey  fo rtified  a t 3 levels. M e a n  re co v e rie s  o f
2 .6 - D M A  w e re  h ig h er th an  th o se  o f  X Y  at all 3 fo rtifica tio n  
lev e ls . M ean  re co v e rie s  o f  bo th  c o m p o u n d s  w ere  g re a te s t a t the  
h ig h es t leve l o f  fo rtifica tio n .

T ab le  2  sh o w s the  re co v e rie s  o f  X Y  an d  2 ,6 -D M A  fro m  
co n tro l sw in e  k id n ey  fo rtif ied  a t the  sam e  lev e ls a s  th e  b o v in e  
k idney . T h e  reco v e ry  p a tte rn  w a s  th e  sam e  as th a t sh o w n  in 
T ab le  1.

M e a n  re co v e rie s  o f  2 ,6 -D M A  from  sw in e  an d  b o v in e  k id 
ney  w ere  9 1 .6  and  9 6 .8 % , resp ec tiv e ly , fo r  th e  h ig h es t fo rtif i
ca tio n  leve l, and  8 6 .0  an d  8 1 .2 % , resp ec tiv e ly , fo r  the  lo w est 
fo rtifica tio n  leve l. M ean  re co v e rie s  o f  X Y  fro m  sw in e  and  b o 
v in e  k id n ey  w ere  8 1 .9  and  84 .3 % , resp ec tiv e ly , fo r  th e  h ig h est 
fo rtifica tio n  leve l, an d  83 .3  and  7 5 .6 % , resp ec tiv e ly , fo r  the

lo w est fo rtifica tio n  leve l. In all c ases , re co v e rie s  o f  X Y  an d
2 ,6 -D M A  w ere  c lo se r  a t th e  2  lo w e r fo rtif ic a tio n  leve ls .

T h e  re su lts  in d ica te  th a t th is  L C  p ro c ed u re  is a d e q u a te  fo r 
d e te rm in a tio n  o f  X Y  a n d  2 ,6 -D M A  in sw in e  a n d  b o v in e  k id 
ney. A lth o u g h  d e v e lo p ed  fo r  k id n ey  tissue , the  m e th o d  m ay  be 
a p p lic ab le  to  o th e r  m atrix es , e .g ., u rin e , b lo o d , a n d  o th e r  tis 
sues, w ith  o r  w ith o u t s lig h t m o d ifica tio n s .
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DRUG RESIDUES IN ANIMAL TISSUES

Liquid Chromatographic Method for Determination 
of Sulfamethazine Residues in Milk: Collaborative Study

Jo h n  D. W eber and M ichael D. Sm e d l e y 1
U .S . F o o d  a n d  D ru g  A d m in is tra t io n , C e n te r  fo r  V e te rin a ry  M e d ic in e , D iv is io n  o f  V e te rin a ry  M e d ic a l R e se a rc h , 
B A R C -E a s t, B ld g  3 2 8 A , B e ltsv i l le , M D  2 0 7 0 5

C o llab o ra to rs : B . B rad ley ; G . C a rig n an ; E .D . M cG a ry ; W .D . R o w e ; F.J. S ch en ck ; R .D . T h o m p so n ; C .W . T h o rp e

Seven laboratories participated in a collaborative 
study of a liquid chromatographic (LC) method for 
determination of sulfamethazine (SMZ) residues in 
raw milk that were previously frozen. The milk is ex
tracted with chloroform, the chloroform is evapo
rated, and the residue is suspended in hexane and 
extracted with 0.1 M KH2PO4 (PDP) solution. The 
PDP extract is analyzed by LC on a C18 column 
with methanol-0.1 M PDP (30 + 70) as mobile 
phase. Individual laboratories were instructed to 
analyze 5 replicates each of control milk, fortified 
control milk at 2 levels, and 3 blind samples. Blind 
samples included raw milk fortified with SMZ at 10 
and 20 ppb and 1 sample containing SMZ residue 
from a dosed cow. For blind fortified samples con
taining 10 ppb SMZ, average recovery and relative 
standard deviations for repeatability and reproduci
bility (RSDr and RSRr) based on the results from 6 
of the 7 participating laboratories were 8.21 ppb, 
7.16%, and 23.16%, respectively. Similar data, in
cluding results from a seventh participant who re
ported instrumental problems but was not elimi
nated by the Dixon outlier test, were 9.13 ppb, 
8.38%, and 31.94%, respectively. These results dem
onstrate that the method is suitable for the determi
nation of SMZ residues in milk at 10 ppb and 
above. The method was adopted first action by 
AOAC International.
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Meeting, September 25-28, 1989, at St. Louis, MO.
The recommendation was approved by the General Referee and the 

Committee on Drugs and Related Topics and was adopted by the Official 
Methods Board of the Association. See “Changes in Official Methods of 
Analysis” (1993) J. AOAC hit. 76 Jan/Feb issue.

1 Direct correspondence to this author.

A  liq u id  ch ro m a to g ra p h ic  (L C ) m eth o d  fo r  d e te rm in a 
tio n  o f  su lfam e th az in e  (S M Z ) re s id u es  in  m ilk  w a s  d e 
v e lo p ed  in  th is lab o ra to ry  (1). T h e  m eth o d  w as u se d  in  

a  lim ited  n a tio n w id e  su rv ey  o f  sh e lf  m ilk  fo r S M Z  re s id u es  in  
1988. R esu lts  o f  th a t 10-city  su rv ey  c o rro b o ra ted  th e  n e e d  fo r 
a  v a lid a ted  m eth o d  fo r the d e te rm in a tio n  o f  S M Z  re s id u es  in  
m ilk . A  tria l w a s  c o n d u c ted  in  6  U .S . F o o d  a n d  D ru g  A d m in i
s tra tio n  (F D A ) lab o ra to rie s  a n d  a  la b o ra to ry  o f  H e a lth  an d  W el
fa re  C an ad a . T h e  re su lts  a re  re p o rte d  h e re  as a  co llab o ra tiv e  
study. T h e  m eth o d  (1 ) w as a lso  u se d  in a  d a iry  ca ttle  feed in g  
s tu d y  (2 ) to  d e te rm in e  i f  fe ed  co n ta m in a tio n  c o u ld  be  the 
so u rce  o f  th e  S M Z  re s id u es  o b se rv e d  in th e  survey.

Collaborative Study

T h e  7 co llab o ra to rs  w e re  su p p lied  in s tru c tio n s  a n d  a  c o p y  
o f  the  m eth o d , w h ich  w a s  e sse n tia lly  th e  sam e  a s  th a t in R ef. 1. 
T h e  fro ze n  sam p le s w ere  su b seq u e n tly  p a ck e d  in d ry  ice  an d  
sh ip p ed  to  th e  co llab o ra to rs  w ith  in s tru c tio n s  th a t th ey  b e  k ep t 
fro zen  un til ana ly sis .

C o n tro l ra w  m ilk  w as c o lle c ted  an d  a n a ly z e d  by  th e  au tho rs . 
A  p o rtio n  w as su b d iv id ed  a n d  fro ze n . O th e r  p o rtio n s  w e re  fo r
tified  a t 2  lev e ls, 10 and  2 0  p p b , an d  e ac h  o f  th e se  p o rtio n s  w as 
su b d iv id ed  an d  fro zen . S tu d ies  in  o u r  lab o ra to rie s  in d ica te  that 
free z in g  m ilk  an d  h o ld in g  it a t -8 0 ° C  fo r  up  to  1 y e a r  d o es  no t 
s ig n ifican tly  in flu e n ce  the  S M Z  lev e ls . T h e  c o w  w as d o se d  
w ith  su lfam e th az in e , a n d  m ilk  w a s  c o lle c ted  e v e ry  12 h p o s t
d o sag e . T est p o rtio n s  o f  th e  m ilk  w e re  a n a ly ze d  un til the  leve l 
o f  su lfa m e th az in e  in  the  te s t  p o rtio n  w a s  ab o u t 14 ppb . T h a t 
m ilk  w as su b d iv id ed , an d  th e  su b d iv id ed  p o rtio n s  w ere  u sed  in 
th e  s tu d y  as in cu rred  m ilk  sam p les. T h e  p o rtio n s  o f  m ilk  w e re  
lab e led  w ith  code  n u m b ers  a n d  id en tif ie d  as co n tro l, fo rtified , 
o r  in cu rred  m ilk . P o rtio n s o f  th e  p re p a re d  sa m p le s  w e re  th aw ed  
an d  rean a ly zed . T h e  fro ze n  sa m p le s  w e re  sen t to  th e  c o lla b o ra 

to rs.

C o lla b o ra to rs  w e re  re q u es te d  to  p re p are  s ta n d ard s , ca lib ra te  
c h ro m a to g ra p h s , a n d  c h e c k  re sp o n se s  fo r  linearity . T o  b eco m e  
fa m ilia r  w ith  th e  m eth o d , th e  co llab o ra to rs  w e re  req u este d  to  
a n a ly ze  2 co n tro l m ilk  sam p le s , to  fo rtify  co n tro l m ilk  a t 5 and  
a t 10 p p b  S M Z , and  to  an a ly ze  2 sam p le s  o f  e ac h  fo rtified  c o n 
tro l m ilk . A fte r  th is in itial fam ilia riz a tio n , th ey  w ere  in stru c ted
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to  e v a lu a te  th e  m e th o d  by  a n a ly z in g  5 re p lica tes  o f  co n tro l 
m ilk , 5 rep lica te s  e ach  o f  th e  2  b lin d  sam p le s , an d  5 rep lica tes  
o f  th e  in cu rre d  m ilk .

992.21 Sulfamethazine Residues in Raw Bovine 
Milk—Liquid Chromatographic Method

Final Action 1992
(A p p lica b le  to  d e te rm in a tio n  o f  1 0 -2 0  p p b  su lfa m e th az in e  

in raw  b o v in e  m ilk .)

M e th o d  p e rfo rm an ce :

10 p p b  fo rtified , b lin d  co d ed

sr =  0 .5 9 ; sR =  1.92; R S D r =  7 .1 6 % ; R S D r =  2 3 .1 6 %

20  p p b  fo rtified , b lin d  co d ed

s r =  1.18; sR =  3 .84 ; R S D r =  6 .7 6 % ; R S D r =  2 2 .0 5 %

14.8 p p b  in cu rred , b lin d  co d ed

sr =  0 .8 3 ; sR =  2 .7 4 ; R S D r =  5 .6 2 % ; R S D r =  18.51 %

A . P r in c ip le

M ilk  is ex tra c te d  w ith  c h lo ro fo rm . C h lo ro fo rm  is e v a p o 
ra ted , an d  re s id u e  is su sp en d e d  in  h e x an e  an d  ex tra c te d  w ith  
K H 2P 0 4 so lu tio n . S u lfa m e th az in e  is se p a ra ted  b y  liqu id  c h ro 
m a to g rap h y  (L C ), u sin g  d e ac tiv a te d -p h ase  C 18 c o lu m n  a n d  d e 
tec ted  by  U V  a b so rp tio n  a t 265 nm .

B. A p p a r a tu s

(a )  L C  s y s t e m .— W ith  in jector, c o lu m n  heater, U V /v is  d e 
tec to r (se t to  265 nm ), and  in teg rato r. O p e ra tin g  co n d itio n s: 
m o b ile  p h a se  iso c ra tic  f lo w  ra te , 1.5 m L /m in ; in jec tio n  v o l
u m e, 100 p L ; ru n  tim e, 15 m in  w ith  1 m in  e q u ilib ra tio n  b e 
tw e en  run s; c o lu m n  tem p e ra tu re , 3 5 .0  ± 0 .2 ° .

(b )  L C  c o lu m n s .— 2 5 0  x  4 .6  m m  id  c o lu m n  and  2 0  x
4 .6  m m  id  g u a rd  co lu m n , b o th  re v erse d -p h a se  (d eac tiv a ted ) 
o c ta d ec y ld im e th y ls ily l, 100 A  p o re  d iam ., 5 p m  p a rtic le  size; 
an d  0 .5  p m  lo w -d isp e rs io n  p re co lu m n  f ilte r  w ith  3 m m  d iam . 
(S u p e lco s il L C -1 8 -D B , S u p e lco , Inc ., B e lle fo n te , PA 16823, 
w a s  fo u n d  su itab le).

(c) R o t a t o r y  e v a p o r a t o r .— S et a t 32  ± 2° (B u ch i, L ab o ra 
to ry  T ec h n iq u e s  L td , F law il, S w itz e rlan d , w as  su itab le  su p 
plie r).

(d) V o r te x  m ix e r .

(e) P o ly p r o p y l e n e  tu b e s .— 5 0  m L .

(f) P ip e t t o r s .— 1 m L . 10 m L , and  100 p L .
(g ) F lu te d  f i l t e r  p a p e r .— 12.5 c m  c o arse  p a rtic le  re ten tio n  

w ith  fa s t flo w  ra te  (S c h le ich e r &  S ch u e ll C at. N o . 588 w as 
fo u n d  to  b e  su itab le).

(h )  N y lo n  f i l t e r . — 0 .4  p m  p o ro sity  N y lo n  66  (N 6 6 ) f ilte r 
(S u p e lco , Inc ., PA , is  su itab le).

(i) P e a r - s h a p e d  f l a s k s .— 100 m L , g lass  w ith  2 4 /4 0  s tan d 
ard  ta p e r  n eck , w ith  s to p p e rs  (K o n te s  G la ss  C o , V in e lan d , N J, 
is su itab le  su pp lier).

C . R e a g e n t s

(a )  S u l f a m e th a z in e  ( S M Z )  s ta n d a r d .— A n aly tica l re fe ren ce  
g rad e .

(b ) P o ta s s iu m  d ih y d r o g e n  p h o s p h a t e  ( P D P )  s o l u t i o n .—  
0 .1 M . D isso lv e  2 7 .2  g  p o ta s s iu m  d ih y d ro g en  p h o sp h a te  (L C

g rad e) in  H 20 ,  d ilu te  to  2  L , m ix , and  f ilte r  th ro u g h  N 6 6  filter. 
S to re  a t ro o m  tem p era tu re . D isc a rd  a f te r  3 m o n th s .

(c) S o l v e n t s .— M e th an o l an d  h ex an e , L C  g rad e; c h lo ro 
fo rm , d is tilled  in  g lass  g rad e . ( C a u t io n : U se  fu m e  h o o d  w ith  
a d eq u a te  v e n tila tio n  w h e n  u s in g  c h lo ro fo rm . A vo id  co n tac t 
w ith  e y es , sk in , a n d  c lo th in g , an d  a v o id  in h a la tio n . C h lo ro fo rm  
is p o ss ib le  ca rc in o g en .)

(d )  L C  s o l u t i o n s .—  (7 ) M o b i l e  p h a s e .— D ilu te  6 0 0  m L  
N 6 6 -filte red  m eth a n o l to  2  L  w ith  P D P  so lu tio n , a n d  m ix  w ell.
(2 ) F lu s h  s o l u t i o n .— D ilu te  1200  m L  m e th a n o l to  2  L  w ith  
H 20 ,  m ix , an d  f ilte r  th ro u g h  N 6 6  filter. S to re  m o b ile  p h a se  and  
flu sh  so lu tio n  a t ro o m  tem p era tu re ; d isca rd  a f te r  3 m o n th s .

(e) S u l f a m e th a z in e  s t a n d a r d  s o lu t io n s .— (7) M a s t e r  s o l u 

t i o n .— A ccu ra te ly  w e ig h  ca  100 m g  (to n ea re st 0.1 m g ) su l
fa m e th a z in e  s ta n d a rd  at ro o m  tem p era tu re  in  g lass  w e ig h in g  
b o a t, tra n s fe r  q u a n ti ta t iv e ly  to  100 m L  v o lu m e tric  flask , d is 
so lv e  in m e th a n o l, d ilu te  to  v o lu m e  w ith  m eth an o l, an d  m ix  
w ell. (2) I n te r m e d ia t e  s o l u t i o n .— 10 000 n g /m L . T ran s fe r
1.0 m L  m a s te r  so lu tio n  by  1.0 m L  v o lu m e tric  p ip e t in to  
100 m L  v o lu m e tric  flask , d ilu te  to v o lu m e  w ith  H 20 ,  an d  m ix  
w ell. (3 ) F o r t i f i c a t io n  ( 1 0 0  p p b  s ta n d a r d ) s o l u t i o n .—  
1000 n g /m L . T ran s fe r  10 m L  in te rm ed ia te  so lu tio n  to  100 m L  
v o lu m e tric  fla sk  b y  10 m L  v o lu m e tric  p ip e t, d ilu te  to  v o lu m e 
w ith  H 20 ,  an d  m ix  w ell. ( 4 )  2 0  p p b  s t a n d a r d  s o lu t io n .—  
200 n g /m L . D ilu te  20 m L  100 p p b  s tan d ard  so lu tio n  to  100 m L  
w ith  H 20 ,  a n d  m ix  w e ll. (5) 1 0  p p b  s t a n d a r d  s o lu t io n .—  
100 n g /m L . D ilu te  10 m L  100 p p b  s tan d ard  so lu tio n  to  100 m L  
w ith  H 20 ,  an d  m ix  w e ll. ( 6 )  5  p p b  s t a n d a r d  s o l u t i o n .—  
50 ng /m L . D ilu te  5 m L  100 p p b  s tan d ard  so lu tio n  to  100 m L  
w ith  H 20 ,  an d  m ix  w ell.

R e frig e ra te  a ll s tan d ard  so lu tio n s b e lo w  10°; d isca rd  a fte r 
3 m o n th s .

D. S a m p le s

R efrig e ra te  m ilk  b e lo w  10°. I f  m ilk  w ill no t b e  an a ly ze d  
w ith in  few  d ay s, sto re  b e lo w  - 4 0 °  in ca  5 0  m L  p o rtio n s  in 
p o ly p ro p y le n e  tu bes. M ix  raw  m ilk  g e n tly  b e fo re  sam p lin g .

E. E x tra c tio n

P la ce  flu te d  filte r  in 75  m m  fu n n e l, w a sh  w ith  5 m L  c h lo ro 
fo rm , an d  d isca rd  c h lo ro fo rm . P lace  100 m L  p e a r-sh a p e d  fla sk  
u n d e r fun n e l as receiver.

P ip e t 10 m L  m ilk  sa m p le  in to  125 m L  sep a ra to ry  fu n n e l, 
an d  ad d  50  m L  ch lo ro fo rm . S h ak e  m ix tu re  v ig o ro u sly  fo r 
1 m in . C a re fu lly  v en t th ro u g h  stopper. S h a k e  fo r 1 m in , ven t, 
an d  le t p h a se s  sep a ra te  1 m in . S h ak e  1 m in , ven t, a n d  sh ak e  fo r  
1 m in . V ent a n d  let p h ase s  sep a ra te  fo r  > 5  m in . D ra in  c h lo ro 
fo rm  layer, a n d  f ilte r  in to  p e a r-sh a p e d  flask . R in se  f i lte r  2 x  
w ith  5 m L  c h lo ro fo rm ; c o llec t w ash in g s in p ea r-sh a p e d  flask .

E v ap o ra te  c h lo ro fo rm  so lu tio n  in p e a r-sh a p e d  f la sk  ju s t  to  
d ry n e ss  o n  ro ta to ry  e v ap o ra to r a t 32  ±  2°. A d d  5 m L  h e x a n e  to  
flask , stopper, and  d isso lv e  re s id u e  by  ag ita tin g  v ig o ro u sly  on 
v o rtex  m ix e r c a  1 m in . Im m e d ia te ly  ad d  1.0 m L  P D P  so lu tio n  
to  flask , ag ita te  v ig o ro u sly  on  v o rtex  m ix e r 3 o r  4 x  a t  in te rv a ls  
o f  ca  1 m in  o v e r  m in im u m  o f  15 m in . U se  P a ste u r p ip e t to  re 
m o v e  a q u eo u s  layer. S to re  e x trac t in  g lass  tu b e  o r  a u to in je c to r  
v ial fo r  in jec tion .
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F. Q u a n tita tio n

U se  flu sh  so lu tio n  to  rin se  a u to in jec to r  an d  to  c lean  L C  sy s
tem  an d  co lu m n . C h ro m a to g rap h  a t le a s t 3 lev e ls  o f  s tan d ard s  
(5 ,1 0 , a n d  2 0  p p b ), a n d  u se  lin ea r-reg ress io n  a n a ly s is  o f  s ta n d 
ard  c u rv e  to  c a lcu la te  co n ce n tra tio n s . Q u a n tify  lev e ls  o f  a n a 
ly te  b y  p e ak  h e ig h t m ea su re m e n t, P. S tan d ard  cu rv e  sh o u ld  
h a v e  co rre la tio n  c o e ffic ie n t o f  > 0 .9 8  ( if  less, rep ea t s tan d ard s 
in jec tio n s). N o te  10-fo ld  co n ce n tra tio n  o f  re s id u es  (10  m L  
m ilk  ex trac ted  in to  final 1 m L  P D P ) w h en  c a lcu la tin g  S M Z  
c o n ce n tra tio n  in o rig in a l sam p le ; i.e., s tan d ard  o r  final e x trac t 
w ith  100 n g /m L  co n ce n tra tio n  is  e q u iv a len t to  10 p p b  S M Z  
in m ilk .

S u lfa m e th az in e  re te n tio n  tim e  v a ries  w ith  in stru m en t, co l
u m n, c o lu m n  tem p e ra tu re , a n d  b a tch  o f  m o b ile  p h ase  bu t 
sh o u ld  be  4 .5 -6  m in . H o w ev er, w ith  v a ria b le s  h e ld  co n stan t, 
re ten tio n  tim e is v e ry  stab le  a n d  sh o u ld  n o t vary  m o re  th an  ca  
15 s d u rin g  a  day. B ra ck e tin g  sa m p le s  w ith  s tan d ard s  se rves 
b o th  as so u rc e  o f  s tan d ard  cu rv e  a n d  as in s tru m en ta l s tab il
ity c h eck .

S M Z , p p b  =  ( P  — b ) /m

w h ere  P  is p eak  h e ig h t o f  u n k n o w n , an d  b  an d  m  a re  y -in te rcep t 
an d  s lope , resp ec tiv e ly , f ro m  co rre sp o n d in g  lin e a r re g re s 
sio n  eq u atio n .

(N o te :  O ccasio n a lly  in  som e sh e lf  m ilk  sam p le s , a  b ro ad  
la te -e lu tin g  p e ak  a p p ea rs  in  su b seq u e n t run . U sin g  a u to sam p le r 
w ith  o n ly  1 m in  e q u ilib ra tio n , th is p e ak  d o e s  no t c o e lu te  w ith  
S M Z  p eak . T o a v o id  co e lu tin g  peak s i f  m ak in g  ran d o m ly  
sp a c ed  m an u a l in jec tio n s , in c re ase  ru n  tim e  b y  few  m in u te s  so  
b ro a d  p e ak  e lu tes  in so lv e n t fro n t o f  su b seq u en t run . T h is  p e ak  
h as no t b een  id en tified .)

R ef.: J. A O A C  Int. (1 9 9 3 ) 76, Ju ly /A u g u st issue.

C A S -5 7 -6 8 -1  (su lfam e th az in e )

Results and Discussion

R e su lts  o b ta in e d  by  th e  co lla b o ra to rs  a re  sh o w n  in T ab le  1. 
C o n ten ts  o f  sa m p le s  1 -3  w ere  k n o w n  to  the  an a ly sts . In so m e 
in stan ces , th e  a n a ly s ts  d id  n o t fo llo w  in stru c tio n s  o n  th e  n u m 
b e r o f  sam p le s  to  an a ly ze ; th e re fo re , so m e  o f  th e  p re lim in a ry  
study  d a ta  a re  a lso  in c lu d ed  fo r  in fo rm a tio n  in  th ese  sec tions. 
O n e  c o lla b o ra to r an a ly ze d  6  re p lica tes  in stead  o f  5, b ecau se  
that w as  s tan d ard  o p e ra tin g  p ro c ed u re  in  h is  labora to ry . F o r  the 
b lin d  sam p le s  (4—6 ), so m e  o f  th e  co lla b o ra to rs  rep o rted  v a lu es 
co rre c te d  fo r  re sp o n se  d e te rm in e d  in the  co n tro l m ilk . O n ly  
u n co rrec ted  v a lu e s  a re  re p o rte d  in  T ab le  1, b e ca u se  k n o w n  
con tro l m ilk  w o u ld  no t be  av a ilab le  fo r  a  co m m e rc ia l sam ple . 
T h e  co llab o ra to rs  re p o rte d  re su lts  as p a rts  p e r b illio n  fo r the  
co n tro l m ilk  fo rtif ied  by  th e  A sso c ia te  R eferee .

O n  re an a ly s is  in  th is  lab o ra to ry , 1 o f  the  sam p le s  p ro d u c ed  
an  e m u ls io n  d u rin g  ex trac tio n . T h e  c au se  o f  the  p ro b le m  w as 
n o t e stab lish ed , b u t c o lla b o ra to rs  w ere  in s tru c ted  to  d isc a rd  the  
sam ple . T h e  sam p le  w a s  rep laced , an d  all th e  co lla b o ra to rs  d is
c a rd ed  th e  p ro b lem  sa m p le , e x ce p t o n e  w h o  h a d  a lread y  an a 
ly zed  th e  sam p le  w h e n  w e  n o tif ie d  h im . H is  re su lts  are  rep o rte d  
in T ab le  1, b u t th e  v a lu e s  w e re  n o t u sed  in  c a lcu la tin g  av erag e  
reco v e rie s  fo r  th e  b lin d  sam p le  o f  m ilk  fo rtif ied  at 10 ppb.

B e ca u se  o f  a  c o n flic t b e tw ee n  th e  w rite -u p  o f  th e  m eth o d  
an d  the  in stru c tio n s to th e  co llab o ra to rs , d iffe ren t lab o ra to ries  
p e rfo rm e d  th e  fa m ilia riza tio n  s tu d y  u s in g  e ith e r 5 an d  10 p p b  
o r 10 a n d  2 0  p p b  fo rtif ica tio n  leve ls. W e d o  no t b e liev e  th a t th is 
is a  p ro b lem  b e ca u se  th e  ac tu a l c o lla b o ra tiv e  sa m p le s  w ere  the 
sam e  fo r  e ach  o f  the  co lla b o ra to rs , a n d  th e  sam e  m eth o d  w as 
fo llo w ed  w ith  the  ac tual co lla b o ra tiv e  study.

T h e  an a ly tica l m e th o d  (1) req u ired  a  sp ec ia l w ash  p ro c e 
d u re  fo r  g lassw are  b e ca u se  o f  th e  o b se rv a tio n  in  o u r  lab o ra to ry  
th a t c ro ss  co n ta m in a tio n  a t the  p a rts -p e r-b illio n  lev e l c an  o c c u r  
w ith  g lassw are  fro m  g en era l lab o ra to ry  s tock . T h is  is e sp e 
c ia lly  true  i f  the  lab o ra to ry  a lso  an a ly zes  tis su e  fo r  re s id u es  o f  
S M Z , w h ich  are u su a lly  p re sen t a t th e  p a rts -p e r-m illio n  level. 
T o m in im iz e  th is , w e  r in se  a ll p re v io u s ly  c le an e d  g lassw are  
w ith  1N  HC1, th en  w ith  w ater, a n d  fin a lly  w ith  m eth an o l. A lso , 
all s to p co ck s  a re  re m o v e d  fro m  sep a ra to ry  fu n n e ls  d u rin g  these  
fin a l r in sin g  steps.

W e d o  n o t re co m m e n d  th e  m o re  d ra s tic  c le an in g  p ro c ed u re s  
re co m m e n d e d  by  2 o f  th e  p a rtic ip an ts , bu t w e  do  em p h asize  
that spec ia l care  m u st b e  tak en  to  e n su re  the  c le an lin e ss  o f  the 
g lassw are . A lso , d e sp ite  the  b a ck g ro u n d  in te rfe ren ce  o b se rv ed  
by  th e  p a r tic ip a tin g  lab o ra to ries , w e  d o  no t re co m m e n d  c o rre c 
tio n  o f  the  resu lts  fo r  b ack g ro u n d , b e ca u se  co n tro l m ilk  w o u ld  
n o t be  av a ilab le  fo r  c o m m e rc ia l sa m p le s  a s  a  true  re fe ren ce .

S ev era l p a rtic ip a n ts  c o m m e n te d  th a t the  m eth o d  w a s  e ith e r 
“ s tra ig h tfo rw a rd ,” “e asy  to  fo llo w ,”  o r  “re la tiv e ly  easy ,” o r  that 
th ey  “e n co u n te re d  n o  m a jo r p ro b lem s w ith  the  p ro c ed u re .” 
O n e  c o lla b o ra to r  co m m e n te d  th a t th e  v o rtex in g  s tep  in th e  final 
e x tra c tio n  w as ex trem e ly  ted io u s  w h e n  p ro c ess in g  a larg e  
n u m b e r o f  m ilk  sam p les; h o w ev er, w e  fe e l th is  step  is n e c e s
sa ry  and  sh o u ld  n o t be  ch an g ed  a t th is  tim e.

W e th in k  d a ta  fro m  lab o ra to ry  B (T able  1 ) sh o u ld  n o t be  
u se d  in c a lcu la tin g  re su lts  o f  th e  co lla b o ra tiv e  study, b ecau se  
th e  c o lla b o ra to r  rep o rted  d iff icu ltie s  w ith  h is  ch ro m a to g ra p h  
an d  b ecau se  o f  the  p o o r  a p p ea ran c e  o f  th e  ch ro m a to g ram s. T h e  
re la tiv e  s tan d ard  d ev ia tio n s  w e re  g o o d , bu t the  re co v e rie s  w e re  
su b s tan tia lly  h ig h e r than  th o se  o f  th e  o th e r  c o llab o ra to rs . O n e  
o th e r  lab o ra to ry  rep o rted  v a lu es s ig n ifican tly  h ig h e r  th an  the  
av erag e , bu t th ere  w ere  n o  sp ec ific  o b se rv a tio n s  to  ju s tify  d is 
c a rd in g  the  v a lues.

A v erag e  p e rce n t re co v e rie s  fo r  all o f  th e  lab o ra to rie s , ev en  
w h en  the  q u e stio n e d  d a ta  w e re  in c lu d ed , w e re  ju d g e d  sa tis fac 
to ry  fo r  re s id u es  a t 1 0 -2 0  p p b  leve ls . T h e  a v e ra g e  w ith in -lab o - 
ra to ry  re co v e rie s  fo r  b lin d  sam p le s  fo rtif ied  a t th e  10 and  
2 0  p p b  lev e ls w e re  86 .4  and  8 4 .8 % , resp ec tiv e ly . T h e  av erag e  
v a lu e  d e te rm in e d  fo r  the  b lin d  m ilk  sa m p le s  co n ta in in g  in 
cu rre d  S M Z  w as 14.8 p pb . T h e  w ith in -la b o ra to ry  re la tiv e  
s tan d ard  d ev ia tio n s  (R S D r) fo r  th e  3 b lin d  sa m p le s  ra n g ed  fro m
3.1 to  11%  a t 10 p p b , 2 .2  to  11.9%  a t 2 0  p p b , an d  2.5 to  11.4%  
fo r  th e  in cu rre d  m ilk .

F o r  b lin d  fo rtif ied  sam p le s  co n ta in in g  10 p p b  S M Z , av erag e  
reco v e ry  a n d  re la tiv e  s tan d ard  d e v ia tio n  v a lú es fo r  re p ea ta b il
ity  (R S D r) an d  re p ro d u c ib ility  (R S D r ) b a se d  o n  the  resu lts  
fro m  6  o f  the  p a rtic ip a tin g  lab o ra to rie s  w e re  8 .23  p p b , 7 .1 6 % , 
an d  2 3 .1 6 %  resp ec tiv e ly . S im ila r  re su lts  b a se d  on  all 7 p a rtic i
p a tin g  lab o ra to rie s  w e re  9 .13  ppb , 8 .38% , a n d  3 1 .9 4 %  (Ta
b le  2). F o r the  in cu rred  sam p les, th e  re su lts  w e re  14.8 ppb ,
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Table 1. Collaborators’ results for quantitation by LC method of sulfam ethazine (ppb) fortified and incurred raw m ilk

Collaborator

Sample A B C D E F G

1 . Control milk 0.0 1.89 trace 2 .0 1 .6 0.0 1.1
4.51 trace 1 .8 0.0 0.0 1.1
5.01 trace 1.7 0.0 2.3 1 .0
2 .8 8 trace 1 .8 0 .0 0.0 1 .0
3.04 trace 1.5 2.7 0.0 0.9

trace 0.0 0 .8
trace 1 .8
trace 1.9
trace 0.07

0.08
0.3
0.3

2 . Control, fortified at 5 ppb by analyst 4.3 5.8 NDa 6 .2 3.8 3.3 4.8
3.9 5.2 6.1 3.8 3.4 4.7
4.6 11.1 6 .0 3.5 3.4 4.5
4.6 3.6 5.7 2 .8 3.6 4.8
4.6 4.7 5.4 3.5 3.4 4.6
4.4 3.5 3.9 4.6
4.3 4.5 4.0 5.2

4.6 3.7 5.4
3.7

3. Control, fortified at 10 ppb by analyst 8.5 NDa 8.1 9.6 NDa 7.2 8 .8
8.4 8.4 8.9 7.6 8 .8

8 .8 9.5 6 .8 8.7
7.5 9.4 7.3 8 .8
8.9 9.8 9.9

7.2 9.0
7.6 8 .8

8.7

4. Blind, fortified at 10 ppb 1 2 .0 13.0 6.7 9.6 5.8 9.0 8.5
10.4 14.9 6 .2 9.0 6 .6 7.6 7.8
11 .6 13.4 6.5 9.2 5.3 8.4 8.7
11.7 16.6 6.5 7.8 6 .8 8.9 8 .8
11.3 14.0 6.7 7.4 6.3 8 .2 8 .8

8.7

5. Blind, fortified at 20 ppb 2 2 .8 13.8 15.0 15.2 16.3 17.0 14.8
26.4 15.3 14.2 15.7 15.4 17.2 16.0
26.0 15.1 13.9 16.1 15.6 16.8 16.3
24.7 16.1 14.8 16.0 14.2 16.5 20.7
24.2 14.9 15.6 15.8 14.7 16.2 17.7

17.6

6 . Blind, incurred SMZ 20.4 2 1 .2 11 .6 11 .8 13.3 13.9 14.0
18.8 22.5 1 2 .0 14.8 14.1 13.3 14.3
19.9 2 2 .0 13.0 14.9 14.1 14.0 14.9
20.5 2 1 .8 11.7 14.9 14.2 14.8 14.2
19.9 21 .1 11.1 16.3 14.4 14.3 14.7

14.8

ND = No data submitted in this category.
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Table 2. Statistical evaluation of collaborators’ data for quantitation by LC method of sulfamethazine fortified and 
incurred in raw milk

Statistic

C ontro l m ilks Blind sam ples

Incurred5 ppba 1 0  ppba 1 0  ppba 2 0  ppba

Mean rec., ppb 4.56 8.50 9.13 17.07 15.7

Sr 1.03 0 . 6 6 0.77 1.14 0.80

SR 1.38 0.90 2.91 3.63 3.61

RSDr, % 22.67 7.80 8.38 6.64 5.09

RSD r , % 30.33 10.56 31.94 21.28 22.89

a Am ount added.

5.62%, and 18.51% based on 6 laboratories and 15.7 ppb, 
5.09%, and 22.89% based on 7 laboratories.

These results demonstrate that the method is suitable for 
determination of SM Z residues in raw milk at 10 ppb. These 
values for RSDr fall on the curve that Hall and Selinger (3) call 
the Horwitz trumpet. Horwitz (4, 5) predicted a 32% between- 
laboratory coefficient o f variation for 10 ppb concentra
tion levels.

R e c o m m e n d a tio n

We recommend that the LC method be adopted first action 
for the determination o f sulfamethazine residues in raw milk at 
the 10 ppb level.
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ENVIRONMENTAL ANALYSIS

Pararosaniline as a New Chromogen for the Extractive 
Spectrophotometric Determination of Trace Amounts 
of Hydrogen Sulfide in Air

B . S J M .  K u m a r  a n d  N .  B a l a s u b r a m a n i a n 1

Indian Institute o f Technology, Department o f Chemistry, M adras, 600 036, India

A  s e n s itiv e  s p e c tro p h o to m e tr ic  m e th o d  fo r  th e  d e 
te rm in a tio n  o f tra c e  a m o u n ts  o f h y d ro g e n  s u lfid e  
(H 2S ) in air, a fte r  fix in g  in  a z in c  a c e ta te -d is o d iu m  
e th y le n e d ia m in e te tra a c e ta te -s o d iu m  h y d ro x id e  so 
lu tio n , is  d e s c rib e d . T h e  re a c tio n  o f io d a te  w ith  th e  
f ix e d  H 2S  in th e  p re s e n c e  o f a c id  an d  an  e x c e s s  o f 
c h lo rid e  le a d s  to  th e  fo rm a tio n  o f IC I2 io n s . T h e  re 
s u ltin g  IC I2 s p e c ie s  fo rm s  an  ion  p ar w ith  
p a ra ro s a n ilin e  ca tio n , a n d  th e  p ro d u c t is e x tra c te d  
in to  is o p e n ty l a lc o h o l. T h e  c o lo r  s y s te m  o b e y s  
B e e r ’s la w  o v e r th e  ran g e  o f 0  to  5 .0  pg  H 2S . T h e  
m o la r  a b s o rp tio n  c o e ffic ie n t o f th e  c o lo r  s y s te m  is
1 .8  x  1 0 4 L m o l 1 c m -1. T h e  c o e ffic ie n t o f v a ria tio n  
is 3 .3%  fo r  10 d e te rm in a tio n s  a t 3 .0  p g  H 2S. T h e  e f
fe c t o f in te rfe rin g  g a s e s  on  th e  d e te rm in a tio n  is  d is 
c u s s e d . T h e  m e th o d  w a s  a p p lie d  to  th e  d e te rm in a 
tio n  o f res id u a l a m o u n ts  o f H 2S  p re s e n t in a 
la b o ra to ry  fu m e  c u p b o a rd , a n d  re s u lts  w e re  c o m 
p ared  to  th o s e  o b ta in e d  b y  th e  w id e ly  u sed  
m e th y le n e  b lu e  m e th o d . T h e  c u rre n t m e th o d  can  
b e  u s e d  to  d e te rm in e  re s id u e s  a s  lo w  as  0 .2  pg H 2S.

H ydrogen sulfide, released by industrial processes and 
by the decay of organic matter on land and in water, is 
one of the principal compounds involved in the envi

ronmental sulfur cycle. Because o f the high toxicity and foul 
odor associated with this gas, ambient air quality standards pre
scribe a limit o f 4 pg/m 3 for hydrogen sulfide (1).

The methylene blue method is widely used for the determi
nation o f H2S, but difficulties arise from the formation o f small 
amounts o f other similar dyes and also from the dimerization 
of methylene blue dye (2).

Many sensitive methods were reported for the determina
tion of H2S based on its reducing property (3-5). Recently, 2 
methods were reported that exploit the interaction of fixed H2S 
with iodate in a chloride-containing acidic medium. The 
method reported by Balasubramanian and Kumar (6) is based 
on the reaction of the fixed H2S with iodate in an acidic me-

Received May 27, 1992. Accepted October 7, 1992. 
To whom correspondence should be addressed.

dium containing excess chloride to form IC1, which is stabi
lized as IC12 ion. The IC1 formed iodinates 2',7'-dichlorofluo- 
rescein, resulting in the formation of 2',7'-dichloro-4',5'-di- 
iodofluorescein. The iodinated product is extracted into 15% 
isopentyl acetate-isopentyl alcohol and measured spectro- 
photometrically at 535 nm. The color system was stable up to 
90 min after extraction.

Selvapathy et al. (7) reported a sensitive method based on 
ion-pair formation between the iodine-chloro complex and py- 
ronine-G cation. The iodine-chloro complex was generated by 
the interaction o f fixed H2S with iodate in a chloride-contain
ing acidic medium. The ion pair was extracted into benzene, 
and the absorbance was measured at 535 nm. Even though the 
method is sensitive, it has a disadvantage of high blank absor
bance, and absorbance measurements must be completed 
within 10 min after extraction of the ion pair because o f poor 
color stability.

We describe the study and evaluation o f the variables that 
govern the formation of the ion pair between IC12, generated 
by the iodate and the fixed H2S reaction, and the pararosaniline 
(PRA) cation. This evaluation provides the basis for a sensitive 
spectrophotometric method for the determination of H2S.

E x p e rim e n ta l

Apparatus

The absorbance was measured by a Carl Zeiss P M Q II spec
trometer with 10 mm quartz cells. Frittered glass bubblers with 
suitable suction devices were used for trapping H2S from  air. 
The flow rate o f the air was measured by using a rotameter.

Reagents

All chemicals used were analytical reagent grade, and dis
tilled water was used for preparing the reagent solutions.

( a )  Standard H2S solution, 1 \lg/mL.— Dissolve 0.127 g 
Na2S-9H20  in 100 mL water, and standardize the solution io- 
dimetrically (8). The hydrogen sulfide content of this solution 
will be 200 ¡ig/mL. Dilute a suitable volume of this solution 
with water to give a solution containing 1 (ig/mL H2S. This 
solution must be prepared fresh daily.

( b )  PRA hydrochloride solution, 0.001%.— Dissolve 
0.025 g of the dye (BDH, England) in 125 mL 5M sulfuric
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acid, and dilute to 250 mL with water in a calibrated flask. Di
lute 25 mL of this solution to 250 mL with 2.5M sulfuric acid 
in a calibrated flask. The solution is stable for 1 month if stored 
in a brown bottle at room temperature.

(c) F o r m a ld e h y d e  so lu tio n , 0 .2 %  m /v .— Dilute 0.5 mL 
40% formaldehyde solution to 100 mL with water.

(d) S u lfu ric  a c id , 4 .7 5 M .— Dilute 280 mL sulfuric acid 
(specific gravity, 1.84) to 1 L with water.

(e) Z in c  a c e ta te - d i s o d iu m  e th y le n e d ia m in e te tr a a c e ta te  

(N a 2E D T A )-so d iu m  h y d ro x id e  tr a p p in g  so lu tio n .— Dissolve 
20 g Na2EDTA and 10 g zinc acetate in ca 800 mL water. Ad
just pH of the solution to ca 7.2. Add 4 g sodium hydroxide, and 
dilute solution to 1 L with water in a calibrated flask. pH of the 
final solution is 12.7. This solution contains 1% zinc acetate, 
2% EDTA, and 0.4% NaOH.

(f) A c e t ic  a c id , 1 M .— Dilute 6 mL acetic acid (specific 
gravity, 1.05) to 100 mL with water.

(g ) P o ta s s iu m  io d a te  so lu tio n , 0 .4 %  m /v.

(h) S o d iu m  c h lo r id e  so lu tio n , 6 %  m /v.

(i) S u lfa m ic  a c id  so lu tio n , 5 %  m /v.

( j)  l s o p e n ty l  a lc o h o l  ( e x tr a c tio n  so lv e n t) .

P ro c e d u re

Sampling

Air samples were collected by drawing 10-100 L air 
through a fritted glass bubbler containing 10 mL zinc acetate- 
Na2EDTA-sodium hydroxide solution for 20-200 min at a 
flow rate o f 0.5 L/min. The solution was made up to 25 mL 
with the trapping solution before the determination of H2S.

Determination

Five milliliters 0.4% potassium iodate, 2 m L4.75M  sulfuric 
acid, and 1 mL 6% sodium chloride were placed in a 50 mL 
calibrated flask. A 10 mL aliquot o f the zinc acetate- 
N a2EDTA-sodium hydroxide solution, containing not more 
than 5.0 pg H2S, was placed in a test tube. This solution was 
then introduced into the 50 mL calibrated flask through a long
stemmed funnel, with the tip kept well immersed in the reagent 
solution to avoid the loss o f hydrogen sulfide. The solution was 
mixed, 2.5 mL 0.001% PRA solution was added, and the final 
volume o f the solution was made up to 50 mL with water and

Table 1. Extractability of the ion pair into various 
solvents (H2S = 3 pg)

Set No. Solvent

Absorbance

Blank vs solvent Sam ple vs b lank

1 E thylacetate3 0 . 0 1 0 0.070

2 O O 4̂ 0 . 0 0 2 0 . 0 0 2

3 1-Butano l3 0 . 1 0 0 0 . 2 2 0

4 Isobutyl a lcoho l3 0.070 0.190

5 IBM K 0 . 0 2 0 0.115

6 Isopentyl alcohol 0.025 0.305

3 10 m L solvent w as used fo r extraction instead of 5 mL.

allowed to stand 5 min. It was then transferred into a 125 mL 
separatory funnel and extracted 1 min with 5 mL isopentyl al
cohol. The organic layer was separated, transferred into a test 
tube, and treated with ca 1 g anhydrous sodium sulfate to re
move trace amounts o f water. The absorbance of the organic 
extract was measured at 560 nm in 10 mm cells against a re
agent blank carried through the entire procedure. The concen
tration of H2S was established by reference to a calibration 
graph prepared by treating 0-5  mL standard H2S solutions (0 -  
5 pg H2S) with 10 mL zinc acetate-N a2EDTA-sodium  hy
droxide trapping solution and following the above procedure.

R e s u lts  an d  D is c u s s io n

H2S was fixed in the modified trapping solution developed 
by Balasubramanian and Kumar (6). The trapping solution 
consists of 1% zinc acetate-2%  Na2EDTA-0.4%  NaOH and 
permits a sampling rate o f 0.5 L/min for 6 h. Preliminary stud
ies were performed using 5 mL 0.4% potassium iodate, 2 mL 
4.75M sulfuric acid, 1 mL 6% sodium chloride, and 2.5 mL 
0.001% PRA solution. The resulting solution was treated with 
3.0 pg  H2S in 10 m L o f the above mentioned trapping solution 
and diluted to 50 mL with water. The solution was transferred 
into a 125 mL separatory funnel and extracted for 1 min with 
isopentyl alcohol. Results indicated that the extraction of the 
ion pair into the solvent was selective because the absorbance 
of the blank at 560 nm was quite low and that o f the sample 
was high.

The optimum acidity for the formation of IC12 species was 
first established. A constant and maximum absorbance was ob
tained when the acidity was 0.255-0.355M  in sulfuric acid. 
Above 0.355M, the absorbance of the sample decreased; below 
0.255M, an increase in blank absorbance was observed. There
fore, a solution maintained at 0.305M in sulfuric acid was se
lected as the optimum acidity for the reaction.

Similar studies revealed that 3 mL 0.4% potassium iodate,
1.5 mL 0.001% PRA, and 0.5 mL 6% sodium chloride were 
sufficient to provide a constant and maximum absorbance. 
However, we recommend the use of 5 mL 0.4% potassium io
date, 2.5 mL 0.001% PRA, and 1 mL 6% sodium chloride.

The formation o f the ion pair was almost instantaneous, and 
mixing of the 2 phases for about 30 s was sufficient for quanti
tative extraction o f the ion pair into the isopentyl alcohol sol
vent. The color system was stable for 72 h after extraction.

The extraction behavior o f 5.0 mL of various solvents was 
tested for the extraction o f the ion pair. No extraction was ob
served in benzene and «-hexane. The extraction behaviors of 
other solvents are shown in Table 1. Only isopentyl alcohol ex
tracted maximum quantities o f the ion pair and kept the absor
bance of the blank low. The absorption spectra of the ion pair 
formed from different concentrations o f H2S are shown in Fig
ure 1. Curve A shows the absorption spectrum of the reagent 
blank (2.5 mL 0.001% PRA). Curve F shows the spectrum of 
an identical concentration of PRA prepared in isopentyl alco
hol. Comparison of curves A and F indicate that free PRA does 
not get extracted into isopentyl alcohol under experimental 
conditions. Curves B, C, D, and E show the absoiption spectra



732 Kumar & Balasubramanian: Journal Of AOAC International Vol. 76, No. 4,1993

Wavelength (nm)

Figure 1. Absorption spectra measured against solvent blank: A, reagent blank; B, 1pg H2S; C, 2pg H2S; D, 4pg H2S; 
E, 5 p H2S; F, 3.09x10 5M pararosaniline in isopentyl alcohol.

resulting from the extraction o f the ion pair formed between 
ICl2, generated by various amounts of H2S and PRA.

The calibration graph was rectilinear over the 0 -5 .0  pg H2S 
range. The molar absorption coefficient was
1.8 x  104 L m o r ' cm '.T he precision o f the proposed method 
was evaluated by establishing the concentration o f 10 standard 
samples containing 3.0 pg H2S. The mean recovery was 
2.99 pg, with a relative standard deviation of 3.3%.

Nature of the Extracted Species

In the present study, an attempt was made to form an ion pair 
between ICI2, generated by the reaction of H 2S with iodate in 
an acidic medium containing chloride ions, and PRA instead of

between IC12 and cationic dyes. As already reported, the meth
ods based on the formation of an ion pair between rhodamine 
6G (4) or pyronine G (7) and an anionic chloro-complex of 
iodine suffer from high blank absorbance values (0.10 A for 
rhodamine 6G method and 0.16 A for pyronine G method) and 
poor color stability (absorbance measurements to be completed 
within 10 min after extraction by pyronine G).

Recently, we established the formation of IC12 species (6) 
from the reaction between H2S and iodate in an acidic medium 
containing an excess o f chloride ions (in accordance with equa
tion 1). We used the IC12 species for the iodination of 2',7'-di- 
chlorofluorescein.

2 IO 3  + H,S +  4H+ + 4 C P  ->  2IC12  + H 2 S 0 4  +  2H2Q (1)

©  ©

P a r a r o s a n i l  i n e h y d r o c h l o r i d e

Figure 2. Species responsible for color.

© r ©-]
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In the present study, when 2',7'-dichlorofluorescein was re
placed by PRA, an absorbance value of 0.305 A for 3 pg  H2S 
was observed on extraction with isopentyl alcohol. This ob
served absorbance may result from the extraction of the iodi- 
nated PRA or the ion pair formed between IC12 and the PRA 
cation. Experiments were conducted to establish the nature of 
the species responsible for the observed absorbance. Using po
tassium iodate, PRA, and 3 pg H2S solution, the color was de
veloped and extracted into isopentyl alcohol. The correspond
ing reagent blank was also prepared and extracted into 
isopentyl alcohol. The organic layers from samples and blank 
were equilibrated with 5 mL neutral 5% potassium iodide 
aqueous solution. This resulted in the formation of a yellow 
color in the aqueous layer of the sample, which on treatment 
with starch solution turned blue, indicating the presence of io
dine. No such blue color was observed in the blank. The forma
tion of iodine in the sample can be explained as a result o f the 
interaction o f iodide with ICI? anion (in accordance with equa
tion 2), which was present as an ion pair with the PRA cation 
in the organic layer.

ic i 2 + r  -> i2 + 2c r  (2)

If free iodate were extracted as an ion pair with PRA, then 
this ion pair can react with iodide to generate iodine and give a 
blue color with starch solution. This possibility o f iodine gen
eration was ruled out because no blue color was observed in the 
blank. When experiments were conducted using twice the op
timum concentration o f iodate, no blue color was observed in 
the blank, which indicated that there is no extraction o f free 
iodate as an ion pair with PRA.

If the ion pair extracted into the organic layer was an iodi- 
nated PRA, it could not generate iodine on treatment with 
aqueous neutral potassium iodide. Hence, the observed color in 
the organic layer results from the ion pair between ICI? and the 
PRA cation. In addition, the composition o f the ion pair was 
established by the mole-ratio method. The result indicated that 
the mole ratio o f PRA:IC12 was 1:3 (Figure 2). The extracted 
ion pair o f ICI? and PRA was stable for 72 h from the time of 
extraction. The color system had a low blank absorbance 
(0.024 A), unlike the reported ion pair systems o f the anionic- 
chloro complex of iodine with cationic dyes (4, 7).

Effect of Interfering Species

The effect o f common air pollutants on the determination of 
3 pg H?S was studied by introducing the gas under examina
tion into the trapping solution in the form o f anions together 
with H2S. A concentration of 5000 |ig  formaldehyde did not 
interfere with the determination of 3 pg H2S when introduced 
as an aqueous solution. Nitrogen dioxide, when present at any 
level, caused a low recovery of H?S. The negative interference 
seen with levels o f nitrogen dioxide (0-1000 pg) was elimi
nated by the addition o f 2.0 mL 5.0% sulfamic acid to the trap
ping solution upon completion of sampling. Sulfur dioxide in
terfered seriously at all levels and caused positive errors, 
because it is fixed as sodium sulfite in the trapping solution. 
This interference (0-100 pg) was eliminated by converting the

Table 2. Determ ination of residual H2S in a laboratory 
fum e cupboard (sam pling rate, 0.5 L/m in)

H2S found, jag

Volum e of a ir M ethylene blue Pararosaniline 
Set No. sam pled, L m ethod m ethod

1 1 0 0 9.50 (68.3)a 9.25 (66.5)

2 1 0 0 2 0 . 0 0 (143.8) 2 0 . 0 0 (143.8)

3 1 0 0 12.25 (8 8 .1 ) 12.75 (91.7)

4 180 40.05 (160.0) 40.95 (163.6)

5 180 36.90 (147.4) 37.35 (149.2)

a Values In parenthesis a re  ppb H2S.

fixed sulfite to a more stable hydrogen sulfite addition com
pound of formaldehyde. The conversion was achieved after 
sampling was completed by adding 1.0 mL 0.2% formalde
hyde and 3.0 mL 1M acetic acid (which lowers the pH of the 
solution to 4.90) to the trapping solution.

Application of the Method

The proposed method was used to determine the residual 
concentration of H2S in a laboratory fume cupboard after a 6 h 
qualitative analysis class in which H2S was used as a precipi
tating reagent for metal ions. A ir samples were collected in 
10 mL zinc acetate-Na?EDTA-NaOH trapping solution at a 
rate of 0.5 L/min. The final volume o f the solution, after sam
pling, was made to 25 mL with the trapping solution. Suitable 
aliquots o f this solution were then analyzed by the proposed 
procedure and the standard methylene blue method. The 
aliquots used for the proposed procedure ranged from 2.5 to 
5 mL, and 10 mL aliquots were used for the methylene blue 
method. With the proposed method, 2 mL 5% sulfamic acid, 
1 mLO.2% formaldehyde solution, and 3 mL 1M acetic acid 
were added to the aliquots o f the sampled solutions to over
come the interference from nitrogen dioxide and sulfur diox
ide. Results are shown in Table 2; concentrations of H?S ob
tained with both methods were comparable.

C o n c lu s io n

Levels o f hydrogen sulfide as low as 0.2 pg  can be deter
mined by using the proposed procedure. The calibration graph 
is rectilinear from 0 to 5 pg H 2S. The coefficient o f variation is 
3.3% for 10 determinations o f 3 pg H2S. The color system is 
stable for 72 h after extraction into isopentyl alcohol. The ap
plication o f the proposed method to the determination o f  H2S 
present in a laboratory fume cupboard demonstrated the use
fulness o f the method.
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FEEDS

Rapid Determination of Supplemental Vitamin E Acetate in Feed 
Premixes by Capillary Gas Chromatography

S v a t o m ir  K m o s t a k

Research Institute of Feed Supplem ents and Veterinary Drugs, N a Chvalce 2049, Prague 9-H, Pocem ice,
19300, Czechoslovakia 
D avid A. K urtz
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A  rap id  c a p illa ry  g a s  c h ro m a to g ra p h ic  m e th o d  w a s  

d e v e lo p e d  fo r  d e te rm in a tio n  o f s u p p le m e n ta l a -to -  
c o p h e ro l a c e ta te  (c o n ta in in g  an d  v e rifie d  a t 5 0 -  
5 0 0 0  m g /k g  fe e d ) in v a rio u s  k in d s  o f fe e d  p re 
m ix e s . T h e  m e th o d  is b a s e d  on  s im p le  n -h e x a n e  
e x tra c tio n  o f fe e d  s a m p le s  p re tre a te d  w ith  a s o lu 
tio n  o f a c e tic  ac id  in e th e r  fo r  m a trix  b re a k d o w n  fo l
lo w ed  b y  c o lu m n  c le a n u p  o n  d e a c tiv a te d  a lu m in a  

to  e lim in a te  b a c k g ro u n d  in te rfe re n c e . F u s e d  s ilic a  
c h ro m a to g ra p h y  is c o m p le te d  in 3 m in . T h e  w ith in -  
d a y  p re c is io n  e x p re s s e d  as  th e  re la tive  s ta n d a rd  
d e v ia tio n  fo r  re c o v e ry  e x a m p le s  w a s  3 .4 , 2 .9 , an d  
4 .0%  fo r  h ig h , m e d iu m , an d  lo w  c o n c e n tra te d  feed  

p re m ix e s , re s p e c tiv e ly ; e x tra c tio n  re c o v e ry  w a s  9 9 -  
110% . T h e  s to ra g e  s ta b ilit ie s  o f s ta n d a rd s  an d  fe e d  

p re m ix  p re p a ra tio n s  w e re  fo u n d  to  be e x c e lle n t up  
to  3  m o n th s  an d  u p  to  60PC.

M any kinds o f feed premixes for treatment of animal 
diseases or promotion of animal performance are 
used throughout the world. These premixes are com 

posed of a wide spectrum of substances, including vitamin E. 
In Europe, vitamin E is administered in the form of vitamin E 
acetate (DL-a-tocopherol acetate); the concentration typically 
ranges from 50 mg/kg o f feed premix for animal health promo
tion to 5000 mg/kg for medicated feed supplements. Typical 
doses in the United States are 4 times as high. Because vita
min E acetate is sensitive to oxidation, quantitative analytical 
control o f feed premixes is required (1-5) after manufacturing 
and during storage. The analysis o f feed premixes, however, 
requires preliminary matrix breakdown and separation steps to 
free the analyte and eliminate interfering compounds found in 
the matrix. Formerly, the vitamin E acetate was saponified (3, 
4, 6, 7), but this step produced the alcohol, eliminating the ca
pability for simultaneous determination of the 2 moieties. 
Avoidance of the saponification step (1) is helpful because the 
identification of vitamin E alcohol (DL-a-tocopherol) formed

R ece iv ed  A u g u st 28 , 1991. A c ce p te d  A u g u s t 12, 1992.

from the decomposition of the acetate due to storage conditions 
(4) or found as a natural component is useful. The gas chroma
tographic (GC) method is preferred over the colorimetric 
method because of its higher precision and specificity (8 ,9). 
Liquid chromatographic (LC) methods are now also available 
for oil-soluble vitamins in tablet form (6, 10) and for other ana
lytical samples (11).

The method presented here is a simple, micro-sized sample 
preparation method for feed premixes. A variety of feed pre
mixes can be analyzed equivalently, which we feel is an impor
tant consideration. Extraction and cleanup are performed in a 
small tube and plastic pipet tip. Simultaneous determinations 
can be made of vitamin E acetate and, if desired, the residual 
or breakdown product, vitamin E alcohol. Fused silica capil
lary analytical chromatography for the system presented here 
gives results in 3 min, which is a very short time compared to 
the 30 and 6 min required for packed and glass capillary col
umn analyses, respectively, as previously reported (3 -5 ,7 , 9).

The utility o f the assay is demonstrated by the determination 
of the supplemental vitamin E acetate in 3 types of premixes. 
For this paper, all recoveries were done at the 500 mg/kg level. 
Typically, the premixes for poultry and sheep contain low con
centrations of supplemental vitamin E acetate at the 300 mg/kg 
level. In this case, vitamin E acetate is mixed in a cereal matrix 
together with protein and feed supplements. These premixes 
also contain vitamins A and D and macro and micro mineral 
supplements. The premix for pigs, which contains about 90% 
cereal with peas, faba beans, yeast, and mineral supplements, 
typically contains vitamin E acetate at 500 mg/kg. The highest 
content of supplemental vitamin E acetate is in medicated feed 
supplements containing Therapeuthan E. This preparation has 
been developed for therapeutic purposes and contains such 
drugs as furazolidone, tetracycline hydrochloride, dichlorodi- 
hydroxychinolidine, and glucose with C a C 0 3, in addition to 
vitamin E acetate at the 3000-5000 mg/kg level.

M E T H O D

Principle

Supplemental vitamin E acetate was extracted by //-hexane 
after short treatment o f finely powdered premixes in 1% acetic
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acid in ether. The extract was cleaned up on deactivated alu
mina and quantitated by internal standard GC with flame ioni
zation detection.

Apparatus

(a) Gas chromatograph.— Hewlett-Packard 5880A level 
IV-calculation capability with 22 Kbytes RAM capacity. Oper
ating conditions: detector and injector temperatures, 300qC; in
itial column temperature, 200°C; hold time, 0.5 min; pro
grammed at 25°C/min to 255°C, held 1 min, and then 
post-programmed (for column cleanup) at 25qC/min to 325'C , 
and held 1 min; inlet hydrogen carrier pressure, 25 k P a fo rl:1 5  
split; flow velocity, 80 cm/s at 100°C; FID detection nitrogen 
and air make-up, 30 and 430 mL/min, respectively; detector 
attenuation, adjusted for FSD from the injection of 1 p.L of the 
internal standard solution. Under these conditions, squalane 
and vitamin E acetate had retention times of 1.5 and 2.7 min, 
respectively.

(b) Chromatographic column.— Fused silica column,
12.5 m x  0.32 mm id and 0.12 mm  film thickness (CP Sil 5CB, 
Chrompack, The Netherlands), connected by 1 m  retention gap 
column with butt connector (Supelco, Switzerland) to 
split/splitness injection port.

(c) Horizontal laboratory shaker.— (Labora, Czechoslova
kia).

(d) Evaporation module.— Reacti-therm, heating (Pierce 
Chemical Co., Rockford, IL 61105).

(e) Extraction tubes.— 15 x  120 mm (ca 15 mL) with Tef
lon-lined caps (Labora).

(f) Centrifuge.— IEC, or equivalent.
(g) Vials.— 5 mL Reacti-vials (Supelco).
(h) Tips.— 5 mL pipet tip (Eppendorf), or equivalent.

Reagents and Standards

(a) Solvents.— «-Hexane p.a., cyclohexane, isopropanol 
(Loba Feinchemie, Austria).

(b) Acetic acid solution.— 1% (v/v) in redistilled ether 
(Chemapol, Czechoslovakia).

(c) Internal standard solution.— Squalane; 1 mg/mL in 
hexane (Fluka AG, Switzerland). Column performance evalu
ation .— DL-a-Tocopherol (vitamin E alcohol). Standard .— Vi
tamin E acetate (DL-a-tocopheryl acetate, minimum 97% pu
rity by UV, Fluka AG, Switzerland); stock standard solutions 
prepared at 0 .1 ,0 .5 ,1 .0 ,2 .5 , 5.0, and 8.35 mg/mL.

(d) Extractant solutions.— Hexane-cyclohexane (1 + 1) 
and hexane-isopropanol (1 + 1).

(e) Alumina.— Chromatographic grade, 60-80  mesh (Re- 
anal, Hungary) deactivated by 7% deionized water to Brock- 
mann activity IV.

Caution: Ether peroxidizes very easily. Test all batches 
immediately before use by shaking a few milliliters with a so
lution of a few crystals of potassium iodide in glacial acetic 
acid (or water). If there is any evidence of brown color (from 
I2 produced), reject that batch for use. Ether is easily separated 
from its peroxide by distillation, but be careful not to let the 
distillation pot go to dryness. Peroxides can also be destroyed 
by chemical means.

Column Performance Evaluation

Prepare 1 mg/mL solution of a-tocopherol and a-toco- 
pheryl acetate in «-hexane. Inject 1 pL  into GC. Calculate reso
lution R and accuracy o f determination for 2 injection mode 
from chromatogram by using HP 5880 BASIC programming 
for 0.04 and 0.02 min peak width, respectively, or other inte
grator techniques set at maximum sensitivity. The resolution is:

R = L18(R T(2)-RT(1))/(W ID TH (1) + W IDTH(2))

where RT(2) and RT(1) are retention times of a-tocopherol 
acetate and a-tocopherol and W ID TH (l) and W IDTH(2) are 
peak widths at 1/2 height, respectively. Resolution must be 
>1.5 for complete resolution o f 2 peaks.

This evaluation was performed to ensure separation of vita
min E  acetate from its alcohol, a frequent contaminant due to 
instability, particularly from storage (Figure 1).

Determination of Relative Response Factor

Prepare 1 mg/mL response standard solution of a-toco- 
pheryl acetate, using internal standard solution. Inject 1 pL  into 
GC system. Calculate response factor (RF) as follows:

RF = (PAis /  PArs) x  (Crs /  C„) x  P

where PAls and PArs = peak area o f internal standard and refer
ence standard, respectively; Crs and CLS = concentrations in 
mg/mL of reference standard and internal standard, respec
tively, in response standard solution; and P = % purity of refer
ence standard.

Sample Preparation

Into 15 mL extraction tube, weigh 1 g finely powdered feed 
premix previously stored in plastic bag. Add 1 m L of a solution 
of 1 % acetic acid in ether and 10 mL «-hexane. Heat 10 min at 
10°C in dry box under sealed Teflon-lined caps. Place extrac
tion mixture in horizontal shaker for 20 min at 60 strokes/min. 
Centrifuge 10 min at 200 x g  and then pass hexane layer 
through 2 g deactivated alumina packed in 5 mL Eppendorf 
pipet tips for cleanup. Repeat extraction twice with 10 mL hex
ane each time and evaporate combined hexane fractions under 
gentle stream of nitrogen at 50°C just to dryness. Take up resi
dues with 1 mL internal standard solution and inject 1 pL  into 
GC. If  desired, samples of higher concentrations can be ana
lyzed by adjusting internal standard concentration or split ratio 
in GC.

Calibration Curve and Calculation

Prepare 6-point calibration curve with 6 entries on each 
level, starting from 0.1, proceeding through 0 .5,1.0, 2 .5 ,5 .0  to
8.35 mg/mL. Evaporate 1 mL of each solution to dryness with 
gentle nitrogen stream; then dissolve in 1 mL internal standard 
solution. Inject 1 pL  for analysis. Calculate concentrations in 
unknown samples from slope and intercepts determined from 
least squares regression graph of concentration vs area o f vita
min E acetate to internal standard ratio.
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Figure 1. Chromatogram for resolution measurement 
of vitamin E and vitamin E acetate standards at 
1 mg/mL. Peaks: 1 = vitamin E, 2 = vitamin E acetate. 
See Table 1 for resolution data.

Recovery Studies

The extraction efficiencies for vitamin E acetate were deter
mined by spiking 50 g finely powdered premix samples with 
10 mL of a 2.5 mg/mL solution o f vitamin E acetate in hexane. 
This corresponds to a spiking level o f 500 mg/kg feed premix. 
After thorough mixing in an air-pressured plastic bag and 24 h 
of storage, six 1 g sample aliquots were analyzed, containing

the equivalent o f 0.5 mg added vitamin E acetate per sample. 
During the extraction o f premix for sheep, a coelution of sulfur, 
which had been added for better wool growth, was observed. 
Therefore, extraction o f  this premix was tested by a more polar 
solvent system for comparison: hexane-cyclohexane (1 + 1) 
and hexane-isopropanol ( 1 + 1).

Stability Studies

Stability studies were conducted of standard solutions, and 
feed premixes containing vitamin E acetate underwent short- 
and long-term storage. Standards prepared in hexane were 
stored at 4°C and run in the gas chromatograph on days 2, 4, 
and 25 to determine the combination of solution and instru
mental response. Dosed feed premixes at the 3 levels studied 
(low, medium, and medicated concentrations) were prepared, 
stored at 4 X , and analyzed on days 1 ,2 , and 3 of storage. Be
cause feed premixes may often be stored on the farm at less 
than ideal conditions, the manufactured medicated level 
batches were stored at 5, 25, 35, and 60X1 for 3 months before 
analyses. In addition, a tropicalization test was ran for 
3 months at 95% humidity and 12 h cycling between 20 
and 40°C.

R e s u lts

Column Performance

A 12.5 m fused silica column, as described, was used to 
separate vitamin E alcohol from the acetate in <3 min. Resolu
tions of >3.3 min with low variability were obtained (Table 1).

The variability o f peak areas for a 1 (ig autosampler injec
tion was about 7% relative standard deviation (Table 1), which 
shows instrumental and not method performance. Only a 
slightly higher variability, 10.5-12.7%, was found for hand in
jection.

Recovery Curves, Precision, and Accuracy

The calibration graphs w ere developed for a w ide con
centration range (150-12  650 m g/kg). Table 2 gives infor
m ation about calibration o f standards by this method. Cali
bration o f 151-12 650 mg vitam in E acetate/kg hexane gave 
som ew hat linear results. R esultant data was positive (23%)

Table 1. Column performance evaluation and accuracy 
in the determination of vitamin E and vitamin E acetate3

Vitam in E 
alcohol

Vitam in E 
acetate

In tegrator setting 0 . 0 2 0.04

Resolution, m in (% RSD)b 3.43 (2.62) 3.25 (2.69)

RSD, %, by injection m ethod “7

M anual injection 10.45 12.72

Auto injection 7.52 6.90

a Results from  m ean o f 6  determ inations. 
b RSD = SD x  100% /mean.
c Injection -  1 ug on colum n (0.02 m in. integration setting).
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Table 2. Summary of calibration data used in the analysis of supplemental vitamin E acetate3

R ecovery analysis

Recovery and precision fo r betw een estim ations

C oncentration levels (mg/kg)

Av. dev. of mean Precision for within
Actual M easured (SD )0 from actual concn, % (RSD, %)

151 186 (2 2 ) +23.2 7.2

758 709 (56) - 6 . 2 3.1

1520 1383 (67) -8 .7 1.9

3790 3390 (269) - 1 0 . 6 4.3

7580 7530 (265) - 0 . 6 3.3

12650 9900 (841) -2 1 .7 2 . 2

Linear regression analysis

Day Slope Y-intercept Corr. coef., %

1 1.824 -0 .1 0 6 0.997

2 1.895 -0 .0 2 8 0.999

3 2.185 -0 .3 1 0 0.985

a W ith in-precision data w ere calculated from  6  entries o f freshly prepared vitam in E standards w ithout m atrix for each level on the separate 
days.

6 M ean ±  SD.

for accuracy at the low est concentration w ith respect to the ac
tual preparedconcentration ,andall other values were negative 
(<22% for the highest level). The precision variation o f 6 
calibration samples was very favorable, ranging from  1.9 to 
7.2%  relative standard deviation. Regression analyses of 
peak area response were fairly consistent over the 3 
days studied.

Recovery Studies

The extraction recovery achieved for 1 g samples contain
ing 0.5 mg vitamin E acetate (500 mg/kg level) is shown in Ta
ble 3. The recovery was 98.9% for high concentration-type 
premix, 102.8% for medium-type, and 110.1 and 100.2% for 
low-type. An inter-precision between 6 separate samples was

9.4% for high concentration, 7.3% for medium  concentration, 
and 5.1 and 13.9% for low concentration, respectively. Preci
sion of the premix for sheep was 13.9% because the mix con
tained elemental sulfur.

Sulfur is the most probable cause of the lower precision in 
analysis o f the low-type premix because it is soluble in hexane 
and coelutes with the analyte during the cleanup step. Extract
ing solvent, when evaporated, gave well-defined dry residues 
except for the premix samples intended for sheep, which con
tained sulfur. The extracted residues for samples containing 
sulfur were yellow and sticky. Accordingly, this premix was 
extracted by 2 more polar solvent systems. However, in both 
cases, the extraction efficiencies were lower with mixed sol
vent systems (Table 3) than with the pure hexane extraction,

Table 3. Recoveries of supplemental vitamin E acetate from medicated feed supplement and feed premixes

Extraction Sam ple Ree., %a

Precision (RSD%) 

Inter- Intra-

n-Hexane M edicated feed supplem ent-type prem ix6 98.9 9.4 3.4

n-Hexane M edium concentration-type prem ix fo r pigs 1 0 2 . 8 7.3 2.9

n-Hexane Low concentra tion-type prem ix fo r broilers 1 1 0 .1 5.1 4.1
n-Hexane Low concentra tion-type prem ix fo r sheep 1 0 0 . 2 13.9 1 0 . 0

n-H exane-cyc lohexane  ( 1 + 1 ) Low concentration-type prem ix fo r sheep 66.4 27.9 18.9

n-H exane-isopropanol (1 + 1) Low concentration-type prem ix fo r sheep 80.3 19.8 14.5

3 V itam in E acetate at 0.5 mg per sam ple (500 m g/kg level), n = 6 . 
b Therapeuthan E.
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Table 4. Storage stability of extracted dosed samples and prepared standards at 4?Ca

C ontent of vitam in E acetate in p rem ix and feed supplem ental sam ples, m g/kg

Days of storage Low concn RSD, % Med. concn RSD, % M edicated concn RSD, %

1 77.6 6 . 2 536 3.9 3390 2.3

2 55.9 13.6 499 4.5 3310 2 . 2

3 59.2 13.4 492 6.4 3610 4.8

Int. day0  com posite 64.3 ±  12 1 1 . 6 509 ±  24 5.0 3440 ± 152 3.3

C ontent of vitam in E acetate in standards, m g/kg

2 — — 2 0 2 2.4 12850 4.1

4 — — 190 5.0 11970 5.6

25 — — 2 1 2 3.6 14470 4.5

Int. day6  composite — — 2 0 2  ± 1 1 3.8 13100 +  1268 4.8

a Results are calculated as the m ean of 6  determ inations. 
b Overall RSD com puted as (1/3 IR S D , 2)'fl (root m ean square).

and no improvement was observed in either recovery or preci
sion.

Storage Stability Studies

The data o f Table 4 show stability o f standard solutions over 
a period of <25 days.

With dosed premixes, Table 4 shows a substantial drop in 
the extracted concentration at the low concentration and a 
small drop at the medium concentration level after 1 day. The 
change in low and medium concentrations o f feed premix after 
day 1 may be the result o f a very small initial loss of vitamin E 
acetate. Table 5 also shows that at manufactured medicated 
levels, there are no losses at <60°C during <3 months storage, 
and under the 3-month tropicalization test.

D is c u s s io n

A simple and rapid hexane extraction of supplemental vita
min E acetate from various kinds o f feed premixes gives excel
lent recoveries. Vitamin E acetate is a slightly polar compound, 
sensitive to light and oxidation. A quick saponification step 
with acetic acid was used to break down the premix matrix. The 
sample was heated only 10 min at 70°C. Other recently pub
lished methods use a 30 min heating at 70X1 (11). This step 
could replace the AOAC Soxhlet extraction (7) with a boiling 
solvent and, thus, prevent thermal degradation of the analyte. 
The combined hexane fractions of the saponified product were 
cleaned up by sorption on deactivated alumina. Triterpene 
squalane was chosen as an internal GC standard because it has 
a short retention time well in front of the studied analyte (Fig
ure 2). Vitamin E alcohol can be determined simultaneously, 
however, as the saponification referred to here affects only the 
matrix and not the acetate moiety. Fused silica capillary analy
sis with short column, high injection temperature, and high car
rier flow allows rapid elution of the analyte compared to its 
performance on a packed or glass capillary column. The value 
of the average response factor o f 1.407 is higher than that found 
in packed column analysis where hexadecyl palmitate was

Table 5. Stability of supplemental vitamin E acetate 
in manufactured medicated feed supplement 
therapeuthan Ea

A ccuracy of
de term ination (RSD%)

C ontent of V itam in E
Batch acetate, m g/kg Inter- Intra-

No. 1

5°C 5560 10.3 5.1

25°C 4190 13.4 4.1

35 °C 4450 9.8 5.2

60 °C 5090 6 . 6 1 . 2

Tropic, test 5056 9.5 6 . 6

O verall RSD, %b 1 0 . 2 4.8

No. 2

5°C 4870 9.5 6.5

25°C 5090 16.2 3.9

5650 10.5 6 . 8

60 °C 4270 17.8 2.3

Tropic, test 4750 1 1 . 6 6 . 0

O verall RSD, %b 13.5 5.4

No. 3

5°C 4630 8.5 3.0

25 °C 4850 6.5 5.0

35 °C 4760 3.1 1.9

60 °C 5330 4.0 3.8

Tropic, test 4650 5.0 2.4

O verall RSD, %b 5.7 3 1

a Results are calculated from  6  determ inations. 
b C om puted as (1/5 ZRSDj 2 ) ,/5 (root m ean square).
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Figure 2. Determination of relative response factor. 
Peaks: 1 = squalane (basis), 2 = vitamin E acetate. RF =
1.407 + 0.008 (RSD = 0.54%) ( n =  10).

used as internal standard (8). Under the conditions of analysis, 
no significant interfering peaks appeared in the chromato
grams.

This capillary analysis method shows the clear, unambigu
ous separation of the vitamin E alcohol from the acetate, even 
at retention times <4 min. Small quantities of the alcohol form 
can be present in mixtures, resulting in quantitative errors, if 
the separation is not good. Conventional regression calibration 
was used in this work. More accurate and precise data could be 
obtained by attention to such details as constant variance across

the graph and proper transformation details (12). This is being 
explored for a  future publication.

The variability o f the calibration data between the various 
levels (Table 2) can be explained as follows: Vitamin E acetate 
is a volatile component that could have undergone loss when 
taken to dryness. The relatively higher precision of recovery 
samples could be a result o f the “keeper” action o f matrix. The 
fall-off at the top, however, may have been due to column over
load.

The extraction recovery was 98.9% for medicated feed sup
plement, 102.8% for medium, and 110.1 and 100.0% for the 
low class o f premixes. The 110.1% recovery of analyte in pre
mix for pigs in our laboratory is common for commercial vita
min tablets. A 138% recovery was claimed for an LC method 
for vitamin E  acetate in multivitamin tablets (13). The within- 
day precision expressed as the relative standard deviation was 
3.4, 2.9, and 4.0% for high, medium, and low concentration 
feed premixes, respectively.

The goal o f this method was validation for a wide variety of 
matrixes rather than a longer calibration range. Premixes for 
poultry and sheep are different from those for pigs. Premixes 
for medicated purposes are different for still other reasons.

The drop in concentration exhibited at the lowest levels on 
the third day in Table 2 and. with fresh standards, the fourth day 
in Table 4, may have been a result of adsorption of analyte on 
vial walls o r of auto-oxidation of the lowest concentrations. 
However, the drop at days 3 and 4 and the rise in content after 
25 days of storage (from possible solvent evaporation) are not 
o f great enough significance to show a statistical difference at 
the 95% level of confidence. Barring repetition of the tests, it 
is still recommended that fresh standards be prepared on every 
third day.

The homogeneity of sample sets was characterized by aver
age “inter” relative standard deviation. For determination of 
representative analyte content at the 95% confidence level with 
a maximum error o f 5 %, 6 collected samples are sufficient (14). 
Only one batch (No. 2) o f medicated feed supplement 
Therapeuthan E was more heterogeneous. Therefore, a higher 
number of samples may have to be taken for analysis in this 
case. No significant decrease of analyte concentration during 
stability tests was observed in all sample data sets. In stability 
tests, vitamin E alcohol was found only in the 60T  thermal 
stability test. By applying the van’t Hoff rule for decay reac
tion, it would be possible to submit a 4-year expiration date for 
Therapeuthan E.
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FEEDS

Influence of Water on the Near Infrared Spectra 
of Model Compounds

J a m e s  B .  R e e v e s  i n

U.S. Departm ent of Agriculture, Agricultural Research Service, Rum inant Nutrient Laboratory, 
Bldg 200, BARC-East, Beltsville, M D 20705

T h e  a p p lic a tio n  o f  n e a r in fra re d  s p e c tro s c o p y  
(N IR S ) to  h ig h -m o is tu re  s a m p le s  (i.e ., s ila g e s ) h as  
s h o w n  th a t a c c u ra c y  d o e s  n o t m a tc h  th a t o f d rie d  
m a te ria ls . E x a m in a tio n  o f s p e c tra  d o e s  n o t in d ic a te  
a b s o rb a n c e  lev e ls  to  b e  th e  p ro b le m . T h e  o b je c tiv e  
o f th is  e ffo rt w a s  to  d e te rm in e  th e  e ffe c t o f w a te r  
o n  th e  s p e c tra  o f m o d e l c o m p o u n d s . N e a r in fra re d  
s p e c tra  w e re  ta k e n  u s in g  a  D ig i-L a b  F T S -6 5  F o u rie r  
tra n s fo rm  s p e c tro m e te r . L iq u id s  w e re  e x a m in e d  b y  
tra n s m is s io n  an d  s o lid s  b y  re fle c ta n c e . E x a m in a 
tio n  o f  o rg a n ic  a c id s , a lc o h o ls , ke to n e s , a m in e s , 
an d  a m id e s  s h o w e d  th a t th e  p re s e n c e  o f w a te r  
c a u s e s  s h ifts  in  s p e c tra l w a v e le n g th s  n o t re la te d  to  
O H  o r N H  g ro u p s . T h e  m o s t s ig n if ic a n t s h ifts  w e re  
fo r  a lc o h o ls  a n d  k e to n e s  (u p  to  1 0 +  nm  at 90%  H2O ) 
an d  le a s t fo r  a c id s . T h e s e  p e a k  s h ifts  in c re a s e d  
w ith  in c re a s in g  a m o u n ts  o f w a te r  an d  v a rie d  w ith in  
in d iv id u a l s p e c tra  an d  a m o n g  th e  c o m p o u n d s  
te s te d . A s  s o lid s , s u g a rs  an d  a m in o  a c id s  had  
m a n y  s h a rp  p e a k s  in  th e ir  s p e c tra . A s  s o lu tio n s , 
h o w ever, th e  s h a rp  s p e c tra l fe a tu re s  d is a p p e a re d , 
resu ltin g  in la rg e  b ro a d  p e a k s . T h e  s p e c tra  o f p o ly 
m ers  s u c h  a s  s ta rc h , c e llu lo s e , an d  c a s e in  d id  n o t  
a p p e a r to  be s ig n if ic a n tly  a lte re d  b y  th e  p re s e n c e  
o f w a te r  (0 -5 0 % , w /w ), a lth o u g h  th e y  o fte n  a p p e a r  
to  a lte r  th e  w a te r  s p e c tra . V a ria tio n s  in w a te r  c o n 
te n t, p h y s ic a l s ta te , a n d  c o n c e n tra tio n s  o f c o m p o 
n en ts , w h e n  c o m b in e d  w ith  th e s e  re s u lts , m a y  he lp

R ec e iv e d  A p ril 3 , 1992. A c c e p te d  D e c e m b e r 22 , 1992.
M en tio n  o f  a  tra d e  n am e , p ro p rie ta ry  p ro d u c t, o r  sp ec ific  e q u ip m e n t 

do es  n o t co n stitu te  a  g u a ra n te e  o r  w a rra n ty  by  the  U .S . D e p a rtm e n t o f  
A g ric u ltu re  a n d  d o es  no t im p ly  its  ap p rova l to  the  ex c lu s io n  o f  o th e r 

p ro d u c ts  th a t m ay  b e  su itab le .

e x p la in  th e  d e c re a s e  in a c c u ra c y  o f  N IR S  d e te rm i

n a tio n s  th a t o c c u rs  w ith  h ig h -m o is tu re  s a m p le s .

A lthough near infrared reflectance spectroscopy (NIRS) 
has been used extensively for the analysis o f dried 
feedstuffs— literally hundreds of references are avail

able— less research has been done on the analysis o f m oist ag
ricultural materials such as silage (1-3). However, the applica
tion o f NIRS to high-moisture samples (i.e., silages) has shown 
that accuracy does not match that o f dried materials (4, 5). As 
shown in Table 1, the r-squarcs are consistently higher and the 
SE (SEC and SEP) consistently lower for dried materials than 
for wet. Examination of spectra does not indicate absorbance 
levels to be the problem. As shown in Figure 1, although the 
absorbances are much greater for wet silages than for dried, the 
maximum values are still well within the dynamic range of 
modern scanning spectrometers. By using dry ice to grind sam
ples (3), it was shown that NIRS could be used with undried 
silages to determine many components o f interest. Thus ac
ceptable results were achieved for neutral and acid detergent 
fibers, crude protein, dry matter, in vitro digestible dry matter 
(DM), and several other components, although the results were 
not as good as results for dried samples.

A second study (4) examined the question of how sample 
presentation (area scanned), sample grind, spectral region 
scanned (680-1234, 1100-2498, and 680-2498 nm), and the 
particular chemistry of interest (DM, fiber, protein, etc.) inter
act to influence the quality o f NIRS analysis. Although the re
sults showed that the accuracy of NIRS determinations on wet 
silages could be affected by these parameters, again the best 
results were achieved with dried samples. Similar conclusions
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Table 1. NIRS results for silages using various grinds and cells with samples scanned on a scanning  
m onochrom ator from 1100 to 2498 nm with 10 nm between wavelengths3

Sam ple

Calibration, n = 98 Validation, n = 47

G rind 5 C ell0 Rb SE C 5 r5 SE Pe

Acid detergent fiber Dry Round 0.96 1.49 0.96 1.48

VIT Long 0.96 1.61 0.95 1.83

W IL Long 0.95 1.73 0.92 2.13

Crude protein Dry Round 0.99 0.58 0.99 0.61

VIT Long 0.98 0.90 0.97 1.06

W IL Long 0.98 0.78 0.97 0.94

a Reeves III, J.B., and Blosser, T.H. (1991) J. Dairy Sci. 74, 88 2 -8 9 5 .
b G rind: VIT = Ground w ith dry ice in a V ita-M ix food ju icer and scanned in w et state, DRY = dried at 60T ;, ground in a W iley grinder to  pass a 

20 mesh screen, and scanned in a dry state, W IL = Ground wet in a W iley grinder with a 3/8 in. screen and scanned in a wet state. 
c CELL: Long = 6  in. by 2 ft vertical cell, Round = 2 in. d iam eter non-rotating cell. 
d SEC = S tandard error of calibration.
6 SEP = Standard error of perform ance.

were drawn from a study using undried in situ-generated sam
ples (5).

The question then remains as to why NIRS results for wet 
samples are o f a lower accuracy than those for the same sam
ples after drying. Because real samples, such as silages, are 
very complex mixtures of monomers (i.e., volatile fatty acids, 
ethanol, etc.) and polymers (i.e., cellulose, proteins, etc.) and 
dealing with such a complex mixture is very difficult, a study 
was designed in which model materials (i.e., mixtures o f water 
and single compounds) were used to try to determine the basis 
for the performance o f NIRS with wet materials. The study 
investigated the effect o f water on the near infrared (NIR) spec
tra o f 5 classes of materials including simple liquids, crystalline

water-soluble solids, water-soluble and insoluble polymers, 
and the effect of solutes on the NIR spectra o f water itself.

E x p e rim e n ta l

Near infrared spectra were recorded with a Digi-Lab (BIO
RAD, Cambridge, MA) FTS-65 Fourier transform spectrome
ter. Two methods were used to obtain spectra: diffuse reflec
tance for solids and wet solids, using sulfur (sublimed, 100 
mesh) as a standard and transmission (pathlength of <0.1 mm) 
for solutions o f liquids and solids, with dry C 0 2-free air as the 
standard. Liquid solutions were prepared at various vol- 
ume/volume dilutions from 100% to 0% depending on the

1250
Wavelengths (nm) 

1429 1667 2000 2500

Figure 1. Averaged spectra of 145 wet and dried 
silages scanned on a scanning m onochromator.

1000 111

<CQQCO
CO
CD<c

Uavelengths (nm)
1250 142S 1667 2000 2500

W avenum ber (cm -1 ) 

Figure 2. Near infrared spectrum  of water.
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solubility o f the material in question. For solids, either percent 
water on a weight basis or saturated solutions (prepared by 
shaking excess material with water at room temperature) were 
investigated. Deionized water and reagent grade or better 
chemicals were used in all studies. Sugars and amino acids 
were the biologically active forms.

Although spectra were recorded from 10 000 cm -1 
(1000 nm) to 4000 cm -1 (2500 nm) at a resolution of 4 cm 4 
corresponding to 0.4 nm at 1000 nm, 1 nm at 1750 nm, and
2.5 nm  at 2500 nm, only data from 5000 (2000 nm) to 4000 
cm“ 1 (2500 nm) will be discussed. Instrumental noise levels 
were <0.1% or 100 pO D . This region was chosen for study 
because water does not absorb strongly there, but organic 
molecules do. Figure 2 shows the NIR spectrum of water. It can 
be seen that between 5000 and 4000 cm-1 there is a valley 
where water does not absorb. Spectral subtraction (unless oth
erwise noted) was used to remove the spectrum of water, and 
data were examined closely to be sure that effects noted were 
not due to spectral distortions caused by overlapping of the 
water and model compound spectra. Second derivative spectra 
and the effect of temperature on spectra were also examined.

R e s u lts  an d  D is c u s s io n

Liquids

Several ketones, alcohols, acids, and amines were examined 
as solutions with water (0-95% ). Several spectra of ace- 
tone/water mixtures, after subtraction o f the water spectra, 
are presented in Figure 3.

The following conclusions can be drawn:
1. The wavelengths of some of the acetone peaks change or 

shift with water content.

W avelengths (nm)
2222 2273 232B 2381 2439 2500

Wavenumber (cm !)

Figure 3. Spectra of acetone and 75% and 50% acetone
in water (v/v) (after spectral subtraction of water).

W avelengths (nm)
2222 2273 2326 2381 2439 2500

Wavenumber (cm“1)

Figure 4. Spectra of 60% acetone in w ater (v/v) at 0 ,1 9 , 
and 35s C (w ithout spectral subtraction of water).

2. The degree of shift depends on the peak in question and 
water concentration.

3. The shifts are in the opposite direction of what would be 
expected from the overlapping o f water peaks with acetone.

At a water concentration o f 50% the shifts for acetone peaks 
varied from ca 2 cm-1 (1 nm) at 4390 cm-1 (2278 nm) to ca 20 
cm“ 1 (1 1 nm) at 4225 cm“1 (2367 nm). It should also be noted 
that although the amount o f shifting increased in going from

Wavelengths (nm)
2222 2273 2326 2381 2439 2500

Wavenumber (cm'1)

Figure 5. Spectra of ethanol and isopropanol and their
50% (v/v) solutions with water (after spectral subtraction
of water).
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4000 cm -1 (2500 nm) to 4225 c r r f 1 (2367 nm), it then became 
erratic, with both decreases and increases. Also (data not 
shown), no peak ever disappeared entirely (even at 95% water). 
The shifting in acetone came as a surprise; acetone, with only 
methyl groups and a carbonyl which is too weak to be seen, was 
thought to be an unlikely candidate for such shifts.

Comparisons of acetone/water spectra (water not sub
tracted) performed at 0. 19, and 35X1 (Figure 4) showed that 
temperature changes could not account for the shifts found, as 
the spectra were virtually identical over a temperature range of 
35X1 and the spectra used in this study were all taken over a 
range of a few degrees at most. The same results were found 
for 100% acetone and for other acetone/water mixtures.

For ethanol and isopropanol (Figure 5), the shifts were gen
erally half or less o f those found with acetone, although at 4332 
cm -1 (2308 nm), the shift was about the same.

For acetic and propionic acids (Figure 6), the shifts were 
only on the order o f 2 or 3 c n T 1 (1 or 2 nm) at the most, and a 
small peak at 4266 cm“ 1 (2344 nm) appeared to be lost at the 
50% water level. Notice that for the 50% spectra in Figure 6, 
the spectra appear to become noisy from  4100 to 4000 cm-1. 
This problem is caused by the subtraction of the water spectra 
and appears mostly between 4100 and 4000 cm -1 and again 
between 5000 and 4900 cm “1, where absorptions due to water 
(Figure 2) become large. Changes in the water spectrum in
duced by the solute make it impossible to completely and ac
curately remove the effects o f water. As will be seen later, the 
problem varies with the solute in question because of the rela
tive concentrations o f the solute and water; accordingly, satu
rated solutions were used for solids, thus maximizing contribu
tion of the solute. Changes in the spectra o f «-butylamine

W a v e le n g th s  (nm)
2222 2273 2326 2381 2439 2500

Wavenumber (cm'1)

Figure 6. Spectra of acetic and propionic acids and
their 50% (v/v) solutions with water (after spectral
subtraction of water).

Wavelengths (nm)
2000 2083 2174 2273 2381 2500

Wavenumber (cm'1)

Figure 7. Spectra of n-butylam ine and 50% (v/v) 
n-butylam ine in water (after spectral subtraction  
of water).

(Figure 7) and formamide (Figure 8) were likewise small, al
though they were greater than for acetic acid. For n-buty- 
lamine, there was also a change in the spectra in the 6500 
cm“ 1 region, where the water spectrum is relatively flat (Fig
ure 9). In this case, a new peak appeared.

Finally, examination of similar compounds (i.e., ethanol and 
isopropanol, acetic and propionic acids, etc.), indicated that al-

W a v e le n g th s  (nm)
2000 2083 2174 2273 2381 2500

Wavenumber (cm l )

Figure 8. Spectra of formamide and 50% (v/v)
formamide in water (after spectral subtraction of water).
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W a v e l e n g t h s  (nm)
1429 1481 1538 1600 1667

U a v e n u m b e rs  (cm ')

Figure 9. Spectra of water, n-butylam ine, and 50% (v/v) 
n-butylam ine in w ater (after spectral subtraction  
of water).

W a v e le n g th s  (nm)
2000 2083 2174 2273 2381 2500

Figure 10. Spectra of crystalline fructose, glucose, 
and maltose.

though the degree of shifts was often similar (i.e., the spectra 
o f organic acids did not seem to be altered greatly by the pres
ence of water), the exact amounts o f shifts could vary between 
similar compounds even when peaks occurred in virtually the 
same place. For example, ethanol and isopropanol both have a 
peak at 4411 cm-1 (2267 nm), but although the ethanol peak 
shifted only 0.6 cm-1, the isopropanol peak shifted 4 cm-1 (0.5 
and 2 nm, respectively) at the 50% water level. It should be 
noted that on a molar basis, the isopropanol was present only 
to the extent o f 75% of the ethanol, and thus the higher 
water/solute ratio could account for some of these differences. 
However, the magnitude o f the difference makes this seem un
likely, based on observations of shifts vs water concentration. 
Also on a molar basis, the ratio o f water to methyl groups was 
less for isopropanol than for ethanol, and the ratio o f solute to 
water for isopropanol was virtually the same as for acetone, 
where the shifting was much greater.

A common thread to these shifts would appear to be the 
polarity o f the solute molecules. The more polar the solute, the 
less the effect o f water because of a reduction in the influence 
of hydrogen bonding. Efforts to determine the exact pattern and 
degree o f these shifts would be very difficult, because for most 
series of compounds, the materials rapidly become water-in
soluble as the chain length increases. This, combined with the 
difficulty of spectral subtraction at the very high water levels 
(90-99% ) required for insoluble materials, makes results diffi
cult to substantiate. The next ketone after acetone (2-bu- 
tanone), for example, could only be used at the extremes (10 
and 75% water).

Solids

M onomers.— Except for alcohols and the volatile fatty ac
ids, most of the monomers found in silages are solids. Fig
ure 10 shows the spectra o f glucose, fructose, and maltose from 
5000 to 4200 cm-1 (2000 to 2381 nm). As can be seen, each

W a v e le n g th s  (nm)
2000 2083 2174 2273 2381 2500

Figure 11. Spectra of saturated fructose, glucose, and
maltose water solutions (after spectral subtraction
of water).
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W a v e le n g th s  (nm)
2000 2083 2174 2273 2381 2500

Wavenumber (cm ')

Figure 12. Spectra of crystalline alanine, serine, 
and glucose.

sugar (dry sample) has a distinctive spectrum with many dis
tinct peaks.

Figure 11 shows the difference spectra o f the same sugars 
as generated from spectra o f saturated solutions. Two features 
stand out: first, most of the distinctive spectral features are 
gone, as though a smoothing operation was applied to the spec
tra, and second, the spectra now appear much more alike.

Examination of the amino acids alanine and serine showed 
similar effects (Figures 12 and 13). In addition, both serine and 
alanine, like glucose, showed a large shift (ca 44 cm -1 or 
20 nm) in the position of the main spectral hump centered 
around 4700 cm-1 (2128 nm) when dissolved in water (Fig
ure 13). The resulting difference spectra (for saturated solu
tions) for the 2 amino acids and the 3 sugars were very similar 
in this region as a result (Figure 13).

Finally, crystalline urea, although not showing the spectral 
details found for sugars and amino acids, did show significant 
spectral shifts when dissolved in water (Figure 14).

Considering all the materials in question, it would appear 
that much of the fine spectral features in these compounds (as 
solids) is due to crystal structure. When the compound is dis
solved, this structure is lost. Hydrogen bonding with water can 
also result in a loss of distinctiveness for the hydroxyl groups 
on the sugars, thus producing molecules which spectrally look 
much more alike. Differences in the effects between molecules 
can be explained as differences in the relative importance of 
these 2 factors. For amino acids and sugars, dissolution results 
in a loss o f crystallinity, but hydroxyl groups are a much more 
prominent feature of the sugar molecules. Urea behaves differ
ently because it does not have any C-H or C-OH groups. Future 
studies will be needed to determine whether or not this is sim
ply a water effect.

Wavelengths (nm)
2000 2083 2174 2273 2381 2500

Figure 13. Spectra of saturated alanine, serine, and 
glucose water solutions (after spectral subtraction  
of water).

Polymers.— Many of the components o f silages are poly
mers that make up most o f the silage dry weight. These include 
proteins, cellulose, hemicelluloses, and sometimes starch. For 
this discussion, efforts were concentrated on soluble starch, 
cellulose, and casein as a model protein. The spectrum of cel
lulose (100-50%  cellulose by weight) from 5000 to 4500 
c m '1 (2000 to 2222 nm) resembled the spectra of dissolved

W a v e le n g th s  (nm)
2000 2083 2174 2273 2381 2500

Wavenumber (cm ')

Figure 14. Spectra of crystalline urea and its saturated
solution in water (after spectral subtraction of water).
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Wavelengths (nm)
2000 2083 2174 2273 2381 2500

Wavenumber (cm l )

Figure 15. Spectra of cellulose, cellulose with 50% 
water (w/w), and saturated sucrose solution (after 
spectral subtraction of water).

sugars to a remarkable degree (Figure 15) and showed little or 
no change due to the presence of water. From 4500 to 4000 
cm -1 (2222 to 2500 nm), the spectrum showed more detail than 
did the spectra of dissolved sugars but little or no change with 
increasing water content. The spectrum o f casein showed very 
little fine detail (Figure 16), but did show some shifting with 
increasing water content and indications that the presence of 
water actually added information to the spectrum. As water was 
added (from 10 to 50% by weight), the spectrum appeared to 
become noisy with many small peaks. Close examination of 
this spectrum and o f derivative spectra indicated that the spec
tral changes might be real and not just noise. Flowever, studies 
using other proteins will be required to answer this question 
definitively. If real, the changes involved were over very small 
ranges (5-10 cm , 2 to 5 nm) and only on the order o f 0 .001- 
0.002 absorbance units.

Even at levels o f 95% water, it was possible to work with 
the spectra o f acetone and see the trends in spectral changes. 
Wet polymers, however, were found to be difficult materials to 
work with, often producing noisy spectra and spectra for which 
it was very difficult to perform spectral subtraction. One prob
lem with polymers is their state in agricultural samples. For 
example, soluble starch can be examined in at least 4 states: dry 
solid; an actual solution, made by dissolving a small amount of 
starch at room temperature; a wet powder, like cellulose mix
tures, made by mixing starch and water at room temperature; 
and a gel made by boiling starch and water mixtures.

All 4 states o f soluble starch were studied. At room tempera- 
fare, so little starch dissolved that no indication of starch was 
seen in the spectmm, except for the fact that the curvature of 
the water spectrum between the water bands was so altered that 
spectral subtraction was nearly impossible. As shown in Fig

W a v e le n g th s  (nm)
2000 2083 2174 2273 2381 2500

Wavenumber (cm ')

Figure 16. Spectra of casein and 50% casein (w/w) with 
water (after spectral subtraction of water).

ure 17, the curvature was altered, particularly between 5000 
and 4000 cm “1 (2000 to 2500 nm).

Spectral subtraction then often resulted in negative curva
tures in this region in the resulting difference spectra. This 
problem persisted in mixtures containing large amounts of 
starch (50-90% ), indicating that the starch was significantly 
altering the water spectrum. Work with gels and mixtures did 
show shifts in the starch spectrum with increasing water con-

W a v e le n g th s  (nm)
2000 2083 2174 2273 2381 2500

Wavenumber (cm ')

Figure 17. Spectra of starch (S), saturated starch 
solution, water (Y), and difference spectrum (S-Y).
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tent which were more significant than those seen with cellu
lose. Also, examination of com  starch spectra showed small 
changes more like those on cellulose, indicating that solubility 
might be an important factor. Finally, the similarity o f the spec
tra o f carbohydrate polymers (wet or dry) to those o f wet sugars 
supports the importance of crystallinity to the spectral results.

C o n c lu s io n s

The work presented here indicates that several types of 
spectral alterations are caused by the presence of water in NIR 
spectra. Liquids showed shifts in the absorption bands, which 
depended on the class o f compound in question (acid, alcohol, 
etc.) and the particular compound within that class. The same 
was true o f solids; in addition, there was the added factor of 
solubility and loss o f crystallinity for monomer-type materials. 
Finally, changes in the spectrum of the water were caused by

the presence of these substances. Any or all o f these factors 
may play a role in the degradation of the NIRS results found 
when working with high moisture materials, such as silages, 
which may vary greatly in their water content.
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FERTILIZERS

Comparison of Texas Liquid Sampler with Missouri Bottle 
for Sampling Liquid Fertilizers: Collaborative Study

G e o r g e  W. L a t im e r , Jr
Office of the Texas State Chemist, PO Box 3160, College Station, TX 77841-3160 

Collaborators: J. Comstock; D. Dubberly; T. Jessup; C. McCurry; R. Ritz; D. Terry

S ix  la b o ra to rie s  p a rtic ip a te d  in a c o lla b o ra tiv e  
s tu d y  d e s ig n e d  to  q u a lify  th e  T exas  liq u id  s a m p lin g  
tu b e  a s  a  d e v ic e  fo r  s a m p lin g  liq u id  fe rtilize rs . T h e  

T e x a s  s a m p le r  is  a  p o ly e th y le n e  tu b e  w ith  a  s ta in 
le s s  s tee l c h e c k  v a lv e  on  o n e  e n d . T h e  tu b e , w h ic h  

is  th re a d e d  s o  th a t it can  b e  e x p a n d e d  in len g th , e n 
a b le s  a c q u is itio n  o f a u n ifo rm  p ro file  a c ro s s  a liq 
u id  s a m p le . T h e  6 c o lla b o ra to rs  s a m p le d  33 lo ad s  
o f fe rtilize r, 8  o f w h ic h  w e re  s lu rrie s , u s in g  b o th  th e  
T exas  tu b e  an d  th e  M is s o u ri b o ttle  (A O A C  9 69 .01 ). 
T h e  re s u ltin g  s u b s a m p le s  w e re  a n a ly z e d  fo r  to ta l 
n itro g e n , a v a ila b le  p h o s p h o ru s , an d  s o lu b le  p o t
a s h . A n a ly s is  o f th e  d a ta  s h o w e d  no  s ig n if ic a n t (p  <  

0 .0 5 ) d iffe re n c e  in resu lts . T h is  s a m p lin g  p ro c e 
d u re , u s in g  th e  T e xas  liq u id  sam p le r, w a s  a d o p te d  

f irs t a c tio n  b y  A O A C  In te rn a tio n a l a s  a s u ita b le  
m e a n s  o f s a m p lin g  liq u id  fe rtilize rs .

M ethod 969.01 (Official Methods o f  Analysis (1990) 
15th Ed., AOAC International, Arlington, VA) pre
scribes 2 ways o f sampling liquid fertilizers: (a) if the 

liquid is clear, the sample can be taken from the surface or 
through a direct tap and collected in a glass or polyethylene 
bottle, or (b) a sample container can be lowered into the well- 
mixed material and filled. No particular specifications are 
given for the sample container.

Fluid fertilizers with suspended materials can be sampled as 
described for clear liquids or they can be taken using a Missouri 
or Indiana sampling bottle (Figure 969.01A). For some time, 
the Office of the Texas State Chemist has used a third method 
for sampling both clear liquid fertilizers and suspensions. The 
device consists o f a polyethylene tube fitted with a stainless 
steel check valve on one end (Figure 969.01B). The tube is 
threaded so it can be conveniently expanded in length. This 
so-called Texas liquid sampler, simple in construction and rela-

S u b m itted  fo r p u b lic a tio n  June  2, 1992.
T h e  re c o m m e n d a tio n  w as a p p ro v ed  by the G en era l R efe ree  and  the  

C o m m itte e  on  F eed s, F e rti lize rs , and  R e la te d  T o p ics  and  w as ado p ted  b y  
the O ffic ia l M eth o d s  B o ard  o f  the  A sso c ia tio n . S ee  “ C h an g e s  in  O ffic ia l 

M eth o d s  o f  A n a ly s is” ( 1993) J. AOAC Int. 7 6  J an /F eb  issue .

tively inexpensive, provides acquisition o f  a uniform profile 
across a liquid sample. Because of the advantages offered by 
the Texas liquid sampler, the Office o f the Texas State Chemist 
collaborated with others to determine whether this sampler 
provides samples that are equivalent to those taken by the Mis
souri bottle. Equivalency means that there are no statistically 
significant differences between analytical results on samples 
taken with this device and those taken with the Missouri bottle.

C o lla b o ra tiv e  S tu d y

Thirty-three loads (39 samples, 6 loads were sampled in du
plicate) o f liquid fertilizer were sampled by 6 different labora
tories. One sample was taken by the method for use of the M is
souri bottle (969.01); the other was taken according to the 
directions for using the Texas sampler, i.e., the sample was 
taken by inserting the Texas tube vertically downward and 
slowly withdrawing it while removing excess liquid from the 
exterior. Each sample was emptied into a plastic container of 
such size that the sample filled the container to no more than 
75%. The object o f the study was to determine the variability 
of the sampling techniques not confounded with interlabora
tory variations in analytical methodology, so all samples were 
sent to the Office o f the Texas State Chemist for analysis in that 
laboratory. Before sampling, the suspensions were shaken vig
orously for 30 min and sampled immediately. Nitrogen was de
termined by the modified comprehensive method (978.02), 
available P20 5 by the direct gravimetric quinolinium molvbdo- 
phosphate method (960.03E), and soluble K20  by the volumet
ric sodium tetraphenylboron/oxalate extraction method 
(958.02). Of the 33 loads, 8 were suspensions o r slurries and 1 
contained sediment.

969.01 S a m p lin g  o f L iq u id  F e rtiliz e rs — D irec t, 
M is s o u ri, o r In d ia n a  S a m p lin g  B o ttle  M e th o d s

F in a l A c tio n
(In absence o f free ammonia)
(a) Clear solutions.— M ixed liquids and N  solutions. Se

cure sample directly from mixing vat, storage tank, or delivery 
tank after thorough mixing. Take sample from surface or 
through direct tap. Flush direct tap, or delivery line and faucet, 
and collect sample in glass or polyethylene container. Altema-
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Figure 969.01 A. Missouri and Indiana weighted  
restricted-fill fluid fertilizer sampling bottles designed to 
fill while being lowered (and raised) in storage tanks.

Figure 969.01 B. Schem atic of Texas liquid sampler.

tively, lower sample container into well-mixed material 
through port in top of tank and let fill. Seal container tightly.

(b ) Fluid fertilizers with suspended material.— Salt sus
pensions and slurries. Agitate material in storage until thor
oughly mixed (15 min usually adequate) before taking sample. 
Sample directly as in (a), or use 500 mL Missouri or Indiana 
sampling bottle, Figure 969.01A. Lower sampling bottle from 
top opening to bottom of tank and raise slowly while filling. 
Transfer to sample bottle and seal tightly.

Alternatively, secure sample from tap on recirculation line 
after agitating and  recirculating simultaneously until thor
oughly mixed. Draw sample while recirculating. If recircula
tion line is attached to manifold delivery line, allowing cross
contamination, pump ca 30 cm (T ) or 2000 L (500 gal.) into 
temporary storage tank, and then sample from recirculation 
line as above or from delivery line. Transfer to sample bottle 
and seal tightly.

Ref.: JAOAC 5 2 ,592(1969).

T e xas  L iq u id  S a m p le r  M e th o d

F irs t A c tio n  1992

(Applicable to sampling of clear liquid fertilizers and fertil
izer suspensions in absence of free ammonia)

A. Apparatus

Texas liquid sampler.— 42 in. polyethylene tube, threaded 
on both ends, one to fit stainless steel check valve (see Fig
ure 969.01B) and one to accept additional lengths of tubing 
(Rick-M ar Metal Fabricators, Bryan. TX, is suitable source).

B. Sampling

Assemble sampler by screwing together enough lengths of 
tubing to reach bottom of fertilizer container.

Mix liquid fertilizers as required. Agitate fertilizer suspen
sions vigorously 30 min before sampling. Sample immedi
ately. Insert sampler vertically downward into liquid fertilizer 
to depth required, and slowly withdraw sampler while stripping 
excess liquid from exterior with gloved hand or rag. Hold index 
finger over check valve and pour contents o f sampler into plas
tic container of such size that sample fills container to only ca 
75%. Clean after use by flushing with water.

Ref.: J. AOAC Int. (1993) 76, July/August issue

R e s u lts  an d  D is c u s s io n

Results o f the analyses are shown in Table 1. All data w>ere 
used in the paired /-test, even though 21 of the 196 duplicate 
analyses exceeded the 99% confidence limit for the average 
range o f duplicates (ARD) that we expect within our laborato
ry. Data were retained because 17 o f the 21 outlying duplicate 
results were for analyses o f suspensions. Our ARD does not 
include many suspensions, and the wider ARD reflects prob
lems in sampling from the laboratory subsample. However, 1 
pair of nitrogen values was not used in calculating the statistic 
that estimates the ability o f a given technique to secure a dupli-
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Table 1. Analysis of liquid fertilizer samples taken by collaborators to compare Texas tube and Missouri bottle samplers3

Sam ple*

N itrogen, % Available P 20 5, % Soluble K20 ,  %

Tube Bottle Tube Bottle Tube Bottle

1 9.80 9.76 33.07 33.03 - -

9.78 9.80 33.11 33.02 — —

2 9.57 9.59 32.69 32.68 — —

9.61 9.58 32.60 32.62 — —

3a° 10.55 10.61 29.52 29.64 — —

10.71 10.56 29.64 29.52 — —

3b 10.39 10.69 29.69 29.63 — —

10.49 10.49 29.63 29.74 — —

4a° 2.83 2 . 8 6 8.23 7.94 2 7 .13 * 25 .89*

2.83 2.84 8 . 1 1 7.74 26.94 25.57

4b 2.92 2.82 8.18 7.83 2 6 .17 * 26 .75*

2.87 2.81 8.35 7.82 26.67 25.99

5ac 4.74 4.74 14.17 14.07 16.06* 16.04*

4.74 4.72 14.10 14.02 16.49 16.57

5b 4.74 4.75 13.96 14.10 16.45 16.24°

4.74 4.74 13.98 14.11 16.57 16.41

1 18.31 18.71 23.70 23.07 — —

18.40 18.77 23.73 23.06 — —

2 1 0 . 6 8 1 0 . 6 6 34.96 34.94 — —

1 0 . 6 8 10.67 35.04 35.12 — —

3 8 . 8 6 8 . 8 6 18.15 18.09 9.08 9.13

8.76 8 . 8 8 18.13 18.09 9.04 9.07

4 8.76 8.80 18.18 18.08 9.01 9.24

8 . 6 8 8.73 18.15 18.12 8.98 9.25

5 8.72 8.91 17.93 17.96 9.11 9.18

8.87 8.90 17.98 18.05 9.18 9.26

6 32.05 32.11 — — — —

32.10 32.14 — — — —

1 11.90 12.06* — — 6.17 6.13

11.82 11.56 — — 6 . 1 2 6 . 0 1

2 e 11.72 11.82 — — — —

11.64 1 1 . 6 8 — — — —

3 C 2.62 2.58 — — 25.11 25.63

2.63 2.60 — — 25.28 25.68

4 9.67 1 0 . 0 2 — — 9.52 10.42

9.64 9.82 — — 9.44 1 0 . 2 2

5 8.78 8.81 1.95 1.96 6.47 6.54

8.71 8.71 1.95 1.95 6.47 6.45

6 C 14.66* 16.60* 3.95 4.05 19.20* 16.94*

14.24 15.56 4.02 4.14 19.03 17.04

7 9.18 9.37 3.11 3.13 6.49 6.47

9.23 9.37 3.14 3.08 6.35 6.34
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Table 1. (Continued)

C oll. S a m p l e 6

N itro g e n ,  % A v a ila b le  P 20 5 , % S o lu b le  K20 ,  %

T u b e B o ttle T u b e B o ttle T u b e B o ttle

4 1 1 0 .1 8 1 0 .2 5 3 3 .3 7 3 3 .2 5 d

1 0 .2 6 1 0 .2 3 3 3 .3 4 3 3 .5 7 - —

2 1 0 .1 3 1 0 .1 7 2 9 .6 3  d 3 0 .2 0 d — —

1 0 .2 4 1 0 .1 7 3 0 .0 3 2 9 .9 8 — —

3f 2 6 .9 8 2 6 .9 3 — — — —

2 6 .9 3 2 6 .9 7 — — — —

4 2 .2 3 2 .2 4 5 .5 6 5 .5 6 1 2 .0 4 1 2 .0 3

2 .2 3 2 .2 4 5 .5 4 5 .5 3 1 2 .0 3 1 2 .0 5

5 1 0 .4 2 1 0 .4 2 — — 1 0 .1 2 1 0 .1 2

1 0 .4 5 1 0 .4 7 — — 1 0 .0 0 1 0 .1 8

5 1 a c 2 3 .7 3 2 0 .3 6 6 .8 7 6 .3 8 — —

2 3 .6 9 2 0 .6 1 6 .8 7 6 .4 0 — —

1b 2 3 .4 2 2 0 .5 4 6 .8 8 6 .4 4 — —

2 3 .7 8 2 0 .5 4 6 .8 8 6 .4 3 — —

2 1 5 .0 8 1 4 .9 7 4 .2 8 4 .3 4 3 .8 3 3 .8 0

1 5 .0 8 1 4 .9 4 4 .2 3 4 .1 9 3 .8 2 3 .7 7

3 1 8 .1 9 1 8 .0 8 7 .6 5 7 .6 8 3 .9 7 4 .0 0

1 8 .1 2 1 8 .0 9 7 .6 8 7 .7 8 4 .0 5 3 .9 2

4 18 .1 1 1 8 .0 2 7 .8 2 7 .7 6 4 .0 4 4 .0 7

1 8 .0 1 1 7 .9 9 7 .8 4 7 .8 1 4 .1 2 4 .1 4

5 2 3 .7 6 2 3 .7 2 2 .9 4 2 .9 7 1 .9 7 1 .9 9

2 3 .7 2 2 3 .6 3 2 .9 8 3 .0 5 1 .9 9 2 .0 4

6 1 a c 1 5 .7 1 1 4 .8 0 d 4 .3 2 4 .2 7 1 2 .2 8 1 3 .1 3 d

1 5 .6 7 1 7 .9 1 4 .3 4 4 .3 4 1 2 .3 3 1 2 .8 1

1 b 1 5 .6 7 1 5 .6 4 4 .2 7 4 .4 0 1 2 .8 5 d 1 2 .3 2 d

1 5 .6 6 1 5 .6 4 4 .3 4 4 .3 9 1 2 .2 9 1 2 .9 3

2 a c 3 .1 7 3 .1 9 6 .3 2 6 .3 5 ___ ___

3 .2 0 3 .1 7 6 .3 0 6 .2 4 — —

2 b 3 .2 0 2 .6 6 6 .3 1 6 .2 7 ___ ___

3 .1 9 3 .1 9 6 .3 3 6 .3 2 — —

3 C 3 .3 2 3 .1 0 7 .5 9 7 .5 3 1 1 .9 5 1 1 .7 8
3 .3 3 3 .3 1 7 .5 4 7 .6 1 1 1 .9 0 1 1 .7 4

4 C 2 .0 0 2 .0 0 5 .7 3 5 .6 9 1 5 .1 7 d 1 5 .4 6 d
2 .0 4 1 .9 6 5 .7 4 5 .6 6 1 4 .4 3 1 4 .4 6

5 C 3 .0 5 3 .0 8 7 .6 1 7 .6 0 1 3 .4 6 1 3 .5 1
3 .0 6 3 .0 6 7 .6 6 7 .5 2 1 3 .4 5 1 3 .8 1

b Thirty-three loads were sam pled. Six loads w ere sam pled in duplicate and those sam ples are designated, e.g., 3a and 3b. 
c Sam ple (or dup licate  sam ple) was a suspension.
d Duplicate analyses exceeded 99% confidence lim it fo r average range of dup licates expected in author’s laboratory. All data w ere used in 

statistica l evaluation. 
e C onta ined sedim ent.
'  A lso conta ined sulfur: sulfur, % = 4 .03 and 3.95 for tube  and 4.01 and 3.97 fo r bottle.
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Table 2. Repeatability estim ates

Analyte Tube Bottle

Nitrogen 0.07 (0.03) 0.08 (-)
Available P2 0 5 0.06 (0.05) 0.04 (-)
Soluble K20 0.29 (0.23) 0.30 (0.17)

cate sample from the bulk material. This was done because 
those data contributed about 25% of the total variance to 
the value.

Estimates o f repeatability shown in Table 2 represent both 
variance contributions from sampling and from performing the 
determinations. The variances from sampling alone are in par
entheses.

Negative results indicate that the component o f variation 
from sampling is less than that allocated to the laboratory 
analysis. Overall, repeatability was equivalent for the bottle 
and the tube.

The statistical data from  the standard 2-tail paired r-test, 
summarized in Table 3, show that there are no significant (p < 
0.05) differences in results for analyses of samples taken with

the Missouri bottle and those taken with the Texas tube. Note 
also that the 95% confidence level for the tests includes a nec
essary condition for deciding that there is no difference be
tween methods o f sampling.

R e c o m m e n d a tio n

I recommend that the sampling procedure, using the Texas 
liquid sampler, be adopted first action by AO AC International 
for sampling liquid fertilizers.

A c k n o w le d g m e n ts
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T. Jessup, Div. o f Feeds, Fertilizers, and Pesticides, Little 

Rock, AR
C. McCurry, Feed and Fertilizer Control Service, College 

Station, TX
R. Ritz, R/D Laboratories, Collinsville, IL
D. Terry, Division o f Regulatory Services, University of 

Kentucky, Lexington, KY

Table 3. Statistical evaluation of analytical data for liquid fertilizer sam ples taken by Texas tube and Missouri bottle 
samplers

Nitrogen Available P20 5 Soluble K20

Statistic Tube Bottle Tube Bottle Tube Bottle

No. laboratories 6 6 6 6 6 6

No. sam ples 39 39 32 32 24 24

Mean, % 11.28 11.18 13.72 13.65 11.97 11.93

Mean d ifference x10 ~ 2 9.32 6.26 4.37

95% confidence
interval x 1 0 - 2 -1 5 .9  to  34.5 -0 .7 8  to 13.3 -20 .1  to 28.9

Two-tail test:

P actual 0.459 0.0798 0.716

P  at <0.05 0.251 0.0704 0.245
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FOOD ADDITIVES

Simultaneous Determination of Flavor Enhancers Inosine 
5'-Monophosphate and Guanosine 5'-Monophosphate in Food 
Preparations by Derivative Spectrophotometry

I sabel Duràn-M eràs, F rancisco Salinas, Arsenio M unoz De L a P ena, an d  M iguel López R osas 
U niversity o f Extremadura, Departm ent o f Analytical Chemistry, 06071 Badajoz, Spain

A  d erivative  sp ec tro p h o to m etric  m eth o d  w a s  d eve l
o ped  fo r th e  quan tita tive  d e term in atio n  o f 2  flavo r e n 
h ancers , ino s in e  5 '-m o n o p h o sp h a te  (IM P ) and  

g u an o s in e  5 '-m o n o p h o sp h a te  (G M P ), in th e  p resen ce  

o f m o n o s o d iu m  g lu tam ate  (M S G ). P ro ced u res  fo r de
te rm in in g  IM P  and  G M P  s in g ly  and  in b in ary  m ixtu res  

are  d escrib ed . O verlap p in g  ab sorp tio n  sp ec tra  o f 
both  co m p o u n d s  w e re  reso lved  b y  u s ing  firs t-d eriva 
tive  sp ectrophotom etry . B y m easu rin g  th e  firs t-de
rivative s ig n als  o f IM P  an d  G M P  a t 253  and  248  nm , 
respectively, s im u ltan eo u s  d e term in atio n  w a s  p o ss i
b le  fo r IM P  an d  G M P  at 5 -4 0  p g /m L , in th e  p resence  
o f up  to  5000  p g /m L  M S G . T h e  m eth o d  w a s  satis facto 
rily used  to  d e te rm in e  IM P  an d  G M P  in severa l food  

preparations.

T he most frequently used flavor enhancers include L-ami- 
noacids, such as glutamic acid (monosodium glutamate) 
(MSG) at 0.2-0.8% , and 5'-nucleotides, such as guanos

ine 5'-monophosphate (GMP), inosine 5'-monophosphate 
(IMP), and xanthine 5'-monophosphate (XMP) at 0.01% (1).

These compounds have pronounced flavors by themselves 
and can be detected clearly at high concentrations. Because 
high concentrations of MSG have been associated with a nerv
ous system sickness known as “Chinese restaurant syndrome” 
(1), methods of diminishing the M SG concentration used in 
foods have been pursued.

Kodama (2), in 1913, described the synergistic flavor effect 
produced o f MSG added to mixtures o f 5'-nucleotides, and Ku- 
minaka (3), in a review o f a series of experiments with 5'-nu- 
cleotides, described its synergistic action in combination with 
MSG. MSG is currently used as a flavor enhancer in dehy
drated soups and related products, together with small quanti
ties o f IMP or GM P (4). Because producers have been fre
quently using mixtures o f IMP and GM P instead of IMP or 
GM P alone (4), the determination o f IMP and GM P in mixtures 
and in the presence o f MSG is o f current interest in the area of 
food analysis.

R ec e iv e d  A p ril 29 , 1992. A c ce p te d  O c to b e r  26. 1992.

Numerous methods for the determination of these two 5'- 
nucleotides have been proposed, including photometry (5, 6), 
liquid chromatography (7-11), ion exchange chromatography
(12), and thin-layer chromatography (13). All o f these methods 
have been used to determine IMP. GMP, or mixtures o f both 
compounds in food preparations.

Resolution of mixtures by using instrumental approaches 
avoids time-consuming cleanup procedures or separation 
steps. Derivative spectrophotometry offers greater selectivity 
than normal spectrophotometry (14), and because it can resolve 
spectral overlapping o f highly overlapping species, simultane
ous determination of binary mixtures can be done. We have 
used this approach to resolve mixtures o f oxytetracycline and 
doxycycline (15), carbaryl and chlorpyrifos (16), furfural and 
hydroxymethylfurfural (17, 18), and butylated hydroxyanisole 
and butylated hydroxytoluene (19), among others.

Because o f their similar chemical structures, IMP and GMP 
have spectra with large overlaps, which prevent their determi
nation by conventional spectrophotometry. The present paper 
reports on the simultaneous determination of these compounds 
in food preparations by recording the first-derivative o f the ab
sorption spectra and by using the zero-crossing technique (15 - 
18 ,20,21).

E x p e rim e n ta l

Reagents and Chemicals

(a) Standard solutions.— Prepare standard solutions of 
guanosine 5'-monophosphate (Sigma), inosine 5'-monophos- 
phate (Sigma), and L-glutamic acid (monosodium salt) (Sigma) 
in deionized water.

(b) Buffer solution .— Prepare buffer solution of pH 4.0 
from acetic acid and 0.5M sodium acetate.

Apparatus

(a) Spectrophotometer.— Beckman DU-64 connected via 
RS-232 to Olivetti PCS-286 microcomputer equipped with 
Beckman Data Leader software (22).

Inosine 5 '-Monophosphate Determination

Place aliquot o f sample containing up to 125 jig inosine 5'- 
monophosphate in 25 mL volumetric flask, add 3 m L acetate 
buffer solution (pH 4.0), and dilute to mark with deionized
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Figure 1. Influence of pH on absorbance of aqueous 
solutions of IMP (2.46 x 10 3M), GMP (1.04 x 10"4M), and 
MSG (4 .24x10  2M).

water. Record absorption spectra o f samples between 200 and 
350 nm against blank o f water with 3 mL acetate buffer solu
tion (pH 4.0). Smooth spectra through use of 7 experimental 
points and calculate the first-derivative spectra with À À = 
10 nm. Calculate first-derivative absorption spectra by the 
Savitzky and Golay simplified least squares method of spectral 
smoothing and differentiation (23, 24).

Determine IMP content from first-derivative signal at maxi
mum wavelength of 256 nm and at minimum wavelength of
237.5 nm or by measuring the absolute peak-to-peak ampli
tudes, 'D239.5 + 'D 260.5-

Guanosine 5 ’-Monophosphate Determination

Place aliquot o f sample containing up to 125 pg guanosine 
5'-monophosphate in 25 mL volumetric flask, add 3 mL ace
tate buffer solution (pH 4.0), and dilute to mark with deionized 
water. Record absorption spectra o f samples between 200 and 
350 nm against blank of water with 3 mL acetate buffer solu
tion (pH 4.0). Smooth spectra through use of 7 experimental 
points and calculate first-derivative spectra with A X = 10 nm. 
Determine GM P content from first-derivative signal at maxi
mum wavelength o f  260.5 or 288 nm and at minimum wave
length o f 239.5 nm or by measuring the absolute peak-to-peak 
amplitudes, 'D 23 7 . 5  + 1D256.

Analysis of IMP and GMP Binary Mixtures

Prepare samples in 25 mL volumetric flasks to contain 125— 
1000 pg IMP, 125-1000 pg  GMP, and 3 mL acetate buffer so
lution (pH 4.0). and dilute to mark with deionized water. Re
cord absorption spectra between 200 and 350 nm against blank 
prepared in absence o f compounds, and obtain first-derivative 
spectra as described above. Determine IMP content from first- 
derivative spectrum by measuring first-derivative signal at

zero-crossing point for GMP, at 253 nm, and comparing value 
with appropriate calibration graph. Determine GM P content by 
measuring first-derivative signal at zero-crossing point for 
IMP. at 248 nm, and comparing value with appropriate calibra
tion graph.

Determination of IMP and GMP in Foods

For products in dry form, reduce 0.5 g to powder in mortar 
and mix with 25 mL deionized water in beaker. For products in 
liquid form, weigh 0.5 g into 50 mL beaker and mix with 
25 mL deionized water.

Stir contents o f beaker for 15 min and centrifuge. Transfer 
15 mL to separatory funnel and add 5 mL water and 20 mL 
/¡-hexane. Shake vigorously for 5 min and let phases separate. 
Re-extract aqueous phase with 20 mL /¡-hexane and centrifuge 
aqueous phase. Transfer 15 mL into 25 mL volumetric flask, 
add 3 mL acetate buffer solution (pH 4.0), and dilute to mark 
with deionized water. Record absorption spectra and smooth 
them through use o f 7 experimental points. Calculate first-de
rivative spectra with A X = 10 nm, and determine IMP and 
GM P contents a t 1D253 and 1 D24g, respectively.

R e s u lts  an d  D is c u s s io n

Spectrophotometric analysis of IMP and GM P in different 
media and conditions have been proposed (5, 6). These com
pounds are usually determined by liquid chromatography with 
photometric detection (7-11).

The acid-base characteristics o f  these compounds were es
tablished with the object o f developing a direct method for their 
determination in mixtures and in the presence o f  MSG. The 
influence of chemical and instrumental variables was 
also studied.

The influence of pH on the absorbance of IMP, GMP, and 
MSG in aqueous solution was investigated. Figure 1 shows 
that the determination of IMP and GM P can be carried out at 
pH 3.2-7. A pH o f 4, obtained by adding 3 mL acetate buffer 
solution, was selected as optimum.

The absorption spectra o f IMP, GMP, and MSG are shown 
in Figure 2. These spectra were recorded at between 200 and 
350 nm at a scan rate o f 500 nm  min-1. IMP and GM P have 
high absorbance in the UV region of the spectrum. IMP shows 
an absorption maximum at 248 nm, and GM P shows an ab
sorption maximum at 253 nm  and a shoulder at 275 nm. MSG 
has weak absorption at around 220 nm. The absorption spectra 
o f IMP and GM P overlap, whereas MSG absorbs at lower 
wavelengths.

The possible interference of M SG on IMP and GM P analy
sis was studied. Up to concentrations of interference o f  5000 
ug/m L (125-fold excess), MSG did not interfere in the deter
mination of 40 pg/m L of IMP or GM P by conventional spec
trophotometry. For higher concentrations of M SG, a slight in
terference was observed. Because the usual concentration of 
IMP or GM P in foods is around 0.01% and the usual concen
tration of MSG in foods in the presence o f IMP or GM P is less 
than 0.2% (20-fold excess), the interference from MSG in the 
quantification o f IMP or GM P should be negligible.
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2 0 0  2 5 0  3 0 0  3 5 0

Wavelength (nm )

Figure 2. Absorption spectra of IMP (20 pg/mL), GMP  
(20 pg/mL), MSG (4000 pg/mL), and mixture of the 3 
com pounds at pH 4.0.

Figure 2 shows that the spectra o f IMP and GM P have a 
large overlap, which prevents resolution o f binary mixtures by 
conventional absorption spectroscopy. This overlap was re
solved by using the first-derivative absorption spectra.

Instrumental Parameters

Instrumental parameters to register the absorption spectra 
and calculate the first-derivative spectra were selected. To re
cord the spectra, a scan speed of 500 nm min gave the best 
signal-to-noise ratio.

Wavelength (nm )

Figure 3. First-derivative spectra of IMP (20 ug/mL),
GMP (20 pg/mL), MSG (4000 pg/mL), and mixture of the 3
compounds at pH 4.0.
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Figure 4. W avelengths for different calibration graphs  
used for individual determ ination of IMP and GMP by 
first-derivative method.

When the derivative technique is used, other variables 
should be optimized, including the number of experimental 
points for smoothing the spectra, the optimal A A for the deri
vation (23, 24), and the measurement wavelengths for the cor
rect determination of both compounds. Our results show that, 
for IMP and GMP, and MSG, the signal-to-noise ratio is best 
when the spectra are smoothed by using 7 experimental points 
and when the first-derivative spectra is calculated with A A = 
10 nm.

First-Derivative Spectra

The first-derivative spectra of IMP, GMP, and MSG are 
shown in Figure 3. An interference study like that described 
earlier was carried out for the first-derivative spectra. M SG did 
not interfere in the determination o f IMP but, at concentrations 
higher than 5000 pg/mL, interfered slightly in the determina
tion of GMP. Different calibration graphs for the individual de
termination of IMP and GMP were obtained from the first-de
rivative spectra by using peak-to-peak amplitudes or 
peak-height-to-baseline measurements, as indicated in Fig
ure 4.

If the derivative of a spectral band is equal to the sum o f the 
derivatives of its individual bands, then the wavelengths cho
sen to measure the concentrations o f IMP and GM P must have 
been suitable for the preparation of the calibration graphs for 
binary mixture analysis. These wavelengths were chosen by 
zero-crossing measurement, which involves measurement of
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the absolute value of the total derivative spectrum of the mix
ture at an abcissa value (wavelength) corresponding to the 
zero-crossing of the spectrum of the interfering component, 
and vice versa. Figure 5 shows that the heights at 253 nm 
( 1D 2 5 3 ), the zero-crossing point o f GMP, and at 248 nm ( 'D 2 4 g), 
the zero-crossing point o f IMP, are proportional to the concen
trations of IMP and GMP, respectively.

Analytical Parameters

Methods are proposed for the individual determination of 
IMP and GM P by first-derivative spectrophotometry. Table 1 
shows the equations of linear regression lines, correlation co
efficients, detection limits, and determination limits (25,26). 
These results indicate that all the selected derivative signals are 
suitable for the individual determination of IMP or GMP. The 
correlation coefficients and the intercepts on the axis (close to 
zero) indicate the good linearity of all the calibration graphs on 
the first-derivative measurements.

The analysis o f IMP and GM P mixtures involves the con
struction o f independent calibration graphs for each compo
nent. The signal for the first-derivative at 253 nm varies line
arly with the IMP concentration in the range of 5^10 pg/mL, 
and the variation o f the signal at 248 nm varies linearly with the 
GM P concentration in the range of 5 -40  pg/mL.

For the determination of IMP at 253 nm, the relative stand
ard deviation (P  = 0.05, n = 10) and relative error were, respec
tively, 0.86 and 0.62% for IMP at 10 pg/m L and 0.31 and 
0.28% for IMP at pg/mL. For determination of GM P at 
248 nm, the relative standard deviation (P = 0.05, n = 10) and 
relative error were, respectively, 0.78 and 0.56% for GM P at 10 
pg/m L and 0.27 and 0.19% for GM P at 28pg/mL.

The detection limits for IMP and GM P when determined 
simultaneously were 0.1 pg/m L and 0.4 pg/mL, respectively. 
These values are the same as those reported for the chroma
tographic method with photometric detection (8 ).

The first-derivative method was used to analyze mixtures of 
IMP and GMP. Table 2 summarizes the results for several mix
tures o f IMP and GM P in different ratios.

Simultaneous Determination in Food Samples

The first-derivative method was used to analyze IMP and 
GM P in several food samples, as described in Experimental. To 
eliminate possible interferences, a previously treated sample

Figure 5. First-derivative spectra of IMP (20 pg/mL),
GM P (20 pg/mL), and mixture of both com pounds. The  
wavelengths for the sim ultaneous determ ination of both 
com pounds, zero-crossing points, are marked.

was analyzed. Before proposing the procedure for the food 
samples, solvents that did not extract IMP and GM P were veri
fied. Several solvents were assayed. Because IM P and GMP 
are not extracted in /¡-hexane, a solvent that can be used for the 
extraction of fats, it was selected for the procedure.

Before adding IM P or GM P to the foods to be analyzed, a 
blank assay was performed; i.e., a portion of the food was taken 
and the previous treated sample was analyzed. W hen IMP or 
GM P was not present, no signal was obtained at the analytical 
wavelengths used, and no compounds were extracted. When 
IMP or GM P was present, a signal was obtained at the respec
tive analytical wavelengths. This signal increased as the IMP 
or GM P concentration in the sample increased.

Table 3 summarizes the results o f the recovery studies. The 
application of the procedure was tested by using the standard 
addition method. The calibration lines and the standard addi
tion calibration lines gave the same slopes. In all cases, recov
ery values between 95 and 111 % were obtained. The results can

Table 1. Individual determ ination of IMP and GM P by the first-derivative spectrophotom etric method

Com pound Equation3 C orre lation coefficient, r Detection limit, pg/m L Determ ination limit, pg/m L

IMP 1D 2 5 6  = 0.00 1 3 0  + 0 .00002 0.99999 0.124 0.415

'□ 2 3 7  5  =  0 .0 01 3 0  + 0.0009 0.99994 1.329 4.429

' D237 5  + 1°256 = 0 .0026C  -  0.0009 0.99999 0.653 2.178

GMP 1D 3 8  = 0 .00130  -  0.0002 0.99999 0.103 0.344

'Dgeos = 0 .0009C  + 0 .00007 0.99997 0.105 0.351

1D2 3 9  5  — 0 .0 01 4 0  -  0 .00009 0.99997 0.971 3.237

^ 2 6 0  5 + 1 D2 3 9  5  = 0 .0024C  -  0.00002 0.99990 0.574 1.912

1D = First derivate signal. C = IMP o r G M P concentration, pg/mL.
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Table 2. Determination of IMP (X = 253 nm) and GMP (/. = 248 nm) in binary mixtures by the first-derivative 
spectrophotometric method

IM P:GM P ratio

IMP, pg/m L GMP, pg/m L

Theoretical Found Ree., % Theoretical Found Ree., %

1 : 2 5 5.5 1 1 0 1 0 1 0 . 8 108

1 :1 1 0 1 0 . 8 108 1 0 1 0 . 6 106

2 :1 2 0 21.5 107 1 0 10.4 104

1:4 5 5.5 1 1 0 2 0 22.4 1 1 1

1 : 2 1 0 1 0 . 8 108 2 0 22.4 1 1 1

1 :1 2 0 21.3 106 2 0 22.4 1 1 1

1 : 2 1 0 10.9 109 2 0 19.3 97

2 :1 1 0 10.4 104 5 4.2 84

4:1 2 0 20.7 104 5 4.5 90

2 :1 2 0 20.9 104 1 0 9.6 96

1.5:1 15 16.1 107 1 0 1 0 . 6 103

2.5:1 25 26.9 107 1 0 10.5 106

1:1.5 1 0 10.9 109 15 14.4 96

1:2.5 2 0 2 1 . 2 106 25 24.6 98

be regarded as preliminary with respect to the application of the 
method to the analysis o f foods. The degree of inaccuracy 
found is well tolerated for fast routine analysis. The amounts of 
IMP and GM P found are the same level as those usually found 
in such samples (8).

C o n c lu s io n s

A first-derivative spectrophotometric method was devel
oped for the determination of IM P and GM P in aqueous solu

tions. Derivative techniques can be used for the determination 
of individual compounds in turbid samples. In addition, the 
possible interference o f MSG in the determination of these fla
vor enhancers was studied. A t concentrations up to 
5000 pg/mL, MSG interference was negligible.

The highly overlapping spectra of IMP and GM P were re
solved by selecting the proper wavelengths for the measure
ment of each component without interference from the other. 
The first-derivative absorption spectra were used. The results 
o f the analysis o f IMP and GM P mixtures in several food

Table 3. Recovery of IMP and GMP in food preparations by the first-derivative spectrophotometric method

Food

IMP, pg GMP, pg

Added Found3 % Rec. ±  S D a Added Found3 % Ree. ±  S D 3

Chicken vegetable soup — — — __ __ _

2 0 0 215 108 ± 2 2 0 0 223 1 1 1  ± 1

833 852 102 + 3 980 975 99 + 4
1500 1558 1 0 4 + 4 550 560 1 0 2  + 2

Instant noodle soup — 98 — — __ __

882 1016 1 0 2  + 2 882 967 1 1 0  +  2

441 591 110 + 3 1588 1534 97 + 3
1765 1830 98 + 3 245 232 95 + 3

Fried tom ato sauce — — — — 130 _

2 0 0 192 96 + 5 2 0 0 327 98 + 4
491 472 96 + 7 491 630 1 0 2  +  6

1 0 0 0 960 96 + 3 1500 1638 1 0 1  +  1

C onsom m e — 90 — __ 36
2 0 0 298 103 + 4 441 488 1 0 2  +  2

882 970 99 + 2 1 0 0 0 1 0 2 0 98 + 3
1500 1599 1 0 1  ± 2 245 287 1 0 2  +  2

Average of 3 independent experim ents.
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preparations and in the presence of high concentrations of 
MSG were satisfactory. The approach allows multicomponent 
determination without previous separation. Derivative tech
niques are simple and suitable for routine analysis o f binary 
mixtures o f compounds; complete resolution of species with 
highly overlapping absorption spectra is possible. They can be 
used for quality control o f food preparations.

For simple binary mixtures, derivative spectrophotometric 
techniques allow direct determination of the individual com
pounds. However, for more complicated mixtures, multicompo
nent factor analysis methods are usually necessary. Different 
chemiometric procedures for the analysis o f these commonly used 
food additives are currently under way in our laboratory.
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FOOD ADDITIVES

Gas Chromatographic/Mass Spectrometric Determination 
of Benzene in Nonstick Cookware and Microwave Susceptors and 
Its Migration into Foods on Cooking

S u e  M . J i c k e l l s ,  M a r k  R . P h i l o ,  J o h n  G i l b e r t , and  L a u r e n c e  C a s t l e

M inistry o f  Agriculture, Fisheries and Food, Food Science Laboratory, Norwich Research Park,
Colney Lane, Norwich, NR4 7UQ, UK

B e n z e n e  in p o ly (te tra flu o ro e th y le n e ) (P T F E ) c o a t
in g s  o f n o n s tic k  c o o k w a re  w a s  d e te rm in e d  by h e a t
in g  a  s m a ll a m o u n t o f c o a tin g  in a s e a le d  v ia l. G as  
c h ro m a to g ra p h y /m a s s  s p e c tro m e try  (G C /M S ) w a s  

u s e d  to  a n a ly z e  th e  v ia l h e a d s p a c e  fo r  b e n ze n e . A  
sm all s u rv e y  (2 6  s a m p le s ) o f re ta il n o n s tic k  c o o k 
w a re  d e te c te d  b e n z e n e  ra n g in g  fro m  2 to  5 0  n g /d m 2 
in  7  s a m p le s . N o n s tic k  fry in g  p a n s  w ith  v a rio u s  
p o ly m e r c o a tin g s  w e re  o b ta in e d  d ire c tly  fro m  1 
m a n u fa c tu re r . B e n ze n e  (6 - 3 0  jig /d m 2) w a s  d e te c te d  
in a n u m b e r o f th e s e  s a m p le s  an d  w a s  a ttr ib u te d  to  

th e  u se  o f a p h e n y lm e th y l s ilic o n e  in g re d ie n t th a t  
c o n ta in e d  b e n z e n e  a t 3 6 0  m g /k g . To d e te rm in e  th e  

p o s s ib le  tra n s fe r  o f b e n z e n e  fro m  th e s e  c o a tin g s  
d u rin g  n o rm a l use , s e v e ra l fo o d s  (p u d d in g s , ca k e s , 
an d  ro as t p o ta to e s ) w e re  p re p a re d  in p re v io u s ly  u n 
u s e d  c o o k w a re . T h e  fo o d s  w e re  a n a ly z e d  b y  u s in g  

s ta tic  h e a d s p a c e  G C /M S . B e n z e n e  w a s  n o t d e 
te c te d  in  a n y  o f th e s e  fo o d s  a t a  lim it o f d e te c tio n  

o f 2  Lig/kg. In re la ted  s tu d ie s , th e  d e te rm in a tio n  o f 
b e n z e n e  re le a s e  fro m  m ic ro w a v e  s u s c e p to rs  w a s  
p e rfo rm e d  b y  h e a tin g  th e  m a te r ia ls  in a  s e a le d  s y s 
te m  a t 1 9 f fC  fo r  4  m in . B e n z e n e  re le a s e  a b o v e
1 jig /d m 2 w a s  n o t d e te c te d  in 24  s a m p le s  o f s u s c e p 
to rs . H o w e v e r, 1 s p e c ia lly  s u p p lie d  s a m p le  o f n o n -  

m e ta lliz e d  s u s c e p to r  re le a s e d  10  p g /d m 2 b e n z e n e  
w h e n  h ea ted  a b o v e  n o rm a l a n tic ip a te d  te m p e ra 
tu re s  o f u s a g e  (to  220°C ). F o o d s  s u c h  a s  fre n c h  
fr ie s  an d  p izza  w h e n  c o o k e d  a c c o rd in g  to  th e  
m a n u fa c tu re r ’s  in s tru c tio n s  in s u s c e p to rs  c o n 
ta in e d  n o  b e n z e n e  w ith  a  lim it o f d e te c tio n  o f
2  p g /kg . E ven  u n d e r a b u s e  c o n d itio n s  o f s u s c e p 
to rs , th e  tra n s fe r  o f b e n z e n e  to  fo o d s  re m a in e d  b e 
lo w  th is  lim it.

R ec e iv e d  Ju n e  3 0 , 1992. A c c e p te d  O c to b e r  7 , 1992.

T he analysis o f food contact materials previously led to 
the detection of benzene in polystyrene cups at up to

3.5 mg/kg (1). Benzene migration into water was not de
tectable when these cups were tested at 66°C (150T ). For a 
range of retail food packaging applications, benzene was de
tected in 11 different styrene-based polymers at levels from 
0.11 to 1.7 mg/kg (2). However, the foods themselves were not 
examined. Other studies have been carried out on benzene in 
polypropylene food packaging materials, in paraffin waxes in
tended for food-contact use (3), and in commercial potato chip 
packages (4). Benzene has also been detected in certain food 
contact materials o f thermoset polyester at levels from 0.3 to 
85 mg/kg (2). The source o f  benzene was identified as the 
breakdown of an aromatic initiator used in producing the poly
mer. However, when foods were cooked in these thermoset 
food contact materials, the transfer o f benzene and subsequent 
food contamination was very low (<0.01 to 0.09 mg/kg). Mi
crowave susceptors have been an important topic for study. Al
though susceptors may release low levels o f benzene when 
heated (5), a study in which susceptors were spiked with model 
compounds shows that the transfer o f these model compounds 
to foods was negligible (6). Despite reports on the transfer of 
benzene from susceptors to foods such as popcorn (7, 8), there 
is little actual data on levels detected or the limits o f detection 
at which measurements were carried out.

The present paper reports on the presence of benzene in 
PTFE-coatings o f nonstick cookware and the liberation o f ben
zene from microwave susceptors when heated beyond the ex
pected real-use conditions (i.e., under abuse). Experiments 
have been carried out to detect benzene release from these food 
contact materials and to establish the extent o f benzene transfer 
to foods prepared under normal and abuse conditions. Static 
headspace GC/MS has been used throughout with deuterated 
benzene as the internal standard, both for the analysis o f the 
food contact materials and for the analysis o f prepared foods.

M E T H O D

Reagents

(a) Solvents.— A'.A'-Dimethylacetamide (DMA) (99.5%) 
(BDH Ltd, Poole, UK).
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(b) Standards.— Benzene (99.9+%) and deuterated ben
zene internal standard (c^-benzene 99.5 atom %) (Aldrich 
Chemical Co., Poole, UK). N ote: Benzene is a carcinogen and 
should be handled at all times with protective gloves in a 
fume hood.

(c) Cookware.— Purchased from retail outlets in Norwich, 
UK, area. Samples of known composition were supplied by 
commercial coating company.

(d) Microwave susceptors, nonmetallized susceptor com
posites, and samples o f  adhesives used in their manufacture.—  
Samples supplied with confidential formulation details by 3 
manufacturers, as representative of susceptor materials for re
tail sale in Europe and the United States.

(e) Microwave susceptor packaging and foods.— Pur
chased from  local grocer.

Apparatus

(a) Engraving tool with carborundum tip.— Burgess Pow- 
erline 72 (Argos Distributors, London, UK).

(b) Domestic fo o d  processor.— Braun multipractic 
Type 4233 (Argos Distributors, London, UK).

(c) Glass headspace vials (20 mL).— Chromacol 20-CV 
(Chromacol Ltd, London, UK).

(d) PTFE-faced silicone rubber septa and aluminum crimp 
caps fo r  headspace vials.— (Chromacol Ltd).

(e) Crimping device fo r  sealing headspace vials.— (Chro
macol Ltd).

(f) Laboratory fan-assisted oven thermostatted to 
300°C.— (Gallenkamp, Fisons Scientific Equipment, Lough
borough, UK).

(g) Oil bath.— 2 L Heat-resistant glass dish heated with im
mersion heater type IH/1 (Camlab. Ltd. Cambridge, UK) filled 
with Dow Coming silicone oil 210H/100CS (BDH Ltd).

(h) Automated static headspace analyzer.— Dani 3950 
sampling unit (Dani SpA, Monza, Italy).

(i) Combined GC/M S system.— Carlo Erba M ega Series 
5300 gas chromatograph coupled directly to VG 7070 EQ mass 
spectrometer (Fisons Instruments, Manchester, UK).

(j) Capillary G C column.— 30 m x  0.33 mm id fused silica 
column with 1.8 pm  phase o f DB624 (J & W  Scientific Inc., 
Fulsom, CA 95630).

Preparation of Calibration Solutions

Prepare solution of 20 (lg/mL d()-benzene in DMA as inter
nal standard and solutions o f 100,20,2, and 0.5 pg/m L do-ben
zene in DM A as working standards. Prevent loss o f benzene by 
adding DM A to volumetric flasks and then injecting benzene 
under the surface, before making to mark with DMA. Store all 
standards at -20°C  in screw capped vials.

Analysis of Nonstick Coatings

Determine volume of each cookware as mass of water re
quired to fill to maximum level used in practice. Calculate food 
contact area by measuring various dimensions o f cookware.

Wash cookware in soapy water, rinse with water, and dry as 
recommended in the m anufacturer's instructions. Scrape 
known area (0.15-0.20 dm 2) of nonstick polymer coating from

each cookware by using either scalpel or engraving tool. Trans
fer known weight o f polymer sample to headspace vial. Add 
dg-benzene internal standard solution by using syringe (10 pL). 
Seal vial with septum and aluminum ring and heat 30 min in 
oil bath at 250CC (for frying pan samples) or 230°C (for other 
cookware), with vial immersed to depth o f  2-3 cm. Analyze 
headspace gas for benzene as described below.

Analysis of Nonstick Coatings for Benzene Release
After Repeated Heatings

Analyze sample of nonstick coating for benzene release as 
described above and then cool to -20°C  for 30 min, replace 
septum, and reheat sample for second period. Re-analyze head- 
space and then repeat procedure for third period. Because vol
ume of headspace gas withdrawn for each analysis is small 
(0.2-0.3 mL) in relation to total volume of headspace vial, as
sume to first approximation that internal standard concentra
tion remains unchanged throughout repeated analysis.

Analysis of Microwave Susceptors for Benzene
Release

Cut 6 x  3.5 cm area o f susceptor and place in 20 mL glass 
vial with longer side curled inside vial. Food contact surface of 
susceptor should touch side of glass vial to give good thermal 
contact and, thus, provide rapid heating to desired temperature. 
Add internal standard (10 pL  of 20 pg/m L d6-benzene in 
DMA), and seal vial with septum and aluminum ring. Immerse 
vial to depth of 4 cm in oil bath at 190PC for 4 min. Susceptor 
should be completely submerged. For testing under extreme 
conditions, heat samples for 10 min at 220°C.

Weigh 0.1 g sample o f adhesive into vial and dry under gen
tle nitrogen stream for 15 min at 40°C. Add internal standard 
and heat at 190X1 for 4 min.

Cool samples immediately to ambient temperature and ana
lyze headspace by selected ion monitoring GC/MS as de
scribed below. If analysis is likely to be delayed by more than 
3 h, store sample at -20°C.

Cooking Foods in Nonstick Cookware

Prepare foods such as “Yorkshire pudding,” pate, quiche, 
cake, and roast potatoes, according to published recipes, and 
cook in nonstick cookware using times and temperatures rec
ommended in recipe instructions. For each recipe, also cook in 
glass or metal cookware with no nonstick coating to act as ap
propriate control samples.

Heating Foods with Microwave Susceptors

Cook various microwave foods such as pizza, french fries, 
and pastry, whose packaging incorporates susceptors for heat
ing, according to on-pack instructions. For each food, prepare 
blank by cooking/heating food on glass cookware, without 
susceptor present.

Sample Preparation

Weigh cooked food and then slurry with known mass of 
chilled distilled water by using food processor to achieve ho
mogeneous mixture. Let foods such as cakes, which would nor
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mally be consumed at room temperature, cool before slurrying, 
and cover with aluminum foil during cooling. Weigh 2.0 g 
sample of food slurry into headspace vial, add internal standard 
solution (10 pL), and seal vial with septum and aluminum ring.

Prepare calibration standards in headspace vials from work
ing standards to give 0.005-10.00 pg  do-benzene per vial to
gether with internal standard solution (10 pL). Inject primary 
standards close to bottom and down side of vials with vials 
cooled at -20°C  to avoid loss o f benzene. To each vial o f blank 
food, add benzene for calibration purposes together with inter
nal standard solution (10 pL). Seal with septum and aluminum 
crimp cap.

Instrumental Analysis

Let vials containing samples equilibrate in thermostatted 
bath o f headspace sampler for at least 30 min at 100°C. Carry 
out automated headspace analysis by pressurizing vial with he
lium carrier gas, venting to sample loop, and then switching 
sample onto GC system. Operate with transfer manifold at 
120°C, vial pressurization time of 10 s, auxiliary pressure of 
0.2 bar, venting time of 5 s, and injection time o f 2 s.

Carry out GC analysis isothermally at 50°C at helium carrier 
gas flowrate of 1 mL/min, and inject headspace with split ratio 
of 50:1 at injector temperature o f 250°C. Operate mass spec
trometer in electron impact mode at 70 eV with at source tem
perature of 250°C and trap current of 200 pA. Carry out se
lected ion monitoring at resolution of 500 (10% valley 
definition). M onitor ions at m/z 78 for benzene (do-benzene) 
and m/z 84 for deuterated benzene internal standard (dg-ben- 
zene) with dwell times o f 100 msec/mass and settling time of 
20 msec. Under these conditions, benzene should be detected 
at 2 ng/vial with signal to noise ratio o f 3:1. This performance 
is equivalent to around 0.01 pg/dm 2 for coatings and suscep
tors (0.2 dnr/v ial), and to 1-4 pg/kg food depending on food 
weight taken and proportion o f water used to yield homogene
ous slurry.

Retention time for putative benzene in samples should agree 
with time for standards, within variability o f retention time es
tablished by repeat analysis o f benzene standards. Measure 
peak areas by using data system but fit baselines manually.

Calculation of Results

Construct calibration graph from selected ion monitoring 
chromatograms of blank foods spiked with benzene and inter
nal standard. Plot peak area ratios o f d ,/d6 for m/z 78 (do-ben
zene) and m/z 84 (dg-benzene) against known weight ratio o f 
added benzene to internal standard. Using calibration graph, 
interpolate benzene levels for samples.

R e s u lts  an d  D is c u s s io n

Nonstick Cookware

The carborundum bit used to remove the polymer coating 
from nonstick cookware samples was also used to make 
“blank” scrapings from the outer surface of 1 pan. This outer 
surface was aluminum not coated with nonstick material. The

Table 1. Benzene release from nonstick coatings 
of retail cookware articles

Manufacturer Article type
No.

samples
Benzene,
pg/dm2

A Flan dish 1 19

A Loaf pan 1 35

B Sandwich cake tin 1 44

B Cake pan 1 50

B Cake tin 1 8

C Cookware 5 <1

D Cake tins 2 <1

E Pie plate/cake tin 3 <1

F Yorkshire pudding 1 <1

G Oval dish 1 <1

H Sauce pan 1 2

1 Pizza tray 1 2

J Frying pan 1 <1

K Cake and pie dishes 5 <1

GC/MS response for these blanks was equivalent to 1 pg/dm 2 
benzene, which was attributed to the carborundum. These 
background values must be determined and allowed for in cal
culating migration levels. Table 1 shows the various retail 
cookware used to analyze benzene in nonstick coatings. Ben
zene release was below the limit o f detection (1 pg/dm 2) for 19 
of the 26 retail samples. However, benzene levels of 1.6 to
49.8 pg/dm 2 were determined for 7 samples sold under 3 dif
ferent brand names. The specific weight o f coatings for the 
cookware examined ranged from 50 to 200 m g/dm ' although 
these figures are approximate only; some aluminum was un
avoidably removed together with the coating. Benzene release 
was, therefore, in the range of 16-500 mg/kg coating.

To determine the likely source of benzene contamination, 
samples o f nonstick cookware with polymer coatings of known 
composition were obtained directly from a coating company 
and analyzed. Benzene levels o f 0.6,2.6, and 30.2 pg/dm 2 were 
determined for polymer coatings of PTFE/polyethersulphone, 
PTFE/polyphenylene sulfide, and PTFE/phenylmethyl sili
cone, respectively. Furthermore, benzene levels o f 11.9 and
6.4 pg/dm 2 were determined for samples containing a phenyl- 
methyl silicone, whereas 2 samples with polymer coatings 
containing methyl silicones were found to have lower levels of 
benzene (0.8 and 0.6 pg/dm 2). This finding indicates that ben
zene release is associated principally with the phenylmethyl 
silicone component of the coatings. When this component was 
obtained from the coater and analyzed directly by using head- 
space GC/MS, benzene was detected at a concentration of 
360 mg/kg. During the manufacture of nonstick cookware, a 
curing stage is included after application o f the polymer coat
ing, and the cookware is heated typically at 380°C for sev
eral minutes. This cure period is either insufficient to purge 
benzene from the coating, or benzene may arise as a later 
breakdown product of the phenylmethyl silicone although this 
breakdown must be limited because release ceases on re
peated heating.
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Table 2. Determination of benzene in foods prepared in nonstick cookware articles contaminated with benzene in the 
coatings

Article type Benzene in coating,3 pg/dm2 Food type Cooking conditions Benzene in food, gg/kgb

Six-cup tray 6-14 Pudding 45 min 180°C <2
Loaf pan 1 0 - 2 2 Pate 60 min 160°C <2
Cake tin 25-33 Quiche 40 min 180°C <2
Loaf pan 9-10 Cake 60 min 160°C <2
Cake tin 6 - 8 Cake 105 min 140°C <2
Roasting 3-8 Potatoes 60 min 180°C <2

3 Heating conditions of 30 min at 230°C. 
b Cooking experiments performed with 3 new items in each case.

Experiments were carried out to examine whether benzene 
contamination of nonstick cookware could be eliminated by 
pre-treating the cookware with oil. Previously unused cook
ware of a type that releases benzene when heated was filled 
with olive oil and heated 10 min in a laboratory oven at 250°C. 
The temperature of the oil reached 194°C. After cooling and 
removing the oil, the pan was washed in warm soapy water, 
rinsed with distilled water, dried, and examined. A benzene 
level of 8.4 p g /d n r was released by the nonstick coating com 
pared with an initial release of 45 p g /d n r. This finding indi
cates that pre-treating the cookware with oil could be a practi
cal method of removing benzene from newly purchased 
cookware before food use although several treatments would 
be necessary for complete elimination.

Behavior o f the nonstick coating under repeat-use condi
tions was also examined. For 1 frying pan coated with 
PTFE/pheny 1 methy 1 silicone, 14 pg/dm 2 benzene was released 
in the first heating, a further 11 pg/dm 2 in the second heating 
but only 2 p g /d n r in a third heating.

On the basis o f benzene release from various polymers, the 
maximum possible benzene content in food was estimated if 
100% transfer occurred. Depending on the anticipated use of 
the cookware, 1 to 560 pg/kg benzene could be released into 
food from the coatings of the retail cookware in Table 1. To 
examine actual transfer, a number o f typical food items were 
prepared in nonstick cookware following normal recipes ap
propriate for the intended use of the cookware. The levels of 
benzene released from nonstick cookware coatings under 
simulated conditions are shown in Table 2 together with migra
tion results for food prepared under real conditions o f use. Ben
zene migration was not detectable (<2 pg/kg), and this finding 
indicates that transfer is a very inefficient process (<0.5% 
transfer). Volatile substances are released from the coating but 
not effectively trapped by the food, and portions that are 
trapped are likely to be lost subsequently by a process equiva
lent to steam distillation.

Benzene was detected in the blank foods (up to 5 pg/kg for 
fruit cake). These background values must be determined and 
allowed for in calculating migration levels. The analysis of 
foods spiked with known levels o f benzene gave ion ratios for 
m/z 78/84 as predicted from the external calibration line, indi
cating no other significant matrix effects to account for.

Repeat-use conditions were investigated for 1 cookware. 
Three carrot cakes were cooked in succession in the cookware 
whose polymer coating had released 9.6 p g /d n r when heated. 
The level o f benzene in the cake was < 2 pg/kg on each of the 
3 uses. Thus, there was no obvious effect of repeat use.

Microwave Susceptors

For 24 samples of microwave susceptors and their compo
nent parts, including adhesives obtained directly from the 
manufacturers, benzene was not detectable (<0.01 pg/dm 2) in 
14 samples and was present only at low levels (0 .01- 
0.06 pg/dm 2) in 9 samples. The highest levels were found in an 
experimental nonmetallized composite susceptor that released 
0.28 pg/dm 2 and in a solvent-based acrylic latex adhesive that 
released an equivalent o f 0.1 pg/dm 2 on the basis o f the recom
mended application rate o f the adhesive to the susceptor. For 7 
retail susceptor samples, one contained no detectable benzene 
and the remainder released 0.01-0.58 pg/dm 2. If 100% transfer 
occurred, even the highest level of benzene would only give 
rise to 4 pg/kg contamination. For reasons described above, 
actual transfer is expected to be very much lower than this 
worse-case calculation.

For the above experiments, a fiber-optic probe was used to 
measure the temperature at the susceptor surface, which rose to 
190°C within 1 min of immersion of the vial containing the 
susceptor in the oil bath. A temperature of 190°C was selected 
as a typical operating temperature for a susceptor. However, the 
true temperatures reached at the surface o f susceptors in actual 
use and the possibility of localized “hot-spots” are still uncer
tain. There is also the issue of whether or not conventional and 
microwave heating yield equivalent quantitative results be
cause of microwave-induced crazing although this issue is 
likely to be significant for nonvolatile migration only. To take 
account o f these uncertainties, an experiment was conducted 
by heating a susceptor sample to the higher temperature of 
220°C. This sample released 10 pg/dm 2 benzene, or a level 
about 36 times higher than that observed at 190°C.

Results o f the analysis o f foods cooked or re-heated with 
microwave susceptors are shown in Table 3. In all cases, foods 
were cooked precisely according to the manufacturer’s instruc
tions and also under abuse conditions with either extended pe
riods of heating or with heating at a higher microwave power 
than recommended. Although, in many cases, the foods ap-
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Table 3. Determination of benzene in foods cooked 
with microwave susceptors

Food type

Microwave 

Time, min

conditions 

Power, W
Benzene in 

food, gg/kga

French fries 2.7 700 <2
5.5b 700b <2
2.7b 1400b <2

Pizza 6.5 700 <2
9.7b 700b <2
4.0b 1400b <2

Pie crust 8.5 700 <2
11.0* 700b <2
6.0b 1400b <2

French fries0 2.5 700 <2
5.ob 700b <2
2.5b 1400b <2

Pizzad 2.5 700 <2
4.0b 700b <2
2.5b 1400b <2

a Experiments performed in duplicate. 
b Cooked under abuse conditions. 
c Susceptor design with french fries individually browned. 
d Pizza reheated on carbon-backed susceptor supplied directly by 

manufacturer.

peared unpalatable (dried out and slightly burnt) when cooked 
under abuse conditions, this did give the opportunity o f exam 
ining whether even under extreme conditions the higher levels 
o f benzene observed when the susceptors were heated alone 
would give rise to contamination of the foods. For all foods, 
benzene was not detectable above a limit o f 2 pg/kg, indicating 
no significant initial uptake by the foods, or, alternatively, sub
sequent volatilization and loss to the atmosphere under steam 
distillation conditions (7).
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FOOD ADDITIVES

Liquid Chromatographic Method for the Determination of Nine 
Phenolic Antioxidants in Butter Oil: Collaborative Study

B. D enis P age

Health and Welfare Canada, Health Protection Branch, Food Directorate, Bureau of Chem ical Safety, Food Research 
Division, Ottawa, ON, K1A 0L2, Canada

Collaborators: M. Carl; D. Daniels; F. Dominguez; M.L. Essers; P.C.H. Hollman; I. Ibanez Rico; Y. Ito; R. Kaiser, U. Kempf;
C. Kittle; G. Lacroix; G. Lombaert; M. Miyata; R. Pettipas; R. Pocina; C. Willis; L. Wong

Ten  la b o ra to rie s  c o lla b o ra tiv e ly  s tu d ie d  a liq u id  
c h ro m a to g ra p h ic  (L C ) m e th o d  fo r  th e  d e te rm in a 
tio n  o f p ro p y l, o c ty l, an d  d o d e c y l g a lla te  (P G , O G , 
an d  D G , re s p e c tiv e ly ), 2 ,4 ,5 -tr ih y d ro x y b u ty ro p h e -  
n o n e  (T H B P ), te rf-b u ty lh y d ro q u in o n e  (T B H Q ), n o r- 
d ih y d ro g u a ia re tic  a c id  (N D G A ), 2 - an d  3 -fe rf-b u ty l-4 -  
h y d ro x y a n is o le  (B H A ), 2 ,6 -d i-fe r f-b u ty l-4 -h y d ro x y -  
m e th y lp h e n o l (lo n o x -1 0 0 ), an d  3 ,5 -d i-fe /f-b u ty l-4 -  
h y d ro x y to lu e n e  (B H T ) in  b u tte r o il. T h e  10 s a m p le s  

a n a ly ze d  w e re  s p ik e d  in  m a tc h e d  p a irs  a t a b o u t  
100 , 5 0 , a n d  10  p g /g . In  th e  m e th o d  s tu d ie d , a n tio x i
d a n ts  a re  e x tra c te d  a s  in A O A C  LC  m e th o d  98 3 .1 5 , 
b u t d iffe re n t LC  e lu a n ts  a re  u sed  to  s e p a ra te  th e  9 
a n tio x id a n ts . R e s u lts  fro m  1 la b o ra to ry  w e re  re
je c te d  a s  n o t v a lid  an d  w e re  n o t in c lu d e d  in a n y  c a l
c u la tio n s . F o r th e  re m a in in g  9 la b o ra to rie s , th e  

o v e ra ll m ean  re c o v e rie s  fo r  P G , T H B P , T B H Q ,
N D G A , B H A , O G , lo n o x , BHT, a n d  D G  w e re  100 .9 ,
9 7 .8 .1 0 3 .4 , 95 .4 , 9 7 .4 , 93 .6 , 9 5 .5 , 79 .0 , an d  96 .2% , re
s p ec tive ly . T h e  o v e ra ll re p ro d u c ib ility  re la tiv e  

s ta n d a rd  d e v ia tio n s  w e re  8 .5 5 ,1 7 .4 , 2 5 .6 ,1 4 .5 , 6 .6 0 ,
9 .6 4 .1 0 .8 .1 1 .4 ,  a n d  7 .3 5 % , resp e c tiv e ly . T h e  
m e th o d  w a s  a d o p te d  firs t a c tio n  b y  A O A C  In te rn a 
tio n a l a s  a  m o d ific a tio n  o f A O A C  m e th o d  9 8 3 .1 5 .

I n 1983, a collaborative study on a liquid chromatographic 
(LC) method for the determination of 7 antioxidants in oil 
and lard was reported (1), and the method was later adopted 

by AOAC (983.15) (2). The antioxidants studied were propyl 
gallate (PG), 2.4,5-trihydroxybutyrophenone (THBP), tert- 
butylhydroquinone (TBHQ), nordihydroguaiaretic acid 
(NDGA), 2- and 3-/<?r/-butyl-4-hydroxyaniso1e (BHA), 2,6-di-

Subm itted for publication February 27, 1992.
T his report was presented at the 105th A O A C  Annual International 

M eeting, A ugust 12-14, 1991, at Phoenix, AZ.
The recom m endation was approved by the G eneral Referee and the 

C om m ittee on Residues and w as adopted by the O fficial M ethods Board of 
the A ssociation. See “C hanges in Official M ethods o f A nalysis" (1993)
J. A O A C  Int. 76 Jan/F eb issue.

fert-butyl-4-hydroxymethylphenol (lonox-100), and 3,5-di- 
tert-butyl-4-hydroxytoluene (BHT). W here permitted, these 
antioxidants are generally regulated either singly or in combi
nation at levels up to 200 pg/g in fats and oils. The AOAC 
collaborative study was conducted at about 200 |ig/g to evalu
ate method performance at the regulatoiy level, at about 100 
¡ig/g for combined antioxidant use, and at about 20 pg/g for 
lower level analyses (1). The method was based on a procedure 
first described in 1979 (3) in which octyl and dodecyl gallate 
(OG and DG) were studied in addition to the 7 above antioxi
dants. OG and DG were not included in the 1983 AOAC study 
because OG coeluted with lonox-100 and BHT and DG were 
poorly separated. This was not considered a serious limitation 
in the method because lonox-100 is permitted only in the 
United States, whereas OG is not permitted in the United States 
but is allowed in many European countries. Current increases 
in international trade, however, may require methodology to 
regulate all 9 antioxidants in various foods, including fats 
and oils.

Validated methodology for antioxidants is required to regu
late their occurrence in butter oil. For example, the antioxidant 
TBHQ may be permitted in butter oil under certain circum
stances in several countries but not in the various European 
countries. Furthermore, butter oil with added antioxidants may 
be restricted for use in the manufacture o f bakery goods or con
fectionery products. Analysis o f such butter oil must be con
ducted to ensure the absence o f  antioxidants if  the oil is to be 
used in other applications.

Group E-43 o f the International Dairy Federation (IDF) de
cided to study collaboratively AOAC method 983.15 to vali
date its applicability to butter oil. Several modifications in this 
method were to be introduced: evaluation o f butter as a sub
strate; use of more efficient LC columns; use o f a new 
nonaqueous eluant developed by the study coordinator, which 
effected the separation of all 9 antioxidants; and, with the 
newer LC columns, injection of only 10 pL.

A collaborative study o f such a method, if successful, would 
provide the IDF with a validated method for the LC determina
tion o f 9 antioxidants in butter oil. Data would also be available 
for the possible extension o f the AOAC LC method for antioxi
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dants to include butter oil and, with modification o f the chro
matographic conditions, to include OG and DG.

C o lla b o ra tiv e  S tu d y

The AOAC LC collaborative study reported in 1983 docu
mented problems with the determination of TBHQ. TBHQ is 
the most readily oxidized of the 9 antioxidants. In some in
stances, recoveries were low because TBHQ can be lost during 
prolonged evaporation o f the acetonitrile extract and also after 
the extract is transferred and adjusted to volume. The present 
study emphasized the need forrapid evaporation (<10 min) and 
injection of the extract as soon as possible after preparation.

The coordinator evaluated the separation of the 9 antioxi
dants on a variety o f commercial columns packed with 3 or
5 pm  spherical C l8-bonded silica. A list of columns that pro
vided the desired baseline separation was sent to prospective 
collaborators. The method for collaboration, however, speci
fied the columns in generic terms only as C l8 reversed-phase 
columns with 5 pm  (or less) spherical packing, but the method 
required baseline separation o f the 9 antioxidants as shown in 
an accompanying chromatogram.

Butter oil for the collaborative study was prepared by heat
ing butter at 65 rG , decanting the oil, filtering (glass wool), and 
if required, centrifuging. The combined oil was then analyzed 
for interferences by using the method. Samples for the study 
were prepared by adding appropriate 1 or 2 mL aliquots of each 
antioxidant in 2-propanol to 95-120 g degassed butter oil in a 
500 mL tared round-bottom flask. The 2-propanol was re
moved under vacuum with gentle heat and stirring. Individual
6 g aliquots, enough for 1 determination, were removed and 
placed in clean Teflon-lined screw-cap vials, sealed under ni
trogen, and stored at -20°C . Each vial was labeled with a 
unique 3-digit random number. In total, 15 sets of collaborative 
samples were prepared. One set was reserved to monitor sam
ple stability. Extra spiked material was analyzed to verify the 
spiking levels.

Ten samples were prepared, at 3 levels o f about 100,50, and 
10 pg/g for each antioxidant. Using the split-level collabora
tive design originally described by Youden and Steiner (4), 
each of the 6 antioxidant spikes, as the 3 matched pairs, were 
distributed randomly among 6 of the 10 samples: the other 
4 samples were blank for that particular antioxidant. Thus, the 
9 antioxidants, as 6 spikes in 10 samples, gave either 5 or 6 
antioxidants in each of the 10 samples.

Collaborators were supplied with the following: standards 
(150-200 mg each) of the 9 antioxidants; the 10 spiked sam
ples with instructions for storage; about 35 g blank butter oil 
for practice pretrial recoveries; a copy o f the method; forms for 
reporting results, raw data, and equipment used; and general 
instructions for a pretrial determination and other tests. Col
laborators were instructed to run a blank gradient and to carry 
out a reagent blank determination, a blank oil determination, 
and finally, a practice recovery at 20 jig/g for each antioxidant. 
They were asked to proceed with the analysis o f the collabora
tive samples only if recoveries were >90% (>80% for BHT).

Participants were instructed to extract and concentrate each 
sample, to make only 1 injection, to dilute the extract if re
quired and reinject, and to alternate standard and sample injec
tions. The calculated antioxidant level, average standard peak 
heights, sample peak heights, and dilution factors were to be 
recorded on the appropriate form. The collaborators were also 
requested to provide comments and copies of all chromato
grams.

In total, 14 collaborators agreed to participate in the study. 
Samples were prepared in December 1989 and sent to partici
pants in 1990 as follows: January (7 sets), February (1 set), 
M arch (4 sets), August (1 set), and September (1 set).

Analysis of the prepared samples by the study coordinator 
showed no loss o f any antioxidant after storage at - 2 0 'G for 8 
weeks. After 8 weeks at -20°C  followed by 9 weeks at room 
temperature, only TBHQ spiked at 9.93 pg/g showed any loss 
(83.0% recovered) when the samples were analyzed. After 8 
weeks at - 2 0 G  and a further 16 weeks at room temperature, 
the other antioxidants showed levels of 85-93%  of the spiked 
concentrations. These results and the sample stability studies 
conducted previously (2) suggest that no appreciable loss of 
antioxidants in the samples should occur during storage before 
the analysis is conducted.

9 8 3 .1 5  P h e n o lic  A n tio x id a n ts  in O ils , Fats , an d  
B u tte r O il— L iq u id  C h ro m a to g ra p h ic  M e th o d

F irs t A c tio n  1992

[Applicable to propyl gallate (PG), 2,4,5-trihydroxybuty- 
rophenone (THBP), terf-butylhydroquinone (TBHQ), nordi- 
hydroguaiaretic acid (NDGA), 2- and 3-/er/-butyl-4-hydroxy- 
anisole (BHA), 2,6-di-tert-butyl-4-hydroxymethylphenol 
(Ionox-100), and 3,5-di-?er?-butyl-4-hydroxytoluene (BHT) at 
20-200 jig/g in oils and fats and 10—100 pg/g in butter oil, and 
to octyl and dodecyl gallate (OG, and DG) at 10-100 pg/g in 
butter oil]

[Caution: See Safety Appendix, “Safe Handling of Organic 
Solvents,” “Safe Handling o f Special Chemical Hazards," and 
“Potential Hazards of Equipment, Vacuum.” (2)]

Method performance:
See Tables 983.15A -C for method performance data.

A. Principle

Antioxidants are extracted into acetonitrile. Extract is con
centrated and diluted with 2-propanol. Antioxidants are sepa
rated by liquid chromatograph and measured by ultraviolet de
tection at 280 nm.

B. Apparatus

(a) Gradient liquid chromatographic (LC) system .—  
Equipped with 10 mV recorder or integrator to electronically 
measure peak heights, 10 pL  sample loop injection valve, and 
detector to measure absorbance at 280 nm. Typical operating 
conditions: detector sensitivity, 0.05 AUFS; temperature, am
bient; flow rate, 2.0 mL/min.
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Table 983.15A. Method perform ance for phenolic antioxidants in oils, liquid chrom atographic method

Antiox. Mean added, gg /ga

Recovery R epeatability R eproducib ility

Ree. % sr RSD r, % SR R S D r, %

PG 193.7 184 95.2 16.0 8.66 16.0 8.66

PG 96.7 93.8 96.9 4.50 4.80 4.50 4.80

PG 19.4 17.6 90.9 2.01 11.5 2.52 14.3

T H B P b 203.2 199 98.1 9.99 5.01 9.99 5.01

TH BP 101.6 99.1 97.5 5.25 5.30 5.58 5.63

TH BP 20.3 19.6 96.7 0.97 4.94 1.53 7.77

TBH Q 196.1 201 103 8.77 4.36 22.8 11.4

TBHQ 98.1 100 102 3.63 3.63 21.5 21.5

TBHQ 19.6 19.1 97.5 1.50 7.85 3.17 16.6

NDGA 93.8 91.7 97.8 5.06 5.51 6.39 6.97

NDGA 18.8 18.4 98.3 0.34 1.83 0.60 3.24

BHA 198.5 197 99.1 6.54 3.32 6.61 3.36

BHA 99.2 99.7 101 5.43 5.45 6.15 6.17

BHA 19.9 19.5 98.0 0.43 2.19 0.76 3.92

IONOX 208.2 198 95.3 17.7 8.92 19.4 9.76

IONOX 104.1 98.7 94.8 10.2 10.4 10.5 10.6

IO N O Xc 20.8 20.2 97.0 0.71 3.54 1.14 5.63

BH TC 202.9 170 83.8 3.50 2.06 4.54 2.67

BH TC 101.5 84.3 83.1 2.36 2.80 2.36 2.80

BHT 20.3 17.2 85.1 0.90 5.22 1.06 6.18

a “Added” antioxidants va lues m easured to 4 s ignificant figures, but rounded to nearest 0.1 gg/g.
6 2 o f 7 laboratories rejected as outlie rs by the pa ir G rubbs test.
c 1 o f 7 laboratories rejected as ou tlie r by the single G rubbs test.

Table 983.15B. Method perform ance for phenolic antioxidants in lard, liquid chrom atographic method

Recovery Repeatability R eproducib ility

Antiox. Mean added, gg /ga Ree. % Sr RSDr, % SR R S D r , %

PG 96.9 90.1 93.0 3.18 3.53 3.18 3.53

PG 38.7 34.6 89.4 1.55 4.48 1.55 4.48

THBP 101.6 97.9 96.4 6.75 6.89 14.3 14.6

T H B P b 40.7 36.4 89.5 1.35 3.71 1.47 4.06

TBHQ 98.1 95.6 97.5 7.71 8.07 22.1 23.2

TBHQ 39.3 35.0 89.0 6.04 17.3 11.6 33.2

NDGA 93.8 87.8 93.6 2.65 3.02 4.74 5.40

NDGA 37.5 35.3 94.2 1.06 3.01 1.79 5.06

BHA 99.2 97.4 98.2 2.49 2.56 3.72 3.82

BHA 39.7 38.3 96.6 1.90 4.97 1.90 4.97

IONOX 104.1 99.3 95.4 4.83 4.87 5.45 5.49

IONOX 41.7 40.7 97.7 3.49 8.56 4.90 12.0

BHT 101.5 87.9 86.6 4.63 5.27 4.90 5.58

BHT 40.6 34.6 85.2 1.11 3.22 1.17 3.39

£ “Added” antiox idants va lues m easured to 4 significant figures, but rounded to  nearest 0.1 gg/g. 
“  1 o f 7 laboratories rejected as outlier by the  single G rubbs test.
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Table 983.15C. Method perform ance for phenolic antioxidants in butter oil, liquid chrom atographic method

Antiox. M ean added, pg /ga

R ecovery Repeatability R eproducib ility

Rec. % sr R SD r, % SR R S D r , %

PG 92.1 89.3 97.0 4.76 5.33 6.08 6.81

PG 46.0 46.9 102 3.86 8.23 4.54 9.67

PG 9.20 9.53 104 0.450 4.72 0.875 9.17

TH BP 87.0 82.3 94.6 5.34 6.48 11.2 13.6

TH BP 43.6 42.8 98.1 3.77 8.81 6.68 15.6

TH BP 8.69 8.7 101 1.39 15.9 2.00 22.9

T BH Q 105.9 111 105 10.9 9.78 24.3 21.8

TBH Q 52.8 51.8 98.2 2.01 3.87 11.0 21.2

T BH Q 10.5 11.3 107 1.55 13.8 3.82 34.0

N D G A6 96.5 93.0 96.4 6.27 6.74 6.27 6.74

NDGA 48.3 47.0 97.3 3.22 6.86 4.66 9.91

NDGA 9.63 8.9 92.5 2.11 23.7 2.39 26.8

BHA 101.3 96.3 95.2 8.49 8.81 8.49 8.81

BHA 50.6 48.8 96.5 2.29 4.70 2.50 5.12

BHA 10.1 10.2 101 0.515 5.06 0.597 5.87

IONOX 105.7 103 97.4 4.79 4.66 7.52 7.31

IONOX 52.9 50.2 94.9 3.77 7.51 4.13 8.24

IONOX 10.6 9.36 88.6 1.22 13.0 1.25 13.4

OG 89.2 86.3 96.8 3.80 4.40 4.37 5.06

OG 43.7 42.0 96.2 2.89 6.87 2.89 6.87

OG 8.76 8.19 93.5 1.69 20.6 1.69 20.6

BHT 96.5 76.7 79.4 9.16 12.0 9.51 12.4

B H T6 48.4 38.8 80.2 2.58 6.64 3.16 8.12

B H TC 9.65 7.47 77.4 0.443 5.94 1.03 13.8

DG 101.1 96.7 95.7 4.02 4.16 7.94 8.21

DG 50.6 48.8 96.5 2.98 6.12 3.05 6.24

DG 10.1 9.76 96.4 0.468 4.80 0.742 7.61

a “Added” antioxidants values m easured to 4 significant figures, but rounded to nearest 0.1 jig /g . 
b 2 of 9 laboratories rejected as outlie rs by the pa ir G rubbs test. 
c 2 of 9 laboratories rejected as outliers; by the Cochran test, then by single G rubbs test.

(b) LC  column .— Packed with C 18-bonded spherical (pre
ferred) silica, or equivalent. Use guard column if desired. Must 
be capable o f baseline resolution o f all 9 antioxidants as shown 
in Figure 983.15. Verify peak identities, if  necessary, by injec
tion o f individual standards.

(c) Glassware.— Rinse all glassware with CHC13, acetone, 
and M eOH, successively, and blow dry with N2.

C. Reagents

(a) Solvents.— Acetonitrile, 2-propanol, and hexane. Dis- 
tilled-in-glass grade.

(b) Mobile phases.— (A) 5%  acetic acid in H20  (LC grade). 
(B ) acetonitrile-methanol (1 + 1) (LC grade).

Run linear gradient, from 30% B in A to 100% B, over 
10 min with hold until last antioxidant (DG) is eluted. For test 
solution only, increase flow rate to 4 mL/min at 100% B over

6 min or until nonpolar lipids are eluted. For test solutions and 
standards, return to 30% B in A over 1 min at 2 mL/min, and 
let baseline and pressure stabilize (ca 6 min). (Note: Reduce 
flow rate and proportionately increase rinsing and equilibration 
times if excessive back pressure results.) Run blank solvent 
gradient (no injection) to ensure no peaks interfering with any 
antioxidant are present. To remove or reduce peaks arising 
from  elution solvent, A, replace inlet filter with prerinsed C 18 
solid-phase extraction cartridge and use in-line filter. If small 
interfering peaks are not eliminated, subtract peak height o f 
gradient interference from  that o f relevant standard or test so
lution.

(c) Antioxidants.— BHA (2- and 3-BHA mixture), BHT, 
TBHQ, Ionox-100, THBP, and PG (PolyScience, Niles, IL 
60648, USA, is suitable source); NDGA, OG, and DG (Aldrich 
Chemical Co., Inc., Milwaukee, WI 53201, USA, is suitable 
source); purity >97%.
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TIME (MIN)

Figure 983.15. Chrom atographic separation of 
antioxidant standards, ca 0.1 |ig each antioxidant: 1, PG; 
2, THBP; 3, TBHQ; 4, NDGA; 5, BHA; 6, lonox-100; 7, OG; 
8, BHT; 9, DG.

(d) Standard solutions.— Prepare in 2-propanol-acetoni- 
trile (1 + 1). (Caution: TBHQ is readily oxidized, especially in 
light. Refrigerate all antioxidant solutions and store out o f  di
rect light. Monitor TBHQ response relative to PG or THBP, 
and prepare fresh standards if response decreases more than 
5%. (1) Stock standard solution.— 1 mg/mL. Accurately weigh 
ca 50 mg to nearest 0.1 mg o f each antioxidant, and transfer 
into single 50 mL volumetric flask. Dissolve, dilute to volume, 
and mix. (2) Working standard solution.— 0.01 mg/mL 
(lO pg/m L). Pipet 1 mL stock standard solution into 100 mL 
volumetric flask, dilute to volume, and mix.

(e) Extraction solvents.— (/)  Saturated hexane.— Saturate 
ca 300 mL hexane in separatory funnel by adding acetonitrile 
until 2 layers remain after shaking 2 min. Discard acetonitrile 
lower layer. (2) Saturated acetonitrile.— Saturate ca 300 mL 
acetonitrile in separatory funnel by adding hexane until 2 layers 
remain after shaking 2 min. Remove and discard hexane up
per layer.

D. Determination

(a) Extraction .— Accurately weigh to nearest 0.01 g 
50 mL beaker containing ca 5.5 g liquid or butter oil or ca 3.0 g 
lard or shortening (liquefied in bulk using 60° water bath or 
oven, and swirled or shaken to ensure homogeneity). Decant as 
much test portion as possible into 125 mL separatory funnel 
containing 20 mL (22.5 mL for lard or shortening) saturated 
hexane. Reweigh beaker to determine test portion weight. 
Swirl to mix test portion with hexane, and extract with three

50 mL portions of saturated acetonitrile. If emulsions form, 
hold separatory funnel under hot tap water 5 -10  s. Collect ex
tracts in 250 mL separatory funnel, and let combined extracts 
slowly drain into 250 or 500 mL round-bottom flask to aid re
moval o f hexane-oil droplets. {Note: At this point, 150 mL ace
tonitrile extract may be stored overnight, refrigerated.)

Evaporate to 3 -4  mL, using flash evaporator with <40° 
water bath, within 10 min. [Notes: (1) Prolonged evaporation 
time may cause TBHQ losses. To decrease evaporation time, 
use efficient vacuum source and w ater-ice condenser cooling. 
(2) Use 500 mL flask to reduce “bumping” losses. Take care to 
ensure quantitative transfer o f extract after evaporation.] Using 
disposable pipet, transfer acetonitrile-oil droplet mixture to 
10 mL glass-stoppered graduated cylinder. Rinse flask with 
small portions of nonsaturated acetonitrile. As rinse pools in 
flask bottom, pipet rinse to cylinder until 5 mL is collected. 
Rinse pipet through top, and continue to rinse flask with small 
portions o f 2-propanol, transferring rinses to cylinder until 
10 mL is collected. M ix cylinder contents. {Note: Delay in ana
lyzing extracted sample may cause TBHQ loss.)

(b) Chromatography.— Using sample loop injection valve, 
inject 10 pL  sample extract and elute with solvent gradient pro
gram for samples, C(b). Before and after every 3^4 test injec
tions, or more frequently if differences between standard peak 
heights are found to be >5%, inject 10 p L  antioxidant working 
standard solution (10 pL/mL) and elute with solvent gradient 
program for standards, C(b). For analyte peaks off-scale o r>3x 
standard, quantitatively dilute test extract with 2-propanol- 
acetonitrile (1 + 1) and reinject. Identify peaks by comparison 
with retention times o f standard.

For reagent blank determination, take 25 mL saturated hex
ane and follow extraction, (a), from “...extract with three 
50 mL portions of saturated acetonitrile.” Inject 10 pL  reagent 
blank extract, and elute with solvent gradient program for sam
ples. The reagent blank should have no peaks interfering with 
antioxidant determination.

Use electronically determined peak height, or measure peak 
height to 0.1 mm, by using blank gradient chromatogram as 
guide to follow baseline. Determine antioxidant peak heights 
and average antioxidant standard peak heights (from duplicate 
injections before and after test injection, corrected for gradi
ent blank).

E. Calculation

Calculate concentration of antioxidant as follows: 
Antioxidant, ppm = (/?x//?s) x  (CSAVX) x  D 

where Rx and Rs are peak heights from test portion and stand
ard, respectively; Cs is concentration standard, pg/m L; Wx is 
test portion weight, g/mL, in undiluted 10 mL test extract; and 
D  is dilution factor, if solution injected is diluted.

Ref.: J. AO AC Int. (1993) 76. July/August issue. 
CAS-25013-16-5 (butylated hydroxyanisole)
C A S-128-37-0 (butylated hydroxytoluene)
CAS-500-38-9 (nordihydroguaiaretic acid)
CAS-121-79-9 (propyl gallate)
C A S -1034-01-1 (octyl gallate)
C A S-1166-52-5 (dodecyl gallate)
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C A S-1421-63-2 (2,4,5-trihydroxybutyrophenone)
C A S-1948-33-0 (iert-butylhydroquinone)
CAS-88-26-6 (Ionox-100)

Results and Discussion

Results were reported by 10 o f 14 collaborators. Those who 
reported results submitted the requested forms and copies o f all 
chromatograms. After a review o f the data, a short question
naire was sent to the 10 participants requesting certain informa
tion relating to TBHQ stability and “system” peaks and asking 
them to review specific individual calculations and peak iden
tifications. Results from this questionnaire were received from 
9 of the participants.

Statistical Evaluation

W hen the results submitted by the 10 collaborators were 
visually compared, it was apparent that the results o f Collabo
rator 2 were aberrant. The chromatograms indicated poor sepa
ration of BHT and DG. In 3 of the 10 samples, although the 
expected number of peaks were present, antioxidants were not 
correctly identified or not reported at all because the retention 
times had significantly decreased from previous samples. 
Standards were not ran as required, and the changes in reten
tion times went unnoticed. This collaborator reported, in re
sponse to the questionnaire, that problems observed with the 
LC equipment resulted in a decrease of retention times and in 
difficulty in identifying peaks. Statistical identification o f out

liers by the Cochran and Grubbs tests, as described below, 
showed results for Collaborator 2 to be outliers in 14 of the 27 
pairs of results evaluated for outliers. Regretfully, because of 
these chromatographic problems described, all results from 
Collaborator 2 were judged to be “not valid” and were ex
cluded from further statistical evaluation.

The reported data, excluding those of Collaborator 2, were 
then subjected to 2-sample plots o f the matched pairs and to the 
statistical analysis as recommended by the International Union 
of Pure and Applied Chemistry Workshop on Harmonization 
of Collaborative Analytical Studies (2). This statistical proce
dure involves outlier removal by the Cochran and Grubbs (sin
gle and pair) tests with recycle; calculation of the mean and 
percent recoveries; and calculation of the repeatability and re
producibility, their standard deviations, and the corresponding 
International Organization for Standardization (ISO) repeat
ability and reproducibility values. A computer program (Lotus 
1-2-3) developed and provided by J.G. Phillips (U.S. Dept of 
Agriculture, Philadelphia, PA; Chairman, AOAC Statistics 
Committee) was used for the outlier and statistical calculations. 
The collaborative results with the calculated statistical data for 
each of the 9 antioxidants studied are presented in Tables 1-9. 
The statistical results summarized in Table 985.15C include 
standard deviations and relative standard deviations for repeat
ability and reproducibility. ISO repeatability (r) and reproduci
bility (R) values are shown in Tables 1-9 for each antioxidant.

The outliers identified by the Cochran and Grubbs tests and 
the sr, sR, RSDr, and RSDr values before and after outlier re-

Table 1. Collaborative results for the determ ination of PG (pg/g) in butter o il3

Sam ple Sam ple Sam ple

Coll. 9 2 Total Dlff. 1 4 Total Dlff. 3 6 Total Diff.

2 101.9 74.2 __ __ 44.2 41.5 _ _ 10.4 7.55
4 97.1 82.7 179.8 14.4 48.1 41.3 89.4 6.8 9.6 8.8 18.4 0.8

5 99.6 91.8 191.4 7.8 50.6 43.4 94.0 7.2 9.8 8.7 18.5 1.1
6 84.1 77.1 161.2 7.0 41.8 42.2 84.0 -0 .4 10.4 8.7 19.1 1.7
7 102.2 83.2 185.4 19.0 52.8 88.8 103.3 -2 .3 12.1 10.3 22.4 1.8
8 79.8 82.8 162.6 -3 .0 43.3 58.3 106.6 -1 0 .0 8.6 8.4 17.0 0.2
9 94.4 87.6 182.0 6.8 47.3 44.5 91.8 2.8 9.5 8.9 18.4 0.6

10 94.1 86.7 180.8 7.4 45.3 43.5 88.8 1.8 10.0 8.5 18.5 1.5
14 94.4 85.6 180 8.8 48.3 41.7 90.0 6.6 9.7 8.6 18.3 1.1
15 91.7 92.6 184.3 -0 .9 49.2 47.3 96.5 1.9 10.5 10.5 21.0 0.0

No. la b s * 9a 9a 9a
M ean lab. av. 89.3 46.9 9.53
Added 97.2, 86.9 48.'6, 43.3 9.67, 8.72
Rec., % 97.0 102.0 103.6

sr 4.76 3.86 0.45

SR 6.08 4.54 0.87
R SD r, % 5.33 8.23 4.72
RSDp, % 6.81 9.67 9.17
r 13.5 10.9 1.27
R 17.2 12.8 2.48

Results o f C ollaborator 2 excluded from  all statistical analyses. 
N um ber of laboratories retained a fte r outliers removed.
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Table 2. Collaborative results for the determ ination of THBP (pg/g) in butter oil3

Coll.

Sam ple

Total Diff.

Sam ple

Total Diff.

Sample

Total Diff.3 6 1 8 7 4

2 80.0 N D b __ __ 41.8 32.8 __ __ 8.0 6.4

4 90.6 81.8 172.4 8.8 44.0 39.1 83.1 4.9 8.7 7.8 16.5 0.9

5 91.8 82.0 173.8 9.8 46.4 43.1 89.5 3.3 8.77 8.00 16.8 0.8

6 62.1 61.4 123.5 0.7 22.0 33.2 55.2 -11 .2 6.3 3.3 9.6 3.0
~7 108.4 84.0 192.4 24.4 48.6 49.2 97.8 -0 .6 8.9 9.9 18.8 -1 .0

8 71.2 65.5 136.7 5.7 44.0 48.5 92.5 -4 .5 9.1 13.4 22.5 -4 .3

9 90.5 82.5 173.0 8.0 44.4 41.0 85.4 3.4 9.1 8.9 18.0 0.2

10 88.4 85.4 173.8 3.0 46.1 46.1 92.2 0.0 10.1 9.7 19.8 0.4

14 84.8 80.7 165.5 4.1 45.1 40.4 85.5 4.7 8.9 8.0 16.9 0.9

15 94.3 76.5 170.8 17.8 42.7 46.5 89.2 -3 .8 9.08 9.41 18.49 -0 .3 3

No. Iabs.c 9a 9a 9a

Mean lab. av. 82.3 42.8 8.74

Added 91.6, 82.4 46.0, 41 .3 9.19, 8.19

Rec., % 94.6 98.1 100.6

s, 5.34 3.77 1.39

SR 11.2 6.68 2.00

RSDr, % 6.48 8.81 15.9

RSDp, % 13.6 15.6 22.9

r 15.1 10.7 3.94

R 31.8 18.9 5.67

a Results of C ollaborator 2 excluded from  all statistical analyses. 
6 Not detected.
c N um ber of laboratories retained after outliers removed.

Table 3. Collaborative results for the determ ination of TBHQ  (pg /g ) in butter o il3

Coll.

Sample

Total Diff.

Sample

Total Diff.

Sample

Total Diff.5 8 7 2 1 4

2 N D b ND _ 45.4 ND _ _ ND 9.76 — —

4 109.4 95.9 205.3 13.5 52.7 48.0 100.7 4.7 10.5 9.5 20.0 1.0

5 127.3 107.2 234.5 20.1 55.6 54.0 109.6 1.6 10.6 10.3 20.9 0.3

6 88.7 74.8 163.5 13.9 29.2 25.0 54.2 4.2 1.9 7.2 9.1 -5 .3

7 139.0 161.5 300.5 -2 2 .5 62.9 54.2 117.1 8.7 18.7 17.3 36.0 1.4

3 106.7 96.5 203.2 10.2 50.5 46.6 97.1 3.9 11.3 9.6 20.9 1.7

9 111.5 101.0 212.5 10.5 55.8 49.7 105.5 6.1 10.6 11.0 21.6 -0 .4

10 162.7 129.4 292.1 33.3 67.3 67.9 135.2 -0 .6 13.4 15.5 28.9 -2.1

14 110.1 96.0 206.1 14.1 53.5 48.4 101.9 5.1 10.4 9.6 20.0 0.8

15 105.2 79.8 185.0 25.4 59.6 52.1 111.7 7.5 12.78 12.6 25.3 0.1

No. Iabs.c 9a 9a 9a

Mean lab. av. 111.3 51.8 11.3

Added 111.7, 100.1 55.7, 49.8 11.1, 9.93

Rec., % 105.1 98.2 106.8

sr 10.9 2.01 1.55

Sr 24.3 11.0 3.82

RSDr, % 9.78 3.87 13.8

RSD r , % 21.8 21.2 34.0

r 30.8 5.68 4.39

R 68.8 31.02 10.82
_______

a Results of Collaborator 2 excluded from all statistical analyses.
b Not detected.
c Number of laboratories retained after outliers removed.
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Table 4. Collaborative results for the determ ination of NDGA (jig/g) in butter oil3

Sample Sample Sample

Coll. 9 6 Total Diff. 1 8 Total Diff. 3 10 Total Diff.

2 96.7 NDb _ _ 42.7 10.0 _ _ 10.0 7.33 _ _

4 98.9 91.3 190.2 7.6 48.0 42.8 90.8 5.2 9.8 8 .6 18.4 1 .2

5 100.7 8 8 .8 189.5 11.9 49.8 46.4 96.2 3.4 9.53 8.17 17.7 1.36
6 75.0 80.2 _C _C 36.8 41.8 78.6 -5.0 9.2 ND 9.2 9.2
7 101.0 81.9 182.9 19.1 55.3 52.4 107.7 2.9 12.4 9.4 2 1 .8 3.0
8 79.5 67.2 __c _c 45.4 51.0 96.4 -5.6 9.6 8.3 17.9 1.3
9 99.8 86.5 186.3 13.3 45.9 45.4 91.3 0.5 9.9 9.0 18.9 0.9

10 93.5 86.1 179.6 7.4 49.0 42.3 91.3 6.7 9.7 6 .6 16.3 3.1
14 97.8 85.6 183.4 1 2 .2 48.8 43.0 91.8 5.8 9.6 8.7 18.3 0.9

15 90.4 99.5 189.9 -9.1 50.3 51.6 101.9 -1.3 10.18 11.8 21.9 -1.7

No. Iabs.d
—j3.,C 9a 9a

Mean lab. av. 93.0 47.0 8.91

Added 101.8,91.2 50.9, 45.7 10.1,9.13

Rec., % 96.4 97.3 92.5

Sr 6.27 3.22 2.11

SR 6.27 4.66 2.39

RSDr, % 6.74 6 .8 6 23.7

RSDr , % 6.74 9.91 26.8

r 6.27 9.12 5.98

R 17.7 13.2 6.76

8 Results of Collaborator 2 excluded from all statistical analyses.
6 Not detected.
c Results of Collaborators 6  and 8  rejected as outliers by the pair Grubbs test and not Included in statistical analysis.
d Number of laboratories retained after outliers removed.

Table 5. Collaborative results fo r the determ ination of BHA (pg/g) in butter oil3

Sample Sample Sample

Coll. 9 6 Total Diff. 7 2 Total Diff. 1 10 Total Diff.

2 95.8 ND6 _ _ 45.0 ND _ _ 9.17 7.92 _ —

4 105.5 96.0 201.5 9.5 51.6 46.0 97.6 5.6 10.4 9.4 19.8 1 .0

5 108.1 97.2 205.3 10.9 50.9 48.1 99.0 2 .8 10.53 9.12 19.62 1.38

6 89.5 92.1 181.6 - 2 .6 48.0 41.9 89.9 6.1 9.9 9.4 19.3 0.5

7 117.2 81.3 198.5 35.9 55.2 41.4 96.6 13.8 11.2 10.5 21.7 0.7

8 87.1 85.3 166.4 -4.2 50.8 48.1 98.9 2.7 10.7 9.8 20.5 0.9

9 105.7 92.2 197.9 13.5 54.1 49.1 103.2 5.0 10.6 9.7 20.3 0.9

10 106.3 89.8 196.1 16.5 53.8 46.8 1 0 0 .6 7.0 10.4 9.4 19.8 1 .0

14 104.4 91.5 195.9 12.9 50.2 44.1 94.3 6.1 10.7 9.5 2 0 .2 1 .2

15 96.6 94.3 190.9 2.9 52.1 45.6 97.7 6.5 10.5 11.6 22.1 -1 .1

No. Iabs.c 9a 9a 9a

Mean lab. av. 96.3 48.8 1 0 .2

Added 106.8, 95.7 53.4, 47.7 10.7, 9.59

Rec., % 95.2 96.5 100.5

sr 8.49 2.29 0.52

SR 8.49 2.50 0.60

RSDr, % 8.81 4.70 5.06

RSDr, % 8.81 5.12 5.87

r 24.0 6.49 1.46

R 24.0 7.06 1.69

8 Results of Collaborator 2 excluded from all statistical analyses.
6 Not detected.
c Number of laboratories retained after outliers removed.
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Table 6. Collaborative results fo r the determ ination of lonox-100 (pg/g) in butter oil3

Coll.

Sample

Total Diff.

Sample

Total Diff.

Sample

Total Diff.5 2 7 8 3 10

2 NDb ND _ _ 44.2 ND _ _ 15.8 7.32
4 104.1 92.0 196.1 12.1 50.2 46.4 96.6 3.8 10.5 9.2 19.7 1.3
5 112.4 104.9 217.3 7.5 53.8 56.2 110 .0 -2.4 11 .02 8.45 19.45 2.55
6 99.5 80.6 180.1 18.9 48.4 42.0 90.4 6.4 9.9 9.7 19.6 0 .2
7 113.1 111.5 224.6 1 .6 55.1 52.8 107.9 2.3 10.9 10.5 21.4 0.4
8 103.5 103.0 206.5 0.5 43.0 52.5 95.5 -9.5 8 .8 8.3 17.1 0.5
9 106.4 94.7 201 .1 11.7 50.4 46.4 96.8 4.0 9.2 10.0 19.2 - 0 .8

10 108.5 106.2 214.7 2.3 56.2 47.3 103.5 8.9 9.4 9.2 18.6 0 .2

14 106.8 92.1 198.9 14.7 50.9 48.4 99.3 2.5 9.7 8 .8 18.9 0.9
15 114.5 98.6 213.1 15.9 52.1 51.3 103.4 0 .8 5.63 9.34 14.97 -3.71

No. Iabs.c 9a 9a 9a
Mean lab. av. 102.9 50.2 9.36
Added 111.7, 99.7 55.8, 50.1 11 .1 , 10 .0

Rec., % 97.4 94.9 8 8 .6

sr 4.79 3.77 1 .22

SR 7.52 4.13 1.25

R3Dr, % 4.66 7.51 13.0

r s d Rj % 7.31 8.24 13.4

r 13.6 10.7 3.44

R 21.3 11.7 3.54

a Results of Collaborator 2 excluded from all statistical analyses. 
b Not detected.
c Number of laboratories retained after outliers removed.

Table 7. Collaborative results for the determ ination of OG (pg /g ) in butter oila

Coll.

Sample

Total Diff.

Sample

Total Diff.

Sample

Total Diff.5 8 1 4 9 10

2 NDb ND 37.1 33.0 ___ ___ 7.34 5.69 — —

4 90.4 80.4 170.8 1 0 .0 42.7 39.1 81.8 3.6 8.7 7.7 16.4 1 .0

5 91.7 83.2 174.9 8.5 49.1 40.9 90.0 8 .2 9.46 7.76 17.22 1.7

6 92.6 88.1 180.7 4.5 38.6 42.8 81.4 -4.2 9.9 2.3 1 2 .2 7.6

7 99.0 83.5 182.5 15.5 44.1 41.9 8 6 .0 2 .2 9.7 8.3 18.0 1.4

8 79.9 82.2 162.1 -2.3 46.1 35.8 81.9 10.3 7.8 9.0 16.8 - 1 .2

9 93.2 83.1 176.3 10.1 44.0 41.4 85.4 2 .6 9.10 7.8 16.9 1.3

10 89.4 74.8 164.2 14.6 42.9 37.6 80.5 5.3 9.1 6 .2 15.3 2.9

14 90.1 83.3 173.4 6 .8 43.4 39.0 82.4 4.4 9.2 7.6 16.8 1 .6

15 87.6 81.3 168.9 6.3 44.9 42.2 87.1 2.7 9.37 8.46 17.85 0.93

No. Iabs.c 9a 9a 9a

Mean lab. av. 86.3 42.0 8.19

Added 95.5, 82.9 46.:2,41.1 9.23, 8.29

Rec., % 96.8 96.2 93.5

sr 3.80 2.89 1.69

Sr 4.37 2.89 1.69

RSDr, % 4.40 6.87 2 0 .6

RSDr , % 5.06 6.87 2 0 .6

r 1 0 .8 8.17 4.78

R 12.4 8.17 4.78

a Results of Collaborator 2 excluded from all statistical analyses.
6 Not detected.
c Number of laboratories retained after outliers removed.
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Table 8. Collaborative results for the determ ination of BHT (pg/g) in butter oil3

Coll.

Sample

Total Dlff.

Sample

Total Diff.

Sample

Total Dlff.3 6 5 10 9 4

2 6 8 .6 NDft _ ND 22.3 _ — 8.57 5.71 — —

4 86.1 77.8 163.9 8.3 41.5 38.8 80.3 2.7 8.1 7.6 15.7 0.5

5 91.1 74.0 165.1 17.1 42.5 35.3 77.8 7.2 8.43 8.13 16.56 0.3

6 78.9 72.9 151.8 6 .0 39.3 39.1 78.4 0 .2 7.1 5.9 13.0 1 .2

7 50.9 77.8 128.7 -26.9 44.7 39.8 84.5 4.9 6.1 5.9 1 2 .0 0 .2

8 69.5 68.9 138.4 0 .6 45.6 35.0 80.6 1 0 .6 7.8 7.8 15.6 0 .0

9 90.8 83.3 174.1 7.5 52.4 39.2 _c _c 9.5 8 .0 17.5 1.5

10 80.9 74.9 155.8 6 .0 35.0 33.7 68.7 1.3 7.0 7.2 14.2 - 0 .2

14 80.0 67.9 147.9 12.1 112.8 47.5 _C _C 2 0 .2 2 0 .6 _d _d

15 84.6 70.1 154.7 14.5 37.9 35.8 73.7 2.1 10.37 16.8 _d _d

No. labs.6 9a ya.C -y£L,d

Mean lab. av. 76.7 38 9 1A7

Added 101.6, 91.4 51.5,45.8 10.2, 9.09

Rec., % 79.4 82.2 77.4

sr 9.16 256 0.44

SR 9.51 3 16 1.03

RSDr, % 1 2 .0 664 5.94

RSDr , % 12.4 8  12 13.8

r 25.9 730 1.26

R 26.9 8  94 2.92

a Results of Collaborator 2 excluded from all statistical analyses. 
b Not detected.
c Results of Collaborators 9 and 14 rejected as outliers by the pair Grubbs test and not included in statistical analysis. 
d Results of Collaborator 15 rejected as outlier by the Cochran test and then that of collaborator 14 rejected as outlier by the pair Grubbs test;

results not included in statistical analyses. 
e Number of laboratories retained after outliers removed.

moval are given in Table 10. Outliers were found in 3 situ
ations: with NDGA at the highest level (2 laboratories), BHT 
at the medium level (2 laboratories), and BHT at the lowest 
level (2 laboratories). Results o f laboratory 14 were determined 
to be outliers in 2 situations, both with BHT; results o f labora
tories 6, 8, 9, and 15 were each outliers in a single instance. 
Excluding all results o f laboratory 2, these outlying data repre
sent 2.5% o f the total 243 pairs o f results from the other 9 labo
ratories, the 9 antioxidants, and the 3 pairs o f results (one pair 
at each level).

The method collaboratively studied in 1983 used the same 
extraction and concentration steps as the present method; the 
only significant differences are in the chromatography. These 
include the use of a more efficient analytical column, a 10 pL  
injection, and a different elution solvent B. The substrate ana
lyzed was also different: butter oil vs vegetable oil or lard at 
levels one-half the earlier study. A comparison of the results of 
these 2 studies is given in Table 11. Only data at the same spik
ing level, i.e., 100 pg/g, are included. Results from the 1983 
study were recalculated from the original raw data by using the 
AOAC statistical program to identify outliers and to calculate 
the performance parameters. Results show the recoveries o f the 
present method to be similar to those of the earlier study, except 
forTBH Q . The repeatability and reproducibility relative stand

ard deviations on the average, however, are slightly higher in 
the present study.

Four (2.7%) outliers were identified when the raw data from 
the earlier study (vegetable oil, 7 valid laboratories, 7 antioxi
dants, and 3 pairs o f results) were recalculated by using the 
AOAC statistical program. This compares favorably to the 5 
(2.5%) outliers o f the present study. The statistical data for OG 
and DG, which were not included in the 1983 study, are in
cluded at the bottom o f the table and compare favorably with 
those o f the other gallate ester, PG.

In some cases, the method exceeds the expected reproduci
bility relative standard deviations for collaborative study given 
by Horwitz et al. (5), who suggested that at 10 pg/g, 11% is to 
be expected, and at 100 pg/g, 8% is to be expected. Samples 
spiked at 50 pg/kg would be expected to lie between the 11 and 
8% values. The values determined for the present method are 
summarized in Table 983.15C. At 100 pg/g, 3 o f 9 results ex
ceed the 8% criterion: THBP, TBHQ, and B H T (13.6, 21.8, and 
12.4%, respectively). Four of 9 significantly exceed the 11% 
criterion for 10 pg/g: THBP, TBHQ, NDGA, and OG (22.9,
34.0,26.8, and 20.6%, respectively), with Ionox-100 at 13.4% 
and BHT at 13.8% slightly exceeding the 11% figure. At 
50 pg/kg, 2 o f 9 (THBP and TBHQ at 15.6 and 21.2%, respec
tively) exceed the expected relative standard deviation. In total, 
9 o f 27 (33%) significantly exceeded the expected value.
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Table 9. Collaborative results for the determination of DG (pg/g) in butter oil3

Sample Sample Sample

Coll. 3 8 Total Diff. 5 2 Total Diff. 7 6 Total Diff.

2 84.2 NDb _ _ ND ND _ 8.63 ND
4 103.3 91.6 194.9 11.7 54.1 46.3 97.7 5.1 1 0 .0 9.0 19.0 1 .0
5 94.6 90.1 184.7 4.5 56.4 48.2 104.6 8 .2 10.9 9.44 20.3 1.46
6 113.9 95.7 209.6 18.2 51.4 41.6 93.0 9.8 9.1 1 0 .2 19.9 -0.5
7 119.0 104.0 223.0 15.0 58.4 44.8 103.2 13.6 11 .0 1 0 .2 2 1 .2 0 .8
6 89.1 83.6 172.7 5.5 49.3 48.4 97.7 0.9 9.7 8.9 18.6 0 .8
9 99.0 93.4 192.4 5.6 51.5 46.5 98.2 5.2 1 0 .2 1 0 .0 2 0 .2 0 .2

10 97.4 86.5 183.9 10.9 48.6 43.5 92.1 5.1 8.7 7.9 16.6 0 .8
14 98.6 91.7 190.3 6.9 53.3 45.3 98.6 8 .0 10.3 9.8 20.1 0.5
15 94.8 94.7 189.5 0.1 46.6 46.4 93.0 0 .2 9.61 10.1 19.7 -0.49

No. Iabs.c 9a 9a 9a
Mean lab. av. 96.7 48.8 9.76
Added 106.3, 95.8 53.5, 47.7 10.7,9.56
Rec., % 95.7 96.5 96.4

sr 4.02 2.98 0.47

sr 7.94 3.05 0.74
RSDr, % 4.16 6 .1 2 4.80
RSDp, % 8 .21 6.24 7.61
r 11.4 8.44 1.33
R 22.5 8.62 2 .1 0

a Results of Collaborator 2 excluded from all statistical analyses. 
b Not detected.
c Number of laboratories retained after outliers removed.

In the previous study at 100 |ig/kg, 2 o f 7 (TBHQ and 
Ionox-100, at 21.5 and 10.6%, respectively) exceeded the ex
pected 8%.

This comparison of the 1983 and the present collaborative 
studies, and the data in Table 11, suggest that at comparable 
spiking levels, method performance was slightly better in the 
earlier study. At equal sample spikes, apart from the reduced 
injection volume, the only difference lies in the substrate and 
the chromatographic conditions. It is not apparent how these 
factors could affect the method performance. The antioxidant 
TBHQ gave the highest relative reproducibility standard de
viations.

Table 10. Statistical data before and after outlier removal

Only in 1 instance was an added antioxidant not detected or 
reported by a collaborator: NDGA added at 9.63 pg/g. In sev
eral instances, antioxidants were reported (>1 pg/g) that were 
not added. These false positives were Ionox-100 at 3.0,5.2. and
4.7 pg/g; BHT at 6.1 and 1.7 pg/g; OG at 1.1 and 2.1 pg/g; DG 
at 1.1 and 1.5 pg/g; and NDGA at 2.1 pg/g. These incidences 
and low levels of false positives reported are considered ac
ceptable.

Collaborators’ Comments

Comments, suggestions, and criticisms were received from 
most o f the participating laboratories. The reported instrumen-

Repeatabllity Reproducibility

Antioxidant (spike) sr RSDr, % SR RSDr , ‘

NDGA (96.49gg/g) Data processed All data 6.47 7.26 9.21 10.3

Data rejected Labs. 8 and 6 a 6.27 6.74 6.27 6.74

BHT (48.44pg/g) Data processed All data 14.5 32.7 17.2 38.9

Data rejected Labs. 9 and 14b 2.58 6.64 3.16 8 .1 2

BHT (9.65pg/g) Data processed All data 1 .68 17.6 4.76 49.7

Data rejected Lab 15 and 14c 0.44 5.94 1.03 13.8

a Results of Laboratories 6  and 8  rejected as outliers by the pair Grubbs test. 
b Results of Laboratories 9 and 14 rejected as outliers by the pair Grubbs test.
0 Results of laboratory 15 rejected as outlier by the Cochran test and then those of laboratory 14 by the single Grubbs test.
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Table 11. 
oil (1983)

Com parison of current and previous collaborative study results at 100 pg/g: butter oil (1991) vs vegetable

Ree., % RSDr, % RSDr , %

Antlox. 1991 1983 1991 1983 1991 1983

PG 97.0 96.9 5.33 4.80 6.81 4.80

THBP 94.6 97.5 6.48 5.30 13.6 5.63

TBHQ 105.1 94.8 9.78 3.63 2 1 .8 21.5

NDGA 96.4 96.5 6.74 5.51 6.74 6.97

BHA 95.2 99.2 8.81 5.45 8.81 6.17

lonox 97.4 96.0 4.66 10.4 7.31 1 0 .6

BHT 79.4 83.1 1 2 .0 2.80 12.4 2.80

OG 96.8 — 4.40 — 5.06 —

DG 95.7 — 4.16 — 8.21 -

tation, columns, and conditions are given in Table 12. Although 
the method sent to the collaborators specified a C l8 column 
packed with a 5 pm  spherical packing capable of baseline sepa
ration of the 9 antioxidants, several o f the collaborators re
ported the use of columns packed with nonspherical (irregu
larly shaped) material. Except for Collaborator 2, whose 
chromatograms showed partial overlap of BHT and DG, base
line separations o f all 9 antioxidants were obtained with all col
umns used. An example of an acceptable separation using a 
column packed with a nonspherical packing is given in Fig
ure 1 A. Also shown in Figure 1 are chromatograms of the an
tioxidant separation obtained by using columns with spherical 
packing material. Although the greater efficiency o f the col
umns packed with the spherical material compared with the 
nonspherical material is evident, these results show that sepa
ration using the latter material can be acceptable. Therefore, the 
primary consideration in selecting a column for the antioxidant 
method should be that o f acceptable separation, rather than col
umn packing material.

Collaborator 2 reported difficulty in quantitatively transfer
ring the sample extract from  the 250 mL round-bottom flask to 
the 10 mL cylinder and suggested this step could be a source of 
errors. Collaborator 2 also reported that separation of BHT and

DG was difficult. Samples were weighed directly into the sepa
ratory funnel.

Collaborator 4 noted an interfering peak in the blank gradi
ent at the retention time of BHT that was attributed to the acetic 
acid in the aqueous mobile phase. This collaborator suggested 
the sample weighing procedure could be simplified by accu
rately weighing a 50 mL beaker containing about 5.5 g liquid 
butter oil and decanting as much oil as possible into a 125 mL 
separatory funnel containing 20 mL hexane. The weight of oil 
sampled is determined by reweighing the beaker.

Collaborator 5 reported that, although the retention times 
and peak heights did not vary appreciably during the course of 
the analysis, time was not lost by alternating standard and sam
ple injections. The extractions and evaporations were carried 
out while the chromatograms were being run.

Collaborator 6 was not able to separate DG and BHT by 
using 1 of the columns recommended by the coordinator o f the 
study. However, a satisfactory column was found. In the pre
trial recoveries, low recoveries for TBHQ and THBP (80%) 
were noted.

Collaborator 7 also had difficulty in finding a satisfactory 
column to resolve BHT and DG. This collaborator started the 
gradient at 50%, rather than the 30% recommended by the

Table 12. Reported instrum entation, LC colum ns, and conditions used in study

Coll. Instrument Ht. meas.3 Column packing Dia., pm Dimensions, mm Flow, mL/mln

2 Hewlett Packard 1084B M LiChrosorb RP-18 (l)h 5 125x4.6 1.9
4 Waters 720/6000A E LiChrospher 100 RP-18 5 250x4.0 2
5 LKB 2152/2150 M Supelcosil LC-18 5 150x4.6 2
6 Perkin Elmer Series 4 M pBondapak C18 (I) 10 150x3.9 2
7 Tri-Rotar/GP-A40 E TSKgel ODS-120T 5 250 x 4.6 1
8 Waters 720 M Spherisorb ODS 5 250 x 4.6 2
9 Perkin Elmer Series 3 E LiChrosorb RP-18 (I) 10 250 x 4.0 2

10 Varian 5000 E Supelcosil LC-18 5 150x4.6 2
14 Varian 5000 E LiChrosorb RP-18 (I) 10 250 x 4.6 2
15 Spectra Physics 8100 M Hypersil 5 ODS 5 150x4.6 2

M, peak height measured manually; E, peak height measured electronically by Integrator. 
I, irregularly-shaped packing material; all others are spherical.



Figure 1. Typical co llaborators’ chrom atogram s of 
butter oil extracts illustrating separation of the 
following: 1, PG; 2, THBP; 3, TBHQ; 4, NDGA; 5, BHT; 6, 
lonox-100; 7, OG; 8, BHT; and 9, DG. Chrom atography  

was perform ed on different 250 x 4.6 mm id colum ns as 
follows: A, LiChrosorb RP-18 (10 pm irregular particle); 
B, Spherisorb ODS (5 pm spherical particle); and C, TSK  
ODS-120T (5 pm spherical particle).

method, and used a 1 mL/min flow rate because of excessive 
back pressure.

Collaborator 8 suggested changing the format o f the method 
to a step-by-step presentation, as in the accepted IDF format. 
Other changes in terminology and the use of numbered sections 
were suggested for easier reference. The alternating injections 
of standards and samples were regarded as excessive because 
few variations in the peak heights and retention times of the 
standards were noted.

Collaborator 10 reported a “system” peak coeluting with 
BHT, most probably arising from the aqueous eluant. This in
terference was removed in an ingenious manner: a 6 mL Bon- 
dElut C 18 solid-phase extraction column was installed in place 
of the inlet filter on the aqueous mobile phase inlet line to retain 
the interference. This participant also observed “bumping” of 
the oil extract during the concentration step, which was re
duced when using a 500 mL flask.

Collaborators 14 (BHT) and 15 (Ionox) both reported small 
interfering peaks arising from  the gradient.

Studies in the Coordinator’s Laboratory

The coordinator conducted several studies directed toward 
determining the reasons for the high reproducibility and repeat
ability standard deviations obtained for some analytes and by 
some laboratories.

Results o f the questionnaire indicated that the method did 
not specifically alert the analysts to the possible degradation of 
antioxidants in the working standard.

TBHQ, compared with the other antioxidants in this study, 
is rapidly oxidized. The previous study (1) recognized this in
stability in sample extracts and alerted the analyst to the need 
for rapid evaporation of the sample extract. In the present col
laborative study, however, it became evident that TBHQ in the 
10 pg/m L standard solution was also subject to oxidation. The 
oxidized product, with a lower response, elutes between TBHQ 
and NDGA and increases as the parent TBHQ disappears. The 
apparent high recoveries obtained by laboratories 7 and 10 for 
this antioxidant were determined to arise from a loss o f TBHQ 
in the working standard solution. A plot of the ratio o f the 
TBHQ peak height to that o f PG in the standard calculated from 
the data provided by 1 collaborator showed an approximate 
linear decrease in this ratio over 11 days. With this decrease in 
peak height o f the TBHQ standard, there was a corresponding 
increase in recovery from 120% (day 3) to 146% and 156% 
(day 9) as the samples were analyzed over this period. The re
sults for TBHQ from the other laboratory were also high, again 
probably as a result of oxidative loss of TBHQ in the standard. 
In this instance, the recoveries increased from 124 to 161% 
with a corresponding decrease in the TBHQ peak height in the 
standard. In the chromatograms supplied by the collaborator, 
the oxidation product increased as the parent TBHQ decreased.

The stability of TBHQ in the 10 pg/m L standard solution 
was studied in the coordinator’s laboratory. After 2 days on the 
laboratory bench with normal fluorescent lighting during 
working hours, 9% decreases were noted in the peak height of 
TBHQ relative to THBP and PG; after 8 days, a 25% loss was 
observed. W hen exposed for 2 days at a distance o f 10 cm from
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a fluorescent light, a 32% loss was observed. TBHQ was lost 
from standards in sunlight at an undetermined but greater rate. 
Standards stored on the laboratory bench but wrapped in light- 
excluding aluminum foil showed no losses after 8 days. Statis
tical performance in the collaborative study would be im
proved if this decrease of TBHQ response in the standard was 
noticed and fresh standards were prepared.

With TBHQ in butter oil extracts on the laboratory bench 
with normal fluorescent lighting, more rapid losses occurred: 
60% loss in 2 days at 28 pg/m L and 50% loss at 5 (ig/mL. 
Complete loss occurred after 4—5 days in both extracts. In con
trast, similar extracts containing TBHQ at 10 pg/m L showed 
only minor losses after 6 -7  days when wrapped in light-ex
cluding aluminum foil at room temperature (12% loss) or 
stored under refrigeration in the dark (8% loss). In an unpro
tected control extract, 50% loss of TBHQ was noted after 
3 days, and complete loss occurred after 5 -6  days.

The magnitude of a system peak, which may arise from non
polar contaminants in the aqueous phase, depends on the vol
ume of aqueous phase passing through the column during 
equilibration. If this volume varies, then any correction applied 
to an actual peak may be in error. This may have caused the 
outliers in the BHT results. As noted, Collaborator 10 reported 
the use of a C !8 solid-phase extraction cartridge to trap con
taminants in the aqueous eluant. In the coordinator’s labora
tory, the aqueous mobile phase was spiked with 3 antioxidants 
(Ionox-100. BHT, and DG) and with 3 phthalate esters [di-(2- 
ethylhexyl), di-n-butyl, and butyl benzyl phthalate]. The spik
ing level was such that 20 mL mobile phase passing through 
the analytical column during equilibration would give peaks 
equivalent to 0.1 pg of each antioxidant and 0.4 pg  o f each 
phthalate. Using another brand of C I8 solid-phase extraction 
cartridge installed as described, no system peaks were ob
served with equilibration volumes of 60 mL, as evidenced by 
the breakthrough of any antioxidant or phthalate. The capacity 
of the cartridge was not determined.

Results of the coordinator's studies, combined with the in
formation gained from the questionnaire, data sheets, chroma
tograms, and comments provided by each collaborator, indi
cated that the high recoveries for TBHQ can be avoided if 
analysts monitor the TBHQ peak height relative to those of 
other antioxidants in the working standard solution and prepare 
fresh standards as required. Similarly, system peak interfer
ences arising from the aqueous mobile phase can be reduced or 
eliminated by installing a prerinsed C 18 solid-phase extraction 
cartridge in place of the inlet filter.

C o n c lu s io n s

Considering the complexity of the analysis, which involves 
extraction, concentration, transfer, and LC determination, the 
statistical results for the LC method for the 9 antioxidants in 
butter oil must be considered satisfactory. Overall mean recov
eries for PG. THBP, TBHQ, NDGA, BHA. OG, Ionox, BHT, 
and DG were 100.9, 97.8, 103.4, 95.4, 97.4. 93.6, 95.5, 79.0, 
and 96.2%, respectively: overall RSD r values were 8.55,17.4,
25.6, 14.5,6.60,9.64, 10.8, 11.4, and 7.35%, respectively. The

recoveries were generally over 95%, except for BHT, which, 
because o f the partitioning, was about 80%. The RSD r values 
were greater than the expected values of Horwitz et al. (5) in 
about 33% of the cases. These values were, on the average, also 
slightly greater than those of the 1983 collaborative study com 
pared with samples spiked at the same level. The RSD r and 
recovery values for OG and DG, 2 antioxidants not previously 
studied, were good. Using improved LC elution solvents and 
the currently available columns packed with spherical C ]8- 
bonded silica, good separations o f all 9 antioxidants were read
ily obtained. The comments provided by the collaborators, 
their response to a postcollaborative questionnaire, and several 
studies in the coordinator’s laboratory suggested the method as 
provided to the participants for collaborative study could be 
amended and significantly improved. These additions include 
a reduction in the injection frequency of standards, a modifica
tion to the solvent inlet to reduce system peak interferences, a 
simplified sample weighing procedure, a warning to monitor 
the stability of TBHQ in standard solutions and to prepare fresh 
as required, and several other minor changes. Resulting im
provements in the statistical performance of the method would 
be anticipated.

R e c o m m e n d a tio n

I recommend that AO AC method 983.15 be modified to in
clude determination of the 9 antioxidants studied in butter oil 
and to use improved chromatographic conditions for all analy
ses included in the present method.
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FOOD COMPOSITION

Comparison of Kjeldahl Method for Determination of Crude 
Protein in Cereal Grains and Oilseeds with Generic Combustion 
Method: Collaborative Study

R o n a l d  C .  B i c s a k

U.S. Department o f Agriculture, Federal Grain Inspection Service, Quality Assurance and Research Division,
PO Box 20285, Kansas City, MO 64195

Collaborators: R. Boles; R. Cathey; V. Collins; K. Hannasious; J. Haselhorst; L. Henderson; L. Jann; L. Meschi; R. Molloy; 
M. Stillions; K. Swanson; D. Tate; J. Webb; G. Wilkins

S e v e n  la b o ra to rie s  p a rtic ip a te d  in  a c o lla b o ra tiv e  
s tu d y  to  e x te n d  th e  a p p lic a b ility  o f th e  A O A C  g e 
n e ric  c o m b u s tio n  m e th o d  fo r  d e te rm in a tio n  o f 
c ru d e  p ro te in  in a n im a l fe e d  (9 9 0 .0 3 ) to  in c lu d e  d e 
te rm in a tio n  in c e re a l g ra in s  an d  o ils e e d s . In th e  
stu d y, m e th o d  9 9 0 .0 3  w a s  c o m p a re d  w ith  th e  
A O A C  m e rc u ry  c a ta ly s t K je ld ah l m e th o d  fo r  d e te r
m in a tio n  o f p ro te in  in g ra in s  (9 7 9 .0 9 ) an d  c ru d e  p ro 
te in  in  a n im a l fe e d  (9 5 4 .0 1 ). T h e  s tu d y  a ls o  e v a lu 
a te d  th e  e ffe c t o n  th e  resu lts  o f f in e n e s s  o f g rin d . 
F o r d e te rm in a tio n  o f c ru d e  p ro te in  in  g ra in s  a n d  o il
s e e d s  b y  th e  c o m b u s tio n  m e th o d , s ta n d a rd  d e v ia 
t io n s  fo r  re p e a ta b ility  an d  re p ro d u c ib ility  ran g ed  
fro m  0 .1 0  to  0 .3 7  an d  fro m  0 .2 5  to  0 .5 4 , re s p e c 
tive ly , an d  re la tiv e  s ta n d a rd  d e v ia tio n s  fo r  re p e a t
a b ility  a n d  re p ro d u c ib ility  ra n g e d  fro m  0 .7 7  to  
2 .5 7 %  an d  fro m  1 .24  to  3 .1 5 % , re s p e c tiv e ly . T h e  
c o m b u s tio n  m e th o d  w a s  a d o p te d  f irs t ac tio n  by  
A O A C  In te rn a tio n a l fo r  d e te rm in a tio n  o f c ru d e  p ro 
te in  in  c e re a l g ra in s  an d  o ils e e d s  c o n ta in in g  0 .2 -  
20%  n itro g e n .

K jeldahl nitrogen determination has been the standard 
method for over 100 years for determination o f  crude 
protein in a wide variety o f products. During this time, 

the analytical chemist has endured its long analysis times and 
use of hazardous chemicals. The Dumas method, a combustion 
procedure, is another 100-year-old method for determining

S u b m itte d  fo r p u b lic a tio n  M ay  30 , 1992.
T h is  re p o rt w as  p re s e n te d  at the  104th  A O A C  A n n u a l In te rn a tio n a l 

M ee tin g , S e p te m b e r  1 0 -1 4 , 1990, N ew  O rle a n s , L A .

T h e  re c o m m e n d a tio n  w as ap p ro v ed  b y  the  G e n e ra l R e fe ree  a n d  the  
C o m m itte e  on  F o o d s  II an d  w as a d o p te d  b y  the  O ffic ia l M e th o d s  B o a rd  o f  
the  A sso c ia tio n . S e e  “C h an g e s  in  O ffic ia l M e th o d s  o f  A n a ly s is”  (1 9 9 3 )
J. AOAC Int. 7 6  J an /F eb  issue .

T h e  m e n tio n  o f  f irm  nam es  o r  trad e  p ro d u c ts  do es  no t im p ly  tha t they  
a re  e n d o rs e d  o r  re c o m m e n d e d  by  th e  U .S . D e p t o f  A g ric u ltu re  o v e r  o th e r 
f irm s  o r s im ila r  p ro d u c ts  no t m en tio n ed .

crude protein. The method does not use hazardous chemicals 
or require long analysis times, but it has not been as widely 
accepted as the Kjeldahl method. M odem advances in elec
tronic instrumentation and computers have improved the capa
bilities of the Dumas method, making it faster, safer, and more 
reliable than the Kjeldahl method. In the improved Dumas 
method, nitrogen freed by pyrolysis at high temperature in pure 
oxygen is quantified by a thermal conductivity detector. 
Equivalent protein is calculated from the nitrogen value by a 
microprocessor. Analysis time varies from 4 to 11 min depend
ing on the sample size and the instrument model.

A generic combustion method for determination of crude 
protein in animal feeds was collaboratively studied by 
Sweeney (1 ) and adopted by AOAC as method 990.03 (2). The 
present collaborative study was conducted to compare 990.03 
with the AOAC mercury catalyst Kjeldahl methods (3) for de
termination of protein in cereal grains (979.09) and determina
tion of crude protein in animal feed (954.01). The purpose of 
the study was to extend the applicability of method 990.03 to 
additional products.

The generic description in 990.03 allowed use o f 3 different 
brands of equipment. All equipment had to meet the perform
ance criteria in that method. Three manufacturers were repre
sented in this study: LECO Corp., Perkin-Elmer Corp., and 
UIC, Inc.

The study also included samples to evaluate the effect o f 
fineness of grind on results.

C o lla b o ra tiv e  S tu d y

The experimental design addressed systematic error (inter
laboratory bias), precision (within-laboratory repeatability us
ing blind duplicates), and accuracy (recovery of known stand
ards). Three protein concentration levels (8-13% , 17-23% , 
and 35-40% ) were selected to represent the total range of pro
tein found in the products being considered. Two different 
products were then selected from each concentration level. 
From these products, the blind duplicates and the samples for
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Table 1. Sam ples used in collaborative study of com bustion method for determ ining crude protein in cereal grains  
and oilseeds

Concn level Batch (type) Sample Estd protein, % Screen size, mm Description

1 1 1 35 1 .0 Soybean 1
6 35

16 35 2 .0
25 35

12 40 1 .0 Soybean 2
22 40

2 4 20 1 .0 Canola 1
11 20

27 23 1 .0 Canola 2
29 23

2 1 28 18 1 .0 Sunflower
30 18

5 13 1 .0 Wheat 1
17 13
13 13 2 .0

15 13

21 17 1 .0 Wheat 2
24 17

2 7 12 1 .0 Barley
20 12

3 1 2 8 1 .0 Com
10 8

3 8 2 .0

18 8

2 9 9 1 .0 Sorghum
23 9

Reference standard 19 713 — Nicotinic add
26 71a —

Reference standard 8 96a — Lysine-HCI
14 96a —

a Calculated equivalent protein.

the alternative grind comparison were chosen. Two chemical 
reference materials were also selected for analysis. The total 
sample set was designed to provide 15 closely matched pairs 
(Table 1).

9 9 2 .2 3  C ru d e  P ro te in  in C e re a l G ra in s  an d  O ils e e d s  
G e n e ric  C o m b u s tio n  M eth o d

F irs t A c tio n  1992

(Applicable to cereal grains and oilseeds containing 0 .2 - 
20% N, % crude protein, for wheat and its products = N  x  5.70,

% crude protein, for other cereal grains and oilseeds = N  x
6.25)

Method Performance (estimated % crude protein): 
Soybean, 35 and 40%
sr = 0.29; sR = 0.47; RSDr = 0.77%; RSD r = 1.24% 
Canola, 20 and 23%
sr = 0.19; sR = 0.39; RSD r = 0.87%; RSD r = 1.79% 
Sunflower, 18%
sr = 0.37; sR = 0.54; RSD r = 2.00%; RSD r = 2.94%
Wheat, 13 and 17%
sr = 0.15; sR = 0.27; RSD r = 0.99%; RSD r = 1.74%
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Table 2. Effect of fineness of grind (1 vs 2 mm) on collaborative results for determ ination of protein (%) in soybean, 
wheat, and corn by com bustion method

Soybean Wheat Com

Lab.a N Mean SD Mean SD Mean SD

1 4 34.76 0.32 13.10 0.16 8.74 0.18

2 4 35.01 0.48 13.38 0.50 8.96 0.48

3 4 35.63 0.43 13.50 0 .2 2 9.10 0.16

4 4 34.94 0.19 13.43 0.31 9.07 0 .21

5 4 34.84 0.40 13.13 0.16 8.72 0.08

6 4 34.55 0.34 13.37 0.13 9.14 0.15

7.1 4 35.53 0.39 13.51 0.15 9.03 0.25

7.2 4 35.52 0.40 13.69 0.15 9.48 0.14

7.3 4 34.94 0.78 13.41 0.30 9.05 0.27

Screen size
1 mm 18 35.27 0.43 13.51 0 .2 2 8.95 0.25

2  mm 18 34.88 0.56 13.27 0.30 9.11 0.33

a Laboratory 7 reported results for 3 different analyzer brands.

Barley, 12%
sr = 0.27; sR = 0.40; RSDr = 2.13%; RSD r = 3.15%
Com. 8%
sr = 0.10; sR = 0.26; RSDr =1.15% ; RSD r = 2.88%
Sorghum, 9%
s, = 0.23; sR = 0.25; RSDr = 2.57%; RSD r = 2.84%
Lysine-HCl, 96%*
sr = 0.36; sR = 0.72; RSDr = 0.38%; RSD r = 0.75%
Nicotinic acid, 71%
sr = 0.32; sR = 0.83; RSDr = 0.45%; RSD r =1.18%
C alcu la te d  e q u iv a len t p ro te in .

A. Principle

Nitrogen freed by pyrolysis and subsequent combustions at 
high temperature in pure oxygen is quantified by thermal con
ductivity detection. Equivalent protein is calculated.

B. Apparatus

Any instrument or device designed to measure nitrogen by 
combustion provided that it meets system suitability require
ments, E.

(a) Furnace.— Capable o f maintaining minimum operat
ing temperature of 950° for pyrolysis o f sample in pure (99.9%) 
oxygen. Some systems may require higher temperatures.

(b) Isolation system .— Capable of isolating liberated nitro
gen gas from other combustion products for subsequent meas
urement by thermal conductivity detector. Device for convert
ing NOx products to N2 or measuring N as N 0 2 may be 
required and included in instrument.

(c) Detection system .— Capable o f interpreting detector re
sponse as % nitrogen w/w. Features such as calibration of 
standard material, blank determination, and barometric pres
sure compensation may be included. Any required calibration

must be based on theoretical % nitrogen in pure standard or
ganic material such as EDTA.

(d) Grinder.— Capable of grinding samples to pass No. 
20 sieve.

(e) Analytical balance.— Accurate to 0.01 mg.
(f) Barometer.— Hg type, readable to 0.1 mm.

C. Reagents

(a) Accuracy standards.— (7) Nicotinic acid.— 99.9% 
minimum purity. (2) Lysine-HCl.— 99.9% minimum purity 
(tryptophan, 99.9% minimum purity, may be substituted).

(b) Calibration standards.— EDTA, 99.9% minimum pu
rity, or other suitable standard o f equal purity.

D. Samples

Grind samples to suitable fineness (determined for each dif
ferent material analyzed) to attain <2.0% relative standard de
viation (RSD) for 10 successive nitrogen determinations for 
that material type.

RSD, % = (s/N) x  100

Table 3. Analysis of variances for soybean, wheat, and  
corn (with protein as dependent variable) due to model, 
laboratory, and fineness of grind effects

Statistic Soybean Wheat Com

Av. protein, % 35.08 13.39 9.03
R-square 0.61 0.55 0.58
Root MSE 0.387 0 .2 2 2 0.226

P-value
Model 0 .0 0 1 2 0.0054 0.0024
Laboratory 0.0036 0.0267 0.0033
Grind 0.0057 0.0033 0.0423
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Table 4. Collaborative results for determ ination of crude protein (%) in cereal grains and oilseeds by Kjeldahl method 
955.04 and generic com bustion method

Laboratory

Sample3 Kjel.

1

Comb. Kjel.

3

Comb. Kjel.

5

Comb.

2

Comb.

4

Comb.

6

Comb.

7

Comb.

8

Comb.

S

Conb.

1 34.7 34.7 36.0 35.7 34.9 34.9 34.8 34.9 34.8 35.7 35.8 35.1
2 8 .8 8.7 9.0 9.1 8.7 8 .8 8 .6 9.1 9.2 9.0 9.3 8 .8

3 8 .6 8 .6 9.0 8.9 8.7 8 .8 9.7 8.9 9.1 8 .8 9.5 9.0
4 2 0 .6 20.4 21.4 2 1 .2 20.7 20.7 21.1 2 0 .8 20.7 2 1 .0 20.9 2 0 .8

5 13.3 13.2 13.6 13.5 13.2 13.2 13.6 13.6 13.3 13.4 13.9 13.2

6 35.0 35.0 35.8 35.8 35.1 35.1 35.3 35.2 34.7 35.6 35.9 35.9
7 12.4 12.5 13.0 13.0 1 2 .6 1 2 .6 12.9 13.0 1 2 .8 13.0 13.6 12.5

8 95.5 95.4 96.6 96.1 96.1 96.2 96.3 95.5 94.3 96.0 95.4 93.6

9 8.5 8 .6 9.0 9.0 8.7 8.4 9.1 8 .6 8.9 8.9 9.4 9.1

10 8.7 8.7 9.1 9.1 8.7 8 .6 8.7 8.9 9.0 9.0 9.5 9.0

11 2 0 .6 2 0 .6 21.3 21.4 20.4 20.4 20.7 20.5 2 1 .0 20.9 20.9 21 3

12 40.0 40.9 41.8 41.7 41.3 40.9 41.7 41.1 40.4 41.6 41.8 41 0

13 12 .8 12.9 13.6 13.4 13.1 13.0 13.6 13.5 13.3 13.6 13.6 137

14 95.7 95.5 96.4 96.0 95.9 95.8 95.7 95.3 94.9 95.9 95.5 94 8

15 13.0 13.0 13.3 13.3 13.1 13.0 1 2 .6 13.0 13.3 13.4 13.6 13 1

16 34.0 34.3 34.8 35.0 34.4 34.3 35.5 34.7 34.1 35.0 35.0 345

17 13.5 13.3 13.9 13.8 13.3 13.3 13.7 13.6 13.6 13.7 13.7 13 6

18 9.0 9.0 9.3 9.3 9.1 8.7 8.9 9.4 9.3 9.4 9.6 9.4

19 62.5 71.0 65.7 70.8 71.3 71.3 69.8 69.5 70.4 71.6 71.6 71.2

2 0 12 .6 1 2 .6 13.0 13.1 1 2 .6 1 2 .6 12.5 12.3 12.9 13.5 13.2 1 2 2

21 17.1 17.0 17.5 17.4 17.0 16.9 17.3 17.3 17.3 17.9 17.4 17.7

22 40.4 40.5 41.1 41.1 40.4 40.6 41.0 40.8 40.2 41.8 41.0 41.1

23 8 .8 8.7 9.0 9.0 8 .8 8 .6 8.9 9.2 9.0 9.1 8 .8 8.9

24 16.8 17.1 17.6 17.6 17.0 17.0 17.2 17.2 17.3 18.1 17.6 17.2

25 34.9 34.9 36.0 36.0 35.0 35.1 34.4 34.9 34.7 35.9 35.5 34.2

26 69.0 70.9 6 6 .0 71.1 70.9 71.4 69.0 69.3 70.7 71.4 70.7 71.4

27 23.0 23.0 23.9 23.7 23.1 22.9 23.3 22.3 23.0 24.0 23.8 23.0

28 18.5 18.8 19.7 19.6 18.0 18.3 18.6 20 .1 19.4 18.5 18.2 17.9

29 2 2 .6 23.0 23.6 23.6 23.1 22.9 23.2 2 2 .8 23.4 24.0 23.8 23.4

30 18.1 18.2 18.8 18.6 18.1 17.7 18.1 17.4 18.8 18.5 18.0 17.9

a See Table 1 for sample description.

where ,v = standard deviation, N  = mean % nitrogen.
Some materials may require analysis o f larger sample sizes 

to achieve this precision, depending on fineness of grind at
tained.

E. System Suitability

System equipped as in B(a)-(c) must meet or exceed mini
mum performance specifications as follows:

(7) Capable of measuring nitrogen in materials containing 
0.2-20%  nitrogen.

(2) Demonstrate system accuracy based on 10 successive 
determinations of nitrogen in nicotinic acid and 10 successive 
determinations of nitrogen in lysine-HCl or tryptophan. Means 
of determinations must be ±0.15 o f respective theoretical val
ues, with standard deviations <0.15. System accuracy must not 
be tested with same material used for calibration.

F. Calculations

For wheat and its products:
Crude protein, % = N  x  5.70 

For other cereal grains and oilseeds:

Crude protein, % = TV x  6.25 

Ref.: J. AOAC Int. (1993) 76, July/August issue.

R e s u lts  an d  D is c u s s io n

Seven laboratories participated in the study. One laboratory 
used 3 different brands of combustion nitrogen analyzers; 6 
laboratories used the LECO® FP-428 model nitrogen analyzer 
(Leco Corp.). Although 8 laboratories were originally con
tacted to analyze the samples by the Kjeldahl method, only 3 
were able to complete the Kjeldahl determinations for the 
study. Laboratories that used the mercury catalyst Kjeldahl
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Table 5. Com parison of laboratory averages for 
determ ination of protein (%) by com bustion method

Sample3 Av., Kjeldahl Av., combustion Kjel. -  Comb.

1 35.19 35.16 0.03

2 8.83 8.95 - 0 .1 2

3 8.75 9.00 -0.25

4 20.89 20.84 0.05

5 13.36 13.44 -0.08

6 35.30 35.39 -0.09

7 12.67 1 2 .8 8 - 0 .21

8 96.06 95.41 0.65

9 8.73 8.89 -0.16

10 8.82 8.95 -0.13

11 20.77 20.85 -0.08

12 41.03 41.24 - 0 .21

13 13.17 13.41 -0.24

14 96.01 95.47 0.54

15 13.12 13.13 - 0 .01

16 34.38 34.70 -0.32

17 13.54 13.58 -0.04

18 9.10 9.22 - 0 .1 2

196 66.49 70.78 -4.29
20 12.75 12.78 -0.03
21 17.18 17.36 -0.18
22 40.66 40.90 -0.24

23 8.87 8.90 -0.03
24 17.14 17.36 - 0 .2 2

25 35.31 35.06 0.25
26b 68.62 70.65 -2.03
27 23.33 23.22 0.11

28 18.75 18.83 -0.08
29 23.09 23.35 -0.26
30 18.34 18.15 0.19

Average 28.01 28.26 -0.25
Average6 25.18 25.23 -0.05

a See Table 1 for sample description.
b Kjeldahl analysis of nicotinic acid (samples 19 and 26) showed 

significant difference from theoretical; results for those samples 
were eliminated from calculation of the second set of averages.

method and also had a nitrogen analyzer and were willing to 
participate in the collaborative study were extremely difficult 
to locate. The collaborative study by Sweeney (1) established 
a statistically sound correlation between the Kjeldahl methods 
and the combustion method. Because the purpose of the pre
sent study was to extend the applicability of the combustion 
method, the Kjeldahl data were not essential for validation.

The sample set (Table 1) consisted o f 15 matched pairs of 
blind duplicates to establish the within-laboratory repeatability 
o f the method. The samples were ground with a 1 mm screen, 
and 3 of the samples (soybeans, com, and wheat) were also 
ground with a 2 mm screen to establish whether any significant 
difference existed due to fineness of grind or particle size.

The moisture content and oil content of cereal grains and 
oilseeds contribute to the difficulty in grinding these types of 
samples. Using the 0.5 mm screen specified in the combustion

method for feeds (990.03) would necessitate predrying of the 
cereal grain and oilseed samples, thereby adding excessive 
sample preparation time. Sample size also becomes a critical 
consideration as the nonhomogeneity of the sample increases 
because of the nature of the material and/or the fineness of 
grind. The size of the ground sample analyzed must represent 
the sample as a whole. For these reasons, 1.0 and 2.0 mm 
screens were chosen to prepare the samples on an “as-is" basis.

Using the calculated P-values for each type of grain tested, 
there appears to be a statistically significant difference due to 
grind effects (Tables 2 and 3). The types o f samples used in this 
study are very homogeneous when ground with a 1 mm screen, 
with the exception of sunflower seeds, which required addi
tional care in blending (after grinding). Different products 
grind differently with the same size screen. Therefore, guide
lines must be set for grinding each type of product. The tradi
tional 1 g sample was chosen for the Kjeldahl method to de
crease the variance of analysis due to sample variation and 
grinder effects. All but one of the combustion models tested 
accept sample sizes o f at least 200 mg for the types of samples 
studied. Therefore, the recommended requirements for deter
mining an instrument’s precision were based on the following 
criteria: type of sample, fineness of grind, and sample size for 
the individual laboratory and the particular brand o f ana
lyzer used.

Three different brands of combustion analyzers and 2 dif
ferent models of 1 brand of instrument were used in this col
laborative study. The manufacturers’ recommended sample 
sizes and analysis times varied considerably from instrument 
to instrument. In general, the sample size is proportional to the 
analysis time. The manufacturers’ recommended sample sizes 
for the products tested were 20 mg for the Perkin-Elmer® (Per- 
kin-Elmer Corp.), 150 mg for the LECO, and 500 mg for the 
Heraeus ” (U1C, Inc.). A comparison to determine whether any 
significant differences exist between models due to sample size 
was not included in this collaborative study.

Results are shown in Table 4. A  general observation is that 
the combustion method gives slightly higher protein results 
than does the Kjeldahl method. An average difference of 
-0 .05%  protein was obtained by comparing the Kjeldahl val
ues with the combustion values (Table 5) after discarding the 
nicotinic acid data (poor recovery of nicotinic acid by several 
laboratories skewed the data). The combustion method data 
from the performance criteria procedure using standard refer
ence materials (Table 6) showed a standard deviation for 10 
analyses by each o f the 9 laboratories o f 0.03 for nicotinic acid. 
0.02 for lysine-HCl, and 0.02 for tryptophan (2 laboratories). 
Data in Table 7 demonstrate the accuracy and precision of the 
combustion method in determining the nitrogen content of 
a sample.

R e c o m m e n d a tio n s

I recommend that the scope of the generic combustion 
method for crude protein in feeds (990.03) be extended to in
clude cereal grains and oilseeds. I also recommend that the 
combustion method be referenced as an alternative to the
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Table 6. Perform ance of com bustion method for determ ination of nitrogen in standard reference materials

Analysis No. Nicotinic acid, av. % N Lysine-HCI, av. % N Tryptophan, av. % N

1 11.49 15.28 13.77
2 11.47 15.29 13.74
3 11.44 15.30 13.78
4 11.48 15.32 13.74
5 11.42 15.32 13.72
6 11.43 15.28 13.76
7 11.42 15.28 13.73
8 11.37 15.27 13.76
9 11.43 15.31 13.79

10 11.40 15.31 13.74

No. labs 9 9 2

Av„ % 11.44 15.30 13.75
SD 0.03 0 .0 2 0 .0 2

Theoretical, % 11.38 15.34 13.71

Kjeldahl method for determining protein in cereal determinations of nitrogen. RSD, % = (SD/mean % N) x  100. 
grains (979.09). Some materials may require analysis o f larger quantities of the 

I  further recommend that the following be substituted for material to achieve this precision, depending on the attainable 
C(3) when method 990.03 is applied to cereal grains and oil- fineness of grind, 
seeds:

A suitable fineness o f grind must be determined (for each A c k n o w le d g m e n ts  

different material analyzed) to achieve a precision which gives
a relative standard deviation (RSD) of <2.0% for 10 successive I thank the following collaborators for their contribution:

Table 7. Statistical sum m ary of collaborative results for study of com bustion method fo r determ ining crude protein  
in cereal grains and oilseeds

Sample Description sr SR RSDr, % RSDr , %

1 & 6 Soybean 0.26 0.44 0.75 1.24

16 &25a Soybean 0.52 0.57 1.49 1.62

12 & 2 2 Soybean 0.32 0.49 0.78 1 .2 0

Average 0.29 0.47 0.77 1.24

4 & 11 Canola 0 .2 0 0.29 0.95 1.39

27 &29 Canola 0.19 0.48 0.80 2.06

Average 0.19 0.39 0.87 1.79

28 &30 Sunflower 0.37 0.54 2 .0 0 2.94

5 & 7 Wheat 0.17 0 .2 2 1.23 1.63

13 & 15a Wheat 0 .21 0.27 1.55 2 .0 2

21 & 24 Wheat 0.14 0.31 0.82 1.78

Average 0.15 0.27 0.99 1.74

7 & 20 Barley 0.27 0.40 2.13 3.15

2 & 10 Com 0 .1 0 0.26 1.15 2 .8 8

3 & 18a Com 0.32 0.33 3.50 3.66

9 & 23 Sorghum 0.23 0.25 2.57 2.84

8 & 14 Lysine-HCI 0.36 0.72 0.38 0.75

19 &26 Nicotinic acid 0.32 0.83 0.45 1.18

2 mm grind. Results not used to calculate average for this sample type. All other grain and oilseed samples ground to 1 mm.
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FOOD COMPOSITION

Combustion Method for Determination of Crude Protein in Meat 
and Meat Products: Collaborative Study

M a r c i a  K i n g - B r i n k  an d  J o s e p h  G . S e b r a n e k

Iowa State University, Departm ent o f Animal Science, Ames, IA 50011

Collaborators: C. Anthony; P. Coleman; B. Cottingham; R. Culmo; R. Curtis; L. Dingman; R. Johnson; G. Lehman;
J. Loughran; S. Martinez; J. Moody; C. Paisley; H. Radloff; A. St. John; E. Schrader; J. Sizemore; J. Wenger; G. W hite

T w e lv e  la b o ra to rie s  p a rtic ip a te d  in a c o lla b o ra tiv e  
s tu d y  to  c o m p a re  a c o m b u s tio n  m e th o d  w ith  th e  

A O A C  m e rc u ry  c a ta ly s t K je ld ah l m e th o d  (928 .08) 
fo r th e  d e term in atio n  o f c ru d e  p rote in  in m eat and  

m eat products . T h re e  d iffe ren t co m b u stio n  instru 
m en ts  w ere  used; consequently , th e  co m b ustio n  

m ethod  fo r th is  s tu d y  is w ritten  in generic  te rm s  d e
scrib ing  th e  princip le , th e  ap p ara tu s  specifications, 

and  th e  p erfo rm an ce  req u irem ents  needed . F ifteen  

sam p le  pairs  w e re  used  fo r th e  study; each  pair co n 

sisted o f th e  sam e co m m erc ia l m eat p ro du ct from  

each o f 2 d iffe ren t m an u fac tu rers . P ro te in  co n ten t of 
all s am p les  ranged  fro m  ab ou t 10 to  20% . In add ition , 
nicotin ic  ac id  and  lys ine  m o n o h yd ro ch lo rid e  w ere  

used as  s tan d ard s  to  assess  co m b u stio n  e q u ip m en t  

p erfo rm ance. A ll laboratories  and  all ins trum ents  per
fo rm ed  th e  co m b u stio n  m etho d  satis facto rily  o n  th e  

basis  o f resu lts  fo r th e  s tan d ard s. F or th e  m ea t s am 

ples, rep eatab ility  s tan d ard  d ev ia tio ns  (s r) ranged  

from  0.11 to  0 .40  fo r th e  K je ldah l m etho d  an d  fro m  

0.12  to  0.41 fo r th e  co m b u stio n  m ethod; th e  repeat

ab ility  re lative  s tan d ard  d ev ia tio ns  (R S D r) ranged  

from  0.82  to  2 .41%  and  fro m  0 .60  to  2.23%  fo r th e  

K jeldahl and  co m b u stio n  m ethods, respectively . R e
producib ility  s tan d ard  d ev ia tio ns  ( s r ) ranged  from  

0 .20  to  0 .49  fo r th e  K je ldah l m etho d  and  fro m  0 .18  to  

0.46  fo r th e  co m b u stio n  m etho d , w h ereas  th e  repro

ducib ility  re lative  s tan d ard  d ev ia tio ns  (R S D r) ranged  

from  1.59 to  2 .84%  fo r th e  K je ldah l m etho d  and  fro m  

1.32 to  3 .35%  fo r th e  co m b u stio n  m etho d . O verall 
grand  m ean s  w ere  15.59%  p ro te in  fo r th e  K jeldahl 
m ethod  and  15.75%  prote in  fo r th e  co m b ustio n

S u b m itted  fo r p u b lic a tio n  D e c e m b e r  12, 1991.
T h is  re p o rt w as  p re se n te d  at the  106th  A O A C  A n n u a l In te rn a tio n a l 

M ee tin g . A u g u st 3 1 -S e p te m b e r  2 . 1992, at C in c in n a ti , O H .

T h e  re c o m m e n d a tio n  w a s  ap p ro v ed  by  the  G en era l R efe ree  a n d  th e  
C o m m itte e  on F o o d s  I a n d  w as ad o p ted  by  the  O ffic ia l M eth o d s  B o ard  o f  
the  A ssoc ia tion . S ee  “C h an g e s  in  O ffic ia l M e th o d s  o f  A n a ly s is”  ( 1993)
J. AOAC Ini. 7 6  J an /F eb  issue .

m etho d . T h e  co m b u stio n  m eth o d  w a s  ad o p ted  firs t 
action  b y  A O A C  In ternational.

C ombustion methods for protein analysis that release ni
trogen at high temperatures and quantitate the nitrogen 
by thermal conductivity were shown to be a practical 

alternative to the classical Kjeldahl method (1 ,2 ). Several dif
ferent manufacturers currently provide instruments that meas
ure nitrogen in meat and meat products. The combustion 
method has inherent advantages over the Kjeldahl method in 
terms o f speed (about 3 min per sample) and freedom from 
concentrated acid and base and the mercury catalyst.

Although the combustion method was studied and adopted 
for protein analysis o f materials such as animal feeds (2, 3), it 
was not approved for meat and meat products. Because an al
ternative to the Kjeldahl method is of great interest to the meat 
industry, a collaborative study o f the combustion method for 
meat and meat products was initiated.

C o lla b o ra tiv e  S tu d y

Twelve laboratories, using 3 different commercially avail
able combustion instruments, participated in the study. Nine 
laboratories used the LECO FP-428, 2 used the Foss Heraeus 
Macro-N Analyzer, and 1 used the Perkin-Elmer PE2410. To 
avoid requiring a particular m anufacturer’s instrument for this 
method, the combustion method was generally described with 
performance guidelines to be met for analysis o f standard nico
tinic acid and lysine hydrochloride. The standards and guide
lines for accuracy were used to ensure that each instrument was 
capable of sufficient accuracy. The amino acid standards 
(Sigma Chemical Co., St. Louis, MO) and EDTA for instru
ment calibration were provided to each collaborator. Collabo
rators were asked to report the results from 10 successive 
analyses o f each o f the 2 amino acid standards, using the com
bustion and the mercury catalyst Kjeldahl methods.

M eat samples provided to collaborators consisted of 15 
closely matched pairs, 30 samples in total. Samples were se
lected by choosing 15 typical commercial meat products and 
then choosing 2 commercial manufacturers o f each product.
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Samples were prepared by grinding in a tabletop meat grinder 
(Biro Model 8-22, Biro Co., Marblehead, OH), following U.S. 
Department o f Agriculture (USDA) guidelines (4) to ensure 
uniform fineness o f samples. The preparation consisted of 
passing emulsified meat products through the grinder (1/8 in. 
plate) twice and passing nonemulsified (coarse) products 
through 3 times. After grinding, ca 250 g units were double- 
bagged in polyethylene and frozen at - 3 0 "C for 72 h before 
shipment to collaborators. Each sample was identified with a 
random 3-digit number obtained from a random number table. 
No indication was made to collaborators o f which samples 
were paired. Collaborators were instructed to keep the samples 
refrigerated (5°C or less) and to knead or massage each sample 
bag for 20 s before opening. Collaborators were encouraged to 
run all analyses within 1 week o f receiving the samples.

Each collaborator was also provided a copy of the combus
tion method requirements for accuracy, a general description of 
the combustion method, and a set o f report sheets to use for data 
recording. Sample size used by the various collaborators 
ranged from ca 2(X) mg to ca 900 mg.

9 9 2 .1 5  C ru d e  P ro te in  in M e a t an d  M eat 
P ro d u c ts — C o m b u s tio n  M eth o d

F irs t A c tio n  1992

(Applicable to meat and meat products with 10-20% crude 
protein)

Method Performance:
sr = 0.12-0.41; sR = 0.18-0.46; RSDr = 0.60-2.23% ; RSDr 

= 1.32-3.35%

A. Principle

Combustion method determines nitrogen released at high 
temperature into pure oxygen and measured by thermal con
ductivity. Nitrogen is converted to protein equivalent by using 
the appropriate factor, 6.25 for meat and meat products.

B. Apparatus

Note: M anufacturer’s recommendations must be followed 
for safe and accurate operation o f instruments. For proper labo
ratory precautions in handling compressed gases required for 
instruments, see “Compressed Gas Cylinders” in “Appendix: 
Laboratory Safety”, Official Methods o f  Analysis (1990) 15th 
Ed.

(a) Combustion instrument.— Suitable for detecting 1-5% 
nitrogen (ca 5-30%  protein) in meat and meat products to 
within ±0.15% o f theoretical nitrogen content o f standard, with 
standard deviation o f  <0.15 for 10 successive determinations 
on same standard. Instrument capable o f analyzing single sam
ple of at least 200 mg (to reduce impact of nonhomogeneity of 
meat and meat products). Instrument with oven capable of op
erating at >850° in pure oxygen (for complete release of nitro
gen from samples), capable of isolating nitrogen from other 
combustion products (i.e., C 0 2, H20 )  for subsequent quantita
tion, and capable o f thermal conductivity measurement o f ni
trogen (Leco FP428, Leco Corp., St. Joseph, MI 49085, USA;

Macro-N Analyzer, Foss Heraeus Analysensysteme GmbH, 
Hanau 1, Germany; and PE2410, Perkin-Elmer Corp., Nor
walk, CT 06859, USA, are suitable). Calibrations, required by 
most instruments, must be conducted by using theoretical per
cent nitrogen in pure primary standard organic compounds, 
such as EDTA.

(b) Food chopper.— With 1/8 in. (or less) plate, capable of 
grinding meat samples.

C. Reagents

The following reagents are typical but may vary depending 
on instrument. Consult manufacturer’s instructions for spe
cific instruments.

(a) Compressed oxygen gas.— 99.99%.
(b) Compressed helium gas.— 99.99%.
(c) Compressed inert gas.— Nitrogen (or equivalent), oil 

and water free.
(d) Nitrogen standard.— Ethylenediaminetetraacetic acid 

(EDTA), 9.59% nitrogen, or other suitable organic material of 
high purity and known nitrogen content (e.g., nicotinic acid or 
lysine hydrochloride).

(e) Quartz wool.
(f) Glass wool.
(g) Alumina oxide pellets.
(h) Anhydrous magnesium perchlorate (MgClOf).
(i) Sodium hydroxide on silicate carrier.
(j) Cu sticks.
(k) Cu metal turnings.
(l) A lfo il combustion cups.
Reagents available from several commercial manufacturers 

o f combustion analyzer instruments [See B(a)[.

D. Preparation of Sample

Pass samples through grinder 2x  in succession for emulsi
fied meat products; mix thoroughly after each grinding. Pass 
3x in succession for nonemulsified (coarse or whole mus
cle) products.

E. Determination

Set instrument operating parameters (oven temperature, 
oxygen flow, calibration values, etc.) according to manufac
turer’s instructions. Let furnace and instrument reach operating 
temperature and stabilize. Warm-up time may be ca 6 h from 
cold start. Establish system blanks as appropriate for analysis 
and calibrate to blanks if necessary. A t least 5 blank analyses 
are recommended. Calibrate instrument by using 3-5  analyses 
of nitrogen standard as follows:

(7) Accurately weigh 110-150 mg EDTA to the nearest 
0.1 mg, or equivalent amount o f nitrogen if using other nitro
gen standard, into tared combustion cup or foil and transfer cup 
or foil to open loading port on instrument. Enter or record pro
tein conversion factor required, if appropriate for instrument 
used.

(2) Close port, move sample into furnace, and begin analy
sis.

(3) W hen analysis is complete (3-5 min), repeat sequence 
for next sample.
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Table 1. Sam ples used for collaborative study of com bustion method for determ ination of crude protein in meat and 
meat products

Sample pair Sample No. Estd protein, %a Description Supplier

1 377 17 Ground beef Fareway
741 17 HyVee

2 414 20 Lean ground beef ISU Meat Lab
573 20 Cub Foods

3 165 19 Ground pork Cub Foods
822 19 ISU Meat Lab

4 439 18 Ground turkey Louis Rich
946 18 Longacre

5 471 11 Frankfurters Dubuque Beef
759 11 Nissen Beef

6 298 12 “Light” frankfurters Oscar Mayer
582 12 Hormel

7 163 13 Turkey frankfurters Jennie-0
935 13 Schweigert

8 434 10 Bologna HyVee
723 10 Oscar Mayer

9 637 12 “Light” bologna Oscar Mayer
8 6 6 12 Kahns Bulk at Cub

10 198 14 Turkey bologna HyVee
598 14 Wilson

11 118 17 Canned ham Dubuque
777 17 Farmland

12 364 17 Ham, water added Wilson
629 17 Farmstead

13 255 20 Dried beef Carl Buddig
299 20 Wilson

14 513 13 Pork sausage ISU Meat Lab
856 13 Purnells Old Folks

15 647 14 Summer sausage Huisken
941 14 ISU Meat Lab

3 Protein estimated from previous work with commercial meat products by assuming typical values would be found.

(4) Adjust instrument as necessary on the basis o f results 
from nitrogen standard.

(5) Analyze samples by repeating steps (1) to (3).
(6) Read nitrogen results directly from instrument.

F. Calculation

Crude protein, % = % nitrogen x  6.25

(N ote: Results with this method average 1.01 x results with
928.08.)

Ref.: J. AOAC Int. (1993) 76, July/August issue.

R e s u lts  an d  D is c u s s io n

Sample pairs selected for the study are presented in Table 1. 
We anticipated that by choosing different manufacturers o f the 
same product (for example, frankfurters) the protein content of 
each pair would be very similar but not identical, an objective 
of the Youden pair approach (5). Collaborators analyzed each 
sample once by the AOAC mercury catalyst Kjeldahl method
(928.08) (1) and once by the combustion method. The data re
ported by each o f the 12 laboratories are presented in Table 2. 
In general, sample pairs were closely matched, with about 5%
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Sample Laboratory

Table 2. Data for collaborative study on crude protein (%) determination in meat and meat products by AOAC
Kjeldahl (K) method and a combustion (C) method

Pair No. Method 1 2 3 4 5 6 7 8 9 10 11 12

1 377 K 16.58 16.19 16.06 17.08 16.17 16.64 16.54 16.80 16.50 16.53 16.33 16.32
C 16.48 16.72 17.10 16.74 16.62 16.30 16.62 16.91 15.88 16.15 17.56 16.56

741 K 17.25 16.81 16.63 18.00 16.87 17.05 17.23 16.88 17.13 16.83 16.60 16.64
C 17.36 17.41 17.61 16.83 16.74 16.92 17.18 17.50 17.38 16.55 17.71 16.81

2 414 K 20.46 20.38 2 0 .0 2 2 1 .0 2 19.49 20.39 2 0 .6 8 20.15 19.31 20 .21 20.09 19.99
C 20.25 20.59 20.31 20.40 20.77 19.92 20.59 20.30 18.56 20.65 20.26 20.03

573 K 18.99 17.62 18.38 19.56 18.94 18.87 19.20 18.40 18.25 18.55 18.40 18.39
C 18.71 18.96 18.80 18.41 18.88 18.76 19.29 18.84 18.44 18.99 19.52 18.81

3 165 K 19.73 19.12 19.58 20.33 18.95 19.63 20.57 19.53 19.38 19.71 19.38 19.45
C 19.35 19.90 2 0 .0 0 19.44 19.53 19.59 20.08 19.95 19.62 19.82 2 1 .1 2 19.88

822 K 19.77 19.56 19.23 20.30 19.10 19.73 19.74 19.51 19.50 19.72 19.36 19.45
C 19.44 19.84 19.68 19.62 19.51 19.58 19.97 19.84 19.94 20.03 20.31 19.70

4 439 K 18.61 18.00 18.49 19.18 18.76 18.84 18.71 18.76 17.81 18.44 18.46 19.02
C 18.54 19.06 18.87 18.63 18.61 18.73 18.68 19.02 17.63 17.98 19.34 18.72

946 K 18.25 18.38 17.63 18.52 18.36 18.46 18.44 18.27 18.31 18.58 17.79 18.05
C 18.36 18.21 17.30 18.16 18.47 18.14 18.68 18.35 18.25 18.37 19.25 18.68

5 471 K 11.65 11.44 11.92 11.82 11.35 11.49 11.71 11.32 10.75 11.55 11.46 11.65
C 11.61 11.78 1 1 .6 6 11 .68 11.73 11.33 11.79 11.69 11.19 11.58 12.03 12.15

759 K 11.65 11.50 11.08 11.63 11.56 11.32 12.04 11.76 10.94 11.33 10.98 11.03
C 11.53 11.74 11.50 11.49 11.51 1 1 .2 2 11 .68 11.74 1 0 .8 8 1 1 .0 0 11.45 11.99

6 298 K 11.63 11.19 11.76 11 .86 11.70 11.26 11.55 11.72 11.69 1 1 .6 6 11.64 11.27
C 11.57 11.70 11.89 11.54 12.16 11.78 11.90 11.74 11.81 11.74 11 .88 11.92

582 K 11.95 1 2 .1 2 11.53 11.58 11.97 12.03 11.87 11.54 12.19 12.03 11.76 11.76
C 11.78 12.09 11.97 11.78 11.78 1 2 .1 0 11.94 11.71 12.19 12.25 12.18 11.76

7 163 K 13.44 13.19 13.13 13.40 13.47 13.33 13.30 13.51 1 2 .8 8 13.40 13.42 13.33
C 13.25 13.58 13.61 13.31 13.38 13.18 13.85 14.19 13.06 13.93 14.26 13.86

935 K 13.60 13.38 13.44 13.37 13.82 13.24 13.46 13.68 12.75 13.36 13.48 13.31
C 13.44 13.68 13.54 13.68 13.55 13.86 13.92 13.46 12.94 13.56 13.71 13.37

8 434 K 10.90 10.69 10.76 10.67 10.96 10.53 10.51 10.89 10.56 10.79 10.82 10.80
C 10.69 10.99 10.03 10.63 1 0 .8 6 10.83 10.98 11.55 10.69 10.85 11 .86 11.18

723 K 11 .68 11.44 11.06 11.64 11.49 1 1 .02 11.87 11.63 11 .00 11.53 11.54 11.40
C 11.45 11.67 11.50 11.34 11.46 11.43 11.58 11.55 11.25 1 1 .6 8 12.14 12.04

9 637 K 11 .68 11.50 11.42 11.42 11.41 11.11 11.82 1 1 .8 8 11.69 11.54 11.28 11.25
C 11.40 11.67 11.42 11.23 11.54 11.38 11.53 1 2 .1 0 11.63 11.45 12.17 11.89

8 6 6 K 13.94 13.56 13.53 13.55 13.68 13.32 13.63 13.41 13.69 13.45 13.56 13.57
C 13.27 13.68 13.74 13.42 13.76 13.35 13.70 14.14 13.88 13.58 13.85 13.52

10 198 K 14.65 14.62 15.22 15.16 14.34 14.38 14.77 14.16 14.88 14.60 14.50 14.53
C 14.55 14.78 14.66 14.79 14.47 14.42 14.81 15.02 14.56 14.52 14.95 14.59

598 K 14.67 14.75 14.29 15.16 14.87 14.45 14.75 14.99 15.35 14.70 14.70 14.71
C 14.66 14.98 14.78 14.92 14.73 14.48 15.01 15.50 15.00 14.83 14.98 14.50

11 118 K 17.04 16.81 16.98 17.45 16.67 16.51 17.27 17.13 18.06 16.98 16.84 16.93
C 16.91 17.27 17.24 17.13 17.44 16.88 17.14 17.45 16.88 16.87 17.41 17.09

777 K 16.50 16.69 16.23 16.92 16.50 16.54 16.22 17.04 16.00 16.46 16.44 16.30
C 16.52 16.82 16.82 17.18 16.73 17.56 16.66 17.31 16.19 16.33 16.91 16.45
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Table 2. (Continued)

Sample Laboratory

Pair No. Method 1 2 3 4 5 6 7 8 9 10 11 12

12 364 K 17.36 17.12 16.92 17.81 17.54 17.06 16.94 17.80 17.06 17.44 17.26 17.01
C 17.08 17.64 17.68 18.00 18.03 17.11 17.42 18.05 17.01 17.44 17.90 17.53

629 K 17.05 16.94 16.48 17.72 16.62 16.48 17.18 17.23 16.50 17.60 16.91 16.99
C 17.04 17.30 16.84 18.46 17.00 17.71 16.95 17.27 16.56 17.12 17.41 17.12

13 255 K 19.83 19.50 19.56 20.29 19.09 19.61 20.49 19.42 19.81 19.46 18.98 19.07
C 19.61 19.59 19.78 19.51 19.70 19.35 19.62 19.79 19.56 19.14 19.95 19.47

299 K 20.49 20.44 20.08 21.37 20.83 20.39 20.41 20.64 20.25 20.16 19.95 20.27
C 20.63 20.92 20.74 2 1 .8 8 20.48 20.94 20.63 2 1 .1 0 20.06 20.33 20.99 20.57

14 513 K 15.43 15.06 15.25 16.12 15.34 15.14 15.21 15.53 15.81 15.41 15.17 15.63
C 15.13 15.82 15.65 15.42 15.36 15.18 15.82 16.16 15.88 15.53 15.86 15.84

856 K 13.10 13.00 12.31 13.29 12.73 12.49 12.59 12.45 12.31 13.09 12.57 12.98
C 12.81 13.23 12.99 12.93 12.77 11.84 13.37 13.06 12.44 12.85 13.24 13.09

15 647 K 14.44 14.50 14.00 14.55 14.34 14.20 14.00 14.24 13.81 13.97 14.52 14.17
C 14.39 14.45 13.84 14.18 14.19 13.99 14.40 14.64 13.44 14.33 15.08 14.79

941 K 19.69 19.19 19.14 20.34 19.43 18.75 19.36 19.63 19.50 19.31 18.99 19.18
C 19.24 18.87 19.51 19.26 19.21 18.93 19.72 19.47 19.56 19.49 19.50 19.41

or less difference between the 2 samples of the pair. Three of 
the pairs (sample pairs 9, 14, and 15), however, showed more 
than 10% difference between the 2 samples of the pair. These 
samples are products (light bologna, pork sausage, and summer 
sausage, respectively) that are not uniform across the industry, 
and consequently, the greater differences were not surprising.

The performance testing of the combustion method by the 
collaborators showed that all laboratories performed well in 
combustion analysis o f standard nicotinic acid and lysine hy-

Table 3. Collaborators’ perform ance for combustion  
analysis of standards

Laboratory

Nicotinic acid LysineHCI

Mean, % Na SDb Mean, % Na SDb

1 11.32 0.13 15.34 0.04

2 11.31 0.09 15.22 0.17C
3 11.39 0.05 15.40 0 .0 2

4 11.42 0 .0 2 15.33 0 .01

5 11.43 0.05 15.29 0.03
6 11.36 0.16c 15.32 0.03
7 11.49 0.03 15.36 0 .0 2

8 11.46 0.06 15.32 0 .0 2

9 11.39 0 .0 2 15.34 0 .0 2

10 11.26 0.03 15.08c 0 .1 2

11 11.49 0.01 15.37 0.05

12 11.41 0 .1 0 15.26 0.05

Theoretical 11.38 15.34

a Mean of 10 determinations. 
b SD = standard deviation.
c Value outside the performance requirements of ±0.15 respective 

theoretical %N values or ±0.15 standard deviation.

drochloride (Table 3). Only 1 (laboratory 10) o f the 24 means 
shown in Table 3 was outside the recommended ±0.15, and 
only 2 (laboratories 2 and 6) o f 24 exceeded the recommended 
standard deviation of 0.15 (by 0.01 and 0.02, respectively).

Examination of the data from both methods for gross out
liers was done by preparing 2-sample X-Y plots o f the 15 sam
ple pairs (5).

No gross outliers were observed for the Kjeldahl values 
from any o f the 12 laboratories. In addition, use of the Cochran 
test, the single Grubbs test, and the double Grubbs test showed 
that none o f the Kjeldahl data exceeded critical values for these 
tests for outliers. For the combustion method, one sample pair 
(414, 573) from laboratory 9 was in the low quadrant of the 
X-Y plot and exceeded the critical value o f the single Grubbs 
test. Consequently, for the combustion method, the data for this 
pair (414, 573) from laboratory 9 were excluded from the rest 
o f the comparisons.

The calculated estimates o f precision are shown in Table 4, 
with the sample pairs arranged in order o f increasing protein 
content. Repeatability standard deviations (s,.) were very simi
lar for the 2 methods, ranging from 0.11 to 0.40 for the Kjeldahl 
method and from 0.12 to 0.41 for the combustion method (Ta
ble 5). Reproducibility standard deviations (sR), likewise, were 
similar, ranging from 0.20 to 0.49 and from 0.18 to 0.46 for the 
Kjeldahl and combustion methods, respectively. The repeat
ability relative standard deviations (RSDr) ranged from 0.82 to 
2.41 % for the Kjeldahl method and from 0.60 to 2.23% for the 
combustion method. The ranges for the reproducibility relative 
standard deviations (RSDr) were 1.59 to 2.84% for the 
Kjeldahl method and 1.32 to 3.35% for the combus
tion method.

Comparison of the sample means (Table 4) shows the 
means from the combustion method to be slightly higher for all
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Table 4. Com parison of precision param eters for Kjeldahl and com bustion methods for closely matched pairs in 
collaborative study on crude protein in m eat and m eat products

Sample
pair

Kjeldahl Combustion

Mean % 
protein Sr SR RSDr, % RSDr , %

Mean % 
protein sr SR RSDr, % RSDr, %

8 11.09 0.19 0 .2 2 1.75 2 .0 2 11.26 0.25 0.38 2.19 3.35

5 11.46 0.28 0.32 2.41 2.84 11.58 0.14 0.29 1 .2 0 2.50

6 11.72 0.27 0.27 2.28 2.28 11 .88 0.18 0.18 1.53 1.53

9 12.54 0.16 0 .2 0 1.31 1.59 12.64 0.16 0.27 1.23 2.14

7 13.36 0.11 0 .2 2 0.82 1 .6 8 13.59 0.29 0.33 2.14 2.46

14 14.08 0.27 0.32 1.90 2.29 14.26 0.25 0.37 1.75 2.58

10 14.72 0.30 0.30 2.04 2.07 14.22 0 .1 2 0.24 0.79 1.60

15 16.80 0.29 0.33 1.75 1.99 16.83 0.35 0.36 2.08 2 .1 2

1 16.76 0 .2 2 0.37 1.29 2 .2 2 16.90 0.28 0.41 1.65 2.43

11 16.77 0.40 0.40 2.37 2.37 16.99 0.28 0.36 1.64 2.14

12 17.13 0.24 0.37 1.40 2.16 17.40 0.34 0.43 1.97 2.49

4 18.42 0.33 0.34 1.77 1 .8 6 18.50 0.41 0.46 2.23 2.47

3 19.60 0 .2 2 0.39 1.11 1.99 19.76 0 .1 2 0.26 0.60 1.32

2 19.41 0.36 0.49 1.89 2.53 19.643 0.25 0.28 1.27 1.42

13 2 0 .0 2 0.33 0.42 1.63 2.11 20.18 0.33 0.36 1.63 1.77

a Results by combustion method for sample pair 2 from laboratory 9 were excluded on basis of single Grubbs test.

pairs. W hen means are compared for each sample within pairs 
(Table 6), only one sample (941) resulted in a greater value by 
the Kjeldahl method. The average difference was 0.16% pro
tein (0.025% N) between the 2 methods for all samples. Paired 
/-tests showed no significant difference between the methods. 
The grand means of all samples were 15.59% for the Kjeldahl 
method and 15.75% for the combustion method.

Comparing the 2 methods for analysis o f the standards, 
nicotinic acid and lysine hydrochloride (Table 7), shows the 
greater difficulty experienced by several laboratories with the 
Kjeldahl method for the standards. Six of the 12 laboratories 
reported low values for nicotinic acid, and 5 had difficulties 
with the determinations on lysine hydrochloride. This diffi
culty is not unusual and has been observed previously (2). The 
combustion method, when applied to the standards, was more 
consistent than the Kjeldahl method when all 12 laboratories 
are considered.

C o n c lu s io n s

The combustion method for crude protein performed very 
satisfactorily when applied to a variety o f meat and meat prod-

Table 5. Range o f precision estim ates for Kjeldahl and 
com bustion m ethods in collaborative study on crude  
protein in m eat and m eat products

Measure Kjeldahl Combustion

sr 0.11-0.40 0.12-0.41

SR 0.29-0.49 0.18-0.46
RSDr 0.82-2.41 0.60-2.23
RSDr 1.59-2.84 1.32-3.35

ucts by 12 different laboratories. Repeatability and reproduci
bility standard deviations were equivalent for the 2 methods. 
Further, data for only one sample pair for the combustion 
method in one laboratory were excluded as outliers. This 
means that only 2 of the 360 data points collected for the com 
bustion method were outliers, an outcome indicating that both 
the method and the laboratories involved performed very well.

In addition, 3 different combustion instruments were used 
in this study with no obvious effects on the results; therefore, 
the combustion method does not require a particular instru
ment. M inimum sample size and performance requirements for 
accuracy should be included when the method is applied to 
meat and meat products.

R e c o m m e n d a tio n

We recommend that the combustion method be adopted first 
action for determination of crude protein in m eat and meat 
products. To achieve homogeneity before sampling, a m ini
mum sample size o f 200 mg and careful sample preparation 
following USD A laboratory guidelines are recommended. Per
formance guidelines for combustion instruments should be 
±0.15 o f theoretical N content o f the mean of 10 determinations 
of nicotinic acid and of lysine hydrochloride, with a standard 
deviation of <0.15. Safety precautions should be followed ac
cording to the respective manufacturer o f the instrument used.
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Table 6 . Com parison of sam ple means by com bustion Table 7. Collaborators’ results of 10 determ inations by
and Kjeldahl m ethods (all laboratories) for collaborative com bustion and Kjeldahl m ethods for standards (%
study on crude protein in m eat and m eat products protein)

Mean protein, % Nicotinic acid Lysine HCI

Sample Sample Difference Laboratory Kjeldahl Combustion Kjeldahl Combustion
pair No. Kjeldahl Combustion (comb. -  K j e l d a h l ) ------------------------------------------------------------

1 377 16.54 16.64 0 .1 0
741 17.07 17.17 0 .1 0

2 a 414 20.18 20.37 0.19
573 18.63 18.91 0.28

3 165 19.61 19.77 0.16
822 19.58 19.75 0.17

4 439 18.59 18.67 0.08
946 18.25 18.35 0 .1 0

5 471 11.51 11.69 0.18
759 11.40 11.48 0.08

6 298 11.58 11.80 0 .2 2
582 1 1 .8 6 11.96 0 .1 0

7 163 13.32 13.66 0.34
935 13.41 13.56 0.15

8 434 10.74 10.93 0.19
723 11.44 11.59 0.15

9 637 11.50 11.62 0 .1 2
8 6 6 13.57 13.66 0.09

10 198 14.65 14.68 0.03
598 14.79 14.86 0.07

11 118 17.06 17.18 0 .1 2
777 16.49 16.79 0.30

12 364 17.28 17.57 0.29
629 16.98 17.23 0.25

13 255 19.59 19.59 0 .0 0
299 20.44 20.77 0.33

14 513 15.43 15.64 0 .21

856 12.74 12.89 0.15

15 647 14.23 14.31 0.08
941 19.38 19.35 -0.03

Overall 15.59 15.75 0.16

3 Results of combustion method from laboratory 9 excluded.

1 71.45 70.75 95.91 95.89
2 70.21 70.72 94.02 95.10
3 69.99 71.18 94.63 96.27
4 59.54a 71.35 94.96 95.80
5 39.28a 71.43 93.33a 95.57

6 64.83a 70.98 93.52a 95.74
7 71.90 71.81 96.08 96.01
8 70.19 71.65 94.65 95.72

9 70.73 71.16 95.80 95.84

10 27.94a 70.37 93.17a 94.23
11 14.49a 71.79 77.33a 96.07
12 35.04a 71.28 99.00a 95.39

Mean 70.75 71.21 95.15 95.64
Theoretical 71.12 95.88

3 Excluded from mean.
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METALS AND OTHER ELEMENTS
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by Gel Chromatography Followed by Atomic Absorption 
Spectrophotometry and Polarography

C h iu  L . C h o u  a n d  J o h n  F. U t h e

M a rin e  C h e m is try  D iv is io n , P h y s ic a l a n d  C h e m ic a l S c ie n c e s  B ra n c h , D e p a r tm e n t o f  F ish e r ie s  a n d  O c ea n s , 
P O  B o x  5 5 0 , H a lifa x , N o v a  S c o tia , B 3 J  2 S 7 , C a n a d a  
R o b e r t  D . G u y

D a lh o u s ie  U n iv e rs ity , D e p a r tm e n t o f  C h e m is try , U n iv e rs ity  A v en u e , H a lifa x , N o v a  S c o tia , B 3 H  4 J1 , C a n a d a

Gel-permeation chromatography followed by 
atomic absorption spectrophotometric and po- 
larographic analyses were used to measure free 
and bound divalent metal ions in lobster digestive 
gland extracts prepared with or without a-toluene- 
sulfonyl fluoride, a protease inhibitor. Chromatogra
phy on Sephadex G-50 or G-100 yielded 3 UV-ab- 
sorbing peaks, which corresponded, respectively, 
to the void volume, a medium molecular weight 
fraction, and a low molecular weight fraction that 
contained free divalent metal ions. In protease-in
hibited extracts, only Zn+2 was found, whereas Cd, 
Cu, and Ag were bound in high and medium mo
lecular weight fractions. Cd+2 and Zn+2 were rapidly 
released from their bound forms in the absence of 
a protease inhibitor, and their presence was con
firmed by polarography with EDTA. Gel-permeation 
chromatography coupled with atomic absorption 
spectrophotometry offers a rapid method for follow
ing changes in the concentrations of bound and 
free metal ions during processing of shellfish- 
based foodstuffs.

S h e llfish  a re  h ig h ly  d e s irab le  fo o d stu ffs , an d  c o n su m p tio n  
o f  v iscera l tis su es  o f  m o st sh e llfish  is co m m o n  p ractice . 
H o w ev er, sh e llfish  acc u m u la te  tox ic  m eta l ion s, such  as 

C d , C u , Z n , an d  A g  in  c e r ta in  v iscera l tissu es (1). F o r  e x am p le , 
the  d ig es tiv e  g lan d  o f  A m e ric an  lo b ste r  ( H o m a r u s  a m e r i 

c a n u s ) ,  w h ic h  is ap p ro x im ate ly  2 0 %  o f  the  e d ib le  tissue , n o r
m ally  co n ta in s  h ig h  C d  c o n ce n tra tio n s  ( 1 - 8 0  |rg /g  w e t w e ig h t) 
(2). L o b s te rs  fro m  c o n ta m in a te d  a reas m ay  c o n ta in  su rp ris
in g ly  h igh  C d  co n ce n tra tio n s , freq u en tly  e x ce ed in g  100 (rg 
C d /g  w e t w e ig h t in d ig es tiv e  g lan d s o f  lo b ste rs  cap tu red  n e a r a  
le a d  sm e lte r  (3). C d +2 is n o rm a lly  p ro te in -b o u n d  in b io ta , and
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v a rio u s  m eta l-b in d in g  p ro te in s  w e re  iso la ted  a n d  c h ara c te riz ed  
(4 -6 ) . A  p ro tea se  in h ib ito r  m ust b e  u se d  d u rin g  th e ir  iso la tio n  
(7), b e ca u se  C d +2 is rap id ly  re leased  b y  p o s tm o rte m  activ ity . 
C h o u  e t al. ( 8 ) rep o rte d  that ap p ro x im a te ly  5 0 %  o f  th e  to ta l C d  
in  fresh  fro zen  o y ste r  tissu e  w as  p re sen t as C d +2. C d  w a s  rap 
id ly  re le a sed  fro m  the  d ig es tiv e  g lan d  o f  g ian t sca llo p  ( P la -  

c o p e c t e n  n m g e l la n ic u s )  u p o n  d ea th  (9).
A  stu d y  o f  C d  u p tak e  by  ra ts  fe d  a  d ie t b a se d  on  can n e d  

lo b ste r  d ig es tiv e  g lan d  sh o w ed  th a t u p tak e  fro m  th is  so u rce  
w a s  m u ch  less th an  th a t o b se rv ed  w ith  a  c a se in -b ased  d ie t 
sp ik ed  w ith  an  eq u iv a len t c o n ce n tra tio n  o f  an  in o rg an ic  C d  salt
(10). P o la ro g rap h ic  assay  o f  the  can n e d  d ie t sh o w ed  th a t free  
C d +'  w a s  fo rm ed  d u rin g  p ro cess in g . T h e  co n cen tra tio n  o f  C d +2 
w a s h ig h  e n o u g h  to  acc o u n t fo r th e  o b se rv ed  u p tak e .

T h ese  o b se rv a tio n s  led  us to  d e v e lo p  a m e th o d  fo r  m ea su r
in g  c o n ce n tra tio n s  o f  free  an d  b o u n d  fo rm s  o f  v a rio u s  m eta l 
io n s  in lo b s te r  d ig es tiv e  g lan d  e x tra c ts  by  u sin g  g e l-p e rm e a tio n  
c h ro m a to g ra p h y  fo llo w ed  b y  a to m ic  ab so rp tio n  sp e c tro 
p h o to m e try  (A A S ) a n d  po laro g rap h y . T h e  m eth o d  can  b e  u se d  
to  m o n ito r  c h an g e s  in the  n a tu re  o f  v a rio u s to x ic  m eta l io n s 
d u rin g  p ro c ess in g  o f  c e rta in  fo o d stu ffs.

METHOD

A p p a r a tu s

(a )  F la m e  A A S  s y s t e m .— P e rk in -E lm er M o d e l 4 0 3  
e q u ip p e d  w ith  s ing le  slo t b u rn e r h e a d  a n d  d e u te r iu m  a rc  b a c k 
g ro u n d  co rrec tio n .

(b )  F la m e le s s  A A S  s y s t e m .— P e rk in -E lm er M o d e l 4 0 3  
e q u ip p e d  w ith  M o d e l H G A  2 1 0 0  g ra p h ite  fu rn ace  an d  d e u te 
r iu m  arc  b ack g ro u n d  co rrec tio n .

(c) D if f e r e n t ia l  p u l s e  p o l a r o g r a p h i c  a n a l y z e r .— P rin c e to n  
A p p lied  R esearch  C o rp .. M o d e l 174.

(d )  L iq u id  c h r o m a to g r a p h ic  s y s t e m .— P h a rm a c ia  T y p e  C  
c o lu m n  (1 0 0  c m x 2 6  m m  id ), L K B -P ro d u c k te r  M o d e l II 
U v c o rd  f lo w -th ro u g h  de tec to r, an d  U ltro rac  M o d e l 7 0 0 0  fra c 
tio n  co llec to r, w ith  M a rrio tte  b o ttle  re se rv o ir  o r  P R E X  p e ris ta l
tic  p u m p  to  m ain ta in  p ressu re .
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R e a g e n t s

A ll re ag e n ts  w e re  a n a ly tic a l g rad e . Q u a rtz -d is tilled  w a te r  
w as u se d  th ro u g h o u t. a -T o lu e n e su lfo n y l f lu o rid e  (T S F ) w as 
o b ta in ed  fro m  S ig m a  C h e m ic a l C o . (S t. L o u is , M O ). M e ta l ion  
s tan d ard  so lu tio n s  w e re  o b ta in e d  fro m  F ish e r S c ien tif ic  (C an 
ada).

P r e p a r a tio n  o f  E x tr a c ts

C d -c o n ta m in a te d  lo b ste rs  w e re  o b ta in ed  fro m  B e lled u n e  
H arbour, N ew  B ru n sw ick , C a n ad a . C lea n  lo b sters  w e re  o b 
ta in ed  fro m  H e ro n  Is lan d , N e w  B ru n sw ick .

G e n tly  h o m o g en iz e  3 g  d ig es tiv e  g lan d  (fro m  fresh ly  k illed  
a n im a l) in 10 m L  1 .0M  a m m o n iu m  ace ta te  (p H  7 .2 , w ith  o r 
w ith o u t 0.1 m M  T S F ) in  P o tte r-E lv eh jem  g lass  h o m o g en iz e r  
w ith  P T F E  p e stle  fo r 1 m in . C e n trifu g e  h o m o g en a te  3 tim e s  a t 
30  0 0 0  x  g  fo r  30  m in  a t 4 C ,  d e ca n tin g  a f te r  e ach  se d im e n ta 
tion ; filte r  th ro u g h  fr itte d  d isc  (M illip o re  4  x x - 10-025-14) 
o v erla id  w ith  1 lay e r o f  f lo w  a d ap to r n y lo n  sc reen  (P h a rm ac ia )

G e l- P e r m e a tio n  L iq u id  C h r o m a to g r a p h y

P a c k  c h ro m a to g ra p h ic  co lu m n  w ith  e ith e r  S e p h a d ex  G - 100 
o r  G -5 0  p re p are d  a cc o rd in g  to  m a n u fa c tu re r’s in stru c tio n s. 
E lu te  w ith  1M  a m m o n iu m  ace ta te , p H  7 .2 , a t c a  15 m L /h . 
M o n ito r  e lu a n t a t 2 5 0  nm , a n d  c o llec t 5 m L  frac tio n s .

B lu e  d ex tran , c y to c h ro m e  C , an d  K +, w e re  u sed  to  c a lib ra te  
c o lu m n  (F ig u re  1). M e ta l io n s  (C d +2, Z n +2, C u +2, an d  A g +) 
w ere  sh o w n  to  e lu te  q u a n tita tiv e ly  u n d e r  th ese  c o n d itio n s  ( 11).

A to m ic  A b s o r p tio n  S p e c t r o p h o to m e t r y

M etal io n s in ex tra c ts  an d  frac tio n s  w ere  d e te rm in e d  w ith 
o u t d ig es tio n . C d , Z n , a n d  C u  w ere  d e te rm in e d  by  flam e  A A S  
at 228 .8 , 21 3 .8 , an d  32 4 .8  n m  fo r  C d , Z n , and  C u , resp ec tiv e ly , 
u s in g  C d  e le c tro d e le ss  d isc h a rg e  lam p  o r  h o llo w  c a th o d e  
lam p s fo r  Z n  an d  C u. A g  w a s  d e te rm in e d  by  g ra p h ite  fu rn ace  
A A S  u sin g  h o llo w  c a th o d e  lam p  a t 328.1  nm . M e th o d  o f  s ta n d 
ard  ad d itio n s  w as  u se d  th ro u g h o u t. A c cu ra c y  o f  th e se  m eth o d s  
w as c o n firm ed  th ro u g h  in te rco m p a riso n  s tu d ies  ( 1 2 , 13).

P o la r o g r a p h y

D ilu te  0 .5 -1 .0  m L  ex tra c t o r  1 m L  c h ro m a to g ra p h ic  fra c 
tion  to  10 m L  w ith  1M  a m m o n iu m  ace ta te , tran s fe r  to  po- 
la ro g rap h ic  cell, a n d  d e te rm in e  io n s by  u sin g  d iffe ren tia l pu lse  
o p e ra tin g  m o d e  a t 2  m V /s  p o ten tia l sc a n  ra te , 2  s d ro p  tim e , an d  
5 0  m V  m o d u la tio n  a m p litu d e .

Results and Discussion

G e l- P e r m e a t io n  C h r o m a to g r a p h y

W ith o u t  p r o t e a s e  i n h ib i to r  ( T S F ).— F ig u re  1 sh o w s the  
2 5 0  nm  a b so rp tio n  c h ro m a to g ra m s fo r  C d , Z n, C u , a n d  A g  o f  
a  C d -c o n ta m in a te d  lo b ste r  d ig es tiv e  g lan d  e x tra c te d  by  u s in g  
S ep h ad ex  G -1 0 0 . T h re e  m a jo r  U V -ab so rb in g  p e ak s  (U V -I, 
U V -II, an d  U V -III. in  o rd e r o f  e lu tio n ) w e re  found . UV -I co rre 
sp o n d ed  to  h ig h  m o le c u la r  w e ig h t m ate ria l th a t e lu te d  a t the  
vo id  v o lu m e; U V -II c o rre sp o n d e d  to  m ed iu m  m o le c u la r  
w e igh t m ate ria l w ith in  th e  m o le c u la r  w e ig h t ran g e  o f  m eta l-

(in mL)

Figure 1. Sephadex G-100 (2.5 x  80 cm column; eluant, 
1 M am m onium  acetate) elution profiles for contaminated  
lobster digestive gland extract (no TSF). Fractions 1 -4  
correspond to the region UV-II and UV-III (HMW, high 
m olecular weight; MMW, medium m olecular weight; 
LMW, low molecular weight).

lo th io n e in  o r m e ta l-b in d in g  p ro te in s; a n d  U V -III co rre sp o n d e d  
to  lo w  m o le c u la r  w e ig h t m ate ria l. A A S  y ie ld ed  3 C d -co n ta in - 
in g  p eak s (C d-I, C d -II, an d  C d -III), 2 C u -c o n ta in in g  p e ak s  (C u- 
I an d  Cu-11), 2 Z n -co n ta in in g  p e ak s  (Z n -I and  Z n -III), an d  2 
A g -c o n ta in in g  p e ak s  (A g -I a n d  A g -II). A g a in , the  d e s ig n a tio n s  

I, II, an d  III re fe r  to  re la tiv e  m o le c u la r  w e ig h ts  o f  the  m eta l- 
co n ta in in g  frac tio n s . T h e  a b se n ce  o f  Z n  in p eak  II an d  th e  p re s
e n ce  o f  C d  in P eak  III su g g ested  th a t so m e  d eg rad a tio n  o c 
cu rre d  d u rin g  p ro c ess in g  (4, 11). W ith o u t p ro tea se  inh ib ition .
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Table 1. Recovery and peak distribution of Cd+2, Zn+2, and Ag+ in lobster digestive gland extract (containing TSF) 
by gel-perm eation chrom atography/atom ic absorption spectophotom etry

Column packing
Metal

ion
Metal ion in digestive 

gland, gg/g wet wt
Metal ion recovered, 

off column, % UV-I

Metal ion, % 

UV-II UV-III

Sephadex G-50 Cd 87.3 98.1 1.5 98.5 _

Zn 23.5 103.0 19.8 54.6 25.4
Cu 6.34 1 10 .0 67.3 32.7 —
Ag 1.14 94.6 54.8 45.2 —

Sephadex G-100 Cd 87.3 96.8 2 .0 98.0 —
Zn 23.5 108.0 2 1 .8 58.1 19.1
Cu 6.34 1 0 1 .0 71.2 28.8 —

Ag 1.14 96.3 52.6 47.4 —

the  d is tr ib u tio n  o f  C d  in e x tra c ts  ch an g ed  o v e r  tim e ; re ch ro m a 
to g rap h y  o f  C d -II  y ie ld e d  o n ly  C d -III  (C d +2), p ro b a b ly  b ecau se  
o f  th e  p re sen c e  o f  au to ly tic  an d  d ig es tiv e  en zy m es . B acteria l 
d e g rad a tio n  a lso  m ay  p lay  a  ro le , b u t th is is u n lik e ly  b ecau se  
o f  th e  sp e e d  a t w h ic h  th ese  c h an g e s  occu rred .

O b v io u sly , th e  d is tr ib u tio n  o f  ce rta in  m eta l io n s  in  lo b ste r  
d ig es tiv e  g la n d  ex trac ts  c h an g e s  o v e r  tim e. T o  p re v en t p ro 
teo ly tic  c h an g e s , e x tra c ts  w e re  p re p are d  in th e  p re sen c e  o f  
l (T 4M  T S F  (7), a  k n o w n  p ro tea se  inh ib ito r. P o la ro g rap h ic  
s tu d ies  sh o w ed  th a t T S F  d id  no t in te rfere  w ith  th e  d e te rm in a 
tio n  o f  C d +2.

W ith  p r o t e a s e  in h ib i to r .— In  th e  p re sen c e  o f  T SF, no  C d + 2  
w a s fo u n d  in  th e  e x tra c ts  (T ab le  1). O n ly  5 5 %  o f  th e  Z n  w as 
p re sen t in  th e  m ed iu m  m o le c u la r  w e ig h t frac tio n  (U V -II). 
T h ese  re su lts  c o n firm  the  su sp ic io n  th a t th e  p re sen c e  o f  C d +2 
in  e x tra c ts  p re p a re d  w ith o u t T S F  re su lted  fro m  p o s tm o rte m  e n 
zy m a tic  activ ity . N o  C u +2 o r  A g + w as p re sen t in  th e  ex tracts. 
U p o n  c h ro m a to g ra p h y  o n  S ep h a d ex  G -1 0 0 , 7 1 .2 %  o f  th e  C u 
w a s  fo u n d  in  th e  h ig h  m o le c u la r  w e ig h t frac tio n  (U V -I) and  
2 8 .8 %  in  th e  m ed iu m  m o le c u la r  w e ig h t frac tio n  (U V -II), 
w h e rea s  52 .6 %  o f  the  A g  w as fo u n d  in th e  h ig h  m o le c u la r  
w e ig h t frac tio n  a n d  4 7 .4 %  in  th e  m ed iu m  m o le c u la r  w e ig h t 
frac tio n . C u  a n d  A g  w ere  p re se n t in  th e  h ig h  m o le c u la r  w e ig h t 
frac tio n  in  g re a te r  p ro p o rtio n s  th an  C d  an d  Z n . T h is  p ro b a b ly  
re flec ts  th e  h ig h e r  a ffin itie s  o f  C u +2 a n d  A g + fo r  p ro te in s  c o m 
p a re d  w ith  th o se  o f  C d +2 a n d  Z n +2 (14 , 15). S ep h a d ex  G -5 0  
g a v e  e ssen tia lly  th e  sam e  re su lts  a s  G -1 0 0 ; b o th  gav e  re co v e r
ies o f  th e  4  m eta ls  ra n g in g  fro m  9 4 .6  to  100% . H ow ev er, 
S e p h a d ex  G -1 0 0  g av e  s lig h tly  b e tte r  c h ro m a to g ra p h ic  re so lu 
tio n  th an  d id  G -5 0 .

P o la r o g r a p h ic  S tu d i e s  o n  G e l-P e r m e a tio n  
C h r o m a to g r a p h ic  F r a c tio n s  (N o  T S F )

D iffe ren tia l p u lse  p o la ro g ra m s (F ig u re  2) w e re  re co rd e d  fo r 
frac tio n s  fro m  th e  U V -II an d  U V -III p e ak s  o f  F ig u re  1. F ra c 
tio n  1, co rre sp o n d in g  to  th e  m e ta l-b in d in g  p ro te in  p eak  (C d- 
II), y ie ld e d  p o la ro g ra m s w ith  3 u n d e fin e d  peak s . F ra c tio n s  2 -  
4 , co rre sp o n d in g  to  lo w -m o le cu la r  w e ig h t sp ec ies , sh o w ed  
in c re a s in g  am o u n ts  o f  u n b o u n d  C d +2 a n d  Z n +2. T h e  p o la ro 
g ra m s fo r  frac tio n s  2 ,3 ,  an d  4  w e re  in creas in g ly  m o re  c o m p lex

b e ca u se  o f  in te rfe ren ce  b y  o th e r  lo w -m o le c u la r  w e ig h t su b 
stances. T h e  p o la ro g ra m  fo r  frac tio n  4  (U V -III) c o n ta in e d  a  
C d +2 re d u c tio n  p e ak  a t - 0 .6 3  V, a  Z n +2 re d u c tio n  p e ak  at 
- 1 .0 5  V, a n d  an  u n id en tif ie d  p e ak  a t - 0 .5 0  V. F ig u re  3 p re sen ts  
th e  re su lts  o f  titra tin g  frac tio n  4  w ith  E D T A . E D T A -b o u n d  
Z n +2 and  C d +2 re d u c tio n  w a v es  a re  n o t se e n  in  d iffe re n tia l p u lse  
p o la ro g ra p h y ; th e re fo re , th e  b ack g ro u n d  c o n tr ib u tio n  c an  be 
e s tim a te d . T h e  a d d itio n  o f  0 .3  p m o le s  E D T A  to  frac tio n  4  re 
d u c ed  the C d +2 (0 .0 6 8  p  m oles) a n d  Z n +2 (0 .1 5 3  p m o le s )  
peak s . T h e  p e ak  a t - 0 .5  V  rem a in s an d  a n ew  p e a k  a t - 0 .3 0  V

- . 2 0  - . 4 0  - . 6 0  - . 8 0  - 1 . 0 0  - 1 .2 0

Potential vs SCE (Volts)

Figure 2. Polarogram s corresponding to fractions  

shown in Figure 1. (All potentials were referenced to  the  
saturated calomel electrode [SCE].)
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Potential vs SCE (Volts)

Figure 3. EDTA com plexing studies of the polarograms  
of the UV-III peak of Sephadex G-100 (fraction 4 of 
Figure 1). Polarogram  A, 1 mL fraction 4; polarogram B,
1 mL fraction 4 + 0.1 umole EDTA; polarogram  C, 1 mL 
fraction 4 + 0.2 pm ole EDTA; polarogram D, 1 mL 
fraction 4 + 0.3 pm ole EDTA. All run in 10 mL 1M 
am m onium  acetate.

ap p ears . T h e  re su lts  c o n firm  th e  p re sen c e  o f  C d +~ and  Z n +~ in 
frac tio n  4.

C o m p a r is o n  o f  C h r o m a to g r a p h ic  a n d  P o ia r o g r a p h ic
R e s u l t s  fo r  O f 2 in  D ig e s t iv e  G la n d  E x tra c ts

C d +2 w a s  d e te rm in e d  in  e x tra c ts  p rep ared  w ith o u t T S F  by 
p o la ro g ra p h y  d irec tly  o r  by  g e l-p e rm e a tio n  c h ro m a to g ra 
p h y /A A S  (T ab le  2 ). A n  ex tra c t p re p a re d  fro m  a  c o n ta m in a te d  
lo b ste r  (583  p g  C d /g  w e t w e ig h t)  y ie ld e d  105 and  110 jag free 
C d +2/g  by  S ep h a d ex  G -5 0  an d  S ep h a d ex  G -1 0 0 , re sp ec tiv e ly

(2 0 -2 1 %  free  C d +2). P o ia ro g rap h ic  a n a ly s is  y ie ld e d  102 p g  
free  C d +2/g . in  an  e x tra c t fro m  an  u n c o n ta m in a te d  lo b ster 
(8 .5 4  p g  C d /g  w e t w e ig h t), ch ro m a to g ra p h y  y ie ld ed  7 .2 7  p g  
free  C d +2/g  w ith  S ep h a d ex  G -5 0  o r  G -1 0 0 , an d  6 .9 6  p g  free  
C d +2/g  p o laro g rap h ica lly . T h u s, th e  2 m eth o d s sh o w ed  g o o d  
ag reem en t. T h e  u n c o n ta m in a te d  lo b s te r  ex tra c t c o n ta in ed  
8 1 .5 %  free  C d +2, c o m p a red  to  17 .5%  in  the  c o n ta m in a te d  lob
s te r  ex tract. R o u tin e  p o ia ro g ra p h ic  a n a ly s is  o f  th e  ex tra c ts  d i
rec tly  is no t re c o m m e n d e d  b e ca u se  o f  th e  p re sen c e  o f  su b 
stan ces th a t h av e  a  re d u c tio n  p o ten tia l d iffe rin g  b y  < 0 .2  V  fro m  
that o f  C d +2. and  th e  o v e rla p  o f  th e  Z n +2 p e a k  by  a  large , u n 
c h a ra c te riz ed  p eak  a t - 1.15 V.

O u r resu lts  sh o w  th a t C d +2 a n d  Z n +2, b o u n d  to  m ed iu m  m o 
lecu la r  w e ig h t p ro te in s, a re  ra p id ly  re le a sed  p o st-m o rte m  b e 
c au se  o f  p ro tea se  activ ity . C d -b in d in g  p ro te in  iso la ted  fro m  
lo b ste r  d ig es tiv e  g lan d  has b een  sh o w n  to  b e  h ig h ly  reac tiv e  
w ith  a  v a rie ty  o f  lig an d s to  re le ase  C d +2 (16). A  p ro te a se  in h ib i
to r is e ssen tia l fo r  re co v e rin g  in ta c t m e ta l-b in d in g  pro teins. 
P a rtia lly  d e g rad ed  e x tra c ts  w e re  u se fu l fo r  d e v e lo p in g  and  
s tu d y in g  c h ro m a to g ra p h ic  an d  p o ia ro g ra p h ic  m eth o d s  fo r  d is
tin g u ish in g  free  an d  b o u n d  m eta l io n s su ch  as C d +2 an d  Z n +2.

T h ese  re su lts  c o m p le m e n t o u r  e a rlie r  s tu d ies  th a t sh o w ed  
rap id  re lease  o f  C d +2 fro m  sca llo p  d ig es tiv e  g lan d  (9 ) a n d  o ffe r  
m e th o d o lo g y  fo r d e te rm in in g  lev e ls  o f  m eta l io n s re le a sed  d u r
ing p ro c ess in g  o f  raw  fo o d stu ffs  in to  c o n su m e r p ro d u c ts . A l
th o u g h  d e ta iled  s tu d ies  h av e  no t b een  m ad e  o f  th e  re le a se  o f  
b o u n d  m eta l io n s  u n d e r v a rio u s  trea tm e n ts , e .g ., c o o k in g , the 
re su lts  rep o rted  in th is p a p e r g iv e  am p le  ev id e n ce  th a t to x ico 
lo g ica l ev a lu a tio n  o f  fo o d stu ffs  p re p a re d  fro m  sh e llf ish  tis su es  
co n ta in in g  lev e ls  o f  to x ic  e le m en ts  o f  co n ce rn  w ill re q u ire  a s 
se ssm e n t o f  th e  fo rm s o f  su ch  m eta ls  a n d  th e ir  b io av a ilab ility .
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Determination of Metals in Foodstuffs by Atomic Absorption 
Spectrophotometry after Dry Ashing: NMKL* 1 Interlaboratory 
Study of Lead, Cadmium, Zinc, Copper, Iron, Chromium, 
and Nickel

L a r s  J o r h e m
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An interlaboratory study of a method for determina
tion of lead, cadmium, zinc, copper, iron, chro
mium, and nickel in foodstuffs by atomic absorp
tion spectrophotometry (AAS) after dry ashing at 
450P C was conducted in 16 laboratories. The study 
was preceded by a practice round of familiarization 
samples and another round in which solutions 
were distributed and the metals were determined di
rectly by AAS. The study included 5 different foods 
(liver paste, apple sauce, minced fish, wheat bran, 
and milk powder) and 2 composite diets. A single 
analysis was carried out on each sample. Suitable 
sample combinations were used as split level com
binations for determination of the repeatability 
standard deviation. The relative reproducibility 
standard deviation for each of the elements ranged
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Annual Meeting of the Nordic Committee on Food Analysis, August 29-31, 
1990. Gentotle, Denmark.

as follows: lead, 74-18% at 0.025-0.28 mg/kg; cad
mium, 80-11% (0.002-0.51 mg/kg); zinc, 12-7% (44- 
72 mg/kg); copper, 47-10% (0.48-^41 mg/kg); iron, 
35-9% (2-228 mg/kg); chromium, 48-21% (0.008- 
0.22 mg/kg); nickel, 64-39% (0.025-0.39 mg/kg),*

M o s t o f  th e  co llab o ra tiv e ly  tried  and  a p p ro v ed  m e th o d s  
a v a ilab le  to d ay  fo r trace  e le m en t d e te rm in a tio n s  are 
v e ry  sp ec ific  an d  a p p ly  o n ly  to  1 o r  2  e le m e n ts , u su 

a lly  in a  v ery  sp ec ific  m atrix . O n ly  a  few  m eth o d s  e x is t  th a t are  
a p p ro v ed  fo r s im u ltan eo u s  d e te rm in a tio n  o f  m o re  th an  1 e le 
m e n t in m o re  g en era l ty p es  o f  fo o d  m atrix es  (1). F o r  m a n y  
e le m en ts  c o m m o n ly  d e te rm in ed , th ere  are  no  a p p ro v e d  m e th 
o d s  a t all.

M o s t ty p es  o f  sam p le s  req u ire  a  p ro c ed u re  to  g e t th e  sam p le  
in to  so lu tio n  b e fo re  a n a ly s is  by  a to m ic  a b so rp tio n  sp e c tro 
p h o to m e try  (A A S ). T h e  2  m o st c o m m o n ly  u se d  te c h n iq u e s  to  
acc o m p lish  th is a re  d ry  a sh in g  a t a  d e fin e d  tem p e ra tu re , an d  
w e t d ig es tio n  w ith  m in e ra l acid . O v e r  th e  y ea rs , sev e ra l in v e s 
tig a to rs  h av e  p o in ted  o u t th e  p o ss ib le  lo ss o f  a n a ly te  d u rin g  d ry  
ash in g . G o rsu ch  (2 , 3) sh o w ed  th a t c e rta in  m e ta ls  c o u ld  b e  lo st 
th ro u g h  v o la tiliz a tio n  o r  re te n tio n  on  s ilica  c ru c ib le  w a lls  w h e n
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m eta llic  s tan d ard  so lu tio n s  w e re  ad d ed  to  th e  sam p les, o r  w h en  
m eta llic  s tan d ard  so lu tio n s  w e re  ash ed  w ith  c e rta in  ch lo rid es . 
L o sses o f  C d  in sp ec ific  sam p le  tissu es h av e  b e en  rep o rte d  by  
F e in b erg  a n d  D u c au z e  (4) and  by  S laby j e t al. (5). In the  first 
c ase , h o w ev er, th e  sam p le s  w e re  ash ed  a t 750X1, w ith  H 2S 0 4 
as ash in g  aid. In  th e  se c o n d  c ase , th e  in d ic a tio n s  th a t d ry  ash in g  
c o n trib u ted  to  th e  p o o r  re su lts  w e re  n o t su b stan tia l. K o irtyo - 
h an n  and  H o p k in s  (6 ) sh o w ed  th a t no  lo sses o f  C d , Z n , Fe, o r  
C r th ro u g h  v o la tiliz a tio n  o c cu rre d  w h en  tissu es w ere  ash ed  at 
tem p e ra tu res  b e lo w  600X1. L o ss  b y  re te n tio n  o n  c ru c ib le  w a lls  
a t an  a sh in g  tem p e ra tu re  o f  500 °C  w as o b se rv ed  fo r Z n  in p o r
c e la in  c ru c ib le s . In  p la tin u m  o r  s ilic a  c ru c ib le s , o n ly  in s ig n ifi
can t re te n tio n  w a s  o b se rv e d  a t an  a sh in g  tem p e ra tu re  o f  500X1. 
U sin g  ra d io a c tiv e  iso to p es in  b io lo g ica l m a te ria ls , van  
R a ap h o rs t e t al. (7 ) d e m o n s tra ted  th a t no  lo sses o f  C d  o c cu rre d  
b y  v o la tiliz a tio n  o r re ten tio n  at an  ash in g  tem p e ra tu re  o f  
450X1.

T h e  p a p e rs  c ite d  a b o v e  p re se n t s tro n g  in d ica tio n s  th a t the  
m eth o d  fo r  d ry  ash in g  a t a  m ax im u m  tem p e ra tu re  o f  450X1 
p re sen ted  h e re  y ie ld s re su lts  free  f ro m  lo sses b y  v o la tiliz a tio n  
o r  re ten tio n . T h is  m eth o d  h as b een  u se d  fo r m an y  y ears; m o re 
over, n u m ero u s  re co v e ry  s tu d ies  a n d  fre q u e n t u se  o f  c e rtif ied  
re fe re n ce  m ate ria ls  h a v e  g iv en  no  in d ic a tio n  o f  sy s tem atic  
lo sses. A sh in g  a id s a n d  m o d ific a tio n  o f  th e  sam p le  m atrix  d u r
in g  a sh in g  h av e  o ften  b e en  u sed  to  e lim in a te  p o ten tia l lo sses 
a n d /o r to  sp eed  u p  the  a sh in g  p ro ced u re . T h is  a lw ay s  in c reases  
the  r isk  o f  co n tam in a tio n , h o w ev er, an d  re su lts  in  p o o re r  d e te c 
tio n  lim its .

D ry  ash in g  is g en era lly  ra th e r tim e -co n su m in g ; it u su a lly  
tak es a  d a y  o r  m o re  b e fo re  a  re su lt c an  b e  o b ta in ed , a lth o u g h  
v e ry  little  a tten tio n  fro m  the  an a ly s t is necessary . C o n ta m in a 
tio n  can  so m e tim es be a  p ro b lem , h o w ev er, b e ca u se  th e  sa m 
p les  a re  ex p o se d  to  am b ie n t a ir  fo r lo n g  p e rio d s o f  tim e. O n e  
a d v an tag e  o f  d ry  a sh in g  is th a t th e  re su ltin g  ash  can  be  d is
so lv ed  in a  sm all a m o u n t o f  d iluen t. T h is  p ro v id es  m u ch  b e tte r 
d e te c tio n  lim its  th an  w e t d ig es tio n , e sp e c ia lly  w h en  d ry  ash in g  
is u se d  w ith  flam e  A A S .

W et d ig es tio n  m e th o d s  a re  g en era lly  rap id ; a n a ly s is  m ay  be 
co m p le ted  w ith in  sev e ra l ho u rs , a n d  th e  m eth o d s  are  n o t as 
sen sitiv e  to  c o n ta m in a tio n , e sp ec ia lly  w h e n  c lo sed  d e c o m p o s i
tio n  vesse ls  a re  u sed . T h e  d isa d v an tag e s  o f  w e t d ig es tio n  are 
th a t o n ly  fa irly  sm all sa m p le s  can  be  u se d  an d  a lso  th a t the 
so lu tio n s n o rm ally  h a v e  to  b e  s tro n g ly  d ilu ted  b e fo re  th e  a n a ly 
sis. T h is  re su lts  in  ra th e r  p o o r  d e tec tio n  lim its , e sp e c ia lly  w h en  
flam e  A A S  is used .

T h e  2  d eco m p o s itio n  tec h n iq u es  sh o u ld , th ere fo re , b e  c o n 
sid e red  c o m p le m e n ta ry  b e ca u se  b o th  h a v e  a d v an tag e s  as w ell 
as d raw b ack s . T h e  se lec tio n  o f  th e  te c h n iq u e  sh o u ld  be  b ased  
on  in d iv id u a l lab o ra to ry  req u irem en ts .

A A S  is n o w  p ro b ab ly  th e  m o st w id e ly  u se d  tec h n iq u e  fo r 
d e te rm in a tio n  o f  m e ta ls  in  b io lo g ica l m ate ria ls . A A S  d e te rm i
n a tio n s a re  u su a lly  m ad e  by  f lam e-A A S  w h en  th e  c o n c e n tra 
tions are  h ig h  e n o u g h , o r  by  g rap h ite  fu rn ace  (G F A A S ) w h en  
the co n cen tra tio n s  a re  low . It is p ro b a b ly  no t m ean in g fu l to  try  
to  d efine  ex ac tly  w h e n  to  u se  flam e  A A S  o r G F A A S . B o th  
tech n iq u es sh o u ld  b a s ica lly  g iv e  th e  sam e  re su lt as lo n g  as the  
flam e  re su lts  a re  a b o v e  th e  d e te c tio n  lim it. In p rac tice , flam e

A A S  sh o u ld  be  se lec ted  in stead  o f  G F A A S  w h e n ev e r  p o ss ib le  
b e ca u se  it is less t im e -co n su m in g  an d  a lso  less  sen sitiv e  to  in 
te rfe ren c e  (e .g ., b ack g ro u n d  ab so rp tio n ).

T h e  m eta ls  th a t w e re  c o n s id e re d  to  b e  o f  g re a te s t in te res t fo r 
th is in te rlab o ra to ry  trial w ere  the  to x ic  m eta ls  lead  a n d  c a d 
m iu m , fo r w h ich  m an y  co u n trie s  h a v e  e s tab lish e d  leg a l lim its 
an d  fo r  w h ic h  lo w  d e te c tio n  lim its  a re  o f  in te rest. A lso  o f  in te r
e s t w e re  the  essen tia l m e ta ls  z in c , co pper, iron , an d  c h ro m iu m , 
fo r  w h ich  there  are  re co m m e n d a tio n s  re g a rd in g  a  sa fe  an d  a d e 
q u a te  d a ily  in tak e . N ick el, w h ic h  is p o ten tia lly  essen tia l and  
a lso  is th e  m eta l that c au ses  m o st a lle rg ic  e cz em a s, w as  a lso  o f  
g re a t in te rest. C h ro m iu m  a n d  n ick e l a lso  req u ire  g o o d  d e te c 
tion  lim its  b e ca u se  o f  th e ir  lo w  lev e ls  in  m o st foods.

In  1986, th e  fo llo w in g  3 m e th o d s  su g g e s te d  b y  a w o rk in g  
g ro u p  w ith in  th e  N o rd ic  C o m m itte e  on  F o o d  A n a ly s is  
(N M K L ) w ere  su b je c ted  to  a  p re -tr ia l in  w h ic h  th e  p a rtic ip an ts  
w e re  free  to  ch o o se  w h ich  m e th o d  to  use: ( / )  w e t d ig es tio n  
w ith  H N 0 3 in an  o p en  v esse l; (2 ) w e t d ig es tio n  w ith  
H 2S 0 4/H N 0 3, fo llo w ed  by  e x tra c tio n  w ith  A P D C /M IB K ; and  
( 3 )  d ry  ash in g  a t 450X1, a cc o rd in g  to  th e  m e th o d  d esc rib e d  
h e re . O f  the  re sp o n d in g  lab o ra to ries , 15 u se d  m eth o d  3 ,5  u sed  
m eth o d  2, an d  2  u sed  m eth o d  1. T h e  re su lts  by  all 3 m eth o d s 
w e re  sim ilar, an d  the  rep ro d u c ib ility  b e tw een  th e  lab o ra to rie s  
w as  e n co u ra g in g  fo r  fu rth e r w o rk . B u t b e ca u se  th e  in te res t w as 
fo c u sed  o n  the  d ry  a sh in g  m eth o d , th a t m e th o d  w a s  se lec ted  fo r 
the  in te rlab o ra to ry  tria l, an d  w o rk  on  the  2  w e t d ig es tio n  m e th 
o d s  w as term in ated .

In  an  a ttem p t to  e lu c id a te  th e  co n tr ib u tio n  b y  th e  d e te rm i
n a tio n  s tep  to  th e  to ta l v a rian ce  in  th e  re su lts , a  n u m b e r o f  p re 
p a red  so lu tio n s w e re  sen t to  th e  p a rtic ip a n ts  an d  a n a ly ze d  d i
rec tly  b y  A A S  b e fo re  th e  s ta rt o f  th e  in te rlab o ra to ry  tria l. T h e  
re su lts  o f  th is p re -tria l w ill b e  c o v e re d  u n d e r  D is c u s s io n .  T he 
d ry  a sh in g  m eth o d  d e sc rib e d  h e re  w as b a se d  on  th e  m e th o d  by 
D a lto n  an d  M a lan o sk i (8 ), u s in g  a  m o d ifie d  p re -a sh in g  a p p a 
ra tu s  f ro m  the  m eth o d  o f  T h ie rs  (9). T h is  tria l w as  fin ish ed  in 
1989, an d  th e  m eth o d  w as ap p ro v ed  by  N M K L  in  1990.

METHOD

F o r q u a n tita tiv e  d e te rm in a tio n  o f  m eta ls  (lead , c ad m iu m , 
c h ro m iu m , co p p er, iron, z inc , an d  n ick e l) in  fo o d  p ro d u c ts  by  
d ry  ash in g  and  a to m ic  a b so rp tio n  sp e c tro p h o to m e try  (A A S ).

P rin c ip le

S a m p le s  a re  d ried  an d  th en  a sh e d  a t 4 5 0 X! w ith  g rad u a l 
in c re ase  in  tem p era tu re . H y d ro c h lo ric  a c id  is a d d ed , an d  the  
so lu tio n  o b ta in ed  is e v ap o ra te d  to  d ry n ess . T h e  re s id u e  is d is
so lv ed  in 0.1 M  H N O 3, an d  th e  m eta l co n ten ts  are  d e te rm in e d  
by  flam e  an d  g ra p h ite  p ro ced u re s.

A p p a r a tu s

(a) A to m ic  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 .— E q u ip p e d  
w ith  b ack g ro u n d  c o rre c tio n  an d  g ra p h ite  fu rn ace ; a lte rn a tiv e ly  
a ir-ace ty len e  b u rn e r o r n itro u s  o x id e -a ce ty le n e  burner.

(b) H o l l o w  c a t h o d e  l a m p s .— F o r  a ll e le m en ts  to  be  d e te r
m ined . E D L  lam p s are  re co m m e n d e d  fo r P b  a n d  C d  b ecau se  o f  
im p ro v e d  lig h t gain .
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(c ) F u r n a c e .— P ro g ra m m a b le  o r  m u ffle  fu rn ac e  w ith  
th e rm o sta t. S ep a ra te  p re -a sh in g  d e v ice  is re q u ire d  fo r m u ffle  
fu rn ace . S ee  ( d - h ) .

(d )  H o t  p l a t e .— W ith  s tep w ise  h ea tin g  co n tro l, up  to 
c a  3003C.

(e) L a m p .— IR 2 5 0  W , f ix ed  to  re to rt s tan d  so  as to  a llo w  
ad ju s tm e n t o f  d is tan c e  to  p la te .

(f) C e r a m ic  p l a t e . — S u ch  as d e s ic c a to r  p la te  on  lo w  stand , 
w ith  d iam e te r su itab le  fo r  h o t p late .

(g ) G l a s s  c o v e r .— S u ch  as c ry s ta lliz in g  d ish , 185 m m  d i
am eter, 1 0 0  m m  h igh .

(h ) W a s h - b o t t le .— C o n ta in in g  H 2S 0 4 fo r  p u rific a tio n  
o f  air.

(i) C r u c ib l e s .— Q u a rtz  o r  p la tin u m , 5 0 -7 5  m L .

(j) P la s t i c  b o t t l e s .— W ith  le a k -p ro o f  c lo su res , 100 m L .
A ll g la s sw a re  an d  p las tic w are  sh o u ld  be  c a re fu lly  c le an e d

and  rin sed , e .g ., w ith  H N 0 3 o r  HC1, to  p re v en t m eta l c o n ta m i
na tion .

R e a g e n t s

R e ag e n ts  sh o u ld  b e  o f  a t least a n a ly tica l re ag e n t g rad e  
(p .a .), p re fe rab ly  S u p ra p u r o r  sim ilar.

(a ) W a te r .— R e d is tilled  o r  d e io n iz ed  (M illip o re  o r  s im i
la r  q u a lity ).

(b) H y d r o c h lo r i c  a c id ,  6 M .— D ilu te  5 0 0  m L  c o n ce n tra ted  
HC1 (37% , w /w ) w ith  H 20  to  1000  m L.

(c) N i t r i c  a c id ,  0 . 1 M .— D ilu te  7 m L  c o n ce n tra ted  H N 0 3 
(6 8 % , w /w ) w ith  H 20  to  1000 m L .

(d )  L e a d  s t a n d a r d  s o lu t io n .— 1 m g /m L . D isso lv e  1.000 g  
P b  in 7  m L  H N 0 3 in  1 L  v o lu m e tric  flask . D ilu te  to  v o lu m e 
w ith  H 20 .

(e) C a d m iu m  s t a n d a r d  s o lu t io n .— -1 m g /m L . D isso lv e
1.000 g  C d  in  14 m L  H 20  +  7  m L  H N 0 3 in  1 L  v o lu m e tric  
flask . D ilu te  to  v o lu m e  w ith  H 20 .

(f) C h r o m iu m  s t a n d a r d  s o lu t io n .— 1 m g /m L . D isso lv e  
3 .7 3 5  g  K 2C r 0 4 in  7  m L  H N 0 3 in 1 L  v o lu m e tric  flask . D ilu te  
to  v o lu m e  w ith  H 20 .

(g ) N ic k e l  s t a n d a r d  s o lu t io n .— 1 m g /m L . D isso lv e  1.000 g 
N i in  1 4 m L H 20  +  7 m L H N 0 3 in  1 L  v o lu m e tric  flask . D ilu te  
to  v o lu m e  w ith  H 20 .

(h )  T in e  s t a n d a r d  s o lu t io n .— 1 m g /m L . D isso lv e  1 .000  g  
Z n  in 14 m L  H 20  +  7 m L  H N 0 3 in  1 L  v o lu m e tric  flask . D ilu te  
to  v o lu m e  w ith  H 20 .

(i) C o p p e r  s t a n d a r d  s o lu t io n .— 1 m g /m L . D isso lv e
1.000  g  C u  in 7  m L  H N 0 3 in  1 L  v o lu m e tric  flask . D ilu te  to  
v o lu m e  w ith  H 20 .

( j)  Ir o n  s t a n d a r d  s o lu t io n .— 1 m g /m L . D isso lv e  1 .000  g  Fe 
in  14 m L  H 20  +  7  m L  H N 0 3 in 1 L  v o lu m e tric  flask . D ilu te  to  
v o lu m e  w ith  H 20 .

(k ) W o r k in g  s ta n d a r d  s o lu t io n s .— F o r g ra p h ite  fu rn ace  
a n a ly s is : D ilu te  s tan d ard  so lu tio n s  (d )—(j)  w ith  0 .1M  H N 0 3 to  
ra n g e  o f  s tan d ard s  th a t co v ers  lin e a r  ra n g e  o f  e le m en t to  be  
d e te rm in e d . W o rk in g  s ta n d a rd  so lu tio n s  fo r flam e  a n aly sis : D i
lu te  s ta n d a rd  (d )—(j)  to  ran g e  o f  s ta n d a rd s  th a t c o v e rs  c o n c e n 
tra tio n  o f  e le m en t to  be  d e te rm in ed . N o t e : In s tead  o f  p rep arin g  
s ta n d a rd s  f ro m  m e ta ls  o r  m e ta l sa lts , c o m m e rc ia lly  av a ilab le  
s tan d ard  so lu tio n s  fo r A A S  m ay  b e  used .

R e c o m m e n d e d  C le a n in g  P r o c e d u r e  fo r  G la s s  a n d  
P la s t ic w a r e

S o lu t io n s .— N a O H  so lu tio n : 130 g  N a O H  +  130 m L F L O  + 
8 8 0  m L  E tO H . N itr ic  acid : 5 0 0  m L  c o n c e n tra te d  H N 0 3 +  
4 5 0 0  m L  H 20 .  W ate r sh o u ld  b e  re d is tille d  o r  d e io n iz e d  (M il
lip o re  q u a lity ).

W ash  f irs t w ith  H 20  an d  d e te rg en t; r in se  w ith  tap  w ater. 
W ash  w ith  N aO F I so lu tio n  r in se  w ith  d e io n iz e d  H 20  a n d  th en  
w ith  H N 0 3. F in a lly  rin se  4 -5  tim es  w ith  d e io n iz e d  FL O .

C o m m e n ts

T h e  risk  o f  c o n ta m in a tio n  o f  th e  sam p le s , e sp e c ia lly  w ith  
P b , C r, an d  N i, m u s t a lw ay s  b e  co n sid e re d . D isp o sab le  p las tic  
a rtic le s  (like  p ip e t tip s) th a t a re  n o t n o rm ally  w a sh e d  sh o u ld , 
th e re fo re , b e  r in se d  w ith  ac id  b e fo re  use .

S p ec ia l a tte n tio n  sh o u ld  b e  p a id  to  th e  c ru c ib le s . Q u a rtz  c ru 
c ib le s  can  be  s to re d  in  H N 0 3 a n d  th en  r in se d  w ith  d e io n iz ed  
F120  b e fo re  u se . W h e n  necessa ry , th e se  c ru c ib le s  m ay  a lso  
h a v e  to  b e  b o ile d  w ith  ac id  b e fo re  use . P la tin u m  c ru c ib le s  
sh o u ld  p re fe ra b ly  b e  h e a te d  u n til red  h o t a n d  th e re a f te r  b o ile d  
w ith  ac id  b e fo re  u se . S am p le s w ith  a  v e ry  h ig h  fa t c o n te n t 
sh o u ld  b e  a sh ed  w ith  g re a t c a re  to  a v o id  se lf- ig n itio n . I f  a  p ro 
g ra m m ab le  fu rn ac e  is u sed , th e  sa m p le s  sh o u ld  b e  p re -a sh e d  
a cc o rd in g  to  d ry  a sh in g  p a c e d u r e  B.

P r o c e d u r e s

P r e - t r e a tm e n t .— H o m o g e n iz e  sa m p le  w ith  su itab le  a p p a ra 
tus. C h e ck  fo r  leach in g  m e ta ls  i f  ap p a ra tu s  c o n sis ts  o f  m e t
al parts .

D r y  a s h in g .— In  c ru c ib le , w e ig h  c o n v e n ie n t a m o u n t o f  
sa m p le  ( 1 0 - 2 0  g ), to  n e a re s t 0 .0 1  g, d e p en d in g  on  k in d  o f  sa m 
p le . D ry  in d ry in g  ov en , o n  w a te r-b a th , o r  on  h o t  p la te  a t 1 ()0CC ,

I n f r a r e d  la m p

Figure 1. Apparatus for pre-ashing of samples.
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Table 1. Instrum ental param eters for flam e  
determination

Element Flame Wavelength, nm

Fe Nitrous oxlde/acetylene, oxidizing 248.3
Cu Air/acetylene, oxidizing 324.7

Zn Air/acetylene, oxidizing 213.9

if  there  is  r isk  o f  h e av y  b o ilin g  in  a sh in g  step . P ro c e ed  a cc o rd 
in g  to  ty p e  o f  fu rn ace .

A . A sh in g  in p ro g ram m ab le  fu rn ace : P lace  sam p le  in fu r
n ace  at in itia l tem p e ra tu re  < 1 0 0 X . In c re a se  tem p e ra tu re  to  
450 °C  a t < 5 0 X /h .  L e t sa m p le  s tan d  o v ern ig h t. C o n tin u e  a c 
c o rd in g  to  C .

B . A sh in g  in m u ffle  fu rn ac e  w ith  th e rm o sta t (h o t p la te  w ith  
c e ram ic  p la te  a n d  g lass  c o v e r  +  IR  lam p  +  w a sh in g  b o ttle  w ith  
H 2S 0 4 +  fu rn ace). S ee  F ig u re  1.

C o v e r  s a m p le  w ith  g la s s  c o v e r , p la c e  c ru c ib le  o n  c e ra m ic  
p la te , a n d  le t  p u r if ie d  a ir  sw e e p  o v e r  s a m p le  th ro u g h  g la s s  
tu b e . P la c e  IR  la m p  3 5  c m  f ro m  sa m p le  a n d  se t h o t  p la te  at 
c a  1 0 0 X .  R e d u c e  d is ta n c e  a s  d ry in g  p ro c e e d s  u n til s a m p le  
c an  b e  a s su m e d  to  b e  d ry . L a m p  sh o u ld  th e n  b e  r ig h t  d o w n  
a t co v er.

P re -a s h  sa m p le  b y  in c re a s in g  te m p e ra tu re  s lo w ly  a n d  
s te p w ise  w ith  IR  la m p  a n d  h o t  p la te . F in a l te m p e ra tu re  on  
c e ra m ic  p la te  sh o u ld  th e n  b e  c a  300X 1. T im e  re q u ire d  fo r  
p re -a s h in g  v a r ie s  g re a tly , d e p e n d in g  o n  ty p e  o f  sa m p le . P u t 
c ru c ib le  in  m u ff le  fu rn a c e  a t  2 0 0 -2 5 0 X 1  a n d  s lo w ly  ra ise  
te m p e ra tu re  to  4 5 0 X  a t ra te  o f  < 5 0 X /h .  L e t  sa m p le  
s ta n d  o v e rn ig h t.

C . R e m o v e  c m c ib le  f ro m  fu rn ac e  an d  le t it coo l. W et ash  
w ith  1 -3  m L  H 20 ,  a n d  e v ap o ra te  on  w a te r-b a th  o r  h o t p la te . 
R e tu rn  c m c ib le  to  fu rn ac e  a t < 2 0 0 X  an d  ra ise  tem p e ra tu re  
s tep w ise  to  4 5 0 X .  P ro c e e d  w ith  a sh in g  a t 4 5 0 X  fo r  > 1 - 2  h.

R e p e a t th is  p ro c e d u re  u n til s a m p le  is c o m p le te ly  co m b u s ted , 
i.e ., a sh  sh o u ld  b e  w h ite /g rey  o r  s lig h tly  c o lo red . N u m b e r o f  
n e ce ssa ry  re p e titio n s  v a rie s  g reatly , d e p e n d in g  o n  ty p e  o f  sam 
ple. A d d  5 m L  6 M  HC1 to  c m c ib le , e n su rin g  th a t a ll a sh  co m es 
in to  c o n ta c t w ith  acid . E v ap o ra te  a c id  o n  w a te r-b a th  o r  ho t 
p la te . D isso lv e  re s id u e  in  e x a c t v o lu m e  (1 0 .0 -3 0 .0  m L ) o f  
0 .1 M  H N 0 3. S w irl c m c ib le  w ith  c a re  so  th a t all a sh  c o m e s  in to  
c o n ta c t w ith  acid . C o v e r  w ith  w a tch  g lass  an d  le t sam p le  s tan d  
fo r  1 -2  h . T h e n  s tir  so lu tio n  in  c m c ib le  th o ro u g h ly  w ith  stirrin g  
ro d  an d  tran s fe r  co n te n ts  to  p la s tic  bo ttle .

T rea t b lanks sim ilarly. In c lu d e  2  b lanks p e r b a tch  o f  sam ples.

A to m ic  A b s o r p t io n  S p e c t r o p h o to m e t r y

S e lec t m e th o d  to  be  u sed  (f lam e  o r  f lam e le ss )  a cc o rd in g  to  
c o n ce n tra tio n  o f  m e ta l to  b e  d e te rm in e d . U se  flam e  w h e n ev e r  
p o ss ib le  b e ca u se  th is  te c h n iq u e  is less se n sitiv e  to  in te rfe ren ce  
th an  f lam ele ss  A A S . P b , C d , C r, a n d  N i in  fo o d stu ffs  g e n era lly  
re q u ire  g ra p h ite  fu rn ac e  A A S  fo r  d e te rm in a tio n . Z n , C u , and  
F e  in  m o s t fo o d stu ffs  can  b e  d e te rm in e d  b y  f lam e  A A S . C o n 
su lt m an u a l p ro v id e d  w ith  in s tru m e n t fo r  w a v e le n g th , g a s  m ix - 
tu re /tem p era tu re  p ro g ram , a n d  o th e r  in s tru m e n ta l p a ram e te rs  
th a t a re  m o st ap p ro p ria te  fo r e a c h  m eta l. A lw a y s  u se  b a c k 
g ro u n d  c o rre c tio n , an d  a lso  w h e n  C r  is  d e te rm in e d , un less  
p ro v e d  to  b e  u n n ecessa ry . W h e n  n ecessa ry , d ilu te  sam p le  so lu 
tio n s  w ith  0 .1 M  H N 0 3.

F la m e  t e c h n iq u e .— D e riv e  m eta l co n te n ts  o f  sa m p le s  fro m  
c a lib ra tio n  c u rv es  p re p a re d  fro m  > 3  sta n d ard s . T ab le  1 e x e m 
p lif ie s  in s tru m en ta l p a ram e te rs  fo r  f lam e  A A S .

G r a p h i t e  f u r n a c e  ( f l a m e le s s )  t e c h n iq u e .— A lw a y s  use  
m eth o d  o f  a d d itio n  u n less  p ro v e d  to  be  u n n ecessa ry . It is  o f  
u tm o s t im p o rta n ce  to  m ak e  m e a su re m e n ts  in  l in e a r  ra n g e  w h en  
m eth o d  o f  a d d itio n  is u sed . M a k e  m e a su re m e n ts  o n  p e a k  a rea  
ra th e r  th an  p e a k  h e ig h t i f  p o ss ib le . T ab le  2  sh o w s ex am p le s  o f  
in s tru m e n ta l p a ram e te rs  a p p lic ab le  to  P e rk in -E lm e r/H G A  
5 0 0  instru m en ts .

Table 2. Instrum ental param eters for graphite furnace AAS

Element Wavelength

Temperature program 

Step 1 Step 2 Step 3 Step 4
Sample 

volume, pL Type of graphite tube

Pb 283.3 Temperature, 130° 650 1900 2500 2 0 L'vov

Ramp, 10 s 5 0 2

Hold, 30 s 10 2 2

Cd 228.8 Temperature, 130°C 350 1 20 0 2500 10 Uncoated

Ramp, 1 s 5 0 2

Hold, 19 s 10 2 2

Cr 357.9 Temperature, 130°C 120 0 2300 2700 20 Pyrolytic-coated

Ramp, 1 s 10 0 2

Hold, 19 s 10 2 3

Ni 232.0 Temperature, 130°C 1200 2500 2700 20 Pyrolytic-coated

Ramp, 1 s 5 0 2

Hold, 19 s 20 2 2
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Table 3. Reference analyses of sam ples 6 and 7, 
sim ulated diets

Metal No. of labs Methods of analysis3

Pb 12 AAS, ASV, ICP-MS
Cd 12 AAS, ASV, ICP-MS
Zn 8 AAS, ICP-MS, ICP, DCP, NAA
Cu 9 AAS, ICP-MS, ICP, DCP, NAA
Fe 7 AAS, ICP, DCP, NAA, UV-VIS
Cr 5 AAS, DCP
Ni 5 AAS, DCP

a AAS = Atomic Absorption Spectroscopy. ASV = Anodic Stripping 
Voltammetry. ICP = Inductively Coupled Plasma emission 
spectroscopy. ICP-MS = Inductively Coupled Plasma-Mass 
Spectrometry. DCP = Direct Current Plasma emission 
spectroscopy. NAA = Neutron Activation Analysis. UV-VIS= 
UV-VIS-Spectrophotometry.

C a lc u la tio n s  a n d  E v a lu a tio n  o f  R e s u l t s

D e t e c t i o n  l i m i t .— C a lc u la te  d e tec tio n  lim it, D l ,  fo r  e ach  
m eta l as fo llo w s:

D 1 =  3 x  s ta n d a rd  d e v ia tio n s  o f  m e a n  o f  b la n k  
d e te rm in a tio n s . ( n  =  > 2 0 )

C a lc u la te  c o n cen tra tio n , K , o f  m eta l in  sa m p le  acco rd in g  
to  fo rm ula :

K _  ( a ~ b ) x V  

m

w h e re  K  =  c o n ce n tra tio n  in  sam p le  (m g /k g ); a  =  co n cen tra tio n  
in  sam p le  so lu tio n s  (m g /L ); b  =  m ea n  co n ce n tra tio n  in  b la n k  
so lu tio n s (m g /L ); V  =  v o lu m e  o f  sam p le  so lu tio n  (m L ); rn =  

w e ig h t o f  sam p le  (g). I f  (a  -  b ) is lo w e r th an  d e tec tio n  lim it, 
D l ,  su b s titu te  D l  fo r (a  -  b ) to  c a lcu la te  lim it o f  d e tec tio n  
in  sam p le .

I f  sam p le  so lu tio n  h as  b e en  d ilu te d , d ilu tio n  fac to r m u st be 
tak en  in to  acco u n t. W h en  ru n n in g  rep lica tes , g iv e  av erag e  o f  
re su lts  to  2  s ig n if ic a n t figures.

Interlaboratory Study

T e s t  M a te r ia ls

T est m a te ria ls  1 -5  w ere  p ro d u c ed  in  D e n m ark  u n d e r  the  
g u id an c e  o f  th e  o ffic ia l a d v ise r  w h o  w a s  p re v io u s ly  re sp o n s i
ble.

E le m e n t add ed , in m g /k g
1. L iv e r  p a ste , p a c k e d  in  100 m L  A1 can s
2. A p p le  sau ce , p a c k e d  in  100 m L  A1 cans: P b , 0 .2 ; N i, 0 .2
3. M in c ed  fish , p a ck e d  in  100 m L  A1 cans: P b , 0 .5 ; C d , 0 .2; 

C r, 0 .2
4. W h e a t b ran , p a ck e d  in  2 5 0  m L  p las tic  b o ttle s
5. M ilk  p o w d er, p a ck e d  in  100 m L  p las tic  b o ttle s
6  a n d  7. C o m p o site  d ie ts  D  an d  E , p a c k e d  in  50  m L  p las

tic  b o ttle s .
T h e  lev e ls  o f  P b  an d  N i in  ap p le  sau ce  an d  o f  P b , C d , and  

C r  in  m in c e d  fish  w e re  fo rtif ied  as sh o w n  a b o v e  to  e x ten d  the 
ra n g e  o f  th e se  e le m en ts . T h e  c o n ce n tra tio n s  o f  th e  d iffe re n t e le 
m en ts  ra n g ed  b e tw e e n  0 .0 2 5  a n d  0 .5  m g /k g  fo r  P b , 0 .001 and

0 .6  m g /k g  fo r C d , 0 .7  a n d  55 m g /k g  fo r  Z n , 0 .2  a n d  45  m g /k g  
fo r  C u , 2  a n d  235 m g /k g  fo r  F e , 0.01 an d  0 .2  m g /k g  fo r  C r, and  
0.01 an d  0 .3  m g /k g  fo r N i. T h ese  ra n g es  c o v e r  th e  n a tu ra l lev 
e ls  fo u n d  in m o st foods.

T est m a te ria ls  6  a n d  7, c o m p o s ite  d ie ts , c o n s is te d  o f  d iffe r
e n t p ro p o rtio n s  o f  a  n u m b e r o f  fo o d stu ffs , e .g ., m ea t, liver, p o 
ta to e s, m ilk , an d  flour. T h e se  2  d ie ts  w e re  o rig in a lly  p ro d u c ed  
as re fe re n ce  sam p le s  fo r  a n o th e r  p ro jec t ( 10 , 11) an d  h a v e  p re 
v io u sly  b een  an a ly ze d  by  a  n u m b er o f  lab o ra to rie s  to  e s tab lish  
re fe re n ce  v a lu es. E ach  e le m en t h a d  b e en  d e te rm in e d  by  a t least 
2  d iffe re n t te c h n iq u es  (see T ab le  3). T o  d e d u ce  th e  c o n tr ib u tio n  
o f  th e  A A S  d e te rm in a tio n  to  the  to ta l a n a ly tic a l e rro r, b e fo re  
th e  study, th e  p a rtic ip a tin g  lab o ra to rie s  w e re  g iv en  4  sam p le s  
o f  a q u eo u s  so lu tio n s  to  d e te rm in e  th e  m eta ls  d irec tly  by  A A S: 
2  m ix e d  stan d ard  so lu tio n s  c o n ta in in g  P b , C d , C u , F e , a n d  C r 
a t 2  d iffe ren t lev e ls  and  2  so lu tio n s o f  d ry -a sh ed  p o rk  a n d  p ig  
liver. T h e  c o n ce n tra tio n s  o f  th e  s tan d ard s  a n d  th e  re su lts  o f  the  
d e te rm in a tio n  are  sh o w n  in  T ab le  2 0  a n d  F ig u re s  2  a n d  3.

H o m o g e n e i ty  o f  th e  T e s t  M a te r ia ls

T h e  w ith in - an d  b e tw ee n -co n ta in e r v a ria tio n  w a s  d e te r
m in ed  by 2 -w a y  a n a ly s is  o f  v a rian ce  (A N O V A ) o f  d u p lic a te  
d e te rm in a tio n s  o f  10  ra n d o m ly  se lec ted  c o n ta in e rs  fro m  e ach  
ty p e  o f  sam p le . T h e  re su lts  are  p re sen te d  in T ab le  4 . T h e  s ta tis 
tica l test o f  h o m o g en e ity  w as b a se d  o n  a  c o m p a riso n  b e tw ee n
(i) the  v a ria tio n  b e tw ee n  d e te rm in a tio n s  m ad e  w ith in  th e  c o n 
ta in e rs  p o o led  o v e r  all c o n ta in e rs  an a ly ze d  (e rro r o f  m eth o d ), 
an d  (ii) the  v a ria tio n  b e tw ee n  c o n ta in e rs  (e rro r o f  m e th o d  +  
in h o m o g en e ity ) . T h ese  2  v a ria tio n s  w ill b e  e q u a l i f  n o  in h o m o 
g e n e ity  is p resen t. R a n d o m  v a ria tio n s , h o w ev er, a re  g e n e ra te d  
th a t w ill so m e tim es c au se  th e  ra tio  (ii) d iv id e d  by  (i) to  d e v ia te  
fro m  1, e v en  i f  n o  in h o m o g en e ity  is p resen t. H en ce , o n ly  larg e  
v a lu e s  fo r  th is ra tio  can  in d ica te  in h o m o g en e ity . T h e  E -d is tri-  
b u tio n  is u se d  to  c o m p u te  p - v alues.

N o rm a lly  p - \a lu e s  > 0 .0 5  a re  in te rp re te d  as i f  n o  in h o m o 
g e n e ity  is in d ica ted , w h e rea s  /7-v a lu es  < 0 .0 5  are  n o rm ally  in 
te rp re te d  as i f  in h o m o g e n e ity  is  p resen t. H o w ev er, in  th is la tte r  
c ase , th e re  is a  r isk  equal to the  /»-value o f  d ra w in g  th e  w ro n g  
c o n c lu s io n  b ecau se  the  /»-value o n ly  g iv es  the  p ro b a b ility  th a t 
ra n d o m  effec ts  a lo n e  a re  th e  c au se  o f  th e  resu lts . T h is  m ea n s  
th a t th e  r isk  fo r  a  ran d o m ly  cau sed  s ta tis tica l s ig n ific a n ce  in 
c rea se s  i f  m an y  tests are  p e rfo rm e d  a t p -lev e l 0 .0 5 . F o rty -n in e  
tes ts  w e re  p e rfo rm e d  at th is lev e l (T able  4 ), and , co n seq u en tly ,
2 - 3  ra n d o m  sig n ific a n t in h o m o g e n e itie s  c o u ld  be  e x p ec te d . In 
h o m o g en e ity  can  still be  p re sen t i f  it is e v en ly  d is tr ib u te d  b e 
tw e en  as w e ll as w ith in  c o n ta in e rs , w h ich  w o u ld  re su lt in  a 
/i-v a lu e  > 0 .0 5 . To som e e x ten t, th is c an  be  id en tif ie d  b y  h ig h  
R S D s. “N o rm a l” o r lo w  R S D s fo r w h ic h  the  /»-value is < 0 .05  
in d ica te  th a t th e  in h o m o g e n e ity  is p ro b a b ly  in s ig n ifican t, a l
th o u g h  th e  c o n tra ry  is in d ic a te d  b y  th e  /7-va lue . T h e  iro n  c o n 
c en tra tio n  in  sa m p le  2  w as ju d g e d  as to o  in h o m o g e n e o u s  to  be 
a n a ly ze d  in  th e  co lla b o ra tiv e  trial.

F ro m  T ab le  4 , it c an  b e  seen  th a t in  g en era l the  h ig h e r  th e  
C V % , th e  lo w e r th e  c o n ce n tra tio n  o f  the  m eta l. C o n seq u en tly , 
th e  h ig h es t c o n ce n tra tio n s  g en era lly  h a d  the  lo w e s t C V % , 
w h ic h  is in a cc o rd an c e  w ith  ex p ec ta tio n s  w h en  th e  lev e ls  are 
c lo se  to  th e  d e tec tio n  lim its
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Figure 2. The relative standard deviations at different 
concentration levels of Pb, Cd, Zn, and Cu.

C o m m e n ts

V ery few  c o m m e n ts  on , o r  d e v ia tio n s  fro m , th e  m eth o d  
w e re  n o ted  o n  th e  rep ly  fo rm s:

L ab o ra to ry  5 h a d  tak en  5—10 g  sa m p le  an d , a f te r  ash ing , 
d ilu te d  it to  100 m L . T h e  larg e  v o lu m e  re su lts  in  a  stro n g ly  
re d u ce d  d e tec tio n  lim it.
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Figure 3. The relative standard deviations at different 
concentration levels of Fe, Cr, and Ni.
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Table 4. Results (mg/kg) of the homogeneity study; means, p-value, and the relative standard deviation (RSD)

Sample No.

1 2 3 4 5 6 7

Metal Results Liver paste Apple sauce Minced fish Wheat bran Milk powder Diet 1 Diet 2

Pb Mean 0.0375 0.278 0.444 0.0930 0.0298 0.204 0.253

P <0 .01 >0.05 >0.05 >0.05 >0.05 >0.05 <0.05

RSD 26 12 6 .8 12 37 12 11

Cd Mean 0.0494 0.0017 0 .2 1 0 0.170 0.0005 0.492 0.566

P >0.05 >0.05 >0.05 >0.05 >0.05 <0 .0 1 >0.05

RSD 18 45 8.1 11 50 6 .6 4.0

Zn Mean 8.29 0.639 4.22 55.1 31.3 35 39

P <0 .01 >0.05 >0.05 >0.05 >0.05 >0.05 <0.05

RSD 2.3 5.3 3.7 5.3 3.8 2.9 4.1

Cu Mean 4.78 0.184 0.184 7.53 0.320 39 45

P >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 <0 .01

RSD 3.0 9.2 11 2.9 11 4.5 8 .0

Fe Mean 25.7 23.2 6.96 127 1.80 2 1 2 235

P <0.05 <0 .01 >0.05 >0.05 >0.05 <0.05 <0 .01

RSD 6 .6 13 7.7 4.4 15 7.1 8.5

Cr Mean 0.0271 0.0546 0.248 0.0309 0.0106 0.030 0.049

P >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

RSD 2 2 26 14 36 65 35 24

Ni Mean 0.0206 0.211 0.0230 0.269 0.0132 0.098 0.077

P >0.05 <0.05 >0.05 >0.05 >0.05 >0.05 >0.05

RSD 44 17 39 9.3 62 35 39

L ab o ra to ry  17 ad d ed  0 .3  m L  c o n ce n tra ted  H N 0 3 to  th e  
sa m p le s  b e fo re  the  last ro u n d  o f  a sh in g . A c co rd in g  to  the  
a u th o r ’s ex p erien c e , th is  has n o  e ffec t on  th e  resu lts .

L ab o ra to ry  2 0  c le a n e d  th e  u ten sils  w ith  3 N  H C 1-ED TA .

L ab o ra to ry  25  c la im e d  th a t sam p le  7 w as no t in  the  p a ck 
age.

T h e  p a rtic ip a n ts  w ere  in s tru c ted  to  re p o rt th e  re su lts  to  3 
s ig n ific a n t d ig its  (i.e ., 0 .0111 , 1.11, o r 111). T h e re  w ere , h o w 
ever, a  c o n s id e ra b le  n u m b er o f  d e v ia tio n s  fro m  th is in stru c tio n  
in the  rep lies . T h e  re su lts  a re  p re sen te d  in the  tab le s  as re 
ce iv ed .

E lim in a tio n  o f  O u tly in g  L a b o r a to r ie s /R e s u l ts

T h e  K ru sk al-W allis  k -sa m p le  te s t w a s  u se d  to  e lim in a te  
lab o ra to rie s  w ith  ex tre m e  d e v ia tio n . O u tly in g  re su lts  w e re  
e lim in a ted  acco rd in g  to  th e  2 -ta iled  m eth o d  o f  F illib e n  (12), 
ra th e r th an  w ith  the  u se  o f  G ru b b 's  tes t, w h ich  is on ly  1-tailed . 
L ab o ra to ry  15 w as  e lim in a ted  by  the  K rusk al-W allis  tes t fo r  all 
m eta ls . Its re su lts  a re , th e re fo re , n o t in c lu d e d  in  th e  tab les .

Results

R esu lts  w e re  re ce iv e d  fro m  16 o f  th e  o rig in a l 17 p a rtic ip a t
in g  lab o ra to rie s . N o t a ll o f  th e  lab o ra to rie s  d e te rm in e d  a ll o f  th e

m eta ls . A ll d e te rm in a tio n s  w ere  m ad e  as s in g le  d e te rm in a tio n s . 

S o m e  re su lts  fo r Pb an d  C d  a t very  low  c o n c e n tra tio n s  w e re  
n eg a tiv e . T h is  is u su a lly  a  re su lt o f  o v e rco m p en sa te d  b a ck 

g ro u n d  co rre c tio n , bu t it c an  a lso  be  a  re su lt o f  ra n d o m  e rro r  at 
lev e ls  a ro u n d  o r  b e lo w  th e  d e te c tio n  lim it. A ll n e g a tiv e  re su lts  
w e re , h o w ev er, e lim in a ted  a s  o u tlie rs  a cc o rd in g  to  th e  a b o v e  

m en tio n ed  tests .
S a m p le s  w ith  n ea rb y  o r  sp lit lev e ls  w e re  u se d  to  c a lcu la te  

th e  rep ea tab ility  (w ith in -lab o ra to ry  v a ria tio n ) a n d  re p ro d u c i
b ility  (w ith in - and  b e tw ee n -la b o ra to ry  v a ria tio n ) w ith  th e  a id  

o f  v a rian ce  co m p o n e n t an a ly sis . S a m p le s  6  a n d  7, c o m p o s ite  
d ie ts , had  s im ila r  b u t n o t iden tica l c o m p o s itio n s  a n d  m eta l lev 
e ls , an d  w ere , th e re fo re , id ea lly  su ited  fo r  th is  p u rp o se . In th o se  

in s tan c es  in w h ich  sam p les h ad  a  u n iq u e  lev e l, o n ly  re p ro d u c i
b ility  w as  c a lcu la ted .

T h e  co n ta m in a tio n  lev e l w a s  c o n tro lled  b y  b lan k  d e te rm i

na tio n s. T h e  p a rtic ip a n ts  w e re  in s tru c te d  to  c a rry  o u t  a t le a s t 5 
b lan k s /m e ta l. T h e  m ea n  v a lu e  o f  th e  b lan k s  w a s  d e d u c te d  fro m  
th e  re ad in g s  b e fo re  th e  resu lts  w e re  c a lcu la ted .

T h e  g ra n d  m ean  o f  th e  b lan k  d e te rm in a tio n s  w a s  d e c id e d  
fo r  e ach  m eta l on  th e  b asis  o f  re su lts  o n ly  fro m  lab o ra to rie s  th a t 
re p o rte d  re su lts  a cc ep ta b le  a cc o rd in g  to  th e  s ta tis tica l e v a lu 
a tio n . L im its  o f  d e tec tio n  w ere  c a lcu la te d  a s  3 tim e s  th e  s ta n d 
ard  d e v ia tio n  o f  th e  m ean  o f  th ese  b lan k s .
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Table 5. Collaborative results (mg/kg) for lead in foods

Coll.

Sample No.

1 2 3 4 5 6 7

1 0.030 0.431 0.375 0.0403 _ 0.153 0.248

2 0 .1 0 0.41 0 .6 8 0.045 0.006 0.25 0.063®

3 0.0698 0.113 0.503 0.0903 0.0163 0.236 0.270

4 0.0566 0.300 0.551 0.154 0.0254 0.261 0.289

5 0.0502 0.308 0.570 0.245 0.030 0.275 0.300

6 0.060 0.187 0.435 0.0740 0.038 0.150 0.267

7 0.078 0.257 0.414 0.150 0.243a 0.223 —

8 0.0453 0.296 0.570 0 .1 0 2 0.0091 0.195 0.247

9 0.0707 0.158 0.539 0.0947 0.0579 0.241 0.388

10 0.0431 0.262 0.564 0.155 <0 .0 0 0 1 a 0.214 0.277

12 0.046 0.24 0.70 0.104 <0.003 0 .21 0.34

14 0.070 0.262 0.459 0.096 -0.007a 0.223 0.248

16 0.051 — 0.381 0.132 0.040 0.171 0.203

Mean 0.0593 0.269 0.518 0.114 0.0249 0 .2 1 2 0.280

SR 0.0183 0.092 0.104 0.054 0.0185 0.039 0.050

RSDr 30.9 34.4 2 0 .0 47.6 74.2 18.6 17.9

No. labs, after elimination of outliers 13 12 13 13 9 13 11

Ref. V 0.225 0.272

SD for Ref. V 0.023 0.043

a Outlying results according to Filliben.

T h e  m eth o d  u sed  to  d e te rm in e  th e  s ig n ific a n ce  o f  th e  d iffe r
en ce  b e tw ee n  the  tr ia l re su lts  a n d  th e  re fe re n ce  v a lu e s  fo r  sa m 
p les  6  an d  7  w as  b ased  o n  a  2 -sa m p le  /-test.

L e a d

F o u rteen  o f  th e  p a rtic ip a tin g  lab o ra to rie s  p e rfo rm e d  P b  d e 
te rm in a tio n s . A ll o f  th e  d e te rm in a tio n s  w ere  m ad e  w ith  b a c k 
g ro u n d  c o rrec tio n . M o s t o f  th e  a n a ly se s  w ere  ca rried  o u t by  
G F A A S . F la m e  A A S  w as u se d  b y  lab o ra to ry  6  fo r sam p le  3 , by  
lab o ra to ry  7  fo r  all sam p le s , by  lab o ra to ry  10 fo r sam p le s  2 ,3 ,  
6 , and  7 , and  b y  lab o ra to ry  11 fo r  sa m p le  2 . M a trix  m o d ific a 
tion  w as u se d  b y  lab o ra to rie s  2 , 3, 6 , 14, a n d  16. L ab o ra to ry  1 
rep o rted  th e  lev e l in sam p le  5 to  b e  no t d e tec tab le . L ab o ra to ry  
11 rep o rted  p ro b lem s w ith  th e  b a ck g ro u n d  co rre c tio n  d u rin g  
th e  m easu rem en ts . L ab o ra to ry  16 c la im e d  th a t it had  p ro b ab ly  
m issed  a  d ilu tio n  fa c to r w h e n  c a lcu la tin g  the  re su lt o f  sam p le
2. T h ese  re su lts  w ere , th e re fo re , n o t in c lu d e d  in the  ev a lu a tio n .

R esu lts  re p o rte d  a s  b e lo w  a  lab o ra to ry s  d e tec tio n  lim it 
(< -v a lu es) a re  a ssu m e d  in  th e  c a lcu la tio n s  to  b e  h a lf  o f that 

d e tec tio n  lim it.
T h e  m ean  o f  th e  b la n k  d e te rm in a tio n s  w a s  0 .0 0 1 9  m g/L , 

ran g e  0 .0 0 0 4 -0 .0 0 5 5  m g/L . T h e  lim it o f  d e tec tio n  w as  c a lc u 
lated  to  b e  0 .0021  m g /L  o f  sam p le  so lu tio n , w ith  a  ra n g e  o f  
0 .0 0 0 3 -0 .0 0 4 7  m g/L . T h is  c o rre sp o n d s  to  an  av erag e  lim it o f  
d e tec tio n  in th e  ac tu a l sa m p le  o f  0 .0 0 6 3  m g /k g , a ssu m in g  a  
sam p le  w e ig h t o f  10 g  an d  d ilu tio n  to  3 0  m L.

C o m m e n ts  o n  th e  L e a d  R e s u l t s .— T h e  rep ro d u c ib ility  re la 
tive  s tan d ard  d e v ia tio n  (R S D r ) v a lu e s  fo r  th e  v a rio u s co n ce n 
tra tio n  lev e ls  (see  T ab le  5 an d  F ig u re  2 ) sh o w  th a t th e  re la tiv e

v a ria tio n  is lev e l-d e p e n d en t a n d  d e c re a se s  f ro m  7 4  to  2 0 %  w ith  
in c reas in g  Pb levels. T h e  R S D r o f  the  re su lts  fro m  th e  p re -tria l 

w ith  re ad y -m ad e  so lu tio n s  an d  the  rep ea tab ility  re la tiv e  s ta n d 

ard  d e v ia tio n  (R S D r) fo r  th e  h o m o g en e ity  test w e re  a p p ro x i
m a te ly  h a lf  o f  th e  R S D r o f  th e  a c tu a l tria l re su lts  (F ig u re  2). 

T h e  h o m o g en e ity  test re su lted  in an  R S D r s im ila r  to  th e  re su lts  

o f  th e  p re -tria l.
F o r  th e  sam p les w ith  sp lit lev e ls , th e  re p ea ta b ility  (s,.) and  

the  rep ro d u c ib ility  (sR) w e re  the  sam e  (T ab le  6 ), w h ic h  in d i
c a te s  th a t th e  v a ria tio n  w ith in  th e  c o n ce n tra tio n  in te rv a l is 

c au sed  m ain ly  w ith in  the  labora tory .

T h e  re su lts  o f  sam p le s  6  an d  7 w e re  no t s ig n ifican tly  d iffe r

en t (/;>().05) f ro m  th e  re fe re n ce  v a lu es.
T h e  re su lts  o b ta in e d  b y  f lam e  A A S  w ere  n o t s ig n ifican tly  

d iffe ren t f ro m  th o se  o b ta in e d  by G F A A S , w h ich  in d ic a te s  that 
a t th e  c o n ce n tra tio n s  a t w h ic h  b o th  tec h n iq u es  w e re  u sed  they  

y ie ld  b a s ica lly  the  sam e  resu lt.

Table 6. Statistical results for lead (mg/kg) in samples 
with nearby or split levels

Sample combinations

Variable 1;5 2;6;7

Mean 0.0452 0.253

sr 0.0183 0.0649

Sr 0.0183 0.0649

RSDr 40.5 25.7

RSDr 40.5 25.7
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Table 7. Collaborative results (mg/kg) for cadmium in foods

Coll.

Sample No.

1 2 3 4 5 6 7

1a 0.038 0.000 0.130 0.106 -0.006 0.364 0.397
2 0.058 0 .0 0 2 0.23 0.16 0.033* 0.50 0 .2 2

3 0.0429 0.00287 0.213 0.184 -0.0017* 0.547 0.642

4 0.0451 0.0130* 0.213 0.170 0.0003 0.473 0.602

5 0.054 0.0007 0 .2 1 2 0.173 0.0007 0.557 0.583
6 0.050 0 .0 0 2 0 .211 0.204 0 .0 0 2 0.573 0.708
7 0.045 <0.003 0.159 0.135 0.032* 0.439 —

8 0.0417 0 .0 0 1 2 0.273 0.174 0 .0 0 0 0 * 0.461 0.571
9 0.0507 0 .0 0 0 1 0 0.282 0.0744* 0.00142 0.614 0.771

10a 0.0631 0 .0 0 2 0.245 0.394 0.231 0.515 0.610
11 0.0509 0.00300 0.160 0.184 0.00319 0.450 0.473
12 0.054 0.003 0.214 0 .20 1 0.003 0.506 0.582
14 0.053 0 .0 0 1 0 0.182 0.168 0.0007 0.462 0.464
16 0.049 0.000 0.162 0.195 0.005 0.493 0.437

Mean 0.0495 0.0016 0.209 0.177 0 .0 0 2 0 0.506 0.550

SR 0.0050 0 .0011 0.040 0 .0 2 0 0.0016 0.055 0.149
RSDr 10.1 6 8 .8 19.2 11.1 83.0 10.9 27.1
No. labs, alter elimination of outliers 12 11 12 11 3 12 11

Ref. V 0.467 0.537
SD for Ref. V 0.052 0.059

3 Laboratory eliminated by the Kruskal-Wallis k-sample test. 
b Outlying results according to Filliben.

C a d m iu m

F ifteen  o f  the  p a rtic ip a tin g  lab o ra to rie s  p e rfo rm e d  C d  d e te r
m in a tio n s , all w ith  b a ck g ro u n d  c o rrec tio n . T h e  m a jo r  pa rt o f  

th e  d e te rm in a tio n s  w e re  m ad e  b y  G F A A S . F la m e  A A S  w as 

u sed  by  lab o ra to ry  6  fo r  sam p le s 3 , 6 , an d  7 , by  la b o ra to ry  8  fo r 

a ll sam p le s, b y  lab o ra to ry  10  fo r  a ll sam p le s , b y  lab o ra to ry  11 
fo r  sam p le s  1 , 3 ,4 ,  6 , a n d  7, an d  by  lab o ra to ry  12 fo r  sam p le s 

3 ,4 ,  6 , a n d  7. M a trix  m o d ific a tio n  w as used  b y  lab o ra to rie s  3, 

6  ( sa m p le  5 ), 14, an d  16. L ab o ra to rie s  1 an d  10 w ere  e lim in a ted  
as o u tlie rs .

T h e  m ean  o f  th e  b la n k  d e te rm in a tio n s  w a s  0 .0 0 0 4  m g/L , 

ra n g e  0 .0 0 0 0 1 -0 .0 0 2 2  m g /L . T h e  lim it o f  d e te c tio n  w as c a lc u 

la ted  to  be  0 .0 0 1 3  m g /L  o f  sam p le  so lu tio n  w ith  a  ra n g e  o f  
0 .0 0 0 0 3 -0 .0 0 8 8  m g /L . T h is  c o rre sp o n d s  to  an  av erag e  lim it o f  

d e te c tio n  in the  ac tual sam p le  o f  0 .0 0 3 9  m g /k g , a ssu m in g  a  
sa m p le  w e ig h t o f  10 g  an d  d ilu tio n  to  30  m L.

C o m m e n ts  o n  th e  C a d m iu m  R e s u l t s .— T h e  R S D r v a lu es fo r  

th e  d iffe ren t c o n cen tra tio n  lev e ls  a re  lev e l-d e p e n d en t (see  T a
b le  7  an d  F ig u re  2 ) an d  d e c re a se  fro m  a p p ro x im ate ly  7 0  to 
11%  w ith  in c re a s in g  c o n cen tra tio n .

T h e  R S D r fo r  the  p re -tr ia l so lu tio n s  an d  th e  R S D r fo r the 

h o m o g en e ity  g a v e  s im ila r  re su lts  e x ce p t a t th e  lo w est c o n c e n 
tra tio n s.

In T ab le  8 , fo r  the  sa m p le s  w ith  sp lit leve ls , it c an  b e  seen  

that the  R S D r d e c re a se s  m o re  th an  the  R S D r a s  th e  c o n c e n tra 
tion  in c reases .

T h e  re su lts  fo r  sam p le s  6  a n d  7 are  no t s ig n ific a n tly  d iffe r

en t (p > 0 .0 5 ) fro m  the  re fe ren ce  v a lues.

T h e  re su lts  o b ta in ed  by  flam e  A A S  w ere  no t s ig n ific a n tly  

d iffe ren t fro m  th o se  o b ta in ed  by  G F A A S , w h ic h  in d ic a te s  th a t 

a t th e  c o n ce n tra tio n s  a t w h ic h  b o th  tec h n iq u es  w e re  u sed , th ey  

y ie ld  b a s ica lly  th e  sam e  resu lt.

Z in c

F iftee n  o f  the  p a rtic ip a tin g  lab o ra to rie s  p e rfo rm e d  Z n  d e te r 

m in a tio n s . L ab o ra to rie s  1, 13, an d  14 d id  no t u se  b a c k g ro u n d  

c o rrec tio n . A ll d e te rm in a tio n s  w e re  m ad e  b y  f lam e  A A S . 

L ab o ra to rie s  9  a n d  10 w ere  e lim in a ted  as ou tlie rs .

Table 8. Statistical results for cadmium (mg/kg) 
in samples with nearby or split levels

Variable

Sample combinations

2;5 3;4 6;7

Mean 0.0013 0.193 0.528

sr 0.0013 0.0268 0.0876

SR 0.0013 0.0337 0.111

RSDr 72.0 13.9 16.6

RSDr 72.0 17.5 2 1 .0
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Table 9. Collaborative results (mg/kg) for zinc in foods

Sample No.

Coll. 1 2 3 4 5 6 7

1 8.96 1.92b 4.25 69.5 32.1 37.3 39.0
2 1 2 .2 b 1.04b 5.60 69.3 35.8 36.0 38.0
3 8.31 0.679 3.29 75.6 28.0 36.1 39.9
4 9.08 1.15b 4.95 66.9 35.0 37.1 38.8
5 8.85 0.73 4.65 69.6 35.4 37.1 39.6
6 8.71 0.719 4.47 82.1 38.3 35.5 37.4
7 9.06 0.726 4.06 72.0 36.9 36.2 —

8 7.98 0.647 4.23 70.4 33.6 35.6 38.1
9a 10.4 0.773 4.79 35.2 4.43 41.7 24.1

1 0 a 8.70 0.651 4.36 5.75 2.93 24.2 37.3
11 8.82 0.752 4.60 70.2 36.8 36.4 38.1
13 8.47 0.635 4.23 63.6 34.3 34.6 38.1
14 9.09 0.72 4.74 77.0 37.9 37.4 41.9
16 9.05 0.655 4.27 72.0 35.3 39.0 41.1

Mean 8.76 0.696 4.45 71.5 35.0 36.6 39.1

SR 0.37 0.042 0.55 4.9 2 .8 1.3 1.4
RSDr 4.22 6 .0 12.4 6.9 8 .0 3.6 3.6
No. labs, after elimination of outliers 11 9 12 12 12 12 11

Ref. V 37.2 39.8
SD for Ref. V 4.0 4.2

a Laboratory eliminated by the Kruskal-Wallis k-sample test. 
b Outlying results according to Filliben.

T h e  m ea n  o f  the  b lan k  d e te rm in a tio n s  w as 0 .0 1 7  m g/L , 
ran g e  0 .0 0 3 2 -0 .0 3 0  m g /L . T h e  lim it o f  d e tec tio n  w as c a lc u 
la ted  to  b e  0 .0 1 9  m g /L  o f  sa m p le  so lu tio n , w ith  a  ra n g e  o f  
0 .0 0 0 -0 .0 3 9  m g/L . T h is  c o rre sp o n d s  to  an  av erag e  lim it o f  d e 
tec tio n  in  th e  a c tu a l sa m p le  o f  0 .0 5 7  m g /k g , a ssu m in g  a  sam p le  
w e ig h t o f  10 g  an d  d ilu tio n  to  3 0  m L.

C o m m e n ts  o n  th e  Z in c  R e s u l t s .— T h e  R S D r v a lu e s  fo r  the 
d iffe re n t c o n ce n tra tio n s  sh o w  no  lev e l d e p en d e n ce  w ith in  the 
in te rv al. T h e  R S D r fo r  th e  tria l re su lts  are  g e n e ra lly  s lig h tly  
h ig h e r  th an  the  R S D r fo r  th e  h o m o g en e ity  o f  the  sam p le s. See 
T ab le  9  a n d  F ig u re  2.

F o r  sa m p le s  w ith  sp lit lev e ls  (T able  10), th e  sr a n d  th e  sR 
w ere  a lm o s t id en tica l, in d ic a tin g  that the  v a ria tio n  is c au sed  
m ain ly  w ith in  th e  lab o ra to rie s . T h e  re su lts  o f  sam p le s  6  an d  7 
a re  n o t s ig n ifican tly  d iffe ren t ( p > 0 .0 5 ) fro m  the  re fe re n ce  va l
ues.

T h e  re su lts  o b ta in e d  w ith o u t b a ck g ro u n d  co rre c tio n  a re  no t 
sy s tem atica lly  h ig h e r  o r  s ig n ifican tly  d iffe ren t f ro m  th o se  o b 
ta in ed  w ith  b a ck g ro u n d  co rrec tio n .

C o p p e r

F ifteen  o f  th e  p a rtic ip a tin g  lab o ra to rie s  p e rfo rm e d  C u  d e te r
m in a tio n s . L ab o ra to rie s  6 , 11, 13, an d  14 d id  no t u se  b a c k 
g ro u n d  c o rrec tio n . L ab o ra to ry  1 d id  n o t su b m it the  in fo rm a 
tion . A ll o f  th e  lab o ra to rie s  u sed  flam e  A A S . L ab o ra to ry  1 w as 
e lim in a ted  as ou tlier. T h e  m ea n  o f  the  b lan k  d e te rm in a tio n s  
w as 0 .015  m g /L , ran g e  0 .0 0 0 -0 .0 6 0  m g/L . T h e  lim it o f  d e te c 
tion  w as c a lcu la te d  to  b e  0 .0 3 6  m g /L , ra n g e  0 .0 0 0 -0 .0 7 2  m g /L

o f  sam p le  so lu tio n . T h is  c o rre sp o n d s  to  an  a v e ra g e  d e te c tio n  

lim it in  the  ac tu a l sa m p le  o f  0 .1 0 8  m g /k g , a ssu m in g  a  sam p le  

w e ig h t o f  10 g  a n d  d ilu tio n  to  3 0  m L.

C o m m e n ts  o n  th e  C o p p e r  R e s u l t s .— T h e  R S D r v a lu es fo r 

the  d iffe ren t c o n ce n tra tio n s  (see  T ab le  11 a n d  F ig u re  2 ) sh o w  a 

level d ep en d en ce . T h e  v a ria tio n s  fo r  a t least 2  o f  th e  sam p le s  

a re  la rg e r th a n  w as ex p ec te d  w ith in  th e  in te rv a l. T h e  m ain  re a 

so n  fo r  th is is th a t lab o ra to rie s  2 ,3 ,  an d  9  p ro d u c ed  so m e  re su lts  

th a t c o u ld  b e  su sp ec ted  o f  b e in g  o u tlie rs  b u t th a t h a p p en e d  to 

fit th e  n o rm al d is trib u tio n . T h e  R S D r fo r  th e  p re -tr ia l so lu tio n s 

is o n  th e  sam e lev e l a s  th e  R S D r fo r  th e  h o m o g en e ity .

F o r  sa m p le s  w ith  sp lit lev e ls  (T ab le  12), th e  d iffe ren ce  b e 

tw e en  s,. a n d  sR in c reases  w ith  in c re a sed  c o n ce n tra tio n s  in the 

sam p les. T h is  sh o w s th a t th e  b e tw ee n -la b o ra to ry  v a ria tio n  b e 
co m e s m o re  im p o rta n t as the  co n ce n tra tio n  in c re a se s  w ith in

Table 10. Statistical results for zinc (mg/kg) in samples 
with nearby or split levels

Variable

Sample combinations

1;3 5;6;7

Mean 6.60 36.9

Sr 0.283 1 .8 8

SR 0.283 1.96

RSDr 4.3 5.1

RSDr 4.3 5.3
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Table 11. Collaborative results (mg/kg) for copper in foods

Coll.

Sample No.

1 2 3 4 5 6 7

1a 5.12 0.0958 0.400 10.1 0.803 40.8 44.0

2 5.25 0.27 0.25 5.53 0.36 30.5 34.5

3 3.47b 0.245 0.0313 1 0 .2 0.0857 40.8 48.6

4 4.97 0.193 0.179 8.26 0.542 38.9 45.8

5 5.85 0.27 0.24 1 0 .2 0.39 46.7 52.8

6 5.40 0.248 0.291 10.7 0.620 40.6 46.3

7 4.93 0.257 0.218 7.65 0.710 41.3 —

8 4.80 0.255 0.182 8.50 0.316 42.1 47.7

9 5.63 0 .0 1 b 0.159 4.06 0.130 45.8 56.0

10 6.09 0.285 0.316 9.98 0.564 41.0 49.2

11 5.27 0.241 0.192 9.38 0.705 46.9 48.4

13 5.21 0.231 0.247 9.13 0.801 39.0 46.1

14 5.52 0.17 0.30 9.41 0.69 40.6 46.7

16 5.43 0.143 0.286 10.7 0.446 43.8 51.8

Mean 5.36 0.234 0 .2 2 2 8.75 0.482 41.4 47.8

SR 0.38 0.043 0.077 2 .0 0 0.225 4.2 5.2

RSDr 7.1 18.4 34.6 22.9 46.7 10.1 10.9

No. labs, after elimination of outliers 12 12 13 13 13 13 12

Ref. V 40.1 45.6

SD for Ref. V 1.5 2.5

a Laboratory eliminated by the Kruskal-Wallis k-sample test. 
b Outlying results according to Filliben.

th e  in te rv a l m easu red . T h e  re su lts  o f  sa m p le s  6  an d  7 a re  no t 
s ig n ific a n tly  d iffe re n t (/?>(). 0 5 ) fro m  th e  re fe re n ce  v a lues.

T h e  re su lts  o b ta in e d  w ith o u t b a c k g ro u n d  c o rre c tio n  a re  no t 
sy s te m atica lly  h ig h e r  o r  s ig n ifican tly  d iffe re n t f ro m  th o se  o b 
ta in e d  w ith  b ack g ro u n d  co rrec tio n .

Iron

F o u rte en  o f  th e  p a rtic ip a tin g  lab o ra to rie s  p e rfo rm e d  F e  d e 
te rm in a tio n s . B a ck g ro u n d  c o rre c tio n  w a s  n o t u se d  b y  lab o ra 
to rie s  13 a n d  14. A ll lab o ra to rie s  u se d  flam e  A A S . L ab o ra to ry  
11 w a s  e lim in a te d  as an  outlier.

T h e  m ean  b la n k  lev e l w a s  0 .1 0 8  m g /L , ra n g e  0 .0 1 0 -  
0 .5 9 0  m g/L . T h e  lim it o f  d e te c tio n  w a s  c a lcu la te d  to  b e  
0 .2 6 7  m g /L , ra n g e  0 .0 0 0 -2 .0 0  m g /L  o f  sa m p le  so lu tio n . T h is  
c o rre sp o n d s  to  an  a v e ra g e  d e te c tio n  lim it  in th e  a c tu a l sam p le  
o f  0 .8 0 0  m g /k g , a ssu m in g  a  sam p le  w e ig h t o f  10  g  a n d  d ilu tio n  
to  30  m L .

C o m m e n ts  o n  th e  I r o n  R e s u l t s .— T h e  R S D r fo r  th e  d iffe ren t 
c o n ce n tra tio n s  (T able  13 a n d  F ig u re  3) sh o w  a  lev e l d e p e n d 
e n ce  a t the  lo w e s t co n ce n tra tio n s . T h e  R S D r fo r  th e  p re -tr ia l 
so lu tio n s  an d  th e  R S D r fo r  th e  h o m o g en e ity  o f  th e  sa m p le s  a re  
o n  th e  sa m e  lev e l a s  th e  tria l resu lts .

F o r  sam p le s  w ith  sp lit lev e ls  (T ab le  14), th e  sr an d  sR w ere  
id en tica l fo r  sa m p le  c o m b in a tio n  3:5 , in d ic a tin g  th a t the  v a ri
a tio n  a t th is c o n ce n tra tio n  is m a in ly  c au sed  w ith in  the  lab o ra 
to ries . In  c o m b in a tio n  6 :7 , s,. is lo w e r th an  sR, w h ic h  in d ica te s  
th a t th e  w ith in - la b o ra to ry  v a ria tio n  b e c o m e s  less  s ig n ific a n t a t 
h ig h e r c o n ce n tra tio n s .

T h e  re su lts  o f  sa m p le s  6  a n d  7 a re  n o t s ig n ifican tly  d iffe ren t 
( p > 0 .0 5 )  f ro m  the  re fe ren ce  va lues.

T h e  re su lts  o b ta in e d  w ith o u t b ack g ro u n d  c o rre c tio n  a re  no t 
sy s te m a tica lly  h ig h e r  o r  s ig n ifican tly  d iffe ren t f ro m  th o se  o b 
ta in e d  w ith  b ack g ro u n d  co rrec tio n .

C h ro m iu m

T en  o f  th e  p a rtic ip a tin g  lab o ra to rie s  p e rfo rm e d  C r d e te rm i
na tio n s. T h e  p a rtic ip an ts  w e re  in s tru c ted  to  u se  b a c k g ro u n d  
co rre c tio n  (B C ) i f  p o ss ib le . L ab o ra to rie s  6  an d  11 an a ly ze d  
sam p le  3 b y  flam e  A A S . A ll o th e r  d e te rm in a tio n s  w e re  m ad e  
b y  G F A A S . L ab o ra to ry  14 u sed  m atrix  m o d ifica tio n .

F o u r lab o ra to rie s  d id  n o t u se  B C . A s c an  b e  se e n  in  T a 
b le  15, th e  re su lts  fo r  sam p le s 1 -3  a re  a ll o f  s im ila r  m ag n itu d e . 
F o r  sam p le s  4—7, h o w ev er, th e  im p o rta n ce  o f  B C  a t lo w  con-

Table 12. Statistical results for copper (mg/kg) 
in samples with nearby or split levels

Variable

Sample combinations

2:3;5 1 ;4 6;7

Mean 0.315 7.05 44.6

Sr 0.126 1.42 1.57

SR 0.137 1.54 4.73
RSDr 40.0 20 .1 3.5
RSDr 43.5 2 1 .8 1 0 .6
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Table 13. Collaborative results (mg/kg) for iron in foods

Coll.

Sample No.

1 3 4 5 6 7

1 23.7 6.60 140 2.61 204 219
2 25.8 6.3 129 1.9 211 2 0 2
3 18.9 7.12 133 1.19 146 223
4 25.1 6.59 111 2.25 192 208
5 27.3 5.99 118 1.57 240 261
6 24.6 6.48 127 1.98 205 250
7 28.2 4.15b 98.5 2.42 176 —

8 23.3 5.52 136 0.877 207 253
9 20 .1 6.17 56.6b 0.516 201 215

10 2 2 .2 5.81 105 1.64 2 0 2 216
11a 27.6 1 2 .6 144 2.40 242 242
13 24.3 6.47 114 2.25 195 214
14 26.6 10.3fc 123 1.57 2 2 0 246
16 22.3 6.08 136 1.85 166 232

Mean 24.0 6.28 1 22 1.74 197 228

SR 2.7 0.44 13 0.61 24 20

RSDr 11.2 7.0 10.7 35.1 1 2 .2 8 .8

No. labs, after elimination of outliers 13 11 12 13 13 12

Ref. V 193 2 1 2

SD for Ref. V 16 19

a Laboratory eliminated by the Kruskal-Wallis k-sample test. 
b Outlying results according to Filliben.

c en tra tio n s  c an  b e  seen . T h e  re su lts  p ro d u c e d  w ith  B C  a re  c o m 

p iled  in  T ab le  16. L ab o ra to ry  10 w as e lim in a te d  a s  a n  outlier.

T h e  m ea n  o f  th e  b la n k  d e te rm in a tio n s  w a s  0 .0 0 3 4  m g/L , 

ra n g e  0 .0004—0 .0 1 2  m g /L . T h e  lim it o f  d e te c tio n  w a s  c a lc u 

la ted  to  b e  0 .0 1 2  m g /L , ra n g e  0 .0 0 0 4 -0 .0 5 2  m g /L  o f  sam p le  

so lu tio n . T h is  c o rre sp o n d s  to  an  av era g e  d e te c tio n  lim it  in  th e  

ac tu a l sa m p le  o f  0 .0 3 5  m g /k g , a ssu m in g  a  sa m p le  w e ig h t o f  

10 g  a n d  d ilu tio n  to  3 0  m L . O n e  o f  th e  p a rtic ip a n ts  h a d  a  v e ry  

larg e  v a ria tio n  in  th e  b lan k s , w h ic h  re su lte d  in  th e  ra th e r  h ig h  

d e te c tio n  lim it. O m ittin g  th ese  b lan k s , th e  d e te c tio n  lim it 

c o m e s to  0 .0 0 9  m g /k g .

C o m m e n ts  o n  th e  C h r o m iu m  R e s u l t s .— T h e  R S D r v a lu es 

fo r  th e  d iffe re n t c o n c e n tra tio n s  (see  T ab le  16 a n d  F ig u re  3)

Table 14. Statistical results for iron (mg/kg) in samples 
with nearby or split levels

Variable

Sample combinations

3;5 6;7

Mean 3.82 2 1 2 .2

Sr 0.440 17.4

SR 0.440 2 2 .6

RSDr 11.5 8 .2

RSDr 11.5 10.7

sh o w  a  c e rta in  lev e l d ep en d e n ce . T h e  R S D r fo r  th e  h o m o g e n e 
ity  is  o f  th e  sam e  m ag n itu d e , w h e rea s  th e  R S D r fo r  th e  p re -tria l 
so lu tio n s  is on  a  lo w e r lev e l. I t  c an  b e  a s su m e d  th a t  th e  v a ri
a tio n  is c au sed  b y  co n ta m in a tio n  in  th e  a sh in g  p ro ced u re .

F o r  sam p le s  w ith  sp lit lev e ls  (T ab le  17), the  sr a n d  sR w ere  
a lm o s t id en tica l, in d ica tin g  th a t th e  v a ria tio n  is c au sed  w ith in  
th e  labora tory .

T h e  re su lts  o f  sam p le s  6  a n d  7  a re  n o t s ig n ific a n tly  d iffe ren t 
(p > 0 .0 5 ) f ro m  th e  re fe re n ce  v a lu e s . T h e  re fe re n c e  v a lu e , h o w 
ever, is b a se d  on  re la tiv e ly  fe w  re su lts  (see  T ab le  3).

N ic k e l

N in e  o f  th e  p a rtic ip a tin g  lab o ra to rie s  p e rfo rm e d  N i d e te rm i
n a tio n s. A ll lab o ra to rie s  u se d  B C . L ab o ra to ry  6  an a ly ze d  sa m 
p le  2  b y  flam e  A A S . A ll o th e r  a n a ly se s  w e re  m ad e  b y  G F A A S .

T h e  m ean  o f  th e  b la n k  d e te rm in a tio n s  w a s  0 .0 0 7 9  m g/L , 
ra n g e  0 .0 0 0 1 -0 .0 3 0  m g /L . T h e  lim it o f  d e te c tio n  w as c a lc u 
la te d  to  b e  0 .0 0 8 8  m g /L , ra n g e  0 .0 0 0 6 -0 .0 4 1  m g /L . T h is  co r
re sp o n d s  to  an  av erag e  d e tec tio n  lim it in  th e  a c tu a l sa m p le  o f  
0 .0 2 6  m g /k g , a ssu m in g  a  sam p le  w e ig h t o f  10  g  a n d  d ilu tio n  to  

3 0  m L .

C o m m e n ts  o n  th e  N i c k e l  R e s u l t s .— T h e  R S D r v a lu es fo r  the  
d iffe re n t c o n ce n tra tio n s  (see  T ab le  18 a n d  F ig u re  3) sh o w  a 
lev e l d ep en d e n ce . A s  w a s  th e  c ase  fo r  C r, it c an  be  a ssu m e d  that 
c o n ta m in a tio n  d u rin g  th e  a sh in g  p ro ced u re  is  th e  reaso n  fo r 

th is  v a ria tio n .



810 Jo r h e m : Jo u r n a l  O f  AOAC In t e r n a t io n a l  V o l . 7 6 , No. 4 ,1 9 9 3

Table 15. Results for Cr in foods from all collaborators, with and without background correction

Coll.

Sample No.

BC1 2 3 4 5 6 7

1 0 .02 2 1 0.0852 0.236 0.0534 0.0683 0.114 0.0500 N

3 0.0677 0.0820 0.263 0.0299 0.0127 0.0486 0.0716 Y

4 0.0192 0.0800 0.225 0.0284 0.0038 0.0251 0.0442 Y

6 0.061 0.086 0.227 0.148 0.091 0.123 0.125 N

8 0.0214 0.0527 0.186 0.0204 0.0056 0.0357 0.0529 Y

9 0.0562 0.109 0.156 0.0115 0.0106 0.0188 0.0827 Y

1 0 a 0.147 0.187 0.990 0.105 0.0491 0.167 0.795 Y

11 0.0470 0.0540 0.244 0.900 0.206 0.274 0.364 N

14 0 .0 2 2 0.162 0.246 0.016 0.006 0.035 0.043 Y

16 0.055 0.138 0.196 0.116 0.042 0 .1 2 2 0 .211 N

Mean 0.041 0.094 0 .2 2 0 0.147 0.050 0.088 0.116

SR 0 .0 2 0 0.036 0.034 0.286 0.067 0.082 0.108
RSDr 48 38 16 195 134 92 93

a Laboratory eliminated by the Kruskal-Wallis k-sample test.

F o r  th e  sam p le s  w ith  sp h t lev e ls  (T ab le  19), th e  Sj a n d  sR are  
s im ila r  fo r  the  2 lo w est c o n cen tra tio n s . A t th e  h ig h e r  c o n ce n 
tra tio n , th e  sr is lo w e r th an  th e  sR.

T h e  re su lts  fo r  sam p le  6  a re  s ig n ifican tly  h ig h e r  ( p > 0 .0 5 ) 
th an  th e  re fe re n ce  va lue . T h e  re fe re n ce  v a lue , h o w ev er, is 
b a se d  o n  re la tiv e ly  fe w  re su lts .T h e  s in g le  re su lt o b ta in e d  by 
flam e  a n a ly s is  fo r  sam p le  2  w as lo w e r th an  th e  re su lts  o b ta in e d  
by  g ra p h ite  fu rn ac e  a n a ly s is , b u t no t so  lo w  as to  b e  c la ss if ied  
as an  outlier.

Discussion

T h e  re su lts  o f  the  p re -tr ia l w ith  re ad y -m ad e  so lu tio n s  (T a
b le  2 0 ) g av e  sev e ra l in d ica tio n s:

(1 ) A t s im ila r  c o n ce n tra tio n  lev e ls  in  th e  s ta n d a rd  so lu tio n s  

a n d  th e  sam p le  so lu tio n s , th ere  w as no  s ig n ific a n t d iffe re n c e  in  

th e  v a ria n ce  fo r  C d , C u , F e , an d  Cr. A t th e  lo w e s t c o n ce n tra tio n  

(0 .0 1 0 6  ±  0 .0 0 1 2  m g /L  o f  s tan d ard  so lu tio n  a n d  0 .0 0 8  ±  0 .0 0 8  

m g /L  o f  sa m p le  so lu tio n ), th e  v a rian ce  fo r  P b  w a s  s ig n ific a n tly  

h ig h e r  (v a rian ce  ra tio  4 8 ) in  the  sam p le  so lu tio n , w h ic h  in d i
ca tes  th a t th e  h ig h e r  m in e ra l c o n te n t in  the  sam p le  so lu tio n  

c au ses  g re a te r  v a rian ce  in  th e  resu lt. T h is  is  d u e  to  sev e ra l fa c 
to rs, a m o n g  w h ic h  is th e  co rre c tio n  p ro c ess  fo r  th e  b a ck g ro u n d  

abso rp tio n .

(2 ) W h e n  th e  c o n c e n tra t io n s  o f  th e  sa m p le  so lu t io n s  o f  

p o rk  a n d  l iv e r  w e re  m u lt ip lie d  b y  a  fa c to r, 2 .5 , to  g iv e  th e  

a p p ro x im a te  c o n c e n tra t io n  in  th e  a c tu a l s a m p le s  a n d  th en  

c o m p a re d  w ith  s im ila r  c o n c e n tra t io n s  in s a m p le s  f ro m  th e

Table 16. Collaborative results (mg/kg) for chromium in foods after elimination of laboratories not using background 
correction

Sample No.

Coll. 1 2 3 4 5 6 7

3 0.0677 0.0820 0.263 0.0299 0.0127 0.0486 0.0716
4 0.0192 0.0800 0.225 0.0284 0.0038 0.0251 0.0442
8 0.0214 0.0527 0.186 0.0204 0.0056 0.0357 0.0529
9 0.0562 0.109 0.156 0.0115 0.0106 0.0188 0.0827

1 0 a 0.147 0.187 0.990 0.105 0.0491 0.167 0.795
14 0 .0 2 2 0.162 0.246 0.016 0.006 0.035 0.043

Mean 0.037 0.097 0.215 0 .021 0.0077 0.033 0.059

SR 0.023 0.041 0.044 0.008 0.0037 0 .011 0.018
RSDr 62.2 42.3 20.5 38.1 48.1 33.3 30.5
No. labs, after elimination of outliers 5 5 5 5 5 5 5
Ref. V 0.049 0.063
SD for Ref. V 0.027 0.023

Laboratory eliminated by the Kruskal-Wallis k-sample test.
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Table 17. Statistical results for chromium (mg/kg) 
in samples with nearby or split levels

Variable

Sample combinations

4;5 1 :6 2;7

Mean 0.0145 0.0350 0.0780

Sr 0.0062 0.0160 0.0333

SR 0.0062 0.0181 0.0333
RSDr 43 46 43
RSDr 43 52 43

tr ia l ,  th e  v a r ia n c e  o f  C u , a n d  to  a  v a ry in g  d e g re e  C d , F e , a n d  
C r, w a s  s ig n if ic a n tly  h ig h e r  fo r  th e  tr ia l  s a m p le s  th a n  th e  p r e 
tr ia l s a m p le s , a s  sh o w n  in  T a b le  2 1 . I t  m a y  th e n  b e  a s su m e d  th a t 
th e  a sh in g  p ro c e d u re  c o n tr ib u te s  to  th e  to ta l  v a r ia n c e  fo r  th e se  
m e ta ls . L e a d , b e in g  n o to r io u s ly  d if f ic u l t  to  d e te rm in e , a p p a r 
e n tly  re c e iv e s  th e  m aj o r  p a r t  o f  th e  v a r ia n c e ,  a t  le a s t  a t  v e ry  lo  w  
c o n c e n tra t io n s ,  f ro m  th e  A A S -d e te rm in a tio n . I t  m u s t, h o w 
ev e r, b e  e m p h a s iz e d  th a t  th is  p re - tr ia l  w a s  o f  a  l im ite d  n a tu re  
a n d th a t th e c o n c lu s io n s ,  th e re fo re ,  a re  o n ly  in d ic a tiv e .

I f  th e  in s tru m e n ta l p a ram e te rs  a re  w e ll o p tim ize d , th e re  is 
no  re aso n  w h y  flam e  an d  g ra p h ite  fu rn ac e  an a ly se s  sh o u ld  no t 
g iv e  s im ila r  re su lts  i f  th e  c o n c e n tra tio n s  a re  a t a  su ffic ie n t level. 
T h is  is sh o w n  to  b e  th e  c ase  b y  th e  re su lts  fo r  P b  a n d  C d , fo r  
w h ic h  b o th  tec h n iq u es  w e re  u se d  w ith  n o  s ig n ific a n t in c rease  
in sR. T h e  im p o rta n ce  o f  b a ck g ro u n d  c o rre c tio n  a t lo w  c o n c e n 
tra tio n s  is d e m o n s tra te d  by  th e  c h ro m iu m  resu lts . A t h ig h er 
co n ce n tra tio n s , as fo r  Z n , C u , a n d  F e , re su lts  th a t a re  n o t sy s
tem a tica lly  to o  h ig h  can  b e  o b ta in e d  w ith o u t b a ck g ro u n d  c o r
rectio n . T h is  m u st, o f  co u rse , b e  v e rif ied  in  e ac h  in d iv id 
ual case .

Table 19. Statistical results for nickel (mg/kg) 
in samples with nearby or split levels

Variable

Sample combinations

1;3;5 6;7 2;4

Mean 0.0313 0.180 0.33

sr 0.0173 0.0944 0.0849

SR 0.0173 0.1033 0.116
RSDr 55.3 52.5 25.3
RSDr 55.3 57.5 34.6

W ith  th e  e x ce p tio n  o f  P b  an d  C r, th e  d iffe re n ce  b e tw ee n  the 

sr an d  th e  sR fo r  the  sp lit-lev e l sa m p le  co m b in a tio n s  in c reased  

w ith  in c reas in g  co n ce n tra tio n s . F o r  P b , C d , Z n , C u , F e , a n d  Cr, 

th e  re su lts  fo r  sam p le s  6  a n d  7  sh o w e d  v e ry  g o o d  ag reem en t 

w ith  th e  re fe re n ce  v a lu es. It c an , th e re fo re , b e  a ssu m e d  th a t no  

lo ss  o f  th ese  m eta ls  o c cu rre d  d u rin g  th e  d ry  ash in g . F o r N i, th e  

sR w a s very  la rg e  (p resu m ab ly  d u e  to  c o n ta m in a tio n ) b u t o v e r

lap p in g  th e  ra n g e  fo r  th e  re fe re n ce  va lue . It w o u ld  h a v e  b een  

d es irab le  to  h a v e  an  e x te n d e d  ra n g e  o f  N i in  th e  tria l; h o w ev er, 

th e  re su lts  sh o w  c o n c lu s iv e ly  th a t N i d e te rm in a tio n s  a t low  

c o n ce n tra tio n s  a re  d ifficu lt.

T h e  R S D rs fo r  a ll th e  m eta ls  d e te rm in e d  a g re e d  reaso n a b ly  

w e ll w ith  w h a t H o rw itz  e t al. (1 3 ) sh o w ed  to  b e  g en era lly  e x 

p e c ted  a t d iffe re n t co n ce n tra tio n s . W h e n  th e  R S D r ra tio s  

(H O R R A T ) o f  th e  R S D r fo u n d /R S D R p re d ic te d  (1 4 ) a re  c a lcu 

la ted , ra tio s  b e tw e e n  0 .5  a n d  2  in d ica te  a cc ep ta b le  p re c is io n  o f  

th e  m e th o d  acco rd in g  to  th e  In te rn a tio n a l U n io n  o f  P u re  and  

A p p lied  C h e m istry  (15). T h e  m ean  ra tio s  fo r  th e  d iffe ren t m et

a ls w ere : P b  1.5 (ran g e  0 .9 -2 .7 ) , C d  1.1 (0 .4 -2 .0 ) ,  Z n  0 .6  ( 0 .4 -

Table 18. Collaborative results (mg/kg) for nickel in foods

Coll.

Sample No.

1 2 3 4 5 6 7

1 0.0295 0.239 0.0149 0.323 0.0803 0.0919 0.0900

3 0.0422 0.352 0.0291 0.590 0.0339 0.139 0 .2 2 0

4 0 .021 0.271 0.0158 0.276 0.0295 0.0622 0.123

6 0.026 0.170 0.007 0.267 0.044 0.418 0.082

8 0.0263 0 .2 1 2 0.0209 0.330 0.0374 0.136 0.0614

9 -0.009a 0.306 0.0344 0.153 0.724a 0.313 0 .2 2 2

10 0.0367 0.301 0.0319 0.501 0.0027 0.266 0.306

14 0.049 0.377 0.016 0.528 -0.005a 0.171 0.096

16 0.115a 0.316 0.059 0.517 0.232a 0.173 0.266

Mean 0.033 0.283 0.025 0.387 0.038 0.197 0.163

0 .0 1 0 0.066 0.016 0.150 0.025 0.114 0.090

RSDr 30.3 23.3 64.0 38.8 6 6 .2 57.9 55.2

No. labs, after elimination of outliers 7 9 9 9 6 9 9

Ref. V 0.095 0.106

SD for Ref. V 0 .011 0.026

Outlying results according to Filliben.
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Table 20. Results of the analysis of aqueous solutions  
analyzed directly by AAS, prior to  the collaborative trial 
(mg/L)

Sample Metal
Expected Measured 

level level SR n

Std soln 1 Pb 0.010 0.011 0.001 11
Cd 0.100 0.102 0.013 11
Cu 0.50 0.51 0.03 13
Fe 5.0 4.9 0.4 12
Cr 0.010 0.015 0.001 4

Std soln 2 Pb 0.090 0.094 0.010 10
Cd 0.005 0.005 0.001 10
Cu 5.0 5.1 0.3 13
Fe 75 75 6.4 12
Cr 0.15 0.18 0.02 3

Soln of Pb — 0.008 0.008 11
ashed pork Cd — 0.008 0.001 10

Cu — 0.47 0.03 13
Fe — 5.7 0.46 12
Cr — 0.006 0.001 4

Soln of ashed Pb — 0.019 0.006 11
pig liver Cd — 0.080 0.005 10

Cu — 3.6 0.19 13
Fe — 32 2.1 13
Cr — 0.005 0.002 4

1.0), C u  1.4 (0 .6 -2 .6 ) ,  F e  1.4 (0 .6 -2 .4 ) , C r  1.5 (1 .0 -2 .4 ) , and 
N i 2.1 (1 .1 -2 .8 ) .

Conclusions

T h e  re su lts  o f  the  in te rlab o ra to ry  tria l, a t th e  c o n ce n tra tio n s  
te s ted , c o rre sp o n d  to  the  re q u ire m e n ts  fo r  rep ro d u c ib ility  that, 
a cc o rd in g  to  H o rw itz  e t  al., c an  b e  p u t on  a  m eth o d . T h e  c o m 
p a riso n  o f  th e  tria l re su lts  fo r  re fe re n ce  sam p le s  6  an d  7 w ith  
th e ir  re fe re n ce  v a lu e s  w as g en era lly  v e ry  go o d . T h e  m eth o d  
re su lts  in low  d e tec tio n  lim its , m ak in g  th e  m eth o d  su itab le  fo r  
q u a n tita tiv e  a n a ly s is  a t lo w  c o n cen tra tio n s . T h e  H O R R A T s 
sh o w  th a t th e  p rec is io n  o f  th e  m eth o d  is a cc ep ta b le  fo r Pb . C d, 
Z n , C u , F e , and  Cr. T h e  H O R R A T  fo r N i is no t as g o o d  as fo r 
th e  o th e r  m eta ls ; th e re  is, h o w ev er, no  c o lla b o ra tiv e ly  tried  
m eth o d  av a ilab le  to d a y  th a t p ro v id es  as g o o d  o r  b e tte r  re su lts  
fo r  th ese  m eta ls . O n  th e  b asis  o f  th ese  c o n c lu s io n s , th e  m eth o d  
m u s t b e  c o n s id e re d  to  g iv e  a ccep tab le  re su lts  fo r  th e  e le 
m en ts  d e te rm in ed .
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MICROBIOLOGICAL METHODS

Detection of Salmonella in Dry Foods Using Refrigerated 
Pre-Enrichment and Enrichment Broth Cultures: 
Interlaboratory Study

Jean-Y ves D ’A oust, Anne M . Sewell, and  P aula G reco

H e a lth  a n d  W elfa re  C a n a d a , F o o d  D ire c to ra te , S ir  F .G . B a n tin g  R e se a rc h  C e n tre , T u n n e y ’s P a s tu re , O tta w a , O N ,
K 1 A  0 L 2 , C a n a d a

C o llab o ra to rs : J. B e n so n ; P. B o leszczu k ; M . B ro d sk y ; M . C irig lian o ; C . C o ig n au d ; A . F a in ; R  F lo w ers ; L . G o u r; W .T. H a m an n ; 
G . H u szc zy n sk i; K . Je sse t; P. K o n k e l; P. L ac asse ; P.J. L affey ; G . L ap e rrie re ; K . M c In ty re ; A . M o rro w ; J. O g g e l; L .M . P h ilip p e ;
U . P u rv is; E .R . R ich te r; M .D . T h o m a s; W . W est; W . Z an d s tra

An interlaboratory study was performed in 11 labo
ratories to validate the use of pre-enrichment and 
tetrathionate brilliant green (TBG35) and selenite 
cystine (SC35) enrichment cultures refrigerated 72 h 
at 2-5°C for greater analytical flexibility in the detec
tion of S a lm o n e l la  in dry foods. Productivities of re
frigerated pre-enrichment and enrichment cultures 
were compared with that of the A O A C I B a c te r io lo g i 
c a l  A n a l y t i c a l  M a n u a l  (BAM) procedure using 4 
food types: whole egg powder, milk chocolate, ani
mal feed, and instantized skim milk powder. Un
inoculated and inoculated samples were included 
in each food group. There was complete agreement 
between the results obtained by the standard 
AOAC/BAM procedure and the 2 refrigeration pro
cedures. Of 660 samples tested, the AOAC/BAM 
procedure identified 393 contaminated samples 
that were readily detected from the corresponding 
refrigerated pre-enrichment cultures and from the 
combined productivity of homologous refrigerated 
TBG35 and SC35 cultures. Refrigeration (72 h) of pre
enrichment or enrichment cultures for greater ana
lytical flexibility and laboratory productivity in the 
examination of dry foods is under review for adop
tion by AOAC International.

T h e  A O  A d  B a c te r i o l o g i c a l  A n a l y t i c a l  M a n u a l  (B A M ) 
p ro c ed u re s  th a t u se  a  p re -e n rich m e n t s te p  re q u ire  4  d a y s  
to  y ie ld  p re su m p tiv e  ev id e n ce  o f  fo o d b o m e  S a lm o n e l la  

on  p la tin g  m ed ia . S u c h  p ro c ed u re s  in c lu d e  o v e rn ig h t e n ric h 
m e n t o f  fo o d  sa m p le s  in  a  n o n se lec tiv e  b ro th  m ed iu m  (p re -en 
r ich m en t) , e n ric h m e n t (2 4 -4 8  h) in  o n e  o r  m o re  se lec tiv e  b ro th  
m ed ia , a n d  p la tin g  o f  e n ric h m e n t cu ltu res  o n to  2  o r  m o re  p la t
in g  m e d ia  (1 M ). A lth o u g h  d irec t e n r ic h m e n t (n o  p re -en rich -

Received November 4, 1992. Accepted February 18, 1993.

m en t) o f  m a te ria ls  k n o w n  o r  su sp ec ted  to  co n ta in  la rg e  p o p u 
la tio n s  o f  e n d o g en o u s  f lo ra  c an  p ro v id e  p re su m p tiv e  e v id e n c e  
o f  p ro d u c t c o n ta m in a tio n  w ith in  3 d a y s  (2), n u m e ro u s  re p o rts  
u n d e rlin ed  th e  lo w  p ro d u c tiv ity  o f  th is  a n a ly tic a l a p p ro ac h  (5, 
6 ). T h e  n e ed  fo r  m o re  rap id , less  lab o rio u s  m e th o d s  o f  d e te c 
tio n  led  to  s ig n ifican t a d v an c es  in  d ev e lo p m en ta l re se a rc h  and  
to  th e  m ark e tin g  o f  d iag n o s tic  k its  b a se d  on  e n z y m e -lin k e d  im - 
m u n o so rb e n ce , n u c le ic  ac id  h y b rid iza tio n , im m u n o im m o b ili-  
z a tio n , an d  g e n u s-sp e c if ic  b io ch e m ic a l re ac tio n s  (5, 7 ). A l
th o u g h  th e  p e rfo rm a n ce  ch ara c te ris tic s  o f  m an y  o f  th ese  no v e l 
te c h n o lo g ie s  a re  im p ress iv e , th ese  sy s tem s re q u ire  3 o r  m o re  
d a y s  to  p re su m p tiv e ly  id en tify  a  S a lm o n e l la - c o n ta m in a te d  
fo o d  (8 ).

In  s tan d ard  A O A C /B A M  p ro c ed u re s  in v o lv in g  a  p re -e n 
r ic h m e n t step , in itia tio n  o f  sa m p le  an a ly se s  is  re s tr ic te d  to  
M o n d a y s  a n d  T u esd ay s  i f  w e e k e n d  w o rk  is to  b e  a v o id e d  an d  
i f  an a ly se s  a re  to  b e  in te rru p ted  o n ly  b y  re fr ig e ra tio n  o f  in c u 
b a te d  p la tin g  m ed ia . T h e  ab ility  to  re liab ly  re c o v e r  S a lm o n e l la  

f ro m  p re -e n rich m e n t a n d  e n ric h m e n t b ro th  c u ltu re s  re fr ig e r
a ted  7 2  h  w o u ld  n o t o n ly  d o u b le  th e  n u m b e r  o f  w e ek d a y s  on  
w h ich  an a ly se s  c o u ld  b e  in itia ted  (i.e ., M o n d a y  to  T h u rsd a y  
in c lu s iv e ly ) b u t a lso  p ro v id e  g re a te r  a n a ly tica l flex ib ility . T h e  
p re sen t s tu d y  w a s  u n d e rta k en  to  e x te n d  th e  e x is tin g  d a ta  b a se  
o n  th is  n o v e l a p p ro ac h  (9, 10) a n d  to  fu r th e r  v a lid a te  re fr ig e ra 
tio n  o f  p re -e n rich m e n t an d  e n ric h m e n t b ro th  c u ltu re s  as a  
m ea n s  o f  in c re as in g  lab o ra to ry  p ro d u c tiv ity  an d  tim e lin e ss  o f  
re su lts . T h e  s tu d y  w a s  d e s ig n ed  in  a cc o rd an c e  w ith  A O A C  re 
q u irem en ts  fo r  c o lla b o ra tiv e  s tu d ies  ( 11 ).

Interlaboratory Study
W h o le  eg g  p o w d er, m ilk  ch o co la te , an im a l feed , a n d  in s ta n 

tiz e d  sk im  m ilk  p o w d e r  w e re  se lec ted , b e ca u se  th ey  c an  be  
n a tu ra lly  c o n ta m in a te d  w ith  S a lm o n e l la  spp ., a n d  the  n o v e l re 
fr ig e ra tio n  a p p ro ac h  n e ed e d  to  be  e v a lu a te d  u n d e r  d iffe ren t 
p re -e n ric h m e n t co n d itio n s . A n im al feed  w as in c lu d e d  in  th e  
p re sen t s tu d y  to  c h a llen g e  th e  sen sitiv ity  o f  th e  re fr ig e ra tio n  
p ro c e d u re  th ro u g h  large  in c id e n t p o p u la tio n s  o f  c o m p e titiv e  
m ic ro flo ra . E a c h  la b o ra to ry  re c e iv e d  60  te s t sa m p le s  co n sis t-
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Table 1. Characteristics of inoculated test samples

Sample Salmonella spp. Inoculation level Most probable number/25 ga

Whole egg powder S. senftenberg (suc+) High 1 .8

S. enteritidls Low 0.9

Milk chocolate S. enteritidls High 1 0 .8

S. hadar Low 1 0 .8 *

Animal feed S. typhimurium High 1 0 .8

S. senftenberg (suc+) Low 3.8

Instantized skim milk powder S. hadar High 23.2*

S. typhimurium Low 1 0 .8

a Determined by coordinating laboratory at the time of collaborators’ sample analysis.
6 Higher than targeted levels of contamination result from greater than anticipated strain stability.

in g  o f  15 x  25  g  sam p le s  o f  eac h  o f  th e  4  test m a te ria ls . E ach  
su b se t in c lu d e d  5 re p lica te  sa m p le s  in o cu la te d  w ith  h ig h -lev e l 
co n ta m in a tio n  (1 0 -2 5  sa lm o n e lla e /2 5  g), 5 sam p le s  w ith  lo w - 
leve l co n ta m in a tio n  (1 -5  sa lm o n e lla e /2 5  g ), a n d  5 u n in o cu 
la ted  c o n tro ls  (T able 1 ). T h e  S a lm o n e l la  s tra in s  w e re  o b ta in e d  
fro m  a  co llec tio n  o f  fo o d b o m e  iso la te s  m ain ta in ed  by th e  c o 
o rd in a tin g  labora to ry . T est sa m p le s  p re v io u s ly  p re p a re d  in the  
c o o rd in a tin g  H ealth  P ro tec tio n  B ran ch  lab o ra to ry  in O ttaw a , 
C an ad a , w e re  sh ip p ed  b y  o v e rn ig h t c o u rie r  se rv ice  to  each  
lab o ra to ry  as a  s in g le  c o n s ig n m e n t 2  w e ek s  b e fo re  c o m m e n c e 
m e n t o f  th e  study. U p o n  rece ip t, sa m p le s  w e re  s to red  a t ro o m  
tem p e ra tu re  p e n d in g  a n a ly s is . B a c te rio lo g ic a l cu ltu re  m ed ia  
(D ifco  L ab o ra to rie s  Inc ., D e tro it, M I) w e re  sh ip p ed  sep a ra te ly  
fro m  a  D ifc o  w a reh o u se  in  W isco n s in  c o n cu rre n tly  w ith  the  
sh ip m en t o f  te s t sam p les.

L ab o ra to rie s  in itia ted  th e  a n a ly s is  o f  all eg g  p o w d e r  and 
m ilk  ch o co la te  sa m p le s  (to ta l o f  30) on  a  p re d e te rm in ed  da te  
a cc o rd in g  to  a  r ig id  e x p e rim e n ta l p ro to co l. C o n cu rren tly , 3- 
tu b e  m o st p ro b a b le  n u m b e r  (M P N ) d e te rm in a tio n s  o f  S a l m o 

n e l la  in  h o m o lo g o u s  test m a te ria ls  w e re  c o n d u c ted  by  the  c o 
o rd in a tin g  labora to ry . A n a ly s is  o f  th e  re m a in in g  m ilk  p o w d e r  
and  an im a l feed  sa m p le s  w a s  u n d e rta k en  b y  p a rtic ip a tin g  lab o 
ra to ries  2  w e ek s  fo llo w in g  in itia tio n  o f  th e  s tu d y ; an c illa ry  
M P N  d e te rm in a tio n s  by  th e  c o o rd in a tin g  lab o ra to ry  w ere  c o n 
d u c ted  a t th is  tim e. C o lla b o ra to rs  su b m itted  tes t re su lts  to  the  
c o o rd in a tin g  lab o ra to ry  a t th e  c o n c lu s io n  o f  th e  study.

P r e p a r a tio n  o f  B a c te r ia l In o cu la

In d iv id u a l S a lm o n e l la  s tra in s  (T ab le  1) s to re d  a t ro o m  tem 
p era tu re  in  a  sem i-so lid  a g a r  m ed iu m  ( 12 ) w e re  eac h  in o cu 
la ted  in to  9 .0  m L  n u trien t b ro th  a n d  in cu b a ted  1 6 -1 8  h  a t 35°C . 
A  lo o p fu l o f  e ac h  b ro th  c u ltu re  w as th en  su b cu ltu red  in to  fresh  
nu trien t b ro th  an d  in cu b a ted  as d e sc rib e d  ab o v e. E a c h  b ro th  
cu ltu re  w as d ilu te d  in  p e p to n e  w a te r  to  y ie ld  a  v iab le  ce ll c o n 
c en tra tio n  o f  10 4— 10 5 sa lm o n e lla e /m L . O n e  m illilite r  p o rtio n s 
fro m  e ac h  o f  th ese  d ilu te d  c u ltu res  w e re  th en  ad d ed  to  sep ara te  
5 0 0  m L  fre e z e -d r ie r  v e sse ls  co n ta in in g  100 m L  o f  sw ee ten ed  
co n d en sed  m ilk -d is til le d  w a te r  ( 1 + 2 ,  v /v). C o n ten ts  w ere  
sh e ll-fro zen  ( -6 0 ° C )  in e th a n o l fo r c a  15 m in  a n d  th en  freeze- 
d ried  up  to  5 d ay s  in  a  V irT is C o n so l 12 u n it (V irT is C o ., Inc .,

G ard in er, N Y  12525). T h e  ly o p h iliz e d  m ate ria l w a s  re m o v e d  
fro m  th e  free z e -d ry in g  v esse l an d  b rie fly  b len d e d  to  a  fine  
pow der. T h is  in o cu lu m  m ate ria l w as  th en  s to re d  a t ro o m  tem 
p e ra tu re  an d  p e rio d ica lly  a sse ssed  by  th e  3 -tu b e  (1 .0 ,0 .1 ,  and  
0 .01 g ) M P N  procedure  to  estab lish  inocu lum  stability  as m eas
u red  by  the  tem poral variations in  leve ls o f  v iab le  sa lm onellae.

In o cu la tio n  a n d  S h ip m e n t  o f  S a m p le s

S ev e ra l w eek s b e fo re  c o m m e n c e m e n t o f  th e  study , rep lica te  
25 g  sam p les o f  e ac h  o f  th e  4  te s t m a te ria ls  w e re  d is tr ib u ted  in  
in d iv id u a l 4  o z  (125  m L ), p las tic , sc rew  cap  co n ta in e rs  (C an - 
L ab , P o in te  C laire , Q u é b ec , H 9 R  5 L 4 , C a n ad a ). A p p ro p ria te  
p o rtio n s  o f  seed  in o cu lu m  (0 .5 -2 .0  g ) w e re  ad d ed  to  e ac h  sa m 
p le  c o n ta in e r  (T able  1). C o n ten ts  o f  e ac h  c o n ta in e r  w e re  m ix ed  
by  sh ak in g  an d  th en  s to red  a t ro o m  tem p e ra tu re  p e n d in g  sh ip 
m en t to  co llab o ra to rs .

L o r sh ip m en t, sam p le  co n ta in e rs  w e re  p a ck a g ed  in re in 
fo rce d  c a rd b o a rd  b o x e s  a p p ro v ed  b y  th e  C a n a d ia n  g o v e rn m en t 
fo r  th e  tran sp o rta tio n  o f  in fec tio u s m ate ria ls . L ive b o x es, e ach  
co n ta in in g  12 sam p le  c o n ta in e rs , w e re  d e liv e re d  to  e ach  p a r
tic ip a tin g  lab o ra to ry  by  o v e rn ig h t c o u r ie r  se rv ice .

S a m p le  A n a ly s is

E ac h  tes t sam p le  w a s  an a ly ze d  b y  th e  s tan d ard  
A O A C /B  A M  m eth o d s  ( 1 ,2 ) .  P re -en ric h m e n t a n d  se lec tiv e  e n 
r ic h m e n t b ro th  cu ltu res  a ris in g  fro m  th ese  a n a ly se s  w e re  im 
m ed ia te ly  re frig e ra ted  72  h  at 2 -5 °C . R e frig e ra ted  cu ltu res  w ere  
th en  vo rtex ed  and  d irec tly  tes ted  fo r  th e  p resen ce  o f  sa lm o n e llae  
a cc o rd in g  to  the  s ta n d a rd  A O A C /B  A M  m e th o d  ( 1 ,2 ) .

L o r p re -e n rich m e n t, the  c o n te n t (2 5  g) o f  e ac h  sam p le  c o n 
ta in e r  w as ad d ed  to  a  sep a ra te  5 0 0  m L  b o ttle  o r  f la sk  co n ta in in g  
225  m L  o f  o n e  o f  th e  fo llo w in g  p re -e n rich m e n t b ro ths; lac to se  
b ro th  (w h o le  eg g  p o w d e r  an d  an im a l feed ), b rillian t g reen  
w a te r  (in s tan tized  sk im  m ilk  p o w d er), an d  sk im  m ilk  b ro th  
w ith  ad d ed  b rillian t g reen  (m ilk  ch o co la te ) . W h o le  eg g  p o w d e r  
w as  d isso lv e d  g rad u a lly  by  su ccess iv e  ad d itio n s o f  4  p o rtio n s  
o f  lac to se  b ro th  (15 , 1 0 ,1 0 , an d  190 m L ), w h e rea s  in s tan tized  
m ilk  p o w d e r  w a s  g en tly  lay e red  o n to  th e  su rfa ce  o f  b rillian t 
g re en  w a te r  (n o  m ix in g ). S am p le s  o f  m ilk  c h o co la te  an d  an i
m al fe e d  w e re  th o ro u g h ly  m ix e d  in to  th e ir  re sp ec tiv e  b ro th  m e 
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d ia  a n d  a llo w e d  to  s ta n d  a t ro o m  te m p e ra tu re  fo r  6 0  m in  b e fo re  
ad ju s tin g  the  pH  to  6 .8  ±  0 .2  w ith  IN  N a O H  o r  HC1. T h e  p H  
o f  th e  lay e red  in s tan tize d  m ilk  p o w d e r sa m p le s  w as n o t a d 
ju s te d . A ll p re -e n rich m e n t m ix tu re s  w e re  then  in cu b a ted  24  ±  
2 h a t 35°C . R e p lic a te  p o rtio n s  (1 .0  m L ) fro m  e ach  p re -e n rich 
m en t cu ltu re  w e re  in o cu la te d  in to  10 m L  te tra th io n a te  b rillian t 
g re e n  (T B G 35) an d  in to  10 m L  se len ite  c y s tin e  (S C 35); b o th  e n 
r ic h m e n t b ro th s w e re  in cu b a ted  2 4  ±  2  h  a t 35°C . T h e  p re -e n 
r ic h m e n t cu ltu re  u sed  to  in o cu la te  the  T B G 35 an d  S C 35 m ed ia  
w as im m e d ia te ly  re fr ig e ra ted  72  h  a t 2 - 5  TT R ep lic a te  lo o p sfu l 
o f  the  T B G 35 an d  S C 35 e n r ic h m e n t cu ltu res  w e re  th en  s treak ed  
o n to  H e k to en  en te ric  (H E ), b ism u th  su lfite  (B S ), a n d  xy lo se  
ly sin e  d eso x y c h o la te  (X L D ) a g a r m ed ia ; in o cu la te d  p la tes  
w e re  in cu b a ted  2 4  ±  2 h  a t 3 5 ‘C .  T B G 35 an d  S C 35 e n ric h m e n t 
cu ltu res  u sed  to  in o cu la te  the  3 p la tin g  m ed ia  w e re  im m e d i
a te ly  re fr ig e ra ted  72  h  a t 2 -5 °C . T h ree  o r fe w e r  su sp ec t c o lo 
n ies  fro m  e ac h  p la tin g  m ed iu m  w ere  sc ree n e d  b io ch e m ic a lly  
on  trip le  su g a r iro n  (T S I) and  ly s in e  iron  (L I) ag ars  a n d  in u rea  
b ro th . P re su m p tiv e ly  p o s itiv e  iso la te s  w ere  fu rth e r sc reen ed  
se ro lo g ic a lly  u s in g  p o ly v a le n t f lag e lla r  (H ) an d  so m a tic  (O ) 
ag g lu tin a tio n  reac tio n s. A d d itio n a l b io ch e m ic a l tes ts  w ere  
u se d  i f  d e e m e d  n ecessa ry  b y  analysts.

C o n ten ts  o f  p re -e n rich m e n t c u ltu res  p rev io u s ly  re fr ig e ra ted  
72  h  a t 2 - 5  °C  w e re  su sp en d e d  b y  v o rtex , an d  re p lica te  p o rtio n s  
(1 .0  m L ) w ere  in o cu la ted  in to  10 m L o f  fresh  T B G 35 an d  S C 35. 
S u b seq u e n t se lec tiv e  en ric h m e n t, iso la tio n  on  p la tin g  m ed ia , 
a n d  b io ch e m ic a l/se ro lo g ic a l sc reen in g  o f  p re su m p tiv e  S a lm o 

n e l la  iso la te s  fo llo w ed  th e  s tan d ard  A O A C /B A M  p ro c ed u re  
(1 ,2 ) .  S im ilarly , T B G 35 and  S C 35 c u ltu re s  p re v io u s ly  re fr ig e r
a te d  72  h  w e re  th o ro u g h ly  m ix e d  to  su sp en d  th e  e n rich ed  m a 
teria l an d  w ere  p la te d  d irec tly  on  a  sep a ra te  se t o f  H E , B S , and  
X L D  a g a r m ed ia . S u sp ec t c o lo n ie s  w e re  sc reen ed  b io c h e m i
ca lly  an d  se ro lo g ica lly  as p re v io u s ly  d esc rib ed .

A n a ly s is  o f  D a ta

U p o n  c o m p le tio n  o f  the a n a ly tica l w o rk , co lla b o ra to rs  su b 
m itted  re su lts  to  th e  A sso c ia te  R eferee  fo r  c o lla tio n  a n d  s ta tis 
tica l an a ly sis . D a ta  w ere  e x am in ed  by  the  lo g is tic  re g re ss io n  
a p p ro ac h  u s in g  th e  C A T M O D  p ro c ed u re  (1 3 , 14) fo r  in te rac 
tio n s  b e tw e e n  th e  fo llo w in g  ex p e rim e n ta l variab les: 3 an a ly ti
ca l m e th o d s  (s tan d ard  A O A C /B A M , re frig e ra ted  p re -e n rich 
m en t, a n d  re fr ig e ra ted  en ric h m e n t) , 3 lev e ls  o f  in o cu la tio n  
(h ig h , low , an d  n e g a tiv e  c o n tro ls), 11 p a rtic ip a tin g  lab o ra to 
ries , 4  fo o d  ty p es  (eg g  p o w d er, m ilk  ch o co la te , a n im a l feed , 
a n d  m ilk  p o w d er), an d  2  se lec tiv e  e n ric h m e n t (T B G 35 an d  
S C 35) co n d itio n s . A ll s ta tis tica l te s tin g  w a s  c o n d u c ted  a t th e  5%  
lev e l o f  s ig n ifican ce .

S a l m o n e l l a  in Dry Foods, Recovery from 
Refrigerated Broth Cultures

T h e  n o v e l re fr ig e ra tio n  ap p ro ach  is an  a lte rn a tiv e  an a ly tica l 
p ro c ed u re  fo r  the  d e te c tio n  o f  S a lm o n e l la  in d ry  fo o d s. F o llo w 
ing  re fr ig e ra tio n  ( 2 - 5 'C )  o f  p re -e n rich m e n t o r  s e lec tiv e  e n ric h 
m e n t cu ltu res  fo r  7 2  h, th e  re fr ig e ra ted  b ro th s a re  fu rth e r te s te d  
as d e sc rib e d  in  9 6 7 .2 6 B , a n d  p re su m p tiv e  S a lm o n e l la  iso la tes  
a re  id en tif ie d  as in  9 6 7 .2 6 C  a n d  9 6 7 .2 7  (1).

P rin c ip le

T h e  ab ility  o f  S a lm o n e l la  spp . to  su rv iv e  re fr ig e ra te d  s to r
age  (7 2  h) o f  p re -e n rich m e n t an d  se lec tiv e  e n ric h m e n t c u ltu res  
c o u ld  in c rease  the  n u m b e r o f  w e ek d a y s  o n  w h ich  
A O A C /B A M  an a ly se s  c o u ld  b e  in itia te d  w ith o u t e n g e n d e rin g  
w e e k e n d  w o rk . C u rren tly , sam p le  an a ly se s  n e e d  to  b e  u n d e r
tak e n  o n  M o n d a y s  o r  T u esd ay s  i f  in te rru p tio n  o f  th e  an a ly tica l 
w o rk  is to  b e  re s tr ic te d  to  th e  re fr ig e ra tio n  o f  in c u b a te d  p la tin g  
m ed ia . T h e  d e m o n s tra ted  re liab ility  o f  th e  p ro p o se d  re fr ig e ra 
tio n  a p p ro ac h  w o u ld  n o t o n ly  p ro v id e  g re a te r  an a ly tic a l f lex i
b ility  b u t a lso  in c re ase  lab o ra to ry  p ro d u c tiv ity  b y  e x te n d in g  th e  
d a y s  on  w h ic h  a n a ly s ts  c o u ld  in itia te  sam p le  te s tin g  to  W ed n es
d a y s  an d  T h u rsd a y s . F o r  e x am p le , a  fo o d  sam p le  p re -e n rich e d  
on  W ed n esd ay  m o rn in g  w o u ld  y ie ld  T B G 35 an d  S C 35 cu ltu res  
on  F rid a y  m o rn in g ; su ch  e n ric h m e n t cu ltu res  c o u ld  th en  b e  re 
fr ig e ra te d  o v e r  th e  w e e k e n d  (72  h ), an d  d irec tly  p la te d  o n to  
a g a r m ed ia  th e  fo llo w in g  M o n d ay . S im ilarly , the  p re -e n rich 
m en t c u ltu re  a ris in g  fro m  th e  a n a ly s is  o f  a  fo o d  on  T h u rsd a y  
w o u ld  be  re fr ig e ra ted  o v e r  th e  w eek en d , a n d  re p lica te  p o rtio n s  
o f  th e  re fr ig e ra ted  cu ltu re  in o cu la te d  in to  T B G 35 a n d  S C 35 the  
fo llo w in g  M o n d ay . T h e  n o v e l re fr ig e ra tio n  a p p ro ac h  w o u ld , 
th e re fo re , fa c ilita te  a  m o re  e v en  d is tr ib u tio n  o f  a n a ly tic a l w o rk  
an d  g re a te r  lab o ra to ry  p ro d u c tiv ity  an d  re su lt in  a  m o re  ra p id  
re le a se  o f  fo o d  p ro d u c ts .

M e th o d  P e r fo r m a n c e

S e e  T ab le  2.

A p p a r a tu s

(a )  R e f r i g e r a t e d  i n c u b a to r .— C a p ab le  o f  m a in ta in in g  4  ±  
1 °C. A  lab o ra to ry  re fr ig e ra to r w ith  ad eq u a te  te m p e ra tu re  c o n 
tro l c o u ld  a lso  b e  used .

(b )  G l a s s w a r e  a n d  e q u ip m e n t .— A s re q u ire d  fo r  p re p a ra 
tio n , d isp e n sin g , an d  in o cu la tio n  o f  b ac te rio lo g ic a l m ed ia  an d  
p re p a ra tio n  o f  reag en ts  as d e sc rib e d  in 9 6 7 .2 5 -9 6 7 .2 7 ,

T a b le  2 . M e th o d  p e r f o r m a n c e

Result Percent

Agreement (RP)a 100-Q_^
LUCC 100

False neg. (AOAC/BAM)c 0

False neg. (RP)'* 0

False neg. (RE)d 0

a Relates to the number of samples found to be positive by the 
standard AOAC/BAM procedure and by the refrigerated 
pre-enrichment (RP) approach.

6 Similar to footnote a above, where RE relates to the combined 
productivities of refrigerated _ BG 35 and SC^ for individual 
samples.

c Relates to the number of samples found to be positive by the 
refrigerated (RP or RE) approach and negative by the standard 
AOAC/BAM procedure divided by the total number of positive 
samples.

d Relates to the number of samples found to be positive by the 
standard AOAC/BAM procedure and negative by the RP or RE 
approach.
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M e d ia  a n d  R e a g e n t s

(a) B a c te r i o l o g i c a l  m e d i a .— L iq u id  an d  a g a r m ed ia  fo r  the  
iso la tion  a n d  id en tif ic a tio n  o f  S a lm o n e l la  a s  d e sc rib e d  in  
967.25A.

(b) R e a g e n ts .— D iag n o stic  re ag e n ts  re q u ire d  fo r  d e te rm i
n a n t b io ch e m ic a l reac tio n s  as d e sc rib e d  in 967.25B.

A n a ly s is  o f  S a m p le

(a) P r e - e n r i c h m e n t .— T est p ro d u c ts  a re  p re -e n rich e d  in a  
n o n in h ib ito ry  b ro th  m ed iu m  to  p ro v id e  fo r  the  re p a ir  an d  
g ro w th  o f  s tre ssed  o r  in ju red  S a lm o n e l la  (5 , 6 ). T h e  fo llo w in g  
p ro to co l is in te n d e d  fo r  d ry  p ro d u c ts  w h o se  a n a ly s is  is to  be  
in itia ted  o n  W ed n e sd a y s  o r  T h u rsd ay s.

D r y  p r o d u c t s .— P re -en ric h  25  g  sam p le  o f  p ro d u c t in 
225  m L  a p p ro p ria te  p re -e n rich m e n t b ro th  m ed iu m  as d e 
sc rib ed  in 967.26A o r in  th e  B A M , C h a p te r  7 (2). I f  sam p le  
p re -e n rich m e n t is in itia te d  o n  T h u rsd ay , re fr ig e ra te  the  in cu 
b a ted  p re -e n rich m e n t c u ltu re  on  F rid ay  fo r  the  w e ek e n d  (72  h); 
re su m e a n a ly s is  the  fo llo w in g  M o n d a y  w ith  se lec tiv e  e n ric h 
m en t (b), iso la tio n  (d), a n d  id en tif ic a tio n  (f). I f  sam p le  p re -e n 
rich m en t is in itia ted  on  W ed n esd ay , p ro ceed  w ith  se lec tiv e  e n 
rich m en t o n  T h u rsd a y  (b) a n d  re frig e ra te  e n ric h m e n t cu ltu res  
on  F rid ay  (c).

(b) S e l e c t i v e  e n r ic h m e n t .— T ran s fe r  1 m L  o f  in cu b a ted  
p re -e n rich m e n t cu ltu re  in to  tu b e  co n ta in in g  10 m L  T B G 35 
b ro th , an d  tran sfe r  1 m L  in to  tu b e  co n ta in in g  10 m L  S C 35, as in 
967.26B(a). In cu b a te  b o th  e n ric h m e n t b ro th s  24  ±  2 h a t 3 5 qC.

(c) R e f r ig e r a t io n  o f  e n r ic h m e n t  c u l tu r e s .— F o llo w in g  in 
c u b a tio n . re frig e ra te  the  T B G 35 a n d  S C 35 cu ltu re s  on  F rid ay  fo r 
the  w e ek e n d  (72  h); re su m e  a n a ly s is  th e  fo llo w in g  M o n d ay  
w ith  iso la tio n  an d  id en tifica tio n .

(d) I s o la t io n .— S tre ak  a  lo o p fu l o f  T B G 35 cu ltu re  o n to  B S, 
H E . an d  X L D  p la tin g  m ed ia . R ep ea t th is  p ro c ed u re  w ith  the 
h o m o lo g o u s  S C 35 c u ltu re . In c u b a te  in o cu la ted  p la te s  24  ±  2 h 
a t 35°C . B S sh o u ld  a lso  b e  e x am in ed  a fte r  48  h o f  incu b a tio n .

(e) T r e a tm e n t  o f  s u s p i c io u s  c o l o n i e s .— P ic k  w ith  s te rile  
n eed le  2  o r  m o re  ty p ica l o r  su sp ic io u s  c o lo n ie s  as d e sc rib e d  in 
967.26B(b) f ro m  B S , H E , a n d  X L D  p la tin g  m ed iu m . In o cu la te  
each  iso la te  in to  T S I a n d  L I a g a r slan ts , an d  sc reen  fo r p re 
su m p tiv e  S a lm o n e l la  re ac tio n s  as in d ica ted  in 967.26C.

(f) I d e n t i f i c a t io n  o f  i s o l a t e s .— P resu m p tiv e  S a lm o n e l la  

iso la tes e x h ib itin g  ty p ica l o r  su sp ec t T S I a n d  L I re ac tio n s  are 
c o n firm ed  b io ch e m ic a lly  an d  se ro lo g ica lly  as d e sc rib e d  in
967.27.

Results

W h o le  E g g  P o w d e r

M P N  d e te rm in a tio n s  o f  S a lm o n e l la  in  w h o le  e g g  p o w d e r 
y ie ld ed  1.8/25 g  and  0 .9 /2 5  g  fo r  the  h ig h  an d  lo w  lev e ls  o f  
in o cu la tio n , re sp ec tiv e ly  (T able  1). T h e  lo w e r th an  ta rg e ted  
leve l o f  S. s e n f te n b e r g  (su c ro se -p o sitiv e ) in h ig h ly  c o n ta m i
n a ted  sam p le s lik e ly  a ro se  fro m  the  an tib ac teria l a c tio n  o f  egg  
p o w d e r c o m p o n e n ts  d u rin g  th e  s to rag e  o f  in o cu la te d  sam p les. 
P o p u la tio n s  o f  b a ck g ro u n d  flo ra  e n u m e ra te d  on  p la te  co u n t 
a g a r (24  h  at 3 5 ^ )  b y  th e  c o o rd in a tin g  lab o ra to ry  a t th e  tim e

o f  sam p le  a n a ly se s  o c cu rre d  a t lev e ls  o f  < 1 0 0  C F U /g . In  all 
lab o ra to rie s , sa m p le s  fo u n d  to  be c o n ta m in a te d  by  th e  s tan d ard  
A O A C /B A M  p ro c e d u re  w e re  a lso  d e te c te d  fro m  the  re fr ig e r
a ted  p re -e n rich m e n t a n d  e n ric h m e n t c u ltu re s  (T ab le  3). F a lse 
n e g a tiv e  re ac tio n s  w e re  no t e n c o u n te re d  w ith  th is fo o d  p ro d 
uct. R esu lts  a lso  u n d e rlin e d  th e  e q u iv a len c e  o f  re fr ig e ra ted  
T B G 35 an d  S C 35 c u ltu re s  fo r  th e  d e te c tio n  o f  p o sitiv e  sam ples. 
E x ce p t fo r  a  s in g le  in s tan ce  o f  re c o v e ry  o f  S . e n t e r i t i d i s  from  
re frig e ra ted  T B G 35 bu t n o t S C 35 (C o lla b o ra to r  4 , sam p le  7), 
b o th  re fr ig e ra ted  e n ric h m e n ts  c o n s is ten tly  y ie ld e d  p a ra lle l re 
sults. U n in o c u la ted  co n tro l sa m p le s  w e re  n e g a tiv e  b y  a ll m e th 
ods.

M ilk C h o c o la te

M P N  d e te rm in a tio n s  o f  S a lm o n e l la  in m ilk  c h o co la te  
y ie ld e d  10.8 /25 g  fo r  b o th  the  h ig h  an d  lo w  lev e ls  o f  in o cu la 
tio n  (T ab le  1). T h e  in stab ility  o f  th e  S . h a d a r  seed  in o c u lu m  at 
the  tim e  o f  sam p le  in o cu la tio n  re q u ire d  an  e s tim a tio n  o f  the 
in o cu lu m  to  m ilk  ch o co la te  sa m p le s  to  o b ta in  the  d e s ired  leve l 
o f  co n ta m in a tio n  a t th e  tim e  o f  a n a ly s is . A  lo w e r th an  an tic i
p a te d  d ea th  ra te  o f  S. h a d a r  in  m ilk  c h o co la te  (a n d  sk im  m ilk  
p o w d e r)  re su lted  in  h ig h e r  th an  ta rg e te d  lev e ls  o f  c o n ta m in a 
tion . E n u m e ra tio n  o f  b a ck g ro u n d  f lo ra  in  u n in o cu la te d  m ilk  
c h o co la te  by  th e  c o o rd in a tin g  lab o ra to ry  y ie ld e d  < 1 0 0  C F U /g . 
R e frig e ra te d  p re -e n rich m e n t an d  e n ric h m e n t cu ltu re s  d e tec ted  
a ll co n ta m in a te d  sam p le s  id en tif ie d  by  the  s tan d ard  
A O A C /B A M  p ro c ed u re  (T ab le  4 ). F a lse -n eg a tiv e  reac tio n s  
w e re  no t e n c o u n te re d  w ith  th is  fo o d  p ro d u c t, an d  h o m o lo g o u s  
re fr ig e ra ted  T B G 35 an d  S C 35 c u ltu re s  c o n s is ten tly  sh o w ed  
eq u a l p ro d u c tiv ity  (d a ta  n o t sh o w n ). A  sin g le  u n in o cu la ted  
co n tro l sa m p le  (C o lla b o ra to r 1. sa m p le  14) y ie ld e d  S a lm o n e l la  

by  the  A O A C /B A M  an d  p a ire d  re fr ig e ra ted  b ro th  cu ltu res . A l
th o u g h  th e  m ilk  ch o co la te  p ro d u c t w as  te s ted  e x te n s iv e ly  and  
fo u n d  to  be  n e g a tiv e  b y  th e  c o o rd in a tin g  lab o ra to ry , th e  p o ss i
b ility  th a t few  n o n h o m o g en e o u s ly  d is tr ib u te d  sa lm o n e lla e  in 
the  b u lk  m ate ria l m ay  h a v e  e sc a p e d  d e te c tio n  c an n o t b e  d is
m issed . H o w ev er, th e  rep o rt b y  C o lla b o ra to r  1 o f  an  iso la te  
b e lo n g in g  to  so m a tic  g ro u p  D j a n d  e x h ib itin g  a  f la g e lla r  G  
c o m p le x  in  sam p le  14 (c o rre sp o n d in g  to  S. h a d a r )  m ore  
s tro n g ly  su g g ests  th a t th e  sa m p le  w as  e rro n e o u sly  lab e led  or 
su b je c ted  to  c ro ss -c o n ta m in a tio n  d u rin g  p re p ara tio n  o r sa m 
p le  an a ly sis .

A n im a l F e e d

M P N  d e te rm in a tio n s  o f  S a lm o n e l la  in  an im a l fe ed  y ie ld ed  
10.8 /25 g  a n d  3 .8 /25  g  fo r  the  h ig h  a n d  lo w  lev e ls  o f  in o cu la 
tio n , re sp ec tiv e ly  (T able  1). C o n c u rre n t e n u m e ra tio n  o f  b a ck 
g ro u n d  flo ra  o n  s tan d ard  p la te  c o u n t a g a r (2 4  h  a t 35°) sh o w ed  
lev e ls  o f  2 .9  x  104 C F U /g . A ll p o sitiv e  sam p le s  d e te c te d  by  the 
s tan d ard  A O A C /B A M  p ro c ed u re  w e re  id en tif ie d  fro m  th e  re 
frig e ra te d  p re -e n rich m e n t an d  e n ric h m e n t cu ltu res  (T able  5). 
F a lse -n eg a tiv e  re su lts  w ere  n o t a sso c ia ted  w ith  th is p ro d u c t. 
H o m o lo g o u s  re fr ig e ra ted  T B G 35 a n d  S C 35 c u ltu re s  c o n sis
ten tly  sh o w ed  e q u a l p ro d u c tiv ity , e x c e p t fo r  o n e  sam p le  in o cu 
la te d  w ith  a  h igh  lev e l o f  S. t y p h im u r iu m  (C o lla b o ra to r  9, sam 
p le  5 ), w h e re  the  ta rg e t o rg a n ism  w as o n ly  re co v e red  fro m  the
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Table 3. Detection of S a lm o n e lla  in whole egg powder

Positive samples by analytical method3 * 6

Coll. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Standard culture (AOAC/BAM)

1 +b + + + + c _ + +
2 + + + + + - - + +

3 + + + + + + + - - + - - - - -
4 - + + + + + + + +

5 + + - + + + + + +
6 - + + - + 4- + +
7 + + + + + + - + +

8 + + + + - - - - + - - - - - -
9 - + + + +

10 + + + - + + + - +
11 + + + + + + - + +

Refrigerated pre-enrichment

1 + + + + + _ _ + +

2 + + + + + - - + +
3 + + + + + + + - -
4 - + + + + + + + +
5 + + - + + 4- + + +
6 - + + - + 4- + +
7 + + + + + 4- - + +
8 + + + + - - - - + - - - - - -
9 - + + + +

10 + + + - + + + - +
11 + + + + + + - + +

Refrigerated enrichment0'

1 + + + + + _ _ + +

2 + + + + + - - + +

3 + + + + + + + - - +  - - - - -

4 - + + + + 4- + e + +

5 + + - + + + + + +

6 - + + - + 4- + +

7 + + + + + + - + +

8 + + + + - - - - + - - - - - -

9 - + + + +

10 + + + - + 4- + - +

11 + + + + + + - + +

a Samples 1-5 were inoculated at a high level; samples 6-10 were 
inoculated at a low level; samples 11-15 were uninoculated 
controls.

6 Detection of Salmonella by one or more enrichment-plating 
conditions.

c Salmonella not detected in sample.
d Results based on combined productivity of refrigerated TBG^ and 

SC^ cultures.
e Recovery of Salmonella from refrigerated TBG^ culture only.

Table 4. Detection of S a lm o n e lla  in milk chocolate

Positive samples by analytical method3

Coll. 1 2 3 4 5 6  7 8 9 10 11 12 13 14 15

Standard culture (AOAC/BAM)

1 +b + + + + + + + + + - C - -  + -
2 + + + + + + + + + + -  - -  -  -
3 + + + + + + + + + + -  - -  -  -
4 + + + + + + + + + + -  - -  -  -
5 + + + + + + + + + + -  - -  -  -
6 + + + + + + + + + + -  - -  -  -
7 + + + + + + + + + + -  - -  -  -
8 + + + + + + + + + + -  - -  -  -
9 + + + + + + + + + + -  - -  -  -

10 + + + + + + + + + + -  - -  -  -
11 + + + + + + + + + -  -  -

Refrigerated pre-enrichment

1 + + + + + + + + + + - -  -  + -
2 + + + + + + + + + + - -  -  -  -
3 + + + + + + + + + + - -  -  -  -
4 + + + + + + + + + + - -  -  -  -
5 + + + + + + + + + + - -  -  -  -
6 + + + + + + + + + + - -  -  -  -
7 + + + + + + + + + + - -  -  -  -
8 + + + + + + + + + + - -  -  -  -
9 + + + + + + + + + + - -  -  -  -

10 4- + + + + + + + + + - -  -  -  -
11 + + + + + + + + + + - -  -  -  -

Refrigerated enrichment0'

1 + + + 4- 4- 4- 4- 4- 4- 4- - -  -  4- -

2 + + + 4- 4- -I- 4- 4- 4- 4- - -  -  -  -

3 + + + 4- 4- 4- 4- 4- 4- 4- - -  -  -  -

4 + + + 4- 4- 4 4- 4- 4- 4- - -  -  -  -

5 + + + 4- 4- f 4- 4- 4- 4- - -  -  -  -

6 + + 4- 4- 4- 4- 4- + 4- 4- - -  -  -  -

7 + + + 4- 4- 4- + 4- 4- 4- - -  -  -  -

8 + + + 4- 4- 4- 4- 4- 4- 4- - -  -  -  -

9 + + + 4- 4- 4- 4- 4- 4- 4- - -  -  -  -

10 + + 4- + 4- 4- 4- 4- 4- 4- - -  -  -  -

11 + + 4- 4- 4- 4- 4- 4- 4- 4- - -  -  -  -

a_t' See footnotes in Table 3.

re fr ig e ra ted  T B G 35 c u ltu re . U n in o c u la ted  c o n tro l sam p le s  w e re  
n e g a tiv e  by  a ll m eth o d s.

I n s ta n t iz e d  S k im  M ilk P o w d e r

M P N  d e te rm in a tio n s  o f  S a lm o n e l la  in m ilk  p o w d e r  y ie ld e d  
2 3 .2 /2 5  g  an d  10.8/25 g  fo r  the  h ig h  an d  lo w  lev e ls  o f  in o cu la 
tio n , re sp ec tiv e ly  (T able  1). U n in o c u la ted  p ro d u c t sh o w ed  
b ack g ro u n d  flo ra  a t 2 .3  x  103 C F U /g . A ll p o s itiv e  sam p le s  d e 
tec ted  by  the  s tan d ard  A O A C /B A M  p ro c ed u re  w ere  a lso  id e n 
tif ied  fro m  the  co rre sp o n d in g  re fr ig e ra ted  p re -e n rich m e n t and
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Table 5. Detection in S a lm o n e lla  in animal feed

Positive samples by analytical method3

Coll. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Standard culture (AOAC/BAM)

1 +b + + + + + + c +
2 + + + + + + + - +
3 + + + + + + + - +
4 + + + + + - + + +
5 + + + + + - - - -
6 + + -  + + - - + +
7 + + + + + + + -I-
8 + + + + + + + + -
9 + + + + + - + - -

10 + + + + + + + + +
11 + + + + + + + + +

Refrigerated pre-enrichment

1 + + + + + + + - +

2 + + + + + + + - +

3 + + + + + + + - +

4 + + + + + -  + + +

5 + + + + + -  -  - -
6 + + - + + -  -  + +

7 + + + + + + + +

8 + + + + + + + + -
9 + + + + + -  + - -

10 + + + + + + + + +

11 + + + + + + + + +

Refrigerated enrichment^

1 + + + + + + + - +

2 + + + + + + + - +

3 + + + + + + + - +

4 + + + + + -  + + +

5 + + + + + -  -  - -
6 + + - + + -  -  + +

7 + + + + + + + +

8 + + + + + + + + -

9 + + + + +e -  + - -
10 + + + + + + + + +

11 + + + + + + + + +

^ “See footnotes in Table 3.
e Recovery of Salmonella from refrigerated IB G ^  culture only.

e n ric h m e n t cu ltu res  (T able  6 ). F a lse -n eg a tiv e  re su lts  w e re  no t 
e n co u n te re d  w ith  th is p ro d u c t, a n d  u n in o cu la te d  co n tro l sa m 
p les w ere  n e g a tiv e  b y  a ll m e th o d s . H o m o lo g o u s  re fr ig e ra ted  
T B G 35 an d  S C 35 cu ltu res  y ie ld e d  p a ra lle l re su lts  w ith  all b u t 
o n e  p o sitiv e  sam p le , w h e re  S. typhimurium w as re c o v e re d  o n ly  
fro m  th e  re fr ig e ra ted  S C 35 c u ltu re  o f  a  lo w -lev e l- in o c u la ted  
sam p le  (C o lla b o ra to r 3, sam p le  8 ).

Table 6. Detection of S a lm o n e lla  in instantized skim milk 
powder

Positive samples by analytical method3

Coll. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Standard culture (AOAC/BAM)

1 +b + + + + + + + + + c
2 + + + + + + - + + + -  -  -  -  -

3 + + + + + + + + + + -  -  -  -  -

4 + + + + + + + + + + _ -  -  -  -

5 + + + + + + + + + + _ -  -  -  -

6 + + + + + + + + + + -  -  -  -  -

7 + + + + + + + + + + -  -  -  -  -

8 + + + + + + + + + + -  -  -  -  -

9 + + + + + + + + + + _ -  -  -  -

10 + + + + + + + + + + -  -  -  -  -

11 + + + + + + + + + + -  -  -  -  -

Refrigerated pre-enrichment

1 + + + + + + + + + + -  -  -  -  -

2 + + + + + + - + + + -  -  -  -  -

3 + + + + + + + + + + _ -  -  -  -

4 + + + + + + + + + + -  -  -  -  -

5 + + + + + + + + + + -  -  -  -  -

6 + + + + + + + + + + -  -  -  -  -

7 + + + + + + + + + + _ -  -  -  -

8 + + + + + + + + + + -  -  -  -  -

9 + + + + + + + + + + -  -  -  -  -

10 + + + + + + + + + + -  -  -  -  -

11 + + + + + + + + + + -  -  -  -  -

Refrigerated enrichment^

1 + + + + + + + + + + -  -  -  -  -

2 + + + + + + - + + + -  -  -  -  -

3 + + + + + + + +e + + -  -  -  -  -

4 + + + + + + + + + + -  -  -  -  -

5 + + + + + + + + + + -  -  -  -  -

6 + + + + + + + + + + -  -  -  -  -

7 + + + + + + + + + + -  -  -  -  -

8 + + + + + + + + + + -  -  -  -  -

9 + + + + + + + + + + -  -  -  -  -

10 + + + + + + + + + + _ -  -  -  -

11 + + + + + + + + + + -  -  -  -  -

a_dSee footnotes in Table 3.
6 Recovery of Salmonella from refrigerated SC35 culture only.

P ro d u c tiv i ty  o f  P la tin g  M e d ia

O f  th e  3 p la tin g  m ed ia  u se d  in  th e  p re sen t study , B S  c o n sis
ten tly  id en tified  m o re  p o sitiv e  sa m p le s  th an  H E  a n d  X L D  (T a
b le  7 ). T h e  p ro d u c tiv itie s  o f  H E  a n d  X L D  w e re  c o m p a rab le  
u n d e r  h o m o lo g o u s  tes t c o n d itio n s , an d  n o n e  o f  th e  p la tin g  m e 
d ia  w as u n d u ly  a ffe c te d  b y  the  u se  o f  re fr ig e ra ted  p re -en rich -
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Table 7. Detection of S a lm on e lla  under different enrichm ent-plating conditions

Sample
Total samples 

positive3
Selective

enrichment

Salmonella positive samples6

AOAC/BAM RP RE

BS HE XLD BS HE XLD BS HE XLD

Egg powder 81 TBG35 79 60 61 81 64 63 81 61 62

SC35 80 61 60 79 62 61 79 60 60

Milk chocolate 110 TBG35 109 110 110 110 110 108 110 110 110

SC35 109 110 109 108 108 104 108 110 109

Animal feed 93 TBG35 92 69 76 92 70 75 82 70 76
SC35 92 73 74 91 67 76 92 66 74

Instantized milk 109 TBG35 109 108 107 109 108 108 107 1 02 107

powder SC35 109 105 108 108 107 108 108 1 00 105

Total 393 TBG35 389 347 354 392 352 354 380 343 355

SC35 390 349 351 386 344 349 387 336 348

a Salmonella detected by one or more analytical condition.
6 RP = refrigerated pre-enrichment culture; RE = refrigerated enrichment culture; BS = bismuth sulfite agar; HE = Hektoen enteric agar; XLD = 

xylose lysine desoxycholate.

ment and enrichment broth cultures. However, no single en
richment-plating condition identified all 393 positive samples.

Discussion

Summary data from the 11 participating laboratories under
lined the excellent sensitivity of the refrigeration method for 
detection of foodborne Salmonella (Table 8 ). Of 660 samples 
tested, 393 were found to be contaminated by the standard 
AOAC/B AM procedure. These positive samples were all iden
tified from the corresponding refrigerated pre-enrichment cul
tures and from the combined productivities of homologous 
TBG35 and SC35 cultures. Moreover, homologous TBG35 and 
SC35 cultures yielded parallel results in all but 3 cases, where 
Salmonella could only be isolated from 2 TBG35 and 1 SC35 

cultures. The latter difference was not found to be statistically 
significant (data not shown). The potential impact of the 2 lev
els of contamination on the sensitivity of the refrigeration ap
proach also was not significant (data not shown).

Reliable recoveries of Salmonella from the 3 types of refrig
erated pre-enrichment media used in the present study, and

from refrigerated nutrient (9) and buffered peptone water (10,
15) broths in earlier studies, predicate a general application of 
the 72 h refrigeration approach to all nonselective broth media 
for the detection of Salmonella in dry foods. However, varying 
selectivity levels encountered in different enrichment media 
preempt a similar generic statement on the reliability of refrig
erated enrichment cultures. Although data on the combined 
productivity of refrigerated TBG35 and SC35 (Table 8 ) and of 
TBG43 and SC35 (9, 10) clearly support the use of these paired 
enrichment conditions, endorsement of other refrigerated en
richment media must await validation. Interestingly, prelimi
nary results on the recovery of salmonellae from refrigerated 
Rappaport-Vassiliadis (3) enrichment cultures of low- and 
high-moisture foods are encouraging (16).

The ability of individual plating media to recover Salnu>- 
nella from refrigerated broth cultures with a sensitivity similar 
to that obtained in the standard AOAC/BAM procedure indi
cates that the refrigeration approach does not unduly challenge 
the performance of plating media (Table 7). The greater pro
ductivity of BS was not totally unexpected given its higher 
level of selectivity, its sensitive system for the detection of

Table 8. Recovery of S a lm on e lla  from  refrigerated broth cultures

Product No. samples tested

No. samples positive

AOAC/BAM
Refrigerated 

pre-enrichment
Refrigerated
enrichment3 X2 p-value

Whole egg powder 165 81 81 81 0 .0 0 1
Milk chocolate 165 111b 111b 111b 0 .0 0 1
Animal feed 165 93 93 93 0 .0 0 1
Instanizedt skim milk powder 165 109 109 109 0 .0 0 1

a Based on combined results from refrigerated TBG35 and SC35 cultures.
b Includes a single uninoculated control sample that yielded Salmonella by the AOAC/BAM and homologous refrigerated pre-enrichment and 

enrichment cultures (see Table 4).
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g aseo u s h y d ro g e n  su lfid e  p ro d u c tio n , an d  its sa c ch a rid e -in d e 
p en d en t id en tif ic a tio n  o f  sa lm o n e lla e  (5). T h e  la tte r  c h a ra c 
te ris tic  lik e ly  p lay e d  a d e te rm in a n ta l ro le  in  th e  ab ility  o f  m an y  
co lla b o ra to rs  to  iden tify , o n  H E  an d  X L D , th e  su c ro se -p o sitiv e  
s tra in  o f  S. s e n f t e n b e r g  in o cu la te d  in to  e g g  p o w d e r  a n d  a n im a l 
fe ed  sa m p le s  (T ab le  1 ).

T h e  p re sen t study  e s tab lish e d  th e  sen sitiv ity  o f  th e  n o v e l 
re fr ig e ra tio n  a p p ro ac h  fo r  th e  d e te c tio n  o f  S a lm o n e l la  in d ry  
fo o d s. T h e  p ro c ed u re  a llo w s sam p le  a n a ly s is  o n  4  c o n se cu tiv e  
w eek d ay s  (M o n d ay  to  T h u rsd a y ) ra th e r th an  th e  c u rre n t 2- 
w e ek d a y  (M o n d a y  an d  T u esd ay ) lim ita tio n  im p o sed  b y  
A O A C /B A M  m eth o d s. T h e  re fr ig e ra tio n  a p p ro ac h  no t o n ly  
p ro v id es  fo r  g re a te r  an a ly tic a l flex ib ility  a n d  p ro d u c tiv ity  
th ro u g h  th e  an a ly sis  o f  m o re  sa m p le s  a n d  m o re  u n ifo rm  d is tr i
b u tio n  o f  th e  an a ly tica l w o rk lo ad , bu t it a lso  fac ilita te s  th e  m ore  
tim e ly  re le a se  o f  S a lm o n e l la -n e g a tiv e  p ro d u c ts . A  tim e r-co n 
tro lle d  in c u b a to r/re fr ig e ra to r c o u ld  a lso  b e  u se d  to  fu r th e r  e n 
h a n ce  th e  a n a ly tic a l f lex ib ility  p ro v id e d  by  th e  re fr ig e ra 
tio n  ap p ro ach .

Recommendation

O n  th e  stren g th  o f  the  re su lts  o f  th is  s tu d y  a n d  e a r lie r  c o m 
p a ra tiv e  d a ta  (9 , 10), th e  u se  o f  re fr ig e ra ted  p re -e n rich m e n t an d  
p a ire d  re fr ig e ra ted  T B G 35 a n d  S C 35 o r  T B G 43 an d  S C 35 e n r ic h 
m en t cu ltu res  fo r  the  d e te c tio n  o f  S a lm o n e l la  in  d ry  fo o d s  is 
re co m m e n d e d  fo r f irs t a c tio n  ad o p tio n .
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MICROBIOLOGICAL METHODS

AutoMicrobic System for Biochemical Identification of Listeria 
Species Isolated From Foods: Collaborative Study

Loralyn H arris and J ohn H umber

K ra f t G e n e ra l F o o d s , T e c h n o lo g y  C en te r , 801 W a u k e g a n  R d , G le n v ie w , IL  6 0 0 2 5

C o llab o ra to rs : J . A g in ; J. B lack ; R . B o lin g ; M . C a lic ch ia ; C . C o o p e r; S. D ick in so n ; J. H e isick ; M . K e lly ; M . K n ig h t;
D . L aC la ir; C . M arsh a ll; S . N e w m an ; L . P resla ; A . R o m in e ; M . S c h u lk e ; J. S co tt; T. S co tt; C . S iv ey ; J. T ard io ; C . T w o h y ;
I. V orh ies; T. W agner; T. W azensk i

A collaborative study was conducted to evaluate 
the performance of the AutoMicrobic System Gram- 
Positive Identification (GPI) and Gram-Negative 
Identification (GNI) test kits to biochemically char
acterize L is t e r ia  spp. Thirteen laboratories each 
tested 97 food and environmental isolates, repre
senting the 7 species of L is te r ia , as well as 11 addi
tional genera of Gram-positive rods. Each collabo
rator inoculated both a GPI and a GNI card with a 
pure culture of each organism. The AutoMicrobic 
System identified the isolates and printed out the 
biochemical results. The GPI card is used to obtain 
a species identification and a mannitol reaction re
sult, and the GNI card is used to obtain rhamnose 
and xylose reaction results. Organisms are classi
fied into species groups and can be further distin
guished on the basis of hemolysis or nitrate reduc
tion tests. The AutoMicrobic System method 
correctly classified 90.8% of the L is t e r ia  spp. iso
lates and 100% of the non- L i s t e r ia  isolates. The 
AutoMicrobic System method was adopted first ac
tion by AOAC International for the biochemical 
characterization of L is t e r ia  spp. isolated from food 
and environmental sources.

T h e  B a c t e r i o l o g i c a l  A n a l y t i c a l  M a n u a l  (B A M ) (1) 
m e th o d  fo r  id en tif ic a tio n  o f  L is t e r i a  spp . f ro m  p rim a ry  

iso la tio n  m ed ia  in v o lv es  a  n u m b e r  o f  co n v en tio n a l b io 
c h em ica l tests , in  a d d itio n  to  h e m o ly tic , se ro lo g ica l, a n d  m o u se  
p a th o g e n ic ity  tests. S o m e  o f  th e  c o n v en tio n a l b io ch e m ic a l 
tes ts  req u ire  an  in cu b a tio n  p e rio d  o f  up  to  7  d ay s. T h e  A u to M i
c ro b ic  S y s te m  (b io M e rie u x  V itek , Inc ., H a ze lw o o d , M O ) is an

Submitted for publication February 6, 1991.
This report was presented at the 103rd AO A C Annual International 

Meeting, September 25-28, 1989, at St. Louis, MO.
The recommendation was approved by the General Referee and the 

Committee on Microbiology and Extraneous Materials and was adopted by 
the Official Methods Board of the Association. See “Changes in Official 
Methods of Analysis” (1993) J. AOAC Int. 76 Jan/Feb issue.

a u to m a te d  m ic ro b ia l id en tif ic a tio n  sy s te m  th a t u se s m in ia tu r
ize d  tes t k its  co n ta in in g  up  to  3 0  d iffe ren t b io c h e m ic a l tes ts  
each . T est k its  a re  in cu b a ted  in  th e  sy s te m  an d  sc a n n ed  h o u rly  
fo r  tu rb id ity  a n d /o r  c o lo r  ch an g es. P o s itiv e  tes t re su lts  a re  a n a 
ly ze d  by  th e  sy s te m  c o m p u te r, w h ich  th en  p ro v id es  a n  o rg a n 
ism  id en tific a tio n . S ev e ra l w o rk e rs  ( 2 - 5 )  in v e s tig a te d  th e  u se  
o f  th e  A u to M ic ro b ic  S y s te m  fo r  id en tify in g  m em b e rs  o f  th e  
fa m ily  E n te r o b a c t e r i a c e a e .  T h e  A u to M ic ro b ic  S y s te m  a lso  
has id en tif ic a tio n  k its  fo r  G ra m -p o s itiv e  o rg a n ism s (6 -9 ) ,  B a 

c i l lu s  spp . (10 ), y e as ts  (11, 12), a n d  an aero b es . W ith  th e  u se  o f  
2  d iffe ren t A u to M ic ro b ic  S y s te m  id en tif ic a tio n  k its , th e  G ram - 
P o s itiv e  Id e n tif ic a tio n  (G P I) ca rd , an d  th e  G ra m -N eg a tiv e  
Id e n tif ic a tio n  (G N I) card , L is t e r ia  spp . c an  b e  id en tif ie d  b io 
c h em ica lly  in  2 4  h. F u rth e r  tes ts , su ch  as (1-hem olysis a n d  
C h ris tie -A tk in s-M u n c h -P e te rso n  (C A M P ) re ac tio n  o n  sh eep  
b lo o d  agar, o r  n itra te  red u ctio n , as sp e c if ied  in  B A M , are  n e c 
e ssa ry  to  d iffe re n tia te  so m e  o f  th e  sp ec ie s  o f  L is t e r ia .

T h is  s tu d y  w as c o n d u c ted  to  c o lla b o ra tiv e ly  e v a lu a te  the  
p e rfo rm a n ce  o f  th e  G P I a n d  G N I ca rd s  in  th e  A u to M ic ro b ic  
S y s te m  m e th o d  fo r  th e  b io ch e m ic a l id en tif ic a tio n  o f  L is t e r ia  

spp . iso la tes  fro m  foods.

Collaborative Study

A  to ta l o f  13 lab o ra to rie s  p a rtic ip a ted  in  th is  c o lla b o ra tiv e  
study , c o n s is tin g  o f  industry , g o v e rn m e n t, a n d  p r iv a te  te s tin g  
lab o ra to rie s  in v o lv e d  in  the  te s tin g  o f  fo o d  p ro d u c ts . N in e ty - 
se v e n  c u ltu re s  (T ab le  1), a lo n g  w ith  6  A m e ric an  T y p e  C u ltu re  
C o lle c tio n  (A T C C ) G N I c a rd  co n tro l a n d  6  A T C C  G P I c a rd  
co n tro l iso la te s , w e re  sh ip p ed  to  th e  co lla b o ra to rs  e ith e r  on  
b ra in  h e a r t in fu s io n  (B H I) a g a r  s lan ts  o r  on  try p tic a se  soy  a g a r 
w ith  5 %  sh e e p  b lo o d  p la tes . A ll o f  th e  iso la te s  w e re  te s te d  by  
b o th  th e  co n v en tio n a l b io ch e m ic a l m e th o d  a n d  th e  A u to M ic ro 
b ic  S y s te m  m eth o d  a t th e  K ra ft G e n e ra l F o o d s  T ec h n o lo g y  
C en te r, G len v iew , IL ; th e  co lla b o ra tin g  lab o ra to rie s  te s te d  the 
iso la te s  by  th e  A u to M ic ro b ic  S y s te m  m e th o d  only.

T h e  co lla b o ra to rs  w e re  p ro v id ed  w ith  e n o u g h  m a te ria ls  an d  
te s t k its  to  id en tify  th e  iso la te s . T h e  co lla b o ra to rs  w e re  in 
s tru c ted  to  s treak  e ac h  cu ltu re  o n to  a  p la te  o f  try p tic a se  so y  ag ar 
w ith  5 %  sh e e p  b lo o d , in cu b a te  th e  p la te s  fo r  2 4  h  a t 35 ±  I 'd ,
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Table 1. Isolates used in collaborative study of automated systems for biochemical identification of L is te r ia  spp. 
isolates
Organism No. isolates Source3 Serotype* Culture No.c

Listeria

L. monocytogenes 30 sc^from FDA (14), ATCC strain 15313 (1), Brie 
cheese (2), Mexican cheese (1), ice cream (2), 
sc from FRI (5), shrimp (1), environmental 
isolate (4)

e
1, 2, 3, 9, 12-14, 27, 
33, 34, 36-46, 88-97

L. ivanovii 10 sc from FDA (2), sc from USDA (6), 
environmental isolate (2)

unknown (10) 4, 18-24, 30, 35, 
47-49

L. innocua 10 sc from FDA (1), sc from USDA (3), 
environmental isolate (6)

1,4(4), 4(6) 5, 15-17, 25, 26, 28, 
29, 31,32

L. seeligeri 5 sc from FDA (2), ATCC strain 35967 (1), Brie 
cheese (2)

1(5) 6-8, 10, 11

L. welshimeri 6 sc from USDA (4), radish (1), potato (1) unknown (6) 50-53, 58, 59, 84-87

L  grayi 4 ATCC strain 19120 (1), ATCC strain 25400 (1), 
ice cream (2)

n a ' 54, 55, 60, 61

L. murrayi 3 ATCC strain 25401 (1), ATCC strain 25402 (1), 
ATCC strain 25403 (1)

NA 56, 62, 63

Non-Listeria

Jonesia denitrificans 1 ATCC strain 14870 (1) NA 57

Kurthia zopfii 2 ATCC strain 33403 (1), ATCC strain 6900 (1) NA 64, 65

Bacillus cereus 2 ATCC strain 14579 (1), KGF sc (1) NA 66, 67

Bacillus subtilis 2 ATCC strain 6633 (1), KGF sc (1) NA 68, 69

Erysipelothrix rhusiopathiae 2 sc from Vitek (2) NA 73, 74

Brevibacterium linens 2 KGF sc (2) NA 78, 79

Brochothrix thermosphacta 1 ATCC strain 11509 (1) NA 70

Corynebacterium bovis 1 ATCC strain 7715 (1) NA 71

Corynebacterium flavescens 1 ATCC strain 10348 (1) NA 72

Gemella hemolysans 1 ATCC strain 10379 (1) NA 75

Cellulomonas cartae 1 ATCC strain 21681 (1) NA 76

Cellulomonas flavigena 1 ATCC strain 482 (1) NA 77

Propionibacterium shermanii 1 KGF sc (1) NA 82

Propionibacterium freudenreichii 1 KGF sc (1) NA 83

Lactobacillus coryneformis 1 ATCC strain 25602 (1) NA 80

Lactobacillus helviticus 1 ATCC strain 15009(1) NA 81

a Number in parentheses indicates the number of different organisms from a single source. FDA= U.S. Food and Drug Administration; ATCC = 
American Type Culture Collection; FRI = Food Research Institute; USDA = U.S. Dept of Agriculture; KGF = Kraft General Foods.

6 Number in parentheses indicates the number of strains of a single serotype.
c Additional culture members represent replicates of certain strains, included because of previously demonstrated variability (unpublished data). 
d sc = stock culture.
e Serotypes: 1(7), 1A(1), V2A(1), 1B(2), Vi>B(1), 3A(1), 3B(2), 4(10), 4B(2), Flag. A(1), Flag. D(1), Flag. C(1).
' NA= not applicable.
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and  c h e c k  fo r  purity . A n  iso la te d  c o lo n y  fro m  th e  p la te  w as 
p ic k e d  a n d  s tre ak e d  o n to  a  B H I a g a r  s lan t, a n d  th e  slan ts  w ere  
in cu b a ted  fo r  2 4  h  a t 35 ±  1°C . B io ch e m ic a l id en tif ic a tio n  w as 
p e rfo rm e d  on  th e  in cu b a ted  slan t as d e sc rib e d  in the  m eth o d . 
T h e  re su lt fo r  e a c h  iso la te  w a s  re p o rte d  to  K ra ft G e n e ra l F o o d s  
b y  e a c h  co llab o ra to r. S p e c ie s  g ro u p  id en tif ic a tio n s  w e re  g iv en  
c o d e s  as fo llo w s: L M  =  L . m o n o c y t o g e n e s /L  in n o c u a  g ro u p , 
L I =  L  i v a n o v i i /L .  s e e l i g e r i  g ro u p , L W  =  L  w e ls h i m e r i ,  L G  =
L . g r a y i /L .  m u r r a y i  g ro u p , O  =  u n id e n tif ie d /n o n -L riie r ia  
g ro u p . E ach  re su lt w a s  trea te d  as a  B ern o u lli tria l, w ith  th e  re 
su lt o b ta in e d  b y  the  A u to M ic ro b ic  S y s te m  m e th o d  c la ss if ied  as 
e ith e r  "a g ree s  w ith  c o n v en tio n a l”  o r  "d isa g ree s  w ith  c o n v e n 
tio n a l.” T h e  m eth o d s u se d  fo r  co n stru c tin g  th e  c o n fid e n ce  in 
te rv a ls  fo r  th e  b in o m ia l p a ram e te r w ere  th o se  o f  Jo h n so n  and 
K o tz  (13) a n d  B ro w n le e  (14).

992.19 L is t e r ia  sp. Biochemical Identification 
Method (Vitek GPI and GNI)

First Action 1992

T h is  m e th o d  is fo r p re su m p tiv e  g en eric  id en tif ic a tio n  o f  
fo o d b o m e  L is t e r i a  sp ec ie s  a n d  sc ree n in g  a n d  e lim in a tio n  o f  
n o n - L i s te r ia  iso la tes . F o r  sp e c ia tio n  o f  so m e  L is t e r i a , an a ly st 
m u st p e rfo rm  C A M P, [3-hem olysis, a n d /o r  n itra te  re d u c tio n  
te s ts  as d e sc rib e d  in c u rre n t e d itio n  o f  B a c te r i o l o g i c a l  A n a l y t i 

c a l  M a n u a l  (B A M ).
C a u t io n :  P o ten tia l b io h azard . B ac te ria  u se d  in  m eth o d  are 

p o ten tia lly  p a th o g en ic  m ic ro o rg an ism s . E x tre m e  ca re  sh o u ld  
b e  tak en  in h a n d lin g  an d  p ip e ttin g  b ac teria l so lu tio n s . R eac tio n  
p ro d u c ts , b a c te ria l cu ltu res , tu b es , p ip e ts , an d  tes t tray s  sho u ld  
b e  p lac ed  in  b io h az a rd  b ag s  an d  s te rilized  in a u to c lav e  b e fo re  
d isp o sa l a cc o rd in g  to  la b o ra to ry  g u id e lin es . A ll su rfaces sh o u ld  
be  d e co n tam in a te d  w ith  ap p ro p ria te  d is in fec tan t; h a n d s  sh o u ld  
be  w ash ed  w ith  b ac te ric id a l soap .

M e th o d  p e rfo rm an ce :
S ee  T ab le  9 9 2 .1 9 A  fo r m e th o d  p e rfo rm a n ce  da ta .

A . P r in c ip le

M e th o d  is au to m a te d  in -v itro  tes tin g  sy s tem  th a t u se s  in cu 
b a to r  c h a m b e r  w ith  o p tica l reader, f ille r /sea le r  un it fo r  test kit 
in o cu la tio n , and  co m p u te r. G ra m -p o s itiv e  id en tif ic a tio n  ca rd s  
(G P I) a n d  G ra m -n e g a tiv e  id en tif ic a tio n  c a rd s  (G N I) e ac h  c o n 
ta in  30  b io ch e m ic a l tes ts , as lis te d  in T ab les  9 9 2 .1 9 B  and

Table 992.19A. Method performance for L is te r ia  in 
foods, biochemical identification method (Vitek GNI and 
GPI)

Method error rate

Organism Correct Incorrect Total

Listeria spp.a 835 77 912
Non-Listeria spp.0 252 0 252

a Sensitivity rate: 835/912 = 91.55%. 
6 Specificity rate: 252/252 = 100%.

Table 992.19B. Biochemical tests in Gram-positive 
identification card

Microaerophilic

Growth control Urea Trehalose
Bacitracin Tétrazolium red Arabinose
Optochin Novobiocin Pullulan
Hemicellulase Dextrose Pyruvate
6% NaCI Lactose Inulin
10% Bile Mannitol Melibiose
40% Bile Raffinose Melezitose
Esculin Salicin Cellobiose
Arginine negative control Sorbitol Ribose
Arginine Sucrose Xylose

9 9 2 .1 9 C . P o sitiv e  re su lts  o f  p re lim in a ry  o ff- lin e  te s ts  (e .g ., 
c a ta la se  and  o x id ase ) a re  e n te red  on  ca rd . O p tica l reader, 
w ith in  tem p e ra tu re -c o n tro lled  in cu b a to r, scan s  e ac h  ca rd  
h o u rly  a n d  m easu re s  tu rb id ity  a n d /o r c o lo r  c h a n g e s  in b io 
c h em ica l tes ts  a n d  tran sm its  re ad in g s  to  co m p u te r. C o m p u te r  
a n a ly ze s  an d  in te rp re ts  c h an g e s , re p o rtin g  re su lts  o f  b io c h e m i
cal tes ts  in c a rd s  a s  p o sitiv e  o r  n eg ativ e , an d  c la ss if ie s  o rg a n ism  
to  g en u s an d /o r sp ec ies . M e th o d  u ses G P I and  G N I ca rd s , e ach  
ta rg e ted  to  id en tify  s in g le  g ro u p  o f  m ic ro o rg an ism s , to  id en tify  
s in g le  o rg a n ism  (G P I c a rd  fo r  p re lim in a ry  id en tif ic a tio n  o f  L is 

t e r ia  sp p . an d  2  re ac tio n s  o n  G N I c a rd  fo r  fin a l d e te rm in a tio n  
to  sp ec ie s  g ro u p ). C A M P  re ac tio n  an d  (3-hem olysis o n  sh eep  
b lo o d  a g a r a n d /o r  n itra te  re d u c tio n  te s ts  a re  n ecessa ry  to  d iffe r
e n tia te  sp ec ie s  w ith in  3 o f  g ro u p s  (T able 9 9 2 .1 9 D ).

B. A p p a r a tu s

(a ) C o t to n  s w a b s ,  s t e r i l e .— P lace  n o n ste rile  c o tto n -tip p e d  
sw ab s in a u to c lav a b le  c o n ta in e r  a n d  s te rilize  30  m in  a t 121°.

Table 992.19C. Biochemical tests in Gram-negative 
identification card

Aerobic Microaerophilic

DP-300(2-4-4'-T richloro- 
2'-hydroxydiphenyl ether)

Raffinose

Glucose (oxidative) Sorbitol
Growth control Sucrose
Acetamide Inositol
Esculin Adonitol
Plant indican p-Coumaric acid
Urea H2S
Citrate ONPG
Malonate Rhamnose
Tryptophan Arabinose
Polymixin B Glucose (fermentative)
Lactose/10% lactose Arginine
Maltose Lysine
Mannitol Base control
Xylose Ornithine
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Table 992.19D. Species group determ ination from  GPI and GNI cards

GPI card GNI card

Organism designation Identification Mannitol result Rhamnose result Xylose result

LM L. mono Listeria spp. - + —

L. innocua Listeria spp. - - -

LI L. ivanovii 
L. seeligeri

Listeria spp. - - +

LW L. welshimeri Listeria spp. - + +

LG L  grayi Listeria spp. + + -
L. murrayi Listeria spp. + -

O Non-L/sfer/a Unidentified 
Other species

+ o r -  
+ o r -

+ o r -  
+ o r -

+ o r -  
+ o r -

(b) G l a s s  s l i d e s .— 25 x  75  x  1 m m .

(c) I n c u b a to r .— C a p a b le  o f  m a in ta in in g  35 ±  2°.

(d ) I n o c u la t in g  l o o p s .— 3 m m , fo r  u se  in  E (7 ).

(e) I n o c u la t in g  n e e d le s .

(f) P ip e t s .— 10 m L  se ro lo g ica l, ste rile , w ith  co tto n  p lug .

(g ) T u b e s .— 12 x  75 m m , s te rile , a n d  16 x  125 m m .

(h) A u t o m a t e d  s y s t e m .— F illin g /se a lin g  un it, in cu b a to r 
c h a m b e r  w ith  o p tica l read er, an d  c o m p u te r  (A u to M ic ro b ic  
S y s te m  o r  A u to M ic ro b ic  Ju n io r  S y s tem , b io M e rie u x  V itex , 
Inc ., 595 A n g lu m  D r. H a ze lw o o d , M O  6 3 0 4 2 ).

(i) F i l l in g  s ta n d .— P lastic  s tan d  to  h o ld  te s t  k it a n d  tran sfe r  
tu b e  assem bly .

(j) F i l l in g  m o d u le  r a c k .— P lastic  ra c k  to  h o ld  10 f illin g  
stands.

(k) P e r m a n e n t  m a r k e r .— B lu e  o r b lac k , f in e  tip .

(l) G P I  c a r d .— 9 0  x  57  x  4  m m  p las tic  c a rd  w ith  3 0  c h a m 
b e rs  co n ta in in g  d e h y d ra te d  g ro w th  o r  b io ch e m ic a l test m ed ia  
fo r  G ra m -p o s itiv e  tests. M o n ito r  G P I c a rd  p e rfo rm a n ce  b y  u s
in g  th e  fo llo w in g : S t r e p t o c o c c u s  p y o g e n e s ,  A T C C  19615; E n 

t e r o c o c c u s  f a e c a l i s ,  A T C C  2 9 2 1 2 ; S t r e p t o c o c c u s  p n e u m o n ia e ,  

A T C C  2 7 3 3 6 ; E n te r o c o c c u s  d u r a n s , A T C C  6 0 5 6 ; S t r e p t o c o c 

c u s  b o v i s ,  A T C C  9 8 0 8 ; S t a p h y l o c o c c u s  x y lo s u s ,  A T C C  2 9 9 7 1 ; 
an d  S t r e p to c o c c u s  e q u i ,  A T C C  9 5 2 8 . U se  fresh  s to ck  fo r  e ac h  
p e rfo rm a n ce  te s t a n d  su b cu ltu re  2 x  on  c o n se cu tiv e  d a y s  o n  
try p ticase  soy  ag ar-5 %  sh e e p  b lo o d  p la tes  a t 35° p r io r  to  ca rd  
in o cu la tion .

(m ) G N I  c a r d .— 90  x  5 7  x  4  m m  p las tic  c a rd  w ith  30  
ch am b ers  c o n ta in in g  d e h y d ra te d  g ro w th  o r  b io ch e m ic a l tes t 
m ed ia  fo r  G ra m -n e g a tiv e  tes ts . M o n ito r  G N I c a rd  p e rfo rm a n ce  
by u s in g  th e  fo llo w in g : P r o te u s  m i r a b i l i s ,  A T C C  70 0 2 ; 
P s e u d o m o n a s  a e r u g i n o s a ,  A T C C  2 7 8 5 3 ; S e r r a t i a  o d o r i f e r a ,  

A T C C  3 3 0 7 7 ; K l e b s i e l l a  p n e u m o n ia e ,  A T C C  13883; A c in e to -  

b a c t e r  cal. b io . a n i t r a tu s ,  A T C C  19606; S h ig e l la  s o n n e i ,  A T C C  
2 5 931 ; a n d  B o r d e t e l l a  b r o n c h i s e p t i c a ,  A T C C  10580. U se  fresh  
s to ck  fo r  e ach  p e rfo rm a n c e  te s t an d  su b c u ltu re  2 ’ o n  c o n se c u 
tive  d ay s  on  try p tic a se  so y  ag ar-5 %  sh e e p  b lo o d  p la te s  a t 35° 
b e fo re  c a rd  in o cu la tio n .

(n) T r a n s f e r  tu b e s .— L -sh a p ed  p las tic  tu b es , 8 0  m m  long , 
to  tra n s fe r  c u ltu re  su sp en s io n  fro m  tu b e  in to  c a rd  ch am b ers . 
In c lu d e d  w ith  G P I an d  G N I tes t c ard s.

(o ) S e a l e r  p l u g s .— 4  x  4  x  26  m m  p las tic  p lu g s  to  sea l c a rd  
c h am b ers , fo r  sy s tem s w ith o u t se a le r  u n it ( fo r  u se  w ith  
A u to M ic ro b ic  Ju n io r  S y s tem s o n ly ).

(p) A p p l i c a t o r  s t ic k s ,  s t e r i l e .— P la ce  n o n ste rile  w o o d en  
a p p lic a to r stick s in  a u to c lav a b le  c o n ta in e r  a n d  s te rilize  30  m in  
a t 1 2 1 °.

C . C u ltu re  M e d ia  a n d  R e a g e n t s

U se  d is tilled  o r  d e io n iz ed  w a te r  th ro u g h o u t.

C u ltu re  m ed ia  a re  av a ilab le  f ro m  v arie ty  o f  co m m e rc ia l 
sou rces .

(a) B H I  a g a r  s la n t s .— D isso lv e  in fu s io n  fro m  2 0 0  g c a lf  
b ra in  an d  fro m  2 5 0  g  b e e f  heart, 10 .0  g  p ro teo se  p e p to n e  o r 
g e ly sa te , 5 .0  g  N aC l, 2 .5  g  N a 2H P 0 4 1 2H 20 ,  2 .0  g  g lu co se , 
a n d  15.0 g  a g a r in  1 L  H 20 .  H e a t to  b o ilin g  to  d isso lv e  m ed iu m  
co m p le te ly . D isp e n se  8 - 1 0  m L  p o rtio n s  in to  1 6 x 1 2 5  m m  
tu bes. A u to c lav e  15 m in  a t 121°. F in a l p H  m u s t b e  7 .4  ±  0.2 . 
B e fo re  m ed iu m  so lid ifie s , in c lin e  tu b es to  o b ta in  5 - 6  c m  slant.

(b) T u r b id i ty  s ta n d a r d s .— 1%  B a C l2- l %  H 2S 0 4 (1 + 9 9 )  
(M c F a rlan d  n e p h e lo m e te r  sca le . N o . 1.0) an d  (0 .5  +  9 9 .5 ) 
(M c F a rlan d  n e p h e lo m e te r  sca le , N o . 0 .5 ).

(c) H y d r o g e n  p e r o x i d e  s o lu t io n ,  3 0 % .

(d )  S a l in e , s t e r i l e .— 0.4 5 % . D isso lv e  4 .5  g  N aC l in  1 L  
H 20  an d  a u to c lav e  15 m in  a t 121°. F in a l p H  m u st b e  5 .5 -8 .0 . 
A sep tica lly  d isp e n se  1.8 m L  p o rtio n s  to  12 x 7 5  m m  ste rile  
d isp o sa b le  tu b es . C a p  tu b es a n d  s to re  a t 4°.

(e) T r y p t i c a s e  s o y  a g a r - 5 %  s h e e p  b l o o d  p l a t e s .— D isso lv e
14.5 g  p an crea tic  d ig es t o f  c ase in , 5 .0  g  p a p a ic  d ig es t o f  so y 
b e an  m ea l, 5 .0  g  N aC l, 14.0 g  agar, a n d  1.5 g  g ro w th  fac to rs  in 
1 L  H 20 .  A u to c la v e  15 m in  a t 121° a n d  co o l to  55°. A d d  5%  
d e fib rin a te d  sh e e p  b lo o d  an d  p o u r  in to  p la tes.

D . G e n e r a l  In s tru c tio n s

S to re  G N I a n d  G P I card s u n o p e n e d  in  p ro tec tiv e  lin e rs  at 
2 -8 ° . (N o te : D o  no t free z e .)  D o  n o t u se  ca rd s  a fte r  e x p ira tio n



826 Harris & Humber: Journal Of AO AC International Vol. 76, No. 4 ,1993

da te . B efore  rem ov ing  cards from  liners, v isually  ch eck  liner for 
h o les o r  c racks in  foil m aterial. D iscard  card  i f  liner is dam aged .

M a te ria ls  an d  m e th o d s  o u tlin e d  are  in ten d ed  fo r u se  on ly  
w ith  V itek  A u to M ic ro b ic  S y stem . U n sa tis fa c to ry  re su lts  o r  
m is id e n tif ic a tio n s  m ay  re su lt fro m  use  o f  e q u ip m e n t o r re 
a g en ts  fro m  o th e r  sources.

E. P r e p a r a tio n  o f  In o cu la

( 1 ) S tre ak  cu ltu re  fo r iso la tio n  o n to  try p tic a se  so y  a g a r -5 %  
sh e e p  b lo o d  p la te . In cu b a te  24  h  a t 35 ±  2°. T ran sfe r  w e ll- iso 
la ted  c o lo n y  to  B H I a g a r slan t, and  in cu b a te  2 4  h  a t 35 ±  2°.

(2 ) P e rfo rm  ca ta la se  test f ro m  B H I slant. R e m o v e  sm all p o r
tio n  o f  g ro w th  fro m  B H I a g a r slan t w ith  ap p lic a to r s tick  and 
p lace  on  s lide . (N o te :  W ire  in o cu la tin g  lo o p s m ay  g iv e  fa lse  
reac tio n ; d o  n o t u se .)  A d d  1 d ro p  3 0 %  h y d ro g e n  p e ro x id e  to  
g ro w th  o n  slide. Im m e d ia te  b u b b lin g  in d ica te s  p o sitiv e  tes t fo r 
c a ta la se . N o  b u b b lin g  is  n e g a tiv e  reac tio n . D isc a rd  any 
c a ta la se -n eg a tiv e  cu ltu res . (C a u t i o n : A vo id  sk in  c o n ta c t w ith  
h y d ro g e n  p e ro x id e . S h o u ld  c o n ta c t o ccu r, flu sh  a ffec ted  a rea  
w ith  w ater.)

(3 ) L e t G P I and  G N I card s c o m e  to  ro o m  tem p era tu re . R e 
m o v e  G P I ca rd  fro m  lin e r an d  m ark  sam p le  n u m b e r w ith  
m arker. U se  m ark e r to  fill in u p p e r  le ft c irc u la r  d ep ress io n  in 
c a rd  to  in d ica te  cu ltu re  is c a ta la se  p o sitiv e  (n o  m ark  in d e p re s 
s io n  w o u ld  in d ica te  ca ta la se -n eg a tiv e  reac tio n ). D isre g a rd  
p rin te d  red  c irc le  on  G P I card . ( N o te :  Im p ro p e r  m ark in g  o f  c ir
c u la r  d e p ress io n  co rre sp o n d in g  to  c a ta la se  tes t re su lt w ill g ive  
in co rre c t iso la te  id en tif ic a tio n .)  R e m o v e  G N I ca rd  fro m  lin e r 
an d  m ark  sa m e  sa m p le  num ber. D isreg ard  u p p e r left c irc u la r  
d ep ress io n  on  G N I card .

F. In o cu la tio n  a n d  R e a d in g  o f  R e s u l t s

( 1 )  L ab e l tw o  12 x  75  m m  tu b es c o n ta in in g  1.8 m L O .4 5 %  
sa lin e  w ith  sam p le  num b er, an d  p lace  in to  2  co n se cu tiv e  fill
in g  s tands.

(2 ) U sin g  s te rile  sw ab , in o cu la te  f irs t tu b e  w ith  g ro w th  from  
B H I a g a r  slan t to  ach iev e  a t least N o . 0 .5 , b u t n o  g re a te r  than  
N o . 1.0 M c F a rla n d  stan d ard . U se  vo rtex  m ix e r to  u n ifo rm ly  
su sp en d  cells.

(5 ) U s in g  fresh  sw ab , in o cu la te  se c o n d  tu b e  w ith  g ro w th  
fro m  sam e  B H I a g a r s lan t to  a ch iev e  N o . 1.0 M c F a rlan d  s tan d 
ard . U se  v o rtex  m ix e r  to  u n ifo rm ly  su sp en d  cells .

( 4 )  U s in g  a sep tic  tech n iq u e , firm ly  in se rt sh o rt e n d  o f  tran s
fe r tu b e  in to  sid e  p o rt o f  G P I ca rd  w ith  long  pa rt o f  tu b e  d i
re c ted  to w a rd  b o tto m  sec tio n  o f  card .

(5 ) P lace  m a te d  G P I c a rd /tra n sfe r  tu b e  un it in  f illin g  s tan d  
w ith  lo n g  p a r t o f  tran s fe r  tu b e  in se rted  in to  firs t sa lin e  tube. 
P ro p e rly  in se rted  tran s fe r  tube  ex te n d s  w ell in to  sam ple .

(6 ) U s in g  a sep tic  tech n iq u e , rep ea t ( 4 )  a n d  (5 ) w ith  G N I 
card , p lac in g  m a te d  G N I c a rd /tra n sfe r  tu b e  u n it in  f illin g  s tand  
w ith  lo n g  p a rt o f  tran sfe r  tu b e  in se rted  in to  se c o n d  sa lin e  tube.

(7 ) P o s itio n  fillin g  s tan d s in fillin g  m o d u le  rack , an d  p lace  
ra ck  in to  fillin g  m o d u le  o f  a u to m a te d  system . S u b je c t 
c a rd /tra n s fe r  tu b e  a sse m b ly  to  f illin g  cy c le . W ith o u t re m o v in g  
c a rd s  f ro m  fillin g  s ta n d s , in sp e c t b o th  c a rd s  to  v e r ify  p ro p e r  
fill h a s  b e en  a ch iev e d . I f  e ith e r  c a rd  h as  n o t f illed  p ro p erly ,

d isc a rd  it a n d  re p ea t (7 )—(7) u s in g  fresh  in o cu lu m , tra n s fe r  
tu b e , and  card .

( 8 )  S ea l c ard s. I f  a u to m a ted  sy s te m  has se a le r  m o d u le s , in 
se rt c a rd /tra n sfe r  tu b e  un it o n  filling  s tan d  in to  se a le r  m o d u le ; 
in se rtio n  s im u lta n eo u s ly  sev ers  tran s fe r  tu b e  fro m  c a rd  an d  
sea ls  c a rd  port. F o r  a u to m a te d  sy s tem  w ith o u t se a le r  m o d u le s , 
re m o v e  tran s fe r  tu b e  m an u a lly  an d  u se  b lu e  se a le r  p lu g  to 
seal card .

(9 ) L o ad  b o th  sea led  card s in to  re a d e r/in c u b a to r  tray  and  
p ro c ee d  w ith  tests. (N o te :  In te rv a l b e tw ee n  fillin g  c a rd s  an d  
p lac em e n t in  re ad e r/in c u b a to r  sh o u ld  n o t e x c e e d  15 m in .)

( 1 0 )  S te rilize , by  a u to c lav in g , u se d  tran sfe r  tu b e  rem n an ts , 
tu b es , an d  ca rd s  b e fo re  d isp o sa l.

( 1 1 )  A fte r  in cu b a tio n  c y c le , d a ta  te rm in a l p rin ts  s ta tu s  rep o rt 
fo r  e ac h  c a rd  in  re ad e r/in c u b a to r tray, w ith  n o rm a lize d  p e rce n t 
p ro b ab ility  fo r  f irs t an d  seco n d  c h o ice  id en tif ic a tio n s .

G . In te rp re ta tio n  o f  R e s u l t s

C o n su lt G P I an d  G N I ca rd  rep o rts  fo r  sp ec ie s  g ro u p . C o n 
su lt T ab le  992.19D  fo r  sp ec ie s  g ro u p  d e te rm in a tio n . T h e  11 
tes ts  (o n  G P I card ) w h o se  p o sitiv e  re su lts  a re  c o n s id e re d  d e 
f in itiv e  fo r g en eric  id en tif ic a tio n  o f  L is t e r i a  sp ec ie s  a re  as fo l
low s: b ac itra c in , o p tic in , 6 %  N aC l, 10%  b ile , 4 0 %  b ile , e scu - 
lin , te traz o liu m  red , g lu co se , sa lic in , treh a lo se , an d  ce llo b io se .

H. R e p o r t  M e s s a g e s

S ev era l ty p es o f  m essa g es  m ay  a p p ea r  on  fin a l G P I o r  G N I 
p rin te d  id en tif ic a tio n  re p o rt to  e x p la in  w h y  id en tif ic a tio n  c a n 
n o t b e  m ad e  o r  to  q u a lify  id en tif ic a tio n  sta tem en ts .

C a r d  i n o c u la t io n  e r r o r .— G P I c a rd  a n a ly s is  w a s  te rm in a ted  
a fte r  in itial re ad in g  b e ca u se  o f  u n accep tab ly  low  lev e ls  o f  lig h t 
tran sm iss io n . In o c u la te  n ew  card  a fte r  d e te rm in in g  reaso n (s )  
fo r  u n a cc ep ta b le  re ad in g  fro m  fo llo w in g  list.

( 1 )  In ocu lum  turbid ity  exceed ed  N o. 1.0 M cF arland  standard.

(2 ) C a rd  no t p la c e d  in  re ad e r/in c u b a to r w ith in  15 m in  re c 
o m m e n d e d  tim e  in te rv al.

(5 ) C a rd  n o t c h ec k ed  to  c o n firm  p ro p e r  fill w as  a ch iev ed .

I n s u f f ic ie n t  g r o w th  o r  n o n v ia b le  o r g a n is m .— A ll b io c h e m i
cal te s ts  in  G P I o r G N I ca rd  w ere  n eg a tiv e . R easo n s  fo r  in su f
f ic ien t g ro w th  in c lu d e  the  fo llo w in g :

( 1 )  O rg a n ism  is n o n v iab le . C o n firm  b y  a se p tica lly  sa m p lin g  
p e p to n e  b a se  w e ll (N o . 1) o n  G P I c a rd  a n d /o r  g ro w th  co n tro l 
w e ll (N o . 3) o n  G N I c a rd  an d  su b c u ltu rin g  o n to  b lo o d  agar.

(2 ) In su ffic ien t n u m b er o f  o rg an ism s in  in o cu lu m . R ep ea t 
te s t w ith  in o cu lu m  e q u iv a len t to  N o . 1.0 M c F a rla n d  stan d ard  
fo r  G P I card , o r N o . 2 .0  M c F a rlan d  stan d ard  fo r  G N I card .

( 3 )  Iso la te  is s tric t a e ro b e  an d  w ill n o t g ro w  in m ic ro ae ro - 
p h ilic  e n v iro n m en t o f  G P I card .

Q u e s t io n a b le  in o c u lu m .— F e rm en ta tiv e  g lu co se  w e ll in 
G N I card  d id  n o t b e co m e  p o sitiv e  u n til 13 h  o r  la te r in  in c u b a 
tio n  cy c le , u su a lly  in d ica tin g  lo w -lev e l co n tam in a tio n . C h e c k  
p u rity  o f  iso la te  b y  a se p tica lly  sam p lin g  g ro w th  co n tro l w ell 
(N o. 3) o f  G N I c a rd  a n d  su b cu ltu rin g  to  b lo o d  agar.

U n id e n t i f i e d  o r g a n is m .— G P I o r  G N I re su lts  d o  n o t su ffi
c ien tly  re sem b le  an y  s to red  in  re sp ec tiv e  d a ta  b a se s . P o ss ib le  
c au ses  in c lu d e  the  fo llow ing :
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Table 2. Collaborators’ results for biochemical identification of L is te r ia  spp. isolates by automated system

Culture No.a Correct IDb 1 2 3 4 5 6 7 8 9 10 11 12

1 LM
2(A) LM
3 LM

4(A) LI Oc
5 LM
6 LI
7 LI
8 LI
9 LM
10 LI
11 LI
12 LM
13 LM
14 LM
15 LM
16 LM
17 LM
18 LI
19 LI
20 LI
21(A) LI 0 0
22 LI
23 LI 0
24(A) LI 0
25 LM
26 LM
27 LM
28 LM
29 LM
30 LI
31 LM
32 LM LG
33 LM
34 LM
35 LI 0
36 LM
37 LM
38 LM
39 LM
40 LM LI
41 LM LI
42 LM
43 LM
44 LM
45 LM
46 (2 B) LM

47(4B) LI 0
48(21 B) LI 0
49(24B) LI 0
50(A) LW
51(A) LW
52(A) LW
53(A) LW
54 LG

55 LG

0  0  O

0 0 0

0 0 0 0

0 0 0 0
0 0

LM

O 0  0  0

0

O

0 0 0
0 0 o 0 0

0 o 0

O
O

O

O O o
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Table 2. (C o n tin u e d )

Culture No.a Correct IDb 1 2 3 4 5 6 7 8 9 10 11 12

56 LG O LM O O

57 O

58 LW O

59 LW LM

60 LG O O O O O O O O

61 LG O O O 0 O O O

62 LG 0 O O O O

63 LG 0 LM O O O

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80 
81 
82 
83
84(50B) 
85(51B) 
86(52B) 
87(53B) 
88
89
90
91
92
93
94
95
96
97

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
LW
LW
LW
LW
LM
LM
LM
LM
LM
LM
LM
LM
LM
LM

O

a (A) = first replicate; (B) = second replicate ot culture number indicated, e.g., (2B).
b LM = L. monocytogenes/L. innocua group; LI = L. ivanovii/L. seeligeri group; LW = L. welshimerr, LG = L. grayi/L. murrayigroup; O = 

unidentified/other organism group. 
c Presence of a code indicates a misidentification.

(7 ) In o cu la tin g  c a rd  c o n ta in s  m ix e d  cu ltu re . C o n firm  by 
su b c u ltu rin g  g ro w th  co n tro l w e ll in  e ith e r  ca rd  to  b lo o d  agar.

(2 )  In o c u la tin g  c a rd  c o n ta in s  iso la te  b e lo n g in g  to  sp ec ie s  o r  
g ro u p  n o t in c lu d ed  in  d a ta  b ase .

(5 )  Iso la te  is ra re  o r  u n u su a l b io ty p e .
(4 ) In o c u la tin g  c a rd  co n ta in s  iso la te  th a t c a n n o t b e  u n i

fo rm ly  su sp en d e d  in  0 .4 5 %  sa line .

(5 ) In o c u la tin g  c a rd  co n ta in s  su sp en s io n  less tu rb id  th an  N o. 
0 .5  M cF arland  standard  fo r G P I card  o r N o. 1.0 fo r G N I card .

W h en  “ U n id en tif ied  o rg a n ism ” m essa g e  a p p ea rs  fo r  G P I 
ca rd , rep ea t tes t w ith  sam e  c u ltu re  iso la te  s to red  in re frig e ra to r. 
(N o te :  B e ca u se  G ra m -p o s itiv e  o rg a n ism s a re  u sed  in G N I c a rd , 
re ce iv in g  “ U n id en tif ied  o rg an ism ” m essa g e  fo r  G N I c a rd  is 
h ig h ly  likely . D isreg ard  su ch  m essa g es  on  G N I c a rd .)
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G o o d  c o n f id e n c e ,  m a r g in a l  s e p a r a t i o n .— B io ch e m ic a l re 
su lts  fo r  p a ir  o f  o rg a n ism s lis ted  in e ith e r G P I o r  G N I rep o rt 
h a v e  g o o d  lik e lih o o d  fo r  id en tif ic a tio n  b u t c lo se ly  re sem b le  
b o th  sp ec ie s  p a tte rn s in  d a ta  base.

Q u e s t io n a b le  b i o p a t t e m .— B io ch em ica l re su lts  o f  G P I o r 
G N I c a rd  o n ly  m arg in a lly  re sem b le  2  sp ec ie s  o r  sp ec ie s  g ro u p s  
in  d a ta  b ase ; iso la te  id en tif ic a tio n  m ay  b e  th ird  tax o n  n o t lis ted  
o n  G P I o r  G N I report.

S e e  n o t e s  1 - 3  e t c .— M e ssag e s  a re  e x p la in ed  in  a p p ro p ria te  
T ech n ica l B u lle tin  a c c o m p a n y in g  e ith e r  G P I o r  G N I card .

I. C o n firm a tio n

O ig a n ism s  p lac ed  in  L M  c a teg o ry  a re  id en tif ie d  a s  L is t e r ia  

m o n o c y t o g e n e s  o r  L is t e r i a  in n o c u a \  in  L I categ o ry , a s  L is t e r ia  

i v a n o v i i  o r  L is t e r ia  s e e l i g e r f ,  in L W  category , as L is t e r ia  w e l -  

s h im e r v ,  an d  in  L G  ca teg o ry , as L is t e r ia  g r a y i  o r  L is t e r ia  m u r -  

r a y i .  O ig a n ism s  in  O  ca teg o ry  a re  c la ss if ied  as n o n - L i s te r ia  

spec ies. F u rth e r  tes ts  sh o u ld  b e  c o n d u c ted  to  d is tin g u ish  sp e 
c ie s  w ith in  e ac h  c a teg o ry  (re fe r  to  c u rre n t e d itio n  o f  B A M ).

R ef.: J. A O A C  Int. (1 9 9 3 ) 75 , Ju ly  A u g u s t issue.

Results
T h e  to ta l n u m b er o f  L is t e r ia  spp . iso la tes te s ted  w as  7 6  (T a

b le  1), in c lu d in g  8 d u p lic a te s  o f  s tra in s  th a t w e re  sh o w n  to  g iv e  
v a riab le  re su lts  w ith  th e  A u to M ic ro b ic  S y s te m  (u n p u b lish ed  
d a ta ). T h e  stra in s  c h o se n  w e re  iso la ted  fro m  fo o d  an d  e n v iro n 
m en ta l so u rces  a n d  re p re se n ted  all o f  th e  L is t e r ia  spp . sero - 
g ro u p s  av a ilab le . T h e  n u m b e r  o f  n o n - L i s t e r ia  iso la te s  to ta lled  
21 (T able  1). T h e  la tte r  iso la te s  w ere  c h o se n  on  th e ir  ab ility  to  
in te rfe re  w ith  L is t e r i a  spp . d u rin g  c u ltu re  an d  iso la tio n . T h e  97  
iso la te s  w e re  tes ted  by  13 c o lla b o ra to rs  on  a  to ta l o f  1261 G P I 
a n d  G N I card s. A ll o f  th e  c o lla b o ra to rs  c o m p le te d  all o f  the  
iso la tes  su b m itted . A  s in g le  c o lla b o ra to r  h ad  c o n ta m in a tio n  in  
all o f  th e  tes t k its , a n d  th ese  d a ta  w e re  o m itted . A s a  resu lt, a  
to ta l o f  9 1 2  G P I/G N I te s t  k its  w e re  te s te d  w ith  the  L is t e r ia  spp . 
iso la tes, a n d  2 5 2  k its  w e re  te s te d  w ith  th e  n o n - L i s te r ia  iso la tes.

C o lla b o ra to rs ’ re su lts  fo r  th e  cu ltu res  (T ab le  2) a re  p re 
se n ted  a s  id en tif ie d  o r m is id en tified . T ab le  3 su m m ariz e s  th e  
c o lla b o ra to rs ' re su lts . O f  th e  9 1 2  L is t e r ia  spp ., 828 w e re  c o r
rec tly  id en tified ; 84  rep lica te s  w e re  m is id en tif ied . T h e  se n sitiv 
ity  ra te  (n u m b er o f  L is t e r i a  fo u n d  p o sitiv e  b y  th e  m e th o d  d i
v id ed  by  th e  n u m b e r o f  L is t e r ia  p o s itiv e ) w a s  9 1 .5 5 %  
(T able  3). T h e  n u m b ers  u sed  to  c a lcu la te  th is ra te  (8 3 5 /9 1 2  vs 
8 2 8 /9 1 2 ) d iffe red  fro m  th e  n u m b e r sh o w n  co rre c t fo r  L is t e r ia  

spp ., b ecau se  7  rep lica te s  w e re  in co rre c t b u t still c la ss if ied  as 
L is t e r ia  spp . (T ab le  2 ). T h e  sp ec if ic ity  ra te  (n u m b er o f  L is t e r ia  

fo u n d  n e g a tiv e  by  th e  m eth o d  d iv id e d  b y  th e  n u m b e r o f  L is t e 

r ia  n eg a tiv e ) w a s  1 0 0 .0 %.
T h e  fa lse -p o sitiv e  ra te , w h ic h  is  th e  n u m b e r o f  m isc la ss if ied  

n o n - L i s t e r ia  spp . d iv id e d  by  the  to ta l n u m b e r  o f  p o sitiv e s  (m is- 
c la ss ified  n o n - L i s t e r ia  spp . p lu s  co rre c tly  id en tified  L is t e r ia  

spp .), w as 0 .0 % . T h e  fa lse -n e g a tiv e  ra te , w h ic h  is the  n u m b er 
o f  m isc la ss if ied  L is t e r i a  spp . d iv id e d  by  th e  to ta l n u m b er o f  
n e g a tiv es  (m isc la ss if ied  L is t e r ia  spp . p lu s  co rre c tly  c la ss if ied  
n o n - L is te r ia  spp .), w a s  2 5 .0 % . T h e  m ajo rity  o f  the  m is id en ti-  
fica tio n s w e re  e ith e r  L . i v a n o v i i  (40 ), L  g r a y i  (21 ), o r  L . m u r -  

r a y i  (1 5 ) rep lica tes . N o n e  o f  th e  2 5 2  n o n - L is te r ia  rep lica tes

te s te d  w a s  m is id e n tif ie d  as L is t e r ia  spp . M is id e n tif ic a tio n s  fo r
L . i v a n o v i i  re su lted  fro m  sa lic in -n eg a tiv e  reac tio n s , an d  
S t a p h y l o c o c c u s  a u r i c u l a r i s  w as id en tif ie d  o n  th e  G P I card . T h e  
m is id e n tif ic a tio n s  fo r  L . g r a y i  a n d  L  m u r r a y i  w e re  p ro b ab ly  
the  re su lt o f  to o  fe w  p o sitiv e  reac tio n s . In  e ith e r case , b e tte r  
re su lts  c an  be  o b ta in e d  b y  re p ea tin g  the  test w ith  th e  o rig in a l, 
o ld e r  cu ltu re . B e c a u se  o f  th e  p sy c h ro tro p h ic  n a tu re  o f  L is t e r ia  

spp ., w e  re co m m e n d  th a t u n id en tif ie d  o rg a n ism s b e  re te s ted  by  
u sin g  re fr ig e ra ted  cu ltu res  ra th e r th an  fresh  cu ltu res . T h e  sy s
tem  so ftw are  can  be  m o d ifie d  to  in d ica te  th is  req u ire m e n t.

O n ly  4  o f  th e  7 2  L G  rep lica tes  (0 .0 5 % ) g a v e  m an n ito l-n e g a 
tiv e  resu lts , an d  th is  test sh o u ld  be  c o n s id e re d  d e f in itiv e  fo r 
sep a ra tin g  L . g r a y i  an d  L  m u r r a y i  f ro m  th e  re m a in in g  L is t e r ia  

sp ec ies . S tu a rt an d  W elsh im er (1 5 ) p ro p o se d  a n e w  c la ss if ic a 
tio n  sch em e, w h ich  w o u ld  p lace  th e  o rg an ism s L  g r a y i  an d  
L . m u r a y i  in a  n ew  g en u s , M u r r a y a ,  b a se d  o n  th e ir  a b ility  to  
fe rm e n t m an n ito l.

F o r  7  o f  th e  9 1 2  rep lica tes  (0 .0 0 7 % ), th e  m is id en tif ic a tio n s  
re su lte d  fro m  an  e rro n e o u s  re ac tio n  in th e  G N I c a rd  fo r  x y lo se  
o r  rh am n o se , a n d  th e  o ig a n ism  w a s  m isc la ss if ied  to  th e  w ro n g  
sp ec ie s  g ro u p . T h is  w as n o t re s tr ic te d  to  an y  1 p a rticu la r  sp e 
c ies  b u t o c cu rre d  w ith in  a ll o f  th e  sp e c ie s  g ro u p s . E le v en  o f  th e  
tes ts  in  th e  G P I c a rd  a re  c o n s id e re d  d e fin itiv e  fo r  th e  g en eric  

id en tif ic a tio n  o f  L is t e r i a  sp ec ie s  a n d  g a v e  a p o s itiv e  resu lt: 
b ac itrac in , o p tic in , 6 %  N aC l, 10%  b ile , 4 0 %  b ile , e sc u lin , te tra- 
z o liu m  red , g lu co se , sa lic in , treh a lo se , a n d  c e llo b io se .

T h e  re su lts  o b ta in e d  w ith  th e  c o n v en tio n a l m e th o d  (1 ) w e re  
as fo llo w s: sen sitiv ity  ra te , 8 4 .2 % ; sp ec if ic ity  ra te , 100% ; 
fa lse -n e g a tiv e  ra te , 36 .3 % ; a n d  fa lse -p o sitiv e  ra te , 0 % . O f  the  
7 6  L is t e r ia  sp ec ie s  rep lica tes  te s ted  w ith  th e  c o n v en tio n a l 
m e th o d , 6  L M  rep lica tes , 2  L I re p lica tes , 3 L W  rep lica tes , and  
1 L G  re p lica te  w e re  m is id en tified . N o n e  o f  th e  21 n o n - L i s t e r ia  

rep lica te s  w as m is id e n tif ie d  b y  th e  co n v en tio n a l m e th o d .

Table 3. Summary of collaborators’ results for 
biochemical identification of L is te r ia  spp. isolates by 
automated system

Species group/organism
No.

tested
No.

correct
No.

incorrect
%

Correct

LM 492 486 6 98.8

L. monocytogenes 372 367 5 98.6

L. innocua 120 119 1 99.2

LI 216 175 41 81.0

L. ivanovii 156 116 40 74.3

L. seeligeri 60 59 1 98.3

LG 84 48 36 57.1

L. grayi 48 27 21 56.2

L. murrayi 36 21 15 58.3

LW 120 119 1 99.2

L. welshimeri 120 119 1 99.2

O 252 252 0 100

Non-Listeria spp. 252 252 0 100

Total isolates 1164 1080 84 93
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Conclusion

T h e  A u to M ic ro b ic  S y s te m  m e th o d  p ro v id es  a n  o b jec tiv e , 
ra p id  a lte rn a tiv e  to co n v en tio n a l b io ch e m ic a l tests . T h e  a ccu 
ra cy  o f  th e  G P I an d  G N I 2 -c a rd  m e th o d  c o m p a re s  fav o ra b ly  
w ith  th e  c o n v en tio n a l m e th o d  ( 1) fo r  b io ch e m ic a l c h a ra c 
te riza tio n  o f  L is t e r ia  sp ec ies. R ep o rts  o f  u n id en tif ie d  o rg a n 
ism s o n  th e  G P I ca rd  sh o u ld  b e  in v es tig a te d  w ith  e ith e r  a  re te s t 
o f  th e  o rig in a l cu ltu re  o r  b y  co n v en tio n a l b io ch e m ic a l tes ts  ( 1). 
A s is th e  c ase  w ith  th e  c o n v en tio n a l m e th o d , C A M P , (3- 
h em o ly sis , a n d /o r  n itra te  re d u c tio n  tes ts  ( 1 ) a re  re q u ire d  fo r 
fin a l c o n firm a tio n  o f  so m e  o f  th e  L is t e r ia  sp ec ies.

Recommendation

T h e  re su lts  o f  th is  co lla b o ra tiv e  s tu d y  in d ic a te  th a t the  
A u to M ic ro b ic  S y s te m  m eth o d , u s in g  b o th  th e  G P I an d  G N I 
te s t k its , is  a  re liab le  a lte rn a tiv e  to  th e  co n v en tio n a l m e th o d  ( 1) 
fo r  th e  b io ch e m ic a l ch a ra c te riz a tio n  o f  fo o d b o m e  L is t e r ia  sp e 
c ie s  a n d  fo r  th e  sc ree n in g  a n d  e lim in a tio n  o f  n o n - L i s te r ia  iso 
la tes . F o r  sp e c ia tio n  o f  so m e  L is t e r ia ,  th e  a n a ly s t m u st p e rfo rm  
C A M P , (3-hem olysis, a n d /o r  n itra te  re d u c tio n  tes ts  as o u tlin e d  
in  B A M  (1). T h is  a u to m a te d  sy s te m  p ro v id es  th e  fo llo w 
in g  da ta :

( / )  C u ltu re s  c la ss if ied  as L is t e r i a  m o n o c y t o g e n e s /L i s t e r i a  

in n o c u a  a re  c o n firm ed  as L is t e r i a  m o n o c y t o g e n e s ,  i f  th e  c u l
tu re  d em o n s tra te s  (3-hem olysis a n d  e n h a n c e d  h e m o ly s is  w ith  
th e  S t a p h y l o c o c c u s  a u r e u s  s tre ak  o f  th e  C A M P  tes t, o r L is t e r ia  

in n o c u a ,  i f  th e  cu ltu re  is n e g a tiv e  fo r  (3-hem olysis a n d  e n 
h a n c e d  h e m o ly s is  w ith  th e  S . a u r e u s  s tre ak  o f  th e  C A M P  test.

( 2 )  C u ltu re s  c la ss if ied  as L is t e r i a  i v a n o v i i /L i s t e r ia  s e e l i g e r i  

are  c o n firm ed  as L is t e r ia  i v a n o v i i ,  i f  th e  cu ltu re  d e m o n s tra te s  
[3-hem olysis an d  e n h a n c e d  h e m o ly s is  w ith  th e  R h o d o c o c c u s  

e q u i  s tre ak  o f  th e  C A M P  tes t, o r  L is t e r i a  s e e l i g e r i ,  i f  th e  c u ltu re  
is p o sitiv e  fo r  (3-hem olysis a n d  en h an c ed  h e m o ly s is  w ith  th e  S. 

a u r e u s  s tre ak  o f  th e  C A M P  test.
(5 ) C u ltu re s  c la ss if ied  as L is t e r ia  w e ls h i m e r i  a re  id en tified  

as L is t e r i a  w e ls h im e r i .

( 4 )  C ultu res c lassified  as L is te r ia  g r a y i /L is te r ia  m u r r a y i  are 
co n firm ed  as L is te r ia  g r a y i ,  i f  the  cu ltu re  is unab le  to red u ce  ni
trate, o r L is te r ia  m u r r a y i ,  i f  the  cu ltu re  is ab le  to  red u ce  nitrate.

(5 ) C u ltu re s  c la ss if ied  as n o n - L i s te r ia  a re  d isp o se d  o f  as 
n o n - L i s te r ia  spp .

C u ltu re s  th a t d o  n o t c o n fo rm  to  any  o f  th e  a b o v e  c rite ria  
sh o u ld  be  c h a ra c te riz ed  b y  a d d itio n a l tests sp e c if ied  in  B e r -  

g e y ’s  M a n u a l  o f  S y s t e m a t i c  B a c te r i o l o g y  (1 6 ) o r  sen t to  a  re f
e re n c e  lab o ra to ry  fo r  d e fin itiv e  id en tific a tio n .

W e re co m m e n d  th a t th e  A u to M ic ro b ic  S y s te m  m e th o d  be 
a d o p te d  f irs t ac tio n  fo r th e  p u rp o se s  d esc rib ed .
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MICROBIOLOGICAL METHODS

C o m p a r i s o n  o f  M I C R O - I D  L i s t e r i a  M e t h o d  w i t h  C o n v e n t i o n a l  

B i o c h e m i c a l  M e t h o d s  f o r  I d e n t i f i c a t i o n  o f  L i s t e r i a  I s o l a t e d  F r o m  

F o o d  a n d  E n v i r o n m e n t a l  S a m p l e s :  C o l l a b o r a t i v e  S t u d y

D on L. H iggins and B arbara J. R obison

O rg a n o n  T e k n ik a  C o rp .,  100 A k z o  A ve, D u rh a m , N C  2 7 7 0 4

C o llab o ra to rs : S . B a iley ; C . H ag en ; D. H ig g in s; D . Ja n k o w ; K . Jo s t; K. K a llay ; C . K u lh an ek ; J . M a d d e n ; M . M a tu sh ek ; 
C . O k o lo ; M . P ra tt; E . S lo an ; J. S to n e ; E . T u n can ; S. W eag en t; J . W ea th erin g to n

Fourteen laboratories participated in a collabora
tive study to evaluate the ability of the MICRO-ID 
Listeria identification method to correctly identify 
Listeria isolated from food and environmental 
sources. Each collaborator received 60 isolates 
consisting of 51 Listeria and 9 non-Listeria cul
tures. All isolates were identified by conventional 
biochemical analyses in the principal laboratory. 
Cultures were checked for purity by Gram staining 
and examined for oxidase and catalase activities. 
Only Gram positive, oxidase negative, catalase 
positive cultures were tested with the method. 
Colonies from trypticase soy agar with 0.6% yeast 
extract were suspended in 4.6 mL physiological sa
line to a MacFarland No. 1 turbidity standard and 
used to inoculate the test strip. In addition, the 
hemolytic reaction of each isolate was determined 
by using the Christie-Atkins-Munch-Peterson 
(CAMP) test and by stabbing sheep blood agar. 
Identification of Listeria is based on the octal code 
obtained from the strip and the hemolytic reaction 
of the isolate. The MICRO-ID Listeria method 
agreed with conventional biochemical identifica
tion for 98.0% of L. monocytogenes, 77.1 % of 
L. seeligeri, 90.0% of L  ivanovii, 96.4% of 
L. grayi/L. murrayi, 73.9% of L. welshimeri, and 
100% of L  innocua isolates. A large percentage of 
errors in identification of the L. seeligeri and 
L  ivanovii cultures was caused by inaccurate read
ing of the CAMP and hemolysis tests rather than er
rors in the test strip. The method was adopted first 
action by AOAC International.

S u b m itted  fo r  p u b lic a tio n  D e c e m b e r 20 , 1991.
T h is  rep o rt w as  p re s e n te d  a t th e  105th  A O A C  A n n u a l In te rn a tio n a l 

M eetin g , A u g u st 1 2 -1 4 , 1991, a t P h o e n ix , A Z .

T h e  re c o m m e n d a tio n  w as ap p ro v ed  by the  G en era l R e fe ree  an d  the  
C o m m itte e  on  M icro b io lo g y  and  E x tra n eo u s  M a te ria ls  a n d  w as ad o p ted  by 
the O ffic ia l M eth o d s  B o ard  o f  the  A sso c ia tio n . S ee  “C h an g e s  in  O ffic ia l 
M e th o d s  o f  A n a ly sis”  (1 9 9 3 ) J. AOAC Int. 76 , Jan /F eb  issue .

S c ree n in g  o f  fo o d  fo r L is t e r ia  sp. h a s  in c re ased  in  m ag n i
tude  o v e r  the  las t sev e ra l y ears  b e ca u se  o f  th e  re co g n itio n  
o f  L  m o n o c y to g e n e s  as th e  c au sa tiv e  a g en t o f  a  n u m b er 

o f  fo o d b o m e  d isease  o u tb rea k s  (1). T h e  co n v en tio n a l U .S. 
F o o d  an d  D ru g  A d m in is tra tio n  (F D A ) m eth o d  fo u n d  in the 
B a c te r i o l o g i c a l  A n a l y t i c a l  M a n u a l  (2 ) fo r the  id en tif ic a tio n  o f  
L is t e r ia  sp . req u ire s  the  use  o f  s ta n d a rd  b io ch e m ic a l an d  se ro 
lo g ica l tests , w h ich  can  tak e  u p  to  7  d a y s  to  c o m p le te . T h e re 
fo re , a cc ep ta n ce  o f  ra p id  a n d  re liab le  m e th o d s  fo r  th e  sp ec ie s  
id en tific a tio n  o f  L is t e r ia  iso la tes  w o u ld  b e  o f  b en efit. S ev eral 
d iag n o s tic  k its  fo r  th e  ra p id  id en tif ic a tio n  o f  E n te r o b a c te -  

r i a c e a e  f ro m  fo o d s an d  c lin ica l sa m p le s  h av e  b een  e v a lu a te d  
(3 -5 ) .  A  co llab o ra tiv e  s tu d y  b y  P o e lm a  e t al. (3 ) led  to  the  
a d o p tio n  by A O A C  o f  3 o f  th e  d iag n o s tic  k its  as a lte rn a tiv e s  to  
c o n v en tio n a l b io ch em ica l m e th o d s  fo r p re su m p tiv e  g en eric  
id en tif ic a tio n  o f  fo o d b o m e  S a lm o n e l la .  L ater, a  co llab o ra tiv e  
s tu d y  b y  K e e la n  e t al. (4) e v a lu a te d  th e  M IC R O -ID  sy stem  
(O rg an o n  T ek n ik a  C o rp ., D u rh a m , N C ) fo r  id en tif ic a tio n  o f  
fo o d b o m e  an d  c lin ica l en te ric s , an d  th e  m eth o d  w a s  ad o p ted  
by  A O A C  (9 8 9 .1 2 ) (6 ). K n ig h t e t al. (5 ) c o lla b o ra tiv e ly  e v a lu 
a ted  u se  o f  the  G ra m  N e g a tiv e  Id e n tif ic a tio n  C a rd , w h ic h  w as 
a lso  a d o p te d  by A O A C .

M o re  recen tly , O rg an o n  T ek n ik a  C o rp . d e v e lo p e d  a  version  
o f  M IC R O -ID , M IC R O -ID  L is t e r ia ,  w h ic h  a llo w s th e  an a ly st 
to  id en tify  m em b e rs  o f  th e  g e n u s  L is t e r ia .  T h e  M IC R O -ID  L is 

t e r ia  m e th o d , w h ich  in c lu d es sev e ra l co n v en tio n a l tes ts , id en 
tifie s  the  v a rio u s sp ec ie s  o f  th e  g e n u s  L is t e r ia  in 2 4 -4 8  h. T h e  
A P I 2 0  S trep  sy s tem  (A n a ly ta b  P ro d u c ts)  id en tif ie s  g ra m -p o s i
tiv e  iso la tes  to  th e  g en u s  lev e l (7). T h e  o b jec tiv e  o f  th e  p re sen t 
s tu d y  w as to  c o lla b o ra tiv e ly  ev a lu a te  th e  M IC R O -ID  L is t e r ia  

m eth o d  fo r  sp ec ie s  id en tif ic a tio n  o f  L is t e r i a  iso la te d  fro m  food , 
e n v iro n m en ta l, and  o th e r  sou rces.

Collaborative Study

B a c te r ia l I s o la te s

S ix ty  b ac teria l iso la te s  (T ab le  1) a n d  5 co n tro l iso la tes w ere  
sh ip p ed  o v e rn ig h t to  e ach  c o lla b o ra to r  o n  s lan ts  o f  try p ticase  
so y  a g a r  w ith  0 .6 %  y east ex tra c t (T S A -Y E ). E ac h  iso la te  w as 
id en tified  b y  a  1 o r  2  d ig it code.
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Table 1. Bacterial isolates used for collaborative evaluation of M ICRO-ID L is te r ia  method

Organism Culture No. No. isolates Source3

Listeria

L. monocytogenes 1,3, 5, 7 ,9 ,11 ,13 ,15 ,17 ,19 , 23, 
26, 28, 30, 32, 33, 37, 39, 42, 44, 
47, 50, 52, 56, 59

25b ATCC, USDA, FDA, food

L. seeligeri 2, 18, 22, 38, 46 5 ATCC, USDA, FDA, food
L. ivanovii 4, 10, 35, 41,54 5 ATCC, USDA, environment
L. murrayi 40, 53, 57 3 ATCC
L  grayi 25, 49, 60 3 ATCC
L. welshimeri 20, 24, 27, 48, 55 5 ATCC, USDA
L. innocua 12, 14, 21,36, 45 5 ATCC, FDA, USDA, food,

environment

Non-Listeria

Bacillus sp. 6,8, 16, 29 4 ATCC
Brevibacterium 51 1 food
Brocothryx 31 1 ATCC
Cellulomonas 34, 43 2 ATCC
Jonesia 58 1 ATCC

a ATCC = American Type Culture Collection, USDA = U.S. Dept of Agriculture, FDA = U.S. Food and Drug Administration. 
b Represents serotypes 1, 1a. 1b, 1/èa, Vèb, 1/ 2C , 2, 3, 3a, 4a. 4b, 4c, 4d, 4e, flagellar A, flagellar D, and flagellar C.

C o lla b o ra to rs  w e re  p ro v id ed  w ith  a  su ffic ien t n u m b e r o f  test 

strip s  to  id en tify  all iso la tes. C o n cu rren tly , e ac h  iso la te  w as 

id en tified  by  c o n v en tio n a l b io ch em ica l m e th o d s  (2 ) a t O r

g a n o n  T ek n ik a  C o rp .. D u rh am , N C .

Iso la te s  w e re  sh ip p ed  to  co lla b o ra to rs  in 3 se ts o f  2 0  cu l

tu res , c a  2  w eek s apart. C o lla b o ra to rs  s tre ak e d  e ac h  cu ltu re  

o n to  a  T S  A -Y E  p la te  a n d  in cu b a ted  th e  p la te s  fo r 2 4  h  a t 30X1. 

C u ltu re s  w e re  G ra m  s ta in ed  an d  e x am in ed  fo r  o x id ase  and  

ca ta la se  ac tiv ities. O n ly  p u re , G ram  p o sitiv e , o x id ase  n eg ativ e , 

c a ta la se  p o sitiv e  cu ltu res  w e re  tes ted  w ith  th e  m eth o d . C o lo 

n ies fro m  e ach  T S A -Y E  p la te  w e re  su sp en d e d  in  4 .6  m L  o f  

s te rile , p h y sio lo g ica l sa lin e  so  th a t the  tu rb id ity  w as eq u iv a len t 

to  a t least a  M a c F a rla n d  N o . 1 s tan d ard . T h ese  su sp en s io n s 

w ere  u sed  to  in o cu la te  test strip s , w h ich  w ere  in cu b a ted  fo r 
24  h a t  3 1  VC.

Id e n tif ica tio n  o f  L is t e r ia  sp. b y  u sin g  th e  m eth o d  req u ire s  

th a t the  h e m o ly tic  re ac tio n  o f  the  iso la te  b e  kn o w n . T h ere fo re , 

c o lla b o ra to rs  te s te d  fo r  h e m o ly sis  by  u sin g  th e  C h ris tie -A t-  
k in s-M u n c h -P e te rso n  (C A M P ) an d  the  stab  h e m o ly sis  tests. 

Id en tif ica tio n  o f  L is t e r i a  w as b a se d  on th e  o c ta l c o d e  o b ta in ed  

fro m  the  s trip  an d  th e  h e m o ly tic  re ac tio n  o f  the  iso la te . O n  

co m p le tio n  o f  an a ly ses, co llab o ra to rs  rep o rted  the  oc ta l code  
an d  cu ltu re  id en tific a tio n  as d e sc rib e d  in the  m eth o d . In ad d i

tio n , e ac h  iso la te  w as id en tified  b y  co n v en tio n a l b io ch em ica l 

m e th o d s  (2 ) a t th e  p rin c ip a l lab o ra to ry  an d  c o m p a red  w ith  the 

re su lts  fro m  co llab o ra to rs  u s in g  th e  test strip . R esu lts  fo r  the 

c o m p a riso n  o f  L is t e r i a  sp. w e re  tab u la ted  as c o rrec tly  id en ti

fied  (I); U , u n id en tif ie d ; M , m is id en tified ; an d  N , no t d e te r

m ined .

992.18 L is te r ia  species Biochemical Identification 
Method (MICRO-ID L is te r ia )

First Action 1992

T h is  m eth o d  is fo r  th e  p re su m p tiv e  g en eric  id en tif ic a tio n  o f  
L is t e r i a  sp ec ie s  iso la te d  fro m  fo o d s  an d  e n v iro n m en ta l sa m 
p les . U se  o f  c o m m e rc ia l b io ch e m ic a l k it as a lte rn a tiv e  to  c o n 
v e n tio n a l b io ch e m ic a l te s tin g  is b a se d  on  d e m o n s tra tio n  in 
a n a ly s t’s lab o ra to ry  o f  a d e q u a te  co rre la tio n  b e tw ee n  b io c h e m i
cal k it an d  c o n v en tio n a l b io ch e m ic a l tests as d e sc rib e d  in  c u r
ren t ed itio n  o f  B a c t e r i o l o g i c a l  A n a l y t i c a l  M a n u a l  (2).

C a u t io n :  P o te n tia l b io h az a rd . B a c te ria  u sed  in  m e th o d  are  
p o ten tia lly  p a th o g en ic  m ic ro o rg an ism s . E x tre m e  c a re  sh o u ld  
be  tak e n  in  h a n d lin g  an d  p ip e ttin g  b a c te ria l so lu tio n s . R e a c tio n  
p ro d u c ts , b a c te ria l cu ltu res , tu b es , p ip e ts , a n d  test tray s  sh o u ld  
be  p lac ed  in b io h az a rd  b a g s  an d  s te riliz e d  in  a u to c lav e  b e fo re  
d isp o sa l a cc o rd in g  to  lab o ra to ry  g u id e lin es . A ll su rfa ce s  sh o u ld  
be  d e c o n ta m in a te d  w ith  an  a p p ro p ria te  d is in fec tan t; h a n d s  
sh o u ld  b e  w a sh e d  w ith  b ac te ric id a l soap .

M e th o d  P e rfo rm an c e

S ee  T ab le  992.18A fo r  m e th o d  p e rfo rm a n ce  data .

A . P r in c ip le

M e th o d  d e p en d s  on  p rin c ip le  th a t te s t in o cu lu m  c o n ta in s  
p re fo rm e d  e n zy m es  th a t c an  b e  d e te c te d  a f te r  2 4  h a t 37°. T est 
s trip  c o n ta in s  filte r  p a p e r  d isc s  im p re g n a te d  w ith  c h em ica l sub- 
s tra te /re a g en ts  sp ec ific  fo r  e n z y m e s  e n d o g en o u s  to  L is t e r i a  sp. 
S u b s tra te s  are  c o n v e rted  to  m etab o lic  en d  p ro d u c ts  th a t re ac t 
w ith  d e te c tio n  sy s te m  to  p ro d u c e  v is ib le  c o lo r  c h an g e s . T ests
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Table 992.18A. Method perform ance for identification of L is te r ia  and selected non -L is te r ia  isolates, MICRO-ID
L is te r ia  test

Organism Correct % Correct Misidentified Unidentified Total

Listeria

L. monocytogenes 339 98.0 3 4 346
L. seeligeri 54 77.1 15 1 70
L  ivanovii 63 90.0 6 1 70
L  murrayi 39 92.9 1 2 42
L. grayi 42 100.0 0 0 42
L. welshimeri 51 73.9 15 0 69
L. innocua 70 100.0 0 0 70

Non-Listeria

Bacillus sp. 56 100.0 0 0 56
Brevibacterium 14 100.0 0 0 14
Brocothryx 10 71.4 4 0 14

Cellulomonas 26 92.8 2 0 28

Jonesla 13 92.8 1 0 14

Overall sensitivity and specificity rates for MICRO-ID test Listeria identification by organism type

Type Total Correct % Correct

Listeria 709 658 92.8 Sensitivity rate

Non-Listeria 126 119 94.4 Specificity rate

in c lu d ed  in  s trip  are  lis ted  in T ab le  992.18B. E ach  te s t is re 
p o rted  as e ith e r  p o sitiv e  o r  n eg ativ e . T y p ical re su lts  fo r  each  
L is t e r ia  sp. a re  g iv en  in  T ab le  992.18C.

B. A p p a r a tu s

(a) M I C R O - I D  L is t e r i a  I d e n t i f i c a t io n  S y s te m .— ( I )  P lastic  
tray s co n ta in in g  15 b io ch e m ic a l tests (S e e  T ab le  992.18B). (2 ) 
C o d in g  fo rm s. (5 ) C o lo r  g u id e . A v a ilab le  f ro m  O rg an o n  
T ek n ik a  C o rp ., 100 A k z o  A ve, D u rh am , N C  2 7 7 0 4 , U S A . 
C o m p o n en ts  o f  k it a re  in ten d ed  fo r u se  o n ly  w ith  M IC R O -ID  
L is t e r ia  id en tif ic a tio n  system .

(b ) T e s t tu b e s .— S te rile  te s t tu b es . 16 x  100 m m  o r  larger, 
o n e  p e r  iso la te  to  be iden tified .

(c) I n o c u la t in g  l o o p s .— 3 m m  lo o p s w ith  han d le . S terile .(d) C u l tu r e  d i s h e s .— 100 x  15 m m  p o ly sty ren e  Pe tri p la te s  
(d isp o sab le). S terile .

(e) I n c u b a to r .— N o n - C 0 2. C a p ab le  o f  3 0  an d  37°, m a in 

ta in ed  to  ±0.5°.
(f) S u p p o r t  r a c k s .— T o h o ld  tes t k it u n its  (O rg an o n  T ek n ik a  

C orp . is su itab le  sou rce .)

(g ) M a c F a r l a n d  N o . 1 tu r b i d i t y  s ta n d a r d .— P re p a re  1% 
H 2S 0 4 so lu tio n  (d ilu te  1.04 m L  cone. H 2S 0 4 to  100 m L  w ith  
H 20 ) .  (C a u t i o n : H 2S 0 4 is  v ery  co rro s iv e ; av o id  c o n ta c t w ith  
b o d y  an d  lab o ra to ry  m ate ria ls .)  P re p a re  1 %  B a C l2 so lu tio n  (d i
lu te  1.2 g  B a C l:  2 H 20  to  100 m L  w ith  H : 0 ) .  A d d  1.0 m L  1% 
B a C l2 so lu tio n  to  9 9 .0  m L  1% H 2S 0 4 so lu tio n  w ith  stirring . 
D isp en se  8 .0  m L  in 16 x  100 m m  tu b es ; c ap  a n d  m ix  w ell.

C . C u ltu re  M e d ia  a n d  R e a g e n t s

U se  d is tilled  o r  d e io n iz ed  H 20  th ro u g h o u t.

(a) T r y p t i c a s e  s o y  a g a r  w i th  0 .6 %  y e a s t  e x t r a c t  (T S A - Y E )  

p l a t e s .— 15 g try p ticase  o r  try p to n e  (p an crea tic  d ig es t o f  c a 

se in ), 5 g  so y to n e  (p ap a ic  d ig es t o f  so y b e a n  m ea l), 5 g  N aC l, 

6  g  y e as t ex tra c t, an d  15 g  a g a r  p e r  1 L  H 20 .  (O r u se  c o m m e r

c ia lly  av a ilab le  m ate ria ls .)  H ea t to  b o ilin g  to  d isso lv e  in g red i

en ts  co m p le te ly . S te rilize  b y  a u to c la v in g  15 m in  a t 121°. C o o l 

m ed iu m  to  5 0 ° an d  a se p tica lly  p o u r  c a  2 0  m L /P e tri p la te  o r

6 - 8  m L /slan t.

(b )  P h y s i o l o g i c a l  s a l in e .— D isso lv e  8.5 g  N aC l in 1 L  

H 20 .  S te rilize  by  a u to c lav in g  15 m in  a t 121 °. F in a l p H  m u st be

6 .0  ±  0 .5 . D o  no t u se  sa lin e  co n ta in in g  p re se rv a tiv e s  su ch  as N a 

a z id e  o r  o th e r  b a c te ria l g ro w th  in h ib ito rs .

(c ) 2 0 %  K O H  s o lu t io n .— S lo w ly  a d d  2 0  g  K O H  p e lle ts  to  

6 0  m L  H 20 .  S tir  to  d isso lv e . D ilu te  w ith  H 20  to  100 m L . S to re  

K O H  so lu tio n  in  tig h tly  c lo sed  c o n ta in e r  w h e n  no t in use. 

(C au tio n : C a u stic  reag en t. A vo id  c o n ta c t w ith  b o d y  an d  lab o 

ra to ry  m ate ria ls .)

(d )  5 %  T S A  s h e e p  b l o o d  a g a r  p l a t e s .— C o m b in e  15.0 g 

try p ticase , 5 .0  g  p h y to n e  p e p to n e  (p ap a ic  d ig es t o f  so y b ean  

m ea l), 5 .0  g  N aC l, an d  15.0 g  a g ar; d ilu te  to  1 L  w ith  H 20 .  

A d ju s t p H  to  7 .0  ±  0 .2 . H e a t to  b o ilin g  to  d isso lv e . A u to c la v e  

15 m in  a t 121 ° a n d  co o l to  48  ° in  w a te r  ba th . A d d  5 0  m L  ste rile  

d e fib rin a te d  sh e e p  b lo o d  p e r L  m ed iu m . M ix  w e ll a n d  d isp en se
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Test Positive reaction Negative reaction

Table 992.18B. Biochemical a ssay s contained in MICRO-ID L is te r ia  te st

Voges-Prokauer, VP Pink to red Light yellow
Nitrate reductase, N Red Colorless to light pink
Phenylalanine deaminase, PD Green Light yellow
Hydrogen sulfide, H2S Light brown White
Indole, I Pink to red Light yellow to orange
Ornithine decarboxylase, OD Purple to red-purple Amber to yellow
Lysine decarboxylase, LD Purple to red-purple Amber to yellow
Malonate utilization, M Green to blue Yellow
Urease, U Orange to red-purple Yellow
Esculin hydrolysis, E Brown to black Colorless or beige
ß-Galactosidase, ONPG Light yellow to yellow Colorless
Xylose fermentation, XYL Yellow to amber Red-purple to purple
Rhamnose fermentation, RHAM Yellow to amber Red-purple to purple
Mannitol fermentation, MANN Yellow to amber Red-purple to purple
Sorbitol fermentation, SORB Yellow to amber Red-purple to purple

1 8 -2 0  m L  in to  P e tri d ish es o r 6 - 8  m L /slan t. C o m m e rc ia lly  
p re p a re d  sh eep  b lo o d  a g a r p la te s  a re  availab le .

(e) 3 %  H y d r o g e n  p e r o x i d e  s o lu t io n .— D ilu te  1 m L  30%  
h y d ro g e n  p e ro x id e  so lu tio n  w ith  9  m L H 20 .  (C au tio n : 3 0 %  h y 
d ro g en  p e ro x id e  is a  stro n g  ox id izer. A vo id  all c o n ta c t w ith  
body . C o n tac t w ith  o th e r  m ate ria ls  m ay  cau se  fire .)

(f) C y to c h r o m e  o x i d a s e  t e s t  r e a g e n t .— T e tram e th y l-p - 
p h e n y le n ed ia m in e  d ih y d ro ch lo rid e  (B ecto n  D ick in so n , M ic ro 
b io lo g y  S y stem s, C o ck ey sv ille , M D  2 1 0 3 0 , U S A , is su itab le  
sou rce) o r  d isso lv e  1 .0  g  p -a m in o  d im e th y lp h e n y len e d ia m in e  
m o n o h y d ro c h lo r id e /100 m L  H 20 .

(g ) C A M P  t e s t  o r g a n i s m s .— (7) (3-H em olytic  S ta p h y l o c o c 

c u s  a u r e u s  (N C T C  1748). (2 ) R h o d o c o c c u s  e q u i  (N C T C  
1621). S treak  eac h  cu ltu re  f ro m  fro ze n  s to ck  o r  fresh  s lan ts  on  
sep ara te  5 %  T S A  sh eep  b lo o d  a g a r p la te s , an d  in cu b a te  24  h  a t 
3 5 -3 7 ° .

D. S y s t e m  S u ita b ility

T h e  fo llo w in g  o rg a n ism s a re  u sed  as q u a lity  co n tro l in d ic a 
tors: L is t e r ia  m o n o c y t o g e n e s - A T C C  19111, L is t e r ia  s e e l i g e r i -

A T C C  3 5 9 6 7 , L is t e r ia  g r a y i - P U C C  2 5 4 0 0 , S t r e p t o c o c c u s  c r e -  

m o r i s - A T C C  19257, an d  S t r e p to c o c c u s  m i t i s - A T C C  6 2 4 9 . T h e  
b io ch e m ic a l re ac tio n s  fo r  e ach  L is t e r ia  o rg a n ism  a re  g iv en  in  
T ab le  992.18C. N o  p o sitiv e  re ac tio n s  sh o u ld  b e  o b se rv e d  w ith  
th e  S t r e p to c o c c u s  spec ies.

E. P r e p a r a tio n  o f  In o cu la

S e lec t s ing le  iso la ted  c o lo n y  fro m  p rim a ry  iso la tio n  p late  
an d  s treak  on T S A -Y E  p la te  o r  slan t. In c u b a te  2 4 - 2 6  h  a t 30°. 
P e rfo rm  G ra m  sta in , c a ta la se , an d  o x id ase  tes ts  b e lo w  o n  iso 
la ted  c o lo n ie s  fro m  T S A -Y E .

(a )  P e rfo rm  G ra m  sta in  o n  24  h  T S A -Y E  a g a r  c u ltu re s  as 
966.24(e).

(b )  F o r  c a ta la se  tes t, tran sfe r  lo o p fu l o f  iso la te d  c o lo n y  to 
g lass  slide , a n d  ad d  1 -2  d ro p s  3 %  h y d ro g e n  p e ro x id e  so lu tio n . 
E v o lu tio n  o f  g as b u b b les  (e ffe rv escen ce) in d ica te s  c a ta la se  
p o sitiv e  cu ltu re .

(c) F o r  o x id ase  test, tran sfe r  lo o p fu l o f  c o lo n y  to  filte r  p a 
per. A d d  few  d ro p s  o f  o x id ase  te s t re ag e n t to  sm ear. I f  c e lls  tu rn  
lig h t to  d a rk  b lue , cu ltu re  is o x id ase  p o sitiv e . A lte rn a tiv e ly , ad d

Table 992.18C. Reactions of L is te r ia  sp. using MICRO-ID L is te r ia  test3

Strain

MICRO-ID Listeria reactions

CAMP

Sab Rec Hemolysis VP N PD H2S I OD LD M U E ONPG XYL RHAM MANN SORB

L. monocytogenes + - + + - + “ _ _ _ _ + ± _ + _ ±
L  seeligeri + + + - + -  - - + - + - - ±
L. ivanovii -  + + + -  + - - - + - + - - ±
L. grayi - - + -  + - -  -  - - + - - - + ±
L. murrayi - - + -  + - - - + - - ± + ±
L. weishimeri - - + -  + - -  -  - - + - + ± - ±
L. innocua — — + -  + - -  “ - + - - ± +

a See Table 9 9 2 .1 8 B  for abbreviations. 
b Hemolysis enhancement in the vicinity of S. aureus. 
c Hemolysis enhancement in the vicinity of R. equi.
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sev era l d ro p s  o f  p - a m in o  d im e th y lp h e n y len e d ia m in e  m o n o h y 
d ro ch lo rid e  re ag e n t to  co lony . A  p o s itiv e  re ac tio n  is a  c o lo r  
ch an g e  o f  p in k  to  re d  to  b la c k  w ith in  2 0  m in .

O n ly  G ra m  p o sitiv e , o x id ase  n eg a tiv e , c a ta la se  p o sitiv e  c u l
tu res  sh o u ld  b e  te s te d  w ith  th is m e th o d . N o te :  S te rile  tu b es  and  
ste rile  sa lin e  are  re q u ire d . S a lin e  sh o u ld  b e  fresh ly  p rep ared  
an d  m u st h av e  p H  o f  6 .0  ±  0 .5 .

P ip e t 4 .6  m L  p h y sio lo g ic a l sa lin e  in to  ste rile  tube. A sep ti-  
c a lly  tran sfe r  g ro w th  fro m  T S A -Y E  p la te  in to  tube  a n d  m ix  
u sin g  vo rtex  m ixer. In o c u lu m  p re p ara tio n  is c o m p le te  w h en  
tu rb id ity  o f  su sp en s io n  is e q u iv a len t to  a t least M a c F a rla n d  N o. 
1 tu rb id ity  s tan d ard .

F. In o cu la tio n

(a )  P lace  s trip  on  f la t su rface . D o  no t re m o v e  c le a r  p las tic  
tap e  c o v erin g  test w e lls . O p e n  c o v e r  an d  p ip e t ca  0 .3  m L  cell 
su sp en s io n , P r e p a r a t io n  o f l n o c u l a , in to  e ac h  in o cu la tio n  w ell 
a t to p  o f  un it. C lo se  c o v e r  and  s tan d  strip  u p rig h t in su p p o rt 
rack . C h e ck  th a t c e ll su sp en s io n  is in c o n ta c t w ith  all su b stra te  
d iscs, bu t do  n o t m o is ten  d e te c tio n  d iscs.

Incubate  all strips a t 3 5 -3 7 °. A f te r4  h, ex am ine  escu lin  (E ) and 
rham nose  (R ) reactions, an d  reco rd  p relim inary  read ings on  co d 
ing form s. R eincubate  strips an  add itional 2 0  h  at 35-37°.

(b) F o r  C A M P  te s t (o n  e ac h  iso la te ), s treak  [3-hem olytic  S. 

a u r e u s  and  R . e q u i  [ C u l tu r e  M e d i a  a n d  R e a g e n t s , (g)7 an d  2, 
re sp ec tiv e ly ] v e rtica lly  on  sh e e p  b lo o d  a g a r  p la te . S ep a ra te  
v e rtica l s treak s so  tes t s tra in s  m ay  be s tre ak e d  h o rizo n ta lly  b e 
tw e en  th e m  w ith o u t to u ch in g  th em . S tre ak  te s t stra in s  p a ra lle l 
to  e ac h  o th e r  a n d  p e rp en d icu la rly  b e tw ee n  streak s o f  S. a u r e u s  

an d  R . e q u i .  S treak s o f  tes t stra in s  sh o u ld  b e  no  c lo se r  than  
!/6 in. ap art an d  Va in. fro m  S. a u r e u s  an d  R . e q u i  s treaks . See 
F ig u re  992.18. In cu b a te  p la te  24  h  a t 35°. A fte r  in cu b a tio n , e x 
am in e  p la te s  fo r  h e m o ly s is  in  z o n e  o f  in flu e n ce  o f  v e rtica l 
s treaks. H e m o ly s is  e x h ib ited  by  L . m o n o c y t o g e n e s  and  
L . s e e l i g e r i  is e n h an c ed  in  v ic in ity  o f  S. a u r e u s  s treak , w h e reas  
L. i v a n o v i i  h e m o ly s is  is e n h a n c e d  n e a r R . e q u i  s treak . L . s e e l i g 

e r i  h e m o ly sis  m ay  be  w e a k  a n d  d iff icu lt to  read ; see  R e a d in g  

o f  R e s u l t s ,  (b). A ll o th e r  L is t e r i a  sp. re m a in  n o n h e m o ly tic  in 
th is test.

(c) F o r  s tab  h e m o ly s is  tes t, stab  e ac h  tes t iso la te  in to  sh eep  
b lo o d  a g a r  by  u s in g  ste rile  w ire  o r  sm a ll loop . In cu b a te  p late  
24  h  a t 3 5 -3 7 ° . H em o ly s is  b y  L  s e e l i g e r i  s tra in s  is m o re  eas ily  
d e tec ted  b y  th is  test.

G. R e a d in g  o f  R e s u l t s

(a )  T e s t s t r i p .— A fte r  2 4  h  in cu b a tio n , p lac e  s trip  flat, o p e n  
lid , and  ad d  2  d ro p s  (ca  0.1 m L ) 2 0 %  K O H  so lu tio n  to  in o cu 
la tio n  w e ll o f  V o g es-P ro sk au er tes t only.

C lo se  lid  a n d  ho ld  s trip  up rig h t. E n su re  th a t K O H  so lu tio n  
flo w s in to  V P  te s t so lu tio n . R o ta te  s trip  c lo c k w ise  9 0 ° so  u p p e r 
d e tec tio n  d iscs in f irs t 5 w e lls  are  m o is ten ed . H o ld  s trip  u p rig h t 
and  tap  g e n tly  o n  lab  su rface  to  d is lo d g e  an y  su sp en s io n  
trap p ed  u n d e r u p p e r d iscs. R e ad  all re ac tio n s  im m ed ia te ly , e x 
cep t V P  tes t, a s  p o sitiv e  o r n e g a tiv e  a cc o rd in g  to  c o lo r  c h an g e s  
lis ted  in  T ab le  992.18B. L et c o lo r  d e v e lo p  in  V P  w ell fo r  ca  
10 m in . R e ad  c o lo r  o f  u p p e r  d isc  fo r  f irs t 5 tes ts  an d  c o lo r  o f  
o rg an ism  su sp en s io n  fo r re m a in in g  10  tests.

(b) C A M P  a n d  (3-h e m o ly s i s  t e s t s .— H e m o ly s is  reac tio n s 
a re  m o re  eas ily  d e te c te d  by  h o ld in g  sh eep  b lo o d  p la te s  up  to 
lig h t fo r  ex am in a tio n . R e co rd  re su lts  o f  e n h a n c e d  h em o ly sis  
re ac tio n s  in re g io n  o f  S. a u r e u s  and  R . e q u i  s treak s . R eco rd  
h e m o ly s is  re ac tio n s  a ro u n d  eac h  s tab  on  sh eep  b lo o d  
a g a r  p la te .

H. In te rp re ta tio n  o f  R e s u l t s

D iffe ren tia tio n  o f  L is t e r ia  sp ec ie s  is b a se d  on  o c ta l code, 
C A M P  test, an d  h e m o ly sis  re ac tio n  re su lts . E n te r  te s t re su lts  in 
ap p ro p ria te  sp aces o n  c o d in g  fo rm  a s e ith e r p o sitiv e  o r n e g a 
tive . T o  d e te rm in e  o c ta l c o d e  fo r  e ac h  iso la te , a d d  n u m erica l 
v a lu e s  fo r  e ac h  g ro u p  o f  3 tests a n d  e n te r  su m  in ap p ro p ria te  
sp ace  on  “ S u m  o f  P o s itiv e  V alues” fo rm . E n te r  zero  i f  a ll tes ts 
in g ro u p  o f  3 a re  n eg a tiv e . L o ca te  o c ta l c o d e  in  tab le  p ro v id ed  
in p ack a g e  in se rt w ith  strip . Id en tify  o rg a n ism s  b a se d  o n  octal 
c o d e , C A M P, a n d  h e m o ly sis  re su lts . A lte rn a tiv e ly , u se  T a
b le  9 9 2 .1 8 C .

R ef.: J. A O A C  Int. (1 9 9 3 ) 76, Ju ly /A u g u s t issue.

Results
A ll tes t iso la tes  w e re  id en tif ie d  b y  th e  F D A  m e th o d  fo r  the  

id en tif ic a tio n  o f  L is t e r i a  sp . (2) a t O rg a n o n  T ek n ik a . A ll L is t e 

r ia  iso la tes  w ere  sm all G ra m -p o s itiv e  ro d s a n d  e x h ib ited  m o 
tility  in  w e t m o u n t a n d  su lf id e  in d o le  m o tility  agar. T h e y  w ere  
c y to c h ro m e  o x id a se  n eg a tiv e , c a ta la se  p o sitiv e , an d  d id  n o t h y 
d ro ly ze  u rea . L is t e r ia  iso la tes  p ro d u c e d  an  a c id  s lan t and  butt 
in trip le  su g a r iro n  a g a r w ith o u t p ro d u c tio n  o f  H 2S an d  u sed  
d ex tro se , e scu lin , m a lto se , an d  w ere  M R  an d  V P  p o sitiv e . L is -

Figure 992.18. CAM P test for L is te r ia  m o n o cy to g e n e s  
(2): Inoculation pattern of sheep blood agar plate. 
Horizontal lines represent streak inoculation of 5 test 
strains. Vertical lines represent streak inoculation of 
S ta p h y lo c o c c u s  a u re u s  (S) and R h o d o c o c c u s  e q u i (R). 
Hatched lines indicate (diagram m atically only) locations 
of hemolysis enhancem ent regions.
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Table 2. Collaborators’ results for identification of bacterial isolates by MICRO-ID L is te r ia  method3

Collaborator

Culture No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14

2 M M I I I I I I M I I U I I

3 I I I I I I I I I I I U I I

10 I I I I I I I I I I I U I I

13 N I I I I I I I I I I I I I

15 I I I I I I I I I I I I U I

17 N I I I I I I I I I I I I I

18 M M I I I M I I I I I I 1 I

20 I I I I I M I I M M I U 1 I

22 M M I M I I I I I I I M 1 I

23 N I I I I I I I I I I U 1 I

24 M I I M M I I I M I I I 1 I

27 M I I M M I I I M I I I 1 I

30 I I I I I I I I I I I I 1 M

31 M I M I I I I I I M I I 1 M

34 I I M I I I I I I I I I 1 I

35 I I I I I I I I I I I I 1 M

38 I M I M I I I I I I I I 1 I

39 I I I I I I I I I I I u 1 I

40 I I I I I U I I I I I I 1 I

41 M I I I I I I I I I I I 1 M

43 I I I M I I I I I I I I 1 I

46 I M M I I I I I I I I u 1 I

48 M I I I I I I I I I I M 1 I

50 I I I N I I I I I I I I 1 I

53 I U I I I I I I I I I I 1 I

54 M I I I I I I I I I M I 1 M

55 M I M I M I I I M I I M 1 I

57 I U I I I M I I I I I I 1 I

58 I I M I I I I I I I I I 1 I

A total of 60 cultures were analyzed; those not listed were Identified by each collaborator: I = identified; M = misidentified; N = not 
determined; U = unidentified.

t e r ia  w ere  neg ativ e  fo r n itra te  re d u c tio n  e x ce p t fo r  the  3 

L . m u r r a y i  iso la tes. L . w e ls h im e r i ,  L  m o n o c y t o g e n e s , 2 L . in -  

n o c u a  iso la te s  u se d  rh am n o se , a n d  3 L . in n o c u a  iso la tes  u sed  
m an n ito l. L  i v a n o v i i ,  L  s e e l i g e r i ,  and  L  w e ls h im e r i  iso la tes 
u sed  x y lo se . L  m o n o c y to g e n e s ,  L  i v a n o v i i ,  and  L  s e e l i g e r i  

iso la te s  p ro d u c ed  h e m o ly sis  in  sh eep  b lo o d  stab s a n d  w ere  
p o sitiv e  to  th e  C A M P  test. L  m o n o c y t o g e n e s  an d  L. s e e l i g e r i  

ex h ib ited  en h an c ed  h e m o ly s is  a t the  S. a u r e u s  stab , and 

L . i v a n o v i i  sh o w ed  e n h an c ed  h e m o ly sis  at th e  R . e q u i  streak . 
N o n e  o f  th e  non  - L i s te r ia  iso la tes  p ro d u c e d  b io ch e m ic a l re su lts  
id en tica l to  an y  L is t e r ia  sp.

D a ta  fro m  T ab le  2  c la ss ify  cu ltu res  as id en tif ie d  (I), m is i

d e n tif ied  (M ), u n id en tif ie d  (U ), a n d  n o t d e te rm in e d  (N ) by  
e a c h  co llab o ra to r. T h ese  d a ta  are  su m m ariz ed  b y  o rg a n ism  in 

T ab les  3 and  4, w h ic h  in clu d e  b o th  u n c o rre c te d  an d  c o rrec ted  
v a lu e s  fo r  th e  p e rce n ta g e  o f  ag ree m e n t w ith  co n v en tio n a l cu l

tu re  te c h n iq u e . T h e  v a lu e s  w e re  c o rre c te d  w h en  th e  strip  gav e  

th e  c o rre c t oc ta l c o d e , y e t the  o rg a n ism  w a s m is id en tif ied  be 

c a u se  o f  a  m is ta k e  in a  co n v en tio n a l te c h n iq u e  (C A M P, stab  

h e m o ly s is , G ra m  sta in , ca ta lase , a n d /o r o x id a se  tests).

In i tia l  a n a ly s is  o f  ra w  d a ta  in d ic a te d  th a t th e  M IC R O -ID  

L i s t e r i a  m e th o d  a g re e d  w ith  c o n v e n tio n a l  id e n tif ic a t io n s  on  

10 0 %  o f  th e  L . in n o c u a  a n d  L . g r a y i  is o la te s , 9 8 .0 %  o f  th e  
L . m o n o c y t o g e n e s  s tra in s , 9 2 .9 %  o f  th e  L . m u r r a y i  c u ltu re s ,  

9 0 .0 %  o f  th e  L . i v a n o v i i  is o la te s , 7 7 .1 %  o f  th e  L . s e e l i g e r i  

o rg a n is m s , a n d  7 3 .9 %  o f  th e  L . w e l s h i m e r i  s t ra in s  (T a b le  3 ). 

W h e n  e r ro rs  in  c o n v e n tio n a l  m ic ro b io lo g ic a l  te s ts  w e re  
id e n tif ie d ,  th e  p e rc e n ta g e  o f  a g re e m e n t b e tw e e n  th e  m e th o d  

a n d  c u ltu ra l  id e n tif ic a t io n  im p ro v e d  to  9 8 .6 %  fo r  L . m o n o 

c y t o g e n e s  a n d  L . i v a n o v i i ,  9 1 .4 %  fo r  L . s e e l i g e r i ,  a n d  8 1 .2 %  

fo r  L . w e l s h i m e r i  (T ab le  4 ). In  to ta l ,  L i s t e r i a  sp . w e re  id e n 

t if ie d  c o r re c tly  9 2 .7 %  o f  th e  t im e  (9 5 .9 %  w h e n  c o r re c te d  fo r  

e r ro rs  in  c o n v e n tio n a l  te c h n iq u e s ) .  In  a d d it io n , 5 .6 %  o f  th e  
n o n - L i s t e r i a  iso la te s  w e re  m is id e n tif ie d  a s  e ith e r  L . m u r r a y i  

o r  L . g r a y i  (T ab le  5 ). F o u r  o f  14 B r o c o t h r y x  is o la te s , 2 o f  28  

C e l l u l o m o n a s ,  a n d  1 o f  14 J o n e s i a  iso la te s  w e re  m is id e n t i 
f ie d . T h e  n u m b e r  o f  m is id e n tif ic a t io n s  fo r  a ll  i so la te s  te s te d  

ra n g e d  f ro m  0  to  13 p e r  c o lla b o ra to r , w ith  a n  a v e ra g e  n u m 
b e r  o f  4 .6  p e r  c o lla b o ra to r  a n d  7 .7  p e r  100 is o la te s  e x a m 
in ed .
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Correct ID

Table 3. Identification of L is te r ia  sp. by collaborators
using MICRO-ID L is te r ia  method

Organism
No. isolates 
examined

No. isolates 
identified No. %a

L. monocytogenes 346 342 339 98.0
L. seeligeri 70 68 54 77.1
L. ivanovii 70 69 63 90.0
L. murrayi 42 40 39 92.9
L. grayi 42 42 42 100
L. welshimeri 69 69 - 51 73.9
L. innocua 70 70 70 100

Total 709 700 658 92.8

3 % correct identification = (No. correct/no isolates examined) x 100.

Discussion

T h e  M IC R O -ID  L is t e r ia  m eth o d  c o m p a red  fav o ra b ly  w ith  
co n v en tio n a l b io ch e m ic a l m e th o d s  fo r id en tifica tio n  o f  L is t e 

r ia  to  the  g en u s an d  sp ec ie s  level. T h e  use  o f  the  m eth o d  a lso  
re d u ce d  the  tim e  re q u ire d  to  id en tify  L is t e r ia  to  th e  sp ec ie s  
leve l f ro m  7  d ay s  to  2 4 -4 8  h. A s m en tio n ed , m is id e n tif ic a tio n s  
c o u ld  b e  se p a ra ted  in to  2  g ro u p s: th o se  re su ltin g  fro m  the  test 
strip  a n d  th o se  re su ltin g  fro m  c o n v en tio n a l te c h n iq u es  (C A M P, 
stab  h e m o ly sis , e tc .). M o re  e rro rs  w ere  a sso c ia ted  w ith  the  
C A M P  a n d  stab  h e m o ly sis  tests th an  w ith  o th e r  co n v en tio n a l 
tests. T h ese  tests a cc o u n te d  fo r 2  o f  3 m is id e n tif ic a tio n s  o f  
L . m o n o c y to g e n e s ,  10 o f  14 m is id en tif ic a tio n s  o f  L . s e e l i g e r i ,  

and  5 o f  6  m is id e n tif ic a tio n s  o f  L  iv a n o v i i .  T h e  an a ly s t m ust 
be  fa m ilia r  w ith  th e  h em o ly tic  re ac tio n s  o f  L is t e r ia  sp . an d  
c o m p e te n t w ith  th e  C A M P  an d  stab  h e m o ly sis  tes ts  b e fo re  u s
ing  the  m eth o d . T h e  q u a lity  o f  the  b lo o d  u sed  in the  m ed iu m

Table 4. Corrected values for identification of L is te r ia  
sp. by collaborators using MICRO-ID L is te r ia  method
Organism No. errors No. CEa % ID % corrected

L. monocytogenes 3 2 98.0 98.6

L. seeligeri 14 10 77.1 91.4

L. ivanovii 6 5 90.0 98.6

L. murrayi 1 0 92.9 92.9

L  grayi 0 0 100 100

L. welshimeri 18 5 73.9 81.2

L. innocua 0 0 100 100

Total 42 22 92.7 95.9

3 Number of errors due to conventional microbiology techniques.
b % corrected ID = [(No. correct ID + No. CE)/No. isolates

examined] x 100. See Table 3.

Table 5. Misidentification of non-L is te r ia  sp. by 
collaborators using MICRO-ID L is te r ia  method3

Genus
No. isolates 
examined

No. isolates 
misidentified % Mis-IDb

Bacillus sp. 56 0 0.0
Brevibacterium 14 0 0.0
Brocothryx 14 4 28.6
Cellulomonas 28 2 7.1
Jonesia 14 1 7.1

Total 126 7 5.6

3 Non-L/stera sp. were misidentified as either L. murrayior L  grayi. 
b % Mis-ID = (No. isolates misidentified/No. isolates examined) 

x 100.

fo r  th ese  tests is a lso  v e ry  im p o rtan t, b e ca u se  p a rtia lly  

h e m o ly z ed  b lo o d  p la te s  c an  ad v erse ly  a ffec t test resu lts .

M o reo v er, L . w e ls h im e r i  iso la tes w e re  co rre c tly  id en tified  

at a  lo w er p e rcen tag e , 81 .2 % , th an  w ere  o th e r  L is t e r ia  sp. 

L . w e ls h im e r i  w as m is id en tif ied  a lm o s t ex c lu s iv e ly  as L . in -  

n o c u a  b ecau se  o f  a  fa lse -n e g a tiv e  x y lo se  fe rm e n ta tio n  reac 

tion . T h e  xy lo se  re ac tio n  is the  s lo w e st o f  a ll th e  b io ch em ica l 
tests. I f  an  in o cu lu m  is lo w  in cell d ensity , th e  x y lo se  re ac tio n  

can  be  d e lay ed , re su ltin g  in  a  fa lse -n e g a tiv e  re su lt in th e  2 4  h 

in cu b a tio n  p e rio d . A n a ly s ts  sh o u ld  b e  c e rta in  th a t th e  tu rb id ity  

o f  th e  su sp en s io n  is a t least a  M a c F a rla n d  N o. 1 tu rb id ity  s ta n d 

ard , and  tu rb id ity  can  b e  as h ig h  a s  a  M a c F a rla n d  N o . 2 to  a v o id  

th is p ro b lem . L  i v a n o v i i  and  L  s e e l i g e r i , a lso  x y lo se  fe rm en - 

to rs, d id  no t ex h ib it fa lse -n eg a tiv e  x y lo se  reac tio n s.

O f  th e  346  L . m o n o c y t o g e n e s  iso la tes  a n a ly ze d  in  th e  study, 

333  (9 6 .2 % ) w ere  rh a m n o se - and  e sc u lin -p o s itiv e  a f te r  on ly  

4  h  o f  in cu b a tio n , in d ica tin g  p re su m p tiv e  L  m o n o c y t o g e n e s  

cu ltu res . T h e re fo re , a p p ro x im a te ly  3 .8 %  o f  th e  L  m o n o c y t o 

g e n e s  iso la te s  w o u ld  h av e  b een  m isse d  if  th e  strip s  had  no t 

b een  in cu b a ted  fo r the  fu ll 24  h p eriod .

O n e  o th e r o b se rv a tio n  is w o rth  n o tin g . F iv e  m is id e n tif ic a 

tio n s  w ere  c au sed  b y  a  fa lse -p o sitiv e  n itra te  test: 3 fo r  L . m u r 

r a y i ,  1 fo rL . m o n o c y to g e n e s ,  an d  1 fo rL . s e e l i g e r i .  L . m u r r a y i  

is th e  o n ly  L is t e r i a  sp. th a t c an  re d u ce  n itra te  (2). H o w ev er, 

L . m u r r a y i  d o es  no t g iv e  a  p o s itiv e  re ac tio n  fo r  n itra te  re d u c 
tio n  by  th e  test strip . T h e  reaso n  fo r  th ese  fa lse -p o sitiv e  n itra te  

tes ts  is unclear.

Recommendation

O n  the  b asis o f  th e  re su lts  o f  th is  co lla b o ra tiv e  study, the 
M IC R O -ID  L is t e r ia  m eth o d , w h ich  in c lu d es  sev e ra l c o n v e n 

tio n a l tests , is a  su itab le  a lte rn a tiv e  to  F D A -a p p ro v ed  c o n v e n 
tio n a l b io ch e m ic a l m e th o d s  (2 ) fo r  th e  sp ec ie s  id en tif ic a tio n  o f  

fo o d b o m e  a n d  e n v iro n m en ta l L is t e r i a  a n d  fo r  sc reen in g  and  

e lim in a tio n  o f  n o n -L  m o n o c y t o g e n e s  iso la tes. W e re co m m e n d  

th a t th is  m e th o d  be a d o p te d  first ac tio n  fo r the  p u rp o se s  d e 

scribed .
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MICROBIOLOGICAL METHODS

T o t a l  B a c t e r i a l  C o u n t  i n  R a w  M i l k  U s i n g  t h e  B a c t o S c a n  8 0 0 0

J.L . R odríguez-O tero and  M . H ermida

L a b o ra to r io  d e  M o u r isc a d e , D ip u ta c ió n  P ro v in c ia l  de  P o n te v e d ra , 3 6 5 0 0  L a lín , P o n te v e d ra , S p a in  
A . C epeda and C . Franco

F a c u lta d  d e  V e te rin a ria  d e  L u g o , D e p a r ta m e n to  d e  Q u ím ic a  A n a lít ic a  N u tr ic ió n  y B ro m a to lo g ía ,
H ig ie n e  e In sp e c c ió n  d e  A lim e n to s , 2 7 0 0 2  L u g o , S p a in

The BactoScan 8000 (Foss Electric) automatically 
performs a total count of bacteria in raw milk. It 
was designed for fast, repeatable counting. The ap
paratus counts the individual bacteria (IBC) instead 
of colony forming units (CFU). IBC provides more 
information on the state of milk hygiene than the 
CFU count. The repeatability, sr, was 0.033 log 
(IBC/pL), which is equivalent to a coefficient of vari
ation of 7.9% (IBC/pL). The carryover, which is the 
contamination one sample imposes on the next, 
was 0.19%. The BactoScan 8000 was calibrated 
against the reference method of counting colonies 
on a Petri dish. The correlation coefficient for 429 
milk samples was r = 0.88, and the standard devia
tion of the residuals, Syx, was 0.259. The detection 
limit was 15 CFU/pL. We recommend establishing a

R e c e i v e d  J u l y  6 ,  1 9 9 2 .  A c c e p t e d  O c t o b e r  2 0 ,  1 9 9 2 .

system of payment to farmers based on the bacte
riological quality of their milk as determined by the 
BactoScan 8000. Because results are obtained in 
IBC/uL, analytical differences resulting from con
version to CFU/pL are eliminated.

B e c a u se  m an y  m eth o d s  a re  a v a ilab le  fo r  e v a lu a tin g  the  
b ac te rio lo g ic a l q u a lity  o f  ra w  m ilk , the  c h o ic e  o f  

m e th o d  d e p en d s  on  th e  a im  o f  th e  ev a lu a tio n . W h e n  
a n a ly z in g  a  sm all n u m b e r  o f  m ilk  sam p le s , th e  c o st o f  th e  p ro c 

e ss  a n d  its lab o r  in ten siv en ess  a re  o f  se c o n d ary  im p o rta n ce ; 
w h e n  a  very  la rg e  n u m b e r o f  sa m p le s  are  in v o lv ed , as in  th e  

ca se  o f  th e  p a y m e n t fo r  q u a lity  m ad e  to  fa rm ers, a  h ig h  lev e l 
o f  a u to m a tio n  a n d  re d u c tio n  o f  lab o ra to ry  co sts  a re  v e ry  im 
p o rtan t.

T h e  B a c to S c an  8 0 0 0  (F o ss E lec tr ic )  au to m a tica lly  asse sses  
the  b ac te rio lo g ica l q u a lity  o f  < 8 0  sam p les o f  raw  m ilk  p e r  hour.
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B ecau se  o f  th e  t re a tm e n t u n d e rg o n e  b y  th e  sam p le s, th e  in s tru 
m en t co u n ts  in d iv id u a l b a c te r ia  ( IB C /p L ) ra th e r  th an  c o lo n y  
fo rm in g  u n its  (C F U /p L ).

B e ca u se  u se  o f  th is  in s tru m e n t is b e co m in g  m o re  w id e 
sp read , c o m p a riso n s  w ith  th e  re fe re n ce  m eth o d , w h ic h  is b a se d  
on  co u n tin g  c o lo n ie s  in  a  P e tri d ish , sh o u ld  be  ca rried  o u t in 
d iffe re n t m ilk -p ro d u c in g  areas. D asen  e t al. (1 ) a n d  O ’C o n n o r 
and  O ’R io rd an  (2 ) e v a lu a te d  th e  B a c to S c an  8 0 0 0  in  F ran ce  
and  Ire lan d , re sp ec tiv e ly , w h e re  ca ttle  ra is in g  is h ig h ly  d e v e l
o p e d  an d  m o st fa rm e rs  p ro d u c e  m ilk  o f  v e ry  h igh  h y g ien ic  
q u a lity  w ith  a  v e ry  lo w  m ic ro b ia l coun t. In  th is study, th e  B a c 
to S can  8 0 0 0  w as e v a lu a te d  in  S p a in , o n e  o f  th e  co u n trie s  
w h e re  th e  b a c te rio lo g ic a l q u a lity  o f  m ilk  v a rie s  w idely .

Experimental

B a c to S c a n  8 0 0 0

A fte r th e  m ilk  sam p le s  a re  h e a ted  to  4 0 °C  in a  w a te r  bath , 
th ey  a re  p la c e d  in th e  a p p ara tu s , w h ic h  au to m a tica lly  tak es
2 .5  m L  m ilk , p lac e s  it in  th e  m ix in g  ch am b er, an d  ad d s 7 .5  m L  
o f  a  ly s in g  so lu tio n . T h e  ly s in g  so lu tio n  is  an  a lk a lin e  so lu tio n  
o f  E D T A d iso d iu m  salt, w h ic h  b in d s  the  c a lc iu m  to  d isso lv e  the  
c ase in  m ice lle s , an d  a  d e te rg en t, w h ich  d isso lv es  th e  fa t an d  
b re ak s  th e  m em b ran e s  o f  th e  so m a tic  ce lls  w ith o u t a lte rin g  
b ac teria . T h e  liq u id  th en  p a sse s  to  a  c en trifu g e  (42  6 0 0  rpm ) 
w h e re  th e  b a c te r ia  a re  se p a ra ted  w ith  th e  a id  o f  2 .2  m L  o f  a 
s a c c h a ro se -g ly c e ro l so lu tio n , w h ic h  c rea te s  a  d en sity  g rad ien t. 
T h e  su sp en s io n  o f  se p a ra ted  b a c te r ia  is th en  in cu b a ted  3 m in  a t 
4 0 ^ 0  w ith  3 m L  o f  a  p ro teo ly tic  e n zy m e  so lu tio n  to  e lim in a te  
any  re m a in in g  p ro te in s . F ina lly , th e  b ac te ria  are s ta in ed  w ith  
1 m L  o f  an  ac rid in e  o ra n g e  so lu tio n  and  d e p o s ite d  as a  f ilm  on 
a  d isc , w h ich  is ro ta te d  u n d e r  th e  o b jec tiv e  o f  an  ep iflu o res - 
c en ce  m ic ro sc o p e  e q u ip p e d  w ith  a  x en o n  lam p . T h e  lig h t 
p u lse s  p ro d u c e d  by  eac h  sta in ed  b a c te r iu m  a re  co u n ted  a n d  d is
p lay e d  o n  th e  sc ree n  as IB C /p L , w h ic h  can  b e  c o n v e rted  in to  
C F U /p L  o n ce  th e  ap p a ra tu s  h a s  b e en  ca lib ra ted .

A fte r  a n a ly s is  o f  o n e  sam p le , a ll p a rts  o f  the  ap p a ra tu s  c o n 
tam in a ted  w ith  m ilk  a re  au to m a tica lly  c lean ed .

T h e  n ece ssa ry  c h em ica ls  a re  su p p lied  b y  the  m an u fa c tu re r  
as a  kit.

C o lo n y  C o u n tin g  o n  a  P e tr i  D ish

In te rn a tio n a l D a iry  F e d e ra tio n  (ID F ) S ta n d ard  100-A  (3) 
w as  fo llo w ed . A ll d e te rm in a tio n s  w e re  c a rried  ou t in d u p lica te .

In h ib itor D e te c t io n

T h e  b r illian t b lac k  re d u c tio n  tes t w as  u se d  acco rd in g  to  ID F  
B u lle tin  N o. 2 2 0  (4). S am p le s  in  w h ic h  in h ib ito rs  w e re  d e 
tec ted  w e re  no t u se d  to  c a lib ra te  the  in stru m en t.

S a m p le s

B acte ria  w e re  c o u n te d  b y  u s in g  th e  B a c to S c an  8 0 0 0  a n d  the  
re fe ren ce  m e th o d  o n  4 2 9  m ilk  sam p le s, c o v erin g  a  ra n g e  o f  25 
to  49  547  IB C /p L . S a m p le s  w e re  o b ta in e d  fro m  d a iry  fa rm ers 
w ith  re frig e ra tio n  tan k s  in  G a lic ian , S pa in , an d  w e re  co lle c ted  
acco rd in g  to  S p an ish  re g u la tio n s  (5).

Table 1. Repeatability standard deviation and 
coefficient of variation for different bacterial contents
IBC/pL sr, log (IBC/gg) CV, %

<200 0.054 13.2
300 0.040 9.6

1000 0.030 7.2
10000 0.013 3.0
35000 0.009 2.1

Total 0.033 7.9

Results and Discussion

R e p e a ta b i l i ty

R ep ea ta b ility  w a s  a sse ssed  a cc o rd in g  to  ID F  S ta n d a rd  N o. 
128 (6 ) w ith  sam p le s  o f  d iffe rin g  b ac teria l con ten t. T ab le  1 lis ts 
the  v a lu e s  fo r  s tan d ard  d e v ia tio n  (s,) in log  (IB C /p L ). T h e  re 
p ea tab ility  w as b e tte r  fo r sa m p le s  w ith  a  h ig h  b ac te ria l con ten t, 
an d  th e  v a lu e  o b ta in e d  fo r  a  larg e  g ro u p  o f  sa m p le s  w ith  a  w id e  
ra n g e  o f  b a c te ria l co n ten ts  w as  s,. =  0 .0 3 3 , w h ic h  is eq u iv a len t 
to  a  c o e ffic ie n t o f  v a ria tio n  o f  7 .9 %  (IB C /p L ). T h e  re p ea ta b il
ity  is  m u ch  b e tte r  w ith  the  B a c to S c an  8 0 0 0  th an  w ith  th e  re fe r
e n ce  m eth o d .

C a r r y o v e r

C a rry o v e r  is th e  e rro r  a  sa m p le  cau ses in  the  b ac te riu m  
c o u n t o f  th e  sa m p le  im m e d ia te ly  fo llo w in g . C a rry o v e r  w as 
q u a n tita ted  b y  co u n tin g  b a c te r ia  in  a  sam p le  o f  m ilk  w ith  a  h ig h  
b a c te ria l co n te n t a n d  th en  c o u n tin g  b a c te ria  in  a  s te rile  b lank . 
T ab le  2  sh o w s e x am p le s  o f  th e  re su lts  o b ta in e d . T h e  p e rce n t 
c a rry o v e r  is c a lcu la te d  fro m  the  fo llo w in g  eq u atio n :

%  c a rry o v e r  =  (E B j/E M j) x  100

w h e re  EBj is th e  su m  o f  th e  v a lu e s  in  th e  b lan k s , a n d  E M ; is the 
su m  o f  th e  v a lu e s  in  th e  sam p les.

In  tes ts  p e rfo rm e d  w ith  a  ra n g e  o f  b ac te ria l c o n te n ts , the 
c a rry o v e r  w a s  < 0 .1 9 % ; th is is v e ry  c lo se  to  th e  v a lu e  o b ta in ed  
by  D a se n  e t al. (1 ) fo r  th e  sam e  ap p ara tu s . O u r c a rry o v e r  v a lu e  
im p ro v e s  c o n s id e ra b ly  u p o n  th e  v a lu es o b ta in e d  b y  G rap p in  
e t al. (7 ) a n d  N ie u w e n h o f a n d  H o o lw e rf  (8 ) (1 .2  a n d  1% , re 
sp ec tiv e ly ) fro m  e a r lie r  m o d els  o f  th e  B a c to S can .

O n c e  th e  v a lu e  o f  the  c a rry o v e r  is  o b ta in e d , i t  c an  b e  in tro 
d u c ed  in to  th e  so ftw a re  o f  th e  in stru m e n t; c o rre c tio n  o f  re su lts  
is  a u to m a tic  f ro m  th en  on.

C a lib ra tio n

A  lo g arith m ic  co rre la tio n  w a s  fo u n d  b e tw e e n  th e  v a lu e s  o b 
ta in e d  w ith  th e  B a c to S c an  8 0 0 0  (IB C /p L ) a n d  w ith  th e  re fe r
e n ce  m eth o d  (C F U /p L ). L in e a r  a n d  p o ly n o m ic  fits  w e re  th en  
co m p ared . N o  sig n ific a n t d iffe re n ce s  w e re  fo u n d  b e tw ee n  the  
2  ty p es o f  c a lib ra tio n ; th e re fo re , th e  lin e a r c a lib ra tio n , w h ich  is 
th e  s im p le r o f  th e  2  ty p es , w as ch o sen . T h e  re su ltin g  ca lib ra tio n  
eq u a tio n  w a s  as fo llo w s:
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Table 2. Carryover at 2 levels of bacterial content

Sample IBC/pL IBC/pL

Milk 18927 52387
Blank 29 101

Milk 17783 49505
Blank 24 89

Milk 18381 47930
Blank 20 81

Milk 16003 47458
Blank 20 103

Milk 16793 47841
Blank 36 66

Milk '8098 46498
Blank 21 88

Milk 17433 43526
Blank 14 75

Milk 18830 47915
Blank 27 83

Milk 17355 47605
Blank 15 80

Milk 17675 48725
Blank 27 62

Carryover, % 0.13 0.19

lo g (C F U /|iL )  =  0 .4 0 0 4 2  +  0 .7 0 4 4 0  x  lo g (IB C /jtL )

w h e re  co rre la tio n  c o effic ien t, r, =  0 .8 8  an d  re s id u a l s tan d ard  
d ev ia tio n , syx, =  0 .2 5 9  (F ig u re  1); th e se  v a lu e s  a re  b e tte r  th an  
th o se  fo u n d  b y  G ra p p in  e t al. (7) fo r the  e a r lie r  v e rs io n  o f  th is  
in s tru m e n t ( r  =  0 .8 4  a n d  sy< =  0 .2 9 ). O u r  v a lu e s  a re  a lso  b e tte r  
th an  th o se  fo u n d  by  D a se n  e t al. (1) (syx =  0 .2 7 6 5 ) a n d  O ’C o n 
n o r  e t al. (2 ) ( r  =  0 .71  an d  syx =  0 .2 7 ) f ro m  th e  B a c to S c an  8000 .

O u r  s tu d y  w as  c o m p a re d  w ith  o th e r  w o rk  b y  c la ss ify in g  the  
sa m p le s  s tu d ied  in to  1 o f  3 ca teg o rie s  o f  b a c te ria l c o n te n t ( 0 -  
1 0 0 ,1 0 1 -5 0 0 , a n d  > 5 0 0  C F U /p L ), tran s fo rm in g  th e  re su lts  o b 
ta in e d  w ith  th e  B a c to S c an  8 0 0 0  in to  C F U /p L  b y  u s in g  eq . 1, 
and  c o m p a rin g  th e m  w ith  th e  v a lu e  o b ta in e d  w ith  th e  re fe re n ce  
m eth o d . It w a s  fo u n d  th a t 319 sam p le s  (7 4 .4 % ) sta y ed  in  th e  
sam e  ca teg o ry , 109 sam p le s  (2 5 .4 % ) c h a n g e d  b y  1 categ o ry , 
an d  1 sa m p le  (0 .2 % ) c h a n g e d  by  2  c a teg o rie s .

T h e  p e rce n ta g e  o f  sam p le s  c la ss if ied  in  th e  sa m e  ca teg o ry  
b y  b o th  m e th o d s  is less  th an  th e  7 9 .9 %  o b ta in e d  b y  G rap p in  
e t al. (7 ) in F ran ce . T h e  re aso n  fo r  th is m ig h t b e  th e  la rg e  n u m 
b e r  o f  sam p le s  in  F ra n c e  th a t hav e  a  v e ry  lo w  b a c te r ia l  c o n te n t 
an d  th a t fa ll c o m fo rtab ly  w ith in  th e  0 - 1 0 0  C F U /p L  categ o ry . 
S p a n ish  m ilk  h a s  a  m u ch  w id e r  sp re ad  o f  b a c te r io lo g ic a l q u a l
ity, an d  m an y  sa m p le s  lie  c lo se  to  th e  b o rd e rlin e s  b e tw e e n  c a te 
gories .

T h e  d iffe ren ces  b e tw ee n  the  re su lts  o b ta in e d  w ith  th e  B a c 
to S c an  8 0 0 0  a n d  th e  re fe re n ce  m eth o d  c an  b e  lin k e d  to  th e  fo l
lo w in g  p ro cesses , w h ich  w ill a ffec t o n e  m e th o d  o r  th e  o ther:

( 1 )  T h e  ex is te n ce  o f  d iffe re n t lev e ls  o f  b ac te ria l g ro u p in g  
s ig n ifie s  th a t C F U , w h ic h  is c o u n te d  by  th e  re fe re n ce  m eth o d , 
v a rie s  fo r  th e  sam e  to ta l IB C .

1 . 3 3 . 3 3 . 8

Figure 1. Distribution of residuals.
lo g  (CFU/uL)
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( 2 )  N o t a ll b a c te r ia  flo u rish  in  th e  co n d itio n s  o f  th e  re fe ren ce  
m ethod : in cu b a tio n  tem p e ra tu re , p H , re d o x  p o ten tia l, and  
ch em ica l c o m p o s itio n  o f  m ed iu m .

( 3 )  S o m e  b a c te r ia  do  n o t s ta in  w ith  a c rid in e  o ra n g e  and , 
th ere fo re , c a n n o t b e  c o u n te d  w ith  the  B a c to S c an  8000 .

L im it o f  D e te c t io n

In  gen era l, the  lim it o f  d e te c tio n  is d e f in e d  as th e  c o n c e n tra 
tion  (in  th is case , C F U /p L )  th a t g iv es  a  s ig n a l in  th e  in s tru m e n t 
th a t is s ig n ifican tly  d iffe re n t f ro m  th a t g iv en  by a  b lan k . T h e  
lim it o f  d e te c tio n  w a s  c a lcu la te d  by  u s in g  th e  c rite rio n  o f  M ille r  
a n d  M ille r  (9): I f  th e  ca lib ra tio n  lin e  is  o f  th e  fo rm  y  =  a  +  bx , 
th e  lim it o f  d e te c tio n  e q u a ls  th e  o rd in a te  a t th e  o rig in  p lu s  3 
tim es  th e  re s id u a l s tan d ard  d ev ia tio n .

In  o u r  case:

L im it o f  d e te c t io n  =  0 .4 0 0 4 2  +  3 x  0 .2 5 9  =  1 .1 7 7 4

C o n v e rtin g  f ro m  lo g a rith m ic  u n its  g iv e s  15 C F U /p L , w h ich  
is b e tte r  th an  th a t fo u n d  b y  G ra p p in  e t  al. (7 ) fo r  th e  e a rlie r  
v e rs io n  o f  th is ap p ara tu s .

Conclusions

B o th  re p ea ta b ility  a n d  c a rry o v e r  a re  b e tte r  th an  th e  m a n u 
fa c tu re r ’s sp ec if ica tio n s  fo r  th e  B a c to S c a n  8000 .

C o rre la tio n  b e tw ee n  th e  B a c to S c a n  8 0 0 0  an d  th e  re fe re n ce  
m eth o d  is h igh , e sp e c ia lly  in  v iew  o f  th e  p o o r  re p ea ta b ility  o f  
th e  latter, b e c a u se  it o f te n  p la c e s  d u p lic a te  sa m p le s  in  d iffe r
e n t c a teg o rie s .

B y  u s in g  the  v a lu e  o f  th e  re s id u a l s ta n d a rd  d e v ia tio n  a n d  the  
lo g arith m ic  re la tio n sh ip  b e tw e e n  th e  2  m e th o d s , w e  fo u n d  that, 
fo r  p  -  0 .95 , the  c o n fid e n c e  in te rv a l ra n g es  fro m  th e  v a lu e  o b 
ta in ed  w ith  th e  B a c to S c an  8 0 0 0  d iv id e d  a n d  m u ltip lie d  by  
3 .2 2 , g iv in g , fo r  th e  e x am p le  o f  5 0 0  C F U /p L , a  c o n fid e n ce  
in te rv a l ra n g in g  fro m  155 to  1610 CFU /p-L .

T h e  B a c to S c an  8 0 0 0  is, in  o u r  o p in io n , h ig h ly  su itab le  fo r 
q u a n tita tio n  o f  th e  b a c te rio lo g ic a l q u a lity  o f  m ilk , b e ca u se  it 
im p ro v e s  m ark e d ly  u p o n  th e  re p ea ta b ility  o f  th e  re fe ren ce  
m eth o d . T h e  B a c to S c an  8 0 0 0  a lso  co u n ts  th e  to ta l n u m b e r  o f  
b a c te ria ; th is fe a tu re  p ro v id es  m o re  in fo rm a tio n  o n  th e  s ta te  o f  
m ilk  h y g ien e  th an  d o e s  c o u n tin g  th e  n u m b er o f  c o lo n ie s  that 
the  b a c te r ia  a re  cap a b le  o f  fo rm in g . T h e re fo re , w e  re co m m e n d  
se ttin g  u p  a  sy s tem  o f  p a y in g  fo r  m ilk  o n  the  b a s is  o f  IB C /p L  
v a lu e s  g iv en  d irec tly  by  th is  ap p ara tu s . I f  th e  v a lu e s  d o  no t 
h a v e  to  be  co n v erted  in to  C F U /p L , th e  an a ly tic a l e rro rs  d u e  to  
th e  c o n v e rs io n  are  av o ided .

T h e  m e a n  n u m b er o f  b a c te r ia  p e r  c o lo n y  fo r  a ll th e  sam p le s  
w a s  5 .6  IB C /C F U ; fo r  a  m ilk  sa m p le  w ith  little  b a c te ria l c o n 
ten t (IB C 7 |iL  =  100), th e  n u m b e r  w as  1.6  IB C /C F U ; fo r  a  s a m 
p le  w ith  a  h ig h  b ac teria l c o n te n t ( IB C /p L  =  20  0 0 0 ), th e  n u m 
b e r  w as  7 .4  IB C /C F U .
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MYCOTOXINS

O c h r a t o x i n  A  i n  C o w ’ s  M i l k  a n d  i n  H u m a n  M i l k  

w i t h  C o r r e s p o n d i n g  H u m a n  B l o o d  S a m p l e s

A n n a  B r e i t h o l t z - E m a n u e l s s o n

R o y a l In s ti tu te  o f  T ec h n o lo g y , D e p a rtm e n t o f  B io c h e m is try  a n d  B io te c h n o lo g y , S -1 0 0  4 4  S to c k h o lm , S w ed e n  

M o n i c a  O l s e n

N a tio n a l F o o d  A d m in is tra tio n , B io lo g y  D iv is io n , B o x  6 2 2 , S -7 5 1  2 6  U p p sa la , S w e d e n  
A g n e t a  O s k a r s s o n  a n d  I r a  P a l m i n g e r

N a tio n a l  F o o d  A d m in is tra tio n , T o x ic o lo g y  D iv is io n , B o x  6 2 2 , S -751  2 6  U p p sa la , S w e d e n  
K a r l  H u l t * 1

R o y a l In s ti tu te  o f  T ec h n o lo g y , D e p a rtm e n t o f  B io c h e m is try  a n d  B io te c h n o lo g y , S -1 0 0  4 4  S to c k h o lm , S w ed e n

A method for determining ochratoxin A in milk has 
been elaborated in which the sample was subjected 
to a liquid-liquid extraction step and then purified on 
a silica gel column packed in a Pasteur pipet. The pu
rified samples were analyzed by ion-pair liquid chro
matography with fluorescence detection. The detec
tion and quantitation limits for determination of 
ochratoxin A in cow’s milk were 10 and 40 ng ochra
toxin A/L milk, respectively. The same limits were 
valid for the analysis of human milk. A total of 36 
cow’s milk and 40 human milk samples were ana
lyzed. All samples were collected in Sweden. Ochra
toxin A was found in 5 (14%) of the cow’s milk sam
ples (range 10-40 ng/ml_) and in 23 (58%) of the 
human milk samples (range 10-40 ng/L). Blood sam
ples were collected from the mothers who gave milk 
samples. A total of 39 samples were analyzed. All 
blood samples contained ochratoxin A in concentra
tions exceeding the quantitation limit (60 ng/L blood). 
The mean concentration of ochratoxin A in the sam
ples was 167 ng/L blood (range 90-940 ng/L). The 
concentration of ochratoxin A in human milk was 
<0.1 of that in the human blood.

O c h ra to x in  A  is a  seco n d ary  m eta b o lite  p ro d u c ed  by 
P é n ic i l l iu m  an d  A s p e r g i l lu s  sp ec ies. T h e  m y co to x in  
h as  b e en  e n co u n te re d  as a  co n ta m in a n t in  c e re a ls , d if

fe ren t k in d s  o f  b e an s  (co ffee , soya , c o co a ), a n d  m aize . O c h ra 
to x in  A  has c a rc in o g en ic , n e p h ro to x ic , te ra to g en ic , an d  im m u- 
n o to x ic  p ro p e rties . In th e  k id n ey s , its m a jo r ta rg e t is the 
p ro x im a l co n v o lu te d  tu b u le s , a n d  the  to x in  h a s  b een  c o n n ec te d  
w ith  e n d em ic  n e p h ro p a th ie s  in  liv e sto ck  as w e ll as in h u m an s 
(fo r  re v ie w s see  1- 2 ).

A fte r  co n su m p tio n  o f  o c h ra to x in  A -c o n tam in a ted  fo o d  and  
fe ed , th e  to x in  is d is tr ib u te d  in to  d iffe ren t tissu es su c h  as b lood ,
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1 Address correspondence to this author.

k id n ey , liver, an d  m u sc le  (fo r rev iew  see  1). In  c o w s the 
b io av a ila b ility  o f  o c h ra to x in  A  is low , as the m ic ro flo ra  in the 
ru m en  o f  the  c o w  h y d ro ly ze s  o c h ra to x in  A  to  th e  le s s  to x ic  m e 
tab o lite  o c h ra to x in  a  (3 -6 ) .  T h ere fo re , th e  o ch ra to x in  A  c o n 
c en tra tio n  in  c o w ’s m ilk  is e x p ec te d  to  b e  v e ry  low . B e ca u se  
o c h ra to x in  A  is n o w  c o n s id e re d  to  b e  a p o ten t c a rc in o g e n  in 
ra ts  (7), c o n ce rn  h as in c reased  ab o u t th e  da ily  in tak e  o f  o c h ra 
to x in  A  by h u m an s . R isk  a sse ssm en ts  o f  the  in tak e  o f  o c h ra 
to x in  A  h av e  b een  p e rfo rm ed , and  d iffe ren t to le rab le  d a ily  in 
tak es (T D Is) h a v e  b e en  su g g ested  (1, 8 -9 ) .  W ith  reg ard  to  th ese  
su g g e ste d  v a lu es, sm all a m o u n ts  o f  o c h ra to x in  A  in  m ilk  can  
b e  o f  im p o rtan ce ; fo r  c o n su m ers  o f  larg e  q u a n titie s  o f  c o w ’s 
m ilk , e v en  lo w  c o n ce n tra tio n s  o f  o c h ra to x in  A  in  th e  m ilk  can  
co n trib u te  to  a  s ig n ifican t p o rtio n  o f  th e  to ta l in ta k e  o f  
the  tox in .

In v e stig a tio n s  in  G e rm an y  (10) a n d  Italy  (11) h a v e  sh o w n  
th a t o c h ra to x in  A  c an  b e  fo u n d  in h u m an  m ilk . T h e  c o n c e n tra 
tio n s  o f  o c h ra to x in  A  fo u n d  in th e  p o sitiv e  sam p le s  w e re  lo w  in 
the  G e rm an  stu d y  (ran g e  1 7 -3 0  n g /L ) bu t very  h ig h  in  th e  I ta l
ian  in v es tig a tio n  (ran g e  1 7 0 0 -6 6 0 0  ng /L ). In fan ts  c o n su m in g  
th e  o c h ra to x in  A -c o n tam in a ted  m ilk  fo u n d  in Ita ly  c le a r ly  e x 
cee d  the  su g g ested  T D Is. Furtherm ore, these p roposed T D Is have 
b e en  c a lcu la te d  fo r  ad u lts, an d  it is n o t k n o w n  w h e th e r  in fan ts  
a re  m o re  su scep tib le  th an  ad u lts  to  th e  to x ic ity  o f  o c h ra to x in  A.

In th e  p re sen t study , a  no v e l m e th o d  fo r  p u rify in g  m ilk  sa m 
p les  w as d e v e lo p ed . C o w ’s m ilk  sam p le s w e re  c o lle c ted  fro m  
d iffe re n t lin es o f  tan k  tru ck s  f ro m  d a irie s  in d iffe ren t re g io n s  o f  
S w ed e n , an d  w ere  a n a ly ze d  fo r  th e  o ccu rre n ce  o f  o c h ra 
to x in  A . H u m a n  m ilk  sam p le s  w e re  co llec ted , to g e th e r  w ith  
b lo o d  sa m p le s  f ro m  the  very  sam e  m o th e rs , w ith  the  a im  o f  
ex am in in g  th e  co rre la tio n  b e tw ee n  th e  co n ce n tra tio n  o f  o c h ra 
to x in  A  in m ilk  a n d  b lood .

Experimental

A p p a r a tu s

(a) L iq u id  ch ro m a to g ra p h y sy s tem .—Two pumps (LC-
6A), auto injector (SIL-9A), column oven (CTO-6A), and fluo
rescence detector (RF 551) (Shimadzu Corp., Kyoto, Japan).
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C h ro m a to g rap h y  d a ta  sy s te m  a n d  c o n tro lle r  (M o d e l 7 2 7 , A x x - 
iom  C h ro m ato g rap h y , Inc ., C a la b asas , C A ).

(b) M ilk  p u m p .— F o r co llec tio n  o f  h u m an  m ilk  sam p le s  
(E g n ell &  C o . kB , T ro llh a ttan , S w ed en ).

R e a g e n t s

(a )  C h e m ic a l s .— O c h ra to x in  A  w a s p ro d u c ed  a cc o rd in g  to  
F u ch s  e t al. (12 ). O c h ra to x in  A  m e th y l e s te r  w a s  p re p a re d  by  
este rific a tio n  in m eth an o l w ith  10%  b o ro n  trif lu o rid e  (13). S il
ica  ge l, S i-60 , 4 0 -6 3  p m , w as  p u rc h a se d  fro m  M erck - 
S c h u c h ard t &  C o ., G e rm an y . A ll w a te r  u se d  w a s  d is tilled  and  
run  th ro u g h  a  M illiQ PLUS (M illip o re  In te rtech , M A ) sy s tem . A ll 
o th e r  ch em ica ls  u sed  w e re  o f  p ro  a n a ly s is  g rad e  an d  p u rc h ase d  
fro m  M e rck -S ch u c h a rd t &  C o.

(b) P o ta s s iu m  p h o s p h a t e  b u f f e r .— 7.5  m L  1M K H 2P 0 4 and
61.5 m L  0 .5M  K 2H P 0 4 w ere  m ixed  and  d ilu ted  to 1000 m L  w ith 
w a ter to p rov ide buffer at p H  7.5 and ionic strength  0.1.

(c) S t a n d a r d s .— O c h ra to x in  A  s tan d ard s  in m ilk  w e re  p re 
p a re d  by  a d d in g  k n o w n  a m o u n ts  o f  s to ck  so lu tio n  o f  o c h ra 
to x in  A  to  p o rtio n s  o f  p o o led  m ilk . T h e  s to ck  so lu tio n  w as  
K L4M  o ch ra to x in  A  in 4 0  m M  T r is -H 2S 0 4 b u ffe r  a t p H  7.5 
(T ris =  tris (h y d ro x y m e th y l)-a m in o m e th a n e ); it w as  c a lib ra ted  
sp ec tro p h o to m etrica lly  a t 3 8 0  nm , u s in g  th e  e x tin c tio n  c o e ffi
c ie n t 5 6 8 0  M _lc m _1 (14). F o r  th e  a n a ly s is  o f  b lo o d  sam p le s, 
s tan d ard s  w ere  p re p a re d  in  4 0  m M  T ris -H '> S 0 4 b u ffe r  a t 
p H  7.5 b e ca u se  no  o c h ra to x in  A -free  b lo o d  sam p le s  
w e re  found .

M ilk a n d  B lo o d  S a m p le s

(a )  C o w ’s  m i lk .— C o w ’s m ilk  sa m p le s  w e re  c o lle c te d  from  
d iffe ren t lin es o f  tan k  tru ck s  fro m  5 d iffe re n t d a ir ie s  lo ca ted  in 
d iffe ren t p a rts  o f  S w ed en : L y ck se le  in the  n o rth , O s te rsu n d  in 
the  m id d le , U p p sa la  in  th e  m id d le  sou th , V isb y  on  the  is lan d  o f  
G o tlan d , a n d  M a lm o  in  th e  sou th . S ix  1 L  sa m p le s  f ro m  6  d if 
fe ren t ta n k  tru c k  lin es w e re  c o lle c ted  fro m  e ac h  dairy . T h e  m ilk  
sam p le s  w e re  c o lle c te d  b e fo re  th e  m ilk  from  d iffe ren t tan k  
tru ck s  w e re  m ix e d  a n d  b e fo re  the  m ilk  w a s  p a s teu rized ; thus, 
th e  sam p les re p re se n t th e  m ilk  fro m  a  lim ited  n u m b er o f  p ro 
d ucers. T h e  fat c o n te n t o f  th e  m ilk  w as  c a  4 %  but c o u ld  d iffe r 
b e tw een  d iffe ren t sa m p le s , a s  the  fa t co n te n t o f  th e  m ilk  w as 
n o t s ta n d ard ize d  b e fo re  th e  sam p le s  w e re  co llec ted . T h e  sam 
p les w ere  c o lle c ted  in  Ju n e  1991. S ix  a d d itio n a l sa m p le s  w e re  
co lle c ted  fro m  th e  d a iry  in  L y ck se le  in  Ju ly  1991. T h e  sam p les 
w ere  k ep t a t - 2 0 ° C  b e fo re  ana ly sis .

(b) H u m a n  m ilk .— H u m an  m ilk  sam p le s  w ere  c o lle c te d  in 
late  1990 and  early  1991 fro m  4 0  lac ta tin g  w o m e n  liv in g  in the 
co u n ty  o f  V aste rb o tten . in the  m id d le  n o rth  o f  S w ed en . T h e  
m ilk  w as c o lle c ted  by  a  m ilk  p u m p  6  w e e k s  a f te r  d e liv e ry  an d  
2 - 3  h  a f te r  the  p rev io u s  fe ed . T h e  h a n d s  an d  b re a s ts  w e re  th o r
o u g h ly  w a sh e d  w ith  w a te r  b e fo re  m ilk in g . A p p ro x im a te ly  
100 m L  m ilk  w as c o lle c ted  fro m  o n e  b re a s t  in to  p o ly p ro p y le n e  
tes t tu b es , an d  th e  sa m p le s  w e re  s to red  a t - 2 0 ° C  un til an alysis.

(c) H u m a n  b l o o d .— H u m a n  b lo o d  sa m p le s  w e re  co lle c ted  
fro m  the  w o m en  g iv in g  m ilk  a t the  sam e  tim e  th e  m ilk  sam p le s 
w e re  co llec ted . T h e  sa m p le s  (5 m L ) w e re  co lle c ted  in e v a c u 
a ted  b lo o d  co lle c tio n  tu b es (V eno jec t, T eru m o  C o rp ., T okyo , 
Jap an ) c o n ta in in g  h e p arin . T h e  tu b es  w e re  tu rn ed  2 0  tim es a fte r

c o lle c tio n  to  p re v en t c o ag u la tio n  a n d  w ere  th e re a fte r  k ep t at 
- 2 0 4 2  un til an a ly sis .

P u rifica tio n  o f  C o w ’s  M ilk S a m p le s

E x tr a c t io n .— T o a 5 0  m L  n y lo n  c en trifu g e  tu be, 2  m L  m ilk , 
5 m L  e th an o l, an d  0 .5  m L  1M  HC1 w ere  ad d ed . C h lo ro fo rm  
(5 m L ) w as  ad d ed  to  th e  tu b e  a n d  o c h ra to x in  A  w a s ex tra c te d  
in to  th e  o rg an ic  p h a se  by  in v ertin g  th e  tu b e  c o n tin u o u sly  fo r  10 
m in  (2 0  rpm ). T h e  m ix tu re  w as  c en tr ifu g e d  10 m in  a t 10 0 0 0  x
g .  A  4  m L  p o rtio n  o f  the  c h lo ro fo rm  p h ase  w as tran sfe rred  fro m  
the  b o tto m  o f  the  tube  to  a  15 m L  g lass  c en trifu g e  tu be. T h e  
c h lo ro fo rm  p h ase  w as w a sh e d  o n c e  w ith  2 m L  w a te r  to  rem o v e  
th e  m eth an o l d is tr ib u te d  in to  th e  c h lo ro fo rm . A  w h ite  e m u ls io n  
fo rm e d  d u rin g  th e  w ash in g  w a s  b ro k e n  by  c en trifu g in g  the 
tu b e . T h e  c h lo ro fo rm  p h a se  tu rn ed  s lig h tly  yellow .

P u r i f ic a t io n  o n  s i l i c a  g e l .—  A  2 0 0  m g  p o rtio n  o f  s ilic a  gel 
w as p ack ed  in a  P a s te u r p ip et. G la ss  w o o l w as  p lac ed  in the  
lo w e r e n d  o f  th e  P a s te u r  p ip e t to  su p p o rt th e  s ilic a  gel and 
3 0 0  m g  N a 2S 0 4 w as ad d ed  to  th e  to p  o f  th e  co lu m n . T h e  c o l
u m n  w as w ash ed  w ith  1.5 m L  ch lo ro fo rm . T h e  c h lo ro fo rm  
p h a se  fro m  th e  sa m p le  e x tra c tio n  (see  a b o v e ) w as  tran sfe rre d  
to  th e  co lu m n , an d  th e  so lv e n t w a s  d ra in e d  to  th e  to p  o f  the  
co lu m n . T h e  c o lu m n  w as w a sh e d  w ith  3 m L  c h lo ro fo rm . 
O c h ra to x in  A  w as e lu te d  w ith  3 m L  c h lo ro fo rm -fo rm ic  acid  
(9 5  +  5 , v /v ). T h e  e lu a te  w as w a sh e d  w ith  2  m L  w ater. T h e  
so lv e n t w as  re m o v e d  by  e v ap o ra tio n  u n d e r a  g e n tle  s tre a m  o f  
n itro g en  in a  w a te r  b a th  a t 40 4 2 .

P u rifica tio n  o f  H u m a n  M ilk

E x tr a c t io n .— A  2 m L  p o rtio n  o f  h u m an  m ilk  w a s  trea ted  
w ith  m eth an o l, 1M  HC1, an d  c h lo ro fo rm  a s d e sc rib e d  a b o v e  fo r 
the  e x tra c tio n  o f  c o w ’s m ilk . O c h ra to x in  A  w a s e x tra c te d  in to  
th e  o rg an ic  p h ase , th e  m ix tu re  w as c en tr ifu g e d , a n d  4  m L  o f  the  
ch lo ro fo rm  p h a se  w as w ith d raw n  fro m  th e  b o tto m  o f  th e  tube. 
T h e  ch lo ro fo rm  p h a se  w as e x tra c te d  o n c e  w ith  1.5 m L  fresh ly  
p re p a re d  1% a q u eo u s  N a H C 0 3 (w /v ) a n d  o n c e  w ith  1.5 m L  
1 %  a q u eo u s  N a H C 0 3- M e O H  (1 +  1, v /v ) . T h e  a q u eo u s  p h ases  
w e re  p o o led  an d  a c id ified  w ith  0 .5  m L  1M  HC1. T h e  w h ite  p re 
c ip ita te  fo rm ed  w as re m o v e d  b y  e x tra c tio n  w ith  2 m L  h ex an e  
a s  d e sc rib e d  by  H u lt a n d  G a te n b e c k  (15). O c h ra to x in  A  w as 
e x tra c te d  fro m  th e  a q u eo u s  p h ase  w ith  3 m L  c h lo ro fo rm .

P u r i f i c a t io n  o n  s i l i c a  g e l .— T h e  e x tra c t w as p u rif ie d  o n  a 
s ilic a  gel c o lu m n  a s d e sc rib e d  fo r  th e  p u rif ic a tio n  o f  
c o w ’s m ilk .

P u rifica tio n  o f  H u m a n  B lo o d  S a m p l e s

T h e  b lo o d  sam p le s  w e re  p u rif ie d  a s  d e sc rib e d  by  B re ith o ltz  
e t  al. (13): 1 m L  b lo o d , 10 m L  0 .1 M  M g C l-0 .0 5 M  HC1 so lu 
tio n , an d  5 m L  c h lo ro fo rm  w e re  m ix e d  in  a  n y lo n  c en trifu g e  
tu b e . O c h ra to x in  A  w a s e x tra c te d  in to  the  c h lo ro fo rm  p h ase  by  
co n tin u o u s ly  tu rn in g  th e  tu b e  e n d  o v e r  e n d  fo r  10 m in . T h e  
tu b e  w as cen trifu g e d  10  m in  a t 10  0 0 0  x  g ,  an d  th e  c h lo ro fo rm  
p h a se  w a s  tran sfe rre d  to  a n o th e r  tu b e  a n d  e x tra c te d  tw ice  w ith  
4 0  m M  T r is -H 2S 0 4 b u ffe r  a t p H  7 .5 . T h e  T ris p h ases  w ere  
p o o le d  and  ac id ifie d  w ith  fo rm ic  acid . C h lo ro fo rm  w as ad d ed  
an d  th e  o c h ra to x in  A  w as e x tra c te d  in to  th e  o rg an ic  phase . T h e
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Table 1. Occurrence of ochratoxin A in cow’s milk 
collected from different lines of tank trucks from 5 
different dairies in Sweden3

Dairy

Ochratoxin A, No. samples 

<10 ng/L 10^40 ng/L Total

Lycksele June 4 2 6
July 6 0 6

Östersund 5 1 6
Uppsala 5 1 6
Visby 6 0 6
Malmö 5 1 6

Total 31 5 36

a Six 1 L samples from different production lines were collected from 
each dairy in June 1991. An additional set of samples was 
collected in July 1991 from the dairy in Lycksele.

c h lo ro fo rm  p h a se  w as d ra w n  o f f  an d  e v ap o ra te d  to  d ry n e ss  u n 
d e r  a  g e n tle  s tream  o f  n itro g en  in  a  w a te r  b a th  a t 40X1.

D e r iv a tiz a tio n  o f  O c h ra to x in  A  fo r C o n firm a tio n

T h e  sam p le s  w e re  p u rif ied  and  th e  so lv e n t w a s  ev ap o ra te d  
as d e sc rib e d  a b o v e  fo r  th e  d iffe ren t ty p es o f  sam p le s . T h e  
m eth y l e s te r  o f  o c h ra to x in  A  w as p re p are d  as d e sc rib e d  by  B re- 
ith o ltz  e t al. (13). M e th an o l co n ta in in g  2 0 %  b o ro n  triflu o rid e  
w as  ad d ed  to  th e  sam p le s, w h ich  w ere  k e p t a t 65°C  fo r  6 0  m in. 
T h e  sam p le s  w ere  c o o le d , a n d  co ld  w a te r  w as  ad d ed . T h e  
m eth y l e s te r  w as e x tra c te d  tw ice  w ith  1.5 m L  c h lo ro fo rm , and 
th e  ch lo ro fo rm  p h ase  w as w a sh e d  w ith  w a te r  an d  ev ap o ra te d  
u n d e r n itrogen .

L iq u id  C h r o m a to g r a p h y  (L C )

T h e  L C  an a ly se s  w ere  p e rfo rm e d  at an  a lk a lin e  pH  b y  the 
sam e  io n -p a ir  te c h n iq u e  u sed  by  B re ith o ltz  e t  al. (13 ). T h e  m o 
b ile  p h ase  co n sis ted  o f  10 n iM  te trab u ty l a m m o n iu m  b ro m id e  
in a  m e th a n o l-p o ta s s iu m  p h o sp h a te  b u ffe r  m ix tu re . T h e  ra tio s 
o f  m eth an o l to  p o tass iu m  p h o sp h a te  b u ffe r  w e re  51 :4 9  and 
5 4 :4 6  (v /v) fo r th e  d e te rm in a tio n  o f  o c h ra to x in  A  an d  o c h ra 
to x in  A  m ethy l ester, resp ec tiv e ly . T h e  sam p le s w e re  d isso lv e d  
in 3 0 0  p L  m o b ile  ph ase  a n d  100 p L  w as in jec ted  on  the  co l
um n.

T h e  d e te rm in a tio n s  w ere  p e rfo rm e d  at 3 8 0  n m  ex c ita tio n  
w a v e le n g th , 4 5 0  n m  e m iss io n  w a v e le n g th , an d  30°C . T h e  co l
um n w as S p h e riso rb  S 3 0 D S 2  ( C 18), 4 .6  x  150 m m  (H ich ro m  
L td , R ead in g , B erk sh ire , U K ), w ith  3 p m  partic les . T h e  to ta l 
flo w  ra te  w as 0 .8  m L /m in .

S ta n d a rd  c u rv es  w e re  b ased  on the  re su lts  f ro m  th e  an a ly se s  
o f  sp ik ed  sam p le s. T h e  cu rv es  w e re  c a lcu la te d  b y  th e  least- 
sq u a res  m ethod .

Results

L iq u id  C h r o m a to g r a p h y  M e th o d

S ta n d a rd  cu rv es o f  o c h ra to x in  A  in  the  d iffe re n t m a trix es  
(m ilk  o r  b lo o d ) w e re  u sed  fo r  ca lcu la tin g  th e  lim its  o f  d e tec tio n  
a n d  q u a n tita tio n , w ith  th e  w h o le  sam p le  p re p ara tio n  a n d  p ro 
c e d u re  o f  a n a ly s is  tak en  in to  a cco u n t. T h e  a n a ly tica l s ig n a l w as

p lo tte d  on  th e  y -ax is  an d  th e  c o n ce n tra tio n  on  th e  x -ax is . U s in g  
the  c o m m o n ly  u sed  d e fin itio n  o f  th e  d e te c tio n  lim it a n d  th e  
b lan k  signal p lu s 3 s tan d ard  d ev ia tio n s  o f  th e  b lan k , an d  a d ju s t
ing  fo r th e  s tan d ard  d e v ia tio n  o f  th e  s tan d ard  c u rv e  in  th e  y -d i- 
re c tio n  ( a  =  0 .0 0 1 ), the  d e tec tio n  lim its  w e re  c a lcu la te d  to  be:
(a) 10 ng  o c h ra to x in  A /L  in  c o w ’s m ilk  a n d  h u m a n  m ilk , and
(b ) 10 n g  o c h ra to x in  A /L  in  b lood . L im its  o f  q u a n tita tio n  w ere  
d e te rm in e d  by a d d in g  10  s tan d ard  d e v ia tio n s  o f  th e  b la n k  to  the  
b la n k  signal an d  ad ju s tin g  fo r the  s tan d ard  d e v ia tio n  o f  the  
s tan d ard  cu rv e  in  th e  y -d irec tio n . T h e  lim it o f  q u a n tita tio n  in 
c o w ’s a n d  h u m an  m ilk  w as 30  ng  o ch ra to x in  A /L . In  b lo o d , the  
lim it o f  q u a n tita tio n  w a s  4 0  n g  o c h ra to x in  A /L , w h en  c a lc u 
la ted  by  th is  m eth o d .

S lig h tly  h ig h er d e tec tio n  a n d  q u a n tita tio n  lim its  w e re  c a lc u 
la ted  by  u sin g  w e ig h ted  reg re ss io n  lin es as b a se s  fo r  th e  c a lc u 
la tio n s  o f  the  lim its  (16). T h e  s tan d ard  d e v ia tio n  o f  th e  b lan k  
w a s  e s tim a te d  as the s tan d ard  d e v ia tio n  o f  th e  a p p ro p ria te  
s tan d ard  cu rv e  in  th e  y -d irec tio n , a n d  th e  b lan k  sig n a l w as  e s 
tim a te d  as th e  v a lu e  o f  th e  in te rcep t. T h e  ca lcu la tio n s  w ere  
b a se d  on  d a ta  co lle c ted  d u rin g  th e  d a y s  the  sa m p le s  w e re  a n a 
ly zed . S ta n d ard  c u rv es  o f  o c h ra to x in  A in  the  d iffe re n t m a tr ix e s  
(c o w ’s m ilk , h u m an  m ilk , an d  b lo o d , re sp ec tiv e ly ) w e re  p e r
fo rm ed  on 3 o cca s io n s  e ach . E ach  s ta n d a rd  cu rv e  o n  e a c h  o c 
c as io n  c o n sis ted  o f  5 p o in ts . T h e  d e te c tio n  lim it o f  o c h ra 
to x in  A  in c o w ’s and  h u m an  m ilk  by  th is se c o n d  m e th o d  o f  
c a lcu la tio n  w a s  10 ng o c h ra to x in  A /L . T h e  q u a n tita tio n  lim it 
w a s  4 0  ng  o c h ra to x in  A /L  m ilk . In b lo o d , th e  d e te c tio n  and  
q u a n tita tio n  lim its  w e re  2 0  and  60  ng o c h ra to x in  A /L , re sp e c 
tively.

T h e  re co v e rie s  fo r  th e  o v e ra ll p ro c ed u re s  w e re  85 a n d  7 5 %  
fo r  c o w ’s an d  h u m an  m ilk , resp ec tiv e ly , in the  c o n ce n tra tio n  
ra n g e  tes ted  (1 0 -5 0 0  ng o c h ra to x in  A /L ). F o r b lo o d  sam p le s , 
the  re co v e ry  w as  9 0 %  in the  ran g e  5 0 0 -1 0 0 0  n g  o c h ra 
to x in  A /L . T h is  re co v e ry  w as in  a cc o rd an c e  w ith  th e  re co v e ry  
d e te rm in e d  in  sp ik ed  T r is -H iS C ^  b u ffe r  sam p le s . In  th e  ra n g e  
5 0 -5 0 0  ng /L , th e  reco v ery  o f  o c h ra to x in  A  in T ris b u ffe r  in 
c rea se d  fro m  80  to  9 0% .

O c c u r r e n c e  o f  O c h ra to x in  A

C o w ’s m ilk .— A  to ta l o f  36  m ilk  sam p le s  w e re  a n a ly zed . 
F iv e  o f  th ese  sam p le s  (1 4 % ) c o n ta in ed  o ch ra to x in  A  in  th e  c o n 
c en tra tio n  ran g e  1 0 -4 0  n g  o c h ra to x in  A /L  (T able  1). N o  s a m 
p les  c o n ta in ed  > 4 0  ng o c h ra to x in  A /L . N o  d iffe re n ce  w a s  seen  
in  the  co n ta m in a tio n  leve l o f  o c h ra to x in  A  in the  m ilk  fro m  the 
d iffe re n t da iries .

H u m a n  m i lk .— O c h ra to x in  A  w as fo u n d  in 23 (5 8 % ) o f  the 
4 0  a n a ly ze d  sam p les. N o  sam p le s  w e re  fo u n d  a b o v e  th e  q u a n 
tita tio n  lim it, i.e ., 4 0  ng  o ch ra to x in  A /L  (T ab le  2).

H u m a n  b l o o d .— A  to ta l o f  39  sam p le s  w e re  a n a ly ze d . A ll o f  
th ese  sam p le s  h a d  o c h ra to x in  A  co n ten ts  o v e r  the  q u a n tita tio n  
lim it o f  6 0  n g  o c h ra to x in  A /L  (T able  2). T h e  m ean  c o n c e n tra 
tio n  w as  167 ng  o c h ra to x in  A /L  b lo o d  (ran g e  9 0 -9 4 0  n g /L ).

C o n firm a tio n  o f  O c h ra io x in  A - P o s i t iv e  a n d  - N e g a t iv e  
S a m p le s

T h e  p re sen ce  o f  o c h ra to x in  A  in  th e  sa m p le s  w a s  c o n firm e d  
b y  the fo rm a tio n  o f  th e  o c h ra to x in  A  m eth y l ester. S e v e n  o f  the
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Table 2. Occurrence of ochratoxin A in human blood 
and breast milk collected from the same mothers in late 
1990 and early 1991a

Sample

Ochratoxin A, mg/L

Ochratoxin A Ochratoxin A methyl ester

Blood Milk Blood Milk

1 90 <10 110 _b

2 100 10-10 — 10-40
3 100 10-10 — —

4 100 10-10 — —

5 110 <10 — —

6 110 <10 120 —

7 110 <10 - —

8 110 <10 — —

9 110 10—10 — —

10 110 10-40 — —

11 120 <10 — —

12 120 <10 — —

13 120 10-10 — —

14 120 10-10 — —

15 130 <10 — —
16 130 <10 — —

17 130 10-40 — —
18 130 10-10 — —
19 140 <10 — —

20 140 <10 — —

21 140 10-10 — —

22 150 <10 — —

23 150 <10 — —

24 150 10-10 - —

25 160 <10 — <10
26 160 <10 — 10-10
27 160 10-10 — —

28 170 10-10 — —

29 180 <10 — —

30 180 10-40 — —

31 180 10-40 — <10
32 180 10-10 — <10
33 190 10-10 — —

34 190 10-10 200 —

35 200 10-40 — —

36 200 10-40 310 10-10
37 240 <10 270 —

38 270 10-10 320 —

39 940 10-10 1040 10-10

40 __c 10-40 — —

a The presence of ochratoxin A was confirmed by formation and 
chromatography of its methyl ester. 

b Not determined. 
c Missing sample.

b lo o d  sam p le s  w e re  se lec te d  fo r d e riv a tiza tio n . A ll th e se  sa m 

ples w e re  c o n firm ed  to  c o n ta in  o c h ra to x in  A  (T ab le  2). B e 

cau se  o f  th e  very  sm all am o u n ts  o f  o c h ra to x in  A  in  the  m ilk  

sam p le s  (T ab les  1 a n d  2 ), th e  id en tity  o f  o c h ra to x in  A  in  th ese  

sam p le s w as  d iff ic u lt to  co n firm . O f  4  o c h ra to x in  A -p o s itiv e  

c o w ’s m ilk  sam p le s , 3 w e re  c o n firm ed  to  c o n ta in  o c h ra to x in  A

in  th e  ra n g e  1 0 -4 0  n g /L . N o  o c h ra to x in  A  m eth y l e s te r  w as  d e 
tec ted  in th e  fo u rth  sam p le . O n e  o ch ra to x in  A -n e g a tiv e  c o w ’s 
m ilk  sam p le  w as d e riv a tized ; no  o c h ra to x in  A  m eth y l e s te r  w as 
d e te c te d  in th is  sam p le . F iv e  o c h ra to x in  A -p o s itiv e  h u m an  
m ilk  sa m p le s  w ere  in c lu d e d  in  th e  d e riv a tiz a tio n  p ro ced u re ; in 
3 o f  th ese  5 sam p les, th e  o ch ra to x in  A  m eth y l e s te r  w as d e 
tec ted  in  th e  c o n ce n tra tio n  ra n g e  1 0 -4 0  n g /L  (T ab le  2). O f  2 
d e riv a tiz ed  o c h ra to x in  A -n e g a tiv e  h u m an  m ilk  sa m p le s , one  
sh o w ed  an  o c h ra to x in  A  m eth y l e s te r  c o n te n t in  the  ra n g e  1 0 -  
4 0  ng /L ; n o  m eth y l e s te r  w a s  d e te c te d  in  th e  o th e r  sam ple . 
N o n e  o f  3 n e g a tiv e  s tan d ard s  in c lu d e d  in th e  d e riv a tiza tio n  
p ro c ed u re  sh o w ed  a  m eth y l e s te r  c o n te n t a b o v e  th e  d e te c 
tio n  lim it.

Discussion

T h e  m e th o d  fo r p u rif ic a tio n  o f  c o w ’s m ilk  sa m p le s  is sh o rt 
a n d  eas ily  p e rfo rm ed . B u t w h e n  th e  sa m e  p ro c ed u re  w a s  u sed  
fo r  th e  p u rif ic a tio n  o f  h u m an  m ilk , th e  sam p le s  s ta rted  to  fo am  
a f te r  th ey  w e re  d isso lv e d  in  th e  m o b ile  p h ase . T h e re fo re , so m e  
e x tra  step s w e re  in co rp o ra te d  in  th e  e x tra c tio n  p ro c ed u re , a l
th o u g h  no  d is tu rb an c es  w e re  se e n  in  th e  c h ro m a to g ra m s d u rin g  
a n a ly s is  o f  th e  fo am in g  sam p les.

T h e  tran s fe r  o f  o c h ra to x in  A  in to  m am m alian  m ilk  h as  b een  
s tu d ied  in  o n ly  a  few  cases. G a ltie r  e t  al. (1 7 ) h a v e  sh o w n  that 
the  o c h ra to x in  A  c o n ce n tra tio n  in  ra b b its  is 7 - 8  tim es  as h ig h  
in th e  p la sm a  as in  th e  m ilk . M o rte n se n  e t  a l. (1 8 ) d id  n o t d e tec t 
an y  tran s fe r  o f  o c h ra to x in  A  in to  th e  m ilk  o f  so w s th a t h ad  b een  
fed  o c h ra to x in  A -c o n tam in a ted  barley . G a ltie r  a n d  A lv in e rie  
(5), H u lt e t al. (3 ), an d  K ie ss lin g  e t al. (6 ) h a v e  sh o w n  that 
o c h ra to x in  A  is d e g rad e d  to  o c h ra to x in  a  b y  the  m ic ro b ia l f lo ra  
in  the  ru m en  o f  co w s. In  th e  s tu d y  b y  H u lt e t a l., o n ly  a  m in o r 
a m o u n t o f  o c h ra to x in  A  re m a in e d  u n a ffe c te d  a fte r  4  h. W h en  
R ib e lin  e t al. (4 ) trea te d  co w s w ith  o c h ra to x in  A , traces o f  
o c h ra to x in  a  w e re  fo u n d  in  th e  m ilk  o f  all co w s, b u t o c h ra 
to x in  A  w as d e te c te d  in  th e  m ilk  o n ly  w h en  th e  d a ily  d o se  o f  
o c h ra to x in  A  e x c e e d e d  1 .6 6  m g /k g  b o d y  w e ig h t. T h e  sam p le s  
w e re  a n a ly ze d  by th in -la y e r ch ro m a to g ra p h y . In  th e  p re sen t in 
v es tig a tio n , o c h ra to x in  a  w as  n o t  d e te rm in e d . In  v iew  o f  th e  
d e g rad a tio n  p ro cess  o f  o c h ra to x in  A  in  th e  ru m en , th e  lo w  c o n 
cen tra tio n s  o f  o c h ra to x in  A  still fo u n d  in  c o w ’s m ilk  in  th is 
s tu d y  sh o w  th a t c a ttle  fe ed  is  f req u e n tly  c o n ta m in a te d  w ith  
o c h ra to x in  A .

O c h ra to x in  A  c o n ta m in a tio n  o f  fe ed  g ra in  in  S w ed e n  v a ries  
w ith  th e  sea so n  (19 ). A fte r  lo n g  sto rag e , th e  o c h ra to x in  A  c o n 
tam in a tio n  o f  th e  g ra in  freq u e n tly  in c re a se s . In  the  p re se n t in 
v es tig a tio n , th e  m ilk  sa m p le s  w e re  c o lle c ted  in Ju n e  an d  July. 
D u rin g  b o th  o f  th ese  p e rio d s , th e  c o w s w e re  fed  g ra in  fro m  the  
a u tu m n  1990 harv est. T h u s , th e  fe e d  h ad  b een  s to re d  fo r  a  lo n g  
p e rio d , an d  a  h ig h e r  o c h ra to x in  A  c o n ta m in a tio n  lev e l w a s  e x 
p e c ted  th an  i f  th e  sam p le s  h a d  b e en  c o lle c ted  in th e  au tu m n .

O c cu rre n c e  o f  o ch ra to x in  A  in  h u m an  m ilk  h a s  b e en  re 
p o rted  fro m  G e rm an y  an d  Italy . In G e rm an y , G a re is  e t al. (10) 
an a ly ze d  36  m ilk  sam p le s  a n d  fo u n d  4  o f  th em  (11% ) to  be 
o c h ra to x in  A -p o s itiv e  (ran g e  1 7 -3 0  n g /L ). In  o u r  study, the 
co n ce n tra tio n  ra n g e  o f  th e  o c h ra to x in  A -p o s itiv e  h u m an  m ilk  
sa m p le s  w as  1 0 -4 0  n g /L  m ilk . T h is  is s im ila r  to  th e  lev e ls
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fo u n d  by  G a re is  e t al. (10) in G e rm an y , b u t th e  freq u e n c y  o f  
o c h ra to x in  A -p o s itiv e  sam p le s  w as  h ig h e r in S w ed e n , i.e., 23 
o f  4 0  sa m p le s  (5 8 % ). In Italy , M ic co  e t al. (11) fo u n d  th a t 9  o f  
5 0  m ilk  sam p le s  (1 8 % ) c o n ta in ed  o c h ra to x in  A . T h e  c o n c e n 
tra tio n  ra n g e  in  th is c ase  w a s  v e ry  h ig h , i.e ., 1 7 0 0 -6 6 0 0  ng 
o c h ra to x in  A /L  m ilk .

In  th e  p re sen t in v es tig a tio n , all the  o c h ra to x in  A -p o s itiv e  
sa m p le s  o f  h u m an  m ilk  an d  b lo o d  fa ll in to  n a rro w  c o n c e n tra 
tio n  ran g es. T h ere fo re , n o  fa ir e s tim a tio n  ab o u t th e  c o n c e n tra 
tio n  d e p e n d e n c e  b e tw ee n  b lo o d  and  m ilk  c o u ld  b e  reach ed . W e 
c o n c lu d ed  th a t the  c o n ce n tra tio n  lev e l o f  o c h ra to x in  A  in  h u 
m an  m ilk  is ro u g h ly  <0.1 o f  th a t in  h u m an  b lo o d  (T ab le  2).

D u rin g  th e  last few  y ears, the  c o n ce rn  ab o u t h u m an  e x p o 
su re  to  o ch ra to x in  A  an d  its to x ic ity  to  h u m an  b e in g s h as in 
c reased . S ev e ra l h ea lth  risk  a sse ssm en ts  h a v e  b e en  p e rfo rm ed , 
a n d  d iffe re n t T D Is  h av e  b een  su g g ested . T h e  p re se n t in v es tig a 
tio n  in d ic a te s  that th e  v e ry  lo w  T D I (0 .2  n g /k g  b o d y  w e ig h t) 
su g g ested  b y  K u ip e r-G o o d m a n  an d  S co tt (1 ) can  b e  e x c e e d e d  
b y  co n su m ers  o f  larg e  q u an titie s  o f  m ilk , e .g ., tee n ag e rs  c o n 
su m in g  c o w ’s m ilk  an d  in fan ts  co n su m in g  h u m an  m ilk . T h e  
h ig h  T D I (4 .2  n g /k g  b o d y  w e ig h t)  su g g e s te d  by  K u ip e r-G o o d 
m an  a n d  S co tt (1), th e  T D I (5 n g /k g  b o d y  w e ig h t) su g g e ste d  b y  
the  N o rd ic  g ro u p  (9), and  the  p ro v is io n a l to le rab le  w eek ly  in 
tak e  (1 1 2  n g /k g  b o d y  w e ig h t; 16 n g /k g  b o d y  w e ig h t p e r d ay ) 
p ro p o se d  by the  Jo in t F A O /W H O  E x p e rt C o m m itte e  on  F o o d  
A d d itiv e s  (JE C FA ) (8 ) a re  n o t e x c e e d e d  b y  th e  in tak e  o f  m ilk  
a t th e  a v e ra g e  c o n su m p tio n  ra te  (0 .4 2  L /d ay ) (2 0 ) a n d  a t th e  
o c h ra to x in  A  co n ce n tra tio n  lev e ls  fo u n d  in m ilk  in th is study, 
a lth o u g h  the  c o w ’s m ilk  sam p le s w e re  co lle c ted  in a  seaso n  
w h en  o c h ra to x in  A  c o n ta m in a tio n  w as ex p ec te d  to  b e  h igh . A s 
the  c o w ’s m ilk  sam p le s  w e re  c o lle c ted  b e fo re  th e  m ilk  fro m  
d iffe ren t p ro d u c tio n  lin es w e re  m ix ed , the  a m o u n t o f  o c h ra 
to x in  A  fo u n d  in  c o w ’s m ilk  in  th is in v es tig a tio n  m ay  ex ce ed  
th e  co n ce n tra tio n  lev e l o f  o c h ra to x in  A  in the  m ilk  that reach es  
th e  co n su m ers .

O n  the  o th e r  h an d , c o n su m p tio n  o f  c o w ’s m ilk  h as no t p re 
v io u sly  b een  c o n s id e re d  to  be  a  so u rce  o f  o c h ra to x in  A  in take . 
T h e  av erag e  o c h ra to x in  A  c o n ce n tra tio n  o f  10 n g /L  fo u n d  in 
th is in v es tig a tio n  co rre sp o n d s , a t an  a v e ra g e  m ilk  c o n su m p 
tio n , to  an  in tak e  o f  o c h ra to x in  A  o n  th e  sam e  leve l as fro m  
p o rk  m eat. In tak e  ca lcu la tio n s  fo r  o c h ra to x in  A  b a se d  on  
> 1 0 0 0  an a ly se s  o f  S w ed ish  fo o d  ite m s  sh o w s th a t c e re a l-b ased  
fo o d  is the  m a jo r d ie ta ry  so u rce  o f  o c h ra to x in  A  (21 ). C o n s id 
e rin g  th a t c h ild ren  a re  b ig  co n su m ers  o f  m ilk , h o w ev er, o u r 
re su lts  in d ica te  th a t c o w ’s m ilk  can  c o n trib u te  to  ab o u t one- 
f ifth  o f  th e ir  to ta l o c h ra to x in  A  in tak e . T h e  h ig h  lev e ls  o f  o c h ra 
to x in  A  fo u n d  in h u m an  m ilk  in  Ita ly  b y  M ic co  e t al. (11) in d i
c a te  th a t e v en  th e  h ig h  T D Is  c o u ld  be  e x c e e d e d  by  
b re a s t-fe d  in fan ts.
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PESTICIDE FORMULATIONS

R a p i d  a n d  A c c u r a t e  M e t h o d  f o r  D e t e r m i n a t i o n  o f  N i c l o s a m i d e  

R e l e a s e d  f r o m  M o l l u s c i c i d a l  F o r m u l a t i o n s

L a i l a  H. E m a r a

N a tio n a l R e se a rc h  C e n te r , P h a rm a c e u tic a l S c ie n c e s  D e p a r tm e n t, D o k k i, G iz a  1 2 622 , E g y p t

A rapid, simple, and reproducible method was de
veloped for quantitative determination of ni
closamide ethanolamine salt (NES) — the most 
widely used molluscicide against snail vectors of 
schistosomiasis — in both distilled and natural ca
nal waters. The biocide is extracted completely 
from water samples by passing through Sep-Pak 
Ci8 cartridge and eluting the cartridge with metha
nol. The eluate is then analyzed directly for NES by 
UV/vis spectrophotometry at 330 nm. This method 
was found sensitive enough to detect 0.1-5 ppm, 
and it is highly reproducible (standard deviation, 
0.006-0.012). The standard curve obeyed Beer’s 
law. The method also successfully measured the re
lease rate of NES from controlled-release elas
tomeric formulations. The release study suggests 
that NES loading and certain rubber additives are 
not the key factors that govern the release of 
the biocide.

N ic lo sa m id e  (N E S ), the  2 -a m in o e th a n o l sa lt o f  2 ',5 -d i- 
ch lo ro -4 -n itro sa licy la n ilid e , is w id e ly  u se d  as a  w et- 
tab le  p o w d e r  to  co n tro l aq u atic  sna ils . T h ese  sn a ils  a re  

the  in te rm ed ia te  h o sts  o f  o rg an ism s th a t c au se  sch is to so m iasis  
( l ). N E S  is a lso  u sed  in  th e  C a n ad ian  G re a t L ak es  reg io n  to  
co n tro l la rv ae  o f  th e  p a ras itic  sea  lam p rey  (2 ).

S ev era l co lo rim etric  (3 -6 )  a n d  g as  c h ro m a to g ra p h ic  (7 , 8 ) 
m eth o d s w ere  re p o rte d  fo r  th e  a n a ly s is  o f  N E S  in  w a te r  fo llo w 
in g  trea tm en ts  fo r  sn a il o r  lam p rey  co n tro l. H o w ev er, th ese  
m eth o d s  are  lim ite d  b y  p ro b lem s w ith  sen sitiv ity  an d  re p ro 
d u c ib ility  (9). T h ey  a lso  re q u ire  th e  t im e -co n su m in g  h y d ro ly s is  
a n d /o r d e riv a tiza tio n  o f  N E S  b e fo re  d e te rm in a tio n . In  ad d itio n , 
m any  o f  th e  m e th o d s  (3 -7 )  c a n n o t a n a ly ze  N E S  in  n a tu ra l 
w a te r  w ith o u t in te rfe ren ces  f ro m  its h y d ro ly s is  p ro d u c ts  ( 8 ).

A  len g th y  liq u id  c h ro m a to g ra p h ic  (L C ) m eth o d  w a s  d e 
sc rib ed  (8 ), w h e re  the  b io c id e  w a s  e x tra c te d  fro m  larg e  w a te r  
sam p le s  (5 0 0 -1 0 0 0  m L ) by  u s in g  3 su c c ess iv e  p o rtio n s  o f  
e th y l a ce ta te  (2 0 0 , 100, an d  100 m L ) an d  th en  an a ly ze d  o v e r  
an  N H 2-B o n d a p ak  c o lu m n  w ith  a b so rb an c e  d e te c tio n  at 
313 nm . A n o th e r L C  m eth o d  (9) u sed  a  len g th y  p ro c ed u re  to  
d e tec t o n e  co n ce n tra tio n  o f  N E S  (0.1 p p m ) in  c o m b in a tio n

R ece iv ed  O c to b e r 7, 1992. A c ce p te d  D e c e m b e r 22, 1992.

w ith  a n o th e r b io c id e  (Â Ilax 3 3 0  nm ). T h e  m eth o d  d id  no t g ive  

d a ta  fo r a  s tan d ard  c u rv e  n eed ed  fo r  d e te c tio n  o f  u n k n o w n  c o n 

cen tra tio n s  o f  N E S . H o w ev er, on  te s tin g  th e  te c h n iq u e  (9) in 

th is lab o ra to ry , a  c o rre la tio n  b e tw ee n  p e ak  h e ig h t an d  N E S  
co n ce n tra tio n  c o u ld  n o t be  sh o w n  (E m ara , L .H ., u n p u b 

lish ed  resu lts ).
D u rin g  a  sea rch  fo r  a  s im p le  a n d  a ccu ra te  m e th o d  fo r N E S , 

the  sp e c tro p h o to m etric  m eth o d  o f  F a rrin g to n  (3) w as e x a m 

in ed . O u r  s tudy  (1 0 ) in d ica ted  th a t th e  d a ta  (3 ) d o  n o t o b ey  

B e e r ’s law , the  m ax im u m  a b so rp tio n  u se d  ( ^ x .  385 nm , 
C H C 13) w as e rro n e o u s  an d  p ro v e d  to  b e  335  n m  (b ro ad ), the  
e x tra c tio n  o f  n ic lo sa m id e  w ith  C H C 13 is n o t q u a n tita tiv e , an d  

the  tran sfo rm a tio n  o f  the  c o m p o u n d  to  its a m in e  sa lt is no t 
lik e ly  to  o c c u r  w ith in  the  tim e  sta ted . T h e re fo re , th e  re su lts  
w e re  no t re p ro d u c ib le  (s tan d ard  d e v ia tio n  ± 0 .0 6 2 -0 .2 0 4  fo r 

th e  0 .2 -5  p p m  range). T o re m e d y  th is , I d e v e lo p e d  a  U V /sp ec- 
tro p h o to m e tric  m eth o d  (10) th a t d e te rm in e d  0 .3 - 6  p p m  N E S  in 

w ater. « -A m y l a lco h o l p ro v id ed  a d irec t and  q u a n tita tiv e  e x 
trac tio n  o f  N E S  fro m  w a te r  sam p le s , a n d  d irec t m ea su re m e n t 

w a s  p e rfo rm e d  ( A ,^  335 nm ). T h e  m eth o d  is re p ro d u c ib le  and  
w a s  u sed  to  m easu re  the  re lease  o f  N E S  fro m  c o n tro lled -re 

lea se  sy s tem s (11). H o w ev e r, m u d , m asse s  o f  m ic ro o rg an ism s , 
an d  o th e r  c o n ta m in a n ts  in te rfe red  w ith  the  m eth o d  w h en  a p 

p lied  to  f ie ld  w aters. W h en  sa m p le s  o f  su ch  w a te rs  a re  sh ak en  
w ith  am y l a lco h o l, th e  fo rm atio n  o f  h eav y  e m u ls io n s  c an n o t be 

a v o id ed , and  the  tim e  tak en  fo r  sep a ra tio n  o f  p h a se s  b e co m es  
a p p rec ia b ly  longer. D e te rm in a tio n  o f  N E S  in n a tu ra l w a te rs  is 

still d ifficu lt, an d  a  p rac tica l an d  a cc u ra te  m eth o d  is n e ed e d  to 
m o n ito r  co n cen tra tio n s  in sna il a n d  lam p rey  co n tro l p ro g ram s.

In  th is study, a  fast, s im p le r, an d  sen sitiv e  m e th o d  w as  d e 
v e lo p ed . A  re v e rse d -p h a se  c o lu m n  is u se d  to  e x trac t, c o n c e n 
trate , purify , and  m easu re  (U V ) N E S  in  o n e  step . T h e  m eth o d  
is ap p licab le  to  0 .1 -5  p p m  N E S  in  d is tilled  a n d  n a tu ra l c a 

nal w aters.
B e ca u se  co n tro lled -re le ase  fo rm u la tio n  is c u rre n tly  c o n s id 

e red  th e  m o st safe  an d  e ffec tiv e  p es tic id e  ap p lica tio n , the 
m eth o d  w as d e s ig n ed  to  b e  a p p lic ab le  to  th e  re sea rc h  in th is 

area . S ev era l n o v e l N E S  e la s to m eric  c o m p o s itio n s  w e re  p re 
p a re d  an d  su b jec ted  to  d e te rm in a tio n  o f  N E S  re le a se  p a tte rn .

Experimental

A p p a r a tu s

(a )  U V - v is  s p e c t r o p h o t o m e t e r .— U ltro sp ec  I I 4 0 5 0  (L K B ).



848 Emara: Journal Of AOAC International Vol. 76, No. 4,1993

Wave length, nm

Figure 1. UV spectrum of NES, (4.1 pg/mL in methanol).

(b )  R e v e r s e d - p h a s e  c o lu m n .— S e p -P a k  C ]8, D isp o sab le  
C a rtr id g es  (W aters A sso c ., Inc.).

(c ) S y r in g e .— H a m ilto n  G astig h t, 10 m L , g a s  an d  liq u id  
tig h t sy rin g e  (W aters).

R e a g e n t s

(a )  N E S .— T ech n ica l g ra d e  (B ayer, A .G .)
(b )  S o lv e n t .— M e th an o l, g ra d ie n t g ra d e  (M erck ).
(c) S t a n d a r d  N E S  s o lu t io n .— (7) S to c k  s o lu t io n .— D is

so lv e  100 m g  N E S  in  su ffic ien t m e th an o l, a n d  d ilu te  to  100  m L  
w ith  m eth an o l. P rep a re  fresh  w eek ly . (2) I n te r m e d ia t e  s o l u 

t i o n .— 10 p g /m L  (ppm ). T ran s fe r  10 m L  s to ck  so lu tio n  to  1 L  
v o lu m e tric  f la sk , a n d  d ilu te  to  v o lu m e  w ith  w ater. (3 ) W o r k in g  

s o lu t io n .— 0 .1 -5  p g /m L . D ilu te  a liq u o ts  o f  th e  in te rm ed ia te  
so lu tio n  w ith  d is tilled  w a te r  to  p re p a re  a  se rie s  o f  s tan d ard  c o n 
c en tra tio n s  c o v erin g  0 .1 -5  p g /m L . ( 4 )  F i e l d  w o r k in g  s o l u 

t i o n s .— 0 .1 -5  p g /m L . D ilu te  a liq u o ts  o f  the  in te rm ed ia te  so lu 
tio n  a s  a b o v e  u s in g  n a tu ra l can a l w a te r  in s tead  o f  d is tilled  
w ater.

E x tra c tio n  a n d  D e te rm in a tio n

C o n d itio n  a  S e p -P a k  R P -C 18 c a rtr id g e  w ith  2  m L  m eth an o l 
an d  5 m L  w ater. F o rc e  10 m L  a liq u o ts  s lo w ly  in to  th e  cartrid g e , 
e ac h  rep re se n tin g  d iffe ren t co n cen tra tio n  o f  w o rk in g  so lu tion , 
u s in g  a  g a s  tig h t sy rin g e . P ass  5 m L  w a te r  fo r  w ash in g . E lu te  
the  p u re  N E S  b y  in je c tin g  3 m L  m eth an o l. M e a su re  th e  e lu an t 
a b so rb an c e  a t 3 3 0  n m  (F ig u re  1) ag a in s t a  b la n k  o f  m eth an o l. 
C o n stru c t th e  s tan d ard  cu rv e .

R e p e a t th e  a b o v e  p ro c ed u re  u s in g  th e  f ie ld  w o rk in g  so lu 
tio n . A  b la n k  fo r  th is is p re p are d  as fo llo w s: F o rc e  10  m L  a li
q u o t o f  n a tu ra l c an a l w a te r  free  o f  N E S  in to  th e  cartrid g e . E lu te  
w ith  m eth an o l, an d  u se  th e  e lu a n t as b la n k  so lu tio n .

P r e p a r a tio n  o f  N E S  C o n tr o l le d - R e le a s e  F o rm u la tio n s

N E S  w as u n ifo rm ly  in c o rp o ra te d  in  e la s to m eric  n a tu ra l ru b 
b e r (N R ) m atrix  as fo llo w s: N R , 100 g ; ch a lk , 5 0  g ; d icu m y l 
p e ro x id e , 4  g; a n d  N E S , 8  an d  15 g, w ere  a cc u ra te ly  w e ig h ed . 
In g red ie n ts  w ere  m ix e d  o n  a tw o -ro lle r  m ill (d iam eter, 
170 m m ; w o rk in g  d is tan ce , 3 0 0  m m ; sp eed  o f  s lo w  ro ll. 
24  rp m ; an d  g e a r  ra tio , 1:1 .4) (12). T h e  rh e o m e tric  c h a ra c 

Table 1. NES absorbance at 330 nm using 
reversed-phase chromatography
Standard solution, 
ppm

1st
trial

2nd
trial

3rd
trial Mean SD

0.1 0.036 0.042 0.030 0.036 0.006

0.3 0.055 0.052 0.060 0.056 0.004

0.5 0.087 0.080 0.075 0.081 0.006
0.8 0.105 0.111 0.125 0.114 0.010
1.0 0.128 0.130 0.134 0.130 0.003
2.0 0.248 0.245 0.251 0.248 0.003

2.5 0.333 0.310 0.322 0.322 0.012

3.0 0.401 0.392 0.397 0.397 0.005
5.0 0.660 0.657 0.643 0.653 0.009

te r is tic s  w e re  d e te rm in e d  b y  u s in g  an  o sc illa tin g  d isc  rh e o m e 
te r  (13). T h e  v u lca n iza te s  o f  th e  m ix tu re  w e re  p re p a re d  b y  su b 
je c t in g  th e m  to  th e ir  o p tim u m  tim e  fo r  c ro ss-lin k in g , 13 an d  
12 m in  fo r  8  an d  15 N E S  parts  p e r  h u n d re d  (p h r) o f  N R , re 
spec tively .

T h is  m e th o d  p ro d u c e d  ru b b e r  sh e e ts  w ith  a  c o n te n t o f  22  
a n d  4 0  m g  N E S  p e r  a  4  x  1 x  0.1 c m  p ie c e  o f  8  a n d  15 p h r  N E S  
fo rm u la tio n , re sp ec tiv e ly .

D e te r m in a tio n  o f  N E S  R e l e a s e  R a te

A  flo w -th ro u g h  m e th o d  w as  a d o p te d  (14). A  sa m p le  (4  c m  
len g th , 1 c m  w id th , a n d  c a  1 m m  th ick n ess)  o f  N E S  v u lca n ize d  
ru b b e r  sh ee t w as  p la c e d  in  a  f lo w  cell c o n n e c te d  w ith  m in iflo w  
p e ris ta ltic  p u m p . D is tille d  w a te r  (1 0 0  m L ) w a s  c irc u la ted  in 
s id e  th e  ce ll a t c o n s ta n t f lo w  ra te  (2 0  m L /m in ) in  a  c lo s e d  c ir 
cu it. B o th  th e  f lo w  ce ll an d  th e  c irc u la tin g  so lu tio n  w e re  m a in 
ta in e d  a t 2 3  ±  0.1 'XI b y  m ea n s  o f  re fr ig e ra te d  c ircu la to r. 
S a m p le s  (1 0  m L ) w ere  tak e n  fro m  th e  re le a se  m ed iu m  a t a p 
p ro p ria te  tim e  in te rv a ls  a n d  ra p id ly  re p la ce d  w ith  e q u a l v o l
u m es o f  w ater. T h e  c o n c e n tra tio n  o f  N E S  in th e  re lease  m e 
d iu m  w a s  e s tim a te d  by  u s in g  th e  p ro p o se d  m eth o d . T h e  sam e  
p ro c e d u re  w as p e rfo rm e d  u s in g  a ru b b e r  v u lca n íza te  sa m p le  
co n ta in in g  n o  N E S  to  se rv e  as a  b la n k  co n tro l.

Results and Discussion

R esu lts  a re  sh o w n  in  T ab le  1. B e e r ’s law  is o b e y ed  in  th e  
c o n ce n tra tio n  ra n g e  u sed , as sh o w n  by  th e  c o m p u te d  c o n s ta n ts  
in  T ab le  2 . A lth o u g h  a  h ig h  c o rre la tio n  c o e ffic ie n t w a s  d e te r
m in e d  fo r  th e  0 .1 -5  p p m  ran g e , a  s lo p e  fo r  the  lo w e r  ra n g e  
(0 .1 -0 .8  p p m ) an d  a n o th e r  fo r  th e  h ig h e r  ra n g e  ( 1 - 5  p p m ) 
w e re  fou n d . T h ese  s lo p es p o sse sse d  h ig h e r  c o rre la tio n  c o e ff i
c ien ts  th an  th a t o b ta in e d  fo r th e  w h o le  ra n g e  (0 .1 -5  p p m ). U s-

Table 2. Constants of the standard curve of NES

Concn range, ppm
Correlation
coefficient Slope Intercept

0.1-5.0 0.9989 0.126 0.0129
0.1-0.8 0.9994 0.1126 0.0239
1.0-5.0 0.9995 0.132 -0.0065
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Table 3. Absorbance of the first and second eluate 
at 330 nm (NES recovery in parenthesis)
NES, ppm First eluate (rec., %) Second eluate

0.1 0.036 (107) 0

0.3 0.055 (92) —

0.059 (103) —

0.8 0.125 (112) 0
0.112 (98) —
0.117 (103) —

2.0 0.253 (98) —

0.245 (95) —

4.1 0.547 (102) —

5.0 0.657 (100) 0

ing th e  re le v an t c o n stan ts  f ro m  th e  2  s lo p es fo r  eac h  c o n c e n tra 
tion  ra n g e  w ill re su lt in  m o re  p rec ise  reco v eries .

T h e  u n k n o w n  c o n ce n tra tio n s  w e re  c a lcu la te d  fro m  th e  fo l
lo w in g  lin e a r eq u ation :

Y = A x + B

w h ere  Y  is th e  ab so rb an c e , A  =  s lo p e , B  =  in te rcep t, an d  x  =  

u n k n o w n  c o n cen tra tio n .
T h e  re p ro d u c ib ility  o f  the  m eth o d  w as ch ec k ed  a t se lec ted  

c o n ce n tra tio n s  c o v e rin g  th e  0 .1 -5  p p m  ran g e . T h e  a b so rb an c e  
d a ta  o f  rep lica tes  fo r  d iffe ren t c o n ce n tra tio n s  (T ab le  1) sh o w  
th a t the  low  stan d ard  d e v ia tio n  v a lu e s  in d ica ted  the  h ig h  v a lid 
ity  and  rep ro d u c ib ility  o f  th e  m e th o d  at low  c o n ce n tra tio n s  o f  
N E S .

T h e  e x tra c te d  s ta n d a rd  so lu tio n  w as re -e x trac ted  o n  a n o th e r 
S ep -P ak  C 18 co lu m n  an d  e lu te d  w ith  a  seco n d  p o rtio n  o f  the 
e lu tin g  so lv en t, m e th a n o l. T h e  d a ta  rev ea l th a t a  s in g le  e x tra c 
tion  step  by  th is  te c h n iq u e  sa feg u a rd s  1 0 0 %  e lu tio n  o f  the 
b io c id e  (T ab le  3). T h e  re co v e ry  o v e r  the  2  c o n ce n tra tio n  ra n g es  
(T able  3) w as h igh ; th e re fo re , q u a n tita tio n  o f  N E S  is h ig h ly  
accu ra te  a n d  p recise .

N a tu ra l c an a l w a te rs  w e re  c o lle c ted  d u rin g  D e ce m b er 1991 
fro m  2 lo ca tio n s  in E g y p t: the  N ile  b ra n ch  a t E l-Q u a n a te r  (pH , 
8 ; tu rb id ity , 8 N T U ) an d  the  E l-Z o m o r can a l, a  su b -b ra n ch  o f  
the N ile  (pH , 7 .4 ; tu rb id ity , 5 N T U ). B lan k s  o f  fie ld  w o rk in g

Table 4. NES absorbance at 330 nm using 
reversed-phase chromatography with natural waters
Standard solution, ppm El-Quanater El-Zomor

0.1 0.039 0.042

0.5 0.089 0.079

0.8 0.123 0.131

2.0 0.307 0.311

3.0 0.423 0.435

5.0 0.66 0.643

Figure 2. Effect of NES concentration on the release 
rate from natural rubber matrixes (Each point represents 
a mean of 3 replicates).

so lu tio n s  o f  th ese  c an a ls  g a v e  ab so rb an c e  o f  0 .0 3 7  a n d  0 .0 2 4  
(ag a in st m e th an o l) , re sp ec tiv e ly . T h e  re su lts  o f  th e  c o n s tru c ted  

s tan d ard  cu rv e  fo r  th ese  fie ld  w a te rs  a re  p re sen te d  in T ab le  4. 
T h e  d a ta  rev ea l h ig h  c o rre la tio n  b e tw e e n  a b so rb an c e  an d  N E S  
co n ce n tra tio n . T h e  re la tiv e ly  lo w  a b so rb an c e  o f  th ese  n a tu ra l 

w a te r  b lan k s  a llo w s fo r  re p ro d u c ib le  d e te rm in a tio n  o f  N E S  in 
th e  field .

I fo u n d  th a t a  w a te r  sam p le  v o lu m e  o f  10 m L  is su ffic ie n t to  
m o n ito r  N E S  c o n ce n tra tio n s  o f  0 .1 -5  p p m  in the  fie ld  d u rin g  

m o llu sc ic id a l o p e ra tio n . T h e  c o n ce n tra tio n  g ra d ie n t o f  N E S  
o v e r  a  d is tan c e  o f  a  c an a l w ill sh o w  w h e re  the  N E S  c o n tro lled - 
re lease  p rep ara tio n  sh o u ld  b e  lo ca ted  to  a ch iev e  th e  m in im u m  

e ffec tiv e  m o llu sc ic id a l co n ce n tra tio n s .
B e ca u se  th e  e ffe c tiv e  c o n ce n tra tio n  o f  N E S  is a b o u t 0 .3 -  

1 p p m , co rre la tio n  o f  ab so rb an c e  to  co n ce n tra tio n  w a s  m ad e  in 

th e  c o n ce n tra tio n  ra n g e  o f  0 .1 -5  p p m . T h is  w a s  c o n s id e re d  a 
use fu l ra n g e  fo r  th e  e v a lu a tio n  o f  d iffe re n t su s ta in ed -re le a se  

fo rm u la tio n s  an d  the  a sse ssm e n t o f  th e ir  p e rfo rm an ce .
R e v e rsed -p h a se  c o lu m n  c h ro m a to g ra p h y  e ffic ie n tly  e x 

trac te d  N E S  fro m  w a te r  sam p le s , s e p a ra ted  c o n ta m in a n ts  p re 
sen t in w a te r  c an a ls , an d  sa v e d  tim e  (each  sam p le  n eed s 3 - 5  

m in  fo r analy sis).

N E S  C o n tr o l le d - R e le a s e  F o rm u la tio n s

T h e  m e th o d  a lso  d e te rm in e d  (14) m ic ro am o u n ts  o f  N E S  re 

lea se d  fro m  c o n tro lled -re le a se  fo rm u la tio n s . T h e  re lease  p a t
tern  o f  N E S  w as e v a lu a te d  fro m  n a tu ra l ru b b e r  v u lcan iza te s , 
w ith  8  an d  15 p h r  N E S  lo ad in g s. T h e  ru b b e r  m atrix es  a lso  c o n 

ta in ed  c h a lk  as filler. In s tead  o f  th e  co n v en tio n a l ru b b e r  ad d i
tiv es (11), p e ro x id e  w a s  a d d e d  a s  a  c ro ss -lin k in g  ag en t. B lan k  
v a lu e s  fo r ru b b e r  v u lca n iza te s  co n ta in in g  n o  N E S  w ere  found  

to  b e  zero . N o  s ig n ifican t d iffe re n ce  w as fo u n d  in  th e  N E S  re 



850 Emara: Journal Of AOAC International Vol. 76, No. 4,1993

lea se d  fro m  3 sep a ra te  sam p le s re p re se n tin g  e ac h  v u lcan íza te  

sh ee t. T h is  in d ica te s  th a t N E S  w as e v en ly  d is tr ib u ted  in  
th e  shee ts . T h e  re lease  ra te  o f  N E S  fro m  th ese  m atrix es  w as 
q u a n tif ied  an d  is p re sen te d  in  F ig u re  2. L o ad in g  o f  8 p h r N E S  
w as fo u n d  to  p ro d u ce  a  re le a se  s lig h tly  g re a te r  th an  the  15 p h r  
N E S . D a ta  a lso  sh o w  th a t th e  p re sen c e  o f  th e  p e ro x id e  as a 
c ro ss-lin k in g  a g en t d o e s  no t a lte r  th e  re le ase  beh av io r. T h is  
fin d in g  is c o n sis ten t w ith  m a trix e s  p re p a re d  w ith  su lfu r as a  

c ro ss-lin k in g  a g en t (L .H . E m a ra , u n p u b lish ed  d a ta ). T h e  re 
lea se  s tu d y  su g g ests  that c e rta in  u n k n o w n  fac to rs  (o th e r than  

N E S  lo ad in g  an d  ru b b e r ad d itiv es ) m ig h t c o n tro l th e  re lease  o f  
th e  b io c id e  fro m  th e  ru b b e r m atrixes. T h e  p o ss ib ility  o f  th ese  
fa c to rs  sh o u ld  b e  in v estig a ted .

T h e  d iffu s io n -co n tro lle d  m ec h an ism  o f  N E S  re lease  w as 
fo u n d  to  o b e y  th e  H ig u ch i sq u a re -ro o t-o f-tim e  eq u a tio n  (15).

A  rap id , in ex p en siv e , a n d  acc u ra te  m eth o d  w as  d e v e lo p ed  
fo r N E S  in p re p are d  sa m p le s  an d  in  the  fie ld , w ith  d e te rm in a 
tio n  as lo w  as 1/3 to  '/ to  th e  m in im u m  e ffec tiv e  m o llu sc ic id a l 
co n ce n tra tio n . T h e  m eth o d  a lso  e v a lu a te d  n o v e l c o n tro lled -re - 
le a se  e la s to m eric  fo rm u la tio n s .

T h e  m eth o d  is s a fe r  th an  p rev io u s  m eth o d s, b e ca u se  th e  vo l
u m e  o f  p o ss ib ly  in fec ted  f ie ld  sam p le s  is re d u ce d  to  10 m L. 
A lso , the  l iq u id - liq u id  e x tra c tio n  step s a re  o m itted  an d  su b sti
tu ted  b y  a s in g le  in jec tio n  in to  th e  cartrid g e .
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

D e t e r m i n a t i o n  o f  M e t h y l  2 - B e n z i m i d a z o l e c a r b a m a t e  i n  W i n e  

b y  C o m p e t i t i v e  I n h i b i t i o n  E n z y m e  I m m u n o a s s a y

R o d n e y  J. B u s h w a y ,  L a n c e  R .  P a r a d i s ,  a n d  L e w i s  B .  P e r k i n s  

U n iv e rs ity  o f  M a in e , D e p a r tm e n t o f  F o o d  S c ie n c e , O ro n o , M E  0 4 4 6 9 -5 7 3 6  
T i t a n  S. F a n

Im m u n o S y s te m s  In c ., 4  W a sh in g to n  A v e , S c a rb o ro u g h , M E  0 4 0 7 4  
B a r b a r a  E .S . Y o u n g

M illip o re  C o rp ., 8 0  A sh b y  R d , B e d fo rd , M A  0 1 7 3 0  
P a u l  E . W a l s e r

K a n to n a le s , P O  B o x  C H -7 0 0 1 , C h u r, S w itz e r la n d

A benomyl polyclonal enzyme immunoassay (EIA) 
commercial kit was used to quantitate methyl 2- 
benzimidazolecarbamate (MBC), a degradation 
product of benomyl in wine. Total analysis time, in
cluding sample preparation, was 30 min. As many 
as 8 samples can be analyzed simultaneously with 
a limit of quantitation of 5 ppb. The assay logarith
mic response was linear from 0.4 to 26 ppb MBC. 
Intra-assay percent coefficients of variation (%CVs) 
ranged from 2.4 to 13 for standards and from 7.4 to 
21 for actual wine samples. Interassay %CVs varied 
from 2.6 to 15 for the standards and from 6.9 to 23 
for the samples. Average recovery from samples 
spiked at 10-10 000 ppb was 93% for evaporated 
red and white wines. MBC was determined in 134 
different wines by immunoassay and liquid chroma
tography (LC). Of these samples, 98 were positive 
for MBC by both methods with a correlation coeffi
cient ( t)  of 0.986. The other 36 samples had MBC 
levels that either were not detectable by either pro
cedure or were below the 10 ppb limit of quantita
tion for LC. Concentrations of MBC in wine ranged 
from 5 to 1329 ppb, with the majority ranging from 
10 to 300 ppb. Also, a mini-study was conducted 
using the plate EIA format.

E v e r  s in ce  the  p ro c y m id o n e  p ro b lem , c o n ce rn  a b o u t the  

p re sen c e  o f  p e s tic id es  in  w in e  h a s  in c reased  w o rld w id e . 
O n e  su ch  p es tic id e , m e th y l 2 -b e n z im id a zo le ca rb am a te  

(M B C ; c a rb e n d az im ), is  a  fu n g ic id e  u sed  in  E u ro p e  a n d  is a lso  
a m ajo r b re ak d o w n  p ro d u c t o f  b e n o m y l, a  fu n g ic id e  u sed  
w id e ly  in  the  U n ited  S ta tes . T h ese  sy s tem ic  b e n z im id a zo le  

fu n g ic id es m ay  b e  u se d  fo r  e ith e r  pre- o r  p o sth a rv es t trea tm en t 
o f  fru its  an d  v eg e tab le s  to  p re v en t B o try tis  d isease . R ecen tly , 
q u estio n s have  a risen  a b o u t th e  sa fe ty  o f  b e n o m y l an d  M B C
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(1 -3 ) . T h ere fo re , it is im p o rta n t to  th o ro u g h ly  m o n ito r  M B C  
re s id u es  in fo o d s fo r p ro p e r d ie ta ry  risk  a sse ssm en t.

P re v io u s  m eth o d s fo r d e te c tin g  M B C  in w in e  h av e  b een  re 
v iew ed  ( 4 ,5 ) ;  m o st a re  sp e c tro p h o to m e tric  a n d  c h ro m a 
to g rap h ic  p ro ced u re s . H o w ev er, e n z y m e  im m u n o a ssa y  tec h 
n o lo g y  is e m e rg in g  a s  an  im p o rta n t to o l in p e s tic id e  re s id u e  
d e te rm in a tio n  (6 ). In fact, m an y  sc ien tis ts  n o w  b e lie v e  th a t a d e 
q u a te  m o n ito rin g  o f  p e s tic id es  in  o u r  fo o d  su p p ly  w ill req u ire  
im m u n o a ssa y  tec h n o lo g y  to  p la y  an  in c re as in g ly  k e y  ro le  (6 ). 
P rev io u sly , 3 E IA  m eth o d s h a d  b e e n  d e v e lo p ed  fo r  M B C  in 
fo o d s, bu t n o n e  w ere  d e v e lo p ed  fo r  w in e  (7 -9 ) .

T h is  p a p e r  d e sc rib e s  a  rap id , in ex p e n s iv e , and  sen sitiv e  E IA  
m eth o d  fo r th e  q u a n tita tio n  o f  M B C  in w in e . S u ch  a  m eth o d  
sh o u ld  be  v e ry  u sefu l fo r m o n ito rin g  M B C  leve ls in all ty p es 
o f  w ine.

METHOD

R e a g e n t s  a n d  S ta n d a r d s

(a )  R e a g e n ts .— A ll re ag e n ts  p e rta in in g  to  p re p ara tio n  o f  
im m u n o g e n s  fo r  ra is in g  an tise ra  to  M B C  w e re  p rev io u s ly  d e 
sc rib ed  (8 ). A ll so lv en ts  w e re  L C  g ra d e  (V W R , B o ston , 
M A  0 2 1 0 1 ).

(b) A n a l y t i c a l  s t a n d a r d .— M B C  p estic id e  s tan d ard  w as 
o b ta in e d  fro m  U .S . E n v iro n m e n ta l P ro tec tio n  A g en cy , R e 
sea rch  T rian g le  P ark , N C  27711 .

(c) P e s t i c i d e  s t a n d a r d  s t o c k  s o lu t io n .— W eig h  10.0 m g  
M B C  in to  5 0  m L  v o lu m e tric  flask , d isso lv e , an d  d ilu te  to  v o l
u m e  w ith  m eth an o l.(d) D i lu t in g  s o l v e n t  f o r  tu b e  im m u n o a s s a y .— P la ce  25 m L  
m o b ile  p h ase  (h) in to  250  m L  v o lu m e tric  f la sk  a n d  d ilu te  to 
v o lu m e  w ith  sk im  o r  n o n fa t dry' m ilk  (p rep a re  a cc o rd in g  to  la 

bel d irec tio n s).
(e) P e s t i c i d e  s t a n d a r d s  f o r  tu b e  im m u n o a s s a y .— ( / )  I n te r 

m e d i a t e  s ta n d a r d .— R em o v e  0.1 m L  a liq u o t fro m  c o rre sp o n d 
in g  s to c k  so lu tio n  (c), p lace  in to  5 0  m L  v o lu m e tric  flask , an d  
d ilu te  to  v o lu m e  w ith  50  m L  d ilu tin g  so lv en t (d ). (2 ) W o r k in g  

s ta n d a r d .— R em o v e  5, 1 0 ,2 0 ,4 0 ,8 0 ,  160, a n d  3 2 0  |iL  a liq u o ts
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fo r  s tan d ard  cu rv e  d e te rm in a tio n  fro m  in te rm ed ia te  s tan d ard  
( 1 ) a n d  p lac e  e ac h  in to  a  sep a ra te  2 0  m L  sc in tilla tio n  v ia l c o n 
ta in in g  0 .5  m L  o rg an ic  w in e  (m ad e  fro m  g rap es g ro w n  w ith o u t 
p e s tic id es)  th a t w as  p re v io u s ly  e v ap o ra te d  to  d ry n e ss  w ith  n i
tro g en  a t ro o m  tem p era tu re . D ilu te  eac h  v ial to  5 m L  to ta l v o l
u m e  w ith  d ilu tin g  so lv en t (d ); th en  so n ica te  to  d isso lv e  resid u e .

(f) P e s t i c i d e  s t a n d a r d s  f o r  p l a t e  im m u n o a s s a y .— (7) I n te r 

m e d i a t e  s t a n d a r d .— R e m o v e  0.1 m L  a liq u o t fro m  c o rre sp o n d 
in g  s to ck  so lu tio n  (c ) a n d  p lace  in to  5 0  m L  v o lu m e tric  flask . 
D ilu te  to  v o lu m e  w ith  re v e rse  o sm o sis  (R O ) w ater. (2) W o r k in g  

s ta n d a r d .— R e m o v e  2 .5 , 5 , 10, 20 , 4 0 , a n d  80  (iL  a liq u o ts  fo r  
s tan d ard  c u rv e  d e te rm in a tio n  fro m  in te rm ed ia te  s tan d ard  ( I )  

a n d  p lace  in to  sep a ra te  2 0  m L  sc in tilla tio n  v ia ls . D ilu te  each  
v ia l to  5 m L  w ith  R O  w ater.

(g ) M B C  s ta n d a r d s  f o r  L C .— (7) I n te r m e d ia t e  s ta n d a r d .—  
T ak e  1.0 m L  a liq u o t fro m  M B C  sto ck  and  p lace  in to  5 0  m L  
v o lu m e tric  flask . D ilu te  to  v o lu m e  w ith  L C  m o b ile  p h ase . (2) 
W o r k in g  s ta n d a r d s .— R e m o v e  1.0, 2 .0 , 4 .0 , an d  8 .0  m L  
a liq u o ts  fo r  s tan d ard  cu rv e  d e te rm in a tio n  fro m  M B C  in te rm e 
d ia te  s tan d ard  so lu tio n  and  p lac e  in to  sep a ra te  5 0  m L  v o lu m e t
ric  f la sk s . D ilu te  to  v o lu m e  w ith  L C  m o b ile  phase .

(h ) M o b i l e  p h a s e .— A c e to n itr i le -m e th a n o l-w a te r -m o n o -  
e th a n o lam in e  (2 6 0  +  7 0  +  5 0 0  +  0 .1 ).

(i) S a m p le  e x t r a c t io n  s o l v e n t .— U se  5 m L  e th an o l w ith  
15 m L 2 M  a m m o n iu m  c h lo rid e  ad ju s ted  to  p H  10 w ith  14 .5N  
a m m o n iu m  h y d ro x id e . P a rtitio n  in to  m e th y len e  ch lo rid e .

(j) C o n ju g a te  s y n th e s i s  a n d  a n t i s e r a .— F o llo w  m eth o d s  
d e sc rib e d  p re v io u s ly  (8 ).

A p p a r a tu s

(a )  L iq u id  c h r o m a to g r a p h .— 5 1 0  p u m p  (W aters A sso c i
a te s , M ilfo rd , M A  0 1 7 5 7 ); V aleo  p n e u m a tic  in je c to r  (V IC I In 
s tru m en ts , H o u s to n , T X  7 7 2 5 5 ); W aters 4 7 0  f lu o resce n ce  d e 
tec to r an d  H P  1040A  p h o to d io d e  array  d e te c to r-in te g ra to r 
sy s tem  (H e w le tt-P a ck a rd , A vo n d a le , PA 19311). O p e ra tin g  
co n d itio n s: in jec tio n  v o lu m e , 5 p L ; flow  ra te , 1.0 m L /m in ; 
flu o resce n ce , ex c ita tio n  at 2 8 6  n m  an d  em iss io n  a t 305  nm ; a t
ten u a tio n , 8 ; ga in , 100; filter, 1.5 s.

(b )  C h r o m a to g r a p h ic  c o lu m n .— U ltrac a rb  3 0  O D S , s ta in 
less  steel, 15 c m  x  4 .6  m m  id  (P h e n o m en e x , T o rrance, 
C A  9 0 501).

(c) E n v i r o G a r d ™ E l  A  B e n o m y l  T u b e  K i t s .—  P o ly sty ren e  
te s t tu b es  c o a ted  w ith  M B C  a n tib o d ies  an d  e n zy m e  co n ju g a te  
(h o rse rad ish  p e ro x id a se  b o u n d  to  M B C ) to g e th e r w ith  h y d ro 
g en  p e ro x id e  as su b stra te  an d  te tram e th y lb e n z id in e  as c h ro m o 
g en  (M illip o re  C orp ., B ed fo rd , M A  01 7 3 0 ).

(d )  E n v i r o G a r d ™ B e n o m y l  P la t e  K i t s .— 9 6 -w ell m ic ro tite r 
p la te  c o a ted  w ith  M B C  a n tib o d ies  an d  e n zy m e  co n ju g a te  
(h o rse rad ish  p e ro x id a se  b o u n d  to  M B C ) to g e th e r w ith  h y d ro 
g e n  p e ro x id e  as su b s tra te  an d  te tram e th y lb e n z id in e  as c h ro m o 
g en  (M illip o re ).

T u b e  I m m u n o a s s a y  o f  M B C

P re p a re  M B C  sta n d ard s  as d e sc rib e d  in (e )(2 ). F o r  sam p les, 
re m o v e  0.1 m L  w in e  a n d  e v ap o ra te  to  d ry n ess  u n d e r  n itrogen . 
A d d  1 m L  d ilu tin g  so lv e n t d e sc rib e d  in (d ) a n d  so n icate .

A n a ly ze  s tan d ard s an d  sam p le s  b y  a d d in g  160 p L  to  c o a ted  
tu b es  o f  tube  k it, fo llo w ed  by  160 p L  e n zy m e  c o n ju g a te  (u p  to  
8  sam p le s  w ith  2  c o n tro ls  can  b e  p re p a re d  s im u lta n eo u s ly ). In 
c u b a te  tu b es fo r  10 m in  a t ro o m  tem p era tu re . R in se  tu b e s  w ith  
w a te r  to  re m o v e  u n re ac te d  sam p le  an d  e n z y m e  c o n ju g a te . A d d  
3 2 0  p L  su b s tra te -c h ro m o g e n  m ix tu re  (1 +  1). In c u b a te  tu b es  
fo r  10 m in ; th en  add  1 d ro p  2 .5 N  su lfu ric  a c id  (s to p  so lu tio n ) 
to  s to p  reac tio n ; c o lo r  c h a r  g e s  fro m  b lu e  to  ye llow .

M e a su re  in ten sity  o f  y e llo w  so lu tio n s  b y  re ad in g  tu b es  a t 
4 5 0  nm . A lte rn a tiv e ly , u se  c o n v en tio n a l sp e c tro p h o to m e te r  se t 
a t 4 5 0  nm . R u n  2  co n tro l tu b es  (o n e  a t b eg in n in g  a n d  o th e r  at 
en d ) w ith  e ac h  se t o f  8  sam p le s to  c a lcu la te  % B 0  v a lu e s  o f  
s tan d ard s  an d  sam p le s  (1 0 0  x  a b so rb an c e  a t 4 5 0  n m  o f  s ta n d 
ard  o r  sa m p le /av e rag e  ab so rb an ce  a t 4 5 0  n m  o f  n e g a tiv e  c o n 
tro l c o m p rise d  o f  0.1 m L  e v ap o ra te d  o rg an ic  w in e /m L  d ilu tin g  
so lv en t, [d ]). U se  a v e ra g e  v a lu e  fo r  n e g a tiv e  co n tro l. R u n  
stan d ard  c u rv e  b e fo re  sam p le s a n d  a g a in  a f te r  la s t sam p les. 
(T im e  d iffe ren ce  fro m  b e g in n in g  sa m p le s  to  e n d  m ay  ra n g e  
fro m  10 to  1 h. A lth o u g h  th is  p ro ced u re  is n o t s ta n d a rd  p rac tice , 
w e  h a v e  sh o w n  th a t it is e ffec tiv e  a n d  sav es tim e  a n d  m o n ey .) 
U se  av erag e  o f  b o th  s ta n d a rd  ru n s to  q u a n tita te  M B C  in  sa m 
p les . P rep a re  s tan d ard  cu rv e  a n d  u se  it to  c a lcu la te  u n k n o w n s . 
U se  sem ilo g  (3 -cy c le ) to  p lo t c u rv e , w h e re  y -ax is  is  % B 0  and  
x -ax is  is M B C  co n ce n tra tio n  o n  lo g  scale .

P la te  I m m u n o a s s a y  o f  M B C

P rep a re  M B C  s tan d ard s  as d e sc rib e d  in  (f)(2 ). F o r  sam p les, 
ad d  9 .9  m L  R O  w a te r  to  0.1 m L  w in e . A  fu r th e r  1 0 -fo ld  d ilu 
tio n  in  R O  w a te r  m ay  be  n eed ed .

A n a ly ze  s tan d ard s  an d  sam p le  b y  a d d in g  80  p L  to  e a c h  w ell 
o f  p la te  k it (d ) , fo llo w ed  b y  8 0  p L  e n z y m e  c o n ju g a te  (a  to ta l o f  
< 9 6  sam p le s, s tan d ard s , an d  c o n tro ls  c an  be  ru n  s im u lta n e 
o u sly ). In cu b a te  p la te  fo r  6 0  m in  a t ro o m  tem p e ra tu re . R in se  
p la te  4  tim e s  w ith  w a te r  to  re m o v e  u n re ac te d  sa m p le  a n d  e n 
z y m e  co n ju g a te . A d d  160 p L  su b s tra te -c h ro m o g e n  m ix tu re  (1 
+  1). In c u b a te  p la te  fo r  30  m in ; th en  ad d  1 d ro p  2 .5 N  su lfu ric  
ac id  to  e ac h  w ell to  s to p  re ac tio n  (c o lo r c h an g e s  fro m  b lu e  
to  y e llo w ).

M e a su re  in ten sity  o f  y e llo w  so lu tio n s  b y  re ad in g  p la te  at 
4 5 0  n m  in M illip o re  M ic ro w e ll S trip  R e a d e r  o r  fu ll p la te  
reader. C a lc u la te  % B 0  v a lu es o f  s tan d ard s an d  sa m p le s  (1 0 0  x  
ab so rb an c e  a t 4 5 0  n m  o f  s tan d ard  o r  sa m p le /av e rag e  a b so r
b a n ce  a t 4 5 0  n m  o f  n eg a tiv e  co n tro l c o m p rise d  o f  R O  w a te r). 
U se  a v e ra g e  v a lu e s  o f  s tan d ard s  to  p re p a re  s ta n d a rd  c u rv e  fo r  
c a lcu la tin g  sam p le s. P rep a re  s tan d ard  cu rv e  an d  c a lcu la te  
M B C  c o n ce n tra tio n  in sa m p le s  as d e sc rib e d  fo r tube  assay .

L C  D e te rm in a tio n  o f  M B C

A d d  5 m L  w in e  to  50  m L  co n ica l p o ly p ro p y le n e  c e n tr ifu g e  
tu b e  fo llo w e d  b y  2 0  m L  e x tra c tio n  so lv en t (i) a n d  2 0  m L  
m e th y len e  c h lo rid e . S h a k e  tu b e  v ig o ro u sly  fo r  5 m in  in  w ris t 
shaker. C e n trifu g e  fo r  3 m in  a t 5 0 0 0  x  g . R e m o v e  b o tto m  lay e r  
(m eth y len e  ch lo rid e ) in to  2 0  m L  sc in tilla tio n  v ia l c o n ta in in g  
0 .5  g  so d iu m  su lfa te . D iy  10 m L  a liq u o t o f  m e th y len e  c h lo rid e  
u n d e r  n itro g en . D isso lv e  re s id u e  in  1 m L  m o b ile  p h ase  (h )  an d  
tran sfe r  to  1.5 m L  p o ly p ro p y le n e  c en trifu g e  tu b e . C e n trifu g e  
5 m in  a t 10 0 0 0  x  g .  In jec t 5 p L  sam p le , u s in g  L C  co n d itio n s



Bushway Et Al .: Journal Of AOAC International Vol. 76, No. 4,1993 853

Figure 1. Typical standard curve for MBC tube EIA in 
organic wine.

d e sc rib e d  in  A p p a r a t u s  (a )  a n d  (b) an d  R e a g e n ts  a n d  S t a n d 

a r d s  (h).

Results and Discussion

T h e  ty p ica l s tan d ard  c u rv e  fo r  M B C  (F ig u re  1) sh o w s a  lin 

e a r  re la tio n sh ip  b e tw e e n  th e  lo g a rith m  o f  the  M B C  c o n c e n tra 
tio n  (0 .4 -2 6  p p b  M B C ) a n d  th e  c o rre sp o n d in g  % B 0  v a lu es a t 

4 5 0  nm . S am p les w ith  a  co n ce n tra tio n  > 2 6  n g /m L  ( in d ica ted  

by  % B 0  < 1 3 ) a re  s im p ly  d ilu ted .
F o o d  m atrix  e ffec ts  are  q u ite  co m m o n  in im m u n o a ssa y  (9), 

an d  w in e  is no  ex cep tio n . T o h e lp  p re v en t su ch  effec ts , 0.1 m L  

w in e  sa m p le s  w e re  e v ap o ra te d  u n d e r  n itro g e n  a n d  d ilu ted  to  
v o lu m e  w ith  1 m L  d ilu tin g  so lv en t (d). In  ad d itio n  to  re d u c in g  

th e  m atrix  e ffec t, the  m ilk  so lu tio n  h e lp e d  to  m a in ta in  the  p H  

at n eu tra lity  (w in e  is a c id ic )  an d  a lso  in c reased  th e  so lu b ility  o f  

the  M B C . C o n tro l sa m p le s  sh o u ld  co n ta in  0.1 m L  ev ap o ra te d  

o rg an ic  w in e /m L  m ilk  an d  m o b ile  p h a se  so lu tio n . It is e asy  to  
f in d  o rg an ic  w ine , b u t it sh o u ld  be  te s ted  by  L C  b e fo re  use.

T h e  lim it o f  q u a n tita tio n  fo r e v ap o ra te d  w in e  sam p le s  b y  the  

tu b e  assay  w a s  5 p p b , d e te rm in e d  by  u s in g  th e  p ro c ed u re  d e 
v e lo p e d  in  1980 by  a c o m m itte e  o f  en v iro n m en ta l ch em ists

(10). T h e  lim it o f  q u a n tita tio n  fo r  th e  p la te  a ssay  w as 5 0  ppb .
F u rth e r  s tu d ies  w ith  the  tu b e  im m u n o a ssa y  sh o w ed  th a t i f  a 

le sse r  d e g ree  o f  a cc u rac y  is accep tab le , th e  w in e  can  b e  ad d ed  
d irec tly  to  sk im  m ilk  (0.1 m L  w in e /0 .9  m L  m ilk ) an d  a n a ly ze d  

d irectly . F a ilu re  to  e v ap o ra te  th e  w in e  g iv es  less a ccu ra te  re 
su lts  (d e te rm in e d  fro m  a  sp ik in g  s tu d y  u sin g  n o n e v ap o ra te d  
a n d  e v ap o ra te d  w in e ), y ie ld in g  a  h ig h  b ias  o f  ap p ro x im ate ly
6 -3 7 %  in th e  M B C  co n ce n tra tio n  o f  w in e s  d e p en d in g  upon  the 

co m p o s itio n  o f  the  w in e . T h e  m ajo r d iffe re n ce s  in M B C  c o n 
c en tra tio n s  b e tw e e n  th e  n o n e v ap o ra te d  a n d  e v ap o ra te d  w in es 
w e re  e n co u n te re d  at the  f irs t (1  +  10) d ilu tio n , b e ca u se  th e  m a

trix  e ffec t w ill be  g rea tes t a t th is leve l. E th a n o l co n trib u tes  to  
the  m atrix  e ffec t; co n seq u en tly , the  ev ap o ra tio n  step  is b e n e fi

c ia l. H o w ev e r, o th e r  u n id en tif ie d  c o m p o n e n ts  add  to  th e  m atrix  

e ffect. P re lim in ary  re su lts  in d ic a te  th a t a n th o c y an in s  m ay  be 
so m e o f  th e  u n id en tif ied  c o m p o n en ts .

A s w ith  an y  an a ly tica l tech n iq u e , p rec is io n  w ith in  and  b e 

tw een  d ay s is c ru cia l. R e p ro d u c ib ility  re su lts  fo r  th e  M B C  tube  
im m u n o assay  fo r s ta n d a rd s  a n d  w in e  are  p re sen te d  in  T a

b les  1 -3 . T ab le  1 sh o w s th e  c o n sis ten c y  d a ta  o b ta in e d  from

Table 1. Reproduciblity of the MBC tube immunoassay 
for standards prepared in skim milk containing 10% LC 
mobile phase

MBC standard, ppb
CV, %

(intra-assay)3
CV, %

(interassay)b

0.4 2.4 2.6
0.8 5.7 4.8
1.6 7.1 7.6
3.2 7.6 8.1
6.4 11 8.3

13 13 12
26 12 15

a Percent coefficients of variation based on 6 determinations in 
1 day.

6 Percent coefficients of variation based on 21 determinations 
performed on 21 different days.

an a ly z in g  M B C  stan d ard s fo rtif ied  w ith  0.1 m L  e v ap o ra te d  red  

and  w h ite  o rg an ic  w in e . In tra - an d  in te rassay  % C V s ra n g ed  

fro m  2 .4  to  15, w ith  m o st C V s < 1 0 . In  fac t, th e  in te ras sa y  study  

w as co n d u c ted  o v e r  an  e n tire  y e a r  w ith  sev e ra l d iffe ren t lo ts o f  

tu b e  im m u n o assay  kits.
M B C  w as d e te rm in e d  by  tube  E IA  in a  w id e  v a rie ty  o f  13 

c o m m erc ia l w ines, w ith  M B C  c o n ce n tra tio n s  v a ry in g  fro m  6.3 

to  9 3 0  ppb . T h e  re su lts  o f  in tra - and  in te rassay  s tu d y  a re  g iv en  

in  T ab le  2 fo r the  ev ap o ra tio n  p ro cess . M o s t % C V s w e re  < 15  

(ran g e  7.4—23). T h e  in tra - and  in te rassay  % C V s fo r  th is m e th o d  

are  v e ry  co m p arab le .
R ep ro d u c ib ility  a t th e  in te rassay  lev e l o f  th e  n o n e v ap o ra 

tion  p ro cess  w a s  a lso  s tu d ied  fo r  6  c o m m e rc ia l w in es. T he 

% C V s ra n g ed  fro m  6 .9  to  23  (T ab le  3). T h ese  6  w in e s  co rre 

sp o n d  to  w in es  fro m  T able  2 . B y co m p a rin g  th e  in te ra s sa y  re-

Table 2. Reproducibility of the MBC tube immunoassay 
for evaporated wine samples

cv, % cv, %
Wine MBC, ppb (intra-assay)3 (interassay)b

Blueberry No. 1 14 16 20

White No. 1 32 9.4 15

Apple 59 11 11

Apple-blueberry 217 7.4 12

White No. 2 155 15 16

Red No. 1 219 12 13

Red No. 2 927 13 8.3

White No. 3 102 21 20

Red No. 4 172 13 9.3

Red No. 5 15 10 7.8

Red No. 6 8.4 10 14

Red No. 7 5.0 21 23

Blueberry No. 2 930 15 8.0

a Percent coefficients of variation based on 6 determinations in 
1 day except for results marked with asterisk, which are based on 
5 determinations.

6 Percent coefficients of variation based on 6 determinations 
performed on 6 different days.
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Table 3. Reproducibility of the MBC tube immunoassay 
for wine samples not evaporated3

cv, %
Wine MBC, ppb (interassay)

Red No. 4 190 6.9
White No. 3 129 11

Red No. 2 983 18

Red No. 5 24 22

Red No. 7 7.3 23

Red No. 6 11 14

a Mean and percent coefficients of variation are based on 6 
determinations performed on 6 different days.

su its , th e  p rec is io n  seem s to  be  s im ila r  re g ard less  o f  w h e th e r 

sa m p le s  a re  e v ap o ra te d  b e fo re  ana ly sis . H o w ev e r, as m e n 

tio n e d  earlie r, th e  w in e  sa m p le s  in  T ab le  3 h a v e  h ig h e r M B C  
c o n ce n tra tio n s  th an  th o se  in  T ab le  2. A s d isc u sse d  earlie r, there  

is a  m atrix  e ffec t w ith  n o n ev ap o ra tio n , e sp e c ia lly  a t th e  firs t (1 

+  10) d ilu tio n .
R e co v e ry  s tu d ies  w e re  a lso  p e rfo rm e d  on  e v ap o ra te d  sp ik ed  

o rg an ic  w in es. R esu lts  a re  g iv en  in  T ab le  4. S p ik in g  lev e ls  va r

ied  fro m  10  to  10  0 0 0  p p b , a n d  re co v e rie s  ra n g ed  fro m  81 to  
105%  (m ean  re co v e rie s  fo r red  an d  w h ite  w in es  w e re  th e  sam e, 

9 3 % ). T h u s , th e  a cc u rac y  w as  accep tab le . R e p ro d u c ib ility  w as 

a lso  a d eq u a te  in th is study. P e rc en t C V s ra n g ed  fro m  4  to  16, 

w ith  a ll bu t o n e  < 13 .
C ro ss-rea c tiv ity  o f  th e  b en o m y l a n tib o d y  (9) v a rie s  w ith  

o th e r  b e n z im id a zo le  and  th io p h a n a te -ty p e  fu n g ic id es ; M B C  

h as th e  sam e re ac tiv ity  as b e n o m y l. T h ia b en d a z o le  is su ffi

c ie n tly  re ac tiv e  to  be  d e te c te d  a t re s id u e  lev e ls , b u t w e  hav e  

n e v e r  seen  it in  w in e , a lth o u g h  o u r  L C  m e th o d  w ill q u a n tita te  

th ia b e n d az o le  a t th e  low  p p b  level.

Table 4. Accuracy of MBC tube immunoassay for red 
and white wine samples evaporated

MBC added, ppb
MBC

found, ppb
Mean
rec., % CV, %

10 10 100a 13a
20 18 90 13

100 86 86 4.0
500 527 105 7.0

2000 1864 93 7.0
10000 8080 81 8.0

10 8.7 87b 16b
20 19 CD cn 13'

100 97 97 10
500 420 84' 5.5'

2000 1860 93 11
10000 10400 104 8.6

a Red wine series of means and percent coefficients of variation are 
based on 5 determinations.

b White wine series of means and percent coefficients of variation 
are based on 5 determinations except samples marked with 
asterisk are based on 4 determinations.

ppb by LC

Figure 2. Correlation between MBC concentrations as 
determined by tube EIA and LC in wine.

A  co rre la tio n  s tu d y  b e tw ee n  th e  tu b e  E IA  and  L C  w as p e r

fo rm ed  on  134 w in e  sam p les. N in e ty -e ig h t sam p le s  w e re  p o s i

tiv e  fo r  M B C  by  b o th  m eth o d s, w ith  a  c o rre la tio n  c o effic ien t 

o f  0 .9 8 6  (F ig u re  2 ) (y =  1.23 x - 9 .5 8 ) .  T h is  a g re e m e n t is a c 

c ep tab le , e sp e c ia lly  co n s id e rin g  th e  n u m b er an d  v a rie ty  o f  

w in es  an a ly ze d  an d  the  w ide  ra n g e  o f  M B C  lev e ls fo u n d  ( 1 0 -  

1329 ppb). F u rth e rm o re , the d a ta  fo r  th is s tu d y  w e re  c o lle c te d  

o v e r  a  year. T h e  M B C  c o n ce n tra tio n s  o f  the  o th e r  3 6  sa m p le s  

e ith e r  w e re  n o t d e tec tab le  b y  e ith e r m e th o d  o r w e re  b e lo w  the  

d e te c tio n  lim it o f  10 p p b  fo r  th e  L C .
R esu lts  fo r  all 134 w in e  sam p les a re  g iv en  in  T ab le  5. W in e  

w as  a n a ly ze d  fro m  8  co u n tries ; th e  la rg es t n u m b ers  o f  sa m p le s  

w e re  fro m  S w itz e rlan d  and  th e  U n ited  S ta tes . S e v e n ty -fo u r  

w e re  re d  w in es , 41 w ere  w h ite , an d  19 w e re  c o m p rise d  o f  a p 

p le , b lu eb erry , ap p le -b lu eb e rry , an d  s traw berry . O f  th e  7 4  red  

w in es, 7 3 %  c o n ta in ed  d e te c ta b le  M B C  c o n ce n tra tio n s  by  b o th  

p ro ced u re s ; 6 8 %  o f  th e  w h ite  w in es  w e re  p o sitiv e  b y  b o th  E IA  
an d  L C .

A  m in i-s tu d y  b e tw ee n  th e  p la te  a ssay  an d  th e  tu b e  a ssa y  w a s  

c o n d u c ted  w ith  11 w in es. T h e  re su lts  a re  sh o w n  in T ab le  6 . O f  

th ese  11 sam p les, 9  w ere  p o sitiv e  fo r  M B C  by  the  tube  assay  

an d  8  by  the  p la te  E IA . T h e  p la te  tes t d o e s  n o t d e te c t M B C  

b e lo w  5 0  p p b  b ecau se  o f  m atrix  e ffec ts ; th e re fo re , 1 sam p le  

w as  b e lo w  its d e te c tio n  lim it. H o w ev er, the  c o rre la tio n  w as 

0 .9 3 8  (y  =  0 .9 4 3  x  127) fo r the  8  sam p le s  th a t w e re  d e m o n -
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Table 5. Comparison of tube immunoassay and LC for the determination of MBC in winea

MBC MBC

Type of wine Country Immunoassay LC Type of wine Country Immunoassay LC

1R Switzerland ND ND 56 R Switzerland 5 ND

2R Switzerland 6.4 ND 57 R Switzerland ND ND

3W Switzerland ND ND 58 R Switzerland 167 144

4R Switzerland 5.0 ND 59 R Switzerland 94 101

5R Switzerland 12 13 60W Switzerland 275 262

6R Switzerland 18 16 61W Germany ND ND

7R Switzerland 9.0 ND 62W USA ND ND

8R Switzerland ND ND 63W USA ND ND

9R Switzerland 163 180 64 R France ND ND

10R Switzerland 140 170 65 R France ND ND

11R France ND ND 66W USA ND ND

12W Chile 45 89 67BA USA 15 17

13R France 45 81 68W USA 33 36
14R France 36 53 69A USA 55 47

15W USA 5.4 ND 70AB USA 140 137

16W Switzerland 55 62 71R Switzerland 240 381
17R Switzerland 203 201 72R Switzerland 270 367

18R Switzerland 12 12 73R Switzerland 170 171
19R Switzerland 17 13 74R Switzerland 6.8 ND

20W Switzerland 440 483 75R Switzerland 7.8 24

21R Switzerland 57 62 76 W Switzerland 175 220
22R Switzerland 203 235 77W Switzerland 130 149

23W Switzerland 300 320 78R Switzerland 390 539
24W Switzerland 130 115 79R Switzerland 15 ND

25W Switzerland 215 285 80 R Switzerland 12 37

26W USA 12 10 81R France 110 85
27W Germany 6.4 24 82 R France 140 122
28W USA 15 22 83W Australia 8.0 ND
29R USA ND ND 84W Italy ND ND
30W Germany ND ND 85W Germany ND ND

31W Switzerland 105 67 86W France 14 IF

32 R Switzerland 85 108 87W France 42 38

33R Switzerland ND ND 88W USA 42 47

34 R Switzerland 195 512 89W USA 34 50

35R Switzerland ND ND 90W USA 10 11

36 R Switzerland 215 241 91R Switzerland 75 96

37 R Switzerland 270 421 92 R Switzerland 14 10

38R Switzerland ND ND 93R Switzerland 15 10

39 R Switzerland 927 888 94R Switzerland 95 172

40 R Switzerland 590 594 95W Switzerland 170 170

41W USA ND ND 96R Switzerland ND ND

42S USA ND ND 97R Switzerland 925 1329

43W Spain 170 157 98 R Switzerland 100 93

44W USA 6.0 ND 99W Switzerland 105 90

45 B USA ND ND 100R Switzerland 35 39

46 R Italy 50 63 101W USA 15 22

47R France 21 20 102A USA 880 1100

48 R France 15 20 103A USA 940 1100

49W USA 36 19 104A USA 980 1114

50W USA 10 11 105A USA 930 1114

51R Switzerland 975 1284 106A USA 980 1114

52W Switzerland 1200 1329 107A USA 980 1222

53R Switzerland 1005 1222 108B USA 880 1114

54R Switzerland 625 758 109B USA 870 1118

55 R Switzerland 305 357 110B USA 930 1270
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Table 5. (C o n tin u e d )

Type of wine Country

MBC

Immunoassay LC

111R Switzerland 350 303
112R Switzerland 725 600

113R Switzerland 6.8 ND

114R Switzerland 280 232

115R Switzerland 6.3 28

116R Switzerland 5.0 ND

117R Switzerland 102 101

118R Switzerland 470 732

119W Switzerland 440 390
120W Switzerland 78 74

121B USA 930 1270

122B USA 930 1270

123B USA 930 1270

124B USA 45 61

125R USA 19 21

126B USA 28 22

127W USA 42 47

128R Switzerland 31 25

129R Switzerland 201 222

130R Switzerland 500 757

131R Switzerland 335 454

132R Switzerland 1005 1110

133R Switzerland 9.4 ND

134R Switzerland ND ND

a ND = none detected at a detection limit of 5 ppb for immunoassay 
and 10 ppb for LC; IF = none detected because of interference; R 
= red wine: W = white wine; A = apple wine; BA = apple-blueberry 
wine; B = blueberry wine; and S = strawberry wine.

s t a t e d  to  c o n ta in  M B C  by  b o th  E IA s. T h e  p la te  im m u n o assay  
a llo w s fo r  a  g re a te r  n u m b er o f  sam p le s  to  b e  a n a ly zed .

F o r  d e te rm in in g  M B C  in  w in e , th e  im m u n o a ssa y  m eth o d  is 
a d e q u a te  e ith e r a s  a  sc ree n in g  p ro c ed u re  o r  fo r  q u an tita tio n . 
T h e  n o n e v ap o ra tio n  m eth o d  sh o u ld  be  u sed  fo r  sc reen in g , b e 
c au se  it is fa s t b u t less  accu ra te . H o w ev e r, fo r  q u a n tita tio n  by  
E IA , th e  ev ap o ra tio n  step  m u st be  u se d  to  o b ta in  th e  accu racy  
n eed ed . T h e re fo re , im m u n o assay , a  very  re p ro d u c ib le , rap id , 
a n d  in ex p e n siv e  tec h n iq u e , c o u ld  be  u sed  as a  co n firm a tio n  
tech n iq u e  fo r  M B C  o r  fo r  a  m o re  p re c ise  m e th o d  o f  co lle c tin g  
d ie ta ry  M B C  d a ta  fo r  r isk  a sse ssm e n t stu d ies .

Table 6. Comparison of the plate and tube 
immunoassay for MBC determination in wine3

Wine sample

MBC, ppb

Tube immunoassay Plate immunoassay

1R ND ND

2R 540 595

3R 975 1056
4R 1200 1042

5R 1005 1227

6W 275 311
7W 390 489

8R 12 ND

9R ND ND

10R 925 1131

11R 500 648

a ND = none detected at a detection limit of 5 ppb for the tube assay 
and 50 ppb for the plate assay; R = red wine; W = white wine.
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

Optimization of Experimental Conditions for the Supercritical 
Carbon Dioxide Extraction of Pesticide Residues from Grains

Jerry W. K ing, M arvin L . H opper1, R onald G. L uchtefeld1, Scott L . T aylor, and W illiam L . O rton

U.S. Departm ent o f  Agriculture, Agricultural Research Service, National Center for Agricultural U tilization Research, Food
Quality and Safety Research Unit, 1815 N. University St, Peoria, IL 61604

The efficiency of a supercritical carbon dioxide ex
traction system was investigated for the extraction 
at different pressures and temperatures of fortified 
grain samples containing organochlorine, organo- 
phosphorus, and organonitrogen pesticides from 
grain matrixes. The extractor unit was constructed 
using a gas booster pump and a Florisil sorbent 
trap for extracting and isolating the residues of in
terest. Using 20 g samples, extractions were per
formed between 40° and 8(FC with pressures from 
2000 to 10 000 psig. In most cases, pesticide recov
eries exceeding 80% were recorded over the above 
range of temperature and pressure. Excellent re
coveries and precision were recorded for an in
curred methyl chlorpyrifos residue at the 
0.043 ppm level. An improved liquid chroma
tographic assay was also developed for the analy
sis of carbofuran in grain samples.

T he analysis o f pesticide residues in grains intended for 
human consumption (1) or in the production of fermen
tation-derived chemicals (2) is o f increasing importance 

because of tolerance and revised-action levels developed by 
regulatory agencies. In addition, regulatory agencies (3) are in
creasing scrutiny of traditional pesticide sample workup and 
analysis methodologies because o f the disposal problems and 
environmental impact o f the organic solvents used in such 
methods. Supercritical fluid extraction (SFE) is a viable alter
native to traditional organic solvent-based methods used in the 
analysis o f pesticide residues (4—6).

Several researchers (7-9) demonstrated the efficacy o f SFE 
of selected pesticides from grain and crop matrixes. However,

Received October 1, 1992. Accepted December 24, 1992.
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1 U.S. Food and Drag Administration, Total Diet Research Center,
11630 W. 80th St, Lenexa, KS 66214.

optimal extraction conditions applicable to many types of pes
ticides need to be identified so that the extraction procedure can 
be used as a multiresidue analysis screening method.

Theoretical schemes were applied by several investigators 
(10, 11) in an attempt to optimize extraction conditions for 
SFE. Currently, the most effective way to optimize the extrac
tion step for multiresidue analysis is to run a series o f experi
ments that carefully delineate factors contributing to optimum 
pesticide recoveries. The present study was undertaken to de
fine optimum conditions for the extraction of several classes of 
pesticides commonly found in wheat, including methoxychlor, 
chlorpyrifos, dieldrin, malathion, pirimiphos-methyl, di- 
methoate, parathion-methyl, and carbofuran.

Samples obtained from the Federal Grain Inspection Serv
ice (FGIS) were fortified at 2 spiking levels (5.0 and 0.1 ppm) 
and extracted by using supercritical carbon dioxide (S C -C 02) 
at combinations of 3 different pressures and temperatures. The 
extracted analytes were collected after decompression of SC- 
C 0 2 on a sorbent-filled tube containing Florisil. Conventional 
elution solvents (12) were applied to desorb the pesticides from 
the sorbent cartridge before additional sample cleanup and/or 
direct analysis by gas chromatography (GC) or liquid chroma
tography (LC).

Experimental

Apparatus and Reagents

The extraction apparatus was similar in construction and 
operating principle to a previously described device (13). 
Modifications consisted o f the insertion o f an alumina cleanup 
column to purify the extraction fluid before the compressor, the 
placement o f the extractor vessel in a Bendix 2600 GC oven, 
and the installation of Florisil-filled trap after the micrometer
ing valve (Figure 1). One of 2 gas booster compressors were 
used depending on the desired extraction pressure.

(a) Compressors.— Models AGT-62/152 or AGC-30 
(Haskel Engineering Corp., Burbank, CA) were used to gener
ate the C 0 2 pressure required for the extractions. The Model 
AGC-30 was used for the extractions at 2000 psi, because it 
provided better pressure control in this region.

(b) Alumina cleanup column.— A column for cleaning up 
the extraction fluid was constructed from 316 SS tubing (Part 
No. 15-009, Autoclave Engineers, Erie, PA), pressure rated to



858 King Et Al.: Journal Of AOAC International Vol. 76, No. 4,1993

Figure 1. Supercritical fluid extraction apparatus with sorbent trap option: TP = tank pressure, RD = rupture disk, CF 
= check valve and filter, PG = pressure gauge, SV = switching valves, TC = thermocouple, MV = micrometering valve, 
and GT = gas totalizer.

76 MPa ( 11 000 psi) at room temperature, with dimensions of 
56 x  1.75 cm id, filled with Alumina C held in place by glass 
wool plugs.

(c) Florisil trap.— A 316 SS column, 3 0 .4 x 0 .9 5  cm id, 
containing activated Florisil held in place by glass wool plugs 
was used as the pesticide trap.

(d) Concentrator system .— A miniature concentrator sys
tem consisting o f a distilling trap adapter (No. 5226, Ace Glass, 
Inc., Vineland, NJ) and a micro evaporative concentrator (No. 
6709, Ace Glass, Inc.) was constructed.

(e) Gel permeation chromatograph.— A gel permeation 
chromatographic (GPC) system, Auto-Prep 1002B (ABC 
Laboratories, Inc., Columbia, MO), equipped with a 30 x
2.5 cm id column (ABC Laboratories) slurry packed with 33 g 
Bio-Beads SX-3 resin (200-400 mesh, Bio-Rad Laboratories, 
Richmond, CA) and compressed to a bed length of ca 20 cm, 
was used for further cleanup of the extracted fractions. The elu
tion solvent was methylene chloride-hexane (50 + 50, v/v) 
pumped at a flow rate o f 5.0 mL/min at an operating pressure 
range o f 8 to 11 psig. The GPC system was set up to execute a 
12 min dump, 16 min collect, and 0 min wash cycle. The sam
ple loading filter consisted o f a 5.0 pm  prepdisc membrane fil
ter (Bio-Rad).

(f) Gas chromatograph 1.— A Varian Model 3600 GC sys
tem, equipped with an Ni-63 electron capture detection (ECD) 
system, a flame photometric detection (FPD) system using a 
phosphorus-specific filter (526 nm), a septum-equipped pro
grammable injector (SPI), a packed-column injector, and an 
8100 autosampler, was used for the analysis o f specific pesti
cides. The packed-column injector was modified for the direct 
flash vaporization injection onto a wide-bore fused silica col

umn as previously described (14). A  2 m x  0.53 mm id, presi- 
lanized, uncoated fused silica retention gap (No. 1602535, 
J&W  Scientific, Inc., Folsom, CA) was connected to the modi
fied inlet through a universal glass connector (No. 2-0479, Su- 
pelco, Inc., Bellefonte, PA) to a 15 m x  0.53 mm id, 
l.O pm /m in film thickness. DB-17 fused silica column (No. 
125-1712, J&W  Scientific, Inc). A 10 m x0 .5 3  mm id, 1.0 pm  
film thickness, DB-1301 fused silica column (No. 125-1312, 
J&W  Scientific, Inc.) was connected to a DB-17 column 
through a universal glass connector and then to a makeup gas 
fitting (No. 103462, Scientific Glass Engineering, Austin, TX) 
for connection to the FPD sy stem. A 2 m retention gap was then 
connected to the SPI inlet and connected to a universal glass 
connector that was fastened to a 15 m x  0.53 mm id, 1.5 pm  
film thickness, DB-5 fused silica column (No. 125-5012, J&W  
Scientific. Inc.). The DB-5 column was then connected to the 
makeup gas fitting for the ECD system. Flow rates o f ca 10 and 
15 mL/min o f helium, respectively, were used for the DB-5 and 
DB-17+DB-1301 columns A  makeup gas flow rate o f 
15 mL/min nitrogen was used for each detector. The following 
temperature parameters were used for ECD in M ethod 1: SPI 
inlet, initial 60°C with 0 min hold, programmed at 275X /m in 
to 240 C  final temperature with 15 min hold; ECD system, 
300X1; column, 100°C with 1 min hold, programmed at 
lO X /m in to 250'C  final temperature with 6 min hold. The fol
lowing temperature parameters were used for FPD in M ethod 
2; inlet, 220X ; FPD system, 300°C; column, 150°C with 1 min 
hold, programmed at 5 X /m in  to 200°C final temperature with 
5 min hold.

(g) Gas chromatograph 2 .— A Tracor Model 540 GLC 
equipped with a Hall electrolytic conductivity detector
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Figure 2. LC apparatus for carbofuran determination.

(HECD) was also used for pesticide analysis after SFE. A 2 m 
x  0.53 mm retention gap was connected to the modified 
packed column inlet as noted above and then through a univer
sal glass connector to a 30 m  x 0.53 mm id, 1.5 pm  film thick
ness, DB-1 fused silica column (No. 125-1012, J&W  Scien
tific, Inc.). The DB-1 column was connected to the HECD 
without makeup gas. Hydrogen was used as the carrier gas at a 
flow rate of ca 30 mL/min. Reaction gas flow rate for the fur
nace was 50 mL/min hydrogen. Solvent flow rate for the cell 
was 0.4 mL/min «-propanol. The following temperature pro
gramming parameters were used: inlet, 22043; detector base, 
260°C; column, 20043; furnace, 900°C.

(h) Liquid chromatograph.— The basic schematic for the 
LC system used for the analysis o f carbofuran in the extracts is 
shown in Figure 2. This is a modification o f a previously de
scribed system (15) consisting of an injector, guard column, 
column, and column oven. Specific chromatographic parame
ters used are as follows: an Adsorbosphere C-8 column packed 
with 5 pm packing in a 150 x 4.6 mm cartridge, along with a 
Adsorbosphere C-8 guard column. Injections were 15 pL  into 
an acetonitrile-water (40 + 60) mobile phase pumped through 
the column at a flow rate o f 1.0 mL/min. The column tempera
ture was 40X3.

The postcolumn photolysis unit consisted o f a Model 80- 
1178-01 BHK Lamp, 17 c m x 9  mm (BHK, Inc., Pomona, 
CA), with a Model 90-001-01 power supply (BHK Inc.). The 
Teflon sleeve surrounding the photodegradation lamp was pre
pared by weaving 3.7 m x 0.5 mm id x 1/16 in. od Teflon tub
ing into a 3 dimensional coil. Alternatively, one may purchase 
a 10 ft x 0.5 mm id commercial delay coil (Part No. 5-9206, 
Supelco, Inc., Bellfonte, PA). The coiled Teflon tubing was 
placed over the lamp and connected at one end to the column

outlet and at the other end to the mixing tee, which was a 
10.25 mm id x  1/16 in. od fitting (No. ZT1C, Valeo Instru
ments, Inc., Houston, TX). A low flow rate pump (Model 396- 
31. LDC/Milton Roy, Riviera Beach, FL) was used for the ad
dition o f o-phthalaldehyde-mercaptoethanol (OPA-MERC). 
The reaction coil consisted of 3.0 m x 0.3 mm id. Teflon tubing 
and was made into 3 dimensional coil or purchased as a delay 
coil from Supelco, as noted above. A Shimadzu RF 503 fluo
rescence detector (Shimadzu, Inc., Columbia, MD), or equiva
lent, was used to detect the carbofuran.

(i) Carbon dioxide.— Welding grade C 0 2 (National Weld
ing Supply Co., Bloomington, IL) was used for all o f the ex
tractions. Impurities in the C 0 2 were removed by the use o f an 
in-line trap filled with Alumina C sorbent.

(j) Alumina C.— 1 kg (Part No. 02103-99, Universal Scien
tific Inc., Atlanta, GA) was heated to 23043 for 1 h to achieve 
maximum activity.

(k) Florisil.— A 60/80 mesh fraction o f PR grade Florisil 
(Floridin Co., Berkely Springs, WV) was used for trapping the 
extracted analytes. The sorbent activity was determined as de
scribed in PAM I, Section 121.3.

(l) Solvents.— Pesticide or LC grades o f the following sol
vents were used in this study: ethyl acetate, acetone, hexane, 
methylene chloride, and acetonitrile. Milli-Q reagent grade 
water (Millipore Corp., Bedford, MA) was used throughout the 
experiments.

(m) LC reagents.— Derivatization and detection agents: 
OPA and MERC, reagent grade (Sigma Chemical Co., St. 
Louis, MO). OPA-M ERC reagent was prepared by dissolving 
75-80  mg OPA in 2 mL methanol and then adding this to 
500 mL 0.01M pH 10.5 borate buffer. The solution is then



860 King Et Al.: Journal Of AOAC International Vol. 76, No. 4, 1993

mixed, 0.5 mL MERC is added, and the solution is 
mixed again.

(n) Pesticide standards.— Pesticide standards used in spik
ing the wheat samples were obtained from the U.S. Environ
mental Protection Agency (EPA), Analytical Chemistry Sec
tion, Beltsville, MD, or the U.S. Deptartment of Interior, Fish 
Wildlife Research Center, Chemistry Section, Laurel, MD. 
Analytical standards were prepared using pesticides obtained 
from EPA, Pesticide and Industrial Chemicals Repository, Re
search Triangle Park, NC. All samples and standards were fil
tered with 0.22 pF/m in nylon polypropylene-encased 13 mm 
id filters (Alltech Associates, Inc., Deerfield, IL) before 
LC analysis.

Preparation and Spiking of Grain Samples

Approximately 2500 g of a 5000 g wheat sample was 
ground on a FN 3100 mill equipped with a 1 mm screen. Forty 
50 g samples were then weighed into individual containers for 
pesticide fortification. Spiking solutions for each pesticide 
were prepared by weighing 100 mg of each pesticide in a 
beaker, transferring the pesticide into a 100 mL volumetric 
flask using ethyl acetate, and diluting to the mark to yield a 
stock solution of 1 ug/pL.

The above solution was used to prepare spiked samples at 
the 5 and 0.1 ppm level. For the 5 ppm spikes, a 50 g wheat 
sample was spiked with 250 pL  stock solution using a Hamil
ton No. 1725 gas-tight 250 pL  syringe (Hamilton Co., Reno, 
NV). The open glass bottle was then placed in a hood for 5 -  
6 min until the ethyl acetate was evaporated. The bottle was 
then capped with an aluminum foil-lined cover. For preparing 
the 0.1 ppm spikes, the stock solution was diluted 1:10. A 
50 pL  aliquot o f this solution was sampled using a Hamilton 
No. 805, gas-tight 50 pL  syringe and added to a 50 g wheat 
sample in a glass bottle. The 0.1 ppm spiked wheat samples 
were then placed in a hood for 2 -3  min to let the ethyl acetate 
evaporate. The ground wheat samples were then thoroughly 
mixed after fortification and again when sampling for SFE.

Extraction Procedure

A wheat sample (20 g) was weighed into a 250 mL beaker 
and then poured through a small funnel into the extraction ves
sel that contained a glass wool plug at the bottom. After filling 
the extraction vessel with the wheat sample, another glass wool 
plug was placed on top of the sample after the plug was used to 
remove any additional sample adhering to the walls o f the 
beaker or funnel. The extraction vessel was then assembled and 
placed in the oven (Figure 1). Extraction pressure and tempera
ture were set at the desired values and the C 0 2 flow com
menced. The C 0 2 flow rate was set to ca 5 L/min (decom
pressed flow) as measured under ambient conditions on a dry 
test meter. Approximately 150 L C 0 2 was used to complete the 
extractions at 2000 psi, whereas 100 L C 0 2 was used for the 
5000 and 10 000 psi extractions. The extracted analytes were 
collected on the described Florisil trap after the S C -C 02 was 
decompressed. Acetone (50 mL) was used to elute the ad
sorbed pesticides from the Florisil bed at ambient temperature, 
and this extract was pooled with a 10 mL acetone rinse of the

micrometering valve (MV in Figure 1). Typical extraction 
times were 20-30 min.

Sample Cleanup and Analysis

The 20 g wheat samples fortified at 5 ppm were analyzed by 
diluting the SFE extract to 100 mL in acetone. A 4 mL portion 
of this solution was diluted to 10 mL with acetone. The organo- 
phosphorus pesticides in this solution were quantitated with 
external standards using FPD. The organochlorine pesticides 
were quantitated with external standards using ECD and/or the 
HECD. Chlorinated and oiganophosphate pesticide standards 
diluted from 1.0 mg/mL stock solution in acetone to a final 
concentration of 0.4 pg/mL were used for this purpose.

The 20 g wheat samples fortified at 0.1 ppm were analyzed 
by diluting the SFE extract to 100 mL in acetone. A 50 mL por
tion of this solution was pipetted into a Kudema-Danish evapo
rator (250 mL) with a 10 mL graduated concentrator tip. The 
sample was then evaporated to <5 mL using a Snyder column 
and steam bath. «-Hexane (50 mL) was then added through the 
Snyder column and the eluate was reconcentrated. This sample 
eluate was then concentrated to a small volume (<3 mL) with 
a distilling trap adapter and micro-evaporative concentrator. 
The volume was adjusted to 5 mL with «-hexane, diluted to 
10 mL with methylene chloride, and thoroughly mixed. Then, 
5 mL of each sample was c eancd-up by the GPC method de
scribed by Hopper (16). The sample eluate was transferred to a 
Kudema-Danish (250 mL) with a 4 mL graduated concentrator 
tube and concentrated to a small volume (<3 mL). The eluate 
was further concentrated (< 1 mL) as previously described and 
diluted to a final volume of 2 mL with acetone. The organo- 
phosphorus and organochlorine pesticides were quantitated by 
GC as described in Apparatus and Reagents.

Also, duplicate 20 g wheat samples fortified at 5 and 
0.1 ppm were extracted in duplicate by the conventional 35% 
water-acetonitrile procedure (17). Sample extracts were parti
tioned with 100 mL petroleum ether and the recovered vol
umes were recorded. All sample extracts were then diluted to 
100 mL with petroleum ether. The organophosphorus and or
ganochlorine pesticides contained in the 5 ppm fortifications 
were quantitated, without further dilution, by GC as described 
in Apparatus and Reagents. The sample extracts from the 
0.1 ppm fortifications were analyzed by the procedure as de
scribed in Apparatus and Reagents, except that sample eluates 
were diluted to a final volume of 1 mL in acetone. W heat sam
ple blanks were also analyzed during each procedure to check 
for interfering responses. Methyl chlorpyrifos was found as an 
incurred residue in the wheat at a sub-part-per-million level.

For the determination o f carbofuran by LC, the extract from 
the 5.0 ppm spiked wheat sample was diluted to 100 mL with 
acetone. Two milliliters o f this solution was then pipetted into 
a 5 mL graduated cylinder and evaporated to dryness with ni
trogen at 40^3. The resulting residue was dissolved in acetoni
trile-w ater (1 + 1) and filtered for LC before analysis.

For the 0.1 ppm spiked wheat samples, the extract repre
senting 20 g of SFE-extracted wheat was diluted to 100 mL 
with acetone. A pipet was then used to transfer 25 m L of the 
above solution to a 250 mL Kudema-Danish evaporator. Hex-
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Table 1. Pesticide recoveries (%) at 2000 psi extraction pressure as a function of temperature (150 L CO2)

Spike level, ppm

40^0 60 °C 80°C

A B A B A B

Dim ethoate 5.0 75 76 74 75 32 26

0.1 91 92 82 86 53 63

Methyl parathion 5.0 76 71 78 71 64 65

0.1 103 100 87 89 84 87

Pirim iphos-m ethyl 5.0 93 82 102 93 90 89

0.1 106 102 99 99 93 94

Chlorpyrifos 5.0 95 84 105 97 93 89

0.1 104 97 97 96 95 97

Malathion 5.0 81 78 84 78 74 72

0.1 111 108 103 99 95 94

Dieldrin 5.0 102 89 97 96 93 92

0.1 98 87 84 85 90 90

M ethoxychlor 5.0 104 88 99 94 74 68

0.1 110 90 78 81 75 75

C arbofuran 5.0 82 74 80 81 77 73

0.1 95 90 87 90 85 81

ane (30 mL) was added, and the solution was evaporated on a 
steam bath to 3 mL; an additional 30 mL portion o f hexane was 
added during the evaporation. The cooled liquid was trans
ferred to a 15 mL centrifuge tube and evaporated to dryness 
using a stream of nitrogen at 40°C. Two milliliters acetonitrile- 
water (1 + 1) and 0.5 mL hexane previously saturated with ace
tonitrile-water (1 + 1) were added. The mixture was shaken 30 
s and centrifuged at 1000 rpm for several minutes to clarify the 
layers. The lower aqueous layer was withdrawn and filtered 
before LC analysis.

The apparatus shown in Figure 2 was used to assay the 
wheat sample extracts. Sample chromatograms were compared 
with a chromatogram obtained from the analysis of a standard 
solution of carbofuran. A 1.0 mg/mL carbofuran stock solution 
prepared in methanol was used to prepare 2 working standards:
1 (lg/mL, used to assay the 5 ppm spiked samples, and 
0.25 pg/mL, used to assay the 0.1 ppm fortified wheats.

Results and Discussion

Extractions were performed at 3 different temperatures and
2 fortification levels in the wheat. Experiments were run using 
all possible combinations o f the above variables. Duplicate 
runs were made under each experimental condition, for a total 
o f 36 extractions.

Some experimental optimization was done before the initia
tion of the above extractions. These experiments were mn to 
determine a suitable extraction flow rate, minimize the time of 
extraction, ascertain the effect o f the total volume of extraction

fluid on pesticide recovery, and to determine the required 
amount o f trapping sorbent to avoid breakthrough of the ana
lyte off the sorbent bed. Extraction times of 20-30  min and a 
C 0 2 flow rate o f 5 L/min at all extraction pressures and tem
peratures yielded high analyte recoveries. Experiments using 
dual Florisil traps (5 and 10 g each) aligned in series indicated 
that a single trap filled with 5 g Florisil was adequate to trap the 
pesticides under the above conditions.

Results for SFE of wheat samples at 3 extraction pressures 
are summarized in Tables 1-3. Listed within each table are the 
pesticide recoveries at the 3 designated temperatures: 40, 60, 
and SOT’. Recoveries at both fortification levels are listed side 
by side for comparison. The letters A and B designate percent 
recovety value for each of 2 separate extractions under identi
cal conditions o f the same spiked wheat sample.

The overall extraction results tabulated in Tables 1-3 are 
very encouraging. With the exception of a few extractions, pes
ticide recoveries in most cases were >80%. Tables 1-3 also re
veal that somewhat higher recoveries were achieved when ex
tracting at 5000 and 10 000 psi as opposed to 2000 psi, 
regardless o f the extraction temperature. At the 2000 psi ex
traction pressure, recoveries from the extraction of the 0.1 ppm 
spiked wheats are higher than those obtained from extracting 
the 5.0 ppm fortifications. This trend is not evident at the 5000 
and 10 000 psi extraction conditions.

The agreement between duplicate extractions at the same 
fortification levels under identical extraction conditions was 
good (Tables 1-3). Although not shown with the data in Tables 
1-3, the appearance o f an incurred residue of methyl chlorpyri-
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Table 2. Pesticide recoveries (%) at 5000 psi extraction pressure as a function of temperature (100 L CO2)

Spike level, ppm

4 0 ^ 6033 80 °C

A B A B A B

Dim ethoate 5.0 86 96 84 95 78 94

0.1 88 87 82 101 77 84

Methyl parathion 5.0 97 100 95 104 88 98

0.1 89 89 92 103 91 93

Pirim iphos-m ethyl 5.0 95 100 98 104 92 100

0.1 96 95 101 108 99 100

C hlorpyrifos 5.0 92 102 98 107 98 102

0.1 97 97 105 113 99 101

M alathion 5.0 102 113 104 116 111 109

0.1 93 95 102 109 96 97

Dieldrin 5.0 90 91 91 91 92 98

0.1 95 91 104 104 93 91

M ethoxych lor 5.0 96 99 91 98 96 101

0.1 94 94 85 107 97 103

C arbofuran 5.0 93 99 86 86 93 102

0.1 89 97 97 98 92 95

fos in the wheat allowed an estimate to be made of the repro
ducibility o f the above SFE technique. The level of this in
curred residue was determined 18 times when the 0.1 ppm 
spiked wheat samples were extracted. The average value for 
the incurred residue was 0.040 ± 0.003 ppm, with a relative 
standard deviation of 7.92%. These values are more repre
sentative of the true precision afforded by the SFE technique 
and are excellent considering the sub-parts-per-million level of 
the incurred residue.

SFE results for wheat samples and traditional w ater-ace
tonitrile extraction method (17) results for wheat samples are 
compared by the data in Table 4 and results tabulated in Ta
bles 1-3. The data show that S C -C 02 extraction is equivalent 
to the liquid solvent extraction procedure for the listed pesti
cides. Dimethoate and carbofuran were not recovered using the 
PAM procedure; however, extraction with S C -C 02 yields ex
cellent recoveries for both pesticides at 5000 and 10 000 psi 
and the chosen extraction temperatures. Note that the incurred 
methyl chlorpyrifos residue, determined upon analysis o f the 
0.1 ppm spiked wheats, is in excellent agreement with the re
sults obtained by SFE.

The extractions performed at 2000 psi on 5 ppm spiked 
wheat samples (Table 1) yielded lower recoveries (70-80% ) 
for dimethoate, carbofuran, malathion, and methyl parathion 
with respect to the other 4 pesticides. At 40 and 80°C, pesticide 
recoveries dropped relative to recoveries obtained at 5000 psi 
(Table 2). Dimethoate, in particular, could only be recovered at 
a 29% level at 2000 psi and 80°C. The above trends are not as 
prevalent for the 0.1 ppm spiked wheat samples extracted at

2000 psi; recoveries were above 80% for all o f the pesticides, 
except dimethoate and methoxychlor at 80°C. The reason for 
this subtle difference in pesticide recoveries at the 0.1 and
5.0 ppm levels is not apparent; however, the difference may be 
related to the need for additional C 0 2 or higher pressure to 
enhance the recovery o f the larger amount o f pesticide at the
5.0 ppm level.

Recovery results in Tables 2 and 3 at the 5000 and 10 
000 psi pressure levels are excellent, averaging between 80 and 
110% for all of the pesticides studied over the entire tempera
ture range. The lowest extraction temperature possible should 
be used to avoid thermal degradation of the analytes. In addi
tion, using the lowest pressure possible reduces the costs asso
ciated with high fluid compression and pressure ratings on the 
equipment.

Lower extraction pressures also minimize the amount o f co
extracted lipid matter carried along with the target analytes. 
W heat contains about 10% oil, which can potentially be ex
tracted under the conditions used in this study. Less than 20% 
of this oil is extracted at 10 000 psi and 80 CC  (18). Extractions 
performed on the 5.0 ppm fortified samples also had apprecia
ble amounts o f coextracted lipid material; however, these ex
tracts required no further sample cleanup, because the extracts 
could be directly diluted and injected onto the described chro
matographic instrumentation at levels that were not deleterious 
to chromatographic efficiency or detection.

In summary, the above study shows that SFE coupled with 
sorbent trapping of the target analytes is a viable technique for 
the extraction of pesticides from grain matrixes. Some caution
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Table 3. Pesticide recoveries (%) at 10 000 psi extraction pressure as a function of temperature (100 L CO2)

Spike level, ppm

40 °C 60 °C 80°C

A B A B A B

Dim ethoate 5.0 96 82 84 80 94 101

0.1 79 79 75 101 87 89

Methyl parathion 5.0 107 94 97 99 104 111

0.1 81 80 89 106 90 94

Plrim lphos-m ethyl 5.0 104 93 100 108 115 113

0.1 89 82 95 111 101 101

Chlorpyrifos 5.0 110 96 93 97 111 108

0.1 87 88 95 111 101 104

Malathion 5.0 99 96 95 101 113 113

0.1 85 81 96 115 97 96

Dieldrin 5.0 90 91 92 88 90 94

0.1 77 84 101 107 103 88

M ethoxychlor 5.0 92 96 97 92 89 99

0.1 76 81 90 107 90 105

Carbofuran 5.0 94 99 93 86 95 100

0.1 84 86 81 99 88 89

should be exercised, however, because, w ith the exception of 
the methyl chlorpyrifos, all o f the reported recovery data are on 
fortified samples. SFE of incurred residues is preferred to SFE 
of spiked samples whenever possible. The technique can be 
translated onto commercial instrumentation, and many of the 
steps can be automated. In addition, desorption o f the analytes 
from the Florisil trap may be possible by using S C -C 02, 
thereby further reducing the use of organic solvents even fur
ther in the described procedure. An integrated extrac- 
tion/cleanup method for pesticide residue analysis was recently 
described by France et al. (19). Additional selectivity for mul-

Table 4. Pesticide recoveries (%) from the PAM, Vol. 1, 
sec. 212.13C, extraction procedure

5.0 ppm 0.1 ppm

A B A B

Dimethoate NFa NF NF NF

Parathion-m ethyl 98 99 101 97

Pirim iphos-m ethyl 103 104 100 91

Chlorpyrifos 100 101 94 93

Malathion 100 99 105 116

Dieldrin 84 89 106 108

M ethoxychlor 98 101 90 89

Carbofuran NF NF NF NF

C h lo rpyrifos -m e thy f — — 0.040 0.039

a NF = Not found.
b Incurred residue in parts pe r m illion.

tiresidue analysis can be achieved by varying the collection 
sorbent, thereby fractionating individual pesticide classes and 
coextracted moieties.
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A study was carried out to evaluate the Soxtec ex
traction of 29 target compounds (7 nitroaromatic 
compounds, 3 haloethers, 7 chlorinated hydrocar
bons, and 12 organochlorine pesticides) from 
spiked sandy clay loam and clay loam. The study 
also compared 2 solvent mixtures (hexane-^ace- 
tone (1+1)  and methylene chloride-acetone (1 +
1)) and investigated the effect on method recovery 
of 5 factors (matrix type, spike level, anhydrous so
dium sulfate addition, total extraction time, and im- 
mersion/extraction time ratio), their 2-way 
interactions, and a 3-way interaction (matrix x 
spike x  time). Of the 5 factors investigated, matrix 
type, spike level, and total extraction time had a sig
nificant effect on method performance at the 5% 
significance level for 16 of the 29 target com
pounds (4 compounds were not recovered at all, 
and analysis of variance was not significant at the 
5% significance level for 9 compounds). Anhydrous 
sodium sulfate addition and immersion/extraction 
time ratio had insignificant effects for all but one of 
the target compounds. This effect may have been a 
random occurrence. The data indicate that the 2

solvents performed equally well and 4 compounds 
were not recovered at all. These 4 compounds 
were apparently lost from the spiked matrix. Experi
ments were performed to determine compound re
covery at each step in the extraction procedure. 
Limited experimental work was performed with 64 
basic/neutral/acidic compounds spiked onto clay 
loam and with 3 standard reference materials certi
fied for polynuclear aromatic hydrocarbons. From 
the 64 compounds spiked onto clay loam at 
6 mg/kg, 20 had recoveries of greater than 75%, 22 
had recoveries from 50 to 74%, 12 had recoveries 
from 25 to 49%, and 10 had recoveries of less than 
25%.
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U .S. Environmental Protection Agency (EPA) 
Method 3540 (Soxhlet extraction) and EPA Method 
3550 (sonication extraction) are approved methods for 

the extraction of semivolatile organics from solids, such as 
soils, sediments, sludges, and hazardous wastes (1). Soxhlet 
extraction, which has been used for many years, usually re
quires extraction times between 8 and 24 h and fairly large 
amounts o f solvents (300 mL for a 10 g soil sample). Nonethe
less, many samples can be extracted side-by-side, and the 
equipment is not overly expensive. Sonication extraction re
quires much less time (approximately 10 min per sample) but 
still requires large amounts of solvents (300 mL for a 10 g soil 
sample); the technique is quite labor intensive. In both cases, 
the sample extracts usually require cleanup and concentration. 
An alternative method for the extraction o f solids was recently 
proposed (2). This 3-stage method uses a commercially avail
able extraction system (Soxtec). In the initial extraction stage, 
a thimble containing the sample is immersed into the boiling 
solvent and kept there for approximately 60 min. In the second

stage, the thimble is elevated above the boiling solvent, and the 
sample is extracted as if it were in a Soxhlet apparatus, usually 
for 60 min or less. In the third stage, the solvent is evaporated 
directly in the Soxtec apparatus (this step requires only 10- 
15 min). The Soxtec technique requires only 20% o f the vol
umes of solvents used in the Soxhlet or sonication methods, is 
faster than the Soxhlet method (requires approximately 2 h per 
sample), and is less labor-intensive than the sonication method. 
The extracts obtained by Soxtec extraction do not require fil
tration and can be concentrated directly in the Soxtec appara
tus.

This procedure was evaluated using sandy clay loam and 
clay loam matrixes spiked with a 29-compound mixture con
sisting of 7 nitroaromatic compounds, 3 haloethers, 7 chlorin
ated hydrocarbons, and 12 organochlorine pesticides, and a 64- 
compound mixture consisting of the EPA basic/neutral/acidic 
compounds currently on the Hazardous Substances List (1). 
Two extraction solvent mixtures, hexane-acetone (1 + 1) and 
methylene chloride-acetone (1 + 1), were compared, and the

Table 1. Average retention times of 29 target compounds used in this studya

C om pound No. C om pound name Concn, ng/m L

Av. retention tim e, min 

DB-5 DB-1701

1 1,3-D ichlorobenzene 1000 3.75 3.66

2 1,2-D ichlorobenzene 1000 4.19 4.29

3 Nitrobenzene 400 5.00 6.38

4 Benzal chloride 100 5.96 6.69

5 Benzotri chloride 100 7.82 7.96

6 4-C h loro-2-n it rotol ue ne 100 9.67 11.20

7 H exach lo rocydopentad iene 100 10.40 9.70

8 2,4-D ich loron itro  benzene 100 11.19 13.08

9 3,4-D ich loron itrobenzene 100 11.55 13.25

10 Pe ntach loroben zene 100 14.73 14.60

11 2,3,4,5-Tetrachloronitrobenzene 100 17.85 19.28

12 Benefin 100 18.24 19.67

13 alpha-BH C 100 18.58 20.41

14 Hexachlorobenzene 100 18.91 18.76

15 delta-BH C 100 20.83 25.76

16 H eptachlor 100 22.77 22.91

17 Aldrin 100 24.09 23.95

18 Isopropalin 100 25.33 26.72

19 Heptachlor epoxide 100 25.60 26.54

20 f/ans-C hlordane 100 26.48 27.70

21 Endosulfan I 100 26.94 27.53

22 Dieldrin 100 27.90 28.84

23 2,5-D ich lorophenyl-4 '-n itrophenyl ether 300 28.41 30.43

24 Endrin 100 28.67 29.59

25 Endosulfan II 100 29.02 31.25

26 p.p '-D D T 100 30.72 31.68

27 2,3,6-Trich lorophenyl-4 '-n  itrophenyl ethe r 300 31.09 33.08

28 2,3,4-T rich lorophenyl-4 '-n itrophenyl e ther 300 32.61 34.89

29 Mirex 100 34.12 33.43

IS Pentachloronitrobenzene 500 20.15 21.05

a The num ber o f determ inations w as 8. GC operating conditions w ere as fo llows: 30 m x  0.53 m m  id DB-5 (0.83 |im  film  th ickness) and 30 m x  
0.53 m m  id DB-1701 (1.0 pm  film  th ickness) connected to  a  press-fit Y-shaped in le t glass splitter. Tem perature program : 100°C (2 min hold) 
to 275°C (6 min hold) a t 5 ‘C /m in ; in jector tem perature, 250°C; de tec to r tem perature, 320qC; helium  carrie r gas, 6 m tVmin; n itrogen m akeup 
gas, 20 mtVmin. The com pounds are listed in the  o rder of elution from  the DB-5 column.
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IS  used in

Table 2. Average percent recoveries and percent RSDs for 64 basic/neutral/acidic compounds extracted from spiked
clay loam by Soxtec extraction with hexane-acetone (1 + 1)a

C om pound No. Com pound nam e Scan No. Quantitation ion, m /z quantitation m /z Av. % rec. % R S D

1 Phenol 5 30 94 IS-1 4 7 .8 5.6

2 Bis(2-chloroethyl) e ther 536 93 IS-1 2 5 .4 13

3 2-Chlorophenol 544 128 IS-1 4 2 .7 4 .3

4 Benzyl alcohol 5 75 108 IS-1 55 .9 7 .2

5 2-M ethylphenol 586 108 IS-1 17.6 6.6

6 Bis(2-chloroisopropyl) e ther 589 45 IS-1 15.0 15

7 4-M ethylphenol 599 108 IS-1 2 3 .4 6 .7

8 /V-Nitroso-di-n-propylamine 601 70 IS-1 4 1 .4 6.2

9 N itrobenzene 616 77 IS -2 2 8 .2 7 .7

10 Isophorone 638 82 IS -2 56.1 4.2

11 2-N itrophenol 647 139 IS -2 3 6 .0 6 .5

12 2,4-D im ethylphenol 649 107 IS -2 50.1 5.7

13 B enzoic acid 656 122 IS -2 4 0 .6 7 .7

14 Bis(2-chloroethoxy)m ethane 6 57 93 IS -2 44.1 3 .0

15 2,4-D ichlorophenol 670 162 IS -2 5 5 .6 4 .6

16 1 ,2 ,4 -Trich lorobenzene 678 180 IS -2 18.1 31

17 N aphthalene 684 128 IS -2 2 6 .2 15

18 4-Chloroaniline 689 127 IS -2 5 5 .7 12

19 4-C hloro-3-m ethylphenol 7 33 107 IS -2 65.1 5.1

20 2 -M  ethyln aphth alene 749 142 IS -2 4 7 .0 8.6

21 H exachlorocylopentadiene 7 69 237 IS -3 19.3 19

22 2,4,6-Trichlorophenol 7 76 196 IS -3 70 .2 6 .3

23 2,4,5-Trichlorophenol 781 196 IS -3 2 6 .8 2 .9

24 2-C hloronaphthalene 7 94 162 IS -3 6 1 .2 6 .0

25 2-Nitroaniline 804 65 IS -3 7 3 .8 6 .0

26 Dim ethyl phthalate 821 163 IS -3 7 4 .6 5 .2

27 A cenaphthylene 835 152 IS -3 71 .6 5 .7

28 3-Nitroaniline 843 138 IS -3 7 7 .6 5 .3

29 A cenaphthene 852 153 IS -3 79 .2 4 .0

30 2,4-D initrophenol 852 184 IS -3 9 1 .9 8 .9

31 4-Nitrophenol 857 109 IS -3 6 2 .9 16

32 D ibenzofuran 866 168 IS -3 82.1 5.9

33 2,4-D initroto luene 866 165 IS -3 8 4 .2 5.4

34 2,6-D initroto luene 828 165 IS -3 6 8 .3 5.8

35 Diethyl phthalate 886 149 IS -3 7 4 .9 5.4

36 4-Chlorophenyl-phenyl e ther 896 204 IS -3 6 7 .2 3 .2

37 Fluorene 899 166 IS -3 82.1 3 .4

38 4-Nitroaniline 900 138 IS -3 7 9 .0 7 .9

39 4,6-D in itro-2-m ethylphenol 904 198 IS -4 6 3 .4 6 .8

40 /V-Nitrosodiphenylam ine 907 169 IS -4 7 7 .0 3 .4

41 4-Brom ophenyl-phenyl ether 942 248 IS -4 6 2 .4 3 .0

42 H exachlo robenzene 959 284 IS -4 7 2 .6 3 .7

43 PentachloroDhenol 974 266 IS -4 6 2 .7 6.1
44 Phenanth rene 990 178 IS -4 83 .9 5 .4

45 A nthracene 9 94 178 IS -4 9 6 .3 3 .9

46 Di-n-butyl phthalate 1037 149 IS -4 7 8 .3 4 0

46 Fluoranthene 1104 202 IS -4 8 7 .7 6 .9
47 Pyrene 1126 202 IS -5 102 0 .8
48 Butylbenzyl phthalate 1186 149 IS -5 66 .3 5 .2
49 3,3 '-D ichlorobenzid ine 1264 252 IS -5 2 5 .2 11
50 B enzo(a )an thracene 1273 228 IS -5 73 .4 3 .8
51 B is(2-ethylhexyl) phthalate 1264 149 IS -5 7 7 .2 4 .8
52 C hrysene 1280 228 IS -5 7 6 .2 4 .4

53 Di-n-octyl phthalate 1378 149 IS -6 83.1 4 .8
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Table 2. (Continued)

C om pound No. C om pound nam e Scan No. Q uantitation ion, m/z
IS  used in 

quantitation, m/z Av. % rec. % R S D

54 B enzo(b)fluoranthene 1495 252 IS -6 8 2 .7 5 .0

55 Benzo(fc)fluoranthene 1501 252 IS -6 7 1 .7 4.1

56 B en zo(a )pyrene 1586 2 52 IS -6 7 1 .7 4.1

57 lndeno(1 ,2 ,3 -cd )pyrene 2 0 0 3 2 76 IS -6 7 2 .2 4 .3

58 D ibenzo (a ,b )anthracene 2 0 1 0 2 78 IS -6 6 6 .7 6 .3

59 B en zo (g ,/y )p e ry le n e 2 1 2 8 2 76 IS -6 6 3 .9 8 .0

60 1 ,2-D ich lo ro benzeneb 582 146 IS-1 0 —
61 1 ,3 -D ich lo ro benzeneb 559 146 IS-1 0 —
62 1 ,4 -D ich lo ro benzeneb 564 146 IS-1 0 —

63 H exach lo roethaneb 612 119 IS-1 0 —
64 H exachlo robutadieneb 772 2 25 IS -2 0 —
IS-1 1 ,4 -D ich lo robenzene-d4 561 152 — —

IS-2 N ap htha lene -d8 682 136 — —

IS-3 A cenaph thene -d10 849 164 — —

IS -4 P hen an th ren e -d 10 988 188 — —

IS -5 C hrysene -d12 1276 240 — —

IS-6 P ery len e-d12 1602 264 — —

a Th e  num ber of determ inations w a s  3 . Soxtec operating conditions w ere  a s  follows: im m ersion tim e, 4 5  min; extraction tim e, 4 5  min; sam ple  
size, 10 g; spike level, 6  m g/kg per com pound. 

b Possibly lost from the spiked soil prior to extraction.

effect on method recovery o f 5 factors (matrix type, spike level, 
anhydrous sodium sulfate addition, total extraction time, and 
immersion/extraction time ratio), their 2-way interactions, and 
a 3-way interaction (matrix x spike x time) were investigated. 
Finally, a spiked clay loam and several standard reference ma
terials were extracted by this Soxtec procedure to provide data 
on method performance for other compounds of interest.

Experimental

A ppara tus

(a) Extraction system.— Soxtec HT-6 extraction system 
with temperature-controlled oil bath (Tecator, Inc., Silver 
Spring, MD 20904).

(b) Evaporative concentrator.— Kuderna-Danish appara
tus with 10 mL concentrator tube, 500 mL evaporation flask, 
and 3-ball macro Snyder column.

(c) Water bath.— With concentric-ring cover; heated to 
98 ± 2°C.

(d) Gas chromatograph (GC).— Varian 6000 (Varian As
sociates, Sunnyvale, CA 94089), equipped with 2 constant-cur
rent, pulsed-frequency electron capture detectors and 2 mega
bore fused-silica, open-tubular columns (30 m x 0.53 mm id x 
0.83 pm  film thickness DB-5 column and 30 m x 0.53 mm id 
x 1.0 pm  film thickness D B -1701 column), connected to press- 
fit, Y-shaped inlet glass splitter (J & W  Scientific Inc., Folsom, 
CA 95630), was used to determine the 29 target compounds. 
Columns were temperature programmed from 10033 (2 min 
hold) to 27532 (6 min hold) at 5°C/min; injector temperature, 
25032; detector temperature 32032; helium carrier gas, 
6 mL/min; nitrogen makeup gas, 20 mL/min.

(e) Gas chromatograph/mass spectrometer (GC/M S).—  
Finnigan 4510B (Finnigan MAT. San Jose, CA 95134), inter
faced with data system for data acquisition and processing and 
equipped with 30 m  x 0.32 mm id DB-5 fused-silica, open-tu
bular column (1 pm  film thickness) was used to analyze the 
extracts obtained from the 3 standard reference materials and 
from the clay loam spiked with the 64 basic/neutral/acidic 
compounds. Column was temperature programmed from 4032 
(4 min hold) to 30032 (6 min hold) at 832/min; injector tem
perature, 27032; interface temperature, 27032.

Materials

(a) Standards.— Analytical reference standards of the 29 
target compounds (Table 1) and the 64 basic/neutral/acidic 
compounds (Table 2) were obtained from the EPA Pesticides 
and Industrial Chemicals Repository (Research Triangle Park, 
NC 27709), or purchased from Aldrich Chemical Co., Inc. 
(Milwaukee, W1 53201); Ultra Scientific, Inc. (Hope, RI 
02831); and Chem Service, Inc. (West Chester, PA 19381). 
Pentachloronitrobenzene, 2-bromobiphenyl, and decafluoro- 
biphenyl were purchased from Aldrich Chemical Co., Inc. The 
29 target compounds were obtained as neat materials; the 64 
basic/neutral/acidic compounds were obtained as 4 composite 
solutions in methylene chloride and methylene chloride-tolu
ene (9 5 + 5 )  at concentration of 2 mg/mL. The purities o f all 
compounds were greater than 98%. Stock solutions of each of 
the 29 target compounds were prepared in pesticide-grade hex
ane at 1 mg/mL; working calibration standards were prepared 
by using serial dilution of composite stock solution prepared 
from the individual stock solutions. Working calibration stand
ards of the basic/neutral/acidic compounds were also prepared
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Table 3. Physicochem ical param eters of soils used 
in this study

P aram eter
S andy  

clay loam C lay loam

Nitrate, ppm 14 42

A m m onia , ppm 5 8

P hosphate, ppm 20 42

Potassium , ppm 100 2 3 0

C alcium , ppm 2 38 0 2 4 3 0

M agnesium , ppm 6 04 828

pH 7.5 7.4

C ation exchange capacity, m eq /1 0 0  g 14.6 21 .3

O rganic  carbon, % 0.1 1.8

S a n d , % 57 .6 3 3 .6

Silt, % 21 .8 35 .4

Clay, % 20 .6 31 .0

M oisture content, % 2 .6 10.6

by using serial dilution (with methylene chloride) o f the com
posite stock solution made from the 4 individual composite 
stock solutions.

(b) Hexane, acetone, methylene chloride.— Nanograde, 
or pesticide grade.

(c) Sodium sulfate.— Anhydrous and reagent grade, heated 
4 h at 400‘G, cooled in desiccator, and stored in glass bottle.

(d) Sample matrixes.— Sandy clay loam and clay loam 
samples were obtained from the Sandoz Crop Protection Divi
sion (Gilroy, CA 95021), standard reference marine sediments 
HS-3 and HS-4 were from the National Research Council of 
Canada (Halifax, Nova Scotia, Canada), and PAH-contami- 
nated soil S R S 103-100 were from Fisher Scientific (Pittsburgh. 
PA 15219). Standard reference materials were dry. Clay loam 
and sandy clay loam matrixes contained 10.6 and 2.6% water, 
respectively. Physicochemical parameters are presented in Ta
ble 3 for the sandy clay loam and clay loam but were not avail
able for the standard reference materials.

Procedures

Spiked samples (10 g each) o f clay loam and sandy clay 
loam were extracted in a Soxtec extractor Model HT-6 with 
50 mL hexane-acetone (1 + 1) or 50 mL methylene chloride- 
acetone (1 + 1). The final volume of extract was 1 mL. Details 
o f the Soxtec procedure are presented elsewhere (3).

Spiking of the samples with the 29 target compounds or 64 
basic/neutral/acidic compo jnds was performed as follows: The 
sample was weighed into an aluminum cup, and a concentrated 
stock solution (100-1000 pL) in hexane (for the 29 target com 
pounds) or methylene chloride (for the 64 basic/neutral/acidic 
compounds) was added to the sample with a syringe while 
making sure that the solution did not contact the aluminum cup. 
The 2 surrogate compounds (2-bromobiphenyl and decafluoro- 
biphenyl) were spiked into all samples (prior to extraction) at

Table 4. Experimental design for optim ization of Soxtec extraction

Experim ent No. Matrix Spike level, m g/kga Total tim e, m in ’
Ratio of im m ersion tim e to 

extraction tim e

1, 2 C lay  loam 0.1 6 0 0 .5

3, 4 C lay  loam 0.1 6 0 2 .0

5, 6 C lay  loam 1.0 6 0 0 .5

7, 8 C lay  loam 1.0 6 0 2 .0

9, 10 C la y  loam 0.1 120 0.5

11, 12 C la y  loam 0.1 120 2 .0

13, 14 C lay  loam 1.0 120 0 .5

15, 16 C lay  loam 1.0 120 2 .0
17, 18 S andy clay loam 0.1 6 0 0 .5

1 9 ,2 0 S andy d a y  loam 0.1 6 0 2 .0
2 1 ,2 2 S andy d a y  loam 1.0 60 0 .5
2 3 ,2 4 S andy d a y  loam 1.0 60 2 .0
2 5 ,2 6 S an d y  d a y  loam 0.1 120 0 .5
2 7 , 28 S andy d a y  loam 0.1 120 2 .0
2 9 ,3 0 S andy d a y  loam 1.0 120 0.5
3 1 ,3 2 S andy d a y  loam 1.0 120 2 .0
3 3 , 3 4 , 3 5 , 3 6 C lay  loam 0.5 90 1.0
3 7 , 3 8 , 3 9 , 4 0 C lay  loam 0.5 9 0 1.0
4 1 ,4 2 ,  43, 4 4 S andy d a y  loam 0.5 90 1.0
4 5 , 46 , 47 , 4 8 S andy clay loam 0.5 9 0 1.0

10  (ig /m L to a  10  g sam ple. C om pounds 2 3 , 27 , and  2 8  w ere spiked at 0 .3  m g/kg (low level) or 3 .0  m g/kg (high level), com pound 3  a t 0 .4  
m g/kg (low  level) or 4 .0  m g/kg (high level), com pounds 1 and  2  a t 1 .0  m g/kg (low  level) or 10 m g/kg (high level), and  the surrogate  
com pounds at 1.0 m g/kg. A nhydrous sodium sulfate (10  g) w as  added to all odd-num bered sam ples. Th e  m oisture content w as  adjusted to 
2 0%  for a ll sam ples.

b Total tim e is the sum  o f im m ersion and  extraction tim e.
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Table 5. Average percent recoveries and percent RSDs for 29 target com pounds extracted from  spiked clay loam by 
Soxtec extraction with m ethylene ch loride-acetone (1 + 1 )  and hexane-acetone (1 + 1)a

C om pound No. C om pound nam e

M ethy lene  ch lo ride-acetone  ( 1 + 1 ) H e x a n e -a c e to n e  (1 +  1 )

D B-5 D B -1701 D B -5 D B -1701

Av. % 
ree. % R S D

Av. % 
ree. % R S D

Av. % 
ree. % R S D

Av. % 
ree. % R S D

Nitroarom atics

3 N itrobenzene 2 5 .2 2 1 .5 45.7 11 4 5 .7 11 77.1 18

6 4-Chloro-2-nitro toluene 2 8 .3 16 41.6 2 7 7 4 .7 11 9 2 .8 17

8 2 ,4-D ichloron itrobenzene 37.1 18 39.9 18 6 8 .0 7 .7 115 8 .0

9 3,4-D ichloron itrobenzene 3 5 .9 26 54.3 16 6 5 .4 7 .8 7 8 .3 8 .3

11 2,3 ,4 ,5-Tetrach loron itrobenzene 8 7 .2 3.4 89.8 2 .3 90 .5 6 .9 122 4 .6

12 Benefin 100 4 .4 84.8 3.4 5 2 .7 6.1 8 2 .0 3.7

18 Isopropalin 9 5 .6 5.1 95.2 8.8 6 9 .7 24 9 7 .5 6.9

Haloethers

23 2,5-D ichlorophenyl-4 '-n itrophenyl e ther 9 3 .3 4 .4 106 5 .3 99 .7 2 .0 6 1 .4 6.5

27 2,3,6-Trich lorophenyl-4'-n itrophenyl e ther 83.1 11 96.9 5.3 104 5 .6 9 7 .2 2 .0

28 2,3,4-Trich lorophenyl-4'-n itrophenyl e ther 90.1 6 .0 94.3 5.3 109 6.1 91.6 1.3

Chlorinated hydrocarbons

7 H exach lo rocydopentad iene 0 b — 0 — 27 .8 22 4 6 .0 21

10 P entach lorobenzene 51 .8 7.2 58 .7 8.9 6 5 .2 11 4 8 .6 12

14 H exach lo robenzene 8 1 .7 2.1 85 .6 1.8 5 2 .5 15 8 1 .7 7.1

Organochlorine pesticides

13 a lp h a-B H C 94.1 4.1 91.8 6 .3 9 4 .9 5 .5 94 .9 5.5

15 d e lta -B H C 103 5.7 B lc — 104 9.7 Blc —

16 H eptachlor 92 .7 8.2 8 9 .4 3.0 7 3 .6 6.5 87.1 5 .4

17 Aldrin 7 0 .7 3 .3 7 0 .7 3 .3 7 8 .2 5 .7 78 .2 5 .7

19 H eptachlor epoxide 9 6 .7 6.0 91.0 4 .2 92 .9 14 92 .4 0 .6

20 frans-C hlordane 9 8 .7 3 .8 95.8 4 .2 8 2 .4 10 85 .8 2 .2

21 Endosulfan I 8 7 .5 14.6 92.8 4 .3 9 1 .4 13 90 .5 2 .0

22 Dieldrin 73 .4 8.1 73.4 8.1 6 8 .8 2 .6 90 .3 10

24 Endrin 119 4 .6 119 4 .6 67.1 9 .3 97 .2 2 .0

25 Endosulfan II 8 9 .5 6.1 89.5 6.1 9 0 .3 10 9 0 .3 10

26 p .p '-D D T 41.1 16 B lc — 78 .2 20 6 1 .4 6.5

29 Mi rex 9 9 .5 4 .4 106 7 .4 9 7 .7 6 .2 84 .0 5.1

a Soxtec operating conditions w ere as follows: im m ersion tim e 6 0  min; extraction tim e 6 0  min; the sam ple size w as  10  g clay loam ; the spike 
level was 0 .0 5  m g/kg per com pound, except for com pounds 23 , 2 7 , and 2 8  at 0 .1 5  m g/kg, com pound 3  at 0 .2  m g/kg, and com pounds 1 , 2 ,  
and the surrogate com pounds at 0 .5  m g/kg. T h e  num ber of determ inations w as 4, and the m oisture content of the  sam ples w as  10.6% . 
Com pounds 1 , 2, 4 , and  5  w ere  not recovered and are not included in the table.

6 Possibly lost from the spiked soil prior to extraction. 
c Not able to determ ine because  of background interference.

1 mg/kg. Mixing was performed with the tip o f disposable 
glass pipette. After the solvent had completely evaporated (ap
proximately 15 min), the spiked sample was transferred to a 
precleaned thimble for Soxtec extraction. The extractions were 
started approximately 1 h after the addition o f the spikes to 
the samples.

For all samples identified in Table 4, the sample water con
tent was adjusted to 20% by weight. The water was added to 
these samples before spiking with the target compounds. The 
20% water content was chosen arbitrarily and was intended to 
represent typical wet soil. For samples that required the addi
tion of anhydrous sodium sulfate to the spiked matrix, equal
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Figure 1. GC/ECD chrom atogram s of com posite standard (concentration, 100 ng/mL) containing the 29 
target compounds.
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Figure 2. GC/ECD chrom atogram s of extract from  sandy clay loam spiked with the 29 target com pounds at 1 mg/kg  
and extracted in a Soxtec apparatus with hexane-acetone (1 + 1).
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Figure 3. GC/MS chromatogram of composite standard containing the 64 basic/neutral/acidic compounds 
(concentration, 50 ug/mL) and the 6 internal standards listed in Table 2.

amounts o f  sample and anhydrous sodium sulfate (10 g each) 
were thoroughly mixed.

E x p e r im e n ta l  D e s ig n

The experimental design consisted o f 48 experimental runs. 
In the first 32 experiments identified in Table 4 ,2  matrix types 
were used (clay loam and sandy clay loam) and extractions 
were performed at 2 spike levels designated as low and high 
(0.1 and 1 mg/kg, respectively). The experiments were per
formed with and without the addition of anhydrous sodium sul
fate to the matrix (the anhydrous sodium sulfate was added to 
bind water present in the soil matrix) at 2 conditions for total 
extraction time (60 and 120 min) and 2 conditions for immer- 
sion/extraction time ratio (0.5 and 2.0). Four replicate extrac
tions were conducted with spiked clay loam (experiments 3 3 - 
40 in Table 4) and spiked sandy clay loam (experiments 41 
through 48 in Table 4) (spike level 0.5 mg/kg), with and with
out the addition of anhydrous sodium sulfate, using hexane- 
acetone (1 + 1), an immersion time o f 45 min, and an extrac
tion time of 45 min (Table 4).

S ta tis t ic a l  A n a ly s is

All statistical analyses were performed by using the general 
linear model procedure (PROC GLM) of the SAS statistical 
software package (4). To investigate the effect on method per
formance of the 5 variables (matrix type, spike level, anhy
drous sodium sulfate addition, total extraction time, and 
immersion/extraction time ratio), the recovery data were ana
lyzed by analysis of variance (ANOVA). A 5% significance

level was used to determine whether a factor or an interaction 
was statistically significant.

The initial ANOVA model included the 5 factors mentioned 
earlier, their 2-way interactions (matrix x spike, matrix x 
Na2S 0 4, matrix x time, matrix x ratio, spike x Na2S 0 4, spike 
x time, spike x ratio, Na2S 0 4 x time, Na2S 0 4 x ratio, and time 
x ratio), and a 3-way interaction (matrix x spike x time). This 
model was evaluated separately for each compound. The main 
factors and their interactions that were not significant at the 5% 
significance level were eliminated, and the ANOVAs were re
run. The 2-way interactions that remained significant in the 
model are identified in the Results and Discussion.

G C  a n d  G C /M S  M e th o d s

The GC system was assembled as previously described. The 
sample extracts containing the 29 target compounds were ana
lyzed by using gas chromatography with electron capture de
tection (ECD). The GC system was calibrated by using the in
ternal standard technique with pentachloronitrobenzene as 
internal standard. All GC analyses were performed by using the 
dual-column, dual-detector arrangement. The data presented in 
this manuscript, with the exception of those given in Table 5, 
are the DB-5 column data with a few exceptions (e.g., outliers 
and matrix interferences), for which we used the DB-1701 col
umn data. The average retention times o f the 29 compounds on 
the DB-5 and DB-1701 columns are presented in Table 1. 
GC/ECD chromatograms o f a composite standard of the 29 
target compounds are shown in Figure 1. As shown in Figure 1, 
the best separation of the 29 compounds was achieved on the
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Table 6. Average percent recoveries and percent RSDs for 29 target compounds extracted from spiked soil samples 
by Soxtec extraction with hexane-acetone (1 + 1 )a

W ith anhydrous sodium  sulfate, 10 g W ithout anhydrous sodium  sulfate 

C lay loam Sandy clay loam C lay loam Sandy clay loam

Av. % Av. % Av. % Av. %
C om pound No. C om pound nam e rec. % RSD rec. % RSD rec. % RSD rec. % RSD

Nitroarom atics

3 Nitrobenzene 18.2 25.4 6.9 12.6 17.3 4.2 8.0 23.6

6 4-C hloro-2-n itro to luene 22.7 10 6.7 14.5 20.4 5.1 6.2 19.0

8 2,4-D ich loron itrobenzene 42.2 11 23.5 13 35.2 7.6 21.2 15

9 3,4-D ich loron itrobenzene 43.5 13 23.4 14 34.9 15 20.4 11

11 2,3,4,5-Tetrachloron itrobenzene 66.6 6.2 58.3 6.0 55.9 6.7 50.4 6.0

12 Benefin 75.9 4.9 71.9 6.9 62.6 4.8 62.7 2.9

18 Isopropalin 113 2.3 103 4.6 102 4.3 105 2.3

Haloethers

23

27

2,5-D ich lorophenyl-4 '-n itrophenyl e ther 126 

2 ,3 ,6-T rich lorophenyl-4 '-n itrophenyl e ther 123

2.8

2.3

112

106

5.1

4.9

110

110

4.1

4.8

112

110

2.1

2.8

Chlorinated hydrocarbons

7 H exach lo rocydopentad iene 5.3 31 8.4 18 4.1 15 7.8 23

10 Pentach lorobenzene 18.6 20 17.3 11 13.7 7.3 14.8 13

14 Hexachlorobenzene 37.3 11 35.1 13 26.9 13 25.1 5.7

O rganochlorine pestic ides

13 alpha-BH C 73.6 4.6 64.6 4.7 58.2 7.3 54.8 4.8

15 delta-BHC 109 3.4 97.9 4.1 95.8 4.6 99.2 1.3

16 H eptachlor 63.2 6.4 61.5 10 46.9 9.2 49.1 6.3

17 Aldrin 121 7.6 122 5.2 97.7 12 102 7.4

19 Heptachlor epoxide 104 2.6 95.3 4.2 90.4 4.4 93.6 2.4

20 frans-Chlordane 103 2.0 96.6 4.0 90.1 4.5 95.0 2.3

21 Endosulfan I 107 2.6 100 4.9 96.3 4.4 101 2.2

22 Dieldrin 152 1.6 104 4.5 129 4.7 104 1.9
24 Endrin 114 1.9 102 4.8 102 4.5 106 3.7

25 Endosulfan II 114 3.4 102 4.6 104 4.1 105 0.4

26 p ,p '-D D T 134 2.1 109 4.5 134 2.1 111 2.0
29 Mirex 115 2.4 105 4.7 104 5.3 108 2.2

Soxtec operating conditions were as fo llows: im m ersion tim e, 45 min; extraction time, 45  m in; sam ple size, 10 g clay loam ; spike level, 0.5 
m g/kg per com pound, except fo r the  surrogate com pounds a t 1.0 m g/kg; com pounds 23, 27, and 28 at 1.5 m g/kg; com pound 3 at 2.0 m g/kg; 
and com pounds 1 and 2 a t 5 .0 mg/kg. The num ber of determ ¡nations w as 4, and the  m oisture content of the sam ples w as 20% . C om pounds 
1 ,2 ,4 ,  and 5 w ere not recovered and are not included in the table.

DB-5 column; on the DB-1701 column, 3 compound pairs (8 
and 9, 18 and 19, and 20 and 21) were only partially resolved. 
To estimate the agreement between the DB-5 and the DB-1701 
measurements, the ratios (values not shown) were calculated of 
the average percent recoveries reported in Table 5 for the DB-5 
and DB-1701 data.

For the column labeled "methylene chloride-acetone (1 + 
1)” in Table 5, the ratios o f DB-5 data to D B -1701 data ranged 
from 0.55 to 1.18, with 86% of the values ranging from 0.8 to 
1.18. Ratios in the 0.8-1.2 range indicated good agreement be
tween the 2 data sets. A linear regression analysis was per

formed with these data (the DB-5 data were plotted on the x- 
axis and the DB-1701 data were plotted on the y-axis) and a 
correlation coefficient o f 0.965 was obtained for 23 data points. 
For the column labeled “hexane-acetone (1 + 1)” in Table 5, 
the ratios o f DB-5 data to DB-1701 data ranged from 0.59 to 
1.62, with only 50% of the values ranging from 0.8 to 1.2. The 
ratios o f DB-5 data to DB-1701 data from the 48 experiments 
identified in Table 4 were usually in the 0.7-1.3 range. In those 
experiments, the compounds were spiked at levels 10 and 20 
times higher than those in Table 5, and, thus, the extracts could 
be diluted 10-fold for GC/ECD analysis. This 10-fold dilution
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Table 7. Verification of compound recoveries (%) at various steps in the Soxtec procedure

C om pound No. C om pound nam e Evaporation step3 Soxtec m ethod (no m atrix)3 Soxtec m ethod (with m atrix)3 6

N itroarom atics

3 Nitrobenzene 89.4 108 80.5

6 4-C hloro-2-n itro to luene 88.8 101 79.1

8 2,4-D ich lo ron itrobenzene 87.3 100 80.4

9 3,4-D ich loron itrobenzene 82.1 92.8 72.0

11 2,3,4,5-Tetrachloron itrobenzene 91.4 109 87.6

12 Benefin 88.9 101 82.6

18 Isopropalin 86.6 109 96.6

Haloethers

23 2,5-D ichloropheny1-4 '-n itrophenyl e ther 89.5 111 103

27 2,3 ,6-T rich lorophenyl-4 '-n itrophenyl e ther 96.3 119 105

28 2,3,4-Trich loropheny1-4 '-n itrophenyl e ther 87.7 109 101

C hlorinated hydrocarbons

1 1,3-D ichlorobenzene 92.9 103 38.6

2 1,2-D ichlorobenzene 106 134 93.5

4 Benzal ch loride 110 108 60.6

5 Benzotrichloride 90.3 112 47.6

7 H exachlorocyclopentad iene 62.6 69.9 30.1

10 Pentach lorobenzene 95.9 109 76.5

14 H exachlorobenzene 104 121 83.6

O rganochlorine pestic ides

13 alpha-BH C 96.0 114 88.6

15 delta-BH C 88.5 117 86.3

16 H eptachlor 97.5 120 94.3

17 Aldrin 93.3 110 91.8

19 H eptachlor epoxide 98.6 124 96.7

20 frans-C hlordane 96.0 116 94.5

21 Endosulfan I 94.8 123 92.3

22 Dieldrin 98.6 118 96.2

24 Endrin 104 124 111

25 Endosulfan II 103 124 104

26 p,p '-D D T 99.7 115 B lc

29 M irex 93.3 118 108

a Single determ inations.
b The spiked clay loam  was extracted im m edia te ly  fo llow ing addition of the  spike. 
c Not able to determ ine because of background interference.

resulted in almost no background interferences (Figure 2), and, 
thus, the agreement between the DB-5 and the DB-1701 data 
was better.

The sample extracts containing the 64 basic/neutral/acidic 
compounds and the extracts from the 3 standard reference ma
terials were analyzed by gas chromatography/mass spectrome
try. The GC/MS system was calibrated by using the internal 
standard technique with 6 internal standards: 1,4-dichloroben-

zene-d4 (IS-1), naphthalene-d8 (IS-2), acenaphthene-d|0 (TS-3), 
phenanthrene-di0 (IS-4), chrysene-d12 (IS-5), and perylene-d12 
(IS-6). In the case o f  GC/MS analysis, separation o f the 64 
compounds was not as critical in the GC/ECD analysis because 
compounds can still be identified and quantitated from the 
mass spectral information acquired during the analysis. Table 2 
presents the retention times (given as scan numbers), the quan
titation ions, and the various internal standards used for quan-
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Table 8. Percent recovery statistics for the Soxtec extraction procedure

C om pound No. No. of runs Av. rec. Median rec. SD % RSD M inim um  rec. M axim um  rec.

N itroarom atics

3 32 23.7 16.9 19.6 82.8 0.0 81.5

6 32 26.2 25.2 12.8 48.9 4.0 58.7

8 32 35.3 34.5 14.5 41.0 8.2 73.1

9 32 34.2 33.1 13.5 39.5 7.9 66.3

11 32 61.8 63.2 10.2 16.5 36.8 79.3

12 32 64.3 66.6 15.5 24.2 37.8 88.2

18 32 89.5 90.7 9.3 10.3 63.2 107

Haloethers

23 32 101 103 9.9 9.8 70.3 118

27 32 99.7 100 8.7 8.7 76.3 116

28 32 89.1 91.5 18.0 20.2 63.5 118

Chlorinated hydrocarbons3

7 32 6.2 6.0 4.0 64.1 0.0 15.1

10 32 25.7 25.2 9.7 37.9 7.8 44.9

14 32 44.5 44.6 8.6 19.3 23.3 59.0

O rganochlorine pestic ides

13 32 73.6 72.3 13.9 18.9 46.6 106

15 32 99.0 102 10.1 10.2 64.9 117

16 32 58.8 57.6 12.1 20.6 42.4 80.8

17 32 75.0 65.9 25.2 33.6 43.6 115

19 32 88.2 88.6 12.4 14.1 53.7 123

20 32 84.8 84.9 10.6 12.5 59.9 106

21 32 94.0 93.6 11.7 12.4 60.5 120

22 32 99.8 100 9.8 9.8 82.2 122

24 32 101 102 9.8 9.7 76.0 120

25 32 104 106 10.6 10.3 72.2 122

26 32 117 114 18.6 15.9 89.1 158

29 32 99.3 99.7 10.3 10.3 69.9 115

a C om pounds 1 ,2 , 4, and 5 were not recovered and are not included in the table.

titating the 64 compounds. A GC/MS chromatogram of a com
posite standard containing the 64 basic/neutral/acidic com
pounds (concentration, 50 pg/mL) is shown in Figure 3.

Results and Discussion

M e th o d  P e r fo r m a n c e  fo r 2 9  T a rg e t C o m p o u n d s

The method performance data for the 29 target compounds 
extracted from spiked clay loam and sandy clay loam are pre
sented in Tables 5 and 6. The 2 solvent mixtures used for ex
traction performed equally well. The individual recoveries for 
the DB-5 column ranged from 0 to 119% (with 16 values above 
80%) for methylene chloride-acetone and from 27.8 to 109% 
(with 11 values above 80%) for hexane-acetone, respectively. 
The individual recoveries for the DB-1701 column ranged 
from 0 to 119% (with 15 values above 80%) for methylene

chloride-acetone and from 46.0 to 122% (with 17 values above 
80%) for hexane-acetone, respectively. For further investiga
tion, hexane-acetone was chosen over methylene chloride- 
acetone. Because GC/ECD was used for the determinations, 
the hexane-acetone extracts could be analyzed directly without 
performing a solvent exchange.

Anhydrous sodium sulfate was added to the matrix (clay 
loam and sandy clay loam) to bind the water, and the effect on 
method performance was evaluated. Average recoveries in
creased approximately 9%  for the clay loam (Table 6) but were 
only 2% for the sandy clay loam. These values were obtained 
by plotting recoveries for the experiment on clay loam mixed 
with sodium sulfate on the x-axis and recoveries for the experi
ment without sodium sulfate on the y-axis. The regression 
equation has a slope of 0.914 and a correlation coefficient of 
0.9925. In the case of the sandy clay loam, the slope of the
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Figure 4. Average recoveries of nitroaromatics (compounds 3,6, 8,9,11,12, and 18) as a function of matrix, spike 
level, and extraction times (data from experiments 1 through 32 in Table 4).
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Figure 5. Average recoveries of chlorinated hydrocarbons (compounds 7,10, and 14) and haloethers (compounds 
23,27, and 28) as a function of matrix, spike level, and extraction times (data from experiments 1 through 32 in 
Table 4).
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Figure 6. Average recoveries of organochlorine pesticides (compounds 13,15,16,17,19, and 20) as a function of 
matrix, spike level, and extraction times (data from experiments 1 through 32 in Table 4).



Table 9. Significant terms (at 5% level) from SAS PROC GLM for percent recovery model containing all primary effects and 2-way and 3-way interaction effects

C o m 
pound
No.

No. of 
runs R2, % * R M S E 6

Main effects 2 -w ay in teractions

3 -w ay interactions, 
m atrix  x spike x tim eM atrix Spike Na2S 0 4 T im e Ratio

M atrix x 
spike

M atrix x 
Na2S 0 4

M atrix x M atrix x 
tim e ratio

Spike x 
tim e

Xo
 ®

ï
»

z

N itroarom atics

3 32 89.4 6.97 X X _ X _ X _ _ X _ __

6 32 81.6 5.78 X X — X — — — ---  ---- — — —

8 32 75.9 7.47 X X — X — — — —  — — — —

9 32 80.2 6.32 X X — X — — — ---  ---- — — —

11c 32 63.6 6.99 X — — X — — — ---  ---- X — X
12c 32 83.6 6.75 X X — X — X — —  — — — —

18s 32 Model not sig. — — — — — — — — ---  ---- — — —

H aloethers

OCOC\J 32 Model not sig. __ __ __ _ _ _ _ _ __ __ __ __ __

2 7 c 32 Model not sig. — — — — — — — — —  — — — —

28 c 32 75.3 9.57 X X — — — — — X — — — —

C hlorinated hyd rocarbons1'

7 32 65.2 2.56 X X X X — — — — — — X

10 32 89.8 3.69 X X — X — — — — X — X

14 32 48.6 6.58 X — — X — — — — — X — —

O rganoch lo rine  pestic ides

13c 32 39.6 11.20 X X _ _ _ _ _ _ __ __ __ __

15c 32 M odel not sig. — — — — — — — — — — — — —

16c 32 75.3 6.58 X X — X — — — X — X — —

17c 32 87.2 9.34 X X — — — — — — — — — —

19c 32 Model no t sig. — — — — — — — — — — — — —

20 c 32 54.3 7.40 — X — — X — — — — — — —

21° 32 Model not sig. — — — — — — — — — — — — —

22 c 32 55.7 6.86 X — — — — — X — — — — —

2 4 c 32 M odel not sig. — — — — — — — — — — — — —

25 e 32 Model not sig. — — — — — — — — — — — — —

26° 32 65.2 11.32 X X — — — — — — — — — —

2 9 c 32 Model not sig. — — — — — — — — — — — — —

* R 2 = pe rcen t o f the  variance  in the data exp la ined by the m odel.
6 R M S E  = root m ean  square  error is the  estim ate o f the  standard devia tion o f the  e rro r te rm  In the  m odel. 
e O verall percent recovery exceeds 50%  fo r these  com pounds. 
d C om pounds 1 ,2 ,  4, and 5 w ere not recovered and a re  not Inc luded in the table.
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■ Clay loam soil
s  Sandy clay loam
■ Spiked at 0.1 mg/kg 
IB Spiked at 1.0 mg/kg
s  Extraction time: 60 min 
s  Extraction time: 120 min

Compound No.

Figure 7. Average recoveries of organochlorine pesticides (compounds 21, 22, 24, 25, 26, and 29) as a function of 
matrix, spike level, and extraction times (data from experiments 1 through 32 in Table 4).

linear regression equation is 1.018 and the correlation coeffi
cient is 0.9892. However, the 9% increase in recoveries when 
anhydrous sodium sulfate was used with the clay loam matrix 
is within the error o f the GC measurement. Thus, we cannot 
claim that the addition o f  anhydrous sodium sulfate had any 
effect on recovery.

Table 6 shows that Compounds 1, 2, 4, and 5 could not be 
recovered even though they were recovered at each step in the 
Soxtec procedure (Table 7). Table 7 indicates that, when the 
compounds are spiked directly into the extraction solvent and 
then the solvent in the Soxtec apparatus is evaporated, com
pound recoveries were greater than 85%, except for 3,4-dichlo- 
ronitrobenzene at 82.1% and hexachlorocyclopentadiene at

62.6%. Furthermore, the compounds were spiked into the ex
traction solvent, and then the solution was subjected to a typical 
Soxtec extraction but with an empty thimble (immersion and 
extraction steps were performed 45 min each); thus, we at
tempted to mimic an extraction from which we eliminated the 
matrix. Compound recoveries, except for hexachlorocyclopen
tadiene, were greater than 92.8%. The low recovery o f hex- 
achloropentadiene (69.9%) may be due to possible decompo
sition during the experiment (the Soxtec apparatus was covered 
with aluminum foil during the experiment to minimize possible 
photolysis o f the target compounds). Experiments were also 
performed in which the 29 compounds were spiked directly 
into the clay loam matrix and then immediately extracted. Be-

Table 10. Percent recoveries of compounds extracted from SRS103-100 standard reference material by Soxtec 
extraction with hexane-acetone (1 + 1)a

C om pound nam e Certified value, m g/kg6 Concn m easured in laboratory, m g/kg Ree., %

N aphthalene 32.4 ±  8.2 41 127

2-M ethylnaphthalene 62.1 ± 1 1 .5 79 127

Acenaphthylene 19.1 ± 4 .4 21 110

Acenaphthene 632 ± 105 683 108

D ibenzofuran 307 ± 4 9 378 123

Fluorene 492 ± 78 456 92.7

Phenanthrene 1618 ± 348 1315 81.3

Anthracene 422 ± 4 9 551 131

F luoranthene 1280 ± 2 2 0 1040 81.3

Pyrene 1033 ± 2 8 9 714 69.1

Benzo(a)anthracene 252 ± 3 8 240 95.2

C hrysene 297 ±  26 272 91.6

Benzoffc + £>)fluoranthene 152 ± 2 2 180 118

Benzo(a)pyrene 97.2 ±  17.1 78 80.2

Pentachlorophenol 965 ±  374 1072 111

a Single determ inations. Soxtec operating conditions w ere as follows: im m ersion tim e, 45 m in; extraction tim e, 45 min; sam ple size, 10 g. 
b Value reported by the  m anufacturer.
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Table 11. Percent recoveries of com pounds extracted from HS-3 and HS-4 marine sediments by Soxtec extraction  
with hexane-acetone (1 + 1 )a

HS-3 HS-4

Certified value, Concn m easured in Certified value, Concn m easured in
C om pound nam e m g/kg6 laboratory, m g/kg Rec., % m g/kg6 laboratory, m g/kg Rec., %

N aphthalene 9 .0 1 0 .7 4.3 47.8 0.15 __C —

Acenaphthylene 0 .3 1 0 .1 0.5 167 0.15 —

Acenaphthene 4 .5 1 1 .5 5.8 129 0.15 —

Fluorene 1 3 .6 1 3 .1 7.3 53.7 0.15 —

Phenanthrene 8 5 1 2 0 38.2 44.9 0.68 1 0.08 0.58 85.3

Anthracene 1 3 .4 1 0 .5 10.1 75.4 0.14 1 0 .0 7 0.18 129

Fluoranthene 6 0 1 9 30.8 51.3 1.25 1 0 .1 0 1.1 88.0

Pyrene 3 9 1 9 16.8 43.1 0.94 1 0 .1 2 0.9 95.7

Benzo(a)anthracene 1 4 .6 1 2 .0 8.2 56.2 0.53 1 0.05 0.38 71.7

Chrysene 14.1 1 2 .0 8.1 57.4 0.65 1 0.08 0.50 76.9

Benzo(a)pyrene 7 .4 1 3 .6 3.6 48.6 0.65 1 0.08 0.38 58.5

Benzo(t>)fluoranthene 7 .7 1 1 .2 5.5 71.4 0 .7 0 1 0 .1 5 0.50 71.4

Benzo(k)fluoranthene 2 .8 1 2 .0 4.9 175 0.36 1 0.05 0.48 133

Benzo(g,h,i)perylene 5 .0 1 2 .0 2.8 56.0 0.58 1 0.22 —

Dibenzo(a,h)anthracene 1 .3 1 0 .5 1.2 92.3 0 .1 2 1 0 .0 5 —

lndeno(1,2 ,3-cd)pyrene 5 .4 1 1 .3 2.8 51.9 0.51 1 0 .1 5 —

a Single determ inations. Soxtec operating conditions w ere as follows: im m ersion tim e, 45 m in; extraction tim e, 45 min; sam ple  size, 10 g. 
0 Value reported by the m anufacturer. 
c Below quantification limit.

cause all compounds (including compounds 1 ,2 ,4 , and 5) were 
recovered in this experiment (Table 7). the low recoveries o f 
compounds 1 ,2 ,4 , 5, and 7 were attributed to possible evapo
ration from the aluminum cup or from the thimble during the 1 
h period when the spike was allowed to equilibrate with the 
matrix. Therefore, we concluded that these compounds can be 
extracted from the matrix by the Soxtec procedure described in 
the present paper.

Method precision (percent RSDs) was determined from the 
4 replicate determinations (Tables 5 and 6) at 2 spike levels, 
0.05 and 0.5 mg/kg, except as listed in footnote a of Tables 5 
and 6. With samples spiked at 0.05 mg/kg and with hexane- 
acetone as extraction solvent, the percent RSDs ranged from
2.0 to 24%, with 23 of the 26 values under 15%. At higher spike 
levels, the percent RSDs are usually lower, as shown in Ta
ble 6.

The summary statistics for the 32 experiments performed to 
estimate the effect on method performance of matrix type, 
spike level, anhydrous sodium sulfate addition, total extraction 
time, and immersion/extraction time ratio are presented in Ta
ble 8. The individual recovery data are presented elsewhere (3). 
These results indicate clearly that the method performs better 
for the organochlorine pesticides (average recoveries ranged 
from 58.8 to 117%) and haloethers (average recoveries ranged 
from 89.1 to 101%) than for the nitroaromatic compounds (av
erage recoveries ranged from 23.7 to 89.5%) and the chlorin
ated hydrocarbons (average recoveries ranged from 0 to 
44.5%). In the case o f the 12 organochlorine pesticides, 9 com
pounds had average recoveries (based on 4 determinations) 
above 84.8% and the other 3 compounds had average recover

ies o f58.8,73.6, and 75.0% (Table 8). Two o f the nitroaromatic 
compounds (compounds 3 and 6) had low recoveries averaging 
about 25%, 2 had average recoveries o f 34.2 and 35.3%, and 3 
compounds had average recoveries o f 61.8, 64.3, and 89.5%. 
Four o f the chlorinated hydrocarbons were not recovered, be
cause as mentioned earlier, they were probably lost from the 
soil by evaporation before Soxtec extraction.

ANOVA was used to evaluate the effects on method per
formance o f matrix type, spike level, anhydrous sodium sulfate 
addition, total extraction time, and immersion/extraction time 
ratio. Table 9 summarizes the ANOVA for each of the 4 groups 
of compounds. The compounds with a statistically significant 
effect on method recovery were marked with “X” . From this 
information, the following observations can be made: the order 
o f importance o f the variables (based on the number of com 
pounds affected) is matrix > spike > time; anhydrous sodium 
sulfate addition and immersion/extraction time ratio are insig
nificant, except for one compound in each case, where the ef
fect may have been a random occurrence: the six 2-way inter
actions and the one 3-way interaction affected the recoveries of 
only a few compounds, and no conclusions could be drawn 
about their overall effect. ANOVA was not significant at the 5% 
significance level for 9 compounds (compounds 15, 18, 19,21, 
23, 24, 25, 27, and 29). Either the recovery o f these 9 com 
pounds was not affected by any o f the factors or interactions, 
or the recovery was independent o f the level o f the factors con
sidered.

Figures 4 through 7 show the average recoveries o f 25 o f the 
29 compounds as a function of matrix type, spike level, and 
total extraction time. The compounds were grouped as ni-
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troaromatics (Figure 4), chlorinated hydrocarbons and haloeth- 
ers (Figure 5), and organochlorine pesticides (Figures 6 and 7).

For 6 o f the 7 nitroaromatic compounds (Figure 4), signifi
cant variations were found in recovery depending on matrix 
type, spike level, and total extraction time. Except for com 
pound 18 (which did not show any significant variations in re
covery), the recoveries were significantly higher for the clay 
loam soil than for the sandy clay loam soil. Likewise, recover
ies were significantly higher for the 0.1 mg/kg spike level (ex
cept for compound 12 for which the opposite is true) and the 
60 min extraction time.

Recoveries o f the chlorinated hydrocarbons (compounds 7,
10, and 14 in Figure 5) were significantly higher for the clay 
loam soil than for the sandy clay loam soil; shorter extraction 
times seemed to give significantly higher recoveries, and the 
effect o f the spike level was inconclusive (we were not able to 
find a trend in recovery as a function of spike level).

In the case of the haloethers (compounds 23, 27, and 28 in 
Figure 5), we found no significant effect o f matrix type, spike 
level, and total extraction time on recovery for compounds 23 
and 27; however, for compound 28, significantly higher recov
eries were found for the sandy clay loam and the 0.1 mg/kg 
spike level than for the clay loam and the 1.0 mg/kg spike level.

In the case of the organochlorine pesticides (Figures 6 and
7), 6 compounds (compounds 15, 19, 21, 24, 25, and 29) did 
not show any significant variation in recovery as a function of 
matrix type, spike level, or total extraction time. For the other 
6 compounds (compounds 13, 16, 17, 20, 22, and 26) in Fig
ures 6 and 7, recoveries were significantly higher for the clay 
loam soil and the 1 mg/kg spike level (except for compound 
13), and recoveries did not appear to vary with the total extrac
tion time.

M e th o d  P e r fo r m a n c e  fo r th e  B a s ic /N e u tr a l/A c id ic  
C o m p o u n d s

Method performance data for the 64 basic/neutral/acidic 
compounds extracted from spiked clay loam soil with hexane- 
acetone (1 + 1) and analyzed by GC/MS are presented in Ta
ble 2. From the 64 compounds spiked onto clay loam at 
6 mg/kg, 19 had recoveries of greater than 75%, 24 had recov
eries ranging from 50 to 74%, 11 had recoveries ranging from 
25 to 49%, and 10 had recoveries o f less than 25%. From these 
latter 10 compounds, 5 compounds were not recovered at all; 
they were probably lost, because o f their volatilities, from the 
spiked clay loam before the samples were transferred to the 
Soxtec extractor. The method precision in this case was com
parable to the precision reported for the 29 target compounds. 
Percent RSDs ranged from 0.4 to 40%, with 57 o f the 59 values 
under 19%.

M e th o d  P e r f o r m a n c e  fo r th e  S ta n d a r d  R e f e r e n c e

M a te r ia ls

The recoveries o f compounds extracted from 3 standard ref
erence materials by Soxtec extraction with hexane-acetone ( 1 
+ 1) and analyzed by GC/MS are presented in Tables 10 and
11. GC/MS chromatograms of each extract are included in Fig
ure 8. The recoveries ranged from 69 to 131 % for the SR S103-

Figure 8. GC/MS chromatograms of SRS103-100 
standard reference soil (A), HS-3 marine sediment (B), 
and HS-4 marine sediment (C) extracted by Soxtec 
extraction with hexane-acetone (1+1).

100 standard reference soil, from 43 to 175% for the HS-3 
standard reference marine sediment, and from approximately 
59 to 133% for the HS-4 standard reference marine sediment. 
The recoveries in excess o f 100% can be explained by the wide 
concentration ranges reported for these standard reference ma
terials by the manufacturer (e.g., we reported 175% recovery 
for benzo(k)fluoranthene for which the certified concentration 
is 2.8 ± 2 mg/kg). In addition, as shown in Figure 8, these ma
trixes are very complex, and recoveries in excess o f 100% 
could also be due to hydrocarbon interferences. Unfortunately, 
no secondary ions could be used to quantitate PAHs by GC/MS
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because they give strong molecular ions and only very few 
fragment ions that have relative intensities o f only 10% of those 
of the molecular ions, or less.

Conclusions

A Soxtec extraction procedure for extracting organic com
pounds from soils and sediments was evaluated with 2 soil ma
trixes spiked with 29 compounds o f environmental signifi
cance. The data indicate that the average recovery of 28 
compounds (one compound could not be quantitated because 
of matrix interference) was 85.1 % when extracted from freshly 
spiked soil with hexane-acetone (1 + 1). Four compounds 
were not recovered at all when the spiked soil samples were 
allowed to equilibrate with the spike for 1 h.

Limited experimental work performed with 64 basic/neu- 
tral/acidic compounds spiked on clay loam samples and with 3 
standard reference materials certified for polynuclear aromatic 
hydrocarbons indicates that the recoveries o f the basic/neu- 
tral/acidic compounds were good (except for the more volatile 
compounds) and that the repeatabilities were comparable to 
those obtained for the 29 target compounds previously de
scribed.

This technique requires only approximately 20% of the vol
umes o f solvents used in the Soxhlet or the sonication methods, 
and it is faster than the Soxhlet method and less labor-intensive

than the sonication method; therefore, it is proposed as an al
ternative extraction technique to the Soxhlet or the sonication 
procedures currently recommended by EPA.
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

Liquid Chromatographic Method for Determination of Diquat 
and Paraquat Herbicides in Potatoes: Collaborative Study

B r i a n  L .  W o r o b e y

Health and Welfare Canada, Health Protection Branch, Food Directorate, Bureau of Chem ical Safety, 
Food Research Division, Ottawa, ON, K 1A 0L2, Canada

Collaborators: F. Beraldin: G. Bruns; J. Embleton; A. Heck; R. King; K. McLeod; P. Ward

A liquid chromatographic (LC) method for the deter
mination of diquat and paraquat herbicides/desic- 
cants in potatoes was collaboratively studied in 6 
laboratories. Analytes are extracted from 5 g sam
ple with dilute acid by using a microreflux proce
dure; the hydrolysate is adjusted to pH 9-10 and 
passed through a disposable silica cartridge for 
rapid cleanup and preconcentration. Analytes are 
separated on a reversed-phase LC column and are 
measured as their heptanesulfonate ion pairs by 
UV detection. Each collaborator determined diquat 
and paraquat at 4 levels (0.05, 0.1,0.5, and 1.0 ppm) 
in blind duplicate samples plus 2 blind negative 
control samples. Potatoes, obtained from each par
ticipant’s region, were spiked by the collaborators 
with unknown aqueous solutions containing no 
analyte or a mixture of diquat and paraquat stand
ards. Repeatability and reproducibility relative 
standard deviations (RSDr and RSDr) averaged
17.1 and 29.0%, respectively, for determination of 
diquat and 10.8 and 29.5%, respectively, for 
paraquat. For analysis of standard solutions, RSDr 
and RSDr values were 6.3 and 12.0%, respectively, 
for diquat and 7.3 and 13.9%, respectively, for 
paraquat. Accuracy, measured by comparison with 
true spiking values (absolute recovery) averaged 
77.6 and 76.2% for diquat and paraquat, respec
tively, and ranged from 71.8 to 88.0% for both com
pounds. The method was adopted first action by 
AOAC International.

S u b m itted  fo r  p u b lic a tio n  Jan u a ry  13, 1992.
T h e  re c o m m e n d a tio n  w as a p p ro v e d  by  the  G en era l R e fe ree  an d  the  

C o m m itte e  on R es id u e s  a n d  w a s  ad o p ted  by the  O ffic ia l M e th o d s  B o a rd  o f  
the A sso c ia tio n . S ee  "C hanges in  O ffic ia l M e th o d s  o f  A n a ly s is”  (1 9 9 3 )
J. AOAC Int. 76 , Jan /F eb  issue .

T he herbicides diquat (1,1 '-ethylene-2,2'-bipyridinium) 
and paraquat (1,1 '-dimethyl-4,4'-bipyridinium) are used 
in their salt forms as preharvest crop desiccants on po

tato plants. Residues o f diquat and paraquat were reported in 
potato tubers at levels that vary with the variety o f  potato, the 
agronomic conditions under which the potatoes are grown, and 
the time of treatment (1).

A thorough investigation by the Associate Referee of meth
ods reported up to 1987 for determination of diquat and 
paraquat in various matrixes resulted in the development of 
novel methods (2, 3). After extensive, satisfactory in-house use 
and some interlaboratory application success, one of the meth
ods (2) was deemed most suitable. No collaborative study had 
been reported for diquat or paraquat in plant matrixes, and so a 
study was initiated on the liquid chromatographic (LC) method
(2) using an interlaboratory collaborative evaluation outlined 
by AOAC (4). The results o f the study are the subject of the 
present report.

Collaborative Study

D e s ig n  o f  S tu d y

The study design and details of the method were approved 
in 1985 by an AOAC statistician before a study protocol and 
test solutions were distributed. Six collaborators were sent 18 
glass ampoules, labeled A -R , that contained diquat/paraquat 
aqueous solutions or solvent blanks. Silanized ampoules were 
used to reduce adsorption by the glass container. Ampoules K -  
R were to be analyzed first (against the collaborator’s own 
standards) as neat solutions to determine if any losses (sorption 
or degradation) o f standard occunred before analysis. Collabo
rators were to use ampoules A -J  for spiking potatoes according 
to instructions.

Collaborators were required to establish competence with 
the method by analysis o f their own spiked potatoes (triplicate 
analysis at the 0.1 ppm  level) before initiating the collaborative 
study. Background interferences or apparent bioincurred resi
dues of diquat and paraquat were determined with the same 
method by analyzing in triplicate the batch of potatoes used for 
the collaborative study. Collaborators were also requested to
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Table 992.17. Method perform ance for diquat and paraquat residues in potatoes, liquid chrom atographic method

R epeatability R eproducib ility

Herbicide Added, ppm Rec., ppm Rec., % Sr RSDr, % SR R S D r , %

Diquat 0.05 0.044 88 0.013 30.4 0.013 30.4

0.10 0.075 75 0.013 17.2 0.026 33.9

0.5 0.359 71.8 0.048 13.3 0.103 28.8

1.0 0.754 75.4 0.056 7.5 0.171 22.7

Paraquat 0.05 0.040 80 0.004 10.8 0.016 40.1

0.10 0.072 72 0.015 20.5 0.027 38.0

0.5 0.361 72.2 0.014 3.8 0.077 21.2

1.0 0.805 80.5 0.067 8.3 0.152 18.9

prepare calibration curves for both compounds during periods 
of analysis (if analyses were not completed in 1 time period).

Collaborators were requested to purchase locally available 
potatoes at the time o f analysis. They were also to supply their 
own primary standards and prepare them for use as described. 
Standard solutions and spiking solutions were to be stored in a 
refrigerator until required for analysis. Collaborators were sent 
study instructions and report forms. Collaborators were to per
form the analyses using the method precisely as instructed, and 
to return all chromatograms, raw data, and a completed report 
of concentrations determined without correction for recoveries 
determined from their standards (K-R).

Standard solutions A -R  were prepared from an aqueous 
stock solution containing desiccated diquat dibromide and 
paraquat dichloride (>99% stated purity obtained from Agri
culture Canada) as discussed in the collaborative protocol and 
reference 2. Aqueous serial dilutions were prepared for spiking 
solutions, and 1 mL of each was pipetted into 2 mL glass am
poules. All glassware was silanized before use to prevent ad
sorption of analyte by the glass (2, 3).

P re lim in a ry  P r a c t ic e  A n a ly s e s

Before analysis o f the collaborative samples, the partici
pants were asked to use the method to determine diquat and 
paraquat in spiked (0.1 ppm level) and unspiked potatoes, to do 
triplicate analyses (against their own standards), and to check 
that the retention times of standards agree with those from the 
spiked samples or with controls containing endogenous resi
dues. To ensure accurate quantitation, the peak sizes for sample 
residue and reference external standard should match within 
±25%. The standard curve should be linear between 0.1 and
1.0 pg/mL. as described in the method.

Collaborators were instructed not to proceed further unless 
the recovery at 0.1 ppm was >75% for both diquat and paraquat 
spiked potatoes. If this was not possible or if problems arose, 
collaborators were requested to contact the Associate Referee 
for assistance. To determine if sorptive or degradation losses 
occurred in the spiking solutions before their use on potatoes, 
collaborators were requested to first quantitate vials K -R  
against the standards prepared for the practice runs. Solutions 
K -R  were transferred to separate plastic vials; each ampoule 
and ampoule tip was w ashed with two 1 mL portions of water;

the volume was reduced to dryness under nitrogen and made to 
1 mL with LC mobile phase for quantitation. Dilutions of these 
samples were prepared as required using LC mobile phase 
as diluent.

992.17 Diquat and Paraquat Residues in 
Potatoes—Liquid Chromatographic Method

First Action 1992

Method Performance
See Table 992.17 for method performance data.

A . P r in c ip le

Samples are extracted with acid. Extract is applied to silica 
and eluted with acidic methanol. Diquat and paraquat are sepa
rated from coextractives by reversed-phase liquid chromatog
raphy (LC) and detected as heptanesulfonate ion pairs by dual 
channel UV detection.

B. A p p a r a tu s

(a) Blender.— With glass jar and explosion proof motor.
(b) Heater.— Dry bath capable of maintaining 100°, con

taining 2 aluminum heating blocks (each 75 x  102 x  42 mm, 
with 17 mm diameter tube openings in 3 x  4 matrix), stacked 
(each containing 12 openings with the top block drilled out) 
(Fisher Isotemp Model 147, Fisher Scientific, Pittsburgh, PA 
15219, USA, is suitable).

(c) Centrifuge.— Capable of operating at centrifugal force 
of 402 x g and maintaining 5 ± 1 °.

(d) Evaporator.— Operating at room temperature, with 
stainless steel Luer-Lok needles or single line using Pasteur 
pipet connected to source of nitrogen (N-Evap Analytical 
Evaporator, Organomation Assoc., Inc., Berlin, MA 01503, 
USA, is suitable).

(e) Polyethylene vials.— 15 mm id x  55 mm.
i f) Disposable silica cartridges.— Containing 0.65 g silica, 

1 cm id x  2 cm cartridges (Waters Chromatography Div., Mil- 
lipore Corp., Milford, MA 01757, USA, is suitable source). 
Check elution profile by using standards and spiked potato ex
tract; >85% recovery of analytes is acceptable.
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(g) LC system .— (1) Mobile phase delivery system.— LC 
pump, capable o f 3 mL/min delivery, 6000 psi upper pressure 
limit. (2) Injector.— With 100 pL  injection loop (Rheodyne, 
Inc., Cotati, CA 94931, USA, is suitable source). (2) Guard 
column.— C 18 cartridge. Condition before use by soaking in 
methanol 10 min. (4) Analytical column.— 7 mm id x 305 mm 
column, containing poly(styrene-divinylbenzene) packing, 
10 pm  particle size (PRP-1, Hamilton Co., Reno, NV 89502, 
USA, is suitable). Column efficiencies: N (number o f theoreti
cal plates), 684 for diquat and 758 for paraquat.

(h) UV detector.— Capable of measuring absorbance at 
254 and 313 nm  filters. Adjust for steady baseline, <12% 
drift/h, and noise level, <5% at 0.01 AUFS, at range setting of 
0.1 or 0.05 AUFS (e.g., for Waters detector).

(i) Recorder.— 1 mV strip chart recorder with dual pens.
(j) Connecting tubing.— 1.6 mm od x  0.18 mm id stainless 

steel tubing to connect injector, precolumn, analytical column, 
and detector.

(k) Injection syringe.— 250 pL  with Luer-Lok tip and 
blunt needle, 0.5 mm id x  5 cm.

C. R e a g e n t s

(a) Diquat and paraquat standards.— (Caution: These 
compounds have high oral toxicity.) Obtain diquat as di
bromide salt [dication weight = (184.0/344.0) x  sample 
weight]) and paraquat as dichloride salt [dication weight = 
(186.2/257.2) x  sample weight], both >99% purity. Heat diquat 
and paraquat salts 3 h at 110°; then, cool in desiccator contain
ing desiccant; repeat heating/cooling to constant weight on 
analytical balance. Store dried salts in sealed glass vials inside 
desiccator containing desiccant. Use anhydrous standards to 
prepare standard solutions.

(b) Diethylamine.— 98% purity.
(c) Orthophosphoric acid.
(d) Silanizing solution.— 10% (v/v) silanizing reagent in 

hexane, for deactivating glassware (Surfasil, Pierce, Rockford, 
IL 61105, USA, is suitable).

(e) Organic solvents.— Methanol, hexane. Use “distilled- 
in-glass” grade.

(f) Sodium heptane sulfonate.— 98% purity (Eastman Ko
dak Co., Rochester, NY 14652, USA, is suitable source).

(g) Sodium hydroxide solutions.— 1M and 6M aqueous 
NaOH solutions.

(h) Hydrochloric acid solutions.— 1M, 2M, and 5M aque
ous HC1 solutions.

(i) M ethanol-H Cl solution.— 8% Methanol. Add 8 mL 
methanol to 100 mL volumetric flask and dilute to volume with 
5M HC1. Prepare fresh daily.

(j) Potato control samples.— Commercially obtain pota
toes. Store at 5° before use.

D. L C  O p e r a t in g  P a r a m e te r s

(a) LC mobile plmse.— Mix 13.5 mL orthophosphoric 
acid, 10.3 mL diethylamine, and 3.0 g sodium heptanesulfon- 
ate per liter in H20 ;  filter through 0.45 pm  (nylon) filter. Pre
pare mobile phase in 3 -5  L quantities. Place 5 pm  stainless 
steel filter, attached to polyethylene tubing, directly into mobile

phase and pump at 3.0 mL/min; allow up to 1 h for system to 
equilibrate or until baseline drift is <12%/h.

Make 1 or 2 injections o f mobile phase to elute accumulated 
coextractives before injecting standards and samples each day 
and after every 5-10  repetitive injections. This procedure 
should permit complete resolution between paraquat and a po
tential coextractive peak before it. Resolution should be opti
mized if retention time for coextractive peak increases by 
>2 min. Resolution may be improved by adding 1.5-7% 
methanol to mobile phase or by washing column with H20  and 
then methanol, 5 min each, at 5 mL/min, followed by 10 min 
re-equilibration with mobile phase at 3 mL/min. After analysis, 
flush column with methanol and then water, as above, flush 
injector and loop with 0.5-1.0 mL methanol, and recycle mo
bile phase overnight.

(b) Injection .— Draw up 150-200 pL  standard or sample 
extract and slowly fill loop, leaving 25-50 pL  in syringe. 
Leave syringe in injector and inject; depress event marker for 
recorder injection mark. Remove syringe and clean with 2-3  
rinses o f fresh mobile phase.

E. G la s s w a r e  T r e a tm e n t

Treat all glassware with silanizing solution by rinsing sur
faces in contact with analytes and pouring off excess. Dry si- 
lanized glassware under nitrogen and rinse thoroughly with 
hexane and water. After treated glassware is used in this proce
dure, soak it in 5M HC1 at room temperature overnight, or at 
60° for 30 min, and wash in detergent to remove residues of 
diquat and paraquat adsorbed onto glass surfaces.

F. P r e p a r a tio n  o f  S ta n d a r d s  a n d  S ta n d a r d  C u r v e

(a) Standards.— Prepare standard solutions of diquat and 
paraquat for use as external standards for LC quantitation at 
concentrations of 0.62, 1.25, 6.25, and 12.5 pg  cation/mL in 
silanized flasks by diluting with LC mobile phase. (Note. Con
dition pipet tips or volumetric pipets used for solution transfer 
by drawing up and expelling solution 20x before taking aliquot 
for dilution.) Store in silanized volumetric flasks at 5°until use.

(b) Standard curve.— Prepare standard curve by using 
diquat and paraquat standards mixed together at equal concen
trations ranging between 10 and 100 ng per injection (i.e., 0.1, 
0 .3 ,0 .5 , and 1.0 pg  cation/mL mobile phase solution). At range 
setting of 0.01 AUFS, 2.5 ng of diquat and paraquat should be 
detectable (S/N = 3/1) at 313 and 254 nm, respectively. Stand
ard curve should be linear between 0.1 and 1.0 pg/mL.

G . S a m p le  P r e p a r a tio n

Wash and scrub whole potatoes to remove adhering soil par
ticles; quarter and macerate potatoes in blender 60 s at high 
speed. Continue analysis on test samples as described in H.

H. E x tra c tio n  a n d  C le a n u p

Weigh 5 g duplicate samples into glass tubes (16 m m x  
125 mm); add 5 mL 2M HC1. Mix with vortex mixer 60 s, and 
place unstoppered tubes in heating block to reflux 1 h at 100°. 
Remove tubes and add 6 mL H20 .  Centrifuge 10 min at 
1600 rpm, and use Pasteur pipet to transfer supemate into
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Table 1. Collaborative study data, sam ples A -J , for LC determ ination o f paraquat and diquat (ppm ) in potatoes3

1.0 ppm 6 0.50 ppm 0.10 ppm 0.05 ppm Neg. control

Lab. A F D J B I E G C H

Paraquat

1 0.938 0.862 0.352 0.378 0.085 0.099 0.042 0.0435 N D C ND

4d 0.895 0.991 0.495 0.463 0.101 0.10 0.063 0.069 ND ND

8 0.61d 0.50 0.28 0.27 N R e NR NR NR ND ND

9d 0.77 0.69 0.30 0.29 0.07 0.045 0.04 0.035 ND ND

10 0.875 0 .905 ' 0.350 0.33 0.055 0.022 0.022 0.027® ND ND

11 0.748 0.880 0.415 0.412 0.063 0.079 0.026 0.036 ND ND

Diquat

1 0.9005 0.825 0.363 0.401 0.102 0.115 0.047 0.046 0.000 0.000

4d 0.791 0.884 0.469 0.454 0.075 0.082 0.039 0.072 0 .1096 0 .0076

8 0.45 d’' 0.45d’' 0.30 0.15 NR NR NR NR 0.0476 0.0306

9 d 0.70 0.84 0.29 0.28 0.071 0.04 0.04 0.035 ND ND

10 0.872 0 .790 ' 0.350 0.31 0.056 0.042 0.019 0.044® ND ND

11 0.815 0.930 0.489 0.452 0.076 0.093 0.049 0.045 ND ND

a Paired sam ples are blind duplicates. For each sam ple, results are m eans of duplicates, each of which is based on 2 in jections unless 
o therw ise  indicated. 

b “T rue ” value. 
c Not detected.
d Results o f single, not duplicate, analysis. 
e Not reported.
1 Tw o results w ere given; the first w as indicated in analyses.
9 R esult is based on 1 injection.
h Reported background level o f apparent d iquat (0.013 and 0.038 ppm); data for d iquat-sp iked samples were corrected fo r these 2 laboratories. 
' S ingle G rubbs outlier.

25 mL beaker. Add 5 mL 2M HC1 to residue (pellet); mix with 
vortex mixer 60 s. Reextract 30 min under reflux at 100°. Di
lute with 6 mL H 20 ,  centrifuge as above, and combine super- 
nates.

Adjust combined supemates to pH 9 -10  by pH meter (mi
croelectrode, ±0.1 pH units) by using 6M and 1M NaOH and 
1M HC1. Because diquat degrades at this pH, immediately ap
ply extract to dry disposable silica cartridge using 25 mL Luer- 
Lok glass syringe at ca 1 drop/s. Use same syringe to elute 
extract by adding 5 mL H20  (discard eluate), 5 mL methanol 
(discard eluate), and 5 mL 8% methanol in 5M HC1. Collect 
final eluate in 15 mL graduated glass-stoppered centrifuge tube 
and, if necessary, adjust volume to 5.0 mL by adding methanol 
and mix. Transfer 1.0 mL final eluate to polyethylene vial 
(15 mm id x 5 5  mm). Place vial in 40-50° H20  bath and 
evaporate to dryness under nitrogen. Add 1.0 mL mobile phase 
to dissolve residue.

I. L C  D e te rm in a tio n

Make duplicate 100 pL  injections. Peak areas should agree 
within 10% for duplicate injections. Make duplicate injections 
of standard solution (containing both diquat and paraquat) at 
levels similar to anticipated level in sample solution (or con
trols, if  contaminated) after every 2nd sample injection.

J. C a lc u la tio n s

Diquat and paraquat are weighed as anhydrous salts and 
analyzed as di-cations. Use molecular weights, 184 and 186.2,

for diquat and paraquat, respectively, in calculations o f pg  ana- 
lyte/g potato (ppm).

Using external standard(s):

Analyte, ppm  = [(/?, x Cs x D)UR, x WJJ

where C] = diquat or paraquat, as dication, pg/mL; Rx and Rs = 
average peak areas/100 |uL injected (diquat at 313 nm, 
paraquat at 254 nm) for sample and standard, respectively; Wx 
= weight per volume of injected sample, g/mL; D = dilution 
factor, if  1 mL solution for injection is diluted.

Ref.: J. AOAC Int. (1993) 76, July/August issue
CAS-2764-72-9 (diquat)
CAS-4685-14-7 (paraquat)

Results and Discussion

Collaborators returned reports within 24 months (1 ,4 , 11, 
13, 13, and 24 months). Raw data and results o f tests for out
liers are shown in Table 1 for analyses of paraquat and diquat 
in samples A -J. Summary statistics are given in Tables 2 and 3 
for samples A -J and K -R , respectively.

S ta t is t ic a l  T r e a tm e n t o f  D a ta

Levels o f diquat and paraquat reported by collaborators (Ta
ble 1) are shown as ppm found compared with ppm added. Two 
statistical analyses were done: one for test samples A -J  (Ta
ble 2), which is o f primary interest in method evaluation, and
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Table 2. Summary statistics for collaborative data on LC determination of diquat and paraquat (ppm) in potatoes, 
samples A-J

Paraquat D iquat

Statistic A, F D, J B, I E, G Mean A, F D, J B, I E, G Mean

Sam ple m ean 0.805 0.361 0.072 0.040 0.754 0.359 0.075 0.044

‘T ru e ” value 1.0 0.5 0.10 0.05 1.0 0.5 0.10 0.05

No. labs 6 6 5 5 5 6 5 5

sr 0.067 0.014 0.015 0.040 0.056 0.048 0.013 0.013

RSDr, % 8.3 3.8 20.5 10.8 10.8 7.5 13.3 17.2 30.4 17.1

r 0.189 0.039 0.042 0.012 0.159 0.135 0.037 0.037

SR 0.152 0.077 0.027 0.016 0.171 0.103 0.026 0.013

RSDr , % 18.9 21.2 38.0 40.1 29.5 22.7 28.8 28.8 30.4 27.7

R 0.430 0.217 0.077 0.046 0.484 0.292 0.292 0.037

one for solutions K -R  (Table 3) in preliminary practice analy
ses. The raw data for solutions K -R  are not shown but were 
analyzed for completeness and to provide summary informa
tion, which may be useful in the final evaluation o f the method. 
Because these were practice test solutions, the usual summary 
statistics are not relevant in describing method performance. 
Test samples A -J  were a series o f blind duplicates with their 
“true” values (after spiking) as shown in Table 1.

The format of the data, as provided in the data reporting 
forms, for samples A -J  required 2 replicates; each replicate 
comprised results o f 2 injections. Deviations are as follows: 
data for 1 rather than 2 replicates were provided by Collabora
tors 4 and 9 for all samples; data for only 1 replicate for sample 
A and no detected residues for samples B, I, E, and G were 
provided by Collaborator 8; results of 2 complete analyses for 
sample F  were provided by Collaborator 10; and results for 
sample G by Collaborator 10 were based on only 1 injection.

For each sample, calculations were done by the Collabora
tor and checked by the Associate Referee; mean values were 
entered. These were analyzed statistically as provided without 
regard to the numbers o f replicates or injections done by 
the Collaborators.

Statistical analyses were based on AOAC guidelines (4). 
The Cochran test was used first to test for homogeneity of 
within-laboratory variances, and any outliers were indicated 
and deleted. The Grubbs test was applied to laboratory means 
to determine any outliers, i.e., abnormally high or low values. 
The test for single outliers was done first, and if no outliers 
were found then the paired test was done. Summary statistics 
were calculated with and without outliers; a single Grubbs out
lier was found for diquat at the 1.0 ppm  (A, F) level (Lab. 8, 
Table 1).

S a m p le s  A - J

For paraquat, the repeatability relative standard deviation 
(RSDr) ranged from 3.8% (samples D, J) to 20.5% (samples B, 
I) (Table 2). The reproducibility relative standard deviation 
(RSDr) ranged from 18.9% (samples A, F) to 40.1% (sam
ples B, G).

For diquat, the RSDr values ranged from  7.5% (samples A, 
F) to 30.4% (samples E, G). The latter is much higher than the 
rest because of the relatively large variation between blind du
plicates for Collaborators 4 and 10. The RSDr values ranged 
from  22.7% (samples A, F) to 30.4% (samples B, I). For sam-

Table 3. Summary statistics for collaborative data on LC determination of diquat and paraquat (ppm) in standards, 
samples K-R

Paraquat D iquat

Statistic K, L M, N O, Pa Q, R Mean K, L K, L M, N O, P Q, R M ean

Sam ple mean 0.986 0.485 0.102 0.050 0.946 0 .916b 0.4520 0.094 0.049

“T rue” value 1.0 0.50 0.10 0.05 1.0 1.0 0.5 0.1 0.05

No. labs 6 6 5 5 6 5 6 5 6

sr 0.097 0.027 0.006 0.0047 0.093 0.020 0.026 0.0086 0.0039

R S D r, % 10.1 5.5 6.1 4 7.3 9.8 2.29 5.7 9.2 8.0 6.3

r 0.276 0.076 0.018 0.010 0.262 0.057 0.073 0.024 0.011

0.153 0.076 0.014 0.005 0.128 0.092 0.055 0.012 0.006

RSD r , % 15.8 15.6 13.6 10.8 13.9 13.6 10.1 12.3 13.3 12.2 12.0

R 0.433 0.214 0.039 0.015 0.363 0.261 0.157 0.035 0.017

8 Results fo r laboratory 1.
6 Values in th is  colum n w ere calculated a fte r results fo r laboratory 10 w ere de leted on the basis of the  Cochran test.
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Table 4. Absolute recoveries (%) calculated from 
collaborators’ data on test samples A-J in study on LC 
determination of diquat and paraquat in potatoes

Spiking level (‘True value”), ppm

Analyte 1.0 0.5 0.1 0.05 Mean

Paraquat 80.5 72.2 72.0a 80.0 a 76.2

D iquat 75 .4a 71.8 75.0a 88.0 a 77.6

a R ecovery based on data from  5 laboratories; all o ther da ta  based 
on data from  6 laboratories. Absolute recovery = ( C ^ C ^ )  x  102, 
where C = concentration determ ined fo r spiked potatoes by 
m ethod and C ^  = concentration for sam ples and standards, true 
values.

pies E and G, the reproducibility and repeatability statistics for 
diquat are the same (Table 2), because the among-collaborator 
variation was less than the average within-collaborator vari
ation. Collaborators would have a negative contribution to re
producibility, which is not possible theoretically, and therefore 
is set to zero.

S a m p l e s  K - R

The standard solutions (K -R ) were to be analyzed before 
use of the spiking solutions (A -J). Although these results may 
provide some useful information on the method, the summary 
statistics (e.g., repeatability and reproducibility) should not be 
used in summarizing method performance.

R e c o v e r i e s

Table 4 shows the absolute recovery data for samples A -J 
for all laboratories at 4 spiking levels. Recoveries were 71 .8- 
88.0% and 72.0-80.5%  for diquat and paraquat, respectively. 
RSDr means were 12.0 and 13.9%, respectively (Table 3). 
Analysis o f samples K -R  showed little or no loss o f analyte in 
the spiking solutions, because these values were very close to 
the “true” values (Table 4).

D e v ia t io n s  fro m  P r o to c o l

Table 5 lists deviations to the LC protocol and the resultant 
retention times o f diquat and paraquat. Slight deviations were 
reported for UV wavelengths, 257 and 310 nm vs 254 and 
313 nm (recommended); this should have no significant effect 
on the accuracy o f the method. Laboratory 8 used a different 
LC column: C 18 Lichrosorb (250 x  4 mm, 10 pm  particle size) 
instead o f  the PRP-1 column. This change was made because 
of baseline stability problems with the PRP-1 column. Reten
tion times on this column were 7.18 and 8.00 min for diquat 
and paraquat, respectively.

Other retention times varied from the expected (24.9 and
29.6 min for diquat and paraquat, respectively) and must have 
been caused by different column characteristics (variability for 
the same column), because flow rates were never greater than 
3 mL/min (recommended) and yet retention times were usually 
less than those expected (Table 5).

All laboratories stored their samples at O-T'G except Labo
ratory 11 (room temperature). Laboratory 8 performed the 
practice spiking procedure at 10.0 ppm instead of the suggested 
0.1 ppm. Laboratory 4 found it necessary to add 5% methanol 
to the mobile phase to effect separation of diquat and paraquat 
from interfering coextracth es.

All diquat and paraquat standards used by collaborators 
were >98.5% purity and usually >99.6%; final data were not 
corrected for purity of collaborator external standards. Three 
laboratories used peak height (Laboratories 1, 8, and 10) and 3 
used peak area (Laboratories 4 ,9 , and 11) for calculating sam
ple concentrations; all standard curves were linear, and regres
sion analysis gave correlation coefficients o f >0.99 for detector 
response (absorbance) vs concentration of analyte. Only 2 
laboratories (Laboratories 1 and 9) were capable of analyzing 
samples for diquat and paraquat simultaneously. Other labora
tories required twice as many injections for analysis o f both 
compounds in each sample due to the lack o f a dual UV detec
tor.

Table 5. Deviations from method protocol and other variations in collaborative study on LC determination of diquat 
and paraquat in potatoes

Lab. Ana lys is3 Colum n U V6
Flow rate, 

m L/m in RTC
Response
measured Temp, °Cd Tim e, dayse

1 Simult. PR P-1 ^ 313/254 2.0 26.1/28.5 Peak ht 3 102
4 Sep. PR P-1 ' 310/257 3.0 16.6/17.0 Peak area 3 189®
8 Sep. C 18h 313/254 3.0 7.18/8.00 Peak ht 3 398
9 Simult. P R P -1 f 310/257 2.5 16.3/16.4 Peak area 0 30

10 Sep. PR P-1 ' 313/254 3.0 16.5/17.0 Peak ht 3 673
11 Sep. P R P -1 ' 310/257 0.7 13.9/15.0 Peak area 22 334

separate analysis o f d iquat and paraqaut (i.e., separate injections).
b U V  = UV de tecto r wavelengths, pm, fo r d iquat/paraquat. 
c RT = Retention tim es, m in, fo r diquat/paraquat. 
d S torage tem perature fo r solutions.
e Time required fo r com pletion o f analysis (from date  sam ples w ere sent, sam ples received w ith in 12 days). 
1 PRP-1, 10 pm, 300 x  7 mm, presum ably as specified in the protocol.
9 189 days to extraction o f sam ples p lus 144 days fo r com pletion of analysis o f residues in plastic vials. 
h C 18 Lichrosorb, 10pm, 250 x  4 mm.
1 P R P -1, 5 pm , 150 x  4 mm.
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Laboratory 4 reported extracting all samples, subsampling 
the extract, etc., and storing residues in the plastic vials at 4°C 
until required for analysis (144 days postextraction). This ap
peared to have no effect on accuracy or precision of their data. 
This laboratory and Laboratory 11 did not use a refrigerated 
centrifuge, but no significant effect on data was noted. Other 
laboratories filtered the mobile phase through a 0.45 pm  nylon 
filter before use; this step should be done routinely and has 
been included explicitly in this report. Laboratory 4 also fil
tered samples through 0.45 pm  disposable filters before 
LC/UV analysis; this was not found to be crucial by others (col
laborators and Ref. 3). The different storage temperatures and 
times used for spiking solutions (Table 4) did not appear to re
sult in degradation or sorptive losses, because results o f analy
ses for standard solutions (K -R , Table 3) were similar to 
“true” values.

Collaborator’s Comments

Collaborator 1 recommended leaving the mobile phase run
ning overnight (0.2 mL/min) to reduce stabilization of the 
LC/UV detector the next day; this was intended as such in the 
protocol, either by keeping the system running as suggested or 
by recycling at 3.0 mL/min. This detail has been explicitly in
dicated in the present report.

Collaborator 4 found fewer baseline drifting problems when 
standard working solutions were made up in fresh mobile 
phase just before use during analysis; this may be related to an 
LC/UV problem, because no other collaborator reported such 
problems. This laboratory also suggested cautionary notes re
garding the oral toxicity of diquat and paraquat, as well as the 
instability o f diquat at high pH; this information has been in
cluded in the method.

Collaborator 8 reported problems with the silica cartridge 
plugging after the first 10 mL of supernatant extract and in
serted a pledget of silanized glass wool in the syringe; they 
showed that recoveries were unaffected by this change.

Collaborator 11 recommended explicit description o f ad
justing the final silica cartridge eluate volume to 5 mL with 
methanol before removal o f  an aliquot; this detail has been in
cluded in the present method.

Recommendations

Generally, peak height or peak area can be used for quanti
tation depending on the quality o f the chromatographic peaks. 
Several method variables may be modified: (1) resolution of 
interferences from analytes may be improved by decreasing the 
LC flow rate or by adding an organic modifier (e.g., 5% metha
nol) to the mobile phase; (2) limits o f detection may be lowered 
by using larger subsamples of the final silica cartridge eluate; 
and (3) filtering extracts after centrifugation and/or before LC 
injection may improve method performance.

Although the method is somewhat time consuming and 
great care must be observed at each step because o f the inherent 
profound adsorption of the analytes to glass surfaces, the sta
tistical analyses of this study support its acceptability. I recom
mend that the LC method for the determination of diquat and 
paraquat in potatoes be adopted first action.

Acknowledgments

I am indebted to the following collaborators for participat
ing in the study:

F. J. Béraldin. Health and Welfare Canada, Montreal, Que
bec, Canada

G. Bruns, Alberta Agriculture, Edmonton, Alberta, Canada 
A.T. Heck, U.S. Department o f Agriculture, Madison, WI 
R.R. King and J. Embleton, Agriculture Canada, Frederic

ton, New Brunswick, Canada
K. McLeod, U.S. Department o f Agriculture, Lansing, MI 
R Ward, U.S. Food and Drag Administration, Atlanta, GA 
I gratefully acknowledge the assistance of R. Albert (U.S. 

Food and Drug Administration, Washington, DC) and S. Mal
colm (Health and Welfare, Ottawa, Ontario, Canada) in the de
sign and statistical analysis of this study.

References

(1) B rian , R .C ., &  W ard, J. (1967 ) Weed Res. 7 , 117 -130

(2) W orobey, B .L . (1987 ) Pestic. Sci. 18, 2 4 5 -2 5 7

(3) W orobey. B .L ., &  Panopio. L .-G . (19 8 3 )Anal. Lett. 16, 
1235-1252

(4) H o rw itz , W. (1984) J. Assoc. Off. Anal. Chem. 67, 4 3 2 -4 4 0



888 Snyder Et  A l .: Journal Of AOAC International Vol. 76, No. 4,1993

PESTICIDE RESIDUES IN ANIMAL TISSUES

Supercritical Fluid Extraction of Poultry Tissues Containing 
Incurred Pesticide Residues

J a n e t  M. S n y d e r  a n d  J e r r y  W .  K i n g

U.S. Departm ent o f Agriculture, Agricultural Research Service, National Center for Agricultural Utilization Research, 
Food Quality and Safety Research Unit, 1815 N. University St, Peoria, IL 61604 
L o y d  D. R o w e

U.S. Departm ent o f Agriculture, Agricultural Research Service, Veterinary Toxicology and Entomology Research 
Laboratory, College Station, TX 77841 
J u l i e  A. W o e r n e r

U.S. Departm ent o f Agriculture, Agricultural Research Service, National Center for Agricultural Utilization Research, 
Food Quality and Safety Research Unit, 1815 N. University St, Peoria, IL 61604

A method using supercritical carbon dioxide to ex
tract fat from poultry tissue was developed. Tis
sues used in this study were peritoneal fat, breast 
tissue, leg and thigh tissue, and liver from chick
ens fed rations containing heptachlor, dieldrin, and 
endrin. The fat was isolated from the peritoneal tis
sue by supercritical fluid extraction (SFE) and by 
thermal rendering. The fat was removed from the 
breast tissue, leg and thigh tissue, and liver by SFE 
and solvent extraction. The results indicate that re
coveries of organochlorine pesticide from the peri
toneal, breast, leg, and thigh tissues by SFE extrac
tion are equivalent to those obtained by 
conventional extraction methods. The pesticide re
coveries by SFE extraction of the liver were higher 
than those obtained by solvent extraction.

A nalytical methods used to determine chlorinated pesti
cides in animal tissues have been applied to the isolated 
fatty material containing the incurred pesticide resi

dues (1-6). Regulatory agencies and analytical laboratories 
currently use organic solvents to extract the fat from the animal 
tissue (6-7). Recently, there has been considerable concern 
about the health hazards associated with the use o f organic sol
vents as well as the impact o f their subsequent disposal on the 
environment (8). Supercritical fluid extraction (SFE) has been 
used to separate the lipid material containing pesticide residue 
from animal tissue (9) and fish tissue (10) as an alternative to 
solvent extraction. The present paper describes a method in 
which the fat from poultry (chickens) that have been fed 3 chlo
rinated pesticides has been extracted both by supercritical C 0 2 
and by conventional extraction methods. Quantitative recovery 
o f the pesticides by the SFE extraction method is compared to

R ec e iv e d  J u ly  27 , 1992. A c ce p te d  N o v e m b e r 10, 1992.

the recovery by conventional solvent extraction techniques and 
by thermal rendering of fat.

The reported method, which can be genetically classified as 
“off-line” SFE, is preferred to an “on-line” SFE method (11), 
because the latter is difficult to accomplish in the presence of 
lipid coextractives. The described SFE technique has been ap
plied successfully to relatively large fat and dehydrated tissue 
samples. The study is also unique in that SFE was performed 
on biological tissues that contained actual incurred residues, 
rather than fortified tissue.

Experimental

A p p a r a tu s

Gas chromatograph. —  Hewlett-Packard GC 5890 equip
ped with 63Ni electron capture detector (ECD) (Hewlett- 
Packard, Avondale, PA); 2 m x  4 mm id glass column (GP 
1.5% SP-2250/1.95% SP-2401) (Supelco, Bellefonte, PA). 
Temperatures: oven 200°C, injector 220rC, and detector 
350°C. Helium flow rate, 40 mL/min.

Pressure apparatus.— Haskel air-driven compressor (Bur
bank, CA); Autoclave micro-metering valve (Erie, PA).

C h e m ic a ls  a n d  R e a g e n t s

Petroleum ether and hexane were obtained from J.T. Baker, 
Inc. (Phillipsburg, NJ). Neutral alumina, Brockman Activity 1 
(Fisher Scientific, Pittsburgh, PA) was heated to 800°C for 4 h. 
cooled, and activated by adding 5% distilled water by weight. 
Pesticide standards were purchased from Supelco. Carbon di
oxide with a purity o f 99.95% was obtained from National 
Welding Supply. Bloomington, EL.

P ro d u c tio n  o f  I n cu rred  R e s i d u e s

Chicken samples containing incurred chlorinated pesticide 
residues were generated by L. Rowe (College Station, TX). 
Nine chickens (22-month-old White Leghorn breeder hens) 
were ted diets containing 0.45 ppm each of heptachlor,
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dieldrin, and endrin for 55 days to provide a concentration of 
0.51 ppm of each pesticide (12); 5 control chickens were fed a 
pesticide-free diet. The chickens were sacrificed 2 days after 
withdrawal from the pesticide-treated feed. Previous feeding 
studies o f chlorinated hydrocarbon pesticides had indicated 
that concentration o f the residues reached a plateau after 6 -7  
weeks of feeding (12). The chicken tissue was removed from 
the bones and portioned into breast, leg/thigh, peritoneal fat, 
and liver tissue. The tissue samples were individually pack
aged, frozen, and sent to the National Center for Agricultural 
Utilization Research (NCAUR) in Peoria, IL. These samples 
were used in this study.

Extraction

Samples were prepared identically for both conventional fat 
separation techniques (13) and SFE. The peritoneal fatty tissue 
was ground with the aid of a Kitchen Aid food grinder and 
divided into 2 portions. One part was SFE-extracted to separate 
the fat, and the other part was thermally rendered at SOT! for 
3 h to separate the fat.

The breast and leg/thigh muscle were ground and divided 
into 3 portions. Two parts were oven-dried at 50°C until the 
moisture content o f the muscle was <5% by weight. One o f the 
dried portions was extracted by SFE. The other portion was 
solvent-extracted by mixing it with 100 m L petroleum ether 
(PE) in a blender for 5 min; the solution was filtered, and the 
solvent was removed by evaporation on a steam bath. W hen ca 
10 mL solvent was left, the remainder o f the PE was removed 
by a nitrogen stream. The third portion of ground tissue was 
dried and extracted in 1 step by mixing PE and Na2S 0 4 in a 
blender; the solvent was decanted from  the tissue, and the fat 
was recovered after solvent removal by using a steam bath and 
nitrogen flow as described previously.

The liver was ground, oven-dried at 50rC, and divided into 
2 portions; 1 portion was extracted by SFE, and the other was 
extracted with PE in a blender. The PE extract was decanted 
from the liver tissue, and the PE was removed by evaporation 
on a steam bath followed by nitrogen drying.

The SFE extractions were performed in an extraction appa
ratus previously described (9). Two stainless steel extraction 
tubes (1.75 x  30.5 cm and 1.75 x  56 cm) were used, depending 
on the size o f the sample. The peritoneal fat samples (25-30 g) 
were spread on glass wool supports, which were placed on 
plastic sheets (4 x  28 cm); the sheets were then rolled to fit into 
the extraction tubes (1.75 cm id). The extraction tubes (pres
sure rated at 10 000 psi) were then put into a converted GC 
oven, and the temperature was gradually raised to 80°C as the 
pressure was raised to 10 000 psi and maintained by the micro
metering valve located before the collection flask. The flow 
rate o f the C 0 2 gas was measured at the exit port o f the collec
tion flask by an American dry test meter (Philadelphia, PA).

Extraction fluid flow rates for the peritonal fat ranged from 
10 to 20 L/min, as measured under ambient conditions, and the 
extraction times varied from 30 to 40 min. The extracted fat, 
containing the incurred residues, was collected in glass round- 
bottom flasks. Ground meat tissue (ca 20-30  g) and liver sam
ples (7-10 g) were placed directly in the extraction tubes. The

Table 1. ECD/GC results for poultry tissues extracted  
with supercritical carbon d ioxide9

Pesticide, ppm in lipid extract

C hicken No. Tissue type
Heptachlor

epoxide Dieldrin Endrin

1 Fat 0 .8 8 2 .9 3 2 .3 2

1 Leg/thigh 0.91 2 .82 2 .2 4

1 Breast 1 .04 3 .06 2 .3 4

2 Fat 0 .8 0 2 .5 7 2.41

2 Leg/thigh 0.91 2 .5 3 2 .1 5

2 Breast 1 .09 2.21 1.75

3 Fat 0 .9 6 2 .7 3 2 .0 8

3 Leg/thigh 0 .8 2 2 .30 1 .75

3 Breast 1 .42 2 .6 8 1.98

4 Fat 1 .12 3 .00 2 .3 2

4 Leg/thigh 1 .08 2 .8 6 2 .2 2

4 Breast 1 .56 3 .0 8 2 .2 4

CV, %b Fat 6.1 4.1 3 .7

CV, % Leg/thigh 3 .7 5 .3 5 .8

CV, % Breast 3 .9 3 .8 3 .5

a D ifferences determ ined by an analysis of variance. 
6 CV, coefficient of variation (av).

same temperature and pressure were used to extract the ground 
meat and liver samples as were used for the peritoneal fat. The 
C 0 2 flow rates were kept at 2 -4  L/min for ca 2 h for the ground 
meat samples and 2 L/min for 45 min for the liver samples. 
Crude fat was determined on all tissues (7), and analysis indi
cated that >96% of the theoretical fat was removed by SFE 
extractions (9). SFE extractions of fat from  control chickens 
were made to determine the optimum conditions for each tis
sue type.

Cleanup and Analysis

The pesticide residues were separated from the fat and de
termined by Food Safety and Inspection Service method 5.002, 
a micro alumina column method for the separation of chlorin
ated hydrocarbons (13). For GC analysis, aldrin was added as 
an internal standard to the injection solution in isooctane, and 
a 2.0 |iL  aliquot was injected. Analyses were made in duplicate 
to determine repeatability.

R e s u lts  an d  D is c u s s io n

Pesticide residue concentration was determined in lipid ma
terial extracted from the individual chicken tissues. From the 
14 chickens sampled, the average weight % fat content o f the 
peritoneal fatty tissue (F) was 88%; 24% fat was extracted from 
the leg/thigh (L/T) tissue, 5.8% from  the breast (B), and 11% 
from the liver.

Pesticide residues were not found in any of the tissues of the 
5 control chickens fed the pesticide-free diet. Pesticide concen
trations in the 3 tissue types are shown in Table 1. Comparisons
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Table 2. Analytical results for peritoneal fat processed by SFE or therm al rendering3

C hicken No.

Pesticide, ppm  in lipid extract

H eptachlor epoxide Dieldrin Endrin

S F E 6 R E N C S F E 6 R E N C S F E 6 R E N C

1 0 .8 8 0 .97 2 .9 3 2.91 2 .3 9 2 .3 9

2 0 .8 0 0 .79 2 .5 7 2 .4 3 2.41 2 .26

3 0 .9 6 1.08 2 .7 3 3 .1 5 2 .0 8 2 .5 7

4 1.12 0 .83 3 .0 0 2 .7 3 2 .3 2 2 .4 0

5 C.86 0 .96 2 .9 2 3 .0 9 2 .3 2 2 .4 0

6 C.70 0 .74 2 .3 8 2 .4 6 2 .0 6 2 .2 3

7 0 .5 6 0 .62 2 .3 3 2 .3 0 2 .0 0 2.11

8 0 .5 9 0 .57 1 .97 1.97 1.95 1.93

9 0 .6 6 0 .60 2 .3 4 2 .1 9 2 .3 8 2 .17

CV, %d 4 .2 3 .7 5 .0 2 .0 3 .3 2 .3

a Com parison by paired /-tests found no differences betw een extraction m ethods. 
b S F E , supercritical fluid extraction.
0 R E N , therm al rendering. 
d CV, coefficient of variation (av).

were tested within an analysis o f variance at P  <0.05. Hepta
chlor epoxide formed from metabolized heptachlor was higher 
in the breast muscle than in the peritoneal fat and leg/thigh tis
sue. There were also significant differences (P  <0.05) in the 
heptachlor epoxide residue between chickens. Chickens 1 and 
4 had higher levels o f dieldrin than chickens 2 and 3. There 
were no significant differences (P <0.05) in the amounts of 
dieldrin or endrin residues present in the fat extract o f the 3 
tissue types.

The concentrations of the pesticides from the peritoneal fat 
extracted by SFE and from thermal rendering of the fat are 
compared in Table 2. A paired /-test comparing the 2 extraction 
techniques found no significant difference (P <0.05) between

the 2 methods for any of the 3 pesticides studied. Each value in 
Table 2 is the average o f 2 determinations. A t the bottom o f the 
table is the average coefficient o f variation (CV), showing the 
repeatability o f the GC determinations.

Table 3 compares the data from the 3 extraction methods 
(PE, dehydration achieved by addition of Na2S 0 4 to PE and 
extracted; DPE, sample air-dried and extracted with petroleum 
ether; and SFE, supercritical fluid-extracted) for the breast and 
the leg/thigh tissues.

No significant differences (P <0.05) were found by an 
analysis o f variance for the PE vs DPE, PE vs SFE, or DPE vs 
SFE for any of the 3 pesticides. Chicken 7 generally tended to 
have lower levels o f pesticide residues than the other 2 chick-

Table 3. Results from  poultry tissue extracted by supercritical fluid vs solvent extraction m ethods3

Pesticide, ppm  in lipid extract

C hicken No. Tissue type

H eptachlor epoxide Dieldrin Endrin

P E 6 D P E C S F E 6 PE D P E S F E PE D P E S F E

6 Breast 0 .8 0 0 .8 0 0 .8 6 2 .7 9 2 .7 7 2 .7 9 2 .4 2 2 .3 4 2 .3 9

6 Leg/thigh 0.71 0 .7 6 0 .8 0 2.61 2 .8 0 2.71 2 .3 0 2.41 2 .3 6

7 Breast 0 .5 2 0 .4 8 0 .4 6 2 .0 9 2 .0 2 2 .0 8 1 .70 1 .58 1 .7 0

7 Leg/thigh 0 .5 2 0 .5 2 0 .4 9 2 .0 0 1 .96 1 .80 1.72 1 .80 1 .65

9 Breast 0 .6 7 0 .7 0 1.01 2 .4 0 2 .3 5 2 .0 4 2 .3 2 2 .2 9 2 .1 3

9 Leg/thigh 0 .5 8 0.61 0 .7 4 2 .2 0 2 .2 6 2 .2 2 2 .1 3 2 .1 5 2 .1 0

C V, %e B reast 3 .7 3 .0 1.4 4 .3 7 .3 3.7 4 .0 7.5 3 .8

CV, % Leg/thigh 3.1 3 .0 3.1 6.8 5 .2 5.5 5 .4 6 .5 5 .6

a D ifferences determ ined by an analysis of variance. 
6 PE, N a 2S 0 4 added , extracted with petroleum  ether. 
c D H E , dehydrated , extracted with petroleum  ether. 
d S F E , supercritical fluid extraction. 
e CV, coefficient of variation (av).
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Dieldrin

Figure 1. Com parison o f extraction m ethods on poultry 
tissues from chicken No. 9. Standard deviation is 
indicated by the marks at the top of each bar.

ens studied. For these data, where a difference was found be
tween tissues, higher levels o f dieldrin were found by PE ex
traction and higher levels o f endrin by SFE extraction for breast 
tissues than for leg/thigh tissues. The average CV o f each ex
traction method for all analyses o f the breast and leg/thigh sam
ples was 4.6% for PE extraction, 5.4% for DPE extraction, and 
3.8% for SFE extraction.

Pesticide residue levels from the fat extract o f chicken 9 
were plotted, and Figure 1 shows the concentrations deter
mined by 4 methods of extraction of all the tissue types. The 
standard deviation for the duplicate GC determinations is 
shown at the top of each individual bar. The data trend for this 
chicken was representative o f all o f the chickens studied. Peri
toneal fat extracted by the 2 methods of thermal rendering and 
SFE showed no difference in the pesticide concentrations. 
Also, there was no significant difference among the 3 extrac
tion methods in the amount o f pesticide found in the breast and 
leg/thigh tissues, as was also reported in the previous tables. 
However, the data in Figure 1 indicated that the amount o f each 
pesticide residue found in the liver was greater by SFE than by 
solvent extraction. This result is possibly due to the superior 
mass transport properties exhibited by supercritical fluids vs 
conventional organic solvents (14), i.e., S C -C 02 is able to 
penetrate the liver tissue more effectively and to extract the 
pesticides, and, thus, yielded higher analyte recoveries from all 
the livers that were extracted.

The incurred residues found in the poultry tissues were 2-6 
times their concentration in the residue-inducing feed. This is 
in agreement with the results of Cummings et al. (12); how
ever, the lower values found for heptachlor epoxide relative to 
dieldrin (15, 16) and endrin may be due to a difference in the 
rate o f metabolic conversion of heptachlor to its epoxide within 
the chicken’s body.

Overall, with the exception of the liver, the analytical data 
suggest that the distribution o f the individual chlorinated pesti
cides in the fat from different types of hen tissue is relatively 
constant. This is consistent with the detoxifying role o f the liver 
in the mammalian body, as reported by Groves et al. (17).

The results o f this study indicate that supercritical fluid ex
traction is as effective as conventional thermal rendering or sol
vent extraction techniques. This research has the potential for 
establishing a “solventless” extraction method, eliminating the 
cost associated with hazardous solvent disposal, and avoiding 
the exposure of laboratory personnel to such chemical agents.
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TOXICITY TESTING

E v a lu a t io n  a n d  A p p lic a tio n  o f  a  B io lu m in e sc e n t B a c te r ia l  
G e n o to x ic ity  T est

T h o m a s  S.C. Su n * 1 an d  H e n r y M . Stah r
Iowa State University, Veterinary Diagnostic Laboratory, Ames, IA 50011

T h e  M u tatox®  te s t (c o m m e rc ia l n a m e  fo r  th e  b io lu -  
m in e s c e n t b a c te ria l g e n o to x ic ity  te s t) h as  b e e n  
s h o w n  to  b e  a  g o o d  a lte rn a tiv e  to  th e  A m e s  tes t. 
T h e  te s t u ses  d a rk  m u ta n ts  o f lu m in o u s  b ac te ria  
( V ib rio  fis c h e ri)  a n d  d e te rm in e s  th e  a b ility  o f v a ri
o u s  g e n o to x ic  a g e n ts  to  re s to re  th e  lu m in e s c e n c e  
b y  in d u c in g  m u ta tio n . It p ro v id e s  a rap id  s c re e n in g  
te s t w h ic h  c a n  b e  u s e d  to  a s s a y  th e  g e n o to x ic ity  o f 
la rg e  n u m b e rs  o f p u re  an d  c o m p le x  c o m p o u n d s . 
T h e  te s t is  c o m p le te d  in 1 day , an d  b y  s e ria lly  d ilu t
in g  th e  c o m p o u n d , d o s e  re s p o n s e  d a ta  p lu s  to x ic 
ity  d a ta  c a n  b e  g e n e ra te d  fo r  a  n u m b e r o f s a m p le s  
s im u lta n e o u s ly . F o r th e  d ire c t a s s a y  (w ith o u t e x 
o g e n o u s  m e ta b o lic  a c tiv a tio n ), th e  p o s itiv e  c o n 
tro ls  s e le c te d  w e re  3 ,6 -d ia m in o a c rid in e  (p ro fla v in e )  
an d  W -m eth y l-A f-n itro -n itro s o g u a n id in e . F o r th e  S -9  
assay , w h ic h  in c o rp o ra te d  th e  m ic ro s o m e  fra c tio n  
(S -9 ) fro m  ra t liv e r a s  a n  e x o g e n o u s  m e ta b o lic  a c ti
v a tio n  s y s te m , th e  p o s itiv e  c o n tro ls  s e le c te d  w e re  
a fla to x in  B i an d  b e n z o (a )p y re n e . T h is  s tu d y  a ls o  in
d ic a te d  th a t m e th y l-im id a z o -q u in o lin e  an d  try p to 
p h a n  p y ro ly s a te s  w e re  g e n o to x ic  in  th e  p re s e n c e  
o f S -9  a c tiv a tio n , a fla to x in  B i e p o x id e  a n d  fu m o n -  
is in  B i s h o w e d  d ire c t g e n o to x ic  activ ity , an d  a fla 
to x in  B 2 an d  o c h ra to x in  A  w e re  n o t g e n o to x ic .

T he human population is exposed to an ever-increasing 
number o f food additives, dmgs, cosmetics, and chemi
cal substances which are of great social and economic 

importance. In conjunction with the introduction of each new 
chemical, an equally great probability exists for the incidence 
of adverse effects upon the population. Substances that are not 
natural to a food may also become a part o f the food by several 
routes, and may be consumed by humans and thus raise ques
tions of safety. Toxicity testing has become a major concern na
tionally, because of the extensive legislation that now mandates 
such testing, as well as internationally because o f the need for 
mutually acceptable products as a prerequisite to economic co
operation in the marketing of foods and chemicals (1 ,2).

Received December 16, 1991. Accepted November 23, 1992.
1 Current address: Veterinary Biological Systems Analysis, Inc., 

Newton, IA 50208.

Genotoxicity testing is one of the important branches o f a 
toxicity testing system. In recent years, thousands of chemicals 
have been tested for genotoxic activity as a result o f the devel
opment of rapid, relatively inexpensive genotoxicity screening 
tests. Many genotoxicity tests are now available that use di
verse organisms from bacteria to mammalian cells in culture
(3). The Ames test, also called SalmonellaJmaimnalian mi
crosomal test, has been widely used as a screening test by food 
scientists and environmentalists (4). Most recently, Ulitzur and 
his colleagues have developed a new genotoxicity test that uses 
a bacteria] system and bioluminescent technique. The biolumi
nescence test (BLT) for genotoxic agents uses dark mutants of 
luminous bacteria to determine the ability o f the tested agent to 
restore luminescence by inducing mutation. The restored lumi
nescence can be measured by using photometric instrumenta
tion (5).

The current study was conducted to evaluate the Mutatox® 
test (the commercial version of the BLT for genotoxic agents) 
in our laboratory, to use the test to screen some chemical com
pounds that may be found in foods o r feeds, to confirm its reli
ability, and to contribute to a data base for the test.

M E T H O D

Reagents

(a) Solvents.— Acetone, acetonitrile, dimethyl sulfoxide 
(DM SO), ethanol, and methanol were all LC grade from Fisher 
Scientific Co., Fairlawn, NJ.

(b) Water.— Millipore double deionized water (Millipore 
Co., Bedford, MA) was used for water reagent in all tests.

(c) Chemicals.— Benzo(a)pyrene (B(a)P), aflatoxin B 1; 
aflatoxin B2, fumonisin B h ochratoxin A, 3,6-diaminoacridine 
(proflavine), A-methyl-M-nitro-nitrosoguanidine (MNNG), 
glucose-6-phosphate (G-6-P), and (3-nicotinamide adenine 
dinucleotide phosphate disodium salt (NADP) were obtained 
from Sigma Chemical Co., St. Louis, MO. The heterocyclic 
amines, methyl-imidazo-quinoline (M elQ) and tryptophan py
rolysates (Trp-P-1 and Trp-P-2), were supplied by W. Fiddler 
(USDA, Philadelphia, PA).

Mutatox^ Test

The Mutatox test, which was developed by Microbics Co. 
(Carlsbad, CA), is the commercial version o f the BLT for geno
toxic agents described by Ulitzur (5). The Microbics Co. has
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lyophilized the bacteria culture, modified the assay medium, 
and optimized the assay protocol to provide a simple and reli
able system for the detection o f genotoxic agents. Aseptic tech
nique is not necessary for the test. The Microbics Co. provided 
all the reagents that were needed for the test, including the bac
terial culture and assay medium.

(a) Bacterial culture.— A dark mutant, M 169, o f Vibrio fis-  
cheri was prepared by Ulitzur. The Microbics Co. has lyophil
ized the bacteria culture, which is stable at -20°C . This culture 
has been developed for different purposes: (1) for direct assay 
(the test includes the tested chemical w ithout exogenous meta
bolic activation), and (2) for S-9 assay (the test includes the 
tested chemical with the microsome fraction (S-9) from rat 
liver as an exogenous metabolic activation system). Before 
each test the lyophilized culture is rehydrated by adding 1 mL 
prechilled deionized water into the culture vial and mixing gen
tly to obtain a homogenous suspension. The rehydrated culture 
was always used immediately after it was prepared.

(b) A s s a y  m e d iu m .— The Mutatox test was performed in 
the growth medium designated as M 169 growth medium, 
which is also available in the lyophilized form prepared by Mi
crobics Co. The powdered medium is stable at - 2 ( W .  For each 
test, the proper amount o f lyophilized assay medium was 
weighed and dissolved in a premeasured amount o f prechilled 
deionized water. The concentration of the assay medium in the 
deionized water was 3% (w/v). The assay medium has also 
been developed for the direct assay and the S-9 assay. The as
say medium was prepared fresh for each test.

(c) S -9  p r e p a r a t io n .— The S-9 preparation contained rat 
liver microsomes induced by Aroclor 1254 and was purchased 
from M olecular Toxicology Inc. (Annapolis, MD). The S-9 
preparation is stable if kept in an ultralow freezer (-70°C). For 
the S-9 assay, the S-9 preparation was thawed and used imme
diately. The concentration of S-9 preparation in the assay me
dium was 0.5% (v/v).

(d) S -9  c o fa c to r .— In addition to S-9 preparation, the S-9 
assay also required the S-9 cofactor, which included 0.25 mmol 
NADP and G-6-P in the assay medium.

(e) S a m p le  p r e p a r a t io n .— Different concentration ranges 
of tested chemicals were prepared to determine in which range 
the genotoxicity occurs with the Mutatox test. For water- insol
uble chemicals, the solvent systems that are compatible with 
the test are acetone, acetonitrile, DMSO, ethanol, and metha
nol.

(f) C o n tr o l  p r e p a r a t io n .— For each test, concurrent posi
tive and negative controls should be used in the same system 
as that used for the tested chemical. Both a solvent and an un
treated (blank) control should be used as negative controls. 
Proflavine or MNNG was used as a positive control for the 
direct assay, and aflatoxin B j or B(a)P was used as a positive 
control for the S-9 assay.

(g) L u m in e sc e n c e  d e te rm in a tio n .— The photometer used 
for the bioluminescence determination in the Mutatox test is 
the Tri-Carb® Model 1600 TR liquid scintillation analyzer 
(Packard Instrument Co., Meriden, CT). The analyzer was op
erated at the single photon count setting. Each sample prepara
tion should be read at least once each hour up to 24 h.

C o n tr o l  5 ( jg /m l

Time (Hour)

Figure 1. Typical result of Mutatox test fo r proflavine.

Assay Protocol

The test protocol steps, which are all performed at room 
temperature, are as follows:

(a) (1) For the direct assay.— Add 2 mL assay medium to 
scintillation vials. (2) For the S-9 assay.— Prepare S-9 prepa
ration and S-9 cofactor mixture in the assay medium. Then add 
2 mL of the assay medium mixture to scintillation vials.

(b) Add desired concentrations of the tested chemical(s) to 
scintillation vials in triplicate and shake gently.

(c) Add 20 |iL  of the rehydrated bacterial culture to each 
scintillation vial.

(d) Cap the scintillation vials and shake them for 2 0 -  
30 min.

(e) For each test, prepare a blank control, concurrent sol
vent control, and positive control.

(f) Measure light emission automatically by using liquid 
scintillation analyzer hourly up to 24 h.

Analysis of Results

To evaluate the activity o f the chemical in question is to 
determine the maximal luminescence value that has been 
reached at any time during the test. A significant genotoxic ac
tivity can be defined when the maximal luminescence devel
oped due to the chemical in question is >3 times the maximal 
luminescence of the corresponding control (5).

Experimental Design

In this study, each tested chemical was prepared in triplicate 
in each Mutatox test and was examined for genotoxicity 3
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Concentra tion  (pg/m l)
Figure 2. Typical dose-response result of proflavine by 
using Mutatox test.

times by the test. Results reported represent 1 typical result 
from 3 tests for each tested chemical.

R e s u lts

The efficiency of the chosen positive controls was exam
ined. Figure 1 represents a typical result o f the Mutatox test 
when comparing the effects o f proflavine and a blank control. 
In the presence of 5 |ig/m L proflavine, the restored lumines
cence reached its maximum around 12 h. In the blank control 
without proflavine, the spontaneous luminescence did not 
change significantly up to 24 h. The luminescence increase for 
the proflavine treatment is several orders o f magnitude higher 
than that of the blank control. The genotoxic activity of 
proflavine has thus been confirmed.

For the Mutatox test, it is possible to obtain not only can a 
positive or negative result for genotoxicity, but also the dose- 
response within a certain concentration range o f the tested 
chemical. Figure 2 shows the dose-response o f proflavine from

the test. From 0.3 to 5 pg  proflavine/mL, the luminescence in
creased as the concentration increased. We also observed that 
when the concentrations of proflavine were further increased 
up to 9 pg/mL, the presence of proflavine eliminated the bac
terial growth. The concentration o f a certain tested chemical at 
which it will inhibit the bacterial growth is defined as the 
toxic concentration.

As shown in Table 1, the response of MNNG in the Mutatox 
test was also examined. Again, a positive response of genotoxic 
activity has been confirmed for MNNG at concentrations be
tween 0.03 and 0.1 pg/mL. The toxic concentration of MNNG 
was 0.3 pg/mL.

The S-9 assay was conducted by using aflatoxin I f  and 
B(a)P. Figure 3 shows the result o f aflatoxin at 3 pg/mL. In 
the presence of S-9 activation, the luminescence of afla
toxin B i treatment increased dramatically around 10 h; without 
S-9 activation the maximal luminescence of aflatoxin B! treat
ment was similar to that of the blank control. These results 
demonstrate that S-9 activation is necessary for the afla
toxin B, to exhibit genotoxic activity. As shown in Table 1, the 
S-9 activation is also necessary for the B(a)P to show a positive 
response in the Mutatox test. Like the direct assay, the S-9 as
say can also provide different kinds of information about cer
tain chemicals, such as genotoxicity response, dose-response, 
and toxic concentration.

From the experiments with proflavine, MNNG, afla
toxin B h and B(a)P, the positive controls were established for 
further study with other chemicals to be tested. Table 1 summa
rizes the results o f all the positive controls. The study indicated 
that: (1) the onset times for the maximal luminescence were 
different for different chemicals, (2) the genotoxic or toxic con
centration was different for different chemicals, and (3) for all 
chemicals tested, a confirmed result can be obtained within 
24 h.

Table 2 presents the results of tests with some o f the myco- 
toxins selected for the Mutatox test. As indicated in the positive 
control study (see Figure 3), aflatoxin B , responded positively 
for genotoxic activity in the presence o f S-9 activation. Within 
the concentration range 0.01-50 pg/mL, aflatoxin B2 did not 
show genotoxic activity for both direct and S-9 assays. The 
toxic concentration for aflatoxin B2 was 50 pg/mL. Epoxide 
aflatoxin B,, a derivative of aflatoxin B b was synthesized ac
cording to the method described by Baertschi et al. (6) and 
evaluated for genotoxic activity. For the direct assay, epoxide 
aflatoxin B, exhibited genotoxicity between 2 and 10 pg/mL;

Table 1. Mutagenicity of proflavine, MNNG, aflatoxin Bi and B(a)P

Chem ical D irect assay S - 9  assay
Concn range for positive  
response, pg /m L m edia

Toxic concn, 
pg/m L m edia

Proflavine + N T a 0 .3 -7 .0 9 .0

M N N G + N T 0 .0 3 -0 .1 0 0.3

Aflatoxin B, - + 0 .1 0 -5 .0 0 8.0

B (a)P - + 0 .0 0 1 -0 .7 0 0 1.0

N T  =  not tested.
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Control —* — With S -9  “B- Without S-9

Figure 3. Typical result of Mutatox test for aflatoxin Bi 
at 3 ug/mL.

at 20 |ig/m L, the epoxide aflatoxin B | played an inhibitory role 
for bacterial growth. In the Mutatox test, ochratoxin A was not 
genotoxic with or without activation by S-9 fraction. The toxic 
concentration for ochratoxin A was 50 pg/mL. Fumonisin B! 
showed genotoxic activity without the activation of S-9 frac
tion. The concentration range which responds positively was 
between 5 and 20 pg/mL; the toxic concentration was 
40 pg/mL.

Heterocyclic amines such as M elQ, Trp-P-1, and Trp-P-2 
were tested for genotoxicity in the Mutatox test. All 3 com
pounds responded negatively for the direct assay and positively 
for the S-9 assay (see Table 3). The concentration ranges that 
gave a positive response were 0 .5-10 pg/mL, 0.5-7.5 pg/mL,

and 0.5-7.5 pg/m L for MelQ, Trp-P-1, and Trp-P-2, respec
tively. The toxic concentration was 30 pg/m L for M elQ  and 
40 pg/m L for both Trp-P-1 and Trp-P-2.

D is c u s s io n

The success o f a genotoxicity assessment program depends 
strongly on the efficiency and reliability of the screening sys
tem, for most o f  the decisions regarding individual chemicals 
must be made on the basis o f short-term screening tests. The 
BLT for genotoxic agents has been developed by Ulitzur (5) 
and further commercialized and designated as the Mutatox® 
test by Microbics Co., CA. Based on current understanding of 
the regulatory control o f Vi fischeri lux system, 3 related 
mechanisms may explain the ability o f the mutant strain to pro
duce light after exposure to genotoxic agents. The transduction 
of the luminescence luciferase operon is under continuous re
pression, probably by an intercistronic repressor. Restoring the 
luminescence o f  the repressed dark mutant can theoretically be 
achieved by 3 independent events: (1) blocking the formation 
of the repressor, (2) inactivating the repressor of the lumines
cence system, and (3) changing the physical configuration of 
the DNA, thus allowing unrepressed transcription of luciferase 
operon. Direct mutagen agents (either base substitution or 
frame shift), DNA damaging agents, DNA intercalating agents, 
and DNA synthesis inhibitors will restore the light emitting 
stage of the strain and be measured by a luminator (5 ,7 , 8). 
Ben-Issak et al. (9) suggested that the BLT, unlike the Ames 
test, is not affected by the presence of amino acids or other 
nutrients; thus it is possible to assay complex organic matter 
such as foodstuffs and biological fluids. Ulitzur (5) found that 
the BLT detects all the 46 tested chemicals that are known to 
be active in the Ames test. Moreover, many carcinogenic 
agents that are not active in the Ames test are detected by 
the test.

Mycotoxins are intimately associated with almost every 
food or feed and can be produced by contaminating fungi at 
every stage of harvesting, production, and storage o f food. The 
widespread presence o f mycotoxins creates serious environ-

Table 2. Mutagenicity of som e mycotoxins

Mycotoxin Direct assay S - 9  assay C oncn range used, pg /m L m edia Toxic concn, pg /m L  m edia

Aflatoxin B-, - + 0 .0 1 -5 0  

(0.1 —5 .0 )a

8

Aflatoxin B2 - - 0 .0 1 -5 0 5 0

Epoxide aflatoxin B-, + N D b 0 .1 0 -5 0  

( 2 - 1 0 )a

2 0

Ochratoxin A - - 0 .0 1 -5 0 5 0

Fum onisin B 1 + N D 0 .0 1 -5 0

(5 -2 0 )a

4 0

T h e  concentration range responded positive.
N D  = not determ ined within the concentration range used.
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Table 3. M utagenicity of som e heterocyclic am ines

Chem ical D irect assay S - 9  assay
C oncn range for positive 
response, pg /m L  m edia Toxic concn, pg /m L  m edia

M e lQ _ + 0 .5 -1 0 .0 3 0

Trp-P-1 - + 0 .5 -7 .5 4 0

Trp-P -2 - + 0 .5 -7 .5 4 0

mental and economic problems. Aflatoxin B [ is one of the most 
potent naturally occurring mutagens. M ost laboratory animals 
respond to the toxic and carcinogenic effects o f aflatoxin Bj. 
The Fisher strain of rat is probably the most sensitive mammal; 
1 ppb in the diet can elicit a carcinogenic response (10). The 
rainbow trout is the most sensitive fish known; <4 ppb in the 
diet will produce a significant incidence of liver cancer (11). 
Aflatoxin B , can also induce mutations in bacterial, algal, fun
gal, and insect species and in mammalian cell culture (12), Me
tabolism of aflatoxins is considered a prerequisite for carcino
genicity and mutagenicity. It is well established that the 
chemical site implicated as responsible for the biological activ
ity o f aflatoxins is the C2-C3 double bond in the dihydrofuro- 
furan moiety of these molecules (13). Reduction of this bond, 
yielding 2,3-dihydroaflatoxin B] (aflatoxin B2), results in a 
500-fold decrease in mutagenicity and a 150-fold decrease in 
carcinogenicity (14,15). The ultimate carcinogen and mutagen 
in the metabolic activation of aflatoxin has been postulated to 
be the aflatoxin B r 2,3-epoxide. This compound has been pro
posed to be a highly active metabolite that reacts with nucleo
philic sites of macromolecules (16). Metabolic activation by 
the S-9 fraction was necessary for the genotoxic activity of 
aflatoxin B, in the Mutatox test, whereas aflatoxin Bj-epoxide 
exerted genotoxicity in the direct Mutatox assay. Aflatoxin B2 
did not show genotoxic activity in either the direct or the S-9 
assay of the test. The results with ochratoxin A were similar to 
those o f Kuczuk et al. (17) and W ehner et al. (18), who showed 
that ochratoxin A was not mutagenic with or without S-9 acti
vation by the Ames test. Gelderblom et al. (19) isolated and 
purified 2 new mycotoxins, fumonisins B | and B2, from culture 
material of Fusarium moniliforme MRC 826. Fumonisin B! 
has been shown to exhibit cancer-promoting activity in a short
term cancer initiation-promotion bioassay with diethylni- 
trosamine-initiated rats and the induction of gamma-glutamyl- 
transpeptidase-positive (G G T1") foci as an endpoint after 4 
weeks of promotion. The genotoxicity of fumonisin B, has 
been demonstrated in the study. Results indicated that fumon
isin B] is a direct genotoxic agent for which the metabolic ac
tivation system is not necessary.

Study by Ohgaki et al. (20) indicated that hepatocellular 
carcinomas and adenocarcinomas were found in the intestines 
of mice given 0.04% MelQ. Matsukura et al. (21) found that a 
high incidence of liver tumors was induced between experi
mental days 402 and 621 in mice given Trp-P-1 and Trp-P-2 at 
a concentration of 0.02%. Trp-P-1 and Trp-P-2 were also found 
to induce liver tumors in rats (22). Heterocyclic amines are not 
themselves mutagenic to Salmonella typhimurium  strains, but

they exert mutagenic activity in the presence of S-9 fraction
(23). Kato and Yamazoe (24) found that synthetic hy- 
droxyamine derivatives of heterocyclic amines were mu
tagenic in the absence of the S-9 activation system and sug
gested that cytochrome P450 in the S-9 fraction may convert 
the heterocyclic amines to their hydroxyamine derivatives and 
thus exert mutagenicity. Our study further confirmed the neces
sity o f the S-9 fraction activation system for heterocyclic 
amines, such as M elQ , Trp-P-1, and Trp-P-2, to exhibit geno
toxicity in the Mutatox test.

Our experiments suggest that the Mutatox test correlates 
well with the results o f the Sa/mone/Zn/mammalian microso
mal test and other genotoxicity tests. The Mutatox test is much 
easier to conduct. M inimum personnel training and laboratory 
facility requirements are other advantages. In the Ames test, 
results are obtained by counting the colonies of bacteria. Be
cause any unexpected contamination by other bacteria may af
fect the outcome significantly, aseptic technique is necessary. 
The dark mutant o f luminous bacteria used in the Mutatox test, 
however, only responds to genotoxic agent and then lumines
cence is restored. Unless the contamination contains genotoxic 
agent(s), the luminescence will not be altered, thus affecting 
the outcome o f the test. The Mutatox test provides a rapid gen
eral screening test which can be used to assay large numbers of 
pure chemicals and complex samples. The test can be per
formed in 1 day, and by serially diluting the compound, dose 
response data plus toxicity data can be generated for a number 
of samples simultaneously.
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VETERINARY ANALYTICAL TOXICOLOGY

p H  M e th o d  fo r  D e te rm in a tio n  o f  C h o lin e s te ra s e  in  W h o le  B lo o d : 
C o lla b o ra tiv e  S tu d y

P a u l a  M a r t in  I m e r m a n

Iowa State University, Veterinary Diagnostic Laboratory, Ames, IA 50010

Collaborators: M. Banton; S. Casteel; W. Edwards; R. Everson; L. Felice; M. Holcomb; W. Landgraf; 
M. Magera; J. Reagor; G. Rottinghaus

A  c o lla b o ra tiv e  s tu d y  o f a n  in d ire c t m e th o d  fo r  d e 
te rm in a tio n  o f c h o lin e s te ra s e  a c tiv ity  w a s  c o n 
d u c te d  w ith  c a ttle  b lo o d . T en  c o lla b o ra to rs  a n a 
ly ze d  8  s a m p le s  o f v a ry in g  d e g re e s  o f 
c h o lin e s te ra s e  in h ib itio n . T h e  s a m p le  is  d ilu te d  
w ith  a  b u ffer, an d  th e  pH  c h a n g e  th a t re s u lts  fro m  
th e  h y d ro ly s is  o f a c e ty lc h o lin e  is  m o n ito re d . R e 
p e a ta b ility  re la tiv e  s ta n d a rd  d e v ia tio n s  (R S D r) 
ran g ed  fro m  6 .6  to  8 .6% , an d  re p ro d u c ib ility  re la 
tiv e  s ta n d a rd  d e v ia tio n s  (R S D r) ra n g e d  fro m  1 0 .7  
to  17 .3%  fo r  m e a n  a c tiv itie s  o f 0 .6 0 -0 .4 0  A pH /h . A ll 
s a m p le s  th a t w e re  c o m p le te ly  in h ib ite d  w e re  d e 
te c te d . T h e  m e th o d  w a s  a d o p te d  firs t a c tio n  by  
A O A C  In te rn a tio n a l fo r  d e te rm in a tio n  o f c h o li
n e s te ra s e  a c tiv ity  in w h o le  b o v in e  b lo o d .

C holinesterase inhibition in blood is a clinical sign used 
to determine whether animals have had exposure to an
ticholinesterase agents such as organophosphate o r car

bamate pesticides. Inhibition of the cholinesterase enzymes 
(AChE) and pseudocholinesterase enzymes (PChE) (Enzyme 
Commission names: EC 3.1.1.7, acetylcholine acetylhydrol- 
ase; EC 3.1.1.8, acylcholine acetylhydrolase) interferes with 
normal neural transmission at the synapse, causing repetitive 
firing of the neuron because of lack of degradation of the trans
mitter acetylcholine. Animals exhibiting clinical signs show 
profuse salivation, abdominal cramps, diarrhea, excessive lac- 
rimation, sweating, dyspnea, miosis, pallor, cyanosis, and in
continence of urine and feces. Also seen is excessive stimula
tion of skeletal muscles, manifested by twitching of the 
muscles in the face, eyelids, and tongue; general musculature 
exhibiting a seizure activity may be seen. The hyperactivity is 
often followed by weakness and paralysis and may result in

S u b m itted  fo r p u b lic a tio n  F e b ru a ry  26, 1992.
T h is  re p o rt w as  p re se n te d  a t the  102nd A O A C  A n n u a l In te rn a tio n a l 

M ee tin g , P a lm  B each , F L , A u g u st 30, 1988.

T h e  re c o m m e n d a tio n  w as ap p ro v ed  by  the  G e n e ra l R e fe ree  a n d  the  
C o m m itte e  on F eed s , F e rtilize rs , a n d  R e la te d  T o p ics  a n d  w as ad o p ted  by  
the  O ffic ia l M e th o d s  B o a rd  o f  the  A sso c ia tio n . S ee  “ C h an g e s  in  O fficia l 
M eth o d s  o f  A n a ly s is”  ( 1 9 9 3 ) /  AOAC Int. 76 . Jart/F eb  issue .

depression. Excessive secretions in the respiratory tract will 
cause coughing in animals. Death usually results from hypoxia 
and erratic heartbeat (1).

Measurement o f AChE and PChE is widely used to detect 
exposure to anticholinesterase agents (1). In blood, AChE and 
PChE are found in varying amounts for domestic animals (2, 
3). Use o f certain substrates will distinguish these forms, but in 
diagnostic testing, a rapid, reproducible, indirect method is 
needed. Although a quantitative method for determining activ
ity exists (991.10) (4), many laboratories routinely use the in
direct, simpler technique described here. Determining the ac
tivities of AChE and PChE in a single measurement is desired 
and will support diagnoses of organophosphate and/or car
bamate pesticide poisonings.

A preliminary interlaboratory study of cholinesterase meth
ods (5) provided data that supported the decision to conduct 
collaborative studies o f 2 different methods (direct and indirect 
techniques). Diagnostic toxicology laboratories routinely use 
one or the other, but rarely both. A study of the direct method 
was completed (6). Described here is a collaborative study of 
the indirect method, anecdotally known as the Modified 
Michel method (7, 8), which uses incubation o f whole blood at 
room temperature with the substrate acetylcholine bromide. 
The substrate is hydrolyzed by AChE and PChE to produce 
acetic acid and choline bromide. The acetic acid causes a 
change in pH that is measured over 1 h. When an inhibitor is 
present, less acetic acid is produced and little or no change in 
pH is observed (9). Organophosphates are irreversible inhibi
tors o f cholinesterase and usually cause total inhibition of the 
enzyme; carbamates are reversible inhibitors and may cause 
only partial inhibition of the enzyme. Inhibition is dependent 
on dose (10).

C o lla b o ra tiv e  S tu d y

Samples for the study were prepared from a pool of 
heparinized cattle whole blood (300 mL) obtained from a clini
cally normal animal that had no known recent exposure to in
hibitors. The pool was divided into three 100 mL lots. Two of 
the lots were treated with a dilute solution o f paraoxon solution 
to obtain the desired degree o f inhibition. The third lot was not
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treated. Each lot was divided into 2 mL aliquots and frozen 
(-10°C ) until use.

The proposed method was submitted to 11 participating 
laboratories, along with 2 blind duplicates o f uninhibited 
blood, 3 replicates o f partially inhibited blood, and 3 replicates 
o f totally inhibited samples. Samples were shipped frozen on 
dry ice, and collaborators were instructed to keep them frozen 
until the time of analysis. Collaborators were also provided with 
certified buffers, saponin solution, enzyme buffer, and sub
strate solution.

9 9 2 .2 0  C h o lin e s te ra s e  in  B lo o d  pH  M e th o d  

F irs t A c tio n  1992

(Applicable for determining cholinesterase activity in 
whole bovine blood, <0.1-0.60 ApH/h)

M ethod Performance:
sr = 0.035-0.04; sR = 0.064-0.069; RSDr = 6.6-8.6% ; 

RSDr = 10.7-17.3%

A. Principle

W hole blood samples are lysed with saponin to release 
cholinesterase and pseudocholinesterase and diluted in barbital 
buffer. Lysed samples are incubated with acetylcholine bro
mide, which is hydrolyzed by cholinesterase and pseudocholi
nesterase to yield acetic acid and choline bromide. Acetic acid 
produced is measured by monitoring change in pH over 1 h. 
Cholinesterase activity is reported as ApH/h.

B. Apparatus and Reagents

(a) p H  m e te r .— Capable of reading 0.01 pH unit, with sin
gle junction pH combination electrode.

(b) C e r t if ie d  p H  b u ffe rs .— Commercial certified calibra
tion buffers, pH 4.0 and pH 7.0.

(c) A c e ty lc h o l in e  su b s tr a te .— 0.11M. Dissolve 2.00 g ace
tylcholine bromide in 100 mL H20 .  Store, in 4.0 mL portions, 
at 4° (stable 1 week) or at -10° (stable 1 year).

(d) S a p o n in  so lu tio n .— 0.01%. Dissolve 0.1 m Lsaponinin
1.00 L H 20 .

(e ) E n zy m e  b u ffe r .— 0.02M sodium barbital, 0.004M 
KH2P 0 4,0 .6M  KC1. Dissolve 4.12 g sodium barbital (control
led substance in United States, see C o d e  o f  F e d e r a l  R e g u la 

t io n s  160.107), 0.55 g KH2P 0 4, 44.73 g KC1, and 28 m LO .lN  
HC1 in H20  and dilute to 1 L.

(f) E x te r n a l c o n tro l  s a m p le .— Obtain several hundred mil
liliters o f cattle whole blood in heparin from animal(s) known 
not to be exposed to inhibitors. Store at -1 0 ° in 2 mL aliquots. 
Ensure blood is not inhibited by method 991.10. Establish 
mean cholinesterase activity by using following method on 20 
replicates. Acceptable external control sample has results 
within 2 standard deviations of mean.

C. Calibration of pH Meter

Calibrate pH meter, according to manufacturer’s instruc
tions, by using certified pH 4.0 and 7.0 buffers before pH meas
urements. Buffers must be at room temperature for calibration.

D. Procedure

Dilute 1.0 mL heparinized blood to 10 mL with saponin so
lution in 17 x 100 mm tube, and mix 10 s on vortex mixer. 
Transfer 2.0 mL diluted sample to 17 x  100 mm tube contain
ing 2.0 mL enzyme buffer and vortex mix 10 s.

Prepare blanks by adding 2.0 mL saponin solution to
2.0 mL enzyme buffer. Analyze 1 blank and 1 external control 
sample for every 10 samples.

Calibrate pH meter and measure pH of blanks, external con
trols, and samples. Record as pH l for each, respectively. Rinse 
electrode with water and pat dry between samples. Add 0.4 mL 
acetylcholine substrate to blanks, external controls, and sam
ples. Immediately record time and vortex mix each tube 10 s. 
Leave at room temperature. After ca 50 min, recalibrate pH 
meter. At 1 h, measure pH of blanks, external controls, and 
samples. Record as pH2 for each, respectively.

E. Calculations

Cholinesterase, ApH/h = p H l -  pH2
If ApH/h for blank is not zero, subtract average blank value 

from external controls and samples. For samples <0.1 ApH/h, 
report as <0.1.

Ref.: J. AOAC Int. (1993) 76, July/August issue

R e s u lts  an d  D is c u s s io n
Eleven laboratories experienced with the method partici

pated in the study. The collaborators received 8 frozen whole 
blood samples along with 2 pH calibration buffers, saponin so
lution, enzyme buffer, and enzyme substrate. The samples were 
arranged as 2 blood blind replicates (not inhibited), 3 partially 
inhibited blood blind replicates, and 3 totally inhibited blood 
blind replicates. This type of sampling was chosen to reflect a 
range of actual diagnostic samples.

Results were received from 10 laboratories (Table 1); re
sults from 2 laboratories were not included because o f their 
failure to correctly follow the procedure by using different 
chemical reagents and by altering the sample dilution ratio. The 
statistical analysis (Table 1) was done according to the recom 
mendations of the AOAC statistical manual (11). Data from all 
laboratories were in good agreement. There were no rank-sum 
outlier laboratories. Sample 3 for laboratory G  was determined 
to be an outlier by the Dixon test and was not included in the 
statistical calculation. The repeatability (RSDr) and reproduci
bility (RSDr ) relative standard deviations were 6.6 and 10.7%, 
respectively, for the uninhibited samples and 8.6 and 17.3%, 
respectively, for the partially inhibited group. Collaborators 
were instructed to report <0.1 for samples with readings less 
than 0.1. All completely inhibited samples were reported cor
rectly.

All collaborators were experienced with the method. No 
comments were offered.

R e c o m m e n d a tio n

The Associate Referee recommends that the pH m ethod for 
determination of cholinesterase activity in whole bovine blood 
be adopted first action.
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Table 1. Method perform ance fo r pH method determ ination of cholinesterase activity (ApH/h) in w hole blood9

Coll.

N ot inhibited Partially inhibited Totally inhibited

1 2 3 4 5 6 7 8

A 0 .6 0 0 .6 4 0 .4 4 0 .4 3 0 .4 4 <0.1 <0.1 <0.1

B 0 .6 5 0 .6 7 0 .42 0 .4 3 0 .4 4 <0.1 <0.1 <0.1

C 0 .5 7 0 .56 0 .3 3 0 .2 9 0 .2 9 <0.1 <0.1 <0.1

D 0 .4 7 0 .55 0 .3 2 0 .3 2 0 .3 3 <0.1 <0.1 <0.1

E 0 .5 8 0 .4 7 0.41 0 .4 5 0 .49 <0.1 <0.1 <0.1

F 0.61 0 .5 8 0 .4 2 0.41 0 .42 <0.1 <0.1 <0.1

G 0 .6 8 0 .6 0 0 .1 9 fc 0 .3 8 0 .4 0 <0.1 <0.1 <0.1

H 0 .6 7 0 .6 5 0 .3 6 0 .4 4 0 .49 <0.1 <0.1 <0.1

M ean , A pH/h 0 .6 0 0 .4 0 —

sr 0 .0 4 0 .0 3 5 —

R S D r, % 6 .6 8 .6 —

S R 0 .0 6 4 0 .0 6 9 —

R S D r , % 10.7 17.3 —

a S am p les  w ere  distributed a s  blind replicates: 1 and  2; 3, 4 , and 5; 6 , 7 , and  8. 
6 Dixon outlier; not included In statistical analysis.
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VITAMINS AND OTHER NUTRIENTS

R a p id  D e te rm in a tio n  o f  C h o le s te ro l in  S in g le  a n d  
M u ltic o m p o n e n t P r e p a r e d  F o o d s

S a m i  M . A l - H a s a n i ,  J a n  H l a v a c ,  and  M a r k  W. C a r p e n t e r

ConAgra Frozen Foods Analytical Laboratory, 409 Vandiver St, Bldg 7, Suite 102, Colum bia, M O 65202

A rapid method has been developed for cholesterol 
determination in single and multicomponent foods. 
The method involves alcoholic KOH saponification 
of the samples, extraction of the nonsaponifiable 
fraction with hexane, and injection of concentrated 
extract into the gas chromatograph without derivati- 
zations. It has been applied to a wide variety of fro
zen and refrigerated foods. More than 300 samples 
were analyzed with a coefficient of variation (CV) 
ranging from 0.5 to 8.6%. The average recoveries of 
cholesterol from spiked oil and tomato vegetable 
soup samples were 100 ±1.5% and 99.7 ±1.6% and 
the CVs were 1.5 and 1.6%, respectively. This 
method reduces labor by >70%, eliminates danger
ous chemicals, and minimizes solvent use, com
pared to the AOAC method and other methods 
cited in the manuscript. The method was used suc
cessfully on a wide variety of multicomponent 
foods. We recommend this method for collabora
tive study under the AOAC guidelines for method 
approval.

R ecent escalation in cholesterol awareness and the impli
cation of cholesterol’s role in atherosclerosis have in
creased the demand for a rapid, accurate, and precise 

methodology to measure cholesterol in foods. Furthermore, the 
need to comply with food labeling regulations and to facilitate 
nutritional planning for low cholesterol diets emphasizes the 
need for such a method f 1—4). The controversy over the cho
lesterol content o f eggs has prompted poultry scientists to ex
amine the accuracy and precision of different analytical meth
ods used in cholesterol determination (5, 6). In clinical and 
medical areas, rapid, precise, and accurate measurement of 
cholesterol is required for identification and subsequent treat
ment o f individuals with high semm cholesterol levels (7-9).

Little information is available in the literature on the choles
terol value of multicomponent food products. Punwar and 
Derse (10) reported the cholesterol content o f selected con
sumer products, but the data are far from complete.

M ost methods developed recently use direct saponification; 
however, cholesterol determinations remain laborious and

R ec e iv e d  Ju ly  16. 1992. A c ce p te d  D e ce m b e r 2, 1992.

costly and use hazardous reagents for purifications, concentra
tions, and derivatizations (11-16). Extraction of lipid with 
chloroform and harsh manipulation of the extract often pro
duce cholesterol oxidation products which in most cases have 
resulted in erroneous values (17-19). The multistep extraction 
of lipid material from the matrixes results not only in solvent 
disposal problems but also in health hazards and negative en
vironmental impact.

In 1991, methodology was developed for the determination 
of cholesterol in selected frozen foods (20). The m ethod re
quired the derivatization o f cholesterol with trimethylsilyl 
chloride and hexamethyldisilazane, which are undesirable re
agents because of their toxicity and the negative effect on the 
FED detector. The present paper describes a method involving 
direct saponification with direct injection of the concentrated 
hexane extract o f the nonsaponifiable fraction. The method can 
be applied to a wide variety o f matrixes of foods including fro
zen prepared foods, meat, fish, and cheese.

Experimental

Apparatus

(a) Gas chromatograph (GC).— Equipped with flame ioni
zation detector (FID) and on-column injection system (Varian 
Instrument Group, Sunnyvale, CA); 1.8 m x  3 mm id coiled 
glass column packed with 1.0% SE-30 on Gas Chrom Q (80 - 
100 mesh). Nitrogen carrier gas set at 50 mL/min, hydrogen at 
30 mL/min, and air at 300 mL/min. Column temperature 
235°C, injection port 28047. and detector 290°C.

(b) Standard taper flat-bottom  flask.— 250 mL (Fisher Sci
entific, Pittsburgh, PA).

(c) Standard ground jo in t condenser.— (Fisher Scientific).
(d) M agnetic stirrer/hot plate combination.— Equipped 

with variable speed and heat controls (Fisher Scientific).

Reagents

(a) Cholesterol standard.— 99% + purity (Sigma Chemical 
Co., St. Louis, MO). Prepare 1 mg/mL solution o f cholesterol 
in hexane. Prepare 0.25 and 0.50 mg/mL working standard so
lutions in hexane.

(b) Cholestane internal standard.— >99% purity (Sigma). 
Prepare 1 mg/mL stock solution of 5a-cholestane in hexane. 
Prepare 0.2 mg/mL working standard solution in hexane.
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Table 1. Cholesterol content of entrees analyzed  
by direct saponification and direct injection

Type of en trees3
No. sam ples  

analyzed
M ean , 

m g /1 0 0  g CV, %

C hicken a  la orange 15 1 9 .3 ± 0 .8 4 .3

C hicken chow  mein 15 1 4 .9 1 0 .8 5 .4

Fettucini Alfredo 15 1 9 .7 1 0 .8 4.1

G lazed  chicken 15 1 8 .7 1 0 .8 4 .4

S eafood  New burg 15 2 3 .3 1 2 .0 8 .6

Oriental pepper beef 15 1 5 .6 1 0 .7 4 .7

Rigatoni w /m eat 15 7 .4 1 0 . 6 8 .6

C hicken w /vegetab les 15 1 0 .2 1 0 .7 6 .6

R oasted turkey 15 1 6 .3 1 1 .0 6 .4

M andarin  chicken 15 15.1 1 0 .8 5 .3

B eef fajita 15 1 5 .9 1 1 .3 8.0

C hicken fajita 15 1 8 .8 1 0 .8 4.1

C heese  m anicotti 15 8 .7 1 0 . 5 5.6

B aked  cheese ravioli 15 8 .4 1 0 . 5 6.0

Chicken fettucini 15 1 9 .5 1 1 .3 6 .7

a Consist of protein source (chicken, beef, seafood, and  cheese), 
carbohydrate source (pasta, rice, and  potato), vegetab les, spices, 
and flavoring.

Table 2. Cholesterol content of selected frozen dinners 
analyzed by direct saponification and direct injection

Type of d inners3
No. sam ples  

analyzed
M ean, 

m g /1 0 0  g CV, %

Salisbury steak 4 1 3 .7 1 0 .2 1.6

Breast o f turkey 4 1 3 .0 1 0 .1 1.0

O riental chicken 4 1 5 .4 1 0 .7 4 .3

Sirloin tips 4 1 7 .6 1 0 .4 2 .2

Shrim p creole 4 1 8 .3 1 0 .2 1.3

Pot roast 4 14.5  ± 0 .4 2 .4

Shrim p m arinara 4 2 0 .0 1 0 .9 4 .7

P asta prim avera 4 4 .2 1 0 .2 4.1

Consist of protein source (beef, chicken, and seafood), vegetab les  
(beans, carrots, zucchini, broccoli, vegetab le  m edley), 
carbohydrate source (rice, potato), spices, flavoring, and  fruit 
dessert.

Table 3. Cholesterol content of selected canned  
soupsa and breakfast6 products

Type of product
No. sam ples  

analyzed
M ean , 

m g /1 0 0  g CV, %

C hicken noodle 4 2 1 .3  1 0 .6 2 .9

B eef stew 4 10.4  ± 0 .1 1.0

Chunky b ee f vegetab le 4 7 .4  ± 0 .3 6 .0

Turkey chili w /bean 4 1 5 .2 1 0 .2 1.2

Spaghetti 4 9 .3 1 0 .3 3 .3

Muffin sandwich 6 21.1 1 0 .7 3.4

W estern  style om elet 6 1 4 .8 1 0 .6 3 .8

a Consist of m eat, vegetab les, carbohydrate sources, spice, and  
flavoring.

b Consist of turkey sausages, egg, bread , and som e vegetab les.

Table 4. Cholesterol content of selected ingredients

Type of product
No. sam ples  

analyzed
M ean , 

m g /1 0 0  g CV, %

B readed fish fillets 10 2 7 .4  1  0 .7 2 .6

C ooked beef 10 60 .7  1 1 .1 1.8

C heese 10 5 4 .5  1 1 .2 2 .2

Turkey sausage 10 7 4 .3 1 1 .9 2 .5

Chicken chunk 10 5 6 .9 1 0 .3 0.5

Turkey  ham 10 68 .2  1 2 .2 3.2

Turkey m eat 10 4 0 .2  1 1 .4 3 .4

(c) Reagent alcohol.— Specially denatured anhydrous 
ethyl alcohol, 90% with 5% methyl alcohol and 5% isopropyl 
alcohol (Fisher Scientific Co., Cat. No. A962-4).

(d ) Potassium hydroxide solution.— Dissolve 60 g KOH 
pellets in 40 mL deionized water.

(e) Hexane.— Nanograde (Fisher Scientific).

Determination

Accurately weigh 5-10  g (±0.01 g) well-ground food sam
ple (depending on components o f sample matrixes) into 
250 mL flat-bottom flask. Disperse sample thoroughly in re
agent alcohol in amount equivalent to 4 mL/g sample. Add 
1 mL 60% KOH/g sample. Add stirring bar, connect flask to 
water-cooled condenser, and reflux 30 min. Shake occasion
ally to loosen debris from sides o f  flask (16, 20-22). Cool di
gest to room temperature by placing flask in cool water bath. 
Add exactly 100 mL hexane from a volumetric pipet. Stopper 
flask and stir magnetically 10 min. Add 25 mL deionized 
water, stopper, and stir an additional 15 min. Allow layers to 
separate, decant, and pass the hexane through anhydrous so
dium sulfate to remove moisture, collecting in another flask. 
Remove 25 mL hexane and evaporate to dryness under a 
stream of nitrogen. Dissolve residue in 2 mL hexane containing 
0.2 mg 5a-cholestane internal standard/mL, transfer to sample 
vial, and inject 5 pL  onto gas chromatograph. Keep injecting 
same volume for sample and standard throughout ran. Adjust 
GC parameters so that retention times for 5a-cholestane and 
cholesterol are ca 4 and 7 min, respectively. If gas chroma
tographic response of sample is greater than that o f standard, 
dilute sample solution or take less extract for evaporation.

Calculation

Calculate amount o f cholesterol in mg/100 g sample, Vcl, as 
follows:

R F x A e iX D F x  100
V , = --------- —-----------------

Cl Ace X SW

Ace x  0.25 m g/m L (or 0.50 mg/mL)
RF = — k--------------------------------------

Aclis

where RF = response factor, Acl = cholesterol peak area,
D F = dilution factor, Ace = cholestane peak area, SW  = 
sample weight, Ace.s = cholestane peak area in standard,

Aclj = cholesterol peak area in standard.
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R e t e n t i o n  t i m e  ( m i n )

Figure 1. Gas chrom atographic separation of 
cholestane and cholesterol in m ulticom ponent foods 
(chicken w /vegetables and pasta). Ordinate: FID 
response percent full scale. Abscissa: Retention time 
(m in).

R e t e n t i o n  t i m e  ( m i n )

Figure 2. Gas chrom atographic separation of 
cholestane and cholesterol standards. (Deflection  
represents 1 .Oug cholestane and 1.25 |ig cholesterol, 
respectively. Ordinate: FID response percent full scale. 
Abscissa: Retention tim e (min).

Detection limit o f this method is 0.5 pg cholesterol/g sam
ple.

Add same amount o f internal standard to unknown sample 
as the amount o f calibration standard.

Results and Discussion

As nutritional regulations are promulgated, the demand for
rapid, accurate, and precise methods becomes imperative. In
this study, a method was developed using direct saponification

(16, 20-22) and direct injection o f the extracted and concen
trated nonsaponiftable fraction into the GC. To examine the 
aforementioned criteria, cooked beef sample was analyzed 10 
times to measure precision. The results for 10 assays ranged 
from 58.7 to 61.9 mg/100 g (average 60.7 ±1.1; coefficient of 
variation (CV) 1.8%). The CV of 1.8% shows better precision 
o f the method than the CV of 11.5-13.9% of blind samples 
reported in an AOAC collaborative study (3). Accuracy was 
measured by spiking tomato vegetable soup with 2 levels of 
cholesterol, 25 and 50 mg/100 g. The soup was chosen because
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Retention tim e (m in)
Figure 3. Chrom atographic separation of 
5a-cholestane, cholesterol, and phytosterols in breaded  
fish fillets. Ordinate: FID response percent full scale. 
Abscissa: Retention tim e (min).

of its multicomponent matrix and because it is cholesterol-free. 
Each level was analyzed 5 times. The average recovery was
99.7 ±1.6% (CV 1.60%). Also, vegetable oil was spiked with 2 
levels of cholesterol, 25 and 50 mg/100 g. Each level was ana
lyzed 5 times. The average recovery was 100.0 ±1.50% (CV
1.50%). The average recovery reported for the AO AC method
(3) was 95.4% (10).

The method was applied to a wide variety o f multicompo
nent frozen foods (dinners, entrees, breakfast items) and single

component products (e.g., cooked beef, chicken, fish, turkey 
ham, sausage, meat, and cheese). The CVs ranged from  0.5 to 
8.6% for entrees, dinners, soups and breakfasts, and single 
component ingredients (Tables 1-^1, respectively). The high 
CV might be attributed to sample heterogeneity and the pres
ence o f noncholesterol-contributing materials such as vegeta
bles. Very good baselines for all samples and standards were 
maintained throughout the m n (Figures 1 and 2, respectively); 
however, the chromatogram of fish fillet showed not only 
cholestane and cholesterol peaks but also some phytosterols 
due to the breading component and possibly soybean oil (Fig
ure 3).

The above described method has several advantages over 
the AO AC method and other methods in the literature (11-16, 
2 1 ,23 ,24 ).

(7) Because it saves 70% labor and uses less solvents, it is 
more economical and provides results more quickly.

(2) It eliminates the use o f toxic reagents, e.g., trimethysilyl- 
chloride, hexamethyldisilazane, dimethylformamide, chloro
form, and methanol.

(3) Because it does not create disposal problems, it is envi
ronmentally compatible.

(4) It eliminates the need for expensive glassware, e.g., ro
tary evaporator.

(5) It eliminates silicone dioxide deposits on FID, thus re
ducing maintenance.

We believe that this method should be tested collaboratively 
with a view to its adoption as an official method of the AO AC.
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TECHNICAL COMMUNICATIONS

E x te n s io n  o f  a  L iq u id  C h ro m a to g ra p h ie  M e th o d  fo r  
N -M e th y lc a rb a m a te  P e s tic id e s  in  C a tt le , S w in e , a n d  P o u l tr y  L iv e r

M. S h e r  A i t ,  J e r r y  D. W h i t e ,  R a l p h  S .  B a k o w s k i ,  N a n c y  K .  S t a p l e t o n , K a y  A .  W i l l i a m s ,  R o b y n  C. J o h n s o n ,

E v a n  T. P h i i t t p p o ,  a n d  R o b e r t  W .  W o o d s

U.S. Department o f Agriculture, Food Safety and Inspection Service, Science & Technology Program, Eastern Laboratory, 
PO Box 6085, Athens, G A 30604 
R i c h a r d  L. E l l i s

U.S. Departm ent o f Agriculture, Food Safety and Inspection Service, Science & Technology Program, Chemistry Division, 
300 12th St, SW, W ashington, DC 20250

L iv e r s a m p le s  o f b o v in e , s w in e , a n d  p o u ltry  w e re  
fo rt if ie d  w ith  0 , 5 ,1 0 ,  an d  2 0  p p b  m ix e d  s ta n d a rd s  
o f a n  a d d itio n a l 6  c a rb a m a te s  a s  p a rt o f a  m e th o d  
e x te n s io n  study. E a c h  o f th e  3  s p e c ie s  in th is  s tu d y  
w a s  a n a ly z e d  4  t im e s  a t 0, 5 ,1 0 ,  a n d  2 0  p p b  fo rt if i
ca tio n  leve ls . T h e  a v e ra g e  o f 12 re c o v e rie s  o f 6  c a r
b a m a te s  a t a ll 3  fo rt if ic a tio n  le v e ls  w a s  g re a te r  th a n  
90% , w ith  a m a x im u m  c o e ffic ie n t o f v a ria tio n  less  
th a n  18% .

T he mission of the Technical Services Laboratory, U.S. 
Department o f Agriculture (USDA), is to support in
spection operations that ensure safe, wholesome, and ac

curately labeled meat and poultry products for American con
sumers. As a part o f this mission, our laboratory has analyzed 
carbamate residues in liver tissues of beef, swine, and poultry 
since 1988 for the Food Safety and Inspection Service (FSIS) 
National Residue Plan. The determination o f A'-methylcar- 
bamate pesticide residues in liver tissue by liquid chromatog
raphy (LC) (1) was extended to 6 additional carbamates be
cause of their structural similarities with the 10 carbamates in 
the previous study (1). These additional carbamates are pro- 
poxur, bendiocarb, oxamyl, dioxacarb, isoprocarb, and prome- 
carb. The extension study of these additional carbamates was 
an abbreviated form o f the original recovery studies (1).

Each o f the 3 species in this study (bovine, porcine, and 
poultry) was analyzed 4 times at 0 ,5 ,1 0 , and 20 ppb fortifica
tion levels, which resulted in 12 recoveries altogether. The pro
tocol for developing or extending a regulatory residue method 
at FSIS requires monitoring the compound at 3 different levels: 
tolerance level, double the tolerance level, and one-half the tol
erance level. In a multiresidue method, these 3 levels are cho
sen on the basis o f one compound that has the lowest tolerance 
in the group. The tolerance of aldicarb in drinking water and in 
edible animal tissues and foods was established at 10 ppb by 
the U.S. Environmental Protection Agency (EPA). Because

R ec e iv e d  A u g u st 6 , 1992. A c ce p te d  Ja n u a ry  5, 1993.

this is the extension of a previously published method (1), the 
same 3 levels (5, 10, and 20 ppb) based on the tolerance of 
aldicarb in edible animal tissues were used for this study.

E x p e rim e n ta l

Reagents and Apparatus

Reagents and apparatus used were as described in the LC 
method (1). Six additional carbamate standards were added: 
propoxur, bendiocarb, oxamyl, dioxacarb, isoprocarb, and 
promecarb (EPA/FDA Reference Standards, EPA Pesticides 
and Industrial Chemicals Repository, MD-8, Research Trian
gle Park, NC 27711).

Preparation of LC Standard Solution

( a )  Stock solutions.— Stock solutions of all 16 carbamates, 
including the 6 additional carbamates, were made as described 
previously (1).

( b )  Working solutions (2.0 ng/\\L).— Two working solu
tions were made, one with 6 additional carbamates and the 
other with 16 carbamates including the previous 10 (1). The 
working standard of all 16 carbamates was used, with further 
dilution, to generate a 20 ppb chromatogram of the mixed 
standards. The working standard of 6 additional carbamates 
was used in sample fortification for recoveries and, with further 
dilution, to prepare a standard curve each day.

Sample Extraction and Determination

The experimental part o f the m ethod extension involving 
sample extraction and determination was performed following 
the published LC procedure (1). A set o f recoveries consisting 
of 4 liver samples o f one species was fortified with 0 ,5 ,1 0 , and 
20 ppb mixed standards of 6 carbamates. Four sets o f recover
ies o f each species were analyzed on 4 different days. These 
repeatability studies for method extension were performed on 
3 different species: bovine, swine, and duck.
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TIME ( min )

Figure 1. Liquid chrom atogram s of mixed standards of 
16 carbam ates at the highest levels (20 ppb) used in the 
method: postcolumn OPA fluorescence excitation and  
em ission at 340 and 418 nm, respectively.

Identification

Using conditions o f the LC method (1), the relative reten
tion times (min) o f the 6 additional carbamates are as follows: 
oxamy 1,9.3 ; dioxacarb, 15.3 ; propoxur, 22.1 ; bendiocarb, 22.7 ; 
isoprocarb, 25.6; and promecarb, 29.7.

Table 1. Repeatability studies of 6 carbam ates in beef, 
pork, and duck livers (n  = 4 for all spikes)

C arbam ate
A dded,

ppb

B eef 
av. rec., 

ppb

Pork  
av. rec., 

ppb

Duck  
av. rec., 

ppb

O xam yl 5 4 .5 4 .8 4 .4

10 9 .0 9 .6 10.1

20 17.7 18.3 18.6

D ioxacarb 5 4 .5 4 .9 4 .9

10 9 .4 9.4 10.1

20 19.1 18.8 19.9

Propoxur 5 4 .5 4 .9 4 .8

10 9 .2 9 .6 10.9

20 18.9 18.8 19.5

Bendiocarb 5 4 .4 4 .8 4 .6

10 9 .3 9 .9 10.9

2 0 19.0 18.9 19.1

Isoprocarb 5 4 .4 4 .7 4 .7

10 9 .3 9.1 10 .5

2 0 18.6 18.1 18.7

P rom ecarb 5 4 .4 4 .7 4 .6

10 9 .2 9 .4 10.5

2 0 18.6 18.4 18.9

R e s u lts  an d  D is c u s s io n

The method extension study was performed following the 
previously published method (1) using 6 additional JV-methyl- 
carbamates (oxamyl, dioxacarb, propoxur, bendiocarb, isopro
carb, and promecarb) because o f  their structural similarities 
with the original 10 carbamates. Reversed-phase LC was used 
to separate the pesticides.

Figure 1 shows chromatograms of mixed standards of all 16 
carbamates at the highest level (20 ppb) o f interest used in the 
method. The resolution (R values) between oxamyl and aldi- 
carb sulfone peaks and bendiocarb and carbofuran peaks are 
commonly 0.5 min or less (especially as the column ages). If 
the presence of any one of these 4 compounds in the sample is 
indicated, 2 recoveries are ran for identification and quantita
tion purposes, one with oxamyl and carbofuran and the other 
with the remaining 14 carbamates.

Figures 2A -2C  show chromatograms of mixed standards, 
mixed recoveries of the 6 additional carbamates in beef liver at 
20 ppb, and a beef liver blank. Figures 2 A '-2 C ' show chroma
tograms of mixed standards, mixed recoveries in duck liver of 
the same 6 carbamates at 5 ppb, and a duck liver blank. Fig
ure 3 shows chromatograms of official samples collected by 
USDA inspectors and submitted for analysis. Beef liver sample 
was found to contain methiocarb and methiocarb sulfoxide 
residues; duck liver sample was found to contain aldicarb, aldi- 
carb sulfoxide, and aldicarb sulfone residues.

Table 2. Overall perform ance sum m ary fo r 6 
carbam ates at 5 ,1 0 , and 20 ppb fortifications in beef, 
pork, and duck livers

Av.

C arbam ate
A dded,

ppb No. rec.
found,

ppb
M ean

rec., % S D , % C V, %

Bendiocarb 5 12 4 .6 9 2 .5 17.0 18.4

10 11 10.1 1 00 .5 11.7 11.6

2 0 12 19.0 95.0 12.2 12 .8

D ioxacarb 5 12 4 .7 94.2 17.9 19.0

10 11 10.1 1 01 .2 12.5 12 .4

2 0 12 19.5 9 7 .7 12.7 13 .0

Isoprocarb 5 12 4 .6 91 .0 15.2 16 .7

10 11 9 .5 95.1 12.8 13.5

2 0 12 18.2 90.9 13.4 14 .7

O xam yl 5 12 4 .6 9 2 .7 17.3 18 .7

10 11 9 .6 95 .9 12.2 12 .7

2 0 12 18.2 91 .0 14.1 15.5

Prom ecarb 5 12 4 .6 92 .0 14.8 16.1

10 11 9 .7 97 .3 11.5 11.8

2 0 12 18.7 93 .3 13.7 14 .7

Propoxur 5 12 4 .7 94 .8 16.3 17 .2

10 11 10.0 99 .5 12.9 13 .0

2 0 12 19.1 95 .4 13.1 13 .7
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TIME (m in )

Figure 2. (A -C ) Liquid chrom atogram s of mixed standards and mixed recoveries in beef liver of 6 carbam ates at the 
highest levels (20 ppb) used in the method and a blank beef liver. (A -O ')  Liquid chrom atogram s of mixed standards  
and mixed recoveries o f 6 carbam ates in duck liver at the lowest levels (5 ppb) used in the method and a blank duck 
liver: postcolum n OPA fluorescence excitation and em ission at 340 and 418 nm, respectively.

Except for oxamyl, which has 8 known metabolites (2), me
tabolites o f the remaining 5 carbamates have not been reported, 
although carbamates are known to form  conjugates with glu
cose in tissues (3). Our data from fortified liver do not show the 
presence of any breakdown product having an A-methylcar- 
bamate structure resulting from extraction.

S A M P L E  N O . R 6 0 0  3 7 5 5  
(D U C K  LIV E R  V IO LA TIO N )

S A M P L E  N O . R 6 0 0 -2 1 1 1  
(B E E F  LIV ER  V IOLATIO N)

TIM E ( m i n )

Figure 3. Liquid chrom atogram s of official sam ples of 
methiocarb sulfoxide and methiocarb found in beef liver 
and aldicarb sulfoxide, aldicarb sulfone, and aldicarb  
found in duck liver: postcolumn OPA fluorescence  
excitation and em ission at 340 nm and 418 nm, 
respectively.

Recovery data were based on analysis o f liver samples for
tified with each of the 6 carbamates at 0 ,5 ,1 0 , and 20 ppb. This 
is an abbreviated study o f the previous method performance 
study o f 10 carbamates (1). Each o f the 3 species (bovine, por
cine, and poultry) was analyzed only 4 times on 4 different days 
at 0, 5 ,10 , and 20 ppb fortification levels, which resulted in 12 
recoveries altogether.

The repeatability studies o f 6 carbamates in beef, pork, and 
duck liver are summarized in Table 1. Statistical analysis o f the 
method recovery data is summarized in Table 2 for oxamyl, 
dioxacarb, propoxur, bendiocarb, isoprocarb, and promecarb. 
Data shown are calculated as overall recovery for the com
pounds listed in beef, pork, and poultry liver. The combined 
average recoveries o f all 6 carbamates in beef, pork, and poul
try liver tissues at all 3 levels o f fortification was greater than 
90%, with a coefficient o f variation <18%. The general FSIS 
guidelines for a regulatory method are that it m eet established 
criteria for concentration o f analyte, expected recovery range, 
and %CV. If  the concentrations o f an analyte vary from 1 to 
400 ppb, the expected recovery range should be 60-110%  and 
the repeatability coefficient o f variation should be <20%. Data 
obtained for the method extension studies are well within the 
limits o f acceptable criteria for a regulatory method.
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D e te rm in a tio n  o f  S e le n iu m  in  F e e d s , P re m ix e s , S u p p le m e n ts , a n d  
In je c ta b le  S o lu tio n s  b y  H y d r id e -G e n e ra te d  In d u c tiv e ly  C o u p le d  
P la s m a  A to m ic  E m iss io n  S p e c tro m e try

K i m  A .  A n d e r s o n  a n d  B r a n d o n  I s a a c s

University o f Idaho, Food Science and Toxicology Department, University of Idaho Analytical Laboratory, Holm Research 
Center, Moscow, ID 83843

A  s im p le  m e th o d  is d e s c rib e d  fo r  th e  d e te rm in a tio n  
o f 0 .0 1 -3 0  0 0 0  pig s e le n iu m /g  s a m p le . S e le n iu m  is 
p re s e n t in  fe e d  s u p p le m e n ts , p re m ix e s , m in e ra l 
m ix e s , an d  in je c ta b le  s o lu tio n  as  e ith e r  s e le n ite  o r  

s e le n a te . H ig h  c o n c e n tra tio n s  o f o th e r c o m m o n  
m in e ra ls  p re s e n t in th e s e  s u p p le m e n ts  a re  to le r 
a te d  b y  th e  m e th o d . T h e  s a m p le s  a re  in itia lly  d i
g e s te d  b y  h ea tin g  w ith  n itr ic  a c id  an d  th e n  b o iled  

in a  m ix tu re  o f s u lfu ric  an d  p e rc h lo ric  a c id s  to  c o n 
v e rt a ll s e le n iu m  s p e c ie s  to  s e le n a te . T h e  s e le n a te  
is  re d u c e d  to  s e le n ite , S e  (IV ), w ith  h y d ro c h lo r ic  
ac id  a t 9 i? C . T h e  s e le n ite  in tu rn  is  th e n  re d u c e d  by  
a c id ic  s o d iu m  b o ro h y d rid e  to  h y d ro g e n  s e le n id e , 
w h ic h  is  m e a s u re d  b y  h y d rid e -g e n e ra te d  in d u c 
tiv e ly  c o u p le d  p la s m a  a to m ic  e m is s io n  s p e c tro m e 
try  a t 1 9 6 .0 2 6  nm . T h e  in s tru m e n t d e te c tio n  lim it 
fo r  th is  m e th o d  is 0 .0 0 0 5  pg S e /g  s a m p le .

S elenium, an essential animal nutrient, is toxic at high con
centrations (1). Selenium enters the food chain almost 
exclusively through plants, primarily in the form of se- 

lenates. In acidic soils, selenium is typically unavailable, 
whereas in alkaline soils, selenium may accumulate at high lev
els in plants (2 ,3). Because natural feeds contain <10 ppm 
(pg/g), selenium is a common feed additive in the form of so
dium selenate (Na2S e 0 4) and selenite (Na2S e 0 3). Numerous 
reports have been published on the determination o f selenium 
in various matrixes by different techniques, e.g., colorimetry
(4), graphite furnace atomic absorption spectrometry (GFAAS) 
(5-9), flame AAS (10), ion chromatography (11), hydride-gen
erated AAS (12-14), stripping voltametric analysis (15), gas 
chromatography (16-18), fluorometry (19-22), and neuPon 
activation analysis (23). Methods reported for feeds, mineral

R ec e iv e d  M a y  4 , 1992. A c c e p te d  N o v e m b e r 24 , 1992.

mixes, and supplements involve flame (10) and hydride-gener
ated AAS (12 ,23-26) and colorimetric analysis (4).

All o f these methods for selenium determination in supple
ments and feeds present various problems. The flame and hy
dride-generated AAS methods suffer from matrix effects, poor 
precision, and lengthy standard addition procedures (4). The 
colorimetric method has the disadvantages of interferences 
from ions common to mineral mixes, lengthy and involved di- 
gestion/extraction procedures, multiple manipulations to re
move interfering ions, and purification of reagents, which also 
absorb at the same wavelength as the analyte. The colorimetric 
method also uses the carcinogen diaminobenzidine (DAB) and 
the toxic organic solvent toluene (4).

In this paper, we report the use of hydride-generated induc
tively coupled plasma atomic emission spectrometry (ICP 
AES) for the determination of selenium in feeds, mineral 
mixes, and injectable solutions. A slightly modified version of 
this method for the analysis o f serum and biological tissues (27) 
showed no chemical interferences from iron (150 ppm), copper 
(5 ppm), zinc (150 ppm), lead (5 ppm), and cadmium (5 ppm)
(27). which is consistent with previous work (24). A  working 
range o f 3 orders o f magnitude w as determined for the slightly 
modified version of this method (27). We have not observed 
any interferences from sodium, potassium, magnesium, chro
mium, manganese, iron, cobalt, zinc, or calcium. Interference 
studies were conducted with a concentration o f  2% 
(20 000 pg/g) for each metal. Common elements in mixes, at 
levels typical in supplements and mineral mixes, gave no evi
dence of interference. Copper showed no interference below 
0.3%, but at levels above 2%, it suppressed the selenium signal. 
Nickel did not show interfence at 0.3%, but above 2%, it en
hanced the selenium signal.

This method requires only modest samples sizes, needs in
frequent supervision during digestion, requires no further ex
tractions or quantitative liquid transfers, and is amenable to 
autosampling on the ICP AES.
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E xp e rim e n ta l

Reagents

(a) Concentrated sulfuric, nitric, perchloric, and hydro
chloric acids.— Trace metal analysis grade (J.T. Baker, St. 
Louis, MO).

(b) Sodium borohydride solution.— 6% NaBH4 (J.T. 
Baker; 98% purity) in 5% NaOH (J.T. Baker). Dissolve 3 g 
NaBH} and 2.5 g NaOH in 500 mL 18 M Q  water. Prepare so
lution fresh daily.

(c) Selenium stock standard.— 10.00 mg/L, 1 mg Se as 
S e 0 2/L. Prepare 10.00 mg/L standard by pipetting 0.100 mL of 
a 10 000 mg/L stock selenium solution (J.T. Baker) into 
100 mL volumetric flask. Prepare tertiary standards at 
100 ng/mL by pipetting 0.1 mL o f a 10 mg/L stock standard 
solution into 10 mL digestion tube. Prepare standards of 300, 
100, and 10.0 pg/L  in the same manner. Digest blanks and 
standards in the same manner as samples.

(d) Reference materials.— Bovine Liver NIST 1577a, Rice 
Flour NIST 1568a, Oyster Tissue N IST 1566a (National Insti
tute of Standards and Technology, Gaithersburg, MD).

(e) Sodium selenate.— Anhydrous (Sigma Chemical, St. 
Louis, MO).

(f) Sodium selenite.— (Sigma).
(g) M ineral mixes.— Prepared by University of Idaho 

Feeds from Selenium “2600” Premix (Lecco).
(h) Injectable solutions.— Sodium selenite (ICN Bio

chemical) mixed into vitamin A and D  desiccated injectable 
solution (ROCAVIT AD3, Roche Vitamins, Nutley, NJ).

(i) C om  meals.— Quaker yellow com  meal.

Apparatus

(a) Inductively coupled argon plasma atomic emission 
spectrometer.— Perkin-Elmer Model P-40 ICP with AS-50 
autosampler. M easurements were made at 196.026 nm, with 
single baseline correction offset at 0.028 nm.

(b) Nebulizer.— Mein hard high solids tip, 2 mL/min, 
31 psi, type C (Precision Glassblowing, Englewood, CO).

(c) M ixing manifold.— Two-channel peristaltic pump 
(Buchler, Saddle Brook, NJ) with Viton tubing, 0.03 mm di
ameter for 10M HC1 and 0.02 mm diameter for NaBH4. Acid 
flexible tubing leading to sample and PE autosampler. Sample 
tubing on the Perkin-Elmer P -4 0 ,1.42 m m  diameter. Small “T” 
pieces connect each tubing to other (Figure 1). Pump rate: so
dium borohydride, 0.67 mL/min; HC1, 0.60 mL/min; sample,
3.0 mL/min.

(d) Temperature controller/digester.— Digestion system 
40, 1016 Digester, and Autostep 1012 Controller (Tecator, 
Sweden). Fitted with aluminum adapter plate 3 m m  thick with 
forty 17 mm  holes on top overlaid on heater block.

(e) Digestion tubes.— Kimax 10 mL graduated culture 
tubes, 16 x 150 mm (No. 60824-568, VWR).

(f) Perchloric fum e hood.— Water wash-down hood.

Figure 1. Manifold flow  diagram  for selenium  hydride  
generation.

Determination

Weigh 0.25 g dried feed or mineral mix, or dissolve 1 mL 
injectable solution in 1 L water and weigh 1 mL into 10 mL 
digestion tube. Prepare mineral mixes with high selenium lev
els (above standards) by adding 10 g mineral mix to 1 L water, 
dissolving, and subsampling. Add 3.0 mL concentrated nitric 
acid to each tube. Add 1 ultrapure Teflon boiling chip to each 
tube. Allow samples to react for ca 1 h in hood. Use digestion 
system heat ramp given in Table 1. After com pleting first di
gestion, add 1 mL each o f concentrated perchloric and sulfuric 
acids and complete second phase of digestion. (Perchloric acid 
fumes can react explosively with oxidizable material; use per
chloric acid fume hood with water wash-down.) The samples 
may be stored at this stage for several days at 4 rC  without any 
adverse effects. Cool samples to ambient temperature and 
slowly add 8 mL 5M hydrochloric acid. Mix on vortex mixer 
and return to digester block at 9542 for 15 min. Cool to ambient 
temperature and dilute to volume with deionized water; ana
lyze within 24 h.

Interference Study

A set o f selenium standards, 50 (tg/L, and spiked com  meal 
samples were prepared by pipetting 0.100 mL o f a 10.0 mg/L 
Se standard and weighing 0.25 g com  meal into a series o f di
gestion tubes. Appropriate volumes of stock metal solution at 
10 000 mg/L were pipetted to yield desired concentrations of 
potentially interfering ions. Interference study samples were

Table 1. D igester block tem perature ramp

Stage
Initial
tem p. °C/m in

Final 
tem p ., °C

Final tem p, 
hold, min

First stage A m bient 60 70 30

30 175 90

S econd stage Am bient 30 190 60

10 210 20

2 0 250 20

20 310 25
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Table 2. Recovery of selenium  from  injectable solutions, feeds, and supplem ents

Matrix No. detnsa S e concn, pg/g S e  rec. av., pg/g ±  SD R ec., %

M ineral m ix C b 14 91 7 0 .3  ± 2 .8 77

M ineral m ix S b 14 89 106  ± 5 .0 120

Injectable soin 1 c 14 0 .3% 0 .3 4  ±  0 .0 0 2 6 % 113

Injectable soin 2 C 14 0 .3% 0 .3 0  ±  0 .0 0 4 3 % 100

Corn m ix A d 17 91 .3 7 2 .0  ± 4 .2 79

Corn m ix B d 17 50 .2 4 0 .0  ±  2 .0 80

Corn m ix C d 17 50 .2 38 .5  ± 2 .1 77

Corn m ix D d 17 102 .4 7 6 .0  ±  5.3 74

Bovine liver 100 0.71 ± 0 .1 4 0 .7 3  ±  0 .0 6 103

O yster tissue 100 2.21 ± 0 .4 8 2 .1 5  ±  0 .1 5 97

Rice flour 42 0 .3 8  ± 0 .0 8 0 .3 3  ±  0 .0 5 87

a N um ber of determ inations over a  10 m onth period.
6 M ineral m ix C =  cattle mix, S  =  sheep mix, contained the  following m etals: C a, Na, M g, P, C o, C u, M n, Fe, Zn  > 1 0 0  m g/kg. 
c Unit for in jectable solution is %.
d Corn m ixed with sodium selenite and selenate. A  100  g sam ple of corn w as m ixed in a  slurry of e ither sodium  selenite o r se lenate  (corn m ix  

A, 0 .0 2 0 0  g sodium selenite; corn mix B, 0 .0 1 1 0  g sodium  selenite; corn mix C, 0 .0 1 2 0  g sodium  selenate; corn m ix D, 0 .0 2 4 5  g sodium  
selenate) for 2 4  h and then dried in an oven at 4 0 °C  for 9 6  h. T h e  sam ples w ere then ana lyzed  for selenium  content by using 10 individual 
sam ple  weights varying from 0.1 to 0 .3 5  g.

digested as described above, calibrated, and analyzed in the 
normal fashion. Metals tested in this way were calcium, mag
nesium, chromium, manganese, iron, cobalt, nickel, copper, 
and zinc. Sodium was not tested because sodium is always pre
sent in high concentrations with this method; i.e., sodium boro- 
hydride solution is 0.65% sodium. All metals were tested at an 
original sample concentration of 2% (20 000 jig/g). Actual 
concentrations in the samples did reflect the typical dilution 
factor of 40 (0.25 g in 10 mL) yielding a 500 pg/g concentra
tion of the metals in the analyzed samples.

R e s u lts  an d  D is c u s s io n

Recoveries o f  selenium from different matrixes are listed in 
Table 2. Recoveries ranged from 74 to 120% with an average 
of 91.5%. The levels of selenium ranged from 0.3% to 
0.38 pg/g. The samples were analyzed over a 10 month period. 
The instrument detection limit was calculated as 3 times the 
standard deviation of the intensity of the blank standard. The 
blank was digested and contained all of the reagents used in the 
analysis. The values ranged from 0.00015 to 0.00073 pg/g, av
eraging 0.00058 pg/g over the duration of the study. The 
method was linear over 3 orders o f magnitude; typically, 300, 
100, 10.0, and 0.0 pg/L  standards are used for a calibration 
curve.

Selenium in feeds and supplements can occur as both se
lenite and selenate; therefore, any analytical method must ad
dress this problem. Regardless o f the form of selenium, this 
method accounts for the different oxidation states through the 
initial acidic digestions, which convert all forms o f selenium to 
selenate. The samples are reduced to selenite by the addition of 
HC1 and analyzed within 24 h. Slow oxidation of the samples 
does occur. The selenite is then reduced with acidic sodium 
borohydride to hydrogen selenide, which is measured by ICP

AES. Unlike other methods, high concentrations of other met
als do not interfere in this method (27).

No chemical interferences were observed in the process for 
calcium, magnesium, chromium, manganese, iron, cobalt, 
nickel, copper, and zinc up to 2% (20 000 pg/g), the highest 
levels tested. Selenium recoveries for both standard solutions 
and spiked com  meal samples were >92%. Copper at 2% sup
pressed 100% of the selenium signal. At levels typically found 
in feeds (0.3%), copper did not interfere with the selenium sig
nal. Nickel at 2% enhanced the selenium signal by 131%. 
Nickel at 0.3% did not interfere with selenium.

Flexibility o f this method accommodates both quick turn
around time and multiple day scheduling. For example, 40 
samples may be analyzed in 1 day. Only minimal supervision 
is required through most o f the analyses.
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F a s t  A to m  B o m b a rd m e n t  M a ss  S p e c tro m e tr ic  A n a ly s is  o f  B ase  
H y d ro ly z e d  y -L a c to n e

R a n d a l l  J .  B a k e r

M arion M errell Dow, Inc., 10236 M arion Park Dr, Kansas City, M O 64137

F as t a to m  b o m b a rd m e n t (F A B ) m a s s  s p e c tro m e try  

(M S ) is u s e d  to  c h a ra c te r iz e  th e  y -h yd ro xy  c a rb o x 
y lic  a c id  (y -H C a) fo rm e d  fro m  b a s e  h y d ro ly ze d  y -lac- 
to n e  a t ro o m  te m p e ra tu re . A c id ific a tio n  o f  th is  b ase  
h y d ro ly z e d  s o lu tio n  re c o n v e rts  th e  y -H C a b a c k  to  y- 
la c to n e . M a s s  s h ift d iffe re n c e s  b e tw e e n  té tra m é th y 
la m m o n iu m  (T M A +) an d  N a+ io n -p a irs  w ith  th e  a n 
io n ic  y -H C a rb o x y la te (> (y -H C ( *) a re  u s e d  to  c o n firm  
m o le c u la r io n  id e n tific a tio n s . F A B  io n iza tio n  w a s  

re q u ire d  to  p ro v id e  m a s s  c h a ra c te riz a tio n  o f th e  y- 
H C a . E lec tro n  io n iza tio n  (E l) M S  o f th e  y -H C a w a s  
u n s u c c e s s fu l a n d  re c o n v e rte d  y -H C a  b a c k  to  y -lac- 
to n e  b e c a u s e  o f c o m p le te  th e rm a lly  in d u c e d  d e h y 
d ra tio n . T h e  p re s e n t p a p e r s u g g e s ts  s tru c tu re s  fo r  
El fra g m e n ta tio n  th a t s u p p o rt th e  m o le c u la r s tru c 
tu re  o f y -lac to n e .

T he y-lactone, (R)-5-[l-(2-isopropylimidazol)methyl]-
3,3-diphenyl-2(3H) furanone [137415-67-9], is a mus
carinic antagonist useful for the treatment o f neurogenic 

bladder and chronic obstructive pulmonary disease (1). Spec
troscopic identification of the primary hydrolytic degradation

R ec e iv e d  M arch  30 , 1992. A c ce p te d  O c to b e r  19, 1992.

product o f this y-lactone provides information that is important 
to the synthesis o f standard materials. The standard material 
can then be used for direct quantitation o f low level hydrolysis 
with common chromatographic methods. Several studies used 
FAB for the MS characterization o f  lactones (2-13). Egge et al. 
found characterization of the negative ion FAB (“FAB) mo
lecular ion region of gangliosides to be difficult because of Na, 
K, and Ca salt formation with multiple sialic acid functions. 
They added a strong acid to the sample target to convert these 
acids to 6 membered lactones, which stopped the salt formation 
and simplified recognition of the molecular ions (2). Riboni 
et al. used “FAB to find a ganglioside in lactonic form 
(Gmb_i) in the human brain. They deliberately avoided 
GDib-Ls exposure to NaOH during its isolation to guard 
against the lactone being converted to an acid (3). Levery et al. 
used positive ion FAB (+FAB) to specifically locate sialic acid 
carboxyl residues internally esterified to other sugars in gan
gliosides with ammonolysis and permethylation of these inner 
lactones (4). Continuous flow +EAB has previously been used 
to identify a y-hydroxy acid metabolite (y-HaM) o f  the furan 
alfiizosin (14). The solution equilibrium kinetics for the con
version of the 5-lactone [(S)-9-Dimethylaminomethyl-10-hy- 
droxy-camptothecin hydrochloride] to a 5-hydroxy acid has 
been measured by using liquid chromatography (15).

None of the above studies used FAB to demonstrate that a 
lactone could be first hydrolyzed to an hydroxy acid with base
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Figure 1. Com parative El probe spectra: y-HCa isolate 
(a), reference y-lactone (b). Identical spectra indicate 
y-HCa’s therm ally induced dehydration to  y-lactone.

and then recondensed back to original lactone with acid. In the 
present paper, the +FAB MS identification of y-hydroxy car
boxylic acid (y-HCa) is done directly from a base catalyzed 
hydrolysis solution of the starting 5 membered y-lactone and 
the y-HCa is then reconverted back to y-lactone upon acidifica
tion o f this same solution.

y-HC acids form lactones by internal esterification when 
heated (16). In fact, when a y-HCa (378 g/mole) isolate was 
first analyzed by using El, the MS results were identical to 
those produced by the parent y-lactone (360 g/mole); no y-HCa 
was detected. See Figure la  and b for comparative E l spectra. 
Figure 2 proposes several mass to ion structure correlations for 
these E l spectra that correspond with y-lactone. Before ioniza

M 3 >
Figure 2. M olecular structure of y-lactone and 
proposed mass to ion structure correlations for its El 
spectrum  (Figure 1).

tion in the El ion source, y-HCa isolate could undergo ther
mally induced internal esterification, and regenerate the y-lac
tone. A comparable marked dehydration (base peak ion) was 
also reported for the y-HaM of the furan alfuzosin with direct 
exposure chemical ionization (14), although some (2% relative 
abundance) molecular ions were formed. Application of heat to 
the sample and ion source during the recording of these El 
spectra (see Experimental) is generally a characteristic require
ment o f El to achieve and maintain vaporization o f the sample
(17). To provide mass spectral verification for the hydrolysis of 
the y-lactone to a y-HCa, FAB ionization was used directly on 
a base catalyzed hydrolysis solution of the y-lactone. FAB ioni
zation does not require probe or source heat to obtain gas phase 
molecular ions of many thermally labile compounds (18, 19).

E x p e rim e n ta l

Mass Spectrometry

El samples were analyzed by using direct probe induction 
(>150°C probe heat) on a Kratos Concept S double focusing 
mass spectrometer with Nier-Johnson geometry. The spec
trometer was operated in the positive ion mode at 8 kV accel
eration. The ionization voltage was 70 eV with an emission sta
bilized beam current o f  300 |iA  and a source temperature of 
220°C. The magnet was previously calibrated from 39 to 868 
daltons by using perfluorokerosene and a sweep rate o f 3 s/dec- 
ade with a 1 s residence at 900 daltons. The static resolution on 
the mass peak of m/z 381 was 2000. FAB ionization was 
achieved by using a beam of xenon atoms produced by a saddle 
field gun operated at 7 kV and 1 mA. The heatable source was



Baker: Journal Of AOAC International Vol. 76, No. 4,1993 915

set at 30X7 Using reference ions from a mixture of po lye thy l
ene glycols) 400 and 600 in a ratio o f 1:2 (20), calibration at 
58-812 daltons was obtained at a scan rate of 10 s/decade with 
a 2 s residence at 950 daltons. The static resolution on the mass 
peak of m/z 371 was 1500. Samples analyzed by using FAB 
were preceded in the same run with an analogously prepared 
matrix blank acquired at slightly higher gain than the sub
sequent sample. Matrix ions could, thereby, be subtracted from 
all FAB spectra shown, with only a residual mass spectrum 
of sample remaining.

Sample Preparation

y-Lactone hydrochloride (25 mg) was dissolved in 5 mL 
glycerol-water (1 + 1). FAB analyses were conducted on both 
the blank and sample in the same run with different probe load
ings.

Tetramethylammonium (TM A+) hydroxide-5H20  (115 mg) 
was dissolved, and 3 mL methanol was added (to achieve solu
bility o f the free base y-lactone that precipitated upon base ad
dition) in both the blank and sample. The measured pH of the 
sample solution was 12.5. FAB analyses were obtained at 3 and 
24 h after base addition.

Hydrochloric acid (12N, 1 mL) was added to both the blank 
and sample. The measured pH of the sample solution was 0.5. 
FAB spectra were recorded 2 h after acidification.

R e s u lts  a n d  D is c u s s io n

Figure 3 presents the FAB mass spectrum o f y-lactone in 
neat glycerol-water (1 + 1). A b ase  peak [M+H]+ mJz 361 for 
the y-lactone was obtained. Fragment ions m/z, 319 and 284 can 
be assigned to [M+H]+ releasing H3CCH=CH2 and phenyl,

Figure 3. FAB MS of y-lactone in neat glycerol/water: 
[M+H]+ m /z  361.

respectively. Other ions (not shown) that indicate molecular 
species were observed at [2M+H]+ m/z 721 (2%) and [M+ 
glycerol (G) + H f  m/z 453 (5%).

Figure 4 shows the FAB mass spectrum 3 h after the addi
tion of TM A+ hydroxide and methanol. TM A+ ionized molecu
lar ions of the y-HC(_)+TMA+ ion-pair were observed at m/z 
525. Typical [M+FI]+ molecular ions for the free acid y-HCa 
were obtained at m/z 379. M olecular ions were also observed 
at m/z 452 that can be represented as either [y-HC(_) 
+TM A++H]+ or [y-HCa+TMA]+. [M+H]+ molecular ions of 
parent y-lactone were still observed at m/z 361 and indicate that 
hydrolysis is incomplete. Figure 5 represents structures for 
these molecular ions.

Figure 6 shows the FAB mass spectrum 24 h after the addi
tion o f TM A+ hydroxide and methanol. M olecular ions specific 
for y-HC(_) and y-HCa, as described for Figure 4 above, are 
again observed at m/z 525, 452, and 379. The molecular ion 
[M+H]+ m/z 361 of the starting y-lactone is absent lending evi
dence for its exhaustive hydrolysis to y-HCa. Ion m/z 335 may 
arise through decarboxylation ( -  C 0 2) of y-HCa at [M+H]+ m/z 
379 and indicates the presence o f the carboxylic acid. The scar
city o f other meaningful high mass ions suggests that under 
these conditions, the conversion o f the y-lactone to y-HCa is 
essentially exclusive.

Figure 7 presents the FAB mass spectrum recorded 2 h after 
the addition o f HC1. Recondensation of the y-HCa back to 
original y-lactone is obvious by the reappearance o f y-lactone’s 
base peak molecular ion, [M+H]+ m/z 361. All y -H C Q  and 
y-HCa molecular ions (m/z 525, 452, and 379) are now absent 
from the mass spectrum and suggest that the conversion back 
to y-lactone is complete and exclusive. Ions observed at m/z 
434 and 453 can be attributed to [M+TMA]+ and [M+G+H]+, 
respectively, for the y-lactone. A  low abundance ion (not 
shown) at [2M+H]+ m/z 721 (2%) was also observed for the 
y-lactone. To add support for the molecular ion identifications 
of the y-HC(_,/TM A+ ion-pairs (Figure 5), a second base cata
lyzed hydrolysis o f y-lactone was performed by using 25 mg 
NaOH (measured at pH 12.7) instead of 115 mg TM A+ hy- 
droxide-5H20 .  Mass shifts decreased by 51 amu, per TM A+ 
replaced by Na+, should be observed for y-HC(_)/Na+ ion-pairs 
when compared to analogous y-HC(_>fTM A+ ion-pairs.

Figure 8 gives the FAB mass spectrum after the addition of 
NaOH and 4 days o f sample storage at 5X1. Na+ ionized mo
lecular ions were observed for the y-HC(_)+Na+ ion-pair at m/z 
423, or 102 amu less than the corresponding TM A+ ionized 
ion-pair o f y-HC(_)+TM A+ at m/z 525. A more comparable 
mass shift was observed at the Na+ ionized y-HCa (or H+ ion
ized y-HC(_)+Na+ ion-pair) at m/z. 401 relative to m/z 452 with 
TM A+. These mass shifts indicate that TM A+ was replaced 
with Na+, and they support the ion-pair assignments in Fig
ure 5. An additional ion-paired molecular ion (not observed 
with TM A+ analogy at m/z 598) is found at m/z 445. Like the 
Na+ ionized y-HC(_)+Na+ ion-pair, this molecular ion’s carbox
ylic acid proton is replaced with Na+, and  the y-hydroxyl pro
ton is also replaced (y-ONa). Typical [M+H]+ molecular ions 
for the y-HCa were observed at m/z 379. Parent y-lactone was 
again exhaustively hydrolyzed with NaOH because no signal
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+H +m/z 361 
Y - Lactone

Figure 5. M olecular ion structures for the FAB m ass  
spectrum  shown In Figure 4.

Figure 4. FAB MS at 3 h after base addition to the 
y-lactone solution shown in Figure 3. Molecular ions of 
y-HC(_); [+2TM A]+ m /z  525 and [+TM A++ H f  m /z  452, with 
m olecular ions of y-HCa; [+TM A]+ m /z  452 and [+H]+ m /z  
379. M olecular ions at [M+H]+ m /z  361 shows the  
y-lactone is not yet fully hydrolyzed.

is observed at [M+H]+ m/z 361. Other molecular ions (not 
shown) were also observed: m/z 493 [y-HC<_)+Na++G+H]+ 
(5%), m/z 515 [y-HC(_)+Na++G+Na]+ (20%), m/z 537 [y-HC<_) 
+Na++y-ONa+G+Na]+ (10%), m/z 559 [y-HC(_)+Na++y- 
ONa+(G-H+Na+)+Na]+ (2%), m /z 607 [y-HC(_)+Na++2G+ 
Na]+ (4%), and m/z 801 [2(y-HC(_)+Na+)+H]+ (8%).

C o n c lu s io n s

E l MS produced spectra consistent with y-lactone but failed 
to produce molecular ions of y-HCa because of its thermal 
esterification back to y-lactone. FAB MS produced rapid iden
tification o f y-HCa as the primary degradation product directly 
from the aqueous hydrolysis o f y-lactone catalyzed by base. 
Acidifying this same solution showed the y-HCa fully con
densed back to y-lactone. Conducting the base hydrolysis sepa
rately in both TM A+ and Na+ hydroxides revealed mass shift 
differences between the y-HC<_)/TM A+ and Na+ ion pairs and 
verified molecular ion identifications. O f particular interest is 
the observation o f the highly abundant molecular ion m/z 445 
[y-HC(~ )+Na++(y-CWa)+Na]+ in the sodium hydroxide hy
drolysis. Na+ evidently replaced the y-hydroxy proton when 
under similar conditions with TM A+ hydroxide as base catalyst 
the expected analogous ion at m/z 598 [y-HCH +TM A++(y- 
07M 4)+T M A ]+ was not observed. This noticeable charac
teristic o f Na+, whereby both alcohol and carboxylic acid pro
tons were replaced, might be valuable in differentiating and 
determining the number of alcohol and acid moieties in other 
such multiply functionalized compounds. U nder the same con

ditions, TM A+ apparently only replaced the carboxylic acid 
protons. FAB MS, by virtue of its mass resolution, simultane
ously detects both the remaining y-lactone during its degrada
tion and the generation of its y-HCa degradation product (see 
Figure 4). This ability would appear to have quantitative appli
cation in the determination of equilibrium kinetics by propor
tioning the sum of the abundances of the molecular ions of 
generated y-HCa (ions m/z 379,452, and 525) to the molecular

Figure 6. FAB MS at 24 h after base addition to the  
y-lactone solution shown in Figure 3. M olecular ions of 
y-HC(_) and y-HCa are at m /z’s 525, 452, and 379 (see  
Figure 5. No [M +H]+ m /z 361 m olecular ions of y-lactone  
indicate it is exhaustively hydrolyzed.
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Figure 7. FAB MS of the exhaustively hydrolyzed  
solution (see Figure 6) 2 h after its HCI acidification. 
Reformation of the y-lactone is evident by reappearance  
of its [M +H]+ m olecular ion at m /z  361. All m olecular ions 
due to y-HC(_> and y-HCa (Figures 4, 5, and 6) are now  
gone, supporting com plete reversion back to  y-lactone.

ion abundance value of remaining y-lactone (m/z. 361) 
over time.

A c k n o w le d g m e n t

Sincere appreciation goes to Paul Brown for preparing the 
y-HCa isolate analyzed by E.I.
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TECHNICAL COMMUNICATIONS

A u to m a te d  B e e r  A n a ly z e r  M e th o d  fo r  D e te rm in a tio n  o f  A lco h o l 
C o n te n t  a n d  O r ig in a l  G ra v i ty  o f  B e e r : S u m m a ry  o f  
C o lla b o ra tiv e  S tu d y

P e t e r  W. G a l e s

Anheuser-Busch, Inc., One Busch Place, St. Louis, M O 63118 
M a r k  S c h w i e s o w

Pfizer, Inc., 4215 N. Port Washington Ave, M ilwaukee, W I 53212

T w o  c o lla b o ra tiv e  s tu d ie s  w e re  c o n d u c te d  b y  th e  
A m e ric a n  S o c ie ty  o f B re w in g  C h e m is ts  (A S B C ) to  
e v a lu a te  u se  o f a n  a u to m a tic  b e e r a n a ly z e r  fo r  d e 
te rm in a tio n  o f a lc o h o l c o n te n t an d  o rig in a l g ra v ity  
o f beer. R e p e a ta b ility  an d  re p ro d u c ib ility  v a lu e s  o b 
ta in e d  in th e  firs t s tu d y  w e re  s a tis fa c to ry . T h e  s e c 
o n d  s tu d y  c o m p a re d  th e  a u to m a te d  m e th o d  w ith  
th e  A S B C  d is tilla tio n  m e th o d . R e s u lts  b y  th e  
2 m e th o d s  w e re  s im ila r; h o w ever, re p e a ta b ility  an d  
re p ro d u c ib ility  w e re  b e tte r fo r  th e  a u to m a te d  
m e th o d . T h e  a u to m a te d  m e th o d  w a s  a d o p te d  firs t  
a c tio n  b y  A O A C  In te rn a tio n a l as  a n  A S B C -  

A O A C  m e th o d .

T he amount of alcohol in beer is of interest to brewers and 
regulatory agencies. A method to produce quick and re
liable results for determination of alcohol and density 

was evaluated in collaborative studies conducted by the Ameri
can Society of Brewing Chemists (ASBC).

In the method, an automatic beer analyzer (Tecator SCAB A 
Automatic Beer Analyzer, or equivalent) measures alcohol and 
density. Alcohol is determined by the catalytic combustion of 
alcohol in an air stream as it passes over a sensor surface. Den
sity is measured by density meter. Real extract is calculated 
from alcohol and density by using the Tabarie formula (1) with 
a small correction constant, which was included to account for 
distillation losses. The instrument is also programmed to calcu
late original gravity, apparent extract, real degree of fermenta
tion, and calories by using formulas in AOAC methods 935.20, 
970.90, 950.06A, and 971.10, respectively (2). A complete 
analysis requires only 3 min, which represents a great time sav
ings over other methods.

Collaborative studies (3 ,4 ) were conducted in 1987 and 
1988. In the first year, 21 collaborators each received 4 samples

S u b m itted  fo r p u b lic a tio n  S e p te m b e r  12, 1991.
T h e  re c o m m e n d a tio n  w a s  a p p ro v e d  by  th e  G e n e ra l R e fe ree  a n d  th e  

C o m m itte e  on  F o o d s  II and  w as a d o p ted  by  the  O ffic ia l M e th o d s  B o a rd  o f  
th e  A sso c ia tio n . S ee  “C h an g e s  in  O ffic ia l M e th o d s  o f  A n a ly s is”  (1993 )
J. AOAC Int. 76 , J an /F eb  issue .

and a detailed method of analysis. Table 1 provides the mean 
values o f the results obtained from the study and the AOAC 
statistical analysis of the data. Repeatability and reproducibil
ity values were acceptable.

The first collaborative study verified basic performance pa
rameters. The second collaboration focused on comparing the 
automated method to an established, yet very tedious and time- 
consuming, distillation procedure (5). Nine collaborators each 
received 3 sample pairs and were requested to analyze the sam
ples by using both the automated method and the distillation 
procedure. The statistical summary of this method comparison 
is shown in Table 2. Even though both methods were deter
mined to be good and comparable, the automated method was 
better in terms of repeatability and reproducibility.

9 9 2 .2 9  E th an o l an d  O rig in a l G ra v ity  C o n te n t in 
B eer, S C A B A  M e th o d , A S B C -A O A C  M e th o d

F in a l A c tio n  1992

(Applicable to determination of original gravity, 3-15, and 
ethanol, 1-6%  w/w, in b ee r)

Method Performance
Ethanol, % w/w
sr = 0.006; sR = 0.036; RSDr = 0.156%; RSDr = 0.939%
Original gravity, °P
sr = 0.018; sR = 0.091; RSDr = 0.164%; RSD r = 0.828%

A. Principle

The instrument calculates original gravity, “Plato, from 
measurement o f density with density meter and measures etha
nol, % w/w, by catalytic combustion of ethanol vapor, from 
evaporated beer sample, in air stream passing over sensor sur
face.

B. Reagents and Apparatus

(a) Automatic beer analyzer.— Capable of calculating 
original gravity from measuring density of beer (Anton Paar 
density meter is suitable). C apable of calculating % (w/w) etha
nol in beer; equipped with peristaltic pump (to pass samples
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Table 1. Statistical evaluation of collaborative mean results for alcohol and original gravity determ ined by automatic 
beer analyzer

Analysis No. sam ples No. labs. G rand m ean Sr SR R S D r R S D r

Alcohol, % w /w

B eers A/B 42 21 3 .8 3 5 0 .006 0 .0 3 6 0 .1 5 6 0 .9 3 9

Beers C /D 42 21 3 .2 4 6 0 .0 0 5 0.031 0 .1 5 4 0 .955

Original gravity, °P

B eers A/B 42 21 1 0 .987 0 .018 0.091 0 .1 6 4 0 .8 2 8

Beers C /D 42 21 8 .6 7 8 0 .014 0 .075 0.161 0 .8 6 4

through analyzer), thermostatically controlled coil (to evapo
rate ethanol in sample), tubing (to mix stream of air with etha
nol vapor), and oven with ethanol sensor (to combust and 
measure ethanol). M icrocomputer control unit evaluates and 
prints out results. (Tecator SCABA Automatic Beer Analyzer, 
PO Box 110, S -162 12, Stockholm, Sweden, is suitable).

(b ) Ethanol standard solutions.— Prepare 3.5 and 7.0% 
w/w ethanol standard solutions by diluting 46.4 and 92.3 mL 
of ethanol (99.5% minimum purity), respectively, to volume 
with H20  in separate 1 L volumetric flasks. Discard after 
2 weeks.

For system suitability test, determine percent ethanol to 
nearest 0.01% by pycnometer, 942.06, or refractome- 
ter, 950.04.

(c) Conditioning solution.— Dissolve ca 7 g chlorine-lfee 
detergent (Tecator Cat. No. 5000-1928 is suitable) in ca

500 mL H20  in 1 L volumetric flask. Add 75 mL ethanol, and 
dilute to volume with H20 .

C. Instrument Conditioning and Calibration

Turn on analyzer and control unit. Select microcomputer 
program for desired analysis, adjust air flow to analyzer re
quirements, and connect tubing for peristaltic pump.

To condition analyzer, place almost full vial o f conditioning 
solution one space behind sampling position. W hen oven and 
thermostat indicate run temperatures have been reached, start 
pump and recirculate conditioning solution for >20 min by 
placing end of drainage tube in vial.

Calibrate analyzer by placing vial with H20  one space be
hind sampling position, directly followed by vial with 3.5% 
then vial with 7.0% ethanol standard solutions, B(b). Select 
calibration program and process vials.

Table 2. Statistical evaluation of collaborative results for alcohol and original gravity determ ined by autom atic beer 
analyzer and distillation methods

Analysis No. sam ples No. labs. G rand m ean sr SR R S D r R S D r

S C A B A  m ethod

Alcohol, % w /w

Beers A/B 18 9 5 .6 1 9 0 .006 0.041 0.11 0 .73

Beers C /D 18 9 3 .4 0 0 0 .0 1 4 0 .0 3 5 0.41 1.03

Beers E /F 18 9 1 .144 0 .012 0 .018 1.05 1.57

Original gravity, °P

Beers A /B 18 9 1 4 .540 0 .018 0 .0 8 7 0 .12 0 .6 0

B eers C /D 18 9 9 .0 2 2 0 .029 0 .0 7 6 0 .32 0 .8 4

Beers E /F 18 9 3 .1 4 3 0 .027 0 .039 0 .8 6 1 .24

Distillation m ethod

Alcohol, % w /w

Beers A /B 18 9 5 .5 9 4 0 .044 0 .099 0 .79 1 .77

Beers C /D 18 9 3 .3 6 0 0 .020 0 .0 7 3 0 .6 0 2 .1 7

B eers E /F 18 9 1 .1 2 0 0 .034 0 .0 4 9 3 .0 4 4 .3 8

Original gravity, °P

Beers A /B 18 9 1 4 .4 68 0 .094 0 .1 4 6 0 .6 5 1.01

Beers C /D 18 9 8 .9 3 3 0 .0 3 6 0 .118 0 .4 0 1.32

Beers E /F 18 9 3 .0 9 3 0 .0 7 9 0 .0 9 6 2 .5 5 3 .09
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D. Determination

Degas beer samples by 920.49. Turbid samples must be fil
tered. Fill sample vials at least 2/3 full and load instrument turn
table. Select desired analysis program and process vials. Read 
calculated values for original gravity and ethanol (% w/w and 
v/v) from control unit printout.

To maintain instrument in standby mode (>10 min between 
measurements), place almost full vial o f conditioning solution 
behind sample vials with one empty space between them. 
W hen instrument begins to pum p conditioning solution, recir
culate conditioning solution by placing end o f drainage tube in 
conditioning solution vial. Replace vial with fresh conditioning 
solution every 1-2 h.

A t completion o f analysis, pump 1 vial o f conditioning so
lution through instrument then 1 vial o f H20 .  W hen all H20  has 
been pumped out, turn off pump, control unit, and then ana
lyzer. Unhook pum p tubes.

Ref.: J. Am. Soc. Brew. Chem. 47, 130(1989). J. AO AC  Int.
(1993) 76, July/August issue.

R e c o m m e n d a tio n

We recommend that the automated method be adopted first
action by AOAC International as an A SB C-AO A C method.
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TECHNICAL COMMUNICATIONS

C it r a te  In s o lu b le  P 2 O 5 : P ro b le m s  w ith  A m m o n ia te d  F e r t i l iz e rs

J o s e p h  E. G l i k s m a n

IM C Fertilizer, Inc., PO  Box 1035, M ulberry, FL 33860

A n  A O A C  c o lla b o ra tiv e  s tu d y  o f a  n e w  d ire c t  

m e th o d  fo r  a v a ila b le  P 2O 5 in  fe r tiliz e r  w a s  c o n 
d u c te d  la s t year. R e s u lts  on  a m o n o a m m o n iu m  

p h o s p h a te  s a m p le  s h o w e d  m o re  v a r ia b ility  th a n  

o th e r s a m p le  ty p e s , an d  th e  s a m p le  a ls o  h ad  th e  
la rg e s t a b s o lu te  d iffe re n c e  a m o n g  3  m e th o d s  

(9 6 0 .0 2 ,9 6 0 .0 3 , a n d  a  n e w  d ire c t m e th o d ). P ro b 
le m s  w ith  th e  A O A C  m e th o d  fo r  c itra te  in s o lu b le  
P 2O 5 w e re  d is c o v e re d , a n d  a n  e d ito ria l c h a n g e  in  
th e  m e th o d  is  re c o m m e n d e d .

A n AOAC collaborative study o f a new direct method for 
available P20 5 in fertilizer, conducted last year, gener
ated highly variable results on a monoammonium 

phosphate sample. Results also showed the largest absolute dif
ference among 3 methods compared in the study.

A  brief study by Lynch (1) indicated that the AOAC citrate 
insoluble P20 5 method was sensitive to the oven temperature 
used during the ignition step of the procedure for monoam
monium phosphates. This sensitivity is also noted by the Asso-

R ec e iv e d  S e p te m b e r  2 1 , 1992. A c ce p te d  D e c e m b e r 22 , 1992.

ciation of Florida Phosphate Chemists (AFPC) in its method 
for citrate insoluble P20 5 (2). In the AFPC method, a note is 
included stating that the citrate insoluble P20 5 residues from 
some monoammonium phosphates are resistant to acid attack 
after ignition at 600X1. For such cases, the AFPC suggests an 
aqua-regia digestion.

Figures l a - l g  show the effect o f ignition temperature on 
the reported citrate insoluble P20 5 for a variety of fertilizer in
gredients. All data points represent an average of 10 separate 
analyses by AOAC method 963.03. The data indicate that at 
high ignition temperatures, the citrate insoluble (Cl) residues 
from ammoniated phosphates become acid insoluble. The 
granular triple super phosphate sample did not show this effect. 
O f particular interest is Figure If, which shows results on a 
sample of monoammonium phosphate from a 1991 collabora
tive study on available P20 5 (3). The Cl P 20 5 varied by ±0.5% 
over the ignition temperature range o f the study.

These results may help answer questions about the high 
variability o f available P20 5 analytical data for this type of 
sample and why results obtained by the AOAC indirect method 
are often higher than those obtained by the AOAC direct 
method. This phenomenon was reported in 1977 by Johnson 
and Farley (4) in an evaluation of the AOAC methods for the 
determination of available P20 5. Figures also show that this
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Figures 1a -  1h. Cl P2O 5 com parison effect of ignition tem perature.
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Figures 1 i — 11. Cl P2O5 com parison effect o f ignition tem perature.

e ffe c t c an  b e  seen  to  a  le s se r  d eg ree  o n  sam p le s  o f  d iam 

m o n iu m  p h o sp h a te .
T h e  sam e  sam p le s  w ere  ru n  ag ain , th is tim e  u s in g  th e  aq u a- 

re g ia  d ig es tio n  su g g e ste d  by  A F P C  m e th o d  X I 4  an d  A O A C  

m eth o d  957.02(B). R e su lts  a re  sh o w n  in  F ig u re s  1 h—11. A g a in , 

a ll d a ta  p o in ts  re p re se n t an  av erag e  o f  10  sep a ra te  an aly ses. 

S u rp risin g ly , th e  re su lts  w e re  s im ila r  w h e n  th e  m o re  rig o ro u s  

d ig es tio n  w as  u sed . T h ese  re su lts  in d ica te  th a t fo r  a m m o n ia ted  

p h o sp h a te s , an  a q u a -re g ia  d ig es tio n  d o es  n o t h y d ro ly ze  th e  c it

ra te  in so lu b le  P 2O 5.
A  n o te  sh o u ld  b e  in c lu d e d  in  th e  A O A C  m eth o d  in d ica tin g  

th a t c itra te  in so lu b le  re s id u es  o f  am m o n ia ted  p h o sp h a te s  b e 

c o m e  a c id  in so lu b le  d u rin g  th e  ig n itio n  step . F u rth e r  s tu d y  m ay  

p ro v e  th a t an  a lte rn a tiv e  d ig es tio n  m eth o d , su ch  as a lkali fu-

sion , w ill h y d ro ly z e  th e  P 2C 5 a f te r  ig n itio n . U n til su c h  tim e , an  
ed ito ria l ch an g e  is  re co m m e n d e d  fo r  A O A C  m eth o d  
963.03B(a) as  fo llo w s: “F o r  am m o n ia ted  fe rtiliz e rs , u se  
m e th o d  (2 ).”  T h is  re fe rs  to  d ig es tio n  m eth o d  2 , w h ic h  av o id s 
an  ig n itio n  step .
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TECHNICAL COMMUNICATIONS

Enzymatic-Gravimetric Determination in Foods of Dietary Fiber 
as Sum of Insoluble and Soluble Fiber Fractions: Summary of 
Collaborative Study

R oger M ongeau and R ene B rassard

H e a lth  a n d  W elfa re  C a n a d a , H e a lth  P ro te c t io n  B ra n c h , F o o d  D ire c to ra te , N u tr itio n  R e se a rc h  D iv is io n , T u n n e y ’s P a s tu re , 
O ttaw a , O N , K l  A  0 L 2 , C a n a d a

A collaborative study was conducted on an enzy
matic-gravimetric method for determination of total 
dietary fiber in foods, in which soluble fiber and in
soluble fiber are determined separately. Ten col
laborators analyzed blind duplicate test samples 
from 5 food products: turnip, wheat bran, beans 
canned with tomato sauce, rice, and whole wheat 
bread. Repeatability and reproducibility relative 
standard deviations ranged from 1.48 to 14.73% 
and from 4.13 to 17.94%, respectively. The method 
was adopted first action by AOAC International.

A  co lla b o ra tiv e  s tu d y  w as  p e rfo rm e d  to  e s tab lish  p re c i

sio n  o f  an  e n zy m a tic -g ra v im e tr ic  m e th o d  fo r  d e te rm i

n a tio n  o f  to ta l d ie ta ry  f ib e r in  fo o d s  (1 ). T h e  s tu d y  w as 

d e s ig n ed  a cc o rd in g  to  A O A C  g u id e lin es  fo r  co lla b o ra tiv e  s tu d 

ies (2 ).
T h e  m e th o d  m ea su re s  so lu b le  a n d  in so lu b le  f ib e r  se p a 

ra te ly . T o  d e te rm in e  so lu b le  fiber, a  p o rtio n  o f  sam p le  is  a u to 

c la v ed , h e a t-s tab le  am y la se  is  a d d ed , a n d  th e  m ix tu re  is f il

tered . A m y lo g lu c o s id a se  a n d  p ro tea se  a re  a d d ed  to  re m o v e  

s ta rch  a n d  p ro te in , a n d  so lu b le  f ib e r  in  th e  filtra te  is p re c ip i

ta ted  b y  e th a n o l a n d  filte red . T o d e te rm in e  in so lu b le  fiber, a  

p o rtio n  o f  sa m p le  is  re flu x e d  w ith  n e u tra l d e te rg en t, a n d  the  

re s id u e  is trea ted  w ith  a -a m y la s e  fro m  p o rc in e  p a n c re as  to  re 

m o v e  w a te r-so lu b le  c a rb o h y d ra te s  a n d  p ro te in . In  eac h  d e te r

m in a tio n , th e  re s id u e  is  d ried , w e ig h ed , a sh ed , an d  rew eig h ed . 

T otal d ie ta ry  f ib e r  is th e  su m  o f  th e  2  re s id u es .

992.16 Total Dietary Fiber Enzymatic-Gravimetric 
Method

First Action 1992

(A p p lica b le  to  d e te rm in a tio n  o f  to ta l d ie ta ry  f ib e r  in  cerea ls , 

bean s , v e g e tab le s , a n d  fru its )
M e th o d  P e rfo rm a n c e  (d ry  w t. basis):
T u rn ip , 2 0 .7 1 %
sr =  1.01; sR =  1 .37; R S D r =  4 .8 5 % ; R S D r =  6 .6 0 %

W h ea t b ran , 4 6 .3 0 %
sr =  0 .6 9 ;s R =  1.91; R S D r =  1 .48% ; R S D r =  4 .1 3 %
B e an , 18 .19%
sr =  0 .9 0 ; sR =  2 .0 6 ; R S D r =  4 .9 3 % ; R S D r =  11.30%
R ice , 1.21%
sr =  0 .1 8 ; sR =  0 .2 2 ; R S D r =  14 .73% ; R S D r =  17 .94%
W h o le  w h e a t b read , 10 .29%
sr =  0 .7 4 ; sR =  0 .8 0 ; R S D r =  7 .1 8 % ; R S D r =  7 .8 1 %

A . P r in c ip le

F o o d  sam p le s , d r ie d  an d  g ro u n d , are  fa t e x tra c te d  i f  c o n ta in 
in g  > 5 %  fat. A  p o rtio n  o f  sam p le  is trea te d  in  a u to c lav e  w ith  
h e a t-s tab le  a m y la se , a m y lo g lu co s id a se , an d  p ro te a se  to  re 
m o v e  s ta rch  a n d  p ro te in . E n zy m a tica lly  u n d ig es te d  f ib e r  is p re 
c ip ita ted  b y  e th an o l a n d  filte red . R e sid u e  is  d ried , w e ig h ed , 
a sh ed , an d  rew eig h ed . A  se c o n d  p o rtio n  o f  sa m p le  is  re flu x ed  
w ith  n e u tra l d e te rg en t an d  trea te d  w ith  a -a m y la s e  fro m  p o rc in e  
p a n c re as  to  re m o v e  w a te r  so lu b le  ca rb o h y d ra te s  a n d  p ro te in . 
R e s id u e  is d ried , w e ig h ed , a sh ed , a n d  re w e ig h e d . T o ta l d ie ta ry  
f ib e r  is c a lcu la te d  a s  su m  o f  th e  2  re s id u es .

B. A p p a r a tu s

(a) A u t o c l a v e  o r  p r e s s u r e  c o o k e r .— C a p a b le  o f  15 psi.
(b) T u b e s .— 50  m L , h eav y  du ty , w ith  sc rew  c a p s  (P y rex , 

F ish e r  N o . 0 5 - 5 5 8 - 5 B , F ish e r  S c ien tific , P ittsb u rg h , PA 
15219 , U S A , o r  C o m in g  N o . 8 4 2 2 , C o m in g , In c ., C o m in g , N Y  
14831 , U S A , is  su itab le).

(c) O v e n s .—  (7) F o rc e d  d ra ft, c ap a b le  o f  m a in ta in in g  105 
± 1°. (2 ) C a p ab le  o f  m a in ta in in g  55  ±  0.5°.

(d )  W a te r  b a th s .— (7) B o ilin g . (2 ) C a p ab le  o f  m a in ta in in g  
6 0  +  0.5°.

(e) B a la n c e .— A n aly tica l, se n sitiv e  to  0.1 m g.
(f) M u f f le  f u r n a c e .— W ith  te m p e ra tu re  re g u la to r  c ap a b le  o f  

5 2 5  ±  1 0 (F ish e r Iso tem p , M o d e l 4 9 7 , o r  T h e rm o lin e  eq u ip p ed  
w ith  F u m a tro l c o n tro lle r  is su itab le ).

Submitted for publication November 31, 1992.
The recommendation was approved by the General Referee and the 

Committee on Foods II and was adopted by the Official Methods Board of 
the Association. See “Changes in Official Methods of Analysis” (1993) J. 
AOAC Int. 76 Jan/Feb issue.
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(g) N e u t r a l  d e t e r g e n t  f i b e r  e x t r a c t io n  s y s t e m .— E x trac tio n  

ap p a ra tu s  w ith  (7 ) c o n d e n se r  to  f it  6 0 0  m L  ta il-fo rm  b e a k e r  
w ith o u t spou t, (2 ) h o t p la te  c a p a b le  o f  b r in g in g  100 m L  n eu tra l 

d e te rg en t to  b o ilin g  in  5 - 1 0  m in , a n d  (3 )  f ilte r in g  d ev ice  

e q u ip p e d  w ith  su itab le  h o ld e r  fo r  c ru c ib le  (F ib e rtec  sy s te m  1, 
T eca to r, F ish e r  N o . T C  1010-001 is  su itab le).

(h )  F i l te r in g  s y s t e m .— G o o c h  c ru c ib le  w ith  su itab le  h o ld e r  

a n d  su c tio n  f la sk  (F ib e rtec-E , w ith  in cu b a tio n  flask s, T ecator, 

F ish e r  N o . T C - 1 0 2 3-002  is su itab le).
(i) F r i t t e d  ( s in te r e d )  g l a s s  c r u c i b l e s .—  (7 ) G o o c h  type, 

5 0  m L , co arse , A S T M  4 0 - 6 0  p m ; o r  P 2 c m c ib le s  4 0 - 9 0  p m  

(T eca to r N o . 1000  1172). (2 ) G o o c h  ty pe, 5 0  m L , m ed iu m  

A S T M , 1 0 -1 5  p m  (F ish e r N o . 0 8 -2 3 7 -1 B ) w ith  ru b b e r  rin g  
ad ap to rs . H e a t 2  h  a t 5 2 5 °  b e fo re  u se  i f  n o t u se d  regu larly .

( j)  F r e e z e - d r y e r .— F o r d ry in g  fo o d  sa m p le s  w ith  m in im u m  

h e a t d a m a g e  (V irtis free z e  m o b ile , w ith  d ry in g  ch am b er, N o.

1 0 -M R -T R , is  su itab le ).
(k )  C u t t in g  m i l l .— L o w -sp e ed  ro ta tin g  b lad e s  in  c h am b er  

b o tto m e d  w ith  in te rch a n g e ab le  2 0  m e sh  sc ree n  (W iley , in te r

m ed ia te  m o d e l, F ish e r  N o . 0 8 -3 3 8  is su itab le ). ( N o te :  H ig h 

sp e e d  ro ta ry  m ills  a re  no t su itab le , b e ca u se  th ey  p ro d u c e  fine  
p a rtic le s  th a t m ay  p ass th ro u g h  fr itted  g lass  c ru c ib le .)

(l) D e s i c c a t o r .

C . R e a g e n t s

(a )  N e u t r a l  d e t e r g e n t  s o l u t i o n .— D isso lv e  148.5  g  so d iu m  
lau ry l su lfa te  in  3 L  H 20 .  D isso lv e  9 2 .1 2  g  d iso d iu m  E D T A  

an d  3 3 .7 0  g  so d iu m  te trab o ra te  (N a 2B 40 7-10 H zO ) in 1 L  H 20  
by  s tirr in g  an d  h e a tin g  a n d  a d d  to  so d iu m  lau ry l su lfa te  so lu 

tion . D isso lv e  2 2 .5 7  g  so d iu m  p h o sp h a te  d ib as ic  a n h y d ro u s 
(N a 2H P 0 4) in  1 L  H 20  b y  s tirr in g  a n d  h e a tin g  an d  ad d  to  o th e r  
so lu tio n . M ix  w ell. p H  m u st b e  6 .9 -7 .1 ;  a d ju s t w ith  N a O H  o r 
HC1.

(b )  P h o s p h a te  b u f f e r .— 0 .1 M , p H  7 .0  ±  0 .1 . M ix  6 1 0  m L  

0 .1 M  N a 2H P 0 4 w ith  3 9 0  m L  0 .1 M  so d iu m  p h o sp h a te  m o n o 
b asic  m o n o h y d ra te  (N a H 2P 0 4 H 20 ) .

(c) S o d iu m  a c e t a t e  s o lu t io n .— 2 .0 M . D isso lv e  164 .06  g  so

d iu m  a ce ta te  in  H 20  an d  d ilu te  to  1 L .
(d )  A c e t a t e  b u f f e r .— 2 .0 M , p H  4 .5  ± 0 . 1 .  M ix  2 0 0  m L  

2 .0 M  so d iu m  ace ta te , (c), w ith  300  m L  2 .0 M  ace tic  acid . A d 
ju s t  p H , i f  n e ed e d , b y  a d d in g  so d iu m  a ce ta te  o r  ace tic  acid .

(e ) E th a n o l  s o lu t io n .— 80% . D ilu te  8 0 0  m L  a n h y d ro u s 
e th a n o l to  1 L  w ith  H 20 .

(f) A c e t o n e .— G lass  d istilled .
(g) F i l t e r  a i d .— C elite  (N o . C -2 1 1 , F ish e r S c ien tific ). N o  

k n o w n  su itab le  su b stitu te . (C a u t io n : C e lite  is  a  lu n g , sk in , an d  
e y e  irritan t; av o id  in h a la tio n  an d  c o n ta c t w ith  sk in  a n d  ey es .)

(h )  G l a s s  w o o l .— B o ro silic a te  f ib e r  g lass, 8  p m  d iam eter, 
fre e  f ro m  f lu o rin e , a lu m in a , a n d  h eav y  m eta ls  (P y rex  is su it
ab le ).

(i) a - A m y la s e  s o l u t i o n .— S tir  5 .0  g  a -a m y la se , T ype  V L B  
(N o . A -3 1 7 6 , S ig m a  C h e m ic a l C o ., S t. L ou is , M O  6 3 1 7 8 , 

U S A , is su itab le  so u rce ), w ith  100 m L  p h o sp h a te  bu ffer, (b ), 
15 m in . C e n trifu g e  10 m in  a t 1500 x  g, a n d  fi lte r  th ro u g h  

c o a rse  s in te red  g las s  c ru c ib le  co n ta in in g  g lass  w oo l. P rep a re  
d a ily  a n d  s to re  a t 4 °  w h e n  n o t in  use .

(j) A m ylo g lu co sid a se  so lu tion .— A m y log lucosida .se  fro m  
A sp erg illu s n ig er  (N o. A 9 9 1 3 , S ig m a  C h e m ic a l C o . is  su itab le  
so u rce). S to re  a t 4°.

(k) P ro tea se  so lu tion .— P ro te ase  fo r  to ta l d ie ta ry  f ib e r a s
say  (N o . P 3 9 1 0 , S ig m a  C h e m ic a l C o . is  su itab le  so u rce). S to re  
a t 4°. P re p a re  50  m g /m L  H 20  ju s t  b e fo re  use .

(l) H ea t-s ta b le  a m y la se  — a -A m y la s e  fo r  to ta l d ie ta ry  f i
b e r  a ssay  (N o . A 3 3 0 6 , S ig m a  C h e m ic a l C o . is su itab le  sou rce). 
S to re  a t 4°.

0C au tion : D rie d  e n zy m es m ay  c au se  a lle rg ic  re ac tio n . H a n 
d le  in  fu m e  h o o d  an d  a v o id  in h a la tio n .)

D . E n z y m e  S u ita b ility  T e s t

E v ery  3 m o n th s  o r  e ac h  t im e  e n zy m e  lo t c h an g e s , v e rify  fu ll 
e n zy m e  ac tiv ity  and  ab sen ce  o f  u n d e sirab le  e n zy m a tic  ac tiv i
ties b y  ru n n in g  th e  s tan d ard s lis ted  in  T ab le  992.16.

E. S a m p le  P r e p a r a tio n

F re e ze -d ry  w e t sam ples. G rin d  sam p le s  w ith  cu ttin g  m ill 
fitted  w ith  2 0  m esh  sc reen  a t b o tto m  o f  cu ttin g  ch am b er. I f  fa t 
co n te n t is > 5 % , d e fa t d r ie d  sa m p le  b y  a d d in g  4  v o lu m e s  a ce 
to n e , s tirrin g  1 h  a t ro o m  tem p era tu re , f ilte r in g  o n  ta rre d  c o a rse  
c m c ib le , an d  ev ap o ra tin g  re s id u a l a ce to n e  2  h  a t  55°. R e c o rd  
w e ig h t lo ss d u e  to  fa t a n d /o r H 20  re m o v a l, a n d  m ak e  a p p ro p ri
a te  co rre c tio n  to  sam p le  w e ig h t in  ca lcu la tio n  o f  p e rc e n t d ie 
ta ry  fiber.

F. F ib e r  D e te rm in a tio n

(7 ) A ccu ra te ly  w e ig h  (S j) d u p lic a te  0 .5  g  p o rtio n s  o f  sam p le  
to  n e a re s t 0.1 m g  in to  5 0  m L  sc rew  cap  tu b es . R u n  d u p lic a te  
re ag e n t b lan k s . A d d  2 0  m L  H 20  a n d  2  m L  a c e ta te  b u ffe r  a n d  
m ix . A u to c la v e  6 0  m in  a t 120° an d  15 psi (w ith  c ap  lo o sen ed ). 
D e c re a se  a u to c lav e  p re ssu re  slo w ly  b e fo re  re m o v in g  tu b e  f ro m  
au to c lav e . A d d  0.1 m L  h ea t-s tab le  a m y la se , m ix , a n d  in cu b a te  
in  b o ilin g  H 20  b a th  3 0  m in . F ilte r  th ro u g h  c o a rse  G o o c h  (o r P 2 
w ith  F ib e rte c )  c ru c ib le , c o n ta in in g  c a  0 .5  g  C e lite , o n  f ilte rin g  
a p p ara tu s  e q u ip p e d  w ith  su c tio n  fla sk  (o r  F ib e rtec  E  e q u ip p e d  
w ith  in cu b a tio n  flask ) to  re ce iv e  filtra te . R in se  tube  w ith  10 m l , 
h o t  H 20  an d  ad d  r in se  to  c ru c ib le  (ad d in g  to  filtra te ). R e m o v e  
c m c ib le  an d  r in se  th e  filte rin g  d ev ice , o r  F ib e rte c  E  tu b in g , 
w ith  5 m L  h o t (9 5 -1 0 0 ° )  H 20  (ad d in g  to  filtra te ). T o  c o m b in e d  
filtra te , ad d  4  m L  so d iu m  ace ta te  so lu tio n  a n d  m ix . A d d  0 .3  m L  
am y lo g lu co s id a se  so lu tio n , co v er, m ix , a n d  in cu b a te  3 0  m in  in  
6 0 ° H 2O  b a th . A d d  0.1 m L  p ro te a se  so lu tio n , a n d  c o n tin u e  6 0 ° 
in cu b a tio n  fo r  3 0  m in.

Table 992.16. Standards for testing enzyme activity

Standard
Wt

of std, g
Activity
tested

Expected
ree., %

Cornstarch (Sigma S-2388) 0.5 Amylase 0-1
Wheat starch (Sigma S-1514) 0.5 Amylase 0-1
Casein (Sigma C-7906) 0.5 Protease 0-1
P-Glucan (Sigma G-7391) 0.1 ß-Glucanase 90-95
Citrus pectin (Sigma P-7536) 0.1 Pectinase 80-85
Arabinogalactan (Sigma A-9788) 0.2 Hemicellulase 95-100
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Table 1. Summary of data for collaborative study on determination of total dietary fiber as sum of soluble and 
insoluble fiber fractions3

Material n Mean, % Sr SR RSDr, % RSDr, %

Turnip 10 20.71 1.01 1.37 4.85 6.60
Wheat bran 10 47.31 1.02 3.70 2.15 7.82
Wheat bran* 9 46.30 0.69 1.91 1.48 4.13
Beans with tomato sauce, canned 10 18.19 0.90 2.06 4.93 11.30
Rice 10 1.34 0.31 0.39 22.93 29.23
Ricec 8 1.21 0.18 0.22 14.73 17.94
Bread* 9 10.58 1.07 1.29 10.13 12.24
Bread6 8 10.29 0.74 0.80 7.18 7.81

a Samples distributed as blind duplicates: n = number of collaborators; mean = material mean (dry weight basis). 
6 Results for collaborator 8 (Grubbs outliers) not included. 
c Results for collaborator 4 (Cochran outliers) and 5 (Grubbs outliers) not included.
“ No results reported by collaborator 6. 
e Results for collaborator 4 (Grubbs outliers) not Included.

A d d  4  v o lu m e s  (1 6 6  m L ) o f  a n h y d ro u s  e th an o l an d  m ix . L e t 

p re c ip ita te  fo rm  at ro o m  tem p e ra tu re  > 6 0  m in . F ilte r  m ix tu re  

th ro u g h  m ed iu m  G o o c h  c ru c ib le  c o n ta in in g  g lass  w o o l. R in se  

re s id u e  su c c ess iv e ly  w ith  tw o  2 0  m L  p o rtio n s  8 0 %  e th a n o l and  

tw o  2 0  m L  p o rtio n s  o f  ace to n e . D isc a rd  e lu a tes.
D ry  c m c ib le  a n d  co n te n ts  o v e rn ig h t a t 105° in fo rced -d ra ft 

ov en . C o o l in  d e s icc a to r  to  ro o m  tem p e ra tu re  an d  w e ig h  to  

n e a re s t 0 .1  m g  (C Ir). A sh  re s id u e  4  h  a t 525°. C o o l in  d e s icc a to r 

to  ro o m  tem p e ra tu re  a n d  w e ig h  to  n e a re s t 0 .1  m g  (C ]a).

(2 ) A c cu ra te ly  w e ig h  (S2) se c o n d  se t o f  d u p lica te  0 .5  g  p o r

tio n s  o f  sam p le  to  n e a re s t  0.1 m g  in to  6 0 0  m L  ta ll fo rm  b e ak e r  

o r  P 2 cm c ib le . A d d  100 m L  n eu tra l d e te rg en t so lu tio n  to  

b e ak e r; p lace  on  ho t p la te  and  fit c o n d e n se r  (o r fit P 2 c m c ib le  

in  h o t e x tra c to r  a n d  a d d  100 m L  n e u tra l d e te rg e n t so lu tio n , p re 

h e a te d  to  80°, to  b o ilin g  co lu m n ). H e a t to  b o ilin g  w ith in  5 -  

10  m in , a n d  th en  re d u c e  h e a t an d  re flu x  6 0  m in  fro m  o n se t o f  

b o ilin g . F ilte r  th ro u g h  c o a rse  G o o c h  o r  P 2 cm c ib le . W ash  re s i

d u e  w ith  c a  100 m L h o t  H 20 .  I f  f iltra tio n  is  d ifficu lt, a p p ly  any  

o f  fo llo w in g  p ro c e d u re s  to  fa c ilita te  filtra tio n : (7 ) ap p ly  b a ck  

p re ssu re , (2 ) ad d  100  p L  h e a t-s tab le  am y la se , (5 ) a d d  c a  0 .5  g  

C e lite  to  c m c ib le , (4 ) re d u ce  sa m p le  w e ig h t to  0 .3  g  an d  an a 

ly ze  in  trip lica te , (5 ) c le a n  cm c ib le , o r  (6 )  u se  n e w  cm c ib le .
A d d  10 m L  c o ld  a -a m y la se  so lu tio n  a n d  15 ±  2  m L  ho t H 20  

to  c m c ib le  a n d  h o ld  5 m in  o n  f ilte rin g  d e v ice  o r  h o t e x tra c to r 
w ith o u t h e a tin g . A p p ly  su c tio n  to  re m o v e  e n z y m e  so lu tio n  an d  

w a sh  re s id u e  w ith  c a  2 0  m L  h o t H 20 .  S to p p e r b o tto m  o f  c m c i
b le  (u se  N o . 8  ru b b e r  s to p p e r fo r  G o o c h  c m c ib le  o r  N o . 7  fo r  

P 2 c m c ib le )  a n d  a d d  10 m L  c o ld  a -a m y la s e  so lu tio n  an d  15 ±  

2  m L  h o t  H 20 .  In c u b a te  6 0  m in  in  55° ov en . F ilte r  o n  f ilte rin g  

d e v ic e  o r  c o ld  e x tra c to r an d  w a sh  re s id u e  su ccess iv e ly  w ith  ca  
100 m L  h o t H 20  a n d  tw o  20  m L  p o rtio n s  o f  ace to n e . D is 

c a rd  e lu a tes .

D ry  c m c ib le  a n d  c o n te n ts  o v e rn ig h t a t 105° in fo rce d -d ra ft 
o v en . C o o l in  d e s ic c a to r  to  ro o m  tem p e ra tu re  a n d  w e ig h  to  
n e a re s t  0.1 m g  ( C 2r) . A sh  re s id u e  4  h  a t 525°. C o o l in  d e s icc a to r 
to  ro o m  te m p e ra tu re  an d  re w e ig h  (C 2a).

G . C a lc u la tio n s

T ota l d ie ta ry  fiber:

T D F , %  -  { \ ( C 2r -  C 2a) /S 2]

+  [ (C /r -  C Ia -  B ) / S j ] } x  100 

B la n k  (B ) =  C b -  C a

w h e re  C b =  w t o f  c m c ib le  w ith  b lan k ; C a =  w t o f  c m c ib le  w ith  
b la n k  a f te r  a sh in g ; C lr  =  w t o f  c m c ib le  w ith  re s id u e , F (7 ); C Ic 

=  w t o f  c m c ib le  w ith  re s id u e  a f te r  a sh in g , F (7 ) ; C 2r -  w t o f  
c m c ib le  w ith  re sid u e , F (2 ); C 2a =  w t  o f  c m c ib le  w ith  resid u e  
a f te r  a sh in g , F (2 ) ; a n d  S t a n d  S 2 =  w ts  o f  d ry  sam p le s.

R ef.: C e rea l F o o d s  W o rld  3 5 , 3 1 9 (1 9 9 0 ); J . A O A C  Int.
(1 9 9 3 ) 76 , Ju ly /A u g u s t issue.

Results and Recommendation

In  th e  study , 10 co lla b o ra to rs  a n a ly z e d  b lin d  d u p lic a te  test 
sam p le s  f ro m  5 p ro d u c ts : tu rn ip , w h e a t b ran , b e a n s  can n e d  
w ith  to m a to  sauce, rice , a n d  w h o le  w h e a t b read . T h e  s ta tis tica l 
ev a lu a tio n  o f  th e  d a ta  is  su m m a riz e d  in  T ab le  1.

W e re c o m m e n d  th a t th e  m e th o d  b e  a d o p te d  f irs t  a c tion .
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Preface

A O A C  In te rn a tio n a l ( th en  th e  A sso c ia tio n  o f  O ffic ia l A n a ly tic a l C h em ists) , th e  In te rn a tio n a l O rg a n iza tio n  fo r  S ta n d a rd iza tio n  

(IS O ), an d  th e  In te rn a tio n a l U n io n  o f  P u re  an d  A p p lied  C h em istry  (IU P A C ) c o o p e ra te d  to  p ro d u c e  a n  a g reed  “P ro to c o l fo r  the  

D e s ig n , C o n d u c t, a n d  In te rp re ta tio n  o f  C o lla b o ra tiv e  S tu d ies” (1). T h e  W o rk in g  G ro u p  th a t p ro d u c e d  th is p ro to co l a g ree d  a t its 

A pril 1989 W ash in g to n , D C , m ee tin g  to  d e v e lo p  a  fu r th e r  p ro to co l on  p ro fic ien c y  tests , i.e ., re su lts  g e n e ra te d  in  in te rlab o ra to ry  

te s t c o m p a riso n s  c o n s id e re d  fo r  th e  p u rp o se  o f  a  c o n tin u in g  a sse ssm e n t o f  th e  tech n ica l c o m p e ten c e  o f  p a rtic ip a tin g  te s tin g  lab o 
ra to ries .

S u c h  a  h a rm o n ize d  p ro to co l m u st o u tlin e  th e  m in im u m  re q u ire m e n ts  fo r  a g en c ie s  ( lab o ra to rie s  o r  o th e r  o rg an iza tio n s) th a t w ish  

to  d e v e lo p  an d  o p e ra te  p ro fic ien c y  te s tin g  sch em es, an d  re c o m m e n d  s ta tis tica l trea tm e n t o f  th e  re p o rte d  da ta .
A  d ra ft h a rm o n ize d  p ro to co l fo r  th e  o rg a n iz a tio n  o f  p ro f ic ien c y  te s tin g  sch em es w as p re p a re d  a n d  d isc u sse d  a t th e  

A O A C /IS O /IU P A C  m ee tin g  on  th e  “H a rm o n iz a tio n  o f  Q u a lity  A ssu ra n ce  S y s tem s in  C h e m ic a l A n a ly s is ,”  in  G e n ev a , S w itze rlan d , 

M a y  1991, as p a r t  o f  th e  d ev e lo p m en t p ro cess  o f  su c h  a  p ro to co l, an d  f in a lize d  a t a  m ee tin g  o f  th e  W o rk in g  P a rty  in  D e lft, T h e  
N e th e rlan d s , M a y  1992.

R ec e iv e d  D e c e m b e r 4, 1992. A c ce p te d  D e ce m b e r 4 , 1992.

In te rn a tio n a l U n io n  o f  P u re  a n d  A p p lie d  C h em istry  A n a ly tic a l, A p p lied . C lin ica l, In o rg an ic  a n d  P h y s ic a l C h em is try  D iv is io n s  In te rd iv is io n a l W o rk in g  
P a rty  fo r  H a rm o n isa tio n  o f  Q u a lity  A ssu ra n c e  S c h e m e s  fo r A n a ly tica l L a b o ra to r ies . M e m b e rsh ip  o f  th e  W o rk in g  P a r.y  d u rin g  1 9 8 9 -1 9 9 2  w a s  as fo llo w s: 
Chairman: M . P a rk a n y ; Members: P. D e  B iev re ; S .S . B ro w n ; L .E . C o le s  (d eceased ); R . G reen h a lg h ; B . G rie p in k ; A . H ead ; R .F .M . H e rb e r; W . H o rw itz ;
S .H .H . O lrich s ; G . S v e h la ; M . T h o m p so n ; R . W ood .
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1. In tro d u c tio n
F o r  a  lab o ra to ry  to  p ro d u c e  co n sis ten tly  re liab le  d a ta , i t  m u s t im p le m e n t an  ap p ro p ria te  p ro g ram  o f  q u a lity  a ssu ra n ce  p ro c e 
dures.

A n a ly tic a l m e th o d s  m u s t b e  v a lid a te d  as fit fo r  th e ir  p u rp o se  b e fo re  u se  in  the  lab o ra to ry . I f  p o ss ib le , v a lid a tio n  sh o u ld  b e  
a c h ie v e d  by  m ea n s  o f  co lla b o ra tiv e  tria ls th a t c o n fo rm  to  a  re c o g n iz e d  p ro to co l (1). T h e se  m eth o d s  m u s t b e  fu lly  d o c u m e n ted , 
lab o ra to ry  s ta ff  m u s t b e  tra in ed  in  th e ir  u se , a n d  co n tro l ch a rts  sh o u ld  b e  e s tab lish e d  to  e n su re  th a t th e  p ro c ed u re s  a re  u n d e r  
s ta tis tica l co n tro l. I f  p o ss ib le , a ll re p o rte d  d a ta  sh o u ld  b e  trac ea b le  to  re liab le  a n d  w e ll-d o c u m e n ted  re fe re n ce  m ate ria ls , p re f
e rab ly  ce rtif ied  re fe re n ce  m ate ria ls . W h e n  ce rtif ied  re fe re n ce  m a te ria ls  a re  n o t a v a ilab le , traceab ility  sh o u ld  b e  e s tab lish e d  to  a 
d e fin itiv e  m eth o d . A c c re d ita tio n  o f  th e  lab o ra to ry  b y  th e  a p p ro p ria te  n a tio n a l a cc red ita tio n  sc h e m e , w h ic h  sh o u ld  in  tu rn  
co n fo rm  to  a c c e p te d  s tan d ard s  (2 ), in d ic a te s  th a t th e  lab o ra to ry  is a p p ly in g  so u n d  q u a lity  assu ran ce  p rin c ip les . IS O  G u id e  2 5 (3 ) 
d e sc rib e s th e  g e n e ra l g u id e lin es  fo r  a sse ss in g  a  te s tin g  la b o ra to ry ’s tech n ica l c o m p e ten ce . A lth o u g h  p ro f ic ien c y  te s ts  c an  be  
e x ec u te d  in d ep en d en tly , a cc red ita tio n  a sse ssm e n ts  n o w  u se  th e  in fo rm a tio n  p ro d u c ed  b y  p ro fic ien c y  tes ts  (3).

P a rtic ip a tio n  in  p ro fic ien c y  te s tin g  sc h e m e s  p ro v id es  lab o ra to rie s  w ith  a n  o b jec tiv e  m ea n s  o f  a sse ss in g  an d  d e m o n s tra tin g  the  
re liab ility  o f  th e  d a ta  th ey  a re  p ro d u c in g . A lth o u g h  th e re  a re  sev e ra l ty p es  o f  p ro fic ien c y  te s tin g  sch em es, as d e sc rib e d  in  IS O  
G u id e  4 3 (4 ), th ey  all sh a re  a  c o m m o n  featu re: tes t re su lts  o b ta in e d  b y  o n e  tes tin g  lab o ra to ry  a re  c o m p a re d  w ith  th o se  o b ta in e d  
b y  o n e  o r  m o re  o th e r  te s tin g  lab o ra to rie s . S c h e m e s m ay  b e  “ o p e n ” to  a n y  lab o ra to ry , o r  p a rtic ip a tio n  m a y  b e  b y  in v ita tio n  only. 
S c h e m e s m ay  b e  d es ig n ed  to  a ssess  th e  c o m p e ten c e  o f  lab o ra to rie s  u n d e rta k in g  a  sp ec ific  a n a ly s is  in  a  sp ec if ic  m a trix  (i.e ., lead  
in  b lo o d , fa t in  b o n e m e a l)  ra th e r  th an  a  g en era l ty p e  o f  a n a ly s is  (i.e ., food).

A lth o u g h  v a rio u s  p ro to co ls  fo r  th e  d e s ig n  a n d  o p e ra tio n  o f  p ro f ic ien c y  te s tin g  sch em es h av e  b e e n  p ro d u c e d  to  c o v e r  p a rticu la r  
a rea s o f  an a ly tic a l ch em istry , a  h a rm o n iz e d  p ro to co l th a t w o u ld  be  u n iv e rsa lly  a cc ep tab le  is  n e ed e d  fo r  th e  o rg a n iz a tio n  o f  
p ro fic ien c y  tes tin g  sch em es. T h e  h a rm o n iz e d  p ro to c o l d e sc rib e d  in  S e c tio n  3 co n ta in s  sp ec ific  d e ta ils  a n d  d o e s  n o t, th ere fo re , 
co in c id e  w ith  IS O  G u id e  4 3 (4 ). In  ad d itio n  to  d e sc rib in g  th e  o rg an iza tio n  and  o p e ra tio n  o f  the  p ra c tic a l a sp e c ts  o f  p ro fic ien cy  
te s tin g  sch em es, th e  d o c u m e n t p re sc r ib e s  a  m in im al s ta tis tica l trea tm e n t o f  the  an a ly tic a l d a ta  p ro d u c ed , w h ic h  a re  p rim a rily  
m ea su re m e n ts  o f  co n ce n tra tio n .

A lth o u g h  v a rio u s  te rm s m ay  be  u se d  to  d e sc rib e  a  sch em e  c o n fo rm in g  to  th is p ro to co l (e .g ., e x te rn a l q u a lity  a sse ssm en t, 
p e rfo rm a n ce  sch em es, e tc .), th e  p re fe rre d  te rm  is “p ro f ic ien c y  te s t.”

F o r  an y  p a r ticu la r  sch em e , th e  a im s m u s t b e  c a re fu lly  d e sc rib e d  b y  th e  co o rd in a tin g  o rg an iza tio n . In  a d d itio n , th e  p ro c ed u re  
o u tlin e d  b e lo w  sh o u ld  b e  re g a rd e d  a s  th e  m in im u m  th a t sh o u ld  b e  u n d ertak en .

S c h e m e s c a n n o t c o v e r  a ll a sp ec ts  o f  so m e  a reas o f  a c tiv ity  a n d  m u st, th e re fo re , b e  re g a rd e d  as r e p r e s e n ta t iv e  o f  th e  p a rticu la r  
sec to r o f  in te rest.

2 . D e fin it io n s  a n d  T e rm in o lo g y  U s e d  in P ro to c o l
2 .1  P ro f ic ie n c y  T e s tin g  S c h e m e

M e th o d s  o f  c h e c k in g  lab o ra to ry  te s tin g  p e rfo rm a n ce  b y  m ea n s  o f  in te rlab o ra to ry  tests.

(To d e te rm in e  tru en ess , a  la b o ra to ry ’s re su lts  a re  c o m p a re d  a t in te rv a ls  w ith  th o se  o f  o th e r  lab o ra to rie s  (5)).

2 .2  In te rn a l  Q u a lity  C o n tro l  (IQ C )
T h e  se t o f  p ro c ed u re s  u n d e rta k en  b y  th e  la b o ra to ry  fo r  c o n tin u o u s  m o n ito rin g  o f  o p e ra tio n s  a n d  re su lts . IQ C  d e te rm in e s  
w h e th e r  th e  re su lts  a re  re liab le  e n o u g h  to  b e  re le ased  b y  m o n ito rin g  th e  b a tc h w ise  accu racy  o f  re su lts  o n  q u a lity  co n tro l 
m a te ria ls  a n d  p re c is io n  o n  in d e p e n d e n t r e p lica te  a n a ly s is  o f  te s t  m ate ria ls .

2 .3  Q u a lity  A s s u r a n c e  P r o g r a m /S y s t e m
T h e  su m  to ta l o f  a  la b o ra to ry ’s ac tiv itie s  a im e d  a t a ch iev in g  th e  re q u ire d  s tan d ard  o f  a n a ly s is . A lth o u g h  IQ C  a n d  p ro f i
c ie n cy  tests a re  very  im p o rtan t, a  q u a lity  a ssu ra n ce  p ro g ram  m u s t a lso  in c lu d e  s ta ff  tra in in g , a d m in is tra tiv e  p ro ced u re s , 
m a n a g e m e n t s tru c tu re , a u d itin g , e tc . A c c re d ita tio n  b o d ie s  ju d g e  lab o ra to rie s  b a se d  on  th e ir  q u a lity  a ssu ra n ce  p ro g ram .

2 .4  T e s tin g  L a b o ra to ry
A  lab o ra to ry  th a t m easu re s , ex am in es , tes ts , c a lib ra tes , o r  o th e rw ise  d e te rm in e s  the  c h a ra c te ris tic s  o r  p e rfo rm a n ce  o f  
m a te ria ls  o r  p ro d u c ts .

2 .5  R e f e r e n c e  M a te r ia l  (R M )
A  m ate ria l o r  su b s tan ce  o n e  o r  m o re  o f  w h o se  p ro p e rtie s  v a lu e s  a re  su ffic ien tly  h o m o g en e o u s  a n d  w e ll e s tab lish e d  to  be  
u se d  fo r  th e  ca lib ra tio n  o f  a n  a p p ara tu s , th e  a sse ssm e n t o f  a  m ea su re m e n t m eth o d , o r  fo r  a ss ig n in g  v a lu e s  to  m ate ria ls  (6 ).

F u rth e r  in fo rm a tio n  o n  re fe re n ce  m a te ria ls  is  av a ilab le  in  IS O  R E M C O  d o c u m e n ta tio n  (7).
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2 .6  C e r tif ie d  R e f e r e n c e  M a te r ia l  (C R M )
A  re fe re n ce  m ate ria l, a cc o m p a n ied  by  a  ce rtific a te , o n e  o r  m o re  o f  w h o se  p ro p e rty  v a lu es a re  c e rtif ie d  by  a  p ro c ed u re  
w h ic h  e stab lish e s  traceab ility  to  an  acc u ra te  re a liz a tio n  o f  th e  u n it in w h ic h  th e  p ro p e rty  v a lu e s  a re  ex p re ssed , a n d  fo r  
w h ic h  e ac h  c e rtif ie d  v a lu e  is  a c c o m p a n ied  by  an  u n c erta in ty  a t a  s ta te d  lev e l o f  c o n fid e n ce  (6 ).

F u rth e r  in fo rm a tio n  o n  ce rtif ie d  re fe re n ce  m ate ria ls  is a v a ilab le  in  IS O  R E M C O  d o c u m e n ta tio n  (7).

2 .7  T ru e  V a lu e
T h e  ac tu a l co n ce n tra tio n  o f  th e  a n a ly te  in  th e  m atrix .

2 .8  A s s ig n e d  V a lu e
T h e  v a lu e  to  be  u se d  a s  th e  tru e  v a lu e  by  th e  p ro fic ien c y  te s tin g  c o o rd in a to r  in  th e  s ta tis tica l trea tm e n t o f  re su lts  a n d  the 
b e s t av a ilab le  e s tim a te  o f  the  tru e  v a lu e  o f  th e  an a ly te  in  th e  m atrix .

2 .9  T a rg e t  V a lu e  fo r  S t a n d a r d  D e v ia t io n
A  n u m erica l v a lu e  fo r  th e  s tan d ard  d e v ia tio n  o f  a  m e a su re m e n t re su lt, w h ic h  h a s  b e en  d e s ig n a ted  as a  g o a l fo r  m ea su re 
m en t quality .

2 .1 0  In te r la b o r a to r y  T e s t  C o m p a r i s o n s
O rg an iza tio n , p e rfo rm a n ce , an d  e v a lu a tio n  o f  te s ts  o n  th e  sam e  item s o r  m ate ria ls  o n  id en tica l p o rtio n s  o f  an  e ffe c tiv e ly  
h o m o g en e o u s  m ate ria l by  2  o r  m o re  d iffe re n t lab o ra to rie s  in  a cc o rd an c e  w ith  p re d e te rm in e d  c o n d itio n s.

2 .1 1  C o o r d in a to r
T h e  o rg a n iz a tio n  w ith  re sp o n sib ility  fo r c o o rd in a tin g  a ll o f  th e  a c tiv itie s  in v o lv e d  in  th e  o p e ra tio n  o f  a  p ro f ic ie n c y  te s tin g  
sch em e.

2 .1 2  A c c u r a c y
T h e  c lo sen e ss  o f  a g ree m e n t b e tw ee n  a  tes t re su lt an d  an  a cc ep te d  re fe ren ce  value .

N o t e : T h e  te rm  accu racy , w h en  a p p lie d  to  a  se t o f  te s t  re su lts , d e sc rib e s  a  c o m b in a tio n  o f  ra n d o m  c o m p o n e n ts  an d  a  
co m m o n  sy s tem atic  e rro r  o r  b ias  co m p o n en t.

2 .1 3  T r u e n e s s
T h e  c lo sen e ss  o f  a g ree m e n t b e tw ee n  th e  a v e ra g e  v a lu e  o b ta in e d  fro m  a  la rg e  se rie s  o f  te s t re su lts  an d  an  a ccep ted  
re fe ren ce  value .

N o te :  T h e  m easu re  o f  tru en e ss  is u su a lly  e x p re ssed  in  te rm s o f  b ias .

2 .1 4  B ia s
T h e  d iffe ren ce  b e tw e e n  the  e x p ec ta tio n  o f  the  test re su lts  a n d  an  a cc ep te d  re fe re n ce  value .

N o te :  B ias  is  a  sy s tem atic  e rro r as c o n tra s ted  to  ra n d o m  error. O n e  o r  m o re  sy s tem atic  e r ro r  c o m p o n e n ts  m ay  b e  co n trib 
u tin g  to  th e  b ias. A  la rg e r sy s tem atic  d iffe ren ce  fro m  th e  a cc ep te d  re fe re n ce  v a lu e  is  re fle c te d  b y  a  la rg e r b ia s  va lue .

2 .1 5  L a b o r a to r y  B ia s
T h e  d iffe ren ce  b e tw e e n  th e  e x p ec ta tio n  o f  th e  te s t  re su lts  o b ta in e d  fro m  a  p a r ticu la r  lab o ra to ry  a n d  an  a cc ep te d  re fe re n ce  
v a lue .

2 .1 6  B ia s  o f t h e  M e a s u r e m e n t  M e th o d
T h e  d iffe ren ce  b e tw een  th e  e x p ec ta tio n  o f  th e  te s t re su lts  o b ta in e d  f ro m  all lab o ra to rie s  u s in g  th a t m e th o d  a n d  a n  a cc ep te d  
re fe re n ce  value .

N o te :  T h e  b ias  o f  a  m ea su re m e n t m eth o d  is n eg ativ e , fo r  e x am p le , i f  a  m e th o d  th a t p u rp o rts  to  m e a su re  th e  su lfu r  co n te n t 
o f  a  c o m p o u n d  co n sis ten tly  fa ils  to  ex tra c t all th e  su lfur. T h e  b ias  o f  a  m e a su re m e n t m e th o d  is m ea su re d  by  th e  d isp la c e 
m en t o f  the  av erag e  o f  re su lts  fro m  a  larg e  n u m b e r o f  d iffe ren t lab o ra to rie s  all u sin g  th e  sam e  m eth o d . T h e  b ias  o f  a  
m ea su re m e n t m eth o d  m a y  be  d iffe ren t a t d iffe ren t a n a ly te  c o n cen tra tio n s .

2 .1 7  L a b o r a to r y  C o m p o n e n t  o f B ia s
T h e  d iffe ren ce  b e tw ee n  th e  lab o ra to ry  b ias  an d  the  b ias  o f  th e  m ea su re m e n t m eth o d .

N o te s :  (7) T h e  lab o ra to ry  co m p o n e n t o f  b ias  is sp ec ific  to  a  g iv en  lab o ra to ry  an d  th e  c o n d itio n s  o f  m e a su re m e n t w ith in  
the  lab o ra to ry  an d  m a y  a lso  be  d iffe re n t a t d iffe ren t a n a ly te  co n ce n tra tio n s . (2 ) T h e  lab o ra to ry  c o m p o n e n t o f  b ia s  is 
re la tiv e  to  th e  o v e ra ll a v e ra g e  resu lt, no t th e  tru e  o r  re fe re n ce  v a lu e .

2 .1 8  P r e c is io n

T h e  c lo sen e ss  o f  a g ree m e n t b e tw e e n  in d ep e n d en t te s t re su lts  o b ta in e d  u n d e r  p re sc r ib e d  co n d itio n s.
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N o t e s : (7 ) P rec is io n  d e p en d s  o n ly  o n  th e  d is tr ib u tio n  o f  ra n d o m  e rro rs  an d  d o es  n o t re la te  to  th e  a c c e p te d  re fe re n ce  value. 
( 2  ) T h e  m ea su re  o f  p rec is io n  is  u su a lly  e x p re ssed  in  te rm s o f  im p rec is io n  an d  c o m p u te d  as a  s tan d ard  d e v ia tio n  o f  the 
te s t  resu lts . H ig h e r  im p re c is io n  is re flec ted  b y  a  la rg e r s tan d ard  d ev ia tio n . ( 3 )  I n d e p e n d e n t  t e s t  r e s u l t s  a re  d e f in e d  as 
re su lts  o b ta in e d  in  a  m a n n e r  n o t in f lu en ced  b y  an y  p re v io u s  re su lt on  th e  sam e  o r  s im ila r  m a te ria l.

3 . O r g a n iz a t io n  (P ro to c o l)  o f  P ro f ic ie n c y  T e s tin g  S c h e m e s
3 .1  F r a m e w o rk

T est sa m p le s  m u s t b e  d is tr ib u te d  o n  a  re g u la r  b a sis  to  th e  p a rtic ip a n ts  w h o  a re  re q u ire d  to  re tu rn  re su lts  w ith in  a  g iv en  
tim e. T h e  re su lts  w ill be  su b jec t to  sta tis tica l a n a ly s is  b y  th e  co o rd in a to r, a n d  p a rtic ip a n ts  w ill b e  p ro m p tly  n o tif ied  o f  
th e ir  p e rfo rm an ce . A d v ic e  w ill be  av a ilab le  to  p o o r  p e rfo rm e rs , a n d  a ll p a rtic ip a n ts  w ill b e  k e p t fu lly  in fo rm e d  o f  the 
p ro g ress  o f  th e  sch em e . P a rtic ip an ts  w ill be  id en tif ie d  in  re p o rts  by  c o d e  only.

T h e  s tru c tu re  o f  th e  sc h e m e  fo r any  o n e  an a ly te  o r  ro u n d  in  a  se rie s  sh o u ld  b e  as fo llo w s:

(7 ) C o o rd in a to r  o rg a n iz es  p rep ara tio n , h o m o g en e ity  te s tin g , a n d  v a lid a tio n  o f  tes t m a te ria l; (2 ) c o o rd in a to r  d is tr ib u te s  
te s t sam p le s  on  a  re g u la r  sch ed u le ; ( i )  p a rtic ip a n ts  an a ly ze  test p o rtio n s  an d  re p o rt re su lts  c en tra lly ; (4 ) re su lts  a re  
su b jec ted  to  s ta tis tica l a n a ly s is , a n d  p e rfo rm a n ce  o f  lab o ra to rie s  is a ssessed ; (5 ) p a rtic ip a n ts  a re  n o tif ied  o f  th e ir  p e rfo rm 
an ce ; (<5) a d v ic e  is  a v a ilab le  fo r  p o o r p e rfo rm e rs , o n  req u est; (7) c o o rd in a to r  re v ie w s  p e rfo rm a n c e  o f  sch em e ; ( 8 )  n ex t 
ro u n d  c o m m e n ce s .

P re p a ra tio n  fo r  th e  n e x t ro u n d  o f  the  sch em e  may h av e  to  b e  o rg an ized  w h ile  th e  c u rre n t ro u n d  is tak in g  p lace ; d e ta ils  o f  
the  n e x t ro u n d  m ay  h a v e  to  b e  ad ju s ted  in th e  lig h t o f  e x p e rien c e  fro m  the  c u rre n t round .

3 .2  O r g a n iz a t io n

T h e  c o o rd in a to r  w ill b e  re sp o n sib le  fo r  th e  d ay -to -d a y  o p e ra tio n  o f  the  sc h e m e , a n d  th ey  m u s t d o c u m e n t a ll p ra c tic e s  and  
p ro c ed u re s  in  a  q u a lity  m an u a l (see  A p p e n d ix  I). T est m a te ria ls  w ill b e  p re p a re d  e ith e r  b y  c o n tra c t lab o ra to rie s  o r  by  the 
co o rd in a to r. T h e  lab o ra to ry  th a t p rep are s  the  tes t m a te ria l sh o u ld  h av e  d e m o n s tra b le  e x p e rien c e  in the  a re a  o f  a n a ly s is  
b e in g  tes ted . T h e  c o o rd in a to r  m u st re ta in  co n tro l o v e r  th e  a sse ssm e n t o f  p e rfo rm a n ce  to  h e lp  m ain ta in  th e  c red ib ility  o f  
th e  sch em e . O v e ra ll d irec tio n  o f  the  sc h e m e  sh o u ld  b e  o v e rsee n  by  a  sm all a d v iso ry  p a n e l w ith  re p re se n ta tiv e s  (w h o  
sh o u ld  b e  p ra c tic in g  lab o ra to ry  sc ien tis ts) fro m , fo r  ex am p le , th e  co o rd in a to r, c o n tra c t lab o ra to rie s  ( if  an y ), a p p ro p ria te  
p ro fe ss io n a l b o d ie s , p a rtic ip a n ts , an d  e n d -u se rs  o f  a n a ly tica l da ta .

3 .3  T e s t  M a te r ia ls
T h e  tes t m a te ria ls  d is tr ib u te d  in  th e  sc h e m e  m u st b e  g e n e ra lly  s im ila r  in  ty p e  to  th e  m a te ria ls  th a t a re  ro u tin e ly  a n a ly z e d  
(in  re sp ec t o f  th e  co m p o s itio n  o f  th e  m atrix  an d  th e  c o n ce n tra tio n  ran g e  o r  q u a n tity  o f  th e  a n a ly te ) . T h e  h o m o g en e ity  an d  
stab ility  o f  th e  te s t m a te ria ls  m u st b e  accep tab le . T h e  a ss ig n e d  v a lu e  w ill n o t b e  d isc lo sed  to  th e  p a r tic ip a n ts  u n til a fte r 
th e  re su lts  h a v e  b e en  co lla ted .

T h e  bu lk  m ate ria l p re p a re d  fo r  th e  p ro fic ien cy  te s t m u s t be  su ffic ien tly  h o m o g en e o u s  fo r  e a c h  a n a ly te  so  th a t all lab o ra 
to rie s  w ill re ce iv e  tes t sam p le s  th a t d o  no t d iffe r  s ig n ifican tly  in  a n a ly te  co n cen tra tio n . T h e  c o o rd in a to r  m u st c le a rly  sta te  
the  p ro ced u re  u se d  to  e s tab lish  the  h o m o g en e ity  o f  th e  te s t  m a te ria l (see  A p p e n d ix  II). A s  a  g u id e , th e  b e tw ee n -sa m p le  
s tan d ard  d e v ia tio n  sh o u ld  b e  less  th an  0 .3  tim es  th e  ta rg e t v a lu e  fo r  th e  s tan d ard  d ev ia tio n .

I f  p o ss ib le , th e  c o o rd in a tin g  lab o ra to ry  sh o u ld  a lso  p ro v id e  ev id e n ce  th a t th e  tes t m ate ria l w ill b e  s ta b le  th ro u g h o u t the 
d u ra tio n  o f  th e  p ro fic ien c y  tests . P rio r  to  d is tr ib u tio n  o f  th e  te s t sam p le s , th e re fo re , th e  m atrix  m u s t be  s to red  fo r an  
ap p ro p ria te  p e r io d  o f  tim e, and  the  stab ility  o f  th e  m atrix  a n d  its an a ly te s  m u st b e  d e te rm in e d . D u rin g  th e  s tab ility  tria ls, 
s to rag e  co n d itio n s , e sp e c ia lly  tim e  and  tem p e ra tu re , m u s t re p re se n t th o se  co n d itio n s  lik e ly  to  b e  e n c o u n te re d  d u rin g  the  
en tire  p ro fic ien cy  tes t. S tab ility  tria ls m ust, th e re fo re , tak e  a cc o u n t o f  th e  tran sp o rt o f  th e  te s t sa m p le s  to  p a rtic ip a tin g  
lab o ra to rie s  as w e ll as th e  c o n d itio n s  e n co u n te re d  p u re ly  in  a  lab o ra to ry  e n v iro n m en t. T h e  c o n ce n tra tio n s  o f  th e  v a rio u s 
a n a ly tes  m u st sh o w  n o  s ig n ifican t c h an g es  d u rin g  th e  s tab ility  tests. T h e  m ag n itu d e  o f  a  ' ‘s ig n ific a n t c h a n g e ” w o u ld  be  
a sse ssed  fro m  th e  k n o w le d g e  o f  the  v a rian ce  e x p e c te d  fo r  re p lica te  a n a ly se s  o f  th e  b u lk  m ate ria l. W h e n  u n stab le  a n a ly tes  
a re  to  be a sse ssed , the  c o o rd in a tin g  o rg a n iz a tio n  m ay  n eed  to  p re sc rib e  a  d a te  b y  w h ic h  tim e  th e  a n a ly s is  m u st be 
acco m p lish ed .

Ideally , th e  q u a lity  ch eck s  on  th e  sam p le s  re fe rre d  to  a b o v e  sh o u ld  n o t be  p e rfo rm e d  b y  th e  sam e  lab o ra to ry  th a t p re p are d  
the  sam p le , a lth o u g h  w e  re co g n ize  th a t th is  m ay  c au se  d iff icu ltie s  to  th e  c o o rd in a tin g  o rg a n iz a tio n .

T h e  n u m b e r o f  te s t  m a te ria ls  to  b e  d is tr ib u te d  p e r ro u n d  w ill d e p en d  m ain ly  on  th e  ra n g e  o f  c o m p o s itio n  th a t n eed s to  be 
c o v ered . P rac tica l c o n s id e ra tio n s  w ill d ic ta te  an  u p p e r  lim it o f  6  te s t m a te ria ls  p e r an aly te .

C o o rd in a to rs  sh o u ld  c o n s id e r  a n y  h a za rd s  th a t th e  te s t  m a te ria ls  m ig h t p o se  a n d  ac t a p p ro p ria te ly  to  ad v ise  an y  p a rty  th a t 
m ig h t be  a t r isk  (e .g ., te s t m a te ria l d is tr ib u to rs , te s tin g  lab o ra to rie s , e tc .)  o f  th e  p o ten tia l h a za rd  in v o lv ed .
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3 .4  F r e q u e n c y  o f  T e s t  S a m p le  D is tr ib u tio n
T h e  a p p ro p ria te  freq u en cy  fo r  th e  d is tr ib u tio n  o f  tes t sa m p le s  in  any  o n e  se rie s  d e p en d s  u p o n  a  n u m b e r  o f  fa c to rs , the  
m o st im p o rtan t o f  w h ich  a re  as fo llo w s:

(7 ) T h e  d ifficu lty  o f  e x ec u tin g  e ffec tiv e  an a ly tic a l q u a lity  co n tro l; (2 ) th e  lab o ra to ry  th ro u g h p u t o f  tes t sam p le s ; ( J )  the 
co n sis ten cy  o f  th e  re su lts  fro m  p re v io u s  ro u n d s; (4 ) th e  c o st/b e n e fit o f  the  sch em e ; (5) th e  a v a ilab ility  o f  su itab le  m ate ria l 
fo r  p ro fic ien cy  te s tin g  sch em es.

In  p rac tice , th e  freq u e n c y  w ill p ro b a b ly  fa ll b e tw ee n  o n ce  e v e ry  2  w eek s  a n d  o n ce  e v e ry  4  m o n th s .

A  freq u e n c y  g re a te r  th a n  o n c e  e v e ry  2  w e ek s  c o u ld  lea d  to  p ro b lem s in  th e  tu rn a ro u n d  tim e  o f  te s t sam p le s  a n d  resu lts . 
It m ig h t a lso  e n co u ra g e  th e  b e lie f  th a t th e  p ro fic ien c y  te s tin g  sc h e m e  c an  b e  u sed  a s  a  su b s titu te  fo r  in te rn a l q u a lity  c o n tro l, 
an  id ea  th a t sh o u ld  d e fin ite ly  be d isc o u rag e d . I f  the  p e rio d  b e tw ee n  d is tr ib u tio n s  ex ten d s  m u ch  b e y o n d  4  m o n th s , the 
d e la y s  in  id en tify in g  an d  c o rre c tin g  an a ly tica l p ro b lem s w ill be  u n accep tab le , m ea n in g fu l tren d s  in a  la b o ra to ry ’s p e r
fo rm an ce  c o u ld  be  d ifficu lt to  m on ito r, an d  the  im p a c t o f  th e  sc h e m e  o n  the  p a rtic ip an ts  c o u ld  b e  sm all.

W h en  the  a b o v e  facto rs a re  co n sid e re d , a  lo n g er tim e  sca le  b e tw ee n  d is tr ib u tio n  o f  te s t sam p le s  m ay  b e  acc ep ta b le  u n d e r 
c e rta in  c ircu m stan ces . T h e  A d v iso ry  P an e l sh o u ld  c o m m e n t o n  th e  freq u en cy  o f  d is tr ib u tio n  ap p ro p ria te  fo r a  p a rticu la r  
sch em e.

In  ad d itio n , th is  p an e l sh o u ld  a lso  a d v ise  on  th e  a rea s to  be  c o v e re d  in any  p a rticu la r  sec to r o f  an a ly tica l ch em istry . 
E stab lish in g  p rio ritie s  is  p a rticu la rly  d ifficu lt w h en  th e  se c to r h a s  a  c o n sid e ra b le  n u m b e r o f  d iv e rse  an a ly ses.

3 .5  E s ta b l i s h in g  th e  A s s ig n e d  V a lu e
T h e  c o o rd in a to r sh o u ld  e x p la in  h o w  the  a ss ig n e d  v a lu e  w as  o b ta in e d  w h e re  poss ib le  w ith  a  s ta te m en t o f  its trac ea b ility  
an d  uncerta in ty .

T h e  a ss ig n e d  v a lu e  fo r  th e  c o n ce n tra tio n  o f  a n a ly te  a n d  its  u n c erta in ty  in  a  te s t m a te ria l c a n  b e  e s tab lish e d  b y  u s in g  a 
n u m b e r  o f  p o ss ib le  a p p ro ac h es , b u t o n ly  4  a re  n o rm a lly  c o n sid e red .

3 .5 .1  C o n s e n s u s  V a lu e  F ro m  E x p e r t  L a b o r a to r ie s
T h is  v a lu e  is the  c o n se n su s  o f  a  g ro u p  o f  e x p ert lab o ra to rie s  th a t a ch iev e  a g ree m e n t b y  th e  ca re fu l e x ec u tio n  o f  
re co g n ize d  re fe ren ce  m eth o d s; it is the  best p ro c ed u re  in m o st c irc u m s tan c es  fo r d e te rm in in g  th e  a ss ig n e d  v a lu e  in 
rep re se n ta tiv e  m ate ria ls . W h en  su c h  a v a lu e  is u sed , the  o rg an iz in g  b o d y  sh o u ld  d isc lo se  the  id en titie s  o f  the 
lab o ra to rie s  p ro d u c in g  th e  in d iv id u a l re su lts , th e  m eth o d  o f  c a lcu la tin g  th e  co n se n su s  v a lu e  an d , i f  p o ss ib le , a  
s ta te m en t o f  th e  trac ea b ility  a n d  o f  its uncerta in ty . T h e  co n se n su s  v a lu e  w ill n o rm a lly  b e  a  ro b u st m e a n  (8 ) o r  th e  
m ode.

3 .5 .2  F o rm u la t io n

T h is  m eth o d  co m p rise s  the  ad d itio n  o f  a  k n o w n  a m o u n t o r  co n ce n tra tio n  o f  a r.a ly te  to  a  b a se  m ate ria l c o n ta in in g  
no n e . T h e  m eth o d  is e sp ec ia lly  v a lu ab le  w h e n  it is the  a m o u n t o f  a n a ly te  ad d ed  to  in d iv id u a l tes t p o rtio n s  th a t is 
su b je c t to  tes tin g , as th ere  is n o  re q u ire m e n t fo r  e n su rin g  a  su ffic ien tly  h o m o g en o u s m ix tu re  in  th e  b u lk  test m a te 
rial. In  o th e r  c ircu m stan ces , p ro b lem s m ig h t a rise  w ith  th e  use  o f  fo rm u la tio n , a s  fo llow s:

(7 ) T h e  b a se  m ate ria l m u st be  e ffec tiv e ly  free  fro m  an a ly te , a n d  the  resid u al an a ly te  c o n ce n tra tio n  m u st be a cc u 
ra te ly  k n o w n ; (2 ) th e  a n a ly te  m ay  b e  d ifficu lt to  h o m o g en iz e  in to  the  base  m ate ria l w h e n  th is  is req u ired ; ( 3 )  th e  
ad d ed  a n a ly te  m ay  be m o re  lo o se ly  b o n d e d  th an , o r  in a  d iffe re n t c h em ica l fo rm  fro m , th a t fo u n d  in th e  ty p ica l 
m a te ria ls  th a t th e  te s t m a te ria ls  rep resen t.

U n le ss  th ese  p ro b lem s can  b e  o v e rco m e , re p re se n ta tiv e  m ate ria ls  (c o n ta in in g  th e  an a ly te  in  its n o rm ally  o c cu rrin g  
fo rm  in  a ty p ica l m a trix ) a re  u su a lly  p re fe rab le . W h e n  fo rm u la tio n  is u sed , traceab ility  to  c e rtif ie d  re fe re n ce  m a te 
ria ls o r  re fe re n ce  m eth o d s  sh o u ld  be  c ited , i f  p o ss ib le .

3 .5 .3  D ire c t C o m p a r i s o n  w ith  C e r tif ie d  R e f e r e n c e  M a te r ia ls

In  th is  m eth o d , th e  test m a te ria l is a n a ly z e d  a lo n g  w ith  a p p ro p ria te  c e rtified  re fe ren ce  m ate ria ls  by  a  su itab le  m eth o d  
u n d e r  rep ea tab ility  co n d itio n s . In e ffec t, th e  m eth o d  is  c a lib ra ted  w ith  the  C R M s, p ro v id in g  d irec t trac ea b ility  an d  
an  u n c erta in ty  fo r  th e  v a lu e  a ss ig n e d  to  th e  te s t m ate ria l. T h e  C R M s m u st h av e  b o th  th e  a p p ro p ria te  m atrix  a n d  an  
a n a ly te  c o n ce n tra tio n  ra n g e  th a t sp an s, o r  is c lo se  to , th a t o f  th e  te s t m ate ria l. In so m e  areas, th e  la c k  o f  C R M s w ill 
re stric t the  u se  o f  th is m eth o d .

3 .5 .4  C o n s e n s u s  o f P a r t ic ip a n t s

A  v a lu e  o ften  a d v o ca te d  fo r  th e  a ss ig n e d  v a lu e  is th e  co n se n su s  (u su a lly  a  ro b u st m ean  o r  th e  m o d e) o f  th e  re su lts  
o f  a ll o f  the  p a rtic ip an ts  in th e  ro u n d  o f  the  test. T h is  v a lu e  is c le a rly  th e  c h ea p es t an d  ea s ie s t to  ob ta in . T h e  m e th o d  
u su a lly  g iv es  a  se rv iceab le  v a lu e  w h e n  the  a n a ly s is  is re g a rd e d  as easy , fo r  e x am p le , w h e n  a  re co g n ize d  m e th o d  is 
ap p lie d  to  a  m a jo r  co n stitu en t. In  an  em p irica l m e th o d  (w h en  the  m eth o d  “d e fin e s” th e  c o n te n t o f  th e  a n a ly te ) , the  
c o n se n su s  o f  a  larg e  n u m b e r o f  lab o ra to rie s  c an  be  sa fe ly  re g a rd e d  as the  tru e  value .
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T h e re  a re  a  n u m b e r  o f  d ra w b a c k s  to  th e  co n se n su s  o f  p a rtic ip an ts . A t a  fu n d a m e n ta l lev e l, a  trac ea b ility  o r  an  
u n c e rta in ty  is  d iff icu lt to  a ttrib u te  to  su ch  a  v a lu e , u n les s  a ll p a rtic ip a n ts  w e re  u s in g  th e  sam e  re fe re n ce  m eth o d . 
O th e r  o b jec tio n s  th a t c an  b e  lev e led  ag a in s t th e  co n se n su s  a re  as fo llow s:

(7 ) T h ere  m a y  be  n o  re a l c o n se n su s  a m o n g  th e  p a r tic ip a n ts  an d  (2) th e  co n se n su s  m ay  b e  b ia sed  b y  th e  g en era l 
u se  o f  fa u lty  m eth o d o lo g y . N e ith e r  o f  th ese  c o n d itio n s  is  ra re  in  th e  d e te rm in a tio n  o f  trac e  co n stitu en ts .

3 .5 .5  C h o ic e  B e tw e e n  M e th o d s
T h e  c h o ice  b e tw ee n  th e se  m e th o d s  o f  e v a lu a tin g  th e  a ss ig n e d  v a lu e  d e p en d s  o n  c irc u m s tan c es  a n d  is  th e  re sp o n 
s ib ility  o f  th e  o rg a n iz in g  agency . It is  u su a lly  a d v isab le  to  h a v e  an  e s tim a te  in  a d d itio n  to  the  c o n se n su s  o f  p a rtic i
p an ts . A n y  s ig n ific a n t d e v ia tio n s  o b se rv e d  b e tw ee n  th e  e s tim a te s  m u s t b e  ca re fu lly  c o n s id e re d  b y  th e  tech n ica l 
p an el.

E m p irica l m e th o d s  are  u se d  w h e n  th e  a n a ly te  is ill-d e fin e d  ch em ica lly . In  an  em p irica l m e th o d , e .g ., the  d e te rm i
n a tio n  o f  “fa t,” th e  tru e  re su lt (w ith in  th e  lim its  o f  m ea su re m e n t u n c e rta in ty ) is  p ro d u c e d  b y  a  c o rre c t e x ec u tio n  o f  
th e  m eth o d . In  th ese  c ircu m stan ces , th e  an a ly te  c o n te n t is  c lea rly  d e f in e d  o n ly  i f  th e  m e th o d  is  s im u ltan eo u s ly  
spec ified . E m p irica l m e th o d s  can  g iv e  rise  to  sp ec ia l p ro b lem s in  p ro f ic ien c y  tr ia ls  w h en  a  c h o ice  o f  su c h  m eth o d s 
is av a ilab le . I f  th e  a ss ig n ed  v a lu e  is o b ta in e d  fro m  e x p e rt lab o ra to rie s  an d  the  p a rtic ip a n ts  u se  a  d iffe re n t e m p irica l 
m e th o d , a  b ia s  m ay  b e  a p p a re n t in the  re su lts  e v e n  w h e n  no  fa u lt in  e x ec u tio n  is  p re sen t. L ik e w ise , i f  p a rtic ip a n ts  
are  free  to  c h o o se  b e tw e e n  em p irica l m e th o d s , no  v a lid  c o n se n su s  m ay  b e  e v id e n t a m o n g  th em . S e v e ra l reco u rse s  
are  a v a ilab le  to  o v e rc o m e  th is  p ro b lem :

(7 ) a  sep a ra te  v a lu e  o f  th e  a ss ig n ed  v a lu e  is  p ro d u c ed  fo r  eac h  e m p irica l m e th o d  u sed ; (2 ) p a r tic ip a n ts  are  in 
s tru c ted  to  u se  a  p re sc r ib e d  m eth o d ; o r  (5 ) p a rtic ip a n ts  a re  w a rn ed  th a t a  b ias  m ay  re su lt fro m  u sin g  a n  em p irica l 
m e th o d  d iffe re n t fro m  th a t u se d  to  o b ta in  th e  c o n sen su s .

3 .6  C h o ic e  o f  A n a ly tic a l M e th o d
P a rtic ip an ts  w ill b e  a b le  to  u se  th e  an a ly tica l m e th o d  o f  th e ir  c h o ice  e x cep t w h e n  o th e rw ise  in s tm c te d  to  a d o p t a  sp e c if ied  
m eth o d . M e th o d s  u sed  m u st b e  v a lid a te d  b y  an  ap p ro p ria te  m ean s, e .g ., co llab o ra tiv e  tria l, re fe re n ce  m eth o d , e tc . A s a 
g e n e ra l p rin c ip le , p ro c ed u re s  u se d  by  lab o ra to rie s  p a rtic ip a tin g  in  p ro f ic ien c y  te s tin g  sch em es sh o u ld  s im u la te  th o se  u sed  
in  th e ir  ro u tin e  an a ly tica l w o rk .

W h e n  an  e m p irica l m e th o d  is u sed , th e  a ss ig n e d  v a lu e  w ill b e  c a lcu la te d  fro m  re su lts  o b ta in e d  u s in g  th a t d e f in e d  p ro c e 
d ure . I f  p a rtic ip a n ts  u se  a  m e th o d  n o t e q u iv a len t to  th e  d e fin in g  m eth o d , th en  a n  a u to m a tic  b ias  in  re su lt m u st b e  ex p ec te d  
w h en  th e ir  p e rfo rm a n ce  is a sse ssed  (see  S e c tio n  3 .5 .5 ).

3 .7  A s s e s s m e n t  o f P e r f o r m a n c e
L ab o ra to rie s  w ill b e  a sse ssed  o n  th e  d iffe re n ce  b e tw ee n  th e ir  re su lt a n d  th e  a ss ig n ed  v a lu e . A  p e rfo rm a n c e  sco re  w ill be  
c a lcu la te d  fo r  e ac h  lab o ra to ry , u s in g  th e  s ta tis tica l sc h e m e  d e ta ile d  in  S ec tio n  4.

3 .8  P e r f o r m a n c e  C r i te r ia
F o r  e ach  a n a ly te  in  a  ro u n d , a  c rite rio n  fo r  th e  p e rfo rm a n ce  sco re  m ay  b e  se t, w h en  a p p ro p ria te , ag a in s t w h ic h  the  
p e rfo rm a n c e  sco re  o b ta in e d  b y  a  lab o ra to ry  c an  be  ju d g e d . A  “ ru n n in g  sc o re ” c o u ld  b e  c a lcu la te d  to  g iv e  an  a sse ssm e n t 
o f  p e rfo rm a n c e  sp re ad  o v e r  a  lo n g e r p e r io d  o f  tim e ; th is sco re  w o u ld  be  b a se d  o n  re su lts  fo r  sev e ra l ro u n d s.

T h e  p e rfo rm a n c e  c rite rio n  w ill b e  se t so  th a t th e  an a ly tic a l d a ta  ro u tin e ly  p ro d u c e d  b y  th e  la b o ra to ry  is a d e q u a te  fo r  its 
in te n d e d  p u rp o se . T h e  p e rfo rm a n ce  c rite rio n  m a y  n o t n eed  to  b e  se t a t th e  h ig h es t lev e l th a t th e  m e th o d  is  c ap a b le  o f  
p ro v id in g .

3 .9  R e p o r t in g  o f R e s u l t s
R e p o rts  issu e d  to  p a rtic ip a n ts  sh o u ld  b e  c le a r  an d  c o m p re h en s iv e  a n d  in c lu d e  d a ta  o n  th e  d is tr ib u tio n  o f  re su lts  f ro m  all 
lab o ra to rie s  to g e th e r  w ith  p a r tic ip a n t’s p e rfo rm a n ce  sco re . T h e  te s t re su lts  u se d  b y  th e  c o o rd in a to r  sh o u ld  a lso  be  d is
p la y e d  to  le t p a r tic ip a n ts  c h e c k  th a t th e ir  d a ta  h a v e  b e en  co rre c tly  en te red . R e p o rts  sh o u ld  b e  m ad e  a v a ilab le  as q u ick ly  
as p o ss ib le  a f te r  th e  re tu rn  o f  re su lts  to  th e  c o o rd in a tin g  la b o ra to ry  an d , i f  a t all p o ss ib le , b e fo re  th e  n e x t d is tr ib u tio n  o f  

sam ples.

A lth o u g h  id ea lly  a ll re su lts  sh o u ld  b e  re p o rte d  to  p a rtic ip a n ts , th is p ro c ed u re  m ay  n o t b e  p o ss ib le  in  so m e v e ry  e x ten siv e  
sc h e m e s  (e .g ., w h e n  th ere  a re  7 0 0  p a rtic ip a n ts  e ac h  d e te rm in in g  2 0  a n a ly tes  in  an y  o n e  ro u n d ). P a rtic ip an ts  shou ld , 
h o w ev er, re ce iv e  a t le a s t (7 ) re p o rts  in  c le a r  a n d  s im p le  fo rm at, and  (2 ) re su lts  o f  a ll lab o ra to rie s  in  g rap h ica l, e.g ., 

h is to g ra m  fo rm .

3 .1 0  L ia iso n  w ith  P a r t ic ip a n t s
P a rtic ip an ts  sh o u ld  b e  p ro v id e d  w ith  a  d e ta ile d  in fo rm a tio n  p a c k  o n  jo in in g  th e  sch em e. C o m m u n ic a tio n  w ith  p a rtic ip an ts  
sh o u ld  b e  v ia  a  n e w sle tte r  o r  a n n u a l re p o rt  to g e th e r w ith  a  p e rio d ic  o p e n  m ee tin g ; p a rtic ip a n ts  sh o u ld  b e  ad v ised  im m e-
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d ia te ly  o f  an y  c h an g e s  in  sch em e  d e s ig n  o r  o p e ra tio n . A d v ic e  sh o u ld  b e  a v a ilab le  to  p o o r  p e rfo rm ers . P a r tic ip an ts  w h o  
c o n s id e r  th a t th e ir  p e rfo rm a n ce  a sse ssm e n t is in  e rro r  m u st b e  ab le  to  re fe r  the  m atte r  to  th e  coo rd in a to r.

F e e d b ac k  fro m  lab o ra to rie s  sh o u ld  b e  e n c o u ra g e d  so  th a t p a rtic ip a n ts  ac tiv e ly  c o n trib u te  to  th e  d e v e lo p m en t o f  the  
sch em e . P artic ip an ts  sh o u ld  v iew  it a s  t h e i r  sch em e  ra th e r  th an  o n e  im p o sed  by  a  d is tan t b u reau cracy .

3 .11  C o l lu s io n  a n d  F a ls if ic a tio n  o f R e s u l t s
A lth o u g h  p ro fic ien cy  tes tin g  sc h e m e s  a re  in ten d ed  p rim arily  to  h e lp  p a rtic ip a n ts  im p ro v e  th e ir  a n a ly tica l p e rfo rm a n ce , 
so m e  p a rtic ip a n ts  m ay  p ro v id e  a  fa lse ly  o p tim is tic  im p re ss io n  o f  th e ir  c ap ab ilitie s . F o r  ex am p le , co llu s io n  m ay  tak e  p lace  
b e tw ee n  lab o ra to rie s  so  th a t tru ly  in d ep e n d en t d a ta  a re  n o t su b m itted . L ab o ra to rie s  m ay  a lso  g iv e  a  fa lse  im p re ss io n  o f  
th e ir  p e rfo rm a n ce  i f  th ey  ro u tin e ly  carry  o u t s in g le  an a ly se s , b u t  re p o rt  th e  m ea n  o f  re p lica te  d e te rm in a tio n s  o n  th e  
p ro fic ien cy  te s tin g  sam p les. P ro fic ie n cy  te s tin g  sch em es sh o u ld  b e  d e s ig n ed  to  e n su re  th a t little  c o llu s io n  a n d  fa ls if ic a tio n  
is  p o ss ib le . F o r  ex am p le , a lte rn a tiv e  sa m p le s  c o u ld  b e  d is tr ib u te d  w ith in  o n e  ro u n d , w ith  no  id en tif iab le  re u se  o f  the  
m ate ria ls  in  su c c ee d in g  ro u n d s. A lso , in stru c tio n s  to  p a rtic ip a n ts  sh o u ld  m ak e  it c le a r  th a t c o llu s io n  is c o n tra ry  to  p ro fe s 
sional sc ien tific  c o n d u c t and  se rv es o n ly  to  n u llify  th e  b e n e fits  o f  p ro fic ien cy  tes ts  to  c u s to m e rs , a cc red ita tio n  b o d ies , and  
a n a ly s ts  a like .

A lth o u g h  all re aso n a b le  m ea su re s  sh o u ld  b e  tak e n  by  th e  c o o rd in a to rs  to  p re v en t co llu sio n , th e  p a rtic ip a tin g  lab o ra to rie s  
a re  u ltim ate ly  resp o n sib le .

3 .1 2  R e p e a ta b i l i ty
P ro c e d u re s  u se d  by  lab o ra to rie s  p a rtic ip a tin g  in p ro fic ien cy  te s tin g  sch em es sh o u ld  sim u la te  th o se  u se d  in ro u tin e  sam p le  
an a ly sis . T h u s , d u p lic a te  d e te rm in a tio n s  o n  p ro fic ien c y  te s tin g  sa m p le s  sh o u ld  b e  c a rr ied  o u t o n ly  i f  th is  is th e  n o rm  fo r  
ro u tin e  w o rk . T h e  re su lt sh o u ld  b e  re p o rte d  in  th e  sam e  fo rm  (e .g ., n u m b e r  o f  s ig n ifican t f ig u res ) as th a t n o rm ally  rep o rted  
to  th e  cu sto m er. S o m e  p ro fic ien c y  te s tin g  co o rd in a to rs  lik e  to  in c lu d e  d u p lic a tio n  in th e  te s ts  to  o b ta in  a  m e a su re  o f  
re p ea ta b ility  p ro fic ien cy . D u p lica tio n  sh o u ld  be  a llo w e d  as a  p o ss ib ility  in  p ro fic ien c y  tes ts  b u t  is n o t a  re q u ire m e n t o f  
th is  p ro toco l.

4 . G e n e r a l iz e d  S ta t is t ic a l  P r o c e d u r e  fo r  t h e  A n a ly s is  o f R e s u l t s
T h e  ap p ro ach  d e sc rib e d  h e re  is in ten d ed  to  p ro v id e  a  tran sp aren t p ro c ed u re  by  u s in g  a ccep ted  s ta tis tic s  w ith o u t any  a rb itra ry  
sc a lin g  facto rs.

4 .1  E s t im a te s  o f A s s ig n e d  V a lu e
T h e  first s tag e  in p ro d u c in g  a  sco re  fro m  a  re su lt x  (a  s in g le  m ea su re m e n t o f  an a ly te  co n ce n tra tio n  (o r am o u n t)  in  a  test 
m a te ria l) is  o b ta in in g  an  e s tim a te  o f  th e  b ias , w h ic h  is d e f in e d  as the  fo llo w in g :

b ias  e s tim a te  =  x  -  X
A

w h e re  X  is th e  tru e  v a lu e . In p ra c tic e  th e  assig n ed  v a lu e , X, w h ich  is th e  b e s t e stim a te  o f  X , is u sed . S e v e ra l m e th o d s  are  
a v a ilab le  fo r  o b ta in in g  th e  assig n ed  v a lu e  (see  S e c tio n  3 .5 ). I f  x  is n o t a  co n ce n tra tio n  m easu re , a  p re lim in a ry  tran s fo r
m atio n  m ay  be  ap p ro p ria te .

4 .2  F o rm a tio n  of a  z - S c o r e
M o s t p ro fic ien c y  te s tin g  sch em es p ro c ee d  by c o m p a rin g  th e  b ias  e s tim a te  (as d e fin e d  a b o v e) w ith  a  targ e t v a lu e  fo r  
s tan d ard  d e v ia tio n  th a t fo rm s the  c rite rio n  o f  p e rfo rm an ce . A n  o b v io u s  ap p ro ach  is to  fo rm  th e  z -sco re  g iv en  by  

z =  (x  -  X ) / o

w h e re  a  is th e  ta rg e t v a lu e  fo r  s tan d ard  d ev ia tio n .

A lth o u g h  z  h a s  th e  fo rm  o f  a  n o rm al s ta n d a rd  d ev ia te , th e re  is no  p re su m p tio n  th a t th is  n e ce ssa rily  w ill b e  th e  case . In 
so m e  c irc u m s tan c es  th e  tec h n ica l p an e l m ay  d e c id e  to  u se  an  e s tim a te  o f  th e  a c tu a l v a ria tio n  (?) e n c o u n te re d  in  a  p a r ticu la r  
ro u n d  o f  a  tria l in  p lac e  o f  a  ta rg e t s tan d ard  d ev ia tio n . In  th a t c ase  s  sh o u ld  b e  e s tim a te d  f ro m  th e  lab o ra to r ie s ’ re su lts  a fte r  
o u tlie r  e lim in a tio n , o r  b y  ro b u st m e th o d s  (8 ) fo r e ach  a n a ly te /m a te ria l/ro u n d  co m b in a tio n . A  v a lu e  o f  s  w ill th u s  vary  
fro m  ro u n d  to  ro u n d . In c o n se q u en c e , the  z -sco re  fo r  a  lab o ra to ry  c o u ld  n o t b e  c o m p a re d  d irec tly  from  ro u n d  to  rou n d . 
H o w ev e r, the  b ias  e s tim a te  (x  -  X) fo r  a  s ing le  an a ly te /m a te ria l co m b in a tio n  c o u ld  b e  u se fu lly  c o m p a re d  ro u n d  by  ro u n d  
fo r  a  lab o ra to ry , a n d  the  co rre sp o n d in g  v a lu e  o f  s  w o u ld  in d ica te  g en era l im p ro v e m en t in  " re p ro d u c ib ili ty ” ro u n d  by 
rou n d .

A  fix ed  v a lu e  fo r  a  is p re fe ra b le  a n d  h as th e  a d v an tag e  that th e  z -sco re s  d e riv e d  fro m  it c an  b e  c o m p a re d  fro m  ro u n d  to 
ro u n d  to  d e m o n s tra te  g en era l tren d s  fo r a  lab o ra to ry  o r  a  g ro u p  o f  lab o ra to rie s . It is su g g ested  th a t w h a te v e r  v a lu e  o f  a  is 
c h o se n  is  p ra c tic a l a n d  th a t it is a cc ep te d  by  p a rtic ip an ts . F o r  so m e  o f  th e  tes ts  it is  o n ly  n e ce ssa ry  th a t th e  v a lu e  c h o se n  
is su ffic ien t c lea rly  to  d isc rim in a te  in a  p ass/fa il situation .

T h e  v a lu e  c h o se n  can  be  a rriv ed  a t in  sev era l w ay s:
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4 .2 .1  B y  P e r c e p t io n

T h e  v a lu e  o f  o  c o u ld  b e  fix ed  a rb itrarily , w ith  a  v a lu e  b a se d  o n  a p e rce p tio n  o f  h o w  lab o ra to rie s  p e rfo rm . T h e  
p ro b lem  w ith  th is c rite rio n  is that b o th  p e rce p tio n s  an d  lab o ra to ry  p e rfo rm a n ce  m ay  c h a n g e  w ith  tim e. T h e  v a lu e  
o f  o ,  th e re fo re , m ay  n eed  to  b e  ch an g e d  o ccasio n a lly , d is tu rb in g  the  co n tin u ity  o f  th e  sc o rin g  sch em e . H o w ev er, 
th e re  is so m e  ev id e n ce  th a t lab o ra to ry  p e rfo rm a n ce  re sp o n d s  fav o ra b ly  to  a  s te p w ise  in c re ase  in  p e rfo rm a n ce  
req u irem en ts .

4 .2 .2  B y  P re s c r ip t io n

T h e  v a lu e  o f  a  c o u ld  be  an  e s tim a te  o f  th e  p rec is io n  re q u ire d  fo r a  sp ec ific  ta sk  o f  d a ta  in te rp re ta tio n . T h is  c rite rio n  
is th e  m o st sa tis fac to ry  typ e , i f  it c an  be  fo rm u la ted , b e ca u se  it re la te s  d irec tly  to  th e  re q u ire d  in fo rm a tio n  co n te n t 
o f  th e  da ta . U n le ss  the  co n ce n tra tio n  ra n g e  is v e ry  sm all, a  sh o u ld  b e  sp e c if ied  as a  fu n c tio n  o f  c o n cen tra tio n .

T h is  is freq u e n tly  u se d  in leg is la tio n  w h en  m e th o d  p e rfo rm a n ce  ch ara c te ris tic s  m ay  b e  spec ified .

4 .2 .3  B y  R e f e r e n c e  to  V a lid a te d  M e th o d o lo g y
W h en  a  s ta n d a rd  m eth o d  is p re sc rib ed  fo r th e  ana ly sis , a  c o u ld  b e  o b ta in e d  b y  in te rp o la tio n  fro m  th e  s tan d ard  
d e v ia tio n  o f  rep ro d u c ib ility  o b ta in e d  d u rin g  ap p ro p ria te  co llab o ra tiv e  tria ls.

4 .2 .4  B y  R e f e r e n c e  to  a  G e n e r a l i z e d  M o d e l
T h e  v a lu e  o f  a  c o u ld  b e  d e riv e d  fro m  a  g en era l m o d e l o f  p rec is io n , su c h  as the  “H o rw itz  C u rv e ” (9). A lth o u g h  th is  
m o d el p ro v id es  a  g e n e ra l p ic tu re  o f  rep ro d u c ib ility , su b stan tia l d e v ia tio n  fro m  it m ay  b e  e x p e rien c e d  fo r  p a rticu la r  
m eth o d s. It c o u ld  b e  u sed  i f  no  sp ec ific  in fo rm a tio n  is av a ilab le .

4 .3  I n te rp re ta t io n  of z - S c o r e s
I f  a n d  o  w e re  g o o d  e s tim a te s  o f  the  p o p u la tio n  m ean  an d  stan d ard  d e v ia tio n , an d  th e  u n d e rly in g  d is tr ib u tio n  w ere  
n o rm al, th en  z w o u ld  b e  a p p ro x im ate ly  n o rm ally  d is tr ib u ted  w ith  a  m ean  o f  z e ro  an d  a u n it s tan d ard  d e v ia tio n . A n  
an a ly tic a l sy s tem  can  be  d e sc rib e d  as “ w ell b e h a v e d ” w h e n  it c o m p lie s  w ith  th ese  c o n d itio n s. U n d e r  th ese  c irc u m s tan c es  
an  ab so lu te  v a lu e  o f  z  ( |z |) g re a te r  th an  3 su g g ests  p o o r  p e rfo rm an ce .

B e ca u se  z  is s tan d ard ized , it c an  b e  u se fu lly  c o m p a re d  a m o n g  all an a ly tes , te s t m a te ria ls , a n d  a n a ly tica l m e th o d s. V alues 
o f  z  o b ta in e d  fro m  d iv e rse  m ate ria ls  a n d  c o n ce n tra tio n  ra n g es  can , th e re fo re , w i th  d u e  c a u t io n  (see  S ec tio n  4 .5 ), be  
c o m b in e d  to  g iv e  a  c o m p o s ite  sco re  fo r  a  lab o ra to ry  in  o n e  ro u n d  o f  a  p ro fic ien cy  test. M o re o v e r  the  m ea n in g  o f  z -sco re s  
c an  b e  im m e d ia te ly  ap p rec ia ted , i.e ., v a lu es o f  |z | < 2  w o u ld  be  very  c o m m o n  a n d  v a lu e s  o f  |z | >3 w o u ld  be  v e ry  ra re  in 
w e ll-b e h av e d  system s.

S c h e m e s e x p lic itly  b a se d  on  the  z -sco re  m eth o d  in c lu d e  th e  “ L ab o ra to ry  A ccred ita tio n  a n d  A u d it P ro to c o l”  (10). T h e  
z-sco re  m eth o d  is  a lso  im p lic it in th e  m o d ified  “v a ria n ce  in d ex ” m eth o d  o f  W h ite h ea d  e t. al (11), w h e n  sc a lin g  to  a 
“ch o sen  c o e ff ic ie n t o f  v a ria tio n ” (i.e ., re la tiv e  s ta n d a rd  d e v ia tio n ) e ffec tiv e ly  g iv es  a  z -v a lu e  m u ltip lie d  by  an  a rb itra ry  
factor.

4 .4  A lte rn a tiv e  S c o r e
A n  a lte rn a tiv e  ty p e  o f  sco rin g , Q -sco rin g , is b a sed  n o t on  the  s ta n d ard ized  v a lu e  bu t o n  the  re la tiv e  b ias , n a m e ly  

Q  =  (x  -  X ) / X

w h e re  x  a n d  $  h a v e  th e ir  p rev io u s  m ean in g . A lth o u g h  no t re co m m e n d e d  in th is  p ro to co l, a  n u m b e r o f  sec to rs , e .g ., 
o ccu p a tio n a l h y g ien e , u se  th is ap p ro ach . T h e  sco rin g  d o e s  h a v e  th e  d isa d v an tag e  th a t th e  s ig n ific a n ce  o f  a n y  re su lt is no t 
im m e d ia te ly  ap p aren t. T h e  a lte rn a tiv e  type  o f  sco rin g  is  d e sc rib e d  in  g re a te r  de ta il in  A p p e n d ix  V.

4 .5  C o m b in a t io n  o f  R e s u l t s  o f  a  L a b o r a to r y  W ith in  a  R o u n d  o f  t h e  T rial
It is c o m m o n  fo r  sev era l d iffe ren t a n a ly se s  to  b e  req u ired  w ith in  each  ro u n d  o f  a  p ro fic ien c y  test. A lth o u g h  e ac h  in d iv id u a l 
te s t fu rn ish es u se fu l in fo rm a tio n , m any  p a rtic ip an ts  w a n t a  s in g le  f ig u re  o f  m erit th a t w ill su m m ariz e  th e  o v e ra ll p e rfo rm 
an ce  o f  the  lab o ra to ry  w ith in  a  rou n d . T h is  a p p ro ac h  m ay  b e  a p p ro p ria te  fo r  th e  a sse ssm e n t o f  lo n g -te rm  tren d s . H o w ev er, 
th e re  is a  d a n g e r  th a t such  a  co m b in a tio n  sco re  w ill b e  m is in te rp re ted  o r  ab u se d  b y  n o n e x p e rts , e sp e c ia lly  o u ts id e  the  
c o n te x t o f  th e  in d iv id u a l sco res . T h ere fo re , th e  g e n e ra l use  o f  co m b in a tio n  sco res  is no t re co m m e n d e d , b u t it is re co g n ize d  
th a t th ey  m ay  h a v e  sp ec ific  a p p lic a tio n s  i f  b a se d  on  so u n d  sta tis tica l p rin c ip les  an d  u se d  w ith  d u e  cau tio n .

It is e sp e c ia lly  e m p h a s ize d  th a t th e re  a re  lim ita tio n s an d  w e ak n e sse s  in any  sch em e  th a t c o m b in e s  z -sco re s  fro m  d iss im ila r  
an a ly se s . I f  a  s in g le  sco re  o u t o f  sev era l p ro d u c ed  b y  a  lab o ra to ry  w ere  o u tly in g , the  c o m b in e d  sco re  m ay  w ell be  not 
o u tly in g . In so m e  re sp ec ts  th is fe a tu re  is u se fu l, in  th a t a  lap se  in a  s in g le  a n a ly s is  is d o w n w e ig h ted  in  th e  c o m b in e d  sco re. 
H o w ev e r, th e re  is  a  d a n g e r  th a t a  lab o ra to ry  m ay  b e  c o n sis ten tly  a t fau lt on ly  in a  p a rticu la r  a n a ly s is  an d  freq u en tly  rep o rt 
an  u n a cc ep ta b le  v a lu e  fo r  th a t a n a ly s is  in  su c c ess iv e  ro u n d s  o f  th e  trial. T h is  fac to r m ay  w e ll b e  o b sc u red  by  th e  c o m b i

n a tio n  o f  sco res . S ee  A p p e n d ix  III.
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4 .6  R u n n in g  S c o r e s
A lth o u g h  th e  c o m b in a tio n  sco res  d isc u sse d  a b o v e  a n d  d e ta ile d  in  A p p e n d ix  IV  g iv e  a  n u m erica l a c c o u n t o f  th e  p e rfo rm 
a n ce  o f  a  lab o ra to ry  in  a  s in g le  ro u n d  o f  th e  p ro fic ien c y  tes t, fo r  so m e  p u rp o se s  it m ay  b e  u se fu l to  h a v e  a  m o re  g e n e ra l 
in d ic a to r o f  th e  p e rfo rm a n ce  o f  a  la b o ra to ry  o v e r  tim e.

A lth o u g h  th e  v a lu e  o f  su ch  in d ica to rs  is  q u e s tio n a b le , th ey  c an  b e  c o n s tru c ted  s im p ly  a n d  g iv e  a  sm o o th ed  im p re ss io n  o f  
th e  sco res  o v e r  sev e ra l ro u n d s  o f  th e  test.

S o m e  p ro c ed u re s  th a t m ay  b e  u se d  a re  d e sc rib e d  in  A p p e n d ix  IV. It m u s t b e  s tre sse d  that, as w ith  c o m b in a tio n  sc o re s  (see  
S e c tio n  4 .5 ), i t  is d iff icu lt to  p ro d u c e  ru n n in g  sco res  th a t a re  n o t p ro n e  to  m is in te rp re ta tio n , e tc .

4 .7  C la s s i f ic a t io n ,  R a n k in g ,  a n d  O th e r  A s s e s s m e n t  o f  P ro f ic ie n c y  D a ta
C la ss if ic a tio n  is  n o t th e  p rim a ry  a im  o f  p ro fic ien c y  tests. H o w ev e r, it is p o ss ib le  th a t a cc red ita tio n  a g en c ie s  w ill u se  
p ro fic ien c y  te s tin g  re su lts  fo r  th is p u rp o se , so  it is  e ssen tia l th a t an y  c la ss if ic a tio n  u se d  sh o u ld  b e  s ta tis tica lly  w e ll fo u n d ed .

4 .7 .1  C la s s i f ic a t io n
I f  th e  freq u e n c y  d is tr ib u tio n  o f  a  p ro fic ien c y  sco re  is  k n o w n  o r  p re su m ed , th en  s ig n ific a n ce  c an  b e  a ttr ib u te d  to  
re su lts  a cco rd in g  to  th e  q u a n tile s  o f  th a t d is trib u tio n . In  a  w e ll-b e h av e d  an a ly tic a l sy s te m  z -sco re s  w o u ld  b e  e x 
p e c te d  to  fa ll o u ts id e  th e  ra n g e  - 2  <  z  <  2  in  ab o u t 5 %  o f  in s tan ces , a n d  o u ts id e  th e  ra n g e  - 3  <  z  <  3 o n ly  in  a b o u t 
0 .3 % . In  th e  la tte r  c a se  it c o u ld  b e  in te rp re te d  th a t th e  p ro b a b ility  is so  sm a ll fo r  a  “w e ll-b e h av e d ” sy s tem , th a t it 
a lm o s t c e rta in ly  re p re se n ts  a  p o o r  p e rfo rm a n ce . I t  w o u ld , th e re fo re , b e  p o ss ib le  to  c la ss ify  sco res  a s  th e  fo llo w in g :

Izl < 2 , S a tis fac to ry  

2  <lzl<  3, Q u e stio n ab le  

lzl> 3, U n sa tis fa c to ry

z-sco re s  a re  b ro a d ly  co m p a rab le , b u t  th e  u se  o f  an y  c la ss if ic a tio n  m ust, in  p rac tice , b e  trea te d  w ith  c a re  a s  th e  
k n o w le d g e  o f  th e  re le v an t p ro b a b ilitie s  re sts  o n  a ssu m p tio n s  th a t m ay  n o t b e  fu lfilled : (7 ) th a t th e  a p p ro p ria te  
v a lu e s  o f  & a n d  a  h a v e  b e en  u sed ; a n d  (2 ) th a t th e  u n d e rly in g  d is tr ib u tio n  o f  an a ly tic a l e rro rs  is  n o rm al, a p a r t fro m  
o u tlie rs. In  a d d itio n , th e  d iv is io n  o f  a  c o n tin u o u s  m ea su re  in to  a  fe w  n a m e d  c la sse s  h a s  little  to  c o m m e n d  it f ro m  
th e  sc ien tific  p o in t o f  view , a lth o u g h  it m a y  h a v e  a  p sy c h o lo g ic a l e ffe c t on  th e  p a rtic ip an ts . C o n seq u en tly , c la s s i
f ic a tio n  is  n o t re co m m e n d e d  in  p ro fic ien c y  tests . “D e c is io n  lim its” b a se d  o n  z -sco re s  m ay  b e  u se d  as an  a lte rn a tiv e  
w h e n  necessa ry .

4 .7 .2  R a n k in g
L ab o ra to rie s  p a rtic ip a tin g  in  a  ro u n d  o f  a  p ro fic ien c y  tria l a re  so m e tim es  ra n k e d  o n  th e ir  c o m b in e d  sc o re  fo r  the  
ro u n d  o r  o n  a  ru n n in g  sco re . S u c h  a  ra n k ed  lis t is  u sed  fo r  e n c o u ra g in g  b e tte r  p e rfo rm a n c e  in  p o o rly  ra n k ed  
lab o ra to rie s  b y  p ro v id in g  a  co m p a riso n  a m o n g  th e  p a rtic ip an ts . H o w ev e r, ra n k in g  is n o t re c o m m e n d e d  as i t  is an  
in e ffic ie n t u se  o f  th e  in fo rm a tio n  a v a ilab le  a n d  m a y  b e  o p e n  to  m is in te rp re ta tio n . A  h is to g ram  is  a  m o re  e ffe c tiv e  
m e th o d  o f  p re sen tin g  th e  sam e  da ta .

5 . O u tl in e  E x a m p le  o f  H o w  A s s ig n e d  V a lu e s  a n d  T a r g e t  V a lu e s  m a y  b e  S p e c if ie d  a n d  U s e d
S e e  A p p e n d ix  V I.
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A p p e n d ic e s  

A p p e n d ix  I.

Suggested Headings in a Quality Manual for Organization of Proficiency Testing Schemes 
(Not Necessarily in This Order)

1. Q u a lity  p o lic y

2. O rg a n iza tio n  o f  a g en cy

3. S taff, in c lu d in g  re sp o n s ib ilitie s

4 . D o c u m e n ta tio n  co n tro l

5. A u d it an d  re v ie w  p ro c ed u re s

6 . A im s, sco p e , s ta tis tica l d e s ig n  an d  fo rm at (in c lu d in g  freq u e n c y ) o f  p ro fic ien c y  te s tin g  p ro g ram s

7. P ro c e d u re s

—  sa m p le  p re p a ra tio n

—  te s tin g  o f  sa m p le  h o m o g en e ity

—  eq u ip m e n t

—  su p p lie rs

—  lo g is tic s  (e .g ., sam p le  m ailin g )

—  a n a ly s is  o f  d a ta

8 . P re p a ra tio n  a n d  issu in g  o f  rep o rt

9. A c tio n  a n d  fe e d b a c k  by  p a rtic ip a n ts  w h en  re q u ire d

10. D o c u m en ta tio n  o f  reco rd s  fo r  e ac h  p ro g ram

11. C o m p la in ts  h a n d lin g  p ro c ed u re s

12. P o lic ie s  o n  c o n fid e n tia lity  a n d  e th ica l co n sid e ra tio n s

13. C o m p u tin g  in fo rm a tio n , in c lu d in g  m a in ten a n ce  o f  h a rd w are  an d  so ftw are

14. S a fe ty  an d  o th e r  en v iro n m en ta l fac to rs

15. S u b -c o n trac tin g

16. F e e s  fo r  p a rtic ip a tio n

17. S co p e  o f  a v a ilab ility  o f  p ro g ra m  to  o th ers

A p p e n d ix  II.

Recommended Procedure for Testing Material for Sufficient Homogeneity
T h e  p ro ced u re  to  b e  fo llo w ed  b y  th e  lab o ra to ry  p re p arin g  p ro fic ien c y  te s tin g  m ate ria ls  is a s  fo llo w s:

1 . U se  an  ap p ro p ria te  m eth o d  to  h o m o g en iz e  the  w h o le  o f  the  b u lk  m ateria l.

2. D iv id e  the  m ate ria l in to  th e  co n ta in e rs  that w ill b e  m a iled  to  the  pa rtic ip an ts .

3. R a n d o m ly  se lec t a  m in im u m  in )  o f  10 co n ta in ers .

4 . S e p a ra te ly  h o m o g en iz e  th e  co n ten ts  o f  e ach  o f  th e  n  se lec ted  co n ta in e rs  an d  tak e  2  te s t p o rtio n s .

5. U se  an  ap p ro p ria te  m eth o d  to  an a ly ze  th e  2n  tes t p o rtio n s  in  a  ra n d o m  o rd e r u n d e r re p ea ta b ility  c o n d itio n s. T h e  an a ly tica l 
m e th o d  used  m u st b e  su ffic ien tly  p rec ise  to  sa tis fac to rily  e s tim a te  .vs.

6 . E s tim a te  the  sa m p lin g  v a rian ce  ( s \ )  a n d  an a ly tic a l v a ria n ce  (sa) b y  u s in g  o n e -w ay  a n a ly s is  o f  v a rian ce , w ith o u t ex c lu s io n  

o f  o u tlie rs .

7. R e p o rt v a lu es o f  x ,  s s, ,va, n , an d  th e  re su lt o f  th e  F -test.

8 . I f  ct is th e  ta rg e t v a lu e  fo r s ta n d a rd  d e v ia tio n  fo r  th e  p ro fic ien c y  te s ts  a t a n a ly te  c o n ce n tra tio n  =  x , th e  v a lu e  o f  s j a  sh o u ld  

b e  less  th an  0 .3  fo r  su ffic ien t hom o g en e ity .

A s  an  e x am p le  w e  tak e  the  d a ta  in  T ab le  A .
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Table A. Copper in soybean flour (pg g 1)

Copper content

Sample No. 1 2

1 10.5 10.4

2 9.6 9.5

3 10.4 9.9

4 9.5 9.9

5 10.0 9.7

6 9.6 10.1

7 9.8 10.4

8 9.8 10.2

9 10.8 10.7

10 10.2 10.0

11 9.8 9.5

12 10.2 10.0

Grand mean 10.02

A n a ly s is  o f  v a rian ce  g iv es th e  fo llo w in g  re su lts  (T ab le  B ).

Table B. Analysis of variance

Source of variation df
Sum of 
squares

Mean
square F

Between samples 11 2.54458 0.231326 3.78

Analytical 12 0.735000 0.06125

C ritic a l v a lu e  o f  F  (p  =  0 .0 5 , V[ =  11, v 2 =  12) is 2 .7 2  <  3 .78  

T h e re  a re  s ig n ific a n t d iffe re n ce s  b e tw ee n  sam p le s 

s a =  V 0 .0 6 1 3  =  0 .25

s ,  = [(0 .2 3 1 3  - 0 . 0 6 1 3 ) / 2 ] 14 = 0 .2 9

a  =  1.1 (T h is  is an  e x am p le  v a lu e  o f  a  ta rg e t v a lu e  fo r  re fe re n ce  s tan d ard  d e v ia tio n  an d  is no t d e riv e d  fro m  th e  d a ta ) 

s j a  =  0 . 2 9 / 1.1 = 0 .2 6  < 0 .3

A lth o u g h  th e re  a re  s ig n ific a n t d iffe re n ce s  b e tw e e n  sam p le s  (F  -  tes t), th e  m ate ria l is su ffic ien tly  h o m o g e n e o u s  fo r  th e  p u rp o se  
o f  th e  p ro f ic ien c y  tria l, as s j o  =  0 .2 6  is  le s s  th an  th e  m a x im u m  re co m m e n d e d  v a lu e  o f  0 .3 .

A p p e n d ix  III.

Combination of Results of a Laboratory Within One Round of a Trial
T h e  g e n e ra l u se  o f  c o m b in a tio n  sco res  is n o t reco m m e n d e d , b u t it is re co g n ize d  th a t th ey  m ay  h a v e  sp ec ific  ap p lic a tio n s  i f  u se d  
w ith  d u e  c au tio n .

1 . In tro d u c tio n

S ev e ra l m e th o d s  by  w h ic h  in d ep e n d en t z -sco re s  p ro d u c e d  by  a  lab o ra to ry  can  b e  c o m b in e d  in  o n e  ro u n d  o f  th e  test seem  
p o ten tia lly  a p p ro p ria te : ( / )  the  su m  o f  sco res , S Z  =  I z ;  (2 ) th e  su m  o f  sq u a red  sco res , S S Z  =  I z 2; a n d  ( 3 )  th e  su m  o f  
ab so lu te  v a lu e s  o f  th e  sc o res , S A Z  =  I  |z|.

T h e se  s ta tis tic s  fa ll in to  2  c lasses . T h e  f irs t c la ss  (c o n ta in in g  o n ly  SZ ) u se s  in fo rm a tio n  ab o u t th e  s ig n s o f  th e  z -sco re s  
w h ile  th e  a lte rn a tiv e  c la ss  (S S Z  a n d  S A Z ) p ro v id es  in fo rm a tio n  o n ly  ab o u t th e  s ize  o f  sco res , i.e ., the  m ag n itu d e  o f  b iases . 
O f  th e  latter, the  su m  o f  th e  sq u a re s  is  m o re  trac tab le  m a th e m a tic a lly  a n d  is, th e re fo re , the  p re fe rre d  s ta tis tic  a lth o u g h
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ra th e r  sen sitiv e  to  s in g le  o u tlie rs . S A Z  m ay  b e  e sp e c ia lly  u se fu l i f  o u tlie rs  a re  e x tre m e  o r  m an y  lab o ra to rie s  are  ou tlie rs , 
b u t b e ca u se  its d is tr ib u tio n  is c o m p lica te d , it is n o t reco m m en d ed .

2 . S u m  o f S c o r e s ,  S Z
T h e  d is tr ib u tio n  o f  S Z  is z e ro -c en te re d  w ith  v a ria n ce  m , w h e re  m  is th e  n u m b e r o f  sco res  b e in g  co m b in e d . T h u s  S Z  c o u ld  
n o t b e  in te rp re te d  o n  th e  sa m e  sc a le  a s  th e  z -sco re s . H o w ev e r, a  s im p le  sca lin g  re s to re s  th e  u n it v a rian ce , g iv in g  a  re sca led  
su m  o f  sco res  R S Z  =  Y z N m  a n d  h a rm o n iz in g  th e  sca lin g . In  o th e r  w o rd s , b o th  z a n d  R S Z  c an  b e  in te rp re ted  a s  s tan d ard  
n o rm al d e v ia tes .

S Z  an d  R S Z  h a v e  th e  a d v an tag e  o f  u s in g  th e  in fo rm a tio n  in  th e  s ig n s o f  the  b iases . T h u s, i f  a  se t o f  z -sco re s  w e re  1 .5 ,1 .5 ,
1.5, 1.5, th e  in d iv id u a l re su lts  w o u ld  b e  re g a rd e d  as n o n s ig n if ic a n t p o sitiv e  sco res. H o w ev e r, re g a rd e d  as a  g ro u p , the  

jo in t  p ro b a b ility  o f  o b se rv in g  4  su c h  d e v ia tio n s  to g e th e r  w o u ld  b e  sm all. T h is  fin d in g  is  re fle c te d  in  th e  R S Z  v a lu e  o f  3 .0, 
w h ich  in d ic a te s  a  s ig n if ic a n t ev en t. T h is  in fo rm a tio n  w o u ld  be  u se fu l in d e te c tin g  a  sm all c o n sis ten t b ias  in  an  an a ly tica l 
sy s tem  b u t w o u ld  n o t b e  u se fu l in c o m b in in g  re su lts  f ro m  sev era l d iffe ren t sy s tem s, w h en  a  c o n sis ten t b ias  w o u ld  n o t be 
e x p e c te d  a n d  is u n lik e ly  to  b e  m ean in g fu l.

A n o th e r fe a tu re  o f  the  R S Z  is the  ten d e n cy  fo r  e rro rs  o f  o p p o site  sign  to  can ce l. In a  w e ll-b e h av e d  situ a tio n  (i.e ., w h en  
the  la b o ra to ry  is p e rfo rm in g  w ith o u t b ias  a cc o rd in g  to  th e  d es ig n a ted  o  v a lu e ), th is  c au ses  n o  p ro b lem s. I f  th e  lab o ra to ry  
w ere  b ad ly  b e h av e d , h o w ev er, the  p o ss ib ility  a rises  o f  the  fo rtu ito u s  c an c e lla tio n  o f  s ig n ifican tly  large  z v a lu es. S u ch  an  
o c cu rre n ce  w o u ld  b e  v e ry  ra re  b y  ch an ce .

T h ese  re s tr ic tio n s  o n  th e  u se  o f  R S Z  se rv e  to  e m p h a s ize  the  p ro b lem s o f  u sin g  c o m b in a tio n  sco res  d e riv e d  fro m  vario u s 
a n a ly tic a l tes ts . W h e n  su ch  a  sco re  is  u sed , it sh o u ld  b e  c o n s id e re d  s im u lta n eo u s ly  w ith  th e  in d iv id u a l sco res .

3 . S u m  o f S q u a r e d  S c o r e s ,  S S Z
T h is  c o m b in a tio n  sco re  h a s  a  c h i-sq u a re d  (x  ) d is tr ib u tio n  w ith  m  d e g ree s  o f  f ree d o m  fo r  a  w e ll-b e h av e d  labora to ry . 
H en ce , th e  sco re  c an n o t b e  s im p ly  in te rp re te d  o n  a  c o m m o n  sca le  w ith  th e  z -sco re s . H o w ev e r, th e  q u a n tile s  o f  th e  X 
d is tr ib u tio n  c a n  b e  fo u n d  in  m o st c o m p ila tio n s  o f  s ta tis tica l tab les .

S S Z  tak e s  n o  a c c o u n t o f  th e  s ig n s  o f  th e  z -v a lu es  b e ca u se  o f  th e  sq u a red  term s. T h u s , in  th e  e x am p le  c o n s id e re d  p re 
v iously , w h e n  th e  z -sco re s  a re  1 .5 ,1 .5 ,1 .5 ,1 .5 ,  w e  f in d  S S Z  =  9 .0 , a  v a lu e  th a t is n o t s ig n ific a n t a t th e  5 %  lev e l an d  d o es  
n o t d ra w  e n o u g h  a tte n tio n  to  th e  u n u su a l n a tu re  o f  th e  re su lts  a s  a  g ro u p . H o w ev er, in  p ro fic ien c y  tes ts , w e  are  c o n ce rn ed  
m u ch  m o re  w ith  th e  m ag n itu d e  o f  d e v ia tio n s  th an  w ith  th e ir  d irec tio n , so  S S Z  seem s ap p ro p ria te  fo r  th is  u se . M o reo v er, 
th e  p ro b le m  o f  c h an c e  can c e lla tio n  o f  s ig n if ic a n t z -sco re s  o f  o p p o site  sig n  is  e lim in a ted . T h u s , th e  S S Z  h a s  a d v an tag e s  
a s  a  c o m b in a tio n  sco re  fo r  d iv e rse  an a ly tica l te s ts  a n d  is  to  an  e x te n t c o m p le m e n ta ry  to  R S Z . A  re la te d  sco re , S S T J m ,  is 
u se d  in  th e  “L a b o ra to ry  A u d it a n d  A c c re d ita tio n  S c h e m e .”

Appendix IV.

Calculation of Running Scores
T h e  g en era l u se  o f  ru n n in g  sc o re s  is  no t re c o m m e n d e d , b u t th ey  m ay  hav e  sp ec ific  a p p lic a tio n s  i f  u se d  w ith  d u e  cau tio n . 
R u n n in g  sco res  a re  u su a lly  c a lcu la te d  b y  fo rm in g  a  “ m o v in g  w in d o w ” av erag e . T h e  p ro c ed u re  can  b e  a p p lie d  to  a  z  o r  a  

c o m b in a tio n  sco re .

F o r  e x am p le , a  ru n n in g  sco re  c o v e rin g  th e  c u rre n t (n -th ) ro u n d  an d  th e  p rev io u s  k  ro u n d s  c o u ld  be  c o n s tru c te d  as fo llow s:
n

R Z n =  Y . z ) '  ( * + 1 )
j  = n -  k

w h ere  Zj is th e  z -sco re  fo r  th e  m ate ria l in the  y - th  ro u n d .

T h e  ru n n in g  sco re  m ay  h av e  an  a d v an tag e  in th a t in s tan c es  o f  p o o r  p e rfo rm a n ce  re s tr ic te d  to  o n e  ro u n d  a re  sm o o th ed  ou t 
so m e w h a t, a llo w in g  an  o v e ra ll ap p ra isa l o f  p e rfo rm a n ce . O n  th e  o th e r  h an d , an  iso la ted  se rio u s  d ev ia tio n  w ill h a v e  a 
“ m em o ry  e ffe c t”  in  a  s im p le  m o v in g  w in d o w  a v e ra g e  th a t w ill p e rs is t un til ( k  +  1) m o re  ro u n d s  o f  the  tria l h av e  passed . 
T h is  m e m o ry  e ffe c t m ig h t c a u se  a  lab o ra to ry  p e rs is ten tly  to  fa il a  te s t b a se d  o n  th e  ru n n in g  sco re , lo n g  a f te r  th e  p ro b lem  

h as  b e en  rec tified .

T w o  s tra te g ies  fo r  a v o id in g  u n d u e  e m p h a s is  o n  an  iso la ted  b a d  ro u n d  a re  su g g ested . F i r s t  in d iv id u a l o r  c o m b in e d  sco res 
c an  be  re s tra in ed  w ith in  ce rta in  lim its . F o r  e x am p le , w e  c o u ld  a p p ly  a  m le  a s  fo llo w s: 

i f  |z | > 3 , th e n  z  -  ± 3 , th e  s ig n  b e in g  the  sam e  a s  th a t  o f  z

w h e re  z is th e  ra w  v a lu e  o f  a  z -sco re , a n d  the  m o d if ie d  v a lu e  z  is lim ited  to  th e  ra n g e  ± 3 .

T h e  ac tu a l lim it u sed  c o u ld  b e  se t so  th a t an  iso la ted  e v en t d o e s  no t ra ise  the  ru n n in g  sco re  a b o v e  a c ritica l d ec is io n  level 

fo r  o th e rw ise  w e ll-b e h av e d  c o n d itio n s.
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S e co n d , a  stra teg y  can  be  d e v e lo p ed  fo r  a v o id in g  m em o ry  e ffec ts  w h e reb y  th e  sco res  co u ld  be  “filte red .” R e su lts  fro m  
ro u n d s  fu r th e r  in  th e  p as t w o u ld  h av e  a  sm a lle r  e ffe c t o n  th e  ru n n in g  sco re. F o r  ex am p le , e x p o n en tia l sm o o th in g  u se s  a 

ru le  a s  fo llow s:

= X  a'z„-,(l -  a)
i = 0

c a lcu la te d  b y

zn = (l -a )z n + (Xzn- i

w h e re  a  is a  p a ra m e te r  b e tw ee n  z e ro  an d  o ne , c o n tro llin g  th e  d e g ree  o f  sm o o th in g .

A p p e n d ix  V.

Alternative Scoring Procedure for Proficiency Testing Schemes
A n  a lte rn a tiv e  ty p e  o f  sco rin g , Q -sco rin g , is  no t b a se d  on  the  s ta n d ard ized  v a lu e  bu t on  th e  re la tiv e  b ias:

Q  =  (x  -  X ) I X
A

w h e re  x a n d  X  h a v e  th e ir  p rev io u s  m ean in g s . T h is  ty p e  o f  sco rin g  re la te s  d irec tly  tc  the  an a ly tic a l e rro rs , w ith o u t any  
re fe re n ce  to  a  v a lu e  o f  o ,  w h ich  m u st be  d e r iv e d  e ith e r  fro m  th e  p a r tic ip a n ts ’ d a ta  o r  fro m  an  im p o sed  p e rfo rm a n ce  
s tan d ard .

T h e  o v e ra ll d is tr ib u tio n  o f  Q  is ex p ec te d  to  be  c en te re d  on  zero . It m u st b e  c en te re d  o n  ze ro  w h en  a ll-p a rtic ip a n t m ea n s  
are  u se d  as th e  e s tim a te  o f  the  tru e  v a lue , p ro v id ed  th a t the  n u m b e r o f  o u tlie rs  is re la tiv e ly  low , an d  w h en  e x p e rt lab o ra to ry  
c o n se n su s  m ea n s  are  u sed , as lo n g  as the  g ro u p  o f  n o n e x p e rt lab o ra to rie s  d o e s  n o t sh o w  an  ov era ll b ias  re la tiv e  to  the  
ex p erts . W h en  th e  tru e  v a lu e  is d e fin e d  as a  k n o w n  a d d itio n , th e  Q  d is tr ib u tio n  w ill be  cen te red  on  ze ro  p ro v id ed  th a t th is 
tru e  v a lu e  is c o rre c t a n d  th a t th e re  is n o  w id e sp rea d  u se  o f  m e th o d o lo g y  lead in g  to  b ia sed  re su lts . In m an y  c ases , the  actu al 
d is tr ib u tio n  o f  Q -sco re s  can  be  u se d  to  tes t the  u n d e rly in g  a ssu m p tio n s .

T h e  d is tr ib u tio n  o f  Q -sco re s  c an n o t b e  p red ic ted . T h e  d is tr ib u tio n  o f  sco res  sh o u ld  be  e x am in ed  w h en  c rite ria  are  d e v e l
o p e d  fo r  a sse ss in g  w h e th e r  p e rfo rm a n ce  is  accep tab le . In  p rac tice , th e  d is tr ib u tio n  is u su a lly  n o rm al.

Q -sco rin g  has an  ad v an tag e  in  th a t it d irec tly  m easu re s  th e  e rro r  a sso c ia ted  w ith  a  d e te rm in a tio n . T h is  m ea su re m e n t can  
su b seq u e n tly  be  c o m p a red  w ith  a  p e rfo rm a n ce  s tan d ard  ju d g e d  as ap p ro p ria te  to th e  d e te rm in a tio n  (1). I f  d iffe ren t en d - 
u se rs  o f  th e  d e te rm in a tio n  req u ire  d iffe ren t p e rfo rm a n ce  s tan d ard s , th e  Q -sco re  can  be  u se d  in c o m p a riso n  w ith  w h a tev e r 
s tan d ard  is m o st ap p ro p ria te . F u rth e rm o re , i f  th e  o rg a n iz e r o f  a sch em e  d ec id es  a t an y tim e  th a t a  ch an g e  in  p e rfo rm a n ce  
s ta n d a rd  is ju s tif ie d , p rev io u s ly  g e n e ra te d  re su lts  c an  eas ily  b e  c o m p a red  re tro sp ec tiv e ly  w ith  a  rev ised  s tan d ard .

R e f e r e n c e s
(1) Jackson, H.M., & West, N.G. In itia l E x p e r ie n c e  w ith  th e  W o rk p la ce  A n a ly s is  S ch em e  f o r  P ro f ic ie n c y  (W A SP ), A n n a ls  O c c u p a 

tio n a l H y g ., in press

A p p e n d ix  VI.

Outline Example of How Assigned Values and Target Values may be Specified and Used
A  h y p o th e tica l e x am p le  o f  h o w  a ss ig n ed  v a lu e s  and  targe t v a lu e s  m ay  b e  sp e c if ied  and  u sed  h as b een  d ev e lo p ed . T h e  v a lu e s  
sp e c if ied  are  fo r  illu stra tiv e  p u rp o ses  on ly ; real sch em es m u st tak e  a cc o u n t o f  fac to rs  sp ec ific  to  th e ir  area.

1. S c h e m e

T est m a te ria ls  m u s t be  m ailed  4  tim es  p e r  year, on  the  M o n d ay  o f  th e  f irs t fu ll w o rk in g  w e e k  o f  Jan u ary , A p ril, July, an d  O ctober. 
R esu lts  m u st re ac h  th e  o rg an ize rs  by  the  las t d ay  o f  th e  re sp ec tiv e  m o n th . A  s ta tis tica l a n a ly s is  o f  the  resu lts  w ill be  m ailed  to 
p a rtic ip a n ts  w ith in  2  w e ek s  o f  th e  c lo s in g  d a tes. In  th e  ex am p le s  u se d  in  th is ap p en d ix , th e  re su lts  a re  b a sed  o n  th e  s in g le  
d is tr ib u tio n  o f  2  te s t m a te ria ls  fo r  th e  d e te rm in a tio n  o f  2  ana ly tes .

2 . T e s tin g  fo r S u ff ic ie n t H o m o g e n e i ty
S e e  A p p e n d ix  II.

3 . A n a ly s e s  R e q u ir e d

T h e  an a ly se s  req u ired  in eac h  ro u n d  w ill b e  as fo llo w s: (7) h e x ac h lo ro b e n z en e  in  o il an d  (2 ) K je ld ah l n itro g en  in  a  cerea l 
p ro d u c t.
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4 . M e th o d s  o f  A n a ly s is  a n d  R e p o r t in g  o f R e s u l t s

N o  m e th o d  is  sp e c if ied , b u t  th e  ta rg e t v a lu es w e re  d e te rm in e d  by  u s in g  a  s tan d ard  m eth o d , a n d  p a r tic ip a n ts  m u st p ro v id e  an 
o u tlin e  o f  th e  m e th o d  a c tu a lly  u sed  o r  a  re fe re n ce  to  a  d o c u m e n te d  m eth o d . P a rtic ip an ts  m u s t re p o rt  a  s in g le  resu lt, in  the  sam e 
fo rm  as w o u ld  be  p ro v id e d  fo r  a  c lien t. In d iv id u a l re p o rte d  v a lu e s  a re  g iv en  in  T ab le  1.

5 . A s s ig n e d  V a lu e s

5 .1  H e x a c h lo r o b e n z e n e  in Oil A
T ake th e  e s tim a te  o f  a ss ig n e d  an a ly te  c o n ce n tra tio n  X  f o r  th e  b a tc h  o f  m a te ria l as th e  ro b u s t m ean  o f  th e  re su lts  o f  
6  e x p ert lab o ra to rie s . R esu lts  o f  re fe ren ce  lab o ra to ry  7 .9 ,1 0 ,  13, 18, an d  1 9 a re  1 1 5 .0 ,1 1 2 .0 , 109.0, 1 1 7 .0 ,1 1 6 .2 , 
an d  115.0 |ig /k g , resp ec tiv e ly .
A
X  is 114.23 fxg/kg: traceab ility  o f  the  a ss ig n e d  v a lu e  w as e s tab lish e d  b y  u s in g  a  re fe re n ce  m e th o d  c a lib ra te d  w ith  
in -h o u se  re fe re n ce  s tan d ard s ; u n c erta in ty  o f  th e  a ss ig n ed  v a lu e  w as d e te rm in e d  ( ± 1 0 | ig /k g )  f ro m  a  d e ta ile d  a sse ss
m en t o f  th is  m e th o d  by  th e  re fe re n ce  lab o ra to rie s .

5 .2  K je ld a h l N itro g e n  in a  C e r e a l  P r o d u c t  A
T ak e  th e  a ss ig n ed  v a lu e  o f  an a ly te  co n ce n tra tio n  X  fo r th e  b a tc h  o f  m ate ria l as th e  m ed ian  o f  the re su lts  fro m  all 
lab o ra to rie s .

6 . T a rg e t  V a lu e s  fo r  S t a n d a r d  D e v ia tio n
6 .1  H e x a c h lo r o b e n z e n e  in Oil

In th e  e x a m p le  u se d  in  th is ap p en d ix  th e  % R S D r v a lu e  h as  b een  c a lc u la te d  fro m  th e  H o rw itz  eq u atio n : 

(R S D r in %  =  2 (1- ° 5logX))

T h e  ta rg e t v a lu e  fo r  th e  s tan d ard  d e v ia tio n  (o )  is  a s  fo llo w s:

= 0.222 x  P g /k g

6 .2  K je ld a h l N itro g e n  in a  C e r e a l  P r o d u c t
In th e  e x a m p le s  u sed  in th is ap p en d ix , the  % R S D r v a lu e  has b een  c a lcu la te d  fro m  p u b lish ed  c o lla b o ra tiv e  trials. 

T h e  ta rg e t v a lu e  fo r th e  s tan d ard  d e v ia tio n  (o )  is  as fo llo w s:

a 2 =  0 .0 1 8X  g/lO O g

7 . S ta t i s t ic a l  A n a ly s is  o f  T e s t  R e s u l t s
7 .1  H e x a c h lo r o b e n z e n e  in O il: F o rm a tio n  o f  z - S c o r e

C a lcu la te :
A

z  =  (x  -  X )  /  a
A

fo r  eac h  in d iv id u a l re su lt (x ) u s in g  th e  v a lu es o f  X  a n d  o  d e r iv e d  a b o v e

7 .2  K je ld a h l N itro g e n  in a  C e r e a l  P ro d u c t :  F o rm a tio n  o f z - S c o r e

C a lcu la te :
A

z  =  (x  -  X )  /  o
A

fo r  e ac h  in d iv id u a l re su lt (x ) u s in g  th e  v a lu es o f  X  an d  o  d e riv e d  a b o v e

8 . D isp la y  of R e s u l t s
8 .1 T a b le s  fo r  z - S c o r e s

T h e  in d iv id u a l re su lts  fo r  h e x a c h lo ro b e n z e n e  p es tic id e  in  oil an d  fo r K je ld ah l n itro g e n  in  a  c e re a l p ro d u c t, to g e th e r  
w ith  a sso c ia ted  z -sco re s , a re  d isp lay e d  in T ab le  1.

8 .2  H is to g r a m s  fo r  z - S c o r e s
T h e  z -sco re s  fo r  h e x ac h lo ro b e n z en e  p es tic id e  in  o il an d  fo r  K je ld ah l n itro g en  in  a  c e re a l p ro d u c t a re  a lso  d isp lay e d  

as b a r  ch arts  (F ig u re s  1 a n d  2).

9 . D e c is io n  L im its
R esu lts  w ith  an  ab so lu te  v a lu e  fo r z o f  less th an  2  w ill be  re g ard e d  as sa tisfac to ry . R e m e d ia l a c tio n  w ill b e  re co m 
m en d e d  w h e n  an y  z -sco re s  e x ce ed  an  ab so lu te  v a lu e  o f  3 .0. In  th e  e x a m p le s  u sed  in  th is  ap p en d ix , th e  re su lts  are 
a s  fo llo w s: L ab o ra to rie s  0 0 5 ,0 0 8 .0 1 2 ,0 1 4  fo r  h e x ac h lo ro b e n z en e  p es tic id e  in  oil a n d  L ab o ra to ry  0 0 8  fo r  K je ldah l 

n itro g e n  in  a  c e re a l p ro d u c t.

. T h ese  re su lts  a re  sh o w n  in  T ab le  1.

. T h ese  re su lts  a re  sh o w n  in  T ab le  1.
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Table 1. Tabular exam ples

Laboratory

Hexachlorobenzene in oil, ^  = 114.2 ng/kg Nitrogen In cereal, ^  = 2.93 g/100 g

Result z-Score Result z-Score

001 122.6 0.3 2.97 0.9
002 149.8 1.4 2.95 0.5
003 93.4 -0.8 3.00 1.4
004 89.0 -1.0 2.82 -2.0
005 17.4 -3.8 2.88 -0.9
006 156.0 1.7 3.03 2.0
007 115.0 0.0 2.94 0.3
008 203.8 3.5 3.17 4.7
009 112.0 -0.1 3.00 1.4
010 109.0 -0.2 2.82 -2.0
011 40.0 -2.9 2.99 1.2
012 12.0 -4.0 2.84 -1.6
013 117.0 0.1 2.85 -1.4
014 0.0 -4.5 2.93 0.1
015 101.8 -0.5 2.80 -2.4
016 140.0 1.0 2.96 0.7
017 183.5 2.7 2.97 0.9
018 116.2 0.1 2.88 -0.9
019 115.0 0.0 2.92 -0.1
020 42.3 -2.8 2.88 -0.9
021 130.8 0.7 2.78 -2.8
022 150.0 1.4 2.92 -0.1

F IG U R E  1: R e p o r t  0 5 0 2
Z -S C O R E  FO R  H E X A C H L O R O B E N Z E N E  IN O IL (1 1 4 .2 u g /k g )

*5“ i i !—i— i— i— i— ;—i— i—ï— i— i— i— i— i— i— i— i— i— i—r 14125 11 20 4 3 15 10 9 19 7 18 13 1 21 16 2 2 2 6 1 7 8
Laboratory Number

F IG U R E  2: R e p o r t  0 6 0 3
Z -S C O R E  FO R N IT R O G E N  IN C E R E A L  (2 .9 3 g /1 0 0 g )

Figure 1. Report 0502 —  Z-score for hexachlorobenzene  
in oil (114.2gxj/kg)

Figure 2. Report 0603 —  Z-score for nitrogen in cereal 
(2.93g/100g)
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TECHNICAL COMMUNICATION

Discriminating Between Adult Mandibles of Oryzaephilus 
surinamensis and Oryzaephilus mercator Using Setal Brush Length

M ark M . W heeler

U .S . D e p a rtm e n t o f  A g ric u ltu re , F o o d  S a fe ty  a n d  In sp e c tio n  S e rv ic e , B ld g  3 2 2 . B A R C -E a s t, B e ltsv ille , M D  2 0 7 0 5

The setal brush was identified as a diagnostic char
acteristic which can be used to distinguish be
tween the mandibles of adult Oryzaephilus surina
mensis and O. mercator. The right and left setal 
brushes of 50 specimens from each species were 
measured. Statistical analysis showed that the 
mean brush lengths of the 2 species were signifi
cantly different (p = 0.0001). A demarcation value 
was established to distinguish between the mandi
bles. By using this value it is possible to reliably 
classify the mandibles of O. surinamensis and 
O. mercator. A mandible with setal brush 
>0.0296 mm would be classified as O. mercator, a 
mandible with a setal brush <0.0296 mm would be 
classified as O. surinamensis.

W hen  in sec ts  a re  p re sen t in  a  fo o d  p ro d u c t d u rin g  
g r in d in g  o r  m illin g , th e  f in ish ed  p ro d u c t w ill b e  c o n 
tam in a ted  w ith  larg e  n u m b ers  o f  m ic ro sco p ic  in se c t 

frag m en ts . T o d e te rm in e  th e  san ita ry  s ig n ific a n ce  o f  in sec t c o n 
tam in a tio n , the  frag m e n ts  m u st b e  id en tified . T h e  an a ly s t id en 
tifie s  in sec t frag m en ts  a sso c ia ted  w ith  fo o d  p ro d u c ts  by  th e ir 
m ic ro m o rp h o lo g ica l c h a rac te ris tic s , w h ic h  h a v e  b een  d e 
sc rib ed  in  n u m ero u s  p a p ers  ( 1- 1 2 ).

A s  s ta ted  in p rev io u s  p a p ers  on  frag m e n t id en tific a tio n , the  
m an d ib les  re p re se n t an  id ea l frag m en t fo r in sec t id en tific a tio n  
( 1 ,7 ) .  B e ca u se  o f  th e ir  sm all size  an d  d u ra b le  n a tu re , th e  m an 
d ib le s  u su a lly  su rv iv e  p ro c ess in g  u n d a m a g ed . A s an  in tac t 
s tru c tu ra l u n it, th ey  p ro v id e  a  v a rie ty  o f  d is tin c t ch a ra c te ris tic s  
w h ic h  are  a  re liab le  k ey  to  th e  in sec t c o n ta m in a n t’s identity . 
U n fo rtu n a te ly , th e  m an d ib le s  o f  so m e  c lo se ly  re la te d  sp ec ie s  
a re  v e ry  d ifficu lt to  d iffe ren tia te . T h e  lite ra tu re  s ta tes  th a t som e 
c lo se ly  re la te d  sp ec ie s  a re  w ith o u t d is tin c t d iffe ren ces. T h is  h a s  
b een  th e  p re v a ilin g  o p in io n  re g a rd in g  the  d is tin c tio n  b e tw ee n  
th e  m an d ib le s  o f  a d u lt O r y z a e p h i l u s  s u r in a m e n s i s  an d  O . m e r 

c a t o r  (1 1 ,1 3 ) .  A lth o u g h  th e se  m an d ib le s  a re  v e ry  s im ila r  in 
ap p ea ran ce , th is a u th o r d isc o v ere d  th a t th e  se ta l b ru sh  o f  
O . m e r c a t o r  is lo n g e r  than  th e  se ta l b ru sh  o f  O . s u r in a m e n s is .  

T h e  o b jec tiv e  o f  th is  study  w as to  d em o n s tra te  th a t the  m an d i
b les  o f  th e se  2  Species c an  b e  d iffe re n tia te d  b y  th e  d iffe ren ce  in 
th e  se ta l b ru sh  len g th . T h is  o b jec tiv e  w a s  a cc o m p lish e d  by  de-

R ec e iv e d  O c to b e r  5, 1992. A c ce p te d  N o v e m b er 3, 1992.

te rm in in g  th e  m ean  len g th  a n d  ra n g e  o f  th e  se ta l b ru sh e s  as 
w e ll a s  a  d e m a rca tio n  p o in t to  u se  to  c la ss ify  th e  m an d ib les .

Materials and Methods

T o e n su re  the  g en etic  v a riab ility  o f  th e  sam p le , sp ec im en s 
fro m  5 iso la ted  so u rc es  w ere  ex am in ed . T h ey  w e re  acq u ired  
fro m  th e  fo llo w in g  so u rces :

U .S . D e p a rtm en t o f  H e a lth  an d  H u m a n  S erv ices, F o o d  and 
D ru g  A d m in is tra tio n , C e n te r  fo r  F o o d  S a fe ty  an d  A p p lied  N u 
tritio n , W ash in g to n , D C

U .S . D ep artm en t o f  A g ricu ltu re , A g ricu ltu ra l R esea rch  
S erv ice , S to red  P ro d u c t In sec t R e se a rc h  an d  D e v e lo p m en t 
L ab o ra to ry , S a v a n n ah , G A

U .S . D ep artm en t o f  A g ricu ltu re , A g ricu ltu ra l R esea rch  
S erv ice , G ra in  M a rk e tin g  R e se a rc h  L ab o ra to ry , M a n h a t
tan , K S

M in is try  o f  A g ric u ltu re , F ish e ries , an d  F o o d , S lo u g h  L ab o 
ra to ry , S lo u g h , E n g lan d

U n iv e rs ity  o f  W isco n s in , D e p a rtm e n t o f  E n to m o lo g y , 
M ad iso n , W I

T h e  rig h t a n d  left se ta l b ru sh e s  o f  10 sp e c im en s  fro m  eac h  
so u rce  w e re  m easu red . A lto g eth e r, 5 0  sp e c im en s  an d  9 9  m a n 
d ib le s  o f  e ach  sp ec ie s  w e re  ex am in ed . O n e  m an d ib le  o f  e ac h  
sp ec ie s  b ro k e  b e fo re  th e  se ta l b m sh  c o u ld  be  m easu red . Se tal 
b ru sh  m ea su re m e n ts  o n  3 o f  th e  5 so u rces  w e re  re p lica ted  on  
d iffe re n t d a y s  to  d e te rm in e  th e  d e g ree  o f  rep ea tab ility . W h en  
re p ea tin g  m easu rem en ts  o n  a sam p le , th e  a u th o r  w a s  u n aw are  
o f  th e  re su lt fro m  th e  p re v io u s  m e a su re m e n t o n  th a t sam p le .

T o m easu re  the  se ta l b ru sh , th e  m an d ib le s  w e re  re m o v e d  
fro m  th e  h e ad  an d  m o u n te d  in g ly c e r in  je l ly  o n  a  m ic ro sc o p e  
slide . T h e  m an d ib le s  w ere  m o u n ted  o n  th e  d o rsa l su rface  to 
v iew  th e  b ru sh . T h e  se ta l b ru sh  w a s  m ea su re d  f ro m  th e  a n te rio r  
e n d  o f  the  p ro s th e ca  to  th e  d is ta l e n d  o f  th e  b m sh  a t th e  m esal 
sp ik e  o r  m esa l b lade . A n  O ly m p u s M o d e l F H T  M ic ro sc o p e  at 
4 0 X  an d  a n  O ly m p u s O S M  O c u la r  M ic ro m e te r  (to ta l m ag n ifi
ca tio n  4 0 0 X ) w ere  used .

T h e  p o p u la tio n  m ean s, s ta n d a rd  d ev ia tio n s , an d  ran g es 
w e re  ca lcu la te d . A n a ly sis  o f  v a ria n ce  tests w e re  c o n d u c ted  in 
w h ic h  th e  so u rce  o f  th e  in sec t w as trea te d  as a  ra n d o m  b lo ck in g  
factor. P C /S A S , v e rs io n  6 , w a s  u se d  fo r  th e  ca lcu la tio n s.

T o b e  su re  the  se ta l b m sh  w as  in ta c t a n d  u n a ffe c te d  b y  the 
iso la tio n  p ro ced u re , a  lig h t f ilth  flo ta tio n  w as p e rfo rm ed  ac 
co rd in g  to  A O A C  m eth o d  980.27 (14). T w o  50  g  sam p le s o f
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ro lle d  o a ts  w e re  sp ik ed  w ith  m an d ib le s  o f  e ach  sp ec ies . T en 
m an d ib les  o f  e ach  sp ec ie s  iso la ted  f ro m  th e  o a ts  w ere  m o u n ted  
on s lid es a n d  e x am in ed  m ic ro sco p ica lly .

Results and Discussion

T h e  m ea n  len g th s o f  th e  se ta l b ru sh e s  o f  O . s u r in a m e n s is  

a n d  O . m e r c a t o r  w ere  0 .0 2 4 6  an d  0 .0 3 4 5  m m , resp ec tiv e ly . A n  
A N O V A  sh o w ed  th a t th e  m ea n  d iffe ren ce  b e tw ee n  the  b rush  
len g th s  o f  th e  2  sp ec ie s , 0 .0 0 9 8 9  m m , w as s ig n ifican t 
(p  -  0 .0 0 0 1 ). E stim a te s  o f  the  s tan d ard  d e v ia tio n s  fo r  in d iv id 
ua l se ta l b ru sh  m ea su re m e n ts , b a se d  o n  th e  a n a ly s is  o f  v a ri
an ce , w e re  ap p ro x im ate ly  e q u a l to  0 .0 0 2 5 2  m m  fo r  b o th  sp e 
c ies . T h e  d iffe re n ce  w as 4  tim es the  s ta n d a rd  d ev ia tio n , 
in d ic a tin g  th e  ab ility  to  d is tin g u ish  th e  sp ec ie s  f ro m  a  few  o b 
se rv a tio n s.

F o r  O . s u r in a m e n s i s  the  v a ria tio n  b e tw e e n  in sec ts  w ith in  a 
so u rce  co n trib u ted  th e  g re a te s t a m o u n t o f  v a ria tio n  to  the  to ta l 
v a ria tio n . T h is  w as n o t tru e  fo r  O . m e r c a to r .  F o r th is sp ec ie s  
th e re  ex is te d  a  s ig n ifican t so u rce  e ffec t ( p  -  0 .0 0 1 , d f  =  4 )  d u e  
p r im a rily  to  1 so u rce . In  b o th  sp ec ies , th ere  w a s  a  ten d e n cy  fo r 
th e  le ft se ta l b ru sh  to  b e  la rg e r than  the r ig h t b ru sh , a n d  th is 
d iffe re n ce  w as s ta tis tica lly  s ig n ifican t in  O . m e r c a t o r  

( p  =  0 .0 5 , d f  =  4 ). T h e  a v e ra g e  d iffe ren ce  b e tw ee n  th e  left and  
r ig h t se ta l b ru sh  o f  O . m e r c a t o r  w a s  0 .0 0 1 2  m m . T h e  re p lica 
tio n  v a rian ce  w a s  ap p ro x im a te ly  8 %  o f  th e  to ta l v a rian ce  
w ith in  a  sp ec ies , w h ich  re p re se n ts  a  sm all frac tio n .

A  b a r g ra p h  (F ig u re  1) d ep ic tin g  the  d is tr ib u tio n  o f  th e  d a ta  
fo r  th e  2  sp ec ie s  re v ea ls  2  d is tin c t p o p u la tio n s  b a se d  on  the  
se ta l b ru sh  leng th .

T h e  d a ta  in d ica te  th a t 2 p o p u la tio n s  e x is t an d  that the  sp e 
c ie s  can  b e  d iffe ren tia ted  o n  the  b a s is  o f  th e  se ta l b ru sh  leng th . 
B ecau se  the  v a ria tio n  w ith in  e ach  sp ec ie s  w as  ap p ro x im ate ly  
e q u a l, w e  c an  e s tab lish  a  d e m a rca tio n  v a lu e  a t the  h a lf-w ay  
p o in t b e tw een  th e  m ea n s , 0 .0 2 9 6  m m . T h e  te n d e n c y  fo r  the  left 
b ru sh  to  b e  la rg e r th an  th e  r ig h t sh o u ld  n o t h av e  any  p rac tica l 
e ffe c t on  th e  c la ss if ica tio n  o f  th e  m an d ib le s  o f  th e se  2  sp ec ies. 
T h u s , se tal b ru sh es  > 0 .0 2 9 6  m m  w o u ld  b e  c la ss if ied  as O . m e r 

c a t o r  an d  th o se  < 0 .0 2 9 6  m m  w o u ld  be  c la ss if ied  as O . s u r in a 

m e n s i s .  T h e  9 0 %  c o n fid e n ce  in te rv a l o f  th e  d e m a rca tio n  p o in t 
b a se d  o n  a  t  s ta tistic  w ith  4  d e g ree s  o f  f ree d o m  is 0 .0 2 8 4  m m , 
0 .0 3 0 7  m m .

B a se d  o n  th is  d e m a rca tio n  v a lu e , a n d  a ssu m in g  th a t the  
a b o v e  s tan d ard  d ev ia tio n  an d  p o p u la tio n  m ean s are  e q u al to  the 
e s tim a te s  d e riv e d  a b o v e  and  th a t the  b ru sh  len g th s  w ith in  a  sp e 
c ie s  a re  n o rm ally  d is tr ib u ted , th e  fa lse  c la ss if ic a tio n  ra te  is c a l
cu la ted  to  be  a p p ro x im ate ly  3% . In  th e  ra w  da ta , th e re  w a s  one  
fa lse  c la ss if ica tio n  fo r  a  ra te  o f  <  1%.

M ic ro sco p ic  ex am in a tio n  o f  th e  m an d ib les  iso la ted  fro m  
th e  ro lled  o a ts  re v ea le d  th a t the  se tal b ru sh es  w e re  in tac t and  
u n a ffec ted  by  the  iso la tio n  p ro ced u re .

Conclusion

T h e  re su lts  o f  th is  s tu d y  in d ica te  that th e  m an d ib u la r  setal 
b ru sh  o f  O . m e r c a t o r  is, s ta tistica lly , s ig n ific a n tly  lo n g e r  th an  
th a t o f  O . s u r in a m e n s i s  an d  that, w ith  o n ly  a  few  o b se rv a tio n s,

Distribution of Setal Brushes by Length

Figure 1. Distribution of the lengths of the right and left 
setal brushes of O. s u r in a m e n s is  (O . s .)  and O. m e r c a to r  
(O . m .) .

the  se ta l b ru sh  can  b e  u sed  to  d iffe re n tia te  th e  m an d ib le s  o f  
th e se  2  sp ec ies . U s in g  a  k ey  to  th e  m an d ib le s  o f  s to re d  p ro d u c t 
in se c ts  (1 3 ) an d  th e  d e m a rc a tio n  p o in t c a lcu la te d  in  th is  p ap er, 
a  fo o d  san ita tio n  e n to m o lo g is t c an  d is tin g u ish  b e tw e e n  th e  
m an d ib le s  o f  O . s u r in a m e n s i s  a n d  O . m e r c a to r .

B e ca u se  p o ss ib le  so u rce  e ffec ts  d o  ex is t, th e  e x a m in a tio n  o f  
sp e c im en s fro m  ad d itio n a l so u rc es  co u ld  lead  to  an  ad ju s tm en t 
in  th e  d e m a rca tio n  v a lu e . T h e  U S D A  w ill c o n tin u e  to  e x am in e  
sp e c im en s  fro m  o th e r  so u rces  to  e x p an d  th is d a ta  b ase  an d  to  
m ak e  ad ju s tm e n ts  to  th e  d e m a rca tio n  v a lue .
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