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K eep  Essential 
A n a ly tic a l In fo rm a tio n  

A t Y o u r F in g ertip s

□ Quality Assurance Principles for 
Analtyical Laboratories

1984. 224 pp. Sofibound, ISBN 0-935584-26 9. 
Members: $42.25 in U.S., $46.25 outside U.S. 
Nonmembers: $46.50 in U.S.. $50.50 
outside U.S.
A handbook for initiating or improving a 
laboratory- quality assurance program.

□ EPA Manual of Chemical Methods for 
Pesticides and Devices

1983. 1363 pp. With spectra. Includes three
supplements and binder. ISBN 0-935584-23-4. 
Members: $62.95 in U.S., $66.95 outside U.S. 
Nonmembers: $69-50 in U.S., $~3-50 
outside U.S.
EPA and State laboratory compilation of over 
300 currently used methods for analyzing 
pesticide formulations.

□ Macroanalytical Procedures Manual— 
FDA Technical Bulletin No. 5

1984. 176 pp. Three hole drill with binder. 
ISBN 0-935534-28-5.
Members: $28.'75 in U.S., $32.75 outside U.S. 
Nonmembers: $51-50 in U.S.. $35.50 
outside U.S.
Manual for inexpensive and speedy identifica 
tion of defects, filth, decomposition, and 
foreign matter in large quantities of food.

O R D E R  
T H E S E  A O A C  
P U B L I C A T I O N S  
T O D A Y !

□ FDA Training Manual for Analytical 
Entomology in the Food Industry

1978. 184 pp. Looseleaf. ISBN 0-935584-11-0. 
Members: $28.72 :n U.S., $32.75 outside U.S. 
Nonmembers: $31.50 in U.S., $35.50 
outside U.S.
With the aid of this text, organizations can set 
up their own in-house training.

And take advantage of AOAC 
Membership Discounts too!

□ Newburger’s Manual of Cosmetic 
Analysis

1977. 150 pp. Softbound. ISBN 0-935584-09-0. 
Members: $29.20 in U.S., $33.20 outside U.S. 
Nonmembers: $32.00 in U.S., $36.00 
outside U.S.
Chromatographic and spectroscopic tech
niques with analyses for specific cosmetics.

To order, please note quantity desired in the box beside each title; then complete 
and mail this page (or photocopy) and payment to:

AOAC
n i l  N o rth  1 9 th  St., Suite  2 10-J 
A rling ton , V irg in ia  2 2 2 0 9  USA

Total Amount o f  Order: S __________

Please Print a s - F u , u h  ° n l y

Send to:

Name

Organization 

Street Address 

City-

State (Country): / ¡p

VM____________________ ______________________________________
Member N o. ( to  q u a l i f y  f o r  m e m b e r  p r ic e ,  i n c lu d e  M e m b e r  N u m b e r  w i th  o r d e r .)



Five times faster than Soxhlet.
Soxtec® has revolutionized traditional solvent 
extractions. Extraction times are reduced from 
days to hours, or from hours to minutes, without 
loss of accuracy. This has been proven in applica
tions such as petroleum, food and feed, textiles, 
plastics and rubber, chemicals and many others.

Soxtec cuts costs. The built-in solvent recovery 
system reduces the cost for solvent as much as 
65%.

Soxtec is safe. The systems are heated indirectly 
by circulating oil from an electronically controlled 
service unit, which can be placed at a safe distance 
from the extraction solvent.

Soxtec is flexible. A broad range of solvents can

be used which provides great flexibility. Sample 
holders of various materials and dimensions can 
hold up to 65 ml of samples containing well below 
1 % extractable matter.

Soxtec is the perfect tool for most extraction 
needs. Please call or write for product details.

'

tecator
WE MAKE ROUTINE ANALYSIS SIMPLE.

Tecator Inc., P.O. Box 405, H erndon, V irg in ia  22070. Phone (703) 4353300. Telex 003034 
In th e  U SA d istrib u tio n  exclusively by F ish er Scientific Com pany.
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A O A C  A n n o u n c e s  t h e  P u b l i c a t i o n  

o f  a n  I n d i s p e n s a b l e  S t a t i s t i c a l  

R e f e r e n c e  B o o k

U S E  O F  S T A T IS T IC S  T O  D E V E L O P  A N D  E V A L U A T E  A N A L Y T IC A L  M E T H O D S

G rant T. W em im ont, A u th o r  

W il l ia m  Spendley, E d ito r

W „ h  the aid of this manual, the analytical investigator can, with a knowledge of only simple 
statistical procedures, use the experimental designs and techniques described to determine and evaluate 
assignable causes of variability.

The book reviews the basic operations in the process of making measurements, offers suggestions 
for planning experimental work so that appropriate statistical methodologies can be used to interpret the 
results, includes a number of experimental plans for developing and modifying analytical procedures, 
and discusses evaluation of the data.

Other features include scores of specific statistical analyses of real-life data, many useful statistical 
tables, and very complete references.

It is a natural extension of and a valuable addition to the classic Youden-Steiner, S ta tis t ic a l M a n u a l  

o f  th e  A O A C .

Contents
1. Introduction

AOAC and Collaborative Studies 
Organization and Procedures for 

Collaborative Studies 
Selection of Methods of Study 
Types of Interlaboratory Study 
Need for This Manual

2. The Measurement Process 
What is Measurement? 
Measurement as a Relationship

Between Properties 
Performance Characteristics of a 

Measurement Process 
Developing, Evaluating, and Using 

Analytical Processes 
AOAC Methods of Analysis

3. Intralaboratory Development of an Analytical Process 
The Need for Intralaboratory Experiments
Some Requisites for Sound Experimentation 
Statistical Methodology 
Experimental Plans

4. Interlaboratorv Evaluation of an Analytical Process 
Interlaboratory Experiments
Objectives for Interlaboratory Study 
Concept of Variance Components 
Planning an Interlaboratory Study 
Experiments to Compare Laboratory 

Performance
Evaluating Interlaboratory Data and 

Formulating Precision Statements 
Reporting the Results From an 

Interlaboratory Study

Appendixes: Tables, Statistical Computations, Glossary. Index.
1985. xvi + 183 pages. Softbound. ISBN 0-935584-31-5.
Price—Members: $48.55 in U.S., $52.55 outside U.S.; Nonmembers: $53.50 in U.S., $57.50 outside U.S.

To obtain book, send order with your name and address and check to:
AOAC, 1111 N. 19th Street, Suite 210-J, Arlington, Virginia 22209 USA

(U S A  f u n d s  o n ly )
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N e w b u r g e r ’s  M a n u a l  o f

Cosmetic Analysis
•  C h a p te r s  o n  a n a ly t ic a l  te c h n iq u e s :  

g a s  c h r o m a to g r a p h y , o th e r  
c h r o m a to g r a p h ic  te c h n iq u e s , a n d  
s p e c tr o s c o p y

•  C h a p te r s  o n  a n a ly s is  o f  c rea m s  
a n d  lo t io n s ,  l ip s t ic k s ,  n a il  
la c q u e r s  a n d  e x te n d e r s , h a ir  
f ix a t iv e s  a n d  d y e s , c o ld  w a v e  
s o lu t io n s  a n d  n e u tr a liz e r s ,  
a n t ip e r s p ir a n t s  a n d  d e o d o r a n ts ,  
su n sc r e e n s

•  C h a p te r s  o n  c o sm e t ic  m ic r o b io lo g y ,  
c o lo r s , p e r fu m e s  a n d  fr a g r a n c e s , 
p r e se r v a t iv e s , a n d  t o o t h p a s t e s

2n d  Ed ition  —  1977 
Price— M em bers: $29.20 in  U.S., 

$33.20 outside  U.S. 
N on m e m b e rs: $32.00 in  U.S., 
$36.00 outside  U.S.

To  obta in  book, send  order w ith  
yo u r nam e an d  address, an d  p a y 
m ent to:

A S S O C I A T I O N  O F  

O F F IC IA L  A N A L Y T I C A L  

C H E M I S T S

1111 N .  19th St., S u ite  210-1 
A r l in g t o n ,  V A  22209 U S A

U.S. Funds Only
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Power is knowledge.
W a te r s  u n v e ils  the e y e -o p e n in g  n e w  P o w e rL in e “ P h o to d io d e  

A r r a y  Sy ste m .

E xperience the p o w e r  o f total spectra l inform ation. Your v iew  of 
ch ro m a to g ra p h y  will never  b e  th e s a m e  a g a in .

W aters PowerLine PDA g iv e s  you  instant c o m m a n d  o f te c h 
n o lo g y 's  m ost a d v a n c e d  spectra l an a ly sis  cap ab ilities. Explore 
e v en  the m ost subtle  co m p o sitio n a l defa ils. G e t  real-tim e or p o s t 
run a s se s s m e n t  of p e a k  h o m o g en eity . C o m p a r e  ch ro m a to g ra m s  
or sp ectra  with a  stored  library to  facilitate c o m p o u n d  identifica
tion. W h a tev er  yo u  n e e d  to  k n ow  a b o u t your sa m p le , W aters 
PowerLine PDA g e ts  y ou  to  the inform ation with a  c o u p le  of 
keystrokes.

In ad d ition , th e fully in tegrated  W aters PowerLine system  
g iv es  you  s in g le  k ey b o a rd  control a n d  full d o cu m en ta tio n  of all 
grad ien t, injection a n d  d etec tio n  p a ra m eters  via its NEC® p er
so n a l com puter.

Tap into W aters PowerLine, a n d  s e e  your sa m p le  in a  w h o le  
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299 Method to Determine Effect of Antibiotics at Residue Levels on R-Factor 
Transfer
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375 Single-Laboratory Evaluation of EPA Method 8080 for Determination of 
Chlorinated Pesticides and Polychlorinated Biphenyls in Hazardous Wastes
V io rica  L o p e z -A v i la ,  S a r a h  S c h o e n , J u n e  M ila n e s , a n d  W e rn e r  F . B e c k e r t

Drugs

388 Simple Determination of Ranitidine in Dosage Forms by In-Phase Selective 
AC Polarography
J u a n  A . S q u e lla , L u is  A . Z u n ig a , I g o r  L e m u s , a n d  L u is  J. N u n e z -V e r g a r a

390 Liquid Chromatographic Determination of Carbenicillin and Ticarcillin in 
Injectable Dosage Forms 
B a r r y  M o p p e r

Indirect Food Additives

394 Gas Chromatographic-Mass Spectrometric Determination of Adipate-Based 
Polymeric Plasticizers in Foods 
L a u re n c e  C a s tle , A n g e la  J. M e rc er , a n d  J o h n  G ilb e r t

Meat and Poultry

397 Liquid Chromatographic Identification of Meats
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403 Liquid Chromatographic Quantitation of Chicken and Turkey in Unheated 
Chicken-Turkey Mixtures
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410 Organohalogen Residues in Human Adipose Autopsy Samples from Six 
Ontario Municipalities
D a v id  T. W illia m s , G u y  L . L e B e l, a n d  E l iz a b e th  J u n k in s
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415 Levels and Incidences of Pesticide Residues in Various Foods and Animal 
Feeds Analyzed by the Luke Multiresidue Methodology for Fiscal Years
1982-1986
M ilto n  A . L u k e, H erbert T. M asu m oto , T h om a s C airns, a n d  
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434 Ion Abundance Criteria for Gas Chromatographic/Mass Spectrometric 
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Products
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from Foods with Special Reference to Soft Cheeses 
L y n to n  J .  C ox, A n n e m a rie  R en au d , a n d  M . Van Schothorst 

449 Evolution, Interests, and Limitations of Some Immunological Techniques and 
Food Microbiology 
C ecile  A. L a h e llec
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L j Thc G e o r g e  E .  F a i l i n g  C o m p a n y P. O. BOX 872, ENID, OKLAHOMA 73702 
(405) 234-4141 • CABLE GEFCO • TELEX 796524

F o r  m o r e  i n f o r m a t i o n  c a l l
1-800-654-5117, wait for tone and dial 7447,
In Oklahoma: 1 -800-522-4140, wait for tone and dial 7447

F a i l i n g  O r g a n i z e s  H a z a r d o u s  M a t e r i a l s  S a f e t y

C e r t i f i c a t i o n  C o u r s e  F o r  M o n i t o r i n g  D r i l l i n g  I n d u s t r y

HAMMONTON, NJ -  Working 
with Kaselaan & D’Angelo Associates, 
an environmental science and en
gineering firm, this George E. Failing 
Company branch offers an accredited 
certification course which drilling 
contractors must have before going 
on most hazardous waste sites.

Certification in the 40-hour, five 
day course is required by order of 
the Occupational Safety &  Health 
Administration (OSHA) for anyone 
on a Level C or higher hazardous 
waste site. Failing branch manager 
Montia A. Rice, Jr. saw the need and 
the opportunity to help drillers. Rice 
and the training division of Kaselaan 
& D’Angelo got together and the first 
training course began in early April.

The course, “Hazardous Waste Site 
Health & Safety,” is led by Kaselaan 
& D’Angelo’s Corey W. Briggs, hazar
dous materials training director. This 
training program combines classroom 
lectures, equipment demonstrations, 
laboratory sessions and field exer
cises emphasizing hands-on activities. 
Classroom training is held at Failing’s 
Hammonton, NJ branch. Failing is also 
promoting the course and registering 
people for new classes.

“You’re not allowed on landfill sites 
without certification,” Rice explained, 
“and I know contractors that were 
looking for a training school or waiting 
for months to get into a class. That’s 
why Failing got involved.”

Kaselaan & D’Angelo Associates, 
Inc. is a national environmental 
engineering and industrial hygiene

consulting firm. They have offices in 
Haddon Heights as well as Boston, 
Los Angeles and New York.

Classes are scheduled once a min
imum of 10 register. The cost is $900. 
For more information or to register, 
contact Montia A. Rice, Jr. at George

T H E  IN S ID E  S T O R I E S

Failing F-2: The Little Rig That Could
Q&A with project engineer Gerald 
Nolte
Heat Pump Potential
Ground water heat pumps gaining 
popularity
Hydraulically Speaking
Start-up and maintenance tips

Coming Up
60th Michigan Well Drillers Association 
Convention
April 13-14,1988 — Lansing, Mich.
NWWA Outdoor Action Expo 
May 23-26,1988 — Las Vegas, Nev.
1988 Northeast GroundWater Exposition 
June 6-7, 1988 — Springfield, Mass.
South Atlantic JUBILEE 
July 31-August 2,1988 — Myrtle 
Beach, S.C.
For more information, call Lisa at 
National Water Well Association, 
614/761-1711

E. Failing Company, 235-B N. White 
Horse Pike, Hammonton, NJ 08037, 
609/567-1620. You can also call 
Failing’s main toll-free number:
1-800-654-5117, wait for tone and died 
7447.

D id yo u  hear ab o u t the au to w orker th a t go t 
fired for taking a  brake?

Two silkw orm s h a d  a  race a n d  en ded  up in a 
tie.

R en ow n ed  law yer F. Lee B ailey w en t back to 
college a n d  g o t a  th ird degree.

B r a n c h  M a n a g e r s

S h a r e  O u t l o o k s

ENID, OK, February, 1988 -  
Representatives of George E. Failing 
branch locations and master distrib
utors from across the U.S. and 
Canada met here to give regional 
and industry-wide reports on the 
drilling market.

A small increase in oil drilling ac
tivity during 1987 was just one factor 
for the optimistic tone of the three- 
day conference. Company officials 
also see growing opportunities in the 
ground water monitoring and soil 
sampling business. New equipment 
was also discussed, including two 
new models of cable tool rigs, which 
are now being manufactured at Failing 
subsidiary, Wellmaster Pipe & Supply, 
and are available at all Failing loca
tions. A new line of Failing vibrators 
is also expected to be on the market 
later this year.



G r o u n d  W a t e r  H e a t  P o m p s

k r e  R a i s i n g  O p p o r t u n i t i e s

Ground water heat pumps (gwhp) 
re enjoying a second wave of 
opularity throughout the country, 
he gwhp concept has been around 
>r more than 20 years and has 
njoyed considerable success. But a 
econd wave of interest is being 
enerated thanks to new technologies 
nd marketing strategies.

Around 125,000 water source heat 
■umps are installed annually in the

U.S. and the number continues to in
crease. There are several areas of 
country where 25% or better of all 
the heat pump installations were 
ground water source. The renewed 
interest is due in part to the fact that 
many of the gwhp technological dif
ficulties have been worked out. Heat 
pump compressors are more efficient 
requiring less energy to run. And 
installation has been made easier 
using flexible polyethylene and 
polybutylene piping. Advancements 
have also been made in the develop
ment of smaller, more mobile drilling 
rigs for vertical installations.

Prices of gwhp’s have come down 
making them more attractive to 
customers. And as popularity grows 
and the number of installations 
increases, even lower prices are 
expected. The benefits to consumers 
are immediate. A $30 decrease in a 
consumer’s monthly electric bill is 
not uncommon.

In the past, many contractors have 
been reluctant to get into gwhp drill
ing. But now that thousands of gwhp’s 
have been installed around the country, 
installation is becoming easier and 
problems can be avoided by looking 
at past mistakes. Careful planning is 
essential. “Guesstimates” should not 
be used in lieu of approved calcula
tions. Improper load sizing of the 
heat pump for a building can thus be 
avoided. Site analysis is also very 
important.

To get involved with gwhp installa
tion, contractors may have to purchase 
additional equipment. But in the long 
run the investment really pays off. 
And drilling contractors can become 
involved with installation to any 
degree they choose. For basic involve
ment, the contractor can drill for the 
system, install the open or closed 
loop, and then backfill and seal the 
hole. In this case, a contractor is con
cerned with hole depth and proper 
installation of the piping.

To be competitive in bidding on 
gwhp jobs, contractors need to 
realize that they are not installing 
water wells. Gwhp drilling is less 
costly than water well drilling. Con-

B e s t  A l l - R o u n d  R i g

Gerald Nolte

Failing F-2 model was one of the 
_rst top drives built and it remains 
ane of the most popular. C o re  D r ille r  
nterviewed Failing project engineer 
Herald Nolte and asked him about 
he history and future of the F-2.

ZD: What drilling applications 
■an the F-2 handle?
■iolte: The F-2 is best suited to the 
mall augering jobs. These could in

clude using augers up to 12” outside 
diameter and down to 100 feet in 
certain formations. It can handle 
monitoring wells, auger drilling, 
rotary drilling, diamond core drilling 
— conventional or wireline, founda
tion testing, site investigation, pre-bid 
test boring, seismic and cathodic 
work. The F-2 can also be adapted to 
drill shallow residential waterwells.

CD: What specific need or void in 
the drilling market does it fill?
Nolte: The market often calls for a 
small drilling unit to operate in very 
restrictive places as far as size is con
cerned, such as small backyards, ser
vice stations with very limited space, 
etc. Because of its compact size, the 
F-2 can do the job.

CD: How long has this m odel 
been manufactured?
Nolte: Failing began building the F-2 
in 1964; however, up until a few 
years ago, it was designated as our 
Model FA-100. It was renamed in 
recent years to consolidate our ex
panding line of top drives into the 
Failing “F” series.
CD: What do you consider are its 
best features?
Nolte: Its small size is one of its best 
features. This, along with its 60,000 
inch pounds of torque developed by 
the tophead drive and speeds of 18 
to 570 rpm, make it a very versatile 
unit. The angle hole feature can be 
very advantageous for drilling into 
less accessible areas.
CD: Briefly, what are som e of the  
F-2’s significant options?
Nolte: The wide range of drilling



tractors do not have to guarantee 
water and do not have to put out the 
time for back flushing and well 
development.

Opportunities for gwhp drilling and 
installation are growing in leaps and 
bounds. The biggest growth is coming 
from businesses. All size companies 
from small businesses to hospitals 
and high-rise hotels are installing 
gwhp’s. With the popularity of the 
system on the rise, the work is 
definitely there for drilling contrac
tors in a growing number of areas.

Contractors interested in gwhp 
drilling should contact local heat 
pump dealers, home builders and the 
local heat pump association.

If you would like more information 
on drilling equipment for heat pump 
installation, contact Therrell Hannah 
at 1-800-654-5117 wait for tone 
and dial 7447. In Oklahoma,
1-800-522-4140, wait for tone and 
dial 7447.

Sources consulted for this article 
include Dr. James Bose, Oklahoma 
State University, the N e w  E n g la n d  
B uilder, Dec. 1984, and the W a te r  
W ell J o u rn a l, Feb. 1988.

speeds that can be offered makes the 
F-2 adaptable to a variety of drilling 
projects. Another advantage is that 
the F-2 can be mounted on a variety 
of carriers.
CD: W here does the F-2 rank in 
sales and popularity am ong  
Failing’s  line of top drives?
Nolte: It’s extremely popular and the 
potential for increased sales of this 
unit is very great, due to space

limitations where wells need to be 
located.

CD: Thanks Gerald.

M  1 € ;  f  f I  f *
1  i f  M i l  ^

NOTE: C o re  D r ille r  wishes to thank 
Stewart Avery of Fluid Components, 
Inc. in Tulsa for these valuable 
maintenance tips for rig owners.

F irst, F lu ids
The hydraulic fluids used should be 

carefully selected according to the 
original manufacturer’s guidelines 
and specifications.

Start-Up
Prior to installing both pump and 

motor, inspect for damage incurred 
during shipping and handling. Make 
certain all system components (reser
voir, hoses, valves, fittings, heat 
exchanger, etc.) are clean before fill
ing with fluid.

Fill the reservoir with recommended 
hydraulic fluid which should first be 
passed through a 10 micron (nominal 
no bypass) filter. Never reuse fluid.

The inlet line leading from the 
reservoir to the pump must be filled 
prior to start up. Check inlet line for 
properly tightened fittings and make 
sure it is free of restrictions and air 
leaks.

Be certain to fill the main pump 
and motor housing with clean hydraulic 
fluid prior to start up by pouring 
filtered oil in the uppermost case 
drain port.

Install a pressure gauge (500 psi) in 
the charge pressure gauge port. 
Leave external control linkage 
disconnected until after initial start 
up to allow pump to remain in neutral.

Start the prime mover and run at 
lowest possible rpm until charge 
pressure has been established. Air 
can be bled from the high pressure 
lines by using the high pressure 
gauge ports on the motor manifold.

Caution: Do not start prime 
m over unless pump is in neutral 
(0 sw ashplate angle). Take safety  
precautions to prevent m achine  
m ovem ent in case pump is actuated 
during initial start up.

Once charge pressure has been 
established, increase speed to norr 
operating rpm. If charge pressure 
not at proper value, shut down ant 
determine cause.

Shut down prime mover and conn 
external control linkage. Start prirr 
mover, checking to be certain purr 
remains in neutral. With prime 
mover at normal operating speed, 
slowly check for forward and 
reverse machine operation. 
Caution: Take necessary safety  
precautions before m oving  
m achine.

Shut down prime mover, remove 
gauges and plug ports. Check reser 
voir level and add fluid if necessary

The transmission is now ready fo 
operation.

M ain ten an ce
For satisfactory service, regular 

maintenance of fluid and filters mu: 
be performed. The recommended i 
tervals for changing these items are
• Sealed Type Reservoir: Every

2,000 hours
• Air Breathing Type Reservoir:

Every 500 hours
Check fluid level daily. Change 

fluid more often if it becomes con
taminated with any foreign matter 
(dirt, water, grease, etc.).

Check inlet filter whenever fluid L 
changed and whenever filter indicat- 
shows a change is necessary. Repla- 
all fluid lost during filter change.

F ilters , Too
A machine may be equipped with 

the best filters available and may be 
positioned in the system where they 
do the most good. If, however, the 
filters are not maintained and cleane 
when dirty, the money spent for 
filters and their installation has been 
wasted. A filter which gets dirty afte 
one day and is cleaned 29 days later 
gives 29 days of non-filtered fluid. A 
filter can be no better than the 
maintenance afforded it.

F a ilin g  F-2



g r̂  George E. Failing Company
BOX 872 ENID, OKLAHOMA 73702

®

Corporate Offices
Headquarters
221 5  S. V a n  B u re n  
P.O . B o x  8 72  
E n id , O k la h o m a  7 3 7 0 2  
P h o n e :  (405) 234-4141 
Call Toll Free:
1-800-654-5117
w a i t  fo r  to n e  a n d  d ia l 744 7
In Oklahoma
1 -800-522-4140
w a i t  fo r  to n e  a n d  d ia l 74 4 7

Houston
7 4 2 6  H a rw in  
H o u s to n ,  T e x a s  7 7 0 3 6  
P h o n e :  (713) 7 8 9 -8 4 0 0

Grand Junction
2514  H ig h w a y  6  &  50  
P.O . B o x  3 64
G ra n d  J u n c t io n ,  C o lo ra d o  81502  
P h o n e :  (303) 2 4 3 -2 2 4 8

Hammonton
235 -B  N. W h ite  H o rs e  P ik e  
H a m m o n to n ,  N e w  J e r s e y  0 8 0 3 7  
P h o n e : (609) 567-1620

New Orleans
5 5 5  S. G a lv e z  S tre e t 
P.O. B o x  53185
N e w  O rle a n s ,  L o u is ia n a  70153  
P h o n e :(5 0 4 )8 2 1 -2 3 1 1

Largo
2101 S ta rk e y  R o a d  
L a rg o , F lo r id a  33541 
P h o n e :  (813) 5 31 -0428

Plainfield
U .S. H ig h w a y  4 0  E as t 
P .O . B o x  3 3 5  
P la in f ie ld , In d ia n a  46 1 6 8  
P h o n e : (317) 8 3 9 -2 5 3 9

Bloomington
1 0 5 2 5  F lo r id a  A v e n u e  
H y la n d  S e rv ic e  C e n te r  
S u ite  120
B lo o m in g to n ,  M in n e s o ta  5 5 4 3 8  
P h o n e : (612) 9 4 2 -0 0 0 9

Odessa
U n it F , 5 0 0  C o u n try  R o a d  
1297  S o u th , B o x  1691 
O d e s s a ,  T e x a s  7 9 7 6 0

563-0092

Conyers
521 S ta n to n  W o o d s  D riv e  
C o n y e rs ,  G e o rg ia  3 0 2 0 8  
P h o n e :  (404) 929-1252

1{ vou do that, «

Mail to:

Phone ------- ----------------

Z'P '  , . ior tone and dwl 7447.
■

Edmonton
G e o rg e  E. F a ilin g  S u p p ly  Co.
12720  14 9 th  S tr e e t ,  B o x  5 4 9  
E d m o n to n ,  A lb e r ta ,  C a n a d a  T 5 J2 K 8  
P h o n e :(4 0 3 )4 4 7 -1 4 8 5

Calgary
4 5 0 9  M a n h a t ta n  R o a d  S.E.
C a lg a ry , A lb e r ta ,  C a n a d a  T 2G 4B 3  
P h o n e :(4 0 3 )2 4 3 -6 0 7 1

Tillsonburg
W e llm a s te r  P ip e  a n d  S u p p ly  Inc .
62  G o s h e n  S tr e e t ,  P .O . B o x  4 5 6  
T illso n b u rg , O n ta r io ,  C a n a d a  N 4G 4J1 
P h o n e : (519) 6 8 8 -0 5 0 0

Master Distributor
Noland Company
122 6  C e n te r  A v e n u e  N.W . 
R o a n o k e ,  V irg in ia  24017  
P h o n e :  (703) 345-8101

Sunday is the day when we bow our 
heads. Some o f us are praying and 
some of us are putting.

Two drillers encounter a  b ea r in the 
forest. O ne o f  the m en  pu lls his running  
shoes ou t o f  his knapsack  a n d  pu ts  them  
on. The o ther m an  says, incredulously, 
"you don t  think th a t those running shoes 
are going to  help  y o u  outrun the bear'"  
The o ther m an replies, “I  d o n ’t  h a ve  to  
outrun the bear. I  on ly  have to  outrun  
you !”

©  C o p y r ig h t  1988  T h e  G e o rg e  E. F a ilin g  C o m p a n y  4 /8 8 ,1 8 .5 M  •  R e g is te re d  T ra d e m a rk s  U .S . a n d  C a n a d i



A O A C  A n n o u n c e s  

t h e  P u b l i c a t i o n  o f

BAM
6 t h  E d i t i o n

A  M a n u a l  f o r  

t h e  D e t e c t i o n  

o f  M i c r o o r g a n i s m s  

i n  F o o d s  a n d  

i n  C o s m e t i c s

FDA Bacteriological Analytical Manual (BAM)
by the Division of Microbiology

Center for Food Safety and Applied Nutrition, U.S. Food and Drug Administration

BAM contains analytical methods for the detection of 
microorganisms and certain of their metabolic products, 
primarily in foods. The methods were developed by the U.S. 
Food and Drug Administration for Federal and State regulatory 
and industry quality control laboratories. The manual will be 
updated by supplements issued to users at no additional charge.

A poster for recognizing and classifying visible can defects 
is included free. It is a useful tool for those who need to analyze 
canned foods.

This 6th edition contains new chapters on Campylobacter, 
DNA colony hybridization as an analytical tool, and enzyme 
immunoassay procedures (ELISA). Most other chapters have 
been revised, expanded and updated.
Contents:
Chapters:
•  Food Sampling Plans and Initial Sample Handling
•  Food Sample Handling in the Laboratory and Preparation of 

the Sample Homogenate
•  Microscopic Examination of Foods
•  Aerobic Plate Count
•  Coliform Bacteria
•  Enteropathogenic Escherichia coli
•  Isolation and Identification of Salmonella Species
•  Fluorescent Antibody Detection of Salmonellae
•  Shigella
•  Isolation of Campylobacter Species
•  Yersinia enterocolitica and Yersinia pseudotuberculosis
•  Recovery of Vibrio parahaemolyticus and Related Vibrios
•  Isolation and Identification of Vibrio cholerae

•  Staphylococcus aureus
•  Staphylococcal Enterotoxins
•  Bacillus cereus
•  Clostridium perfringens: Enumeration and Identification
•  Clostridium botulinum
•  Enumeration of Yeast and Molds and Production of Toxins
•  Examination of Oysters for Enteroviruses
•  Parasitic Animals in Foods
•  Detection of Inhibitory Substances in Mdk
•  Examination of Canned Foods
•  Examination of Containers for Integrity
•  Microbiological Methods for Cosmetics
•  Detection of Pathogenic Bacteria by DNA Colony Hybridization
•  Enzyme Linked Immunosorbent Assay (ELISA)
•  Investigation of Food Implicated in Illness 
Appendixes:
•  Culture Media
•  Stains, Reagents and Diluents
•  MPN Determination

Since 18&rj December 1984, 448 pages, illustrated,
appendixes 3 hole drill with binder, includes 
Visible Can Defects poster. ISBN 0-935584-29-3. 
Price — Members: $45.85 in U.S., $49.85 
outside U.S.; Nonmembers: $50.50 in U.S., 
$54.50 outside U.S.

To obtain this book, send order and remittance with your name and address to 
AOAC, 1111 N. 19th Street, Suite 210-J, Arlington, VA 22209 USA (US funds only).
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N E W  P R O D U C T S

Benchtop Shell Freezer
Labconco Corp. introduces a new 
benchtop shell freezer for pre-freez
ing samples for lyophilization. The 
benchtop unit rotates sample con
tainers in a low temperature heat 
transfer solution. As the glassware ro
tates, the interior surface area of the 
container is coated with a uniform 
thin shell of the specimen material. 
Circle No. 322 on reader service card.

LC System Controller
An LC system controller from Spec- 
tra-Physics Autolab Division sets up 
and monitors methods and analyses 
for multiple systems operating on 
Spectra-Physics’ local area network. 
Called ChromNet, this new system 
manager is designed to run on an IBM 
XT or AT, or compatible. The menu- 
driven program comprises a series of 
screens that intelligently organize and 
present themselves according to the 
system configuration designated by 
the user.
Circle No. 323 on reader service card.

“Front-End” Software
Aimed at streamlining on-line 
searching of chemical and other sci
entific technical databases, STN In
ternational’s new “ front-end”  soft
ware for personal computers enables 
a searcher to construct chemical 
structure and other queries off-line for 
uploading to STN International. It 
also supports capture of a transcript 
of the on-line session, including 
graphics, on a hard disk for off-line 
viewing, editing, and printing.
Circle No. 324 on reader service card.

Table Top Laminar Flow Work
Stations

Table Top Laminar Flow Work Sta
tions from Clean Room Products are 
designed to maintain a contamina
tion free environment, by supplying 
a continuous flow of HEPA-filtered 
air. Horizontal flow is suited for ap
plications where technicians bend 
their heads, or other parts of their 
bodies, over or around the product 
or process.
Circle No. 325 on reader service card.

Amino Acid Analysis Uses IEC
Method

The new System Gold Personal 
Chromatograph from Beckman In
struments is now available in a con

figuration for amino acid analysis. 
With this system, the bioresearcher 
can utilize ion exchange chromatog
raphy and a choice of Beckman’s 
Spherogel ion exchange columns for 
separating either physiological fluids 
or hydrolysates.
Circle No. 326 on reader service card.

Fully Integrated SEM, X-ray, and 
Image Analysis System

A new room-light-operable Model 
18301 Analytical Scanning Micro
scope, developed by AMRAY, in
corporates automated high-resolu
tion SEM capabilities as well as full 
energy dispersive X-ray analysis, 
wavelength dispersive X-ray analy
sis, and image analysis functions. All 
of the instrument’s subsystems are 
under computer control and operable 
from a single control panel and key
board.
Circle No. 327 on reader service card.

Microprocessor-Controlled
Spectrophotometer

Hach introduces its latest spectro
photometer, the DR/2000. The mi
croprocessor-controlled DR/2000 has 
more than 95 calibrations prepro
grammed in memory, eliminating 
manual conversion of absorbance 
data. Up to 50 user-generated cali
brations also can be stored with the 
aid of prompting software.
Circle No. 328 on reader service card.

Data Sheets Describe Chromatography 
Hardware/Software

Dynamic Solutions announces avail
ability of a new series of technical 
literature describing its Maxima 
Chromatography Workstations as 
well as its Baseline data system for 
the IBM and NEC families of micro
computers.
Circle No. 329 on reader service card.

Cyano-Modified HPTLC Plate
The pre-coated layer of a new cyano- 
modified HPTLC plate from EM Sci
ence is chemically bonded to a base 
of silica gel 60 with an average pore 
diameter of 6 nm. This widens the 
selectivity of the stationary phase 
during thin layer chromatography, 
according to the manufacturer, and 
permits separation o f substances 
which differ only slightly in chemical 
structure.
Circle No. 3 30 on reader service card.

Scanning, Double Beam, UV/Visible 
Spectrophotometer

Hitachi announces the introduction 
of the Model U-2000 UV/Visible 
spectrophotometer. The U-2000 is a 
double beam, scanning unit that fea
tures a 9-inch CRT with graphics, 
non-volatile storage of methods and 
spectral data, wavelength program
ming, and quantitative analysis using 
either quadratic, linear, or spectral 
data.
Circle No. 331 on reader service card.

Silica-Based Affinity Chromatography 
Column

Formulated specifically for the puri
fication of antibodies and monoclo
nal antibodies in biotechnology and 
pharmacology, ChromatoChem’s 
HiPAC Protein A column utilizes the 
company’s proprietary HiPAC silica 
support, making the column high 
pressure and pH tolerant while cut
ting purification time from several 
hours to 10 minutes.
Circle No. 332 on reader service card.

Laboratory and Portable Instrument 
Catalog

“ Hach Laboratory and Portable In
struments”  is a new 40-page catalog 
that covers many new instruments 
along with information about Hach 
systems for testing of drinking water, 
wastewater, foods and beverages, 
plating baths and effluent, and soils. 
Circle No. 333 on reader service card.

New Elutriator Rotor
Applications of the new Beckman 
JE-5.0 Elutriator Rotor include syn
chronous cell growth studies, the sep
aration of liver cells, human lympho
cytes and monocytes, and other cell 
and particle studies. Using élutria
tion, cells retain their viability be
cause they are separated by a gentle, 
washing action, and can be processed 
in an isotonic medium.
Circle No. 334 on reader service card.

Atomic Absorption Graphite Furnace 
Training Program

Savant announces a new audiovisual 
training package, AA-107, “ Modern 
Methods of Graphite Furnace Atom
ic Absorption.”  The program, avail
able in either slide-tape or video for
mats, discusses the operation of the 
furnace, including the requirement for
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NEW PRODUCTS

inert gas, use of a platform and au
tosamplers. Programming steps, in
cluding drying, charring, and option
al addition of matrix modifiers, all 
lead to the atomization step, which 
is discussed in detail.
Circle No. 335 on reader service card.

Fully Integrated TG/FT-IR Analyzer
Bomem announces a new TG/FT-IR 
analyzer—the TG/Plus. This appa
ratus combines the standard features 
of a Dupont 951 TGA with a mul
tipass gas cell and a Michelson FT- 
IR for on-line quantitative analysis 
of evolved products, including 
evolved condensates.
Circle No. 336 on reader service card.

Forensic Science Database
The Forensic Science database from 
Data-Star is multidisciplinary and 
covers literature relevant to the ex
amination of evidential materials, 
analytical methods, and the presen
tation and interpretation of findings. 
Parts of the database cover drugs and 
toxicology, forensic biology, and fo
rensic chemistry.
Circle No. 337 on reader service card.

CIRCLE 14 ON READER SERVICE CARD

Automated Glucose and L-Lactate 
Analyzer

The new YSI automated analyzer 
provides rapid real-time answers for 
both glucose and L-lactate levels in 
fermentation broths and cell cultures. 
The Model 2000 measures glucose 
and L-lactate simultaneously, prints 
and displays the results in 60 seconds, 
automatically calibrates itself, and 
runs 60 samples per hour.
Circle No. 338 on reader service card.

Material Safety Data Sheet Database
A new on-line database containing 
material safety data sheets (MSDSs) 
for industrial chemicals is now avail
able from Chemical Information Sys
tem. Baker, produced by the J.T. 
Baker Company, contains more than 
1,600 OSHA-formatted MSDSs. 
They may be retrieved from the sys
tem by input of a chemical name or 
a CAS Registry Number.
Circle No. 339 on reader service card.

Sodium Measurement Electrode
While conventional sodium elec
trodes need time for the internal cells 
to reach thermal equilibrium with the 
sample, Ross announces that its new

electrodes are virtually unaifected by 
temperature variation. When the 
ROSS sodium electrode, Model 84- 
11, is cycled between two portions of 
a 100 ppm sodium standard at 25- 
80°C, temperature equilibrium is 
reached in less than 1 minute, com
pared to 3-5 minutes for a conven
tional sodium electrode.
Circle No. 340 on reader service card.

Repetitive Micro Dispenser
The Model RD 1000 Repetitive M i
cro Dispenser from Monoject Scien
tific is a hand-held dispenser that of
fers the capability of rapid repetitive 
dispensing of samples from 10 to
1,000 fiL. The units are continuously 
adjustable and have a click-stop 
mechanism to prevent accidental 
changes during use.
Circle No. 341 on reader service card.

Spectra-Physics’ WINner Brochure
The latest in product literature on the 
WINner Workstation/INtegrator is 
now available from Spectra-Physics. 
This 6-page brochure describes the 
features of the $4,500 chromatogra
phy system controller and integrator. 
Circle No. 342 on reader service card.

ROT-X-TRACT
Features:
1. Up to 8 Soxhlet extractors can be

handled at one time.
2. Uses standard Soxhlet glassware.
3. Compact circular arrangement

reduces bench space to 14 inches.
4. Each Soxhlet set is easily accessible

from the front.
5. Easily loaded and unloaded.
6. Electrical energy reduced.
7. Optional intrinsically-safe bath

reduces chance of flammable 
solvent ignition.

Description:
Up to 8 standard Soxhlet glassware units 
are held in a spring holder attached to a 
central vertical tube. This tube fits 
loosely over a stand rod on which it can 
rotate. The assembly on its stand is 
placed in a boiling water bath. Each 
Soxhlet unit rest on a hole in a cover 
plate which reduces loss of steam.

Operation:
The ROT-X-TRACT will handle most 
commonly used extraction solvents such 
as Diethyl Ether, Pentane, Methylene 
Chloride and Petroleum Ether. For ease 
in loading and unloading, a spring holder 
allows the condensers to be held while 
disconnecting them from the thimble 
holder.

About our Firm:
Organomation Associates Inc. has been 
in business for over 27 years. We are 
proud of our reputation. Numerous 
repeat orders attest to the popularity of 
our equipment in analytical laboratories 
around the world. For information and 
prices on the ROT-X-TRACT as well as 
our complete line of analytical 
evaporators please contact us.

Organomation Associates, Jnc.
Tel: (617) 393-2602, (617) 838-7378 266 River Road
Telex: 95-5 4 3 9 -O R G A N O M A TIO N  P.O. B o x 159
FA X: 413-733-2590 South Berlin, MA 01549
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H a rvey  W . W iley  A w a rd  to  F rederick  
K avanagh

Frederick Kavanagh, a retired ana
lytical microbiologist with Eli Lilly, has 
been named to receive AOACs 1988 
Flarvey W. Wiley Award, the most 
prestigious recognition extended by 
AO AC for outstanding contributions to 
methodology. Kavanagh will receive the 
award at the opening session of the 
102nd AOAC Annual International 
Meeting and Exposition in Palm Beach, 
FL, August 29, 1988.

In a career spanning nearly 50 years, 
the last 20 years spent with Eli Lilly, 
Kavanagh repeatedly showed ability in 
conceiving theories and practices for 
microbiological assays of antibiotics and 
vitamins in pharmaceutical and agri
cultural commodities. His numerous 
publications as well as scientific instru
ments and electronic devices he con
structed for use in industry and medi
cine are testimonials to his efforts.

During his career, Kavanagh first 
analyzed steel and paint. He then 
worked on the many problems of in
creasing yields of antibiotics. This in
volved shake-flask investigations and 
pilot plant work with the new media 
and strains of the producing organisms. 
As he neared his retirement from Eli 
Lilly in 1973, he was concerned, almost 
exclusively, with the theory and prac
tice of assaying for antibiotics and v i
tamins, with instrument design, and 
with the development of new assays.

Within a career marked by accom
plishments, 4 are particulary notewor
thy for their contributions to the ad
vancement of analytical methodology:
(1) Kavanagh was a codeveloper of the 
AutoTurb system, an automated mi
crobiological assay now widely used 
throughout the pharmaceutical indus
try for both antibiotic and vitamin as
says and in the agricultural industry for 
certain feed assays; (2) he was both ed
itor of and contributor to the books that 
organized the emerging use of analytical 
microbiology both theoretically and 
practically: Analytical Microbiology, 
Vol. 1, 1963, Academic Press, New 
York, NY, and Analytical Microbiol
ogy, Vol. 2,1972, Academic Press, New 
York, NY; (3) he developed microbiol
ogical turbidimetric assays for monen- 
sin and tylosin in feeds; and (4) he was 
the author of a series of papers that deal 
with the theory of microbiological as
says and apply mathematical and the
oretical concepts to explain microbio
logical measurements.

Kavanagh’s interest in the design of 
analytical instruments deserves special 
emphasis. Beginning in 1936 with a pH 
meter, consisting of electrometer, glass 
electrode, and reference cell, he built his 
own instruments at a time when com
mercial instruments were rare and rel
atively expensive. He was a consultant 
in instrument design to Klett Manufac
turing for 30 years, designing the Klett 
Huorimeter as well as a power supply, 
precision current measuring system, and 
conductivity bridge for the Klett elec
trophoresis equipment. For Eli Lilly, he 
not only codesigned the AutoTurb sys
tem but also designed photometers with 
self-balancing potentiometers for mea
suring turbidity of bacterial suspen
sions, a large plate assay system and 
reader, a recording scanner for measur
ing radioactivity in the spots on 2-di- 
mensional paper chromatograms, and a 
Petri dish diffusion assay system that 
employed a special high precision in
cubator for the plates.

Kavanagh’s career in analytical mi
crobiology was also distinguished by a 
position he held for nearly 10 years at 
the New York Botanical Garden where 
he found, isolated, and characterized 
antibiotics produced by Basidiomy- 
cetes. He collaborated with Dr. Richard 
Goodwin on fluorescence of coumarin 
derivatives and identified scopoletin as 
a blue fluorescing substance in root tips 
by means of its characteristic fluores
cence vs pH curve. Bom on May 24, 
1908, Kavanagh received A.B. and A.M. 
degrees from the University of Missouri 
and a doctorate from Columbia Uni
versity in 1942. His hobbies include 
learning about history and science.

M eetin g s

May 19, 79££:NewYork/New Jersey 
AOAC Regional Section Meeting, 
Brooklyn, NY. Contact: Arthur Wait- 
king, Best Foods Research and Engi
neering Center, CPC International, Inc., 
1120 Commerce Ave, Union, NJ 07083, 
telephone 201/688-9000.

June 7, 1988: Southeast AOAC Re
gional Section Meeting, Atlanta, GA. 
Contact: Frank Allen, Environmental 
Protection Agency, Reg 4 ESD, Athens, 
GA 30613, telephone 404/546-3387.

June 20-22, 1988: Northeast AOAC 
Regional Section Meeting, Lowell, MA. 
Contact: Edmond Baratta, FDA, Win
chester Engineering and Analysis Cen
ter, 109 Holton St, Winchester, MA
1890, telephone 617/729-5700.

June 20-22, 1988: Midwest AOAC 
Regional Section Meeting, Columbia, 
MO. Contact: George Rottinghaus, 
University o f Missouri, Veterinary 
Medicine Diagnostic Laboratory, Co
lumbia, MO 65211, telephone 314/882- 
6811.

June 23-24, 1988: Pacific Northwest 
AOAC Regional Section Meeting, 
Olympia, WA. Contact: Mike Wehr, 
Oregon Department of Agriculture, 635 
Capitol St, NE, Salem, OR 97310, tele
phone 503/378-3793.

June 1988: Eastern Ontario/Quebec 
AOAC Regional Section Meeting. Con
tact: Michele Bono, HPB, Health and 
Welfare, 1001 St Laurent O, Longueuil, 
PQ J4K 1C7, Canada, telephone 514/ 
646-1353.

June 15-17, 1988: 19th Ohio Valley 
Chromatography Symposium, includ
ing a minicourse on “ Analytical Chem
istry and Regulatory Agencies,”  Miami 
University, Oxford, OH, and sessions 
on bioanalytical, hybrid techniques, and 
recent developments, Hueston Woods 
State Park Lodge, OH. Contact: Rich
ard A. Day, Department of Chemistry, 
University of Cincinnati, OH 45221.

August 29-September 1,1988: 102nd 
AOAC Annual International Meeting 
and Exposition, spotlight on “ Biotech
nology,” The Breakers, Palm Beach, FL. 
Contact: Margaret Ridgell, AOAC, 1111 
N 19th St, Suite 210, Arlington, VA 
22209, telephone 703/522-3032.

October 25-28, 1988: First Com
bined FGD and Dry S02 Control Sym
posium, Adam’s Mark Hotel, St. Louis, 
MO. Sponsored by U.S. Environmental 
Protection Agency and Air and Energy 
Engineering Research Laboratory. Con
tact: Sharon Luongo, Electric Power 
Research Institute, 3412 Hillview Ave, 
PO Box 10412, Palo Alto, CA 94303.

October 30-November 4, 1988: 
FACSS XV (Federation of Analytical 
Chemistry and Spectroscopic Soci
eties), Hynes Convention Center, Bos
ton, MA. Contact: Roger Gilpin, De
partment of Chemistry, Kent State 
University, Kent, OH 44242, telephone 
216/672-2032.

September 25-28,1989:103rd AOAC 
Annual International Meeting and Ex
position. The Clarion Hotel, St. Louis, 
MO. Contact: Margaret Ridgell, AOAC, 
1111 N 19th St, Suite 210, Arlington, 
VA 22209, telephone 703/522-3032.

September 10-13,1990:104th AOAC 
Annual International Meeting and Ex
position, The Clarion Hotel, New Or
leans, LA. Contact: Margaret Ridgell,
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C O M E  T O

AT THE BREAKERS,  PALM BEACH,  FLORIDA 
AUGUST2 9  - SEPTEMBER 1 , 1 9 8 8

The Spotlight Symposium on B IO T E C H N O L O G Y  - Chairman: D.M . Hinton

Laboratory Information Management Systems (LIMS) - Chairmen: J.J. Karr and
H. Morris

Fertilizer Phosphate Evaluation and Analysis - Chairmen: F. Johnson and J.R. Trimm 
Drug Residues in Foods of Animal Origin - Chairmen: W.A. Moats and B. Shaikh 
Pesticides in Foods - Chairman: P. Corneliussen

Over 200 technical poster presentations
on topics such as Pesticides Formulations 
and Disinfectants; Foods; Residues; Micro
biology; Feeds, Fertilizers and Related 
Topics; Drugs and Related Topics; 
Hazardous Substances in Waste and the 
Environment.

Open Forum
Regulatory Roundtable: Safety - 

The 1986-87 OSHA Regs 
Laboratory Quality Assurance Short Course
Laboratory Equipment and Supplies 

Exposition
Speaker: Wiley Award winner — D r. F red er ick  K avan agh , eminent 
analytical chemist, microbiologist and instrument designer.

For further information, contact: Administrative Manager, AOAC, 
1111 N. 19th St., Ste. 210, Arlington, VA 22209, or call (703) 522-3032.

—<
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AO AC, 1111 N 19th St, Suite 210, Ar
lington, VA 22209, telephone 703/522- 
3032.

Short Courses
For the 25th summer, short courses 

in powder diffraction and x-ray spec
trometry will be offered at the State 
University of New Y ork at Albany. Both 
courses are tutorial and develop the en
tire field of chemical analysis. The course 
in powder diffraction, scheduled June
20-July 1, 1988, will emphasize quan
titative methods of analysis, and the 
course in x-ray spectrometry, scheduled 
June 6-August 19, 1988, will concen
trate on mathematical and computer 
methods to solve the matrix problem 
and probe into in-depth problems of the 
advanced spectroscopist. For course de
scriptions, specific dates, costs and en
rollment information, contact the De
partment of Physics, State University 
of New York at Albany, 1400 Wash
ington Ave, Albany, NY 12222, tele
phone 518/442-4512.

AO AC Board Approves New 
Collaborative Study Protocol

The AO AC Board of Directors at its 
January 7, 1988, meeting approved a

new protocol for the design, conduct, 
and interpretation of collaborative 
studies as recommended by the Com
mittee on Interlaboratory Studies. The 
new protocol replaces some of the ma
terial in the AOAC Handbook and in 
the Youden-Steiner Statistical Manual, 
although much of these documents is 
still valid and valuable. The new pro
tocol recommends the minimum anal
ysis of 5 materials by 8 laboratories. For 
calculating within-laboratory repeat
ability, blind duplicates or Youden pairs 
(split levels) are recommended. Certain 
exceptions are permitted under speci
fied conditions. The statistical analysis 
should be conducted on valid data by 
a 1 -way analysis of variance, removing 
outliers by the Cochran test for extreme 
variance and the Grubbs tests for ex
treme laboratories. The statistical pa
rameters of mean and relative standard 
deviations within- and between-labo- 
ratories should be reported both before 
and after outlier removal. Associate 
Referees are encouraged to discuss with 
the collaborators apparent outliers when 
they are reported in order to discover 
reasons for aberrations.

This protocol conforms to the rec
ommendations made by the Interna
tional Union for Pure and Applied

Chemistry (IUPAC) Workshop on Har
monization of Collaborative Analytical 
Studies, which was held in Geneva, 
Switzerland, on May 4-5, 1987. The 
recommendations of that meeting were 
approved by the Board.

The Committee on Interlaboratory 
Studies has been working on a new pro
tocol since 1980. In the course of its 
work, it consulted with many of the na
tional and international organizations 
that conduct collaborative studies. The 
Committee identified 12 points that re
quired agreement in order to make col
laborative studies interchangeable 
among organizations. Agreement was 
achieved by consensus of the represen
tatives of about 20 organizations that 
participated in the IUPAC Harmoni
zation Workshop. Collaborative stud
ies whose design, conduct, and inter
pretation conform to this agreed upon 
protocol may be identified as conform
ing to the “IUPAC-1987” recommen
dations.

The AOAC protocol was published 
in the January/February 1988 issue of 
the Journal o f the Association o f Official 
Analytical Chemists as an Appendix to 
the Report of the Committee on Inter
laboratory Studies. The more general 
IUPAC protocol will be published later

COMING IN THE NEXT ISSUE
SPECIAL R E P O R T _______________________________________________ ____________________________

•  Supercritical Fluid Chromatrography: A New Technique for the AOAC—ZX E. Knowles, B. E. 
Richter, M. B. Wygant, L. Nixon, and M. R. Anderson

F O O D  A D D ITIV E S

•  Gas Chrom atographic D eterm ination o f M onoethylene Glycol and Diethylene Glycol in Chocolate 
Packaged in Regenerated Cellulose F ilm —L. Castel, H. R. Cloke, J. R. Startin, and J. Gilbert

•  Liquid Chrom atographic D eterm ination of L-Ascorbic Acid in Candies and Soft D rinks— Y.
Maeda, S. Ochi, T. Masui, and S. M atubara

•  Com parison o f Three M ethods for Determ ination o f A'-Nitrosopyrrolidine in Fried Dry-Cured 
and Pum p-Cured Bacon—A. J. M alanoski and W. J. Sm ith

and

PROCEEDINGS OF THE W ORKSHOP ON 
LISTERIA M ETHODOLOGY

HELD AT THE 101ST AOAC ANN UAL INTERN ATION AL M EETING 
SEPTEMBER 14-17, 1987, SAN FRANCISCO, CA
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this year in the IUPAC journal, Pure 
and Applied Chemistry.

ISO Standards Published
The following standards have been 

published by the International Orga
nization for Standardization (ISO), 
Technical Committee 34—Agricultural 
Food Products. The standards are 
available, at the prices indicated, from 
American National Standards Institute, 
Inc., 1430 Broadway, New York, NY 
10018, telephone 212/354-3300.

ISO 1735-1987: Cheese and processed 
cheese products—Determination of 
fat content—Gravimetric method 
(Reference method). $22.00.

ISO 5532-1987: Durum wheat—Deter
mination of proportion of nonwholly 
vitreous grains (Reference method). 
$14.00.

ISO 5538-1987: Milk and milk prod
ucts —Sampling—Inspection by attri
butes. $30.00.

ISO 7555-1987: Soya beans—Specifi
cations. $14.00.

ISO 7556-1987: Rape (colza) seeds with 
high erucic acid content—Specifica
tions. $14.00.

ISO 7847-1987: Animal and vegetable 
fats and oil—Determination of poly

unsaturated fatty acids with a cis,cis
1,4-diene structure. $20.00.

ISO 7954-1987: Microbiology—Gen
eral guidance for enumeration of 
yeasts and molds —Colony count 
technique at 25°C. $18.00.

ISO 8262-1-1987: Milk products and 
milk-based foods—Determination of 
fat content by the Weibull-Bemtrop 
gravimetric method (Reference 
method). Part 1: Infant foods. $20.00.

ISO 8262-2-1987: Milk products and 
milk-based foods—Determination of 
fat content by the Weibull-Bemtrop 
gravimetric method (Reference 
method). Part 2: Edible ices and ice- 
mixes. $20.00.

ISO 8262-3-1987: Milk products and 
milk-based foods—Determination of 
fat content by the Weibull-Berntrop 
gravimetric method (Reference 
method). Part 3: Special cases. $20.00.

ISO 8381-1987: Milk-based infant 
foods—Determination of fat content 
by the Roese-Gottlieb gravimetric 
method (Reference method). $25.00.

ISO 8682-1987: Apples—Storage in 
controlled atmospheres. $20.00.

New Private Sustaining Members
AOAC welcomes the following new

private sustaining members: Cam-

bridge/Naremco, Springfield, MO; 
Chesebrough-Pond’s, Trumbull, CT; 
Swift-Eckrich, Oak Brook, IL; Penicil
lin Assays, Malden, MA; and Oxoid
U.S.A., Columbia, MD.

Industry to Participate Fully in AOAC 
Voting

After years of debate on this question, 
the AOAC membership voted to make 
significant changes in its bylaws to en
able members employed by industry to 
participate fully in association voting 
and governance. The vote took place at 
the Business Meeting held September 
17, 1987, at the 101st Annual Inter
national Meeting in San Francisco, CA.

Industry has been an active partici
pant in AOAC’s analytical methods de
velopment and validation program since 
the establishment of the association in 
1884 as the Association of Official Ag
ricultural Chemists to approve stan
dardized methods for regulatory anal
ysis. Although unable, until now, to vote 
on adoption of methods or serve as of
ficers of the association, industry mem
bers have served as Associate Referees, 
as collaborators, on special committees, 
and, since 1980, as General Referees 
and on Methods Committees.

According to AOAC’s new President,

IMPORTANT DEADLINE! 
NOTE IT O N  YOUR  
1988 C A LEN D A R .

For the 102nd AOAC Annual International Meeting, Palm Beach, 
Florida, August29-September 1,1988.

A b stra c ts  A p ril 20 ,1988

F or m o r e  in fo rm a t io n ,  c o n t a c t :  A d m in is tr a t iv e  M a n a g e r ,  A O A C ,
1111 N. 19th S tr e e t ,  S u ite  210 , A rlin g to n , V A  2 2 2 0 9  o r  c a l l  7 0 3 -5 2 2 -3 0 3 2 .
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Quality Assurance Means 
Never Having to Say You’re Sorry

A ttend  the
AOAC Q U A L IT Y  A SSU R A N C E S H O R T  C O U R SE

Take this intensive comprehensive two-day course on p la n n in g , design ing , a n d  m anag ing
a laboratory quality assurance (QA) program.
LEARN
•  How to organize and document a QA program
•  Why you should commit the necessary resources
•  What it will cost

COURSE PROGRAM
First Day
I Q A — Planning and M an agem en t
II B a sic  S ta tistics  — A p p lication s in Q A
III A nalytical C ontro l C harting
IV  Personnel M an agem en t — R ole  in Q A
V  E quipm ent and Su pplies M an agem en t
V I G eneral D iscu ssion  and R eview

Second Day
V II Q A  in Sam p ling
V III  Q A  in Sam p le A nalysis
IX  R ecord s and R eporting
X  P ro fic ien cy  Testing — Inter- and 

Intralaboratory
X I  Audit Procedures for QA
X II  G eneral D iscu ssion  and R eview

The popular QA manual, Q u a li ty  A s s u r a n c e  f o r  A n a ly t ic a l  L a b o r a to r ie s , is provided FREE to attendees.
Registration Fee: $475 for AOAC members, $525 for nonmembers.

REGISTER NOW! COURSE IS LIMITED TO 45 PARTICIPANTS!

REGISTRATION FORM
Please sign me up for the short course

QA for Analytical Laboratories, □  April 13-14, 1988, Arlington, Virginia
□  July 12-13, 1988, Arlington, Virginia
□  August 27-28, 1988, Palm Beach, Florida

P le a s e  Type o r  P r in t

NAME______________________________________________ TITLE_____________________________

ORGANIZATION________________________________________________________________________

ADDRESS______________________________________________________________________________

COURSE SCHEDULE

Wednesday and Thursday, April 13-14, 1988
Westpark Hotel, Arlington, Virginia.
Tuesday and Wednesday, July 12-13, 1988 
Westpark Hotel, Arlington, Virginia

Saturday and Sunday, August 27-28, 1988 
AOAC 102nd Annual International 

Meeting and Exposition 
The Breakers, Palm Beach, Florida

_____________________  "

__________________________________________________ TELEPHONE (________)_______________________________

I am enclosing: □  $475 member registration (Member No. VM_______________) □  $525 nonmember registration

Payment Must Accompany Registration

Return with payment to: AOAC QA Short Course, 1111 N. 19th Street, Suite 210-J, Arlington, Virginia 22209 
(AOAC reserves the right to cancel courses at any time.)

For additional information, contact Margaret Ridgell at AOAC. (703) 522-3032.
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Robert Rund, “By our actions . . .  in 
San Francisco, the barrier within our 
bylaws to full membership was re
moved. . . .  No longer must we desig
nate some as ‘Associate M embers’ 
without the privilege of suffrage or the 
right to various offices.”

This change, long favored by many 
members in government, academia, and 
industry, was also urged by FDA As
sociate Commissioner for Regulatory 
Affairs, Joseph Hile, in his address at 
the 1985 AO AC Annual International 
Meeting.

AOAC’s two membership classifica
tions, one for government and acade
mia and another for industry, have been 
replaced with one classification open to 
all chemists, biologists, and other sci
entists and organizations otherwise el
igible for membership in the associa
tion. This change grants full voting 
privileges, including voting on adoption 
of AOAC official methods, to all indi
vidual members. The bylaw changes also 
extend eligibility to all members to serve 
on the Board of Directors and the Of
ficial Methods Board with the require
ment that government and academia 
together maintain a majority on these 
boards. In addition, the size of the Board 
of Directors has been increased from 7 
to 9 members, and members will now 
vote on all matters other than adoption 
of methods by mail ballot.

Call for Nominations
Nominations are being sought for the 

1989 Eastern Analytical Award for 
Outstanding Achievements in Analyt
ical Chemistry. The award consists of a 
plaque and a $1000 stipend and will be 
presented at a special award sympo
sium to be held at the Eastern Analyt
ical Symposium in New York, the week 
of September 25-29, 1989. A nomi
nating letter describing the nominee’s 
specific accomplishments should be 
submitted along with a biographical 
sketch by July 1, 1988. Contact: Alvin 
Bober, State of Maryland, DHMEI, En
vironmental Chemistry Division, 201 
West Preston St, PO Box 2355, Balti
more, MD 21203.

APhA Establishes Research Institute
The American Pharmaceutical As

sociation (APhA) has announced the 
formation of the American Pharma
ceutical Institute as its new public pol

icy research arm. The Institute will con
duct and encourage policy studies on 
topics such as the changing environ
ment for the delivery of health services, 
the role and importance of the “team” 
concept in providing quality care, the 
cost-effectiveness of modem medicines 
and pharmaceutical services, the role of 
the pharmacist in the selection and 
proper use of therapeutic agents, and 
pharmacy management in integrated 
health care systems. Michael R. Pol
lard, formerly director of policy anal
ysis at the Pharmaceutical Manufactur
ers Association, has been appointed 
executive director.

Interim Methods
The following methods have been ap

proved interim official first action by 
the respective methods committees and 
by the chairman of the Official Methods 
Board: by the Methods Committee on 
Pesticide Formulations and Disinfec
tants—(1) Gas Chromatographic Meth
od for Determination of Fenitrothion 
in Fenitrothion Technical and in Water- 
Dispersible Powder and Emulsifiable 
Concentrate Formulations, submitted 
by D. L. Mount and F. C. Churchill 
(Centers for Disease Control, Atlanta, 
GA) and (2) Liquid Chromatographic 
Method for Determination of Azin- 
phos-Methyl in Formulated Products, 
submitted by S. C. Slahck (Mobay Corp., 
Kansas City, MO); and by the Methods 
Committee on Feeds, Fertilizers, and 
Related Topics —Gas Chromato
graphic Method for Assay of Supple
mental Vitamin E Acetate Concen
trates, submitted by M. P. Labadie and
C. E. Boufford (BASF Corp., Wyan
dotte, MI).

The methods will be submitted for 
adoption official first action at the 102nd 
AOAC Annual International Meeting, 
Aug. 29-Sept. 1, 1988, at Palm Beach, 
FL. Copies of the methods are available 
from the AOAC office.

Obituaries
Jacob Fitelson, 82, a Fellow of the 

AOAC and retired research chemist of 
the Food and Drug Administration, died 
recently at his home in West Palm 
Beach, FL.

Fitelson worked 25 years with FDA 
before his retirement as Chief Chemist 
in 1951. Most renowned for his work

in oils, he developed tests to detect the 
adulteration of olive oil. During World 
War II, he persuaded the sole supplier 
of squalene, a naturally occurring hy
drocarbon, to add an innocuous mark
er. When this was detected in oils in the 
marketplace, many seizures were made. 
His testimony in the subsequent court 
case was the first use of spectrophotom
etry to show the presence of a specific 
entity in a product.

He also established his own private 
testing and analytical laboratory and 
became a consultant to the Flavor and 
Extract Manufacturers Association. As 
Associate Referee for Vanilla Products, 
he essentially rewrote the AOAC chap
ter on the analysis of vanilla extract. He 
contributed at least six official methods, 
updating the official procedures by us
ing modem analytical techniques. He 
was a member of the original group 
elected as Fellows of the AOAC in 1963 
when the title was established.

Alexander P. Mathers, 76, past pres
ident of the AOAC and nationally 
known chemist, died November 14, 
1985, at the North Carolina Baptist 
Hospital in Winston-Salem following a 
stroke he suffered during traveling. He 
lived in Matherville, MS.

Mathers spent most of his career with 
the U.S. Department of the Treasury, 
Bureau of Alcohol, Tobacco and Fire
arms, beginning as a chemist in 1941 
and serving as Chief Chemist from 1962 
until his retirement in 1973. He served 
as president of AOAC in 1967-1968.

After his retirement, Mathers re
turned to his native Matherville, where 
he established the Almarla Vineyards 
and Winery and was among the pi
oneers in the reestablishment of a viable 
wine industry in Mississippi. He was a 
graduate of the University of Florida 
and also earned the Master of Science 
degree in chemistry from Tulane Uni
versity and the Doctor of Philosophy 
(Ph.D.) in chemistry from George 
Washington University.

The author of more than 30 scientific 
papers, Mathers received the Internal 
Revenue Service Gallatin Award and 
the Meritorious Service Award of the 
U.S. Treasury Department. After his re
tirement, he was a consultant to the Er
nest and Julio Gallo Winery in matters 
of Food and Drug Administration and 
Treasury Department regulations.
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BOOKS IN BRIEF

A n a ly s is  o f  S u r fa c e  W a te r s . By Hubert 
Hellmann. Published by John Wiley 
& Sons, Inc., One Wiley Dr, Som
erset, NJ 08873, 1987. 275 pp. Pnce: 
$89.95 (hardcover). ISBN 0-7458- 
0213-3.

The complex task of analyzing sur
face waters is reviewed for the impor
tant provisos for a thorough presenta
tion of results from surface water 
investigations, including attention to the 
water body itself, interactions with at
mosphere, soils, and sediments, impor
tance of hydrological factors, and 
meaningful expoitation of the numeri
cal data.

A p p lic a t io n s  o f  M a s s  S p ec tr o m e tr y  in  
F o o d  S c ie n c e . Edited by John Gil
bert. Published by Elsevier Scientific 
Publishers, Inc., PO Box 211, 1000 
AE Amsterdam, Netherlands, 1987. 
440 pp. Price: $108.00 (hardcover). 
ISBN 1-85166-081-X.

A number of specialized applications 
are drawn together, including long-es
tablished techniques like GC/MS to the 
newer LC/MS and MS/MS, capillary 
chromatography, and computer data 
handling. The many illustrations de
scribe analyses of a wide range of food 
contaminants and food constituents.

T h e  A rt o f  S c ie n t if ic  W r itin g . Hans Ebel,
C. Bliefert, and W. E. Russey. Pub
lished by VCH Publishers, 220 E 23rd 
St, New York, NY 10010, 1987. 450 
pp. Price: $24.95 (paperback), ISBN
0-89573-645-4; $59.95 (cloth-
bound), ISBN 0-89573-495-8.

The years of experience of the authors 
as authors themselves and as teachers 
and editors range from initial notes tak
en in chemistry laboratories to full 
manuscript preparation. The authors 
describe the tools and materials used in 
scientific writing, guide the reader on 
correct use of units and symbols, for
mulation of equations, and best use of 
tables and figures. The many cross ref
erences and extensive index aid the 
daily work of authors and editors in 
publishing.

P r in c ip le s  o f  E n v ir o n m e n ta l S a m p lin g .
Edited by Lawrence H. Keith. Pub
lished by American Chemical Soci
ety, 1155 Sixteenth St NW, Wash
ington, DC 20036, 1987. 458 pp. 
(clothbound). Price: $59.95 (U.S. and 
Canada); $71.95 (export). ISBN
0-8412-1437-9.

Sampling may be the weakest link in 
the chain of analytical activities. The 
30 chapters discuss overall principles, 
planning and design, quality assurance, 
and quality control for sampling water, 
air and stacks, biota, solids, sludges, and 
liquid wastes. Also discussed are insta
bility of samples, and problems of 
transport and storage.

A d v a n c e s  in  S ta n d a r d s  a n d  M e th o d o l
o g y  in  S p e c tr o p h o to m e tr y . Edited by
C. Burgess and K. D. Mielenz. Pub
lished by Elsevier Science Publishers, 
PO Box 211,1000 AE Amsterdam, 
Netherlands, 1987. 404 pp. Price: 
$95.00/Dfl. 195.00. ISBN 0-444- 
42880-1.

Proceedings from a conference in 
1986 include interdisciplinary papers 
on high accuracy spectrometry, stan
dards and calibration, modem spec
trometry instrumentation arrays and 
lasers, new trends in Fourier Transform 
and IR spectrometry, and poster ab
stracts.

S e le c t iv e  S a m p le  H a n d lin g  a n d  D e te c 
t io n  in  H ig h - P e r f o r m a n c e  L iq u id  
C h ro m a to g r a p h y . Edited by R. W. 
Frei and K. Zech. Published by El
sevier Science Publishers, PO Box 
211, 1000 AE Amsterdam, Nether
lands, 1987. 460 pp. Price: $117.00/ 
Dfl. 240.00. ISBN 0-444-42881-X.

Sample handling and detection pro
cesses in an LC system are treated in an 
integrated fashion. Selectivity and trace 
enrichment in the sample preparation 
step place fewer demands on the quality 
of chromatography; on the other hand, 
by using a selective detection mode, the 
sample handling step can be simplified 
and automated.

P re p a r a tiv e  L iq u id  C h ro m a to g r a p h y .
Edited by B. A. Bidlingmeyer. Pub
lished by Elsevier Science Publishers, 
PO Box 211, 1000 AE Amsterdam, 
Netherlands, 1987. 330 pp. Price: 
$97.50/Dfl. 200.00. ISBN 0-444- 
42832-1.

A focus on practical applications, and 
an understanding of the strategy and re
lationship between input and output is 
applied to isolation and purification 
problems, including efficiency of large 
scale packed bed columns, pharma
ceutical, synthetic, and biochemical ap
plications, enantiomers on chiral sta
tionary phases, and size exclusion 
chromatography.

H a n d b o o k  o f  N a tu r a l P e s t ic id e s :  P h e r 
o m o n e s . Edited by Bhushan Manda- 
va. Published by CRC Press, Inc., 
2000 Corporate Blvd NW, Boca Ra
ton, FL 33431, 1988. Part A -2 2 4  
pp. Price: $140.00 (U.S.), $172.00 
(outside U.S.), ISBN 0-8493-3657-0. 
Part B—368 pp. Price $155.00 (U.S.), 
$ 172.00 (outside U.S.), ISBN 0-8493- 
3658-0.

Chapters are included on phero
mones produced by Lepidoptera, Co
leóptera, Díptera, Hymenoptera, and 
Isoptera, and the perception of odor and 
the function of molecular structure in 
understanding odor perception.

E scherich ia  c o li  a n d  S a lm o n e lla  typ h i-  
m u riu m : C e llu la r  an d  M o le c u la r  B i
o lo g y . Editor-in-Chief Frederick C. 
Neidhardt. Published by American 
Society for Microbiology, 1913 Eye 
St NW, Washington DC 20006, 
1987. Two volumes, 1654 pp. Price: 
softcover $66.00 (member), $90.00 
(nonmember), ISBN 0-914826-85-1; 
hardcover $76.00 (member), $100.00 
(nonmember), ISBN 0-914826-89-1.

This comprehensive treatment of the 
two bacteria comprises all the impor
tant data, maps, pathways, structures, 
and processes culled from many pri
mary references, as well as reviews to 
place information into perspective and 
to note where new information and un
derstanding are needed. Volume I in 2 
parts discusses molecular architecture 
and assembly of cell parts, and metab
olism and general physiology. Volume 
II in 4 parts discusses genome and ge
netics, regulation of gene expression, 
growth of cells and cultures, and ecol
ogy evolution and population structure.

P r o c e e d in g s  — I n te r n a t io n a l  C o m m is 
s io n  for  U n ifo r m  M e th o d s  o f  S u g a r  
A n a ly s i s ,  1 9 th  S e s s i o n ,  Cannes, 
France, 1986. Published by ICUM- 
SA, % British Sugar pic, Research 
Laboratories, Colney, Norwich NR4 
7UB, England. Price: £28. ISBN
0-905003-1 1-X.

Reports on 31 subjects are included, 
each concerned with one particular field 
of sugar analysis, along with the Referee 
recommendations. Special discussion 
topics include statistics and interlabo
ratory tests, chromatographic and en
zymatic analysis, cooperation with oth
er organizations, and future work of 
ICUMSA.
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A O A C  

M E E T I N G S  

&  E X P O S I T I O N S

March 29,1988
MID-CANADA REGIONAL SECTION

Winnipeg, Manitoba, Canada 
Topic: Troubleshooting and 

Capillary Gas Chromatography

June 20-22,1988
MIDWEST REGIONAL SECTION

Holiday Inn West, Columbia, MO

May 19,1988
NEW YORK-NEW JERSEY 

REGIONAL SECTION
Fort Hamilton Officer’s Club,

Brooklyn, NY

June 23-24, 1988 
PACIFIC NORTHEWST 
REGIONAL SECTION

(with speaker, banquet and exposition) 
Evergreen College, Olympia, WA

June 14,1988
SOUTHEAST REGIONAL SECTION

Radisson Inn & Conference Center, 
Atlanta, GA

' ■ ' g§+ ...

June 1988
EASTERN ONTARIO-QUEBEC 

REGIONAL SECTION

June 20-22,1988
NORTHEAST REGIONAL SECTION

Lowell University, Lowell, MA

August 29-September 1,1988 
102nd ANNUAL INTERNATIONAL 

MEETING & EXPOSITION
The Breakers, Palm Beach, FL 

Program: Analytical Methodology 
including spotlight on Biotechnology

F o r  f u r t h e r  in f o r m a t io n ,  c o n ta c t:  The AO AC M eetings D epartm ent, 
AO AC, 1111 N . 19th S t., S te . 210, A rlington, V A  22209, or call in the  
U .S . (703) 522-3032 or outside the U .S . +1-703-522-3032.
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ELIMINATING CAN DEFECTS—THE FIRST STEP

How ca n  w e k ee p  defective  c a n s  off 
the m arke t?

Botulism  an d  o th er fo rm s of food 
poisoning ca n  so m e tim e s  b e  trac ed  to 
defective  c a n s  th a t hav e  leaked  an d  
th e reb y  allow ed m icro-organism s to 
e n te r  food. R ecognizing  a  ca n  defect, 
doing so m eth in g  to  co rrec t th e  c a u se , 
an d  rem oving th e  defective  c a n s  from 
co m m erce  will help  p reven t food 
po isoning  o u tb reak s . T h e  first s te p  is 
to e n su re  th a t resp o n sib le  personnel 
know  how  to  identify defective 
ca n s .

T he A ssociation  of Official Analytical 
C hem ists , in coopera tion  with th e

Food an d  Drug A dm inistration, h a s  
pub lished  a  p am ph le t th a t unfolds to a  
24" x  36" chart, su itab le  for wall 
d isplay , to help  food industry  p e rso n 
nel learn  to identify ca n  d e fe c ts  qu ick
ly. T he ch a rt u s e s  a  com bination  of 
p h o to g rap h s , easy-to-follow  ex p lan a 
tions, an d  color coding to illustrate 
can  d efec ts , c lassify  th em  acco rd ing  
to  their d e g re e  of potential hazard , 
and  show  w hat to look for in routine 
inspection  of th e  fin ished product.

T he ch a rt is a  valuab le  re fe ren ce  
re so u rc e  for food p ro c esso rs , sa lv ag e  
op era to rs , retail food perso n n el, 
w h o lesa le rs  an d  s ta te  an d  local gov
ern m en t san ita rian s.

For co p ie s , s e n d  o rd e r form  an d  
c h e ck  to:
Association of Official Analytical 
Chemists
1111 North 19th S tree t, S u ite  210  
Arlington, VA 22209  USA 
T elephone: (703) 522-3032

M inimum O rder:
1 p a c k a g e  of 10 c h a r ts  
$ 4 0 .0 0  p lus $ 4 .0 0  p o s ta g e

S e c o n d  p a c k a g e  
$ 3 0 .0 0  p lus $ 4 .0 0  p o s ta g e

E ach  add itional p a c k a g e  
$ 2 5 .0 0  p lus $ 4 .0 0  p o s ta g e

I enclose $--------------- Minimum order: ____ First package of 10 charts® $40.00 plus $4.00 postage $.
for the following quantity
of Can Defects charts: _____Second package of 10 charts @ $30.00 plus $4.00 postage

____ Additional packages of 10 charts @ $25.00 plus $4.00 postage

Total
N a m e

C o m p a n y

A d d re s s

C ity . S ta te . Z ip
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IN FO R M A T IO N  FOR SUBSCRIBERS, CONTRIBUTORS,  
AND  ADVERTISERS

THE ASSOCIATION
T h e  p rim ary o b je c tiv e  o f  the A ssociation  

o f  O fficial A nalytical C h em ists (A O A C ) is to 
ob ta in , im p rov e, develop, test, and adopt 
precise, accu rate , and sen sitiv e m eth od s for 
analysis o f  foods, v itam in s, food additives, 
pesticides, drugs, co sm etics, p lants, feeds, 
fertilizers, hazardous su bstances, a ir, w ater, 
and any oth er products, su bstan ces, or phe
n om en a affecting the public health  and safe
ty. the eco n o m ic  p ro tection  o f  the consu m er, 
or the p ro tection  o f  the qu ality  o f  the en v i
ron m en t; to  prom ote u n iform ity  and reli
ability  in th e statem en t o f  analytical results; 
to p rom ote, cond u ct, and encourage research 
in the analy tical scien ces related  to  foods, 
drugs, agriculture, the en v iron m en t, and reg
ulatory control o f  com m od ities in these fields; 
and to afford op portu nity  for the d iscussion 
o f  m atters o f  in terest to  scien tists engaged in 
relevan t pursuits.

A O A C  O ffic ia l M e th o d s  are m ethod s that 
have been validated  by an A O A C -approved  
co llab orativ e  study, recom m en d ed  by the 
appropriate A O A C  G eneral R eferee, M eth 
ods C o m m ittee , and the O fficial M eth od s 
B oard , and adopted  and published  accord ing 
to the Bylaw s o f  the A ssociation . Published  
papers that include such m eth od s are d istin 
guished by the w ords C o llab orativ e  Study in 
the title  and by footn otes that in d icate  A s
so cia tion  actions.

M e m b e rsh ip  in A O A C  is open to all in 
te re s te d  p e rso n s  w o rld w id e . S u s ta in in g  
m em bersh ip s are availab le  to any govern
m ent agency, p rivate com pan y, or asso cia 
tion  interested  in supporting an independent 
m ethod s validation  program .

E u ro p ea n  R e p re se n ta tiv e s  F o r  in fo rm a
tion  abo u t A O A C  and its pu blication s, per
sons ou tside the U .S . m ay also co n tact the 
follow ing: M argreet Lauw aars, PO  B ox  153, 
6 7 2 0  A D  B en n eko m . T h e  N etherland s, te le 
phone 3 1 -8 3 8 9 -1 8 7 2 5 ; D erek  C . A bb ott, 
G reen  G ables, G reen  L n, A shtead . Surrey, 
K T 2 1  2 JP , U K , telephone 4 4 -3 7 2 2 -7 4 8 5 6 ; 
Lars A p p elqv ist, Sw edish U n iv ersity  o f  Ag
ricultural Sc ien ces, D ep t o f  F o o d  H ygiene, 
S 7 5 0  0 7  U p psala, Sw eden, telephone 4 6 -
1 8 -1 7 2 3 9 8 .

THE JOURNAL
T h e  J o u rn a l o f  th e  A sso c ia tio n  o f  O ffic ia l 

A n a ly tic a l C h e m is ts  (ISS N  0 0 0 4 -5 7 5 6 )  is 
published b im onthly  by A O A C , 1111 N 19th 
S t. Su ite  2 1 0 , A rlington , V A  2 2 2 0 9 . Each 
volum e (one calendar year) will contain  about 
1200  pages. T h e  scope o f  the J o u rn a l  en 
com p asses the d ev elop m en t and validation  
o f  analy tical procedures pertaining to  the 
physical and b io log ical scien ces related  to 
food s, drugs, agriculture, and the en v iro n 
m ent. E m p h asis is on research and d evel
op m en t o f  precise, accu rate, and sen sitive 
m eth od s for the analysis o f  food s, food ad 

d itives and supplem ents, con tam in an ts, co s
m etics, drugs, toxin s, hazardous substances, 
pesticides, feeds, fertilizers, and the en v iron 
m ent.

M e th o d s  T h e  scien tific validity  o f  pub
lished  m eth od s is, o f  course, evaluated  as 
part o f  the peer-review  process. H ow ever, 
unless otherw ise stated, m eth od s published 
in con tribu ted  papers in the J o u rn a l have 
n ot been adopted  by A O A C  and are not 
A O A C  O fficial M ethod s.

M a n u sc r ip ts  Prepare m anu scrip ts d ouble
spaced throughout and carefu lly  revise be
fore su bm ission ; 4  cop ies should  be su bm it
ted to M anaging E ditor, A O A C , 1111 N  19th 
St, Su ite 2 1 0 , A rlington , V A  2 2 2 0 9 . A O A C  
reserves the right to refuse m anu scrip ts pro
duced on d ot m atrix  printers o f  less than 
letter qu ality . “ In stru ction s to  A u thors” is 
published in the Jan u ary  issue o f  the J o u rn a l  
(m ay also appear in o th er issues) and is a v ail
able on request from  A O A C .

P a g e  C h a rg es  C ontribu ted  m anuscripts 
accepted  for p u blication  after peer review  are 
su b ject to a charge o f  U S $ 4 0  per printed 
page. P aym en t is not a co n d ition  o f  p u bli
cation . R equ ests for w aiver m ay be sent to 
the M anaging E d itor by the ad m in istrative 
officer o f  the au th or’s institu tion . R ep orts o f  
co llab o ra tiv e  studies perform ed in pursuit o f  
approval o f  A O A C  official m ethod s are ex
em pt from  page charges.

R e p r in ts  A u thors m ay order reprints o f  
articles w hen they return typeset proofs. An 
order form  and schedule o f  rates is included 
w ith each au th or proof. R ead ers w ho wish 
to ob ta in  indiv idual reprints should contact 
auth ors directly .

R e sp o n s ib ility  A O A C  and the E d itors as
sum e no respon sibility  for statem en ts and 
op in ion s expressed by auth ors o f  m anu
scrip ts published  in the Jou rn al.

SUBSCRIPTIONS
J o u rn a l  su bscrip tions are sold by the vol

um e (one calend ar year). R a tes for 1988 are 
as follow s: M em b ers: $ 8 4 .5 7  in U .S .; $ 9 4 .5 7  
ou tside U .S . N o n m em bers: $ 9 9 .5 0  in U .S .; 
$ 1 0 9 .5 0  ou tside U .S . T w o year su bscrip tions 
are also  available . A irm ail $ 5 6 .0 0  additional 
per year. C la im  for copies lost in the m ail 
will not be allow ed unless received  w ithin 
30  days o f  the date o f  issue for U .S . sub
scribers or 9 0  days for all others. C laim an ts 
m ust state that the pu blication  was not re
ceived  at th eir recorded address. A ddress re
quests for replacem ent copies to A O A C , 1111 
N 19th S t, Su ite 2 1 0 , A rlington, V A  2 2 2 0 9 . 
F o r su bscribers ou tside the U .S ., copies o f  
the J o u rn a l  lost in tran sit can n o t be replaced 
w ithout charge because o f  uncertain m ailing 
cond ition s.

C h a n g e  o f  A d d re ss  N otificatio n  should in 
clude both  old and new addresses, w ith m ail 
code, and be accom p an ied  by a m ailing label 
from  a recent issue. A llow  4  w eeks for change

to becom e effective. Su bscribers ou tside the
U .S . should use a irm ail for n otification .

M ic r o f i lm  V o lu m e s  on  m ic r o film  are  
av ailable  from  P rin ceton  M icrofilm  C orp., 
PO  B ox  2 0 7 3 , P rin ceton , N J 0 8 5 4 0 .

S in g le  Issu es  In fo rm atio n  on single issues 
is av ailab le  from  A O A C .

COPYING
C o p y rig h t A ll artic les published in the 

J o u rn a l are protected  by copyright. Persons 
requiring copies o f  J o u rn a l  articles beyond 
the nu m ber allow ed by the fa ir use p ro v i
sions o f  the 1978  U .S . copyright law m ay 
request p erm ission  to copy d irectly  from  
A O A C  or m ay m ake the required  copies and 
pay $ 1 .0 0  per copy through the Copyright 
C learan ce C en ter, In c ., 21 C ongress S t, S a 
lem , M A  0 1 9 7 0 . A rticles w hich are copied 
and royalties paid through the Copyright 
C learan ce C en ter m ust be identified  by the 
follow ing code: 0 0 0 4 -5 7 5 6 /8 7 $ 1 .0 0 , ind i
ca tin g  th e  In te r n a tio n a l S ta n d a rd  S e ria l 
N u m ber assigned to J. A ssoc. Off. A n a l. 
C h em ., the year, and the copying fee per copy. 
In fo rm ation  on the use o f  th e Copyright 
C learan ce C en ter is av ailab le  from  the C en 
ter.

P le a se  N o te  E xcep t for photocop ies pre
pared as d escribed  above, no part o f  this 
J o u rn a l  m ay be reproduced in any form  or 
stored in any m icro form  or electron ic  form  
w ithout the w ritten p erm ission  o f  the A s
sociation .

ADVERTISING
P la c e m e n t  A ll space reserv ation s and all 

ad vertising copy are due 1 'h m on th s in ad
vance o f  pu blication  at A O A C , 1111 N 19th 
St, Su ite 2 1 0 , A rlington , V A  2 2 2 0 9 . A d v er
tising inserted  3 , 6 , or 12 tim es w ith in 1 year 
o f  first insertion  earns frequency d iscount 
rates. C o n tact M arilyn T au b , A O A C , for size 
requirem ents and schedule o f  rates.

P o lic y  A dv ertisin g is prepared by the ad 
vertisers and has been review ed for co m p li
ance w ith the A O A C  P olicy  on A dvertising 
in A ssociatio n  P u blicatio n s. A O A C  publi
cation  o f  an ad v ertisem en t is n ot an en 
d orsem en t or approval, expressed  or im 
plied, by the A ssociatio n  or the E d itors o f  
any serv ice, product, o r cla im  m ade by the 
m anufacturer.

N e w  P ro d u c ts  N o tices o f  new products are 
prepared from  literatu re received  from  m an 
ufacturers and o th er co m p an ies and are pu b
lished only  as a serv ice to  readers. P u blica
tion o f  notices o f  new products is not intended 
as an A O A C  en d orsem en t or approval o f  any 
service, product, o r cla im  m ade by the m an 
ufacturers.
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FOCUS ON SAMPLING____________________________

Sampling and Preparation of Sample for Chemical Examination

WILLIAM HORW ITZ
F o o d  a n d  D ru g  A d m in is tr a tio n , C e n te r  f o r  F o o d  S a fe ty  a n d  A p p l ie d  N u tr itio n , W a sh in g to n , D C  2 0 2 0 4

Sampling and methods for reducing a laboratory sample to a test 
sample are discussed, with particular emphasis on sampling peanuts 
for aflatoxin analysis as a practical example. The only way to control 
the total error in the analysis of this heterogeneous product is to take 
and to analyze many and large samples.

W hat happens to  a labo ra to ry  sample between the tim e  i t  is 
subm itted  and the tim e  the chem ist opens the test sample 
and proceeds to  rem ove a test p o rtio n  fo r  analysis? R em em 
ber w hat a labo ra to ry  sample is —anyth ing  tha t is sent to  the 
labo ra to ry  is a labo ra to ry  sample. P ractica lly  anyth ing  can 
be a labo ra to ry  sam ple—a carton o f  eggs, a waterm elon, ro t
ten fish, ra t pellets. Som etim es i t  m ig h t be 50 lb  o f  m ateria l. 
A  chem ist cannot analyze 50 lb  since labo ra to ry  operations 
are scaled to  gram quantities o r at m ost to  about 100 g test 
portions. The prob lem  then is to take tha t labo ra to ry  sample 
as i t  is subm itted  and reduce it  to  a test sample fo r  analysis, 
w h ile  m a in ta in in g  the essential properties o f  the o rig ina l lab 
ora to ry  sample.

P articu la r problem s occur when the o rig in a l p roduc t is 
segregated, o f i f  the labo ra to ry  sample cannot be kept ho 
mogeneous. Then the labo ra to ry  m ust make a homogeneous 
mass from  the heterogeneous mass so tha t any test po rtion  
taken fro m  the test sample is the same as any o ther test 
po rtion .

Once the analysis is started, any fu rth e r reduction  in  v o l
um e is pa rt o f  the ana lytica l process, bu t reduction  o f  the 
labo ra to ry  sample to  a test sample is a pa rt o f  the sam pling 
process tha t is under labo ra to ry  con tro l.

Avoiding Unnecessary Analyses
Before an analysis is even started, i t  m ust be de term ined 

whether the results w ill be useful. Laboratory analysis is about 
the m ost expensive way to  ob ta in  in fo rm a tio n  on w h ich  to 
base a decision. As an illu s tra tio n , i t  costs about $50 an hour 
to m a in ta in  a Food and D rug  A d m in is tra tio n  (F D A ) chem ist 
and the necessary fac ilities. I f  an average analysis takes about 
1 day, the labo r cost alone is $400; the cap ita l investm ent 
in  labo ra to ry  in s tru m en ta tion  is ad d itiona l. Therefore, i f  the 
necessary in fo rm a tio n  can be ob ta ined in  any o ther way, the 
a lte rna tive  should be used, o r i f  the sample is flawed, analysis 
should be avoided.

F irs t, the labo ra to ry  sample m ust be scrutin ized fo r dam 
age tha t w ou ld  im p a ir  sample in teg rity . I f  such damage is 
found, the labo ra to ry  sample should no t be analyzed.

Second, v isua l exam ina tion  o f  the labo ra to ry  sample is 
o ften suffic ient to  prove a po in t. F o r exam ple, a chem ical 
exam ination  is no t required to  ve rify  tha t the labo ra to ry  
sample is wheat, rice, o r com  as stated in  the transm itta l 
docum ent; a v isual inspection w ill suffice. As another ex
am ple, the firs t th ing  tha t should be done w ith  a w h ite  powder 
o f  unknow n id e n tity  is to  exam ine i t  under a m icroscope to
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see how  m any com ponents are present and to  determ ine 
whether any com pounds, such as com m on salt, are recog
nizable from  th e ir c rysta lline  fo rm . Som etim es a photograph 
o f  the en v iro nm en t o r the m ate ria l is suffic ient evidence fo r 
a decision. O ccasionally, samples have been collected ju s t 
fo r the purpose o f  docum enting  m ovem en t in  in tersta te com 
merce o r docum enting tha t the label o f  a p roduc t has certain 
statements. In  a ll o f  these cases, no  chem ica l analysis is need
ed.

Ana lysis can be avo ided by a management decision tha t 
the records are deficient. In  the U n ite d  States, F D A  m ust 
prove tha t e ither the lo t its e lf  o r the raw  m ateria ls used in  
the p roduct m oved in  in tersta te com m erce. I f  th is  fact is no t 
docum ented fo r an o ffic ia l sample, no analysis should be 
made because o f  insu ffic ien t p ro o f o f  in tersta te com m erce 
fo r a cou rt case. D ocum en ta tion  is scru tin ized so care fu lly 
in  F D A  laboratories tha t i t  is p rac tica lly  im possib le  to  in 
stitu te  a b lin d  qu a lity  con tro l system. W e are n o t able to 
m anufacture a p roduct tha t the labo ra to ry  w ill no t recognize 
as unusual because o f  some docum enta tion , labeling, pack
aging, o r ad m in is tra tive  deficiency o r because o f  noncom 
m ercia l fo rm u la tio n . As soon as an analyst recognizes a qua l
ity  con tro l sample subm itted  fo r analysis, special care is 
expended on tha t pa rticu la r analysis.

A no the r way to avo id  an analysis is to  find  tha t the lab 
ora to ry  has no respons ib ility  fo r the product. F o r example, 
F D A  does no t regulate meat products. M ea t products m ay 
be analyzed fo r  m o n ito rin g  purposes, e.g., to  ob ta in  in fo r 
m a tion  on pesticide residues, trace elements, and con tam i
nants, but no t fo r  the purpose o f  tak ing  legal action. I f  a meat 
product is suspected o f  being v io la tive , the labo ra to ry  sample 
o f  tha t p roduct should go to  the Food Safety and Inspection 
Service o f  the U.S. D epartm ent o f  A g ricu ltu re , w h ich  has 
ju r is d ic tio n  over meat products.

A no the r reason to  avo id  analysis is lack o f  experience w ith  
the ana lytica l technique o r the absence o f  the proper in s tru 
m enta tion . In  such cases, arrangements can be made w ith  
another labo ra to ry  tha t has the experienced personnel o r 
necessary equ ipm ent to  analyze the product, in  exchange fo r 
reciprocal service. I f  special fac ilities  required fo r an analysis, 
such as a la m ina r flow  hood, ra d io a c tiv ity  counters, o r in 
cubators, are no t ava ilable, m akeshift fac ilit ie s  should no t 
be used.

A n  im p o rta n t requirem ent, o ften  overlooked, is the ne
cessity in  m ost cases fo r  a v a lid  reference standard. Today, 
instrum ents are used fo r m ost analyses. A n  in s tru m en t com 
pares the response fo r an unknow n am oun t (o r concentra tion) 
o f  the analyte to  the response fo r a standard. I f  a v a lid  stan
dard is no t ava ilable, the analysis cannot be perfo rm ed rig 
orously.

Preparation of the Test Sample from the 
Laboratory Sample

I f  the records are in  order, i f  the laboratory sam p le su b 
m itted  is satisfactory, and  i f  there is n o  q u estion  regarding
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com petency, then the labo ra to ry  sample usually w ill need 
preparation to make i t  suitable fo r analysis. The labora tory 
sample is o ften too large, bo th  in  b u lk  and in  pa rtic le  size, 
fo r  d irec t analysis. I f  i t  consists o f  sm all so lid  partic les, the 
sim plest way to  reduce the bu lk  is to p ile  the sample evenly 
on a clean surface, and then to fla tten the p ile  and d iv id e  i t  
in to  quarters. T w o  opposite quarters are com bined, and the 
o ther 2 quarters are discarded. T h is  opera tion  is repeated 
several tim es u n til the labo ra to ry  sample is reduced to  a 
manageable size. D iv id e rs  are also ava ilab le  tha t au tom a ti
ca lly and random ly  d iv id e  free-flow ing partic les in to  2, 4, or 
a greater num ber o f  equal streams, any one o f  w h ich  can be 
taken to represent the o rig ina l labo ra to ry  sample. T h is  is the 
easiest way to  reduce the vo lum e o f  bu lk , flow able m ateria l.

A no the r im p o rta n t s itua tion  can be illus tra ted  by a crate 
o f  spinach. Spinach m ust be chopped in to  sm all pieces fo r 
m ix in g  to ensure the presence o f  pieces fro m  a ll the d iffe rent 
leaves in  the fina l po rtion . G rains, apples, waterm elons, and 
s im ila r large m ateria ls m ust be cut in to  sm aller pieces, m ixed 
thorough ly, and then resam pled to  achieve a sm aller (in  v o l
ume), yet representative, test sample. The ob jective is to 
prepare a sample homogeneous enough to  ensure a negligible 
difference between repeated test po rtions taken fo r analysis. 
G rinders, blenders, and food processors are useful equipm ent 
fo r  th is  purpose.

Special problem s m ay arise in  hand ling  the labo ra to ry  sam
ple. I f  the p roduct is a liq u id  tha t contains sedim ent, the test 
sample should con ta in  the same p ro p o rtio n  o f  solids to liq u id  
as the parent product. The procedure to  achieve th is  result 
w il l depend on the speed o f  sed im entation a fte r the product 
has been m ixed, the size o f  the inso lub le  particles, and the 
size o f  the labo ra to ry  sample. Sam pling the labo ra to ry  o r test 
sample w ith  a w ide-bore p ipe t w h ile  b lending is a satisfactory 
procedure, when possible. Som etim es the sedim ent is de
posited as a cake in  the container, in  w h ich  case the conta iner 
m ust be opened com ple te ly and a ll o f  the deposit m ust be 
loosened w ith  a po licem an o r spatula and incorpora ted in to  
the bu lk  o f  the liq u id  before m ix ing . W hen, on occasion, the 
so lid  and liq u id  po rtions are analyzed separately, the weight 
o f  each m ust be recorded i f  the com pos ition  o f  the o rig ina l 
p roduct is to be reconstructed m athem atica lly .

D u ring  the reduction  o f  a labora tory sample to  a test sam
ple, the p roduct m ust be protected fro m  changes in  com 
pos ition . Some com m on possib ilities are loss o f  m o istu re  (or 
o ther vo la tiles) because o f  exposure to  the atm osphere w h ile  
m ix in g  o r grind ing . Exposure should be kept to  a m in im u m  
by keeping the p roduct covered w ith  p lastic o r a lum in um  
fo il as m uch as possible. The opposite phenom enon occurs 
i f  a cold product, usually at refrigerator temperature, is brought 
in to  the labo ra to ry  at room  tem perature. W hen the container 
is opened, m oistu re fro m  the atm osphere condenses on the 
co ld  surfaces. T h is  can be avo ided by le ttin g  the conta iner 
and p roduct w arm  to  room  tem perature before opening. C on
densation can even occur in  the closed conta iner when i t  is 
placed in  the refrigerator. Cheese shavings at room  tem per
ature w ill lose m oisture to  the walls o f  the ja r  when placed 
in  the refrigerator. These droplets o f  m oistu re m ust be re in 
corporated in to  the p roduct w ith  a spatula o r o ther m ixe r 
before test portions are rem oved fo r analysis.

The use o f  bare m etal m ills  m ust be avo ided i f  the product 
is to  be analyzed fo r trace metals. Iro n , copper, and m an
ganese are com m on com ponents o f  labo ra to ry  equ ipm ent 
tha t som ehow seem to find  th e ir way in to  the test solutions. 
E rra tic  values fo r these elements can often be traced to  lab 
ora to ry  con tam ina tion . Lead is another frequent con ta m i

nant from  soldered cans, from  the raw  water supply, o r even 
fro m  the atm osphere i f  the labora tory is located near a busy 
highway. G rinders and o ther m echanical devices should no t 
be overloaded; th is  cou ld  resu lt in  heating the p roduc t and 
subsequent loss o f  vo la tiles o r changes in  com pos ition  from  
chem ical reactions.

Sometimes a ir m ust be excluded, by use o f  a b lanket o f  
n itrogen o r carbon d iox ide, du ring  the m ix in g  and g rind ing  
operations, pa rticu la rly  when po lyunsaturated fa tty  acids and 
other easily ox id ized analytes are in vo lve d . The use o f  these 
low  tem perature add itives also prevents overheating o f  the 
p roduct through the fr ic tio n  o f  grind ing.

O rd in a rily , a p roduct is analyzed in  the fo rm  in  w h ich  it  
is com m on ly  used. F o r foods, the ru le  o f  e d ib ility  generally 
is fo llow ed, i.e., banana peels, n u t shells, orange peels, fish 
bones, and o ther parts n o t no rm a lly  consum ed are discarded. 
Special exceptions apply to  analyses fo r pesticide residues: 
the regulations m ust be fo llow ed as to  how  to  calculate the 
residue in  o r on the food. F o r example, fo r com  the regulation 
specifies “ kernels plus cob w ith  husks rem oved .”

Preservation of the Laboratory or Test Sample
O ften the o rig ina l labo ra to ry  sample o r the prepared test 

sample m ust be he ld fo r a long tim e , som etim es fo r  years 
when a sample is the basis fo r a legal action. In  such cases, 
the labo ra to ry  o r test sample m ust be preserved w ith o u t 
changing the essential properties o f  the o rig ina l m ateria l.

M ateria ls  can be preserved in  m any ways, depending on 
the properties o f  the com m od ity . The easiest products to 
store are low -m o is tu re  solids o r stable liqu ids , like  o ils, w h ich  
can be kept fo r several years w ith o u t change in  sealed, a ir 
t ig h t containers at room  tem perature in  the dark. W et m a
teria ls can be dried  to  prevent grow th  o f  bacteria o r m olds. 
The m ildest d ry ing  trea tm ent is freeze-drying, bu t a ir-d ry in g  
at room  tem perature o r in  an oven is also perm issib le i f  the 
p roduct com pos ition  does no t change w ith  elevated tem per
atures. W hen the m oistu re level is reduced, however, the 
am oun t o f  water o r o ther vo la tile  m ateria ls rem oved should 
be determ ined so tha t analyte concentrations can be calcu
lated fo r the o rig ina l m ateria l, i f  necessary. M any products 
can be kept fo r  a long tim e  in  refrigerated storage. A lm o s t 
everyth ing can be preserved in de fin ite ly  i f  the storage te m 
perature is low  enough, b u t th is  type o f  storage capacity in  
a labora tory is usually lim ite d . Therefore, ren ta l space in  a 
com m ercia l warehouse m ay become necessary, w ith  the a t
tendant problem s o f  cha in -o f-custody requirem ents, exten
sive record keeping, and cost. E m uls ified  products w ith  a 
high m oistu re content cannot be preserved by freezing. Freez
ing o f  such products breaks the em uls ion to such an extent 
tha t the hom ogeneity o f  the o rig ina l p roduct cannot be re
stored. L iq u id  m ilk  is one example. H ow ever, ice cream is 
an example o f  an em u ls ion tha t is stable when frozen. A n  
awareness o f  the physical and chem ical properties o f  the 
com m o d ity  sampled is needed fo r in te lligen t storage deci
sions.

Som etim es preservatives can be added to  products to  en
able the labo ra to ry  samples to  be stored unchanged at room  
tem perature, b u t the added preservative m ust n o t in terfe re 
w ith  any analysis tha t m ig h t be conducted in  the fu ture . Sm all 
samples o f  raw  m ilk , fo r  example, are often accum ulated 
over a pe riod  o f  tim e  so tha t a single analysis fo r fa t can 
cover m u ltip le  deliveries. M e rcu ric  ch lo ride  and potassium  
d ichrom ate  have been used fo r m any years to  preserve such 
samples, bu t the treated samples are o f  lit t le  use fo r any o ther 
analysis. C h lo ro fo rm  is a useful preservative fo r phosphatase



HORWITZ: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 2, 1988) 243

1-9
0 10

Lot 1 7 1 2
2 4 4
3 4 3 1
4 7 1
5 1 4 3
6 5 2
7 7 1
8 4 2 3
9 4 1 2

10 3 3
11 2 1 3
12 5 1 1
13 7 1
14 2 1 4
15 1 1 4
16 7 1 1
17 2 4 1
18 1 3 1
19 3 1
20 2
21 1 2 1
22 1
23 2
24 2
25 2 2
26 1 2 1
27 1 1
28 1

Lot 29 1

0 10
1-9

20 30 40 50

1 1
1 1

1
1 1
1

1
1

2
2 1
2

2
1

1
1

1 1 2

1
2 1

4 1
1 1

2 1 2
2 1

1 1 1

1
1
2

1 1

20 30 40 50

60

1

1
1
1

1

1
3

1

1

1

60

70

1

1
1

1

70

80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270
AVERAGE

9 .9
12.5
12.6
15.9
16.7
18.8  
18 .8
18 .9
21 .7
21 .9
22.8
24.2
2 5 .8
3 0 .6  1
36.2
39 .8
44 .3
4 6 .8
5 8 .1
62 .3
70.6
71.1
71.3
8 3 .2
83.6  
99 .5

111.2

80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270

AFLATOXIN, PPB

Figure 1. Aflatoxin (ppb) distribution in 29 commercial lots of peanuts.
A 120 lb primary sample was removed from each lot, and each primary sample was subdivided into 10 aliquots of 12 lb each, from each 

of which a 250 g test portion was removed for analysis. Lot numbers are listed vertically. Numbers in the body of the table for each row are 
the number of aliquots (of the 10 for each lot) showing aflatoxin (ppb) in the concentration range listed horizontally at the top and bottom 
of the table. The average of the 10 aliquots for each lot is given in the column on the right. (Information taken from T. B. Whitaker et al.

[1972] J. Am. Oil Chem. Soc. 49, 590-593.)

de te rm inations in  m ilk , bu t i t  cou ld ru in  the test sample fo r 
m any o ther analyses. The preservative m ust be chosen w ith  
subsequent analyses in  m ind .

Sampling Heterogeneous Products
One o f  the m ost d iff ic u lt sam pling s itua tions is encountered 

in  the a ttem pt to  ob ta in  a representative sample o f  a raw 
com m o d ity  fo r  an a fla tox in  de te rm ina tion . In  the early days 
o f  the a fla tox in  prob lem  in  peanuts, when no t m uch was 
know n about the o rig in  and d is tr ib u tio n  o f  the tox in , i t  was 
im p o rta n t to  know  how  to  sample a lo t, w h ich  m ay am ount 
td  thousands o f  tons. The N o rth  C aro lina  A g ricu ltu ra l Ex
perim ent S tation set ou t to  de term ine the d is tr ib u tio n  o f  
a fla tox in  in  peanuts. They to o k  29 com m ercia l lo ts o f  pea
nuts, as lis ted ve rtica lly  on the le ft axis o f  Figure 1. Each row  
represents a d iffe ren t com m ercia l lo t. Then they too k  a 120 
lb  sample from  each o f  these 29 lots. The 120 lb  in it ia l o r 
p rim a ry  sample was then d iv id e d  by r iff lin g  in to  10 equal 
12 lb  po rtions (a liquots). A  250 g secondary sample (test 
sample) was rem oved fo r analysis fro m  each o f  the 12 lb  
po rtions fo r a to ta l o f  290 analyses.

Across the top  o f  F igure 1, and also along the b o tto m  (fo r 
easier reading), are lis ted ranges o f  a fla tox in  concentra tion 
in  parts per b ill io n  (ppb, fig/kg, o r ng/g). Each num ber in  the 
body o f  the table represents how  m any o f  the 10 test po rtions 
from  a specific lo t contained a fla tox in  in  the concentra tion 
range given in  the co lum n head. The firs t co lum n a fte r the 
lo t num ber is headed zero, in d ica ting  no a fla tox in  found. For 
example, in  lo t 13, seven o f  the 250 g test po rtions, each 
taken fro m  a 12 lb  a liq u o t o f  the 120 lb  sample fro m  the lo t, 
showed no afla tox in . C o n tin u in g  along the row  o f  lo t 13, one 
test po rtion  fro m  one 10 lb  a liq u o t showed 1-9 ppb, one 
showed 20 -29  ppb, and the ten th a liq u o t showed 190-199 
ppb. The fina l co lum n gives the ove ra ll average o f  the 10

aliquots: 22.8 ppb. B ut the range was 0 to  abou t 195! The 
lo t num bers have been arranged in  increasing o rder o f  the 
average o f  the a fla tox in  level o f  the 10 subdiv is ions, w h ich  
is given as the fina l co lum n on the righ t. N o te  tha t a lm ost 
every lo t has a w ide scatter o f  values, w h ich  becomes even 
w ider as the lo t average increases. The sm allest average is
3.0 ppb and the largest is 111 ppb. I f  each co lum n is added, 
a d is tr ib u tio n  is ob ta ined w h ich  is ob v ious ly  non-norm a l, 
since i t  is constantly decreasing, w ith  a very high peak at 
zero, a steep descent, and a tapering o f f  s low ly tow ard  the 
high values. One type o f  d is tr ib u tio n  w ith  these character
istics is the negative b in o m ia l d is tr ib u tio n , the same type o f  
d is tr ib u tio n  found  in  popu la tions representing contagious 
disease epidemics. In  these d is tribu tions, there are “ h o t spots,”
i.e., m ost people do no t have the disease, b u t there are pockets 
o f  the disease o f  d iffe ring  severity in  various places.

W e have been look ing  at the d is tr ib u tio n  fro m  the po in t 
o f  v ie w  o f  the lots. N o w  consider i t  fro m  the p o in t o f  v iew  
o f  the analyst. The m ost lik e ly  value (the m ode) tha t w ou ld  
be obtained on analysis o f  any one o f  the 10 a liquo ts  from  
the 120 lb  sample is a zero because m ore values are in  th is  
category than in  any other. B ut in  the exam ple, the zero 
occurs on ly  77 tim es in  the analyses o f  the 290 a liquots, o r 
fo r  about 27% o f  the a liquots. Therefore, i f  o n ly  one o r tw o 
12 lb a liquots fro m  a 120 lb  sample are analyzed, there is a 
fa ir  po ss ib ility  tha t a fla tox in  w ill no t be found. T o  ob ta in  a 
p ic tu re  o f  the a fla tox in  d is tr ib u tio n  in  the lo t, several d iffe rent 
po rtions m ust be analyzed. The m ore a liquots tha t are ana
lyzed fro m  the labo ra to ry  sample, the m ore lik e ly  i t  is tha t 
some a fla tox in  w ill be found, i f  i t  is present. W ith  con tam 
in a tio n  o f  th is  nature, a no rm a l d is tr ib u tio n  cannot be as
sumed; i t  is m ore probable tha t some extrem e type o f  d is
tr ib u tio n  is present. Thus, i t  is apparent how  d iff ic u lt i t  is to  
fo rm ula te  a sam pling plan tha t w ill d iffe rentia te  the firs t 14
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Figure 2. Coefficient of variation of components contributing to 
total error of aflatoxin analysis, i.e., sampling, subsampling, and 
analysis, as function of concentration. (Information taken from 

T. B. Whitaker [1974] J. Am. OH Chem. Soc. 51, 214-218.)

lo ts whose average is be low  25 ppb from  the rem a in ing 15 
lots whose average is above 25 ppb. M ere ly  lo ok in g  at the 
broad and erra tic  d is tr ib u tio n  shows w hy i t  is necessary to 
com posite m any random  po rtions and to  hom ogenize them  
tho rough ly  to  ob ta in  a reasonable average tha t is stable under 
cond itions  o f  repeat sam pling and analysis. The size o f  the 
test sample is another im p o rta n t consideration.

I t  was also discovered tha t a fla tox in  con tam in a tion  o f  raw 
peanuts was usually confined to  a re la tive ly  few kernels, and 
tha t the level in  an in d iv id u a l kernel cou ld  be as h igh as 0.1% 
o f  the n u t meat. I f,  on the basis o f  th is  study, a reasonable 
single kernel con tam ina tion  level o f  0.05%  is assumed, i t  can 
be calculated tha t 1 contam inated kernel in  10 000 w ou ld  
resu lt in  a level in  the m ix tu re  o f  50 ppb (¿tg/kg), exceeding 
the 25 ppb F D A  action  leve l in  raw  shelled peanuts. T h is  
ra tio  has been the basis fo r  de te rm in ing  the m in im u m  lo t 
sample w e ight and the partic le  size reduction  fo r  a g iven test 
p o rtio n  w e ight needed to  ob ta in  a representative sample o f  
raw  shelled peanuts.

Research on other com m od ities  showed the same type o f  
erra tic  d is tr ib u tio n  o f  to x in  in  corn, cottonseed, and B razil 
nuts when the m o ld  con tam ina tion  had entered the crop p r io r  
to  harvest as a result o f  p lan t stress o r insect damage.

A n o th e r in teresting resu lt o f  the research on peanuts was 
the find ing  tha t m uch o f  the to ta l e rro r in  a fla tox in  analyses 
was no t fro m  the perform ance o f  the ana lytica l m ethod bu t 
fro m  the sam pling and subsam pling procedures. Figure 2 
illustra tes these findings. The coeffic ient o f  v a ria tio n  is given 
on the y-axis and the concentra tion is p lo tted  along the x-axis.

Figure 3. Experimental design for obtaining the data of 
Figure 2.

As the a fla tox in  concentra tion becomes sm aller tow a rd  the 
le ft, the sam pling e rro r becomes larger. N o te  tha t the ana
ly tica l error, w h ich  is the bo ttom  curve, shows the sm allest 
e rro r o f  the group tha t consists o f  sam pling, subsam pling, 
and analysis. The coefficient o f  v a ria tio n  o f  analysis is 2 0 - 
30%. The v a r ia b ility  from  the reduction  in  the size o f  the 
labo ra to ry  sample is around 30-40% , bu t the sam pling o f  
the a fla tox in  fro m  the lo t is o f  the o rder o f  100%. Conse
quently, there is no p o in t in  having m ethods o f  analysis tha t 
are extrem ely precise to determ ine the a fla tox in  concentra
tio n  when we are faced w ith  a sam pling e rro r tha t is several 
tim es larger than the ana ly tica l error. T ha t is w hy th in -la ye r 
chrom atography is s till being used fo r th is  de te rm ina tion , 
a lthough liq u id  chrom atography (LC ) is now  com ing  in to  
use.

The im p o rta n t p o in t is tha t the largest e rro r in  a fla tox in  
de te rm inations comes fro m  sam pling, no t fro m  analysis. Pre
cise m ethods o f  analysis are no t going to  be o f  m uch he lp in  
such a s itua tion . The best use o f  labo ra to ry  tim e  w o u ld  be 
to  ensure adequate co m m in u tio n  and m ix in g  before size re
duction . A n  a lte rna tive  is to  increase the size o f  the labo ra to ry  
sample, and th is  has been the approach o f  laboratories re
sponsible fo r peanut ce rtifica tion  analyses. A n  extract is p re
pared fro m  the entire  1100 g subsample fro m  48 lb  o f  peanuts 
com m inu ted  in  a m il l equipped w ith  a d iv id e r device. The 
current procedure is to  fo rm  a water s lu rry  o f  an 1100 g test 
sample from  the m ill.  A n  a liqu o t o f  th is  s lu rry  is the test 
po rtion .

F igure 3 shows the experim enta l design used in  the rep
lica tion  o f  the sam pling, the subsam pling in  the labo ra to ry , 
and the analysis. In  actual practice, the peanuts trave lin g  on 
a conveyer be lt are sampled au tom atica lly  w h ile  the lo t  is 
being transferred in  o r ou t o f  storage by tak ing rep e titive  cuts 
through the stream w ith  a sam pling cup. I f  a large p ile  o f  
peanuts is sampled, a tr ie r  o r shovel is the in s tru m en t o f  
choice. Peanuts packed in  bags are also sampled w ith  a tr ie r, 
o r the bag is opened and the sample is rem oved w ith  a scoop.

W ith  respect to  sample size, the sample m ust be large 
enough to  be representative o f  the lo t. R andom  sam pling is 
m ost lik e ly  to  p rov ide  the m ost representative sample. A  
sta tis tic ian can be he lp fu l in  selecting an appropria te  sam 
p ling  plan, b u t he o r she should be in fo rm ed  tha t the d is tr i
b u tio n  o f  a fla tox in  in  peanuts o r o ther seed crops is a “ neg
a tive  b in o m ia l.”  A  statistica l sam pling plan w il l  reduce the 
risk  o f  accepting bad lo ts and thus exposing consumers to 
h igh a fla tox in  levels. I t  w i l l  also reduce the num ber o f  good 
lo ts  tha t are un ju s tly  destroyed because o f  the erra tic  sam
p lin g  s itua tion . I f  a sam pling plan is extrapolated fro m  com 
m o d ity  to  com m o d ity , however, the size o f  the kernels, o r 
the num ber o f  kernels per u n it weight, is c ritica l. A  peanut 
kernel weighs about a h a lf  gram ; wheat grains are consid
erably sm aller and B raz il nuts are considerab ly larger. Large 
kernel and sm all kernel com m od ities  require d iffe ren t sample
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weights, and d iffe rent m ethods o f  p repara tion  m ust be ap
p lied  to  ob ta in  re la tive ly  homogeneous test samples. Sam
p ling  fo r  a fla tox in  analysis again prov ides an excellent ex
am ple o f  an experim enta l approach to  the prob lem  o f  
preparation o f  the test sample.

Preparation of the Test Sample
W hen peanuts are ground, the resu lt is a sem isolid butte r, 

w h ich  a d iff ic u lt m ate ria l to  m ix . T o  de term ine the best way 
to  ob ta in  a homogeneous mass fro m  a batch o f  peanuts and 
prepare test samples fo r  a fla tox in  analysis, investigators at 
F D A  s im u lated a fla tox in  con tam in a tion  by irra d ia tin g  sev
eral peanut kernels in  the nuclear reactor at the N a tion a l 
Bureau o f  Standards to  make them  h igh ly  rad ioactive . The 
activa ted peanuts were then added to  batches o f  clean nuts 
to  p rov ide  d ilu t io n  factors o f  1-16 per 10 000. The m ixtures 
were ground in  various ways w ith  d iffe ren t types o f  grinders 
to determ ine the best way to  cut the rad ioactive  peanuts in to  
lit t le  pieces and to  d is tr ibu te  them  u n ifo rm ly  through the 
resu lting mass. They found  tha t g rind ing  w ith  water o r w ith  
a solvent was the best way to  d is tr ibu te  the ra d io a c tiv ity  
through the m ix tu re  o f  com m inu te d  kernels.

The fina l sam pling p lan tha t evo lved, based on the p ro b 
a b ility  o f  the a fla tox in  in  a lo t exceeding an action level o f  
25 ppb, specifies tak ing three 48 lb  samples fro m  the lo t. One 
o f  the characteristics o f  sam pling statistics is tha t the re li
a b ility  o f  a random  sample does no t depend so m uch on the 
size o f  the lo t as i t  does on the size o f  the sample. Therefore, 
as a firs t app rox im a tion , we can ignore w hether we are dealing 
w ith  a m illio n  tons o f  peanuts o r w ith  one ton  o f  peanuts. 
The current sam pling p lan takes a constant sample size o f  
three 48 lb  samples. The firs t 48 lb  sample is ground in  a 
subsam pling m ill,  the subsample (test sample) is analyzed in  
duplicate, and the 2 results are averaged. I f  the average value 
is less than 16 ppb, the lo t  is passed. I f  the average value is 
m ore than 75 ppb, the lo t is rejected. I f  the average value is 
between these 2 values, the second 48 pound sample is ground 
and analyzed in  duplicate, and a ll 4 results are averaged. I f  
th is  average is less than 22 ppb, the lo t  is passed; i f  i t  is m ore 
than 38 ppb, i t  is rejected. I f  the average is between the last 
2 values, the th ird  48 pound sample is ground and analyzed 
in  duplicate. I f  the average o f  the 6 analyses is less than 25 
ppb, the lo t  is passed; i f  i t  is 25 ppb o r m ore, the lo t is rejected. 
T h is  is called a sequential sam pling plan. I t  is now  being 
used by the Peanut A d m in is tra tiv e  C om m ittee , a creation o f  
the U.S. D epartm ent o f  A g ricu ltu re , fo r  the ce rtifica tion  o f  
raw  shelled peanuts as m arketable under the 25 ppb action 
level agreed to by the F D A .

A  sam pling plan fo r d ried  m ilk  w o u ld  be considerably 
d iffe ren t fro m  tha t fo r peanuts, because the la tte r p roduct 
consists o f  discrete kernels w ith  a heterogeneous d is tr ib u tio n  
o f  the a fla tox in , and d ried  m ilk  consists o f  a homogeneous, 
free-flow ing powder prepared from  a contam inated flu id  m ilk . 
Considerably fewer sam pling un its  need be taken fro m  dried 
m ilk  than fro m  shelled peanuts to  de term ine w ith  the same 
degree o f  confidence w hether o r no t a fla tox ins are present. 
A fla to x ins  occur in  m ilk  as a resu lt o f  con tam inated cattle 
feed. The fee d -to -m ilk  ra tio  is abou t 75 to  1; i f  there is 75 
ppb a fla tox in  B, in  the feed, on ly  about 1 ppb a fla tox in  M , 
w ill be present in  the m ilk . In  the case o f  liq u id  m ilk , there 
w ill no t be m uch o f  a sam pling error, b u t in  its  place w il l  be 
a large re la tive  analytica l e rro r since the action level is fre 
quen tly  be low  the practica l l im it  o f  de te rm ina tion .

W ith  flu id  m ilk  products, samples can be taken w ith  a 
d ipper w h ile  the batch is being agitated. W ith  products such 
as cottage cheese, where considerable m ix in g  occurs in  the 
m anufacturing  process, a single o r a few containers are suf
fic ien t to  determ ine w hether o r n o t a fla tox in  is present.

Practical Aspects
In  a ll sam pling, the econom ic aspects m ust be considered. 

Sam pling tim e  and analytica l tim e  m ust be com m ensurate 
w ith  the value o f  the goods and the ris k  o f  harm . The ad
m in is tra to r m ust balance a ll these factors, as w e ll as the 
practica lities, in  a rr iv in g  at a fina l sam pling plan.

The a fla tox in  sam pling plans fo r  raw  ag ricu ltu ra l com 
m od ities  are com plex because o f  the high degree o f  he tero
geneity o f  the to x ic  com pound in  the food, the assumed high 
degree o f  risk  o f  harm , and the re la tive ly  valuable nature o f  
the products. F o r com m od ities  w ith  a no rm a l d is tr ib u tio n  
o f  a con tam inant, standard plans are available. O ther com 
m od ities  are in te rm ed ia te  between these tw o  extremes.

W hen a prob lem  is encountered in v o lv in g  d iffe ren t con
cen tra tion  values fro m  d iffe rent samples o f  the same goods, 
i t  w ou ld  be p rudent to  rem em ber these curves and data. In  
m any cases, the analysis is no t at fau lt. M o re  research and 
im p roved  m ethods are no t going to  change the approach to 
the type o f  extrem e d is tr ib u tio n  tha t occurs na tu ra lly . The 
on ly  way to im p rove  the estim ate o f  the am oun t o f  a fla tox in  
in  a lo t  is to  take m ore and larger random  samples. T o  reduce 
the sam pling error, the emphasis m ust be placed on increas
ing the size o f  the samples, poo ling  m u ltip le  portions, and 
adequately reducing the labo ra to ry  sample to  a test sample. 
Errors, whether they be sam pling o r ana lytica l, are always 
large in  these na tura l p roduc t s ituations.
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This article describes basic sampling principles and the application 
of statistical sampling techniques to specific problems encountered 
in the Food and Drug Administration (FDA). Concepts are empha
sized, and theory is minimized. The basic principles of sampling from 
a normal and binomial population, including confidence interval cal
culation and sample size determination, are briefly reviewed. Strat
ified, random, systematic, and judgment sampling are explained. Op
erating characteristic curves for attribute (and perhaps variable) 
sampling for acceptance of lots are derived and applied to specific 
FDA problems. The advantages and disadvantages of single and 
multiple sampling plans and plans which address multiple classes of 
criteria such as major and minor defects are discussed. Sampling 
schedules such as MIL-STD-105D and Canada’s Government Spec
ifications Board CGSB-105-GP-1 are reviewed to familiarize readers 
with the principles involved in these plans and to give them an idea 
of how they could be applied to FDA problems.

The D iv is io n  o f  M athem atics in  the Center fo r Food Safety 
and A pp lied  N u tr it io n  o f  the Food and D rug  A d m in is tra tio n  
(F D A ) often gets questions fro m  fie ld  personnel and head
quarters s taff re la ting to  very basic sam pling p rinc ip les and 
the app lica tion  o f  these p rinc ip les to  F D A  sam pling p ro b 
lems. T h is  paper w ill discuss basic sam pling p rinc ip les and 
can serve as a general reference fo r  persons w ho need a short 
ove rv iew  o f  sam pling techniques and th e ir app lica tion  as 
used in  fie ld  sam pling o f  the type done by F D A . Sam pling 
procedures tha t m ay be used to  ob ta in  an ana lytica l sample 
fro m  the labo ra to ry  sample are o m itte d  here.

Sampling Definition
Essentially, sam pling consists o f  ob ta in ing  a p o rtio n  (sam

ple) o f  a large group, “ un iverse,”  o r popu la tion  on w h ich  
some item  or item s o f  in fo rm a tio n  are desired.

W hen in fo rm a tio n  is collected in  the fie ld  o r on some study 
popu la tion  (e.g., a ll the plants w h ich  make baby food, a large 
kettle  o f  fish, o r a tra in  load o f  corn), 2 courses o f  action  m ay 
be taken: e ither a com plete count o r sam pling. W ith  the 
com plete count, one hopes to  ob ta in  com plete and exact 
in fo rm a tio n  on the study popu la tion ; w ith  sam pling, one 
hopes to  ob ta in  estimates o f  the true values tha t w i l l  be 
su ffic ien tly  accurate fo r  the in tended purpose.

Advantages and Disadvantages of Sampling
A  na tu ra l and leg itim ate  question tha t m any readers w ill 

ask is, “ W hat advantages does sam pling possess over a com 
plete count?”  The obvious answer is tha t sam pling pe rm its  
one to  reduce costs, reduce personnel requirem ents, gather 
v ita l in fo rm a tio n  m ore qu ick ly , and ob ta in  m ore com pre
hensive data. A n  apparent disadvantage is tha t i t  provides 
o n ly  an estim ate o f  the required in fo rm a tio n . H ow ever, con
trasted w ith  the d ifficu lties  in  m aking  an effic ient com plete 
count and due to  the technica l advances tha t have been made 
in  the theory and app lica tion  o f  sam pling, th is  disadvantage 
is on ly  apparent. Sam pling has com e to  be regarded as a 
re liab le  and effic ient means o f  gathering in fo rm a tio n  on a 
study popu la tion .
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Steps in Preparing a Sampling Plan
The p rim a ry  a im  o f  a sam pling e ffo rt is to  ob ta in  a sample, 

subject to  constra in ts on size, tha t w i l l  satisfy predefined 
specifications re la tive  to  the sam pling plan. A  sam pling p lan 
(fie ld  surveys o r acceptance sam pling) should evo lve through 
a process based on in p u t fro m  bo th  adm in is tra to rs  and sub
je c t m atte r experts. F irs t, the adm in is tra to rs  and subject m a t
ter experts define the objectives, the in fo rm a tio n  tha t is need
ed, and its  in tended use. Second, the subject m a tte r experts 
develop possible approaches fo r co llecting the necessary data 
to  fu lf i l l  the prob lem  objectives and determ ine the econom ic 
consequences o r risks associated w ith  the sam pling effort. 
T h is  in p u t should define (7) the sam pling ob jective, (2) the 
study popu la tion , (J) the sta tistica l un it, (4) the selection 
crite ria  (i.e., sample size and how  the sample w il l  be co l
lected), and (5) the analysis procedures (i.e., ana ly tica l and 
statistica l). W ith o u t th is  in pu t, the sta tis tic ian  w il l  be oper
ating in  the dark.

Sampling Methods
The 2 p rim a ry  ob jectives o f  sam pling m ay be (7) to  esti

mate, say, the average value o f  a characteristic o r percentage 
possessing some characteristic o r (2) to  decide w hether the 
average value o r percentage possessing some characteristic 
fo r  a lo t  meets a specification. The firs t ob jective  is usually 
associated w ith  fie ld  surveys, w h ile  the second ob jective  deals 
w ith  acceptance sam pling, where a lo t is accepted o r rejected 
by inspecting a sample selected in  accordance w ith  a pre
determ ined sam pling plan. Some sam pling m ethods tha t m ay 
be used to  accom plish these sam pling ob jectives w il l  be d is 
cussed b rie fly  below.

E stim ation  M eth ods

F our types o f  sam pling m ethods considered here are sim ple 
random  sam pling, stra tified sam pling, system atic sam pling, 
and judgm en t sam pling. S im ple random  sam pling is a m e th 
od in  w h ich  a ll elements o f  a popu la tion  have an equal and 
independent chance o f  being inc luded in  the sample. A  s im ple 
random  sample can be drawn using a table o f  random  n u m 
bers o r o ther ob jective techniques. I t  is n o t the same as 
haphazard sampling.

S im ple random  sam pling is generally used e ither in  con
ju n c tio n  w ith  o ther sam pling m ethods o r in  cases in v o lv in g  
sm all study popu lations.

S tra tified random  sam pling is accom plished by separating 
the popu la tion  elements in to  some ove rlapp ing groups, called 
strata, and selecting a s im ple random  sample fro m  each stra
tum .

The advantages o f  s tra tified  sam pling are several: ho m o
geneity w ith in  each stra tum  is better than in  the popu la tion , 
the cost o f  conducting the actual sam pling tends to  be less 
than fo r s im ple random  sam pling because o f  a d m in is tra tive  
convenience, and separate estimates o f  p o pu la tion  param e
ters can be obta ined fo r  each stra tum  w ith o u t ad d itio n a l 
sampling.

Reduced v a r ia b ility  w ith in  each s tra tum  produces s tra ti
fied sam pling estimates w h ich  have sm aller sam pling e rro r 
than do the corresponding s im ple random  sample estimates 
from  the same sample size.

Systematic sam pling is a m ethod o f  d raw ing a 1 in  K
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mg/100 g

Figure 1. Histogram of potash determinations in authentic 
strawberry jam.

sample fro m  a lis t o f  un its, o r o f  p lants, o r o f  houses. The 
procedure invo lves  ran do m ly  selecting one o f  the firs t K  un its  
and then tak ing  every K th  u n it thereafter. F o r example, i f  
there are 10 000 plants to  be surv eyed, every 100th p lan t can 
be draw n starting w ith  a ran do m ly  selected num ber between 
1 and 100. C om pared to  random  sam pling, system atic sam
p ling  is qu icker, easier, and cheaper; the p o pu la tion  size need 
no t be know n exactly; and any trends o r c lum p ing  o f  s im ila r 
un its  in  the po pu la tio n  w ill usually be m ore accurately rep
resented in  a system atic sample than in  a s im ple random  
sample. The p rim a ry  disadvantage o f  system atic sam pling is 
tha t no v a lid  estim ate o f  sam pling e rro r can be calculated 
from  a single sample.

In  ju dg m en t sam pling, the investigators use th e ir  ow n ju d g 
m ent and experience regarding the popu la tion , lo t, o r sam
p ling  fram e to  decide w h ich  sample un its  to  select. Since the 
m ethod is nonrandom , no sta tistica l techniques can be v a l
id ly  app lied  to  study the precis ion o f  the estimates (1). In  
F D A , th is  m ethod o f  sam pling is som etim es called targeted 
sam pling, in  w h ich  the inspectors target the “ p rob lem  areas.”  
T h is  m ethod can y ie ld  valuable results; however, care m ust 
be taken n o t to  extrapolate the results to  the popu la tion .

Sam pling Error

W henever we estim ate a resu lt fro m  a sample, i t  is m ost 
un like ly  tha t the value w ill be exactly the same as the value 
obtained by m aking a 100% count. The difference between 
the tw o values is sam pling error. Sam pling e rro r is a d isad
vantage o f  sam pling; i t  cannot be e lim ina ted , bu t i t  m ay be 
reduced by  p roper choice o f  sample size and sam pling m eth 
od (2). Sam pling e rro r is measured in  term s o f  the standard 
e rro r o f  an estimate. The standard e rro r measures the p ro b 
able accuracy o r precis ion o f  an estim ate fro m  sample data. 
The standard e rro r o f  an estim ate m ay be related to  the true 
value using confidence in te rva ls . A  confidence in te rva l a im s 
at bracketing the true va lue o f  a popu la tion  param eter, such 
as its  mean o r standard d ev ia tion , by tak ing  in to  account the 
sample estim ate o f  the parameter. The fo rm u la  fo r the 95% 
confidence in te rva l fo r  the mean (ji) o f  a no rm a l d is tr ib u tio n , 
when the variance (<r2) is unknow n and is estim ated by  the 
sample variance, s2, is:

x  ~  toa25s / '/ n  to  x  +  i 0 975s / \ / n

where X  is the sample mean and t0975 is the tabu la r (-value 
fo r n — 1 and 0.975 p ro b a b ility . N o te  the im portance o f  n, 
the sample size, in  reducing the w id th  o f  the confidence in 
terva l. The w id th  decreases as the square ro o t o f  n increases.

Figure 2. Normal probability plot of potash values for strawberry
jam.

The fo llow ing  example, using frequency tables and h is to 
grams to  sum m arize the data, shows how  sam pling e rro r m ay 
be used to  calculate a confidence in te rva l.

Suppose tha t we have some sample data, such as potash 
de term inations in  straw berry ja m , as shown in  Table 1. T o  
ob ta in  m eaningfu l in fo rm a tio n , th is  unorganized set o f  v a l
ues m ust be concisely sum m arized, described, and presented. 
T h is  can be done by arranging the data in to  a frequency table, 
as shown in  Table 2, whereby the range o f  the data is d iv id e d  
in to  a m oderate num ber o f  categories, and each observation 
is placed in  one o f  the categories.

These data m ay now  be presented in  a h istogram  by p lo t
t ing  the lim its  (on the ho rizo n ta l axis) against frequency (on 
the vertica l axis) as shown in  F igure 1. A  stra ight line  p lo t 
o f  data on no rm a l p ro b a b ility  paper (F igure 2) indicates a 
no rm a l d is tr ib u tio n . The mean o f  the au then tic  data is 96.5, 
w ith  a variance o f  282.24 and a standard d e v ia tion  o f  16.8. 
Since the d is tr ib u tio n  is assumed no rm a l, the confidence 
in te rva l fo r  the authentic data is:

96.5 -  2 (1 6 .8 /V 6 3 ) to  96.5 +  2 (1 6 .8 /\/6 3 )
=  92.3 to  208.7

Therefore, there is 95% confidence tha t the true mean potash 
value lies w ith in  92.3 and 208.7.

Acceptance Sam pling M ethods

The m ethods o f  sta tistica l acceptance sam pling used in  
F D A  are m any and varied  and m ay be categorized as e ither 
single, double, o r m u ltip le  plans in v o lv in g  a ttribu tes (pres
ence o r absence o f  a characteristic), variab les (quan tita tive  
measures o f  a characteristic), o r a com b in a tion  o f  a ttribu tes 
and variables. Examples o f  single and m u ltip le  plans in 
v o lv in g  a ttribu tes w il l  be considered here.

Suppose a sam pling p lan is desired to  g ive a producer’s 
risk  o f  5% at an acceptable q u a lity  level (A Q L ) o f  6.5% de
fective item s in  a lo t o f  50 -90  item s. A ccord ing  to  the Codex 
sam pling procedures m anual (3), the sam pling p lan w ou ld
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Table 1. Analysis of strawberry jam for potash Table 2. Frequency distribution of data from Table 1

Sample
No. Variety Origin of fruit

Potash, 
mg/100 g

57329 D Marshall Oregon 64.2
28277 D Marshall Washington 66.4
28278 D Marshall Washington 53.1
23546 D Marshall Washington 77.2
57327 D Marshall Oregon 74.4
23544 D Marshall Washington 85.1
30629 E Michigan 78.5
23551 D Marshall Washington 75.7
47508 D Blakemore Virginia 85.3
59040 D Aroma Ohio 91.3
59039 D Mixed Ohio 92.7
23549 D Marshall Washington 91.1
59038 D Mixed Tennessee 83.9
23555 D Marshall Washington 80.2
23548 D Marshall Washington 88.6
21895 D Mixed Michigan 78.6
57319 D Marshall Oregon 76.5
57330 D Marshall Oregon 83.2
23545 D Marshall Washington 80.7
57321 D Marshall Oregon 76.0
47507 D Mixed Virginia 88.7
57323 D Marshall Oregon 85.6
21894 D Mixed Michigan 88.2
57331 D Marshall Oregon 87.6
52524 D New York 85.8
57325 D Marshall Oregon 100.5
26501 E Marshall Washington 100.0
35157 D Blakemore Maryland 93.5
23543 D Marshall Washington 92.0
35159 D Blakemore Maryland 92.3
47509 D Mixed Virginia 98.0
14252 B Blakemore Delaware 89.3
16279 E Mixed Michigan 80.7
57326 D Oregon Oregon 100.4
66622 D Aroma Missouri 113.6
35160 D Blakemore Delaware 97.1
14251 E Blakemore Delaware 92.5
5021 E Blakemore Kentucky 114.0

14253 E Blakemore Delaware 94.7
26043 E Marshall Oregon 108.2
41321 D Marshall Utah 102.6
26044 E Marshall Oregon 97.3
59041 D Mastadong Ohio 98.8
57324 D Marshall Oregon 114.3
57322 D Marshall Oregon 108.1
57320 D 102.0
18978 D Klondyke California 108.3
45158 D Missionary Maryland 108.3
28040 E Missionary North Carolina 114.3
35154 E Eleanor Roosevelt North Carolina 121.6
23553 D Marshall Washington 111.2
52525 D New York 109.7
45126 D Missionary Florida 111.2
26041 E Marshall Oregon 120.7
57328 D Oregon 113.3
62415 D Klondyke Louisiana 107.7
62416 D Klondyke Alabama 113.8
35152 D Mixed North Carolira 119.5
9725 E Klondyke Louisiana 130.4

62414 D Klondyke Louisiana 112.2
12517 E California 133.2
62413 D Klondyke Louisiana 108.7
18979 D Klondyke California 129.4

be to  sample ran do m ly  13 item s fro m  the lo t and accept the 
lo t  i f  2 o r fewer o f  the 13 item s were defective. T h is  type o f  
sam pling is called single sam pling. The O C curve (the p ro b 
a b ility  o f  accepting a g iven lo t qua lity ) fo r  th is  p lan is shown 
in  F igure 3. The po in ts  on the curve are calculated s im p ly  
fro m  the b in o m ia l d is tr ib u tio n . A  b in o m ia l d is tr ib u tio n  (4) 
shows the p ro b a b ility  o f  ob ta in ing  2 o r fewer defective item s 
in  a sample o f  13 fo r assumed true p ro p o rtio n  defectives in  
the lo t, and i t  is these p ro ba b ilitie s  and assumed true p ro 
p o rtio n  defectives tha t fo rm  the O C curve.

Range Authentic data Cumulative data %

40-50 0 0 0
50-60 1 1 1.6
60-70 2 3 4.8
70-80 7 10 15.9
80-90 14 24 38.1
90-100 12 36 57.1

100-110 12 48 76.2
110-120 10 58 92.1
120-130 3 61 96.8
130-140 2 63 100.0

A  fa ir ly  com m on sam pling technique is to  select a large 
sample o f  item s in  a rap id , inexpensive m anner and use the 
in fo rm a tio n  fro m  th is  large sample as a basis fo r  selection 
o f  a sm all sample fo r  m ore in tensive study. T h is  procedure 
reduces cost when the analysis o f  the sample is lengthy o r 
expensive. T h is  type o f  sam pling is called m u ltip le  sam pling. 
A n  exam ple o f  such a p lan together w ith  the equ iva len t single 
and double plans is shown in  F igure 4. M u ltip le  sam pling 
plans have the advantage tha t fo r  very  good o r bad lo ts, the 
average num ber o f  sam pling item s w h ich  needs to  be ex
am ined is less than the num ber w h ich  w ou ld  be exam ined 
under the single sam pling plan. The m a jo rity  o f  lo ts to  be 
exam ined are usually good qua lity , w ith  a sm aller percentage 
being m arg ina l, tha t is, where the p ro b a b ility  o f  acceptance 
is near 50%. In  the exam ple in  F igure 4, i f  the lo t is, say, 1% 
defective, then the p ro b a b ility  o f  ob ta in ing  0 defects ou t o f  
4 item s is 96%, so th is  lo t w o u ld  a lm ost always be accepted 
after on ly  4 item s were exam ined, and assurance equ iva lent 
to  exam in ing 10 item s w ou ld  be obta ined under the single 
plan.

The ca lcu la tion o f  OC curves and an A S N  (the average 
num ber o f  item s required to  reach a decision on lo t status) 
fo r m u ltip le  sam pling plans is m ore com plex than fo r single 
sam pling plans bu t can be easily done (see you r loca l stat
istic ian).

F D A  uses a m u ltip le  sam pling p lan fo r coffee beans to 
exam ine them  fo r insect damage (tunnels) and m o ld  e ither 
by v isua l exam ina tion  w ith  a m icroscope o r by x-ray ex
am ina tion . E ithe r m ethod is expensive and tim e  consum ing, 
and m u ltip le  sam pling allows some savings. The plan is shown 
in  Table 3.

The large num ber o f  samples gives an O C curve (F igure
5) tha t is qu ite  steep in  the region o f  the defect action level 
o f  10%.

The A S N  ca lcu la tion  fo r a lo t  w ith  the given percentage o f  
defects is:

P ercent defects A S N

6.0 542
7.0 676
8.0 990
8.5 1287
9.0 1724

10.0 2408
11.0 1854
12.0 1247

N o tice  how  A S N  is largest near the 50% p ro b a b ility  o f  
acceptance and is m uch sm aller fo r  “ good”  lots. In  every 
case, i t  is always less than the m ax im um  num ber o f  3000 
item s.

F o r tak ing  lo ts fro m  long p ro du c tion  runs o f  m any un its  
o f  products, the sam pling procedures o f  the M IL -S T D -1 0 5 D
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Percent Defective in Lot

Figure 3. OC curve for n = 13, C (acceptance no.) = 2.

(M il ita ry  Standard 105D) (6) are often used. The basic a im  
o f  the standard is m aintenance o f  the outgoing qu a lity  level 
fo r a given process average. These sam pling plans are de
veloped to  g ive assurance tha t i f  a m anufacture r is producing 
runs consistently w ith  q u a lity  levels at A Q L , then the great 
m a jo r ity  o f  these lo ts are accepted.

Seven inspection levels are provided, covering various levels 
o f  d isc rim in a tio n , tha t is, va ry ing  “ tightness”  o r “ steepness”  
on O C curves at a g iven A Q L  value. The standard also p ro 
vides 3 levels o f  inspection in  term s o f  severity o f  inspection: 
no rm a l, tightened, and reduced. N o rm a l inspection is needed 
to  start, then i f  q u a lity  is shown to  be poor, the inspector 
w ou ld  use a tigh tened level o f  inspection, o r i f  q u a lity  is 
good, a reduced inspection. The steps fo r using the plans are:

1. Decide on size o f  lo t, N . T h is  cou ld be sm aller than a 
p roduc tion  lo t  size, b u t should no t be larger.

2. Decide on inspection level: in  general, I I  ( in  Table 4).
3. Using 1 and 2, find  corresponding sample size code in  

Table 4.
4. Decide on single, double, o r m u ltip le  sam pling.
5. Decide w hether to  start w ith  no rm a l, tightened, o r re

duced sam pling.
6. Decide on desired A Q L  fo r percent defectives (tables 

cover on ly  up to  10%).
7. Enter the tables under the desired A Q L  w ith  the sample 

size code to  f ind  the num ber o f  defects in  the sample 
w h ich  w il l  resu lt in  acceptance o r re jection o f  the lo t.

F o r example, suppose we had a lo t  o f  10 000 item s. Table 
4, taken fro m  M IL -S T D -1 0 5 D , shows sample size code L  
under General Inspections leve l I I ,  w h ich  is no rm a l. Table 
5 (single sam pling) shows a 200 sample size fo r  sample size 
code le tte r L . I f  a 1% A Q L  had been specified, we w ou ld  
accept the lo t on the basis o f  5 o r fewer defects ou t o f  the

Table 3. Example of multiple sampling plan for coffee beans

Stage

No. of 
beans 

examined
Stop analysis 
and accept

No. of reject 
beans required 

to continue 
analysis

Stop analysis 
and reject

1 500 37 or less 38-115 116 or more
2 1000 85 or less 86-115 116 or more
3 1500 135 or less 136-165 166 or more
4 2000 185 or less 186-215 216 or more
5 2500 234 or less 235-264 265 or more
6 3000 283 — 284

AQL class (percent defective) 6.4-8.5 
AOQL class (percent defective)11.0-16.0

a. SAMPLING PLANS

Type of 
sampling Sample Sample

Size

Combined samples

Size Acceptance
number

Rejection
number

Single Firs:......................... 10 10 2 3

Double F irs:.........................
Second ......................

7
14

7
21

1
3

4
4

4 4 0 2Sequential Second ..................... 4 8 0 3
Third......................... 4 12 1 4
Fourth....................... 4 16 2 5
Fifth......................... 4 20 4 5

b. OPERATING-CHARACTERISTIC CURVES

P e r c e n t a g e  o f  d e f e c t i v e  i t e m s  in  s u b m i t t e d  i n s p e c t i o n  l o t »

Figure 4. Equivalent sampling plans for AQL of 6.4-8.5%. (Re
produced from ref. 5 with permission.)

200 item s sampled, and reject the lo t  i f  6 o r m ore defects 
were found in  the 200 item s sampled.

The M IL -S T D  tables also con ta in  the actual O C  curves, 
the average cu tgo ing q u a lity  lim its  under the various plans, 
and A S N  calcula tions fo r  doub le and m u ltip le  plans so tha t 
we can com pare these w ith  the single sample size.

In  sum m ary, the general approaches and the sam pling plan 
should be selected on the basis o f  the program  objectives and

Table 4. Sample size code letters for MIL-STD- 105D sampling 
procedures9

General inspection

Lot or batch 
size

Special inspection levels levels

S-1 S-2 S-3 S-4 I II III

2 to 8 A A A A A A B
9 to 15 A A A A A B C

16 to 25 A A B B B C D
26 to 50 A B B C C D E
51 to 90 B B C C C E F
91 to 150 B B C D D F G

151 to 280 B C D E E G H
281 to 500 B C D E F H J
501 to 1200 c C E F G J K

1201 to 3200 c D E G H K L
3201 to 10 000 c D F G j L M

10 001 to 35 000 c D F H K M N
35 001 to 150 000 D E G J L N P

150 001 to 500 000 D E G J M P Q
500 001 and over D E H K N Q R

a Data from ref. 6.
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Figure 5. OC curve for multiple sampling plan for coffee beans.

the feasibility of collecting the data needed. Development of 
the plans should be a joint effort by administrators, subject 
matter experts, and the statistician.

R e fe r e n c e s

( 1) Puri, S. C. (1981) S t a t is t ic a l  A s p e c ts  o f  F o o d  Q u a lit y  A s s u r a n c e ,  
Publ. 5 1 4 0 ,  Inform ation Services, Agriculture Canada, Ottawa, 
Ontario, Canada

(2) Acheson, D. (1965) Q u a lit y  C o n t r o l  a n d  I n d u s t r ia l  S ta t is t ic s ,  
Richard D. Irwin, Inc., Hom ewood, IL

(3) “Jo in t FA O /W H O  Food Standards Program m e,”  Codex C om 
m ittee on M ethods o f Analysis and Sam pling (May 1986) In
structions on Codex Sampling Procedures, Codex A lim entarius 
Com m ission, Rom e, Italy

(4) E n g in e e r in g  D e s ig n  H a n d b o o k :  T a b le s  o f  t h e  C u m u la t iv e  B i 
n o m ia l  P r o b a b i l it ie s  (June 1972) Headquarters, U.S. Army 
Com m and, W ashington, DC

(5) S e q u e n t ia l  A n a ly s is  o f  S t a t is t ic a l  D a t a : A p p lic a t io n s  (1945) Sta
tistical Research G roup, C olum bia University, Colum bia U n i
versity Press, New York, NY

(6) M I L - S T D - I 0 5 D  (April 1963) D epartm ent o f  Defense, U.S. 
G overnm ent Printing Office, W ashington, DC



KENTZER ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 2, 1988) 251

DRUGS IN FEEDS

Ion-Pair Reverse-Phase Liquid Chromatographic Determination of Amprolium 
in Complete Feeds and Premixes

ELZBIETA J. KENTZER,* 1 LAYNA S. COTTINGHAM, and ROBERT L. SMALLIDGE2
P u rd u e  U n iversity , D e p a r tm e n t o f  B io c h e m is try , W e s t L a fa y e tte , I N  4 7 9 0 7

Amprolium is extracted with methanol-water (2 + 1) containing 
5mM dioctylsulfosuccinate (DOSS) and lOmM CaCl2. The analyte 
is separated from coextracted materials by isocratic ion-pair reverse- 
phase liquid chromatography, following removal of late-eluting ma
terials on an acid alumina cleanup column, and is detected at 270 
nm. The mobile phase contains 4mM DOSS with 0.3% diethylamine 
and 1% acetic acid in 40% acetonitrile. Linearity is satisfactory over 
the range of 2.5-50 gg/mL. Mean recovery, as determined by stan
dard addition to commercial samples, is 100.1%. Accuracy was fur
ther tested in studies comparing the LC method to the official AOAC 
colorimetric method, using commercial samples, and was found to be 
satisfactory. Studies show that common poultry feed additives, grass 
meals, and some pelletization aids do not interfere with the analysis; 
however, when bentonite is present, recovery is decreased. The pre
cision of the method, measured over several experiments on com
mercial samples, is satisfactory as indicated by coefficients of vari
ation ranging from < 1 to 4.5. A ruggedness test resulted in an overall 
CV of 3.2%, indicating the probable success of the method in a 
collaborative study.

Amprolium [ 1 -(4-amino-2n-propyl-5-pyrimidinylmethyl)-2- 
picolinium chloride hydrochloride] is a coccidiostat used in 
poultry and calf feeds. The allowed levels range from 0.004 
to 0.036% amprolium in complete feeds and 1.25 or 25% in 
premixes (1). The official AOAC colorimetric method (2) has 
several weaknesses, such as limited linearity and high blank 
values (3). Results are strongly dependent on the type of basic 
alumina used for extract cleanup (4; R. L. Smallidge et al.
[1985] AOAC Spring Workshop, Dallas, TX). In addition, 
it is time consuming and hazardous because of the KCN used 
in color development. The official AOAC fluorometric meth
od (5) shows a bias when certain antibiotics are present (6); 
it has not found widespread acceptance, as evidenced by a 
recent AFFCO check sample (8622) in which only 2 of 33 
reported results were obtained by the fluorometric method.
Attempts have been made to modify the colorimetric 

method (3, 4) and to introduce new liquid chromatographic 
(LC) methods (7, 8), but all these attempts have certain lim
itations. Modification of the alumina preparation in the AOAC 
colorimetric method by Davis (4), although incorporated into 
the official method (9), does not correct the problems asso
ciated with this method (Smallidge et al., 1985). The ion- 
pair partition cleanup procedure proposed by Severijnen et 
al. (3) is time consuming and inconvenient for routine anal
ysis. The reported LC methods make use of laboratory-pre
pared ion-exchange (7) or silica normal phase columns (8), 
which is a limitation when a method is considered for general 
use.The objective in this study was to develop a reverse-phase 
LC method using commercially available columns and re
quiring minimum cleanup. The method presented meets these
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criteria, is accurate and precise, and gives qualitative infor
mation not available from the official methods.

M ETHOD

P r in c ip le  a n d  S c o p e

Finely ground feed is extracted with 100 mL methanol- 
water (2 + 1) containing 5mM sodium dioctylsulfosuccinate 
(DOSS) and lOmM CaCl2. Late-eluting contaminants are 
removed by acid alumina cleanup. Clarified extract is assayed 
by reverse-phase LC using DOSS as an ion-pairing agent in 
the mobile phase to increase the capacity factor of amprolium 
beyond that of coextracted contaminants. Amprolium is de
tected at 270 nm. The concentration range is from 0.004% 
to and including premix levels of 25% amprolium.
A p p a ra tu s

(a) L iq u id  c h ro m a to g ra p h .— Instrument capable of sol
vent mixing and maintaining constant pulseless flow of mo
bile phase. Operating conditions: flow rate, 1.5 mL/min; loop 
injection volume, 20 p L (<40 ̂L); detector wavelength, 270 
nm; detector sensitivity, 0.02-0.04 or as adjusted to yield 
working standard peak height of ca 60% full scale.

(b) C h ro m a to g ra p h ic  co lu m n . — Any reverse-phase Cl8 
column with particle size < 10 p m which will separate am
prolium from coextracted materials. Guard column should 
be used. Acceptable columns have been (1) Econosphere C18, 
5 /zm, 150 mm (Alltech Associates, Inc., Deerfield, IL 60015, 
Cat. No. 70065); (2) American Burdick and Jackson (Mus
kegon, MI 49442) OD-5,4.6 x 150 mm; (3 ) Whatman ODS- 
3, 10 p m , 4.6 x 250 mm (Whatman Inc., Clifton, NJ 07014). 
Other reverse-phase columns tested require greater adjust
ment of the mobile phase modifiers than these to optimize 
chromatography.
(c) S a m p le  c larification  filter. — 13 mm glass fiber prefilter 

pads (Gelman 66073, Fisher Scientific 09-731 A) inserted in 
0.5 in. id, 5 mL syringe barrel (B-D syringe, No. 5603) or 
any other filtration device (porosity <0.5 /urn) designed for 
clarification of aqueous chromatographic samples.

(d) A cid ic  a lu m in a  clean u p co lu m n . — (7) Sep-Pak alumi
na A cartridges (Waters Aeromatography, Milford, MA 01757, 
No. 51800), or (2) alumina, acid, Brockman Activity 1, 80- 
200 mesh (Fisher A-948). Wash by mixing with water (use 
ratio of 5 mL water to 1 g alumina) for 30 min, filter, rinse 
with methanol under reduced pressure, and let air dry at 
room temperature. Then dry for 3 h at 100°C under vacuum 
(ca 30 in. Hg).
R e a g e n ts

(a) E x tra c ta n t a n d  d ilu en t. — Methanol-water (2 4- l)with 
5mM DOSS and lOmM CaCL. Dissolve 2.22 g sodium dioc
tylsulfosuccinate (Aldrich D 20,117-0) and 1.47 g calcium 
chloride dihydrate (Sigma C-3881) in methanol-water (2 +
1) and dilute to 1 L. (Note: DOSS is hygroscopic and clumpy; 
however, this should not create a problem.)

(b) M o b ile  p h a se .— 40% acetonitrile containing 4mM 
DOSS, 0.3% diethylamine (DEA), and 1.0% acetic acid (sta-
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Figure 1. Separation of amprolium (k' -  10) from coextracted 
materials in a commercial poultry feed. Twenty mL of 0.0125% 
level sample was injected with 0.025 AUFS sensitivity. Column: 

Econosphere C18, 5 150 x 4.6 mm.

ble at least 4 weeks). When it is desirable to adjust solvent 
strength (as when using column for the first time), prepare 
the following 2 solvents: (A) 35% acetonitrile with the above- 
listed additives (freshly prepared because DOSS solubility in 
35% acetonitrile is borderline), and (B) 45% acetonitrile with 
the additives. DOSS is not very soluble when mobile phase 
contains <30% acetonitrile. To each of two 1 L volumetric 
flasks, add 1.78 g DOSS (formula weight = 444.55). Then 
add appropriate amount of LC quality acetonitrile (350 mL 
for A and 450 mL for B) and ca 200 mL LC quality water. 
To each, add 10 mL acetic acid and mix to dissolve (sequence 
important). Add 3 mL DEA, dilute to volume with water, and mix.
(c) A m p ro liu m  sta n d a rd  so lu tion s.—{ 1 )  A M P  stock so lu 

t io n .— About 600 /¿g/mL. Accurately weigh 0.057-0.063 g 
amprolium standard (Merck and Co.) into 100 mL volu
metric flask (actual weight = W s). Dissolve in and dilute to 
volume with extractant. (2) A M P  in term ed ia te  stock so lu 
t io n .— About 60 pg/mL. Transfer 10.0 mL AMP stock so
lution to 100 mL volumetric flask and dilute to volume with 
extractant. (3) A M P  w o rk in g  sta n d a rd  so lu tio n .— About 15 
/¿g/mL. Transfer 25 mL AMP intermediate standard solution 
to 100 mL volumetric flask. Dilute to volume with extractant 
and mix. Total dilution of working standard (Ds) is 4000 mL.
R e c o v e ry  T e s t f o r  A lu m in a  C le a n u p  C o lu m n

Whenever new cartridges are received or new batch of 
acidic alumina is prepared, test for recovery by comparing 
amprolium peak response on portion of sample extract con
taining amprolium which has passed through cleanup col
umn (as in E x tra ctio n  a n d  C leanup, complete feed) to peak 
response of portion of same extract which was not passed

through column. Percent recovery [(peak response through 
alumina/peak response of untreated extract) x 100] should 
be 100 ± 3%.
M o b i le  P h a se  O p t im iz a t io n

Retention time is quite sensitive to variation in mobile 
phase modifier, which may result with LC-blended mobile 
phase. Once optimization is accomplished, it is best to pre
mix mobile phase. To determine best mixture, condition LC 
column with 1:1 instrument-mixed ratio of mobile phase 
A:B (equilibration takes ca 30 min). Inject water to determine 
void volume (t0). Repeat injections of working standard until 
retention time (tr) of amprolium peak is constant. If doubling 
of amprolium standard peak occurs or if peak is distorted, 
capacity factor (tr - t0/t0) may be too low (k' = 10-16 is 
optimum). If necessary, adjust mobile phase mixture in small 
increments (e.g., first try A:B (55 + 45) to increase k', or A:B 
(45 + 55) to decrease k').
It is generally not necessary to adjust mobile phase con

centration of other modifiers when new column is optimized. 
However, if adjusting acetonitrile concentration alone is not 
satisfactory, increasing DOSS concentration will also in
crease k'. Increasing DEA concentration will reduce peak 
tailing and k'. Make any changes of DEA or DOSS in small 
increments (ca 5%). Test system with sample extract to ensure 
that amprolium peak is well resolved from coextracted con
taminants. In certain cases where an older LC column has 
not been adequately cleaned following use, peak doubling of 
standard peak may occur. When this happens, wash column 
at 1 mL/min for 20 min sequentially with (1) water, (2) 0.2M 
oxalic acid, (5) water, (4) acetonitrile, using slow linear pro
gram between each segment. Generally, when optimized mo
bile phase has been determined it will remain satisfactory 
throughout life of column.
E x tr a c tio n  a n d  C le a n u p

C om p lete  f e e d .— Weigh amount of well-mixed, finely 
ground sample to contain ca 1500 /¿g amprolium (sample 
weight = 0.15 divided by % guarantee; 12 g for 0.0125% 
guarantee and 6 g for 0.025% guarantee) into 250 mL Erlen- 
meyer flask. Do not weigh less than ca 4 g sample weight. 
Add by pipet 100 mL extractant, stopper, and shake me
chanically 60 min. Let feed particles settle or centrifuge to 
clarify. Make any dilutions necessary to give ca 15 /¿g/mL 
(only needed if level is >0.04% amprolium).
Remove possible late-eluting materials from extract im

mediately before chromatography by one of the following 
techniques: (a) Attach syringe (£ 10 mL) to alumina A car
tridge, add 8-10 mL extract, and gently force extract through 
cartridge with syringe plunger. Discard first 3 mL effluent, 
and collect the next 4-6 mL for chromatography, (b) Alter
natively, add 5 g acidic alumina to 1 cm id glass chromato
graphic column fitted with frit or small pledget of glass wool. 
Treat as in (a) except let effluent drain by gravity. Clarify by 
filtration (c) if necessary. Do not elute standard through 
cleanup column.

P rem ix es. — Weigh 5 g unground premix into 500 mL vol
umetric flask, add ca 300 mL extractant, shake 60 min on 
reciprocal shaker, dilute to volume with extractant, and mix. 
Dilute initial extract as follows: 25% premix: 10/100, then 
6/100; 1.25% premix: 6/50 mL. Final amprolium concen
tration should be ca 15 /¿g/mL.
C h r o m a to g r a p h y

Refer to A pparatus  (a) for operating conditions and to 
M o b ile  P h a se  O ptim ization. Condition column by pumping
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premixed, optimized mobile phase until retention time and 
peak response for injected working standard are constant (1- 
2%). Bracket each 2 sample injections by working standard 
injections. Following the run, study chromatogram to deter
mine if use of peak area is justified (i.e., peak integration 
marks are satisfactory); if not, then measure peak heights to 
nearest lh mm. Use average of all standard injections in cal
culations if there is no drift in peak response; otherwise, use 
average peak response (Rs) of standards bracketing each pair 
of samples to calculate amprolium concentration in samples. 
After each use, rinse column with ca 10 column volumes of 
40% acetonitrile (no other modifiers), program slowly (ca 20 
min) to water, hold for ca 20 column volumes, then program 
slowly to acetonitrile and hold for another 20 column vol
umes.
C a lc u la t io n s

Amprolium, % = (R„ x W s x D„ x 100)/(7?s x W u x D J

where R u = instrument response, unknown sample; W , =  
weight (g), standard; D u = total dilution (mL), unknown sam
ple; R s = instrument response, standard; W u = weight (g), 
unknown sample; D s = total dilution (mL), standard.

D ilu tio n  c a lcu la tio n .— Total dilution of standard (Ds), in 
which a certain weight of standard material (Ws) is dissolved 
in solvent and diluted to 100 mL and then is further diluted 
10/100 and 25/100, is calculated as shown here:

D s = (100 x 100 x 100)/(10 x 25) = 4000 mL
C o m m o n  d ilu tio n s .—D n = 100 for complete feeds 

(AMP < ca 0.04%). D a = 83 333 mL for 25% premix and 
4167 mL for 1.25% premix; D s = 4000 mL.

Results and Discussion
Figure 1 shows a typical chromatogram of amprolium in 

a sample extract with a label claim of 0.0125%. The final 
version of the mobile phase was selected on the basis of 
elution profiles as affected by (7) the acetonitrile concentra
tion, (2) the nature and concentration of the ion-pairing re
agent, and (5) the diethylamine concentration.
Several alkane sulfonate counter ions, as well as dioctyl- 

sulfosuccinate (DOSS), were tried as ion-pairing reagents in 
the m o b ile  p h a se in an attempt to increase the k' of ampro
lium beyond that of the coextracted materials. DOSS was 
used by Severijnen et al. (3) as the counter ion in the ion- 
pair partition cleanup of amprolium in their modification of 
the colorimetric method. Both dodecanesulfonate and DOSS 
were satisfactory counter ions for reverse-phase LC ion-pair 
partition chromatography, but we chose the latter because it 
is much less expensive (even though it is quite hygroscopic 
and exhibits some solubility limitations in the mobile phase). 
Diethylamine (DEA) is added to the mobile phase to decrease 
the tailing of the amprolium peak. When the concentration 
is too high, diethylamine interferes with the counter ion and 
decreases the amprolium k'. Thus, a balance between ace
tonitrile, DEA, and DOSS must be maintained to obtain 
optimum chromatography.
After trying many LC columns, we found 2 which appeared 

to perform better than the others in this method: (7) OD-5 
spherical C18 (4.6 mm id x 15 cm) from American Burdick 
and Jackson, and (2) Econosphere Cl8, 5 mm, 4.6 mm id x 
15 cm, from Alltech Associates, Inc. Other columns which 
were tested and which showed satisfactory resolution of the 
amprolium peak from coextracted material peaks were Par- 
tisil ODS-3, Versapack Cl8 (10 mm, 25 cm), and Resolvex 
C8. However, minor adjustments of the mobile phase mod

ifiers may be necessary to obtain optimum resolution and 
peak skew. We observed peak doubling of the amprolium 
standard peak with 2 of the 9 columns tested, and we could 
not resolve this problem by the normal means, such as re
ducing injection volume, altering the concentrations of the 
various solvent parameters, or cleaning the column. Double 
peaking of the amprolium was observed at times even with 
the more satisfactory columns if the column was not cleaned 
after each run as suggested in the method. When the doubling 
of the standard peak occurred on these columns, cleaning the 
column by pumping about 30 mL of 0.2% sodium oxalate 
followed by the same amount of water at 1-1.5 mL/min 
through the system was required for rejuvenation. A 20-30 
min gradient between cleaning solutions is recommended. 
We later found a greater tendency for amprolium peak dou
bling at low k’.
The linearity of the system was tested by constructing a 

calibration curve over the range 2.5-50 ¿¿g/mL (working stan
dard = 15 jUg/mL). Least square analysis of the curve resulted 
in a coefficient of determination (r2) of 0.9998. The in
tercept value obtained was found not to be significantly dif
ferent from zero (10, 11). Multiple standard addition (MSA) 
using commercial test sample portions, with spiking during 
extraction, was also linear (r2 = 0.9994). In MSA studies, the 
amount of standard amprolium in the spike was varied to 
be 0.0, 0.5, 1.0, 1.5, and 2.0 times the total amount of am
prolium expected in the test sample, e.g., for spiking during 
extraction, when 1500 ng is expected in the sample, from 
0 to 3000 jug spike is added to 5 sample portions in such a 
way that the final volume of extractant is held constant at 
100 mL.
Initially, it was our desire to use the same extractant [i.e., 

methanol-water (2 + 1)] for the LC method that is used in 
the official colorimetric method (2). Preliminary studies using 
this extractant, with determination by LC, indicated low re
covery relative to results obtained colorimetrically. Did the 
colorimetric method have a high bias, or was there a problem 
with the LC approach?
This apparent low recovery with the LC determination was 

studied using multiple standard addition. Several test por
tions of a commercial sample containing amprolium were 
spiked at different levels, either during extraction or by using 
aliquots of a pooled unspiked sample extract that were spiked 
after extraction; all were determined by LC. (Alumina clean
up columns were not being used when these studies were 
carried out.) The slopes from the linear regression treatment 
of the data were compared to a calibration curve constructed 
at the same time by calculating the slope confidence limits
(11). The slopes of the 2 MSA lines were significantly different 
from each other, and both were less than the slope of the 
calibration curve (i.e., slope confidence limits did not over
lap). The lower slopes indicate incomplete recovery of am
prolium using this extractant prior to LC (R. L. Smallidge
[1983] AOAC Spring Workshop, Indianapolis, IN). The fact 
that the slopes are different, and dependent on the point of 
spiking in the procedure, suggests that at least 2 different 
recovery reducing phenomena are observed. We were espe
cially surprised that we could not completely recover all of 
the spike added to the clear supemate after extraction. Our 
working theory at the time was that amprolium in the extract 
was complexed so that the peak response was decreased (the 
peak retention time and shape were the same in sample ex
tracts and in standard solutions).
CaCL was added to the methanol-water extractant to 

“swamp out” the natural complexing agents in the extract. 
This helped, but we found that dioctylsulfosuccinate was also
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Table 1. Standard addition recovery from commercial samples 
by using official method extractant or modified extractant with 

determination by LC

Sample Label, %

Recovery, %

Official'■ Modified"

1 0.00625 98.8 96.8
2 0.00625 89.9 102.4
3 0.00725 76.1 104.5
4 0.0125 84.0 101.0
5 0.0125 65.6 100.6
6 0.0125 93.5 106.5
7 0.0125 78.9 104.9
8 0.0125 104.5 96.1
9 0.0125 97.0 94.7

10 0.0125 97.1 92.7
11 0.025 95.6 101.3

Mean recovery (%) 89.2 100.1
CV (%) 13 4.5

* Methanol-water (2 + 1).
°5  mM dioctylsulfosuccinate + 10 mM CaCI2 In methanol-water (2 + 1).

needed in the extractant for complete recovery. The MSA 
experiment was repeated using the modified extractant (i.e., 
5mM DOSS + lOmM CaCl2 in methanol-water). The slopes 
of these MSA lines were not statistically different from that 
of the calibration curve, indicating complete recovery.
Single point standard addition, performed on 11 different 

commercial samples containing amprolium, was used to fur
ther test the effectiveness of the modified extractant for LC. 
The mean recovery of added spike was 89.2% for the meth
anol-water extractant and 100.1 % for the CaCL-DOSS mod
ified methanol-water extractant (Table 1).
The accuracy of the LC method was compared to the of

ficial colorimetric method through the analysis of a set of 11 
commercial complete feed and 6 premix samples by both 
procedures. The experimental plan involved single deter
minations of each sample on 2 different days by each method 
for the complete feeds, and duplicates on the same day for 
premixes. The results were analyzed using the paired com
parison plan as outlined by Wernimont (12), with the com
plete feed and premix data treated as separate sets. The av
erages of the results for each sample, by method, are presented 
in Table 2. In this treatment of the data, the precision of the 
2 methods is first determined to be not different by comparing

Table 2. Analysis of amprolium in commercial feeds: LC vs of
ficial colorimetric method

Determination, %

Sample* Label, % Official LC

1 0.00625 0.0044 0.0042
2 0.00625 0.0042 0.0042
3 0.0125 0.0100 0.0094
4 0.0125 0.0102 0.0102
5 0.0125 0.0091 0.0092
6 0.0125 0.0114 0.0115
7 0.0125 0.0094 0.0096
8 0.0125 0.0120 0.0128
9 0.025 0.0226 0.0210

10 0.025 0.0208 0.0219
11 0.03125 0.0282 0.0312
12 25 23.7 23.9
13 25 24.6 27.5
14 25 25.9 25.4
15 25 24.6 25.9
16 25 26.1 26.4
17 25 26.8 26.7

»1-11 =  average of single analyses on 2 different days; 12-17 =  average 
of duplicates on the same day.

Table 3. Test for peak purity: calculation at 3 wavelengths

Found, %

Label 250 nm 270 nm 290 nm

0.00625 0.0049 0.0048 0.0049
0.0125 0.0127 0.0130 0.0128
0.0250 0.0232 0.0230 0.0219
0.03125 0.0303 0.0305 0.0300

Peak ht ratio* 0.7 1.0 0.25

» Standard peak response at 250 and 290 nm relative to 270 nm.

method variances in an F-test. The means of the methods 
are then compared by calculating the confidence limits of the 
mean difference between the methods. If the confidence lim
its include zero, the methods are not considered to be sta
tistically different. The LC method was found to be statis
tically not different from the official method (alpha = 0.05).
Recovery of amprolium by the official method has been 

shown to be low when samples contain grass meals (3, 7). 
To determine if the same effect occurs when the proposed 
method is used, a study was conducted in which varying 
amounts of alfalfa were added to constant amounts of test 
sample. No decrease in recovery was detected until the rel
ative amount of alfalfa was 40% of the total (much higher 
than is normally found in complete feeds).
Several pelletization aids were added at the 4% level to 

portions of a complete feed containing amprolium, the sam
ples were assayed, and the results were compared to a portion 
of the feed with no pelletization aid present. Bentonite was 
the only aid which caused reduced recovery of amprolium. 
The presence of the other feed pelletization agents tested 
(Agri-gum, Pel-aid, Ameri-bond, and Pell-A-Firm) resulted 
in a small shoulder appearing on the amprolium peak tail; 
however, if peak heights were used for calculating results, 
recovery was not affected. Peak area calculations in these rare 
cases may result in a small positive bias.
No interference to the recovery of amprolium nor to the 

chromatogram was observed when the following poultry drugs 
and antibiotics were added to feeds: ethopabate, sulfon
amides, arsanilic acid, penicillin, streptomycin, and chloro- 
tetracycline. When thiamine was added to the extract from 
an amprolium-containing feed, a peak with a much smaller 
k' was observed. The specificity of the proposed LC method 
was further tested by the analysis of 10 unmedicated poultry 
feeds. No peaks were observed with a k' similar to that of 
amprolium.
After being well into this study, we became aware that 

some complete feed level samples contain late-eluting peaks. 
These do not interfere with the amprolium peak in the ex
tract, but may interfere with subsequent injections. We in
vestigated the use of several different types of commercially 
available cleanup columns while looking for a simple solution 
to this problem. At first it appeared that a pellicular Cl8

Table 4. Test for precision at different label claims“

Label claim, % Mean, % SD CV, %6

0.00625 0.0055 0.000198 3.61
0.0075 0.00624 0.000178 2.84
0.0125 0.0146 0.000320 2.19
0.0125 0.0143 0.000493 3.46
0.250 0.0237 0.000137 0.58
0.250 0.0227 0.000314 1.39

25.0 25.2 0.5 2.0

* Six replicates each of 7 commercial feeds. 
“ Mean CV = 2.3%.
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Table 5. Ruggedness test

Conditions*
Normal
values Letters

Altered values 

UC» LC“ Diff.'

DOSS/Pm, mM 4 C, c 4.4 3.6 0.25
CaCyExt., mM 10 B, b 11.0 9.0 4.75
Al20 3 cart. used G,g used not used 11.75
DEA/Pm, % 0.3 D, d 0.33 0.27 21.75
DOSS/Ext., mM 5 A, a 6 4 26.25
CH3CN/Pm, % 40 E, e 42 38 30.25
Wavelength, nm 270 F, f 280 260 35.25

Mean result =  0.009916% amprolium; CV = 3.17%

* DOSS =  sodium dioctylsulfosuccinate; Pm = mobile phase; Ext. =  extract
ant; Al20 3 cart. =  acid alumina cartridge; DEA = diethylamine.

“ UC = upper case letter; LC = lower case letter.
'Difference = |UC mean results -  LC mean results| x 105.

column might work, but we soon found the recovery of am- 
prolium to be variable. After testing several of the other types 
of columns, including acid, neutral, and basic alumina, we 
found acid alumina (whether as commercial cartridges, or as 
laboratory-prepared acid alumina columns) to be satisfactory 
for removing the late-eluting peaks as well as for recovery of 
the amprolium peak. We recommend discarding the first 3 
mL effluent from cleanup column or cartridge, and collecting 
the next 4-6 mL for injection onto the LC column, because, 
as we have found with other cleanup columns (Smallidge et 
al., 1985), analyte is concentrated in the first 1-2 mL effluent.
The purity of the amprolium peak from some typical feeds 

was tested by calculating results from chromatograms ob
tained at wavelengths 20 nm each side of the wavelength 
maximum recommended for analysis, i.e., 270 nm (Table 3). 
Generally good agreement was observed for all tested sam
ples.
The within-day precision of the proposed method was 

studied by analyzing 6 replicates of 7 samples over the con
centration range normally found in commercial feeds, i.e., 
0.00625-25% (Table 4). The coefficients of variation ranged 
from 0.58 to 3.61%.
The proposed method was tested for ruggedness (13) to 

determine (1) if there are any procedural points where special 
care is needed, and (2) how the method might be expected 
to perform if subjected to a collaborative study. The following 
factors were selected for scrutiny: extractant (A,a): 20% each 
side of the proposed DOSS concentration, and (B,b): 10% 
each side of the proposed CaCl2 concentration; mobile phase 
(C,c): 10% each side of the proposed DOSS concentration, 
(D,d): 10% each side of the proposed diethylamine concen
tration, and (E,e): 10% each side of the acetonitrile concen
tration; detector (F,f): 10 nm each side of the proposed wave
length of detection, (G,g): using or not using the alumina 
cleanup column. Statistical evaluation indicates negligible 
effects for all changes (Table 5). The overall coefficient of

variation for the ruggedness test was 3.2%. This should pre
dict the success of the method in interlaboratory use (13). 
The factor which is most likely to lead to problems is fine 
tuning the organic strength in the mobile phase.
The LC method has been used in our laboratory for more 

than 2 years since it has evolved to its present form. We 
have used the same column for much of that time with no 
problem as long as the suggested column wash process is 
followed. We have also found that once we settled on the 
optimum strength of the organic portion in the premixed 
mobile (40%), we have not needed to change it (the hygro
scopic nature of the DOSS has not created any problem).
We have presented an LC method for the analysis of am

prolium in feeds and feed premixes and validated it in com
parison to the official colorimetric method. Besides the major 
advantage of specificity, the LC method also has other ad
vantages with respect to the official method. The official 
method is dependent on the basic alumina selected for re
covery of analyte (4; Smallidge et al., 1985), a condition 
which should be corrected by adding a recovery test to that 
procedure. The official method also uses the less than desir
able KCN as part of the color developing reagent. The hands- 
on time for the analyst is less with the LC method than with 
the official method (if an autosampler is used).

Recommendations
The present plan is to subject the method to collaborative 

study as soon as it has been field-tested.
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FEEDS
Moisture Analysis of Forage by Near Infrared Reflectance Spectroscopy:
Preliminary Collaborative Study and Comparison Between Karl Fischer and 
Oven Drying Reference Methods

WILLIAM R. W IN D H A M , FR A N K LIN  E. BARTO N II, and JAMES A. ROBERTSON
U .S . D e p a r tm e n t o f  A gricu ltu re , A g r ic u ltu ra l R esea rch  S erv ice , R ic h a r d  B. R u sse ll A g r icu ltu ra l R e se a rc h  C en ter,
P la n t S tru c tu re  a n d  C o m p o s itio n  R esea rch  U nit, P O  B o x  5 6 7 7 , A th en s , G A 3 0 6 1 3

A collaborative study of moisture analysis by near infrared reflec
tance spectroscopy (N IRS) has been completed involving 5 labora
tories and 20 forage samples. N ear infrared reflectance spectroscopy 
calibrations for moisture were developed in the Associate Referee’s 
laboratory from Karl Fischer (KF) and AOAC air oven (AO) (135°C 
for 2 h) moisture methods, respectively, and transferred to each col
laborating laboratory’s N IR S instrum ent. N IR S m oisture data were 
validated with KF data from the Associate Referee’s laboratory and 
AO data from each collaborating laboratory. The standard error of 
analysis of KF data by N IR S KF determ ination and AO data by 
N IR S  AO determ ination ranged from 0.25 to 0.48% and from 0.74 
to 1.88%, respectively. The standard errors between laboratories for 
N IR S KF and N IR S  AO determ inations were 0.27 and 0.39%, re
spectively. The standard error between moisture analyses by N IR S 
KF and N IR S AO calibrations, averaged across laboratories, was 
0.42%. In addition, the standard error between laboratories for the 
AOAC AO method was 0.63%. The increase in standard  error for 
the AOAC AO method was due to the random and system atic errors 
associated with the gravimetric techniques. The results indicate that 
N IR S analysis can accurately and precisely determine the moisture 
content of forages and forage crops because of the very strong ab
sorbance of water in the near infrared region.

Near infrared reflectance spectroscopy (NIRS) has been ex
tensively researched and widely accepted for the analysis of 
crude protein, acid and neutral detergent fiber, lignin, and in 
vitro dry matter digestibility of forages over the last 10 years
(1). However, only in the last year has the NIRS technique 
been proposed in the literature for routine moisture analysis 
of perennial forages (2, 3), even though Kaye (4) in 1954 
suggested that moisture could be determined by NIRS anal
ysis and Hoffman (5) in 1963 established the relationship 
between reflectance at 1450 and 1930 nm to moisture content 
of solid materials. In fact, NIRS analysts recommended drying 
samples to a 5-10% moisture range before NIRS analysis to 
reduce the interference from water (1). Also, NIRS analysis 
has been used to determine moisture content in wheat (6), 
com and grain sorghum (7), oilseeds (8), and corn silage (9). 
Although these previous investigators demonstrated the fea
sibility of NIRS moisture analysis, accuracy of their data was 
limited by calibration with air oven moisture data.
The acceptance of NIRS for the routine analysis of mois

ture in forages has been hampered by the lack of a primary 
reference method specific for water. The Karl Fischer (KF7) 
titration method is specific for water and has been applied 
to a wide variety of agricultural products, including cereal 
grains (10), soybeans (11), sunflower seeds (12), oils and fats 
(13), and com (R. Bemetti, CPC International, private com
munication 1987). Application of the KF titration method 
to moisture analysis in perennial forages and as the reference

R e c e iv e d  M a r c h  13 , 1 9 8 7 . A c c e p te d  M a y  2 0 , 1 9 8 7 .
C o n t r ib u t io n  f ro m  T h e  P la n t  S t r u c tu r e  a n d  C o m p o s i t io n  R e s e a rc h  U n i t ,  

R ic h a r d  B. R u s s e l l  A g r ic u l tu ra l  R e s e a rc h  C e n te r ,  A th e n s ,  G A  3 0 6 1 3 .
M e n t io n  o f  a  t r a d e  n a m e  d o e s  n o t  im p ly  a n  e n d o r s e m e n t  o r  r e c o m m e n 

d a t io n  b y  th e  U .S . D e p a r tm e n t  o f  A g r ic u l tu re .

method for NIRS calibration was first evaluated by Wind
ham et al. (3). Those results were compared to the 2 AOAC 
official methods (14): air oven method, 7.007 and vacuum 
oven method, 7.003, and the air oven method with drying 
at 105°C for 24 h. Moisture data from method 7.003 and the 
modified air oven method were lower (P  < 0.05) than those 
obtained for method 7.007 or the KF method. No difference 
was found between the latter 2 methods. Examination of the 
1930 nm absorption band from the vacuum oven and mod
ified air oven residues with NIRS indicated that the lower 
moisture values were due to the inability of these methods 
to remove effectively all the water from the sample; the res
idue spectra from method 7.007 showed little absorption at 
1930 nm, indicating that virtually all water had been re
moved. On the other hand, further comparison of these 
methods in forage populations to include silages and silage- 
based dairy rations resulted in higher (P < 0.05) moisture 
data from method 7.007 vs KF. This difference was probably 
due to the loss of volatile acids, bases, and alcohols at 135°C, 
resulting in an overestimation of moisture (15). We dem
onstrated and concluded that NIRS can be used to precisely 
and accurately analyze forages for moisture when calibrations 
are developed with a primary reference method that truly 
defines moisture concentration.
The analysis of moisture in forages is important in other 

aspects of NIRS technology. One of the 4 keys to successful 
use of NIRS is accurate laboratory analyses (chemical or 
bioassay) of the calibration samples (1). Many NIRS analysts 
prefer to calibrate when sample assays are expressed on a 
dry matter (DM) basis rather than on an ambient environ
ment basis. As such, an equally important component of 
accurate laboratory analysis of the calibration samples is that 
of moisture determination. Variability in moisture deter
mination will produce inaccurate estimates of all other chem
ical components. The analysis of moisture by NIRS has the 
potential to reduce or eliminate this source of variation.
This research was undertaken by the National NIRS For

age Research Project Network on behalf of the U.S. De
partment of Agriculture, Agricultural Research Service. The 
preliminary collaborative study of the proposed method of 
moisture analysis by NIRS provided an opportunity to es
tablish guidelines for NIRS moisture calibration and to dem
onstrate the potential of NIRS to reduce analytical errors 
among laboratories.

Moisture in Forage and Forage Crops 
Karl Fischer Method

A pparatus and Reagents

(a) K a rl F ischer titra tio n  assem b ly . — Manual or automat
ed, with stirrer.

(b) M ill. — Model 8000 Mixer/Mill with 65 mL capacity 
hardened steel vessel and supply of 0.5 in. diameter steel 
balls (Spex Industries, Metuchen, NJ 08840), or equivalent.
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(c) K a rl F ischer reagen t. — H ydranal-Com posite 5 (Cres
cent Chemical Co., Hauppauge, NY).

(d) S a m p le .w/venf.-Anhydrous distilled-in-glass metha
nol (Baker Chemical Co., Phillipsburg, NJ).
Sam ple Preparation and E xtraction o f  W ater

Before use, rinse milling vessel, lid, and balls with meth
anol, heat in 80°C air oven 1 h, and let cool.
Accurately weigh ca 1 g cyclone-ground (1 mm) forage, 

place in milling vessel with 3 steel balls, and pipet 50 mL 
methanol into vessel. Seal lid to vessel, and mill grind 30 
min (3). Set milling vessel aside to settle solid residue from 
sample. Allow 1 Vi h if vessel is not centrifuged. Centrifuging 
will greatly reduce settling time. Repeat procedure with 50 
mL methanol blank. Minimize exposure of sample, metha
nol, and mixture to air to prevent contamination by moisture 
in air.
D eterm ination

Prepare titrator for titration according to manufacturer’s 
instructions. Standardize titrator by injecting water as out
lined by Jones and Brinkenkamp (11). For best results, make 
titrations of methanol blank at beginning and end of a series 
of determinations and compute mean. Withdraw specimen 
of desired quantity of methanol-extracted water mixture from 
milling vessel and weigh on microbalance. Insert tip of needle 
beneath surface of solution in titration vessel, expel mixture, 
and start titration. Carefully wipe needle clean of solution 
and reweigh syringe. Record weight of specimen injected. 
After end point has been reached, record titration value (mL 
Hydranal reagent used in case of the motorized biuret type 
titration). Repeat titration procedure for duplicate titration 
values on specimen. Estimate mass of oil and/or extraneous 
material extracted into methanol-extracted water mixture 
from forage by the procedure of Jones and Brinkenkamp (11).
Calculations

Calculate moisture content of forage sample, using mass 
basis Karl Fischer titration equation (16).

Moisture in Animal Feed 
Oven Drying at 135°C

Conduct moisture determination by AOAC official meth
od 7.007. For best results, control time of drying; control 
time needed for air oven to return to desired temperature 
after opening; minimize exposure of dry matter residues to 
air; clean and properly lubricate seals and glass surfaces of 
desiccator; use fresh and effective desiccant; and use low 
desiccator loading rate.

Moisture in Forage
Near Infrared Reflectance Spectroscopy

Apparatus

(a) W avelen g th -sca n n in g  in s tru m en t. — Model 6100 or 
6350 grating monochromator (Pacific Scientific Corp., Gard- 
ner/Neotec Instrument Div., Silver Spring, MD 20910), or 
equivalent. Analysts are referred elsewhere (17, 18) for de
tailed description of monochromator.

(b) C o m p u ter. — PDP 11 series computer equipped with 
64 K bytes of main memory; dual RX02 double-density 
floppy disks; RL01 five megabyte or RL02 ten megabyte hard 
disks. PDP system software RT-11 V5.0 (Digital Equipment 
Corp., Nashua, NH 03061), or equivalent.

(c) U SD  A P ublic S o ftw a re .—Analysts are referred to USD A 
NIRS Handbook 643 (1) for detailed description of software.

Software consists of 14 programs written in FORTRAN IV 
to collect, store, and process NIRS data.
(d) M ill .— Tecator Cyclone Sample mill with 1 mm screen 

(Fisher Scientific, Springfield, NJ 07081), or equivalent. Pe
riodically change grinding ring to ensure consistency of par
ticle size over time.
(e) N IR S  sa m p le  holder. — Nylon holder 2'h cm diameter 

and 1 cm thickness with infrared transmittance quartz win
dow. Sample capacity ranges from 0.75 to 1.75 g. The sample 
is held in holder with back made of rubber or foam core 
(Pacific Scientific Corp.), or equivalent.
(1) S a m p le  s to ra g e  c o n ta in er .—For best result in main

taining sample moisture concentration, store in Poly-Kraft 
Bags-Mil-B-121 Type II Grade A, Class I. Place sample in 
bag and heat-seal (EDCO Supply Corp., Brooklyn, NY 11232).
Instrum ent Operation

(a) S ta r t-u p .—For best results, run instrument continu
ously. If instrument is turned on from cold condition, warm
up time should be no less than 15 min and may require as 
much as 1 h.

(b) M o n o ch ro m a to r  d ia g n o s tic  te s ts .—Instrument noise: 
Conduct scans of ceramic reference to itself. Deviations from 
zero are expressed as average deviation (bias); root mean 
square (RMS) is expressed as log(l/R)/106. Bias indicates any 
systematic change in log(l/R) level of scans taken over time. 
All positive or all negative bias values indicate problem with 
instrument. RMS value can range from a low of 10 to a high 
of 50 without affecting analysis. Monochromators manufac
tured since 1983 should have average noise level below 30 
RMS over 100 scans. Wavelength accuracy: Measure wave
length repeatability and accuracy with a clear polystyrene 
petri dish. Place petri dish in light beam and pull out sample 
drawer to expose ceramic standard. Reference this scan to 
measurements without petri dish. Locate major polystyrene 
peaks and compare with known locations at 1680.3, 2164.9, 
and 2304.2 nm. Standard deviation of repeatability should 
be less than 0.05 nm, and the deviation from known location 
should be less than 0.5 nm. Large values usually indicate 
mechanical problems in monochromator.

(c) M a in te n a n c e .—C lean ceramic standard, all parts of 
drawer assembly, and windows above and below detector 
with vacuum, brush, or soft tissue whenever dirt is seen to 
accumulate. Detailed information on instrument operation 
is given in USDA NIRS Handbook 643 (1) and elsewhere
(19).
D eterm ination

(a) P rep a ra tio n  o f  sa m p le . — Grind samples for NIRS anal
ysis in cyclone mill through 1 mm screen. Clean mill between 
samples to minimize cross-contamination. Before grinding 
samples containing more than 25% moisture, dry 24 h in 
60°C air oven. Mix milled samples well and take random 
test portions. Continue to take random test portions until 
NIRS sample holder is level full. Press back into holder. 
Continue to press back until it is tight and level. As a check, 
invert NIRS sample holder and make certain that sample is 
firmly pressed against window. If any abnormality is appar
ent, remove back and repeat this procedure. Consistency in 
sample handling and preparation is crucial to successful NIRS 
analysis.

(b) C alibra tion . — Randomly select samples for moisture 
calibration from either finite or infinite population. (A finite 
population has defined boundaries set by the analyst which 
limit the population, whereas an infinite population has no 
such boundaries.) Select as many samples as possible cov
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ering a range of moisture concentration and all other vari
ables that may affect chemical and physical composition of 
the forage (stage of growth, species, preservation method, 
etc.). In practical terms, a minimum of 50 samples should 
be considered (19).
Collect reflectance (R) measurements (log 1/R) of calibra

tion set with program SCAN (1) from 1100 to 2500 nm and 
record at 2 nm intervals. Conduct primary reference moisture 
method on NIRS test portion to ensure that the moisture 
concentration of calibration set is not influenced by changes 
in environmental conditions. Develop multiterm calibration 
equations by multiple linear regression of reflectance mea
surements to moisture concentration using program BEST
(1). Before evaluating regression statistics, examine differ
ences (residuals) between NIRS moisture data and reference 
moisture method for samples with large t- or H-values. Large 
positive or negative t-values represented by “■&” on com
puter printout indicate that residual is 2.5 times the standard 
error of a difference between NIRS determination and ref
erence method. Reanalyze these samples by the reference 
method. A large H-statistic denoted as “■&” and 
indicates that NIRS spectrum used in calibration for a given 
sample differs substantially from NIRS spectra of other sam
ples.
Calculation was mathematically derived from covariance 

matrix according to the formula: H = Xis'x)“ ^ 1 (1, 20). A 
high value on the diagonal of the H-matrix indicates a sample 
that is dissimilar to the calibration set at the wavelengths 
used in the equation. Rescan such a sample. If the 2 scans 
agree and the sample belongs in the population, then retain 
sample. If scans disagree, then the first one was a mistake 
and should be discarded.
Examine standard error of calibration (SEC) to determine 

how well calibration samples were fit. The lower the SEC 
value, the better the fit. Select an equation with SEC about 
2 times the laboratory repeatability error of reference mois
ture method. Examine coefficient of determination (R2) to 
determine proportion of variability explained by regression 
equation. Low R2 values often indicate that laboratory data 
from reference method are imprecise. If laboratory repeat
ability error from reference method is one-fourth the stan
dard deviation, select equation with R2 > 0.75.
Examine F-statistic of regression coefficients. High F-val- 

ues indicate that associated coefficient is significantly differ
ent from zero. Small F-values indicate that coefficient con
tributes little to equation except to fit random errors. Reject 
equations with F-values less than 10. Examine wavelengths 
from equation selection process. For moisture calibration, 
one- to three-term equations are sufficient as long as wave
lengths are in the proximity of known absorption peaks for 
moisture (1430 and 1930 nm).

(c) V a lida tion.—Conduct NIRS analysis (program PRE) 
with equations selected from calibration statistics on a pop
ulation of unknown samples. Examine NIRS data for sam
ples with larger H values. A large H-value (greater than 3.0) 
for a few samples indicates that their NIR spectra are different 
from the spectra of the calibration population. A large t-value 
(2.5 times SED) for a few samples would indicate that lab
oratory values from reference method did not represent sam
ples at the time the scan was taken. Many validation samples 
with large t- and H-values indicate that overfitting has oc
curred and that equation is specific to those samples in calibration set.
Next, use validation statistics from program STAT (1) to 

examine standard error of analysis (SEA) of reference method 
data by NIRS. SEA is a true indication of the performance

of the equation on unknown samples. Select an equation with 
lowest bias and SEA. Unlike SEC, which must decrease with 
each additional term, SEA only decreases until overfitting 
becomes important and forces it to increase. Final equation 
for routine NIRS analysis is based on both calibration and 
validation statistics.

Collaborative Study
Twenty samples of bermudagrass (C yn o d o n  d a c ty lo n (L.) 

Pers.) cultivars were sent to 5 collaborating laboratories in
cluding the Associate Referee’s laboratory. The laboratories 
participating in the study were all members of the USDA/ 
ARS National NIRS Forage Research Project Network. The 
samples consisted of different bermudagrass cultivars, har
vest dates, and stages of regrowth. One-half of the samples 
were preserved by freeze drying and the remaining were sun- 
cured hay. Samples ranged in moisture content from 2.1 to 
16.2%. Bulk quantities of each sample were ground in a 
cyclone mill, mixed until completely homogeneous, and sub
divided into 5 pairs in the Associate Referee’s laboratory. 
Samples were subsequently packed in 6 oz Whirl-Pak bags 
and heat sealed in Poly-Kraft bags to ensure the moisture 
concentration did not change during the collaborative study. 
All collaborators used compatible equipment as described in 
the apparatus section of the NIRS method. Collaborators 
received a floppy diskette which contained NIRS moisture 
calibration equations developed in the Associate Referee’s 
laboratory from Karl Fischer (KF) and air oven (AO) (AOAC
7.007) moisture methods, respectively; the test samples with 
KF moisture data; as well as specific instructions on sample 
handling. Collaborators were instructed to open one Poly- 
Kraft bag at a time, pack the sample in the NIRS sample 
holder, reseal the bag, conduct NIRS moisture determina
tion, and then conduct moisture analysis by the AO method 
on the same test portion used for NIRS analysis. To obtain 
some measure of the homogeneity and stability of the sam
ples, collaborative sample sets were analyzed using NIRS KF 
and AO calibrations developed in the Associate Referee’s 
laboratory prior to and after the collaborative study.
The forages used for NIRS moisture calibration by the AO 

method were 48 bermudagrass samples described by Wind
ham et al. (3). The samples were preserved by air oven drying 
at 55°C for 24 h and ranged in moisture content from 1.39 
to 18.67%. The samples used for NIRS moisture calibration 
by the KF method were the previously described bermu
dagrass samples plus 10 sun-cured bermudagrass samples 
and 3 samples each of freeze-dried temperate grasses, le
gumes, silages, and silage-based dairy cattle rations, respec
tively. Analysts are referred to Windham et al. (3) for com
plete description of the additional samples. NIRS, KF, and 
AO analyses were conducted concurrently on 6 samples per 
day to ensure that the moisture data were not influenced by 
changes in laboratory environment.
The NIRS instrument was separately calibrated with re

spect to both moisture reference methods in the Associate 
Referee’s laboratory, in each case by using the procedure 
described in the NIRS method. The 20 collaborative samples 
were then used as a “validation” set for testing the calibration 
equations within moisture reference methods. Comparison 
criteria for choosing the best NIRS moisture equations for 
distribution to collaborators were the moisture data from the 
reference method compared to the NIRS moisture data using 
R2, SEA, and average deviation of the NIRS moisture data 
from the reference method data (bias) in the validation set.
The NIRS moisture calibration equations from the 2 ref

erence methods were transferred from the referee’s “master”
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Table 1. NIRS moisture calibration statistics at Associate Referee’s laboratory

Method N* Mean,” % SD“
Math

treatment“ Wavelength, nm SEC,“ % R2“

Air oven 48 6.63 4.52 1 1858,1978,1938 0.27 0.99
Air oven 70 7.32 4.10 2 2008,1848 1.34 0.89
Karl Fischer 70 6.82 3.92 2 2008, 1848 0.38 0.99

* Number of samples in calibration set.
“ Mean and standard deviation of calibration sets.
“ Math treatment = 1, 30, 10, 2, where 1 = first derivative, 30 = wavelength gap in nm for computing first derivative, 10 = smoothing interval in nm for first 

smooth, 2 = smoothing interval in nm for second smooth. Math treatment for KF calibration = 2, 20, 20, 2.
“ Standard error of calibration. 
e Fraction of explained variance.

instrument to each collaborator’s “slave” instrument, with 
the aid of the program TRANSFER, in the following manner:

(1) Spectra for sealed transfer samples were collected for 
the master and slave instrument.

(2) Spectral data of the 2 transfer files were transformed 
using the math treatment associated with the equation term. 
Correlations were computed between the data of the master 
transfer spectra and the slave transfer spectra. The wave
length in the slave file with the highest correlation was se
lected. Regression at the selected wavelength was used to 
adjust the equation coefficient and update the equation in
tercept.

(i) The slave equation, consisting of the highest correlated 
wavelengths, adjusted coefficients, and intercept, was written 
in a file for later use. Detailed description of the transfer 
program and procedure are given elsewhere (1, 21).

Results and Discussion
The NIRS moisture calibration statistics for the equations 

that were transferred to the collaborating laboratories are 
shown in Table 1. At most, 2 to 3 wavelengths were adequate 
to provide acceptable equations for the analysis of moisture. 
The SEC values were similar and comparable to those re
ported for NIRS moisture calibration for sunflower seeds (8) 
and forages (3). Calibration by means of AO data, using all 
70 samples, resulted in high SEC and lower R2 values. This 
lack of fit indicated that the moisture content of the addi
tional 22 samples from the AO reference method were im
precise. The mean moisture content of the additional 22 
samples from the KF method was 7.14% ± 2.17 vs 
8.06% ± 2.99 from the AO method. The difference in the 
mean deviation between the 2 methods was probably due to 
loss of volatiles and/or loss of carbon-containing substances 
due to chemical reactions at 135°C. In addition, the higher 
standard deviation from the AO method indicates that these 
losses or reactions were different in nature or extent among 
the forage types.

The comparisons between methods of moisture analysis 
of the collaborative samples are shown in Table 2. Analysis 
of variance (22) with a model consisting of method of anal
ysis, method of preservation, and method of analysis x 
method of preservation interaction gave a significant (P <

Table 2. Comparison between methods of moisture analysis 
(%) in Associate Referee’s laboratory

Method of preservation

Method of analysis Temp., °C Time, h Sun-cured
Freeze-
dried

Air oven 135 2 9.60- 8.70“
Karl Fischer — — 9.62“ 8.05“

* “ Column means within method of preservation with unlike superscripts differ 
(P < 0.05).

0.05) interaction term. This interaction was due to the higher 
(P < 0.05) moisture values obtained with the AO method 
for the freeze-dried samples. However, no differences were 
found between the methods for the sun-cured hay. These 
data are in agreement with Windham et al. (3), who reported 
no difference between these methods for samples that were 
sun-cured or oven-dried.

Validation statistics for NIRS KF moisture calibration 
at each collaborative laboratory are listed in Table 3. No 
H-statistic outliers were found, indicating that the spectra of 
the collaborative samples did not differ from the spectra of 
the calibration samples. Examination of the differences be
tween KF data and NIRS data (residuals) resulted in no 
significant t-outliers, indicating that the samples analyzed by 
the KF method were representative of those that were scanned 
and that the equation was not overfitted to those samples in 
the calibration set. The standard error of analysis (SEA) of 
KF data by NIRS KF calibration ranged from 0.25% on the 
master instrument in the Associate Referee’s laboratory to 
0.53% for laboratory B. These SEA values are acceptable and 
similar to those reported by Windham et al. (3) for NIRS 
KF moisture analysis of tropical and temperate grasses, le
gumes, silages, and silage-based dairy cattle rations. The vari
ance component estimation procedure (22) gave variances 
of 0.2, 99.55, and 0.25% for differences in moisture data due 
to laboratory, sample, and laboratory x sample interaction. 
The high R2 (Table 3) and variance components indicated 
that the KF and NIRS data were ranked similarly within and 
between laboratories.

In addition to the analysis of the collaborative samples 
with the NIRS KF calibration, samples were concurrently 
analyzed with the NIRS AO calibrations. After NIRS anal
ysis, analysts were instructed to determine the moisture con
tent of the same material scanned by the AOAC AO method. 
Validation statistics for the NIRS AO calibration using AOAC

Table 3. Validation of collaborating laboratory’s NIRS KF mois
ture calibration with KF moisture data from Associate Referee’s 

laboratory

Lab. N*

Mean,

KF

“ %

NIRS
KF

SD

KF
NIRS

KF
Bias,“

%
SEA,“

% R2

A“ 20 8.77 8.67 4.24 4.11 -0.10 0.25 0.99
B 20 8.77 8.60 4.24 3.80 -0.18 0.53 0.99
C 20 8.77 8.84 4.24 3.99 0.07 0.45 0.99
D 20 8.77 8.97 4.24 4.15 0.20 0.26 0.99
E 20 8.77 8.57 4.24 3.87 -0.20 0.48 0.99

* Number of collaborative samples.
“ Mean and standard deviation of moisture analysis by Karl Fischer (KF) and 

NIRS Karl Fischer (NIRS KF) calibration.
“ NIRS KF moisture minus KF moisture.
“ Standard error of analysis of KF data by NIRS KF.
* Referee's laboratory.
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Table 4. Validation of NIRS AO moisture calibration with AO 
moisture analysis at each collaborating laboratory

Mean,' % SD'

Lab. N* AO
NIRS
AO AO

NIRS
AO

Bias,'
%

SEA,'
% R2

A 20 9.16 8.56 4.69 4.12 -0.60 0.74 0.98
B 20 8.71 8.26 4.30 3.57 -0.44 0.99 0.97
C 20 9.01 8.60 4.29 3.47 -0.41 1.15 0.96
D 20 8.84 8.67 4.31 3.89 -0.18 0.79 0.97
E 20 9.77 8.41 5.18 3.53 -1.36 1.88 0.95

* Number of collaborative samples.
'  Mean and standard deviation of moisture analysis by air oven (AO) and 

NIRS air oven (NIRS AO) calibration. 
c NIRS AO moisture minus AO moisture.
0 Standard error of analysis of AO data by NIRS AO equation.

AO data from each collaborating laboratory are listed in 
Table 4. Validation statistics for all laboratories are unac
ceptable. Examination of residuals showed numerous sig
nificant t-outliers from the samples that had been preserved 
by freeze drying. The mean moisture content across labo
ratories for the freeze-dried samples was 8.75% vs 9.38% for 
the sun-cured samples. These data are in agreement with the 
comparison between methods of moisture analysis conduct
ed in the Associate Referee’s laboratory (Table 2). Therefore, 
the negative biases and high SEA values were due to the loss 
of volatile substances as well as water at 135°C with the 
freeze-dried samples. Validation of the NIRS AO data with 
KF moisture values yielded statistics similar to that reported 
in Table 3. The success of the NIRS AO calibration when 
validated with a reference method that defines the moisture 
concentration is due to the fact that the air oven-preserved 
tropical forages used in calibration were not subject to vol
atile loss at 135°C. Therefore, users of this technology can 
develop accurate moisture calibrations with the AO method, 
but they must have some knowledge of the content of the 
calibration samples and whether these samples are subject 
to volatile loss during drying.

The standard errors of a difference (SED) for moisture 
analysis between collaborating laboratories are shown in Ta
ble 5. To obtain some measure of homogeneity between col
laborative sample sets, samples were analyzed by NIRS KF

Table 5. Standard error of a difference associated with moisture 
analysis between collaborating laboratories

Methods of 
analysis and effects SED,* %

SED(C),'
%

Coef
ficient of 

vari
ance, %

NIRS KF
Between collaborative sample sets' 0.16 0.15 0.17
Between collaborating labs 0.27 0.23 0.24
Between collaborative sample sets' 0.23 0.23 0.25

NIRS AO
Between collaborating labs 0.39 0.35 0.39

Air oven
Between collaborating labs 0.63 0.57 0.62

NIRS KF vs NIRS AO
Between collaborating labs 0.42 0.38 0.32

* Standard error of a difference due to random and systematic errors.
'  Standard error of a difference corrected for systematic error.
'  SED between collaborative sample sets at referee's laboratory prior to col

laborative study.
'  SED between collaborative sample sets at referee's laboratory after col

laborative study.

Table 6. Types of forages and methods of preservation ana
lyzed for moisture by KF, AO, and NIRS-KF

Type of forage

Num
ber
of

sam
ples Method of preservation*

Bermudagrass 21 AD(1)FD(5)OD(5) SC(10)
Big bluestem 1 OD
Little bluestem 1 Standing dead
Old World bluestem 9 SC
Crabgrass 1 SC
Indiangrass 2 SC
Prairie grass 2 SC
Switchgrass 1 OD
Smooth bromegrass 1 OD
Kentucky-31 tall fescue 1 SC
Orchardgrass 1 OD
Red clover leaves 1 OD
Red clover stems 1 OD
Birdsfoot trefoil leaves 2 OD
Birdsfoot trefoil stems 1 OD
Interstate-76 Sericea lespedeza 1 SC
Reed canarygrass 1 OD
Milk vetch leaves 1 OD
Milk vetch stems 1 OD
Alfalfa forage 28 DH(2) OD(10) Pres.(1) SC(15)
Alfalfa leaves 1 OD
Alfalfa stems 1 OD
Legumes 10 SC/MV
Hays 15 SC(14) SC/MV(1)
Haylage 15 OD(5) SC(3) SC/MV(4) MV(3)
Corn silage 15 OD(6) SC/MV(4) MV(5)
Sorghum silage 2 OD(1) AO(1)
Wheat silage 1 OD
Barley forage 1 OD
Wheat forage 7 OD
Wheat straw 1 SC
Cattle feces 3 OD

* A O  = air oven-dried; DH = dehydrated; FD = freeze-dried; OD = oven- 
dried; Pres. = preservative; SC = sun-cured; MV = microwave oven- 
dried.

in the Associate Referee’s laboratory prior to and after the 
collaborative study. The SED calculation between sample 
sets prior to the study was 0.16%. Similarities between SED 
and standard error of a difference corrected for systematic 
error (SED(C)) show that no one sample set was higher or 
lower in moisture content from the rest. These data indicate 
that the samples were completely homogeneous and were 
acceptable to measure the precision attainable between lab
oratories. The SED values between collaborative laboratories 
from NIRS analyses based on KF and AO calibrations were 
0.27 and 0.39%, respectively. In addition, SED between 
moisture analyses from NIRS KF and AO calibrations pooled 
across laboratories was 0.42%. These data are in agreement 
with Grattan (23, 24) who report SED values between lab
oratories of 0.30 and 0.43, respectively, for the AO 7.007. 
There was an increase in SED and SED(C) values when NIRS 
KF analysis was conducted at each collaborative laboratory 
vs analyses prior to the collaborative study. The increase in 
random and systematic errors was due to a nonsignificant 
change in moisture content of some samples during packing 
of NIRS sample holders at each collaborating laboratory and 
the calibration transfer process. When the sample sets were 
subjected to NIRS KF analysis in the Associate Referee’s 
laboratory after the collaborative study, SED was lower and 
SED(C) was equal to that found between collaborative lab
oratories. The small decrease in SED indicates a slight sys
tematic difference between NIRS instruments. These data 
are typical of collaborative results which show a larger scatter
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Table 7. Comparison among methods of moisture analysis on 
30 different samples from each collaborating laboratory

Lab. Method* Mean, % SD Bias,“ % SED,“ % R2a

A KF 6.81 0.94 1.42 2.13 0.01
AO 8.23 1.38

B KF 6.44 1.16 1.09 1.50 0.47
AO 7.53 1.41

C KF 6.35 1.57 -0.21 0.71 0.86
AO 6.14 1.83

D KF 8.41 0.98 0.76 1.18 0.50
AO 9.17 1.30

E KF 6.82 0.91 0.21 1.28 0.21
AO 7.06 1.05

* Method of moisture analysis: KF = Karl Fischer; AO = air oven at 135°C 
for 2 h.

“ AO mean minus KF mean.
c Standard error of difference between methods of moisture analysis. 
a Fraction of explained variance.

in the data between laboratories than within laboratories. 
The SED values between collaborative sample sets prior to 
and after the study for NIRS AO analyses gave the same 
trends as NIRS KF analyses.

The SED between laboratories for the AO AC AO method 
was 0.63%. This increase in SED compared to that for NIRS 
is due to the random and systematic errors associated with 
gravimetric techniques. The SED of duplicate determina
tions pooled across laboratories was 0.34%. The SEDs of 
duplicate determinations within a laboratory were 0.11,0.66, 
0.38, 0.12, and 0.11% for laboratories A, B, C, D, and E, 
respectively. Therefore, the large SED of duplicate deter
mination pooled across laboratories was due to laboratories 
B and C. These data clearly demonstrate that NIRS can 
reduce the errors of analysis between laboratories and in 
some cases can be lower than the errors associated with du
plicate analysis within one laboratory.

To further evaluate the reference moisture methods and 
NIRS KF and AO calibrations, each collaborating laboratory 
was asked to select 30 samples that were representative of 
the plant material routinely analyzed by NIRS at their lo
cation. Samples were cyclone-ground and analyzed by NIRS 
KF and AO calibrations at each laboratory. The remaining 
subsample was sealed in the Poly-Kraft Bags and sent to the 
Associate Referee’s laboratory for KF and AO analyses. Both 
reference methods were conducted in our laboratory to elim
inate change in moisture content due to difference in relative 
laboratory humidity and excessive sample handlings. The 
types of forages analyzed for moisture by KF, AO, and NIRS 
KF and AO calibrations are shown in Table 6. The samples 
included tropical and temperate grasses, legumes, silage for
age crops, plant parts, and cattle feces. There were 8 different 
methods of preservation in the samples, varying from har
vested standing dead to microwave drying.

The comparison between KF and AO moisture analysis 
on the samples from each laboratory are given in Table 7. 
An analysis of variance (22) with a model consisting of sam
ple, method of analysis, duplicate determination, and a sam
ple x method of analysis interaction gave a significant (P < 
0.05) interaction term. The mean moisture value for the KF 
method was 6.92% vs 7.64% for the AO method. The inter
action was due to the varying magnitude of difference in 
moisture content of the samples between methods. Samples 
from laboratories A and B showed the greatest difference 
between methods. The majority of these samples were silages 
or haylages that had a mean moisture content of 6.33% by 
KF vs 10.11% by AO. This bias was due to a loss of volatile

Table 8. Validation by collaborating laboratories of NIRS KF 
moisture calibration when tested on 30 different samples from 

each laboratory

Mean,* % SD*

Bias,“
%

SEA,“
% RzLab. KF

NIRS
KF KF

NIRS
KF

A 6.88 6.89 0.93 0.99 0.01 0.40 0.82
B 6.44 6.66 1.16 0.92 0.22 0.40 0.91
C 6.35 6.84 1.59 1.67 0.49 0.45 0.93
D 8.41 8.55 0.98 0.93 0.14 0.33 0.89
E 6.82 7.16 0.91 0.93 0.34 0.28 0.91

'  Mean and standard deviation of moisture analysis by Karl Fischer (KF) in 
Associate Referee's laboratory and by NIRS Karl Fischer calibration (NIRS 
KF) at each collaborative laboratory.

“ NIRS KF moisture minus KF moisture.
“ Standard error of analysis of KF by NIRS KF.

acids, bases, and alcohols as well as moisture from the fer
mented materials, resulting in an overestimation of moisture
(15). The best agreement between the methods was recorded 
for the samples submitted by laboratory C. The samples were 
primarily sun-cured hays or air oven-dried samples which 
were subject to little volatile loss at 135°C. Samples sub
mitted by laboratories D and E were overestimated in mois
ture content by the AO method by 8.3 and 3.4%, respectively. 
The differences between the standard deviation from the AO 
method vs KF method, as well as the lack of significant 
correlations, indicate that the loss of volatiles and/or loss of 
carbon-containing substance due to chemical reactions dif
fered in nature or extent among the samples.

Validation of NIRS KF calibration, when it was tested on 
the 30 different samples from each collaborating laboratory, 
is shown in Table 8. Moisture values from NIRS KF analyses 
were slightly greater than those from KF analysis, resulting 
in positive biases. The SEA ranged from 0.28 to 0.45%. The 
larger bias and SEA values for laboratory C NIRS KF anal
yses were due to the 1.0 percentage unit difference between 
methods for wheat forage samples. These SEA values are 
acceptable considering the diversity of the samples submitted 
by each laboratory. In general, NIRS calibration equations 
developed for most chemical components from finite pop
ulations have limited predictive value beyond those popu
lations. The problem is not the NIRS data, but is due to 
chemical reactions in the primary reference method differing 
in nature or extent among the species in infinite and diverse 
populations. This problem has been clearly pointed out with 
the AO method in this paper. The success of the NIRS KF 
calibration is due to the specificity of the KF analysis for 
moisture.

Analysis of the 30 different samples from each laboratory 
with the NIRS AO calibration and validation with KF data 
gave biases of 0.01, 0.40, 0.32, 0.12, and 0.28 with SEA data 
of 0.47, 0.40, 0.52, 0.35, and 0.48% for laboratories A, B, 
C, D, and E, respectively. These differences compare favor
ably with the SED for between NIRS moisture calibrations 
from the 20 collaborative samples (Table 5). The success of 
the NIRS AO calibration is due to the fact that the air oven- 
preserved tropical forages used for calibration were not sub
ject to volatile loss at 135°C. The ability of the NIRS KF 
and AO calibration to analyze accurately the moisture con
tent of an infinite population is due to the very strong ab
sorbance of water at specific wavelengths in the near infrared 
region, regardless of the sample type or composition.

The successful performance of moisture analysis by NIRS 
is limited by (7) selection of calibration samples that are 
representative of the population to be predicted; (2) the ac-
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curacy of the primary moisture reference method; (i) choice 
of the correct data processing technique and wavelengths to 
extract the maximum information from the NIR spectra; and 
(•4) selection of the appropriate calibration equation for val
idation. The next step in this work is a full collaborative 
study whereby all participating laboratories will be asked to 
perform the AOAC official method 7.007 and apply the cal
ibration method independently. The third step is a full col
laborative study to validate the Karl Fischer titration meth
od. Meanwhile, air oven drying at 135°C for 2 h can be 
recommended for NIRS calibration for moisture analysis of 
forage samples. However, the analyst must have some knowl
edge of the composition of the calibration samples and whether 
these samples are subject to volatile loss during drying.
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DRUG RESIDUES IN A N IM A L  TISSUE

Determination of Zeranol/Zearalenone and Their Metabolites in Edible Animal Tissue by 
Liquid Chromatography with Electrochemical Detection and Confirmation by Gas 
Chromatography/Mass Spectrometry

JOSE E. R O Y B A L , R O B E R T  K. M U N N S , W IL L IA M  J. M O R R IS, JE FFR E Y  A. H U R L B U T , and  
W ILBER T S H IM O D A
F o o d  a n d  D r u g  A d m in is tra tio n , A n im a l  D r u g  R e sea rch  C en ter, D e n v e r  F e d e ra l C en ter ,
P O  B o x  2 5 0 8 7 , D en ver, C O  8 0 2 2 5 - 0 0 8 7

A sensitive method is described for the determination and confir
mation of zeranol and zearalenone, as well as their isomers and 
metabolites, in edible animal tissue. The analytes are extracted from 
tissue with methanol, hydrolyzed enzymatically, cleaned up by acid- 
base partitioning, determined by liquid chromatography (LC) with 
electrochemical (EC) detection, and confirmed by gas chromatog- 
raphy/mass spectrometry (GC/MS). LC analysis is performed by 
isocratic elution with a buffered mobile phase using a Nova-Pak 
reverse-phase Cls column with amperometric EC detection at +0.90
V. Capillary GC/MS analysis of the trimethylsilyl derivatives pro
vides mass spectral confirmations.

Zeranol/zearalenone and their isomers/metabolites are de
rivatives of benzoxacyclotetradecin, having the common 
chemical structure shown in Figure 1. Figure 2 shows all 6 
compounds with their differing chemical configurations.

Zeranol is a nonsteroidal anabolic veterinary drug used 
commercially in cattle and sheep for increasing the rate of 
weight gain and improving feed efficiency. Metabolic studies 
indicate that zeranol and its metabolites, zearalanone (major 
metabolite) and taleranol (minor metabolite), are excreted 
both as free compounds and as conjugates. Zearalenone, a 
mycotoxin produced by Fusarium fungi commonly found in 
grain products, is the industrial precursor of zeranol. The 
major metabolite of zearalenone when it is ingested by an
imals is a- and/or /3-zearalcnol (1).

The use of drugs in animal feeds involves possible health 
risks if harmful residues remain in the meat products in
tended for human consumption. Many countries prohibit or 
restrict the use of any hormone-active substance for growth 
promotion and fattening in food-producing animals (2). For 
example, in the United States no residues of zeranol are 
permitted in the uncooked edible tissue of cattle and sheep 
as determined by the official CFR 21 method (3), which is a 
gas chromatographic (GC) procedure with a limit of deter
mination of 20 ppb.

Because zearalenone may be ingested through contami
nated grain by livestock that are being medicated with zer
anol, the meat may become tainted with both of these com
pounds and their metabolites. Therefore, it is important to 
be able to separate, identify, and quantitate these substances.

Baldwin et al. (4), in their review, state that several meth
ods are available for the determination of zeranol in tissue. 
The techniques used in these methods include thin-layer 
chromatography, liquid chromatography (LC), the use of the 
estrogen receptor binding test, gas chromatography/mass 
spectrometry (GC/MS), and radioimmunoassay (RIA). The 
most promising of these methods is RIA with a limit of 
determination of 0.1 ppb in plasma. A variety of methods 
available for the determination of zearalenone include the 
following techniques: liquid chromatography with either UV

Received March 3, 1987. Accepted August 2, 1987.

or fluorescence detection (1, 5-9); thin-layer chromatography
(10), and GC/MS (11-13). Two RIA methods have been 
reported for zearalenone (13, 14), with one also capable of 
determining zeranol (14). Frischkom et al. (15) described an 
LC system with voltammetric detection of several growth- 
promoting hormones including zeranol and zearalenone. Al
though many methods are available for the determination of 
either zeranol or zearalenone, or in some cases both com
pounds, none have been reported for the separation of all 6 
compounds (parents, metabolites, and diastereomers) in 
combination.

Liquid chromatography with electrochemical (EC) detec
tion was chosen for the determinative step in the method 
reported here because there is no requirement for derivati- 
zation. Additionally, low limits of determination are ob
tained with minimal sample preparation. Electrochemical 
detection is a sensitive and selective technique that has been 
increasing in popularity for use in determinations of both 
inorganic and organic species. It has been successfully applied 
to growth-promoting and estrogenic hormones in biological 
fluids (15-17).

The method presented in this paper permits the identifi
cation and quantitation of 4 of the zeranol/zearalenone com
pounds by LC separation with EC detection. Subsequently, 
all 6 compounds can be separated and confirmed as tri
methylsilyl (TMS) derivatives by a capillary GC/MS analysis.

METHOD
Apparatus

(a) Pasteurpipets.—Disposable, 5.75 in.
(b) Centrifuge tube. — 15 mL, graduated, $ g/s 13 (Kimble 

45153-A).
(c) Water bath.—Constant temperature, 37 ± 2°C (Pre

cision Scientific Co., Chicago, IL 60647), or equivalent.

(3S)~ 3 ,4 ,5 ,6 ,7 ,8 ,9 ,10 ,ll,12 -decah ydro-14 ,16-d ih ydroxy-

3 -m e th y l-  lH -2 -B en zo x a cy c lo te tra d ec in -l-o n e

Figure 1. Common chemical structure of zeranol/zearalenone
and metabolites.
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H - y C H ,

ZERANOL ZEARALENONE

TALERANOL beta-ZEARALENOL

ZEARALANONE alpha-ZEARALENOL

Figure 2. Chemical configurations of compounds of interest.

(d) Homogenizer. — High-speed, with rheostat, Tekmar 
Model 3412-A20 (Arthur H. Thomas, Philadelphia, PA 
19105), or equivalent.

(e) Rotary evaporator.— Buchi/Brinkmann Rotavapor-R 
vacuum evaporator with water bath at 40°C, or equivalent 
system.

(f) Filter paper.—Glass microfibre, 11.0 cm, Whatman 
934-AH (Whatman Ltd, Maidstone, England), or equivalent.

(g) Boiling flasks. — 100 mL, pear-shape, acetylation, short- 
neck, I  g/s 24/40 (Kontes, Cat. No. K-608700).

(h) Liquid chromatograph and electrochemical detector. — 
LC pumping system. — Waters dual pump liquid chromato
graph (Models 590 and 510) with Model 680 automatic gra
dient controller and Model U6K universal liquid chromato
graph injector (Waters Associates, Milford, MA 01757). 
Detector. — Model LC4B-17D dual electrode detector (single 
mode used throughout method) (Bioanalytical System, Inc., 
Purdue Industrial Research Park, West Lafayette, IN 47906) 
with glassy carbon electrodes, Ag/AgCl reference; potential, 
+ 0.90 V; current, 2.0 nA FSD. Operating conditions: chart 
speed, 0.25 cm/min; mobile phase flow, 1.0 mL/min; column 
temperature, ambient; column pressure, 2500 psi; volume 
injected, 25 gL.

(i) LC column. — 3.9 x 150 mm, 5 ^m, RP-C,8 Nova-Pak 
(Waters Associates, P/N 086344).

( j )  Recorder. — Dual channel SE-120 strip chart recorder 
set at 10 mV (BBC-Metrawatt/Goerz, Broomfield, CO 80020).

(k) Food chopper.—Hobart, consisting of No. 12 Brite- 
metal chopping end (119-860-3), No. 12 stay-sharp blade 
(290-339), 0.25 in. stay-sharp plates (16425-2), and No. 12 
stainless steel feed pan (120903) with plastic feed stomper 
(A-119922-1) (Hobart Corp., Denver, CO).

(l) Mass spectrometers. — Hewlett-Packard Model 5970B 
with HP-5890 gas chromatograph equipped with split/split- 
less capillary injector and Hewlett-Packard Model 301 work
station (Hewlett-Packard, Englewood, CO); Finnigan MAT 
311A with Varían Model 2700 gas chromatograph and IN- 
COS data system (Finnigan Corp., San Jose, CA 95134).

(m) GC columns. — DB-1 fused silica capillary, 20 m x 
0.25 mm id (J & W Scientific, Rancho Cordova, CA 95670);

DB-5 fused silica capillary, 20 m x 0.25 mm id (J & W 
Scientific).

(n) Vials.— 0.3 mL mini-vials with septum screw caps 
(Applied Science Laboratories Inc., State College, PA, Cat. 
No. 13050).

Reagents
(a) Solvents. — Distilled-in-glass, pesticide-grade metha

nol and chloroform (Burdick & Jackson Laboratories, Inc., 
Muskegon, MI 49442). Caution: Chloroform is a suspected 
carcinogen; use only in hood or well ventilated area.

(b) Water.—Glass-distilled, deionized.
(c) Sodium hydroxide.—ACS grade; use to prepare 2N 

solution.
(d) Sodium bicarbonate.—ACS grade; use to prepare 1M 

solution.
(e) Acetic acid.—ACS grade, glacial, aldehyde-free.
(0 Sodium acetate.— ACS grade, anhydrous.
(g) Sodium sulfate.—ACS grade, anhydrous, granular.
(h) ^-Glucuronidase.— Type B-l, 500 000 units/g (Sigma 

Chemical Co., St. Louis, MO 63178); use to prepare aqueous 
solution containing 1 mg/mL; prepare just before use.

(i) Sodium acetate reagent.—Prepare by adjusting 0.09M 
sodium acetate to pH 6.9 with acetic acid and adding ethyl- 
enediaminetetraacetic acid to obtain concentration of 10 mg/ 
L sodium acetate reagent. Use to prepare mobile phase (j).

(j) Mobile phase. — Methanol-sodium acetate reagent (1 +
!)■

(k) Reference standards.— Zearalenone (available from 
Sigma Chemical Co.); zeranol, taleranol, zearalanone, and a- 
and d-zearalenol (International Minerals and Chemical Corp., 
Terre Haute, IN 47808).

(l) Standard solutions.—Stock solutions.—100 gg/mL. 
Accurately weigh 10.0 mg of each reference standard into 
separate 100 mL volumetric flasks, dilute to volume with 
methanol, and mix. Working solutions.—1.0 Mg/mL. Pipet
1.0 mL of each stock solution into separate 100 mL volu
metric flasks, dilute to volume with methanol, and mix. Mixed 
standard working solution. — 1.0 gg/mL. Pipet 1.0 mL of each 
stock solution into common 100 mL volumetric flask, dilute 
to volume with methanol, and mix.

(m) N,0-Bis(trimethylsilyl) acetamide (BSA). — Regis 
Chemical Co., Morton Grove, IL 60053.

Sample Preparation
Chicken muscle (breasts). — Skin, filet, and freeze. Chop 

frozen muscle into cubes and grind with dry ice in Waring 
Blendor. Weigh 80-100 g homogenized tissue into Whirl- 
Pak bag. Seal bag and keep tissue frozen until analysis.

Beef muscle.— Grind muscle in food chopper by passing 
through 0.25 in. plate twice. Weigh 80-100 g ground muscle 
into Whirl-Pak bag. Seal bag and keep tissue frozen until 
analysis.

Beef liver. — Homogenize liver in Waring Blendor. Weigh 
80-100 g homogenate into Whirl-Pak bag. Seal bag and keep 
tissue frozen until analysis.

Extraction Procedure
Weigh 80 g ground tissue into 500 mL centrifuge bottle 

and add 160 mL methanol. Thoroughly homogenize at me
dium-high speed for two 1 min intervals. Centrifuge 10 min 
at 1500 rpm. Decant supernate into 250 mL graduated cyl
inder and record extraction volume. Transfer extract to 250 
mL flat-bottom flask with J  24/40 joint. Rinse cylinder with 
two 10 mL portions of methanol and add rinsings to flask.
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Evaporate to ca 25 mL on N-Evap, using stream of nitrogen 
to remove methanol.

Hydrolysis and Isolation
Adjust pH to 5.0 ± 0.2 with 20% acetic acid solution. Add 

4 mL freshly prepared enzyme solution to mixture and then 
add 5 mL chloroform; mix by swirling. Cover flask with 
aluminum foil and incubate contents overnight (12-16 h) at 
37 ± 2°C. Let mixture cool. Add 10 mL chloroform to flask 
and mix by swirling. Transfer mixture to 250 mL separatory 
funnel. Wash flask with 35 mL chloroform and add rinsings 
to 250 mL separatory funnel. Shake funnel moderately for 
10 s; let phases separate and pass chloroform layer through 
30-35 g anhydrous sodium sulfate (prewashed with ca 30 
mL chloroform) into 125 mL separatory funnel.

Wash flask with additional 50 mL chloroform. Add wash
ings to original 250 mL separatory funnel. Shake funnel vig
orously for 30 s. Let phases separate (ca 15 min). Drain 
chloroform layer through sodium sulfate into 125 mL sep
aratory funnel. Rinse sodium sulfate with two 5 mL portions 
of chloroform; combine all extracts and washes into 125 mL 
separatory funnel.

Cleanup
Add 10 mL 2N NaOH to 125 mL separatory funnel and 

stopper. Shake funnel vigorously for 30 s. Let phases separate 
(ca 15 min). Drain and discard lower (chloroform) layer, 
retaining emulsion. Wash aqueous layer with two 50 mL 
portions of chloroform. Drain and discard lower (chloro
form) layer, retaining emulsion.

Buffer NaOH solution to pH 10.6-10.8 with 1M NaHC03 
(ca 19-20 mL). Extract analytes from buffered solution with 
three 25 mL portions of chloroform. Drain each chloroform 
layer through sodium sulfate bed (30-35 g, prewashed with 
chloroform) into 100 mL pear-shape flask. Wash sodium 
sulfate bed with 10 mL chloroform and collect washings in 
100 mL pear-shape flask. Evaporate contents of flask to dry
ness on rotary evaporator at 40°C.

Liquid Chromatography
Dissolve residue in 2.0 mL methanol. For EC detection, 

inject 25 pL sample extract followed by appropriate working 
standard solution (individual or mixed) into liquid chro
matograph. Bracket injections of sample extract with those 
of standard solutions.

Calculations
Calculate concentration of each analyte in sample as fol

lows:
Analyte, ppm = (A/B) x (Cl IV) x F x (DIE)

where A = peak height or peak area of sample extract, B = 
average peak height or peak area of standard solution, C = 
concentration (pg/mL) of standard solution, F = final volume 
(mL) of sample extract, D = average volume (pL) of standard 
solution injected, E  = volume (¡xL) of sample extract injected, 
and W  = weight (g) of sample represented in final volume 
as determined by the following equation:

W =  (W t x L,)/[Fj + (W t x R)]

where W, = initial sample weight (g), V, = initial extraction 
volume (mL), V2 = recorded extraction volume (mL), and 
R = ratio of water/tissue = (% moisture -f 100)/tissue = 
mL/g, where % moisture is from tables found in Composition 
of Foods (18) as follows:

TIME ( m in u te s)

Figure 3. LC separation of m ixed standards, 25 pL  in jected. 
Peaks: 1, 0 -zeara len o l, 0 .1 01  »¿9/m L , 2 .5 ng; 2, zeranol, 0 .1 09  
rig/m L, 2.7 ng; 3, zeara lano ne, 0 .1 3 6  jug/mL, 3 .4  ng; 4, ze a ra le - 

none, 0 .1 01  pg /m L, 2 .5 ng.

(a) Chicken muscle.—All classes, light meat without skin, 
raw: 73.7% water (ref. 18, p. 23).

(b )  Beef muscle. — Hamburger (ground beef). (7) Lean, raw: 
68.3% water (ref. 18, p. 15). (2) Regular, raw: 60.2% water 
(ref. 18, p. 15).

(c) Beef liver— Raw: 69.7% water (ref. 18, p. 37).

Derivatization (for GC/MS Determination)
Transfer 1 mL final extract solution in 0.25 mL increments 

to 0.3 mL mini-vial and evaporate to dryness under gentle 
stream of nitrogen. After evaporating final portion of sample 
extract, rinse sample extract container with 0.5 mL methanol. 
Transfer rinsings to mini-vial and evaporate to dryness, then 
add 50 ¡xL hexane and 50 ixL BSA to mini-vial. Tighten 
septum screw cap and gently shake container for 2-3 min. 
Inject 3-4 pL derivatized extract into gas chromatograph/ 
mass spectrometer, using splitless capillary injector system. 
A 1 ppb residue results in approximately 2 ng being injected 
on column.

Results and Discussion
Standard plots for zeranol and zearalenone were linear in 

the ranges 5-500 ng and 0.5-15 ng, respectively. Detection 
limits for the 2 parent compounds were determined to be 
100 pg for zeranol and 200 pg for zearalenone.

Initially, spiked recoveries were performed on commer
cially purchased chicken breasts (muscle), ground beef (mus
cle), and beef liver. The overall recoveries of zeranol and 
zearalenone from chicken muscle spiked in the 1-10 ppb
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T IM E  ( m in u te s  ) T IM E  ( m in u te s  )

T IM E  ( m in u te s  )

Figure 4. LC chrom atogram s from analyses of beef liver tissue containing incurred residues (T ab le  2). A, b eef liver tissue sam ple  
1, determ ination 4, equivalent to 2 1 .5  g tissue /m L final solvent, 25 jrL in jected, peak 2 =  16.1 ppb incurred zeranol, peak  3 =  16.7  
ppb incurred zearalanone; B, beef liver tissue sam ple 1S, equivalen t to 2 1 .5  g tissue /m L final solvent, 25 nL in jected, peak  2 =  
zeranol, peak 3 =  zearalanone, peak 4 =  zearalenone; C, b eef liver tissue sam ple 2, determ ination 4, equivalen t to 23.4 g tissue /m L  
final solvent, 25 j*L in jected, peak 2 =  4 .2 ppb incurred zeranol, peak 3 =  3.4 ppb incurred zearalanone; D, b eef liver tissue sam ple  

2S, equivalent to 23.4 g tissue /m L final solvent, 25 mL in jected, peak 2 =  zeranol, peak 3 =  zearalanone, peak 4 =  zeara leno ne.



Figure 5. To tal ion G C /M S  chrom atogram  of liver sam ple 1 (T ab le  2, 1 of the 4 determ inations) with incurred zeranol residues: scan  
448, tri-T M S  zeranol; scan 454, tri-TM S  taleranol; scan 493, d i-TM S  zeara lano ne.

range are shown in Table 1. The zearalenone recovery was 
consistently higher than that of zeranol. Some of this vari
ation can be attributed to interfering compounds, traced to 
the food chopper, with the same approximate retention time 
as zeranol. To correct this problem, a new food chopper 
(.A p p ara tu s , item [k ]) was purchased and reserved for use 
with these samples. Recoveries from beef muscle spiked at
5-10 ppb with zeranol and zearalenone showed excellent 
consistency and averaged 62.1% (CV = 6.52%) and 69.6% 
(CV = 10.8%), respectively, for 12 determinations. Recov
eries of zeranol and zearalenone from beef liver spiked at 10 
ppb averaged 52.9% (CV = 11.4%) and 71.5% (CV = 3.42%), 
respectively, for 5 determinations. When the recoveries from 
the samples left overnight in base (2N NaOH) are included, 
not only does the average recovery value drop but the CV 
increases (almost doubling), indicating the effect of long ex
posure to base.

Beef liver tissue samples with incurred residues of zeranol 
were used to evaluate the proposed method. Table 2 shows 
the results of these analyses. Each tissue was analyzed by the 
proposed method in a set of 5, with 1 assigned as the spike.

T ab le  1. R ecovery o f zeranol and zeara leno ne  from  chicken  
m uscle (b reast) tissue

No. of detns

Added, pbb Av. rec., %

Zeranol Zearalenone Zeranol Zearalenone

15 10.1 11.8 51.4 77.5
8 5.05 5.90 71.7 75.2
8 1.01 1.18 85.0 62.7

Overall 58.4 75.1
SD 15.1 8.51
CV, % 25.9 11.3

To each assigned spike, zeranol and zearalenone were added 
at 10.9 and 10.1 ppb, respectively, before analysis.

Since zearalanone was not added but was incurred, the 
average value reported includes the amount determined in 
the assigned spike sample as well. In addition, the value 
reported for zeranol in the tissue containing incurred residues 
includes the taleranol isomer, which is not resolved by LC 
analysis. LC/EC analytical results for all liver tissue samples 
found to contain incurred residues of zeranol were confirmed 
by GC/MS for the presence of zeranol, taleranol, and/or zear
alanone.

The LC system described will resolve zearalenol, zeranol, 
zearalanone, and zearalenone quite well (Figure 3), but will 
not separate a- from d-zearalenol or zeranol from taleranol. 
Figure 4 shows the LC/EC chromatograms from analyses of 
beef liver samples with incurred zeranol residues as well as 
those from analyses of samples spiked with zeranol and zear
alenone at 10.9 and 10.1 ppb, respectively. Since the LC/EC 
system cannot separate zeranol from taleranol, these 2 res
idues were calculated as the a-isomer, zeranol. These diaste- 
reomers are distinguished in the GC/MS determination.

Gas Chromatography/Mass Spectrometry
The methanol solutions (1.0 mL) containing the final tissue 

extracts were evaporated to dryness and derivatized with 
BSA. Originally, the extracts were analyzed by using a Fin- 
nigan MAT 311A mass spectrometer and a DB-5, 20 m x 
0.25 mm id fused silica capillary column. Figure 5 shows the 
total ion chromatogram obtained from analysis of beef liver 
sample 1 (Table 2, determination 1), which contained av
erage levels of 16.8 ppb incurred zeranol (zeranol + taleranol) 
and 16.1 ppb incurred zearalanone, as calculated from results
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Figure 6. Mass spectra of scans 448, 454, and 493 from total ion chromatogram of liver sample 1 (Table 2, 1 of the 4 determinations).
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Figure 7. Total ion GC/MS chromatogram of TMS derivatives of mixed standards, obtained with Hewlett-Packard Model 5970B 
tabletop mass spectrometer: 1, zearalanone; 2, zearalenone; 3, zeranol; 4, taleranol; 5, alpha-zearalenol; 6, beta-zearalenol.

of LC/EC determinations. The TMS derivatives of zeranol 
and taleranol were not completely resolved under these chro
matographic conditions (scans 448 and 454, respectively). 
However, the resolution was sufficient to clearly distinguish

Table 2. Levels (> 1 ppb) of zeranol, zearalanone, and zearale
none determined in beef liver tissue

Sample

Zeranol*
. Zearala- 

none, 
ppb*6

Zearalenone

Found,
ppb0,c Ree., %

Found,
ppb*c Ree., %

1 16.8 16.1 ND'
1S 6.90 63.3 15.7 8.53 84.5
2 4.50 3.1 ND
2S 6.80 62.4 3.0 7.24 71.7
3 2.33 1.4 ND
3S 7.85 72.0 2.1 7.90 78.2
4 ND ND ND
4S 5.54 50.8 7.09 70.2
5 ND ND ND
5S 8.37 76.8 7.30 72.3
6 17.0 13.1 ND
6S 7.8 71.6 14.0 7.59 75.1
7 14.9 12.5 ND
7S 5.2 47.7 12.1 4.55 45.0
8 4.42 ND ND
8S 5.58 51.2 6.96 68.9
9 1.81 ND ND
9S 5.21 47.8 5.54 54.9
Overall 60.4 69.0
SD 11.4 12.0
cv, % 18.9 17.4

* Incurred residues include taleranol.
6 Each value for an unlettered sample (i.e., 1-9) is the average of 4 determi

nations of Incurred residues.
* Each value for a lettered sample (i.e., 1S-9S) Is the amount found In the 

analysis of the assigned spike (10.9 ppb zeranol and 10.1 ppb zearalenone 
added) after subtraction of the incurred value.

d Each value for an unlettered sample (I.e., 1-9) is the average of 5 determi
nations of incurred residues.

* Each value for a lettered sample (i.e., 1S-9S) is the amount found In the 
analysis of the assigned spike (10.9 ppb zeranol and 10.1 ppb zearalenone 
added) without subtraction of the incurred value.

' ND = none detected.

these diastereomers. Figure 6 shows the corresponding mass 
spectra (448, tri-TMS zeranol; 454, tri-TMS taleranol) that 
were recorded 6 spectra apart, with an approximate difference 
of 11 s in retention times. The mass range scanned was not 
sufficient to include the molecular ions of the TMS deriva
tives of these 2 diastereomers (M+ = m/z 538). The spectra 
are identical and show the mass at m/z 448 [M+ — (OSi(CH3)3, 
H)], which then loses CH3 to give the most abundant ion at 
m/z 433. Figure 6 also shows the mass spectrum (scan 493) 
of di-TMS zearalanone (M+ = m/z 464) from analysis of this 
tissue sample.

The ratio of zeranol to taleranol that we found in bovine 
tissue extracts was approximately 60/40. The presence of 
taleranol in these tissue extracts is explained by the metab
olism of zeranol to zearalanone and the subsequent reversal 
of zearalanone to both zeranol and taleranol (4).

Marked improvements (19) in the chromatographic sep
aration of the family of zeranol-related compounds and dia
stereomers were obtained after our laboratory purchased a 
Hewlett-Packard Model 5970B tabletop mass spectrometer. 
Figure 7 shows the total ion chromatogram obtained from a 
mixture of TMS-derivatized standards which include zer
anol, taleranol, zearalanone, a- and (J-zearalenol, and zearale
none. The 4 diastereomers are all separated. This chromat
ographic separation was obtained by using a DB-1, 20 m x 
0.25 mm id fused silica capillary column and a 2-stage pro
gram ramp: 80 to 150°C at 12°/min; 150 to 235°C at 87min.

Figure 8 shows the corresponding mass spectra that were 
recorded for each compound. These spectra were scanned 
over a mass range that clearly shows the molecular ions of 
the tri-TMS compounds: zeranol and taleranol (m/z 538); a- 
and /3-zearalenol (m/z 536); as well as those of the di-TMS 
compounds, zearalanone (m/z 464) and zearalenone (m/z 
462).

Conclusion
T h e co m b in a tio n  o f  a h igh ly  sen s itiv e  q u a n tita tive  LC

screening tech n iq u e that uses th e  sp ec ific ity  o f  EC d etectio n
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Figure 8. Mass spectra of each derivatized standard from total ion chromatogram obtained with Hewlett-Packard Model 5970B.
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coupled with capillary GC/MS confirmations provides a 
complete and valuable method for determining all of the 
zeranol-related compounds at levels of >5 ppb in bovine 
and poultry tissues.
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A W A R D S  N O M I N A T I O N  

D E A D L I N E S

L e t t e r s  i n  S u p p o r t  o f  A O A C  F e l l o w s  A w a r d s  —  T h e  d e a d l i n e  i s  
F e b r u a r y  1 5  o f  e a c h  y e a r .

H a r v e y  W . W i l e y  S c h o l a r s h i p  N o m i n a t i o n s  —
A  j u n i o r  a n d  s e n i o r  y e a r  s c h o l a r s h i p  o f  $ 5 0 0  p e r  y e a r  a w a r d e d  a n n u a l l y  t o  
s o p h o m o r e s  m a j o r i n g  in  s c i e n t i f i c  a r e a s  o f  i n t e r e s t  t o  A O A C . E a c h  y e a r ,  
M a y  l  i s  t h e  n o m i n a t i o n  d e a d l i n e .  T h e  a w a r d  w i n n e r  i s  a n n o u n c e d  a b o u t  
s i x  w e e k s  l a t e r .

H a r v e y  W . W i l e y  A w a r d  f o r  t h e  D e v e l o p m e n t  o f  A n a l y t i c a l  M e t h o d s  —
N o m i n a t i o n s  w ill b e  a c c e p t e d  y e a r - r o u n d .  T h o s e  r e c e i v e d  b e f o r e  D e c e m b e r  l  
o f  a n y  y e a r  w ill  b e  e l i g i b le  f o r  t h e  f o l l o w i n g  f o u r  y e a r s ’ a w a r d s .  E lig ib i l i ty  m a y  
b e  e x t e n d e d  a n  a d d i t i o n a l  f o u r  y e a r s  b y  w r i t t e n  r e q u e s t  o f  t h e  n o m i n a t o r .

F o r  m o r e  i n f o r m a t io n  c o n ta c t :  A d m in is tr a t iv e  M a n a g e r ,  A O A C , 1111 N. 19th S tre e t ,  
A r l in g to n , V irg in ia  2 2 2 0 9  o r  p h o n e  (7 0 3 )  5 2 2 - 3 0 3 2 .

A



272 HARRIS ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 2, 1988)

PLANTS

Gas Chromatographic Determination of the Monosaccharide Composition of Plant Cell Wall 
Preparations

PH IL IP  J. H A R R IS * 1
U n ivers ity  o f  M e lb o u rn e , P la n t C e ll B io lo g y  R esea rch  C en tre , P a rk v ille , V ic to ria  3 0 5 2 , A u s tra lia  
A N T H O N Y  B. B L A K E N E Y
Y a n co  A g r ic u ltu ra l In s titu te , Y an co , N e w  S o u th  W a le s  2 7 0 3 , A u s tra lia  
R O B E R T  J. H E N R Y
Q u e e n s la n d  W h ea t R e sea rch  In s titu te , P O  B o x  5 2 8 2 , T o o w o o m b a , Q u e e n s la n d  4 3 5 0 , A u s tra lia  
B R U C E  A . S T O N E 2
L a  T ro b e  U n iversity , D e p a r tm e n t o f  B io c h e m is try , B u n d o o ra , V ic to ria  3 0 8 3 , A u s tra lia

A  s im p l i f i e d  p r o c e d u r e  i s  d e s c r ib e d  f o r  d e t e r m in in g  t h e  m o n o s a c 
c h a r i d e  c o m p o s i t io n  o f  p l a n t  c e l l  w a ll  ( “ f i b e r ” )  p r e p a r a t i o n s .  T h e  
p r e p a r a t i o n s  a r e  h y d r o ly z e d  u s in g  a  2 - s ta g e  s u l f u r i c  a c i d  m e th o d .  

T h e  m o n o s a c c h a r id e s  r e l e a s e d  a r e  r a p i d l y  r e d u c e d  a n d  a c e t y l a t e d  to  
p r o d u c e  a ld i t o l  a c e t a t e s ,  w h ic h  a r e  s e p a r a t e d  b y  c a p i l l a r y  g a s  c h r o 
m a to g r a p h y .  T h i s  p r o c e d u r e  h a s  b e e n  a p p l i e d  to  t h e  a n a l y s i s  o f  f ib e r  

p r e p a r a t i o n s  f r o m  a  v a r ie ty  o f  a n i m a l  f e e d s .  T h e  m o n o s a c c h a r id e  
c o m p o s i t io n  o f  t h e  f i b e r  p r e p a r a t i o n s  v a r ie d  a m o n g  f e e d s  f r o m  d i f 

f e r e n t  s o u r c e s ,  i n d i c a t in g  t h e  u s e f u ln e s s  o f  t h i s  m e th o d  in  c h a r a c 
t e r i z in g  f i b e r  p r e p a r a t i o n s  i n  n u t r i t i o n a l  s t u d ie s .

Despite recent interest in the role of plant cell walls (“fiber”) 
in both human and animal diets, there is no generally ac
cepted, simple method for their isolation and determination 
(1-3). In the past, nutritionists used crude fiber methods, 
which are now recognized as inadequate because of their poor 
recovery of plant cell wall polysaccharides (4). Extraction of 
plant materials with hot neutral detergent solutions has been 
widely used to obtain fiber preparations (5-7). These prep
arations (neutral detergent fiber (NDF)) appear to consist 
essentially of cell walls from which most of the soluble poly
saccharides, such as pectin, have been removed (8). Recently, 
more satisfactory preparations have been obtained by en
zymatic treatment of plant material (2, 9). Another approach 
is the direct isolation of cell walls after all cells in the plant 
material are broken and intracellular contents are removed
(10).

The composition of the fiber preparations depends both 
on the method of isolation and on the source of the starting 
material. Cell wall composition varies widely, both among 
cell types within a plant and among different plant species
(11). In nutritional studies, the variation in composition of 
fiber preparations from different sources has often been over
looked.

The major components of fiber preparations are complex 
polysaccharides, and because of the lack of suitable simple 
and rapid techniques, their determination has been attempt
ed infrequently on a routine basis. Much of the difficulty in 
interpretation of nutritional studies on fiber could be over
come by obtaining more information on the specific poly
saccharides present.

The starting point in any investigation of complex poly
saccharides is to hydrolyze them with acid and then deter
mine and identify the amounts of the monosaccharides re
leased (monosaccharide composition). This can be done by 
direct separation of the monosaccharides by liquid chro
matography (12-14), but sensitivity of detection is low and
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resolution of complex mixtures is a problem. More often, 
the monosaccharides are converted to alditol acetates, or 
some other volatile derivative, and separated by gas chro
matography (GC) (15-23). However, previous methods for 
the preparation of alditol acetates were time consuming and 
not well suited for routine use. Recent improvements in the 
methods of preparation and chromatographic determination 
of alditol acetates (24, 25) have now made the routine anal
ysis of fiber preparations by this approach more attractive. 
In this paper, we illustrate the approach by determining the 
monosaccharide composition of fiber preparations (NDF) 
from a variety of animal feeds. Results obtained with a rapid 
chromatographic method are compared with those obtained 
using a slower high resolution method (24).

METHOD

Feed Samples
(a) Paspalum.— Above-ground parts of paspalum (Pas- 

palum dilatatum Poir) collected on the grounds of La Trobe 
University, cut into ca 1 cm lengths, and freeze-dried.

(b) Canary grass.— Above-ground parts of flowering an
nual canary grass (Phalaris minor Retz) collected and treated 
as in (a).

(c) White clover. — Above-ground parts of vegetative white 
clover (Trifolium repens L.) collected and treated as in (a).

(d) Turnip. — Hypocotyls of turnip (Brassica rapa L.) pur
chased from a Melbourne market.

(e) Buffalo gourd. — Roots from buffalo gourd (Cucúrbita 
foetidissima HBK), field-grown at Condoboline, New South 
Wales.

(f) Wheat straw. — Intemodes cut from wheat straw (Trit- 
icum aestivum L. cv. Condor) field-grown at Parkes, New 
South Wales.

(g) Wheat bran. — From wheat (T. aestivum cv. Eagle) field- 
grown at Yanco, New South Wales.

(h) Grape seed meals (extractedfor oil).— Seeds extracted 
from berries of grapes (Vitis vinifera L. cv. Semilion and 
Shiraz) grown at Leeton, New South Wales.

(i) Compound pelletedfeeds. — Donated by Coprice Feeds, 
Leeton, New South Wales. (1). Predominantly cereal, with 
10% meat meal and 10% rice hulls; (2) predominantly wheat, 
with 5% meat meal, 5% fish meal, 5% milk solids, and 10% 
legume seeds; (2) 20% citrus pulp, 20% rice hulls, and cereal 
meal; (4) predominantly barley, 20% sunflower meal, 15% 
rice pollard, and 10% rice hulls.

Apparatus
(a) Gas chromatograph. — Hewlett-Packard (H-P) Model 

5890 equipped with flame ionization detector used in split 
mode and H-P Model 3392 reporting integrator.
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(b) Column. —12 m (rapid method) or 28.5 m (high reso
lution method) x 0.5 mm id Silar 10C support-coated open 
tubular glass capillary (SGE, Melbourne, Australia).

(c) Mill.— Wiley, fitted with 20 mesh screen.
(d) Ball mill. —Ultramat Amalgamator (Southern Dental 

Industries, Bayswater, Victoria, Australia) fitted with stain
less steel capsule (28 x 8 mm id) containing single stainless 
steel ball bearing (diameter 6 mm) and sealed with rubber 
stopper.

(e) Hydrolysis tube. —100 x 16 mm borosilicate glass, with 
Teflon-lined screw cap (Kimble, Toledo, OH 43666).
(f) Filter. — AP20 glass fiber prefilter disk (13 mm diame

ter) in Swinnex-13 filter unit (Millipore Corp., Bedford, MA 
01730) mounted on all-glass 10 mL syringe.

(g) Storage vial.—6 mL glass sample (Wheaton Scientific, 
Millville, NJ 08332).
(h) Storage bottles. —125 mL borosilicate glass, fitted with 

Teflon-lined screw cap (Wheaton Scientific).

Reagents
(a) Solvents.—Dimethyl sulfoxide (No. 802912, stored over 

4A molecular sieve) and dichloromethane (extra pure) (No. 
6047, Merck, Darmstadt, FRG).

(b) Arabinogalactan (from larch wood). —(SigmaChemical 
Co., St. Louis, MO 63178).

(c) Bovine serum albumin.— (Sigma Chemical Co.).
(d) a-Amylase. — Type VI-A from hog pancreas (Sigma 

Chemical Co.).
(e) l-Methylimidazole.—{Fluka, Buchs, Switzerland).
(f) Carrier gas. — High purity hydrogen (< 10 ppm oxygen) 

(CIG, Melbourne, Australia) further purified by passage 
through oxygen trap (Oxy-trap; Alltech Associates, Mel
bourne, Australia) and drying tube (SGE).

(g) Sulfuric acid (72% w/w). — Weigh 20 g ice-cold water, 
dilute to 93.5 g with ice-cold 98% analytical grade acid (with 
stirring), then add ice-cold water to 100 g. Store in bottle 
fitted with Teflon-lined screw cap.

(h) Sodium borohydride solution.— Add 2 g sodium bo- 
rohydride to 100 mL anhydrous dimethyl sulfoxide and heat 
in 100°C oven until sodium borohydride is dissolved. Store 
solution at room temperature in bottle fitted with Teflon- 
lined screw cap.

(i) Reference alditol acetate standards.— Dry monosac
charides (rhamnose, fucose, ribose, arabinose, xylose, allose, 
mannose, galactose, and glucose) (Sigma Chemical Co.) by 
heating at 60°C over silica gel 16 h in vacuum oven. Weigh 
20 mg of each and dissolve each in 1 mL water. Mix 0.1 mL 
of each solution and reduce and acetylate as in Procedure.

Procedure
Isolation ofplant cell wall (fiber) preparations.— Grind feed 

samples in Wiley mill to pass 20 mesh screen. Obtain fiber 
preparation from plant materials by method appropriate to 
study. (In this study we used extraction with hot neutral 
detergent solution to illustrate monosaccharide determina
tion procedure.) Isolate a-amylase-treated NDF preparations 
according to AACC method 32-20 (26, 27). Test for starch 
with solution of iodine in potassium iodide; examine by bright- 
field microscopy (10).

Hydrolysis o f plant cell wall (fiber) preparations. —Ball mill 
dried fiber preparations ca 3 min. Dry finely ground prepa
rations in desiccator over P20 5 and then weigh 10 mg into 
hydrolysis tube. Add 250 pL 72% (w/w) sulfuric acid with 
glass pipet, flush tube with argon, screw on cap, and place in 
30°C water bath. At frequent intervals, vigorously agitate

tube on vortex mixer to aid dissolution of preparation in 
acid. After 3 h, open tube and add 2.75 mL water. Flush 
tube with argon, screw on cap, and place in boiling water 
bath for 3 h. When cool, add 600 pL 15M ammonia to 
neutralize solution; add 50 pL D-allose (20 mg/mL water) as 
internal standard and filter through glass fiber disk.

Reduction o f monosaccharides. — Add 200 pL filtered hy
drolysate to (29 x 100 mm) test tube; then add 1 mL sodium 
borohydride solution and incubate 90 min in 40°C water 
bath. Add 100 pL 18M acetic acid to decompose excess 
sodium borohydride.

Acetylation. —Caution: Perform this operation in fume 
hood. Add 200 pL 1-methylimidazole and then 2 mL acetic 
anhydride to reduced mixture of monosaccharides and mix. 
After 10 min at room temperature, add 10 mL water to 
decompose excess acetic anhydride and to aid phase sepa
ration. When cool, add 1 mL dichloromethane and mix on 
vortex mixer. After phases have separated, remove lower 
phase with Pasteur pipet and store in glass vial at -20°C 
before gas chromatography. If this phase is cloudy, add a 
little anhydrous sodium sulfate to dry it.

Gas chromatography.— Inject samples using H-P Model 
7673A autoinjector with 2 solvent prewashes, 2 washes of 
sample to waste, 5 pumps of sample, and, to ensure air bub
bles are removed, 2 postinjection solvent washes. Alterna
tively, inject samples manually (24). Operating conditions:
(7) Rapid method. —Inject 1 pL sample; start with oven tem
perature at 170°C, then raise temperature at 107min to 230°C 
and hold for 1 min; heat injection port and detector to 250 
and 300°C, respectively; carrier gas flow rate, 150 cm/s. (2) 
High resolution method.— As described previously (24).

Identification and quantitation o f alditol acetates.— Deter
mine retention times of reference alditol acetate standards 
relative to allitol hexaacetate. Reference alditol acetates elute 
in the order: rhamnitol acetate, fucitol acetate, ribitol acetate, 
arabinitol acetate, xylitol acetate, allitol acetate, mannitol 
acetate, galactitol acetate, and glucitol acetate. Identify alditol 
acetates derived from hydrolysates from their retention times 
relative to internal standard (allitol hexaacetate). Calculate 
percentage monosaccharide composition of hydrolysates from 
peak areas of alditol acetates by using response factors ob
tained from reference alditol acetate standards. Above cal
culations were performed by integrator that identified peaks 
within 0.1 min retention time windows with glucose as ref
erence peak for drift in retention time.

Results and Discussion
The starch-free NDF found in a variety of animal feed 

samples is shown in Table 1. The NDF content ranged from 
16.3% for buffalo gourd root to 81.3% for wheat straw. The 
monosaccharide composition of the NDF preparations is also 
shown in Table 1. Multiple samples of all NDF preparations 
were analyzed with replication at the hydrolysis, alditol ace
tate preparation, and GC steps. All hydrolysates contained 
xylose and glucose, and standard errors were calculated for 
the analyses of these monosaccharides by using a GENSTAT 
V general statistical computer program (Lawes Agricultural 
Trust, Rothamsted Experimental Station, Harpenden, UK). 
Standard errors due to hydrolysis were 0.22 and 0.34%, re
spectively, to acetylation 0.23 and 0.22%, and to injection 
0.33 and 0.59%. No error was significant at the 5% level. 
Varying amounts of arabinose, mannose, and galactose were 
found in most of the hydrolysates. Traces of rhamnose, fu
cose, and ribose were found in some of the hydrolysates. The 
ribose was probably derived from cytoplasmic RNA (10).
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T im e  (m in)

Figure 1. Separation by gas chromatography (rapid method) 
of alditol acetates derived from monosaccharides in acid hydro
lysate of wheat bran NDF preparation. Peaks: 1, rhamnitol; 2, 
fucitol; 3, ribitol; 4, arabinitol; 5, xylitol; 6, allitol (internal stan

dard); 7, mannitol; 8, galactitoi; and 9, glucitol.

Because of the different rates of hydrolysis of cell wall poly
saccharides, it is impossible to optimize the conditions for 
hydrolysis. Furthermore, the monosaccharides that are re
leased are exposed to acid for varying periods, which makes 
it difficult to apply any correction factors for losses of mono
saccharides due to acid degradation.

All the fiber preparations selected were readily analyzed 
by the improved method. The feeds from which the fiber 
preparations were obtained include examples of all feed types 
commonly encountered: pasture plants, root crops, crop res
idues, and commercial mixed feeds. Two of the commercial 
mixed feeds contained animal proteins. Wheat straw and 
grape seed meals have a high lignin content; grape seed meals 
also have a high tannin and protein content. The effects of 
lignin and tannin on the analysis are not known. However, 
the determination of an arabinogalactan was unaffected by

T im e  (min)

Figure 2. Separation by gas chromatography (high resolution 
method) of alditol acetates derived from monosaccharides in 
acid hydrolysate of grape seed (cv. Shiraz) NDF preparation. 

Identification of peaks as in Figure 1.

the presence of an equal weight of the protein bovine serum 
albumin. Glycoproteins have also been determined by this 
method (28).

With the exception of the NDF preparations from grape 
seeds, the total monosaccharide residues recovered from the 
preparations accounted for a high percentage (84.2-94.5%) 
of the dry weight of the preparations (Table 1). The total 
monosaccharide residues recovered from the grape seed fiber 
preparations accounted for only 65.3% (cv. Semilion) and 
62.8% (cv. Shiraz) of the dry weight of the preparations (Table
1). The cell walls of grape seeds have a high lignin content 
and the NDF preparations may also contain unextracted tan
nin and protein.

Only the neutral monosaccharides in the fiber preparations 
are determined by the procedure described; galacturonic and 
glucuronic acids are not reduced. These occur in plant cell 
walls as components of galacturonans and heteroxylans, re
spectively (11), and can be determined independently, for

Table 1. Monosaccharide composition of NDF preparations8

Fiber preparation

Monosaccharides, % (w/w) Total mono
saccharide 

residues reed“dry matter) Arabinose Xylose Mannose Galactose Glucose

Paspalum 58.9 3.8 28.0 0.3 0.9 67.0 91.2
Canary grass 63.2 5.9 27.3 0.2 3.2 63.4 92.3
White clover 24.3 4.6 11.1 2.5 5.1 76.8 87.4
Turnip 18.4 2.6 7.6 4.1 4.1 81.6 94.5
Buffalo gourd 16.3 4.4 13.0 2.8 9.0 70.9 93.8
Wheat straw 81.3 3.1 31.4 0.4 tr" 65.1 89.6
Wheat bran 47.7 19.9 38.5 1.3 1.8 38.6 94.2
Grape seeds (cv. Semilion) 74.8 tr 55.2 — — 44.8 65.3
Grape seeds (cv. Shiraz) 73.2 tr 49.7 — 0.7 49.6 62.8
Compound feed 1 22.4 4.1 30.6 0.3 0.9 64.1 84.2
Compound feed 2 24.7 9.7 34.1 1.2 0.8 54.3 91.4
Compound feed 3 36.8 3.0 26.6 0.2 1.2 69.0 86.7
Compound feed 4 30.1 4.6 32.6 0.4 0.4 62.0 87.9

’ Determined by using rapid method. Each result is the mean of 8 determinations.
6 Starch-free.
c As percent of dry weight of fiber preparations. 
dtr = trace amounts.
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example, by colorimetry (29) or by decarboxylation and mea
surement of the carbon dioxide released (17). Lignin can also 
be determined independently (21). However, the dry weight 
of the residue after acid hydrolysis of a larger initial sample 
can be regarded as an estimate of Klason lignin.

Although we have not critically examined the acid hy
drolysis of the fiber preparations, the sulfuric acid solution 
must be 72% w/w and not w/v or v/v, and the 72% w/w 
sulfuric acid solution must be stored in a sealed container, 
as it is hygroscopic. Methods of acid hydrolysis which do 
not hydrolyze the cellulose in fiber preparations will ob
viously not release all the monosaccharide residues in the 
preparations. For example, 2M trifluoroacetic acid hydro
lyzes <1% of microcrystalline cellulose (30).

Although alditol acetates can be separated by gas chro
matography using packed columns with polar stationary 
phases, resolution can be improved by using capillary col
umns. We found that a support-coated open tubular capillary 
column (28.5 m long) containing the polar phase Silar 10C 
gave baseline resolution of 13 alditol acetates (24) (high res
olution method). However, in the present study we were able 
to use a shorter column (12 m) and a steeper temperature 
program (rapid method). This gave good resolution of the 
alditol acetates commonly found in fiber preparations. Six 
samples could be analyzed per hour. Figures 1 and 2 show 
the separation of alditol acetates using the rapid and high 
resolution methods, respectively.

Allose is a good internal standard because neither it nor 
allitol nor psicose, which yields allitol on reduction, has been 
encountered in plant cell wall polysaccharides. In addition, 
allitol acetate is well resolved from the alditol acetates de
rived from the monosaccharides that occur in plant cell wall 
polysaccharides. Allose is a better internal standard than 
inositol because it is a monosaccharide and hence will mon
itor the efficiency of the reduction step. Also, allitol acetate 
is eluted from Silar 10C between the pentitol and hexitol 
acetates rather than after the hexitol acetates. Colby et al. 
(31) found that the most reliable relative retention times were 
based on the most closely related internal standards. Allose 
has been used as an internal standard by Theander and Aman 
(15, 17).

Compounds other than alditol acetates also elute from 
polar phases with similar retention times, e.g., chlorinated 
hydrocarbon pesticides, fatty acid methyl esters, and plas
ticizers such as phthalate, adipate, and sebacate esters. 
Phthalate esters are the most frequently used plasticizers and 
are widespread pollutants of the environment. Although we 
have found that by utilizing the high resolution of capillary 
chromatography a large number of plasticizers can be re
solved from alditol acetates on Silar 10C (32), cochroma
tography with contaminants is still probably the most im
portant factor in determining the limits of reliable detection 
of alditol acetates. Possible sources of contamination include 
the reagents, the glassware, and the fiber preparations. High 
purity reagents should therefore be used and, if necessary, 
contaminating plasticizers can be removed from glassware 
by baking at 200°C for 24 h (32, 33) and from fiber prepa
rations by extracting with high purity dichloromethane or 
chloroform. Failure to maintain optimal chromatographic 
conditions can lead to failure to resolve some contaminants 
from alditol acetates. Polar phases are sensitive to oxygen 
and high purity, oxygen-free carrier gas should be used to 
extend the column life.

The analytical procedures described here allow the mono
saccharide composition of fiber preparations to be deter
mined simply, rapidly, and on a routine basis.
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Determination of Dextran in Raw Cane Sugar by Roberts Copper Method:
Collaborative Study

MARGARET A. CLARKE and MARY AN GODSHALL
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Collaborators: W. Altenburg; H. J. Andreis; E. R. Arias; T. Balogh; W. Braunsteiner; A. Brown; R. DeStefano; J. W. Dunn; 
Z. J. Kimmerling; R. A. Kitchen; G, J. Leonard; D. Martin; K. McGaughey; P. Mellet; R. Plews; S. Runciman

A  c o l la b o r a t iv e  s tu d y  w a s  c o n d u c te d  u s in g  t h e  R o b e r t s  c o p p e r  m e th o d  
f o r  t h e  d e t e r m in a t io n  o f  d e x t r a n  in  r a w  c a n e  s u g a r s .  F o u r  s a m p l e s  

w e re  a n a l y z e d  in  d u p l i c a t e ,  r e p r e s e n t i n g  t h e  r a n g e  o f  d e x t r a n  c o n 
c e n t r a t i o n s  f o u n d  in  r a w  s u g a r .  T h e  o v e r a l l  r e p e a t a b i l i t y  a n d  r e p r o 

d u c ib i l i t y  c o e f f ic ie n ts  o f  v a r i a t i o n  w e re  4 .3  a n d  1 3 .2 % , r e s p e c t iv e ly .  
T h e  m e th o d  h a s  b e e n  a d o p te d  o f f ic ia l  f i r s t  a c t io n .

Dextran is a soluble bacterial polysaccharide produced from 
sucrose by Leuconostoc mesenteroides. It consists of linear 
a - 1,6-glucose units with occasional branches of a - 1,4-glu
cose. Under certain conditions, such as poor weather, certain 
harvesting practices, or poor mill sanitation, dextran can 
form in cane stalks, cane juice, or processing syrups, and the 
resulting concentration of dextran in the raw sugar produced 
can be high enough to cause processing problems during 
refining. Problems caused by dextran in raw sugar include 
sucrose loss, increased viscosity of process syrups, poor re
covery of sucrose due to inhibition of crystallization, and 
distorted sucrose crystals, as well as turbidity in sweetened 
alcoholic liqueurs. Dextran is not effectively removed in re
fining, so much of the dextran originally in the raw sugar 
ends up in the refined sugar. Levels in raw sugar range up to 
5000 ppm (total dextran) and in refined sugar up to 2500 
ppm (total dextran).

In recent years, dextran concentration in raw sugars has 
risen because of the increased use of mechanical harvesting 
systems which tend to damage the cane, allowing entry of 
the causative organism into the cane stalk.

The Roberts copper method for dextran was developed in 
response to the need for a test that was specific for dextran 
in raw cane sugar (1). The haze method was in common use 
and was recognized by the International Commission for 
Uniform Methods of Sugar Analysis (ICUMSA) as a tenta
tive official method (2) until 1986, when tentative status was 
withdrawn. However, that method is not specific for dextran 
because it relies on the measurement of turbidity formed in 
an alcoholic sugar solution. Other polysaccharides present in 
the sugar can interfere in the haze method as can high ash 
or color content of the raw sugar being tested. The haze 
method measures only dextran of molecular weight above 
10 000 daltons.

The level of dextran in raw sugar is of commercial im
portance because it affects the purchase price for raw sugar. 
The Roberts method can be applied to raw sugars, and also 
to refined sugars, cane juice, and process materials. It is the
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only method available to determine total dextran content. 
This paper reports the results of a collaborative study of the 
method.

Collaborative Study
The sugars for this collaborative study were from Zim

babwe, Jamaica, Brazil, and South Africa. Each collaborator 
was sent replicate samples of each sugar sealed in plastic 
bottles containing approximately 100 g of sugar. The samples 
were labeled Al, A2, Bl, B2, Cl, C2, D l, D2. Sugars with 
the same letter label were replicates. The collaborators were 
asked to run each sample in duplicate. A practice (check) 
sample, containing 430 ppm dextran was included.

Detailed instructions were sent with the samples, as was 
a reporting form. The method, as originally published, re
quired a high speed centrifuge to separate the copper-dextran 
complex (1). These types of centrifuges are not routinely 
available in all laboratories, so a modification of the method 
was devised for the study, in which the dextran-copper com
plex was separated by filtration rather than centrifugation.

Dextran in Raw Cane Sugar 
Roberts Copper Method 

First Action

31.D01 Principle
A ll  h ig h  M W  m a t e r i a l  ( >  10 0 0 0  d a l t o n s )  is  s e p d  f r o m  s u g a r  b y  

p p t n  i n  8 0 %  e th y l  a lc o h o l .  P p t d  m a t e r i a l  i s  f i l te r e d  o f f  w a s h e d ,  a n d  

t h e n  r e d i s s o lv e d .  A ik .  C u ( I I )  r e a g e n t  is  a d d e d  w h ic h  s e le c t iv e ly  p p t s  
d e x t r a n  f r o m  o t h e r  h ig h  M W  m a t e r i a l  in  r a w  c a n e  s u g a r .  T h i s  p p t  
is  f i l t e r e d  o ff , a n d  d e x t r a n  c o n t e n t  is  d e t d  c o l o r i m e t r i c a l l y  a s  c a r 

b o h y d r a t e  b y  p h e n o l - H 2S 0 4 r e a c t io n ,  w h ic h  b r e a k s  d o w n  d e x t r a n  
c o m p le x  t o  g lu c o s e  u n i t s  a n d  g iv e s  c o l o r  w i th  i n t e n s i t y  p r o p o r t i o n a l  
t o  t o t a l  a m t  d e x t r a n  in  s a m p l e .  S a m p le s  a n d  r e a c t i o n  m i x t s  m u s t  b e  
k e p t  f r e e  o f  c o n t a m i n a t i o n  b y  s u g a r  d u s t  a n d  o t h e r  d u s t  t h a t  m a y  
c o n t a i n  c a r b o h y d r a t e  a n d  r e a c t  p o s i t i v e ly  i n  p h e n o l - H 2S 0 4 c o lo r  

t e s t .

31.D02 Apparatus
( a )  Colorimeter or spectrophotometer.—To r e a d  A o r  T a t  4 8 5  

n m .

(b )  Sintered glass filters.—C o a r s e ,  p o r e  s iz e  C , 15 m L .
( c )  Nessler tubes. — 3 5  m L ,  o r  f l a t - b o t t o m  t e s t  t u b e s  s h o r t  e n o u g h  

to  fit i n s id e  f i l te r  f la s k .

31.D03 Reagents
U s e  r e a g e n t  g r a d e  c h e m s  u n le s s  o th e r w i s e  s p e c i f i e d .  U s e  d i s t d  o r  

d e io n iz e d  H 20 .

( a )  Absolute alcohol.—Use a b s o lu t e  a lc o h o l ;  d o  n o t  u s e  9 5 %  a l 
c o h o l .

(b )  Ethyl alcohol, 80%.—D il .  8 0  m L  a b s o l u t e  a l c o h o l  ( a )  w i t h  2 0  
m L  H , 0 .

(c )  Filter aid.— A n a l ,  g r a d e ,  a c i d - w a s h e d .

(d )  NaOH reagent soln. — 2 .5 N  N a O H ,  s a t d  w i th  N a 2S 0 4. D i s 
s o lv e  1 0 0  g  N a O H  in  H 20  a n d  d i l .  t o  1 L . S a t .  w i th  a n h y d .  o r
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hydrated N a2S 0 4, adding crystals until som e are left undissolved. 
Store in reagent bottle that has stopper o f  m aterial o ther than  glass. 
Soln may be stored 1 m onth.

(e) C m s to c k  s o ln .— Dissolve 3.0 g C u S 0 4-5H20  in 50 m L H 20 .  
Dissolve 30.0 g N a citrate in 50 m L H 20 .  M ix these 2 solns and dil. 
to 1 L with H 20 .  Soln m ay be stored 2 weeks.

(f) Cm re a g en t so ln . —Dil. 50 m L Cu stock soln with 50 m L H 20 .  
Dissolve 12.5 g anhyd. N a2S 0 4 in  this soln. Reagent m ust be freshly 
prepd on each day o f  use and m ust no t be stored.

(g) W ash  s o ln .— To 50 m L H 20 ,  add 10 m L Cu reagent soln and 
10 m L 2.5N  N aO H  reagent soln.

(h) P h e n o l so ln , 5 % .—Dissolve 5.0 g pure phenol in H 20  and dil. 
to  100 mL. Soln m ay be stored 2 weeks.

(i) D e x tr a n .— (Pharm acia Co., Inc., 800 Centennial Ave, Piscat- 
away, N J 08854.) Any M W  range m ay be used.

O') S u lfu r ic  ac id , 2 N .— Dissolve 98 g H 2S 0 4 in H 20  and dil. to 1 
L. Soln m ay be stored 1 m onth. (Caution: See 51.030.)

31 .D04 P r e p a r a t io n  o f  S ta n d a r d  C u r v e

Det. m oisture content o f  dextran to allow m oisture correction 
when dextran is weighed for std curve. Weigh 500 mg std dextran 
in weighing dish and dry 4 h a t 105°. Cool in  desiccator over anhyd. 
CaCl2. Weigh and  calc, m oisture content as follows:

M oisture, % =  [(original wt -  dry wt)/original wt] x 100

Weigh 500 mg dextran (corrected for calcd m oisture content), 
dissolve in H 20 ,  and dil. to  500 mL. Do no t use predried dextran 
which may not dissolve properly. Soln contains 1.0 mg dextran/m L. 
Use freshly prepd soln for each std curve detn.

Dil. 100 m L 1.0 mg dextran/m L  std soln to 1 L (0.1 mg dextran/ 
mL). Use this soln in aliquots o f  10, 20, 30, 40, 50, 60, 70, 80, 90, 
and 100 mL, each dild  to 100 mL, to prep, std curve. Each soln 
contains, resp., 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 
and 0.1 mg dextran/m L.

Use A  (or T ) data to construct calibration curve with mg dextran/ 
m L as x-axis.

31.D05 P h e n o l-H 2S O t  T e s t

In series o f 10 test tubes, 20 x 150 m m , place 2 m L o f  each 
dextran std soln. Place 2 m L H 20  in an 11th tube as blank. A dd 1 
m L 5% phenol soln to each tube. Swirl tubes gently to m ix phenol 
and carbohydrate solns.

To each tube add 10 m L coned H 2S 0 4, preferably using plastic 
autom atic pipet, releasing acid rapidly to ensure that soln is thoroly 
mixed. Do no t let p ipet touch soln, and do no t let acid rem ain on 
top o f soln. M ix on Vortex mixer.

Place tubes (in rack) in boiling H 20  bath  for 2 min. Let cool 30 
min.

Read color as A  or T, preferably A, on colorim eter o r spectrophtr 
at 485 nm  against blank soln. Set A  to zero on blank and then read 
A  o f solns, using sam e cell (or m atched cells) for blank and test solns. 
M ake duplicate colorim etric readings and calc. av. value.

For best accuracy, A  should be between 0.1 and 0.6 { T  should be 
>25%). I f  A  is > 0 .6 , diln step is required. This step should not be 
necessary for prepn o f  std curve, but m ay be required for sugar 
samples.

To prep, dild  soln from  soln from  which 2 m L aliquot was taken 
(final 25 m L soln in sugar sam ple detn), pipet 5 m L into 25 m L vol. 
flask and dil. to vol. Use 2 m L o f this dild soln in pheno l-H 2S 0 4 
detn. In this case, diln factor o f  5 m ust be included in ealen o f ppm  
dextran.

31. D06 D e te r m in a tio n

Accurately weigh 40.0 g sugar in beaker and dissolve in small am t 
H 20 .  Q uant, transfer soln to 100 m L vol. flask and dil. to vol. with 
H 20 .  Filter > 5 0  m L o f this soln thru  qual. paper in funnel to  rem ove 
coarse suspended m aterial.

Pipet 10 m L filtrate into 100 m L beaker, add 0 .3-0 .4  g anal, filter 
aid, and stir; add 40 m L absolute alcohol and stir. Let stand 5 m in 
to  form ppt. Filter pp t off on sintered glass filter on rubber ring or 
rubber sleeve-topped vac. filter flask.

W ash ppt 5 tim es with 80% ethyl alcohol, each tim e filling filter

with alcohol, and letting alcohol be drawn th ru  ppt. Do not let ppt 
go dry and do not let alcohol overflow filter. This step is im portant 
to rem ove sugar th a t m ight rem ain adsorbed to pp t and interfere in 
pheno l-H 2S 0 4 reaction.

W hen last portion  o f alcohol wash has been completely drawn 
thru  ppt, quant, transfer pp t plus filter aid  to 25 m L vol. flask. Use 
m in. am t H 20  for transfer. First, place 50 o r 60 m m  long-stem  funnel 
in em pty 25 m L flask. Invert sintered glass funnel contg pp t into 
long-stem funnel; fill stem o f sintered glass funnel with H 20  and 
blow ppt plus filter aid into long-stem  funnel, using air hose or 
m outh. Use H 20  from  wash bottle to wash rem aining traces o f solid 
from  sintered glass funnel (2 times) into long-stem  funnel, and wash 
all pp t (broken up with spatula) into 25 m L vol. flask. A m t H 20  
used m ust not exceed vol. o f  25 m L flask. A djust to vol. w ith H 20 .

Filter soln th ru  fluted W hatm an No. 42, 110 m m , paper in 60 or 
80 m m  funnel. Collect > 10 m L filtrate for analysis.

Pipet 10 m L filtrate into 20 x 100 m m  glass or plastic test tube. 
Pipet 2 m L 2.5N  N aO H  reagent soln in to  test tube. Pipet 2 m L Cu 
reagent soln into test tube and add 0.2 g anal, filter aid. Place test 
tubes (in rack) in boiling H 20  bath  5 m in  to pp t C u-dextran  complex 
on filter aid, and then let cool 20 min.

F ilter ppt, which contains C u-dextran  complex, on sintered glass 
filter (coarse pore size, 15 mL). Rinse test tube 2 tim es with 10 m L 
portions o f wash soln and pour these into sintered glass filter.

Discard filtrate.
Place filter, contg ppt, on vac. flask contg short (35 mL) Nessler 

tube (or flat-bottom  vial) positioned so that stem  o f  sintered glass 
funnel extends into Nessler tube.

Pour 2 m L 2N H 2S 0 4 soln onto pp t in sintered glass funnel; turn  
on vac. and draw  acid soln thru  ppt. R epeat this procedure, then 
rinse ppt with 2 m L H 20 .

Quant, transfer filtrate, which contains solubilized dextran to 25 
m L vol. flask and dil. to vol. with H 20 .

Pipet 2 m L o f this soln into 20 x 150 m m  test tube and follow 
procedure for P h e n o l-H 2S 0 4 T est.

31 . D07 C a lc u la tio n

R ead dextran concn, m g/m L, from  std calibration curve.
Dextran in sample, ppm  =  [(m g/m L dextran from  std curve) x 

(m L final soln o f C u-dextran  complex) x (m L soln o f alcohol 
ppt) x 105]/[(mL aliquot taken for Cu pptn) x (m L aliquot taken 

for alcohol pptn) x (wt sam ple solids dild to 100 mL)]

If  A  =  wt sample solids, g, dild to 100 mL; B  =  aliquot taken for 
alcohol pptn, mL; C  =  soln o f alcohol ppt, mL; D  =  aliquot taken 
for Cu pptn, mL; E  =  final soln o f  C u-dex tran  complex, mL; F  =  
dextran (from std curve), m g/m L, then:

Dextran, ppm  = (F) x (E ) x ( C /D )  x (1 IB ) x ( l / A )  x 105

Therefore, for aliquots specified in  procedure: A  =  40, B  =  10, 
C = 2 5 , D =  10, and E  =  25.

Ref.: JAOAC 71, M arch issue (1988).

CAS-9004-54-0 (dextran)

R e su lts  a n d  D isc u ss io n

Most collaborators reported no problems with the method 
although one thought that the procedure was too complex 
for routine analysis. All collaborators reported that they used 
absorbance readings.
The original method specified a centrifugation step to iso

late the copper-dextran complex, but to simplify the test and 
remove the need for specialized equipment, a filtration step 
was substituted. A comparison of filtration and centrifuga
tion in the authors’ laboratories showed that the results were 
the same, with a precision of 5.1% for filtration and 5.2% for 
centrifugation. However, if time was allowed to elapse after 
completion of centrifugation, there was some loss of sample, 
which became a considerable loss after 1 h (up to 25% loss) 
because of resolubilization of the complex. This problem was
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Table 1. Collaborative results for determination of dextran (ppm) in duplicate raw cane sugar samples.

Lab.

Sample A1 Sample A2 Sample B1 Sample B2 Sample C1 Sample C2 Sample D1 Sample D2

1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2

1 279 301 292 283 468 460 456 454 991 991 964 980 291 300 287 301
2 312 284 306 328 351 368 402 362 1127 1057 1039 1072 390 391 422 381
3» 239 296 246 271 434 414 434 452 594 588 584 621 299 304 255 278
4 255 260 236 264 686 706 700 710 1145 1052 1086 1164 453 488 479 477
5 366 352 364 308 468 474 615 542 972 978 997 995 375 383 402 409
6 349 339 351 355 479 424 436 434 934 935 895 892 323 327 332 347
7 426 349 429 442 674 555 609 589 999 1136 1074 1081 457 483 432 501
8 339 452 376 409 617 613 612 625 1016 1030 955 958 438 412 425 433
9 467 456 517 544 414 428 397 453 1016 1018 1083 1050 345 373 340 351

10* 626 593 558 677 665 648 687 658 1047 1161 983 1130 553 553 543 580
11 415 419 353 376 647 650 628 618 957 967 981 1042 425 352 413 416
12 387 395 345 352 505 490 560 552 998 1018 1032 1008 388 392 367 362
13 278 368 254 257 633 599 598 563 974 1070 1061 1024 340 306 345 331

* Laboratory classified as outlier by rankings test (3).

avoided by the use of filtration. The average recovery of 
added dextran to sugar solutions by both methods was also 
comparable and ranged from 97 to 102% for both methods.
A check sample, which had already been analyzed for dex

tran content, was included with the test samples for practice. 
The value reported for the check sample was 430 ppm dex
tran ±13.2 (relative standard deviation 3.07%); the value 
was obtained by 2 experienced analysts. A value of 436 ±
31.7 ppm was obtained for the same sample when the results 
of a third analyst, inexperienced with the method, were in
cluded (relative standard deviation 7.27%). Only one collab
orator reported difficulty in obtaining a comparable value.
The results of the collaborative study are tabulated in Table

1. The methods of Youden and Steiner (3) were used to 
analyze the data. A ranking test for outlying laboratories 
identified 2 outliers. (The criterion for 13 laboratories and 8 
samples is 26/86; the rank sum for the high laboratory was 
98 and for the low laboratory 17.) These laboratories were 
eliminated from the subsequent analysis of variance.
A Dixon test for outlier results from the remaining labo

ratories was negative. A homogeneity test for experimental 
variation between laboratories yielded a range ratio (wmax/ 
wrm[1) of 2.05, which was less than the test statistic of 3.0 for 
8 samples and 11 laboratories. This indicated sufficient ho
mogeneity of the laboratories at the 5% significance level.
Cochran’s test for variation between replicates was done 

to determine if within variability was homogenous across 
laboratories and samples. The value of the test statistic was 
0.22. The critical value of 0.23 for a 5% significance level 
allows acceptance of the homogeneity of variance assump
tion.
Table 2 shows the individual and overall sample means 

with relative reproducibility and repeatability coefficients of 
variation.
Table 3 shows the results of the overall analysis of variance. 

The laboratory-sample interaction term was significant; a P -  
value of 0.0001 was obtained, indicating that the results of 
the method will vary between laboratories more than within

Table 2. Means and CVs for results of collaborative study on 
determination of dextran in raw cane sugar

Reproducibility Repeatability
Sample Mean, ppm CV, % CV, %

A 354.3 21.0 9.7
B 530.8 20.2 6.5
C 1018.5 6.2 3.5
D 386.3 15.5 5.1
Overall 573.7 13.2 4.3

a single laboratory, probably due to differences in filtration 
techniques. The between-laboratory variance is not signifi
cant, so there is no evidence of consistent laboratory bias.
The overall repeatability of 24.6 is an estimate of the rep

licate variability; the reproducibility of 75.8, which includes 
replicate variability, between-laboratory variability, and lab
oratory-sample interaction, is an estimate of the total vari
ability. This reproducibility figure indicates that a fairly wide 
range of results could be expected between laboratories. Part 
of the variability may be due to inexperience with the meth
od.
Recommendation
The Associate Referee recommends that the method be 

adopted official first action.
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Between labs 10 1 63 946 1.81 0.1015
Lab-sample

interaction 30 271 461 14.96 0.0001
Repeatability standard deviation 24.6
Reproducibility standard deviation 75.8
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James W. Dunn, Tate and Lyle Group Research and De

velopment, Reading, England 
Z. J. Kimmerling, South African Sugar Terminals Ltd, 

Maydon Wharf, Natal, South Africa 
Richard A. Kitchen, B.C. Sugars, Vancouver, British Co

lumbia, Canada
G. J. Leonard, Bureau of Sugar Experiment Station, In- 

dooroopilly, Queensland, Australia 
Dennis Martin, Tate and Lyle Refineries, United Molasses, 

Sugar Quay, London, England 
Kim McGaughey, Savannah Foods, Savannah, GA

Piet Mellet, Sugar Milling Research Institute, Durban, Na
tal, South Africa
Ronald Plews, Tate and Lyle Sugars, Thames Refinery, London, England
Scott Runciman, Lantic Sugar Ltd, Oshawa, Ontario, Can

ada
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M Y CO T O X IN S

Comparison of Four Thin-Layer Chromatographic Methods for the Determination of 
Aflatoxins in Raisins

DÌLEK BOYACIOGLU and MERAL G Ö N Ü L
U n ivers ity  o f  E ge , E n g in e e r in g  F a cu lty , F o o d  E n g in e e r in g  D e p a r tm e n t, 3 5 1 0 1  B o rn o va , I z m ir ,  T u rk ey

A study was conducted to determine the accuracy and precision of 3 
AOAC methods, secs 26.026-26.031 (CB), secs 26.032-26.036 (BF), 
and secs 26.052-26.060 (cottonseed), and the Romer quantitative 
method for the thin-layer chrom atographic (TLC) determ ination of 
aflatoxins B„ B2, G „ and G 2 in raisins. The sam ples were spiked at 
a level of 10 pg total aflatoxins/kg. The TLC development systems 
were: ether m ethanol-w ater (94 +  4.5 + 1.5) and chloroform -ace
tone (9 + 1). The interaction between the 4 methods and the 2 
development systems was also studied. The average recoveries were 
88, 80, 75, and 93% with coefficients of variation of 14.0, 10.4, 14.0, 
and 9.6%  for aflatoxin B, using the CB, BF, cottonseed, and Romer 
m ethods, respectively. S tatistical analysis showed no difference in 
the results obtained using the 2 TLC development systems.

Several methods have been developed to determine aflatox
ins in various foodstuffs (1-4). However, it is necessary to 
evaluate the efficiency and suitability of methods for other 
agricultural commodities or products that may be susceptible 
to aflatoxin contamination. Although Romer (4) reported the 
determination of low levels of aflatoxins in different com
modities (including raisins), the suitability of available meth
ods has not been extensively studied in raisins, which are 
one of the most important export crops of the Ege area of 
Turkey (5).
Although aflatoxin-producing strains of A sp erg illu s fla vu s  

have been isolated from raisins (6), no aflatoxin problem in 
raisins has ever occurred. However, past experience has shown 
that we must be prepared in case an outbreak does occur. 
Furthermore, we wished to check the suitability and effi
ciency of available methods for a survey of raisins. Hence, 
the present study was conducted to compare the following 
AOAC (7) methods: secs 26.026-261031 (CB), secs 26.032- 
26.036 (BF), and secs 26.052-26.060 (cottonseed), and the 
Romer quantitative method for the thin-layer chromato
graphic (TLC) determination of aflatoxins in raisins (4).

E x p e r im e n ta l

Samples
Raisins were homogenized by adding water at the ratio 1: 

1 in Waring Blendor. Then, they were spiked according to 
AOAC methods by adding aflatoxin standards at levels of 4 
Aig/kg for aflatoxins B, and G, and 1 p g /k g for aflatoxins B2 
and G2.
Aflatoxin Standards
Standards were prepared from pure crystalline aflatoxins 

B,, B,, G,, and G, (Aldrich Chemical Co., Milwaukee, WI 
53233) dissolved in benzene-acetonitrile (98 + 2). TLC 
working solutions were diluted to contain 0.5 pg B, and 
G,/mL and 0.125 pg B2 and G2/mL for quantitative visual 
determination. The concentration of these standards was 
checked by measuring their ultraviolet absorption with a UV- 
Vis Pye Unicam SP 9 spectrophotometer, as described in 
secs 26.004-26.012 (7).

Received December 9, 1986. Accepted June 5, 1987.

TLC Methods
The published methods (4, 7) were used with the following 

modifications.
In the BF method, secs 26.032-26.036 (7), a mixture of 

the sample and the extraction solvent was transferred to a 
separatory funnel because of the lack of a large capacity cen
trifuge to separate the phases.
In the Romer method, the sample extracts for TLC were 

prepared by quantitatively transferring the eluate to a vial 
and then evaporating just to dryness under a stream of ni
trogen in a water bath (4).
The chloroform extracts obtained in the final step of the 

4 methods were filtered through a Na2S04 bed to remove 
moisture, which would cause cloudiness.
The fluorescence intensities of the sample extracts and 

standards were visually compared under longwave ultravi
olet light. The sample extracts were diluted to 100 p L with 
chloroform after they were evaporated just to dryness under 
a stream of nitrogen in a water bath. The TLC plates were 
coated with Adsorbosil (with 10% CaS04 binder, Applied 
Science Laboratories, State College, PA 16801). The coated 
plates were 500 pm thick to provide better resolution of 
standard spots.

R e su lts  a n d  D isc u ss io n

Results obtained by the 4 methods are shown in Table 1 
along with the means, standard deviations, coefficients of 
variation (CV), and average percent recoveries for aflatoxins 
B„ B2, G„ and G2 and total aflatoxins. No statistical differ
ence was found between the results obtained using the chlo
roform-acetone (9+1) and ether-methanol-water (94 +
4.5 + 1.5) development systems, as shown in Table 2, but 
use of the latter development system is suggested because it 
facilitates the visual estimation by completely removing the 
interferences from sample spots on the TLC plates.
An evaluation of the average recoveries (Table 1) indicated 

that there were differences among the methods’ results (Table
2). Therefore, those differences were tested by a least signif
icant difference (LSD) test, as shown in Table 3.
The CVs were 9.6% for the Romer method and 10.4% for 

the BF method for aflatoxin B,, indicating good precision or 
high repeatability for these 2 methods. Although the repeat
ability of the BF method was relatively high, its accuracy 
was unsatisfactory since it fell in the second group in the 
LSD test as did the CB method (Table 3). However, the 
accuracy of the Romer method was quite good for aflatoxin 
B,; its average recovery was 93% (Table 1), and it alone 
comprises the first group in the LSD test (Table 3).
For total aflatoxins, the highest repeatability was obtained 

using the Romer and BF methods, with CVs of 5.7 and 7.0%, 
respectively (Table 1). However, the accuracy of the BF 
method was relatively lower than the other methods, as is 
shown by it alone being the second group in the LSD test 
(Table 3). The first group in the same test comprises the 
Romer, CB, and cottonseed methods, indicating good ac
curacy at a total aflatoxin level of 10 pg/kg (Table 3); however,
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Table 1. Comparison of results (fig/kg) of analysis of spiked raisin samples using 4 TLC methods

Development system
Repll- Chloroform-acetone (9 + 1) Ether-methanol-water (94 + 4.5 + 1.5)

No. B, b2 G, g2 Total B, b2 G, g2 Total

Römer method

1 3.2 1.00 3.3 1.00 8.5 4.7 1.40 3.6 0.91 10.6
2 3.6 1.00 3.5 0.87 9.0 4.0 0.83 3.7 0.91 9.4
3 3.6 0.83 3.2 1.10 8.7 3.6 0.83 3.2 1.00 8.4
4 4.0 0.83 3.4 1.00 9.2 3.6 0.85 3.4 0.91 8.8
5 4.0 0.97 3.7 1.00 9.7 4.3 0.97 3.5 0.91 9.7
6 4.0 0.97 3.4 0.91 9.3 4.0 0.97 3.5 1.40 9.9
7 3.2 0.83 3.5 0.90 8.4 3.3 0.83 3.4 0.91 8.4
8 4.0 0.85 3.7 1.20 9.8 3.8 0.84 3.2 0.92 8.8

Mean 3.7 0.91 3.5 1.00 9.1 3.9 0.94 3.4 0.98 9.3
Std dev. 0.36 0.08 0.18 0.11 0.52 0.44 0.20 0.18 0.17 0.79
CV, % 9.6 8.8 5.1 11.0 5.7 11.3 20.9 5.2 17.6 8.5
Av. ree., % 93 91 88 100 91 98 94 85 98 93

CB method

1 3.7 0.94 5.5 0.90 11.0 2.9 1.00 5.5 1.10 10.5
2 3.7 1.10 4.9 0.67 10.4 4.9 1.70 4.6 0.89 12.0
3 3.5 1.20 4.1 1.55 10.4 3.1 2.00 4.5 1.30 10.9
4 3.3 1.7 3.7 0.45 9.2 2.1 1.90 3.7 0.89 8.6
5 4.5 1.2 4.6 0.55 10.9 3.7 1.30 6.4 1.10 12.5
6 3.3 2.0 2.8 0.67 8.8 2.3 1.90 3.7 0.91 8.8
7 3.1 1.1 2.7 0.45 7.4 1.8 0.85 2.8 0.67 6.1
8 2.9 0.95 1.8 0.45 6.1 1.6 1.20 2.7 0.77 6.3

Mean 3.5 1.27 3.8 0.71 9.3 2.8 1.48 4.2 0.95 9.5
Std dev. 0.49 0.38 1.26 0.37 1.77 1.10 0.45 1.28 0.20 2.43
CV, % 14.0 29.0 33.0 52.5 19.1 39.4 30.3 30.5 21.3 25.6
Av. ree., % 88 130 95 71 93 70 148 105 85 95

BF method

1 3.4 0.84 3.2 0.84 8.3 3.2 0.80 3.0 0.91 7.9
2 3.3 0.78 2.7 0.58 7.4 3.1 0.75 2.8 0.67 7.3
3 3.7 0.91 2.6 0.87 8.1 3.6 0.91 2.7 0.81 8.0
4 3.1 0.55 3.6 0.95 8.2 3.0 0.65 3.4 0.81 7.9
5 2.7 0.70 2.8 0.70 6.9 2.9 0.71 3.0 0.73 7.3
6 3.4 0.55 3.0 0.50 7.5 3.5 0.60 2.9 0.58 7.6
7 2.9 0.67 3.2 0.48 7.3 3.1 0.64 3.4 0.55 7.7
8 2.9 0.50 2.5 0.51 6.7 2.5 0.71 2.8 0.40 6.4

Mean 3.2 0.69 3.0 0.68 7.6 3.1 0.72 3.0 0.68 7.5
Std dev. 0.33 0.15 0.37 0.19 0.60 0.34 0.10 0.27 0.17 0.52
CV, % 10.4 21.6 12.3 27.6 7.8 11.1 13.8 8.9 24.5 7.0
Av. ree., % 80 69 75 68 76 78 72 75 68 75

Cottonseed method

1 2.5 0.46 3.5 0.67 7.1 2.7 0.78 4.2 0.71 8.4
2 2.9 0.83 2.5 0.71 6.9 2.9 1.04 3.3 0.81 8.1
3 3.4 0.53 3.2 1.01 8.1 3.6 0.53 3.8 1.01 8.9
4 3.0 1.30 4.2 1.01 9.5 3.2 1.30 5.0 1.01 10.5
5 2.7 0.53 2.5 0.61 6.3 2.9 0.78 4.2 1.01 8.9
6 2.7 0.78 2.9 0.81 7.2 2.6 1.30 3.3 1.01 8.2
7 3.7 1.30 4.2 1.01 10.2 3.8 1.30 5.0 1.21 11.3
8 3.4 1.31 3.4 1.01 9.1 3.8 1.56 5.0 1.21 11.6

Mean 3.0 0.88 3.3 0.86 8.1 3.2 1.0 4.2 1.00 9.5
Std dev. 0.42 0.37 0.67 0.18 1.41 0.49 0.35 0.73 0.17 1.43
CV, % 14.0 42.3 20.2 20.3 17.4 15.3 32.7 17.3 17.3 15.0
Av. ree., % 75 88 83 86 81 80 107 105 100 95

Table 2. Analysis of variance of average recovery values ob- Table 3. Statistical comparison of the average recoveries of
tained for aflatoxins B„ 2̂! Gl» and Ga and total aflatoxins aflatoxins B„ b2, G,, and G2 and total aflatoxins using 4 TLC

methodsAverage of error squares

Variation df* B, Ba G, g2 Total Method B, b2 g, g2 Total

Methods 3 1.80“ 1.21“ 3.14“ 0.29“ 10.84“ Romer 3.81* 0.93““ 3.07““ 0.99“ 9.16*
Development systems 
Interaction between

1 0.16 0.24 2.03 0.15 3.11 CB 
BF

3.15“
3.14““

1.37* 3.63* 
0.70“ 2.98“

0.83““
0.68“

9.37*
7.53“

method and solvents 3 0.70 0.05 0.77 0.06 1 gl Cottonseed 3.11c 0.98“ 3.39“ 0.93*“ 8.77*“

Residue 56 0.30 0.09 0.56 0.04 1.82 LSD 0.31 0.31 0.37 0.20 1.35

* df = degrees of freedom. 
“ Significant at 1% level.

Values not sharing a common superscript in each column are significantly 
different, P < 0.05.
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the repeatabilities of the CB and cottonseed methods were 
not satisfactory in comparison with the Romer method.
A statistical evaluation of the results indicates that the 

Romer quantitative method (4) is more accurate and precise 
than the other TLC methods for the determination of afla- 
toxins in raisins.
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A synchronized culture of T etra h ym en a  p y r ifo r m is  is proposed for 
toxicity testing of mycotoxins. Toxicity is evidenced through a delay 
in the division of the synchronized culture. Newly developed equip
ment for the synchronization consists of a double-walled culture flask 
built in an alternating water circuit a t 28°C (optimum) and 34°C 
(sublethal), respectively, controlled by a time switch. The cultures 
are used for the detection of 16 mycotoxins for which the detection 
threshold is given. Synchronous cultures of T etra h ym en a  p y r ifo r m is  
appear to be very suitable for the detection of trichothecenes. P re
lim inary experiments on artificially contam inated corn samples dem
onstrate the possibility of prescreening of cereals.

In ecotoxicology, protozoa are often used for testing toxicity 
of chemicals that could be released in the aquatic ecosystems 
(1-4). The protozoan tests are based on either morphological, 
ultrastructural, ethological, or metabolic criteria. It has been 
shown that the growth rate of ciliates can be used for testing 
toxicity of fungal metabolites (5). Ueno and Yamakawa (6) 
tentatively used synchronous cultures of T etra h ym en a  p y r 
iform is  to study the toxicity of the trichothecenes diacetoxy- 
scirpenol (DAS) and T-2 toxin. In a comparative study of 
bioassays (7), we have shown that the cultures of T etra h y
m ena, synchronized by the “one shock per generation” de
fined by Zeuthen (8), gave very good results in the detection 
of DAS and trichothecin. Also, because the cell cycle is less 
disturbed than that in the “multi shock” method used by 
Ueno, our method allowed a more precise analysis of the 
toxicity.
Plesner, Rasmussen, and Zeuthen (9) described in detail 

the different pieces of apparatus suitable for the synchroni
zation of T etrahym en a. In the present paper, we describe a 
simple unit we have used to determine the detection thresh
old of 16 mycotoxins. The results obtained are compared

Received January 15, 1987. Accepted May 4, 1987.
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with the detection levels for both chemical and biological 
methods. The possibilities of using this bioassay as a pre
screening technique are partially explored with artificially 
contaminated corn samples.

E xperim enta l 

Reagents and Organism
All reagents used were analytical grade.
(a) E th y l acetate. — Distilled from an all-glass apparatus.
(b) M ycotoxins. — Diacetoxyscirpenol, T-2 toxin, roridin 

A (Makor Chemicals, Jerusalem, Israel); neosolaniol, niva- 
lenol, deoxynivalenol, fusarenon-X (Ueno, Tokyo, Japan); 
trichothecin (Freeman, Guildford, England); patulin, ochra- 
toxin A, zearalenone, aflatoxins B,, B2, G„ G, (Aldrich, Brus
sels, Belgium); paracelsin (Briickner, Stuttgart, FRG).
(c) Stra in . — T etrah ym en a pyrifo rm is  Phenoset A (Zeu

then strain) is cultivated axenically at 28°C on proteose pep
tone (0.75%) yeast extract (0.75%), which is enriched with 
salts (PPYS medium) as described by Plesner et al. (9). The 
culture is maintained in exponential growth phase by daily 
transfer of one drop of culture into 10 mL fresh medium.
Synchronization Apparatus

A schematic outline of the apparatus is given in Figure 1.
For synchronization, ciliates are inoculated to 100 mL 

prewarmed medium in double-walled flask plugged with cot
ton wool. Initial cell concentration is 500-1000 cells/mL. Six 
20 min heat shocks at 34°C separated by 160 min periods at 
28°C allow synchronization of the culture.
Exposure o f  Cells to Toxins
At the end of the 6th heat shock, which is time 0 of the 

experiment, 10 mL aliquots of the culture are distributed in 
100 mL screw-cap Erlenmeyer flasks held at 28°C. Toxins 
are added as either methanol or dimethyl sulfoxide (DMSO)
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Figure 1. Schematic outline of synchronization apparatus.
A, Time switch module (Electromatic, Vel, Leuven, Belgium); B, immersion heater with thermostat (GFL, Vel) at 34.0 ± 0.1°C combined 

with 25 L bath; C, water bath at 28.0 ± 0.1°C with cooling capacity (Edmund Buhler, Vel); D, double-walled culture flask (Vel); E, temperature 
sensor (JUMO, Vel); F, temperature recorder (JUMO, Vel); G, rotary shaker (GFL, Vel); H, rotary pump, 6 L/min capacity (Eheim, Vel); 1-4, 
electromagnetic valves (Vel).

solutions. One mL each of cultures and a control without 
toxin are sampled at time 10, 40, 80, 90, 100, 110, 130, and 
150 min and fixed with an equal volume of a 2.5% glutar- 
aldehyde solution. Cells are counted electronically with Coul
ter Counter Model ZM (aperture 140 Mm) after dilution with 
10 mL 1% NaCl solution.
Preparation o f  Corn Extracts
The ground com sample is extracted with ethyl acetate 

according to Ikediobi (10). For spiked corn, a known amount 
of standard solution in methanol is added to the ground 
sample and equilibrated >30 min before extraction. The 
extract is washed with water, filtered through anhydrous so
dium sulfate, and evaporated under reduced pressure at 40°C; 
an aliquot equivalent to 10 g sample is dissolved in 100 /xL 
dimethyl sulfoxide. After it is thoroughly shaken with 5 mL 
PPYS medium, this mixture is filtered on a membrane filter.
Exposure o f  Cells to Extracts
The filtered medium with extract is mixed with 5 mL 

synchronized culture and the cell division is followed as de
scribed under E x p o su re  o f  C ells to  T oxins.

R e su lts  a n d  D isc u ss io n  

Efficiency o f  Synchronization System
Zeuthen (8) has shown that a series of heat shocks spaced 

a normal generation time apart (which is 159 ± 2 min (n =
8) in the conditions described above) results in a good di

vision synchrony. The temperature alternations between 28 
and 34°C need to be performed in as short a time as possible. 
This can be realized most efficiently by abruptly changing 
the water content of the jacket. By using a double water circuit 
at the respective temperatures, this change is almost im
mediate because the content of the water jacket is only 300 
mL. To compensate for the temperature rise in the 28°C bath 
by the entry of the warm water, a cooling device is built in. 
For the 34°C circuit, a 25 L bath is used to minimize the 
temperature drop by the entry of the cold water. To promote 
the heat exchange between the circulating water and the cul
ture medium, the inner wall of the flask is constructed with 
thin glass. The culture is shaken continuously on a rotary 
shaker to ensure good aeration, which is essential for growth 
and to avoid clogging of the cells.
With the synchronization unit described here, 90% of cells 

have divided 40 min after the start of the division (Figure
2).
Effects o f  Mycotoxins on Synchronous Division
The recording of the results is simple because the division 

of the organisms starts within 80-90 min after the end of the 
last heat shock. Preliminary tests showed that within the 
same experiment the start of division in the different sub
cultures distributed into Erlenmeyer flasks differs 5 min or 
less. Thus, a delay of more than 10 min between start of 
division in a control and in a toxin-treated culture can be 
considered as an indication of significant toxicity and is re-
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Figure 2. Growth curves of T e trah ym en a : O =  control; ▲ =  0.1 
ng trichothecin/mL PPYS (=MAD); •  =  0.48 fig trichothecin/mL 

PPYS.

ferred to as the minimal active dose (MAD) (Figure 2). In 
comparison with exponential growth curves which need much 
more calculation and for which the effect is not clear for low 
doses, the present interpretation is quite simple. Moreover, 
the final test procedure takes 150 mm or less.
Experiments showed that 0.1% (v/v) methanol and 1% 

(v/v) dimethyl sulfoxide can be added without any percep
tible effect on the start of the division. However, the possible 
interaction between solvent and toxin was not studied during 
the experiment, so the substance must be added in the min
imal amount of solvent.
The MAD for 16 mycotoxins studied is given in Table 1. 

The synchronous cultures of T etra h ym en a are very sensitive 
to trichothecenes, especially diacetoxyscirpenol, T-2 toxin, 
and roridin A. Interesting results are also obtained with tri- 
chothecin, fusarenon-X, patulin, and vomitoxin. On the oth
er hand, aflatoxins and ochratoxin A are not toxic up to 10 
fig/mL. This result is in accordance with observations of 
Teunisson and Robertson (11) and Dive et al. (5). The de
tection threshold for other mycotoxins is too high to be suited 
for screening purposes.
Ueno and Yamakawa (6), using T etra h ym en a cultures syn

chronized by another method, observed a similar sensitivity 
for DAS, nivalenol, and fusarenon-X. Concerning this latter 
toxin, the high sensitivity of the ciliates can be correlated 
with the competition of fusarenon-X with tetrahymanol for 
incorporation in the cell membranes, as shown by Chiba et 
al. (12).Comparison with literature data shows that T etra h ym en a  
is as sensitive as the mammalian cell lines HEp-2 and Chang 
used by Robb and Norval (13). It must be said that these 
authors used only 1 mL culture, which lowers the concen
tration that can be detected, and that the applicability of their 
method is not proven. Mammalian cells appear to be par
ticularly affected by roridin A. The 2 cell lines used by Robb 
and Norval (13) exhibit a significant difference in their sen
sitivity to DAS, roridin A, and T-2 toxin. Ehrlich and Daigle
(14) observed the same phenomenon when they studied the

Table 1. Minimal active doses (MAD) for 16 mycotoxins in syn
chronized culture toxicity studies

Mycotoxin MAD, fig/mL PPYS

Trichothecenes:
Diacetoxyscirpenol 0.020
T-2 toxin 0.025
Neosolaniol 1.0
Nivalenol 1.6
Deoxynivalenol 0.6
Fusarenon-X 0.4
T richothecin 0.1
Roridin A 0.025

Patulin 0.4
Ochratoxin A 10.0
Zearalenone 2.5

Aflatoxins:
B, >10.0
b2 >10.0
G, >10.0
g2 >10.0

Parace sin >10.0

sensitivity of Vero and MELC cell lines to T-2 toxin. The 
other biological methods proposed in the literature, Microtox 
R test (15), yellow mealworm (16), and algae (17), are less 
sensitive. Gendloff et al. (18) developed a very sensitive en
zyme-linked immunosorbent assay for detection of T-2 toxin 
in infected corn but, if the method is very sensitive and 
specific for T-2, T-2HS, and acetyl T-2 toxins, it cannot be 
used for the other trichothecenes. With reference to the chem
ical methods of detection, the results obtained by our method 
show that T etra h ym en a may constitute a short-term bioassay 
for the detection of certain mycotoxins, particularly DAS, 
T-2 toxin, and roridin A.
Effects of Spiked Extracts on Synchronous Division
Extracts of com spiked with diacetoxyscirpenol or tri- 

chothecin show the same toxicity as the equivalent quantity 
of pure toxins. By the method used, the concentration in the 
extract and the medium is the same. Blank extracts revealed 
no toxicity, from which it can be concluded that this test can 
be used as a prescreening bioassay for contaminated com.
A problem which might be encountered is the coextraction 

of pesticide residues with mycotoxins and a subsequent in
toxication of the ciliates. This phenomenon was apparently 
not observed by workers using bioassays for the direct de
tection of mycotoxins in cereals. The results obtained with 
the ciliate C o lp id iu m  c a m p y lu m (2) indicate that the hazard 
is likely to be encountered with dithiocarbamates fungicides 
(thiram-type) because the ciliates are relatively insensitive 
to pesticides.
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Interactive Effects of Duration of Storage and Addition of Formaldehyde on Levels of 
Aflatoxin M, in Milk

S U S A N  K. H E IM B E C H E R , K A R E N  V. JO R G E N SE N , and R A L P H  L. P R IC E * 1
U n ivers ity  o f  A r izo n a , D e p a r tm e n t o f  N u tr itio n  a n d  F o o d  S c ien ce , T ucson , A Z  8 5 7 2 1

Spray-dried skim  milk, naturally  contam inated with aflatoxin M „ 
was added to either raw or pasteurized whole m ilk to a  final concen
tration  of 1.1 p.g aflatoxin M ,/L  milk. Form alin (37% w/w) was added 
to the m ilk solutions to final concentrations of 0, 0.025, 0.05, and 
0.1%  formaldehyde. Sam ples were stored in the dark  a t 21°C in 
plastic and glass containers and were analyzed for aflatoxin M , at 
0 ,1 , 2 ,3 , and 4 weeks. T his experiment was repeated using only raw 
m ilk and glass containers. Aflatoxin M , analyses were done a t 0, 1, 
and 2 weeks. Aflatoxin M , losses increased over time and with in
creased form aldehyde concentration. W ith both experiments, afla
toxin M , levels after 2 weeks were less than  0.05 n g /L  in samples 
containing 0.1% formaldehyde.

Although it is desirable to analyze milk for aflatoxin M, as 
soon as possible after it is drawn, at times the milk must be 
stored before analysis. There are conflicting reports regarding 
the effect of storage on aflatoxin M, levels in dairy products. 
Kiermeier and Mashaley (1) noted aflatoxin M, losses of 11- 
25% in both artificially and naturally contaminated milk after
1-3 days storage at 5°C. Stoloff et al. (2) found no losses in 
either pasteurized or raw, artificially contaminated milk after 
17 days at 4°C.
During the analysis of any commodity for very low levels 

of contaminant, the coefficient of variation between and even 
within laboratories increases as the level of the contaminant 
decreases (3, 4). Explanations for this variability include lab
oratory experience, use of different analytical methods, in
stability of aflatoxin M, extracts or standard solutions, pres
ence of interfering substances, age of sample, storage 
conditions, and the low levels measured. This variability has 
led to studies concerning preservation of milk containing 
aflatoxin M,.
Unrefrigerated storage conditions and the length of time 

necessary to ship analytical samples can lead to milk dete
rioration and to variation in the amount of aflatoxin M, 
detected. Sodium azide, potassium dichromate (5), and sev
eral oxidizing agents have been tested as preservatives for 
milk, but these have not been successful (R. D. Stubblefield, 
personal communication; 5). Historically, formaldehyde was 
used as a milk preservative prior to refrigeration and for this 
reason was chosen for use as a preservative in the 1986
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Smalley Series for M, at a level of 0.03% (J. D. McKinney, 
personal communication). Formaldehyde has been shown to 
reduce levels of aflatoxins B„ B2, G„ and G2 during detox
ification studies (6, 7) and may be expected to reduce M, 
levels. The purpose of the present study was to determine 
the effect of formaldehyde on aflatoxin M, levels in raw and 
pasteurized milk which is stored in glass or plastic containers 
for up to 4 weeks.

Experimental
Contaminated Spray-Dried Milk
Naturally contaminated, nonfat, spray-dried milk was ob

tained from United Dairymen of Arizona. Raw milk had 
been collected from Holstein dairy cows fed a 15% ration of 
naturally contaminated cottonseed containing total aflatox
ins of 2500-5000 mg/kg. Cream had been removed from 
contaminated milk using a separator. Skim milk had been 
spray-dried using an inlet temperature of 210-227°C and an 
outlet temperature of 91-99°C. The resulting spray-dried milk 
was stored at -20°C for 1 year.
Sample Preparation

E x p e r im e n t 7. —Spray-dried milk, containing approxi
mately 7.5 fig aflatoxin M,/L, was mixed with either raw 
milk or pasteurized whole milk to a final level of approxi
mately 1.1 p g /L . Formalin solution (37% w/w) was added to 
the milk solutions to final concentrations of 0, 0.025, 0.05, 
and 0.1% formaldehyde (v/v). Two-hundred mL aliquots of 
the milk solutions were transferred to either glass or plastic 
containers, randomly coded to prevent bias, and stored in 
the dark at 21°C for up to 4 weeks. Samples were pulled and 
analyzed once a week for 1, 2, 3, and 4 weeks.

E x p e r im e n t 2. — Samples were prepared as in experiment 
1 except that raw milk was held up to 2 weeks in glass con
tainers.
Milk Analysis
The original spray-dried milk and all samples were ana

lyzed according to AOAC official method 26.095-26.099 (8). 
All chemicals used were AR grade, and methylene chloride 
was substituted for chloroform. Extracts from the experiment 
were stored at -20°C in benzene-acetonitrile (9 + 1) for 3 
months (9) until all samples could be analyzed by liquid
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Figure 1. Aflatoxin M, concentration vs time and formaldehyde 
level in experiment 1.

ch ro m a to g ra p h y . D e p e n d in g  on  th e  a f la to x in  M ,  le v e l, L C  

analys is w as p e rfo rm e d  on 1 0 -5 0  n L  a liq u o ts . T h e  L C  system  

was a  W a te rs  m o d u la r  u n it  th a t in c lu d e d  a ¿¿C18 reverse-ph ase  
c o lu m n , M 6 0 0 A  p u m p , W is p  7 1 0  a u to m a tic  in je c to r , 4 2 0 E  

fluorescence d e tec to r (3 6 5 ^ 1 0 0  n m ), an d  a d a ta  m o d u la r  in 
te g ra to r (W a te rs  C h ro m a to g ra p h y , M i l fo r d ,  M A  0 1 7 5 7 ) .  T h e  

m o b ile  phase w as w a te r -m e th a n o l-a c e to n itr ile  (5 2  +  2 6  +
2 2 ) w ith  a flo w  ra te  o f  0 .9  m L /m in  a n d  a pressure o f  2 0 0 0  

psi fo r  e x p e r im e n t 1 an d  1 5 0 0  psi fo r  e x p e r im e n t 2. T h e  
a f la to x in  M ,  s tan d ard  c o n c e n tra tio n  w as 10 ftg /L  (E u re k a  

L a b o ra to r ie s , S a cram en to , C A  9 5 8 1 6 ) .

S t a t i s t i c a l  A n a ly s is

S ta tis tic a l analys is w as p e rfo rm e d  on a c o m p u te r  us ing a 
p ro g ra m  fo r  a 4 -w a y  A N O V A  fo r  e x p e r im e n t 1 a n d  a 2 -w a y  
A N O V A  fo r  e x p e r im e n t 2 . M e a n s  w ere  separated  b y  least 
s ig n ifican t d ifferen ce a t P  <  0 .0 5 .

R esu lts  an d  D iscuss ion

F o rm a t io n  o f  em u ls io n s  d u rin g  e x tra c tio n  w ith  c h lo ro fo rm  
o r  m e th y le n e  c h lo r id e  has been a c o n tin u a l p ro b le m  w h e n  
th is  o ffic ia l m e th o d  fo r  a f la to x in  M ,  has been used (8 , 10). 
M a n ip u la t io n s  (c e n trifu g a tio n , a d d it io n  o f  sa lt o r  u rea , h e a t
in g  th e  c h lo ro fo rm  o r  m e th y le n e  c h lo r id e ) used to  b re a k  the  
em u ls io n s , i f  possible, h a v e  so m e tim es  resu lted  in  lo w  re 
coveries  o r  loss o f  sam p le . T h is  p ro b le m , w h ic h  d id  n o t o ccur 
in  th is  la b o ra to ry  d u rin g  p re lim in a ry  e x p e rim e n ts , n o r  in  th e  
S m a lle y  test series, caused th e  loss o f  m a n y  sam ples fro m  
e x p e rim e n t 1, in c lu d in g  a ll pasteurized  sam ples w ith  n o  added  

fo rm a ld e h y d e  stored  fo r  1 w ee k  o r  lo nger. I t  m a y  h a v e  oc
cu rred  because o f  th e  a d d ed  so lids to  th e  f lu id  m ilk .  G e n tle  
sh akin g  an d  s w irlin g  o f  th e  sep ara to ry  fu n n e l w ere  unsuc-
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Figure 2. Aflatoxin M, concentration vs time and formaldehyde 
level in experiment 2.

cessful in  p re v e n tin g  e m u ls io n  fo rm a tio n  as w ere  th e  p re 
v io u s ly  m e n tio n e d  suggestions. T h e  so lu tio n  o f  th is  p ro b le m  

was to  re v e rt to  th e  p ro ced u re  p re v io u s ly  used in  th is  la b o 
ra to ry . T h e  m ilk  w as re fr ig e ra ted  (4 °C ) a n d  th e  se p ara to ry  

fu n n e l was shaken in  th e  fo llo w in g  m a n n e r: T h e  fu n n e l w as  

in v e r te d  a n d  gas w as released, th e n  th e  fu n n e l w as h e ld  h o r 
iz o n ta lly  an d  shaken 6 0  tim e s  as h a rd  a n d  fast as possib le. 
T h e  fu n n e l w as th e n  im m e d ia te ly  tu rn e d  u p rig h t, a n d  th e  
stopp er w as re m o v e d . N o  em u ls io n s  w ere  fo rm e d  us ing  th is  

tech n iq u e . T h e  reason th a t v ig orou s  a g ita t io n  a t th is  stage 
p ro m o tes  th e  b re a k in g  (o r  n o n -fo rm a tio n ) o f  th e  e m u ls io n  

is u n k n o w n .

E x p e r im e n t  1

A lth o u g h  som e d a ta  w ere  lost in  th is  p re lim in a ry  e x p e r i
m e n t because a ll p a ste u rized  sam ples w ith o u t fo rm a ld e h y d e  
fo rm e d  em u ls io n s , som e o f  th e  resu lts w e re  s ig n ifican t (F ig u re
1) an d  le d  to  fu rth e r  m o d ific a tio n  in  th e  second e x p e r im e n t.

A na lyses fo r  a f la to x in  M ,  are u s u a lly  p e rfo rm e d  o n  ra w  

m ilk  w h en  i t  is d e liv e re d  a t th e  processing p la n t. N o  d iffe r 
ence w as fo u n d  in  th e  a m o u n t o f  a f la to x in  M ,  d e te c te d  in  
th e  ra w  an d  p a s te u rized  sam ples c o n ta in in g  fo rm a ld e h y d e .

A fla to x in  M ,  losses w ere  grea ter fo r  those sam ples sto red  
in  p lastic  th a n  fo r  those in  glass. H o w e v e r , th e  effect was  

s ig n ifican t o n ly  fo r  those sam ples c o n ta in in g  0 .0 2 5 %  fo r m 
a ld eh yd e .

A fla to x in  M ,  leve ls  decreased o v e r  t im e  fo r  a ll tre a tm e n t  
groups, w ith  averages o f  0 .1 7  p g /L  a t 1 w ee k  d o w n  to  0 .0 5  
/ ig /L  a t 4  w eeks (F ig u re  1). N o  ex tra c tio n s  w ere  d o n e  a t  0  
t im e  fo r  sam ples c o n ta in in g  0 .0 2 5 - 0 .1 %  fo rm a ld e h y d e  b e 
cause i t  w as expec ted  th a t th e  fo rm a ld e h y d e  le v e l w o u ld  h a ve  
n o  effect on  a f la to x in  M ,  rec o v e ry  a t 0  t im e . A lth o u g h  th is  

e x p ec ta tio n  was c o n firm e d  b y  m easu re m e n ts  p e rfo rm e d  in  
e x p e r im e n t 2 , th e  d a ta  fo r  0  t im e  w ere  in c o m p le te  a n d  th e re 
fo re  co u ld  n o t be in c lu d e d  in  th e  4 -w a y  A N O V A .  C o a g u la 
t io n  o ccurred  an d  p H  decreased a fte r  on e w ee k  in  sam ples  

to  w h ic h  fo rm a ld e h y d e  w as n o t ad d ed . A f te r  4  w eeks, th e  
p H  o f  sam ples h a d  decreased fro m  6 .5  to  5. A lth o u g h  sam ples  
c o n ta in in g  fo rm a ld e h y d e  w ere  n o t co agu la ted  a n d  show ed  
o n ly  m in im a l p H  decrease a fte r  4  w eeks, a m u c h  grea ter  
decrease in  a f la to x in  M ,  w as seen (F ig u re  1).

A fla to x in  M ,  leve ls  decreased fro m  0 .1 5  to  0 .0 5  n g /L  as 

fo rm a ld e h y d e  levels  increased fro m  0 .0 2 5  to  0 .1 % . T h e  de -
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crease m a y  be du e to  e ith e r  d e g ra d a tio n  o f  a f la to x in  M ,  o r  
a decrease in  its  e x tra c ta b ility . C o d ife r  e t a l. (7 ) fo u n d  th a t  

8 0 %  o f  a f la to x in  B , in  c o n ta m in a te d  peanuts was destroyed  

b y fo rm a ld e h y d e  tre a tm e n t, an d  i t  is lik e ly  th a t a f la to x in  M ,  
w o u ld  also be b ro k e n  d o w n  b y  th is  tre a tm e n t because th e  
structures o f  B , a n d  M i  are  s im ila r . F o rm a ld e h y d e , a cross- 
l in k in g  agent, is k n o w n  to  react w ith  casein p ro te in s , a n d  its  

effects o n  th e  m ic ro e n v iro n m e n t o f  m ilk  co u ld  lead  to  e n 
tra p m e n t o f  a f la to x in  M ,  an d  th e re b y  reduce reco very .

E x p e r im e n t  2

D u e  to  th e  a n a ly t ic a l p ro b lem s  a n d  th e  lac k  o f  d a ta  a t 0  

t im e  in  e x p e r im e n t 1, th e  effect o f  fo rm a ld e h y d e  a n d  t im e  
o n  a f la to x in  M ,  leve ls  w as re e x a m in e d  in  a  second e x p e r i
m e n t. S am ples  c o n ta in in g  th e  sam e levels  o f  fo rm a ld e h y d e  

w ere  an a ly ze d  a t 0 , 1, a n d  2 w eeks. Because th ere  w as no  
sign ifican t d ifference be tw een  a fla to x in  M ,  levels in  m ilk  types  

in  e x p e r im e n t 1 a n d  because ra w  m ilk  is m o re  res is tan t to  

th e  fo rm a tio n  o f  em u ls io n s , a ll e x p e r im e n t 2  sam ples w ere  
ra w  m ilk .  T o  reduce th e  n u m b e r  o f  sam ples, o n ly  glass c o n 
ta in ers , w h ic h  sh ow ed less o f  a n e g a tive  effect on  a fla to x in  

M ,  levels  in  e x p e r im e n t 1, w ere  used.
T h e  m ilk  sam ples w ere  p rep ared  to  c o n ta in  a p p ro x im a te ly

1.1 jag a f la to x in  M , / L .  T h e  a m o u n t de tec ted  rang ed  fro m  

9 1 %  o f  th e  o rig in a l, 0  t im e , to  n o n d ete c tab le  leve ls  fo r  s a m 
ples w h ic h  c o n ta in e d  0 .1 %  fo rm a ld e h y d e  an d  w ere  le ft  in  

storage fo r  2  w eeks. T h e  h ig h e r a f la to x in  M ,  leve ls  de tec ted  
in  sam ples a t 0  t im e  in  th is  e x p e r im e n t w ere  n o t su rp ris ing  
because th e  p ro b le m s  w ith  th e  em u ls io n s  h a d  been reso lved . 
A fla to x in  M ,  leve ls  decreased fro m  1.0 jag /L  (0  t im e ) to  0 .0 2 5  
;itg/L (2  w eeks), a n d  a p o s it iv e  in te ra c tio n  occu rred  b e tw een  

fo rm a ld e h y d e  a n d  t im e  (F ig u re  2).
A fla to x in  M ,  leve ls  in  m ilk  sam ples c o n ta in in g  n o  fo rm 

a ld eh yd e  decreased b y  3 4 %  o v e r  2 w eeks. A lth o u g h  fo rm 
a ld eh yd e  h a d  n o  im m e d ia te  effect on  a f la to x in  M ,  leve ls ,

sam ples ex tra c te d  a t w eeks 1 an d  2 sh ow ed  in creasin g  losses 
w ith  in creasin g  fo rm a ld e h y d e  co n ce n tra tio n s . A fla to x in  M ,  
leve ls  decreased fro m  0 .8 7  to  0 .3 9  jag /L  as fo rm a ld e h y d e  

leve ls  increased fro m  0 .0  to  0 .1 % . T h e  greatest losses in  
fo rm a ld e h y d e -c o n ta in in g  sam ples o c cu rred  in  those stored  
fo r  1 w eek  a n d  m a y  h a v e  resu lted  fro m  th e  h igh  in it ia l  leve ls  

o f  c h e m ic a l reactants. T h ese  a f la to x in  M ,  losses w ith  t im e  
a n d  fo rm a ld e h y d e  c o n c e n tra tio n  w ere  s im ila r  to  th ose o f  

e x p e r im e n t 1.
A lth o u g h  fo rm a ld e h y d e  decreased e m u ls io n s  in  p a s te u r

ize d  m ilk  a n d  red u ced  co ag u la tio n  in  ra w  a n d  p a s te u rized  

m ilk , results fro m  th is  research in d ic a te  th a t a f la to x in  M ,  
leve ls  in  m ilk  sam ples p reserved  w ith  0 .0 2 5  to  0 .1 %  fo rm 
a ld eh yd e  an d  stored  a t ro o m  te m p e ra tu re  m a y  b e  expec ted  
to  decrease b y  4 5 -8 5 %  a fte r  1 w ee k . Because th e  n e g a tive  
effects o f  fo rm a ld e h y d e  o n  a f la to x in  M ,  in  m i lk  o u tw e ig h  th e  
benefits , i t  sh o u ld  n o t be used as a p re s e rv a tiv e  fo r  M t- 
c o n ta m in a te d  m ilk  sam ples used fo r  c o lla b o ra tiv e  studies.
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D I S I N F E C T A N T S

Comparison of Stainless Steel Penicylinders Used in Disinfectant Testing

EUGENE C. COLE, WILLIAM A. RUTALA, and EDITH M. ALFANO
U n iver s ity  o f  N o rth  C a ro lin a , D e p a r tm e n t o f  M e d ic in e , D iv is io n  o f  In fec tio u s  D isea ses , C h a p e l H ill, N C  2 7 5 1 4

Two brands of stainless steel penicylinders, S&L M etal Products and 
Fisher Scientific, were simultaneously tested to determine if they 
provide comparable results when used in the AOAC use-dilution 
method of disinfectant testing. Results showed consistently more pos
itive tubes for the Fisher brand of penicylinders than for the S&L, 
regardless of the surface finish of the test cylinders.

T h e  A O A C  u s e -d ilu t io n  m e th o d  (1 ) o f  d is in fe c ta n t efficacy  
testin g  specifies th e  use o f  typ e  3 0 4  stainless steel p e n ic y lin 
ders m a n u fa c tu re d  b y  S & L  M e ta l P ro d u cts , In c ., M a s p e th , 
N Y  1 1 3 7 8 . T h ese  p e n ic y lin d e rs  are m e a n t to  represent a 
h a rd , n o n p o ro u s  surface in  d is in fe c ta n t efficacy testing. In  
th e  A O A C  u s e -d ilu t io n  m e th o d , th e  p e n ic y lin d e rs  are in 
o c u la te d  w ith  3 specific test b a c te ria , w h ic h  serve as d is in 
fe c ta n t challenges. W h e n  S & L  suspended th e  m a n u fa c tu re  o f  
th e ir  p e n ic y lin d e rs  fo r  14 m o n th s , m a n y  lab o ra to rie s  p u r 
chased stainless steel p e n ic y lin d ers  fro m  F is h e r S c ien tific , 
P itts b u rg h , P A  1 5 2 1 9 . F is h e r p e n ic y lin d e rs  are  also 3 0 4  

stainless steel, b u t u n lik e  th e  S & L  m o d e l, th e  F is h e r p e n i
cy lin d ers  are m a n u fa c tu re d  w ith  b e ve le d  ends. M ic ro s c o p ic  
e x a m in a tio n  o f  b o th  b ran d s  o f  p e n ic y lin d e rs  re vea led  defects  
in  th e ir  surfaces w h ere  b a c te ria  can reside an d  perhaps be 

p ro tected  fro m  d is in fe c ta n t exposure (2 ). In  a d d it io n , the  
degree o f  p o lish  o f  b o th  b ran d s  o f  p e n ic y lin d e rs  has v a rie d  

co n s id erab ly  o v e r 2 years.
A  p re v io u s  study (2 ) show ed th a t b o th  types o f  stainless  

steel p e n ic y lin d ers  re ta in e d  a p p ro x im a te ly  th e  sam e n u m b e r  
o f  test b a c te ria  (i.e ., 10 6—10 7 b a c te r ia /p e n ic y lin d e r) a fte r  in 
o c u la tio n . T h e  purpose o f  th e  present s tudy w as to  test si
m u lta n e o u s ly  S & L  a n d  F is h e r stainless steel pe n ic y lin d ers , 
using th e  A O A C  u s e -d ilu t io n  m e th o d , to  d e te rm in e  i f  th e  2 
bran ds  y ie ld e d  c o m p a ra b le  test results.

E x p e rim e n ta l

M e d ia  a n d  R e a g e n ts

(a )  N u tr ie n t b ro th .— See sec. 4 .0 0 1 (a )  (1 ), 10 m L  in  2 0  x  

150 m m  c u ltu re  tubes using A n a to n e  (A m e r ic a n  L a b o ra to 
ries, In c ., O m a h a , N E  6 8 1 2 7 ) , an d  B e e f E x tra c t (D ifc o  L a b 
o ra to ries , D e tr o it ,  M I  4 8 2 3 2 )  as specified . P re p are  accord in g  
to  d ire c tio n s , using g lass-d is tilled  w a te r. A d ju s t p H  to  6 .8  
b e fo re  s te riliza tio n .

(b )  L e t keen b ro th .— B acto  L e th e en  B ro th  (D ifc o ) , fo r 
m u la te d  to  c o m p ly  w ith  sec. 4 .0 0 1 (d )(5 )  (1 ).

(c ) D is t ille d  w a te r .— S te rile  W a te r  fo r  Ir r ig a tio n , U S P  

(T ra v e n o l L a b o ra to r ie s , In c ., D e e rfie ld , I L  6 0 0 1 5 ) .
(d )  A sp arag in e . —  B acto  A sp ara g in e  (D ifc o )  0 .1 %  (w /v )  

aqueous so lu tio n .

O r g a n is m s

S ta p h y lo c o c c u s  a u re u s  6 5 3 8 ,  S a lm o n e l la  c h o le ra e s u is  
1 0 7 0 8 , an d  P seu do m o nas a eru g in o sa  1 5 4 4 2  (A m e r ic a n  T y p e  
C u ltu re  C o lle c tio n , R o c k v ille , M D  2 0 8 5 2 ) .

A p p a r a tu s

(a )  S ta in less steel p en icy lind ers . — % ±  1 m m  o d , 6 ±  1 
m m  id , 10 ±  1 m m  long, ty p e  3 0 4  stainless steel (S & L  M e ta l
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P ro d u cts  C o rp ., M a s p e th , N Y  11 3 7 8 ; a n d  F is h e r S cien tific , 
P itts b u rg h , P A  1 5 2 1 9 ).

(b ) C u ltu re  tu bes .— 2 0  x 150 m m , f l in t  glass, screw -cap  
(F is h e r S c ien tific ).

(c ) S u b cu ltu re  tu bes .—  2 0  x  150  m m , f l in t  glass (F is h e r  

S cien tific ).
(d ) M e d ic a tio n  tubes .—  2 5  x  150  m m , b o ro s ilic a te  glass 

(F is h e r S cien tific ).
(e ) S o n ic a to r .—  U ltra s o n ic  c leaner M o d e l 4 5 0  ( R A I  R e 

search C o rp ., H a u p p a u g e , N Y  1 1 7 8 7 ).
( f )  T ra n s fe r  hook. -H e a v y -g a u g e  n ic h ro m e  w ire  w ith  3 -  

5 m m  rig h t angle bend .

P ro c e d u re s

B ro th  cu ltu re  p re p a ra tio n . —  S tock cu ltu res  o f  test o rg an 
ism s w ere  m a in ta in e d  on  agar slants as specified in  sec. 4 .0 0 2 (e )
(1 ). T u b e s  o f  n u tr ie n t b ro th  w ere  in o c u la te d  fro m  stock c u l
tu re  slants an d  in c u b a te d  o v e rn ig h t a t 3 7 °C . A t  least 4  c o n 
secutive  b ro th  transfers  w ere  m a d e  b e fo re  b ro th s  to  be used  

fo r  testing w ere  in o cu la te d .
P en icy lin d er p re p a ra tio n .— P en icy lin ders  w ere  p rep ared  b y  

steam  s te riliz a tio n  (1 5  m in  a t 12 1°C ), r in se d  in  ta p  w a te r, 
so nicated  in  d is tille d  w a te r  fo r  > 5  m in , r in se d  in  d is tille d  
w ater, an d  d ra in e d . T h e  cy lin d ers  w ere  th en  p laced  in  2 0  x  
150 m m  tubes (2 0  per tu b e ), c o vered  w ith  L O N  N a O H ,  an d  

fu rth e r  p rep ared  as in  sec. 4 .0 0 9 . B efo re  testing , asparag ine  

was re m o v e d  fro m  tubes o f  p e n ic y lin d e rs , an d  p e n ic y lin d e rs  
w ere  as ep tica lly  tran s fe rred , using sterile  h o o k , to  2 5  x  150  

m m  sterile  tubes. A p p ro p r ia te  n u m b e rs  o f  4 8 - 5 4  h , 10 m L  
b ro th  cu ltu res  used to  in o c u la te  120  p e n ic y lin d e rs  fo r  each  

d a y ’s testing  w ere  p o o le d  a n d  m ix e d . T w e n ty  m L  b ro th  c u l
tu re  was a d d ed  to  each tu b e  c o n ta in in g  2 0  p e n ic y lin d e rs  to  

be tested an d  a llo w e d  to  re m a in  u n d is tu rb e d  15 m in  a t ro o m  
te m p e ra tu re . U p o n  re m o v a l fro m  b ro th  cu ltu re , p e n ic y lin 
ders w ere  d r ie d  a t 3 7 °C  fo r  4 0  m in  as in  sec. 4 .0 0 9  (1 ).

D is in fe c ta n t p re p a ra tio n . — D is in fe c ta n ts  w ere  p re p a re d  ac
co rd in g  to  m a n u fa c tu re rs ’ re c o m m e n d e d  u s e -d ilu tio n s  in  
sterile , d is tille d  w a te r. F o rm u la tio n s  fo r  q u a te rn a ry  a m m o 
n iu m  an d  p h e n o lic  prod uc ts  w ere  as fo llow s: D is in fe c ta n t 1: 
d id ec y l d im e th y l a m m o n iu m  ch lo r id e , 7 .5 0 % ; n -a lk y l (C 1 4  
5 0 % , C l  2 4 0 % , C l  6 10% ) d im e th y l b e n zy l a m m o n iu m  c h lo 
r id e , 5 .0 0 % ; te tra s o d iu m  e th v le n e d ia m in e te tra a c e ta te , 
1.69% ; a n d  in e rt in g red ien ts , 8 5 .8 1 % ; u s e -d ilu t io n  w as  
1:256 . D is in fe c ta n t 2 : o -b e n z y l-p -c h lo ro p h e n o l, 7 .2 4 % ; iso 
p ro p a n o l, 4 .0 4 % ; o -p h e n y lp h e n o l, 2 .2 3 % ; a n d  in e r t  in g re 
d ien ts , 8 6 .4 9 % ; u s e -d ilu tio n  w as 1 :128 .

U s e -d ilu tio n  m ethod. —  In  batches o f  tw e n ty , 6 0  p e n ic y lin 
ders o f  each b ra n d  w ere  tested o n  th e  sam e d a y  w ith  th e  sam e  
b ro th  c u ltu re  against th e  sam e d is in fe c ta n t. T e s t b ra n d  o f  
p e n ic y lin d er was a lte rn ated  fo r  each batch (S & L , F ish er, S & L , 
F ish er, e tc .), w ith  in it ia l o rd e r o f  p e n ic y lin d e r  b ra n d  v a ry in g  

on each day. B efore each group o f  6 0  pen icy lind ers  was tested, 
test d is in fe c ta n t w as fresh ly  p rep ared  in  s terile  1 L  v o lu m e tr ic  

flask. U s in g  10 m L  v o lu m e tr ic  p ip e t, d is in fe c ta n t w as d is 
pensed in to  2 5  x  150 m m  m e d ic a tio n  tu bes in  2 0 °C  c ir 
cu la tin g  w a te r  b a th . U s e -d ilu t io n  m e th o d  w as th e n  p e r
fo rm e d . In  b rie f, stainless steel r in g  carriers (i.e ., pen icy lind ers )
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Tab le  1. A O A C  use-dilution m ethod results for 2 brands of 
stain less stee l penicylinders, recom m ended bacteria , and qu a

ternary am m onium  d isin fectant

Bacteria

Penicylinder brand

S&L"
(polished)

Fisher*
(dull)

S&L“
(dull)

Fisher"
(polished)

S. choleraesuis 0/60 7/60* 4/60 15/60"
S. aureus 1/58 1/58 5/60 6/60
P. aeruginosa 0/60 G

O 05 O 3/60 7/60
Total 1/178 21/178" 12/180 28/180"

*6 Simultaneously tested for each organism.
" P-value <0.05 as generated by Fisher's exact test (2-slded). 
"P-value <0.05 as generated by Mantel-Haentzel test.

w ere  in o c u la te d  b y  so ak in g  15 m in  in  4 8  h b ro th  c u ltu re  o f  

test b a c te ria . P en ic y lin d e rs  w ere  re m o v e d  w ith  h o o k e d  in 
o c u la tin g  need le  a n d  d r ie d  4 0  m in  a t 3 7 °C . A fte r  d ry in g , 
in o c u la te d  p e n ic y lin d e rs  w ere  p laced  in d iv id u a lly  in to  d is 
in fe c ta n t s o lu tio n  a n d  exposed fo r  10 m in . P e n ic y lin d e rs  

w ere  c a re fu lly  re m o v e d  a n d  p laced  in  10 m L  s u b cu ltu re  tubes  
o f  le th ee n  b ro th . T u b e s  w ere  in c u b a te d  4 8  h a n d  th en  e x 
a m in e d  fo r  tu rb id ity . U s in g  c u rre n t p a s s /fa il specifications, 
>  1 p o s it iv e  p e n ic y lin d e r  (i.e ., tu rb id  tu b e ) o f  6 0  rep licates  
in d ica tes  th a t d i lu t io n  tested is n o t ad eq u ate  to  o b ta in  re 
q u ire d  b a c te ric id a l a c t iv ity , an d  d is in fe c ta n t fa ils.

R esu lts  an d  D iscuss ion

T h e  S & L  p o lish ed  a n d  th e  F is h e r d u ll p e n ic y lin d e rs  w ere  

co m p a re d  first. A t  th e  t im e  o f  testing , these w ere  th e  p e n i
cy lin d ers  th a t w ere  a v a ila b le  fo r  pu rchase fro m  th e  m a n u 
facturers . W h e n  tested  against th e  q u a te rn a ry  a m m o n iu m  
d is in fe c ta n t, th e  F is h e r p e n ic y lin d ers  y ie ld e d  7 /6 0  a n d  1 3 / 
6 0  p o s itiv e  fo r  5 . choleraesuis  a n d  P . ae ru g in osa , respec
t iv e ly , as op po sed  to  th e  S & L  p e n ic y lin d e rs , w h ic h  re m a in e d  

n e g ative  (T a b le  1). W h e n  tested ag ain st th e  p h e n o lic  d is in 
fec tan t, F is h e r p e n ic y lin d e rs  ag a in  p ro d u c ed  m o re  p o s itiv e  

resu lts th a n  th e  S & L , w ith  5 /6 0  vs 0 /6 0  fo r  S. choleraesuis, 
1 4 /6 0  vs 4 /6 0  fo r  S. aureus, a n d  2 /6 0  vs 0 /6 0  fo r  P . a e ru 
g inosa  (T a b le  2 ). T h e  d a ta  c o m p a rin g  th e  S & L  p o lis h e d  an d  
th e  F is h e r d u ll p e n ic y lin d e rs  are  s ta tis tic a lly  s ig n ifican t fo r  

b o th  test d is in fec tan ts .
S eve ra l m o n th s  la te r , S & L  p e n ic y lin d e rs  w ere  p ro d u c ed  

w ith  a d u ll fin ish , w h ile  th e  F is h e r b ra n d  w as h ig h ly  po lish ed . 
A n o th e r  s im u ltan eo u s  u s e -d ilu t io n  c o m p a ris o n  w as p e r
fo rm e d  using th e  sam e q u a te rn a ry  a m m o n iu m  a n d  p h e n o lic  

d is in fec tan ts . T h e  F is h e r p o lish ed  p e n ic y lin d e rs  also y ie ld e d  
m o re  p o s itiv e  p e n ic y lin d e rs  th a n  th e  S & L  d u ll p e n ic y lin d e rs  
fo r  th e  q u a te rn a ry  a m m o n iu m  d is in fe c ta n t a n d  th e  3 A O A C  

re c o m m e n d e d  test b a c te ria . A  s im ila r  tre n d  w as o b served

T a b le  2. A O A C  use-dilution m ethod results for 2 brands of sta in
less steel penicylinders, recom m ended bacteria , and phenolic  

d isin fectant

Bacteria

Penicylinder brand

S&L*
(polished)

Fisher*
(dull)

S&L"
(dull)

Fisher"
(polished)

S. choleraesuis 0/60 5/60 0/60 3/60
S. aureus 4/60 14/60" 7/60 11/60
P. aeruginosa 0/60 2/60 0/60 1/60
Total 4/180 21/180" 7/180 15/180

*■" Simultaneously tested for each organism.
* P-value <0.05 as generated by Fisher’s exact test (2-slded). 
" P-value <0.05 as generated by Mantel-Haentzel test.

(T a b le  2 ) in  using th e  p h e n o lic  d is in fe c ta n t ( P =  0 .0 7 , M a n te l-  

H a e n tz e l test). P ossib le reasons fo r  th is  d iffe ren ce  b e tw ee n  

test p e n ic y lin d ers  in c lu d e  a v a r ia t io n  in  th e  n u m b e r  o f  cells  
re m a in in g  a ttach ed  to  th e  p e n ic y lin d e rs  o r  p ro te c tio n  fro m  

d is in fe c ta n t exposure  fo r  b a c te ria  th a t res ide in  th e  F is h e r  
p e n ic y lin d e r  grooves. T h e  in n e r  a n d  o u te r  surfaces o f  F is h e r  
p e n ic y lin d ers  h a ve  been sh ow n b y  scann ing  e le c tro n  m i 
croscopy to  e x h ib it  d eep er g roo ves a n d  m o re  s ig n ifican t p i t 
tin g  w h en  c o m p a re d  to  th e  S & L  p e n ic y lin d e rs  (2 ). A lth o u g h  
th e  S & L  p o lish ed  a n d  d u ll p e n ic y lin d e rs  w ere  n o t d ire c tly  
c o m p a re d , th e  S & L  d u ll p e n ic y lin d e rs  fa ile d  th e  q u a te rn a ry  

a m m o n iu m  d is in fe c ta n t fo r  each o f  th e  3 test b a c te ria  w h ile  

th e  S & L  p o lish ed  p e n ic y lin d e rs  y ie ld e d  resu lts th a t c o n firm e d  
efficacy o f  th e  p ro d u c t ag ain st th e  sam e b a c te ria .

In  co nc lus io n , th e  F is h e r p e n ic y lin d e rs  p ro v id e  a m o re  

d iffic u lt challenge to  th e  test d is in fec tan ts  th a n  d o  th e  S & L  
p e n ic y lin d e rs  re c o m m e n d e d  in  th e  A O A C  u s e -d ilu t io n  
m e th o d . T h is  v a r ia t io n  in  th e  test p ro c ed u re  c o u ld  p a r t ia lly  
e x p la in  th e  in te r la b o ra to ry  v a r ia b il i ty  o f  resu lts w h e n  la b o 
ra to rie s  test id e n tic a l d is in fec tan ts . T h e  use o f  p o lis h e d  S & L  
p e n ic y lin d ers  can h e lp  s ta n d a rd ize  th e  u s e -d ilu t io n  m e th o d  

b y e lim in a tin g  v a r ia b il i ty  in  test resu lts d u e  to  th e  p e n ic y l
in d e r.
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C O S M E T I C S

Stability-Indicating Liquid Chromatographic Procedure for Determination of Allantoin in 
Cosmetic Lotion

RAMESH J. TRIVEDI
W a r n e r -L a m b e r t C o ., C o n su m e r  P ro d u c ts  R e sea rch  a n d  D e v e lo p m e n t C en ter , M o rr is  P la in s , N J  0 7 9 5 0

A sensitive, specific liquid chromatographic (LC) procedure was de
veloped for determination of allantoin [(2 ,5-dioxo-4-imidaazolidinyl) 
urea or 5-ureidohydantion] in cosmetic lotion. A reverse-phase, ion- 
suppression mechanism separated allantoin from interfering constit
uents of the sample matrix, and the compound was determined with 
a UV detector at 240 nm with a sensitivity limit of 0.20 mg/mL. The 
chromatographic parameters were optimized for retention time, ef
ficiency, and relative response to the analyte. The assay procedure 
was validated with spiked laboratory-prepared samples at 100 ±  15% 
levels. An average recovery of 99.4% with a relative standard devia
tion of 1.5% (n =  7) was obtained. The stability-indicating charac
teristics of the method were established by recovery study (99.8%) 
of samples spiked with known degradation products (urea, allantoic 
acid, and glyoxylic acid).

Because o f  th e ir  th e ra p e u tic  p ro p erties , a lla n to in  a n d  its  d e 
r iv a t iv e s  h a v e  been in c o rp o ra te d  in to  v a rio u s  co sm etic  p re p 
a ra tio n s  such as sk in  cream s, lo tio n s , lip s tic ks , a n d  sh av in g  
cream s (1 , 2 ). M e th o d s  in  th e  lite ra tu re  fo r  d e te rm in a t io n  o f  
a lla n to in  in c lu d e  t it ra t io n  ( 3 -5 ) ,  c o lo r im e try  (6 ), classical 
c h ro m a to g ra p h y  (7 ), a n d  s p e c tro p h o to m e try  (8 , 9 ) a t 2 2 0  n m  
a fte r sam p le  p rep ara tio n  b y  th in - la y e r  ch ro m a to g ra p h y  (T L C ).  
A l l  these m e th o d s  are  t im e  c o n su m in g  o r  la c k  th e  sp ecific ity  
re q u ire d  fo r  s tu d y in g  th e  c h e m ic a l in te g rity  o f  a lla n to in  p re p 
ara tio n s .

R e c e n tly , 2 l iq u id  c h ro m a to g ra p h ic  (L C )  m eth o d s  h a ve  
been re p o rte d  (1 0 , 11 ). T h e  fo rm e r  m e th o d , a lth o u g h  ab le  
to  d iffe re n tia te  th e  in ta c t a lla n to in  fro m  its d e g ra d a tio n  p ro d 
ucts, is u n ab le  to  separate th e  a c tiv e  in g red ie n ts  fro m  th e  
exc ip ien ts  in  co sm etic  c ream s a n d  lo tio n s . In  a d d it io n , the  
c h ro m a to g ra p h ic  c o lu m n  degraded  a fte r  a  sh ort t im e . T h e  
la tte r , based on  L C  se p ara tio n  o f  a n  a lla n to in  d e r iv a t iv e , is 

tim e -c o n s u m in g  a n d  subject to  e rro r  in  th e  d e r iv a t iv e  fo r 
m a tio n  a n d  is n o t d o c u m e n te d  to  be s ta b ility  in d ic a tin g .

In  th e  s ta b ility - in d ic a tin g  L C  p ro c ed u re  describ ed  here , 
a lla n to in  c o n te n t is d e te rm in e d  in  th e  presence o f  reac tio n  

a n d  d e g rad a tio n  pro d u c ts  a n d  exc ip ien ts . T h e  assay affords  
c o m p le te  baseline  se p ara tio n  o f  peaks an d  offers exce lle n t 
lin e a r ity , p rec is io n , a n d  reco very .

METHOD
R e a g e n ts  a n d  A p p a r a tu s

(a )  T r ie th y la m in e . —  R eag en t grade, 9 9 %  p u rity , 0 .1 %  
( v /v )  in  w a te r. A d ju s t p H  to  3 .8  w ith  p h o s p h o ric  ac id .

(b) A c e to n itr ile .— L C  grade.
(c ) R eference  s tan d ard . — + 9 8 %  p u rity , accepted  as sup

p lie d  (F lu k a  C h e m ic a l C o rp ., R o n p o n p o m a , N Y  1 1 7 7 9 .
(d) S ta n d a rd  s o lu tio n s .—  A c c u ra te ly  w e ig h  ca 4 0 , 5 0 , an d  

6 0  m g  reference s tan d ard  in to  3 separate 100  m L  v o lu m e tr ic  

flasks. A d d  30  m L  w a te r  a n d  shake m e c h a n ic a lly  10 m in . 
A d d  50  m L  a c e to n itr ile  a n d  shake ag a in  15 m in . D ilu te  co n 
ten ts  o f  each flask  to  v o lu m e  w ith  a c e to n itr ile  a n d  m ix  w e ll.

(e ) S a m p le  s o lu tio n s .— A c c u ra te ly  w e ig h  sa m p le  e q u iv a 
le n t to  5 0  m g a lla n to in  (1 0  g sa m p le  fo r  0 .5 %  a lla n to in ) in to  
100 m L  v o lu m e tr ic  flask. D isp erse  sa m p le  in  3 0  m L  w a te r

fo r  10 m in  b y  using m e c h a n ic a l shaker. A d d  5 0  m L  ac e to 
n itr i le  an d  shake ag a in  15 m in . D ilu te  co nten ts  o f  flask  to  
v o lu m e  w ith  a c e to n itr ile  a n d  m ix  w e ll. T ra n s fe r  25  m L  sa m 
p le  in to  5 0  m L  cen trifu g e  tu b e  a n d  cen trifu g e  2 0  m in  a t 2 5 °C . 
U s in g  d isposab le  filte r  u n it , f ilte r  su p em ate  in to  sa m p le  v ia l.

(f) D isp osab le  f i l te r  u n its .— M i l le x  H V ,  0 .4 5  p m  ( M i l l i -  

po re  C o . o r e q u iv a le n t).
(g ) L C  system . — P e rk in -E lm e r , c o m p ris e d  o f  Series 3B  

p u m p , L C -7 5  sp e c tro p h o to m e tric  d e tec to r, L C -4 2 0 B  a u to  
sa m p le r, a n d  S ig m a  15 c h ro m a to g ra p h y  d a ta  s ta tio n . O p 
e ra tin g  co n d itio n s : flo w  ra te  2 m L /m in ;  U V  d e te c to r 2 4 0  

n m ; te m p e ra tu re , a m b ie n t; in je c t io n  v o lu m e  100  p L  lo op; 
in le t  pressure ca 2 0 0 0  psi; a tte n u a tio n  1; c h a rt speed 5 m m /  
m in .

(h )  L C  co lum n. — 2 5 0  m m  x  4 .5  m m  id  c o lu m n  pa cke d  
w ith  10 |tm  a m in o  ( N H 2) p a ck in g  (Z o rb a x , D u P o n t  o r  e q u iv 
a le n t).

(i) M o b ile  p h a s e .— {a )  10%  o f  0 .1 %  v /v  tr ie th y la m in e  in  

w a te r , p H  ad ju s ted  to  4 .0  w ith  p h o s p h o ric  ac id ; (b ) ac e to 
n itr i le . F i l te r  (a )  an d  (b ) th ro u g h  a p p ro p ria te  0 .4 5  p m  m e m 
bran e  p a p er. M ix  10%  (v /v )  (a )  in  (b ) a n d  degas u n d e r  v a c 
u u m  w h ile  s tirr in g  ca 3 0  m in .

P ro c e d u re

In s ta ll c o lu m n  b y  co nn ecting  in le t to  in je c t io n  p o r t  an d  

o u tle t to  d e tec tor. E q u ilib ra te  c o lu m n  to  steady base lin e  b y  
p u m p in g  m o b ile  phase a t 2 m L /m in .  W h e n  c o lu m n  reaches  

e q u ilib r iu m  a t ch ro m a to g ra p h ic  c o n d itio n s , in je c t 10 0  p L  

a liq u o ts  o f  s tan d ard  s o lu tio n  in to  c h ro m a to g ra p h  u n t i l  c o n -
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Figure 2. Chromatogram of cosmetic lotion. A, allantoin.

stant response is o b ta in e d . R esponse o f  3 co n secu tive  in je c 
tio n s  sh o u ld  agree w ith in  2 %  (system  s u ita b ility  test).

In je c t  s tan d ard  a n d  sam p le  so lu tio n s  in to  c h ro m a to g ra p h .

C a lc u la t io n s

C o m p u te  lin e a r  regression p lo t fro m  s tan d ard  so lu tions  
d a ta  a n d  th e n  ca lcu la te  c o n c e n tra tio n  o f  a lla n to in  in  sam p le  
(m g /m L ) fro m  p lo t. (C o n c e n tra tio n , m g /m L , on  x -a x is  vs 

area counts o n  y -a x is .) R e p o rt a lla n to in  c o n te n t as percentage  
o f  sam p le , as sh o w n  be low :

A lla n to in , %  (as is) =  concn , m g /m L , x  1 0 /s a m p le  w t, g

T h is  e q u a tio n  is d e riv e d  as fo llow s:

A lla n to in , %  (as is) =  co ncn , m g /m L , x  100
x  1 0 0 /s a m p le  w t, g, x  10 00

Results and Discussion
A s  sh ow n in  F ig u re  1, a lla n to in  (A )  is un stab le  in  a lk a lin e  

c o n d itio n s  a n d  is k n o w n  to  h y d ro ly ze  to  urea (B ) a n d  g lyo x - 
y lic  ac id  (C ) v ia  a lla n to ic  ac id  (D ) .  T o  o v e rc o m e  th e  h y 
dro lysis p ro b le m , th e  p H  o f  th e  m o b ile  phase w as ad jus ted  
to  3 .8  w h ic h  resu lted  in  specific d e te rm in a t io n  o f  in ta c t a l
la n to in  w ith  m in im u m  sam p le  p re p a ra tio n . T h e  d e tec tio n  

w av e len g th  w as set a t 2 4 0  n m  (th e  m a x im u m  a b s o rp tio n  fo r  
a lla n to in  is 2 2 0  n m ) to  m in im iz e  in te rfe ren ce  fro m  e x c ip 
ien ts . L in e a r ity  o f  p e ak  a rea  vs c o n c e n tra tio n  w as exce lle n t 
o v e r  th e  c o n c e n tra tio n  range 0 .2 0  to  1 .0  m g /m L  (7  d iffe re n t  
co ncentrations, T a b le  1) w ith  a c o rre la tio n  coeffic ien t o f 0 .9 9 7 .  
A n  average re co very  o f  9 9 .4 %  (0 .5 0 7 %  a lla n to in )  w as o b 
ta in e d  fro m  sp iked  la b o ra to ry -p re p a re d  sam ples w ith  stan-

Table 1. Linearity of peak area vs concentration of allantoin”

No. Concn, mg/mL Area counts

1 0.2034 1.4699
2 0.2542 2.2048
3 0.4067 3.6081
4 0.5010 4.4320
5 0.6380 4.9988
6 0.8930 7.5532
7 1.0360 8.8547

* Linear regression correlation coefficient = 0.997; Slope = 8.540; Inter
cept = -0.0658.

TIME (MIN)

Figure 3. Chromatogram of allantoin standard. A, allantoin.

d a rd  d e v ia t io n  o f  0 .0 0 8  an d  re la t iv e  s tan d ard  d e v ia t io n  o f  
1 .5 %  ( n =  7 ). T h e  5 0 0  g sp iked  sa m p le  w as p re p a re d  by  
w eig h in g  th e  a p p ro p ria te  a m o u n t o f  a lla n to in  in to  th e  p la 
cebo, an d  th en  m ix in g  th e  sa m p le  w e ll. C h ro m a to g ra p h s  o f  
sam p le  an d  s tand ard  are presented  in  F igures 2 a n d  3, re 
sp ective ly . T h e  ruggedness o f  th e  m e th o d  w as e v a lu a te d  using  
s im ila r  co lu m n s  a v a ila b le  fro m  W a te rs  a n d  IB M .  W ith  a 

slight a d ju s tm e n t o f  m o b ile  phase, K '  w as o b ta in e d  a t a sat
is fac to ry  le v e l (5 .4 ).

T o  d e m o n s tra te  th e  s ta b ility - in d ic a tin g  ch aracte ris tics  o f  
th e  m e th o d , th e  s tan d ard  a n d  th e  s tan d ard  sp iked  w ith  th e  

d e c o m p o s itio n  p ro d u c ts  (u rea , a lla n to ic  ac id , g ly o x y lic  ac id ) 
w ere  subjected  to  L C  analys is. A lla n to in  re c o v e ry  o f  9 9 .8 %  
w as o b ta in e d  (F ig u re  4 ) fro m  th e  sp iked  sam p le , in d ic a tin g

Figure 4. Chromatogram of standard solution spiked with de
composition products: urea, allantoic acid, and glyoxylic acid. A, 

allantoin.
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Figure 5. LC scan of allantoin standard, using Hewlett-Packard Model 1040A LC system equipped with diode array UV detector. A, 
UV traces of allantoin peak between 210 and 200 nm at 6.29, 6.37, and 6.44 min; B, chromatographic traces of standard; C, spiked

standard.

Table 2. Recovery of allantoin (0.50% theoretical) from labo
ratory-prepared cosmetic lotions containing formaldehyde-con

tributing preservatives

Sample
Allantoin 
found, %

Cosmetic lotion w/glydant 0.45
Cosmetic lotion w/germall 0.43
Cosmetic lotion w/parabens 0.54
Cosmetic lotion w/glydant + 0.15% formaldehyde 0.34
Cosmetic lotion w/glydant + 0.30% formaldehyde 0.16
Cosmetic lotion w/parabens + EDTA 0.53
Cosmetic lotion w/parabens + benzoic acid 0.51
Cosmetic lotion w/parabens + sorbic acid 0.49

Table 3. Recovery of allantoin from commercial products

Sample pH Claimed, % Found, %

Tegrin lotion 5.8 — 2.05
Alphosyl cream 6.4 2.0 1.48
Tegrin medicated skin cream 7.4 1.7 1.45

th a t th e  d e c o m p o s itio n  p ro d u c ts  d id  n o t co e lu te  w ith  the  
a lla n to in . T h is  fa c t was fu rth e r  v a lid a te d  b y  s tu d y in g  th e  

a lla n to in  p e ak  in  th e  presence o f  d e g ra d a tio n  pro d u c ts  an d  
b y using a H e w le tt-P a c k a rd  M o d e l 1 0 4 0 A  L C  system  
eq u ip p ed  w ith  a d io d e  a rra y  d e tec to r (F ig u res  5 - 8 ) .

Figure 6. LC scan of allantoin standard, using Hewlett-Packard Model 1040A LC system equipped with diode array UV detector at
ratio of 242/220 nm.
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Figure 7. LC scan of allantoin standard (0.482 %) spiked with degradation products (allantoic acid 0.15 %, urea 0.27 %, and glyoxylic 
acid 0.42%), using Hewlett-Packard Model 1040A LC system equipped with diode array UV detector. A, UV traces of allantoin peak 

between 210 and 200 nm at 6.29, 6.37, and 6.44 min; B, chromatographic traces of standard; C, spiked standard.

F igures 5 A  a n d  7 A  are th e  U V  traces o f  th e  a lla n to in  peak  
b etw een  2 1 0  a n d  2 0 0  n m  a t 6 .2 9 , 6 .3 7 , a n d  6 .4 4  m in  fo r  th e  

a lla n to in  s tan d ard  its e lf  a n d  a lla n to in  s tan d ard  (0 .4 8 2 % )  
sp iked  w ith  d e g ra d a tio n  p ro d u c ts  (a lla n to ic  a c id  0 .1 5 % , urea  

0 .2 7 % , g ly o x y lic  a c id  0 .4 2 % ). T h re e  U V  traces in  each case 

are a single lin e , p ro v in g  th a t th e  d e g ra d a tio n  p ro d u c ts  do  
n o t co elu te  w ith  th e  a lla n to in  p eak. F igures 5B , 7B , 5 C , an d  

7 C  are th e  ch ro m a to g ra p h ic  traces o f  s tan d ard  a n d  s tan d ard  

sp iked  w ith  d e g ra d a tio n  p ro d u c ts , resp ec tive ly . F igures 6 an d  
8 are th e  ch ro m a to g ra p h ic  U V  traces a t th e  ra tio  o f  2 4 2 /2 2 0  
n m  o f  s tan d ard  a n d  s tan d ard  sp iked  w it ih  d e g ra d a tio n  p ro d 
ucts, resp ective ly . T h e  fla t p e ak  es tab lish ed  th e  p u r ity  o f  th e  

p e ak  in  each case; im p u r it ie s  w o u ld  h a v e  resu lted  in  m u lt ip le  
peaks in s tea d  o f  a  single fla t peak.

T h is  m e th o d  de m o n stra tes  th e  in s ta b ilty  o f  a lla n to in  in  

th e  presence o f  fo rm a ld e h y d e -c o n tr ib u tin g  p reservatives  such 
as G ly d a n t an d  G e rm a ll (T a b le  2 ). S o m e c o m m e rc ia l p ro d 
ucts (T a b le  3) w ere  an a ly ze d  fo r  in fo rm a tio n a l purposes.

In  co nc lus io n , th e  p rop osed  m e th o d  is specific fo r  in ta c t  

a lla n to in , an d  is s ta b ility  in d ic a tin g  in  th e  presence o f  in te r 
ferences fro m  d e g ra d a tio n  p ro d u c ts  an d  th e  ex c ip ie n t.

A ckn o w led g m e n ts

T h e  a u th o r  th an k s  R . E in ig  a n d  M .  E le fa n t o f  W a rn e r -  

L a m b e r t  C o n s u m e r P ro d u cts  R & D  fo r  th e ir  usefu l c o m m e n ts  
an d  c r itic is m .

Figure 8. LC scan of allantoin standard spiked with degradation products, using Hewlett-Packard Model 1040A LC system equipped
with diode array UV detector at the ratio of 242/220 nm.
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A N T I B I O T I C S

In Vitro Analytical System for Determining the Ability of Antibiotics at Residue Levels to 
Select for Resistance in Bacteria

M A R IE T T A  SU E  B R A D Y , R O B E R T  J. ST R O BEL, and S T A N L E Y  E. K A T Z
R u tg e r s  U n iversity , C o o k  C o llege , N e w  J e r se y  A g r ic u ltu ra l E x p e r im e n t S ta tio n ,
D e p a r tm e n t o f  B io c h e m is tr y  a n d  M ic ro b io lo g y , N e w  B ru n sw ick , N J  0 8 9 0 3

A n  a n a l y t i c a l  p r o c e d u r e ,  b a s e d  o n  t h e  c o n c e p t  t h a t  e x p o s u r e  o f  b a c 
t e r i a  to  a n t ib io t i c s  w il l  r e s u l t  in  t h e  s e le c t io n  o f  a  r e s i s t a n t  p o p u la t io n ,  
w a s  d e v e lo p e d .  T w o  s t r a i n s  o f  e n t e r i c  b a c t e r i a ,  Escherichia coli C S -1  
a n d  Enterobacter cloacae B 5 2 0 ,  w h ic h  a r e  s e n s i t iv e  t o  a  w id e  v a r ie ty  
o f  a n t i b i o t i c s ,  w e r e  u s e d  a s  t h e  t e s t  o r g a n i s m s .  E. coli C S -1  w e re  

e x p o s e d  to  1 .0 0  pg a n t i b i o t i c  o r  a n t i m i c r o b i a l / m L ;  E. cloacae B 5 2 0  
w e r e  e x p o s e d  to  0 .0 1 ,  0 .1 0 ,  0 . 5 0 ,1 . 0 0 ,  a n d  5 .0 0  p g / m L .  B o th  o r g a n 
i s m s  d e v e lo p e d  i n c r e a s e d  r e s i s t a n c e  t o  o t h e r  a n t i b i o t i c s  a f t e r  e x p o 

s u r e  t o  c h l o r t e t r a c y c l i n e  a n d  o x y te t r a c y c l i n e ,  a s  m e a s u r e d  b y  t h e  
m in im u m  i n h i b i t o r y  c o n c e n t r a t i o n  ( M I C ) .  E. cloacae B 5 2 0  s h o w e d  

in c r e a s e d  r e s i s t a n c e  t o  a m p ic i l l i n ,  o x y te t r a c y c l i n e ,  a n d  c h lo r a m 
p h e n ic o l  a f t e r  e x p o s u r e  t o  le v e l s  a s  lo w  a s  0 .1 0  pg/mL. E x p o s u r e  to  
s t r e p to m y c in ,  s u l f a m e th a z in e ,  t y lo s in ,  b a c i t r a c i n ,  f l a v o m y c in ,  v i rg in -  
i a m y c in ,  a n d  m o n e n s i n  a t  l e v e l s  o f  1 .0 0  p g / m L  d id  n o t  in c r e a s e  t h e  

M I C .  E x p o s u r e  to  5 .0 0  Mg s t r e p to m y c in ,  s u l f a m e th a z in e ,  t y lo s in ,  a n d  
m o n e n s i n /m L  in c r e a s e d  t h e  M I C  o f  E. cloacae t o  o n e  o f  t h e  a n t i b i o t i c  

m a r k e r s .  T h e s e  in c r e a s e d  M I C s  e x c e e d e d  t h e  9 5 %  c o n f id e n c e  l im i t s  

o f  t h e  M I C  v a lu e s  o f  t h e  u n e x p o s e d  o r g a n i s m s .

The biological significance of antibiotic residues has been 
evaluated primarily for toxicological effects (1). Little if any 
attention has been given to some of the more subtle biological 
aspects, such as the potential tendency of residue levels to 
select for resistant bacterial populations in the intestine. 
Studies that involve the feeding of low levels of antibiotics 
to animals (0.01-5.00 ppm) to determine the effects on in
testinal bacterial populations are complicated by the high 
percentages of drug-resistant intestinal organisms now pres
ent in animal intestinal tracts. Dinnerstein (2) found 2-3% 
of intestinal Escherichia coli were resistant to one or more 
antibiotics. In contrast, Mamber and Katz (3) reported that 
35-38% were resistant. Because of the ubiquitousness and 
inordinately high numbers of antibiotic-resistant organisms 
in the intestinal populations of animals, nonanimal systems 
are required to evaluate the potential for antibiotics at residue 
levels to select for resistant populations.

The exposure of a bacterial population to antibiotics/anti- 
microbials undoubtedly results in the emergence/selection of 
a more drug-resistant segment of the population. This phe
nomenon has been well documented in both agricultural and 
human medical areas (4-15). Therefore, the use of a micro
bial system is necessary to evaluate the potential of anti- 
biotic/antimicrobials at residue levels to cause the emergence 
of resistant bacterial populations that would parallel human, 
animal, and environmental responses.

The concept used in these studies was to isolate from the 
intestine Gram-negative lactose fermenters which were sen
sitive to most antibiotics and to use these isolates as test 
organisms. Exposure of these isolates to antibiotics at residue 
levels (0.01-5.00 Mg/mL) should reflect the ability of both 
the drug and the concentration to select for resistant popu
lations in the test strain.

Received December 19. 1986. Accepted May 12, 1987.
New Jersey Agricultural Experiment Station Publ. No. DO 1112-04-86, sup
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Experimental

Buffers
All buffer salts were dissolved and diluted to 1 L with 

water, then stored at room temperature (sec. 42.204 [16]).
(a) Phosphate buffer, pH 6.0. — 8.0 g monopotassium 

phosphate and 2.0 g dipotassium phosphate.
(b) Phosphate buffer, pH 8.0. — 16.73 g dipotassium phos

phate and 0.523 g monopotassium phosphate.

Standard Solutions for Supplementation
(a) Chlortetracycline and oxytetracycline. —100 Mg/mL. 

Dissolve hydrochloride salt of each antibiotic in 10 mL 0.1N 
HC1 and dilute with water to 100 mL. Dilute to 25 Mg/mL 
on day of use.

(b) Streptomycin. —100 Mg/mL. Dissolve streptomycin 
sulfate in 100 mL pH 8 buffer. Dilute to 25 Mg/mL on day 
of use.

(c) Tylosin. —100 pg/mL. Dissolve tylosin tartrate in 100 
mL pH 8 buffer. Dilute to 25 Mg/mL on day of use.

(d) Sulfamethazine. —100 pg/mL. Dissolve sulfametha
zine in 10 mL 0.1N HC1 and dilute with water to 100 mL. 
Dilute to 25 Mg/mL on day of use.

(e) Bacitracin.— 25 pg/mU. Dissolve bacitracin zinc salt 
in 10 mL 0.1N HC1 and dilute with water to 100 mL. Prepare 
daily.

(0 Virginiamycin. —100 pg/mL. Dissolve virginiamycin 
in 10 mL ethanol and dilute with water to 100 mL. Dilute 
to 25 Mg/mL on day of use.

(g) Flavomycin. —100 pg/mL. Dissolve flavomycin in 10 
mL ethanol and dilute with water to 100 mL. Dilute to 25 
Mg/mL on day of use.

(h) Monensin. —100 Mg/mL. Dissolve monensin in 10 mL 
ethanol and dilute with water to 100 mL. Dilute to 25 pg! 
mL on day of use.

All standards except bacitracin are stable for at least 2 
weeks if stored at 4°C.

Antibiotic Standard Solutions for Minimum Inhibitory 
Concentration (MIC) Determination

(a) Erythromycin. — 500 Mg/mL. Dissolve erythromycin in 
10 mL ethanol and dilute with water to 100 mL.

(b) Oxytetracycline. — 500 Mg/mL. Dissolve oxytetracy
cline hydrochloride in 10 mL 0. IN HC1 and dilute with water 
to 100 mL.

(c) Ampicillin. — 500 Mg/mL. Dissolve ampicillin in lOmL 
acetone-pH 6 buffer (5 + 5), and dilute with pH 6 buffer to 
100 mL.

(d) Neomycin. — 500 Mg/mL. Dissolve neomycin in 100 
mL pH 8 buffer.

(e) Chloramphenicol. — 500 Mg/mL. Dissolve chloram
phenicol in 10 mL ethanol and dilute with water to 100 mL.

These standards are stable for at least 2 weeks if stored at 
4°C.

Each antibiotic solution in both sets of standards was filter-
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Table 1. MIC values (/ig/mL) of E. cloacae B520: controls

Replicate
Erythro
mycin

Oxytetra
cycline Ampicillin Neomycin

Chloram
phenicol

1 125.0 3.9 7.8 3.9 7.8
2 125.0 3.9 7.8 3.9 7.8
3 125.0 3.9 7.8 2.0 7.8
4 125.0 2.0 7.8 3.9 7.8
5 125.0 2.0 7.8 3.9 7.8
6 125.0 2.0 7.8 2.0 3.9
7 125.0 7.8 7.8 2.0 15.6
8 125.0 2.0 3.9 2.0 3.9
9 125.0 2.0 7.8 3.9 7.8

10 125.0 2.0 7.8 3.9 7.8
Av. 125.0 3.2 7.4 3.1 7.8
Std dev. 0 1.9 1.2 1.0 3.2
95% conf. 

upper limit 125.0 6.6 9.7 4.9 13.6

sterilized using Nalgene 0.2 gm filter, then dispensed asep- 
tically thereafter.

Media
(a) Maintenance medium. —Tryptic soy agar (TSA) (Difco 

Laboratories, Detroit, MI 48232) was used for maintenance 
of organisms.

(b) Inoculation broth. — Tryptic soy broth (TSB) (BBL Mi
crobiology Systems, Cockeysville, MD 21030) was used for 
selection studies.

Microorganisms
A strain of Enterobacter cloacae, B520, was isolated from 

the human intestinal tract; E. coli CS-1 was isolated from 
chicken feces. The organisms were identified using the En- 
terotube system (Roche Diagnostic Systems, Nutley, NJ 
07110). Baseline MIC values for several antibiotics were de
termined. For E. cloacae B520, the MIC values (gg/mL) 
were: erythromycin 125, ampicillin 7.8, oxytetracycline 3.9, 
neomycin 3.9, and chloramphenicol 7.8. For E. coli CS-1, 
the MIC values (/¿g/mL) were: ampicillin 3.1, chlortetracy- 
cline 3.1, chloramphenicol 3.1, streptomycin 12.5, kana- 
mycin 6.3, and neomycin 6.3.

M IC  Procedure
Inoculate flask of TSB with E. cloacae B520 or E. coli 

CS-1 and incubate with shaking for 18 h at 37°C. Dilute 18 
h culture and inoculate flask of TSB so that final concentra
tion is ca 103 organisms/mL. Dispense 1.0 mL seeded TSB 
into sufficient number of sterile test tubes for 9 dilutions per 
antibiotic. Add 1.0 mL antibiotic solution (500 gg/mL) to 
tube 1 of each 9-tube series and mix well using vortex mixer. 
Aseptically transfer 1.0 mL from tube 1 into tube 2, mix 
well, and continue dilutions for 9 tubes. Final concentrations 
for B520 are: 250.0, 125.0, 62.5, 31.3, 15.6, 7.8, 3.9, 2.0, 
and 1.0 gg antibiotic/mL. For CS-1, concentrations are: 200.0,
100.0, 50.0, 25.0, 12.5, 6.3, 3.1, and 1.6 gg antibiotic/mL. 
The MIC tubes are incubated at 37°C for 18 h and examined 
visually for turbidity.

Selection for Resistance
At the beginning of the study, day 0, sterile flasks con

taining 25 mL TSB were supplemented aseptically with the 
sterile antibiotic solution under study. For studies using E. 
cloacae B520, concentrations were: 0.00, 0.01, 0.50, 1.00, 
and 5.00 gg/mL. For studies using E. coli CS-1, only one 
concentration, 1.00 gg antibiotic/mL, was used. Flasks were

inoculated with test organism and incubated with shaking at 
37°C for 18 h.

Each day for 14 days, flasks of TSB were aseptically sup
plemented with antibiotic being studied and were inoculated 
with previous day’s growth. Growth from day 14 flasks was 
streaked onto TSA slants, incubated at 37°C for 18 h, and 
stored at 4°C until needed for MIC determination.

MICs of each substrain of test organisms to marker anti
biotic were determined at day 14 and compared with profile 
of controls.

Results and Discussion
By definition, the MIC for an antibiotic against a specific 

organism is the lowest concentration at which there is no 
visible growth of the microorganism in a dilution series. 
Table 1 shows the repeatability and the variation in the MIC 
of E. cloacae B520. Each value is the MIC determined after 
14 days of daily transfer of the B520. The organism showed 
considerable stability, having little variation in the MIC 
through daily transfer over many weeks.

Table 1 also shows the upper range of the 95% confidence 
limits, which are used to determine whether selection for 
resistant populations has occurred. The statistical variation 
is less than one tube in a series of twofold dilutions. However, 
a one-tube difference at the lowest level of the dilution series 
is a relatively small change, while at a slightly higher level 
the change is considerably greater. For example, the MIC of
E. cloacae B520 for chloramphenicol is 7.8 gg/mL with the 
95% upper limit of 13.6 gg/mL, an increase of 5.8 gg/mL. 
By comparison, the MIC for neomycin is 3.1 gg/mL with 
the upper limit of 4.9 gg/mL, a difference of 1.8 gg/mL. An 
increase in MIC is considered to be significant if it exceeds 
the 95% upper limit and shows a one-tube increase.

Nine compounds, representing 7 families of antibiotics and 
one sulfonamide, were studied for their ability to select for 
antibiotic resistance. The presence of residue levels of some 
antibiotics in the growth environment of microorganisms can 
select for populations which are resistant to the antibiotic 
present. Whether the presence of a compound at residue 
levels would select for a population resistant to other com
pounds from the same family or from different families is 
not known.

Table 2 shows the MIC values of E. cloacae B520 after 14 
days of daily transfers in the presence of each of the 9 test 
compounds at concentrations ranging from 0.01 to 5.00 ggj 
mL. Chlortetracycline and oxytetracycline demonstrated 
similar response patterns, with consistent increases in the 
MIC to more than one marker antibiotic. At an exposure of 
0.10 gg tetracycline/mL, the chlortetracycline-exposed B520 
strain showed significant increases in the MIC to ampicillin 
and chloramphenicol; the oxytetracycline-exposed B520 
showed significant increases in MIC to oxytetracycline, am
picillin, and chloramphenicol. After exposure to 1.00 gg tet
racycline/mL, the chlortetracycline- and oxytetracycline-ex
posed B520 showed increased MIC to oxytetracycline, 
ampicillin, and chloramphenicol; at exposure to 5.00 /¿g/mL, 
the MIC to erythromycin doubled.

The B520 strain exposed to streptomycin at 5.00 gg/mL 
showed an increase in the MIC for neomycin (another ami
noglycoside) but showed no effect on any of the other marker 
antibiotics. Lower concentrations of streptomycin caused no 
changes in the MICs.

Sulfamethazine at 5.00 gg/mL significantly increased the 
MIC for chloramphenicol (Tables 1 and 2). Tylosin and mo- 
nensin at the 5.00 gg/mL level each caused a borderline
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Table 2. MIC values (jig/mL) of E. cloacae B520 after exposure 
to various concentrations of antibiotics and antimicrobials

Antibiotic marker

Chlor-
Oxy- am-

Compound
Concn,
Mg/mL

Eryth
romycin

tetra
cycline

Ampi
cillin

Neo
mycin

pheni-
col

Control“ baseline 125.0 6.6 9.7 4.9 13.6
Chlortetracycline 0.01 125.0 15.6 15.6 7.8 31.3

0.10 125.0 3.9 15.6 3.9 15.6
0.50 125.0 7.8 31.3» 3.9 31.3»
1.00 125.0 31.3» 31.3» 3.9 62.5»
5.00 250.0» 31.3» 31.3» 3.9 62.5»

Oxytetracycline 0.01 125.0 3.9 7.8 2.0 7.8
0.10 125.0 15.6» 15.6 3.9 62.5»
0.50 125.0 31.3» 31.3» 2.0 62.5»
1.00 125.0 31.3» 31.3» 2.0 62.5»
5.00 250.0» 31.3» 31.3» 3.9 62.5»

Streptomycin 0.01 125.0 3.9 7.8 3.9 7.8
0.10 125.0 3.9 7.8 2.0 15.6
0.50 125.0 3.9 7.8 3.9 7.8
1.00 125.0 2.0 7.8 3.9 7.8
5.00 125.0 2.0 3.9 31.3» 7.8

Tylosin 0.01 125.0 — 7.8 3.9 3.9
0.10 125.0 2.0 7.8 2.0 7.8
0.50 125.0 2.0 7.8 3.9 7.8
1.00 125.0 2.0 7.8 3.9 7.8
5.00 125.0 2.0 7.8

00 7.8
Sulfamethazine 0.01 125.0 2.0 7.8 2.0 7.8

0.10 125.0 3.9 7.8 2.0 7.8
0.50 125.0 2.0 7.8 2.0 7.8
1.00 125.0 3.9 7.8 2.0 7.8
5.00 125.0 7.8» 7.8 3.9 62.5»

Bacitracin 0.01 125.0 2.0 7.8 3.9 7.8
0.10 125.0 2.0 15.6 2.0 7.8
0.50 125.0 2.0 7.8 2.0 7.8
1.00 125.0 2.0 7.8 3.9 7.8
5.00 125.0 2.0 7.8 3.9 7.8

Virginiamycin 0.01 125.0 2.0 7.8 3.9 7.8
0.10 125.0 3.9 7.8 3.9 7.8
0.50 125.0 2.0 7.8 3.9 7.8
1.00 125.0 2.0 7.8 3.9 7.8
5.00 125.0 3.9 7.8 3.9 7.8

Flavomycin 0.01 125.0 2.0 3.9 3.9 7.8
0.10 125.0 2.0 3.9 3.9 7.8
0.50 125.0 2.0 7.8 3.9 7.8
1.00 125.0 2.0 3.9 3.9 7.8
5.00 125.0 2.0 7.8 3.9 7.8

Monensin 0.01 125.0 2.0 3.9 3.9 7.8
0.10 125.0 2.0 7.8 3.9 7.8
0.50 125.0 2.0 7.8 3.9 7.8
1.00 125.0 2.0 7.8 3.9 7.8
5.00 125.0 2.0 3.9 3.9 15.6»

* Upper limit of 95% confidence limits.
» Significant, 95% confidence limits.
* Exceeds 95% confidence limits; MIC at one-tube difference.

increase in the MIC of one marker, neomycin and chlor
amphenicol, respectively, but if these results are interpreted 
conservatively, the response is not considered significant, 
being less than a one-tube increase.

Table 4. MIC values (j*g/mL) of E. coli CS-1 after exposure to 
antibiotics

Compound
Concn,
Mg/mL

Antibiotic marker

Strepto
mycin

Chlor
tetra
cycline

Ampi
cillin

Chloram
pheni

col
Kana
mycin

Control II 0.0 6.3 1.6 1.6 1.6 6.3
Oxytetracycline 1.0 6.3 12.5* 12.5* 12.5“ 6.3
Erythromycin 1.0 12.5 1.6 3.1 3.1 6.3

* Significant, 95% confidence limits.

Bacitracin, virginiamycin, and flavomycin caused no sig
nificant change in the MIC of any of the antibiotic markers 
at any of the concentrations used.

An E. coli strain isolated from the excreta of chickens, CS- 
l , was utilized in a preliminary study of the ability of residue 
levels of antibiotics/antimicrobials to select for resistance. 
The difference between the CS-1 and B520 studies lies in the 
quantitation and determination of the significance of any 
changes in the MIC. A single control incubated with the 
exposed cultures was used for baseline comparisons. The data 
are interpreted by using a 4-fold (2-tube) increase as an in
dication of significance, a conservative approach considering 
the repeatability found using E. cloacae B520.

Table 3 shows the results of exposure to 1.0 ;ug/mL of 
antibiotic/antimicrobial for 10 days. The CS-1 population 
exposed to chlortetracycline showed increased resistance to 
chlortetracycline, ampicillin, chloramphenicol, and neomy
cin. Exposure to neomycin resulted in increases in resistance 
to streptomycin, kanamycin, and neomycin. Sulfamethazine 
and streptomycin did not increase resistance to any of the 
marker antibiotics.

Table 4 shows the results of a second study of 2 antibiotics, 
oxytetracycline and erythromycin. The E. coli CS-1 control 
demonstrated MIC values which were slightly different from 
those in the first study, half the concentration in some cases. 
Exposure of E. coli CS-1 to oxytetracycline caused an in
crease in resistance to chlortetracycline, ampicillin, and 
chloramphenicol. Exposure to erythromycin resulted in a 
doubling of the MIC for streptomycin, ampicillin, and chlor
amphenicol; this doubling was insufficient to meet the cri
terion requiring a 4-fold increase before being considered 
significant.

The preliminary study using E. coli CS-1 indicated that 
the 2 tetracyclines increased the MIC for ampicillin, chlor
amphenicol, and neomycin, as well as for tetracyclines. Ex
posure to neomycin increased the MICs for the other ami
noglycosides but did not increase the MICs of the other mark
er antibiotics.

In the studies using E. cloacae, the results were similar. 
The tetracyclines increased resistance (MIC) of the assay or
ganism to ampicillin, oxytetracycline, and chloramphenicol 
across a broad range of test concentrations (0.01-5.00 \igj 
mL). The other antibiotics/antimicrobials at an exposure of

Table 3. MIC values (Mg/mL) of E. coli CS-1 after exposure to antibiotics and antimicrobials
Antibiotic marker

Concn, Chlortetra-
Compound Mg/mL Streptomycin cycline Ampicillin Chloramphenicol Kanamycin Neomycin

Control I 0.0 12.5 3.1 3.1 3.1 6.3 6.3
Chlortetracycline 1.0 12.5 25.0" 12.5« 50.0* 6.3 25.0*
Streptomycin 1.0 12.5 3.1 3.1 3.1 6.3 12.5
Neomycin 1.0 25.0 6.3 6.3 6.3 25.0* 25.0*
Sulfamethazine 1.0 12.5 3.1 3.1 3.1 6.3 6.3

* Significant, 95% confidence limits.
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1.00 /ug/mL did not increase the MIC markers of B520. At 
the 5.00 /ug/mL supplementation, there were some indica
tions that streptomycin, tylosin, sulfamethazine, and mo- 
nensin will cause some selection for resistance (increased 
MIC) in a single antibiotic marker.

The 2 organisms, E. coli CS-1 and E. cloacae B520, were 
used to measure the same basic phenomenon. Studies of both 
organisms indicated that, with the exception of the 2 tetra
cyclines, levels of 1.00 ¿ig/mL did not select for resistant 
populations. Both organisms responded to the selective pres
sure of tetracyclines. At 5.00 jug/mL, not only tetracyclines, 
but also streptomycin, sulfamethazine, tylosin, and monen- 
sin selected for a more resistant population, although the 
latter 2 were borderline cases.

The data indicate that the potential exists for tetracyclines 
to select for resistant bacterial populations at low concentra
tions. Surprisingly, levels of 1.00 /¿g streptomycin and sul- 
famethazine/mL did not show such a potential. With the 
exception of the tetracyclines, concentrations of 1.00 /rg/mL 
(1 ppm) of other antibiotics should not provide the pressure 
to select for resistance. The significance of the data lies in 
the fact that, with the exception of the tetracyclines, normal 
residue levels of antibiotics that might be found in foods are 
of no significance vis-à-vis the development of resistant pop
ulations. This finding does not obviate the toxicological con
siderations used to establish tolerances, but it should limit 
speculation on the ability of antibiotic residues to select for 
resistant bacterial populations in the intestinal tracts of an
imals and humans.

Since animal wastes containing antibiotics are often dis
posed of by plowing them into soil, the knowledge of the 
levels that could select for resistance is important. On the 
basis of these data, we conclude that incorporation of 1 ppm 
antibiotic into soil will not cause the selection toward resis
tance to occur. Gavalchin (17) found that the incorporation 
into soil of feces containing antibiotics at a concentration of 
5 ppm did not result in the selection of antibiotic-resistant 
populations. A similar conclusion can be made for antibiotics 
in surface waters. There should not be any selection for re

sistant populations at concentrations of 1.0 ppm, excluding 
the tetracyclines. Metabolites of the antibiotics/antimicro- 
bials were not studied. The ability of phase II conjugates and 
other metabolites to influence the emergence of resistance 
can be studied by the in vitro system.

The approach described in this paper can be expanded to 
utilize different genera of bacteria to establish as complete 
an overview of the effects of antibiotics as is desired.
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Method to Determine Effect of Antibiotics at Residue Levels on R-Factor Transfer

MARIETTA SUE BRADY and STANLEY E. KATZ
R u tg e rs  U n iversity , C o o k  C o llege , N e w  J e r se y  A g r ic u ltu ra l E x p e r im e n t S ta tio n ,
D e p a r tm e n t o f  B io c h e m is tr y  a n d  M ic ro b io lo g y , N e w  B ru n sw ick , N J  0 8 9 0 3

A n  a n a l y t i c a l  s y s t e m  w a s  d e v e lo p e d  w h ic h  c a n  a s s e s s  t h e  a b i l i t y  o f  

a n t i b i o t i c / a n t i m i c r o b i a l  r e s id u e s  ( 0 .0 1 - 1 .0 0  p p m )  to  a f f e c t  t h e  c o n 
ju g a l  t r a n s f e r  o f  r e s i s t a n c e  a m o n g  t h e  E n t e r o b a c t e r i a c e a e .  T h e  d o n o r  
s t r a i n ,  Escherichia coli R P - 4  ( A m ' T c '  N m ' K n r  L a c +), a n d  r e c i p i e n t  

s t r a i n ,  E. coli S c - 8 6 3 2  ( S m 1 L a c  ) ,  w e re  i n c u b a te d  t o g e t h e r  i n  a  1 :9  
d o n o r : r e c i p i e n t  r a t i o  f o r  1 8  h  w i th  g e n t l e  s h a k i n g  (5 0  r p m )  in  b r a i n  

h e a r t  in f u s io n  b r o t h  i n  t h e  p r e s e n c e  o f  r e s id u e  le v e ls  o f  a n t ib io t i c s .  
T h e  m a t in g  c u l tu r e s  w e re  s e r i a l l y  d i l u t e d  a n d  s p r e a d - p l a t e d  o n to  
M a c C o n k e y  a g a r  c o n ta in in g  2 5  /xg s t r e p t o m y c i n / m L  to  s e l e c t  t h e  

t o t a l  r e c i p i e n t  p o p u la t i o n  o f  s e n s i t i v e  E. coli S c - 8 6 3 2  a n d  t r a n s c o n -  
j u g a n t s .  A f t e r  a n  1 8  h  in c u b a t io n  a t  3 7 ° C , t h e  p l a t e s  w e r e  r e p l i c a -  

p l a t e d  o n to  M a c C o n k e y  a g a r  c o n ta in in g  2 5  n g  a m p i c i l l i n / m L  to  
s e l e c t  t h e  a m p i c i l l i n - r e s i s t a n t  t r a n s c o n j u g a n t  p o p u la t i o n .  R e p e a t 
a b i l i t y  w a s  g o o d ;  t h e  a v e r a g e  t r a n s f e r  w a s  5 1 .8 % ,  w i th  a  c o e f f ic ie n t  
o f  v a r i a t i o n  o f  9 .3 % .  R e s id u e  l e v e ls  o f  t y lo s in  (0 .1 0  a n d  1 .0 0  p p m )  

i n c r e a s e d  t h e  t r a n s f e r  o f  t h e  a m p ic i l l i n  m a r k e r  b e y o n d  t h e  9 5 %  c o n 
f id e n c e  l im i t s .  O x y te t r a c y c l in e ,  b a c i t r a c i n ,  s t r e p to m y c in ,  p e n ic i l l in ,  

a n d  v i r g i n i a m y c in  d id  n o t  i n c r e a s e  t h e  p e r c e n t  t r a n s f e r .  O x y 
t e t r a c y c l i n e  a t  0 .0 1  p p m  d e c r e a s e d  t h e  p e r c e n t  t r a n s f e r .  I n  g e n e r a l ,  
r e s id u e  l e v e ls  o f  a n t i b i o t i c s  ( 0 .0 1 - 1 .0 0  p p m )  d id  n o t  a f f e c t  t h e  c o n 
j u g a l  t r a n s f e r  o f  a n t i b i o t i c  r e s i s t a n c e .

There has been considerable debate and conjecture concern
ing the role of antibiotic and antimicrobial residues as factors 
contributing to the relatively high levels of resistance found 
in human enteric bacterial populations. Enteric organisms 
can become resistant to relatively low levels of antibiotics, 
as little as 2 ppm/day (1). Whether the relatively high levels 
of antibiotic resistance found among enteric bacterial pop
ulations arise from medical usage, from selection due to ex
posure to antibiotic/antimicrobial residues, from coloniza
tion by antibiotic-resistant organisms related to food 
production, or from transient colonization of antibiotic-re
sistant species and transfer of resistance to indigenous pop
ulations is undefined (2-6).

Determining the ecological effects of antibiotic residues on 
the bacterial populations of the intestinal tract is an imposing 
task. Using either animal or human subjects requires keeping 
exacting records of exposure to antibiotics, frequently ex
amining fecal samples (every 1-3 days), studying antibiotic 
resistance patterns, and following the molecular biology of 
the bacteria and plasmids used as indicators over an extended 
period (7). Regardless of the care taken, conclusions con
cerning the ecological sequence of events in the processes of 
selection/development of resistance and of transfer of resis
tance between genera and species would be limited.

Conjugal transfer of resistance occurs at relatively low fre
quency in nature and occurs whether or not individuals are 
receiving antibiotics. The frequency of transfer is the result 
of interactions between the donor and recipient organisms, 
the physiological state of both, and the locations of the trans
fer factor and the resistance determinant (7). In vivo plasmid 
transfer is apparently less efficient than in vitro transfer, al
though the former is reported to occur in the intestinal tract 
of both humans and animals (2, 8). Walton (9) fed newly 
hatched chicks overnight cultures of Escherichia coli (Tcr 
Smr) followed in 6 h by a recipient E. coli culture. Converted

Received February 11, 1987. Accepted May 28, 1987.
New Jersey Agricultural Experiment Station Publ. No. D 01112-01-87, sup

ported by state funds.

resistant E. coli were found in all 24 chicks used. When 
recipient Salmonella typhimurium were used in a parallel 
study, converted S. typhimurium were found in all 12 chicks 
used. Smith (8) ingested donor E. coli after colonizing his 
intestinal tract with a recipient E. coli (Nar) and demonstrated 
a successful transfer of resistance. Falkow (10) found an in
creased frequency of conjugal transfer in the presence of an
tibiotics. Only one of 10 animals showed evidence of in vivo 
transfer, but when streptomycin was added to the diet of the 
animals, 9 of 10 showed transfer within 72 h.

This paper describes an analytical procedure which can 
assess the ability of compounds to affect the conjugal transfer 
of resistance among the Enterobacteriaceae.

Experimental
Buffers

All buffer salts were dissolved and diluted to 1 L with 
water, then stored at room temperature (sec. 42.204, 11).

(a) Phosphate buffer, pH 6.0. — 8.0 g monopotassium 
phosphate and 2.0 g dipotassium phosphate.

(b) Phosphate buffer, pH 8.0. — 16.73 g dipotassium phos
phate and 0.523 g monopotassium phosphate.

Antibiotic Standard Solutions
(a) Oxytetracycline. —100 gg/mL. Dissolve oxytetracy

cline hydrochloride in 10 mL 0.1N HC1 and dilute with water 
to 100 mL. Dilute to 25 /xg/mL on day of use.

(b) Streptomycin. —100 gg/mL. Dissolve streptomycin 
sulfate in 100 mL pH 8 buffer. Dilute to 25 gg/mL on day 
of use.

(c) Bacitracin. — 25 units/mL. Dissolve bacitracin zinc salt 
in 10 mL 0. IN HC1 and dilute with water to 100 mL.

(d) Penicillin.— 25 units/mL. Dissolve procaine penicillin 
in 10 mL acetone-pH 6 buffer (5 + 5) and dilute with pH 6 
buffer to 100 mL.

(e) Tylosin. —100 yug/mL. Dissolve tylosin tartrate in 100 
mL pH 8 buffer. Dilute to 25 /xg/mL on day of use.

(f) Virginiamycin. —100 /xg'mL. Dissolve virginiamycin 
in 10 mL ethanol and dilute with water to 100 mL. Dilute 
to 25 jug/mL on day of use.

Each antibiotic solution was filter-sterilized using Nalgene 
0.2 ixm filter and dispensed aseptically thereafter. Bacitracin 
and penicillin standards were prepared on the day used; all 
others are stable for at least 2 weeks if stored at 4°C.

Media
(a) Maintenance medium. —Tryptic soy agar (Difco Lab

oratories, Detroit, MI 48232) was used for maintenance of 
the 2 strains of E. coli. For E. coli RP-4, the agar was sup
plemented with 25 jug neomycin/mL.

(b) Inoculation broth. — Brain heart infusion broth (BHIB) 
(Difco) was used for matings/incubations.

(c) Assay medium. — MacConkey agar (BBL Microbiology 
Systems, Cockeysville, MD 21030), supplemented with 25 
nxg streptomycin/mL, was used to select for all recipient E. 
coli Sc-8632. MacConkey agar containing 25 pg ampicillin/ 
mL was used to select for transconjugants receiving the am
picillin resistance determinant.
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Figure 1. Top: Spread plate of total recipient population; bot
tom: replica plate of ampicillin-resistant transconjugants.

Microorgan isms
E. coli RP-4 (Amr Tcr Nmr Kmr Lac+), the donor strain, 

ferments lactose and carries plasmid-determined resistance 
to ampicillin, neomycin, tetracycline, and kanomycin. Col
onies are pink on MacConkey agar.

E. coli Sc-8632 (Smr Lac ), the recipient strain, does not 
ferment lactose and is resistant to streptomycin. Colonies are 
white on MacConkey agar.

Mating and Assay Procedure
The daily protocol for the procedure was as follows:
Day / . —Inoculate separate flasks of brain heart infusion 

broth with E. coli RP-4 (donor) and E. coli Sc-8632 (recip
ient). Incubate at 37°C with shaking for 18 h.

Day 2. —(/) Aseptically supplement flasks of BHIB with 
sterile concentrations of 0.00, 0.01, 0.10, and 1.00 jug com- 
pound/mL. (Three flasks/concentration.) (2) Inoculate each 
flask with 0.9 mL of E. coli Sc-8632 and 0.1 mL of E. coli 
RP-4. Incubate with gentle shaking (50 rpm) for 18 h at 37°C 
using a model R-2 shaker manufactured by New Brunswick 
Scientific Co.

Day 3.—(l) Make serial dilutions in sterile physiological 
saline of 18-h growth to 107 for each flask. (2) Spread-plate 
0.5 and 1.0 mL of 107 dilution onto MacConkey agar con
taining 25 ixg streptomycin/mL. (Triplicate plating at 0.5 and
1.0 mL.) Plates are allowed to absorb the spread-plated vol
ume for 1 h before being inverted and incubated. (3) Incubate 
spread plates at 37°C for 18 h.

Day 4. — (l) Count total number of white colonies (Lac ) 
on plates containing 100-300 colonies, using a Quebec col
ony counter. (2) Replica-plate onto MacConkey agar con
taining 25 ixg ampicillin/mL (2 replica plates/master plate).

(i) Incubate replicate plates for 18 h at 37°C and count col
onies having received the ampicillin resistance determinant 
(Figure 1).

Transfer, % = [(colonies on ampicillin -  supplemented 
plates)/(colonies on streptomycin -  supplemented plates)] x 
100.

R e s u l t s  a n d  D i s c u s s i o n

Conjugal transfer of antibiotic resistance between mating 
strains of E. coli can occur within 5 min of mixing the donor 
and recipient strains and could be completed within 15 min. 
The converted recipients are capable of transferring resis
tance to other recipient cells, with a second round of transfer 
beginning within 15 min of receiving the resistance deter
minants. Converted cells do not become drug-resistant im
mediately, but require time during which the newly acquired 
DNA is transcribed and translated into enzymes associated 
with antibiotic resistance. Resistant phenotypes begin to ap
pear 30 min after conjugal transfer. Overnight incubation of 
mating cells can result in transfers of 0-100% of the recipi
ents (10).

The use of an overnight conjugal mating/incubation was 
thought to be more desirable than a shorter interval, such as 
6 h, because the long-term population effect, rather than 
conjugation, was the phenomenon being evaluated. This ap
proach should give insight into the reality of the exposure of 
intestinal populations to low levels ofantibiotics/antimicro- 
bials.

Preliminary studies of the transfer of specific resistance 
determinants indicated that the ampicillin determinant 
transferred at a much higher rate than kanamycin or chlor- 
tetracycline, the other antibiotics studied. Ampicillin trans
ferred at a rate 4.4 times greater than chlortetracycline and
3.2 times greater than kanamycin. Hence, the transfer of 
ampicillin resistance was selected as the marker determinant 
for this study.

The percent transfer was related to the rate of shaking 
during mating. Static matings yielded transfers of 2-4% (12); 
at 35 rpm, an average transfer of 24.9% was obtained (13); 
between 45 and 50 rpm, rates of transfer were maximum. A 
shaking speed of 50 rpm, used in this study, yielded an av
erage (7 replicates) transfer of 51.8% (standard deviation 
4.8%). At shaking speeds >50 rpm the transfer decreased 
precipitously, probably due to shearing forces which dis
rupted the conjugation of cells. Transfer was not affected by 
moderate changes in the concentration of the mating/growth 
medium. When BHIB concentrations of 1.25 and 1.5 times 
the recommended strength were used, the percent transfer of 
ampicillin resistance remained constant.

The pooling of plate count data in determining both the 
total recipient population and that portion of the population 
receiving the ampicillin marker reduced the variation usually 
associated with plate counts. The repeatability, as measured 
by the coefficient of variation of pooled data, was 9.3%, which 
is good. The confidence limits (63.5-40.1%), although cov
ering a range of 23.4%, were not excessive considering the 
dynamics of bacterial plate counts. The conditions for the 
transfer of resistance between the donor and recipient strains 
were repeatable. Standardization of the shaking speed, the 
concentration of the mating/growth medium, and the du
ration of incubation contributed to the consistency.

Table 1 shows the influence of residue levels of antibiotics 
on the transfer of ampicillin resistance between the 2 strains 
of E. coli used. With the exception of tylosin, concentrations 
of 0.01-1.00 ^g or unit of antibiotic/mL did not increase the
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Table 1. Influence of antibiotic residue levels on conjugal trans
fer of ampicillin resistance between E. coli RP-4 and E. coli 

Sc-8632

Antibiotic
Concn, unit or 

Mg/mL Transfer, %

Bacitracin 0.00* 54.2
0.01 55.7
0.10 51.9
1.00 46.0

Oxytetracycline 0.00» 55.8
0.01 27.4*
0.10 45.5
1.00 47.7

Penicillin 0.00* 52.7
0.01 41.7
0.10 53.9
1.00 53.5

Streptomycin 0.00» 46.0
0.01 49.3
0.10 49.0
1.00 55.9

Tylosin 0.00» 57.2
0.01 52.3
0.10 76.2»
1.00 80.7»

Virginiamycin 0.00» 44.6
0.01 52.5
0.10 44.6
1.00 55.6

* unit/mL.
“ Mg/mL.
'Transfer rate below lower limit of 95% confidence limit.
"Transfer rate above upper limit of 95% confidence limit.

rate of transfer of resistance beyond the 95% upper confidence 
limit. Tylosin residues showed a concentration-related re
sponse. A plot of the log of the concentration vs the log 
percent transfer yielded a straight line with a correlation 
coefficient of 0.92.

Oxytetracycline, at a concentration of 0.01 /ug/mL, caused 
a decrease in the percent transfer below the 95% lower con
fidence limit. In general, Oxytetracycline showed a dose-re
lated rise in the percent transfer, although all transfers were 
below the mean of all controls. A plot of log of concentration 
vs log percent transfer gave a straight line with a correlation 
coefficient of 0.902. The reasons for the effect of the lowest 
concentration of Oxytetracycline in decreasing transfer are 
unknown at this time. In contrast, increasing concentrations

of bacitracin caused a decrease in the percent transfer. A plot 
of the log concentration vs log percent transfer gave a cor
relation coefficient of -0.989. This effect may be due to the 
surface-active properties of bacitracin, which can decrease 
the ability of cells to conjugate (14).

In general, residue levels of 0.01-1.00 /ug/mL of represen
tatives of 3 of the major antibiotic families implicated in the 
development of resistance, tetracyclines, /3-lactams, and ami
noglycosides, did not affect the transfer of resistance. Only 
tylosin, for reasons yet unknown and beyond the scope of 
this report, affected transfer.

The procedure described here can be used as a tool in 
evaluating various levels of antibiotic drugs and their effects 
on resistance transfer. This procedure, coupled with a system 
for the evaluation of the effects of residue levels of antibiotics 
upon selection for resistance (15), can give greater insight 
into the significance of antibiotic residues on bacterial pop
ulations without the problems associated with animal models. 
In addition, the procedures will permit an in vitro evaluation 
of the potential of newer antibiotics and drugs to affect bac
terial populations before animal studies are undertaken.
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Extraction of Sulfamethazine from Feed Samples
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T h e  e f f ic ie n c y  o f  a  n u m b e r  o f  p u b l i s h e d  e x t r a c t i o n  s o lv e n t s  f o r  s u l 

f a m e t h a z i n e  in  f e e d s  w a s  e v a l u a t e d .  P o o r  r e c o v e r ie s  w e re  o b t a in e d  
w i th  s e v e r a l  o f  t h e  s o lv e n t s  w h e n  s u l f a m e th a z in e  w a s  e x t r a c t e d  f r o m  

c o m m e r ic a l ly  p e l l e te d  f e e d  s a m p l e s .  R e c o v e r ie s  r a n g e d  f r o m  4 8  to  
9 4 % .  A  7 5 %  m e th a n o l  a c e t i c  a c id  e x t r a c t a n t  g a v e  t h e  b e s t  r e s u l t s .

Sulfamethazine is frequently used as an antibacterial agent 
in medicated swine feeds, either alone or in combination 
with other antibacterial agents such as chlortetracycline or 
procaine penicillin. It can be determined in feed extracts by 
colorimetric (1,2), liquid chromatographic (LC) (3-6), or gas 
chromatographic (7-9) methods.

While investigating some of these methods for possible use 
in our own laboratory, we found that the concentration of 
sulfamethazine obtained, particularly in pelleted swine feeds, 
was dependent on the solvent system used for extraction. We 
also found that when acetone-ammonia (7) was used as an 
extractant, the sulfamethazine levels appeared to decrease 
when feed samples were finely ground using a laboratory mill. 
This effect was also noted by others (2) when using acetone- 
methanol-water as an extractant but not when 50% methanol 
was used.

We therefore compared the efficiency of several extraction 
solvents used in published methods for the determination of 
sulfamethazine in feeds and attempted to optimize the ex
traction procedure. Extracts were assayed using a postcolumn 
derivatization method with dimethylaminobenzaldehyde (3).

Experimental
Apparatus

The LC and postcolumn reaction systems were used as 
described in the literature (8) with the following modifica
tions:

(a) Stainless steel reaction coil. — Replaced by Teflon coil 
of same length and diameter.

(b) Heating bath. — Maintained at room temperature.
(c) Detector.—Wavelength set at 450 nm.
(d) Mobile phase. — Pumped at 1 mL/'min; derivatization 

reagent pumped at 0.5 mL/min.
(e) Analytical column.— 25 cm x 4.6 mm, packed with 

Partisil 5-ODS-3 (Whatman, Maidstone, Kent, England).

Reagents
(a) Mobile phase and derivatization reagents.— As de

scribed by Stringham et al. (3).
(b) Sulfamethazine stock standard solution. — Prepared in 

methanol (1 mg/mL). Dilute standards (10 /jg/mL) were pre
pared in appropriate extractants.

(c) Extractants.—(A) methanol, (B) acetone-30% am
monia solution (98 + 2), (C) methanol-water (50 + 50), (D) 
acetone-methanol-water (85 + 10 + 5), (E) acetonitrile, (F) 
chloroform-methanol (3 + 1), (G) methanol-water-hydro
chloric acid (25 + 73.7 + 1.3), and (H) methanol-water- 
glacial acetic acid (75 + 23 + 2).

(d) Commercial swine feeds. —Obtained from local feed 
compounder and used throughout. Samples were collected 
before and after pelleting process. Before analyses, loose as 
well as pelleted feed samples were ground using laboratory 
mill fitted with 2 mm screen.

Received May 11, 1987. Accepted November 20, 1987.

Procedure
Ten g aliquots of milled feed samples were weighed into 

125 mL wide-mouth polyethylene bottles, and 100 mL ap
propriate extractant was added to each. Bottles were shaken 
30 min in reciprocating shaker, except those containing ex
tractant H, which were first heated 30 min at 70°C in a water 
bath before shaking. Bottles were capped during heating to 
prevent solvent evaporation.

Contents were allowed to settle, and aliquots were trans
ferred to centrifuge tubes and centrifuged 15 min at 2500g. 
Two mL aliquots of extractant supemates, except extrac
tant F, were placed directly in autosampler vials without 
further treatment. Two mL aliquots of extractant F super- 
nates were evaporated to dryness at 50°C under nitrogen 
and residues were dissolved in 2 mL methanol. They were 
then transferred to autosample vials.

Using postcolumn derivatization method of Stringham et 
al. (3) for measuring sulfamethazine, 50 VL aliquots of sam
ples and standards (10 Mg/mL) were injected into LC system 
by an autosampler. Run time is 12 min/sample. Standards 
were prepared in same solvents used for extraction, except 
standards for extractant F, which were prepared in methanol.

Results
The sulfamethazine levels found in the 2 medicated swine 

feeds before and after pelleting are shown in Table 1. In 
general, the effect of the different extractants on loose un
pelleted feed was not marked. Except for extractants D and 
F for feed 2, the levels found were very similar. In the pelleted 
feed, however, there was considerable variation. Acetonitrile 
gave the lowest recoveries, 60% and 48% for the high and 
low levels of sulfamethazine, respectively. Best recoveries 
were obtained when methanol-water-acetic acid was used as 
the extractant and bottles were heated before shaking (94% 
and 88%, respectively).

The effect of milling on the recovery of sulfamethazine 
from a feed sample is shown in Table 2. A loose feed sample 
was spiked with 100 mg sulfamethazine/kg, mixed, and milled 
using a laboratory mill fitted with 0.5 mm or 1 mm sieve. 
As can be seen, acetone/ammonia gave low recoveries (51% 
and 70%, respectively) with the milled feed whereas recov
eries from the same samples were 96% and 95% when meth- 
anol-water-acetic acid was used as the extractant.

Discussion
All the examined published methods for determination of 

sulfamethazine in feed samples use extraction either by shak
ing or homogenization with a solvent, and have shown good 
recovery figures for sulfamethazine-spiked feed samples. One 
common factor, however, is that the samples have been spiked 
after milling, and analyses were performed on the samples 
without further processing.

Commercial feed samples are often supplied in pelleted 
form, and sulfamethazine, if used, is added before the pel
leting process. It is in these samples in particular that we 
have found poor extraction of the added sulfamethazine. 
During the pelleting process the feed is subjected to a com
bination of heat, pressure, and moisture and this would ap
pear to bind the sulfamethazine to the feed matrix and make 
it more difficult to extract.
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Table 1. Comparison of sulfamethazine levels found in feeds 
before and after pelleting, using different extraction solvents

Extractant Ref.

Feed 1 
before 

pelleting, 
mg/kg

Feed 1 Feed 2 Feed 2 
after before after 

pelleting, pelleting, pelleting, 
% rec.' mg/kg % rec.*

(A) Methanol 8 246 85 62 71
(B) Acetone-ammonia 7 247 69 63 60
(C) Methanol-water 4 243 91 66 74
(D) Acetone-methanol-water 2 250 82 56 82
(E) Acetonitrile 5 250 60 64 48
(F) Chloroform-methanol 6 231 81 52 67
(G) Methanol-water-HCI 3 244 72 63 68
(H) Methanol-water-acetic 

acid
— 245 94 66 88

3 Expressed as percentage of level found before pelleting. Results are the 
means of duplicates.

From our own experiments, we found that methanol-water 
extractants gave higher results than methanol alone, and the 
highest recoveries were obtained by using 75% methanol- 
water containing 2% acetic acid (Table 1) and by heating 30 
min at 70°C before shaking. Shaking for longer than 30 min 
or homogenization produced no increase in recoveries with 
any of the extractants.

Highest recoveries obtained (Table 1) for the 2 pelleted 
feed samples were 94% and 88%. This is still less than the 
desired 100%. Since sulfamethazine itself appears to be stable 
to heat and moisture, and there is no evidence that it is being 
destroyed, a small proportion is probably binding irrever
sibly to the feed matrix. However, we were unable to improve 
on these recovery figures by using either different extractants 
or extraction techniques.

Our results have also shown similar effects of sulfameth
azine binding to the feed when the feed samples are finely 
milled through a 0.5 or 1 mm screen (Table 2). The effect in 
this case is extractant-dependent, with the methanol-based 
extractant giving better recoveries than the acetone-based 
extractant. This is surprising because sulfamethazine is very 
soluble in acetone, but it appears that acetone does not free 
it from the feed matrix. In any case, our studies have shown 
no need to mill samples using a screen size smaller than 2 
mm. Another artifact reported by Munns and Roybal (7)

Table 2. Effect of milling on recovery of sulfamethazine from 
feed sample spiked with 100 mg/kg

Sulfamethazine found, mg/kg“

After milling

Solvent* milling 0.5 mm sieve 1 mm sieve

H 95 96 95
B 96 51 70

3 (H) = methanol-water-acetic acid; (B) = acetone-ammonia. 
“ Results are the means of duplicates.

when acetone-ammonia is used as extractant was that a 10 
min extraction gave better results than a 30 min extraction. 
NT« pvnlanation for this was offered.

The postcolumn derivatization method of Stringham et al.
(3) was used to assay the extractants because it is fast, requires 
no cleanup of extracts, and is free from interference from 
other feed constituents. It had an additional advantage in 
that it can be operated on the same analytical system of 
pumps, bath, and detector that we use to measure ionophore 
levels in feeds (8).

The low recoveries from pelleted feed samples with some 
of the recommended extractants highlight the need for cau
tion in optimizing methods by spiking negative feed samples 
and assuming that commercially processed feeds will behave 
in the same way. Dependable results can only be obtained if 
feed samples are spiked at source.
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Microbial Receptor Assay for Rapid Detection and Identification of Seven Families of 
Antimicrobial Drugs in Milk: Collaborative Study

S T A N L E Y  E. C H A R M
P e n ic illin  A ssa ys , In c., 3 6  F ra n k lin  S t, M a ld e n , M A  0 2 1 4 8  
R U E Y  CHI
F o o d  a n d  D r u g  A d m in is tra tio n , D iv is io n  o f  M a th e m a tic s ,  2 0 0  C  S t, S IV , W a sh in g to n , D C  2 0 2 0 4

C o lla b o ra to rs : G . E. B a rn e tt; A . D e  C o u v ille ; J. Foos; W . Heeschen; J. K a ro lu s ; W . K e lle y ; L . L u c k ie ; K .  M a n n e r; A . M a r in ;
J .-P . M o re ta in ; E. R e is t; P. S a ltzm an ; M . S ch a llib a u m ; L . S m ith ; G . Suhren; C. T re m b le ; R . W a llace

A  m ic r o b ia l  c o m p e t i t iv e  r e c e p t o r  a s s a y  f o r  d e t e c t in g  r e s id u e s  o f  a n 
t i b io t i c  f a m i l i e s  in  m i l k  w a s  s tu d i e d  c o l l a b o r a t iv e ly  b y  1 3  l a b o r a to 

r i e s .  T h e  d r u g s  a n d  le v e ls  ( p p b )  t e s t e d  in  t h i s  s t u d y  in c lu d e  p e n ic i l l in  
G ,  4 .8 ;  c e p h a p i r i n ,  5 .0 ;  c lo x a c i l l i n ,  1 0 0 ; t e t r a c y c l i n e ,  2 0 0 0 ;  c h l o r t e t r a -  

c y c l in e ,  2 0 0 0 ;  o x y te t r a c y c l i n e ,  2 0 0 0 ;  e r y th r o m y c in ,  2 0 0 ;  l in c o m y c in ,  
4 0 0 ;  c l in d a m y c i n ,  4 0 0 ;  s u l f a m e th a z in e ,  7 5 ;  s u l f a m e th o x a z o le ,  5 0 ;  s u l -  
f i s o x a z o le ,  5 0 ;  s t r e p to m y c in ,  1 0 0 0 ;  n o v o b io c in ,  5 0 ;  a n d  c h lo r a m 

p h e n ic o l ,  8 0 0 .  I n  t h i s  m e th o d ,  m ic r o b ia l  c e l l s  a d d e d  to  a  m i lk  s a m p l e  
p r o v id e  s p e c i f i c  b i n d in g  s i t e s  f o r  w h ic h  14C  o r  3H  la b e l e d  d r u g  c o m 

p e te s  w i th  d r u g  r e s id u e s  in  t h e  s a m p l e .  T h e  14C  o r  3H  b i n d in g  to  t h e  
s p e c i f i c  b i n d i n g  s i t e s  i s  m e a s u r e d  in  a  s c in t i l l a t i o n  c o u n te r  a n d  c o m 
p a r e d  w i th  a  z e r o  s t a n d a r d  m i lk .  I f  t h e  s a m p l e  is  s t a t i s t i c a l l y  d i f f e r e n t  
f r o m  t h e  z e r o  s t a n d a r d ,  i t  i s  p o s i t iv e .  T h e  a s s a y  t a k e s  a b o u t  1 5  m in .  

T h e  b i n d in g  r e a c t io n  o c c u r s  b e tw e e n  t h e  r e c e p t o r  s i t e  a n d  t h e  d r u g  
f u n c t io n a l  g ro u p ,  s o  a l l  m e m b e r s  o f  a  d r u g  f a m i ly  a r e  d e te c te d .  I n  
t h i s  c a s e ,  b e t a - l a c t a m s ,  t e t r a c y c l i n e s ,  m a c r o l id e s ,  a m in o g ly c o s id e s ,  
n o v o b io c in ,  c h lo r a m p h e n ic o l ,  a n d  s u l f o n a m id e s ,  i n c lu d in g  p - a m in o -  
b e n z o ic  a c id  ( P A B A )  a n d  i t s  o t h e r  a n a l o g s ,  a r e  d e t e c t a b l e .  T h e  in 

c id e n c e  o f  f a l s e  n e g a t iv e  d e t e r m i n a t i o n s  a m o n g  s a m p l e s  i s  a b o u t  1 % ; 
t h e  in c id e n c e  o f  f a l s e  p o s i t iv e s  i s  a b o u t  3 % .  F o r  n e g a t iv e  c a s e s ,  t h e  
r e l a t i v e  s t a n d a r d  d e v ia t i o n s  f o r  r e p e a t a b i l i t y  r a n g e d  f r o m  0  to  5 %  
a n d  f o r  r e p r o d u c ib i l i t y  f r o m  0  to  6 % .  F o r  p o s i t iv e  c a s e s ,  r e l a t i v e  
s t a n d a r d  d e v ia t io n s  r a n g e d  f r o m  0  to  1 3 %  f o r  r e p e a t a b i l i t y  a n d  f r o m  

0  to  1 4 %  f o r  r e p r o d u c ib i l i t y .  T h e  m e th o d  h a s  b e e n  a d o p te d  o f f ic ia l  
f i r s t  a c t io n .

T h e  p resen t A O A C  o ff ic ia l m e th o d s  fo r  d e tec tin g  a n t ib io t ic  
residues in  m ilk  are those  fo r  the  b e ta -la c ta m  drugs, 16 .130 - 
16.163 (1). A m o n g  these is a re ce p to r assay m e th o d , 16 .130 - 
16.134 (1, 2), w h ic h  is ana logous in  som e respects to  a ra 
d io im m u n o a s s a y  (R IA ) .  W h e re  an R IA  m e th o d  uses an a n 
t ib o d y  b in d e r, the  re ce p to r assay uses an im m o b iliz e d  site  
in  a ce ll ( in  th is  case, a m ic ro b ia l ce ll) fo r  the  spec ific  b in d e r. 
A  s ing le  ce ll co n ta in s  the  spec ific  b in d in g  sites fo r  m a n y  
drugs. These b in d in g  rea c tio n s  have  lo w  d is s o c ia tio n  c o n 
stan ts w h ic h  are fa v o ra b le  fo r  s p e c ific ity  and  s e n s it iv ity .

U s u a lly , a lth o u g h  n o t a lw ays, m ic ro o rg a n is m s  w ith  b in d 
in g  sites fo r  a p a rt ic u la r  d ru g  are in h ib ite d  b y  th a t d rug . In  
th is  re ce p to r assay, 2  d iffe re n t m ic ro o rg a n is m s  are re q u ire d  
to  p ro v id e  th e  necessary sites fo r  the  7 fa m ilie s . Because the 
fu n c t io n a l ch e m ic a l g ro u p  o f  th e  d ru g  is in v o lv e d  w ith  the  
b in d in g  s ite  a nd  n o t a s ide c h a in  as in  th e  case o f  im m u 
noassay, a s ing le  re ce p to r de tects a ll m em b e rs  o f  a fa m ily .

F igu re  1 show s spec ific  b in d in g  sites p ro v id e d  b y  a m ic ro 
b ia l ce ll. D ru g  trace rs  labe led  w ith  l4C  o r  3H  com p e te  fo r  
b in d in g  sites w ith  the  “ c o ld ”  d ru g  associa ted w ith  th e  sam ple. 
In  F igu re  1, p e n ic il l in  14C  (P 14) an d  te tra c y c lin e  3H  (T 3) are
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c o m p e tin g  fo r  th e ir  respective  sites w ith  c o ld  p e n ic il l in  (P) 
an d  c o ld  te tra c y c lin e  (T ): the  g rea te r th e  c o n c e n tra tio n  o f  
d rug , th e  less b in d in g  o f  d ru g  trace r to  th e  b in d in g  sites. T h e  
a m o u n t o f  tra ce r b in d in g  is co rre la te d  w ith  th e  c o n c e n tra tio n  
o f  d ru g  in  th e  sam ple.

T h is  m e th o d  detects and  id e n tif ie s  7 fa m ilie s  o f  a n t ib io tic s  
in  m ilk :  b e ta -la c ta m s  (P), te tra cyc lin e s  (T ), m a c ro lid e s  (E), 
a m in o g lyco s id e s  (St), n o v o b io c in  (N ), c h lo ra m p h e n ic o l (C ), 
and  su lfo n a m id e s  (Sm ) a long  w ith  o th e r /7-a m in o b e n z o ic  a c id  
(P A B A )  analogs and  P A B A . D ig ita l test resu lts  are expressed 
as p o s it iv e  o r  nega tive  us ing  a c o n tro l p o in t  based o n  a p re 
d e te rm in e d  s tanda rd . T o  id e n t ify  a spec ific  d ru g  in  a fa m ily ,  
a c o n firm a to ry  assay m u s t be p e rfo rm e d . T h e  m e th o d  is used 
to  test m i lk  ta n ke rs  be fo re  th e y  u n lo a d  as w e ll as fa rm  sam 
ples an d  f in ish e d  m i lk  p rodu c ts .

T h e  re ce p to r assay m a y  be co m p le te d  in  1 2 -1 5  m in . T h is  
o ffe rs th e  o p p o r tu n ity  fo r  screen ing a w id e  sp e c tru m  o f  an 
t ib io t ic s  be fo re  tanke rs  are u n lo a d e d  a t p rocessing  p lan ts . 
These a n tib io tic s  c o u ld  in te rfe re  w ith  the  m a n u fa c tu re  o f  
c u ltu re d  p ro d u c ts  o r  cause a la rge v o lu m e  o f  m i lk  to  be in  
v io la t io n  o f  state o r  fede ra l regu la tions .

C o lla b o ra tive  S tu d y

T w e n ty -se ve n  coded  sam ples rep resen ting  7 d iffe re n t fa m 
ilie s  o f  a n t im ic ro b ia l d rugs (T a b le  1) w ere  sent to  13 c o lla b 
o ra tin g  la b o ra to r ie s . These in c lu d e d  U .S . an d  n o n -U .S . fe d 
e ra l, state, and  in d u s tr ia l la b o ra to rie s .

T h e  9 c o m b in a tio n s , 3 rep lica tes  each, o f  7 d ru g  fa m ilie s , 
w ere d is tr ib u te d  as 27 coded  sam ples (1 -2 7 )  (T a b le  2). C o l
la b o ra to rs  a lso rece ived  a cop y  o f  th e  m e th o d , in s tru c tio n s  
on ta b u la t io n  o f  d a ta  and  c o n ve rs io n  o f  da ta  to  fin a l resu lts , 
and  a c o lla b o ra tiv e  s tu d y  k i t  w h ic h  in c lu d e d  the  fo llo w in g  
item s:

(1 ) Z e ro  m i lk  p o w d e r, th ree  100 g packages.
(2 ) Reagents, freeze -d ried .
(3 )  P o s itiv e  standards (n g /m L ): p e n ic il l in ,  4 .8 ; s tre p to 

m y c in , 500 ; n o v o b io c in , 50; e ry th ro m y c in , 100; s u lfa m e th 
azine , 75; te tra cyc lin e , 2000 ; c h lo ra m p h e n ic o l, 800.

(4 ) T w e n ty -se ve n  coded sam ples.
(5 ) D isp o sa b le  p ipe ts , t ip s , test tubes, 1500 m L  p la s tic  

b o tt le  fo r  re c o n s titu tin g  m ilk  pow de r.

Antimicrobial Drugs in Milk 

Microbial Receptor Assay 

First Action

(M in .  d e t e c t a b l e  c o n c n s  ( n g /m L )  a r e  p e n ic i l l in  G ,  3 ; t e t r a c y c l i n e ,  
6 0 0 ; e r y t h r o m y c i n ,  2 0 ; s t r e p t o m y c i n .  10; n o v o b io c in ,  10; s u l f a 

m e th a z in e ,  5 ;  c h lo r a m p h e n ic o l ,  8 0 .)

16.D01 Principle

A s s a y  is  b a s e d  o n  b in d in g  r e a c t io n  b e tw e e n  d r u g  f u n c t io n a l  g r o u p  
a n d  r e c e p t o r  s i te  o n  a d d e d  m ic r o b ia l  c e l l s .  I4C  o r  3H  b in d in g  is
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Figure 1. Sites in microbial cell used to specifically bind anti
biotics. Cold antibiotic in sample competes for its specific site 

with radiolabeled antibiotic.

m e a s u r e d  b y  s c in t i l l a t i o n  c o u n t e r  a n d  c o m p a r e d  w i th  z e r o  s td  m ilk  
t o  d e t e c t  a n t im ic r o b ia l s .  T h e  g r e a t e r  t h e  a m t  o f  a n t ib io t i c  p r e s e n t  
in  t h e  s a m p l e ,  t h e  l o w e r  t h e  c o u n t s .  M e th o d  d o e s  n o t  d e t e c t  
m e ta b o l i t e s ,  o n ly  a c t i v e  d r u g s .

16.D02 Apparatus

A p p .  is  a v a i l a b l e  f r o m  P e n ic i l l in  A s s a y s  I n c . ,  3 6  F r a n k l i n  S t ,  
M a ld e n ,  M A  0 2 1 4 8 .

(a) H e a t e r s . — T w o  d r y  w e ll  i n c u b a t o r s  o f  a n o d iz e d  A l,  e a c h  w i th  

6 h o le s ,  5 .2 3  c m  d e e p ,  1 .35  c m  d i a m . ,  c o n t r o l l e d  a t  45  a n d  85  ±  1°. 
f o r  13 x  100 m m  g la s s  t e s t  t u b e .

(b) M ix e r .— M a x i  M ix  I I  ( T h e r m o ly n e  C o r p . ,  2 5 5 5  K e r p e r  B lv d ,  
D u b u q u e ,  IA  5 2 0 0 1 ) ,  o r  e q u iv .

(c) B e n c h  c e n t r i f u g e .—  1 2 -p la c e ,  1300 x g .  W h is p e r f u g e  (D a m o n  
S c ie n t i f i c ,  3 0 0  S e c o n d  A v e ,  N e e d h a m  H e ig h t s ,  M A  0 2 1 9 4 ) ,  o r  e q u iv .

(d) C o ld  p l a t e . — T o  a c c o m m o d a t e  7  m L  p la s t i c  s c in t i l l a t i o n  v ia ls  
h o ld in g  a t  -  3 t o  - 5 ° .

(e ) S c in t i l l a t i o n  c o u n t e r .— T o  a c c o m m o d a t e  13 x  100 m m  g la s s  
t u b e .  W in d o w  s e t t in g s  s u c h  th a t  < 1 0 %  o f  3H  c r o s s e s  in to  ,4C  c h a n n e l  
a n d  < 3 0 %  o f  IJC  c r o s s e s  in to  3H .  C o u n t in g  t im e  is  1 m in .  E f f ic ie n c y  
is  > 8 0 % .  R e p l i c a t i o n  in  c o u n t in g  s a m e  t u b e  a t  c a  1000 c p m  is  c a  
10%.

( f )  S c in t i l l a t i o n  f l u i d  d i s p e n s e r . — ( O x f o r d  [ M o n o je c t  S c ie n t i f i c ,  
1831 O l iv e  S t ,  S t .  L o u i s ,  M O  6 3 1 0 3 ] : o r  e q u iv .) .

(g ) L a b w a r e .— C o t t o n  s w a b s .  W a s h  b o t t l e .  13 x 100 m m  
te s t  t u b e s ,  w a ll  t h i c k n e s s  0 .0 8 4  ±  0 .0 0 5  c m .  P la s t i c  s t o p p e r s  f o r  
13 x  100 m m  t u b e s .  P la s t i c  s c in t i l l a t io n  v ia l s ,  7  m L .  P ip e t s  c a p a b le  
o f  d e l iv e r in g  2 0 0  p .L , 3 0 0  p .L , a n d  5 m L .

16.D03 Reagents

R e a g e n ts  a r e  a v a i l a b l e  f r o m  P e n ic i l l in  A s s a y s  In c .

(a) S c in t i l l a t i o n  f l u i d . — O p t i f lu o r  ( P a c k a r d  I n s t r u m e n t  C o . .  2 2 0 0  
W a r r e n v i l l e  R d ,  D o w n e r s  G r o v e ,  1L  6 0 5 1 5 ) ,  o r  e q u iv .

(b) M ic r o b ia l  b i n d e r s .— (/)  R e a g e n t  D :  F r e e z e - d r i e d  s u s p e n s i o n  
o f  B a c i l lu s  s t e a r o t h e r m o p h i l u s .  R e a g e n t  is  s t a b l e  l y e a r  a t  - 2 0 ° .  
W h e n  r e c o n s t i t u t e d  w i th  D i lu e n t  D , it is  s t a b l e  l w e e k  a t  - 2 0 °  o r  

24  h  a t  - 5 ° .  A b o u t  l x  10“ c e l ls  a r e  a d d e d  p e r  a s s a y  o r  2 0 0  p .L , 
u s e d  f o r  b in d in g  b e t a - l a c t a m s ,  t e t r a c y c l i n e s ,  s t r e p t o m y c i n ,  m a c r o -  
l id e s ,  a n d  n o v o b io c in .

(2 ) R e a g e n t  R :  F r e e z e - d r i e d  i r r a d i a t e d ,  n o n v ia b le  s u s p e n s i o n  o f  
m ic r o o r g a n i s m ,  w i th  r e c e p t o r  s i t e s  f o r  s u l f o n a m id e s  a n d  c h l o r a m 

p h e n ic o l  ( m i c r o o r g a n i s m s  in h ib i te d  b y  t h e s e  d r u g s  p o s s e s s  r e q u i r e d  
r e c e p t o r  s i t e s ) .  S t a b l e  1 y e a r  a t  - 2 0 °  f r e e z e - d r i e d ,  a n d  6  h  a t  - 5 °  
r e c o n s t i t u t e d .  A b o u t  1 x  10'' c e l l s  a r e  u s e d  p e r  2 0 0  p L  f o r  b in d in g  
s u l f o n a m id e s  a n d  c h lo r a m p h e n ic o l .

(c) A n t i b i o t i c  t r a c e r  r e a g e n t s . — ( / )  P e n ic i l l in  l4C  125 p C i / p m o l ,  
0 .0 0 2 4  p C i / t e s t .  (2 ) T e t r a c y c l i n e  3H  0 .5  p C i / p m o l ,  0 .0 5 2  p C i / t e s t .
(3 ) E r y th r o m y c in  l4C  38  p C i / p m o l ,  0 .0 0 3 1  p C i / t e s t .  (4) S t r e p t o m y c in  

3H  26  p C i /m m o l ,  0 .0 1 8 5  p C i / t e s t .  (5 ) N o v o b io c in  3H  55  p C i /m m o l ,  
0 .0 1 4 8  p C i / t e s t .  (6 ) S u l f a m e th a z in e  3H  5 9  p C i /m m o l ,  0 .0 3 1 1  p C i /  
t e s t .  (7 ) C h l o r a m p h e n ic o l  l4C  35  p C i /m m o l ,  0 .0 1 2 6  p C i / t e s t .

Table 1. Antibiotic families, members, levels, and designation 
of specific antibiotics used in the study

Coded samples
Deslg- Concn, containing

Family nate Member ppb antibiotic

p Beta-lactams P1 penicillin G 4.8 1, 15,19, 24
P2 cephaplrln 5.0 2, 3,21,27
P3 cloxaclllln 100 6,11,14,16

T Tetracyclines T1 tetracycline 2000 12,18, 23, 25
T2 Chlortetracycline 2000 4, 8,10,20
T3 Oxytetracycline 2000 5, 9,17,22

E Erythromycin E1 erythromycin 200 15,81, 19, 23
type E2 llncomycin 400 2, 4,20,21.

E3 clindamycin 400 6, 9,16,22

Sm Sulfonamides Sm1 sulfamethazine 75 1, 18, 19, 25
Sm2 sulfamethoxazole 50 2, 3,10,20
Sm3 sulflsoxazole 50 6,11,17,22

St Streptomycin St streptomycin 1000 1, 3, 5, 8 
10,11, 12,14 
17, 24, 25,27

N Novobiocin N novobiocin 50 2, 5, 6, 8 
10, 12, 15,16 
17, 19,21,25

C Chloramphenicol C chloramphenicol 800 4, 5, 8, 9 
11,14,15,16 
21,23, 24, 25

Antibiotic tracer reagents have stabilizers added to preserve their 
biological activity. Freeze-dried tracer reagents are stable a l2  
months at -  20°; reconstituted tracer reagents are stable 2 weeks at 
-20°.

In certain cases l4C and 3H tracers are combined to facilitate 
screening for more than l family in each tube. This is done with 
penicillin l4C and tetracycline 3H as well as erythromycin ,4C and 
streptomycin 3H.

(d) Diluent C .—70% soln of propylene glycol for reconstituting 
radiolabeled tracer antibiotics.

(e) Diluent D .—Soln contg 5% sucrose, 10% dimethyl sulfoxide 
(DMSO), 1.2% NaCl for reconstitution of binding microorganisms 
for Reagents D and R.

(f) Reagent NH.— 12% (NH4),S 0 4.

16.D 04 Reconstitution of Reagents

(a) Tracer reagents.—Add room temp, diluent to freeze-dried 
tracer. Dissolution occurs immediately. Remove amt reagent needed 
for 1 day into plastic screw-cap vial. Place vial in cold plate at -  3 
to - 5 °  for up to 24 h. Store remaining tracer as liq. at -2 0 °  for up 
to 2 weeks. Small plastic vials may be refilled as needed from 
storage vial held at -  20°.

(b) M icrobia l binding reagents.—Reconstitute Reagent D  by 
adding vol. o f cold Diluent D (4°) indicated on label, usually 12 mL. 
Break up clumps of cells by using large glass test tube and vortex 
mixer. Mix well. Let reconstituted Reagent D warm to room temp. 
(25°) and hold for ca 5 min. Dispense into vials and place in cold 
plate at -  5° for use or store at -  20°. Reagent D may be stored at 
-2 0 °  for 1 week or 12 h at -5 ° .  Thaw frozen Reagent D by placing 
in tap H20  (ca 20°) for 5 min and cool in cold plate a 5  min before 
use.

Reconstitute Reagent R  by adding amt of Diluent D indicated on 
bottle. Mix well. Reagent R may be stored in cold plate 6 h at -5 ° .

16.D05 General Instructions

(a) E x e m p t  q u a n t i t i e s  o f NC  a n d 3H .— Amts of radioactivity used 
in this method are sufficiently low as to be exempt from U.S. 
Nuclear Regulatory Commission (NRC) and agreement state regu
lations. This applies to laboratories unlicensed by NRC.

Check appropriate national and local regulations for use o f exempt 
amts of l4C and 3H.
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Table 2. Antibiotic families and combinations of coded 
samples

Table 4. Control points (cpm) for known standards (example 
from Lab. 5)

Antibiotic family

Sample P T E St C Sm N

A (1 ,3 ,11)» + - - + - + -
B (2, 6, 19) + - + - - + +
C (4, 9, 23) - + + - + - -
D (5, 8, 12) - + - + + - +
E (7,13,26) - - - - - - -
F (10, 17,25) - -f - + - + +
G (14, 24, 27) + - - + + - -
H (15,16,21) + - + - + - +
I (18,20,22) - + + - - + -

» The numbers 1, 3, and 11 in parentheses are the coded test samples 
which are the 3 replicates of the A combination, etc. The A combination 
consists of P, St, and Sm antibiotic families. See Table 1 for family mem
ber in each coded sample.

Amt,
Sample ng/mL P + T E + St C Sm N

Penicillin 4.8 1233
1252

Tetracycline 2000

Erythromycin 100

Streptomycin 500

Chlorampheni
col

800

Sulfamethazine 75

Novobiocin 50

2929
3084

1114
11 11

1980
2087

1386
1367

1163
1053

1480
1578

( b ) Disposal of scintillation fluid.— L iq .  s c in t i l l a t io n  c o u n t in g  s o ln s  
w h ic h  a r e  r e a d i ly  s o lu b le  o r  d i s p e r s ib l e  in  H .O  (O p t i f lu o r ,  o r  e q u iv .)  
a n d  w h ic h  c o n ta in  < 0 .0 5  p.Ci 5H  o r  l4C  p e r  g  s o ln  c a n  b e  d i s p e r s e d  
in  la rg e  v o l .  o f  H .O  a n d  d i s p o s e d  th r u  s a n i t a r y  s e w e r a g e  s y s t e m  (in  

t h i s  m e t h o d ,  2 .8  g  O p t i f l u o r /a s s a y  is  u s e d ) .  I t  is  r e c o m m e n d e d  th a t  

r a t i o  o f  r u n n in g  H .O  to  s c in t i l l a t io n  flu id  e x c e e d  1 0 :1 .  D is p e r s io n  
m a y  b e  c l o u d y  d u e  to  p r e s e n c e  o f  h ig h  b p  h y d r o c a r b o n .  N o  s p e c ia l  
f ire  p r e v e n t io n  p r e c a u t io n s  a r e  n e c e s s a r y .  N o te  t h a t  lo c a l  r e g u la t io n s  
m u s t  b e  o b s e r v e d  i f  t h e s e  d i f f e r  f r o m  f e d e r a l  r e g u la t io n s .

16.D06 Performance Check

(10) A d d  3 0 0  p L  H .O  a n d  r e s u s p e n d  p e l le t  c o m p le t e l y ,  u s in g  
m ix e r .

(11) D is p e n s e  3 m L  s c in t i l l a t io n  f lu id  in to  t u b e ,  c a p ,  a n d  s h a k e  

t u b e  g e n t ly .
(12) M e a s u r e  a c t i v i t y  in  a n a l y z e r  ’H  c h a n n e l  a n d  l4C  c h a n n e l .  

R e a d  (T ) ,  ( S t ) ,  ( N ) ,  a n d  (S m )  o n  ’H  c h a n n e l  a n d  (P ) .  ( E ) ,  a n d  (C ) 

o n  l4C  c h a n n e l .
N o te  w h e t h e r  n u m b e r  is  a b o v e  c o n t r o l  p o in t  f o r  n e g .  s a m p l e  o r  

b e lo w  f o r  p o s .  C o n t r o l  p o in t  is  n u m b e r  a b o u t  3 s td  d e v s  f r o m  a v .  
o f  6  z e r o  s a m p l e s .  R e a s s a y  p o s .  s a m p le s .

C h e c k  r e a g e n t s  a n d  e q u ip m e n t  b y  t e s t in g  z e r o  s td  m ilk .  C o m p a r e  
w i th  p r e v io u s  z e r o  m ilk  r e s u l t s  o r  w i th  m a n u f a c t u r e r 's  ty p ic a l  c o u n t  
s h e e t  t h a t  a c c o m p a n ie s  r e a g e n t s .  I f  c o m p a r a b le  r e s u l t s  a r e  o b t a in e d ,  
p r o c e e d .

C o m b in e  t r a c e r s  a s  f o l l o w s :  p e n ic i l l in  a n d  t e t r a c y c l i n e  (P & T ) ,  
e r y th r o m y c in  a n d  s t r e p to m y c in  ( E & S t) ,  n o v o b io c in  ( N ) ,  s u l f o n 
a m id e s  a n d  o t h e r  P A B A  a n a lo g s  (S m ) ,  c h lo r a m p h e n ic o l  (C ) .

(1) M a r k  5 tu b e s :  (P & T ) ,  ( E & S t) ,  ( N ) ,  ( S m ) .  (C ) .
(2 ) A d d  2 0 0  p L  t r a c e r  r e a g e n t  to  c o r r e s p o n d i n g  tu b e ;  w ip e  p ip e t  

b e f o r e  e a c h  a d d n .  P ip e t  r e a g e n t  d i r e c t l y  to  b o t to m  o f  tu b e .

( J )  For chloramphenicol only, a d d  3 0 0  p L  R e a g e n t  N H .
(4) A d d  5 m L  m ilk  s a m p le  t o  e a c h  t e s t  tu b e .
(5 ) G e n t ly  a d d  2 0 0  p L  Reagent D to  ( P & T ) ,  ( E & S t) ,  a n d  (N )  

t u b e s .  A d d  Reagent R to  (S m )  a n d  (C ) t u b e s .
(6 ) M ix  b y  le t t in g  m ilk  s w ir l  a n d  s e t t l e  c a  10 t im e s  t o  e n s u r e  t h o r o  

d i s t r i b u t io n  o f  a d d e d  r e a g e n t s .  T h i s  s h o u ld  t a k e  c a  10 s .
(7 ) I n c u b a t e  (P & T )  a n d  ( E & S t)  3 m in  a t  8 5 ° ; in c u b a te  ( N ) ,  (S m ) ,  

a n d  (C ) 3 m in  a t  45°.
(8) C e n t r f .  t u b e s  3 m in  a n d  t h e n  d e c a n t  m ilk  c o m p le t e l y .
(9) H o ld  t u b e s  a t  4 5 ° t i l t  a n d  r in s e  b y  f il lin g  t u b e  o n c e  w i th  H .O  

f r o m  w a s h  b o t t l e ;  d o  n o t  d i s t u r b  p p t  a t  b o t to m  o f  t u b e .  T i l t  t u b e s  
d o w n  to  d r a in .  W ip e  d r y  w i th  2 o r  m o r e  s w a b s  w h i le  w ip in g  o u t  f a t  
r in g .

Table 3. Six zero determinations (cpm) for fixing control point 
(example from Lab. 5)

Sample No. P & T E & St C Sm N

1 1688 4334 2371 3754 2185 3427 3172
2 1696 4081 2527 3679 2129 3166 3254
3 1581 4201 2156 3550 1972 3208 2861
4 1649 4298 2039 3594 2158 3222 3518
5 1693 4062 1935 3462 2333 3371 2652
6 1642 4089 1855 3841 2210 3305 2771

Av. 1658 4178 2147 3730 2165 3283 2965

% subtracted
from av. 15 20 20 25 20 20 20

Control point* 1409 3342 1718 2797 1732 2626 2372

16.D07 Double Positive

T o  d e t .  w h e t h e r  d o u b le  p o s .  in  1 t u b e  is  t r u e  d o u b le  p o s .  o r  is  
r e s u l t  o f  s in g le  p o s .  a n d  " c r o s s  t a l k ”  b e tw e e n  l4C  a n d  3H  c h a n n e l s ,

Table 5A. Data (cpm) for positive controls for coded samples 
(results from Lab. 5)

,1 EC14 H3 1C14 1 S5T C14 1 H3 I C14 1 H3_ 1C14 1 H3 1
1 1363 4176 2138 1957 2080 (894) (214) 1015 (338) 3316
2 1260 3934 1011 3195 1890 (762) (159) 878 (244) 1350
3 1195 3641 2023 2039 2237 (836) (180) 814 (351) 2999
4 1330 2335 818 3003 1186 (560) (252) 3059 (332) 3091
*(u)1348 2167

1508 2253
* (z)1301 2833

1379 2970
5 1484 2722 1962 1934 1274 (631) (291) 2813 (237) 1555
6 1197 3706 971 3121 1884 (775) (195) 828 (229) 1268
7 1665 3993 2108 3352 2128 (883) (263) 2941 (332) 2929
8 1660 2610 2057 1928 1306 (567) (216) 2772 (261) 1517
9 1576 2912 907 2899 1266 (588) (222) 2629 (307) 2771

10 1464 2599 1900 1842 2021 (804) (164) 789 (234) 1117
11 1210 3770 1985 2032 2028 (806) (182) 757 (371) 3650
12 1573 3091 1921 1966 1366 (615) (252) 2834 (234) 1239
13 1627 3930 1980 3557 1911 (781) (260) 2948 (352) 2759
14 1152 3557 1633 1867 1305 (581) (270) 2943 (329) 3073

(U)1828 1507
1913 1403

(z)1972 2986
2001 2825 I

15 1190 3701 853 2744 1303 (600) (278) 2725 (220) 1298 1
(u) 811 3103

710 3093
(z)1851 3054

1942 2952
16 1128 3600 1000 3116 1315 (586) (271) 2716 (211) 1311 I
17 1679 2536 2175 1955 1893 (774) (190) 744 (231) 1155
18 1603 2719 842 2778 1743 (769) (179) 1020 (319) 2913 1

(U) 731 2733
638 2495

(z)1829 2734
1797 2737

19 1241 3651 846 3040 1816 (846) (162) 905 (241) 140420 1559 2885 905 3143 1806 (722) (185) 773 (360) 337621 1177 3543 1003 3033 1241 (582) (252) 2821 (217) 1316
22 1579 2918 866 3193 1764 (784) (203) 805 (326) 2949
23 1522 2719 864 3101 1259 (547) (257) 2755 (329) 3155
24 1243 3174 1734 1974 1478 (616) (240) 2702 (313) 2996

(U)1079 2526
967 2945

(z)1451 2790
1310 2673

25 1705 3024 2081 2032 2072 (870) (185) 904 (212) 1194
26 1727 3912 1706 3452 1964 (762) (266) 2831 (285) 3062
27 1244 3574 1832 1946 1401 (649) 1250) 2536 (345) 3489

Control points are about 3 standard deviations from average except P 
which is about 2.5. (u) = Unknown tested with single tracer, 

(z) = Zero tested with single tracer.



Table 5B. Summary of final results for each laboratory: N = negative, P = positive; * = false negative, X = false positive
Numerical readouts are com pared with control points and converted to positive (below control point) or negative (above control point).

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

C O D E

N O . P T E S t C S m N

1 P N N P N P N

2 P N P N N P P
3 P N N P N P N

4 N P P N P N N

5 N P N P P N P
6 P N P N N P P
7 N N N N N N N
8 N P N P P N P
9 N P P N P N N

1 0 N P N P N P P
1 1 P N N P N P N
1 2 N P N P P N P
1 3 N N N N N N N
1 4 P N N P P N N
1 5 P N P N P N P
1 6 P N P N P N P
1 7 N P N P N P P
1 8 N P P N N P N
1 9 P N P N N P P
2 0 N P P N N P N
2 1 P N P N P N P
2 2 N P P N N P N
2 3 N P P N P N N
2 4 P N N P P N N
2 5 N P N P N P P
2 6 N N N N N N N
2 7 P N N P P N N

L a b o r a t o r y  # 1

C O D E

N O . P 4 T E S t C S m N

1 P N N P N P N

2 P N P N N P P

3 P N N P N P N

4 N P P N P N N

5 N P N P P N P

6 P N P N N P P

7 N N N N N N N

8 N P N P P N P

9 N P P N P N N

1 0 N P N P N P P

1 1 P N N P N P N

1 2 N P N P P N P

1 3 N N N N N N N

1 4 P N N P P N P X

1 5 P N P N P N P

1 6 P N P N P N P

1 7 N P N P N P P

1 8 N P P N N P N

1 9 P N P N N P P

2 0 N P P N N P N

2 1 P N P N P N P

2 2 N P P N N P N

2 3 N P P N P N N

2 4 P N N P P N N

2 5 N P N P N P P

2 6 N N N N N N N

2 7 P N N P P N N

l a b o r a t o r y  # 2

C O D E

N O . P T E S t C S m N

1 P N N P N P N

2 P N P N N P P
3 P N N P N P N
4 N P P N P N N
5 N P N P P N P
6 P N P N N P P
7 N P X N N N N N
8 N P N P P N P
9 N P P N P N N
1 0 N P N P N P P
1 1 P N N P N P N
1 2 N P N P P N P
1 3 N P X N N N N N
1 4 P N N P P N N
1 5 P N P N P N P
1 6 P N P N P N P
1 7 N P N P N P P
1 8 N P P N N P N
1 9 P N P N N P P
2 0 N P P N N P N
2 1 P N P N P N P
2 2 N P P N N P N
2 3 N P P N P N N
2 4 N * N N P P N N
2 5 N N * N P N P P
2 6 N N N N N N N
2 7 P N N P P N N
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Table  5B (contd). Sum m ary o f fina l resu lts  fo r each labora to ry

uj
o
o o

laboratory #3 Laboratory #4

C O D E

N O . P  +  T E  +  S t C S in
C O D E

N  N O . P  +  T E  +  S t C S m N

1 P N N P N P N  1 P N N P N P N

2 P N P N N P P  2 P N P N N P P

3 P N N P N P N  3 P N N P N P N

4 N P P N P N N  4 N P P N P N N

5 N P N P P N P  5 N P N P P N P

6 P N P N N P P  6 P N P N N P P

7 N N N N N N N  7 N N N N N N N

8 N P N P P N P  8 N P N P P N P

9 N P P N P N N  9 N P P N P P X N

1 0 N P N P N P P  1 0 N P N P N N * P

1 1 P N N P N P N  , 1 1 P N N P N P N

1 2 N P N P P N P  1 2 N P N P P N P

1 3 N N N N N N N  1 3 N N N N N N N

1 4 P N N P P N N  1 4 P N N P P N N

1 5 P N P N P N P  1 5 P N P N P N P

1 6 P N P N P N P  1 6 P N P N P N P

1 7 N P N P N P P  1 7 N P N P N P P

1 8 N P P N N P N  1 8 N P P N N P N

1 9 P N P N N P P  1 9 P N P N N P P

2 0 N P P N N P N  2 0 N P P N N P N

2 1 P N P N P N P  2 1 P N P N P N P

2 2 N P P N N P N  2 2 N P P N N P N

2 3 N P P N P N N  2 3 N P P N P N N

2 4 P N N P P N N  2 4 P N N P P N N
2 5 N P N P N P P  2 5 N P N P N P P
2 6 N N N N N N N  2 6 N N N N N N N

2 7 P N N P P N N  2 7 P N N P P N N

C O D E

N O . P  +  T

l a b o r a t o r y  # 5  

E  +  S t C S m

C O D E

N  N O . P T

L a b o r a t o r y  # 6  

E  +  S t C S m N

1 P N N P N P N  1 P N N P N P N

2 P N P N N P P  2 P N P N N P P

3 P N N P N P N  3 P N N P N P N

4 N P P N P N N  4 N P P N P P X N

5 N P N P P N P  5 N P N P P N P

6 P N P N N P P  6 P N P N N P P

7 N N N N N N N  7 N N N N N N N

8 N P N P P N P  8 N P N P P N P

9 N P P N P N N  9 N P P N P N N

1 0 N P N P N P P  1 0 N P N P N P P

1 1 P N N P N P N  1 1 P N N P N P N

1 2 N P N P P N P  1 2 N P N P P N P

1 3 N N N N N N N  1 3 N N N N N N N

1 4 P N N P P N N  1 4 P N N P P N N

1 5 P N P N P N P  1 5 P N P N P N P

1 6 P N P N P N P  1 6 P N P N P N P

1 7 N P N P N P P  1 7 N P N P N P P

1 8 N P P N N P N  1 8 N P P N P X P N

1 9 P N P N N P P  1 9 P N P N N P P

2 0 N P P N N P N  2 0 N P P N P X P N

2 1 P N P N P N P  2 1 P N P N P N P

2 2 N P P N N P N  2 2 N P P N P X P N

2 3 N P P N P N N  2 3 N P P N p N N

2 4 P N N P P N N  2 4 P N N P p N N

2 5 N P N P N P P  2 5 N P N P N P P

2 6 N N P X N N N N  2 6 N N N N N N N

2 7 P N N P P P X N  2 7 P N N P P N N
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Tab le  5B (con td ). Sum m ary o f fin a l resu lts  fo r each labora to ry

L a b o r a t o r y  # 7

C O D E

N O . P T E S t C S m N

1 P P X N P N P N
2 P N P N N P P
3 P N P X P N P N
4 N P P N P N N

5 N P N P P N P

6 P N P N N P P

7 N N P X N N N N

8 P X P N P P N P

9 N P P N P N N

1 0 N P N P N P P

1 1 P N P X P N P N

1 2 N P N P P N P
1 3 N N P X N N N N

1 4 P N N P P N N

1 5 P N P N P N P

1 6 P N P N P N P

1 7 N P N P N P P

1 8 N P P N N P N

1 9 P N P N P X P P
2 0 N P P N N P N

2 1 P N P N P N P
2 2 N P P N N P N
2 3 N P P N P N N
2 4 P N N P P N N
2 5 P X P N P P X P P
2 6 N N N N N N N
2 7 P N N P P N N

L a b o r a t o r y  # 9

C O D E

N O . P T E S t C S m N
1 P N N P N P N
2 P N P N N P P
3 P N N P N P N
4 N P P N P N N
5 N P N P P P X P
6 P N P N N P P
7 N N N N N P X N
8 N P N P P P X P
9 N P P N P P X N
1 0 N P N P N p P
1 1 P N N P N p N
1 2 N P N P P P X P
1 3 N N P X N N P X N
1 4 P N N P P P X N
1 5 P N P N P P X P
1 6 P N P N P P X P
1 7 N P N P N p P
1 8 N P P N N p N
1 9 P N P N N p P
2 0 N P P N N p N
2 1 P N P N P P X P
2 2 N P P N N p N
2 3 N P P N P P X N
2 4 P N N P P P X N
2 5 N P N P N p P
2 6 P X N N N N N N
2 7 P N N P P P X N

L a b o r a t o r y  # 8

C O D E

N O . P T E  +  S t C S m N

1 P P X N P N P N

2 P P X P N N P P

3 P P X N P N P N

4 N P P P X P N N

5 N p N P P N P
6 P P X P P X N P P

7 N N P X N N N N

8 N P N P P N P
9 N P P P X P N N

1 0 N P N P N P P
1 1 P N N P N P N

1 2 N P N P P N P
1 3 N P X N N N N N
1 4 P N N P P N N

1 5 P P X P N P N P
1 6 P N P N P N P
1 7 N P P X N * N P P
1 8 N P P N N P N
1 9 P N P N N P P
2 0 N P N * P X N P P X
2 1 P N P N P N P
2 2 P X P P N P X P P X
2 3 P X P P N P P X P X
2 4 p N N N * P N P X
2 5 N P N P N P p
2 6 N N N N N N N
2 7 P P X N P P N N

l a b o r a t o r y  #10

C O D E

N O . P T E S t C S m N
1 P N N P N P N
2 P N P N N P P
3 P N N P N P N
4 N P P N P N N
5 N P N P P N P
6 P N P N N P P
7 N N N N N N N
8 N P N P P N P
9 N P P N P N N
1 0 N P N P N P P
1 1 P N N P N P N
1 2 N P N P P N P
1 3 N N N N N N N
1 4 P N N P P N N
1 5 P N P N P N N *
1 6 P N P N P N P
1 7 N P N P N P P
1 8 N P P N N P N
1 9 P N P N N P P
2 0 N P P N N P N
2 1 P N P N P N P
2 2 N P P N N P N
2 3 N P P N P N N
2 4 P N N P P N N
2 5 N P N P N P P
2 6 N N N N N N N
2 7 P N N P P N N
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Table 5B (contd). Sum m ary o f fina l resu lts  fo r each labo ra to ry

L a b o r a t o r y  # 1 1

C O D E
N O . P T E  +  S t C S m N

1 P N N P N P N

2 P N P N N P P

3 P N N P N P N

4 N P P N P N N

5 N P N P P N P

6 P N P N N P P

7 N N N N N N N

8 N P N P P N P

9 N P P N P N N

10 N P N P N P P

11 P N N P N P N

12 N P N P P N P

1 3 N N N N N N N

1 4 P N N P P N N

1 5 P N P N P N P

1 6 P N P N P N P

1 7 N P N P N P P

1 8 N P P N P X P N

1 9 P N P N P X P P

20 N P P N P X P N

21 P N P N P N P

22 N P P N N P N

2 3 N N * P N P N N

2 4 N * N N P N * N N

2 5 N P N P N P P

2 6 N P * N N N N N

2 7 P N N P P N N

L a b o r a t o r y  # 1 2

C O D E

N O . P T E S t C S m N

1 N * P X N P N P N

2 P N P N N P P

3 P N N P N P N

4 N P P N N * N N

5 N P N P P N P

6 P N P N N P P

7 N N N N N N N

8 N P N P P N P

9 N P P N P N N

10 N P N P N P P

11 P N N P N P N

12 N P N P P N P

1 3 N N N N N N N

1 4 P N N P P N N

1 5 P N P N P N P

1 6 P N P N P N P

1 7 N P N P N P P

1 8 N P P N N P N

1 9 P N P N N P P

20 N P P N N P N

21 P N P N P N P

22 N P P N N P N

2 3 N P P N P N N

2 4 P N N P P N N

2 5 N P N P N P P

2 6 N N N N N N N

2 7 P N N P P N N

L a b o r a t o r y  # 1 3

C O D E
N O . P T E S t C S m N

1 P N N P N P N

2 P N P N N P P

3 P N N P N P N

4 N N * P N P N N

5 N P N P P N P

6 P N P N N P P

7 N N N N N N N

8 N P N P P N P

9 N P P N P N N

10 N P N P N P P

11 P N N P N P N

12 N P N P P N P

1 3 N N N N N P X N

1 4 P N N P P P X N

1 5 P N P N P P X P

1 6 P N P N P N P
1 7 N P N P N P P

1 8 N P P N N P N

1 9 P N P N P X P P

20 N P P N N P P X

21 P N P N P N P

22 N P P N N P N

2 3 N P P N P N N

2 4 P N N P P N N

2 5 N P N P N P P
2 6 N N N N N N N

2 7 P N N P P N N

3
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Table 6. Results (cpm) for comparison of penicillin and tetra
cycline determined together and separately, demonstrating ef

fect of “cross talk” between 3H and '"C channels

Sample ,4C

%
Drop
from
zero 3H

%
Drop
from
zero

Zero milk 1170 5070
1077 4945
1064 4361

X = 1104 X = 4792

0.008 IU P/mL 778 3413
716 3358
767 3548

X= 754 32 X = 3440 28

2000 ppb T 918 2036
968 2194
918 2013

X = 935 15 X = 2081 57

0.008 IU P/mL 635 1758
and 2000 ppb T 726 1842

661 1848
X =  674 39 X = 1816 62

r e t e s t  s a m p le  w i th  s in g le  t r a c e r s  in  d u p l i c a t e  a n d  c o m p a r e  w i th  2 
z e r o  d e tn s  c a r r i e d  o u t  w i th  s in g le  t r a c e r s .  I f  s in g le  t r a c e r  r e s u l t  

c o m p a r e s  w i th  z e r o  s in g le  t r a c e r ,  t h e n  th a t  ' ' p o s . ' '  is  d u e  t o  c r o s s  
ta lk .

16.D08 Control Point Determination

S e t  c o n t r o l  p o in t  a 3  s td  d e v s  f r o m  a v .  z e r o .  F o r  c o n v e n i e n c e ,  
u s e  p e r c e n t a g e  to  e s t .  3 s td  d e v s .

F o r  p e n ic i l l in ,  u s e  c a  2 .5  s td  d e v s  b e c a u s e  < 0 .0 0 8  I U / m L  m u s t  
b e  d e t e c t e d  to  a c c o m m o d a t e  B. stearothermophilus d i s c  a s s a y  s td  
w h e r e  r e q u i r e d  b y  U .S .  F o o d  a n d  D r u g  A d m in i s t r a t i o n  P a s t e u r i z e d  
M ilk  O r d in a n c e  (1 9 8 3 ; r e v i s io n ) .

T o  d e t .  c o n t r o l  p o in t s ,  s u b t r a c t  f o l lo w in g  p e r c e n t a g e s  f r o m  a v .  

o f  6  z e r o  d e tn s .

Antibiotic % subtracted from average zero
B e t a - la c ta m 15

T e t r a c y c l i n e s 20

M a c r o l i d e s 20

S t r e p t o m y c in 25

N o v o b io c in 20

S u l f o n a m id e s 20

C h lo r a m p h e n ic o l 20

Results and Discussion 
S ta t is t ic a l  E va lu a tion

T h ir te e n  c o lla b o ra tin g  la b o ra to r ie s  re tu rn e d  resu lts . C o n 
t r o l p o in ts  fo r  each d ru g  fa m ily  w ere d e te rm in e d  f ro m  the  
average o f  6 ze ro  m i lk  d e te rm in a tio n s  (T a b le  3). A n  exam p le  
o f  the  va lues o b ta in e d  fo r  p o s it iv e  c o n tro ls  is show n  in  T a b le
4. C o d e d  sam ples are ta b u la te d  s im ila r  to  the  zero  co n tro ls , 
and  are co m p a re d  w ith  the  c o n tro l p o in t  (T a b le  5 A ). R esu lts  
above  the  c o n tro l p o in t  are neg a tive  an d  those b e lo w  are 
p o s it iv e , T a b le  5B , L a b o ra to ry  5. T a b le  5B  co n ta in s  fin a l 
resu lts  fo r  each la b o ra to ry . N u m e r ic a l va lues are c o n ve rte d  
to  p o s it iv e  (b e lo w  c o n tro l p o in t)  o r  nega tive  (above  c o n tro l 
p o in t) .

In  T a b le  5A , n o te  th e  d o u b le  p o s it iv e  in  coded sam ple  4. 
D o u b le  p o s itiv e s  are rechecked us ing  s ing le  tra ce r and  c o m 
pared  w ith  a ze ro  c o n tro l. T h e  “ cross ta lk ”  betw een th e  l4C  
an d  ’ H  channe ls  can cause a p o s it iv e  in  one ch a n ne l to  d ra w

Table 7. False positive and false negative results for each 
laboratory

Lab.

Number of 
false pos. 
per 104 

neg. samples

Number of 
false neg. 

per 85
pos. samples

Total false 
incorrect 

out of 189 
samples

% Incorrect 
detns

1 1 0 1 0.53
2 2 2 4 2.12
3 0 0 0 0.00
4 1 1 2 1.06
5 2 0 2 1.06
6 4 0 4 2.12
7* 9 0 9 4.76
8* 21 3 24 12.70
9“ 15 0 15 7.94

10 1 1 2 1.06
11 4 1 5 2.65
12 2 1 3 1.59
13 5 1 6 3.17

* Labs 7 and 8 excluded as procedural deviates. See text.
"Thirteen of 15 false positives due to Sm. Sm results excluded from study. 

See text.

d o w n  the  re su lt fo r  th e  o th e r  ch a n ne l b e lo w  th e  c o n tro l p o in t,  
causing  a false p o s it iv e . C h e ck in g  w ith  s ing le  tra ce r a vo id s  
the  c ross -ta lk  e ffect and  p e rm its  d e te rm in in g  w h ic h  sam ples 
are t r u ly  p o s it iv e  o r  negative .

F o r  exam p le , in  a m ix tu re  o f  0 .0 08  I U  p e n ic il l in  G /m L  
an d  20 0 0  p p b  te tra cyc lin e , th e  p e n ic i l l in  c o u n t is d ro p p e d  
39%  fro m  zero  an d  te tra c y c lin e  is  d ro p p e d  62% . W h e n  these 
a n t ib io tic s  are separated, th e  presence o f  20 0 0  p p b  te tra c y 
c lin e  d ro p s  the  zero  p e n ic i l l in  c o u n t 15% due to  cross ta lk  
and  0 .008  I U  p e n ic i l l in /m L  reduces the  ze ro  te tra c y c lin e  
co u n t b y  28%  (T a b le  6).

A  s u m m a ry  o f  a ll in c o rre c t d e te rm in a tio n s  fo r  each la b 
o ra to ry  is show n in  T a b le  7. L a b o ra to rie s  7 an d  8 re p o rte d  
a n u m b e r o f  d o u b le  p o s it iv e s  th a t  w ere n o t checked w ith  
s ing le  tracers a cco rd in g  to  p rocedu re . T h is  sh o u ld  n o t be 
con fused  w ith  s im p ly  re ru n n in g  d u p lic a te  sam ples, w h ic h  
was done  b y  these la b o ra to r ie s . L a b o ra to ry  7 ha d  4 .76%  
in c o rre c t d e te rm in a tio n s , a nd  la b o ra to ry  8 had  12.7% . These 
la b o ra to r ie s  w ere o m itte d  f ro m  c o m p u ta tio n s  as p ro ce d u ra l 
dev ia tes , i.e ., th e y  d id  n o t fo llo w  th e  p re sc rib e d  p rocedu re , 
and  th e ir  resu lts  w o u ld  n o t be re p re se n ta tive  o f  th e  m e th o d ’s 
tru e  c a p a b ility .

L a b o ra to ry  9 had  7 .94%  in c o rre c t d e te rm in a tio n s . T h i r 
teen o f  15 false p o s itive s  are due  to  s u lfo n a m id e  d e te rm i
n a tio ns . T he  resu lts  fo r  s u lfo n a m id e s  (S m ) f ro m  th is  la b o 
ra to ry  were o m itte d  as ou tlie rs . F a u lty  reagent is the  suspected 
cause o f  the  Sm  false p o s itive s .

T he re  is s ta tis tic a l v a l id i ty  fo r  o m it t in g  d a ta  f ro m  la b o 
ra to ry  9 fro m  the  Sm  resu lts : th is  la b o ra to ry ’s success fra c tio n  
fo r  p o s itive s  (8 .50% ) lies w e ll o u ts id e  th e  95%  con fidence  
in te rv a l (89 .4% , 98 .1% ) fo r  th e  o v e ra ll success f ra c t io n  fo r  
p o s itiv e s  fo r  the  re m a in in g  10 la b o ra to r ie s . T h e  G ru b b s  o r  
D ix o n  o u t lie r  tests w o u ld  n o t  be a p p ro p r ia te  because th e y  
assume n o rm a l d is tr ib u t io n s  and , w ith  so m a n y  id e n tic a l 
va lues, the  resu lts  are n o t n o rm a lly  d is tr ib u te d . T hu s , 16% 
o f  th e  s tu d y  d a ta  was e xc lu d e d  f ro m  ana lys is .

A  s u m m a ry  o f  in c o rre c t d e te rm in a tio n s  fo r  each la b o ra to ry  
an d  each d ru g  c o m b in a tio n  is show n  in  T a b le  8 . In  a ll cases, 
the re  w ere no  m o re  th a n  3 in c o rre c t d e te rm in a tio n s  fo r  any 
c o m b in a tio n  b y  any la b o ra to ry  a nd  n o t m o re  th a n  6 to ta l 
in c o rre c t d e te rm in a tio n s  fo r  an y  la b o ra to ry .

F o r  each o f  th e  7 d ru g  fa m ilie s , each la b o ra to ry  ana lyzed  
3 sets o f  4 sam ples w ith  th e  d ru g  (po s itiv e s ) an d  3 sets o f  5 
sam ples w ith o u t  th e  d rugs (T a b le  2). M easures o f  p re c is io n
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Table 8. Summary of incorrect determinations for each labo
ratory and each combination (see Table 2)

Lab.

Combination

A B C D E F G H I Total

1 1 1
2 2 1 1 4
3 0
4 1 1 2
5 1 1 2
6 1 3 4
9* 2 2

10 2 2
11 1 1 1 2 5
12 2 1 3
13 1 1 1 1 1 1 6

* Sm determinations excluded from analysis.

Table 10. M easures o f p rec is ion  fo r positive  cases8

Antibiotic S, RSDr, % s R RSD„, % Success, %

P 0.075 7.7 0.075 7.7 97.7
T 0.097 10.0 0.097 10.0 97.7
E 0.044 4.4 0.044 4.4 99.2
Sm" 0.079 8.3 0.103 10.9 95.0
St 0.044 4.4 0.044 4.4 99.2
N 0.000 0.0 0.000 0.0 100.0
C 0.123 12.9 0.132 13.9 95.5

* A positive case corresponds to the situation where a member of the indi
cated antibiotic family is actually present. S, and Sn are standard devia
tions for repeatability and reproducibility, respectively; RSDr and RSD„ are 
relative standard deviations for repeatability and reproducibility, respective
ly-

8 Laboratory 9 omitted as a statistical outlier (a  = 0.05).

w ere  ca lcu la te d  us ing  c o n v e n tio n a l A O A C  fo rm u la s  (3). T a 
b le  9 su m m a rize s  resu lts  fo r  nega tive  cases an d  T a b le  10 fo r  
th e  p o s it iv e  cases. N o te  in  T a b le  9 th a t the re  is l i t t le  d iffe rence  
w h e th e r la b o ra to ry  9 is o m itte d  o r  in c lu d e d  in  th e  ana lys is  
o f  Sm  data.

T h e  t r ip l ic a te  va lues used fo r  each la b o ra to ry  are d e c im a l 
fra c tio n s  c o rre sp o n d in g  to  th e  3 in c id e n ce  o r  success scores 
o f  the  n u m b e r co rre c t d iv id e d  b y  the  n u m b e r tested. F o r 
e x p lo ra to ry  purposes and ease o f  e x p o s itio n , n o  tra n s fo r
m a tio n s  (such as T u k e y  arcs ine  t ra n s fo rm a tio n )  w ere  pe r
fo rm e d . C o m p u ta tio n s  w ere d one  separa te ly  fo r  th e  p o s it iv e  
an d  nega tive  since no  a p r io r i  reasons e x is t fo r  th e  false 
p o s it iv e  ra te  to  equa l the  fa lse negative  ra te . T h e  con fidence  
in te rv a ls  fo r  th e  o v e ra ll success ra te  (p o s itiv e s  an d  negatives 
co m b in e d ) an d  fo r  p o s itive s  an d  negatives trea ted  separate ly  
are p resented in  T a b le  11.

C o n c lu s io n s  o f  the  s tudy  are: (7 ) T h e  m e th o d  is  n o t p rone  
to  fa lse p o s itive s . E ven  in  th e  w o rs t case (T ), b la n k  sam ples 
are id e n tif ie d  c o rre c tly  98 .2%  o f  the  tim e .

(2 ) A t  th e  c o n ce n tra tio n s  used, the  m e th o d  s a tis fa c to r ily  
de tects the  presence o f  d ru g  residues. E ven in  th e  w o rs t case 
(S m ), 95%  o f  the  t im e  the  d ru g  res idue  is c o rre c tly  id e n tif ie d .

( 3 )  T h e  e ffic ie n cy  o f  th is  ra p id  screen ing m e th o d  is c o n 
s is ten t am o n g  th e  la b o ra to r ie s  and  am o n g  th e  a n t ib io t ic  fa m 
ilie s  and  m em bers  w ith in  each fa m ily .

( 4 )  These co n c lu s io n s  are n o t se n s itive  to  v a ry in g  as
s u m p tio n s  and  v a ry in g  s ta tis tic a l approaches.

D etec ta b le  C on cen tra tion s

F o r th e  co n c e n tra tio n s  used in  the  c o lla b o ra tiv e  s tu d y  (T a 
b le  1 ), th e  m e th o d  p rec ise ly  an d  a ccu ra te ly  no tes th e  presence

Table 9. Measures of precision for negative cases8

Antibiotic S, RSD„ % sR RSDr, % Success, %

P 0.000 0.0 0.000 0.0 100.0
T 0.049 5.0 0.059 6.0 98.2
E 0.000 0.0 0.000 0.0 100.0
Sm6 0.037 3.7 0.037 3.7 99.3
Snrr 0.035 3.5 0.035 3.5 99.4
St 0.000 0.0 0.000 0.0 100.0
N 0.035 3.5 0.035 3.5 99.4
C 0.035 3.5 0.035 3.5 99.4

8 A negative case corresponds to the situation where a member of the indi
cated antibiotic family is absent. Sr and S„ are standard deviations for re
peatability and reproducibility, respectively; RSD, and RSD„ are relative 
standard deviations for repeatability and reproducibility, respectively.

0 Results for laboratory 9 omitted because erratic behavior for positive 
cases indicates reagent problem.

'  Results retained for all 11 laboratories (results for labs 7 and 8 excluded 
as procedural outliers).

an d  absence o f  m em b e rs  o f  th e  7 d ru g  fa m ilie s  s tu d ie d . R e 
p e a ta b ility  a nd  re p ro d u c ib i l i ty  fo u n d  a t th e  le ve l s tu d ie d  
ca n n o t be e x tra p o la te d  to  lo w e r co n ce n tra tio n s . These c o n 
ce n tra tio n s  w ere selected in  m o s t cases because th e y  g ive  
b a re ly  no tice ab le  p o s itiv e s  o n  th e  B a c i l lu s  s te a r o th e r m o p h i-  

lu s  d is k  assay m e th o d  used b y  state re g u la to ry  agencies.

R ed u cin g  False P o sitiv e  R a te  b y  R e te s tin g  P o sitives

In  th e  c o lla b o ra tiv e  s tu d y  i t  was n o t poss ib le  to  re test 
p o s itiv e s  because o f  th e  large n u m b e r o f  sam ples; h o w e ve r, 
in  p rac tice , p o s it iv e  sam ples are reassayed. In  so d o in g , the 
false p o s it iv e  ra te  is decreased. A  false p o s it iv e  re s u lt due to  
in c o rre c t p ro ce d u re  is n o t  l ik e ly  to  be repeated  in  th e  retest. 
A  nega tive  c o n tro l is a lso assayed w ith  the  p o s it iv e  sam ple  
in  the  retest, so a p o s it iv e  resu lt due to  fa u lty  reagents is 
re a d ily  id e n tif ie d .

A ssa y  o f  M ix tu re  o f  A n tib io tic s  vs A n tib io tic s  In d iv id u a lly

T a b le  12 com pares resu lts  fo r  a n tib io tic s  assayed in  a m ix 
tu re  vs  a n t ib io tic s  tested in d iv id u a lly .  T h e  tracers  are n o t 
m ix e d  to g e th e r so as to  a v o id  cross ta lk . T he re  is n o  s ig n if
ic a n t in te ra c t io n  be tw een the  a n t ib io tic s  in  the  co n c e n tra tio n  
range used in  the  s tudy . H o w e v e r, i t  is p o in te d  o u t th a t 
lin c o m y c in  b in d s  to  the  same r ib o s o m a l s u b u n it as does 
e ry th ro m y c in , and  c ross -re ac tio n  betw een these 2  d rugs is 
s tron g  in  th is  assay even  th o u g h  th e y  are n o t in  th e  same 
fa m ily .  L in c o m y c in s  resem ble  m a c ro lid e s  in  a n tib a c te r ia l ac
t iv i t y  an d  m od e  o f  a c tio n  (4).

A ssa y  f o r  P A B A  A n alogs a n d  P A B A

T h e  assay fo r  s u lfo n a m id e s  a lso detects o th e r P A B A  a n 
alogs such as be n zo ic  a c id  as w e ll as P A B A  its e lf. N o n e  o f  
these are a llo w e d  a d d it iv e s  to  m i lk  in  th e  U n ite d  States. O n ly  
su lfo n a m id e s  are c o m m o n ly  used w ith  cow s an d  are th e  o n ly  
l ik e ly  P A B A  ana log  causing  c o n ta m in a tio n . C lo rs u lo n , a d i 
s u lfo n a m id e , is n o t de tected  as su lfo n a m id e , n o r  is ana lin e , 
w h ic h  has a re la te d  s tru c tu re  to  P A B A .

A m in o g lyco sid es—S trep to m yc in  vs G en tam ycin

A lth o u g h  th e  ch a ra c te r is tic  m is re a d in g  a c tio n  o f  v a r io u s  
a m in o g lyco s id e s  suggests th a t th e y  b in d  to  c lose ly  re la te d  
m ic ro b ia l sites, these ca n n o t be id e n tic a l. S tre p to m y c in  3H  
cross-reacts w ith  g e n ta m yc in  a t h ig h  c o n ce n tra tio n s  in  the  
re ce p to r assay. U s in g  g e n ta m yc in  3H , s e n s it iv ity  is  im p ro v e d  
a b o u t 30 fo ld . G e n ta m y c in  b in d s  to  m u lt ip le  sites (5). B e fo re  
g e n ta m y c in  cross-reacts w ith  s tre p to m y c in  ’ H  i t  m a y  have  
to  be in  su ffic ie n t co n c e n tra tio n  to  f i l l  secondary  sites. T h e n  
i t  m a y  com pe te  w ith  s tre p to m y c in  3H  fo r  p r im a ry  sites.
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Table 11. Summary of success rates9

Antibiotic

Positives Negatives Combined

Incidence Interval Incidence Interval Incidence Interval

P 129/132 (93.5, 99.5) 165/165 (98.2,100.0) 294/297 (97.9,100.0)
T 129/132 (93.5, 99.5) 162/165 (94.8, 99.6) 291/297 (96.4, 99.6)
E 131/132 (95.9, 100.0) 165/165 (98.2,100.0) 296/297 (99.0, 100.0)
Sm" 114/120 (89.4, 98.1) 149/150 (96.3,100.0) 263/270 (95.5, 99.3)
E 131/132 (95.9,100.0) 165/165 (98.2,100.0) 296/297 (99.99, 100.0)
N 132/132 (97.8,100.0) 164/165 (96.7,100.0) 296/297 (99.0, 100.0)
C 126/132 (90.4, 98.3) 164/165 (96.7,100.0) 290/297 (95.9, 99.4)

* With total number of determinations used as denominator, data are observed rates and lower and upper values for corresponding 95% confidence intervals. 
6 Results from laboratory 9 omitted throughout.

Reagent Stability
The reagent R lot used in the collaborative study was ir

radiated non-uniformly. This resulted in degradation of cer
tain vials, which were associated with low counts. A perfor
mance test was suggested to collaborators to avoid the 
over-irradiated R vials. This problem was an aberration and 
has been accommodated. The sulfonamide outliers associ
ated with laboratory 9 are thought to be the result of using 
a degraded reagent R.

All freeze-dried reagents are given expiration dates of 1 
year at — 20°C. Reagent stability actually exceeds this time.

Reconstituted receptor reagents (D and R) are quality con
trolled for stability at — 20°C. In the collaborative study these 
reagents were used the same day as reconstituted and were 
not frozen for future use. Reconstituted reagent D may be

stored at — 20°C for 1 week or once thawed at 0°C for 8 h. 
Reagent R may experience a 10% drop in binding on freezing. 
Tracer reagents may be stored at -20°C for 2 weeks after 
reconstitution.

Other factors that can appear to be reagent problems but 
are not include unstable electric power and light-activating 
fluorescence in high-potassium test tubes. A power regulator 
or dedicated, shielded line accommodates the former; a per
formance test on empty test tubes exposed to sunlight points 
out the latter.

Assay Conditions
The test method is designed for rapid detection of a broad 

spectrum of contaminating antibiotic residues in milk. Each 
drug has its own optimum temperature-time relationship and 
its own optimum concentration of receptor cells, so only one

Table 12. Comparison of results (cpm) for mixtures of antibiotics with individual antibiotics9
Antibiotic P T  E St G N Sm

Mixture:
P = 0.008 lU/mL 

T = 2 ¿ig/mL 

E = 250 ng/mL 

St = 1 /¿g/mL 

G = 100 ng/mL 

N = 1 jig/mL 

Sm = 50 ng/mL 

C = 800 ng/mL

926
980

2804
2471

719
729

1826
1512

2543
2509

773
738

1153
1127

Individual:
P = 0.008 lU/mL

T = 2 jig/mL

E = 250 ng/mL 

St = 1 ng/mL 

G = 100 ng/mL

N = 1 ng/mL 

Sm = 50 ng/mL 

C = 800 ng/mL

1018
955

2730
2646

663
721

1574
1388

2705
2690

794
751

975
1132

C

1769
1621

1684
1691

Zero milk
1339 4110 2212 3603 4799 3407 6976 2273

* P = penicillin; T = tetracycline; E = erythromycin; St = streptomycin; G = gentamycin; N = novobiocin; Sm = sulfamethazine; C -  chloramphenicol.
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Table 13. Results (cpm) for receptor assay on individual milk samples from healthy cows

Sample R + T E + St N Sm C G*

VHT zero std
Analyst 1 1439 4363 2405 2963 2716 6876 2373 5287
Analyst 2 1470 4040 2590 3228 — 6543 2432 4846

Individual:
MH1 1512 4204 2420 2736 3831 4675 2414 5223
MH2 1452 4228 2641 3193 3373 5623 2582 5349
J3 1337 3907 2236 2741 2889 5302 2423 5401
J4 1507 4261 2286 2748 3339 5048 2400 4800
JS1 1391 4562 1836+° 2279 2977 5835 2699 6079
JS2 1388 4769 1904+ 2495 3366 5053 2555 5332
173LW 1276 1706+ 2843 2655 3298 3115 2033 3196
HH4 1033 3079 1804+ 2363 2971 5811 2595 5576
LS2 1173 3353 2298 2468 3009 6093 2459 3899
LS3 1392 1767 + 2808 2494 2675 4635 2559 5159
LS4e 1362 1970+ 2609 2495 2173 5884 1641 + 2928+
LS4 — — — — — — 1652 2458
LS4 — — — — — — 1975 2920
LS4 — — — — — — 1666 2858
KM1 1262 3052 1795 + 2408 2667 4522 2396 4313
KM3 1344 3150 2247 2699 3436 4914 2446 4214
109LW 1441 3324 1811 2415 3178 3655 2454 4182
KM4 1403 4318 2019 2643 3741 2419 2565 4711

Zero standard 1416 4263 2722 3252 3712 5548 2601 5341

LS4*
single tracers — — — — — — 1295 1860

Zero
single tracers — — — — — —

2071
1966

3513
3394

*G = gentamycin type, e.g., neomycin, kanamycin.
0 + = positive.
c LS4 is a positive for gentamycin and chloramphenicol. Each is tested with single tracers and compared with a zero control determined with single tracers. 

This sample contains about 1000 ppb chloramphenicol and the equivalent of 100 ppb gentamycin.

condition can be optimized. In this study, the beta-lactam 
assay was optimized for time-temperature and reagent D 
concentration. The sulfonamide assay was also optimized 
with respect to temperature and reagent R concentration. 
Cross talk between the l4C and 3H channels associated with 
mixing l4C and 3H tracers also detracts from assay sensitivity.

A quantitative assay where each drug is treated individ
ually with optimized conditions and longer counting times 
could achieve higher sensitivity. For example, testing peni
cillin alone, i.e., not mixing tracers, it is possible to distin
guish as little as 0.00065 IU penicillin/mL from zero (6).

Individual Milk Samples
The receptor assay was used to test individual milk samples 

from apparently healthy cows; the results of testing individ
ual cows are shown in Table 13. Several positives were iden
tified. Although several Sm results appear positive, they are 
at about the 5 ppb level of sulfamethazine. A 70% reduction 
from zero is about 25 ppb sulfamethazine in this case.

Table 14. Minimum detectable concentrations (MDC) using 
competitive receptor assay*

Antibiotic family

Expressed 
in terms of 

family member
MDC,
ng/mL

Std 
dev. 

of test 
value, 
cpm

Test value, cpm 

Zero MDC

Beta-lactams penicillin G 3 69 1109 902
Tetracyclines tetracycline 600 317 3907 2956
Macrolides erythromycin 20 148 1974 1530
Streptomycin streptomycin 10 131 2274 1881
Novobiocin novobiocin 10 91 2560 2287
Sulfonamides sulfamethazine 5 271 5470 4657
Chloramphenicol chloramphenicol 80 65 1975 1780

* Concentrations at 3 standard deviations from average zero—using single 
tracer.

Zero Standard Milk
Zero standard milk is prepared by passing pasteurized milk 

through a charcoal column. Antibiotic contaminants are re
moved along with certain water-soluble vitamins, e.g., B,, 
B2, B6, C. Thus, it is conceivable that milk detected as zero 
by the receptor assay could have minimal detectable con
centrations (MDC) (Table 14). Processing through the char
coal column can reduce the initial concentration by 99%, 
which results in the maximum antibiotic concentration that 
can be in zero milk.

In the collaborative study, a milk powder lot was obtained 
that closely compared with charcoal-processed zero milk. 
Sulfonamide was the most common contaminant in the var
ious lots checked.

Charcoal-processed zero milk is commercially available 
now and is preserved by ultra high-temperature short-time 
sterilization (Penicillin Assays, Inc.). Zero milk may also be 
obtained from cows not treated with antibiotics. However, 
it is necessary to know that the feeds used are not contam
inated with antibiotics.

Interferences
Microbiological and enzymatic activity. — A bacteria count 

in milk to be assayed greater than 106—107 organisms/mL 
can lower the measured activity of tetracycline and sulfon
amide and possibly cause a false positive. It is suspected that 
these bacteria bind tracer, making it unavailable for the assay. 
Because of their size, these bacteria are not pelleted under 
the centrifugation conditions used. Other antibiotics are not 
affected by this. It takes about 1-3 weeks for normally stored 
pasteurized milk to show this effect and about 5-6 days for 
raw milk.

Mastitic milk may have a high lysozyme titer that will 
dissolve reagent D (B. stearothermophilus) during incuba-
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Figure 2. Chloramphenicol standard curve (5 mL wash), show
ing working range for quantitation.

tion. Lysozyme is associated with high somatic cell count
(7). Somatic cell counts greater than 1 000 000/mL may gen
erate sufficient lysozyme to interfere. The effect may be rec
ognized by a “runny” or a reduced pellet size after the cen
trifugation step.

Normal milk has a lysozyme concentration of 0.1 ng/mL 
while mastitic milk may have 5 pg/mL. Tetracycline count 
is reduced about 15% from the zero count when 5 ng lyso- 
zyme/mL is present. The assays for other antibiotics are not 
significantly affected by this concentration of lysozyme.

Agricultural chemicals. — Interference of various agricul
tural chemicals used with cows was tested with the receptor 
assay (S. E. Charm, unpublished data). These include fam- 
phur (25 ppm), thiabendazole (5 ppm), chlorhexidine (5 ppm), 
hydrochlorthiazide (5 ppm), Clorsulon (2000 ppm), fenthion 
(5 ppm). None of these showed interference. Orange peel 
extract (100 ppm) also did not interfere; citrus peel is used 
sometimes in feed.

Antibiotic Metabolites
Certain antibiotics are metabolized in part, and the met

abolic products are usually inactive, e.g., (8,9). Inactive prod
ucts do not bind to receptor sites in cells and are not detected 
by the receptor assay method, which detects only active drugs. 
Various inactive metabolites and approximate percentages 
of dose metabolized include: penicillin 20%, chloramphen
icol 10%, sulfonamides 80%, erythromycin 80%, minocy
cline 70%. Aminoglycosides are mostly unchanged by me
tabolism.

Competitive Assay and Scatchard Analysis
A Scatchard analysis is often used to characterize com

petitive binding immuno-type assays, with respect to affinity 
constants and binding site concentrations (10). Immuno 
competitive binding assays have affinity constants in the or
der of 109 or 1010 L/Mole. Nonspecific binding for bovine 
serum albumin is in the order of 106 L/Mole.

When the competitive receptor assay used in the collab
orative study is subjected to Scatchard analysis, the plot is 
not a straight line but a curve. If a straight line portion of

Table 15. Antibiotic concentration in milk and zone associated 
with B. stearothermophilus

Antibiotic standard Concn, ppb Zone size, mm

Beta-lactam (penicillin G) 4.8 17.7
Tetracycline 2000 15.0
Erythromycin 250 15.0
Streptomycin 1000 16.0
Novobiocin 1000 13.0
Sulfamethazine 50 No Zone
Chloramphenicol 800 No Zone
Gentamycin 100 15.0

the curve is used to calculate K, the following affinity con
stants (L/M) are found: P = 10s, T = 10, E = 107, St = 106, 
Sm = 106, C = 104. These K values are less than what is 
expected for binding assays.

Examining the Scatchard analysis, one major difference 
between immunoassay and receptor assay is that the receptor 
assay requires a biologically active molecule whereas im
munoassay does not. The specific radioactivity associated 
with the receptor assay (see Reagents) is based on an intact 
chemical structure. The total radioactive tracer used in the 
receptor assay Scatchard analysis assumes that all the label 
is attached to biologically active drug corrected for nonspe
cific absorption. It is not possible to define this from the 
specific radioactivity associated with tracer used in the assay, 
and this is the major problem in trying to apply Scatchard 
analysis to these receptor assays.

For example, there are 39 000 cpm of l4C chloramphenicol 
added in each assay, of which 2100 cpm binds to receptor 
cells. A wash of the cells with 5 mL water reduces the binding 
to 1050 cpm. Nonspecific binding is about 1000 cpm. Thus, 
using 39 000 cpm for tracer added is not appropriate and is 
the reason for the apparent low affinity constant associated 
with these competitive receptor assays. If the nonbinding 
tracer could be reduced, thereby increasing the concentration 
of bindable tracer, the sensitivity of the assays could be im
proved.

Also, the assumption of equilibrium between bound and 
unbound antibiotic used in the analysis is not appropriate in 
this case. A chloramphenicol assay using a 3 min incubation 
that binds 1200 cpm, in 13 min binds 2500 cpm, indicating 
that equilibrium is not achieved in 3 min as used in the 
method. Time is not taken for reaching equilibrium to permit 
a rapid assay.

Figure 2 is a plot of B/B0 vs log concentration chloram
phenicol, where B = bound sample tracer and B0 = bound 
zero tracer. The working range, in this case between 100 and 
1000 ppb, shows that specific binding does in fact occur in 
spite of the low apparent affinity constant. The minimum 
detectable concentration is 100 ppb. Saturation of receptor 
sites occurs at concentrations greater than 1600 ppb.

Other workers who compared Scatchard plots of ligands 
binding to biological receptors with bound ligand vs loga
rithm free ligand plots found the Scatchard-calculated con
stants to be incorrect (11). The lack of information concern
ing amount of nonbindable tracer and nonspecific binding 
precludes use of the Scatchard analysis in this case.

Commentary
B. stearothermophilus Disc Assay

The disc assay is a microbial inhibition assay used as a 
regulatory method in the dairy industry (12). In Table 15, 
drug concentrations and disc assay inhibition zone are noted.

-I_______i_______L.
3 0.2 0.4 0.6 0.8 1.0
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A 14 mm zone is barely detectable. A 16 mm zone is the 
action level prescribed by the U.S. Pasteurized Milk Ordi
nance (PMO). It is clear from Table 15 that considerable 
drug residue could escape detection in this method.

The Code o f Federal Regulations (13) denotes no tolerance 
or zero tolerance in milk for the drugs noted in Table 15, 
except for novobiocin where up to 100 ng/mL is allowed.

Identification of Antibiotic Families
Two reports on the identification of contaminating anti

biotics by using the receptor assay are noted. In Switzerland, 
spiked samples as well as contaminated cheese were correctly 
identified (6).

In a second report, 23 samples found positive by the Delvo 
test (primary control) were sent to Institut fur Hygiene, Kiel, 
West Germany, for examination by the receptor assay (W. 
Von Heeschen & G. Suhren (1987) Institut fur Hygiene der 
Bundesenstalt fur Milchforschung, Kiel, FRG, internal re
port). Of these, 100% were positive for beta-lactam, 69.7% 
for tetracycline, and 31.8% for streptomycin. None of 10 
samples tested for erythromycin and chloramphenicol showed 
positive for these.

Of another 20 samples originally marginally positive with 
the Delvo test, 45% were positive for beta-lactam, 75% for 
tetracycline, 33% for streptomycin. Eleven of these samples 
tested for chloramphenicol showed 9% positive, and 14 of 
these samples tested for erythromycin showed 43% positive. 
Two samples of this group were negative by receptor assay. 
The receptor assay was able to detect multiple contamination 
in this situation.

It is possible to confirm sulfonamide (or PABA analog) 
contamination with an inhibition assay that is reversed with 
PABA. This method detects sulfamethazine in raw milk at 
the 25-50 ppb level. The method requires heating the milk 
to destroy naturally present microorganisms, inoculating the 
milk sample with a standard culture (B. stearothermophilus) 
and nutrients (Mueller Hinton broth with trimethoprim), and 
noting acid production or lack thereof to denote growth or 
no growth. No growth without PABA and growth with PABA 
is the classical method for identifying sulfonamide (14; Pen
icillin Assays, Inc., unpublished data).

Other positive milk by the receptor assay has been reported 
to contain inhibitor by a cylinder plate inhibition method. 
These included tetracycline- and streptomycin-positive “off 
the shelf” milk (15). Beta-lactam positive milk by receptor 
assay has been confirmed extensively by the disc assay and 
betalactamase.

Recommendation
The Associate Referee recommends that this method be 

adopted official first action.
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PESTICIDE FORMULATIONS

Determination of Trichlorfon in Technical and Powder Formulations

STEPHEN C. SLAHCK
M o b a y  C orp ., A g r ic u ltu ra l C h e m ic a ls  D iv is io n , P O  B o x  4 9 1 3 , H a w th o r n e  R d , K a n s a s  C ity , M O  6 4 1 2 0

A facile procedure is described for the determination of trichlorfon 
in technical material and an 80% powder formulation by using liquid 
chromatography with ion-pairing and UV detection. Liquid chro
matography allows the direct determination of trichlorfon and de
tection of any dichlorvos present. This method is applicable to quality 
control and storage stability analyses and eliminates any need for 
derivatization to counter the thermal lability of trichlorfon. The av
erage standard deviations for the technical and 80% formulation 
determinations were 0.51 and 0.37%, respectively.

Trichlorfon (Dylox®), dimethyl-(2,2,2-trichloro-l-hydroxy- 
ethyl)phosphonate, is an effective insecticide for the control 
of a variety of pests that infest vegetables, fruit and field 
crops, and ornamentals. It is effective against many species 
of Díptera, Lepidoptera, Hymenoptera, Hemiptera, and Co
leóptera, and it has a low order of toxicity to bees and other 
species of beneficial insects. The analytical technique origi
nally applied to the analysis of trichlorfon was titrimetry (1,
2); these titrimetric procedures remain the principal methods 
of quality control for manufacturing (3, 4).

Although subsequent methods reported for the determi
nation of trichlorfon have specified a variety of techniques 
such as thin-layer chromatography (5) and polarography (6), 
by far most methods report gas chromatographic determi
nations (GC). This, despite the fact that trichlorfon is a ther
mally labile compound that readily decomposes to dichlor
vos (2,2-dichloroethenyl dimethyl phosphate) under GC 
conditions (7, 8) and can also decompose to chloral (tri- 
chloroacetaldehyde) and dimethyl phosphonate (9, 10), as 
shown in Figure 1.

Only limited work has been reported for the analysis of 
trichlorfon by liquid chromatography (LC) (11). LC analysis 
offers a quick and efficient separation of all known impurities 
and decomposition products from trichlorfon. It provides 
maximum specificity without requiring derivatization.

A facile LC procedure using UV detection has been de
veloped for the analysis of trichlorfon in which sulfisoxazole 
is used as an internal standard (12). This method was applied 
to the analysis of a group of technical materials and Dylox 
80 powder formulations with trichlorfon (and dichlorvos from 
decomposition) as the only active ingredients. An octyl sul
fonic acid ion-pairing reagent with low UV absorptivity was 
added to sharpen the trichlorfon peak at 210 nm, resolve 
dichlorvos, and retain sulfisoxazole.

M ETHOD

Apparatus and Reagents
(a) Liquid chromatograph. — Able to generate >7 MPa 

(> 1000 psi) and equipped with ultraviolet detector capable 
of measuring absorbances (A) at 210 nm.

(b) Chromatographic column. — 250 x 4.6 mm id stainless 
steel column packed with <7 ¿tm C l8 bonded silica gel ca
pable of resolving dichlorvos, trichlorfon, and internal stan
dard peaks (Du Pont Zorbax ODS or equivalent). Operating

Received October 7, 1986. Resubmitted April 20, 1987. Accepted June 10, 
1987.

Dylox is a registered trademark of Bayer AG, Leverkusen.

conditions: Column temperature, ambient; mobile phase flow 
rate, 1.5 mL/min (ca 6 MPa); chart speed, 0.5 cm/min; in
jection volume, 20 pU; A range, 0.320 AUFS; recorder range, 
10 mV; recorder chart speed, 30 cm/h; retention times: tri
chlorfon ca 3.5 min, sulfisoxazole ca 6.5 min, dichlorvos ca
10-15 min (mobile solvent-dependent). LC mobile phase 
must be pumped until system is well equilibrated (this re
quires ca 30 min of flat baseline).

(c) Filters. — 0.45 pm porosity and 0.2 pm porosity, sol
vent compatible (Gelman Acrodisc CR, PTFE membrane, 
or equivalent).

(d) Acetonitrile.—LC grade or distilled in glass (Burdick 
and Jackson Laboratories, Inc., Muskegon, MI 49442).

(e) Water. — LC grade or distilled in glass (Burdick and 
Jackson Laboratories, Inc.).

(f) PIC reagent.—Waters Associates, 34 Maple St., Mil
ford, MA 01757) PIC B8 Low UV reagent vial (Millipore 
Cat. No. 84283).

(g) Mobilephase.— Acetonitrile-water(30 + 70)withLow 
UV PIC B8 reagent. Combine 300 mL acetonitrile, 700 mL 
water, and contents of 1 reagent vial and mix thoroughly. 
Filter mobile phase through 0.2 yum porosity filter. Add a few 
glass boiling beads and degas under vacuum while sonicating 
(use immediately). Prepare fresh daily. Mobile phase must 
be refiltered after standing 8 h.

Warning: Allowing mobile phases containing ion-pair re
agents to stand in an instrument or LC column can result in 
significant damage to these systems. Thoroughly flush sys
tems with LC water after use.

(h) Sulfisoxazole internal standard solution.— About 30 
mg/L acetonitrile.

(i) Trichlorfon reference standard solution. — Mobay Corp., 
Agricultural Chemicals Division, PO Box 4913, Hawthorne 
Rd, Kansas City, MO 64120. Keep standard refrigerated 
when not in use. Accurately weigh ca 450 mg reference stan
dard into 100 mL volumetric flask. Pipet 10.0 mL internal 
standard solution into flask, dilute to half-volume with mo
bile phase, and sonicate 1 min. Dilute contents of flask to 
volume with mobile phase and mix well. Filter portion of 
this solution through 0.45 pm porosity filter just before per
forming LC analysis. Do not prepare this solution if analysis 
cannot be completed the same day.

Preparation of Sample
Accurately weigh amount equivalent to ca 450 mg tri

chlorfon into 100 mL volumetric flask. Pipet 10.0 mL in
ternal standard solution into flask, dilute to half-volume with 
mobile phase, and sonicate 1 min. Dilute contents to volume 
with mobile phase and mix well. Filter portion of this so
lution through 0.45 yim porosity filter just before performing 
LC analysis. Do not prepare solutions if analysis cannot be 
completed the same day.

Determination
Inject trichlorfon standard solution and adjust operating 

parameters to cause trichlorfon to elute in 3^1 min. Retention 
times of the trichlorfon and internal standard peaks must be
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Figure 1. Decomposition routes of trichlorfon.

controlled to produce resolution shown in Figure 2 while 
eluting dichlorvos within a reasonable period. (Retention 
time of dichlorvos may vary slightly from this figure, de
pending on mobile solvent preparation.) If baseline resolu
tion between trichlorfon and internal standard peaks is unob
tainable, column must be changed or repacked. Adjust 
injection size and attenuation to give largest possible on- 
scale peaks.

Using same injection volume and attenuation for all sam
ple and standard injections, make repetitive injections of the 
standard solution and calculate response ratios (R ) by divid
ing the peak height of trichlorfon peak by peak height of 
internal standard peak. Peak area measurements are unac
ceptable. Response ratios of standard injections must agree 
within ± 1% of their average. Average the duplicate response 
ratios obtained with standard injections which meet this cri
terion.

Perform duplicate injections of each sample solution. Re
sponse ratios must agree within ±1%. (If they do not, the 
determination must be repeated.) Average the duplicate re
sponse ratios for each sample solution which meets this cri
terion. (Sample injections must be bracketed by standard 
injections whose response ratios agree within ± 1 %; otherwise 
this standard/sample injection set must be repeated.) Average 
the response ratios of bracketing standards which meet this 
criterion.

Calculation

Trichlorfon, wt % = (R/R') x (W'/W)  x p

where R' and R = average response ratios for the standard 
and sample solutions, respectively; W' and W = weight (mg) 
of trichlorfon standard and sample solutions, respectively; 
and P = purity (%) of trichlorfon standard.

Results and Discussion
The development of an analytical method for the assay 

and evaluation of technical trichlorfon and its formulated 
products with increased specificity over titrimetry, a popular 
method for quality control, was undertaken. Because of the 
thermal lability of trichlorfon and its known impurities and 
decomposition products, a procedure was sought which would 
resolve these while preventing decomposition. These criteria 
made a liquid chromatographic method one of the few tech
niques possible which could provide the separation, detec
tion, and specificity needed.

Although trichlorfon has very low UV absorptivity (es
pecially relative to dichlorvos), sufficient sensitivity exists to 
quantitate trichlorfon by UV detection at 210 nm. Trichlor
fon and dichlorvos have molar extinction coefficients of 186 
and 4490 L/mole-cm, respectively.

Figure 2. Typical LC chromatogram of technical trichlorfon and 
sulfisoxazole (trace dichlorvos indicated).

Trichlorfon was initially examined by using reverse-phase 
chromatography. This yielded only slight resolution between 
the trichlorfon and dichlorvos (Figure 3). Also, the peak shape 
of the trichlorfon was considerably skewed. This was evi
dently due to the existence of trichlorfon as a partially ionized 
species under these conditions.

The applicability of ion-pair chromatography was exam
ined. The addition of ion-pairing reagent (PIC B8) success
fully served several functions. It confined trichlorfon to one 
ionic form, which produced a sharp peak. The PIC B8 ap
parently paired with dichlorvos, greatly increasing retention, 
and it paired with the internal standard, sulfisoxazole, re
sulting in a suitable retention time. Figure 2 shows a typical 
LC chromatogram with trichlorfon, sulfisoxazole (internal 
standard), and dichlorvos identified. The incorporation of 
an acidic buffer in the mobile solvent system might provide 
the same improvement of trichlorfon peak shape but would 
not provide the desired effects of retaining the dichlorvos 
and internal standard.

The mechanism resulting in retention of dichlorvos ap
pears to be that of ion-pairing. Dichlorvos is well resolved 
from both peaks, but its retention time is somewhat variable 
(ca ±1.5 min), depending on the ion-pairing reagent con
centration in the mobile phase. The lower the concentration 
of the ion-pairing reagent, the shorter the retention time of 
the dichlorvos. These effects are typical of the ion-pairing 
mechanism.

The internal standard’s retention time is clearly a function 
of the ion-pairing mechanism. The sulfonic acid counter ion 
of the ion-pairing reagent interacts with the primary amine 
function of the sulfisoxazole. The size of the counter ion 
molecule (the octyl side-chain, “B8”) provides the resolution 
required by retaining sulfisoxazole longer than trichlorfon. 
An ion-pairing reagent with a smaller side-chain, such as 
pentyl, shortens the retention time of the internal standard
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Figure 3. LC chromatogram of technical trichlorfon, sulfisoxa- Figure 5. Typical LC chromatogram of Dylox 80 SP with 
zole, and dichlorvos, using acetonitrile-water (5 + 95) without sulfisoxazole.

ion-pair reagent.

until it elutes coincidently with the trichlorfon. In the absence 
of B8 ion-pairing reagent, the internal standard would elute 
at the dead volume. Therefore, this addition of ion-pairing 
reagent actually reverses the elution order of the internal 
standard and trichlorfon relative to conventional reverse- 
phase liquid chromatography. As opposed to the variance 
noted for dichlorvos, variance in retention time of the in
ternal standard due to fluctuations in preparation of the mo
bile phase is negligible.

Figure 4 shows the linearity of the method for peak height 
measurements over an injection concentration of 0.45 to 8 
ng/ixL of trichlorfon (ca 10 and 200% w/v of the normal 
trichlorfon concentration). Although the method shows ac
ceptable reproducibility and linearity by peak height mea
surement, peak area measurements were unacceptably im
precise due to tailing of the trichlorfon peak. Varying

integration parameters does not provide acceptable repro
ducibility of the area integrations when multiple injections 
of the same solution are performed (±3-4% from the aver
age). The LC method described here was applied to the anal
ysis of several technical materials and Dylox 80 formulations. 
A typical Dylox 80 chromatogram is shown in Figure 5. 
Results of a variety of LC replicate analyses are shown in 
Tables 1 and 2. Injections of the blank materials for the 
formulations showed no interferences with the measured peaks 
of interest.

A sample of decomposed Dylox 80 material aged 11 years 
was analyzed. This sample showed a considerable number 
of peaks, but all were well resolved and no significant inter
ferences were detected (Figure 6). With this method, des- 
methyl trichlorfon, a typical decomposition product, elutes 
near the dead volume as expected. Since this method was

Figure 4. LC linearity plot for trichlorfon peak heights.
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Figure 6. LC chromatogram of 11 -year-old Dylox 80 SP.

Table 1. LC results for technical trichlorfon
Sample Replicate analyses, % Average SD CV, %

1 98.8 98.4 98.8 98.7 0.23 0.23
2 99.5 99.9 99.2 99.5 0.35 0.35
3 99.5 99.7 99.0 99.4 0.36 0.36
4 99.6 100 100 99.9 0.23 0.23
5 99.7 99.9 99.2 99.6 0.36 0.36
6 99.9 98.7 100 99.5 0.72 0.73
7 99.3 98.2 100 99.2 0.91 0.92

Table 2. LC results for Dylox 80 trichlorofon

Sample Replicate analyses, % Average SD CV, %

1 81.4 81.5 81.0 81.3 0.26 0.32
2 80.6 80.6 81.3 80.8 0.40 0.50
3 76.3 77.0 76.8 76.7 0.36 0.47
4 80.9 81.3 81.9 81.4 0.50 0.62
5 81.1 81.1 81.0 81.1 0.06 0.07
6 80.3 80.0 80.9 80.4 0.46 0.57

developed for a pesticide formulation assay, the sensitivity 
was adjusted to provide facile quantitation of the analyte 
down to a level of 2% (w/v). While typical detection limits 
are expected to be lower, this sensitivity provides for a de
tection limit significantly below what would be needed in 
this type of analysis (a sample decomposed to, or lacking, 
98% of the analyte). Accurate quantitation of the pesticide 
formulation below such a value would be of little interest.

The LC procedure described here is a facile assay of tri
chlorfon in technical and formulated products where tri
chlorfon is the only active ingredient. The LC method pro
vides specificity by resolving all known impurities and 
decomposition products in trichlorfon and provides a qual
itative examination of dichlorvos.
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Simultaneous Determination of Diazinon and Chlorpyrifos Pesticide Formulations 
by Liquid Chromatography

RODNEY J. BUSHWAY, L. BRIAN PERKINS, and JOAN M. KING
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A  l iq u id  c h r o m a t o g r a p h i c  ( L C )  m e th o d  h a s  b e e n  d e v e lo p e d  to  a n a l y z e  
s im u l t a n e o u s ly  s e p a r a t e  f o r m u la t io n s  o f  d i a z in o n  a n d  c h lo r p y r i f o s .  
S a m p le s  o f  e a c h  f o r m u la t io n  w e re  m ix e d  in  a  P o l y t r o n  m ix e r  w i th  
t h e  i n t e r n a l  s t a n d a r d  b u ty l a t e d  h y d r o x y to l u e n e  a n d  w e re  d i lu t e d  w i th  

a c e to n i t r i l e .  A n  a l i q u o t  w a s  i n je c te d  in to  a n  U l t r e m e x  L C  c o lu m n .  
T h e  m o b i le  p h a s e  w a s  a c e t o n i t r i l e - w a t e r - t e t r a h y d r o f u r a n - g l a c i a l  
a c e t i c  a c i d - m o n o e t h a n o l a m i n e  ( 4 8 0  +  2 3 0  +  5 5  +  2  +  0 .7 5 ) ;  a l l  3  

c o m p o u n d s  w e re  m o n i to r e d  a t  2 3 0  n m .  T o t a l  a n a l y s i s  t im e  w a s  11 
m in .  C o m b in a t io n s  o f  11 d i f f e r e n t  s a m p l e s  o f  e a c h  f o r m u la t e d  p e s 

t i c id e  w e re  a n a l y z e d  9  t im e s  f o r  c o e f f ic ie n ts  o f  v a r i a t i o n  g e n e r a l l y  
le s s  t h a n  3 % .  P u r i t y  o f  t h e  d ia z in o n ,  c h l o r p y r i f o s ,  a n d  b u ty l a t e d  
h y d r o x y to l u e n e  w a s  c h e c k e d  b y  u s in g  a  p h o to d io d e  a r r a y  d e t e c to r  in  
t h e  s p e c t r u m  a n d  a b s o r b a n c e  r a t i o  m o d e s .  N o  in t e r f e r e n c e s  w e re  
n o te d  a t  2 3 0  n m .

Diazinon and chlropyrifos are organophosphate insecticides 
used extensively in pesticide formulations, especially for res
idential applications. The pesticides are formulated sepa
rately as liquids, dusts, and granules in a wide variety of 
concentrations. The preferred methods of analysis are liquid 
chromatography (LC) (1) for chlorpyrifos and gas chroma
tography (GC) (2, 3) for diazinon. However, similarities in 
their chemical structures and properties enable diazinon and 
chlorpyrifos to be analyzed simultaneously, which can be 
advantageous.

As the importance of economic and safety management 
increases in laboratories, the approach to pesticide formu
lation analysis by LC will begin to change. One such approach 
that can lead to economic reductions and increased safety 
without sacrificing the analytical integrity of a method is to 
combine the analyses for different formulations that have 
different active ingredients. The economic savings would come 
in the form of fewer columns, less solvent, and more efficient 
use of time. Safety would be increased because less laboratory 
waste would be generated. Furthermore, a decrease in waste 
would also save money because proper waste disposal is 
expensive.

This paper describes an LC method for the analysis of 
diazinon and chlorpyrifos pesticide formulations, using the 
new combination approach.

METHOD
Apparatus and Reagents

(a) Liquid chromatographs.—Waters Associates (Milford, 
MA 01757) 6000A and 510 pumps and U6K septumless 
injectors, Valeo pneumatic injector (Vici Instruments, Hous
ton, TX 77255), Waters Associates variable wavelength UV 
detectors M490 and M450, Hewlett-Packard photodiode ar
ray detector (Andover, MA 01810), and Omniscribe re
corders (Houston Instrument, Austin, TX 78753). Operating 
conditions: injection volume, 5 pL\ flow rate, 1.1 mL/min; 
wavelength, 230 nm; absorbance range, 0.4 AUFS for the 
diode array detector and 1.0 AUFS for the UV detectors; 
recorder setting, 10 mV; chart speed, 0.5 cm/min.

(b) Chromatographic column. — Ultremex C l8, 3 ¿mi par
ticle size, stainless steel, 15 cm x 4.6 mm id (Phenomenex, 
Rancho Palos Verdes, CA 90274). Other C l8 columns tried 
(Zorbax, Vydac) were not effective.

Received March 31, 1987. Accepted August 18, 1987.

(c) Mobile phase.— Acetonitrile-water-tetrahydrofuran- 
glacial acetic acid-monoethanolamine (480 + 230 + 55 + 
2 + 0.75). All solvents LC grade (VWR, Boston, MA 02101).

(d) Sample extraction solvent. — Reagent grade acetonitrile 
(VWR).

(e) Internal standard solution. — 67.5 mg/25 mL. Weigh
1.35 g BHT (Sigma Chemical Co., St. Louis, MO 63178) into 
500 mL volumetric flask, dilute to volume with acetonitrile, 
and mix.

(f) Diazinon and chlorpyrifos standard solution.— Accu
rately weigh ca 26 mg chlorpyrifos reference standard, 99.8% 
pure (Dow Corning Corp., Midland, MI 48686-0994), and 
120 mg diazinon stabilized standard, 87.0% pure (Ciba-Gei- 
gy, Greensboro, NC 27405), into calibrated 50 mL culture 
tube with Teflon screw cap, pipet in 25 mL BHT internal 
standard solution, and mix. Mix on Polytron mixer (Brink- 
mann Instruments, Westbury, NY 11590) at maximum speed 
for 1 min. Rinse Polytron probe with ca 25 mL acetonitrile 
until solvent reaches calibration line on culture tube. Heat 
is generated from Polytron mixer so samples must be allowed 
to cool to room temperature. If needed, add more solvent.

Preparation of Sample
Accurately weigh amount of any liquid or solid chlorpyr

ifos formulation containing ca 26 mg chlorpyrifos and amount 
of any liquid or solid diazinon formulation containing ca 120 
mg diazinon into culture tube calibrated to 50 mL. Premix 
granular formulations by riffle and turntable to get represen
tative sample. Pipet in 25 mL BHT internal standard solution 
and mix in Polytron mixer for 1 min at maximum speed. 
Rinse Polytron probe with ca 25 mL acetonitrile until solvent 
reaches calibration line on culture tube. Let cool and add 
more solvent if necessary. Filter samples thru 0.45 ¿tm filter 
before injection.

Note: No more than 5 g solid material can be added to 
each culture tube. Thus, formulations requiring 3-4 g each 
cannot be analyzed together.

Determination

Inject standard, followed by 2 injections of sample. Finally, 
inject another standard. Either peak height or area may be 
used to calculate content.

Compound, % = (R/R') x (W'/W) x % purity of std

where R and R' = peak height or area ratios of compound 
to internal standard for sample and standard, respectively; 
W' = mg standard; W  = mg sample extracted.

Results and Discussion
Diazinon and chlorpyrifos are not formulated together; 

therefore, present methods (1-3) analyze them separately. 
However, because of the similarities in their chemical and 
physical properties, a procedure could be developed to ex
tract and measure diazinon and chlorpyrifos formulations 
simultaneously. A typical chromatogram of a diazinon-chlor- 
pyrifos separation is shown in Figure 1. Baseline resolution 
of the 2 compounds and the internal standard is completed 
in 9.5 min. A purity check was performed on the diazinon,
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Figure 1. Liquid chromatogram of separate diazinon-chlorpyr- 
ifos formulations, analyzed simultaneously: a, diazinon; b, chlor- 

pyrifos; c, BHT.

chlorpyrifos, and BHT peaks in all formulations by using a 
photodiode array detector in the spectrum and absorbance 
ratio modes. Spectra were scanned from 200 to 350 nm at 
3 different points in each diazinon, chlorpyrifos, and BHT 
peak while absorbance ratios were taken at 2 15/230 nm, 235/ 
230 nm, 240/230 nm, 250/230 nm, 260/230 nm, and 290/ 
230 nm. Analyses indicated that absorbance was strong, and 
all 3 compounds could be analyzed at 230 nm without in
terferences from inert formulation ingredients.

Furthermore, it was concluded that any combination of 
diazinon and chlorpyrifos formulations could be analyzed, 
within the limitation on the amount of solid (5 g) per culture 
tube. The Polytron probe cannot handle a larger solid content 
per tube, and 50 mL solvent will not fit in the tube with 
more than 5 g solid material.

Table 1 presents the results of the combined diazinon- 
chlorpyrifos analysis. Coefficients of variation for both in
secticides were mostly below 3%. Two major exceptions were 
the diazinon dust (6.91) and a chlorpyrifos granule formu
lation (5.18). These were the highest CV% and were caused 
by nonhomogeneous products. Results for the chlorpyrifos 
samples were compared to results from the official LC meth-

Table 1. Diazinon and chlorpyrifos content in separate formu
lations analyzed simultaneously by LC8

Diazinon
Chlorpyrifos

Formu
lation— 
% concn Found, %

Formulation— 
% concn Found.% AOAC, %

Granule—5 4.90 (2.83) Liquid—6 5.70 (1.34) 5.79 (4.66)
Granule—5 4.55 (1.83) Liquid—0.5 0.51 (2.87) 0.52 (2.04)
Granule—5 5.17(1.75) Liquid—62 61.08 (2.05) 61.18(3.55)
Granule—2 1.87 (2.73) Liquid—0.5 0.51 (2.28) 0.50 (0.68)
Granule—2 2.13(1.52) Liquid—30 30.00(1.58) 30.85 (2.65)
Liquid—25 25.93(1.94) Dust— 1 1.09 (2.93) 1.12 (6.25)
Dust—4 3.83 (6.91) Liquid—5.3 5.13(2.18) 5.11 (2.94)
Liquid—87 87.14(1.57) Liquid—6.7 7.26 (2.07) 7.36 (2.27)
Liquid—25 26.22 (2.42) Granule—0.5 1.14(3.67) 1.18(6.78)
Liquid—25 24.80 (2.36) Granule—0.5 0.39 (5.18) 0.36 (6.38)
Granule—5 5.23 (2.17) Granule— 1.1 0.90(3.51) 0.90 (7.78)

* Each mean represents 9 determinations, except AOAC means represent 6 
determinations. Coefficients of variation (%) are in parentheses.

od. As shown, the agreement between the combination anal
ysis and official method is excellent with no significant dif
ferences. We could not compare diazinon results with official 
method results because of a lack of GC equipment. However, 
we did try an extraction procedure from one of the official 
methods used and an extraction procedure recommended by 
Ciba-Geigy, and there were no significant differences in the 
amount extracted by these methods vs the combined analysis 
for a 2 and a 5% granule formulation. Furthermore, the agree
ment was good between the actual formulated amount and 
the amount found.

To demonstrate the ruggedness of the method, combina
tions of 11 different formulations for each pesticide were 
analyzed 9 times using 3 different LC instruments and 4 
different analysts. The 11 combinations were divided into 
sets of 5 and 6. One set of analyses was done per day per 
person per instrument. Also peak height and area measure
ments were used interchangeably among analyses to test the 
ruggedness of the method.

The linearity of response for all 3 compounds was checked 
on the basis of peak height and area at 230 nm. Both re
sponses were linear for the ranges of 0.67-5.3 pg chlorpyrifos, 
2.99-24.25 pg diazinon, and 1.69-13.50 pg BHT. These lin
earity ranges are more than adequate to cover formulations 
that are too high or low. The sensitivity of this method was 
50 ng for all compounds.

In conclusion, the combined analysis for diazinon and 
chlorpyrifos formulations is simple, specific, and precise, and 
contributes to economic savings and increased safety.
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Analysis of Rotenone in Cubé and Derris Root Powders and Formulations by Liquid 
Chromatography

R O D N E Y  J. B U S H W A Y , A N G E L A  Y A N G , and ALI A L -Y A M A N Y
U n ivers ity  o f  M a in e , D e p a r tm e n t o f  F o o d  S c ien ce , 1 0 2 B  H o lm e s  H a ll, O ron o , M E  0 4 4 6 9

A modified liquid chromatographic (LC) procedure, including an 
improved extraction, has been developed to analyze rotenone in root 
powders of derris and cubé. The procedure is also applicable to for
mulations. Samples are sonicated for 5 min in chloroform or a mixed 
solvent of tetrahydrofuran-acetonitrile-water-glacial acetic acid, fol
lowed by liquid chromatography. Rotenone content of 4 lots of root 
powder samples showed good agreement between the new extraction 
and the AOAC official extraction; coefficients of variation ranged 
from 5 to 1.2%. Five formulations were also analyzed and showed 
good agreement with results for methanol extraction. Coefficients of 
variation were 4.5% or less. Purity of the rotenone peaks was tested 
by using a photodiode array detector in the spectrum and UV ratio 
modes. It is recommended that the new method be tested collabo- 
ratively.

Several liquid chromatographic (LC) methods have been de
veloped for the analysis of rotenone formulations (1-5), but 
none have included the analysis of the raw material, cubé 
and derris root powders (ground roots of cubé and derris). 
Presently, these powders are analyzed by an infrared (IR) 
method that includes a rather lengthy extraction with either 
chloroform (6) or ether (7).

This paper describes a new LC method that can rapidly 
analyze rotenone in cubé, derris root powder, and formula
tions.

METHOD
A p p a ra tu s a n d  R eagen ts

(a) Liquid chromatographs. — Waters Associates (Milford, 
MA 01757) 6000A and 510 pumps and U6K septumless 
injector; Micromeritics (Norcross, GA 30093-1877) auto
injector Model 728; Schoeffel (Westwood, NJ 07675) vari
able wavelength UV detector; Hewlett-Packard (Andover, 
MA 01810) photodiode array detector; and Omniscribe 
(Houston Instrument, Austin, TX 78753) recorder. Oper
ating conditions; injection volume, 5 pL\ flow rate, 1.0 mL/ 
min; wavelength, 280 nm; absorbance range, 1.0 AUFS; re
corder setting, 10 mV; chart speed, 0.5 cm/min.

(b) Chromatographic columns.— NovaPakC18,4^m par
ticle size, stainless steel, 15 cm x 4.6 mm id (Waters As
sociates) or Ultremex, 3 pm particle size, stainless steel, 15 
cm x 4.6 mm id (Phenomenex, Rancho Palos Verdes, CA 
90274).

(c) Mobile phase.— Acetonitrile-water-methanol (40 + 
40 + 20). All solvents LC grade (VWR, Boston, MA 02101).

(d) Sample extraction solvent. — Chloroform or mixed sol
vent of stabilized (with antioxidant, usually BHT at 0.025%) 
tetrahydrofuran-water-acetonitrile-glacial acetic acid (50 + 
30 + 20 + 1). All solvents reagent grade (VWR).

(e) Rotenone standard solution.— Weigh 30 mg 99% ro
tenone (Penick Co., Lyndhurst, NJ 07071) into 50 mL actinic 
volumetric flask and dilute to volume with extraction sol
vent. Actinic glassware is necessary because rotenone de
grades readily in most types of light.

P repara tion  o f  S a m p le

(a) Cubé and derris root powders and dust formulations. — 
Weigh sample equivalent to 30 mg rotenone into actinic,

Received March 25. 1987. Accepted June 26, 1987.

glass-stopper Erlenmeyer flask. Pipet in 50 mL sample ex
traction solvent (either chloroform or tetrahydrofuran-water- 
acetonitrile-glacial acetic acid) and mix in sonic bath (Bran- 
sonic 32, Fisher Scientific) 5 min while swirling gently. Let 
settle and filter 5-10 mL aliquot through 0.45 ¿¿m nylon filter 
(Gelman Sciences, Inc., Ann Arbor, MI 48106). If chloro
form extraction solvent was used, evaporate aliquot and dis
solve residue in mobile phase. Inject 5 pL into liquid chro
matograph.

(b) Liquid formulations. — Weigh sample equivalent to 30 
mg rotenone into actinic, glass-stopper Erlenmeyer flask. Pi- 
pet in 50 mL tetrahydrofuran-water-acetonitrile-glacial ace
tic acid and shake to dissolve. Filter through 0.45 /zm nylon 
filter (Gelman Sciences). Inject 5 pL into LC system.

D eterm in a tio n

Inject standard solution, followed by 2 injections of sample 
solution. Finally inject standard solution again. Measure peak 
heights or areas, then average for standard and sample, and 
substitute into formula below:

Rotenone, % = {H/H') x (W /W )  x % purity of std

where H  and H' = average peak heights or areas of sample 
and standard, respectively; W  = g rotenone standard/50 mL; 
and W = g sample extracted.

Results and Discussion
Cubé and derris root powders are presently analyzed for 

rotenone by lengthy chloroform or ether extractions followed 
by IR quantitation. Detection and measurement is nonspe
cific for rotenone because of the presence of similar rotenoids. 
These similar compounds give erroneously high values to 
the rotenone content of powders analyzed by IR.

To eliminate the high bias, an LC method was developed 
along with a less time-consuming extraction. The chromato
graphic conditions specified here differ from previous pro
cedures (2-5); the reverse-phase column (NovaPak, 4 pm 
particles) gives a better separation and the solvent system 
gives better selectivity. These changes also enable both root 
powders and formulations to be analyzed on one LC system.

The extraction solvent was also changed from the one de
veloped for dust formulations (5); the previously used meth
anol yielded lower rotenone values from root powders than 
did chloroform or tetrahydrofuran-acetonitrile-water-gla- 
cial acetic acid. However, the 5 min sonication used in pre-

Table 1. Rotenone content (%) of cube and derris root powders 
extracted under different conditions8

Sonication, 5 min Shake0

pie C H C I3 Mixed C H C I3 Ether

Cubé 1 5.86 (2.4) 5.69 (3.2) 5.83(3.0)
Cubé 2 5.88 (2.6) 5.81 (1.8) 5.84 (3.8)
Cubé 3 6.72 (4.9) 6.78 (1.2) 6.87 (2.6)
Derris 1.27 (4.9) 1.21 (5.0)

• Each value is mean of 12 determinations, 2 per day. Coefficients of varia
tion % are in parentheses.

0 Mechanical shaking 1 h for cubé powders; Soxhlet extraction 48 h for der
ris powder.
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Figure 1. Liquid chromatogram of main ingredient in cubé root 
powder sample: a, rotenolone; b, tephrosin; c, rotenone; d, 

deguelin.

vious methods was adequate. Several other powder extrac
tion solvents were tried (dimethylformamide [DMF], 
dimethyl sulfoxide [DMSO], and THF) but none was effec
tive as the two chosen.

An example of a separation of rotenoids in cubé root pow
der is shown in Figure 1. Separation is complete in 7.5 min 
with baseline resolution between the 4 major rotenoids. A 
purity check was performed on all the rotenone peaks for the 
cubé and derris root powders by using a photodiode array 
detector in the spectrum and absorbance ratio modes. Spectra 
were scanned from 200 to 350 nm at 3 different points (20/ 
100/20%) in each rotenone peak while absorbance ratios were 
taken at 290/280 nm, 300/280 nm, 254/280 nm, 240/280 
nm, 230/280 nm, and 215/280 nm. All purity checks indi
cated that rotenone could be analyzed at 280 nm without 
interferences.

Table 1 presents the results of the rotenone content of 3 
cubé powders and 1 derris powder extracted under different 
conditions. Each sample was analyzed 12 times (2 per day) 
using 2 different LC instruments and 3 different analysts. 
This demonstrates the ruggedness of the method. Area and 
peak height measurements were used interchangeably. As can 
be seen from Table 1, all coefficients of variation were below 
5%; most were below 3.5%. The 5 min sonication technique 
compared favorably with the AO AC shaking method (1-4 
h) for cubé powders and the ether extraction (48 h Soxhlet) 
for derris powders. Also, results for chloroform or mixed 
solvent extraction were not significantly different. Ffowever,

Table 2. Rotenone content (%) of formulations extracted by 
sonication and different solvents"

Extraction solvent

Sample, cone. c hci3 Mixed MeOH

Liquid, 5% 4.26 (2.2) 4.17(3.4) 4.18(1.9)
Dust, 0.75% 0.83 (4.0) 0.80(1.7) 0.81 (1 .8)
Dust A, 1% 0.98 (3.0) 0.98(1.4) 0.96 (2.4)
Dust B, 1% 1.09 (3.6) 1.06(1.7) 1.05 (2.5)
Dust, 33% 30.30 (4.5) 30.20 (2.7) 30.60 (3.2)

* Each value is mean of 12 determinations, 2 per day. Coefficients of varia
tion are in parentheses.

the mixed solvent extraction is simpler because no evapo
ration step is required before injection. It should be men
tioned, however, that rotenone contents of the cubé powders 
as determined by IR (done by each manufacturer of cubé 
powder) were 8-13% higher than the LC analyses. These 
powders contain other very similar rotenoids that interfere 
in the IR analysis.

Recoveries from cubé and derris powders that were spiked 
at 1 and 6% more than the existing amount and extracted 
with the mixed solvent were 98 and 95%, respectively.

Five formulations were analyzed, using the chloroform and 
the mixed solvent extraction, and the results were compared 
with the modified official LC procedure (methanol extrac
tion) (5) (Table 2). Neither chloroform nor mixed solvent 
was significantly better than methanol for extraction of ro
tenone in formulations, although the mixed solvent was 
quicker and coefficients of variation were better. These results 
are somewhat puzzling. Some of these formulations contain 
cubé or derris powder, but the clay or talc used as the inert 
ingredients may enable the use of methanol, which is not 
suitable for the raw material.

In conclusion, a quick extraction of cubé and derris pow
ders has been developed using either chloroform or tetra- 
hydrofuran-acetonitrile-water-glacial acetic acid. Formula
tions can be analyzed by the same procedure. This LC 
procedure is needed to replace the lengthy AOAC methods 
(6, 7) for cubé and derris powders. We suggest that this new 
method be tested in a collaborative study.
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Liquid Chromatographic Determination of Phenolic Impurities in Technical M CPA Using 
Electrochemical Detection (Coulometric Mode)

Y U K  Y . W IG F IE L D  and M O N IQ U E  L A N O U E T T E
A g r icu ltu re  C a n a d a , F o o d  P ro d u c tio n  a n d  In sp e c tio n  B ra n ch , L a b o r a to r y  S e rv ice s  D iv is io n ,
O tta w a , O n ta r io  K 1 A  0 C 6 , C a n a d a

Fifteen samples of technical 4-chloro-2-methylphenoxy acetic acid 
(MCPA) from 6 manufacturers were analyzed for the presence of 13 
different phenolic impurities. Reverse-phase liquid chromatography 
with an electrochemical (coulometric mode) detector was used for 
qualitative and quantitative determinations. The phenols were sep
arated using a 40-70% methanol and 60-30% 0.02M KH2P04 (pH
4.0) 35 min gradient system on a Spheri-5-RP-18 column. Confir
mation of the phenols present was done by retention time comparison 
with the corresponding standards, using 2 other isocratic mobile 
phases, methanol-0.2M acetic acid (60 + 40) at a flow rate of 1.3 
mL/min and acetonitrile-0.02M KH2P04 (45 + 55) (pH 3.0) at a 
flow rate of 0.90 mL/min. The similarity of results on 3 different 
solvent systems demonstrates the absence of any interfering re
sponses. 2-Methyl-4-chlorophenol (average 0.168%) and 2-methyl- 
4,6-dichlorophenol (average 0.004%) were detected in all 15 samples.
3- Methylphenol (0.002%) and 2,6-dimethyl-4-chlorophenol (0.002%) 
were detected in one sample only. The minimum detectable amount 
ranged from 0.1 to 0.6 ng, depending on the phenol. This corresponds 
to less than 0.002% when expressed relative to the weight of sample. 
The coefficient of variation for multiple analyses of the same sample 
(n = 6) is 1% for 2-methyl-4-chlorophenol and 3% for 2-methyl-4,6- 
dichlorophenol.

4- Chloro-2-methylphenoxy acetic acid (MCPA) is a systemic 
herbicide used to control annual and perennial weeds in ce
reals, grassland, and turf. It may be produced by chlorination 
of o-cresol followed by a condensation reaction with chlo- 
roacetic acid under alkaline condition (1). The identity of 
various phenols in MCPA is important because some of the 
phenols (e.g., 2,4,5- and 2,4,6-trichlorophenols) can yield 
chlorinated dioxins during the manufacturing process under 
alkaline reaction conditions. These dioxins can then be car
ried through to the final product in a manner analogous to 
the formation of dioxins in 2,4,5-T (2). Specifically, in the 
manufacturing process of MCPA, the condensation reaction 
of 2-methyl-4-chlorophenol (2-M-4CP) with chloroacetic acid 
under alkaline condition may favor the formation of dioxins 
from suitable chlorophenol precursors. 2-M-4CP itself is not 
a suitable dioxin precursor but may contain small amounts 
of other chlorophenols which generate dioxins under favor
able reaction conditions.

Many approaches to the analysis of mixtures of chloro
phenols have been reported, including spectrophotometric 
titration (3), ion exchange chromatography (4), reverse-phase 
liquid chromatography (LC) (5), in addition to gas chro
matography (GC) of the corresponding methylated deriva
tives (6). The presence of 2-methyl-4-chlorophenol was de
tected using reverse-phase LC and an electrochemical detector
(7). Direct gas chromatographic determination of 4-chloro-
2-methylphenol, 6-chloro-2-methylphenol, 2,4-dichloro-6- 
methylphenol, and 2-methylphenol in technical and for
mulated products of MCPA has also been reported (8). The 
latter method involves dissolving the samples in a mixture 
of acetone and 0.1M HC1 (60 + 40) and injecting the solution 
into a packed OV-17 column. This solvent system, due to 
the presence of an acid, may have some influence on the 
lifetime of the GC column.

This study reports the separation of 13 phenols, including

Received April 8, 1987. Accepted July 27, 1987.

2 methylphenols, 6 methylchlorophenols, and 5 chlorophe
nols, using reverse-phase LC and an electrochemical detector 
without preliminary extraction and derivatization of the 
samples. The levels of various phenols detected in MCPA 
samples are also presented.

Experimental
A pp a ra tu s

(a) Liquid chromatograph. — Spectra Physics SP8100 liq
uid chromatograph equipped with SP8110 autosampler and 
electrochemical detector Model 5100A Coulochem®, with 
Model 5010 analytical cell (Environmental Sciences Asso
ciates, Inc., Bedford, MA 01730). Guard cell, Model 5020, 
made of porous graphite is connected between pump and 
injector. Guard column packed with Co:Pell ODS is placed 
between guard cell and pump. Analytical cell is set at 0.70 
V and guard cell is set at 1.1 V, sensitivity at 10 x 20 (0.5 
/¿amp full-scale sensitivity).

(b) Data acquisition. — Spectra Physics SP4200 dual-chan
nel computing integrator, chart speed set at 0.5 cm/min and 
attenuation set at 16.

(c) LC column. — 25 cm x 4.6 mm Spheri-5® RP-18 re
verse-phase packed with spherical 5 fim sorbent (Spheri-5) 
(Brownlee Labs, Santa Clara, CA 95050) connected to 7.6 
cm x 2 mm Co:Pell ODS guard column (Whatman Inc., 
Clifton, NJ).

S o lven ts  a n d  R eagen ts

(a) Buffer solution.— 0.02M solution of potassium phos
phate monobasic (KH2P 0 4), LC grade (Fisher Scientific Co.).

(b) Mobile phase. — Gradient from methanol-0.02M buff
er (40 + 60) to methanol-buffer (70 + 30) over 35 min, hold 
15 min, 5 min to return to initial condition, and 5 min to 
equilibrate at flow rate of 1 mL/min. Confirmation was done 
with isocratic mobile phase of MeOH-0.2M acetic acid (60 + 
40) at flow rate of 1 mL/min and acetonitrile-0.02M buffer 
(45 + 55) at flow rate of 0.90 mL/min.

(c) Potassium hydroxide solution.— 0.2M KOH in water- 
isopropanol (60 + 40).

Table 1. Retention time and minimum detectable amounts (MDA) * 
of phenols

No. Phenols Abbrev.
RT,
min RRT

MDA,
"9

1 . 2-chlorophenol 2-CP 11.6 0.468 0.1
2 . 3-methylphenol 3-MP 12.2 0.492 0.1
3. 2-methylphenol 2-MP 13.0 0.524 0.1
4. 4-chlorophenol 4-CP 16.4 0.661 0.2
5. 2 ,6-dichlorophenol 2,6-DCP 20.4 0.822 0.3
6. 3-methyl-6-chlorophenol 3-M-6CP 20.9 0.843 0.2
7. 3-methyl-4-chlorophenol 3-M-4CP 22.48 0.906 0.3
8. 2-methyl-6-chlorophenol 2-M-6CP 24.13 0.97 0.2
9. 2-methyl-4-chlorophenol 2-M-4CP 24.8 1.00 0.2

10 . 2,4-dichlorophenol 2,4-DCP 26.91 1.08 0.1
1 1 . 2,6-dlmethyl-4-chlorophenol 2.6-DM-4-CP 31.7 1.28 0.6
12 . 2-methyl-4,6-dichlorophenol 2-M-4.6-DCP 34.00 1.39 0.2
13. 2,4,6-trlchlorophenol 2,4,6-TCP 35.9 1.44 2.0

* Expressed with signal-to-noise ratio = 2.
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Table 2. Levels of active ingredient (a.i.) and phenols in MCPA
samples

Manuf. Sample

Levels, %

a . i. 3-MP 2-M-4CP
2-M-4,
6-DCP

2,6-DM-
4-CP

A 1 87.1 0.106 0.006
2 91.4 0.158 0.010
3 90.5 0.060 0.006

B 4 86.6 0.002 0.652 0.005 0.002
c 5 93.1 0.040 0.002

6 89.3 0.071 0.005
7 79.3 0.048 0.003

D 8 95.1 0.277 0.002
9 97.1 0.303 0.002

10 95.8 0.260 0.002
E 11 95.0 0.054 0.002

12 95.0 0.065 0.007
13 92.8 0.102 0.004

F 14 88.6 0.163 0.005
15 93.1 0.155 0.005

X 91.3 0.168 0.004

(d) Standard stock solutions. — Accurately weigh 25 mg of 
each chlorophenol isomer standard and dilute each to 25 mL 
with KOH solution. (Compounds obtained from Canada 
Centre for Pesticide Analytical Standards, Laboratory Ser
vices Division, Food Protection and Inspection Branch, Ot
tawa, Ontario K1A 0C5, Canada.)

(e) Analytical standard mixtures. — Dilute appropriate ali
quot of each stock solution to 10 mL with KOH solution to 
give final concentrations of 0.04, 0.1, 0.4, 1, 2, 4 /tg/mL, 
respectively.

(f) Solvents. — Acetonitrile and methanol (LC grade, Cale
don Labs Ltd, Georgetown, Ontario); water (purified with 
Milli-Q2 system and filtered through 0.22 ¿tm filter); 2-pro
panol (LC grade, Fisher Scientific Co.).

D eterm in a tio n

Dissolve 300 mg MCPA sample in 25 mL KOH solution. 
Inject 10 fiL sample, using SP8110 autosampler. Record peak 
areas and retention times with SP4200 computing integrator. 
Calculate percent compositions by using external standard 
mixtures. Multilevel calibration with analytical standard 
mixtures produced linear fit in the range 0.04 to 4 jug/mL.

Results and Discussion
Thirteen phenols, listed in Table 1, were chosen for de

termination in technical MCPA samples. Two of these phen
ols (phenols 1 and 4) have been reported as impurities in 
both MCPA and 2,4-dichlorophenoxy acetic acid (2,4-D), 3 
phenols (phenols 5, 10, and 13) have been reported as im
purities in 2,4-D only, while the remaining 8 phenols (phen
ols 2, 3,6, 7, 8,9,11, and 12) have been reported as impurities 
in MCPA only (9, 10). Phenols 5, 10, and 13 were included 
in the determination of MCPA samples in order to investi
gate the possibility of cross-contamination from the produc
tion of 2,4-D technical product.

In the present study, the UV detector was not suitable for 
quantitative determination due to interference from re
sponses of other impurities. Thus, an electrochemical detec
tor was chosen for its selectivity to phenols and its advantages 
over an UV detector (5, 7).

The chromatographic separation of these 13 phenols, using 
the described LC column and mobile phase system, is shown 
in Figure 1A. The active ingredient content in MCPA was

R E T E N T IO N  T IM E  (m in i

Figure 1. A, Separation of 13 phenol standards, using 40-70% 
methanol and 60-30% 0.2M KH2P04 35 min gradient system. 
Numbered peaks refer to Table 1. B, Phenolic impurities present 
in technical MCPA sample 15, using solvent gradient system.

Table 3. Levels and retention times of 2-M-4CP, for 3 different 
mobile phases“

Sample

2-M-4CP, %

Solvent 1 Solvent 2 Solvent 3

1 0.106 0.108
2 0.158 0.154
3 0.060 0.085
4 0.652 0.618
5 0.040 0.040
6 0.071 0.081
7 0.048 0.059
8 0.277 0.231
9 0.303 0.293

10 0.260 0.219
11 0.054 —

12 0.065 0.074
13 0.102 0.113
14 0.163 0.183
15 0.155 0.131

RT (min) 23.46 6.58 8.32

* Solv. 1 = MeOH-buffer (40 + 60 to 70 + 30); Solv. 2 = MeOH-AcOH
(60 + 40); Solv. 3 = CHjCN-buffer (45 + 55).
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Table 4. Repeatability of methyl chlorophenol determination 
(sample 13)

Analysis
No.

2-M-4CP,
%

2-M-4.6-DCP,
%

1 0.103 0.0037
2 0.100 0.0037
3 0.102 0.0039
4 0.101 0.0037
5 0.103 0.0039
6 0.102 0.0037

X 0.102 0.0038
SD 0.001 0.0001
CV, % 1.0 3.0

analyzed using a separate LC-UV system. The levels of phe
nolic impurities and active ingredient in all MCPA samples 
expressed relative to sample weight are reported in Table 2. 
Four phenolic impurities were found in the samples, 2 of 
which were present in all samples, i.e., 2-methyl-4-chloro- 
phenol (2-M-4CP) and 2-methyl-4,6-dichlorophenol (2-M-
4,6-DCP) at average levels of 0.168% and 0.004%, respec
tively. The other 2 impurities were 3-methylphenol (3-MP) 
and 2,6-dimethyl-4-chlorophenol (2,6-DM-4CP), each at 
0.002%, found in one sample. Figure IB represents a typical 
LC chromatogram of an MCPA sample. The presence of
2-M-4CP in MCPA was confirmed by eluting the samples 
with 2 other isocratic solvent systems: (a) MeOH-0.2M acetic 
acid (60 + 40) and (b) acetonitrile-0.02M KH2PC)4 buffer 
(45 + 55). The similar levels of 2-M-4CP in the same MCPA 
sample but using different eluting solvent systems, as shown 
in Table 3, suggest that there are no interfering peaks from 
other impurities.

Using the present mobile phase, 2,6-DCP and 3-M-6CP 
(phenols 5 and 6) were partially resolved from each other. 
We have not attempted to further separate these 2 phenols 
by using other solvent systems because we did not find these 
phenols in all 15 MCPA samples analyzed.

2-M-4,6-DCP and 2,4,6-TCP (phenols 12 and 13) could

not be well separated under the present analytical system. 
Flowever, 2,4,6-TCP has been identified as an impurity in
2,4-D, co-existing with other phenols (phenols 1, 4, 5, and
10) but at a much lower level (10). Thus, the absence of these 
phenols suggests also the absence of 2,4,6-TCP. These data 
also suggest that there is no cross-contamination of MCPA 
samples from 2,4-D production.

2,6-DM-4-CP (phenol 12) was detected in sample 4 only. 
The response of this phenol was followed by a broad peak. 
The level of phenol 12 was quantitated manually by mea
suring peak area from baseline to valley position and cal
culated against the standard measured in similar fashion.

The statistical analysis shown in Table 4 was performed 
by analyzing the same sample (sample 13) 6 times. The LC 
procedure with the electrochemical detector described in this 
study provides a quick, sensitive, alternative procedure for 
the determination of phenolic impurities in MCPA.
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A  m o d if ie d  m e th o d  is  p r e s e n t e d  to  d e t e r m in e  t r a c e  q u a n t i t i e s  o f  /V -n i- 
t r o s o d i e t h a n o l a m i n e  (N D E 1 A )  a n d  A '- n i t r o s o d i i s o p r o p a n o l a m i n e  
( N D i P l A )  in  t h e  t r i i s o p r o p a n o l a m i n e  ( T iP I A )  f o r m u la t io n  o f  a  m ix 

t u r e  o f  p ic lo r a m  a n d  2 ,4 -D .  A q u e o u s  s a m p l e  i s  e x t r a c t e d  w i th  d ic h lo -  
r o m e th a n e  to  r e m o v e  o r g a n ic  i n t e r f e r e n c e s ,  a n d  t h e n  t h e  a q u e o u s  
l a y e r  i s  p a s s e d  s e q u e n t i a l l y  t h r o u g h  c h lo r id e  a n io n  e x c h a n g e  c o lu m n ,  
h y d r o g e n  c a t io n  e x c h a n g e  c o lu m n ,  a n d  C l i n - E l u t  e x t r a c t i o n  tu b e .  

T h e  f i n a l  e lu a t e ,  1 0 %  a c e to n e  in  e th y l  a c e t a t e ,  i s  c o n c e n t r a t e d .  T h e  
i s o l a t e d  n i t r o s a m i n e s  a r e  c o n v e r te d  to  t h e  c o r r e s p o n d in g  t r i m e t h y l -  
s i ly l  ( T M S )  d e r iv a t iv e s  a n d  d e t e r m in e d  b y  g a s  c h r o m a t o g r a p h y  ( G C )  
o n  a  D B 1  c o lu m n  c o u p le d  w i th  a  t h e r m a l  e n e r g y  a n a l y z e r  ( G C - T E A ) .  
E i g h t  s a m p l e s  o f  c o m m e r c ia l  T i P I A  f o r m u la t io n s  a r e  a n a l y z e d .  M a x 

im u m  d e te c te d  l e v e ls  o f  N D E 1 A  a n d  N D i P l A  w e re  0 .6  a n d  0 .9  p p m , 
r e s p e c t iv e ly ,  e x p r e s s e d  r e l a t i v e  to  t o t a l  w e ig h t  o f  a c t iv e  i n g r e d i e n t s .  
A n a ly s i s  o f  1 3  s a m p l e s  o f  h e r b i c id e  D E I  A  f o r m u la t io n  u s in g  a  p r e 

v io u s ly  e s t a b l i s h e d  m e th o d  a n d  a  D B 2 2 5  c o lu m n  g a v e  N D E 1 A  r e s u l t s  
o f  0 . 7 - 6 .0  p p m .  N D i P l A  w a s  n o t  d e te c te d  in  t h o s e  s a m p l e s .  R e s u l t s  
a r e  c o n f i r m e d  b y  G C - m a s s  s p e c t r o m e t r y  ( G C / M S )  w i th  o x y g e n  n e g 
a t iv e  c h e m ic a l  i o n i z a t io n  ( O N C I )  d e te c t io n .  D e c te c t io n  l im i t s  fo r  

b o t h  n i t r o s a m i n e s  a r e  0 .0 5  o r  0 .0 7  n g  (0 .1  o r  0 .1 7  p p m )  f o r  G C - T E A  
d e te c t io n ,  d e p e n d i n g  o n  t h e  a n a l y t i c a l  c o lu m n s  u s e d ,  a n d  2 0  p g  (0 .0 4  
p p m )  f o r  G C / M S  d e t e c t io n .  R e c o v e r ie s  o f  N D E 1 A  a r e  8 7 - 1 0 9 %  fo r  
D E 1 A  f o r m u la t io n  s p ik e d  a t  2 .6  a n d  3 .9  p p m  a n d  9 0 - 1 1 5 %  f o r  T i P I A  
f o r m u la t io n  s p ik e d  a t  0 . 2 - 0 .3  p p m .  S i m i l a r ly ,  r e c o v e r ie s  o f  N D i P l A  
a r e  9 5 .7 - 1 0 0 %  f o r  t h e  D E 1 A  f o r m u la t io n  s p ik e d  a t  0 .2 4  a n d  0 .4 8  

p p m ,  a n d  8 2 - 1 1 8 %  f o r  t h e  T i P I A  f o r m u la t io n  s p ik e d  a t  0 . 2 - 0 .3  p p m .

4-Amino-3,5,6-trichloropyridine-2-carboxylic acid, com
monly known as picloram, is a broad-leaf herbicide. It may 
be used in combination with 2,4-dichlorophenoxyacetic acid 
(2,4-D) against deep-rooted perennials on noncropland (1). 
In Canada, certain picloram products are formulated with
2,4-D as diethanolamine (DE1A) salts or triisopropanol
amine (TiPIA) salts under the trade names of Tordon 202c 
and Tordon 101, respectively.

Diethanolamine formulations of herbicides have been re
ported to contain trace quantities of A'-nitrosodicthanol- 
amine (NDE1A) (2), in some cases, up to 2400 ppm relative 
to active ingredient (a.i.) weight (3, 4). NDE1A has been 
demonstrated to be carcinogenic to laboratory animals (5). 
Therefore, commercial amine formulations of a mixture of 
picloram and 2,4-D were investigated for nitrosamine con
tamination.

Several methods for the analysis of hydroxylated A’-nitro- 
samines have been reported. These include liquid chroma
tography (LC) combined with a thermal energy analyzer (TEA) 
(6, 7) on the hydroxylated .V-nitrosamine and gas chroma
tography (GC) with TEA or a mass spectrometer (MS) on a 
volatile derivative of the /V-nitrosaminc (8-10). We have 
previously developed cleanup techniques suitable for trace 
analysis of NDE1A in pesticides (2, 4). However, these tech
niques were unsuitable for the present investigation. Thus, 
in this study, we report a modified method to determine trace 
levels of NDE1A and NDiPlA in a mixture of 2,4-D and 
picloram present as TiPIA salts, as well as the levels of these 
nitrosamines in 21 samples of 2 formulations. Although 
NDiPlA has been detected in environmental samples (11), 
it has not previously been detected in pesticide formulations.

Received April 8, 1987. Accepted July 27, 1987.

METHOD
A p p a ra tu s

(a) Gas chromatograph-thermal energy analyzer.— For 
DE1A formulation: Varian Vista Model 6000 gas chromato
graph with on-column injector (Varian Ultrabore pack mode 
kit) interfaced to Model 543 TEA detector (Thermedics, Inc.), 
equipped with Varian 8000 autosampler and Varian 402 data 
acquisition system. GC column: 30 m x 1.0 pm DB225 (J 
& W Scientific). Operating conditions: column oven tem
perature, 120°C for 1 min, then 120-160°C at 57min, fol
lowed by 160°C for 5 min; head pressure, 25 psi; injection 
port, 175°C; helium carrier gas flow rate, 4.0 mL/min; in
terface to detector, 200°C; pyrolizer temperature, 500°C with 
CTR® gas stream filter; vacuum, 0.5 torr; attenuation, 4; 
chart speed, 0.5 cm/min. Injection technique, on-column; 
injection volume, 2 pL. Under the given conditions, the re
tention time of NDE1A was 10.90 min and that of NDiPlA 
was 9.48 min.

For TiPIA formulation: Hewlett-Packard Model 5710A 
gas chromatograph with Model 18740B capillary column 
controller interface to Model 502 TEA detector (Thermedics, 
Inc.) and equipped with Spectra-Physics SP 4200 computer 
integrator. GC column: 30 m x 0.25 fim fused silica DB1 (J 
& W Scientific). Operating conditions: column temperature, 
120-130°C at 17min; injection port, 150°C; carrier gas flow 
rate, 3.0 mL/min; interface to detector, 150°C; vacuum, 0.35 
torr. Injection technique, spitless; purge delay time, 10 s; 
septum vent, 6 mL/min; split vent. 70 mL/min. All other 
conditions are identical to those listed for DE1A formulation. 
Under the given conditions, the retention time of NDE1A 
was 5.48 min and that of NDiPlA was 6.06 min.

(b) Gas chromatograph/mass spectrometer. — Finnigan 
Model 9610 gas chromatograph with J & W Model II cap
illary on-column injector and Finnigan 4500 mass spectrom
eter with pulsed positive ion/negative ion chemical ioniza
tion and Townsend discharge ionization. GC column: 15 
m x 0.32 mm id DB5 (J & W Scientific). Data acquisition 
and MS control: Finnigan 2300 INCOS data system. GC 
operating conditions: column temperature, 85°C for 0.1 min, 
then 57min to 150°C; head pressure, 3 psi; ultra high purity 
helium carrier gas. Mass spectrometer source pressure, 0.48 
torr; ionization mode, oxygen (UHP) negative chemical ion
ization (ONCI) with Townsend discharge mode; temperature 
100°C; discharge current, 70 pA; voltage 1.5 kV.

(c) Extraction tube. — Clin Elut® columns unbuffered (part 
No. 1020, Analytichem International, Harbor City, CA).

(d) Ion exchange columns. — 5 mL anion exchange ma
terial AG1-X8 (100-200 mesh) chloride ion packed with 
water in disposable 11 mL polypropylene Econo-Columns 
(Bio-Rad Laboratories) and 0.8 x 4 cm prefilled Econo- 
Columns packed with 100-200 mesh cation exchange resin 
AG50W-X8 (H+) in water (Bio-Rad Laboratories).

R eagen ts

Caution: NDE1A and NDiPlA have been shown to be car
cinogenic to laboratory animals; use extreme caution in han
dling standards and samples. Preferably, purchase dilute
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standard from commercial supplier and perform all work in 
fume hood. Use mechanical pipetting aids for measuring all 
solutions and wear protective gloves while handling stan
dards.

(a) Solvents. — Butanol, reagent grade; all others, glass dis
tilled.

(b) Nitrosamine standard solutions. — 500 ng NDE1A or 
NDiPlA in 5 mL acetone (Thermedics).

(c) NDEIA analytical standard.— Dilute appropriate ali
quot of standard solution to 10 mL with acetone to give final 
concentrations of 50, 5.0 ng/juL, respectively.

(d) NDiPlA analytical standard. — Dilute appropriate ali
quot of standard solution to 10 mL with acetone to give final 
concentration of 1.03 ¡ig/mL, 5.14 ng/mL, respectively.

(e) Mixed standard.— Mix 1 mL of 50 ng/^L NDEIA and 
50 fL  of 1.03 fig/mL NDiPlA and dilute to 10 mL with 
acetone to give final NDEIA concentration of 5.00 ng/^L and 
NDiPlA concentration of 5.14 ng/juL.

(f) N-Nitrosation inhibitor.— Sodium azide solution. 
Weigh 10 g sodium azide (reagent grade) in 500 mL glass- 
distilled water (purified with Milli-Q2 system).

(g) Silylating agent. — A,0-5A-(trimethylsilyl)acetamide 
(BSA), specially purified grade (Pierce Chemical Co.).

C leanup

(a) DElA formulation. — Quantitatively transfer 1.0 mL of 
formulation with 15 mL water to drained anion exchange 
column connected in series with drained cation exchange 
column which elutes directly to Clin-Elut extraction tube. 
Wait 3 min for eluted sample to be adsorbed onto dry Clin- 
Elut column. Add 20 mL 10% acetone in ethyl acetate to 
Clin Elut column and wait 2 min. Add 230 mL of the same 
solvent and collect eluate in 500 mL round-bottom flask. 
Add 0.5 mL butanol to eluate to prevent complete evapo
ration of solvent. Concentrate eluate to 1 mL on rotary evap
orator at 36°C. Transfer resulting solution to 15 mL centri
fuge tube by rinsing 3 times with 2 mL portions of 
dichloromethane each time. Proceed to preparation of TMS 
derivative.

(b) TiPlA formulation.— Weigh 2.0 g sample into 40 mL 
centrifuge tube. Add 3 mL water and 5 mL dichloromethane. 
Vortex 30 s and centrifuge mixture. Transfer aqueous layer 
to series of columns as described for DElA formulation. 
Re-extract organic layer with 5 mL water and transfer re
sulting aqueous layer to column system. Add 7 mL water to 
column system. Wait 3 min, and then proceed in the same 
manner as described for NDEIA formulation.

P rep a ra tio n  o f  T M S  D eriva tive s

Evaporate NDEIA extract in 15 mL centrifuge tube under 
nitrogen to dryness. Add 0.5 mL BSA reagent, shake, stopper, 
and heat 30 min at 70°C (12). Cool to room temperature and 
dilute to 1 mL with acetone. To prepare standard used for 
GC quantitation, add 200 fL  standard stock solution in 15 
mL centrifuge tube, evaporate to dryness, and prepare silyl 
derivatives as above. Proceed to GC determination within 
24 h.

G C  D eterm in a tio n

Inject 2 nL aliquot of NDEIA silyl derivative into GC 
apparatus. Quantitate NDEIA concentrations, using exter
nal standard:

NDEIA (ppm a.i.) = (A/A') x (W'/W) x purity of std

where A and A' = area response of sample and standard,
respectively; W' and W = weight Qg) of standard, and total

herbicide weight calculated from amount of picloram and
2,4-D (% w/w) contained in the herbicide amine formulation 
as stated on the product label.

G C / M S  C o n firm a tio n

Using conditions described under apparatus, inject 3 ¡xL 
aliquot of standard NDEIA silyl solution within 24 h of prep
aration and obtain mass spectrum, using mode of ONCI 
described. Repeat with silylated sample solution, and com
pare mass spectrum with that of standard for confirmation.

Results and Discussion
In Canada, certain picloram products are available com

mercially as a mixture with 2,4-D. This mixture may be 
present either as DElA salts or TiPlA salts. The former prod
uct contains 12 g/L picloram and 200 g/L 2,4-D, and the 
latter contains 60 g/L and 240 g/L, correspondingly. The 
cleanup procedures used to isolate NDEIA and NDiPlA from 
samples of the DElA product involve passing the aqueous 
samples through a series of disposable columns: a chloride 
anion exchange column to retain the herbicide anions, a cat
ion exchange column to retain the dialkanolammonium cat
ion, and a Clin-Elut column to extract the /V-nitrosodialka- 
nolamine into the organic phase. The cleanup procedure for 
TiPlA samples requires extraction with dichloromethane to 
remove organic ingredients in the samples prior to the use 
of the series of disposable columns. The resulting nitrosa- 
mines are then converted into the respective TMS derivatives 
and analyzed by use of a GC-TEA detection system.

We previously developed a cleanup method to isolate 
NDEIA from samples of 2,4-D DElA formulation (2). Be
cause of the similarity in herbicide compositions of all 3 
products, we attempted to apply this cleanup method to the 
compounds in the present investigation. The method is ap
plicable to DElA samples, but is not suitable for TiPlA 
samples. Addition of TiPlA sample onto a chloride anion 
exchange column resulted in a very slow elution speed and 
a cloudy, colored eluate. The same effects were observed 
when a formate anion exchange column was used. Increased 
column size improved the color of the eluate but also in
creased the sample elution time and produced poor recovery 
results. We suspect that certain formulation ingredients may 
deleteriously affect the anion exchange columns. Thus a di
chloromethane extraction step was introduced to remove 
these ingredients prior to column cleanup, resulting in clean, 
colorless eluates.

For TiPlA, a DB1 GC column combined with a pro
grammed column temperature was used to separate NDEIA 
from NDiPlA. The TEA response time for NDEIA was 5.48 
min and for NDiPlA was 6.06 min as shown in Figure 1. 
For DElA samples, due to the marked difference in levels of 
NDEIA and NDiPlA present, a DB1 column could not give 
well resolved responses for these 2 nitrosamines. Thus a 
DB225 column was used, giving a TEA response for NDiPlA 
at 9.48 min and for NDEIA at 10.90 min as shown in Figure
2. This elution pattern gave well separated responses for the 
2 contaminants present at widely different concentrations.

Sodium azide (NaN3) solution has been used to prevent 
artifactual formation of nitrosamine in samples during clean
up (2). It also increases the ion strength of the sample and 
thus decreases the ion exchange column retention capacity 
for the sample. Therefore, the effect of NaN3 solution on the 
nitrosamine levels in the samples was investigated. A sample 
of each formulation was analyzed for nitrosamine before and 
after the addition of the NaN3 solution. Table 1 shows that 
the results from these 2 different conditions are the same
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■ NDEIA

0.1 FSD

NDiPLA

TIME (min)
Figure 1. Typical G C -TEA  chrom atogram  of: A, m ixed stan
dards (0.3 ng each); B, sam ple 20 containing NDEIA (0 .2 ppm ) 

and NDiPIA (0.1 ppm ) using DB1 column.

within experimental error. Thus NaN3 was not added to the 
samples prior to cleanup in order to maintain the retention 
capacity of the ion exchange columns.

Recovery studies were performed using the described 
method on both formulations by spiking a mixed standard 
of NDEIA and NDiPIA directly into the sample, ensuring 
thorough mixing before extraction and cleanup. The recovery 
results of NDEIA and NDiPIA from the herbicide DE1A 
product are shown in Table 2. Recoveries of NDEIA range 
from 87 to 109% with an overall average value of 101% and 
a coefficient of variation (CV) of 4.5%, calculated at 3.9 ppm. 
Recoveries of NDiPIA spiked at 0.24 ppm and 0.48 ppm are 
100% and 95.7%, respectively. This NDiPIA recovery study 
was limited because of the absence of this nitrosamine in the 
formulation.

Similar recovery studies were conducted on the herbicide 
TiPlA product spiked with NDEIA at 0.21, 0.29, 0.42, and 
0.80 ppm and NDiPIA at 0.29 and 0.20 ppm, respectively. 
Results are shown in Tables 3 and 4. Recoveries of NDEIA

A 0.2 FSD

NDEIA

Figure 2. Typical G C -TEA  chrom atogram  of: A, sam ple 5 con
taining NDEIA (4 .16  ppm); B, sam ple 5 sp iked with NDiPIA (0 .48

ppm).

range from 91 to 115% with an average of 101% and a CV 
of 5.0%, calculated at 0.29 ppm. Recovery results of NDiPIA 
are 82 to 118% with an average of 102% and a CV of 7.2%, 
calculated at 0.29 ppm.

Reagent blanks were analyzed after the same cleanup pro
cedures, giving levels of both nitrosamines below the limits 
of detectability. Calibration curves were calculated from a 
mixed standard solution of NDEIA and NDiPIA in the range 
of 0.1 to 1.0 ng, and were linear within this range.

The minimum detectable amount (MDA), based on a sig- 
nal-to-noise ratio of 2:1, was 0.07 ng for GC-TEA using the 
DB225 column, 0.05 ng using the DB1 column, and 20 pg 
for GC/MS. These limits correspond to 0.17 ppm for nitro-
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Figure 3. Typical GC/MS chromatogram of TMS derivatives of mixed standards (150 pg each).

samines in DE1A formulation analyzed by GC-TEA, 0.1 ppm 
for the TiPlA formulation, and 0.05 ppm for samples ana
lyzed by GC/MS.

Analyses of 13 samples of the DE1A formulation and 8 
samples of TiPlA formulation were performed in duplicate 
for nitrosamine contamination using GC-TEA. Averages of

these duplicate results are shown in Table 5. The levels of 
NDE1A in the DE1A formulation range from 0.7 to 4.9 ppm 
and in the TiPlA product from nondetectable to 0.6 ppm. 
NDiPlA was not detected in all samples of the DE1A product. 
It was detected at low levels (max. 0.9 ppm) in some samples 
of the TiPlA product.

Figure 4. Typical mass fragmentation of NDiPIA-TMS standard (25 ng).
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Table 1. Af-Nitrosodialkanolamine in DEIA and TiPIA formulation 
before and after addition of NaN3 solution

Analysis . 
No.

NDEIA, ppm NDiPlA, ppm

With NaN3 Without NaN3 With NeN3 Without NaN3

1 0.98 0.88 ___ ___

2 0.81 0.82 — —

3 0.91 0.83 — —

4 0.91 0.98 — —

Xa 0.90 0.88 — —

5 0.17 0.20 0.12 0.10
6 0.21 0.20 0.10 0.10
7 0.22 0.11 0.10
Xo 0.20 0.20 0.11 0.10

“ Sample 12. 
“ Sample 19.

Table 2. Recoveries of Af-nitrosodialkanolamine from spiked 
herbicide DEIA formulation, using GC-TEA

Nitrosamine level, ppm

Found/
Nitrosamine Present Spiked Found present Rec., %

NDEIA 4.87 3.9 8.82 3.95 100
4.87 3.9 9.25 4.38 110
4.87 3.9 9.08 4.21 106
4.93 3.9 9.16 4.23 107
4.93 3.9 8.95 4.02 102
4.93 3.9 8.72 3.79 96
2.73 2.6 5.14 2.41 93
2.73 2.6 4.98 2.25 87
2.73 2.6 5.55 2.82 109

x (overall) 101
X (at 3.9 ppm) 104
CV (at 3.9 ppm) (n = 6) 4.3

NDiPlA ND* 0.24 0.24 0.24 100.0
ND* 0.48 0.48 0.48 95.1

* ND = nondetectable at a detection limit of 0.17 ppm.

Results in Table 5 were confirmed using ONCI GC/MS 
determination at m/z 248.07 ± 0.5, 276.08 ± 0.5, 310.09 ± 
0.5, and 338.10 ± 0.5. The former two m/z values represent 
the loss of an NO group, (m — 30)+, from the molecular ions 
NDE1A-TMS and NDiPlA-TMS. The latter 2 ions represent 
the oxygen adducts, (M + 32)+, of these molecular ions. 
Figure 3 shows the GC/MS chromatogram of TMS deriva
tives of mixed standards demonstrating the presence of these 
characteristic ions. The GC/MS chromatogram and the MS 
fragmentation pattern of the NDE1A standard and a sample 
containing NDE1A have been reported (2). Figure 4 shows 
the MS fragmentation patterns of a sample of the NDiPlA- 
TMS standard.

Results in Table 5 show that samples of the DEIA product 
(samples 1-13) consistently contain higher levels of NDE1A 
than samples of the TiPIA product. The level of NDiPlA in 
some TiPIA samples (nos. 14, 15, 17, and 18) are higher than 
those in the DEIA formulation. It is suspected that the amines 
used to formulate these products have been contaminated 
with nitrosamines, probably DEIA with NDE1A and TiPIA 
with NDiPlA. This rationale is based on the fact that DEIA 
is a precursor of NDE1A. TiPIA is not a precursor of NDE1A; 
it is a precursor of NDiPlA only after dealkylation. However, 
tertiary amines may contain trace quantities of secondary 
amines which are nitrosamine precursors. Thus, it appears 
reasonable that the levels of NDE1A in samples 1-13 are 
significantly higher than those of NDiPlA in samples 14-21.

Table 3. Recoveries of N-nitrosodiethanolamine from spiked 
herbicide TiPIA formulation, using GC-TEA

NDEIA, ppm

Present Spiked Found Found/present Rec., %

0.207 0.208 0.407 0.200 96
0.207 0.208 0.395 0.188 91
0.207 0.208 0.440 0.233 112
0.200 0.286 0.502 0.302 106
0.200 0.286 0.465 0.265 93
0.200 0.286 0.502 0.302 106
0.203 0.286 0.475 0.272 95
0.203 0.286 0.499 0.296 103
0.203 0.286 0.486 0.283 99
0.221 0.416 0.698 0.477 114
0.221 0.416 0.596 0.375 90
0.221 0.416 0.618 0.397 95
0.170 0.800 0.980 0.810 101
0.170 0.800 1.060 0.890 107
0.170 0.800 1.113 0.960 115

X (overall) 102
X (at 0.29 ppm) 100
CV (at 0.29 ppm) (n = 6) 5.0

Table 4. Recoveries of N-nitrosodiisopropanolamine from spiked 
herbicide TiPIA formulation, using GC-TEA

NDiPlA, ppm
____________________________  Rec.,

Present Spiked Found Found/present %

0.099 0.294 0.409 0.310 105
0.099 0.294 0.404 0.305 103
0.098 0.294 0.371 0.273 93
0.098 0.294 0.436 0.338 115
0.095 0.196 0.320 0.225 118
0.095 0.196 0.250 0.155 82
0.095 0.196 0.280 0.185 97

x (overall) 102
X (at 0.29 ppm) 104
CV (at 0.29 ppm) (n = 4) 7.2

Table 5. N-Nitrosodialkanolamine levels relative to active in
gredients found in mixture of picloram and 2,4-D formulations

Amine used in 
Sample formulation

NDEIA, ppm NDIPIA, ppm

GC-TEA GC/MS GC-TEA GC/MS

1 DEIA 4.9 4.4 ND* —

2 DEIA 3.4 3.4 ND —

3 DEIA 3.9 3.7 ND —

4 DEIA 2.4 2.5 ND —

5 DEIA 4.2 4.1 ND —

6 DEIA 3.7 3.3 ND —

7 DEIA 2.9 3.1 ND —

8 DEIA 0.8 0.7 ND —

9 DEIA 4.6 3.5 ND —

10 DEIA 3.9 4.3 ND —

11 DEIA 1.0 1.0 ND —

12 DEIA 0.7 0.7 ND —

13 DEIA 3.1 3.5

14 Ti PIA 0.6 0.6 0.9 0.9
15 Ti PIA 0.4 0.4 0.2 0.2
16 TIPIA 0.3 0.3 ND ND
17 TiPIA 0.5 0.6 0.2 0.2
18 TIPIA 0.4 0.4 0.2 0.2
19 TIPIA 0.2 0.2 ND 0.1
20 TIPIA 0.2 — 0.1 —

21 TIPIA ND — ND —

* ND = nondetectable at a detection limit of 0.1 ppm.
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The fact that samples 14-21 contain low levels of DEI A 
may be due to cross-contamination.

In conclusion, the similarity of results for the same samples 
determined using 2 different detection systems, as shown in 
Table 5, demonstrates the absence of any interfering impur
ities in the extract. The analytical method reported in this 
study is sufficiently sensitive and specific to separate and to 
give reproducible results of NDE1A and NDiPlA in a mixture 
of 2,4-D and picloram present as DE1A or TiPlA salts.
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Determination of /V-Nitrosodipropylamine in Trifluralin Emulsifiable Concentrates Using 
Minicolumn Cleanup and Gas Chromatography with Thermal Energy Analyzer

D A V E  W O T H E R S P O O N  and R A L P H  H IN D L E * 1
A g r icu ltu re  C a n a d a , L a b o r a to r y  S erv ice s  D iv is io n , W estern  L a b o ra to ry , C a lg a ry , A lb e r ta  T 2 G  0 X 5 , C a n a d a

A qu ick  m ethod for d eterm ining /V-nitrosodipropylam ine (N D P A ) 
levels in triflu ra lin  em u lsifiab le con cen trate  form ulations is de
scribed . A t least 18  sam ples can  be analyzed a t one tim e in  a  m inim um  
o f  fum ehood space, w ith up to 9 0 %  savings on solvents and m ateria ls. 
A  sam ple aliquot is m ixed w ith a solution contain ing  nitrosam in e 
recovery stand ard s, and n itrosam in es are separated  by m inicolum n 
cleanup. In tern al standard  is  added d irectly  to the eluate contain ing 
the nitrosam ines, and levels a re  determ ined by gas chrom atography 
with therm al energy analyzer. R ecoveries o f spiked nitrosam in es 
ranged from  9 8  to 1 0 2 % . C oefficients o f variation for sam ples con
tain ing  < 0 .5  ppm N D P A  are  < 1 3 % . M in im u m  d etectab le  lim it, 
calcu lated  as 3 tim es th e noise, is 0 .0 6  ppm. C om parison w ith the 
m ethod form erly used by th is  laboratory  shows no sign ifican t d iffer
ence in th e an a ly tica l resu lts a t  9 5 %  confidence lim its , and control 
experim en ts were perform ed to ensure th a t th ere  was no artifa ct 
form ation o f N D P A .

Trifluralin (a,a,a-trifluoro-2,6-dinitro-A,A-dipropyl-p-to- 
luidine) is used extensively in Canada as a pre-emergence 
herbicide to control annual grasses and broad-leafed weeds 
among field crops, vegetables, and ornamentals. ¿V-Nitro- 
sodipropylamine (NDPA) has been detected in trifluralin for
mulations by Ross et al. (1), and concerns about it have been 
raised by Magee and Barnes (2), who have shown dialkyl 
nitrosamines to be carcinogenic in many species of animals. 
The Regulations of the Canada Pest Control Product Act 
(June 1982) set a maximum tolerance of 1 ppm NDPA in 
trifluralin formulations, and this laboratory has a monitoring 
program at the pre- and post-registration stages to enforce 
this limit.

Analysis for NDPA in trifluralin products has been de
scribed by Maybury and Grant (3); they used a silica gel 
column cleanup, followed by concentration of the eluate, 
analysis by gas chromatography, and thermal energy analyzer 
detection (GC/TEA). It is essentially this method that has
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been used in this laboratory for 2 years; 6 samples per day 
can be analyzed within our space limitations of one 5 ft 
fumehood. Significant improvements have been made that 
allow analyses of at least 18 samples per day in smaller space, 
with over 90% savings in solvents and materials. This is 
achieved through the use of commercially available silica gel 
minicolumns. The sample concentration step following 
cleanup has also been eliminated, thus reducing the potential 
for loss of the volatile nitrosamines as well as reducing anal
ysis time by over 1 h.

During GC analysis for nitrosamines, adequate attention 
must be given to the possibility of artifact formation during 
various steps in the method, resulting in the reporting of false 
positives (4-6). Experimental data are provided to prove that 
this method does not cause nitrosamines to be formed.

METHOD
Apparatus and Reagents

Caution: Nitrosamines are carcinogenic and should only 
be used within a fumehood. Use of red fluorescent lighting 
is recommended to avoid possible photodegradation of com
pounds.

(a) Gas chromatograph. — Hewlett-Packard Model 5792 
equipped with Model 7671A autosampler and fitted with 5 
ft X 3 mm id glass column packed with 10% Pennwalt 223 + 
4% KOH on 80-100 mesh Porapak R (Alltech Associates). 
Operating conditions: injection port 255°C; oven tempera
ture 160°C for 13 min, programmed to 210°C at 307min, 
with final hold for 22 min; nitrogen carrier flow 30 mL/min.

(b) Thermal energy analyzer. —Model 543 with interface 
temperature of 200°C and pyrolyzer temperature of 550°C, 
equipped with CTR gas stream filter (Thermo Electron Corp., 
Waltham, MA).

(c) Electronic integrator.—Hewlett-Packard Model 3390A.
(d) Chromatographic columns. — 3 mL silica gel Bond-Elut 

columns (Analytichem International). Heat overnight in 
105°C oven.
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Table 1. NDPA concentration (ppm) in replicate samples of trifluralin

Sample

Replicate A B C D E F G H I

1 0.400 0.229 0.131 0.493 0.097 0.140 0.204 0.222 0.117
2 0.407 0.235 0.136 0.492 0.099 0.114 0.177 0.233 0.104
3 0.406 0.256 0.117 0.482 0.104 0.114 0.225 0.208 0.117
4 0.418 0.251 0.121 0.493 0.109 0.138 0.192 0.211 0.129
5 0.384 0.238 0.123 0.478 0.092 0.116 0.163 0.206 0.116
6 0.384 0.267 0.132 0.462 0.089 0.094 0.177 0.220 0.114
7 0.407 0.261 0.158 0.505 0.104 0.131 0.194 0.215 0.113
8 0.403 NV" 0.118 0.489 0.099 0.143 NV 0.241 0.136
9 0.435 NV 0.131 0.477 0.115 0.126 NV 0.190 0.118

10 NV NV 0.142 NV 0.091 NV NV NV NV

Mean 0.405 0.248 0.131 0.486 0.100 0.124 0.190 0.216 0.118
SD 0.016 0.014 0.012 0.012 0.008 0.016 0.020 0.015 0.009
RSD, % 3.95 5.65 9.16 2.47 8.00 12.9 10.5 6.94 7.63

• No value.

(e) Silica gel.—BDH Chemicals Canada Ltd, No. M07734. 
Preheat overnight in 105°C oven.

(f) Sodium sulfate.— Fisher Scientific S-421. Dry over
night in 105°C oven.

(g) Dichloromethane. — Distilled in glass (Caledon).
(h) Ethanol. — 100% (Consolidated Alcohols Ltd).
(i) Nitrosamine standards.—Prepare NDMA, NDEA, and 

NDPA working standards from stock 100 fig/'mL solutions 
of individual nitrosamines in ethanol (Thermedics, Inc.); pre
pare NDBA in DCM from pure standard (Sigma Chemical 
Co.).

Extraction and Cleanup
Prepare silica gel minicolumns by adding additional 0.3 g 

silica gel, and then 0.7 g sodium sulfate. Place each column 
in 18 x 150 mm culture test tube and prewash with 3 x 1.0 
mL dichloromethane (DCM). Ridge on top of cleanup col
umn holds it in place at top of test tube.

To separate culture test tube containing 2.0 mL DCM, 
pipet 1.0 mL column spiking standard containing 0.5 /¿g 
TV-nitrosodiethylamine (NDEA) and 2.0 /¿g A'-nitrosodibu- 
tylamine (NDBA) in DCM. Pipet 1.0 mL liquid trifluralin 
formulation and mix thoroughly using vortex mixer. Quan
titatively transfer solution through cleanup column by adding 
two 0.5 mL DCM rinses of sample test tube to column. Elute 
trifluralin from column with five 0.5 mL washes of DCM, 
followed by 0.5 mL 10% ethanol in DCM. With cleanup 
completed, transfer column to clean culture tube and elute 
nitrosamines with three 1.0 mL portions of 10% ethanol in 
DCM. Following elution, discard column, and pipet 1.0 mL 
of 1.0 Mg/mL A-nitrosodimethylamine (NDMA) in DCM as

Table 2. Comparison of NDPA recovery using different-size col
umns, with standard addition

Sample

NDPA, ppm

Mlnicolumn Large Std addn*

A 0.405 0.410 0.441
B 0.248 0.254 0.238
c 0.131 0.134 0.167
D 0.486 0.449 0.458
E 0.100 0.095 0.103
F 0.124 0.124 0.124
G 0.190 0.188 0.194
H 0.216 0.203 0.204
I 0.118 0.100 0.137

Each sample was spiked with 3 levels: 0.09, 0.18. and 0.36 ^g/mL NDPA
in xylene.

internal standard into final fraction, and mix using vortex 
mixer. Sample is now ready for GC/TEA analysis.

GC/TEA Analysis
Inject 4 /¿L working standard containing 330 ng/mL 

NDMA, 170 ng/mL NDEA, 340 ng/mL NDPA, and 670 ng/ 
mL NDBA, using integrator in peak height mode. Retention 
times are 1.1, 1.8, 3.7, and 9.3 min, respectively. Calibration 
is complete when repeat injections are within 2% of each 
other, using internal standardization (ISTD). Initial temper
ature of 160°C for 13 min is sufficient to elute the 4 nitro
samine peaks; however, the ramp to 210°C and hold for 22.0 
min is required to drive off any residual trifluralin injected, 
which would otherwise cause very broad peak during sub
sequent runs.

Calculate ppm NDPA in trifluralin, using the following 
formula:

NDPA, ppm = [(Ht NDPA/Ht NDPA') x (Ht NDMA'/ 
Ht NDMA) x (Mg NDPA'/mL sample)]/% trifluralin in for
mulation

where Ht NDPA and Ht NDPA' = peak height of sample 
and standard, respectively; u-g NDPA' = weight in standard; 
and mL sample = original sample size.

Results and Discussion
In order to verify the reproducibility of this method, 9 

samples from various manufacturers with different formu
lations were analyzed up to 10 times each (Table 1). The 
range of sample means was 0.100-0.486 ppm NDPA, with 
coefficients of variation (CV) ranging from 2.57 to 12.9%. 
The minimum detectable limit, defined as 3 times the stan
dard deviation (SD), is 0.06 ppm. Table 2 compares the 
results achieved with this method and the method previously 
used in this laboratory, involving cleanup on 25 g silica gel

Table 3. NDPA levels observed in diluted trifluralin extracts
NDPA, ng/mL

Trifluralin,
ng/mL No spike

44 ng/mL 
added Ree., %

40 ND* 40 90
400 ND 44 100

4000 ND 42 95
40 000 ND 43 98

400 000 ND 45 102
* Not detected; minimum detectable limit = 6 ng/mL.
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Table 4. Nitrosamine levels observed before and after addition 
of 6000 nq DMA

Sample

NDPA, ppm NDMA, ppm

Before After Before After

Blank* ND* ND ND 0.028
A 0.360 0.359 ND 0.055
B 0.420 0.428 0.021 0.083
C 0.200 0.198 0.019 0.080
D 0.178 0.187 ND 0.082
E 0.435 0.433 0.008 0.070
Spike* 1.45 1.44 0.012 0.057
DMA ND ND — 0.080

* Blank spiked with NDBA only. 
6 Not detected. 
c 1.47 ppm NDPA.

and concentrating the nitrosamine fraction in Kudema-Dan- 
ish apparatus. For comparative purposes, a standard addition 
experiment was also performed by spiking replicates of each 
sample with NDPA at 3 levels before analysis. In plotting 
the amount spiked vs amount found, the jc-intercept value 
corresponds to the original amount in the sample. Using the 
paired /-test, there is no significant difference observed be
tween any 2 of the methods at the 95% confidence limit.

NDEA and NDBA are added to every sample before col
umn cleanup, so that individual column performances can 
be assessed. Elution order of the 3 nitrosamines from the 
silica gel under these conditions is NDBA, NDPA, and NDEA, 
with some degree of overlap for each. Complete recoveries 
of NDEA and NDBA give evidence that NDPA is also com
pletely recovered. A low recovery of NDBA suggests that 
some has been eluted in the previous trifluralin fraction and 
consequently some NDPA may also have been lost. A low 
recovery of NDEA indicates that some of the compound is 
still on the column, and therefore NDPA may also be left 
behind to some extent. In these 2 situations, the sample 
should be re-analyzed. In a series of samples treated this way, 
recovery of NDEA was 98.8 ± 6.62% and NDBA was 102 ± 
5.95% (N  = 23). The recoveries ranged from 89 to 111% and 
94 to 118% for NDEA and NDBA, respectively. Using large 
columns for sample cleanup, recoveries are typically 2-10% 
less, with corresponding differences in SDs.

To validate that NDPA results are representative of levels 
present in the formulation and are not artifacts formed during 
analysis, a series of experiments was performed. The first was 
simply to determine if trifluralin itself converted to NDPA 
when injected. The yellow color of a 50 /ug/mL trifluralin 
solution is readily observed, and samples cleaned up by this 
method are not this intense, although some color is usually

Table 5. Nitrosamine levels In extracts containing DMA before 
and after nitrite addition

Sample

NDPA, ppm NDMA, ppm

Before After Before After

Blank ND* ND 0.168 0.793
A 0.366 0.357 0.278 0.830
B 0.423 0.428 0.303 0.904
C 0.189 0.194 0.292 0.943
D 0.183 0.182 0.286 1.047
E 0.441 0.442 0.234 0.941
Spike* 1.44 1.47 0.190 0.967
DMA ND ND 0.260 0.863

* Not detected.
61.47 ppm NDPA.

Table 6. Nitrosamine levels observed in emulsifiable concen
trates spiked with 6000 h9 DMA before cleanup

NDPA, ppm

Sample No DMA added DMA added NDMA, ppm

Blank ND* ND 0.015
A + 6 — 0.344 1.021
A 0.360 0.354 0.058
B 0.420 0.418 0.048
C 0.200 0.191 0.049
D 0.178 0.183 0.046
E 0.435 0.445 0.031
Spike* — 1.43 0.020
DMA — ND 0.026

* Not detected.
6 0.99 h9 NDMA added.
* 1.47 ppm NDPA.

apparent. To show that trifluralin does not convert to NDPA 
in the hot injection port of the gas chromatograph following 
cleanup, serial dilutions of trifluralin ranging in concentration 
from 40 to 400 000 ng/mL were injected, and no detectable 
levels of NDPA were observed (Table 3). Following this, each 
dilution was spiked to a concentration of 44 ng/mL NDPA 
and re-injected. NDPA recoveries were 97 ± 4.7% of the 
spiked amount, indicating that the presence of even large 
amounts of trifluralin do not interfere with the analysis of 
NDPA.

The cleanup column, besides providing removal of most 
of the trifluralin, is used to remove any nitrosating agents 
and any excess dipropylamine used in the synthesis of the 
active ingredient from the nitrosamine fraction of the for
mulation. Five samples were analyzed for NDMA and NDPA, 
and a solvent containing only NDBA and a solvent spike 
containing 1.47 M&'mL NDPA were analyzed as well (Table
4). Following this determination, 6000 /xg dimethylamine 
(DMA) was added to each sample extract, and they were re
injected. Conversion of DMA to NDMA at levels higher than 
those found in the DMA solution alone was not observed, 
indicating that if any nitrosating agents were present in the 
formulation, they were not carried over to the cleaned up 
extract. The extracts containing the added DMA were re
injected the next day, and then 0.1 mL ethanolic solution 
containing 11.9 ng/mL sodium nitrite was added to each 
sample. Samples were shaken and allowed to stand 15 min 
before re-injection. As expected, the concentration of NDMA 
increased significantly (Table 5). This simply confirmed that 
the presence of a nitrosating agent and available amine will 
readily convert to the corresponding nitrosamine. Since there 
was no increase in NDPA concentration, no dipropylamine 
was present in the extract following cleanup. Levels of NDMA

Table 7. NDPA and NDMA concentrations after addition of nitrite 
to extracts of DMA-fortified emulsifiable concentrates

Sample

NDPA, ppm NDMA, ppm

Before
nitrite

addition

After
nitrite

addition

Before
nitrite

addition

After
nitrite

addition

A + * 0.364 0.348 1.035 1.011
A 0.374 0.363 0.065 0.067
B 0.428 0.423 0.051 0.055
C 0.198 0.181 0.058 0.064
D 0.186 0.178 0.048 0.049
E 0.460 0.437 0.052 0.075
Spike6 1.47 1.43 0.021 0.019
DMA ND ND 0.221 0.909

■ 0.99 fig NDMA added. 
6 1.47 ppm NDPA.
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Table 8. NDPA levels in samples with and without added
nitrosamines

Sample ISTD«

NDPA, ppm

ESTD“ Rec., %

Blank ND' ND ___

A + d — 1.84 101
A 0.360 0.354 —

B 0.420 0.415 —

C 0.200 0.201 —

D 0.178 0.178 —

E 0.435 0.432 —

Spike' — 1.49 101

• Internal standardization.
“ External standardization.
• Not detected.
01.47 Mg/mL NDPA added.
•1.47 Mg/mL NDPA.

increased in samples with added DMA when left overnight 
before the addition of nitrite. Presumably, this was due to 
nitrogen oxides from the air reacting with the amine, since 
the increase was also observed in the DMA solution itself.

To determine whether the column cleanup removes DPA, 
6000 Mg DMA was added to the same series of samples prior 
to column cleanup. Analysis following cleanup showed that 
no NDMA was formed (Table 6) and that there was no de
crease in NDPA concentration. Nitrite added to these ex
tracts caused no significant increase in NDMA levels (Table
7), indicating that all DMA was removed by the silica gel 
and implying that any DPA would also have been removed.

To check for the presence of nitrosating agents in the emul- 
sifiable concentrates, sample E was analyzed with and with
out column cleanup, yielding NDPA levels of 0.435 and 
0.431 ppm, respectively. The value of 0.435 ppm without 
cleanup suggests that the column does not contribute to ni- 
trosamine formation. And since added DMA in the emul- 
sifiable concentrates did not cause formation of NDMA, we 
conclude that no nitrosating agent was present in the sample 
before workup.

The final question to be answered is whether the added 
nitrosamines used for column recoveries and internal stan
dardization are traws-nitrosating dipropylamine, that is, 
whether added nitrosamines convert to amines, and dipro
pylamine converts to NDPA. To test this, samples were ana
lyzed both with and without added nitrosamines, and the 
latter case calculated by using external standardization 
(ESTD). The results in Table 8 show that trany-nitrosation 
is not taking place under these conditions.

Day and co-workers (7) used deactivated alumina in clean
up columns to separate dinitroaniline herbicides from the 
nitrosamine fraction, in which case the extra time required 
to ramp and hold the GC oven at 21 CPC would not be re
quired. In our laboratory, we wanted to standardize as much 
of this method as possible with the method used for deter

mining NDMA levels in 2,4-D amine formulations (8), and 
so we continued to use silica gel. Although the GC runs are 
longer, no extra analyst time is required because an auto
sampler is used.

The disposable silica gel columns used in this procedure 
are designed with a small flare at the top, which allows them 
to be held at the top of the culture tubes for cleanup. When 
a typical test tube rack with 40 positions is used, 18 samples 
plus one solvent blank and one standard addition spike of 
NDPA to a formulation are a comfortable number to work 
with at one time, so that as elution solvents are added to the 
last column, the first columns are ready for their next rinse. 
Fumehood space requirements are minimized, since column 
stands or water baths are unnecessary. Total solvent volume 
required per sample has been reduced from 425 mL to 12 
mL, including the prewash solvent and the addition of the 
internal standard solution, yielding savings of over 97%. Ma
jor efficiency gains are realized by the analysis of 18 samples 
in the same amount of time previously required for 6. Cost 
of silica gel (25 g) using the method by Maybury and Grant
(3) was $2.0C per sample, whereas disposable columns cost 
$ 1.60 each. Expensive glassware such as the Kudema-Danish 
evaporators and 30 x 1.9 cm cleanup columns are no longer 
required; inexpensive culture tubes (2.5c each) are used in
stead, and are disposed of following use. The only glassware 
requiring washing is the pipets used for measuring samples 
and standards. This can also be eliminated by using pipettors 
with disposable tips, but at the risk of reduced accuracy and 
precision. For laboratories required to analyze large numbers 
of samples, the savings from this method can be significant.

The only specialized equipment required by the method 
is the thermal energy analyzer used for final detection of the 
nitrosamines. However, cleanup may be sufficient, even with 
the smaller silica gel columns, to permit detection by a ni
trogen-phosphorus detector. Because of the greater fiscal sav
ings and higher recoveries offered by this method, we rec
ommend that it be collaboratively tested.
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M IC R O B IO L O G IC A L  METHODS

Determination of Residual Cephalexin in Chick Tissues by Bacillus stearothermophilus Paper 
Disc Assay

JUNYA OKADA, IKUJI HIGUCHI, and SADAO KONDO
T a k e d a  C h e m ic a l In d u s tr ie s , L td , R e sea rch  L a b o ra to r ie s , A n im a l  H e a lth  P ro d u c ts  D iv is io n , 1 7 -8 5 , 2 -c h o m e ,  
J u so h o n m a ch i, Y o d o g a w a -k u , O s a k a  5 3 2 , J a p a n  
BUN-ICHI SAITO
J a p a n  F o o d  R e sea rch  L a b o ra to r ie s , 3 -1 , T o y o tsu -ch o , S u ita , O sa k a  5 6 4 , J a p a n

A  paper d isc m ethod is  described for determ ination o f residual 
cep h alexin  (C E X ) in ch ick  tissu es. A trich lo roacetic  acid  e x tra c t o f 
p lasm a and tissu es is chrom atographed on a  m acroreticu iar resin  
(D ia io n  H P -2 0 )  colum n to rem ove endogenous a n tib acteria l sub
stan ces in terferin g  w ith th e assay . T h e  eiuate is  evaporated to dryness 
and the residue, dissolved in m eth an ol-w ater (1 +  2), is subjected  
to a  paper d isc assay  using Bacillus stearothermophilus var. calido- 
lactis C 9 5 3  N IZ O  as a test organism . T h e  d etection lim it was 0 .0 3 7 5  
ppm in tissue; th e average recovery o f C E X  ranged from  7 2 .4 %  in 
sk in  to 9 0 .4 %  in  p lasm a. W a ter contain ing  2 0 0  or 5 0 0  m g /L  o f C E X  
was given ad lib itum  to 2-w eek-old ch ick s  for 10  days; th e h igh est 
levels o f  C E X  were found in  th e kidney, and th e lowest were found 
in m uscle a t 0  h o f  w ithdraw al. C E X  disappeared from  m ost tissues 
a t  24  h a fter w ithdraw al excep t from  sk in  o f ch ick s  given 5 0 0  m g/
L . How ever, the drug was not detected in th e sk in  a t 48  h a fter 
w ithdraw al.

Cephalexin (CEX) is a typical cephalosporin antibiotic used 
orally in humans (1). It is possible that CEX may be useful 
for treating animal diseases because it is effective against 
pathogens that are resistant to antibiotics such as penicillins, 
tetracyclines, macrolides, and aminoglycosides. A method to 
determine low levels of residual CEX in tissues is required 
if the drug is developed as an antibacterial agent for animal 
use.

CEX in body fluids can be determined using microbioassay
(2), liquid chromatography (3, 4), and fluorometry (5, 6). 
However, none of these methods possesses the sensitivity 
required for residue studies. This paper describes an im
proved assay method for CEX in chick tissues and reports 
profiles of the antibiotic residue in the chick, as analyzed by 
the method.

METHOD
Reagents and Apparatus

All ingredients were from Daigo Nutritive Chemicals, Ltd, 
Osaka, Japan, unless otherwise described.

(a) Maintenance medium.— Dissolve 10 g peptone, 5 g 
beef extract, 2.5 g NaCl, and 15 g agar in water and dilute 
to 1 L. Adjust so that pH after sterilization is 6.5 ±0 .1 .

(b) Broth medium.— Dissolve 20 g pancreatic digest of 
casein (Difco Tryptone), 10 g yeast extract, and 0.5 g glucose 
in water and dilute to 1 L. Adjust so that pH after sterilization 
is 8.0 ± 0.1.

(c) Assay medium.— Dissolve 6 g peptone, 3 g yeast ex
tract, 1.5 g beef extract, 1 g glucose, and 15 g agar in water 
and dilute to 1 L. Adjust so that pH after sterilization is
6.0 ± 0 .1 . (Difco antibiotic medium No. 4 was found sat
isfactory.)

(d) Buffer solution.—Mis. 0.2M Na2H P04 and 0.1M citric 
acid to give pH 4.5.

(e) Macroreticuiar resin. —Diaion HP-20 (Mitsubishi

Received March 30. 1987. Accepted June 7, 1987.

Chemical Industries, Ltd, Tokyo, Japan). Wash with meth
anol and store in water.

(f) Standard solutions. — Prepare stock solution of 500 pg 
CEX/mL in water. Store at ca 4°C when not in use. Dilute 
stock solution daily to spiking solution of 5 pg/mL with 
water. Dilute stock solution daily to working solutions of 
0.1, 0.125, 0.1875, 0.25, 0.375, 0.5, 0.75, 1.0, 1.5, and 2.0 
/ug/mL with methanol-water (1 + 2). Use 0.375 ¿¿g/mL work
ing solution as reference standard.

(g) Homogenize)-. — Ultra-Turrax TP 18/2 (Janke & Kun- 
kel GmbH, Staufen, FRG).

(h) Glass column.— 25 cm x 1.1 cm id fitted with coarse 
fritted disc, stopcock, and solvent reservoir.

(i) Petri dishes. — 90 mm id plastic dish (Terumo Co., Ltd, 
Tokyo, Japan).

(j) Paper discs. — 8 mm, thin No. 526(ToyoRoshiKaisha, 
Tokyo, Japan).

Stock Culture of Test Organisms
Maintain test organism (Bacillus stearothermophilus var. 

calidolactis C953 NIZO) on maintenance medium, transfer
ring weekly to fresh slant. Inoculate slant of maintenance 
medium with test organism and incubate overnight at 55 ± 
2°C. Inoculate 100 mL Erlenmeyer flasks, each containing 
50 mL broth medium, with loopful of test organism from 
slant culture. Incubate overnight at 55 ± 2°C without agi
tation.

Preparation of Assay Plates
Cool assay medium to 60°C, add previously prepared broth 

culture of test organism, and mix well. Standardize level of 
inoculum at ca 107 CFU (colony forming unit)/mL assay 
medium to ensure proper response of assay plates. (Usually
75-150 mL broth culture/L assay medium gives suitable 
response.) Pour 8 mL inoculated assay medium into Petri 
dish and let harden on flat, level surface.

Extraction
(a) Kidney, muscle, and plasma.— Place 5.0 g tissue or 5.0 

mL plasma in 50 mL centrifuge tube. Add 10 mL 10% tri
chloroacetic acid (TCA) and homogenize 20-30 s. Centrifuge 
5 min at 3000 rpm (1630 x g) and transfer supernatant liquid 
to 50 mL beaker. Repeat this extraction once. Add 25 mL 
buffer solution to combined TCA extracts and adjust to pH
4.5 with IN NaOH.

(b) Fat and skin. —Place 5.0 g sample in 50 mL centrifuge 
tube. Homogenize sample with 15 mL 10% TCA 60 s. Add 
10 mL «-hexane and stir with homogenizer an additional 20 
s. Centrifuge mixture 5 min at 3000 rpm and transfer su
pernatant liquid to separatory funnel through funnel plugged 
with cotton. Let phases separate. Transfer aqueous layer to 
50 mL beaker and discard «-hexane layer. Repeat this ex
traction using 10 mL 10% TCA and 5 mL «-hexane. Add
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25 mL buffer solution to combined TCA extracts and adjust 
to pH 4.5 with IN NaOH.

(c) Liver.— Prepare extract from 10 g sample in the same 
manner as in (a). Make volume exactly 50 mL with 10% 
TCA and subdivide extract into two 25 mL portions in beak
ers designated (U) and (T). Neutralize content of beaker (T) 
with 2.5N NaOH and add 3 mL 2.5N NaOH; let stand over
night at room temperature. Add 25 mL buffer solution and 
adjust to pH 4.5 with IN HC1. Store beaker (U) overnight 
in refrigerator, then add 25 mL buffer solution and adjust to 
pH 4.5 with IN NaOH.

Cleanup by Column Chromatography
Pack glass column with Diaion HP-20 to bed depth of 4 

cm. Top column with cotton and prewash with 100 mL buffer 
solution. Add tissue extract through filter paper (Toyo filter 
paper No. 5B) and wash column with 150 mL water. Elute 
antibiotic into round-bottom flask with 10 mL 20% aqueous 
methanol and 30 mL 50% aqueous methanol. Remove sol
vent to dryness by rotary evaporation at 40°C. Redissolve 
residue in 1 mL methanol-water (1 + 2 )  for assay.

Assay
(a) Standard curve.— Soak 10 paper discs each with 9 

working standard solutions by touching each disc to surface 
of solution (90 discs). Soak an additional 90 discs with ref
erence standard solution. Use 5 plates for each standard (45 
plates). Gently place 2 alternate discs of working standard 
solution and 2 alternate discs of reference standard solution 
on each agar plate. Invert plates and incubate 16-18 h at 55 
± 2°C. Measure diameters of inhibition zones to nearest 0.1 
mm. Correct average diameter of each standard in relation 
to that of reference standard and calculate best fitted line by 
least-square linear regression analysis.

(b) Tissue sample (except liver).—Soak 10 paper discs with 
cleaned up sample solution. Place 2 alternate discs soaked 
with sample and 2 alternate discs of reference standard on 
each of 5 plates. Correct average value of sample in relation 
to that of reference standard. Calculate concentration of sam
ple from standard curve and divide by concentration factor
(5) to give final concentration. Regard discs showing inhi
bition zones smaller than 9 mm as negative.

(c) Liver sample.— Soak 10 paper discs with cleaned up 
untreated sample solution (U) and proceed in same manner 
as in (b). Using an additional 5 plates and 10 discs each 
soaked in sample solutions (U) and (T), place 2 alternate 
discs of untreated and 2 alternate discs of treated solutions 
from same sample on each plate. Calculate concentration of 
sample in same manner as in (b) when average diameter of 
inhibition zone of untreated sample is larger than that of 
0.1875 /jg/mL standard. Judge the presence of CEX by any 
of the following criteria when diameter is smaller than that 
of 0.1875 pg/mL standard:

(!) No significant inhibition zones around disc of untreat
ed sample indicate that no detectable CEX was present (no 
residue).

(2) Significant decrease of diameter of treated vs untreated 
sample (Student’s /-test) indicates that CEX was present at 
a trace level.

(5) No significant decrease of diameter of treated vs un
treated sample indicates presence of inhibitors other than 
CEX (no cephalexin residue).

Results and Discussion
Both liquid chromatography with fluorescence detection 

and thin-layer bioautography using Bacillus subtilis or Ba-

Table 1. Comparison of removal of endogenous antibacterial 
substances from tissues by HP-20 treatment and methanol 

extraction
Inhibition zone,* mm

Tissue MeOH extraction“ HP-20 treatment

Liver 10.0, 10.2, 14.0 8.0, 8.4, 10.1
Kidney 11.8 8.0
Muscle 12.5 8.0
Fat 10.2 8.0
Plasma ___ C 8.0
Skin — 8.0

* Paper disc 8 mm in diameter was used; inhibition zone of 8.0 mm means 
no inhibition.

“ MeOH extract of 5 g control tissue was evaporated to dryness and recon
stituted with 2.5 mL MeOH-water (1 + 2).

* Not tested.

cillus stearothermophilus to determine CEX in chick tissues 
were attempted. Many endogenous substances interfered in 
the former, and the latter lacked sensitivity. Since CEX is 
excreted unchanged (7), antibacterial activity in the tissues 
may reflect the CEX content. Therefore, a microbioassay, 
although it is not specific, was selected to determine CEX. 
The paper disc method was convenient because it is easy to 
handle and requires only a small quantity of sample solution.

Bacillus stearothermophilus is highly sensitive to /5-lactam 
antibiotics and has been used as a test organism to detect 
low levels of residual penicillin G, ampicillin, cephapirin, 
and cloxacillin in milk (8-10) and tissues (11). Of 4 strains 
tested, C953 NIZO was selected as the test organism because 
it showed the greatest susceptibility to CEX and gave the 
clearest inhibition zones. A linear relation between the log
arithms of concentration of CEX and the diameters of the 
inhibition zones was obtained over the range 0.25 to 2.0 
Mg/'mL. However, it was necessary to concentrate the anti
biotic to achieve the required sensitivity for assay; in general, 
0.05 ppm is necessary. Thus, at least a 5-fold concentration 
of the antibiotic in the test solution was needed.

Cephalexin can be extracted with methanol from tissues, 
and the extract can be concentrated. However, an inhibition 
zone appeared, caused by endogenous antibacterial sub
stances (12), even in the tissues from chicks which did not 
receive CEX (Table 1). Several attempts were made to elim
inate the substances and to concentrate CEX. Purification of 
the TCA extract of the tissues through a macro reticular poly
styrene adsorbent column proved to be adequate. Recovery 
of CEX from Diaion HP-20 was higher than that from Am- 
berlite XAD-2. CEX is quantitatively adsorbed on HP-20 
resin over the pH range 2 to 6 and is most stable at pH 4.5, 
its isoelectric point (13); therefore, the extract was applied 
to the resin at pH 4.5. To minimize the generation of air 
bubbles and to elute CEX quantitatively, 20% aqueous meth
anol followed by 50% aqueous methanol was used for the 
elution.

Table 2. Effect of tissue extract treated with HP-20 on diameter 
of CEX inhibition zone (mm)*

CEX, _ Tissue

ng/mL None Liver Kidney Muscle Plasma

0 8.0 10.1 8.0 8.0 8.0
0.25 13.7 14.6 14.0 13.8 13.2
0.5 19.9 20.6 19.1 19.0 20.5
1.0 24.3 25.0 24.0 23.9 24.7
2.0 30.3 29.7 29.3 29.7 30.1

* All figures are expressed as the mean of 10 discs in a single determina
tion.
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Table 3. Comparison of inhibition zones of alkali-treated and 
untreated liver extracts

CEX added,
r<g/g

Inhibition zone,3 mm

Repetition Untreated T reated

0 1 9.8 10.1
2 10.1 10.0
3 8.0 8.0
4 8.0 8.3

0.05 1 14.3 8.0
0.1 1 20.6 9.5

■Average diameters of 10 discs in a determination are shown.

Table 4. Recovery of CEX from spiked chick tissues8

Recovery,“ %

Detn Liver Kidney Muscle Fat Skin Plasma

1 80 76 82 77 71 90
2 78 74 87 77 71 94
3 74 73 74 82 75 91
4 77 75 80 76 70 83
5 78 78 88 84 75 94
Mean, % 77.4 75.2 82.2 79.2 72.4 90.4
SD 2.2 2.0 5.7 3.6 2.4 4.5

■ Quintuplicate determinations were conducted on different days. 
“ Cephalexin was spiked to control tissues at 1 ppm.

Except for liver, the HP-20 treatment removed the en
dogenous antibacterial substances to such a degree that they 
did not show inhibition zones in controls (Table 1) and hardly 
affected the size of CEX zones, even at 0.25 /ig/mL (Table
2). Inhibition zones due to endogenous substances were 
sometimes observed for liver extracts in spite of the HP-20 
cleanup. Therefore, additional treatment was required to 
confirm low levels of CEX present. Ouderkirk (9) and Messer 
et al. (14) adopted penicillinase inactivation to confirm pen-

stances remained intact (Table 3). Traces of CEX in the liver 
could be assayed by statistically comparing inhibition zones 
of an alkali-treated solution and those of an untreated one. 
Three criteria shown in the Method section cover the possible 
results.

Recovery studies were performed in quintuplicate from 
each of the 6 tissues fortified with CEX at 1 ppm. Average 
recoveries ranged from 72.4% in skin to 90.4% in plasma; 
this is acceptable for residue analysis (Table 4).

icillins in milk. In the present study, alkali treatment at room Of 290 discs of each standard solution used for the tissue 
temperature was utilized. CEX in the liver extract was com- residue assay, all discs of 0.25 p.g/mL and higher were pos- 
pletely decomposed to inactive components with IN NaOH itive; 287 (99%) and 100 (34%) discs were positive for 0.1875 
overnight at room temperature, and the interfering sub- andO. 125 tig/mL, respectively. A solution of 0.1 jig/mL gave

Table 5. Concentrations of CEX in tissues of chicks given CEX orally for 10 successive days

CEX given, Withdrawal, 
mg/L h

CEX concentration,* ppm

Chick No. Liver Kidney Muscle Fat Skin Plasma

200 0 1 trb 1.15 ND* ND 0.055 0.058
2 0.039 0.814 ND tr tr 0.129
3 0.053 1.17 ND tr 0.054 0.041
4 0.043 0.438 ND ND tr 0.045
5 tr 0.908 ND tr tr 0.045

24 6 ND ND ND ND ND ND
7 ND ND ND ND ND ND
8 ND ND ND ND ND ND
9 ND ND ND ND ND ND

10 ND ND ND ND ND ND
48 11 ND ND --d — ND —

12 ND ND — — ND —

13 ND ND — — ND —

14 ND ND — — ND —

15 ND ND — — ND -
500 0 21 0.073 1.98 ND ND tr 0.103

22 0.184 5.19 tr tr 0.183 0.278
23 0.107 4.58 ND tr 0.174 0.212
24 0.122 3.24 ND tr 0.087 0.296
25 0.145 6.22 tr tr 0.104 0.137

24 26 ND ND ND ND 0.118 tr
27 ND ND tr ND 0.081 ND
28 ND ND tr ND 0.082 ND
29 ND ND ND ND 0.067 ND
30 ND ND ND ND 0.051 ND

48 31 ND ND ND ND ND ND
32 ND ND ND ND ND ND
33 ND ND ND ND ND ND
34 ND ND ND ND ND ND
35 ND ND ND ND ND ND

72 36 — ND ND — ND ND
37 — ND ND — ND ND
38 — ND ND — ND ND
39 — ND ND — ND ND
40 — ND ND — ND ND

* Figures shown are the means of duplicate assays. 
“ Trace <0.0375 ppm. 
c Not detected.
d Not assayed.
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only 1 positive disc. It would be reasonable to define the 
minimum detectable level as that which can be detected 
with almost certainty. This level was approximately 0.1875 
Hg/mL in test solution, corresponding to 0.0375 ppm in tis
sues.
Application of the Method to Residue Study
The study of CEX residues in chicks was conducted by giving ad libitum water containing 200 or 500 mg CEX/L to

2-week-old Hubbard broiler chicks for 10 days, with a diet 
containing no antibacterial agents. At 0, 24, 48, and 72 h 
after withdrawal of the drug from the water, plasma and 
tissues were collected from 5 chicks of each group. The CEX 
contents in each tissue are shown in Table 5. Some samples, 
clearly presumed to be CEX-free on the basis of the results 
from the previous samples, were not assayed.
The alkali treatment was applied only to liver samples. 

The finding that untreated samples showed inhibition zones, 
whereas the treated ones showed no zones, confirmed that 
CEX was present at a trace level in 2 of the 0-h samples 
(criterion 2). On the other hand, the finding that even un
treated samples showed no zones confirmed that CEX was 
not present in the 24-h and 48-h liver samples (criterion 1).
At 0 h of withdrawal, considerable levels of CEX were 

found in the liver, kidney, skin, and plasma. The highest 
concentration of CEX was found in the kidney; the next 
highest concentration was in plasma; the concentrations in 
liver and skin were a little lower. Traces were detected in 
muscle and fat. The notably high concentration in kidney 
may indicate that in chicks, as in humans (3) and other 
mammals (7), the antibiotic is excreted intact mainly through 
the kidney.
CEX was eliminated from kidney, liver, and fat as rapidly 

as from plasma, and no drug residue was observed in these 
tissues at 24 h after withdrawal. Although CEX concentra

tions in skin at 0 h were a little lower than those in plasma, 
the disappearance rate of the drug from skin was relatively 
slow and, at 24 h after withdrawal, CEX still remained in 
the skin of chicks given 500 mg/L. The reason for the per
sistence of CEX in skin may be that CEX in blood is rapidly 
excreted from the kidney, but equilibration of CEX in skin 
and blood is very slow. A similar explanation was given by 
Waddell (15) to account for the distribution of urea to the 
central nervous system, eyes, and fetus of rats.
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Evaluation of Abbreviated Enzyme Immunoassay Method for Detection of S a lm o n e l la  in 
Low-Moisture Foods

R U S S E L L  S. F L O W E R S  and M A R Y  J O A N  K L A T T
S illik e r  L a b o ra to r ie s , 1 3 0 4  H a ls te d  S t, C h ic a g o  H e ig h ts , I L  6 0 4 1 1  
B A R B A R A  J. R O B IS O N
O rgan on  T e k n ik a  C o rp ., 8 0 0  C a p ito la  D r, D u rh a m , N C  2 7 7 1 3  
J E R O M E  A. M A T T I N G L Y
B io n e tic s  R e se a rc h , In c., 1 3 3 0  A . P ic c a rd  D r, R o c k v ille , M D  2 0 8 5 0

A modified enzyme immunoassay method (EIA) utilizing an 18 h 
pre-enrichment, a 6-8 h selective enrichment, and a 14 h M-broth 
post-enrichment is compared to the standard culture method (AOAC/ 
BAM) on selected low-moisture foods. Tested samples included 238 
inoculated, 30 naturally contaminated, and 30 uninoculated foods. 
By EIA, 235 samples were positive (optical densities greater than 
0.2 at 405 nm), 233 of which were confirmed culturally. By the culture 
methods, 221 samples were positive. The EIA method was more 
productive in detecting salmonellae in inoculated samples of dry cheese 
powder, chocolate, and nonfat dry milk, whereas the culture method 
gave better recovery from naturally contaminated meat and bone 
meal. The modified EIA could be completed in 40 h and required no 
centrifugation.

The official AOAC culture method for detection of S a lm o 
nella  in food products requires at least 4 days to obtain 
negative results (1). Consequently, more rapid procedures 
have long been sought by the food industry (2-14). Recently, 
an enzyme immunoassay (EIA) method utilizing the S a l 
m o n ella  Bio-EnzaBead Screen Kit (Organon Teknika Corp., 
Durham, NC) was adopted official first action by AOAC for 
detection of S a lm o n e lla  in foods (15, 16). This method in
corporates a 24 ± 2 h pre-enrichment, an 18-24 h selective 
enrichment, a 6 h post-enrichment, and a centrifugation step 
prior to EIA. Although this method can be completed in 48 
h, its practicality would be greatly improved by elimination 
of the centrifigation step and alteration of the incubation steps 
to allow the assay to be performed in the morning of a normal 
workday.
Experiments examining growth of S a lm o n e lla  and com

petitive bacteria in selective enrichments have suggested that 
for low-moisture foods, the selective conditions in tetrathio- 
nate broth (TT) and selenite cystine broth (SC) are most 
effective in the first 6-8 h of incubation (unpublished data). 
During this period, little or no growth of salmonellae oc
curred in the selective broth, but the relative numbers of 
competitive bacteria were reduced. Once a more favorable 
ratio of salmonellae to competitive bacteria was achieved, 
then transfer to M-broth and overnight incubation resulted 
in rapid outgrowth of the salmonellae and eliminated the need for centrifugation.
Similar studies performed on high-moisture, highly con

taminated foods have indicated that 6-8 h in selective en
richment is not sufficient to provide a favorable ratio of 
salmonellae to competitors (unpublished data). Subsequent 
transfer to M-broth resulted in overgrowth of the salmonellae 
by the competing organisms. Because the abbreviated selec
tive enrichment was not suitable, the 48 h procedure de
scribed above must be used for these food types.
The objective of this study was to compare the abbreviated 

EIA method without centrifugation to standard cultural 
methods for detection of salmonellae in low-moisture foods. 
The modified EIA method incorporated an 18 h pre-enrich
ment, a 6-8 h selective enrichment, and a 14-18 h M-broth
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post-enrichment. This protocol allowed samples to be ini
tiated in the late afternoon and to be assayed in the morning 
2 days later.

Experimental
Test Organisms
Six S a lm o n e lla  species previously isolated from foods were 

used for inoculation (Table 1). Each culture was freeze-dried 
as described previously (16).
Preparation of Inoculated Foods
Dry whole egg, cheese powder, soy isolate, chocolate, non

fat dry milk, and pepper were used in the study. One serotype 
of S a lm o n e lla  was used to inoculate each food type at both 
a high (0.4-2 cells/g) and a low (0.04-0.2 cells/g) level. The 
freeze-dried cell pellets were ground by mortar and pestle 
into a fine powder and were inoculated into the foods as 
described in an earlier study (16).
Analysis of Inoculated Products
Except for chocolate, 20 replicate samples (25 g) of each 

test product inoculated at each level (low and high) were 
analyzed by both the AOAC/BAM culture procedure and by 
the modified Bio-EnzaBead immunoassay method as de
scribed below. Only 19 replicates of each inoculation level 
were tested for chocolate. In addition, 5 uninoculated control 
samples of each product were analyzed to determine the rate 
of false positive reactions. A S a lm o n e lla  most probable num
ber (MPN) determination was performed on each of the in
oculated test products on the same day that the comparative 
analyses were initiated (17). Sample sizes used for MPN de
terminations were 3 x  100 g ,  3  x  10 g, and 3 x  1 g for the 
samples inoculated with a low level of S a lm o n e lla  and 3 x 
10 g, 3 x 1 g ,  and 3 x  0.1 g for samples inoculated at the 
higher level. MPN determinations were not performed on 
control samples.

Table 1. Test products, test organisms, and inoculation levels

Product Salmonella organism Dose
Most probable 

number/g*

Dry whole egg S. infantls low 0.043
high 0.15

Cheese powder S. lindenberg low 0.07
high 0.093

Soy isolate S. typhimurium low >1.1
high >11.0

Chocolate S. senftenberg low >1.1
high >11.0

Nonfat dry milk S. cubana low 0.046
high 0.46

Pepper S. pretoria low 0.46
high 2.4

■ Determined on the day comparative analyses were initiated.
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Table 2. Comparison of culture method and EIA method for 
detection of Salmonella in inoculated and uninoculated controls

Positive samples (x2)* samples ___________________
Product Dose tested Culture EIA assay“ EIA/confirmed“

Dry whole Control 5 0 0 C 'Y 0(***)
egg Low 20 8 8 (***) 8 (***)

High 20 20 20 (***) 20 (***)
Dry cheese Control 5 0 or*) 0(***)

powder Low 20 15 16(0.00) 16(0.00)
High 20 18 20 (0.50) 20 (0.50)

Soy isolate Control 5 0 0 (***) 0(***)
Low 20 20 20 (***) 20 (***)
High 20 20 20 (***) 20 r * )

Chocolate Control 5 0 0 (*") or*)
Low 19 18 19(0.00) 19(0.00)
High 19 19 19 (—) 19(—)

Nonfat dry Control 5 0 or*) 0 (***)
milk Low 20 15 20 (3.20) 20 (3.20)

High 20 15 20 (3.20) 20 (3.20)

Pepper Control 5 0 0(***) 0 (***)
Low 20 20 20 (***) 20 (***)
High 20 20 20 (***) 20 (***)

Total 208 222 (7.11) 222 (7.11)

* x2 = (| Samples positive by EIA and negative by culture -  samples posi
tive by culture and negative by EIA | -  1)2 +  (samples positive by EIA and 
negative by culture + samples positive by culture and negative by EIA).

“ Samples reading a0.200 at 405 nm.
* Samples reading a 0.200 at 405 nm and confirmed culturally as S a l m o n e l 

la .

d Statistical analysis not applicable because EIA and culture results agreed 
for all samples analyzed.

Analysis of Naturally Contaminated Products
Ten replicates of each product were analyzed by both test 

methods. Sample sizes were 375 g for pasta, 25 g for choc
olate, and 25 g for meat and bone meal. Regardless of sample 
size, pre-enrichment in the appropriate medium represented 
a 1/10 dilution of product into medium. Because of the lack 
of availability of naturally contaminated samples, only 3 
product types were tested.
AOAC/BAM Culture Method
Dry whole egg, milk chocolate, and nonfat dry milk were 

pre-enriched by AOAC method 46.117. All other test prod
ucts were pre-enriched according to BAM methods. Selective 
enrichment, isolation, preliminary screening of typical col
onies, and serological and biochemical confirmations were 
performed as described previously (16).
Modified Bio-EnzaBead Immunoassay Method
The same sample pre-enrichments described above for the 

AOAC/BAM method were used for the EIA method, except 
that 1 mL aliquots were removed for inoculation into the 
selective enrichments after only 18 h inoculation. The pre
enrichment solution was re-incubated for use in the AOAC/ 
BAM method. The selective enrichment broths for the EIA 
method were incubated in a 35°C water bath for 6-8 h. Por
tions of 1.0 mL were removed from each selective broth and 
added to separate 10 mL portions of sterile M-broth. The 
inoculated M-broths were incubated at 35°C for 14-18 h 
along with the associated selective enrichments. After in
cubation, 0.5 mL portions from each M-broth were com
bined in a clean screw-cap tube and heated in boiling water 
or flowing steam for 20 min, then cooled to 25-37°C. The 
EIA assay was performed according to the manufacturer’s 
instructions. Positive EIA results required cultural confir
mation. This was accomplished by streaking the correspond-

Table 3. Contamination levels of naturally contaminated test
products

Most probable
Product Organism* number/g

Pasta C2:L; G:Z29 < 0.03
Chocolate E„:G complex < 0.03
Meat and bone meal E„:G complex; E2:Y; C,:Y 0.23
* Serotype of S a l m o n e l l a  isolated.

ing M-broths and selective enrichment cultures to xylose 
lysine desoxycholate agar (XLD), Hektoen enteric agar (HE), 
and bismuth sulfite agar (BS). All subsequent steps in iden
tification of suspicious colonies were performed as described 
for the cultural procedure (1).

Results and Discussion
Artificially Inoculated and Uninoculated 
Control Products
Expected levels of inoculation and actual S a lm o n e lla  

MPN/g for each test product are presented in Table 1. Except 
for the inoculated chocolate and soy isolate, MPN values 
determined on the day comparative analyses were initiated 
were within expected ranges. The values for soy and choc
olate were higher than expected.
The comparative data associated with each inoculated test 

product and the uninoculated controls are presented in Table
2. Samples reported as positive by EIA had optical densities 
of >0.200 at 405 nm. Samples reported as EIA/confirmed 
were positive by the assay and were confirmed by isolation 
of S a lm o n e lla from the M-broth or selective enrichments. 
Statistical analysis was performed using McNemar’s test as 
described previously (16). A x2 value of >3.84 indicates a 
significant difference at the 5% level.
A total of 238 inoculated samples were analyzed, of which 

208 were found positive for S a lm o n e lla by the culture meth
od. A total of 222 samples were positive by EIA and all were 
culturally confirmed for the presence of S a lm o n ella . Statis
tical analysis gave a x2 value of 7.11, indicating that EIA was 
significantly better than culture for all samples tested.
A total of 30 uninoculated control samples were analyzed. 

Results of these tests were negative by both methods; i.e., 
there were no false-positive EIA readings.
Of the inoculated samples, there was perfect agreement 

between the EIA method and the culture method for dry 
whole egg, soy isolate, and pepper. The EIA method detected 
an additional positive sample in the cheese powder and in 
the chocolate (low inoculation levels) and 10 additional pos
itives in the nonfat dry milk (5 at the low level and 5 at the 
high level). There was no statistically significant difference 
between EIA and the culture method for any foods.
Naturally Contaminated Products
The contamination levels of the naturally contaminated 

foods are given in Table 3. As expected, the levels were quite 
low.
There was perfect agreement between the EIA method and 

the culture method on all the naturally contaminated samples 
tested (Table 4). However, 2 samples of meat and bone meal 
giving positive EIA results could not be confirmed culturally. 
However, there was no significant difference at the 5% level 
between the 2 methods.
Previous studies (14, 18) have shown that a short selective 

enrichment step is effective in recovering S a lm o n e lla from 
animal feeds and other selected foods. The present study also 
supports the use of a short selective enrichment to detect
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Table 4. Comparison of culture method and EIA method for 
detection of Salmonella in naturally contaminated foods

Product

No. of 
samples 
tested Culture

Positive (x2)"

EIA assay6 EIA confirmed6
Pasta 10 2 2 (***) 2 (***)
Chocolate 10 2 2 (*’ *) 2 (***)
Meat and bone meal 10 9 9 (•” ) 7 (0.50)
Total 13 13 0 11 (0.50)

• x2 = (I Samples positive by EIA and negative by culture -  samples posi
tive by culture and negative by EIA [ -  1)2 h- (samples positive by EIA and 
negative by culture + samples positive by culture and negative by EIA).

0 Samples reading >0.200 at 405 nm.
6 Samples reading >0.200 at 405 nm and confirmed culturally as S a lm o n e l

la.

S a lm o n e lla in low-moisture foods with an enzyme immu
noassay. Negative samples can be screened in 40 h with this method.
A total of 298 samples were analyzed in this study, con

sisting of 6 inoculated foods and uninoculated controls and 
3 naturally contaminated foods. By the modified EIA meth
od, 233 samples were positive and confirmed, compared to 
221 positive samples determined by the culture method. The 
results indicate that the modified EIA method is as produc
tive as the culture method for detection of S a lm o n e lla in 
low-moisture foods. The timing of the culture steps used in 
the modified EIA method and elimination of the centrifu
gation step greatly improved the practicality of the procedure.
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Temperature-Independent Pectin Gel Method for Aerobic Plate Count in Dairy and Nondairy 
Food Products: Collaborative Study

J O N A T H A N  N. R O T H
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N. Moyer; E. Nath; E. Neidert; C. Okolo; G. Staat; S. Toms; F. D. McClure (S ta tis tic a l C o n su lta n t)

Ten laboratories participated in a collaborative study to compare the 
pectin-based plate count (PC) Redigel method with the aerobic plate 
count and standard plate count agar-based standard methods for the 
estimation of total bacterial counts in 9 different nondairy food and 
dairy food products. The foods were cream, homogenized milk, raw 
milk, cheese, raw chicken, raw oysters, frozen broccoli, flour, and 
spices. Each laboratory analyzed 6 samples (3 sample pairs) of each 
food group. Counts obtained by the pectin-based plate count and agar- 
based plate count methods differed significantly (P < 0.05) only for 
homogenized milk, where the pectin gel method resulted in higher 
counts. The actual counts were higher in the pectin gel method in 8 
of the 9 food groups. The log means for pectin gel and agar-based 
media, respectively, for the 9 food groups were: cream 8.106 and 
7.844; homogenized milk 8.642 and 8.231; raw milk 8.711 and 8.423; 
chicken 7.654 and 7.645; oysters 7.201 and 7.180; broccoli 7.102 and 
6.798; cheese 8.045 and 8.055; flour 4.112 and 3.988; spice 5.379 and 
5.314. The repeatability standard deviations favored the pectin gel
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method in 6 of the 9 foods tested. The reproducibility standard de
viations favored the pectin gel method in 7 of the 9 foods tested. 
These results strongly support the suitability of the pectin gel method 
as an alternative to agar-based plate count and other methods for 
total bacterial counts in nondairy and dairy food products. The pectin 
gel method has been adopted official first action.

The aerobic plate count and standard plate count methods(1.2) are currently recognized as the official standard meth
ods for determining total bacterial count in nondairy food 
and dairy food products, respectively, against which alter
native methods are compared. The terms “aerobic plate 
count” and “standard plate count” can generally be consid
ered synonymous, which is the reason that the title of this 
study simply uses the term “aerobic plate count.” In this 
study, the appropriate protocol for each test material (either 
nondairy or dairy) was followed according to AOAC or APHA
(1.2) guidelines. The general term “reference plate count” 
will be used throughout the remainder of this paper in con
junction with aerobic plate count for nondairy foods and 
standard plate count for dairy food products.
The pectin gel plate count (Redigel) was developed as an 

alternative method and has undergone within-laboratory 
comparative investigations (3; and D. Fung & V. Chain,
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Table 1. Replicate sample pairs tested“

Sample

Food 1 2 3 4 5 6

Cream C A C A B B
Horn, milk B C C A A B
Raw milk A C B A C B
Chicken a b c c b a
Oysters a b c a c b
Broccoli a a b c b c
Cheese a a b b c c
Flours a a b b c c
Spices a a b b c c

* Cream, homogenized milk, and raw milk were inoculated at 3 concentra
tions: A = high count; B = middle count; C = low count. For chicken and 
oysters, 3 different lots (a, b, c) of each were obtained. Three different 
brands (a, b, c) of frozen broccoli were used. Cheese samples were a, 
swiss; b, Cheddar; c, colby. Flours were a, white; b, rye; c, wheat. Spices 
were a, thyme; b, onion; c, pepper.

Graduate Dept of Food Sciences, Kansas State Univeristy, 
Manhattan, KS, 1986, unpublished work). The pectin gel 
method has numerous advantages over the agar-based plate 
count methods and other accepted methods. Pectin gel is 
available as Redigel in self-contained units consisting of one 
tube of liquid medium and one pretreated petri plate. The 
liquid medium is poured into the petri plate and the sample 
(full strength or diluted) is added directly to give an instant 
pour plate. No sterilization step or temperature control is 
necessary. The convenience of pouring fresh plates at any 
time without tedious preparation is obvious. Also, the lack 
of temperature shock with pectin gel (compared with agar- 
based pour plates) results in a more accurate evaluation when 
psychrotrophs are present in samples (D. Fung & V. Chain, 
Graduate Dept of Food Sciences, Kansas State University, 
Manhattan, KS, 1986, unpublished work).

C o lla b o r a tiv e  S tu d y

Ten laboratories served as collaborators in this study. Each 
received a full set of detailed instructions, data sheets, test 
materials, and samples.
The cream and milk samples were prepared as follows: 

Stock supplies were obtained, and samples were removed for 
the isolation of pure cultures of various naturally occurring 
bacteria. The remainder of the stock was heated in a steam 
chamber to 90-95°C. The samples were then cooled and 
refrigerated at 4°C until inoculation. Prior to distribution, 
the stock cream, raw milk, and homogenized milk were in
oculated with mixed cultures of bacteria that had been iso

lated from the original samples. Three concentrations of in
oculum were used for each of the stock products, so that the 
result was 6 inoculated samples of each product in the form 
of 3 sample pairs (Table 1, sample pairs A, B, C). The samples 
were dispensed into sterile polyethylene bottles for shipment 
to collaborators. Analyses were performed according to pre
scribed techniques in chapter 6 of S ta n d a rd  M e th o d s  f o r  th e  
E x a m in a tio n  o f  D a iry  P rodu cts (2).
To increase the probability of wider variation in counts 

among the sample pairs of the remaining foods, the following 
procedures were used: For the raw oysters, 3 different lots 
were obtained, and one sample pair was prepared from each 
lot. For the raw chicken, 3 different lots were obtained, and 
one sample pair was prepared from each lot. Three different 
brands of frozen broccoli were used, with one sample pair 
prepared from each brand. Single lots of 3 different cheeses 
(cheddar, colby, and swiss) were used to prepare the 3 sample 
pairs of cheese. Three different spices (thyme, onion powder, 
and ground black pepper) were used for the 3 sample pairs. 
Three different flours (white, whole wheat, and rye) were used 
for the 3 sample pairs. In all of these products, the naturally 
occurring bacterial populations were counted in the collab
orative study.
The study was done over a 3 week period, with broccoli, 

oysters, and chicken analyzed the first week; cheese, flour, 
and spices analyzed the second week; and raw milk, homog
enized milk, and cream analyzed the third week. The broc
coli, oysters, chicken, cheese, flour, and spices were shipped 
by next-day air services on a Tuesday to 3 Canadian collab
orators and on the next day to 7 U.S. collaborators. The 
broccoli, oysters, and chicken were plated on Tuesday of the 
following week, and the results were counted on Thursday. 
The cheese, flour, and spices were plated on Tuesday a week 
later, and the results were counted 2 days later. The raw milk, 
homogenized milk, and cream were sent by next-day air to 
the 3 Canadian collaborators on a Monday, and to the 7 U.S. 
collaborators the next day. They were plated by all collab
orators on the following Monday, and the results were count
ed 2 days later. The products were shipped in cardboard- 
box-enclosed 1.5 in. thick foam containers with frozen “blue 
ice” refrigerant to ensure adequate refrigeration. The collab
orators reported that the samples arrived in good condition. 
The shipping schedule ensured delivery that allowed time 
for preliminary tests by collaborators so that more accurate 
dilution levels could be determined for the collaborative study. 
On the designated setup date for each product, each labo
ratory performed plate counts in duplicate for each sample

T a b le  2  D a y - o f - T e s t  c o n t r o l  c o u n t s  o n  r e p r e s e n t a t i v e  s a m p le  s e r i e s  ( L o g  b a s e  1 0 )

P l a t e  C o u n t / g  o r  m L— r e f e r e n c e  m e th o d  P l a t e  C o u n t / g  o r  m L— R e d i g e l  m e th o d
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r a w  m i l k 8 . 4 1 0 6 . 6 4 8 7 . 6 0 2 8 . 3 5 2 6 . 3 0 1 a 7 . 6 6 3 8 . 4 7 0 6 . 7 8 5 7 . 6 4 3 8 . 4 4 7 6 . 5 9 1 7 . 8 5 4

h o rn , m i l k 7 . 4 5 5 7 . 8 0 6 7 . 6 6 7 7 . 9 0 8 7 . 7 3 6 7 . 8 3 6 8 . 4 2 7 8 . 5 5 0 8 . 3 9 8 8 . 7 2 8 8 . 7 4 7 8 . 6 2 8
c h e e s e 8 . 9 6 6 8 . 9 2 7 6 . 7 2 0 6 . 8 2 0 7 . 8 7 5 7 . 8 0 6 8 . 9 2 9 8 . 9 5 2 7 . 6 4 3 7 . 6 8 6 7 . 4 0 5 7 . 2 3 0

c h i c k e n 6 . 0 5 3 5 . 8 6 6 6 . 3 7 3 6 . 2 4 8 6 . 3 8 7 6 . 4 0 0 6 . 0 6 4 6 . 0 1 3 6 . 5 2 6 b 6 . 5 0 9 b 6 . 7 1 2 6 . 5 3 8
o y s t e r s 6 . 6 8 1 7 . 2 2 5 6 . 5 7 4 6 . 4 2 3 a 6 . 9 1 9 7 . 3 7 1 c 7 . 2 6 7 6 . 9 0 3 6 . 8 1 3 a 7 . 1 4 6 a 7 . 4 2 3 a

s p i c e s 7 . 0 3 3 6 . 9 4 9 5 . 2 3 0 a 5 . 5 0 5 4 . 0 4 9 3 . 7 7 5 7 . 3 5 6 7 . 2 9 0 5 . 2 0 1 5 . 1 6 7 4 . 0 8 6 4 . 0 7 9
f l o u r s 3 . 4 4 7 3 . 4 6 2 3 . 6 4 3 d 3 . 5 0 5 d 3 . 7 7 8 d 3 . 6 8 6 d 3 . 6 1 8 3 . 5 3 8 3 . 6 8 6 3 . 8 8 1 e 3 . 7 9 9 3 . 0 0 4

b r o c c o l i 6 . 4 4 9 4 . 9 1 1 3 . 7 2 8 6 . 9 3 4 b 4 . 8 8 6 b c 6 . 4 4 7 5 . 1 5 8 3 . 7 7 8 a 7 . 1 4 6 b 4 . 2 0 4 a c

a — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  b e lo w  r e f e r e n c e  r e c o m m e n d a t io n  
b — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  a b o v e  r e f e r e n c e  r e c o m m e n d a t io n  
c — n o  v a l u e  d u e  t o  i n c o r r e c c t  s a m p le  d i l u t i o n  
d — c o u n t  o f  o n e  p l a t e  d u e  t o  s p r e a d e r s

e — a d j u s t e d  d u e  t o  p a r t i a l  m e d iu m  h y d r o l y s i s — o n e  p l a t e  O K , o n e  h a l f  o f  t h e  o t h e r  p l a t e  c o u n t e d  X 2
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Table 3 C o llab orative  r e s u lt s  for p la te  count in  cream by referen ce  and R edigel methods (Log base 10)

R e f e r e n c e  C o u n t / m L R e d i g e l  C o u n t / m L

C o l l  1 2 3 4 5 6 1 2 3 4 5 6

1 6 . 7 4 4 8 . 0 3 3 5 . 8 1 9 7 . 7 5 1 b 6 . 3 9 0 6 . 7 0 7 7 . 2 7 6 8 . 2 6 2 7 . 0 3 3 8 . 2 8 6 7 . 3 3 8 7 . 4 2 2 b

2  7 . 2 1 2 8 . 0 7 6 7 . 1 4 9 8 . 3 2 2 7 . 3 8 0 a 7 . 2 9 2 8 . 2 8 8 8 . 2 8 1 7 . 9 0 3 8 . 4 6 4 b 7 . 9 1 6 7 . 8 7 2

3  c 8 . 4 7 7 b c 8 . 3 8 0 c c c 8 . 5 9 1 b c 8 . 4 6 2 b c c

4  7 . 3 0 1 a 8 . 2 5 8 7 . 6 0 2 8 . 3 6 2 7 . 3 8 9 7 . 4 9 8 7 . 4 9 1 8 . 3 4 6 7 . 8 9 2 8 . 5 3 4 b 8 . 3 6 2 8 . 0 4 1

6 8 . 5 6 5 b 8 . 9 1 9 b 8 . 3 2 0 8 . 6 9 9 b 8 . 5 9 6 b 8 . 7 8 9 b 8 . 7 4 8 b 8 . 6 9 1 b 8 . 3 7 8 8 . 7 7 8 b 8 . 5 0 0 b 8 . 5 7 6 b

7 8 . 4 3 5 b 8 . 7 7 8 b 8 . 4 4 4 b 8 . 7 9 2 b 8 . 5 7 2 b 8 . 6 2 6 b 8 . 5 9 9 b 8 . 7 9 6 b 8 . 6 0 9 b 8 . 7 3 2 b 8 . 7 2 7 b 8 . 6 2 0 b

8 6 . 7 0 6 b c c c c c c c c c c c

9  8 . 1 2 4 8 . 3 2 6 8 . 2 2 8 8 . 6 7 6 8 . 2 6 7 8 . 2 3 0 8 . 1 2 4 8 . 3 9 6 8 . 2 9 2 8 . 5 9 1 8 . 3 6 5 8 . 2 8 8

1 0  6 . 5 2 4 b  7 . 4 9 1 b  6 . 6 1 3  7 . 7 8 5

a — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  b e lo w  2 5  
b — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  a b o v e  2 5 0  
c — n o  v a l u e  p r o v i d e d  b y  c o l l a b o r a t o r  
d — n o  d a t a  f r o m  c o l l a b o r a t o r  5

7 . 0 7 9 7 . 2 8 6 6 . 6 5 5 b 7 . 6 9 6 b 6 . 9 2 4 7 . 8 2 0 7 . 1 7 9 7 . 3 5 8

T a b le  4  C o l l a b o r a t i v e  r e s u l t s  f o r  p l a t e  c o u n t  i n  r a w  m i l k  b y  r e f e r e n c e  a n d  R e d i g e l  m e t h o d s  ( L o g  b a s e  1 0 )

R e f e r e n c e  C o u n t / m L  R e d i g e l  C o u n t / m L

C o l l 1 2 3 4 5 6 1 2 3 4 5 6

1 8 . 5 6 8 5 . 8 8 1 6 . 6 4 3 8 . 5 6 8 6 . 5 6 6 b 7 . 3 3 8 8 . 9 4 4 7 . 4 5 8 b 8 . 2 6 5 8 . 8 8 1 7 . 8 1 2 b 7 . 8 6 8 b

2 8 . 8 0 6 7 . 8 6 0 8.222 8 . 8 4 2 7 . 6 5 3 8 . 2 7 9 8.886 8 . 1 1 7 8 . 4 5 3 b 8 . 9 1 4 8 . 1 2 4 8 . 4 4 4 b

3 8 . 8 1 4 b c c 8 . 9 5 6 b c c 8 . 9 2 4 b c c 9 . 0 1 3 b c c

4 8 . 7 1 0 b 7 . 5 9 7 8 . 0 9 7 8 . 7 9 7 b 7 . 4 5 5 8 . 1 4 6 8 . 8 6 9 b 8 . 1 0 4 8 . 3 0 1 8 . 7 3 4 b 7 . 6 6 3 8 . 4 2 8 b

6 9 . 0 9 7 8 . 7 2 0 9 . 0 4 9 a 9 . 1 7 6 a 8 . 6 0 7 8 . 9 7 8 a 9 . 1 1 4 8 . 6 0 2 9 . 0 0 9 a 9 . 2 6 7 a 8 . 6 2 8 9 . 0 2 1 a

7 8 . 8 4 7 b 8 . 6 7 2 b 8 . 7 6 7 b 8 . 7 8 2 b 8 . 5 7 1 b 8 . 7 8 9 b 8 . 8 4 0 b 8 . 7 9 9 b 8 . 7 7 2 b 8 . 7 7 7 b 8 . 6 6 0 b 8 . 7 2 3 b

8 1 0 . 0 8 3 9 . 3 9 8 9 . 9 4 9 c 9 . 5 6 8 8 . 4 1 2 b 1 0 . 4 0 5 b 1 0 . 3 2 2 1 0 . 4 1 3 b 1 0 . 3 3 0 1 0 . 1 9 9 8 . 5 1 6 b

9 9 . 1 1 7 9 . 0 2 9 9 . 1 0 4 9 . 1 4 6 8 . 9 4 4 9 . 1 3 4 9 . 1 5 8 9 . 0 3 3 9 . 1 4 0 9 . 2 1 2 8 . 9 4 4 9 . 1 7 9

10 8 . 0 3 7 7 . 2 2 0 7 . 4 3 1 8 . 3 6 2 6 . 8 9 2 7 . 9 7 8 8 . 0 9 7 7 . 2 5 0 7 . 8 1 3 8 . 3 4 4 7 . 0 7 6 8.210

a — e s t i m a t e d  c o u n t - — c o l o n i e s / p l a t e  b e lo w  2 5

b — e s t i m a t e d  c o u n t - — c o l o n i e s / p l a t e  a b o v e  2 5 0

c — n o v a l u e  p r o v i d e d  b y  c o l l a b o r a t o r

d — n o d a t a  f r o m  c o l l a b o r a t o r 5

T a b le 5  C o l l a b o r a t i v e  r e s u l t s  f o r p l a t e  c o u n t  i n  h o m o g e n iz e d m i l k  b y  r e f e r e n c e a n d  R e d i g e l  m e th o d s ( L o g  b a s e  1 0 )

R e f e r e n c e  C o u n t / m L R e d i g e l  C o u n t / m L

C o l l . 1 2 3 4 5 6 1 2 3 4 5 6

1 5 . 5 4 4 a 6 . 9 7 8 a 6 . 1 6 1 a 5 . 9 7 8 a 7 . 5 4 4 a 6 . 6 0 2 a 8 . 8 6 8 b 8 . 6 2 7 b 8 . 5 4 4 b 8 . 6 5 2 b 8 . 8 6 8 b 8 . 4 7 3 b
2 8 . 5 6 2 7 . 8 2 3 8 . 0 1 3 8 . 5 0 5 8 . 6 6 7 8 . 4 4 2 b 8 . 6 5 3 8 . 3 3 8 8 . 3 8 7 8 . 7 4 8 8 . 7 6 0 8 . 6 1 8
3 c c c 8 . 9 4 4 b 8 . 6 8 7 b c c c c 8 . 9 6 1 b 8 . 9 8 0 b c
4 8 . 5 3 4 b 8 . 2 2 8 8 . 3 2 8 8 . 6 8 6 b 8 . 7 1 0 b 8 . 5 3 4 b 8 . 6 3 0 b 8 . 4 1 3 b 8 . 4 4 7 b 8 . 8 3 5 b 8 . 9 5 0 b 8 . 5 3 4 b
6 9 . 0 3 7 8 . 7 9 2 9 . 2 1 7 a 9 . 0 7 6 8 . 7 0 8 8 . 9 9 1 a 9 . 1 3 7 8 . 6 5 8 9 . 0 9 7 a 9 . 0 9 0 8 . 8 6 3 8 . 8 7 8 a
7 8 . 6 1 1 b 8 . 6 8 1 b 8 . 6 1 9 b 8 . 6 2 3 b 8 . 7 4 4 b 8 . 7 8 5 b 8 . 7 0 9 b 8 . 7 7 9 b 8 . 6 7 2 b 8 . 6 5 0 b 8 . 7 8 8 b 8 . 7 8 7 b
8 8 . 4 7 7 a 7 . 1 4 6 a 6 . 7 7 8 a 9 . 7 0 4 b 9 . 5 5 6 7 . 2 5 5 a 1 0 . 3 8 6 8 . 7 3 7 b c 7 . 1 7 6 a 9 . 1 7 3 8 . 2 7 9
9 9 . 0 8 6 9 . 1 5 2 9 . 1 3 7 9 . 0 9 7 9 . 0 9 3 9 . 1 4 3 9 . 2 2 3 9 . 2 7 0 9 . 2 4 1 9 . 1 3 4 9 . 1 9 0 9 . 3 1 6

10 7 . 3 8 6 6 . 8 1 3 7 . 3 3 6 8 . 2 5 5 6 . 6 7 2 8 . 1 1 7 7 . 5 1 7 b 7 . 1 5 2 7 . 0 7 2 8 . 3 8 7 6 . 7 4 0 8 . 0 7 9

a — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  b e lo w  2 5  

b — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  a b o v e  2 5 0  
c — n o  v a l u e  p r o v i d e d  b y  c o l l a b o r a t o r  

d — n o  d a t a  f r o m  c o l l a b o r a t o r  5

T a b le  6  C o l l a b o r a t i v e  r e s u l t s  f o r  p l a t e  c o u n t  i n  c h e e s e  b y  r e f e r e n c e  a n d  R e d i g e l  m e th o d s  ( L o g  b a s e  1 0 )

R e f e r e n c e  C o u n t / g  R e d i g e l  C o u n t / g

C o l l . 1 2 3 4 5 6 1 2 3 4 5 6

1 8 . 7 4 0 8 . 6 4 3 9 . 1 1 1 8 . 5 3 1 9 . 1 5 5 9 . 1 7 6 8 . 5 0 5 8 . 6 1 3 9 . 7 2 5 b 9 . 8 5 6 b 7 . 9 5 4 8 . 1 8 8

2 8 . 7 5 2 8 . 5 9 7 7 . 4 3 2 a 7 . 4 4 7 7 . 6 7 2 8.021 8 . 2 0 4 7 . 9 6 4 8 . 3 2 6 8 . 2 8 2 6 . 5 0 5 6 . 3 2 2

3 8 . 0 4 1 8 . 4 5 0 b 7 . 6 3 8 8 . 0 4 1 7 . 3 1 4 7 . 2 7 9 8 . 2 7 4 8 . 4 4 7 b 8 . 2 1 5 7 . 8 3 3 7 . 0 6 1 a 6 . 7 7 8 a

4 8.866 8 . 6 0 2 8 . 1 6 1 a 8 . 2 5 5 a 7 . 7 4 0 a 7 . 6 0 2 a 8 . 2 4 3 a 8 . 2 9 0 a 8 . 6 9 5 8 . 7 1 6 7 . 7 4 0 a 7 . 0 2 0 a

5 8 . 6 9 9 9 . 0 0 4 1 0 . 5 9 3 b 9 . 4 7 0 7 . 7 4 8 b 7 . 4 9 0 b 8 . 3 1 7 a 8 . 2 7 9 a 1 0 . 9 1 6 b 9 . 6 4 8 7 . 3 6 8 7 . 3 7 3

7 8 . 7 4 4 b 8 . 6 6 3 b 7 . 4 6 6 b 6 . 8 8 1 8.111 8 . 0 9 3 8 . 3 6 2 8 . 2 0 8 7 . 7 8 2 7 . 2 2 0 7 . 4 4 0 b 7 . 5 6 2 b

8 9 . 0 5 7 8 . 5 9 9 b 6 . 6 5 3 b 4 . 6 4 3 3 . 1 1 4 c 9 . 1 1 4 9 . 2 0 7 7 . 4 0 1 b c 7 . 1 1 4 a c

9 8 . 0 6 1 7 . 9 8 7 7 . 2 3 0 a 7 . 4 7 7 7 . 5 6 1 b 7 . 1 8 5 8 . 0 6 1 8.000 8 . 2 9 0 8 . 2 7 4 5 . 3 0 1 a 5 . 0 0 0 a

10 9 . 3 2 0 8 . 4 9 7 b 8.000 8 . 0 9 3 8 . 8 5 1 8 . 3 6 7 9 . 2 7 4 8 . 4 4 9 b 7 . 8 4 5 7 . 9 7 8 8 . 5 3 1 8 . 2 5 3

a — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  b e lo w  2 5  
b — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  a b o v e  2 5 0  
c — n o  v a l u e  p r o v i d e d  b y  c o l l a b o r a t o r
d — d a t a  f r o m  c o l l a b o r a t o r  6  e x c l u d e d  d u e  t o  u n c e r t a i n t y  i n  d i f f e r e n t i a t i n g  a m o n g  s a m p le  p a i r s
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Table 7 C o llab orative  r e s u lt s  for  p la te  count in  raw chicken by reference  and R edigel methods (Log base 10)

R e f e r e n c e  C o u n t / g R e d i g e l  C o u n t / g

C o l l . 1 2 3 4 5 6 1 2 3 4 5 6

1 7 . 8 5 0 b 7 . 7 9 7 b 7 . 9 3 0 b 7 . 7 5 4 b 8 . 0 5 7 b c 8 . 0 5 3 b 7 . 9 3 0 b 7 . 9 3 6 b 7 . 7 9 6 b 8 . 1 5 2 b c

2 8 . 8 5 1 8 . 4 4 2 8 . 2 3 8 8.111 8 . 2 0 7 8 . 7 5 2 8 . 9 4 2 8 . 3 2 0 8 . 4 9 8 8 . 2 9 2 8 . 0 4 9 8 . 6 1 3

3 7 . 9 0 4 b 7 . 8 4 9 b 7 . 7 4 4 b 7 . 7 5 6 b 7 . 8 1 8 b 7 . 8 2 3 8 . 2 4 6 7 . 5 9 1 8 . 2 7 0 8 . 2 3 6 8 . 0 8 6 8 . 0 9 3

4 7 . 9 1 8 b 8 . 3 5 8 b 7 . 6 8 6 b 7 . 9 8 6 b 8 . 4 8 4 b 7 . 9 6 0 b 7 . 9 4 6 b 7 . 8 5 3 b 7 . 7 7 7 b 7 . 6 5 9 b 7 . 3 9 8 7 . 8 5 3 b

6 8 . 1 4 6 8 . 0 5 7 7 . 8 0 6 7 . 5 8 0 7 . 7 9 9 7 . 5 4 4 8.100 8 . 1 8 2 7 . 8 3 3 7 . 7 9 2 7 . 6 3 3 7 . 6 6 3

8 8 . 5 8 4 b 8 . 5 5 6 b 8 . 3 9 1 8 . 0 9 0 7 . 3 8 0 a 8 . 5 3 1 b 8 . 4 7 7 8 . 4 6 2 8 . 5 3 8 b 7 . 9 8 7 8 . 2 3 6 8 . 5 0 8 b

9 8 . 3 7 1 8 . 3 0 1 8 . 0 0 4 8 . 0 8 3 8 . 1 7 3 8 . 2 2 3 8 . 5 1 2 b 8.111 8 . 0 0 4 8 . 0 0 9 8 . 0 8 3 8 . 2 5 0

10 4 . 2 7 9 a 5 . 6 9 9 4 . 6 4 3 4 . 3 9 8 a 4 . 3 4 2 a 5 . 0 4 5 4 . 2 0 4 a 5 . 6 8 1 4 . 5 9 1 4 . 1 4 6 a 4 . 5 1 9 4 . 7 8 5

a — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  b e lo w  3 0  

b — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  a b o v e  3 0 0  
c — n o  v a l u e  p r o v i d e d  b y  c o l l a b o r a t o r  
d — n o  d a t a  f r o m  c o l l a b o r a t o r s  5  a n d  7

T a b le  8  C o l l a b o r a t i v e  r e s u l t s  f o r  p l a t e  c o u n t  i n  r a w  o y s t e r s  b y  r e f e r e n c e  a n d  R e d i g e l  m e th o d s  ( L o g  b a s e  1 0 )

R e f e r e n c e  C o u n t / g R e d i g e l  C o u n t / g

C o l l 1 2 3 4 5 6 1 2 3 4 5 6

1 7 . 0 8 3 7 . 4 3 5 6 . 9 2 4 6 . 8 6 3 7 . 1 0 0 7 . 4 4 4 7 . 3 3 0 7 . 3 1 4 7 . 1 3 0 7 . 3 4 2 7 . 1 8 2 7 . 2 7 6

2 7 . 2 5 8 7 . 5 0 5 6 . 9 0 8 7 . 2 6 8 7 . 0 4 5 7 . 4 9 1 7 . 6 2 8 7 . 3 6 2 7 . 0 6 1 7 . 7 0 3 7 . 1 6 1 7 . 4 3 9 a

3 7 . 4 9 7 b 7 . 1 2 1 6 . 8 0 6 7 . 5 3 7 b 6 . 7 6 3 7 . 0 3 3 7 . 6 9 9 7 . 2 2 5 6 . 6 9 9 7 . 9 8 2 6 . 6 4 3 7 . 1 7 C

4 6 . 6 9 5 7 . 5 3 4 b 7 . 0 7 6 6 . 7 2 4 7 . 1 8 8 7 . 6 0 1 b 7 . 1 4 9 7 . 6 5 9 b 7 . 0 3 3 6 . 7 5 6 7 . 2 3 3 7 . 5 2 5 b

6 6.688 7 . 1 5 2 6 . 8 1 3 6 . 3 9 8 a 6 . 8 9 8 7 . 3 6 0 7 . 1 5 5 7 . 1 8 8 6 . 9 5 9 7 . 1 7 9 6 . 9 9 6 7 . 1 6 4

7 7 . 2 2 3 b 7 . 2 9 2 b 6 . 8 3 1 b 7 . 2 2 0 b 6 . 7 3 4 b 7 . 2 4 1 b c 7 . 0 3 1 b 6 . 5 0 0 b c 6 . 4 1 0 7 . 1 0 5 t

8 6 . 8 2 0 7 . 6 7 9 b 7 . 8 9 8 7 . 3 6 2 a 7 . 5 4 4 8 . 6 2 9 b 7 . 3 2 2 7 . 2 2 8 7 . 6 4 3 7 . 0 7 9 a 7 . 3 0 1 a 8 . 1 1 /

9 7 . 7 4 8 7 . 3 9 1 6 . 5 9 1 7 . 5 0 5 6 . 8 9 8 7 . 3 4 8 7 . 9 4 9 7 . 0 2 5 7 . 3 8 0 a 7 . 5 8 0 6 . 3 9 8 a 6 . 9 9 6

10 7 . 5 0 1 b 7 . 5 2 6 b 6 . 4 3 9 7 . 2 3 0 6 . 4 5 2 7 . 4 0 5 7 . 5 6 2 b 7 . 3 6 7 6 . 2 5 8 7 . 4 1 7 6 . 3 6 7 7 . 0 9 /

a — e s t i m a t e d  c o u n t - — c o l o n i e s / p l a t e b e lo w  3 0

b — e s t i m a t e d  c o u n t - — c o l o n i e s / p l a t e a b o v e  3 0 0

c — n o v a l u e  p r o v i d e d  b y  c o l l a b o r a t o r

d — n o d a t a  f r o m  c o l l a b o r a t o r 5

by both the reference plate method (1,2) and the pectin gel 
method. Day-of-test control counts are shown in Table 2. 
Collaborators calculated and reported all data in counts/g or 
mL, and also recorded and reported all raw data.
Duplicate negative controls were run with each 500 mL 

batch of plate count agar and each 50 tube batch of plate 
count Redigel. Additional checks on Redigel were done by 
visually scanning each tube for abnormal cloudiness or floc- 
culant which might indicate contamination, and by visual 
checks on plates for the presence of any colonies.
Two negative environmental control plates of each me

dium (plate count agar and plate count pectin gel) were ex
posed for 15 min each morning and afternoon on days that 
samples were run, to verify that results were not affected by 
environmental contamination.
The plate count pectin gel utilized the same ingredients as 

the plate count agar, except that the gelling agent was pectin 
instead of agar. (The nutrients for both media were: 5.0 g/L 
of pancreatic digest of casein, 2.5 g/L of yeast extract, 1.0 
g/L of glucose in accordance with 46.005(g) (1). The plate 
count agar used in this study, 46.005(g) (2), was made from 
the same sources (supplier, batch, lots) of ingredients as the 
plate count Redigel that was used in this study, which was 
why a premixed, commercial plate count agar was not used. 
This eliminated the possibility of variation due to differences in the basic ingredients.
Aliquots from the identical (same) samples were used for 

both the pectin gel (Redigel) and the agar-based media, and 
the plates of both were inoculated in the same 15 min period 
for each sample type.

Aerobic Plate Count 
Pectin Gel Method 

First Action

46.D01 Principle

Method uses pretreated petri plates contg thin “ hardener”  layer, 
and liq. medium contg nutrients with pectin as only gelling agent. 
Liq. medium, 12— 15 mL. is poured into pretreated petri plate and 
undild or dild sample is added. Plate is rotated and rocked to mix 
sample and medium. Plates are then allowed to stand on level 
surface 30-40 min until medium solidifies. Total process is done at 
ambient temp. Plates are then incubated and counted.

46.D02 Materials

N o t e :  Before pectin base medium formulated from individual 
ingredients is used, comparability to commercially available medium 
must be dem onstrated.

P ec t in  g e l  tu b es  a n d  p l a t e s —Pectin gel is available as sterile liq. 
in individual tubes contg sufficient gel to pour 1 plate. Use tubes of 
Redigel and pretreated petri plates (RCR Scientific, Inc ., 206 W 
Lincoln Ave, Goshen, IN 46526), or equiv. that meet specifications.

To prep, plate count pectin gel from individual ingredients, 
suspend 5.0 g pancreatic digest of casein, 2.5 g yeast ext. and 1.0 
g glucose, in 500 mL H:0 .  Suspend 15 g low methoxyl pectin in 
500 mL H ,0 . Heat individual mixts until all ingredients are dissolved. 
Autoclave solns 15 min at 121°. Combine nutrient and pectin solns 
and adjust pH to 7.0 ± 0.1. To prep, pretreated petri plates, pren. 
hardener layer mixt. of 1% agar with 0.02 CaCL concn. Sterilize 
mixt. by autoclaving 15 min at 121°. Aseptically dispense 5 mL 
portions of mixt. into sterile petri plates.
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Table 9 C o llab orative  r e s u lt s  for p la te  count in  sp ic e s  by referen ce  and R edigel methods (Log base 10)

R e f e r e n c e  C o u n t / g R e d i g e l  C o u n t / g

C o l l . 1 2 3 4 5 6 1 2 3 4 5 6

1 7 . 3 2 2 a 7 . 3 6 2 a 5 . 9 5 4 5 . 1 2 4 3 . 4 7 7 a 3 . 9 0 3 a 7 . 6 6 3 7 . 6 8 0 6 . 5 1 9 5 . 1 8 8 3 . 3 0 1 a 3 . 6 9 4 a
2 7 . 2 1 5 6 . 9 1 1 4 . 6 1 8 4 . 6 0 7 3 . 7 0 3 3 . 7 4 4 7 . 4 8 1 b 7 . 1 1 0 4 . 6 1 8 4 . 5 5 0 3 . 7 3 2 3 . 8 3 6
3 7 . 0 5 7 7 . 1 2 1 5 . 2 7 9 a 5 . 4 1 5 a 3 , 3 5 2 a 3 . 7 9 2 7 . 3 0 5 7 . 3 8 0 5 . 0 4 1 a 5 . 3 9 8 a 3 . 4 7 7 a 3 . 3 0 1 a

4 6 . 9 2 4 6 . 9 9 3 5 . 3 4 2 a 5 . 1 9 0 a 3 . 8 9 2 3 . 9 6 6 7 . 1 6 7 7 . 1 6 7 5 . 3 7 1 a 5 . 2 0 4 a 4 . 0 4 1 4 . 0 9 7

5 6 . 7 6 0 6 . 7 7 1 5 . 4 5 2 4 . 9 4 2 3 . 3 9 8 a c 6 . 9 2 2 6 . 9 6 4 5 . 4 8 9 b 4 . 9 6 4 3 . 9 5 4 a c

6 7 . 0 7 6 6 . 9 5 4 5 . 4 0 8 5 . 3 4 0 3 . 9 1 9 3 . 8 7 5 7 . 2 2 0 7 . 1 5 8 5 . 5 8 0 5 . 2 2 0 4 . 1 4 6 3 . 9 7 8
7 7 . 1 5 2 7 . 1 9 6 6 . 3 0 0 5 . 0 9 2 4 . 0 5 1 3 . 7 3 6 7 . 4 1 1 7 . 3 6 3 5 . 5 8 0 5 . 1 2 2 3 . 9 9 8 3 . 6 2 8
8 5 . 9 7 8 5 . 4 4 7 a 5 . 0 9 0 5 . 1 0 0 4 . 4 1 5 a 3 . 4 7 7 a 6 . 4 3 9 5 . 9 2 9 6 . 0 9 7 5 . 0 3 7 3 . 3 0 1 a 3 . 0 0 0 a

9 6 . 6 0 2 6 . 8 2 0 4 . 9 7 3 5 . 0 7 9 3 . 4 7 7 a 3 . 3 0 1 a 6 . 6 8 1 6 . 8 5 1 5 . 1 7 9 4 . 9 4 4 3 . 6 0 2 a 3 . 3 0 1 a

10 6 . 4 1 2 5 . 5 8 7 b 5 . 1 7 0 5 . 3 0 7 5 . 1 3 0 4 . 4 7 7 6 . 1 8 2 5 . 5 1 1 b 5 . 1 9 3 5 . 3 0 3 4 . 6 9 0 5 . 0 8 3

a — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  b e lo w  3 0  
b — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  a b o v e  3 0 0  
c — n o  v a l u e  p r o v i d e d  b y  c o l l a b o r a t o r

T a b le  1 0  C o l l a b o r a t i v e  r e s u l t s  f o r  p l a t e  c o u n t  i n  f l o u r s  b y  r e f e r e n c e  a n d  R e d i g e l  m e t h o d s  ( L o g  b a s e  1 0 )

R e f e r e n c e  C o u n t / g  R e d i g e l  C o u n t / g

C o l l . 1 2 3 4 5 6 1 2 3 4 5 6

1 3 . 9 0 3 a 3 . 3 0 1 a 4 . 1 4 6 a 4 . 3 0 1 a 3 . 4 7 7 a 3 . 7 7 8 a 3 . 9 5 4 a 3 . 6 5 3 a 4 . 3 6 2 a 4 . 2 7 9 a 3 . 9 6 3 a 4 . 0 4 0 a

2 3 . 6 0 7 3 . 5 2 5 3 . 9 9 6 4 . 0 2 9 3 . 8 8 6 3 . 9 6 4 3 . 8 6 0 4 . 0 0 0 3 . 9 8 7 4 . 0 6 4 3 . 9 7 3 4 . 2 0 0

3 4 . 2 5 0 4 . 0 2 5 4 . 1 0 0 4 . 2 7 9 3 . 6 6 3 3 . 9 1 4 4 . 1 9 0 a 4 . 1 1 4 a 4 . 6 4 3 4 . 6 9 9 4 . 0 2 1 a 4 . 0 4 0 a

5 3 . 2 4 3 a 3 . 4 3 1 a 3 . 6 6 3 3 . 6 5 8 3 . 4 7 7 3 . 5 3 8 3 . 4 2 3 a 3 . 7 0 3 3 . 7 7 8 3 . 8 4 8 3 . 6 4 8 3 . 8 0 3

6 3 . 9 1 9 4 . 0 5 3 4 . 0 6 4 4 . 1 4 0 3 . 9 5 9 3 . 4 9 1 4 . 1 8 2 > 4 . 4 7 7 b 4 . 2 3 6 4 . 0 8 3 3 . 9 9 6 > 4 . 4 7 7 b

7 3 . 6 1 8 3 . 6 4 3 4 . 1 8 2 4 . 0 6 1 3 . 9 5 9 3 . 9 4 2 3 . 7 1 2 3 . 7 7 1 3 . 8 5 4 3 . 8 9 8 4 . 0 0 0 3 . 9 2 9

8 3 . 7 7 8 a 3 . 7 7 8 a 3 . 3 8 0 a 4 . 1 4 6 a 4 . 4 1 5 a 3 . 2 5 5 a 3 . 7 7 8 a 3 . 4 7 7 a 3 . 5 5 6 4 . 0 7 9 a 4 . 3 2 2 a 3 . 3 8 9 a

9 3 . 9 8 2 3 . 9 2 4 3 . 9 1 9 3 . 9 0 0 6 . 7 4 0 6 . 7 6 3 4 . 0 0 4 3 . 9 4 0 3 . 9 9 1 3 . 9 6 4 6 . 8 0 6 6 . 8 6 9

10 4 . 4 7 7 4 . 6 4 3 3 . 6 6 3 4 . 2 7 9 a 4 . 3 0 1 a 3 . 8 1 3 4 . 4 9 1 4 . 4 6 2 a 3 . 8 3 3 4 . 4 3 1 a 4 . 6 6 3 3 . 8 4 5

a — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  b e lo w  3 0  

b — d a t a  e x c l u d e d  f r o m  s t a t i s t i c a l  a n a l y s i s  
c — n o  d a t a  f r o m  c o l l a b o r a t o r  4

T a b le  1 1  C o l l a b o r a t i v e  r e s u l t s  f o r  p l a t e  c o u n t  i n  f r o z e n  b r o c c o l i  b y  r e f e r e n c e  a n d  R e d i g e l  m e t h o d s  ( L o g  b a s e  1 0 )

R e f e r e n c e  C o u n t / g R e d i g e l  C o u n t / g

C o l l . 1 2 3 4 5 6 1 2 3 4 5 6

1 6 . 5 4 3 b 6 . 5 6 9 b 5 . 2 1 2 7 . 2 2 3 5 . 3 7 7 7 . 2 5 5 6 . 7 9 2 b 6 . 9 0 4 b 6 . 0 8 6 7 . 5 3 3 6 . 1 5 2 8 . 2 3 0 b

2 6 . 8 9 5 7 . 0 0 0 7 . 0 5 3 7 . 1 9 3 6 . 4 8 9 b 6 . 1 7 9 7 . 4 7 3 7 . 5 3 3 b 7 . 3 7 3 7 . 2 7 9 7 . 1 3 0 6 . 3 9 8

3 6 . 8 2 3 b 6 . 8 9 0 b 5 . 1 2 1 6 . 9 1 4 b 5 . 6 8 1 6 . 6 8 8 b 7 . 1 0 0 7 . 3 2 0 6.100 7 . 6 6 3 b 6 . 2 9 2 7 . 6 3 3 b

4 6 . 3 2 2 6 . 6 3 1 b 5 . 4 6 2 7 . 1 7 9 b 5 . 3 3 6 7 . 4 5 0 b 6 . 6 0 0 b 6 . 5 3 4 b 5 . 4 2 3 a 7 . 0 4 5 b 5 . 6 5 9 b 7 . 1 2 7 b

5 6 . 4 0 6 6 . 5 2 8 b 4 . 7 4 8 6 . 9 2 4 b 5 . 6 3 3 6 . 7 4 9 b 6 . 6 2 7 b 6 . 7 3 6 b 6 . 3 6 7 7 . 1 7 6 b 6 . 2 7 4 7 . 0 7 9 b

6 6 . 6 6 8 b 6 . 6 6 5 b 5 . 6 7 2 5 . 9 8 7 6 . 1 9 3 7 . 0 6 2 b 6 . 6 0 1 b d d 6.121 6 . 3 3 2 d

7 c c 7 . 3 0 1 b c 7 . 3 0 1 b c c c c c c c

8 6 . 7 2 1 b 5 . 7 9 7 b 6 . 4 9 8 b c c c 6 . 8 1 0 b 5 . 3 2 0 6 . 5 0 8 b c c c

9 7 . 1 7 9 7 . 0 6 4 7 . 2 7 0 7 . 2 5 5 7 . 1 9 6 7 . 1 8 8 7 . 2 7 6 7 . 1 0 0 7 . 2 7 9 7 . 2 5 3 7 . 2 1 7 7 . 2 9 0

10 8 . 8 1 8 b 9 . 6 1 9 b 7 . 0 5 7 9 . 7 7 8 b 8 . 8 5 4 b 9 . 6 9 5 b 8 . 7 8 9 b 9 . 6 8 8 b 7 . 4 4 9 9 . 9 0 2 b 8 . 5 8 9 b 9 . 7 4 0 b

a — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  b e lo w  3 0  

b — e s t i m a t e d  c o u n t — c o l o n i e s / p l a t e  a b o v e  3 0 0  
c — n o  v a l u e  p r o v i d e d  b y  c o l l a b o r a t o r  

d — g r o s s  c o n t a m i n a t i o n ,  n o  v a l u e  p r o v i d e d

46.D03 Preparation of Samples

Table 12. Analysis of variance of pectin gel and SPC agar 
methods

Food
Sum of 

sqs. DF Mean sq. F Signif. of F

Cream 1.748 1 1.748 3.739 0.0564
Raw milk 1.489 1 1.489 2.495 0.118
Homogenized milk 4.021 1 4.021 6.010 0.016
Cheese 0.202 1 0.202 0.175 0.677
Chicken 0.035 1 0.035 0.025 0.875
Oysters 0.012 1 0.012 0.073 0.788
Spice 0.120 1 0.120 0.066 0.797
Flour 0.399 1 0.399 1.011 0.317
Broccoli 2.045 1 2.045 1.927 0.168

Prep, all decimal dilns with 90 mL sterile diluent (Butterfield’s 
phosphate buffer) plus 10 mL of previous diln unless otherw ise 
specified. Shake all dilns 25 times in 30 cm arc. Pipets m ust accurately 
deliver required vol. Do not use to deliver <10%  of their total vol. 
For exam ple, to deliver 1 mL, do not use pipet >10 m L; to deliver 
0.1 m L. do not use pipet >1 mL.

(a) D a iry  p r o d u c t s .—M easure (or weigh) 11 mL (or g) sample 
and dil. in 99 mL Butterfield’s diluent. For solid samples, blend 2 
min at 10 000 :o 12 000 rpm. Prep, addnl dilns so that total colonies/ 
plate is in 25-250 range. Incubate plates 48 ±  3 h at 32 ±  1°.

(b) N o n d a u y  p r o d u c t s .—Weigh 50 g sample into 450 mL Butter
field’s diluent and blend 2 min at 10 000 to 12 000 rpm. Prep, further 
dilns by dispensing 10 mL sample into 90 mL diluent so that total 
colonies/plate is in 30-300 range. Incubate plates 48 ± 2 h at 
35 ± 1°.
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Table 13. Means and precision estimates for collaborative
data

S a m p le

p a ir M e th o d M e a n  lo g  S r s n R S D , R S D „

C re a m

1 R e d lg e l 8 .4 0 5 0 .0 9 8 0 .3 4 4 1 .1 6 6 4 .0 9 3

R e fe re n c e 8 .3 0 5 0 .1 7 1 0 .4 5 4 2 .0 5 9 5 .4 6 7

2 R e d lg e l 8 .0 4 0 0 .1 0 9 0 .5 5 5 1 .3 5 6 6 .9 0 3

R e fe re n c e 7 .7 2 1 0.121 0 .8 0 9 1 .5 6 7 1 0 .4 7 8

3 R e d ig e l 7 .8 7 2 0 .2 0 8 0 .7 1 0 2 .6 4 2 9 .0 1 9

R e fe re n c e 7 .5 0 6 0 .2 7 1 0 .9 0 4 3 .6 1 0 1 2 .0 4 4

O v e ra ll R e d ig e l 8 .1 0 6 0 .1 4 7 0 .5 5 7 1 .8 1 3 6 .8 7 1

R e fe re n c e 7 .8 4 4 0 .1 9 8 0 .7 4 8 2 .5 2 4 9 .5 3 6

R a w  M ilk

1 R e d ig e l 9 .0 4 8 0 .0 8 7 0 .6 1 5 0 .9 6 1 6 .7 9 7

R e fe re n c e 8 .8 6 2 0 .0 9 5 0 .4 7 3 1 .0 7 2 5 .3 3 7

2 R e d ig e l 8 .6 6 0 0 .4 9 5 0 .6 3 2 5 .7 1 6 7 .2 9 8

R e fe re n c e 8 .3 9 5 0 .4 4 4 0 .8 3 7 5 .2 8 9 9 .9 7 0

3 R e d lg e l 8 .4 2 4 0 .1 5 7 0 .9 6 4 1 .8 6 4 1 1 .4 4 3

R e fe re n c e 8 .0 4 0 0 .2 0 9 1.100 2 .5 9 9 1 3 .6 8 2

O v e ra ll R e d ig e l 8 .7 1 1 0 .3 0 4 0 .7 5 4 3 .4 9 0 8 .6 5 6

R e fe re n c e 8 .4 2 3 0 .2 9 4 0 .8 3 5 3 .4 9 0 9 .9 1 3

H o m o g e n iz e d  M ilk

1 R e d ig e l 8 .6 6 4 0 .6 1 6 0 .6 6 0 7 .1 1 0 7 .6 1 8

R e fe re n c e 8 .5 1 4 0 .5 3 9 0 .9 5 0 6 .3 3 1 1 1 .1 5 8

2 R e d ig e l 8 .7 5 5 0 .5 5 9 0 .6 2 4 6 .3 8 5 7 .1 2 7

R e fe re n c e 8 .1 9 4 0 .4 4 7 1 .0 3 4 5 .4 5 5 1 2 .6 1 9

3 R e d lg e l 8 .4 9 6 0 .1 2 6 0 .6 5 4 1 .4 8 3 7 .6 9 8

R e fe re n c e 7 .9 5 0 0 .2 8 6 1 .0 0 5 3 .5 9 7 1 2 .6 4 1

O v e ra ll R e d ig e l 8 .6 4 2 0 .5 0 1 0 .6 9 3 5 .7 9 7 8 .0 1 9

R e fe re n c e 8 .2 3 1 0 .4 4 1 0 .9 9 9 5 .3 5 8 1 2 .1 3 7

C h e e s e

1 R e d ig e l 8 .4 3 4 0 .2 1 3 0 .3 9 8 2 .5 2 5 4 .7 1 9

R e fe re n c e 8 .6 2 9 0 .2 6 5 0 .3 5 1 3 .0 7 1 4 .0 6 8

2 R e d ig e l 8 .5 2 9 0 .3 6 3 1 .0 0 5 4 .2 5 6 1 1 .7 8 3

R e fe re n c e 7 .8 4 0 0 .5 8 8 1 .2 7 3 7 .5 0 0 1 6 .2 3 7

3 R e d ig e l 7 .1 4 8 0 .2 3 3 0 .9 9 2 3 .2 6 0 1 3 .8 7 8

R e fe re n c e 7 .6 7 5 0 .1 9 1 1 .3 6 7 2 .4 8 9 1 7 .8 1 1

O v e ra ll R e d lg e l 8 .0 4 5 0 .2 7 6 0 .8 4 0 3 .4 3 1 1 0 .4 4 1

R e fe re n c e 8 .0 5 5 0 .3 9 4 1 .0 7 8 4 .8 9 2 1 3 .3 7 9

C h ic k e n

1 R e d lg e l 7 .7 3 8 0 .2 6 5 1 .4 4 6 3 .4 2 5 1 8 .6 8 7

R e fe re n c e 7 .7 1 9 0 .2 6 6 1 .3 4 7 3 .4 4 6 1 7 .4 5 0

2 R e d lg e l 7 .6 4 3 0 .3 7 7 1 .0 8 4 4 .9 3 3 1 4 .1 8 3

R e fe re n c e 7 .7 0 7 0 .4 6 4 1 .1 5 4 6.020 1 4 .9 7 3

3 R e d ig e l 7 .5 8 6 0 .1 9 0 1 .3 2 8 2 .5 0 5 1 7 .5 0 6

R e fe re n c e 7 .5 1 2 0 .1 4 7 1 .2 2 9 1 .9 5 7 1 6 .3 6 0

O v e ra ll R e d ig e l 7 .6 5 4 0 .2 8 9 1 .2 9 0 3 .7 7 6 1 6 .8 5 4

R e fe re n c e 7 .6 4 5 0 .3 2 2 1 .2 4 8 4 .2 1 2 1 6 .3 2 4

O y s te rs

1 R e d lg e l 7 .4 2 7 0 .1 6 9 0 .3 3 8 2 .2 7 5 4 .5 5 1

R e fe re n c e 7 .1 4 6 0 .1 7 7 0 .3 7 9 2 .4 7 7 5 .3 0 4

2 R e d ig e l 7 .2 9 4 0 .2 2 3 0 .2 7 4 3 .0 5 7 3 .7 5 6

R e fe re n c e 7 .4 5 5 0 .2 3 3 0 .3 4 4 3 .1 2 5 4 .6 1 4

3 R e d lg e l 6 .9 0 9 0 .2 5 4 0 .4 1 1 3 .6 7 6 5 .9 4 9

R e fe re n c e 6 .9 3 9 0 .1 2 9 0 .3 6 4 1 .8 5 9 5 .2 4 6

O v e ra ll R e d lg e l 7 .2 0 1 0.220 0 .3 5 4 3 .0 5 5 4 .9 1 6

R e fe re n c e 7 .1 8 0 0 .1 8 5 0 .3 6 2 2 .5 7 7 5 .0 4 2

S p ic e

1 R e d lg e l 6 .9 7 9 0.211 0 .5 8 9 3 .0 2 3 8 .4 4 0

R e fe re n c e 6 .7 8 3 0 .2 3 8 0 .5 5 2 3 .5 0 9 8 .1 3 8

2 R e d ig e l 5 .2 8 0 0 .4 3 2 0 .4 4 9 8 .1 8 2 8 .5 0 4

R e fe re n c e 5 .2 3 9 0 .3 5 2 0 .3 8 7 6 .7 1 9 7 .3 8 7

3 R e d ig e l 3 .7 9 8 0 .1 9 7 0 .5 1 9 5 .1 8 7 1 3 .6 6 5

R e fe re n c e 3 .8 4 7 0 .3 1 8 0 .4 5 6 8 .2 6 6 1 1 .8 5 3

O v e ra ll R e d ig e l 5 .3 7 9 0 .3 0 3 0 .5 6 0 5 .6 3 3 10 .4 1 1

R e fe re n c e 5 .3 1 4 0 .3 1 2 0 .4 8 9 5 .8 7 1 9 .2 0 2

Table 13. Continued

S a m p le

p a ir M e th o d M e a n  lo g S r S r R S D , R S D n

F lo u r

1 R e d lg e l 3 .9 2 4 0 .1 3 5 0 .3 1 0 3 .4 4 0 7 .9 0 0

R e fe 'e n e e 3 .3 8 9 0 .1 6 7 0 .3 8 5 4 .3 5 0 1 0 .0 2 9

2 R e d ig e l 4 .0 8 8 0 .1 9 4 0 .3 0 8 4 .7 4 6 7 .5 3 4

R e fe 'e n c e 3 .9 9 5 0 .2 4 1 0 .2 5 6 6 .0 3 2 6 .4 0 8

3 R e d ig e l 4 .3 2 4 0 .3 1 9 1.011 7 .3 7 7 2 3 .3 8 1

R e fe 'e n c e 4 .1 3 0 0 .3 3 0 1 .0 2 4 7 .9 9 0 2 4 .7 9 4

O v e ra ll R e d ig e l 4 .1 1 2 0 .2 2 8 0 .6 3 0 5 .5 4 5 1 5 .3 2 1

R e fe re n c e 3 .9 8 8 0 .2 5 5 0 .6 4 9 6 .3 9 4 1 6 .2 7 4

B ro c c o li

1 R e d lg e l 7 .1 3 0 0 .4 4 3 0 .9 7 5 6 .2 1 3 1 3 .6 7 5

R e fe re n c e 6 .9 5 2 0 .3 0 1 0 .9 1 6 4 .3 3 0 1 3 .1 7 6

2 R e d ig e l 6 .6 3 9 0 .3 2 4 0 .8 2 4 4 .8 8 0 1 2 .4 1 1

R e fe re n c e 6 .1 6 8 0 .5 5 7 1 .0 8 2 9 .0 3 0 1 7 .5 4 2

3 R e d ig e l 7 .5 6 5 0 .3 0 5 1 .0 7 5 4 .0 3 2 1 4 .2 1 0

R e fe re n c e 7 .2 9 5 0 .3 8 4 1 .0 6 3 5 .2 6 4 1 4 .5 7 2

O v e ra ll R e d ig e l 7 .1 0 2 0 .3 6 7 0 .9 6 7 5 .1 6 8 1 3 .6 1 6

R e fe re n c e 6 .7 9 8 0 .4 2 3 1 .0 1 9 6.222 1 4 .9 9 0

46.D04 Determination

(/) Lift lid of pretreated petri plate and pour liq. pectin gel from 
I tube (12-15 mL) into plate. Replace lid and swirl plate to cover 
bottom  with pectin gel. Prep, num ber of plates needed for samples 
being run (duplicate plates for each dilni. Plates m u s t  be used within 
5 min after liq. pectin gel is poured.

(2) Add 1 mL inoculum (sample) to liq. pectin gel in petri plate. 
Touch pipet tip once to dry spot on inside wall of plate (above level 
o f liq. pectin gel) after dispensing sample to rest point in pipet tip. 
I m m e d ia t e l y  rotate and rock plate to mix sample thoroly with pectin 
gel. Do not spill pectin gel over sides of plate. ( N o te :  This step is 
primary difference in procedure between pectin gel and agar-based 
media. D o  n o t  add inoculum (sample) to pretreated petri plate and 
pour pectin gel over it. This would lock sample in one small area 
of plate without sepn of individual colcnies.)

(5) Let inoculated plates stand on level surface until pectin gel s 
solid (ca 30-40 min), and then incubate 48 ± 2 h at 35 ±  1° for 
nondairy products and 48 ± 3 h at 32 ± 1° for dairy products.

(4) Count duplicate plates in suitable range (30-300 colonies for 
nondairy products, 25-250 colonies for dairy products). If plates do 
not contain proper range of colonies, record diln counted and note 
num ber o f colonies found. Average counts obtained and report as 
aerobic plate count/g or mL.

Results and Discussion
All reported data (Tables 3-11) were converted to log (base 

10) for statistical analyses. Each of the 10 collaborators ran 
each of the 9 food groups. Where data from a collaborator 
are omitted from the table in a particular food group, im
proper procedure dictated exclusion.
The data from each food group were subjected to analysis 

of variance (ANOVA), and repeatability and reproducibility 
precision estimates were produced for the sample pairs and 
the overall methods (4). The data used were determined with 
the approval of the AOAC Methods Committee statistician. 
The results of the statistical analysis (ANOVA) comparison 
of the 2 methods are reported in Table 12; precision estimates 
are recorded in Table 13.
Counts between the pectin gel and reference methods dif

fered significantly (P < 0.05) only for homogenized milk, 
where the pectin gel method resulted in higher counts. The 
actual counts were higher in pectin gel than in the reference 
method in 8 of the 9 food groups. The log means for pectin 
gel- and agar-based media, respectively, for the 9 food groups
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were: c ream  8 .106  an d  7 .844 ; h o m o g e n ize d  m i lk  8 .642  and  
8 .231 ; ra w  m i lk  8.711 a n d  8 .423 ; c h icke n  7 .654  an d  7 .645 ; 
oysters 7.201 an d  7 .180 ; b ro c c o li 7 .1 02  an d  6 .798 ; cheese 
8 .045  and  8 .055 ; f lo u r  4 .1 12  a nd  3 .988 ; sp ice 5 .379  and  
5 .314.

T h e  re p e a ta b ility  co e ffic ie n t o f  v a r ia t io n  fo r  the  p e c tin  gel 
m e th o d  was s m a lle r th a n  fo r  th e  co rre sp o n d in g  reference 
m e th o d  in  6 o f  the  9 fo o d  g roups; fo r  3 g roups, i t  was s im ila r  
(T a b le  13). T h e  re p e a ta b ility  s ta n d a rd  d e v ia tio n s  fo r  p e c tin  
gel- and  agar-based m ed ia , resp e c tive ly , fo r  the  9 fo o d  g roups 
were: c ream  0 .1 47  a n d  0 .1 98 ; h o m o g e n ize d  m i lk  0 .501 and
0 .441 ; ra w  m i lk  0 .3 04  an d  0 .2 94 ; c h icke n  0 .289  an d  0 .322 ; 
oyste rs 0 .220  a n d  0 .1 85 ; b ro c c o li 0 .3 67  an d  0 .4 23 ; cheese 
0 .276  a nd  0 .394 ; f lo u r  0 .228  an d  0 .2 55 ; sp ice 0 .303  and 
0 .312 . T h e  re p ro d u c ib il ity  co e ffic ie n t o f  v a r ia t io n  fo r  the  
p e c tin  gel m e th o d  was s m a lle r th a n  th e  co rre s p o n d in g  re f
erence m e th o d  in  7 o f  th e  9 fo o d  g roups; fo r  2 g roups  i t  was 
s im ila r  (T a b le  13). T h e  re p ro d u c ib i l i ty  s ta n da rd  d e v ia tio n s  
fo r  p e c tin  gel a n d  agar-based m e d ia , resp e c tive ly , fo r  th e  9 
fo o d  g roups were: c ream  0 .557  an d  0 .7 48 ; h o m o g e n ize d  m i lk  
0 .693  an d  0 .9 99 ; ra w  m i lk  0 .7 54  an d  0 .8 35 ; ch icke n  1.290 
and  1.248; oyste rs  0 .3 54  a n d  0 .362 ; b ro c c o li 0 .967  a nd  1.019; 
cheese 0 .840  an d  1 .078; f lo u r  0 .6 30  a n d  0 .6 49 ; sp ice 0 .560  
and  0 .489 . These resu lts  s tro n g ly  s u p p o rt th e  s u ita b il i ty  o f  
the  p e c tin  gel m e th o d  as an  a lte rn a t iv e  to  agar-based p la te  
c o u n t and  o th e r  m e th o d s  fo r  to ta l b a c te r ia l co u n ts  in  b o th  
d a iry  a nd  n o n d a iry  fo o d  p ro d u c ts .

I t  was genera lly  n o te d  b y  c o lla b o ra to rs  th a t co lo n ie s  on  
p e c tin  gel w ere  so m e w h a t m o re  co m p a c t an d  d isc re te  th a n  
in  the  reference agar-based m e d iu m , w h ic h  m ade  c o u n tin g  
easier, w ith  fe w e r p ro b le m s  fro m  spreaders.

R e c o m m e n d a t io n

I t  is reco m m en d e d  th a t th e  p ro p o se d  p e c tin  gel m e th o d  
fo r  ae ro b ic  p la te  co u n t in  n o n d a iry  fo o d  p ro d u c ts  and  s tan 
d a rd  p la te  c o u n t in  d a iry  fo o d  p ro d u c ts  be a d o p te d  o ff ic ia l 
f irs t a c tio n .
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V I T A M I N S  A N D  O T H E R  N U T R I E N T S

Liquid Chromatographic Determination of Available Lysine in Soybean and Fish Meal

JOAN RABASSEDA, GEMMA RAURET,1 and M. TERESA GALCERAN
U n ivers ity  o f  B a rce lo n a , A n a ly tic a l C h e m is tr y  D e p a r tm e n t,  B a rce lo n a , S p a in

A method for the determination of available lysine on the basis of 
the reactivity of the eamino group with fluorodinitrobenzene (FDNB) 
has been optimized. Hydrolysis is performed in closed vessels in an 
autoclave. Conditions for different meals were established by using 
a modified sequential simplex method. Hydrolysis for 4 h was suf
ficient for the meals studied—soybean and fish. The use of liquid 
chromatography to determine available lysine was studied, and op
timum conditions were established for separation and quantitation 
of eDNB-lysine. The proposed method is faster, more accurate, and 
more precise than commonly used methods.

I t  is  w e ll k n o w n  th a t the  n u tr it io n a l a v a ila b il i ty  o f  ly s in e  in  
fo o ds  depends on  the  a m o u n t o f  ly s in e  possessing free 
e -am ino  groups. T h is  ly s in e  is u su a lly  regarded  as a va ila b le  
lys ine , and  a v a r ie ty  o f  d iffe re n t m e th o d s  ( 1 ) have  been de 
ve lo p e d  to  d e te rm in e  it .  Som e m e th o d s  are ch e m ic a l and  
genera lly  in c lu d e  p ro te in  d e r iv a t iz a t io n , a c id  h y d ro ly s is , and  
se pa ra tion  a nd  q u a n tita t io n  o f  th e  ly s in e  d e r iv a t iv e .

T h e  m o s t w id e ly  used m e th o d  was es tab lished  b y  C a rpe n 
te r  (2) and  uses 1 - flu o ro -2 ,4 -d in itro b e n z e n e  (F D N B )  fo r  de
r iv a t iz a t io n ;  th e  A '- i-d in itro p h e n y l- ly s in e  ( t-D N P -ly s in e )  is 
m easured  s p e c tro p h o to m e tr ic a lly  a fte r  a c id  h y d ro ly s is  and 
b a tch  e x tra c tio n . P ro b le m s  w ith  th is  m e th o d  arise, f irs t, be
cause the  t-D N P - ly s in e  is n o t c o m p le te ly  s tab le  d u r in g  a c id ic  
h y d ro ly s is  an d  so recove ries  are lo w ; second, because the  
d e r iv a t iz a t io n  o f  the  t-a m in o  g roups  o f  ly s in e  is  n o t  specific ; 
and , th ird ,  because th e  ca rb o h yd ra te  c o n ta in e d  in  th e  fo o d  
can lead to  the  fo rm a t io n  o f  in te r fe r in g  co m p o u n d s  th a t cause 
an o v e re s tim a tio n  o f  ly s in e  co n ten t. F o r  these reasons, B o o th
(3) p roposed  m o d if ic a t io n s  to  th is  m e th o d , an d  severa l a u 
th o rs  (4 -7 )  have  s tu d ie d  h o w  to  o ve rco m e  ca rb o h yd ra te  in 
terferences.

T h e  use o f  c h ro m a to g ra p h ic  te chn iques  to  separate t -D N P -  
lys ine  fro m  in te r fe r in g  a m in o  ac ids  an d  o th e r c o m p o u n d s  
fo rm e d  d u r in g  the  h y d ro ly s is  o f  c a rb o h y d ra te -c o n ta in in g  
fo o ds  has been described , in c lu d in g  ion -exchange  c h ro m a 
to g ra p h y  (8 , 9), a d s o rp tio n  o n  a lu m in a  (10 ), o r  l iq u id - l iq u id  
p a r t it io n in g  (17). L iq u id  ch ro m a to g ra p h y  (L C ) has been p ro 
posed b y  severa l a u th o rs  us ing  da n sy l o r  o th e r  d e riv a tiv e s  
(1 1 -1 3 ). F o r  a v a ila b le  lys ine , P e te rson  and  W arthesen  (12) 
used reverse phase L C  w ith  a c e to n itr ile -a c e ta te  bu ffe r.

T w o  in te re s tin g  rev iew s  a b o u t a v a ila b le  ly s in e  d e te rm i
n a tio n  have  been p u b lis h e d  (14 , 15). T h e  m a in  l im ita t io n  
c o m m o n  to  a ll m e th o d s  described  is  th e  la ck  o f  re p ro d u c 
ib i l i t y .  T h e  co e ffic ie n t o f  v a r ia t io n  (C V ) o f  th e  resu lts  o b 
ta in e d  is a b o u t 4%  fo r  the  C a rp e n te r m e th o d  as m o d if ie d  b y  
B o o th  an d  can be reduced  o n ly  to  1.5% fo r  c o tto n  m ea l fo r  
th e  R ao  et a l. m e th o d  (8).

T o  o ve rco m e  som e o f  these p ro b le m s  and  to  im p ro v e  p re 
c is io n , we o p tim iz e d  th e  c o n d it io n s  fo r  a v a ila b le  ly s in e  a n a l
ys is  in  d iffe re n t h ig h  p ro te in  b y -p ro d u c t feed in g re d ie n ts . T h e  
use o f  c losed vessels an d  an a u toc lave  fo r  a c id ic  h y d ro ly s is  
o f  the  p ro te in  has been in tro d u c e d ; a m o d if ie d  s im p le x  m e th 
o d  (16), show n  to  have  m u lt ip le  a p p lic a tio n s  in  a n a ly tic a l 
p ro b le m s  (1 7 -1 9 ), has been used to  e s tab lish  th e  best h y -
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d ro ly s is  c o n d it io n s . R everse-phase l iq u id  c h ro m a to g ra p h y  is 
used fo r  se p a ra tio n  and  q u a n tita t io n .

T h e  s ta b il ity  o f  the  s ta n da rd  was a lso  s tu d ie d , a n d  th e  las t 
peak in  th e  c h ro m a to g ra m  was id e n tif ie d  as a d e r iv a t iz a t io n  
re a c tio n  p ro d u c t n o t  p re v io u s ly  described  in  th e  lite ra tu re .

METHOD
A p p a r a tu s

(a) Spectrophotom eter.—Pye U n ic a m  S P 6-500  U V .
(b) A utoclave.— M ic ro c la v e  S -477  Selecta.
(c) L C  equipment. — W ate rs  Associates, Inc ., equ ip pe d  w ith  

M -4 5  s o lv e n t d e liv e ry  system , z -m o d u le  ra d ia l com presso r, 
M o d e l 440  de tec to r, an d  5 ¿tm N o v a -P a k  C ,8 c o lu m n . O p 
e ra tin g  c o n d it io n s : f lo w  ra te , 3 m b m in ;  d e te c tio n  a t 254  n m .

(d) A utom ated am ino acid analyzer. —  B io tro n ik  L C 6 0 0 0 1.

R e a g e n ts  a n d  S o lu t io n s

(a ) Stock standard solution. —  1 m g /m L . J V -t-2 ,4 -D N P -L - 
lys in e  HC1 (S igm a C h e m ic a l C o .) in  m e th a n o l-w a te r  (1 +

4).
(b) In tern a l s ta n d a rd  so lu tion . — 100 n g /m L .  2 ,6 -D i-  

m e th y lp h e n o l (M e rc k ), 97%  p u r i ty  in  m e th a n o l.
(c) S tandard  solu tions.—U se  h ig h  p u r i ty  ac ids an d  salts, 

d o u b le  d e io n ize d  w a te r, an d  so lve n ts  fro m  M e rc k . A d d  v o l
um e o f  s tock  s ta n da rd  s o lu tio n  to  1 m L  e th a n o l an d  0 .5  m L  
in te rn a l s ta n da rd  s o lu tio n . D ilu te  m ix tu re  to  50 m L  w ith
0 .0 1M  s o d iu m  acetate p H  5 bu ffe r.

(d) D eriva tive  reagen t. —  1 -F lu o ro -2 ,4 -d in it r o b e n z e n e  
(F D N B )  s o lu tio n  (S harlau -Ferosa ) in  3%  e th an o l.

(e) M obile phase. —  M e th a n o l-C .O IM  s o d iu m  acetate  p H  
5 b u ffe r  (1 +  1).

D e r iv a t iv e  F o r m a t io n

T o  an a m o u n t o f  sam p le  c o n ta in in g  1 5 -2 0  m g  a v a ila b le  
lys in e  (ca 400  m g  fish  m ea l o r  520 m g  soybean m ea l) in  100 
m L  P yrex vessel, add  8 m L  o f  8%  N a H C 0 3, 10 m L  F D N B  
s o lu tio n , an d  2 glass beads. C lose vessel an d  m e c h a n ic a lly  
shake 2 h  a t ro o m  te m p e ra tu re  (ca 20°C ). E va p o ra te  e th a n o l 
b y  im m e rs in g  vessel in  95°C  w a te r ba th .

H y d r o ly s is

(a) Fish meal. — T o  F D N B  d e r iv a t iv e  s o lu tio n , ad d  45 m L  
6 .9 N  HC1. S t ir  s o lu t io n  u n t i l  C 0 2 has been e lim in a te d . C lose 
vessel an d  a u toc lave  a t 133°C fo r  4 h.

(b) Soybean m ea l.— T o  F D N B  d e r iv a t iv e  s o lu tio n , add  
70 m L  7 .8 5 N  HC1. P roceed as fo r  fish  m ea l, b u t a u to c la ve  
a t 124°C, th e n  co o l s o lu tio n s , f ilte r ,  an d  a d ju s t v o lu m e  :o  
200 m L .

L C  D e te r m in a t io n

T o  15 m L  h y d ro ly z e d  s o lu tio n  (a) o r  (b) in  100 m L  beaker, 
ad d  8.5 m L  o f  2 N  N a O H  ( fo r  fish  m ea l) o r  17.0 m L  o f  2 N  
N a O H  ( fo r  soybean m ea l). A d ju s t  to  p H  5 w ith  1M  N a H C 0 3. 
T ra n s fe r  re s u ltin g  s o lu t io n  to  50 m L  v o lu m e tr ic  flask , rinse  
beaker w ith  10 m L  m e th a n o l, tra n s fe r i t  to  v o lu m e tr ic  flask, 
ad d  0 .5  m L  in te rn a l s ta n da rd  s o lu tio n , a nd  d ilu te  w ith  w a te r
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Table 1. Coefficients of variation“ for peak areas of various 
solutions of e-DNP-lysine and different mobile phases

Mobile phase

Methanol- Methanol-
water buffer

Solution (1 + 1 ) (1 + 1 )

A. Standard solution in water 4.11 ___

B. Standard solution in 0.01 M buffer, pH 5 4.16 —

c. Standard solution in methanol buffer, pH 5 1.59 0.92
D. Hydrolyzed sample, pH 7 3.52 —

E. Hydrolyzed sample, pH 5 1.81 1.06

* Calculated on the basis of 10 replicate injections.

to  50 m L . F il te r  s o lu t io n  th ro u g h  45 f ilte r .  In je c t  20 /uL 
sam ple  an d  s ta n da rd  s o lu tio n s  in to  th e  ch ro m a to g ra p h .

S a m p le s

Soybean m ea l was ty p ic a l c o m m e rc ia l d e fa tte d  m ea l f ro m  
th e  U n ite d  States. F ish  m e a l was a lso c o m m e rc ia l q u a lity  
f ro m  th e  C a n a ry  Is la n d s . F o r  b o th  sam ples, w a te r co n ten t, 
c rude  p ro te in , an d  l ip id  c o n te n t w ere d e te rm in e d  a cco rd in g  
to  A O A C  m e th o d s  (20 ). F o r  soybean m ea l, w a te r c o n te n t 
was 12.3% , c rude  p ro te in  48 .9% , a nd  l ip id s  0 .0% . F o r  fish  
m ea l, w a te r c o n te n t w as 8.0% , c rude  p ro te in  67 .0% , an d  
lip id s  7.7% . T o ta l ly s in e  c o n te n t was d e te rm in e d  us ing  an 
a u to m a te d  a m in o  a c id  ana lyze r: 2 .9 5%  fo r  soybean m e a l and  
5 .23%  fo r  fish  m eal.

Results and Discussion 
C h r o m a to g r a p h ic  C o n d i t io n s

Severa l m o b ile  phases w ere  tested  on  the  N o v a -P a k  C lg 
s ta tio n a ry  phase to  d e te rm in e  o p t im u m  se p a ra tio n  o f  h y 
d ro ly z e d  sam ples. Severa l m ix tu re s  o f  a c e to n it r i le -w a te r -  
acetic ac id , m e th a n o l-w a te r, and  m e th a n o l-0 .0 1 M  acetic  a c id -  
s o d iu m  acetate p H  5 b u ffe r  s o lu t io n  w ere  tested. B e tte r resu lts  
w ere  o b ta in e d  w ith  th e  la tte r  one w h e n  the  m e th a n o l-w a te r  
ra t io  was 1:1. A t  a f lo w  ra te  o f  3 m L /m in ,  th e  ana lys is  t im e  
is  8 m in , an d  th e  re te n tio n  t im e  fo r  e -D N P -ly s in e  is 2 m in . 
e -D N P -ly s in e  in  w a te r  (s o lu tio n  A ) , in  0 .0 1 M  ace tic  a c id -  
s o d iu m  acetate p H  5 b u ffe r  (s o lu tio n  B ), an d  in  m ix tu re s  o f  
th is  b u ffe r  an d  m e th a n o l (1 +  1) (s o lu tio n  C ) have  been used 
as s tandards. T h e  a d d it io n  o f  m e th a n o l increases s o lu b il ity  
o f  the  lys in e  d e r iv a t iv e  an d  im p ro v e s  p re c is io n  (T a b le  1). 
Severa l tests have  a lso been p e rfo rm e d  w ith  h y d ro ly z e d  sam 
ples, sh o w in g  th a t th e  best re p ro d u c ib il ity  is o b ta in e d  w hen  
the  s o lu tio n  is  a d ju s te d  to  p H  5 (s o lu t io n  E) ra th e r th a n  w hen  
i t  is ad ju s ted  to  p H  7 (s o lu t io n  D ).

T h e  use o f  an in te rn a l s ta n da rd  was a lso tested  to  increase 
p re c is io n  a n d  accuracy. T h e  co m p o u n d s  tested as s tandards 
w ere  3 ,5 -d in itro b e n z o ic  ac id , o - to lu id in e ,  2 ,6 -d im e th y l-

Table 2. Stability of standard solutions containing 4.16 m9 
e-DNP-lysine/mL over time

Absorbance, nm

Time after preparation 268 274

At preparation 0.839 0.969
4 Days 0.836 0.970
1 Week 0.847 0.981
2 Weeks 0.825 0.951
1 Month 0.831 0.958
2 Months 0.830 0.962
3 Months 0.832 0.963
4 Months 0.825 0.955

Figure 1. Chromatogram of hydrolyzed sample with the internal 
standard used.

p h e n o l, e th y l benzoate , 2 ,4 ,5 - tr ic h lo ro p h e n o l,  a n d  p e n ta - 
ch lo ro p h e n o l. T h e  best resu lts  w ere o b ta in e d  w ith  2 ,6 -d i-  
m e th y lp h e n o l. F ig u re  1 show s a c h ro m a to g ra m  o f  the 
h y d ro ly z e d  sam ple  w ith  th e  in te rn a l s ta n d a rd  2 ,6 -d im e th y l-  
ph e no l.

In  T ab le  1, C V s  o f  the  peak area o f  e -D N P -ly s in e  are g ive n  
fo r  2  m o b ile  phases an d  v a rio u s  s ta n da rd  a n d  sam p le  s o lu 
tio n s . F ro m  th e  resu lts , i t  can be c o n c lu d e d  th a t s o lu t io n  C  
fo r  s tandards a nd  s o lu t io n  E fo r  sam ples w ith  an in te rn a l 
s ta n da rd  gave th e  best resu lts.

S t a b i l i t y  o f  S ta n d a r d  S o lu t io n s  a n d  H y d r o ly z e d  S a m p le s

T o  d e te rm in e  th e  s ta b il ity  o f  s ta n da rd  so lu tio n s , th e  ab 
sorbance o f  a s o lu t io n  o f  c -D N P - ly s in e  was m easured  pe
r io d ic a l ly  a t 268 a nd  274  n m  fo r  4 m o n th s . A  s o lu t io n  k e p t 
in  th e  d a rk  a t ro o m  te m p e ra tu re  show ed n o  s ig n if ic a n t v a r i
a t io n  in  absorbance  va lues (T a b le  2).

T h e  s ta b il ity  o f  h y d ro ly z e d  sam ples w as tested  b y  p e rio d ic  
ana lys is  o f  s o lu tio n s  im m e d ia te ly  a fte r  h y d ro ly s is  an d  som e 
days la te r. A v a ila b le  ly s in e  in  fish  m e a l was 4 .73%  a fte r 
h y d ro ly s is , and  4 .74%  a fte r  2 weeks. S im ila r  s ta b il ity  was 
obse rved  fo r  o th e r sam ples tested; th e re fo re , sam ples need 
n o t be q u a n tita te d  im m e d ia te ly  a fte r  h y d ro ly s is . H o w e v e r, 
s o lu tio n s  c o n ta in in g  in te rn a l s ta n d a rd  m u s t be k e p t c losed 
in  n e a rly  fu l l  vessels to  a v o id  losses o f  2 ,6 -d im e th y lp h e n o l 
th ro u g h  e va p o ra tio n .
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I d e n t i f i c a t i o n  o f  U n k n o w n  P e a k

F ro m  th e ir  re te n tio n  tim es , e -D N P -lys in e , F D N B , 2 ,4 -d i-  
n itro p h e n o l (D N P ), and  d im e th y lp h e n o l w ere  id e n tif ie d  in  
the  w e ll-d e fin e d  c h ro m a to g ra m  o f  the  h y d ro ly z e d  sam ple  
s o lu tio n . O th e r  peaks near D N P , n o t w e ll reso lve d , were 
p ro b a b ly  due  to  th e  2 ,4 -d in itro p h e n y l d e r iv a tiv e s  o f  N - te r 
m in a l a m in o  ac ids p resen t in  th e  sam ple . A n o th e r  peak, w ith  
lo n g e r re te n tio n  t im e  and  n o n re p ro d u c ib le  peak h e ig h t, was 
a ttr ib u te d  to  a b ro w n  c o m p o u n d  th a t p re c ip ita te d  s lo w ly  
a fte r the h y d ro ly z e d  sam ple  had  been f ilte re d . I t  was the  last 
peak o n  the  c h ro m a to g ra m . T h e  p re c ip ita te  was ch a rac te r
ized  as fo llo w s : m p : 8 6 -8 7°C; s o lu b il ity :  w a te r- in s o lu b le , e th 
a n o l-s o lu b le , benzene-so lub le , ve ry  so lu b le  in  acetone; n u 
c le a r m ag n e tic  resonance 'H  peaks: 1.5, 4 .4 , 7.3, 8.4, and  8.7 
p p m  in  C D C 13; IR  bands: 11 621 , 3125, 2941, 2857, 1613, 
1515, 1315, 1282, 1149, 1053, 1010, 909 , 826 , and  741 c m '1; 
U V  m a x im a : 293 , 252 , an d  214  n m  in  m e th a n o l. F ro m  th is  
in fo rm a t io n ,  th e  c o m p o u n d  w as id e n tif ie d  as 2 ,4 -d in it ro - 1 - 
e thoxybenzene , p ro b a b ly  fo rm e d  d u r in g  e v a p o ra tio n  o f  e th 
a no l o r  d u r in g  d e r iv a t iz a t io n .

O p t im a l  C o n d i t io n s  f o r  H y d r o ly s is  D u r i n g  A u t o c la v in g

O p tim a l c o n d it io n s  w o u ld  release a m a x im u m  q u a n t ity  o f  
e -D N P -ly s in e  w ith  m in im u m  losses. L ys in e  d e te rm in a tio n s  
a v a ila b le  in  the  lite ra tu re  use a re flu x  t im e  betw een 1 2  and  
24 h  (excep t c o tto n  m ea l [21 ]) fo r  a c id ic  h y d ro ly s is  o f  p ro te in . 
M a th e so n  (7) used c losed tubes fo r  h y d ro ly s is  o f  sm a ll q u a n 
tit ie s  o f  pu re  p ro te in  and  c o n c lu d e d  th a t recove ries  were 
be tte r.

In  the p resen t w o rk , c losed vessels and  an a u to c la ve  a l
lo w e d  us easily  and  s im u lta n e o u s ly  to  h y d ro ly z e  severa l sam 
ples and  to  reduce th e  h y d ro ly s is  t im e . T o  o p t im iz e  c o n d i
tio n s , a m o d if ie d  s im p le x  m e th o d  was a p p lie d  an d  4 
pa ram eters  w ere s tu d ie d : v o lu m e  o f  HC1, c o n c e n tra tio n  o f  
HC1, h y d ro ly s is  t im e , and  im p ose d  superhea ted  steam  in  the 
a u toc lave  (h y d ro ly s is  te m p e ra tu re ). T h e  o p t im iz a t io n  was 
s topped  w hen  th e  d iffe rence  be tw een  th e  va lues o b ta in e d  in  
2  co nsecu tive  tests w ere s im ila r  to  th e  d isp e rs io n  be tw een 
re p lica te d  resu lts  o f  the  sam e sam ple .

T h e  range o f  v a r ia t io n  fo r  v o lu m e  and  co n c e n tra tio n  o f  
HC1 was chosen fro m  procedures described  in  th e  lite ra tu re  
fo r  d e te rm in in g  a va ila b le  lys ine : 1 5 -7 5  m L  HC1, 6 -9 M  HC1,
6 0 -2 4 0  m in  h y d ro ly s is  (less th a n  th a t in  the lite ra tu re  because 
o f  the  use o f  superhea ted  steam ), 1 2 0 -1 3 3 °C  superheated 
steam . T a b le  3 shows th e  response a t each successive ve rte x  
fo r  fish  an d  soybean m ea l; a b o u t 1 1  and  15 sam ples, re 
sp e c tive ly , are enough to  reach the m a x im u m .

T h e  o p t im u m  c o n d it io n s  are those described  in  the  presen t 
p rocedu re , an d  are d iffe re n t fo r  each m ea l. T h is  co u ld  be 
cons ide red  a d isadvantage . H o w e v e r, fo r  exa m p le , the  co n 
d it io n s  fo r  fish  m ea l are n e a rly  the  sam e as those in  expe r
im e n t 13 fo r  soybean m ea l w ith  o n ly  1 % loss o f  ly s in e  re
c o v e ry .  T h e re fo re ,  c o m p ro m is e  c o n d it io n s  c o u ld  be 
es tab lished  fo r  d iffe re n t p ro te in  sources w h ic h  w o u ld  s t i l l  
y ie ld  accep tab le  resu lts.

D e te c t io n  L i m i t ,  A c c u r a c y ,  a n d  P r e c is io n

T h e  d e te c tio n  l im i t  o f  the  p ropo se d  m e th o d  a t m a x im u m  
c h ro m a to g ra p h ic  s e n s it iv ity  is  4.5 ng e -D N P -lys in e , co rre 
sp o n d in g  to  2 ng a v a ila b le  lys in e . T h e  p re c is io n , ca lcu la ted  
fro m  10  repeated analyses o f  each k in d  o f  sam p le , gave a 
m ean and  s ta n da rd  d e v ia t io n  o f  4 .96  ±  0 .0 47 %  fo r  fish  m ea l 
and  2.51 ±  0 .042%  fo r  soybean m ea l. C o e ffic ie n ts  o f  v a r i
a tio n  are 0 .95  an d  1.66% , resp e c tive ly . A ccu ra cy  was d e te r
m in e d  b y  co m p a r in g  resu lts  w ith  those  fo r  C a rp e n te r ’s m e th -

Table 3. Lysine recoveries at each successive simplex condi
tion (conditions are given in normalized factors)

Sim
plex
No." HCI, mL

HCI concn, 
M

Hydrolysis 
time, min

Steam 
press., 

kg/sq. cm
Lysine 
rec., %

Fish meal

1 15.0 6.00 60 1.0 1.41
2 70.5 6.65 99 1.2 3.42
3 28.1 8.78 99 1.2 3.77
4 28.1 6.65 227 1.2 4.11
5 28.1 6.65 99 1.9 3.94

6 Prêt. 62.4 8.37 202 1.8 4.66
7 Pdil. 75.0 9.00 240 2.0 4.28
8 Prêt. 15.0 8.89 233 1.9 4.51
9 Pdil. 15.0 9.00 240 2.0 4.88

10 Prêt. 45.0 6.88 240 2.0 4.93
11 Pdil. 53.4 6.00 240 2.0 4.91

Soybean meal

1 15.0 6.00 60 1.0 1.10
2 70.5 6.65 99 1.2 2.05
3 28.1 8.78 99 1.2 2.04
4 28.1 6.65 227 1.2 2.32
5 28.1 6.65 99 1.9 2.28

6 Prêt. 62.4 8.37 202 1.8 2.33
7 Pdil. 75.0 9.00 240 2.0 2.13
8 Prêt. 66.5 6.00 214 1.9 2.23
9 Pref. 22.0 7.19 240 2.0 2.30

10 Pref. 15.0 8.45 170 1.6 2.35
11 Peon. 25.1 7.82 181 1.7 2.28
12 Pref. 45.3 6.61 203 1.8 2.42
13 Pdil. 55.3 6.00 214 1.8 2.54
14 Pref. 55.8 7.45 240 1.5 2.55
15 Pdil. 69.7 7.85 240 1.3 2.56

* Pref. = reflexed vertex; Peon. = contracted vertex; Pdil. = dilated vertex.

o d :5 .1 7  ±  0 .2 7%  fo r  fish  m ea l and  2 .45  ±  0 .2 7%  fo r  soybean 
m ea l (average o f  3 d e te rm in a tio n s  each). R esu lts  fo r  a va ila b le  
a nd  to ta l lys in e  w ere 2.51 and  2 .95%  in  soybean m ea l and
4 .96  a nd  5 .23%  in  fish  m ea l; the  a v a ila b il i ty  is 85 .9  an d  
94 .8% , resp e c tive ly .

Conclusions
T h e  p roposed  m e th o d  fo r  a v a ila b le  lys in e  d e te rm in a tio n  

in  fish  and soybean m eals has 3 advantages o v e r  o th e r  c o m 
m o n ly  used m e thods : the  p re c is io n  is n o ta b ly  b e tte r, less t im e  
is re q u ire d  pe r ana lys is , an d  use o f  th e  a u to c la ve  im p ro v e s  
the  h yd ro lys is . T h e  use o f  spec ific  h y d ro ly s is  c o n d it io n s  fo r  
spec ific  m a te r ia ls  p roduces m o re  accura te  resu lts .
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Evaluation of Infant Formula Protein Quality: Comparison of In Vitro with In Vivo Methods

DAVID A. HARRIS and ROBERT A. BURNS
M e a d  J o h n so n  N u tr it io n a l G roup , D e p a r tm e n t o f  F o o d  a n d  N u tr itio n  R esea rch , E v a n sv ille , I N  4 7 7 2 1  
RIDA ALI
B r is to l-M y e r s  I n te r n a tio n a l G roup , N e w  Y ork , N Y  1 0 1 5 4

Two-week protein efficiency ratio (2-wk PER), net protein ratio (NPR), 
calculated-protein efficiency ratio (C-PER), and discriminant com- 
puted-protein efficiency ratio (DC-PER) of milk- and soy-based in
fant formulas were compared to a 4-week protein efficiency ratio 
(PER). Expressed relative to ANRC casein, 2-week PER and NPR 
correlated significantly (P  < 0.01, r = 0.90) with PER. Although 
C-PER and DC-PER also correlated significantly (P < 0.01) with 
PER, r = 0.71 and r = 0.87, respectively, these in vitro methods did 
not distinguish differences in protein quality among soy-based infant 
formulas. C-PER and DC-PER, as currently designed, are not ap
plicable to the measurement of protein quality for all types of infant 
formulas.

F ede ra l re g u la tio n s  (1) spec ify  th a t an a p p ro p r ia te  m o d if i 
c a tio n  o f  th e  A O A C  p ro te in  e ffic ie n cy  ra t io  (P E R ) m e th o d  
[secs 43.253-43.257 (2 )] m a y  be used fo r  p ro te in  q u a lity  
te s tin g  o f  in fa n t  fo rm u la s . M o d if ic a t io n s  to  th e  o ff ic ia l A O A C  
m e th o d  are re q u ire d  because in fa n t  fo rm u la s  have  re la t iv e ly  
h ig h -fa t an d  lo w -p ro te in  co n ten ts  an d  u s u a lly  c o n ta in  h ig h  
c o n ce n tra tio n s  o f  lactose. T h e  a im  o f  such m o d if ic a t io n s  is 
to  ensure th a t th e  A N R C  casein c o n tro l d ie t  a nd  te s t d ie ts  
c o n ta in  th e  same le v e l an d  typ e  o f  fa t an d  ca rb o h yd ra te . 
W ith o u t  p ro p e r m o d if ic a t io n s  to  th e  reference c o n tro l d ie t, 
th e  P E R  va lues o f  in fa n t  fo rm u la s  m a y  be u n d e rra te d  in  
c o m p a r is o n  to  A N R C  casein (3).

T w o  m a jo r  p ra c tic a l d ra w b a cks  o f  th e  P E R  m e th o d  are 
the  le n g th  o f  t im e  (4 weeks) an d  expense re q u ire d  to  c o n d u c t 
the  assay. A  m o re  id e a l p ro te in  q u a lity  m e th o d  w o u ld  be one 
th a t is  capable  o f  ra n k in g  th e  q u a lity  o f  p ro te in s  a t least as 
w e ll as P E R  w h ile  s u b s ta n tia lly  re d u c in g  t im e  a n d  expense
(4). N e t p ro te in  ra t io  (N P R ), a 1 0 -1 4  day b ioassay, and  2-w eek 
P E R  are poss ib le  a lte rn a tiv e s  to  th e  P E R  assay a lth o u g h  
n e ith e r m e th o d  d ra s tic a lly  reduces t im e  and  expense. In  1984, 
th e  c a lc u la te d -p ro te in  e ffic ie n cy  ra t io  (C -P E R ) an d  th e  d is 
c r im in a n t c o m p u te d -p ro te in  e ffic ie n cy  ra t io  (D C -P E R ) c o m 
p u te r  p re d ic t io n  m od e ls  o f  S a tterlee et a l. (5) w ere  ad o p te d  
o ff ic ia l f irs t  a c tio n  b y  A O A C . These in  v i t r o  m e th o d s  are 
v e ry  ra p id  an d  fa ir ly  in e xp e n s ive  to  c o n d u c t i f  an  a u to m a tic  
a m in o  a c id  a n a lyze r a n d  c o m p u te r are a va ila b le .

T h e  a b il i ty  o f  th e  2 -w eek P E R , N P R , C -P E R , a n d  D C - 
P E R  m e th o d s  to  m easure  o r  p re d ic t th e  p ro te in  q u a lity  o f  
in fa n t  fo rm u la s  as c o m p a re d  to  th e  P E R  assay was th e  focus
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o f  th is  s tudy. T h re e  m ilk -b a s e d  e x p e rim e n ta l in fa n t  fo rm u la s  
d iffe r in g  in  p ro te in  source an d  5 soy-based e x p e rim e n ta l in 
fa n t fo rm u la s  d if fe r in g  in  p ro te in  source, p rocess ing  c o n d i
tio n s , an d  m e th io n in e  le v e l w ere  s tu d ie d , as w e ll as A N R C  
reference casein an d  the  soy f lo u rs  used to  m ake  2  o f  th e  soy 
fo rm u la s . Som e d a ta  f ro m  th is  s tu d y  h ave  been p resen ted  
p re v io u s ly  (6).

Experimental
S a m p le s

T h e  p ro te in  q u a lity  o f  11 sam ples was m easured  b y  th e  in  
v iv o  m e th o d s  (2 -w eek  P E R , N P R , an d  P E R ) o r  p re d ic te d  b y  
th e  in  v i t r o  m e th o d s  (C -P E R  an d  D C -P E R ). T h e  e x p e ri
m e n ta l in fa n t  fo rm u la s  w ere  m ade  o n  a p i lo t -p la n t  scale 
a cco rd in g  to  s ta n da rd  p o w d e r in fa n t  fo rm u la  p rocess ing  c o n 
d it io n s  unless spec ified  o th e rw ise . A O A C  m e th o d s  (2) w ere  
used to  d e te rm in e  fa t (sec. 7.063), ash (sec. 7.009), a n d  n i 
trog e n  (sec. 7.015) con ten ts  o f  th e  sam ples. S am ples assayed 
were:

(a) A N R C  reference casein. — 88 .5%  p ro te in , N  x  6.25 
(H u m k o  S he ffie ld  C h e m ic a l, M e m p h is , T N ).

(b) E xp erim en ta l m ilk -based  fo rm u la s  / - / / / . — P ro te in  
sources: I ,  d e m in e ra liz e d  w h e y  a n d  n o n fa t m ilk ;  I I ,  n o n fa t 
m ilk ;  I I I ,  s o d iu m  caseinate. C o c o n u t an d  c o m  o ils , lactose.

(c) E x p e r im e n ta l  s o y -b a s e d  fo r m u la s  I - V .  — P ro te in  
sources: I—I I I ,  soy p ro te in  iso la te  an d  L -m e th io n in e  (0.8 g /100  
g p ro te in ) ; IV ,  soy f lo u r  I ;  V , soy f lo u r  I I .  C o c o n u t an d  soy 
o ils , co rn  sy rup  so lids . F o rm u la s  I —I I I  w ere m ade  u s in g  leve ls  
o f  hea t tre a tm e n t co n s ide red  to  re s u lt in  underp rocessed  (I), 
o p t im a lly  processed ( I I) ,  a n d  ove rp rocessed  ( I I I )  p ro d u c ts .

(d) S o y  flo u rs I  a n d  I I . — I, s p ra y -d r ie d  soy f lo u r  used to  
m ake  soy-based fo rm u la  IV ;  I I ,  d ru m -d r ie d  soy f lo u r  used 
to  m ake  soy-based fo rm u la  V .

D ie t  C o m p o s i t io n s

T es t d ie ts  w ere  p re pa red  b y  in c o rp o ra t in g  e x p e rim e n ta l 
in fa n t  fo rm u la s , soy flo u rs , o r  casein a t leve ls  re q u ire d  to  
p ro v id e  10% p ro te in  (N  x  6 .25). F o rm u la t io n s  o f  test d ie ts  
used fo r  in  v iv o  m e th o d s  are show n  in  T a b le  1. Separate 
p re test, A N R C  casein c o n tro l,  an d  n o n p ro te in  d ie ts  w ere 
used fo r  the  m ilk -  a n d  soy-based sam ples. P re test d ie ts  c o n 
ta in e d  19% la c ta lb u m in  (T e k la d  T es t D ie ts , M a d is o n , W I)  
and  e ith e r 45%  lactose (h igh  lactose, H L ) ,  o r  0%  lactose
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(non lactose , N L ) .  F o r  th e  n o n p ro te in  d ie ts , p ro te in  was re 
p laced  b y  co rn s ta rch  (K o ld e x , A . E. S ta ley, D e ca tu r, IL ) .

A n im a ls

M a le  w e a n lin g  S p rague -D aw ley  ra ts  (C harles  R iv e r , P o r
tage, M I) ,  2 1 -2 8  days o ld , and  w e ig h in g  4 5 -5 5  g, were housed 
in  in d iv id u a l s ta in less steel cages suspended on  cage racks in  
a ro o m  m a in ta in e d  a t 24 ±  2°C, 50 ±  10% re la tiv e  h u m id ity ,  
w ith  a lte rn a tin g  12-h pe rio d s  o f  l ig h t  and  d a rk . S ix ty  ra ts  
w ere fed the H L  p re test d ie t, and  100 ra ts  w ere fed  the  N L  
p re test d ie t fo r  a 3 -day  p e rio d . R a ts  w ere th e n  w e ighed  and  
b o d y  w e ig h t was p lo tte d  vs 3 -d a y  w e ig h t ga in  w ith in  the 
respec tive  p re tes t groups. A n im a ls  a t the  extrem es o f  the 
w e ig h t d is tr ib u t io n s  w ere n o t used in  the  s tudy.

I n  V iv o  M e th o d s

R ats  th a t w ere selected a fte r H L  p re test w ere ra n d o m ly  
a llo ca te d  in to  5 g roups o f  10 a n im a ls  each and  assigned H L  
d ie ts  h a v in g  one o f  th e  fo llo w in g  p ro te in  sources: A N R C  
casein, n o  p ro te in , o r  e x p e rim e n ta l m ilk -b a s e d  fo rm u la  I ,  I I ,  
o r  I I I .  L ike w ise , ra ts  selected a fte r N L  pre test w ere ra n d o m ly  
a llo ca te d  in to  9 g roups o f  10 a n im a ls  each an d  assigned an 
N L  d ie t h a v in g  one o f  the  fo llo w in g  p ro te in  sources: A N R C  
casein; no  p ro te in ; e x p e rim e n ta l soy-based fo rm u la  I, I I ,  I I I ,  
IV ,  o r  V ;  o r  soy f lo u r  I  o r  I I .  D ie t  a nd  w a te r, g ive n  on an ad 
l ib i tu m  basis, w ere p ro v id e d  fresh tw ic e  a w eek. F o o d  c o n 
s u m p tio n  was m easured  tw ic e  w ee k ly , and  ra t w e ig h t was 
m easured  w ee k ly . N o  d ia rrh e a  was e v id e n t in  an y  groups, 
an d  th u s  feces w ere co lle c te d  d u r in g  the  second w eek o f  the 
s tu d y  fro m  the  firs t 5 ra ts  o f  each g ro u p  b y  suspend ing  fecal 
c o lle c tio n  screens u n d e r the  cages. Feces f ro m  in d iv id u a l rats 
w ere  ly o p h iliz e d , w e ighed, g ro u n d , an d  ana lyzed  fo r  n itro g e n  
b y  m a c ro k je ld a h l. In  v iv o  p ro te in  q u a lity  and  a p p a re n t N  
d ig e s t ib il ity  (A D )  va lues w ere ca lcu la te d  as fo llo w s :

2 -w k  P E R  =  2 w k  w t ga in  o f  test a n im a l/
2 w k  p ro te in  in ta k e  o f  test a n im a l

P E R  =  4 -w k  w t ga in  o f  test a n im a l/
4 -w k  p ro te in  in ta k e  o f  test a n im a l

2 -w k  re la tiv e  P E R  (2 -w k  R P E R ) =
(2 -w k  P E R  o f  test a n im a l/  

av . 2 -w k  P E R  o f  A N R C  casein g ro u p ) x  100

R e la tiv e  P E R  (R P E R ) =  (P E R  o f  tes t a n im a l/
av. P E R  o f  A N R C  casein g ro u p ) x 100

N P R  =  (2 -w k  w t ga in  o f  test a n im a l
+  av. 2 -w k  w t loss o f  n o n p ro te in  g ro u p )/ 

2 -w k  p ro te in  in ta k e  o f  test a n im a l

( In  th is  s tudy , ra ts  fed th e  n o n p ro te in  H L  d ie t fo r  2 weeks 
los t, on  average, 8.1 g w ith  a fo o d  in ta k e  o f  51 .4  g. R a ts fed 
th e  n o n p ro te in  d ie t w ith o u t  lactose fo r  2  weeks los t, o n  a v 
erage, 7.7 g w ith  a fo o d  in ta k e  o f  60 .4  g.)

R e la tiv e  N P R  (R N P R ) =  (N P R  o f  test a n im a l/
av. N P R  o f  A N R C  casein g ro u p ) x  100

A D  =  [(N  in ta k e  o f  test a n im a l -  feca l N  o f  test a n im a l) /
N  in ta k e  o f  test a n im a l] x  100

A m in o  A c id  A n a ly s is

A l l  a m in o  ac ids excep t try p to p h a n  w ere  m easured  in  d u 
p lic a te  sam ples o f  p ro te in  sources, us ing  the  m e th o d s  o u t-

Table 1. Formulations of milk- or soy-based diets used for in 
vivo methods (% w/w)

Corstituent Milk-based Soy-based

Protein (N x 6.25) 10 10
Soy oil 13 9
Coconut oil 14 9
Lactose 45 0
Cornstarch“ 11 45
Corn syrup solids 0 20
Cellulose“ 1 1
Vitamin mix (AOAC)“ 1 1
Mineral mix (USP XVII)“ 5 5

Total 100 100

* Koldex brand pregelatinized cornstarch (A. E. Staley Co., Decatur, IL). 
“ Nonnutritive fiber (Teklad Test Diets, Madison, Wl).
“ Teklad Test Diets.

lin e d  b y  S a tterlee et al. (5). T h e  average co e ffic ie n t o f  v a r i
a t io n  (C V ) in  the  m easu rem en t o f  a m in o  ac ids was 2 .6%  fo r  
the  c o n v e n tio n a l ac id  h y d ro ly s is  p ro ce d u re  an d  9 .0%  fo r  the 
p e rfo rm ic  ac id  o x id a t io n  p ro cedu re  (m e th io n in e  a nd  cys
tin e ). A n  average n itro g e n  y ie ld  o f  92 .8% , ran g in g  fro m  88.7 
to  96 .0% , was o b ta in e d . A m in o  a c id  va lues w ere co rre c te d  
to  95%  n itro g e n  recove ry . T ry p to p h a n  was m easured  (s ingle  
d e te rm in a tio n )  us ing  a m ic ro b io lo g ic a l tu rb id o m e tr ic  assay

(7).

I n  V i t r o  M e th o d s

In  v i t r o  a p p a re n t N  d ig e s t ib il ity  was m easured  and  C -P E R  
and  D C -P E R  w ere  p re d ic te d  a c co rd in g  to  th e  m e th o d  o f  
S a tterlee et al. (5). C -P E R  an d  D C -P E R  w ere a lso ca lcu la ted  
re la tiv e  to  a P E R  o f  100 fo r  reference A N R C  casein.

S t a t i s t i c a l  A n a ly s is

S ta tis tica l analyses to  co m p u te  m ean, s ta n da rd  d e v ia t io n , 
co e ffic ie n t o f  v a r ia t io n , and  c o rre la tio n  va lues w ere  c o n 
d u c ted  us ing  S ta tis tic a l A n a ly s is  System  (S A S ® ) p rocedures 

(B).

Results and Discussion
I n  V iv o  M e th o d s

R esu lts  o f  the  in  v iv o  p ro te in  q u a lity  m e th o d s  are show n  
in  T a b le  2. In  genera l, th e  m ilk -b a s e d  fo rm u la s  w ere  g rea te r 
th a n  o r  e q u iv a le n t to  A N R C  casein in  p ro te in  q u a lity  (12 7 — 
97%  casein). Soy p ro te in  iso la te -based  fo rm u la s  su p p le 
m en te d  w ith  m e th io n in e  were in te rm e d ia te  in  p ro te in  q u a lity  
(9 4 -8 6 %  casein), an d  the  soy flo u r-b a se d  fo rm u la s  a n d  soy- 
flo u rs  had  the  low est p ro te in  q u a lity  ra tin g s  (8 3 -6 8 %  casein). 
These d iffe rences in  p ro te in  q u a lity  p a ra lle l th e  le ve l o f  s u lfu r  
a m in o  acids, m e th io n in e , and  cys tine  presen t in  the  fo rm u la s  
(see T a b le  3).

R esu lts  fo r  2 -w eek P E R  w ere s im ila r  to  those f ro m  the 
c o n v e n tio n a l 4 -w eek  P E R  assay, espec ia lly  w hen  expressed 
re la tiv e  to  casein (R P E R  and  2 -w eek R P E R  in  T a b le  2). 
C o rre la tio n s  o f  2 -w eek P E R  to  P E R  (r  =  0 .86 ), a nd  2 -w eek 
R P E R  to  R P E R  (r  =  0 .9 1 ) w ere a ll s ta tis t ic a lly  s ig n ific a n t 
(■P  <  0 .01). These resu lts  suggest th a t fo r  in fa n t fo rm u la s , the 
s tanda rd  4 -w eek P E R  assay c o u ld  be sho rtened  to  2 weeks, 
espec ia lly  w hen  resu lts  are expressed re la tiv e  to  casein ( 9 -  
12).

T h e  N P R  assay is  sh o rte r (1 0 -1 4  days) th a n  th e  c o n v e n 
t io n a l P E R  assay and ove rcom es a m a jo r  c r it ic is m  o f  the  
P E R  in  th a t i t  in co rp o ra te s  a n o n p ro te in - fe d  g ro u p  to  p ro v id e  
a m a in te n a n ce  c o rre c tio n  fa c to r (13). T h e  basic  a s su m p tio n  
is th a t endogenous n itro g e n  secre tion  b y  ra ts  fed a n o n p ro te in
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Table 2. Comparison of 2-week PER and NPR to PER and 2-week RPER and RNPR to RPER

% of
ref. casein

PER 2-Wk PER NPR
2-Wk
RPERSample Mean SD cv, % Mean SD CV, % Mean SD CV, % RPER RNPR

ANRC reference casein 
(45% lactose, 27% fat diet) 3.03 0.20 6.6 3.29 0.25 7.6 4.17 0.27 6.5 100 100 100

Milk-based formula I 3.71 0.39 10.5 4.18 0.47 11.2 4.96 0.51 10.3 122 127 119
Milk-based formula II 3.38 0.20 5.9 3.77 0.46 12.2 4.64 0.47 10.1 112 114 111
Milk-based formula III 2.94 0.26 8.8 3.33 0.51 15.3 4.33 0.60 13.9 97 101 104
ANRC reference casein 

(0% lactose, 18% fat diet) 3.39 0.23 6.8 3.43 0.27 7.9 4.13 0.22 5.3 100 100 100
Soy-based formula I 2.97 0.21 7.1 3.07 0.31 10.1 3.74 0.30 8.0 88 90 91
Soy-based formula II 3.19 0.26 8.2 3.22 0.37 11.5 3.84 0.31 8.1 94 94 93
Soy-based formula III 3 00 0.40 13.3 2.96 0.44 14.9 3.63 0.43 11.8 88 86 88
Soy-based formula IV 2 65 0.12 4.5 2.76 0.14 5.1 3.42 0.18 5.3 78 80 83
Soy-based formula V 247 0.19 7.7 2.55 0.27 10.6 3.15 0.30 9.5 73 74 76
Soy flour I 2.31 0.12 5.2 2.47 0.18 7.3 3.14 0.23 7.3 68 72 76
Soy flour II 2.43 0.19 7.8 2.51 0.32 12.7 3.18 0.30 9.4 72 73 77

d ie t is  e q u iv a le n t to  th a t o f  ra ts  fe d  a test p ro te in . T h is  
a s su m p tio n  is  n o t s tr ic t ly  v a lid  (14). In  th is  s tu d y , R N P R  
va lues  w ere  s im ila r  to  R P E R  va lues (T a b le  2), a nd  N P R  
c o rre la te d  s ig n if ic a n tly  w ith  P E R  ( P  <  0 .01 , r  =  0 .84 ) as d id  
R N P R  w ith  R P E R  { P  <  0 .0 1 , r  =  0 .90 ). F o r  th e  sam ples 
tested in  th is  e x p e rim e n t, N P R  o ffe red  no  advantage  o v e r 2 
w eek P E R  and  had  th e  d isadvan tage  o f  re q u ir in g  an a d d i
t io n a l g ro u p  o f  a n im a ls  fed  a n o n p ro te in  d ie t.

A p p a r e n t  P r o te in  D i g e s t i b i l i t y — I n  V iv o  a n d  I n  V i t r o

In  v iv o  an d  in  v i t r o  a p p a re n t d ig e s t ib il ity  va lues are show n 
in  T ab le  4. A l l  p ro te in  sources w ere h ig h ly  d ig e s tib le  as m ea
sured b y  the  in  v iv o  m e th o d . In  v iv o  d ig e s t ib ilit ie s  ranged 
fro m  95 .8  to  90 .8%  an d  in  v i t r o  d ig e s tib ilit ie s  ranged fro m
90.9  to  83 .8% . In  v i t r o  d ig e s tib ilit ie s , on  average, w ere  a b o u t 
6%  lo w e r th a n  in  v iv o ,  b u t the  o v e ra ll c o rre la tio n  w ith  in  
v iv o  d ig e s t ib il ity  was s ta tis t ic a lly  s ig n ific a n t ( P  <  0 .05 ; r  =  
0 .64). W h e n  p a r t it io n e d  in to  m i lk -  o r  soy-based g roups, h o w 
ever, a s ig n if ic a n t c o rre la t io n  was fo u n d  fo r  the  soy-based 
sam ples ( P  <  0 .0 5 ; r  =  0 .7 5 ) b u t n o t fo r  th e  m ilk -b a s e d  
sam ples (n o t s ig n ific a n t; r  =  0 .61). U s in g  s im ila r  m eth o d s , 
R ic h  an d  c o -w o rke rs  (15) re p o rte d  th a t in  v i t r o  d ig e s t ib il ity  
w as u su a lly  w ith in  3%  o f  in  v iv o  va lues and B o d w e ll and  
colleagues (16 ) re p o rte d  in  v i t r o  d ig e s t ib il ity  va lues w h ic h  
w ere a b o u t 7%  lo w e r  th a n  in  v iv o  va lues. B o d w e ll a n d  co 
w o rke rs  (16 ) co m p a re d  in  v i t r o  to  in  v iv o  d ig e s t ib il ity  fo r  
severa l a n im a l and  p la n t p ro te in s  a n d  fo u n d  a p o o r  c o rre 
la t io n  o v e ra ll ( r  =  0 .19). B e tte r c o rre la tio n s  w ere observed

a fte r  the  analyses w ere  ca tego rized  a c co rd in g  to  sam ples o f  
a n im a l ( r  =  0 .45 ) o r  p la n t ( r  =  0 .9 5 ) o r ig in  (16). T h e  e ffect 
o f  the  in  v i t r o  d ig e s t ib il ity  m easu rem en ts  o n  C -P E R  is  d is 
cussed be low .

I n  V i t r o  M e th o d s

T h e  a m in o  a c id  con ten ts  o f  the  sam ples co rre c te d  to  95%  
n itro g e n  reco ve ry  are show n  in  T a b le  3. A m in o  a c id  p ro file s  
(T a b le  3) an d  in  v i t r o  d ig e s t ib ilit ie s  (T a b le  4 ) w ere  used in  
the  c o m p u te r p ro g ra m  to  p re d ic t th e  C -P E R  fo r  each p ro te in  
source. D C -P E R  was p red ic te d  fro m  a m in o  ac id  p ro file  a lone. 
R esu lts  fo r  P E R , C -P E R , an d  D C -P E R , abso lu te  as w e ll as 
those  expressed as pe rcen t reference casein, are show n  in  
T a b le  5.

T he  C -P E R  fo r  soy-based fo rm u la  V  (2 .77) was m u c h  h ighe r 
th a n  w o u ld  be expected c o m p a re d  to  the  C -P E R  fo r  a ll o th e r 
soy fo rm u la s . In  th is  case th e  c o m p u te r p ro g ra m , a lth o u g h  
o p e ra tin g  as designed, d is c r im in a te d  th is  sam p le  in to  a “ h ig h  
q u a lity ”  p ro te in  c la ss ifica tio n  re s u lt in g  in  th e  h ig h e r C -P E R  
va lu e  (pe rsona l c o m m u n ic a t io n , L . D . S atterlee, P en n sy l
va n ia  State U n iv . ) .

C o m p a r is o n  o f  I n  V iv o  a n d  I n  V i t r o  M e th o d s

O v e ra ll,  s ig n ific a n t c o rre la tio n s  w ith  R P E R  w ere  obse rved  
fo r  C -P E R  ( P  <  0 .05 ; r  =  0 .7 1 ) an d  D C -P E R  ( P  <  0 .0 1 ; r  =  
0 .87). F o r  m ilk -b a s e d  sam ples, th e  c o rre la t io n  coe ffic ien ts  
fo r  C -P E R  vs  R P E R  an d  D C -P E R  vs  R P E R  w ere  0 .83  and 
0 .84 , resp e c tive ly , b u t  w ere  n o t s ig n ific a n t. C -P E R  and  D C -

Table 3. Amino acid composition of proteins used for C-PER and DC-PER analysis

Amino acid*

MET + PHE +
Sample LYS CYS THR ILE LEU VAL TYR TRP ASP PRO CYS (NH3)

ANRC reference casein 7.59 3.02 3.77 4.63 10.04 5.95 10.52 1.60 7.33 11.01 0.36 1.48
Milk-based formula I 8.60 4.59 5.43 5.59 11.18 6.20 7.12 1.37 9.78 8.61 1.93 1.57
Milk-based formula II 8.15 3.87 4.06 4.93 10.76 6.27 8.64 1.16 8.26 10.11 1.10 1.60
Milk-based formula III 7.74 3.56 3.93 4.92 10.16 6.23 9.18 1.34 7.35 11.34 0.78 1.52
Soy-based formula I 5.85 3.18 3.55 4.25 8.14 4.20 8.57 1.17 11 .11 5.10 1.08 1.55
Soy-based formula II 6.10 3.62 3.47 4.32 8.21 4.28 8.53 1.16 11.09 5.12 1.03 1.56
Soy-based formula III 5.91 2.74 3.49 4.37 8.33 4.33 8.44 1.10 11.23 5.24 1.03 1.60
Soy-based formula IV 5.79 2.92 3.54 4.37 8.34 4.71 8.59 1.21 11.81 5.15 1.25 1.49
Soy-based formula V 5.30 3.01 3.47 4.36 8.38 4.69 8.38 1.10 11.79 5.23 1.35 1.48
Soy flour I 5.97 2.68 3.30 4.28 8.06 4.29 9.02 1.15 11.38 5.15 1.27 1.56
Soy flour II 6.21 2.74 3.33 4.19 8.15 4.44 9.19 1.12 11.21 5.04 1.30 1.39

* Grams amino acid/16 g nitrogen corrected to a nitrogen yield of 95%.
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Table 4. Comparison of in vivo and in vitro apparent protein 
digestibility

In vivo In vitro
digestibility,* % digestibility,“ %

Sample Mean SD Mean SD

ANRC reference casein 
(45% lactose, 27% fat diet) 92.0 1.4 90.9 1.2

Milk-based formula 1 92.6 0.6 84.1 1.7
Milk-based formula II 91.6 0.7 83.8 0.2
Milk-based formula III 91.1 1.2 84.6 0.7
ANRC reference casein 

(0% lactose, 18% fat diet) 95.8 0.7 90.9 1.2
Soy-based formula I 92.6 1.5 85.4 0.2
Soy-based formula II 94.7 0.5 87.7 0.2
Soy-based formula III 94.0 1.1 88.4 0.2
Soy-based formula IV 90.8 0.7 84.6 0.5
Soy-based formula V 91.5 1.4 87.4 0.2
Soy flour I 91.0 0.9 85.2 0.6
Soy flour II 92.3 0.9 86.5 0.6

Table 5. Comparison of in vitro methods (C-PER and DC-PER) 
of protein quality determination to PER*

% of reference casein

Sample PER
C-

PER
DC-
PER RPER

C-
PER

DC-
PER

ANRC reference casein 
(45% lactose, 27% fat diet) 3.03 2.50 2.50 100 100 100

Milk-based formula I 3.71 3.42 2.98 122 137 119
Milk-based formula II 3.38 2.64 2.69 112 106 108
Milk-based formula III 2.94 2.61 2.68 97 104 107
ANRC reference casein 

(0% lactose, 18% fat diet) 3.39 2.50 2.50 100 100 100
Soy-based formula I 2.97 1.97 1.97 88 79 79
Soy-based formula II 3.19 1.94 1.96 94 78 78
Soy-based formula III 3.00 1.97 1.97 88 79 79
Soy-based formula IV 2.65 1.97 1.97 78 79 79
Soy-based formula V 2.47 2.77 1.97 73 110 79
Soy flour I 2.31 1.95 1.96 68 78 78
Soy flour II 2.43 1.97 1.93 72 79 77

* Five rats per sample. * C-PER and DC-PER data expressed as percent reference casein within re-
“ Three in vitro digestions per sample. spectlve milk- or soy-based groups.

P E R  m e th o d s  d id  n o t p re d ic t d iffe rences am o n g  a ll soy p ro 
te in s  as m easured  b y  P E R  assay. In  p a rt ic u la r , C -P E R  and 
D C -P E R  u n d e re s tim a te d  th e  p ro te in  q u a lity  o f  soy-based 
fo rm u la s  ( I—I I I )  th a t w ere sup p le m e n te d  w ith  m e th io n in e  
(T a b le  5). F o r  soy-based sam ples, resu lts  f ro m  b o th  in  v i t r o  
m e thods  w ere e ith e r p o o rly  o r  in ve rse ly  co rre la ted  w ith  R P E R . 
C o rre la tio n s  were n o t im p ro v e d  b y  ca tegoriz ing  the soy-based 
sam ples as w ith  o r  w ith o u t  su p p le m e n ta l m e th io n in e .

T hu s , the  in  v i t r o  m e th o d s  ran ke d  m ilk -b a s e d  sam ples, 
b u t n o t  soy-based sam ples in  s im ila r  o rd e r as P E R . T he  
m o d e l p a ra m e te r es tim a tes used in  the  c o m p u te r p ro g ra m  
fo r  th is  s tu d y  w ere n o t de ve lo pe d  us ing  d a ta  f ro m  p ro te in  
sup p le m e n te d  w ith  a m in o  ac ids (17). C o n se q ue n tly , w hen  
p ro te in  sources o f  th is  typ e  (soy p ro te in  iso la te  +  supp le 
m e n ta l m e th io n in e ) w ere ana lyzed  in  th is  s tudy , th e  C -P E R / 
D C -P E R  m e th o d s  d id  n o t p re d ic t a h ig h e r p ro te in  q u a lity  
fo r  m e th io n in e -s u p p le m e n te d  soy sam ples.

In  a d d it io n , th e  in  v i t r o  m e th o d s  fa ile d  to  d is tin g u is h  d i f 
ferences in  p ro te in  q u a lity  am o n g  d if fe re n t ly  processed soy 
p ro te in s  w h ic h  w ere de tected  b y  the  P E R  m e th o d  (T a b le  5). 
T h e  in  v i t r o  d ig e s t ib il ity  m e th o d  used to  ca lcu la te  C -P E R  
p ro v id e s  an o v e ra ll d ig e s t ib il ity  va lu e  fo r  the  p ro te in . U se 
o f  th is  va lu e  in  the  C -P E R  p ro g ra m  m a y  cause e s tim a tio n  
o f  the  a v a ila b il i ty  o f  ce rta in  a m in o  ac ids to  be e rro n e o us ly  
h ig h  o r  lo w . T h is  co u ld  be a p a rt ic u la r  p ro b le m  w ith  to ta l-  
s u lfu r  a m in o  ac ids (m e th io n in e  +  cys tine ), lys in e , th re o n in e , 
an d  try p to p h a n  w h ic h  are o fte n  l im it in g  a m in o  ac ids. These 
a m in o  ac ids are m o s t p ro n e  to  o x id a t io n  (m e th io n in e /c y s - 
tin e ), M a il la rd  rea c tio n s  (lys in e ) o r  o th e r types o f  processing  
dam age (18 , 19). A n t in u t r i t io n a l fa c to rs  such as try p s in  in 
h ib ito rs  co u ld  have  d iffe re n t effects o n  in  v i t r o  and  in  v iv o  
d ig e s t ib il ity  estim a tes and  a lso c o n tr ib u te  to  d iffe rences be
tw een C -P E R  and  P E R  o f  processed soy p ro te in s  (20 , 21).

T h e  C -P E R /D C -P E R  m o d e l as c u rre n t ly  designed is  based 
o n  a w id e  range o f  fo o ds tu ffs  an d  d id  n o t p re d ic t spec ific  
p ro te in  q u a lity  changes such as w ere m easured  b y  P E R  in  
th is  s tudy . A  m o re  spec ific  m o d e l fo r  p re d ic tin g  the  p ro te in  
q u a lity  o f  a p a rt ic u la r  typ e  o f  fo o d — fo r  exam p le , in fa n t  fo r 
m u la — co u ld  be d e ve loped . T h is  w o u ld  re q u ire  d e v e lo p in g  
m o d e l p a ra m e te r estim a tes based on  P E R  a nd  a m in o  ac id  
da ta  fo r  the  spec ific  typ e  o f  fo o d  to  be ana lyzed  th a t w o u ld  
encom pass va ria b le s  such as changes due to  p ro te in  source, 
processing, an d  a m in o  ac id  su p p le m e n ta tio n . C h e m ica l p ro 
cedures to  m easure m ore  a ccu ra te ly  the  b io a v a ila b i l i ty  o f

l im it in g  a m in o  acids as w e ll as o v e ra ll p ro te in  d ig e s t ib il ity  
c o u ld  be d e ve loped  and used. T e ch n iq u e s  such as im m o b i
liz e d  enzym e d ig e s t ib il ity  assays m a y  be use fu l in  th is  respect 
(22 , 23).

C o n c lu s io n s

T w o -w e e k  P E R  an d  N P R  da ta  w ere in  close ag reem ent 
w ith  P E R  fo r  the  m ilk -  o r  soy-based sam ples used in  th is  
s tudy . N P R  o ffe red  no  advantage  o v e r 2 -w eek P E R  fo r  these 
sam ples b u t re q u ire d  an a d d it io n a l g ro u p  o f  ra ts . T h e  C -P E R  
and  D C -P E R  m e th o d s  d id  n o t co rre sp o n d  w ith  P E R  as w e ll 
as d id  2 -w eek P E R  and  N P R  a lth o u g h  d iffe rences in  p ro te in  
q u a lity  a m o n g  the m ilk -b a s e d  sam ples w ere de tected  b y  th e  
in  v i t r o  m e thods . C -P E R  and  D C -P E R , as c u rre n t ly  d e 
signed, d id  n o t d iffe re n tia te  p ro te in  q u a lity  am ong  soy-based 
sam ples, w hereas in  v iv o  p rocedures d id . T he  in  v i t r o  m e th 
ods, h o w e ve r, co u ld  p o te n t ia lly  p re d ic t the  p ro te in  q u a lity  
o f  in fa n t  fo rm u la s  i f  a p p ro p r ia te  m o d if ic a t io n s  are m ade.
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

Improved Method for Determination of Chlorothalonil and Related Residues in Cranberries

IB R A H IM  M . E L -N A B A R A W Y * 1 and W IL L IA M  L. C A R E Y
N e w  J e r se y  A g r icu ltu re  E x p e r im e n t S ta tio n , R u tg e rs  U n iversity , C o o k  C o llege , D e p a r tm e n t o f  E n v ir o n m e n ta l  
S cien ce , N e w  B ru n sw ick , N J  0 8 9 0 3

T e t r a c h l o r o i s o p h t h a l o n i t r i l e  ( c h lo r o t h a lo n i l )  w a s  a p p l i e d  u n d e r  c o n 

t r o l l e d  c o n d i t io n s  in  1 9 8 5  to  a  c r a n b e r r y  b o g  f o r  f u n g u s  c o n t r o l  a n d  
f o r  r e s id u e  s tu d i e s .  R a n d o m ly  s e le c te d  s a m p l e s  o f  c r a n b e r r i e s  w e re  
a n a l y z e d  f o r  r e s id u e s  o f  c h lo r o t h a l o n i l ,  i t s  m e ta b o l i t e  4 - h y d r o x y -

2 ,5 ,6 - t r i c h l o r o i s o p h t h a l o n i t r i l e ,  h e x a c h lo r o b e n z e n e ,  a n d  p e n ta c h lo -  
r o b e n z o n i t r i l e  b y  e x t r a c t i o n ,  m é th y la t i o n ,  F l o r i s i l  c o lu m n  c le a n u p ,  

a n d  e l e c t r o n  c a p t u r e  g a s  c h r o m a to g r a p h y .  B e c a u s e  o f  i n t e r f e r e n c e s  
i n  t h e  G C  d e te r m in a t iv e  s t e p ,  p r e v io u s ly  r e p o r t e d  m e th o d o lo g y  w a s  
m o d if ie d .  T h e  t o t a l  r e s id u e s  fo u n d  in  t h e  t e s t  s a m p l e s  w e re  w e l l  b e lo w  

t h e  p e r m is s i b l e  l im i t  f o r  t h e  p a r e n t  a n d  r e l a t e d  c o m p o u n d s .

Tetrachloroisophthalonitrile (chlorothalonil) is an effective 
fungicide against certain pathogenic fungi that affect some 
economically important plants (1-3) including cranberries. 
Chlorothalonil was applied under controlled conditions in 
1985 to a cranberry bog at the National Cranberry Research 
Center to study its effectiveness as a fungicide. Chlorothalonil 
was applied on June 25, at the rate of 5 pints (40.4% active)/ 
acre and again on July 2 at 16 pints/acre for a worst-case 
fungus outbreak. After the second application, samples of 
cranberries were taken at random on September 19, and 
October 2, 10, and 15. Attempts to analyze the samples by 
the Bailee et al. method (1) with suggested improvements 
were unsuccessful. The use of alumina for cleanup of the 
sample interferences was ineffective. Major changes in the 
published method were needed to adequately measure the 
residues of chlorothalonil and its related compounds.

METHOD
Reagents

(a) Solvents.— Acetone, hexane, methanol, diethyl ether, 
petroleum ether, all pesticide grade.

(b) Acidic acetone extraction solvent. — Mix 385 mL ace
tone and 15 mL aqueous H2S04 (1 +2) .

(c) NaHCOj, solution. — 0.8M.
(d) Florisil. —100-200 mesh. Activate 4 h at 650°C and 

keep at 140°C.
(e) Keeper solution. — 1% hexadecane in hexane.
(f) Méthylation reagent.— Dissolve 0.1 g 3-methyl-l-p- 

tolyltriazene in 55 mL diethyl ether. Prepare solution weekly 
and store at ca — 20°C.

(g) Standards.— Chlorothalonil, 99.7% pure; pentachlo- 
robenzonitrile (PCNB), 99.9% pure; hexachlorobenzene 
(HCB), 99.05% pure; 4-hydroxy-2,5,6-trichloroisophtha- 
lonitrile (metabolite SDS-3701), 99.6% pure.

(h) Filter paper. — S & S sharkskin, to fit Buchner funnel.
(i) Catalyst solution. — HCl-methanol (1 + 3 v/v).

Apparatus
(a) Gas chromatograph. —Tracor, with 63Ni electron cap

ture detector and 6 ft x 4 mm id column containing 5% SP- 
2401 (Supelco) on 100-120 mesh Supelcoport support. Con
ditions: 80 mL nitrogen carrier gas/min; column 170°C; inlet

Received January 15, 1987. Accepted June 27, 1987.
1 AMIDEAST postdoctoral research scientist, Plant Protection Laboratory, 

National Research Centre, Dokki, Cairo, Egypt.

220°C; detector 280°C. Columbia Scientific Industries (CSI- 
38) digital integrator for peak area measurement.

(b) Homogenizer. — Brinkmann Polytron.
(c) Chromatographic column. — 300 x 11 mm id.

Preparation of Standard Solutions
(a) Chlorothalonil, HCB, and PCNB. —Stock solutions.— 

Prepare separate solutions by weighing 0.1 g each compound 
into tared weighing pan. Quantitatively transfer to 100 mL 
volumetric flask with hexane. Intermediate solutions.—'Di
lute, aliquot of each stock solution to 10 ntg/mL with hexane. 
Working solutions.— Serially dilute intermediate solutions 
with hexane to 1 /ig/mL for chorothalonil and 0.1 ng/mL for 
HCB and PCNB.

(b) Metabolite SDS-3701. — Prepare hexane stock solu
tion and serially dilute as above to 10 /xg/'mL for recovery 
studies, and 1 pg/raL for methylation. Methylate 10 mL of 
latter solution after removal of solvent as described below, 
beginning “Add 10 mL catalyst solution . . . . ” Dissolve res
idue in 100 mL hexane and use to obtain working standard 
curve for quantitation of methylated metabolite.

Extraction of Pesticide Residues
Blend 10 g sample of cranberries 2 min in pint mason jar 

with 50 mL acidic acetone in homogenizer. Filter homoge
nate under suction through filter paper on Buchner funnel. 
Rinse jar and filter cake twice with 15 mL acidic acetone. 
Add 2-3 mL water and 1 mL keeper solution to filtrate in 
125 mL glass-stopper Erlenmeyer flask. Evaporate acetone 
in rotary evaporator on 30°C water bath. Add 50 mL 0.8M 
NaHC03 to extract. Adjust pH to 4.5 with aqueous H2S04 
( 1 + 2 )  and quantitatively transfer solution to 250 mL sep
aratory funnel with 50 mL petroleum ether rinse. Shake sep
arator 2 min and vent vapors. Let layers separate and drain 
aqueous phase into another separatory funnel. Pour ether 
phase into 125 mL Erlenmeyer flask. Repeat extraction of 
aqueous phase with another 50 mL petroleum ether. Drain 
aqueous phase back into first separator and save for extrac
tion of metabolite. Combine ether extracts in Erlenmeyer 
flask, add 3 drops of keeper solution, and concentrate to ca 
1 mL on rotary evaporator in 30°C water bath. Let remaining 
solvent evaporate in fume hood. Dissolve residue in 10 mL 
hexane and save for column cleanup (extract A).

Adjust pH of reserved aqueous phase to <2 by adding 5 
mL aqueous H2S04 (1 +2) .  Extract twice with 50 mL pe
troleum ether-diethyl ether (1 + 1). Evaporate combined 
ether extracts as described above and save residue containing 
metabolite for methylation step (extract B).

Methylation
Add 10 mL catalyst solution to extract B. Add 5 mL meth

ylating reagent, using reagent to rinse sides of flask. Let meth
ylation proceed 45 min at room temperature. Evaporate ether 
to ca 1 mL on rotary evaporator in 30°C water bath. To 
assure complete methylation, add additional 3 mL methyl
ating reagent and let sample stand another 15 min. Evaporate
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Figure 1. Typical chromatograms: A and B, standards; C, blank 
extract after Florisil cleanup; D, blank extract after alumina clean
up. 1, HCB; 2, PCNB; 3, chlorothalonil (2 ng each); and 4, methyl 

ester of SDS-3701 (1 ng).

ether again, and dissolve residue in 5 mL hexane. Save for 
column cleanup.

Column Cleanup
Pack chromatographic column with 0.5 cm glass wool, 4 

g activated Florisil, and 1.5 cm anhydrous Na2S04. Tap to 
settle. Wet column with 10 mL hexane. Transfer extract A 
onto column with the aid of two 3 mL hexane rinses. Elute 
HCB with 35 mL hexane into 125 mL glass-stopper Erlen- 
meyer flask. Elute chlorothalonil and PCNB into second flask 
with 65 mL diethyl ether-petroleum ether (1 + 1).

Prepare similar cleanup column for extract B. Wet with 
10 mL hexane and elute with 35 mL hexane. Discard all 
effluents. Elute methylated metabolite with 100 mL diethyl 
ether-petroleum ether (1 + 1).

Quantitation
Add 3 drops keeper solution to each flask. Evaporate sol

vent to ca 1 mL on rotary evaporator. Let remaining solvent 
evaporate in fume hood. Dissolve each residue in 5 or 10 
mL hexane for electron capture GC analysis.

Recovery Studies
Untreated cranberries were fortified by adding standard 

solution containing chlorothalonil, SDS-3701, HCB, and 
PCNB at levels from 0.1 to 1.0 ppm. These fortified samples 
were processed through all steps of the analytical method to 
validate the assay procedure. Results are shown in Table 1.

Results and Discussion
All glassware used in this residue study was baked over

night at 140°C and stored for use. All organic solvents were 
assayed for interferences before use by evaporating 50 mL 
to 1 mL and analyzing by electron capture GC. In the original

Table 1. Recoveries of chlorothalonil and related compounds 
from cranberries at indicated levels9

Added,
ppm Chlorothalonil HCB PCBN SDS-3701

1.0 92.3 (5.5) 75.7 (3.7) 83.5 (3.0) 95.9 (3.3)
0.5 85.7 (1.3) 78.4(1.8) 81.6(0.5) 98.9 (—)
0.1 96.3 (4.8) 75.0(1.0) 76.3 (5.0) 99.5(1.0)

* Average of duplicate analyses, % (SD).

cleanup procedure, interferences were removed by alumina 
column chromatography. However, this approach was not 
adequate for the 4 compounds being studied. Peaks appeared 
in the area of interest and at long retention times that ob
scured subsequent GC analyses. The proposed cleanup pro
cedure eliminates both problems.

The retention times for methylated SDS-3701, PCNB, and 
HCB are 1.27,0.47, and 0.2 relative to chlorothalonil (actual 
retention time, 7.5 min). The 4 compounds could be deter
mined in one GC analysis except for the presence of inter
ferences generated by the methylating procedure. Thus, it 
was necessary to clean up extracts A and B separately. The 
2 fractions from extract A can be combined for one GC 
analysis if interfering peaks do not appear in the second 
(diethyl ether-petroleum ether) fraction.

In the proposed method, hexane was substituted for ben
zene for health reasons and for toluene for efficiency in the 
concentration steps.

Cranberry blanks analyzed by the previous procedure 
showed significant interferences which obscured the areas of 
interest. Cranberry blanks prepared by the proposed proce
dure showed no interfering peaks and clearly demonstrated 
the absence of chlorothalonil residues (Figure 1).

Residue data for chlorothalonil, HCB, PCNB, and the 
methylated metabolite are shown in Table 2. Residues pres
ent 2.5 months after the last application were 1.12, 0.08, 
0.03, and 0.08 ppm, respectively. The total of all residues 
appeared to remain constant for the next month until harvest. 
These residues are less than the tolerance (5 ppm) adopted 
by the U.S. Environmental Protection Agency for chloro
thalonil (4).
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Table 2. Residues (ppm) of chlorothalonil and related com
pounds in cranberries

Chloro-
Sampling date thalonll HCB PCBN SDS-3701

9/19 1.17 0.08 0.03 0.08
1.07 0.08 0.03 0.08

10/2 0.64 0.11 0.03 0.05
0.64 0.11 0.03 0.05

10/10 0.84 0.00 0.08 0.03
0.80 0.00 0.08 0.03

10/15 0.95 0.00 0.07 0.03
0.97 0.00 0.07 0.03

Average 0.89 0.048 0.053 0.048
Std dev. 0.47 0.14 0.068 0.053



360 SASAKI ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 2, 1988)

This project was supported by state and Hatch funds,
N.J.A.E.S. publication No. D-071 17-2-87.

R e f e r e n c e s

(1 )  B a i le e ,  D .  L „  D u a n e ,  W . C „  S t a l l a r d ,  D .  E „  &  W o lf e ,  A . L . 
( 1 9 7 6 )  Analytical Methods fo r Pesticides and Plant Growth Reg-

ulators, V o i .  8 . G .  Z w e ig  &  J .  S h e r m a  (E d s ) ,  A c a d e m i e  P r e s s ,  
N e w  Y o r k ,  N Y ,  p p .  2 6 3 - 2 7 4

(2 )  S a n g , F .  K .,  A r a p ,  X . X .,  &  M u n g a ,  F .  M .  (1 9 7 3 )  E. Afr. Agric. 
Forest. J. 3 9 ,  4 1 - 4 5

(3 )  V in e ,  B . H . ,  V in e ,  P . A .,  &  G r i f f i th ,  S . E . ( 1 9 7 3 )  Ann. Appi. Biol. 
7 5 ,  3 5 9 - 3 7 5

(4 )  Federal Register ( 1 9 8 5 )  5 0 ,  3 0 1 7 2 ,  U .S .  G o v e r n m e n t  P r i n t i n g  
O ff ic e , W a s h in g to n ,  D C
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A n  a n a l y t i c a l  m e th o d  is  d e s c r ib e d  f o r  t h e  s im u l t a n e o u s  q u a n t i t a t i v e  
d e t e r m i n a t i o n  o f  t r i - n - b u t y l t i n  a n d  d i - n - b u ty l t i n  c o m p o u n d s  in  f i s h .  

T h e  s a m p l e  w a s  e x t r a c t e d  w i th  0 .5 N  H C l - m e t h a n o l ,  a n d  t h e  m e th 
a n o l  s o lu t io n  w a s  e x t r a c t e d  w i th  h e x a n e .  T h e  e x t r a c t  w a s  p u r i f i e d  
b y  g e l  p e r m e a t io n  c h r o m a t o g r a p h y  a n d  t r e a t e d  w i th  G r i g n a r d  r e a g e n t  

to  y ie ld  t h e  m e th y l  d e r iv a t iv e s ,  w h ic h  w e re  d e t e r m in e d  b y  g a s  c h r o 
m a t o g r a p h y  w i th  f l a m e  p h o to m e t r i c  d e t e c t io n  o p e r a t e d  in  t h e  t i n  
m o d e  (6 1 0  n m ) .  R e c o v e r ie s  o f  t r i - n - b u t y l t i n  c h lo r id e  ( B u 3S n C l )  a n d  
d i - n - b u ty l t i n  d i c h lo r id e  ( B u 2S n C l 2)  s p ik e d  to  f i s h  a t  t h e  l e v e ls  o f  0 .2  

a n d  1 .0  p p m  r a n g e d  f r o m  8 0  to  1 0 5 % . D e te c t io n  l im i t s  w e re  0 .0 2  
j i g /g  f o r  b o t h  c o m p o u n d s .  T r i - n - b u t y l t i n  c o m p o u n d s  e q u iv a l e n t  to  
B u jS n C l  l e v e ls  o f  0 .0 7 - 2 .0  p p m  a n d  d i - n - b u ty l t i n  c o m p o u n d s  e q u iv 

a l e n t  to  B u 2S n C l 2 le v e ls  o f  0 . 0 2 - 0 .1 1  p p m  w e re  f o u n d  in  r e a r e d  y e l-  
lo w ta i l s ,  a n d  t h e s e  v a lu e s  s h o w e d  g o o d  a g r e e m e n t  w i th  t h e  r e s u l t s  

f r o m  g a s  c h r o m a to g r a p h ic - m a s s  s p e c t r o m e t r i c  a n a l y s i s .

Various tri-n-butyltin and di-n-butyltin compounds have been 
widely used as stabilizers of poly(vinyl chloride), fungicides, 
and marine antifoulants, and they are known to be aquatic 
environmental contaminants. Biological activity and meta
bolic fate of tri-n-butyltin compounds, Bu3SnX (X = Cl, 
OAc, and OSnBu,), are independent of X (1). It is also well 
known that tri-n-butyltin compounds degrade in aqueous 
environment to di-n-butyltin and n-butyltin compounds and 
further to inorganic tin by photolysis and biolysis (1, 2). 
Dealkylation reduces the toxicity of alkyltin compounds to 
aquatic organisms (3) and fungus (4).

We needed a simple and sensitive analytical method for 
butyltin compounds in fish as a means to monitor environ
mental pollution. A number of procedures have been re
ported for determining tri- and/or di-n-butyltin species in 
water and sediments: electron capture gas chromatography 
for hydrogenated alkyltin (5) or chlorinated alkyltin (6), atomic 
absorption spectrometry for hydrogenated alkyltin (7, 8), gas 
chromatography with flame photometric detection for tetra- 
alkyltin (9, 10), and liquid chromatography for di-alkyltin- 
Morin complex (11). Only a few reports dealt with biological 
samples (7, 11).

Bis(tri-n-butyltin)oxide (TBTO), which has been used as 
the most popular antifoulant in marine farms in Japan, is 
easily converted to Bu3SnCl during extraction with acidified 
solvent (7). We therefore considered an analytical method 
for Bu,SnCl and Bu.SnCl,, which derive from TBTO and/ 
or other butyltin species contained in fish. Among the avail
able methods, gas chromatography appeared to be the most 
sensitive and effective for simultaneous detection of tri- and 
di-n-butyltin species.

Received March 1 1, 1987. Accepted July 14, 1987.

Although gel permeation chromatography (GPC) has been 
used as a cleanup procedure to remove fats and oils from 
food extracts for pesticides residue analysis, no application 
to organotin analysis has been reported. GPC based on mo
lecular size separation is thought to be preferable for tri- and 
di-alkyltin species, which are polar and easily adsorb on col
umn packings such as silica gel. This paper reports a sensitive 
method for the simultaneous determination of trace levels of 
tri- and di-n-butyltin compounds in fish, using extraction 
with acidified solvent, GPC cleanup, derivatization with 
Grignard reagent, and gas chromatography with flame pho
tometric detection.

METHOD
Reagents and Apparatus

All chemicals were analytical reagent grade; organic sol
vents were distilled in glass before use; water was distilled.

(a) Standards. —Tri-n-butyltin chloride (Bu3SnCl) (Sank- 
yo Organic Chemicals Co., Ltd, Kawasaki, Japan) and di-n- 
butyltin dichloride (Bu,SnCl2) (Wako Pure Chemical Indus
tries, Ltd, Osaka, Japan), purity >97.0%.

(b) Grignard reagent. — 1M methylmagnesium bromide 
solution in tetrahydrofuran (Tokyo Chemical Industry Co., 
Ltd, Tokyo, Japan) and pentylmagnesium bromide solution 
in ethyl ether; prepare latter solution by adding 25 g n-pen- 
tylbromide to 4 g magnesium in 125 mL ethyl ether.

(c) Gas chromatograph.— Shimadzu Model GC-9A (Shi- 
madzu Co., Kyoto, Japan) equipped with flame photometric 
detector operated in tin (Sn, 610 nm) and sulfur (S, 394 nm) 
modes; Shimadzu CBP 10 fused silica capillary column, 0.53 
mm id x 12 m, coated with 1.0 /¿m film (Shimadzu Co.). 
Operating conditions: injection port, 250°C; detector, 300°C; 
column oven—initial 90°C, heated at 207min to 230°C, hold 
5 min; helium carrier gas, 20 mL/min; hydrogen, 150 mL/ 
min; air, 100 mL/min; sample injection volume, 3 split
less injection mode; splitter opened after 30 s.

(d) Automated GPC system. — AUTOPREP gel permea
tion chromatograph (Analytical Biochemistry Laboratories, 
Inc., Columbia. MO) Model 1002A, with 60 g Bio-Beads
S-X3 resin (Bio-Rad Laboratories, Richmond, CA), 200-400 
mesh, in 25 mm id x 60 cm column compressed to ca 44 
cm bed length. Methylene chloride-cyclohexane (1 + 1) elut
ing solvent pumped at constant flow rate of 5 mL/min.

(e) Gas chromatograph/mass spectrometer (GC/MS).— 
JEOL Model JMS-DX 300 (JEOL Ltd, Tokyo, Japan) 
equipped with CBP 10 capillary column as in (c), and op
erated in El mode at 70 eV and 300 pA. Operating condi-
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r e t e n t i o n  t im e  (min)
Figure 1. G as chrom atogram s of m ethyl derivatives for S -m ode (A ) and Sn-m ode (B), and pentyl derivatives for S n-m ode (C). 

D erivatives w ere  prepared as described  in the text; each is equivalen t to 0 .5 /¿g/mL of Bu3SnCI or Bu2SnCI2.

tions: injection port, 240°C; column oven—initial 90°C, heat
ed at 167min to 230°C, hold 5 min; separator, 200°C; ion 
source, 200°C; helium carrier gas, 10 mL/min. El fragment 
ions m/z 193, 207, and 249 were monitored for determi
nation of Bu,MeSn, Bu,Me,Sn, and pentyl derivatives, re
spectively.

(f) Samples. — Fish were purchased from retail markets. 
Edible portions of tuna and yellowtails and whole body of 
horse-mackerel and pond smelt were used as analytical sam
ples.

Extraction and Cleanup
Sample was extracted by slight modification of the method 

of Mishima et al. (7):
Homogenize fish sample with equal amount (w/v) of 0.5N 

HCl-methanol. Extract 10 g homogenate with 3 portions of 
30 mL 0.5N HCl-methanol. Centrifuge each mixture at 3000 
rpm for 5 min and concentrate combined supemate to ca 30 
mL on rotary evaporator. Add 100 mL saturated aqueous 
NaCl and extract with three 40 mL portions of «-hexane. 
Centrifuge extracts 1 min at 2500 rpm, wash combined 
«-hexane layer with 0.1M NaHC03, and dry extract over 
anhydrous Na:S04. Remove solvent on rotary evaporator at 
35°C to just dryness. (Bu3SnCl and methyl derivative, 
Bu2Me2Sn, are volatile; it is therefore necessary to concen
trate sample solution to just dryness at low temperature 
throughout procedure.) Dissolve residue in 10 mL methylene 
chloride-cyclohexane (1 + 1) to give solution ready for GPC 
cleanup.

Load sample loop with 5 mL extract. Transfer sample from 
loop onto GPC column and elute with solvent mixture at 5 
mL/min. Discard first 110 mL and collect second 65 mL in 
round-bottom flask.

Methylation
Evaporate eluate from GPC column to just dryness at 35°C 

on rotary evaporator and dissolve residue in 5 mL ethyl ether. 
Add 3 mL Grignard reagent and let stand ca 15 min. Add 
10 mL water and 1 mL concentrated HC1 while cooling in 
ice, and shake vigorously. Separate organic layer and extract 
aqueous layer with 3 mL ethyl ether. Add ca 0.2 g NaOH

and ca 0.2 g Na2S20 3 to combined ethyl ether extract and let 
stand 30 min; filter extract through paper (No. 2, Toyo Roshi 
Co., Ltd, Tokyo, Japan). Evaporate filtrate at 35°C to just 
dryness, dissolve residue in 1 mL «-hexane, and use 3 /¿L 
aliquots for GC and GC/MS analysis.

Prepare pentyl derivatives by same method used for meth
yl derivatives.

To obtain tetra-alkyltin standards for GC analysis, dissolve 
Bu,SnCl and Bu2SnCl2 in «-hexane, alkylate with Grignard 
reagent, and process as described above.

For recovery test, add 0.5 mL acetone containing Bu3SnCl 
and Bu2SnCl2 to 10 g homogenized sample just before ex
traction.

Results and Discussion
Electron capture (ECD) (5, 6), flame photometric (FPD) 

(1,9, 10) and flame ionization (FID) (12) detectors have been 
employed in the gas chromatographic determination of trace 
levels of alkyltin compounds. ECD detects alkyltin hydrides 
and chlorides with high sensitivity but these compounds tend 
to adsorb on the column packing and severe sample cleanup 
is required for analysis by ECD/GC without detector dete
rioration. We used an FPD which is sensitive to tetra-alkyl- 
tins and needs only a simple cleanup compared with ECD. 
Figure 1A and B shows gas chromatograms of Bu3MeSn and 
Bu2Me2Sn for FPD operated in the S and Sn modes, respec
tively. Figure 1C shows the gas chromatogram of Bu3PeSn 
(Pe = pentyl) and Bu2Pe2Sn operated in the Sn mode. These 
tetra-alkyltins were prepared by the reaction of Bu3SnCl or 
Bu.SnCl, with Grignard reagents (methylmagnesium bro
mide and «-pentylmagnesium bromide). Some peaks derived 
from Grignard reagent appeared on each chromatogram but 
they did not interfere in the determination of organotins. 
Methyl derivatives showed high response and good shapes 
compared with «-pentyl derivatives (Figure IB and C), so 
methyl derivatization was employed in our method.

Maguire and Huneault (10) reported that Bu2Me2Sn is fair
ly volatile and is lost during routine concentration proce
dures. Figure 2 shows that the loss of Bu3SnCl and Bu2Me2Sn 
greatly increases as time after dryness increases. To prevent
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Figure 2. S tability of standards dissolved in hexane during con
centration procedure. H exane solutions of 2 ng each Bu3MeSn, 
Bu2M e2Sn, Bu3SnCI, and Bu2SnCI2 w ere  evapo ra ted  by rotary  

evaporator at 35°C.

the loss of these compounds, concentration to just dryness 
at a low temperature was applied in the proposed method.

Aue and Flinn (13, 14) and Maguire and Huneault (10) 
used a modified flame photometric detector to increase sen
sitivity to organotins. We used a commercial detector, but 
replaced the S filter (394 nm) with an Sn filter (610 nm). This 
did not improve the sensitivity but did improve the shape 
of the tetra-alkyltin peaks (Figure 1A and B). Tailing of the 
tetra-alkyltin peaks was ascribed to the detector rather than 
the column (10, 13), so other columns were not considered. 
The FPD equipped with Sn filter gave exponential responses 
to both Bu3MeSn and Bu2Me,Sn. The detection limits for 
Bu3MeSn and Bu2Me2Sn were 0.1 ng, corresponding to about
0.02 ¿ig/g each Bu3SnCl and Bu2SnCl2 on a fish basis (whole 
body or edible portion), which is equivalent to the detection 
limits for the electron capture detector (5, 6).

Bu3SnCl and Bu2SnCl2 were methylated by the method 
described by Mueller (9). Although the methyl derivatives 
Bu3MeSn and Bu2Me2Sn in ethyl ether extract completely 
disappeared after standing for 7 days at room temperature 
without additional treatment, 70% of Bu3MeSn and 103% 
of Bu2Me2Sn were recovered by retreatment of the ethyl ether 
solution with methylmagnesium bromide. Addition of about 
0.2 g Na2S20 3 or about 0.2 g NaOH to the ethyl ether solution 
prevented the loss of methyl derivatives during storage. Since 
halogen decomposes tetra-alkyltin (4), Br, yielded from the 
reaction of Grignard reagent with butyltin chlorides may 
have an effect on the stability of methyl derivatives. Sodium 
hydroxide exerts a debromination and neutralization effect 
on the reaction mixture.

Automated GPC system was used to clean up fish extracts. 
Figure 3 shows the elution profiles of fats, Bu3SnCl, Bu2SnCl2, 
and some organochlorine pesticides subjected to GPC treat
ment. The elution volumes for fish oil and butter fat ranged

T a b le  1. Recovery of Bu3SnCI and Bu2SnCI2 from  sp iked fish 
sam ples

Sample
Spiking level,

Recovery,' %

Mg/g BUjSnCI Bu2SnCI2

Tuna 0.2 94 ±  3 104 ± 2
1.0 90 ± 2 105 ± 3

Horse-mackerel 0.2 104 ± 4 102 ± 6
1.0 93 ± 6 101 ± 5

Pond smelt 0.2 80 ± 3 92 ± 8

Figure 3. GPC elution profiles of fish oil, butter fa t, Bu3SnCI, 
Bu2SnCI2, and som e organochlorine pestic ides with m ethylene  

ch loride -cycloh exane (1 +  1 v /v ).

from 70 to 120 mL. Bu3SnCl and Bu2SnCl2 were eluted from 
the GPC system in the 120-150 mL and 140-170 mL frac
tions, respectively. The recovery of the former was 100% and 
that of the latter, 90%. The elution of these compounds pre
ceded the organochlorine pesticides which eluted in the 150- 
200 mL fraction with recoveries ranging from 83 to 103%. 
The optimum dump fraction was determined to be 0-110 
mL; the optimum collect fraction was 110-175 mL. Although 
the separation of butyltin chlorides from fat was not so good 
as that of organochlorine pesticides, the cleanup efficiency 
was sufficient enough for FPD/GC analysis. To exclude HC1, 
which is undesirable for the GPC system, fish extract was 
washed with 0 .1M NaHC03 before GPC treatment.

Recoveries of Bu3SnCl and Bu2SnCl2 spiked to some fish 
at levels of 0.2 and 1.0 ppm are given in Table 1. Average 
recoveries of Bu3SnCl and Bu2SnCl2 ranged from 80 to 104% 
and 92 to 105%, respectively. Levels of butyltin compounds 
of 0.01-0.02 ppm of Bu3SnCl and Bu2SnCl2 were found in 
unspiked horse-mackerel and pond smelt. Tuna was not con
taminated with these compounds. Extracts of fish matrix 
contained in the sample solution seemed to stimulate the 
recorder responses on GC analysis.

TBTO has been widely used as an antifoulant in fish farms; 
reared fish therefore are known to contain butyltin com
pounds at high levels compared with natural fish (15), so we 
analyzed reared yellowtails purchased from retail markets.

T ab le  2. Bu3SnCI and Bu2SnCI2 levels in reared  ye llow tails  
determ ined as m ethyl and pentyl derivatives by FP D /G C  and  

G C /M S '

Sample
No.

Bu3SnCI, ppm Bu2SnCI2, ppm

GC MS GC MS

1 0.67 0.58 0.11 0.16
2» 0.94 (0.89) 0.96 (0.94) 0.09 ( - ) 0.08 (0.07)
3 0.14 0.06 0.04 0.06
4 0.23 0.20 0.05 0.08
5 0.07 0.02 0.02 0.04
6° 2.04(1.72) 2.40(1.67) 0.11 ( - ) 0.13(0.06)
7 0.26 0.31 0.04 0.06
8 0.53 0.65 0.06 0.09

* Each value is the result of a single determination. Results determined by 
FPD/GC (GC) and GC-mass fragmentography (MS) at m/z 193 (for 
BUjMeSn) and m/z 207 (for Bu2Me2Sn).

0 Results determined as Bu3PeSn and Bu2Pe2Sn; fragment ion was m/z 249,* Average of triplicate analyses.
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Table 2 shows the analytical results of tri- and di-rc-butyltin 
compounds in reared yellowtails with the same extraction 
and cleanup procedure, but with 2 detection methods, FPD/ 
GC and GC/MS. Levels of tri- and di-«-butyltin compounds 
determined as Bu,SnCl and Bu2SnCl2 in 8 samples were com
parable with 2 detection methods. Correlation coefficients 
among results with FPD/GC and GC/MS were 0.99 and 0.91 
for BujSnCl and Bu2SnCl2, respectively. Pentyl derivatiza- 
tion was also applied on 2 samples, No. 2 and No. 6. Levels 
of tri- and di-n-butylin compounds determined as pentyl 
derivatives are in good accord with the results obtained from 
analysis of methyl derivatives. These 2 different alkyl deri- 
vatization procedures can be used as confirmation of tri- and 
di-w-butyltin compounds in samples containing these com
pounds at high levels.

TBTO and other tri-K-butyltin compounds which are con
tained in fish and are convertible to tri-n-butyltin chloride 
by the acidified extraction yield the same tetra-alkyltin de
rivatives. This is rather useful because the toxicity of tri-«- 
butyltin compounds (Bu ,SnX) is comparable with the struc
ture of X (1) and the chemical forms of butyl tin species in 
fish samples has not been clarified.

The method described here is efficient in that cleanup is 
simple, conventional FPD is used, and recovery is sufficient. 
It is suitable for residue analysis of tri- and di-«-butyltin 
compounds in fish.
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Intercomparative Study on the Determination of Polynuclear Aromatic Hydrocarbons in 
Marine Shellfish Tissue

JOHN F. UTHE and CHARLES J. MUSIAL
D ep a rtm en t o f  F isheries a n d  O ceans, M a rin e  C h em istry  D ivision , P h ysica l a n d  C h em ica l Sciences Branch, 
P O  B o x  550, H alifax , N ova  S co tia  B 3 J  2S 7 , C an ada

T w e n ty - f iv e  l a b o r a t o r i e s  w e re  s e n t  2  m a t e r i a l s ,  o n e  a n  a c e to n e  p o w d e r  
o f  l o b s t e r  d ig e s t iv e  g l a n d ,  t h e  o th e r ,  t h e  o i l  w h ic h  h a d  b e e n  e x t r a c t e d  
d u r in g  p r e p a r a t i o n  o f  t h e  p o w d e r .  E a c h  l a b o r a t o r y  w a s  r e q u e s t e d  to  
m e a s u r e  t h e  le v e ls  o f  a  s u i t e  o f  p o ly c y c l ic  a r o m a t i c  h y d r o c a r b o n s  in  
b o th  m a t e r i a l s .  T h e  r e s p o n s e  w a s  p o o r  w i th  o n ly  1 0  l a b o r a t o r i e s  
s u b m i t t i n g  r e s u l t s .  B o th  i n t r a -  a n d  i n t e r l a b o r a t o r y  p r e c i s i o n s  w e re  

p o o r ;  t h e  i n t e r l a b o r a t o r y  e r r o r  w a s  s o  g r e a t  a s  to  p r e c lu d e  s t a t i s t i c a l  
a n a l y s i s  o f  t h e  e r r o r .  R e l a t iv e  s t a n d a r d  d e v ia t i o n s  f o r  o i l  r e s u l t s  
d e t e r m in e d  b y  l iq u id  c h r o m a t o g r a p h y  r a n g e d  f r o m  3 9  to  9 6 % .

Polycyclic aromatic hydrocarbons (PAH) are ubiquitous en
vironmental contaminants, particularly in the near-shore 
marine environment because of various discharges and be
cause of their use as wood preservatives in coastal marine 
structures (1-3). Many PAHs have been identified as carcin
ogens or cocarcinogens in a variety of test systems (1) and 
have, therefore, been a subject of analytical interest by both 
the Association of Official Analytical Chemists (AOAC) and 
the International Union of Pure and Applied Chemistry 
(IUPAC) (4). PAHs have been shown to accumulate in a 
variety of shellfish such as lobsters and mussels (3); levels 2 
to 3 orders of magnitude above background have been re
ported in lobsters from areas receiving discharges from coal
coking facilities (5, 6).

The International Council for the Exploration of the Sea

R e c e iv e d  A p r i l  2 4 , 1 9 8 7 . A c c e p te d  J u ly  9 , 1 9 8 7 .

(ICES) has considered the problem of chemical contaminants 
in fish stocks since the early 1970s and has sponsored a 
number of intercomparative studies on the determination of 
chemical contaminants in marine compartments, including 
one on petroleum hydrocarbons (7). PAHs were included in 
the latter study but the interlaboratory agreement was ex
tremely poor. A second study, dealing specifically with a 
selected number of nonalkylated PAHs, was sponsored by 
ICES (8), the results of which are the subject of this paper.

Experimental
Preparation of Study Materials

Whole digestive glands were removed from American lob
ster (Homarus americanus) and stored frozen. The thawed 
glands were homogenized with ca 10 volumes of acetone (LC 
grade, Caledon Laboratories Ltd, Georgetown, Ontario) and 
stirred at room temperature overnight. Following filtration, 
the residue was reextracted twice with ca 5 volumes of fresh 
acetone. The filtered residue was air-dried under cover, bro
ken, and ground in a parallel plate mill. After mixing, ca 5 
g portions were bottled in solvent-washed, glass scintillation 
vials. The combined acetone extracts were extracted 3 times 
with 1-2 volumes of hexane (LC grade) after the addition of 
sufficient water (LC grade) to separate the phases. The com
bined hexane fractions were back-washed with water. Hexane 
was removed using a rotary evaporator cooled with dry ice-
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Table  1. Laboratories subm itting results and the m ethodologies used

Laboratory Extraction; cleanup Separation/measurement

Continental Shelf Institute 
Hakon Magnussons gt. 1B 
N-7000 Trondheim 
Norway

KOH/cyclohexane; 
TLC on silica

GC/MS DB-5/fused
silica

Institut Scientifique et Technique 
des Pêches Maritimes 

Rue de File d'Yeu 
BP 1049, 44037 Nantes Cedex 
France

Soxhlet/pentane;
Florisil

LC/UV Micropack HCH5

Institute for Fishery Products TNO 
PO Box 183 
1970 AD IJmuiden 
The Netherlands

KOH/hexane; 
Silica gel/alumlna

LC/UV P-E-PAH column

Woods Hole Oceanographic Institute
Woods Hole, MA 02543
USA

GC/MS SE-54 (DB-5) 
fused silica

Rijks-Kwaliteltsinstitut 
Postbus 230 
6700 AE Wageningen 
The Netherlands

KOH/cyclohexane; 
Extraction with 
formic acid/caffeine, 
acid alumina

LC/UV Lichrosorb 
10 RP 18

NJIT Air Pollution Lab. 
161 Warren St 
Newark, NJ 07012 
USA

KOH/cyclohexane/powder; 
TLC on silica gel, 
oil not saponified

LC/UV Vydac 201/TP54

U.S. Department of Commerce 
National Bureau of Standards 
Washington, DC 20234 
USA

Sep-Pak/pentane; 
Bondapak NH

LC/UV Vydac 201/TP54

Institute of Marine Research 
PO Box 1870—N 5011 Nordnes 
Bergen 
Norway

KOH/pentane;
Kiselgel-60

GC/MS SP-2100, 
fused silica

Institut für Meereskunde 
an der Universität Kiel 

23 Kiel, Dusternbrooker Weg 20 
FRG

KOH/iso-octane;
Florisil

GC/MS SE52/capillary

Ministerie van Landbouw 
Rijksstation voor Zeevisserij 
8400 Oostende, Ankerstraat 1 
Belgium

KOH/iso-octane;
Florisil

LC/UV 
(no quanti

tation)

RP-18

Halifax Fisheries Research Lab. 
PO Box 550
Halifax, Nova Scotia B3J 2S7 
Canada

KOH/iso-octane; 
SX-3 size exclusion 
chromatography

LC/UV Vydac 201TTP54

ethanol until a constant weight was obtained. After mixing, 
ca 3 g portions of oil were sealed in solvent-washed, glass 
vials (Pierce Chemical Co. Ltd, 5 mL capacity) fitted with 
Teflon-faced septa.

Intercomparative Study Protocol
During spring 1983, intercomparative kits were supplied 

to 25 participants who had requested them and agreed to 
measure a suite of designated PAHs, namely, phenanthrene, 
fluoranthene, benz[a]anthracene, benzo[g/z']perylene, in- 
deno[l ,2,3-a/]pyrene (o-phenylenc pyrene), benzo[a]pyrene, 
pyrene, chrysene, and triphenylene. Participants were asked 
to report the concentrations on an “as received” basis. A 
cleanup method based on partitioning and use of Florisil 
chromatography (9) was included, although participants were 
permitted to use the method of their choice. Recipients were 
also requested to measure as many other PAHs as they could 
in the 2 materials and to analyze each material in triplicate. 
The final date for submitting results was December 31, 1984. 
The data are given exactly as reported by participants.

Results

The number of participants reporting usable results was 
disappointing, with only 10 of the original 25 recipients sup
plying quantitative information. One other participant re
ported that his methodology was not capable of resolving 
PAH compounds sufficiently for quantitation. One partici
pant also reported that the oil contained relatively high con
centrations of benzaldehyde and acetophenone along with a 
homologous series of methyl ketones from 2-nonanone to
2-tridecanone (M. Ehrhardt, Department of Marine Chem
istry, University of Kiel, Kiel, Federal Republic of Germany). 
Percent recoveries were not reported by participants. Gen
erally, analysts employed their own cleanup methodologies 
rather than the supplied one. The methodologies may be 
divided into 2 types: (7) liquid chromatography with ultra
violet absorption/fluorescence detection (LC/UV) and (2) 
capillary gas chromatography with mass spectometric detec
tion (GC/MS) on cleaned up extracts (Table 1).

It is immediately apparent from inspection of the results
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Table  2. Levels of individual PAH com pounds (n g /g ) in lobster d igestive  gland OIL reported by laboratories em ploying capillary gas
chrom atography-m ass spectroscopy“

PAH Lab. 1A Lab. 1B Lab. 3 Lab. 4A Lab. 4B Lab. 8 Range

Naphthalene 50.4 63.9 5.2 118.4 111.4 62 5.2-118.4
C2-Naphthalenes 317.2 234.2 — 322.0 271.3 — 234.2-322.0
Cj-Naphthalenes 1026.7 519.7 — 467.9 425.3 — 425.3-1026.7
Phenanthrene 1650.4 994.4 852 1311.7 1459.5 672 672-1650.4
C,-Phenanthrenes 5235.8 6055.5 — 1317.0 1342.7 — 1317.0-6055.5
C2-Phenanthrenes 12 013.8 13 414.3 — 1796.2 1780.8 — 1780.8-13 414.3
Anthracene 1012.1 654.5 232 371.1 371.0 197 197-1012.1
Fluoranthene 1071.6 1167.1 6340 5696.2 4978.7 1967 1071.6-6340
Pyrene 903.7 968.4 3105 3555.0 3496.1 383 383-3555.0
Benz[a]anthracene 348.7 760.2 — 1365.4 1110.7 — 348.7-1365.4
Chrysene 17 541.8» 24 504.0» 2180 1977.9 2093.4 — —
Benzo[e]pyrene 478.1 616.6 866 605.6 650.1 — 478.1-650.1
Benzo[ £>]fluoranthene 1791.1 2976.4 1920 2156.2» 1852.7C — —
Benzo[a]pyrene 521.6 655.8 1100 819.2 672.2 — 521.6-1100
Benzo[gh/]perylene 227.8 299.4 382 — — — —
lndeno[1,2,3-cd]pyrene 421.6 502.9 — — — — —
Dibenzothiophene 28.4 39.4 38.2 149.6 142.3 42 28.4-149.6
C,-Dibenzothiophene 227.8 187.5 — 381.0 358.0 — 187.5-381.0
C2-Dibenzothiophene 1335.4 1203.1 — 1502.0 1285.5 — 1203.1-1502.0
Perylene 194.0 184.7 202 179.2 220.3 — 179.2-220.3
Benzo[/<|fluoranthene 593.2 682.9 858 — — — —
1 -Methylnaphthaiene — — 8.8 65.3 59.4 45 8.8-65.3
2,3,6-T rimethylnaphthalene — — 81.1 — — 85 —
Acenaphthene — — 36.4 — — 64 —
Fluorene — — 338 — — 173 —
2-Methylphenanthrene — — 288 — — 252 —
1 -Methylphenanthrene — — 182 — — 17 —
Dibenz[a,h]anthracene — — — — — — —
Benzo[y]fluoranthene — — — — — — —
* A and B are replicate analyses.
0 Chrysene and triphenylene.
» Benzo[bjfluoranthene and benzol kjfluoranthene.

for GC/MS analyses for the oil and powder (Tables 2 and 3, 
respectively) and for LC/UV analyses for oil and powder 
(Tables 4 and 5, respectively) that an extremely wide range 
of results has been reported for both methodologies and that 
the participants did not carry out the requested number of 
replicate determinations and did not report levels of all re
quested PAHs.

The small number and wide range in reported results pre
cluded in-depth statistical analysis of the data.

Previous studies involving mussel homogenates (10) and 
sediments (11) yielded rather high estimates of intra- and 
interlaboratory relative standard deviations. Interlaboratory 
relative standard deviation for the mussel homogenate was 
estimated to be between 25 and 30% depending on the com
pound being measured, while that for the sediments was 
estimated to range from 4 to 28%. In both studies, the in
terlaboratory precision was estimated to be substantially low
er (i.e., large interlaboratory relative standard deviation) than 
the intralaboratory precision. That this is the case with the 
present study is indicated by a comparison of the relative 
standard deviations for our own data (laboratory 11) with 
those calculated using a single result from each laboratory. 
Such a comparison could be done only for those laboratories 
reporting PAH concentrations in the oil as determined by 
LC/UV (Table 4). The limited amounts of data in the other 
3 tables were judged to be insufficient for consideration. Our 
intralaboratory relative standard deviations ranged from 4.3 
to 24.1% while the interlaboratory relative standard devia
tion ranged from 39 to 96%. Obviously, considerable ana
lytical problems must be overcome before any cooperative 
research programs can be carried out or comparisons can be 
made of PAH data from different laboratories.

Some other observations may be made about this study:
(7) Laboratories utilizing GC/MS to measure PAH com

pounds reported levels of a greater number of compounds 
than did participants using LC/UV.

(2) Concentrations reported on the basis of LC/UV were 
generally higher than those based on GC/MS with the ex
ception of benzo[a]pyrene and possibly indeno[l,2,3- 
a/jpyrene.

(5) A wide range in results was found irrespective of the 
analytical method employed.

(4) Many laboratories reported replicate results which dif
fered substantially from each other, sometimes by more than 
500%. In spite of this, many participants reported levels to 
several (an unjustified number of) significant figures.

(5) No laboratory submitted results based on both LC/ 
UV and GC/MS. Therefore, no direct comparisons between 
the 2 methods were possible.

(6) The limited number and wide range in reported levels 
did not allow comparison to be made of extraction preceded 
or not preceded by saponification.

The fact that laboratories utilizing capillary GC/MS re
ported on more compounds than did LC/UV equipped par
ticipants probably reflects the interests of the laboratory and 
the availability of standards.

It is not surprising that benzo[a]pyrene levels determined 
by the 2 methodologies are in closer agreement than are 
results for other compounds since it is the PAH of major 
concern. The wide range in results from both methodologies 
suggests difficulty in obtaining accurate standard solutions 
of PAH for instrument calibration. An earlier study on the 
determination of chlorobiphenyls in marine oils (12) showed 
that many chemists were not able to prepare accurate rep-
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Table 3. Levels of individual PAH compounds (ng/g) in lobster digestive gland acetone POWDER reported by laboratories employing
capillary gas chromatography-mass spectroscopy9

PAH Lab. 1A Lab. 1B Lab. 4A Lab. 4B Lab. 8 Range
Naphthalene 60.6 23.8 46.9 46.1 12 12-60.6
C2-Naphthalenes 382.6 90.5 37.8 37.4 — 37.4-382.6
C3-Naphthalenes 419.7 281.9 33.6 31.0 — 31.0-419.7
Phenanthrene 233.9 783.3 24.6 25.1 70 24.6-783.3
C,-Phenanthrenes 320.5 1161.9 21.4 21.0 — 21.0-1161.9
C2-Phenanthrenes 523.3 2038.1 13.5 13.7 — 13.5-2038.1
Anthracene 38.6 131.0 6.0 9.4 — 6.0-131.0
Fluoranthene 90.9 14.7 16.7 16.7 13 13-90.9
Pyrene 150.7 26.4 9.8 10.1 12 10.1-150.7
Benz[a]anthracene 0.8 7.3 2.9 2.9 — 0.8-7.3
Chrysene 113.7» 338.2» 7.4 7.3 — —
Benzo[e]pyrene 55.4 11.1 — — — —
Benzo[b]fluoranthene 40.6 10.6 — — — —
Benzo[a]pyrene 4.6 2.7 — — — —
Benzo[gh/]perylene 23.8 3.6 — — — —
lndeno[1,2,3-cd]pyrene 4.4 2.0 — — — —
Dibenzothiophene 58.6 6.1 2.1 2.2 — 2.1-58.6
C,-Dlbenzothiophene 175.4 20.1 4.9 6.2 — 4.9-175.4
C2-Dibenzothiophene 418.7 78.6 9.7 11.3 — 9.7-418.7
Perylene 6.9 1.1 — — — —
Benzo[/c]fluoranthene 16.0 4.7 — — — —
1 -Methylnaphthalene — — 10.7 10.8 42 —
2,3,6-T rimethylnaphthalene — — — — 9 —
Acenaphthene — — — — — —
Fluorene — — — — 5 —
2-Methylphenanthrene — — — — — —
1 -Methylphenanthrene — — — — — —
Dibenz[a,b]anthracene — — — — — —
Benzo[/)fluoranthene — — — — — —

* A and B are replicate analyses. 
6 Chrysene and triphenylene.

licate solutions from the small amounts of chlorobiphenyls 
usually purchased from suppliers, which is likely to be the 
case in this study as well.

Nevertheless, replicate values differing by as much as 500% 
cannot be explained by problems in preparing standard so
lutions. The reporting of such values, coupled with the ob
servation on the number of significant figures, suggests care
lessness as the root cause of the problem, i.e., analysts are 
basically honest but not particularly critical of their own 
results. The observation that GC/MS results were generally 
lower than LC/UV results suggests that the less efficient LC 
columns and the less selective detection system gave rise to 
positive interferences in the analysis. A comparison of results 
from saponification/extraction with those from simple ex
traction would be important in light of the reported necessity 
for saponification of insoluble samples such as meat and fish 
to ensure quantitative PAH removal from the tissue (13). 
However, it is obvious from both the reported results and 
our own that the major portion of the PAH content is present 
in the oil prepared by simple cold extraction without sapon
ification. In the case of our own results, over 99% of the total 
PAH content of the 2 materials was present in the oil while 
less than 1 % was present in the powder, probably as residuals 
remaining after extraction. Evidence for this is the high de
gree of correlation found between our PAH concentrations 
in the oil and those in the powder (r = 0.975; r = 0.843 after 
removal of the results for fluoranthene due to their high 
weight in the regression analysis). However, the results from 
other participants where sufficient data were available for 
study gave no significant correlations. Saponification of lob
ster digestive gland is not necessary for complete extractions 
ofPAHs.

The results of this and earlier exercises have all been char
acterized by a large interlaboratory relative standard devia

tion. This must be compared to collaborative studies on 
foodstuffs, including smoked fish (13). Interlaboratory vari
ation in these studies was small enough to allow the method 
employed in the study to be adopted as an AOAC official 
first action method in 1968, an AOAC official final action 
method in 1972, and an IUPAC commission-recommended 
method in 1975 (14). A general screening method for PAH
(13) was adopted by the Commission on Food Additives, 
IUPAC, in 1976 (14). Howard and Fazio (14) believe that 
the use of capillary GC/MS is the only acceptable method 
for measuring the large number of PAHs present in most 
substrates due to the superior resolving capability of capillary 
gas chromatography and the superior detection specificity of 
mass spectrometry. The results of our study corroborate this 
conclusion.

Progress in achieving satisfactory interlaboratory error 
levels is likely to be made only by following a detailed stan
dard method which has been shown to yield the required 
precision. It will also be necessary to ensure that standards 
and solutions of PAH are certified as to concentration (e.g., 
National Bureau of Standards SRM 1647, Priority Pollutant 
PAH (11)) or shown to be comparable. Obviously, certified 
reference materials for marine biological materials will be 
needed to allow laboratories to improve their methodologies 
to acceptable levels. It is necessary, however, to keep in mind 
that the use of a standard method of analysis may still present 
problems where levels of interferences vary from sample to 
sample; checks, using independent methods of analysis, will 
continue to be needed.
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Table 4. Levels of individual PAH compounds (ng/g) in lobster digestive gland OIL reported by laboratories employing liquid chromatography-ultraviolet absorption/fluorescence*

Lab. 2 Lab. 5 Lab. 6 Lab. 7 Lab. 9 Lab. 11 RSD,6
% RSD,C

%PAH A B A B A-1 A-2 B-1 B-2 A B A A B C (n = 3) Range

Naphthalene — — — — — — — — — — — — — —

(^-Naphthalenes — — — — — — — — — — — — — —

C3-Naphthalenes — — — — — — — — — — — — — —

Phenanthrene — — — — — — — — 2300 2300 895 — — —

C,-Phenanthrenes — — — — — — — — — — — — — —

Cj-Phenanthrenes — — — — — — — — — — — — — —

Anthracene 254 245 — — — — — — 210 240 — — — —

Fluoranthene 7466 7139 3580 3580 — — — — 15 400 14 200 5650 6398 6739 6570 4.3 5650-15 400 59
Pyrene — — — — 2604.3 2838.4 2454.8 3086.1 8300 7500 3700 6146 5935 4962 10.8 2454.8-8300 49
Benz[a]anthracene — — — — 701.5 756.7 548.1 523.9 2300 2200 3680 1349 1163 1147 9.2 523.9-3680 64
Chrysene _ — — — _ _ — — — 1700 2800 — 638 675 973 24.1 638-2800 —

Benzo[e]pyrene — — 940 940 1773.43 1756.44 720.64 928.7 — — — 3291 3410 2834 9.6 928.7-1773.43 —

Benzo[b]fluoranthene 1620 1592 1060 980 942.72 714.07 733.36 549.91 — — — 1818 1830 1834 4.6 549.91-1834 63
Benzo[a]pyrene 980 961 220 220 688.33 434.5 292.9 407.1 940 880 — 1078 952 886 10.0 220-1078 39
Benzo[gb/]perylene 325 319 152 182 140.3 152.84 188.2 159.5 — — — <250 <250 <250 140.3-325 —

lndeno[1 ,2,3-cd]pyrene 68 68 440 500 — 232.17 218.96 239.24 1100 880 — 1682 1301 1100 21.3 68-1682 96
Dibenzothiophene — — — — — — — — — — — —

C,-Dibenzothiophene — — — — — — — — — — — —

C2-Dibenzothiophene — — — — — — — — — — — —

Perylene — — — — — — — — 200 170 — —

Benzo[fr]fluoranthene 810 813 720 780 565.2 661.41 387.88 393.9 1800 1400 3025 968 712 8324 15.3 565.2-1834 65
1 -Methylnaphthalene — — — — — — — — — — — — — —

2,3,6-T rimethylnaphthalene — — — — — — — — — — — — — —

Acenaphthene
Fluorene
2-Methylphenanthrene

— — — — — — — — — — — — — —

— — — — — — — — — — — ____ ____ —

1 -Methyl phenanthrene — — — — — — — — — — — — — —

Dibenz[a,h]anthracene — — — — — — — — — — — — — —

Benzo[/]fluoranthene — — < 0.2 < 0.2 145.95 106.1 187.22 174.78 — — — — — — 20.2-187.22

■ A, B, and C are replicate analyses.
0 Relative standard deviation, Lab. 11.
c Relative standard deviation for all participants, using first figure reported by that laboratory.
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Table 5. Levels of individual PAH compounds (ng/g) in lobster digestive gland acetone POWDER reported by laboratories employing
liquid chromatography-ultraviolet absorption/fluorescence

PAH

Lab. 2 Lab. 5 Lab. 6 Lab. 9 Lab. 11

A B A B A - 1  A-2 A-3 B-1 B-2 B-3 A A B Range

Naphthalene
C2-Naphthalenes
C3-Naphthalenes
Phenanthrene
C,-Phenanthrenes
Cj-Phenanthrenes

ND°

Anthracene <3 <3 — — — 163.0 — — 85.5 — — — —

Fluoranthene <10 <10 40 38 42.58 22.79 — 71.78 49.2 — ND 10 16 10-40
Pyrene — — — — 84.9 156.13 109.68 — — — ND ND ND 85.5-163.0
Benz[a]anthracene — — — — 127.88 — 39.7 113.5 131.32 — ND 0.8 3.2 0.8-71.78
Chrysene — — — — — — 216.76 71.05 — — — <8 <8 <8-216.76
Benzo[e]pyrene — — 6.6 6.3 — 21.04 117.0 49.94 38.89 — — ND ND 6.3-131.32
Benzo[£>]fluoranthene <2 <2 12 10 22.25 29.46 74.79 54.0 60.34 — _ _ 1.1 3.2 10-74.79
Benzo[a]pyrene <1 <1 2.3 1.0 15.54 11 .11 33.9 42.04 42.9 47.45 — 0.6 1.1 0.6-49.94
Benzo[gb/]perylene <1 <1 3.6 4.8 31.66 59.76 — t r tr 3.6-60.34
lndelo[1,2,3-cd]pyrene 
Dibenzothiophene

<6 <6 5.0 5.0 22.29 50.54 — <3 <3 <3-50.54

C,-Dibenzothlophene
C2-Dibenzothiophene
Perylene
Benzol k]fluoranthene

~ " "

< 2 < 2 8.0 5.0 29.99 44.11 ND 1.1 3.2 1.1-29.99
1 -Methylnaphthalene
2,3,6-Trimethylnaphthalene
Acenaphthene
Fluorene
2-Methylphenanthrene 
1 -Methylphenanthrene 
Dibenz[a,b]anthracene 10 10 1 0 . 1 1 13.44 18.13 20.18 10-20.18
Benzo[y]fluoranthene — — 0.2 0.2 — — — — 77.99 82.95 — — — 0.2-82.95

* A and B are replicate analyses. 
“ Not detected. 
c T race.
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Multi-Laboratory Study of Measurement of Chlorobiphenyls and Other Organochlorines in 
Fish Oil

JOHN F. UTHE, CHARLES J. MUSIAL, and RAJ K. MISRA* 1
D e p a r tm e n t o f  F ish erie s  a n d  O cea n s, M a r in e  C h e m is tr y  D iv is io n , H a li fa x  F ish erie s  R e se a rc h  L a b o ra to ry ,  
H a lifa x , N o v a  S c o tia  B S J  2 S 7 , C a n a d a

Analysts participating in a multi-laboratory comparative study were 
asked to identify 4 chlorobiphenyls (CBs) supplied in neat form, to 
measure the amounts of these present in spiked and unspiked fish 
oil, to measure other CBs and organochlorines in the unspiked fish 
oil, and to compare results for their own standard solution and those 
for standard solutions prepared from the supplied CB compounds. 
Comparisons were done for a common supplied method and the in
dividual methods used in each laboratory. Participants had no trouble 
identifying 2,2',5,5'-tetrachlorobiphenyl, 2,2',4,5,5'-pentachlorobi- 
phenyl, and 2,2',4,4',5,5'-hexachlorobiphenyl. Most misidentified 
2,2',3,4,5-pentachlorobiphenyl. Approximately one-half of the quan
titative comparisons between participants' standards and those pre
pared from the supplied CBs differed by more than 10%. Two stan
dards prepared from one of the CBs differed by an average of 6.6% 
(range 0.0-24.5% ). Recoveries of added CBs from the fish oil ranged 
from 24 to 294% for spikes of 63-85 ng/g with no clear distinction 
between results for the common method vs individual laboratory 
methods. The common methodology gave a lower coefficient of vari
ation (CV) for most other CBs and organochlorines, but in most cases 
the CVs for the individual CBs were not smaller than that for Aroclor 
1254 equivalents.

Technical mixtures of polychlorinated biphenyls (PCBs) have 
been shown to be widespread environmental contaminants
(1). Measurement of PCBs has proven to be difficult in the 
past, presumably because of the unavailability of individual 
chlorobiphenyl (CB) standards and the use of packed-column 
gas chromatography (GC) which is inadequate for resolving 
PCB mixtures. Musial and Uthe (2) in an intercomparative 
study showed that the measurement of PCBs in fish oil spiked 
at a nominal concentration of 1-2 mg/kg was characterized 
by a large (25-50%) interlaboratory coefficient of variation 
(CV) even when participants used the same batch of PCB 
(Aroclor 1254) as a standard in their analysis. The measure
ment of CBs rather than equivalents of technical PCB for
mulations has been advocated (3) since the original study by 
Sissons and Welti (4). Recently, the availability of many 
individual CB compounds (5) ar.d the application of capillary 
gas chromatography has led to reports of measurements of 
many, if not most, CBs present in environmental samples
(6). However, in a small followup study using the same spiked 
fish oil, Uthe and co-workers (7) found that analysts who 
were measuring CBs at that time could not achieve a satis
factory degree of interlaboratory comparability for either CBs 
in fish oil or Aroclor 1254 itself. The inability of analysts to 
achieve satisfactory results with Aroclor 1254 indicates that 
fundamental analytical problems are present, because none 
of the variability could be ascribed to the variability char
acterizing trace analysis.

We investigated the problem further by requesting collab
orators to identify and measure the concentrations of 4 CBs 
in a spiked fish oil. They were also requested to determine 
concentrations of CBs and other common organochlorines 
in the unspiked oil. To overcome problems of misidentifi- 
cation of the CBs by the various participants using their own 
CB standards, small amounts of each of the 4 pure CB com
pounds were distributed to each participant.

Received April 24, 1987. Accepted July 17. 1987.
1 Biological Sciences Branch.

Experimental
Commercial herring oil from cooked, pressed herring (Clu- 

pea harengus harengus) was clarified by centrifugation. Four 
CBs, obtained from a commercial source, were added to a 
portion of the oil in measured amounts. Following the nu
merical assignations of Ballschmiter and Zell (8), they were: 
2,2',5,5'-tetrachlorobiphenyl (No. 52); 2,2',3,4,5-penta- 
chlorobiphenyl (No. 86); 2,2',4,5,5'-pentachlorobiphenyl (No. 
101); and 2,2',4,4',5,5'-hexachlorobiphenyl (No. 153). At the 
same time, the company supplying these CB compounds 
prepared vials containing 5-20 mg of neat chlorobiphenyl. 
Each was obtained from a single batch lot. CB No. 86 was 
inadvertently supplied by the company rather than the or
dered No. 87 (2,2',3,4,5'-pentachlorobiphenyl). This was not 
thought to pose a serious problem, although this chlorobi
phenyl is present in commercial PCB mixtures only in low 
concentration (9).

Participants were requested to prepare standard solutions 
of each CB, identify each, and compare the chromatographic 
responses for the prepared standards with those for their own 
standards (3 injections of each). One CB standard (No. 101) 
was used to compare 2 separately prepared standard solutions 
(3 injections of each). In addition to determining the con
centrations of the 4 CBs in the spiked and unspiked oils, 
participants were requested to determine other CBs and com
mon organochlorines in the unspiked oil, using their own 
methodologies as well as a common cleanup methodology 
supplied with the intercomparison kits. This latter method 
was our routine one (10) which had been slightly modified 
from that of Reynolds and Cooper (11): CBs and many other 
organochlorines are separated from the fish oil by chroma
tography on H:0-deactivated Florisil. Enough PR grade 
Florisil was supplied with the kits to allow participants to 
perform the determinations. Participants were also requested 
to calibrate their muffle furnaces by using the melting point 
of zinc pellets supplied in the kits. All results were reported 
on an “as-received” basis after quantitation on the basis of 
external standardization and peak height or peak area. Many 
participants used an internal standard to correct for injection 
variability and procedural losses.

Statistical Considerations
This report presents information from data expressed in 

ratios. However, statistical difficulties are encountered when 
ratio data are analyzed for tests of null hypotheses (12-16). 
In this presentation, the treatment of ratio data has, therefore, 
been restricted to the descriptive level, i.e., inferences have 
been drawn from the usual observation of summary statistics 
and are not based on formal statistical tests, except for Table
5. We recognize that quantitative chemical data are invari
ably presented in ratios of some sort, e.g., % by weight, parts 
per thousand, parts per million. The statistical difficulties 
arise when significant variances are associated with both the 
numerator and the denominator. One disadvantage with this 
type of ratio is that its distribution is unusual, perhaps far 
from normal, whereas the basic assumption underlying most 
tests of hypotheses is that the errors follow a normal distri-
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Table 1. Comparison ratio of response factors of laboratory 
CB standards and standards prepared from supplied 

chlorobiphenyls9
Measurement Total N Number of laboratories (%)

Within 10% Greater than 10%
Peak height 31 16(52) 15(48)
Peak area 35 19(54) 16(46)

Within 20% Graater than 20%
Peak height 31 24 (77) 7(23)
Peak area 35 27 (77) 8(23)

Within 30% Greater than 30%
Peak height 31 25 (81) 6(19)
Peak area 35 28 (80) 7(20)

Comparison to selected tolerances (peak height and peak area compari
sons used as Independent comparisons because all analysts did not sub
mit both peak height and peak area data).

bution. It is our intention to present a further paper that will 
include an account of statistical difficulties encountered in 
analyzing ratio data and a detailed statistical analysis of this 
data set which avoids the use of ratios.

Results and Discussion 
Identification of Chlorobiphenyls

Excluding ourselves, 17 of 29 participants identified the 4 
CBs by chemical structure; an additional 4 identified only 
the number of chlorine atoms in the molecules. Most analysts 
used retention time criteria, but some also used mass spec
troscopy. All 17 identified 3 of the 4 CBs—Nos. 52, 101, and 
153. Considerable difficulty was encountered with respect to 
No. 86 which was correctly identified by only 2 participants. 
One other participant identified it as either No. 86 or No. 
119. Other reported identities were Nos. 87, 97, 113, 116, 
and 119. Such misidentification indicates that it is not pos
sible to recommend measurement of all or many CBs until 
certified CB standards are available, and unambiguous sep
aration or detection systems can be used.

Preparation of Quantitative (Standard) Chlorobiphenyl 
Solutions

All participants used electron-capture detection systems 
for quantitation. Approximately one-fifth of the comparisons 
between the laboratory’s own standard and the one prepared 
from the supplied kit differed by more than 30%, one-fourth 
by more than 20%, and one-half by more than 10% (Table
1). All comparisons of 2 of 14 laboratories differed by more 
than 30%. The underlying reason for the large discrepancies 
is likely to be improper preparation of the standards (weigh
ing error) rather than factors such as solvent evaporation; 
adequate methods for the preservation of organochlorine so
lutions have been described (17,18) and substantial amounts 
of solvent would have to have been lost for errors of such 
large magnitude. Also, all participants correctly identified the 
3 CBs used in the intercomparison study, so differences can
not have been due to comparisons of different CBs. Purity 
of the supplied CBs was in excess of 95%. Purity of the 
participants’ standards is unknown and may be responsible 
for some fraction of the observed errors.

Support for weighing error as the main source of differences 
between standards is found in the results for comparisons of 
2 solutions prepared from separately weighed amounts of CB 
No. 101 (Table 2). Generally, the 2 standards differed by 
more than 2% with an average difference of 6.6% and a range 
of 0.0-24.5%. Contributors to the total error are errors as
sociated with weighing and dilution and the error associated

Table 2. Interlaboratory performance9 using peak height or peak 
area of 2 standard solutions prepared from 2 weighings of CB 

No. 101
Number of laboratorles/Total number of laboratories

%
Difference Peak height Peak area

Laboratories 
reporting 

height and area

Laboratories 
with errors 

In both

> 2% 16/19 13/18 14 12
> 5% 10/19 8/18 12 4
> 10% 4/19 4/18 4 3

* Response factor difference/mean response factor x 100.

with the GC step. Dilution should not be a major error, and 
the results (3 injections of each standard) showed that chro
matography was carried out consistently. Therefore, in cases 
where the difference exceeded 5%, the major error is most 
likely from preparation of the standard solution. This indi
cates that analysts are having difficulty preparing quantitative 
standard solutions from the small amounts (5-20 mg) of CBs 
commonly purchased. The observation that some labora
tories could prepare replicate solutions of acceptable repro
ducibility suggests that the use of good laboratory practice, 
particularly in balance maintenance and use, can result in 
the preparation of standard solutions of acceptable quality.

Recoveries of Added Chlorobiphenyls from Herring Oil
Recoveries of added CBs were in the ranges 30-127%, 28- 

178%, 41-294%, and 44-283% for CB Nos. 52, 86, 153, and 
101 by the common methodology, and 24-127%, 28-174%,
28-189%, and 24-132% (Table 3) by the laboratories’ own 
methodologies. The results for CB No. 86 are included since 
it was felt that the problem of misidentification would not 
affect recovery studies when the same CB was being used for 
standardization and quantitation. There was no obvious ad
vantage associated with the use of a common cleanup meth
odology. Results from packed-column GC are not noticeably 
different from capillary column results, since spiked and un
spiked oils were analyzed and all 4 CBs were well separated 
on packed columns. It is likely that prior experience in CB 
trace analysis is an important factor.

Data analysis as described by Youden and Steiner (19) 
(Table 4) as well as large values for intralaboratory correla
tion (20) showed, as expected, that most of the total error 
associated with the results for CB Nos. 52 and 101 was due 
to the contribution from systematic or interlaboratory error 
(bias). There was no clear distinction in results between the 
laboratories’ own cleanup methodologies and the common 
methodology. In the case of CB No. 101, as determined by 
the laboratories’ own method, total error was composed of 
about equal amounts of systematic and random error. The 
lack of significant decrease in the data variances associated 
with the common methodology should not be construed as 
proof that the use of a common methodology could not result 
in an improved intercomparability. It more likely reflects 
the inexperience of the analysts with the common cleanup 
method.

Other Organochlorines in Unspiked Fish Oil
Analysts reported concentrations of a number of CBs other 

than the 4 supplied and other organochlorines in the unspiked 
oil (Table 5). These results allow comparison with results 
reported in an earlier intercomparative study (2). In general, 
the CVs for about one-half of the chlorobiphenyls and 5 of 
6 other organochlorines determined by the common meth-
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Table 3. Percent recovery of individual CBs added to herring
oil8

Recovery, %

Common methodology Laboratory methodology

C B C B C B C B C B C B C B C B

L a b .“ N o . 5 2 N o . 8 6 N o . 1 5 3  N o . 101 N o . 52 N o . 8 6 N o . 1 5 3  N o . 101

1 P 5 2 2 8 6 2 4 9 7 9 5 6 68 4 2

2 82 82 9 8 4 9 1 1 2 1 3 3 1 0 8 1 0 0

3 a 91 81 7 9 1 0 8 1 2 7 1 2 3 9 2 1 2 9

3 b 8 3 — 7 8 7 8 — — 1 2 6 1 3 2

5 a 88 8 2 80 8 8 1 0 9 7 7 7 2 —

5 b — 1 1 2 9 8 1 1 2 — 7 5 88 —

5 c — 1 4 0 1 4 8 2 0 4 — 1 1 0 1 1 9 —

6 91 9 2 9 4 8 6 8 6 8 5 5 8 6 9
7 P 101 4 5 1 1 4 1 4 6 1 0 7 5 6 5 8 8 3

9 — — — — 4 8 5 6 71 1 2 4

1 0 a 1 1 0 1 3 2 2 9 4 2 8 3 8 2 8 0 8 4 71

1 0 b — — — — 8 7 9 4 9 2 7 8

12 8 4 91 8 5 9 7 8 5 101 8 5 68
1 3 a — 9 6 61 7 9 — 9 2 6 8 7 9

1 3  b — 121 7 4 1 0 6 — 1 1 2 7 8 41

1 4 — — — — 8 9 9 5 1 0 6 81

1 5 a 7 9 7 3 8 4 9 2 — — — —

1 5 b 6 3 6 2 7 2 9 7 — — — —

16 1 2 7 2 9 9 2 1 1 0 — — — —

1 7 85 91 9 5 8 8 9 2 91 9 0 8 8

18 — 121 2 2 4 1 0 3 — — — —

1 9 3 9 6 5 4 9 4 4 7 0 9 2 4 2 7 6

2 0 9 6 1 0 4 8 6 8 3 9 0 1 0 8 91 9 6
21 1 1 0 1 0 3 1 2 9 1 2 8 5 9 1 2 5 3 5 67

2 2 4 9 7 6 6 3 1 0 3 6 5 7 2 6 6 9 6
2 3  a P 95 — 9 5 1 0 0 1 1 5 1 1 2 9 2 1 0 5

2 2  b  P 77 9 4 88 9 0 9 3 7 9 8 4 8 6
2 4 5 6 1 7 8 5 9 62 76 1 7 4 5 3 5 2
25 3 0 1 2 7 5 8 5 6 35 1 4 7 6 0 6 2

2 6  

2 7  a

6 6 71 6 0 7 8 1 0 5 8 4 6 8 7 6

2 7  b  P

2 7  c 7 2 9 5 88 8 7
— — — —

2 7  d  P 9 5 — 9 5 2 6 2 — — — —

2 8 1 0 2 8 2 41 6 8 5 2 0 2 9 1 8 9 1 1 4

2 9 — — — — 2 4 2 8 28 2 4

3 0 1 2 2 1 1 6 1 0 6 1 1 7 — — — —

8 Reported concentration in spiked oil minus reported concentration in un
spiked oil/concentration added to oil x 100. CB No. 52= 82 ng/g oil; CB 
No. 86 = 77 ng/g oil; CB No. 153 = 85 ng/oil; CB No. 101 =63  ng/g oil.

0 Letters a, b, c refer to results on basis of different chromatographic analytical 
methodologies; P = packed-column chromatography.

odology were lower than those determined by individual 
laboratory methodologies. However, the variation is still large, 
in many cases larger than that associated with the determi
nation of PCB concentration using Aroclor 1254 as a stan
dard (2) (Table 5). The results for other organochlorines, 
measured by capillary GC, are characterized by a CV less 
than that reported by Uthe and Musial (21) from a similar 
study on fish oil by packed-column GC but are still too large 
to allow interlaboratory cooperative studies in marine en
vironmental contamination programs. These results imply

Table 5. Mean concentrations of CBs in unspiked herring oil as 
determined with participants’ own CB standards8

Concn, ng/g

CB No. 
or

organochlorlne

Common
methodology

/V

Laboratory
methodology

NMean ± SD RSD Mean ± SD RSD

28 51.3 ± 6.8 (13) 4 65.6 ± 24.4 (37) 5
44 23.9 ± 6.8 (28) 4 37.8 ± 14.9 (39) 5
49 20.2 ± 8.1 (40) 4 31.6 ± 22.4 (71) 4
52 51.3 ± 9.0 (18) 5 61.0 ± 13.6 (22) 5
70 38.0 ± 8.3 (22) 4 43.0 ±  12.9 (30) 6
87 28.0 ± 27.7 (81) 3 — —

95 85.5 ± 41.8 (49) 5 68.8 ± 15.6 (23) 4
97 14.9 ± 6.8 (46) 4 22.3 ± 15.2 (68) 5

101 52.8 ±  12.4 (23) 8 63.0 ± 17.1 (27) 8
107 44.2 ±  25.9 (59) 3 24.7 ±  9.1 (37) 3
110 39.8 ±  13.0 (33) 4 42.1 ±  3.8 (9) 4
128 11.0 ± 7.3 (66) 8 16.9 ±  16.5 (98) 8
138 57.4 ± 20.1 (35) 11 72.3 ± 19.0 (26) 10
151 28.6 ± 20.5 (72) 3 24.2 ± 17.0 (70) 3
153 82.6 ± 32.9 (40) 7 87.1 ± 39.5 (45) 8
170 25.1 ± 36.0 (143) 4 7.6 ± 1.6 (2 1) 4
180 23.2 ± 13.4 (58) 3 32.3 ±  21.9 (68) 6
187 14.6 ± 5.1 (35) 3 16.1 ±  3.3 (20) 4
194 3.0 ± 2.0 (67) 3 2.8 ±  1.6 (57) 3
201 3.4 ± 1.4 (41) 3 3.3 ± 1.1 (33) 3
PCB“ 1.05 ± 0.36 (34) 21 — —

a-BHC 95.8 ± 27.6 (29) 4 112.8 ± 32.1 (28) 6
y-BHC — — 12.4 ±  9.6 (77) 7
Hexachlorobenzene 21.7 ± 12.3 (57) 7 37.4 ±  33.5 (90) 8
Dleldrln — — 94.8 ±  52.0 (55) 4
p,p'-DDT 104.8 ± 36.6 (35) 5 95.5 ± 41.2 (43) 7
p,p'-DDE 161.6 ± 50.1“ (35) 8 188.5 ± 68.7“ (37) 11
a-Chlordane 91.3 ± 19.0 (2 1 ) 3 66.8 ± 28.8 (43) 4
frans-Nonachlor 60.0 ± 26.6 (44) 4 74.5 ± 36.7 (49) 4

* Only chloroblphenyls and other organochlorines which at least 3 laborato
ries reported are considered here.

“ Analyzed as Aroclor 1254 or equivalent formulation.
0 Removal of results for one packed column gave common method mean of 

152.6 ± 46.5 (30%) and laboratory mean of 178.9 ±  65.3 (40%).

that systematic errors are still a major problem in measure
ment of trace organochlorines and that the poorer resolving 
power of the packed-column chromatograph compared with 
capillary systems was not the major underlying factor for the 
poor interlaboratory comparability observed in earlier stud
ies (2, 22, 23). Holden and colleagues (23) have suggested 
that restrictions might be needed on analysts’ choice of meth
odologies. Tuinstra and co-workers (24) have studied the use 
of a detailed, comprehensive methodology for measuring 6 
CBs. In that study, quantitative standard solutions of the 6 
CBs were supplied to the participants, and GC conditions 
and columns were specified. The CV was about 14% at the 
1 mg CB/kg level and about 23% at the 0.1 mg CB/kg level, 
comparable with the spiking level used in the present study. 
The wider variation found in our results for organochlorines 
in the unspiked oil by the common method is likely due to

Table 4. Variances associated with determination of supplied CBs8

All participants

Common method Laboratory method

CB No. 52 CB No. 153 CB No. 101 CB No. 52 CB No. 153 CB No. 101

S,2 (precision variance) 203 898 758 235 170 1278
Sa2 (variance of data) 6920 5866 10 661 6730 3116 4344
F (Sa2/S,2) 34.90- 6.53* 14.06* 28.64* 18.33* 3.55
df 1,20 1,22 1,23 1,20 1,21 1,21

S62 (variance of systematic error) 3358 2484 4952 3247 1473 1528

'  Significant at 5% level.
8 S„2 -  2S„2 + S,2 as defined by Youden and Steiner (19).
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the inexperience of the participants with the common meth
od and the use of individually prepared standard solutions.

Three other points were noted. Observation of chromato
grams submitted by the participants showed that the baseline 
from the electron-capture detector was generally far less than 
ideal, characterized by the presence of negative responses 
(negative peaks) and a general profile that suggested the pres
ence of a plethora of detector-sensitive material similar to 
the unresolved complex mixture underlying petroleum res
idue determinations (25). The presence of such materials in 
cleaned up sample extracts, able to interfere either positively 
or negatively in the analysis, is another major problem in 
organochlorine measurement. Second, although participants 
agreed to perform all of the requested investigations, a num
ber did not comply. Furthermore, the questionnaire used in 
this study had certain ambiguities because of the multina
tional nature of the participants. Finally, some instances of 
simple mathematical errors occurred. Although embarrass
ing to the individuals, they serve as a caution to all analysts. 
However, the incidence of this type of error was lower than 
the 1 of 4 reported in an earlier interlaboratory study of trace 
mercury determination (26).

In conclusion, the results of this study have shown that 
the comparability of measurements of chlorobiphenyls and 
other organochlorines at an international level is rather poor, 
and for certain compounds, unacceptable. Causes of error 
range from poor preparation of standard solutions, to use of 
various cleanup methodologies resulting in analytical solu
tions that still contained interfering materials, to calculation 
errors. It is likely that much standardization and the use of 
certified reference standards and materials will be required 
to achieve comparability among laboratories in these mea
surements.
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Determination of Inorganic Tin in Biological Samples by Hydride Generation-Atomic 
Absorption Spectrometry after Silica Gel Cleanup

TAIZO T SU D A , M IN O R U  W A D A , SH IG ERU AOKI, and YO SH IH IRO  M ATSUI
Shiga Prefectural Institute o f Public Health and Environmental Science, 13-45, Gotenhama, Ohtsu, 
Shiga 520, Japan

A method is described for the determination of inorganic tin in bi
ological samples by hydride generation-atomic absorption spectrom
etry (HG-AAS). A sample is extracted with ethyl acetate after ad
dition of HC1 and NaCl. The concentrated extract is passed through 
a silica gel column. The column is washed with ethanol, water, and
0.2N HC1 successively, and then inorganic tin is eluted with 2N HC1 
and measured by HG-AAS. Recoveries from fish muscle spiked with 
0.1 Mg/g Sn4+ are 78.9 ± 4.2% (average ± standard deviation, n = 
5). The detection limit is 0.01 ng/g as Sn.

In view of the increasing pollution by organotin compounds, 
methods of analyses are needed to measure the concentra
tions of inorganic tin produced by metabolism or degradation 
of these compounds in biological and environmental sam
ples. At present, inorganic tin is determined in biological 
samples, together with butyltin or phenyltin species from the 
metabolism of tributyltin or triphenyltin compounds, by 
atomic absorption spectrometry (AAS) (1, 2) or gas chro
matography (3, 4). However, if one is interested in deter
mining only inorganic tin in biological samples, these meth
ods are tedious and it is impossible to detect low tin 
concentrations.

We have developed a simple and sensitive method for the 
determination of inorganic tin in biological samples by hy
dride generation-atomic absorption spectrometry (HG-AAS). 
In this method, inorganic tin is extracted with ethyl acetate 
from biological samples after acidification with HC1. If nec
essary, butyltin or phenyltin species can be simultaneously 
determined from a portion of the ethyl acetate extract by our 
previous method (5).

METHOD
Apparatus and Reagents

(a) Flameless atomic absorption spectrometer. — Equipped 
with electrically heated quartz cell atomizer (Model AA-855 
HYD-1.2, Nippon Jarrell-Ash Co. Ltd, Kyoto, Japan). Op
erating conditions: analytical wavelength 224.6 nm, lamp 
current 10 mA. Hydride generator HYD-1.— NaBH4 solu
tion: feed rate 10 mL/min, concentration 1% (in 12% NaOH). 
HC1 solution: feed rate 10 mL/min, concentration HC1-H20  
(1 + 5). Sample solution: feed rate 20 mL/min. Ar flow: 
carrier I 0.15 L/min, carrier II 1.0 L/min. Hydride atomizer 
HYD-2. — Temperature 1100°C.

(b) Reagents. — Tin(IV) chloride pentahydrate (SnCl4- 
5H,0) (Nakarai Chemicals Ltd, Kyoto, Japan); tin(II) (Sn2+), 
1000 ng/mL in 6N HC1 (Wako Pure Chemical Industries 
Ltd, Osaka, Japan); butyltin and methyltin chlorides, reagent 
grade, used without further purification.

(c) Silica gel. —Kiesel gel 60, 70-230 mesh (Merck), used 
for column cleanup.

(d) Standard solutions.—Standard stock solution. —1000 
ixg Sn4+/mL, prepared by dissolving 293 mg SnCl4- 5H20  in 
100 mL 10NHC1. Working standard solutions.— 0.005-0.05 
Sn4+ ng/mL, prepared by diluting standard stock solution 
with 2N HC1.

Received May 6, 1987. Accepted August 14, 1987.

Figure 1. Effect of NaOH concentration in 1 % NaBH„ solutions 
on atomic absorption signal of tin: 0.1 ¡xg Sn4 /mL in A, HCI-H20  

(1 +5); B, HCI-H20 (1 +2).

Determination of Inorganic Tin in Biological Samples
Weigh 10 g homogenized sample into 200 mL separatory 

funnel, and extract 30 min with 50 mL ethyl acetate after 
adding 20 mL water, 4 g NaCl, and 16 mL concentrated HC1 
(35%) according to method of Iwai et al. (1). Centrifuge mix
ture (2500 rpm, 5 min), and transfer 25 mL organic layer to 
50 mL round-bottom flask. Evaporate organic layer to about 
1 mL, using rotary-evaporator at 40°C. (Caution: Do not 
evaporate to dryness.) Dilute concentrated solution with 4 
mL ethanol, and pass ethanol solution through 1.5 cm id x 
6 cm glass cleanup column containing about 5 g ethanol- 
rinsed silica gel. Wash column with ethanol, 20 mL water, 
and 100 mL 0.2N HC1 successively, and then elute inorganic 
tin with 30 mL 2N HC1.

Discard first 5 mL, and collect next 25 mL for analysis of 
inorganic tin. Simultaneously, carry out blank test in the 
same manner.

£ 10

_Q

< 5

0 to 2.0
HCI concentration of sample, N

Figure 2. Effect of acidity in sample solutions on atomic ab
sorption signal of tin: 0.1 ng Sn4+/mL for HCI-H20  (1 +  5), 1 %

NaBH„ solution (12%  NaOH).
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Figure 3. Elution patterns of Sn4+ from silica gel column: added, 
1000 pg Sn4+; eluate, 0.5N-2.0N HCI.

Results and Discussion

We investigated some fundamental conditions for the de
termination of tin. For sample solutions of tin in IN HCI, 
the effect of NaOH concentration in 1% NaBH„ solutions on 
the atomic absorption signal of tin is shown in Figure 1. 
From the results, 12% NaOH was sufficient to obtain the 
maximum atomic absorption signal of tin in both cases of 
HCI solutions: (A) HC1-H20  ( 1 + 5 )  and (B) HC1-H20  (1 +
2). Slightly better absorption signal was obtained for (A), so 
the concentrations of NaOH and HCI were used as described 
under the operating conditions.

Further, the effect of acidity of the sample solutions on the 
atomic absorption signal for tin is shown in Figure 2. The 
absorption signal was changed slightly by the difference in 
acidity. Therefore, standard solutions should contain the same 
acid concentrations as the sample solutions.

Silica Gel Cleanup
Elution patterns of inorganic tin (Sn4+) are shown in Figure 

3 for a silica gel column (5 g, 1.5 cm id x 6 cm). Elution of

Table 1. Recoveries of inorganic tin from fish sample9
Sn found 

before 
spiking,“ 

Mg/g
Sn24,
Mg/g

Added

Sn44,
Mg/g

Total Sn found,“ 
r*g/g

Ree.,“
%

0.03 0.1 — 0.103 ± 0.005 73.3 ± 3.4
0.03 — 0.1 0.109 ± 0.006 78.9 ± 4.2
0.03 — 1.0 0.811 ± 0.051 78.1 ± 4.9

* Crucian carp muscle, 10 g. 
6 Duplicate determinations.
'  Average ± SD, n = 5.
“ Average ± SD, n =  5.

Table 2. Analyses of fish samples in Lake Biwa
Sample Sn found, ng/g

Crucian carp I 0.11
II 0.04
III 0.06
IV 0.03
V 0.08

Large mouth I 0.02
black bass II 0.01

III 0.04
IV 0.01
v ND9

* Not detectable, less than 0.01 ^glg.

Sn4+ was investigated using 0.5,1.0, and 2.ON HCI as eluants. 
From the results, 2.ON HCI was chosen to elute Sn4+ from 
the column. Further, Sn2+ eluted in the same range as Sn4+. 
So the eluate was collected from 5 to 30 mL for inorganic 
tin (Sn4+ and Sn2+).

Organotin and compounds such as butyltin or methyltin 
interfered with the measurement of tin by HG-AAS. T o elim
inate these interferences, 100 mL 0.2N HCI was passed 
through the column before the 2N HCI. Methyltin chlorides 
(mono-, di-, and tri-) eluted in the 5 to 65 mL 0.2N HCI 
fraction, and the butyltin chlorides (mono-, di-, and tri-) 
eluted in the 5 to 100 mL 0.2N HCI fraction.

Recoveries of Inorganic Tin from Biological Samples
Recoveries of inorganic tin (Sn4+ and Sn2+) added to fish 

muscle were evaluated by the present procedure. The results 
are shown in Table 1. The recoveries were 78.9 ± 4.2% (n =
5) for Sn4+ and 73.3 ± 3.4% (n = 5) for Sn2+ at the level of 
0.1 pg/g spiked to 10 g fish sample. Further, at the level of
1.0 mg/g Sn4+, average recovery was 78.1 ± 4.9% (n = 5). 
These low recoveries are probably caused by interference 
from lipid in the extract of the fish sample on the adsorption 
of inorganic tin to silica gel. To enhance recoveries, lipids 
will have to be eliminated before column chromatography.

Analyses of Fish Samples
Our proposed method was applied to fish samples (crucian 

carp, large mouth black bass) obtained from Lake Biwa (Shiga 
Prefecture, Japan). Crucian carp and large mouth black bass 
were 12.0-16.0and 13.0-18.5cm in body length and weighed
54.4-132.1 and 50.2-138.2 g, respectively. Results of these 
analyses are shown in Table 2. Concentration ranges were 
0.03-0.11 fig Sn/g for crucian carp and <0.01-0.04 ng Sn/g 
for large mouth black bass.
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Single-Laboratory Evaluation of EPA Method 8080 for Determination of Chlorinated 
Pesticides and Polychlorinated Biphenyls in Hazardous Wastes

VIORICA LOPEZ-AVILA, SARAH  SCHOEN, and JU N E M ILANES
Acurex Corp., Environmental Systems Division, 485 Clyde Ave, Mountain View, CA 94039 
W ERNER F. BECKERT
U.S. Environmental Protection Agency, Las Vegas, NV 89109

Method 8080, as published in the Second Edition of “Test Methods 
for Evaluating Solid Waste,” EPA Manual SW-846, has been eval
uated in a single-laboratory study. The Florisil procedure recom
mended in Method 8080 for sample cleanup does not separate or- 
ganochlorine pesticides (OCPs) from the polychlorinated biphenyls 
(PCBs). Consequently, gas chromatographic analysis of OCPs on the 
packed column recommended in the method may result in false iden
tifications or in no identifications at all when PCBs are present. 
Therefore, silica gel was substituted for Florisil, a capillary column 
was substituted for the packed column, and a sulfur cleanup procedure 
was incorporated in the method. The revised method was evaluated 
with samples spiked at 3 concentrations. Precision and accuracy 
indicate that the revised method can be reliably applied to the de
termination of OCPs and PCBs in liquid and solid matrixes. Detec
tion limits for liquid matrixes range from 0.02 to 0.09 pg/L for OCPs 
and from 0.5 to 0.9 ng/L for PCBs. Detection limits for solid matrixes 
range from 1 to 6 ¿rg/kg for OCPs and from 60 to 70 /ig/kg for PCBs.

Organochlorine pesticides (OCPs) can be classified in 3 major 
subgroups on the basis of their molecular structures: cyclo- 
pentadienes, cyclohexanes, and DDTs. Toxaphene is a mix
ture of chlorinated camphenes containing approximately 67- 
69% chlorine. Polychlorinated biphenyls (PCBs) are complex 
mixtures consisting of combinations of the 209 possible chlo
rinated biphenyls. Commercial mixtures of PCBs manufac
tured in the United States are known as Aroclors 1016, 1221, 
1232,1242,1248,1254, and 1260. The first 2 digits represent 
the biphenyl moiety, and the last 2 digits indicate the weight 
percent of chlorine in the mixture; Aroclor 1016 is an ex
ception because it is a chlorinated biphenyl that contains 
41.5% chlorine.

OCPs and PCBs have been determined in environmental 
samples by gas chromatography (GC) with electron-capture 
detection (1) and by mass spectrometry (2-5). The electron- 
capture detector is preferred over the mass spectrometer be
cause it is 2-3 orders of magnitude more sensitive (6). Be
cause PCBs are extracted along with OCPs and because they 
interfere with the determination of OCPs whenever electron- 
capture detectors are used, their presence in extracts together 
with the OCPs needs to be minimized. Therefore, several 
cleanup techniques based on Florisil (7-10), alumina (11-
13), and silica gel chromatography (13-15) have been de
veloped.

EPA Method 8080 (16) provides sample extract cleanup 
and GC conditions for the determination of the OCPs and 
the PCBs listed in Table 1 in a variety of environmental 
samples including groundwater, liquids, and solids. Follow
ing solvent extraction of liquid samples in a separatory funnel 
(Method 3510) or in a continuous liquid-liquid extractor 
(Method 3520) and of solid samples in a Soxhlet extractor 
(Method 3540) or with a sonicator (Method 3550), the ex
tracts are cleaned up by Florisil chromatography. Corn-
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pounds are eluted from the Florisil column with 6, 15, and 
50% ethyl ether in hexane. All compounds listed in Table 1 
except 6 OCPs elute in Fraction I (6% ether in hexane). Of 
those 6 pesticides, 4 (dieldrin, endosulfan I, endrin, and en- 
drin aldehyde) elute in Fraction II (15% ether in hexane), 
and 2 (endosulfan II and endosulfan sulfate) elute in Fraction 
III (50% ether in hexane). Endrin aldehyde has also been 
reported in Fraction III.

There is no mention in Method 8080 of possible overlap
ping of compounds between fractions and of the reproduc
ibility of the elution pattern. Moreover, the fact that OCPs 
are not separated from PCBs after the Florisil cleanup sug
gests that such a scheme may be of little use for samples 
containing OCPs as well as PCBs. Thus, a preliminary eval
uation of Method 8080 was conducted to determine the re
coveries of OCPs and PCBs in the absence of matrix inter
ferences, to determine the extent of overlapping of compounds 
between fractions, and to determine the efficiency of the Flo
risil cleanup scheme with real samples.

In the improvement phase of this study, a fractionation 
procedure was developed to separate PCBs from the bulk of 
the OCP compounds and, at the same time, to remove in
terfering compounds coextracted from the samples. Several 
extract cleanup procedures based on silica, alumina, silica 
gel/Celite, and Florisil/charcoal chromatography were in
vestigated. Furthermore, a capillary GC method was devel
oped, and a method for sulfur removal was incorporated.

Table 1. Compounds listed in EPA Method 8080
Compound" Störet No. CAS No.

a-BHC 39337 319-84-6
/3-BHC 39338 319-85-7
7-BHC (Lindane) 39340 58-89-9
ö-BHC 34259 319-86-8
Heptachlor 39410 76-44-8
Aldrin 39330 309-00-2
Heptachlor epoxide 39420 1024-57-3
7-Chlordane 39350 57-74-9
Endosulfan I 34361 959-98-8
4,4'-DDE 39320 72-55-9
Dieldrin 39380 60-57-1
Endrin 39390 72-20-8
Endosulfan II 34356 33212-65-9
4,4'-DDD 39310 72-54-8
Endrin aldehyde 34366 7421-93-4
Endosulfan sulfate 34351 1031-07-8
4,4'-DDT 39300 50-29-3
4,4'-Methoxychlor NA“ 72-43-5
Toxaphene 39400 8001-35-2
Aroclor 1016 34671 12674-11-2
Aroclor 1221 39488 1104-28-2
Aroclor 1232 39492 11141-16-5
Aroclor 1242 39496 53469-21-9
Aroclor 1248 39500 12672-29-6
Aroclor 1254 39504 11097-69-1
Aroclor 1260 39508 11096-82-5

* Kepone is included in Method 8080 in the second edition of SW-846 but 
not in the third edition.

“ Not available.
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Table 2. Distribution and percent recoveries of OCPs and PCBs in silica gel column fractions“ (average of 3 determinations ± SD)°

Compound

Fraction I Fraction II Fraction III Total recovery

Concn 1 Concn 2 Concn 1 Concn 2 Conor 1 Concn 2 Concn 1 Concn 2

a-BHC 82 (1.7) 74 (8.0) 82(1.7) 74 (8.0)
/3-BHC 107 (2.1) 98(12.5) 107 (2.1) 98(12.5)
7-BHC 91 (3.6) 85(10.7) 91 (3.6) 85 (10.7)
5-BHC 92 (3.5) 83(10.6) 92 (3.5) 83(10.6)
Heptachlor 109(4.1) 118(8.7) 109(4.1) 118(8.7)
Aldrin 97 (5.6) 104(1.6) 97 (5.6) 104(1.6)
Heptachlor epoxide 95 (4.7) 88 (10.2) 95 (4.7) 88 (10.2)
Endosulfan 1 95 (5.1) 87 (10.2) 95 (5.1) 87 (10.2)
4,4'-DDE 86 (5.4) 94 (2.8) 86 (5.4) 94 (2.8)
Dieldrin 96 (6.0) 87 (10.6) 96 (6.0) 87(10.6)
Endrin 85 (10.5) 71 (12.3) 85 (10.5) 71 (12.3)
Endosulfan II 97 (4.4) 86 (10.4) 97 (4.4) 86 (10.4)
4,4'-DDD 102 (4.6) 92 (10.2) 102 (4.6) 92 (10.2)
Endrin aldehyde 81(1.9) 76 (9.5) 81 (1.9) 76 (9.5)
Endosulfan sulfate 93 (4.9) 82 (9.2) 93 (4.9) 82 (9.2)
4,4'-DDT 86(13.4) 73 (9.1) 15(18.7) 8.7(15.0) 101 (5.3) 82 (23.7)
4,4'-Methoxychlor 99 (9.9) 82 (10.7) 99 (9.9) 82(10.7)
Aroclor 1016 86 (4.0) 87(6.1) 86 (4.0) 87 (6.1)
Aroclor 1260 91 (4.1) 95 (5.0) 91 (4.1) 95 (5.0)

Tech, chlordane 14(5.5) 22 (5.3) 19(6.8) 39 (3.6) 29 (5.0) 37(5.1) 62 (3.3) 98 (1.9)

Toxaphene 15(2.4) 17(1.4) 73(9.4) 84(10.7) 88 (12.0) 101 (10.1)

» Eluant composition: Fraction I, 80 mL hexane; Fraction II, 50 mL hexane; Fraction III, 15 mL methylene chloride; concentration 1 is 0.5 ng per column for 
BHCs, heptachlor, aldrln, heptachlor epoxide, endosulfan l; 1.0 fig per column for dieldrin, endosulfan II, 4,4'-DDT, endrin aldehyde, 4,4'-DDD, 4,4'-DDE, 
endrin, and endosulfan sulfate; 5 fig per column for 4,4'-methoxychlor and technical chlordane; 10 fig per column for toxaphene, Aroclor 1016, and Aroclor 
1260. For concentration 2, amounts spiked are 10 times higher than for concentration 1.

6 Recovery cutoff point is 5%. Data obtained with standards dissolved in 2 mL hexane.

With the use of silica gel fractionation and the added res
olution achieved with a capillary column, all OCPs listed in 
Table 1, except toxaphene, were determined. Evaluation 
studies included only Aroclors 1016 and 1260.

Experimental 
Apparatus and Materials

(a) Glassware.— Separatory funnel, 500 mL, with Teflon 
stopcock; glass drying column, 21 cm x 4.5 cm id, plugged 
with glass wool; Kuderna-Danish evaporative flask, 500 mL, 
with 10 mL graduated concentrator tube and 3-ball macro 
Snyder column; wide-mouth amber glass bottle, 500 mL, 
with Teflon-lined screw cap; glass cleanup column, 20 cm x 
11 mm id, with 200 mL reservoir and Teflon stopcock.

(b) Water bath. — With concentric ring cover; heat to 98 ± 
2°C.

(c) Sonicator. — Model W-3 7 5 (Heat Systems Ultrasonics, 
Inc.).

(d) Gas chromatograph. — Equipped with constant-current 
pulsed-frequency electron-capture detector and data system. 
Operating conditions: injection port 225°C; detector 350°C; 
flow rates for carrier (helium at 16 psi for DB-5 column and 
nitrogen at 20 psi for SPB-608 column) and detector make
up gas (nitrogen) at 30 mL/min; splitless mode with splitless 
valve on for 30 s.

(e) GCcolumns.—(1) DB-5 fused-silicacapillary column, 
30 m x 0.25 mm id (J&W Scientific Inc., Folsom, CA), film 
thickness 0.25 /¿m. Temperature program: initial 100°C, hold 
2 min, programming rate 1, 15°C/min (100°C to 160°C); 
programming rate 2, 5°C/min (160°C to 270°C). (2) SPB-608 
fused-silica capillary column, 30 m x 0.25 mm id (Supelco 
Inc., Bellefonte, PA), film thickness 0.25 /mi. Temperature 
program: initial 160°C, hold 2 min, programming rate 5°C/ 
min (160°C to 290°C), hold 1 min at 290°C.

(f) Autosampler.—V  arian Model 8000,2 pL injection vol
ume.

(g) Glass wool.— Pyrex Fiberglas sliver, 8  pm. Soxhlet- 
extract overnight with methylene chloride.

Reagents
(a) Solvents. — Methylene chloride, hexane, acetone, tol

uene, 2 -propanol; all pesticide grade, distilled in glass.
(b) Sodium sulfate. — ACS grade, granular, anhydrous. Pu

rify by heating 4 h at 400°C in shallow tray.
(c) Deactivated silica gel. — 3.3%. Activate silica gel PR 

grade (Davidson 923, 100-200 mesh, Supelco Inc., Belle
fonte, PA) 16 h at 130°C. Deactivate adsorbent by adding
3.3 mL water to 96.7 g activated silica gel. Equilibrate 6  h 
after addition of water. Store in tightly capped glass con
tainer; do not keep for more than 1 week. Suitability test: 
Using procedure outlined in Silica Gel Cleanup, load test 
column with 2 mL standard in hexane and collect 3 fractions: 
elute Fraction I with 80 mL hexane, Fraction II with addi
tional 50 mL hexane, and Fraction III with 15 mL methylene 
chloride. Concentrate fractions and determine percent re
covery. Recoveries should be >70%, and elution patterns 
should match those given in Table 2. Report results of test 
column with all samples that were cleaned up with a given 
batch of silica gel.

(d) Tetrabutyl ammonium sulfite reagent. — Extract solu
tion of 3.39 g (0.01 mol) tetrabutyl ammonium hydrogen 
sulfate in 100 mL water with three 20 mL portions of hexane 
(to remove impurities), and then add 25 g anhydrous sodium 
sulfite (analytical grade).

(e) Pesticide and PCB standards. — Obtain from U.S. EPA 
Quality Assurance Materials Bank, Research Triangle Park, 
NC, or from manufacturers; use without further purification 
(purity > 98%). Prepare stock solutions at 2000 ng/pL in 
toluene-hexane (1 + 1) for all compounds listed in Table 1 
except methoxychlor and PCBs. Prepare methoxychlor stan
dard in methylene chloride at 5000 ng/pL and PCB standards 
in hexane at 2500 ng/juL. Prepare mixture of all OCPs in
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hexane at 0.05 ng/gL, 0.1 ngAiL, and 0.5 ng/^L for GC cal
ibration. Store solutions at 4°C in the dark.

Sample Collection
Liquid waste was collected from a pesticide waste storage 

facility at a California agricultural field station. This waste 
contains high concentrations of organics (total organic car
bon, 520 mg/L; total organic halogen, 30 mg/L).

The standard reference material is identified as NBS SRM- 
1645. According to the National Bureau of Standards, the 
material was dredged from the bottom of the Indiana Harbor 
Canal near Gary, IN. The material was screened to remove 
foreign objects, freeze-dried, sieved (particle size < 180 fim), 
and sterilized by radiation to minimize biological activity. 
Physicochemical characterization of the NBS SRM-1645 is 
given by Lopez-Avila et al. (17).

Sandy loam was obtained from Soils Inc., Puyallup, WA, 
and had the following physicochemical characteristics: pH
5.9-6.0; 89% sand, 7% silt, 4% clay; cation exchange capacity,
7.5 meq/100 g; total organic carbon content, 1290 ± 185 
mg/kg.

Sample Extract Preparation
Extract 300 mL liquid sample at neutral pH in separatory 

funnel with 60 mL methylene chloride. Repeat extraction 
twice. Combine extracts, dry by passing through column of 
anhydrous sodium sulfate, and concentrate in Kudema-Dan- 
ish evaporator to less than 10 mL. Add 50 mL hexane to 
concentrate, and reevaporate until volume is reduced to 30 
mL.

Weigh 30 g soil or sediment and place in wide-mouth 
bottle. Extract sample with 60 mL hexane-acetone (1 + 1 ) 
by sonicating 3 min. Repeat extraction twice, each time for 
3 min and with fresh portions of hexane-acetone (1 + 1). 
Combine extracts, dry by passing through column of anhy
drous sodium sulfate, and concentrate in Kudema-Danish 
evaporator to less than 10 mL. Add 50 mL hexane to con
centrated extract and reevaporate until volume is reduced to 
30 mL.

Use 30-mL concentrates as follows: 2 mL for background 
analysis; spike three 6  mL portions with 1500 ng, 3000 ng, 
and 15 000 ng, respectively, with OCPs listed in Table 1 and 
with 15 000 ng, 30 000 ng, and 150 000 ng each of Aroclor 
1016 and 1260. Keep 10 mL as backup material. Do not 
spike all 7 PCB mixtures listed :n Table 1, because method 
does not allow quantitation of all PCBs in the presence of 
OCPs. Spike only Aroclor 1016 and Aroclor 1260 together 
with OCPs.

Split each spiked 6  mL extract portion into three 2 mL 
aliquots for triplicate GC analysis.

Silica Gel Cleanup
Fill 2 0  c m  x l l  mm id glass cleanup column with 3 g 

3.3% deactivated silica gel. Top column with 2-3 cm an
hydrous sodium sulfate. Rinse column with 10 mL hexane, 
and discard eluate. Quantitatively transfer sample extract (2 
mL) to prepared column and follow with several hexane 
rinses of 1-2 mL each. Elute column with 80 mL hexane at 
a rate of ca 5 mL/min. Remove collection flask and label as 
Fraction I. Elute column with additional 50 mL hexane, 
collect eluate, and label as Fraction II. Perform third elution 
with 15 mL methylene chloride (Fraction III). Concentrate 
3 fractions in Kudema-Danish evaporators. Exchange meth
ylene chloride (Fraction III) for hexane. Adjust final volume 
of each fraction to 10 mL.

Elemental Sulfur Removal
Shake hexane extract (2 mL) with 1 mL 2-propanol and 1 

mL tetrabutyl ammonium sulfite reagent for at least 1 min. 
Add ca 100 mg sodium sulfite crystals. If sodium sulfite 
disappears, add more sodium sulfite in 1 0 0  mg portions until 
solid residue remains after repeated shaking. Add 5 mL water 
and shake test tube for another 1 min. Centrifuge mixture 
and transfer hexane layer to another vial for analysis.

Gas Chromatography
Inject 1 gL aliquots into GC apparatus set up with DB-5 

fused-silica capillary column (7). Program oven as described 
under apparatus (e). Perform 3-level calibration using mul
ticomponent standards containing OCPs at 0.0125 to 0.025 
ng/gL (for low-level standard) and Aroclor 1016/1260 at0.5 
ng/gL (for low-level standard). Medium-level standard and 
high-level standards should contain OCPs or PCBs at 2 and 
5 times the concentration of low-level standards, respective
ly. Run toxaphene standards separately at 0.1 ng/gL, 0.5 ng/ 
gL, and 1.0 ng/gL. Alternate sample injections with OCP 
standards at 0.05 to 0.1 ng/gL and Aroclor 1016/1260 stan
dards at 0.5 ng/gL. Dilute samples with hexane to bring 
detector response within calibration curve. Quantitate OCPs 
by using peak areas rather than peak heights. For multicom
ponent mixtures such as PCBs and toxaphene, match reten
tion times of peaks in standards with peaks in samples. Quan
titate 6 - 8  major peaks, add peak areas, and calculate as total 
response in sample vs total response in standard. Peaks that 
were used in quantitation of PCBs are identified in Table 3. 
For toxaphene, use peaks at retention times 20.564, 22.332, 
23.675, 24.681, 26.246, and 27.322 min.

Method Precision, Accuracy, and Detection Limit
Process fortified extracts of environmental samples through 

silica gel fractionation scheme given above. Perform each 
experiment in triplicate at a minimum of 3 concentrations. 
Determine method detection limit by the procedure of Glazer 
et al. (18).

Results and Discussion 
Florisil Fractionation

Florisil fractionation was performed as recommended in 
Method 8080 (16). Separate experiments were run in dupli
cate for PCBs, toxaphene, technical chlordane, OCP group 
A (t-BHC, heptachlor, aldrin, heptachlor epoxide, endosul- 
fan I, dieldnn, endosulfan II, 4,4'-DDT, and endrin alde
hyde), and OCP group B (a-BHC, 0-BHC, 6 -BHC, 4,4'-DDE, 
endrin, 4,4'-DDD, endosulfan sulfate, and 4,4'-methoxy- 
chlor). Experimental results are presented in Table 4.

Overall recoveries are quantitative, and agreement be
tween duplicate experiments is, in most cases, excellent. 
However, the following discrepancies were found between 
our data and the recovery data given in Method 8080: (a) 
dieldrin did not elute 100% in Fraction II but was recovered 
in Fraction I as well as II, (b) more endosulfan I was recovered 
in Fraction I than in Fraction II, (c) more endosulfan II was 
recovered in Fraction II than in Fraction III, (d) endrin over
lapped in Fractions I and II, and (e) endosulfan sulfate over
lapped in Fractions II and III.

A possible explanation for these discrepancies might be 
the fact that the Florisil calcination temperature is critical 
for the Florisil adsorption properties (8 ). Difficulties in ob
taining reproducible recoveries and the overlapping of pes
ticides between fractions have also been reported by others 
(8-10).
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Table 3. Summary of retention times (min) for PCBs“

Peak
No.

Aroclor
1016

Aroclor
1221

Aroclor
1232

Aroclor
1242

Aroclor
1248

Aroclor
1254

Aroclor
1260

Pesticide eluting at same 
retention time

1 8.396
2 9.149 9.146
3 10.308 10.306
4 10.949 10.959 10.957 10.963
5 11.722 11.732 11.730 11.734
6 12.060“ 12.068 12.066 12.071
7 12.256 12.262 12.262 12.267 12.254
8 12.933 12.939 12.944
9 13.573 13.574

10 13.683“ 13.685 13.687 13.691 13.679
11 13.756 13.763 13.761 13.756 13.753
12 14.048 14.053 14.057
13 14.341“ 14.344 14.346 14.351 14.337
14 14.960 14.963 14.971 14.954
15 15.055 15.061 15.066
16 15.260“ 14.258 15.262 15.267 15.252
17 15.310 15.309 15.314 15.319 15.305
18 15.652“ 15.648 15.653 15.661 15.645
19 15.860 15.865 15.852
20 15.924 15.923 15.928 15.93 15.919 15.928 heptachlor (15.91 ± 0.008)
21 16.116 16.118 15.123 16.111
22 16.398 16.400 16.406 16.390
23 16.540“ 16.542 16.551 16.534 16.548 16.542
24 16.574
25 16.604
26 16.702 16.699 16.701 16.713 16.699 16.710 16.706
27 16.818 16.821 16.828 16.808 16.814
28 16.843 16.847 15.841
29 17.142 17.141
30 17.290 17.298 17.303 17.289 17.302 17.299
31 17.427 17.414 17.427 17.431 17.418 17.426 17.403
32 17.704 17.703 17.711
33 17.755» 17.755 17.759 17.745 17.758 17.573
34 18.048 18.048 18.055 18.040
35 18.253 18.254 18.263
36 18.356
37 18.459 18.468 18.456
38 18.555
39 18.606 18.602 18.611 18.598 18.610 heptachlor epoxide (18.60 ± 0.009)
40 18.736 18.732 18.743 18.728 18.738 18.738
41 18.881 18.875 18.886 18.868
42 18.898 18.908
43 19.147 19.150 19.136 19.147
44 19.203
45 19.503 19.500 19.514 19.498 7-chlordane (19.48 ± 0.012)
46 19.542
47 19.690 19.697 19.682
48 19.749 19.760 19.742 19.757
49 19.939 19.951 19.960 19.943 19.954 19.952 endosulfan (19.94 ± 0.010)
50 20.179 20.188 20.172
51 20.357 20.362 20.363
52 20.551 20.567 20.553 20.556 20.560
53 20.745 20.755 20.738 20.744 20.757
54 20.909 20.909 20.919 20.902 20.911 20.917 dieldrin (20.91 ± 0.008)
55 21.023
56 21.112 21.127 21.106 21.116 21.122
57 21.537 21.552 21.529 21.550
58 21.587“
59 21.751 21.750 21.752“
60 21.894 21.897 21.887
61 22.017 22.012
62 22.025 22.030
63 22.047 endosulfan II (22.05 ± 0.006)
64 22.083 22.097 22.077 22.086
65 22.426 22.428“
66 22.501 22.508
67 22.585 22.589
68 22.704 22.712
69 22.752 endrin aldehyde (22.75 ±  0.007)
70 22.927 22.936 22.922 22.930 22.935
71 23.039 23.043
72 23.073 23.085 23.071 23.069
73 23.395 23.401 23.407
74 23.486
75 23.664 23.654 23.664 23.665
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Table 3. Continued

Peak Aroclor 
No. 1016

Aroclor
1221

Aroclor Aroclor 
1232 1242

Aroclor
1248

Aroclor
1254

Aroclor
1260

Pesticide eluting at same 
retention time

76 23.758 23.758
77 23.955 23.969 23.950 23.959 23.962
78 24.060 24.066"
79 24.265 24.289
80 24.509 24.504
81 24.606 24.586 24.591 24.600
82 24.783 24.786
83 24.986 24.996
84 25.185
85 25.459 25.463»
86 25.666 25.670
87 25.857 25.841
88 26.070 26.088
89 26.241 26.247»
90 26.368
91 26.487 26.478 26.480 26.486
92 26.583
93 26.739
94 26.954
95 27.283
96 27.564 27.567 27.575»
97 27.777
98 27.898»
99 28.095

100 28.639
101 28.789
102 29.264
103 29.545
104 29.643
105 30.077 30.084»
106 30.334

* Single determinations on DB-5 column. GC operating conditions are given in the Experimental section.
“ Peak used in quantitation.

Regardless of the reproducibility of the fractionation, it is 
apparent that the Florisil fractionation method is not suitable 
for samples that contain OCPs and PCBs. PCBs appear in 
the same fraction as the bulk of the OCP compounds, but 
these 2  types of compounds need to be separated from each 
other to a larger extent to avoid cross-interference. To ex
emplify this on a real sample, we extracted a liquid waste 
and spiked the extract with known amounts of OCPs and 
Aroclors 1016 and 1260. Figures 1 and 2 show GC/EC chro
matograms of each of the 3 fractions (unspiked and spiked 
extract). Because of the complexity of this sample matrix, 
fractions were analyzed on a DB-5 capillary column; how
ever, even then spiking compounds could not be determined. 
In view of these results, we eliminated the Florisil fraction
ation scheme from further evaluation.

Silica Gel Fractionation
Silica gel fractionations were performed in triplicate at 2 

concentration levels according to a procedure developed by 
Biddleman et al. (15), with slight modifications, as detailed 
in the experimental section. Technical chlordane and toxa- 
phene fractionations were performed separately. Distribu
tion and percent recoveries of the OCPs, Aroclor 1016, Aro- 
clor 1260, technical chlordane, and toxaphene, are given in 
Table 2. Distribution patterns of OCPs and PCBs in the 3 
silica gel fractions were quite reproducible. Compounds found 
to elute in Fraction I (80 mL hexane) include heptachlor, 
aldrin, 4,4'-DDE, and the PCBs. Almost all other OCPs elute 
in Fraction III.

Total recoveries were >70%. except for technical chlor
dane at concentration 1 , with most values ranging from 80 
to 110% (Table 2). The GC/EC chromatograms of the silica

gel Fractions I, II, and III for the unspiked and spiked liquid 
waste extract are shown in Figures 3 and 4.

Evaluation of silica gel fractionation scheme with real sam
ple extracts (e.g., liquid waste, NBS SRM-1645, sandy loam) 
gave comparable results (19). Only a few compounds (4,4'-

Table4. Recoveries (% )’ of organochlorine pesticides and PCBs 
from spiked samples following Florisil fractionation

Spike
level,
Ag Fraction I Fraction II Fraction III Total

a-BHC 0.5 94; 92 9.7; 8.7 104;101
d-BHC 0.5 86; 83 10; 0 96; 83
7-BHC 0.5 76; 77 8.5; 8.1 1.5; <1.0 86; 85
5-BHC 0.5 70; 60 31; 27 101; 87
Heptachlor 0.5 75; 78 5.3; 5.8 80; 84
Aldrin 0.5 78; 80 6.0; 6.6 2.8; 3.8 87; 90
Heptachlor epoxide 0.5 79; 80 15; 15 94; 95
Endosulfan I 0.5 59; 64 29; 30 88; 94
4,4'-DDT 1.0 95; 95 8.7; 6.7 104; 102
Dieldrin 1.0 20; 24 71; 70 91; 94
Endrln 1.0 37; 43 64; 51 101; 94
Endosulfan II 1.0 60; 79 30; 15 90; 94
4,4'-DDD 1.0 93; 90 11; 10 104; 100
Endrin aldehyde 1.0 80; 90 11; 4.4 91; 94
Endosulfan sulfate 1.0 23; 23 57; 51 80; 74
4,4’-DDE 1.0 97; 93 9.6; 8.6 107; 102
4,4'-Methoxychlor 5.0 87; 84 29; 26 116; 110
Aroclor 1016 10.0 86; 76 4.6; 4.4 91; 80
Aroclor 1260 10.0 91; 78 10; 9.0 101; 87
Tech, chlordane 5.0 93; 94 9.6; 7.6 103; 102
Toxaphene 10.0 105; 108 105; 108

•N= 2 .
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Figure 1. GC/EC chromatograms of Florisil Fractions I (top), II (middle), and III (bottom) of liquid waste extract analyzed on 30 m x

0.25 mm id DB-5 fused'

DDD, a-BHC, y-chlordane) were split between fractions when 
the real samples were fractionated.

These results show that Fractions II and III may be com
bined before concentration and analysis, when the sample 
matrixes are relatively simple. However, when samples with 
complex matrixes have to be extracted, especially matrixes 
containing organic solvents, more crossover between frac-

silica capillary column.

tions may occur. In such cases, it is more advantageous to 
analyze the 3 fractions separately.

Sulfur Removal
Elemental sulfur, which may be present in extracts from 

sediments and from some industrial samples, gives GC peaks 
that mask the region of aldrin, BHCs, heptachlor, and hep-
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Figure 2. GC/EC chromatograms of Florisil Fractions I (top), II (middle), and III (bottom) of liquid waste extract spiked with OCPs 
and PCBs and analyzed on the 30 m x 0.25 mm id DB-5 fused-silica capillary column.

tachlor epoxide when the analysis is performed on the 1.5% 
OV-17/1.95% OV-210 on Chromosorb-WHP or on the 30 
m DB-5 fused-silica capillary column.

Several methods are available for the removal of sulfur 
from extracts (20-24). Shaking with 0.1-0.2 mL metallic 
mercury (2 0 ) is simple, but it does not remove all the sulfur.

Although Goerlitz and Law (20) claimed that aldrin, dieldrin, 
heptachlor, lindane, and 4,4'-DDT were not affected by mer
cury, Thompson (21) reported that recovery of heptachlor 
was only 40% when mercury was used for sulfur removal. 
Activated copper (22) and Raney nickel (23) have also been 
used to remove sulfur. Jensen and co-workers (24) used tetra-
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Figure 3. GC/EC chromatograms of silica gel Fractions I (top), II (middle), and III (bottom) of liquid waste extract analyzed on 30
m x 0.25 mm id DB-5 fused-silica capillary column.

butyl ammonium sulfite and reported recoveries >90% for 
DDT, DDD, DDE, and PCBs, and recoveries of 73-79% for 
aldrin and 7 -BHC.

We have used the Jensen et al. procedure (24) on 5 real

sample extracts fortified with OCPs and PCBs to determine 
if removal of sulfur is affected by matrix interferences and if 
OCP and PCB recoveries are acceptable (>80%). In addition 
to the real sample extracts, 3 pesticide standards were treated
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Figure 4. GC/EC chromatograms of silica gel Fractions I (top), II (middle), and III (bottom) of liquid waste spiked with OCPs and 
PCBs and analyzed on 30 m x 0.25 mm id DB-5 fused-silica capillary column.

with the tetrabutyl ammonium sulfite reagent to determine 
compound recovery in the absence of matrix interferences.

Results are presented in Table 5. Examination of the gas 
chromatograms showed that sulfur was removed quantita
tively regardless of the matrix; therefore, this procedure is 
recommended for incorporation into the revised method pro

tocol. Endrin aldehyde recovery was only about 10%, pos
sibly because of the presence of sulfite.

Capillary GC
T he G C  retention  tim es o f  18 O C P s on  the D B -5  and the

S P B -608  fu sed -silica  capillary  co lu m n s are presen ted  in  T a-
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Figure 5. Distribution of average recoveries for endrin (top), 
endosulfan sulfate (middle), and Aroclor 1260 (bottom)for revised 

Method 8080.

ble 6 . Toxaphene is not included because of its multipeak 
response. Aroclor mixtures have been analyzed individually 
on the DB-5 column; retention times of individual chlori
nated biphenyls in these mixtures are given in Table 3.

We have indicated in Table 3 which of the OCPs elute at 
the same retention times as some of the components of the 
Aroclor mixtures. Of the 6  OCP peaks that overlap with PCB 
component peaks, only heptachlor and 7 -chlordane are of 
concern, because the other 4 compounds are separated from 
PCBs during the silica gel chromatography step. The hep
tachlor peak overlaps with a PCB peak eluting at 15.91 ± 
0.008 min (present in 6  of the 7 PCB mixtures), and the
7 -chlordane peak overlaps with a PCB peak eluting at 19.48 ± 
0.012 min (present in 4 of the 7 PCB mixtures).

Table 5. Recoveries (%) of OCPs and PCBs following reaction 
of standards8 with tetrabutyl ammonium sulfite

Compound Without sulfur added8 With sulfur added“

a-BHC 110 103
/j-BHC 106 99
7-BHC 1'2 108
ö-BHC 100 86
Heptachlor 103 97
Aldrin 104 99
Heptachlor epoxide 107 101
7-Chlordane 98 100
Endosulfan 1 108 106
4,4’-DDE and Dieldrin 91 103
Endrin 87 89
Endosulfan II 99 99
4,4'-DDD 103 106
Endrin aldehyde 10 8
Endosulfan Sulfate 64 93
4,4'-DDT 86 90
4,4'-Methoxychlor 85 68
Toxaphene S3 83
Aroclor 1016 1C8 88
Aroclor 1260 87 68

* Average of 2 determinations. 
0 Single determination.

Method Performance
Method performance, as used here, includes the method 

precision, accuracy, and detection limit. To determine meth
od precision and accuracy, clean hexane and extracts of en
vironmental samples (a liquid waste, an NBS sediment SRM- 
1645, and a sandy loam soil sample) were spiked with OCPs 
listed in Table 1 (except toxaphene), with Aroclor 1016, and 
with Aroclor 1260 at 3 concentrations (0.25, 0.5, and 2.5 ng/ 
,uL for the OCPs and 2.5, 5.0, and 25 ng//aL for PCBs) and 
were processed through the method. Because of interference,
5-BHC, endosulfan II, and 4,4'-DDD could not be deter
mined in the liquid waste when spiked at concentrations 1 

and 2 , endrin aldehyde could not be determined in the liquid 
waste at any of the 3 spike levels, and 4,4'-methoxychlor 
could not be determined in the NBS SRM-1645 when spiked 
at concentration 1. Spiked extracts rather than actual spiked 
samples were used in the determination of method precision 
and accuracy, because Method 8080 addresses only the GC 
analysis, including the extract cleanup step. Sample extracts 
were prepared according to procedures given in the 3500 
series methods (16).

To summarize the significance of the results presented in 
Table 7, the interquartile ranges (defined by the data ranked 
within 25 to 75% of the total number of data points) of the 
average percent recoveries (method accuracy) and the rela
tive standard deviations (RSD) (method precision) have been 
calculated. The interquartile range for method accuracy is
83-99% and for method precision is 5.4-14%.

No patterns between recovery and concentration of the 
OCPs and PCBs or the matrix were observed. Percent re
covery of each compound as a function of matrix, for each 
of the 3 concentrations was plotted, but no trends were found. 
Figure 5 shows in a bar graph format how the recoveries of 
endrin, endosulfan sulfate, and Aroclor 1260 vary with com
pound concentration for each of the 4 matrixes. Likewise, 
RSDs of recoveries were plotted as a function of concentra
tion for each of the 4 matrixes (Figure 6 ).

The method detection limits (MDL) are presented in Table
8 . They were determined by subjecting 7 distilled water and 
7 sandy loam soil samples containing the test compounds to 
the entire analytical process. Blank measurements for the 
distilled water and sandy loam soil were performed in trip-



LOPEZ-AVILA ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 2, 1988) 3 8 5

Table 6. Summary of retention times (min) for organochlorine 
pesticides on fused-silica capillary columns9

Compound
No. Name DB-5“ SPB-608“

1 a-BHC 12.29 ± 0.010 9.46
2 /3-BHC 13.13 ±  0.009 11.33
3 7-BHC 13.37 ± 0.011 10.97
4 5-BHC 14.14 ± 0.011 12.73
5 Heptachlor 15.91 ± 0.008 12.46
6 Aldrin 17.16 ± 0.009 13.76
7 Heptachlor epoxide 18.60 ± 0.009 15.98
8 7-Chlordane 19.48 ± 0.012 16.70
9 Endosulfan I 19.94 ±  0.010 17.40

10 4,4'-DDE 20.83 ±  0.008 18.36
11 Dieldrin 20.91 ± 0.008 18.60
12 Endrin 21.71 ±  0.007 19.96
13 Endosulfan II 22.05 ±  0.006 20.69
14 4,4'-DDD 22.38 ±  0.008 20.53
15 Endrin aldehyde 22.75 ±  0.007 21.90
16 Endosulfan Sulfate 23.64 ± 0.008 22.54
17 4,4'-DDT 23.79 ± 0.008 21.72
18 4,4'-Methoxychlor 25.94 ± 0.007 24.90

*GC operating conditions are given in the Experimental section. Toxaphene 
and PCBs are not included because of their multipeak response.

“ Values for DB-5 column are average retention time ± SD of 10 replicate 
determinations.

0 Single determination.

licate. MDLs were computed from the SD of the 7 replicates 
and the Student’s t value for a one-tailed test at the 99% 
confidence level (6 degrees of freedom). For water samples, 
MDLs ranged from 0.02 to 0.09 pg/L for OCPs and from 
0.5 to 0.9 ;ug/L for PCBs. When using a 2 /uL aliquot of a 10 
mL extract (after silica gel fractionation) obtained from 1 L 
of water containing the test compounds, the amounts injected 
onto the GC column ranged from 4 to 18 pg for OCPs and 
from 100 to 180 pg for PCBs. For soil samples, MDLs ranged 
from 1 to 6 mg/kg for OCPs and from 60 to 70 ¿¿g/kg for 
PCBs. When using a 2 nL aliquot of a 10 mL extract (after 
silica gel fractionation) obtained from 10 g soil sample con
taining the test compounds, the amounts injected onto the 
GC column ranged from 2 to 12 pg for OCPs and from 120 
to 140 pg for PCBs. These amounts are sufficient for iden
tifying the compounds, since our low-level calibration stan
dard contains 12.5 to 25 pg/^L for OCPs and 500 pg//uL for 
PCBs, and we usually inject 2 pL.

Detection limits lower than those given in Table 8 may be 
achievable with larger samples (typical sample volume for 
aqueous samples is 1 L; typical wet sample weight for solids 
is 10 g) and by concentrating the extracts to 0.5 mL instead 
of 10 mL. Except for heptachlor epoxide and endosulfan 
sulfate, our detection limits are higher than those reported 
for EPA Method 608 (1) because the final volume of the 
silica gel fractions was 10 mL. However, no interfering peaks 
coeluted with any of the test compounds to require back
ground correction, and Aroclors 1016 and 1260 were mea
sured in the presence of OCPs. Recoveries in the range of
58-134% were achieved for water samples, and they were 
similar to those measured at higher concentrations. In the 
case of the sandy loam soil sample, OCPs recoveries were 
lower (15-47%), probably because of sorption onto soil.

The revised Method 8080 presented here has been eval
uated in a single laboratory with a few relevant liquid and 
solid wastes. However, the revised method should be eval
uated in a number of different laboratories and with addi
tional samples. This will help identify the applicability range 
and the limitations of the method and will define the inter
laboratory method performance.

Endrin
(3 Replicates)

2 8 -

c* 2 6 -  
c

I ------ '  1 'i ™------ 1/- t  N, V. -------\ * Í \ X.i
Hexane L iqu id  NBS Soil

E ndosulfan  Sulfate

PCB-1260

Z Z \ 0.25 ng/jd. I53  0.5 ng/fd. E 2  2.5 ng/i±

Figure 6. Distribution of relative standard deviations of average 
recoveries for endrin (top), endosulfan sulfate (middle), and Ar- 

oclor 1260 (bottom) for revised Method 8080.

When the revised Method 8080 is applied to samples that 
have not been previously characterized, confirmation of 
compounds identified in the sample may be required. Al
though the revised Method 8080 specifies a second capillary 
column for confirmation, additional work should be per
formed to determine the reliability of the identification ob
tained by the multicolumn technique. Determination of the 
OCPs and PCBs by gas chromatography/mass spectrometry 
(GC/MS) is an alternative that does not require fractionation 
of the extract by silica gel chromatography (3). With the GC/ 
MS method, however, PCBs are identified and measured by 
level of chlorination. Furthermore, detection limits compa
rable to those obtained by using electron-capture detector 
may be difficult to achieve.
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Table 7. Recoveries (%) of Method 8080 compounds from various spiked extracts of environmental samples
Hexane* Liquid waste extract*

Compound Concn 1 Concn 2 Concn 3 Concn 1 Concn 2 Concn 3

a-BHC 83 ± 16 (19) 106 ± 6.8 (6.4) 91 ± 4.6 (5.1) 96 ±  7.0 (7.3) 97 ± 3.5 (3.6) 79 ± 10 (13)
/3-BHC 86 ±  15 (17) 110 ± 10 (9.5) 98 ± 2.0 (2.1) 92 ± 10 (11) 100 ± 4.0 (4.0) 90 ± 3.1 (3.4)
y-BHC 85 ± 15 (18) 108 ± 11 (10) 99 ± 2.3 (2.3) 91 ± 10 (11) 100 ±  5.5 (5.5) 90 ± 4.0 (4.4)
5-BHC 87 ± 12 (14) 109 ±  12 (11) 97 ± 1.6 (1.6) 0 90 ± 11 (8.8)
Heptachlor 79 ± 11 (13) 94 ± 9.5(10) 83 ± 6.6 (7.9) 89 ±  14 (15) 94 ± 10 (11) 90 ± 11 (12)
Aldrin 88 ± 11 (13) 107 ± 9.5 (8.9) 89 ± 4.2 (4.7) 96 ± 8.9 (9.3) 98 ± 9.4 (9.6) 92 ± 9.2(10)
Heptachlor epoxide 94 ± 6.7 (7.1) 109 ± 14 (13) 100 ± 23 (23) 111 ± 17 (15) 109 ± 14 (13) 89 ± 4.1 (4.6)
7-Chlordane 94 ± 13 (14) 110  ±  11 (10) 91 ±1 .2  (1.3) 100 ± 8.5 (8.5) 103 ± 2.5 (2.4) 95 ± 8.0 (8.4)
Endosulfan 1 89 ± 12 (14) 108 ± 13 (12) 99 ± 2.3 (23) 95 ± 6.5 (6.8) 100 ± 12  (12 ) 88 ±  3.8 (4.3)
4,4'-DDE 92 ± 13 (14) 107 ± 15 (14) 89 ± 4.5 (5.0) 119 ± 11 (8.9) 113 ±  2.5 (2.2) 95 ± 16 (17)
Dieldrin 89 ± 12 (14) 112 ± 13 (12) 102 ± 1.5 (1.5) 88 ±  3.2 (3.6) 86 ±  9.2 (11) 82 ± 4.3 (5.3)
Endrin 66 ±  11 (17) 65 ± 10 (16) 64 ± 8.3(13) 101 ±  5.9 (5.8) 90 ±  10 (11) 65 ± 3.1 (4.7)
Endosulfan II 86 ± 7.9 (9.2) 111 ±  14 (13) 101 ± 0.6 (0.6) 6 6 79 ±  7.1 (9.0)
4,4'-DDD 89 ± 12 (14) 110 ± 9 8(8.9) 97 ± 1.7 (1.8) 0 b 76 ± 16 (21)
Endrin aldehyde 83 ± 8.3(10) 102 ± 19 (19) 95 ± 3.0 (3.2) 6 b b

Endosulfan sulfate 91 ±  5.2 (5.7) 112 ± 21 (19) 104 ± 2.5 (2.4) 132 ± 17 (13) 127 ±  22 (17) 83 ± 4.0 (4.8)
4,4'-DDT 74 ± 19 (26) 88 ± 13 (15) 73 ± 5.8 (8.0) 101 ± 23 (23) 83 ±  11 (13) 88 ± 18 (2 1)
4,4'-Methoxychlor 98 ± 2.6 (2.7) 104 ± 18 (17) 104 ± 3.2 (3.1) 49 ± 14 (29) 58 ± 9.3 (16) 75 ±  4.6 (6.1)
Aroclor 1016 94 ±  14 (15) 93 ±  6.5 (7.0) 93 ±  2.0 (2.2) 114 ± 6.0 (5.3) 122 ±  10 (8.3) 118 ± 9 8(8.3)
Aroclor 1260 92 ± 12 (13) 87 ± 15 (17) 78 ± 4.0 (5.1) 99 ± 4.6 (4.6) 102 ±  4.7 (4.6) 100 ± 18 (18)

NBS SRM-1645 extract* Sandy loam soil extract*

Concn 1 Concn 2 Concn 3 Concn 1 Concn 2 Concn 3

a-BHC 73 ± 2.1 (2.9) 75 ± 6.0 (8.0) 76 ± 5.6 (7.3) 86 ±  9.5(11) 87 ±  4.9 (5.7) 89 ±  2.5 (2.8)
/3-BHC 88 ±  4.1 (4.7) 94 ±  3.0 (3.2) 92 ±  7.1 (7.7) 94 ±  8.4 (8.9) 90 ±  4.1 (4.5) 93 ±  5.0 (5.4)
7-BHC 83 ±  3.0 (3.6) 89 ±  4.1 (4.6) 93 ±  8.1 (8.7) 92 ±  11 (12) 91 ±  3.0 (3.3) 95 ±  4.6 (4.8)
¿-BHC 85 ±  4.6 (5.4) 92 ±  5.2 (5.6) 94 ±  8.7 (9.3) 94 ±  12 (13) 89 ±  3.6 (4.1) 93 ±  6.1 (6.5)
Heptachlor 53 ±  10 (19) 70 ±  7.7(11) 88 ±  4.1 (4.7) 89 ±  9.6(11) 83 ±  8.7(11) 79 ±  17 (21)
Aldrin 69 ±  3.6 (5.2) 65 ±  4.6 (7.1) 72 ±  1.0 (1.4) 9 9  ±  4.4 (4.4) 88 ±  2.0 (2.3) 82 ±  12 (15)
Heptachlor epoxide 91 ±  4.9 (5.4) 91 ± 5.7 (6.3) 93 ±  8.6 (9.2) 96 ±  11 (11) 90 ±  4.6 (5.1) 94 ±  6.6 (7.0)
7-Chlordane 77 ± 5.3 (6.9) 81 ± 4.9 (6.1) 85 ± 1.0 (1.2) 100 ± 8.3 (8.3) 93 ±  3.0 (3.2) 87 ± 11 (13)
Endosulfan I 85 ± 5.5 (6.5) 88 ± 5.1 (5.8) 91 ± 9.1 (10) 95 ± 10 (11) 89 ± 5.3 (5.9) 93 ±  7.5 (8.1)
4,4'-DDE 75 ±  5.3 (7.1) 76 ±  7.1 (9.3) 84 ±  1.0 (1.2) 105 ±  14 (13) 93 ±  5.6 (6.0) 82 ±  11 (13)
Dieldrin 92 ±  8.6 (9.4) 85 ±  9.4 (11) 94 ±  10 (11) 113 ±  12 (11) 99 ±  4.6 (4.6) 93 ±  8.2 (8.8)
Endrin 100 ±  9.5 (9.5) 87 ±  6.4 (7.3) 76 ±  9.9(13) 74 ±  5.6 (7.5) 60 ±  7.6(13) 47 ±  11 (24)
Endosulfan II 80 ±  7.4 (9.2) 81 ±  4.5 (5.5) 91 ±  12 (13) 97 ±  14 (14) 86 ±  6.7 (7.8) 89 ±  11 (12)
4,4'-DDD 106 ±  6.4 (6.0) 85 ±  3.1 (3.6) 90 ±  7.2 (8.0) 103 ±  9.6 (9.3) 88 ±  7.8 (8.9) 90 ±  7.8 (8.6)
Endrin aldehyde 70 ±  5.7 (8.2) 71 ±  9.2(13) 88 ±  12 (14) 86 ±  11 (13) 82 ±  7.6 (9.3) 73 ±  20 (28)
Endosulfan sulfate 75 ± 8.7(12) 86 ±  5.0 (5.8) 72 ± 11 (15) 112 ± 19 (17) 91 ± 13 (14) 88 ± 11 (13)
4,4'-DDT 54 ± 13 (24) 61 ± 7.9(13) 76 ±  2.5 (3.3) 107 ±  25 (23) 83 ±  5.3 (6.5) 64 ±  14 (21)
4,4'-Methoxychlor 0 9 9  ±  17 (17) 92 ±  17 (19) 91 ±  14 (15) 89 ±  9.6(11) 86 ±  14 (16)
Aroclor 1016 104 ±  9.0 (8.7) 104 ±  2.5 (2.4) 102 ±  4.6 (4.5) 90 ±  15 (17) 92 ±  4.5 (4.9) 85 ±  10 (12)
Aroclor 1260 92 ±  9.5(10) 95 ±  7.5 (7.9) 91 ±  4.0 (4.4) 99 ±  6.8 (6.9) 89 ±  8.9(10) 85 ±  13 (15)

Concn, ng//xL extract 0.25 0.5 2.5 0.25 0.5 2.5
No. of detns 3 3 3 3 3 3

•Triplicate determinations; value in parentheses is relative standard deviation. 
“ Unable to determine recovery because of interferences.
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Table 8. Method 8080 detection limits (MDL) for distilled water 
and sandy loam soil9

Compound

Distilled water Sandy loam soil
EPA Method 608 

(water)

MDL.
M9/L

Av.
ree.,
%

MDL.
Mg/kg

Av.
ree.,
%

MDL,
Mg/L

Av.
ree.,
%

a-BHC 0.035 70 1.9 15 0.003 99
0-BHC 0.023 89 3.3 42 0.006 97
y-BHC 0.025 91 2.0 38 0.004 103
S-BHC 0.024 90 1.1 42 0.009 91
Heptachlor 0.040 81 2.0 38 0.003 91
Aldrin 0.034 63 2.2 26 0.004 84
Heptachlor epoxide 0.032 88 2.1 41 0.083 153
y-Chlordane 0.037 58 1.5 32 0.014 99
Endosulfan 1 0.030 90 2.1 41 0.014 72
4,4'-DDE 0.058 84 2.5 46 0.004 96
Dieldrln 0.044 96 — 0.002 100
Endrin 0.039 88 3.6 38 0.006 101
Endosulfan II 0.040 92 2.4 45 0.004 97
4,4'-DDD 0.050 96 4.2 40 0.011 100
Endrin aldehyde 0.050 76 1.6 29
Endosulfan sulfate 0.035 95 3.6 47 0.066 81
4,4'-DDT 0.081 85 3.6 46 0.012 99
4,4'-Methoxychlor 0.086 134 5.7 48 6 b
Aroclor 1016 0.54 89 57 117 b b

Aroclor 1260 0.90 92 70 104 b b

* Spiking levels are as follows: distilled water—0.1 ¿¡g/L for OCPs, 1.0 ng/L 
for PCBs; sandy loam soil— 10 ^g/kg for OCPs, 100 r»g/kg for PCBs.

“ Not available.

Use of internal standards and surrogate spiking com
pounds needs to be investigated in future studies. Much of 
the variability inherent to trace analysis in difficult samples 
can be reduced by the use of internal standards. Likewise, 
surrogate spiking compounds can provide recovery infor
mation for each sample. These surrogate spiking compounds 
should be selected so that they will elute into each of the 3 
fractions collected from the silica gel column.
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DRUGS

Simple Determination of Ranitidine in Dosage Forms by In-Phase Selective AC Polarography

JUAN A. SQUELLA, LUIS A. ZUÑIGA, IGOR LEMUS, and LUIS J. NUÑEZ-VERGARA
U n iver s id a d  d e  C h ile , F a c u lta d  d e  C ie n c ia s  Q u ím ic a s  y  F a rm a cé u tica s , P O  B o x  2 3 3 , S a n tia g o  1, C h ile

A new AC polarographic method for the determination of pharma
ceutical forms of ranitidine is proposed, based on the electroactivity 
of the ranitidine nitro group. Individual and composite assays as well 
as recovery studies are described. Results show adequate precision 
and accuracy. Sample preparation is easy and no excipient separation 
is required.

3 H C \  r - ,  / NH—CH3
N ~C H ~-C  V C H ^ S - O L - N H - C/  2 \ n/  2 2 ^ ,

3 h c 7  0 c h - n o 2

Figure 1. Structure of ranitidine.

Ranitidine is a well-known antiulcerous drug which inhibits 
acid and pepsin secretion by reducing gastric secretion vol
ume (1-4). Pharmacokinetic studies in humans indicate that 
the plasma concentration is directly proportional to dosage. 
Its half life ranges between 157 and 187 min. The bioavail
ability is higher than 50% and the plasma fraction binding 
to protein lies between 9.8 and 18.9%.

Several analytical procedures, such as spectrophotometry, 
nuclear magnetic resonance, and liquid chromatography (3,4), 
have been described. Recently, electroanalytical techniques, 
specifically polarography, have been considered an important 
tool in pharmaceutical analyses (5-7). The principal advan
tage of this technique in formulation analysis is that exci
pients do not interfere to as great an extent as they do with 
other methods. We propose a new AC polarographic method 
for ranitidine in dosage forms.

METHOD
Apparatus and Reagents

(a) S p ectro p h o to m eter. — Beckman DB UV-Vis, with 1 cm 
quartz cells.

(b) P o la ro g ra p h .—Tacussel assembly operated in AC 
mode, essentially the same as described earlier (8). (In DC 
and DPP mode, the Tacussel assembly consisted of an EPL-3 
recorder equipped with a TI-PULS module.) Operating con
ditions: potential scan rate 10 mV/s; drop time 1 s; frequency 
of superimposed AC signal 20 Hz; amplitude 10 mV; phase 
angle 0°; pulse amplitude (DPP) 60 mV.

(c) P ola ro g ra p h ic  cell. —Tacussel CPRA measuring cell 
with dropping mercury electrode, platinum wire counter elec
trode, and saturated calomel reference electrode (SCE).

(d) M c llv a in e  bu ffer.— Dissolve 14.7 g Na2H P04 -12H20  
and 16.7 g citric acid monohydrate in double-distilled water 
and then dilute to 1 L. Adjust to pH 3.0.

(e) S ta n d a rd  so lu tio n s .— Accurately weigh 350.9 mg ran
itidine hydrochloride standard (Laboratorio Sanitas, Santia
go, Chile); dissolve and dilute with double-distilled water to 
100 mL (concentration = lOmM).

(f) S o lu tio n s  f o r  ca lib ra tion  cu rve .—P olarograph y: Accu
rately dilute standard solution with Mcllvaine buffer to ob
tain solutions ranging from 0.1 to ImM. S p ec tro p h o to m etry :  
Accurately dilute standard solution with Mcllvaine buffer to 
obtain solutions with concentrations ranging from 0.015 to 
0.035mM.

(g) S y n th e tic  sa m p le s .— Prepare excipient powders for re
covery studies according to manufacturer’s batch formulas 
for 150 mg ranitidine.

Received March 13, 1987. Accepted June 28, 1987.

Spectrophotometry
Dissolve amount of sample containing ca 150 mg raniti

dine in 100 mL Mcllvaine buffer. Take 1 mL and then dilute 
200-fold with same buffer. Measure absorptivity at 313 nm, 
using Mcllvaine buffer as blank. Calculate concentration from 
standard calibration curve.

Polarography
Dissolve amount of sample containing ca 150 mg raniti

dine in 100 mL Mcllvaine buffer. Take mL and then dilute
10-fold with same buffer.

Transfer no less than 10 mL solution to dry polarographic 
cell and degas by bubbling nitrogen through solution 5 min. 
Scan sample solution at least twice from -0 .5  to -0 .9  V. 
Calculate mg ranitidine in sample solution from prepared 
standard calibration curve.

Results and Discussion
Ranitidine (Figure 1) exhibits an AC polarographic peak 

characteristic of the 4-electron reduction of the nitro group. 
Two minor peaks are also observed, probably due to the 
reducible protonated hydroxylamine and other protonated 
related structures. A typical AC polarogram for ranitidine 
is shown in Figure 2. The reduction of the nitro group is

Figure 2. AC polarogram of pH 3 ranitidine solution, 0.5 mM.
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Figure 3. Dependence of peak potential of ranitidine on pH at
25°C.

irreversible and shows a strong dependence between pH and 
peak potential (Figure 3). The breaks in the straight line 
behavior at approximately pH 2.7 and pH 8.2 are in accord 
with the pK values described (9) for ranitidine. In spite of 
the above dependence, the peak height is practically unaf
fected by pH changes (between pH 2.5 and 12.0).

To obtain better dissolution conditions and polarographic 
resolution, pH 3 Mcllvaine buffer is preferred. Under these 
conditions, a linear correlation between the square root of 
the mercury column height with the limiting current is found. 
The temperature coefficient is better than 2%/°C. The above 
experiments confirm that the electrode process is diffusion- 
controlled, limited by the diffusion of the ranitidine molecule 
to the electrode surface.

The peak height shows a good correlation with ranitidine 
concentration; it is possible to reach a detection limit of 7 x 
10_4mM, determined as 2 times noise level. For the quan
titative determination, the calibration curve method was used. 
This curve is described by the following equation obtained 
by the least square linear regression method:

ipOuA) = -0.087 + 1316.21C (M)

(correlation coefficient 0.996, n = 19, concentration range 
0 .1-lmM, pH 3, and 25°C), where ip = peak current and 
C = ranitidine concentration. To obtain comparative results, 
we also applied a UV spectrophotometric method, based on 
the ranitidine absorption band at 313 nm (pH 3). The rela
tionship between absorptivity and drug concentration is lin
ear. For analytical determinations a calibration curve was 
used. This curve for ranitidine concentrations between 0.015

Table 2. Composite analyses of ranitidine samples9

Polarography, mg Spectrophotometry, mg

146.1 142.3
149.7 156.2
147.9 148.5
150.6 147.4
151.5 148.9
147.9 149.2

Av. 149.0 148.8
SD (n -  1) 2.0 4.5

* Each sample contained 319.3 mg of powdered material (average weight of 
10 tablets).

and 0.035mM, obtained by the least square linear regression 
method, is:

A = 0.044C Otg/mL) + 0.019

(correlation coefficient 0.988, n = 10), where A = absorbance 
of ranitidine solutions at 313 nm and C = ranitidine con
centration.

Table 1 shows the recoveries from synthetic samples by 
both methods. Average recovery of 99.9% (SD 1.0) indicates 
optimal accuracy for the method developed. There were no 
significant differences between recovery results obtained by 
both methods; however, the polarographic technique pro
vides better precision. Table 2 shows composite analyses with 
similar accuracy for both methods and better precision for 
the polarographic one. In Table 3, for individual tablet assays 
similar conclusions can be asserted. Comparison between the 
ranitidine content in 2 different pharmaceutical forms (Table
3) are in accord with accepted standards.

The proposed method proved to have adequate precision 
and accuracy to carry out reliable analyses of raniditine. No 
preparation of the sample is required before polarographic 
analysis; excipients present both in the tablets and in injec
tion forms do not interfere in the analyses. Excessive dilution 
of the pharmaceutical forms prior to polarographic analysis 
is not required. With these characteristics, the polarographic 
method can be a useful alternative analysis of pharmaceutical 
forms of ranitidine.

Acknowledgments
This research was supported by grant No. 1007 of the 

Fondo Nacional de Ciencias and a grant of the D.I.B., Uni
versity of Chile. Furthermore, the authors express their grat
itude to Claudio Telha M. for his assistance in writing this 
paper.

Table 1. Recovery of ranitidine from synthetic samples9
Spectrophotometry Polarography

Found, mg Rec., % Found, mg Rec., %

151.4 100.9 147.0 98.0
148.4 98.9 149.0 99.3
149.3 99.5 151.0 100.7
143.5 95.7 150.0 100.0
149.3 99.5 149.0 99.3
148.3 98.9 152.0 101.3
151.6 101.1 150.0 100.0
154.9 103.3 152.0 101.3
151.8 101.2 151.0 100.7
146.3 97.5 148.0 98.7

Av. 149.5 99.6 149.9 99.9
SD (n -  1) 3.2 2.1 1.6 1.0

• Each synthetic mix represents a commercially available formulation, con
taining 150 mg ranitidine.

Table 3. Individual assays9 for 2 dosage forms
Polarography, mg Spectrophotometry, mg

Tablets0 Injections' T ablets Injections

148.8 50.6 149.3 48.9
143.4 49.4 157.1 46.2
145.1 49.6 153.0 47.4
147.0 50.3 161.2 46.3
147.0 49.4 146.7 48.0
148.8 49.6 154.7 46.5

Av. 146.7 49.8 153.7 47.2
SD (n -  1) 2.1 0.5 5.2 1.1

“ Assays were performed on the same unit by both methods.
6 Ranitidine tablets (Laboratory Chile, Santiago, Chile); declared amount = 

150 mg ranitidine.
'Zantac® (Laboratory Glaxo, Santiago, Chile); declared amount = 50 mg 

per 5 mL solution.
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Liquid Chromatographic Determination of Carbenicillin and Ticarcillin in Injectable Dosage 
Forms

BARRY M OPPER
Food and Drug Administration, New York Regional Laboratory, 850 Third Ave, Brooklyn, NY 11232-1593

A reverse-phase liquid chromatographic method is described for the 
assay of carbenicillin and ticarcillin in injectable dosage forms. These 
penicillins were analyzed isocratically on an octadecyl silane column 
using a mobile phase consisting of acetonitrile-O.OlM potassium 
phosphate monobasic (12 + 88, v/v) with photometric detection at 
225 nm. Propylthiouracil was used as an internal standard. Detector 
responses were rectilinearly related to concentrations of carbenicillin 
and ticarcillin in the ranges 40 to 130 ng/mL  (r = 0.9987) and 20 to 
90 pg/mL (r = 0.9998), respectively. Using the standard additions 
method, mean recoveries of carbenicillin and ticarcillin from com
mercial powders for injection were 99.8 and 100.2%, respectively, 
with a range of 98.1-102.2%. The coefficients of variation (CV) for 
repeated determinations of total carbenicillin and ticarcillin content 
in injectables were 0.3 and 0.2%, respectively. A procedure is included 
for separating the diastereoisomers of both penicillins by ion-pairing 
reverse-phase liquid chromatography.

Official methods for the determination of the semisynthetic 
penicillins, carbenicillin and ticarcillin, are based on a tedious 
and often inaccurate microbiological agar diffusion technique
(1). These antibiotics can be more conveniently analyzed by 
reverse-phase liquid chromatography (RP-LC) (2-7, 9). Das 
Gupta and Stewart (2) used a semipolar (phenyl) column 
and an ammonium acetate mobile phase for the assay of the 
antibiotics in injectable solutions. Twomey (3) applied an 
ion-pair RP-LC system to separate carbenicillin from other 
penicillins, and to resolve the carbenicillin diastereoisomeric 
pair. Watson (4) determined ticarcillin and ticarcillin isomers 
in biological fluids by RP-LC analysis. Hoogmartens et al.
(5) used a ternary aqueous mobile phase and a C8 column to 
separate the diastereoisomers of carbenicillin and ticarcillin, 
and to monitor the epimerization of the drug. Kwan et al.
(6) , Aravind et al. (7), and Haginaka and Wakai (9) have 
described RP-LC methods for the determination of ticarcillin 
in serum and urine samples. The method of Haginaka and 
Wakai is noteworthy in that it resorts to a derivatization of 
the analyte to a colored product in order to improve on the 
sensitivity and selectivity that can be attained with methods 
using UV detection. In most of these LC methods, carben
icillin and ticarcillin tend to separate into their corresponding 
diastereoisomers. Twomey (3) has verified that the chro
matographic resolution of the isomeric carbenicillins is con-

R e c e iv e d  M a rc h  5 . 1 9 8 7 . A c c e p te d  A u g u s t  4 , 1 9 8 7 .
P r e s e n te d  in  p a r t  a t  th e  E a s te rn  A n a ly t ic a l  S y m p o s iu m , O c t.  2 0 - 2 4 ,  1 9 8 6 , 

N e w  Y o rk , N Y .

trolled by the pH of the mobile phase, and that at precisely 
pH 3.35, the 2 isomers will coelute as a single peak in about 
10 min. Attempts in this laboratory to duplicate these results 
by using a commercial C,8 column resulted in 2 broad peaks, 
which exhibited considerable tailing and long retention times. 
The determination of carbenicillin and ticarcillin in inject
able dosage forms can be performed in a simple and reliable 
manner by the RP-LC method described in this paper. The 
effects of concentration of ion-pairing reagent in the mobile 
phase on the chromatographic behavior of carbenicillin and 
ticarcillin were also studied to provide 2 sets of chromato
graphic conditions that will permit these drugs to be eluted, 
depending on the need, as single peaks or as pairs of diastereo
isomeric peaks.

Experimental
Apparatus

(a) Liquid chromatograph.— Model 510 solvent pump, 
Model 481 variable wavelength detector, Model U6K injec
tor valve, and Model 730 integrating recorder (Waters Chro
matography Division, Milford, MA 01757).

(b) Column.— Stainless steel, 30 cm x 3.9 mm id, pre
packed with 10 ftm particle size /uBondapak C18 (Waters 
Chromatography Division).

Reagents
(a) Solvents.—LC grade acetonitrile and methanol.
(b) Potassium phosphate monobasic solution. — Prepare 

0.01M solution by weighing 1.361 g KH,P04 (Fisher Sci
entific Co., Fair Lawn, NJ 07410) into 1 L water; prepare 
fresh.

(c) 1-Octanesulfonic acid sodium salt solution.— Prepare 
0.02M solution by weighing 4.325 g 1-octanesulfonic acid 
sodium salt (Eastman Kodak Co., Rochester, NY 14650) into 
1 L 0.2% glacial acetic acid.

(d) Internal standard solution (IS). —Dissolve USP prop
ylthiouracil reference standard in 50% acetonitrile to obtain 
a concentration of ca 0.1 mg/mL.

(e) Carbenicillin standard preparation. —100 ¿¿g/mL. Ac
curately weigh ca 10 mg USP Carbenicillin Monosodium 
Monohydrate Reference Standard into 100 mL volumetric 
flask, add 25.0 mL IS, dilute to volume with water, and mix.

(f) Ticarcillin standard preparation. — 60 jug/mL. Accu
rately weigh ca 6 mg USP Ticarcillin Monosodium Mono-
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Figure 1. Typical chromatograms of (I) standard preparation 
and (II) sample preparation: A, carbenicillin; B, propylthiouracil

IS. See assay for conditions.
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Figure 2. Typical chromatograms of (I) standard preparation 
and (II) sample preparation: A, ticarcillin; B, propylthiouracil IS. 

See assay for conditions.

hydrate Reference Standard, and prepare in same manner as 
carbenicillin standard preparation.

(g) Mobile phase for assay. — Acetonitrile-0.01M potas
sium phosphate monobasic (12 + 88, v/v).

(h) Mobile phase for diastereoisomeric separation. — Ace- 
tonitrile-methanol-0.01M potassium phosphate monoba- 
sic-0.02M octanesulfonic acid sodium salt in 0.2% glacial 
acetic acid (12 + 7 + 41 + 40, v/v).

Sample Preparation
Constitute powder for injection in water according to man

ufacturer’s instructions. In a stepwise and quantitative fash
ion, dilute portion of constituted solution with water. Mix 
aliquot of dilution with 25 mL IS and dilute to 100 mL with 
water. Solution contains ca 60 pg/mL ticarcillin or 100 pgj 
mL carbenicillin.

Assay
Inject 20 pL each of standard preparation and sample prep

aration into chromatograph, using mobile phase flow rate of 
1 mL/min, detector set at 225 nm and 0.1 AUFS, and chart 
speed of 0.5 cm/min.

Calculations
Obtain quantity of total penicillin (as free acid) in the 

injectable sample as follows:

Total penicillin (as free acid), g =
(Ru/Rs) x C x D x (V/G)

where Ru and Rs = the ratios of peak area of penicillin to 
peak area of IS for sample preparation and standard prep
aration, respectively; C = potency of standard preparation, 
in g penicillin (as free acid)/mL; D = sample dilution factor; 
V = total volume of sample, mL; and G = volume of sample 
taken for analysis, mL.

Results and Discussion

Linearity and reproducibility. —Peak area ratios were lin
early related to concentrations of carbenicillin (as free acid) 
ranging from 40 to 130 pg/mL (r = 0.9987) and to concen
trations of ticarcillin (as free acid) ranging from 20 to 90 pg/ 
mL (r = 0.9998). The coefficients of variation (CV) for 5 
replicate injections of carbenicillin and ticarcillin standards 
were 0.59 and 0.14%, respectively. Typical chromatograms 
of carbenicillin and ticarcillin standards and commercial 
samples are shown in Figures 1 and 2.

Recovery study and assay results. — The results of recovery 
studies of carbenicillin and ticarcillin standards added to 
composites of commercial powders for injection are shown 
in Table 1. The average recoveries for carbenicillin and ti
carcillin were 99.8% and 100.2%, respectively. Table 2 pre
sents LC assay results obtained on duplicates, for commercial 
samples of carbenicillin and ticarcillin injections. These re
sults are within the potency limits set forth in the CFR (1) 
for ticarcillin (90-115% of declared) and carbenicillin (90- 
120% of declared).

Chromatographic behavior o f carbenicillin and ticarcil
lin.— Carbenicillin and ticarcillin exist as diastereoisomeric 
pairs by virtue of an existing asymmetric carbon on the side

Table 1. Recovery study of carbenicillin and ticarcillin from 
commercial injectables by standard addition method8

Amt added, Amt found, Ree., Mean ree.,
Injectable6 mg mg % %

Carbenicillin 4.973 5.053 101.6 99.8
5.007 4.912 98.1

Ticarcillin 3.217 3.288 102.2 100.2
3.780 3.716 98.3

* Prepared by spiking solution of constituted commercial samples with 
known amounts of standards.

6 Amount declared (as free acid): carbenicillin = 2 g; ticarcillin = 3 g.
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Figure 3. Typical chromatograms of resolved (I) carbenicillin 
and (II) ticarcillin diastereoisomers. Conditions as in text, except 
mobile phase is acetonitrile-methanol-0.01 M potassium phos
phate monobasic-0.02M octanesulfonic acid sodium salt in 0.2% 

glacial acetic acid (12 + 7 + 41+  40).

I—o
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Figure 4. Typical chromatograms of partially degraded peni
cillin after 24 h at room temperature: (I) A, carbenicillin, B, pro

pylthiouracil; (II) A, ticarcillin, B, propylthiouracil.

chain. Quantitative analysis of the individual isomers of ti
carcillin and carbenicillin by LC on reverse-phase columns 
has been described in several reports (2-4, 6, 7). In these 
methods, peak areas, rather than peak heights, were used for 
the determination since the chromatographic isomeric peaks 
were usually both incompletely resolved and asymmetrical. 
In addition, individual isomeric standards are unavailable, 
and the relative percentage of each isomer will vary with 
temperature due to epimerization in solution (5, 8). It is 
probably unnecessary to assay isomeric content since none 
of the diastereoisomers of carbenicillin and ticarcillin have 
been shown to have therapeutically different activities. 
Therefore, we believe that it is more precise and convenient 
to analyze total carbenicillin and ticarcillin as single, repro
ducible chromatographic peaks along with an internal stan
dard.

Table 2. Potency determination of carbenicillin and ticarcillin 
injectables

Sample*

Carbenicillin found Ticarcillin found

Mg/mg (g)‘
% of 
decl. iig/mg (g)°

% of
decl.

1 826.6 (2.308) 115.4 811.7 (3.353) 111.8
822.8 (2.297) 114.9 812.3 (3.355) 111.8

2 819.8 (2.289) 114.4 814.8 (3.365) 112.2
819.0 (2.287) 114.3 814.4 (3.364) 112.1

3 823.9 (2.300) 115.0 809.9 (3.345) 111.5
821.4 (2.293) 114.7 813.3 (3.359) 112.0

4 821.2 (2.293) 114.6 813.9 (3.362) 112.1
816.6 (2.280) 114.0 810.2 (3.346) 111.5

5 823.4 (2.299) 115.0 811.4 (3.351) 111.7
821.8 (2.295) 114.7 815.2 (3.367) 112.2

Mean 821.6 812.7
SD 2.8 1.9
CV, % 0.3 0.2

* All samples from one manufacturer and from same lot. Amount declared 
(as free acid): carbenicillin = 2 g; ticarcillin = 3 g.

“ Total grams determined by using average vial net content weight.

An initial part of the study was devoted to investigating 
the effects of varying the proportions of acetonitrile, meth
anol and 0.01M potassium phosphate monobasic in the mo
bile phase on the degree of resolution of the diastereoisomers 
of carbenicillin and ticarcillin. The incorporation of meth
anol in the mobile phase improved the resolution of the 
diastereoisomeric peaks but considerably lengthened the re
tention times. Because of this effect, methanol was excluded 
from the mobile phase recommended for potency determi
nations. The use of a mobile phase composed of acetonitrile- 
0.01M potassium phosphate monobasic (12 + 88) resulted 
in satisfactory and reproducible chromatographic peaks for 
carbenicillin (Figure 1) and ticarcillin (Figure 2).

The effect of adding an ion-pairing reagent to the mobile 
phase on chromatographic behavior was also investigated. 
As shown in Figure 3, the diastereoisomers of carbenicillin 
and ticarcillin can be readily resolved in 6 min by using a 
mobile phase consisting of acetonitrile-methanol-0.01M po
tassium phosphate monobasic-0.02M octanesulfonic acid 
sodium salt in 0.2% acetic acid (12 + 7 + 41 + 40).

The proposed method will distinguish carbenicillin and 
ticarcillin from their degradation products and related pen
icillins. For example, other types of penicillin, including 
methicillin, penicillins G and V, nafcillin, oxacillin, and di- 
cloxacillin will elute much later than the analytes of interest. 
Likewise, typical chromatograms of partially degraded so
lution of carbenicillin and ticarcillin standards, as shown in 
Figure 4, indicate practically no interference by decompo
sition products.

Conclusion
The analysis of carbenicillin and ticarcillin by the proposed 

LC method offers significant advantages over the official mi
crobiological method (1). These advantages include greater 
convenience and selectivity, less interference by related com
pounds and degradation products, and ability to monitor 
drug stability.
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INDIRECT FOOD ADDITIVES

Gas Chromatographie-Mass Spectrométrie Determination of Adipate-Based Polymeric 
Plasticizers in Foods

L A U R E N C E  C A S T L E ,  A N G E L A  J. M E R C E R ,  and J O H N  G IL B E R T
M in is tr y  o f  A gricu ltu re , F ish erie s  a n d  F ood , F o o d  S c ie n c e  L a b o ra to ry , H a ld in  H o u se , Q u een  S t, 
N o rw ich  N R 2  4 S X , U K

A method for the quantitative determination of adipate-based poly
meric plasticizers in foods is described. The procedure involves ex
traction from the food and transmethylation of the polymeric plas
ticizer to form dimethyladipate (DMA). The derivative is cleaned up 
by size-exclusion chromatography and determined by capillary gas 
chromatography-mass spectrometry with selected ion monitoring. 
The use of a deuterated internal standard at the extraction stage 
enables quantitation by stable isotope dilution. A detection limit of 
0.1 mg/kg of the polymeric plasticizer in foods and a relative standard 
deviation of 4% have been achieved routinely. The method has been 
applied successfully to the analysis of cheese, sandwiches, meat, bis
cuits, and cake that have been in contact with polymeric plasticized 
poly(vinyl chloride) films.

Conventional plasticizers are organic esters of high boiling 
point, such as di-(2-ethylhexyl)adipate (DEHA), which are 
employed in food contact materials in significant amounts 
to impart flexibility (1). These compounds have been shown 
to migrate when plasticized film is in direct contact with 
foods, particularly those of high fat content (2-5). This prob
lem has led the plastics and packaging industry to seek al
ternative plasticizers with lower migration characteristics. 
One approach to reducing migration is to increase the mo
lecular size of the plasticizer; thus, the so-called polymeric 
plasticizers have been developed (6). These are generally 
polyesters of dicarboxylic acids and glycols; a typical example 
is a co-polymer of adipic acid and 1,3-butanediol, with a 
number average molecular weight some 5 times greater than 
that of the monomeric DEHA. The polymeric plasticizers 
are intended as complete or partial replacements for DEHA 
in plasticized PVC [poly(vinyl chloride)] “cling-film,” which 
is used for a diversity of both retail and domestic food contact 
applications.
To assess migration of these polymeric plasticizers, a meth

od of analysis has been developed that is applicable to any 
adipate-based plasticizer in foods. Stable isotope dilution gas 
chromatography-mass spectrometry (GC/MS) has previ
ously been applied successfully to the precise and sensitive 
determination of DEHA in a wide variety of food types (7), 
and this principle has been extended to the method reported 
here.

METHOD
R e a g e n ts

(a) S o lv e n ts . —Acetone (distilled-in-glass), hexane, di- 
chloromethane, methanol, and cyclohexane (LC grades) 
(Rathbum Chemicals Ltd, Walkerbum, Scotland, UK).
(b) B oron  tr ifluoride  e th e ra te .— Re-distilled grade (Sigma 

Chemical Co., Poole, Dorset, UK).
(c) D e u te r a te d  D E H A (d 4-D E H A ) in te rn a l s ta n d a r d .— 

Synthesized from hexanedioic-2,2,5,5-d4 acid (MSD Iso
topes, Inc.-Cambrian Gases, Croydon, UK) as described pre
viously (7). Prepared as stock solution at 1 mg/mL in ace- 
tone-hexane (1 + 1 v/v).

Received February 24, 1987. Accepted July 8, 1987.

(d) S o d iu m  su lfa te .— Anhydrous, analytical grade (BDH 
Chemicals Ltd, Poole, UK).
(e) P o lym eric  p la s tic iz e r .— Reoplex 346 (Ciba-Geigy In

dustrial Chemicals, Manchester, UK).
A p p a ra tu s

(a) H o m o g e n iz e r . — IKA-Ultra-Turrax drive T 18/10 
(Janke and Kunkel GmbH and Co. KG, supplied by Sartorius 
Instruments Ltd, Belmont, UK).
(b) A u to m a te d  s ize -ex c lu sio n  ch ro m a to g ra p h y  (S E C ).— 

Autoinjector WISP 71 OB and Waters 6000A LC pump 
(Waters Associates, Inc., Milford, MA); Pye LC-UV detector 
at 254 nm (Pye-Unicam Ltd, Cambridge, UK); and Helirac 
2212 fraction collector (LKB-Produkter AB, Bromma, Swe
den). Automated system connected and operated as de
scribed elsewhere (8).
(c) S ize -ex c lu s io n  ch ro m a to g ra p h y  c o lu m n .—SB. 25/100 

glass column, 1 m x 25 mm id (Pharmacia, Uppsala, Swe
den) packed with 800 mm bed of Bio-Beads S-X3 (Bio-Rad, 
Watford, UK).(d) R o ta ry  e v a p o ra to r .— Buchi Rota vapor R (Orme Sci
entific Ltd, Manchester, UK).
(e) C o m b in e d  G C /M S .— Carlo Erba 4160 gas chromato

graph (M.S.E. Instruments, Crawley, UK) coupled directly 
to VG 7070H mass spectrometer with VG 11/250 data sys
tem (VG Analytical Ltd, Manchester, UK).
(f) C a p illa ry  G C  c o lu m n .— 25 m x 0.23 mm id CP SIL 

5CB fused silica column (Chrompack International B.V., 
Middleburg, Netherlands).
E x tr a c tio n  o f  P o ly m e r ic  P la s t ic iz e r

Homogenize food sample in domestic food processor (Braun 
Type 4243), and weigh 30 g subsample into 400 mL glass 
beaker. Add 100 mL acetone-hexane (1 + 1 v/v) and, by 
syringe, add suitable volume of d4-DEHA internal standard 
from appropriate stock solution (addition of d4-DEHA should 
be 0.1 to 1.0 mg, depending on food type). Homogenize in 
beaker, using Ultra-Turrax blender, and then let stand 1 h 
to allow internal standard to equilibrate. Decant supemate 
into 500 mL conical flask and extract food residue with ad
ditional 100 mL acetone-hexane. Dry combined organic ex
tracts overnight with 75 g sodium sulfate, filter into 500 mL 
round-bottom flask, and remove solvent at 50°C under vac
uum. Note weight of residue to give indication of fat content 
of sample.
T ra n s m e th y la tio n  o f  E x tr a c t

Weigh portion of fat residue (ca 0.5 g) into 4 mL glass 
screw-cap vial (Chromacol Ltd, London, UK), add 4 mL 
boron trifluoride etherate in methanol (10% v/v), seal with 
PTLE-faced septum, and heat 2 h in 60°C oven with shaking 
every 30 min. Let cool, transfer by Pasteur pipet to 20 mL 
crimp-top glass vial (Chromacol Ltd), and add 3 mL water 
to quench reaction, followed by 9 mL dichloromethane-cy- 
clohexane (3 + 7 v/v). Seal with PTFE-faced septum and
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crimp on an aluminum cap, shake vigorously to extract deu- 
terated and nondeuterated dimethyladipate, and centrifuge 
5 min at 3000 rpm to break any emulsions and to separate 
the 2 phases. Uncap vial, and remove bottom aqueous layer 
by Pasteur pipet and discard. Dry organic layer with 5 g 
sodium sulfate for 2 h, filter into 50 mL round-bottom flask, 
and evaporate under vacuum to small volume (ca 2 mL). 
Transfer to 4 mL glass screw-cap vial (Chromacol Ltd) and 
dilute to 4 mL with cyclohexane.
S iz e -E x c lu s io n  C h r o m a to g r a p h y

Using fully automated size-exclusion chromatographic 
system described previously (8), load 1.5 mL lipid extract in 
cyclohexane onto column and elute at 3.0 mL/min with di- 
chloromethane-cyclohexane (1 + 1 v/v). Collect fraction 
containing d0-DMA and d4-DMA (established by previous 
calibration) at between 243 to 264 mL. Ensure that flow rate 
is constant by interspersing samples with dicyclohexyl- 
phthalate as UV-active retention time marker and monitor 
at 254 nm. Transfer trapped fraction from collection tube to 
50 mL round-bottom flask and evaporate to ca 1 mL on 
rotary evaporator under vacuum at 50°C.
S e le c te d  I o n  M o n ito r in g  G C / M S

Carry out gas chromatographic analysis isothermally at 
110°C at helium carrier gas flow rate of 1 mL/min, and make 
1 mL split injections (20:1 split ratio). Operate mass spec
trometer with electron ionization at 70 eV and in selected 
ion monitoring mode at resolution of 500 (10% valley defi
nition). Monitor ions at m/z 143 and 101 for unlabeled 
dimethyladipate (do-DMA) and m/z 147 and 103 for deu- 
terated dimethyladipate internal standard (d4-DMA) with 
dwell times of 100 ms per mass and settling time of 20 ms 
to give total cycle time of 420 ms. Measure peak areas by 
using data system but fit baseline manually.
C a lc u la t io n  o f  R e s u l ts

Prepare calibration standards from separate solutions (1 
mg/mL) of polymeric plasticizer and d4-DEHA in acetone 
as follows: Take 100 ¿tL d4-DEHA solution and add aliquots 
of polymeric plasticizer solution by syringe to give weight 
ratios ranging from 1:4 to 4:1 (7 standards in total). Take 
these standards through full procedure from transmethyla
tion onward. Construct calibration curve of mass spectro- 
metric selected ion monitoring peak area ratio (PAR) for d0/ 
d4-DMA vs weight ratio of polymeric plasticizer/d4-DEHA 
(R). For food samples, read value R corresponding to PAR 
determined by GC/MS. Calculate level of plasticizer in food 
from amount of d4-DEHA added (x mg) to food subsample 
(y kg) according to the following:

Polymeric plasticizer, mg/kg in food = Rx / y  

Results and Discussion
The principle of the method is equilibration of d4-DEHA 

internal standard with polymeric plasticizer in a solvent slur
ry of the foodstuff, followed by extraction. Transmethylation 
converts the polymeric plasticizer to d0-DMA and the d4- 
DEHA to d4-DMA; thereafter, the method follows a con
ventional stable isotope dilution approach as previously es
tablished for DEHA determinations (7). All stages of the 
method have been vigorously validated and conditions have 
been optimized as follows:
The minimum equilibration time for d4-DEHA and poly

meric plasticizer in the foodstuff was established by analysis 
of aliquots taken from a spiked solvent slurry of cheese at

m/z
Figure 1. Mass spectra of d0-dimethyladipate and d4- 

dimethyladipate.

time intervals of 1, 3, 6, and 7 h. After 1 h equilibration, the 
ratio of d0/d4-DMA remained effectively constant.
Quantitative extraction of polymeric plasticizer and d4- 

DEHA from the food with acetone-hexane was validated by 
sequential extraction of a spiked cheese slurry with 100 mL 
portions of solvent. It was shown that 98% of both plasticizer 
and internal standard were extracted by the first 200 mL of 
solvent and that neither was extracted preferentially.
Conditions for quantitative transmethylation of both poly

meric plasticizer and DEHA were established individually 
by using dimethylpimelate internal standard, by reaction at 
60°C, and by sampling the products at time intervals of 120, 
270, and 370 min. Analysis of the reaction product, in both 
cases, showed that the yield of DMA was complete within 
120 min. When the reactions were repeated in the presence 
of cheese fat, it was shown that 96% of the theoretical yield 
of DMA was measurable after the 2 h reaction period, dem
onstrating that the presence of lipid did not interfere with 
the completeness of reaction.
The transmethylation reaction was quenched with distilled 

water which facilitated partition of the boron salts into the 
aqueous methanol phase. For subsequent extraction into 
dichloromethane-cyclohexane, a solvent ratio of 3:7 was es
tablished as that which enabled extraction of the maximum 
amount of DMA from the aqueous methanol layer while 
maintaining 2 immiscible liquid phases. That there were no 
significant differences in volatility between do-DMA and 
d4-DMA was demonstrated by evaporating 10 mL aliquots 
of a solution containing both, to various volumes including 
dryness. Analysis showed that in no instance was there any 
change in the ratios of d0-DMA to d4-DMA.
The mass spectra of both d0-DMA and d4-DMA are shown 

in Figure 1 from which it can be seen that relatively intense
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Time (min)
Figure 2. Selected ion chromatograms for m/z 143 (d„-dimeth- 
yladipate) and m/z 147 (d4-dimethyladipate) from (a) standards 
and (b) cheese contaminated with 12 mg/kg of polymeric 

plasticizer by migration from plasticized film.

ions were selected for monitoring at m/z 143 and 147 (M —
31), and the M - (CH2COOCH3) ion at m/z 101 and M - 
(CD2COOCH3) ion at m/z 103 from do-DMA and d4-DMA, 
respectively. Either pair of ions can be used successfully for 
quantitation, and in each case measurement of the ratio of 
the 2 ions in both do-DMA and d„-DMA provides confir
mation of the adequacy of the specificity of the monitoring. 
Selected ion monitoring chromatograms showed smooth 
symmetrical peaks for both do-DMA and d4-DMA and typ
ical examples as obtained for the analysis of a cheese extract 
are shown in Figure 2. Calibration curves were linear with 
typically a correlation coefficient of 0.9998 and a standard 
error of 0.08095. Reagent and sample blanks from a diverse 
selection of foods showed no evidence of interference.
The accuracy and precision of the method was determined 

by spiking food samples (sandwiches, cakes, chicken, bis
cuits, and cheese) and solvent (as reagent blank) with poly
meric plasticizer and/or d0-DEHA. Found/added values were 
100 ± 4% at spiking levels ranging between 10 and 200 mg/ 
kg. No significant differences were experienced between dif
ferent food types nor between calibration curves based on 
standards and those based on spiking into foods. Thus, be
cause no matrix dependence was observed, calibration for 
the method can be based on standard solutions. The detection 
limit of the method is claimed to be 0.1 mg/kg (which was 
demonstrated by spiking polymeric plasticizer into cheese) 
but although this was the lowest level of interest for moni

toring purposes, intrinsically the procedure has the capability 
of detection at far lower levels should this be required.
The method of analysis has been applied successfully to 

studies of the migration of polymeric plasticizer into cheese, 
cakes, and sandwiches stored wrapped in polymeric-plasti- 
cized film. Studies have also been carried out monitoring 
migration during the microwave cooking of chicken breasts 
covered in film and peanut biscuits prepared with the film 
as a liner. These results will be reported elsewhere. Where 
foodstuffs contain both DEFIA and polymeric plasticizer as 
a result of migration from films containing both DEHA and 
polymeric plasticizer, then this method of analysis gives a 
result corresponding to the total adipate present (i.e., the level 
of DEHA plus polymeric plasticizer). In these instances it is 
necessary to carry out a separate determination of DEHA 
and the level of polymeric plasticizer can then be obtained 
by the difference of the 2 values. This has been done suc
cessfully for a wide range of food types.
The method described in this paper is applicable to any 

adipate-based polymeric plasticizer, and also could be of 
value in the determination of mixed-isomer monomeric plas
ticizers where conversion to single species offers considerable 
advantages in precision and detection limits for peak area 
measurement. For polymeric plasticizers based on other di- 
carboxylic acids, such as phthalic acid, although the method 
is applicable in principle, the extraction and transmethyla
tion would need to be re-optimized, and an appropriate la
beled internal standard would need to be used.
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MEAT AND  POULTRY

Liquid Chromatographic Identification of Meats

S A M Y  H. A S H O O R ,  W O O D R O W  C. M O N T E , 1 and P H IL IP  G. S T IL E S
A r iz o n a  S ta te  U n iversity , D iv is io n  o f  A g r icu ltu re , T em p e , A Z  8 5 2 8 7

Raw beef, pork, veal, lamb, chicken, turkey, and duck have been 
identified with a liquid chromatographic (LC) method. Meat samples 
are blended in water, and soluble proteins in the aqueous blends are 
separated by the LC method. Meat cuts and parts from same species 
had similar chromatographic profiles and differed only quantitative
ly. However, meat cuts or parts from different species resulted in 
different chromatographic profiles. The qualitative and quantitative 
chromatographic differences among meat species were used for their 
identification. The LC method applies only to fresh and frozen meats. 
It is simple, rapid, and reliable, and can be used for quantitative 
detection of meat species in unheated meat blends.

It is imperative to identify meat species in the market for 
fair pricing, to meet government regulations, and to satisfy 
consumers’ needs, especially for those restricted from con
suming certain meat species because of religious beliefs.
Several methods are used at the present time for identi

fication of meat species and for detection of meat adulteration 
with cheaper meat species, i.e., horse meat in beef and chick
en in turkey. The majority of these methods involve gel 
electrophoresis (1-5) and gel isoelectric focusing (6-8). Im
munological methods (9-11) and chromatographic methods 
(12-14) are also used in meat identification and adulteration. 
Unfortunately, these methods are not satisfactory. Electro
phoretic methods require a long time to prepare, stain, and 
destain the gels. Even with a fast electrophoretic method such 
as agarose gel isoelectric focusing, results are not available 
before 4 h (6). Besides, electrophoretic methods in general 
lack the high reproducibility required for quantitative results. 
Immunological methods require production of high titer 
antisera with specific antibodies for every meat species. This 
was shown to be a very difficult task (11). Immunological 
methods are also time consuming and nonquantitative. The 
present chromatographic methods for meat identification in
volve gas chromatographic analysis of the unsaponifiable 
matter of meat fat after fractionation by column chroma
tography (12), or of methyl esters of fatty acids extracted 
from hydrolyzed meat fat (13). A liquid chromatographic 
(LC) method involving analysis of meat tryptic hydrolysates 
was also reported (14). All of these methods involve lengthy 
aration steps.
In the present study, a simple LC method for identification 

of beef, pork, lamb, veal, chicken, turkey, and duck is eval
uated. The LC method requires a total analysis time of ap
proximately 1 h.

METHOD
A p p a ra tu s

(a) L iq u id  c h ro m a to g ra p h .— Waters Associates equipped 
with Model 6000A pump, Model U6K injector (Waters As
sociates, Milford, MA 01757), and Model 111-2 one pump 
gradient controller (Autochrom, Milford, MA 01757).

(b) D a ta  m odule. — Waters Associates Model 730. Set chart 
speed at 0.2 cm/min and run stop at 60 min.(c) L C  c o lu m n .— 250 x 4.6 mm Hi-Pore RP-304 column

Received December 9, 1986. Accepted April 2, 1987. 
1 Department of Home Economics.

Table 1. LC analysis of beef and pork retail cuts

Beet, % of total area" Pork, % of total area“
RRT“ Chuck Rib Loin Round Shoulder Rib Loin Ham

0.61 10.8“ 12.4 12.3 16.1 2.04 3.18 3.83 3.50
1.00 2.00 2.67 2.00 2.50 — — — —
1.10 2.10 4.89 2.60 2.00 10.8 2.12 2.33 2.00
1.16 7.65 14.3 16.7 12.9 4.12 2.00 4.17 3.25
1.21 13.6 10.7 10.2 8.38 12.8 20.3 11.3 21.4
1.26 __d — — — 32.8 19.1 25.7 17.2
1.29 3.78 4.56 2.70 2.50 — — — —
1.38 — — — — 2.50 8.79 5.33 4.20
1.45 12.9 10.1 11.2 14.9 — — — —
1.72 — — — — 6.46 9.05 9.50 11.1
1.79 4.22 6.44 6.10 4.62 — — — —
1.88 2.24 2.00 2.90 2.63 — — — —
2.00 — — — — 2.48 3.37 2.83 3.40
2.10 — — — — 6.35 4.63 5.67 4.42
2.22 4.92 4.44 4.80 3.25 4.38 7.16 8.17 8.17
2.27 6.71 5.56 5.60 6.75 — — — —
2.59 — — — — 3.75 6.32 6.17 ---9
2.65 — — — — 3.54 7.58 7.17 11.3
2.71 4.77 2.91 4.74 2.89 — — — —
2.77 6.21 3.42 4.21 4.72 3.33 4.84 5.33 6.33
2.86 5.71 8.67 9.00 8.25 __ __ __ __

* Relative to retention time of BSA peak.
“Average of 2 determinations. 
c Major characteristic peaks of species are underlined.
» Peak is absent or with area of less than 2%, unless otherwise noted.
■ Peak overlapped with another.

with Micro-Guard Hi-Pore cartridge (Bio-Rad Laboratories, 
Richmond, CA 94804).

(d) D e te c to r .— Gilson Model 222 (Gilson Medical Elec
tronics, Middleton, WI53562). Set at 280 nm and sensitivity 
of 0.02 AUFS.

Table 2. LC analysis of veal and lamb retail cuts

Veal, % of total area“ Lamb, % of total area“
RRT' Shoulder Round Shoulder Rib Loin Leg
0.61 6.28 5.26 1 1 . 1 1 1 . 1 11.4 13.8
1.00 3.24 3.47 — — — —
1.05 _C — 4.30 5.38 3.02 3.16
1 .10 — — 17.5 12.9 1 1 .6 18.6
1.16 18.7» 18.8 4.95 8.10 —*
1.2 1 6.07 6.41 24.3 14.0 9.05 14.4
1.26 10.7 10.0 — — — —
1.29 3.24 3.21 14.0 18.4 19.5 19.7
1.38 3.80 3.79 5.56 4.84 6.67 3.80
1.66 6.33 5.73 — — — —
1.79 3.95 4.00 — — — —
2.22 6.33 5.94 _e 3.23 3.33 2.91
2.27 6.48 7.15 8.73 5.70 6.34 5.20
2.71 4.35 4.73 — — — —
2.77 4.45 4.36 4.92 4.52 5.56 4.18
2.86 9.67 9.67 — — — —

* Relative to retention time of BSA peak.
“Average of 2 determinations.
“ Peak is absent or with area of less than 2%, unless otherwise noted. 
» Major characteristic peaks of species are underlined.
' Peak overlapped with another.
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Table 3. LC analysis of chicken, turkey, and duck parts

Chicken, % of total area“ Turkey, % of total area“ Duck, % of total area”
RRT* Breast Wing Thigh Leg Breast Wing Thigh Leg Breast Wing Thigh Leg
1 .10 —c — — — 20.0 24.1 13.0 14.2 — — — —
1.16 30.0* 3 28.4 21.5 20.3 — — — — — — — —
1.26 — — — — 2.00 —* 2.60 3.30 26.7 23.7 22.5 22.4
1.40 — — — — 18.8 18.2 7.90 1 1 .2 — — — —
1.45 14.5 18.6 35.3 30.8 16.7 11.5 21.4 35.5 7.33 10.6 —8 —8
1.48 — — — — — — — — 7.50 1 1 .0 28.6 24.7
1.52 16.7 7.86 7.64 22.9 8.93 13.7 14.0 9.72 18.3 11.4 10.8 12.9
1.66 3.87 2.86 2.00 2.27 3.64 2.82 2.00 2.00 — — — —
1.72 — — — — — — — — 7.67 8.43 5.30 4.91
1.79 — — — — — — — — 5.67 5.88 4.34 3.82
2.10 8.00 7.14 6.00 4.10 5.00 5.25 4.57 4.10 6.67 6.86 4.10 4.91
2.17 — — — — — — — — 3.83 2.52 2.53 2.00
2.40 6.80 8.29 6.18 4.85 5.15 7.55 4.81 5.38 — — — —
2.46 6.21 5.14 3.64 4.10 5.91 —8 —8 —8 3.17 5.10 4.82 5.09
2.59 — 8 6.14 5.10 2.00 — — — — — — — —
2.65 11.3 7.71 8.18 6.21 6.51 10.1 7.00 3.50 9.17 10.8 10.6 9.65

* Relative to retention time of BSA peak.
0 Average of 2 determinations.
c Peak is absent or with area of less than 2%, unless otherwise noted.
3 Major characteristic peaks of species are underlined.
• Peak overlapped with another.

(e) B lender. — Waring, with glass jar of ca 500 mL capacity 
and connected to variable transformer set at 30 units (VWR 
Scientific, Norwalk, CA 90650).
R e a g e n ts

(a) W a te r .— Pass distilled, deionized water through 0.45 
pm filter membrane (Gelman Sciences, Inc., Ann Arbor, MI 
48106).

Table 4. LC analysis of beef mixtures

P e rc e n t o f  to ta l  a re a 0

R R T * B e e f

B e e f &  

p o rk

B e e f &  

v e a l

B e e f &  

la m b

B e e f  &  

c h ic k e n

B e e f &  

tu rk e y

B e e f  & 
d u c k

0 .6 1 10.8° 6 .7 5 7 .1 7 11.8 5 .5 4 7 .0 4 8.68
1.00 2.00 — d 3 .9 4 — — — —

1.10 2.10 — — 5 .2 9 — 12.0 —

1 .1 6 7 .6 5 1 3 .0 2 5 .7 4 .6 4 1 9 .7 4 .1 3 7 .3 6

1.21 1 3 .6 1 4 .9 12.0 1 7 .6 10.2 6 .7 7 1 7 .0

1 .2 6 2 .9 8 1 8 .4 4 .3 0 2 .0 7 — — 10.2
1 .2 9 3 .7 8 — — 9 .0 0 2 .5 4 5 .2 0 —

1 .3 8 — 2 .3 4 — 5 .5 0 — — —

1 .4 5 1 2 .9 8 .0 5 7 .2 4 8 .0 7 9 .4 0 1 0 .5 1 8 .6

1 .5 2 — — — — 7 .4 0 12.1 4 .9 2

1.66 — — — — 3 .0 8 2.00 —

1 .7 2 — 3 .4 8 — — — — —

1 .7 9 4 .2 2 — 3 .5 4 5 .0 7 — 2 .9 1 5 .3 4

1.88 2 .2 4 — 3 .1 5 — — — —

2.10 — 2 .2 7 — — 3 .5 5 2 .7 4 —

2 .1 7 — — 3 .5 4 — — — —

2.22 4 .9 2 3 .0 0 8 .5 0 4 .2 9 3 .2 8 2 .5 4 2 .5 7

2 .2 7 6 .71 3 .7 7 — 5 .4 3 3 .4 2 3 .4 4 3 .8 9

2 .4 0 — — — — 3 .1 3 — —

2 .4 6 — — — — 2 .5 9 2 .4 3 —

2 .5 9 — 2 .1 4 — — — — —

2 .6 5 — 2 .2 7 2 .7 6 — 6.21 4 .8 7 5 .9 7

2 .71 4 .7 7 2 .3 4 — 3 .6 6 2 .0 3 2 .3 8 —

2 .7 7 6.21 5 .5 8 I l l 4 .0 0 3 .4 7 3 .6 0 4 .2 4

2.86 5 .7 1 3 .3 1 7 .0 5 5 .1 4 3 .0 8 3 .3 9 3 .9 6
— — — — — — —

* Relative to retention time of BSA peak.
0 Average of 2 determinations. 
c Major characteristic peaks of species are underlined.
3 Peak is absent or with area of less than 2%, unless otherwise noted.

(b) A ceton itrile . — UV grade (EM Science, Cherry Hill, NJ 
08034).
(c) T rifluoroacetic  a c id  (T F A ).— Anhydrous, analytical 

grade (Sigma Chemical Co., St. Louis, MO 63178).
(d) L C  m o b ile  phase. — Solvent A, 0.1% TFA (c) in water

(a). Solvent B, acetonitrile (b) plus water (a) plus TFA (c) 
(95 + 5 + 0.1). Use linear gradient programmed from 37 to 
60% B in 55 min and 15 min equilibration delay at flow rate 
of 1.5 mL/mm.
(e) B ovin e  seru m  a lb u m in  (B S A ).— (Sigma Chemical Co.) 

Prepare solution of 4 mg/mL in water (a).
(0 S o d iu m  a z id e .— (J. T. Baker Chemical Co., Phillips- 

burg, NJ 08865.) Prepare solution of 1% in water (a).
S a m p le s

(a) M e a t .— Retail cuts were purchased from local stores: 
beef (chuck, rib, loin, and round); pork (shoulder, rib, loin, 
and ham); lamb (shoulder, rib, loin, and leg); veal (shoulder 
and round).
(b) P ou ltry . — Whole chicken, turkey, and duck, purchased 

from local stores'and cut into breast, wings, thighs, and legs.
E x tr a c tio n  o f  W a te r -S o lu b le  P r o te in s

Debone, trim fat and skin (in poultry) samples, chop mus
cles into small pieces, and mix well. Weigh 25-50 g chopped 
sample and blend with twice the weight of distilled water for 
5 min in Waring blender. Filter blend through Whatman No. 
4 paper. Add sodium azide solution (f) to final concentration 
of 0.01 % to preserve blend. Filter aliquot of blend through 
0.45 pm membrane filter into glass vial for LC analysis.
L C  A n a ly s is

Inject 5 pL BSA solution (e) into LC 3 times and determine 
average retention time. Inject 10-25 pL filtered blend into 
LC system, and determine relative retention time (relative 
to BSA peak) and percent area of major peaks. For LC anal
ysis of mixed blends, co-inject equal volumes of 2 blends 
simultaneously and determine relative retention time and 
percent area of all peaks. Identify species-specific peak(s) in 
mixture chromatogram by using information obtained from 
standard chromatograms.
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Figure 2. Chromatograms of chicken, turkey, and duck parts. Arrows indicate species-specific peak(s).

P re p a r a t io n  o f  U n k n o w n  M e a t  a n d  P o u l tr y  M ix tu r e s

To test reliability of LC method, 20 unknown mixtures 
were prepared in our laboratory by mixing various meat and 
poultry species to give the following compositions: 5, 10, and 
50% pork in beef; 10 and 30% veal in beef; 5 and 50% pork 
in veal; 10 and 50% pork in chicken; 5, 15, and 75% chicken 
in turkey; 10 and 60% duck in chicken; and 5 and 50% duck 
in turkey. These mixtures were coded, and then prepared as 
indicated above, and the identity of each species was deter
mined by the LC method.

Results and Discussion
The average retention time of BSA was 15.8 ± 0.7 min. 

When co-injected, BSA interfered with peaks in most meat 
samples; therefore, it was injected separately and used as an 
external standard. This made qualitative identification of 
various chromatograms much easier and more accurate.
Data obtained from LC analysis of various meat and poul

try species, alone and in mixtures, are presented in Tables
1-6 and Figures 1-3. The data indicated that cuts or parts 
from the same species have similar chromatograms with peaks
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Table 5. LC analysis of pork mixtures Table 6. LC analysis of poultry mixtures

Percent of total area0

RRT* Pork
Pork & 

veal
Pork & 
lamb

Pork & 
chicken

=ork & 
turkey

Pork & 
duck

0.61 2.04 3.13 6.97 — — —

1.00 — C 2.72 — — — —
1.05 — — 2.69 — — —
1.10 10.8 — 6.27 — 21.8 4.42
1.16 4.12 27.0 14.8 22.0 — —
1.21 12.8 — __0 6.80 7.76 25.9
1.26 32.8° 30.2 31.0 16.2 17.7 22.2
1.38 2.50 2.80 6.67 — — 2.42
1.45 — — — 11.2 11.3 6.97
1.52 — — — 10.3 5.33 6.06
1.66 — — 3.77 2.86 2.31 —
1.72 6.46 4.63 3.98 3.86 2.93 5.96
1.79 — 3.38 — — — 2.22
2.00 2.48 3.83 4.76 2.24 — —
2.10 6.35 6.00 — 6.39 2.31 3.23
2.17 — — — — — 2.14
2.22 4.38 2.00 6.47 — — 2.14
2.40 — — — 3.61 — —
2.46 — — 2.07 3.20 3.13 —
2.59 3.75 4.15 2.00 — 3.54 —

2.65 3.54 3.30 4.23 8.84 8.36 7.47
2.77 3.33 3.54 2.04 — — 2.32

* Relative to retention time of BSA peak.
0 Average of 2 determinations.
0 Peak is absent or with area of less than 2%, unless otherwise noted. 
0 Major characteristic peaks of species are underlined.
0 Peak overlapped with another.

that have the same relative retention times even though dif
ferent in area. Qualitative similarities of cuts or parts from 
the same species made the LC method applicable to all meat 
samples made from various cuts or parts. The data also in
dicated that each species has specific peak(s) which may be 
used for detection and quantitation of the species in meat 
and poultry products. However, the LC method is applicable 
only to fresh and frozen meats. Chromatograms of heated 
meats were not as distinctive as those of fresh or frozen meats 
and could not be used for identification. Apparently, heat 
denatured the water-soluble proteins that are specific to meat 
species. Freezing for 6 months at -40°C did not change 
chromatograms of the species studied.

All beef cuts used in this study had 2 specific peaks with 
relative retention times of 0.61 and 1.45. These 2 peaks were 
present in beef mixtures with all other meats (Tables 1 and 
4; Figures 1 and 3). Among species tested, only veal and 
lamb had a major peak at a relative retention time of 0.61; 
however, neither species had a major peak at a relative re
tention time of 1.45 as in beef. The presence of these 2 major 
peaks was characteristic of beef and was used in the correct 
identification of beef in all unknown meat mixtures made in 
our laboratory.

Major peaks specific to pork had relative retention times 
of 1.26 and 1.72. However, the peak with a relative retention 
time of 1.72 was well resolved in all pork chromatograms 
(Tables 1 and 5; Figures 1 and 3) and was chosen for iden
tification of pork in unknown meat mixtures prepared in our 
laboratory. Duck was the only other species with a major 
peak at a relative retention time of 1.72. However, duck has 
another major peak with a relative retention time of 1.79 
which is absent in pork.

Lamb cuts had specific peaks at relative retention times of 
0.61, 1.10, 1.21, and 1.29 (Tables 2 and 4; Figures 1 and 3).

Percent of total area'1

RRT* Chicken T urkey
Chicken & 

turkey Duck
Chicken & Turkey & 

duck duck

1.10 — C 20.0 8.00 — — 14.1
1.16 30.0° — 18.9 — 18.5 -
1.26 — 2.00 — 26.7 12.0 12.3
1.40 — 18.8 — — — 15.3
1.45 14.5 16.7 22.8 7.33 16.2 8.16
1.48 — — — 7.50 7.93 —
1.52 16.7 8.93 13.3 18.3 8.12 9.70
1.66 3.87 3.64 4.38 — 2.45 2.52
1.72 — — — 7.67 2.41 2.43
1.79 — — — 5.67 2.98 2.33
2.10 8.00 5.25 6.86 6.67 7.16 7.77
2.17 — — — 3.83 — —
2.40 6.80 7.55 5.81 — 4.40 4.85
2.46 6.21 — 4.57 3.17 4.14 4.56
2.65 11.3 6.51 9.21 9.17 10.7 11.8

* Relative to retention time of BSA peak.
0 Average of 2 determinations.
° Peak is absent or with area of less than 2%, unless otherwise noted. 
° Major characteristic peaks of species are underlined.

Using the peak with relative retention time of 1.29, lamb 
was identified in all prepared unknown meat mixtures.

Only 2 veal cuts were available in local stores, shoulder 
and round. These cuts yielded chromatograms similar to 
those of beef (Tables 1, 2, and 4; Figures 1 and 3). Veal, 
however, had a specific peak at a relative retention time of
1.26 and did not have the peak with relative retention time 
of 1.45, specific to beef. Veal was also identified correctly in 
unknowns.

Analysis of chicken, turkey, and duck major parts by the 
LC method yielded species-specific peaks which can be used 
for their reliable identification (Tables 3 and 6; Figures 2 and
3). All of the poultry unknowns made in our laboratory were 
identified correctly using the specific peaks with relative re
tention times of 1.16 for chicken, 1.10 for turkey, and 1.26 
for duck (Table 6; Figure 3).

Factors such as age and sex of animal, different breeds 
within the same species, geographical location, and seasonal 
variation may affect the species-specific profile. However, 
this method has a great potential of being a simple and rapid 
identification tool for common meat and poultry species. 
Moreover, in a just-completed detailed study on quantitative 
detection of chicken and/or turkey in unheated poultry mix
tures, the results indicated that the method yields reliable 
quantitative data. The data also indicated that the method 
is applicable to mixtures containing chicken, turkey, beef, 
and pork. Many more quantitative applications of the LC 
method are needed, and it is our hope that these will be done 
in the near future.
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Liquid Chromatographic Quantitation of Chicken and Turkey in Unheated Chicken-Turkey 
Mixtures

SA M Y  H . A S H O O R  and M A G D I A. O S M A N
A r iz o n a  S ta te  U n iversity , D iv is io n  o f  A gricu ltu re , T em p e , A Z  8 5 2 8 7

A  simple and rapid liquid chromatographic ( L C )  method has been 
used to quantitate chicken and turkey in unheated chicken-turkey 
mixtures. The L C  method is sensitive and detects as little as 1% 
chicken or turkey. It reliably quantitates 5 100% chicken or turkey 
in unheated poultry mixtures. The method applies also to chicken or 
turkey which has been frozen, but does not apply to heat-treated 
poultry meats.

Chicken and turkey are commonly used, separately or to
gether, in poultry meat products. Determination of the iden
tity of poultry species and the amount of each poultry species 
used in making these poultry products is important for sev
eral reasons. Government regulations require the declaration 
of the identity of poultry species on the packages of poultry 
meat products. Consumers may have a preference to either 
chicken or turkey, or certain combinations of both, and there
fore they need to know the identity of poultry meat(s) in 
poultry meat products before buying them. Moreover, turkey 
meat is more expensive than chicken,'and there may be a 
tendency to adulterate turkey products with chicken.

To our knowledge, only 2 studies are reported in the lit
erature on identifying chicken meat (1,2) and only one study 
is reported on the identification of chicken and turkey meats
(3). These methods are chemical (1), immunological (2), or 
electrophoretic (3). However, they lack specificity or repro
ducibility, and they all require many preparation steps.

We have reported a simple and rapid LC method for iden
tification of meat species (4). In the present report, the LC 
method was used to identify and quantitate chicken and tur
key in unheated chicken-turkey mixtures. The sensitivity and 
reliability of the method were also tested on unheated mix
tures of 0-100% chicken in turkey.

Experimental
Apparatus

(a) Liquid chromatograph. —Waters Associates equipped 
with Model 6000A pump, Model U6K injector (Waters As
sociates, Milford, MA 01757), and Model 111-2 one pump 
gradient controller (Autochrom, Milford, MA 01757).

(b) Data module.—Waters Associates Model 730. Set chart 
speed at 0.2 cm/min and run stop at 55 min.

(c) LC column.— 250 x 4.6 mm Hi-Pore RP-304 column 
with Micro-Guard Hi-Pore cartridge (Bio-Rad Laboratories, 
Richmond, CA 94804).

(d) Detector.—UV, Gilson Model 222 (Gilson Medical

Received March 6, 1987. Accepted June 2, 1987.

Electronics, Middleton, WI 53562). Set at 280 nm and sen
sitivity of 0.02 AUFS.

(e) Blender.— Waring, connected to variable transformer 
(VWR Scientific, Norwalk, CA 90650). Set transformer read
ing at 30 units.

Reagents
(a) Water. — Pass distilled, deionized water through 0.45 

am membrane filter.
(b) Acetonitrile.— Analytical grade.
(c) Trifluoroacetic acid (TFA).— Anhydrous, analytical 

grade.
(d) LC mobile phase. — Solvent A, 0.1% TFA (c) in water

(a). Solvent B, acetonitrile (b) plus water (a) plus TFA (c) 
(95 + 5 + 0.1). Run linear gradient of 37-60% B in 55 min 
with flow rate of 1.5 mL/min.

(e) Bovine serum albumin (BSA) solution.—A mg/mL in 
water (a).

(f) Sodium azide solution. — 1% in water (a).

Preparation of Samples
Skin, trim fat, debone, and cut into small pieces the parts 

(breast, wings, thighs, and legs) of 3 chickens or 3 turkeys. 
Prepare 11 mixtures, 30 g each, from the above chicken and 
turkey samples with chicken content of 0, 10, 20, 30, 40, 50, 
60, 70, 80, 90, and 100%.

Extraction of Water-Soluble Proteins
Blend each of the chicken-turkey mixtures with twice the 

weight of water for 5 min in Waring blender (e). Filter blend 
through Whatman No. 4 paper. Add sodium azide solution
(f) to final concentration of 0.01% to preserve blend, and 
pass aliquot of blend through 0.45 am membrane filter.

LC Analysis
Inject 5 aC BSA solution (e) into LC system 3 times and 

determine average retention time. Check BSA retention time 
periodically during LC analysis of samples. Inject 10-25 /¿L 
filtered blend into LC system, and determine relative time 
(relative to BSA peak) and percent area of all peaks. Identify 
peak(s) specific to chicken and to turkey from chromatograms 
of 100% chicken and 100% turkey.

Chicken-Turkey Standard Curves
Construct standard curves by plotting average area of spe

cific peak to chicken (relative retention time of 1.16) against 
percent chicken in mixture or average area of specific peak 
to turkey (relative retention time of 1.10) against percent 
turkey in mixture.
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Figure 1. C hrom atogram s of chicken and turkey (top); 1 0 %  ch icken in turkey (A ), 5 0 %  chicken in turkey (B ), and 9 0 %  ch icken in
turkey (C ). Arrows indicate specific  peak for chicken (C ) and tu rkey (T).

PERCENT COMPOSITION OF POULTRY BLEND

Figure 2. S tandard curves for chicken in tu rkey m ixtures, using 
specific peak for chicken with relative retention tim e of 1 .16
( • ------- • ) ,  and specific  peak for turkey with re lative retention

tim e of 1 .1 0  (O------ O).

Tab le  1. LC analysis of chicken and turkey blends

RRT”

Percent of total area6

Chicken Turkey

10% 
Chicken 
in turkey

50% 
Chicken 
in turkey

90% 
Chicken 
in turkey

1.10 ---c 21.4“ 195 10.4 2.5
1.16 22.2 — C 2.4 12.1 21.1
1.40 — 8 10.8 9.3 6.2 __8

1.45 30.4 37.2 32.5 30.4 31.4
1.52 13.0 — 8 3.1 6.6 11.1
1.66 3.2 3.2 3.0 2.4 2.1
2.10 5.1 5.4 5.9 5.0 6.1
2.40 10.4 2.8 9.0 10.5 5.6
2.46 — 8 — 8 __8 — 8 5.5
2.65 12.2 9.7 11.4 11.3 11.3

Relative to retention time of BSA peak. 
0 Average of 2 determinations. 
c Peak is absent or area is less than 1 %. 
a Species-specific peaks are underlined.
8 Peak overlapped with another.
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A B C

Figure 3. Chromatograms of chicken-turkey mixtures containing beef (A), pork (B), and both beef and pork (C). Arrows indicate
specific peaks for chicken (C), turkey (T), beef (b), and pork (p).

Determination of Chicken and Turkey in Unknown Mixtures
Prepare 20 unknown mixtures, 30 g each, containing 0- 

100% chicken in turkey, and identify by code. Blend and 
analyze as mentioned above. Identify peaks specific to chick
en or to turkey by comparing with standard chicken and 
turkey chromatograms. Determine percent chicken or turkey 
in unknowns from constructed standard curves. Decode mix
tures and check with original identity and composition.

Results and Discussion
Chromatograms of chicken and turkey standard samples 

and 3 of the prepared chicken-turkey mixtures are shown in 
Figure 1. Relative retention times and percent area of major 
peaks in these chromatograms are presented in Table 1. These 
results confirm findings reported elsewhere (4) and indicate 
that chicken and turkey chromatograms have major specific 
peaks which can be used for species identification and quan
titation. However, for simplicity, only one major (area over 
20%), well resolved peak in each chromatogram was chosen 
for detection and quantitation of chicken or turkey in mix
tures. The specific peak chosen for chicken has a relative 
retention time of 1.16, and that for turkey has a relative 
retention time of 1.10 as shown in Table 1.

When percent area of the specific peak to chicken or turkey 
was plotted against percent chicken or turkey in the prepared 
chicken-turkey mixtures, straight lines were obtained over a 
composition range of 0-100% as shown in Figure 2. This 
finding indicates that the LC method is applicable to all 
chicken-turkey mixtures and that either one of the standard 
curves (Figure 2) can be used for quantitative purposes. How
ever, it should be noted that percent area of specific peak 
varies among major chicken parts and also among turkey 
parts (4). Percent area of the specific peak of chicken was
20.3, 21.5, 28.4, and 30.0 in legs, thighs, wings, and breast, 
respectively. The specific peak of turkey had percent area of
13.0, 14.2, 20.0, and 24.1 in thighs, legs, breast, and wings, 
respectively (4). If, for example, turkey breast was adulterated 
separately with equal weights of chicken breast and chicken 
legs, area of the specific peak of chicken in the turkey-chicken

breast mixture would be approximately 1.5 times that in the 
turkey-chicken legs mixture. Therefore, individual standard 
curves may have to be constructed for various chicken-tur
key products with different parts. Generally, several parts of 
poultry species are added to formulate a commercial poultry 
mixture. In this study, composite samples of major parts of 
chicken and of major parts of turkey were used to obtain 
curves representative of major parts of chicken or turkey. As 
low as 1% chicken or turkey was detected in this manner. It 
is important to note that the standard curves presented in 
Figure 2 may be used for the quantitative analysis of chicken- 
turkey mixtures made from any parts with a variability factor 
of less than 2.

LC analysis of raw chicken and turkey samples that had 
been frozen for 3 months at — 40°C resulted in chromato
grams and standard curves similar to those of unfrozen raw 
samples presented in Figures 1 and 2. Evidently, freezing did 
not alter chromatograms significantly, and the LC method 
can be usee for detection and quantitation of chicken and 
turkey in frozen poultry products with raw chicken and tur
key meats. However, boiling chicken-turkey mixtures for 
even 5 min resulted in different chromatograms that could 
not be used for chicken or turkey identification and quan
titation.

The results obtained from LC analysis of chicken-turkey 
unknown mixtures made in our laboratory indicated that the 
LC method is reliable. The identity of all unknown mixtures 
was determined correctly. The results also indicated that the 
LC method yields accurate reproducible results (CV less than 
5%) over a range of 5-100% chicken in turkey. It applies to 
fresh and frozen raw chicken-turkey mixtures and does not 
suffer serious interference from the presence of other com
mon meats such as beef and pork as shown in Figure 3.
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Detection of Poultry and Pork in Cooked and Canned Meat Foods by Enzyme-Linked 
Immunosorbent Assays

RONALD G. BERGER, RICHARD P. MAGEAU, BERNARD SCHWAB, and RALPH W. JOHNSTON* 1
U.S. Department o f Agriculture, Food Safety and Inspection Service, Microbiology Division,
Medical Microbiology/ Branch, Beltsville, MD 20705

E n z y m e - l in k e d  im m u n o s o r b e n t  a s s a y s  ( E L I S A )  a r e  d e s c r ib e d  f o r  t h e  
d e t e c t io n  o f  p o u l t r y  a n d  p o r k  in  c o o k e d  a n d  c a n n e d  m e a t  f o o d s .  T h e s e  
a s s a y s  a r e  b a s e d  o n  s p e c ie s - s p e c i f ic ,  p o ly c lo n a l  a n t ib o d ie s  r a i s e d  
a g a i n s t  h e a t - r e s i s t a n t  a n t ig e n s .  T h e  h e a t - r e s i s t a n t  a n t i g e n s  w e re  i s o 

l a t e d  f r o m  r a w  s k e l e t a l  m u s c l e  t i s s u e  o f  p o r k  a n d  c h i c k e n  a n d  w e re  
f o u n d  to  b e  im m u n o r e a c t iv e  e v e n  a f t e r  h e a t i n g  to  1 2 0 ° C  f o r  1 5  m in .  
T h e  p o u l t r y  E L I S A  c o u ld  d e t e c t  c h i c k e n  o r  t u r k e y  a t  t h e  1 2 6  p p m  
le v e l ,  a n d  t h e  p o r k  E L I S A  c o u ld  d e t e c t  p o r k  a t  t h e  2 5 0  p p m  le v e l .  
S a m p l e s  o f  f r a n k f u r t e r s ,  b o lo g n a s ,  p r e s s e d  m e a t s ,  c a n n e d  b a b y  fo o d s ,  
a n d  c a n n e d  s p r e a d s  w e re  p r e p a r e d  b y  s im p le  a q u e o u s  e x t r a c t io n s .

The U.S. Department of Agriculture’s Food Safety and In
spection Service is charged with assuring consumers that the 
meat and poultry they purchase is safe, wholesome, unadul
terated, and accurately labeled. Preventing adulteration of 
meat foods with less desirable or objectionable meat species 
is important for economic, religious, and health reasons. Lab
oratory procedures currently available for determining the 
species composition of raw meat products include: agar gel 
immunodiffusion assay (1), enzyme-linked immunosorbent 
assay (ELISA) (2), and isoelectric focusing (3). Attempts to 
identify the component species of cooked meat products have 
met with limited success. King (4) demonstrated that the 
species of meat heated to 120°C could be identified by iso
electric focusing of the extracts and staining the gels specif
ically for the activity of adenylate kinase and creatine kinase. 
The extraction procedure was rather involved. The selection 
of carrier ampholytes varied depending on the species being 
sought, and the complexity of the band distribution in mixed- 
species samples made interpretation difficult. Milgrom and 
co-workers (5) found heat-stable antigens in boiled, ethanol- 
precipitated, saline extracts of adrenal glands which were 
species-specific and present at low levels in muscle tissue. 
Using similar antigens, Hayden (6) and Kang’ethe and col
leagues (7) developed agar gel immunodiffusion assays ca
pable of species identification in cooked meat products. Manz
(8) isolated heat-resistant antigens for use in an ELISA by 
extracting acetone-dried meat powders with a hot urea so
lution. These assays suffered, however, because they required 
extreme efforts in preparing suitable antisera as well as sam
ples. All the heat-resistant antigens described (5-8) were sub
jected to 100°C prior to their use as immunogens.

In the present study, similar antigens were partially puri
fied from chicken and porcine skeletal muscle tissue without 
heating. These antigens, being relatively free of extraneous 
antigens and not having been subjected to the denaturing 
heat treatment, were used to produce potent, species-specific 
antisera. The antisera were used to develop 2 ELISAs for 
detecting pork and poultry in cooked and canned meat 
products.

METHOD
Immunizing Antigen

Divide 1 kg fresh lean ground skeletal muscle tissue (either 
pork or chicken) into 4 aliquots of 250 g each. To one 250 
g aliquot, add 500 mL 0.14M NaCl and homogenize 3 min

R e c e iv e d  M a r c h  2 3 , 1 9 8 7 . A c c e p te d  J u ly  2 4 , 1 9 8 7 .
1 M ic ro b io lo g y  D iv is io n ,  W a s h in g to n ,  D C  2 0 2 5 0 .

in a blender. Let slurry stand 1 h at room temperature; then 
centrifuge at 10 000g for 20 min at 4°C. Filter supernatant 
liquid through one layer of Kimwipes (Kimberly-Clark, 
Neenah, WI) and Whatman No. 42 filter paper (Wand R. 
Balston, Maidstone, Kent, UK). Dilute filtrate to 950 mL 
with distilled water; then add 50 mL 1.0M sodium acetate 
followed by the slow addition, with stirring, of 361 g granular 
ammonium sulfate. After ammonium sulfate has dissolved, 
let extract stand overnight at 4°C. Repeat centrifugation as 
above. Discard pellet and adjust pH of supernatant liquid to
4.9 by adding IN HC1; let stand overnight at 4°C. Repeat 
centrifugation. Discard pellet and adjust pH of supernatant 
liquid to 3.7, as above, then let stand overnight at 4°C. Repeat 
centrifugation. Discard pellet and to the supernatant liquid 
add slowly, with stirring, 357 g granular ammonium sulfate. 
After ammonium sulfate has dissolved, let extract stand 
overnight at 4°C. Centrifuge at 27 OOOg for 10 min at 4°C. 
Discard liquid and suspend pellet in 60 mL distilled water. 
Repeat centrifugation to remove any insoluble material. Di
alyze extract overnight against distilled water, then concen
trate to ca 10 mL by dialysis against 30% aqueous solution 
of 20M polyethylene glycol (PEG) (Union Carbide, Danbury, 
CT). Dialyze concentrate exhaustively against 0.01M sodium 
acetate buffer pH 3.7 (prepare buffer by adding glacial acetic 
acid to 0.01M sodium acetate until pH reaches 3.7). Remove 
insoluble material by centrifugation. Repeat the above steps 
for the remaining 3 aliquots of ground skeletal muscle tissue. 
Pool the 4 harvests.

Prepare carboxymethyl cellulosic cation exchanger ac
cording to the manufacturer’s specifications (Whatman, Wand 
R. Balston), equilibrating with starting buffer (0.01M sodium 
acetate, pH 3.7). Pack 1.6 x 35 cm column with CM cellulose 
and check equilibration; run more starting buffer through 
column if necessary. Apply pooled harvest to column and 
elute with linear gradient composed of 180 mL starting buffer 
and 167 mL limit buffer (0.1M sodium acetate) at 20 mL/ 
h. Collect 3 mL fractions while monitoring absorbance at 
280 nm. To ensure complete elution of major peak, apply 
additional limit buffer following completion of gradient. Har
vest major peak, which elutes as gradient runs out. Concen
trate harvest by dialysis against 30% PEG to ca 2 mg protein/ 
mL as determined by Lowry assay (9), using bovine serum 
albumin as standard. Total yield should be ca 25 mg antigen.

Antisera
Inoculate New Zealand albino rabbits subcutaneously at 

multiple sites on their backs with 1 mg each of immunizing 
antigen emulsified in an equal volume of Freund’s Complete 
Adjuvant. After 4 weeks, boost similarly, except use Freund’s 
Incomplete Adjuvant. One week later, test sera for affinity 
and specificity in the assay. If necessary, continue to boost 
and test bleed on alternate weeks until satisfactory antisera 
are obtained.

Antibody
Dilute antiserum with equal volume of 0.01M phosphate- 

buffered saline (PBS), pH 7.2. At 4°C, add saturated am
monium sulfate solution dropwise, with stirring, to one-third
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Table 1. Poultry ELISA of control tissue extracts (mean ± SD)a 
(20 test wells)

Species Unheated 100°C for 15 min 120°C for 15 min

Horse 0.068 ±  0.015 0.024 ±  0.006 0.027 ±  0.007
Beef 0.086 ±  0.021 0.024 ±  0.004 0.024 ±  0.007
Pork 0.035 ±  0.008 0.020 ±  0.004 0.019 ±  0.003
Sheep 0.068 ±  0.020 0.022 ±  0.004 0.022 ±  0.003
Deer 0.048 ±  0.014 0.022 ±  0.008 0.019 ±  0.004
Kangaroo 0.036 ±  0.005 0.041 ±  0.010 0.042 ±  0.009
Chicken 0.779 ±  0.030 0.742 ±  0.038» 0.638 ±  0.031
T urkey 0.676 ±  0.025 0.552 ±  0.023 0.505 ±  0.025

* OD 414-OD 492 nm. 
» 40 test wells.

saturation. Let stand at least 1 h at 4°C. Centrifuge at 10 000# 
for 10 min at 4°C. Discard liquid and dissolve pellet in PBS 
to original volume of serum. Reprecipitate gammaglobulin 
twice more at one-third saturation with ammonium sulfate, 
as above. Dissolve final pellet in PBS to one-half original 
volume of serum and dialyze against PBS.

Pack 2.0 x 68 cm column with Sephadex G200 (Phar
macia Fine Chemicals, Piscataway, NJ) swollen in PBS. Ap
ply 4 mL aliquot of gammaglobulin and elute at 30 mL/h 
with PBS. Collect 4 mL fractions while monitoring absor
bance at 280 nm. Harvest second peak, which contains IgG. 
Concentrate IgG to ca 3 mg/mL; then dialyze against 0.1M 
sodium bicarbonate and store at -20°C or below. The IgG 
so obtained is used either as coating antibody or as biotinyl
ated antibody.

Biotinylated Antibody
Dilute 1 mg IgG in 0.1M sodium bicarbonate to 1 mg/ 

mL. Dissolve biotin-V-hydroxysuccinimide ester (Miles Sci
entific, Naperville, IL) in dimethyl sulfoxide to 1 mg/mL. 
Add 100 nL biotin ester solution, dropwise with mixing, to 
IgG. Let stand at room temperature for 4 h; dialyze overnight 
against PBS containing 0.04% sodium azide at 4°C. Add 
glycerine to the biotinylated IgG to 50% and store at —20°C.

Controls
Add 20 g lean ground skeletal muscle tissue to 60 mL 

normal saline, stomach for 10 s in Colworth Model 80 stom
acher (Tekmar Co., Cincinnati, OH), and let stand 1 h at 
room temperature. Place mixture into boiling water bath for 
15 min and then centrifuge at 10 000g for 15 min at 4°C. 
Filter liquid through 0.45 ^m filter. Prepare control extracts 
from horse, beef, pork, sheep, deer, kangaroo, chicken, and 
turkey meat.

Prepare unheated tissue extracts and those heated to 120°C 
in similar fashion, except, omit heating step or replace it with 
autoclaving for 15 min.

Samples
Add 5 g finely diced cooked or canned meat food to 10 

mL distilled water, stomach 1 min, and let stand 1 h at room 
temperature. Centrifuge extract at 15 600g. Test clear su
pernatant liquid in ELISA. All samples in the present study 
were purchased at a local supermarket, except the horse, 
sheep, and deer frankfurters, which were provided by the 
University of Connecticut Meat Sciences Laboratory, 
Storrs, CT.

ELISA
Determine optimal dilutions of coating antibody and bio

tinylated antibody by cross-titrations against control extracts, 
using excess streptavidin-peroxidase conjugate (Zymed Lab
oratories, Inc., South San Francisco, CA) such that optical

Table 2. Pork ELISA of control tissue extracts (mean ± SD)° 
(20 test wells)

Species Unheated 100°C for 15 min 120°C for 15 min

Horse 0.167 ±  0.017 0.064 ± 0.004 0.088 ±  0.016
Beef 0.131 ±  0.059 0.053 ± 0.009 0.048 ±  0.012
Pork 0.795 ±  0.033 0.719 ±  0.060» 0.683 ±  0.068
Sheep 0.243 ±  0.018 0.062 ±  0.006 0.059 ±  0.009
Deer 0.130 ± 0.077 0.058 ±  0.007 0.056 ±  0.009
Kangaroo 0.054 ±  0.007 0.045 ±  0.006 0.047 ±  0.006
Chicken 0.056 ±  0.010 0.044 ±  0.008 0.042 ±  0.008
T urkey 0.059 ±  0.004 0.048 ±  0.007 0.052 ±  0.010

• OD 414-OD 492 nm. 
0 38 test wells.

density (OD) at 414 nm minus OD at 492 nm is >0.600 for 
homologous control and <0.060 for heterologous controls. 
Absorbance maximum for reacted ABTS is at 414 nm, and 
absorbance minimum is at 492 nm. (Subtracting minimum 
from maximum negates any nonspecific components of op
tical density due to scratches, fingerprints, or bubbles.)

To each well of flat-bottomed, 96 well microtitration plates 
(Immulon I. Dynatech Laboratories Inc., Alexandria, VA), 
add 100 juL optimally diluted IgG in 0.05M Tris-HCl buffer 
(pH 8.4) containing 0.01% merthiolate. Seal plates with ad
hesive plastic and let stand at least 24 h, but not more than 
6 months at 4°C in a high-humidity atmosphere. Perform all 
subsequent incubations at room temperature.

Wash all wells of a plate by filling and aspirating 3 times 
with 300 /uL/well of 0.05M PBS (pH 7.2) containing 0.05% 
Tween 80 (PBST). Add 100 ¿¿L normal saline to each well 
of the first column for blanks. Add 100 ¿¿L sample or control 
extract per well; use replicates of 4 wells each. Cover plate 
and after a 1 h incubation, wash all wells 3 times with PBST 
as above. Add 25 nL biotinylated antibody, optimally diluted 
in PBST containing 10% heat-inactivated normal rabbit se
rum, to each well except those in the first column, which 
receive diluent only. Cover plate and incubate 1 h; then wash 
3 times with PBST. To each well, add 25 ¿¿L streptavidin- 
peroxidase conjugate, diluted 1:2000 in PBST containing 10% 
heat-inactivated normal rabbit serum. Cover plate and in
cubate 30 min; then wash 4 times with PBST, leaving last 
wash in wells to incubate 1 h. Aspirate PBST from wells and 
then add 50 y.L substrate consisting of 0.4mM 2,2'-azino-di- 
(3-ethylbenzthiazoline-6-sulfonate) and 1.3mM H20 , in 
0.1M Na,HP04-citric acid buffer pH 4.0 (ABTS) to each 
well. Cover plate and incubate 30 min; then add 50 fiL 0 .1M 
citric acid to each well. Determine OD 414 nm minus OD 
492 nm for each well, blanking the instrument (Titertek Mul
tiscan, Flow Laboratories, McLean, VA) on column one.

All control extracts and all sample extracts were assayed 
on at least 5 separate occasions by both the poultry ELISA 
and the pork ELISA.

Results
The antibody currently used in the poultry ELISA was 

titered to 1:500 for the coating antibody and 1:70 for the 
biotinylated antibody. The antibody for the pork ELISA was 
titered to 1:2000 for the coating antibody and 1:90 for the 
biotinylated antibody. A 1:2000 dilution of the streptavidin- 
peroxidase conjugate was found adequate for both ELISAs.

Data in Tables 1 and 2 demonstrate the specificity of pork 
and poultry ELISA systems as well as the effect of heating 
on control tissue extracts. The poultry ELISA (Table 1) shows 
virtually no cross-reactions with the red meat species ex
tracts, whereas a strong reaction is apparent under all con
ditions with chicken and turkey extracts. The pork ELISA 
shows no cross-reactions with heated, heterologous species
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Figure 1. Effect of diluting chicken control extract (100°C for 
15 min) in control extracts (100°C for 15 min) of horse (♦), beef 

(*) and pork (+) and beef frankfurter sample extract (•).

Figure 2. Effect of diluting pork control extract (100°C for 15 
min) in control extracts (100°C for 15 min) of horse (♦), beef (*) 

and chicken (+) and beef frankfurter sample extract (•).

control extracts, whereas the pork control extracts react 
strongly under all conditions (Table 2). A slight cross-reaction 
with unheated control extracts of horse, beef, sheep, and deer 
occurs with the pork ELISA. The homologous extract reac
tions are reduced only slightly with heating increased from 
100°C for 15 min to 120°C for 15 min, for the poultry ELISA 
as well as the pork ELISA.

Table 3. Poultry and pork ELISAs of cooked and canned meat 
food sample extracts (mean ± SD)a (20 test wells)

Product Poultry ELISA Pork ELISA

Frankfurters
Horse 0.029"± 0.002 0.076 ±  0.011
Beef 0.025 ±  0.006 0.060 ±  0.006
Pork 0.027 ±  0.002 0.752 ±  0.082
Sheep 0.036 ±  0.005 0.111 ±  0.008
Deer 0.040 ±  0.003 0.113 ±  0.010
Chicken 0.840 ±  0.045 0.065 ±  0.007
T urkey 0.664 ±  0.030 0.048 ±  0.004

Bolognas
Beef 0.024 ±  0.004 0.061 ±  0.011
Pork 0.026 ±  0.003 0.754 ±  0.089
Chicken 0.813 ±  0.057 0.071 ±  0.011
T urkey 0.640 ±  0.060 0.044 ±  0.006

Chopped, pressed, sliced meats 
Beef 0.014 ±  0.003 0.054 ±  0.004
Ham 0.015 ±  0.005 0.647 ± 0.023
Chicken 0.691 ±  0.019 0.046 ± 0.004
T urkey 0.567 ±  0.033 0.063 ±  0.003

Canned baby foods
Beef 0.017 ±  0.005 0.053 ±  0.005
Pork 0.015 ±  0.005 0.463 ±  0.064
Lamb 0.015 ±  0.005 0.051 ± 0.005
Chicken 0.446 ±  0.037 0.045 ±  0.003
Turkey 0.395 ±  0.030 0.044 ±  0.004

Canned spreads
Beef 0.020 ±  0.002 0.053 ±  0.002
Ham 0.020 ±  0.002 0.650 ±  0.045
Chicken 0.445 ±  0.027 0.053 ±  0.006

•OD 414-OD 492 nm.

ELISA results obtained with sample extracts of cooked and 
canned meat foods are presented in Table 3. The presence 
of pork or poultry in a product was confirmed by a strong 
reaction in the appropriate assay. No significant reactions 
occurred with the heterologous species samples. The canned 
products, which had been subjected to a more severe heat 
treatment during retort, reacted with less intensity.

The data represented in Figures 1 and 2 were generated to 
give an estimate of the sensitivity of the assays in 4 matrices. 
The matrix appears to have little effect when the analyte is 
added following extraction, as is the case here. Sensitivities 
of 126 ppm for the poultry ELISA and 250 ppm for the pork 
ELISA were determined by extrapolation from Figures 1 and 
2, using the beef frankfurter matrix curves. All heated het
erologous species control tissue extracts (100°C for 15 min) 
and all heterologous species sample extracts were considered 
en masse, and a mean OD of0.025 with a standard deviation 
(SD) of 0.009 (sample size of 400 wells) was calculated for 
the poultry ELISA and a mean of 0.061 ± 0.021 (500 wells) 
for the pork ELISA. Adding 3 SDs to the means yielded 
0.052 for poultry and 0.124 for pork. Any sample with an 
OD value higher than these is considered to contain poultry 
or pork. By placing these values on the ordinate of Figure 1 
or 2, the corresponding log10 dilution yielding that OD can 
be read off the abscissa. For the poultry ELISA, a significant 
OD of 0.052 is obtained at a log,0dilution of 3.9, or a 1:7943 
dilution, which can be represented as 126 ppm. The pork 
ELISA sensitivity was calculated to be 250 ppm.

Discussion
The ELISAs for detection of poultry and pork, described 

herein, are the only methods for fast, simple, accurate, and 
sensitive determination of these species in cooked and canned 
meat foods. The assays can be completed in 5 h and use a 
simple aqueous extraction of samples. The ELISAs are very 
sensitive and accurate when suitable antibodies are used. The 
key to the successful development of these ELISAs is the 
isolation of native heat-resistant immunizing antigens. The
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physical and chemical characteristics of these antigens have 
not been pursued any further than what can be derived from 
the fractionation procedure and the experiments described. 
The present fractionation procedure is similar to that used 
for the isolation of serum a r acid glycoprotein (10). Of all 
the serum proteins, a,-acid glycoprotein is the most heat 
resistant. The immunizing antigens are not serum a,-acid 
glycoprotein, however, since antibodies specific for one do 
not react with the other (data not shown).

The immunizing antigens are heat resistant as well as species 
specific. However, neither the species specificity nor the heat 
resistance is absolute. Rabbits immunized with these anti
gens often yield antisera with a high IgM/IgG ratio. These 
antisera will appear highly reactive when assayed by im
munodiffusion against unheated antigens (data not shown), 
but prove unsuitable for the ELISAs which require IgG with 
high affinity for the antigens. Multiple boosters may be re
quired to induce the IgM-to-IgG switch, but there is a danger 
with that procedure in that cross-reactive antibodies may be 
produced against common epitopes. A possible solution might 
be to produce the antisera in goats, which are more closely 
related to the potentially cross-reacting species than are rab
bits. Another possible solution would be to produce mono
clonal antibodies which have absolute specificity for the de
sired species.

The antisera used in the poultry ELISA showed no cross
reactivity except between chicken and turkey, both of which 
reacted strongly (Tables 1 and 3); this ELISA has therefore 
been generalized to detect poultry. The antiserum in the pork 
ELISA showed some cross-reactivity with the raw tissue ex
tracts (Table 2). Because the present ELISAs were developed 
for use with cooked and canned meat foods only, marginal 
cross-reactivity with raw meats would not be significant. These 
assays should not be applied to raw meat foods. Any cross
reactions are greatly reduced with heating to 100°C (Table
2) and with the processing of cooked or canned meat foods 
(Table 3). Although the sheep and deer frankfurters showed 
some reactivity in the pork ELISA, comparable results might 
not be expected from commercially available frankfurters. 
The former were prepared from lean tissue with no added 
fat; the resulting extracts therefore contained higher concen
trations of solubilized protein than did the latter.

The antigens are not completely heat stable because in
creased heating results in a concomitant reduction of reac
tions intensities (Tables 1-3). The heating no doubt caused 
some denaturation of the antigens, but it is also possible that 
heating caused molecular interactions within the matrix which 
rendered the antigens less extractable. The intensity of the 
reaction, then, would depend not only on the amount of 
analyte, but also on the severity of heat used in processing. 
The minimum level of detection would therefore depend on 
the type of product being tested. There are too many different 
types of meat food products for these ELISAs to be applied 
quantitatively. Accurate quantitative results could only be 
obtained for a particular product that has been carefully for
mulated with varying levels of adulteration and for which a 
standard curve has been generated. It would be impractical 
to attempt this for all possible products. For applications 
then, these ELISAs should be used qualitatively. The meat 
and poultry food products included in the present study were 
chosen as being representative of the extremely wide variety 
available. Only those products for which a poultry, a pork, 
and other heterologous species representatives are commer
cially available were included, although many other products 
have been assayed (data not shown).

The present ELISAs incorporate the biotin-streptavidin 
amplification system. Besides making the ELISAs more sen
sitive, this system has several important advantages. Because 
of the mild conditions used and the low molecular weight of 
biotin (244 daltons), the binding of biotin to the probe an
tibody lacks the deleterious effects that occur when an en
zyme is directly conjugated to the antibody (11). Most im
portant, the specificity of the antibody for the antigen is 
maintained. The biotinylation of antibody is a much simpler 
laboratory procedure, and the product is more stable than 
an antibody-enzyme conjugate. The use of streptavidin, an 
extracellular product of Streptomyces avidinii, rather than 
egg white avicin in the enzyme conjugate ensures specificity. 
Unlike egg white avidin, streptavidin has a neutral isoelectric 
point under physiological conditions and is free of carbo
hydrate side chains (12), thus excluding nonspecific binding 
to plastic or lectins.

The sensitivities of the methods were estimated to be 126 
ppm for the poultry ELISA and 250 ppm for the pork ELISA. 
These values were extrapolated from Figures 1 and 2, which 
show the effect of diluting the analyte in 4 matrices. The 
values were taken from the beef frankfurter matrix curves. 
The end-point ODs were calculated as the mean plus 3 SDs 
for all heterologous samples and controls. Although these are 
only rough estimates, for regulatory purposes they are more 
than adequate. When considering the amount of analyte that 
might be expected in mislabeled or fraudulently prepared 
meat foods, where adulteration at less than 1% would not 
provide an economic incentive, OD values much higher than 
0.052 for the poultry ELISA and 0.124 for pork could be set 
as cutoff values. Any sample that produces a value higher 
than the cutoff value would be considered violative. At these 
higher levels, the accuracy of the assays would be such that 
the possibility of false positives would be virtually nil.

In conclusion, the specificity and the sensitivity of the 
cooked poultry ELISA and the cooked pork ELISA have been 
deemed sufficient for them to have been incorporated as 
regulatory tools by the Food Safety and Inspection Service 
of the U.S. Department of Agriculture.
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C H E M I C A L  C O N T A M I N A N T S  M O N I T O R I N G

Organohalogen Residues in Human Adipose Autopsy Samples from Six Ontario 
Municipalities

D A V ID  T. WILLIAMS, G U Y  L. LeBEL, and ELIZABETH JU N K IN S
H e a lth  a n d  W e lfa re  C a n a d a , E n v ir o n m e n ta l H e a lth  C en tre , T u n n e y ’s  P a stu re , O tta w a , O n ta r io  K 1 A  0 L 2 , C a n a d a

H u m a n  a d ip o s e  t i s s u e  s a m p l e s  o b t a in e d  d u r in g  a u to p s i e s  in  6  C a 

n a d i a n  G r e a t  L a k e s  m u n ic ip a l i t i e s  w e re  a n a l y z e d  fo r  c h lo r o b e n z e n e s ,  
p o ly c h lo r o b ip h e n y ls ,  a n d  o r g a n o h a lo g e n  p e s t i c id e  r e s id u e s .  T h e  f r e 
q u e n c y  o f  o c c u r r e n c e  a n d  t h e  r a n g e  a n d  m e a n  f o r  2 8  o r g a n o h a lo g e n  

r e s id u e s  a r e  r e p o r t e d  fo r  m a le  a n d  f e m a le  d o n o r s  in  e a c h  m u n ic i 
p a l i t y .  O v e r a l l  m e a n  r e s id u e  v a lu e s  in  f e m a le s  w e re  s ig n i f i c a n t ly  
h i g h e r  t h a n  th o s e  in  m a le s  f o r  h e x a c h lo r o b e n z e n e ,  /S - H C H , p,p - 
D D E ,  p .p '- D D D  +  o .p '- D D T ,  a n d  p,p'-DDT. T h e  m e a n s  a n d  r a n g e s  
o f  r e s id u e  v a lu e s  w e re  s i m i l a r  to  t h o s e  r e p o r t e d  in  p r e v io u s  C a n a d i a n  
s u r v e y s .

The Canada-United States Great Lakes Agreement was ne
gotiated to address perceived and emerging problems related 
to pollution of the Great Lakes Basin. One of the programs 
under this agreement recognized the need to generate data 
that would provide insight into human exposure to toxic 
chemicals and would aid in the assessment of the total intake 
of contaminants from all sources. One approach to address
ing this need is to determine the levels of potentially toxic 
chemicals present in human tissue samples. An initial study
(1) had investigated the levels of organochlorine contami
nants in human adipose tissues obtained from 2 municipal
ities, Ottawa and Kingston, located at the eastern end of the 
Great Lakes Basin. The present study was designed to extend 
the investigation and compare contaminant levels in adipose 
tissue samples from municipalities in other areas of the Great 
Lakes Basin. The tissues were analyzed for organohalogen 
residues by using a method recently developed for this pur
pose (2).

Experimental 
Reagents and Apparatus

Reagents, equipment, and operating conditions for anal
ysis of halogenated contaminants in adipose tissue have been 
described previously (2).

Analytical Procedure
Procedures for adipose tissue extraction and analysis have 

been described previously (2). Extracts were analyzed si
multaneously on 2 capillary columns of differing polarity 
(DB-17 and DB-5) to confirm the identity of each residue. 
Residues were quantitated using data from the DB-17 col
umn except for mirex, where data were used from the 
DB-5 column.

Quality Assurance/Quality Control
Immediately before and after the study, recovery studies 

were done on clean fat fortified at 10, 100, and 500 ng/g with 
the analytes of interest. Recoveries for all detected analytes 
were >90%, which was in agreement with recovery data 
previously published (2). A method blank was run with each 
set of 14 samples, and 10% of the samples were analyzed in 
duplicate; duplicate results agreed within ±5%. The identity 
of residues in 25% of the samples was qualitatively confirmed 
by gas chromatography/mass spectroscopy GC/MS (2).

Received March 13, 1987. Accepted June 13. 1987.

Tissue Collection
Adipose tissue samples were obtained in 1984 from unem

balmed cadavers during autopsies at one hospital in each 
municipality. Tissues were obtained from all patients where 
it was legally appropriate to release tissue samples. A single 
tissue sample (5-20 g) was taken from the greater omentum 
of each donor and placed in a separate precleaned glass vial, 
which was then sealed with a Teflon-lined screw cap and 
frozen (—20°C) until analyzed. To minimize possible con
tamination of the samples, they were collected using instru
ments reserved for this purpose.

Available patient data were restricted to age, sex, and body 
weight. For some patients, the place of residence immediately 
prior to death was known; the occupational history was not 
known.

Statistical Methods
For each residue in the statistical analysis, results reported 

as not detected were assigned a value of half of the detection 
limit. In some instances the level of the residue could not be 
calculated because of interference in the GC analysis, and 
these were treated as missing values throughout the statistical 
analysis. Estimates of mean residue levels were calculated 
for males and females separately within each community, 
along with the corresponding standard deviation. The chem
ical residue values were transformed using natural logarithms 
to address the non-normality of the data. The transformed 
data were tested for normality using the Kolmogorov-Smir- 
nov test (3). Differences among the municipalities and be
tween the sexes were examined using analysis of variance 
and analysis of covariance (3). To exert some control over 
experimental error rate for comparisons between munici
palities, Bonferroni-type inequalities were used to attain an 
overall error rate (4).

Results and Discussion
Adipose tissue samples from 92 male and 49 female donors 

were obtained from 6 Ontario municipalities—Cornwall, 
London, St. Catharines, Toronto, Welland, and Windsor— 
located in the Canadian section of the Great Lakes Basin. 
The numbers of male/female donors in each municipality 
and their age and body weight distributions are shown in 
Table 1.

Each tissue sample was analyzed for the organohalogen 
residues listed in Table 2. The detection limit for each residue 
and the frequency of occurrence of each residue for the 6 
municipalities are reported in Table 2. The ranges and mean 
values found for those residues detected in the majority of 
the tissues are listed by area in Table 3. Levels of a-HCH 
just above the detection limit were found in 84% of the 
adipose tissues, but because accurate quantitation was not 
feasible for this compound at these levels, data on means 
and ranges were not calculated. Occasional tissue samples 
contained relatively high levels of one, but seldom two, of 
the following compounds: y-HCH was found in 12 tissue 
samples at <20 ng/g but 3 tissues had levels of 109, 148,
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Table 1. Ages and body weights of autopsy patients

Location Sex

Age, years Body weight, kg

patients Mean ± SD Range Mean ± SD Range

Cornwall M 14 67 ± 17 27-90 78 ± 12 40-94
F 7 64 ± 16 48-91 66 ± 15 50-90
M + F 21 65 ± 17 27-91 73 ± 14 40-94

London M 25 64 ± 15 34-88 75 ± 20 44-132
F 12 75 ± 7 61-84 57 ± 11 42-80
M + F 37 68 ±  14 34-88 69 ± 19 42-132

St. Catharines M 11 60 ± 17 21-81 N/A*
F 6 77 ± 8 66-88 N/A
M + F 17 66 ±  16 21-88 N/A

Toronto M 4 67 ± 7 59-76 N/A
F 3 61 ± 17 47-80 N/A
M + F 7 64 ± 11 47-80 N/A

Welland M 14 60 ± 17 28-81 81 ± 15 60-120
F 9 64 ± 17 28-83 64 ± 12 40-80
M + F 23 61 ± 17 28-83 74 ± 16 40-120

Windsor M 24 53 ± 20 6-85 70 ± 17 23-113
F 12 64 ± 19 12-81 54 ± 8 39-68
M + F 36 57 ± 20 6-85 65 ± 17 23— 113

• N/A: data not available.

and 174 ng/g. Octachlorostyrene was present in 5 of the 
tissues, but all residue values were < 15 ng/g. Pentachloro- 
benzene was detected in 9 of the tissue samples, but only 2 
of these tissues contained residue levels (43 and 15 ng/g) 
greater than 10 ng/g. Hexabromobiphenyl was found in 27% 
of the samples at <25 ng/g, but 4 tissues contained levels of 
80, 97, 158, and 208 ng/g.

The overall ranges and mean residue levels for tissues from 
males and females in the 6 municipalities are given in Table
4. Mean residue values for females were significantly (P < 
0.01) greater than for males for hexachlorobenzene (109 vs 
71 ng/g) and /3-HCH (118 vs 67 ng/g) and significantly (P < 
0.05) greater for p,p'-DDE (3819 vs 2937 ng/g), p,p'-DDD + 
o.p'-DDT (6.7 vs 4.8 ng;g), and p,p '-DDT (101 vs 74 ng/g).

Mes et al. (5) reported significantly higher hexachlorobenzene 
residues in adipose tissue from females (130 ng/g) compared 
to those from males (66 ng/g), but they found no significant 
sex differences with other residues. Focardi et al. (6) have 
reported significantly higher levels in females for residues of 
lindane, p,p'-DDE, and /;,/;'-DDT. However, Mussalo-Rau- 
hamaa et al. (7) reported no significant differences in males 
and females for residues of total DDT, PCB, chlordanes, or 
HCB.

The total mean residue levels for males and females for 
each municipality are compared in Figure 1. Since residue 
levels of p,p'-DDE and PCB are an order of magnitude greater 
than levels of other residues, the total mean residue levels 
have been plotted both without (Figure la) and with (Figure

Table 2. Percentage frequency of residue occurrence

Residue MDL» Cornwall London St. Catharines Toronto Welland Windsor

Trichlorobenzene 11 0 0 0 0 0 0
T etrachlorobenzene 13 0 0 0 0 0 0
Pentachlorobenzene 1.9 4 3 12 0 0 14
Hexachlorobenzene 1.4 100 100 100 100 100 100
HCBD 1.2 0 0 0 0 0 0
a-HCH 1.2 83 97 94 86 83 67
Chlordene 1.2 0 0 0 0 0 0
7-HCH 1.4 8 19 6 0 17 3
fJ-HCH 3.0 100 100 100 100 100 100
Heptachlor 1.4 0 0 0 0 0 0
Aldrin 1.2 0 0 0 0 0 0
Octachlorostyrene 1.1 8 0 0 0 0 8
Oxychlordane 1.2 100 100 100 100 100 100
Heptachlor epoxide 1.1 100 100 100 100 100 100
7-Chlordane 1.3 0 0 0 0 0 0
irans-Nonachlor 1.3 100 100 100 100 100 100
a-Chlordane 1.0 0 0 0 0 0 0
a-Endosulfan 1.2 0 0 0 0 0 0

o,p-DDE 2.6 0 0 0 0 0 0

p,p'-DDE 1.2 100 100 100 100 100 100

Dleldrln 0.9 96 100 100 100 100 100

Endrln 2.4 0 0 0 0 0 0

c/s-Nonachlor 1.3 100 100 100 100 100 100

p,p'-DDD + o.p'-DDT 4.0 62 97 29 86 52 78

p,p'-DDT 1.7 100 100 100 100 100 100

Mirex 1.8 100 95 94 100 70 94

Hexabromobiphenyl 6.6 8 41 18 57 13 44

PCB 100 100 100 100 100 100 100

* Minimum detection limit (ng/g) based on area reject of 3000 counts for 1 g sample in 2 mL extract.
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Table 3. Organohalogen residues (ng/g) in adipose tissue from 6 municipalities

Residue

Male Female All

Mean ± SD Range Mean ± SD Range Mean ± SD

Cornwall

Hexachlorobenzene 62 ± 29 26-109 85 ± 47 37-178 71 ± 36
d-HCH 36 -  14 16-59 81 ± 62 34-214 51 ± 40
Oxychlordane 32 ± 11 11-59 37 ± 17 16-170 32 ± 13
Heptachlor epoxide 17 ± 10 6-39 16 + 11 3.3-39 16 ± 10
frans-Nonachlor 60 ± 20 2 2 -110 62 ± 37 31-142 58 ± 25
c/s-Nonachlor 7.2 ± 2 4.1-10 7.2 ± 4.3 3.5-17 7.2 ± 2.9
p,p'-DDE 1553 ± 835 502-3312 3100 ± 3331 466-8069 2163 ± 2031
Dieldrin 21 ± 13 8.8-51 17 ± 10 ND-32 19 ± 12
p,p'-DDD + o.p'-DDT 3.7 ± 1.6 ND*-6.4 4.7 ± 3.4 ND-11 4.3 ± 2.3
p,p’-DDT 57 ± 40 15-159 85 ± 74 13-234 70 ± 56
Mirex 13 ± 17 2.7-55 10 ± 10 3-32 11 ± 14
PCB 2133 ± 1480 604-5866 2094 ± 1526 628-4773 2169 ± 1433

London

Hexachlorobenzene 79 ± 49 25-244 108 ± 53 50-225 89 ± 51
(3-HCH 99 ± 82 19-297 139 ± 1 '2 32-430 112 ± 93
Oxychlordane 57 ± 26 20-108 54 ± 24 19-93 56 ± 26
Heptachlor epoxide 42 ± 27 7.9-109 46 ± 3' 6.9-107 44 ± 28
trans-Nonachlor 92 ± 45 31-179 80 ± 4- 24-141 88 ±  43
c/s-Nonachlor 12 ± 8.1 3.7-34 8.8 ±  4.3 2.5-15 11 ±7 .2
p,p'-DDE 3090 ± 1863 490-7217 3124 ± 2263 364-6733 3101 ± 1970
Dieldrin 63 ± 42 11-151 61 ± 43 6.5-151 63 ± 42
p,p'-DDD + o.p'-DDT 4.7 ± 3.7 ND-18 8.2 ± 9.2 ND-36 5.9 ± 6.2
p,p'-DDT 53 ± 49 8.4-202 77 ± 66 6.6-218 61 ± 55
Mirex 6.6 ± 4.7 ND-17 8.5 ± 12 ND-43 7.2 ± 7.6
PCB 2207 ± 1255 834-5159 1618 ± 6^4 618-2845 2011 ± 1115

St. Catharines

Hexachlorobenzene 88 ± 46 39-176 157 ± 118 51-373 114 ± 85
d-HCH 89 ± 65 28-209 140 ± 128 27-366 107 ± 91
Oxychlordane 72 ± 62 31-237 66 ± 35 36-132 70 ± 53
Heptachlor epoxide 45 ± 44 8.6-150 35 ± 23 4.9-76 42 ± 38
trans-Nonachlor 136 ± 128 68-467 110  ± 81 45-271 126 ± 111
c/s-Nonachlor 14 ± 14 4.2-52 11 ± 8.1 4-27 13 ± 12
p,p'-DDE 3760 ± 2843 453-10 326 5843 ± 2283 2705-8141 4355 ± 2784
Dieldrin 56 ± 55 11-20 1 52 ± 46 3.8-120 54 ± 50
p,p'-DDD + o,p'-DDT 4.6 ± 5.6 ND-20 3.4 ± 3.3 ND-10 4.1 ± 4.8
p.p'-DDT 87 ± 107 14-369 94 ± 93 7.6-258 90 ± 99
Mirex 22 ± 19 ND-51 18 ± 16 6-43 20 ± 18
PCB 2145 ± 1184 939-4469 2872 ± 2152 940-6269 2418 ± 1587

Toronto

Hexachlorobenzene 57 ± 34 28-102 60 ± 31 33-95 58 ± 30
d-HCH 64 ± 56 29-148 75 ± 47 34-126 69 ± 48
Oxychlordane 48 ± 19 31-69 42 ± 22 18-62 45 ± 19
Heptachlor epoxide 24 ± 9 13-33 24 ± 15 12-41 24 ± 11
trans-Nonachlor 92 ± 55 47-165 72 ± 37 34-107 83 ± 45
c/s-Nonachlor 13 ± 9 5.5-26 11 ± 4.8 6.5-16 12 ± 7
p,p'-DDE 1617 ± 1268 809-3487 2445 ± 1707 1363-4412 1972 ± 1404
Dieldrin 29 ± 11 15-40 37 ± 36 15-79 32 ± 23
p,p’-DDD + o,p’-DDT 4.5 ± 2.2 ND*-7.2 6.8 ±  2.7 4.3-9.7 5.5 ± 2.5
p,p’-DDT 61 ± 58 27-148 76 ± 34 41-110 67 ± 46
Mirex 30 ± 45 3.8-98 4.9 ± 1.3 3.5-6 19 ± 35
PCB 2626 ± 2594 789-6368 1688 ± 1090 918-2935 2224 ± 2003

Welland

Hexachlorobenzene 58 ± 43 18-199 123 ± 72 48-258 84 ± 64
¡3-HCH 45 ± 49 16-211 123 ± 155 36-530 76 ± 108
Oxychlordane 38 ± 29 14-105 51 ± 25 26-90 43 ± 28
Heptachlor epoxide 23 ± 21 2-84 25 ± 13 8.6-50 24 ± 18
trans-Nonachlor 71 ± 51 26-220 80 ± 45 41-158 74 ± 48
c/s-Nonachlor 7.3 ± 4.3 ND-18 6.8 ± 2.8 3.2-13 7.1 ± 3.8
p,p'-DDE 3077 ± 2461 245-7548 3930 ± 2954 1548-11 161 3411 ± 2633
Dieldrin 30 ± 22 7.3-84 37 ± 25 11-83 33 ± 23
p,p'-DDD + o,p'-DDT 4 ± 2.3 2-8.9 3.5 ± 2 A ND-9 3.8 ± 2.3
p.p'-DDT 102 ± 100 17-332 117 ± 96 34-311 108 ± 97
Mirex 8.3 ± 6.6 ND-19 9.5 ± 8.9 ND-24 8.8 ± 7.4
PCB 1456 ± 370 861-2133 2473 ± 3318 745-11 209 1854 ± 2084



WILLIAMS ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 2, 1988) 413

Table 3. Continued

M a le F e m a le A ll

R e s id u e M e a n  ±  S D R a n g e M e a n  ±  S D R a n g e M e a n  ±  S D

W in d s o r

H e x a c h lo ro b e n z e n e 7 0  ±  4 9 2 5 - 2 3 8 1 0 2  ±  4 9 1 9 - 1 6 9 8 0  ±  5 0

0 -H C H 5 4  ±  31 1 7 - 1 2 8 1 1 3  ±  8 5 1 4 - 2 7 0 7 4  ±  61

O x y c h lo rd a n e 6 0  ±  3 3 2 5 - 1 4 2 6 4  ±  41 7 .7 - 1 4 3 61 ±  3 5

H e p ta c h lo r  e p o x id e 3 4  ±  2 7 6 .5 - 1 0 3 3 6  ±  2 8 8 .4 - 1 0 0 3 5  ±  2 7

fra n s -N o n a c h lo r 111 ± 8 2 4 7 - 3 7 4 1 1 5  ±  71 1 4 -2 3 1 1 1 2  ±  7 8

c /s -N o n a c h lo r 12 ±  11 3 . 8 - 5 5 1 3  +  9 3 . 5 - 3 4 12 ±  1 0

p ,p '-D D E 3 3 7 9  ±  3 0 2 5 1 3 8 - 1 2 1 6 7 4 5 1 8  ±  3 6 4 7 1 4 6 -1 1  4 2 5 3 7 5 8  ±  3 2 3 9

D ie ld r in 5 2  ±  4 9 7 .2 - 2 3 5 5 9  ±  4 6 1 4 - 1 6 6 5 4  ±  4 7

p ,p '- D D D  +  o ,p '-D D T 6 .2  ±  3 .9 2 - 1 7 10  ±  9 5 N D - 3 0 7 .6  ±  6 .6

p ,p '- D D T 86 ±  7 9 8 .5 - 2 8 2 1 3 3  ±  1 0 8 1 8 - 3 4 3 101 ±  91

M ire x 10 ±  6 .6 N D -3 1 7 .7  ±  5  4 N D - 1 9 9 .5  ±  6 .3

P C B 2 1 9 8  ±  1 1 5 0 9 0 7 - 5 6 9 9 2 5 3 0  ±  1 3 4 6 1 9 7 -5 3 9 6 2 3 0 9  ± 1 2 1 0

* N D : n o t  d e te c te d .

Table 4. Overall mean residues (ng/g) in adipose tissue

Residue

Male Female All

Mean ± SD* Range Mean ± SD Range Mean ± SD

Hexachlorobenzene 71 ± 44 18-244 109 ±  66 19-373 84 ± 56
(3-HCH 67 ± 60 16-297 118 ± 106 14-530 84 ± 82
Oxychlordane 52 ± 35 11-237 54 ± 30 8-143 53 ± 33
Heptachlor epoxide 33 ± 28 2-150 33 ± 25 3-107 33 ± 27
frans-Nonachlor 94 ± 71 22-467 89 ± 57 14-271 92 ± 66
c/s-Nonachlor 11 ± 8.9 5.5-26 9.6 ± 6.3 6.5-16 10 ± 8.1
p.p’-DDE 2937 ± 2369 138-12167 3819 ±  2941 146-11 425 3237 ± 2602
Dieldrin 47 ±  42 7-235 47 ± 40 ND-166 47 ± 41
p,p'-DDD + o,p'-DDT 4.8 ± 3.6 ND»-20 6.7 ± 7.2 ND-36 5.5 ± 5.2
p,p'-DDT 74 ± 75 8-369 101 ± 86 7-343 84 ± 80
Mirex 12 ± 15 ND-98 9.6 ± 10 ND-43 11 ± 13
PCB 2088 ± 1241 604-6368 2224 ±  1835 197-11 209 2136 ± 1473
Age 60 ± 17 6-90 68 ±  15 12-91 63 ±  17
Body weight 75 ± 17 23-132 60 ±  13 39-97 70 ± 17

* Mean ± standard deviation for 92 males and 49 females. 
6 ND: not detected.

Table 5. Mean chlorinated residues (ng/g) in adipose tissues 
of Canadians

Compound
Southern
Ontario*

Rest of 
Ontario6 Canada6 Kingston6 Ottawa*

PCB 3200 2500 944 2950 2000
p,p'-DDE — — 1721 3260 2560
p.p'-DDT — — 311 160 130
2DDT 5560 4360 2064 — —

Dieldrin
Hexachloroben-

100 110 49 36 43

zene
Heptachlor

100 90 95 110 78

epoxide — — 37 35 37
Oxychlordane — — 55 42 39
f3-HCH — — 151 140 65

* Based on extractable fat for 126 samples collected In 1972 (9).
6 Based on extractable fat for 59 samples collected In 1972 (9).
0 Based on wet weight for 99 samples collected in 1976 (5).
6 Based on wet weight for 91 samples collected in 1979-1981 (1).
• Based on wet weight for 84 samples collected in 1980-1981 (1).

lb) DDE and PCB values included in the total. In general, 
the total residue levels for females excluding PCB and DDE 
(Figure 1 a) are higher than those for males except in Toronto. 
However, the number of tissues from this municipality is so 
small that meaningful interpretation of the data is difficult. 
These results are similar to those found in the previous Ot- 
tawa-Kingston study (Figure la). Total residue values in
cluding DDE and PCB (Figure lb), again, in general, are

higher for females than for males. This differs from the Ot
tawa-Kingston study (Figure lb), in which males had higher 
PCB and DDE residues compared to females, particularly in 
Kingston (1).

Compariso n of individual residue values between the mu
nicipalities (Table 3) did not reveal statistically significant 
differences (P < 0.05). Visual comparison of total residues 
of individual municipalities against each other (Figure lb) 
suggests that St. Catharines total residues might be higher 
than those for other municipalities, but these differences were 
not statistically significant (P < 0.05). Comparison of total 
residues for each municipality against a pooled value for the 
other 5 municipalities, however, did show St. Catharines 
total residues to be significantly (P < 0.05) higher, primarily 
because of high p,p'-DDE residue values, especially for fe
males (cf. Tables 3 and 4). We assume that the route of human 
exposure to p,p'-DDE is principally through the food chain
(8), but since information on the diets of the tissue donors 
was not avai’.able, this assumption could not be evaluated in 
the present study.

The mean residue levels (Table 4) in adipose tissue from 
these 6 municipalities are comparable to those found in other 
Canadian studies (Table 5) and appear to represent typical 
tissue residue levels found in Canada.
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Figure 1. The mean total residue level for males and females in each municipality: (a) excluding PCB and DDE; (b) including PCB
and DDE. The city identification in a is the same for b.

samples. Some statistical analyses were performed by M. 
Goddard.
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Levels and Incidences of Pesticide Residues in Various Foods and Animal Feeds Analyzed by 
the Luke Multiresidue Methodology for Fiscal Years 1982-1986

M IL T O N  A . L U K E , H E R B E R T  T. M A S U M O T O , T H O M A S  C A IR N S , and H A R V E Y  K. H U N D L E Y  
Food and Drug Administration, Office o f Regulatory Affairs, Los Angeles District Laboratory, 1521 W. Pico Blvd, 
Los Angeles, CA 90015

D u r in g  a  5  y e a r  p e r io d  f r o m  1 9 8 2  to  1 9 8 6 ,  t h e  F D A  L o s  A n g e le s  

D i s t r i c t  L a b o r a t o r y  a n a l y z e d  1 9  8 5 1  s a m p l e s  o f  d o m e s t ic  a n d  im 
p o r te d  fo o d  a n d  fe e d  c o m m o d i t i e s  f o r  p e s t i c id e  r e s id u e s .  A  s in g le ,  
r a p i d ,  m u l t i r e s id u e  m e th o d  w a s  u s e d .  T h e  r e s u l t a n t  d a t a  h a v e  b e e n  

c o m p i le d  s h o w in g  t h e  c o m m o d i t i e s  s a m p l e d  a n d  t h e  i d e n t i t y  a n d  
r a n g e  o f  le v e ls  o f  p e s t i c id e  r e s id u e s  d e te c te d ,  in c lu d in g  a n  in d ic a t io n  
o f  t h o s e  r e s id u e  f i n d i n g s  t h a t  d id  n o t  c o m p ly  w i th  U .S .  f e d e r a l  t o l 

e r a n c e  le v e ls .  T h e  r e s id u e  d a t a  p r e s e n te d  s h o u ld  n o t  b e  v ie w e d  a s  

b e in g  r e p r e s e n t a t i v e  o f  t h e  U .S .  fo o d  s u p p ly ;  r a t h e r ,  t h e  r e s u l t s  a r e  
in d ic a t iv e  o f  a  s u r v e i l l a n c e -  a n d  c o m p l i a n c e - o r i e n t e d  s a m p l in g  o f  
v a r io u s  f o o d  s h i p m e n t s  c o l le c te d  b y  t h e  L o s  A n g e le s  D i s t r i c t .

Although pesticide chemicals provide numerous benefits in 
the production of food, residues in foods resulting from the 
use of pesticides can pose a potential health risk to con
sumers. The estimated annual retail value of pesticide sales 
within the United States alone is in excess of 5 billion dollars 
(U.S. Department of Commerce statistics, 1985). Govern
ment agencies responsibile for the protection of the public 
health from possible adverse effects of pesticide residues in 
foods face a formidable task of monitoring and regulating 
affected commodities. Residues of pesticides and their me
tabolites can find their way into the food chain from several 
sources; the purposeful application of pesticides on crops to 
control insect, weed, and fungal infestations is the most com
mon. Another is the indirect contamination of food with 
pesticides that persist in the environment.

The U.S. Food and Drug Administration (FDA) is re
sponsible for ensuring that food and feed commodities shipped 
in U.S. interstate commerce (including imported comodities) 
comply with the pesticide tolerances established by the U.S. 
Environmental Protection Agency (EPA). FDA carries out 
this responsibility by conducting an ongoing pesticide sur
veillance program, the primary objective of which is to sam
ple and analyze food and feed shipments for residues and to 
restrain from commerce those shipments found to contain 
pesticide residues of regulatory significance (i.e., residues that 
exceed a tolerance or for which there is no tolerance). Re
straint from commerce is accomplished through various 
mechanisms: voluntary destruction, FDA regulatory action 
(seizure and injunction), or regulatory action by state and 
local agencies. A second objective of the FDA surveillance 
program is to obtain data on the levels and incidences of 
pesticide residues found in food and feed.

FDA has a network of district offices located throughout 
the nation charged with implementation of this pesticide 
surveillance program. The pesticide monitoring responsibil
ities of the FDA Los Angeles District extend to food and 
feed produced in and shipped from Arizona and southern 
California as well as food and feed imported into the United 
States at ports of entry located within this geographic area. 
In the Los Angeles District, a pesticide coordination team 
(Figure 1) composed of investigators (sample collection), 
chemists (sample analysis), and compliance officers (legal 
processing) provides the selected sampling plan based on 
current information about the types of crops, their produc-

R e c e iv e d  A p r i l  2 4 , 1 9 8 6 . R e s u b m i t te d  A u g u s t  9 , 1 9 8 6 . A c c e p te d  J u n e  5, 
1 9 87 .

tion volume, their harvest times, the pesticides used, and the 
potential pest problems.

To accomplish the complex task of monitoring the billions 
of pounds of food, mainly fresh agricultural produce, for a 
wide range of pesticides, the Los Angeles District has played 
a key role in developing the analytical methods (1; FDA 
internal memorandum, 1984). Analytical methodologies were 
developed by Luke et al. (2, 3) to provide rapid procedures 
for simultaneous analysis of several hundred pesticides. 
Analysis typically takes about 2 h per sample and provides 
an extract that can contain residues ranging from the highly 
polar pesticides (e.g., methamidophos) to the nonpolar ones 
(e.g., DDT). Optional determinations of the resultant extracts 
by a variety of analytical techniques such as liquid chro
matography, derivative formation, and gas chromatography/ 
mass spectrometry (GC/MS) can further extend the number 
of residues detected for a minimum of additional time.

To enhance this procedure, an analytical team is used to 
expedite the preparation, extraction, and determination of 
the samples. With current resources, a team of 6 analysts can 
completely process 50-80 samples within the normal work
ing day. The sample tracking and reporting requirements of 
the basic FDA program were redesigned to minimize the 
time spent on paperwork. Computer software to track the 
samples collected and analyzed and residues found was part 
of the newly designed system. Data summaries allow easy 
evaluation by the pesticide coordination team to redirect 
program resources and coverage as required (Figure 1) and 
to make available to district management pertinent infor
mation to provide program oversight.

For fresh produce, one carton of produce is usually col
lected as the surveillance sample. Because of this sampling 
approach, a single investigator can collect and deliver 20-30 
samples per day for analysis.

Using the overall approach outlined above, the Los An
geles District Office has collected and analyzed about 20 000 
samples in the 5 year period from October 1981 to September
1986.

This paper reports the findings of pesticide residues in a 
wide variety of domestic and imported food and feed samples 
examined during that time period; a single multiresidue 
method was used (a modified extraction procedure was used 
for analyzing fish samples [4]). The paper indicates those 
residue findings that were in violation of the U.S. Federal 
Food, Drug, and Cosmetic Act (FFDCA).

Experimental
Sample Preparation, Extraction, and Analysis

(a) High moisture products (lettuce, fruits, etc.). — Sample 
preparation as described in the Code of Federal Regulations, 
40 CFR 180 1 (j), was used. The extraction procedure em
ployed has been described in detail elsewhere (2, 3, 5).

For the most part, determinations were performed by gas 
chromatographic (GC) systems equipped with flame pho
tometric detectors (FPD), Hall electrolytic conductivity de
tectors (HECD) Model 700A, and various polar and nonpolar 
packed columns as described previously (2, 3, 5).
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Cyhexatin was analyzed as a bromine derivative, using an 
electron capture detector in the constant current mode (6).

Captan, folpet, and captafol were analyzed by a liquid 
chromatographic (LC) system equipped with a Tracor 965 
photoconductivity detector (PCD). For these determinations, 
the extract (or portion) provided by the general scheme was 
evaporated to dryness under a stream of dry nitrogen and 
then diluted with acetonitrile (UV grade with absorbance 
cutoff at 188 nm) and injected onto a 15 cm ODS column; 
the mobile solvent system was acetonitrile-water (50 + 50) 
(S. Gonzales, FDA, private communication).

Aldicarb sulfoxide was analyzed with an HECD in the 
nitrogen mode, a 2% DEGS column (122 cm x 2 mm i.d.) 
set at 110°C, and also the postcolumn derivatization LC sys
tem previously described by Krause (7). The extract provided 
by the general scheme was evaporated to dryness at 37°C 
under dry nitrogen and diluted with 0.5 mL methanol; a 0.4 
mL portion was then eluted through a C-18 Sep-Pak cartridge 
with acetonitrile-water (50 + 50) (W. Langham, FDA, pri
vate communication) to provide a final volume of 0.5 mL 
which was then filtered and injected onto the LC system.

(b) Dry products (grains, hay, cereals, etc.). — Bulk prod
ucts were first reduced by grinding to pass a 20 mesh sieve. 
A portion was extracted for pesticide screening by the mod
ification described by Luke and Doose (3); where necessary, 
samples were cleaned up by carbon and Florisil chromatog
raphy.

(c) Products with high fat content. — Fish samples were pre
pared by removing inedible bone, scales, skin, fins, and head 
before grinding in a Hobart food chopper. Then, 15 g sample 
was extracted by the alumina blending method of Luke and 
Doose (4).

Results and Discussion
The pesticide residues listed in Table 1 and the findings 

by commodity listed in Appendix 1 represent the results 
obtained by the FDA Los Angeles District using the methods 
described in carrying out its part of the agency’s pesticide 
surveillance program. This database is a product of selective 
sampling as well as selective analyses. The samples were not 
necessarily collected at random but were selected on the basis 
of residue history, current pest problems, and harvest dates. 
This selection process provided samples most likely to con
tain pesticide residues. The analyses were also selective in 
that each extract was examined by using a limited number 
of GC detection systems to detect residues anticipated or 
most likely to be present. Few samples were examined by all 
the systems available and some were examined for only one 
pesticide. While only 85 different pesticides residues were 
detected during this 5 year period, the Luke procedure had 
the demonstrated ability (8) to recover and detect an addi
tional 149 pesticide residues (Table 2).

The use of the Luke et al. procedure (2) to replace several 
traditional multiresidue methods has proven by experience 
in the Los Angeles laboratory and throughout this 5 year 
study to be an effective addition to the pesticide residue 
program. The data accumulated during this period illustrate 
the wide range of pesticides that are detected by this single, 
multiresidue approach as well as the wide range of com
modities on which they were found. Residues levels have 
been underlined in Appendix 1 where the pesticide level 
detected did not comply (at the time of analysis/detection) 
with the tolerances established by EPA or was considered of 
regulatory significance (i.e., residue for which there was no 
tolerance or permitted exemptions). The absence of EPA

Figure 1. Flow diagram illustrating relationships among oper
ational functions of the pesticide surveillance program.

registration(s) does not necessarily render residues of those 
pesticides as “illegal.”

For regulatory analysis of pesticides, it was sometimes nec
essary to confirm the presence of a particular contaminant 
by mass spectrometry before initiating regulatory action. The 
added confirmation by GC/MS analysis was required to pro
vide unambiguous proof of the violation. The unique role 
that mass spectrometry can play in supporting the scientific 
evidence from this single multiresidue protocol used for reg
ulatory purposes in this laboratory has been reported else
where (9, 10).
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Figure 2. Total incidence levels for the most commonly en
countered pesticides and/or metabolites in 19 851 samples of 

various agricultural commodities examined.
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Table 1. Summary of pesticide residue findings on agricultural commodities, October 1, 1981-September 30, 1986
No. of findings in various ppm ranges* No. of findings in various ppm ranges

Pesticide 0.05 0.10 0.50 1.0 2.0 > 2.0 Total Pesticide 0.05 0.10 0.50 1.0 2.0 > 2.0 Total

Acephate 234 111 287 55 12 6 705 Gardona 1 1 2
Aldicarb sulfoxide 7 3 10 Heptachlor 3 1 4
Anilazine 4 3 1 2 1 0 11 Heptachlor epoxide 11 0 1 12
Azinphos-methyl 12 14 33 6 3 68 Hydroxy diazinon 1 1 1 3
BHC 3 1 1 5 Imazalil 1 10 10 24 11 56
BHC, alpha isomer 29 9 6 44 Iprodione 7 7 42 25 21 10 111
BHC, beta isomer 52 1 53 Lindane 22 2 24
BHC, delta isomer 17 1 1 19 Linuron 3 8 19 30
Captafol 1 2 1 2 6 Malathion 78 34 92 18 12 15 249
Captan 47 50 112 77 45 76 407 Maiathion oxygen analog 1 1 2
Carbaryl 8 20 78 29 14 15 164 Metalaxyl 1 1 1 1 4
Carbophenothion 1 1 Methamidophos 2665 860 1059 129 30 21 4764
Chlorobenzilate 1 1 2 Methidathion 1 1 6 1 1 10
Chlorothalonil 165 113 237 64 30 18 627 Methomyl 6 12 65 29 10 4 126
Chlorpyrifos 1282 349 327 7 1 3 1969 Methoxychlor 1 1 2
Chlorthiophos 5 6 5 16 Methyl parathion 50 20 19 3 2 94
Cyhexatin 11 49 27 26 29 139 Mevinphos 39 15 16 3 73
Cypermethrin 1 1 2 Mevinphos, alpha 22 13 46 14 6 2 104
DCPA 219 90 123 6 1 1 440 Mevinphos, beta 251 128 289 44 8 1 721
DDE 15 8 5 1 29 Monocrotophos 12 18 21 5 57
DDE, o,p'- 1 1 Omethoate 779 396 552 60 32 13 1832
DDE, p,p'~ 288 68 47 1 408 Parathion 68 15 25 2 5 2 119
DDT 5 1 6 Paraoxon 1 2 3
DDT, o,p'- 3 3 1 7 Pentachloroaniline 7 1 3 11
DDT, p,p'- 9 4 7 1 21 Permethrin 309 155 283 104 51 17 919
DEF 1 4 2 4 11 Perthane 1 1 2
Demeton-S-sulfone 16 12 22 4 54 Phosalone 4 3 2 1 10
Diazinon 71 30 29 ? 132 Phosmet 4 3 21 15 13 18 74
Dichlofluanid 1 2 3 2 8 Pirimicarb 1 3 4
Dicloran 70 53 155 58 26 22 384 Pirimiphos-methyl 7 3 10 1 2 23
Dicofol 1 1 11 2 15 Procymidone 79 48 49 1 177
Dieldrin 457 12 469 Pronamide 5 3 8 1 17
Dimethoate 319 117 192 29 20 8 685 Quintozene 50 12 15 9 2 88
Diphenyl 2-ethyl- TDE, p.pf- 2 2 4

hexyl phosphate 9 10 15 1 1 36 Tetradifon 3 3 6
Diphenylamine 1 2 3 Thiabendazole 6 1 22 20 39 57 146
Disulfoton sulfone 15 17 13 2 47 Toxaphene 1 8 3 2 14
Endosulfan 1 1266 236 145 17 11 8 1683 T riadimefon 6 2 1 9
Endosulfan II 1178 187 143 23 5 2 1538 Triadimenol 4 2 4 10
Endosulfan sulfate 1234 174 150 19 8 4 1589 Trifluralin 2 1 1 4
Endrin 182 11 4 197 Vinclozolin 17 20 84 67 50 19 257
Ethion 167 94 137 14 11 2 425
Ethyl carbamate 39 8 9 56
Fenvalerate 9 7 8 1 25
Folpet 25 16 60 48 33 41 223

* The count given in a column covers a range that starts at a value greater than the previous column heading (in ppm) and includes the given column heading. 
6 Blanks = none detected.
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Table 2. Pesticides known to be recovered by the Luke procedure but not detected in the 19 851 samples analyzed during the
period October 1, 1981-September 30, 1986

Pesticide Pesticide

Alachlor Isopropalin
Aldrin Kelevan
Ametryn Leptophos
Amitraz Leptophos oxygen analog
Atrazine Leptophos photo product
Azinphos-ethyl Mecarbam
Azinphos-methyl oxygen analog Mephosfolan
Bensulide Methiocarb
Biphenyl Methiocarb sulfone
Bromacil Methiocarb sulfoxide
Bromophos Methyl trithion
Bromophos-ethyl Methyl-4-chloroindolyl-3-acetate
Bromopropylate Metribuzin
Butralin Mlrex
Carbofuran Myclobutanil naled
Carbophenothion sulfone Napropamide
Carboxin Nltrofen
Chlorbenside Nonachlor, cis
Chlordane Nonachlor, trans
Chlordane, cis Norea
Chlordecone Norflurazon
Chlordimeform o-Phenylphenol
Chlortenvinphos Octachlor epoxide
Chlorfenvinphos, alpha Oxadlazon
Chlortenvinphos, beta Oxamyl
Chloro-3-methyl-4-nitro-1H-pyrazole Oxydemeton-methyl
Chlorothalonil trichloro Impurity Oxydemeton-methyl sulfone
Chlorpyrifos-methyl Oxythioquinox
Chlorthlophos Parathion-methyl
Cyanazlne Pendlmethalln
Cycloate Pentachlorobenzonitrile
4-Cyclohexene-1,2-dlcarboximlde Phenthoate
DCPA Pho'ate
Deltamethrin Phorate sulfone
Demeton-S Phorate sulfoxide
Des N-isopropyl isofenphos Phosphamldon
Dlallfor Phoxim
3,4-Diohloroanillne Phoxim oxygen analog
3,5-Dlchloroanillne Phthallmlde
2,6-Dlchlorobenzamlde Plrimiphos-ethyl
3-(3, 4-Dichlorophenyl)-1 -methoxyurea Pirimiphos-ethyl oxygen analog
Dlchlorvos Polychlorinated biphenyls
Dlclofop-methyl Profenophos
Dlcrotophos Profluralin
Dlmethazone Prometryn
Dinocap Propanil
Dioxathion Proparglte
Diphenamid Propham
Ditalimfos Propoxur
Diuron Pyrazon
EPN Pyrazophos
Ethion oxygen analog Pyrlmldlnol
Ethoprop Ronnel
Ethoxyquin Schradan
Ethyl p-toluene sulfonamide Slmazine
Ethylene thiourea Sulfallate
Etrlmfos Sulfotep
Famphur Sulprofos
Famphur oxygen analog Sulprofos sulfone
Fenamlphos Sulprofos sulfoxide
Fenarlmol TDE, p,p '-, olefin
Fenbutatin-oxide Terbacll
Fenitrothion Terbufos
Fenitrothion oxygen analog Tetrahydrophthallmide
Fensulfothion Thionazin
Fenthion Trial ate
Fenthlon oxygen analog T rlazophos
Fenthion oxygen analog sulfoxide 2,4,5-Trichloro-alpha-methylbenzene-methanol
Fenthion sulfone Trlchlorfon
Fluchloralln T rlforlne
Flucythrinate Trimethacarb
Fonofos Triphenyl phosphate
Iprodione isomeric metabolite 
Isofenphos

Trls(beta-chloroethyl) phosphate
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E

Residue Ranges in ppm

Figure 3. Distribution of findings and residue levels of the 10 pesticides and/or metabolites most commonly found in agricultural
commodities.

The m ost frequently  encountered pesticide residues found 
in  the 19 851 samples exam ined du ring  the 5 year pe riod  are 
listed in  Figures 2 and 3. A d d it io n a l in fo rm a tio n  to a id  in  
understanding these data is appropria te . Because the oxygen 
analog o f  d im ethoate (om ethoate) m ay occur as a residue in  
food from  the use o f  d im ethoate o r from  the d irec t use o f  
om ethoate, w h ich  is a pesticide in  its  own righ t, i t  w o u ld  be 
incorrect to categorize a ll find ings o f  th is  com pound as a 
“ com m o n ly  encountered pesticide,”  because the oxygen an
alog o f  d im ethoate  is no t always a pesticide per se and should 
no t be au tom atica lly  counted as such. Instead, when it  occurs

as a m etabo lite  o f  d im ethoate, the am oun t o f  oxygen analog 
present should be added to the am oun t o f  the parent com 
pound to determ ine the to ta l residues o f  d im ethoate present 
in  the sample. I f  the oxygen analog is present as a residue 
fro m  the use o f  om ethoate, then reporting  such find ings as 
an “ incidence”  w ou ld  be correct. The reporting  scheme 
adopted fo r these 2 pesticides has been to  separate them  to 
p rov ide  raw data ra ther than cum u la tive . A  s im ila r problem  
exists w ith  m etham idophos; th is  com pound can be present 
in  food as a pesticide o r as a m etabo lite  from  the pesticide 
acephate. S im ila rly  fo r  regulatory purposes, the levels o f  en-
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dosulfan and its  m etabolites and D D T  and its  m etabolites 
should be added together to ob ta in  the to ta l residues o f  parent 
com pound o r s im ila r ly  related chem ical.

Because o f  the approach ou tlined  above, the incidence 
in fo rm a tio n  was biased and d id  no t represent a true p ic ture 
o f  the frequency o f  in d iv id u a l pesticides occurring  in  the 
sampled dom estic and im p o rted  ag ricu ltu ra l com m odities. 
T h is  bias m ay be m agnified by the fact tha t some o f  the 
19 851 samples were com m od ities  collected on a com pliance 
basis, w h ich  represented in tensified sam pling o f  a com m o d ity  
suspected o f  con ta in ing  a specific illegal pesticide residue. In  
a fu ture  paper, the data on dom estic and im p o rted  foods w ill 
be reported separately. A lso , the bias in troduced  by com 
b in in g  com pliance and surve illance samples w il l  be e lim i
nated by assessing these data separately.

Conclusions

The residue find ings reported in  th is  paper dem onstrate 
the im portance o f  using m u ltires idue  ana lytica l m ethods fo r 
m eeting the agency’s respons ib ility  o f  assuring tha t pesticide 
residues in  food and feed com p ly  w ith  federal laws and reg
u lations. I t  is no t unusual o r unexpected tha t food and feed 
com m odities  m ay con ta in  residues o f  m ore than one pesti
cide. The m a jo rity  o f  the v io la tiv e  samples (75%) lis ted in  
A pp en d ix  1 were v io la tiv e  because no tolerances are estab
lished fo r the pa rticu la r pestic ide-com m odity  com b ina tion . 
Therefore, using a m ethod tha t can detect o n ly  a single res
idue w ou ld  ob v ious ly  no t show the presence o f  residues o f  
o ther pesticides. A lso , because such m ethods are p r im a rily  
in tended to  measure a specific pesticide residue in  a food o r 
feed subject to  a tolerance, they w o u ld  no t detect the k inds 
o f  v io la tiv e  residues m ost frequently  encountered by F D A  
(i.e., residues n o t pe rm itte d  by tolerances). The use o f  m u l
tiresidue m ethods gives F D A  the capab ility  to  deal w ith  bo th  
o f  these residue problem s.

The m u ltires idue  procedure described in  th is  paper is es
pecia lly useful because, as shown in  Table 1, i t  is capable o f

detecting a relatively large number of pesticides of different 
chemical classes in fruits, vegetables, and other types of food 
and feeds. It also provides a mechanism for comprehensive 
monitoring of the levels and incidences of various pesticides 
being used in agriculture as well as those pesticides that can 
occur in the food supply from environmental sources of con
tamination.
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Appendix 1. Pesticide residues on 19851 samples, listed by various commodities, found with the Luke multiresidue methodology,
October 1, 1981, to September 30, 1986

No. of findings in various ranges3 No. of findings in various ranges3
P rod uce  item P rod uce  item

T o ta l
0

(N o . o f  sam ples 
exa m in e d ) and 0 
p e s tic id e

05 0.10 0 .50 1.0 2 .0
T o ta l

> 2 .0
(N o . o f  sam ples 
exa m in e d ) and 0 
p e s tic id e

05 0.10 0.50 1.0 2 .0 >2

A lfa lfa  s p ro u ts  (1 ) B ean , F re n ch  (3 )

A p p le  (54) B ean , g a rb a n zo  (12)
A cepha te 1 1 D iaz lno n 2 2
A z in p h o s -m e th y l 2 3 2 7
C aptan 1 3 3 3 10 B ean , g re e n  (496)
C a rb a ry l 3 3 A ceph a te 4 2 8 1 15
C h lo rp y r ifo s 4 2 6 B H C , a lpha 2 2
C y h e x a tin 1 1 C aptan 2 1 3
D laz inon 2 2 C a rb a ry l 1 5 2 8
D D T , 1 1 C h lo ro th a lo n il 5 4 1 10
D D T , o ,p '- 1 1 C h lo rp y r ifo s 8 2 3 13
D im ethoate 1 1 DCPA 10 1 5 16
D ip h e n y la m ln e 1 2 3 D e m e to n -S -su lfo n e 2 2
E th lon 1 1 D iaz lno n 1 1
M a la th ion 1 1 D ic lo ra n 2 1 1 1 5
M etham idophos 1 1 D ie ld r in 1 1
O m ethoate 2 2 D im ethoate 13 9 18 2 1 43
P a ra th io n 3 3 E n d o su lfa n  1 47 10 8 65
Phosm et 1 1 E n d o su lfa n  II 49 9 3 61
T e tra d ifo n 3 3 6 E n d o su lfa n  s u lfa te 40 15 8 63
T h iaben dazo le 2 2 E th ion 1 1
V in c lo z o lin

2b ,b 3 F o lpe t 1 1 2
H e p ta ch lo r 1 1

A p p le  ju ic e  co n e . (7 ) H e p ta c h lo r e p o x id e 1 1
D im ethoate 1 1 M a la th ion 1 1
O m ethoate 1 1 M etham idophos 42 10 7 1 2 62

Om ethoate 40 27 31 4 7 2 111
A p r ic o t (6 ) P a ra th io n 1 1

A z in p h o s -m e th y l 1 1 P e n ta c h lo ro a n ilin e 1 1
C aptan 1 1 Q u in tozen e 10 6 4 3 23
C a rb a ry l 1 1
Ip ro d io n e 1 1 B ean , lima (9 )
V in c lo z o lin 1 1 A cepha te 1 1

M a la th ion 2 2
A p r ic o t ,  d r ie d  (1 ) M etham idophos 1 1

A r ro w ro o t (2 ) B ean , m isce llaneous (2 )

A r t ic h o k e  (9 ) B ean , m ung (12)
E n d o su lfa n  1 1 1 B H C , a lpha 2 2
E n d o su lfa n  1! 1 1 B H C , b e ta 2 2
E n d o su lfa n  s u lfa te 1 1 B H C , de lta 1 1
M evlnophos 1 1 D ie ld r in 1 1
Q u in tozen e 1 1 E n d r in 4 2 2 8

P ir im ip h o s -m e th y l 1 1
A s p a ra g u s  (74)

DCPA 1 1 B ean , p in k to s  d r y  (5 )
M etham idophos 1 1 D iaz ino n 2 1 3

A vocado  (13) B ean , p in to  (1 )

Babaco (2 ) B ean , re d  d r y  (1 )

Banana (82) B ean , w h ite  (2 )
T h iaben dazo le 1 1

B eer (22)
B a s il, w ho le  (7 )

P ir lm ip h o s -m e th y l 3 1 4 B eets (40)
DCPA 2 2

B ean , C h ine se  (18) D D E, 8 8
D im ethoate 1 2 3 D ie ld r in 1 1
E n d o su lfa n  1 2 1 3 M etham idophos 3 1 4

E n d o su lfa n  II 1 1 1 3 M e v in p h o s , a lpha 1 1
E n d o su lfa n  s u lfa te 1 1 1 3 M e v in p h o s , b e ta 1 1 2

M a la th ion 1 1 Om ethoate 2 2
M etham idophos 1 1 2
M onocro tophos 1 1 B la c k b e r ry  (50)
O m ethoate 1 1 2 1 5 C aptan 1 1 2 3 6 9 22

D ic h lo r f  u a n id 1 J_ 2

B ean , fa v a  (11) D ico fo l 1 1

D D E, p , p ' - 1 1 Ip ro d io n e 2 3 5 2 4 9 25

M etham idophos 3 1 4 P rocym id one 1 1

Q u in tozen e 1 1 V in c lo z o lin 1
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P rod uce  item
No. o f f in d in g s  in  v a r io u s  ra n g e s 3

(N o . o f sam ples T o ta l
exa m ined ) and 0 .05  0.10 0 .50  1 .0 2 .0  > 2 .0
p e s tic id e

B lu e b e r ry  (34)
C ap tan 3 6 8 4 21
D D T , o ,£ '- 1 1
D D T , £ , £ ' - 1 1
D ic lo ra n 1 1
Ip ro d io n e 1 2 2 3

Bok ch o y  (55)
DCPA 1 2 3
DDE 1 1
D D E, £ , £ ' - 1 1
E n d o su lfa n  1 4 3 5 12
E n d o su lfa n  II 4 1 4 2 11
E n d o su lfa n  s u lfa te 4 1 6 3 14
F o lp e t 2 1
P e rm e th r ln 2 2 2  3

B o ra g e , f lo w e r (1 )

B o y s e n b e rry  (4 )
C aptan 1 2 3
F o lpe t 1 1

B ro cco li (315)
A ceph a te 10 1 11
B H C , a lpha 1 1
C h lo ro th a lo n il 1 1
DCPA 32 5 37
DDE 1 1
D e m e to n -S -su lfo n e 1 3 4
D iaz inon 1 1 2
D is u lfo to n  s u lfo n e 3 1 4
E n d o su lfa n  1 1 1 2
E n d o su lfa n  II 1 1 2
E n d o su lfa n  s u lfa te 1 1 2
Fen va le ra te 1 1
M etham idophos 1 1 1 3
Om ethoate 1 2 3
Q u in tozen e 2 1

B ro c c o li,  C h inese  (2 )
DCPA 1 1

B ru s s e ls  s p ro u ts  (144)
A ceph a te 1 1
D im ethoate 1 1 1 3
E n d o su lfa n  1 1 1 1 1 4
E n d o su lfa n  II 2 2 4
E n d o su lfa n  s u lfa te 4 4
M etham idophos 3 2 4
Om ethoate 1 2 1 1 5
P a ra th io n 1 3 4
P e rm e th r ln 1 1
Q u in tozen e 7 5 2 14

Cabbage (146)
D e m e to n -S -su lfo n e I 1
D im ethoate 2 1 1 i 5
D is u lfo ta n  su lfo n e 1 1
E n do su lfan  1 4 1 5
E n do su lfan  II 2 2 1 5
E n d o su lfa n  s u lfa te 4 1 1 6
Ip ro d io n e 2 1
M a la th lon 1 1
M etham idophos 1 2 3
O m ethoate 3 3 i 1 8
P e rm e th r ln 1 1 2
E n do su lfan  1 2 2
E n d o su lfa n  II 2 2
E n do su lfan  s u lfa te 2 2
M e th y l p a ra th io n 1 1
P a ra th io n 1 1

C abbage , Napa (87)
C h lo rp y r lfo s 1 1
D im ethoate 1 1
E n d o su lfa n  1 2 1 5 8

No. o f  f in d in g s  in  v a r io u s  ra n g e s 3
P rod uce  item  _____________________________________
(N o . o f  sam ples T o ta l
e xa m ined ) and 0 .05  0 .10  0 .50  1 .0 2 .0  > 2 .0
p e s tic id e

C abb age , Napa (c o n tin u e d )
E n d o su lfa n  II 2 3 2 7
E n d o su lfa n  s u lfa te 1 1 5 1 8
M etham idophos 5 2 1 8
O m ethoate 1 1

C abb age , re d  (74)
A ceph a te 2 2
D D E, £ , £ ' - 2 2
E n d o su lfa n  1 1 1
E n d o su lfa n  II 1 1
E n d o su lfa n  s u lfa te 1 1
F o lpe t 2 1
M etham idophos 2 2
Om ethoate 1 1
P e rm e th r in 1 1 2

C abbage , savo y  (2 )

C ac tu s  (8 )
O m ethoate 1 1

C actus f r u i t  (4 )

C a rro t (142)
C a rb a ry l 1 1
C h lo ro th a lo n il 1 1
DCPA 1 1 2
DDE 1 1 2
D D E, o ,£*— 1 1
D D E, £ , £ ' - 29 19 19 1 68
D D T , o ,£ '— 1 1
D D T , £ , £ ' - 2 1 3
D ic lo ra n 1 1 1 3
E n d o su lfa n  1 6 1 7
E n d o su lfa n  II 5 2 7
E n d o su lfa n  s u lfa te 7 7
L in u ro n 3 7 19 29
P a ra th io n 2 2
P e n ta c h lo ro a n ilin e 1 1
T D E , £ , £ ' - 1 1 2
T o xaph ene 3 3
T r i f lu r a l in 2 1 1 4

C assava (1 )

C a u lif lo w e r (281)
A ceph a te 3 1 4
DCPA 1 1
D im ethoate 1 1 2
E n d o su lfa n  1 1 1 2
E n d o su lfa n  II 1 1 2
E n d o su lfa n  s u lfa te 1 1
M etham idophos 2 2
O m ethoate 2 2

C e le ry  (265)
A ceph a te 20 8 33 10 1 72
A n ila z in e 4 3 1 2 1 11
B H C , a lpha 1 1
C aptan 1 1
C h lo ro th a lo n il 13 26 75 42 21 11 188
D iaz inon 8 3 3 1 15
D ic lo ra n 16 16 72 26 15 7 152
E n d o su lfa n  1 10 11 7 1 2 2 32
E n d o su lfa n  II 11 6 5 1 23
E n d o su lfa n  s u lfa te 16 3 3 22
F o lpe t 2 1 1 4
M a la th ion 1 1
M etham idophos 40 2 1 43
M e th y l p a ra th io n 8 4 2 1 2 16
Om ethoate 1 1
P a ra th io n 1 1 3
P e rm e th r in 11 18 21 1 51

C hayó te  (55)
D im ethoate 1 1
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No. o f  f in d in g
P roduce  item

s in . a v a r io u s  ra nges

T o ta l
0

No,
P rod uce  item

. o f  f in d in g s  in  v a r io u s  ra n g e s 3

T o ta l
0

(N o . o f  sam ples 
e xa m ined ) and  0.05 
p e s tic id e

0.10 0.50 1.0 2,.0 > 2 .
(N o . o f  sam ples 
exa m in e d ) and 
p e s tic id e

0.05 0.10 0 .50 1.0 2 .0 >2.

C hayo te  (c o n tin u e d ) C ocon u t (3 )
M e tham idophos 1 1 2
M onocro toph os 1 1 C o lla rd  (87 )
O m ethoate 1 1 DCPA 8 16 21 45
T h ia b e n d a zo le 1 4 1 1 7 DDE 1 1 2

D D E, p , p ' - 19 4 1 24
C h e r ry  (9 ) D iaz inon 1 1

D ic lo ra n 2 2 D im ethoate 2 2
Ip ro d io n e 2 2 1 5 E n d o su lfa n  1 2 1 2 1 6

E n d o su lfa n  II 3 1 1 1 6
C h e r r y ,  d r ie d  (1 ) E n d o su lfa n  s u lfa te 2 2 1 5

D iaz ino n 1 1 M e v in p h o s , a lpha 1 5 3 2 11
M e v in p h o s , b e ta 1 2 5 4 2 14

C hoy sum (1) O m ethoate 2 2
P e rm e th r in 2 6 8

C id e r ,  c a rb o n a te d  (1 )
C o r ia n d e r (205)

C it r u s ,  g r a p e f ru it  (81 ) A ce p h a te 1 1
A ceph a te  1 1 C h lo ro th a lo n il 1 1
D im ethoate  1 1 C h lo rp y r ifo s 3 3
E th ion  2 2 DCPA 2 1 3
Im azalil 1 3 4 8 4 20 DDE 5 1 6
M etham idophos 1 1 D D E, p . p 1- 10 2 1 13
M e th id a th io n 1 1 DD T 3 3
O m ethoate 1 1 D D T , o , p '— 1 1
P a ra th io n  1 1 D D T , p . p ' - 3 2 5
T h iaben dazo le 2 8 18 20 48 E n d o su lfa n  1 2 1 1 4

E n d o su lfa n  II 2 1 3
C it r u s ,  g r a p e f r u i t E n d o su lfa n  s u lfa te 2 1 3

ju ic e  (1 ) M a la th ion 2 1 3
M etham idophos 11 2 4 2 1 20

C it r u s ,  lemon (30) M e th y l p a ra th io n 1 1 2
C a rb a ry l 1 1 M onocro tophos 2 2
D ic lo ra n 4 4 Om ethoate 1 1
Im aza lil 1 2 5 3 11 P a ra th io n 1 1 2
P a ra th io n  3 1 1 5 Pen ta c h lo ro a n i lin e 2 1 3
T h ia b e n d a zo le 3 8 4 15 Q u in tozen e 3 2 2 5

C it r u s ,  lime (12) C o rn , d r y  (12)
C h lo ro b e n z lla te 1 1 M a la th ion 1 1
D iaz ino n  1 1
E th io n  1 1 C o rn , sw eet (43)
M a la th ion 1 1
T h ia b e n d a zo le 1 1 2 C u cu m b e r (1200)

A ceph a te 4 4 6 1 15
C it r u s ,  m a nda rin BHC 1 1

o ra n g e  (16) B H C , a lpha 3 3
Im azalil 1 1 2 B H C , b e ta 31 31
P a ra th io n 1 1 B H C , d e lta 1 1
T h iaben dazo le 2 9 11 C aptan 1 1 2

C h lo ro th a lo n il 3 1 2 6
C it r u s ,  o ra n g e  (67) C h lo rp y r ifo s 190 52 52 294

C a rb a ry l 1 1 2 DCPA 1 1
D im ethoate 2 4 6 D D E, p . p 1- 4 4
Im azalil 5 4 8 3 20 D iaz ino n 6 5 4 15
M a la th ion  1 4 5 D ic lo ra n 5 8 16 3 32
M e th id a th io n  1 1 5 1 8 D ie ld r in 231 6 237
M e th y l p a ra th io n  1 5 6 D im ethoate 24 9 7 40
O m ethoate 6 6 E n d o su lfa n  I 261 26 7 294
P a ra th io n  1 1 2 E n d o su lfa n  II 254 16 3 273
T h ia b e n d a zo le  1 1 4 11 17 E n d o su lfa n  s u lfa te 255 7 2 264

E n d r in 8 8
C it r u s ,  o ra n g e  ju ic e  (2 ) E th ion 18 10 18 46

D ip h e n y l 2 - e th y l- F o lpe t 1 1
h e x y l p h o sp h a te 1 1 H e p ta c h lo r e p o x id e 4 4

L in d a n e 1 1
C it r u s ,  o ra n g e  co n e . (1 ) M e tham idophos 280 211 208 1 701

O m ethoate 58 16 20 2 96
C it r u s ,  ta n g e llo  (1 ) P a ra th io n 1 1

C h lo ro b e n z ila te 1 1 T h iaben dazo le 2 4 1 3 10
Im azalil 1 1

C u cu m b e r, C h inese  (4 )
C it r u s ,  ta n g e r in e  (14) O m ethoate 1 1

Im azalil 1 1
M e th y l p a ra th io n 1 1 C u cu m b e r, E uropean (6 )
T h iaben dazo le 1 1 7 9 C aptan 1 1

D ie ld r in 1 1
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No.
P roduce  item

o f  f in d in g s in  v a r io u s aranges

T o ta l
0

No. o f  f in d in g s
P rod uce  item

In v a r io u s ra n g e s 3

T o ta l
0

(N o . o f sam ples 
exa m ined ) and 0 
p e s tic id e

.05 0.10 0.50 1.0 2 .0  >2 .
(N o . o f  sam ples 
exa m ined ) and 0 . 
p e s tic id e

05 0. 10 0.5C1 1.0 2 .0 >2.

C u cu m b e r, E u ropean  (c o n tin u e d ) E scaro le  (27)
Q u in tozen e 1 1 C h lo ro th a lo n il 1 1 2

D ic lo ra n 1 1 2
C u cu m b e r, p e p in o  (1 ) D im ethoate 2 1 1 4

E n d o su lfa n  1 1 1 2
C u cu m b e r, p ic k l in g  (126) E n d o su lfa n  II 1 1 2

C aptan 1 1 E n d o su lfa n  s u lfa te 1 1 2
C h lo ro th a lo n il 1 1 1 3 M a la th ion 1 1
C h lo rp y r ifo s 20 4 2 26 M e th y l p a ra th io n 1 1
DDE, 1 1 M e v in p h o s , a lpha 1 1
D ie ld r in 15 1 16 M e v in p h o s , be ta 4 1 1 6
E n d o su lfa n  1 20 2 22 O m ethoate 2 1 1 4
E n do su lfan  II 21 1 22 P a ra th io n 1 1
E n do su lfan  s u lfa te 23 23 P ronam ide 1 1
E n d r in 2 2
E th ion 1 1 1 3 Feed, alm ond h u lls  (8 )
M etham idophos 25 20 24 69 A z in p h o s -m e th y l 1 1
M onocro tophos 2 2 P a ra th io n 1 1
Om ethoate 13 2 2 17 Phosm et 1 1
T h iabendazo le 2 2 4

Feed, b a r le y  (7 )
C u rra n ts  (3 ) M a la th ion 1 1

F o lpe t 1 1
Ip ro d io n e 1 1 Feed, be e t p u lp  (5 )
P ir im ic a rb 1 1 DDE, 1 1

D ande lion  (2 ) Feed, b ra n  (1 )
M a la th ion 1 1

Date (3 )
M a la th ion 1 1 2 Feed, c a tt le  (4 )
P a ra th io n 1 1 M a la th ion 2 1 3

E g g p la n t (415) Feed, c i t r u s  p u lp  (2 )
A ceph a te 1 1 3 5 A z in p h o s -m e th y l 1 1
C h lo rp y r ifo s 4 4 M e th id a th io n 1 1
DCPA 1 1 P a ra th io n 1 1
D ic lo ra n 4 1 2 7 Phosmet 1 1
D im ethoate 1 1 2 T h ia b e n d a zo le 1 1
E n d o su lfa n  1 9 2 1 12
E n do su lfan  II 9 1 2 12 F eed, c o rn  (9 )
E n do su lfan  s u lfa te 10 2 12 M a la th ion 1 2 3
E th ion 12 7 12 31
M a la th ion 1 1 2 Feed, co tto n  seed (1 )
M etham idophos 159 47 32 1 239
Om ethoate 8 4 9 21 F eed, co tto n  seed h u ll (3 )
P a ra th ion 1 1 DEF 2 2

E g g p la n t, Japanese (47) F eed, co tto n  seed meal (2 )
A cephate 3 2 2 7
D im ethoate 3 1 4 Feed, d a ir y  (7 )
E ndo su lfan  1 1 1 M ala th  ion 1 1 1 3
E n do su lfan  II 1 1
E n do su lfan  s u lfa te 1 1 Feed, dog  (3 )
E th ion 2 5 7 M a la th ion 2 1 3
M etham idophos 10 2 3 15
O m ethoate 5 2̂ 2 9 F eed, g ra in  p e lle ts  (1 )

E n d ive  (65) F eed, g ra in  m ixed  (5 )
C h lo ro th a lo n il 1 1 2 M a la th ion 2 2
DCPA 1 1
DDE 1 1 F eed, hay a lfa lfa  (77)
D D E, £ , £ ' - 3 1 4 A z in p h o s -m e th y l 1 1
D e m e to n -S -su lfo n e 1 1 C h lo rp y r ifo s 4 1 3 2 3 13
D iaz ino n 1 1 DEF 2 2 4 8
D ic lo ra n 2 2 D iaz inon 1 1
D im ethoate 3 2 4 2 11 D im ethoate 1 1 1 3
E n d o su lfa n  I 5 3 2 10 E n d o su lfa n  1 1 1 2
E n d o su lfa n  II 4 2 2 1 9 E n d o su lfa n  II 1 1 2
E n d o su lfa n  s u lfa te 5 2 1 1 9 E n d o su lfa n  s u lfa te 1 1 2
M a la th ion 1 1 2 M a la th ion 4 4 8
M etham idophos 1 1 M e tham idophos 1 1
M ethom yl 2 2 M e th y l p a ra th io n 2 1 3
M e th y l p a ra th io n 1 1 O m ethoate 1 1
M e v in p h o s , be ta 2 1 5 1 9 P a ra th io n 3 4 1 3 1 12
O m ethoate 2 2 7 11 P e rm e th r in 1 1
P ronam ide 1 1 Phosmet 1 1

P ronam ide 1 1
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N o. o f  f in d in g s
P roduce  item

in v a r io u s ara nges No.
P rod uce  Item

o f f in d in g s  in va r io u s ai ra n g e s

T o ta l
0

(N o . o f  sam ples
exa m ined ) and 0 .0 5  0.
p e s tic id e

.10 0 .50  1.0
T o ta l 

2 .0  > 2 .0
(N o . o f  sam ples 
exa m in e d ) and 0 
p e s tic id e

.05 0 .10 0.501 1.0 2 .0 >2.

F eed, ha y  a lfa lfa  meal (1 ) G rape  (1276)
C h lo rp y r ifo s 1 1 A z ln p h o s -m e th y l 2 1 2 5

C aptan 16 20 31 16 5 1 89
Feed, ha y  Sudan (1 ) C a rb a ry l 1 4 15 3 3 26

D D E, p , p ' - 2 2
Hay p e lle ts  (9 ) D im ethoa te 30 2 9 41

M a la th ion 1 3 4 E n d o su lfa n  1 1 1
E n d o su lfa n  II 1 1

Feed, k e lp  (1 ) E th ion 1 1
F o lp e t 2 2 2 1 7

F eed, meat £ bone meal (1 ) Ip ro d io n e 1 2 9 5 8 1 26
M etham ldophos 4 4

Feed, m ill ru n  (1 ) M o nocro tophos 2 1 3 6
M a la th ion 1 1 O m ethoate 107 56 74 3 1 1 242

P a ra th lo n 2 2
Feed, m llo (13) Phosa lone 4 3 2 1 10

C aptan 1 1 Phosmet 1 1
M e th o x y c h lo r 2  1 P rocym id one 75 48 46 169

T r la d im e fo n 6 2 1 9
F eed, oa ts (6 ) T r ia d lm e n o l 4 2 4 10

C h lo rp y r ifo s 1 1 V ln c lo z o lin 1 1
M a la th ion  1 1 2

G ra in , b re w e r 's  (1 )
Feed, o ra n g e  peel (1 )

Im azalil 1 1 G uava p a s te  (1 )

Feed, p o u lt r y  w / f is h  (1 ) Hops (27)
P e rm e th r in 2 1 F o lpe t L2 12

Feed, p ig  (7 ) H ops, e x t r a c t  (2 )
M a la th ion 1 4 5

Jicama (47)
Feed, p o u l t r y  (67)

C h lo rp y r ifo s  2 2 3 7 K ale (68)
D D E, 2 2 A ceph a te 1 1 2 1 5
M a la th ion  1 5 18 6 1 2 33 DCPA 5 4 14 23
P ara th lo n 1 1 DDE 1 1

D D E, £ , £ ' - 8 2 10
Feed, ra p e  seed (1 ) D im ethoa te 1 1

E n d o su lfa n  1 3 4 1 8
Feed, s a ff lo w e r (1 ) E n d o su lfa n  II 3 1 2 1 7

E n d o su lfa n  s u lfa te 1 2 1 1 7
Feed, sheep (1 ) F o lpe t 1 2 2

M a la th ion 1 1 M etham ldophos 4 1 5
M e v ln p h o s , a lpha 3 3

Feed, s ila g e  m isc . (4 ) M e v in p h o s , b e ta 2 3 2 7
Om ethoate 1 1

F eed, s ila g e  so rg h u m  (2 ) P araxon 1 2 3
DEF 1 1 P a ra th lo n 2 1 1 4

P e rm e th r in 1 1
Feed, soy bean (1 )

K iw i f r u i t  (95)
F eed, soy bean f la k e s  (1 ) A z ln p h o s -m e th y l 1 1

C aptan 2 2
F eed, soy bean meal (3 ) C h lo rp y r ifo s 7 2 13 2 24

D iaz inon 11 9 5 25
F eed, tom ato pomace (8 ) D ic lo ra n 1 1

D D E , £ , £ ' - 1 7 8 Ip ro d io n e 1 9 10 5 25
D ico fo l 1 7 8 Phosm et 3 14 14 12 17 60

P ir lm lp h o s -m e th y l 4 1 7 12
Fe ljoa (12) V in c lo z o lin 5 3 15 17 6 46

C h lo rp y r ifo s  1 2 3
D laz ino n  2 2 4 K o h lra b i (2 )

D D E, p , p ' - 1 1
F ig  (3 )

C aptan  1 1 2 K um q ua t (2 )
M a la th ion 1 1

F ig ,  d r y  (1 )
L a v e n d e r, f lo w e r  (1 )

F lo u r ,  m ung bean (1 ) C h lo rp y r ifo s 2 1

G a r lic  (4 ) Leek (24)
DCPA 1 1

G in g e r ro o t (4 ) D D E, 2 2 4

G o o se b e rry  (8 ) L e ttu c e , B o s to n  (68)
C ap tan  2 2 A ce p h a te 2 2 2
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N o. o f  f in d in g s  in  v a r io u s  ra n g e s 3
P roduce  item  _____________________________________
(N o . o f  sam ples T o ta l
exa m ined ) and 0.05  0 .10  0 .50  1 .0 2 .0  > 2 .0
p e s tic id e

L e ttu c e , B os ton  (c o n tin u e d )
C h lo ro th a lo n il 3 3
DCPA 3 4 7
D D E, 3 3
D e m e to n -S -su lfo n e 2 1
D ic io ra n 2 2
D im ethoate 2 2 2 1 7
D is u lfo to n  s u lfo n e 1 1
E n d o su ifa n  1 13 3 3 19
E n d o su lfa n  II 14 2 3 19
E n d o su ifa n  s u lfa te 13 4 2 19
F o lpe t 3 1 1 1 6
M etham idophos 1 1
M ethom yl 2 1 3
M e th y l p a ra th io n 1 1
M ev in pho s 2 1
M e v in p h o s , a lpha 3 1 4
M e v in p h o s , be ta 4 6 10 2 23
O m ethoate 3 1 1 1 6
P e rm e th r in 1 1 1 1 4
P ronam lde 1 1

L e ttu c e , b u t te r  (110)
A ceph a te 1 1 2
C aptan 1 1
C a rb a ry l 1 1
C h lo ro th a lo n il 2 3 2 7
DCPA 1 1
DDE 1 1 2
DDE, 1 1
D e m e to n -S -su lfo n e 1 1 2
D iaz inon 1 1
D ic lo ra n 3 3
D im ethoate 4 2 1 2 9
D is u lfo to n  s u lfo n e 1 1
E n d o su ifa n  1 24 3 6 i 34
E n d o su ifa n  II 23 2 6 31
E n d o su ifa n  s u lfa te 18 6 6 i 31
Fo lpe t 2 2
H y d ro x y  d ia z in o n 1 1
M etham idophos 5 1 6
M ethom yl 4 i 1 6
M evinphos 2 2
M e v in p h o s , a lpha 1 1 2
M e v in p h o s , b e ta 4 3 9 3 19
O m ethoate 6 1 2 9
P e rm e th r in 1 1 5 2 9
P ronam ide 1 2 3

L e ttu c e , g re e n  le a f (266)
C aptan 1 1 1 3
C a rb a ry l 1 1
C h lo ro th a lo n il 4 3 6 2 14
C h lo rp y r ifo s 5 2 2 8
DCPA 14 2 16
D D E, £>,£>'- 7 1 8
D D T , p . p ' - 1 1
D e m e to n -S -su lfo n e 2 1 1 4
D iaz inon 4 1 5
D ic lo ra n 3 1 7 11
D im ethoate 5 4 5 3 1 18
D is u lfo to n  su lfo n e 2 2 4
E n d o su ifa n  I 55 14 10 2 1 82
E n d o su ifa n  II 54 12 7 2 75
E n d o su ifa n  s u lfa te 56 9 8 1 74
F o lpe t 1 2 1 3 7
M a la th ion 1 1 1 3
M e tham idophos 5 5
M ethom yl 1 3 4 1 1 10
M evinphos 2 2 2 5
M e v in p h o s , a lpha 1 6 7
M e v in p h o s , b e ta 26 13 26 5 1 71
Om ethoate 10 3 2 15
P e rm e th r in 2 2 1 1 5 1 12
P ronam ide 1 1 2 4

No. o f  f in d in g s  in  v a r io u s  ra n g e s 3
P rod uce  item  _____________________________________
(N o . o f  sam ples T o ta l
exa m in e d ) and 0 .05  0.10 0 .5 0  1 .0 2 .0  > 2 .0
p e s tic id e

L e ttu c e , ic e b e rg  (1273)
A ce p h a te 91 28 40 8 2 1 170
C aptan 6 2 14 8 6 5 41
C a rb a ry l 1 1 2
C h lo ro th a lo n il 3 6 3 12
C h lo rp y r ifo s 16 4 2 21
DCPA 6 1 7
D D E , £ , £ ' - 2 2
D e m e to n -S -su lfo n e 6 5 14 25
D iaz inon 1 1 2
D ic io ra n 4 1 3 1 9
D im ethoate 67 25 49 4 145
D ip h e n y l 2 - e th y l-

h e x y l p h o sp h a te 1 1
D is u lfo to n  s u lfo n e 6 9 9 24
E n d o su ifa n  I 168 31 29 5 3 1 236
E n d o su ifa n  II 147 35 27 5 2 2 217
E n d o su ifa n  s u lfa te 131 41 39 2 2 214
F e n va le ra te 1 1 2
F o lpe t 11 6 32 25 19 11 104
M a la th ion 2 2 4
M e ta la xy l 1 1
M etham idophos 98 4 1 103
M ethom yl 6 9 38 13 7 2 75
M e th o x y c h lo r 1 1
M e th y l p a ra th io n 2 2
M e v in pho s 30 12 11 2 54
M e v in p h o s , a lpha 8 3 3 14
M e v in p h o s , be ta 155 68 156 10 2 390
O m ethoate 84 33 23 1 141
P a ra th io n 1 4 5
P e rm e th r in 68 45 158 78 36 8 393
P e rth a n e 1 1 2
P ronam ide 3 3
Q u in tozen e 1 1
M e ta la xy l 1 1 1 3
V in c lo z o lin 1 1

L e ttu c e , re d  le a f (217)
A ceph a te 2 1 3
C aptan 1 2 3
C a rb a ry l 1 1
C h lo ro th a lo n il 6 2 7 15
DCPA 9 4 2 15
DDE 1 1
D D E, £ , £ ' - 5 2 7
D D T , £ , £ ' - 1 1
D e m e to n -S -su lfo n e 1 2 3
D iaz inon 2 2
D ic io ra n 3 3
D im ethoate 8 3 6 1 18
D is u lfo to n  su lfo n e 2 1 3
E n d o su ifa n  1 54 7 7 1 69
E n d o su ifa n  II 52 5 5 1 63
E n d o su ifa n  s u lfa te 45 11 5 61
F o lpe t 4 1 1 3 2 11
M etham idophos 4 1 5
M ethom yl 6 4 10
M e v in pho s 3 1 4
M e v in p h o s , a lpha 2 1 1 4
M e v in p h o s , be ta 21 7 18 2 1 49
O m ethoate 10 2 5 1 18
P e rm e th r in 1 1 2 5 1 1 11
P ronam ide 3 3
Q u in tozen e 1 1

L e ttu c e , rom aine  (2 0 2 1
A ceph a te 3 3 2 7
C aptan 1 1 2
C h lo ro th a lo n il 3 3 7 2 14
C h lo rp y r ifo s 2 2
DCPA 3 2 5
D D E, £ , £ ' - 2 2
D e m e to n -S -s u lfo n e 2 1 2 2 7
D iaz inon 1 1 2
D ic io ra n 1 3 3 1 8
D im ethoate 4 2 4 2 12
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N o. o f  f in d in g s  in  v a r io u s  ra n g e s 3
P roduce  item  _______ _____________________________
(N o . o f  sam ples T o ta l
exa m ined ) and 0 .0 5  0.10 0 .50  1 .0  2 .0  >2 .0
p e s tic id e

No. o f  f in d in g s  in  v a r io u s  ra nges
P rod uce  item  _____________________________________
(N o . o f  sam ples T o ta l
exa m in e d ) and 0 .05  0 .10  0 .5 0  1.0 2 .0  > 2 .0
p e s tic id e

L e ttu c e , rom aine  (c o n tin u e d )
D is u lfo to n  su lfo n e 3 1 2 6
D ip h e n y l 2 - e th y l-

h e x y l ph osp h a te 1 1
E n do su lfan  1 97 7 3 i 50
E n do su lfan  II 38 4 4 2 47
E n do su lfan  s u lfa te 29 8 8 1 46
E th ion 1 1
Fo lpe t 1 1 1 2 5
M etham idophos 3 1 1 5
M ethom yl 2 5 2 9
M evinphos 1 1 2
M e v in p h o s , a lpha 1 3 4
M e v in p h o s , b e ta 22 10 15 7 2 55
Om ethoate 4 3 2 9
P e rm e th r in 2 1 10 5 i 19

L ichee n u t  (3 )

M e lon , ho neyde w  (191)
A ceph a te 3 1 2 6
C aptan 1 1
C h lo ro th a lo n il 1 2 4 1 8
C h lo rp y r ifo s 3 3
D ie ld r in 1 1
E n d o su lfa n  1 7 7
E n d o su lfa n  II 5 5
E n d o su lfa n  s u lfa te 31 31 14 1 77
E th ion 1 1
M etham idophos 38 10 11 2 61
O m ethoate 5 2 7

M e lon , m ise . (16)
A ceph a te 1 1
C h lo ro th a lo n il 1 1
D ie ld r in 2 2
M etham idophos 1 1
O m ethoate 1 1

Lo bok (1 ) 
DCPA

L o q u a t (2 )

M e lon , p a paya  (1 ) 
C a rb a ry l 1

L o tu s  seed (1 )

Mache (g re e n s ) (0 ) 
Ip ro d io n e  
P e rm e th r in  
V in c lo z o lin

i l l  3
1 1

1 1

M elon , s h a r lin e  (3 )
C h lo ro th a lo n il 1
D ie ld r in  1
E n d o su lfa n  I 1
E n d o su lfa n  II 1
E n d o su lfa n  s u lfa te  1

1
1
1
1
1

M elon, w a te r (462)
Malanga (1 ) A ceph a te 2 2 1 5

A ld ic a rb  s u lfo x id e 2 2 10
Mango (63) C a rb a ry l 1 1

D im ethoate 2 1 C h lo ro th a lo n il 2 2 2 6
O m ethoate 2 1 D iaz ino n 1 1
T h iaben dazo le 1 1 D ic lo ra n 2 1

E n d o su lfa n  s u lfa te 1 1
Mango ju ic e  (2 ) E th ion 1 1

M etham idophos 60 10 4 74
M elon, ca n ta lo u p e  (593) M o nocro tophos 1 2 3

A ceph a te 2 1 3 O m ethoate 5 3 2 10
B H C , a lpha 1 1 P e rm e th r in 1 1
C h lo ro th a lo n il 24 9 17 50
C h lo rp y r ifo s 14 2 16 M u shroo m , w ho le  (3 )
DCPA 4 1 2 7
DDE, 1 1 M u s ta rd  g re e n s  (101)
D iaz inon 1 1 DCPA 12 12 27 i 52
D ie ld r in 19 19 DDE 1 1 2
D ic lo ra n 1 1 DDE, 23 5 1 29
D im ethoate 7 1 1 9 D im ethoate 2 4 6
E n do su lfan  1 116 17 2 135 E n d o su lfa n  1 3 1 4
E n do su lfan  II 104 22 4 131 E n d o su lfa n  II 1 2 3
E n d o su lfa n  s u lfa te 147 4 1 152 E n d o su lfa n  s u lfa te 1 1 2
E n d r ln 2 2 M a la th ion 1 1
E th ion 6 4 10 M etham idophos 1 1
M a la th ion 27 9 6 1 43 M e th y l p a ra th io n 1 1
M etham idophos 121 46 26 2 2 195 M e v in pho s 2 1 3
M e th y l p a ra th io n 2 2 M e v in p h o s , a lpha 1 3 6 4 3 2 19
O m ethoate 12 10 4 26 M e v in p h o s , be ta 5 15 2 2 24
P e rm e th r in 2 2 O m ethoate 2 1 3 6
T h ia b e n d a zo le 2 4 2 9 P a ra th io n 1 2 3

P e rm e th r in 2 2 2
M e lon , casaba (8 )

C h lo ro th a lo n il 1 1 2 N e c ta rin e  (30)
D ie ld r in 1 1 A ceph a te 1 1
M etham idophos 1 1 A z in p h o s -m e th y l 2 2

C aptan 1 1
M elon, c re n sh a w  (31) C a rb a ry l 1 1

A cephate 1 1 C h lo rp y r ifo s 1 1
C h lo ro th a lo n il 3 3 D ic lo ra n 2 8 5 1 4 20
D ie ld r in 2 2 E n d o su lfa n  1 1 1
E n d o su lfa n  1 3 3 E n d o su lfa n  II 1 1
E n do su lfan  II 2 2 E th ion 1 1
E n do su lfan  s u lfa te 12 2 14 M etham idophos 1 1
M etham idophos 4 4 P a ra th io n 1 1

Phosm et 1
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No.
P ro d u ce  item

o f f in d in g s in  v a r io u s ara n g e s No.
P rod uce  item

o f  f in d in g s in  v a r io u s  ra n g e s 3

T o ta l
0

(N o . o f  sam ples 
exa m in e d ) and 0 
p e s tic id e

.05 0.10 0.50 1.0
T o ta l

2 .0  > 2 .0
(N o . o f  sam ples 
exa m in e d ) and 0 
p e s tic id e

.05 0.10 0.50 1.0 2 .0 >2.

N e c ta rin e  (c o n tin u e d ) Pea, C h inese  (c o n tin u e d )
P ir im ic a rb 1 1 M ethom yl 1 1

M e th y l p a ra th io n 1 3 2 6
O k ra  (33) M o nocro tophos 3 3

D D T , o,£>'- 1 1 M e v in p h o s , a lpha I 1
D D T , p , p ' - 1 1 O m ethoate 39 23 33 3 2 6 106
D iaz inon 1 1 P a ra th io n 2 2 4
D im ethoate 1 1 P e rm e th r in 3 1 4
M e th y l p a ra th io n 1 1 Q u in tozen e 1 1 2
M o nocro tophos 1 1
O m ethoate 1 1 3 1 6 Pea, E n g lis h  (113)
T D E , p , p ' - 1 1 C a rb a ry l 2 1 3

C h lo ro th a lo n il 1 1
O liv e s , f re s h  (1 ) D im ethoate 1 1 2

E n d o su lfa n  I 2 2
O n io n , b u lb  (32) E n d o su lfa n  II 1 1 2

DCPA 2 2 E n d o su lfa n  s u lfa te 1 1
D D E, p , p ' - 2 2 M a la th ion 3 4 7

M etham idophos 8 2 1 11
O n io n , g reen  (150) M onocro tophos 1 1

C h lo ro th a lo n il 1 i O m ethoate 2 3 3 8
DCPA 44 15 9 68 Q u in tozen e 2 2 4
DDE 1 1 2 4
D D E, £ , £ ' - 37 6 5 48 Pea, s u g a r snap (10)
D iaz inon 1 2 3 D ip h e n y l 2 - e th y l-

h e x y l p h o sp h a te 1 1
O regano  (1 ) M etham idophos 1 1

D D E, £ , £ ' - 1 i
D D T , o ,p '- 1 i Peach (50)
D D T , p ,p ' - 2 i A z in p h o s -m e th y l 2 2

C aptan 2 4 1 7
Papaya (9 ) C ap ta fo l 1 1

Th iaben dazo le 1 1 C a rb a ry l 4 2 4 3 13
C h lo rp y r ifo s 1 1

P a rs le y  (62) D ic lo ra n 1 1 2 1 3 2 10
DCPA 10 6 7 23 D ip h e n y l 2 - e th y l-
DDE 1 1 h e x y l p h o sp h a te 1 1
D D E, 3 1 1 5 E n d o su lfa n  1 2 2
D D T , 1 1 2 E n d o su lfa n  II 2 2
D D T , 0 ,£ '- 1 1 E n d o su lfa n  s u lfa te 2 2
D iaz inon 2 2 Ip ro d io n e 1 1
D im ethoate 1 1 M a la th ion 1 1 2
M a la th ion 1 1 2 Om ethoate 1 1 1 3
M a la th ion  oxyg e n P a ra th io n 2 1 1 4

ana log 1 1 Phosmet 1 1
M etham idophos 1 1 P ir im ic a rb 2 2
M e th y l p a ra th io n 2 1 3 6
M e v in p h o s , a lpha 1 1 P eanut (1 )
M e v in p h o s , be ta 1 3 4 M a la th ion 1 1
O m ethoate 1 1 C h lo rp y r ifo s 1 1
P a ra th io n 1 1
T D E ,
T o xaph ene  

P a rs n ip  (3 ) 

Passion f r u i t  (23)

1 Pear (24)
1 A z ln p h o s -m e th y l

C aptan 
D ic lo ra n  
P a ra th io n  
Phosmet

Phosm et 1 2 2 6 T h iaben dazo le 3 3

a , C h inese  (694) P ea r, app le  (2 )
A ceph a te 25 3 12 2 39
B H C , a lpha 2 2 P ea r, bosc (1 )
B H C , b e ta 1 1 2 A z in p h o s -m e th y l 1 1
B H C , de lta 2 2
C h lo ro th a lo n il 1 2 2 3 P ecan, sh e lle d  (1 )
C h lo rp y r ifo s 1 2 2
DCPA 3 3 P ep ino  (2 )
D iaz inon 1 2 6 9 P rim ip h o s -m e th y l 2 1
D ie ld r in 3 3
D im ethoate 28 11 25 11 13 6 94 P e p p e r, A naheim  (203)
E n d o su lfa n  1 8 5 5 1 19 A ce p h a t 3 1 5 2 11
E n d o su lfa n  II 4 4 8 i 17 A z in p h o s -m e th y l 1 2 3
E n d o su lfa n  s u lfa te 9 5 4 18 B H C , a lpha 1 1
E th ion 8 2 2 10 B H C , b e ta  1 1
L in d a n e 2 2 B H C , d e lta 1 1
M a la th ion 13 3 9 2 2 4 33 C aptan 1 1
M etham idophos 52 6 12 2 70 C a rb a ry l 5 5
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No.
P roduce  item

o f f in d in g s  in av a r io u s  ranges

T o ta l
0

No.
P roduce  item

o f f in d in g s  in v a r io u s  ra n g e s 3

To ta l
0

(N o . o f  sam ples 
exa m ined ) and 
p e s tic id e

0 .05 0.10 0.50 1.0 2 .0 >2.
(N o . o f  sam ples 
e xa m ined ) and  0 
p e s tic id e

.05 0.10 0.50 1.0 2 .0 >2.

P e p p e r, A nahe im  (c o n tin u e d ) P e p p e r, C a rib e  (c o n tin u e d )
C h lo ro th a lo n il 2 2 M a la th ion 3 3
C h lo rp y r ifo s 6 6 11 23 M etham idophos 22 9 18 5 2 56
C h lo r th io p h o s 1 1 2 M o nocro tophos 1 2 3
D im ethoate 5 2 9 11 O m ethoate 9 9 16 2 1 32
D iaz inon 1 1 P e rm e th r in 3 7 10
E n d o su lfa n  1 19 3 17
E n d o su lfa n  II 7 6 9 17 P e p p e r, ca ye n n e  (9 )
E n do su lfan  s u lfa te 11 9 1 16 D im ethoate 1 1
E th ion 1 8 3 2 13 M etham idophos 1 1 2
L in d a n e 1 1 M e th y l p a ra th io n 1 1
M etham idophos 90 23 58 10 1 2 139 O m ethoate 1 1 2
M e th y l p a ra th io n 5 1 1 7
M onocro tophos 2 2 2 1 7 P e p p e r, cu b a n e ll (7 )
O m ethoate 16 9 22 2 1 50 A ceph a te 1 1 2
P a ra th io n 1 1 1 3 C h lo rp y r ifo s 1 1 1 3
P e rm e th r in 9 5 9 M etham idophos 1 9 2 7
Q u in to ze n e 2 1 O m ethoate 9 1 5

P e p p e r, b e ll (1089) P e p p e r, F re sn o  (7 )
A ceph a te 32 35 196 29 7 4 297 C h lo rp y r ifo s 1 1 2
A z in p h o s -m e th y l 1 1 1 3 E n d o su lfa n  1 1 1
BHC 1 1 E n d o su lfa n  II 1 1
B H C , a lpha 1 1 E th ion 1 1
B H C , b e ta 1 1 M etham idophos 3 1 9
C aptan 2 1 3 M onocro tophos 1 1 2
C a rb a ry l 9 8 27 5 1 95 O m ethoate 1 2 1 9
C h lo ro th a lo n il 5 9 1 10
C h lo rp y r ifo s 131 99 190 2 372 P e p p e r, ja la p e n o  (239)
C h lo r th io p h o s 2 3 5 A ceph a te 2 1 5 1 1 10
DCPA 1 3 2 1 7 A z in p h o s -m e th y l 2 1 5 8
D iaz inon 1 1 2 B H C , a lpha 1 1
D ic lo ra n 2 1 3 B H C , b e ta 1 1
D im ethoate 91 19 17 1 1 79 B H C , d e lta 1 1
E n d o su lfa n  I 76 8 3 1 88 C h lo ro th a lo n il 1 1 1 3
E n d o su lfa n  II 67 13 6 85 C h lo rp y r ifo s 19 10 16 95
E n d o su lfa n  s u lfa te 55 55 D iaz ino n 3 1 1 5
E th ion 31 31 32 9 3 101 D ic lo ra n 1 1
F o lpe t 2 2 D im ethoate 5 1 5 11
G ardona 1 1 2 E n d o su lfa n  1 9 2 1 7
H e p ta ch lo r 1 1 2 E n d o su lfa n  II 3 1 3 7
Ip ro d io n e 1 1 7 2 11 E n d o su lfa n  s u lfa te 5 1 1 7
M a la th ion 6 5 1 12 E th ion 9 5 13 1 9 27
M e tham idophos 208 157 357 31 2 755 L in d a n e 1 1
M e thy l p a ra th io n 1 1 2 M a la th ion 1 3 3 7
M onocro tophos 1 1 M e tham idophos 31 20 61 21 8 7 198
Om ethoate 106 83 137 9 1 336 M e th y l p a ra th io n 5 1 1 7
P a ra th io n 10 2 1 13 M o nocro tophos 3 1 3 7
P e rm e th r in 19 15 6 95 O m ethoate 11 15 38 12 5 1 82
P rocym idone 2 2 5 P a ra th io n 3 3
Q u in tozen e 8 2 2 12 P e rm e th r in 1 1 12 19
Toxaphene 2 2 Q u in tozen e 3 3
V in c lo z o lin 1 6 7 T o xaph ene 2 1 3

P e p p e r, b e ll ,  d e h y d . (5 ) P e p p e r, m isc . (15 )
A cephate 1 1 C h lo rp y r ifo s 1 1 2
C h lo rp y r ifo s 2 1 3 C h lo r th io p h o s 1 1
E th ion 2 2 DCPA 1 1
M etham idophos 1 1 2 9 E n d o su lfa n  1 1 1

E n d o su lfa n  II 1 1
P e p p e r, C a lo ro  (5 ) E n d o su lfa n  s u lfa te 1 1

M e tham idophos 1 2 1 9 M etham idophos 2 5 1 1 9
O m ethoate 1 1 M o nocro tophos 1 1

O m ethoate 1 1
P e p p e r, C a rib e  (129)

A ceph a te 1 2 1 1 5 P e p p e r, p a s illa  (67)
A z in p h o s -m e th y l 1 2 2 5 B H C , a lpha 1 1
C aptan 1 1 B H C , b e ta 1 1
C a rb a ry l 1 1 B H C , d e lta 1 1
C h lo ro th a lo n il 1 1 2 C h lo rp y r ifo s 5 2 7
C h lo rp y r ifo s 6 3 5 19 D im ethoate 1 2 3
D iaz inon 1 1 2 L in d a n e 1 1
D im ethoate 3 1 2 6 M e tham idophos 16 7 9 3 1 36
E n do su lfan  1 8 1 2 11 M e th y l p a ra th io n 2 2
E n d o su lfa n  II 6 3 2 11 M onocro toph os 1 1
E n do su lfan  s u lfa te 10 1 h O m ethoate 2 5 7 2 16
E th ion 1 2 9 1 8 P e rm e th r in 1 1
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No.
P rod uce  item

o f f in d in g s In v a r io u s aranges

T o ta l
0

No.
P roduce  Item

o f f in d in g s in v a r io u s ara n g e s

T o ta l
0

(N o . o f  sam ples 
exa m ined ) and 0 
p e s tic id e

.05 0.10 0.50 1.0 2 .0 >2.
(N o . o f  sam ples 
e xa m ined ) and 0 
p e s tic id e

.05 0,.10 0.50 1.0 2 .0 >2.

P e p p e r, p a s llla  (c o n tin u e d ) P ota to  s k in s  (1 )
P a ra th io n 1 1 2

P o ta to , sw eet (5 )
P e p p e r, p ic k le d  (2 ) D ic lo ra n 1 2 1 4

M etham idophos 1 1 2
P ru n e  (1 )

P e p p e r, po b lano  (9 ) D iaz ino n 1 1
D im ethoate 1 1
E n do su lfan  1 1 1 P u rs la n e  (3 )
E n do su lfan  11 1 1 M etham idophos 1 2 3
E ndo su lfan  s u lfa te 1 1
E th ion 1 1 R ad icch io  (7 )
M a la th ion 1 1 A ceph a te 1 1
M etham idophos 1 1 M etham idophos 1 1
O m ethoate 1 2 3
P e rm e th r in 1 2 3 R ad ish  (184)

DCPA 15 3 1 1 1 21
P e p p e r, se rano  (274) DDE 1 1

A ceph a te 1 3 4 2 10 D D E, p , p ' - 33 4 37
A z in p h o s -m e th y l 1 1 9 4 1 16 D ic lo ra n 1 5 1 7
B H C , a lpha 1 1 1 3 D ie ld r in 2 2
B H C , b e ta 2 2 E n d o su lfa n  1 1 1 2
B H C , d e lta 2 2 E n do su lfan  II 1 1 2
C h lo ro th a lo n il 1 2 1 4 E n d o su lfa n  s u lfa te 1 1 2
C h lo rp y r ifo s 7 3 9 19 L in u ro n 1 1
C h lo r th lo p h o s 1 1 2 M etham idophos 1 1 2
D laz lno n i 1 M e v in p h o s , be ta 1 1
D im ethoate 4 3 5 1 13 O m ethoate 4 2 1 1 8
E n d o su lfa n  1 3 3 1 7
E n d o su lfa n  II 3 1 1 5 R a d ish , Ita lia n  (4 )
E n do su lfan  s u lfa te 5 5 DCPA 1 1
E th ion 12 4 19 5 2 2 43 DDE, 1 1 2
L ind ane 2 2 E n d o su lfa n  1 1 1
M ala th ion 4 1 4 9 E n d o su lfa n  II 1 1
M etham idophos 47 24 69 31 5 5 181 E n d o su lfa n  s u lfa te 1 1
M e thy l p a ra th io n 4 1 1 6 M a la th ion 1 1
M onocro tophos 1 7 3 n
Omethoate 12 10 31 6 6 3 68 R a d ish , w h ite  (3 )
P a ra th ion 3 3 D ic lo ra n 1 1
P e rm e th r in 3 9 1 12
Q u in tozen e 2 1 3 R a is in  (4 )

D iaz ino n 1 1
P epp e r, w hole  sp ice  (2 )

R a p in i (22)
P epp e r, ye llo w  (25) DCPA 3 2 5

C h lo rp y r ifo s 1 1 D ic lo ra n 1 1
D im ethoate 1 1 2 E n d o su lfa n  1 1 1
E th ion 1 1 E n d o su lfa n  II 1 1
M etham idophos 2 3 4 1 1 11 M e v in p h o s , a lpha 1 1
Om ethoate 3 1 1 I 6 M e v in p h o s , be ta 1 1
P e rm e th r in 2 1 3
Q uin tozene 1 2 2 R a s p b e rry  (87)

C aptan 2 1 '5 15 4 8 45
Persimm on (2 ) C a rb a ry l 1 2 1 1 5

D ic h lo r f lu a n id 1 1
P ineapp le  (23) D ico fo l 2 2

C a rb a ry l 6 6 2 2 16 F o lpe t 1 1
Ip ro d io n e 2 6 1 9

P ineap p le  ju ic e  cone. (1 ) P ir lm ip h o s -m e th y l 1 1
P rocym id one 1 1

P la n ta in  (1 ) V in c lo z o lin 1 1

Plum (35) R h u b a rb  (3 )
D ic lo ra n 2 4 4 1 2 3 16
D im ethoate 1 1 R osem ary , w ho le  (2 )
O m ethoate 1 1 P ir im ip h o s -m e th y l 2 2 2

P otato (35) R u tabaga  (2 )
D D E, £>,£>'- 13 6 2 21 D ic lo ra n 1 1
D e m e to n -S -su lfo n e 1 1
D is u lfo to n  su lfo n e 1 1 S h a llo t (1 )
T h iaben dazo le 1 1
T o xaph ene 1 1 S o ft d r in k ,  c a r b .  cola (2 )

P o ta to , S p inach (176)
Japanese-Yam aim o (1 ) A ceph a te 2 1 3 1 7

C aptan 4 1 5
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No.
P roduce  Item

o f  f in d in g s in va rio u s ra nges

T o ta l
0

No.
P roduce  item

o f  f in d in g s in v a r io u s ra n g e s 3

(N o . o f  sam ples 
e xa m ined ) and 0 
p e s tic id e

.05 0.10 0 .50 1.0 2 .0 >2.
(N o . o f  sam ples 
e xa m in e d ) and 0 
p e s tic id e

.05 0 .10 0.50 1.0
T o ta l

2 .0  > 2 .0

S p inach  (c o n tin u e d ) S q u a sh , c ro o k n e c k  (8 )
C h lo ro th a lo n il 1 1 1 1 4 D ie ld r in 2 1 3
C h lo rp y r ifo s 1 1 E n d r in 1 1
DCPA 2 2 1 5
DDE 1 1 S q u a sh , Ita lia n  (1113)
DDE, p , p ' - 10 4 7 21 A ce p h a te 3 1 2 6
D D T 1 1 C aptan 1 1
D D T , £ , £ ' - 2 1 2 5 C h lo ro th a lo n il 4 5 3 2 14
D e m e to n -S -su lfo n e 1 1 2 C h lo rp y r ifo s 6 1 7
D iaz inon 1 1 2 D iaz ino n 4 2 7
D ie ld r in 1 1 D ie ld r in 125 1 126
D ic lo ra n 4 2 4 2 12 D D E, 19 19
D im ethoate 2 3 5 D im ethoate 7 5 12
D is u lfo to n  s u lfo n e 1 1 E n d o su lfa n  1 189 39 10 238
E n d o su lfa n  1 22 7 3 1 2 35 E n d o su lfa n  II 196 8 3 207
E n d o su lfa n  II 11 7 10 3 31 E n d o su lfa n  s u lfa te 194 2 196
E n d o su lfa n  s u lfa te 7 5 16 3 37 E n d r in 130 8 1 139
F o lp e t 1 1 1 3 E th io n 2 3 5
H y d ro x y  d ia z in o n 1 1 H e p ta ch lo r e p o x id e 5 5
M ethom yl 5 4 1 10 H y d ro x y  d ia z in o n 1 1
M etham idophos 5 1 5 3 1 15 L in d a n e 1 1
M e th y l p a ra th io n 2 2 M e tham idophos 36 4 6 1 47
M evlnphos 1 1 M e th y l p a ra th io n 1 1 2
M e v in p h o s , a lpha 2 3 5 M o nocro tophos 1 1
M e v ln p h o s , b e ta 3 3 5 11 O m ethoate 18 10 6 34
O m ethoate 1 4 5 P e n ta c h lo ro a n ilin e 4 4
P ara th ion 3 2 5 Q u in tozen e 4 4
P e n ta ch lo ro a n ilin e 2 2 T h iaben dazo le 1 3 4
P e rm e th r in 1 9 12 1 23 V in c lo z o lin 1 1
Q u in tozen e 1 1 2

S q u a sh , m isc . (23 )
S qua sh , a co rn  (74) E n d o su lfa n  1 2 2

B H C , b e ta 1 1 E n d o su lfa n  II 1 1
C h lo ro th a lo n il 1 1 E n d o su lfa n  s u lfa te 1 1
C h lo rp y r ifo s 1 1 2 M etham idophos 2 2
D ie ld r in 4 3 7 O m ethoate 1 1
D ic lo ra n 3 2 3 1 9
E n d o su lfa n  1 1 1 S q u a sh , s in g u a  (8 )
E n d o su lfa n  II 1 1 M e tham idophos 2 2 4
E n d o su lfa n  s u lfa te 1 1
E n d r in 5 5 S q u a sh , s p a g h e tt i (20)
M etham idophos 3 2 5 A ceph a te 1 1
O m ethoate 1 1 M etham idophos 1 1
Q u in tozene 2 2

S q u a sh , sum m er (79)
S qua sh , ba nana (13) A ceph a te 1 1

M etham idophos 2 2 C h lo rp y r ifo s 1 1
D ie ld r in 1 1

S qua sh , b i t t e r  melon (10) D im ethoate 1 1
C h lo rp y r ifo s 1 1 E n d o su lfa n  1 5 1 6
E n do su lfan  1 1 1 E n d o su lfa n  II 5 5
E n d o su lfa n  II 1 1 E n d o su lfa n  S u lfa te 5 5
E ndo su lfan  s u lfa te 1 1 E n d r in 1 1
M etham idophos 1 1 M etham idophos 1 1
O m ethoate 1 1 O m ethoate 1 1

S qua sh , b u t te r n u t  (16) S q u a sh , y e llo w  (157)
D ie ld r in 2 2 BHC 1 1
M etham idophos 1 1 C h lo ro th a lo n il 2 1 3
O m ethoate 1 1 D D E, £ , £ ' - 2 1 1 4

D iaz inon 1 1
S q u a sh , cabocha (48) D ie ld r in 24 24

C aptan 1 1 D im ethoate 2 2
C h lo rp y r ifo s 1 1 E n d o su lfa n  1 24 8 2 34
D ie ld r in 16 16 E n d o su lfa n  II 25 25

E n d o su lfa n  1 2 2 E n d o su lfa n  s u lfa te 25 25
E n d o su lfa n  II 1 1 E n d r in 20 2 21

E n d o su lfa n  S u lfa te 2 2 H e p ta c h lo r 1 1

E n d r in 9 9 H e p ta c h lo r e p ox ide 1 1

H e p ta ch lo r e p o x id e 1 1 M etham idophos 5 2 7

M etham idophos 7 7 O m ethoate 4 1
O m ethoate 2 1 P a ra th io n 1

S q u a sh , C h inese  (4 ) S p ira lin a  (2 )
D im ethoate 1 1
Om ethoate 1 1 S ta rc h , m ung bean (1 )
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No.
P roduce  item

o f  f in d in g s i in av a r io u s  ranges

T o ta l
0

(N o . o f  sam ples 
e xa m ined ) and 0 
p e s tic id e

.05 0.10 0.50 1.0 2 .0 >2.

S tra w b e r ry  (302)
A ceph a te 1 1 2
C aptan a 9 23 19 19 99 118
C a p ta fo l 1 2 3
C a rb a ry l 1 1 3 9 1 10
C h lo ro th a lo n il i 1
C y h e x a tin 10 99 27 26 26 138
DDE, 2 2
D ic h lo r f lu a n id 3 2 5
D ico fo l 2 2 9
D ie ld r in 1 1
E n d o su lfa n  1 5 9 8 17
E n d o su lfa n  II 2 9 10 16
E n d o su lfa n  s u lfa te 10 9 3 17
E n d r in 1 1
E th ion 1 1
F o lpe t 2 2 13 15 10 8 50
M a la th ion 3 3 1 7
M a la th ion  o x y g e n  analog 1 1
M etham idophos 2 1 1 9
M e th y l p a ra th io n 1 1 2
M e v in p h o s , a lpha 3 1 6 1 1 12
M e v in p h o s , be ta 5 3 1 1 10
P a ra th io n 1 1
P e rm e th r in 1 1
P rocym idone 1 1
V in c lo z o lin 10 13 61 98 93 17 192

S u g a r, g la z e / ic in g  m ix (1 )

S u n flo w e r ro o t (1 )

Swamp cabbage (1 )

Sw iss c h a rd  (18)
A cephate 1 1
C a rb a ry l 2 2
C h lo ro th a lo n il 2 2
DCPA 1 1 2
D iaz inon 1 1
M etham idophos 1 1
M e v in p h o s , a lpha 2 2 9
M e v in p h o s , be ta 1 1
O m ethoate 1 1

T a m a rillo  (13)
A cepha te 1 1 1 3
M etham idophos 1 1

T a ro  (1 )

T a rra g o n  (0 )
P ir im ip h o s -m e th y l 2 2

T ea , o ra n g e  peel (1 )

T o m a tillo  (58)
BHC 1 1 2
B H C , a lpha 1 1
C h lo ro th a lo n il 1 1
C h lo rp y r ifo s 1 1
DD T 1 1
D D T , 1 1
D e m e to n -S -su lfo n e 1 1
D im ethoate 1 1
D is u lfo to n  su lfo n e 1 1
E n d o su lfa n  1 1 1
E n d o su lfa n  II 1 1
E ndo su lfan  s u lfa te 1 1
M e tham idophos 9 2 4 15
M e thy l p a ra th io n 1 1
M onocro tophos 1 1
Om ethoate 2 1 i 4
P a ra th io n 1 1
P e rm e th r in 3 3 2 8
Toxaphene 1 i

No. o f  f in d in g s  in  v a r io u s  ra n g e s 3
P roduce  item  _____________________________________
(N o . o f  sam ples T o ta l
exa m in e d ) and 0 .05  0 .1 0  0 .50  1 .0 2 .0  > 2 .0
p e s tic id e

T o m a tillo  sauce ( 1 )

Tom ato (2506)
A ceph a te 9 9
A z in p h o s -m e th y l 1 1
B H C , a lpha 15 9 19
B H C , b e ta 8 8
B H C , d e lta 8 8
C a rb a ry l 3 9 2 9
C a rb o p h e n o th io n 1 1
C h lo ro th a lo n il 97 19 99 5 2 112
C h lo rp y r ifo s 762 139 96 992
C h lo r th io p h o s 2 1 3
DCPA 1 1
D iaz inon 9 9
D ic lo ra n 19 6 9 8 1 3 91
D im ethoate 31 9 6 91
D ip h e n y l 2 - e th y l-

h e x y l ph osp h a te 5 8 12 1 26
E n d o su lfa n  1 19 3 17
E n d o su lfa n  II 13 3 16
E n d o su lfa n  s u lfa te 11 1 12
E th ion 61 25 15 101
F e n va le ra te 9 2 1 1 8
F o lpe t 1 1
L in d a n e 12 12
M a la th ion 3 1 9
M etham idophos 1059 177 70 3 1309
M e th y l p a ra th io n 3 1 9
M o nocro tophos 2 2
Om ethoate 119 38 27 179
P a ra th io n 7 3 10
P e rm e th r in 190 28 7 1 176
Q u in tozen e 3 3
T o xaph ene 1 1
V in c lo z o lin 1 2 2

Tom ato , can ned  (8 )
M e tham idophos 2 1 3

Tom ato ju ic e  (8 )
M etham idophos 9 2 1 7

Tom ato , c h e r r y  (513)
A ceph a te 9 5 3 12
A z in p h o s -m e th y l 2 2
B H C , a lpha 3 2 9
B H C , b e ta 2 2
B H C , d e lta 1 1
C aptan 1 2 1 1 5
C a p ta fo l 1 1 2
C a rb a ry l 1 3 1 5
C h lo ro th a lo n il 28 18 97 8 9 2 107
C h lo rp y r ifo s 92 11 10 63
C h lo r th io p h o s 1 2 3
C y p e rm e th r in 1 2 2
DCPA 1 1
D D E, £ , £ ' - 1 1
D iaz ino n 1 1 2
D ic lo ra n 2 1 3 2 8
D im ethoate 3 2 5
D ip h e n y l 2 - e th y l-

h e x y l p h o sp h a te 1 2 1 9
E n d o su lfa n  1 10 2 12
E n d o su lfa n  II 7 2 1 10
E n d o su lfa n  s u lfa te 9 9
E th ion 2 1 1 9
F e n va le ra te 5 3 6 19
L in d a n e 2 2
M a la th ion 5 2 7
M etham idophos 101 37 39 3 175
M e th y l p a ra th io n 7 1 8
Om ethoate 19 5 7 26
P a ra th io n 2 2 9
P e rm e th r in 93 23 19 80
Q u in tozen e 1 1
T o xaph ene 2 2
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P roduce  item
No. o f  f in d in g s  in  v a r io u s  ra n g e s 3

P rod uce  item
No. o f  f in d in g s  in  v a r io u s  ra n g e s 3

(N o . o f  sam ples 
exa m in e d ) and 
p e s tic id e

T o ta l
0 .0 5  0 .10  0 .50 1.0 2 .0  >2 .0

(N o . o f  sam ples 
e xa m in e d ) and 
p e s tic id e

T o ta l
0 .05  0 .1 0  0 .5 0  1 .0  2 .0  > 2 .0

Tom ato , p a s te  (2 ) T u rn ip  g re e n s  (69)
DCPA 13 3 19 2 37

Tom ato , rom ano (102) DDE 1 1
B H C , a lpha 1 1 D D E, 21 4 25
B H C , b e ta 1 1 D im ethoate 2 2
B H C , d e lta 1 1 E n d o su lfa n  1 3 1 1 2 7
C h lo ro th a lo n il 2 1 2 1 6 E n d o su lfa n  II 1 2 2 2 7
C h lo rp y r ifo s 7 1 1 9 E n d o su lfa n  s u lfa te 2 1 1 1 2 7
D ip h e n y l 2 - e th y l- M e v in p h o s , a lpha 1 6 5 12

h e x y l p h o sp h a te 1 1 M e v in p h o s , b e ta 1 2 13 3 1 20
E n d o su lfa n  I 1 1 O m ethoate 1 1 2
E n d o su lfa n  II 1 1 P e rm e th r in 3 3
E n d o su lfa n  s u lfa te  
L in d a n e

1
1

1
1 W ater c h e s n u is  (1 )

M a la th ion 2 1 3
M etham idophos 42 5 3 50 W ater c re ss  (2 )
O m ethoate 4 3 7
P a ra th io n 1 1 W aterm elon f la v o re d  ice (1 )
P e rm e th r in 5 1 6
Q u in tozen e 1 1 W heat (3 )

M a la th ion 1 1 2
Tom ato sauce (10)

M etham idophos 1 1 W heat, d u rh a m  (3 )

Tom ato , s tew ed (2 ) W hea t, re d  (12)
M etham idophos 1 1

Wine (8 8 )
T u rn ip  (39) D im ethoate 1 1 2

DCPA 4 3 5 12 O m ethoate 2 2
DDE 2 2 E th y l carbam a te 39 8 9 56
DDE,
M e v in p h o s , a lpha

8 i
1

9
1 W itlo o f (6 )

M e v in p h o s , b e ta 1 1 D im ethoate 1 1 2
P e rm e th r in 1 i 1 O m ethoate 2 2

T u rn ip ,  d a ik o n  (17)
DCPA 2 2

a The c o u n t g iv e n  in  a co lum n c o v e rs  a ra n g e  th a t  s ta r ts  a t a va lu e  g re a te r  th a n  th e  p re v io u s  co lum n h e a d in g  ( in  pp m ) 
and in c lu d e s  th e  c u r r e n t  co lum n h e a d in g .

^V a lu e s  u n d e r lin e d  a re  in d ic a t iv e  o f  re s id u e  leve ls  fo u n d  to  be in  excess o f  th e  to le ra n c e  leve l se t b y  EPA o r  w h e re  no 
to le ra n ce  le ve l has been p re v io u s ly  e s ta b lis h e d  fo r  th a t  c ro p .
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M ass and intensity calibration of gas chrom atograph/m ass spec
trometer (G C /M S) responses is an im portant quality assurance issue 
for chemical analysis. Ion abundance calibration with decafluorotri- 
phenylphosphine (D FTPP) was applied in 1975 to standardize quad- 
rupole spectra to resemble the ion abundances that were obtainable 
from magnetic sector mass spectrometers. M odern quadrupole mass 
spectrometers provide significantly greater high-mass sensitivity than 
allowed under the 1975 study. Thus, those recommendations were 
reevaluated with 2 approaches. F irst, an interlaboratory study was 
conducted using 15 different gas chrom atography/m ass spectrometry 
(G C /M S) systems. Second, the U .S. Environm ental Protection Agen
cy Contract Laboratory Program  (EPA-CLP) quality assurance data 
base was searched and over 6500 D F T P P  tune results were plotted 
and evaluated. Based on these approaches, updated ion abundance 
criteria recommendations have been developed, which contemporary 
instrum ents can meet, and which meet data quality objectives re
garding identification and quantitative analysis of analytes.

Mass and intensity calibration of mass spectrometer re
sponses has been an important quality assurance issue since 
the introduction of the technique to chemical analysis. Early 
efforts by scientists at lower mass ranges included use of an 
air leak and background peaks that might be due in part at 
least to hydrocarbons. Development of a reliable calibrant 
for higher masses may have begun with the Phillips Research 
Grade hydrocarbons of the early 1940s. In January 1944, the 
National Bureau of Standards (NBS) released hydrocarbon 
standards for mass calibration, and in July 1944, the Amer
ican Petroleum Institute (API) entered into a cooperative 
program with NBS (1). Use of fluorinated organic cali- 
brants—e.g., perfluorokerosene (PFK) and perfluorotribu- 
tylamine (PFTBA)—has been widespread for over 25 years 
(2, 3). These calibrants have discrete peaks at regular inter
vals over a wide mass range, are relatively volatile, and are 
very stable, so high-molecular-weight compounds or mix
tures can be utilized (4, 5). These relatively volatile com
pounds are readily introduced into and removed from the 
mass spectrometer, and, because of the negative mass defect 
of fluorine, the exact masses involved are lower than those 
of most hydrocarbon-based analytes, rendering mass sepa
ration (at medium or high resolution) of the calibration peak 
from analytes relatively simple (6-9). Other calibrants for 
electron ionization and/or chemical ionization have been 
proposed and applied, for example, perfluoroalkylphospho- 
lonitrilates (10), perfluorotriheptyltriazines (11), and poly- 
perfluoropropylene oxide (Fomblin-L) (12).
The capabilities of mass spectrometers have developed 

greatly over the approximately 40 years of their relatively 
routine application to chemical problems, starting with the 
need of oil companies to produce large amounts of high- 
octane gasoline during World War II (1, 13). After popular
ization of low-cost quadrupole gas chromatograph/mass 
spectrometers (GC/MS) in the early 1970s (14), ion abun
dance calibration was considered (15) to standardize quad
rupole spectra to resemble the ion abundances obtainable

Received February 18. 1987. Accepted July 27, 1987.

from magnetic-sector mass spectrometers. Magnetic deflec
tion and time-of-flight spectra comprised most of those found 
in readily available mass spectral libraries. However, criteria 
based on the performance of early quadrupole instruments 
may not be fully applicable today, particularly since quad
rupole MS, a more recent (and perhaps more complex) (16) 
development than the magnetic-sector concept, had not 
reached maturity by the mid-1970s.
This early (1975) effort (15) to develop ion abundance 

calibration for GC/MS analysis used decafluorotriphenyl- 
phosphine (DFTPP) as the proposed calibrant which was 
tested on 15 systems — 11 early quadruples of a single brand 
and model (Finnigan 1015), and 4 magnetic-sector systems. 
Proposed criteria were based on average spectral features 
from the pooled results on DFTPP. This calibrant was chosen 
for its stability and its spectrum of reasonably abundant ions 
over the comparatively wide mass range (51-443 daltons) 
needed for GC/MS monitoring of environmental contami
nants.
A careful review of the experimental results from the orig

inal 15 determinations showed that 11 individual data sets 
(spectra) failed to meet at least one of the proposed criteria. 
This failure of the original data to pass the criteria derived 
from those data pointed out the danger of basing conclusions 
on averages of entries divorced from the data sets. Addi
tionally, more than 10 years of environmental monitoring 
experience coupled with documented problems in applica
tion (17-21) of those criteria—particularly high/low mass 
relative sensitivity—suggested that further study and data 
analysis would be justified for the calibration of quadrupole 
MS ion abundances to resemble typical data from magnetic- 
sector instrumentation. Since some classes of environmen
tally significant compounds monitored by GC/MS possess 
molecular weights well over 200 daltons, instrument sensi
tivity at higher masses is an important consideration for 
environmental monitoring efforts performed for the U.S. En
vironmental Protection Agency (EPA). However, a result of 
meeting criteria established in the 1975 study is less high 
mass sensitivity than that readily obtained on modem in
struments.
The chemistry of the ions formed in the mass spectrometer 

from DFTPP has been described, using MS/MS on a VG 
Model ZAB-3F (19, 20). Substantial differences in some ion 
abundance ratios, especially 198/442, were observed by using 
the ZAB-3F and varying concentration, source temperature, 
and accelerating voltage (flight time) (19, 20). Many such 
variations can be explained on the basis of concentration 
changes in the source from use of the capillary GC inlet 
system. A typical DFTPP mass spectrum is shown in Figure
1. Many standard solutions are contaminated with the DFTPP 
air oxidation product. The DFTPP oxide mass spectrum was 
not found in the EPA/NBS mass spectral library; its spectrum 
contains some peaks common to those of the DFTPP mass 
spectrum. Therefore, this DFTPP oxide was prepared (using 
H;0,) and its mass spectrum was obtained and interpreted (Figure 2).
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Table 1. Ion abundance ratios from 1986 interlaboratory study

442
198
442

199
198

443
442 441

51
198

51
442

127
198

127
442

275
198

275
442

365
198

365
442

EXTREL ELQ-400 95 106 6.2 17.3 1 1 44 46 45 47 15 15 1.6 1.7

EXTREL ELQ-400 100 73 7.9 19.6 13 37 27 43 32 21 15-18 1.1 .8

FINNIGAN 705 
ION TRAP 100 13-19 NR 15.0-

16.6 7-10 56-140 11-18 55-103 10-14 97-232 19-30 0-1.4 0-2.3

FINNIGAN 705 
ION TRAP 100 52 8.0 15.4 11 64 33 26 14 26 14 2.6 1.3

FINNIGAN 1015 (PROBE) 100 42 6.5 NR NR 53 22 66 27 8 3 2.0 .8

FINNIGAN 4023 74 135 6.3 17.9 11 44 60 46 62 24 30 2.2 3.0

FINNIGAN 4023 100 43-93 6.2 17.0-
18.0 18 18-46 8-43 30-47 13-44 22-33 14-21 4.4 1.9-2.2

FINNIGAN 4500 43 229 6.9 19.6 8 41 97 41 97 20 47 1.3 2.9

FINNIGAN-MAT 8230 100 32-81 6.2-7.2 19.2-
27.5 11-19 9-25 3-11 15-32 8-32 21-54 12-22 1.5-10.1 .5-5.4

FINNIGAN-MAT 8230 
(PROBE) 100 40-42 6.0-6.6 18.6-

20.2 11-12 17-18 7 30-32 12-13 37-39 15-16 3.0-4.7 1.3-1.9

HP 5970-B MSD 100 39 7.0 20.4 14 35 14 27 11 28 11 4.1 1.6

HP 5985 67-70 144-150 7.0 20.0-
21.0 9 9 13 28 42-44 20 67-70 1.9 2.6-2.9

HP 5987A 66-68 148-152 6.5-7.0 8.1-20.5 7 15 23-29 50 73-78 18 26-32 1.5 2.2-24

HP 5996 100 34-78 5.1-7.0 18.2-
19.7 11-15 26-33 11-23 19-28 8-22 19-31 9-22 3.6-6.5 1.6-3.6

KRATOS MS-50 100 24-32 3.2-6.9 17.8-
19.6 9-11 NR NR 39 7-13 33-54 8-11 1.6-2.8 .4-.9

NERMAG R10-10C 95-100 56-100 4.6-6.8 20.9-
23.1 1 1-14 19-27 11-28 11-26 11-26 9-20 6-9 1.6-4.8 .9-2.9

NICOLET FTMS-2000 
(PROBE) 100 80 6.1 18.5 21 28 23 22 17 15 12 2.0 1.6

VARIAN CH-5 99 101 8.6 25.6 21 NR NR 38 38 25 25 1.5 1.5

VG-ZAB-3F 100 42-73 6.2-8.3 17.4-
20.7 8-11 45-55 23-33 50 20-31 33-36 15-20 4.1-6.0 2.0-3.1

VG 12-250 100 62-98 6.1-6.3 17.3-
17.7 14-15 38-52 23-51 42-48 26-47 19-22 13-19 1.7-2.3 1.4-1.7

VG TS-250 100 44 6.8 20.5 13 34 15 45 20 41 18 5.7 2.5

NR = NOT REPORTED

E xperim enta l

An interlaboratory study of DFTPP spectra was performed 
using modem instruments operating in conformance with 
the EPA Contract Laboratory Program (CLP) requirements: 
50 ng injected, 1 s/scan, 30 m fused silica GC column (J and 
W  DB-5, or equivalent). A reference spectrum was also ob
tained on a Finnigan Model 1015 mass spectrometer since 
the recommendations of the 1975 study were based in large 
part on the performance of that instrument. The participants 
were asked to tune their GC/MS systems according to man
ufacturers’ recommended procedures, for unit resolution 
throughout the mass range with PFK or PFTBA (51-503 
daltons for PFTBA). The results, summarized in Table 1 and 
Figure 3, were used in the development of an updated set of 
criteria (Table 2) which were met by all GC/MS instruments. 
In addition to GC/MS determinations, for which DFTPP 
was initially selected as a calibrant, probe mass spectra were 
also measured on 3 systems (quadrupole, magnetic sector, 
and Fourier Transform) for comparison.
The Finnigan Model 4510 spectrum, one Extrel Model 

ELQ-400 spectrum, and one Finnigan Model 4023 spectrum 
were obtained under experimental conditions chosen to meet 
the criteria suggested in the 1975 study.
The EPA-CLP quality assurance data base was also 

searched, and results from more than 6500 DFTPP GC/MS 
tunes were plotted using the IBM Model 3090 computer and 
Statistical Analysis System (SAS) software (Figure 4). These

data, which were contractually required to meet the criteria 
suggested in the 1975 study, are obviously a subset of possible 
tunes. Nonetheless, they are informative because they show 
where data tend to lie within the acceptance windows. For 
example, 51/198 and 442/198 ratios showed broad data dis
persion within the acceptance windows. Data for some other 
criteria (68/69, 70/69, 199/198,275/198, 365/198,443/442) 
showed approximately Gaussian distributions, allowing one

Table 2. Recommended DFTPP ion abundance criteria

m/z Recommendation 1975 Criteria (15)
51 15-75% of m/z 198 30-60% of m/z 198

127 15-60% of m/z 198 40-60% of m/z 198
275 10-60% of m/z 198 10-30% of m/z 198
198 or 442 base peak 198 must be base;

442 > 40% of m/z 198
68 <2% of m/z 69 <2% of m/z 69
70 £2% of m/z 69 <2% of m/z 69

197 <1% of m/z 198 <1% of m/z 198
199 4.5-9% of m/z 198 5-9% of m/z 198
443 15-24% of m/z 442 17-23% of m/z 442
442 >40% of m/z 198 

if 198 is base peak
198 >30% of m/z 442 

if 442 is base peak
365 >0.5% of m/z 198 >1% of m/z 198
441 delete criterion present, <443
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Hill 1986 RECOMMENDED CRITERIA 
■  1975 CRITERIA

Ratio Data Distribution Plot

Figure 3. 1986 interlaboratory study of DFTPP spectra, obtained 
in accordance with EPA-PCL criteria.

to set updated criteria (acceptance windows) reflecting actual 
mass spectrometer performance.

Discussion

Excellent agreement was obtained between results from 
this interlaboratory survey and from distributions plotted 
using CLP data, extending Gaussian curves smoothly outside 
criteria acceptance windows where necessary to complete the 
curves. Experimental results and theoretical isotopic abun
dances showed that some acceptance windows should be 
changed slightly (Figures 3 and 4). The theoretical ratios for 
199/198, [C6F5P]+ ; 443/442, [C18H5F10P]+ ; and 70/69 (pre
viously assumed to be [CF3]+, but predominantly [PF2]+) are
6.73, 20.3, and 1.12%, respectively. Some experimental iso
topic abundance ratios (i.e., 199/198 and 443/442) tended 
to be slightly lower than theoretical, probably due to typical 
zero settings, which are chosen to conserve data system disk 
storage space. For example, 443/442 experimental values 
averaged 18-19%. The simple (from 13C and 2H) theoretical 
443/442 ratio is 20.3%, but experimental values will reflect 
perturbations due to approximately 10-15% [M — H]+ which 
contributes, via [12C1713C,H4F10P]+, ca 2-3% to the observed 
intensity at m/z 442, and ca 0.2-0.3% to the observed m/z 
443 signal, via [12C1613C2H4F,0P]+. This effect brings the ex
perimental 443/442 ratio to 20.0-20.1% for 15% and 10% 
[M — H]+, respectively. The individual cases of high 443/ 
442 ratios may be due to poor high mass resolution and/or 
[M + H]+ contribution, in part from the presence of calibrant

in the source (PFTBA, in particular). A factor of 20 increase 
in [M + H]+ has been observed in the ammonia Cl mass 
spectra of certain compounds upon introduction of a small 
amount of PFTBA into the ion source (21). Similarity, the 
broad 69/198 curve in the CLP data and in certain data from 
the interlaboratory study might be due to [CF3]+ contribution 
from residual PFTBA or PFK calibrant. Some data relevant 
to m/z 68/69 and 70/69 were inconclusive. Often, no peaks 
were observed at m/z 68 or 70. Although m/z 70 has a 
theoretical abundance of 1.12% relative to m/z 69, contri
bution to m/z 69 from [PF2]+ would have no observable m/z 
70 isotope. Recent data (20,22) indicate that [PF2]+ is the 
major contributor to response at m/z 69. No peak is expected 
at m/z 68. Regardless of which composition is the major 
contributor in an experimental spectrum to the observed 
signal at m/z 69, the earlier criteria that both m/z 68 and 70 
not exceed 2% of the abundance at m/z 69 seem appropriate 
and justified as a resolution check, on the basis of the avail
able data.
Results of this study suggest that broader criteria are nec

essary for the ion abundance of m/z 365. A lower abundance 
limit of 0.5% is recommended. This is coincidentally the 
reporting threshold for some data systems. The 1975 abun
dance criterion for m/z 441 (441 < 443) was met by most 
systems, but the ratio varied noticeably across different sys
tems. No theoretical “correct” abundance ratio exists since 
the ratio is due to a reaction (loss of H), not a natural isotopic 
abundance. High mass resolution can be adequately verified 
by the 443/442 ratio. Finally, both the CLP data base and 
the interlaboratory study data indicate that criteria windows 
for m/z 51, 127, and 275 should be widened. No theoretical 
(or practical) “correct” relative abundances exist for these 
ions. Recommended criteria for these ions reflect observed 
data trends and are consistent with results of the interlabo
ratory study.

Conclusion

This survey indicates that current instrumentation gen
erally provides better high mass sensitivity than that previ
ously surveyed, and that new ion abundance criteria consis
tent with this improvement can be justified. We propose the 
criteria shown in Table 2, which reflect sensitivity, resolution, 
and mass accuracy checks at the low, middle, and upper mass 
regions of interest for environmental monitoring by GC/MS. 
Modern instruments can meet these criteria, whereas the 
1975 criteria (for example, the 127/198, 275/198, and 442/ 
198 ratios) were often not met in either this study or the 
earlier work used to develop the 1975 criteria. In fact, 11 
data sets presented in the earlier study did not meet at least 
one of those suggested criteria derived from an averaging of 
the results for each parameter. Data generated under these 
new tuning recommendations meet environmental monitor
ing identification and quantitative analysis requirements us
ing GC/MS software programs.
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TECHNICAL C O M M U N IC A T IO N S

Direct Gas Chromatographic Analysis of Trichlorfon for Its Decomposition Products

ST E P H E N  C. SL A H C K
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T he analysis of trichlorfon by direct gas chromatography is discussed. 
A procedure is described for the determ ination of impurities in tri
chlorfon by using a fused silica capillary column and cold on-column 
injection. A ttem pts a t quantitating trichlorfon using this system were 
unsuccessful due to problems with irreproducibility of the peak area. 
Although no derivatization was performed, there was no decompo
sition of the analyte as confirmed by mass spectrometry.

Trichlorfon (Dylox®), dimethyl (2,2,2-trichloro-l-hydroxy- 
ethyl)phosphonate, is a popular, effective insecticide for the 
control of a variety of pests that infest vegetables, fruit and 
field crops, and ornamentals. By far, most analytical methods 
determine trichlorfon by gas chromatography (GC). Trichlor- 
fon is a thermally labile compound that is readily decom
posed to dichlorvos (2,2-dichloroethenyl dimethyl phos
phate) under GC conditions (1, 2), as well as to chloral and 
dimethyl phosphonate (3, 4) as shown in Figure 1. Occa
sionally, chromatographers have not recognized the thermal 
lability of trichlorfon and have reported trichlorfon and di
chlorvos retention times in a method as being coincident. 
This appears to be the case with Watts and Storherr (5), who 
reported trichlorfon and dichlorvos to have the same relative 
retention times on 4 different GC columns. Recognizing the 
instability of trichlorfon, many researchers have developed 
derivative methods for GC analyses. Reactions which have 
been used include acylation (6, 7), méthylation (7, 8), and 
silylation (3, 8, 9). Bowman and Dame (2) discussed the 
applicability of a silylation procedure for the analysis of sol
uble powder formulations.
The advent of fused silica open-tubular (FSOT) capillary 

technology has led to the availability of GC columns with 
highly inert surfaces; this has made analyses that were pre
viously only possible using derivatization amenable to GC. 
The cold, on-column injector has provided a similar improve
ment by eliminating the flash pyrolysis associated with con
ventional injection systems. Using these improvements in 
capillary chromatography, an attempt was made to assay 
trichlorfon and provide information concerning its decom
position products.

METHOD
A p p a ra tu s

(a) G as ch rom atograph . — Hewlett-Packard Model 5890 
equipped with flame ionization detector and cold, on-column 
injector. O p era tin g  conditions: attenuation, 22; detector, 250°C; 
flow rates, air 400 mL/min, helium column ca 1 mL/min, 
helium make-up 19 mL/min, hydrogen 45 mL/min; range, 
23; recorder chart speed, 30 cm/h; recorder range, 1 mV; 
column oven temperature program: initial hold time 0 min, 
initial temperature 40°C, rate of heating 107min, final tem
perature 280°C, final hold time 5 min.

(b) C h ro m a to g ra p h ic  co lum n. — Dimethyl silicone fluid- 
coated, 12 m x 0.2 mm id, FSOT capillary (Hewlett-Packard 
Cat. No. 19091-60010).

Received April 17, 1987. Accepted July 20, 1987.
Dylox is a registered trademark of Bayer AG, Leverkusen.

(c) Syringe. — < 10 pL , equipped with 180 x 0.17 mm id 
fused silica needle.(d) R e fe re n c e  s ta n d a r d s .— Mobay Corp., Agricultural 
Chemicals Division, PO Box 4913, Hawthorne Rd, Kansas 
City, MO 64120-0013.
D eterm in a tio n

P rep a ra tio n  o f  s ta n d a rd  so lu tions. — Accurately weigh 200- 
300 mg of each standard into separate 100 mL volumetric 
flasks, dilute to volume with acetone, and mix thoroughly. 
Pipet 10 mL aliquot of each stock solution into separate 100 
mL volumetric flasks. Dilute contents of each flask to volume 
with acetone and mix thoroughly. Inject 1 p L portions of 
each solution into cold, on-column injector, using syringe 
equipped with fused silica needle; immediately start tem
perature program. Inject each standard in duplicate. Peak 
areas should agree within ± 1% of their average.

P rep a ra tio n  o f  s a m p le s .— Accurately weigh amount of 
sample representing 250 mg trichlorfon into 100 mL volu
metric flask, dilute to volume with acetone, and mix thor
oughly. Inject 1 p L portion under the same conditions as the 
standards. Inject samples in duplicate. Peak areas should 
agree within ± 1% of their average.

Results and Discussion
A simple method was sought for the assay of trichlorfon 

and evaluation of its volatile decomposition products: tri- 
chloroacetaldehyde (chloral), dichlorvos, and dimethyl phos- 
phonate. These compounds are not typically found as mea
surable impurities in freshly formulated trichlorfon. In 
traditional gas chromatography, the thermal lability and low 
UV absorptivity of trichlorfon and its impurities dictate that 
trichlorfon be derivatized to a stable adduct; when injected 
under conventional GC conditions, the derivative remains 
intact for the determination of impurities or decomposes to 
species different from the analyte of interest.
A direct-injection gas chromatographic method was ex

amined which would resolve these impurities and provide a 
sufficiently inert system to avoid decomposition, thus elim
inating the need for derivatization. A fused silica capillary 
column and a cold, on-column injector provided significantly

0  oh o
Il I -HCl H

(CH30 )2-P-CH-CC13 --------------->- (CH30 )2-P-0-CH=CCl2

Trichlorfon

\
Dichlorvos

\
0
II

(CH30)-P-H + 0=CHCCL3

Dimethyl
Phosphonate

Chloral

Figure 1. Decomposition routes of trichlorfon.
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more inert conditions and provided the needed separation, 
sensitivity, and specificity.
Initially, a 0.2% (w/v) acetone solution of primary standard 

trichlorfon (purity 99.8%) was injected into the direct-injec
tion gas chromatographic system. This resulted in the elution 
of only one peak after the solvent front with a retention time 
of 8.4 min. Subsequent injections of reference standard so
lutions of trichloroacetaldehyde, dimethyl phosphonate, and 
dichlorvos indicated that each standard component was re
solved from trichlorfon (especially dichlorvos). The retention 
times of trichloroacetaldehyde, dichlorvos, and dimethyl 
phosphonate (Figure 2) reference standards were 1.0, 1.7, 
and 4.9 min, respectively. These impurities were not detected 
in the primary standard at sensitivities of 0.08, 0.01, and 
0.01%, respectively. The poorer sensitivity for trichloroac
etaldehyde is due to its volatility. It is more difficult to resolve 
adequately from the solvent front.
Repetitive injections of the primary standard solution were

made. No evidence of decomposition, i.e., peaks at the re
tention times of the impurity standards, was detected. Mass spectrometry was performed under identical direct-injection 
gas chromatographic conditions to confirm that the peak 
which eluted from the standard injection was indeed tri
chlorfon and was apparently free of decomposition. An ex
amination of this peak on a Finnigan Model 4500 quadrapole 
mass spectrometer system provided the trichlorfon spectrum 
shown in Figure 2. The standard chromatographic peak was 
evaluated throughout for traces of dichlorvos, the major de
composition product normally observed during conventional 
GC analyses, by manually searching for a trace mass spec
trum of dichlorvos. None was detected.
As shown in Figure 2, the low resolution electron ioniza

tion spectrum of trichlorfon does not yield a parent peak. Its 
fragmentation pathway progresses initially through a chlorine 
radical loss to give the 221 m/z fragment and related isotopic 
peaks. Dichlorvos does give a strong parent at 220 m/z which
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Figure 3. Direct GC chromatogram of trichlorfon primary stan
dard.

is readily discernible from trichlorfon. Trichlorfon showed 
a unique fragment at 139 m/z which apparently represented 
either (CH30)2-P(0)-CH-0H] t or (CH30)2-P(0)-0-CH2] t. 
An examination of the mass spectra of the direct-injection 
capillary peaks showed only those typical of trichlorfon.
Since the direct-injection gas chromatographic technique 

provides a peak which represents only trichlorfon, an assay 
method seemed possible. However, a major obstacle surfaced 
immediately during method development. Replicate injec
tions of 100 ng trichlorfon primary standard gave nonre-

producible peak areas and peak heights, with and without an 
internal standard. Examination of data system interpreta
tions of the peaks by using a graphics terminal showed no 
indications of errors. However, measurements of peaks from 
repetitive injections varied by ± 5% relative to their average. 
This variance was a decade larger than expected.
Numerous empirical parameters were examined in an at

tempt to alleviate this situation. However, neither varying 
the trichlorfon concentration and the injection size nor ex
amining other capillary coatings (e.g., OV-225) improved the 
results. Research on a wide-bore capillary column also pro
vided no significant improvement. Insufficient resources were 
available to examine recent commercially released, thick- 
film coatings which might provide adequate results. With 
unsatisfactory reproducibility of the primary standard mea
surements, no further research toward the assay of trichlorfon 
was performed.
Although an assay method for trichlorfon using the direct 

injection GC technique could not be developed, this tech
nology does provide the inert conditions necessary to ex
amine volatile decomposition products in trichlorfon with
out the need for performing derivatizations; no measurable 
amounts of decomposition products form during the chro
matography. A typical GC chromatogram with known de
composition product retention times identified is shown in 
Figure 3.
This in turn indirectly provides an overall indication of 

sample purity. A combination of the cold, on-column injec
tion technique with commercially available thick-film, wide 
bore, fused silica capillary columns may provide the con
ditions necessary for reproducibility of injections. This would 
provide a simple and efficient method for the assay of tri
chlorfon.
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Semiquantitative Enzyme-Linked Immunosorbent Assay of Soy Protein in Meat Products: 
Summary of Collaborative Study
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An enzyme-linked immunosorbent assay (ELISA) for the 
determination of soy protein in meat products (1) was sub
jected to collaborative studies in 1984 and 1985 (2, 3). The 
results of the 1985 study were reported for 5 meat products 
containing different known levels of one of 5 different com
mercial soy ingredients submitted to 26 laboratories in 10 
European countries. Sample 7 was distributed as a blind 
duplicate pair; collaborators also received blank samples. An 
evaluation of the data (Table 1) shows that the procedure 
provides more than an identification of soy, and is, in fact, 
a quantitative method if the nature of the added soy protein 
is known and especially if a sample of the specific soy is 
available for calibration. Because this is not always possible, 
the original authors have agreed to designate the method 
“semiquantitative,” and they continue to study improve
ments in the quantitative aspects of the methodology as well 
as the use of commercial kits to perform the method. The 
method recommended by the Associate Referee has been 
adopted official first action.
Summary o f  Method
The meat sample is reduced to an acetone-dried powder, 

which is solubilized in a hot, concentrated solution of urea 
in aqueous buffer. The solution is cooled, diluted, and treated 
with a known excess of diluted soy protein antiserum.
The soy protein in the sample, acting as an antigen, inter

acts with some of the corresponding antibodies. The un
reacted antibody is trapped on an immunosorbent, the inside 
surface of a well in a plastic microtitration plate that has 
been sensitized with an immobilized standard soy antigen. 
The captured antibody is a rabbit serum globulin, which is 
determined after adding a second antibody (goat anti-rabbit) 
to which an enzyme has been covalently attached (conjugate). 
Each interaction is followed by a washing step to remove any

Submitted for publication July 27, 1987.
The study published as ref. 2 was presented by R. Wood at the 97th AOAC 

Annual International Meeting, Oct. 3-6, 1983, at Washington, DC.
The recommendation of the Associate Referee, C. H. S. Hitchcock, was 

approved interim official first action by the General Referee, the Committee 
on Foods I. and the Chairman of the Official Methods Board. The method 
was adopted official first action at the 101st AOAC Annual International 
Meeting. Sept. 14-17, 1987, at San Francisco, CA. See the General Referee 
and Committee reports, J. Assoc. Off. Anal. Chem. (1988) 71, January/Feb- 
ruary issue.

1 J. E. McNeal is the AOAC General Referee on Meat, Poultry, and Meat 
and Poultry Products.

Table 1. Analysis of variance of collaborative data for ELISA 
of soy protein in meat products9

Sample

Statistic 2 3 5 6 7°

Mean, % 1.85 2.75 1.71 2.17 4.24

SD
Repeatability 0.39 0.32 0.37 0.31 0.45
Reproducibility 0.71 0.60 0.54 0.67 1.22

CV, %
Repeatability 21.2 11.8 21.4 14.3 10.7
Reproducibility 38.4 21.8 31.6 30.9 28.8

% Laboratory/total variance

Av. CV0 15.9%
Av. CV„ 30.3%
S„ range 0.31-0.45 
S„ range 0.54-1.22

70.2 70.5 54.1 78.8 86.1

* Data recalculated from 1985 collaborative study (3).
0 4 of 31 observations eliminated by Cochran test (laboratory Q, 3 results; 

laboratory M, 1 result).

nonimmobilized species. The captured enzyme (alkaline 
phosphatase) is determined by adding p-nitrophenyl phos
phate as a chromogenic substrate. The optical density after 
incubation is measured at 405-410 nm. By preparing a semi- 
logarithmic plot of the optical densities of a series of solutions 
of a standard reference soy product against their concentra
tions, a calibration curve is obtained to which sample optical 
densities can be compared.
Recommendation
The Associate Referee, C. H. S. Elitchcock, recommended 

that the method be adopted official first action with an ap
plicability statement to note that the method is semiquan
titative, but may be quantitative when the nature of the added 
soy protein is known, especially when a sample is available 
for calibration.
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Development of Porcine Rapid Identification Method (PRIME) by Modified Agar-Gel 
Immunodiffusion
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A porcine rapid identification method (PR IM E) has been developed 
for detection of pork in a wide variety of meat products. The test is 
an adaptation of previously developed field screening immunodiffu
sion tests for beef and poultry detection. The P R IM E  test was dem
onstrated to be specific, sensitive, and accurate in the analysis of 
samples in the laboratory and in a commercial meat processing es
tablishm ent.

A porcine rapid identification method (PRIME) has been 
developed as a field screen for detection of pork tissue sub
stitution or adulteration in any raw whole, ground, or for
mulated meat product. The test employs agar-gel immuno
diffusion plates with a printed template for accurate placement 
of stabile freeze-dried reagent paper discs and sample discs 
saturated in meat tissue fluid. Within 18-24 h at room tem
perature, fusion of a sample immunoprecipitin line with a 
reference band formed in the agar between reference antigen 
and antibody discs indicates presence of pork in the sample. 
This basic procedure was established and described in pre
vious publications on the ORBIT (1) and PROFIT (2) tests 
for respective identification of beef and poultry. Subsequent 
to a collaborative study (3), the method was adopted official 
first action by AOAC (4). This paper reports an adaptation 
of the method, requiring suitable reagent modifications, for 
detection of pork in raw meat products.

Experimental
Reagent Modifications
Prepare reference antiporcine antibody discs by impreg

nating blank filter paper discs (BBL No. 31039, Becton, Dick
inson and Co., PO Box 243, Cockeysville, MD 21030) with 
40 juL goat antiporcine albumin (Granite Diagnostics, Inc., 
PO Box 908, Burlington, NC 27215). Prepare porcine ref
erence antigen discs by impregnating additional blank paper 
discs with 40 gL porcine serum albumin Fraction V (No. 
A-2764, Sigma) at 0.2% concentration in phosphate-buffered 
saline, pH 7.2. Let both sets of discs absorb their reagents 
and freeze-dry overnight as previously described (1). Prepare 
immunodiffusion plates as previously described (1), substi
tuting fluorescein dye (No. F6377, Sigma) at final concen
tration of 1:60 000 in agar to distinguish PRIME from OR
BIT and PROFIT plates.
Reaction Characteristics

Specificity for the PRIME test was determined by reacting 
blank paper sample discs saturated in homologous (porcine) 
and heterologous species meat tissue fluids against reference 
antibody discs. Sensitivity, as applied to ground meat mix
tures, was assessed by testing prepared sample composites 
of known amounts of pork adulterant tissue added to ground 
red meat base tissue. Three replicates were tested at each 
adulterant level (1-22% by weight). Presence of a visible 
sample immunoprecipitin band that completely fused with 
the reference band was held as evidence of detection at a 
given percentage level of adulterant.

Received February 12, 1987. Accepted July 8, 1987. 
1 Microbiology Division. Washington, DC 20250.

Shelf Stability
Longevity of reagent discs was evaluated by storing some 

prepared antiporcine antibody discs and porcine reference 
antigen discs in glass vials with screw caps under conditions 
of room temperature and refrigeration (4°C). These discs were 
tested periodically to note any loss of immunoprecipitin band 
intensity.
Sample Analysis

To determine the accuracy and reliability of the PRIME 
test, 63 meat samples (Table 1) of a wide variety were first 
analyzed using the AOAC method (4) with reagent modifi
cations for porcine detection described above. Twenty ad
ditional unknown samples (Table 1) were then analyzed in 
a blind field screen at a local processing plant in Washington, 
DC. Species origin of all 83 samples was confirmed by Ouch- 
terlony agar-gel immunodiffusion techique (5).

Results and Discussion
In specificity determinations using reference antibody discs 

prepared with goat antiporcine serum, the following PRIME

Table 1. Results of PRIME laboratory and field trials on wide 
variety of meat product samples

Product Species composition*

No.
of

sam
ples

No. of 
samples 

with 
pork

Posi
tive

sam
ples

Laboratory trial: 
Frank emulsion bovine, pig, (chicken) 2 2 2
Frank emulsion bovine, pig, chicken 2 2 2
Frank emulsion bovine 6 0 0
Frank emulsion bovine, (pig) 2 2 2
Frank emulsion bovine, pig 2 2 2
Frank emulsion chicken 4 0 0
Bologna emulsion bovine 2 0 0
Bologna emulsion bovine, pig 2 2 2
Pork sausage pig 6 6 6
Pork sausage pig, (bovine) 4 4 4
Minced treat bovine, pig, (chicken) 2 2 2
German sausage bovine, (pig) 2 2 2
Beef pattie mix bovine, (pig) 2 2 2
Ground pork pig, (bovine) 6 6 6
Ground pork pig 3 3 3
Ground beef bovine, (chicken) 2 0 0
Ground beef bovine, (pig & poultry) 2 2 2
Ground beef bovine 2 0 0
Whole beef bovine 1 0 0
Whole pork pig 9 9 9

Total 63 46 46

Field trial:
Pork sausage pig 4 4 4
Italian sausage pig 8 8 8
Ground pork pig 4 4 4
Ground beef bovine 2 0 0
Beef patties bovine 2 0 0

Total 20 16 16

* Identity of species in all samples was confirmed by Ouchterlony agar-gel 
immunodiffusion techique (5) using antispecies sera and extracts of au
thentic reference tissue. Species given in parentheses represent known 
adulterant tissue present in the test samples for the laboratory trial.
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test reactions occurred for whole and ground tissue samples 
of known species origin: pig (+), horse (-), bovine (-), sheep 
(-), deer (-), chicken (-), turkey (-), red kangaroo (M a c 
ropus rufus) (-). These results demonstrate that PRIME test 
cross-reactivity problems should not arise if suitably reacting 
antiporcine serum is used for antibody disc preparation.
Sensitivity studies indicated that adulterant pork was de

tectable at the 5% and 3% levels in beef and sheep tissue 
bases, respectively (data not shown). Immunoprecipitin bands 
were, as expected, very weak at the endpoints. These sensi
tivity levels were considered highly adequate for the intended 
use of the PRIME test as a screening procedure.
Tests of shelf stability revealed that prepared PRIME re

agent antigen and antibody discs stored for 1 year at 4°C 
produced immunoprecipitin bands of intensity equal to that 
of freshly prepared reagent discs. Antibody discs stored at 
room temperature produced lines of markedly decreased in
tensity after 6 months. Therefore, it is recommended that 
reference reagent discs be stored in the refrigerator to max
imize shelf life.
Results of the laboratory and field trial analyses of samples 

are shown in Table 1. Of 83 total samples analyzed, 62 con
tained porcine proteins and gave positive PRIME reactions. 
Twenty-one samples, devoid of porcine proteins, gave neg
ative reactions. The absence of any false positive or false

negative reactions demonstrates the accuracy and reliability 
of the PRIME test. However, since the test is intended as a 
screening procedure, it is recommended that positive results 
always be confirmed by using the traditional Ouchterlony 
immunodiffusion technique (5) or by using isoelectric focus
ing (6), especially when legal action is considered for violative 
results.
The PRIME test, as well as its predecessors, the ORBIT 

and PROFIT tests, are commercially available in kit form 
at this time. The tests are used internationally by the U.S. 
Department of Agriculture, other national governments, and 
commercial laboratories to assure accurate labeling of meat 
products.
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Evolution of Vitamin Determinations in Food and Feed

ULRICH MANZ
F . H o ffm a n n -L a  R o c h e  & Co., L td , 4 0 0 2  B asle,
Sw itze rla n d

V ita m in s  can be analyzed by b io log ica l, m icrob io log ica l, 
and physicochem ical methods. B io logica l m ethods are closely 
associated w ith  the discovery o f  pa rticu la r v itam ins . These 
methods, tim e-consum ing  and expensive, are now  used fo r 
basic research such as testing b ioa c tiv itie s  o f  v ita m in s  and 
vitam ers. M ic ro b io lo g ica l m ethods make use o f  bacteria 
grow ing on ly  in  the presence o f  the v ita m in  to  be tested. 
They are applied fo r  water-soluble v itam ins  and th e ir  d e riv 
atives. H owever, bacteria grow th  is also in fluenced by other 
ingredients present in  prem ixes and feeds (an tib io tics , etc.). 
Physicochem ica l m ethods (LC , G C) are presently the m ost 
w ide ly  used procedures fo r de te rm in ing  v itam ins ; in  the last 
40 years, such m ethods have undergone enorm ous devel
opm ent and eva luation . T h e ir precis ion and specific ity  have 
increased as w e ll as th e ir sens itiv ity . I t  is possible now  to 
determ ine v itam ins  at extrem ely lo w  concentrations in , fo r 
example, plasma o r tissue, o r to  handle samples as sm all as 
a few m illig ram s. Some examples are v ita m in  K , in  plasma 
and v ita m in  E and its  hom ologs and v ita m in  A  in  feedstuff. 
H owever, the de te rm ina tion  o f  sm all am ounts o f  v ita m in  A  
in  feedstuff is s t ill a prob lem  due to  the v a ria tio n  o f  the 
v ita m in  d is tr ib u tio n  in  the samples.

Fluorimetric Detection of Vitamins: Application of 
Fluorescence to the Analysis of Vitamins A, E, B1? B2, 
B6, and C

J. P. ANTALICK and J. G. FAUGERE
L a b o ra to ire  M u n ic ip a l d e  B o rd e a u x , F ra n c e

In  the fie ld  o f  hum an and an im a l n u tritio n , the con tro l o f  
v ita m in s  has always been d iff ic u lt because o f  the com p lex ity  
o f  the m ed ium  and the lo w  concentrations present. F o r some 
v itam ins , liq u id  chrom atography (LC ) is the preferred m e th 
od o f  analysis. F lu o rim e tr ic  detection, because o f  its  speci
f ic ity  and sens itiv ity , a llows in  m any cases a s im p lifica tion  
o f  the m ethods by e lim in a tio n  o f  the p u rifica tio n  steps. R e ti
no l, tocopherols, r ibo flav ine , and pyridox ine , because they 
are n a tu ra lly  fluorescent, m ay be detected d irec tly . T h ia m ine  
and ascorbic acid m ust undergo pre- o r post-co lum n deriva - 
tiza tio n . T h ia m ine  m ay be transfo rm ed in  T h ioch rom e by a 
post-co lum n reaction w ith  potassium  ferricyanide. Ascorb ic 
acid m ay be analyzed after o x ida tion  by orthophenylene d ia 
m ine in  dehydroascorbic acid in  a p re -co lum n reaction. The 
best results are obta ined w ith  hydroso lub le  v itam ins . W ith  
fa t-so lub le  v itam ins , the increase in  sen s itiv ity  is, perhaps, 
less im p o rta n t, b u t the fluorescence measurem ent s im p lifies 
the chrom atogram s.

Presented at the AOAC Europe IV/ASFILAB (Association des Responsables 
de la Qualité et Fiablité Analytique) Seminar, October 20-21, 1987, Neuilly- 
sur-Seine, France.

The Quantitative Determination of Cyanocobalamin 
in Pharmaceutical Preparations by Liquid 
Chromatography

JAAP P. DE KLEIJN and CHRIS C. JANSEN
O rganon Int. b.v., Oss, T h e N eth erlan ds

In  pharm aceutica l v ita m in  products, cyanocoba lam in ( v i
ta m in  B 12) is m ostly  present in  very sm all am ounts. D e te r
m in a tio n  o f  the cyanocoba lam in potency is usually per
fo rm ed  by m ic rob io log ica l procedures. Since m ic ro b io lo g ica l 
m ethods have w ide confidence in te rva ls  and long analysis 
tim es, we investigated the possib ilities fo r  a chem ica l deter
m in a tio n , based on LC. The app lica tion  o f  so lid  phase ex
trac tion  procedures s im p lifies the sample preparation . Cya
nocoba lam in  (C N -C b l) is extracted fro m  a tab le t o r o ily  
preparation by 0 .05M  N a H 2P 0 4, and subsequently adsorbed 
on C-18 m ateria l and then eluted w ith  a m e thano l-0 .05M  
N a H ,P 0 4 (50 +  50) so lu tion . Dyes can be rem oved by  the 
use o f  a strong an ion exchange co lum n. A  de riva tive  o f  C N - 
Cbl is used as an in te rna l standard to  correct fo r  vo lum e 
changes and losses du ring  the extraction  procedure. C h ro 
m atography is perfo rm ed on a conven tiona l C -18 co lum n 
using a 15-50%  m ethano l gradient in  0 .0 1M  N a H 2P 0 4 in  15 
m in . C N -C b l is detected at 550 nm . The m ethod  is very 
accurate (mean recovery, 100.1%) and precise (RSD, 1.8%). 
C hrom atographic and m ic rob io log ica l results are in  excellent 
agreement.

Progress in Determination of Group B Vitamins

M. BOURGEAY-CAUSSE, M. GUILLAUMONT, 
and M. LECLERCQ
C E R N IP -In s t itu t  P asteu r de L y o n  et du S u d -E s t  F ra n c e

A n a ly tica l m ethods fo r assay o f  group B v ita m in s  in  foods 
have progressed considerably in  the past 10 years o r so. A n  
increasing num ber o f  LC  and G C  m ethods now  tend to  
supersede tra d itio n a l (m ic rob io log ica l o r chem ica l) methods. 
T echn ica lly , LC  m ethods are less homogeneous than m ic ro 
b io log ica l m ethods and a llow  measurem ent o f  o n ly  one 
chem ical com pound, b u t they are m ore rap id  and a llow  m ea
surem ent o f  several com ponents. A l l  m ic ro b io lo g ica l m e th 
ods lis ted in  the past 40 years measure b io log ica l a c tiv ity , 
b u t the drawback is tha t they are tim e-consum ing  and on ly  
a few laboratories can pe rfo rm  these tests. I t  p roved  easy to 
corre late m icrob io log ica l w ith  b io log ica l m ethods in  the an
im a l m odel, since bo th  m ethods measure b io log ica l a c tiv ity . 
I t  is m ore d iff ic u lt to  correlate LC  analysis w ith  these m e th 
ods. Each m ethod has its  ow n specific problem s, b u t a ll m e th 
ods m ust address sample preparation, w h ich  rem ains o f  p rim e 
im portance. T h ia m ine  is o ften given as a supplem ent to  the 
d ie t and th is  raises the issue o f  the v ita m in  status o f  the 
French popu la tion . T h ia m ine  w ill serve as an exam ple fo r  a 
study o f  the various problem s associated w ith  the develop
m en t o f  the methods.
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Modern Methods for Determination of the Fat-Soluble 
Vitamins

LAWRENCE ROSNER
A qualab, Inc., C hicago, I L  60 6 0 7

The app lica tion  o f  l iq u id  chrom atography has im p roved  
the specific ity and se n s itiv ity  o f  m any o f  the v ita m in  assays. 
I t  has likew ise shortened the tim e  required fo r some o f  the 
analyses. The m ethodo logy fo r each o f  the fa t-so lub le  v ita 
m ins w ill be discussed. T h is  w i l l  inc lude preparation o f  sam
ples, a descrip tion  o f  chrom atography cond itions, and p ro b 
lems in  measurement. In  ad d ition , data w il l  be presented 
showing com parisons between results obta ined fro m  LC  
m ethods and those fro m  conven tiona l no n -L C  methods. 
G enerally, the LC  results are low er, due to  greater specific ity 
in  m easurement o f  true v ita m in  content.

New Approaches in Vitamin Analysis: Objectives and 
Strategy

PAUL M. FINGLAS, DAVID A. T. SOUTHGATE, 
and MICHAEL R. A. MORGAN
A F R C  Institute o f  F o o d  R esearch , N orw ich  L abo ratory , 
C o ln ey  L n , N orw ich, N o rfo lk  N R 4  7U A , U K

over conven tiona l procedures fo r these v itam ins . The anal
ysis o f  b io tin  used a com m erc ia lly  ava ilab le  a v id in -pe rox i- 
dase conjugate and was va lida ted  fo r app lica tion  to  liv e r  w ith  
a l im it  o f  detection o f  10 pg b io tin /w e ll. The in tra - and in te r
assay CVs were 4.1% and 7.3%, respectively, and recoveries 
o f  v ita m in  added p r io r  to  extraction  averaged 97.5%. A n a l
ysis o f  pooled la m b ’s liv e r  samples gave a b io t in  con tent o f  
37 Mg/100 g, w h ich  is in  good agreement w ith  th a t g iven in  
U K  food tablets (41 Mg/100 g), ob ta ined by m ic rob io log ica l 
assay. A ntise ra  against panto then ic acid  was raised in  rabbits 
and used in  a double an tibody, in d ire c t E L IS A . The assay 
was sensitive (detection l im it  =  0.5 ng /w e ll) and specific fo r  
the v ita m in . V ita m in  recoveries averaged 94.3% and 91.9% 
fo r m ilk  and po tato samples, respective ly, and in tra - and 
inter-assay CVs were 10-20%. The E L IS A  values fo r pan
tothenate determ ined fo r 6 foods (m ilk , eggs, bread, potato, 
lettuce, and Ever) com pared favo rab ly  w ith  those obta ined 
by m icrob io log ica l assay (r >  0.99) and those lis ted  in  food 
tables. B oth  assays have the po ten tia l fo r  rap id , rou tine  use 
w ith  h igh sample processing and m in im a l equ ipm en t needs. 
They w ill have considerable benefits on assay tim e  and cost 
when adopted by food analysts.

Simplification of the Sample Treatment for 
Vitamins A and E Determinations

V ita m in  analyses fo rm  an essential com ponent o f  the as
sessment o f  the n u tr itio n a l value o f  foods and diets and the 
w idespread adop tion  o f  n u tr it io n a l labe ling has created a 
substantia l dem and fo r  v ita m in  analysis. A  rev iew  o f  the 
s u ita b ility  o f  current m ethods fo r the study o f  the effects o f  
the rm a l processing on v ita m in s  has id en tified  the need fo r 
new approaches. The m a jo r issue tha t emerged was the lack 
o f  in fo rm a tio n  on the perform ance characteristics o f  m ost 
v ita m in  m ethods in  respect o f  precision, accuracy, repeat
a b ility , re p ro d u c ib ility , and ove ra ll robustness. There was 
also li t t le  evidence o f  q u a lity  assurance program s in  v ita m in  
analysis. These create a need fo r standard reference m ateria l 
fo r  v ita m in s  in  foods w h ich  w il l  require  m a jo r research p ro 
grams. Specific and less tim e-consum ing  procedures w ith  de
fined m ethodo log ica l characteristics are requ ired fo r v ita m in  
analyses in  general and especially fo r  studies o f  the k inetics 
o f  v ita m in  degradation du ring  processing and the o p t im i
za tion  o f  processing cond itions. Such m ethods w o u ld  also 
have im p o rta n t app lica tions in  n u tr it io n a l research on h u 
m an n u trie n t requirem ents and the b io a v a ila b ility  o f  v ita 
m ins. T he centra l ob jectives fo r fu ture  v ita m in s  m ethodo logy 
w ill be ou tlined  and discussed in  re la tion  to  these app lica
tions.

The Biospecific Determination of Biotin and 
Pantothenate in Food

PAUL M. FINGLAS, DAVID A. T. SOUTHGATE, 
and MICHAEL R. A. MORGAN
A F R C  Institute o f  F o o d  R esearch , N orw ich  L abo ratory , 
C o ln ey  L n , N orw ich, N o rfo lk  N R 4  7 UA, U K

M ic ro titra tio n  plate analyses fo r  b io t in  by a p ro te in  b in d 
ing assay (PBA) and pantothenate by enzym e-linked im 
m unosorbent assay (E L IS A ) have been developed fo r a p p li
ca tion  to  food. These assays have a num ber o f  advantages

CLAUDE F. BOURGEOIS
P roduits R O C H E -F o n te n a y  s/B o is  F ra n c e

A utom ated  de te rm ina tion  o f  fa t-so lub le  v ita m in s  in  foods 
and feeds by m odern m ethods is ham pered by  in it ia l p ro 
cessing o f  sample. T ra d itio n a l m ethods com prise the fo llo w 
ing  steps: sample weighing, basic hyd ro lys is  w ith  K O H  in  
ho t a lcoho l so lu tion , l iq u id / l iq u id  p a rtit io n  o f  unsaponifiab le 
w ith  organic solvent, etc.Th is processing is cum bersom e be
cause large am ounts o f  hazardous and expensive organic sol
vents m ust be used. Em ulsions frequent! y 'ogcur. T w o  p ro 
posed approaches are as fo llow s: (a) T o  re p la c e jiq u id / liq u id  
p a rtitio n  by liq u id /s o lid : A n  a liq u o t o f  hydro lys is  so lu tion  
is layered on to  a sm all kieselguhr co lum n operated at n o rm a l 
pressure. A fte r the a liq u o t is adsorbed, isooctane is poured 
on to  the co lum n to  eluate re tin o l and tocophero l. F a tty  sam
ples created problem s, m ost lik e ly  due to  fo rm a tio n  o f  large 
m icelles tha t obstruct kieselguhr pores, so a liquo ts  are no 
longer adsorbed and percolated. Use o f  m e th a n o l-e th a n o l- 
ra-butanol (4 -  3 +  1) in  the hyd ro lys is  so lu tion  solved th is  
prob lem . « -B u tano l is a linea r chain a lcoho l tha t reduces the 
size o f  m icelles. L iq u id /s o lid  extraction  was shown to  be 
qu an tita tive  and reproducib le , (b) T o  replace a lcoho lic  K O H  
hydro lys is  by D M S O  te traa lky l-a m m o n ium  hyd rox ide: Sa
po n ifica tion  proceeds ra p id ly  at room  tem perature in  such 
systems. Sm all am ounts o f  w ater and m ethano l increase re
action rate. G reater am ounts in h ib it  reaction. L iq u id /s o lid  
extraction  can be used w ith  th is  system too. A  D M S O  tech
nique is being studied.
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Vitamin Supplementation of Foodstuffs: Regulatory 
Aspects and Outlooks

DANIEL KLEIN
C entre d e R ech erch e B ra n ch e  E p ic e n e  B S N

A n  e vo lu tion  o f  the life  en v iro nm en t in  the indus tria lized  
countries results in  a reduction  o f  hum an energy needs. 
Therefore, in d iv id u a ls  have to  reduce th e ir  food  in take. C on
sequently, the level o f  absorbed m ic ro nu trie n ts  (e.g., v ita 
m ins and m inerals) has been reduced as well. T o  prevent the 
r isk  o f  n u tr itio n a l deficiencies, i t  is necessary to  supplem ent 
foodstuffs w ith  various m ic ronu trien ts . M os t indus tria lized  
countries have created legislative recom m endations re la tive  
to  the preven tion  o f  the above-m entioned deficiencies. In  
France, i t  is necessary to  inc lude v ita m in s  in  the foods o f  
pa rticu la r d ie te tic  purposes (fo r instance, foods o f  reduced 
ca loric  value) at the level equ iva lent to  the corresponding 
tra d itio n a l foods. O n the o ther hand, the restora tion  o f  the 
v ita m in  level lost du ring  various technolog ical processes in  
food m anufacturing  and storage is effective. Re levant po in ts  
o f  v ie w  o f  o ther European countries, com pared w ith  Codex 
recom m endations, are presented and discussed.

AO AC Overview of Conventional and Rapid Methods 
for Microbiological Analysis of Foods

WALLACE H. ANDREWS
D ivision  o f  M icrobio logy, F o o d  a n d  D ru g  A dm inistration , 
W ashington, D C  2 0 2 0 4

Food m ic ro b io lo gy  has long been considered an offshoot 
o f  c lin ica l m icrob io logy. Recently, however, food m ic ro 
bio logists have made great strides in  establishing th e ir  fie ld 
as a dynam ic and independent one. One measure o f  th is 
progress is seen in  the qu a lity  and qu a n tity  o f  various p ro 
cedures va lida ted by an A O A C  co llabora tive  study. The d i
verse nature o f  these investigations is evidenced by the suc
cessful com p le tion  o f  such studies as the in  v it ro  and in  v iv o  
dem onstra tion  o f  the invasiveness o f  E sch erich ia  co li; use o f  
gene probes to  detect en terotoxigenic strains o fE .  coli; rap id  
detection o f  S a lm o n e lla  spp. by using enzyme linked  im 
m unosorbent assay, hyd rophob ic  g rid  m em brane filte r, o r 
gene probe procedures; chrom atograph ic detection o f  spore- 
form ers in  canned foods; and im p ro ve d  m ethods fo r S ta p h y 
lococcus aureus, C losrid iu m  perfringens, and Vibrio cholerae. 
There is every in d ica tio n  tha t th is  rap id  developm ent and 
va lid a tio n  o f  m ic rob io log ica l m ethods fo r food  analysis w ill 
con tinue unabated. T h is  lecture w ill,  first, p rov ide  an ove r
v iew  o f  the deve lopm ent o f  A O A C  m icrob io log ica l m ethods 
fo r food  analysis, and, second, make a p re d ic tion  o f  fu ture  
trends in  th is  rap id ly  evo lv in g  area.

Use of Pattern Analysis Techniques for Lactic Bacteria 
Counting

PATRICE BRACQUART
L a b o ra to ire  de B io c h im ie  A pp liqu ée  U niversité d e  N ancy,
I-B .P . 2 3 9 -5 4 5 0 6 , V andoeuvre les N ancy, F ra n c e

The 8601 A na lyso r o f  the B ioconcept Society is dedicated 
to  fast enum eration  o f  m icroorganism s in  b io log ica l m edia.

W e are testing tha t equ ipm ent to  count the lac tic  acid  bacteria 
in  yogurt. Y o g u rt is  a good m odel because i t  contains m any 
cells o f  2 d iffe rent m orpho log ica l bacteria: Streptococcus  
therm ophilu s  (coccus) and L a cto b a cillu s bu lgaricus  (rod). 
P repara tion o f  the samples is easy and fast. I t  is  necessary 
to  use a special d ilu e n t tha t pe rm its  a good layer o f  bacteria 
in  homogeneous casein. The bacteria are stained by  acrid in  
orange, w h ile  the casein is green. W e try  to  use a un ique 
program  o f  recogn ition  fo r  a ll com m erc ia l yogurts. G enerally, 
the recogn ition is be tte r than 80%. Some la c to ba c illi strains 
and o lde r cultures are d iff ic u lt to  recognize because there are 
granulations in  the lac tobac illi cells. The A na lyzo r has also 
been tested fo r b io m e tric  measurements. F o r exam ple, d if 
ferences are found  in  the cell ta ils  o f  S . th erm ophilu s  o f  d i f 
ferent m orpho log ica l clones.

New Aspects of Traditional Enrichment of S a lm o n e lla

MARTIN BUSSE
B akterio log isch es Institut, Su ddeu rsche Versuchs- un d  
Forschungsanstalt fu r  M ilchw irtschaft, W eihenstephan, 
D -8 0 5 0  F re isin g , F R G

New  techniques, fo r example, E L IS A  tests, w i l l  to  some 
extent replace tra d itio n a l en richm ent m ethods o f  S a lm o n e lla  
de te rm ina tion . T h is  does no t im p ly  tha t en richm ent proce
dures w ill be abandoned com plete ly. U n fo rtu na te ly , very 
li t t le  is know n on the course o f  events du ring  enrichm ent. 
U sua lly , enrichm ent b ro th  is inocu la ted w ith  10% pre-en
rich m en t so lu tion . H owever, be tte r results are obta ined i f  a 
sm aller inocu lum  is used. T h is  effect m ay be due to  the fact 
tha t, w ith  a h igh inocu lum , grow th  is te rm ina ted  afte r re la
t iv e ly  few steps o f  d iv is io n . U n de r such cond itions, successful 
en richm ent m ay be im possib le . E xperim enta l data are pre
sented w h ich  corroborate th is  assum ption. In  experim ents 
on the tim e  course o f  m u ltip lic a tio n  o f  S a lm o n e lla  and o ther 
Enterobacteria, i t  has been shown, however, tha t too  high 
an inocu lum  is no t the on ly  source o f  e rra tic  results o f  the 
en richm ent procedure. F o r example, im m e d ia te ly  a fte r in 
ocu la tion  o f  the selective b ro th , the S a lm o n e lla  coun t m ay 
decrease considerably. A t  lo w  in it ia l counts, th is  m ay lead 
to  a fa ilu re  o f  enrichm ent.

Epifluorescence Microscopy and Reflectance 
Colorimetry for Counting Bacteria and Somatic Cells 
in Raw Milk

REMY GR APPIN
IN R A , Sta tio n  E x p e rm e n ta le  L a itiere , 39 8 0 0  P o lign y, 
F ra n c e

GARY H. RICHARDSON
Utah S ta te  U niversity, L og a n , U T  8 4 3 2 2 -8 7 0 0

T o ta l bacteria count (TB C ) and som atic cell count (SCC) 
are 2 im p o rta n t c rite ria  o f  m ilk  qu a lity  associated w ith  qua l
ity  o f  d a iry  products. T B C  indicates the hygienic cond itions 
in  w h ich  m ilk  has been produced and stored; SCC is related 
to  m astitis , w h ich  causes sign ificant losses and chem ical 
m od ifica tions  o f  m ilk . T B C  and SCC are ro u tin e ly  pe rfo rm ed 
in  d a iry  laboratories. Epifluorescence m icroscopy is a good 
alternative m ethod fo r the standard plate count m ethod (SPC) 
fo r  T B C  and the m icroscope m ethod fo r SCC. The d irec t
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epifluorescence f ilte r technique (D E F T ) is a s im ple, rap id  
m ethod fo r T B C  o r SCC. On 167 raw  m ilk  samples, ranging 
fro m  7 x 103 to  6 x  106 CFTJ/m L, the residual lo g I0 SD o f  
the regression SPC vs D E F T  was: sy, x  =  0.245 C F U /m L  
and the repea tab ility  C V  o f  the D E F T  was: C V r =  16.8%. 
S im ila r figures were obtained w ith  SCC. The Bacto-Scan (Foss- 
E lectric, D K ), a fu lly  autom ated ins trum en t, was found  su it
able fo r T B C  m easurement, w ith  a l im it  o f  detection o f  30 x 
103 C F U /m L , C V r =  5.9%, and sy, x =  0.236. W ith  the in 
creasing need o f  be tte r con tro l o f  the b io a c tiv ity  o f  m ilk  and 
the advance in  e lectronics and robotics, a new fu lly  au to
m ated in s tru m en t has been recently developed based on re
flectance co lo rim e try . P re lim in a ry  investigations show tha t 
am ong o ther crite ria , th is  in s tru m en t can measure bacteria l 
a c tiv ity  in  m ilk  and detect abnorm al m ilk , p ro v id in g  esti
mates o f  T B C  and SCC.

Use of Impedance and Optical Density Instruments in 
Food Microbiology

HJORLEIFUR EINARSSON
S I K -T h e  Sw ed ish  F o o d  Institute, B o x  5 4 0 1 ,  S  4 0 2  2 9  
G oteborg, Sw ed en

D u rin g  the last 10-15 years, ins trum en ts  based on im p e d 
ance measurements fo r  de tection and enum eration o f  m i
croorganism s fro m  various food have been ava ilab le  com 
m ercia lly. The results o f  the ins trum en t readings can be 
presented e ither as “ to ta l-co u n t”  o r as the num ber o f  specific 
bacteria, such as “ co lifo rm s .”  Because the changes in  im p ed 
ance are the results o f  cell m etabolism , these ins trum en ts  can 
be used to  study m ic ro b ia l a c tiv ity  and are thereby useful 
fo r  q u a lity  con tro l o f  g row th  m edia, fo r studying a c tiv ity  o f  
starter cultures, and fo r  v ita m in  analyses. Im pedance mea
surements are n o rm a lly  ca libra ted against tra d itio n a l coun t
ing m ethods like  pour-p la te  o r surface spreading. H owever, 
the readings fro m  the ins trum en ts  can be used m ore d irec tly  
too, i.e., to  estim ate she lf-life  o f  foods o r fo r  q u a lity  con tro l. 
Lately, instrum ents based on optica l measurements have been 
adapted fo r use in  the food  m ic ro b io lo gy  labora tory. In  con
trast to  the im pedance instrum ents, these ins trum en ts  m ust 
have transparent m edia. O n the o ther hand, the m edia can 
have d iffe rent p H  and salt concentra tions w h ich  are lim it in g  
factors fo r  the im pedance instrum ents. The ins trum ents are 
based on op tica l measurements and therefore are m ore su it
able where d iffe ren t com b ina tions o f  pH , salt, and o ther io n ic  
ingredients are to  be tested. The m a in  advantages o f  bo th 
m ethods are tha t they a llow  m any samples to  be treated 
sim ultaneously (200 to  500). Since the systems are com p u t
erized, the results can, in  m any cases, be obta ined m uch faster 
than w ith  conven tiona l methods.

Some Studies on Methodology for Recuperation of 
L is te r ia  m o n o cy to g en es  from Foods with Special 
Reference to Soft Cheeses

LYNTON J. COX, ANNEMARIE RENAUD, and 
M. VAN SCHOTHORST
M icro b io lo g y  Section , N estec L td , C en tra l Q uality  
A ssu ran ce Laboratory , 5 5  Av. N estle, C H -1 8 0 0  Vevey, 
S w itze rla n d

T ra d itio n a l cu ltu ra l procedures are essential even in  m od 
ern m ethodologies, due to  low  sensitiv ities (e.g., E L IS A , gene 
probes). S tudy o f  the dynam ics o f  g row th  is necessary to 
op tim ize  recovery. D ynam ics o f  en richm ent o f  L isteria  have 
been studied in  the presence and absence o f  food m ateria l 
and com pe titive  flo ra  in  T S B -Y E  +  an tib io tics  (F D A  m e
d iu m ) at 30°C and 10°C. The lag phases in  the absence o f  
cheese were 6 h and 4 days at 30°C and 10°C, respectively. 
In  the presence o f  pasteurized cheese, lag phases o f  4 h and
2-3  days were observed at 30°C and 10°C, respectively. F ina l 
concentrations o f  log 7.0 were ob ta ined afte r 24 h at 30°C 
and log 5.0 after 7 days at 10°C in  the presence o f  cheese. 
S im ila r grow th curves are obta ined fo r group D  streptococci 
(a m a jo r com pe titive  organism ) at 30°C in  E -b ro th  and in  
the iso la tion  m ed ium . A t  10°C, the lag phase is longer fo r 
these organisms than fo r L isteria . F u rthe r results are p re
sented fo r the dynam ics o f  g row th  in  cheese in  the presence 
o f  high num bers o f  com peting organisms, estim ated using 
selective enrichm ent (post-enrichm ent), non-se lective en
richm ent, and 3 iso la tion  media.

Evolution, Interests, and Limitations of Some 
Immunological Techniques and Food Microbiology

CECILE A. LAHELLEC
P o u ltry  R esearch  Centre, M in istry  o f  A griculture,
V eterinary Service, P O  B o x  9, 2 2 4 4 0  P lou fragan , F ra n c e

F rom  the last decade, im m u no log ica l techniques, w h ich  
were already used in  d iffe ren t fields o f  research, especially in 
c lin ica l laboratories, have also been m ore and m ore applied 
in  food m icrob io logy. Some reasons m ay exp la in  th a t evo
lu tio n , i.e., changes in  food technology and necessity to  con
tro l the in du s tria l p roduc tion  m ore closely, b u t i t  m ust be 
noted tha t the conception o f  food  m ic ro b io lo gy  has also 
changed, a im ing  m ore and m ore tow a rd  tox ins  investigations 
o r on ly  exam in ing sim ultaneously a large num ber o f  samples. 
The ap p lica b ility  o f  im m uno log ica l techniques in  food  m i
crob io logy m ust no t be underestim ated. T h e ir  specific ity  and 
sens itiv ity  and .he possib ilities o f  au tom ation  are such that 
those techniques w ill p robab ly  develop extensive ly and be 
m ore and m ore he lp fu l. Nevertheless, one m ust keep in  m in d  
tha t “ im m u no log y ”  and “ m irac le ”  techniques are no t syn
onym s. The p roblem , inherent in  the nature o f  the food p ro d 
ucts themselves, fo r  the detection o f  some m icroorganism s 
is tha t, in  m any cases, i t  rem ains necessary to  m a in ta in  the 
en richm ent phase(s). F urtherm ore, in  some cases, m uch re
m ains to  be done fo r th e ir  un ive rsa l acceptance. A nyw ay, 
im m u no log ica l techniques, even i f  they cannot solve a ll the 
problem s by themselves, surely h o ld  great prom ise.
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