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T E N  S E C O N D  
C L E A N  U P  C O L U M N
MY C O S E P  #224 C L E A N U P  C O L UM N  PURI FIES FOOD & F E E D  
EXT RACT S IN J U S T  TEN SECONDS.  PURIFIED E X T R A C T S  ARE 
SUITABLE FOR IMMEDIATE TLC,  HPLC OR GC ANALYSIS
P R O V E N  A P P L I C A T I O N S
•  A f l a t o x i n  in  C o r n ,  P e a n u t  B u t t e r ,

N u t s  a n d  F e e d s
•  A f l a t o x i n  a n d  Z e a r a l e n o n e  in  C o rn  

a n d  F e e d s
•  A f l a t o x i n ,  Z e a r a l e n o n e  a n d  D e o x y n i v a l e n o l  

in  C o r n
•  S t e r i g m a t o c y s t i n  a n d  P a t u l i n  

in C o r n  a n d  F e e d s

P O T E N T I A L  A P P L I C A T I O N S
A n y S m a l l  ( < 1 0 0 0 m w ) ,  M e d i u m  P o l a r i t y  
O r g a n i c  C o m p o u n d s  in f o o d s  o r  f e e d s

RÖMER LABS, INC.|
P.O. BOX 2 0 9 5  |

CIRCLE 53 ON READER SERVICE CARD

WASHINGTON, MISSOURI 6 3 0 9 0  

PHONE (3 1 4 ) 2 3 9 - 3 0 0 9  FAX (3 1 4 ) 2 3 9 - 2 7 0 8



Presently certified by U.S.D.A. for use by 
their accredited laboratories in preparing 
meat samples, the Robot Coupe R4 Y table- 
top vertical cutter-mixer is ideal for test 
sampling a variety of foods giving consistent 
production batch characteristics for analysis. 
One important reason for the consistent 
results of Robot Coupe's vertical cutter- 
mixers is the "stock-pot" mixing bowl shape 
which permits the cutting blade to run close 
to the sides and bottom of the bowl for fast, 
thorough agitation of the mix without the 
need for baffles.
Robot Coupe manufactures and supplies a 
full line of vertical cutter-mixers with capac
ities from 2 quarts to 6 0  quarts, all with the 
"stock-pot" shape.

Robot Coupe R6Y 
Vertical Cutter-Mixer 
w ith 6 quart stainless 
steel cutter-bowl, 
stainless steel "S" 
blade and 1 HP, 110V 
m otor base unit.

Robot Coupe RB2S 
Mixer-Blender w ith 2- 
quart stainless steel 
bowl w ith handle, 6- 
blade cutter head, 3/4 
HP variable speed, 
120V m otor base unit.

Robot Coupe RB400 
M ixer-Blender w ith 
4-quart stainless steel 
bowl w ith handle, 
4-blade cutter head 
and 3-1/2 HP, 120V 
base unit.

Robot Coupe U.S.A., Inc.
P.O. Box 16625 • Jackson, MS 39236-6625 

(601) 956-1531 • 1-800-824-1646 
FAX: (601) 956-5758



Essential R eferences for 
Food Analysis from AOAC

FDA B a c te rio lo g ica l 
A naly tical M anual, 6th Ed.
1984,448 pp. Looseleaf,
ISBN 0-935584-29-3.
M em bers: $76 in U.S., $82 outside U.S. 
Nonm em bers: $84 in U.S., $90 outside U.S.

Provides regulator/ and industry 
laboratories with methods for detection  
of microorganisms. Includes one FREE 
Classification of Visible C a n  Defects
poster (see below).

C lassifica tion  of V isible 
C a n  D efec ts -p o s te r/ 
p a m p h le t
1984. 24" x 36" chart. In color with photo
graphs. 1st pkg. of 10 Charts $49,50 in 
U.S.: $55 outside U.S. Additional pkgs, of 
10 Charts: $38.50 in U.S. $44 outside U.S. 
Single Charts: $ 16.50 in U.S., $22 outside 
U.S.

For rapid Identification of ca n  defects.

P rincip les of F ood  Analysis 
for Filth, D ec o m p o sitio n , 
a n d  F ore ign  Matter-FDA 
T ec h n ic a l Bulletin No. 1
1981.286 pp. 2nd printing, 1985. Illustrated. 
Softbound. ISBN 0-935584-33-1.
Mem bers: $54 in U.S., $60 outside U.S. 
Nonm em bers: $59 in U.S,, $65 outside U.S.

Comprehensive laboratory manual/text 
on basic concepts of food sanitation 
analysis.

FDA F ood  A dditives 
A naly tical M an u al (FAAM) 
V o lum es I a n d  II
Volume I - 1983. 2nd printing, 1988. xv + 364 
pp. Illustrated. Softbound.
ISBN 0-935584-22-6. Volume II - 1987. 
xiv + 346 pp. Illustrated. ISBN 0-935584-34-X. 
M em bers (per volume): $56 in U.S., $62 
outside U.S.; N onm em bers (per volume): 
$61 in U.S., $67 outside U.S.

Each volume provides methodology for 
determining com pliance with food  
additive regulations.

Key for Id en tifica tio n  of 
M a n d ib le s  of S to red -F o o d  
Insec ts
1985. vi + 166 pp. Illustrated. 125 
photographs. Softbound. ISBN 0-935584-32-3. 
Mem bers: $55 In U.S., $61 outside U.S. 
Nonm em bers: $60 in U.S., $68 outside U.S.

Enables food sanitation analysts to 
identify species from all major stored- 
food insect pest groups.

A nim al Drug A naly tical 
M an u al
1985. xii + 352 pp. Illustrated. Looseleaf with 
binder. ISBN 0-935584-30-8.
Mem bers: $55 In U.S., $61 outside U.S. 
Nonm em bers: $61 in U.S., $67 outside U.S.

Methods for determining drug residues in 
food producing animals and drugs in feeds.

ORDER THESE A O A C  FO O D  ANALYSIS 
PUBLICATIONS TODAY!
To order, simply com ple te  the form be low  an d  mail, fax or call 
in your o rder to  AOAC. All m ail orders must a c c o m p a n y  a 
check, m oney order or c red it c a rd  inform ation a n d  must be  
m ailed  to  the address below. Phone a n d  fax orders m ay be  
p la c e d  by ca lling  (703) 522-3032 or FAX (703) 522-5468. 
Please have your VISA or M asterC ard ready if ca lling  In an  
order or fill out the ap p ro p ria te  inform ation on the order form 
if faxing your order.

AOAC
1970 Chain Bridge Road 
Dept. 0742
McLean, VA 22109-0742
Total Book Order S______________
All prices include handling and shipping.

□ Check Enclosed.
□ Charge my □ VISA □ MasterCard □ Diners
Card Number_________________________  Expires_________

Signature____________________________ D ate___________

US funds drawn on US banks only
Send tO: (Please Print)

Name

□ Training M an u al for 
A nalytical Entom ology in th e  
F ood  Industry-FDA T ech n ica l 
Bulletin No. 2.
1978. 184 pp. Looseleaf. ISBN 0-935584-11 -0. 
Mem bers: $36 in U.S., $42 outside U.S. 
Nonm em bers: $39 in U.S,, $45 outside U.S/

With the aid of this text, organizations can  
set up their own in-house training.

Organization

Street Address

City

State (Country) Zip

Member No. VM ______________________________ is required
to qualify for member price.
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RaPID
Assays® Too Many Pesticide Samples 

and Not Enough Time?
*

L e t  u s

Reliable Results
• GC/MS versus 

RaPID Assays®: 
Atrazine r=0.992

• Coefficient of 
variation: Less 
than 10 percent

Rapid Screening
• 100 sample results in 

less than one hour

Ready Now
• Atrazine, Aldicarb, 

and Alachlor
• Call us today to set 

up an evaluation at 
your site

Call Toll Free: 1-800-544-8881 (US/Canada)
Outside the U S/C anada, call collect or write to: 

OHMICRON
Marketing D epartm ent 

375 Pheasant Run • Newtown, PA 18940 
(215) 860-5115* Fax: (215) 860-5213

CIRCLE 57 ON READER SERVICE CARD



Im p ro ve  Y o u r P erform ance - Enhance Y o u r 
Q u a lifica tio n s  - Sharpen Y o u r S kills

H o w ?

A t t e n d  a n

A O A C  1991 S h o rt C o u rs e  P ro g ra m

Quality Assurance for Analytical Laboratories 
Quality Assurance for Microbiology Laboratories 

Improving Sampling for Analysis of Food, Drugs, and Agricultural Materials 
Laboratory Waste Disposal and Environmental Compliance 

Laboratory Safety and Compliance 
Statistics for Methodology Development 

Immunoassays Workshop

August 10-11 and 15-16, 1991 — Phoenix, Arizona 
(In  c o n ju n c tio n  w ith  th e  A O A C  A n n u a l  M eetin g  a n d  E x p o s itio n )

November 4-8, 1991 — San Diego, California

December 2-6, 1991 — Durham, North Carolina

Not all courses are offered at all locations. For details, send in coupon below.

Street A ddress

C ity /S ta te /Z ip  ___________________________________________________________________________________

Return this coupon to AOAC at 2200 Wilson Blvd, Suite 400, Arlington, VA 22201-3301. FAX it to: +1 703/522-5468. 
Or, call AOAC at +1 703/522-3032!

Since 1 8 8 4  ^

AOAC@
2 *
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Drugs in Feeds

465 Turbidimetric Assay for Tetracyclines in Feeds Using a Microtiter Plate System 
M arietta Sue Brady and Stanley E. K atz

471 New Microbiological Method for Determining Spectinomycin in Pelleted and Meal 
Feeds Using Trifluoroacetic Acid as Primary Extractant 
G erald L. Stahl, M atthew J. Zaya, and Jerom e B. Paulissen

D rug Packaging

476 Capillary Gas Chromatographic Determination of Cyclohexanone and 
2-Ethyl-l-Hexanol Leached from Solution Administration Sets 
Jam es W. Danielson

D rug Residues in A n im a l Tissues

479 Quantitation and Confirmation of Sulfamethazine Residues in Swine Muscle and Liver 
by LC and GC/MS
Germain Carignan and Karen Carrier

483 Liquid Chromatographic Determination of Chloramphenicol in Calf Tissues: Studies 
of Stability in Muscle, Kidney, and Liver
P ascal Sanders, Philippe Guillot, M ichele Dagorn, and Jean M ichel D elm as

487 Liquid Chromatographic Method for Multiresidue Determination of Benzimidazoles 
in Beef Liver and Muscle: Collaborative Study 
Leon W. LeVan and Charlie J. Barnes

493 Matrix Solid Phase Dispersion (MSPD) Extraction and Gas Chromatographic Screening 
of Nine Chlorinated Pesticides in Beef Fat 
Austin R. Long, M aher M. Soliman, and Steven A. Barker

497 Determination of Penicillin G Residues in Edible Animal Tissues by Liquid Chromatography 
Joe 0 .  Boison, Craig D. C. Salisbury, Wayne Chan, and Jam es D. M acNeil

F ood  A dditives

502 Enzyme Immunoassay for Hen Egg White Lysozyme Used as a Food Additive 
Ayako Yoshida, Yutaka Takagaki, and Takahiro Nishimune

F ood  P ackaging

506 Determination of Food Contamination by Mineral Oil from Jute Sacks Using Coupled 
LC-GC
Konrad Grob, M auro Lanfranchi, JnesE gli, and Anna Artho

F ruits

513 Quantitative Analysis of Limonin in Grapefruit Juice Using an Enzyme-Linked 
Immunoassay: Interlaboratory Study 
Wilbur W. Widmer and Russell L. Rouseff

M eta ls and O ther E lem ents

516 Continuous Flow Vapor Generation for Inductively Coupled Argon Plasma 
Spectrometric Analysis. Part 2. Arsenic 
M arkL. Tracy, E. Sue Littlefield, and Gregory M ôller
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M icrobiological M ethods

522 A  Resuscitation/Selection System fo r  Rapid Determ ination o f Salmonella in  Foods 

Alain Martin and Stanley E. Katz

526 Defined Substrate Technology M ethod fo r  Rapid and Specific Simultaneous Enumeration 

o f Total C o liform s and Escherichia coli from  W ater: Collaborative Study 

Stephen C. Edberg, Martin J. Allen, and Darrell B. Smith

M ycotoxins

530 Rapid Im m unochem ical Screening M ethod fo r A fla to x in  B i in Human and A n im a l U rine 

R. D. Stubblefield, J. 1. Greer, O. L. Shotwell, and A. M. Aikens

O ils an d  F ats

533 Quantitative Determ ination o f M ono- and D iglycerides w ith  and w ithout D erivatization

by C apillary Supercritical F lu id  Chromatography 

Theresa W. Lee, Emil Bobik, and William Malone

P esticide an d  Industria l C hem ical R esidues

538 Determ ination o f M onocyclic  and P o lycyclic  A rom atic  Hydrocarbons in Fish Tissue 

Jon A. Lebo, Jim  L. Zajicek, Ted R. Schwartz, Lawrence M. Smith, and 
M ary P. Beasley

545 Z inc C hloride-D iphenylam ine Reagent fo r T h in  Layer Chromatographic Detection

o f  Some Organophosphorus and Carbamate Insecticides 

Murlidhar T. Sevalkar, Vitthal B. Patil, and Harischandra N. Katkar

546 Determ ination o f O xyfluorfen  Herbicide and O xyfluorfen  A m ine Residues in  Garbanzo
Beans by L iqu id  Chromatography 

Min Zhou and Carl J. Miles

550 Determ ination o f M C P A , B rom oxyn il, 2 ,4 -D , T riflu ra lin , Tria llate, Picloram , and 

D ic lo fo p -M e th y l in  Soil by G C-M S Using Selected Ion M on itoring  

Gary W. Bruns, Susan Nelson, and Dennis G. Erickson

554 M ultiresidue Screening M ethod fo r  Fresh Fruits and Vegetables w ith  Gas 

Chromatographic/Mass Spectrometric Detection 

Went a Liao, Ton Joe, and William G. Cusick

Seafood P roducts

566 Comparison o f M icrow ave Digestion w ith  Conventional W et Ashing and D ry  Ashing 

D igestion fo r  Analysis o f  Lead, Cadmium, Chrom ium , Copper, and Z inc in 

Shellfish by Flame A to m ic  A bsorption Spectroscopy 
Helen T. McCarthy and P. Christopher Ellis

Technical Com m unications

570 Im proved Selenium Recovery from  Tissue w ith  M od ified  Sample Decom position

William G. Brumbaugh and M ichael J. Walther

571 D eterm ination o f  Polydextrose (Polym er) and Residual Monom ers in Polydextrose

by L iq u id  Chromatography
John W. Thomas, Donna L. Brown, Daniel J. Hoch, John J. Leary, III, and 
Jarmila Dokladalova
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H ydrogen Chloride A n alyzer
Worldwide, regulations are being in
troduced to reduce emissions of HCL, 
typically to below 100 ppm. This 
means precise monitoring is essential 
to ensure maximum levels are not ex
ceeded. The RF-400 analyzer is 
designed to monitor HCL in the 0-500 
ppm range. Its monitoring technique 
offers the analytical possibilities of 
high selectivity and sensitivity. 
CEA Instruments, Inc.
Circle No. 328 on reader service card.

M icrobeam  T echn ology for Organic  
M icroanalysis an d  C hem ical M apping

Designed for use in a wide range of 
analytical as well as production mon
itoring and QA/QC applications, the 
IRus IR-based microprobe provides 
the ability to correlate molecular 
structure with physical morphology. 
Full integration of the microscope and 
spectrometer functions permit auto
mated sequential data collection, 
interpretation, and display functions. 
The system’s software and set up 
viewing makes sampling easy, accu
rate, and efficient. Spectra-Tech. Inc. 
Circle No. 329 on reader service card.

C om pact M icroplate R eader
The compact Model 450 micropl
ate reader incorporates solid 
optical performance, convenient 
onboard software, and a broad 
range of standard features in a new 
space-saving design. The state-of- 
the-art 1 2  channel fiber optic and 
lens system provides precise re
sults, with automatic reading in 
both single and dual wavelength 
modes. The easy-to-use onboard 
software provides fast data analy
sis. The software will produce and 
print 4 different analysis reports 
after reading. A data buffer retains 
the last set of data for reanalyzing 
and printing. Bio-Rad Labora
tories.
Circle No. 330 on reader service card.

C hrom atography Softw are
Justice Innovation has released Ver
sion 4.0 of Chrom Perfect, its

New Products
PC-based chromatography software 
package that acquires data from 
Hewlett-Packard 3396 or 3393 inte
grators and/ or PE-Nelson interfaces. 
Among the numerous improvements 
are: high speed plotting of chromato
grams on the new HP Laserjet III, in 
addition to the older laser printers and 
24-pin or 9-pin Epson printers; on
screen HELP messages for each 
prompt that can be customized by the 
chemist; calibrations with equally 
weighted repetitions of the standard; 2  
response factors providing results in 2  
separate units. Designed to run on all 
IBM-compatible PCs and displays, 
Chrom Perfect offers extensive fea
tures for multitasking during data 
acquisition, integration, plotting, re
port generation, on-screen peak 
expansion, calibration, methods de
velopment, and data archiving. Justice 
Innovations Inc.
Circle No. 331 on reader service card.

B ottle  an d  Vial Crim ping W orkstation
The Crimpmate benchtop crimping 
station enables operators to effortlessly 
crimp even the largest autosampler 
load quickly and easily for consistent 
high quality seals. Simply place vial or 
bottle in the adjustable jaw, then crimp 
in an easy, single swift action by pull
ing the Crimpmate lever. Four jaw 
sizes are available for 8,11,13, and 20 
mm caps, allowing almost all seal 
thicknesses and collar sizes to be 
crimped. Chromacol.
Circle No. 332 on reader service card.

Im proved  R eagen t D ispen ser
The Akrofil II reagent dispenser re
moves the danger of spilling and burns 
when filling test tubes and beakers 
with acid while protecting sinks, sur
faces, and plumbing components. It 
accurately dispenses any amount of 
fluid from 0  to 2 0  cc with a single lever 
stroke. The self-contained portable 
unit has a stainless steel case. Interior 
components are crafted of stainless 
steel, glass, and Teflon. All moving 
parts are impervious to sulphuric acid 
and a host of other industrial grade 
chemicals. SynSat Industrial Sales. 
Circle No. 333 on reader service card.

L ow  P ressu re  C h rom atography  
R ecorder

Bio-Rad’s Model 1325 Econo 
Recorder’s compact size and rugged 
design make it perfect for crowded 
laboratories and cold rooms. Its wide 
range of features makes it ideal for use 
with virtually any detection device. 
Features include voltage inputs from 
1 mV to 20 V to accommodate any 
UV/Vis, pH, RI, or conductivity mon
itor; 12  different chart speeds to allow 
recording by seconds, minutes, hours, 
or days; recording parameters plotted 
automatically on the chart paper; and 
integral batteries to allow uninter
rupted operation without an external 
power source. Bio-Rad Laboratories. 
Circle No. 334 on reader service card.

High-Purity S tan dards for F ood  
A n a lysis

Aline of high-purity standards detects 
residues and impurities found in foods 
derived from animals, including anti
biotics, hormones, organic phosphoric 
esters, and sulphonamides. The great 
majority of these standards assay at 
more than 99%. All are subjected to 
extensive identification and purity 
testing and will satisfy the most exact
ing demands of instrumental analysis. 
Crescent Chemical Co., Inc.
Circle No. 335 on reader service card.

C.A.P. LC C olum ns
Continuously adjustable piston 
(C.A.R) columns eliminate void for
mation in the packed bed without 
opening or repacking the columns. 
With operating pressures up to 
6000 psig and diameters including
4.6, 20, and 40 mm, these columns 
have bed pressure adjustment at both 
ends, are easily repacked, and feature 
316 SS PEEK or KEL-F as the only 
wetted surfaces. Varex Corp.
Circle No. 336 on reader service card.

Hand-Held L aboratory C om puter
Routine calculations, such as the 
amount of solute or solvent needed for 
solutions or dilutions, and computations 
of weights, volumes, concentrations, 
and activities are made quickly and ac

5 4  A J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 3,1991)
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curately with Lab Partner Plus. This 
sophisticated, pre-programmed com
puter makes difficult calculations, 
even mixtures involving radioactive 
materials, as easy to calculate as the 
push of a button. In fact, all computa
tions are initiated by simply pressing 
a button. Easily understandable “plain 
English” messages are shown on the
16-character, liquid crystal display, 
prompting the user to enter data just as 
he would say or write the information. 
Calculated Solutions, Inc.
Circle No. 337 on reader service card.

M onitor for Trace O rganic Vapor in 
A m bien t A ir

The MSI-301A portable organic vapor 
monitor is an easy-to-use, cost-effective 
instrument for continuously or manually 
analyzing trace quantities of benzene, 
toluene, xylene (BTX), or other organics 
in ambient air. Its low maintenance solid- 
state detector and onboard 
microcomputer provide exceptional 
measurement capability for on-site anal
ysis of a single sample or unattended, 
long-term monitoring of hazardous or
ganic vapors. Extensive data reporting 
features are available with the MSI- 
301A, as well as full remote control 
capability. Micro-sensor Systems, Inc. 
Circle No. 338 on reader service card.

C h em istry  G raphics S oftw are for Mac
The language of chemistry is foreign to 
most word processors. To bridge the 
communication gap, chemists can now 
use Chemlntosh II, a software drawing 
program designed to create publication- 
quality graphics for chemical reports 
and papers. The program is compatible 
with other Macintosh drawing applica
tions and word processors. 
Chemlntosh II updates the original 
Chemlntosh with more than 45 new fea
tures. Two new features (the album and 
template tools) let the user place com
monly used structures directly on the 
drawing palette for easy access and mul- 
tiple use. With these 2 features, 
Chemlntosh offers the user an unlimited 
number of drawing tools and can be 
customized for other scientific applica
tions. SoftShell International, Ltd. 
Circle No. 339 on reader service card.

L ow  Volum e FTIR G as Cell
The LV7 FTIR gas cell is designed for 
use with FTIR analyzers to measure 
gas concentrations in small volume 
samples. The LV7 gas cell is excep
tionally compact, easy-to-use, and has 
a large pathlength-to-volume ratio. 
Cell volume is 222 cc, with a maxi
mum optical pathlength of 7.25 m. 
Pathlength is adjusted with a direct 
reading dial. A solid aluminum hous
ing permits application of vacuum, 
pressure, and heat. The Foxboro Co. 
Circle No. 340 on reader service card.

M odular P ro c e ss  an d  Furnace 
C ontroller

A modular process and furnace tem
perature controller, Model MTCP, is 
designed for the complete tempera
ture and power control of electric 
reactor furnaces. The system is a 
combination of all the control and 
power equipment needed for safe, 
accurate process and furnace con
trol. The process temperature and 
setpoint are digitally displayed on 
the instrument face of the unit. Ad
justment to setpoint and tuning 
parameters are made by keys on the 
controller’s face. The control is 3 
mode (PID); self-tuning is standard. 
Several safety features are included 
in the instrument, which will discon
nect (shut down) furnace power, if 
necessary. Autoclave Engineers, Inc. 
Circle No. 341 on reader service card.

G lyph osa te  A n a lysis  LC C olum ns
The Aminex glyphosate analysis col
umns are specifically tailored for the 
quantitative analysis of environmental 
residues of the herbicide glyphosate. 
The columns are available in 3 sizes, 
each useful in a specific type of anal
ysis. The 300 x 4.6 mm column is used 
to analyze samples with high back
ground interference. To increase 
sample throughput, the 300 x 4.6 mm 
column can be used with the 100 x 4.6 
mm column in a column switching 
technique. The 250 x 4.6 mm column 
can be used to analyze samples with 
low background interference, such as 
groundwater or drinking water. Bio- 
Rad Laboratories.
Circle No. 342 on reader service card.
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For Your Information
M eetings

June 3 -5 , 1991: Midwest AO AC 
Regional Section Meeting, Ramkota 
Inn, Sioux Falls, SD. Contact: Nancy 
Thiex, Olson Biochemistry Labora
tories, South Dakota State University, 
PO Box 2170, Brookings, SD 57007, 
telephone 605/688-6171.

June 1 9 ,1 9 9 1 :  Mid-Canada AO AC 
Day, Winnipeg, Manitoba, Canada. 
Contact: Wanda Young, Technical Ser
vices Laboratory, 745 Logan Ave, 
Winnipeg, Manitoba 23E 1M8. Can
ada, telephone 204/945-2280.

J m e  2 7 -2 8 , 1991: Pacific North
west \OAC Regional Section Meeting, 
Evergreen State College, Olympia, 
WA. Contact: Charles A. Laubach, 
Puge) Sound Naval Shipyard, Code
134.1, Bremerton, WA 98314. tele
phone 206/476-8092.

A u gust 1 2 -1 5 , 1991: 105th AOAC 
Annual International Meeting and Ex
position. The Pointe at South 
Mountain, Phoenix, AZ. Contact: 
AOAC Meetings Department, Suite 
400, 2200 Wilson Blvd, Arlington, VA 
22201-3301, telephone 703/522-3032.

N o v e m b e r  6 - 8 ,  1 9 9 1 :  Central 
AOAC Regional Section Meeting, Ra- 
mada Hotel, Sharonville, North 
Cincinnati, OH. Contact: Thomas C. 
Cronau, Indiana State Board of Health, 
Bureau of Laboratories, 1330 W Mich
igan St, PO Box 1964, Indianapolis, IN 
46206-1964, telephone 317/633-0224.

N ovem ber 1 2 -1 3 ,1 9 9 1 :  AOAC/Eu- 
rope Regional Section Meeting, State 
University of Limburg, Maastricht, The 
Netherlands. Contact: Ellen Jan De 
Vries, Duphar B.V., PO Box 900,1380 
DA Weesp, The Netherlands, telephone 
31-2940-79296.

R eginald  B enn ett to  R ece ive  W iley 
A w ard

Reginald W. Bennett, a research mi
crobiologist and deputy chief at the 
U.S. Food and Drug Administration 
(FDA) Food Microbiology Methods 
Development Branch, Washington, 
DC, has been named to receive 
AOAC’s 1991 Harvey W. Wiley 
Award, the most prestigious recogni
tion of achievement extended by 
AOAC. Bennett will receive the award

at the opening session of the 105th An
nual International Meeting in Phoenix, 
AZ, on August 12,1991.

In a career spanning 35 years, the 
last 25 with FDA, Bennett repeatedly 
demonstrated skill at producing highly 
reliable methods that helped further 
FDA’s mission of consumer protection. 
His efforts have been specifically di
rected toward detecting microbial 
contamination of foods and uncovering 
the epidemiological causes. Bennett re
ceived numerous letters of 
commendation and achievement, 
among them the U.S. Public Health 
Service EEO Achievement Award. He 
also is a 1990 recipient of an FDA 
Group Recognition Award (Chinese 
Canned Mushroom Group) and served 
on the FDA Commissioner’s Employee 
Advisory Council.

Among his many accomplishments, 
4 are particularly noteworthy for their 
contributions to the advancement of 
microbiology: (1) Bennett refined a 
microslide gel-diffusion method for de
tecting and sem iquantifying 
contamination with staphylococcal en- 
terotoxin; (2 ) he refined extraction 
methods for microbial toxins and de
veloped analytical methodology for 
purifying B acillus toxins; (3) he sche
matized L isteria  serotyping; and (4) he 
developed methodology for serological 
renaturing (with urea) of heat-treated 
S. au reu s enterotoxin.

Three of Bennett’s accomplish
ments deserve special attention: He 
co-developed a highly specific minia
turized serological radial system for the

detection and serotype identification of 
S. aureus enterotoxin produced in lab
oratory media and in foods. In 
demonstrating the presence of toxin- 
antitoxin reactiv ity  by direct 
precipitation, this system eliminated 
the need for the use of tube type in vitro 
linear systems which lack simultaneous 
controls. The method, which was 
adopted by AOAC, is considered inter
nationally to be the most applicable, 
economical, specific, and sensitive pre
cipitation tool for the detection of 
staphylococcal entero- toxin.

He also co-developed a simplified 
medium and methods for the produc
tion of staphylococcal enterotoxin in 
the laboratory; both the medium formu
lations as well as the methods are 
applicable to the production for all en
terotoxin serotypes (A-E) and have 
been used by laboratories throughout 
the world. One of the developed meth
ods has been adopted by AOAC and is 
recommended by the American Public 
Health Association, the International 
Commission for the Microbiological 
Specifications for Foods, and by FDA 
whose specifics are published in the 
B acterio lo g ica l A n a ly tica l M anual fo r  
F oods published by AOAC.

After co-developing a method that 
uses gel filtration and cation ex
change chromatography to separate 
en te ro tox in  from food poly
electrolytes, Bennett established pH 
and ionic strength buffer conditions 
so that food proteins simultaneously 
eluting with the enterotoxin would 
not interfere with the interpretation of 
the serologic tests. This method is the 
most sensitive tool that has been de
veloped (detection range 30-60 ng/g 
of food) employing column chroma
tography and has been adopted by 
AOAC for separation and subsequent 
detection of staphylococcal en
terotoxin in foods.

In all, Bennett’s work on increas
ing the sensitiv ity  of serology, 
facilitating the extraction of antigens, 
and their renaturation after food pro
cessing have been major factors in 
changing the status of staphylococcal 
enterotoxin from “incriminated” to 
“causing” foodborne illness. His 
work has had wide application in other
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areas of analytical microbiology as 
well.

Currently, Bennett heads the re
search group on serological methods in 
the FDA’s Food Microbiology Methods 
Development Branch. A member of 
AO AC since 1971, Bennett serves as an 
Associate Referee in the area of S. au
reus and B. cereus. He is also a Fellow 
of the American Academy of Microbi
ology, and is a member of the American 
Society for Microbiology, Institute of 
Food Technologists, Association of 
Food and Drug Officials of Southern 
States, and the International Associa
tion of Milk, Food, and Environmental 
Sanitarians.

Bennett’s career in microbiology has 
been further distinguished by the pub
lication of over 85 articles and by 
numerous presentations at professional 
meetings. In addition, he has conducted 
training course on the detection of S. 
aureus and B. cereus for microbiolo
gists and chemists from FDA district 
laboratories, state and municipal labo
ratories, other government agencies, 
industry, and foreign health agencies. 
Prior to FDA, he worked as a clinical 
microbiologist in hospital settings 
(1956-1959) and was a university fac
ulty member at Benedict University in 
Columbia, SC, in microbiology (1959- 
1960). He holds both undergraduate 
and graduate degrees form the Univer
sity of Pittsburgh, Pittsburgh, PA.

Outside this professional career, 
Bennett is a recipient of the Silver 
Beaver award, the highest service 
award given by the Boy Scouts of 
America to adult male scouters, and 
received an award from the National

Association for the Advancement of 
ColoredPeopleforthiscommunity ser
vice.

M ethod Validation: What You P ay For 
Is What You G et

The collaborative study method 
validation and adoption process for 
the AOAC Official Methods of Anal
ysis (AOAC-OMA) has evolved over 
a period of more than 100 years. The 
process is quite involved and requires 
considerable time and resources from 
the scientific regulatory community 
to have a method adopted to the high
est recognized status of “Official 
Final Action.”

The validity of the AOAC process 
has been recently reinforced by the 
International Union of Pure and Ap
plied Chemistry’s (IUPAC) adoption 
of the harmonized procedures for col
laborative studies that are very 
s im ila r to those developed by 
AOAC.1 In addition, for many years, 
the U.S. Food and Drug Administration 
(FDA) has recognized the value of the 
process by requiring the use of AOAC- 
OMA m ethods in some of its 
regulations.

The first such FDA regulation ap
peared on August 11, 1972. The 
preamble states that: “ ...it is essential 
that regulatory agencies use standard
ized, reliable methods of analysis 
with demonstrated accuracy and re
producibility. Since even before the 
passage of the original Food and Drug 
Act of 1906, regulatory agencies de
veloped a mechanism of choosing, 
validating, and publishing approved

and standardized methods of analysis 
through AOAC. The mechanism, des
ignated as a collaborative study, 
requires the demonstration of reliabil
ity of a method by a number of different 
laboratories analyzing a number of un- 
known (to the labo ra to ry ) 
samples...The Commissioner, there
fore, wishes to indicate formally by a 
statement of policy and interpretation 
what has been the informal practice in 
the past—that unless otherwise indi
cated by the statute or regulation, the 
FoodandDrug Administration willuti- 
lize the methods of analysis of AOAC 
initsenforcementprograms. . . . ”2 

The general regulation, which is 
currently presented in 21 CFR 2.19, 
states: “Where the method of analysis 
is not prescribed in a regulation, it is 
the policy of FDA in its enforcement 
programs to utilize the methods of 
analysis of AOAC as published in its 
latest edition.. .of its publication “Offi
cial Methods of A nalysis of 
AOAC”. . .when available and applica
ble....” It further states: “ ...Other 
methods may be used for quality con
trol.. .but it is expected that they will be 
calibrated in terms of the method which 
FDA uses in its enforcement pro
gram....” This regulation acknow
ledges that AOAC through its O fficial 
M ethods o f  A n a lysis  participates in the 
establishment of scientifically well- 
founded methods of analysis for FDA 
regulated commodities and products 
where methods are not specifically leg- 
islated or established through 
regulation. Further, it is noted in the 
FDA’s pharmaceutical Good Manufac
turing Practices regulations [21 CFR

COMING IN THE NEXT ISSUE 
D R U G  FO R M U L A T IO N S_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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and
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211.165(e) and 21 CFR 211.194 (a)(2)] 
that if a firm is using AOAC-OMA or 
USP/NF methods of analyses, only 
minimal additional validation data is 
required.

The general regulation has remained 
essentially unchanged for almost 20 
years because the FDA scientists and 
statisticians, and regulated industries 
are satisfied that the AOAC develop
ment, validation, collaborative study, 
and adoption procedures continue to 
produce methods that are suitable for law 
enforcement activities. In addition, many 
U.S. state, Canadian federal and provin
cial, and other national governments also 
have adopted AOAC-OMA methods for 
the regulation of commodities and 
products within their jurisdictions. The 
AOAC-OMA methods frequently are 
adopted for use by the Codex Al- 
imentarius, the International 
Organization for Stan- dardization, the 
International Dairy Federation, as well 
as other organizations. This continuing 
worldwide recognition and participa
tion is due to AOAC’s efforts to 
preserve and improve the scientific and 
statistical bases of the AOAC-OMA 
method validation and adoption pro
cess.

Because of this acceptance, the exis
tence of an AOAC method results in 
considerable savings for regulated indus
tries and commerce, and the agencies that 
monitor them. If AOAC-OMA methods 
were not available, each firm and, in some 
instances, different sites within a firm 
would have to establish and maintain ex
tensive method validation data for each of 
the methods used in the control of their 
commodities and products. In addition, the 
costs to the regulatory agencies to audit 
and, in some instances, test each of these 
individually validated methods to ensure 
suitability would be substantial.

The AOAC-OMA method develop
ment and adoption process can be 
summarized as follows: 1 2 3

1. Method concept, development, and 
validation, which is conducted by sci
entists) in their own laboratories prior 
to submission to AOAC;

2. Submission of the method and pro
posed collaborative study (protocol 
design) to AOAC, which provides 
safety, statistical, and expert scientific 
review;

3. Conduct of the collaborative study;

4. Preparation by the method developer 
of the collaborative study report and 
recommendation for method ap
proval; the report receives safety, 
statistical, and expert scientific re
view;

5. Approval of the method for first action 
status;

6. Publication of the method and col
laborative study report in the 
AOAC J o u rn a l, and inclusion of 
the method in the O ffic ia l M e th o d s  
o f  A nalysis-, and

7. Elevation to final action status by a 
vote of the membership at least 2 
years after publication.

This apparently lengthy process be
tween method development and meth
od adoption is often questioned.

The time requirements can best be 
presented as follows: Step 1 involves 
the amount of time required to establish 
the integrity and statistical validity of a 
method for the control of a commodity 
or product. This activity is conducted 
outside the AOAC process and is inde
pendent of AOAC requirements.

To estimate the time required for the 
AOAC methods review and approval pro- 
cess, several Methods Committee 
chairpersons were asked to give examples 
of reasonable current processing times. 
The Committee on Environmental Qual
ity, working with the U.S. Environmental 
Protection Agency, has organized, con
ducted, and passed collaborative studies of 
multiresidue methods for pesticides in 
water in approximately 8 months (steps 2 
through 5). The committee members typi
cally complete their review of these studies 
in approximately 1 month. The recently 
completed collaborative studies included: 
The determination of 45 pesticides by 10 
laboratories, the determination of 29 
chlorinated pesticides by 11 laboratories, 
and the determination of 19 pesticide res
idues by 10 laboratories.

The Committee on Microbiology 
and Extraneous Materials estimates 
that the pre-collaborative study and de
sign requires between 12 and 18 
months (step 1); the AOAC portion of 
the approval time (steps 2 through 5) 
ranges from 4 to 9 months.

The Committee on Pesticide Formu
lations and Disinfectants reported that, 
after a well-validated pesticide formu
lation method had been developed and 
tested in-house, the AOAC portion of

the approval time could be completed 
in approximately 6 months. Methods 
on disinfectants may require much 
more time because culture preparations 
sometimes take many weeks to prepare.

The Committee on Residues also 
observed that the AOAC portion of the 
approval time could be completed in 6 
months.

The Committee on Drugs and Re
lated Topics estimated that the overall 
process, including the method develop
ment and validation, and the AOAC 
portion, required about 21 months 
(steps 1 through 5), although a number 
of less complex methods had been 
completed in 10 months.

As one reviews these estimates, the 
approximate time frames for the meth
ods development process are as 
follows:

■ Developing a well-validated 
method in-house, which is outside the 
AOAC process, may require a year or 
more (step 1);
■ After submission to AOAC, the pro
tocol development and approval 
requires from 2 to 4 months (steps 2 and 
3); and
■ The conduct of the collaborative 
study followed by the review and com
mittee approval requires between 3 and 
8 months (steps 3 and 4).

To shorten the length of time neces
sary to develop and collaboratively 
study a method to the point of adoption 
as First Action, more time must be 
made available to the parties conduct
ing the collaborative study. As 
indicated above, the protocol develop
ment to adoption as First Action 
generally takes between 5 and 10 
months, and I am confident that time 
could be further shortened if the indi
viduals involved were able to apply 
more effort.

All our volunteers are employed 
and, although many of them spend 
much personal time on AOAC activi
ties, few of them have laboratory 
resources at home where they can per
form these studies. The burden for this 
process then falls not only to our vol
unteers, but also to their employers to 
provide time for participation in this 
pursuit of good analytical science. Our 
industries, governments, and universi
ties must support this enterprise not
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only with their much needed financial 
support, but also with personnel and 
laboratory support. As in all things, 
what you pay for is what you get. If we 
do not provide the support for our meth
ods adoption process, we will have to 
supply the time and resources to indi
vidually demonstrate the validity of 
methods on a laboratory by laboratory 
basis. This inefficiency in our industry 
and government will result in costs to 
society that will greatly exceed the 
maintenance of our well-founded and 
accepted method development, valida
tion, and adoption process.

If there is no AOAC-OMA or 
USP/NF method, then the regulated 
U.S. pharmaceutical firm must supply 
all of the validation data for each 
method. This effort would be similar 
to step 1. Also, in lieu of the scientific 
and technical review by the AOAC 
Method Committee experts, FDA 
investigators and analysts will have

todeterminetheadequacyofthefirm’s 
validation data. Without the well- 
founded consensus based AOAC- 
OMA methods, regulated firms will 
have to establish piecemeal valida
tion processes and maintain that data 
at each laboratory site for scrutiny. 
This piecemeal approach will be very 
expensive to industry and regulatory 
agencies.

It is in everyone’s best interest to 
protect the integrity of the AOAC-OMA 
methods and to help generate additional 
personnel to speed the method adoption 
process. If the scientific regulatory com
munity fails to adequately support the 
AOAC-OMA process, the cost of 
method validation will be paid on a firm 
by firm and agency by agency basis 
instead of once through the AOAC- 
OMA validation process.

It is not sufficient to merely discuss 
this matter and bewail the time lines 
and costs. We as scientists must focus

on and defend the practice of organized 
and recognized interlaboratory valida
tion of analytical methods. If we, the 
scientists, fail to convince our institu
tional leaders that this element of good 
science is necessary and is not free, we 
fail ourselves and our society, and we, 
the consumers, ultimately will pay the 
price again and again for the resulting 
inefficiencies in the regulatory agen
cies, the regulated industries, and 
commerce.

1 Pocklington, W.D. (1990) P u re and
A ppl. Chem . 6 2 ,149-162

2 Fed. R egist. (Aug. 11, 1972) Vol.
37, No. 156, p. 16174

(submitted by Thomas P. Layloff)

N ew  S usta in in g  M em ber
AOAC welcomes the following new 

sustaining member: Primus Group, Inc.

< s 4 o o e  ty o u  C a n à ^ c Ê e ^ e A  A a m in o iin c f a

û n d itM Â u a l fo b  a n  A O A C  A tm a /u H ?

Harvey W. Wiley Award for the Development of Analytical Methods
A $2,500 annual award to an outstanding scientist or scientific team for analytical contributions in an area of 

interest to AOAC.
December 1 is the nomination deadline for the current year’s award. Nominees, however, continue to be eligible 

for three additional years without renomination and their eligibility may be extended an additional four years by 
written request of the nominator.

Fellow of the AOAC Award
Any member who has given at least 10 years of meritorious service to AOAC is eligible for nomination. Awards 

are based on accumulated service. Members may send letters in support of eligible candidates to AOAC.
February 15 is the deadline for sending nominations for the current year’s awards to the Committee on Fellows.

Harvey W. Wiley Scholarship
A senior year scholarship of $1,000 is awarded annually to a junior majoring in an area of interest to AOAC. 
May 1 is the application deadline for the current year’s award. Applications must be on forms available from AOAC.

For more information or forms, contact: Director of Administration and Meetings, AOAC, Suite 400-J,
2200 Wilson Blvd., Arlington, Virginia 22201-3301 USA; w  Telephone (703) 522-3032; FAX (703) 522-5468.
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I n d is p e n s a b l e  S t a t is t ic a l  
R e f e r e n c e  B o o k s

for
E v e r y  A n a l y t ic a l  

S c ie n t is t
S T A T I S T I C A L  M A N U A L  O F  T H E  A O A C

D o -i t-y o u r s e lf  s ta t is tic a l te ch n iq u es  f o r  in te r la b o ra to ry  c o lla b o ra tiv e  te s ts  

W .J. Youden and E .H . Steiner
This manual is a composite, with revisions, of two publications — S ta tis tic a l T e c h n iq u e s  f o r  C o l

la b o ra tiv e  T ests , by the late W.J. Youden, and P la n n in g  a n d  A n a ly s is  o f  R e s u lts  o f  C o lla b o ra tiv e  
T ests , by E.H. Steiner — for use in statistical analysis regarding interlaboratory collaborative 
tests. The manual also presents guidelines for planning collaborative tests.

Written as a “ do-it-yourself” manual for those with little or no experience with formal 
statistics, this publication presents simple and flexible statistical techniques, using examples 

related to familiar questions concerning the significance of apparent differences among 
results. It introduces the analysis of variance technique with examples of its use with inter

laboratory tests.

CONTENTS
Introduction. Collaborative studies. Interpretation of collaborative test data. Measurement of preci
sion and accuracy. Planning the collaborative test. Problems connected with collaborative tests. Ap
plication of collaborative results. Appendixes.

1975. 5th printing, 1987. 96 pages. With illustrations. Softbound. ISBN 0-935584-15-3.
Price — Members: $27.00 in U.S., $33.00 outside U.S.; Nonmembers: $29.00 in U.S.,
$35.00 outside U.S.

U S E  O F  S T A T I S T I C 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 I C A L  M E T H O D S

W in ner o f  th e  A m eric a n  S ta tis t ica l A s so c ia tio n  1987  W .J. Y ouden  A w a r d  in 
In te r la b o ra to ry  T esting.

G rant T . W ernim ont, A uthor 
W illiam Spendley, E ditor
U se o f  S ta tis tic s  is a natural extension of and a valuable addition to the classic Youden-Steiner, 

S ta tis tica l M a n u a l o f  th e  A O A C .

With a knowledge of simple statistical procedures, the analytical investigator can use the designs 
and techniques described in this manual to determine and evaluate assignable causes of 

variability.

The book reviews the basic operations in the process of making measurements, offers sug
gestions for planning experimental work so that appropriate statistical methodologies can be 

used to interpret results, includes a number of experimental plans for developing and modifying 
analytical procedures, and discusses evaluation of data.

The book features scores of specific statistical analyses of real-life data, useful statistical tables, and 
very complete references.

CONTENTS
Introduction. The Measurement Process. Intralaboratory Development of an Analytical Process. 
Interlaboratory Evaluation of an Analytical Process. Appendixes: Tables. Statistical Computations. 
Glossary. Index.

1985. 2nd printing, 1987. xvi + 183 pages. 11 figures. 54 tables. Index. Glossary. Softbound. ISBN 
0-935584-31-5.
Price — Members: $54.50 in U.S., $60.00 outside U.S.; Nonmembers: $60.00 in U.S.,
$65.00 outside U.S.

To order, specify the book(s) you wish to purchase and send with the following: your name and address, a check or 
Mastercard, VISA or Diners credit card information (name of card, card number, and expiration date) and your signature to

A O A C , 1970 Chain B ridge Road, Dept. 0742, M cLean , V A  22109-0742, + 1  (703) 522-3032, F A X  + 1  (703) 522-5468.
All orders must be accompanied by a check or credit card information. Please make checks payable to AOAC:

U .S . f u n d s  on U .S . b a n k s  o n ly . C red it ca rd  o rd ers m a y  be p la c e d  b y  m a il , te lephone , o r F A X .
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Statistical Techniques for Data Analy
sis. By John Keenan Taylor.
Published by Lewis Publishers, Inc. 
2000 Corporate Blvd, NW, Boca 
Raton, FL33431,1990.300 pp. Price: 
U.S. $65.00/0utside U.S. $77.00. 
ISBN 0-87371-250-1.

This definitive book should appeal to 
everyone who produces, uses, or eval
uates scien tific  data. S ta tistica l 
Techniques fo r  D a ta  A n a lysis  outlines 
the “practical” approach to data analy
sis, emphasizing the application of 
statistics. This book provides a basic 
understanding of statistical principles, 
while explaining the use of statistics in 
data-based decision making. This book 
allows you to maintain excellent qual
ity assurance of measurements through 
statistical control. It will be valuable to 
analytical chemists, researchers, labo
ratory managers, and technicians.

EPA’s Sampling & Analysis Methods 
Database. Compiled by William 
Mueller and David Smith. Edited by 
Lawrence H. Keith. Published by 
Lewis Publishers, Inc., 2000 Corporate 
Blvd, NW, Boca Raton, FL33431,1991. 
465 pp. Price: U.S. $95.00/0utside 
U.S.$113.00. ISBN 0-87371-433-4.

This database was compiled by EPA 
chemists to permit rapid searches of 
sampling and analytical method sum
maries. Organized into a 3 volume set, 
this one-of-a-kind compilation features 
a menu-driven program with easy free 
text searches for hundreds of organic 
and inorganic analytes, using 150 EPA- 
approved methods. All reports are 
automatically printed to paper or a disk 
file on request. Each report consist of a 
1-page summary of an analyte and sup
porting information consisting of the 
method title; method name and EPA 
method number; analyte (e.g., com
pound, element); CAS registry number; 
application (method summary); instru
mentation needed for the analysis; 
interference and recommendations for 
their elimination, if known; applicable 
matrixes (e.g., various waters, sewage, 
soils, wastes), applicable concentration 
range; method detection limit for the 
analyte; sampling and sample container 
requirements; maximum holding time 
for the sample; preservation require-

B o o k s  in  B r i e f

ments; quality control sample require
ments; and EPA reference source.

Computer-Assisted Method Develop
ment for High-Performance Liquid 
Chromatography. Edited by J.L. 
Glajch and L.R. Snyder. Published 
by Elsevier Science Publishers, PO 
Box 211, 1000 AE Amsterdam, The 
Netherlands, 1990.676 pp. Price: U.S. 
$79.75/Dfl. 175.00. ISBN 0-444- 
88748-2.

This book deals with the use of the 
computer as an aid in selecting ade
quate or optimum conditions for a 
given analytical separation. Originally 
published as Volume 485 of the Jou r
n a l o f  C h rom atography, it has now 
been reprinted in book form because 
the information is so useful that many 
chromatographers want a copy readily 
available in the laboratory. An exten
sive introduction is added to the book 
edition. This surveys the field and re
fers to the pages where particular items 
are discussed in the book. The addition 
of a Glossary of Terms, an Author 
Index, and a Subject Index make this 
book an invaluable source of easily 
consulted information for the practic
ing chromatographer.

Practical Handbook of Spectroscopy. 
By James W. Robinson. Published by 
CRC Press, Inc., 2000 Corporate Blvd, 
NW, Boca Raton, FL 33431,1991. 880 
pp. Price U.S. $47.95/Outside U.S. 
$57.50. ISBN 0-8493-3708-9.

This valuable handbook is based on 
topics presented in the C R C  H an dbook  
o f  Spectroscopy, Volumes I and II, pub- 
lished in 1974, and Volume III, 
published in 1981. The information has 
been condensed (by the original con
tributor, when possible) so that only the 
most important information from the 
original 3 volumes has been retained 
and updated. The topics covered in
clude ESCA flame photometry; atomic 
absorption and emission spectroscopy, 
including plasma emission; infrared 
spectroscopy; Raman spectroscopy; ul
traviolet absorption spectroscopy; 
electron spin resonance, mass spectro
scopy; nuclear magnetic resonance, 
X-ray spectroscopy, Mossbauer spec
troscopy, mass photoelectric

absorption coefficients, appearance po- 
tential spectroscopy, thermal neutron 
cross sections and resonance integrals 
for activation analysis, tables for exper
imental values of X-ray fluorescence 
and Coster-Kronig yields of the K-,L-, 
and M-shells.

Interactions of Food Proteins. Edited 
by Nicholas Parris and Robert 
Barford. Published by the American 
Chemical Society, 1155 16th St, NW, 
Washington, DC 20036,1991.304 pp. 
Price U.S. $59.95: ISBN 0-8412- 
1935-4.

With the continuing trend toward new 
and improved food formulation comes 
the need for a deeper understanding of 
the molecular interactions and physico
chemical changes that occur during 
food processing. These physicochemi
cal changes and molecular-level 
interactions, and their relationship to 
the performance of the final food prod
uct, are explored in this new volume. 
The topics covered in its 19 chapters 
include the effect of processing condi
tions on macromolecular interactions, 
colloidal stability, and functional and 
rheological properties in various food 
systems.

Trends in Drug Research. Edited by V. 
Claassen. Published by Elsevier Sci
ence Publishers, PO Box 211, 1000 
AE Amsterdam, The Netherlands, 
1990.430 pp. Price: U.S. $160.00/Dfl.
280.00. ISBN 0-444-88614-1.

This volume comprises the invited 
lec tu res of the Seventh 
Noordwijkerhout Camerino Sympo
sium. The authors of the 28 papers 
give a detailed account of recent ad
vances in the fields of receptor-drug 
interactions, structure-activity rela
tionships, molecular toxicology, drug 
targeting, peptidergic drugs, inhibi
tors of cholesterol biosynthesis, 
antimalarial and antileprosy drugs. 
Containing up-to-date surveys of re
cent trends in syn the tica l and 
biological investigations in drug de
sign, this volume should provide 
invaluable to medicinal chemists and 
to pharmacologists and toxicologists 
working in the field of drug design 
and development.
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Be Sure Your Laboratory Uses the Best, 
Most Current Analytical Methods Available...

O f f i c i a l  M e t h o d s  o f  A n a l y s i s

o f t h e A O A C ,

1 5 t h  E d it io n

Save Time and Money, Achieve More 
Accurate Analysis, and Improve 
Your Laboratory’s Reputation
The demonstrated reliability of AOAC 
methods prompts their use whenever a 
need for analysis arises in regulatory, 
research, and quality control activities. 
Chemists, microbiologists, and other 
scientists depend upon Official Methods 
of Analysis of the AOAC because they 
know the reliability and reproducibility 
of AOAC methods have been demon
strated through thorough testing by 
interlaboratory collaborative studies 
in government, industry, and university 
laboratories.
The authority of the methods is further 
enhanced by AOAC collaboration with 
other worldwide organizations.

Take Advantage of AOAC Methods 
Availability and Ease-of-Use
Over 1,800 AOAC methods are ready for 
your immediate use. The easy-to-follow, 
step-by-step format specifies all reagents 
and apparatus. And alternative methods 
are often provided to accomodate a wide 
range of laboratory capabilities.
Each method is referenced for back
ground and development material, and 
contains Chemical Abstract Service 
(CAS) numbers where applicable. Both 
chemical and common names are 
provided for all drugs and pesticides.

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

Be Confident You’re Using the Best, 
Most Current Methods Available
As analytical needs change and as 
knowledge and techniques advance, new 
and revised methods are continually 
being validated by AOAC. Between '

editions, these are published in annual 
supplements which are sent, at no 
additional cost to purchasers of the 
most recent edition.
Thus, AOAC’s OFFICIAL METHODS OF 
ANALYSIS not only brings you up to 
date, it keeps you there!

CONTENTS
Volume I-Agricultural Chemicals, 
Contaminants, Drugs

Agricultural Liming Materials
Fertilizers
Plants
Feeds
Drugs in Feeds 
Disinfectants 
Pesticide Formulations 
Hazardous Substances 
Metals & Other Elements 
Pesticide & Industrial Chemicals 
Waters; Salt 
Microchemical Methods 
Radioactivity
Veterinary Analytical Toxicology 
Cosmetics
Extraneous Materials 
Microbiological Methods 
Drugs
Drug & Feed Additives in Animal Tissues 
Forensic Methods

Volume II—Food Composition
Baking Chemicals 
Distilled Liquors 
Malt Beverages 
Wines
Nonalcoholic Beverages
Coffee & Tea
Cacao Bean
Cereal Foods
Dairy Products
Eggs & Egg Products
Fish & Other Marine Products
Flavors
Fruits & Fruit Products 
Gelatin, Dessert Preparations 
Meat & Meat Products 
Nuts & Nut Products 
Oils & Fats 
Vegetable Products 
Spices & Other Condiments 
Sugars & Sugar Products 
Vitamins 
Color Additives
Food Additives, Direct & Indirect 
Natural Poisons

In Volumes I & II:
Appendixes: Standard Solutions and 
Certified Reference Materials, Laboratory 
Safety, Reference Tables. Subject and 
Method Number Indexes.
AOAC-For over 100 years, the mission 
of the Association of Official Analytical 
Chemists has been to provide the ana
lytical science community with fully 
validated standard methods for the 
chemical and biological analysis of foods, 
drugs, cosmetics, pesticides, fertilizers, 
feeds, hazardous substances, air, water, 
soil, and any other products and sub
stances affecting the public health 
and safety, the economic protection of 
the consumer, or the quality of the 
environment.

1200 Pages. 1990. 2 Volumes. Hard
bound, 185 illus, ISBN 0-935584-42-0. 
Binders for supplements are shipped 
with the first supplement.
Price—Members: $218.00 in U.S., 
$224.00 outside U.S. Nonmembers: 
$242.00 in U.S., $247.50 outside U.S. 
Includes 5 annual supplements plus a 
looseleaf binder for tneir storage.

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

AOAC
9 j }

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

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



T h e  J O U R N A L  O F  T H E  A S S O C I A T I O N  O F  
O F F I C I A L  A N A L Y T I C A L  C H E M I S T S
EDITORIAL PROFILE
The Journal of the AOAC is the official bimonthly journal 
of the Association of Official Analytical Chemists 
(AOAC). Published for analytical scientists who develop 
and use analytical methodology, it is used by its sub
scribers in their day-to-day work in the fields of food 
composition and contamination, feeds, pharmaceuticals, 
cosmetics, agricultural and household chemicals, water 
analysis, and environmental control. Users Include 
analytical chemists, biologists, microbiologists, bio
chemists, toxicologists, spectroscopists, statisticians, 
forensic and other scientists in laboratory, administra
tive, and top management positions in industry, govern

ment, and universities in the United States and more 
than 90 other countries.

The Journal of the AOAC is a principal forum for ex
change of information among methods researchers in 
the regulatory agencies and regulated industries.

The Journal of the AOAC has an average paid circula
tion of about 4,000 subscribers and a referenced reader- 
ship of more than 25,000 purchasers and specifiers of 
laboratory equipment and supplies, testing apparatus, 
instrumentation, and related products and services. 
Subscribers order the Journal because it is profession
ally necessary to do so.
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DISCUSSIONS IN ANALYTICAL CHEMISTRY

Comparison of Thin Layer Chromatography and Liquid Chromatography
JOSEPH SHERMA
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Although thin layer chromatography (TLC) is applied in 
almost every area of analysis ranging from biochemistry, 
clinical chemistry, and pharmaceutical chemistry to environ
mental, agricultural, and food sciences, it is not as widely 
used or highly regarded as gas chromatography (GC) or 
liquid chromatography (LC)1. This is true especially in U.S. 
laboratories and in regard to modern instrumental tech
niques of high performance TLC (HPTLC). The relative 
lack of use in the United States can be ascribed to many 
factors, including shortage of education in and equipment for 
TLC in universities and colleges, the lack of available fund
ing for TLC research, and the small number of companies 
manufacturing TLC equipment and supplies, with corre
sponding deficiencies of marketing, customer support, and 
user workshops or symposia.

In its basic mode, TLC is very simple and inexpensive, and 
this may cause some workers to dismiss it because of the 
rather widespread fascination with complex, expensive in
strumentation. On the other hand, the sophisticated, costly, 
automated instrumentation introduced by some companies 
for certain HPTLC steps (e.g., sample application, overpres
sured development, and spectrometric and radioactivity 
scanning) has been ignored by others to preserve a technique 
that traditionally has been regarded as uncomplicated and 
economical. This is obviously true in poorer countries, where 
manual methods predominate. However, even in countries 
where cost is not a factor, use of instrumental HPTLC has 
increased very slowly. The widespread perception is still that 
TLC is not truly quantitative and that it cannot begin to 
compete with LC in terms of resolution and sensitivity, de
spite many published articles stating that this is not the case 
in modern HPTLC using optimized techniques and equip
ment. One of my foreign colleagues has said that many in his 
country believe TLC is practiced only by analysts who cannot 
properly perform LC analyses.

Modern HPTLC differs from conventional TLC in several 
important respects. HP plates are smaller (10 X 10 cm) and 
have a thinner layer (200 /im) with smaller, more uniform 
particles (5-15 ¿tm). The sample volume is 0.1-0.2 /¿L (ex
cept for HPTLC on preadsorbent plates), leading to initial 
spot diameters of 1.0-1.5 mm and developed zones of 2-6 
mm. Development distance is 3-6 cm, which typically re
quires from 3 to 20 min. Detection limits are in the low 
nanogram range for colored or UV absorbing compounds and 
the low picogram range for fluorescent compounds, which is 
roughly 10 times better than for TLC. As many as 19 samples 
can be applied to a TLC plate and 36 for HPTLC (72, if 
convergent horizontal development from both ends of the 
plate is used). In general, HPTLC gives lower analysis times, 
more compact zones, and better resolution and sensitivity 
compared to TLC.

TLC should be recognized as a liquid chromatographic 
technique that competes with and complements LC. Both 
should be standard techniques available in every analytical

Received September 25, 1990. Accepted November 14, 1990.
'Modern column high performance liquid chromatography.

laboratory for application to appropriate samples and ana
lytes. In many cases, samples can be analyzed by normal 
phase TLC and reverse phase LC to confirm qualitative and 
quantitative analytical results.

Although the physical phenomena causing differential mi
gration of sample components in TLC and LC are the same, 
there are basic differences in the operational methodologies 
that lead to various advantages and disadvantages for each 
technique. TLC is an open-bed system in which multiple 
samples are applied to the dry stationary phase (layer) con
currently, and the samples are separated by development 
with the mobile phase. Solutes are detected statically after 
removal of the mobile phase, and separated zones can be 
measured by densitometric scanning. Detection and scanning 
can be carried out without time constraints.

In contrast to TLC, LC is a closed system in which single 
aliquots of standards and samples are sequentially intro
duced into the mobile phase, which is moved by external 
pressure through an equilibrated column. Solutes are eluted 
from the column by the mobile phase and detected in a 
dynamic, time-dependent fashion in the presence of this sol
vent. These diverse characteristics make TLC (often termed 
development chromatography as opposed to elution chroma
tography for LC) much more flexible in its operation.

The following are some comparisons of TLC and LC. 
Although the term TLC is used below, modern HPTLC is the 
method to be compared to column LC. However, in many 
instances, conventional TLC and HPTLC share the advan
tage or disadvantage described.

L C  is m ore efficien t (in term s o f  ava ilab le  to ta l th eore ti
ca l p la te s )  than 1-d im ensional T L C .—It is often possible to 
more fully separate complex mixtures in a single run by LC. 
However, most practical LC separations require fewer than 
20 000 theoretical plates, and many can be performed by 
TLC as well as by LC. Resolution is squared in 2-dimension- 
al TLC, and studies indicate that this method can separate 
complex mixtures at least as well as LC.

The en tire L C  process has been au to m a ted  f o r  unattended  
opera tion .—In TLC, automated instruments are available 
for most individual steps (e.g., sample application, develop
ment, detection, scanning); however, the plate must be man
ually handled between steps. Until a robotic, fully automated 
TLC system is perfected, LC will continue to be less labor 
intensive.

A  grea ter va r ie ty  o f  s ta tion ary  ph ases and opera tional 
m echanism s has been u sed  f o r  T L C .—These include both 
commercially available layers, such as silica gel, bonded 
phases, and cellulose, and layers impregnated with reagents 
to improve selectivity. Sorbents used to prepare layers usual
ly contain a binder to improve adherence to the support 
material (most often glass), while LC sorbents do not. The 
binder does not usually affect the separation obtained. The 
availability of similar commercial phases for LC and TLC 
allows the latter to be used to quickly pilot stationary and 
mobile phase conditions with a minimum of apparatus and 
materials for transfer to column separations.
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T L C  offers m uch higher sam p le  throughput (low er an a ly
s is  tim e) and low er cost p e r  ana lysis than L C .—This is 
because of the ability to apply multiple samples and stan
dards to the same plate and perform their separations in 
parallel. Even with total automation, LC cannot compete 
with TLC in terms of number of samples processed in a given 
time period.

The a b ility  to  process sam ples and stan dards s im u lta 
neously y e t  independen tly on a single p la te  under the sam e  
conditions leads to  s ta tis tic a l im provem en ts in da ta  han
d lin g  and better  an a ly tica l precision  and accuracy.—Be
cause samples and reference standards are directly com
pared, there is less need for internal standards in TLC than in 
GC or LC.

C ruder sam p les  can be a n a lyzed  by T L C  because each 
p la te  is u sed  only once.—The presence of strongly sorbed 
impurities, and even solid particles in samples, is of no con
cern. These materials can build up on an LC column and 
destroy its performance. In TLC, every sample is separated 
on fresh stationary phase, without carryover or cross-con
tamination. Therefore, TLC can require fewer cleanup steps 
during sample preparation, saving both time and expense.

The choice o f  the sam p le  solven t f o r  T L C  is not as critica l 
because it is evapora ted  before developm ent o f  the la yer .— 
In LC, the sample solvent chosen must be compatible in 
terms of composition and strength with the column and mo
bile phase.

Because T L C  is an open bed  developm en t technique, the 
m obile  ph ase  ve locity  is determ ined  by cap illa ry  fo rce s  and  
is not con tro lled .—Exceptions include the U-Chamber and 
overpressured TLC techniques. The mobile phase velocity in 
the closed LC system is carefully controlled and accurately 
adjustable.

M u lticom pon en t m obile ph ases m ay separa te  (dem ix)  
during m igration  through the layer, p rodu cin g  an undefined  
solven t grad ien t.—In LC, well-defined gradients are applied 
to an equilibrated column to improve separations. System 
equilibration time in TLC is small, and small to large (for 
gradient elution) in LC. Mobile phase vapors can preload the 
layer during equilibration and affect the resultant separa
tion.

M an y m ore solven ts can be used f o r  prepara tion  o f  T L C  
m obile ph ases because the ph ase  is com p lete ly  evapora ted  
before detec tion  and the p la te  is used on ly once.—Therefore, 
UV absorbing properties, purity, or acid/base properties of 
the mobile phase are not as critical as with LC. However, 
mobile phases that do not wet the stationary phase can be 
used in LC because the external pressure will serve to trans
port the solvent, whereas the capillary forces in TLC will not.

The a va ila b ility  o f  conventional linear, continuous, m u l
tip le , circular, an ticircu lar, and 2-d im ensional developm ent 
m eth ods and the grea t va r ie ty  o f  ava ilab le  m obile phases  
a llow  the T L C  system  to  be o p tim ized  f o r  separation  o f  only  
the com pound(s) o f  in terest fro m  m ix tu res containing s o l
u tes o f  varying  p o la r itie s .—The remainder of the sample can 
be left at the origin or moved near the solvent front, away 
from the center plate region of maximum resolution. This can 
lead to a considerable saving in time compared to LC, in 
which the most strongly sorbed materials have to be eluted 
for each sample.

U sing TLC, it  is p o ssib le  to  a p p ly  sequentia l, com patib le  
detec tion  techniques to  a single p la te , including inspection  
under sh ort- and long-w avelength  U V  ligh t and application  
o f  a  series o f  chem ical reagents, f o r  grea ter detection  sensi

tiv ity  and se lec tiv ity .—Hundreds of selective or universal 
chromogenic and fluorogenic post-chromatography spray, 
dip, and gaseous chemical detection reagents have been de
scribed, as well as enzymatic and biological detection meth
ods.

The en tire sam ple is contained on a T L C  p la te  and every  
com ponent can be d e tec ted  and observed, including irrevers
ib ly  so rbed  fra c tio n s  a t the origin. In LC, there can be loss of 
peaks or unexpected appearance of peaks from previous sam
ples. Zone identification is facilitated in TLC by the visual 
nature of detection using colors and shapes and many differ
ent reagents and temperatures, and inspection in daylight 
and under short- and long-wavelength lamps.

T L C  quantification  can be carried  ou t in d ifferen t w ays  
because o f  the absence o f  tim e constraints in developm ent 
chrom atography com pared  to  colum n ch rom atography .— 
Multiple scanning of the same chromatogram at different 
optimal wavelengths can be used to enhance sensitivity and 
selectivity. Multiple development can be applied to separate 
certain solutes in sequence, with scanning after each step. 
Spots can be measured both before and after in situ reaction 
with a derivatizing reagent. Complete visible, UV, or fluores
cence spectra can be obtained in situ for each separated zone. 
Although the literature contains many more examples of 
successful quantitative analysis by LC, there is no doubt that 
TLC is a truly quantitative method with precision as good as 
for LC, if proper techniques and equipment are used.

D etection  lim its  are a p p rox im a te ly  the sam e fo r  T L C  and  
L C .—These range from picogram to microgram levels.

H igh ly  re ta in ed  substances (low  R j) in T L C  fo rm  the m ost 
com pact zones and are d e tec ted  w ith the h ighest sen sitiv 
i ty .—In LC, highly retained substances (high k') form the 
widest peaks and are most poorly resolved and detected.

S olven t use is much low er f o r  T L C  than f o r  L C .—Use is 
lower both absolutely and, especially, on a per-sample basis, 
leading to reduced operating and disposal costs and safety 
concerns.

Conventional T L C  is inexpensive com pared  to  L C .— 
However, the cost of computer controlled instruments can 
increase the cost of performing modern instrumental quanti
tative TLC to an amount at least equivalent to LC instru
mentation.

There is great promise for increased future use of TLC for 
screening, qualitative identification, semiquantitative esti
mation, and accurate and precise quantitative analysis. Like
ly application areas include environmental analyses, such as 
determination of pesticides and metabolites to satisfy the 
EEC drinking water directive, and analysis of pharmaceuti
cal formulations and raw materials. The methodology of 
basic TLC is so simple and fool-proof that it can be used 
successfully for routine separations and approximate quanti
fication by laboratory workers with only a minimum of ex
perimental skills, and it will certainly remain widely used in 
this way. It is hoped that the advances that have been made 
beyond this basic level will be appreciated by many more 
analysts, who will then apply TLC more widely to analytical 
problems.

The following list of suggested reading can provide addi
tional information about the theory, practice, and applica
tions of modern TLC.

Suggested Reading
(1) Journal of Planar Chromatography (1988-present)
(2) Analytical Chemistry (1976-present). Reviews of planar chro-
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matography, written biennially since 1976 by J. Sherma, appear 
in even-numbered years in the fundamental reviews issues.

(3) Poole, C.F., & Poole, S.K. (1989) “Modern Thin Layer Chro
matography,” Anal. Chem., 61, 1257A-1259A

(4) Fried, B., & Sherma, J. (1986) Thin Layer Chromatography— 
Techniques and Applications, 2nd ed., Marcel Dekker, Inc., 
New York, 394 pp.

(5) Modern Thin Layer Chromatography (1990) N. Grinberg 
(Ed.), Marcel Dekker, Inc., New York, 490 pp.

(6) Quantitative Thin Layer Chromatography and Its Industrial 
Applications (1987) L.R. Treiber (Ed.), Marcel Dekker, Inc., 
New York, 353 pp.

(7) Handbook of Thin Layer Chromatography (1991) J. Sherma 
& B. Fried (eds.), Marcel Dekker, Inc., New York, 1047 pp.
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CHEMICAL CONTAMINANTS MONITORING

State Findings on Pesticide Residues in Foods— 1988 and 1989

JAM ES P. M INYARD, J r  and W. EDWARD ROBERTS
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Findings of pesticide and related chemical residues are pre
sented for 27 065 samples of foods collected and analyzed In 
10 state food laboratories over 1988 and 1989 (fiscal years 
(FY) 88 and 89). These laboratories conduct food regulatory 
programs compatible with national programs of the U.S. 
Food and Drug Administration. Of the findings, 6325 samples 
contained detectable levels of 1 or more pesticide analytes 
and 418 (or 1.5%) of the total number of samples were 
deemed to be of regulatory significance.

FOODCONTAM is a national database of information gen
erated by state agencies involved in regulation of agriculture, 
public health, and the environment. The database focuses on 
pesticide residues and industrial chemical residues in human 
foods as well as the health hazards related to these substances 
(1-6). Coded data fields are organized into datalines describ
ing various attributes on a given physical sample so that these 
data are compatible with data generated in U.S. Food and 
Drug Administration (FDA) laboratories in Washington, 
DC, and their district laboratories throughout the United 
States.

Every state has regulatory agencies that are comparable to 
FDA, the U.S. Department of Agriculture (USD A), the U.S. 
Environmental Protection Agency (EPA), and other similar 
federal agencies. These state food quality regulatory agen
cies conduct field sampling, analysis, and problem correction 
programs both independently and in cooperation with their 
corresponding federal counterparts. Because state programs 
generate food quality data using quality assurance/quality 
control (QA/QC) protocols that are comparable or identical 
to those used by FDA, USDA, and EPA, it is now possible for 
states to share findings on food quality and safety with FDA.

The FOODCONTAM database, combined with FDA 
data, provides a more comprehensive information base that 
food scientists, regulatory agencies, and scientific bodies can 
use in regulatory risk assessment and tolerance-setting pro
cesses. Scientific and regulatory concerns can, thus, be ad
dressed by responsible agencies in a more effective manner 
with a much larger information base.

U.S. consumers have become more aware recently of po
tential health risks and are concerned with proper manage
ment and avoidance of excessive levels of toxic chemical 
residues in foods. Such public and governmental concerns 
have produced critical public policy and raised certain legal 
issues. Despite such intensified public concern about safety 
issues in foods, data (6-10) from the Division of Contami
nants Chemistry of FDA and state food regulatory sources 
show that, overall, U.S. foods are safe.

Annual state data collected and published in FOODCON
TAM match the size of FDA’s current annual database on 
foods grown in the United States. Such added data reaffirm 
past and current conclusions by FDA and the states about the 
generally high quality and safety of the national supply of

Received April 17, 1990. Accepted August 27, 1990.

vegetables, grains, fruits, seafoods, dairy products, and other 
food types. FOODCONTAM broadens the current knowl
edge base, and helps link state and federal regulatory pro
grams of FDA, USDA, EPA, and other agencies. Such infor
mation may provide food producers and regulatory agencies 
with insight into actual and potential contamination routes 
and aid in the formulation of more uniform state regulatory 
enforcement criteria to minimize food contamination risks 
and ensure a safer food supply.

Results
State departments of agriculture, health, and public safety 

have been recruited as data contributors by managers at 
FDA’s Office of Federal-State Relations (FDA/FSR), 
Rockville, MD, and by the Mississippi State Chemist over 
the past 4 years. The program has been widely publicized. 
States were slow to respond at first, perhaps because of fear 
of the public’s reaction to specific Findings of toxic residues in 
the food supply of their state, but also because of the effort 
required to code state data files so that data from all states 
would be compatible, both among states and with the estab
lished file formats of the massive current FDA database.

Some states contract with FDA/FSR to send data from 
their food quality programs on a reasonable cost/dataline or 
cost/sample basis; others contribute data without charge. 
Discussions with state food quality scientists and agency 
directors about data protocols have improved the compatibil
ity of data files.

Cooperating states [California (CA), Florida (FL), Indi
ana (IN), Massachusetts (MA), Michigan (MI), North Car
olina (NC), New York (NY), Oregon (OR), Virginia (VA), 
and Wisconsin (WI)] sent more than 32 000 datalines/year 
(ca 13 500-14 000 samples/year) for federal years FY88  
and FY89 (see Figure 1). A dataline is a related set of data on 
a sample (with lab results) showing sample identification, 
source, food type, name, analytical methods, and quantita
tive findings. A sample is a physical amount of a food com
modity taken in the field or commercial channels from grow
er sheds to wholesale or retail levels. A positive (+) finding is 
a detectable and quantifiable value, with units of measure,

c m  N one USUI P o s it iv e  iü ü  S ig n ifica n t
Found

F Y 8 6  F Y 8 7  F Y 8 8  F Y 8 9

F e d e ra l F is c a l  Y e a r

Figure 1. FOODCONTAM growth from FY86 to the present.
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Figure 2. National distribution of FY88 data by states.

given in a single dataline. A significant (*) value is a regula
tory statement (e.g., “residue exceeds federal or state toler
ance” or “no tolerance established for that chemical/crop 
combination”).

The number of datalines has grown rapidly over the last 4

years. A small decrease (ca 0.5% absolute) has occurred in 
the percent of “significant samples” found in FY88-89 com
pared to FY86-87, as sample numbers more than doubled. 
The number of positive findings (nonzero analyte values) has 
ranged from 10-33% of all samples. These are increasing

Figure 3. National distribution of FY89 data by states.
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Table 1. Pesticides and toxic chemicals In foods (FY88) (by frequency of occurrence In 13 980 samples)
No. positive 

samples 
(+)

Samples 
positive, % 

(+)

No. significant 
samples

C) Analyte found

587 4.198 9 Dicloran
328 2.346 2 Permethrin; see 222, 223
309 2.210 16 DCPA
282 2.017 35 Endosulfan; see 900, 901, 902
207 1.480 6 DDE; see 910, 911
160 1.144 31 Methamidophos
153 1.094 25 Mevinphos; see 578, 579
152 1.087 7 Methomyl
148 1.058 16 Chlorothalonil
135 0.965 2 Malathion
121 0.865 4 Chlorpyrifos
108 0.772 3 Folpet
100 0.715 1 Captan
97 0.693 4 Dimethoate
90 0.643 22 Acephate
90 0.643 2 Carbaryl
89 0.636 10 Diazinon
77 0.550 0 Chlorpropham
71 0.507 4 Endosulfan I
68 0.486 0 Vinclozolin
64 0.457 0 Benomyl
62 0.443 1 Methidathion
48 0.343 4 Permethrin, cis
48 0.343 0 Dieldrin
41 0.293 3 Endosulfan il
41 0.293 7 Parathion oxygen analog
39 0.278 3 Endosulfan sulfate
39 0.278 0 Chloroform
38 0.271 1 2-Chloroethyl stearate
37 0.264 2 Parathion
32 0.228 3 Fenvalerate
29 0.207 0 Dicofol; see 253, 254
26 0.185 0 Lindane
25 0.178 0 DDE, p,p'-
24 0.171 0 Phosmet
23 0.164 0 Iprodione
20 0.143 0 Toxaphene
18 0.128 0 Polychlorinated biphenyls
17 0.121 1 Oxamyl
16 0.114 1 Mercury
15 0.107 1 Ethion
14 0.100 1 Propoxur
13 0.092 1 Methyl mercury
12 0.085 0 Daminozide
12 0.085 0 Fluoride
11 0.078 0 Thiabendazole
10 0.071 0 TDE; see 908, 909
10 0.071 0 Chlorobenzilate
9 0.064 0 Azinphos-methyl
8 0.057 5 Sodium
8 0.057 0 Arsenic
8 0.057 0 Phosalone
8 0.057 1 Zineb
7 0.050 0 Aldicarb suifone nitrile
7 0.050 3 Carbofuran
7 0.050 0 Parathion-methyl
7 0.050 1 Anilazine
7 0.050 0 Chlordane
6 0.042 0 Zinc
6 0.042 0 Aroclor 1260
6 0.042 0 Omethoate
6 0.042 0 Aldicarb
5 0.035 0 TDE, p,p'-
5 0.035 0 Aroclor 1254
5 0.035 0 Methoxychlor, p,p'-
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Table 1. Continued
No. positive 

samples 
(+)

Samples 
positive, % 

(+)

No. significant 
samples 

(*) Analyte found

4 0.028 0 DDT, p,p'-
4 0.028 0 Iodine
4 0.028 1 Manganese
4 0.028 0 Nonachlor, trans
4 0.028 0 Trifluralin
4 0.028 0 Methoxychlor
3 0.021 2 Procymidone
3 0.021 0 Naled
3 0.021 2 Fonofos
3 0.021 2 Simazine
2 0.014 0 Naphthalene
2 0.014 0 Pirimiphos-methyl
2 0.014 0 Cyhexatin
2 0.014 0 Hexachlorobenzene
2 0.014 0 Methiocarb
2 0.014 0 Heptachlor epoxide
1 0.007 0 BHC, alpha
1 0.007 0 Propetamphos
1 0.007 0 Metalaxyl
1 0.007 0 Cypermethrin
1 0.007 0 Pyrazon
1 0.007 0 Pronamide
1 0.007 0 Diquat
1 0.007 0 Bromopropylate
1 0.007 0 Iron
1 0.007 0 Copper
1 0.007 0 Selenium
1 0.007 0 Lead
1 0.007 0 Pentachloroaniline
1 0.007 0 Quintozene
1 0.007 0 Dicofol, p,p'-
1 0.007 0 Iprodione metabolite isomer
1 0.007 0 Malathion oxygen analog
1 0.007 1 Ethoprop
1 0.007 1 Terbacil
1 0.007 1 Phorate
1 0.007 1 Trichlorfon
1 0.007 0 Thuricide
1 0.007 0 Phenylphenol, o-
1 0.007 0 Pyrethrins
1 0.007 0 Ferbam
1 0.007 0 Ethylene dibromide
1 0.007 1 EPN
1 0.007 0 2,4-D
1 0.007 0 Calcium cyanide
1 0.007 1 Aldrin

with time, probably due to the greater scope of potential 
contaminants, wider ranging analytical methods, greater 
method sensitivities, and numbers of samples examined. The 
trend of decreasing significant samples will continue, we 
believe, as more regulatory controls are implemented, more 
EPA pesticide registrations for “older products” are can
celed, and more new biotechnology products for controlling 
weeds, fungi, and insects are substituted for currently used 
chemicals.

Figures 2 and 3 show the origin of the analytical data by 
states. Some of these values (ca 5%, average) are for samples 
grown outside the state of the data contributor, but sampled 
in that state’s programs. A small number of foods are import
ed from Canada, Mexico, Central America, and Caribbean 
nations via Florida, California, and perhaps other ports.

Table 1 shows the number of positive (+) (i.e., nonzero 
findings) and significant (*) (i.e., above tolerance or no toler
ance set) values for each analyte in the 13 980 samples of 
foods analyzed by 6 state contributors (California, Florida, 
Massachusetts, New York, Virginia, and Wisconsin) for 
FY88. Table 2 gives the same information on 13 085 samples 
for FY89 from 10 states (the FY88 group plus Indiana, 
Michigan, North Carolina, and Oregon).

Table 3 shows pesticides detectable and quantifiable in 
contributor’s programs for both years as well as those actual
ly found. No data were received from other interested poten
tial state participants. About 5-8% of the total data reported 
in the regulatory survey programs of California, Florida, 
Massachusetts, New York, Virginia, and Wisconsin were 
from foods grown in states adjoining or nearby these FY88
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Table 2. Pesticides and toxic chemicals in foods (FY89) (by frequency of occurrence In 13 085 samples)
No. positive 

samples 
(+)

Samples 
positive, % 

(+)

No. significant 
samples

n Analyte found

482 3.683 4 Dicloran
221 1.689 14 Dieldrin
212 1.620 13 DCPA
199 1.520 5 Endosulfan; see 900, 901, 902
182 1.391 70 Lead
145 1.108 5 Captan
143 1.092 20 Mevinphos; see 578, 579
133 1.016 0 Daminozide
131 1.001 0 Zinc
130 0.993 0 DDE; see 910, 911
128 0.978 7 Chlorpyrifos
124 0.947 19 Methamidophos
122 0.932 3 Permethrin, cis
114 0.871 0 Endosulfan I
109 0.833 7 Chlorothalonil
96 0.733 3 Acephate
94 0.718 0 Malathion
91 0.695 4 Methomyl
76 0.580 0 Carbaryl
74 0.565 0 Permethrin; see 222, 223
70 0.535 1 Endosulfan II
70 0.535 5 Dimethoate
58 0.443 3 Diazinon
57 0.435 1 Vinclozolin
51 0.389 1 Polychlorinated biphenyls
49 0.374 1 Endosulfan sulfate
48 0.366 0 Methidathion
45 0.343 1 Mercury
44 0.336 0 Phosmet
37 0.282 0 Chlorpropham
33 0.252 0 DDE, p,p'-
33 0.252 0 Dicofol; see 253, 254
31 0.236 0 Parathion
27 0.206 0 Benomyl
27 0.206 1 Folpet
25 0.191 1 Methyl mercury
25 0.191 2 Ethion
25 0.191 0 DDT; see 906, 907
24 0.183 10 Chlordane
23 0.175 0 Iprodione
23 0.175 0 Lindane
22 0.168 2 Fenvalerate
22 0.168 0 EBDC (Identity unknown)
22 0.168 0 Toxaphene
21 0.160 0 Propetamphos
21 0.160 0 2-Chloroethyl stearate
20 0.152 0 Chlorobenzilate
19 0.145 0 Methyl bromide
18 0.137 3 Parathion oxygen analog
18 0.137 0 Aldicarb sulfoxide
16 0.122 0 DDT, p,p'-
15 0.114 0 Aldoxycarb
14 0.107 0 Thiabendazole
14 0.107 0 Heptachlor epoxide
13 0.099 0 Copper
13 0.099 0 Methoxychlor
12 0.091 0 Chromium
12 0.091 0 Arsenic
12 0.091 0 Hexachlorobenzene
12 0.091 0 Nonachlor, cis
12 0.091 0 Nonachlor, trans
12 0.091 0 Chlordane, cis
12 0.091 0 Chlordane, trans
12 0.091 0 Anllazlne
11 0.084 0 Methoxychlor, p,p'-
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Table 2. Continued
No. positive 

samples 
(+)

Samples 
positive, % 

(+)

No. significant 
samples 

(*) Analyte found

11 0.084 0 Endrin
10 0.076 0 BHC, alpha
10 0.076 0 Tetrachloroethylene
9 0.068 0 TDE; see 908, 909
9 0.068 0 Pyrethrins
8 0.061 0 BHC, delta
8 0.061 0 Imazalil
8 0.061 0 Parathion-methyl
7 0.053 0 Unsymmetrical dimethylhydrazine (UDMH)
i 0.053 0 Quintozene
~T 0.053 2 Phenylphenol, o-
6 0.045 0 Azinphos-ethyl
6 0.045 2 Pronamide
6 0.045 0 Azlnphos-methyl
5 0.038 0 TDE, p,p'-
5 0.038 0 Oxamyl
4 0.030 2 Ethoprop
3 0.022 0 Aldicarb sulfone nitrile
3 0.022 1 Pirimiphos-methyl
3 0.022 1 Monocrotophos
3 0.022 0 BHC; see 903, 904, 905, 050
2 0.015 0 Nickel
2 0.015 0 Dichlorvos
2 0.015 1 Iprodione metabolite Isomer
2 0.015 1 Methiocarb
2 0.015 0 Propoxur
2 0.015 0 Diphenylamine
2 0.015 0 Tetradifon
2 0.015 0 Maneb
2 0.015 0 Magnesium arsenate
2 0.015 0 Heptachlor
1 0.007 0 BHC, beta
1 0.007 1 Mecarbam
1 0.007 0 Endrin ketone
1 0.007 0 Cypermethrin
1 0.007 0 Monohydrokepone
1 0.007 0 Cadmium
1 0.007 0 Chlordecone
1 0.007 0 Naled
1 0.007 0 Propiconazole (Tilt)
1 0.007 0 TDE, p,p'-olefin
1 0.007 1 Profenofos
1 0.007 0 Malathion oxygen analog ,
1 0.007 0 Carbofuran
1 0.007 0 Aldicarb
1 0.007 0 Fonofos
1 0.007 0 Tecnazene
1 0.007 0 Aldrin

FOODCONTAM data sources. Vegetables and fruits with 
high surface areas and “fuzzy or waxy” coatings, and some 
root foods such as beets and turnips, tend to have a higher 
frequency of positive reports. Some may have been higher 
than the average for all foods because of more intensive 
sampling, or because of special programs focused on some 
state’s concerns about specific chemicals. State data corre
late well with data published by FDA in similar national food 
quality assurance activities (7-11).

State data are usually derived from analyses of raw, un
washed, and unprocessed fruits and vegetables, among other 
foods. Washing, grading, and discarding procedures for 
blemished produce, routinely done in wholesale fruit and

vegetable processing, packing, and market preparation, re
moves much of the external residues found on some of the 
samples reported here (12).

Some cooperating states conduct “special studies” on cer
tain matrixes such as fish, bottled water, and milks, or on 
classes of chemicals for their own regulatory purposes. Such 
data are reported with all other data, in this and other years
(6). These may bias findings positively or negatively for a 
given chemical and matrix combination for that report peri
od, and can bias findings for a chemical (e.g., daminozide 
and UMDH) or a matrix (such as drinking water or apples) 
for that report period. Tables 4 and 5 list state analyses by 
food commodity groups. These clearly show the raw food
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Table 3. Pesticides detectable by methods used or found in FY88 and FY89 state regulatory monitoring
Acephate* 2-Chloroethyl stearate* Dieldrin* Iron*
Aldicarb* Chloroneb Diflubenzuron Lead*
Aldicarb sultone nitrile* Chloroform* Dimethoate* Lindane*
Aldicarb sulfoxide* Chlorothalonil* Dinoseb Linuron
Aldoxycarb* Chlorpropham* Dioxathion Magnesium arsenate*
Aldrin* Chlorpyrifos* Diphenylamine* Malathion*
Allethrin Chlorpyrifos-methyl Diquat* Malathion oxygen analog
Ametryne Chlorthion Disulfoton Mancozeb
Ametraz Chlorthiophos Diuron Maneb*
Anilazine* Chlortetracycline DNOC Manganese
Antimony Chromium* EBDC (Ident, unknown)* Mecarbam*
Aroclor 1242* Command Endosulfan, unspec.* Melamine
Aroclor 1254* Copper* Endosulfan I* Mercury
Aroclor 1260* Coumaphos Endosulfan II* Metalaxyl
Arsenic* Crotoxyphos Endosulfan sulfate* Methamidophos*
Atrazine* Cyanazine Endrin* Methidathion*
Azinphos-ethyl* Cyhexatin* Endrin ketone* Methiocarb*
Azinphos-methyl* Cypermethrin* EPN* Methomyl*
Bendiocarb Cyromazine EPTC Methoxychlor, p,p'*
Benfluralin Cyanazine Ethion* Methyl bromide*
Benomyl* 2,4-D* Ethylene dibromide* Mevinphos & isomers*
Bensulide 2,4-DB Ethoprop* Methyl mercury
BHC, alpha* Daminozide* Fensulfothion Mirex
BHC, any isomer* DCPA* Fenthion Monocrotophos*
Bromophos DDE, p,p'* Fenvalerate* Monohydrokepone*
Bromopropylate DDE, any isomer* Ferbam* Monuron
Bufencarb DDT, o,p'* Fluchloralin Naled*
Cadmium* DDT, p,p" Flucythrinate Naphthalene*
Calcium cyanide* DDT, total* Fluoride* Nickel*
Captan* Demeton Fluvalinate Nonachlor, c/s*
Captafol Diallate Folpet* Nonachlor, trans'
Carbanolate Diazinon* Fonofos* Omethoate*
Carbary I* Dibromochloropropane Gardona Oxamyl *
Carbofuran* Dicapthon Heptachlor* Parathion*
Carbophenothion Dichlone Heptachlor epoxide* Parathion, 0  analog*
Chlordane* Dichloran* Hexachlorobenzene* Parathion, methyl*
Chlordecone* Dichlorvos* Imazalil* Pentachloroaniline*
Chlordimeform Dicofol, p,p" Iodine Pentachlorophenol
Chlornitrofen Dicofol, total* Iprodione* Permethrin, c/s-*
Chlorobenzilate* Dicrotophos Iprodione metab.* Permethrin, any*

Phenothiozine 
Phenylphenol, o-*
Phosphamidon
Profenfos*
Propetamphos*
Propoxur*
Pronamide
Pyrethrins*
Pyrimiphos methyl*
Quintozene*
Resmethrin
Selenium*
Silver
Silvex
Simizine*
Sodium*
Sulfallate*
Sulfur
TDE, any isom.*
TDE, p,p' olefin*
Technazine
Terbacil
T etrachloro(methy lthio)-benzene 
Tetradifon*
T etrachloroethy lene * 
Thiabendazole*
Thiodicarb
Thiram
Thuricide*
Toxaphene*
Triadimefon
Triadimenol
Trichlorfon*
Trifluralin*
Unsym. dimethylhydrazine (UMDH)*
Vanadium
Vinclozolin*
Zinc*
Zineb*
Ziram*

* Denotes substances found.

types with the greatest likelihood of contamination. Figures 4 
and 5 show these data graphically, organized by product 
commodity groups for FY88 and FY89.

Analytical methods used by state contributors are the 
same as those used by FDA’s headquarters and field labora
tories, typically AOAC official methods, or modifications of 
these that have been validated in the user’s laboratory in 
collaboration with other state or industry laboratories. Most 
sample extraction cleanup/preparations for liquid chroma
tography or gas chromatography used by California and 
other state laboratories are slight modifications of Luke’s 
procedure. Appendix A lists the methods most widely used by 
the 10 state laboratories now providing data on food pesticide 
residue analyses.

Discussion
Violative levels of pesticide residues in foods (i.e., above 

federal tolerances) are low for most food categories and 
account for only 1.5% of all samples in FY88 and 1.6% in 
FY89. The largest number of violative or significant samples 
was found in the “Vegetables” food commodity group and in 
the group termed “Other,” which includes spices, alcoholic

and nonalcoholic beverages, and water. Cheese and egg prod
ucts, some tropical fruits, and leafy vegetables such as pars
ley, Chinese cabbage, broccoli, eggplant, peppers, and turnips 
tend to have higher contamination frequencies (above federal 
tolerances) than other foods. Overall, the food supply seems 
to be free of significant levels of pesticide and industrial 
chemical residues, although many items contain trace levels 
at the parts per billion and lower levels. These findings are in 
marked contrast to current levels of public alarm, percep
tions of increasing health risks from “toxins” in foods, and 
continuing concerns expressed about “pervasive contamina
tion” of the national food supply.

Many pesticides currently of concern to the public have 
had EPA registrations canceled within the last several years. 
Many more are under careful réévaluation for the current 
uses allowed on product labels. We believe that this is an 
international trend and that it will continue to result in more 
foods being essentially free (parts per billion or trillion level) 
of agrochemical and industrial chemical residues, barring 
accidents in food distribution channels. Continued scientific 
studies in these vital areas of public health and safety are 
certainly justified. They should help provide adequate data
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Figure 4. Summary of results of FY88 sample analyses of pesticide residues by commodity groups.

for governments to respond rapidly and realistically to those 
problems of true toxicological significance, and help allay 
public concern about food safety.
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4 4 6 MINYARD & ROBERTS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 3, 1991)

Table 4. Analysis of all findings In United States by commodity group (FY88)

Total 
no. of 

samples

No.
samples 
with no 

residues 
found

No.
samples

significant

Percent
samples

significant

Commodity group
Over tol. 
or no tol.

Over tol. 
or no tol.

A. Grains and Grain Products
Rice 3 2 0 0
Wheat 3 2 0 0
Other whole grains 39 27 0 0
Bakery & cereal

products/snack foods 89 81 0 0
Pasta products 5 5 0 0
Rice products 8 8 0 0
Wheat products 4 3 0 0
Other whole grain products 104 67 0 0

Total 255 195 0 0

B. Dairy Products/Eqqs
Milk and cream 1760 1725 1 <1
Cheese/cheese products 2 2 0 0
Eggs/egg products 140 134 0 0
Butter 15 15 0 0
Ice cream 32 31 0 0

Total 1949 1907 1 <1

C. Fish Seafoods/Other Meats
Fish & shellfish 368 299 1 <1
Other meats 39 25 0 0
Poultry 48 45 0 0
Vegetable protein products, NEC 1 1 0 0

Total 456 370 1 <1

D. Fruits
Blackberries 3 3 0 0
Blueberries 13 8 0 0
Boysenberries 1 0 0 0
Grapes 319 246 1 <1
Raspberries 18 9 0 0
Strawberries 216 79 10 5
Other berries 9 6 0 0

Grapefruit 1 1 0 0
Lemons 124 85 2 2
Limes 24 23 0 0
Oranges 251 147 0 0
Tangerines 41 39 0 0
Other citrus fruits 39 34 1 3

Apples 315 230 1 <1
Pears 126 102 3 2
Core fruits, NEC 11 10 1 10
Apricots 31 28 1 3
Avocados 112 107 0 0
Cherries 44 15 1 2
Nectarines 146 19 1 <1
Olives 1 1 0 0
Peaches 165 40 1 <1
Plums and prunes 157 75 0 0
Other pit fruits 18 15 0 0

Mangoes 14 11 0 0
Papaya 10 10 0 0
Pineapples 10 9 0 0
Plantain 3 3 0 0
Other tropical fruits 48 47 0 0

Cantaloupe 100 92 1 1
Honeydew 26 24 0 0
Watermelon 37 37 0 0
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Table 4. Continued

Commodity group

Total 
no. of 

samples

No.
samples 
with no 
residues 

found

No.
samples

significant

Over tol. 
or no tol.

Percent
samples

significant

Over tol. 
or no tol.

Bitter melons 3 3 0 0
Other vine fruits 26 25 0 0

Other fruits 27 23 1 4

Fruit jams & jellies 31 31 0 0
Fruit juices 25 23 0 0
Fruits, dried or paste 103 97 0 0

Total 2648 1757 25 <1

E. Vegetables
Blackeyed peas 9 8 0 0
Corn 151 149 0 0
Garden/green/sweet peas 91 75 1 2
String beans 190 154 1 <1
Other beans, peas, corn 88 78 1 1

Cucumbers 217 173 1 <1
Eggplant 76 67 3 4
Okra 54 50 0 0
Peppers 272 220 3 1
Pumpkins 5 5 0 0
Squash 400 370 3 1
Tomatoes 340 302 3 1
Other fruits used as vegetables 1 0 0 0

Asparagus 62 60 0 0
Bamboo sprouts 2 2 0 0
Broccoli 237 198 2 1
Broccoli raab 18 12 0 0
Brussels sprouts 84 76 0 0
Cabbage 412 359 2 1
Cauliflower 126 120 0 0
Celery 327 132 0 0
Chinese cabbage 206 154 11 5
Collards 207 119 15 7
Endive/chicory 380 241 14 4
Kale 201 104 6 3
Lettuce 1502 1006 33 3
Mustard greens 107 63 8 8
Parsley 94 65 5 5
Spinach 415 292 5 1
Turnip greens 95 66 1 1
Other leaf/stem vegetables 466 387 13 3

Mixed vegetables 10 8 0 0
Mushroom/truffle products 95 77 1 2

Carrots 91 66 2 3
Leeks 43 40 0 0
Onions 197 186 0 0
Potatoes 146 53 20 14
Radishes 137 107 0 0
Red beets 84 66 6 7
Sweet potatoes 148 63 0 0
Turnips 37 19 5 14
Water chestnuts 4 4 0 0
Other root/tuber vegetables 327 294 0 0

Vegetables, dried or paste 2 2 0 0
Vegetables with sauce 7 6 0 0
Vegetable juice 35 32 1 3
Vegetables, NEC 1 1 0 0

164 2Total 8199 6131
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Table 4. Continued
No. Percent

No. samples samples

Total
samples 
with no

significant significant

no. of residues Over tol. Over tol.
Commodity group samples found or no tol. or no tol.

F. Other
Whole coriander 24 20 3 13
Other whole spices 195 163 14 8
Other spices & flavorings 12 10 1 8
Condiments 1 1 0 0

Cashews 2 2 0 0
Other nuts & related products 127 80 0 0
Edible seeds & related products 1 1 0 0
Other vegetable oil products 1 1 0 0
Alcoholic beverages 1 0 0 0
Coffee & tea 4 4 0 0
Waters & nonalcoholic beverages 58 18 5 9
Chocolate & cocoa products 5 5 0 0
Baby food products 14 12 1 7
Other food products 28 24 1 4

Total 473 341 25 5
A-F Grand Total 13980 10701 216 1.5

Table 5. Analysis of all findings In United States by commodity group (FY89)

Total 
no. of 

samples

No.
samples 
with no 
residues 

found

No.
samples

significant

Percent
samples

significant

Commodity group
Over tol. 
or no tol.

Over tol. 
or no tol.

A. Grains and Grain Products
Rice 1 1 0 0
Wheat 4 4 0 0
Other whole grains 15 11 0 0
Bakery & cereal

products/snack foods 155 102 0 0
Pasta products 11 9 0 0
Rice products 7 4 0 0
Wheat products 12 4 0 0
Other whole grain products 15 5 1 7

Total 220 140 1 <1
B. Dairy Products/Eqqs

Milk and cream 1584 1338 14 <1
Cheese/cheese products 40 15 0 0
Eggs/egg products 117 116 0 0
Butter 37 34 0 0
Ice cream 28 14 0 0

Total 1806 1517 14 <1
C. Fish Seafoods/Other Meat?

Fish & shellfish 223 145 2 <1
Other meats 32 29 0 o
Poultry 32 31 0 0

Total 287 205 2 <1
D. Fruits

Blackberries 3 2 o o
Blueberries 19 16 0 o
Boysenberries 3 3 0 o
Grapes 297 220 0 0
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Table 5. Continued

Total 
no. of 

samples

No.
samples 
with no 
residues 

found

No.
samples

significant

Percent
samples

significant

Commodity group
Over tol. 
or no tol.

Over tol. 
or no tol.

Raspberries 6 6 0 0
Strawberries 163 62 2 1
Other berries 18 10 0 0

Grapefruit 40 20 3 8
Lemons 79 51 0 0
Limes 7 6 0 0
Oranges 214 121 0 0
Tangerines 32 30 0 0
Other citrus fruits 32 22 0 0

Apples 568 434 0 0
Pears 149 108 0 0
Mixed fruits 1 0 0 0
Core fruits, NEC 5 4 0 0

Apricots 41 36 0 0
Avocados 97 97 0 0
Cherries 82 57 0 0
Nectarines 112 18 2 2
Peaches 155 55 0 0
Plums and prunes 135 76 0 0
Other pit fruits 21 12 0 0

Mangoes 13 13 0 0
Papaya 6 6 0 0
Pineapples 6 6 0 0
Plantain 3 3 0 0
Other tropical fruits 68 64 1 2

Cantaloupe 112 108 0 0
Honeydew 21 20 0 0
Watermelon 51 51 0 0
Bitter melons 6 6 0 0
Other vine fruits 23 21 0 0

Other fruits 36 34 0 0

Fruit jams & jellies 36 26 0 0
Fruit juices 147 110 0 0
Fruit toppings 3 3 0 0
Fruits, dried or paste 103 84 0 0

Total 2913 2021 8 <1

E. Veaetables
Blackeyed peas 4 4 0 0
Corn 113 113 0 0
Garden/green/sweet peas 84 66 1 1
String beans 184 148 1 <1
Other beans, peas, corn 37 33 0 0

Cucumbers 256 208 0 0
Eggplant 70 60 4 6
Okra 26 26 0 0
Peppers 328 250 2 <1
Pumpkins 8 8 0 0
Squash 373 310 15 4
Tomatoes 388 334 2 <1
Other fruits used as vegetables 8 8 0 0

Asparagus 102 101 0 0
Bamboo sprouts 2 2 0 0
Broccoli 284 250 3 1

Broccoli raab 4 2 0 0
Brussels sprouts 49 45 0 0



4 5 0 MINYARD & ROBERTS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 3, 1991)

Table 5. Continued

Total 
no. of 

samples

No.
samples 
with no 
residues 

found

No.
samples

significant

Percent
samples

significant

Commodity group
Over tol. 
or no tol.

Over tol. 
or no tol.

Cabbage 337 304 1 <1
Cauliflower 177 169 1 <1
Celery 319 130 0 0
Chinese cabbage 154 108 17 11
Collards 149 109 1 <1
Endive/chicory 217 148 6 3
Kale 116 75 5 4
Lettuce 1144 863 14 1
Mustard greens 85 65 2 2
Parsley 54 34 0 0
Spinach 335 239 8 2
Turnip greens 21 16 0 0
Other leaf/stem vegetables 251 215 6 2

Mixed vegetables 9 9 0 0
Mushroom/truffle products 55 50 0 0

Carrots 238 203 0 0
Leeks 30 27 0 0
Onions 186 173 0 0
Potatoes 357 300 2 <1
Radishes 102 96 1 <1
Red beets 70 62 1 1
Sweet potatoes 135 80 1 <1
Turnips 55 36 2 4
Other root/tuber vegetables 253 229 0 0

Vegetables, dried or paste 9 8 0 0
Vegetables with sauce 10 10 0 0
Vegetable juice 16 14 2 13

Total 7204 5740 98 1

F. Other
Dressings 1 1 0 0
Whole coriander 2 1 0 0
Other whole spices 152 124 7 5
Other spices & flavorings 19 16 1 5

Cashews 4 2 0 0
Coconuts 2 2 0 0
Other nuts & related products 25 22 0 0
Edible seeds & related products 5 5 0 0
Refined vegetable oil 13 13 0 0
Other vegetable oil products 5 4 0 0
Coffee & tea 8 8 0 0
Waters & nonalcoholic beverages 268 86 70 19

Chocolate & cocoa products 3 3 0 0

Baby food 88 72 2 3

Other food products 60 57 0 0

Total 655 416 80 12
A-F Grand Total 13085 10039 203 1.6

(2) Gianessi, L.P. (1987) Lack of Data Stymies Informed Deci
sions on Agricultural Pesticides, Resources, No. 38, Re
sources for the Future, Inc., Washington, DC 20036

(3) Office of Technology Assessment, U.S. Congress (October 
1988) Pesticide Residues in Food: Technologies for Detection, 
OTA-F-398, U.S. Government Printing Office, Washington, 
DC

(4) Schwemer, W.L. (1981) Official Publication, Association 
Official Feed Control Officials, Inc., p. 191

(5) Minyard, J.P., Jr, Roberts, W.E., & Cobb, W.Y. (1989) J. 
Assoc. Off. Anal. Chem. 72, 525-533

(6) Minyard, J.P., Jr, & Roberts, W.E. (1990) Food Safety and 
Pesticide Residues, ACS Symposium Series No. 446, Ameri
can Chemical Society, Washington, DC, pp. 151-161
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Table A-1. Methods used by 10 state laboratories In state food quality assurance, 1989-90
FDA

method
codes Extraction Detector

No. Of 
samples

State(s)
using

999 55 '‘Other” multiresidue 
methods

ICP-FE 712 CA

999 58 "Other” multiresidue 
methods

GLC 718 CA

999 54 “ Other” multiresidue 
methods

FE 733 CA

999 57 "Other" multiresidue 
methods

Fluorescence
spectroscopy

734 CA

000 60 No extraction 
necessary

Spectrophotometric 770 VA

000 99 No extraction 
necessary

Other 806 Ml

999 56 “ Other” multiresidue 
methods

DCP-FE 870 CA

001 99 PAMI, 211.1 w/6% 
EtO/PE eluant only

Other 950 Wl

999 12 “ Other”  multiresidue 
methods

LC post-column 
deriv. & 
fluorometric 
detection (Krause 
method, carbamates)

1094 CA

999 13 “ Other” multiresidue 
methods

GLC, P selective 
detector, LIB 2166 
(aryl phosphates)

1112 CA

999 18 “ Other”  multiresidue 
methods

GLC, S selective 
detector, polar 
column, e.g., DEGS

1184 CA

999 17 “ Other” multiresidue 
methods

GLC, halogen
selective detector, 
LIB 1710/1710A, 
early eluters

1198 CA

999 14 “ Other” multiresidue 
methods

GLC, P selective 
detector, polar 
column, e.g., DEGS

1214 CA

999 11 “ Other” multiresidue 
methods

LC, UV detector 1236 CA

999 59 “ Other” multiresidue 
methods

LC 1584 CA

999 15 “ Other" multiresidue 
methods

GLC, N selective 
detector, polar 
column, e.g., DEGS

1634 CA

999 16 “ Other” multiresidue 
methods

GLC-AFID (N/P or 
RbCI TD)

1661 CA

999 01 “ Other” multiresidue 
methods

GLC-ECD 1735 CA

999 20 "Other" multiresidue 
methods

OV-101 column at 
240°C, ECD 
(LIB 3092), or 
equiv., for syn. 
pyrethroids

1934 CA, IN

999 10 “ Other” multiresidue 
methods

Paper chromatography 2067 CA, IN, 
NC

999 02 “ Other” multiresidue 
methods

GLC, phosphorus 
selective detector 
(FPD)

2244 CA, IN

999 03 “ Other” multiresidue 
methods

GLC, sulfur
selective detector 
(FPD)

2244 CA, IN, 
NC

999 08 "Other” multiresidue 
methods

GLC-ECD, LIB 1710/A, 
early eluters

2988 CA, IN

999 04 “ Other” multiresidue 
methods

GLC, nitrogen 
selective detector 
(HALL 700A)

2996 CA, IN, 
NC

999 07 “ Other” multiresidue GLC-MS 3007 CA, IN,
methods NC, Wl
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Table A-1. Continued
FDA

method
codes Extraction Detector

No. of 
samples

State(s)
using

999 05 “ Other” multiresidue 
methods

GLC. halogen 
selective detector 
(HALL 700A or 
Microcoulometrlc)

3331 CA, IN

999 06 “ Other” multiresidue 
methods

GLC-FID 3485 CA, IN

999 09 “ Other” multiresidue 
methods

TLC 3631 CA, IN, 
NC, Wl

001 50 PAMI, 211.1 with 6% 
EtO/PE eluant only

Flame AAS 5965 FL, NY, 
OR, VA

999 99 “ Other” multiresidue 
methods

Other 24803 CA, FL,
IN, NC, 
OR, VA, 
Wl

Note: Abbreviations for states are as shown in text. AAS = atomic absorption spectrophotometry; AFID = alkali flame ionization detector; DCP = 
direct current plasma; DEGS = diethylene glycol succinate; ECD = electron capture detector; FE = flame emission; FID = flame ionization de
tector; FPD = flame photometric detector; GLC = gas liquid chromatography; ICP = inductively coupled plasma; LC = liquid chromatography; 
LIB =  Laboratory Information Bulletin; MS = mass spectrometry; PAM = Pesticide Analytical Manual', RbCI TD = Rubidium chloride thermionic 
detector; TLC = thin layer chromatography; and UV = ultraviolet.

(7) Burke, J.A. (1985) J. Assoc. O ff. Anal. Chem. 68, 1069-73
(8) Jelinek, C.F. (1985) J. Assoc. O ff. Anal. Chem. 68, 1063-68
(9) Food and Drug Administration Pesticide Program— Resi

dues in Foods-1987 (1988) J. Assoc. O ff. Anal. Chem. 71, 
156A-174A

(10) Food and Drug Administration Pesticide Program— Resi
dues in Foods-1988 (1989) J. Assoc. O ff. Anal. Chem. 72, 
133A-152A

(11) Gunderson, E.L., (1988) J. Assoc. O ff. Anal. Chem. 71,1200- 
1209

(12) Elkins, E.R. (1989) J. Assoc. O ff. Anal. Chem. 72, 533-535

Appendix A. Analytical Method Codes used by State Food 
Regulatory Agencies

In Table A-1, the first column contains FDA method codes 
as a 3-digit numeric code for extraction/cleanup of samples, 
plus a 2 -digit code defining the separating instrument/detec
tor combination. The second column contains the extraction/ 
cleanup technique and the third column, the separative/ 
detector unit. The fourth column contains the number of

samples run by the state or states, and the state(s) using each 
method are listed in the last column.

The ubiquitous use of the code “9 9 9 ” to designate the 
extraction and preliminary cleanup of the sample extract is 
unfortunate, but reflects the extreme diversity of sample 
classes tested, as well as modifications of these procedures 
from standard AOAC or FDA methodologies by state lab
oratory chemists. Most liquid chromatographic or gas chro
matographic separations are preceded by a “Luke extrac
tion” (or similar) technique, with varying ratios and kinds of 
solvents that have shown to produce best recoveries of ana
lytes for given types of matrixes. A wide variety of “cleanup” 
columns such as silica gel, alumina, or ion exchange resins is 
used. Each laboratory is responsible for demonstrating recov
ery, precision, and accuracy in such modified analyses by 
participation in many “check-sample” QA/QC programs, 
etc. Some laboratories are using inductively coupled argon or 
helium plasma mass spectrometry, or similar specialized de
tectors on capillary or packed column gas chromatographic 
separative units.
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DRUG FORMULATIONS

Liquid Chromatographic Method for Selegiline Hydrochloride and Related Compounds in 
Raw Materials and Tablets
NORM AND BEAULIEU , 1 TERRY D. CYR, SUSAN J. GRAHAM, and EDWARD G. LOVERING 
H e a lth  a n d  W e lfa r e  C a n a d a , H e a lth  P ro te c tio n  B ran ch , B u rea u  o f  D ru g  R e se a rc h , T u n n e y ’s  P a s tu r e , O tta w a ,  
O n ta r io  K I A  0 L 2 , C a n a d a

A liquid chromatographic method has been developed for 
determination of selegiline hydrochloride and related sub
stances In drug raw material and tablet formulations. The 
method resolves 3 known related compounds from the drug 
with a limit of quantitation of less than 0.05%. Drug raw 
material and tablet samples contained ca 0.2 and 0.6% 
Impurities, respectively. These Included some related com
pounds, the Identities of which were confirmed by gas chro
matography with a Fourier transform infrared detector.

Selegiline hydrochloride is used in the management of par
kinsonism. It is available as 5 mg tablets in a number of 
European countries (1), Canada, and the United States. 
There are no monographs for selegiline hydrochloride in 
either the British or United States pharmacopeias.

Figure 1 shows structures and chemical names of selegiline 
hydrochloride (IV) and a number of its related compounds, 
based on the route of synthesis (2). Compound II is a proba
ble reaction intermediate; compounds I and III are possible 
side reaction products.

No methods for determination of selegiline were found in 
the literature. The present paper describes a method for drug 
content and impurities in raw materials and tablets.

Experimental

Equipment
The liquid chromatographic (LC) system consisted of a 

Varian Model 2010 pump, a Waters Model WISP 710B 
autosampler, a Varian Model 2050 variable wavelength de
tector set at 254 nm and a Perkin-Elmer Model LCI-100 
integrator. A Spherisorb® CSC-S 3 /xm cyano bonded col
umn 150 X 4.6 mm (Chromatographic Sciences Company 
No. 048943) was used at ambient temperature with a mobile 
phase flow rate of 1 mL/min. Infrared spectra were obtained 
using a Digilab FTS-40 Fourier transform infrared (FTIR) 
spectrometer coupled to a Hewlett Packard 5890 gas chro
matograph equipped with a 7 m X 0.53 mm column coated 
with a 2.65 /¿m film of dimethyl polysiloxane. Other equip
ment used was a Varian DMS 90 UV/Vis spectrophotometer 
connected to an HP 85 computer with a plotter and disk 
drive, a Fisher Accumet Model 425 pH meter and an Eber- 
bach shaker.

Determination of Selegiline HCI and Related Compounds 

Chemicals
The following LC grade chemicals were used: acetonitrile 

(J.T. Baker Co, Phillipsburg, NJ); ammonium phosphate 
monobasic; 85% phosphoric acid (Fisher Scientific, Fair

Received July 19, 1990. Accepted December 8, 1990. 
'Address correspondence to this author.

Lawn, NJ). Deionized water was prepared using a Sybron/ 
Barnstead system. Samples of selegiline hydrochloride and 
related compounds were obtained from the internal sample 
library of the Health and Welfare Canada Bureau of Drug 
Research; the nuclear magnetic resonance (NMR), mass, 
and infrared spectra of these samples corresponded to the 
known structures. Selegiline tablets were purchased from a 
local pharmacy.

Mobile Phase
Transfer acetonitrile (150 mL) to a 1 L volumetric flask, 

make up to volume with 0 .1M ammonium phosphate buffer. 
Mix, filter, and degas under vacuum. The buffer consisted of 
0 .1M ammonium phosphate monobasic solution, adjusted to 
pH 3.1 with 85% phosphoric acid.

Preparation of Solutions
Prepare all solutions in dissolution solution consisting of 

15% acetonitrile in water. R eso lu tion  so lu tion .—0.05 mg/ 
mL each of selegiline hydrochloride and III. R ela ted  com 
pou n ds s tan dard  so lu tion .—0.01 mg/mL selegiline hydro
chloride. A ssa y  s tan dard  so lu tio n .—0.5 mg/mL selegiline 
hydrochloride. R e la te d  com pounds te st so lu tion .—5 mg/ 
mL selegiline hydrochloride. T a b le t-re la ted  com pounds test 
so lu tion .—Powder and mix 20 tablets. Transfer a portion of 
mix equivalent to 10 mg selegiline hydrochloride to a 6  mL 
centrifuge tube fitted with Teflon-lined screw cap and add 2 
mL dissolution solution. Shake tube for 30 min, centrifuge at 
3000 rpm for 10 min, and filter through a 0.45 /im filter 
(LD/X Syringeless Filter AQOR 0.45 ^m Nylon 6 6 ). T ablet 
assay  te st so lu tion .— Follow procedure above but use 30 mL 
test tube and 20 mL dissolution solution.

System Suitability
A 20 p h  aliquot of the resolution solution was injected. 

The system was deemed satisfactory if the resolution between

"CH3 /C H 3

f O J  l l C_yJ n
x c h 3

i H

-CH3 , s 'C H z

Q J  / N
c h 3

v /

m N
Figure 1. The chemical structures of selegiline and related 
compounds. (I) 1-phenyl-2-aminopropane (amphetamine).
(II) 1-phenyl-2-(W-methyl)aminopropane (methamphet- 
amine). (Ill) 1-phenyl-2-(A#-2'-propyne)aminopropane (des- 
methyl selegiline). (IV) 1-phenyl-2-(A#-methyl, W-2'-prop- 

yne)amlnopropane (selegiline).
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I

Figure 2. LC chromatogram of selegiline HCI raw material to 
which has been added 0.2% of related compounds I, II, and

III.

the peaks was greater than 3, the efficiency of the column 
(drug peak) was more than 40 000 plates/m, the tailing 
factor was less than 2 , and 6 replicate injections of the related 
compounds and assay standard solutions produced coeffi
cients of variation (CVs) of less than 3% and 1%, respective
ly, all calculated on the selegiline peak using USP procedures
(3). Retention times of selegiline and III were about 3.9 and
3.2 min, respectively (Figure 2).

Procedures
R ela te d  com pounds.—Inject 20 jaL of related compounds 

standard and test solutions into chromatograph and run for 
30 min. Calculate percentage of each impurity from \QQ{A\/ 
^ S)(CS/C U) where A, = peak area response due to each impu
rity, A s =  peak area response of the selegiline hydrochloride 
standard, Cs = concn of selegiline hydrochloride in the stan
dard solution and Cu = concn of selegiline hydrochloride in 
the test solution.

D rug a ssa y .—Inject 20 p L  of assay standard and test 
solutions into chromatograph and run for 6  min. Calculate 
percentage of selegiline hydrochloride from 100(/4u/y4s)(Cs/  
Cu) where A u and A s =  the areas of the selegiline hydrochlo
ride assay test and assay standard solutions, respectively, and 
Cs and Cu = the corresponding concentrations.

Table 1. LC and UV characteristics of selegiline HCI and 
related compounds

Com
pound RRT8 Slope6

Inter
cept8

Relative
LC

response

Relative6 
UV absorp

tivity

1 0.675 162 779 1.37 1.20
II 0.75 157 2058 1.33 1.25
III 0.825 148 435 1.25 1.10
IV 1 118 853 1.0 1.0

8 Retention time relative to selegiline HCI at 3.9 min. 
b Area counts/nanogram on column.
c Area counts. Amounts on column ranged from 50 to 1000 ng; corr. 

coeff. were 0.999.
d Absorptivity at the UV maximum of 257 nm.

Identification of Drug-Related Impurities 

Sample Solution
Shake 5 powdered tablets for 10 min with 10 mL of 0.1 M 

HCI; adjust pH to ca 9.5 with 0.1M NaOH and extract 
mixture with three 4 mL portions of dichloromethane. Com
bine extracts, filter, and evaporate to ca 1 mL on a rotary 
evaporator. Transfer residue to a suitable tube and reduce to 
100 p L  under a stream of dry nitrogen. The approximate 
concentration is 250 mg/mL.

Procedure
Program gas chromatograph as follows: 40° C for 2 min, 

15°C/min to 200°C and hold for 10 min. Set injection port at 
200° C and transfer line and light pipe at 260° C. Adjust 
helium carrier gas flow to 3 mL/min. Inject 2 p L  aliquots of 
sample as prepared above and record results.

Results and Discussion
A chromatogram showing the resolution of I, II, and III 

from selegiline hydrochloride is presented in Figure 2; UV 
and LC characteristics are listed in Table 1. The system was 
linear for amounts on column, determined by varying the 
solution concentration, corresponding to 0.05 to 1.0% of each 
related compound in the drug raw material. The correlation 
coefficient of the selegiline response from 6520 to 14 320 ng 
on column, corresponding to 65 to 143% of assay concentra
tion, was 0.996. Slopes (Table 1) produce the response of the 
system to the related compounds, for comparison to selegi
line.

Extraction from Formulations
Forty tablets were powdered and aliquots equivalent to 10 

mg of drug were transferred into 30 mL test tubes fitted with 
Teflon-lined screw caps; then, 20 mL of 15% acetonitrile in 
water was added. Tubes were shaken for periods of 10,20,30, 
and 45 min and contents assayed. Recoveries were 99.7,
100.2, 101.0, and 100.8% after 10, 20, 30, and 45 min, 
respectively. The method requires shaking for 30 min to 
assure complete extraction.

Precision
The precision of the system was determined by making 6  

replicate injections of a solution containing 0.545 mg/mL 
selegiline hydrochloride in 15% acetonitrile in water. The 
relative standard deviation (RSD) of the peak area responses 
was 0.18%. Six replicate injections of compounds I, II, III,
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Table 2. Related compounds In selegiline HCI raw 
material and tablet samples (% )a

RRTb A B C

0.62 0.12
0.68 0.02
0.73 0.21
0.78 0.14 0.04
1.55 0.05
2.08 0.30
Total 0.12 0.19 0.57

a Samples A and B = raw materials; C = 5 mg tablets. 
b Relative to selegiline HCI at 3.8 min.

and IV at concentrations of 10.32, 10.24, 10.20, and 10.16 
pg/mL produced RSDs of 1.97, 3.47, 1.29, and 2.41%, re
spectively. Six portions of a tablet composite produced a 
mean selegiline content of 101.0% (RSD 1.9%). In another 
case, 6  portions analyzed on the same day produced an RSD 
of 1.4%; when analyzed on 5 successive days, the RSD was 
2 .0 %.

Ruggedness
Most method development was done on a Spherisorb CSC- 

S cyano bonded column 150 X 4.6 mm (Chromatographic 
Sciences Company No. 048943). Column Nos. 048942 and 
039053 from the same source were also successfully used. 
Increasing the pH from 3.1 to 3.5 had little effect on the 
retention time of selegiline and related compounds. Increas
ing acetonitrile content from 15 to 2 0 % decreased all reten
tion times, bringing amphetamine closer to the solvent peak. 
Decreasing acetonitrile content from 15 to 10% increased the 
retention time of all compounds without affecting their reso
lution. A 10 cm cyano column from the same company (No. 
078714) produced good resolution of all compounds, with 
shorter retention times. Lowering the flow rate on this col
umn increases separation and retention times. None of these 
changes affected the tailing of the drug and related com
pounds. A solution of selegiline hydrochloride in 15% aceto
nitrile in water was injected at regular intervals over a period 
of 5 days. No increase in the level of impurities was detected.

Impurity Levels
Two samples of selegiline HCI raw material and one of 5 

mg tablets were analyzed for related compounds. Results are

Table 3. Assay results for drug raw materials and 5 mg 
tablets (% )a

Sample 1st Weighing 2nd Weighing 3rd Weighing Mean

A 99.4 100.6 99.7 99.9
B 99.9 98.3 98.9 99.0
C 101.4 99.7 101.2 100.8

a Samples A and B =  raw materials; C = 5 mg tablets.

shown in Table 2. The method was checked by an indepen
dent analyst using different equipment.

Assay
Raw material and tablet samples were assayed in tripli

cate. Results and assay means are shown in Table 3.

Identification of Related Compounds by GC/FTIR
Related compounds I, II, and III were present in a tablet 

product. Identification was confirmed by comparison of GC 
retention times and infrared spectra obtained by GC/FTIR 
to similar data obtained from authentic samples, with addi
tional confirmation by gas chromatography/mass spectros
copy (GC/MS). For example, a peak at 8.87 min was identi
fied as II by infrared [700 (s), 635 (m), 1131 (m), 1164 (m), 
1454 (m), 1490 (m), 2801 (m), 2859 (m), 2934 (s), 2974 (s), 
3034 (s), 3073 (m)] and mass spectroscopy [m/z = 148 (1%), 
134 (2), 115 (1), 91 (5), 65 (4), 63 (2), 58 (100), 56 (5), 51
(3), 42 (4), and 39 (3)].

Conclusion
The present methods are useful for evaluation of the purity 

and drug content of selegiline drug raw materials and tablet 
products.
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Methods for Assay, Related Substances, and Organic Volatile Impurities in Triazolam Raw 
Materials and Formulations
NORM AND BEAULIEU , 1 TERRY D. CYR, SUSAN J. GRAHAM, ROBERT C. LAWRENCE,
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Liquid chromatographic methods have been developed for 
determination of triazolam and related compounds in drug 
raw materials and tablets. The methods resolve 9 available 
related compounds from the drug with quantitation limits of 
0.1 % or less. Eight raw materials and 16 formulations were 
examined for related compounds. Total impurities In raw 
materials ranged up to 0.6% and up to 1% in formulations, 
not including a compound In some tablets that Is believed to 
be excipient related. Assay values were between 99.9 and 
101.3% for raw materials and between 89.4 and 105.5% for 
tablets. A gas chromatographic method was developed for 
organic volatile impurities in drug raw materials. The major 
solvents found were methyl ethyl ketone (100-750 ppm), 
ethyl acetate (510 ppm), and n-propanol (80-300 ppm), with 
a trace of benzene (<30 ppm) in several samples.

Drug raw materials are increasingly produced in different 
facilities around the world. To evaluate the quality of such 
drugs, analysts need methods for purity and assay that re
spond to the presence of impurities originating during syn
thesis or degradation, whether drug- or process-related.

Triazolam is a potent sedative and hypnotic available in 
Canada and the United States at tablet strengths up to 0.5 
mg. Many liquid chromatographic (LC) (1-4) and gas chro
matographic (GC) (5) methods have been reported for deter
mination of triazolam in body fluids; however, methods for 
determination of related compounds and organic volatile im
purities in drug raw material and formulations do not appear 
to have been published.

Figure 1 shows structures of triazolam and a number of 
related compounds. The United States Pharmacopeia (USP) 
(6 ) contains monographs for triazolam raw material and 
tablets. The USP provides a GC method for purity with the 
requirement that total impurities not exceed 1.5%. Using this 
method, compounds V and VI were found to elute at the 
solvent front and compound III gave poor peak shape. The 
LC assay method was evaluated for possible use in related 
compound determination. Compounds V and VI were not 
resolved from the solvent front; however, all related com
pounds available to us were resolved from the drug. Thus, the 
method appears to be satisfactory for its intended purpose of 
drug assay. The present paper describes an LC method for 
determination of triazolam and related compounds and a GC 
method for organic volatile impurities.

METHODS

Reagents and Apparatus
(a) Chemicals.—Acetonitrile and chloroform (J.T. Baker 

Co., Phillipsburg, NJ), tetrahydrofuran (Aldrich, Milwau
kee, WI), ammonium phosphate monobasic, phosphoric acid 
(85%), and triethylamine (Fisher Scientific, Fairlawn, NJ) 
were all LC grade. Dichloromethane (J.T. Baker Co.) was

Received April 19, 1990. Accepted December 8, 1990.
'Address correspondence to this author.

“capillary analyzed.” Benzyl alcohol (Aldrich) was “gold 
label;” trichloroethylene and 1,4-dioxane (Fisher) were cer
tified and ACS reagent grades, respectively; benzene (Cale
don, Georgetown, ON, Canada) was ACS reagent grade; 
and ethylene oxide was from Matheson. Triazolam was USP 
reference standard (USP, Rockville, MD). Water was deion
ized on a Sybron/Barnstead system. Triazolam-related com
pounds were obtained as follows. Compounds II, III, and IV 
(Fabrica Italiana Sintetici, Milan, Italy); V, VI, and VII 
(Profarmaco, Milan, Italy); IX (Aldrich, Milwaukee WI). 
Nuclear magnetic resonance (NMR) and infrared spectra 
were consistent with respective structures of these com
pounds. Compound VIII was prepared by refluxing triazo
lam with sodium borohydride in tetrahydrofuran with recov
ery by evaporation, dissolution in sodium bicarbonate solu
tion, and extraction with methylene chloride. Mass and 
infrared spectra were consistent with the structure of VIII.

(b) Liquid chromatograph.—Varian Model 5060 fitted 
with a 10-^L loop injector (Spectra-Physics Model SP8780 
XR), a detector set at 220 nm (Varian Model UV-100), and a 
data station (Varian Model Vista 402). 3-^m Spherisorb 
octadecylsilane bonded phase columns (ODS-2, 100 X 4.6 
mm, Chromatography Sciences Co., Serial Nos 088915 and 
078921 and 150 X 4.6 mm, Serial No. 118859) were used at 
ambient temperature with a mobile phase flow rate of 1 mL/ 
min.

(c) Gas chromatographs.—For related compounds: Hew
lett Packard Model 5890 was equipped with a flame ioniza
tion detector (FID), a 7673A autosampler, a Model 3393A 
integrator with an HP 9114B disk drive and a capillary 
column (HP Ultra2: 5% phenyl methylsilicone, 0.33 ftm, 12.5 
m X 0.2 mm). For organic volatile impurities: Hewlett Pack
ard Model 5890 was equipped with an FID detector and a 1 
m deactivated retention gap coupled to a fused silica column 
(DB-5, J&W Scientific: 5% phenyl dimethyl polysiloxane,
1.5 ftm, 30 m X 0.53 mm). For identification of organic 
volatile impurities: a Fourier transform infrared detector 
(Digilab FTS-40) with a Sadtler library of vapor phase spec
tra was coupled to a Hewlett Packard 5890 gas chromato
graph equipped with a capillary column (HP-1: dimethylpo- 
lysiloxane, 2.65 gm, 0.53 mm X 7 m).

(d) Mass spectrometer.—A Finnigan MAT Model 4610B 
used in the electron impact mode, was fitted with a J&W 
Scientific, 15 m DB-5 column, film thickness, 0.25 gm. The 
ionizing energy was 70 eV and the scan rate was 34-550 
daltons/s.

(e) Other equipment.—Centrifuge (International Equip
ment Co., Model K); UV/Vis spectrophotometer (Varian 
DMS 90) connected to an HP 85 computer with plotter and 
disk drive; horizontal action shaker (Burrel Model 75).

LC Methods

Mobile Phase
Buffer.—Prepare a solution of 0.05M ammonium phos 

phate monobasic and adjust pH to 3 with 0.05M phosph



BEAULIEU ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 3, 1991) 4 5 7

Figure 1. Structures of triazolam and related compounds. (I) 8-chloro-6-(2'-chlorophenyl)-1-methyl-4H-tr!azolo-[4,3-a] [1,4]- 
benzodiazeplne (triazolam). (II) 2',5-dichloro-2-[3-(chloromethyl)-5-methyl-4H-1,2,4-triazol-4-yl]-benzophenone. (Ill) 2',5- 
dlchloro-2-(3-methyl-4H-1,2,4-trlazol-4-yl)-benzophenone (methyl-triazolyl-dichlorobenzophenone). (IV) 2',5-dlchloro-2-[3- 
( hydroxy methyl )-5-methyl )-4H-1,2,4-trlazol-4-y l]-benzophenone. (V) 5-( 2'-chloropheny I )-7-chloro-1, 3-dihydro-1,4-benzo- 
dlazepin-2H-2-thlone. (VI) 5-(2'-chlorophenyl)-7-chloro-1,3-dihydro-1,4-benzodlazepln-2H-2-one. (VII) 5-(2'-chlorophenyl)- 
7-chloro-1,3-dlhydro-1,4-benzodiazepln-2H-2-acetyl hydrazine. (VIII) 8-chloro-6-(2^-chlorophenyl)-1-methyl-4H-s-2,3- 
dlhydrotrlazolo-[4,3-a][1,4]-benzodlazeplne (dlhydrotrlazolam). (IX) 2-amlno-2',5-dichlorobenzophenone. (X) 8-chloro-6- 

(2'chlorophenyl)-4H-triazolo [4,3-a][1,4] benzodiazepine (desmethyl triazolam).

acid. Transfer 400 mL acetonitrile to a 1 L volumetric flask, 
add 1 mL triethylamine, and dilute to volume with buffer. 
Filter through a 0.45 /tm nylon 6 6  filter.

Preparation of Solutions
Use acetonitrile for all solutions. Resolution solution.—  

0.01 mg/mL triazolam and 0.01 mg/mL VI. R ela ted  com 
pounds standard so lu tio n —  0.001 mg/mL triazolam. Assay  
standard so lu tio n —  0.05 mg/mL triazolam. R ela ted  com 
pounds test so lu tion .— 0.5 mg/mL triazolam. A ssay test 
so lu tion .—0.05 mg/mL triazolam. Tablet-re la ted-com 
pounds test solution.—Powder not less than 20 tablets and 
mix. Transfer equivalent of 1 mg triazolam, accurately 
weighed, to a 5 mL centrifuge tube, add 2 mL acetonitrile 
and shake for 30 min to obtain a final concentration of 0.5 
mg/mL. Filter solution through a 0.45 pm disposable filter. 
Tablet assay test so lu tion .— Dilute tablet-related-com
pounds test solution with acetonitrile to obtain a final con
centration of 0.05 mg/mL.

System Suitability
Inject a 10 p L  aliquot of resolution solution. Resolution is 

more than 2 , efficiency of the column (based on the triazolam

peak) is greater than 40 000 plates/meter, and the tailing 
factor is 1.5 or less—all calculated using USP procedures
(6 ). Six injections of related-compounds standard solution 
produce a coefficient of variation (CV) of less than 5%. 
Retention time of triazolam is between 5 and 6  min; relative 
retention time (RRT) of VI is ca 1.3. If necessary, adjust 
concentration of acetonitrile in the mobile phase to meet 
these requirements. Five injections of the assay standard 
solution produce a CV of less than 1%.

Procedures
R ela ted  com pounds.—Inject separately 10 p L  of related 

compounds standard and test solutions into chromatograph 
and run for 30 min. Calculate percentage of each impurity 
peak from \00(Ai/As)(Cs/Cu), where A, = peak area re
sponse of each impurity, As = peak area response of triazo
lam in the standard solution, Cs = concentration of triazolam 
in the standard solution, and Cu = concentration of triazolam 
in the test solution.

Drug assay.—Inject separately 10 p L  of the assay stan
dard and test solutions into chromatograph and run for 1 0  

min. Calculate percentage of triazolam from 100(AU/  
AS)(CS/C U), where A u and As = areas of the triazolam peaks 
and Cs and Cu = concentrations of triazolam in the standard 
and test solutions, respectively.
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GC Methods

Organic Volatile Impurities
Test solution.—Accurately weigh 17 mg triazolam into a

1.7 mL vial, crimp close, and add 1.7 mL benzyl alcohol.

Procedure
Set helium carrier gas flow rate to 6  mL/min, nitrogen 

makeup gas to 28 mL/min, air flow to 390 mL/min, and 
hydrogen flow to 34 mL/min. Inject 1 nL each of blank 
(benzyl alcohol) and test solution in splitless mode with purge 
at about 70 mL/min, activated at 0.8 min. Temperature 
program column oven as follows: 35°C for 4 min; 5°C/min to 
50°;20°C/min to 150°Cand holdfor 15min. Ifpeaks due to 
organic volatile compounds are present, make tentative iden
tification by comparison to a table of retention times of 
common organic volatile impurities. If necessary, confirm 
identification by the procedure for identification of volatile 
impurities given below. If the impurity is present at a level 
that exceeds 1 0 0  jtg/tablet, quantitate by peak area compari
son to an external standard of the compound.

Identification of Volatile Impurities
Transfer 0.5 g triazolam and 50 pL water to a 4 mL vial 

and heat to 100°C for 15 min. Inject ca 3 mL headspace gas 
from vial into gas chromatograph coupled to Fourier trans
form infrared (FTIR) detector. Identify unknown impurity 
by comparison of its spectra to those in the FTIR library.

Related Compounds
Test solution.—Prepare a solution of drug raw material 2 

mg/mL in a 9:1 (v/v) solution of chloroform-methanol.
Procedure.—Set injector temperature to 280° C and de

tector temperature to 290°C. Program oven temperature as 
follows: 250°C for 10 min, then 5°C/min to 280°C and hold 
for 20 min. Use helium carrier gas at a linear flow velocity of 
20 cm/s. Inject 4 pL aliquots of test solution with a split 
injection ratio of ca 50:1.

Results and Discussion 

Liquid Chromatography
A chromatogram showing resolution of triazolam from 8  

related compounds is presented in Figure 2. The precision of 
the system was determined by making 5 replicate injections 
of solutions containing 0.0367, 0.0403, and 0.0528 mg/mL 
triazolam. CVs were 0.5, 0.51, and 0.4%, respectively.

Sensitivity and linearity.—UV maxima in the range from 
200 to 350 nm, absorbance at 220 nm, and LC characteristics 
are presented in Table 1 for triazolam and the available 
related compounds. The chromatographic response for all 
compounds was linear from 1 to 100 ng on column, R2 0.9983 
or greater. In addition, triazolam response was linear from 
250 to 800 ng on column, R2 greater than 0.999. The latter 
range corresponds to 50 to 160% of assay concentration.

Related compounds.—Nine samples of drug raw material 
from 4 sources and 16 tablet samples from 5 sources were

I I

Figure 2. Chromatograms of triazolam In the presence of available related compounds, concentrations In percent relative to 
4.97 pg triazolam on column: II (0.22), III (0.20), IV (0.22), V (0.20), VI (0.24), VII (0.16), VIII (0.16). Chromatogram (a) was 
obtained with column No. 078921 after 3 months use; (b) was obtained with a new column, No. 088915 (V Is at 27 min). The

scale Is In minutes.
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Table 1. UV and LC characteristics of triazolam and 
related compounds

LC characteristics
Com- Maximum, Absorptivity, ---------------------------
pound nm 220 nm RRTa Response6 Limit, %

1 220 0.122 1.00 1.00 0.02
II 215, 252 0.093 1.22 0.69 0.04
III 215, 252 0.085 0.66 0.61 0.01
IV 215, 253 0.086 2.4 0.62 0.04
V 215, 305 0.075 3.6 0.59 0.09
VI 221 0.137 1.3 0.96 0.04
VII 215 0.067 0.61 0.5 0.09
VIII 203, 235 0.058 1.6 0.36 0.09
IX 4.1 0.55 0.11

a Retention time relative to triazolam at 5.1 min.
6 Slope of LC weight response curve, relative to triazolam. 
c Quantitation limit is that level of impurity that can be analyzed with a 

CV of less than 10%.

Table 3. Impurities In triazolam tablet samples by LC (% )

RRTa

Sample 0.32 0.54 0.64 0.85 1.5 1.7 2.1 3.6 4.66 Total

TF1 0.04 0.15 0.25 0.03 0.47
TF2 0.04 0.15 0.22 0.02 0.43
TF3 0.04 0.17 0.18 0.39
TG1 0.71 0.11 0.15 0.97
TG2 0.68 0.07 0.75
TG3 0.68 0.07 0.75
TG4 0.70 0.03 0.09 0.82
TG5 0.71 0.02 0.05 0.78
TG6 0.72 0.04 0.76
TH1 0.05 0.02 0.01 0.03 0.02 0.09 0.03 0.25
TH2 0.01 0.03 0.06 0.02 0.12
TD1 0.98 0.98
TD2 0.67 0.67
TD3 0.33 0.33
TJ1 1.71 1.71
TJ2 0.77 0.77

available for analysis. To code samples, each manufacturer 
was assigned a code letter and samples from the same manu
facturer were distinguished by a number. (Tablet sample 
codes begin with the letter T). Related compound levels 
found in raw materials and tablets are shown in Tables 2 and 
3, respectively. Impurities found in tablet samples corre
sponded approximately with those in raw materials. The UV 
spectrum of an impurity found in some tablets at an RRT of 
4.6 (Table 3) is dissimilar to that of the drug. This impurity is 
thought to be excipient related. None of the related com
pounds available for method development corresponded to 
the major impurities found in the samples analyzed.

Drug content.—Drug raw material and tablet samples 
were assayed in triplicate; sample D1 was used as a standard. 
For raw materials, results were as follows [sample, mean, % 
(CV, %)]: A l, 101.1 (0.6); A2, 99.9 (0.7); A3, 100.8 (0.3); 
Bl, 100.5 (0.5); B2, 100.6 (1.2); C, 100.1 (0.8); D2, 101.3 
(0.4). For tablets, results were: TF1, 98.9 (0.1); TF2, 96.3 
(1.3); TF3, 105.5 (2.2); TGI, 96.4 (0.2); TG2, 91.5 (0.4); 
TG3, 95.8; TG4, 96.0 (1.4); TG5, 98.0 (1.4); TG6, 99.1 
(0.2); TH1, 89.4 (2.0); TH2, 92.7 (0.8); TD1, 94.9 (0.9); 
TD2, 94.0 (1.1); TD3, 99.5 (0.7); TJ1, 95.1 (1.4); TJ2, 97.5 
(1.0). CVs were <1.2% for raw materials and 2.2% for tab
lets.

Solution stability.—A solution of triazolam in acetonitrile 
was stable for at least 24 h under laboratory conditions (non-

►

Table 2. Impurities In triazolam raw material samples by 
LC (% )

Sample 0.83

RRTa

1.51 1.78
Total

impurities

A1
A2
A3
B1
B2
C
D1
D2
E

0.04
0.03
0.03
0.02
0.02
0.57

0.09
0.09

0.01

0.29
0.29

0.04
0.03
0.03
0.40
0.40
0.57
ND6
ND
0.01

Retention time relative to triazolam at 5.1 minutes. 
Not detected.

a Retention time relative to triazolam at 5.1 minutes. 
6 May be excipient related.

UV fluorescent light) and only 0.6% of compound VII was 
transformed to triazolam after 12 h. The choice of extraction 
solvent was crucial to the success of the method. Compound 
VII is readily transformed to triazolam in methanol and to IV 
in dilute acid (0.1N HC1).

Tablet extraction.—Portions of TD3, suitably powdered, 
were shaken in acetonitrile for 20, 30, 45, and 60 min and 
assayed. Assays were 100.8, 102.8, 101.6, and 102.4%, re
spectively. Similarly, portions of TH2 shaken for 10,20, and 
30 min produced assays of 92.7, 97.7, and 97.1% of label 
claim. The method calls for a 30 min extraction time.

Precision o f  the method.—Raw material A2 was assayed 6 
times on the same day to produce a mean of 99.9% with an 
intraday CV of 0.7%. The same raw material was assayed in 
triplicate daily for 5 consecutive days to produce a mean of 
100.1% with an interday CV of 0.7%. Formulation TD3 was 
assayed 6 times on the same day to produce a mean of 99.5% 
with an intraday CV of 0.7%. The same formulation was 
assayed in triplicate for 5 consecutive days to produce a mean 
of 99.2% with an interday CV of 1.5%.

Ruggedness.—Two columns were used during method de
velopment (150 X 4.6 mm, Serial No. 118859, and 100 X 4.6 
mm, Serial No. 078921). Both resolved all related com
pounds from the drug. The 100 mm column, which gave 
shorter retention times, was adopted for analytical work. An 
increase in pH from 3 to 4 produced peak broadening for III. 
Increasing triethylamine from 0.1 to 0.4% lead to peak 
broadening and peak splitting, with loss of resolution of some 
impurities from each other and triazolam. Without triethyla
mine, several peaks were broad and difficult to quantitate. 
An increase of 5% in acetonitrile brings compounds II and VI 
to the shoulder of the drug peak. After a few weeks of use, 
retention times were slightly shorter and a small adjustment 
in acetonitrile content of the mobile phase was needed to 
meet system suitability requirements. A third column (100 X 
4.6 mm, Serial No. 088914) was evaluated; it produced 
slightly longer retention times. All compounds eluted in less 
than 30 min on all 3 columns. Compounds III and VII may 
co-elute; however, this is not critical because they originate in 
different synthetic processes and are unlikely to be present 
simultaneously.
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Table 4. Organic volatile Impurities In triazolam raw Table 6. Related compounds In triazolam raw materials
materials by GC (% )

Sample
Retention 
time, min

Area
(counts)

Amount,
ppm Identity8

A1 2.99 3126 100 MEK
A2 2.98 21834 750 MEK

4.59 1814 30 Benzene
A3 2.99 14931 460 MEK

4.60 378 6 Benzene
B1 2.42 7832 300 n-PrOH

2.71 911 Unknown
B2 2.42 2088 80 n-PrOH

4.60 689 10 Benzene
C 3.36 10156 510 EtOAc

4.68 444 10 Benzene
D1 1.58 1927 100 EtOH

8 EtOAc = ethyl acetate; n-PrOH = rhpropanol; MEK = methyl ethyl 
ketone.

Table 5. GC retention times and relative sensitivities of 
triazolam and related compounds

Retention Relative
Code time, min RRT8 sensitivity

I 20.81 1.00 1.00
II 17.02 0.82 0.40
III 13.66 0.66 0.68
IV 17.81 0.86 0.14
V 15.09 0.73 0.32
VI 10.71 0.51 0.56
VII 20.48 0.98 0.48

8 Retention time relative to triazolam at 20.8 min. Impurity levels 
calculated by area comparison to an external triazolam standard.

Gas Chromatography

Organic volatile impurities.—Levels found in representa
tive drug raw materials are shown in Table 4. Of the com
pounds identified, only benzene is on the USP list of organic 
volatile impurities, with a proposed limit of 100 ppm (7). 
Where found, levels of benzene were 30 ppm or less.

Related compounds.—Retention times and relative sensi
tivities of triazolam related compounds are shown in Table 5 
and related compound levels found in selected raw material 
samples are shown in Table 6. Changing column temperature

RRT8 A1 A3 B1 B2 C D1 E

0.36 0.19 0.05
0.80 0.41 0.35 0.31 0.25 0.43 0.27 0.30
0.91 0.56
1.02 0.34 0.31
1.38 0.10
Total 0.60 0.35 0.70 0.66 0.99 0.27 0.30

Retention time relative to triazolam at 20.8 min. Impurity levels 
calculated by area comparison to an external triazolam standard.

or solvent for dissolving raw materials did not alter relative 
peak areas. A peak at RRT 0.80 was observed in all raw 
material samples, but was not observed by the GC/M S pro
cedure, nor was a common peak observed by LC. This peak is 
believed to be an artifact of the GC method. The compound 
at RRT 0.91 in product C exhibited a mass spectrum consis
tent with desmethyl triazolam X. Typical ions were (m/z): 
328, 326 (3:1), 293 (M+ -C l), 265, 239, 207, and 137.

Conclusions

LC methods for determination of related compounds and 
drug content and GC methods for determination of related 
compounds and organic volatile impurities have been de
scribed. The LC method for drug and related compounds is 
preferred to avoid possible problems with an artifact in the 
GC method and thermal decomposition of VII to triazolam.
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Liquid Chromatographic Determination of Clidinium Bromide and Clidinium Bromide- 
Chlordiazepoxide Hydrochloride Combinations in Capsules
STELLA  M. Y U EN  and G A RY LEHR
Food and Drug Administration, New York Regional Laboratory, 850 Third Ave, Brooklyn, N Y  11232

A specific liquid chromatographic method was developed for 
determination of clidinium bromide and clidinium bromide- 
chlordiazepoxide hydrochloride combinations in capsules. 
The procedure uses a Partfsil 10 ODS-3 column and a mobile 
phase consisting of acetonitrile-0.3M ammonium phosphate 
(32 +  68) (pH =  4.3). The detection wavelength is 235 nm. 
Accuracy, reproducibility, and linearity were within accept
ed criteria. Four comm ercial samples of the single ingredient 
were tested; results compared favorably w ith the compen
dial method. Two commercial samples of the combination 
product were tested by the proposed method and results 
reported. The system was found to be free from any Interfer
ences from the 4 known related compounds of the 2 major 
components and is useful as a screening procedure for 7- 
ch lo ro -1,3-dihydro-5-phenyl-2H-1,4-benzodlazepln-2-one- 
4-oxide, the principal degradation product of chlordiazepox- 
ide hydrochloride.

Clidinium bromide [3-hydroxy-1-methyl-quinuclidinium 
bromide benzilate] (CB) is a quaternary ammonium anti- 
muscarinic drug (1) commercially available in the United 
States in capsule form. (See Figure 1.) It is often combined 
with the anti-anxiety drug, chlordiazepoxide hydrochloride 
(CP), and used for the treatment of disorders of the bowel 
and for peptic ulcers.

A number of techniques have been used to determine cli
dinium bromide in pharmaceutical dosage forms. Abdel- 
kader et al. (2), in a study of quaternary compounds, ana
lyzed clidinium bromide in the presence of chlordiazepoxide 
hydrochloride by forming a trihalide complex and measuring 
it spectrophotometrically. Sidhu et al. (3) included clidinium 
bromide in a study of a general liquid chromatographic (LC) 
system for determining many pharmaceuticals. More specifi
cally, Honigberg et al. (4), in a study of the LC characteris
tics of a group of anti-anxiety, antispasmodic mixtures, used 
2 types of columns and buffered mobile phases of varying pH 
to separate clidinium bromide and chlordiazepoxide hydro
chloride. Several of these systems, however, suffered from 
significant tailing and multiple peaks. Recently, Jalal et al. 
(5) developed a specific LC method for determining clidin
ium bromide and chlordiazepoxide hydrochloride in tablet 
formulations; however, the method uses separate sample 
preparations for each component.

The U.S. Pharmacopeia (USP, 22nd Rev.) introduced a 
new LC method for determination of CB and CP in capsules 
that has been revised in the third supplement (6). That meth
od uses a reverse-phase cartridge column (8 X 100 mm) and a 
specialized module not readily available in most laboratories. 
Limit tests are included for the related compounds of CP, 7- 
chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one- 
4-oxide (CBO) (3%) and 2-amino-5-chlorobenzophenone 
(ACB) (0.1%), and the related compounds of CB, 3-hydroxy
l-methyl quinuclidinium bromide (1%) and the toxic impuri
ty 3-quinuclidinyl benzilate (0.03%), also known as BZ, a

Received June 8, 1990. A ccepted D ecem ber 8, 1990.

neurotoxin and chemical warfare agent (7). The compendial 
assay method for clidinium bromide capsules is a nonspecific 
procedure involving reaction with thymol blue, extraction 
with chloroform, and spectrophotometric determination (6).

The present paper describes a specific procedure for analy
sis of clidinium bromide and combinations of clidinium bro
mide with chlordiazepoxide hydrochloride in capsules. The 
method was tested for accuracy, reproducibility, and linear
ity and was well within accepted criteria. The method was 
applied to 4 commercial samples of the single ingredient 
formulation and 2 commercial samples of the combination 
product and found to be free from any interferences. The 
system is also free from any interference by the 4 known 
related compounds that may be present as impurities.

Experimental

Apparatus

(a) Liquid chromatograph.—DuPont Model 8800 pump 
with DuPont variable wavelength UV detector (DuPont Co., 
Wilmington, DE 19898). Rheodyne model 7125 injection 
valve, fitted with 10 pL injection loop (Rheodyne, Inc., 
Berkeley, CA 94710). Operating conditions: flow rate, 1 
mL/min; detector wavelength, 235 nm; detector sensitivity, 
0.01 absorbance units full scale (AUFS).

(b ) Recorder.—Spectra Physics 4290 integrator (Spectra 
Physics, Inc., San Jose, CA 95134). Operating conditions: 
chart speed, 1 cm/min; attenuation for clidinium bromide, 8, 
and for chlordiazepoxide hydrochloride, 256.

(c) Chromatographic column.—Partisil 10 ODS-3, 4.6 
mm id X 25 cm, 10 ¿¿m particle size (Whatman, Inc., Clifton, 
NJ 07014).

Reagents

(a) Solvents.—LC grade acetonitrile (Mallinckrodt, Inc., 
Paris, KY 40361) and distilled water.

(b ) Mobile phase.—Prepare a solution of acetonitrile- 
0.3M ammonium phosphate monobasic (32 + 68) by adding 
the appropriate amount of acetonitrile to 0.3M ammonium 
phosphate. Adjust pH to 4.3 ±  0.1 with 10% phosphoric acid. 
Degas in vacuum with the aid of an ultrasonic bath.

(c) Standards.—Clidinium bromide, chlordiazepoxide hy
drochloride, 3-quinuclidinyl benzilate, 7-chloro-l,3-dihydro- 
5-phenyl-2H-l,4-benzodiazepin-2-one-4-oxide (CBO), 2- 
amino-5-chlorobenzophenone (ACB) and 3-hycroxy-l- 
m ethylquinuclidinium  bromide were USP reference 
standards (The U. S. Pharmacopeial Convention, Inc., Rock
ville, MD 20852).

(d) Clidinium bromide standard solution.—Accurately 
weigh 10 mg clidinium bromide standard and transfer to 50 
mT, volumetric flask. Dissolve and dilute to volume with 
water.

(e) Clidinium bromide-chlordiazepoxide hydrochloride 
mixed standard solution.—Accurately weigh 10 mg clidin
ium bromide standard and 20 mg chlordiazepoxide hydro
chloride standard and transfer to 50 mL volumetric flask. 
Dissolve and dilute to volume with water.
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C6H5

Br-

C6H5

Clidinium Bromide (CB) 3-Quinuclidinyl Benzilate (QB)

Chlordiazepoxide Hydrochloride (CP) 7-Chloro-l, 3-dihydro-5-phenyl-
2H-1,4-benzodiazepin-2-one-4-oxide 

(CBO)
Figure 1. Structures for clidinium bromide (CB), 3-quinuclidtnyl benzilate (QB), chlordiazepoxide hydrochloride (CP), and 7- 

chloro-1,3-dlhydro-5-phenyl-2H-1,4-benzodiazepln-2-one-4-ox!de (CBO).

Sample Preparation

Clidinium bromide capsules and clidinium bromide- 
chlordiazepoxide hydrochloride capsules.—Accurately 
weigh contents of not less than 20 capsules and determine the 
average weight/capsule. Mix contents of capsules and accu
rately weigh a portion of the powder equivalent to 5 mg 
clidinium bromide and transfer to 25 mL volumetric flask. 
Add 15 mL water, sonicate 10 min with gentle swirling, and 
dilute to volume with water. Centrifuge a portion of this 
solution and use for analysis.

System Suitability

Inject 10 pL of the appropriate standard solution into 
chromatograph and measure peak areas. In a typical chro
matogram, retention times will be ca 7 min for clidinium 
bromide and 10 min for chlordiazepoxide hydrochloride. The 
relative standard deviation for 5 consecutive injections of the 
standard preparation is not more than 2%. The resolution 
factor between CB and CP under these conditions is not less 
than 2.

Determination

Separately inject duplicate, 10 pL aliquots of the appropri
ate standard and sample preparation into chromatograph 
and measure individual peak areas. For the combination 
product, change the attenuation of the integrator when going 
from the peak of clidinium bromide to the peak of chlordiaz
epoxide hydrochloride. Calculate amount of clidinium bro
mide in the portion of capsules taken by the following formu
la:

CB, mg/capsule = (PA/PA') X C X D X (A/W)
where PA and PA’ = peak areas of clidinium bromide in the 
sample and standard preparations, respectively; C = concn of 
clidinium bromide in the standard preparation (mg/mL); D 
= sample dilution factor; A = average capsule weight (mg); 
W = weight of sample taken for analysis (mg). For combina
tion products, calculate amount of chlordiazepoxide hydro
chloride present in the portion of capsules taken by the same

3

Figure 2. LC separation of synthetic mixture of (1) 3-qulnucli- 
dlnyl benzilate, (2) clidinium bromide, (3 ) chlordiazepoxide 
hydrochloride and (4 ) CBO. Chromatographic conditions: 
column, Partlsil 10 ODS-3, 10 pm\ mobile phase, acetoni- 
trlle -0 .3M  ammonium phosphate monobasic (32 +  68), pH 
=  4.3; flow rate, 1 mL/m in; detection wavelength, 235 nm; 

chart speed, 1 cm /m in; temperature, ambient.

formula, substituting appropriate values for chlordiazepox
ide hydrochloride.

Results and Discussion

Figure 2 is a chromatogram showing separation of the 2 
principal components and 2 related compounds. The elution 
sequence is: 3-quinuclidinyl benzilate, 6.2 min; clidinium 
bromide, 7.1 min; chlordiazepoxide hydrochloride, 9.7 min; 
and CBO, 12.3 min. Under these conditions, ACB is separat
ed but will elute at >2 h and 3-hydroxy-1 -methylquinuclidin- 
ium bromide, because of a lack of UV absorption, will not be 
detected. Thus, neither will interfere with assay results of the 
2 major components.

The chromatogram of clidinium bromide and chlordiaz
epoxide hydrochloride in capsule formulation in Figure 3 
illustrates the usefulness of the procedure as a screening 
method for CBO, which might be present in the combination
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Figure 3. LC separation of (1) clldlnlum bromide, (2 ) chlordi- 
azepoxide hydrochloride and (3 ) CBO in capsule formula
tions. Chromatographic conditions: column, Partisil 10 ODS- 
3 ,10  ¿urn; mobile phase, acetonitrile-0.3M  ammonium phos
phate monobasic (32 +  68), pH =  4.3; flow rate, 1 mL/min; 
detection wavelength, 235 nm; chart speed, 1 cm /m in; tem

perature, ambient.

product. The level of CBO in this sample is approximately
2%.

A number of mobile phase conditions such as acetonitrile 
content, pH, and salt concentration were investigated to de
termine their effect on the separation of the 2 principal 
components and their related compounds. Of these, the most 
critical factor was found to be pH. As Figure 4 shows, k' for 
chlordiazepoxide hydrochloride was sharply reduced as pH 
of the mobile phase was lowered. A pH of 4.3 was chosen 
because it produced the best combination of separation and 
speed for analysis of the combination product. The mobile 
phase pH may have to be adjusted slightly higher or lower 
than 4.3, depending on the age and history of the column in 
use. Figure 2 is a good reference point for positioning chlordi
azepoxide hydrochloride in the chromatogram for optimum 
results.

The salt concentration of 0.3M was used to achieve a

Table 1. Recovery of clldlnlum bromide and 
chlordiazepoxide hydrochloride from commercial products 

by standard addition

Sample
Drug

added3
Amt

added, mg
Recovered,

mg Recovery, %

1 CB
CB capsules 

2.518 2.492 99.0
2 CB 2.536 2.524 99.5
3 CB 2.532 2.491 98.4
4 CB 2.518 2.526 100.3

1 CB
CB-CP capsules 
5.008 4.925 98.3

CP 9.969 10.183 102.1
2 CB 5.011 5.056 100.9

CP 9.999 10.128 101.3

a CB = clidinium bromide; CP = chlordiazepoxide hydrochloride.

resolution factor of at least 2 between CB and QB, so this 
system could be used to determine this toxic impurity at the 
USP limit of 0.03%. A salt concentration of 0.1 M will main
tain baseline separation of QB and CB, while slightly increas
ing k' values for all components in the system.

The accuracy of the method was tested by performing 
recovery studies on commercially available products spiked 
with clidinium bromide and chlordiazepoxide hydrochloride. 
Results in Table 1 were obtained by combining an equivalent 
amount of the appropriate standard with a portion of sample 
composite that had been previously assayed. Mean recovery 
values were: clidinium bromide (single), 99.3%; clidinium 
bromide (combination), 99.6%; and chlordiazepoxide hydro
chloride (combination), 101.7%.

To test linearity of the method, clidinium bromide and 
clidinium bromide-chlordiazepoxide hydrochloride standard 
preparations representing 50% to 150% of the theoretical 
sample preparation concentrations were injected. A plot of 
peak area vs concentration for each component produced a 
straight line with a correlation coefficient >0.999 in each 
case.

—I------ 1------- r3.0 3.5
- T”4.0 ” 7 ? 5.0
pH

Figure 4. Plot of W vs pH of mobile phase. •  =  3-quinuclidlnyl benzilate, □  =  clidinium bromide, ▲  =  chlordiazepoxide
hydrochloride, O =  CBO.
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Table 2. Assay ( % of declared) of clidinium bromide 
capsules determined by USP and LC methods

Sample Amt declared, mg USP, 22nd Rev. LC

1 2.5 101.2 101.8
2 2.5 104.4 102.8
3 5.0 99.0 100.3
4 5.0 101.2 100.2

Reproducibility of the detector response was confirmed by 
making 10 consecutive injections of each standard prepara
tion. Relative standard deviations were: clidinium bromide 
(single), 0.28%; clidinium bromide (combination), 0.34%; 
and chlordiazepoxide hydrochloride, 0.20%.

We compared assay results for clidinium bromide capsules 
using the current compendial method and the proposed LC 
method (Table 2). In each case, results agreed to within 2%. 
Assay results for 2 commercial samples of the combination 
products are summarized in Table 3. Assays by the proposed 
method were performed in duplicate with results agreeing to 
within 2% in each case.

Conclusion

The present method was developed to simultaneously de
termine clidinium bromide and chlordiazepoxide hydrochlo
ride in capsules. The method is simple and specific, requiring 
minimal sample and standard preparation, and has routinely 
been applied to assay and content uniformity analysis of both 
the single ingredient and combination product. The method

Table 3. Assay of clidinium bromide-chlordfazepoxlde 
hydrochloride capsules by LC method

Manufacturer Declared3
Amt

declared, mg
Percent of 
declared

A CB 2.5 102.0
CP 5.0 100.6

B CB 2.5 101.1
CP 5.0 97.6

a CB = clidinium bromide; CP = chlordiazepoxide hydrochloride.

is also useful as a screening procedure for CBO, which might 
be present in the combination product. Levels of this impuri
ty that would be significant (ca 3%) are easily detected in the 
course of normal sample preparation injections.
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DRUGS IN FEEDS

Turbidimetric Assay for Tetracyclines in Feeds Using a Microtiter Plate System
M A R IETTA  SUE BRADY and STA N LE Y  E. KATZ
Rutgers—the State University o f New Jersey, Cook College, New Jersey Agricultural Experiment Station, 
Department of Biochemistry and Microbiology, New Brunswick, NJ 08903-0231

The m icrotiter plate system for turbidimetric assay of Chlor
tetracycline (CTC) and Oxytetracycline (OTC) levels in feeds 
uses a 96 well m icrotiter plate, a multichannel pipette, and 
an ELISA reader to measure turbidity. Feeds are extracted 
for both tetracyclines using AOAC extraction systems. For 
CTC, the range of the standard curve is 0.001-0.005 jug CTC/ 
mL; for OTC, the range is 0.004-0.016 jug OTC/mL. Repeat
ability of CTC assays, as shown by the coefficient of variation 
(CV), ranged from 0.54 to 5.65 % for same-day assays and 
from 2.01 to 9.39%  for assays on different days. For OTC, 
CVs ranged from 2.69 to 10.01% for same-day assays and 
3.24 to 9.08%  for different-day assays. Average recoveries 
for CTC were 108.7% for same-day assays and 106.8% for 
different-day assays; for OTC, average recoveries were 
112.4% and 106.5 % for same-day and different-day assays, 
respectively.

Turbidimetric analysis of antibiotics in feeds offers many 
advantages to the analyst; speed and accuracy are among the 
most important. There is an AOAC official method (1) for 
turbidimetric assay of chlortetracycline (CTC) in feeds 
(42.236-42.241) and for turbidimetric assay of monensin in 
feeds (42.271-42.275). Kavanaugh (2) and Hewitt and Vin
cent (3) discuss turbidimetric procedures and their applica
bility to analysis of antibiotics in a wide variety of matrixes.

The turbidimetric method using the autoturb system re
quires a large investment in equipment that must be dedicat
ed to these analyses. Partially manual systems using seg
ments of the autoturb system (such as diluters) also require a 
heavy investment in equipment that will be used in a limited 
fashion. Completely manual systems are relatively labor in
tensive.

The present paper describes a method that uses general 
laboratory equipment: an ELISA reader, not dedicated sole
ly to a single type of analysis; microtiter plates, which elimi
nate the need for large water baths; and multichannel pi
pettes to minimize the labor of duplicates. The procedure 
removes the necessity to terminate organism growth and has 
the ability to measure turbidity at a suitable wavelength 
within 15 s and, through properly designed programs, to 
computerize calculations.

Experimental

Antib iotic Standard Solutions

(a) Chlortetracycline (CTC).— 100 jug/mL. Dissolve 
chlortetracycline hydrochloride standard in 10 mL 0.1N 
HC1 and dilute to 100 mL with potassium phosphate buffer, 
pH 4.5.

(b) Oxytetracycline (OTC).— 100 yg/mL. Dissolve oxy-
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tetracycline hydrochloride standard in 10 mL 0.1N HC1 and 
dilute to 100 mL with potassium phosphate buffer, pH 4.5.

Nutrient Media, Buffer, Extraction Solvents

(a) Maintenance medium.—Tryptic soy agar (TSA) 
(Difco) for maintenance of Staphylococcus aureus ATCC 
9144.

(b ) Inoculation broth.—Tryptic soy broth (TSB) (Difco) 
for growing 16-18 h broth culture of S. aureus and for 9 mL 
dilution tubes.

(c) Buffer.—Phosphate buffer, pH 4.5, contains 13.6 g 
monopotassium phosphate, dissolved and diluted to 1 L with 
deionized water [42.204(g)].

( d )  Extraction solvents.—For chlortetracycline, use acid- 
acetone-water [42.204(j)]; for oxytetracycline, use acid- 
methanol [42.204(k)].

(e) Assay microorganism.—Prepare broth culture of S. 
aureus ATCC 9144 by inoculating 25 mL sterile TSB from a 
slant and incubating 16-18 h at 37°C with shaking.

Feeds

Three types of feeds were used. Poultry feed was an Agway 
unmedicated chick starter containing 18% protein, 3% fat, 
and 4% fiber. Hog feed, Rutgers Ration 10, was blended at 
our own university facility and contained 1642 lbs yellow 
corn, 282 lbs of 48% soybean meal, and 76 lbs of vitamins and 
minerals. Dairy feed was manufactured by Agway and con
tained 23% protein, 4% fat, and 8% fiber. All feeds were 
unmedicated.

Preparation o f Standard Curves

Chlortetracycline.—Dilute acid-acetone-water extract of 
blank feeds 1:2500 by diluting 1 mL in 50 mL pH 4.5 buffer 
and diluting that solution again 1:50 in pH 4.5 buffer. Add 
twice-diluted extract to each CTC standard at a rate of 1 mL 
diluted extract/50 mL standard before bringing standards to 
volume with buffer. Standards are 0.001,0.002,0.003,0.004, 
and 0.005 yg CTC/mL buffer.

Oxytetracycline.—Dilute acid-methanol extract 2:50 in 
pH 4.5 buffer. Add diluted extract to each OTC standard at a 
ratio of 2 mL extract/50 mL standard before bringing to 
volume with pH 4.5 buffer. Standards are 0.004, 0.008, 
0.010, 0.012, and 0.016 Mg OTC/mL.

Extraction o f Feeds and Supplementation o f Extracts

Extract blank feed samples by shaking 10 g feed for 30 min 
with 100 mL extracting solvent and allowing feed to settle for 
1 h. Decant solvent and filter through a rapid filter paper 
such as H. Reeve Angel No. 802. Seal extract tightly to 
prevent evaporation and store.

Extracts are supplemented to contain the following levels: 
20 yg/mL for the 200 yg/g feed; 10 yg/mL for the 100 yg/g 
feed; 5 jig/mL for the 50 yg/g feed, and 2.5 yg/mL for the 25 
yg/g feed.
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Table 1. Repeatability of recoveries for CTC content In different feeds—same day
Theoretical, pg/g

25 50 100 200 25 50 100 200

Assay Found, pg/g Recovery, %

Hog feed

1 27.5 52.5 105.0 220.0 110.0 105.0 105.0 110.0
2 24.3 52.5 108.9 222.9 97.1 105.1 108.9 111.5
3 27.5 52.5 107.5 220.0 110.0 105.0 107.5 110.0
4 29.0 52.4 102.8 213.2 116.0 104.9 102.8 106.6
5 29.9 53.1 109.9 219.5 119.5 106.2 109.9 109.8

Mean 27.64 52.60 106.82 219.12 110.52 105.24 106.82 109.58
Std. dev. 2.13 0.28 2.90 3.57
CV, % 7.71 0.54 2.72 1.63
95% Conf. limits 27.64 52.60 106.82 219.12
Plus/minus 2.64 0.35 3.60 4.42

Poultry feed

1 31.0 62.0 116.0 216.0 124.0 124.0 116.0 108.0
2 30.0 62.0 108.0 208.0 120.0 124.0 108.0 104.0
3 27.0 54.0 100.0 232.0 108.0 108.0 100.0 116.0
4 31.0 60.0 108.0 216.0 124.0 120.0 108.0 108.0
5 29.0 60.0 104.0 200.0 116.0 120.0 104.0 100.0

Mean 29.60 59.60 107.20 214.40 118.40 119.20 107.20 107.20
Std. dev. 1.67 3.29 5.93 11.87
CV, % 5.65 5.51 5.53 5.53
95% Conf. limits 29.60 59.60 107.20 214.40
Plus/minus 2.07 4.07 7.35 14.72

Dairy feed

1 26.3 57.5 115.0 210.0 105.1 115.0 115.0 105.0
2 25.2 52.5 102.5 200.0 100.9 105.0 102.5 100.0
3 25.5 52.5 107.5 220.0 102.0 105.0 107.5 110.0
4 26.3 51.3 105.0 205.0 105.3 102.5 105.0 102.5
5 24.8 51.3 105.0 210.0 99.0 102.5 105.0 105.0

Mean 25.62 53.02 107.00 209.00 102.46 106.00 107.00 104.50
Std. dev. 0.67 2.58 4.81 7.42
CV, % 2.61 4.86 4.49 3.55
95% Conf. limits 25.62 53.02 107.00 209.00
Plus/minus 0.83 3.10 5.96 8.98

Experimental Design

Dilute a 16-18 h TSB culture of S. aureus with sterile TSB 
to an absorbance of 0.250 measured at 620 nm. Dilute the 
organism preparation 1:10 in TSB. Add diluted organism 
suspension to a sterile multichannel solution basin (PGC 
Scientifics). Add a volume of 125 pL to each of 60 inside 
wells (exclude wells along each edge) of a sterile 96 well, flat- 
bottomed covered microtiter plate (Corning 25861) using a 
multichannel pipette (Flow Laboratories) fitted with dispos
able sterile tips.

Pour the zero standard of the antibiotic being assayed into 
a disposable multichannel solution basin. Using the multi
channel pipette, add 125 pL of antibiotic standard to each of 
the 6 wells of the first row of wells containing the seeded 
broth. Keeping pipet tips in wells, draw mixture up and expel 
4 times to mix thoroughly, ending with the expulsion of all 
the liquid into the wells. Set aside the remaining zero stan
dard and the basin. Repeat with each of the standards in 
order of increasing concentration in consecutive rows of 
wells, using fresh sterile tips and basins for each. Pipet the 4 
supplemented feed extract dilutions in increasing order from

25 to 200 pg/g supplementations into the next 4 rows of 
wells.

Measure the zero time absorbance of the filled wells of the 
plate at 620 nm using a microtiter plate reader such as Easy 
Reader ATC (SLT Labinstruments) attached to a printer 
such as the Citizen 120D. Place covered microtiter plate on a 
platform shaker in a 37°C incubator and shake-incubate at 
150 rpm for 5 h. After 5 h, place plate in microtiter plate 
reader, shake for 5 s, and measure absorbance of wells at 620 
nm.

Measurement o f Potencies

Calculate average absorbances of wells at each concentra
tion of standards and samples and determine a standard 
curve by use of a linear regression calculation of absorbance 
vs concentration. Determine concentrations of the supple
mented feed extracts by comparison with the standard re
sponse line.

Results and Discussion

The principles of the turbidimetric assay system were not
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Table 2. Repeatability of recoveries for CTC content In different feeds—different days
Theoretical, ng/g

25 50 100 200 25 50 100 200

Day Found, mq/ q Recovery, %

Hog feed

1 26.0 49.8 109.9 242.0 104.0 99.7 109.9 121.0
2 26.7 52.5 105.0 220.0 106.8 105.0 105.0 110.0
3 27.5 50.9 101.7 220.7 110.0 101.8 101.7 110.4
4 27.0 52.5 94.5 195.1 107.9 104.9 94.5 97.5
5 23.2 55.1 100.3 219.0 93.0 110.2 100.3 109.5

Mean 26.08 52.16 102.28 219.36 104.34 104.32 102.28 109.68
Std. dev. 1.70 2.00 5.71 16.61
CV, % 6.52 3.84 5.58 7.57
95% Conf. limits 26.08 52.16 102.28 219.36
Plus/minus 2.11 2.48 7.08 20.59

Poultry feed

1 27.0 60.0 100.0 216.0 108.0 120.0 100.0 108.0
2 23.5 56.0 100.0 208.0 94.0 112.0 100.0 104.0
3 27.7 51.4 114.9 219.2 110.9 102.9 114.9 109.6
4 26.7 51.3 104.7 214.2 106.9 102.5 104.7 107.1
5 26.7 50.7 104.4 211.3 106.8 101.3 104.4 105.6

Mean 26.32 53.88 104.80 213.74 105.32 107.74 104.80 106.86
Std. dev. 1.63 4.03 6.09 4.30
CV, % 6.19 7.47 5.81 2.01
95% Conf. limits 26.32 53.88 104.80 213.74
Plus/minus 2.02 5.04 7.55 5.33

Dairy feed

1 29.3 49.9 104.3 230.9 117.1 99.8 104.3 115.5
2 31.2 55.0 112.3 245.0 124.8 110.0 112.3 122.5
3 27.5 52.5 102.5 200.0 110.0 105.0 102.5 100.0
4 28.5 52.6 102.3 230.6 114.0 105.3 102.3 115.3
5 27.6 43.7 122.5 198.3 110.6 87.3 122.5 99.2

Mean 28.82 50.74 108.78 220.95 115.30 101.48 108.78 110.50
Std. dev. 1.52 4.33 8.69 20.75
CV, % 5.27 8.53 7.99 9.39
95% Conf. limits 28.82 50.74 108.78 220.95
Plus/minus 1.88 5.37 10.78 25.73

altered by adapting the microtiter plate system coupled with 
a microtiter plate reader to analysis of CTC and OTC in 
feeds. Absorbance, the measured response, depended on the 
number of organisms in the wells, which in turn was a func
tion of the concentration of the inhibitor. Time and tempera
ture of incubation were constant factors. The differences 
were the use of multichannel pipettes; 96-well sterile, covered 
microtiter plates; a standard laboratory reciprocating shak
er; and a standard incubator. There was no need to quench 
the growth of the organisms in the wells of the microtiter 
plate because the absorbances of the various wells were mea
sured within 10 s and the data recorded. Because this labora
tory equipment is not dedicated to turbidimetric assay and 
because it would normally be available in a reasonably 
equipped laboratory, the procedure offers many laboratories 
not equipped with automated equipment for turbidimetric 
assay the opportunity to use the relatively rapid turbidime
tric assay system. In addition, it eliminates the need for 
tiresome absorbance measurements and the bulky water 
baths and diluters that define systems such as the Autoturb 
system.

The present method uses supplemented extracts of unmed
icated feeds. This was to avoid the potential for overformula
tion that can exist in premix concentrations as well as the 
uncertainty of degree of uniformity of a blended feed. Ex
traction efficiency was not in question, because AOAC feed 
extraction systems [42.204(j,k)] are generally accepted as 
quantitative.

The standard response concentrations for CTC are ap
proximately 10-fold less than for the plate procedure and the 
manual version of the turbidimetric assay, and 100-fold less 
than for the official automated turbidimetric assay (42.236- 
42.241). This means that the final assay pH of 4.5 is essen
tially assured. When extracting feed, the ratio of solvent 
volume to grams of feed is 10:1. For the nominal 200 M g / g 
feed supplementation, the extract contains 20 Mg CTC/mL. 
For the assay, the target concentration is 0.004 Mg CTC/mL. 
Coupled with the 10:1 extraction ratio, the dilution factor is 
50 000. For the 100 and 50 Mg CTC/g supplementations, the 
factors are 2500 and 1250, respectively (25 000 and 12 500, 
using the feed-to-solvent ratio). The dilution factor for the 25 
M g  CTC/g feed is 1250 from the extract and 12 500 from the
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Table 3. Repeatability of recoveries for OTC content in different feeds—same day
Theoretical, fig/g

25 50 100 200 25 50 100 200

Assay Found, fig/g Recovery, %

Hog feed

1 28.2 52.7 94.6 258.5 112.7 105.5 94.6 129.2
2 28.2 51.2 85.7 251.8 112.7 102.4 85.7 125.9
3 27.5 51.1 95.2 249.8 110.1 102.3 95.2 124.9
4 27.1 57.5 103.1 266.6 108.5 115.1 103.1 133.3
5 26.2 53.9 97.5 261.6 104.7 107.7 97.5 130.8

Mean 27.44 53.28 95.22 257.66 109.74 106.60 95.22 128.82
Std. dev. 0.84 2.63 6.29 6.93
CV, % 3.06 4.93 6.61 2.69
95% Conf. limits 27.44 53.28 95.22 257.66
Plus/minus 1.04 3.26 7.80 8.59

Poultry feed

1 37.4 57.5 120.1 225.0 149.4 115.0 120.1 112.5
2 36.4 50.6 118.0 255.0 145.5 101.2 118.0 127.5
3 33.7 48.1 112.9 224.5 134.9 96.2 112.9 112.3
4 32.4 60.0 114.4 245.0 129.4 120.0 114.4 122.5
5 28.9 49.4 99,9 212.5 115.6 98.8 99.9 106.3

Mean 33.76 53.10 113.06 232.40 134.96 106.24 113.06 116.22
Std. dev. 3.38 5.30 7.89 17.20
CV, % 10.01 9.96 6.98 7.39
95% Conf. limits 33.76 53.10 113.06 232.40
Plus/minus 4.19 6.57 9.78 21.33

Dairy feed

1 24.4 52.0 109.1 205.6 97.5 104.0 109.1 102.8
2 24.4 58.5 117.7 192.1 97.5 117.0 117.7 96.0
3 27.5 59.8 110.1 179.0 110.0 119.6 110.1 89.5
4 29.4 61.4 111.8 213.0 117.5 122.8 111.8 106.5
5 29.4 60.0 113.6 216.5 117.5 120.0 113.6 108.2

Mean 27.02 58.34 112.46 201.24 108.00 116.68 112.46 100.60
Std. dev. 2.51 3.69 3.39 15.56
CV, % 9.30 6.33 3.02 7.73
95% Conf. limits 27.02 58.34 112.46 201.24
Plus/minus 3.11 4.58 4.20 19.29

feed, because the assay target concentration is 0.002 fig 
CTC/mL. Adjustment of the pH of the feed extract or the 
final dilution has been found to be unnecessary.

There is no official turbidimetric assay system for Oxytet
racycline; concentrations for the standard response line were
12.5 to 50-fold less than for the AO AC official plate assay 
(42.293), Concentrations used for the standard response line 
were determined empirically, but were considerably less than 
the 0.192-0.300 fig OTC/mL used for Oxytetracycline listed 
by Hewitt and Vincent for tube assays (3) or the 0.154 to 
0.375 fig OTC/mL listed by Kavanaugh (2).

Dilution patterns for OTC were similar to those used for 
the CTC assay. Conditions of similarity were obtained by 
addition of the appropriate blank feed extract to the stan
dards at the 50 fig/g supplementation level. If desired, stan
dards can be supplemented with extract at each concentra
tion level used in the assay.

The organism level in the assay medium approximates 1 X 
106 cells/mL and can be standardized by dilution from an 
overnight culture. Slight variations in the inoculum do not 
affect the overall assay. However, for the purpose of labora
tory quality control of the assay, it is best to use an 18 h

culture of S. aureus ATCC 9144 adjusted to an absorbance 
of 0.250 at 620 nm and diluted 10-fold to yield approximately 
1 X 106 organisms/mL.

Rack design for tube assays provides for a “randomized” 
placement of replicate tubes. This placement aids in the 
elimination of the effects of temperature, seeding variability, 
quenching of growth and any time variations in measurement 
of growth in the tubes. The randomized filling of wells did not 
result in any measurable differences when compared to the 
linear placement recommended. The only wells that should 
not be used are the outer wells. The edge effect that has been 
noted in immunoassays can be seen in absorbance readings, 
which are usually noticeably greater at the edges than the 
average of the inner wells. For this reason, it is recommended 
that outer wells of the 96 well plate not be used for assay.

A number of parameters of the assay were varied to deter
mine optimum conditions. No differences in accuracy and 
precision were noted when well volumes were between 200 
and 250 fih; less than 200 juL/well produced more variable 
results. The number of wells used for each concentration of 
standard or extract was varied from 5 to 8 wells/concentra
tion with no differences in recoveries calculated, except that
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Table 4. Repeatability of recoveries for OTC content In different feeds—different days
Theoretical, ng/q

25 50 100 200 25 50 100 200

Day Found, fig/g Recovery, %

Hog feed

1 34.8 56.3 95.0 172.3 139.1 112.7 95.0 86.2
2 34.4 56.2 98.8 172.9 137.6 112.4 98.8 86.4
3 34.0 54.5 86.5 172.5 136.0 108.9 86.5 86.2
4 31.5 58.2 101.2 201.2 125.9 116.5 101.2 100.6
5 38.0 59.2 110.8 200.1 151.9 118.4 110.8 100.1

Mean 34.54 56.88 98.46 183.80 138.10 113.78 98.46 91.90
Std. dev. 2.32 1.84 8.87 15.39
CV, % 6.73 3.24 9.01 8.37
95% Conf. limits 34.54 56.88 98.46 183.80
Plus/minus 2.88 2.28 10.99 19.08

Poultry feed

1 24.6 51.4 102.0 212.8 98.4 102.7 102.0 106.4
2 25.3 57.5 113.7 225.0 101.2 115.0 113.7 112.5
3 22.2 49.8 97.2 204.9 88.2 99.6 97.2 102.5
4 23.5 59.5 94.0 202.7 94.1 119.0 94.0 101.4
5 26.7 51.2 104.3 201.6 106.6 102.4 104.3 100.8

Mean 24.46 53.88 102.24 209.40 97.70 107.74 102.24 104.72
Std. dev. 1.72 4.32 7.57 9.76
CV, % 7.01 8.02 7.40 4.66
95% Conf. limits 24.46 53.88 102.24 209.40
Plus/minus 2.13 5.36 9.39 12.10

Dairy feed

1 28.2 51.4 110.3 211.2 112.6 102.8 110.3 105.6
2 25.6 58.1 94.1 210.0 102.5 116.3 94.1 105.0
3 28.5 50.3 103.8 199.6 113.8 100.5 103.8 99.8
4 28.9 53.0 117.0 197.5 115.6 103.8 117.0 98.8
5 25.6 57.0 96.7 197.3 102.5 117.0 96.7 98.7

Mean 27.36 53.96 104.38 203.12 109.40 108.08 104.38 101.58
Std. dev. 1.63 3.44 9.48 6.90
CV, % 5.94 6.37 9.08 3.40
95% Conf. limits 27.36 53.96 104.38 203.12
Plus/minus 2.02 4.27 11.75 8.56

the use of 8 wells/row sometimes exhibited an edge effect. 
Absorbances read at 620 or 660 nm yielded equal recoveries. 
Media other than TSB were used, as well as different pH 
buffers; however, TSB and pH 4.5 buffer were found to 
produce the best results. Increasing incubation time from 5 to 
6 h produced no improvement in recoveries, while a 4 h 
incubation yielded poor results. Concentrations determined 
using 5 h absorbance readings were equivalent to those using 
the difference in absorbance at time zero and 5 h; for this 
reason, 5 h absorbances were used for calculations and zero
time readings were taken only as a quality control measure, 
to assure that initial absorbances were within the normal 
range of approximately 0.050-0.060.

Table 1 shows repeatability for CTC using supplemented 
extracts of 3 different feed types. The data indicate that the 
assay has good same-day repeatability over a range of antibi
otic concentrations. With the exception of the hog feed ex
tract supplemented at 25 /¿g/g, coefficients of variation 
(CVs) for assays range from 0.54 to 5.65 (for 25 ng/g hog 
feed, the CV was 7.71%).

Table 2 shows repeatability of recoveries for CTC in assays

performed on different days using supplemented extracts of 
the 3 blank feeds. CVs for different-day assays are somewhat 
higher than for same-day assays, ranging from 2.01 to 9.39%, 
but still demonstrate good repeatability over the range of 
concentrations.

Repeatability for OTC in the 3 feed types on the same day 
is shown in Table 3. CVs range from 2.69 to 10.01%. For 
OTC assays on different days, CVs range from 3.24 to 9.08% 
(Table 4). Same-day and different-day results show very 
similar indices of repeatability. Recovery of OTC in both hog 
and poultry feeds shows a high bias. This was attributed to 
supplementation rather than interferences because it was 
exhibited more noticeably in same-day repeatabilities. In 
general, results for OTC were somewhat less repeatable than 
those noted for CTC, but CVs are still reasonable.

To determine the degree of variability associated with the 
absorbance readings measured by the microtiter plate read
er, representative assay plates for both OTC and CTC were 
measured 5 times over a period of 10 min. Consistency of 
assays for OTC in dairy feed and CTC in poultry feed for 
repetitive assays is shown in Table 5. CVs are quite good,
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Table 5. Repeatability of recoveries In repetitive readings of same plate
T heoretical, /^g/g

Assay
25 50 100 200 25 50 100 200

Found, pg/g Recovery, %reading

OTC in dairy feed

1 28.2 51.4 110.3 211.2 112.6 102.8 110.3 105.6
2 27.3 51.1 107.9 202.6 109.2 102.1 107.9 101.3
3 28.4 51.5 108.1 201.8 113.4 103.0 108.1 100.9
4 27.3 51.1 108.3 199.6 109.4 102.2 108.3 99.8
5 27.4 51.1 107.9 199.7 109.4 102.2 107.9 99.9

Mean 27.72 51.24 108.50 202.98 110.80 102.46 108.50 101.50
Std. dev. 0.54 0.19 1.02 4.78
CV, % 1.S3 0.38 0.94 2.35

CTC in poultry feed

1 28.9 51.2 114.5 218.1 115.5 102.5 114.5 109.1
2 28.1 51.1 114.1 209.9 112.3 102.3 114.1 105.0
3 27.7 51.4 114.9 219.2 110.9 102.9 114.9 109.6
4 28.6 51.7 114.8 219.1 114.2 103.4 114.8 109.5
5 28.2 51.4 114.6 217.9 112.6 102.9 114.6 108.9

Mean 28.30 51.36 114.58 216.84 113.10 102.80 114.58 108.42
Std. dev. 0.46 0.23 0.31 3.92
CV, % 1.64 0.45 0.27 1.81

ranging from 0.27 to 2.35%, demonstrating both consistency 
of the assay system and allowance for small deviations in 
time of incubation.

Average recovery for all assays on the same day for CTC in 
all feed types was 108.7%; on different days, average recov
ery was 106.8%. For OTC, average same-day recovery of all 
feed types was 112.4%; different-day assays averaged 
106.5%. There is a slightly high positive bias associated with 
the assay. It should be noted that an error of 0.0001 /ug/mL 
will cause a 5 /¿g/g error in the assay of CTC at the 200 ¿tg/g 
supplementation level, a 2.5 pg/g error at the 100 pg/g level, 
and proportionally less for the 50 and 25 pg/g supplementa
tions. Errors for OTC can be estimated in the same fashion. 
The theoretical error of 0.0001 pg CTC/mL represents an 
error of 2.5% in assay concentration.

Conclusion

The microtiter plate system offers a reasonable approach

to assay of both CTC and OTC in feeds. It offers the reason
ably-equipped laboratory versatility and the ability to do 
turbidimetric assays without the need for dedicated equip
ment. The system eliminates the labor intensiveness of filling 
test tubes with seeded medium and reading individual tubes 
as well as the need for rack designs and problems of stopping 
organism growth. In addition, accuracy and precision are not 
inconsistent with other approaches for assay of these antibi
otics in feeds.
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New Microbiological Method for Determining Spectinomycin in Pelleted and Meal Feeds 
Using Trifluoroacetic Acid as Primary Extractant
GERALD L. ST A H L  and M A TT H EW  J. ZAYA 
The Upjohn Co., Kalamazoo, M I  49001 
JE R O M E  B. PA U L ISSE N  
Parke-Davis Co., Ann Arbor, M I  48106-1047

A new microbiological method, Identified as the spectinomy
cin trifluoroacetic (SPE-TFA) method, was compared with 
the current AOAC method for analyzing spectinomycin In 
meal and pelleted feeds fortified w ith LS-20™ premix. Feeds 
containing 3 concentrations of drugs and a zero level were 
tested in a correlation study. The data showed no significant 
differences in the percent of theory assayed between meal 
and pelleted samples using the SPE-TFA method, but the 
percent of theory found using the AOAC method was signifi
cantly lower for the pelleted samples than for the meal 
samples. The wlthin-sample variation of the AOAC assay 
was also not the same for all samples; the SPE-TFA assay 
variation was relatively constant for all samples. The SPE- 
TFA method produced an overall average recovery of 98 % 
with a range of 89-109%  compared w ith an 85%  recovery 
ranging from 64 to 102% for the AOAC method. In addition to 
producing better recoveries, the SPE-TFA method features a 
more sensitive response line, and final test solutions have 
viscosities and clarity more comparable to the standard 
solutions than those produced by the current AOAC method.

The antibiotics spectinomycin and lincomycin have been 
combined in a 1:1 ratio for effective control of Mycoplasma 
pneumonia, or swine dysentery. A microbiological assay 
method for determining spectinomycin in complete meal feed 
was collaboratively studied and published (1), but pelleted 
feed has been found difficult to assay by this current AOAC 
method. The published method for lincomycin (2) success
fully assays the antibiotic in both pelleted and meal feed. 
Neither antibiotic interferes with the other (Stahl, G.L., 
unpublished data). Successful preliminary and experimental 
work with a new microbiological method, identified as the 
spectinomycin-trifluoroacetic acid (SPE-TFA) method, for 
analyzing spectinomycin in meal and pelleted feeds fortified 
with LS-20™ premix warranted a validation study. AOAC 
guidelines were followed to facilitate worldwide recognition 
and acceptance.

Validation Study

Feeds containing 0, 10, 20, and 40 g spectinomycin/ton 
were tested. Distribution of sample concentrations covered a 
range of complete feeds likely to be encountered in practice. 
Feeds were prepared using formulation S-850, a standard pig 
starter composed of y3 commercial base and % corn and 
soymeal. LS-20 premix (Lot No. 3550 B), containing spec
tinomycin and lincomycin at 10 g/lb of free base equivalents 
of each antibiotic (assayed biologically at 99% of label for 
spectinomycin and 101% of label for lincomycin), was used to 
fortify the feeds. The premix was blended with 25 kg portions 
of the diet for each concentration. Approximately % of the 
preparation for each concentration was pelleted by a Califor
nia pellet Mill Master Model 40 at ca 160°F. Samples were

Received A pril 13, 1990. A ccepted Septem ber 4, 1990.

then separated with a sample divider to ca 1 kg each and 
ground through a Wiley mill to pass a 2 mm screen.

An assay laboratory received 8 coded samples. Samples of 
both pelleted and meal feeds at each of 4 concentration levels 
were assayed on one of 5 days in a randomized block design 
(block = day). Two samples of each form of feed at each level 
were assayed on each day. There were 2 sizes of experimental 
unit in the study: a set of 2 samples on a given day and a single 
sample. Analysis of variance was used to compare complete 
meal vs pelleted feeds at each level. For complete meal and 
pelleted feeds at each level, a 95% confidence interval around 
the mean assay amount was calculated.

The following parameters were examined: precision, accu
racy, linearity, repeatability, replicate analyses, and repro
ducibility. Both the current AOAC and the SPE-TFA meth
ods were tested, and the standard deviations for both meth
ods were compared for method correlation. Reproducibility 
was examined by the performance of the assays at a second 
laboratory The Upjohn Co., Dept 9760, Laboratory 519).

METHOD

Apparatus

See 957.23c (a), (b ) , and (c) (3), plus the following:
(a) Shaker, mechanical.—NBS gyratory, or equivalent.
(b ) pH meter.
(c) Ultrasonic water bath.—Ultrasonics Inc., or equiva

lent.
(d ) Centrifuge.—IEC, or equivalent.

Reagents

(a) Tris buffer.—pH 8.0, 0.05M. Dissolve 6.05 g Tris 
(hydroxymethyl aminomethane) (Trizma base, available 
from Sigma Chemical Co.) in 1000 mL water and adjust pH 
to 8.0 with concentrated hydrochloric acid.

(b ) TFA solution.—0.15 M. Pipet 11.4 mL trifluoroace
tic acid (TFA) (available from Aldrich Chemical Co., Inc.) 
into 1 L beaker containing water and 0.5 g ethylenediamine- 
tetraacetic acid, disodium salt (EDTA). Mix, and dilute to 1 
L.

(c) Extractant.—TFA solution-methanol (6 + 4).
(d) Test diluent.—Extractant-Tris buffer (1 + 1). Mix, 

and adjust combined solution to pH 8.0.

Assay Organism

Escherichia coli— UC 527 (ATCC 2998) maintained as 
frozen suspension over liquid nitrogen (ca 1.0 X 1010 viable 
cells/mL), or 957.23D(h) (3).

Assay Medium

Antibiotic Medium No. 5 (Difco Laboratories, Detroit, 
MI), supplemented with either 3.7 mL 4.0 N sodium hydrox- 
ide/L or 5.0 g agar/L.
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Table 1. Summary of percent recovery of spectinomycln by SPE-TFA assay method in fortified feeds
Recovery

Meal Spectinomycin, Day 1 Day 2 Day 3 Day 4 Day 5 Mean % 95%
Sample or label of confidence

code pellet concn. g/ton % g/ton % g/ton % g/ton % g/ton % theory8 intervals

1A
M 20.0

18.4 92 18.9 94 20.6 103 19.4 97 20.4 102
98

94.07
1B 20.0 100 18.0 90 19.8 99 19.4 97 20.9 104 101.73
2A

20.0
19.0 95 19.3 97 18.1 91 19.8 99 20.0 100

97
93.16

2B 18.8 94 20.0 100 19.3 97 19.3 97 19.4 97 99.84
3A

M 40.0
38.9 97 38.7 97 41.1 103 44.4 111 42.9 107

104
99.95

3B 40.0 100 40.4 101 40.4 101 45.0 112 43.3 108 107.60
4A

10.0
8.9 89 9.9 99 8.9 89 9.6 96 8.3 83

91
87.26

4B 8.9 89 9.0 90 8.9 89 9.6 96 8.6 86 93.94
5A 40.0 38.0 95b 42.8 107 44.4 111 44.1 110 44.4 111

109
105.10

5B 40.0 100 43.3 108 43.3 108 44.1 110 43.3 108 112.56
6A M 10.0 8.7 87 9.1 91 9.0 90 8.6 86 8.5 85

89
85.57

6B 8.7 88 8.8 88 9.2 92 9.7 97 9.0 90 93.23
7A M 0.0 0.0 0.0 0.0 0.0 0.0
7B 0.0 0.0 0.0 0.0 0.0
8A 0.0

0.0 0.0 0.0 0.0 0.0
8B 0.0 0.0 0.0 0.0 0.0

8 Least squares means. 
b Value deemed an outlier and discarded.

Inoculum

Use inoculum of 0.08%, which will produce zones of inhibi
tion from ca 9.0-11.0 mm at the 0.8 pg/mL concentration.

Standard Solutions

(a) Spectinomycin stock solution.-1000 pg spectinomy- 
cin base/mL. Weigh sufficient amount of reference standard 
spectinomycin *HC1-5 H 2O (available from Agricultural Di
vision, The Upjohn Co., Kalamazoo, MI 49001) and dissolve 
in water to give a concentration of 1000 pg spectinomycin 
base/mL. Store this stock solution in the dark up to <30 days 
at2-10°C.

(b) Standard response line.—Dilute stock solution with
(a) test diluent for concentration of 100 pg/mh. Dilute this 
solution with test diluent for concentrations of 0.8, 1.2, 1.8,
2.7, and 4.05 pg/mL spectinomycin. Prepare daily. Refer
ence concentration is 1.8 pg/mL.

Assay Solution

Weigh 18 g sample into 250 mL centrifuge bottle and add 
60 mL extractant (f). Sonicate 15 min with no heat. Add 
additional 50 mL extractant and shake extract 30 min on 
gyrotory shaker. Centrifuge 3-5 min at 2000-2500 rpm. 
Transfer 10 mL aliquot to 25 mL mixing cylinder, and add 10 
mL Tris buffer pH 8.0. Mix, and adjust pH to 8.0. Shake 
briefly and let precipitate 15 min. Centrifuge 3-5 min at 
2000-2500 rpm. Test at 1.8 pg/mL for 20 g/ton concentra
tion.

Conduct of Assay

Prepare 2 plates for each sample and 2 plates for each 
standard concentration. Distribute agar to plates in 6 mL 
monolayer. Fill each cylinder with 250 pL of standard or 
sample (0.25 mL) and incubate 48-72 h at room tempera
ture. Read zone sizes, and calculate as usual for a 5-point

Table 2. Summary of percent recovery of spectinomycin by AOAC assay method In fortified feeds

Recovery

Meal Spectinomycin, Day 1 Day 2 Day 3 Day 4 Day 5 Mean % 95%
Sample or label --------------------------------------------------------------------- -------------------------- of confidence

code pellet______concn.______g/ton % g/ton % g/ton % g/ton % g/ton % theory8 intervals

1A
M 20.0

19 .0 95 17.7 89
1B 18 .0 90 19.1 95
2 A p 20.0

16 .7 8 3 15.9 8 0
2B 16.7 83 17.7 89
3 A

M 4 0 .0
4 0 .4 101 4 0 .9 102

3 B 4 0 .9 102 4 0 .0 100
4 A p 10.0 6 .3 6 3 7 .0 70
4B 6 .9 69 6.6 66
5 A p 4 0 .0

3 6 .8 92 3 7 .7 94
5B 3 6 .8 92 4 0 .0 100
6A

M 10.0 8 .5 85 9 .7 97
6B 8.8 88 8 .4 84

17.6 88 17.0 85 19.1 96
92 90.79

18.6 93 20.0 100 18.4 92 93.71
16.8 84 16.4 82 16.8 84

83 82.01
16.4 82 16.8 84 15.9 80 84.09
36.4 91 43.6 109 44.8 112

102 92.17
35.4 89 44.1 110 43.3 108 112.73

5.7 57 <CC <50 6.2 62
646 56.83

5.9 59 <CC <50 6.4 64 70.67
32.3 81 34.5 86 40.0 100

93 83.45
34.5 86 37.0 92 41.7 104 101.70

7.7 77

OOV

<50 8.2 82
77 59.42

7.6 76 5.4 54 7.3 73 94.58
8 Least square means.
b Two values could not be used because they were less than the range of the standard curve. 
c Activity is present but less than standard curve or 5.0 g/ton.
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Table 3. Analysis of variance for percent of theory 
recovered by the SPE-TFA assays and AOAC assays

Mean square 
(probability of chance)

AOAC
Source DF SPE-TFA (weighted)

Day 4 22.34 0.846
Sample 5 249.36 66.900

Form (meal vs pellet) 1 17.37 (.26) 14.864 (C.01)
Level 2 611.79 « .01) 21.640 (C.01)
Form X level 2 23.00 (.20) 0.184 (.84)

Error 19 12.91 1.032

standard response line as indicated in 957.23E and 957.23F 
(3) using appropriate adjustments for 2 plates per sample and 
standard concentrations.

Results and Discussion
Results of the SPE-TFA assays and AOAC assays shown 

in Tables 1 and 2 reflect the order in which feeds were coded 
and assayed on a blind basis. For the SPE-TFA assays (Table 
1), results indicate no difference in recovery for meal and 
pelleted feeds. The fact that recoveries for the 10 g/ton feeds 
were lower than those for either 20 or 40 g/ton feeds may be 
partially explained by the quantity of sample assayed, which 
was the same for all concentrations because of the blind 
nature of the study. This locates the results of the 10 g/ton 
feeds at the lower end of the standard curve where a low bias 
in recoveries is more inherent in the microbiological cylinder 
plate testing system. The same type of influence occurs at the 
upper end of the curve for the 40 g/ton sample causing an 
apparent high bias (4). Although recoveries were higher for 
the 40 g/ton feeds than the 20 g/ton feeds, results for both 
feeds fall well within accepted limits of the antibiotics label 
compliance range (±25%, Canadian Health Protection Bu
reau).

The AOAC assay results for method correlation show a 
lower percent recovery for pelleted feeds than meal feeds at 
all concentrations. Recoveries progressively declined as the 
concentration in the feeds declined. In addition, as the con
centration increased for the meal feeds, results became closer 
to target concentrations. In contrast to the SPE-TFA assays, 
nearly all results of the AOAC assays were below the target
ed 100% of theory expected with the possible exception of the 
40 g/ton meal feeds (Table 2).

For the SPE-TFA assays, the percent of theory for one of 
the 40 g/ton pelleted samples (day 1) was found to be abnor
mally low, 95% of theory compared to the overall average for 
the 5 assays of 107%, and was not used in the analyses. No

Table 4. Least-squares mean differences for percent of 
theory recovered by SPE-TFA assays and AOAC assays

Mean Mean % of theory 
Level, No. of difference, -------------------------

Form g/ton samples % SPE-TFA AOAC

Meal 10 5 12.40 89 77
Meal 20 5 5.65 98 92
Meal 40 5 1.33 104 102

Pellet 10 4 27.09 91 64
Pellet 20 5 13.45 97 83
Pellet 40 4 15.03 109 93

Table 5. Reproducibility comparison of SPE-TFA assay 
method

Recovery

Meal Spectinomycin, 519 (R-1)a 519 (R-2)a Assay 6
Sample or label

code pellet concn g/T % g/T % g/T %

1A
M 20.0

19.9 100 21.1 106 20.8 104
1B 21.0 105 21.0 105 20.8 104
2A

20.0
20.0 100 20.0 100 20.0 100

2B 19.3 96 20.4 102 20.0 100
3A

M 40.0
44.0 110 52.0 130 44.0 110

3B 41.1 103 <Cb 45.3 113
4A

10.0
8.7 87 9.2 92 9.1 91

4B 9.1 91 9.7 97 9.3 93
5A

40.0
44.1 110 49.3 123 46.5 116

5B 44.0 110 48.0 120 42.4 106
6A

M 10.0 9.7 97 9.7 97 9.5 95
6B 8.2 82 9.1 91 9.3 93
7A M 0.0 0.0 0.0 0.0
7B 0.0 0.0 0.0
8A

0.0
0.0 0.0 0.0

8B 0.0 0.0 0.0

a Laboratory 519 reproducibility tests, days 1 and 2. 
d Result greater than the curve.

other outliers were found for either assay (5). Because of 
heterogeneity of sample variances for the AOAC assays, 
sample variances were used to calculate the confidence inter
vals for the outlier, and a weighted analysis of variance (with 
weights equal to the inverse of the sample variances) was 
used to test for form and level effects. No other heterogeneity 
of variance was detected (6).

For the AOAC assays, results of weighted analysis of 
variance show that mean percent of theory for meal samples 
is greater than mean percent of theory for the pelleted sam
ples. For the SPE-TFA assays, there is no difference (signifi
cance = 0.05) in the recovery between pelleted and meal 
samples (Table 3).

The estimated standard deviation between replicates (re
peatability) for the SPE-TFA method is 3.15 g/ton for the 
meal samples and 2.47 g/ton for the pelleted samples. The 
estimated standard deviation between replicates for the 
AOAC assay is 4.84 g/ton for the meal samples and 3.22 g/ 
ton for the pelleted samples (7).

Analysis of variance of the differences in results between 
the 2 assays (Table 4) shows that the results for the SPE- 
TFA assays are consistently higher than those for the AOAC 
assays. The difference between the assays is smaller for meal 
than for pelleted samples, and is also greater for the 10 g/ton 
samples than for either the 20 or 40 g/ton samples.

To test for reproducibility of the new assay, all samples 
were assayed using the SPE-TFA method at a second labora
tory on each of 2 days. Results from this laboratory are 
similar to those from the first laboratory. However, an isolat
ed problem causing aberrations on the agar surface of 2 
plates produced asymmetrical zones of inhibition greater 
than the standard curve and were not used. To cover any 
questions regarding timing, assay performance, or inherent 
possible bias, a final SPE-TFA assay (Assay 6) was per
formed at the end of the study. Results of this assay correlat
ed very well with the previous 5 SPE-TFA assays as well as 
the assays from the second laboratory irrespective of timing 
differences (Table 5). There is no statistically significant



4 7 4 STAHL ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 3, 1991)

Table 6. Analysis of data from second laboratory
Mean squares 

(probability of chance)
Source DF percent of theory

Day 1 215.689
Form (meal vs pellet) 1 13.814 (.54)
Level 2 648.884 (<.01)
Form X level 2 4.275 (.88)
Error 5 32.608

g/ton %

Means: Meal 10 g/ton 91.75
Meal 20 g/ton 103.75
Meal 40 g/ton 118.19

Pellet 10 g/ton 91.75
Pellet 20 g/ton 99.63
Pellet 40 g/ton 115.88

difference (significance = 0.05) in the recovery between 
meal and pelleted samples. The percent of theory for the 40 
g/ton samples is greater than the percent of theory for either 
the 20 or 10 g/ton samples (which are not significantly 
different from each other). Between-replicate standard devi
ation (repeatability) is 6.02 g/ton for the meal samples and 
2.38 g/ton for the pelleted samples for the second laboratory 
(Tableó).

The consistent linearity of response is shown in Figure 1. 
The slopes from all 5 assays were almost identical, showing 
an average response of 8.7 to 21.0 mm across the 5 standard

Table 7. Assay results of llncomycln In validation feeds
Meal Lincomycin, Recovery

or label
Sample code pellet concn g/ton %

1A
M

20.0 20.4 102
1B 20.0 20.4 102
2A 20.0 19.4 97
2B 20.0 21.4 107
3A M

40.0 40.4 101
3B 40.0 41.9 105
4A 10.0 9.4 94
4B 10.0 10.0 100
5A 40.0 40.9 102
5B 40.0 39.6 99
6A

M
10.0 9.6 96

6B 10.0 9.8 98
7A

M
0.0 0.0

7B 0.0 0.0
8A 0.0 0.0
8B 0.0 0.0

increments. Results of the day 4 assay show a low response of
8.7 mm and high response of 20.6 mm.

An additional check on test performance was done by 
assaying the lincomycin, which is also present in the feed at 
concentrations equal to spectinomycin. Overall results aver
aged 100% with a range of 94-107% (Table 7).

The SPE-TFA assay features the use of 40% methanol in 
the extractant, which provides maximum efficiency in wet
ting the dry feed without agitation at the initial sonication 
step. The addition of another 50 mL extractant for the sec
ond-phase shake extraction ensures complete solubility of the 
spectinomycin. Use of the chelating agent, EDTA, helps 
prevent metallic ion interference that may occur from vari
ous feed matrixes. The combination of the sonication step 
followed by the shake extraction step is in effect a double 
extraction method with no analyte transfer. This allows for a 
simplified system with aliquot removal and subsequent 2-fold 
dilution to a 20% methanol assay solution. The test organism 
has been stress tested for compatibility with the system. Use 
of the test diluent as described in Reagents equilibrates the 
comparative solvent matrix for both standards and samples. 
The TFA solution at 0.15 M has been optimized for extract- 
ability without hydrolyzing the spectinomycin.

The new SPE-TFA method produced an overall average 
recovery of 98% with a range of 89-109% compared with an 
85% recovery with a range of 64-102% for the current meth
od. In addition to this better performance, the SPE-TFA 
method eliminates the concentration step and much of the 
handling required in the AOAC method. The SPE-TFA 
method produces a 3.5 times more sensitive response line, and 
final test solutions have viscosities and clarity more compara
ble to the standard solutions than those produced by the 
AOAC method.
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DRUG PACKAGING

Capillary Gas Chromatographic Determination of Cyclohexanone and 2-Ethyl-1-Hexanol 
Leached from Solution Administration Sets
JA M E S W. D A N IELSO N
Food and Drug Administration, Sterility Analysis Research Center, Minneapolis, M N  55401

A capillary gas chromatographic method Is described for the 
determination of cyclohexanone and 2-ethyl-1-hexanol 
leached from solution administration sets. A preliminary 
study was made of compounds leached from solution admin
istration sets by 5% sodium bicarbonate solution (pH 8.1), 
0.9% sodium chloride solution (pH 6.8), and water. Water 
was selected as the leaching solvent because similar quanti
ties of the compounds were leached into water and into both 
types of parenteral solutions. The correlation coefficients 
were 0.99977 for cyclohexanone and 0.99974 for 2-ethyl-1- 
hexanol, and recoveries were good (93-94 % ). Five admin
istration sets from each of 2 manufacturers were analyzed by 
this method. The amounts of cyclohexanone that were 
leached from the individual sets varied considerably; howev
er, similar quantities were leached from sets of both manu
facturers. 2-Ethyl-1-hexanol was also found in extracts from 
each of the sets analyzed.

Previous analyses have shown that various quantities of 
chemicals leach from rubber stoppers (1) and from plastic 
containers (2) into parenteral solutions. Polyvinyl chloride 
plastics used for medical devices can consist of up to 40%, by 
weight, of di(2-ethylhexyl) phthalate (DEHP), which is lipo
philic (3). Bhujle et al. (4) and Piechocki and Purdy (5) 
found DEHP in blood stored in flexible polyvinyl chloride 
bags. Cyclohexanone and 2-ethyl-1-hexanol were reported to 
leach from polyvinyl chloride (2, 3). Needham and Jones (6) 
reported that when solutions such as alcohol, physiological 
saline, and dextrose were drained through administration 
sets for 6 h, DEHP could not be detected. Ulsaker and Hoem
(7) reported a method to determine 2-ethyl-1-hexanol after 
the hydrolysis of DEHP. Cyclohexanone, an industrial sol
vent, is used in the production of cellulose acetate natural 
resins, vinyl resins, rubber, and waxes and as a solvent ce
ment for polyvinyl chloride in medical devices (8). Ulsaker 
and Korsnes (9) found cyclohexanone in intravenous solu
tions stored in plastic bags. Cyclohexanone at 20 pL/L  was 
listed as mutagenic in a microsomal assay for Salmonella 
typhimurium\ at 5 ¿¿g/L, it was mutagenic for human lym
phocytes in a cytogenetic assay (10). In a study by the Na
tional Cancer Institute (11), cyclohexanone had only a weak 
carcinogenic effect in B6C3Fi mice.

The purpose of this study was to develop a quantitative 
capillary gas chromatographic procedure to determine cyclo
hexanone and 2-ethyl-1-hexanol leached from parenteral so
lution administration sets.

METHOD

Apparatus and Materials
(a) Gas chromatograph.—Hewlett-Packard Model HP

Received M ay 1 i, 1990. A ccepted O ctober 11, 1990.

5790A with flame ionization detector and Shimadzu Model 
C-R3A recording integrator. Operating conditions: on-col- 
umn 1 pL injection; initial oven temperature 30°C; no initial 
hold time; final oven temperature 275°, programmed at 6°/ 
min; no final hold time; detector 350°C; hydrogen carrier 
gas; flow rate 4 mL/min at 60°C.

(b ) Chromatographic column.—Capillary, 30 m X 0.32 
mm, J&W DB-5 column (J & W Scientific, Folsom, CA 
95630).

(c) Concentrator.—Kuderna-Danish evaporative concen
trator.

(d) Adapter.—‘/4 in. od X 3/4 in. brass compression ring 
adapter obtained through a local hardware supplier.

(e) Solution administration sets.—Venoset, Y-type plas
tic sets, 86 in. (No. 1) (Abbott Laboratories, North Chicago, 
IL). Plexitron sets, 70 in. (No. 2) and solution sets with 
injection site, 70 in. (No. 3) (Travenol Laboratories, Morton 
Grove, IL).

(f) Containers.— 1 L; Wheaton bottles with Teflon-lined 
caps (Scientific Products, Minneapolis, MN 55441).

Reagents and Standards
(a) Sodium bicarbonate.—J. T. Baker Chemical Co., 

Phillipsburg, NJ 08865.
(b ) Disodium edetate.—Eastman Kodak Co., Rochester, 

NY 14650.
(c) Sodium chloride.—Sigma Chemical Co., St. Louis, 

MO 63178.
(d) Distilled water.—Purified with 4-module Nanopure 

II water filter (0.2 /nm) with an organic-free cartridge (Barn- 
stead Co., Boston, MA).

(e) Methylene chloride, chromatographic grade.—Bur
dick & Jackson Laboratories, Muskegon, MI 49442.

(f) Cyclohexanone.—Aldrich Chemical Co., Milwaukee, 
WI 53201.

(g) 2-Ethyl-l-hexanol.—Eastman Kodak Co.

Leaching Procedure
Place leaching solvent (filtered, distilled water) in 1 L 

Wheaton bottle. Drill % in. hole through top of Teflon-lined 
cap. Put Teflon washer on both sides of cap. Place through 
cap a '/4 in- X % in. brass adapter (threaded on both ends) 
with '/4 in. compression ring. Tighten nut on inside of cap to 
obtain water-tight seal. Place spike ('/4 in. diameter with 
airway) of administration set in compression ring and tighten 
nut. Invert bottle and place in ring stand. Adjust solvent flow 
with clamp to drain 1 L through administration set in 24 h.

Extraction
Place 100 mL drained solvent in separatory funnel. Adjust 

pH to 2.0 or less with IN HC1. Extract solvent 4 times with 
25 mL portions of methylene chloride; shake solution ca 1 
min each time. Filter methylene chloride extract through 2 g 
layer of anhydrous sodium sulfate supported by glass wool 
plug. Concentrate filtrate to ca 3 mL by using Kuderna-
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M I N  M I N
Figure 1. Capillary gas chromatogram of cyclohexanone (A) and 2-ethyl-1-hexanol (B) leached from representative solution

administration sets (No. 1, left; No. 3, right).

Danish concentrator; then evaporate with flow of nitrogen to 
2 mL.

Determination
Inject 1 nL extract into gas chromatograph. Calculate 

quantities of leached components by comparing responses to 
the standard curves. Perform duplicate determinations.

Standard Curves
Prepare stock solution of 100 ppm cyclohexanone and 100 

ppm 2-ethyl- 1-hexanol in methylene chloride and dilute ap
propriate aliquots to obtain final concentrations of 1, 5, 10, 
15, 25, and 50 ppm. Construct standard curves under chro
matographic conditions used for analyses. Use 2 injections 
for each concentration and average responses to obtain a 
curve. Calculate correlation coefficient for each set of data 
by linear regression analysis.

Quantitation Limit
Determine lower limits of quantitation based on 3 stan

dard deviations of line of regression from area of concentra
tion injected into gas chromatograph (12).

Preliminary Study
In a preliminary study, 3 solution administration sets (No. 

2) were tested for chemical leaching with an aqueous solution 
of 5% sodium bicarbonate containing 0.009% disodium ede- 
tate (pH 8.1), an aqueous solution of 0.9% sodium chloride 
(pH 6.8), and filtered distilled water to determine a suitable 
leaching solvent. A total of 500 mL of each solution was 
extracted with four 25 mL portions of methylene chloride. 
The 4 extracts were combined and concentrated to 1 mL. 
Aliquots of 1 juL were injected into the gas chromatograph, 
and the responses were compared to standard curves.

Identification and Quantitation of Leached Compounds
Ten solution administration sets (5 of No. 1, Lot number 

03 006 DT 01; 5 of No. 3, Lot number 2C 5419 S) were 
extracted with methylene chloride to identify and quantify 
compounds leached during 24 h by 1 L filtered distilled 
water. For a control, 100 mL filtered distilled water was 
extracted with four 25 mL portions of methylene chloride. 
The combined methylene chloride extracts were evaporated 
to 2 mL, and a 1 nL aliquot was injected into the gas chro
matograph. Gas chromatographic peaks were identified by 
comparison with chromatograms of standard solutions of 
cyclohexanone and 2-ethyl-1 -hexanol. To confirm compound 
identity, 2 separate determinations were made; the tempera
ture was programmed at 6°C/min and at 12°C/min.

The quantities of cyclohexanone and 2-ethyl-1-hexanol 
that leached from solution administration sets were deter
mined. During 24 h, similar quantities of these components 
leached into 1 L of each of the leaching solutions tested: an 
aqueous solution of 5% sodium bicarbonate, an aqueous solu
tion of 0.9% sodium chloride, and filtered distilled water.

Results and Discussion
The correlation coefficients were 0.99977 for cyclohexa

none and 0.99974 for 2-ethyl-1-hexanol. The lower limits of 
quantitation, found by using capillary gas chromatography, 
were 1.9 ng cyclohexanone and 2.5 ng 2-ethyl-1-hexanol.

Chromatograms of cyclohexanone and 2-ethyl-1-hexanol 
leached from representative solution administration sets for 
each manufacturer are shown in Figure 1. The quantities of 
these components leached during a 24 h period are shown in 
Tables 1 and 2. The quantities of leached components per set 
ranged from 72 to 174 /xg/mL for cyclohexanone and from 
22 to 41 Mg/mL for 2-ethyl-1-hexanol. The means and stan
dard deviations of the quantities of these components are
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Table 1. Compounds leached from Venoset solution 
administration sets3

Administration
set

Cyclohexanone 2-Ethyl-1-hexanol

fig/set ppm pg/set ppm

1 174 0.17 30 0.03
2 88 0.09 27 0.03
3 112 0.11 28 0.03
4 166 0.17 31 0.03
5 72 0.07 22 0.02
X 122 0.12 28 0.03
SD 46 0.05 3.5 0.004

a Into 1 L filtered distilled water drained through each set over 24 h.

given in Tables 1 and 2. Corrections for recovery were not 
made.

Cyclohexanone and 2-ethyl-1-hexanol were added to 100 
mL water in quantities similar to those found in solution 
administration sets and taken through the method. The same 
procedures were followed for recovery and sample analyses. 
Recoveries of the standard compounds added to water were 
as follows: cyclohexanone, 94% for 5 ¿ig/mL, 94% for 10 pg/ 
mL; 2-ethyl-1-hexanol, 93% for 3 pg/mL. Similar recoveries 
were found by Snell (2) when these compounds were extract
ed from water with methylene chloride. No interfering peaks 
were found in chromatograms obtained for the controls; how
ever, a small peak for DEHP (retention time 22.0 min) was 
noted. DEHP peaks in chromatograms obtained for the sam
ple were similar in size to those obtained for the control; 
therefore, it was concluded that DEHP was not leached from 
the administration sets.
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DRUG RESIDUES IN ANIMAL TISSUES

Quantitation and Confirmation of Sulfamethazine Residues in Swine Muscle and Liver by 
LC and GC/MS
G E R M A IN  C A R IG N A N  and K A REN  C A R R IER
Health and Welfare Canada, Bureau of Drug Research, Drug Residues Section, Ottawa, Ontario K1A 0L2, 
Canada

The present paper describes a liquid chromatographic (LC) 
method for purification of crude swine tissue extracts before 
gas chromatographic/mass spectrometric (GC/MS) quanti
tation and confirmation of sulfamethazine at low ppb levels. 
Fractions corresponding to sulfamethazine were collected, 
evaporated to dryness, Af-methylated with diazomethane, 
concentrated, and analyzed by GC/MS. A mass spectrome
ter was set to selected ion monitoring (SIM) mode. Ions 233, 
227, 228, and 92 m/z were detected. Ratio 227/233 m/z 
(sulfamethazine/internal standard, [phenyl 13C6] sulfametha
zine) was used for quantitation, while ratios 228/227 and 92/ 
227 m/z, respectively, were used for confirmation. Quantita
tion in spiked blank muscle tissue was tested from 100 to 1 
ppb and found acceptable at all concentrations studied; coef
ficients of variation ranged from 4.9 to 14.4%. Similar results 
were obtained for liver tissue from 5 to 20 ppb; coefficients of 
variation ranged from 1.2 to 9.1 %.

Sulfamethazine (SMZ) is widely used as an antimicrobial 
agent and as a growth promoter for swine, cattle, turkeys, 
and chickens. The present U.S. tolerance of 0.1 ppm in edible 
animal tissue (1) is being reassessed after results by the 
National Center for Toxicological Research (NCTR) 
showed that sulfamethazine may be a carcinogen in test 
animals (2).

Sulfamethazine residues have been determined using sev
eral methods, including colorimetry (3,4), gas chromatogra
phy (GC) (5, 6), gas chromatography/mass spectrometry 
(GC/MS) (7-9), liquid chromatography (LC) (10-12), 
LC/MS (13), immunoassay (14), and thin layer chromatog
raphy (TLC) (15); however, no method offered the advan
tage of simultaneous quantitation and confirmation in the 
low ppb concentration range.

A method for confirming the presence of SMZ residues in 
milk at trace levels («5 ppb) was developed in our laboratory
(16). The present work was undertaken to see whether this 
method could also be applied to swine tissue. The present 
paper describes an LC method combined with a GC/MS 
method for simultaneous quantitation and confirmation of 
sulfamethazine residue in swine muscle and liver tissue. Puri
fication of crude sulfamethazine extract is achieved by LC 
before GC/M S quantitation and confirmation.

METHODS

Reagents
Use analytical reagent grade chemicals and deionized wa

ter (Four Bowl System, Millipore Corp., Bedford, MA 
01730) unless otherwise specified.

(a) Solvents.—Acetonitrile and methanol (LC grade, J.T.
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Baker Inc., Phillipsburg, NJ 08665); n-hexane (distilled in 
glass, Caledon Laboratories Ltd, Georgetown, Ontario, Can
ada, L9H 4R9); diethyl ether anhydrous (Mallinckrodt Inc., 
Paris, KY 40361).

(b ) Mobile phase.—Mix 600 mL methanol with 1400 mL 
water. Filter through 0.2 /¿m membrane (Ultipor N66R, Pall 
Trinity Micro Corp., Cortland, NY).

(c) n-Hexane purified.—Stir 500 mL «-hexane overnight 
with 100 mL concentrated sulfuric acid. Wash «-hexane 3 
times with 100 mL water.

(d ) Diazomethane saturated solution.—Prepare a satu
rated diethyl ether solution from l-methyl-3-nitro-l-nitroso- 
guanidine (Aldrich Chemical Co., Milwaukee, WI 53233) 
using diazomethane generation apparatus (17).

(e) Standard solutions.—Prepare stock solutions of sulfa
methazine (Sigma Chemical Co., St. Louis, MO 63178) and 
internal standard, 13C-sulfamethazine [phenyl-l3C6, 90%] 
(ICN Biochemicals Inc., Cambridge, MA 02142) at 10 pg/ 
mL in methanol and store in refrigerator. Before use, dilute 
stock solution with water to appropriate concentrations.

(f) Fortification solution.—Dilute 1 mL sulfamethazine 
stock solution to 10 mL with water.

Apparatus
(a) LC pump.—Spectroflow 400 (Kratos Analytical, 

Ramsey, NJ 07446). Set flow rate at 1.5 mL/min.
(b ) Columns.—250 X 4.6 mm id, 5 /¿m, Supelcosil LC-18- 

DB column (Supelco Inc., Bellefonte, PA 16823) and 15 X
3.2 mm id, RP-18 NewGuard column (Brownlee Labs Inc., 
Santa Clara, CA 95050).

(c) Autosampler.—Model SP8770XR (Spectra-Physics, 
San Jose, CA 95134) equipped with 2 mL sample loop and 
operated in “fixed loop mode” at 400 /xL. This combination 
permits injection of ca 850 fiL.

(d ) Detector.—Spectroflow 783 (Kratos Analytical, Ram
sey, NJ 07446) variable UV detector set at 265 nm.

(e) Integrator.—Computerized data acquisition and con
trol system (Isaac, 42A, Cyborg Corp., Newton, MA 02158).

(f) Software.—Appligration II (Dynamic Solutions Corp., 
Pasadena, CA 91101).

(g) Switching valve.—HPSC system (Autochrom Inc., 
Milford, MA 01757).

(h) Fraction collector.—Model 10447U Universal frac
tion collector (Eldex Laboratories Inc., Menlo Park, CA 
94025) with remote control vial advance.

(i) Homogenizer.—Sorvall Omni-Mixer 17105 (Dupont 
Instruments Products, Newtown, CT 06470) with 250 mL 
sample bucket.

(j) Vortex-evaporator.—Model 4322000 (Haake Buchler 
Instruments Inc., Saddle Brook, NJ 07662).

(k) Centrifuge.—Sorvall Model RC-5B, with rotor No. 
HS-4 and four 24-place swing-out test tube holders (Dupont 
Instruments Products, Newtown, CT 06470).

(l) Gas chromatograph/mass spectrometer.—HP 5985A
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Figure 1. LC chromatogram of incurred muscle sample ex
tract. Retention time of sulfamethazine = 5.4 min. The win
dow between 5.1 and 5.8 min. (vertical lines) represents the 
collection of the fraction. Estimated concentration = 13.2 
ppb sulfamethazine and 67 ppb Internal standard (sulfameth
azine [phenyl 13C6]). Chromatographic conditions are de

scribed in text.

GC/M S system (Hewlett-Packard, Palo Alto, CA 94304), 
equipped with a DB-5, 15N, 0.25 mm id, 0.25 /am thickness, 
15 m long, capillary column (J & W Scientific, Folsom, CA 
95630). Set helium carrier gas flow to linear velocity of 30 
cm/min. Set injection port to 250°C. Close split/splitless 
valve of injection chamber, then inject 1 pb aliquot. After 0.5 
min, open split/splitless valve. Maintain column oven tem
perature at 220°C for 1 min, then raise at 10°C/min to 
270°C. Set auxiliary transfer line to 275°C. Chromatograph 
sample for a total of 9 min. Ion source temperature is 200°C 
and electron multiplier voltage, 2800 V. Use MS in electron 
impact ionization mode with 70 eV ionization potential and 
300 pA ion currents. Use autotune program to calibrate all 
other parameters. Operate mass spectrometer in selected ion 
monitoring mode (SIM) tuned to 233, 227, 228, and 92 m/z 
with a dwell time of 300 ps for each ion.

Sample Preparation
Weigh 15 g frozen, ground tissue into 250 mL homogeniz- 

er cup. Let sample partially thaw. Add 100 pb internal 
standard solution and 150 mL acetonitrile. Homogenize for 3 
min at full speed. Add 25 g anhydrous sodium sulfate and 
homogenize again for 1 min. Then let stand for 30 min. Filter 
through an acetonitrile-washed, Whatman No. 1 fluted filter 
paper and collect filtrate into 250 mL round bottom flask 
containing 5 mL 0.1M potassium dihydrogen phosphate. Us
ing rotary evaporator at 35°C, evaporate all acetonitrile, 
leaving 0.5 to 1 mL aqueous solution. Add 3 mL water and 15 
mL «-hexane to flask and shake 3 times for 1 min each, over a 
15 min period on wrist-action shaker (12). Filter lower aque
ous layer with some of the hexane through 0.2 ¿tm membrane 
Millex-HV filter into 12 X 75 mm test tubes. Centrifuge at 
4500 rpm for 15 min at 4°C. Transfer lower layer into 
autosampler vials. Chromatograph in 3-4 portions of ca 850 
pb each and collect fraction corresponding to SMZ (Figure 
1). Evaporate pooled fractions on vortex evaporator at 40°C.

Methylatlon
Add 100 pb methanol and 1.5 mL diazomethane saturated 

ether solution to dry residue. Allow to react for 30 min. Shake 
3 times during this period, release pressure after each shak
ing. Transfer ethereal solution in 2 portions to 1 mL Reacti- 
Vial (Pierce, Rockford, IL 61105) and evaporate to dryness 
at 35°C, using a gentle stream of nitrogen. Redissolve resi
due in 10 /u.L methanol.

Analysis
Inject 1 pb aliquot of methylated sample into GC/MS 

system. Monitor ions 233, 227, 228, and 92 m/z. Measure 
peak area of each at the retention time window corresponding 
to sulfamethazine and calculate the following ions ratios: 
227/233, 228/227, and 92/227.

Standard Curve
AddO, 15,30,75,150,375,750, and 1500 pb sulfametha

zine fortification solution to separate 15 g samples of blank 
muscle tissue (equivalent to 0 ,1,2,5,10,25, 50, and 100 ppb, 
respectively). Proceed as described in Sample Preparation. 
Measure peak area for ions 233, 227, 228, and 92 m/z. 
Calculate correlation coefficient and linear regression (r, 
slope, and Y-intercept) of peak area ratio against sulfameth
azine concentration (ppb). Also calculate peak area ratios of 
ions 228/227 and 92/227.

Calculation
Using standard curve parameters, calculate sulfametha

zine concentration in samples using the following:

Concn,ppb =  ^ 227^ 2 3 3 ) - 6
s

where b = Y-intercept, s = slope, and R (A227/A233) = 
peak area ratio of 227 to 233 m/z.

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

amides has been discussed by Davis et al. (18). In the case of 
A 1-methyl-sulfamethazine, the molecular ion was not detect
ed; however, major fragments were found to be M+-65 
( -H S 0 2), M+-64 (~ S 0 2), [C6H7N 2]H+, and [C6H6N] + 
corresponding to 227, 228, 108, and 92 m/z, respectively. 
The internal standard (sulfamethazine [phenyl I3Q ]) had

Figure 2. Electron Impact mass spectra of (A) ^-methyl- 
sulfamethazine and (B) AP-methyl-sulfamethazlne [phenyl

13C6].
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Figure 3. GC/MS chromatograms with detector set at 233, 
227, 228, and 92 m/z. (A) Blank swine muscle tissue, (B) 
blank swine muscle tissue spiked with 10 ppb sulfametha
zine, (C) incurred swine muscle tissue. Estimated concen
tration = 13.2 ppb. Arrow Indicates GC retention time of 

methylated sulfamethazine (7.8 min.).

the corresponding ions 233,234,108, and 98 m/z (Figure 2).
Specific requirements for confirmation of drug residues by 

MS have been studied by Sphon (19). A minimum of 3 
structurally significant ions eluting at the right retention 
time is necessary to provide proof of presence, with recom
mended intensity variation for ion abundance ratios within 
5%, when compared with a reference standard analyzed un
der identical conditions. For these reasons, the apparatus was 
operated in SIM mode set at 233, 227, 228, and 92 m/z and 
the ion ratio 227/233, calculated for quantitation needs, and 
ion ratios 228/227 and 92/227 for confirmation purposes.

Under LC conditions described above, sulfamethazine 
eluted at approximately 5.4 min. with a 0.7 min peak width at 
base (Figure 1). It is important that all acetonitrile in the 
tissue extract be evaporated from the sample. A small residu
al amount of organic solvent will decrease sulfamethazine 
retention time, thus interfering with fraction collection.

The LC column was cleaned at regular intervals after 
every 50 samples, under reversed flow, by passing 7 5 mL of 
each solvent in the following order: methanol, tetrahydrofu- 
ran, chloroform, n-hexane, chloroform, tetrahydrofuran, and 
methanol. The guard column was replaced as needed.

Table 1. Standard curve for SMZ In spiked swine muscle 
tissue

Ratio Ratio Ratio
ion areas ion areas ion areas

Amount 227/233 228/227 92/227
added,

ppb N X CV, % X CV, % X CV, %

0
1.0

12
10 0.0158 14.4 0.73 32 0.61 40

2.0 8 0.0253 8.3 0.77 10 0.61 17
5.0 16 0.0681 10.0 0.65 12 0.44 48

10.0 15 0.1370 10.6 0.70 10 0.30 28
25.0 10 0.3323 4.9 0.66 11 0.28 14
50.0 9 0.6692 6.6 0.68 5 0.24 6

100.0 9 1.2968 7.2 0.67 8 0.22 6

Mean CV, % 8.9 
Slope = 0.01295 ±  0.00013 
Constant = 0.0049 ±  0.0349 
Correlation coeff. = 0.9964

Figure 3 shows GC chromatograms of blank, spiked (10 
ppb), and incurred (estimated concentration, 13.2 ppb) mus
cle tissue. Blank muscle and liver background determinations 
at the retention time of SMZ were minimal and allowed 
accurate quantitations within the concentration ranges stud
ied.

Tables 1 and 2 show results obtained from spiked muscle 
and liver tissues. Linearities of standard curves are excellent 
{r = 0.9964 and 0.9955); intercepts are essentially 0, and 
coefficients of variation (CV) are acceptable to levels of 1 
and 5 ppb, respectively.

CVs for the ion ratios 228/227 and 92/227 are in the range 
recommended by the U.S. Food and Drug Administration 
(<20%) (20) (i.e., down to 50 ppb in muscle and 20 ppb in 
liver). Somewhat higher CVs were obtained for lower con
centrations, but should still be considered good proof of iden
tity when retention times, both in LC and GC, are taken into 
consideration.

Because the internal standard, an isotope labelled SMZ, 
was added at the beginning of sample preparation, the ratio 
peak area of unknown to peak area of the internal standard 
internally corrects for recovery. However, recovery for the 
extraction step, determined by LC using UV detection, was 
found to be about 50% for spiked samples at 100 ppb. Under 
these conditions, the recoveries found at the concentrations 
used appear to be acceptable.

Reproducibility and linearity of the standard curve in

Table 2. Standard curve for SMZ In spiked swine liver 
tissue

Ratio Ratio Ratio
ion areas ion areas ion areas

Amount 227/233 228/227 92/227
added,

ppb N X CV, % X CV, % X CV, %

5.0 4 0.0693 6.2 0.78 6 0.30 13
10.0 4 0.1222 9.1 0.79 8 0.31 9
20.0 4 0.2546 1.2 0.77 5 0.25 5

Mean CV, % 5.5 
Slope = 0.01243 ±  0.00037 
Constant = 0.0032 ±  0.0081 
Correlation coeff. = 0.9955
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Table 3. Sulfamethazine residues In Incurred swine 
muscle and liver tissues

LC GC/MS Ratio
assay ion areas TLCa

Sample X, ppb CV, % N 228/227 92/227 assay, ppb

Muscle
A 9.6 6.7 4 0.80 0.39 10
B 23.5 3.2 4 0.75 0.24 20
C 13.2 3.3 7 0.73 0.24 10

Liver
D 27.0 3.8 4 0.77 0.25 20

a Results supplied by Agriculture Canada (15).

swine muscle tissue (Table 1) indicate good reliability of the 
method. Quantitation was tested to 1 ppb and found accept
able at all concentrations. A similar standard curve in swine 
liver tissue tested to 5 ppb (Table 2) does not show any 
significant difference.

Incurred samples were previously analyzed and kindly 
supplied by Health of Animals Laboratory, Agriculture Can
ada, Saskatoon using a thin-layer chromatographic/densito- 
metric technique (15). There was good agreement between 
both methods (Table 3) in the 3 muscle and 1 liver samples 
supplied.

In conclusion, this method combines the power of LC 
purification with the selectivity of GC/MS to produce simul
taneous quantitation and confirmation of sulfamethazine 
residue down to 1 ppb with excellent reproducibility. It is also 
simple and fast. Using an automated LC, coupled to an 
autosampler and fraction collector, an experienced analyst 
could easily analyze 12 samples every 2 days.
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Liquid Chromatographic Determination of Chloramphenicol in Calf Tissues: Studies of 
Stability in Muscle, Kidney, and Liver
PASCAL SA N D ER S, P H IL IP P E  G U ILLO T, M IC H E L E  DA GO RN , and JE A N  M IC H E L  DELM AS 
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A liquid chromatographic method has been developed for the 
measurement of chloramphenicol (CAP) In muscle, liver, and 
kidney. The mean recovery levels were 82.6, 75.3, and 
79.2% In muscle, liver, and kidney, respectively. The meth
od was repeatable and reproducible for CAP measurement In 
muscle, with a detection limit of 1 pg/kg. Investigation of 
CAP stability in muscle, liver, and kidney showed that CAP 
stability In muscle was good at -20°C; for spiked liver and 
kidney, degradation of CAP was observed, and the use of 
piperonyl butoxide (PB) for metabolism inhibition was recom
mended for recovery and linearity studies. However, PB was 
unnecessary for preservation of treated animal tissues if 
samples were cut into cubes and cooled at —20°C, just after 
slaughter, pending analysis. With these limitations, CAP can 
be measured in liver and kidney.

Chloramphenicol (CAP) is a bacteriostatic, broad spectrum 
antibiotic that is often used in veterinary practice for treating 
various infectious diseases. Nevertheless, adverse reactions 
and side effects in humans have been extensively demonstrat
ed. For these reasons, within the European Economic Com
munity, a maximum residue level of 10 /xg/kg has been 
proposed for meat (1). During the last few years, several 
methods were proposed for the determination of CAP in 
meat (2-4). However, it must be emphasized that liver and 
kidney cortex were recognized as unsuitable target tissues for 
monitoring CAP residues, because of the extensive postmor
tem degradation in these organs (5, 6).

Chloramphenicol was metabolized in liver with a phase I 
metabolism involving oxidation, catalyzed by cytochrome P- 
450 followed by phase II, glucuronic acid conjugation (7). 
Recently, the stability of CAP in liver was examined and it 
was suggested that piperonyl butoxide (PB), a potent cyto
chrome P-450 inhibitor, could be used to inhibit CAP degra
dation by enzymes (6, 8).

In this study, CAP degradation was investigated in muscle, 
liver, and kidney with spiked samples and tissues from treat
ed animals. The intralaboratory repeatability and reproduc
ibility for the assay of CAP in muscle were determined and 
the stability of CAP in the different tissues was studied.

METHOD

Apparatus
(a) Liquid chromatograph.—Pump, Model 5500 with 

Rheodyne injector with 200 ¿¿L loop, UV-200 variable wave
length detector, and VISTA 402 calculator integrator (Var- 
ian, Les Ullis, France).

(b) Liquid chromatography column.—Novapack C18,
4.6 mm X 15 cm long (Waters Chromatography) with a 
guard column C8 4 X 4 mm.

(c) Centrifuge.—Jouan GR 4.11 (Jouan, St Herblain, 
France).

Received M arch  5, 1990. A ccepted A ugust 25, 1990.

(d) Kitchen mixer.—Moulinex Moulinette.
(e) Rotary evaporator.—Rota vapor Buchi.
(f) Stirrer.—Heidolf Reax 2.
(g) Rotary stirrer.—Vortex.
(h) Water purification kit.—Reagent grade waters sys

tem MilliRo, MilliQ (Millipore, St Quentin Yvelines, 
France).

Reagents
(a) Solvents.—Analytical grade ethyl acetate, chloro

form, hexane, methanol, acetonitrile (Merck, Darmstadt, 
Germany).

(b) Ultrapure water.—Obtained from reagent grade wa
ters system.

(c) Ethylacetate (LCgrade).—Distilled in rotary evapo
rator before use (Merck).

(d) Piperonyl butoxide suspension.—Add 2 mL concen
trated piperonyl butoxide (Virbac, Batch 147-1; purity 
84.9%) to 50 mL water and ultrasonicate for 10 min. Let 
stand for 15 min before using. PB concentration, 0.78 mg/ 
mL.

(e) Chloramphenicol analytical standards.—Chloram
phenicol base (Batch 4216025, purity 99.7%, Lepetit, Milan, 
Italy). (7) Stock solution.—Weigh 50 mg in a 100 mL 
volumetric flask, and dissolve with 2 mL methanol. Dilute to 
100 mL with water. (2) Working solution.—Dilute 1 mL 
stock solution to 100 mL with water in a volumetric flask 
(CAP concentration, 5 ¿ig/mL). Pipet 1, 0.75, 0.5, and 0.25 
mL of this solution into 50 mL volumetric flasks and dilute to 
volume with water. These solutions contain 25, 50, 75, and 
100 /xg chloramphenicol/L, respectively. Prepare solutions 
daily.

(f) CAP metabolites.—Nitrobase (Batch 4540015, Le
petit, Milan, Italy), CAP Glucuronide (Batch C9899, Sigma 
Chemical Co., St Louis, MO), Nitroso-CAP (Batch HS 
294140), Dehydro-CAP (Batch BM 311054), Dehydro- 
CAP-Base chlorhydrate (Batch BM 311053) (Boehringer- 
Mannheim, Mannheim, Germany).

(g) Metabolite solution.—Weigh 10 mg of each metabo
lite and CAP in 100 mL volumetric flasks. Dissolve in 2 mL 
methanol and dilute to 100 mL with water.

(h) Diammonium buffer (pH 7.9).—Dissolve 0.66 g di
ammonium hydrogenophosphate (Merck) in 1 L ultrapure 
water.

(i) Diammonium buffer (pH 8.3).—Adjust diammoni
um buffer (pH 7.9) at pH 8.3 with ammonia solution at 25%.

(j) Mobile phase.—Diammonium buffer (pH 7.9)-aceto- 
nitrile (v/v, 71 + 29) for muscle analysis. Diammonium 
buffer (pH 7.9)-acetonitrile (v/v, 82 + 18) for liver analysis. 
Diammonium buffer (pH 8.3)-acetonitrile (v/v, 71 + 29) for 
kidney analysis.

(k) Sulfuric acid.—0.1%. Dilute 0.1 mL sulfuric acid 
(Merck) in 100 mL water.

Sample Preparation
Grind fresh or partially thawed muscle, liver, or kidney for
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1 min with a kitchen mixer. Weigh 5 g tissue, thawed at room 
temperature, into a 15 mL glass stoppered centrifuge tube. 
Add 2 mL water. Stir with a vortex stirrer for 1 min at 
maximal speed. Let stand 10 min.

Extraction of CAP from Sample
Add 6 mL ethyl acetate to the sample, cap, and stir with a 

vortex stirrer 1 min at maximal speed. Centrifuge for 5 min 
at 4000 rpm. Three layers will separate: the remaining tissue 
at the bottom, the aqueous layer in the middle, and the 
organic layer at the top. Pipet 4.2 mL of the organic layer and 
transfer into a 20 mL round-bottom flask. Evaporate to 
dryness at 30°C. Make sure no ethyl acetate remains but 
only an oily residue. Suspend the residue in 1.4 mL of a 
mixture of hexane-chloroform (v/v, 1 + 1). Add 0.7 mL 
water, and stir with a Heidolf stirrer at 35 rpm for 5 min. 
Transfer into a tube. Centrifuge for 10 min at 4000 rpm and 
repeat if the partitioning is not complete. Inject 200 pL 
supernatant into the LC system.

Liquid Chromatographic Determination
Set column temperature at room temperature. Set the 

wavelength at 278 nm, the flow rate at 1.0 mL/min, and the 
UV detector at 0.002 absorbance unit full scale. Alternative
ly, inject 200 pL working standard solution and an extract of 
sample. Calculate CAP levels (Y) by comparing the sample 
peak area with the external standard peak area with the 
following formula:

where CF is a concentration factor (CF = 5), PI is the 
sample peak area, P2 is the standard peak area, and CS is the 
standard concentration. Flush system daily with 0.1% sulfu
ric acid-acetonitrile (v/v, 82 + 18).

Experimental
Linearity of the UV detector response for CAP was deter

mined from a set of 4 working standards ranging in concen
tration from 0.025 to 0.1 pg/mL. A single calibration curve 
was prepared by plotting the peak area response vs the 
amount expected on the column from a 200 pL injection.

CAP was determined in muscle, kidney, and liver samples 
from calves that had not been treated with CAP. The effect 
of using piperonyl butoxide in the preparation of kidney and 
liver samples on the precision and recovery of the method was 
studied.

For recovery studies without PB, 5 g ground blank samples 
of calf muscle or liver were added to 1 mL water and 1 mL 
standard CAP solutions ranging from 0.025 to 0.1 pg/mL to 
obtain fortified samples ranging from 0.005 to 0.020 pg/g. 
Tubes were capped and stirred for 1 min at maximal speed 
and submitted to the analytical procedure.

For recovery studies with PB, 5 g ground blank samples of 
calf liver or kidney were added to 1 mL of one of the standard 
solutions as above. Tubes were capped and stirred for 30 s, 
and 1 mL fresh piperonyl butoxide suspension was added to 
each. Tubes were capped and stirred for 30 s and then sub
mitted to the analytical procedure.

All recoveries were determined by comparing the amount 
of drug recovered from tissue (Y) to the amount of drug 
spiked onto tissue (C). Working standard solution and ex
tracted samples were injected alternately. To calculate recov
ery (R%), the following formula was used:

r % =  X x  100

Intralaboratory repeatability and reproducibility for LC 
determination of CAP in muscle.—To determine the intrala
boratory repeatability and reproducibility, muscle samples 
were spiked at 4 levels (0, 6, 11, and 17 pg/kg). They were 
randomly coded and undistinguishable. Three technicians 
using 3 different LC systems received 12 samples (3 blanks 
and 9 positives) and a detailed description of the method. 
Repeatability and reproducibility were calculated as de
scribed in ISO recommendations (9).

Specificity for LC determination of CAP in muscle.—200 
pL metabolite solution was injected into the LC system. To 
obtain fortified tissue at 20 pg/kg for each metabolite, 1 mL 
of the metabolite solution was added to 5 g ground muscle. 
Fortified tissue was submitted to analysis.

Stability in muscle.—The investigation of in vitro CAP 
stability during storage at —20°C in calf muscle was carried 
out on a sample fortified at 10 pg/kg. Recovery was mea
sured on 6 replicates at 1,15, 30, 60, and 90 days.

Stability in liver and kidney.—The in vitro stability of 
CAP in liver was investigated with samples fortified at 20 
Pg/kg. The stability was studied at different temperatures 
(room temperature, 4°C, and 1°C) and at several time inter
vals (5 min, 10 min, 30 min, 1 h, and 2 h) on 4 replicates with 
and without using PB in the preparation of fortified tissues.

To study the in vivo stability of CAP in liver and kidney of 
treated animals, the following procedure was used: A 50 kg 
calf received CAP at 20 mg/kg by the intravenous route. The 
calf was sacrificed 4 h after injection, and the liver and 
kidney were immediately collected and prepared as described 
above. CAP concentrations in tissues were immediately mea
sured with and without the use of piperonyl butoxide in 
sample preparation. Four different preparations of samples 
were applied: (1) Tissue was ground after sampling and 
frozen at —20°C. (2) Tissue was ground after sampling; then 
1 mL PB was added to 5 g tissue, and the ground material was 
frozen at —20°C. (5) Tissue was cut into cubes (8 cm3) and 
frozen. (4) Tissue was cut into cubes and frozen, and PB was 
used in the sample preparation. The analysis schedule was 1, 
2, 7, 30, and 85 days post-sampling.

Results and Discussion
Linearity of the LC UV detector response for CAP in the 

working standard solution was satisfactory (r = 0.9983). 
Average recoveries of CAP in muscle ranged from 80.15 to 
86.64% as shown in Table 1, with a mean coefficient of 
variation (CV) of 4.84%. Recoveries were quite good and 
reproducible for each concentration. For muscle, stability in 
fortified samples stored at -2 0 ° C was evaluated. It was 
accurate for a period of 180 days (Table 2). The mean 
intralaboratory repeatability for the 3 levels was good, with r 
= 1.366 pg/kg (Table 3). No value was questionable or 
statistically erratic. No apparent relationship was observed 
between r and the mean (m), whereas reproducibility (R) 
increased in relation to m in the range of concentrations 
assayed (Table 3). For this method, with our LC materials, 
the limit of detection, which was 3 times the background 
noise, was 1 pg/kg. The analytical process was specific to 
chloramphenicol. No interfering peaks were observed in 
chromatograms of fortified samples with CAP or its metabo
lites. With metabolite solutions, nitroso-CAP was observed
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Table 1. Recovery levels for spiked samples of calf 
muscle, kidney, and liver with and without use of piperonyl 

butoxlde (PB)
Concn
added,
/ug/kg

No. mea
surements

Mean concn 
observed, 

/rg/kg SD CV, %
Mean

rec., %

Muscle without PB

5 10 4.332 0.28 6.67 86.64
10 10 8.174 0.60 7.35 82.15
15 10 12.01 0.69 5.76 80.15
20 10 16.26 0.30 1.87 81.47

Liver without PB

5 20 2.82 0.38 13.46 56.52
10 20 4.53 0.72 16.06 45.39
15 17 6.44 0.86 13.46 42.97
20 20 11.76 1.12 9.53 58.83

Liver with PB

5 12 3.85 0.25 6.63 77.17
10 12 7.52 0.47 6.29 75.28
15 11 11.06 0.33 3.04 73.79
20 12 14.98 0.43 2.88 74.90

Kidney with PB

5 12 3.86 0.22 5.71 77.26
10 12 7.85 0.54 5.78 78.59
15 12 12.10 0.75 6.24 80.72
20 12 16.08 0.81 5.06 80.40

with a retention time near that of CAP. The time required for 
24 analyses is 1 day. This method seemed a good analytical 
system and was useful for evaluating an interlaboratory 
study (10).

For CAP determination in liver and kidney, the method 
was used to investigate the stability of spiked samples and 
recovery levels. With liver, stability of fortified samples was a 
function of time and temperature. At room temperature, 
recovery was 62.6% after 5 min and 9% after 30 min (Table
4). At 4°C, the recovery attained 40% after 1 h and 44% if the 
temperature was 1°C (Table 4). The same results were ob
tained with kidney (Table 4). If metabolism was reduced, it 
was not inhibited by cold. Therefore, it is not possible to slow 
it sufficiently so as to attain working conditions suitable to 
fortification. To solve this problem, Parker and Shaw (6) 
proposed the use of piperonyl butoxide to inhibit the enzyme 
system during the determination of CAP. At room tempera
ture, the use of piperonyl butoxide allowed a high enough 
recovery percentage to be maintained for 30 min (Table 4). 
Piperonyl butoxide is not water-soluble, however, and the use 
of a fresh suspension of PB in water was necessary.

Table 2. Study of stability of chloramphenicol In spiked 
muscle (10 ¿tg/kg)

Time, days No. measurements Mean rec., % SD

0 6 84.9 2.4
1 6 84.3 0.5

15 6 84.5 0.6
30 6 89.0 2.0
60 6 87.2 1.1
90 6 88.5 2.0

o00T- 6 84.5 1.1

Table 3. Intralaboratory repeatability (r) and 
reproducibility (R) for 3 levels of spiked muscle by 3 

analysts using different liquid chromatography systems*
Level, g/kg

System 6 11 17

T1 5.72 10.46 15.99
5.72 10.44 16.83
5.72 10.64 15.99

Mean, /u.g/kg 5.72 10.51 16.27
SD 0 0.11 0.48

T2 5.68 9.58 17.47
6.27 11.03 17.33
7.09 10.94 17.76

Mean, /ug/kg 6.35 10.51 17.52
SD 0.70 0.81 0.22

T3 6.22 11.63 16.63
6.12 10.75 17.27
6.41 10.75 —

Mean, fig/kg 6.25 11.18 16.95
SD 0.15 0.44 0.45

Global mean 6.1 10.73 16.9
r, jug/kg 1.17 1.52 1.4
Ft, MQ/kg 1.35 1.65 2.2

a Global mean, repeatability, and reproducibility were calculated as 
described in ISO 5725.

For spiked samples of kidney or liver, the activity of PB on 
mixed function oxidase is useful for good reproducibility of 
standard curves (Table 1). With our method, the peak area 
was linear against the dose added in tissue (r = 0.9968 for 
liver and 0.9921 for kidney). The mean recovery levels for 
liver when PB was used for the fortification process ranged 
from 73.79 to 77.17%, which were higher than those obtained 
without use of PB (range, 42.97-58.53%) (Table 1). More
over, CVs when PB was used ranged from 2.88 to 6.63, which 
were lower than those without PB use (range, 9.53-16.06%; 
Table 1). Mean recovery levels and CVs for kidney were 
similar to those for liver (Table 1). Use of PB in fortification 
of these tissues permitted a correct construction of standard 
curves.

Parker and Shaw (6) recommended that samples taken for 
analysis be frozen immediately after excision and homoge
nized in water containing 2.5% m/V of PB before assay. In 
order to assess this recommendation, different treatments of 
dosed animal tissues were studied. After sampling, analysis 
of fresh tissue permitted us to determine that a higher con
centration of CAP may be detected if piperonyl butoxide is 
added (Table 5). However, these concentrations were lower 
than those measured on meats cut into cubes and frozen from 
day 1 to day 85 (C & D, Table 5). Performing grinding, 
extraction, and centrifugation on liver that is still warm may 
account for this phenomenon.

In the same manner, if grinding is carried out before freez
ing, metabolism may still degrade a great part of CAP (A & 
B, Table 5). By adding PB to ground liver before freezing, a 
higher concentration could be obtained (A & B, Table 5). 
However, this difference in PB activity was not established 
for tissues frozen as cubes (C & D, Table 5), since treatment 
was carried out on thawing tissues at low temperature. 
Hence, enzymatic activity of cytochrome P-450 was low and 
addition of PB had no effect (D vs C, Table 5). In addition,
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Table 4. Influence of length of time, temperature, and use 
of plperonyl butoxlde (PB) on stability of chloramphenicol 

in spiked liver (20 ng/g) and spiked kidney (20 ng/g)
Liver Kidney

Time,
min

Temp.,
°C

Without
PB

With
PB

Without
PB

With
PB

0 20 Na 6 4 3 4
mean 15.52 14.82 17.80 15.87
SD 0.23 0.64 1.56 0.49
R6 77.6 74.1 89 79.3

5 20 N 4 4 4
mean 12.44 15.46 NAC 15.62
SD 0.25 1.75 0.46
R 62.2 77.3 78.1

10 20 N 5 3 3 4
mean 8.1 14.88 13.11 15.18
SD 0.68 1.16 1.43 0.88
R 40.5 72.7 65.5 75.9

30 20 N 6 4 3 4
mean 1.79 14.20 5.2 14.23
SD 0.49 1.05 0.3 1.20
R 9 71.0 26.0 71.1

60 20 N 6 4 4 4
mean 1.9 12.67 2.37 14.28
SD 0.89 0.38 0.42 0.95
R 9.5 63.3 12.0 71.0

60 4 N 4 4
mean 7.99 NA 9.29 NA
SD 0.80 0.42
R 40.0 46.5

60 1 N 4 6
mean 8.86 NA 10.71 NA
SD 0.23 1.14
R 44.0 53.5

a N = number of measurements. 
b R = % recovery. 
c NA = not analyzed.

grinding the sample destroyed cells and increased contact 
between active enzymes and CAP. If thin slices of liver were 
added to 1 mL buffer solution with CAP for the stability 
assay, CAP stability was quite good and no degradation was 
observed (10).

This study shows the difficulty of the recovery concept in 
analysis for elimination organs such as liver and kidney. 
Their enzymatic material is important and must be studied 
by the analyst for the concept of techniques using spiked 
samples for concentration measurement.

To analyze kidney or liver with our method, information 
on recovery, linearity, and variability may be obtained by 
using PB for fortification of samples. For routine analysis of 
treated animal liver or kidney, samples may be stored as 
tissue cubes at -20°C , and PB need not be used to measure 
CAP concentrations.

Table 5. Study of chloramphenicol stability at —20°C In 
liver and kidney of calf slaughtered 4 h after 20 mg/kg 

Intravenous Injection of CAP; influence of storage time and 
sample preparation before analysis3

Storage time, days
0 1 2 7 30 85

CAP concentration observed Btg/kg) in liver

A 6.42 1.57 1.54 1.18 0.99 1.49
6.52 1.58 1.57 1.19 0.98 1.48

B 8.74 4.10 3.67 3.13 2.86 3.46
8.80 4.22 3.76 3.30 2.94 3.47

C 12.03 11.55 12.01 16.06 10.70
12.10 11.62 11.85 15.63 11.43

D 12.00 11.98 11.34 14.62 10.10
12.06 11.79 11.35 15.83 10.00

CAP concentration observed (^g/kg) in kidney

A 5.00 0.18 0.09 0.09 0.12 0.06
5.11 0.12 0.09 0.09 0.12

B 5.93 0.55 0.40 0.38 0.36 0.40
5.98 0.54 0.41 0.40 0.38 0.42

C 4.45 5.42 6.12 5.69 3.88
4.54 5.42 6.15 5.83 3.89

D 4.33 5.55 6.05 5.84 3.68
4.38 5.72 6.15 5.88 3.67

a Sample preparations:
A: Tissue was ground after sampling and frozen at —  20°C.
B: Tissue was ground after sampling and then 1 mL of PB was added 

to 5 g tissue and frozen at — 20°C.
C: Tissue was cut into cubes (8 cm3) and frozen.
D: Tissue was cut into cubes and frozen, and PB was used in the 

sample assay.
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A liquid chromatographic method for determination of thia
bendazole, 5-hydroxythiabendazole, oxfendazole, meben
dazole (MBZ), and fenbendazole (FBZ) in cattle liver and 
muscle was collaboratively studied In 7 laboratories in 1986. 
For blind fortified samples containing 800 ppb FBZ, average 
recovery and relative standard deviations for repeatability 
and reproducibility (RSDr and RSDr) based on results from 6 
of the participating laboratories were 83%, 12.7%, and 
14.0%, respectively. Recoveries of FBZ from Incurred liver 
samples were more variable. Recoveries of MBZ from livers 
fortified at the 100 ppb level were encouraging; however, the 
drug levels were too low In the Incurred samples used for 
MBZ studies. Except for FBZ and MBZ In liver, the study data 
were not satisfactory. The method has been adopted official 
first action by AOAC for determination of 800-1600 ppb 
fenbendazole In liver. The analysis should be repeated using 
a smaller sample size when Initial analyses show levels 
greater than 1600 ppb FBZ.

Local veterinarians claim that benzimidazoles are widely 
used as anthelmintics in horses, sheep, cattle, and swine. The 
U.S. Food and Drug Administration, which funded this 
work, is interested in the development of multiresidue meth
ods for separation and determination of these drugs in animal 
tissues. Such procedures would be useful for monitoring mis
use of these substances. Techniques that can be used to 
determine individual benzimidazoles include thin-layer chro
matography (1), fluorometry (2 ), and gas chromatography 
(3). Bogan and Marriner (4) demonstrated that several of the 
benzimidazole drugs in body fluids could be resolved by 
reverse-phase liquid chromatography (LC).

LeVan developed an LC method for determination of fen
bendazole (FBZ), oxfendazole (OFZ), thiabendazole 
(TBZ), 5-hydroxythiabendazole (5-OH-TBZ), and meben
dazole (MBZ) in cattle liver and muscle. The method ex
ploits the weakly basic nature of the target benzimidazoles 
for effective extraction and cleanup. Tissues are made basic 
with Na2C0 3 , and then are homogenized in ethyl acetate.
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The ethyl acetate is evaporated to dryness and the residue is 
partitioned between phosphoric acid and hexane. The acid 
fraction containing the benzimidazoles is neutralized and 
then extracted with ethyl acetate. The ethyl acetate is evapo
rated and the residue is dissolved in methylene chloride and 
applied to a silica microcolumn. The benzimidazoles are 
eluted with methanol-methylene chloride (1+3). The eluate 
is evaporated and the residue is dissolved in mobile phase for 
injection onto the LC column. The target benzimidazoles are 
separated and quantitated by absorbance at 298 nm.

The present report describes a collaborative study of the 
method. The target sensitivity was 100 ppb for all of the 
drugs except FBZ, for which sensitivity was 800 ppb. A 
modification of the method for determination of 10-30 ppb 
of several benzimidazoles in milk was reported earlier (5).

Preliminary Studies 

Exhaustive-Extraction S tudy

Exhaustive extraction experiments were performed prior 
to the collaborative study with liver samples from the animals 
dosed with TBZ and FBZ; data were obtained for TBZ, 
OFZ, and FBZ for these tissues. The liver samples were 
homogenized and extracted in the usual way (2  successive 
portions of ethyl acetate). The combined first and second 
extracts were cleaned up and analyzed by liquid chromatog
raphy. For exhaustive extraction, the liver homogenates were 
extracted with 2  additional portions of ethyl acetate (i.e., 
third and fourth extracts). The third and fourth extracts were 
combined, cleaned up, and analyzed in the same manner as 
the combined first and second extracts.

Data obtained from the study on TBZ-dosed liver indicate 
that the combined first and second extracts contained 0.77 
ppm TBZ (based on original tissue), and the combined third 
and fourth extracts contained < 0 .0 2  ppm (based on original 
tissue). Thus, more than 97% of the extractable TBZ residue 
was obtained in the first and second ethyl acetate extracts. 
Similar data were obtained for OFZ and FBZ extracted from 
the FBZ-dosed liver. For OFZ, 0.74 ppm was obtained in the 
combined first and second extracts; the combined third and 
fourth extracts contained <0.02 ppm. For FBZ, 0.72 ppm 
(tissue basis) was obtained in the first 2  extracts; the third 
and fourth extracts contained < 0 .0 2  ppm.

P otentia l Drug In terferences

The following drugs were studied to determine the extent 
to which they might interfere in the multiresidue procedure: 
amprolium, chloramphenicol, chlortetracycline, erythromy
cin, levamisole, morantel, oxytetracycline, phenothiazine, 
sulfadimethoxine, sulfamethazine, and sulfaquinoxaline. LC 
analysis of the drug standards indicated that only chloram-
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Table 1. Composition of fortification solutions In methanol
Concentration, ¿rg/mL

Drug A B C

5-Hydroxythiabendazole 1.0 2.5 0.5
Thiabendazole 0.5 1.0 2.5
Oxfendazole 0.5 2.5 1.0
Mebendazole 1.0 0.5 2.5
Fenbendazole 8.0 4.0 16.0

phenicol and phenothiazine were chromatographically simi
lar to the target benzimidazoles. Chloramphenicol eluted just 
before 5-OH-TBZ, and the retention time for phenothiazine 
is similar to that of FBZ. When added to liver, only chloram
phenicol appeared in the final chromatogram. The resolution 
of chloramphenicol from 5-OH-TBZ is such that it does not 
represent a serious interference.

Collaborative Study
Seven laboratories participated in the collaborative study. 

Each laboratory was asked to analyze 36 blind samples that 
consisted of triplicates of 12 different samples: 9 fortified 
muscle, 9 fortified liver, 9 incurred liver, 6  incurred muscle, 
and 3 control muscle samples. To evaluate interferences in 
control liver, the results from selected incurred samples were 
examined. For example, the results from the analyses of 
samples containing incurred TBZ and 5-OH-TBZ were ex
amined as controls for OFZ and FBZ.

To preserve the “blind” nature of the study, control, forti
fied, and incurred samples were made indistinguishable. Tis
sue samples containing incurred drug residues at up to 4 
times the legal tolerance levels were used “as is,” rather than 
blended with control tissues to provide samples with drug 
residues at tolerance levels. Hazleton Laboratories America, 
Inc., supplied preweighted 10 g samples in glass scintillation 
vials, which were labeled only with code numbers. A compan
ion vial with the same code number containing 1 mL fortifi
cation solution was supplied with each tissue sample. The 
Teflon-lined screw-cap vial contained methanol for control 
and incurred samples, and drugs dissolved in methanol for 
fortified samples. To eliminate concern over the instability of 
fortified samples during shipment or storage, collaborators 
were asked to add the contents of the companion vial to the 
sample at the beginning of the analysis. Table 1 lists the drug 
levels in the vials for the fortified samples.

N ote: Results returned by the collaborators for determina
tion of the benzimidazoles in liver and muscle tissues indicat
ed that the method did not perform as well in their laborato
ries as it did earlier in LeVan’s laboratory. The collaborative 
study data showed satisfactory quantitation of >800 ppb 
FBZ in cattle liver and acceptable recoveries of MBZ from 
liver samples fortified at 100 ppb. The method was adopted 
only for determination of 800-1600 ppb FBZ in liver. The 
a d d ition a l materials and procedures used to perform the 
multiresidue determination during the study follow the 
adopted method.

991.17 Fenbendazole In Beef Liver
Liquid Chromatographic Method 

First Action 1991
(Applicable to determination of 800-1600 ppb fenbenda

zole in beef liver)

Method Performance:
800 ppb fenbendazole
sr = 84.00; sR = 92.47; RSDr = 12.68%; RSDr = 13.95%

A. Principle

Tissues are made basic with Na2C(>3 and homogenized in 
ethyl acetate. Ethyl acetate is evaporated to dryness and 
residue is partitioned between H3PO4 and hexane. Acid frac
tion, which contains fenbendazole, is neutralized and extract
ed with ethyl acetate. Ethyl acetate is evaporated and residue 
is dissolved in CH2CI2 and passed through a silica microco
lumn with CH3OH-CH2CI2 as mobile phase. Eluate is evap
orated and residue is dissolved in mobile phase for injection 
onto LC column. Fenbendazole is quantitated at 298 nm.

B. A pparatus

(a) L iqu id  ch rom atograph.—With automatic sample in
jector using 50 p L  sample loop, variable wavelength UV 
detector capable of operation at 298 nm, and dual pen record
er operated at 10 mV and 20 mV full scale and 0.2 cm/min 
chart speed [Perkin-Elmer Corp. Series 10 pump and Model 
ISS-100 injector and Kratos Analytical Instruments (Ram
sey, NJ 07446) Model SF773 UV detector meet these speci
fications] .

(b) C olum n.—25 X 0.46 cm id, C-18, 5 pm (Alltech 
Associates meets these specifications).

(c) G uard colum n .—3 X 0.46 cm id [Brownlee RP-18 
Spheri-10 MPLC guard cartridge (Anspec Co., Ann Arbor, 
MI 48107) meets this specification],

(d ) D isposable  s ilica  colum ns.—2.8 mL. 500 mg, 40 ftm 
particle size, and 60 angstrom pore size [Bond Elute®, No. 
1210-2037 (Analytichem International, Harbor City, CA 
90710) meets these specifications].

(e) F ilters.—0.2 pm  [Acrodisc® CR No. 4405 (Gelman 
Scientific, Inc.) meets this specification],

(f) R o ta ry  evaporator.—With water bath set at 30-35° 
(Buchi Rotavapor R-l 10 meets these specifications).

(g) B lender.—With explosion-proof motor (Waring® lab
oratory blender with explosion-proof motor meets this speci
fication).

(h) B lender cup.—Glass, 500 mL capacity.
(i) p H  m eter .—Capable of ±1400 mV with accuracy of 

±7 mV (Beckman Zeromatic® IV meets these specifica
tions).

(j) V ortex m ixer.

C. R eagen ts

(a) S o lven ts .—Ethyl acetate, hexane, methylene chlo
ride, and methanol (distilled in glass); anhydrous ethyl alco
hol, USP grade; and dimethyl sulfoxide.

(b) F en b e n d a zo le  s ta n d a r d .—Analytical reference 
grade.

(c) B u ty la ted  h ydroxy toluene (B H T ) so lu tion .— 10 mg/ 
mL. Dissolve 1 g BHT (Sigma Chemical Co. or equivalent) 
in 100 mL ethyl acetate.

(d ) S o d iu m  su lfa te .— Anhydrous, granular, reagent 
grade.

(e) S od iu m  carbonate so lu tion .— 1M. Dissolve 106 g an
hydrous reagent grade Na2C 0 3 in 1 L H20.

(f) P hosphoric acid  so lu tion .—1M. Dilute 68.3 mL re
agent grade H3PO4 to 1 L with water.

(g) P otassium  h ydrox ide  so lu tion .— 10N. Dissolve 560 g 
reagent grade KOH pellets in water and dilute to 1 L. (C au
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tion: See safety note on potassium hydroxide.) Keep solution 
tightly closed.

(h) L C  m obile ph ase  buffer.—0.01M, pH 7.0. Dissolve 
1.15 g reagent grade ammonium phosphate monobasic in ca 
950 mL H2O, adjust pH to 7.0 with dilute NH4OH, and 
dilute to final volume of 1 L. Prepare just before use.

(i) L C  m obile ph ase .—Methanol-ammonium phosphate 
buffer prepared in 2 different proportions (70 + 30, 53 + 47) 
from appropriate volumes of CH3OH and pH 7 buffer. Pass 
through 0.45 mm filter before use.

D. Preparation of S tandard Solutions

(a) S to ck  so lu tion .— 1 mg/mL. Prepare by dissolving 10 
mg fenbendazole, C(b), in 10 mL dimethyl sulfoxide.

(b) In term ed ia te  so lu tion .—10 mg/mL. Dilute 1 mL 
stock solution to 100 mL with methanol.

(c) W orking so lu tion s.—0.25, 0.5, 1.0, 2.0, and 4.0 mg/ 
mL. Add 0.25, 0.5, 1.0, 2.0, and 4.0 mL portions of interme
diate solution to separate 10 mL volumetric flasks. Evaporate 
to dryness under nitrogen; then dilute to volume with mobile 
phase (53 + 47). Solutions were equivalent to 25, 50, 100, 
200, and 400 ppb and in 10 g tissue. Inject 50 f L  or other 
selected volume of working solutions and, by regression anal
ysis, establish relationship between concentration of solution 
injected, mg/mL and peak heights or areas for each solution.

E. S am ple H om ogenization and Extraction

Weigh 10 g portion of representative minced tissue into 
blender cup. Add 5 mL 1M Na2C0 3  and 150 mL ethyl 
acetate. Add 1 mL BHT solution (10 mg). Blend 5 min at 
high speed, add 80 g anhydrous Na2SC>4, and blend 1 min at 
low speed. Decant ethyl acetate into 500 mL round-bottom 
flask through funnel fitted with No. 41 filter paper. Let 
ground tissue and Na2S0 4 settle briefly before pouring, in 
order not to plug filter paper. Use metal spatula to break up 
any tissue collar in blender cup. Add 150 mL ethyl acetate to 
tissue in blender cup and blend 2-3 min at low speed. Filter 
ethyl acetate solution into round-bottom flask, rinse filter 
paper with ca 10 mL absolute ethanol, and evaporate to 
dryness on rotary evaporator. (Caution: Watch for bump
ing.)

F. S o lven t Partitioning Cleanup

Add 10 mL hexane to 500 mL sample flask, swirl to 
dissolve residue, and transfer to 125 mL separatory funnel. 
Rinse flask with additional 10 mL hexane and transfer rinse 
to separatory funnel. Rinse flask in same manner with two 10 
mL portions of 1M H3PO4 and transfer rinse to separatory 
funnel containing hexane. Stopper funnel and extract by 
shaking vigorously 2 min. Let layers separate ca 10 min and 
drain lower aqueous phase into second 125 mL separatory 
funnel. Re-extract hexane twice more with 10 mL portions of 
1M H3PO4, each time draining aqueous phase into second 
separatory funnel. Wash pooled acid layers by shaking 30 s 
with 10 mL hexane.

Drain lower aqueous phase into 100 mL beaker. Adjust pH 
to 8.5 ± 1.0 by slowly adding, with stirring, ca 9 mL 10N 
KOH. Keep beaker in ice or cold water bath during neutral
ization. Check pH with meter or indicator paper. Transfer 
beaker contents to 250 mL separatory funnel and rinse bea
ker with total of 50 mL ethyl acetate, adding rinse to separa
tory funnel. Extract by shaking vigorously 2 min; let phases 
separate. Then drain lower aqueous layer into 100 mL bea

ker. Plug neck of a funnel with glass wool and add ca 40 g 
Na2S0 4 . Drain ethyl acetate through glass funnel and into 
250 mL round-bottom flask. Pour beaker contents back into 
separatory funnel and re-extract with another 50 mL ethyl 
acetate. Discard lower aqueous layer and drain ethyl acetate 
through funnel containing Na2S 04 into same 250 mL round- 
bottom flask. Rinse Na2S04 with 25 mL ethyl acetate, and 
add rinse to round-bottom flask. Add 0.2 mL BHT solution 
(2 mg) to round-bottom flask and evaporate to dryness on 
rotary evaporator. (C aution: Watch for bumping.)

G. Silica Column Cleanup

Add 3 mL CH2CI2 to round-bottom sample flask and swirl 
to dissolve residue. Condition disposable silica column, B(d), 
with 2 mL CH2CI2. Perform following operations by gravity 
flow. Apply sample to conditioned column. Rinse sample 
flask twice with 3 mL portions of CH2C12, and apply each 
rinse to column. Wash column with 5 mL CH2C12, and 
discard wash. Elute fenbendazole with 5 mL 25% methanol 
in CH2C12, and collect eluate in 10 or 15 mL conical tube. 
Evaporate eluate to dryness under nitrogen, and reconstitute 
in 1.0 mL mobile phase. Mix on vortex mixer to dissolve 
residue; then filter through 0.2 mm filter into LC injection 
vial.

H. D eterm ination

With detector set at 298 nm and 0.02 AFS sensitivity, 
inject 50 mL sample into LC system, using 70 + 30 mobile 
phase, C(i), at 1 mL/min flow rate. Approximate retention 
volume of fenbendazole is 14 mL.

Calculate mg fenbendazole/mL in LC sample from equa
tion developed with working standard solutions. For 10 g 
initial sample and 1 mL final sample volume:

Fenbendazole (ppb) in tissue =
100 X fenbendazole (mg/mL) in LC sample

Ref.: JAOAC 74, May/June issue (1991).
CAS-43210-67-9 (fenbendazole)

Multiresidue Determination
In the study that resulted in adoption of the LC method 

only for determination of FBZ residues in liver, the collabo
rators used the following reagents and procedures in addition 
to those in the adopted method.

S o lven t.—Acetone (distilled in glass).
D rug sta n d a rd s .—USP Reference Standards Mebenda

zole and Thiabendazole (U.S. Pharmacopeial Convention, 
Rockville, MD 20852); fenbendazole (gift of Hoechst-Rous- 
sel Pharmaceuticals, Inc.; Somerville, NJ 08876); oxfenda- 
zole (gift of Syntex Laboratories, Palo Alto, CA 94304); and
5-OH-thiabendazole (gift of Merck and Co., Inc., Rahway, 
NJ 07065).

L C  m o b ile  p h a se .—Methanol-ammonium phosphate 
buffer (40 + 60).

S ta n d a rd  so lu tion s .—Individual 1 mg/mL stock solutions 
were prepared using 10 mg drug standard in 10 mL dimethyl 
sulfoxide for MBZ and OFZ and in 10 mL methanol for TBZ 
and 5-OH-TBZ.

Individual 10 mg/mL intermediate solutions were pre
pared by diluting 1 mL stock solution to 100 mL with metha
nol. A mixed standard intermediate solution containing 5- 
OH-TBZ, TBZ, OFZ, and MBZ was prepared at 10 mg/mL
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Table 2. Collaborative results for LC determination of 
fenbendazole in liver (ppb)

Sample

Laboratory

1 2 3 4 5 6 7

Control liver8 29 21 (156) 0 4 24 0

Fortified liver
400 ppb added 377 348 (41) 297 307 392 (325)

375 348 (80) 304 356 327 (455)
391 360 (226) 296 341 397 (165)

Lab. average 381 352 (116) 299 335 372 (315)
Overall average 310 ppb; CV = 33%
Overall average* 348 ppb; CV =10%
800 ppb added 761 598 (76) 529 670 701 (631)

614 631 (144) 566 695 677 (599)
702 694 (28) 548 676 704 (932)

Lab. average 692 641 (83) 548 680 694 (721)
Overall average 580 ppb; CV = 39%
Overall average* 663 ppb; C V= 14%

sr = 84.00; sR = 92.47;
RSDr = 12.68%; RSDr = 13.95%

1600 ppb added 1248 654 (210) 1174 1286 1062 (722)
1138 1368 (140) 1147 378 1072 —

2075 1040 (199) 1133 1230 1056 (670)
Lab. average 1487 1021 (183) 1151 1258 1063 (696)
Overall average 950 ppb; CV = 50%
Overall average* 1137 ppb; CV = 32%

Dosed liver 771 728 (0) 574 712 674 (674)
748 707 (72) 446 562 765 (740)
665 724 (83) 540 771 755 (0)

Lab. average 728 720 (52) 520 682 731 (471)
Overall average 558 ppb; CV = 49%
Overall average* 676 ppb; CV =15%

a From animals dosed with TB2 or MBZ. 
* Values in parentheses not included.

by combining 1 mL of each stock solution in a 100 mL 
volumetric flask and diluting to volume with methanol.

Mixed standard working solutions containing 5-OH-TBZ, 
TBZ, OFZ, and MBZ were prepared as described for FBZ 
working solutions (Method, D(c)), and the concentration- 
response relationship for each standard was established as for 
FBZ.

Hom ogenization and extraction .—Muscle tissue was pre
pared as described for liver, except acetone was used for the 
second tissue extraction step.

S ilic a  column cleanup.—All benzimidazoles are eluted by 
the 5 mL 25% methanol in CH2CI2 eluant.

Determ ination.—Because of the wide polarity range of the 
benzimidazoles, it is not practical to determine all of the 
target compounds in a single LC run. The scheme outlined 
provides a rapid means of screening sample extracts by using 
different isocratic mobile phases in succession as an alterna
tive to gradient elution. Fenbendazole is determined first 
with the strongest mobile phase (70% methanol); the remain
ing compounds are determined in a subsequent run with a 
weaker mobile phase (53% methanol). Even with the latter,
5-OF1-TBZ elutes near the solvent front and it may be neces
sary to use a still weaker mobile phase (40% methanol) to 
obtain adequate resolution of 5-OFI-TBZ from background 
peaks.

5-OH-TBZ, OFZ, TBZ, and MBZ: Inject 50 g L  of sample 
into the LC system, using the 53 + 47 mobile phase at 1 mL/ 
min flow rate. Set the detector at 298 nm and 0.02 AFS

Table 3. Collaborative results for LC determination of 
mebendazole in liver (ppb)

Sample

Laboratory

1 2 3 4 5 6 7

Control8 12 0 23 12 0 4 3
Overall average 8 ppb

Fortified liver
50 ppb added 32 44 (0) 34 39 45 (27)

66 36 (12) 42 43 42 (22)
48 43 (41) 37 44 49 (33)

Lab. average 49 41 (18) 38 42 45 (27)
Overall average 37 ppb; CV = 37%
Overall average* 43 ppb; CV = 19%
100 ppb added 99 84 (0) 68 85 117 (58)

94 72 (17) 78 86 84 (57)
82 86 (0) 71 86 89 (64)

Lab. average 92 81 (6) 72 86 97 (60)
Overall average 70 ppb; CV = 43%
Overall average* 85 ppb; CV = 14%
250 ppb added 205 186 (0) 193 198 169 (11)

173 187 (17) 183 — 158 —

204 178 (32) 182 191 179 (185)
Lab. average 194 184 (16) 186 194 168 (98)
Overall average 149 ppb; CV == 48%
Overall average* 185 ppb; CV == 7%

Dosed liver 34 36 (0) 30 — 32 (36)
40 30 (51) 27 34 — —

30 29 (51) 26 33 30 (36)
Lab. average 35 31 (34) 29 33 31 (36)
Overall average 32 ppb; CV = 33%
Overall average* 32 ppb; CV = 12%

a From animals dosed with TBZ or FBZ. 
b Values in parentheses not included.

sensitivity. Approximate retention volumes are 5-OH-TBZ, 
5 mL; OFZ, 8.5 mL; TBZ, 10 mL; and MBZ, 20 mL.

Supplemental determination of 5-OH-TBZ: If the peak 
tentatively identified as 5-OH-TBZ is insufficiently resolved 
from the background, perform a supplemental determination 
by reinjecting 50 ¿iL of sample into the LC system, using the 
40 + 60 mobile phase at 1 mL/min. Change the detector 
wavelength to 318 nm.

Calcu lation .—Calculate each benzimidazole, ¿ug/mL, as 
for FBZ calculation (Method, H).

Results
Detailed recovery data are presented in Tables 2 and 3 for 

FBZ and MBZ, respectively, in cattle liver. Table 4 contains 
summary data for recovery of FBZ from muscle, OFZ from 
muscle and liver, TBZ from liver and muscle, and 5-OH- 
TBZ from liver and muscle. The results in the tables are 
average results for each laboratory for each fortification level 
or incurred drug level. Overall averages for each sample are 
also shown. Estimates of the interlaboratory percent coeffi
cients of variation (CV) were calculated by simply using all 
of the recovery data from the various laboratories. Values 
shown in parentheses were calculated after eliminating the 
individual recovery values (not laboratory averages) that are 
in parentheses.

Two of the 7 laboratories frequently obtained poorer re
sults than did the other 5 laboratories. Overall averages and 
CV values frequently improved when data from laboratories 
3 and 7 were not included. For recovery of fenbendazole
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Table 4. Collaborative results for LC determination of benzimidazole In tissues (ppb)
Laboratory

Sample 1 2 3 4 5 6 7

FBZ in muscle

Control3 53 12 168 5 0 1 63

Fortified
400 ppb added 294 335 (208) 274 269 301 (17)
Overall av. 241 ppb; CV = 46%
Overall av.6 296 ppb; CV =10%

800 ppb added 728 595 (96) 620 582 644 (173)
Overall av. 491 ppb; CV = 51%
Overall av.6 634 ppb; CV =13%
1600 ppb added 901 680 (34) 1021 849 988 —
Overall av. 721 ppb; CV = 54%
Overall av.6 888 ppb; CV = 24%

Dosed 195 181 (238) 174 162 198 (0)
Overall av. 164 ppb; CV = 53%
Overall av.6 182 ppb; CV = 16%

MBZ in muscle

Controls 3 0 42 0 0 0 0

Fortified
50 ppb added 43 43 (53) 81 39 38 (13)
Overall av. 42 ppb; CV = 59%
Overall av.6 46 ppb; CV = 46%
100 ppb added 77 84 (26) 86 78 85 (46)
Overall av. 69 ppb; CV = 35%
Overall av.6 82 ppb; CV = 12%
250 ppb added 164 158 (12) 156 137 184 (115)
Overall av. 130 ppb; CV = 44%
Overall av.6 158 ppb; CV =13%

TBZ in liver

Controls 33 9 11 30 10 0 0

Fortified
50 ppb added 47 46 (0) 28 48 50 (28)
Overall av. 35 ppb; CV = 52%
Overall av.6 43 ppb; CV = 25%
100 ppb added 97 82 (6) 67 85 86 (73)
Overall av. 71 ppb; CV = 43%
Overall av.6 84 ppb; CV =16%
250 ppb added 196 210 (25) 174 190 170 —

Overall av. 159 ppb; CV = 42%
Overall av.6 188 ppb; CV =10%

Dosed 164 177 (32) 118 157 200 (101)
Overall av. 139 ppb; CV = 46%
Overall av.6 163 ppb; CV = 24%

TBZ in muscle

Control 17 0 62 1 0 1 0
Overall av. 12 ppb

Fortified
50 ppb added 51 49 (66) 48 38 37 (19)
Overall av. 44 ppb; CV = 59%
Overall av.6 44 ppb; CV =19%
100 ppb added 84 52 (63) 81 60 82 (24)
Overall av. 63 ppb; CV = 48%
Overall av.6 71 ppb; CV = 32%
250 ppb added 182 204 (33) 158 110 138 (106)
Overall av. 134 ppb; CV = 44%
Overall av.6 162 ppb; CV = 24%

Dosed 27 0 21 7 0 3 0

Sample

Laboratory

1 2 3 4 5 6 7

5-OH-TBZ in liver

Control 0 10 21 33 4 10 43

Fortified
50 ppb added 40 16 (42) 26 38 32 (70)
Overall av. 36 ppb; CV = 68%
Overall av.6 30 ppb; CV = 50%
100 ppb added 86 13 (0) 129 78 88 (37)
Overall av. 62 ppb; CV = 80%
Overall av.6 79 ppb; CV = 59%
250 ppb added 235 15 (19) 162 183 206 (139)
Overall av. 137 ppb; CV = 62%
Overall av.6 160 ppb; CV = 51 %

Dosed 734 497 (0) 679 829 590 (8)
Overall av. 495 ppb; CV = 67%
Overall av.6 671 ppb; CV = 23%

5-OH-TBZ in muscle

Control 12 0 45 3 0 2 0

Fortified
50 ppb added 40 (10) 76 50 35 10 (83)
Overall av.6 31 ppb; CV = 73%
100 ppb added 80 33 (3810) 101 53 60 (105)
Overall av.6 65 ppb; CV = 51%
250 ppb added 185 128 (19) 164 100 195 (61)
Overall av.6 61 ppb; CV = 29%

Dosed 107 76 (45) 72 62 76 (33)
Overall av.6 76 ppb; CV = 32%

OFZ In muscle

Control 0 2 80 0 0 0 65

Fortified
50 ppb added 64 74 68 65 72 88 (4)
Overall av. 58 ppb; CV = 64%
100 ppb added 91 108 10 79 82 149 (8)
Overall av. 79 ppb; CV = 72%
Overall av.6 103 ppb; CV = 43%

250 ppb added 196 193 (78) 225 173 296 (25)
Overall av. 164 ppb; CV = 50%
Overall av.6 213 ppb; CV = 18%

Dosed 313 232 87 253 249 317 148
Overall av. 232 ppb; CV = 37%
Overall av.6 273 ppb; CV =17%

OFZ In liver

Control 50 0 48 16 4 0 55

Fortified
50 ppb added 56 52 (160) 38 52 60 (29)
Overall av. 64 ppb; CV = 87%
Overall av.6 51 ppb; CV = 21%
100 ppb added 107 (86) 145 84 94 87 (25)
Overall av. 90 ppb; CV = 60%
Overall av.6 87 ppb; CV = 22%
250 ppb added 254 198 49 165 208 254 (104)
Overall av. 176 ppb; CV = 43%
Overall av.6 216 ppb; CV = 20%

Dosed 138 131 65 60 92 160 (23)
Overall av. 96 ppb; CV = 55%
Overall av.6 116 ppb; CV = 33%

a From animals dosed with TBZ or FBZ. 
6 Values in parentheses not included.
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T im e

Figure 1. LC chromatograms obtained using 53 + 47 mo
bile phase. (A) control swine liver and (B) liver fortified with 

100 ppb FBZ, OFZ, TBZ, 5-OH-TBZ, and MBZ.

added at the 800 ppb level to liver, application of the Dixon 
outlier test (6) indicated that data from laboratory 3 could be 
eliminated (A. B. Nevius, Statistician, Center for Veterinary 
Medicine, Food and Drug Administration). The R value, 
0 .7296, was greater than 0.680; therefore, the risk of unjust 
rejection is less than 0.005 or 0.5% . Excluding data from 
laboratory 3, sr, Sr , RSDr, and R S D r  in Table 2 were calcu
lated. Similar values for the data in Tables 3 and 4 were not 
calculated.

Recoveries of MBZ from liver fortified at 100 ppb look 
promising, provided data from laboratories 3 and 7 are elimi
nated. Because the levels of MBZ in the incurred samples 
were substantially below the 100 ppb target sensitivity, we do 
not recommend this method for determination of MBZ in 
liver. The method did not perform well at the target sensitiv
ities for OFZ, TBZ, and 5-OH-TBZ in cattle muscle or liver, 
or for FBZ in cattle muscle.

Occurrences of missing data were generally caused by 
investigators reporting that the recorders reached a maxi
mum or that some of the solvent had leaked from the fortifi
cation vials. If the leaking solvent contained no drug, as was 
the case for control and incurred tissues, we retained the 
value.

Recovery values obtained by the collaborators for incurred

ANAL. CHEM. (VOL. 74, NO. 3, 1991)

T im e

Figure 2. LC chromatograms obtained using 70 + 30 mo
bile phase. (A) control swine liver and (B) liver fortified with 

800 ppb FBZ.

samples of 5-OH-TBZ in liver, OFZ and FBZ in liver, and 
FBZ in liver and muscle differed substantially from the val
ues obtained before the samples were distributed to the labo
ratories. We accepted the average values from the collabora
tive study as the best estimates of the true drug levels in the 
incurred samples.

Figure 1 shows chromatograms generated by LeVan for 
controls and controls fortified at the 100 ppb level with 
benzimidazoles. The 53 + 47 mobile phase was used. Figure 
2 shows similar chromatograms for FBZ with the 70 + 30 
mobile phase.

R ecom m endation

Recoveries of FBZ from liver fortified at the 800 ppb level 
average 83% if the results from laboratory 3 are omitted. The 
General Referee recommends that this method be adopted 
official first action for determining FBZ in cattle liver at 800 
ppb and above. The FDA established tolerance for parent 
FBZ in cattle liver is 800 ppm.
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A multiresidue technique Is presented for the extraction and 
quantitative gas chromatographic screening of 9 Insecticides 
(lindane, heptachlor, aldrln, heptachlor epoxide, p.p'-DDE, 
dleldrin, endrin, p.p'-TDE, and p.p'-DDT) as residues in beef 
fat. Beef fat was fortified by adding the 9 Insecticides, plus 
dlbutyl chlorendate as internal standard, to 0.5 g portions of 
beef fat and blending with 2 g C18 (octadecylsllyl)-derivatized 
silica. The C18/fat matrix blend was fashioned into a column 
by adding the blend to a 10 mL syringe barrel containing 2 g 
activated Florisil. The Insecticides were then eluted from the 
column with 8 mL acetonitrile, and a 2 pL portion of the 
acetonitrile eluate was then directly analyzed by gas chro
matography with electron capture detection. Unfortified 
blank controls were treated similarly. The acetonitrile eluate 
contained all of the pesticide analytes (31.25-500 ng/g) and 
was free of interfering co-extractants. Correlation coeffi
cients for the 9 extracted pesticide standard curves (linear 
regression analysis, n = 5) ranged from 0.9969 (±0.0021) to 
0.9999 (±0.0001). Average relative percentage recoveries 
(85 ±  3.4% to 102 ± 5.0%, n = 25 for each insecticide), 
Inter-assay variability (6.0 ± 1.0% to 14.0 ± 6.7%, n = 25 
for each insecticide), and intra-assay variability (2.5-5.1%, 
n = 5 for each insecticide) Indicated that the methodology is 
acceptable for the extraction, determination, and screening 
of these residues In beef fat.

Present-day agricultural practices require the use of many 
chemicals to increase crop yields. For example, pesticides are 
used routinely in integrated farm management programs to

Received July 30, 1990. Accepted November 2, 1990. 
Address reprint requests to Steven A. Barker.

reduce possible losses due to insects. Unfortunately, the ex
cessive use of chlorinated pesticides can have a negative 
impact on the environment because of their tendency to 
bioaccumulate. For this reason, many chlorinated pesticides, 
including (but not limited to) DDT, have been banned from 
use, or their use has been severely restricted in the United 
States. The presence of high levels of chlorinated pesticides 
in the food supply may have human health implications and 
has prompted the Food Safety and Inspection Service of the 
U.S. Department of Agriculture (USDA/FSIS) to include 
aldrin, endrin, dieldrin, heptachlor, heptachlor epoxide, 
TDE, DDE, DDT, and lindane, as well as other pesticides, in 
the Compound Evaluation and Analytical Capability Na
tional Program Plan of 1990 (1). Determination of chlorinat
ed hydrocarbons is included for all domestic and imported 
species and production classes in this program plan.

Analytical methods used in pesticide residue monitoring 
programs (1) should be capable of detecting the residue 
below the action level (300 ng/g fat for lindane, heptachlor, 
heptachlor epoxide, dieldrin, and endrin; 7 n g /g  fat for TDE, 
DDE, and DDT). Present instrumental detection capability 
is sufficient to meet these requirements. However, a major 
limiting factor in residue analysis is not the detection of the 
compounds of concern but the techniques used to extract the 
residues from a complex biological matrix such as fat. The 
extraction techniques used and mandated by governmental 
agencies (2, 3) can require large samples and large volumes 
of extracting solvents, back-washing and re-extraction, sol
vent evaporations, and residue enrichment by gel permeation 
chromatography to provide an extract containing pesticide 
residues suitable for analysis. Such multistep extraction pro
cedures are time consuming and tedious to perform, which 
limits their usefulness for residue screening, and have gener
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ally not kept pace with advances in analytical technology. 
The development of rapid and efficient extraction techniques 
that minimize time and expendable materials, especially sol
vents, could enhance residue monitoring protocols. Such rap
id extraction techniques, which provide extracts suitable for 
pesticide screening by appropriate analytical instrumenta
tion, could greatly reduce the number of samples actually 
subjected to official confirmational extraction procedures. 
By screening samples in this manner, regulatory agencies 
could test more food samples for more pesticide residues.

Recently, we have developed an extraction technique, 
namely, matrix solid phase dispersion (MSPD), that simpli
fies the isolation of drug and chemical residues from biologi
cal matrixes (4-10). We report here the first use of the 
MSPD technique for the extraction of 9 chlorinated pesti
cides from beef fat followed by screening of the extracts using 
gas chromatography with electron capture detection.

Experimental

R ea g en ts  and E xpendable M aterials

(a) So lven ts.—Obtained from Mallinckrodt, Inc., Paris, 
KY; ChromAR LC grade. Used without further purification.

(b) Insectic ides.—Standard insecticides (lindane (58-89- 
9), heptachlor (76-44-8), aldrin (309-00-2), heptachlor ep
oxide (1024-57-3), p,p'-DDE (72-55-9), dieldrin (60-57-1), 
endrin (72-20-8), p ,p '-TDE (72-54-8), and p ,p '-DDT (50- 
29-3)) obtained from Supelco Inc., Bellefonte, PA (purity 
99%).

(c ) D ibu ty l chlorendate.—QAT 798 02 02; supplied by 
the Environmental Protection Agency Quality Assurance 
Materials Bank.

(d) B u lk  C is column packing .—Octadecylsilyl-deriva- 
tized silica, 40 /am, 18% load, encapped (obtained from Ana- 
lytichem Int., Harbor City, CA). The Cis was cleaned by 
taking a 50 mL ChemElut 1010 column that had been emp
tied and washed with hot soapy water, rinsed with distilled 
water, and air dried (Analytichem Int.), filling it with 22 g 
bulk C is, and sequentially washing it with 2 column volumes 
each of hexane, dichloromethane (DCM), and methanol by 
vacuum aspiration until dry. The material was then stored in 
a brown glass bottle sealed with a screw cap.

(e) S to ck  pesticide and internal standard so lu tions.— 
1000 p g /m L . The solutions were prepared by dissolving pure 
pesticide standards in acetonitrile and diluting with acetoni
trile to the appropriate concentration in p g /m L , except dibu
tyl chlorendate internal standard stock solution (1000 pg/ 
mL), which was prepared by dissolving pure standard in 
acetonitrile. The stock solutions were admixed and then seri
ally diluted with acetonitrile to make 3.13,6.25,12.5,25, and 
50 p g /m L  mixed pesticide solutions containing 25 pg inter
nal standard dibutyl chlorendate/mL in each mixture.

(f) F lo r is i l .—PR 60/100 (Alltech Associates, Deerfield, 
IL), activated (1250°F) at the factory and stored in a sealed 
amber bottle until used.

(g) Syringe barrels as extraction colum ns.—10 mL sy
ringe barrels (obtained from Becton Dickinson, Rutherford, 
NJ) were thoroughly washed with hot soapy water, rinsed 
with double distilled water, and air dried before use as col
umns for sample extraction. The syringe barrel bottom was 
plugged with a filter paper disc, (Whatman No. 1, 1.5 cm) 
and 2 g activated Florisil was placed into the column; the 
column head was covered with a filter paper disc, and the 
column contents were compressed to 3.5 mL.

(h) B eef f a t .—The fat tissues were a composite from scrap 
beef fat trimmed from market meat. The exact nature and 
anatomical origin were not determined.

G as Chrom atography Apparatus

G as ch rom atograph .—Varian Vista 6000 equipped with a 
DB-5 column, 25 m X 0.25 mm id, 0.2 mm coating (J & W 
Scientific). Column temperature program: 120°C for 2 min, 
increased at 10° min to 290°C, and held for 5 min. Splitless 
injection with purge function activated at 0.75 min post
injection was used. Injection port temperature, 200° C. De
tector: electron capture, 300°C, —0.24 mV at 32 attenuation 
and 10 range sensitivity. Carrier gas: ultra-high purity nitro
gen at a linear flow rate of 14 cm/s.

Preparation of S am ple E xtracts

Two g Cis packing was placed in a glass mortar, and 0.5 g 
of beef fat was put on top of the Qg. Standard pesticide 
mixtures (5 p L  aliquots of 3.12,6.25,12.5,25, and 50 p g /m L  
stock solutions containing dibutyl chlorendate internal stan
dard, 25.0 p g /m L )  were injected randomly into the fat, and 
the fortified samples were allowed to stand for 2 min. This 
fortification level resulted in a final concentration of 31.3,
62.5, 125, 250, and 500 ng of each pesticide/g fat. Blank 
control fat was prepared similarly, except that 5 p L  acetoni
trile containing no insecticides was injected into the fat. The 
fat was then gently blended into the C i g material with a glass 
pestle until a homogeneous mixture was observed (30 s). 
Alternatively, a fat sample was placed in the mortar, spiked, 
and allowed to equilibrate, and the C]8 was added and then 
blended to give equivalent results.

The resultant homogeneous Cig/fat matrix blend was 
transferred into a previously prepared (10 mL syringe barrel 
that contained 2 g activated Florisil. Two Whatman No. 1 
filter paper discs 1.5 cm in diameter were placed on the 
column head and the column was compressed to 7.5 mL with 
a syringe plunger from which the rubber end and pointed 
plastic portion had been removed. (The column cannot be 
over-compressed.) The tip of a 100 p L  plastic pipet was 
placed on the column outlet to increase the residence time of 
the eluting solvents on the column.

Pesticides were eluted with 8 mL acetonitrile into a 10 mL 
conical screwthread disposable glass centrifuge tube (Kim
ble, Vineland, NJ). A steady flow of acetonitrile through the 
column was initiated by applying positive pressure to the 
column head with a pipet bulb. When the flow ceased, any 
acetonitrile remaining on the column was removed by apply
ing positive pressure from the pipet bulb to the column head 
and collecting the acetonitrile in the centrifuge tube. A final 
extract volume of 5 mL was obtained. The tube was tightly 
capped, and the tube contents were thoroughly mixed by 
inverting the tube 3 times. A 2 p L  portion of the extract was 
then directly analyzed by gas chromatography with electron 
capture detection.

Data A nalysis

Standard curves were generated by plotting peak area 
ratios (PAR) of standard pesticides at each concentration vs 
internal standard dibutyl chlorendate in fortified sample ex
tracts for the concentrations examined. A comparison of 
extracted fortified sample pesticide PAR’s to PAR’s of pure 
pesticide standards analyzed under identical conditions gave 
percentage recoveries. Inter-assay variability was determined 
in the following manner: The PAR’s for 5 replicates of each
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Table 1. Percentage recoveries, average percentage recovery, intra-(IAV) and inter-assay variability (IRV) percentages 
for lindane, heptachlor, aldrin, Heptachlor epoxide, p.p'-DDE, dieldrin, endrin, p.p'-TDE, and p.p'-DDT isolated from fortified

beef fat (concentration 31.3-500 ng/g)

Concn, ng/g

Recovery, %

Lindane Heptachlor Aldrin Hept. Epoxide p,p'-DDE Dieldrin Endrin p,p'-TDE p,p'-DDT

31.3 89 +  16 84 +  14 71 +  18 87 +  16 85 +  13 94 +  13 94 +  10 95 +  6 110 +  19
62.5 81 +  13 87 +  10 94 +  15 80 +  10 89 +  10 93 +  8 103+12 96 +  6 101 +  5

125 8 4 +  10 80 +  10 91 +  10 81 +  9 98 +  10 98 +  10 97 +  9 92 +  4 97 + 6
250 87 +  4 87 +  8 99 +  9 89 +  9 99+11 91 +  7 96 +  8 99 +  7 99 +  6
500 82 +  7 94 +  9 104 +  9 94+11 97 +  5 98 +  6 96 +  3 105 +  5 102 +  3

Av. % ree. 85 +  3 86 +  5 9 2 +  13 86 +  6 94 +  6 95 +  3 97 +  3 97 +  5 102 +  5
IAV % 4.1 5 5.1 4.8 3.7 3.1 3.6 2.5 2.5
IRV % 11 +  5 12 +  3 14 +  7 12 +  3 10 +  4 9 +  3 9 +  3 6 +  1 7 +  6
ra 0.9986 + 0.9989 + 0.9986 + 0.9999 + 0.9983 + 0.9969 + 0.9969 + 0.9987 + 0.9994 +

0.0014 0.0011 0.0014 0.0001 0.0012 0.0021 0.0028 0.0009 0.0006

a r = correlation coefficient from linear regression analysis.

concentration (31.3, 62.5, 125, 250, and 500 ng/mL, 2 pL 
injection volume) were averaged. From the resulting means 
± standard deviations (SD), coefficients of variation (CV) 
were calculated, and the average standard deviation of the 
CVs for each concentration were determined as the inter
assay variability. Intra-assay variability was defined as the 
CV for the mean of 5 replicates of the same sample and 
represents the variability associated with the analytical in
strumentation used.

Results and Discussion
The isolation of drug and chemical residues from a com

plex biological matrix such as fat can be tedious to perform. 
Multistep extraction procedures are often required to frac
tionate the residue(s) of interest away from the many cellular 
constituents that are present. Classical extraction methods 
(2, 3) consist of blending the sample with extracting solvents 
and sodium sulfate, centrifugations, back-washing of the 
extract, evaporation of relatively large volumes of solvents, 
gel permeation chromatography, and Florisil residue enrich
ment to isolate and purify pesticides present in a sample of 
fat. Such extraction protocols provide extracts suitable for 
analytical determinations but are time consuming to per
form, making them unsuitable for routine screening pur
poses. Improved residue extraction techniques that are rapid, 
extract the target residue(s) with high recoveries, and are 
suitable for direct screening are ideal for the enhancement of 
residue monitoring programs. Samples obtained in this man
ner and screened by appropriate analytical techniques could 
allow regulatory agencies to test more foods for more resi
dues and also reduce the number of samples that require the 
use of “official” extraction methods for confirmational pur
poses.

Methodology using the MSPD extraction and gas chroma
tography-electron capture detector screening of the 9 chlori
nated pesticides examined in this report meet the require
ments for such a rapid screening technique. In the MSPD 
approach, the fat sample is dispersed over a Cig covalently 
modified silica. The bound Cjg acts as a fat dispersant due to 
its hydrophobic characteristics. The resulting dispersion of 
fat (0.5 g) over a large surface area (1000 m2/2 g Cig 
theoretical) results in an efficient extraction (Table 1) of the 
compounds examined here when acetonitrile is used as the 
extracting solvent. A column fashioned from the Ci8/tissue 
matrix blend in combination with a co-column of activated

Florisil and eluted with acetonitrile produces an extract that 
has minimal interferences, as can be seen in GC chromato
grams of blank control extracted with acetonitrile (Figure 
1 A) and acetonitrile-extracted fat samples fortified with pes
ticides (Figure IB). The average relative percentage recover
ies (85 ± 3.4 to 102 ± 5.0%) and intra-assay (2.5-5.1%) and 
interassay variability percent (6 ± 1.0 to 14 ± 6.7%) are 
indicative of a suitable method for the determination and 
screening of these 9 pesticides in beef fat (Table 1). Linear 
regression analyses and corresponding correlation coeffi
cients indicate that the extraction technique is linear with 
respect to increasing concentrations for the pesticides exam
ined when an electron capture detector is used.

Many of the theoretical aspects of the MSPD technique 
have previously been published (4-10). However, we propose 
that the absence of interfering peaks in the acetonitrile eluate 
is due to the combined effect of the MSPD extraction and the 
combination Florisil column used. The acetonitrile eluting 
solvent extracts pesticides from the dispersed fat without 
extracting large quantities of observable lipids, as deter
mined from GC examinations of the extracts using a flame 
ionization detector (FID, data not shown). Elution of the 
MSPD column, prepared as described, with either hexane or 
ethyl acetate rather than acetonitrile produced large quanti
ties of fats, as evidenced by the quantity of residue observed 
after solvent evaporation and by the number and intensity of 
peaks recorded by GC/FID analysis of the extracts. The 
acetonitrile eluate, however, contained very little residue af
ter solvent evaporation. Furthermore, the contribution to 
interference by co-elution of lipids as well as other tissue 
components is reduced by the direct analysis of the sample in 
its 8 mL elution volume and the specificity of the EC detec
tor. Nevertheless, the fat has a limited solubility in acetoni
trile, and a greater affinity for the covalently bound hydro- 
phobic C)g. Thus, the pesticides are partitioned out of the 
lipid without eluting the majority of the lipids from the 
column. The activated Florisil functions as an additional 
cleanup of the eluting acetonitrile. As the acetonitrile elutes 
from the C!8/fat blend portion of the column and passes 
through the activated Florisil, the activated Florisil removes 
water and residual fat present in the acetonitrile eluate. A 2 
pL portion of the resultant clear acetonitrile eluate (31.3 ng 
of each pesticide/g tissue, diluted to a final volume of 5 mL) 
can then be directly analyzed without any additional concen
tration of the final extract volume, resulting in a minimal
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Figure 1. Representative gas chromatograms obtained from the electron capture detector analysis of the acetonitrile extract 
of blank control (A) and beef fat fortified with pesticide (B; 250 ng/mL, 2 p L injection volume). Peak Identities are lindane (1), 
heptachlor (2), aldrin (3), heptachlor epoxide (4), p.p'-DDE (5), dieldrin (6), endrln (7), p.p'-TDE (8), p.p'-DDT (9), and dibutyl

chlorendate (10).

detectable limit of 12.5 pg on-column. Because the extract is 
free from interferences, a high detector sensitivity can be 
used and pesticide levels (31.3 ng/g) well below the action 
levels are easily detected. The acetonitrile extracts are suffi
ciently clean that more than 100 injections have been made 
without observing any deterioration in sensitivity or chroma
tography, and without the need to change the injection port 
liner.

The results presented here are based on fortified samples, 
such as would be required and obtained for the preparation of 
standard curves or for conducting recovery studies for the 
qualitative analysis of pesticide residues in biological sam
ples. Although the examination of beef fat tissues from in
curred samples would be ideal, such samples were not avail
able to us during this study, and this is outside the scope of 
the present methods development research.

The MSPD method outlined overcomes many of the com
plications associated with traditional pesticide isolation tech
niques because it uses small samples and small volumes of 
solvent, involves few steps, eliminates gel permeation chro
matography procedures, and requires no complex chemical 
manipulations of the sample. The savings in terms of time, 
solvent requirements, and disposal costs and the minimal 
utilization of expendable materials make this method attrac
tive compared to classical pesticide extraction techniques. 
The method as outlined may serve as a rapid screening tech
nique for the 9 pesticides examined in beef fat. This approach 
has the potential for use in screening pesticides or other 
chemicals in different biological matrixes and may be useful 
in environmental biomonitoring programs as well.
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D eterm in ation  o f  P e n ic illin  G R esid u es in E d ib le A n im al T issu es by L iquid  C hrom atography

JOE O. BOISON, CRAIG D. C. SALISBURY, WAYNE CHAN, and JAMES D. Ma cNEIL
A g r ic u ltu re  C a n a d a , H e a lth  o f  A n im a ls  L a b o ra to ry , 116 V e te rin a ry  R d , S a sk a to o n , S a sk a tch e w a n  S 7 N - 2 R 3 ,
Canada

An improved method has been developed for the determina
tion of benzyl penicillin in animal tissues. Tissues are fortified 
with a known amount of penicillin V (internal standard) and 
extracted with water. The extract Is deprotelnized with sulfu
ric acid and sodium tungstate, filtered, and concentrated on a 
conditioned C18 solid phase extraction column. Penicillin V 
and benzyl penicillin are then eluted from the column with 1 
mL 60% acetonitrile-35 % water-5 % 0.2M phosphate buff
er solution and derivatized with 1 mL 1,2,4-triazole-mercurlc 
chloride solution at 65°C for 30 min. An aliquot of this sample 
is analyzed by reverse phase liquid chromatography with UV 
detection at 325 nm. The limit of detection is 5 ¿tg/kg (ppb) 
penicillin G (8.4 lU/kg) In liver, kidney, and muscle tissues.

Penicillin G (benzyl penicillin), a /3-lactam antibiotic usually 
administered in salt form with counter-ions of procaine, po
tassium, or sodium (Figure 1), is frequently used in veteri
nary medicine for the treatment of microbial infections. Be
cause of the hypersensitivity of some individuals to penicillin 
G (1), a zero tolerance has been established in Canada for 
penicillin residues in edible animal tissues (2) to protect the 
consumer and maintain confidence in the meat and meat 
products of the Canadian livestock industry.

Tissue samples from suspect and positive Swab Test On 
Premises (STOP) (3) animals from Canadian abattoirs are 
1 tested for antibiotic residues by thin layer chromatography 
bioautography (TLCB) (4). This testing program has indi
cated that penicillins are the antibiotics most frequently de
tected. Although several bioassays have been developed for 
the detection of penicillin residues (5-8), it has been observed 
that TLCB, our laboratory confirmatory method for penicil
lin residues in tissues, does not distinguish among /3-lactams 
(4).

Moats (9) reported a liquid chromatographic (LC) meth
od for the determination of penicillin G in animal tissues 
which included a lengthy and cumbersome extraction proce
dure. Terada et al. (10) described an on-line trace enrich
ment LC method which required specialized chromatograph
ic equipment. Both methods necessitated extensive sample 
cleanup because penicillin G was detected in the low UV 
wavelength range (208-220 nm). Precolumn derivatization 
reactions have been described for the LC analysis of penicil
lins in serum (11, 12), plasma (13), milk (14), and lymph
(15) by which the mercuric mercaptides of penicillin can be 
detected at higher wavelengths (325-331 nm), where tissue 
co-extractives are more transparent.

This paper describes an improved method for the determi
nation of penicillin G in animal tissues which combines a 
modified extraction procedure based on the method de
scribed by Terada et al. (10) with the precolumn derivatiza
tion reaction described by Haginaka and Wakai (11). This 
modified method uses phenoxymethyl penicillinic acid (peni
cillin V) as internal standard (Figure 1) and has a detection 
limit of 5 ^g/kg. Data are presented in this paper to demon-
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strate the suitability of this method for routine diagnostic 
analyses. The method was applied to the determination of 
penicillin G residues in edible tissues of a Holstein steer calf 
that was injected with 15 000IU procaine penicillin G/kg of 
body weight.

METHOD

A pparatus

(a) P olytron  hom ogenizer.—With 20 mm probe (Brink- 
mann Instruments, (Canada) Ltd., Rexdale, Ontario).

(b) F ilter p a p ers .—GF/B, 5.5 cm (Whatman Inc., Clif
ton, NJ) and a 5.8 cm Buchner funnel.

(c) S o lid  ph ase  ex traction  cartridges.—6 mL (500 mg) 
BondElut C l8 (Analytichem International Inc., Harbor 
City, CA).

(d ) M echanical sh aker.—Eberbach flat bed.
(e) L iqu id  chrom atograph .—Waters 501 pump, 712 au

tosampler, and Nova-Pak C18 column (4 /am; 3.9 X 150 mm) 
(Waters Chromatography Division, Ontario, Canada); Kra- 
tos 783 variable wavelength UV detector (Kratos Analytical, 
Ramsey, NJ). Data acquisition, the operation of the pump, 
and injector were controlled by a Waters 820 Chromatogra
phy Workstation.

R eagen ts

(a) W ater.—Obtained from a Barnstead RO/Nanopure 
ultrafiltration unit.

(b) D eriva tizing  reagen t.—2M 1,2,4-triazole containing 
0.001M mercuric chloride. Weigh 34.45 g 1,2,4-triazole (Al
drich, Milwaukee, WI) into a 400 mL beaker, add 150 mL 
water, and stir with a magnetic spinbar to dissolve. Add 25
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Figure 1. Chemical structures of benzyl penicillins and
penicillin V.
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mL 0.01M mercuric chloride solution, mix, and adjust the 
pH to 9.0 ± 0.5 with 5M NaOH. Transfer quantitatively into 
a 250 mL volumetric flask and dilute to volume with water.

(c) P hosphate bu ffer.—0.2M. Weigh 0.994 g dibasic so
dium phosphate (anhydrous) and 1.794 g monobasic sodium 
phosphate (monohydrate), dissolve in 80 mL water, and di
lute to 100 mL in a volumetric flask (pH = 6.5).

(d) E lu tion  so lu tion .—Measure 60 mL acetonitrile (LC 
grade) and 5 mL 0.2 M phosphate buffer into a 100 mL 
volumetric flask and dilute to volume with water.

(e) P hosphate bu ffer.—0.1M containing 0.0157M thio
sulfate. Weigh 4.969 g anhydrous dibasic sodium phosphate, 
8.969 g monobasic sodium phosphate monohydrate, and 
2.482 g anhydrous sodium thiosulfate. Dissolve in 800 mL 
water and dilute to volume in a 1 L volumetric flask.

(f) M obile  ph ase .—Measure 750 mL 0.1M phosphate 
buffer containing 0.0157M thiosulfate into a 1 L volumetric 
flask. Dilute to volume with acetonitrile. Mix thoroughly and 
filter through a 0.45 p m  unit under vacuum.

(g) Procaine pen ic illin  G .—Sigma Chemical Co., St. 
Louis, MO.

(h) P h en oxym eth y l pen icillin ic ac id .—Sigma.
(i) E thacilin .—Sterile injectable formulation of procaine 

penicillin G (Rogar/STB Inc., London, Ontario, Canada).

Preparation of Solutions
(a) S to ck  s tan dard  so lu tion s .—(1) Penicillin  G.—1000 

IU/mL. Weight 0.100 g procaine penicillin G salt (1000IU/ 
mg), dissolve in 10 mL methanol, and dilute to volume with 
water in a 100 mL volumetric flask. (2) Penicillin  V.—1000 
/xg/mL. Weight 0.100 g phenoxymethyl penicillinic acid 
(1696 IU/mg), dissolve in 80 mL methanol-water (1 + 1), 
and dilute to volume in a 100 mL volumetric flask with 
methanol-water (1 + 1). (N ote: prepare fresh stock solutions 
every 2 months and keep frozen at —20°C.)

(b) W orking s tan dard  so lu tion s .—(1) Penicillin  G .—20 
IU/mL. Pipet 200 p L  penicillin G stock solution into a 10 
mL volumetric flask and dilute to volume with water. (2) 
P en icillin  V.—20 pg /vaL . Pipet 200 p L  penicillin V stock 
solution into a 10 mL volumetric flask and dilute to volume 
with water. {N ote: Prepare fresh working solutions every 
fortnight and keep frozen in 2 mL aliquots.)

Animals
Two Holstein steer calves (approximate weight, 100 kg) 

that had not been administered any antibiotics were held on 
pasture for 3 weeks. One of the animals was injected with 
15 000 IU of an injectable formulation of procaine penicillin 
G/kg body weight (Ethacilin) and the other animal served as 
a control. The animals were sacrificed 24 h after injection. 
Muscle, liver, and kidneys from both animals were collected 
for analysis.

Tissue Samples
Edible tissues (control and incurred) from the 2 slaugh

tered animals were stored at —20°C until assayed.

Sample Preparation
Accurately weigh 5.0 g partially thawed, blended control 

tissue into each of five 50 mL disposable polypropylene cen
trifuge tubes. Fortify each tissue with 0,12.5, 25, 50, and 100 
p L  portions of penicillin G standard solution, 20 IU/mL, and 
75 p L  penicillin V working standard solution, 20 p g /m L , to 
produce samples with tissue equivalencies of 0, 50, 100, 200,

Table 1. Tissue levels of penicillin G found In a Holstein 
steer calf injected with 15 000 IU procaine penicillin G/kg 

body weight and slaughtered 24 h post-treatment*

Tissue
Concn, IU/kg, of penicillin G detected in 
Holstein steer tissue (Mean ±  SD)

Bovine muscle 51 ±  5
Bovine kidney 23 ±  5
Bovine liver 229 ±  9

3 Five replicate analyses were conducted for each tissue matrix.

and 400 IU/kg penicillin G, respectively, and 300 p g /k g  
penicillin V as internal standard. Accurately weigh 5.0 g 
partially thawed, incurred tissue into a 50 mL centrifuge 
tube, and fortify with 15 p L  penicillin V working standard 
solution, 20 yug/mL. Add 20 mL water to each sample, and 
homogenize. Rinse the homogenizer probe with water into 
the centrifuge tube to the 35 mL mark. Cap the centrifuge 
tube and mix on the mechanical shaker for 5 min. Add 5 mL 
0.17M sulfuric acid and 5 mL 5% sodium tungstate to the 
homogenate, cap, stir by vortexing for ca 20 s, and centrifuge 
at 2200 g  for 10 min. Transfer the supernatant to a clean 50 
mL centrifuge tube. Add 15 mL water to the residual plug, 
shake for 5 min, and centrifuge at 2200 g  for 10 min. Add the 
supernatant from this extraction to the one from the previous 
extraction and filter by vacuum through a GF/B filter paper 
into a 125 mL filter flask. Add 10 mL 20% sodium chloride 
solution to the filtrate in the 125 mL flask and mix thorough
ly.

C 18 Column Cleanup

Mount a 75 mL solvent reservoir onto the C l8 cartridge 
with an adapter and place on a solid-phase extraction vacu
um manifold. Wash the C l8 cartridge with 20 mL methanol 
followed by 20 mL water and 10 mL 2% sodium chloride 
solution, and discard washes. {N ote: It is very important not 
to allow the cartridge to run dry at this stage.) Pour the 
solution from the 125 mL filter flask into the reservoir. Pull 
the sample through the C l8 cartridge with vacuum at a flow 
rate of ca 3 mL/min. Wash the column with 10 mL 2% 
sodium chloride followed by 10 mL water, and draw air 
through the cartridge for 5 min. Discard washes.

Remove the adapter and reservoir from the cartridge, 
place a clean 10 mL glass centrifuge tube under the C l8 
cartridge, and elute the sample immediately with 1 mL Elu
tion solution.

Precolum n D erlvatlzatlon

Add 1.0 mL derivatizing reagent to the eluate in the 10 mL 
centrifuge tube, cap, stir by vortexing, and allow to react in a 
65°C water bath for 30 min. Remove the centrifuge tube 
from the water bath and quickly cool to room temperature by 
immersing the tubes into a beaker of water. Stir samples by 
vortexing after cooling, and filter through a 0.45 pm  Aero 
filter into LC sample vials. Inject a 50-100 p L  sample into 
the LC operated in an isocratic mode with a mobile phase 
flow rate of 0.8 mL/min (the optimized flow rate for this 
column). Measure the peak heights of penicillin G and peni
cillin V peaks detected at 325 nm at 0.005 AUFS.

Intralaboratory S tudy

Three analysts in our laboratory who had familiarized 
themselves with the method were given blended incurred



BOISON ET AL: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 3, 1991) 499

E L U T IO N  V O L U M E  (m L ) E L U T IO N  V O L U M E  (m L )

Figure 2. Elution profile of penicillin G charged onto a C18 
BondElut cartridge with various compositions of elution solu
tions. The elution solutions contained a fixed composition of 
0.2M phosphate buffer (5 %) and varying amounts of aceto
nitrile or methanol and water. A. 45 % methanol-50 % water; 
B. 55 % methanol-40 % water; C. 60 % methanol-35 % wa
ter; D. 45% ACN-50% water; E. 55% ACN-40% water; F.

60% ACN-35% water.

tissues (bovine muscle and kidney and porcine muscle and 
kidney) to analyze. The results of this intralaboratory study 
are presented in Table 1.

Results and Discussion

M ethod M odification and R efinem ent

In the original method reported by Terada et al. (10), 10 g 
homogenized tissue is extracted with 40 mL water, 20 mL 5% 
sodium tungstate, and 20 mL 0.17M sulfuric acid and then 
centrifuged. The supernatant (pH = 2.4) is passed through a 
glass column packed with 18 g basic aluminum oxide and 
allowed to drain by gravity.

In our method, 5 g homogenized tissue is taken and the 
penicillin G is extracted with 20 mL water. Then 5 mL 
0.17M sulfuric acid and 5 mL 5% sodium tungstate solution 
are added for deproteinization. The residual plug of tissue is 
extracted a second time with 15 mL water. We found it 
unnecessary to use the alumina column cleanup incorporated 
in the original method to remove the yellow pigmentation and 
presumably to adjust the tissue extract to about pH 5 before 
subsequent cleanup on the C l8 cartridge because our method 
gives a combined extract whose pH is 5.6. The elimination of 
the basic alumina cleanup step in our method represents a 
substantial saving of almost 2 h in sample preparation time 
that, in our opinion, is more beneficial than the removal of 
the yellow pigmentation from the tissue extract as explained 
by Terada et al. (10).

Although 19 mL water is used in the original method to 
elute penicillin G charged onto a Waters Sep-Pak C l8 car
tridge, we elute penicillin G charged onto a C l8 Bond-

UJ
a.a

Figure 3. Chromatogram of a 50 pL  Injection of a deriva- 
tlzed extract from a control muscle tissue. (A), a control 
muscle tissue fortified with procaine penicillin G at 200 lll/kg 
and (B), a constant amount of penicillin V (300 n g /k g ). 
Peaks represent the mercury mercaptide complexes of peni
cillin G (DPENG) and penicillin V (DPENV) detected at 325 

nm at 0.005 AUFS.

Elut cartridge with only 1 mL elution solution (Figure 2) 
whose composition is described earlier. This modification 
provides an eluate from the C l8 cartridge that is 20 times as 
concentrated as that obtained in the previous method (10). 
BondElut cartridges were used in our method instead of Sep- 
Paks because we found that tissue extracts obtained from 
them were cleaner with respect to contaminants eluting in the 
region of interest. It is recommended that the flow rate of «3 
mL/min be followed closely when the sample extract is being 
charged onto the preconditioned BondElut cartridge. It is 
also recommended that once the C l8 cartridge has been 
loaded with sample and washed and air has been drawn 
through it for 5 min, the penicillins should be extracted 
immediately. Failure to observe these recommendations will 
result in lower recoveries of the analytes.

A 30 min derivatization step has been included in our 
method to form the mercuric mercaptide penicillin complex
es. These derivatives allow the wavelength for maximum UV 
absorption to be shifted from below 230 nm to above 325 nm, 
where interference from endogenous tissue contaminants is 
minimized.

Penicillin V was selected as an internal standard in this
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Table 2. Estimation of the precision and accuracy of the 
developed analytical methodology using fortified tissue 
samples obtained from an antlbiotlc-free Holstein steer 

calf3

Tissue

Level of 
fortification, 

IU/kg

Concentration
found

(Mean ±  SD), 
IU/kg

Deviation,
%

Kidney 50.0b 46 ±  2(4) - 8
120.0 117 ±  9(4) - 3
240.0 235 ±  12(4) - 2

Muscle 50.0 47 ±  3(4) - 6
120.0 121 ±  6(4) +  1
240.0 239 ±  9(4) 0

Liver 50.0 48 ±  3(4) - 4
120.0 118 ±  14(4) - 2
240.0 243 ±  16(4) +  1

3 Numbers in brackets represent the number of replicate determina
tions conducted at each level of fortification.

6 This represents 29.3 ¿¿g/kg (ppb) of penicillin G in tissue.

method because it is efficiently recovered by the extraction 
procedure described, forms a mercaptide complex which ex
hibits a suitable UV absorbance at 325 nm, is chromato- 
graphically resolved from penicillin G (Figure 3), and is not 
registered in Canada for use in food-producing animals (16). 
An internal standard of 300 ¡xg/kg is recommended for use in 
samples (e.g., muscle, kidney) in which the penicillin G resi
due concentration is generally below 800 p.g/kg. In cases 
such as injection sites, livers, and samples from extra-label 
drug use, in which the penicillin G residue levels may exceed 
800 ¿¿g/kg, it is recommended either to use 900 ¿tg/kg peni
cillin V as internal standard or to start with a smaller sample,
e.g., about 2 g. In countries other than Canada, where peni
cillin V is approved for use in food-producing animals, the use 
of an external penicillin G standard would be the method of 
choice for quantitative analysis.

Evaluation of the R e v ised  M ethod

Figure 3 shows the chromatogram of a control muscle 
tissue and a control muscle tissue fortified with penicillin G. 
The capacity factors for penicillin G and penicillin V on this 
column operated at room temperature are 4.0 and 5.5, re
spectively, at retention times of 5.8 and 7.6 min.

Using control tissues fortified with penicillin G at various 
concentration levels, several analytical parameters for the 
modified method were determined (Tables 2 and 3). The

Table 3. The recovery of penicillin G from fortified control 
muscle tissue3

Concn of penicillin G

Spiked,
IU/kg

Recovered 
(Mean ±  SD), IU/kg

Recovery; %, 
±  SD6

25 23 ± 2 92 ± 9
50 47 ±  3 94 ± 6

250 213 ±  12 85 ±  5
500 439 ±  36 88 ±  7

1000 910 ±  19 91 ±  2

3 Five replicate determinations were conducted at each level of 
fortification.

b Recoveries from fortified tissues were calculated based on external 
penicillin G standards.

Table 4. Typical calibration parameters for the analysis of 
penicillin G residues In edible tissues3

Level of fortification, IU/kg Mean response ratio6 ±  SD

50.0 0.25 ±  0.02 (4)
100.0 0.54 ±  0.04 (4)
200.0 1.11 ±0.07 (4)
400.0 2.27 ±0.12 (4)

3 Linear regression equation: Y = (0.005768 ±  0.000014) X —  
0.03913, correlation coefficient = 0.9999, where X is the concen
tration in IU/kg and Y is the response ratio.
Responses were obtained on extracts from blank muscle tissues 
spiked at the indicated levels of penicillin G and a constant amount 
of penicillin V (300 ¿¿g/kg) and taken through the extraction-derivati- 
zation method.

b Response ratio is calculated as response of penicillin G/response of 
penicillin V (300 ¿¿g/kg) detected at 325 nm.

method is accurate and reproducible with coefficients of 
variation of <12%, and yields recoveries of >80% for the 
determination of penicillin G in edible tissue. Calibration 
curves generated from plots of response ratios (peak height of 
penicillin G/peak height of penicillin V) vs concentration of 
penicillin G in fortified control samples are linear in the 10- 
1000 IU/kg concentration range with correlation coeffi
cients of >0.995 (Table 4). The method has a detection limit 
of 8.4 IU/kg (5 Mg/kg) (S/N = 5) which is tenfold lower 
than that reported in the original method (10).

Table 1 illustrates the tissue levels of penicillin G deter
mined for the Holstein steer calf that was injected with 
15 000 IU procaine penicillin G/kg body weight and sacri
ficed 24 h post-treatment. The tissue levels of penicillin G in 
this Holstein steer calf administered twice the recommended 
dose of penicillin G indicate that the method is capable of 
detecting penicillin G residues in incurred tissues.

The results of an intralaboratory study to demonstrate 
whether the method is suitable for routine laboratory use are 
shown in Table 5. Except for the low result obtained for 
porcine kidney (an obvious outlier) and the high value for 
bovine kidney obtained by analyst A, the results of the intra
laboratory analyses indicate that the method can be repro
duced and is not analyst-dependent.

Ampicillin, a synthetic /3-lactam, and chloramphenicol, a 
veterinary drug banned for use in food-producing animals, 
are both extracted from tissues with recoveries of >80% 
(unpublished data) by our method. With retention times of
3.8 and 4.6 min for ampicillin and chloramphenicol, respec
tively, they are resolved completely from penicillin G and 
penicillin V and therefore do not interfere with the chromato-

Table 5. Intralaboratory study to determine the 
concentrations of penicillin G residues In Incurred porcine 

and bovine tissues3

Sample

Concn, IU/kg, of penicillin G6 
in tissues determined by

Mean concn 
of analysts’ 

results, 
IU/kgAnalyst A Analyst B Analyst C

Bovine muscle 50 ±  3(5) 51(2) 49 ±  2(5) 50 ±  1
Bovine kidney 92 ±  6(5) 77(2) 72 ±  4(5) 80 ±  10
Porcine muscle 127 ±  14(5) 134(2) 144 ±4(5) 135 ±  9
Porcine kidney 366 ±  23(5) 610(2) 571 ±35(4) 516 ±  131

3 Numbers in brackets represent the number of replicate analyses 
conducted on each sample by each analyst. 

b Mean ±  SD.
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graphie analysis. The recovery of these veterinary drugs from 
tissue by this method offers a potentially useful route for the 
development of a multiresidue LC method for /3-lactams and 
chloramphenicol. We have recently developed a thermo- 
spray/LC/MS method (unpublished paper) that provides 
simultaneous detection and confirmation of the analytes pre
sented in this paper and greatly increases the usefulness of 
the method for regulatory monitoring of these residues in 
tissues and biological fluids of food-producing animals.

Conclusion
A simpler, more sensitive, and more reproducible method 

for the determination of penicillin G residues in edible tissues 
has been developed. This method has been shown to be suit
able for the routine diagnostic analysis of penicillin G in 
tissues of food-producing animals and is now being used 
routinely in our laboratory for the determination of benzyl 
penicillin residues in submissions of suspect and STOP-posi- 
tive tissues of edible animals from federally inspected abat
toirs across Canada.
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FOOD ADDITIVES

Enzyme Immunoassay for Hen Egg White Lysozyme Used as a Food Additive
AYAKO YOSHIDA, YUTAKA TAKAGAKI, and TAKAHIRO NISHIM UNE
O s a k a  P r e fe c tu r a l  I n s t i tu te  o f  P u b lic  H e a l th , 1 -3 -6 9 , N a k a m ic h i ,  H ig a s h in a r i-k u , O sa k a , 5 3 7 , J a p a n

An Indirect competitive enzyme immunoassay for hen egg 
white lysozyme (HEL) used as a food additive was investi
gated. Anti-HEL antibodies were obtained from B10A mouse 
ascites immunized by intraperitoneal injection of HEL. HEL 
samples to be assayed were extracted from foods with 1 % 
gelatin in borate buffer. Goat anti-mouse IgG (H+L)-peroxi- 
dase complex was used as a second antibody, and 3,3',5,5'- 
tetramethylbenzidine was used as a substrate for the peroxi
dase. The working range for quantitative analysis was 1-50 
ng/mL, because in this range the binding inhibition curve of 
anti-HEL antibodies to HEL-coated plates by HEL was linear. 
Even after losing the lysozyme activity by heat treatment, 
HEL could be detected by indirect competitive enzyme im
munoassay. Recoveries of HEL by this assay were >85 % for 
Japanese noodles and Japanese traditional-style confection
eries, 53—95 % for Miso and cooked beans, and 30—85 % 
for fried fish pastes. HEL contents of 55 commercial foods 
were determined; HEL was detected in 19 samples in the 
range 25-20 000 ng/g. HEL as a food additive was detected 
more frequently in plant-derived foods than in foods of animal 
origin.

Lysozyme is widespread in animals and plants. Hen egg 
white contains a large amount of lysozyme, and it has been 
added to various foods as a food preservative (1, 2). Lyso
zyme hydrolyzes mucopolysaccharides in the cell wall of 
certain microorganisms such as M icrococcus lysodeik ticu s, 
and then causes the lysis of microorganisms (3).

For the analysis of hen egg white lysozyme added external
ly to foodstuffs, liquid chromatography or an assay system of 
lytic activity has been used thus far (4). These methods, 
however, have the disadvantage of lack of specificity for the 
detection of a particular lysozyme, e.g., hen egg white lyso
zyme (3) or human urine lysozyme (5); they do not detect the 
origin-specific lysozyme protein but rather detect the com
mon lysozyme activity.

On the other hand, enzyme immunoassy (EIA) has both 
high specificity and very low detection limits, so that compli
cated cleanup procedures are not required (6 ). We attempted 
to apply EIA to the determination of hen egg white lysozyme 
which was present in commercial foods as a food additive.

Experimental

Materials
Hen egg white lysozyme (HEL) and complete Freund’s 

adjuvant were purchased from Wako Pure Chemical Indus
tries. Goat anti-mouse IgG (H+L)-peroxidase was obtained 
from Jackson Immno Research Lab. 3,3',5,5'-Tetramethyl- 
benzidine (TMBZ) was purchased from Dojin Laboratories.

Substrate solution was prepared, just before the assay, by 
dissolving both 100 juL TMBZ solution (10 mg TMBZ in 1

Received October 14, 1990. Accepted December 14, 1990.

mL dimethylformamide) and 1.5 p L  30% hydrogen peroxide 
in 9.9 mL 0.1M acetate buffer, pH 5.5.

Preparation of Anti-HEL Antibodies
HEL aqueous solution was used as the immunogen by 

emulsification with 9 volumes of complete Freund’s adju
vant. Female B10A mice were immunized by intraperitoneal 
injection of this emulsion (HEL 100 ¿tg/mouse) every 4 
weeks; ascites was collected and centrifuged at 10 0 0 0  rpm 
for 10 min, and the supernatant was used for EIA.

EIA Protocols
(a) P rep a ra tio n  o f  p la te s .—Microtiter plates (Nunc 

Immno Module, Maxisorp FI6 , 96 wells) were coated with 
100 p L  aliquots of HEL solution (100 p L /m L  borate buffer 
(BBS, pH 8.0) at room temperature for 1 h. Plates were 
washed 3 times with BBS, then blocked with 250 p L  1% 
gelatin in BBS at room temperature for 1 h. These plates 
were stored in a refrigerator until required.

(b) Indirect E IA .—Indirect EIA was used to examine the 
dilution ratio of anti-HEL ascites, as follows: 100 f.¿L diluted 
ascites was added to the appropriate wells of the HEL-coated 
plates. Plates were incubated 1 h at room temperature and 
washed 3 times with BBS; then 100 p L  goat anti-mouse IgG 
(H+L)-peroxidase (diluted 1/5000 (v/v) in 1% gelatin in 
BBS) were added. Plates were incubated 1 h at room tem
perature and washed 5 times with BBS; then 100 p L  sub
strate solution were added and the plates were incubated for 
30 min at room temperature. The reaction was stopped with 
100 p L  IN-H2SO4  and absorbance was measured at 450 nm. 
The absorbance at 450 nm was corrected by subtracting the 
absorbance obtained by a non-specific binding of both anti- 
HEL antibodies and the second antibody to the plate. To 
estimate this latter absorbance, the entire procedures were 
carried out in parallel using plates which were not coated 
with HEL solution but only blocked with 1% gelatin in BBS.

(c) Indirect com petitive  E IA .— This assay was done to 
estimate the amount of HEL in foods. HEL-coated plates 
were prepared as described. Diluted ascites (6/10 000 (v/v) 
in 1% gelatin in BBS) was mixed with the same volume of 
HEL solution (dissolved with 1% gelatin in BBS) as standard 
or sample extract, and incubated 1 h at room temperature. 
Then 100 p L  portions of these mixtures were added to HEL- 
coated plates and/or HEL-non-coated plates, and incubated 
1 h at room temperature. The determination was completed 
as described above for EIA.

Preparation of Sample Extract
Samples (3-5 g) were weighed into a 50 mL centrifuge 

tube, and 40 mL 1% gelatin in BBS was added. The mixtures 
were homogenized, diluted to 50 mL with 1% gelatin in BBS, 
and centrifuged at 10 000 rpm for 10 min. The supernatant 
was used as the EIA sample.

Assay System of Lytic Activity
Lysozyme activity was determined with a modified version
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Dilution of a n ti-H E L  ascites 
Figure 1. Binding curves of anti-HEL antibodies in mouse 
ascites to HEL-coated ( - • - )  and HEL-non-coated (-O -) 

plates.

of the method used by Shugar (7) in which 9 mg dried 
M icrococcus lu teu s cells were suspended in 30 mL 0.1M 
phosphate buffer (pH 7.0), 2.9 mL of the suspension was 
pipetted into a cuvette, and absorbance was measured at 450 
nm. Then 0.1 mL standard HEL solution or sample extract 
was added to the cuvette and incubated for 10 min at 22°C. 
The change of absorbance at 450 nm (A450) was recorded, 
and the content of lysozyme in samples was estimated from 
the change of A45o, using a separately prepared dose-absor- 
bance curve. The result was shown as an HEL equivalent.

Results and Discussion
Specific anti-HEL antibodies were prepared by injecting 

HEL into mice. The anti-HEL titers were monitored by a gel 
precipitation test with 0.9% agarose in BBS.

The dilution ratio of the anti-HEL ascites for indirect 
competitive EIA was determined. Figure 1 shows a binding 
curve of the antibody to HEL-coated plates. In indirect com
petitive EIA, the most appropriate absorbance is approxi
mately 1.0 when competing HEL is not added. From this 
binding curve, the working dilution ratio was selected to be

Figure 2. Binding inhibition curve of anti-HEL antibodies In 
mouse ascites to HEL-coated plates by HEL.

Competing HEL (ng/mL)
Figure 3. Effect of reaction time with the substrate on 
binding inhibition curve of anti-HEL antibodies in mouse 

ascites to HEL-coated plates by HEL.

3/104. A450 by the nonspecific binding was about 0.15 at the 
dilution ratio of 1 / 10 3 to 1 / 10 6.

Dynamic range for the determination of HEL by indirect 
competitive EIA was estimated (Figure 2). A450 was moni
tored while the concentrations of competing HEL were var
ied from 1 to 1000 ng/mL (final concentration). Linearity of 
the binding inhibition was observed from 1 to 50 ng/mL, and 
the working range for the quantitative analysis of HEL in 
foods was selected to be 1-50 ng/mL.

The optimum concentration of the peroxidase-conjugated 
second antibody was determined by testing 3 dilution ratios 
of 1 /5000, 1/10 000, and 1 /20 000 of the commercially ob
tained preparation. The absorbances by the nonspecific bind
ing were approximately the same for these 3 second antibody 
concentrations, and the highest A450 obtained by indirect 
EIA was achieved at 1 /5000. Then the working dilution ratio 
of the second antibody was selected to be 1/5000.

Figure 3 shows the effect of reaction time with the sub
strate on binding inhibition curves of anti-HEL antibodies to 
HEL-coated plates by HEL. Absorbances at 595 nm were 
monitored before the reaction was stopped with H2S04. The 
slope of the curve increased when the incubation was extend
ed to an incubation time of 30 min. After 30 min, the binding 
curves were parallel; hence, the reaction time was selected to 
be 30 min.

One of the problems in detection of HEL by the lytic assay 
is cross reactivity (6 , 8 ) because lysozyme has a widespread 
distribution in many kinds of foodstuffs such as meats, vege
tables, fish, and shellfish (4, 5). On the other hand, it was also 
reported that the content in vegetables and fruits was rela
tively low (1). Further, the structures of lysozymes in vegeta
bles and fruits are considered to be different from HEL. 
Consequently, the cross reactivity in the case of EIA between 
lysozymes of vegetables or fruits and HEL was presumed to 
be low. Practically, this was shown by the “None Detected” 
(ND) data of some Japanese pickles or boiled vegetables in 
Table 1. Shellfish was reported to have high lysozyme activi
ty (9). Therefore, we further tested the cross reactivity be
tween HEL and corb shell lysozyme in our system. Lysozyme 
content of the corb shell was also determined by the lytic 
assay and found to be 201 Mg/g as an HEL equivalent. 
However, HEL was not detected by our indirect competitive
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Table 1. Determination of HEL in commercial foods
F o o d s H E L , n g / g a F o o d s H E L, n g /g a

J a p a n e s e 9 8 0 0 J a p a n e s e  p ic k le s

t r a d i t io n a l- 5 8 0 0 J a p a n e s e  ra d is h 1 6 0

s ty le 2 4 0 0 E g g p la n t N D  (1 )

c o n f e c t io n e r ie s 5 9 0 C h in e s e  c a b b a g e N D  (1 )

5 2 0 N o z a w a  le a v e s N D  (1 )

N D  (9)b B o ile d  o c to p u s N D  (3 )

J a p a n e s e 2 0 0 0 0 S p a n is h  m a c k e r e l ,

n o o d le s 3 8 0 0 M is o N D  (1 )

3 3 0 0 H a m

N D  (1 ) P o rk  h a m N D  (3 )

B is c u i t 1 1 0 0 F is h  h a m N D  (2 )

1 9 0 J a m

C r a c k e r 4 8 0 0 S tr a w b e r r y  ja m 3 6 0

M is o 2 5 0 O ra n g e  m a rm a la d e 7 0

N D  (2 ) B o ile d  v e g e ta b le s

T o fu N D  (2 ) B ra c k e n N D  (1 )

C o o k e d  b e a n s M u s h ro o m N D  (1 )

K in to k i- b e a n s 2 8 0 T a ro s N D  (1 )

N D  (1 ) F r ie d  f is h  p a s te s 1 7 0

U z u ra -b e a n s N D  (1 ) N D  (4 )

B o ile d  a n d  s e m i-d r ie d 3 4

w h i te b a i t N D  (2 )

a O v e ra l l  d e te c t io n  l im its  In th e  o r ig in a l s a m p le  a r e  5 0  n g /g  In  b is c u it  

a n d  in  f r ie d  f is h  p a s te s ,  o r  2 0  n g /g  in  o th e rs . 

b N u m b e r  o f  s a m p le s  b e lo w  d e te c t io n  l im its .

EIA, and the 2 were completely differentiated. Further in
vestigations of the lysozymes from meat and fish are now 
underway.

It is often desirable for food additives to be determined 
after heat treatment. Determination of heat-denatured HEL 
was carried out by both assay systems, i.e., lytic activity and 
EIA. HEL solution (50 p g /m L )  was heated at 100°C for 30 
min and for 40 min. The results (Figure 4) showed that HEL 
could be detected by EIA but not by the lytic assay. The 
discrepancies seemed to arise from the different heat stability 
of the sites having lytic activity and immunogenicity in HEL 
as reported by Kenett et al. (10). HEL is used as a food 
additive under more moderate heating conditions (1), and in 
many cases, HEL activity remains more or less the same. 
Those conditions are covered in the heating conditions of 
Figure 4, indicating the superior sensitivity of EIA to the 
lytic assay.

H eating tim e (m in )
Figure 4. Detection of HEL heat-treated at 100°C by EIA 

(-O -) and the lytic assay ( - • - ) .

Table 2. Recovery tests of HEL In foods
F o o d s A d d e d ,n g /g F o u n d , n g /g R e c . ,a %

J a p a n e s e  n o o d le s 0 0 —

1 0 0 9 3 .5 9 3 .5

1 0 0 0 1 1 8 0 1 1 8

1 0 0 0 0 1 2 0 0 0 1 2 0

J a p a n e s e 0 0 —

tr a d it io n a l- s t y le 1 0 0 8 4 .8 8 4 .8

c o n fe c t io n e r ie s 1 0 0 0 9 2 0 9 2 .0

1 0 0 0 0 1 1 5 0 0 1 1 5

F r ie d  f is h  p a s te s 0 0 —

1 0 0 2 9 .5 2 9 .5

5 0 0 4 2 5 8 5 .0

M is o 0 0 —

1 0 0 9 8 .0 9 8 .0

5 0 0 3 6 0 7 2 .0

C o o k e d  b e a n s 0 0 —

1 0 0 5 2 .5 5 2 .5

5 0 0 4 7 5 9 5 .0

a A v e r a g e  o f  3  e x a m in a t io n s .

Extraction of HEL from foods was tested. To avoid bind
ing of HEL at the surface of the centrifuge tube, 1% gelatin 
in BBS was used as the extraction solvent.

Table 2 shows the results of recovery tests in 5 kinds of 
commercial foods, i.e., Japanese noodles, Japanese tradition
al-style confectioneries, cooked beans, fried fish pastes, and 
Miso. Recoveries from Japanese noodles and confectioneries 
were satisfactory (85-120%). In Miso and cooked beans, 
recoveries were relatively good. In fried fish pastes, however, 
low recoveries were obtained, especially when the amount of 
HEL was relatively small. It is inferred that the lipid from 
the samples might interrupt binding of anti-HEL antibodies 
to HEL-coated plates. A cleanup procedure to remove the 
lipid from lipid-rich samples is being investigated.

Table 1 shows the HEL content of 55 commercial foods 
determined by our indirect competitive EIA. HEL used as a 
food additive was detected more frequently in plant-derived 
foods than in foods of animal origin. HEL at 500-10 000 ng/ 
g was detected in 5 Japanese traditional-style confectioneries 
among 14 samples. In the case of Japanese noodles, 3 of 4 
samples contained HEL at 3300 to 20 000 ng/g. Ir. Japan, 
hydrogen peroxide had been used for preserving Japanese 
noodles until 1977, when hydrogen peroxide was banned 
because of its carcinogenicity. Thereafter, HEL has been 
used for preserving noodles as a substitute for hydrogen 
peroxide. HEL has several advantages as a food additive, 
e.g., it is highly soluble in water and is relatively tolerant to 
heat, especially under acidic conditions. Futhermore, HEL 
can be broken down in the human stomach after digestion (1, 
2).

Thus, it is likely that HEL is added to many kinds of foods 
as a safe food preservative. Further investigation of the deter
mination of HEL in many kinds of foods is underway.
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FOOD PACKAGING

Determination of Food Contamination by Mineral Oil from Jute Sacks Using 
Coupled LC-GC
KONRAD GROB, MAURO LANFRANCHI, JNES EGLI, and ANNA ARTHO 
K a n to n a le s  L a b o r , P O  B o x  C H -8 0 3 0 , Z u r ic h , S w itz e r la n d

Jute fibers are treated with about 5-7% of a high boiling 
mineral oil fraction (“batching oil’’) to render them flexible 
for making fabrics. Foods transported in jute bags are con
taminated by this batching oil. A method involving automated 
on-line LC-GC is described for determining these hydrocar
bons in various foods. Complete transfer of the LC fraction to 
GC is presupposed for obtaining the required sensitivity. 
Results are given for nuts, coffee, cocoa products, and rice. 
Contamination ranged between about 5 and 500 ppm.

During experiments for determining irradiation of foods (1), 
involving on-line LC-GC analysis of alkanes and alkenes as 
radiolysis products from fat, we observed numerous GC 
peaks on an unresolved background (“hump”) in the extracts 
of hazelnuts. These peaks were typically eluted in the range 
of the alkanes from Cu to C22. In most samples, not only the 
corresponding n-alkanes were detected, but also the 
branched pristane and phytane, which are not naturally 
present in hazelnuts. The latter 2 components, also found in 
sediments of rivers or lakes and other environmental samples, 
are often used as markers for the presence of mineral oils; 
although the straight chain alkanes rapidly disappear be
cause of digestion by microorganisms, pristane and phytane 
persist.

The suspicion that the alkanes found in hazelnuts are due 
to contamination with mineral oil was confirmed by the 
absence of such peaks in hazelnuts from our own garden. 
Concentrations of summed alkanes were between about 5 
and 500 ppm, thus in a range corresponding to severe food 
contamination. The source of the contamination was identi
fied as the “batching oil” applied to jute fibers used for jute 
bags. Once this was known, many other foods were found to 
be contaminated by the same hydrocarbons: cocoa beans, 
chocolate, coffee, rice, etc. Batching oil also contains aroma
tics (15-30%), but these compounds were not detected by the 
method applied here.

Jute Sacks
Jute sacks are primarily produced in Southeast Asia; Ban

gladesh and Thailand are the most important exporters. Jute 
fibers obtained from the jute plant are brittle and dusty. 
Therefore, fibers are processed with batching oil before spin
ning and weaving. Commonly about 7% batching oil is added 
to the fibers (2). At the end of the manufacturing process, 
bags are aired for months to remove the most volatile part of 
the batching oil (primarily to avoid the strong smell of miner
al oil). According to the producer’s information, bags are 
sold with a maximum content of 5-5.5% batching oil. Most of 
the batching oil for the Bangladesh jute is produced by refin
eries in Dhaka. It seems to be a straight mineral oil fraction, 
distillation being characterized by a 50% recovery at 348 °C 
and 90% recovery at 395°C, thus resembling gas oil. Howev-
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er, GC analyses of batching oils extracted from jute sacks 
suggest that batching oils are not of uniform quality.

Coupled LC-GC
Determinations were carried out by automated on-line 

coupled LC-GC (3) involving transfer of whole LC fractions 
to GC. This saved considerable time for sample preparation 
and resulted in high sensitivity; (detection limits were 
achieved only with difficulty when an off-line procedure was 
used; see D iscussion). Finally the on-line system avoided 
contamination of the samples with the hydrocarbons present 
in many kinds of laboratory equipment.

Transfer in presently used on-line coupled LC-GC may be 
carried out with the 2 eluant evaporation techniques summa
rized by Munari and Grob (4). The first step of developing an 
LC-GC method involves the choice of the evaporation tech
nique. Concurrent evaporation, i.e., complete evaporation 
during transfer, is preferred whenever possible. However, 
substances that are eluted at up to 50-100° above the column 
temperature during transfer (which must be above the pres
sure-corrected boiling point) form broad peaks and/or are at 
least partially lost through an early vapor exit. Thus, concur
rent evaporation is suitable for applications involving elution 
temperatures exceeding about 120-170°C (depending on the 
eluant, for example).

For GC analysis with lower elution temperatures, the re
tention gap techniques must be used. Solvent trapping is 
exploited for retaining volatile components in the flooded 
uncoated pre-column up to the end of eluant evaporation. 
However, this presupposes the use of uncoated pre-columns 
of a size that allows the retention of flooding eluant. Up to 
about 100 u L  can be retained in a pre-column 10 m X 0.53 
mm id. If larger fractions are to be transferred, a substantial 
proportion of the eluant is evaporated during transfer to 
reduce the volume of flooding liquid that must be retained by 
the uncoated pre-column (partially concurrent eluant evapo
ration).

Experimental

Apparatus
LC-GC was carried out on the prototype of the Carlo Erba 

Dualchrom 3000 instrument (5, 6 ). The apparatus consisted 
of an LC system with a syringe pump Phoenix 20, an auto
sampler, an injection valve with a 10 or 50 ¿¿L loop, and a 10- 
port backflush valve containing a 1 mL wash loop slowly 
filled with wash solvent from a pressurized flask. The loop- 
type interface was used with pressure/flow-regulated carrier 
gas supply (7) and an early vapor exit (8 ). The whole system 
was controlled from the GC.

Sample Preparation
N u ts .—A 100 g sample of nuts was ground and immersed 

in redistilled «-pentane overnight. The extract was decanted, 
the solvent was evaporated, and 1 g of the residue, consisting
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primarily of oil, was dissolved in 10 mL «-pentane (10% 
solutions). Then, 20 /rL of a 100 ppm solution of «-eicosane or 
«-tridecane in hexane was added as internal standard ( = 2  
ppm). Assuming a fat content of 50%, the 2 ppm equivalent 
in the oil residue corresponded to 1 ppm in the nuts.

Cocoa beans.—Shells and kernels of the cocoa beans were 
separated. Kernels were ground and extracted like the nuts, 
and 2 g shells were ground. Then, 2 /xL internal standard 
solution (1 0 0  ppm «-tridecane in hexane) was added (1 ppm 
for the shells). The mixture was extracted overnight with 20 
mL «-pentane, centrifuged if turbid, and determined by LC- 
GC. Rice, coffee beans, instant coffee, cocoa powder, cocoa 
beverages, and chocolate were extracted as described for the 
shells of the cocoa beans; sesame and cheese as for the nuts.

Ju te bags.—A 1 g sample of a jute bag was extracted with 
10 mL «-pentane, and 10 ¿tL of a 500 ppm solution of «- 
tridecane was added as internal standard; the resulting solu
tion was diluted 1 + 50 and determined by LC-GC.

LC-Preseparation
The alkanes were separated from the rest of the sample on 

an LC column 10 cm X 2 mm id packed with silica gel 
Spherisorb S-5-W and eluted with redistilled «-pentane at 
200 ¿tL/min. The fraction window of the paraffins was deter
mined by injecting an oil similar to the batching oil into the 
LC and transferring 50 p L  volumes at various LC retention 
times to GC. The paraffin fraction started at the dead time of 
the column (1.25 min) and reached a retention time of 2 min, 
at which no more «-alkanes were eluted. The methylnaphtha- 
lenes, the most volatile aromatics of batching oils, were elut
ed clearly later. The transferred fraction had a volume of 150 
p h . The LC column allowed introduction of up to 5 mg of fat 
in up to about 50 p L  of solvent. Larger amounts can be 
introduced, provided larger bore LC columns are used.

On-line Transfer to GC
P a rtia lly  concurrent eluan t evaporation .—For the first 

part of the experiments, because the most volatile compo
nents to be determined were not known, transfer occurred by 
the retention gap technique. Using an uncoated pre-column 
10 m X 0.53 mm id with a capacity of retaining up to some 
100 p L  liquid, at least 50 p L  of the LC fraction had to be 
evaporated during transfer (partially concurrent eluant 
evaporation). However, when the standard pre-column sys
tem with early vapor exit for partially concurrent eluant 
evaporation is applied (9), the minimum required eluant 
evaporation rate of 67 p L /m m  is easily exceeded.

The uncoated fused silica pre-column, 10 m X 0.53 mm id, 
was deactivated by phenyldimethyl silylation. It was fol
lowed by a retaining pre-column, 3 m X 0.32 mm id, taken 
from the separation column, and the early vapor exit. Con
nections between the pre-columns and to the vapor exit T- 
piece were of press-fit type (10). The separation column, 
attached to the vapor exit T-piece, was a glass capillary 
column, 25 m X 0.32 mm id, coated with PS-255 (a methyl 
silicone) of 0.6 p m  film thickness. Hydrogen was used as 
carrier gas at 0.8 bar inlet pressure. Transfer occurred at 
48 °C column temperature. The evaporation rate, determined 
at the vapor exit as described previously (9), was 125 p L /  
min. Thus, only some 55 p L  of condensed eluant flooded the 
uncoated pre-column at the end of the transfer.

Because partially concurrent eluant evaporation requires 
the use of the on-column interface, the uncoated pre-column 
was installed in the on-column injector, and the transfer line,

Table 1. Timetable of the LC-GC transfer by partially 
concurrent eluant evaporation with the on-column Interface

T im e

e la p s e d  A c t iv i t y

0 :0 0  G C  o v e n  th e r m o s ta te d  a t  4 8 ° C ;  L C  s y r in g e  p u m p  ( a u to m a t i

c a l ly )  r e f i l le d  w h e n  r e q u ir e d  fo r  th e  ru n .

0 :0 0  A u to m a t ic  in je c t io n  o f  5 0  pL  o f  th e  s a m p le .

1 :1 5  O n - c o lu m n  t r a n s fe r  v a lv e  s w itc h e d  to  t r a n s fe r ;  v a p o r  e x it  

o p e n e d .

2 :0 0  T r a n s fe r  v a lv e  r e tu r n e d  to  s ta n d -b y .

2 :1 0  L C  c o lu m n  s w itc h e d  to  b a c k f lu s h ,  th e  w a s h  lo o p  c o n ta in in g  

1 m L  m e th y l fe r f -b u ty l e th e r  (M T B E ).

2 :2 0  C lo s u re  o f  th e  v a p o r  e x i t  ( s w itc h e d  to  a  r e s t r ic t io n  o f  1 m  X  

7 5  /4 m  id ).

2 :3 0  G C  o v e n  te m p e ra tu r e  in c r e a s e d  a t  1 5 ° / m in  to  1 3 0 ° C  a n d  

a t  5 ° / m in  to  2 5 0 - 3 3 0 ° C .

1 2 :1 0  B a c k f lu s h  v a lv e  r e tu r n e d  to  s ta n d -b y  p o s i t io n .

a 0.17 mm od fused silica capillary, was inserted into its inlet. 
The LC-GC procedure involved the steps and the timetable 
summarized in Table 1.

Concurrent eluant evapora tion .—Because the first eluted 
alkane was never smaller than tetradecane, concurrent evap
oration was applicable and a majority of samples were ana
lyzed this way. In fact, all of the chromatograms shown, 
except those for the hazelnuts, were obtained by the concur
rent evaporation technique. «-Tridecane (the most common
ly used internal standard) formed an obviously broadened 
peak, indicating that the sample was a borderline case for 
concurrent evaporation. Broadening is the result of the first 
transferred solute material being flushed excessively far into 
the retaining pre-column by the eluant vapors. However, the 
tridecane peak was not broadened enough to cause loss of 
material through the vapor exit. As it was a critical case, 
application of concurrent evaporation presupposed a fairly 
long separation column of somewhat elevated film thickness 
(which increased the elution temperature), a carefully select
ed transfer temperature, and the transfer only of restricted 
fraction volumes.

Concurrent evaporation requires an oven temperature dur
ing transfer that is at least slightly above the eluant’s boiling 
point at the inlet pressure. When the standard loop-type 
interface (7) is used, the inlet pressure during transfer corre
sponds to the pressure determined by the pressure regulator 
installed upstream to the flow regulator. As this pressure was

Table 2. Timetable of the LC-GC transfer using concurrent 
eluant evaporation with the loop-type interface

T im e  e la p s e d  A c t iv i t y

0 :0 0  G C  o v e n  te m p e r a tu r e  a d ju s te d  to  5 8 ° C  a n d  L C -p u m p

r e f i l le d  w h e n  re q u ire d .

0 :0 0  A u to s a m p le r  in je c t io n  o f  5 0  pL .
2 :0 0  T r a n s fe r  a n d  c a r r ie r  g a s  v a lv e s  s w itc h in g  to  t r a n s fe r ;

s o lv e n t  v a p o r  e x i t  o p e n e d .

2 :1 0  C o lu m n  s w itc h e d  to  b a c k f lu s h  w ith  M T B E .

x :x x  A u to m a t ic  r e tu rn  o f  s a m p le  a n d  c a r r ie r  g a s  v a lv e s  to

s ta n d -b y  u p o n  d ro p  o f  in le t  p re s s u r e  ( th re s h o ld  

1 0  k P a ).

x :x x  +  3 0  s  C lo s u re  o f  th e  v a p o r  e x it .

5 :0 0  T e m p e r a tu r e  in c r e a s e  in  th e  G C  o v e n  b y  1 5 ° C  to

1 3 0 ° C ,  fo l lo w e d  b y  5 ° C  to  3 0 0 ° C .

1 2 :1 0  L C  c o lu m n  r e tu r n e d  to  n o rm a l f lo w  d ir e c t io n .
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Figure 1. Batching oils from jute sacks. Mixture with large n-alkane peaks from a new-looking sack (left); strongly degraded 
oil from an old-looking sack (right). Pristane and phytane are persistent branched alkanes.

1 bar (hydrogen), a transfer temperature of 58°C was used
(11). The flow regulator, Porter DFC 1400 with the laminar 
element A-10, was set at 40. At 1 bar pressure behind the 
flow regulator, this resulted in a flow rate of some 2.5 mL/ 
min.

A sample loop of 150 internal volume (7 5 cm X 0.5 mm
id; check volume—tubing is not always accurate!) was in
stalled in the sample valve. An uncoated fused silica pre
column, 2.5 m X 0.32 mm id, was combined with a glass 
capillary retaining pre-column, 3 mm X 0.32 mm id, (from 
the separation column), the vapor exit T-piece, and the sepa
ration column mentioned above.

The steps and the timetable of the LC-GC transfer are 
listed in Table 2. Because the end of the transfer was auto
matically detected by the drop of the inlet pressure upon 
disappearance of the eluant plug in the inlet of the pre
column (time xx:x), synchronisms controlled the return of 
the sample and the carrier gas valve as well as closure of the 
vapor exit.

Quantitation
Accurate quantitation of a broad “hump,” i.e., of an unre

solved zone (see chromatograms below), was difficult. Usu
ally most of the peak area was in the “hump,” i.e., integrated 
peak areas represented only a small fraction of the total 
material present. The area of the unresolved background was 
determined manually by the following procedure: The base
line, as repeatedly determined by blanks, was transferred to 
the chromatograms of the sample. Then, the area of the 
“hump” was determined by approximation with simple geo
metrical forms and compared with the area of the internal 
standard, also measured in terms of mm2 (calculated as half 
height width multiplied by peak height).

Reasonably accurate determinations presuppose a stable 
baseline (i.e., moderately high attenuation) and introduction 
of amounts creating rather large “humps.” Both require
ments called for high overall sensitivity. The detection limit 
was around 0.5 ppm; reasonably accurate quantitation was 
possible above 2-5 ppm.

Results

Jute Bags
Figure 1 shows 2 strongly differing paraffin mixtures ex

tracted from jute sacks used for transporting hazelnuts. They 
give an idea about the expected fingerprints of the contami
nation by jute sacks. The left chromatogram is dominated by 
n-alkane peaks (on a broad unresolved background). From 
the other jute sack (right), n-alkanes had disappeared almost 
completely (probably through degradation) while the isoal
kanes, which formed the “hump,” were still present. The 
isoalkanes are dominated by pristane and phytane, 2  
branched hydrocarbons known to strongly resist microbial 
degradation. Furthermore, the shape of the “hump” indi
cates that a large part of the more volatile alkanes was lost by 
evaporation into air or transfer to the nuts. The first sack 
looked rather new while the second was dirty and worn-out. 
Flowever, it is questionable whether the sack was really old, 
because importers claim that sacks are only used once.

The 2 batching oils shown in Figure 1 are of similar molec
ular weight distribution: Ci6-C 28. Some oils (from the ap
proximately 30 jute bags analyzed) were of a more narrow 
range of molecular weights: C2i-C29 in one case, Cn-C 25 in 
another .The broadest range was C16-C 31. Keeping this back
ground in mind, we should expect that food contamination



GROB ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 3, 1991) 509

Figure 2. Paraffins on hazelnuts: At left, nuts from a Jute bag with dominating n-alkanes (indicated by numbers of carbon at
oms); at right, from a bag with degraded n-alkanes. Transfer from LC to GC by partially concurrent eluant evaporation (all other

chromatograms shown were obtained by concurrent evaporation).

should also show different pictures: varying contents of n- 
alkanes and varying molecular weight distributions.

Concentrations of batching oil found in the fabrics of jute 
sacks varied between 1.4 and 4.1%, mostly ranging between
2.5 and 3.5%. As an average sack for transporting, say, 50 kg 
of nuts has a weight slightly exceeding 1 kg, each sack con
tains about 30 g batching oil. Hypothetical complete transfer 
to the content of the sack would result in a contamination by 
nearly 1000 ppm.

A small bag used for selling a 1 kg portion of rice (with an 
internal plastic bag) contained only 0.6% batching oil. Obvi
ously, jute can be treated with less batching oil than stan
dard, although the fabric felt somewhat harder than that of 
normal sacks with more batching oil.

Nuts
H a ze ln u ts .—Figure 2 shows 2 chromatograms of paraf

fins extracted from hazelnuts. With 50 and 15 ppm, paraffin 
concentrations were intermediate. In the left chromatogram, 
n-alkanes predominate, while the right chromatogram indi
cates contamination with partially degraded batching oil; n- 
alkanes have largely disappeared, leaving the isoalkanes be
hind. Pristane and phytane now become predominant peaks 
(see also Figure 1). In cases in which both the jute bags and 
the packed hazelnuts were available, presence or absence of 
n-alkanes usually agreed, suggesting that degradation of the 
n-alkanes occurred before the hazelnuts were packed into the 
bag. In a single case, contamination of hazelnuts included 
rather large n-alkane peaks, while few n-alkanes were detect
ed on the jute sack, indicating that degradation of the n- 
alkanes may also occur at a late stage, considerably after the 
nuts were packed.

Contaminants found on hazelnuts correspond to the most 
volatile part of the batching oil. Apparently transfer occurs 
primarily through the gas phase; thus, it depends on vapor 
pressure. Furthermore, diffusion into the nuts occurs at a 
rate that decreases rapidly with increasing molecular weight, 
with the result that amounts of high boiling material found at

the surface far exceed those in the center of the nuts. Only a 
small proportion of the hazelnuts is in direct contact with the 
jute sack.

Figure 3 shows concentrations of paraffins found in hazel
nuts. Some 50 samples were randomly taken from food stores 
and from the chocolate industry. Another 20 samples, with 
usually low paraffin contents, were from experiments de
signed to provide evidence of the source of the problem, i.e., 
contamination by the jute bags. The paraffin concentrations 
found most frequently were between 10 and 50 ppm; in 20% 
of the samples, contamination exceeded 100 ppm. The maxi
mum concentration found was 500 ppm.

There was no significant difference whether nuts were 
imported from Italy or Turkey. The strong variation of the 
concentrations could be explained by factors such as the 
duration of storage in the jute sacks, the temperature, and the 
proportion of volatiles in the batching oil on the sack. Fur
thermore, a single sack stored at a well-aired place might 
contaminate its content far less than a sack stacked in a large 
pile in a closed storehouse.

In general, hazelnuts are stored in shells. Shells are re-

P araffins [ppm ]

Figure 3. Paraffin concentrations found in hazelnuts.
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Figure 4. Paraffins from roasted coffee beans.

moved in the country of origin shortly before shipping. Also, 
because hazelnuts are seldom stored over extended periods of 
time by the buyers, hazelnuts should not stay in jute bags for 
more than a few months. However, because of the high 
content of fat, nuts are prone to pick up large amounts of 
apolar material.

W alnuts, a lm on ds.—The 4 samples of open walnuts ana
lyzed contained no paraffin contamination. Probably wal
nuts are too fragile to be transported in jute bags. Eight out of 
10 samples of almonds were contaminated, with paraffin 
concentrations ranging between 10 and 200 ppm (average of 
80 ppm, clearly more than found in hazelnuts). The 2 uncon
taminated samples were shipped in cardboard boxes.

In ternal p a p er bags.—Some foods are packed in jute sacks 
with an internal paper bag, presumably to avoid contamina
tion with dust from the jute. In a sample of almonds packed in 
a double sack, 60 ppm paraffins was found. Hence, the paper 
bag did not prevent severe contamination.

Hazelnuts free of batching oil material were split into 2 
portions: One part was directly packed into a jute sack, the 
other into a jute sack with an internal paper bag. After 3 
weeks, the first portion of hazelnuts contained 7 ppm of 
contaminants, while the nuts protected by the paper bag only 
contained some 2 ppm batching oil material. This experi
ment, involving little contamination primarily because of 
short-term packing, suggests that the paper bag provides 
some protection, probably by slowed exchange of air and 
vapors of batching oil material.

Coffee
Many other foods are also stored and transported in jute 

sacks (sometimes also in sisal bags). Not surprisingly, they 
were all contaminated with batching oil. Figure 4 shows the 
paraffins recovered from roasted and ground coffee beans 
(estimated total concentration, 100 ppm). The composition 
of the paraffins does not differ significantly from paraffins 
typically found in hazelnuts.

Concentrations found in 14 samples of coffee from the 
market are shown in Figure 5. Contamination of the roasted 
coffee reached 150 ppm; 230 ppm paraffins was determined 
in the single sample of raw coffee beans analyzed. The aver
age contamination was about 100 ppm, clearly higher than 
for the hazelnuts. This is most likely due to considerably 
longer storage in jute bags.

Paraffins [ppm]
Figure 5. Paraffin concentrations found in 14 coffee sam

ples.

Four samples of instant coffee contained up to 2 ppm 
paraffins. As they were produced in Switzerland, it must be 
assumed that the coffee beans used for their production were 
also imported in jute bags and, thus, contained far higher 
concentrations of batching oil components than those found 
in the instant coffee. Apparently extraction of the beans 
leaves the paraffins in the residue.

Cocoa Beans and Chocolate
Most cocoa beans are stored and transported in jute bags, 

where they become contaminated by batching oil. Of 2 lots of 
roasted beans, shells were analyzed separately from the ker
nels. In one case, shells contained 110 ppm aliphatic contami
nants and the kernel 8 ppm; in the other case, the contents 
were 120 and 13 ppm, respectively. Thus, concentrations of 
paraffins in the shells were some 10 times higher than in the 
kernels, but the shells did not fully protect the kernel from 
contamination. Only a limited proportion of the shells is 
processed for recovering the relatively small amount of cocoa 
butter. However, cocoa butter from shells, which carries 
along practically all the paraffins, is expected to be contami
nated at extremely high levels.

The above results for cocoa bean kernels appear to be low 
in terms of cocoa products. Figure 6 shows the alkane frac
tion of a black chocolate with an unusually broad “hump.” 
The concentration of the contaminants was estimated as 160 
ppm. Of 10 chocolates analyzed, 2 contained paraffins at 160 
and 270 ppm; the others contained 5-15 ppm. Cocoa powders 
and cocoa-containing beverages contained 10-135 ppm of 
aliphatic contaminants (5 samples).

For chocolate to be contaminated at a level of 270 ppm

Chocolate

Figure 6. Paraffins from a black chocolate.
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R ic e

Batching Oil Natural Paraffins.Material
Figure 7. Batching oil material on rice together with natural 
hydrocarbons from rice In the rear part of the chromatogram

(C25 tO C33).

through the cocoa beans, these beans would have had to 
contain about 900 ppm of paraffins (30% cocoa butter in the 
chocolate), which exceeds the level of contamination ob
served for cocoa beans. The peak pattern shown in Figure 6  
does not fully correspond to that expected; it attains rather 
high molecular weights. It will be subject to further investi
gation to check whether this contamination is due exclusively 
to jute sacks.

Rice
Some rice, primarily Asian rice, is imported to Switzerland 

in jute bags. Rice differs from nuts, for example, by a far 
lower fat content. If fat absorbs the hydrocarbons, contami
nation of rice should be lower. Furthermore, air exchange, 
transporting the hydrocarbons from the jute into the center 
of the bag, should be slower through densely packed rice than 
through a packing of nuts or beans. However, such expecta
tions were wrong: In 6  samples, 20-160 ppm paraffins were 
found, averaging just over 1 0 0  ppm.

Figure 7 shows rice containing some 100 ppm batching oil 
material. Contaminants, ranging from C14 to C20, correspond 
to the volatile end of batching oil. In addition to the alkanes 
from the jute bags, alkanes and alkenes from rice are visible 
in the second half of the chromatogram. These natural hy
drocarbons found in many plants, are easily distinguished 
from those of the jute bags: odd-numbered «-alkanes strongly 
predominate over the even-numbered, and no isoalkanes 
form an unresolved background. Smaller peaks of natural 
hydrocarbons are also seen in Figure 6 .

Discussion

Coupled LC-GC vs More Conventional Methods
Of course, hydrocarbons can also be determined by con

ventional methods. Any silica or aluminum oxide column will 
separate the paraffins from the bulk of the sample (primarily 
fat), and high separation efficiency is not of first importance. 
However, there might be a simple reason why food contami
nation by hydrocarbons from jute sacks was not detected 
previously: lack of sensitivity. For the same reason, several 
laboratories, trying to reproduce our results without on-line 
LC-GC, had great difficulty in detecting at least 10 ppm 
batching oil. However, detection at concentrations down to 1 
ppm would be desirable.

On-line coupled LC-GC provides much higher sensitivity 
than off-line methods, as can be explained by the following

estimations. Usually the GC-FID determination of a single 
component at a concentration of 1 ppm is simple. However, 
detection and quantitation of a material primarily forming a 
“hump” requires far higher sensitivity. If the “hump” is 
conceived to be composed of 2 0 0  fused peaks, a concentration 
of 5 ppb must be visible to allow the detection of 1 ppm of the 
total material. Moreover, even this estimation is optimistic 
because a “hump” is more difficult to detect than a sharp 
peak. A relatively high “hump” is required on a fairly 
straight baseline (elevated attenuation) for a safe detection 
and reasonably accurate quantitation.

In on-line LC-GC, 50 p L  of a 10% fat solution (e.g., from 
hazelnuts) was injected, i.e., 5 mg fat or an equivalent of 
about 10 mg hazelnut was analyzed. Because of the complete 
transfer of the LC fraction to GC, all contained paraffin 
material reached the FID. If a conventional LC column is 
applied, 100 mg fat might be chromatographed on 5-10 g 
silica gel, 10 mL of which is perhaps collected. When 1 p L  of 
this solution is injected into the GC by a splitless technique, 
an equivalent of 0 .0 1  mg fat or 0 .0 2  mg hazelnut is intro
duced, i.e., only '/50o of that with on-line LC-GC. To achieve 
the same sensitivity, the solution must be reconcentrated to 
20 p L  before injection into GC. This is difficult and probably 
is accompanied by considerable losses of the more volatile 
components (12). The analyst may try to improve the method 
by scaling up. To reconcentrate to a final volume of 200 pL , 
for example, 1 g fat might be chromatographed on a 50-100 
g silica gel column, ending up with a fraction of 100 mL. 
Thus, sample preparation really becomes what is often called 
“wet chemistry.”

The conventional method not only creates problems about 
the detection limit and the amounts of solvent and adsorbent. 
It is also laborious (LC columns of such size must be packed 
in the laboratory) and introduces problems of sample con
tamination. Since hydrocarbons are present all over the lab
oratory (plastic parts, grease, etc.), problems with blanks are 
considerable.

Jute Sacks for Storage and Transportation of Foods?
Batching oils on jute sacks essentially are raw mineral oil 

fractions resembling industrial heating oil or (after normal 
paraffins are degraded) hydraulic oils. Contamination of 
foods by such material at concentrations of up to several 
hundred ppm certainly cannot be tolerated. In cases of food 
transport by ships or trucks previously used for carrying such 
commodities as heating oil, contamination at far lower levels 
is sufficient reason to consign foods to municipal incinera
tors.

The limits for migration of materials from plastics into 
foods are well-defined; however, there is no corresponding 
legislation for jute bags yet. Such limits are determined 
primarily from 2 aspects: toxicity of the contaminants, and, 
in the case of low toxicity, food contamination considered as 
unavoidable. Toxicity depends on the composition of the 
batching oil. Paraffins are not considered highly toxic; in 
fact, “clean” paraffins are accepted as a skin around certain 
cheeses as well as for pharmaceutical applications. However, 
batching oil cannot be considered a “clean” paraffin. Prelim
inary analyses revealed 20-30% aromatics of molecular 
weights ranging between those of fluorene and benzpyrene
(13).

Transport and (short-term) storage of hazelnuts occurs 
nearly exclusively in jute bags. Apparently, there is no equiv
alent alternative, primarily because controlled exchange of
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air and humidity is important to prevent excessive loss of 
water, but also to avoid recondensation of water and forma
tion of mold upon decrease of temperature outside the sack. 
Finally jute bags are mechanically stable and do not present 
problems because of the high fat content of nuts, as does 
cardboard, for example. Finally, heavy jute bags are used 
because nuts are usually sold as gross for net.

As shown above, the use of internal sacks of porous paper 
prevents contamination by jute dust rather than that by 
batching oil. On the other hand, air-tight internal sacks, 
which effectively stop food contamination by batching oil, 
cannot be used for the reasons mentioned above, just as 
simple plastic sacks cannot replace the jute sacks.

The use of jute sacks also is widely supported because jute 
is a typical third world product; it is, for instance, the most 
important export article of Bangladesh. In fact, there is a 
broad consensus that the problem of food contamination with 
batching oil should not be solved by replacing jute sacks. 
However, a more acceptable replacement for the presently 
used batching oil is urgently needed. Even in view of these 
considerations, contamination at the extent shown above 
cannot be tolerated for long.

Many other sources of food contamination with hydrocar
bons are currently under investigation. Numerous food sam
ples were found to contain paraffins at concentrations similar 
to or even exceeding those observed for foods contaminated 
with batching oil. For instance, more than 1000 ppm paraf

fins were found in rice samples that had never been in a jute 
sack. Probably purified paraffins were involved, but food 
contamination by hydrocarbons obviously is not under con
trol.
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Eleven laboratories participated in an interlaboratory study 
of an enzyme-linked immunoassay for limonin in grapefruit 
juice. Participating laboratories received training and prac
tice samples until familiar with the procedure. Laboratories 
then received 8 sample pairs of grapefruit juice as blind 
duplicates. Samples were refrigerated and analyzed within 4 
days of receipt. Results from 1 laboratory and 6 individual 
samples were excluded from the statistical analysis. Method 
performance was measured by the one-way component of 
variance analysis. Repeatability relative standard deviations 
(RSDr) ranged from 7.0 to 15.6%. Reproducibility relative 
standard deviations (RSDr ) ranged from 12.9 to 29.4%.

Limonin, a triterpenoid dilactone, is an intensely bitter com
pound present in the fruit (and extracted juice) of many 
citrus cultivars. The average taste threshold for limonin has 
been reported at one part per million (ppm) in water and 3 
ppm in orange juice (1). The higher threshold in orange juice 
was reportedly due to component interactions that suppress 
or interfere with bitterness perception. Guadagni et al. (2) 
reported an additive effect on bitterness perception when 
limonin and the bitter flavonoid naringin were both present 
at subthreshold levels.

Grapefruit juice usually contains limonin and naringin at 
concentrations above their taste thresholds. An analysis of 
various quality factors and preference from a survey of com
mercial grapefruit juices over 3 seasons exhibited an inverse 
correlation between preference and bitterness (3). Limonin 
concentrations were directly proportional to perceived bitter
ness in the juice and naringin concentrations were inversely 
proportional to bitterness. This suggests that limonin is the 
more important contributor to bitterness perception at the 
levels in which these 2 constituents are found in grapefruit 
juice. Therefore, limonin levels in grapefruit juice need to be 
monitored to ensure product quality and acceptability.

The enzyme-linked immunoassay (4) was chosen for in
terlaboratory study because of its rapid analysis time, low 
capital outlay, and its specificity for limonin. Other methods 
of limonin determination require subjective evaluation (5,6), 
require extensive sample preparation (7), are susceptible to 
interferences with closely eluting compounds (8, 9), or re
quire radiosynthesis and costly counting equipment (10,11).

Eleven laboratories participated in the collaborative study. 
Analysts participating in the study received training on the 
procedure. They were provided with all necessary equipment 
in their laboratories and received practice samples until each 
was familiar with the method. The 11 analysts then received 
blind duplicates of 8 commercial grapefruit juice samples.

Received April 2, 1990. Accepted September 7, 1990.
Florida Agricultural Experiment Station Journal Series No. R-00534.

Analysts were asked to keep samples refrigerated and per
form the analysis within 4 days of receiving samples.

METHOD

Principle
An IgG antibody fraction specific for limonin is produced 

from rabbit serum and coated onto a microwell surface. Juice 
or standard mixed with a tracer solution containing alkaline- 
phosphatase limonin oxime (APLO) tracer is placed in the 
antibody coated well. The APLO tracer and limonin compete 
for antibody binding sites. Unbound limonin and APLO trac
er are washed away. p-Nitrophenyl phosphate (PNPP) is 
added as substrate for the alkaline-phosphatase portion of 
bound tracer with subsequent color development. Color in
tensity is proportional to amount of APLO tracer present and 
inversely proportional to amount of limonin in the juice or 
standard. Color intensity is measured by absorbance at 405 
nm after stopping the phosphatase reaction by raising the 
solution pH.

Apparatus
(a) S ingle  channel vertica l ligh t pa th  p h o tom eter.—With 

405 nm filter (Idetek, San Bruno, CA; or Flow Laboratories, 
McLean, VA).

(b) M icrop la te  incubator.—(Idetek, Flow Laboratories) 
or equivalent, capable of 37 ± 1C temperature regulation.

(c) P ipe t.—Eight channel, 200 fj.L fixed volume multi
channel pipet (Flow Laboratories).

(d) Lim onin s ta r te r  k it .—No. 8011 (Idetek), or equiva
lent. Consists of micronic test tubes, racks, tube caps, strip 
sealers, and reagent reservoirs.

Reagents
All reagents are available in Bitterdetek Limonin Kit No. 

8009 (Idetek) and should be stored at 2 to 4C. Caution: Some 
reagents contain sodium azide and may form explosive com
pounds that can accumulate when poured into a sink drain as 
a means of disposal. These reagents should be disposed of in a 
proper manner.

(a) 8 -W ell a n tibody-coa ted  reaction  w ells.
(b) Lim onin tracer.— 17 mg, lyophilized alkaline phos

phatase conjugate limonin oxime.
(c) Lim onin tracer d ilu en t.—17 mL, 0.1M phosphate 

buffered saline with 0.1% gelatin and 0.1% sodium azide, pH
7.4.

(d) E n zym e su bstra te .—10 mg, p-nitrophenyl phosphate.
(e) E n zym e su bstra te  d ilu en t.—10 mL, diethanolamine 

with 0.1% sodium azide, pH 9.8.
(f) W ash so lu tion .—50 mL, 0.9% physiological saline with 

0.5% Tween-20 and 0.1% sodium azide.
(g) Lim onin sta n d a rd s.—4 0.3 mL, clarified orange juice
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with 0.1% sodium azide spiked to contain 2,4, 8, and 16 ppm 
limonin.

Preparation of Working Solutions
Lim onin tracer so lu tion .— 1 mg/mL. Add 1 mL limonin 

tracer diluent (bottle A) to lyophilized limonin tracer (bottle 
B) and mix. When completely dissolved, transfer all contents 
of bottle A into bottle B and mix. Rinse bottle B 3 times with 
solution in bottle A, returning rinse to bottle A. Tracer solu
tion is stable for 7 days at 2 to 4C.

S u b stra te  reagen t.— 1 mg/mL. Add two 5 mg PNPP tab
lets to 10 mL substrate diluent (bottle C) and mix 5 to 10 min 
until dissolved. Substrate reagent is stable for 8 h at 2 to 4C.

Preparation of Samples
Filter or centrifuge juice to remove pulp. If excessive li

monin is suspected, dilute juice sample 1:1 with distilled 
water. If testing fresh nonpasteurized juice, deactivate en
zymes and convert all limonin A-ring lactone (limonin pre
cursor) to limonin by heating juice just to boiling; allow to 
cool.

Enzyme Immunoassay
Due to small quantities used, visually check fluid level in 

pipet tips to ensure accurate volumes. Avoid contact with 
bottom of reaction wells; fingerprints or scratches may cause 
increased absorption readings on photometer.

Turn on incubator and photometer and allow a minimum 
of 15 min for instruments to stabilize. Be sure incubator 
temperature is 37 ± 1C. Pour tracer solution into tracer 
reservoir and pipet 400 p L  of tracer into each micronic test 
tube (8 at a time) by delivering 200 p L  twice with multichan
nel pipet. Pipet 25 p L  sample or standard in duplicate to test 
tubes using clean pipet tip for each sample or standard. Cap 
each tube and mix.

Using multichannel pipet with clean tips, add 200 p L  of 
tracer-sample or tracer-standard from test tubes to reaction 
wells. Seal reaction wells with strip sealers and incubate 30 
min at 37C.

Remove reaction wells from incubator, discard strip seal
ers, and shake contents thoroughly into waste container. Pour 
wash solution into wash reservoir. Wash each reaction well 3 
times with 200 p L  wash solution each time using multichan
nel pipet. Discard wash into waste container.

Pour substrate reagent into substrate reservoir and add 
200 p L  substrate reagent to each reaction well using multi
channel pipet. Seal reaction wells with strip sealers and incu
bate 30 min at 37C. Remove reaction wells from incubator. 
Read absorbance at 405 nm of lowest limonin standard. If 
less than 1.5 (N ote: newer Bitterdetek kits now specify the 
absorbance minimum at 1.0), incubate wells longer (not to 
exceed an additional 30 min) until absorbance is 1.5 or great
er.

Discard strip sealers, add 1 drop of stopping reagent to 
each reaction well, and wait 5 min. Read and record absor
bance of wells in photometer.

Calculations
Determine the average absorbance of duplicate samples 

and standards. Plot absorbance (ordinate) vs concentration 
of standards (abscissa) on semilog graph paper and draw best 
fit line through 4 standard points. Determine limonin concen
tration by plotting average absorbance of samples on stan
dard curve; read corresponding concentration in ppm.

Alternatively, limonin values can be determined by calcu
lator or computer capable of performing statistical best fit 
curves.

Results and Discussion
Eleven laboratories completed analysis of the 8 sample 

pairs in duplicate. Six collaborators reported a need to extend 
the second incubation time by 4 to 10 min. Results shown in 
Table 1 were those submitted by each collaborator with the 
exception of collaborators 7 and 11. Collaborators 7 and 11 
submitted values based on the average of 2 concentrations. 
Results were recalculated using average absorbance, as spec
ified in the instructions, and are the values reported. Correct
ed values for collaborators 7 and 11 differed slightly from 
those submitted, lowering the relative standard deviations by 
0.4% or less.

From the results in Table 1, it is evident that collaborator 4 
experienced difficulty with reproducibility, a problem also 
encountered with this collaborator when practice samples 
were analyzed. Data from collaborator 4 were eliminated 
from the statistical analysis. Two other samples, 3 and 6 for 
collaborator 2, also needed to be eliminated from the statisti
cal analysis as suspect data. Examination of data for collabo
rator 2 indicated sample 3 (yielding 0 ppm) and sample 6 
(yielding 18.2 ppm) were tested in adjacent reaction wells. 
Sample 3 was most likely added to sample 6.

The valid data were subjected to analysis by the Cochran

Table 1. Results for collaborative study of enzyme 
Immunoassay for limonin In grapefruit juice (ppm)

Sample
Labora- --------------------------------------------

tory 1 2 3 4 5 6 7 8

1 6.1 5.4 6.3 7.0 6.9 10.5 11.3 12.0
6.5 6.0 7.2 7.3 7.7 9.7 12.4 13.9

2 5.8 7.5 0.0a 7.5 7.7 18.2s 11.9 15.0
6.7 6.5 7.0 8.4 9.0 10.8 11.2 13.3

3 7.3 5.4 6.7 6.0 8.0 9.5 9.6 13.2
4.2 6.9 6.3 6.7 7.1 7.7 10.6 11.6

4a 1.2 1.9 3.5 3.0 2.5 6.0 5.7 7.0
5.2 5.1 6.0 1.9 15.0 2.5 4.9 12.8

5 4.8 6.0 7.0 6.5 7.9 8.4 9.7 12.1
5.5 5.7 6.9 7.4 6.7 10.0 11.8 11.0

6 4.8 5.8 6.1 7.3 7.4 9.4 10.9 12.6
4.2 4.8 5.7 7.8 6.9 9.0 11.7 12.5

7b 7.0 5.7 6.8 7.7 6.8 12.2 11.0 14.2
5.0 7.0 8.2 5.9 8.5 9.1 11.9 11.2

8 10.2 9.5° 13.8 10.9 10.8 12.7 15.3 16.0
8.7 12.3C 9.9 11.3 11.5 14.6 14.4 14.6

9 8.1 8.4 8.9 9.2 8.6 10.5 14.9 14.5
8.0 7.5 9.5 8.4 10.1 9.7 14.2 13.8

10 5.8 7.0 4.5 6.6 7.8 9.0 11.2 12.8
5.5 6.4 5.9 7.0 5.9 6.8 10.8 9.7

116 5.6 6.2 5.6 6.1 7.8 12.0 13.0 16.0
4.6 4.8 7.4 7.3 9.4 8.7 11.0 11.6

Mean 6.2 6.3 7.4 7.6 8.1 10.0 11.9 13.1
Sr 0.97 0.73 1.15 0.64 0.92 1.41 0.84 1.59
Sr 1.63 0.98 2.17 1.49 1.46 1.92 1.66 1.69
RSDr 15.6 11.6 15.6 8.4 11.2 14.2 7.0 12.2
RSDr 26.2 15.6 29.4 19.5 18.0 19.3 13.9 12.9

a Validity of data is suspect. Indicated sample pairs and collaborator 
omitted from calculations.

b Values submitted by collaborators 7 and 11 were recalculated and 
reported.

c Outlier by Grubbs test. Omitted from calculations.
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and Grubbs tests for outlier detection (12). One Grubbs 
outlier was detected (sample 2  for collaborator 8 ) and was 
eliminated from the statistical analysis. Both collaborator 8  

and 9 reported values consistently higher than the mean. The 
reason for this could not be determined and repeatability 
statistics for these 2  collaborators were acceptable.

Statistical analysis was performed on the data by the one
way component of variance analysis. Results appear at the 
bottom of Table 1. The method has sufficient sensitivity and 
appears to have sufficient repeatability for screening limonin 
in grapefruit juice. This is necessary to determine whether 
limonin levels need to be lowered for product quality im
provement. It should be noted that the sample analyses re
ported here were analyzed with 1 test kit/collaborator. Re
peatability standard deviations do not include variance be
tween test kits and may in fact be larger than indicated. 
Reproducibility standard deviations reflect variation be
tween test kits as well as interlaboratory variance. With the 
large reproducibility standard deviations found, use of this 
method would be difficult for regulatory purposes. Samples 
with limonin values exceeding the allowable limits would 
have to be reanalyzed, probably in triplicate, to more precise
ly determine values. Subsequent correspondence with the test 
kit supplier indicated there were slight problems with uni
formly coating the reaction wells used in this study. This 
manufacturing problem has, presumably, been solved 
through more rigorous quality control.

Pipetting errors are another source of error. Inexact vol
umes of sample and reagents can be major problems unless 
special attention is paid to this step. Analysts need to be 
particularly careful to exclude air bubbles during pipetting. 
Pipetting such small volumes (25-200 /xL) requires close 
attention and accurate, well-cared-for pipets. Further testing 
would be needed to determine how much the improvement in 
manufacturing quality control (i.e., improved reaction well 
uniformity) has increased the precision of this method for 
determination of limonin in grapefruit juice. However, be
cause of the considerable costs in personnel and reagents, no 
additional tests are contemplated.
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METALS AND OTHER ELEMENTS

Continuous Flow Vapor Generation for Inductively Coupled Argon Plasma Spectrometric 
Analysis. Part 2. Arsenic
MARK L. TRACY, E. SUE LITTLEFIELD, and GREGORY MÔLLER1

U n iv e r s i t y  o f  C a l i f o r n ia ,  D a v is ,  C a l i f o r n ia  V e te r in a r y  D ia g n o s t i c  L a b o r a to r y  S y s t e m ,  T o x ic o lo g y  L a b o r a to r y ,  
D a v is ,  C A  9 5 6 1 6

Total arsenic is determined by inductively coupled plasma 
atomic emission using hydride vapor generation. A 1 g sam
ple is wet ashed in a 16 X 150 mm 10 mL volumetric test tube 
on a programmed heating block with nitric, sulfuric, and 
perchloric acids at up to 310°C. After treatment with hydro
chloric acid and potassium iodide, arsenic is reduced by 
sodium borohydride to arsine in a simplified continuous flow 
manifold. A standard pneumatic nebulizer effects the gas- 
liquid separation of AsH3, which Is quantified by ICP atomic 
emission at 193.756 nm. The instrument detection limit for 
the method has been determined to be 0.4 jug/L. For a 10:1 
dilution of a nominal 1 g sample, the detection limit Is 4 ¿¿g/kg 
and the linear range is up to 4 mg/kg. Recoveries from 3 
matrixes were 99-104%, with a typical RSD of 2%. The 
method has demonstrated statistical control for samples of 
biological interest and Is especially well suited to analysis of 
small samples.

Analytical technique for arsenic is generally considered to be 
complementary to that for selenium. Most of the analytical 
concerns in determination of arsenic are similar to those for 
selenium described in Part 1 of this series (1). The accurate 
and precise determination of total arsenic in samples of bio
logical interest has been complicated by the natural parti
tioning of this metalloid into organic and inorganic forms. 
These forms, which include arsenate, arsenite, and alkyl- 
•arsenic compounds, all maintain a distinct set of physical and 
chemical properties that preclude a casual approach to anal
ysis.

Arsenic in biological and environmental matrixes has been 
routinely determined by several methods, the most popular 
being hydride generation atomic absorption spectrophoto
metry (HG AAS) (2, 3) and graphite furnace atomic ab
sorption spectrophotometry (GF-AAS) (3-6). HG-AAS 
has been highly successful in many applications when care 
has been given to sample preparation and management of 
matrix interferences (7-9). Analysis for arsenic by HG- 
AAS suffers from a narrow working concentration range, 
which can require dilution and re-analysis for some samples.

Arsenic determination by inductively coupled argon plas
ma (ICP) with atomic emission spectrometry (AES) (10,11) 
or mass spectrometric detection (MS) (12) has attracted 
attention in the literature because of the wide dynamic range 
and high sensitivity of these techniques. Sample introduction 
via both pneumatic nebulization and vapor generation (13-
17) has been explored. The gain in analytical sensitivity using 
hydride vapor generation with ICP-AES has made it a most 
desirable technique; however, the literature usually specifies 
specialized apparatus (18-20).
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The general sequence of events for arsine generation meth
ods are to (a) release the arsenic from the matrix and oxidize 
it to arsenate, (b) reduce the arsenate to arsenite, (c) reduce 
the arsenite to arsine, and (d) separate the ASH3 vapor for 
quantitation (2, 3). Kaiser et al. (21) and Welz et al. (22,23) 
have shown that a high temperature digestion with nitric, 
sulfuric, and perchloric acids completely destroys the organic 
matrix and liberates arsenic, mercury, and selenium from 
even the most resistant complexes. We developed modifica
tions to allow for small sample analysis, sample matrix varia
tion, and automation of sample preparation and analysis. The 
present paper describes a simple approach to continuous 
arsine vapor generation in which a standard pneumatic nebu
lizer becomes the gas-liquid separator.

METHOD
The method used in determination of arsenic by vapor 

generation ICP (VGICP) is derived from the selenium proce
dure described in detail in Part 1 of this series (1). The 
apparatus and procedure will be described briefly here along 
with the specific conditions needed for As determination.
In stru m en ta tion  a n d  A p p a ra tu s

The ICP is an Applied Research Laboratories Model 3520 
with a Meinhard concentric nebulizer operated under the 
standard conditions recommended by the manufacturer. The 
vapor generation manifold consists of a peristaltic pump with 
3 channels to mix the sample first with 12M HC1, then with 
0.6% NaBH4 . The manifold connects directly to the nebuliz
er. One gram samples are digested in tall 10 mL volumetric 
test tubes on a programmable heating block.

In stru m en t O pera tin g  P a ra m e te rs

(a) I C P  o p e ra tin g  c o n d itio n s .—Pre-integration time, 60 s; 
3 integrations for 10 s each; sampler rinse time, 15 s; wave
length, 193.756 nm; off-peak background correction at 
+0.050 nm; photomultiplier bias, 110; RF forward power 
1150 W at 27 MHz; reflected power <10 W.

(b) C a lib ra tio n  p o in ts .—0, 10, and 300 p g / L  arsenic; 
blank subtraction was not used.

(c) M ix in g  m a n ifo ld .—Mixing ratios are set by the diam
eters of the pump tubing. Use 1.4 mm id tubing for sample 
and 0.79 mm id tubing for NaBH4  and HC1 solutions. Sam
ple uptake rate is 2.5-3.0 mL/min.
R e a g e n ts

(a) S to c k  a rsen ic  s ta n d a rd .—1000 mg/L As as As2 0 3 in 
10% nitric acid (Fisher Scientific, Fair Lawn, NJ).

(b) K I  so lu tio n .—Dissolve 10 g KI in 100 mL water (Mal- 
linckrodt, AR grade, Paris, KY).

(c) A l, F e, C u , P b , a n d  H g  s to c k  so lu tio n s .—1000 mg/L 
atomic absorption standards (EM Science, Cherry Hill, NJ).

(d) N itr ic , p e rc h lo r ic , a n d  h y d ro c h lo r ic  a c id s .—(Instra- 
Analyzed, J.T. Baker, St. Louis, MO)
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(e) S u lfu r ic  a c id .—Ultrapure (Seastar Chemicals, Seat
tle, WA)

(f) S o d iu m  b o ro h y d r id e  so lu tio n .—0.6%. Dissolve four 
0.3 g pellets of NaBH4  (98%, pellet, Alfa/Ventron, Danvers, 
MA) in 200 mL of 0.5% (w/v) sodium hydroxide. Prepare 
fresh solution daily.

(g) R eferen ce  m a te r ia ls .—(7) Bovine Liver SRM-1577a 
[National Institute of Standards and Technology (NIST), 
Gaithersburg, MD], (2) Trace elements in water SRM- 
1643b (NIST). (J) Rice flour SRM-1568 (NIST). (4) Dog
fish muscle reference material for trace metals DORM-1 
[National Research Council Canada (NRCC), Ottawa, 
Canada]. (5) Dogfish liver reference material for trace met
als DOLT-1 (NRCC). (6 ) Lobster hepatopancreas marine 
reference material for trace metals and other elements 
TORT-1 (NRCC).

(h) S ta n d a r d s .—Intermediate standards are 1 mg/L and 
10 mg/L As in 1% HNO3 . Prepare calibration standards in 
10 mL digestion tubes by pipetting 0.100 mL of 1 mg/L 
intermediate for the 10 Mg/L standard and 0.300 mL of 10 
mg/L intermediate for the 300 Mg/L standard. Also prepare 
a blank. Digest blanks and standards in the same way as 
samples.

S a m p le  P rep a ra tio n

Weigh 1.0-1.5 g wet tissue, or weigh 0.25-0.50 g desiccat
ed tissue, or pipet 1 mL blood into 10 mL digestion tubes. For 
desiccated tissue samples, add about 0.5 mL water and vor
tex. Add 3 mL concentrated HNO3 and one PTFE boiling 
stone to each tube. Dissolve sample first at room tempera
ture, then on the digester ramped up to 1750C and hold for 90 
min. Cool to room temperature. Add 1 mL HCIO4 and 1 mL 
H2SO4, then mix gently. Complete digestion as shown below:

T e m p e ra tu re , °C R a m p , m in H o ld , m in

190 30 60
2 1 0 1 0 2 0

250 2 0 2 0

310 2 0 25

The procedure can be interrupted at this stage for up to 3 
days without adverse effects. Cool to room temperature, then 
slowly add 7 mL of 5M hydrochloric acid. The first few drops 
of 5M hydrochloric acid should be added very slowly with 
swirling to prevent spattering. Add 1 mL 10% KI solution. 
Vortex mix solution, then return tubes to digester to reduce 
at 95°C for 15 min. Cool to room temperature and dilute to 
10 mL mark with deionized water. Vortex mix tubes thor
oughly. Analyze samples the same day.

Modifications to the procedure for other matrixes have 
been discussed in Part 1 of this series (1). The same modifica
tions can be applied to determination of As. For water, add 1 
m LH2S04 to lOmLsample, then heat sampleat 105°Cuntil 
volume is reduced to 2-3 mL. Then add 1 mL HCIO4 and 
continue digestion beginning at 190°C.

The high temperature perchloric acid digestion described 
here is potentially dangerous. Excessive amounts of organic 
matter can react violently with hot perchloric acid. N o te : Do 
not exceed 0.5 g of organic material/digestion. For samples 
with a high fat content, use no more than 0.5 g of sample. 
Bumping during digestion is likely when a copious precipitate 
forms; therefore, we recommend against highly calcareous 
samples (e.g., bone or shell) and soils with this procedure. Of

course, a properly functioning perchloric acid fume hood and 
personal safety equipment must be used at all times.
S a m p le  A n a ly s is

Connect hydride generation manifold with concentrated 
hydrochloric acid introduced at the first mixing tee and sodi
um borohydride solution introduced at the second tee. Ignite 
torch and then start manifold pump. Adjust reflected power 
to below 10W. Let system warm up and stabilize for 20 min.

Calibrate instrument with 0, 10, and 300 Mg/L As stan
dards at the beginning of each run. The root-mean-square 
nonlinearity of the calibration line should be less than 4% for 
an acceptable calibration. Analyze a 10 M g / L  As standard 
after every 2 0  samples to verify that drift is within acceptable 
limits.

In terferen ce  S tu d y

Prepare a set of 100 Mg/L As solutions by pipetting 0.100 
mL of 10 mg/L As intermediate standard into a series of 10 
mL digestion tubes. Pipet in the appropriate volumes of 1000 
mg/L stock metal solution to yield the desired concentrations 
of interfering ion. Add 1 mL of HCIO4 and 1 mL of H2 S04 to 
each. Continue with sample preparation procedure beginning 
with the 190°C digestion. Prepare blanks, controls, and cali
bration standards in the same way. The metals tested in this 
way were A1 and Fe up to 150 mg/L, Cu up to 50 mg/L, and 
Pb and Hg up to 5 mg/L.

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

We spiked 3 matrixes (tap water, SRM 1568 rice flour, 
and SRM 1577a bovine liver) with arsenic to produce pre
pared solutions with arsenic concentrations from 5 to 300 Mg/ 
L. Each spike was prepared in duplicate. A theoretical ar
senic concentration for each spiked sample was computed 
using the actual weight of matrix and the certified concentra
tions for SRM 1568 and SRM 1577a, and the average of 10 
determinations for tap water. To 10 mL of tap water, ca 0.3 g 
of SRM 1568, or ca 0.3 g of SRM 1577a, we added 0, 50, 
100, 500, 1000, 2000, or 3000 ng of As and then prepared 
each to a final volume of 10 mL.

We used the AO AC recommended statistical treatment in 
Wernimont (24) to evaluate the data. This treatment breaks 
the systematic and random error into constant and propor
tional terms by calculating a linear regression of recovered 
As against theoretical As.

Results and Discussion
The instrument detection limit is calculated as 3X SD of 

the intensity of the blank standard (which is integrated 
thrice) times the slope of the calibration line. In practice, this 
value is 0.4 to 0.6 M g / L  As. Replicate analysis of unknown 
samples in each batch is used as a routine quality control 
measure to evaluate repeatability of the procedure. Relative 
standard deviations for 27 pairs of water samples determined 
over a period of 6  months gave a log-normal distribution 
where 90% of the pairs have <12% RSD and the geometric 
mean was 1.2% RSD. Twelve pairs of liver samples had 
<12% RSD at the 90th percentile and a geometric mean of 
2% RSD. These statistics include the uncertainties of both 
sampling and determination.

We selected Fe, Al, Cu, Pb, and Hg as the interferents 
most likely to be present in samples submitted to our labora
tory. No chemical interferences were observed in the hydride 
generation process by iron or aluminum up to 150 mg/L,
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Figure 1. NIST Bovine Liver 1577a control chart for arsenic VGICP method.

copper up to 50 mg/L, or lead up to 5 mg/L, which were the 
highest levels tested. Pyen & Browner (14) studied these and 
other interfering ions in a substantially similar system, and 
our findings are in agreement with theirs. Mercury did not 
cause any effect at up to 5 mg/L. In contrast, in studies on 
selenium, selenium was sensitive to mercury interference (1 ). 
The off-peak background correction point at +050 nm was

selected after scanning a prepared As standard under 
VGICP conditions. Aluminum caused a small increase in the 
off-peak background correction, but did not affect the overall 
measurement. We attribute the smallness of spectral effect to 
the relative enrichment of volatile ASH3 versus the nonvola
tile metals in the plasma.

As with the analogous selenium procedure, a significant
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Figure 2. NIST Trace Elements In Water 1643b control chart for arsenic VGICP method.
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Figure 3. NRCC DORM-1 control chart for arsenic VGICP method.
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amount of boron contamination in the torch and waste trap 
occurs due to the NaBH4 solution, which can cause blanking 
problems with a subsequent boron determination. Also, io
dine vapor forms in the waste trap, which causes problems 
with iodine determinations. Iodine also has a spectral overlap 
with a commonly used phosphorus emission at 178.287 nm. 
For these reasons, the waste trap and torch need to be thor-

A R S E N I C :

oughly cleaned or changed before attempting ICP determi
nation of B, I, or P.

The ruggedness of the VGICP arsenic method in routine 
analysis was tested by analysis of numerous standard refer
ence materials over an 18 month period. These included 
SRM 1577a bovine liver, SRM 1643b trace elements in 
water, DORM-1 dogfish muscle, DOLT-1 dogfish liver, and
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Figure 4. NRCC DOLT-1 control chart for arsenic VGICP method.
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Figure 5. NRCC TORT-1 contro l ch a rt for a rsen ic  VGICP m ethod.

TORT-1 lobster hepatopancreas. Results of the analyses 
over the study time period are presented in Figures 1 through 
5. Mean values and standard deviations obtained are listed in 
Table 1. Excellent correlation with published values is found 
for DORM-1, DOLT-1, and TORT-1. Recovery for SRM 
1577a is high (130%) and the RSD is high (26%). This is due, 
in part, to the low concentration, (<4 times the method 
detection limit for a 0.3 g sample); however, there may also 
be some method bias.

Recoveries of spikes from tap water, bovine liver, and rice 
flour are shown in Table 2. We selected these matrixes as 
being representative of typical samples submitted to our lab
oratory. After regression analysis, tap water had an offset of 
0.6 ± 3 Mg/L and a percent recovery of 103 ± 1%. The bovine 
liver had an offset of 1.6 ± 4 jug/L and a percent recovery of 
104 ± 1%. Rice flour had an offset of —0.6 ± 3 ¿¿g/L and a 
percent recovery of 99 ± 1%. Within the precision of the 
experiments, none of the offset errors were significantly dif
ferent from zero. Precision of the regression lines was not

T able 1. R efe ren ce  m ateria l a rsen ic  concen tra tions 
(m g /k g ) by VGICP

Reference material Reference value
Vapor generation 

ICP value Count

NIST
Bovine liver 1577a 0.047 ± 0.006a 0.061 ± 0.016s 20
i race elements in

water 1643b 0.049b 0.058 ± 0.005s 23
NRCC

DORM-1 17.7 ± 2.1° 17.3 ± 0.4C 15
DOLT-1 10.1 ± 1.4° 9.3 ± 0.5C 34
TORT-1 24.6 ± 2.2C 26.1 ± 0.4b 25

a Standard deviation. 
b Listed but not certified. 
c 95% confidence interval.

significantly different than precision of the replicates; there
fore, recovery of As is linear over the tested range.

Our laboratory participates in interlaboratory reference 
material exchanges sponsored by the Department of Land, 
Air, and Water Resources of the University of California, 
Davis. Participants include the federal government, state 
government, and academic and commercial laboratories in 
the western United States. The choice of analytical technique 
is left to the individual laboratories. In 1989, we analyzed

T able 2. R ecovery  of a rsen ic  from tap  w ater, bovine liver, 
and  rice  flou r3

As added, 
n g /L

Tap water 
Theor. Found

Bovine liver 
Theor. Found

Rice flour 
Theor. Found

0 ___b 2.9 1.5 2.9 13.7 11.7
0 ___b 2.9 1.4 2.7 14.4 13.2
5 7.9 7.6 6.4 7.1 17.8 17.1
5 7.9 7.8 6.4 7.8 17.0 16.1

10 12.9 12.8 11.5 12.2 23.0 20.7
10 12.9 12.9 11.5 13 22.6 20.8
50 52.9 55.2 51.4 54.3 62.7 61.8
50 52.9 55.7 51.5 54.3 63.7 63.2

100 102.9 106.0 101.4 119.2 114.1 114.4
100 102,9 108.5 101.5 107.3 112.9 117.4
200 202.9 212.8 201.5 209.5 212.0 204.0
200 202.9 209.9 201.5 207.4 212.8 211.2
300 302.9 305.2 301.4 313.7 312.9 311.4
300 302.9 313.9 301.4 319.6 313.4 309.8

Regression analysis
Slope: 1.026 1.043 0.993
Intercept: 0.6 1.6 - 0 .6
Sy-x* 2.7 4.0 2.6

Duplicates
Pooled s: 2.8 3.6 2.2
s Concentrations are for prepared solutions as analyzed in fzg /L . 
b Concentration of As was not known in advance.



TRACY ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 3, 1991) 521

n a tu ra lly  occu rring  vegetation, sea w ater, surface w ater, and 
dra inage w a te r fo r  arsenic and o ther elements (25 ). In  1988, 
we analyzed ce rtifie d  reference m ateria ls  o f  an im al tissue 
and w ater (25). W e d id  not analyze soil o r sedim ent m atrixes 
th a t were offered. In  both  instances, the sponsor judged the 
perform ance o f the V G IC P  m ethod fo r  arsenic acceptable.

In  princ ip le , the V G IC P  process can be applied to  any 
elements th a t can be converted to a vo la tile  fo rm . T he p ra c ti
cal d iff ic u ltie s  come in  the prepara tion  o f the sample and 
fo rm a tio n  o f the vo la tile  species. IC P  also allows the possibil
ity  o f  m u lti-e lem e n t analysis i f  suitable conditions can be 
found. O n the basis o f  1 experim ent, we believe th a t using 
K B r  o r H B r  in  place o f  K I  m ay a llow  sim ultaneous measure
m ent o f  selenium , arsenic, and some o ther hyd ride -fo rm ing  
elements. There is w o rk  in  progress in  our labo ra to ry  on 
de te rm ina tion  o f m ercu ry  by V G IC P  th a t w ill be reported 
when fin a l.

Conclusion
The V G IC P  m ethod fo r arsenic de te rm ina tion  dem on

strates the s ta tis tica l con tro l, accuracy, and precision re
qu ired  fo r  rou tine  analysis o f  b io log ica l m ateria ls. D igestion 
and analysis protocols are fu lly  am enable to program m ed 
opera tion and autosam pling. A na lys is  requires m in im a l sam
ple, a strong consideration in  b iom edica l analysis. T he tho u
sand-fo ld lin ea r range and the substantia l freedom  fro m  
spectra l and chem ical in te rfe rence m ake V G IC P  a rigorous 
m ethod fo r  arsenic analysis.
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A resu sc ita tio n  m edium  w as  deve loped  consisting  of a  trypti- 
c a s e  soy  broth  b a s e  su pp lem en ted  w ith 0.5 % y e a s t ex trac t, 
0 .2 5 %  sodium  pyruvate , 0 .01%  sodium  th ioglycollate, and 
0 .1 %  ch ick en  fat. After a  resu sc ita tion  period of 4 h, th e  
m edium  w as  m ad e  se lec tiv e  by addition of e ither sodium  
th iosu lfate , bile sa lts  and  iodine, or sodium  se len ite  and  l- 
cystine . The now  se lec tiv e  m edium  w as  incuba ted  for 16 h. 
The p re s e n c e  or a b se n c e  of S a l m o n e l l a  w as  determ ined  by 
th e  S a l m o n e l l a - T ek a n tib o d y -b a se d  d e te c tio n  kit. T he 
p re sen t sy s tem  w a s  co m p ared  w ith a m ethod  of th e  B a c t e r i 

o l o g i c a l  A n a l y t i c a l  M a n u a l  (BAM) for naturally  con tam ina ted  
foods. N ineteen  egg  products w ere  sc reen ed ; 3 /1 9  w ere  
positive using th e  BAM m ethod, 9 /1 9  w e re  positive using th e  
p re sen t sy s tem . S ev en tee n  ch icken  sam p le s  w ere  a ssay ed ; 
1 0 /17  w e re  positive using th e  BAM m ethod; 1 3 /17  w ere  
positive using th e  p re sen t sy s tem . Of 8 pep p er sam p les , 4 /8  
w e re  positive using th e  BAM m ethod; 6 /8  w ere  positive using 
th e  p re sen t sy s tem . Of 8 sp ice  sam p les, 6 /8  w ere  positive 
using th e  BAM m ethod , 7 /8  w e re  positive using th e  p resen t 
sy s tem . Of 6 onion p roducts sam p led , 5 /6  w ere  positive 
using th e  BAM m ethod; 6 /6  w ere  positive using th e  p resen t 
sy s tem .

R ob erts reported th at S a l m o n e l l a  in fection s caused  66-86%  
o f  to ta l food  poison ing  cases reported in E ngland  and the  
U n ited  S ta te s  (1 ) . T h e  m ost com m on vectors o f  sa lm onellosis  
in m an are poultry, eggs, b eef, egg  products, and m ilk  ( 2 - 8 ) .  
B etw een  53.1 and 61.9%  o f  in sp ected  broiler carcasses w ere  
reported contam inated  w ith  s a l m o n e l l a e  (1 , 8 ). B etw een  
1976 and 1986 , S a l m o n e l l a  e n t e r i t i d i s  in fections associated  
w ith  eg g -co n ta in in g  products increased  som e 6 -fo ld  (9 ).

T h e  develop m en t o f  rapid m ethods for d etection  o f  p ath o
gen s in foods has been em phasized  in recen t years because  
th e  standard m icrobia l m eth ods for d etection  o f  pathogens in 
foods require at lea st 3 days to  obtain  results ( 2 ,6 ,1 0 - 1 5 ) .  In 
the past few  years, there has been a proliferation  o f  rapid  
d etectio n  system s. O ne o f  the m ost su ccessfu l approaches has 
been th e  en zy m e im m unoassay  or en zy m e im m unosorbent 
assay  (1 1 , 1 6 -2 0 ) .  T h ese  m eth ods use an tibod ies to deter
m ine the presence o f  a sp ec ific  pathogen . W h ile  the afore
m entioned  tech n iques perform  w ell, th e  system s use conven
tional enrichm ent and se lec tio n  system s. H en ce , these  m eth 
ods im prove detection; u n fortu nately , the speed o f  the assay  
rem ains a problem .

T h e  present paper reports the d evelop m en t o f  a resuscita
tion  m ed ium  that enhan ces recovery o f  injured pathogens  
w ith in  a 4 h period before m aking  the m ed ium  se lective  for 
th e  im proved d etection  o f  s a l m o n e l l a e .  T he  resuscitation  
m edium  consists o f  a trypticase  soy  broth (T S B ) as the liquid  
base w ith  the fo llow in g  ingred ients added: 0.5% yeast extract  
(as a protein  sou rce) to enhan ce  recovery o f  injured cells
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under anaerob ic  conditions; 0.25%  sod ium  pyruvate  to  neu
tra lize  the e ffec ts  o f  H 20 2 produced by injured cells; 0.01%  
sod iu m  th io g ly co lla te  to produce an anaerob ic  environm ent, 
inh ib it the production  o f  H 20 2 and sta b ilize  th e  ox idation - 
reduction  poten tia l o f  the m edium ; and 0.1%  ch ick en  fa t as a 
source o f  satu rated  and unsaturated  fa tty  acid s needed  for 
m em brane repair (2 1 ) . G lu cose, the energy source, is su p 
plied  from  th e  T S B  base. U se  o f  th e  resusc ita tion  m ed ium  
enhan ced  recovery o f  s a l m o n e l l a e  and shortened  th e  tim e  
n ecessary  for d etection  to  2 0 -2 4  h.

METHOD

R e s u s c i t a t i o n  M e d i u m

T h e m ed ium  consists o f  a T S B  base (D ifco  L aboratories or 
B B L ) reconstitu ted  as described  and supp lem en ted  w ith  
0.5%  yeast ex tract (D ifco  or B B L ), 5 .0  g /L ;  0.25%  sodium  
pyruvate (S ig m a  C h em ica l C o .) , 2 .5  g /L ;  0.01%  sod ium  
th io g ly co lla te  (S ig m a ), 0 .1 0  g /L ;  and 0.1% ch ick en  fa t (C a p 
ita l C ity  P roducts C o .), 1.0 g /L .  T h e  ch ick en  fa t w as m ixed  
in T w een  80 at a ratio  o f  3 parts T w een  (3 g ) to  1 part ch icken  
fa t (1 g ) in 100 m L  w ater before add ition  to  1 L  o f  the  
m edium .

S e l e c t i v e  M e d i u m

T o m ake th e  resuscitation  m ed ium  se lective  for s a l m o n e l 

la e ,  su pp lem en t T S B  w ith  8 .0  g sod ium  se len ite  and  0 .0 2  g L- 
c y s t in e /L  or a 2 X  qu antity  o f  m -tetra th ion ate  broth (D ifco )  
conta in ing  60  g  sod iu m  th iosu lfa te  and 2  g b ile  sa lts/'L . A fter  
the resuscitation  period, add an equal vo lum e o f  T S B  co n 
ta in ing  th e  2X  concn  o f  se lective  agen ts to  th e  resuscitation  
m edium . Im m ed ia tely  after  adding th e  se lec tiv e  agen ts for  
te tra th ion ate , add 2 m L  o f  a stock  iod ine so lu tion  (conta in ing  
6 g iod ine crysta ls and 5 g potassium  io d id e /20 m L  deion ized  
w ater) per 100 m L  o f  th e  resuscitation  m edium . R egard less  
o f  the se lective  m ed ium  ingred ients added , all incub ation s in 
th ese  se lec tiv e  m ed ia  are for a m in im um  o f  16 h at 3 5 ° C.

P r o d u c t i o n  o f  H e a t  a n d  F r e e z e - I n j u r e d  C e l l s

T h e 4  p ath ogen ic  organism s used  in th ese  stu d ies are S a l 
m o n e l l a  b o n n , E s c h e r i c h i a  c o l i ,  S t a p h y l o c o c c u s  a u r e u s  and  
L i s t e r i a  m o n o c y t o g e n e s .  C u ltures o f  th ese  organism s w ere  
grow n to the stationary  phase overn ight a t 3 5 °C  in T S B .

B efore preparing injured S a l m o n e l l a  cells, cen trifu g e  cells  
grow n to stationary  phase, w ash  pelle t once in sterile  w ater, 
and resuspend in 10 m L  o f  1 /  10th concn  T S B . P repare  
freeze- and heat-in jured  cells  by th e  m eth od  o f  R a y  (2 2 ) . 
Prepare freeze-in jured  S a l m o n e l l a  ce lls  by p lacin g  in a b last  
freezer at —3 0 ° C  for 24  h. R em ove cells  and hold  at 6 ° C  for 
30 m in before use. P repare heat-in jured  cells  by heating  
w ashed  cells  to  5 2 ° C  for 30  m in  and coo lin g  to  room  te m 
perature.

D e t e r m i n a t i o n  o f  I n c i d e n c e  o f  C e l l  I n ju r y

R e m o v e  sa m p le s  fro m  in ju r e d -c e ll  p r e p a r a tio n  and  
sp read-p late  onto both  trypticase  soy agar p lates conta in ing
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1 % sodium pyruvate and trypticase soy agar plates contain
ing 2% NaCl (22). Incubate plates at 35°C for 16 h. Count 
the number of colony forming units (CFUs) growing on the 
trypticase soy agar with 1% sodium pyruvate. These CFUs 
represent both injured and noninjured cells. Count CFUs 
growing on the salt-containing plates; these represent nonin
jured cells. Determine recovery incidence from the difference 
in numbers on both plates.

A nalysis of Food S am p les

Place a 75 g sample of the food to be assayed into a sterile 
blender jar containing 375 mL sterile water. Blend food 
samples and divide the sample blend in thirds by placing into 
three 500 mL sterile erlenmeyer flasks. For the method found 
in the B a c te r io lo g ic a l A n a ly t ic a l  M a n u a l (BAM) (23), add 
125 mL double strength sterile lactose broth into a sample 
flask. Mix and proceed as described in the BAM procedure.

Add 125 mL sterile double strength resuscitation medium 
to each of the remaining sample blends. Mix each sample 
blend and incubate for 4 h at 35°C. At the end of the 4 h 
incubation, make the medium selective through the addition 
of TSB supplemented with 2X concn selenite-cystine or te- 
trathionate broth. Incubate samples at 35°C for an addition
al 4 h. After second incubation, remove a subsample from 
each flask and assay for the presence of sa lm o n e lla e  using 
the S a lm o n e lla -Tek ELISA test system (Organon-Teknika, 
Durham, NC). Remove sample for analysis after 20-24 h 
and again screen for the presence of sa lm o n e lla e  using S a l-  
m o n e lla -T c k  ELISA kit (24). Confirm positives by streaking 
from selective medium onto plates containing the selective 
medium used in the BAM procedure. Select typical colonies 
and confirm/identify S a lm o n e lla . We used the API 20E 
system (Analytab Products, Plainview, NY).

D e t e c t i o n  o f  S a l m o n e l l a e  In  S p i c e s

The previously described method for detection of s a lm o 
n e lla e  was modified because of the inhibitory nature of spice 
extractives. Incubate samples of spices in resuscitation medi
um for 24 h. Remove a 10 mL subsample and transfer to 90 
mL of a selective medium (normal concn) and incubate as 
described. After the 8  h and 20 h incubations at 35°C, 
remove subsamples and assay for the presence of sa lm o n e l
la e , as described previously.

R esu lts  and  D iscussion

Rapid methods for detection of pathogens in food are 
needed because current microbial methods require at least 3 
days to obtain results. Antibody-based kits for detection of 
sa lm o n e lla e  enhance detection of healthy and uninjured cells 
from selective media. Antibody-based test kits require the 
pathogen population to reach at least 104  to 105 cells/mL 
before detection is possible.

Injured microorganisms occur in many food products. 
These microorganisms suffer nonlethal injury from stresses 
due to heat, freezing, low pH, sanitizers, and low Aw (25- 
31). Such injuries can cause a loss of cellular membrane 
integrity, degradation of ribosomal ribonucleic acid (31-34), 
reduced enzyme activity, and changes in transport kinetics 
(22, 35, 36). The major characteristic of an injured cell is the 
cell’s inability to tolerate the conditions and growth media in 
which normal cells would survive and grow (8 , 37).

In the present paper, only the data using heat-injured 
S a lm o n e lla  bonn  are presented in the interest of brevity. 
Results obtained using freeze-injured cells were superimpos- 
able with results from heat-injured cells. About 90% of S a l 

m o n e lla  bonn  cells prepared as injured cells (either heat- 
injured or freeze-injured) were determined to be injured.

R e s u s c i t a t i o n  o f  I n j u r e d  S a l m o n e l l a  In  a  M i x e d  P o p u la t io n

A factor that must be addressed is the presence of other 
organisms or pathogens that compete with sa lm o n e lla e  for 
nutrients. In many instances, sa lm o n e lla e  are present in rela
tively low numbers, while other organisms such as E . c o li can 
be present in relatively large numbers (1, 8 , 13-15, 38).

Before determining the presence of sa lm o n e lla e  in foods, it 
was necessary to determine the ability of injured cells to be 
resuscitated in the presence of other organisms and to grow 
after the medium was made selective. Equivalent numbers of 
injured cells of S a lm o n e lla  bonn  (approximately 10 cells/ 
mL) were placed into the resuscitation medium with equiva
lent numbers of uninjured E . co li, S .  a u reu s , and L is te r ia  
m o n o cy to g en es and resuscitated for a period of 4 h before 
being made selective through the addition of the selective 
agents in selenite-cystine or tetrathionate media. An equal 
portion of the same mixture was placed directly into the 
BAM pre-enrichment medium (lactose broth) without the 
resuscitation step. After 8  and 20 h incubation periods, 
broths were sampled, diluted serially, and spread-plated onto 
selective media for S a lm o n e lla  (XLD agar), E . c o li (EMB 
agar), S . a u reu s (VJ agar) and L is te r ia  m o n o cy to g en es  
(phenylethanol agar). Plates were incubated at 35°C for 48 
h. CFUs were counted and competitive growth of the resusci
tated, heat-injured S a lm o n e lla  bonn  was determined. Figure 
1 shows that the injured S a lm o n e lla  bonn  cells that have 
been resuscitated grow well in the presence of other microor
ganisms when placed into the selective medium. At the end of 
an 8  h period, the numbers of organisms were 1 0 0 -fold great
er than all the other added microorganisms, although their 
initial numbers were essentially identical. After 20 h, the 
numbers of S a lm o n e lla  bonn  were 103-fold greater than

Figure 1. C om petitive grow th of b a c te ria  in th e  re su sc lta - 
tlo n /se lec tiv e  m edium  for s a l m o n e l l a e ;  t - S a l m o n e l l a  b o n n ,  
2 - E s c h e r i c h l a  c o l l ,  3 - S t a p h y l o c o c c u s  a u r e u s ,  and  A - L i s t e r ia  

m o n o c y t o g e n e s .
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Figure 2. C om petitive grow th of b ac te ria  in th e  BAM p re 
en richm en t la c to se  broth  for isolation of S a lm o n e l la e - ,  1- 
S a l m o n e l l a  b o n n ,  2 - E s c h e r i c h i a  c o l i ,  3 - S t a p h y l o c o c c u s  a u r 

e u s ,  and  4 - L i s t e r i a  m o n o c y t o g e n e s .

those of E . c o li and 106-fold greater than those of S . au reu s  
and L is te r ia  m o n o cy to g en es . Figure 2 shows results when 
injured S a lm o n e lla  bonn were grown in the BAM pre-en
richment medium for isolation of sa lm o n e lla e . The S a lm o 
n e lla  bonn  cells were at a distinct competitive disadvantage 
in this medium because they cannot use lactose. The numbers 
of S a lm o n e lla  bonn rose 10-fold in 8  h; by comparison, E . 
c o li grew from approximately 10 cells/mL to approximately
7.5 X 107 cells/mL. At the end of 24 h, the cell numbers of 
S a lm o n e lla  bonn rose to approximately 104  cells/mL; the 
numbers of E . c o li remained relatively constant at approxi
mately 10s cells/mL.

The growth of the competitive organisms studied is en
hanced in lactose broth, making development of a rapid 
system for detection of sa lm o n e lla e  virtually impossible. 
Such competitive growth increases the possibility that low 
levels of sa lm o n e lla e  could go undetected simply because the 
medium was unsuitable. By comparison, the resuscitation 
step allows damaged cells to be repaired within 4 h. Use of 
the selective growth media allowed the numbers of S a lm o 
n e lla  bonn cells to increase from 10 organisms/mL to ca 1.4 
X 104/mL after 8  h and to ca 2 X 107/mL after 20 h (Figure 
1). Thus, the numbers of organisms have increased to the 
levels in which the presence of sa lm o n e lla e  can be deter
mined using antibody-based kits. The numbers of a competi
tive organism, such as E . co li, did not rise significantly above
1.2 X 103 organisms/mL during this period.
C o m p a r i s o n  w i t h  B A M  P r o c e d u r e s

Five different food types were analyzed for the presence of 
sa lm o n e lla e  using the BAM procedure (23) and the present 
rapid resuscitation system. Table 1 shows results when proce
dures were compared on the same samples. The BAM proce-

T able 1. C om parison of re su lts  for S a l m o n e l l a  in naturally  
con tam ina ted  food sam p le s

Resuscitation methods

Food type
No. of 

samples

BAM
positive
samples

Positive 
samples,3 

8 h

Positive 
samples, 

20 h

Egg product 19 3 3 9
Chicken 17 10 6 13
Pepper 8 4 3 6
Spices 8 6 4 7
Onions 6 5 2 6

a Selenite-cystine and tetrathionate as the selective reagents resulted 
in identical results.

dure confirmed the presence of sa lm o n e lla e  in 3 samples of 
the egg product; the resuscitation system confirmed the pres
ence of salmonellae in 9 samples. Egg samples were treated 
with hydrogen peroxide during manufacture, which un
doubtedly damaged any contaminating bacterial cells. The 
usefulness of the resuscitation medium was demonstrated by 
the fact that 3 times as many samples were found to contain 
sa lm o n e lla e  as were found by the BAM procedure. A similar 
pattern was found in the analysis of chicken products. The 
BAM procedure found 10 of 17 samples positive; the resusci
tation system found 13 samples positive. Even in products in 
which one could hypothesize a higher potential for having 
contaminated samples, the resuscitation procedure yielded a 
higher incidence of contamination than the BAM procedure.

Pepper, spices, and onions required an alternative proce
dure. When all these products were pooled under the general 
category of spices, the resuscitation procedure indicated that 
19 of 22 samples were contaminated; the BAM procedure 
found 15 of 22 samples contaminated. Again, even in prod
ucts that exude inhibitory extractives, the resuscitation sys
tem yielded a greater frequency of positive samples. Of 58 
samples assayed, the resuscitation procedure found 41 to be 
contaminated; the BAM procedure found 28. All positives 
found using the antibody-based test kit were confirmed/ 
identified after isolation of typical colonies and use of the 
API 20E system.

The concept of a resuscitation period for injured cells is not 
new; many reports can be found in the literature (6 , 8 - 1 0 , 1 2 , 
14, 15, 17, 18, 22, 25, 28, 32, 38, 39). However, the problem 
of other organisms competing with sa lm o n e lla e  and out
growing them was not addressed in such a fashion as to 
minimize the problem.

One other factor associated with recovery of sa lm o n e lla e  
from foods using the BAM procedure is the subsampling 
procedure. If the numbers of sa lm o n e lla e  are low, placing an 
aliquot of the sample in a selective medium might very well 
result in a failure to detect the pathogen. Unlike true solu
tions, bacterial suspensions are not uniform distributions of 
organisms. If the subsample contains too few organisms, 
results may not indicate presence of the pathogen. With the 
exception of procedural modification used for analysis of 
spices, the resuscitation procedure minimizes this possible 
source of error by eliminating the need to transfer aliquots of 
pre-enrichment medium to a selective medium.

The use of a 4 h resuscitation followed by making the 
medium selective is both a cost-effective and time-effective 
approach to screening food samples for the presence of s a l 
m o n e lla e . Detection of sa lm o n e lla e  using antibody test sys-
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terns uses these systems to their fullest, because the steps that 
precede use of the antibody systems are the time-consuming 
aspects of the assay. For those who prefer final confirmations 
using classical approaches, the resuscitation/selection assay 
system offers the advantage of a speedier confirmation.
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The defined  su b s tra te  techno logy  (DST) m ethod  is a  reag en t 
sy s tem  desig n ed  to  en u m era te  spec ific  ta rg e t m icrobes(s) 
from  a  m ixture of b a c te ria . The sy s tem  sim ultaneously  enu 
m e ra te s  to ta l coliform s and  E s c h e r i c h i a  c o l l  d irectly  from a 
w a te r sam p le . The reag en t con ta in s  o-nitrophenyl-/3-D-ga- 
lac topy ranoside  (ONPG), w hich is hydrolyzed by to ta l con
form s to  p roduce  a  yellow  chrom ogen , and  4-m ethylum belll- 
feryl-jS-D-glucuronide (MUG), w hich is hydrolyzed and  fluo
re s c e s  w hen  E . c o l i  o rgan ism s grow . Noncoliform b ac te ria  
a re  su p p re sse d  and  can n o t m etabo lize  th e  Indicator nutri
en ts . Nine lab o ra to ries  p artic ip a ted  in a field evalua tion  of 
th e  m ethod , w hich co v ered  a  w ide ran g e  of su rface  and 
su b su rface  w a te r so u rc e s  and  w a te r-p ro cessin g  m odalities, 
including th e  exam ination  of natu ral sam p les. The DST sy s
tem  w as  co m p ared  to  m ultip ie-tube ferm en ta tion  (MTF) 
(quantitative) and  p re s e n c e -a b se n c e  (P-A) (qualitative) S t a n 

d a r d  M e t h o d s  fo rm ats . C om parison of w a te r sam p le s  from 
natu ral so u rc e s  by using th e  m ost p robab le  num ber (MPN) 
p ro ced u re  show ed  th a t th e  DST te s t w a s  equ ivalen t to the  
curren tly  u sed  MTF te s t. R esu lts from th e  DST and  th e  quali
ta tiv e  P-A p ro ced u re  show ed  th a t th e s e  te s ts  ag reed  with 
e a c h  o ther in 9 4 %  of th e  w a te r sam p le s  analyzed . S pecific
ity of th e  DST m ethod  w a s  e s tab lish ed  by subculturing  a 
sp e c ie s  co n sis ten t with a  to ta l coliform  or E . c o l l  from e a c h  
positive tube . Eight lab o ra to ries  p artic ip a ted  in a co llabo ra
tive study  of th e  m ethod . E ach  labora to ry  rece iv ed  3 co n cen 
tra tions of E . c o //(o rg a n ism s/100 m l): 10 (low); 60 (medium); 
and  120 (high). The DST te s t w a s  inoculated  from  a split 
sam p le  of e a c h  bac te ria l density  in paralle l w ith S t a n d a r d  

M e t h o d s  brilliant g reen  la c to se  broth. S ta tis tica l a n a ly se s  for 
repea tab ility  and  reproducibility  show ed  th e  DST sy s tem  to 
b e  equ ivalen t to cu rren tly  u sed  s tan d a rd  m ethods. The DST 
m ethod  h a s  b een  ad o p ted  official first ac tion  by AOAC for 
d e tec tio n  and  enum eration  of to ta l coliform s and  E. c o l i  in 
w ate r.

The 2 standard formats for enumeration of coliforms in 
water are the multiple-tube fermentation (MTF) and the 
membrane filter (MF) techniques. Both methods require 
several sequential levels of analysis, the entire examination
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requires between 2  and 6  days, and these tests detect only 1 

class of indicator bacteria, the total coliforms.
The MTF and MF methods are subject to false-positive 

and false-negative results. False-negative tests are most com
monly caused by suppression of total coliforms by noncoli
form heterotrophic bacteria (1 , 2 ), inability to recover chlo
rine-damaged bacteria (3, 4), and difficulty in recognizing 
sheen colonies in the laboratory (2). False-positive results 
can occur because of the ability of certain species of noncoli
form heterotrophs, most notably A e ro m o n a s  spp., to yield 
gas in the confirmation step (2 ) and the synergistic produc
tion of gas from lactose by noncoliforms (5, 6 ).

The defined substrate technology (DST) system utilizes an 
enzyme substrate as a nutrient source, o-nitrophenyl-/3-D- 
galactopyranoside (ONPG) for total coliforms and 4-meth- 
ylumbelliferyl-/3-D-glucuronide (MUG) for E sc h e r ic h ia  co li 
(approximately 40% of S h ig e lla  and 10% of S a lm o n e lla  also 
have this enzyme). ONPG is hydrolyzed by total coliforms to 
produce a yellow chromogen and MUG is hydrolyzed by 
growth of E . c o li and fluoresces. Direction of the metabolic 
activity of the target microbe toward the substrate is a dis
tinctive feature. Microbes other than target organisms usual
ly cannot appreciably grow or metabolize in the DST reagent 
system and, therefore, do not affect the test. Noncoliform 
bacteria are suppressed and cannot appreciably metabolize 
the indicator nutrients (7).

The DST system is a primary water test. The hydrolyzable 
substrates are used in a much different way than in tradition
al bacterial identification tests. In the DST system, the sub
strates support bacterial growth; transferring heavy inocu
lum could cause nonspecific reactions with either substrate. 
Therefore, the DST test is not recommended as a confirma
tory test from other media, but rather as a primary method 
for enumerating and detecting coliforms and E . c o li in water 
samples. The MPN format can be performed as either a 5- 
tube or 10-tube analysis. The P-A format detects presence or 
absence in 100 mL of sample.

Andrews stated “the ideal would be to use naturally con
taminated food” in the evaluation of a new method for micro
biological analysis (8 ). Accordingly, an extensive precolla- 
borative study to meet U.S. Environmental Protection Agen
cy (EPA) guidelines to establish equivalency between 
methods was conducted to verify the performance of the DST 
under a wide range of geologically and hydrologically diverse 
natural field conditions (9,10). Comparisons were conducted 
on both a quantitative (MPN) and qualitative (MF) basis. 
Results showed the DST method to be equivalent to EPA 
accepted methods (1,9,11) in both formats (12,13). At 2 of 
the 5 sites, the DST method was more precise (i.e., less 
variation); for the other 3, performance was equal. Results
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from the DST and the qualitative procedure showed that 
these tests agreed with each other in 94% of the water sam
ples analyzed. Specificity of the DST method was established 
by subculturing a species consistent with a total coliform or
E . c o li from each positive tube.

Another, independent precollaborative study conducted by 
the EPA itself also showed equivalent results in both formats
(14). Using the extensive precollaborative studies as a base, a 
collaborative study was conducted according to the protocol 
of Miescier et al. (11).

Collaborative Study
In accordance with AOAC guidelines, the DST test was 

evaluated at 8  laboratories. A widely used quality control 
strain of E . c o li (ATCC 25922) was used as the test isolate to 
verify the biochemical mechanisms for both the total coli
form and E . c o li parts of the DST method.

P rep a ra tio n  o f Iso la te

E . c o li ATCC 25922 was grown in trypticase soy broth to a 
density of approximately 101 0 bacteria/mL. It was diluted in 
sterile distilled water containing 0 .0 1 % nutrient broth to 
concentrations of 10/100 mL, 60/100 mL, and 120/100 mL. 
This broth has been used in previous work to dilute and 
stabilize bacterial suspensions (11). The bacterial suspen
sions were kept at 4°C and delivered within 4 h to the col
laborating laboratories. Each preparation was divided in 2 
aliquots to be run in parallel.

Instructions to  C o lla b o ra to rs

Each collaborator received the prepared test isolate, a box 
of 200 MPN tubes to receive 10 mL of sample, and a supply 
of P-A tests to receive 100 mL. Additional tubes or P-A tests 
were supplied if requested. Other vessels, pipets, etc., were 
supplied by the collaborators.

On receipt, each laboratory inoculated a 5-tube MPN 
analysis using each of the 3 concentrations of test E . co li. 
Each tube received 10 mL inoculum. For the P-A format, 
each tube received 100 mL inoculum. Multiple-tube fermen
tation broths consisted of double strength BGLB. Large lab
oratory test tubes were used for the 10 mL MPN comparison 
and milk bottles for the P-A test. BGLB and DST tubes were 
inoculated in parallel; both volumes were processed in the 
same manner. The DST system was incubated at 35 ± 1.0°C. 
Tubes in which the sample became yellow within 24 h were 
considered positive for the total coliform part of the test. The 
yellow tubes were exposed to 366 nm ultraviolet light, 4 w, at 
a distance of approximately 2 in. Tubes in which the sample 
fluoresced were considered positive for E . co li. Tubes in 
which the sample remained colorless for up to 28 h were 
considered negative. The BGLB broths were incubated at 35 
± 1.0°C. Tubes showing gas were considered positive.

Results of analyses by both the proposed and the EPA 
approved methods were statistically analyzed for repeatabili
ty and reproducibility by AOAC approved procedures (15).
991.15 Total Conforms and E sch erich ia  c o ll  

In Water
Defined Substrate Technology (Colllert) Method 

First Action 1991
Method Performance:

6.4 bacteria/100 mL (geom. mean 21.88;

log geom. mean 1.34)
sr = 0.27; sR = 0.35; RSDr = 20.15%;
RSDr = 26.12%
39 bacteria/100 mL (geom. mean 93.33;
log geom. mean 1.97)
sr = 0.32; sR = 0.37; RSDr = 16.24%;
RSDr = 18.78%
81 bacteria/100 mL (geom. mean 154.88;
log geom. mean 2.19)
sr = 0.20; sR = 0.39; RSDr = 9.13%;
RSDr = 17.81%

A. P rin cip le

Defined substrate technology (DST) reagent system si
multaneously enumerates total coliforms and E . c o li directly 
and separately from a water sample. Reagent contains o- 
nitrophenyl-jS-D-galactopyranoside (ONPG) and 4-meth- 
ylumbelliferyl-/3-D-glucuronide (MUG). After inoculation 
of DST test, a clear solution results. Only total coliforms can 
hydrolyze ONPG to produce yellow chromogen. Same test 
tube or vessel contains MUG, which is hydrolyzed and fluo
resces when E . c o li grow. /3-Glucuronidase has been found 
specific to the genus E sch erich ia  (E sch erich ia  and S h ig e lla )  
and S a lm o n e lla . Practically, from water samples, only E . 
c o li yield a positive result. Metabolism of ONPG by /3-d- 
galactosidase system of enteric bacteria is specific for total 
coliform group. Composition of inorganic salts in DST re
agent does not support growth of nonenteric bacteria. Assay 
may be performed in most probable number (MPN) format 
or as presence-absence (P-A) test.

B. A p p a ra tu s

(a) T u b es .—Glass. 12 mL. Sterile, free of microbial in
hibitors (e.g., residual detergent), and nonfluorescent at 366 
nm.

(b) V esse ls .—Glass. 120 mL. Sterile, free of microbial 
inhibitors (e.g., residual detergent), and nonfluorescent at 
366 nm.

(c) L o n g -w a ve  u ltra v io le t  lig h t so u r c e .—366 nm. 4 watt. 
Hand-held lamp (UVP, Inc., San Gabriel, CA; or equiva
lent).

C. R e a g e n t

For each 1000 mL of sample, completely mix the follow
ing: ammonium sulfate, 5 g; manganese sulfate, 50 mg; zinc 
sulfate, 50 mg; magnesium sulfate, 100 mg; sodium chloride, 
5 g; calcium chloride, 50 mg; potassium dihydrogen phos
phate, 900 mg; disodium hydrogen phosphate, 6.2 g; sodium 
sulfate, 40 mg; amphotericin B, 1 mg; o-nitrophenyl-/3-D- 
galactopyranoside (ONPG), 500 mg; 4-methylumbelliferyl- 
/3-D-glucuronide (MUG), 75 mg; and solanium, 500 mg. 
(Solanium is available from Access Analytical Systems, Inc., 
21 Business Park Dr, Branford, CT 06405. Other ingredients 
are available from Sigma Chemical Co. and other sources. 
Prepared reagent mixture is available from Access Analyti
cal Systems, Inc.) When mixture is dissolved in 1 L H2 0, pH 
should be 7.2 ±0.1. Powdered formula is stable up to 1 year 
when kept dry and stored between 4 and 30°.

D. E num eration

For MPN format, use sufficient reagent mixture (see C) in 
each tube to accept 10 mL sample; for P-A format, use 10 
times that amount in each vessel. If laboratory-prepared
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Table 1. Most probable number (MPN) estimates by DST 
method, using 3 levels of E. c o ll densities3

Level 1, Level 2, Level 3,
Coll. 6.4/100 mL 39/100 mL 81/100 mL

1 5 23 31 79 70 70
2 13 7 23 33 70 33
3 33 49 49 350 170 240
4 23 49 170 350 540 170
5 7 13 49 170 350 170
6 49 49 110 240 240 350
7 49 42 130 49 240 540
8 13 49 79 130 49 70

Geometric
mean6 21.88(1.34) 93.33(1.97) 154.88 (2.19)

Sr 0.27 0.32 0.20
Sr 0.35 0.37 0.39
RSDr, % 20.15 16.24 9.13
RSDr , % 26.12 18.78 17.81

3 Results for duplicate samples at each level at each site. 
b Numbers In parentheses are log of geometric mean.

reagent is used, add powder to labeled tube, B(a), or vessel, 
B(b), containing sample. Or, add well mixed water sample to 
labeled tube or vessel containing predispensed reagent. Com
bine sample and reagent aseptically, cap container tightly, 
and mix vigorously to dissolve reagent. Resulting solution is 
colorless. Incubate samples for 24 h at 35 ± 1.0°. Yellow 
color in MPN tube or P-A vessel after incubation denotes 
presence of total coliforms. Expose positive total coliform 
tubes or vessel to hand-held 366 nm lamp, B(c). Fluorescence 
denotes presence of E . co li.

Calculate separate MPN values for total coliforms and E . 
c o li from standard MPN tables [e.g., 1.1,6.9, etc. (S ta n d a r d  
M e th o d s  f o r  th e  E x a m in a tio n  o f  W a te r  a n d  W a s te w a te r  
(1985) 16th Ed., APHA, Washington, DC)].

E. Q u ality  C on tro l

Perform quality control as follows: (7) Reconstitute re
agent in each of 3 tubes or vessels with appropriate volume of 
sterile, distilled water and mix thoroughly to aid dissolution.

(2) Label tubes “ E sch erich ia  co li,"  “ K le b s ie lla  p n e u 
m on iae ,"  and “ P se u d o m o n a s  a eru g in o sa .”

(3) Touch sterile inoculating loop or needle to an 18-24 h 
pure culture slant of each of the 3 bacteria (alternatively, a 
“Bactrol,” or equivalent, disk of 3 respective bacteria may be 
used directly).

{4 ) Transfer each bacterial inoculum to appropriately la
beled tube or vessel.

(5) Incubate inoculated tube or vessel for 24 h at 35 ± 
1.0°. Results should be: E . co li, yellow and fluorescent; K . 

p n eu m o n ia e , yellow only; and P se u d o m o n a s  a eru g in o sa , no 
color, no fluorescence.
Ref.: JAOAC 74, May/June issue (1991).

Results

C o lla b o ra tive  S tu d y

D a ta .—The data for the duplicate 5-tube MPN analyses 
for the defined substrate technology and multiple-tube fer
mentation methods are presented in Tables 1 and 2, respec
tively. Numbers of tubes positive have been transformed in 
bacterial concentrations by using standard MPN tables (9).

Table 2. Most probable number (MPN) estimates by 
multiple-tube fermentation method using 3 levels of E. c o li  

densities
Level 1, Level 2, Level 3,

Coll. 6.4/100 mL 39/100 mL 81/100 mL

1 5 17 49 130 79 49
2 9 23 33 49 240 94
3 22 130 130 540 79 920
4 33 70 540 350 540 130
5 11 33 170 110 170 920
6 70 33 79 110 350 350
7 46 49 70 33 350 350
8 9 49 49 130 540 140

Geometric
mean 27.54(1.44) 107.15(2.03) 204.17(2.31)

Sr 0.36 0.25 0.44
Sr 0.39 0.39 0.44
RSDr, % 25.00 12.32 19.05
RSDr, % 27.08 19.21 19.05

3 Results for duplicate samples at each level at each site. 
6 Numbers in parentheses are log of geometric mean.

R e p e a ta b i l i ty  a n d  r e p r o d u c ib il ity  a n d  a n a ly s is  o f  v a r i
a n ce .—The residuals from the analysis of variance of the log 
transformed data are normally distributed and have equal 
variance among laboratories and samples. There were no 
statistically significant differences between the 2  methods. 
For example, the E-statistic comparing repeatability between 
DST and BGLB is 0.822/0.612 = 1.8, with 24 and 24 degrees 
of freedom, not significant at P  =  0.05.

A n a ly s is -o f -v a r ia n c e  m o d e ls .—The same data used to 
evaluate the precision of the methods was used in this analy
sis. For a given comparison, the F  data for the DST method 
were combined with the data for the companion method, and 
an analysis-of-variance model was developed to assess the 
effects of laboratory, sample, and method. The full models 
were simplified by removing the interaction terms, none of 
which was significant at P  =  0.5. The variance ratios (F - 
statistics) for comparing DST to MTF were 2.34 and 1.43; 
neither is significant at P  =  0.05. Thus, it is concluded that 
there is no statistical evidence of disagreement in mean (log) 
MPN between DST and the standard method.

Discussion
The DST method is extremely easy to perform. All ingre

dients are in the test tube or vessel and it is necessary only to 
add the proper amount of sample, 10 mL per tube for the 
quantitative MPN and 100 mL per vessel for the qualitative 
P-A formats. Unlike methods that use conventional media, 
no confirmatory tests are required. The test is completed 
within 24 h after inoculation by observation of color. All 
ingredients are dry and mix with the water sample within 
seconds to produce a colorless solution. After mixing, the 
tubes are placed in an incubator at 35 ± 1.0° C and are 
examined at a maximum of 24 h. The production of a stable 
yellow color is characteristic for total coliforms; no confirma
tory or completed tests are needed. The positive tubes are 
exposed to a long-wave (not dangerous) ultraviolet lamp (366 
nm) to determine if E . c o li is present. A strong blue-white 
fluorescence is specific for this species.

The DST test has fulfilled the required EPA parameters of 
sensitivity and specificity. The study demonstrated the abili
ty of the system to detect 1 total coliform or E . c o li per 100
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mL water sample. The DST test was able to simultaneously, 
specifically enumerate both E. coli and total coliforms. A 
separate quantitative value was obtained for each. The yel
low chromogen is specific for total coliforms and fluores
cence-specific for E. coli. No additional reagents or confir
matory tests are needed. Subcultures of positive DST tubes 
were identified to species to ensure that a member of the total 
coliform group was present and that false-positive analyses 
were not occurring.

The collaborative study demonstrated the repeatability 
and reproducibility of the DST system compared to Stan
dard Methods testing. By all statistical parameters, includ
ing analysis of variances, the 2 methods demonstrated com
parability and were indistinguishable in their ability to enu
merate the Escherichia coli test strain.

Conclusions and Recommendation
The defined substrate technology reagent system simulta

neously detects total coliforms and E. coli from a water 
sample. Precollaborative studies on the quantitative (MPN) 
and qualitative (P-A) formats for analyzing water samples in 
geographically diverse sites showed equivalency with EPA 
certified methods. The present collaborative study among 8 
laboratories shows equivalent repeatability and reproducibil
ity between the DST and the standard multiple-tube fermen
tation method.

The Associate Referee recommends that the defined sub
strate technology (Colilert) method for the rapid, specific 
simultaneous quantitative (MPN) and qualitative (P-A) 
enumeration of both total coliforms and Escherichia coli 
from water be adopted official first action.
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MYCOTOXINS

R ap id  Im m u n och em ica l S creen in g  M eth od  for A fla to x in  B i in H um an and A nim al U rin e

R. D. STUBBLEFIELD, J. I. G R EER , O. L. SH O TW ELL, and A. M. A IK E N S * 1
U .S . D e p a r tm e n t o f  A g r ic u l tu r e , A g r ic u ltu r a l  R e se a r c h  S e rv ic e , N o r th e rn  R e g io n a l R e se a rc h  C en ter , P e o r ia ,  
IL  6 1 6 0 4

A method has been developed to determine the presence of 
aflatoxin Bi in the urine of animals (including humans) by 
utilizing commercial immunochemical kits that can be used 
in the field. Urine is treated with diatomaceous earth and 
filtered to clarify the sample; 2-3 ppb aflatoxin B-|, corre
sponding to about 300 ppb in the Ingested feed/food, can be 
detected in the filtered urine without futher purification. To 
improve sensitivity, the urine filtrate is passed through a C18 
solid phase column to extract the aflatoxin. The column is 
washed with acetonitrile-water (15 +  85) and water, afla
toxin B1 is eluted with methanol-water (7 +  3), and water is 
added to the eluate, which is then tested for aflatoxin with the 
test kit. The limit of detection Is 0.2 ppb, reflecting consump
tion of 40 ppb or more aflatoxin in the feed/food. When the 
initial sample volume is adequate, purification through the 
C18 column step is usually sufficient. For limited sample 
volumes, the eluate from the C18 column is mixed with water, 
added to an immunosorbent affinity column, and washed with 
water to remove excess sample matrix and impurities. Afla
toxin Bi is eluted with acetonitrile. The extract is evaporated 
under nitrogen and the residue Is redissolved in methanol- 
water (25 +  75). At this purification stage, the limit of detec
tion is reduced to 0.05 ppb.

The aflatoxins are highly toxic and carcinogenic compounds 
found in food supplies grown in many areas of the world (1, 
2). Aflatoxins have been found in mold-damaged foods, such 
as cereal grains, nuts and nut products, and edible oilseed 
products, and in milk and other dairy products. Although 
aflatoxin contamination is greatest in Asian and African 
countries, it is an annual problem to some degree in areas of 
the U.S. southeast, southern Midwest, and southwest. On 
occasion (e.g., 1983 and 1988), heavy contamination occurs 
in the midwestern corn-growing states. Animal feeding stud
ies (beef, swine, poultry) have shown that edible meat be
comes contaminated with aflatoxin when animals are fed 
contaminated corn (3-9).

Numerous methods that can be used to screen and/or 
quantitatively determine aflatoxins in many food matrixes 
have been developed, collaboratively tested, and adopted by 
AOAC (10); however, no fast screening method is available 
for detecting aflatoxin in animal tissues. Federal guidelines 
permit feeding animals aflatoxin-contaminated grain at lev
els of less than 300 ppb (11). Therefore, producers and regu
latory agencies have an imperative need for a screening 
method that can quickly and accurately identify contaminat
ed edible meat to keep it from reaching the marketplace. An
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accurate, sensitive, quantitative method for determining 
aflatoxin in animal tissue is available (12); however, it cannot 
be conveniently adapted to a qualitative method, nor is it a 
practical method for use as a screening procedure because it 
requires considerable time to complete.

An initial project to develop a screening method for the 
detection of aflatoxin residues in animal tissues that could be 
used by the Food Safety and Inspection Service (FSIS)/ 
USDA was unsuccessful. An alternative approach involving 
development of a method to detect aflatoxin in animal urine 
was evaluated. Such a method would permit sample analysis 
that should have a high degree of correlation with tissue 
contamination (based on feeding studies) and that could be 
performed without sacrificing the animal. This paper de
scribes a method for detecting aflatoxin in the urine of hu
mans and other animals that permits the selection of any of 3 
different minimum detection limits: 2-3, 0.2, or 0.05 ppb 
aflatoxin B(.

METHOD

Equipment
(a) Solid phase extraction (SPE) columns.—Bond Elut 

C¡8 cartridge, 6 mL (Cat. No. 607306, Analytichem Interna
tional, Harbor City, CA, or equivalent).

(b) SPE column adapter.—Bond Elut adapter to join sy
ringes to SPE columns (Cat. No. 636001, Analytichem In
ternational, or equivalent).

(c) Affinity column (AFcolumn).—Aflatest P (VICAM, 
Somerville, MA, or equivalent).

(d ) Filter paper.—S&S No. 588, fast flow, high wet 
strength, 12.5 cm, or equivalent.

(e) Vacuum manifold.—Supelco vacuum manifold, or 
equivalent.

( f )  Aflatoxin test kit.—EZ-Screen test kit, 3.3 ppb sensi
tivity (Environmental Diagnostics, Inc., Burlington, NC) or 
Afla-20 Cup Test Kit (International Diagnostics Inc., St. 
Joseph, MI). Follow instructions included in each kit. Brief
ly, sample extracts are added to the card containing a glass 
fiber filter with aflatoxin antibody immobilized on it. An 
enzyme conjugate (horseradish peroxidase-aflatoxin B]) is 
added, followed by a water wash. A substrate (color reagent) 
is added and the card is read for the presence (no color) or 
absence (color) of aflatoxin Bt.

(g) Syringes.— 1, 10, and 30 mL disposable Luer-Lok 
syringes.

(h) Pipetter.—50 /¿L automatic pipet (Gilson, or equiva
lent).

Reagents
(a) Solvents.—Reagent grade acetonitrile and methanol.
(b) Diatomaceous earth.—Hyflo Super-Cel.
(c) Aflatoxin B\ and M\ standards.—Standard solutions 

containing 0.5 ¿tg/mL aflatoxin Bi or Mi in acetonitrile were
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prepared from concentrated solutions of crystalline aflatox- 
ins.

(d) Artificially contaminated urine.—Standard aflatoxin 
B| solution was added by syringe to aflatoxin-free urine to 
obtain samples containing desired toxin levels.

Sample Treatment
Measure 60 mL bovine, porcine, or human urine into 125 

mL glass-stoppered Erlenmeyer flask and add 4 g diatoma- 
ceous earth. Shake vigorously 30 s, filter through paper into a 
graduated cylinder, and collect 40 mL. Save for SPE extrac
tion step or test for aflatoxin Bi with test kit. Minimum 
detection limit is 2-3 ppb.

SPE Extraction
(Note: The SPE extraction and the affinity column chro

matography steps may be performed without a vacuum man
ifold by applying pressure with a syringe and plunger. Never 
pull the plunger up without disconnecting the syringe from 
the column. Drawing solvents or air upward may ruin the test 
results.)

Equip Cig cartridge with adapter and attach 30 mL sy
ringe as sample reservoir. Attach cartridge to vacuum mani
fold and adjust vacuum to ca 10 in. Hg. Pretreat cartridge 
with 5 ml methanol followed by 5 ml H 20 . Do not allow 
cartridge to run completely dry hereafter unless so specified. 
Add 40 mL clarified urine sample from graduated cylinder to 
syringe barrel and draw solution through cartridge at flow 
rate of ca 20 mL/min. Rinse sample graduate with 3 mL 
H20  and pass rinse through cartridge. Rinse cartridge with 5 
mL acetonitrile-H20  (15 + 85), ca 1 drop/s, and discard 
eluate. Wash cartridge with 5 mL H20  (fast drops), and 
allow cartridge to run dry. Remove cartridge from manifold. 
If aflatoxin Bi is to be assayed after elution from SPE car
tridge, elute aflatoxin into 1 dram vial with 1.5 mL MeOH- 
H20  (7 + 3), using syringe. Add 2 mL H20  to eluate and 
measure with test kit. Minimum detection limit is 0.2 ppb. If 
urine extract from SPE cartridge is to be further purified by 
affinity column chromatography, elute aflatoxins from SPE 
cartridge with 2 mL MeOH-H20  (7 + 3), and mix with 12 
mL H 20 .

Affinity Column Chromatography
Remove cap from column top and clip off end to fit Luer 

tip of 10 mL syringe. Replace cap on column. Remove bot
tom cap and attach column to vacuum manifold. Add SPE 
cartridge extract (after mixing with 12 mL H20 ) and pull 
solution through affinity column (10 mL/min). Rinse sam
ple container with 2 mL H20  and pass rinse through column. 
Pull column dry for ca 5 s to remove excess H20 . Elute 
aflatoxins from affinity column with 1 mL acetonitrile (use 1 
or 2 mL syringe) into 1 dram vial, discarding first 3 drops. 
Evaporate eluate to dryness under N 2 at 40°C. Redissolve 
residue in 200 /¿L (0.2 mL) MeOH-H20  (1 + 3), cap vial,

and mix vigorously for ca 1 min, preferably on a Vortex 
mixer. Save for aflatoxin test kit. Minimum detection limit is 
0.05 ppb.

Results and Discussion
The results of the screening tests for the presence of afla

toxin Bi in human, bovine, and porcine urine are given in 
Table 1. These data were obtained with the EZ Screen Card 
test manufactured by Environmental Diagnostics Inc., Bur
lington, NC. Other kits that should perform the screening 
tests satisfactorily are available, e.g., Afla-20 cup test (Inter
national Diagnostics Inc., St. Joseph, MI) and the CITE 
Probe test (IDEXX Corp., Portland, ME). Aflatoxin Bi at 
the 1.5 ppb level in most raw clarified urine samples gave 
positive test results. Two bovine and 2 porcine urine samples 
tested negative at this concentration.

In a study of populations in the People’s Republic of Chi
na, where a high incidence of liver cancer has been reported
(2), between 1.23 and 2.18% of dietary aflatoxin B) was 
found to be excreted as aflatoxin Mi in human urine. This 
corresponds to a similar ratio of Mi found in milk of dairy 
cows fed aflatoxin Bi (3). Less than 0.5% of the total Bt 
intake was excreted as Bi; therefore, a factor of about 200 is 
indicative of the transmission differential between the afla
toxin Bi intake in food/feed and is excretion in urine. The 
relationship between the B] intake and M] excretion in ani
mals (6,7) is similar to the human values published by Zhu et 
al. (2); therefore, it is likely that a similar Bi excretion 
relationship also exists. Based on these transmission data, a 
mammal would need to consume a food source contaminated 
with 300 ppb aflatoxin Bj before the toxin could be detected 
in raw, clarified urine. This may be satisfactory for some 
animals, since the FDA will allow aflatoxin levels of 300 ppb 
in corn to be fed to feedlot cattle (11).

Since a higher percentage of B| intake is excreted as Mi 
than as Bi, a test kit for aflatoxin Mi would be useful in this 
application because sensitivity would be increased 2- to 4- 
fold. However, at the time of this work, no rapid test kits were 
available for M¡. We evaluated the 2 test kits used in this 
study for cross activity to aflatoxin Mi and found none with 
40 ng of pure standard. When Mi kits become available, it is 
highly probable that they can be substituted for the B] kits. 
This would significantly increase the sensitivity of the meth
od.

An improvement in sensitivity can be obtained with a rapid 
cleanup step. After the various clarified urine specimens 
were passed through the SPE Ci8 column and the adsorbed 
aflatoxin eluted from the column, the extracts produced posi
tive tests at the 0.2 ppb level for nearly all urine specimens. 
The negative results shown in Table 1 (0.1 ppb bovine and 
porcine; 0.2 ppb porcine) occurred early in our experiments. 
Personal communications with Environmental Diagnostics 
International (EDI) revealed that the test kits are designed to 
give uniformly negative results at the level of 1.65 ppb B| and

Table 1. Results of screening artificially contaminated urine of humans and other animals for aflatoxin3

Urine
sam ple type

Positive a fla tox in  B, tests  (No. p os itive /N o . to ta l tests)

C la rified  raw  urine SPE C 1R colum n extrac t A ffin ity  colum n extrac t

1.25 ppb 1.50 ppb 0.05 ppb 0.10 ppb 0.20 ppb 0.010 ppb 0.020 ppb 0.050 ppb

Human 1/8 8 /8 0 /1 2 6 /6 1/6 6 /6 6 /6

Bovine 0 /1 0 8 /1 0 0 /1 0 7 /1 0 2 0 /2 0 5 /1 5 15/15 15/15

Porcine 11 /13 0 /1 0 7 /1 0 19/20 6 /1 2 10/13 15/15

a As determ ined w ith  EZ Screen Card Text (Environm ental D iagnostics Inc., Burlington, NC).
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uniformly positive results at the level of 3.3 ppb. All test lots 
meet this criterion or “window,” but some lots will have a 
crossover point (change from negative to positive) nearer 3.3 
ppb, while other lots will have a crossover nearer 1.65 ppb.

After we obtained fresh test kits, all results were positive. 
Obviously, the negative results mentioned above were ob
tained with kits that had a crossover point near 3.3 ppb, while 
the crossover point of new kits was nearer to 1.65 ppb. EDI 
indicated that their experiments have shown that there are no 
matrix effects with the kits; therefore, this window will exist 
with urine samples as well. In a test with the ability to detect 
0.2 ppb aflatoxin Bi in mammalian urine, an ingested food 
sample containing 40 ppb aflatoxin would produce a positive 
test for aflatoxin in urine. This presents a method with a 
satisfactory sensitivity, since the FDA guideline for aflatoxin 
in animal feeds ranges from 20 to 300 ppb.

If the volume of the urine sample is limited or if a lower 
detection limit is desired, an affinity column cleanup step 
may be added to the sample preparation. The data (Table 1) 
indicate that a sensitivity of 0.05 ppb aflatoxin in the urine of 
all 3 species can be achieved by the addition of this purifica
tion step. If the urine volume specified in the procedure (40 
mL) is used, a concentration of 10 ppb aflatoxin Bi in feed 
would cause a positive urine test with the immunochemical 
kits; however, a sensitivity of that magnitude is unnecessary. 
If only 4 mL of urine was available for analysis, however, this 
method would still detect Bi in urine from an animal consum
ing food containing 100 ppb or more of aflatoxin Bi.

Several important and useful objectives are achieved with 
this method. First, it can be performed in the field; a syringe 
and plunger can be used to carry out the various column 
cleanup steps, and no expensive or complicated equipment is 
needed to complete the immunochemical tests. Second, the 
collection of the urine sample is noninvasive; a test specimen 
can be obtained without the need to puncture or surgically 
invade the body. Third, the test procedure is relatively inex
pensive. No special equipment is needed and very little time is 
required to make the determination. For most tests, less than

30 min will be needed to clarify the urine, clean it up with a 
SPE Ci8 column, and run the test to determine if aflatoxin is 
present. Finally, this method could easily be used by regula
tory agencies to determine if animals had eaten aflatoxin- 
contaminated feed.
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OILS AND FATS

Q u an tita tive  D eterm in ation  o f  M o n o - and D ig ly cer id es  w ith  and w ithout D er iva tiza tion  by 
C ap illary  S u p ercr itica l F lu id  C hrom atography

T H E R E S A  W .  L E E ,  E M I L  B O B I K ,  a n d  W I L L I A M  M A L O N E
Ross Laboratories, Columbus, OH 43215

Mono- and diglycerides, as well as commercial monoglycer
ide emulsifiers, were analyzed by capillary supercritical fluid 
chromatography (SFC). Carbon dioxide without modifier was 
used as the mobile phase in the chromatography. Samples 
were prepared by simply being dissolved in solvents or by 
propionyl ester derivatization. A capillary SFC methyl sili
cone column (SB-methyl 100, 100 /urn X 10 m, 0.5 ¿im film 
thickness, Lee Scientific) was used for the separation, and a 
flame ionization detector was used for the detection. A cali
bration standard containing known concentrations of mono- 
myristin, monopalmitin, monostearin, dlmyristin, dipalmitin, 
and distearin were used for the determination of the re
sponse factor (unit weight per peak area) of each analyte. 
The response factors were used in the quantitation of the 
analytes in the test samples from their respective integrated 
peak areas. Monomyristin was used as an internal standard 
for the quantitation of monoglycerides in commercial emulsi
fiers. The accuracy of the methods was demonstrated by 
comparing the percent area (%A) determined by the chro
matography with the percent weight (%W) of each of the 
components in the standard mixture, and the precision of the 
methods was indicated by the relative standard deviation 
(RSD). The mean ratio and RSD of %A/%W were 0.98 ±  
0.09 (<5%) and 1.01 ±  0.03 (<2.5%) for underivatized and 
derivatized samples, respectively. Two lots of commercial 
monoglyceride emulsifiers were analyzed with and without 
derivatization, and the results were compared to those ob
tained by gas chromatography (GC). T-tests comparing the 
method means did not indicate any significant mean differ
ences (95% confidence level) between the GC and SFC 
methods. Nor did the variance ratio F-test indicate that the 
overall variances of the methods were significantly different. 
However, the error variance of the SFC-underivatized meth
od was significantly higher than that of the GC and SFC- 
derivatized methods. These results demonstrated the feasi
bility of applying the SFC technology in the analysis of mono- 
and diglycerides with and without derivatization.

The determination of mono- and diglycerides by gas chroma
tography (GC) and liquid chromatography (LC) has been 
reported in the literature (1-5). Because of the low volatility 
of the underivatized glycerides, derivatization was necessary 
to facilitate the elution of the components in gas chromatog
raphy. High oven temperature and long analysis time are 
necessary for the elution of diglycerides of long-chain fatty 
acids. For glycerides of long-chain polyunsaturated fatty 
acids, the high temperature also causes thermal degradation, 
resulting in poor recoveries (2). Mono- and diglycerides can 
be separated by LC without derivatization. Both normal 
phase and reverse phase LC have been reported in the analy
ses of mixed glycerides (6, 7). However, because of the lack

Received Ju ly  27, 1990. A ccepted O ctober 23, 1990.

of functional groups for sensitive detection and the signifi
cant differences in response factors for the saturated and 
unsaturated species at low wavelength ultraviolet absorbance 
detection (190-210 nm), the quantitative analysis of this 
group of compounds remains a challenge.

Supercritical fluid chromatography (SFC), which couples 
the low mobile phase viscosity and high solute diffusivity of 
supercritical carbon dioxide, offers the advantages of higher 
chromatography efficiency and shorter analysis time (8). 
The availability of a broad range of stationary phases in both 
GC and LC areas, and the compatibility with universal de
tectors such as flame ionization, may provide an alternative 
tool for overcoming the difficulties encountered by tradition
al GC and LC methodologies (9-13). In this study, we ex
plore the application of SFC technology in the determination 
of mono- and diglycerides with and without derivatization.

METHOD

Apparatus
All labware that contacts solvents and reagents should be 

glass or Teflon-lined. All labware that contacts propionic 
anhydride must be dry.

(a) Supercritical flu id  chromatograph.—Equipped with 
density and temperature programming, auto sampler, time- 
split injector, and flame ionization detector (Lee Scientific 
Model 602, or equivalent).

(b) Peak area integrator.—Hewlett-Packard 3396A, or 
equivalent.

(c) SFC column.—Capillary, methyl silicone, 10 m X 100 
pm id, 0.5 pm film thickness (SB-Methyl-100, Lee Scientif
ic, or equivalent).

(d) SFC column restrictor.—Frit restrictor, 100 nm (Cat. 
No. 010354, Lee Scientific, or equivalent).

(e) Gas chromatograph.—Equipped with flame ioniza
tion detector and column temperature programming (Hew
lett-Packard 5890A, or equivalent).

(f) GC column.—Packed: glass, 6 ft X 2 mm id, packed 
with 3% OV-1 on 100-120 mesh support (Supelco Inc., or 
equivalent). Capillary: fused silica, methyl silicone gum, 5 m 
X 0.53 mm id, film thickness 2.65 pm  (HP-1 Hewlett-Pack
ard, or equivalent).

(g) Block heater.—With blocks of hole size to fit test 
tubes 16 or 25 mm od (Labline Multi-Blok Heater, or equiva
lent).

(h) Analytical evaporator.— 12-24 positions with Teflon- 
covered needles (N-EVAP, Organomation Associates Inc., 
or equivalent).

Reagents
(a) Glycerides.— l(3)-Monomyristin (MG14), 1(3)- 

monopalmitin (MG16), l(3)-monostearin (MG18), 1,3-di- 
myristin (DG14), 1,3-dipalmitin (DG16), 1,3-distearin
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(DG18), 99% minimum purity (NuChek Prep., Inc., or 
equivalent).

(b ) Carbon dioxide.—SFC grade (Scott Specialty Gas, or 
equivalent).

(c) Helium.—Carrier grade 99.999% (Columbus Oxygen 
Co., or equivalent).

(d) Nitrogen, hydrogen, and air.—Prepurified and free 
from organic impurities.

(e) Methylene chloride and methanol.—Distilled in glass 
(Burdick and Jackson, or equivalent).

( f )  Pyridine.—CAS No. 110-86-1, ACS reagent grade 
(Kodak 116-7022, or equivalent).

(g) Propionic anhydride.—CAS No. 123-62-6,99% mini
mum (Kodak 112-6515, or equivalent).

Sample Preparation
(a) Propionyl ester derivatization.—The detailed proce

dure has been described in the previous publication (1). 
Weigh ca 10 mg sample into screw-cap test tube, and add 2 
mL propionic anhydride-pyridine reagent (2 + 1, v/v). Cap 
tightly and heat 35 min at 75 ± 3°C. Evaporate reaction 
mixture to dryness at ca 70°C with gentle flow of nitrogen. 
Dissolve derivatized sample, i.e., propionyl esters of mono
glycerides and diglycerides, in 10 mL methylene chloride and 
analyze by GC. Derivatives may be dissolved in 20 mL meth
ylene chloride and analyzed by SFC. If samples are dissolved 
in solvents and added as an aliquot, the solvents should be 
evaporated completely before derivatization reagents are 
added.

(b ) Underivatized samples.—Weigh ca 10 mg sample 
into screw-cap test tube. Dissolve in 20 mL methylene chlo
ride-methanol (1 + 1, v/v). Use mild warming and sonica- 
tion, if desired, to aid the dissolution of dipalmitin and dis
tearin. {Note: Underivatized samples were analyzed by SFC 
only.)

Chromatography
(a) Supercritical flu id  chromatography.—Use equip

ment described in Apparatus (a)-(d) under following condi
tions: Injector kept at 25°C by circulating water around the 
injector jacket connected to a water bath; injector loop vol
ume 200 nL, time-split 0.5 s; detector temperature 350°C. 
Density program: initial density 0.2127 g/mL, initial time 8 
min, ramp rate 0.02 g/mL/min, final density 0.6957 g/mL, 
final time 10 min; oven temperature 120°C isothermal. Col
umn flow rate ca 1.5 mL/min at initial density and tempera
ture. Solvent methylene chloride-methanol (1 + 1, v/v) was 
used as the unretained species for the calculation of column 
flow rate.

(b ) Gas chromatography conditions.— (!) For packed 
column.—Same as described in (1). Monoglycerides: injec
tor temperature 280° C; detector temperature 280° C; oven 
initial temperature 260° C; initial time 3 min; program rate 
2°C/min; final temperature 280°C; final time 2 min. Digly
cerides: injector temperature 310°C; detector temperature 
330°C; oven initial temperature 260° C; initial time 3 min; 
program rate 3°C/min; final temperature 300°C; final time 
10 min. (2) For capillary column.—Column flow ca 15 mL/ 
min; split ratio 1/10; injector temperature 290°C; detector 
temperature 295°C; oven initial temperature 195°C; initial 
time 5 min; program rate 3°C/min; final temperature 
290° C; final time 10 min for monoglycerides and 300 min for 
diglycerides.

Determination of Response Factors and Quantitation of 
Monoglycerides In Commercial Emulsifiers by Internal 
Standard Method

Two calibration standards containing known concentra
tions of derivatized and underivatized MG14, MG16, 
MG18, DG14, DG16, and DG18 were analyzed by SFC as 
described above. A response factor (RF), amount of analyte 
per unit peak area, was determined for each component. A 
known amount of internal standard monomyristin (MG 14) 
was spiked into each sample before the derivatization. The 
weight of the analyte of interest in the test sample was 
calculated as follows:

%WU = 100 X (Au X RFU X Wistd)/(A istd X RFistc X Ws)

where %WU = g unknown/100 g test sample; Au = peak area 
of unknown; RFU = response factor of unknown; Ajs:d = peak 
area of internal standard; RFjstd = response factor o: internal 
standard; Wistd = weight of internal standard spiked; and Ws 
= weight of test sample.

Results

SFC Analysis of Underivatized Mono- and Dlglycerlde 
Standards

The glycerides standard mixture consisted of mono- and 
dimyristin, palmitin, and stearin. Each glyceride was 
weighed accurately, dissolved in solvents, and analyzed by 
SFC as described above. A typical SFC chromatogram of 
underivatized glycerides is shown in Figure 1. Baseline reso
lutions were achieved for all components. These standards 
were prepared on 3 different days and each preparation was 
analyzed by SFC on multiple (3-4) days. The results are
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Figure 1. Typical SFC chromatogram of underivatized 
mono- and diglycerides. Chromatography parameters: initial 
density 0.2127 g/mL, initial time 8 min, ramp rate 0.02 g/mL, 
final density 0.6957 g/mL, final time 10 min, oven tempera
ture 120°C Isothermal. Peak identification: (1) MG14; (2) 

MG16; (3) MG18; (4) DG14; (5) DG16; and (6) DG18.
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Table 1. Quantitative analysis of underlvatlzed mono- and 
diglyceride standards by supercritical fluid chromatography

Standard Param eter Prep 1 Prep 2 Prep 3

MG14 %  W eight 34.21 34.36 33.44

% A rea  Av. 32 .94 36.55 35.04

%  RSD (n) 1.37(4) 2.41(4) 1.12(4)

Ratio  (%  A /% W ) 0.96 1.06 1.05

MG16 %  W eight 32.76 32.18 35.28

%  A rea  Av. 33.12 33.58 36.02

%  RSD (n) 0.63(4) 1.21(4) 0.76(4)

Ratio (% A /% W ) 1.01 1.04 1.02

MG18 %  W eight 33.03 33.46 31.29

% A rea  Av. 33 .94 29.86 28.94

% RSD (n) 1.92(4) 4.20(4) 2.12(4)

Ratio  (% A /% W ) 1.03 0.89 0.92

DG14 % W eight 41.63 39.36 39.86

% A rea  Av. 40.19 38.72 41.09

% RSD (n) 0.46(4) 0.78(4) 0.57(4)

Ratio (%  A /%  W) 0.97 0.98 1.03

DG16 % W eight 38 .84 39.87 40.58

% A rea  Av. 39 .92 40.50 41.37

% RSD (n) 0.19(4) 0.20(4) 0.11(4)

Ratio  (%  A /  %  W) 1.03 1.02 1.02

DG18 % W eight 19.53 20.77 19.57

% A rea  Av. 19.91 20.78 17.54

%  RSD (n) 1.04(4) 1.10(4) 1.40(4)

Ratio  (%  A /% W ) 1.02 1.00 0.90

summarized in Table 1. The accuracy of the quantitation was 
estimated by comparing the percent area (%A) as deter
mined by the chromatography with the percent weight (%W) 
of each of the components in the standard mixture. The ratio, 
%A/%W, which ranged from 0.89 to 1.06, demonstrated a

Figure 2. Typical SFC chromatogram of derlvatized mono- 
and diglycerides. Chromatography parameters same as de
scribed in Figure 1. Peak Identification: propionyl esters of
(1) MG14; (2) MG 16; (3) MG18; (4) DG14; (5) DG16; and (6) 

DG18.

Table 2. Quantitative analysis of derlvatized mono- and 
diglycerlde standards by supercritical fluid chromatography

Standard Param eter Prep 1 Prep 2 Prep 3

MG14 % W eight 34.21 34.60 36.56

%  Area Av. 33.71 33.78 36.47

% RSD (n) 0.53(6) 1.19(4) 0.56(4)

Ratio (%  A /% W ) 0.99 0.98 1.00

MG16 % W eight 32 .76 32.18 30.51

% A rea  Av. 32 .78 31.90 30.66

% RSD (n) 0.32(6) 1.25(4) 0.12(4)

Ratio (% A /% W ) 1.00 0.99 1.00

MG18 %  W eight 33 .03 33.46 32.93

% A rea  Av. 33 .50 34.32 32.87

% RSD (n) 0.74(6) 1.91(4) 0.58(4)

Ratio (%  A /  % W) 1.01 1.03 1.00

DG14 % W eight 41 .63 39.36 40.00

% Area Av. 41 .06 38.64 39.24

% RSD (n) 1.31(6) 0.67(4) 0.94(4)

Ratio (%  A /  % W) 0.99 0.98 0.98

DG16 % W eight 38 .84 39.87 40.38

% A rea  Av. 39 .68 40.41 40.97

% RSD (n) 0.43(6) 0.24(4) 0.32(4)

Ratio (% A /% W ) 1.02 1.01 1.01

DG18 %  W eight 19.53 20.77 19,62

% A rea  Av. 19.23 20.95 19.79

%  RSD (n) 2.28(6) 1.55(4) 1.29(4)

Ratio (%  A /% W ) 0.98 1.01 1.01

consistent FID response for the glycerides tested. The rela
tive standard deviation (%RSD) as a measure of precision 
was less than 5% throughout the study.

SFC Analysis of Derlvatized Mono- and Diglycerlde 
Standards

Propionyl esters of the mono- and diglycerides were pre
pared and analyzed by SFC. Figure 2 showed a typical SFC 
chromatogram of the propionyl esters of the glycerides. The 
experimental design and treatment of the data are the same 
as described above. A summary of the results is presented in 
Table 2. The accuracy of the procedure as shown by the ratio,

RETENTION TIME (min)

Figure 3. Typical SFC chromatogram of commercial emul
sifier. (A) underlvatlzed; (B) derlvatized. Chromatography 
parameters same as described in Figure 1. Peak Identifica

tion: (1) MG14 (ISTD); (2) MG16; and (3) MG18.
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Table 3. Quantitative determination of total 
monoglycerides In commercial emulsifier by gas 

chromatography and supercritical fluid chromatography
Total m onoglycerides, g /1 0 0  g

Param eter Prep 1 Prep 2 Prep 3 M ean8

Lot 1840
SFC /underivatized
Mean 90.53 94.40 96.94 93.43
% R SD  (n) 

SFC /derivatized

2.60(4) 3.95(3) 0.71(4) 3.50(11)

Mean 91.89 89.73 90.32 90.85

% R SD  (n) 

G C /derivatized

1.77(6) 2.72(4) 1.93(4) 2.24(14)

Mean 93.31 91.35 92.33

% R SD  (n) 0.57(2) 0.29(2) 1.29(4)

Lot 6022
SFC /underivatized
Mean 92.53 97.83 97.61 95.93

% R SD  (n) 
SFC /derivatized

3.32(4) 2.41(4) 1.00(4) 3.38(12)

Mean 95.13 91.76 91.81 93.22

% R SD  (n) 

G C /derivatized

1.59(6) 2.79(4) 0.33(4) 2.49(14)

Mean 95.41 92.56 93.99

% R SD  (n) 0.66(2) 0.17(2) 1.79(4)

8 M ethod m eans not s ign ifican tly  d iffe re n t fo r e ither lot.

%A/%W, ranged from 0.98 to 1.03. The relative standard 
deviation was less than 2.5% throughout the study.

Comparison of Analyses of Monoglycerides in Commercial 
Emulsifiers by GC and SFC

Two lots of commercial monoglyceride emulsifier were 
analyzed in a 3-day study as follows: dérivatized/GC, deriva- 
tized/SFC, and underivatized/SFC. The procedure for the 
derivatized/GC analyses was the same as described previous
ly (1). The procedures for the derivatized/SFC and underi
vatized/SFC analyses were the same as described above for

Table 4. Analysis of variance—Comparison of GC- 
derivatlzed, SFC-derivatlzed, and SFC-underivatized

Total m onoglycerides, g /1 0 0  g

Param eter G C-Derivatized SFC-Derivatized SFC-Underivatized

M ean8 93.16 92.22 94.6719
Total

variance 3.0802 5.3179 13.0784
Prep 2.8744(2)'’ 0.9623(4) 8.4135(4)
Day __C 4.1020(10) 1.9483(6)
Error 0.2048(4) 0.2536(12) 2 .7166d(1 1)
Total std 1.7550 2.3061 3.6164
RSD, % 1.88% 2.5 0% 3 .9 8 %

8 M ethod mean averaged across lots. 
b Degrees o f freedom  are in parentheses. 
c For GC, one prep was done on each o f 2 days fo r each lot; thus 

Prep and Day va riance  are  inseparable. 
d S ign ificantly  la rger (p-value <  0.05) than GC- and SFC-deriva- 

tized methods.

the glyceride standards. Figures 3A and 3B show a typical 
SFC chromatogram of the derivatized and underivatized 
commercial monoglyceride emulsifier. The data and results 
of a variance component analysis are summarized in Tables 3 
and 4 and Figure 4. The /-tests comparing the method means 
did not indicate any significant mean differences (95% confi
dence level). Nor did the variance ratio F-test indicate that 
the overall variances of the methods were significantly differ
ent (all pairwise p-values > 0.05). However, the error vari
ance of the underivatized SFC method was significantly 
higher than that of the derivatized/GC and derivatized/SFC 
methods.

The feasibility of using supercritical fluid chromatography 
in the analysis of mono- and diglycerides has been demon
strated in this study. The combination of supercritical carbon 
dioxide mobile phase and the flame ionization detector offers 
an alternative means of maintaining the advantages and cir
cumventing the difficulties of traditional GC and LC meth
odologies. The supercritical carbon dioxide is higher in solute

% W E IG H T  

1 0 5 :

GC-DERIVATIZED SFC-DERIVATIZED SFC-UNDERIVATIZED

METHOD
LOT - * -4  -* ■  1 8 4 0  «— a— a- 6 0 2 2

Figure 4. Quantitative determination of total monoglyceride in commercial emulsifiers by gas chromatography and supercri
tical fluid chromatography.
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diffusivity compared to the inert carrier gas used in gas 
chromatography, and has lower viscosity than the liquid sol
vents used in liquid chromatography. Thus, the glycerides, 
with and without derivatization, can be separated and eluted 
at a lower temperature and shorter analysis time. Compared 
to UV detectors, the flame ionization detector responded 
quite uniformly across a broad range of analytes. This allows 
the quantitation of unknown components even when the de
tailed structure of the analytes is not known. However, if 
precise quantitation is desired, a response factor for each 
component should be determined as shown in this study.

During this study, the variations between injections were 
found to be quite large. The variation may be due to a variety 
of factors, i.e., nonreproducible time-split injector, sample 
precipitate in the injection loop, etc. Thus, we have limited 
our applications to relative percentage determinations, and 
the internal standard method was used for absolute quantity 
determinations. The choice of optimum solvent for the ana
lytes and the warming of the injector are essential to mini
mize the precipitation of the analytes in the injector loop. The 
elimination of the derivatization procedure would provide 
savings in time and labor cost. The overall means and vari
ances of the 3 methods were not significantly different. How
ever, the error variance of the underivatized method was 
higher. Depending on the requirement of each individual 
practical application, the higher error variance may be ac
ceptable to some but not to others.

The SFC instrument is very rugged, and quite easy to 
operate. In this study, a methyl silicone column was used and 
the components were separated on the basis of their solubility

in carbon dioxide, volatility, and molecular weight differ
ences. The method reported here does not separate positional 
or stereo isomers, i.e., 1(3)- and 2-monoglycerides; 1,3-, 1,2-, 
and 2,3-diglycerides. Other stationary phases, i.e., polar or 
chiral phases, can be explored for the separation of glycerides 
with different degrees of unsaturation, as well as their posi
tional and stereo isomers.
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

D eterm in ation  o f  M o n o c y c lic  and P o ly c y c lic  A rom atic  H ydrocarbon s in F ish  T issu e

JO N  A. LEBO, JIM  L. ZA JIC EK , TED R. SCH W A R TZ, LA W R EN C E M. SM ITH , and 
M A RY  P. BEASLEY
U.S. Fish and W ildlife Service, N ational Fisheries Contaminant Research Center, Rte 2, 4200 New Haven Rd, 
Columbia, M O  65201

An analytical method Is presented In which fish tissue Is 
analyzed for neutral monocyclic and polycyclic aromatic 
hydrocarbons (AHs) and aromatic sulfur heterocycles (ASHs) 
by capillary column gas chromatography (CGC) with photo- 
ionlzatlon detection. The sample enrichment procedure in
cludes saponification with aqueous KOH, acidification of the 
digestates, and extraction of the aromatic compounds into 
cyclopentane-dichloromethane. Adsorption chromatography 
on tandem segments of potassium silicate and silica gel 
removes 99 % of the coextracted lipid. Final enrichment by 
gel permeation chromatography eliminates residual biogenic 
material and potentially Interfering alkanes. Relatively vola
tile monoaromatics are included among the analytes by vir
tue of the efficiency of the complementary enrichment steps, 
the use of small quantities of only low-boliing solvents, and 
the selectivity of the detector. Most targeted compounds 
(AHs ranging In size from C3-alkylbenzenes through ben- 
zo[g,h,i]perylene and ASHs within the same size range) can 
be determined in 5 g (wet weight) samples of fish tissue at 
concentrations as low as 20 ng/g. Comparisons are made of 
recoveries of selected AHs under ordinary and gold fluores
cent lighting conditions.

Aromatic hydrocarbons (AHs) are heterogenous and ubiqui
tous contaminants of aquatic environments (1-3). To under
stand the relative toxicological importance to aquatic ecosys
tems of compounds or groups of compounds within the AH 
family, we must characterize the bioavailability of AHs to 
fish and other aquatic animals. Woodward and coworkers (4) 
found, in a laboratory exposure study, that the concentra
tions of unmetabolized AHs in the tissues of exposed fish 
were directly proportional to the toxic effects (e.g., caudal fin 
erosion and gill lesions) and to the concentrations of the AHs 
in the exposure water. In a laboratory study (5) and in field 
studies (6-10), lower positive correlations were observed be
tween AH concentrations in fish and concentrations in the 
exposure water or pathologies in the fish.

It is generally accepted that prolonged exposure of fish to 
AHs induces or activates enzymes that rapidly biotransform 
a wide range of AHs, especially those with 4 or more aromat
ic rings (11). Consequently, the concentrations of the unme
tabolized forms of the larger AHs in fish tissues are usually 
low, irrespective of exposure concentrations or pathologies in 
the fish. Certain primitive invertebrates of the phylla Proto
zoa, Porifera, Coelentera, and Mollusca have inefficient 
mechanisms for metabolizing AHs (12) and bioaccumulate 
the larger AHs (4 or more aromatic rings) to an extent not 
seen in fish. Because of these phenomena, certain species of 
bivalve mollusks have recently been nominated for use as 
sentinel organisms of aquatic AH contamination (13).

Received June 5, 1990. Accepted October 16, 1990.
1 References to trade names or manufacturers do not imply Federal gov

ernment endorsement of commercial products.

Most published methods for the determination of AHs in 
animal tissues target some or all of the array of AHs having 2 
to 6 aromatic rings (3, 14-19). Other analytical procedures 
are restricted in their scope to the spectrum of more volatile 
AHs ranging in size from toluene to the alkylated naphtha
lenes (20-22). The family of AHs ranging in molecular size 
from toluene to coronene shows continuums of physical and 
chemical behavior (3, 23) that render such demarcations in 
analyte ranges physically and chemically arbitrary. The clas
sical enrichment sequence of saponification, liquid-liquid 
partitioning, and preparative chromatography, applied to the 
determination of AHs with 2 to 6 rings, usually sacrifices 
AHs more volatile than naphthalene (14, 15, 17-19). These 
delimitations in analyte ranges are sometimes prompted by 
toxicological criteria. More often, however, the greater vola
tilities of the AHs of lower molecular weight than naphtha
lene preclude substantial recoveries of these AHs by these 
analytical schemes, or prevent the instrumental determina
tion of these compounds simultaneously with the 2-ring to 6- 
ring aromatics. Conversely, the headspace techniques most 
commonly applied to the determination of monoaromatics 
and diaromatics in tissues are usually not amenable to deter
mination of the larger, less volatile AHs (20-22).

We have developed an analytical method that encom
passes the analyte size and volatility ranges of both of these 
commonly used approaches, yet does not have the low deter
minative sensitivity usually associated with methods of ex
panded scope. Monocyclic and polycyclic aromatic hydrocar
bons ranging in size from C3-benzenes through benzo[g,h,i]- 
perylene, and aromatic sulfur heterocycles (ASHs) within 
the same volatility range, can be determined in 5 g (wet 
weight) samples of fish tissue. The analytical method was 
developed and validated specifically for the determination of 
AHs in fish samples from chronic toxicity studies with a 
Wyoming crude oil (WCO), a petroleum that contains no 
AHs larger than C2-phenanthrenes. The method was later 
applied to the determination of environmentally incurred 
AH and ASH residues in fish.

Presented here are the results of analyses of fish samples 
fortified with a suite of AHs that simulates the aromatic 
fraction of the WCO. Also presented are recovery data from 
fish samples fortified with larger AHs and ASHs and consti
tuting part of the quality control regimen for the application 
of the procedure to environmental fish samples. Although 
validated for several species of fish, this procedure is expect
ed to be applicable to all animal tissues, including mollusks 
and other invertebrates.

METHOD

Materials and Reagents
(a) Solvents.—Cyclopentane and dichloromethane, 

OmniSolv™ grade (EM Science, Cherry Hill, NJ 08034). 
Solvents were not further purified before use.
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(b ) Concentrated HCi, KOH pellets, and NaH 2 PC>4 • 
H 2 O.—Reagent grade and also used as received from the 
manufacturers.

(c) Acid-buffer solution.— Mixture of ca 4.9 M HCI and 
ca 0.9 M NaH 2P0 4 ). Prepared by adding 412 mL concen
trated HCI to 400 mL deionized water, adding 125 g 
NaH2P0 4  • H2O, and diluting to 1 L with deionized water.

(d) Sodium  su lfa te .—Reagent grade, anhydrous 
Na2S04. Heated to 450°C for 8 h, and stored in a tightly 
capped bottle until used.

(e) Adsorbents.—(/) Silica gel (SG60,70-230 mesh; EM 
Science). Washed with methanol and dichloromethane, and 
stored at 190°C. (2) Potassium silicate (KS) containing 5 
meq KOH/g. Prepared as described elsewhere (24) and 
stored at 130°C.

(f) Glassware.—Washed with detergent and water, 
rinsed with tap water and then with 1 M HCI, and heated to 
450°C for 8 h. Calcined glassware was rinsed with dichloro
methane just before use. Pasteur pipets were heated to 450°C 
for 8 h, and stored in sealed jars.

(g) Lighting.—The sample enrichment and analyses for 
some of the samples were performed under ordinary fluores
cent light. For other samples (where specified), all handling 
was done under gold fluorescent lamps (Model F40GO Bug- 
A-Way™; Philips Lighting Corp., Bloomfield, NJ 07003).

(h) Standard materials.—The AHs and ASHs used to 
develop the procedure and generate the data contained here
in were obtained from the following suppliers: Aldrich 
Chemical Company, Inc., Milwaukee, W I53233; Chem Ser
vice, West Chester, PA 19381; Ultra Scientific, Hope, RI 
02831; and the U.S. EPA Pesticide and Industrial Chemical 
Repository, Research Triangle Park, NC 27711.

Apparatus and Operating Conditions
(a) Gel permeation chromatograph (GPC).—Autoprep® 

1001 (ABC Laboratories, Inc., Columbia, MO 65205) spe
cially modified as follows: The original pumping unit was 
replaced with a high-pressure liquid chromatographic pump 
(Model 6000A, Waters Associates, Inc.). The 23 sample 
loops (5.0 mL capacity) were replaced with sample loops of
1.0 mL capacity. Tandem columns (both 1 cm id) were 
substituted for the original 2.5 cm id column. A UV detector 
(254 nm) was plumbed in-line between the exit end of the 
second column and the dump/collect solenoid; the detector 
output was monitored during all GPC calibration and sample 
enrichment runs by means of a strip chart recorder. The 
sample loading system was modified to facilitate the loading 
of samples of between 0.4 and 0.5 mL (plus minute rinsings 
of the sample test tubes) into the 1.0 mL sample loops. All 
Teflon tubing through which samples must pass while being 
loaded into the sample loops was replaced with narrower bore 
tubing (0.75 mm id) to reduce dead volume and mixing of the 
solutions during the loading process. A vertically affixed 1.0 
mL syringe barrel served as a sample-loading reservoir. The 
syringe needle was firmly inserted into the Teflon tubing that 
leads through the load/run valve to the sample loops. This 
tubing is of known dead volume, enabling a sample of 0.4 to 
0.5 mL to be transferred to the reservoir-syringe, pushed 
downward into the tubing, and then displaced into the sample 
loop with the appropriate volume of rinse solvent (mobile 
phase). The described procedure for loading the GPC sample 
loops is essentially quantitative.

Bio-Beads S-X3 GPC resin (Bio-Rad Laboratories, Rich
mond, CA 94804), received from the manufacturer as 200-

400 mesh, were sieved, and 3.8 g portions of the 270-325 
mesh fraction were used to pack each of the 1.0 cm id col
umns. After the Bio-Beads had swollen for 24 h in the GPC 
mobile phase, cyclopentane-dichloromethane (50 + 50, v/v), 
the columns were slurry-packed. The adjustable column 
plungers were inserted so that each column had a bed length 
of 22 cm. The GPC was operated at a flow rate of 1.3 mL/ 
min (typical pressure, 12 psi).

(b) GC System 1.—Model 3700 gas chromatograph 
(Varian Instrument Group, Walnut Creek, CA 94598) 
equipped with a Varian Model 8000 autosampler and a pho
toionization detector (PID) operated at 270°C (Model PI- 
52-02; HNU Systems Inc., Newton, MA 02161). A 9.5 eV 
lamp (with an intensity setting of 7) was used as the ionizing 
source. The fused silica capillary GC column (30 m X 0.25 
mm id; DB-5 bonded phase of 0.25 ^m film thickness) and 
the uncoated, deactivated, fused silica retention gap (1.0 m X 
0.32 mm) were obtained from J & W Scientific, Folsom, CA 
95630. Samples were injected (1.0 or 2.0 pL; either by hand 
or by autosampler) by the direct (flash) method, at 260°C, 
into a custom-made injector liner (similar to J & W Scientif
ic Cat. No. 210-1064, but optimized for 0.32 mm tubing). 
Carrier gas, H2 at 8 psig; detector make-up gas, N 2 at 28 
mL/min flow rate. Immediately upon injection, the GC oven 
temperature was programmed from 50°C to 295°C at a rate 
of 5°C/min and was held at 295°C for 10 min.

(c) GC system 2.—Model Sigma 2B gas chromatograph 
equipped with Model AS-100A autoinjector and Model PI- 
52-02A photoionization detector (Perkin-Elmer Corp., Nor
walk CT 06859). Operating parameters were similar to those 
for GC system 1.

(d) Data systems used with GC system 2.—Nelson Ana
lytical model 2600 and 2670 chromatography software on an 
IBM compatible microcomputer. Chromatographic data 
were collected, integrated, and archived with this system. 
Individual AHs and ASHs were identified by their retention 
indices and quantitated by using 4-level calibration curves 
and an instrumental internal standard. Data base manage
ment was provided by computer programs written in DSM- 
11 (Digital Standard MUMPS) for the PDP-11/34 mini
computer (Digital Equipment Corporation) family of com
puters.

Saponification and Extraction
Fish samples of 5 g (wet weight), subsamples of previously 

ground fish or whole small fish, were weighed into tared 
tissue homogenizer vessels. Sample sets contained a maxi
mum total of 23 unknown and control samples (limited by the 
number of GPC sample loops). Then 15 mL 3.0 M KOH was 
added to the vessels, and the tissue and base were homoge
nized by a Brinkmann Polytron. The homogenates were 
poured into 50 mL centrifuge tubes. When applicable, the 
centrifuge tubes were fortified with AHs. The tubes were 
tightly sealed; the caps had Teflon liners, with latex rubber 
disks (ca 3 mm thick) between the caps and the Teflon. The 
capped tubes were shaken, and then submerged to the levels 
of their contents in a water bath at 90°C. The saponifications 
were allowed to continue for 90 min; the tubes were shaken 
twice during that time.

The centrifuge tubes were removed from the water bath 
and allowed to cool to room temperature. The digestates were 
acidified to pH 5.9-6.1 by adding ca 8 mL acid-buffer solu
tion. Only 7.5 mL was added initially, and the digestates 
were thoroughly mixed. The pH adjustments were monitored
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with a pH meter while more HCl-buffer solution was slowly 
(dropwise) added. After the required pHs had been attained, 
the digestates were again allowed to cool. Each acidified 
digestate was partitioned, in its centrifuge tube, with two 15 
mL portions of cyclopentane-dichloromethane (80 + 20, v/ 
v). The tubes were mechanically shaken for 5 mL, and then 
centrifuged for 15 min at ca 3000 rpm. Pasteur pipets were 
used to transfer the 2 organic phases from each digestate into 
125 mL double-reservoir rotary evaporation flasks (25). The 
organic phases were each concentrated to 5 mL on a rotary 
evaporator (ambient temperature water bath; ca 500 torr 
vacuum).

Enrichment by Adsorption Chromatography
The concentrated organic phases from the digestates were 

then subjected to chromatographic enrichment on tandem 
segments of KS and silica gel. Apparatus for these enrich
ments were prepared as follows; Plugs of glass wool were 
tamped down in the bottom of glass columns (30 cm X 2 cm 
id; solvent reservoirs at the top), and Na2S0 4 was deposited 
over the glass wool to segment heights of ca 1 cm; 8.0 g silica 
gel was deposited above the Na2SC>4, followed by 24 g KS, 
and then Na2S04 was deposited over the KS to segment 
heights of ca 1 cm. The adsorbent beds were not saturated 
with solvent before the chromatographic enrichments. The 
concentrated sample extracts were quantitatively transferred 
to the tops of the columns, and the adsorbents were then 
washed with 75 mL cyclopentane-dichloromethane (80 + 20, 
v/v). The effluent solutions were collected in 125 mL double
reservoir flasks. The eluates contained the AHs and the 
ASHs, as well as aliphatic hydrocarbons, and ca 1% (gravi- 
metrically) of the coextracted biogenic material. About 99% 
of the coextracted, hydrolyzed lipid and various polar xeno- 
biotic compounds were retained by the adsorbents.

The eluates from the adsorption enrichment were each 
rotary evaporated (ambient temperature water bath; ca 500 
torr vacuum) to 5 mL and then filtered into graduated 15 mL 
culture tubes. The filtration columns consisted of Pasteur 
pipets into which disks of glass fiber filter (3 |um retention) 
had been tamped.

Gel Permeation Chromatography
Residual biogenic materials and aliphatic hydrocarbons 

were removed from the sample extracts by GPC. Before the 
solutions could be loaded into the GPC sample loops, howev
er, their solvent compositions had to be similar to the GPC 
mobile phase, and their volumes had to be between 0.4 and 
0.5 mL. Small stir bars were added to the culture tubes, and 
the solutions were gently evaporated with streams of dry 
nitrogen to ca 1 mL each. During this process, the solutions 
were stirred while the culture tubes were kept partly im
mersed in a bath of ambient temperature water. The stir bars 
were removed and all adhering liquid and residues were 
rinsed back into the tubes with 1 mL of CH2CI2. The evapo
rations were then continued until the solution volumes were 
between 0.4 and 0.5 mL.

Before each multiple-sample enrichment procedure, the 
GPC was calibrated by establishing an elution profile with a 
calibration solution containing di-n-octylphthalate, 15 C3- 
and C^alkylbenzenes, and pyrene. Three peaks appeared in 
that sequence. The calibration chromatograms were exam
ined to ensure that the relative retention times (RRTs) and 
peak shapes were as expected. The cutoff point between the 
dumped (first) fractions and the collected (second) fractions

for the subsequent multiple-sample enrichment run was se
lected in such a way that any alkylbenzenes present would 
start eluting at the beginning of the collected fractions and 
would elute entirely within the collected fractions. As a result 
of these calibrations, the timing functions on the GPC con
troller box were typically set so that the first 27 mL eluate 
from each individual chromatographic enrichment was 
dumped, and the subsequent 13 mL eluate was collected.

The second fractions of eluate from the GPC were collect
ed in graduated culture tubes. Stir bars were added, and the 
solutions were gently evaporated with streams of nitrogen 
(ambient temperature water bath; constant stirring) to vol
umes appropriate for analyses. The solutions were trans
ferred to autoinjector vials, and instrumental internal stan
dards (see below) were added.

Results

Initial Validation of Procedure
The analytical procedure was developed and validated spe

cifically for the determination of the aromatic components of 
a Wyoming crude oil (WCO) in fish samples. A chronic 
toxicity diluter study was to be conducted at the National 
Fisheries Contaminant Research Center using fathead min
nows (Pimephales promelas) and the WCO (26). The solu-

Table 1. Results of initial method validation; recoveries of 
selected aromatic hydrocarbons from fortified fathead 

minnows (samples handled under white fluorescent light)
Mean recovery, % ±  SD

20 ng /g  1 0 0 n g /g  500 ng/g

Com pound S p ikes3 S p ikes6 S p ikes6

C3-alkylbenzene 60 ± 15 55 ± 9 45 ± 8

C3-alkylbenzene 62 ± 16 59 ± 8 49 ± 9
C3-alkylbenzene 52 ± 12 53 ± 7 45 ± 8

C4-alkylbenzene 104 ± 21 66 ± 10 51 ± 9
C4-alkylbenzene 65 ± 18 62 ± 9 53 ± 8
C4-alkylbenzene 56 ± 13 58 ± 9 50 ± 8
Indan 57 ± 15 60 ± 8 53 ± 10
Indene 36 ± 6 38 ± 11 26 ± 7
C4-alkylbenzene 59 ± 12 62 ± 8 62 ± 8
C4-alkylbenzene 63 ± 16 C 63 ± 9
C4-alkylbenzene 62 ± 14 67 ± 9 66 ± 9
Naphthalene 202 ± 3 6 d 81 ± 11 76 ± 8
2-M ethylnaphthalene 131 ± 14 d 88 ± 14 75 ± 11
1-M ethylnaphthalene 82 ± 14 80 ± 10 77 ± 8
Biphenyl 67 ± 12 76 ± 9 75 ± 8
Acenaphthylene 67 ± 8 73 ± 8 74 ± 7
1,2-D lm ethylnaphthalene 69 ± 8 78 ± 7 74 ± 6
Acenaphthene 64 ± 8 76 ± 5 73 ± 8
(D ibenzofuran)8 (100) (100) (100)
F luorene 75 ± 9 87 ± 10 79 ± 10
9 ,1 0-D ihydroanthracene 57 ± 19 ' 83 ± 11 69 ± 7
1-M ethylfluorene 80 ± 10 93 ± 12 78 ± 9
Phenanthrene 94 ± 10 98 ± 13 82 ± 6
A nthracene 69 ± 10 91 ± 11 79 ± 9
9 ,10-D im ethylanthracene 73 ± 13 85 ± 17 73 ± 10

3 Eight va lidation rep lica tes  w ere  analyzed; n  =  8 exce p t where 
o therw ise  noted.

6 Seven va lidation rep lica tes w ere analyzed; n =  7. 
c Gross In te rfe rence  in a ll seven rep lica tes. 
d P robable pos itive  bias from  background.
8 D ibenzofuran is the instrum ental in ternal standard.
'B e ca u se  o f analytica l in te rfe rence  in one rep lica te , n =  7 (for this 

com pound only).
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Table 2. Recoveries of aromatic hydrocarbons and aromatic sulfur heterocycles from fortified samples of striped bass
Recovery, % (mean ±  SD)

W hite light Gold light

Com pound

Spike
level,

ng /g

1X Spike 

leve l3 
(n  =  20)

1X Spike 

leve l3 
(n =  3)

2X Spike 

leve l6 

(n =  3)

4X Spike 
leve l3 

( n =  5)

Naphthalene 252 65 ±  17 104 ±  10 85 ±  6 71 ±  9
1-M ethyl naphthalene 120 6 88 ±  4 77 ± 2 71 ±  6
2,3-D im ethyl naphthalene 138 90 ±  3 84 ± 4 74 ±  3
A cenaphthylene 250 48 ±  31 70 ±  2 74 ± 5 71 ±  5
Acenaphthene 250 80 ± 5 82 ±  6 76 ± 4
Fluorene 250 80 ± 6 76 ±  8 78 ±  4 73 ± 5
D ibenzothiophene 258 88 ± 5 66 ±  2 68 ±  3 71 ±  11
Phenanthrene 250 103 ±  18 70 ± 3 74 ± 5 77 ±  8
A nthracene 125 17 ±  10 62 ±  3 68 ±  5 67 ±  7
2-M ethyl anthracene 121 101 ± 5 100 ± 6 87 ±  12
1-M ethyl phenanthrene 124 83 ±  7 79 ±  6 76 ± 5
F luoranthene 250 102 ±  23 118 ±  1 92 ±  18 82 ±  10
Pyrene 250 67 ±  9 1 1 7 ±  13 97 ±  8 84 ± 4
B e n zo [b ]n a p h th o [2 ,1 -d ]-th io p h e n e 132 91 ±  14 86 ±  9 92 ±  17 83 ±  8
Benz [a ] anthracene 125 50 ±  9 86 ±  4 87 ±  5 88 ±  19
Chrysene 125 72 ±  21 78 ±  3 73 ±  3 82 ±  18
Benzo [b ] fluoranthene 125 88 ±  3 87 ±  6 87 ±  15
Benzo [k ] fluoranthene 125 80 ±  13 76 ± 8 81 ±  14
Benzo [a ] pyrene 125 3 ±  6 129 ± 9 124 ± 7 103 ±  13
Perylene 130 1 ±  1 129 ±  16 116 ±  26 107 ± 2 8
Indeno [ 1,2 ,3 -c ,d ] pyrene 125 91 ±  10 84 ±  9 83 ±  11
D ibenz [a ,h ]a n th ra ce n e 125 70 ±  10 74 ±  12 83 ± 2 2
Benzo [g ,h ,i] perylene 125 87 ±  6 94 ±  7 86 ±  11

a C ontro l tissue spiked at the concentra tions listed.
6 C ontro l tissue spiked at tw ice  the concentra tions listed. 
c Control tissue spiked at 4  tim es the concentra tions listed. 
d Com pound not spiked.

tion used to fortify samples (uncontaminated fathead min
nows) for the validation of the analytical method contained 
equal concentrations of 30 aromatic compounds ranging in 
size from C3-alkylbenzenes to 9,10-dimethylanthracene, and 
was a good synthetic representation of the spectrum of AHs 
found in the WCO. Of the 30 compounds (exclusive of indan 
and indene), 15 were C3- and C4- alkylbenzenes. We did not 
match specific alkylbenzenes with their resultant chromato
graphic peaks, but used a gas chromatograph/mass spec
trometer (GC/MS) only to characterize the 30-component 
solution. The PID (as equipped with the 9.5 eV lamp) was not 
responsive enough to 6 of the 15 alkylbenzenes for their 
recoveries to be calculated and reported. At least 7 validation 
replicates were evaluated at each of 3 spike levels, 20, 100, 
and 500 ng/g; the recoveries are listed in Table 1. Validation 
replicate solutions were reduced to volumes of 0.2, 1.0, and
5.0 mL, respectively, for GC analysis of the 20, 100, and 500 
ng/g spikes. Immediately before GC analyses, dibenzofuran 
was added to the replicate solutions in the same proportions 
as the fortification concentrations. The recoveries shown in 
Table 1 were calculated on the basis of peak height measure
ments; dibenzofuran was used as an instrumental internal 
standard. All results reported in Table 1 were obtained with 
samples handled under white fluorescent light and analyzed 
on GC system 1.

Further Characterization of the Procedure
The analytical method was later applied to the determina

tion of AHs and ASHs ranging in size from naphthalene to

benzo[g,h,i]perylene in several species of freshwater fish 
from various sites in the United States. Data from 2 catego
ries of quality control samples whose analyses accompanied 
the analyses of the environmental fish samples are shown in 
Tables 2 and 3. Some of the samples in each table were 
subjected to the analytical procedure under white fluorescent 
light, and others were analyzed after the gold lights had been 
installed in an effort to increase recoveries [(27); see Discus
sion], Table 2 shows the recoveries of AHs and ASHs from 
fortified samples of striped bass (Roccus saxatilis).

One 5 g aliquant of homogenized fish tissue containing 
environmentally incorporated AH and ASH residues was 
analyzed with the environmental fish samples in each 23- 
sample set. The aliquants were taken from a composite of 
brown bullheads (Ictalurus nebulosus) from the lower Black 
River, Ohio. The concentration data from these quality con
trol samples are listed in Table 3. Targeted for determination 
in the bullhead tissue were all of the AHs and ASHs listed in 
Table 2; however, no aromatic compounds of greater molecu
lar weight than pyrene were present at quantifiable concen
trations. Of the 27 replicate samples shown in Table 3,5 were 
handled under gold fluorescent lamps, and the rest were 
handled under white fluorescent lamps.

The analytical conditions used for the samples shown in 
Tables 2 and 3 were slightly different from those used for the 
fortified samples of fathead minnow tissue shown in Table 1. 
After the enriched extracts were adjusted to 1.0 mL final 
volumes, 1-chloronaphthalene, 9-chloroanthracene, and 
9,10-diphenylanthracene were added to the solutions. The
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Table 3. Concentrations (ng/g) of environmentally 
Incurred aromatic hydrocarbons and aromatic sulfur 

heterocycles in allquants of brown bullhead composite; 
results obtained under white fluorescent light versus those 

obtained under gold light

Com pound

W hite  light (n =  22) Gold light (n =  5)

Mean

concn SD

RSD,

%
Mean
concn SD

RSD,

%

Naphthalene 190 54 29 190 7 4
1-M ethyl naphthalene 90 17 20 90 5 6
2,3-D im ethyl naphthalene 140 19 14 110 4 4
A cenaphthylene 200 42 21 160 32 20
Acenaphthene 170 26 16 150 12 8
Fluorene 600 86 14 580 43 7
D ibenzothiophene 200 34 17 200 29 14
Phenanthrene 1900 320 17 1500 43 3
Anthracene 160 45 29 220 52 24
2-M ethyl anthracene 60 26 44 90 15 17
1-M ethyl phenanthrene 100 34 34 110 7 7
Fluoranthene 880 160 18 650 37 6
Pyrene3 340 70 21 300 31 10

3 A lthough all o f the AHs and ASHs listed In Table 2 w ere also targeted 
analytes in the brow n bullhead sam ples, no AHs or ASHs larger or 
la ter e luting than pyrene w ere present at quantifiab le  concentra 
tions.

peaks resulting from all 3 compounds served as references for 
calibration of retention indices; the 1-chloronaphthalene ad
ditionally served as an instrumental internal standard. The 
data in Tables 2 and 3 were obtained by using GC system 2 
and the data system described above. Quantitations were 
performed on the basis of peak areas relative to the peak 
areas of the instrumental internal standard, 1-chloronaph
thalene.

An additional category of quality control sample was in
cluded in each 23-sample group of environmental and quality 
control samples. 14C-labeled dibenz[a,h]anthracene was 
used to spike 5 g portions of various species of environmental 
fish samples, each at a concentration of 90 ng/g. One or more 
of these spiked controls were included in each 23-sample set. 
The radiometric recoveries of this compound were deter
mined by liquid scintillation counting (LSC) after the sam
ples had undergone GPC enrichment. Of these spikes, 41 
underwent enrichment and analyses before the installation of 
gold lights, and 7 more were processed after gold lights had 
been installed. The mean recoveries were 89 ± 13% and 96 ± 
10%, respectively. No effort was made to ascertain whether 
these recoveries were positively biased by recoveries of radio
active degradation products.

The amenability of the analytical procedure to the simul
taneous determination of small alkylbenzenes, ASHs, and 
larger (Priority Pollutant and other large) AHs is illustrated 
by Figure 1. The method lower limit of quantitation 
(MLLQ) for this procedure was conservatively and generi- 
cally set at 20 ng/g. This MLLQ was established by evalua
tion of chromatograms of fortified and unfortified control 
fish tissue. The average area of the background peaks (or 
noise) in these chromatograms was equivalent to the area of 
33 pg of an AH or ASH of average detector response. This 
number, 33 pg per 1 ¿tL injection (5 g eq fish tissue; solution 
final volume of 0.3 mL), was then multiplied by 10 (330 pg 
per 17 mg eq tissue), resulting in a calculated MLLQ of 
about 20 ng/g.

As can be seen in Figure 1, the method lower limits of 
detection are much lower than 20 ng/g. The PID detector, as 
equipped with the 9.5 eV lamp, is insufficiently responsive to 
some alkylbenzenes (e.g., n-butylbenzene) for a MLLQ of 20 
ng/g to be feasible, and these are among the compounds in 
the fortification solution for which no recovery data were 
reported in Table 1. As is also evidenced by Table 1, the 
alkylbenzene region of the chromatograms were subject to 
sporadic background interferences. In presenting the data in 
Table 1, we did not subtract background, but noted the most 
obvious interferences. Because the QA/QC samples de
scribed by Tables 2 and 3 were analyzed at final solution 
volumes of 1.0 mL, the MLLQs for these samples were 
proportionately higher.

Discussion
The method accommodates samples containing not more 

than about 0.7 g of total lipid. For fish suspected of being rich 
in lipid, we determined the lipid percentages to decide the 
maximum wet weight of tissue that should be digested per 
sample. When 5 g portions of lipid-rich species such as wall
eyes (Stizostedion vitreum) or fathead minnows were sapon
ified, the enrichment capacity of the method was overloaded 
for a few of the samples. The eluates from the KS and silica 
gel adsorbents, when concentrated for their application to 
GPC, were sometimes too viscous to be easily loaded into 
single 1.0 mL sample loops. Characterization of the viscous 
material by solid probe GC/M S indicated that it was primar
ily squalene, a polyunsaturated hydrocarbon. If lipid deter
mination indicated that a fish sample contained more than ca 
13% lipid, less than 5 g (wet weight) of tissue was saponified.

To achieve tight seals of the centrifuge tube caps, we 
placed latex disks between the caps and their Teflon liners. 
The resiliency of the latex helped ensure tight seals during 
saponification and during the later partitioning with organic 
solvent. To ensure good seals, we also found it important to 
choose Teflon liners that were smooth, rather than striated.

All fortifications of radiolabeled or “cold” AHs and ASHs 
were applied to the samples after the tissue-base homoge
nates had been transferred to the centrifuge tubes. We found 
that when the tissue was spiked before homogenization, some 
of the spiked AHs adhered to the Polytron homogenizer. This 
appeared to be due to the immiscibility of the hydrophobic 
spiking solvent with the tissue-base homogenate.

The digestates were acidified before the partitioning step 
to avoid intractable emulsions caused by the presence of soap 
at alkaline pHs. Acidification causes high percentages of the 
lipid to be recovered in the organic phases, however, and this 
lipid must be removed in later procedural steps. One lipid- 
removal measure that was explored was back-partitioning of 
the combined organic phases with fresh aqueous KOH (18), 
but this too caused intractable emulsions. Because the lipid 
recovered in the organic phases by the partitioning of acidi
fied digestates is primarily in hydrolyzed form, we found it to 
be especially susceptible to removal by KS. The acidification 
of the digestates and the adsorption chromatography on tan
dem segments of KS and silica gel were mutually comple
mentary facets of the enrichment scheme that made possible 
the efficient separation of AH analytes from hydrolyzed 
lipids. The emulsions associated with this procedural se
quence were easily overcome by centrifugation.

As implied above, free fatty acids were the main biogenic 
constituents recovered from fish tissue subjected to the sa
ponification-acidification-extraction procedural sequence.
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Figure 1. Normalized GC-PID chromatograms representing, from top to bottom: a standard solution containing ca 1.3 ¿tg/mL 
of each of the AHs and ASHs listed below (compound L at ca 6.6 ¿tg/mL); the same compounds as recovered from grass carp 
tissue fortified at concentrations of 80 ng/g (compound L fortified at 400 ng/g); an unfortified aliquant of the same tissue. Com
pound J (Instrumental Internal standard) was spiked Into all 3 solutions at concentrations of ca 1.3 /ug/mL, 80 ng/g, and 20 ng/ 
g, respectively. The labeled peaks represent: (A) 4-ethyltoluene; (B) 1,2,4-trimethylbenzene; (C) 4-lsopropyltoluene; (O) 
1,2,4,5-tetramethylbenzene; (E) naphthalene; (F) thlanaphthene; (G) pentamethylbenzene; (H) acenaphthylene; (I) acenaph- 
thene; (J) dlbenzofuran (instrumental Internal standard); (K) fluorene; (L) dlbenzothlophene; (M) phenanthrene; (N) anthra
cene; (O) fluoranthene; (P) pyrene; (Q) benz[a]anthracene; (R) chrysene; (S) benzo[b]fluoranthene; (T) benzofluoranth

ene; (U) benzo[a]pyrene; (V) lndeno[1,2,3-c,d]pyrene; (W) dibenz[a,h]anthracene; and (X) benzo[g,h,i]perylene.

Although the acids were efficiently removed by adsorption on 
KS, we found that inclusion of the segment of silica gel 
beneath the KS improved the chromatographic enrichment. 
Both adsorbents were required in tandem to remove approxi
mately 99% (gravimetrically) of the coextracted lipid.

A 90/10 (v/v) ratio of alkane to dichloromethane is more 
than adequately polar to easily elute all AHs and ASHs from 
the tandem adsorbents, but we found that the eluates result
ing from this solvent mixture contained more biogenic mate
rial than when the eluant composition was the prescribed 
cyclopentane-dichloromethane (80+20, v/v). We were un
able to explain this phenomenon.

Much of the data shown in Tables 2 and 3 had already been 
compiled before we installed gold lighting at our laboratory. 
During the validation of the procedure, we had noticed the 
disappearance of anthracene and 9,10-dimethylanthracene 
from spiking solutions containing the mixture of compounds 
listed in Table 1. This firsthand experience, anecdotal evi
dence, and publications such as those of Leversee et al. (27) 
and Behymer and Hites (28) led us to investigate whether 
gold fluorescent lamps would prevent photodegradation. The 
use of gold fluorescent lighting improved recoveries (27) of 
certain AHs, as illustrated by comparisons of recoveries (Ta
ble 2 ) from samples processed under both lighting conditions.

Of the compounds spiked into samples handled under each 
type of illumination, the improvements in recoveries, by use 
of gold lamps, were greatest for the AHs that are especially 
photolabile—acenaphthylene, anthracene, and benzo [a] pyr
ene (28). We were unable to explain the higher recovery of 
phenanthrene under white lights (Table 2).

Because of a 2-month delay in the installation of the PID in 
GC system 2, the samples described in Table 2 suffered a lag 
between enrichment and chromatographic analyses. During 
the interim, the solutions were not consistently shielded from 
light (from either of the designated types of fluorescent 
lamps). In contrast, the fortified fathead minnow samples 
were analyzed within about 3 days of their final enrichments 
by GPC. This may explain the comparatively high recoveries 
of photolabile acenaphthylene and anthracene from the fat
head minnows (Table 1). Determinations of recoveries of 
radiolabeled dibenz [a,h] anthracene (by LSC) were not de
layed after completion of final enrichment, and this prompt
ness may account for the comparatively high recoveries of 
this relatively photolabile (28) compound under the 2  types 
of illumination. The handling of samples under gold light 
increased the precision of the recoveries of the larger AHs. 
This improvement is most dramatically evidenced by Table
3.
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We hypothesize that the relative effects of the 2 different 
lighting conditions on the recoveries of the AHs and ASHs 
from the brown bullhead tissue (Table 3) were lessened by 
the presence of extremely high total AH and ASH concentra
tions. The bullhead tissue contained additively high (parts- 
per-million) concentrations of many alkylated and non-alkyl- 
ated AHs not listed in Table 3, as is typical of brown bull
heads from the lower Black River, Ohio (7, 8 ). The enriched 
bullhead extracts were fluorescent orange, and the light
absorbing AH residues may have exerted a mutually protec
tive effect, hindering the photooxidation of the especially 
vulnerable compounds. These protective effects probably in
cluded quenching of singlet oxygens, the putative reactive 
form of molecular oxygen, and competitive photon absorp
tion by the less reactive AHs (29).

Because the evaluation of the relative effects of the 2 types 
of illumination on procedural recoveries was secondary to the 
main purposes of the studies described herein, the compari
sons were performed under less than ideally controlled condi
tions. The comparative results were still dramatic enough for 
us to require gold lighting for all future analytical work 
targeting AHs. We have since installed gold lamps in 3 of our 
laboratory rooms, and we also use amber glassware whenever 
possible.

During the early stages of the development of this analyti
cal procedure, we had intended to use a flame ionization 
detector (FID) for the analyses of the samples. Since our 
sample of WCO consists of about 90% aliphatic material, a 
procedure was required that would determine AHs from 
WCO while eliminating interferences from aliphatic hydro
carbons. Although the GPC removed most of the alkanes 
from the fathead minnow samples, the FID did not suffi
ciently discriminate against the remaining alkanes to prevent 
interferences to analyses for AHs. The FID chromatograms 
of fish samples and controls also had peaks resulting from 
background contamination. The alkylbenzene regions of 
these FID chromatograms contained many peaks that ren
dered analyses for C 3 - and C4 -benzenes problematic. Most of 
these early eluting peaks were caused by solvent impurities.

We emulated Warner (30) in developing the miniaturized 
analytical procedure described here, but despite the small 
(about 150 mL) total volume of solvents used per 5 g sample, 
there were still interferences from this source. Rather than 
add steps to the enrichment procedure by fractionating the 
partially enriched sample solutions on silica gel, alumina, or 
Sephadex LH-20 (14, 15, 19, 30, 31), or partitioning them 
with dimethylsulfoxide (6 , 14, 19, 32) or with dimethylfor- 
mamide (15, 28), we opted to quantitate with a PID detector. 
When equipped with a 9.5 eV lamp, the PID is highly selec
tive for AHs (33). For tissue samples not containing large 
amounts of alkanes, however, an FID can be substituted for 
the PID. The modified analytical procedure will be amenable 
to the determination of AHs (naphthalene and larger), al
though with decreased determinative sensitivity.
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Zinc Chloride-Diphenylamine Reagent for Thin Layer Chromatographie Detection of Some 
Organophosphorus and Carbamate Insecticides
M URLIDHAR T. SEVALKAR, VITTHAL B. PA U L, and HARISCHANDRA N. KATKAR
Maharashtra State, Regional Forensic Science Laboratory, Aurangabad-431002, India

Zinc chlorlde-dlphenylamine reagent, whose use has been 
reported for the detection of organochlorine Insecticides by 
thin layer chromatography, was further studied for Its ability 
to detect the organophosphorus Insecticides phorate, phos- 
phamidon, DDVP, and phosalone and the carbamate insecti
cides carbaryl and aldicarb. These insecticides give intense 
blue-green spots with this reagent. The procedure can be 
applied to the detection of the insecticides In biological 
materials and thus has a potential use In forensic toxicology.

Organophosphorus, organochlorine, and carbamate insecti
cides are increasingly being used domestically and in agricul
ture on a daily basis. New varieties of these insecticides are 
becoming available every year. Because of their easy avail
ability, insecticides are frequently misused in poisoning epi
sodes involving homicides and suicides. Consequently, foren
sic toxicologists need to be able to characterize these insecti
cides.

A number of spray reagents for the detection of these 
insecticides by thin layer chromatography (TLC) have been 
described in the literature. One of them, zinc chloride-diphe- 
nylamine (1-4), has commonly been used for the identifica
tion of organochlorine insecticides, which give a blue-green 
spot with this reagent. It has been observed, however, that 
some organophosphorus and carbamate insecticides also give 
intense blue-green spots with zinc chloride-diphenylamine 
reagent. Hence, it was thought worthwhile to study this 
reagent further for its ability to detect various insecticides in 
biological material.

In this paper, we describe the application of zinc chloride- 
diphenylamine reagent for the TLC detection of the organo
phosphorus insecticides phorate, phosphamidon, DDVP, and 
phosalone, and the carbamate insecticides carbaryl and aldi
carb, all of which give intense blue-green spots with this 
reagent. The limit of detection is approximately 10 gg.

Experimental

Materials
(a) Silica gel.—Silica Gel G, particle size 75 gg (E. 

Merck, Darmstadt, FRG).
(b) Insecticide standard solutions.—Technical grade 

samples of the organophosphorus insecticides phorate, phos
phamidon, DDVP, and phosalone, and the carbamate insec
ticides carbaryl and aldicarb were used as standards. A 1 
mg/mL solution in ethanol of each insecticide was prepared.

(c) Zinc chloride and diphenylamine.—Analytical re
agent grade.

(d) Acetone and ethanol.—Analytical reagent grade.
(e) Chromogenic spray reagent.—Prepared by dissolving

1.0 g anhydrous zinc chloride and 0.5 g diphenylamine in 100 
mL acetone. Freshly prepared reagent should be used.

Received May 11, 1989. Accepted November 7, 1990.

Extraction of Insecticides Irom Biological Material
Portions of ca 50 g each of various types of visceral tissue 

(stomach, intestine, liver, spleen, and kidney) containing the 
above insecticides were individually minced in aqueous solu
tion. The insecticide being sought was then extracted with 
diethyl ether and the solvent was evaporated at room tem
perature. The residue was dissolved in 1-2 mL ethanol. A 
known volume of the solution was spotted on an activated 
TLC plate together with the standard solution of the known 
insecticide. The plate was then developed as described under 
TLC Procedure and sprayed with zinc chloride-diphenyl- 
amine chromogenic spray reagent.

TLC Procedure
A standard glass TLC plate was coated with a slurry of 

Silica Gel G in water (1 + 2) to a thickness of 0.25 mm. The 
plate was activated at 110°C for ca 1 h. A 10 mL aliquot of 
each of the 1 mg/mL standard insecticide solutions was 
spotted on the plate. The plate was then developed in a TLC 
chamber previously saturated with «-hexane-acetone (4 + 
1). After the solvent had eluted 10 cm up the plate, the plate 
was removed from the chamber, dried in air, sprayed with the 
zinc chloride-diphenylamine chromogenic spray reagent, and 
heated at 110°C for 10 min. Blue-green spots were formed. 
The Rf values for these insecticides are listed in Table 1.

Results and Discussion
Zinc chloride-diphenylamine solution, which is generally 

used as a TLC spray reagent for the detection of organo- 
chloride insecticides, gives dirty green spots upon being heat
ed at 110°C for about 15 min. Faucheux(2) reported that the 
organophosphorus insecticides ethyl parathion, methyl para- 
thion, and fenitrothion, all of which contain the N 0 2 group, 
give bluish-green spots with this reagent. We observed that 
phorate, phosalone, phosphamidon, and DDVP (organophos
phorus compounds) and carbaryl and aldicarb (carbamates) 
give intense blue-green spots with the reagent.

The formation of blue-green color with chlorinated pesti
cides and some chlorine-containing organophosphorus insec
ticides (phosalone, phosphamidon, and DDVP) can be ex
plained on the basis that when organic compounds containing 
halogens are heated with zinc chloride, oxidative decomposi
tion occurs and liberates free halogen. The halogen, like 
other strong oxidants, converts diphenylamine into the blue 
quinoidal compound (5). Likewise, the formation of blue 
color with ethyl parathion, methyl parathion, and fenitroth
ion, all of which contain the N 0 2  group, is based on oxidation 
of diphenylamine to an intensely blue quinoidal compound by 
organic nitrates, nitrites, and nitroamines (6 ). Similarly, al
dicarb, a C-nitro compound, acts as a hydrogen acceptor 
through conversion to the NHOH group, while diphenyl
amine is a hydrogen donor and hence oxidizes to the blue 
quinoidal compound (7). Phorate and carbaryl, on the other 
hand, give a blue-green color with this reagent; upon being 
heated with zinc chloride, they form degradation products 
which probably further oxidize the diphenylamine to the blue 
quinoidal compound.
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Table 1. Rt values of some organophosphorus and 
carbamate Insecticides3

Insecticide Color of spot after heating flf value

Phorate blue-green 0.9
Phosalone blue-green 0.54
Phosphamidon blue-green 0.35
DDVP blue-green 0.22
Aldicarb blue-green 0.4
Carbaryl blue-green 0.38

Solvent system: n-hexane-acetone (4 +  1).
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Determination of Oxyfluorfen Herbicide and Oxyfluorfen Amine Residues in Garbanzo 
Beans by Liquid Chromatography
M IN ZHOU and CARL J. M ILES 1

University o f  Hawaii, Department o f  Agricultural Biochemistry, 1800 East-West Rd, Honolulu, H I 96822

Oxyfluorfen and oxyfluorfen amine were determined by liquid 
chromatography (LC) with ultraviolet (UV) and photocon
ductivity detection (PCD). A simple extraction procedure 
acceptably recovered both analytes from garbanzo beans 
over a wide range of fortifications (0.05 to 20 ppm) (83 ± 4 
for oxyfluorfen; 85 ± 4 for oxyfluorfen amine). Percent re
coveries decreased slightly as the fortification level de
creased. Both analytes could be determined simultaneously 
at a concentration >0.2 ppm in garbanzo beans. Detection 
limits were 3 ng for oxyfluorfen and 100 ng for oxyfluorfen 
amine using LC/UV, and 12 ng for both oxyfluorfen and 
oxyfluorfen amine with LC/PCD. Different knitted reaction 
coils and photoreactors were evaluated. Photoproduct yields 
and Identification were determined by Ion chromatography. 
The LC/PCD method measures oxyfluorfen and oxyfluorfen 
amine separately and has a shorter analysis time, while the 
standard method using gas chromatography measures total 
residues and Is more sensitive.

Oxyfluorfen [Goal®, 2-chloro-l-(3-ethoxy-4-nitrophenoxy)- 
4-(trifluoromethyl) benzene] is a selective contact herbicide 
used on a variety of tropical and subtropical crops (Figure 1). 
Its low mammalian toxicity [acute oral LD5 0  (lethal dose, 
median) for rats >5000 mg/kg] and its strong sorption to 
soils and subsequent minimal leaching make it a low environ
mental risk and attractive to users.

The current method for oxyfluorfen residues in crops is a 
complex procedure involving extraction, refluxing, distilla
tion extraction, derivatization, Florisil cleanup, and gas chro
matography (GC) (1-3). The refluxing apparatus (4) is a 
specialty item and the number of available units limits the 
rate of sample preparation. Some analysts have reported that 
this method is time consuming, with a single analysis requir
ing 48 h (3). One advantage of this method is that the parent 
herbicide (oxyfluorfen), the phenylamine (oxyfluorfen

Received August 20, 1990. Accepted December 28, 1990. 
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amine), and phenylamide metabolites are all reduced to the 
phenylamine, derivatized, and measured as total residue. 
Nevertheless, the parent compound is the major excretion 
product in rats dosed with oxyfluorfen (5) and its discrete 
measurement is desirable.

We have shown that several herbicides, including oxy
fluorfen, can be determined selectively in crops by photocon
ductivity detection (PCD) after separation by reverse-phase 
liquid chromatography (LC) (6 ). Luchtefeld used a similar 
postcolumn photolysis unit in conjunction with fluorogenic 
labeling in the proposed method for phenylurea herbicides 
(7). Recently, we used a modified Pesticide Analytical Man
ual (PAM) method (3) to determine oxyfluorfen in garbanzo 
bean samples. Both the success of the LC/PCD technique 
and the disadvantages of the PAM method discussed above 
led us to investigate analysis of oxyfluorfen and oxyfluorfen 
amine in fortified garbanzo bean matrix by LC/PCD. Sam
ple preparation was modified to use a less toxic solvent and 
employ the selectivity of PCD.

The present paper demonstrates acceptable recovery of 
oxyfluorfen and oxyfluorfen amine from fortified garbanzo 
bean samples. Comparison of PCD and UV liquid chromato
graphic detectors and photoreactor design also are evaluated.

Experimental

LC Apparatus
Figure 2 is a schematic of the LC/PCD system.
(a) Gradient pump.—With eluant degas module (Model 

GPM and EDM II, respectively, Dionex, Sunnyvale, CA 
94086).

(b) Injector.—2000 psi limit with 50 pL loop (Dionex).
(c) Analytical column.—3 X 30 mm, 3 ¿tm Qg (CR and 

HS) (Perkin Elmer, San Jose, CA 95131) for reverse-phase 
LC and 4 X 250 mm, 5 pm OmniPac PAX-500 with a 4 X 50 
mm, 5 ^m OmniPac PAX-500 guard column (Dionex) for 
ion chromatography.

(d) Suppressor.—Dionex AMMS cation suppressor.
(e) Photoreactors.—(1) Laboratory constructed as de-
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I II
Figure 1. Oxyfluorfen (I) and oxyfluorfen amine (II).

scribed in Reference 8 . (2) Commercial photoreactor (Beam 
Boost, ICT Corp., Frankfurt, Germany. Available through 
ASTEC, Box 297, Whippany, NJ 07981).

(f) Reaction coils.—Commercial reaction coils: (7) 20 m 
X 0.4 mm id X 1.6 mm od and (2) 10 m X 0.4 mm id X 1.6 
mm od (Beam Boost). Laboratory constructed reaction coils:
(5) 10 m X 0.6 mm id X 1.6mmod (ca 1.4 mL), (4) 5 m X 0.6 
mm id X 1.6 mm od (ca 2.8 mL) TFE Teflon coils woven as 
(KOT-3) described by Selavka et al. (9), and (5) 5.8 m X 0.8 
mm id X 1.6 mm od (ca 2.7 mL) TFE Teflon coil woven as 
described by Engelhardt and Neue (10).

(g) Conductivity detector.—Model CDM II (Dionex).
(h) UV detector.—UVIS 200 (Linear Instruments Corp., 

Reno, NV 89523).
(i) Integrator.—VC Integrator (PE Nelson, Cupertino, 

CA 95014).
(j) GC apparatus.—HP 5890A (Hewlett Packard Co., 

Avondale, PA 19311).
(k) Electron capture detector.—63Ni 15 mCi (Hewlett 

Packard).
(l) GC analytical column.—25 m X 0.53 id mm, BP-5 

capillary column (SGE Corp. Victoria 3134, Australia). 
Conditions: injector, 250°C; column, 210°C; detector, 
300°C.

Reagents
(a) Oxyfluorfen.—98.9% (Rohm & Haas).
(b) Oxyfluorfen amine.—99.9% (Rohm & Haas).
(c) Water.—Obtained from a Milli-Q water purification 

system (Millipore Corp., Bedford, MA 01730).
(d) Acetonitrile.—Optima grade (Fisher Scientific, Fair 

Lawn, NJ 07410).
(e) Suppressor reagent.—Transfer 2.8 mL concn H 2SO4 

to 4 L deionized water and mix well (0.025N H 2SO4 ).
(f) Mobile phase (reverse phase).—Combine acetonitrile- 

deionized water (58 + 42) (both degassed) using gradient 
pump controller and delivered at 1 mL/min (mobile phase 
A) for oxyfluorfen analysis only. Or, combine acetonitrile- 
deionized water (69 + 31) (mobile phase B) for both oxy
fluorfen and oxyfluorfen amine analysis. Or, combine aceto
nitrile-deionized water (61 + 39) (mobile phase C) for LC/ 
UV analysis.

(g) Mobile phase (ion chromatography).—Transfer 10 
mL AS4A eluant concentrate (Part No. 39513, Dionex) and 
make up to 1 L with deionized water (1.8 mM Na2 C0 3  and
1.7 mM NaHCCL) and deliver at 2 mL/min.

(h) Heptafluorobutyric anhydride {HEBA).—(Pierce 
Chemical Co., Rockford, IL 61105).

General Apparatus
(a) Homogenizer.—Tissumizer (Techmar Co., Cincin

nati, OH 45222).
(b) Chopper.—Hobart mill (Troy, OH 45374).

PHOTOLYSIS

Figure 2. Schematic of LC/PCD system.

(c) Centrifuge bottle.—Teflon 20 mL capacity (Nalge 
Co., Rochester, NY 14602).

(d) Centrifuge.—Capable of 1500 g (Model RC2-B, Sor- 
vell, Newtown, CT 06470).

(e) Filter.—PVDF Acrodisc, 0.45 um pore size, 25 mm 
disc (Gelman Sciences, Ann Arbor, MI 48106).

(f) Rotary evaporator.—Buchi 461 (Flawil/Swithlands).

Sample Extraction
Chop garbanzo beans (dried and husked) using dry ice and 

a Hobart mill (ca 0.5 cm). Weigh 10 g chopped sample in 
Teflon centrifuge tubes, fortify with oxyfluorfen and/or oxy
fluorfen amine and let stand at room temperature for 1 h 
before proceeding. Add 10 mL acetone, homogenize samples 
for 1 min, centrifuge at 700 g for 20 min, and transfer 
supernatant to a round bottom flask. After evaporating to 
dryness, reconstitute sample in 2 mL acetonitrile, add 2 mL 
deionized water, and filter mixture (0.45 ^m) before injec
tion onto LC system. For 0.05 ppm fortifications, double 
sample size and extraction solvent volume; final volume 
should remain unchanged.

For GC analysis, prepare samples according to PAM 
method (3) with minor modifications. These modifications 
involve rinsing Bleidner condensers with 10 mL hexane after 
refluxing, drying hexane with 15 g anhydrous sodium sulfate 
before derivatization, and adding 0.5 mL HFBA (vs 0.2 mL).

Calculations
Calculate residue levels as follows:

where PH = peak height of sample, PH' = peak height of 
standard, 5  = /¿g/mL standard (not corrected for purity), V 
= final volume [mL reconstituted solvent (acetonitrile) plus 
mL deionized water], W = sample dry weight (g).

Results and Discussion
The standard PAM method extraction scheme was modi

fied to substitute a less toxic solvent (acetone vs acetonitrile). 
The high solubility of oxyfluorfen and oxyfluorfen amine in 
acetone and the compatibility of acetone with other LC sol
vents made it a suitable choice for extraction. The selectivity 
of LC/PCD suggested that cleanup could be eliminated. 
Column life will be adversely affected by injecting raw sam
ple matrix; in addition, other crops may have interferences 
that make this approach unsuitable. This method has not 
been tested on weathered residues or other crop matrixes. 
More work is needed to use this method for routine residue 
analysis. The simple extraction was used to demonstrate 
selectivity and sensitivity of the LC/PCD method.

Using the HS reverse-phase liquid chromatographic (LC) 
column, oxyfluorfen had acceptable peak shape; oxyfluorfen 
amine had unacceptable tailing. Use of a CR (deactivated) 
column produced acceptable peak shape for both analytes. 
With a CR C is column and mobile phase A, oxyfluorfen had
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AU

nm
Figure 3. Ultraviolet absorption spectra of oxyfluorfen (I) and 

oxyfluorfen amine (II).

a capacity factor (k') of 1 .2 ; for oxyfluorfen and oxyfluorfen 
amine using mobile phase B, k' = 0.5 and 1.3, respectively.

Both oxyfluorfen and oxyfluorfen amine were good chro- 
mophores, although the most sensitive detection occurred at 
wavelengths where garbanzo bean matrix obscured the ana
lyte peaks (<220 nm). However, oxyfluorfen had a second
ary absorption band at 277 nm and this wavelength offered 
more selectivity (Figure 3). Nevertheless, even with the opti
mum mobile phase (61% acetonitrile), interferences found in 
control garbanzo beans matrix coeluted with oxyfluorfen and 
oxyfluorfen amine making quantitative measurement diffi
cult, especially with oxyfluorfen amine at a lower concentra
tion (Figure 4). With UV detection at 277 nm, linear ranges 
were 3 ng [limit of detection (LOD)] to 20 ng for oxyfluorfen

Figure 4. Chromatogram of garbanzo bean fortified with 3 
ppm oxyfluorfen and oxyfluorfen amine (150 ng each) using 
LC-UV detection at 277 nm. Dashed lines indicate response 
of control. Conditions are CR-3 C18 (3 X 30 mm) 3 nm 
column with acetonitrile-water (61 + 39) delivered at 1 mL/

min.

Figure 5. Chromatogram of oxyfluorfen (I) and oxyfluorfen 
amine (II) using LC-PCD. [Conditions are identical to those In 
Figure 4 except for acetonitrile-water mobile phase (69 +

31).]

and 6  ng to 20 nS f°r oxyfluorfen amine. Although the 
method detection limit (S/N  = 3) for oxyfluorfen was 3 ng 
(0.015 ppm in sample), the interference peak in garbanzo 
beans limited detectability of oxyfluorfen amine at only 1 0 0  

ng or 0.5 ppm.
Using the PCD (photoreactor No. 1; reaction coil No. 5), 

oxyfluorfen could be resolved from interferences and was 
determined best using mobile phase A (58% acetonitrile). 
Optimum conditions for oxyfluorfen amine were found using 
mobile phase B. Under these conditions, a minor interference 
was observed for oxyfluorfen in the garbanzo bean matrix 
(Figure 5). A gradient run from 55% to 70% of acetonitrile 
within 15 min to delay retention time of oxyfluorfen and 
shorten that of oxyfluorfen amine raised the detection limit 
(30 ng) of oxyfluorfen. Therefore, separate chromatographic 
conditions were used for optimum determination of oxyfluor
fen and oxyfluorfen amine. Oxyfluorfen and oxyfluorfen 
amine were recovered acceptably from garbanzo beans forti
fied from 20 ppm to 0.05 ppm (Table 1) and percent recover
ies decreased as fortification level decreased.

Ion chromatographic analysis of PCD effluent showed 
photochemical release of chloride and fluoride ions from both 
oxyfluorfen and oxyfluorfen amine. Photoproduct yields 
were 53% chloride and 102% fluoride for oxyfluorfen, and 
106% chloride and 268% fluoride for oxyfluorfen amine 
based on 1 precursor per molecule. Oxyfluorfen amine re
leased almost twice the amount of fluoride and chloride ions 
compared to oxyfluorfen using the PCD constructed in our 
laboratory with coil No. 3. This difference is apparently 
associated with the amino group in oxyfluorfen amine. There
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Table 1. Recovery of oxyfluorfen and oxyfluorfen amine 
from fortified garbanzo beans3

Spike, ppm
Oxyfluorfen

Recovery (n) ±  RSD, %b
Oxyfluorfen amine 

Recovery (n) ±  RSD, %

20 95 (4) ±  2 97 (2) ±  3
10 93 (4) ±  5 93 (2) ±  2
5 87 (6) ±  3 88 (2) ±  1
2.5 88 (6) ±  4 89 (2) ±  2
1.0 86 (4) ±  4 89 (2) ±  4
0.5 73 (2) ±  4 81 (2) ± 6
0.2 77 (4) ±  7 79 (4) ±  3
0.1 76 (4) ±  6 78 (2) ±  5
0.05c 70 (4) ±  3 69 (2) ±  5

a Conditions are HS-3 Ci8 or CR-3 Ci8 3 X 30 mm, 3 fim with 
acetonitrile-water (58:42 for oxyfluorfen and 69:31 for oxyfluorfen 
amine).

b n = number of determinations; RSD = relative standard deviation. 
c Twenty g sample was used for 0.05 ppm fortification, while other 

fortified samples were based on 10 g sample weight.

are 2  possibilities related to the ease of releasing halides from 
oxyfluorfen amine. First, with certain activating groups such 
as amino in oxyfluorfen amine, the increased density of elec
tronic clouds from an adjacent aromatic ring, through a 
cross-inductive effect, might elevate the photoreactivity of 
the halogenated group. Second, the amine group, unlike ni- 
tro, would preferably become a hydrogen donor responsible 
for formation of halogen acid ions soon after halide radicals 
were produced.

Peak shape was not significantly affected by the photocon
ductivity reaction coil because of a weaving technique that 
causes secondary flow patterns and reduces band broadening 
(9,10). Evaluation of different woven photolysis coils showed 
that band broadening increased as length and inside diameter 
of tubing increased (Table 2). Smaller bore tubings produced 
larger linear velocities and thus have well developed radial 
mixing, which minimizes band spreading (9). It is apparent 
from the present study that different weaving techniques 
have a large influence on postcolumn band broadening. It is

Table 2. Band broadening of oxyfluorfen in different 
woven photolysis reaction coils

Approx.

No.
Type of coil 

(TFE)

diameter, mm
Length, m 
(vol, mL)a

Band
broadening'

ff2(S2)od id

1 Commercial0 1.6 0.4 20 (2.51) 3.5
2 Commercial 1.6 0.4 10(1.26) 1.4
3 KOT 3d 1.6 0.6 10(2.83) 16.5
4 KOT 3 1.6 0.6 5(1.42) 14.0
5 Tool knitted® 1.6 0.8 5 (2.51) 45.1

a Determined by (retention time of analyte passing through photolysis 
coil only) X (flow rate).

6 Measured by (2.354 X W0.5)2 in seconds.
c Beam Boost (ICT Corp., available through ASTEC, P.O. Box 297, 

Whippany, NJ 07981). 
d Described by Selavka et al. (9).
® Described by Engelhardt and Neue (10).

imperative to run a mobile phase with the UV lamp on for at 
least 2 0  h to exhaust the release of fluoride ions from newly 
knitted Teflon reaction coils and reduce the background con
ductivity of the PCD.

Photoproduct yields of oxyfluorfen amine from both pho
toreactors were similar to each other, but the product yield 
from oxyfluorfen using the commercial PCD (coil No. 2) was 
less than that obtained from the PCD constructed in our 
laboratory (coil No. 5) (ca 1:6 commercial vs lab-construct
ed). Apparently, the lower degree of photolysis in the com
mercial reaction coil was caused by either a thicker Teflon 
coil wall (0 . 6  mm) or less residence time ( 1 . 2  min.) in coil 
during photolysis, compared to those of our reaction coil 
(wall thickness, 0.4 mm; residence time, 3.0 min).

When we compared UV and PCD detection, both ap
proaches had a nanogram sensitivity, which meets the need 
for residue analysis. Garbanzo bean interferences made LC/ 
PCD a more selective method than LC/UV, especially for 
oxyfluorfen amine.

Using the GC method, chromatograms were relatively

O 2 4 6 8 10
M in. Min.

O 2  ' 4 ' 6  ' 8 ' 1 0

Min.

Figure 6. Chromatograms of oxyfluorfen amine (HFBA-derlvatlve) using GC-ECD (garbanzo bean fortified with 0.2 ppm 
oxyfluorfen). HFBA-oxyfluorfen amine retention time =  6 min. Conditions are 25 m X 0.53 id mm BP-5 capillary column;

injection, 250°C; column, 210°C; detector, 300°C.



5 5 0 BRUNS ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 3, 1991)

interference-free (Figure 6 ). A negative peak eluting just 
before the analyte made measurement of small peaks diffi
cult. Oxyfluorfen was recovered acceptably from garbanzo 
beans fortified from 0 . 0 2  to 2 0  ppm with an average of 81 ± 
11%. Relative standard deviations were higher than the LC/ 
PCD method and were probably the result of more sample 
handling with the GC method.

Although the GC method had better sensitivity than the 
LC/PCD method, the number of samples and standards that 
could be processed was limited to the number of Bleidner 
distillation units. Our 4 Bleidner units and the 16 h distilla
tion time resulted in 4 samples/day. We could easily analyze 
2-3 times more samples using the LC method. In addition, as 
noted before, the GC method measures total residues while 
LC method described here measures both oxyfluorfen and 
oxyfluorfen amine separately. Either situation could be ad
vantageous to the residue chemist. Obviously, this method 
compliments the existing GC method.
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Determination of MCPA, Bromoxynil, 2,4-D, Trifluralin, Triallate, Picloram, and 
Diclofop-Methyl in Soil by GC-MS Using Selected Ion Monitoring
GARY W. BRUNS1, SUSAN NELSON, and DENNIS G. ERICKSON
Enviro-Test Labs, 9936 67th Ave, Edmonton, Alberta T6E 0P5, Canada

A double space extraction procedure was developed to si
multaneously determine neutral herbicides (trifluralin, dlclo- 
fop-methyl, and triallate) and acid herbicides (MCPA, 2,4-D, 
bromoxynil, and picloram) In soil. The method uses capillary 
column gas chromatography (GC) and mass spectrometry 
(MS) detection with a high degree of confidence In the 
interpretation of herbicides In many soil types to the 0.003 
ppm level. Detection limits at these low levels are possible 
because extracts can be concentrated by a factor of 50 with 
few coextractive Interferences evident In the chromatogra
phy. Recovery data are excellent for both groups of herbi
cides (81.5-97.8%, average); relative standard deviations 
vary from 15-23% because of a larger response variation 
using GC/MS detection.

Triallate, 2,4-D, MCPA, diclofop-methyl, trifluralin, bro
moxynil, and picloram are 7 of the 10 most commonly used 
herbicides in Alberta, Canada, according to the Alberta De
partment of Environment. Because ground water contamina
tion at pesticide container sites is a concern, a method was 
developed for determination of these herbicides in soil at 
<0.01 ppm. Surface soil and soil form bore holes at various 
depths were analyzed to determine herbicide levels at these 
sites.

To successfully determine neutral and acid herbicides si-

Received M ay 3, 1990. A ccepted Septem ber 17, 1990. 
'A ddress correspondence to this au thor.

multaneously, we needed a method with low detection limits 
and a high degree of confidence in any positive results. An 
organic solvent (acetone) was used for extraction of neutral 
herbicides; a basic aqueous solution was required for effec
tive extraction of picloram. A mass selective detector was 
used to obtain the high degree of confidence in positive re
sults.

Neutral herbicides (e.g., trifluralin and triallate) and acid 
herbicide esters have been analyzed in sediment according to 
methods by Lee and Chau (1). It has been our experience 
that acetone extraction is not effective for picloram extrac
tion from clay and loam soils. Private communications (Lee 
Burkee, Dow Elanco, Midland MI, and Walter Breitkreitz, 
Alberta Agriculture, Edmonton, Alberta, Canada) con
firmed that picloram can only be effectively extracted with a 
basic aqueous solution. In addition, use of the electron cap
ture detector (ECD) has made positive identification of her
bicides in loam soils difficult because of the presence of 
coextractive peaks in the chromatography. Smith (2) used 
acetonitrile as the extraction solvent for neutral and some 
acid herbicides from clay and loam soils. Although good 
recoveries were obtained at 0.1-0.5 ppm, identification at 
levels <0.1 ppm by ECD were again difficult. Picloram was 
not effectively extracted from loam soils using acetonitrile; 
and MCPA showed a poor response with ECD as well. An 
acid-buffer extraction used by Gurka et al. (3) (EPA Meth
od 8150) was not tried because of the problem with picloram 
extraction under acidic conditions.

Double extraction ensured good recovery of neutral and
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acid herbicides, and the selective mass spectrometer detector 
produced a high confidence level in results. The combination 
of 3 ions present with the correct ion abundance ratio and 
favorable retention times produced a high level of confidence 
in assigning the identity of peaks during gas chromatogra
phy/mass spectrometry (GC/MS).

METHOD

Apparatus
(a) Centrifuge.—Sorvall RC2-B, 5000 rpm, refrigerated, 

with 250 mL polypropylene centrifuge bottles (Fisher Scien
tific).

(b) Rotary evaporator.—Buchi No. 110/RE-120 (Buchi 
Labortoriums-Technik AG, Flawil, Switzerland).

(c) Nitrogen evaporator.—Model 111 (Organomation As
soc., Berlin, MA 01503).

(d) Sonic bath.—Branson 3200 (Baxter/Canlab).
(e) Gas chromatograph.—HP 5890A (Hewlett-Packard) 

coupled with an HP 5970 series mass selective detector. GC/ 
MS conditions.—Column: DB17, 30 M X 0.25 mm id and 
0.25 pm film thickness. Temperature program: 100 to 280°C 
at 15°C/min, initial temperature hold, 0 min. Run time: 18 
min. Injector temperature: 250°C splitless injection mode. 
GC-to-MSD interface: capillary direct interface tempera
ture: 250°C. Temperature: 250°C. Ion source pressure: 4 X 
10' 5 TORR. Emission current: 1 MA. Voltage: 2200.

(f) Automatic sampler.—HP 7673A (Hewlett-Packard), 
set for 2  pL injection volume.

(g) Gauge controller.—HP 59822A (Hewlett-Packard).
(h) Printer.—HP 2934A (Hewlett-Packard).
(i) GC/MS Chemstation.—HP 3573IB computer with HP 

9133 disc drive (Hewlett-Packard).

Reagents
(a) Standards.—Anthracene d10, MCPA, bromoxynil, 

2,4-D, trifluralin, triallate, picloram, and diclofop-methyl, 
reported to be 98-100% pure, were obtained from EPA. 
Prepare individual stock solutions in toluene containing 10 
mg in 10 mL (1000 ppm). Make a spiking solution of neutral 
and acid herbicide by taking 1 mL each stock and diluting to 
10 mL in ethyl acetate (100 ppm). Prepare working stan
dards in methyl ester form by taking 1 mL of 100 ppm mix 
including acid and neutral herbicides by esterifying with 
diazomethane (DCM) and bringing to 10 mL final volume in 
ethyl acetate (10 ppm). Working standards of 5 ppm and 1 
ppm are prepaid by dilution of these in hexane-dichloro- 
methane (4:1).

(b) Solvents.—Acetone, DCM, and hexane, distilled in 
glass, pesticide grade (Burdick & Jackson).

(c) Diazomethane solution.—Prepare in ethyl ether from 
A-ethyl-A-nitro-7V-nitrosoguanidine (Aldrich Chemical 
Co.) according to method of Stanley (4). Caution: It is sus
pected that this precursor is a carcinogen. Handle with gloves 
in a fumehood. Diazomethane is explosive, although no dis
tillation is performed in the method of Stanley (4).

(d) Acidified sodium sulfate.—Anhydrous coarse, granu
lar. Heat at 425°C for 4 h, then cool. Fill a 1 L flask 3/4 full 
with Na2 SC> 4 and cover with ethyl ether containing ca 0.5 mL 
concentrated H 2 SO4 . Then filter acidified Na2 SC>4 through a 
biichner funnel and dry in air tight container.

(e) Purified water.—Milli-Q purification system (Milli- 
pore Corp., Bedford, MA).

Extraction
Weigh 50 g wet soil (sandy clay, clay, mud, or loam) into a 

polypropylene centrifuge bottle and shake overnight with 1 2 0  

mL acetone-water-acetic acid (80 + 19 + 1). Centrifuge 
sample at 4000 rpm for 3 min and decant supernatant into 
250 mL erlenmeyer flask. Reextract sample by sonication 
using a sonic bath for 15 min with 150 mL 0.1N KOH. 
Centrifuge sample again and decant supernatant into a 1 L 
separatory funnel. Acidify KOH extract to pH <2 with 6 N 
H 2 SO4  and combine with acetone-water extract in separa
tory funnel, along with 600 mL organic free water. Prepare 
powder funnel containing 30 g acidified Na2 S0 4  and rinse 
with 20 mL DCM. Extract aqueous-acetone phase with 
100 mL DCM and then dry DCM through the acidified, 
anhydrous Na2 S0 4 . Collect DCM extracts in 500 mL boiling 
flasks and concentrate on a rotary evaporator at 35°C to 
about 0.5 mL.

Derlvatlzatlon
Add ca 2 mL diazomethane solution to each flask and let 

reaction proceed for 15 min. Add another 1-2 mL diazo
methane solution and let sit for another 15 min. Leave flask 
in fumehood for 1 h to allow excess diazomethane to evapo
rate. Remove ethyl ether on a rotary evaporator or with a 
gentle N 2 stream in a fumehood. Quantitatively transfer 
sample to a 3.5 mL vial with 25% DCM-hexane, add 10 pL 
of a 2 0 0  ppm anthracene d,o internal standard and make to a 
final volume of 1 mL.

Ion Selection, Quantitation Limits, and Detection Limits
Ions used for analysis of the 7 target herbicides are shown 

in Table 1; the ion used for quantitation is underlined. The 
most intense ions with large m /z  ratios are chosen for select
ed ion monitoring (SIM) of the various analytes. Anthracene 
dio is used as an internal standard using only the intense 188 
ion for quantitation because soil extracts do not interfere 
with this ion. Relative ion abundance (RIA) is shown in 
parentheses after each ion. Detection limits are in parts per 
million.

Method detection limits were determined by establishing 
positive identification with 2  ion confirmation of levels about 
5 times the method noise level. The minimum detection limit 
was about 3 times lower than the limit of quantitation.

Calculations

RF = (PAa) (Cr)/(CA) (PA,)

CA' ppm = (PAa) (C,) (FV)/(RF) (PA,) (Ax)

where RF = response factor, PA\ = peak area of analyte, C, 
= concentration of internal standard, CA = concentration of 
analyte, PA\ = peak area of internal standard, Ax = amount 
extracted in grams, and FV = final volume in milliliters .

Fortification and Recovery Data
Soil types such as clay, black loam, and sandy clay were 

used for fortification of herbicides. Several sources of these 
soil types were used for fortification with a moisture ranging 
from 0-30% and pH varying from 5-9. About 50 g soil was 
fortified with 25-150 pL herbicide mix standard, allowed to 
equilibrate for 1 h and then analyzed by the procedure out-
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Table 1. Selected ions and detection limits in soil3

Compound Ion (relative ion abundance)
LOD,6
ppm

LOQ,6
ppm

Internal standard 188 _ _
MCPA 214(1.0), 141 (0.9), 155 (0.6) 0.003 0.010
Bromoxynil 293 (0.5), 291(1.0), 289 (0.5) 0.003 0.010
2,4-D 234 (0.56), 201 (0.33) 199 (1.0) 0.003 0.010
Trifluralin 306(1.0) 290 (0.14) 264 (0.9) 0.003 0.010
Trial late 272 (0.14), 270 (0.7) 268(1.0) 0.003 0.010
Picloram 255 (0.17), 201 (0.21) 199(1.0) 0.005 0.020
Diclofop-methyl 340 (0.52), 255 (0.76), 253 (1.0) 0.003 0.010

3 Ions used for quantitation are underlined. Relative ion abundance 
(RIA) is shown in parentheses after each ion.

6 LOD = limit of detection.
0 LOQ = limit of quantitation.

lined above. Soils were not fortified lower than the stated 
limit of quantitation. Recovery data and spiking levels are 
shown in Table 2.

Results and Discussion
The chromatography of 2 ppm standards of (A) MCPA, 

(B) 2,4-D, and (C) trifluralin is shown in Figure 1; chromato

grams of soil samples naturally contaminated with these 3 
herbicides are shown in Figure 2. The trifluralin level in 
naturally contaminated soil (0.003 ppm) illustrates the abili
ty of this method to detect residues below quantitation levels 
of 0 . 0 1  ppm.

The identification and quantitation of herbicides at 0.01 
ppm in complex, organic soil matrices can be achieved by 
applying SIM techniques. Although some sands, sediments, 
and clays can be analyzed by ECD, it has been our experience 
that many other soil types cannot because of the many coex
tractive peaks in ECD chromatography. With GC/MS in the 
SIM, there is not only a retention time for compound identifi
cation, but for 2  or more confirmation ions and their ratios as 
well. Ratios of confirmation ions (RIAs) should be within 
20% of the RIA for the standard compound. This 20% crite
ria is also used in identification of dioxins by low resolution 
mass spectrometry.

With these criteria, there is a high level of confidence in 
the identification of these herbicides in soil. No soil samples 
showed interferences for analysis of these herbicides by GC/ 
MS. Also, because there are no lengthy derivitization or 
column cleanup steps, this approach is considerably faster 
than conventional ECD methods.

Table 2. Recovery data ( % ) for herbicide double extraction procedure

Soil
type

Spiking
level,
ppm MCPA Bromox6 2,4-D Trifluralin Trial late Picloram Diclofop-methyl

Clay 0.010 75 83 82 96 81 68 112
Loam6 0.012 83 97 79 104 75 75 106
Clay 0.05 100 80 118 114 120 93 11C
Clay 0.07 80 87 83 63 93 117 95
Clay 0.07 64 73 71 77 84 84 102
Clay 0.07 77 91 88 78 102 93 102
Clay 0.1 96 101 107 117 76 61 76
Clay 0.1 84 110 92 91 78 51 73
Clay 0.1 94 64 102 123 101 80 83
Clay 0.1 86 89 81 96 84 66 78
Clay 0.1 105 122 106 106 91 57 85
Clay 0.1 99 101 100 110 88 63 57
Loam6 0.1 89 86 100 70 80 87 11C
Loam6 0.1 100 121 89 113 97 101 87
Loam6 0.1 115 131 135 131 121 92 115
Loam6 0.1 109 138 147 74 111 108 117
Clay 0.1 74 89 91 84 77 60 71
Clay 0.5 106 93 98 112 102 89 8C
S. clay6 0.7 65 70 69 70 76 68 105
S. clay6 0.7 79 67 102 118 97 97 97
S. clay6 0.7 93 99 97 92 95 109 94
S. clay6 0.7 77 74 74 82 76 73 65
Clay 0.8 103 109 94 108 102 60 96
Loam6 0.8 91 105 96 93 84 87 86
Loam6 1.0 103 109 102 109 104 93 96
Loam6 1.0 99 116 105 87 74 67 74

Av. (n = 26) 91.2 96.9 97.8 96.6 92.2 81.5 89.8
RSD ±13.8 ±20 ±17.9 ±19.1 ±13.9 ±18.5 ±16.1
RSD, %
LOQd = 0.01 ppm 
LODe = 0.003 ppm

15 21 18 19.8 15.1 22.7 17.9

3 Bromox = bromoxynil. 
b Black loam. 
c S. clay = sandy clay. 
d LOQ = limit of quantitation. 
e LOD = limit of detection.
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Figure 1. (A) MCPA ester, relative Ion abundance (RIA): 214 
(1.0), 141 (0.9), 155 (0.6); (B) 2,4-D ester, RIA: 234 (0.56), 
201 (0.33), 199 (1.0); (C) trifluralln, RIA: 306 (1.0), 290 

(0.14), 264 (0.9).

Figure 2. (A) MCPA In clay at 0.15 ppm, RIA: 214 (1.0), 141 
(0.81), 155 (0.65); (B) 2,4-D in black loam at 0.019 ppm, 
RIA: 234 (0.61), 201 (0.33), 199 (1.0); (C) trifluralln in sandy 

clay at 0.003 ppm, RIA: 306 (1.0), 290 (0.13), 264 (0.9).

Some limited recovery data for other neutral and acid 
compounds such as pentachlorophenol, MCBA, atrazine,
2,4,5-T, and some organochlorines indicate that this proce
dure would be effective for a “customized” screen of many 
neutral and acidic compounds.
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Multiresidue Screening Method for Fresh Fruits and Vegetables with Gas 
Chromatographic/Mass Spectrometric Detection
W ENTA LIAO, TON JOE, and WILLIAM G. CUSICK
California Department o f  Food and Agriculture, Division o f  Inspection Services, Chemistry Laboratory 
Services, 169 East Liberty Ave, Anaheim, CA 92801

A gas chromatographic/mass spectrometric (GC/MS) 
screening method has been developed for the determination 
of pesticide residues in a variety of crop samples. Samples 
are extracted with acetonitrile and partitioned with sodium 
chloride saturated aqueous solution. Targeted pesticide ana
lytes are separated on a short, narrow bore capillary column, 
identified by electron Ionization MS scanned from 100 to 400 
amu, and quantitated by the monitoring of base ions and 
internal standards. The accuracy of the quantitative determi
nation measured in terms of average percentage recovery of 
143 compounds in 13 crop samples was 92% with a relative 
standard deviation of 22%.

Methods for analyzing pesticide residues have been studied 
extensively over the years. A recent report (1) summarized 
the current ability of analytical technologies to detect pesti
cide residues in food and offered options to government regu
lators on how to improve their analytical capability. Maxi
mizing the number of analytes to be determined with given 
resources is considered the best practical approach in a moni
toring program. The most frequently used methods rely on 
gas chromatographic (GC) separation and detection with 
various selective detectors (2 ).

In recent years, gas chromatography/mass spectrometry 
(GC/MS) has become a common secondary confirmation 
technique supporting the multiresidue pesticide screening 
methods using element-specific detectors as the initial deter
minative step for pesticide residues on fresh produce. Typi
cally, pesticide residues are first determined by a GC/flame 
photometric detector (FPD), GC/electron capture detector 
(ECD), or GC/electrolytic conductivity detector (ELCD); 
then, the GC/MS is used to confirm the positive findings by 
selective ion monitoring or the full scan mode, depending on 
the matrix or the amount of interferences. Recently, a GC/ 
MS method incorporating the chemical ionization technique 
has been successfully used to determine multiresidues of 
pesticides in produce samples (3). The chemical ionization 
mass spectrometric method, however, may still require elec
tron impact ionization data to confirm its positive findings.

The technique presented in this paper involves the use of 
the GC/MS as a primary screening tool rather than in the 
traditional secondary confirmation role. This screening tech
nique involves establishing a data base of reference pesticide 
standards in the data system and automation software in the 
initial screening of fresh produce extracts introduced into the 
GC/MS system. Criteria such as relative retention time, 
relative intensities of primary and secondary ions, and exami
nation of limited-scan mass spectrum (100-400 amu) of the 
suspected finding are all used in the algorithm for the GC/ 
MS identification. The pesticide finding is also quantitated in 
the same sequence by using established parameters in the 
initial calibration of the GC/MS system.

Received M ay 23, 1990. A ccepted O ctober 6, 1990.

This technique is a useful tool in pesticide residue detection 
because it offers simultaneous detection and confirmation of 
any pesticide that can be volatilized. A potentially useful 
GC/MS method, used as a front-end screening for pesticides 
on produce samples, could be established by using the follow
ing technique.

Experimental

Materials
Most of the pesticide standards used in this work were 

obtained from the U.S. Environmental Protection Agency’s 
(EPA) Pesticides and Industrial Chemicals Repository. 
Some were purchased in the highest available purity from 
commercial sources. They were individually tested for integ
rity before use.

Samples
Samples used in this study were determined to contain no 

detectable residues via California Department of Food and 
Agriculture’s (CDFA) market surveillance program. Vari
ous combinations of samples were chosen from a list of 13 
crops: apple, bell pepper, broccoli, carrot, cauliflower, cilan
tro, cucumber, grape, green bean, green onion, head lettuce, 
lettuce, and tomato.

Instrumentation and Calibration
Gas chromatograph-mass spectrometer.—Hewlett-Pack

ard Model 5890 gas chromatograph coupled with Model 
5988A quadrupole mass spectrometer with a GC column of 
cross-linked methyl silicone capillary, 12 m X 0.2 mm id HP- 
1 with 0.33 ¿tin film thickness. GC operating conditions: 
splitless injection, injector temperature 260°C, helium carri
er gas with column head pressure 7.5 psi, oven temperature 
from 60°C (1 min hold) to 265°C at 18°C/min, transfer line 
200°C. Mass spectometer setting: electron impact ionization 
mode with 70 eV electron energy, scan mass range 100-400 
at 0.62 sec/scan cycle, ion source temperature 200°C.

The GC/MS was tuned daily with a 100 ng decafluorotri- 
phenylphosphine (DFTPP) injection to meet EPA ion abun
dance criteria (4). Initial 3-point quantitative calibration (5, 
10, and 20 ng/^L) was made with 3 internal standards (an- 
thracene-dlO, pyrene-dlO, and chrysene-d 12 at 5 ng//rL) for 
each of the target compounds.

All the target compounds with their corresponding inter
nal standards are listed in 3 groups in Table 1. The relative 
response factor (RRF) for each compound was measured and 
calculated as follows:

RRF = (Ax/Ais) X (Cis/Cx)
where Ax = area of the base ion of the target compound, Ais 
= area of the base ion of the corresponding internal standard, 
Cis = concentration of the internal standard, Cx = concen
tration of the target compound. Injection volume = 1 /¿L. 
Linearity or calibration curves were established over the 
concentration of interest in this study. One-point recalibra-
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Table 1. Target compounds analysis by gas chromatography-mass spectrometry In the electron Impact Ionization mode
scanning m/z 100-400

Calibration

Compound name

Relative
retention

time3
Characteristic masses 

m/z, % relative abundance6
Mean RRF
(% RSD)C

Mean RRF
(% RSD)d

Anthracene-d10 
(internal std)

1.000 
(8.86 min)

188(100), 187(40) 1.00 1.00

Atrazine 0.940 200(100), 215(60), 173(30) 0.22(4.0) 0.22(12)
Ametryne 1.072 227(100), 212(60), 170(40) 0.29(1.4) 0.29(8.9)
Alachlor (lasso) 1.079 188(100), 224(30), 237(40) 0.27(3.2) 0.26(4.3)
Aldrin
Aroclor 1232 
Aroclor 1260

1.134 263(100), 265(60), 293(25) 0.11(2.3) 0.11(3.5)

Bendiocarb 0.901 151(100), 126(45), 166(40) 0.61(5.2) 0.64(15)
BHC (alpha) 0.926 183(100), 181(95), 219(90) 0.23(3.0) 0.22(4.0)
BHC (beta) 0.954 109(100), 181(70), 219(60) 0.21(3.6) 0.20(5.6)
BHC (lindane) 0.970 181(100), 183(95), 219(80) 0.18(3.9) 0.18(4.3)
BHC (delta) 0.984 181(100), 183(90), 219(95) 0.11(2.5) 0.11(17)
BlphenyP
Bufencarb

0.683
0.978

154(100), 153(40), 152(20) 
121(100), 122(85), 164(50)

0.07(4.8) 0.07(13)

Bromacil 1.099 205(100), 207(100) 0.20(7.9) 0.24(27)
Benthiocarb 1.117 125(100), 257(40), 259(18) 0.22(5.6) 0.24(12)

(thiobencarb)
Bayleton 1.140 208(100), 181(42), 210(33) 0.15(9.7) 0.16(22)
Bromophos 1.154 331(100), 329(80), 125(65) 0.28(3.0) 0.72(21)
Fenobucarb 0.862 121(100), 150(25) 1.64(3.1) 1.60(4.0)
Cyanophos 0.976 109(100), 125(45), 243(40) 0.91(3.8) 0.88(8.2)
Chorpropham (CIPC) 0.899 127(100), 213(53), 171(42) 0.46(4.4) 0.44(3.4)
Chlordimeform 0.903 196(100), 181(85), 152(65) 0.23(5.4) 0.22(1.8)
Carbofuran 0.949 164(100), 149(62), 131(28) 0.39(9.7) 0.41(10)
Chlorothalonil 1.001 266(100), 264(80), 268(50) 0.27(12) 0.27(7.1)

(bravo)
Carbaryl 1.067 144(100), 115(57), 201(8) 0.33(18) 0.37(42)
Chlordane:
Chlordane (C10H9C15) 1.125 232(100), 230(100), 303(95) 0.02(19) 0.01(51)
Chlordane (C10H9C15) 1.131 232(100), 230(100), 303(100) 0.01(25) 0.01(36)
Chlordane (C10H8C16) 1.164 339(100), 341(95), 201(50) 0.02(10) 0.02(31)
Chlordane (C10H7C17) 1.210 375(100), 373(85), 377(45) 0.05(9.0) 0.05(18)
Chlorpyrifos 1.132 197(100), 199(92), 314(54) 0.23(2.4) 0.22(4.2)

(dursban)
Captan 1.168 149(100), 117(95), 264(20) 0.08(12) 0.07(57)
Dimethachlor 1.055 134(100), 197(40) 1.06(3.8) 1.00(4.4)
Dichlorobiphenyl8 0.936 222(100), 224(60), 152(60) 0.22(3.2) 0.21(2.9)
Disulfoton 0.010 142(100), 186(70), 274(75) 0.14(6.2) 0.13(1.3)
Dichlorvos 0.559 109(100), 185(25), 145(7) 0.86(0.9) 0.81(13)
Dlchlobenil 0.633 171(100), 173(75), 136(30) 0.92(8.7) 0.93(1.5)
Demeton-0 0.866 115(100), 171(90), 143(70) 0.18(6.9) 0.16(7.6)
Demeton-S 0.947 114(100), 170(80), 143(65) 0.15(10) 0.15(3.2)
Dicrotophos 0.900 127(100), 193(15) 0.73(3.0) 0.76(16)
Dimethoate 0.940 125(100), 143(20) 0.19(7.2) 0.18(27)
Dicloran (botran) 0.942 124(100), 176(80), 206(65) 0.88(14) 0.86(3.3)
Dioxathion 0.974 125(100), 153(30), 270(30) 0.09(6.4) 0.09(15)

(delnav)
Diazinon 0.988 137(100), 179(75), 152(65) 0.39(14) 0.37(5.2)
Dicofol 1.133 139(100), 141(40), 250(15) 0.69(7.4) 0.58(18)
Dacthal (DCPA) 1.144 301(100), 299(72), 332(25) 0.31(8.1) 0.31(8.8)
DEF (degree) 1.257 169(100), 202(60), 258(25) 0.30(5.5) 0.27(6.1)
Formothion 1.022 125(100), 126(70), 170(20) 0.15(5.0) 0.14(11)
Fluchloraline 1.016 306(100), 326(80), 264(75) 0.17(4.8) 0.16(1.0)

(basalin)
Fenthion (baytex) 1.125 278(100), 125(70), 169(30) 0.41(3.4) 0.39(6.2)
Folpet 1.180 104(100), 260(50), 262(35) 0.10(17) 0.09(42)
Heptachlor 1.086 272(100), 274(70), 237(35) 0.16(2.6) 0.15(7.2)
Heptachlor epoxide 1.180 353(100), 355(85), 237(35) 0.11(3.3) 0.10(8.9)
Heptenophos 0.833 124(100), 109(40), 250(7) 0.37(5.3) 0.37(5.0)
Iprobenfos 1.032 204(100), 288(18), 246(18) 0.52(4.4) 0.49(9.7)
Isozophos 1.016 119(100), 161(100), 257(40) 0.34(4.0) 0.32(4.5)



556 LIAO ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 3, 1991)

Table 1. Continued
Calibration

Relative ----------------------------

Compound name
retention

time8
Characteristic masses 

mlz, % relative abundance6
Mean RRF 
(% RSD)C

Mean RRF
(% RSD)d

Indalone 0.857 125(100), 115(90), 171(20) 0.50(3.3) 0.51(3 4)
(butopyronoxyl)

Mevinphos-beta 0.711 127(100), 192(24), 109(32) 1.03(5.2) 1.05(9.8)
(phosdrin)

Mevinphos-alpha 0.718 127(100), 192(30), 109(25) 1.34(8.4) 1.23(8.1)
(phosdrin)

Mexacarbate 1.017 165(100), 150(80), 222(25) 0.24(2.1) 0.26(19)
Malathion-oxygen 1.062 127(100), 109(30), 195(15) 0.19(10) 0.18(31)

analog
Methyl parathion 1.060 109(100), 125(80), 263(50) 0.46(11) 0.41(18)
Metalaxyl (ridomil) 1.081 206(100), 220(55), 249(40) 0.17(4.1) 0.16(10)
Methiocarb 1.098 168(100), 153(70), 109(40) 0.28(17) 0.32(33)
Malathion 1.114 127(100), 125(100), 173(95) 0.40(3.7) 0.38(7.0)
Methidathion 1.198 145(100), 125(20) 0.64(7.2) 0.56(22)

(supracide)
Monolinuron 0.965 214(100), 126(100), 153(30) 0.14(3.7) 0.13(18)
Monochlorobiphenyl 0.782 188(100), 190(35), 152(45) 0.23(5.4) 0.26(6.0)
Propham (IPC) 0.744 137(100), 179(80), 120(80) 0.29(6.6) 0.27(5.0)
Propoxur 0.861 110(100), 152(20) 2.05(7.6) 2.03(1.0)
Phorate-oxygen analog 0.865 171(100), 111(75), 143(45) 0.26(5.6) 0.25(16)
Phorate 0.927 121(100), 260(38), 231(29) 0.46(4.1) 0.45(4.3)
Pentachloronitro- 0.984 237(100), 249(90), 295(85) 0.12(4.2) 0.12(8.3)

benzene
Pronamide 1.001 173(100), 175(60), 145(40) 0.49(5.0) 0.50(3.3)
Profluralin 1.005 318(100), 330(45), 264(55) 0.15(5.3) 0.15(5.1)
Pirimicarb 1.032 166(100), 238(15) 0.85(5.0) 0.86(3.5)
Propanamide 1.050 161(100), 163(70), 217(20) 0.42(17) 0.47(25)

(propanll)
Prometryne 1.080 241(100), 184(85), 226(60) 0.25(3.2) 0.28(16)
Parathion-oxygen 1.079 109(100), 220(20), 275(20) 0.08(14) 0.08(42)

analog
Pirimlphos-methyl 1.105 290(100), 276(90), 305(65) 0.25(4.0) 0.24(3.8)
Parathion 1.132 109(100), 139(40), 291(35) 0.24(8.4) 0.25(14)
o-Phenylphenol 0.792 170(100), 169(80), 141(37) 0.70(7.7) 0.69(1.3)
Prothoate 1.060 115(100), 285(8), 121(18) 0.59(6.4) 0.55(5.9)
Promecarb 0.923 135(100), 150(80) 0.82(6.7) 0.82(5.8)
Quinomethlonate 1.201 206(100), 234(100), 116(80) 0.27(8.0) 0.25(15)

(morestan)
Sonalan 0.915 276(100), 316(80), 292(45) 0.11(9.0) 0.10(7.7)
Systox 0.945 170(100), 114(100), 143(80) 0.07(4.6) 0.07(18)
Simazine 0.953 201(100), 186(80), 173(60) 0.31(2.2) 0.35(9.3)
Safrotin 0.988 138(100), 194(30), 236(15) 0.66(5.5) 0.65(1.2)
Simetryne 1.066 213(100), 170(40), 155(40) 0.46(5.0) 0.45(9.8)
Thiometon-ethyl 0.939 125(100), 158(10) 0.19(6.1) 0.18(6.2)
Trichlorobiphenyl® 1.059 256(100), 258(90), 186(65) 0.13(6.5) 0.12(3.3)
Trifluralin 0.927 264(100), 306(95), 248(15) 0.36(2.9) 0.36(4.9)
Terbacll 1.005 161(100), 160(70), 117(50) 0.34(7.5) 0.33(15)
Tetrachlorvinphos 1.216 109(100), 329(60), 331(55) 0.12(2.4) 0.14(41)
Vegadex
Vinclozolin (ronllan)

0.933
1.069

188(100), 116(15)
285(100), 212(100), 287(60) 0.09(6.0) 0.09(13)

Pyrene-d10 1.000 212(100), 106(40) 1.00 1.00
(internal std) 

Bostar
(10.72 min) 
1.095 156(100), 140(95), 322(90) 0.51(5.8) 0.48(6.4)

Chlorobenzilate 1.070 251(100), 139(100), 253(65) 0.50(5.1) 0.51(57)
Carbophenothin 1.103 157(100), 121(60), 342(37) 0.37(6.5) 0.36(19)

(trithion)
Chlordane (C10H7C17) 1.014 375(100), 373(90), 377(45) 0.06(4.0) 0.06(4.4)
Carbetamide 0.934 119(100), 236(8) 0.38(10) 0.31(25)
CNP (chlornitrofen) 1.103 317(100), 319(100), 236(75) 0.23(3.6) 0.22(8.8)
DDE-p.p' 1.036 246(100), 248(70), 318(55) 0.33(2.1) 0.33(5.0)
Dieldrin 1.059 263(100), 265(75), 115(75) 0.07(5.2) 0.07(9.4)
DDD-p,p' 1.077 235(100), 237(65), 165(60) 0.56(3.7) 0.55(2.7)
Dimethametryn 0.965 212(100), 255(15) 1.41(1.7) 1.34(4.1)
Diclobutrazol 1.049 270(100), 271(60), 159(45) 0.41(2.4) 0.39(9.0)
Endosulfan-alpha 1.013 170(100), 237(90), 339(40) 0.03(9.0) 0.03(11)
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Table  1. Continued

Compound ñame

Relative
retention

time3
Characteristic masses 

m /z ,  % relative abundance*

Calibration

Mean RRF 
(% RSD)C

Mean RRF 
(% RSD)d

Ethylan 1.061 223(100), 224(25), 179(15) 1.05(2.1) 1.02(5.2)
Endrin 1.059 263(100), 265(80), 279(50) 0.07(5.2) 0.07(9.4)
Endosulfan-beta 1.063 195(100), 237(80), 339(30) 0.04(28) 0.04(20)
Ethion 1.085 231(100), 153(85), 125(80) 0.45(3.4) 0.42(7.0)
Endosulfan sulfate 1.118 272(100), 229(80), 387(30) 0.07(3.0) 0.06(25)
Etaconazole 1.072 173(100), 245(80), 247(55) 0.33(4.5) 0.31(10)

(diastereoisomer B)
Etaconazole 1.076 173(100), 245(80), 247(55) 0.43(3.7) 0.40(10)

(diastereoisomer A)
Ediphenophos 1.103 109(100), 173(55), 310(25) 1.23(6.3) 1.16(10)
Ethirimol 1.102 166(100), 209(18) 0.30(11) 0.30(19)
Fluorochloridone 0.932 187(100), 311(75), 174(75) 0.27(4.5) 0.26(6.9)
Fenson 0.938 141(100), 268(35) 0.98(5.0) 0.93(1.5)
Flamprop-methyl 1.041 105(100), 230(2), 276 2.63(4.0) 2.39(5.9)
Flamprop-isopropyl 1.079 105(100), 276(4) 4.14(4.6) 3.84(5.6)
HexachlorobiphenyK 1.100 360(100), 362(80), 288(35) 0.19(4.0) 0.17(9.6)
Lironion 0.928 241(100), 226(30) 0.71(4.4) 0.66(15)
Lenacil 1.104 153(100), 110(8) 2.08(7.2) 2.06(7.5)
Methfuroxam 0.937 137(100), 229(20) 2.47(4.8) 2.33(3.6)
Methoprotryne 1.042 256(100), 213(35), 271(30) 0.38(3.1) 0.35(7.1)
Metolachlor 0.932 162(100), 238(50), 211(10) 1.10(3.2) 1.08(4.1)
Nitrofen (TOK) 1.051 283(100), 285(65), 202(70) 0.16(8.1) 0.16(24)
Oxadiazon 1.040 175(100), 177(60), 258(35) 0.30(4.3) 0.29(11)
Oxyfluorfen 1.042 252(100), 300(35), 361(27) 0.20(3.8) 0.18(8.9)
Ovex (chlorfenson) 1.011 175(100), 111(100), 302(25) 0.88(1.8) 0.84(3.6)
Ofurace 1.090 132(100), 160(100), 232(65) 0.22(4.0) 0.21(8.8)
Profenofos 1.029 139(100), 208(75), 339(30) 0.15(6.6) 0.16(9.7)
Pentachlorobiphenyl' 1.007 326(100), 324(55), 254(45) 0.06(5.4) 0.06(2.3)
Quinalphos 0.978 146(100), 157(60), 118(35) 0.22(1.3) 0.22(4.3)
Rally (systhane) 1.033 179(100), 150(60) 0.19(8.1) 0.21(27)
Triazophos 1.085 161(100), 162(80), 257(30) 0.36(6.1) 0.32(20)
T etrachlorobiphenyle 0.946 292(100), 290(70), 220(40) 0.03(7.3) 0.03(3.9)
Tolyfluanid 0.970 137(100), 238(20) 0.33(8.2) 0.35(8.3)

Chrysene-d12 1.000 240(100), 236(25), 118(28) 1.00 1.00
internal std) (12.59 min)

Bifenox 1.014 341(100), 343(60), 173(30) 0.08(14) 0.07(40)
Benzoylprop-ethy 0.992 105(100), 292(2), 365(2) 4.45(5.2) 4.02(5.0)
Bitertanol 1.116 170(100), 112(22) 1.84(5.1) 1.67(18)

(diastereoisomer A)
Bitertanol 1.123 170(100), 112(22) 1.65(6.4) 1.46(14)

(diastereoisomer B)
DDT-p,p' 0.957 235(100), 237(60), 165(45) 0.19(4.2) 0.22(36)
Fenpropathrin 1.015 181(100), 125(100), 265(50) 0.31(1.6) 0.28(9.5)
Guthion 1.026 160(100), 132(85)
Heptachlorobiphenyl'’ 1.029 394(100), 396(95), 324(60) 0.11(4.9) 0.11(13)
Iprodione 0.991 314(100), 316(65) 0.09(12) 0.09(21)
Methoxychlor-p,p' 1.007 227(100), 228(10) 0.59(11) 0.56(33)
Mirex 1.062 272(100), 274(80), 237(55) 0.18(4.4) 0.19(14)
Nuarimol 0.966 107(100), 139(60), 314(38) 0.49(4.1) 0.46(3.4)
Propargite (omite) 0.975 135(100), 173(60), 201(30) 0.39(10) 0.41(16)
Phosmet (imidan) 0.990 160(100), 161(15) 0.38(16) 0.32(44)
Phosalone 1.034 182(100), 184(35), 121(65) 0.27(13) 0.24(31)
Permethrin-c/s 1.124 183(100), 163(20) 0.58(9.4) 0.63(29)
Permethrin-frans 1.134 183(100), 163(20) 0.51(10) 0.57(32)
Piperophos 1.007 122(100), 140(80), 320(50) 0.59(5.8) 0.54(4.6)
Quizalofop-ethyl 1.222 299(100), 372(80) 0.36(3.9) 0.33(14)
Tetradifon (tedion) 1.022 159(100), 229(50), 356(40)

3 Ratio of retention time to the retention time of the preceding internal standard in table.
6 The characteristic masses are usually the most abundant or the distinctive ions extracted from the limited-scan mass spectrum between 100 

and 400 amu. The relative abundances are subject to variations from daily recalibration. 
c Mean relative response factor of 5 repetitive injections at 10 ng/^tl. 
d Mean relative response factor of 3 injections at 5, 10, and 20 ng//xl.
e Representative major component among isomers in Aroclor 1232. RRF calculated based on total amount of Aroclor.
1 Representative major component among isomers in Aroclor 1260. RRF calculated based on total amount of Aroclor.
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tion with 10 ng/pL  standards and examination of deviation 
from the initial calibration were made daily.

Sa m p le  Preparation

Fresh produce samples were first chopped into small pieces 
(< 1 cm) and mixed well with a Flobart 8185 food chopper. A 
50 g portion of the sample was transferred to a Mason jar. 
The sample was spiked with pesticide surrogates in acetone 
just before 100 mL acetonitrile was added. The mixture was 
homogenized with a Model 17150 Omni-mixer at 3500 rpm 
for 3-5 min and then filtered through a double-layer shark
skin filter paper. About 10 g NaCl was weighed into the 
filtrate; the mixture was shaken vigorously for 1 min and then 
centrifuged (Model CS International Centrifuge) until 2 
phases were distinctly separated. A 40 mL aliquot of the 
acetonitrile extract (upper phase) was transferred into a 150 
mL glass bottle. Toluene (0.5 mL), used as a keeper, was 
added to the extract, which was then passed through a col
umn containing 5 g granular anhydrous sodium sulfate.

The solution was then concentrated to a volume of about
0.5 mL by one of the following techniques: (a) evaporation 
over a steam bath and under a gentle flow of nitrogen gas, (b) 
rotary evaporation at reduced pressure at 60°C, or (c) nitro
gen stream evaporation at 58°C using a TurboVap Evapora
tion Workstation (Zymark). Complete dryness must be 
avoided in any step. The sample extract was filtered through 
a 0.2 /am nylon Acrodisc (Gelman Science) into a vial, fol
lowed by two 0.5 mL acetone rinses of the glassware. The 
final volume of the sample extract was reduced to 0.5 mL 
under a gentle stream of filtered nitrogen. The extract was 
spiked with 2.5 pg each of d 10-anthracene, dlO-pyrene, and 
d 12-chrysene (25 pL of a 100 ppm solution) as internal 
standards; 1 pL portions were injected into the GC/MS and 
analyzed by Grob splitless technique with 0.7 min delay.

G C /M S  A n a ly s is  of S p ik e d  Sa m p les

Recovery studies were conducted on a variety of fruit and 
vegetable samples. Samples of 50 g each were spiked with a 
standard solution containing a mixture of 20 ppm each of the 
pesticide compounds. Except for chlordane (1 ppm) and pol- 
ychlorobiphenyls (1 ppm), each pesticide was fortified at the 
0.25 ppm level. To minimize handling error, an aliquot of the 
spike solution was used to make up calibration standards for 
the GC/M S analysis.

Pesticides in the sample extracts were identified by match
ing their relative retention times and characteristic mass 
spectra with those of the standards. To speed up the raw data 
analysis in a timely manner, an Aquarius MS data processing 
software program (5) was used for the preliminary search for 
the presence of targeted compounds. Two criteria must be 
satisfied for each target compound finding: (a) the presence 
and the co-elution of all the characteristic masses (Table 1) 
must be within the predetermined retention time window 
(retention time of daily standard ±0.2 min), and (b) the 
relative ion abundance of the characteristic masses must 
agree within 20% as in the mass spectrum of its standard. If 
the criteria were met, the initial finding was examined and 
verified by comparing the mass spectra between the suspect
ed component and the standard. Figure 1 illustrates a typical 
example of how a targeted pesticide was detected in a sample 
extract. The normalized single ion chromatograms of m/e 
200, 215, and 173 (Figure lb, c, and d) were extracted and 
reconstructed from the total ion profile (Figure la). With the 
assistance of computerized graphing and data manipulation,

the extracted ion data showed the possible presence of atra- 
zine: the 3 ion profiles match exactly, and their abundance 
ratios fall within the expected range (100:60:30). The above 
positive finding led to further examination of the full mass 
spectral data at 8.33 min. The exact matching of the 2 
spectra (Figure le and f) provides the conclusive fingerprint 
evidence of the presence of atrazine in the sample extract.

Once identified, each compound was quantitated by mea
suring the chromatographic area of a single primary quanti
tation ion and response factor with respect to the internal 
standard (Table 1) as follows:

C = (Ax X Cis)/(Ais X RRFd X CF)

where C = concentration of compound in the sample, RRFd 
= daily relative response factor, and CF = 40 (sample to 
extract dilution/concentration factor).

R esu lts and D iscussion

Method evaluations were conducted over a 1-year period. 
Table 2 lists recovery data for spiked samples. Method detec
tion capabilities are in the ppb to ppm range, which is compa
rable to historical screening levels for most of the pesticides 
in fresh produce matrixes.

Figure  1. (a )  D isp lay of the total Ion chrom atogram  from  
retention tim e 7.8 min to 8.8 min of a green bean sam ple  
fortified with 0.25 ppm atrazine. (b , c , d ) Extracted  sin gle  Ion 
chrom atogram s of the most ch a ra cte ristic  Ions of atrazine. 
(e )  M ass spectrum  of the eluate at 8.33 min. (f)  R efe ren ce  

m a ss spectrum  of atrazine standard.
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Tab le  2. Determ ination of pestic id e s In sp iked  produce sam ples by g a s  chrom atography-m ass spectrom etry

No. Compound name Samples3
Fortified 

level, f ig /g
Mean % 

recovery (RSD)6

Estimated 
detection 
limit, f ig /g

1 Atrazine GB, L, C, BP 0.25 75(19) 0.05
2 Ametryne GB, G, T, A, Ci 0.25 115(21) 0.05
3 Alachlor (lasso) GB, L, C, BP 0.25 101(12) 0.10
4 Aldrin GB, L, C, BP 0.25 85(7.6) 0.05
5 Aroclor 1232: 

Biphenyl
HL, G, B, Cu, Ca 
HL, G, B, Cu, Ca

1.00
108(16)

Monochloroblphenyl HL, G, B, Cu, Ca — 95(12, 7) —

Dichloroblphenyl HL, G, B, Cu, Ca — 93(9.6) —

Trichlorobiphenyl HL, G, B, Cu, Ca — 91(10) —

T etrachlorobiphenyl HL, G, B, Cu, Ca — 96(8.2) —

6 Aroclor 1260: HL, G, B, Cu, Ca 1.00 0.40
Pentachlorobiphenyl HL, G, B, Cu, Ca — 89(4.8) —

Hexachlorobiphenyl HL, G, B, Cu, Ca — 85(7.2) —
Heptachlorobiphenyl HL, G, B, Cu, Ca — 80(8.1) —

7 Benzoylprop-ethyl HL, G, B, Cu, Ca 0.25 97(6.0) 0.05
8 Bendlocarb GB, L, C, BP 0.25 103(16) 0.05
9 BHC (alpha) GB, L, C, BP 0.25 88(15) 0.05

10 BHC (beta) GB, L, C, BP 0.25 93(19) 0.05
11 BHC (lindane) GB, L, C, BP 0.25 93(35) 0.05
12 BHC (delta) GB, L, C, BP 0.25 112(37) 0.05
13 Bitertanol HL, G, B, Cu, Ca 0.25 102(9.7) 0.05

14
(diastereolsomer B) 

Bitertanol HL, G, B, Cu, Ca 0.25 79(5.0) 0.05

15
(diastereoisomer A) 

Bufencarb GB, GO, T, A, Ci 0.25 94(49) 0.05

16 Bromacll GB, GO, T, A 0.25 114(14) 0.10

17 Benthiocarb GB, L, C, BP 0.25 96(11) 0.05

18
(thiobencarb)

Bayleton GB, L, C, BP 0.25 103(9.8) 0.05

19 Bromophos GB, GO, T, A, Cl 0.25 70(25) 0.05

20 Bifenox GB, L, C, BP 0.25 114(24) 0.15

21 Bolstar HL, G, B, Cu, Ca 0.25 90(15) 0.05

22 Chlorpropham (CIPC) GB, L, C, BP 0.25 103(12) 0.05

23 Chlordlmeform GB, GO, T, A, Ci 0.25 103(41) 0.05

24 Carbofuran GB, L, C, BP 0.25 110(14) 0.05

25 Chlorothalonll GB, L, C 0.25 71(47) 0.05

26
(bravo)

Carbaryl GB, L, C, BP 0.25 128(23) 0.05

27 Chlordane: GB, L, C, BP 1.00 1.00

Chlordane (C10H9C15) GB, L, C, BP — 90(28) —
Chlordane (C10H9C15) GB, L, C, BP — 92(17) —
Chlordane (C10H8C16) GB, L, C, BP — 83(10) —
Chlordane (C10H7C17) GB, L, C, BP — 96(4.1) —
Chlordane (C10H7C17) GB, L, C, BP — 66(5.2) —

28 Chlorpyrlfos GB, L, C, BP 0.25 107(12) 0.05

29
(dursban)

Captan GB, L, C, BP 0.25 67(8.0) 0.10

30 Chlorobenzllate GB, L, BP 0.25 102(5.5) 0.05

31 Carbophenothin GB, L, BP 0.25 99(5.9) 0.05

32
(trlthion)

Cyanophos HL, G, B, Cu, Ca 0.25 94(8.9) 0.05

33 Chlornitrofen HL, G, B, Cu, Ca 0.25 102(11) 0.05

34 Carbetamide HL, G, B, Cu, Ca 0.25 90(19) 0.05

35 DEF (degreen) HL, G, B, Cu, Ca 0.25 111(15) 0.05

36 Dimethachlor HL, G, B, Cu, Ca 0.25 100(14) 0.05

37 Dimethametryn HL, G, B, Cu, Ca 0.25 100(6.4) 0.05

38 Diclobutrazol HL, G, B, Cu, Ca 0.25 105(12) 0.05

39 Dichlorvos GB, L, C, BP, A 0.25 67(20) 0.05

40 Dichlobenil GB, GO, T, A, Ci 0.25 59(31) 0.05

41 Demeton-0 GB, L, C, BP 0.25 78(29) 0.05

42 Demeton-S GB, L, C, BP 0.25 75(19) 0.05

43 Dicrotophos GB, GO, T, A, Cl 0.25 73(22) 0.05

44 Dlmethoate GB, L, C, BP 0.25 82(32) 0.05

45 Dicloran (botran) GB, L, C 0.25 122(8.3) 0.05

46 Dioxathion (delnav) GB, L, C, BP 0.25 120(20) 0.20
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Table  2. Continued

No. Compound name Samples3
Fortified 

level, n g /g
Mean % 

recovery (RSD)6

Estimated 
detection 
limit, n g /g

47 Diazinon GB, L, C, BP 0.25 88(17) 0.05
48 Dicofol GB, L, C, BP 0.25 88(41) 0.10
49 Dacthal (DCPA) GB, L, C, BP 0.25 81(12) 0.05
50 Disulfoton HL, G, B, Cu, Ca 0.25 84(13) 0.05
51 DDE-p,p' GB, L, C, BP 0.25 90(12) 0.05
52 Dieldrin GB, L, C, BP 0.25 85(10) 0.15
53 DDD-p,p' GB, L, C, BP 0.25 119(14) 0.05
54 DDT-p,p' L, C, T, A 0.25 64(30) 0.05
55 Endosulfan-alpha GB, L, C, BP 0.25 85(23) 0.10
56 Endosulfan-beta GB, L, C, BP 0.25 105(19) 0.10
57 Endosulfan sulfate GB, L, C, BP 0.25 63(15) 0.10
58 Ethylan (perthane) GB, L, C, BP 0.25 99(15) 0.05
59 Endrin GB, L, C, BP 0.25 95(20) 0.15
60 Ethion GB, L, C, BP 0.25 121(17) 0.05
61 Ethirmol HL, G, B, Cu, Ca 0.25 82(28) 0.05
62 Etaconazole

(diastereoisomer A)
HL, G, B, Cu, Ca 0.25 121(9.3) 0.05

63 Etaconazole
(diastereoisomer B)

HL, G, B, Cu, Ca 0.25 96(15) 0.05

64 Ediphenophos HL, G, B, Cu, Ca 0.25 46(36) 0.05
65 Fenobucarb HL, G, B, Cu, Ca 0.25 108(10) 0.05
66 Fluchloralin

(basalin)
GB, L, C, BP 0.25 80(11) 0.05

67 Fenthlon (baytex) GB, L, C, BP 0.25 95(13) 0.05
68 Folpei L, C 0.25 72(5.1) 0.25
69 Formothion HL, G, B, Cu, Ca 0.25 64(24) 0.05
70 Fluorochlorldone HL, G, B, Cu, Ca 0.25 116(3.4) 0.05
71 Fenson HL, G, B, Cu, Ca 0.25 119(20) 0.05
72 Flamprop-methyl HL, G, B, Cu, Ca 0.25 131(24) 0.05
73 Flamprop-isopropyl HL, G, B, Cu, Ca 0.25 102(8.3) 0.05
74 Fenpropathrin HL, G, B, Cu, Ca 0.25 93(7.0) 0.10
75 Guthion GB, L, C 0.25 61(40) 0.15
76 Heptenophos HL, G, B, Cu, Ca 0.24 74(22) 0.C5
77 Heptachlor GB, L, C, BP 0.25 83(44) 0.C5
78 Heptachlor epoxide GB, L, C, BP 0.25 96(11) 0.10
79 Indalone

(butopyronoxyl)
GB, GO, T, A, Ci 0.25 96(38) 0X5

80 Iprodione (rovral) GB, L, C, BP 0.25 150(30) 0.10
81 Isozophos HL, G, B, Cu, Ca 0.25 74(22) 0.05
82 Iprobenfos HL, G, B, Cu, Ca 0.25 99(11) 0.05
83 Lenacil HL, G, B, Cu, Ca 0.25 97(11) 0.05
84 Metolachlor HL, G, B, Cu, Ca 0.25 98(6.3) 0.05
85 Mevinphos-beta

(phosdrin)
GB, GO, T, A, Ci 0.25 85(31) 0.05

86 Mevinphos-alpha
(phosdrin)

GB, L, C, BP 0.25 92(11) 0.05

87 Mexacarbate GB, L, C, BP 0.25 125(58) 0.05
88 Malathion-oxygen

analog
GB, L, C, 0.25 100(9.6) 0.05

89 Methyl parathion GB, L, C, BP 0.25 105(28) 0.05
90 Metalaxy (ridomil) GB, L, C, BP 0.25 134(16) 0.05
91 Methlocarb GB, L, C, BP 0.25 109(7.9) 0.05
92 Malathion GB, L, C, BP 0.25 98(17) 0.05
93 Methidathion

(supracide)
GB, L, C, BP 0.25 108(25) 0.05

94 Methoxychlor-p,p' L, C 0.25 94(40) 0.05
95 Mirex GB, GO, T, A, Ci 0.25 89(33) 0.05
96 Monolinuron HL, G, B, Cu, Ca 0.25 41(24) 0.10
97 Methoprotryne HL, G, B, Cu, Ca 0.25 96(16) 0.05
98 Nuarimol HL, G, B, Cu, Ca 0.25 100(14) 0.05
99 Nitrofen (TOK) GB, L, C, BP 0.25 106(6.9) 0.05

100 Oxadiazon GB, L, C, BP 0.25 89(11) 0.05
101 Oxyfluorfen GB, L, C, BP 0.25 127(22) 0.05
102 Ofurace HL, G, B, Cu, Ca 0.25 98(16) 0.05
103 Ovex (chlorfenson) HL, G, B, Cu, Ca 0.25 101(4.7) 0.05
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Table  2. Continued

No. Compound name Samples3
Fortified 

level, jitg/g
Mean % 

recovery (RSD)6

Estimated 
detection 
limit, ixg/g

104 o-Phenylphenol HL, G, B, Cu, Ca 0.25 108(7.1) 0.05
105 Propham (IPC) GB, L, C, BP 0.25 93(5.5) 0.05
106 Propoxur GB, L, C, BP 0.25 102(15) 0.05
107 Phorate-oxygen analog GB, GO, T, A, Cl 0.25 80(12) 0.05
108 Phorate GB, L, C, BP 0.25 96(16) 0.05
109 Pentachloronitro-

benzene
GB, GO, T, A, Ci 0.25 78(24) 0.05

110 Pronamide GB, L, C 0.25 95(14) 0.05
111 Profluralln GB, L, C, BP 0.25 80(11) 0.05
112 Plrimlcarb GB, L, C, BP 0.25 114(13) 0.05
113 Propanamide

(propanil)
GB, L, C, BP 0.25 123(19) 0.05

114 Prometryne GB, GO, T, A, Cl 0.25 105(12) 0.05
115 Parathion-oxygen

analog
GB, L, C 0.25 91(17) 0.15

116 Plrimiphos-methyl GB, L, C, BP 0.25 98(10) 0.05
117 Parathion GB, L, C, BP 0.25 93(21) 0.05
118 Profenofos GB, GO, T, A, Ci 0.25 93(19) 0.05
119 Proparagite (omlte) GB, L, C, BP 0.25 96(16) 0.05
120 Phosmet (Imidan) GB, L, C, BP 0.25 59(19) 0.05
121 Phosalone GB, L, C, BP 0.25 91(9.9) 0.05
122 Permethrin-c/s GB, L, BP 0.25 103(8.5) 0.05
123 Promecarb HL, G, B, Cu, Ca 0.25 109(8.9) 0.05
124 Prothoate HL, G, B, Cu, Ca 0.25 113(9.1) 0.05
125 Permethrin-frans GB, L, BP 0.25 101(7.0) 0.05
126 Piperophos HL, G, B, Cu, Ca 0.25 87(10) 0.05
127 Quinomethlonate

(morestan)
GB, L, C, BP 0.25 132(22) 0.05

128 Qulnalphos HL, G, B, Cu, Ca 0.25 96(11) 0.05
129 Quizalofop-ethyl HL, G, B, Cu, Ca 0.25 83(7.7) 0.05
130 Rally (systhane) GB, GO, T, A, Ci 0.25 101(38) 0.05
131 Sonalan GB, L, C, BP 0.25 77(11) 0.05
132 Simetryne HL, G, B, Cu, Ca 0.25 102(18) 0.05
133 Systox GB, GO, T, A, Ci 0.25 96(34) 0.10
134 Simazine GB, GO, T, A, Ci 0.25 60(36) 0.05
135 Safrotin GB, L, C, BP 0.25 93(11) 0.05
136 Trifluralin GB, GO, T, A, Ci 0.25 55(13) 0.05
137 Terbacll GB, L, BP 0.25 99(18) 0.05
138 Tetrachlorvlnphos GB, GO, T, A, Ci 0.25 69(41) 0.05
139 Triazophos GB, L, C, BP 0.25 134(15) 0.05
140 Thiometon-ethyl HL, G, B, Cu, Ca 0.25 91(23) 0.05
141 Tolyfluanld HL, G, Cu 0.25 124(11) 0.05
142 Vegadex GB, L, C, BP 0.25 74(8.1) 0.05
143 Vinclozolin (ronilan) GB, L, C, BP 0.25 93(8.7) 0.10

Grand Mean 92(22)

a Sample code: GB, green bean; BP, bell pepper; L, lettuce; C, carrot; HL, head lettuce; Cu, cucumber; T, tomato; A, apple; Ca, cauliflower; GO, 
green onion; B, broccoli; G, grape; Ci, cilantro.

b One spike recovery was performed on each selective produce sample. The number of determinations used to calculate the mean % recovery 
and the RSD is equal to the number of samples tested for each compound.

Target Com pound S e le ctio n

Practically, compounds (up to several hundred) that are 
suitable for GC analysis can be included in the target listing 
for routine screening. They must be volatile and thermally 
stable under the applied gas chromatographic conditions. In 
the interest of efficiency and cost effectiveness in screening 
large numbers of agricultural products in a short turnaround 
time (usually less than 24 h), it is highly desirable to deter
mine as many of the analytes as possible that are potentially 
present on food by using a single analytical procedure.

The compounds selected in this study are pesticides, in
cluding some metabolites, and other chemicals that are of

concern to the safety of domestic or imported food. In gener
al, they include organophosphorus, organohalogen, organo- 
nitrogen, carbamate, triazine, thiourea, phenolic, and aro
matic hydrocarbon compounds. Other groups of pesticides 
are not presented in this paper because they were determined 
to be not suitable for GC separation. They are usually non
volatile compounds. Alternative methods, such as liquid 
chromatography (LC), would be more appropriate for these 
compounds.

A number of analytes experienced degradation in the in
jector. This is most likely due to reactions with residues 
deposited around the GC injector liner and at the front end of
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Tab le  3. Monitoring of possible G C  degradation com pounds

Parent compound Degradation compound

Relative
retention

time8
Monitoring ions 

m/z, % relative absorbance

Bendiocarb 2,3-(lsopropylldene-
dioxy)phenol

0.592 151(100), 126(100), 166(55)

Bufencarb m-( 1 -Methy Ibuty l)phenol 0.706 121(100), 164(30), 107(3C)

Carbofuran 2,3-Dihydro-2,2-dlmethyl-
7-benzofuranol

0.616 149(100), 164(80), 131(40

Chlorotoluron 3-Chloro-4-methyl-
aniline

0.555 132(100), 167(60)

Carbaryl 1-Naphthol 0.793 144(100), 115(95), 116(40
DDT-p,p' DDD-p,p' 1.303 235(100), 237(65), 165(60

Folpet Phthalimide 0.737 147(100), 104(70), 103(30)
Methoxychlor Methoxychlor olefin 1.372 227(100), 228(10)
Mexacarbate 4-(Dimethylamino)-3,5-

dimethylphenol
0.706 165(100), 149(80), 164(60

Methiocarb 4-(Methylthio)-3,5-
dimethylphenol

0.824 168(100), 153(80), 125(30)

Metoxuron 3-Ch I oro-4-methoxy- 
anillne

0.698 168(100), 183(100), 185(30)

Propoxur 2-( 1 -Methy lethoxy)phenol 0.496 110(100), 152(20)
Thiofanox 3,3-Dimethyl-1-methyl- 

thiobutanone O-oxime
0.603 115(100), 161(65)

a Relative retention time based on d 10-anthracene.

the GC column. As the deposited residues accumulate from 
multiple injections of sample extract, the extent of degrada
tion becomes more significant. It is suggested that the re
placement of the injector liner (filled with silanized glass 
wool plug) and the removal of the first few centimeters of the 
GC column be performed daily as a routine practice. Never
theless, the presence of the degradation compounds provides 
additional confirmation of the parent analytes. Because the 
retention times and mass spectra of the resulting injection 
degradation compounds are also specific and reproducible 
during the GC/M S analysis, they are included as part of the 
targeted compound list as shown in Table 3.

Sa m p le  Preparation

Preparing the sample extract for GC/MS analysis is criti
cal for the purpose of screening a broad spectrum of pesti
cides. The acetonitrile extraction-partition procedure was 
used for this study because it is well-documented and widely 
used (6-8). However, there was no additional organic solvent 
partition or column (e.g., Florisil) cleanup involved. In addi
tion, to minimize possible loss and decomposition of analytes 
during the concentration step, the acetonitrile extract was 
concentrated by one of the 3 procedures as described above. 
The direct steam evaporation is simple and quick. The rotary 
evaporation reduces the possibility of thermal decomposi
tion, and the nitrogen steam evaporation using TorboVap is 
convenient and requires the least attention. The addition of 
toluene to the extract prevents the concentrate from going to 
complete dryness, and further adds to the convenience at the 
end of extract handling. When the results obtained from the 
3 concentration procedures were compared, it was found that 
there were no apparent differences in recoveries of the ana
lytes. The variation among recoveries was mainly introduced 
from the GC/M S instrumental measurement process.

Target Com pound Identification

The target compounds are identified, if present, in the pre
determined retention time windows (±0.2 min) that have the

identical mass spectra as the corresponding standards. To 
differentiate them from the chromatographic background 
interferences that were co-extracted from the produce sam
ples, it is necessary to use a high resolution capillary GC 
column with a fast temperature program rate. This allows 
better spectral enhancement through background subtrac
tion for analyzing samples of complex matrix (e.g., Figure 2). 
The 12 m X 0.2 mm id polydimethylsiloxane column was 
selected because it gives adequate resolution and allows fast 
analysis (18 min).

In pesticide analysis, the mass spectrometer is used as a 
general purpose spectroscopic detector. It collects structural 
data from all types of chemicals that are traditionally obtain
able by multiple injections with various element-selective 
detectors. This procedure requires experience and skill for 
the chemist to extract and sort out the most useful informa
tion from the abundant raw data and then make the best 
judgment in interpreting the GC/MS results. Recent devel
opments in commercial data system software have allowed 
data manipulation and processing to perform more effective
ly and accurately.

Co-elution (but not exactly matching) is usually not a 
problem because each pesticide has its own characteristic ion 
pattern. The combined GC and MS displays allow recogni
tion and determination of each analyte. The presence of co
extracted material in the sample contributed to a continuous 
background which included most of the ion signals. The 
background, mainly resulting from hydrocarbons and carbo
hydrates, consisted of intense ions at low mass ranges as 
clusters around masses 39, 41, 43, 55, 57, 67, 69, 73, 81, 85, 
93, and 97. The intense low mass signals sometimes compli
cated the normalized spectrum, especially for components at 
trace level (<0.25 ppm). To maintain minimum background 
and lessen spectral interference, an optional limited scanning 
from mass 100 to 400 was chosen (Figure 3). Although some 
analytes have their base ions below 100, all the analytes 
produce abundant fragmentation ions in the 100-400 amu 
scan range that essentially provide the unique characteristics
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Figure  2. (a )  Total ion chrom atogram  of a com plex bell 
pepper sam ple  fortified with 0.25 ppm diazinon. (b , c , d ) C o 
elution of the ch a ra cte ristic  ions of diazinon. (e )  M ass s p e c 
trum of sca n  448. (f)  En h an ced  spectrum  of sca n  448 after 
background subtraction by sca n  449. (g )  R efe ren ce  s p e c 
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Figure  3. (a )  Lim ited sca n  (1 0 0 -4 0 0  am u) total Ion chro
m atogram  of a b rocco li sam ple  fortified with 0.25 ppm disul- 
foton. (b )  M ass spectrum  of disulfoton found at sca n  473  
versus ( c )  daily standard spectrum  of disulfoton. (d ) Full 
sca n  (3 5 -4 5 0  am u) total ion chrom atogram  of the sam e  
sam ple  extract, (e )  M ass spectrum  of disulfoton found at 
sca n  338 versu s (f)  full sca n  reference spectrum  of disulfo

ton.

necessary for decisive confirmation. Starting the mass scan 
at 100 amu has not limited the detection of pesticide residues 
in a variety of fresh produce matrixes. Compared to the full 
mass range scan, the limited scan appeared to result in better 
sensitivity and less contamination of the focusing lenses and 
the quadrupole. Limited scanning also yields a convenient 
blank background between multiple injections. Recent MS 
instrumentation offers a switchable scan-range capability 
during a GC/M S run that makes the application of the 
limited scan more flexible and effective. Figure 4 presents 
examples of total ion chromatograms of pesticide standards 
and grape, broccoli, and cilantro sample extracts, respective
ly. The normalized chromatograms show the relative ion 
abundances of each sample.

Analysis of pesticides in food for regulatory purposes de
mands unambiguous evidence, including a well-documented 
quality control practice, before initiating regulatory action. 
Whenever uncertainty is encountered (most likely, the occur
rence of interference ions), it may be necessary to repeat the 
analysis, re-run the sample using a different GC oven tem
perature program, use a column of a different polarity, or

analyze the sample by using a conventional elemental-specif
ic detector.

Of the total 665 determinations of analytes in fortified 
crop samples in Table 2, 2.3% failed to give meaningful 
recoveries. This was due to severe background interference or 
the instability of some of the marginal analytes.

Quantitation

An initial study was made to demonstrate the reproducibil
ity and linearity of quantitative measurement of pesticides by 
GC/MS. Once an analyte was identified, the base ion shown 
in Table 1 was selected as the quantitation ion. The relative 
standard deviation (RSD) of the mean responses from repeti
tive injections in Table 1 ranged from 0.9 to 28% with a mean 
of 6.5%. The RSDs from the 3-point calibration injections 
ranged from 1.0 to 57% with a mean of 13.4%. In general, the 
precision ranges for pesticide measurements agreed with 
typical GC/M S measurements in the electron impact ioniza
tion mode (9).

The produce samples selected for this study represented 2
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Figure  4. Total Ion chrom atogram s of e xtracts of fresh  
produce sam p le s sp iked  with pesticide standards (a )  at 0.25  
ppm. E x a m p le s  of representative (b )  clean , ( c )  medium, and 
(d )  com plex sam p le s fortified with the sam e  amount of pesti

c id e s  a s  (a ).

categories: fruits and vegetables. The current pesticide toler
ances established by the Environmental Protection Agency 
for these crops range from no tolerance to 50 ppm. A great 
many of the tolerances are less than 1 ppm. The main objec
tive of the work was to evaluate the suitability of the GC/MS 
method for both qualitative and quantitative determination 
of pesticide residues, particularly at low levels, in produce 
samples. Fortifications were, therefore, made at the 0.25 
ppm level except for chlordane and Aroclors, which were 
fortified at 1 ppm. This is also consistent with the expected 
levels at which residue findings were frequently reported 
(10).

For quantitative analyses, a standard calibration was 
made daily. In addition, an examination of variations in 
response factors of the marginal compounds (folpet, DDT, 
carbaryl, etc.) and formations of their GC degradation com
pounds (Table 3) may indicate the extent of contamination at 
the injector port. Concentrations of analytes extracted from 
samples were computed by using the daily calibration re
sponse factors. Over a period of 3 months, the GC retention 
times remained stable (varying within 2.5% or 0.3 min), and 
the MS ion source did not need cleaning.

Table 2 summarizes the recovery results, including a total 
of 665 recoveries for 143 pesticides and groups of chemicals. 
The results show the precision and accuracy of the GC/MS 
method for each analyte while the matrix varied. The grand

mean accuracy of all analytes was 92% with a mean RSD of 
22%, which is comparable to the widely used GC/M S mea
surements in environmental sample testings (9).

The estimated method detection limit of each analyte is 
also shown in Table 2. It ranges from 0.05 ppm for the 
majority of the analytes to 1 ppm for chlordane, which has 
multiple components. Because the detection limit is also de
pendent on sample matrix, accurate determination of an 
individual detection limit on various types of crops would 
require additional studies.

Pesticide residues at much lower levels were routinely de
tected in our laboratories by adjusting the sample size or 
extract volume to yield concentrations in the desired ranges. 
Quantitation of residues at such low levels may not be accu
rate because the stability of the quantitation ion peak deteri
orates. Additional measurements and/or confirmations may 
be necessary and can be made by re-analyzing the sample by 
using the GC/MS in the selective ion monitoring mode, or 
using appropriate element-specific detectors.

Conclusion

This 1-year study has demonstrated that the GC/M S pes
ticide screening technique presented here has a significant 
potential as one of the major analytical tools in the arsenal of 
multiresidue screening techniques. The current list of over 
140 pesticides that potentially could be detected and quanti
tated with this method rivals many of the existing multiresi
due methods using different element-specific detectors.

For samples with an urgent need for laboratory results 
such as poisoning cases, this GC/MS screening technique 
can offer a coverage significantly greater than the conven
tional scans for organophosphates and organohalogens using 
element-specific detectors alone. Compounds such as o- 
phenylphenol and biphenyl that do not respond well in the 
element-specific detectors can be included in this GC/MS 
screen. The potential to add new groups of pesticides or other 
chemicals of food safety concerns that were not previously 
screenable by element-specific detectors suddenly becomes 
feasible by this technique.

It is commonly believed that most GC/MS cannot endure 
the multiple injections of produce extracts without apprecia
ble degradation in sensitivity. Keeping in mind that the pro
duce extracts we used in this study have not been subjected to 
cleanup procedures, we still have the option to introduce 
cleaner samples into the GC/MS by using some cleanup in 
the sample preparation. So far, we have not found it neces
sary, and in this study, we have made multiple sample analy
ses on consecutive days on many occasions. We are encour
aged by our observations that our GC/M S did not have any 
apparent loss of sensitivity or reproducibility. This final ob
servation might well be the key to reversing the role of the 
GC/MS from a confirmational tool to a front line screening 
instrument in multiresidue screening for fresh fruits and 
vegetables.

This study has, thus, demonstrated that GC/MS is a 
promising analytical method for the determination of a broad 
spectrum of pesticide residues in fresh produce samples. A 
major advantage attained from using this method for analy
sis is that it permits rapid, routine, and confirmatory screen
ing of hundreds of chemicals of food safety concern, provided 
their analytical parameters through the method have been 
established.
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SEAFOOD PRODUCTS

Comparison of Microwave Digestion with Conventional Wet Ashing and Dry Ashing 
Digestion for Analysis of Lead, Cadmium, Chromium, Copper, and Zinc in Shellfish by 
Flame Atomic Absorption Spectroscopy
H E L E N  T. M C CA RTH Y  and P. C H R IST O PH E R  ELLIS
Rhode Island Department o f  H ealth Laboratories, 50 Orms S t, Providence, R I 02904

A  c lo se d  v e sse l m icrow ave digestion procedure w as devel
oped for shellfish  sam ples. T h is  procedure w as com pared  
with wet and dry ash  procedures for levels of lead, cadm ium , 
chrom ium , copper, and z in c. R esu lts obtained for m icrow ave  
and conventional wet ash  digestion w ere com parable. The  
dry ashing procedure produced results consistently lower 
than either of the other m ethods. R e co ve rie s ranged from  
8 0 - 9 2 %  for m icrow ave and wet ashing procedures and 5 4 -  
7 2 %  for the dry ashing procedure. A c cu ra cy  w as a lso  deter
m ined by an alyzing lobster hepatopancreas m arine refer
e n ce  m aterial. V a lues for Pb, C d , and C r  fell within the range  
sp ecified  for the reference m aterial for all 3 digestion proce
dures; how ever, va lues w ere lower for C u  and Zn. R esu lts of 
this study show  that m icrow ave digestion Is com parable to 
wet ashing.

Mollusks selectively concentrate certain trace metals from 
the hydrosphere they inhabit. Trace metals are concentrated 
in animal tissues in varying degrees, depending on the spe
cies, temperature of the hydrosphere, and concentration of 
the metal in the environment (1, 2). From a public health 
viewpoint, levels of trace metals such as cadmium, lead, 
copper, zinc, and chromium are useful indicators of the ex
tent of pollution in the hydrosphere and also of the health of 
edible species of shellfish. Because Rhode Island is a coastal 
state with a substantial market for seafood, it has long been 
involved in monitoring levels of toxic metals in shellfish on a 
routine basis.

Frequent testing of large numbers of shellfish samples 
requires a method that is sensitive, precise, accurate, rapid, 
and cost effective. Determination and quantification of 
heavy metals in foods is most often accomplished via atomic 
absorption spectroscopy (AAS) (3-7). Before measuring the 
quantity of metal in a particular shellfish sample, tissue must 
be digested to free the metal under investigation. This diges
tion process is the limiting factor as to how much time the 
entire procedure takes and also as to the efficiency of recover
ing the actual amount of metal present in the sample. Metals 
can be released from the tissue by combusting the organic 
tissue at high temperatures (the dry ashing method of diges
tion), or by combusting the organic tissue using heat and 
concentrated acid (the wet ash method). Both techniques 
have certain limitations including excessive time, possible 
loss of metals by volatilization, excessive manipulation of 
sample, and incomplete digestion.

Recently, commercial microwave digestion systems have 
become available for laboratory use, and several studies have 
been published (8,9) in which investigators have demonstrat
ed success in digesting various types of samples for metal 
analysis by atomic absorption spectroscopy. Microwave
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heating can offer advantages over traditional wet or dry 
ashing techniques. Microwave heating is rapid, safe, and 
programmable. Programmability makes it possible to control 
the amount and energy intensity applied to samples.

The present study compares conventional wet ashing and 
dry ashing with microwave digestion for shellfish tissue in 
terms of quantity of metal measured, accuracy, precision, 
and length of time needed for each method. The metals 
investigated are lead, cadmium, copper, zinc, and chromium.

Experim ental

Apparatus

Wash all glassware with nitric acid (HNO3) (50%, v/v), 
rinse with cold tap water followed by another rinse with 
deionized water.

(a) Atomic absorption spectrometer.—Perkin-Elmer 
model 303 equipped with a 4-in triple-slotted burner head 
and hollow-cathode lamps. Wavelengths (nm) as follows: Pb 
(283.3), Cd (228.8), Cu (324.8), Cr (357.9), and Zn (213.9). 
Slit setting is at 4; flame: air-acetylene with oxidizing (lean 
blue) flame for Pb, Cd, Cu, and Zn, and reducing flame (rich 
yellow) for Cr.

(b) Microwave digestor.—Commercial oven, model 
MDS-81D (CEM Corp., Indian Trail, NC) equipped with 
Teflon®-coated oven cavity, removable 12-position sample 
carousel, exhaust fan, hose to permit venting of fumes into 
fume hood, and Teflon PFA vessels, 120-mL capacity (CEM 
Corp.) for microwaving samples. Use capping station (CEM 
Corp.) to tighten digestion vessel caps to ensure reproducible 
torque. Before use and between sample digestions, clean ves
sels by adding nitric acid (50%, v/v) to each vessel and 
heating in microwave.

R ea g en ts

All reagents were analytical reagent grade. Deionized, 
distilled water was used throughout.

(a) Nitric acid.—70% v/v.
(b) Nitric acid-saline solution.—14% v/v HNO3 and 1.25% 

w/v NaCl. Prepared by adding 200 mL of 70% v/v H N 0 3 to 
500 mL water containing 12.5 g NaCl and diluting to 1 L.

(c) Nitric acid.— 14% v/v. Prepared by adding 200 mL of 
70% HNO3 to 500 mL water and diluting to 1 L.

(d ) Atomic absorption reference solutions.—1000 ppm 
(Fisher Scientific, Fairlawn, NJ).

Preparation of Standards

Atomic absorption working standards.—Mixed working 
standards of Pb, Cd, Cu, and Cr were prepared by diluting 
1000  ppm stock reference solutions with nitric acid-saline 
solution to produce concentrations ranging from 0.05 to
4.0 ppm. A saline solution was used in the standard to correct 
for high salt concentration associated with shellfish [ca
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1.25% (see Ref. 10)]. Zinc standards (0.05 to 1.5 ppm) were 
prepared in a nitric acid-dilute saline matrix (14% HNO3 in 
0.0125% NaCl). Because of high Zn content in shellfish, 
samples were diluted 100-fold for zinc determination; the 
initial salt concentration was similarly diluted from 1.25 to 
0.0125% NaCl.

Sample spiking standard solutions.—Spiking standards 
of Pb (50 ppm), Cd and Cr (20 ppm) and Cu (250 ppm) were 
prepared in approximately 1M HNO 3. Zinc standard refer
ence solution (1 0 0 0  ppm) was used directly for spiking.

A n a lytica l Pro ced u re

Method procedure.—Each sample batch (10 batches to
tal) was analyzed for heavy metals by 3 digestion methods: 
conventional wet ashing, dry ashing, and microwave diges
tion. Each sample batch (except batch 1 that contained 9 
replicate samples and 9 spiked samples) was analyzed in 
replicates of 5 along with 5 replicate recovery samples and 2 
control reagent blank samples. To measure the accuracy of 
each procedure, a standard reference material, lobster hepa- 
topancreas marine reference material ( 11), was also ana
lyzed with each of the 3 procedures. Seven trials were run for 
the reference material.

Sample preparation.—Composite samples of hard shell 
clams (Mercenaria mercenaria) and soft shell clams (Mya 
arenaria) were prepared in the following manner. Calcareous 
shells of clams were removed and meats were drained, ho
mogenized, and divided into 10 batches of 500-700 g. Ten 
batches were stored at 4°C. At the time of analysis, each 
batch of composite shellfish was blended at high speed for 2 
min using a 2-speed Waring blender with a stainless steel 
blade and glass container.

Wet ashing.—Modification of the wet ash method for 
heavy metal determination in shellfish by the National Shell
fish Sanitation Program (12) was followed. A 12.5 g sample 
portion was weighed into a tared 250 mL pyrex beaker and 30 
mL concentrated nitric acid was carefully added. The shell
fish mass was broken up by mixing with a glass rod. To 
determine percent recoveries, 0.5 mL aliquots of sample spik
ing standard were added to replicate samples and mixed into 
the sample with a glass rod. Blank samples containing only 
nitric acid were run concurrently through the entire proce
dure. Following overnight predigestion at room temperature, 
samples were placed on a steam bath and allowed to simmer 
with frequent stirring with a glass rod until frothing subsided 
and digest turned a dark orange color. After gentle boiling 
was established, the volume was reduced to near dryness. 
Charring of samples was avoided to minimize possible loss of 
analyte. An additional 10 mL concentrated nitric acid was 
added to samples and blanks, and digestion was continued 
until approximately 5 mL solution remained. The inside of 
beakers was rinsed with 10-15 mL deionized water and al
lowed to heat for another 10 min. Samples were then re
moved from heat, cooled to room temperature, filtered 
through filter paper (Schleicher & Schuell 588 prepleated, 
Keene, NH) into 25 mL volumetric flask, and brought to 
volume using deionized water.

Dry ashing.—Modification of dry ash method for heavy 
metal determination in shellfish by the National Shellfish 
Sanitation Program (12) was followed. A sample portion 
(12.5 g) of blended sample was weighed into a tared Vycor 
crucible and placed in a low temperature oven (100°C) and 
heated for 4.5 h. Crucibles were transferred to a high tem
perature muffle furnace and ashed overnight at 450°C. The

following morning, samples were removed from the muffle 
furnace, cooled, and dissolved in 2 mL concentrated nitric 
acid with warming on a hot plate. The resulting solution was 
filtered into separate 25 mL volumetric flasks and brought to 
volume with deionized water. Each batch (except batch 1 
that contained 9 replicate samples and 9 replicate spiked 
samples) consisted of 5 replicate samples, 5 replicate spiked 
samples, and 2 reagent blank samples.

Microwave digestion.—A sample portion (12.5 g) was 
weighed into a tared PFA vessel and 9 mL concentrated 
nitric acid was added to the vessel. The digestion procedure 
was run in 2 stages. The first stage (open vessel digestion) 
was a predigestion. The vessel containing the sample was 
capped hand-tight (no pressure or disc seals) and pro
grammed to run at reduced power in the following cycle: 30% 
power for 15 min, cool cycle for 10 min, and 30% power for 15 
min. If no clumps of shellfish were present, then stage 2 of 
digestion was started. If clumps were present, the cycle call
ing for 30% power for 15 min was repeated. During stage 2 
(closed vessel digestion), vessels were capped under pressure 
using the capping station and disc seals. The microwave unit 
was programmed to run alternating hot-cold cycles (30% 
power for 15 min followed by a 10-15 min cooling time). 
Samples and vessels were checked after each heating cycle to 
verify that the bottom of the vessels were hot and the top of 
the vessel warm to the touch and that samples were light- 
orange to yellow in color. If sample appearance was burnt 
orange, vessels were allowed to cool and vent before continu
ing the heating process. After digestion was completed (sam
ple color: clear, light yellow), the acid digest was filtered into 
25 mL volumetric flask and brought to volume with deion
ized water.

Determination.—Determination of heavy metals follow
ing digestion procedures described was performed with flame 
AAS. Samples analyzed for Pb, Cr, and Cd were run without 
further dilution. The dilution factor for Pb, Cr, and Cd was 
2X (12.5 g sample in a total volume of 25 mL). Determina
tions for Cu and Zn required samples to be diluted 1 + 9 for 
Cu and 1 + 99 for Zn. All dilutions were made with 14% 
HNO3 to match standards as closely as possible. Standards 
and samples were run under the same instrumental condi
tions as previously described. Standard curves for each ele
ment under investigation were run at the beginning and end 
of each session and an EPA-certified 1 ppm mixed standard 
solution in dilute nitric acid was periodically evaluated dur
ing a run of samples. The Perkin-Elmer model 303 AAS does 
not have a means of correcting for background interferences. 
However, a previous experiment in this laboratory (10) dem
onstrated no significant differences between a deuterium-arc 
background corrected signal and an uncorrected signal for 
the 5 heavy metals of interest in a shellfish matrix. Samples, 
standards, and blanks were aspirated until maximum peak 
heights were obtained and produced flat peaks on the chart 
recorder paper. Water was aspirated between each sample, 
blank, or standard until the chart pen returned to baseline.

Calculations.—Regression lines were determined for each 
element from standards run using concentrations (ppm) and 
peak heights (mm) for corresponding X ,Y values. Metal con
centrations in each sample were calculated from the corre
sponding regression lines and dilution factors.

Statistical analysis.—Data from the 3 digestion methods 
were compared using the NCSS statistical package (NCSS, 
Kaysville, UT) on an IBM PC-compatible computer. Using 
the NCSS package, data were analyzed by analysis of vari-



568 MCCARTHY & ELLIS: J ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 3, 1991)

Tab le  1. M etals found (ppm ) In shellfish  batch sam ples by dry ashing (D A ), wet ashing (W A ), and m icrow ave
digestion (M l)

Batch
No. Na

Lead Cadmium Copper Chromium Zinc

DA WA Ml DA WA Ml DA WA Ml DA WA Ml DA WA Ml

1 9 0.39 0.73 0.86 0.19 0.37 0.39 3.76 3.96 4.07 0.47 0.53 0.55 16.29 18.38 18.62
2 5 1.38 1.62 1.79 0.32 0.72 0.76 3.43 3.63 4.32 0.60 1.12 1.15 7.40 12.50 12.19
3 5 1.61 2.38 2.26 0.80 0.94 1.02 3.28 3.90 4.54 0.83 1.50 1.47 10.67 13.57 14.96
4 5 1.39 2.01 2.35 0.77 0.87 1.07 5.83 6.06 5.72 1.05 2.01 2.43 10.83 15.88 13.34

5 5 1.26 1.77 2.23 1.10 1.31 1.52 4.78 5.00 4.96 0.79 1.41 1.63 13.23 19.68 17.01
6 5 1.39 1.59 1.99 0.72 0.77 0.99 5.83 7.68 6.99 0.72 1.05 1.19 17.69 22.93 21.27
7 5 1.22 1.11 1.48 0.56 0.52 0.63 3.35 2.37 2.70 0.64 0.66 0.82 15.03 17.03 '3.34
8 5 1.09 1.13 1.22 0.42 0.39 0.55 2.90 2.70 2.97 0.57 0.73 0.68 11.35 13.08 -0.67
9 5 1.08 1.44 1.52 0.69 0.69 0.81 3.61 3.82 3.79 0.80 1.25 1.09 14.23 17.03 18.13

10 5 1.15 1.34 1.43 0.67 0.65 0.81 3.51 3.56 3.46 0.51 0.79 0.82 13.29 16.64 17.46

Av. 1.20 1.51 1.71 0.62 0.72 0.86 4.03 4.27 4.35 0.70 1.11 1.18 13.00 16.67 15.70
Max. 1.61 2.38 2.35 1.10 1.31 1.52 5.83 7.68 6.99 1.05 2.01 2.43 17.69 22.93 21.27
Min. 0.39 0.73 0.86 0.19 0.37 0.39 2.90 2.37 2.70 0.47 0.53 0.55 7.A0 12.50 10.67
Range 1.22 1.65 1.49 0.91 0.94 1.13 2.93 5.31 4.29 0.58 1.48 1.88 10.29 10.43 10.60

a Replicates for each batch analyzed.

anee (ANOVA) and confirmed, when appropriate, by Fi
sher’s LSD test.

R esu lts and D iscussion

The present study compares 3 different procedures for 
digesting shellfish samples before determining levels of Pb, 
Cd, Cu, Cr, and Zn. Levels present in shellfish samples after 
digestion by each procedure are shown in Table 1. Estimated 
detection limits for Pb, Cd, Cu, Cr, and Zn were 0.24 ppm, 
0.06 ppm, 0.12 ppm, 0.12 ppm, and 0.12 ppm, respectively, 
using EPA protocol (13). All reported values were well with
in estimated detection limits except for batch 1 in which the 
dry ashing procedure produced values close to the detection 
limit for lead. Overall, values obtained for conventional wet 
ashing and microwave wet digestions were similar; digestion 
by dry ashing almost always resulted in lower values.

Statistical analysis of data (Table 2) showed significantly 
lower values for dry ashing as compared to conventional wet 
ashing and microwave wet digestions, with the exception of 
copper, which showed no significant differences among any 
of the digestion procedures. Values for copper, chromium, 
and zinc were comparable for both wet digestion procedures. 
Lead and cadmium showed significantly different results for 
all 3 procedures. However, lead and cadmium values for wet

Tab le  2. Statistica l an a lysis  of m ean va lu es of unsplked  
sam p le s of shellfish  analyzed  by dry ashing, wet ashing, 

and m icrow ave digestion

Fisher's LSD Test6

Microwave
Metal ANOVA result3 Dry ash Wet ash digestion

Lead significant A B C
Cadmium significant A B C
Copper not significant A A A
Chromium significant A B B
Zinc significant A B B

a Results based on alpha value of 0.05.
6 Fisher's least significant difference (LSD) test for comparing mean 

values among dry ash, wet ash, and microwave digestion. For each 
metal, methods having the same letters can be considered equal at 
the alpha =  0.05 level of significance.

digestion procedures were most similar. Difficulties encoun
tered in measuring lead and cadmium in shellfish have been 
documented by other researchers (14,15) and emphasize the 
need for continued method development. Accuracy of the 3 
digestion procedures under investigation was verified by re
covery assays and analysis of lobster hepatopancreas marine 
certified reference material (11).

Recovery values for 10 batches of shellfish, spiked with 
varying amounts of Pb, Cd, Cu, Zn, and Cr were analyzed 
with unspiked samples (Table 3). Average recovery values 
for conventional wet and microwave digestions ranged from 
80-92% and 54-72% for the dry ashing procedure. The low 
recovery values of the dry ashing procedure are in line with 
lower values obtained for shellfish as compared to conven
tional wet and microwave digestion results (Table 1), and 
indicate an overall loss or incomplete liberation of metal 
during the ashing process. Although Cu showed no signifi
cant differences among the 3 digestion procedures in this 
study, average results for dry ashing were lower than either of 
the other procedures (Table 1).

Analysis of lobster hepatopancreas marine reference ma
terial was conducted to provide further evidence of the accu
racy of the methods (Table 4). Values obtained for the 5 
metals under investigation were comparable for both conven
tional wet ashing and microwave digestions; both methods of 
digestion provided values very close to or within actual limits

Tab le  3. R e co ve ry  va lu es ( % )  for sp iked sam ples of 
shellfish  analyzed  by dry ashing, wet ashing, and 

m icrow ave digestion3

Method Lead6 Cadmium6 Copper6 Chromiume Zincf

Dry ashing 59.1 70.9 71.7 54.5 57.9
Wet ashing 91.4 81.9 83.5 91.2 89.8
Microwave 91.5 91.2 89.0 84.8 79.9

a Results are averages of 10 batches of 5 replicates each, except for 
batch No. 1, which included 9 replicates. 

b 2 ppm added 
6 0.8 ppm added 
d 10 ppm added 
e 0.8 ppm added 
'  40 ppm added
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Tab le  4. A n a ly s is  of 5 heavy m etals in 7 replicate  sam ples of lobster hepatopancreas m arine reference m aterial by dry
ashing (D A ), wet ashing (W A ), and m icrow ave digestion (M l)

Lead Cadmium Copper Chromium Zinc

DA WA Ml DA WA Ml DA WA Ml DA WA Ml DA WA Ml

Actual value 
range, ppm 

Observed av. 
value, ppm 11.9

8.4-12.4 

12.8 10.8 21.6

24.2-28.4

26.7 24.1 243.0

417-461

348.4 357.6 1.8

1.8-3.0 

2.1 1.7 99.6

167-187

125.0 130.4
Std. dev. 1.4 2.7 1.4 1.1 2.1 0.7 8.1 18.3 9.2 0.3 0.5 0.3 7.3 5.0 4.2
CV 11.5 21.1 12.7 5.2 7.8 2.8 3.3 5.3 2.6 16.0 21.8 16.0 7.4 4.0 3.2
Standard error 

of the mean 0.5 1.0 0.5 0.4 0.8 0.3 3.1 6.9 4.5 0.1 0.2 0.1 2.8 1.9 1.6

set for Pb, Cd, and Cr. Copper and zinc values were low for 
all 3 procedures.

The lobster hepatopancreas marine reference material 
contained high levels of both copper and zinc, necessitating 
high dilution factors (1:250 or more)—a factor that could 
have magnified a low value resulting from an incomplete 
digestion. The marine reference material, as indicated by 
longer digestion times, was difficult to digest. Results from 
the microwave digestion were slightly higher for Cu and Zn, 
indicating a more complete digestion of the sample matrix 
and/or less loss of the analyte.

Precision for each digestion method was estimated from 
the average coefficient of variation (CV) calculated from 
replicate analyses of 10 batches of shellfish (Table 5). All CV 
values were below 10% except for the dry ashing value ob
tained for lead. Coefficients of variation were closest in value 
for the conventional wet and microwave digestion procedures 
indicating similar precision.

The present study has shown that, of the 3 digestion proce
dures investigated, microwave and conventional wet ashing 
both produced precise results. They exhibited similar recov
ery values for spiked samples and produced acceptable values 
of Pb, Cd, and Cr for the lobster hepatopancreas marine 
reference material.

Microwave digestion offers certain advantages over con
ventional wet ashing. Microwave digestion is faster and re
quires less of the analyst’s time than does wet ashing; the 
microwave unit allows programming of time and power cy
cles so that once a method has been setup, sample digestion 
can be automated. From this study, we determined that a 
carousel of 6-12 samples could be digested within 1.25 h by 
the conditions described. If a second carousel is available, 
further time savings can be realized. On the other hand, wet 
ashing digestion takes about 4 h of almost constant attention. 
Vigilance is necessary to ensure that samples do not froth to

Table  5. C oeffic ie nts of variation ( %  ) for determination of 
m etals by dry ashing (D A ), wet ashing (W A ), and 

m icrow ave digestion (M l)a

Method Lead Cadmium Chromium Copper Zinc

DA 14.0 8.2 5.6 6.7 8.0
WA 8.6 5.1 7.1 3.5 3.8
Ml 8.2 6.6 5.4 4.1 6.9

a Each number represents av. value for 10 batches of shellfish. Each 
batch of shellfish in turn represents 5 replicates except, for batch 
No. 1, which consists of 9 replicates.

the point of boiling over nor evaporate to dryness. Because 
heating units can develop hot and cool spots over time, no 2 
samples ever progress at the same speed. Thus, the end point 
of digestion for individual samples occurs at different times 
making it very difficult to batch process samples.

Conventional wet ashing is dependent on the space avail
able within a fume hood; the microwave unit, however, is 
equipped with a venting hose and can be set up outside the 
fume hood, freeing hood space for other purposes. Micro- 
wave digestion is convenient and easy to use. It is also safer 
than the conventional wet ash procedure because there is less 
chance of acid spillage or glass breakage because of high 
digestion temperatures in glass beakers.

Results of this study show that microwave digestion is 
comparable to the conventional wet ash method of digestion 
and that both microwave and wet are superior to dry ashing. 
The data indicate that microwave digestion is a viable alter
native for digestion of shellfish.
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TECHNICAL COMMUNICATIONS

Im proved S e len iu m  R ecovery  from  T issu e  w ith  M od ified  Sam ple D ecom p osition

W ILLIA M  G. BRU M BA UGH and M IC H A E L  J. W A LTH ER
U.S. Fish and W ildlife Service, N ational Fisheries Contaminant Research Center, 4200 New Haven Rd, 
Columbia, M O  65201

The present paper d e scrib e s a sim ple m odification of a re
cently reported decom position method for determination of 
selenium  in bio logical tissue by hydride generation atom ic  
absorption. The  modified method yielded slightly higher se le 
nium reco ve ries ( 3 - 4 % )  for se lected  reference tissu e s and 
fish tissue sp iked  with selenom ethionine. R adiotracer e x 
perim ents indicated that the addition of a sm all volum e of 
hydrochloric a c id  to the wet dlgestate m ixture reduced slight 
lo sse s of selenium  a s  the sam ple  initially went to dryness  
before ashing. With the modified method, selenium  spiked as  
selenom ethionine behaved more like the selenium  in refer
e n ce  tissu e s than did the inorganic sp ik e  form s when this 
digestion m odification w as used.

Recently, we described a simple method for determination of 
arsenic and selenium in fish with a combined wet chemical 
and dry ash digestion and subsequent analysis by hydride 
generation atomic absorption (1). The procedure yielded 
good recoveries for both elements but slight losses of seleni
um (up to 10%) resulted when selenomethionine was used for 
spiking. We have modified the procedure by adding a small 
amount of hydrochloric acid during the preliminary step as 
reported in a similar digestion by Hansson et al. (2). The 
present paper reports results from a comparison of selenium 
recoveries for our former and improved methods.

M ETHO D

Digestion and analysis by the present modified procedure 
(Method B in this discussion) are exactly as previously de
scribed in the earlier method (Method A) (1), except for the 
addition of 2 mL subboiled HC1 to each sample at the initial 
digestion step.

Briefly, Method A is as follows. Add 0.5 g dry or 2 g wet 
tissue to a 100 mL beaker along with 10 mL nitric acid and 10 
mL 40% (v/v) magnesium nitrate. Reflux mixture overnight, 
evaporate to dryness, ash at 500°C, boil with 20 mL 50% (v/ 
v) hydrochloric acid, and dilute to 100 mL.

R e su lts and D iscussion

Results for determination of selenium in reference materi
als and spiked fish samples are compared in Table 1 for 
Method A (without HC1 at the preliminary digestion step) 
and Method B (with HC1 at the preliminary digestion step). 
Means for all 5 quality control types were significantly dif
ferent between methods (p <0.01, /-test for a unknown and 
0a ^  et,)- Plots of all data points indicate no general upward 
or downward trends with time that could invalidate the /-test.

Improvement in the recovery of selenium in the reference 
tissues is slight but real with hydrochloric acid in the diges

Received July 10, 1990. Accepted December 7, 1990.

tion mixture. The magnitude of this improvement parallels 
that observed by Hansson et al. (2) for similarly digested 
flour samples. Recovery of selenomethionine spikes followed 
the same trend as reference tissues; however, recovery of 
selenate (NaaSeCL) spikes tended to be slightly lower with 
Method B.

A pilot study with a small number of fish tissues spiked 
with radiotracer indicated a similar, if not greater, improve
ment for Method B. We found the recovery of selenometh
ionine (labeled with Se75) that was spiked at 3 levels onto a 
channel catfish homogenate to improve from 91.6 ±  3 per
cent (mean ±  standard deviation) for Method A to 99.1 ±  0.9 
for Method B (n = 3 for each). Any loss of selenium from 
selenomethionine occurred when digestates went to dryness 
during wet chemical digestion and not during the dry ashing 
step. This loss was only observed in the presence of tissue. 
The mechanism by which the hydrochloric acid reduces these 
losses is not clearly understood. Perhaps through hydrolysis, 
hydrochloric acid enhances migration of protein-bound sele
nium into the magnesium nitrate (or mixed nitrate/chloride) 
matrix where the selenium is thermally more stable. Kinetic 
factors are probably important during such a process and 
may depend strongly upon vessel type, heating times, and so 
on. Although Method B is reliably accurate and precise, 
further improvement by slightly different combinations of 
the reagents is possible. We suspect that samples with high 
fat content (fish vary from about 5 to 25% lipid) may still 
have somewhat variable selenium recovery, but correlations 
between spike recovery and lipid content with our existing 
data are not strong. In any case, addition of hydrochloric acid 
has improved overall recovery, reduced variability for seleno
methionine spikes, and improved recoveries for reference 
tissues.

General trends for spike recoveries as compared to refer
ence tissues for each method suggest that for spike forms, 
selenomethionine better reflects the behavior of selenium in 
tissue during this digestion, especially for potential losses. 
The tendency of selenium to accumulate in tissues through 
replacement of sulfur in amino acids is well documented (3). 
Because selenomethionine is readily available and stable in 
solution, we recommend that this form be used for spiking 
when selenium is determined in tissue.
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Table 1. Determination of selenium In reference tissues and spiked fish by method A and method B
Concn, ¡xqtg Recovery, %

Material Method Aa Method Ba Reported6 Method Aa Method Ba
Change,

%c

NIST Tuna RM-50 
NIST 1577 Liver 
NFCRC Bass6 
Fish spike 

(selenomethionine) 
Fish spike 

(Na2Se04)

3.59 ±  14(77) 
1.05 ±0.03 (30) 
2.20 ±0.12 (72)

3.69 ±0.17 (51) 
1.08 ±0.03 (35) 
2.30 ±0.10 (44)

3.6 ±  0.4 
1.1 ±  0.1 
2.3 ±  0.2

90.4 ±  8.4 (67) 

98.8 ±  6.2 (92)

94.4 ±  5.3 (64) 

95.7 ±  5.9 (44)

+2.8
+2.9
+4.5
+4.4

-3.1

a Mean ±  std. dev. (number of determinations).
6 Mean ±  95 percent confidence interval.
c Percent change of mean measured by Method B relative to Method A.
d National Fisheries Contaminant Research Center “ in house” reference fish tissue (see Ref. 1).

Determination of Polydextrose (Polymer) and Residual Monomers in Polydextrose by 
Liquid Chromatography
JOHN W. THOMAS, DONNA L. BROWN, DANIEL J. HOCH, JOHN J. LEARY, III, and 
JARMILA DOKLADALOVA
P f i z e r  In c ., Q u a l i ty  C o n tro l D iv is io n , E a s te r n  P o in t R d ,  G ro to n , C T  0 6 3 4 0

A simple, liquid chromatographic method has been devel
oped for determination of the reduced-calorie food additive 
polydextrose—a water soluble, 1 kilocalorie/gram bulking 
agent used extensively for manufacture of low-calorie food 
products. The method allows rapid determination of polydex
trose content as well as determination of the minor compo
nents: dextrose, sorbitol, and 2 Isomeric anhydroglucoses In 
bulk samples of polydextrose. The proposed method Is supe
rior to current F ood C hem ical C odex  (FCC) methodologies 
for determination of polydextrose (phenol sulfuric acid spec
trophotometry) and for determination of residual monomers 
[gas chromatographic (GC) determination as their trimethyl- 
sllyl derivatives]. The proposed method Is more precise, 
considerably faster, and is safer to execute. The method 
uses a resin-based cation exchange column, 0.001N sulfuric 
acid mobile phase, and differential refractive index detec
tion. Analyte response curves were linear; and data dis
played good precision with coefficients of variation ranging 
from 1.1 to 1.6%. The efficiency, specificity, precision, and 
ruggedness of the method make it amenable to implementa
tion in a routine quality control operation.

Polydextrose is a water soluble, randomly bonded polymer of 
dextrose (1). It is categorized as a reduced-calorie food addi
tive because it is only partially metabolized in the human 
body [1 kilocalorie/gram (kcal/g)] (2). Polydextrose was 
introduced as a reduced-calorie, bulking/texturizing agent 
for the manufacture of reduced-calorie foods. Using polydex
trose, a variety of foods can be produced that simulate the 
hedonic attributes of their higher-calorie counterparts (3).

Polydextrose is commercially available in powder form or 
as a 70%, partially pH neutralized aqueous solution (pH of

Received January 16, 1990. Accepted October 19, 1990.

dilute solution, 5-6). The commercial product typically con
tains small quantities of residual citric acid, dextrose, sorbi
tol, and 2 isomeric anhydroglucoses that occur in an approxi
mate 1:1 ratio.

The current F ood C hem ical C odex  (FCC) determination 
of polydextrose polymer uses the classic, nonselective, colori
metric phenol-sulfuric acid reagent (4) to produce an in situ 
hydrolysis of the polymer. Reaction of the resulting dextrose 
allows the polymer to be determined spectrophotometrically 
vs a similarly treated dextrose reference standard. It is neces
sary to correct the spectrophotometric result for the positive 
bias generated by the content of monomeric dextrose and 
anhydroglucoses. FCC determination of residual dextrose, 
anhydroglucoses, and sorbitol uses silyl derivatization of 
these substances in a separate GC procedure. Both FCC 
assays are lengthy and exacting in their execution.

The present study describes a rapid, liquid chromato
graphic (LC) method that determines polydextrose, dex
trose, sorbitol, and the anhydroglucoses simultaneously by 
direct injection of test solutions, prepared simply by dilution 
with mobile phase.

METHOD

A pparatus

(a) L iqu id  ch rom atograph .—Solvent delivery pump oper
ating at 0.6 mL/min (Model 590, Waters Associates, Inc., 
Milford, MA), Waters WISP, Model 710B automatic injec
tor (20 mL injection), Aminex HPX-87H column, 30 cm X
7.6 mm id (Bio-Rad, Richmond, CA), Waters Model 410 
differential refractive index detector, and Spectra Physics 
4200 computing integrator (Spectra Physics Inc., San Jose, 
CA). For experiments using UV detection at 210 nm, a 
Model 783 variable wavelength detector (Applied Biosys
tems, Foster City, CA).
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Figure 1. Typical chromatogram of polydextrose sample. 
Peak identities are: (1) polydextrose, (2) citric acid, (3) 
dextrose, (4) sorbitol, (5) anhydroglucose I, and (6) anhy- 

droglucose II. LC conditions as described in text.

R eagen ts

(a) D extrose .—CAS No. 50-99-7, NIST reference stan
dard 41c.

(b ) 1,6-A nhydro-P -D -glucose.—CAS No. 498-07-7 (le- 
voglucosan), 99% (Aldrich Chem. Co.).

(c) S o rb ito l.—CAS No. 50-70-4, 99.4% (Pfizer quality 
control reference standard).

(d ) P o lyd ex tro se .—CAS No. 68424-04-4 (Pfizer quality 
control reference standard, 91.5%).

(e) P o lydex tro se .—CAS No. 68424-04-4. Samples from 
routine production (Pfizer Inc).

(f) S olven ts .—Sulfuric acid was analytical reagent grade; 
deionized water (Milli-Q, Millipore Co., Bedford, MA).

(g) M obile  ph ase/sam p le  d ilu en t.—0.001N sulfuric acid, 
prepare with deionized water.

S am ple/S tan dard  Preparation

(a) P olyd ex tro se  sam ple prepara tion .—Prepare sample 
solutions to contain ca 4 mg polydextrose/mL by dilution 
with mobile phase.

(b ) P o lydex tro se  s tan dard  p repara tion .—Prepare solu
tions of the polydextrose standard to contain ca 4 mg stan- 
dard/mL by dilution with mobile phase.

(c) C om bined m onom er s tan dard .—Prepare a standard 
solution containing dextrose (0.16 mg/mL), sorbitol (0.08 
mg/mL), and 1,6-anhydro-/3-D-glucose (0.08 mg/mL) by 
dilution with mobile phase.

M ethod D evelopm en t

The Aminex series of resins has found application in a 
variety of carbohydrate analyses (5-7). The Aminex HPX- 
87H column contains an 8% cross-linked, sulfonic acid cation 
exchange resin that provides chromatographic resolution of 
polydextrose, citric acid, dextrose, sorbitol, and 2 isomeric

anhydroglucoses (see Figure 1). Because of molecular size, 
polydextrose is essentially unretained. Retention times for 
the minor components were identified with authentic stan
dards, where applicable. Thermospray liquid chromatogra
phy triple quadrupole mass spectrometry was used to assess 
the peak homogeneity and to confirm the identity of the 
chromatographic peaks. In particular, the anhydroglucose I 
peak, for which a reference material is not commercially 
available, was identified as an anhydroglucose based on a 
molecular weight of 162 daltons.

To analyze polydextrose samples by LC, appropriate cali
bration protocols for the polymer and the residual monomers 
are required. For residual monomers, commercially available 
standards of dextrose, sorbitol, and l,6-anhydro-/3-D-glucose 
(to quantitate both isomers of anhydroglucose) could be 
used, as is currently described in the FCC GC procedure (1). 
Flowever, because a reference standard for polydextrose 
(polymer) is mandatory, and because the most reasonable 
approach to fulfill this need is to thoroughly characterize the 
content of minor components in a polydextrose reference 
standard, we recommend that a polydextrose reference stan
dard be used as the calibrating standard for quantification of 
both polydextrose and residual monomers.

In the present study, we established a polydextrose/mono- 
mers reference standard via the following protocol. Levels of 
dextrose, sorbitol, and anhydroglucose of a typical polydex
trose bulk were determined by the method describee in the 
present paper, using an external standard prepared from 8 
dextrose, sorbitol, and l,6-anhydro-/3-D-glucose standards 
(the combined monomer standard). The citric acid content 
was determined to be approximately 0.4% with the chro
matographic method, using UV detection at 210 nm. The 
monomer and citric acid data, along with moisture and ash 
data (FCC methods), allowed the polymer content to be 
calculated using the following equation:

polydextrose, % = 100 -  [g + s + ani + an» + c + m + as]

where g  = % glucose, j  = % sorbitol, an\ = % anhydroglucose 
I, an\\ = % anhydroglucose II, c = citric acid, m =  % moisture 
(FCC), and as = % ash (FCC).

Results and Discussion
Selectivity, reproducibility, and accuracy of the assay were 

studied. Although peak height measurement is applicable, 
use of area measurement is recommended. In normal execu
tion of the method, citric acid and dextrose appeared as 
shoulders, whose peak areas were tangent skimmed off the 
tail of the polydextrose peak (Figure 1).

Well-behaved response curves were obtained for the spe
cies studied. Polydextrose response, from 6 concentrations 
spanning the range from 1 mg/mL to 10 mg/mL, was linear 
with an observed correlation coefficient of 0.9999. Linearity 
of the minor component responses was studied over concen
tration ranges covering approximately 20-200% of the con
centration levels typically expected in polydextrose. Linear
ity of dextrose response was demonstrated over the range 
corresponding to 0.8% and 8% by weight; a correlation coeffi
cient of 0.9999 was obtained. Linearity for sorbitol response 
was tested from 0.4% to 4% by weight of the polydextrose 
sample; a correlation coefficient of 0.9997 was obtained. To 
obtain the response curve for anhydroglucoses, 1,6-anhydro- 
/3-D-glucose was employed over a concentration range corre
sponding to 0.33% to 3.3% by weight of polydextrose sample. 
A linear response curve with a correlation coefficient of 
0.9992 was obtained.
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Table 1. System and assay precision data
cv, %

Analyte Assay precision3 System precision6

Polydextrose 1.2 0.2
Glucose 1.2 0.1
Sorbitol 1.2 0.5
Anhydroglucose 1 1.6 1.4
Anhydroglucose II 1.1 0.9

3 Assay precision data (weight-to-weight precision) are derived from 
5 parallel analyses of a typical polydextrose sample. 

b System precision data (injectlon-to-lnjection precision) are derived 
from 5 injections of a single polydextrose solution. Anhydroglucose 
peaks showed greater imprecision because they were smaller and 
broader peaks that were more difficult to integrate. The low relative 
standard deviations (system precision) for the polydextrose and 
glucose peaks should be considered fortuitous.

Because citric acid is present in low concentrations and is 
not directly determined in the FCC monograph, no attempt 
was made to determine citric acid in routine production 
samples.

The data summarized in Table 1 demonstrate that the 
determination of polydextrose had a coefficient of variation 
(CY) of 1.2% for these samples. While the same precision 
applied to determination of glucose and sorbitol present in a

Table 2. Residual monomer determinations by LC and GC
Polydextrose powder

Total
anhydro-

Glucose Sorbitol glucose

Lot No. GC LC GC LC GC LC

1 3.6 3.2 1.7 1.7 2.9 3.0
2 3.8 3.9 1.9 1.8 3.1 3.0
3 2.9 3.1 1.7 1.7 2.4 2.5
4 3.3 3.6 1.7 1.7 2.8 3.0
5 3.7 4.0 1.7 1.8 2.6 2.8

Av. 3.5 3.6 1.7 1.7 2.8 2.9
Std dev. 0.4 0.4 0.09 0.05 0.3 0.2

Polydextrose solution3

6 3.1 3.0 1.9 1.8 2.3 2.6
7 3.0 3.2 1.9 1.8 2.5 2.6
8 3.0 3.4 1.8 1.9 2.5 2.8
9 3.3 2.9 1.9 1.8 2.6 2.6

10 3.2 3.1 1.9 1.9 2.4 2.6
Av. 3.1 3.1 1.9 1.8 2.5 2.6
Std dev. 0.1 0.2 0.04 0.05 0.1 0.09

70% solutions

Table 3. Polydextrose bulk purity determinations by 
phenol/sulfuric spectrophotometrlc and LC methodologies

Lot3

Polydextrose, %

Phenol/sulfonlc6 LC Difference

1 93.8 92.0 -1 .8
2 92.6 93.4 +0.8
3 92.8 94.0 +  1.2
4 92.5 92.7 +0.2
5 91.7 93.0 +  1.3
6 95.6 92.3 -3 .3
7 93.1 91.5 -1 .6
8 93.3 93.2 -0.1
9 94.1 92.9 -1 .2

Av. 93.3 92.8 -0 .5
Std dev. 1.1 0.8 1.6

3 Sample set = 4 powder lots and 5 solution lots.
6 Polydextrose values are reported on an anhydrous, ash-free basis.

sample of polydextrose, anhydroglucose I was determined 
with a CV corresponding to 1.6% and anhydroglucose II with 
a CV of 1.1%.

Comparative residual monomer data were obtained by 
analysis of polydextrose samples using the FCC GC method 
(see Table 2). These data show close agreement between the 
2 procedures and confirm that the LC data are acceptable. 
Results of a 9-lot comparison between polydextrose content 
determined by phenol-sulfuric acid and LC methodologies 
are reported in Table 3. The data indicate that LC determi
nation of polydextrose may tend to produce slightly lower 
results (ca 0.5%); however, based on a statistical paired t 
comparison ( t observed 0.955), this cannot be stated with 
certainty.

The LC method described here is capable of rapidly and 
precisely quantifying residual minor components as well as 
polydextrose in commercially available polydextrose. This 
approach provides an efficient alternative to the 2 FCC pro
cedures, a silylation/GC determination of residual mono
mers and a nonselective colorimetric assay in sulfuric acid 
medium for quantification of polydextrose.
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R e g i o n a l  S e c t i o n s  B r i n g  

B e n e f i t s  C l o s e r  t o  H o m e

History
Organization of AOAC regional sections was begun in 
1981. The purpose was to provide a mechanism 
whereby AOAC members and other laboratory ana
lysts could get together regularly and at low cost to 
share common interests and problems, find ways to 
solve these problems by providing practical education 
seminars and hands-on training workshops, and learn 
about and become involved in the AOAC methods 
validation process.

Who May Join
Membership in a regional section is open to any in
dividual interested in the purpose of the regional sec
tion and residing or working within its boundaries. 
Officers of the sections must be members of AOAC.

B E N E F I T S

m M e e t  a n d  ta lk  w ith  fe llo w  
s c i e n t i s t s  in  a  r e la x e d  
a tm o s p h e r e
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m Gain e x p o s u r e  fo r yo u r  w ork  
a n d  th e  w ork  o f  yo u r  s ta f f

m M ake va lu a b le  c o n ta c ts

m S h a re  co m m o n  p r o b le m s  
a n d  so lu tio n s  w ith  fe llo w  
a n a ly s ts

m B e c o m e  b e t t e r  a c q u a in te d  
w ith  th e  w ork  o f  y o u r  p e e r s

Locations and Boundaries
There are currently eleven chartered AOAC regional sections in 
the U.S., Canada, Europe, and the Mediterranean area:

Central Regional 
Section
Indiana
Kentucky
Michigan
Ohio
West Virginia 
Portions of 
Pennsylvania

Eastern Ontario- 
Quebec Regional 
Section
Quebec 
Portions of 
Ontario

Europe
Regional Section

Europe
Non-European 
countries on the 
Mediterranean 
Sea

Mid-Canada 
Regional Section
Manitoba

Midwest Regional 
Section
Illinois
Iowa
Kansas
Minnesota
Missouri
Nebraska
North Dakota
South Dakota
Wisconsin

New York-New 
Jersey Regional 
Section
New York City 
metropolitan area 

New Jersey

Northeast 
Regional Section
Maine
Massachusetts 
New Brunswick, 
Canada

New Hampshire 
Nova Scotia,
Canada

Prince Edward 
Island, Canada 

Rhode Island 
Vermont
Portions of Connect
icut, New York, 
Pennsylvania and 
Ontario, Canada

Pacific Northwest 
Regional Section
Alaska
Alberta, Canada 
British Columbia, 
Canada 

Idaho 
Oregon 
Washington

Pacific Southwest 
Regional Section
Arizona
California
Hawaii
Nevada
Utah

Southeast-USA 
Regional Section
Alabama 
Florida 
Georgia 
Mississippi 
North Carolina 
South Carolina 
Tennessee 
Virginia

Southwest 
Regional Section
Arkansas 
Louisiana 
New México 
Oklahoma 
Texas

Each regional section 
is organized and run 
by a local volunteer 
committee. Additional 
sections are in 
various stages of 
becoming organized.

F or further inform ation contact: Coordinator, Membership and Regional Sections, 
AOAC, 2200 Wilson Blvd., Suite 400-J, Arlington, VA 22201-3301 USA, Phone 
(703) 522-3032.
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I f  o u r  a p p r o a c h  t o  o r g a n i c  a c i d  a n a l y s i s  
w a s  a n y  e a s i e r ,  y o u  c o u l d  c a l l  i t  c h i l d ’s  p l a y .

Introducing Waters 
Capillary Ion Analysis.

Measuring the organ'c adds in 
samples like wine or juice can be a 
complicated matter. So why bother 
with conventional memods when you 
can get good, quantitative results 
easily and quickly with capillary 
ion analysis (CIA).

C h a b lis  W in e
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7-15 Minutes
Original Original

Concentration Concentration
Peak # (/yg/ml) Peak # (/ig/ml)
1. Chloride 6. Succinic Acid 300
2. Sulfate 7. PhDsphote
3. Citric Acid 127 8 Acetic Acid 260
4. Tartaric Acid 2,645 9. Lactic Acid 296
5. Malic Acid 3,291 10. Internal Standard

The Unique Selectivity of CIA.
CIA separates analytes according 
to molecular charge and size. In an 
organic acid CIA separation, the 
acids move at different speeds than 
the more neutral carbohydrates and 
phenolics. These interferences are

left behind in the capillary and are 
purged automatically before the 
next injection. So in most cases, all 
you have to do to prepare a sample 
is dilute it in water and the unique 
separating power of CIA takes care 
of the rest.

Waters“ Quanta 4000  Capillary 
Electrophoresis System ana 
NICE-Pak" Chemistries for CIA.
Waters Quanta 4000 CE System 
and proprietary NICE-Pak Chemis
tries are unbeatable a t keeping 
organic acid analysis simple. And, 
on a cost per test basis, the CiA 
approach is as much as 6X cheaper 
than HPLC and 25X cheaper than 
enzyme analysis.

We’d like to tell you more.
Write, fax, or call us (or more infor
mation and while you're at it, send 
for a  copy of our free videotape by 
clipping and returning the attached 
coupon.

Waters Chromatography Division, 
Millipore Corporation, 34 Maple 
Street, Dept.-MC, Milford, MA 0175/ 
Phone: 1508) 478-2000 Ext. 2614 
Facsimile: (508) 478-5839 
I----------------------------------------------
I Send me Waters videotape The Science of 
I Capillary Electrophoresis.
I Name___________________________

! Title_____________________________

| Organization______________________

[ Dept./Mail Stop___________________

| Address___________________________

| City-------------------------------------------------

| State____________ Zip----------------------

I Phone___________________________ -

900335j

W a te r s
Division of MILLIPORE

CIRCLE 54 ON READER SERVICE CARD
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