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How To Uncover 
The Hidden Costs 

Of Chromatography.
Do you realize how m uch lower-purity HPLC 
solvents might be costing you? Consider 
die frequent consequences.

4 The cost to repeat separation proce
dures because of solvent artifacts —
this wastes analytical labor and 
valuable instrument time.

4 The cost to regenerate a water 
deactivated column — this causes 
instrument "downtime" which re
quires additional chromatographs to 
perform the same amount of work.

4 The cost to wash off a residue-laden 
column — the residue decreases 
column efficiency.

4 The cost of replacing columns, filters 
and check valves clogged with parti
cles — this can increase costs from 
$ 200- 800 .

4 The cost of isolating residue from 
preparative peaks — this may cause 
additional intermediary separations 
to remove unwanted contaminants.

4 The cost of maintaining an additional 
inventory of several “grades” of 
purity (HPLC, GC, Spectro, etc.) — 
the quality of high purity solvents 
deteriorates while on a shelf.

4 The cost to frequently evaluate the 
less uniform solvents — this diverts 
attention away from productive 
analytical time.
Avoid these “hidden costs" and time- 
consuming effects from using lower 
purity solvents. Switch to B&J Brand 
High Purity Solvents. Because, when 
It comes to cost and performance, 
there's no comparison. B&.J Brand 
is your best value.

Sure, less pure solvents might be 
cheaper. But why jeopardize your 
chromatography results when you 
use them? In the long run, lower 
purity solvents can cost you more 
because of their inconsistent quality. 
Compare for yourself. If you're cur
rently using lower purity HPLC 
solvents, try the highest purity sol
vents — B&J Brand. You’ll notice the 
difference right away.
Then do this. Figure out your cost- 
benefit equation for HPLC chroma
tography. The answer will be pure 
and simple. For lower costs and 
better results, it’s B&J Brand High 
Purity HPLC Solvents.
Write or call today for a free technical 
bulletin about B&J Brand High Purity 
HPLC Solvents. We’ll also send you 
our distributor listing so you can con
veniently order B&J Brand Solvents 
from a distributor near you.

Avoid the hidden costs. 
Switch to B&J Brand 
High Purity Solvents.

iQ ; BURDICK&
p i JACKSON

L A B O R A T O R I E S ,  I N C .
I vSj  South Harvey Street, Muskegon, Michigan U.S.A. 49442 (616) 726-3171



Nitrogen/Protein Analysis:

Every 3 minutes. Day and night
With the new ANA 1500 
from Carlo Erba— the leader 
in microanalysis.
When productivity, cost per analysis, and accuracy are 
important factors in your micro and macro Nitrogen or 
Nitrogen and Carbon analysis, here is a system that 
will deliver unequalled performance in all three areas.
Higher Productivity. The ANA 1500 is a fully auto
matic system with a 50-sample carousel, designed for 
unattended, continuous operation. It will analyze a 
sample every three minutes—24 hours a day. An 
optional data system will reduce your calculations 
and record keeping.

Lower Cost Per Analysis. Rapid, pollution free analysis, 
built-in reliability and an inherent high uptime all 
contribute to a very low cost per analysis, especially 
in view of the very reasonable investment.
Improved Accuracy. The highly stable TC detector and 
automation deliver the previously unattainable 
accuracy of better than 
± 0.2% .

Write for a full list of 
applications and 
details on our ANA 
1500 or the CHN-O/S 
Analyzer, or call us 
for a demonstration 
in your area.

CRRLO ERBR  
S T R U m E R T R Z IO n E
FARMITAUA CARLO ERBA SUBSIDIARY mOOTEOISOn GROUP

Erba Instruments, Inc. 
4 Doulton Place 

Peabody, MA 01960 
(617) 535-5986



Yours F R E E :

Send for copies of these impor
tant publications. You’ll be 
under no obligation to sub
scribe, although chances are 
you will after reading your 
first issue. Here’s all you’ll 
receive:

JOURNAL OF

Chromatographic Science
F eatu res articles describ ing  recent advances 
in ch ro m a to g rap h ic  techniques an d  ap p lica
tions. In every issue, y o u ’ll receive in fo rm a 
tion  on  s ta te -o f-th e -a rt p ro d u c ts  and  lite ra 
tu re . M eeting an n o u n cem en ts , sh o rt course 
in fo rm a tio n , book  review s an d  o th e r news 
item s are  regularly  presen ted  in th is m onth ly  
jo u rn a l.

JOURNAL OF

Analytical Toxicology
Get the latest inform ation on toxic substances, 
and how they are isolated and identified. JA T  
provides w orldwide coverage o f m onitoring 
therapeutic drugs, environmental and industrial 
contam inants, as well as drugs o f  abuse. 
Forensic toxicologic investigations are includ
ed. New products and literature, book reviews 
and m ore news in each bim onthly issue.

For Your Free Issues, or to Subscribe, Please Complete:

□  Send m e a free issue o f  □  JC S  □  JA T  □  B oth A O A C
□  Sign m e up  fo r a su b scrip tio n :

□  Journal of Chromatographic Science (1 yr. U.S. S80.00)
□  Journal of Analytical Toxicology (1 yr. U.S. $85.00)
□  C heck , m oney  o rd er o r  pu rchase o rd er enclosed (U .S . fu n d s /U .S . bank  only).
□  Bill m e.

N a m e _________ ,_________________________________________________
C o m p an y  _______________________________________________________
A d d r e s s ______________________________________________________ __
C ity  _______________________________________  S ta te  _______ _  Z ip

P lease allow  4 w eeks fo r  delivery.
______ PRESTO!I
PUBLICATIONS.

INC. P O  Box 48312 
Niles. Illinois 60648 U S A



Get the 
worst out 
of things.

UNITREX
Universal Trace Residue Extractor.

SGE's Universal Trace Residue Extractor -  
Unitrex -  gets the worst out o f you r samples. Unitrex 
has been developed as an effic ient and economical 
clean-up system fo r the recovery o f pesticides and 
organic residues from  meat fats, butter, cheese, 
vegetable o ils and a w ide range o f samples.

Operating and maintenance costs have been kept 
to  a m inim um. Unitrex can process 10 samples 
simultaneously, and on ly small amounts of solvent and 
gas are required. The processing is fast and reliable -  
and Unitrex has rapid w arm -up and ±  1°C temperature 
stability.

Performance Is excellent. Recoveries for a range of 
pesticides, both organo-chlorine and organo
phosphorous com pounds, are better than 90% for 
most samples at ppb levels, and the extract is clean 
enough fo r d irect chrom atographic injection into 
capillary colum ns or packed colum ns, even w ith highly 
sensitive detectors such as ECD, FDP. and NPD.

Head Office and International Sales
Scientific Glass Engineering Pty Ltd 
7 Argent Place Ringwood 
Victoria 3134 Australia.
Telephone (03)8746333 
UK Sales Office
Scientific Glass Engineering (UK) Ltd 
Potters Lane Kiln Farm 
Milton Keynes MK11 3LA Great Britain 
Telephone (0908) 568844 
U.S.A. Sales Office 
Scientific Glass Engineering Inc 
2007 Kramer Lane Suite 100 
Austin Texas 78758 USA 
Telephone (512)837 7190
German (BRD) Sales Office
Scientific Glass Engineering GmbH 
Fichtenweg 15 
D-6108 Weiterstadt 1 
Telephone (06150) 40662



Scanning Cellulose Acetate?

Our new multi-media, patented' fiber optic scanner is 
designed to detect the optical properties of a wide varie
ty of media. Applications are virtually unlimited.

Scannable media includes autoradiograms, TLC plates, 
paper, glass, textiles, metals, gels, powders, films and 
others. Qualitative internal and external strain analysis 
scans are also possible using dual polarizing filters.

A wide range of operating modes, scan head configura
tions and spectral parameters provide a unique com
bination of sensitivity and flexibility. Spectrally & ther
mally stabilized detectors and electronics provide an 
overall reproducibility of ± 1% or better.

We could go on about our patented optics, compact 
size, ease of operation, low power consumption, and 
more —and we do in our scanner brochure with detailed 
specifications. Pat. no. 3.562,539 - 3.924,94s

Q  C € © R f lT [
You Can't Buy Better Laboratory Products. 

Vineland. NJ 08360 (609) 692-8500

Exclusive Distributors: K O N T E S  O F IL L IN O IS , E v a n s t o n ,  I l l i n o i s  

K O N T E S  O F  C A L IF O R N IA , S a n  L e a n d r o .  C a l i f o r n i a



A newly updated com pilation  
o f  o ver300methods fo r
pesticide form ulation  analysis

EPA MANUAL OF CHEMICAL 
METHODS FOR PESTICIDES AND DEVICES

Compiled by EPA and state laboratories

For analysis of:
• germicides • herbicides • rodenticides
• fungicides • insecticides

Using the follow ing techniques:
• gas-liquid and high pressure liquid chromatography
• infrared, ultraviolet, and atomic absorption spectroscopy
• classical chemical procedures
In some cases, these are the only methods available
for a particular formulation.

Specialfeatures:
• Pesticide formulations bibliography
• Special section on thin layer chromatographic 

analysis with detailed directions for the prepara
tion of TLC plates, and tables listing optimum 
solvent sy stems and visualization techniques for 
each pesticide

• Cross-reference index -  trade names cross- 
referenced to the manual

• Infrared spectra -  more than 350 spectra of 
pesticide compounds

Contains 200 methods published in 1976, plus supplements
which added 20 methods in 1977, 30 in 1979, and 55 in 1982
1363 pages. With spectra. 1983- Includes 3 supplements and binder. ISBN 0-935584-23-4. Price—Members: S61.95 in
U.S., 864.95 outside U.S., Nonmembers. S68.50 in U.S., $71.50 outside U.S. 1982 Supplement can be purchased separately.
Price—Members: S15.40 in U.S., S16.40 outside U.S., Nonmembers: SH OO in U.S., 518.00 outside U.S.

1884-1984
Order from AO AC, 1111 N. 19th St., Suite 210j, AOAC
Arlington, VA 22209 USA (U.S. hinds only)



When you need a reliable source of regulatory 
information about ingredients, consult
the FOOD CHEMICAL NEWS GUIDE
the convenient, comprehensive and up-to-date reference to the current status of food 
and color additives under FD A

- -''¿I1

Published by FOOD CHEMICAL NEWS
1101 Pennsylvania Ave., S.E.
Washington, D.C. 20003

□  YES, send me the FOOD CHEMICAL NEWS GUIDE, including one full year of weekly 
update service for $425. *

□  Bill me. □  Check enclosed.

Name_________ _________________________ Title_________________________

Organization_________________________________________________________

Address -_____________________________________________________________

City_____________________________ _______ State_____________________ Zip

’Postal charge additional ior foreign subscriptions.

For more information, call our Circulation Manager at (202) 5 4 4 -1 9 8 0 .



IS YOUR
AOAC LIBRARY COMPLETE?

Optimizing Laboratory Performance Through 
the Application of Quality Assurance 
Principles—Proceedings of a Symposium.
1980.160 pp. Softbound. ISBN0-935584-19-6. 
Members: $25.50 in U.S., $28.50 outside U.S. 
Nonmembers: $28.00 in U.S., $31.00 
outside U.S.

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

FDA'Ihiining Manual for Analytical Entomology 
in the Food Industry'. 1978.184 pp. Looseleaf. 
ISBN0-935584-11-0. Members: $13.25 in U.S., 
$14.25 outside U.S. Nonmembers: $14.50 in 
U.S., $15.50 outside U.S.

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

Infrared and Ultraviolet Spectra of Some Com
pounds of Pharmaceutical Interest. 1972.
278 pp. Softbound. ISBN 0-935584-04-8. 
Members: $12.80 in U.S., $13.80 outside U.S. 
Nonmembers: $14.00 in U.S., $15.00 
outside U.S.

An expansion of an earlier compilation. More 
than 800 spectra.

M ycotoxins Methodology. 1980. 22 pp. Soft- 
bound. ISBN0-935584-16-1. Members: $10.90 
in U.S., $11.90 outside U.S. Nonmembers: 
$12.00 in U.S., $13.00 outside U.S.

Reprinted from Chapter 26 Official Methods 
of Analysis, 13th Edition. Approved methods for 
natural toxins in many commodities.

Micro-Analytical Entomology for Food Sanita
tion Control. 1962. 576 pp. Hardbound.
840 Illustrations. ISBN 0-935584-00-5. 
Members: $30.00 in U.S., $33.00 outside U.S. 
Nonmembers: $33.00 in U.S., $36.00 
outside U.S.

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

Test Protocols for the Environmental Fate and 
Movement of Toxicants— Symposium Pro
ceedings. 1981. 336 pp. Softbound. ISBN
0-935584-20-X. Members: $27.30 in U.S., 
$30.30 outside U.S. Nonmembers: $30.00 in 
U.S., $33.00 outside U.S.

Chemical and biological tests plus methods for 
interpreting or predicting results through 
mathematical models.

FDA Bacteriological Analytical Manual (BAM) 
5th Ed. 1978. 448 pp. Looseleaf. ISBN
0-935584-12-9. Members: $24.50 in U.S., 
$27.50 outside U.S. Nonmembers: $27.00 in 
U.S. $30.00 outside U.S.

Provides regulatory and industry laboratories 
with methods for detection of microorganisms. 
Updated by supplements.

Mycotoxins Mass Spectral Data Bank. 1978.
60 pp. Softbound. ISBN 0-935584-13-7. 
Members: $12.80 in and outside U.S. Non- 
members: $14.00 in and outside U.S.

A computer-based compilation of 104 mass 
spectra with listing by molecular weight.

Newburger’s Manual of Cosmetic Analysis 
2nd Ed. 1977.150 pp. Softbound. ISBN
0-935584-09-9. Members: $13.70 in U.S., 
$14.70 outside U.S. Nonmembers: $15.00 in 
U.S., $16.00 outside U.S.

Chromatographic techniques and spectros
copy with analyses for various specific 
cosmetics.

Statistical Manual of the AOAC. By W. J. Youden 
and E. H. Steiner. 1975. 96 pp. Softbound. 
With illustrations. ISBN 0-935584-15-3. 
Members $12.25 in U.S., $13.25 outside U.S. 
Nonmembers $13.50 in U.S., $14.50 
outside U.S.

A do-it-yourself manual for statistical analysis 
of interlaboratory collaborative tests.

Send check to AOAC, Suite 210-J, 1111N 19th St., 
Arlington, VA 22209, USA. 703/522-3032.

To qualify for member price, include Member Number with order.



It's Almost Here!

theA O A C
Centennial —

A  Century of Analytical Excellence

1884 ■ AOAC established to
standardize methods for the 
analysis of fertilizers

A brand new format for an 
expanded Journal of the AOAC

• Spring Training Workshop in 
Philadelphia, April 30-May 2, 
1984

• Special articles in the Referee
• A history of AOAC
• Centennial Meeting, O ctober 

29-November 2 ,1 9 8 4
with:
—Keynote speech by winner of 2 

Nobel prizes, Dr. Linus Pauling 
—Special Symposia 
—An exhibit of equipment, photos, 

and other memorabilia from the 
early days of AOAC 

—Joint Symposium with IUPAC on 
the Harmonization of 
Collaborative Analytical Studies 

—Joint meetings with CIPAC and ISO

AOAC methods 
development and 
validation has 
been expanded 
from fertilizers to:

Agricultural L im in g M aterials
Fertilizers
Plants
D isinfectan ts 
Hazardous Su bstan ces 
Pesticide Form ulations 
Animal Feed
Baking Powders and B ak in g  C h em icals 
Beverages: D istilled Liquors 
Beverages: Malt B ev erag es and B rew ing 

M aterials 
B everages: W ines 
Beverages: N onalcoholic and 

C oncentrates
Cacao B ean and Its Products
C ereal Foods
Coffee and T ea
Dairy Products
Eggs and Egg Products
Fish and O ther M arine Products
Flavors
Food Additives: D irect 
Food Additives: Indirect 
Fruits and Fruit Products 
Gelatin, D essert P rep aration s, and 

M ixes
M eat and M eat Products 
M etals and O th er E lem en ts a s  R esidues 

in Foods 
Natural Poisons 
Nuts and Nut Products 
O ils and Fats 
Pesticide R esidues 
Sp ices and O ther C ondim ents 
Sugars and Su gar Products 
Vegetable Products, Processed  
W aters; and Salt 
Color Additives 
C osm etics 
Drugs: G eneral 
Drugs: Acidic
Drugs: Alkaloid and Related B ases  
Drugs: Neutral 
Drugs: Illicit
Drugs and Feed Additives in Animal 

T issues
Drugs in Feeds
Vitam ins and O th er N utrients 
Extraneous M aterials : Isolation  
Forensic S c ie n ces 
M icrobiological Methods 
M icrochem ical M ethods 
Radioactivity 
Spectroscopic M ethods 
Standard Solu tion s and M aterials 
Laboratory Safety
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ADVERTISERS, AND CONTRIBUTORS

The Journal of the Association of Official Analytical Chemists is 
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P E S T IC ID E  R E S ID U E S

Novel Method for Estimation of Chlorinated Pesticide Residues 
in Milk

KAZUHIKO ADACHI, NOBUYUKI OHOKUNI, TAKAO MITSUHASHI, and 
MASASHI YOSHIDA
Public Health Institute of Hyogo Prefecture, 2-1 Arata-cho, Hyogo-ku, Kobe 652, Japan

A new, sim ple, and rapid procedure for determ ining  
chlorinated pesticide residues in milk is described. 
The entire acetonitrile extract from  milk is passed 
through a 0.5 g activated charcoal chrom atographic 
colum n. Chlorinated pesticides adsorbed on the 
charcoal are eluted with 10 0  m l  acetone-hexane ( 1  +
1). The eluate is washed w ith w ater and 1% sodium  
carbonate solution, and chlorinated pesticides are 
extracted w ith hexane. The extract is concentrated  
and measured by electron capture gas chrom atogra
phy. Recoveries from  50 mL milk samples fortified  
w ith 0 .04-1 .6  pg of different BHC isomers, 0 .05-2  ¿eg 
DDT and its m etabolites, and 0 .05-0 .5  >tg dieldrin  
ranged from  86.9 to 103.2%.

Activated charcoal has been used in the AOAC 
method (1) and the official Japanese method (2, 
3) for determining organophosphorus pesticide 
residues in agricultural products, but it has sel
dom been used in an analytical method for 
chlorinated pesticide residues. Alessandro et al. 
use graphitized carbon black as an enrichment 
adsorbent material in the determination of 
chlorinated pesticides in water (4).

We found that chlorinated pesticides adsorbed 
on activated charcoal were retained even after 
the column was washed with a large volume of 
acetonitrile-water (60 +  40), but a small portion 
of fat extracted from milk was eluted. Therefore, 
we were able to separate chlorinated pesticides 
from fat in the determination of chlorinated 
pesticides in milk by use of acetonitrile-water (70 
+  30) extraction and activated charcoal column 
chromatography.

In this paper we report on the use of activated 
charcoal for the recovery of chlorinated pesti
cides from milk.

METHOD

R e a g e n t s

( a )  Pesticide grade solvents. —Acetonitrile, ace

tone, and hexane (Wako Pure Chemical In
dustry).

(b) Activated charcoal.—Coconut shell charcoal 
(Wako Pure Chemical Industry), 250-300 mesh. 
Wash with acetone and heat 3 h at 400°C.

(c) Sodium carbonate solution. — 1%. Dissolve 
10  g analytical reagent grade sodium carbonate 
in 1 L water.

(d) Extracting solvent.—Acetonitrile-water (70 
+  30).

(e) Eluting solvent.— Acetone-hexane (1 +  1).
( f )  Pesticide standard solution.—Standards

(>95%) were obtained from Wako Pure Chemical 
Industry. Prepare acetone solution at the fol
lowing levels (pg/mL): a-BHC 0.04, /3-BHC
0.16, 7 -BHC 0.04, 5-BHC 0.08, p,p'-DDE 0.05, 
p,p'-DDD 0.1, p,p'-DDT 0.2, and dieldrin 0.05.

A p p a ra tu s

(a) Gas chromatograph.—Yamaco Model G
2800EC (Yanagimoto Mfg Co. Ltd, Kyoto, Japan) 
equipped with 63Ni source electron capture de
tector and 3 mm id X 2 m glass column packed 
with 2% DEGS +  0.5% H3PO4 on 60-80 mesh 
Chromosorb W DMCS (Gas Kuro Kogyo Ltd, 
Tokyo, Japan). Operating conditions: tem
peratures (°C)—column 200, injection port and 
detector 240; nitrogen carrier gas flow 80 mL/ 
min.

(b) Activated charcoal chromatographic col
umn.— 15 mm id X 25 cm glass tube fitted with 
stopcock and 100 m L reservoir. Plug with small 
wad of cotton previously washed with benzene, 
and add 0.5 g activated charcoal with small por
tions of water; top with cotton wad.

P r o c e d u r e

Measure 50 mL milk into 200 mL separatory 
funnel, add 100 mL acetonitrile, and shake vig
orously 10 min on mechanical shaker. Mixture 
will separate into liquid and coagulated solid 
layers. Let stand 10 min and filter liquid extractReceived December 28,1982. Accepted April 19,1983.
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Table 1. Adsorption (%) on 0.5 g activated charcoal of chlorinated pesticides from 200 mL acetonitrile-water at
different ratios

Pesticide
Added,

Pg

Acetonitrile concn, v/v%

100 90 80 70 60

a-BHC 0.04 0 3 33 91 102
ß-BHC 0.16 0 9 36 88 95
7-BHC 0.04 0 34 74 95 104
¿-BHC 0.08 19 20 42 100 100
Dieldrin 0.05 7 21 55 100 100
p,p'-DDE 0.05 91 92 92 98 105
p.p'-DDT 0.2 73 100 100 100 100
p,p'-DDD 0.1 53 79 80 93 97

through paper into 300 mL Erlenmeyer flask. 
Extract solid layer twice with 30 mL acetoni
trile-water (70 +  30) in original separatory fun
nel. Filter these 2 extracts through same paper 
used for first extract and combine extracts in 
same flask. Add 30 mL water to extract. After 
passing entire extract solution through activated 
charcoal chromatographic column, wash the 
column with additional 10 mL water and discard 
eluate. Add 100 mL acetone-hexane (1 +  1) to 
column and collect this fraction containing 
chlorinated pesticides. Transfer fraction to 500 
mL separatory funnel containing 100 mL water. 
Separate hexane and aqueous layers by shaking 
5 min on mechanical shaker. Re-extract aqueous 
layer with 50 mL hexane. Wash combined 
hexane extracts with 50 mL 1% sodium carbonate 
solution and then with 50 mL water by shaking 
5 min. Dry hexane extract over anhydrous so
dium sulfate and concentrate to 2-5 mL in Ku- 
derna-Danish concentrator. Inject suitable ali
quot of concentrate into gas chromatograph and 
compare retention times and peak heights of 
samples with those of standards for quantita
tion.

Results and Discussion
Milk usually consists of about 3% fat, 8% solids, 

and 89% water. When 100 mL acetonitrile is 
added to 50 mL milk, an acetonitrile-water (70 
+  30) system may be formed. The milk emulsion 
is broken, and a homogeneous solution of ace- 
tonitrile-water-fat, containing the chlorinated 
pesticides, is cleanly separated from coagulated 
solids. Two extractions with acetonitrile-water 
(70 +  30) are necessary to avoid forming a solid 
cake and also extracting fat. Regardless, about 
5% fat is extracted. Less than 70% acetonitrile in 
water was unable to separate the layers readily.

The use of methanol or ethanol in place of ace
tonitrile did not lead to separate layers.

To confirm the adsorption efficiency of acti
vated charcoal, we examined the percentage of 
chlorinated pesticides adsorbed on 0.5 g activated 
charcoal column for 200 mL acetonitrile-water, 
at different ratios, fortified with 1 mL pesticide 
standard solution. As shown in Table 1, 200 mL 
acetonitrile-water at ratios greater than 80 +  20 
caused pesticides to elute; to obtain better and 
more reliable adsorption, acetonitrile concen
tration of eluting solvent must be decreased to 
less than 70%. In the present study, it was ad-

Table 2. Recovery (%) of chlorinated pesticides from 
fortified milk samples

Pesticide
Fortification 

level, pg
Recovery, 

mean ±  SDa

a-BHC 0.04 99.8 ± 2 .7
0.08 98.0 ±4.1
0.4 98.2 ± 3 .8

/3-BHC 0.16 103.2 ± 3 .4
0.32 101.7 ± 2 .8
1.6 97.4 ±5.1

7-BHC 0.04 99.9 ± 2 .8
0.08 99.7 ± 3 .5
0.4 91.1 ±3.1

6-BHC 0.08 96.7 ± 2 .6
0.16 99.2 ± 5 .2
0.8 98.1 ± 5 .9

Dieldrin 0.05 102.2 ± 3 .2
0.1 101.8 ± 3 .0
0.5 102.6 ± 4 .7

p.p'-DDE 0.05 95.2 ± 4 .5
0.1 94.8 ± 3 .4
0.5 88.5 ± 4 .5

p.p'-DDT 0.2 90.0 ± 4 .0
0.4 91.8 ±  6.3
2 92.4 ±  5.4

p.p’-DDD 0.1 94.4 ± 3 .4
0.2 96.2 ± 2 .3
1 86.9 ± 3 .0

3 Based on 5 replicate analyses.
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Figure 1. Gas chromatograms of A, milk fortified 
with 1 mL pesticide standard solution without alka
line washing; B, after alkaline washing; C, reagent 
blank from overall procedure; D, 1 pL  pesticide 
standard solution. Peaks: 1, a-B H C ; 2, 7 -BH C; 3, 
p,p'-D D E; 4, dieldrin; 5, 5-BHC; 6 , /3-BHC; 7, p ,p '-  

DDT; 8, p ,p '-DDD.

Table 3. Comparative results of chlorinated pesticide 
residues found in a commercial milk sample by existing 

method and proposed method

Residue

Am ount, a ppb

Existing m ethod Proposed m ethod

a-BHC 1.13 ±  0.03 1.42 ± 0 .2 1
7-BHC 0.20  ±  0.02 0 .25  ±  0.03
D ieldrin • 0 .66  ±  0.03 0.71 ± 0 .0 5
p,p'-DDE 0.87 ± 0 .0 5 1.39 ± 0 .0 9

a Each value represents mean ±  SD fo r 5 analyses.

justed to about 60%. The adsorption of charcoal 
activated at 400 °C was constant and reproducible 
during 2 weeks at least. Activated charcoal must 
have a mesh size to obtain the stable adsorption 
activity and reproducible results. It was deter
mined that particles smaller than 300 mesh are 
not retained by a plug of cotton.

Elution with 100 mL acetone-hexane (1 +  1) 
yielded good recoveries of chlorinated pesticides. 
Four % fat is in the eluate from the charcoal col
umn, and 1 % fat is in the acetone-hexane el
uate.

Unknown organic compounds that eluted in 
a broad overlapping peak on the gas chromato
gram were effectively excluded by washing the 
column eluate with alkaline solution (Figure 1). 
These compounds did not appear in the blank 
test of the overall procedure.

The recovery of chlorinated pesticides from 
actual milk samples was studied at 3 fortification 
levels. These results, compensated for back
ground contaminations, are shown in Table 2. 
Background levels of a-BHC, 7 -BHC, dieldrin, 
and p,p '-DDE are shown in Table 3. These av
erage recoveries were satisfactory and repro
ducible.

For a 50 g sample, 2 mL final solution, and 1 pL  
injection, detection limits for the chlorinated 
pesticides are a-BHC 0.2, /3-BHC 0.8, 7 -BHC 0.2,
5-BHC 0.4, p,p '-DDE 0.3, p,p '-DDT 1, p,p'-DDD 
0.5, and dieldrin 0.3 ppb.

This new method for commercial milk samples 
was compared with an existing method involv
ing fat extraction, solvent partition, and Florisil 
column cleanup. The results obtained from the 
2 methods were similar, as shown in Table 3. 
The present method can save time in extraction 
and concentration steps and does not use large 
volumes of solvents and as much glassware 
compared with the existing method; it is simple, 
rapid, and reliable for the routine determination 
of chlorinated pesticide residues. Finally, the
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proposed method may be applicable to other 
sample types and to analysis of food additives 
and contaminants.
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Ion-Pair Reverse Phase Liquid Chromatographic Determination of 
Sodium Acifluorfen in Feed

TIMOTHY A. ROY, J. RALPH MEEKS, and CARL R. MACKERER
Mobil Oil Corp., Mobil Environmental and Health Science Laboratory, PO Box 1029, Princeton, 
N ]08540

Ion-pair reverse phase liquid chromatography (LC) 
and UV detection at 280 nm have been used to de
termine sodium acifluorfen (sodium-5-[2-chloro-
4-(trifluoromethyl)-phenoxy]-2-nitrobenzoate), an 
experimental diphenyl ether herbicide, in dog feed. 
Sodium-5-(2,4-dichlorophenoxy)-2-nitrobenzoate is 
used as the internal standard. The feed is homoge
nized in 0.01N HC1, followed by ethyl acetate ex
traction, and centrifugation. The organic layer is 
removed and evaporated and the residue is reconsti
tuted in methanol and filtered before LC analysis 
(mobile phase methanol-water (58 +  42), 0.005M in 
tetrabutylammonium phosphate and 0.045M in 
(NH4>2HP04, at pH 7.4). The ion-pair technique of
fers a high degree of control over the retention 
characteristics of the herbicide and internal standard. 
The use of the internal standard permits precise and 
accurate quantitation and substantially reduces 
analysis time compared with the external standard 
method.

Sodium acifluorfen (sodium-5-[2-chloro-4-(tri- 
fluoromethyl)-phenoxy]-2 -nitrobenzoate) is a 
selective herbicide used for pre- and post-emer
gence residual weed control of a wide spectrum 
of annual broadleaf weeds and grasses in soy
beans, peanuts, and other large seeded legumes. 
Sodium acifluorfen is the active ingredient in 
Blazer® (Rohm and Haas, United States and Bra
zil), and in Tackle® (formerly owned by Mobil 
Oil Corp., now owned by Rhone-Poulenc 
Chemical Co.). Tackle is currently sold in Brazil 
and an experimental use permit has been granted 
for its use in the United States. Toxicity testing 
is under way for the purpose of obtaining full 
registration in the United States. To assist in the 
safety assessment program for Tackle, we de
veloped a reliable liquid chromatography (LC) 
assay procedure to provide assurance of herbi
cide homogeneity and requisite concentration in 
dog feed.

The use of LC for determining sodium aciflu
orfen in feed was investigated as an alternative 
to the residue method reported by Adler et al. 
(Adler, I. L., Augenstein, L. L., & Rogerson, T. D. 
(1978) /. Assoc. Off. Anal. Chem. 61, 1456-1458),

Received August 27,1982. Accepted March 18, 1983.

which specifies a gas chromatographic proce
dure. Early attempts used simple acid extraction 
procedures and conventional reverse phase LC 
techniques; however, the sodium acifluorfen 
peak could not be satisfactorily resolved from 
feed components in a reasonable time. Rather 
than incorporate more elaborate and time-con
suming sample preparations to overcome this, an 
ion-pair LC technique was developed to effect 
the selectivity required for separation and anal
ysis.

METHOD

R e a g e n t s

( a )  Methanol and ethyl acetate.—Baker Ana
lyzed LC grade.

( b )  Water.—Distilled and deionized.
(c) (NH4)2HP0 4 .—Baker Analyzed.
(d) Mobile phase.—Methanol-water (58 + 42 

v/v), 0.005M with respect to tetrabutylammo
nium phosphate (TBA) and 0.045M with respect 
to dibasic ammonium phosphate (pH of aqueous 
phase =  7.4). Filter aqueous solution and 
methanol through Whatman 0.45 pm discs and 
degas under reduced pressure before use.

(e )  Ion-pair reagent.—Use as received. Tetra
butylammonium phosphate (Eastman Kodak Co., 
Rochester, NY 14650).

( f )  Standards.—Both acifluorfen (99% purity) 
and internal standard (98% purity) were supplied 
by Mobil Chemical Co. as the free acids.

A p p a ra t u s

Liquid chromatograph.—Hewlett-Packard 1084B 
equipped with variable wavelength detector 
operated at 280 nm (sample) and 430 nm (refer
ence). Chromatographic columns: 150 X 4.6 
mm id, 5 pm particle diameter Altex C-18 reverse 
phase or 250 X 4.6 mm id, 5 pm particle diameter 
C-8 reverse phase DuPont Zorbax operated at 1.5 
mL/min flow rate. Maintain column oven at 
30°C. Instrument is equipped with variable 
volume autoinjector; typical injection volumes 
are 10-50 pL depending on concentration of so
dium acifluorfen in feed.
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P re p a ra t io n  o f  F e e d  S a m p le s

Accurately weigh 1.00 g animal feed (Purina 
5007 Dog Chow) in disposable plaster weighboat 
and transfer feed to 30 mL Corex centrifuge tube. 
Add 500 juL sodium-5-(2,4-dichlorophenoxy)-
2 -nitrobenzoate (internal standard) solution 
containing amount of material equal to nominal 
per gram concentration of sodium acifluorfen in 
feed. Add 10 mL 0.01 HC1 to tube and homog
enize on Polytron homogenizer for 30 s. Add
5-10 mL ethyl acetate to aqueous acid slurry and 
repeat homogenization for 30 s. Cover Corex 
tube with Parafilm and centrifuge at 3500 X g, for 
10 min. Remove ethyl acetate layer with dis
posable Pasteur pipet and transfer to 13 X 100 
mm disposable culture tube; evaporate ethyl ac
etate under gentle stream of nitrogen. Recon
stitute residue in culture tube with 2 mL metha
nol and vortex-stir briefly. Filter reconstituted 
residue through disposable 0.2 pm disc (Gilman 
Acrodisc 4192). Transfer clear filtrate to appro
priate septum-sealed LC vials for analysis.

P re p a ra tio n  o f  S ta n d a rd s

(a) Sodium acifluorfen and internal standard stock 
solutions.—Prepare 100 mL aqueous standard 
solutions of sodium acifluorfen and sodium-5- 
(2,4-dichlorophenoxy)-2-nitrobenzoate at each 
dosage level from the free acids. Accurately 
weigh sufficient amounts of acids to give final 
concentrations of sodium salts of 900, 600, and 40 
m g /100 mL. Dissolve the acids in 25-50 mL 
water containing an equimolar amount of sodi
um hydroxide. Adjust final pH of solution to 8.5 
with 1.0N HC1 and 1.0N NaOH before filling 
flask (100 mL) to mark.

(b) Sample standards.—Accurately weigh 1.00 
g control feed and transfer to 30 mL Corex cen
trifuge tube. Add equal amounts (500 pL) of 
sodium acifluorfen and internal standard at ap
propriate dosage level. Prepare sample in 
manner described above.

C a lc u la tio n s

Daily analyze sample standard data to deter
mine correction factor reflecting deviation from 
the ideal, i.e., area sodium acifluorfen peak/area 
internal standard peak = 1 .00, due to detector 
response, absorptivity, chemical selectivity, 
chemical purity, etc. Determine final concen
tration of sodium acifluorfen in feed using 
equation:

SA, ppm =  (area SA/area IS) X CF
X dosage level, ppm 

where SA =  sodium acifluorfen; IS =  internal 
standard; CF =  correction factor.

RETENTION TIME (m in .)

Figure 1. Conventional reverse phase LC chro
matograms (methanol-water (58 +  42); Altex C-18) of 
feed extract containing 300 ppm sodium acifluorfen

and internal standard (— ).

Results and Discussion
The sample preparation procedure described 

consists of acidification of the feed to generate 
the free acid (acifluorfen) followed by extraction 
into ethyl acetate. Of the several different 
methods evaluated, the acid-ethyl acetate pro
cedure was somewhat superior in terms of re
covery and reproducibility. Initially, a gradient 
reverse phase LC method was used in the assay; 
however, the time required per analysis (ap
proximately 20 min) proved impractical as the 
daily number of required analyses increased. 
Isocratic reverse phase LC (methanol-water (58 
+  42)) showed little promise of being able to re
solve the acifluorfen and internal standard peaks 
from the numerous feed component peaks in an 
acceptable time (Figure 1, 300 ppm feed fortifi
cation). Addition of TBA and buffer 
[(NH4)2H P 04] to the mobile phase, however, 
allows a high degree of control over the retention 
volume of the reversible ion-pair complex 
formed between TBA and the acifluorfen (and 
internal standard) anion. When the same sam
ple (Figure 1) is analyzed using a methanol- 
water (58 +  42), 0.005M TBA and 0.045M 
(NH4)2H P 04 solvent system, the retention time 
is 7.0 min for the TBA-acifluorfen complex and
5.7 min for the TBA-internal standard complex. 
Figure 2 shows the ion-pair reverse phase LC 
chromatogram of the sample (300 ppm) and 2 
other feed samples fortified at 4500 and 20 ppm. 
The acifluorfen peak and internal standard are 
well resolved from one another and from the 
extractable feed component peaks observed near 
the solvent peak. The internal standard, so- 
dium-5-(2,4-dichlorophenoxy)-2-nitrobenzoate, 
was chosen because of its structural similarities
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Table 1. Recoveries of sodium aclfluorfen standards from fortified dog food

Assay No.

Spike level, ppm

4500 300 20

Found,
PPm

Rec.,
%

Found,
ppm

Rec.,
%

Found,
ppm

Rec.,
%

1 3840 85 272 91 17.5 88
2 3870 86 258 86 17.2 86
3 3840 85 245 82 17.5 88
4 3870 86 258 86 17.4 87

Mean 86 86 87
SD 0.58 3.68 0.96
RSD, % 0.7 4.2 1.0

Figure 2. Ion-pair reverse phase LC chromatograms 
(m ethanol-w ater (58 +  42), 0.005M in TBA and 
0.045M in (NH4)2 HP0 4; Altex C-18) of food sample 
extracts containing sodium acifluorfen (SA) and in

ternal standard (I.S.) at 4500, 300, and 2 0  ppm.

to sodium adfluorfen, and in particular, its 
comparable pKa (3.5). The separation observed 
in Figure 2 at a nominal mobile phase pH of 7.4 
(i.e., complete ionization) was found to be both 
sufficient and practical in terms of the nature of 
the assay and the sample throughput. Recov
eries of sodium acifluorfen using this procedure 
were evaluated at the 3 fortification levels dis
cussed above. The results (Table 1) show aver
age recoveries of 86% (4500 ppm), 86% (300 ppm), 
and 87% (20 ppm) with relative standard devia
tions of 0.7, 4.2, and 1.0%, respectively.

The assay has been used for the analysis of dog 
food samples from chronic and subchronic tox
icity studies on sodium acifluorfen. Figure 2

Table 2. Statistical analysis of correction factors derived 
from sample standards

Fortification level, ppm

Statistic 20 300 4500

No. sample standards 8 8 7
Data points (injections) 26 50 22

Mean correction fac to r3 1.00 0.93 0.89
SD 0.05 0.05 0.05
Rel. SD, % 5.0 5.4 5.6

3 Mean correction factor = area sodium acifluorten/area 
internal standard peak for control feed samples fortified with 
equivalent amounts of the 2 compounds and prepared in a 
manner identical with actual samples.

shows representative chromatograms of dog food 
samples fortified at various levels from a sub
chronic study. A total of 156 samples and 26 
blanks (0 ppm) were analyzed in duplicate. In 
addition, 23 sample standards were prepared at 
the 3 fortification levels (4500,300, and 20 ppm) 
to generate the correction factor used in deter
mining the sodium acifluorfen levels of the feed 
(see Method section). The correction factor 
represents the ratio of peak areas for sodium 
acifluorfen and internal standard fortified in the 
sample standards, and its standard deviation is 
a good measure of the overall precision of the 
assay. Table 2 includes the statistics for the 
correction factor from sample standards prepared 
at each dosage level during the study.

C o n c lu s io n

Ion-pair reverse phase LC offers a high degree 
of control over the retention characteristics of the 
herbicide, sodium acifluorfen, and the internal 
standard, sodium-5-(2,4-dichlorophenoxy)-2- 
nitrobenzoate. This selectivity minimizes 
sample preparation before analysis, and com
bined with the use of the internal standard al
lows for a high degree of precision and accuracy 
in the assay.
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Gas Chromatographic Determination of Trifluralin, Diallate, Triallate, 
Atrazine, Barban, Diclofop-Methyl, and Benzoylprop-Ethyl in 
Sediments at Parts Per Billion Levels

HING-BIU LEE and ALFRED S. Y. CHAU
Environment Canada, Analytical Methods Division, Quality Assurance and Methods Section, 
Canada Centre for Inland Waters, 867 Lakeshore Rd, Burlington, Ontario, Canada L7R 4A6

A sensitive gas chromatographic method was devel
oped for the multiresidue determination of 7 neutral 
herbicides in sediment. The sediment sample was 
ultrasonically extracted 3 times with acetone. The 
extract was concentrated to about 50 mL and then 
partitioned with 2% KHCO3 and CH2CI2. The or
ganic phase was dried over anhydrous Na2SC>4. The 
concentrated extract was then cleaned up on a 1 0 % 
deactivated Florisil column, and the herbicides were 
separated into 2 fractions. Further cleanup of these 
fractions was performed on activated Florisil col
umns. Electron capture detection was used for 
analysis except for atrazine which was analyzed by 
nitrogen-phosphorus detection. Recoveries of the 
herbicides from fortified sediment samples at 3 levels 
were generally better than 80%. The practical de
tection limit of this method was 1  ppb or 1  ng/g based 
on a 50 g sediment sample.

We recently reported a multiresidue method for 
the determination of 7 neutral herbicides in 
water (1). Using the "modular concept" of 
method development, this procedure was de
signed with the intention of incorporating sev
eral classes of organic pollutants including 10 
acid herbicides.

In this report, we present a method for the 
analysis of the same 7 neutral herbicides (Table 
1 ) in sediments. This method has also been de
signed to be extended later to the analysis of 
other neutral compounds such as polychlori
nated biphenyls (PCBs), organochlorine pesti
cides, and chlorobenzenes.

Experimental

A pparatus

(a) Gas chromatograph.—(1) Model 5710A 
equipped with 63Ni electron capture detector and 
Model 7672A automatic liquid sampler (Hew
lett-Packard, Avondale, PA 19311). Operating 
conditions: injection port 200°C; column, see 
below; detector 300°C. Carrier gas argon- 
methane (95 +  5), flow rate 30 mL/min. (2) 
Model 5710A equipped with Model 18789A ni

Received December 5,1982. Accepted February 18,1983.

trogen-phosphorus-selective detector (NPD) 
(Hewlett-Packard). Operating conditions: in
jection port 200°C; column 185°C (3% OV-1); 
detector 300°C. Carrier gas helium, flow rate 30 
mL/min. Detector gases: air, 50 mL/min; hy
drogen, 3.0 mL/ min. Collector voltage adjusted 
to give 50% FSD at 1 X 32 with electrometer zero 
off.

(b) GC columns. — 1.8 m X 2 mm id coiled glass 
columns packed with 3% OV-1 on 100-120 mesh 
Gas-Chrom Q, 185°C (column 1); 3% OV-225 on 
80-100 mesh Chromosorb W HP, 245°C (column
2); 1.5% OV-17 +  1.95% OV-210 on 100-120 mesh 
Gas-Chrom Q, 200°C (column 3) (Chromato
graphic Specialities Ltd, Brockville, Ontario, 
Canada K6V 5W1); and 80-100 mesh Ultrabond 
20M, 200°C (column 4) (Ultra Scientific Inc., 
Hope, RI 02831).

(c) Filtration apparatus.— Modified coarse 
(70-100 pm ) sintered glass funnel, 100 X 40 mm 
id, with standard taper joint and suction side-arm 
(original equipment supplied by Ace Glass Inc., 
Vineland, NJ 08360).

(d) Evaporating apparatus.—Buchi rotary 
evaporator with thermostated bath (Fisher Sci
entific Co., Ltd).

(e) Chromatographic columns.—(1) 500 X 20 mm 
id with coarse fritted disk and Teflon stopcock 
(Fisher Scientific Co., Ltd). (2) 230 X 5 mm id

Table 1. Common and chemical names of the 7 neutral 
herbicides

Common name Chemical name

Trifluralin tt,tt,a-trifluoro-216-dinitro-/Vl /V-di- 
propyl />toluidine

Diallate S-(2,3-dichloroallyl)
diisopropylthiocarbamate

Triallate S-(2,3,3-trichloroallyl)
diisopropylthiocarbamate

Atrazine 2-chloro-4-(ethylamino)-6-(isopro-
pylamino)-s-triazine

Barban 4-chloro-2-butynyl m- 
chlorocarbanilate

Diclofop-methyl methyl 2[4-(2',4'-dichlorophenyl)- 
phenoxyjpropionate

Benzoylprop-ethyl ethyl 2-(A/-benzoyl-3,4- 
dichloroanilino)propionate
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Table 2. Single operator precision and recovery of 7 neutral herbicides in fortified sediments

Herbicide
Level

(ng /g ) Replicates Mean % recovery ±  SD

Trifluralin 10 3 93.9 ±  3 .2a
1 12 96.1 ±  2.6
0.1 6 130.2 ±  11.0

Diallate 200 3 86.6 ±  2 .3a
20 12 94.9 ±  5.1

2 6 87.9 ±  13.9
Triallate 20 3 91.9 ±  1.6a

2 12 98.3 ±  4.3
0.2 6 120.4 ± 11.4

Atrazine 400 3 44.9 ±  2 .5a
40 12 99.1 ±  4.2

4 5 84.2 ±  4.0
Barban 200 3 101.1 ±  2 .1a

20 12 98.6 ±  7.9
2 5 104.0 ±  10.1

Diclofop- 100 3 79.4 ±  1.0a
methyl 10 12 99.1 ±  5.9

1 5 58.4 ±  13.1
Benzoylprop- 50 3 92.4 ±  3 .0a

ethyl 5 12 102.4 ±  5.4
0.5 5 68.2 ±  14.2

3 Samples acidified to pH <1 before extraction.

Pasteur pipet plugged at bottom with piece of 
silanized glass wool.

R eag en ts

Use pesticide grade hexane or petroleum ether 
(30-60°C), acetone, dichloromethane, isooctane, 
and benzene. Check each batch of solvents and 
chemicals for interferences before use.

(a) Pure water.—Prepare according to ref. 1.
(b) Sodium sulfate. —Anhydrous reagent grade 

(BDH Chemicals, Toronto, Ontario, Canada M8Z 
1K5). Heat 18 h at 650°C and store in all-glass 
containers.

(c) Metallic mercury.— AnalaR grade (BDH 
Chemicals).

(d) 2% KHCO3 solution.— Dissolve ACS grade 
KHCO3 (20 g) in pure water and dilute to 1 L.

(e) Florisil.—Florisil PR, 60-100 mesh, calcined 
at 650°C (factory-treated) and kept at 130°C until 
use (Supelco Inc., Bellefonte, PA 16823). 10% 
deactivated Florisil. — Add 10 g pure water to 90 g 
activated Florisil. Mix well by tumbling (18 h) 
in tightly capped glass container before use. 
Prepare fresh weekly.

(f) Herbicide standards.—Analytical grade (98 
+  % pure). Obtained from manufacturers or U.S. 
Environmental Protection Agency (HERL, Re
search Triangle Park, NC 27711) and used as re
ceived. Prepare all stock solutions in benzene, 
working standards in isooctane-acetone (99 +  1), 
and spiking solutions in acetone.

(g) Standard solutions.—Prepare 2 mixed stan
dards (solutions A and B) in isooctane-acetone 
(99 +  1) for GC calibration according to following 
table:

Soin Herbicide
Concn,
Pg/ML

A trifluralin 5
diallate 100
triallate 10

B atrazine 100
barban 100
diclofop-methyl 50
benzoylprop-ethyl 25

(h) Fortification of sediment samples.—Add 100 
pL of an appropriate herbicide spiking solution 
in acetone to 50 g wet sediment in beaker to give 
herbicide concentrations equal to those listed in 
Table 2. Mix well with a spatula, cover beaker 
with aluminum foil, and keep at —10°C over
night before extraction. All sediment samples 
were obtained from various sites of Battle River, 
Old Man River, and Red Deer River in western 
Canada. These sediments, although high in 
organic content in some cases, have no detectable 
amounts of the 7 herbicides.

S a m p le  H a n d lin g

Keep sediment samples frozen in dark in 
precleaned metal can immediately upon collec
tion. The stability of these 7 herbicides in sedi-
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merits has not been thoroughly studied as yet. 
On receipt of samples, perform extractions as 
soon as possible, and store extract at 4°C in dark 
until ready for cleanup and analysis.

S a m p le  P re p a ra tio n

Before extraction, mix and stir sample thor
oughly. For naturally contaminated sediments, 
blend whole sample in 5 L stainless steel blender 
for 10  min at medium to high speed, with inter
mittent cooling to maintain the temperature of 
sample at or below room temperature. Sub
sample a 50 g aliquot for extraction.

Homogenization of wet sediment has been 
investigated for PCBs (2) but not extensively 
studied for other parameters. Almost all sedi
ments we have dealt with have contained no 
large debris. If debris is present, it should be 
removed by passing the sample through a coarse 
sieve (1 - 2  mm).

E x tra ctio n

Weigh 50 g homogeneous wet sediment into 
250 mL beaker. Weigh another representative 
sample (10 -2 0  g) into tared beaker and determine 
moisture content by drying sample to constant 
weight at 105°C.

If necessary, wet sample in beaker with or
ganic-free water to estimated 30% moisture 
content and mix thoroughly.

Add 100 mL acetone to sediment sample. 
Place ultrasonic cell disruptor horn so that it is 
immersed 2.0 cm into the suspension. Activate 
sonicator for 3 min in pulsed mode at 50% duty 
cycle with output control set to 8 . Caution: To 
avoid losses of volatile components, keep sample 
below 45°C. Let sediment settle. Prepare 5 cm 
Celite 545 column in sintered glass filter funnel 
connected to round-bottom flask. Wash column 
with 100 mL acetone using vacuum suction from 
water aspirator. Discard washing. Decant su
pernatant liquid into Celite column as much as 
possible, and apply vacuum to collect extract into 
clean round-bottom flask. Repeat extraction 
twice with two 100 mL portions of acetone. 
Combine extract into same round-bottom flask.

After last filtration, transfer entire sediment 
sample to Celite filter. Apply vacuum until 
column is nearly dry. Rinse beaker with two 10 
mL portions of acetone, filter through Celite 
column, and collect filtrate as before. Evaporate 
combined acetone extract to ca 50 mL with rotary 
evaporator under reduced pressure at < 4 0 °C.

Quantitatively transfer concentrated extract 
from flask into a 500 mL separatory funnel con
taining 100 mL 2% KHCO3 solution. Rinse flask

with two 50 mL portions of dichloromethane and 
transfer rinsings to the 500 mL separatory funnel. 
Shake funnel 1 min and vent frequently. Let 
layers separate. Drain lower organic layer 
through 5 cm (ca 80 g) anhydrous Na2SC>4 in 
coarse sintered glass filter column. Apply suc
tion and collect filtrate in 500 mL round-bottom 
flask. Repeat extraction of slightly basic aqueous 
layer with 50 mL methylene chloride. Discard 
aqueous layer. Rinse Na2S0 4 column with ad
ditional 30 mL methylene chloride. Collect fil
trate in the round-bottom flask.

To combined filtrates, add 3 mL isooctane. 
Evaporate extract to ca 10 mL on rotary evapo
rator at <40°C  as before. Add 50 mL hexane to 
concentrated extract and carefully evaporate to
3-5 mL.

C le a n u p

Prepare cleanup column by adding 20 g 10% 
deactivated Florisil into chromatographic col
umn. Tap column gently to settle adsorbent. 
Add 1 cm anhydrous Na2S 0 4 to top of column. 
Prewet column with 100 mL hexane and let sol
vent drain just to top of Na2SC>4 layer. Discard 
hexane.

Using Pasteur pipet, quantitatively transfer 
previous concentrated extract, plus three 5 mL 
hexane rinsings, to Florisil column. When ex
tract just enters into Na2S 0 4 layer, elute column 
with 200 mL 25% benzene in hexane (Fraction A). 
Collect eluate in a 500 mL round-bottom flask. 
Add 3 mL isooctane and evaporate to ca 3 mL in 
rotary evaporator at 40°C. Fraction A contains 
trifluralin, diallate, and triallate.

Elute same column with 200 mL 1% methanol 
in benzene (Fraction B). Add 3 mL isooctane to 
eluate and evaporate to ca 3 mL as above. Frac
tion B contains atrazine, barban, diclofop-methyl, 
and benzoylprop-ethyl.

F ra c tio n a t io n

To further clean Fraction A, prepare column 
by filling with 20 g activated Florisil followed by 
1 cm anhydrous Na2S 0 4. Wash column with 
hexane as described above.

Quantitatively transfer concentrated extract 
from Fraction A onto column. Rinse flask with 
two 1 mL portions of 20% methylene chloride in 
hexane. Elute column with 200 mL of same 
solvent to obtain Fraction 1. Discard this frac
tion or save for analysis of organochlorine pes
ticides, PCBs, and chlorobenzenes.

Elute same column with 250 mL methylene 
chloride to collect Fraction 2. Add 3 mL isooc
tane and evaporate to ca 10 mL in rotary evapo
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rator as before. Add 5Ô mL hexane and carefully 
evaporate to ca 3 mL. Make up to 10 mL in cen
trifuge tube. Fraction 2 contains trifluralin, 
diallate, and triallate. Shake this fraction with 
mercury until metal is shiny to remove sulfur 
compounds. Analyze by electron capture 
(EC)-GC.

To further clean Fraction B, prepare microcol
umn by plugging 20 cm long Pasteur pipet with 
piece of silanized glass wool. Fill pipet with 4 
cm activated Florisil (with gentle tapping) fol
lowed by 0.5 cm anhydrous Na2SC>4.

Prewet micro Florisil column with 2 mL 25% 
benzene in hexane (v/v). After solvent has 
drained just to top of column, quantitatively 
transfer Fraction B to column. Elute column 
with 10 mL 25% benzene in hexane and discard 
eluate. Then elute column with 1.5% acetone in 
benzene to collect 10 mL eluate in centrifuge 
tube. This is Fraction 3 and contains atrazine, 
barban, diclofop-methyl, and benzoylprop- 
ethyl.

G C  A n a ly s is

Analyze both fractions (2 and 3) by EC-GC 
except for atrazine. Analyze atrazine in Fraction 
3 by using a nitrogen-phosphorus-selective de
tector.

Results and Discussion

E x tra ct io n

Initially, we intended that the extraction pro
cedure for the 7 neutral herbicides would in
corporate the 10 acid herbicides (3) to develop a 
multiclass multiresidue method. Thus the 
sediment was acidified to <  pH 1 before extrac
tion so that both types of herbicides could be 
extracted simultaneously. However, several 
disadvantages were observed with this proce
dure: (2 ) Atrazine was poorly recovered (about 
45%, see Table 2). (2) Emulsions formed with 
sediment extracts of high humus content during 
the base partitioning step, causing low recovery 
of all 7 herbicides. (3) Sample co-extractives 
increased considerably. While these sediment 
co-extractives had minor effects on the analysis 
of the less polar neutral herbicides, namely, tri
fluralin, diallate, and triallate (Fraction 2), some 
co-extractives were eluted in Fraction 3 and 
caused considerable interferences in the EC-GC 
analysis for barban, diclofop-methyl, and ben- 
zoylprop-ethyl at low levels. Since quantitative 
recoveries of these neutral herbicides required 
no acidification, all subsequent spiked recovery 
experiments were carried out without acidifica

tion of sample. Although it is not feasible to 
incorporate the acid herbicides into the present 
scheme, the procedure does appear to be com
patible with the extraction and cleanup of several 
other classes of neutral compounds, namely, 
PCBs, 18 organochlorine insecticides, and chlo
robenzenes.

S a m p le  C le a n u p

Although a rigorous cleanup procedure is 
proposed here to meet the analytical require
ments at the detection limit, it is not necessary to 
go through all the cleanup steps under less de
manding situations such as sediments with less 
co-extractives or at higher contamination levels. 
For sediments contaminated with these herbi
cides at low ppm levels, we have found that only 
a base partitioning cleanup is required. At 
10 -10 0  ppb levels or higher, a partitioning step 
together with a 10% deactivated Florisil column 
cleanup are generally sufficient to remove sam
ple co-extractives.

It should be noted that, in the cleanup of 
Fraction A by means of a macro activated Florisil 
column, not all of the common organochlorine 
insecticides will be removed in the methylene 
chloride-hexane (20 +  80) fraction. Dieldrin, ct- 
and /3-endosulfans, endrin, and p,p'-methoxy- 
chlor, if present, will be co-eluted in the triflu
ralin, diallate, and triallate fraction. However, 
the presence of these 5 organochlorines would 
not interfere with the GC analysis of the neutral 
herbicides because the latter have much shorter 
retention times.

G C  A n a ly s is

For direct analysis of barban without deriva- 
tization, the GC column should be primed by 
repetitive injections of the standard. In routine 
analysis, sample injections should be inter
spersed with standard injections. (See also dis
cussion in Ref. 1.)

The 3% OV-1 column is used for daily analysis 
of the herbicides, whereas the Ultrabond 20M 
column is recommended for confirmation pur
poses. Reference 1 shows the retention times of 
the 7 herbicides on 4 GC columns including the 
two above and a typical chromatogram of the 7 
neutral herbicides on the 3% OV-1 column.

P r e c is io n , R e c o v e r ie s ,  a n d  D e t e c t io n  L im its

The precision and recoveries of 7 neutral her
bicides from fortified sediment samples at 3 
concentration levels are summarized in Table 2. 
Fortification was carried out by adding known
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RETENTION TIME (minutes)
Figure 1. Gas chromatogram (BCD) of fraction 2 on 
3% OV-1 column at 185°C. Extract was derived from 
sediment sample fortified at detection lim it. Injec
tion volume: 10 pL, attenuation X16. Peak identi
fication : (1) trifluralin , (2) diallate, and (4)

triallate.

amounts of standard solution onto the sediments 
and equilibrating samples overnight at 4°C be
fore extraction. In most cases, recoveries of 
herbicides were better than 80%. However, 
lower recoveries (60-70%) were experienced for 
diclofop-methyl and benzoylprop-ethyl near 
detection limits. Also, if the sediment sample is 
acidified to pH <1, recovery of atrazine is low. 
In this work, 3 types of river sediments from 
prairie provinces were used, namely from Old 
Man River, Red Deer River, Battle River. The 
sediments varied from grey to dark grey indi
cating various amounts of organic matter. They 
also varied from sandy loam to silty clay in 
texture.

The practical detection limit of the herbicides 
in sediments was set at 1 ng/g (ppb), based on a 
50 g sediment sample with a 30% moisture con
tent.

RETENTION TIME (minutes)

Figure 2. Gas chromatogram (ECD) of fraction 3 on 
3% OV-1 column at 200°C. Extract was derived from 
sediment sample fortified at detection limit. In jec
tion volume: 10 f i t ,  attenuation X16. Peak identi
fication: (5) barban, (6 ) diclofop-methyl, and (7) 
benzoylprop-ethyl. Note that atrazine (3) in this 
fraction could only be detected by NPD at this 

level.

Representative chromatograms of extracts 
from sediment samples spiked at or near the de
tection limit after all necessary cleanup are 
shown in Figures 1 and 2. Control (blank) 
sample chromatograms exhibited no spurious 
peaks with the herbicides after the sample had 
been carried through the cleanup steps. For 
further discussions on the analysis of these 
neutral herbicides see Ref. 1.
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Gas Chromatographic Determination of Maleic Hydrazide Residues in 
Potato Tubers

RUSSELL R. KING
Agriculture Canada, Research Station, Research Branch, PO Box 20280, Fredericton,
New Brunswick, Canada E3B 4Z7

A gas chromatographic (GC) method is described for 
the determination of maleic hydrazide residues in 
potato tubers by oxidation of maleic hydrazide with 
aqueous lead dioxide to 3,6-pyridazinedione in the 
presence of cyclopentadiene. The reaction product, 
a volatile Diels-Alder adduct, could be detected in 
potatoes at levels in excess of 0.05 ppm with an elec
tron capture detector. Recoveries of maleic hydra
zide (as the Diels-Alder adduct) from potatoes at 
fortification levels of 0.1 to 10 ppm averaged 91.7%.

Maleic hydrazide (l,2-dihydro-3,6-pyridazine- 
dione), a systemic growth regulator, is applied 
to potatoes as a sprout inhibitor, usually as the 
diethanolamine salt. The diethanolamine salt 
is considered toxic to humans, but on foliar ap
plication, the diethanolamine fraction is ren
dered harmless through oxidation during ab
sorption and translocation to the tubers (1 ). 
Newsome (2) demonstrated that maleic hydra
zide, once translocated, remains intact within the 
tuber and is not readily metabolized or conju
gated.

Renewed concern with regard to the muta
genic potential of maleic hydrazide (3, 4) has 
emphasized the need for concise, sensitive 
methods to monitor residues in food crops. The 
polar nature of maleic hydrazide severely limits 
methods that can be used for its isolation and 
analysis. Most specific analytical methods (5-7) 
require prior column chromatographic cleanup 
to avoid detector interferences. This paper de
scribes a quantitative gas chromatographic (GC) 
method which avoids involved cleanup proce
dures by using a unique selective derivatization 
reaction for maleic hydrazide. The electron 
capture (EC) detector is highly sensitive to the 
derivative, and detector interferences from 
contaminants are minimal.

METHOD

A p p a ra tu s

(a) Mass spectrometer.—Perkin-Elmer Hi
tachi.

Received December 13, 1982. Accepted February 16,
1983.

(b) Gas chromatograph.—Tracor Model 222 
equipped with electron-capture 63Ni detector 
(with linearizer), Perkin-Elmer nitrogen-phos
phorus detector, 1.8 m X 4 mm id glass column 
packed with 2% OV-275 on 80-100 mesh HP 
ChromosorbW. Operating parameters: injec
tion port 230°C; column 210°C; detector 300°C; 
helium carrier gas flow rate 60 mL/min. Under 
these conditions, the 3 ,6-pyridazinedione-cy- 
clopentadiene adduct (IV) had a retention time 
of 7.3 min.

(c) Integrator.—Hewlett-Packard 3380 A.
(d) Melting point apparatus.—Kofler hot-stage 

microscope.
(e) Spectrophotometer. —Beckman IR-20A. 

R e a g e n t s

(a) 1,3-Butadiene.—CP grade (Matheson of 
Canada, Whitby, Ontario).

(b) Cyclopentadiene.—Prepared (8) as required 
by depolymerization of technical dicyclopenta- 
diene purchased from J.T. Baker Chemical Co., 
Toronto, Ontario, Canada.

(c) Lead tetraacetate.—BDH Chemicals, Hali
fax, Nova Scotia, Canada.

(d) Maleic hydrazide. —Aldrich Chemical Co. 
Inc., Milwaukee, WI.

(e) 3 ,6-Pyridazinedione-l,3-butadiene ad
duct.—Prepared as described by Clement (9). 
mp 156-158°C [lit. (9) mp 157-159°C]; IR (Nujol) 
1645 cm- 1  (c =  0); mass spectrum m/z 164.

( f )  3,6-Pyridazinedione-cyclopentadiene ad
duct.—Prepared initially by Clement's method, 
mp 182-184°C [lit. (10) mp 183-184°C]; IR 
(Nujol) 1643 cm- 1  (c =  0); mass spectrum m/z 
176.

P r o c e d u r e

Homogenize samples of diced potatoes (40 g) 
with methanol (125 mL) in Waring blender for 
2 min and filter homogenate through Whatman 
No. 1 paper. Rinse blender vessel with addi
tional methanol, (50 mL) and filter rinse. Dilute 
combined filtrate to exactly 200 mL, place 5 mL 
aliquot (equivalent to 1.0 g sample) in 50 mL 
round-bottom flask, and remove methanol on
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rotary evaporator (water bath at ca 35°C). Add 
15 mL chloroform containing 10 fiL  cyclopen ta- 
diene and initiate vigorous stirring at room 
temperature. (Freshly distilled cyclopentadiene 
is preferable for low levels (<0.5 ppm) of maleic 
hydrazide where detector interferences from 
polymeric impurities may result.) Immediately 
add suspension of freshly precipitated lead 
dioxide prepared by adding 25 mg lead tetraac
etate to 5 mL water. Continue stirring for 5 min, 
then decant chloroform-water mixture into 60 
or 125 mL separatory funnel. Rinse flask with 
10 mL chloroform and add rinse to separatory 
funnel. Shake, let settle, and remove chloroform 
layer. Repeat extraction with 10 mL chloroform. 
Reduce chloroform extracts to dryness on rotary 
evaporator. Add ca 2 mL benzene to residue and 
again reduce to dryness (this operation alleviates 
detector interferences from traces of chloroform). 
Add 1 mL benzene to residue and inject 10 fiL 
aliquots into gas chromatograph for analysis. 
Prepare standard solutions of 3,6-pyridazine- 
dione-cyclopentadiene adduct (IV), and calculate 
maleic hydrazide content of sample by multi
plying adduct content by mol. wt maleic hydra
zide/mol. wt adduct.

Results and Discussion
Previous characterization of the products from 

reaction of maleic hydrazide (I) with diazo
methane (1 1 ) demonstrated that derivatives 
which retain maleic hydrazide in an enedione 
form are extremely sensitive to electron capture 
detection. Incorporation of this concept with a 
derivatization reaction uniquely specific to ma

leic hydrazide formed the initial basis for our 
investigations. The most appropriate sequence 
outlined in the literature (9) involved initial 
oxidation of maleic hydrazide with lead tetra
acetate in acetic acid-dichloromethane solution. 
The resultant diazoquinone (II) is unstable, but 
in the presence of butadiene as a trapping agent, 
a volatile and thermally stable Diels-Alder ad
duct (III) is formed. This derivative had excel
lent GC characteristics and could be readily de
tected in nanogram quantities by electron cap
ture detection. Further investigation of the re
action on microgram levels demonstrated that it 
normally gave moderate yields (52-65%) of the 
one major product. Somewhat higher (64-72%) 
and more consistent yields were achieved with 
the more reactive dienophile cyclopentadiene 
which gave the Diels-Alder adduct IV. Com
pound IV also had excellent GC characteristics 
but EC detection was somewhat less sensitive 
than to compound III.

When either of the above reactions was ap
plied to dried potato tuber extracts spiked with 
maleic hydrazide, recoveries in the form of the 
corresponding derivatives decreased dramati
cally. Apparent losses corresponded with an 
increase in tuber extract content. Adherence of 
maleic hydrazide to nonaqueous insoluble ma
terial in the tuber extract was thought to be re
sponsible. Previous indications (10) that the
3,6-pyridazinedione was nominally stable in 
polar solvents encouraged us to attempt the ox
idation stage of the reaction in an aqueous me
dium. Lead tetraacetate was effectively elimi
nated as an appropriate oxidant because it rapidly 
decomposes to lead dioxide (PbC>2) on contact 
with water. The knowledge that PbC>2 had 
previously been used for the production of hy- 
drazyl radicals from azanes (1 2 ) prompted an 
investigation of its potential as a substitute oxi
dant. Subsequently, a 2-phase procedure in
volving addition of freshly precipitated lead 
dioxide to a stirred mixture of cyclopentadiene 
in chloroform and maleic hydrazide in water 
gave the Diels-Alder adduct (IV) in near quan
titative yield. Presumably, the diazoquinone (II) 
when formed (by oxidation of maleic hydrazide 
with suspended PbC>2) is quickly distributed into 
the chloroform layer where it is protected from 
reactions other than the desired Diels-Alder re
action. Potato tuber extracts fortified with ma
leic hydrazide were subjected to these new con
ditions, and recoveries as the Diels-Alder adduct 
were carried out on duplicate samples with 
quantitation by peak area. Recoveries at forti
fication levels of 0.1, 0.5,1.0, 5.0, and 10.0 ppm
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MINUTES
Figure 1. Gas chromatograms of potato tuber sam
ples: a, 0 ppm maleic hydrazide (EC detector); b, 1 
ppm maleic hydrazide (EC detector); c, 1  ppm maleic 

hydrazide (NP detector).

averaged 95.7, 94.0, 91.5, 87.9, and 90.4%, re
spectively, with a mean recovery of 91.7% and a 
coefficient of variation of 3.1 %. Extracts equiv
alent to 1 g samples were used at each level. Due 
to the selective derivatization step, detector in
terferences from derivatized contaminants were 
kept to a minimum (Figure 1). A limit of sensi
tivity for detection of maleic hydrazide of 0.05

ppm was easily attainable. Because the electron 
capture detector is nonspecific, confirmation of 
positive maleic hydrazide determinations using 
an element-sensitive detector were also investi
gated. We found that maleic hydrazide deriva
tive IV gave a nitrogen-phosphorus detector re
sponse equivalent to approximately %o that of 
the EC detector (Figure 1). In this manner, the 
presence of high maleic hydrazide levels (>0.5 
ppm) could be further substantiated.

Field-treated potatoes (6.5 pints maleic hy
drazide diethanolamine salt in 100 gal. water per 
acre) were analyzed after 20 weeks of storage at 
55°C, and contained an average of 2.5 ppm ma
leic hydrazide. GC-mass spectrometry was used 
to confirm that the GC peak was due to the maleic 
hydrazide derivative. The mass spectral frag
mentation pattern exhibited prominent ions at 
m /z 176 (67.2), 82 (100), and 66 (72.0).

The GC method developed for the determi
nation of maleic hydrazide in potatoes is concise 
and specific, and should be readily applicable to 
other crops such as turnips, beets, carrots, and 
possibly tobacco.
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Evaluation of Nielsen-Kryger Steam Distillation Technique for 
Recovery of Phenols from Soil

AMARJIT S. NARANG, CHARLES A. VERNOY, and GEORGE A. EADON 
New York State Department of Health, Center for Laboratories and Research,
Albany, N Y  12201

The Nielsen-Kryger steam distillation technique has 
been evaluated for recovery of phenols from soil. 
Soils are acidified to pH <1  and steam-distilled, and 
chlorinated phenols are extracted with toluene- 
methylene chloride (95 +  5). Mean recoveries from 
4 samples spiked at 1 ftg/50 g clay soil ranged from 67 
to 78%. The method has limited utility for the re
covery of other substituted phenols on the Environ
mental Protection Agency priority pollutant list.

Chlorinated phenols are extensively used as 
herbicides, insecticides, fungicides, antiseptics, 
and disinfectants. The annual production of 
pentachlorophenol (PCP) in the United States 
alone has been reported to exceed 40 000 tons (1). 
About 90-95% of this amount is used as a wood 
preservative. 2-Chlorophenol is used mainly for 
further chlorination to 2,4-dichlorophenol,
2,4,6-trichlorophenol (TCP), and PCP. 2,4,6-TCP 
is used as a fungicide and bactericide. 2,4-Di- 
chlorophenol and 2,4,5-TCP are used as starting 
materials for the manufacture of pesticides, in
cluding 2,4-dichlorophenoxyacetic acid (2,4-D) 
and 2,4,5-trichlorophenoxyacetic acid (2,4,5-T), 
or herbicides, including 2(2,4,5-trichlorophe- 
noxy)propionic acid (silvex).

The extensive use of chlorinated phenols is a 
potential source of serious environmental con
tamination. PCP is toxic, not only to wood- 
destroying organisms, but also to humans and 
other animals (2,3). 2,4,5-TCP is a precursor of 
the extremely toxic 2,3,7,8-tetrachloro-dibenzo- 
p-dioxin.

The primary sources of PCP in soil are through 
its application as a herbicide and leaching from 
preservative-treated wood. 2,4,5-TCP appears 
in the soil through the degradation of 2,4,5-T or 
silvex. Similarly, 2,4-D degrades to 2,4-dichlo
rophenol. Washout from the atmosphere also 
contributes to soil contamination by chloro- 
phenols.

Several analytical methods for isolating chlo
rinated phenols from water, soil, and biological 
tissues have been reported (4-7). The most 
common techniques for soil samples have in
volved 3 steps: extraction with sodium or po
tassium hydroxide, acidification of the extract,

Received December 30,1982. Accepted March 15, 1983.

and further extraction from the acidic solution 
with an organic solvent (4). However, acidifi
cation of the basic extract to pH < 6  sometimes 
produces a gel, which makes extraction with an 
organic solvent very difficult. Treatment of the 
extract with an ion-exchange resin eliminates 
some of these difficulties (8), and Soxhlet ex
traction, shaking with an organic solvent, or 
sonication (9), gives good recoveries. But these 
procedures also extract lipids, pigments, waxes, 
and other high molecular weight organics. Ex
tensive column chromatographic cleanup of the 
extract is often necessary for trace analysis.

A steam distillation procedure for separation 
of organics, based on their vapor pressures and 
water solubilities, could provide a simple, con
venient way to isolate chlorinated or other sub
stituted phenols from soil samples (10). Re
cently, Kan et al. (11) reported the use of a mod
ified Nielsen-Kryger steam distillation apparatus
(10) to recover 2,4-dichlorophenol, a degradation 
product of 2,4-D butoxyethanol ester, from soil. 
There seems to have been no effort to apply this 
technique for the recovery of phenols in general 
from soil.

In our laboratory, the Nielsen-Kryger appa
ratus has been used extensively since 1978 to 
recover a large number of organic contaminants 
from soil. To date, more than 3000 soil samples 
have been analyzed by this method.

In the present study, we have also evaluated 
the Nielsen-Kryger steam distillation technique 
for determination of the Environmental Protec
tion Agency (EPA) priority pollutants in soil. 
The procedure is obviously not efficient for 
analysis of compounds with significant water 
solubility. Such compounds exhibit poor vola
tility with steam. In addition, the continuous 
passage of warm water through the extracting 
solvent tends to scavenge water-soluble com
pounds back into the aqueous phase and thus 
back into the boiling flask. In the present work, 
this effect has been minimized by optimizing the 
extracting solvent.

Experimental
A pparatu s

(a) G as c h r o m a to g r a p h . — V a r ia n  3 7 0 0  g a s
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chromatograph, equipped with linearized 63Ni 
electron capture and flame ionization detectors, 
and Varian 8000 Autosampler were used with 
Spectra Physics SP 4100 data system. Columns 
were fused silica SE 54, 30 m X 0.25 mm id, film 
thickness 0.25 ¿um (J. W. Scientific, Rancho Car- 
dova, CA); and 1% SP 1240DA on 100-200 mesh 
Supelcoport, packed in a 1.8 m X 2 mm id glass 
column. Column temperatures: for chloro-
phenols, 100-200°C, initial hold 12 min, 8° /min 
to 200°C; for substituted phenols, 50-160°C, 
initial hold 2 min, 8° /min to 160°C. Injector 
temperature 200°C; detector temperature 320°C; 
nitrogen carrier gas. Flow rates: capillary col
umn 2 mL/min; capillary make-up 30 mL/min; 
packed column 30 mL/min. Chart speed 1 
cm/min.

(b) Steam distillation apparatus.—The modified 
design of Veith and Kiwus (10) (Ace Glass, 
Vineland, NJ) was used.

(c ) Shaker.—Burrell wrist-action (Burrell 
Corp., Pittsburgh, PA).

R eag en ts

(a) Solvents.—All solvents were pesticide 
grade (MC & B, Norwood, OH).

(b) Chemical standards.—Analytical standards 
were purchased from Aldrich Chemical Co., 
Milwaukee, WI. Stock standards were prepared 
in acetone and working standards in hexane.

S o il  S am p les

(a) Clay soil.—A number of clay soil samples 
were collected from the Niagara Falls, NY area. 
These were homogenized together and stored at 
4°C in glass jars. The mixture had a moisture 
content of about 25%. A blank run showed none 
of the phenols under investigation.

(b) Potting soil. —Potting soil (Hyper-Humus 
Co., Newton, NJ) was purchased locally.

P roced u re

(a) Spiking of standards.—A 50 g portion of 
homogenized clay or potting soil was placed in 
a 2 L round-bottom flask and cooled in an ice 
bath. An appropriate phenol mixed standard (1 
mL) was then added dropwise with shaking to 
the soil sample. To distribute the spiked stan
dard uniformly, the flask was stoppered and 
swirled for another 2-3 min. It was then al
lowed to stand overnight in a refrigerator.

(b) Extraction. —Distilled water (500 mL) was 
added to the flask, followed by 40 mL sulfuric 
acid-water (1 +  1). A magnetic stirrer bar was 
introduced into the flask, and a Nielsen-Kryger 
distillation column was attached to it. The

mixture was stirred at ambient temperature for 
30 min, after which 10 mL toluene-methylene 
chloride (95 +  5) was introduced into the con
denser. The flask was refluxed gently for 2 h 
and cooled, and the small amount of water 
trapped in the distillation column was drained. 
The organic layer was then passed through a 
small amount of washed anhydrous sodium 
sulfate into a 15 mL centrifuge tube. The walls 
of the column and the sodium sulfate were rinsed 
with a small amount of hexane. The combined 
organic layer was concentrated to ca 5 mL under 
a gentle stream of dry nitrogen. Most of the 
toluene was displaced with hexane. To remove 
the sulfurous material the concentrate was 
shaken with 2-3 drops of metallic mercury for 30 
min.

(c) Chromatography.—The extract containing 
chlorophenols was analyzed on fused silica SE 
54 and 1% SP 1240DA columns with an electron 
capture detector. The extract of other substituted 
phenols was analyzed on the 1% SP 1240DA 
column with a flame ionization detector. The 
peak areas were measured with Spectra Physics 
SP 4100 data system.

Results and Discussion
Initially, the recovery experiments were car

ried out by spiking the potting soil, which is rich 
in organic material, with 2,4,5-TCP. The mean 
recovery from 1 pg/50 g soil was 62 ±  8% (n =  4). 
Subsequently, detailed recovery experiments 
were carried out on a clay soil homogenate. 
Mean recoveries from soil spiked with various 
concentrations of chlorinated phenols are shown 
in Table 1. 3,4,5-TCP was recovered only in trace 
amounts.

The organic solvent and pH of the slurry were 
critical factors affecting recovery. Due to the 
polar nature of chlorophenols and because only 
a small amount of solvent (about 15 mL) is used, 
it is essential that the phenols be highly soluble 
in the extracting solvents. The technique also 
requires that the solvent mixture be water- 
immiscible, be lighter than water, and, to prevent 
solvent loss, have a high boiling point. Tolu
ene-methylene chloride (95 +  5) proved to be the 
most suitable solvent. Satisfactory results were 
obtained only when the medium was acidified 
to pH <1  with sulfuric acid-water (1 +  1). This 
requirement can be attributed to the fact that 
phenols are acidic in nature and that at higher 
pH they are not freed from the soil matrix to be 
volatile in steam.

Our attempts to isolate phenols on the EPA 
Priority Pollutant list (Table 2) by this technique
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Figure 1. Gas chromatogram of chlorinated phenols on fused silica SE 54 column with electron capture de
tection. Peak identities: (1) 2,3,5-TCP; (2) 2,4,6-TCP; (3) 2,4,5-TCP; (4) 2,3,4-TCP; (5) 2,3,6-TCP; (6) 3,4,5-TCP;

(7) PCP.

had mixed results. 2-Chloro- and 2,4-dichloro- 
phenols, as expected, were isolated in satisfactory 
yield; but of 4 nitrophenols, only 2-nitrophenol 
was isolated in moderate yield. Recoveries of
2.4- and 4,6-dinitrophenol were low, and 4-ni- 
trophenol could not be recovered. This is a 
classic case of intramolecular vs intermolecular 
hydrogen bonding (12). 2-Nitrophenol, which 
forms intramolecular hydrogen bonds, has a 
lower boiling point and is less soluble in water; 
it is therefore steam-volatile and could be isolated 
in satisfactory yield. 4-Nitrophenol, with its 
intermolecular hydrogen bonds, has a very high 
boiling point and greater solubility in water; 
these characteristics inhibit its steam distillation. 
Perhaps the same holds true for 3,4,5-TCP which 
could not be recovered satisfactorily.

Recoveries of phenol (which is steam-volatile),
2.4- dimethylphenol, and 4-chlorocresol were 
also very low. As mentioned earlier, this could 
be due to the inefficiency of the extracting sol

vent. To assess this, a 50 g sample spiked with 
substituted phenols was placed in a 3-neck 
round-bottom flask and, after treatment in a 
similar manner as described before, was steam- 
distilled. No organic solvent was placed in the 
distillation column. The distillate was collected 
via a short glass tube into a 125 mL filtration flask 
containing 30 mL methylene chloride and was 
stirred with a magnetic stirrer. The excess water 
was allowed to return continuously to the dis
tillation flask via short glass tubing. At the end 
of 2 h, the organic layer was separated, dried over 
anhydrous sodium sulfate, and concentrated in 
a Kuderna-Danish apparatus. The methylene 
chloride was carefully displaced with hexane, 
and the extract was analyzed on the 1240DA 
column with a flame ionization detector. The 
results are shown in Table 2. The recoveries of 
these phenols by the exhaustive distillation 
procedure are much higher than those obtained 
by the Nielsen-Kryger technique. This clearly
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shows that the efficiency of the extracting sol
vent is a major factor affecting recoveries of these 
phenols from soil.

The Nielsen-Kryger steam distillation proce
dure appears to offer a simple, convenient 
method for isolation of chlorinated phenols from 
soil. Recoveries compare favorably with those 
by Soxhlet extraction, shaking with organic sol
vent, or sonication. The method requires only 
a small amount of solvent for extraction, thus 
eliminating losses due to volatilization, which 
are uncontrollable with a rotary evaporator or a 
Kuderna-Danish concentrator. It also eliminates 
the extensive cleanup step to remove numerous 
undesirable artifacts which other extraction 
techniques leave in the raw extract. The only 
impurity that interferes with the analysis is sul- 
furous material which is co-distilled during 
steam distillation. This impurity can be conve
niently removed by shaking with a few drops of 
metallic mercury (13).

One advantage of using a fused silica or 
1240DA column for analysis is that derivatization 
of the phenols is unnecessary (Figure 1).

The method has more limited utility for re
covery of other substituted phenols which are 
highly soluble in water. However, in view of 
recent reports suggesting that similar techniques 
permit the efficient recovery of a variety of 
nonphenolic organic compounds, the method 
described here may find application as a rapid 
screening technique for a variety of contami
nants in soil.
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Interlaboratory Study of the Hall 700A Halogen Electrolytic 
Conductivity Gas Chromatographic Detector

LOUIS J. CARSON
Food and Drug Administration, Division of Chemical Technology, Washington, DC 20204

An interlaboratory study of the Hall 700A (halogen) 
electrolytic conductivity GC detector was carried out 
in 8 Food and Drug Administration laboratories. The 
study sought to provide data to support the use of the 
Hall 700A (halogen) detector as an alternative to the 
electron capture and microcoulometer detectors in the 
determination of pesticide and industrial chemical 
residues. The following characteristics of the de
tector were studied: linear dynamic range for 12 
organohalogen pesticides and industrial chemicals 
injected over a 0.05-27.00 p g /m l range; repeatability 
of response; quantitation of 5 pesticides and Aroclor 
1254 added to food extracts (fish and green peppers) 
cleaned up by commonly used multiresidue analyt
ical methods; selectivity, defined as response to a 
halogenated compound (chlorpyrifos) vs response to 
a nonhalogenated compound (caffeine). The inter
laboratory study showed that halogen response and 
selectivity are independent factors which define the 
performance of the Hall 700A (halogen) detector. 
Recommendations are provided to ensure consistent 
and selective halogen response. Finally, the study 
provides adequate data to support continued use of 
the Hall 700A (halogen) detector in the determination 
of pesticides and industrial chemicals.

Gas chromatography (GC) employs various types 
of detectors, depending on the particular analyte 
or class of compounds being analyzed. Selective 
detectors are more useful than universal detec
tors because they preferentially respond to ana
lytes containing certain moieties or atoms and 
consequently provide additional information 
about the identity of the analyte.

Coulson (1) developed a GC detector to de
termine halogen- or nitrogen-containing com
pounds by measuring the change in conductivity 
resulting from the ionization of these com
pounds. Although this detector operated on a 
unique or selective basis, it was found in practice 
to lack sensitivity and to be very difficult to 
maintain at optimum conditions. Hall (2) 
modified this detector system, solving some of 
the mechanical problems as well as improving 
the sensitivity. Although this microelectrolytic 
conductivity system offered better sensitivity, 
practical application in normal pesticide residue 
analysis was difficult because of frequent ad
sorption of analytes in the transfer line, poor

Received December 23,1982. Accepted April 6,1983.

catalytic conversion of nitrogen-containing 
compounds with extended use, and need for 
frequent maintenance to achieve optimum con
ditions.

In 1976, Hall (3) further refined this mi
croelectrolytic conductivity detector system. In 
the new system, the quartz pyrolysis tube was 
replaced with a nickel tube giving better stabil
ity, and the detector was further miniaturized to 
allow installation onto a gas chromatograph, 
which eliminated the need for a transfer line 
from the GC column to the reactor. This detec
tor, called the Hall 700A, offers selective deter
mination of organic compounds containing 
halogen, nitrogen, and sulfur. Since its intro
duction, it has enjoyed wide acceptance.

The Hall 700A detector, manufactured by 
Tracor Inc., Austin, TX, consists of a differential 
conductivity cell, reactor, signal processing 
module, and solvent reservoir module. In the 
halogen mode, a stream of n-propanol (termed 
solvent) enters the differential conductivity cell. 
The solvent stream is pumped at a specific rate 
through the reference electrode (top conduc
tivity cell). The solvent flows through the con
ductivity cell into the gas-liquid contactor. Here 
the GC effluent, exiting from the reactor with its 
halogenated constituents now reduced in the 
presence of hydrogen gas to HX, bubbles into the 
solvent where HX ionizes and changes the con
ductivity of the solvent. This gas-liquid mixture 
flows into the separator and the gas phase is re
moved from the solvent. The solvent then 
passes through the analytical electrode (bottom 
conductivity cell). The gas phase and solvent 
stream remix at the exit of the conductivity cell. 
This mixture flows into the solvent reservoir 
module to be cleaned up by an ion exchange 
resin column. The clean solvent then recircu
lates through the conductivity cell. In the 
halogen mode, «-propanol is used so that only 
strong acids, e.g., HC1, will ionize in the solvent 
stream. Interferences from other acidic com
pounds formed in the reactor are effectively 
eliminated since these products will not ionize 
and change the conductivity of the n-propanol 
solvent (4). With the increased use by FDA of 
the Hall 700A detector both in conjunction with 
and in place of electron capture, microcoulome-
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Table 1. Composition of samples used in study of Hall 700A GC detector

Vial Constituents

Phase 1

1 pentachloroanisole 0.05 p g /m L ; chlorpyrifos, dieldrin, captan, c/s-nonachlor, p.p'-DDT, each 0.10 p g /m L
2 pentachloroanisole 0.25 pg /m L ; chlorpyrifos, dieldrin, captan, c/s-nonachlor, p,p'-DDT, each 0.50 p g /m L
3 pentachloroanisole 0.50 pg /m L ; chlorpyrifos, dieldrin, captan, c/s-nonachlor, p.p'-DDT, each 1.00 p g /m L
4 pentachloroanisole 2.50 p g /m L ; chlorpyrifos, dieldrin, captan, c/s-nonachlor, p.p'-DDT, each 5.00 p g /m L
5 pentachloroanisole 5.00 p g /m L ; chlorpyrifos, dieldrin, captan, c/s-nonachlor, p,p'-DDT, each 10.00 p g /m L
6 dl-isobutyl phthalate 100 ng; ethion 100 ng; chlorpyrifos 1 ng; methyl palmitate 100 ng; caffeine 100 ng;

octadecane 2 p ga

Phase 2

7 ,8-BHC, 2-chloronltrobenzene, 2,3-dlchloronitrobenzene, 2,3,4-trlchloronitrobenzene, each 0.10 pg /m L;
4-chloroblphenyl 0.20 pg /m L ; 4-bromobiphenyl 0.27 p g /m L

8 /3-BHC, 2-chloronitrobenzene, 2,3-dichloronitrobenzene, 2,3,4-trlchloronitrobenzene, each 0.50 pg /m L;
4-chlorobiphenyl 1.00 pg /m L ; 4-bromobiphenyl 1.35 p g /m L

9 (3-BHC, 2-chloronitrobenzene, 2,3-dichloronitrobenzene, 2,3,4-trlchloronitrobenzene, each 1.00 p g /m L;
4-chlorobiphenyl 2.00 p g /m L ; 4-bromoblphenyl 2.70 p g /m L

10 (3-BHC, 2-chloronitrobenzene, 2,3-dlchloronitrobenzene, 2,3,4-trichloronltrobenzene, each 5.00 pg /m L;
4-chloroblphenyl 10.00 p g /m L ; 4-bromobiphenyl 13 .50p g /m L

11 (3-BHC, 2-chloronitrobenzene, 2,3-dichloronitrobenzene, 2,3,4-trlchloronitrobenzene, each 10.00 pg /m L;
4-chloroblphenyl 20.00 p g /m L ; 4-bromoblphenyl 27 .00p g /m L

Phase 3

12 Aroclor 1254, 6.80 p g /m L
13 6% eluate fish (Method A) fortified at 1.0 ppm with Aroclor 1254
14 Aroclor 1254, 6.80 p g /m L
15 dieldrin 0.662 p g /m L ; endosulfan sulfate 1.37 p g /m L
16 15% eluate fish (Method A) fortified at 0.10 ppm with dieldrin
17 dieldrin 0.662 p g /m L ; endosulfan sulfate 1.37 p g /m L
18 50% eluate fish (Method A) fortified at 0.20 ppm with endosulfan sulfate
19 dieldrin 0.662 p g /m L ; endosulfan sulfate 1.37 pg /m L
20 dl-isobutyl phthalate 100 ng; ethion 100 ng; chlorpyrifos 1 ng; methyl palmitate 100 ng; caffeine 100 ng;

octadecane 2 pga

Phase 4

21 lindane 0.262 p g /m L ; DCPA 0.485 p g /m L ; p.p'-DDE 0.510 p g /m L
22 6% eluate peppers (Method B) fortified at 0.05 ppm with lindane and 0.10 ppm with p.p'-DDE
23 lindane 0.262 p g /m L ; DCPA 0.485 p g /m L ; p.p'-DDE 0.510 p g /m L
24 di-isobutyl phthalate 100 ng; ethion 100 ng; chlorpyrifos 1 ng; methyl palmitate 100 ng; caffeine 100 ng;

octadecane 2 pga
25 15% eluate peppers (Method B) fortified at 0.10 ppm with DCPA
26 lindane 0.262 p g /m L ; DCPA 0.485 p g /m L ; p.p'-DDE 0.510 p g /m L
27 dl-isobutyl phthalate 100 ng; ethion 100 ng; chlorpyrifos 1 ng; methyl palmitate 100 ng; caffeine 100 ng;

octadecane 2 pga
28 Method C peppers fortified at 0.05 ppm with lindane, 0.10 ppm with p.p'-DDE, and 0.10 ppm with DCPA
29 lindane 0.262 p g /m L ; DCPA 0.485 p g /m L ; p,p'-DDE 0.510 p g /m L
30 di-isobutyl phthalate 100 ng; ethion 100 ng; chlorpyrifos 1 ng; methyl palmitate 100 ng; caffeine 100 ng;

octadecane 2 p g a
30A lindane 0.130 p g /m L ; DCPA 0.291 pg /m L ; p,p'-DDE 0.306 p g /m L
31 Method D peppers fortified at 0.05 ppm with lindane, 0.10 ppm with p.p'-DDE, and 0.10 ppm with DCPA
32 lindane 0.130 p g /m L ; DCPA 0.291 pg /m L ; p.p'-DDE 0.306 p g /m L
33 di-isobutyl phthalate 100 ng; ethion 100 ng; chlorpyrifos 1 ng; methyl palmitate 100 ng; caffeine 100 ng;

octadecane 2 pga

Amount Injected.

trie, and thermionic detectors in the determina
tion of residues through AOAC multiresidue 
methods, detector performance became an im
portant issue. The Hall 700A (halogen) detector 
was first evaluated by a single laboratory (5). 
This evaluation generated data to support pro
posed general operating parameters for deter

mining pesticides and industrial chemicals. The 
proposed general operating parameters were 
then tested among 8 Food and Drug Adminis
tration (FDA) laboratories. The data from this 
interlaboratory study are presented here. The 
study focused on selectivity (halogenated vs 
nonhalogenated responses), repeatability of re
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sponse, quantitation of residues (pesticides and 
industrial chemicals), and linear dynamic range 
of the Hall 700A (halogen) detector.

Experimental
Each laboratory was instructed to proceed as 

follows:
(1) Prepare a 6 ft X 2 mm id GC column of 5% 

OV-101 (or equivalent) on 80-100 mesh Chro- 
mosorb WHP. Condition GC column by in
creasing temperature 5°C/m in from ambient to 
230°C. Hold at maximum temperature for 8 h 
minimum. Use a GC column flow rate of ca 30 
mL/min. Operate the column at 200°C, except 
in Phase 2 operate at 130°C.

(2) Adjust column temperature, if necessary, 
to give retention time relative to chlorpyrifos 
(RRC) for p,p'-DDT =  3.10.

(3) Operate Hall 700A detector under the 
following conditions: (a) solvent flow rate, 0.35 
mL/min; (b) hydrogen flow rate, 60-100 mL/ 
min; (c) electrometer range, 10 in OPR/FLT 
mode; (d) carrier gas helium, 30-60 mL/min; (e) 
injection port temperature 210 0 C; (f) reactor tube 
temperature 800°C minimum; (g) reactor base 
temperature 250°C.

(4) Prepare appropriate concentrations of 
standard solutions: chlorpyrifos, pentachloro- 
benzene, and mixture of lindane, heptachlor, 
chlorpyrifos, heptachlor epoxide, dieldrin, en- 
drin, and p,p'-DDT in isooctane (2,2,4-trimeth- 
ylpentane).

(5) Adjust electrometer attenuator so that 1.5 
ng chlorpyrifos at 200°C GC column temperature 
and 1.5 ng pentachlorobenzene at 130°C GC 
column temperature give 30-70% full scale de
flection (FSD).

The study was divided into 4 phases. Each 
phase was to be completed in one day. Phases 
1 and 2  examined linear dynamic range of 12  
organohalogen compounds over a concentration 
range of 0.05-27.00 pg/mL (Table 1). Phase 1 
tested compounds which normally elute from a 
GC column at 200°C, such as dieldrin; Phase 2 
tested compounds with lower boiling points, 
including a brominated compound, which nor
mally elute from a GC column at 130°C, such as
2-chloronitrobenzene. Phases 3 and 4 examined 
the ability of the Hall 700A detector to quanti
tatively determine pesticides and industrial 
chemicals at normal residue levels in cleaned-up 
extracts of fatty and nonfatty foods, respectively. 
Samples prepared by the following 4 multiresi
due methods were examined:

Method A: secs 29.012, 29.014, and 29.015, 
Official Methods of Analysis (6).

Method B: secs 29.011 and 29.015 (6).
Method C: Described by Carson (7).
Method D: Described by Luke et al. (8).
Each participant received 34 injection vials 

(Table 1) containing solutions prepared in the 
author's laboratory. All standard solutions, stock 
and dilutions, were prepared in pesticide grade 
isooctane. Before fortification, each cleaned-up 
sample extract was examined by a Hall 700A 
(halogen) detector to verify that the extracts did 
not contain residues of the compounds to be 
added or other interferences. Sample solutions 
for Phases 3 and 4 were fortified after analysis to 
eliminate the possible variation in recovery 
through each method. Therefore, the amount 
of added compound determined reflects the de
tector performance only.

Each participant was instructed to weigh the 
injection vials for each phase before starting that 
phase. If the weight varied more than ±0.025 g 
from the weight stated for that vial, a replace
ment was provided. Each participant was in
structed to inject 3 pL from each vial by solvent 
flush or difference technique. The participants 
monitored their GC system by injecting a mixed 
pesticide standard solution before and after each 
phase.

Each participant clearly labeled all chromato
grams and submitted them without measuring 
peak size. The author measured all peak heights 
and performed the calculations required for in
terpretation of the data. This ensured consistent 
quantitation of all responses.

Results and Discussion

L in ea r  D y n am ic  R an g e

Phase 1 examined the linear dynamic range,
i.e., range of measurable response for increasing 
amounts of injected material, of the Hall 700A 
detector for 6 organochlorine pesticides. Two 
injections per vial were made in consecutive 
order for vials 1-6. The average response for 
each compound was used to calculate its response 
factor. Figure 1 shows the linear dynamic range 
for chloropyrifos obtained by the 8 participating 
laboratories. (Note: Laboratory 4 was not able 
to participate after receipt of vials and instruc
tions.) The linear dynamic range graph is gen
erated by plotting response factor vs log of con
centration. Response factor is the average re
sponse (peak height) times attenuation divided 
by the amount of compound injected. An ideal 
linear dynamic range would produce a hori
zontal line over a 10 4 or greater range of con
centration. In Figure 1, Laboratories 1, 5, and 6
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exhibit the greatest linear dynamic range for 
chlorpyrifos.

Figure 2 shows similar graphical representa
tion for captan and p,p'-DDT by all 8 laboratories. 
In Phase 1, captan exhibited the poorest response 
in all laboratories. The poor response to captan 
is due not to the inability of the Hall 700A de
tector to determine this compound, but more 
likely to GC column effects, including adsorp
tion. Two detectors gave no response to captan 
at the lowest concentration. The linear dynamic 
range for p,p '-DDT is representative of the other 
Phase 1 compounds (see Table 1) for all labora
tories. The detectors in all laboratories had 
similar linear dynamic ranges for these com
pounds. Vial 6, selectivity solution, will be 
discussed later.

Phase 2, vials 7-11, monitored the linear dy
namic range of /3-BPIC and 5 industrial chemi
cals. Two injections per vial were made in con
secutive order. Figure 3 depicts this range for
4-bromobiphenyl and 2,3-dichloronitrobenzene. 
The lowest absolute response for all compounds 
in Phases 1 and 2 was obtained for 4-bromobi- 
phenyl. Laboratories 3, 6, 8, and 9 had no de
tectable response at the lowest concentration 
injected (0.27 pg/mL). Consequently, the 
greatest linear dynamic range for any laboratory 
was only a 102 concentration range. The linear 
dynamic range for 2,3-dichloronitrobenzene is 
representative of the other industrial chemicals 
in Phase 2 (see Table 1) and exhibits linear re
sponse for detectors in all 8 laboratories.

The response data for Laboratory 2 for Phases 
1 and 2 were divided by a constant, 4, so that the 
data for all laboratories could be presented on a 
single graph. There is no apparent reason why 
the detector used by Laboratory 2, operated at the 
same parameters as the other 7 detectors, exhib
ited this large absolute response. Although 
Laboratory 2 response data represent the most 
extreme case, the response data for the other 7 
laboratories span a wide range for every con
centration. Figure 1 illustrates this point where 
the response factor for chlorpyrifos from the 7 
laboratories varies 200-1900 at the lowest con
centration. This difference in absolute response 
among all participants indicates that the pa
rameters prescribed do not assure consistent re
sponse among laboratories. Even though this 
variation in absolute response existed, it did not 
affect the quantitative determination of pesti
cides and industrial chemicals in Phases 3 and
4.

D eterm in a tion  o f  C o m p o u n d s  A d d e d  to  F o o d  
Extracts

Phase 3 examined the ability of the Hall 700A 
detector to determine residues in a fatty food 
(fish): Method A. Injections of standard solu
tions alternated with injection of sample solu
tions (see Table 1) fortified with 1.0 ppm Aroclor 
1254,0.1 ppm dieldrin, and 0.2 ppm endosulfan 
sulfate. The standard solution gave a response 
within ± 10 % of the response of the sample resi
due. Peak height measurements were used for
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Figure 2. Linear dynamic range plots of captan and p,p '-DDT.

quantitation because neither the sample nor the 
standard response peak shape exhibited broad
ening. The average peak height of the standard 
solution injections was used for quantitation.

A summary of the results for Phase 3 is given 
in Table 2. In all cases, the mean results for 
Aroclor 1254, dieldrin, and endosulfan sulfate 
exceeded 100% (104-113%). This could not be 
attributed to injection error alone, since the 
maximum variability for a given compound

within any laboratory was less than 7%. The 
equivalent of 19 mg (equal to 0.36 mg fat basis) 
sample material was injected from vials 13, 16, 
and 18.

Phase 4 examined the ability of the Hall 700A 
(halogen) detector to determine residues in green 
pepper extracts: Methods B, C, and D. The
sample extracts were fortified with 0.05 ppm 
lindane, 0.1 ppm DCPA (Dacthal), and 0.1 ppm 
p,pr-DDE. Standard and sample solutions were
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Figure 3. Linear dynamic range plots of 4-bromobiphenyl and 2,3-dichloronitrobenzene.

injected alternately (see Table 1). The average 
peak height responses for the solutions for each 
laboratory were used to calculate the level of 
added compound present in the sample solu
tions. Standard and sample response were 
matched closely, as in Phase 3, so that peak 
height measurements could be used for quanti
tation.

Results for all added compounds by Method 
B exceeded 100% but the determinations were in 
good agreement among all laboratories (coeffi
cient of variation (CV) 5-7%). It was anticipated 
that residue levels determined for cleaned-up 
extracts from Methods A and B, which are AO AC 
official methods, would not exceed a range of 90 
to 110% (9). Given the same method for quan-
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Table 2. Summary of results of added compound 
determinations obtained by using Hall 700A (halogen) 

detector

Pesticide

Recovery, % 
of added 
pesticide

Mean,
% CV, %

Method A: Fish Extract

Aroclor 1254 105-123 113 5
Dieldrin 97 -119 110 6
Endosulfan S04 95-112 104 6

Method B: Green Pepper Extract

Lindane 101-118 111 5
DCPA 103-132 116 7
p,p'-DDE 104-120 110 5

Method C: Green Pepper Extract

Lindane 71-103 91 12
DCPA 80-122 99 13
p.p'-DDE 88-110 101 8

Method D: Green Pepper Extract

Lindane 79-100 87 7
DCPA 91-122 103 10
p,p'-DDE 97-114 106 6

titation and elimination of possible bias due to 
method of quantitation, the data are slightly high 
in this study. However, the residue determi
nations made with the Hall 700A were reason
able and within experimental error.

The results for lindane and DCPA by Method 
C exhibit the largest variation, as indicated by CV 
(Table 2). Laboratories 1, 3, and 8 reported the 
lowest percent of added compound determined 
(71-88%). The Method C final solution may 
contain traces of acetonitrile from the charcoal 
cleanup column eluant. The acetonitrile, which 
contains nitrogen, may have affected the re
sponses for halogenated compounds observed in 
these laboratories. This point is discussed fur
ther under Selectivity.

Injection repeatability for lindane, DCPA, and 
p,p'-DDE, calculated from response (peak height) 
data for injections of vials 21, 23, 26, and 29, is 
shown in Table 3. The CV range is much great
er, 0.3-18%, than that of Phase 3. Note that 
Laboratories 3, 6, and 8 exhibit the greatest 
variation (CV >  5%). In Phase 4 for Method B 
and Method C solutions, sample size injected was 
equivalent to 18 mg.

For Method D, the sample size injected was 
equivalent to 9 mg. Fortification of the final 
solution was made at the same ppm level as 
above (see Table 1). A summary of the results for 
all 8 laboratories is given in Table 2.

In contrast to Method C, Method D final so
lution includes no nitrogen-containing solvent, 
yet lindane has a mean for all laboratories of 87%. 
This low percent of added compound deter
mined also has a relatively good CV of 7%. The 
low level determined and good reproducibility

Table 3. Phase 4 study: injection repeatability of Hall 700A detector ‘

Lab. Compd Max. b M in.6 Mean6 SD CV, % Range

1 lindane 163.0 149.0 158.8 6.5 4.1 14.0
DCPA 119.0 108.0 114.0 4.7 4.1 11.0
p.p'-DDE 74.5 74.0 74.1 0.3 0.3 0.5

2 lindane 180.0 153.5 170.9 11.9 7.0 26.5
DCPA 65.5 58.5 63.0 3.1 4.9 7.0
p.p'-DDE 105.0 93.5 100.8 5.0 5.0 11.5

3 lindane 152.0 123.5 139.9 14.4 10.3 28.5
DCPA 136.0 121.0 128.8 8.1 6.3 15.0
p.p'-DDE 94.0 81.0 87.4 6.6 7.5 13.0

5 lindane 128.0 121.0 123.3 3.3 2.7 7.0
DCPA 93.0 87.5 90.9 2.7 2.9 5.5
p.p'-DDE 65.5 60.0 62.8 2.9 4.6 5.5

6 lindane 98.0 67.8 83.6 14.3 17.1 30.2
DCPA 71.5 49.8 62.0 10.7 17.3 21.7
p.p'-DDE 48.5 33.4 40.3 7.4 18.3 15.1

7 lindane 135.5 113.0 124.1 9.3 7.5 22.5
DCPA 105.0 90.0 94.9 7.0 7.4 15.0
p.p'-DDE 68.0 64.0 65.3 1.8 2.8 4.0

8 lindane 137.0 110.0 125.1 13.3 10.6 27.0
DCPA 112.5 93.0 103.6 9.8 9.5 19.5
p.p'-DDE 82.5 70.0 76.6 6.5 8.5 12.5

9 lindane 153.0 149.0 150.6 1.8 1.2 4.0
DCPA 132.5 129.5 131.0 1.5 1.1 3.0
p.p'-DDE 100.5 95.5 98.0 2.0 2.1 5.0

a Four observations were made for each compound. 
6 Peak height response in mm units.
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n i ryi ■
Laboratory

Figure 4. Selectivity ratio, chlorpyri fos:caffeine, for 
all laboratories.

between laboratories indicate that lindane in 
Method D extract is more difficult to determine 
than DCPA and p,p '-DDE with the Hall 700A 
detector.

A mixed standard solution which contained 
lindane, heptachlor, chlorpyrifos, heptachlor 
epoxide, dieldrin, endrin, and p,p '-DDT was in
jected at the start and completion of each phase. 
This mixed standard solution provided a 
benchmark to monitor detector response stabil
ity. After the injection of Method D sample ex
tract, the p,p'-DDT standard in the mixed stan
dard chromatogram was degraded to some extent 
by all 8 GC systems. The p,p '-DDT peak height 
response decreased 20-70% and a peak appeared 
at the retention time of p,p'-TDE, 2.49 RRC. The 
participants noted that this phenomenon was 
temporary, and after several hours the p,p '~DDT 
response returned to normal with a corre
sponding disappearance of the "apparent" 
p,p '-TDE peak.

S e le c t iv it y

Throughout the study, a selectivity solution 
was injected to test the ability of the Hall 700A 
detector to preferentially determine organohal- 
ogen compounds. Injections were made in 
Phase 1 (vial 6), Phase 3 (vial 20), and Phase 4 
(vials 24,27,30, and 33). The selectivity solution 
contained organic compounds with different 
chemical moieties and elements, namely: 
methyl palmitate (fatty acid ester), di-isobutyl 
phthalate (phthalic acid ester), ethion (P, S), 
chlorpyrifos (Cl, P, N, S), caffeine (N), and octa- 
decane (C). Selectivity solution, Table 1, is listed 
as amount injected. Caffeine was the only 
nonhalogenated compound that gave a response, 
except for Laboratory 7 whose detector gave no 
response to caffeine.

The selectivity of the Hall 700A detector in the

Figure 5. Chromatogram of 3 /tL injections of vial 
6, selectivity solution, by Laboratory 1. Selectivity 

ratio of 300:1.

halogen mode may be measured as a ratio of the 
response to a halogenated compound vs the re
sponse to a nonhalogenated compound. Since 
caffeine was the only nonhalogenated com
pound to produce a response in this study, the 
selectivity ratio was defined as (response 
(mm)/amount (ng)) chlorpyrifos:(response 
(mm)/amount (ng)) caffeine. Figure 4 presents 
the selectivity ratio of the Hall 700A detector 
calculated for each laboratory. The y-axis value 
is the average chlorpyrifos:caffeine response 
ratio of the 6 injections of the selectivity solutions 
made throughout the study. An equal response 
for both chlorpyrifos and caffeine would yield 
a value of 1 on the y-axis. At this level of re
sponse for chlorpyrifos and caffeine, the corre
sponding selectivity ratio is 100 :1 , as 1 ng chlor
pyrifos and 100 ng caffeine were injected each 
time. (Note: chlorine/ chlorpyrifos (Mw/Mw) 
=  0.29 and nitrogen/caffeine (Mw/Mw) = 0.32). 
As the response to nonhalogenated compound 
approaches zero, the selectivity ratio becomes 
exceedingly large. The selectivity ratio for 
chlorpyrifos vs all other compounds in the se
lectivity solution is >> 1000:1. Figure 5 shows a 
chromatogram of vial 6, selectivity solution, for 
Laboratory 1.

Laboratories 1 ,3 ,6, and 8 have selectivity ratios 
<500:1, all other laboratories exceed this ratio. 
The laboratories having a poor selectivity ratio, 
<500:1, will have a greater tendency to detect 
nonhalogenated compounds, especially nitro
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gen-containing compounds as shown in this 
study. This greater response to nitrogen-con
taining compounds may lead to practical limi
tations because of effects of co-extractives and 
solvents containing nitrogen. For example, 
Method C extract may contain traces of acetoni
trile. This nitrogen-containing compound may 
have caused the tailing baseline evident in the 
chromatograms from laboratories exhibiting 
<500:1 selectivity ratio. The relatively large CV 
(8-13%) reflects some difficulty in determining 
lindane and DCPA by these 4 laboratories.

Information available on the Hall 700A de
tector suggests that several factors affect the se
lectivity: condition of the resin, solvent, reactor 
tube, and reactor tube temperature. The most 
important factor is certainly the resin bed con
dition. The resin bed has a limited capacity to 
remove ionic species from the solvent and 
maintain the slightly acidic solvent medium. As 
the capacity of the resin is exceeded, the solvent 
becomes a better ionizing medium and other 
reductive products may ionize. The resin bed 
integrity may be assured by monitoring the se
lectivity ratio. When the selectivity ratio falls 
below 500:1, the resin bed should be repacked 
and the reservoir solvent should be replaced. 
For example, Laboratory 8, which exhibited a 
selectivity ratio of 30:1, improved its selectivity 
to 700:1 merely by replacing the resin bed and 
solvent.

Reactor tube and reactor tube temperature af
fect selectivity to a lesser extent. Reactor tubes 
exhibit variable halogen response when com
pared to one another on the same system. We 
have no data on which to predict the relative 
halogen response that a particular reactor tube 
will exhibit. But if selectivity is still low 
(<  500:1) after replacement of resin and solvent, 
then changing the reactor tube may improve the 
halogen response and consequently the selec
tivity.

Reactor tube temperature must be kept high 
enough to ensure complete reduction of halo- 
genated compounds. Operating the reactor tube 
temperature at a minimum setting of 900°C 
should suffice. (Note: Maximum temperature 
setting is 1000°C.) In addition, purity of the 
gases, both helium and hydrogen, has been 
shown to be of primary importance to the oper
ation of the Hall 700A detector. One laboratory, 
Laboratory 1, was unable to obtain high quality 
helium and successfully substituted hydrogen 
as the carrier gas.

Poor selectivity is not necessarily evident in 
the chromatograms of organohalogen com-

Figure 6. Chromatogram of 3 /tL injection of vial 3 
by Laboratory 8.

pounds. For example, Laboratory 8 exhibited 
poor selectivity (30:1). However, the GC system 
still performed adequately to give a typical 
chromatogram for organochlorine pesticides, as 
shown in Figure 6. The analyst must be cogni
zant that selectivity and efficiency of the GC 
system do not necessarily coincide. In main
taining the Hall 700A detector/GC system, the 
analyst must monitor halogen response, selec
tivity, and GC peak shape separately and rou
tinely.

Conclusions
Evaluation of the data from this study clearly 

shows that halogen response, peak shape, and 
selectivity are independent variables affecting 
the utilization of the Hall 700A detector/GC 
system. This study of the Hall 700A detector has 
provided data to support several recommenda
tions for its operation. The following parame
ters differ from those recommended by Tracor 
Instruments (4,10):

(1) Use ultra-high purity (99.995%) helium 
and hydrogen gases.

(2) Maintain hydrogen flow rate at 60-100 
mL/min (5).

(3) Operate reaction tube temperature at 
900°C setting minimum.

(4) Maintain solvent flow rate at about 0.35 
mL/min (5).

(5) Monitor selectivity ratio, chlorpyrifos: 
caffeine, and maintain selectivity ratio of 500:1 
or better.

(6) Monitor halogen response, using a mixed 
standard solution containing at least lindane, 
chlorpyrifos, and p,p'-DDT.

In this study the Hall 700A (halogen) detector
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has been shown to adequately determine pesti
cides and industrial chemicals in extracts of foods 
prepared by commonly used analytical methods. 
This selective and sensitive detector may be used 
as an alternative to electron capture and micro- 
coulometric detectors in conjunction with mul
tiresidue analytical methodology.
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Identification of Chlorinated Nitrobenzene Residues in Mississippi 
River Fish

MARTIN P. YURAWECZ and BART J. PUMA
Food and Drug Administration, Division of Chemical Technology, Washington, DC 20204

Residues of lower chlorinated nitrobenzenes have 
been found at levels up to about 1 ppm in 8 samples 
of Mississippi River fish. Electron capture gas 
chromatography (EC/GC) was used for determination 
after extraction and cleanup using a procedure based 
on the AOAC multiresidue method for organochlo- 
rine and organophosphorus pesticides in nonfatty 
foods. The residues found included 2-, 3-, and 4- 
chloronitrobenzene and 2,3- and 3,4-dichloronitro- 
benzene; identity was confirmed by GC/mass spec
trometry. GC retention times for 15 monochloro- 
through pentachloro-substituted nitrobenzene con
geners were determined with OV-101 and mixed 
OV-101 + OV-210 columns at 130°C. In studies of 
the nonfatty food extraction and cleanup procedures 
of the AOAC method, recoveries of 15 chlorinated 
nitrobenzenes from spiked fish samples ranged from 
68 to 116%. GC of cleaned up fish extract aliquots 
equivalent to 20 mg sample allowed quantitation of 
individual congeners at levels of about 0.025 and 0.005 
ppm with 3H and 63Ni EC detectors, respectively. 
The contamination of Mississippi River fish with 
chlorinated nitrobenzenes appears to be localized in 
a 150 mile section of the river extending from St. 
Louis, MO, to Cape Girardeau, MO; no chlorinated 
nitrobenzenes (<0.005 ppm) were detected in Mis
sissippi River fish caught above or below this region 
of the river or in fish from the lower Missouri River, 
which joins the Mississippi River near St. Louis.

Food and Drug Administration (FDA) personnel 
use the AOAC official multiresidue method for 
organochlorine and organophosphorus pesti
cides (secs. 29.001-29.018 (1)) to analyze foods for 
many potentially hazardous contaminants be
sides those for which the method has official 
status (2). Since 1976, FDA monitoring pro
grams for pesticide and industrial chemical 
residues in foods have included analyses of se
lected food samples, mainly of domestic fresh
water fish, for residues of electron-capturing 
industrial chemicals that are recovered in the 6% 
ethyl ether-petroleum ether eluate of the Florisil 
cleanup procedure (sec. 29.015 (1)), but are too 
volatile for electron capture gas chromatography 
(EC/GC) analysis at the operating conditions 
recommended in sec. 29.018 (1). EC/GC of these 
volatile compounds, called "early eluting in
dustrial chemicals" because they elute from the

Received December 20,1982. Accepted March 7,1983.

OV-101 GC column before the residues usually 
determined by the method, is carried out with 
the OV-101 column temperature at 130°C instead 
of the recommended 200 °C for pesticides. As 
part of an ongoing FDA program to identify new 
or previously unrecognized industrial chemical 
contaminants of foods, our laboratory investi
gates food samples that give unidentified ana
lytical responses when monitored for early 
eluting industrial chemicals at FDA field labo
ratories.

In one of these investigations, monochloro- 
and dichloronitrobenzene residues were iden
tified in a sample of Mississippi River buffalofish 
caught about 60 miles south of St. Louis, MO. 
The sample was first noted to yield an uniden
tified EC/GC response in an analysis for early 
eluting residues at the FDA Minneapolis District 
laboratory. When the analytical characteristics 
of the unknown compound were found to differ 
from those of the compounds listed in an FDA 
compilation of GC characteristics and AOAC 
method behavior data for volatile industrial 
chemicals, the sample was sent to this laboratory 
for further study. After the residues were ten
tatively identified as monochloro- and dichlo
ronitrobenzene congeners by GC/mass spec
trometry (MS), retention times and recoveries 
through the nonfatty food extraction and 
cleanup procedures of the AOAC method (1) 
were determined for 15 monochloro- through 
pentachloronitrobenzene congeners. Follow-up 
analyses of 12  additional fish samples from the 
Mississippi River and 6 fish samples from the last 
300 miles of the Missouri River were performed. 
Chloronitrobenzenes were found at levels up to 
about 1 ppm in 7 samples caught in the Missis
sippi River near or below St. Louis. Residues 
found included 2-, 3-, and 4-chloronitrobenzene 
and 2,3- and 3,4-dichloronitrobenzene; their 
identities were confirmed by GC/MS compari
sons with reference standards of the conge
ners.

Monochloronitrobenzenes have been reported 
as contaminants of river and drinking waters (3), 
but neither these compounds nor dichloroni- 
trobenzenes have previously been reported as 
environmental contaminants of fish or other 
foods. Annual United States production of
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monochloronitrobenzenes, chiefly the 2 -chloro 
and 4-chloro isomers, is about 150 million lb; 
these toxic chemicals serve mainly as starting 
materials for the production of nitrophenols, 
nitroanilines, chloroanilines, and other inter
mediates used to manufacture dyes, pigments, 
pesticides, rubber chemicals, corrosion inhibi
tors, and pharmaceuticals (4). Pentachloroni- 
trobenzene (quintozene) and 2,3,5,6-tetrachlo- 
ronitrobenzene (tecnazene) are registered for use 
as pesticides in the United States; both occur as 
residues in foods (5).

The method used for determining the chlori
nated nitrobenzene residues in fish is based on 
the AOAC official method for organochlorine 
pesticide residues in high-moisture nonfatty 
foods (1). Residues are extracted from the 
ground sample with acetonitrile, transferred to 
petroleum ether, cleaned up by Florisil column 
chromatography, and analyzed by GC. The 
procedure differs from the AOAC method as 
follows: The sample size is reduced so that the 
total weight does not exceed 50 g and the total fat 
content does not exceed 2 g; interfering residues 
such as hexachlorobutadiene (HCBD) are re
moved from the Florisil column by elution with 
100 mL petroleum ether before the usual 200 mL 
6 and 15% ethyl ether-petroleum ether eluates 
are collected; and EC/GC is performed at a col
umn temperature of 130°C. Similar modifica
tions have been used to analyze fish for residues 
of FiCBD, chlorinated norbornene derivatives, 
and chlorinated benzotrifluorides (6- 8).

Experimental

R e a g e n ts

(a) General reagents.—See sec. 29.002 (1). Sol
vents and reagents were tested for interferences 
using the GC parameters described below.

(b) Reference materials.—2-Chloronitroben- 
zene (No. 18,576-0), 4-chloronitrobenzene (No. 
C5,912-2), 2,3-dichloronitrobenzene (No. 
D6,820-7), 3,4-dichloronitrobenzene (No. 
D6,880-0), 2,4-dichloronitrobenzene (No. 
D6,840-1), 2,3,4-trichloronitrobenzene (No. 
T5,518-8), 2,4,5-trichloronitrobenzene (No. 
T5,520-4), 2,3,4,5-tetrachloronitrobenzene (No. 
T770-5), and pentachlorobenzene (QCB) (No. 
13,132-6) were purchased from Aldrich Chemical 
Co., 940 W St Paul Ave, Milwaukee, WI 53233.
3-Chloronitrobenzene (No. PI 100) and 2,4,6- 
trichloronitrobenzene (No. 7594) were pur
chased from Eastman Kodak Co., 343 State St, 
Rochester, NY 14650. 3,5-Dichloronitrobenzene 
(No. D16190) was obtained from Pfaltz & Bauer,

Inc., 375 Fairfield Ave, Stamford, CT 06902.
2,3,5,6-Tetrachloronitrobenzene (EPA/FDA No. 
144) and pentachloronitrobenzene (EPA/FDA 
No. I l l )  were supplied by the Environmental 
Protection Agency, Health Effects Research 
Laboratory, Research Triangle Park, NC 27711.
2,5-Dichloronitrobenzene and 2,6-dichloroni- 
trobenzene were obtained from S. W. Page, Di
vision of Chemistry and Physics, FDA, Wash
ington, DC 20204. Standard solutions of the 
reference materials were prepared in isooctane. 
QCB was used as the reference compound for GC 
relative retention measurements.

A pparatu s

(a) General apparatus.—See sec. 29.005 (1).
(b) Gas chromatograph with 3H EC detector.—As 

described in sec. 29.008 (1), with the following 
glass columns: (1) 1.8 X 4 mm id, packed with 
10% OV-101 on 80-100 mesh Chromosorb W 
(HP); (2) 1.8 m X 4 mm id, packed with 10% OV- 
101 on 80-100 mesh Chromosorb W (HP) and 
15% OV-210 on 80-100 mesh Chromosorb W 
(HP) (1 +  1). Operating conditions: nitrogen 
carrier gas ca 120 m L/m in; temperatures 
(°C)—column 130, inlet 150, detector 200; re
corder span 5 mV; electrometer sensitivity 1 X
10-9  A for full-scale deflection (FSD) of recorder 
pen. Nitrogen carrier flow was set to elute QCB 
in 8 -10  min from either column; detector voltage 
was adjusted to produce 1/2 FSD for 1.5 ng 
QCB.

(c) Gas chromatograph with 63Ni constant current 
EC detector.—Hewlett-Packard 5730A or Varian 
3700 with the following columns: (1) 1.8 m X 4 
mm id glass, packed with 5% OV-101 on 80-100 
mesh Chromosorb W (HP); (2) 1.8 X 4 mm id 
glass, packed with 5% OV-101 on 80-100 mesh 
Chromosorb W (HP) and 7.5% OV-210 on 80-100 
mesh Chromosorb W (HP) (1 +  1); (3) 25 m X 0.2 
mm id OV-101 wall-coated open tubular (WCOT) 
flexible fused silica capillary. Operating con
ditions: argon-methane (95 +  5) carrier gas 60 
mL/min (columns 1 and 2 ); nitrogen carrier gas 
1 mL/min (column 3) with 20 mL/min split flow 
and 30 mL/min detector make-up; temperatures 
(°C)—column 130, inlet 250, detector 300; re
corder span 1 mV. Detector attenuation was set 
to give ca 1/2 FSD for 1.5 ng QCB.

(d) Combined gas chromatograph-mass spectrom
eter (electron impact (El))-data system.—Varian 
1700 gas chromatograph/Finnigan 1015 qua- 
drupole mass spectrometer/Finnigan 6000 data 
system. The gas chromatograph was coupled to 
the mass spectrometer through a Gohlke all-glass 
separator and vacuum diverter valve installed in
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the GC detector oven between the column and 
separator (9). Glass GC column: 1.8 m X 2 mm 
id, packed with 3% OV-101 on 80-100 mesh 
Chromosorb W (HP). Operating conditions: 
helium carrier gas 20 mL/min; temperatures 
(°C)—column 130, inlet 150, separator 260, 
transfer line 220, ion source 150; mass spec
trometer pressure 2 X 10-5  torr; filament emis
sion 500 p A; preamplifier 10~ 7 A/V; 70 eV pri
mary ionizing voltage in El mode; scanned mass 
range m/z 33-350; integration time 6 ms/atomic 
mass unit; data acquisition under computer 
control.

(e) Combined gas chromatograph-mass spectrometer 
(chemical ionization (Cl))-data system.—Finnigan 
9600 gas chromatograph/Finnigan 4023T qua- 
drupole mass spectrometer equipped with pulsed 
positive ion negative ion (NI) Cl option/INCOS 
2300 data system. The gas chromatograph was 
directly coupled to the mass spectrometer ion 
source through a 25 m X 0.2 mm id OV-101 
WCOT flexible fused silica capillary column. 
Splitless injections were made at the following 
operating conditions: temperatures (°C)—in
jector 160, column held at 90° for 1 min after in
jection, then programmed at 15°/min to 150° and 
held at 150° for 10 min, separator region 160°, 
transfer line region 115, ion source 250; helium 
carrier gas head pressure 10  psi; septum sweep 
(0.8 min after injection) 40 mL/min; methane 
reagent gas used to increase source pressure to 0.3 
torr; electron energy 70 eV; filament emission 
0.25 mA. Samples and reference materials were 
compared in the NI Cl mode using multiple ion 
detection for ions of m/z 35,37,127,129,157,159, 
161, 163, 191, 193, and 195 with repetitive 1.2 s 
scans.

P reparation , Extraction, an d  C leanup o f  Fish
Fish were prepared for analysis in accordance 

with the edible portion guide of the FDA Pesticide 
Analytical Manual (PAM I) (sec. 141.12c (10)). 
Before extraction, the edible portion of each 
sample was thoroughly mixed and ground in a 
meat grinder as described in PAM I (sec. 142.4(5)
(10)). Ground fillets of ocean perch were used 
as the sample substrate in recovery studies. For 
several fish samples, including ocean perch, the 
approximate fat content of the edible tissue was 
determined as in the official fatty food extraction 
procedure for fish (sec. 29.012(e) (1)).

Residues were extracted from the homoge
nized fish samples with acetonitrile by using an 
adaptation of the official extraction procedure for 
high-moisture nonfatty foods containing <5% 
sugar (sec. 29.011(a)(1) (1)). This procedure,

which is normally applied to extract 100 g sam
ples of fruits or vegetables, was modified for 
application to fish of known fat content as de
scribed in PAM 1 (sec. 211.13(f)(2) (10)), i.e., by 
reducing the sample weight so that the total 
amount of fat was < 2  g (maximum sample size 50 
g). For fish of undetermined fat content, the 
sample weight used in the nonfatty food extrac
tion procedure was limited to 10-15 g, except for 
one sample, a carp and sucker fish composite, of 
which two 2 0 -2 2  g portions were extracted to 
obtain enough of the residues for GC/MS anal
ysis.

After the residues were extracted from the fish 
with acetonitrile, they were transferred to pe
troleum ether (sec. 29.011(e) (1)), and cleaned up 
by Florisil column chromatography. The Florisil 
cleanup procedure (sec. 29.015 (1)) was used 
without modification for most of the recovery 
studies with fortified samples of ocean perch; for 
other analyses of fish, the procedure was modi
fied to elute potential interfering residues from 
the Florisil column with 100 mL petroleum ether 
before the usual 6 ,15, and 50% ethyl ether-pe
troleum ether eluates were collected. Each of the 
eluates was evaporated to ca 5 mL in a Kuderna- 
Danish concentrator equipped with a Snyder 
distilling column. For EC/GC analysis, the 
volume of each concentrated Florisil eluate was 
adjusted with petroleum ether so that a 3-8 ^L 
aliquot was equivalent to 20 mg sample. When 
further concentration of the eluate was required, 
as for GC/MS analysis, the solvent was evapo
rated to a suitable volume in a Kuderna-Danish 
receiver tube equipped with a micro-Snyder 
column. (Because of the volatile nature of the 
residues of interest, solvent evaporation under 
jets of air or nitrogen was avoided.) The 15% 
ethyl ether-petroleum ether eluates were stored 
in the dark unless their EC/GC analyses were 
completed on the same day as the Florisil column 
cleanup. When these eluates or their concen
trates were allowed to stand in normal laboratory 
light, the "solvent" peaks in their EC chromato
grams increased in size as a function of time and 
became large enough in ca 1 week to obscure the 
responses for monochloronitrobenzenes.

Gas C hrom atography

A 10 p h  syringe was used to inject 3-8 ph  ali
quots of the concentrated sample eluates and 
reference standard solutions for analysis by 
EC/GC. Retention times of peaks for residues 
and standards were measured from the solvent 
peak front and converted to retention times rel
ative to QCB. Peak height was used as the mea
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sure of EC response. Amounts of residues in the 
injected aliquots of samples were determined by 
comparing residue peaks with standard peaks of 
similar heights within the linear response range 
of the EC detector. An OV-101 WCOT capillary 
column was used to determine the level of 3- 
chloronitrobenzene in a composite of Mississippi 
River carp and sucker fish. All other residues 
were quantitated with mixed OV-101 +  OV-210 
columns. (The OV-101 packed columns were 
used only for screening and/or confirmatory 
purposes.)

Results and Discussion
In the analysis of the buffalofish sample at the 

FDA Minneapolis District laboratory, the AO AC 
multiresidue method (1 ) was modified to elute 
polychlorinated biphenyls from the Florisil 
column with petroleum ether before the usual 6% 
ethyl ether-petroleum ether eluate was collected. 
EC/GC of the petroleum ether eluate on OV-101 
and OV-101 +  OV-210 columns at 130°C gave 
chromatograms with a major peak at the reten
tion time of HCBD on each column. Examina
tion of the 6% mixed ether eluate at the EC/GC 
conditions revealed an unknown compound that 
eluted from the OV-101 column at about the re
tention time of HCBD, but that eluted from the 
OV-101 +  OV-210 column at more than twice the 
retention time of HCBD. In accordance with 
FDA monitoring program instructions for find
ings unidentified early eluting residues in foods, 
a portion of the homogenized buffalofish sample 
and related analytical information were sent to 
our laboratory for further study.

Our analysis of the sample of buffalofish was 
performed as described under Experimental. The 
EC chromatograms of the petroleum ether and 
6% ethyl ether-petroleum ether eluates were 
very similar to those obtained at the Minneapolis 
laboratory. GC / EI-MS was used to examine both 
eluates; the MS data confirmed the identity of the 
HCBD in the petroleum ether eluate and sug
gested that the residue in the 6% mixed ether 
eluate was a monochloronitrobenzene. GC re
tention times were determined for the 3 mono
chloronitrobenzene isomers; only the 2 -chloro 
isomer eluted from the OV-101 and mixed OV- 
101 +  OV-210 columns at the same retention 
times as the residue in the 6% mixed ether eluate. 
GC/EI-MS comparison with the reference stan
dard verified the identification of the residue as 
2 -chloronitrobenzene.

After the residue was identified, samples of 
ocean perch were fortified with 2 -chloronitro- 
benzene and analyzed using the same analytical

I

0 5
MINUTES

Figure 1. EC (63Ni) gas chromatograms of A, 15% 
ethyl ether-petroleum ether Florisil eluate of Mis
sissippi River buffalofish (23 mg sample equivalent 
injected); B, mixture of reference compounds: (1) 1.4 
ng 4-chloronitrobenzene, (2) 2.3 ng 2-chloronitro
benzene, (3) 1.0 ng 2,4-dichloronitrobenzene, (4) 1.0 
ng 3,4-dichloronitrobenzene, (5) 2.5 ng 2,3-dichlo- 
ronitrobenzene, and (6) 0.44 ng 2,4,6-trichloronitro- 
benzene; and C, 15% ethyl ether-petroleum ether el
uate of ocean perch (15 mg sample equivalent in
jected). Mixed OV-101 + OV-210 column with GC 

conditions in Apparatus (c).

procedure as was used for the buffalofish sample. 
The results of this recovery study, in which pe
troleum ether was used as the first eluting sol
vent in the Florisil column cleanup, showed that 
the compound eluted in both the 6 and 15% 
mixed ether eluates, with the bulk of it in the 
latter.

Examination of the 15% mixed ether eluate 
derived from the buffalofish revealed additional 
2 -chloronitrobenzene and 2 other residues, 
subsequently identified as 4-chloronitrobenzene 
and 3,4-dichloronitrobenzene. Although the 15 
and 50% mixed ether Florisil eluates of the AO AC 
method are often examined for early eluting 
compounds as part of this laboratory's research 
on volatile contaminants in foods, these Florisil 
eluates are not examined for early eluting in
dustrial chemicals under present FDA food sur
veillance programs. Consequently, the 4-chlo
ronitrobenzene and 3,4-dichloronitrobenzene 
residues in the buffalofish were not detected in 
the original analysis of the sample.

Figure 1 shows EC/GC curves obtained by 
using a mixed OV-101 +  OV-210 column for 
analysis of the 15% mixed ether eluate of the
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Table 1. Relative retention times “ of chlorinated 
nitrobenzenes on packed GC columns 6

Chlorinated
nitrobenzene OV-101

OV-101 + 
OV-210

3-Chloro 0.23 0.41
4-Chloro 0.25 0.43
2-Chloro 0.25 0.48
3,5-Dichloro 0.37 0.56
2,6-Dichloro 0.40 0.71
2,5-Dichloro 0.42 0.70
2,4-Dichloro 0.45 0.79
3,4-Dichloro 0.50 0.83
2,3-Dichloro 0.51 0.94
2,4,6-Trichloro 0.64 1.00
2,4,5-Trichloro 0.85 1.33
2,3,4-Trichloro 1.03 1.70
2,3,5,6-Tetrachloro 1.37 1.92
2,3,4,5-Tetrachloro 1.80 2.57
Pentachloro 2.97 3.83

B Relative to QCB.
b Columns: 5% OV-101; 5% OV-101 +  7.5% OV-210 (1 + 

1). GC parameters given in Apparatus (c).

buffalofish, a mixture of chlorinated nitroben
zene standards, and the 15% mixed ether eluate 
of a control sample of ocean perch. The residues 
indicated by peaks 1 and 2 in the chromatogram 
of the buffalofish (Figure 1A) eluted from the 
mixed OV-101 +  OV-210 column at the same re
tention times as 4-chloronitrobenzene and 2- 
chloronitrobenzene, respectively. When these 
residues and the corresponding standards (peaks 
1 and 2, Figure IB) were chromatographed on 
OV-101 columns at 130°C, all eluted at the same 
retention time. GC/EI-MS comparison of the 
co-eluting residues with the individual mono- 
chloronitrobenzene standards, in combination 
with the EC/GC retention data, demonstrated 
that the 15% mixed ether eluate of the buffalofish 
contained both the 2- and 4-chloronitrobenzene 
isomers.

The El mass spectrum of the residue that pro
duced peak 4 in Figure 1A was tentatively iden
tified as that of one or more dichloronitroben- 
zene isomers. To determine the identity of the 
specific dichloro isomer(s) and to determine 
whether other chlorinated nitrobenzenes were 
present in the sample, the GC characteristics of 
15 chloronitrobenzene congeners and the be
havior of these compounds in the AOAC non
fatty food extraction and cleanup procedures 
were investigated.

Table 1 lists the congeners studied and their 
GC retention times relative to QCB on OV-101 
and mixed OV-101 +  OV-210 columns at 130°C. 
(The reported relative retention data are for the 
columns described in Apparatus (c); virtually the 
same values were obtained with the more heavily

Table 2. Recovery of chlorinated nitrobenzenes from 
ocean perch by AOAC pesticide multiresidue extraction/ 

cleanup procedures for nonfatty foods ‘

Chlorinated
nitrobenzene

Added,
ppm Rec., % Eluate6

2-Chloro 0.50 69, 71 6, 15
0.050 68, 74

3-Chloro 0.42 71 15
0.042 82

4-Chloro 0.80 80, 80 15
0.080 79, 83

2,3-Dichloro 0.25 83, 95 6, 15
0.025 87, 92

2,4-Dichloro 0.20 89, 95 6, 15
0.020 90, 97

2,5-Dichloro 0.16 104, 116 6
2,6-Dichloro 0.11 88, 101 6
3,4-Dichloro 0.20 86, 90 15

0.020 87, 92
3,5-Dichloro 0.11 88, 107 6, 15
2,3,4-Trichloro 0.24 97, 103 6, 15

0.024 93, 95
2,4,5-Trichloro 0.45 95, 102 6, 15

0.045 100, 102
2,4,6-Trichloro 0.48 101, 102 6

0.048 103, 103
2,3,4,5-Tetrachloro 0.36 99, 104 6, 15

0.036 95, 99
2,3,5,6-Tetrachloro 0.37 86, 102 6

0.037 101, 104
Pentachloro 1.00 84, 102 6

0.100 100, 103

a Nonfatty food extraction cleanup (secs. 29.011(a)(1) and 
(e) and 29.015 (1). Extraction modified for fish as in PAM I 
(sec. 211.13(f)(2) (10)).

b Florisil eluate containing compound: 6 = ethyl e th e r- 
petroleum ether (6 +  94); 15 = ethyl e ther-petro leum  ether 
(15 +  85).

loaded columns described in Apparatus (b).) The 
EC responses (peak heights) for the chloroni- 
trobenzenes approximated that of an equal 
amount of QCB; the 63Ni detector provided about 
2-3 times greater response for the chlorinated 
nitrobenzenes relative to QCB than the 3H de
tector. The GC retention data for 2 columns in
dicated that the dichloronitrobenzene isomer in 
the buffalofish (peak 4, Figure 1A) was 3,4-di- 
chloronitrobenzene. GC/EI-MS comparison of 
the residue with the standard confirmed this 
finding.

In studies on the behavior of the chloronitro- 
benzenes in the AOAC nonfatty food method, 
the Florisil cleanup procedure (sec. 29.015 (1)) 
was used without the modification made for the 
analysis of the Mississippi River buffalofish, i.e., 
the usual 6,15, and 50% mixed ether eluates were 
not preceded by a 100 mL petroleum ether eluate. 
(The elution with petroleum ether was omitted 
so that the recovery data would show the eluates 
in which the compounds would normally be 
recovered.) Table 2 lists the recoveries of 15
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chloronitrobenzenes from fortified samples of 
ocean perch and the Florisil column eluate(s) in 
which each compound was recovered. The re
covery values for compounds that split between 
the 6 and 15% mixed ether eluates were calcu
lated by adding the amounts found in both el
uates. No chloronitrobenzenes were found in 
the 50% mixed ether eluates of the spiked sam
ples. The data in Table 2 indicate that the ana
lytical procedure recovers a smaller portion of 
the monochloronitrobenzenes (68-83%) than of 
the dichloro through pentachloro congeners 
(83-116%); this may reflect losses of the relatively 
more volatile monochloro compounds in the 
solvent evaporation steps of the procedure. 
Based on EC/GC analyses of Florisil eluate ali
quots equivalent to 20 mg sample, the method 
provides chloronitrobenzene residue quantita
tion limits of about 0.005 and 0.025 ppm with 
63Ni and 3H EC detectors, respectively.

Further work with the modified Florisil 
cleanup procedure used in the analysis of the 
buffalofish sample has shown that elution of the 
Florisil column with 100 mL petroleum ether 
does not recover any of the chloronitrobenzenes 
listed in Table 2, but may affect the relative 
amounts of the compounds recovered in the 
succeeding 6 and 15% mixed ether eluates. The 
particular lot of Florisil and the total amount of 
fat applied to the Florisil column also may affect 
the degree to which these compounds split be
tween the 6 and 15% mixed ether eluates; thus 
the Florisil elution behavior of the chloronitro
benzenes may vary from that presented as a 
general guide in Table 2.

To determine whether chloronitrobenzenes 
as well as the 3 previously identified congeners 
were present at >0.005 ppm in the Mississippi 
River buffalofish, the EC chromatograms of the 
4 Florisil eluates of the sample were examined for 
responses at the retention times listed in Table
1. The chromatograms of the 15% mixed ether 
eluate suggested the presence of a residue at the 
retention time of 3-chloronitrobenzene, as in
dicated by a slender shoulder at the front of peak 
1 (4-chloronitrobenzene) in the OV-101 +  OV- 
210 chromatogram (Figure 1A) and by a similar 
shoulder at the front of the peak for the co-elut- 
ing 2- and 4-chloronitrobenzenes in the OV-101 
column chromatogram. For comparison with 
the sample residues, standard solutions con
taining 1 part of 3-chloronitrobenzene and 1, 5, 
or 10 parts of 4-chloronitrobenzene were chro
matographed on the OV-101 +  OV-210 column 
(Apparatus (c)). The responses for 3-chloroni- 
trobenzene in the resulting chromatograms ap

peared as the first of 2 overlapping peaks (sepa
rated by a valley) for the 1 +  1 mixture, as a dis
crete shoulder at the front of the major peak for 
the 1 +  5 mixture, and as a slender shoulder at the 
front of the major peak for the 1 +  10 mixture. 
Although the latter shoulder was quite narrow, 
it was more distinct than the shoulder at the re
tention time of 3-chloronitrobenzene in the 
chromatogram of the 15% mixed ether eluate of 
the buffalofish (Figure 1A). Thus, if 3-chlo- 
ronitrobenzene was present as a residue in the 
buffalofish, its indicated concentration was less 
than 10% of that of the 4-chloronitrobenzene 
residue. No additional EC/GC responses at
tributable to chlorinated nitrobenzenes other 
than the monochloro and 3,4-dichloro congeners 
were detected in the buffalofish chromato
grams.

Upon completion of the buffalofish sample 
analysis, 18 additional samples of fish from the 
Mississippi and Missouri Rivers were examined 
for chloronitrobenzene residues (Table 3). All 
of the residues were found in fish caught in the 
Mississippi River near St. Louis or in a 150 mile 
section of the river south of that city. No chlo
ronitrobenzene residues (<0.005 ppm) were 
detected in 2 samples of Mississippi River fish 
collected 100 miles north of St. Louis, 3 samples 
collected 260-400 miles south of St. Louis, or 6 
samples of Missouri River fish. The highest 
chloronitrobenzene residue levels were found 
in a composite of carp and sucker fish caught 
near a chemical waste disposal site at Sauget, IL, 
a city just across the Mississippi River from St. 
Louis. EC/GC with both packed columns (Ap
paratus (c)) indicated that the chloronitrobenzene 
residues in this sample could include the 3- 
chloro and 2,3-dichloro congeners in addition to 
the 3 compounds previously confirmed as resi
dues in the buffalofish. Because the packed GC 
columns did not provide adequate resolution for 
quantitation of 3-chloronitrobenzene in the 
presence of larger amounts of 4-chloronitro
benzene and because only one of the columns 
(OV-101 +  OV-210) resolved the 2- and 4-chloro 
isomers or the 2,3- and 3,4-dichloro isomers, 
capillary column EC/GC was investigated for 
analysis of the residues.

A 25 m OV-101 WCOT fused silica capillary 
column provided adequate resolution of all the 
monochloro- and dichloronitrobenzenes. Fig
ure 2 shows the chromatograms obtained for 
injections of the concentrated 6% ether eluate of 
the Sauget fish composite and a mixture of stan
dard solutions containing the 3 monochloro- and 
6 dichloronitrobenzenes. The residues were
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Table 3. Chlorinated nitrobenzenes (ppm) found in edible portion of fish from Mississippi River

Species Origin3 2-Chloro 3-Chloro 4-Chloro 2,3-Dichloro 3,4-Dlchioro

Catfish 0 b b 0.008 b b
Catfish 0 0.064 c 0.19 b b
Catfish 0 0.053 c 0.088 b b
Catfish 0 0.026 c 0.20 b b
C arp /suckerd 0 0.24 0 .0 5 7  e 0.63 0.024 0.085
Buffalofish 60 < 0.12 C 0.20 b 0.03
Catfish 150* 0.006 b 0.019 b b
Catfish 150* 0.027 b 0.025 b b

3 Fish collection site, in miles south of St. Louis. 
b Not detected, lim it of quantitation <0.005 ppm.
c GC resolution for analysis was inadequate to detect or determine 3-chloronitrobenzene in presence of 10-fold larger 

amounts of 4-chloronitrobenzene. If 3-chloro isomer is present In sample, Its concentration is estimated as <10% of that 
of 4-chloro isomer.

d Composite of 2 species.
e Residue value determined using WCOT capillary GLC column.
1 Near Kimswick, MO.
*  Near Cape Girardeau, MO.

found at the retention times of the 2-chloro-, 3- 
chloro, 4-chloro-, 2,3-dichloro-, and 3,4-dichlo- 
ronitrobenzenes. The presence of these 5 con
geners in the 6% mixed ether eluate of the Sauget 
fish sample was confirmed by comparing the ion 
current chromatograms obtained for the residues

Figure 2. EC (63Ni) gas chromatograms of A, 6% 
ethyl ether-petroleum ether Florisil eluate of carp/ 
sucker composite (10.5 mg sample equivalent in ject
ed); B, mixture of chlorinated nitrobenzene conge
ners: (1) 3-chloro, (2) 4-chloro, (3) 2-chloro, (4) 3,5- 
dichloro, (5) 2,6-dichloro, (6) 2,5-dichloro, (7) 2,4- 
dichloro, (8) 3,4-dichloro, and (9) 2,3-dichloro. OV- 
101 WCOT capillary column with GC conditions in 

A p p a r a t u s  (c).

and reference standards by using capillary 
GC/MS in the NI Cl mode with multiple ion 
detection of ions characteristic of monochloro- 
and/or dichloronitrobenzenes (Apparatus (e)).

EC/GC with the 63Ni detector and the mixed 
OV-101 +  OV-210 column described in Apparatus
(c) was used to determine the residue levels re
ported in Table 3, except for 3-chloronitroben- 
zene, which was determined by using the OV- 
101 WCOT capillary column. Quantities of 
compounds found in both the 6 and 15% mixed 
ether eluates were combined for reporting in 
Table 3. As shown by Figure 2, the 6% mixed 
ether eluate of the Sauget fish composite con
tained 3 compounds which would normally be 
recovered in the 15% mixed ether eluate, viz.,
3-chloro-, 4-chloro-, and 3,4-dichloronitroben- 
zene. Additional amounts of these compounds 
(and 2-chloronitrobenzene) were found in the 
15% mixed ether eluate; however, this eluate did 
not contain 2,3-dichloronitrobenzene, a com
pound which split between the 6 and 15% mixed 
ether eluates in recovery studies with fortified 
ocean perch. Although the same lot of Florisil 
was used as in the recovery studies, the aberrant 
residue elution pattern was observed for both of 
the 20-22 g portions of the Sauget fish composite 
that were processed to obtain enough of the 
residues for GC/MS analysis. Since the fat 
content of the composite was not determined, the 
portions taken for analysis may have contained 
more than 2 g fat and this, either by itself or in 
combination with the modification of the Florisil 
cleanup procedure to use the 100 mL petroleum 
ether eluate, may have affected the Florisil elu
tion behavior of the residues.

The residue findings reported here indicate



that lower chlorinated nitrobenzenes are con
taminants of the 150 mile section of the Missis
sippi River extending from St. Louis to Cape 
Girardeau, MO. The examination of fish for 
these and other of the more volatile chemical 
contaminants by this laboratory is continuing.
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Determination of Coumaphos and Its Oxygen Analog in Eggs and 
Milk by Using a Multiresidue Method with Liquid Chromatographic 
Quantitation and Capillary Gas Chromatographic/Mass Spectrometric 
Confirmation
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A multiresidue method for carbamate insecticides 
was adapted for the determination of coumaphos and 
its oxygen analog in eggs and milk. Eggs were ex
tracted with acetonitrile and milk was extracted with 
acetone. Co-extractives were removed using liquid 
partitioning and charcoal column procedures de
scribed in the carbamate method. Coumaphos and 
its oxygen analog were determined by using a high 
performance liquid chromatograph equipped with 
a fluorescence detector. Recovery studies were per
formed for the 2  compounds at levels of 0 . 0 1  and 0 . 1 0  

ppm in eggs and 0.01 and 0.02 ppm in milk. Overall 
average recovery was 100% (range 95-109%). In a trial 
of the method by another laboratory, the recovery of 
coumaphos and its oxygen analog from milk averaged 
87 and 96%, respectively. Data are presented on the 
capillary gas chromatographic/mass spectrometric 
confirmation of coumaphos residues.

Coumaphos [0,0-d iethyl 0-(3-chloro-4-meth- 
yl-2-oxo- (2 H) -l-benzopyran-7-yl) phosphoro- 
thioate] is registered for use as a topical insecti
cide to control flies, fleas, and lice on livestock 
and poultry (1,2). Coumaphos can also be added 
to feed to control roundworms in cattle and 
poultry (3). The tolerance in the United States 
for residues of coumaphos and its oxygen analog 
metabolite is 0.5 ppm in milk fat and 0.1 ppm in 
eggs (2 ).

The determination of coumaphos residues has 
been reported using fluorometric or gas chro
matographic (GC) techniques. Thornton and 
Anderson (4) determined coumaphos and cou
maphos oxygen analog in eggs by using a gas 
chromatograph with a packed column of Gas- 
Chrom Q coated with DC-200, and a thermionic 
detector. Bowman et al. (5) used a gas chroma
tograph with a flame photometric detector to 
determine coumaphos and its oxygen analog in 
milk. The 2 compounds were separated by 
Bowman et al. before GC because they were not 
adequately separated on the GC column con
taining the DC-200 liquid phase. This laboratory

1 Visiting Scientist, National Institute of Metrology, Beijing, 
People's Republic of China.

2 Participant in National Science Foundation Summer High 
School Volunteer Program.
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has also observed inadequate separation of the 
2 compounds with the DC-200 column. Also, 
the appreciably lower response of the detector 
to the oxygen analog vs the response for the 
parent was mutually observed. Other GC liquid 
phases (DEGS, OV-17, and SP-1240DA) examined 
in this laboratory were inadequate for separating 
coumaphos and its oxygen analog.

Adams and Anderson (6) determined couma
phos residues in milk by measuring the fluores
cence of chlorferron, a hydrolysis product of 
coumaphos and its oxygen analog. Zakrevsky 
and Mallet (7) reported the individual determi
nation of coumaphos and its oxygen analog in 
eggs by measuring their natural fluorescence 
directly on a thin layer plate.

Liquid chromatography (LC) has been used to 
separate a number of naturally fluorescent pes
ticides (8) and appeared promising as a deter
minative technique for coumaphos and couma
phos oxygen analog. This technique was used 
in a multiresidue method for N-methylcarbamate 
insecticides and several naturally fluorescent 
pesticides (9,10). Methanol was used to extract 
the residues and liquid-liquid partitioning and 
charcoal adsorbent removed the crop co-extrac
tives before LC determination.

The purpose of the work reported here was to 
examine the applicability of reverse phase LC for 
the separation and fluorometric detection of 
coumaphos and its oxygen analog and to ascer
tain the applicability of the multiresidue method 
for N-methylcarbamate insecticides and other 
pesticides (9, 10) to the determination of both 
compounds. In addition, confirmation of the 
presence of coumaphos residues in eggs and milk 
was investigated using a capillary gas chroma
tograph coupled to a mass spectrometer.

METHOD
Coumaphos and coumaphos oxygen analog are 

extracted from eggs using acetonitrile and from 
milk using acetone. Co-extractives are removed 
using liquid-liquid partitioning and a char- 
coal-silanized Celite adsorbent mixture. Cou
maphos and its oxygen analog are determined
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using a liquid chromatograph equipped with a 
C-8 column and a fluorescence detector. This LC 
method is an adaptation of the multiresidue 
method for carbamate insecticides (9). The 
compound identity is confirmed using a capillary 
gas chromatograph coupled to a mass spectrom
eter.

The carbamate method (9) was used in the 
study with the following additions and 
changes.

Reagents

Acetone.—Distilled-in-glass grade (Burdick 
and Jackson Laboratories, Inc., Muskegon, MI 
49442).

Reagents (d), (f), and (g) (9) are not needed.

LC Operating Parameters

Adjust mobile phase flow rate to 1.50 ±  0.02 
mL/ min at 50% acetonitrile in water. Equilibrate 
system at 1 2 % acetonitrile in water for 10  min, 
inject sample, and begin 30 min linear gradient 
to 70% acetonitrile in water, and then 100% ace
tonitrile for additional 5 min. Operate column 
oven at 35°C. Maintain hydrolysis chamber at 
ambient temperature. Set fluorescence detector 
excitation and emission wavelengths at 278 and 
306 nm, respectively. Set detector photomulti
plier gain at low and time constant at 1 s. Adjust 
sensitivity so that 50 ng carbofuran produces 50% 
full scale response on printer plotter (recorder). 
For determination of coumaphos and coumaphos 
oxygen analog, use excitation and emission 
wavelengths of 320 and 385 nm, respectively.

GC/Mass Spectrometric ( M S ) Apparatus

(a) Gas chromatograph.—Finnigan Model 9610, 
interfaced to Finnigan 4023T mass spectrometer. 
A 50 m X 0.20 mm id open tubular fused silica 
capillary column, wall-coated with SE-30 and 
connected directly to the ion source, was used. 
GC oven temperature was programmed: 60°C 
for 1 min and increased to 270°C at 20°/min. 
Injector temperature was maintained at 200°C. 
Carrier gas was helium; flow rate was ca 25 
cm/s.

(b) Mass spectrometer.—Finnigan Model 
4023T, and Finnigan 2300 data system with re
vision 3.98 software. Mass spectrometer was 
operated in multiple ion detection mode using 
electron ionization (El). Major ions monitored 
were m /z 109, 125, 210, 226, and 362 of couma
phos (MW =  362) and 109,182, 210, 220, 290,318, 
and 346 of oxygen analog (MW =  346). Emission 
current was 0.25 mA and electron energy 70 eV

from heated rhenium filament. Ion source was 
maintained at 250°C.

Extraction

Eggs.—Same as for high moisture products, 
except extract eggs with acetonitrile. Also, add 
0.5 mL hexadecane to round-bottom (r-b) flask 
before concentrating extract to reduce foaming. 
Continue with carbamate method (9) beginning, 
"Place 250 mL ¥  24/40 trap on 2 L r-b flask

M ilk.—Add 150 g milk and 300 mL acetone to 
500 mL centrifuge bottle. Using rubber stopper 
wrapped in acetone-washed aluminum foil, 
stopper centrifuge bottle and vigorously shake 
1 min. Centrifuge 5 min at 1200 rpm. Decant 
277 mL supernate (equivalent to 100 g milk) into 
500 mL graduated cylinder and transfer to 2 L r-b 
flask. Add 15 mL distilled or ultrapure water 
and star magnet to r-b flask. Continue with 
carbamate method (9) beginning, "Place 250 mL 
¥  24/40 trap on 2 L r-b flask . . ."

Co-extractive Removal

Follow Partitioning and Chromatographic steps 
as given in carbamate method (9).

Determination

Inject 10 pL methanol sample solution onto LC 
column, using chromatographic apparatus and 
parameters as described. Tentatively identify 
residue peaks on basis of retention times. Mea
sure peak area or peak height and determine 
amount of residue by comparison to peak area or 
peak height obtained from known amount of 
appropriate reference materials(s). To ensure 
valid quantitation of residue, size of peaks from 
sample residue and reference standard should 
match within ±  25%. Chromatograph reference 
materials(s) immediately after sample.

Confirmation

A variety of techniques may be useful for 
confirmation of residue identity, as considered 
necessary. In this work, confirmation was ob
tained by GC/MS according to the following 
procedure:

Concentrate portion of methanol sample so
lution so that 1 pL contains 2 ng coumaphos or 
20 ng coumaphos oxygen analog. Inject 1 pL 
concentrated sample solution onto GC capillary 
column. Vent solvent 1 min. Acquire spectra 
between 20 and 25 min. Compare sample spec
tra to those of coumaphos and coumaphos oxy
gen analog obtained in same manner and at same 
retention.
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Figure 1. Chromatograms of coumaphos and oxygen 
analog standards, egg control, and milk control.

Results and Discussion

LC-Fluorescence Studies

The fluorescent characteristics of coumaphos 
and coumaphos oxygen analog were studied in 
acetonitrile-water (1 +  1 ) and acetonitrile- 
aqueous 0.04N NaOH (1 +  1), using the LC flu
orescence detector at static conditions. Both 
compounds fluoresced in the neutral solution but 
not in the basic solution. The maximum excita
tion and emission wavelengths were 320 and 380 
nm, respectively, for coumaphos and 320 and 388 
nm, respectively, for coumaphos oxygen analog. 
Therefore, an excitation wavelength of 320 nm 
and an emission wavelength of 385 nm were se
lected for the determination of both com
pounds.

Utilizing the LC parameters under Method, 
which were previously used for other fluorescent 
pesticides (10 ), retention and response data for 
coumaphos and coumaphos oxygen analog were 
obtained. Figure 1 shows an LC chromatogram 
of coumaphos and its oxygen analog, which elute 
in 31 and 24 min, respectively. Five ng couma
phos produces a peak of approximately 50% full 
scale deflection (FSD), and the linear response 
range is from 0.5 to 14 ng. Four ng coumaphos 
oxygen analog produces a peak of approximately 
50% FSD, and the linear response range is from 
0.5 to 12 ng. Of 38 other pesticides/metabolites 
that fluoresce naturally in neutral solution (8), 
none have the same fluorescence or LC retention 
properties as the 2 coumaphos compounds. 
Thus LC, in conjunction with the fluorescence 
detector, provides the sensitivity and selectivity 
desired in a pesticide residue method.

M ultiresidue Method Studies

The multiresidue method for determining 
N-methylcarbamate insecticides (9) uses meth
anol and a Polytron homogenizer to extract the 
pesticides from crops. Methanol does not ade
quately precipitate egg or milk solids, which 
results in the formation of severe emulsions 
during liquid-liquid partitioning. Two other 
solvents, acetone and acetonitrile, were tested for 
extraction of coumaphos residues from eggs and 
milk, and both solvents appeared to precipitate 
egg and milk solids well. For extracting eggs in 
a Polytron homogenizer, acetonitrile was the 
solvent of choice, because only 2% of the liquid 
was lost by evaporation compared with the 15% 
volume loss when acetone was used as the ex
traction solvent. Since the determination is 
based on an aliquot of the extract, the significant 
loss of acetone would result in high recoveries 
of the 2  compounds.

When milk was extracted with acetonitrile, 
high recoveries were obtained for coumaphos 
and its oxygen analog. This may have been due 
in part to the formation of 2 liquid phases which 
could have disrupted the homogeneity of the 
extract. With acetone as the extraction solvent, 
only one liquid phase was observed in the ex
tract. To prevent evaporation of acetone, the 
milk was extracted with the solvent by shaking 
the mixture in a stoppered centrifuge bottle. 
The mixture was centrifuged and a portion of the 
supernate was decanted into a graduated cylin
der. Acetone appeared to be the best solvent as 
only one extract layer was formed, and no loss of 
extract occurred.

The egg and milk extracts were concentrated 
with the rotary evaporator system used for crops
(9). The egg extracts required the addition of 0.5 
mL hexadecane to minimize frothing during this 
concentration step. The liquid partitioning and 
chromatographic co-extractive removal steps of 
the carbamate method (9) worked well for both 
egg and milk samples.

Recovery Studies
Studies were conducted to determine the re

covery of coumaphos and coumaphos oxygen 
analog from eggs and milk through the method. 
Eggs were fortified with both coumaphos and its 
oxygen analog at the 0.01 and 0.10  ppm levels. 
Raw milk was fortified with the 2 compounds at 
the 0.01 and 0.02 ppm levels on a whole product 
basis. Duplicate recovery determinations were 
made along with a product control (Table 1). 
The overall average recovery was 100% with a 
range from 95 to 109%. The equivalent of 200
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Table 1. Recovery (%) of coumaphos and coumaphos 
oxygen analog from eggs and milk

Added,
ppm Coumaphos

Coumaphos
oxygen
analog

Eggs

0.01 106, 109 97,99
0.10 102, 102 101, 102

Milk3

0.01 102, 99 100, 96
0.02 96 ,98 95 ,98

a Whole product basis.

mg of each product control and product fortified 
at the 0.01 ppm level was injected onto the LC 
column. Chromatograms of the product controls 
are shown in Figure 1. No interfering peaks 
were observed in eggs or milk near the retention 
time of coumaphos oxygen analog. However, 
with the egg control sample a peak of approxi
mately 10% FSD eluted 10 s after coumaphos. 
The effect of this peak on coumaphos recovery 
values was minimized by using peak height 
measurements for quantitation.

In a trial of the method by another laboratory, 
raw milk samples were fortified with coumaphos 
and its oxygen analog at from 0.012 to 0.031 ppm 
on a whole product basis. The individual re
covery values are shown in Table 2. The average 
recoveries of coumaphos and its oxygen analog 
were 87 and 96%, respectively. The analyst en
countered no difficulties. He reported that a 
67% acetonitrile in water isocratic mobile phase 
could be used as an alternative to the gradient 
system. With the isocratic mobile phase, reten
tion times for coumaphos and its oxygen analog 
were 8.4 and 3.8 min, respectively; good peak 
shape was obtained for both compounds. No 
interfering peaks were observed.

GCI M S Confirmation

Since adequate separation of coumaphos and 
its oxygen analog is difficult to obtain with 
packed GC columns, capillary GC was investi
gated with the GC/MS technique. The fused 
silica capillary column coated with SE-30 pro
duced retention times of 21 min 52 s and 22 min 
45 s for coumaphos oxygen analog and couma
phos, respectively. The column provided ade
quate separation of the 2  compounds, which had 
peak widths of 10 s at the baseline.

Eight ions of coumaphos and 12 ions of the 
oxygen analog were monitored by a quadrupole

Table 2. Recovery (%) of coumaphos and coumaphos 
oxygen analog from milk: interlaboratory study

Added,
ppm a Coumaphos

Coumaphos
oxygen
analog

0.012 92 100
0.015 81 93
0.023 87 96
0.031 87 94

Av. 87 96

a Whole product basis.

mass spectrometer operated in the El mode to 
provide a high degree of confidence to the 
proper identity of these compounds. The mass 
spectrometer could detect 2  ng coumaphos and 
20 ng coumaphos oxygen analog. The poorer 
detectability of the oxygen analog may be due in 
part to GC on-column degradation. Typical ex
amples of multiple ion El mass spectra of the 2 
compounds obtained from standard solutions 
and the compounds recovered from fortified 
eggs are shown in Figures 2 and 3. Similar mass

Figure 2. Mass spectra of coumaphos oxygen analog 
(major ions).
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Figure 3. Mass spectra of coumaphos (major ions).

spectra were obtained for coumaphos and its 
oxygen analog recovered from milk fortified at 
the 0.02 ppm level. Co-extractives prevented 
confirming the presence of coumaphos oxygen 
analog at the 0.01 ppm level in eggs and milk and 
coumaphos at the 0.01 ppm level in milk. No 
coumaphos residues were observed in the control 
samples.

Additional studies have been conducted (11) 
to enable the confirmation of the 2 compounds 
at the 0.01 ppm level. In these studies, GC/MS 
and LC/MS were investigated with the mass 
spectrometer operated in the chemical ionization 
mode; both positive and negative ions were 
monitored.

Conclusions
The multiresidue method for determination 

of N-methylcarbamate insecticides in fruits and 
vegetables (9) has been successfully adapted for

the determination of coumaphos and coumaphos 
oxygen analog in eggs and milk through modi
fication of the extraction procedure. The pres
ence of both compounds in these products can be 
confirmed by capillary GC/MS at sub-part-per- 
million levels.
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A comparison of a liquid chromatographic (LC)/mass 
spectrometric (MS) procedure for confirming cou
maphos, an organophosphate insecticide, and its 
oxygen analog in milk and eggs with a capillary gas 
chromatographic (GC)/MS method is presented. For 
the confirmation of coumaphos and its oxygen ana
log, multiple ion detection of both positive and 
negative ions from the chemical ionization mass 
spectra was used. Samples of milk and eggs fortified 
with the 2 compounds at the 0.1,0.01, and 0.005 ppm 
levels were analyzed. The major finding is the rel
atively greater efficiency of the LC/M S interface 
compared with the GC/M S capillary injector.

Coumaphos, 0 ,0 -d ie th y l 0-(3-chloro-4- 
methyl-2-oxo-(2H)-l-benzopyran-7-yl) phos- 
phorothioate, is a topical insecticide used to 
control fleas, ticks, and mites on livestock and 
poultry (1). It is also added to livestock feed as 
a dewormer. As a result of these applications, 
investigators have been concerned with cou
maphos residues entering the food chain. Both 
coumaphos and a metabolite (an oxygen analog) 
have been found in milk (2). During the past

O

(C2H50 ) 2P—  o

several years considerable effort has been ex
pended on the development and extension of 
analytical methods for determining organo- 
chlorine and organophosphorus pesticides in 
food. In previous work on food samples, gas 
chromatography (GC) and GC/mass spectrome
try (MS) have been the most frequently used 
techniques (3, 4). Recently, a liquid chromato
graphic (LC) procedure has been developed for 
determining coumaphos and its oxygen analog 
in milk and eggs with GC/MS as the confirma
tory method (5).

A variety of MS techniques have been used to 
confirm the identities of organophosphorus 
pesticides. Krause et al. (5) used electron ion

1 Visiting Scientist, National Institute of Metrology, Beijing, 
People's Republic of China.

2 Division of Chemical Technology.
Received January 7,1983. Accepted March 27, 1983.

ization (El) GC/MS in the confirmatory proce
dure. The El behavior of these compounds has 
been reviewed (6, 7). Parker et al. (8) obtained 
the negative ion (NI) chemical ionization (Cl) 
mass spectra of 18 organophosphorus pesticides, 
using a direct liquid insertion probe LC/MS in
terface. The NI mass spectra obtained in the 
Parker et al. study were similar to those reported 
earlier using GC introduction (9). The NI spec
tra are usually sensitive to the presence of the 
phosphorus-containing part of the molecule and 
may also separately indicate the nonphosphorus 
moiety if it can stabilize a negative charge. In 
addition, chloride attachment NI mass spectra of 
organophosphorus pesticides have been reported
(10), and the positive ion (PI) Cl mass spectra 
were previously studied (11). The PI Cl mass 
spectra are useful for indicating molecular 
weight by the relatively abundant (M +  H)+ ion, 
whereas molecular ions (M~‘) are of low relative 
abundance in NI Cl mass spectra.

In continuing the effort of extending analyti
cal methods, the objective of this study was to 
develop an LC/MS procedure for confirming 
coumaphos and its metabolite (oxygen analog) 
in milk and eggs and to compare the results ob
tained with those derived from the GC/MS 
technique. Various approaches to LC/MS are 
possible. A recent paper (12) reviewed some of 
the commercially available instrumental litera
ture. The present paper uses PI and NI CI/MS 
with either the moving belt LC/MS interface or 
capillary column GC/MS.

Experimental 

S a m p le  P rep ara tion

Extracts of milk and eggs were prepared using 
the basic multiresidue method (13) for N- 
methylcarbamates with the following modifi
cations (5): Milk was extracted with acetone and 
eggs were extracted with acetonitrile. Three 
aliquots were taken from each extract. One was 
spiked with a mixed standard of coumaphos and 
its metabolite to yield a solution in methanol at 
the 0.1 ppm level; the other 2  aliquots were first
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Figure 1. M ID Cl mass spectra of coumaphos (250°C source, 0.3 torr methane, PI NI). A, G C/M S (4 ng); B, 
LC/M S (20 ng X 5% split). Upper spectrum, PI; lower spectrum, NI.

concentrated and then spiked to yield solutions 
at the 0.01 and 0.005 ppm levels, respectively.

A p p ara tu s a n d  R eag en ts

(a) Mass spectrometer.—Finnigan Model 4023T, 
with Finnigan 2300 data system with revised 
software. The mass spectrometer was operated 
in a multiple ion detection (MID) mode using 
continuous pulse PI NI Cl. Positive ions moni
tored were m/z 363, 365 of coumaphos (MW = 
362) and 347, 349 of the oxygen analog (MW =  
346). Negative ions monitored were m/z 225,

227, and 174 for coumaphos and m /z 153 and 174 
for the oxygen analog. Methane was used as 
reagent gas at a source pressure of 0.3 torr. 
Emission current was 0.25 mA and electron en
ergy 70 eV from a heated rhenium filament. Ion 
source was maintained at 250°C.

(b) Gas chromatograph.— Finnigan Model 9610, 
interfaced to the Finnigan 4023T mass spec
trometer. A 25 m X 0.20 mm id open tubular 
fused silica capillary column, wall-coated with 
OV-1 and connected directly to the ion source, 
was used. GC oven temperature was pro-
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Figure 2. M ID Cl mass spectra of oxygen analog (250°C source, 0.3 torr methane, PI NI). A, GC/M S; B, 
LC/M S. Upper spectrum, PI; lower spectrum, NI.

grammed at 60°C for 1 min and increased to 
270°C at 20°/min. Injector temperature was 
maintained at 200°C. Carrier gas was helium; 
flow rate was ca 25 cm/s.

(c) Liquid chromatograph.—DuPont Model 8820 
series gradient, with variable wavelength ultra
violet (UV) detector, was interfaced to the Fin- 
nigan 4023T mass spectrometer. The interface 
was a Finnigan moving belt type. A DuPont 
Zorbax C-8  reverse phase 25 cm X 4.6 mm id 
column was used. Injections were made with a 
10 pL loop. Gradient solvent program: 20% 
acetonitrile for 2 min, increased to 50% in 10 min,

and then increased to 70% in 30 min. Flow rate 
1.5mL/min. Total time 42 min. LC/MS inter
face: Kapton (polyimide) belt; rotor speed 20 
cps; vaporizer 200°C; cleanup heater 200°C; 
splitter with 5% going to mass spectrometer (20:1 
ratio).

(d) Acetonitrile.—Distilled-in-glass (Burdick 
and Jackson).

(e) Wafer.—Distilled, Milli-Q filtered.

Results and Discussion
Although another method for coumaphos 

confirmation used GC/EI MS (5), the confirma-
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Figure 3. M ID (GC/MS) mass spectra at 0.1 ppm level (250°C source, 0.3 torr methane, PI NI). A, coumaphos 
in eggs; B, oxygen analog in milk. Upper spectrum, PI; lower spectrum, NI.

tion here employed Cl MS. LC/EI MS proved 
impractical due to large pressure fluctuations, 
presumably because of residual solvent left on 
the belt that was carried to the vaporizer region 
and the ion source. This is a common problem 
when a high concentration of water is used in the 
mobile phase (12). The problem was reduced as 
much as possible by using a gradient that in
creased the percentage of organic solvent (ace
tonitrile) when compounds of interest eluted. 
Such problems are intensified by improper 
wetting of the belt due to the high surface ten

sion of aqueous solutions. Operation under Cl 
conditions is the most common practice for 
LC/MS because it is consistent with the relatively 
high source pressures encountered in LC/MS
( 12).

C l M ass S pectra

The PI Cl mass spectrum of coumaphos is 
characterized by the base peak at m/z 363 (M +  
H)+ and its chlorine isotope peak at m /z 365. 
This is in contrast to the El spectrum where ions 
at m/z 334, 306, 226, 210, 125, 109, and 97 are
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R T = 14.1

Figure 4. Reconstructed ion chromatogram (5 ions) of coumaphos at 0.1 ppm level in extract of eggs by
capillary GC/M S. RT =  retention time.

relatively abundant. The ability to acquire NI 
data simultaneously by the alternative scan 
technique was used to obtain additional speci
ficity for the confirmation. The negative ion at 
m/z 225 and the chlorine isotope at m/z 227 re
sult from rearrangement upon electron capture 
followed by fragmentation, which results in an 
ion represented by beta cleavage to the ring and 
replacement of oxygen by sulfur at this position. 
The ion at m/z 174 corresponds to dissociative 
electron capture with cleavage beta to the ring 
and additional loss of chlorine from this moiety. 
The results are consistent with published spectra
(8). Confirmation of coumaphos was based on 
monitoring 5 ions (positive ions m/z 365,363 and 
negative ions m/z 227, 225, and 174). These 5 
ions with correct retention time and relative 
abundance afford a specific confirmation while 
providing relatively low background response 
for samples. The GC/MID MS and LC/CI MS 
mass spectra of coumaphos are shown in Figure 
1 .

For the oxygen analog, the ions at m/z 347 and 
349 of the (M +  H)+ cluster together with the 
negative ions at m /z 153 and 174 were moni
tored. The ion at m /z 153 corresponds to the 
moiety (8). Thus a total of 4 ions with correct 
retention time and relative abundance are used

for confirmation. The GC / MID MS and LC / Cl 
MS spectra of the oxygen analog are shown in 
Figure 2.

GC/ MS of Extracts

In this study, extracts of milk and eggs were 
prepared and spiked at the 0.1, 0.01, and 0.005 
ppm levels as described above. For GC intro
duction, about 4 ng coumaphos was required for 
injection to obtain reproducible MID spectra.

Figure 3 illustrates the GC/MS results at the 0.1 
ppm level for coumaphos and the oxygen analog 
in extracts from egg and milk matrices, respec
tively. In general, ion reproducibilities were at 
or below ±5% relative abundance for the ions 
monitored. The agreement between spectra of 
standards and those from extracts was within the 
limits of the ion reproducibilities (Figures
1-3).

A capillary column chromatogram that rep
resents the sum of the ion currents monitored is 
shown in Figure 4. Coumaphos and its oxygen 
analog are separated by about 30 s, with a peak 
width of about 10 s at the base. Both coumaphos 
and its oxygen analog are separated from inter
ferences. A practical limitation of about 2 pL 
injection volume in the splitless mode was not 
exceeded. Results for coumaphos and its oxygen
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Figure 5. M ID (LC/M S) mass spectra at 0.1 ppm level (250°C source, 0.3 torr methane, PI NI). A, coumaphos 
in milk; B, oxygen analog in eggs. Upper spectrum, PI; lower spectrum, NI.

analog were comparable and consistent with 
standards at the 0.1 and 0.01 ppm levels. The 
0.005 ppm level was subject to large background 
responses which precluded confirmation. 
Overall run time was about 15 min.

LCI M S o f  Extracts
When LC introduction was used, about 20 ng 

coumaphos per injection was required to obtain 
reproducible results. Since a split of 20:1 was 
used, this implies that about 1 ng compound was 
transferred to the mass spectrometer.

Figure 5 shows the LC/MS results at the 0.1 
ppm level for coumaphos and its oxygen analog

in extracts from milk and egg matrices, respec
tively. In general, ion reproducibilities were 
about 8% relative abundance. The agreement 
between spectra of standards and those of ex
tracts was within the limit of ion reproducibili
ties (Figures 1, 2, and 5).

A liquid chromatogram is shown in Figure 6 
for the 0.1 ppm level of coumaphos and the 
oxygen analog in eggs. The recording was made 
using UV detection. The column effluent was 
diverted from the mass spectrometer until 1 min 
before peak elution as indicated by the UV re
corder, and was diverted once peak elution was 
complete as indicated by the mass spectrometer.
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RT=19.3

10 20 30
TIME (min)

Figure 6 . LC/UV chromatogram of 0.1 ppm level of coumaphos and oxygen analog in eggs (1.5 mL/min, 
gradient water-acetonitrile). RT = retention time.

This procedure kept background buildup and 
source contamination to a minimum but allowed 
the mass spectrometer to stabilize before peak 
elution. The separation of coumaphos from the 
oxygen analog was about 10  min with a peak 
width of about 30 s and run time of about 45 min. 
All 3 levels gave comparable results for the MID 
mass spectra when LC introduction was used.

Conclusions
The GC/MS and LC/CI MS methods for con

firming coumaphos and its oxygen analog in 
milk and eggs were compared. The efficiency 
of the LC system and interface appeared greater 
than the GC system for the actual amount re
quired to obtain a reproducible response (4 ng by 
GC vs 1 ng by LC). This was probably due to 
inefficiency in the capillary injector (14).

The reproducibility of ion relative abundances 
was better in GC/MS than in LC/MS (±5% by GC 
vs ± 8% by LC), but both were acceptable. Pres
sure fluctuations in the ion source continued to 
be a major problem in this reverse phase system, 
and the necessity of a 5% split was a major limi
tation of LC/MS.

The total analysis time for GC vs LC was fa
vorable (15 vs 45 min). Considerable develop
ment time may be required for LC separations 
combined with MS compared to capillary chro
matographic procedures, which are now con
sidered routine. This may in part reflect our 
greater experience with GC/MS methods, but the 
greater number of variables in LC/MS is rele
vant.

Both GC/MS and LC/MS can separate cou
maphos and the oxygen analog from matrix ef
fects for the confirmation. However, LC/MS 
can be used as low as the 0.005 ppm level and 
therefore is more tolerant of co-extractives than 
is capillary GC.
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Gas Chromatographic Determination of Mixtures of Captan, Folpet, 
and Captafol

DALI A M. GILVYDIS and STEPHEN M. WALTERS
Food and Drug Administration, Pesticide and Industrial Chemical Research Center, 1560 E 
Jefferson Ave, Detroit, M I 48207

A gas chromatographic procedure, using electron 
capture detection, has been studied and found to be 
applicable for determining 3 structurally similar 
fungicides, captan, folpet, and captafol, which are 
often found in combination in certain foods. Eight 
liquid stationary phases (AN-600, OV-25, OV-101, 
OV-210, OV-225, QF-1, SP-2401, and XE-60) were 
evaluated. A fluorosilicone stationary phase of 
moderate polarity, SP-2401, was best suited for col
umn stability, response, resolution of captan and 
folpet, and freedom from on-column decomposition 
of the 3 fungicides.

The phthalimide fungicides captan, folpet, and 
captafol are widely used on various fruits and 
vegetables. Captan and folpet residues are often 
found in combination during routine sample 
analysis of certain commodities (e.g., grapes). 
While all 3 fungicides are readily amenable to 
electron capture (EC) gas chromatographic (GC) 
detection (1 ), captan and folpet are difficult to 
resolve with conventional packed column 
chromatography. Stationary phases listed in the 
Pesticide Analytical Manual (PAM) (2) and rou
tinely used for pesticide residue analysis, such 
as the methyl silicones OV-101 and DC-200 and 
a mixture of OV-101 and OV-210, will not resolve 
captan and folpet. On-column degradation of 
captan and folpet has been observed on OV-101 
columns regularly used in the pesticide labora
tory for multiresidue screening purposes. 
Degradation of captan caused by column dete
rioration has been reported by Carlstrom (3).

GC procedures for captan, folpet, and captafol 
in various crops were reviewed by Fishbein (4) 
and Zweig and Sherma (5). Baker and Flaherty
(6) reported using 3% XE-60 on Chromosorb W 
to simultaneously determine residues of captan, 
folpet, and captafol in several fruits. Captafol 
in apple wood, leaves, and fruit was determined 
by Chiba and Northover (7), using 5% QF-1 on 
Gas-Chrom Q, and by Ngoran et al. (8), using 3% 
SP-2401 on Supelcoport. Beyer (9) found 3% 
XE-60 on Gas-Chrom Q to be superior to 3% 
XE-60 on Chromosorb W(HP) for the determi
nation of captafol in plants and wheat. He noted

Received January 17,1983. Accepted March 17,1983.

that conditioning with large amounts of captafol 
was necessary when using Chromosorb W(HP) 
support, whereas when using Gas-Chrom Q 
support, this priming step was unnecessary. A 
high carrier gas (nitrogen) flow rate of 190 
mL/min was used with Gas-Chrom Q. Beyer 
concluded that the high flow rate coupled with 
the greater inertness of the support provided a 
superior column for the determination of cap
tafol.

Biittler and Hormann (10) encountered dif
ficulties with the changing sensitivity of the EC 
detector, which they attributed to possible ad
sorption and/or decomposition during the GC 
process. Therefore, they developed a residue 
method for captan, folpet, and captafol based on 
liquid chromatography and detection by a pho
toconductivity detector. The GC stationary 
phases which they investigated are not reported 
in that paper.

The purpose of the present work was to try to 
find the optimal stationary phase for reliable GC 
determination of captan, folpet, and captafol. 
Several of the stationary phases reported in the 
literature were evaluated for separation charac
teristics of captan and folpet. On-column deg
radation and adsorption were also considered for 
all 3 fungicides. Packings of various polarity 
were examined because captan, folpet, and cap
tafol are relatively polar organochlorine com
pounds.

Experimental

A pparatu s a n d  R eag en ts

(a) Gas chromatograph.—Hewlett-Packard 
5880A equipped with 63Ni constant current EC 
detector, Level 4 data station, and Hewlett- 
Packard 7672A auto sampler. Operating con
ditions: argon-methane carrier gas (95 +  5), 
flow rate 30 mL/min; detector temperature 
340°C; injection temperature 200°C. Output of 
detector adjusted to produce ca 50% full-scale 
deflection (FSD) for 0.3 ng chlorpyrifos.

(b) GC columns.—Glass, 6 ft (1.8 m) X 2 mm id, 
unless otherwise noted. All columns were 
packed in this laboratory with commercial cus-
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tom-coated packings. Packings and column 
temperatures were as follows: (1) 5% QF-1 on 
80-100 mesh Chromosorb W(HP) at 155°C; (2) 
5% OV-210 on 80-100 mesh Chromosorb W(HP) 
at 180° C; (3) 5% AP-2401 on 100-120 mesh, Su- 
pelcoport at 175°C (folpet and captan) and 195°C 
(captafol); (4) 3% XE-60 on 80-100 mesh Gas- 
Chrom Q at 180°C; (5) 3% AN-600 on 80-100 
mesh Chromosorb W(HP) at 190°C; (6) 3% OV-25 
on 100-120 mesh Supelcoport (10 ft (3 m) X 2 mm 
id) at 200°C; (7) 3% OV-225 on 100-120 mesh 
Supelcoport (6 ft (1.8 m) X 4 mm id) at 200°C; (8) 
5% OV-101 on 80-100 mesh Chromosorb W(HP) 
at 200°C. Packings in columns 1, 3, 6, 7, and 8 
were obtained from Supelco, Inc., Bellefonte, PA 
16823. Packings in columns 2 and 5 were ob
tained from Analabs, Inc., North Haven, CT 
06473. Packing in column 4 was obtained from 
Applied Science Laboratories, Inc., State College, 
PA 16801.

(c) Solvents. —Isooctane (2,2,4-trimethylpen- 
tane), distilled in glass (MC&B Reagents, Cin
cinnati, OH 45212); benzene, distilled-in-glass 
(Burdick & Jackson Laboratories, Inc., Muskegon, 
MI 49442).

(d) Chlorpyrifos standard solution.—0.06 pg /m L  
isooctane.

(e) Response standard solution.—For character
izing column suitability. Solution prepared to 
contain the following compounds (ng/pL iso
octane): lindane, 0.02; heptachlor, 0 .02; aldrin, 
0.04; heptachlor epoxide, 0.04; dieldrin, 0.05; 
endrin, 0.06; and p,p'-DDT, 0.08.

(f) Captan, folpet, and captafol standard solu
tions.—Stock solutions prepared in benzene at ca 
100 pg/mL and stored at —7°C when not in use. 
Working standard solutions for GC diluted from 
stock solutions with isooctane to ca 0.2 pg/mL for 
captan and folpet and ca 0.4 pg/mL for cap- 
tafol.

Results and Discussion

E valu ation  o f  C o lu m n  P ack in g s

The stationary phases evaluated are chemically 
classified as phenylmethyldiphenyl silicone 
(OV-25), cyanopropylmethyl-phenylmethyl 
silicone (OV-225), cyanoethylmethyl silicone 
(XE-60 and AN-600), trifluoropropylmethyl sil
icone (QF-1, OV-210, and SP-2401), and methyl 
silicone (OV-101). OV-225 is recommended by 
several chromatography suppliers as a substitute 
for XE-60. However, it cannot be considered a 
true equivalent of XE-60 as reflected by the dif
ferences in their McReynolds' constants. The

McReynolds' values for OV-225 indicate a greater 
polarity and somewhat different selectivity. 
AN-600 is reported by Analabs, Inc. (Catalog No. 
21) to be a thermally more stable XE-60. OV-210 
and SP-2401 offer greater thermal stability than 
the similar QF-1. Significantly higher column 
efficiencies are reported for SP-2401 than for 
OV-210 (11).

Criteria for column evaluation included the 
following: column stability and efficiency, re
tention, resolution, and freedom from on-col
umn decomposition and/or adsorption of the 3 
fungicides.

Columns prepared with OV-25, OV-225, and 
QF-1 packings were initially evaluated. Captan 
and captafol did not elute from the OV-25 col
umn, while folpet chromatography was nonde
finitive, resembling excessive decomposition. 
Captan and folpet could be separated on the 
OV-225 column. However, this column was 
unsuitable because of excessive adsorption of the
2 compounds and partial decomposition of folpet 
to phthalimide on the column. All 3 fungicides 
separated on the QF-1 column without any on- 
column decomposition; however, the long re
tention times required for the satisfactory reso
lution of captan and folpet and a high baseline 
noise level due to column bleed made this col
umn impractical to use. Therefore, these 3 col
umns were eliminated from further evalua
tion.

The 4 packings that showed the greatest 
promise for the separation of captan and folpet 
are listed in Table 1. Retention times relative to 
captan and response data for the 3 fungicides are 
also given in Table 1. Baseline resolution of 
captan and folpet was obtained on the XE-60 and 
AN-600 columns (Figure 1). However, an ele
vated baseline, denoting decomposition 
throughout the length of the column, was ob
served in the area of the chromatogram preced
ing the folpet peak on AN-600. The same ob
servation was made in the chromatogram pre
ceding the captan peak on XE-60. Therefore, 
both columns were eliminated from further in
vestigation. The greatest response of the 3 
fungicides was observed using SP-2401 and 
OV-210 columns. However, on-column degra
dation was evidenced by elevated baselines 
preceding elution of the parent compound for all
3 fungicides on OV-210. Therefore, this column 
was also eliminated from further consideration. 
The SP-2401 column effectively separated captan 
and folpet (Figure 2) with no apparent degrada
tion observed for the 3 compounds. This sta
tionary phase best met the desired criteria.
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Figure 1. Gas chromatograms of mixture of (1) folpet 
and (2) captan on: A, 3% AN-600 column at 190°C; B, 

3% XE-60 column at 180°C.

C h aracter iz a t ion  o f  th e  SP-2401 C o lu m n

A 5% load of the liquid phase SP-2401 was se
lected to provide the required inertness of 
packing necessary when working with com
pounds that have a tendency to degrade or be 
adsorbed on lower load packings (1 2 ).

Figure 2. Gas chromatogram of mixture of (1) 0.5 ng 
folpet and (2) 0.6 ng captan on 5% SP-2401 column at 

175°C.

The following conditioning procedure (Su- 
pelco, Inc., Bellefonte, PA, 1983, private com
munication) for SP-2401 support gave consis
tently high efficiency columns. A thoroughly 
cleaned and silanized 6 ft (1.8  m) glass column 
was packed with the 5% SP-2401-coated support, 
using vacuum and a hand vibrator. Silanized 
glass wool plugs were used at both column inlet 
and outlet. The column was purged at ambient 
temperature for at least 30 min with nitrogen gas 
flow at 40 mL/min to eliminate any trapped air 
and to further condense the packing. The oven 
temperature was gradually raised to a maximum

Table 1. GC retention times relative to captan and response data for captan, folpet, and captafol

Column
Column 

temp., °C Fungicide
Rel. retent, 

time
Approx. 

50% FSD, ng

3% XE-60 180 folpet 0.82 2.0
captan 1.0 (4.3 min) 4.6
captafol 3.63 42.8

3% AN-600 190 folpet 0.81 1.8
captan 1.0 (7.7 min) 3.9
captafol 3.24 25.6

5% OV-210 180 folpet 0.92 0.6
captan 1.0 (10.3 min) 1.0
captafol 2.56 NDa

185 captafol (RT = 21 m in)6 7.7
5% SP-2401 175 folpet 0.92 0.5

captan 1.0 (14.2 min) 0.5
captafol 2.56 ND

195 captafol (RT = 16 m in)6 1.0

a ND = not determined.
6 Only captafol was chromatographed at this column temperature. Therefore, retention time (RT) relative to captan was 

not calculated.



1368 GILVYDIS & WALTERS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 6, 1983)

o

--------- 1---- \ ---- 1--------- 1----------1
3 » 12 15 11

RETENTION TIME (min)

Figure 3. Gas chromatogram of 1.0 ng captafol on 5% 
SP-2401 column at 195°C.

conditioning temperature of 220°C as follows: 
Oven temperature was raised to 50 °C and held 
for 30 min, then increased to 110°C for 2 h, and 
finally raised to 220°C and held at that temper
ature for 3 days. Nitrogen flow rate during 
column conditioning was maintained at >30  
mL/min.

The above column conditioning procedure 
produced a column with an efficiency value of 
at least 3200 theoretical plates for a 6 ft column. 
The response standard was chromatographed to 
evaluate the new column. Column efficiency 
was determined from computation based on the 
p,p '-DDT peak. The formula N =  16(*/y)2 was 
used to calculate theoretical plates, where N =  
total theoretical plates; x =  retention time cor
rected for solvent, mm; and y =  width of peak 
base, mm, measured as the distance at the base
line between lines drawn tangent to the 2 sides 
of the peak. Endrin was used to evaluate 
breakdown and adsorption characteristics of the 
new column. Repetitive injections (n =  6) of a 
standard solution of endrin were made to check 
reproducibility of peak height size. Good re
producibility was obtained with a coefficient of 
variation (CV) of 1.3%. The column was further 
conditioned by injecting nanogram quantities of 
the 3 fungicides until a constant response was 
observed (within ±3% or less).

A resolution factor of 1.26 was obtained for 
captan and folpet at a column temperature of 
175°C (Figure 2). The formula R =  2z/y' +  y was 
used to calculate resolution of captan and folpet,

2.0 3.0 4.0
LOO PQ INJECTED

Figure 4. Dynamic response range (peak height/pg 
vs logarithm pg injected) for (1) folpet and (2) captan 
at 175°C, and (3) captafol at 195°C on 5% SP-2401 

column.

where z =  the difference between the retention 
times for 2 components, y' =  peak width at 
baseline of component 1 , and y =  peak width at 
baseline of component 2. Captafol quantitations 
were made at a column temperature of 195°C 
(Figure 3) because a more reasonable retention 
time for this compound was obtained at that 
temperature, i.e., 37 min at 175°C vs 16 min at 
195°C.

The dynamic response range for each com
pound was determined over 3 orders of magni
tude (102-104 pg injected). The response factor 
(peak height/pg injected) was plotted vs the log 
pg injected (Figure 4). A straight line parallel to 
the x-axis indicates a linear dynamic response. 
The plot shows that the detector used in this 
study is not linear for captan or captafol over the 
entire response range tested. However, within 
smaller segments of this range, the detector dis
played adequate linear response for quantitative 
purposes. Folpet was reasonably linear over the 
entire range tested.

Captan, folpet, and captafol are known to be 
particularly susceptible to inconsistent response; 
therefore, a study was made of the response fac
tor (peak height/pg injected) variability over 
periods of 1 day to 1 month. As shown in Table 
2, the response factors for all 3 compounds were 
relatively consistent over 1 day. The variability 
(CV) of response for folpet remained constant 
over 1 month. However, this variability in
creased significantly for captan and captafol from 
1 day to 1 month. Column temperature does not
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Table 2. Response factor variability of captan, folpet, and captafol chromatographed on 5% SP-2401 column

Time
Column 

temp., °C Fungicide3
No. of

injections

Response factor

Range Mean CV, %

1 month 175 folpet 23 3.32-3.58 3.43 2.6
captan 23 2.77-3.50 3.15 6.5
captafol 22 0.72-1.02 0.86 10.3

1 week 195 captafol 5 2.04-2.65 2.36 9.5
1 day 175 folpet 7 3.46-3.73 3.52 2.7

captan 7 3.66-3.73 3.80 3.1
captafol 7 1.04-1.12 1.07 2.3

195 captafol 7 2.25-2.36 2.31 1.7

3 Amount of each fungicide present in each injection: 0.995 ng folpet, 1.003 ng captan, and 1.998 ng captafol.

appear to have a significant effect on captafol 
response variability.

Various measures were attempted to improve 
reproducibility of response. No permanent or 
significant improvement on response variability 
was noted by the following manipulations: 
priming injections of large amounts of the 3 
fungicides, complete elimination of glass wool 
from the column inlet, sample matrix introduc
tion on the column, or the use of a more polar 
sample solvent such as ethyl acetate. Lowering 
the detector temperature to 320°C lowered re
sponse values but did not improve response 
variability. Because of inherently greater vari
ability in chromatographic response for the 3 
compounds, the response must be monitored 
frequently with standard injections when sam
ples are analyzed.

S o lu t io n  S ta b ility

An evaluation of the chemical stability of di
lute standard reference solutions of captan, fol
pet, and captafol was conducted, using solvents 
suitable for dissolution of the compounds and 
also compatible with the EC-GC system. Refer
ence stock solutions were prepared at approxi
mately 100 pg/mL benzene. Dilute working 
standards for GC were prepared in triplicate from 
the freshly prepared stock solutions in benzene, 
using isooctane as the diluent and stored as fol
lows: (2 ) at ambient temperature on the labo
ratory bench exposed to light; (2 ) at ambient 
temperature stored in the dark; and (3) refriger
ated at —7°C. These solutions were periodically 
checked for changes in the concentration and for 
the appearance of any decomposition products 
over a period of 3 months. The solutions were 
injected in triplicate, using an auto sampler, and 
the gas chromatograms were evaluated. Exam
ination of the chromatograms revealed no 
chemical instability of captan, folpet, or captafol

in isooctane solution under any of the test con
ditions.

A p p lic a t io n  to  S a m p les

Extracts of an apple sample fortified with all 
3 fungicides and carried through the general 
method for nonfatty foods in PAM (2) were in
jected on both the 5% OV-101 column specified 
in PAM and the 5% SP-2401 column. As can be 
seen in Figure 5, captan and folpet are insuffi-

fortified with (1 ) 0 . 2  ppm folpet, (2 ) 0 . 2  ppm captan, 
and (3) 0.4 ppm captafol on: A, 5% OV-101 column 
at 200°C; B, 5% SP-2401 column at 175°C. Captofol 
elutes from 5% SP-2401 column in 37 min at 175°C 

and is therefore not shown.
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ciently resolved on the 5% OV-101 column to 
permit reliable quantitation. Greater variability 
of response for individual standards injected 
concomitantly with sample extracts was obtained 
on the OV-101 column. For example, the CV of 
captafol standard responses was 5.3% (n =  7) on 
the 5% OV-101 column and 1.9% (n =  5) on the 
SP-2401 column.

Summary

A 5% SP-2401 on 100-120 mesh Supelcoport 
column prepared and operated under the con
ditions specified was the most suitable of the 
several column packings evaluated for the 
quantitation of captan, folpet, and captafol. This 
moderately polar material adequately resolves 
captan and folpet, which are relatively difficult 
to separate, and thus makes possible the quanti
tation of residues of these 2 fungicides when 
present together in foods. The column was su
perior for all 3 fungicides with regard to stability, 
efficiency, and absence of on-column compound 
decomposition, thereby yielding maximum 
chromatographic response and reproducibility 
relative to other columns studied. The column 
has thus far been durable to food sample extracts 
and will be used in further investigation of the

recoveries of captan, folpet, and captafol from 
various food commodities.
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V ITA M IN S  AND OTHER NUTRIENTS

Semiautomated Fluorometric Method for Determination of Vitamin C 
in Foods: Collaborative Study

JONATHAN W. DeVRIES
General Mills, Inc., 9000 Plymouth Ave, N , Minneapolis, M N  55427

Collaborators; P. W. Defibaugh; D. Dunmire; F. Ebert; H. Ge; G. Oman; N. Lim;
R. A. Moffitt; E. E. Mueller; R. Schnitzer; S. Shaffer

Continuous flow automation of the microfluorome- 
tric procedure compares favorably with the manual 
method in sensitivity, specificity, and generality, and 
reduces the cost of routine vitamin C assay. Fifteen 
samples of 12 different products of ready-to-eat ce
reals, fruit juices, and infant formula were sent to 6 
collaborators; one sample in each category was sent 
as blind duplicates. The within-laboratory standard 
deviations for 5 collaborators on the 3 sets of blind 
duplicates were 1.23, 0.87, and 3.64 m g/100 g, re
spectively. Overall, the average relative standard 
deviation between laboratories was 11.1% (range
4 .5 - 16.6%) for the manual method and 4.99% (range
1 .5 - 12.6%) for the semiautomated method. The 
method has been adopted official first action.

One of the most specific methods for determin
ing total vitamin C in a variety of foods, food 
ingredients, and food products (1 ), introduced 
and studied by Deutsch and Weeks (2,3), quan
titates ascorbic acid and its biologically active 
oxidation product dehydroascorbic acid. The 
ascorbic acid present is selectively oxidized to 
dehydroascorbic acid by using acid-washed 
Norit. The dehydroascorbic acid is then reacted 
with o-phenylenediamine to produce the fluo
rescent condensation product 3-(l,2-dihydroxy- 
ethyl)furo(3,4-b)quinoxaline-l-one which can 
then be quantitated by measuring the resulting 
fluorescence intensity with a fluorometer (exci
tation 364 nm, emission 440 nm).

The cost of using such methodology for as
suring the nutritional quality of food products 
can be reduced by using continuous flow auto
mation as a means of eliminating various labor- 
intensive steps. Continuous flow automation of 
the current AO AC microfluorometric procedure

This report of the Associate Referee was presented at the 96th 
Annual International Meeting of the AOAC, Oct. 25-28,1982, 
at Washington, DC.

The recommendation of the Associate Referee was approved 
by the General Referee and Committee D and was adopted by 
the Association. See the General Referee and Committee re
ports, /. A s s o c .  O f f .  A n a l .  C h e m . (1984) 67, March issue.

Received September 1, 1982.

has been reported (4) and compares favorably 
with the manual method in sensitivity, speci
ficity, and generality. In addition, because it 
provides greater throughput per unit of analyst's 
time, it reduces the cost of routine vitamin C 
assay. Since the ruggedness, specificity, sensi
tivity, and generality of the manual method had 
previously been studied collaboratively (3), it 
was the purpose of the present collaborative 
study to determine within- and between-labo- 
ratory reproducibility of the method when car
ried out in a semiautomated mode.

Collaborative Study
Fifteen samples of 12 different products from 

4 food categories (ready-to-eat [RTE] cereals, fruit 
juices, milk, and milk-based liquid infant for
mula) were used. Products which were colored 
(cranberry, grape, and tomato juices) and which 
contained sugar were included because they are 
known to cause difficulty with colorimetric ti
tration and osazone formation methods but not 
with microfluorometric methodology. Samples 
were chosen that were of interest to the collab
orators participating in the study and covered an 
approximate vitamin C range of 10-150 mg/100 
g sample. Dry samples were ground to pass a 40 
mesh sieve, mixed thoroughly, divided, and 
hermetically sealed in glass containers. Cans of 
fruit juice and liquid infant formula from a single 
production lot number were purchased, identi
fying labels were removed, and the unopened 
cans were forwarded to the collaborators. Three 
samples (one each from the cereal, fruit juice, and 
infant formula groups) were sent to collaborators 
as blind duplicates. All collaborators were 
supplied with a copy of the method and in
structed to analyze each of the samples once, 
following the method provided. Estimated vi
tamin C levels were provided for convenience in 
making dilutions. Collaborators provided their 
own primary standards.
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Total Vitamin C in Food 
Semiautomated Fluorometric Method 

First Action

Apparatus

(a) Automatic analyzer.—AutoAnalyzer II 
system equipped with flow scheme shown in Fig. 
1 (Technicon Corp.), or equiv.

(b) Fluorometer. —Aminco fluorocolorimeter 
equipped with J4-7413 flow cell and J4-7125 4 
watt lamp (American Instrument Co., Silver 
Spring, MD 20910), or equiv.

(c) Fluorometer filter. —Primary 7-60, band pass 
70% T at 356 nm; secondary Technicon No. 
126-0077-01, band pass 40% T at 440 nm, or 
equiv.

(d) Ramin pipet.—Model P-5000 (Rainin In
strument Co., Inc., Boston, MA 02135), or 
equiv.

(e) Collection funnels.—DisPo No. F-7501 (Sci
entific Products, Evanston, IL 60201), or equiv.

(f) Plastic raps.—Falcon No. 4020 (Becton, 
Dickinson and Co., Oxnard, CA 93030), or 
equiv.

(g) Osterizer blender.—Pulsematic 16 (Scientific 
Products), or equiv.

(h) Magnetic stirrer.—Thermolyne (Scientific 
Products), or equiv.

(i) Mechanical shaker.—Wrist-action shaker 
(Burrell Corp.), or equiv.

(j) Dispensing pipet.—Kimax No. 37075-F (Ace 
Glass Co., Inc.), or equiv.

Reagents

(a) Brij-35 soln.—35% in H2O (Atlas Chemical, 
Wilmington, DE 19899).

(b) Extraction solvent.—4.0% metaphosphoric 
acid-MeOH (3 +  1, pH 2.1). Prep, fresh 
weekly.

(c) Wash soln.—Add 1.5 mL Brij soln to 1 L extn 
solv., and filter.

(d) Dialysate receiving soln.—1.5 mL Brij soln/L
h 2o .

(e) Sodium acetate solns.—(1) Dissolve 302 g 
anhyd. sodium acetate in H20 ;  dil. to 1 L with 
H20 . Add 1.5 mL Brij soln, and filter. (2) Prep, 
soln as in (1); adjust pH to that of boric acid soln 
below (ca 6.9) with HC1.

(f) Boric acid.—Dissolve 5 g boric acid in 100 
mL sodium acetate soln (1). Prep, fresh daily.

(g) o-Phenylenediamine hydrochloride.—0.5 
mg/mL. Dissolve 50 mg o-phenylenediamine 
HC1 (Eastman Kodak Co.) and dil. to 100 mL with 
H20 . Prep, fresh daily.

(h) Acid-washed Norit.— Add 1 L 10% HC1 (1 +
9) to 200 g Norit Neutral (Fisher Scientific Co., 
carbon, decolorizing, C-170), heat to bp, and filter 
with vac. Remove cake to large beaker. Add 1 
L H20 ,  stir, and filter. Repeat washing with H20  
and filtering. Dry overnight at 110-120°.

(i) Norit slurry. —Add 20 g acid-washed Norit 
to extn solv. and dil. to 100 mL. Transfer slurry 
to 125 mL erlenmeyer equipped with mag. stirrer 
app. Mix slurry at rate to maintain homoge
neity.

Was'1 ^ 2.00 ml/min Wash
Receptacle u

FIG. 1 — Flow scheme for semiautomated method of analysis for total vitamin C
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Table 1. Collaborative results for semlautomated vitamin C method (mg/100 g)

Lab. Sample 1— Tomato Juice Lab. Sample 2— Wheat RTE Cereal

1 9.63 12.60 1 116.2s 108.8s
2 12.80 10.30 2 95.3 94.3
3 9.99 9.76 3 92.2 92.6
4 9.50 9.58 4 92.8 91.8
5 9.92 9.55 5 94.2 92.5

Lab. Sample 3— Infant Formula (Dry Soy) Lab. Sample 4— Orange Juice

1 117.5 114.1 1 48.7
2 113.9 105.5 2 48.8
3 114.9 117.0 3 49.6
4 110.5 103.8 4 49.3
5 113.0 114.0 5 47.1

Lab. Sample 5— Oat RTE Cereal Lab. Sample 6— Grape Juice

1 64.5 1 30.5
2 69.7 2 29.6
3 68.3 3 30.5
4 69.2 4 30.3
5 71.5 5 29.1

Lab. Sample 7— Corn RTE Cereal Lab. Sample 8— Cranberry Juice

1 88 .8s 1 34.7
2 142.9 2 37.6
3 135.8 3 34.9
4 142.4 4 34.0
5 139.0 5 36.9

Lab. Sample 9— Apricot Nectar Lab. Sample 10— Grapefruit Juice

1 19.5 1 37.8
2 19.1 2 30.7
3 18.8 3 30.3
4 18.6 4 29.8
5 18.4 5 29.4

Lab. Sample 11— Infant Formula Lab. Sample 12— Nonfat Dry Milk

1 15.1 1 8.7
2 12.1 2 10.4
3 11.9 3 9.5
4 11.2 4 9.1
5 13.9 5 9.4

s Rejected at 95% confidence level.

(j) Ascorbic acid standards— (1) 1.0 mg/mL.— plastic cups and mechanically shake 10  min.
Accurately weigh 100 mg ascorbic acid (Mai- Filter mixt. (Whatman 2V), immediately transfer
linckrodt; store in desiccator) into 100 mL vol. filtrate from DisPo funnels to AutoAnalyzer
flask, dissolve, and dil. to vol. with extn solv. sampler, and pump thru instrument. Adjust
(2 )  100pg/mL. —Pipet 10 mL of above soln into recorder so 25 pg/mL std gives full scale peak.
100 mL vol. flask and dil. to vol. with extn solv. (a) Low moisture samples.—Grind to pass 40
(3) 2 , 10, 25 uglm L.—Pipet 2,10, and 25 mL 100 mesh sieve. Accurately weigh portion of sample
pg/mL soln into sep. 100 mL vol. flasks, dil. to (max. wt 5 g) contg ca 1.5 mg ascorbic acid into
vol. with extn solv. plastic cup and dispense 100 mL extn solv. Add

1 mL Norit slurry, cap, and shake 10 min. Filter
Standard Curve and pump filtrate through AutoAnalyzer.

Add 1 mL (Rainin pipet) Norit slurry (0.2 g Negligible error is introduced by moisture in
Norit) to each working std soln (2,10,25 pg/mL). sample.
Shake and transfer contents of each vol. flask to (b) High moisture samples, fruits and vegetables.
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Table 2. Statistical analysis of collaborative results

Sample
Mean, 

m g /100g
SD

between labs (rel. %)

1 tom ato juice 10.36 0.64 (6.14)
2 wheat RTE cereal 93.2 1.38 (1.49)
3 Infant formula (dry soy) 112.4 4.05 (3.61)
4 orange juice 48.7 0.97 (1.99)
5 oat RTE cereal 68.6 2.59 (3.77)
6 grape juice (purple) 30.0 0.62 (2.07)
7 corn RTE cereal 140.0 3.31 (2.36)
8 cranberry juice 35.6 1.55 (4.35)
9 apricot nectar 18.9 0.43 (2.28)

10 grapefruit juice 31.6 3.50 (11.08)
11 infant formula 

(milk-based liquid)
12.8 1.61 (12.58)

12 nonfat dry milk 9.4 0.63 (6.70)

Table 3. Vitamin C content (mg/100 g), summary of comparative data

No. of 
samples

Mean

Product Description Manual Semiauto.

Cereal and cereal products:
O a t/co rn  (colored) 3 82.3 85.2
W heat/buckwheat 2 214.3 223.0
Oat 2 155.1 148.1
Corn (colored) 3 57.2 61.4
O at/co rn  (colored) 1 90.1 85.1
Corn 2 245.0 257.2
O a t/co rn  (colored) 2 109.6 101.2
O at/co rn 2 77.2 71.8
O a t/co rn  (colored) 4 99.6 95.6
C orn /w heat 2 92.3 92.6
O a t/co rn  (colored) 1 155.0 159.6
Corn 2 95.0 95.0
Oat (colored) 1 107.2 100.8
Wheat 2 230.7 237.0
Corn (colored) 3 69.7 65.9
Wheat 2 84.2 85.1
Flour 1 0.0 0.0
Cake mix 2 0.0 0.0
Bread crumbs 1 0.0 0.0
Crackers 1 0.0 0.0

Fruits & vegetables:
Pears 1 1.0 1.2
Peaches 1 3.3 3.5
Strawberry preserves 1 4.5 4.2
Fruit cocktail 1 1.5 1.5
Corn (whole kernel) 1 2.1 2.1
Tomatoes (stewed) 1 9.2 9.5
Green beans 1 1.1 1.1
Potato buds 1 7.1 6.5
Apple (infant food) 1 18.5 17.1
Pineapple & Banana (infant food) 1 12.6 9.2
Peaches (infant food) 1 19.3 24.7
Tomato juice 1 12.1 12.4
Pineapple juice 1 38.3 38.7
Grape juice 1 44.1 45.6
Orange juice 1 38.3 38.1

Miscellaneous:
Pizza 9 1.1 1.0
Weiners 1 21.6 16.5
Flamburger 1 0.0 0.0
Pet foods 2 0.0 0.0
Frozen beef dinner 1 0.0 0.0
Frozen chicken dinner 1 0.0 0.0
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Table 4. Vitamin C content (mg/100 g) summary of statistical data

Product
category

Samples
compared

Manual method Semiautomated method
SD

of diff.Mean Range Mean Range Corr.

Cereals, flour (34 samples),a 
and flour products 
(5 samples)6 39 93.55 0-245.0 93.55 0-257.2 0.9980 5.28

Fruits, vegetables,
& fruit-based infant 
foods6 15 14.36 1.1-45.6 14.20 1-44.1 0.993 1.81

Miscellaneous: meats, 
frozen dinners, 
pizza, pet foods6 15 1.68 0-16 .5 2.07 0-21.6 0.999 1.31

3 Table 1, ref. 4.
6 p. 650, paragraph 6, ref. 6. 
c Table 3, ref. 6.
6 Table 5, ref. 4, p. 650; paragraph 7, ref. 6; and p. 651, paragraph 1, ref. 6.

—Grind sample in blender. Weigh portion of 
slurry (max. wt 5 g) contg ca 1.5 mg ascorbic acid 
into 100 mL vol. flask and dil. to vol. with extn 
solv. Add 1 mL Norit slurry, cap, shake, and 
transfer contents to cup. Continue as in (a).

(c) Dehydroascorbic acid.—Treat sample as in (a) 
except replace 1 mL Norit slurry with 1 mL extn 
solv.

(d) Blank determination. —Replace pH-adjusted 
sodium acetate line with boric acid soln. Pump 
stds and samples thru flow scheme to obtain 
blank values.

C alcu la tion

Plot peak ht of std minus blank vs concn. 
Obtain sample concn in pg/mL by comparing 
blank-corrected peak hts for each sample with std 
curve. No error is introduced by omitting 1 mL 
diln from Norit slurry if it is omitted in both 
sample and std calcns. Calc, total vitamin C or 
dehydroascorbic acid level in original sample as 
follows;

Vitamin C, mg/100 g =  (C/W) X 10

where C =  concn, pg/mL, of ascorbic or dehy
droascorbic acid from calibration curve; W = 
sample wt, g; and 10  is a combined factor taking 
into account 100 mL extract, level reported per 
100 g, and conversion of g to mg.

Results and Discussion
Results obtained by the participating labora

tories are shown in Table 1. None of the 5 col
laborators reported difficulty in analyzing any 
of the samples submitted. One collaborator re
ported that when the method is used routinely, 
a nitrogen bubbler helps to retard degradation 
of the o-phenylenediamine solution, and that

shaking the Norit-treated sample by hand 3 times 
for 30 s over a 10 min time span gives results 
equivalent to shaking 10  min on a wrist-action 
shaker. Another collaborator reported that 
water is routinely used in place of methanol in 
the extraction solvent. Both collaborators, 
however, followed the submitted procedure for 
this study. Collaborator 6 used a modification 
of the procedure (5), which gave acceptable 
within-laboratory reproducibility but gave re
sults on all samples significantly lower than 
these obtained by the other collaborators. 
Consequently, results obtained by Collaborator 
6 were not used in the statistical evaluation of the 
method.

The within-laboratory standard deviations 
based on results obtained for blind duplicate 
Samples 1, 2, and 3 were 1.23, 0.87, and 3.64 
mg/100 g, respectively (11.9,0.93, and 3.2% rel
ative). The between-laboratory standard de
viations are shown in Table 2. The standard 
deviations of the results from the collaborating 
laboratories were determined and all results 
lying outside the 95% confidence interval were 
rejected. The standard deviation was then re
calculated. As can be seen, the between-labo
ratory standard deviation determined by this 
study is less for the semiautomated procedure 
than for the manual procedure on which it was 
based, collaborated in 1967 (3). The average 
relative standard deviation between laboratories 
was 11.1% (range 4.5-16.6%) for the manual 
method, and 4.99% (range 1.5-12.6%) for the 
semiautomated method.

Recommendation
Based on the historical performance of the 

manual method (1 ) on which the semiautomated
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method is based (i.e., identical chemical oxida
tion and condensation reactions and similar ex
traction procedures), the excellent agreement 
between the 2 methods when studied indepen
dently by 2 different laboratories (4, 6) across a 
variety of products (see summary, Tables 3 and 
4), and the improvement shown by the semiau- 
tomated over the manual method for within- 
laboratory and between-laboratory variability, 
it is recommended that the semiautomated 
method for the fluorometric determination of 
vitamin C in food products be adopted official 
first action.

Acknowledgments
The professional interest and cooperation of 

the following collaborators made this study 
possible: P. W. Defibaugh, FDA; D. Dunmire, 
Ralston Purina; F. Ebert, General Mills; H. Ge,

General Mills; G. Oman, General Mills; N. Lim, 
Carnation Co.; R. A. Moffitt, Carnation Co.; E. E. 
Mueller, Ralston Purina; R. Schnitzer, Sani Pure 
Food Laboratories; S. Shaffer, Kellogg Co.

Referen c es

(1) Official Methods of Analysis (1980), 13th Ed., AO AC, 
Arlington, VA, secs 43.061-43.067

(2) Deutsch, M. J„ & Weeks, C. E. (1965) J. Assoc. Off. 
Agric. Chetn. 48,1248-1256

(3) Deutsch, M. J. (1967) /. Assoc. Off. Anal. Chem. 50, 
798-806

(4) Egberg, D. C„ Potter, R. H„ & Heroff, J. C. (1977) J. 
Assoc. Off. Anal. Chem. 60,126-131

(5) Roy, R. B„ Conetta, A., & Salpeter, J. (1975) 89th 
Annual Meeting of the AOAC, Oct. 13-16, 1975, 
Washington, DC (Abstract 157)

(6) Dunmire, D. L., et al. (1979) J. Assoc. Off. Anal. Chem. 
62,648-652



WILLS ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 6, 1983) 137 7

Liquid Chromatography, Microfluorometry, and Dye-Titration 
Determination of Vitamin C in Fresh Fruit and Vegetables

RON B. H. WILLS, PUSHPARANY WIMALASIRI, and HEATHER GREENFIELD
University of New South Wales, School of Food Technology,
Kensington, NSW 2033, Australia

The vitamin C content of several fresh fruit and 
vegetables was determined by a liquid chromato
graphic (LC) method which gave simultaneous sep
arate values for ascorbic acid and dehydroascorbic 
acid (DHA) and by the official AOAC methods of 
microfluorometry and dye-titration. The levels of 
ascorbic acid obtained by LC and dye-titration were 
in good agreement, except for a few colored products 
where it was difficult to determine the end point of 
the titration. The combined values for ascorbic acid 
and DHA obtained by LC and microfluorometry were 
in agreement for most produce, but for about one- 
third of the samples, the values obtained by micro
fluorometry were significantly higher.

Fruit and vegetables are the major sources of vi
tamin C in most diets. The principal biologically 
active form of vitamin C is L-ascorbic acid; its 
primary oxidation product, L-dehydroascorbic 
acid (DHA), is also active, although it is generally 
present at relatively lower levels (I). There are 
2 official AOAC methods for analysis of vitamin 
C in foods: the dye-titration method (2) which 
determines ascorbic acid only and is considered 
to be unreliable because of a range of potentially 
interfering compounds (3), and the microfluo- 
rometric method (4) which is preferable from a 
nutritional point of view because it produces a 
value for total vitamin C activity (i.e., ascorbic 
acid plus DHA) and is less susceptible to inter
ference, but it is a more lengthy method (3).

The technique of liquid chromatography (LC) 
has been of increasing interest for the analysis of 
vitamin C. Initial studies analyzed ascorbic acid 
only, but recent publications (5-8) have reported 
systems which allow the simultaneous but sep
arate determination of both ascorbic acid and 
DHA from a single injection. This paper reports 
a study which compares the levels of vitamin C 
in 18 fresh fruit and vegetables obtained by using 
the LC method proposed by Wimalasiri and Wills
(8) with those obtained from microfluorometric 
and dye-titration methods.

Experimental
Fresh fruit and vegetables were purchased 

from the local market and homogenized in a

Received January 5,1983. Accepted April 19,1983.

domestic blender. A sample (15 g) was then 
blended with either citric acid or metaphos- 
phoric acid solution (50 mL) and diluted to vol
ume (100 or 250 mL) with extracting solution. 
The resulting solution was filtered through 
paper (Whatman 541) and the filtrate was used 
for analysis.

The LC method was used exactly as described 
by Wimalasiri and Wills (8). Produce was ex
tracted with 3% citric acid solution, filtered 
through paper, and further purified by passage 
through a membrane/ultrafilter cell (Diaflo ul
trafilter, Amicon Corp.) and a short disposable 
column containing pBondapak Qg (Qg Sep-Pak, 
Waters Associates). An aliquot (20 jtL) was an
alyzed for ascorbic acid and DHA on a /uBonda- 
pak/carbohydrate column (Waters Associates) 
(30 cm X 4 mm. id) installed in a Waters liquid 
chromatograph (Model ALC/GPC 244) equipped 
with a 41-mPa pump and U6K injector. Column 
effluents were monitored by 2 UV detectors set 
at 254 nm (Waters Model 440) and 214 nm (Wa
ters Model M441) for estimation of ascorbic acid 
and DHA, respectively. The mobile phase was 
acetonitrile-water (70 +  30 v/v) containing 
0.01M ammonium dihydrogen phosphate (pH 
4.3) at 2 mL/min.

The microfluorometric method as described in 
AOAC (4) involves extraction with 3% meta- 
phosphoric acid solution, and oxidation of 
ascorbic acid with Norit to DHA. An aliquot (2 
mL) was reacted with O-phenylenediamine so
lution to give a fluorescent quinoxaline deriva
tive which was assayed in a fluorometer. The 
dye-titration method as described in AOAC (2) 
involved extraction with 3% metaphosphoric 
acid solution which was titrated with 2 ,6-di- 
chloroindophenol to a distinct rose-pink end 
point.

The initial study was done on 18 types of fruit 
and vegetables. For reproducibility, 6 samples 
of 5 types were analyzed by each method.

Results and Discussion
Table 1 gives the vitamin C content of 18 fruit 

and vegetables analyzed by LC, fluorometry, and 
dye-titration. Comparison of total vitamin C
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Table 1. Vitamin C content (mg/100 g) of fresh fruit and vegetables determined by LC, fluorometry, and dye-titration a

Produce
Ascorbic

acid

LC

DHA Total Fluorometry Dye-titration

Banana 9.6 3.1 12.7 11.9 10.4
Broccoli 66.0 2.3 68.3 80.5 67.8
Brussels sprouts 54.0 8.0 60.0 65.0 53.8
Cabbage 41.0 3.0 44.0 45.0 43.1
Capsicum 142.0 3.2 145.2 145.8 143.7
Cauliflower 47.1 2.6 49.7 54.0 46.5
Celery 5.2 2.0 7.2 7.8 7.0
Cumcumber 7.4 1.6 9.0 8.5 7.6
Kiwifruit 92.3 4.7 97.0 101.2 95.7
Lemon 49.7 0 49.7 52.0 49.0
Lime 32.0 0 32.0 33.5 30.2
Oranges 54.0 0 54.0 56.2 50.9
Parsley 130.6 4.1 134.7 140.5 131.0
Potatoes 10.2 2.0 12.2 12.7 10.8
Rockmelon 62.0 0 62.0 63.6 60.2
Spinach 44.0 8.2 52.2 56.0 46.3
Strawberries 46.0 5.3 51.3 50.7 (56.0)»
Tomatoes 10.2 0 10.2 10.9 (13.5)0

a Each value is the mean of 2 samples.
» End point of titra tion difficult to  determine because of colored extract.

activity by LC and fluorometric methods show 
that, while the values for 10 products differed by 
less than 2 mg / 100 g, 6 products differed by more 
than 3 mg/100 g; broccoli generated values dif
fering by about 12 mg/100 g. In all products 
with substantial variations, the value obtained 
by fluorometry was greater than that obtained by 
LC. This may result from an underestimation of 
the level of DHA by LC, but this seems unlikely 
because the recovery of DHA added to homog
enized produce was 93.2% ±  2.0 (n =  6). Alter
natively, the fluorometric method may be over
estimating vitamin C. While the fluorometric 
method is generally claimed to be less susceptible 
to interfering substances, there are reports (9,10) 
of enhanced values due to interference. The 
products giving the greatest differences were 
mostly dark green vegetables; it is possible that 
the interference is pigment-related. The results 
obtained in this study differ from those obtained 
by Floridi et al. (11) who reported substantially 
lower values for 5 of 9 fruit and vegetables by the 
fluorometric method compared with an LC 
method which gave a single value for total vita
min C activity by estimation after reduction of all 
forms of ascorbic acid. It would seem that their 
LC values were inflated by some interfering 
substance.

Estimations of ascorbic acid by LC and dye- 
titration are comparable; examination of the data 
in Table 1 shows relatively good agreement for 
most produce: values obtained for 12  products

differ by less than 2 mg/100 g. Disregarding the 
values for strawberries and tomato where the 
colored extracts gave unreliable dye-titration 
results, average values for the 16 products were
52.9 mg /100 g by LC and 53.4 mg /100 g by dye- 
titration; the largest differences in any pair of 
readings were about 3 mg /100 g for kiwifruit and 
oranges. Fresh fruit and vegetables do not 
contain substantial amounts of compounds 
which interfere with the dye-titration method.

Data in Table 2 show that values obtained by 
each method were reproducible when the same 
food homogenate was analyzed 6 times; standard 
deviations were about 1 mg/100 g for the 3 
methods. A recovery trial with ascorbic acid 
added to each food sample produced a mean re
covery of 96.3% with no significant difference (P 
=  0.05) in the recovery between the 3 analytical 
methods. Although the absolute values in Table 
2 differ from the values for the corresponding 
produce in Table 1 because of biological variation 
among batches of produce, they show similar 
effects due to methods; all values for ascorbic acid 
by LC and dye-titration are similar while values 
for total vitamin C activity by fluorometry for 
broccoli, brussels sprouts, and parsley are higher 
than those obtained by LC and values for cabbage 
and capsicum are similar.

As a general method for analysis of total vita
min C activity of fresh fruit and vegetables, LC 
gives a more reliable estimate than the fluoro
metric method, although for about half of the
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Table 2. Reproducibility of vitamin C estimated by LC, fiuorometry, and dye-titration (mg/100 g ± SD)a

Produce
Ascorbic

acid

LC

DHA Total Fiuorometry Dye-titration

Broccoli 57.2 ±  1.0 5.3 ± 0 .8 62.5 ± 0 .9 74.0 ± 0 .7 56.5 ± 0 .7
Brussels sprouts 66.8 ±  1.1 3.3 ± 0 .9 70.1 ± 0 .9 77.6 ± 0 .9 67.3 ±  1.5
Cabbage 41.7 ±  1.0 3.1 ± 0 .5 44.8 ± 0 .7 43.9 ±  1.4 42.8 ± 0 .8
Capsicum 150.0 ±  1.4 2.1 ± 0 .5 152.1 ± 0 .9 151.6 ±  1.6 149.0 ±  1.2
Parsley 130.3 ± 0 .9 5.6 ± 0 .4 135.8 ± 0 .7 140.8 ± 0 .5 130.8 ± 0 .6

3 Each value is the mean of 6 samples.

produce examined, both methods were similar. 
However, where both methods are suitable, the 
fluorometric method may be preferable because 
it is less time consuming and less expensive in 
terms of chemicals and other consumable items. 
The use of Sep-Pak cartridges was necessary to 
purify the extracts (8) but adds significantly to 
the time and cost of the analysis. A simpler 
method of purification is desirable. Many 
workers analyze only for ascorbic acid; while this 
would simplify the LC method, the presence of 
DHA in most fruit and vegetables would result 
in an underestimation of vitamin C activity. If 
only ascorbic acid values were required, the 
dye-titration method would give adequate results 
for horticultural produce.
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Differential Pulse Polarographie Determination of Iodine in Foods 
and Nutritional Products
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A differential pulse polarographic procedure is de
scribed for the analysis of iodine in foods and nutri
tional products. Samples with iodine concentrations 
ranging from 5000 to 0.2 ppm have been successfully 
analyzed using this procedure. Precision averaged 
between 2 and 10% relative to the iodine level mea
sured. Recoveries of added iodine ranged from 89 to 
108% with external standards, and 97-100% by an 
analyte additions technique. Samples analyzed in
clude dried almonds, whey protein concentrate, 
nonfat dried milk, sea kelp, vitamin-mineral nutri
tional supplements, diet meal replacement products, 
dried green beans, dried mushrooms, and wheat 
germ.

Iodine is an essential micronutrient found in the 
body, primarily in the thyroid hormones thy
roxin and triiodothyronine. These hormones act 
in the control of the basal metabolic rate. The 
U.S. Recommended Daily Allowance (USRDA)
(1 ) of iodine for adults and children over the age 
of 4 years is 150 pg/day. Published estimates (2) 
indicate that the mean dietary intake in the 
United States ranges from 600 to 825 ¿¿g/day for 
adults.

The reliable determination of low levels of 
iodine has traditionally posed a significant 
problem for the analyst, and serves as the basis 
for the several investigations which appear in the 
literature. The techniques generally used in
clude ion specific electrode (3-12), X-ray fluo
rescence (7,12), neutron activation (7,11,13-19), 
spectrophotometric (7, 11, 14, 16, 19-21), gas 
chromatographic (7, 22-25), volumetric (7, 26), 
and differential pulse polarographic (7, 27-29) 
methods.

Colorimetric and titrimetric procedures are 
both subject to masking interferences, and the 
detection of the titrimetric end point can be im
paired by sample turbidity. X-ray fluorescence 
and neutron activation techniques are cost-pro
hibitive due to the instrumentation involved 
and, in the case of neutron activation analysis, a 
chemical separation must be performed before 
irradiation to prevent the interference of chlo
rine and bromine compounds. Ion-specific 
electrode procedures normally require that the 
iodine be present as a single ionic specie, and

Received November 16,1982. Accepted March 17,1983.

these methods are sensitive to interferences from 
sulfhydryl compounds. Physical interferences 
also pose a problem because lipid materials can 
build up around the sensor, which causes drift 
and changing response. The gas chromato
graphic determination of iodine relies on the 
derivatization of the iodine to an iodoketone, 
which is then measured using an electron cap
ture detector. This procedure is lengthy and is 
prone to losses through incomplete derivatiza
tion and extraction. Internal standards are 
normally used, but cannot always reflect the ac
tual losses that occur. This procedure is also 
sensitive to varying protein and lipid levels that 
may be present in the sample. Differential pulse 
polarography (DPP) suffers from some of the 
same drawbacks that plague other techniques; 
the DPP technique is specie-specific, and min
erals may interfere in the analysis. These 
problems are generally easily remedied by the 
addition of various reagents to mask other elec
troactive compounds and convert the iodine to 
a single ionic form. The apparent versatility and 
flexibility of the polarographic procedure of 
Holak and Shostak (27) was the basis for our in
vestigation into the use of DPP in the analysis of 
food and nutritional products.

Experimental
A p p ara tu s

The analytical system used for the polaro
graphic analyses consisted of an EG&G Princeton 
Applied Research Model 384 polarographic an
alyzer, with a Model 303 mercury electrode using 
an Ag/AgCl reference electrode, and a Houston 
Instrument X-Y recorder. Operating conditions 
were:
initial potential 
final potential 
drop size 
scan increment 
scan rate 
pulse height 
argon purge time 
drop time

-0 .8  V (vs Ag/AgCl)
-1 .3  V
large
4 mV
4 mV/s
100 mV
240 s
1.0 s

Samples were prepared for analysis using 
Vycor or nickel crucibles and a laboratory box 
furnace.
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Reagents

Sodium carbonate, bromine, potassium iodide, 
calcium phosphate, and sodium sulfite were all
J. T. Baker Chemical Co. reagent grade chemicals 
purchased from a local laboratory supply 
house.

Procedure

A portion of representative ground sample,
1 - 1 0  g depending on iodine content, is weighed 
directly into a suitable crucible. Approximately 
4 ±  0.1 g anhydrous sodium carbonate is mixed 
into the sample. Another 4 ±  0.1 g portion of 
sodium carbonate is added to the sample to 
overlay the sample mixture. Samples that have 
an appreciable moisture content ( > 10%) require 
preliminary drying before alkaline fusion. The 
sample is placed in a cool furnace and the tem

perature is increased to 700°C and held for 30-60 
min. After cooling, the residue is dispersed in 
15-20 mL hot deionized water and filtered 
through glass fiber paper (GF/A) into a 50 mL 
volumetric flask. One mL saturated bromine 
water is added to oxidize any iodide present to 
the iodate form. Approximately 20 ±  1 mg so
dium sulfite is added to remove excess bromine. 
The sample solution when diluted to volume 
with deionized water is ready for polarographic 
analysis using the parameters outlined in Appa
ratus. A 10 mL aliquot of the sample is quanti
tatively transferred to the polarographic cell and 
deaerated with argon. Significant amounts of 
zinc interfere with the determination of iodine 
due to an overlapping peak at —1.25 V. This 
interference can be effectively masked by the 
addition of 2 mL 1% dibasic calcium phosphate 
solution to the polarographic cell before analysis.

Figure 1. Polarograms of iodine in (A) dried apple granules: 10 g sample yielded 24 nA peak corresponding 
to 0.26 /ig I/g ; (B) vitam in-m ineral nutritional supplement: 10 g sample yielded 271 nA peak equivalent 
to 7.5 fig  I/g ; (C) dried almonds: 10 g sample yielded 13 nA peak equivalent to approximately 0.11 ¡ig I/g ; 
(D) diet meal replacement product: 5 g sample yielded 36 nA peak equivalent to 1.05 f ig l l g ;  (E) Pacific sea 
kelp: 0.5 g sample diluted to 100 mL yielded 4440 nA peak equivalent to 1630 ng  I/g ; (F) wheat germ: 10 

g sample yielded 5 nA peak, iodine present at 0.1 f ig lg .
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Table 1. Typical precision of DPP procedure for iodine in foods and nutritional products

Sample
Iodine present, 

Mg/g
Iodine found, 

Mg/g RSD, % N

Vitam in/m inera l tab. 38 (label) 42.3 4.8 16
Chewable v it./m in . tab. 5.7 (label) 5.9 4.6 16
Sea kelp (Pacific) 1500 (minimum) 1630 1.7 11
Diet meal replacement 0.9 (label) 1.05 9.0 16
Nonfat dried milk unknown 3.1 10.5 10
Dried green beans unknown 0.70 5.7 5
Vitamin-protein fortified food bar 33.3 (label) 24.7 17.7 5

The peak due to iodate reduction to iodide is 
found at a potential between —1.10 and —1.15 V. 
Peak heights drawn from baseline tangents 
typically yielded a response of 1.0  fiA  for a solu
tion containing iodine at the 2 fig /m L  level. The 
method of analyte additions was used for all 
determinations.

Results and Discussion

The analysis of food products for iodine re
quires a technique that is sufficiently sensitive 
to accurately measure less than 10  ppm (w/w) 
iodine. Practical limits were 10 g for sample size 
and 50 mL for final solution volume. Increasing 
the sample size required use of a 100 mL crucible 
for sample ashing. We found that quantitative 
transfer to a 50 mL flask was extremely difficult. 
The limiting current amplitude for quantitation 
was determined to be 20 nA. A peak with an 
amplitude of approximately 20 nA could be 
generated by a solution containing 0.04 yug io
dine/mL, which would be equivalent to a sample

Figure 2. Polarograms of (A) sample with zinc in
terference; (B) with zinc interference removed by 
addition of 2 mL 1% dibasic calcium phosphate 

solution.

concentration of about 0.2 ppm iodine. Figure 
1A shows a polarogram of 0.2 ppm iodine in 
dried apple granules. Iodine can be detected but 
not accurately determined to approximately 0.1 
Mg/g-

The linearity, precision, and accuracy of the 
procedure were evaluated. The DPP system 
gave linear response to iodine from 0.04 (20 nA) 
to 25 yug/mL (125 X 100 nA). The optimal am
plitude range was 50-5000 nA which was ob
tained by controlling the sample size. The pre
cision of the procedure as measured by the rela
tive standard deviation (RSD) averaged 7.7% for 
the 7 different sample types replicated (Table 1). 
Recoveries of added iodine from 6 different 
representative sample types varied from 89 to 
108% when an external calibration curve was 
prepared using matrix-matched iodide standards. 
To compensate for matrix effects, the method of 
analyte additions was used. Recoveries using 
analyte additions calibration ranged from 97 to 
100% of added iodine for the same set of samples 
carried through the procedure. Potassium io
dide was used as the iodine source for recovery 
studies after experiments with iodate and per
iodate indicated no difference in recovery due to 
differing ionic form. Samples were spiked at 
levels from 25 to 100% of their natural level be
fore being analyzed.

Zinc exhibited a significant interference due 
to an overlapping peak at —1.25 V. Depending 
on the zinc concentration, this interference could 
completely obscure the iodine peak (Figure 2A). 
This was not observed in tableted nutritional 
supplements containing zinc ( > 1 0  mg/g) and 
approximately 40 ng iodine/g; orthophosphates 
present in these samples effectively masked the 
zinc interference. Addition of a 50-fold excess 
of phosphate relative to the zinc concentration 
adequately removed the zinc interference (Fig
ure 2B). The mechanism by which the phos
phate masks the zinc interference is not precisely 
known at this time.

A variety of processed foods and nutritional
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Table 2. DPP determination of total iodine in processed foods and nutritional products

Iodine,
Sample a g /g  N

Sea kelp— Pacific, powdered 
Sea kelp— Pacific, granular 
Sea kelp— Atlantic, powdered 
Nonfat dry milk 
Whey protein concentrate 
Soy protein isolate 
Soy flour 
Spirulina
Mushrooms, dried 
Peas, dried 
Green beans, dried 
Celery stalk powder, dried 
Bell pepper powder, dried 
Wheat germ 
Almonds
Apple granules, dried 
Carrot powder, dried 
Chopped onions, dried 
Beet powder, dried 
Raisins, dried 
Vegetable soup mix, dried 
Chicken soup mix, dried 
Onion soup mix, dried 
Apple slices, dried 
Carrot slices, dried 
Whole grain, cereal wheat 
Flaked tuna, canned 
Vitamin-mineral nutritional supplement 

A 
B 
C 
D 
E

Diet meal replacement product 
A 
B 
C 
D 
E 
F 
G

Vitamin-protein fortified food bar 
Milk chocolate candy bar

1629 11
1694 4
5100 3

3.1 10
7.1 2

<0.1 1
<0.1 1
<0.1 1
<0.1 1

0.1 approx. 1
0.70 5
0.60 1
0.26 2
0.1 approx. 2
0.1 approx. 2
0.26 2
0.33 2
0.1 approx. 2
0.78 1

<0.1 1
0.5 2
0.48 2

<0.1 2
<0.1 1

0.40 2
<0.1 1

0.24 2

42.3 16
33.4 2
57.2 3

5.9 16
19.3 2

0.74 1
2.2 2
1.1 2
1.0 16
1.1 2
1.2 2
2.3 2

33.3 5
0.8 1

products were analyzed for iodine content by 
using the described DPP procedure; the results 
are shown in Table 2. Representative polarog- 
rams are shown in Figure 1.

Conclusions
This procedure has been found to be accurate 

and precise for the measurement of low levels of 
iodine in many different food types. The ana
lytical technique employed is easily available to 
most testing laboratories with respect to capital 
investment costs. The procedure is fairly rapid 
and can measure levels as low as 0.2 pg 1 / g, using 
a 10 g sample and a 50 mL dilution. Measure
ments at levels approaching 0.1 ppm are possible 
but precision suffers due to the extremely small

current being measured (approximately 20 
nA).
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F L A V O R S

Acid Methanolysis and Gas Chromatographic Determination of 
Brominated Vegetable Oils in Soft Drinks
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A gas chromatographic method has been developed 
for determination of brominated vegetable oils in 
citrus-flavored soft drinks. Oils were extracted from 
the drinks with ethyl ether and subjected to acid- 
catalyzed methanolysis. The resulting brominated 
methyl esters (dibromostearate, tetrabromostearate, 
and hexabromostearate) were separated and quanti
tated as single peaks on a 3% OV-3 column. Chro
matography columns were stable for about 3 months 
of daily use; then the first 15 cm of column packing 
material was replaced or a new column was prepared. 
A number of citrus soft drinks were analyzed and 
contained 3.5-3.9 mg brominated oil/10 fl. oz. Re
coveries from spiked samples after organic extraction 
and methanolysis were 94.5-105%.

B rom inated  vegetable oils (BVOs) are w id e ly  
used as d ispersing agents fo r flav o rin g  oils in  
citrus-based soft d rinks . M eth ods fo r th e ir de
term in a tio n  or characterization  have been de
ve loped  using gas chrom atography (1 -4 ) , X -ray  
fluorescence spectrom etry (2, 5) specific ion  
electrodes (6 ), and titratio n  (6 ,7 ). O f  these, o n ly  
gas chrom atography is capable of d ifferentia tin g  
and  id e n tify in g  in d iv id u a l BVOs. T h e  m ethod  
o f C onacher (3), adopted o ffic ia l f in a l action by  
A O  A C , uses sodium  m ethoxide treatm ent of the  
oils to s im u ltaneously  esterify  and fo rm  d eriva 
tives w h ic h  w ere  am enable to gas chrom atogra
p hy . L o w ry  and T in s ley  (4) im p ro ved  on this  
m etho d  by m ak in g  m in o r changes to the  proce
dure  and in  the reagents used. In  spite o f these 
im provem ents , the m ethod  is s till som ew hat te
dious and uses corrosive reagents, thus a suitable 
a lte rna tive  w o u ld  be p re ferred . W ith  th is in  
m in d , w e  carried  out fu rth e r investigations on  
the d irect gas chrom atographic d eterm ination  of 
BVOs after acid m ethanolysis as described earlier
( 1 ) and  fo u nd  that, w ith  certain  precautions, re 
producib le  results m ay be read ily  atta ined. 
D etails  o f th is w o rk  are described h ere in .

Received January 11, 1983. Accepted April 17,1983.

METHOD

Reagents

(a) S o lv e n ts . — E th yl e ther, hexane, and  m eth 
anol; d ry  over anhydrous sodium  sulfate.

(b) A c id - m e t h a n o l  so lu tio n  (2 %  v / v ) . — Dissolve  
4 m L reagent grade sulfuric acid in  d ry  m ethanol 
and  d ilu te  to 200 m L w ith  m ethan o l in  v o lu 
m etric  flask.

(c) B r o m in a t e d  s t a n d a r d s .— Prepare  m e th y l 
9,10-dibrom ostearate (DBS) fro m  m e th y l oleate; 
m ethy l 9,10,12,13-tetrabromostearate (TBS) from  
m e th y l lino leate; and  m e th y l 9,10,12,13,15,16- 
hexabromostearate (HBS) from  m ethyl lino lenate  
in  the same m an ner as p rev iou s ly  described (3). 
A lte rn a tiv e ly , they  m ay be purchased fro m  N u -  
C h ek-P rep , Inc., E lysian, M N .

(d) D B S  s ta n d a r d  s o lu t io n .— Dissolve 75 m g  
DBS in  e thy l ether in  50 m L  volum etric  flask and  
d ilu te  to vo lu m e w ith  e th y l ether.

(e) T B S  s t a n d a r d  s o lu t io n .— Prepare as in  (d) 
above.

(f) H B S  s t a n d a r d  s o lu t io n .— Prepare as in  (d) 
above.

(g ) M e t h y l  p e n t a d e c a n o a t e  (M P D ) in t e r n a l  

s ta n d a r d  s o lu t io n .— D issolve 75 m g M P D  (Sigm a  
C hem ical Co.) in  e th y l e ther in  100 m L  v o lu 
m etric  flask and d ilu te  to vo lum e w ith  e th y l 
ether.

(h ) B r o m in a t e d  v e g e t a b l e  o i l s .— B ro m in a ted  
o live , sesame, and cottonseed oils w ere  obtained  
(p rev ious ly ) fro m  A b bo tt Laboratories (N o rth  
Chicago, IL ); b rom inated  soybean, corn, and  
canbra oils w ere  p repared  in  the laboratory  ac
cord ing  to C onacher et al. (1); a com m ercial 
brom inated o il, A kw ilo x  133, now  in  current use, 
was obtained from  S w ift Specialty Chem icals Co. 
L td  (Chicago, IL ). D issolve 75 m g o il in  e th y l 
eth er in  50 m L  vo lu m etric  flask and  d ilu te  to 
vo lu m e  w ith  e th y l ether.

Apparatus
(a) T r a n s e s te r ific a t io n  f la s k  ( T - f l a s k ). — 125 m L  

conical flask w ith  2 4 /4 0  jo in t, w ith  neck e lon 
gated and constricted to 8 - 1 0  m m  id.
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(b ) G a s  c h r o m a t o g r a p h .— V a rian  2100 w ith  
flam e ion ization  detector, fitted  w ith  6  ft X  2 m m  
(id ) glass co lum n packed w ith  3% O V -3  on 8 0 -  
100 mesh C hrom osorb W  H P . Tem peratu re  
program , 150-280°C  at 1 0 ° /m in . H e liu m  carrier 
gas flo w , 30 m L /m in . In jector and  detector 
tem perature, 275°C . Peak areas w ere  measured  
w ith  A u to lab  IV  com pu ting  in tegrator.

Procedure

(a) A c id  m e t h a n o ly s is .— P ip et 1.0 m L  (1.5 m g) 
DBS, 2.0 m L  (3.0 m g) TBS, 4.0 m L  (6.0 m g) HBS  
standard solutions, and 3.0 m L (4.5 m g) o f each 
B VO  solution into  separate T-flasks. A d d  2.0 m L  
(1.5 m g) M P D  in terna l standard solution to each 
flask and evaporate solvent u n d er n itrog en  
stream at 40 °C . To each flask, add 25 m L  ac id -  
m ethanol reagent and 6  m L d ry  hexane. Reflux  
1 h , cool, and add 40 m L w ater. M ix  tho ro ug hly  
and add m ore w ater to bring  hexane layer w ith in  
constricted neck o f flask. Rem ove hexane by  
p ip e t in to  15 m L  glass v ia l. A d d  ano ther 4 m L  
hexane to flask, m ix , and rem ove organic layer 
by p ip e t to same v ia l. A d d  1 g anhydrous sodi
um  sulfate to v ia l, m ix , and f ilte r  m ixture  
th rou g h  W h atm an  N o . 1 paper in to  clean v ia l. 
Evaporate hexane u n d er n itro g en  stream  and  
dissolve residue in  0.5 m L e th y l e th er fo r gas 
chrom atographic analysis. In ject 2 p L  fo r ana l
ysis.

(b ) E x t r a c t io n  o f  so ft  d r in k s . — A d d  2 m L  M P D  
solution to 280 m L (10 fl. oz) soft d rink . Saturate 
m ixture  w ith  sodium  chloride; then extract w ith  
three 75 m L  portions o f e th y l ether. C om b ine  
e th er extracts and wash firs t w ith  tw o  30 m L  
portions o f 2 N  N a O H  and  then  w ith  30 m L 2 N  
HC1. F in a lly , wash w ith  th ree  30 m L  portions  
of w ater. D ry  over anhydrous sodium  sulfate, 
f ilte r , and evaporate extract to sm all vo lu m e. 
Q uan tita tive ly  transfer solution to clean T-flask, 
evaporate solvent u n d er n itro g en  stream , and  
continue w ith  transesterification as described in  
preceding paragraph.

(c) D eterm in a tio n  o f  B V O .— Inject, in  duplicate, 
DBS, TBS, HBS, a ll B V O  standards, and samples 
prepared above and obtain  peak areas (P A ) from  
in tegra to r p rin to u t. Calculate average w e ig h t  
response factor (RF) fo r DBS, TBS, and  HBS:

RF(DBS, TBS, or HBS) =  [m g(DBS, TBS, or HBS) 
X  P A (M P D )]/[m g (M P D ) X  PA (D B S , TBS, or

HBS)]

For b ro m inated  vegetable oils, calculate w e ig h t  
of DBS, TBS, or HBS as follow s:

m g DBS, TBS, or HBS =  [PA (D B S, TBS, or HBS) 
X  RF(DBS, TBS, or HBS)

X m g (M P D )] /P A (M P D )

To id e n tify  BVO , calculate ratio of TBS to DBS as 
follow s:

RT:d  =  m g (TB S )/m g(D B S )

Total b rom inated  ester content (B) for each o il is 
calculated by:

B =  [m g(DBS) +  m g(TBS)
+  m g(H B S )] /  m g(B V  O )

A fte r  iden tific a tio n  of the B V O  using the RT;D 
fro m  the d rin k  samples, calculate the quantity  of 
B V O  present by the equation:

m g (B V O ) =  [m g(DBS) +  m g(TBS)
+  m g (H B S )]/B

R esults and  D iscussion

F igure 1 shows typ ical chrom atograph ic re 
sults obtained  v ia  acid m ethanolysis. I t  can be 
seen that the reaction yields single peaks for DBS, 
TBS, and  HBS; a som ew hat com plicated  p ic ture  
is observed w ith  sodium  m ethoxide  trea tm ent 
w h ic h , a lth ou gh  it  produces a sing le peak for 
DBS, yields mixtures o f u nkno w n  compounds for 
TBS and HBS as show n in  F igure 2. In  add ition , 
acid m ethanolysis  y ie lds  a sing le peak for HBS, 
u n lik e  the  sodium  m ethoxide  trea tm ent w h ic h  
gave a com plex m ix tu re  resu lting  in  a broad, 
ris ing  baseline w ith  no consistency fro m  one  
analysis to the next. The ab ility  to detect HBS by 
acid m ethanolysis provides useful in fo rm atio n  
in  characterizing u nkno w n  BVOs. For example, 
of the oils w h ic h  could conceivably be used in  
soft drinks, on ly  brom inated soybean and canbra 
oils w o u ld  contain  this acid to any s ign ificant 
extent. Typical response factors and equ iva len t 
carbon num bers fo r the brom inated  esters are as 
follow s: DBS: 1.9, 23.6; TBS: 3.2, 28.9; HBS:
7.1, 36.4, respectively.

Q uantitatively , the acid methanolysis provides  
essentially the same results as the sodium  
m ethoxide  procedure. Table 1 shows the  fatty  
acid com position o f 6  BVOs analyzed  a fte r acid  
m ethanolysis. These com pare very  w e ll w ith  
results obtained earlie r by using sodium  m e th 
oxide ( 1 , 2 ).

To m a in ta in  the q u a lity  o f the  chrom ato
graphic separations, certain precautions must be 
tak e n . I t  was reported  earlie r that a lth ou gh  d i
rect gas chrom atograph ic analysis o f the b ro m i
nated  m e th y l stearates in it ia lly  p ro v id ed  sing le  
peaks, deterioration of the peaks occurred shortly
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Figure 1. Typical chromatogram obtained from an injected mixture of DBS (6 /xg), TBS (12 /ig), and HBS (24 
fig) standards carried through acid methanolysis and chromatography as described in text.

thereafter, p reven tin g  any useful conclusions to 
be d raw n . W e have fo u n d  th a t by using on- 
colum n in jection  w ith  glass colum ns, the peak 
q u a lity  was m a in ta in ed  fo r 3 m onths or m ore  
w ith  l it t le  change in  response factors fo r a ll 3 
b ro m in ated  esters. HBS was the most d iff ic u lt

TBS

Figure 2. Composite chromatogram illustrating 
products obtained for standards DBS (dashed line), 
TBS (solid line), and HBS (dotted line) via sodium 
methoxide reaction as described in ref. 3. Chroma

tography conditions as described in text.

to quantitate  rep ro du c ib ly  due to its lon g  re ten 
tio n  tim e  and poor detector sensitiv ity . H o w 
ever, by condition ing the colum n w ith  injections 
of HBS before b eg in n in g  a sam ple ru n , a sing le  
reproducib le  peak fo r HBS is obta ined. N o r 
m a lly , fo r convenience, a m ix tu re  o f a ll 3 b ro m 
ina ted  m e th y l stearates (about 700 ng  each) is 
injected daily  before analyses are commenced. It  
was also observed that over the 3 m o n th  p eriod , 
decom position products g radu a lly  accum ulated  
at the  head of the co lum n, as was fo u n d  earlie r  
(1). W h en  the first 10-15  cm of co lum n packing  
m aterial was replaced, chrom atographic in tegrity  
im m e d ia te ly  im p ro ved  and the co lum n was 
useful fo r another 1 or 2 m onths o f d a ily  use. In  
practice, a fte r 3 -4  m onths, w e  n o rm a lly  packed  
a n ew  colum n.

T he  m ethod  was app lied  to the  id en tifica tio n  
and q uan tita tion  o f BVOs in  c itrus-flavored  soft 
drinks. Figure 3 shows typical chrom atographic  
results fo r several soft d rinks . Because in te r 
ferences w ere  observed fo r the 0 6 : 0  and  0 8 : 0  
peaks (see F igure 3), the  TBS /D B S  ratios w ere  
used to id e n tify  the oils, and  q uan tita tio n  was 
based on  the  b rom inated  esters o n ly . Possible 
interferences from  other constituents in  the soft 
d rinks  am ounted  to o n ly  about 1 - 2 % o f the p er
m itted  level, w h ich  is far m ore than adequate for 
reg u la to ry  purposes. Tab le  2 lists results ob
tained fo r 5 B V O -con tain ing  citrus-flavored soft
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Figure 3. Chromatograms of citrus soft drink sam
ples: A, sample containing BVO; B, sample with no 
BVO added (arrows indicate retention times of DBS 
and TBS). Chromatography conditions as described 
in text; equivalent of 1.12 mL of soft drink injected.

d rinks. T he  ratios, except fo r one sam ple (C ) 
w ere  s im ila r to that observed fo r A k w ilo x  133, 
w h ic h  is k n o w n  to be used in  citrus soft d r in k  
preparations. Sam ple C  appears to contain  a 
B V O  m ix tu re  fro m  a source d iffe re n t fro m  the  
com m ercial p reparation  obtained here.

It  can be observed from  Table 1 that the  
T B S /D B S  ratio  o f A k w ilo x  133 does not corre
spond to that o f any of the  in d iv id u a l BVOs. I t  
is possible that the commercial m aterial is a b lend  
o f oils, w ith  one o f the com ponents being  e ither 
brom inated canbra or soybean o il as indicated by  
the presence o f a sm all q u a n tity  o f HBS. H o w 
ever, a m ore lik e ly  reason is that the oils used to 
prepare A k w ilo x  133 w ere  p a rtia lly  h yd ro g e 
nated, thus a lte rin g  the ratios o f the d i-  and  
tetra -b ro m inated  esters. H o lm e r and  Aaes-Jor- 
gensen (8 ) reported  a fa tty  acid com position fo r
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Table 2. BVO in citrus-flavored drinks (10  fl. oz)

Sample DBS, mg TBS,mg
Ratio

TBS/DBS
BVO found, 

mga

A 1.46 1.24 0.84 3.69
B 1.65 1.11 0.67 3.77
C 0.59 1.27 2.15 —

D 1.49 1.11 0.74 3.56
E 1.52 1.15 0.76 3.65
F 1.78 1.06 0.60 3.88
G b none none — ----
Akwilox 133 — — 0.79c —

a Calculated as commercial BVO (Akwllox 133). 
b Contained no BVO and was used as blank for recovery studies. 
c From Table 1.

partia lly  hydrogenated soybean o il that included  
0 8 : 1  (40.8% ) and  0 8 : 2  (34.8% ) w h ic h , i f  b rom - 
inated , w o u ld  y ie ld  a T B S /D B S  ratio  o f about 
1.15, a value close to the 0.79 ratio obtained by us 
fo r A k w ilo x  133. F u rth e r evidence fo r p artia l 
h yd ro gen atio n  was obtained  by a n a lyz in g  A k 
w ilo x  133 on  a 5% DEGS colum n in  an attem pt to 
separate any eryf/iro-dibrom ostearate (ind icative  
of h yd ro gen a tio n ) fro m  threo-dibrom ostearate. 
These 2 isomers are not separated on the 3% O V -3  
colum n. Results indeed  d id  show  the presence 
of a peak corresponding to the e r y t h r o -isom er 
w h ere  none was present in  laboratory b ro m i- 
nated soybean o il th a t was not h ydrogenated .

Recovery studies on the soft d rinks  w ere  car
ried  out by sp ik in g  a k n o w n  q u an tity  of the A k 
w ilo x  133 B V O  p repara tio n  in  Sam ple G (chro 
m atogram  show n in  F igure 3B), in  trip licate , and  
th e n  extracting  and es terify ing  as described  
u n d er the m ethod . T he  average recovery was 
100.8% (range 94 .5 -105 .0 ). T he  quantities  of 
BVOs found  in  10 fl. oz samples of the soft drinks  
are listed in  Tab le 2. These are w ith in  the p er
m itted  15 p p m  (4.2 m g /10 fl. oz) levels set by  
C anad ian  Food and D ru g  Regulations.

Conclusions
The described m ethod was found  to be sim pler 

th an  the  o ffic ia l f in a l action m ethod  (3) because 
it  does not requ ire  m eta llic  sod ium , b enzene , or 
anhydrous conditions. W ith  certa in  precau
tions, consistent sing le peaks are obtained  fo r  
DBS, TBS, and HBS, en ab lin g  the characteriza
tion  and quantitation  of BVOs in  citrus-flavored  
soft drinks.
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P E S T IC ID E  F O R M U L A T IO N S

Liquid Chromatographic Assay for Dalapon Grasskiller Products: 
Collaborative Study

TIMOTHY S. STEVENS and CATHY WEDELSTAEDT
D o w  C h em ic a l U S A , M ic h ig a n  D iv is io n , A n a ly t ic a l  L a b o ra to r ie s , M id la n d , M I  4 8 6 4 0

Collaborators: B. Bennett; R. Grorud; T. Harris, E. Hodgins; S. W. King; P. D. Lonn

As a replacement for the present mercury reagent ti
tration assay for dalapon grasskiller products, a liquid 
chromatographic method has been developed and 
collaboratively studied. The method separates the 
active ingredient, 2,2-dichloropropionic acid, from 
its related products by paired ion chromatography 
with UV detection at 214 nm. Statistical analysis of 
the data indicates that a single assay from one labo
ratory should not differ by more than 2.2% from the 
average assay of many laboratories, at the 95% con
fidence level, for products containing about 75% 
2,2-dichloropropionic acid equivalent as the mag
nesium and/or sodium salt. The method has been 
adopted official first action.

T he  present A O  A C  m ethod  fo r assay of dalapon  
grasskiller ( 1 ) requires a m ercury  salt reagent 
(consum ing about 10  g m ercury oxide per assay) 
w h ic h  is d iff ic u lt  to dispose o f p ro p erly . In  ad
d itio n , the present m ethod  assumes a 91% com 
p le te  reaction betw een  dalapon  (active in g re d i
en t 2 ,2 -d ich loroprop ion ic  acid) and the m ercury  
reagent (2 ), but differences fro m  this value have  
been observed, d ep end in g  on the batch of re 
agent p repared  (J. Strope, D o w  C hem ical U S A , 
M id la n d , M I;  and M . W h ite , D o w  Chem ical Ltd , 
N o rfo lk , U K ).

W e developed  and co llab orative ly  studied a 
l iq u id  chrom atograph ic (LC ) assay fo r dalapon  
grasskiller that e lim inates  the p ro b lem  o f m er
cury  w aste disposal and requires the use of a 
standard.

Collaborative Study
Each collaborator was g iven 4 samples to assay. 

Samples 1 and 2 w ere the sodium salt of dalapon. 
Sam ples 3 and  4 w ere  the sod ium /m ag n es iu m  
salt o f dalap on  k n o w n  as D O W P O N  M  grasskil
le r (tradem ark of the D o w  Chem ical Co.). These

This report of the Associate Referee, T. S. Stevens, was pre
sented at the 96th Annual International Meeting of the AOAC, 
Oct. 25-28, 1982, at Washington, DC.

The recommendation of the Associate Referee was approved 
by the General Referee and Committee A and was adopted by 
the Association. See the General Referee and Committee re
ports, J . A s s o c .  O f f .  A n a l .  C h e m . (1984) 67, March issue.

Received November 11, 1982.

2  form s-of the product are representative o f a l
m ost a ll dalapon  grasskiller sold w o rld w id e . 
T h e  samples w ere  thus arranged  to fo llo w  You- 
den's procedure (3) fo r closely m atched pairs. 
Each collaborator was also g iven  the chem icals  
necessary to prepare the e luan t, a dalapon acid 
standard, the chrom atograph ic colum ns re 
q u ire d , and a copy of the procedure. C o llabo
rators w ere  instructed  to prepare the standard  
an d  each sam ple in  dup licate , and w ere  in 
structed to check one standard against the  o ther 
b efore  b eg in n in g  the analysis o f samples.

Dalapon (Magnesium and/or Sodium Salt) 
in Pesticide Formulations 

Liquid Chromatographic Method 
First Action

Method Performance
D alapo n  acid equiv. 75% (Sx =  1.1; S0 =  0.63)

Principle
2 ,2 -D ich lo rop ro p ion a te  is sepd fro m  related  

com pds on reverse phase LC colum n, using  
p a ire d -io n  e luan t, and detected by U V  spectro- 
p h try .

Apparatus
(a) Liquid, c h r o m a t o g r a p h .— F itted  w ith  5000  

psig pressure gage, 214 nm  U V  detector, lin e  
f i lte r  in  e lu an t reservo ir, 2 0  p L  loop-type  in jec
tio n  valve, and strip chart recorder. C om puting  
in te g ra to r o p tio n a l. O p e ra tin g  conditions: 
tem p., 2 0 -3 0 ° ;  e lu an t f lo w  rate, 160 m L /h ;  d e 
tector sens itiv ity , 0.25 A U FS .

(b) L iq u id  c h r o m a t o g r a p h ic  c o lu m n s .— N o . 316  
stainless steel, 50 X 4.6 (id ) m m  Co:Pell O D S  
p ellicu lar guard colum n (N o. 6561-404, W hatm an  
In c ., 9 B rid e w e ll P I, C lifto n , NJ 07014, or eq u iv 
a len t); 100 X  8 ( id ) m m  C -1 8 ,10 ;iim rad ia l com 
pression m ain  co lum n w ith  R C M -100  colum n  
holder (W aters Associates, M ap le  St, M ilfo rd , M A  
01757, or equ iva len t (such as W h atm an  Partis il 
10-25-O D S-3)). C olum ns s low ly degrade in  use. 
Replace w h e n  30% loss o f re ten tion  occurs and  
repack firs t 5 m m  o f guard  co lum n. Radial 
com pression colum n recom m ended gives low er
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back-pressure and lo n g er co lum n life  than  std 
316 stainless steel colum ns.

Reagents
(a) E l u a n t .— D ilu te  m ix t. o f 200 m L C H 3C N  

(U V  grade), 1.6 m L «-octyl am ine (Eastman P7588 
o r eq u iv a le n t), and  2.4 g ( N H 4)2H P 0 4 (Baker 1- 
0784 o r e q u iva len t) to 1 L w ith  H 20  (0.4 p m  f i l 
tered .). A d just p H  o f e lu an t to 7.0 w ith  H 3P0 4. 
Eluant m ay be recycled i f  reservoir is mag. stirred  
an d  no m ore th an  200 in jections are m ade p er L 
e luan t.

(b) D a la p o n  s td  so ln . —  1 3 0 m g /5 0 m L . Accu
ra te ly  w e ig h  ca 130 m g dalapon  acid ref. (99+%  
isom er pure; available from  D o w  Chem ical USA, 
Sam ple Coordinator, 9001 B uild ing , M id la n d , M I  
48640) in to  50 m L  vol. flask, add H 20  to m ark, 
and  shake. D o  n o t use std soln a fte r 24 h. D et. 
% H 20  in  dalapon  acid ref. std by K arl Fisher 
t itrn . Labeled  p u r ity  o f ref. std. is on anhyd. 
basis and  m ust be ap p ro pria te ly  reduced ac
co rd in g  to H 20  content.

Preparation of Sample
A ccurate ly  w e ig h  sam ple contg ca 130 m g da

lap o n  acid equ iv . in to  50 m L  beaker. Q uant, 
transfer to 50 m L  vol. flask w ith  H 20 .  F il l  to 
m ark  w ith  H 20  and shake. D o  not use sample  
soln a fte r 24 h. D a lap o n  acid and  salts are h y 
groscopic; protect from  moisture in  a ir by storing  
in  w e ll sealed bottle . D u p lica te  sam ple and std 
p re p n  is recom m ended.

Determination
In ject std soln, sample soln, and then  std soln. 

Calc, results as

% D a lapo n  acid equ iv. =  ( R / R ' )  X  ( W ' /  W )  X  P

w here R  and R ' =  average peak h t or peak area of 
dalapon  peak fo r sam ple and  std solns, resp.; W  
and  W '  =  m g sam ple and std, resp.; and P =  % 
p u rity  o f std. Note: In it ia l system stability may 
be poor. Before in jec tin g  sam ple soln, repeat 
in jec tion  o f std soln to co n firm  system stab ility . 
P eriod ica lly  con firm  lin e a rity  by an a lyzin g  stds 
contg 100, 130, and  160 m g 99+%  dalapon  
a c id /50 m L  H 20 .  Flush in jection  loop w ith  >1  
m L  sam ple or std soln before operating  injection  
valve .

Discussion
T h e  liq u id  chrom atograph ic separation m ode  

used in  th is procedure is p a ired -io n  chrom atog
ra p h y  (P IC ) using « -o c ty lam in e  as the  P IC  re 
agen t (4). T h e  procedure separates 2 ,2 -d ich lo - 
ro p ro p io n ic  acid fro m  its re lated  products (see 
F ig ure  1). Results w ere  lin e a r by peak area 
m easurem ent fo r samples con ta in ing  fro m  0.05 
to 0.17 g 2 ,2 -d ich lo ro p ro p io n ic  a c id /5 0  m L. A

Figure 1. Example chromatogram of 2,2-dichloro
propionic acid and related products.

gradual deviation  from  linearity  was noted above 
0.17 g /5 0  m L  w ith  o n ly  96% recovery observed  
fo r samples con ta in ing  0.28 g 2 ,2 -d ic h lo ro p ro 
p io n ic  a c id /5 0  m L.

T he  reverse phase colum ns s lo w ly  degraded  
in  use, as evidenced  by a decreased re ten tion  
t im e  fo r 2 ,2 -d ich lo ro p ro p io n ic  acid and de
creased reso lu tion  o f 2 ,2 ,3 -trich lo ro prop ion ic  
acid from  trichloroacetic acid. This degradation  
was thought to be caused by the slow dissolution  
of the  silica-based co lum n packing  by  the p H  7 
b u ffe red  e luant. Use o f the rad ia l com pression  
co lu m n  m in im iz e d  th is p ro b lem  because com 
pression o f the  co lum n packing  p reven ted  fo r
m ation  o f a vo id  space at the in le t o f the colum n. 
In  continuous use, the recom m ended Radial-PAC  
co lu m n  needed rep lacem ent every  3 -5  weeks.

C o n v e n tio n a l V4 in . od 316 stainless steel col
um ns f ille d  w ith  reverse phase packing (such as 
W h a tm an  P artis il 10-25-O D S -3) gave chrom ato
gram s s im ila r to that in  F igure  1, w ith  lon ger or 
shorter retention  times, depending on the carbon 
lo a d in g  (% Cis, % C g , or V0C 3 ) on the  specific col
u m n  packing. The pressure d rop  was also 
h ig h e r across these con vention a l colum ns.

Results
Table 1 shows the assay data fo r 6  collaborators 

and 4 samples w ith  each sample ru n  in  duplicate. 
D ata  in  Tab le 1 w ere  subjected to the series of 
statistical com putations o u tlin ed  in  the A O A C
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Table 1. LC assay of dalapon grasskiller products: results in duplicate as % 2,2-dichloropropionic acid equivalent

Sample 1 Sample 2 Sample 3 Sample 4

Coll. Run 1 Run 2 Run 1 Run 2 Run 1 Run 2 Run 1 Run 2

1 74.96 74.25 70.21 70.16 75.39 74.51 74.51 73.77
2 74.96 75.26 70.26 72.36 77.79 77.36 75.84 76.61
3 75.61 74.02 72.02 71.37 74.88 74.30 72.87 73.61
4 75.27 75.32 71.97 69.78 74.57 75.70 75.14 73.68
5 73.89 74.65 70.13 70.43 72.81 73.76 73.18 73.85
6 75.14 75.37 72.48 71.81 75.55 75.18 75.18 74.93

Table 2. Ranking of data in Table 1, results of Dixon test for outlying individual results, and results of homogeneity test
for interlaboratory and interreplicate comparisons

Item Sample 1 Sample 2 Sample 3 Sample 4 All

Coll. Rank

1 2 1 3 3 9
2 4 4 6 6 20
3 3 5 2 1 11
4 6 3 4 4 17
5 1 2 1 2 6
6 5 6 5 5 21

Test
result Dixon Test

Highest 0.04 0.23 0.52 0.39
Lowest 0.33 0.05 0.30 0.09

Test
result Homogeneity Test

Interlaboratory range 
Interreplicate range

0.13 0.21 0.38 0.28
0.12

Table 3. Analysis of variance of the data

Source of 
variation

Mean sq. 
Samples 1 & 

2

Mean sq. 
Samples 3 & 

4

Ratio of 
higher to 

lower mean 
sq.

Random (Sr2) 0.3993 0.3976 1.00
Systematic 0.2686 1.2111 4.51

(Sb2)

statistical m anual (3); Tab le  2 shows the evalua
tio n  o f labo ratory  ran k in g . T h e  crite rio n  fo r re 
jecting the results o f a laboratory due to a h igh  or 
lo w  tota l ran k  w ith  a 1 in  20  p ro b a b ility  o f a 
w ro ng  decision w ith  4 samples and 6  laboratories 
is a ranking  lo w er than 5 or h ig her than 23 (Table 
B o f reference 3). Thus, no data need to be re 
jected b y  tota l rank.

Table 2 also shows the results of the D ixon  test 
fo r o u tly in g  in d iv id u a l results fo r each sample. 
The criterion for rejecting an o utly ing  result w ith

a 1 in  20  probability  of a w rong  decision is a value  
exceeding 0.56 (Table C .l o f reference 3). Thus, 
no data need  to be rejected by the D ixon  test.

Tab le 2 shows the  results o f the h om ogeneity  
test fo r va ria tio n  am ong laboratories and be
tw een  replicates. T he  crite rio n  fo r testing ho 
m o g en e ity  o f va ria tio n  from  ranges w ith  a 1 in  
2 0  p ro bab ility  of a w ro ng  decision is a test result 
greater than  0.42 fo r 6  laboratories and 4 ranges 
(in te rlab o ra to ry  com parison) and a test result 
greater than  about 0.18 fo r 24 ranges (in te rre -  
plicate  com parison) (see Table D . l  of reference
3). N o  results need to be rejected fo r lack of 
hom ogeneity  o f varia tion  am ong laboratories or 
b etw een  replicates.

Table 3 lists the analysis of variance according  
to Youden's procedure for closely m atched pairs
(3). A lm ost no difference occurred betw een the  
random  m ean  squares (Sr2) fo r the 2 sets o f sam
ples. A lth o u g h  the  d iffe rence  betw een  the  
system atic m ean squares (Sb2) fo r the 2  sets was 
la rg er, it  was n o t s ign ificant according to the
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Table 4. Equipment used by collaborators

Pump Injector Column Detector Integrator

LDC Rheodyne Waters LDC-1203, measured peak ht
Constametrlc 7125,20 ;rL loop Radial-Pac 214 nm

C-18
Varían Valeo,a Waters Perkln-Elmer Perkin-Elmer

5000 25 [J.L loop Radlal-Pac LC-55-B, Sigma-10
C-18 214 nm

Waters Waters Waters Waters measured peak ht
M-6000 U6K, Radlal-Pac 450, 214 nm

25 n L  syringe C-18
Perkln-Elmer Perkln-Elmer Waters Perkln-Elmer Perkln-Elmer

Serles-3 Model 420 Radlal-Pac LC-55-B Sigma-10
10 ) i l  loop C-18 214 nm

Perkln-Elmer not noted Whatman Perkin-Elmer measured peak ht
Serles-3 Partisil LC-55,

10-25-ODS-2 214 nm
Waters Rheodyne Waters Perkln-Elmer measured peak ht

M-6000A 7125, Radial-Pac LC-55, '
20 mL loopb C-18 214 nm

a With Varian Model 8050 autosampler.
6 Also tried Waters U6K syringe injector for Samples 1 & 2 with similar results (75.32, 76.06 and 72.47, 71.51, respectively) 

as obtained with 20 pL loop injector.

F-test (Table  E o f reference 3). A ccording to this 
test, the ra tio  o f the h ig h e r m ean square to the  
lo w e r m ean square (fo r 5 degrees o f freedom  for 
each m ean square) m ust exceed 5.0 fo r the d if 
ference to be s ign ificant, w ith  a 1 in  20  chance of 
a w ro ng  decision. Therefore, the Sr2 and Sb2 data 
in  Tab le  3 w ere  averaged, resu ltin g  in  an Sr2 
va lu e  o f 0.3984 fo r a ll samples and  an Sb2 va lue  
of 0.7398 fo r a ll samples.

T h e  in te rlab o ra to ry  standard d ev ia tio n  (Sd) 
w as calculated according to the  fo rm u la  S¿ =  
V s r2 +  Sb2- In te rlab o ra to ry  S D  (Sd) was 1.1; 
interlaboratory C V  was 1.4; SD for one laboratory  
(S ,) was 0,63; C V  for one laboratory was 0.85; SD  
o f systematic error betw een  laboratories (Sb) was 
0.86; and  C V  fo r system atic e rro r betw een  labo
ratories was 1.2. T he  data ind icate  that this  
m ethod  is adequate fo r the regulation  o f labeled  
assay o f dalapon  grasskiller products composed  
of the m agnesium  a n d /o r  sodium  salts o f dala 
pon acid (2 ,2 -d ichloropropionic acid) and having  
an acid equ iva len t assay of about 75%. The data 
ind ica te  th a t a s ing le  assay in  one laboratory  
should  n o t d iffe r  by m ore than  2 .2 % fro m  the  
average assay obta ined  by m an y laboratories, at 
the  95% confidence level.

Collaborators' Comments

M ost collaborators noted that 3 -6  injections of 
standard  w ere  needed before stable response 
factors w e re  observed. Several collaborators  
noted  th a t standards and samples w ere  h yg ro 
scopic, b u t d id  not th in k  that th is p ro p erty  a f

fected th e ir results. O ne collaborator d ilu ted  the 
samples w ith  e luan t instead o f w a te r to facilitate  
the use o f an auto-injector (the e luant has a low er 
viscosity than  w ater). Several collaborators  
th o u g h t the m ethod  w o u ld  be im p ro v e d  i f  it 
used an in te rn a l standard (w e  searched fo r an  
in te rn a l standard d u rin g  m ethod  d eve lo pm en t 
w ith o u t success).

Equipment Used

C ollaborators used a w id e  va rie ty  o f eq u ip 
m e n t as o u tlin e d  in  Tab le 4. O ne  collaborator 
used a con ven tion a l reverse phase co lum n and  
reported no difficulties. T w o  collaborators used 
o r experim ented  w ith  a W aters U 6 K  syringe in 
jection  va lve  w ith o u t apparen t problem s. The  
use o f such a valve in  an external standardisation  
m ethod  such as this requires exact d isplacem ent 
o f the  syringe p lu n g e r fo r precise results.

Recommendation

T h e  Associate Referee recom m ends that this  
m etho d  be adopted o ffic ia l firs t action.
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S U G A R S  A N D  S U G A R  P R O D U C T S

Titratable Acidity in Corn Syrup: Collaborative Study

RAFFAELE BERNETTI1 and ROGER OWEN
C orn  R e fin e r s  A s s o c ia t io n , 1001 C o n n ec t icu t  A v e ,  N W , W a sh in g to n , D C  2 0 0 3 6

Collaborators: J. Harness; R. A. Holme; R. Hovden; R. L. Owen; H. H. Schopmeyer; 
E. M. Steele; P. Wolff

Six sets of blind duplicate samples of commercial corn 
syrups, including high fructose corn syrups, were 
distributed to 9 collaborating laboratories. Samples 
were titrated with alkali, according to the AOAC 
method, to a phenolphthalein "faint pink" end point 
as well as being assayed by a modified method spec
ifying a larger sample, more dilute alkali, and elec
trometric end points at pH 6.0,7.0, and 8.3. Repeat
abilities and reproducibilities were about as poor in 
the AOAC method as in the modified method at pH 
8.3, but improved considerably when the modified 
electrometric end point method was carried out to pH 
6.0. The method calling for electrometric titratable 
acidity at pH 6.0 end point was adopted official first 
action, and the present method, 31.217, was de
leted.

T h e  o ffic ia l A O A C  m ethod  fo r d e te rm in in g  t i
tra tab le  ac id ity  as percent h yd ro ch lo ric  acid in  
corn syrup (1) calls fo r d ilu tio n  of a 50 g sam ple  
to 200 m L , fo llo w e d  by titra tio n  w ith  0 .1 N  sodi
u m  h yd ro x id e  to a p h e n o lp h th a le in  fa in t p in k  
(p H  8.3) end point. Early in  1982, the Society of 
Soft D r in k  Technologists (2) suggested a g u id e
lin e  specification  fo r titratab le  ac id ity  o f h ig h  
fructose corn syrups (H FC S ) in  w h ic h  m easure
m en t w o u ld  be carried  out e lectrom etrica lly  to 
p H  6.0. Th is  p ro m pted  a re -eva lu a tio n  o f early  
w o rk  b y  the A n a ly tic a l Procedures C o m m ittee  
of the C orn  Refiners Association, w ho  advocated 
an e lectrom etric  t itra tio n  to p H  7.0 (3), and rec
o m m en ded  a co llaborative study coverin g  sev
era l a lte rn a tive  approaches. The collaborative  
study and its results are the subject of the present 
rep ort.

H FC S  products are a ll ion-exchanged as a part 
o f th e ir  m an u fac tu rin g  process; there fore , th e ir
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This report of the Associate Referee, R. Bernetti, was pre

sented at the 96th Annual International Meeting of the AOAC, 
Oct. 25-28, 1982, at Washington, DC.

The recommendations of the Associate Referee were ap
proved by the General Referee and Committee D and were 
adopted by the Association. See the General Referee and 
Committee reports, J. Assoc. O ff. A na l. Chem. (1984) 67, March 
issue.

1 Present address: CPC International, Inc., Corn Products, 
Moffett Technical Center, Box 345, Argo, IL 60501.

titra tab le  acidities are q u ite  lo w , on  the o rder o f 
0.0030%  HC1, w hereas con vention a l acid-con- 
ve rte d  and dual (ac id -e n zy m e  or e n z y m e -e n 
zym e) conversion corn syrups ten d  to have aci
d ities  as m uch  as 10 tim es h ig h er. In  a d d itio n , 
the  actual titers w il l  be sm aller fo r e ith er sample 
typ e  w h e n  m easured to an end p o in t o f p H  6.0 
instead of h ig her p H  values or p h en o lp h th a le in  
en d  points.

T he  p o te n tia lly  adverse effect on precision of 
lo w  acidities and sm all titers should  be com 
pensated, at least fo r H F C S  samples, by the  si
nusoidal slope o f th e ir titration  curves, typical of 
u n b u ffe re d  systems. F igure  1 shows one such 
curve  in  contrast w ith  a con vention a l starch h y 
dro lysate syrup curve: T he  fo rm e r rises v e rt i
cally w ith  an inflection  point at p H  6.0; the latter 
rises less steeply and in  a gradual m anner. Both  
leve l to a constant p H  shortly a fter a tta in ing  p H  
8.0. T he  steeper the titra tio n  curve around  the  
chosen end p o in t, the less sensitive the analysis  
should be to end po in t variab ility . The opposite 
should be true for measurements carried out over 
th e  n early  h o rizo n ta l p H  8 reg ion.

To evaluate the above effects separately and in  
com bination , w e  decided to com pare the o ffic ia l 
A O A C  m ethod , using a visual p h e n o lp h th a le in  
en d  p o in t, w ith  an e lectrom etric  end p o in t  
m etho d  at p H  6.0, 7.0, 8.3 and using tw ice  as 
m uch  sam ple (1 0 0  g) and a m ore d ilu te  a lka li 
(0 .005N ).

Collaborative Study
T w e lv e  b lin d  dup licate  samples described  

b e lo w  w e re  sent to 9 p artic ip a tin g  laboratories.
1 &  4: 55 D E  d ua l conversion starch

hydro lysate  syrup (D E  =  dextrose  
equ iva len t or percent reducing  sugars d ry  
basis expressed as dextrose (4))

2 &  12: 42% fructose syrup (H FC S -42),
p roducer A

3 &  6 : 55% fructose syrup (H FC S -55)
5 &  11: 42% fructose syrup (H FC S -42), 

producer B
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7 &  9: 60 D E  dual conversion starch
hydro lysate  syrup

8  &  10: 42 D E  stra ight acid conversion
starch h ydro lysate syrup

C ollaborators w ere  asked to p erfo rm  one  
analysis p er sam ple fo llo w in g  the proposed  
e lectrom etric  procedure to p H  6.0, 7.0, and 8.3, 
respective ly , and fo llo w in g  the o ffic ia l A O A C  
procedure to visual p h e n o lp h th a le in  ind ica to r  
en d  p o in t. In  a d d itio n , 4 collaborators agreed  
to p erfo rm  com plete t itra tio n  curves on each 
sam ple, again fo llo w in g  the e lectrom etric  p ro 
cedure.

Acidity (Titratable) in Corn Syrup 
First Action

Method Performance
R a n g e s ,  1 2  D u p lic a t e  B lin d  

S a m p le s ,  at p H  E n d  P o in t

S ta tis tic 6 .0 7.0 8 . 3
M e a n “ 2 .5 -4 .5 3 .1 -10 .7 9 .3 -28 .6
Reprod. 0 .17 -0 .37 0 .40-0 .60 0.84-3.1
C V ,% 6.7-9 .1 4 .9 -12 .9 5 .7 -30 .5
Repeat. 0 .07-0 .22 0 .13-0 .29 0 .4 -1 .02
C V % 1.4-6 .3 1 .2 -7 .4 1 .6 - 10.0

" % HCl X 10“3

p H  =  6.0 end p o in t is recom m ended  based on  
sup erio r perform ance despite lo w e r titers.

Apparatus
p H  m e t e r .— Capable of reading to 0.01 p H  u nit. 

C alib ra te  in s tru m en t just before use against p H
6.0 b u ffe r (see 50.010 or use com m ercial b u ffe r  
soln).

Determination
W e ig h  100 g sam ple, dissolve in  150 m L  H 2O , 

im m erse electrode(s) o f p H  m eter, stir g en tly , 
and  titr . w ith  0 .05N  N a O H  to p H  6.0. Calc, 
a c id ity  as % H C l.

Results and Recommendations

T itra tio n  curves adhered  to the expected pat
tern  in  F igure  1, s inusoidal curves resu ltin g  for 
the H FC S  samples and smooth m onotonic curves 
resu lting  fo r the hydro lysate sample.

A c id ity  data w ere  evaluated  according to 
S te iner (5). T h ree  laboratories subm itted  in 
com plete reports, that is, fo r the A O A C  m ethod, 
h ereafter re ferred  to as the p h en o lp h th a le in  end  
p o in t (p h th ln ) m ethod , Laboratory A  gave no  
data, and  Laboratories C  and G, respectively, 
fa ile d  to rep ort on Sam ples 2 and 11. Thus a 
statistical evaluation of the p h th ln  m ethod could  
be p erfo rm ed  e ith e r on 6  laboratories and  6 
samples or on 8 laboratories and 4 samples. The  
fo rm er seemed p referab le  because it  w o u ld  
m a in ta in  m ore data in  the eva lu a tio n , but, m ore  
im p ortan t, it  w o u ld  avoid  d ropp ing  2 o f 3 H FC S  
sam ple types, w h ic h  w o u ld  im balance the com 
parison am ong m ethods and samples.

From  3 to 4 o u tly in g  laboratories ranked  h ig h  
or lo w  o f the 9 laboratories in  each electrom etric  
m ethod , and  2  o u tly in g  laboratories o f the  6 
laboratories in  the p h th ln  m ethod , as fo llow s: 

p H  6.0: Laboratories A , H , I
p H  7.0: Laboratories A , C, H , I
p H  8.3: Laboratories A , B, D , I
p h th ln : Laboratories D , F

W h e n  these laboratories w ere  e lim in a te d , the  
analysis was reduced to 6  laboratories and  6 
samples fo r the p H  6.0 m ethod, 5 laboratories and  
6  samples for the p H  7.0 and p H  8.3 methods, and  
4 laboratories and  6  samples fo r the  p h th ln  
m ethod . U n d e r these circumstances, D ix o n  
outliers  w ere  d isregarded to m a in ta in  as m any  
data as possible.

Analysis o f variance was perform ed before and  
a fte r rem oval o f o u tly in g  laboratories, in  the  
expectation tha t any  statistical tren d  w o u ld  be
come clear after the largest portion  of systematic 
erro r was e lim in ated . A ll  in fo rm atio n  is p re 
sented in  Tables 1 -4 . D ata in  the  tables are ex-
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Table 1. Titratable acidities as % HCI X 10~ 3  in corn syrups, using 0.05N NaOH to pH 6.0 end point

Sample

Lab. 1 4 2 12 3 6 5 11 7 9 8 10

Aa 5.3 4.7 2.9 2.9 2.7 3.3 3.3 3.3 4.7 5.3 4.0 4.9
B 4.2 4.2 2.5 2.6 2.4 2.5 3.2 3.7 3.9 4.0 3.5 3.4
C 5.1 5.0 2.8 2.8 2.3 2.4 3.0 3.4 4.9 4.6 4.1 4.0
D 4.4 4.5 3.1 3.3 2.7 2.6 3.9 3.8 4.3 4.6 3.8 3.7
E 4.3 4.2 2.6 2.6 2.5 2.2 3.3 3.2 4.6 4.6 3.8 4.4
F 4.5 4.6 2.7 2.9 2.7 2.7 3.6 3.6 4.8 4.4 4.3 3.9
G 4.3 4.3 3.09 2.9 2.5 2.6 3.5 3.9 4.0 3.9 3.5 3.4
Ha 3.8 3.1 1.7 1.7 1.7 1.8 2.1 2.2 3.6 3.5 3.1 2.9
I3 4.0 4.0 2.0 2.0 2.0 2.0 2.0 2.0 4.0 4.0 4.0 4.0
Mean 4.3 2.6 2.4 3.2 4.3 3.8
Reproducibility 0.58 0.48 0.39 0.67 0.49 0.49
CV, % 13.3 18.4 16.2 21.1 11.4 12.8
Repeatability 0.15 0.08 0.17 0.18 0.20 0.28
CV, % 3.5 2.8 6.9 5.8 4.7 7.3

Excluding Outlying Laborato -¡es

Mean 4.5 2.8 2.5 3.5 4.4 3.8
Reproducibility 0.32 0.25 0.17 0.30 0.37 0.35
CV, % 7,3 8.8 6.7 8.6 8.4 9.1
Repeatability 0.07 0.09 0.10 0.22 0.17 0.22
CV, % 1.4 3.2 4.2 6.3 4.0 5.7

a Outlying laboratory.

Table 2. Titratable acidities as % HCI X 10 3  in corn syrups, using 0.05N NaOH to pH 7.0 end point

Sample

Lab. 1 4 2 12 3 6 5 11 7 9 8 10

Aa 12.0 12.4 4.4 4.2 4.2 4.4 4.7 4.6 9.6 10.4 8.6 8.6
B 10.3 10.3 2.8 2.9 2.8 2.9 3.9 4.1 8.3 8.5 7.1 7.1
Ca 12.2 12.3 3.7 4.8 3.7 3.6 4.6 5.1 9.9 10.1 8.5 8.5
D 11.5 11.6 4.2 4.4 4.0 3.3 5.2 4.6 9.3 10.1 8.2 8.1
E 10.4 10.4 3.0 2.8 2.7 2.7 4.2 3.7 9.3 9.1 7.7 7.8
F 10.3 10.7 3.4 3.1 3.0 3.1 3.8 4.0 8.7 8.6 8.2 7.9
G 10.9 11.0 3.5 3.4 3.1 3.1 4.2 4.6 8.6 8.8 7.4 7.4
Ha 10.5 9.7 2.6 2.3 3.1 2.5 2.9 2.9 8.7 8.4 7.1 7.0
I3 11.0 10.0 2.0 2.0 2.0 2.0 3.0 3.0 8.0 8.0 7.0 7.0
Mean 11.0 3.3 3.1 4.1 9.0 7.7
Reproducibility 0.86 0.87 0.69 0.76 0.76 0.63
CV, % 7.8 26.3 22.0 18.6 8.4 8.2
Repeatability 0.33 0.29 0.23 0.25 0.29 0.08
CV, % 3.0 8.8 7.4 6.1 3.2 1.1

Excluding Outlying Laboratories

Mean 10.7 3.4 3.1 4.2 8.9 7.7
Reproducibility 0.53 0.59 0.40 0.47 0.60 0.45
CV, % 4.9 17.7 12.9 11.1 6.2 5.8
Repeatability 0.13 0.4 0.23 0.29 0.28 0.11
CV, % 1.2 4.1 7.4 6.9 3.1 1.4

a Outlying laboratory.

pressed in  thousands, so that actual acidities from  
p H  6.0 to 8.3 w ere  in  the range 0.002-0.030%  H C I  
fo r a ll samples, and  no h ig h e r than  0.015% H C I  
fo r the  h ig h  fructose samples. A t  such lo w  le v 
els, in te rlab o ra to ry  coefficients o f v a ria tio n  of 
2 0 % are acceptable.

O vera ll, the data showed substantially greater 
variabilities at p H  8.3 end po in t than at e ither p H
6.0 or 7.0 end  p o in t. V isu a l end  p o in t, using  
pheno lph thale in , showed the highest variab ility  
o f all, in  lin e  w ith  the sm aller sample and h igher 
n o rm a lity  o f a lka li.
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Table 3. Titratable acidities as % HCI x 10- 3  in corn syrups, using 0.5N NaOH to pH 8.3 end point

Sample

Lab. 1 4 2 12 3 6 5 11 7 9 8 10

A3 29.7 23.2 16.1 26.1 16.4 20.3 23.5 25.7 23.4 27.1 21.2 21.2
B3 24.7 24.5 6.5 7.1 6.7 6.8 8.7 7.7 17.7 17.6 13.0 13.1
C 31.9 24.5 15.5 13.9 12.8 12.4 13.2 13.4 22.4 22.7 16.2 16.3
D3 33.2 33.2 14.4 16.0 13.9 12.8 15.9 13.8 21.0 24.5 18.6 17.7
E 26.6 28.1 8.6 8.8 7.3 8.2 10.7 9.0 21.7 21.0 15.0 14.6
F 26.2 25.8 6.3 6.7 6.2 6.7 7.8 7.0 19.5 19.3 14.6 14.1
G 28.9 29.3 10.7 10.1 9.3 9.6 10.8 11.4 19.5 21.8 14.4 14.7
H 29.2 29.1 11.9 9.2 10.7 10.2 9.9 7.8 19.9 18.7 14.3 14.1
I3 26.0 26.0 6.0 7.0 8.0 8.0 7.0 6.0 18.0 18.0 12.0 13.0
Mean 28.1 11.2 10.4 11.6 20.7 15.5
Reproducibility 3.0 5.3 3.9 5.6 2.7 2.7
CV, % 10.8 47.3 38.9 48.6 12.8 17.7
Repeatability 1.59 2.5 1.5 1.0 1.4 0.4
CV, % 5.7 22.3 14.4 8.6 6.7 2.5

Excluding Outlying Laboratories

Mean 28.6 10.2 9.3 10.1 20.6 14.8
Reproducibility 2.1 3.1 2.4 2.3 1.5 .84
CV, % 7.4 30.5 25.7 23.1 7.3 5.7
Repeatability 0.58 1.02 0.40 0.91 0.97 0.4
CV, % 2.0 10.0 4.2 9.0 4.7 1.6

3 Outlying laboratories.

Table 4. Titratable acidities as % HCI x  10- 3  in corn syrups, using 0.1N NaOH to phenolphthalein end point

Sample

Lab. 1 4 2 12 3 6 5 11 7 9 8 10

B 25.2 25.6 7.4 6.2 6.6 6.5 7.4 7.5 16.5 16.5 13.6 13.6
D3 49.7 31.1 12.3 15.9 11.8 8.9 10.1 12.5 22.0 23.5 20.8 21.7
E 29.2 28.1 8.0 7.3 5.8 4.7 7.3 8.0 14.6 20.4 13.9 17.5
F3 20.6 20.2 4.5 4.7 4.1 4.5 5.4 5.3 15.6 15.3 13.1 13.0
H 43.4 39.7 9.1 9.1 9.2 9.4 9.8 9.2 22.9 20.7 19.6 19.9
1 22.0 22.0 4.0 5.0 4.0 5.0 8.0 10.0 16.0 13.0 13.0 14.0
Mean 29.7 7.8 6.7 8.4 18.1 16.1
Reproducibility 9.96 3.66 2.65 2.14 3.70 3.62
CV, % 33.5 46.9 39.5 25.6 20.5 22.4
Repeatability 5.49 1.15 0.95 0.94 2.04 1.11
CV, % 18.5 14.8 14.2 11.2 11.3 6.9

Excluding Outlying Laboratories

Mean 29.4 7.0 6.4 8.4 17.6 15.6
Reproducibility 8.60 1.97 2.14 1.15 3.53 3.07
CV, % 29.2 28.1 33.5 13.7 20.1 19.6
Repeatability 1.4 0.6 0.5 0.8 2.4 1.3
CV, % 4.7 8.6 8.3 9.3 13.9 8.5

a Outlying laboratory.

D iffe re n t shapes o f the titra tio n  curves fo r  
h ig h  fructose and  h ydro lysate syrup samples 
w ere in  evidence at p H  7.0, w here  the in d iv id u a l 
rep ro du c ib ilities  o f H FC S  samples 2 -1 2 , 3 -6 ,
5 -1 1  w ere  worse than  the  in d iv id u a l rep ro du c i
b ilities of the hydrolysate samples 1 -4 , 7 -9 , 8 -10 , 
because the H F C S  curves m oved  fro m  th e ir  in 
flec tion  points at n eu tra lity . This is equ iva len t

to saying tha t 2  types o f samples w e re  analyzed  
w ith  d iffe re n t effects d ep end ing  on end  p o in t  
p H . A t  p H  6.0 end  p o in t; h ow ever, titratab le  
acidity values and the reproducibility  coefficients 
of va ria tio n  w e re  s im ila r fo r a ll samples.

R ep e a ta b ilitie s  fo llo w e d  re p ro d u c ib ilitie s  
th ro u g h  th is study, ran g in g  from  V2 to Vs o f the  
values o f the latter.
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I t  is recom m ended that electrom etric titratio n  
to p H  6.0, using  a 100 g sam ple and  0 .005N  
N a O H , be adopted o ffic ia l first action, to replace 
the  curren t A O A C  m etho d  fo r a ll corn syrups, 
31.217.

A c k n o w le d g m e n ts

T h e  Associate Referee thanks the  m em bers o f 
the A nalytical Procedures Com m ittee of the Corn  
R efiners Association, Inc ., w h o  p artic ip ated  in  
th is  study, as fo llow s:

J. H arness, T h e  H u b in g e r Co., K eoku k, IA  
R. A . H o lm e , A m star C orp ., D im m it, T X  
R. H o vd e n , C a rg ill, Inc ., D ayto n , O H  
R. L. O w e n , A m erican  M a iz e  Products Co., 

H a m m o n d , IN
H . H . Schopm eyer and  P. W o lff , A D M  

Foods, C edar Rapids, IA

E. M . Steele, A . E. S taley M an u fa c tu rin g  Co., 
D ecatur, IL

E. M . Steele represented 3 co llaborating  labora
tories at 3 d iffe re n t A . E. Staley locations. R. L. 
O w e n  o rgan ized  the co llaborative study. The  
laboratory o f the Associate Referee partic ipated  
on b eh a lf of CPC In te rn a tio na l, Inc., A rgo , IL . J.
B. Gallagher, In ternational M inera ls  &  Chemicals 
Corp., Terre Haute, IN ,  contributed the statistical 
softw are program  used in  the com putations.
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A L C O H O L IC  B E V E R A G E S

Alcohol Proof Determination from Absolute Specific Gravity 
(20°C /20°C ) Using Oscillating U-Tube Digital Density Meter with 
Programmable Calculator

LeROY E. STEWART
B u reau  o f  A lc o h o l ,  T o b a c c o  a n d  F ir e a r m s , N a t io n a l L a b o ra to ry  C e n te r , 1401 R es e a r c h  B lv d ,  
R o c k v il le ,  M D  2 0 8 5 0

Proof determination using a digital density meter has 
been difficult at temperatures other than 60°F because 
no single table for conversion exists as does for ap
parent specific gravity. The instrument operates 
more satisfactorily and temperature stability is easier 
to achieve at temperatures closer to ambient. Because 
20°C is widely accepted by the scientific community 
as the temperature for calibration of equipment and 
standardization of tests, that temperature was chosen 
as the basis for the program the author has written to 
convert specific gravity (20°C/20°C) to proof. AOAC 
Table 52.003 was the source of data for this program. 
A table relating specific gravity (20°C/20°C) to proof 
was also generated from the formula of the Interna
tional Organization of Legal Metrology (IOLM). 
Proofs determined using the calculator program and 
the tables of AOAC, IOLM , and NBS compare fa
vorably.

T h e  oscilla ting  U -tu b e  density  m eter (M e tt le r /  
Paar D M A )  is the best availab le  too l fo r m easur
ing  density  o f liqu ids. It  is m ore con ven ient to 
use and  requires a sm aller sam ple size than  the  
next best ava ilab le  tool, the  pycnom eter. T he  
D M A  is m ore precise and m ore accurate than the  
pycnom eter (1). The m ajor lim itin g  factor is the  
cost o f the equ ipm ent, w h ic h  can probab ly  be 
jus tified  w h e n  h ig h  sam ple th ro u g h p u t is re
q u ired , i.e., it  is fast com pared w ith  the pyc
nom eter. T he  D M A  also a llow s the  possib ility  
of d irect readout o f p ro o f w h e n  coupled w ith  a 
program m ab le  calculator.

Several papers have been pub lished  con
cern ing  the use o f the  D M A  fo r p ro o f d e te rm i
nation  o f d is tilled  spirits (1 -5 ). A lth o u g h  proof 
of spirits in  the  U n ite d  States is d e fin ed  as tw ice  
the percent by vo lu m e o f e th ano l at 60 °F  (15  
5/ g ° C )  (6 ), the  use o f a tem perature closer to am 
b ie n t tem perature fo r the D M A  is m ore conve
n ie n t because the fogging  o f the D M A  w in d o w  
that occurs at some am b ient re la tive  h u m id ities  
is e lim in ated , and contro l o f tem peratu re  is im 
pro ved . T w e n ty  degrees Celsius was chosen as

Received January 12,1983. Accepted April 8,1983.

the tem perature basis fo r this paper fo r the fo l
lo w in g  reasons: (1) The above criteria  are m et.
(2 ) This  tem peratu re  is used by the European  
Economic C om m unity  for alcohol determ ination , 
thus enab ling  sim ple conversion to European % 
alcohol at 2 0 °C  because the  density at that tem 
perature is then kno w n . (3) This tem perature is 
g en era lly  accepted by the scientific  com m u nity  
fo r s tandard ization , e.g., vo lu m etric  glassware.

Use o f the D M A  in  co llaborative studies (4 ,5 )  
fo r proof determ ination  has presented a problem  
in  conversion of the specific gravity  (T /T )  (SGT/T) 
so d ete rm in ed  to p ro o f (T  =  tem peratu re  of 
m easurem ent). T he  o ffic ia l practice in  p roof 
determ ination  by pycnom eter has been to use the  
A O A C  table (7) fo r this conversion. It  was quite  
n atu ra l to use the  same table fo r the  conversion  
to proof o f D M A -d e te rm in ed  SGT/T. The A O A C  
table was set up , fo r convenience, to inc lude  
correction fo r the b uoyan t density  d iffe rence  
b etw een  brass w e igh ts  and  sam ple so that the  
user is n o t req u ired  to m ake th is correction for 
every  d e te rm ina tion . T he  D M A , h ow ever, 
yields absolute density or SG, depend ing  on the  
calib ration , i.e ., the  D M A  y ie lds the same result 
as d ete rm in a tio n  in  vacuo. T he  A O A C  table, 
consequently, cannot be used w ith o u t firs t 
e lim in a tin g  the  buoyant density  correction. 
Furth erm o re , there exists no table that relates  
SQ20/20 to u  s. p ro o f or to % v / v  e thano l at 60 °F  
such as the A O A C  table does fo r apparent 
5 Q 20/20 Such tables do exist for SG60F/60F (8 , 9). 
T h e  present w o rk  was undertaken to address the  
above problem s and to take fu ll advantage o f the  
autom ation  possible w ith  the  D M A  55D  d ig ita l 
density  m eter to obtain  U .S. p ro o f as a d irect 
readout fro m  the  ins tru m en t v ia  a p rogram  
ru n n in g  in  an attached calculator.

E x p e rim e n ta l

Apparatus

A ll  com puter processing was p erfo rm ed  on a 
D ata G eneral Corp . (D G C ) N o va  3 /4  m in icom -
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p u te r equ ipp ed  w ith  32K , 16-b it w ords o f m em 
o ry  and  a D G C  10-m egabyte h ard  disk d rive . 
T he  com puter program s w ere  w r itte n  in  D G C  
A L G O L . T he  e q u ipm en t co n fig u ra tio n  de
scribed in  this p aper fo r the d ete rm in a tion  o f  
U.S. p ro o f o f e th a n o l-w a te r solutions is the  
M e ttle r /P a a r D M A  55D  precision d ig ita l density  
m eter w ith  and  w ith o u t the M e tt le r /P a a r  SP2 
autom atic sam pler and in terfaced  to an H P  97S 
program m able calculator v ia  an H P  b inary coded 
decim al (B C D ) interface. (Use o f the calculator 
is exp la in ed  by the  m anufacturer's  lite ra tu re .)

Procedure

U.S. proof and %  v /v  ethanol of e th an o l-w ater  
solutions w ere  d ete rm ined  fro m  SG20/20 data, 
using the H P  97S calcu lator p rogram  h ere in  d e 
scribed and  tables of th e  A O A C  (7), N a tio n a l 
Bureau o f Standards (NBS) (8 ), and In tern atio na l 
O rg a n iza tio n  o f Legal M e tro lo g y  ( IO L M )  (10). 
T he  IO L M  table contained in  this paper was 
generated by  the  au thor using the fo rm u la  on  
w h ic h  the IO L M  tables are based (10).

Program for DMA 55D/HP 97SISP2

T h e  D M A  55D  d ig ita l density  m eter can be 
equ ipped  w ith  the  H P  97S pro gram m ab le  cal
culator w h ic h  accepts data fro m  the D M A  over 
a BCD interface. Data transfer is in itia te d  w h en  
the "P R IN T "  button on the D M A  is pressed. The  
autom atic sam pler, SP2, is also ava ilab le  from  
M e tt le r /P a a r  fo r attachm ent to the D M A , in  
w h ic h  case the data transfer is in it ia te d  auto
m atica lly  by the SP2. T h e  program  fo r p roof 
d ete rm in a tio n  developed  by the au th or fo r the  
H P  97S w il l  accom m odate e ith e r co n fig ura 
tion .

To w rite  the  p rogram  fo r the  H P  97S, it  was 
necessary to reduce the A O A C  table for apparent 
SG20/20 (SG2p[,20) vs % v / v  e th an o l (60 °F ) to an  
equation that w o u ld  f it  the storage capacity of the  
calculator. A  decision was m ade to l im it  the  
absolute e rro r b etw een  the A O A C  table and  the  
equation  f it  to the tab le  to ± 0 .0 1 % v / v  ethano l. 
A n  attem p t was m ade to f it  these data to one  
p o ly n o m ia l equation, using the m etho d  o f least 
squares. This proved impossible because the H P  
97S has o n ly  10 -d ig it p recision, and the lim ite d  
num ber o f data registers d id  not a llo w  for storage 
of the coefficients of a p o lyn o m ia l of sufficien tly  
h ig h  o rd er to f i t  the  irre g u la r SG2^ 20 vs % v /v  
ethanol (60 °F) curve fo r e th ano l-w ater solutions. 
T he  p ro b lem  was solved by f itt in g  the  data to a 
series o f o verlap p in g  equations, non e o f w h ic h  
was h ig h e r than  fo u rth  order. T h e  coefficients

w ere rounded to 10-d ig it precision and stored on  
3 m agnetic data cards.

Because the SG obtained from  the D M A  cannot 
be used to en ter the A O A C  tab le  d ire c tly , the  
program  was w ritte n  to incorporate the buoyant 
density correction in  reverse, i.e., the SG20/20 was 
converted to SG2̂ 20 by rearranging  the equation  
fo r the buoyan t density  correction. T he  equa
tio n  used fo r the buoyant density  correction  at 
constant tem perature (8 ) is as fo llow s:

M  = W[l + [ p ( d 2 - d 1) ] l [ d 2 ( d 1 - p ) ] ]

w h e re  M  =  w e ig h t in  vacuo; W  =  apparen t 
w e ig h t in  air; p =  density  o f air; d\ =  dens ity  of 
body; ¿2  =  density  o f w eigh ts . To a p p ly  this  
equation  to the conversion o f SG20/20 to SG2̂ 20, 
M  can be replaced by  d\ and  W  by  dapp, i.e ., ap
p arent density. Since SG20/20 =  d i /d water and  
SGapp — dap p /i/app(water) then

SG2^ 20 =  SG20/20
____ dwater i ^ l )

.dapp(water) (d 2 p)

__________ d i p _______ ’

dapp(water) i A 2 P).

or SG2° '20 =  SG20/20 a - b

A ssum ing that brass w e igh ts  are used ( d 2  =  8.40 
g /m L )  and a ir is at 50% re la tive  h u m id ity  (p =  
0.001199429 g /m L , see b e lo w  fo r calcu lation), 
then  a =  1.001207702 and b =  0.001203002.

T he  va lue , 0.997172771 g /m L , fo r dapp(water> 
was obtained by d iv id in g  the  w e ig h t (in  g) in  a ir 
o f 1 gal. w a te r at 2 0 °C , v iz ., 3774.630 g, b y  the  
volum e (in  m L) it  occupies, w h ic h  is iden tica l in  
value to the w e ig h t ( in  g) in  vacuo o f 1 gal. w ater  
at 4 °C , v iz ., 3785.332 g. T he  va lue , 0.998234501  
g /m L , fo r dwater was calculated in  a s im ila r  
fashion from  the same table, using the w e ig h t of 
1 gal. w a te r in  vacuo at 20 °C , v iz ., 3778.649 g 
(8).

T he  density  of a ir at 2 0 °C  and 50% re la tive  
h u m id ity  was calculated using the  fo llo w in g  
fo rm u la  ( 1 1 ):

D en s ity  o f m oist a ir =  [0.0012929
X  (P -  0.3783e) 273 .13 ]/760 (273 .13  +  t)

w h e re  P =  atm ospheric pressure in  m m  H g ; t =  
a ir tem perature in  °C; e  =  pressure con tribu tion  
o f w a te r vapor in  a ir. In  th is case, P =  760 m m  
H g ; t =  20°C ; e  =  0.5(17.535 m m  H g ).

A  norm al p rin to u t o f the program  is show n in  
(1) o f F igure 1. T he  program  is designed to de
tect the  presence o f the  SP2 in  the system. The  
in p u t to the calcu lator is negative  w h e n  the SP2 
is present and positive  w h e n  it  is absent. This
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(1) 1. *** « Sample It
0.95165 *** « SG(20/20) (in vacuo)
0.95160 * * * « SG(20/20) (in air)

38.72 *** « X  EtOH (v/v) @ 60°F
77.44 *** « Proof

(2) 2. *** « Sample #
0.00123 ■kirk « SG(20/20) air

No further output for this sample.
Sample # will be repeated for next sample.

(3) 3. k k k

0.99001 k k k

0.990Q0 k k k

111111111. k k k « This output indicates that this sample

( 4) 4 .
1 .00010
1 .00010

888888889.

* * *
* * *
* * *
k k k

is not in the range of the currently loaded 
data card. The string of l's indicates that 
data card #1 must be loaded for proof deter
mination of this sample. No further output 
for this sample. Sample # will be incremented 
for next sample.

«  Indicates that this sample cannot use this 
program to calculate proof, i.e., it falls 
outside the program range (0.7905<SG<1.0000) . 
Sample It will be incremented for next sample.

Figure 1. Sample of possible printout from HP 97S program.

d is tinc tion  is essential to p roper fu n c tio n in g  of 
the  e rro r-h a n d lin g  rou tin e. A n  e rro r occurs 
w h e n  the  SG20/2tl is b eyond  the range of the  
curren t data card or not w ith in  the range o f the  
program , i.e ., 0.7905 <  SG2^ 20 <  1.0000. In  the  
absence o f the SP2, the program  w i l l  cause the  
w o rd  "E rro r"  to be d isp layed w h e n  the SG20/20 
is out o f program  range or w i l l  flash the n um ber 
o f the data card that should be inserted w h e n  the  
SG2° / 20 is out o f the range o f the curren t data  
card. Because these 2 situations w o u ld  cause loss 
of data w ith  the  SP2, the program  s im p ly  p rin ts  
a n um ber s tring  to ind icate the e rro r and  con
tinues w ith  the next sample. Item s (3) and  (4) o f 
Figure  1 are exam ples o f e rro r h a n d lin g  w h e n  
the  SP2 is in  the system. A n  a d d itio n a l advan 
tage o f the SP2 is that a ir is d eterm ined  betw een  
samples, p ro v id in g  a check on the reprodu c
ib il ity  o f the determ ination .

Table forSG20120 vs Proof from IOLM 
Formula

To develop a table relating  proof to SG20/2°, the  
easiest course was to use the fo rm u la  o f the

IO L M , w h ic h  contains % w /w  and tem peratu re  
(°C ) as ind e p e n d e n t variables and  density  
(k g /c u . m ) as the dep end ent variab le . W e  
w a n te d  to m ake SG20/20 the  index o f the table as 
SG2p£,20 is fo r the A O  A C  table. Instead of try in g  
to solve the IO L M  form ula  fo r % w /w ,  N ew to n 's  
approxim ation was incorporated into an iterative  
procedure in  an A L G O L  program  to arrive  at the  
so lu tion  fo r each SG20/2° in  the table. A fte r  an  
in it ia l guess fo r the desired va lue , N ew to n 's  ap
p ro xim atio n  em ploys the first d eriva tive  o f a 
fu n c tio n  to a rr iv e  at the next best guess ( 1 2 ). 
R earranged fo r th is purpose, N ew to n 's  fo rm u la  
is as follow s:

x i  =  x 0 ~  i ( x 0 ) / f ' ( x o ) ,

w here X\ is the next best guess and x 0 is the in itia l 
guess. U s ing  2 in it ia l guesses, x0 and x \ ,

(f(X l)  -  f(x 0) ) / ( x ,  -  x 0)

can be used as an approxim ation  o f f'(xo), 
g iv in g

X2 =  X0 f (x 0)(X! -  X0) / ( f (x i ) -  f (x 0))
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Since N ew to n 's  approxim ation is g iven for the  
solution  o f the roots o f f ( x )  =  0 , and fo r our p u r
poses f(p) =  SG20/20 (w h ich  is not zero), w h ere  p  

=  % w /w ,  the substitutions o f f(p 0) — SG20/20 for 
f(xo) and f(p i)  — SG20/20 fo r f (x i)  w ere  necessary. 
O th erw ise , a ll x's w ere  replaced by p 's .  T h e  re
sult is

P 2  =  Po ~  ( ( (P o ) ~  SG20/20)
x ( p  1 -  P o ) l ( f ( P i )  -  { (p o ) )

Each successive ite ra tio n  replaced p i w ith  the  
last p 2 and p 0 w ith  the last p  i and was a llo w ed  to 
proceed th a t w ay  u n til:

|f(p 2) -  SG20/20| <  0.0000005

Convergence to the correct so lu tion  occurred  
w ith in  5 itera tions w h e n  the  in it ia l app rox im a
tions w e re  0 % w /w  and  1 0 0 % w /w .

Use of NBS Tables to Arrive at Proof from
g ( J 2 0 / 2 0

To v e rify  the accuracy o f the buoyant density  
correction and the IO L M  table described above, 
p ro o f was also d ete rm in ed  using the NBS tables
(8 ). Th is  req u ired  e n try  in to  2 tables. A fte r  
conversion o f S G 20120 to density  (20 °C ), Table 2 
was entered  to obta in  % w /w  and th en  Tab le 5 
was entered  to convert % w /w  to %  v / v  at 60°F , 
w h ic h  was d oubled  to obtain  proof. L in ear in 
terpo lations w ere  used w ith  both  tables.

Results
Table 1 is a com parison o f proofs (at app ro x i

m ately 1 0 ° proof intervals) obtained from  SG20/20 
and SGapp20, using the H P  97S p rogram , A O A C  
tab le, NBS tables, and IO L M  table described  
above. C o lum n 2 data w ere  calculated by the H P  
97S program  fro m  colum n 1, using the  buoyant 
density  correction described above. C o lu m n  3 
results w ere  obtained  by e n te rin g  the  A O A C  
table w ith  the data fro m  colum n 2. C o lu m n  4 
data w ere  obtained fro m  the H P  97S program . 
The data in  colum ns 5 and 6  w ere  obtained from  
the ind icated  tables b y  using data fro m  colum n
1. Colum ns 7 and 9 display the erroneous results 
from  using SG20/20 data fro m  co lum n 1 to en ter 
the A O A C  table and  the H P  97S p rogram  (w ith 
out the buoyant density correction), respectively. 
T he  respective deviations fro m  true  p ro o f are 
ind ica ted  in  colum ns 8  and  10 , i.e ., co lum n 8  =  
co lum n 7 — colum n 3 and co lum n 10 =  co lum n  
9 — colum n 4.

Discussion
Inspection  of the data in  Tab le 1 reveals that, 

w ith  few  exceptions, the values in  colum ns 3 ,4 , 
and 5 are w ith in  0.01 ° proof. In  no case do they  
d iffe r  by m ore than 0.03° proof. Those data that 
d iffe r by 0.03° proof m ay do so for the fo llo w in g  
reasons: an in terp o la tion  error w h e n  using the  
NBS tables caused by  2 lin e a r in terp o la tion s  in -

Table 1. Comparison of proof tables of AOAC, NBS, and IOLM with calculator program using specific gravity (in vacuo
and apparent) at 20°C

SG
20/20

SGapp
20/20

Proof
Proof
from

SG
AOAC Error

Proof
from

SG
program ErrorAOAC Program NBS IOLM

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
0.99900 0.99900 1.32 1.33 1.33 1.32 1.32 0.00 1.33 0.00
0.99300 0.99300 9.68 9.67 9.69 9.73 9.68 0.00 9.66 -0.01
0.98700 0.98699 19.10 19.07 19.10 19.07 19.08 -0 .02 19.06 -0.01
0.98100 0.98098 29.36 29.35 29.35 29.42 29.32 -0 .04 29.32 -0 .03
0.97500 0.97497 40.46 40.44 40.47 40.45 40.40 -0 .06 40.39 -0 .05
0.97000 0.96997 49.55 49.55 49.56 49.58 49.50 -0 .05 49.50 -0 .05
0.96400 0.96396 59.76 59.75 59.76 59.76 59.70 -0 .06 59.69 -0 .06
0.95700 0.95695 70.31 70.31 70.31 70.29 70.24 -0 .07 70.25 -0 .06
0.95000 0.94994 79.53 79.53 79.53 79.56 79.46 -0.07 79.46 -0 .07
0.94100 0.94093 90.13 90.12 90.13 90.13 90.06 -0 .07 90.05 -0 .07
0.93200 0.93192 99.68 99.68 99.69 99.69 99.60 -0 .08 99.61 -0 .07
0.92200 0.92191 109.53 109.52 109.53 109.52 109.44 -0 .09 109.44 -0 .08
0.91100 0.91090 119.68 119.67 119.68 119.67 119.58 -0 .10 119.58 -0 .09
0.89900 0.89888 130.12 130.11 130.12 130.13 130.02 -0 .10 130.02 -0 .09
0.88700 0.88687 140.02 140.02 140.03 140.03 139.92 -0 .10 139.92 -0 .10
0.87400 0.87385 150.20 150.21 150.20 150.20 150.08 -0 .12 150.10 —0.11
0.86100 0.86084 159.80 159.79 159.80 159.80 159.68 -0 .12 159.68 -0.11
0.84600 0.84582 170.21 170.21 170.21 170.20 170.08 -0 .13 170.09 -0 .12
0.83100 0.83080 179.78 179.78 179.80 179.77 179.66 -0 .12 179.66 -0 .12
0.81300 0.81278 189.91 189.93 189.92 189.90 189.80 -0.11 189.81 -0 .12
0.79100 0.79075 199.90 199.88 199.90 199.87 199.80 -0 .10 199.79 -0 .09
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stead o f p o ly n o m ia l in te rp o la tio n s ; m in o r  
ro u n d in g  errors fro m  the inco rp ora tio n  o f the  
buoyant density  correction in to  colum ns 3 and  
4 (com pare d ifferences in  colum ns 3 and 4 w ith  
the d ifferences in  colum ns 7 and 9 fo r SG20/Z0 
0.98700 and 0.97500).

O ne  o f the requirem ents  im posed on the f it 
tin g  of equations developed  fo r the H P  97S p ro 
gram  was that the program  d up licate  the A O A C  
table w ith in  0.01% v /v  (0.02° p roof). A  com
parison o f colum ns 7 and  9 shows that th is c ri
terion  was met.

I t  can be seen that co lum n 6  ( IO L M  tab le) de
viates fro m  the others b y  as m uch as 0 .07° p ro of 
(at SG20/20 =  0.98100). Th is  discrepancy m ay  
w e ll be due to the d iffe re n t data sources fo r the  
IO L M  form ula  (10). The IO L M  fo rm u la  is based 
on 7 d iffe re n t in te rn a tio n a l sources, in c lu d in g  
NBS data (13). It  seems that an arb itrary decision 
was m ade to inc lude  a ll o ffic ia l in te rn a tio n a l 
tables extant at the tim e the fo rm u la  was d eve l
oped. A ll o ther tabulated proof results are based 
on the data o f Osborne et al. o f NBS (13), a deci
sion w h ich  is fu lly  v ind icated  by a IU P A C  paper 
on the subject (14). A n  obvious discrepancy  
betw een  the IO L M  tables and the NBS table is 
the density  o f 100% e thano l at 20°C . T h e  IO L M  
table reports it  as 0.78926 g /m L  (converted from  
k g /c u . m ) vs the NBS table va lue  o f 0.78934  
g /m L . This  d iscrepancy accounts fo r a d iffe r
ence of 0 .03° p ro of at the h ig h  end of the table. 
Some of the preceding discussion m ay seem to be 
m uch ado about noth ing, but d efin itive  reference 
tables should be exactly com parable.

T h e  use o f the A O A C  table fo r the  d irect con
version o f SG20/20 to % v /v  e thano l (60 °F ) and  
p ro o f in  refs 2 -5  accounts fo r m uch o f the  d is
crepancy b etw een  the  D M A  and pycnom eter 
results in  those studies. The rem a in in g  d if fe r 
ences m ay w e ll be due to problem s w ith  opera
tion  of the D M A  (n o tab ly  tem peratu re  s tab ility ) 
and the in h e re n tly  g reater accuracy and  p rec i
sion o f the D M A  o ver the pycnom eter. (For a 
discussion of these problem s, see K ovar (1).)

In  one o f those studies, the use o f a ir-sam p le  
pairs is suggested fo r D M A  standard ization  (2). 
This is n o t recom m ended  because it  w o u ld  in 
v o lve  s tan dard iz in g  the D M A  by a m etho d  (the  
pycn om eter) w h ic h  is less accurate than  the  
D M A  (1). The use o f SG2°/20 =  0.00120, as long  
as the am b ient pressure is 760 m m  H g  ±  30 m m  
H g , has little  effect on the calibration of the D M A  
p ro vid ed  that the B constant is calculated using  
Tair, the period  o f oscillation fo r a ir d eterm ined

by the  D M A  (1). T he  o ther standard in  the p a ir  
should be w ater or a s im ilar substance for w h ich  
the density  is w e ll k n o w n  and w h ic h  is capable  
o f reproducib le  p u rity .

C onclus ion

T he  H P  97S p rogram  fo r the conversion of 
5 G 20/20 (jata to proof fo r e th a n o l/w a te r solutions  
generated  fro m  the M e tt le r /P a a r D M A  55D  
density  m eter compares favorab ly  w ith  o ther  
m ethods o f p ro o f d eterm ination . T here  is no  
operator in te rv e n tio n  (such as table lookup) 
necessary because a ll requ ired  data (sam ple  
n um ber, SG20/20, SGapp20, % v /v  e thano l (60 °F ) 
and p roof) are p rin te d  on the calculator paper 
tape. The calculator p rogram  developed  s im u
lates a table fo r conversion o f SG20/20 to p ro o f 
w h ic h  d id  not hereto fore  exist.

A  copy o f the program  lis tin g  w ith  docum en
tation  and  associated data is availab le  from  the  
author.
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Sake samples are fractionally distilled so that the 
resultant ethanol concentration of the distillate is 
approximately 95%. Determination of 14C by liquid 
scintillation counting on the ethanol fraction d if
ferentiates alcohol produced by fermentation from 
synthetic ethanol produced from fossil fuel sources. 
13C /12C stable isotope ratio analysis (SIRA) is capable 
of detecting alcohol from a cane or com source in sake 
samples. This analysis also shows the addition of 
corn or cane sugar before or after fermentation of the 
sake.

T he  m easurem ent o f the rad ioactive carbon iso
tope 14C provides a d irect means o f d iffe re n tia t
in g  products d erived  fro m  fossil fuels and  those 
derived fro m  present-day natural products. The  
source o f 14C present in  organic p lan t m ateria l is 
the uptake o f atm ospheric 14C 0 2, a process that 
has been re la tive ly  constant for m any thousands 
of years.

Because synthetic  e th ano l is produced  fro m  
dead carbon (pe tro leu m  products vo id  o f 14C), 
rad iocarbon liq u id  s c in tilla tion  cou nting  is an  
idea l m etho d  fo r d iffe re n tia tin g  n atu ra l and  
synthetic compounds (1, 2). The biosynthesized  
com pound has a re la tive ly  constant le v e l o f 14C  
because of the  u n ifo rm  d is trib u tion  and  uptake  
o f this carbon isotope by plants in  the fo rm  of 
14C 0 2. The am ount o f 14C present in  an ethanol 
sam ple, com pared w ith  the value established for 
a 1 0 0 % n atu ra l e thano l standard, enables d eter
m in atio n  of the am ount o f natural and synthetic  
(p e tro leu m -d erived ) ethanol.

P lants d iffe r  by fix in g  C 0 2 by one o f 3 p ho 
tosynthetic  m etabolic  pathways: C a lv in  syn
thesis, H a tch -S lack  p ath w ay , or Crassulacean  
acid m etabolism . Each biochem ical m echanism  
results in  natural products w ith  d iffe ren t 13C / 12C  
ratios. T here fo re , the 13C / 12C ratio  can deter
m in e  the C 0 2 f ixa tio n  p a th w ay  of the  carbon in  
a g iven  natural product. In  the C alv in  synthesis, 
w h ic h  is com m on to most p lants, e.g., rice, C 0 2 
is fixed  b y  the  carboxylation  of ribulose-1,5- 
diphosphate  (R U D P ) (3) to g ive  3-phospho-
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glycerate. The carbon isotope fractionation  oc
curs at this enzym atic step (4). The H atch -S lack  
p ath w ay  is used by some plants to fix  atm o
spheric C 0 2 by the carboxylation  o f phospho- 
eno lpyruvate  (PEP) (5), an enzym atic  reaction  
that occurs w ith  low  carbon isotope fractionation  
(6 ). Plants that fix  atm ospheric C 0 2 by this  
p ath w ay  are Z e a  m a y s  (corn), S a c c h a r u m ,  and  
C y m b o p o g o n  c it ra tu s  ( lem on  grass) (7). The  
Crassulacean acid m etabolic p a th w ay  is charac
teristic o f V a n illa  p la in fo lia . Carbon assim ilation  
occurs at n ig h t by carboxylation  o f PEP, w ith  
accum ulation  o f m alic  acid w h ic h  is decarboxy- 
la ted  in  the presence of lig h t; liberated  C 0 2 is 
fixed  b y  R U D P . C arboxylation  o f PEP at n ig h t  
varies u n d er the in fluen ce  o f en v iro n m e n ta l 
factors, and can be estim ated by carbon isotope 
com position  (8 ).

In  U .S. federa l regulations, sake is a u n iqu e  
alcoholic  beverage product. Pure b rew ed  sake 
is d e fin e d  as rice w in e  and  ye t is taxed as beer. 
T h e  add itio n  o f d is tilled  spirits to b rew ed  sake 
is p ro h ib ited . Furth erm o re , the ad d itio n  of 
sugar to rice before fe rm en ta tio n  is n ot a llo w ed  
in  the  m anufacture o f b rew ed  sake (9).

C arbon-14 analysis of sake w i l l  c learly  d em 
onstrate w h e th e r synthetic  e thano l has been  
added to the sake; S IR A  analysis o f the  e thano l 
and  sugar com ponents o f sake w i l l  d eterm ine  
w h ic h  of the fo llo w in g  statem ents is true: ( 1 ) 
T h e  sake is a n atu ra lly  fe rm en ted  p roduct ob
ta in ed  sole ly  fro m  rice. (2) Spirits  fro m  cane 
a n d /o r  corn have been added. (3) Cane a n d /o r  
corn sugar w ere  added to the sake before fe r
m en tation . (4) C orn  a n d /o r  cane sugar w ere  
added fo llo w in g  ferm en ta tion .

E xp erim e n ta l

Ethanol Purification or Isolation

A  750 m L  sam ple is d is tilled  using a frac tio n 
a tin g  colum n w ith  app ro x im ate ly  2 5 -5 0  theo 
retical plates. The colum n is washed w ith  w ater 
and d ried  u n d er vacuum  before use. T he  col
u m n  head tem perature is brought to 78 °C . The  
sp lit ratio  in  the  re flu x  head is adjusted to 5:1 (5
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parts back to the  co lum n and 1 part collected). 
A p p ro x im a te ly  150 m L  d is tilla te  is collected. 
Ethanol concentration in  the distillate is checked 
b y  a densitom eter and should  be appro x im ately  
95% v / v  ethanol.

S u g a r  P u r i f i c a t i o n  o r  I s o l a t i o n

L iqu id -liqu id  e x tra c tio n .— A pproxim ately  100 m L  
of sam ple rem a in in g  in  the  d is tillin g  flask a fter 
eth ano l p u rifica tio n  is taken  fo r sugar analysis. 
T he  sam ple is subjected to liq u id - liq u id  extrac
tion  w ith  25 m L  chloro form . T h e  aqueous frac
tio n  is w ashed w ith  2 ad d itio n a l 25 m L  portions  
of ch lo ro fo rm , and a ll ch lo ro fo rm  fractions are 
discarded. The residue is n ow  ready fo r colum n  
chrom atography.

C o lu m n  P r e p a r a t io n .— T w e n ty  to tw e n ty -fiv e  
g an io n  exchanger (an aly tica l grade, A G -1 -X 2 , 
100-200 mesh, Bio-Rad Laboratories, R ichm ond, 
C A ) is p laced in  a 2 cm id  X 30 cm colum n. A  
p lu g  of s ilan ized  glass w o o l is placed on top of 
the an io n  exchanger. T he co lum n is charged  
w ith  200 m L  6 N  HC1, and  then  washed w ith  
w ater u n til the e fflu en t is brought to p H  6 . The  
sample is placed on the colum n and the e fflu en t 
is collected in  a beaker. W ater is evaporated  
from  the e fflu e n t and the rem a in in g  p ortio n  
(sugar) is collected fo r 13C / 12C analysis.

S ta b le  Iso to p e  R a tio  A n a ly s is  ( S I R A ) .— Ethanol 
is o x id ized  in  a closed oxygen atm osphere  
m ainta ined  at 600°C . Resulting carbon dioxide  
and  w ate r are collected in  a liq u id  n itro g en  trap  
and  oxygen is rem oved  by vacuum . T h e  n itro 
gen trap is heated in  d ry  ice and carbon d iox ide

is recondensed in  a sam ple tube. T he  13C / 13C  
isotope ra tio  o f carbon d iox ide  fro m  the  sam ple  
tube is m easured w ith  a mass spectrom eter 
equ ipped  w ith  a dual in le t system and double  
collector.

Isotope deviations in  5PDB 13C units  are ex
pressed as parts p er thousand (per m il, %o) com 
pared w ith  reference standard Pee Dee Belem nite  
(PD B ) calculated according to fo llo w in g  equa
tion:

13C(%o) =
( i 3C / 12C sam ple) 

(13C / 12C standard)
X  1000

S IR A  tests w ere  p erfo rm ed  at Geochron Lab
oratories D iv is io n , K rueger Enterprises, Inc ., 24 
Blackstone St, C am bridge, M A .

14C  I s o t o p e  A n a l y s i s

14C is d eterm ined  by using a lo w  le v e l liq u id  
s c in tilla tion  counting  technique. T he  isolated  
ethano l is ign ited , and the com bustion products, 
C O 2 and  w ater vapor, are separated. C O 2 is 
converted  to acetylene v ia  l ith iu m  carbide. 
A cety lene gas is then  cata ly tica lly  tr im e rize d  to 
benzene. 14C  is d eterm ined  on the  benzene  
sam ple dissolved in  liq u id  sc in tilla tio n  cocktail
(10). A  special T e flo n  lead-shielded v ia l is used 
to reduce background o f the counter (11). The  
d iscrim ination  w in d o w s  to the  liq u id  sc in tilla 
tion counter (Picker 220) are set betw een the Emax 
energy o f 3H  and 14C to e lim in ate  the in tro d u c 
tion  of any 3H  a c tiv ity  in to  the 14C d e te rm in a 
tion . C o un tin g  effic iency fo r the 14C energy  
w in d o w  setting  was 6 8 % w ith  background av-

Table 1. 14C and i 13C values for ethanol in domestic and imported sake

Sample Sake
Measured,3 

dpm/g carbon

14C

Corrected, b 

dpm/g carbon 513C, %

1 domestic NDC ND -27.5
2 imported 15.76 18.30 -26.6
3 imported 15.74 18.30 -26.8
4 imported 15.54 18.10 -25.4
5 domestic 15.65 18.20 -25.0
6 imported 14.76 17.20 -26.8
7 domestic 15.87 18.70 -25.0
8 imported 15.74 18.30 -24.9
9 imported 15.84 18.60 -26.8

10 Imported ND ND -25.3
11 imported 15.23 17.72 -25.7

Mean 15.57 18.16
SD 0.36 0.46

CV. % 2.32 2.53
3tr (SD) 1.08 1.38

3 Based on New England Nuclear Standard (toluene). 
b Calculated from NBS 95% Oxalic Acid Standard. 
c ND = not determined.
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Table 2. 613C values (%o) for sugar and ethanol In
imported and domestic naturally fermented sake

Sample Sake Ethanol Sugar

13 imported -26.9 -25 .4
14 imported -27.0 -25.9
15 imported -27.3 -25.8
16 imported -24.7 -24.4
17 imported -26.1 -25.1
18 Imported -26.1 -25.2
19 domestic -26.5 -24.6
20 imported -26.3 -25.1
21 imported -26.3 -24.9
22 Imported -26.6 -25.3

Mean -26.2 -25.2
SD 0.84a 0.47
CV, % 3.19a 1.87
3(r SD 2.51a 1.41

a Includes values for Tables 1 and 2.

erag ing 3.12 cou n ts /m in . A  liq u id  scintilla tion  
standard is p repared  fro m  14C -labeled  to luene  
(N e w  E n g land  N u clear).

C arbon-14  analyses w ere  p erfo rm ed  by the  
C enter fo r the A p p lie d  Isotopes Studies, U n i
versity  o f G eorgia, 110 R iverb end  Rd, A thens, 
G A .

R esults and  D iscussion

Sam ples o f sake w ere  firs t analyzed  fo r 14C  
content to d e te rm in e  w h e th e r the  e thano l was 
a produ ct o f n atu ra l ferm en ta tion . Previous  
w o rk  ( 1 2 ) has show n that m ean d p m /g  carbon  
va lue  fo r synthetic  e th ano l is 0.167. T h e  m ean  
d p m /g  carbon va lue  fo r e thano l in  a n atu ra lly  
fe rm en ted  sake, based on the N e w  En gland  
N u c le a r Standard, was 15.57 w ith  a standard  
deviation  of 0.36 and a coefficient o f varia tion  of 
2.32%, and  w h e n  corrected to a 95% O xalic  A cid  
Standard  (N B S), a m ean value o f 18.16 (SD  0.46 
and C V  2.53%) (Table 1). A ll samples fe ll w ith in  
the 3 crSD lim its  show n in  previous w o rk  (12) for 
n atu ra lly  ferm en ted  ethano l.

513C deviations for the sugar/ethanol fractions 
that w ere  d erived  fro m  samples o f n a tu ra lly  
fe rm en ted  sake are show n in  Tab le 2. These  
results gave m ean values o f —26.2 and — 25.2%o

Table 3. 613C values (%o) for various mixtures of 95% v/v
ethanol derived from sake and corn

% ethanol 
from sake

% ethanol 
from corn Experimental Theoretical

100 0 -27.5 _
75 25 -22.7 -23.6
50 50 -20.0 -19.8
25 75 -14.9 -15.9
0 100 -12.0 —

Table 4. 513C values (%«) for ethanol and sugar In
Imported sake, showing sugar is derived from rice but 

ethanol is partially derived from cane or corn-base 
distillate

Sample Ethanol Sugar

23 -22.0 -25 .0
24 -21 .4 -24.5
25 -23.5 -25 .4
26 -21.1 -25 .4
27 -23.1 -24.9
28 -21.5 -25.0
29 -22.7 -25.0
30 -22.1 -25.1
31 -22.2 -25.0
32 -23.0 -25.2

o13C fo r the  e thano l and  sugar fractions, respec
tive ly . The standard devia tions fo r sugar and  
ethano l w ere  0.84 and 0.47, respectively. These 
values also ind icated  that the  sugar fraction  o f 
n aturally  ferm ented sake was approxim ately one 
u n it  m ore positive than  was the e thano l frac
tion .

The next step was to establish the a b ility  to 
d istingu ish  e thano l ferm en ted  fro m  rice and  
ethano l ferm en ted  from  corn and cane sugar. 
M ixtu res  o f 95% e thano l d erived  fro m  sake /o r  
corn d istillate  w ere  prepared as follow s: 7 5 /25 , 
50 /50 , and 2 7 /75. S IR A  analyses o f the mixtures  
gave the fo llo w in g  513C values: —22.7, —20.0, 
and — 14.9%o, respectively. These results (Table  
3) com pare favorab ly  w ith  the  calculated 513C 
values.

Tab le 4 shows 513C values obta ined  fo r the  
ethano l and  sugar fractions fo r 10  samples of 
im p orted  sake. The 513C values o f the sugar 
fraction  o f these samples ind icated  that no corn  
or cane sugar was added to these sakes e ith e r  
before or after ferm entation  o f the rice. The <513C 
va lue  o f each e thano l fraction  c learly  ind icated  
th a t e thano l fro m  cane or corn distillates was 
added to the sake. The m ajority o f these samples 
y ie ld e d  values greater than  — 22.7%o, ind ica tin g  
th a t at least 25% o f the e thano l p resent was de
rived  fro m  cane or corn d is tilla te .

513C values fo r e thano l and  sugar fractions in  
4 a dd itio na l samples, one dom estic and 3 im 
ported, are shown in  Table 5. o13C values for the  
ethano l fraction  o f the dom estic sake ind icate  
that the e thano l was d erived  solely fro m  rice. 
513C values fo r the sugar fraction  c learly  in d i
cated the ad d itio n  of cane a n d /o r  corn sugar to 
the  sake after ferm entation . The 513C values for 
the  e thano l fraction  fo r the 3 im p o rted  samples 
showed clearly the presence of ethanol from  cane 
a n d /o r  corn. The 0 13C values fo r the  sugar
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Table 5. 513C values (%«) for ethanol and sugar in
imported and domestic sake, showing time of addition of 

sugar derived from corn or cane (before or after 
fermentation)

Sample Sake Ethanol Sugar
Sugar
added

33 imported -22.1 -21.3 before
34 imported -21.2 -20.6 before
35 imported -20.1 -18.6 before
36 domestic -27.5 -17.5 after

fraction , lik e  those obtained  from  the sugar 
fractions o f the n atu ra lly  ferm en ted  sake (Table
2), y ie ld e d  values fo r <513C o f app ro x im ate ly  one 
u n it  m ore positive than the corresponding a l
cohol fraction. Therefore, w e conclude that corn 
a n d /o r  cane sugar was added to the rice before  
ferm en ta tion .
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M E T A L S  A N D  O T H E R  E L E M E N T S

Rapid Direct Determination of Lead in Evaporated Milk by Anodic 
Stripping Voltammetry Without Sample Pretreatment
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E n v iro n m en ta l S c ien c es  A s s o c ia t e s , In c . ,  4 5  W igg in s A v e ,  B e d fo r d ,  M A  0 1 7 3 0

The method presented describes the direct determi
nation of lead in evaporated milk in which the milk 
ashing step prior to analysis is eliminated. Digital 
instrument readout units are /tg Pb / m l milk. Total 
analysis time after instrument calibration is less than 
3 min per sample. Range of the method is 0.05-1.0 
ppm lead in milk, and precision of the method ex
pressed by relative standard deviation of duplicate 
pairs ranged from 30% at 0.1 jug/mL to 3% at 1.0 
/ig/m L of lead in milk. The method compares fa
vorably with the AOAC official first action anodic 
stripping voltammetric method (25.074). In addition, 
the method appears to work equally well for skim 
evaporated milk, sweetened condensed milk, and 
nonfat powdered dry milk when the latter two are 
reconstituted with water according to product label 
instructions. Recovery and interference studies are 
presented.

Increas in g  g o vern m en t reg u la tio n  o f th e  trace 
m eta l con tam inan t lead  in  m ilk  and  the  conse
q u en t need  fo r a h ig h e r testing  frequency by  
m anufacturers have h ig h lig h te d  the  need  fo r a 
faster and easier m ethod  fo r its determ ination  in  
evaporated  m ilk . A O A C  m ethods 25.063 and  
25.074 (1), w h ile  precise and accurate, both suffer 
fro m  several lim itations. Both m ethods require  
a 28 h d ry  ashing step before analysis can p ro 
ceed. In  practice, the d ry ashing step can extend  
o ver 3 w o rk in g  days. T urnaro un d  tim e is slow. 
Both m ethods require extensive sample h andlin g  
an d  the concom itant need fo r  h ig h ly  sk illed  
technicians. Chances fo r sample contam ination  
due to long exposure to the atmosphere and from  
reagents are h ig h .

T h e  m eth o d  described here overcom es those 
disadvantages and  offers an o th er d is tinct ad
vantage. As w ritte n , i t  requires the  use o f a 
lead -free  reagent called  M etexchange®. This  
reagent is o ffe red  by the  m an ufactu rer in  p re 
packaged cuvets. In tra lab o ra to ry  com parisons  
need  n o t su ffer fro m  the n orm al v a ria b ility  in  
reagent qua lity . In  add itio n , i t  has a lready been
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sho w n  that evaporated m ilk  standards m ay be 
prepared  and  used fo r at least 40 days w ith o u t  
loss o f sam ple in te g rity  w ith  respect to lead  (2 ). 
Thus, a centra l fac ility  m ay d irec tly  contro l and  
standard ize tests ru n  at several secondary fac il
ities b y  p reparing  its o w n  standards fo r use in  
calib ration  instead o f using the m ore general 
procedure  described in  the  m ethod.

E xp e rim e n ta l

Principle

Lead is d ete rm ined  by anodic s trip p in g  v o l
tam m etry  perfo rm ed  d irec tly  on  a m ix tu re  of 
m ilk  and  M etexchange reagent. T he  reagent 
decom plexes the lead and makes it  ava ilab le  fo r  
anodic  s tripp ing  vo ltam m etric  (A S V ) analysis. 
E lim in a tio n  of organic m aterial in  the sample by  
custom ary w e t o r d ry  ashing procedures is not 
necessary. A n  a liqu o t o f a w e ll shaken sample  
is added to reagent in  a prepackaged cuvet. The  
cuvet is placed on the electrode cell head, and 96 
s la ter, the lead concentration in  pg  P b /m L  m ilk  
can be read fro m  the  d ig ita l d isp lay. T he  con
cept o f an autom ated A S V  ana lyzer and  the use 
o f M etexchange reagent have been described  
elsew here  (3 -6 ) . T he  m ethod  is g iven  in  deta il 
in  the  fo llo w in g  paper (7).

Reagents

A l l  chem icals used w e re  reagent grade. 
Standard solutions o f m etal ions other than those 
specifica lly  described w ere  purchased as atom ic  
absorption stock standard solutions, 1 -10  m g /m L  
in  d ilu te  acid. A ll  solutions used in  interference  
studies w ere  tested fo r lead content and, i f  nec
essary, w e re  m ade lead-free  by electrolysis over 
a m ercury  pool at —1.2 V  vs A g /A g C l reference. 
C o pp er and  tin  standards w ere  prepared  from  
99.999%  pure  m etals obtained  fro m  R O C /R IC ,  
Sun V a lle y , C A . A l l  solutions used in  in te rfe r
ence tests w e re  b u ffe red  to p H  1.5, using K C 1- 
H C 1 b u ffe r.

U nless noted  o therw ise , a ll potentials  (v o lt
ages) specified  in  the  m ethod  and  subsequently  
in  th is  paper, are d ete rm ined  vs the saturated
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sodium  chloride, silver, s ilver chloride reference  
electrode.

A l l  glassware and  N a lg en e  p o ly e th y len e  b o t
tles used in  this study w ere  rendered  lead-free  
b y  rinsing w e ll in  deionized w ater, soaking in  1% 
H C IO 4 fo r a m in im u m  of 24 h , and rin s in g  w e ll 
in  d e io n ized  w a te r once again. N o  apparatus  
was used unless the 1% H C IO 4 soak so lu tion  
contained  less than  5 ppb Pb.

Sample Preparation

I t  was necessary to spike evaporated m ilk  
samples w ith  lead to d e te rm ine  and study the  
range o f this m ethod. W h en  this was done, 500 
m L  portions o f evaporated m ilk  w ere  s tab ilized  
against d ep ro te in iza tio n  by the ad d itio n  o f 0.5 
m L  36.1% form aldeh yde . T he  evaporated m ilk  
was then  spiked w ith  the appropriate am ount of 
lead  fro m  the stock solu tion  described above. 
T h e  spiked m ilk  was stirred  2 h  at room  tem per
a tu re  and  then  d ra w n  o ff in to  6  oz N a lgen e  
p o lye th y len e  bottles. Samples prepared in  this  
m an n er w ere  kep t re frig era ted  at 2 -5 ° C  w h e n  
n ot in  use or bein g  shipped.

O th e r spiked samples w ere  prepared  from  
u n s te rilized  evaporated m ilk  that had n ever  
p rev io u s ly  been canned. T h e ir  m ethod  of 
p repara tio n  has been described elsew here (8 ).

Procedures

E very analysis param eter was varied  to d eter
m in e  the o p tim u m  setting. Th is  was done by  
a n a ly z in g  m u ltip le  aliquots o f 4 representative  
types o f m ilk  samples as each param eter was 
varied. The 4 types of m ilk  samples were regular 
evaporated m ilk , skim  (less than 0.25% butterfat) 
evaporated  m ilk , n o n fa t d ry  m ilk  reconstituted  
according to the package instructions, and  
sw eetened condensed m ilk  d ilu te d  1:1.5 w ith  
d eio n ized  w ater.

Once the analysis conditions w ere  determ ined, 
samples w ere  p repared  at both  C arn atio n  Co. 
Research Laboratories, V a n  N u ys , C A , and  En
v iro n m e n ta l Sciences Associates, Inc ., B edford, 
M A . Sam ples w ere  traded and ana lyzed  by 3 
m ethods. M e th o d  A: d irect m etho d  described  
above; M e th o d  B: anodic s tr ip p in g  vo lta m m e 
try , A O A C  25.074 (1); M e th o d  C: anodic s trip 
p in g  vo ltam m etry  as fo llow s: W e t ash 0.5 g a li
quots o f w e ll shaken sam ple to dryness w ith  2 .0  
m L  acid m ix tu re  (H 2SO 4- H N O 3- H C IO 4 (1 +  24 
+  24 by vo lu m e)). Reconstitute each sam ple  
w ith  5 m L 0.06 F H C IO 4 and  heat to 9 0 °C  fo r 15 
m in . C ool to room  tem peratu re  and  conduct 
A S V  analysis by p la tin g  at —0.75 V  at the  com 
posite m ercury graphite electrode for 15-20  m in .

S trip  to + 0 .10 0  V  at 60 m V /s  lin e a r ram p  rate.
M eth o d  B was used in  the  in it ia l studies by  

C arnation  Research Laboratories and  M ethods  
A  and C w e re  used by  E n v iro n m en ta l Sciences 
Associates, Inc ., laboratories.

R esults and D iscussion

In it ia l or p la tin g  p o ten tia l studies show ed no  
increase in  lead signal above —1.040 V . A  value  
of —1.090 V  was chosen to a llo w  fo r operator 
error in  setting this param eter, and possible re f
erence electrode d rift.

F inal potential: The correct value for the fina l 
p o ten tia l was dep end ent on the copper content 
of the sam ple. Too negative  a f in a l p o ten tia l 
effected b u ild u p  of copper in  the  th in  f i lm  m e r
cury electrode and  a consequent negative  e rro r  
in  the lead result. A  value o f —0.110 V  was  
chosen to p reven t sm all errors in  th is setting  
fro m  creating  the  situation  just described.

Sweep rate: T he  slowest sweep rate and the  
narrow est in tegra tio n  w in d o w  tha t w o u ld  s till 
encompass the lead peak aris ing  fro m  a sam ple  
con ta in ing  1.5 pg  P b /m L  w ere  d e te rm in ed  by  
ru n n in g  spiked samples and s low ly  va ry in g  this  
param eter. A n  optim um  value o f 10.5 m V /s te p  
was determ ined . A  0.040 V  erro r in  correct in 
teg ration  set p o in t can s till be m ade w ith o u t se
riously  a ffecting  lead results.

Recorder set point: The correct recorder set 
p o in t is one at w h ic h  the dedicated com puter 
w ith in  the instrum ent can pick a baseline current 
against w h ic h  p roper in tegra tio n  o f the lead  
signal can be m ade. Th is  p o in t m ust not occur 
w h ile  ano ther m etal is s trip p in g  fro m  the elec
trode. I t  was d ete rm ined  that even in  the pres
ence o f 5.0 pg  C d /m L , correct lead  values could  
be obtained  i f  the recorder set p o in t was —0.725
V . This  le v e l o f cadm ium  in  evaporated  m ilk  is 
at least 500 tim es h ig h e r than  n o rm a lly  encoun
tered.

In tegra tion  set point: The o ptim um  value for 
the  in tegra tio n  set p o in t was d ete rm in ed  to be 
—0.490 V  using the m ethod  o u tlin e d  in  the  
m anufacturer's  instructions (6 ). W e  fou nd  that 
the optim um  value can vary ±0 .020  V  from  w eek  
to w eek and tha t the o vera ll accuracy o f the  
m ethod  was m ore dep end ent on th is  param eter 
than on any other. Consequently, w e  optim ized  
th is particu lar param eter every  w eek. T he  p ro 
cedure described by the  m an ufactu rer is n ot te
dious and  is equ iva len t to adjusting  the  flam e  
position  w h e n  tu n in g  an atom ic absorption  
spectrophotom eter.

Analysis  tim e: D u p lica te  determ ination s  of 
spiked evaporated m ilk  samples ran g in g  in  lead
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Table 1. Maximum allowable levels of possible 
interferences

Interfèrent
Pg/mL In 

evaporated milk Type

Cadmium 5.0 negative
Calcium >30 000 none detected
Chromium >20 000 none detected
Copper 3.0 negative
Indium 30 negative
Thallium 0.5 negative
Tin 150 positive
Acetate ion >100 000 none detected
Chloride ion >100 000 none detected
Phosphate =  10 000 negative

concentration  fro m  0.02 to 1.4 f i g  P b /m L  w ere  
perform ed at both 1 and 2 m in  p lating  times. N o  
differences in  results w ere  obtained  o th er than  
a s lig h t increase in  precision b e lo w  the 0.1  f i g  

P b /m L  leve l. T he  s lig h t increase in  precision  
d id  n ot w arran t d oub ling  the analysis tim e. For 
1 m in  p la tin g  tim es, re la tive  standard d ev ia tio n  
fo r  dup lica te  pairs ranged fro m  30% at 0.1 f i g  

P b /m L  to 3% at 1.0 f i g  P b /m L .
Reaction tim e  betw een  evaporated m ilk  and  

M etexchange reagents: D u p lica te  a liquots o f 
spiked  samples ran g in g  fro m  0.02 to 1.4 p g /m L  
w ere  m ixed  w ith  reagent and a llo w ed  to stand  
fo r  24 h. These samples w ere  then  analyzed  to
g eth er w ith  a liquots o f the same spiked m ilks  
m ixed  w ith  the reagent less than  1 m in  before  
analysis was in itia ted . N o  differences w ere  
o bta ined  and  a ll values obtained agreed w e ll 
w ith  those fo r the  same samples by M ethods B 
and  C.

In te rfe ren ce  studies: These studies w ere
p erfo rm ed  by  ad d in g  aliquots o f the d iffe re n t  
types o f m ilk  described e a rlie r to the reagent. 
Lead analyses w e re  p erfo rm ed  as the  in te rfe r
ence u n d er study was added in  ever increasing  
concentration . A n alo g  o u tp u t was used as a v i 
sual co n firm atio n  o f the  d ig ita l signal. Results 
are show n in  Tab le 1.

W ith  the exceptions o f t in , calcium , and  
phosphate, the concentration  levels o f the in 
terferences studied  are not n o rm a lly  fo u n d  in  
evaporated  m ilk . These levels m ig h t w e ll be 
encoun tered  in  contam inated  sam ple h an d lin g  
eq u ip m e n t a n d /o r  in  reagents and standards  
im p ro p e rly  prepared. A verage concentrations  
o f calcium and phosphate in  evaporated m ilk  are 
2300 an d  2000 p g /m L , respectively. This  
m ethod  o f analysis w i l l  be re la tive ly  insensitive  
to large changes in  concentrations o f both  calci
u m  and  phosphate.

T h e  t in  content of canned evaporated  m ilk

ranges fro m  40 to 60 p g /m L . Both in  v itro  and  
in  v iv o  studies con firm ed  tha t accurate lead  
analysis could  be perfo rm ed  in  the  presence of 
as m uch as 150 pg t in /m L  m ilk . A t  t in  concen
tra tions greater than  150 p g /m L , apparen t lead  
response as ind icated  by the d ig ita l readout be
g ins to increase d ram atically .

In  essence then , th is m ethod  appears to be 
re la tiv e ly  free o f in terferences at the norm al 
levels  one w o u ld  expect to encounter in  m ilk  
samples.

Results of Comparison with Other Methods
T w o  sets o f samples w ere  ru n  by the m ethod  

u n d er study and by 2 com parison m ethods. A ll  
determ ination s  w ere  m ade in  dup licate  and  the  
averages are reported  in  Tab le 2. T he  firs t set 
consisted of Samples 1 -30 . Sam ples 1 -2 7  w ere  
rea l samples o f canned evaporated  m ilk . Sam
ples 2 8 -3 0  w ere  spiked evaporated m ilk  controls  
whose preparation has been described earlier (8 ). 
O v e r 200 o f these controls had p rev iou s ly  been  
ana lyzed  by M eth o d  B and the average value  
fo u n d  was 0.125 ±  0.03 p g /m L .

T he  rem a in in g  10 samples id e n tif ie d  b y  a 
com bination le tte r/n u m b e r code in  Table 2 w ere  
prepared by the Associate Referee. The spik ing  
procedure was described earlie r. Sam ple M l  
was p ow dered  n o n fa t d ry  m ilk  reconstitu ted  as 
p er label instructions. Sam ple M 2  was a portion  
o f Sam ple M l  spiked to a level o f 0.55 pg  P b / m L  
m ilk  over the  base sample lead content. Sam ple  
N 1  was canned evaporated m ilk  and Sam ple N 2  
was a p ortion  of N 1 spiked to a level o f + 0 .22  pg  
P b /m L  over the base sam ple lead content. 
Sam ple P I  was canned sw eetened condensed  
m ilk  d ilu te d  by add ing  3 parts condensed m ilk  
to 2 parts deionized water. The sample was then  
spiked to a level of + 0 .62  pg P b /m L  over the base 
sample lead content. U nsp iked  sam ple was not 
re ta ined . Sam ple Q 2 was canned evaporated  
m ilk  m easured at 0.07 pg  P b /m L  by  the  d irect 
M eth o d  A . This m ilk  was sp iked  at + 0 .1 6  pg  
P b /m L  over an approxim ate base level o f 0.07 pg  
P b /m L  to g ive  a tota l o f app ro x im ate ly  0.23 pg  
P b /m L  m ilk . Sam ple Q 3 was the  same m ilk  
spiked to a target le v e l o f 0.46 pg P b /m L  m ilk . 
Samples R1 and R2 w ere  canned evaporated m ilk  
spiked to target levels o f 0.95 and 1.26 pg  P b /m L , 
respectively. Sam ple S I was canned evaporated  
skim  m ilk  (less than  0.25% b u tte rfa t) spiked to a 
target le v e l o f 0.39 f i g  P b /m L .

W ith  the exception o f Sam ples 2 8 -3 0 , the ta r
get levels inserted in  Table 2 are approxim ations  
w ith  potential errors o f ±0 .05  f i g  le a d /m L . They  
are inserted  in  Tab le 2 as guideposts o n ly .
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Table 2. Comparison of lead values obtained by 3 methods on 40 evaporated milk samples ( j i g  Pb/mL milk)

Sample

Method

Sample

Method
Target lead 

levelA B C A B c

1 0.11 0.16 0.14 21 0.15 0.13 0.11
2 0.11 0.18 0.16 22 0.10 0.15 0.10
3 0.15 0.18 0.15 23 0.09 0.15 0.08
4 0.08 0.12 0.08 24 0.10 0.17 0.12
5 0.10 0.12 0.11 25 0.01 0.08 0.02
6 0.11 0.15 0.13 26 0.10 0.15 0.07
7 0.11 0.13 0.07 27 0.12 0.14 0.13
8 0.11 0.15 0.14 28a 0.17 0.12 0.11 0.125
9 0.13 0.14 0.13 29 3 0.17 0.12 0.10 0.125

10 0.06 0.05 0.03 30 3 0.14 0.10 0.08 0.124
11 0.07 0.10 0.06 Ml 0.02 0.01 0.01 —

12 0.11 0.15 0.12 M23 0.616 0.45 b 0.70b 0.57
13 0.05 0.07 0.04 N1 0.11 0.11 0.14 —

14 0.07 0.11 0.04 N2a 0.35 0.33 0.37 0.33
15 0.03 0.07 0.04 P I3 0.74 0.72 0.72 0.70
16 0.06 0.07 0.05 Q2a 0.25 0.19 0.23 0.23
17 0.07 0.08 0.05 Q3a 0.50 0.41 0.53 0.46
18 0.09 0.10 0.07 Rl 3 1.09 b 0.93b 1.11b 0.95
19 0.11 0.08 0.11 R2a 1.41b 1.07 b 1.43b 1.26
20 0.08 0.07 0.04 S I3 0.45 0.40 0.41 0.39

3 Control or spiked sample, see text
b Not used in statistical analysis, see text.

W id e r th an  n orm al va ria tio n  am ong the 3 O v e r the range 0.01 -0 .7 4  ß g  lead  / m L  (37 pairs),
m ethods and the approxim ate target levels w ere there was no s ign ifican t d iffe rence  b etw een
obtained  fo r Samples M 2 , R l ,  and  R2. These M eth o d  A  and  M e th o d  B or b etw een  M e th o d  A
results w ere  not used in  the o vera ll statistical and  M eth o d  C at the 95% confidence level.
analysis of the data. Table 3 contains the results There  was a s ign ifican t d iffe rence  betw een
of lin ear regression analysis com paring  various M eth od  B and M eth od  C  at that confidence level.
com binations o f the m ethods. W h e n  m ethods O v e r the range 0 .01-0 .18  ß g  P b /m L  (Sam ples
are com pared on the last 10 values, Samples M 2 , 1 -3 0 , M l , and N l ) ,  there was no s ig n ifican t d if-
R l ,  and R2 w ere  in c lu d ed  in  the com parison. ference betw een  M e th o d  A  and M e th o d  C, but

A  t - test fo r paired  values was also p erfo rm ed the d ifferences w ere  s ign ificant betw een  M e th -
am ong the 3 m ethods fo r Samples 1 -20 , M l ,  and ods A  and C or M e th o d  B.
N 1  and fo r the 37 pairs not foo tnoted  in  Tab le 2. Since M ethods  B and  C both  req u ire  that the

Table 3. Results of regression analysis on 37 pairs

Method A (Y) Method A (Y)
VS VS

Parameter Method B (X) Method C (X)

Intercept, pg/mL -0.023 +0.011
Slope 1.15 1.03
Correlation 0.964 0.982

coefficient
Standard error of estimate, ß g / m l 0.038 0.027
Average for all samples by Method A, pg/mL 0.145 0.145
Average for all samples by Method B, pg/mL 0.147 —

Average for all samples by Method C, pg/mL — 0.130

SD of dupl. Variance
pairs, pg/mL (Mg/mL)3

Method A 0.018 0.0003
Method B 0.021 0.0004
Method C 0.028 0.0008

3 Variance for each of the 3 methods is lower than that of 0.0010 reported for Method B earlier.
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Table 4. Comparison of lead values obtained by Method 
A and Method B on evaporated milk samples 

(/ig Pb/mL milk)“

Sample
Method A 

3010— Direct
Method B 

AOAC 25.074

1 0.125 0.120
2 0.125 0.130
3 0.115 0.115
4 0.160 0.125
5 0.105 0.140
6 0.110 0.135
7 0.135 0.120
8 0.085 0.105
9 0.125 0.145

10 0.165 0.155
11 0.135 0.150
12 0.125 0.140
13 0.115 0.150
14 0.235 0.255
15 0.125 0.150
16 0.170 0.180
17 0.170 0.155
Av. 0.1367 0.1452

a Both methods performed in one laboratory. Duplicate 
analyses were performed for each sample by each method 
and averages are reported in this table.

sam ple be ashed to destroy organic m atter, it 
seemed u n lik e ly  that the d ifferences betw een  
m ethods was due to incom plete exchange o f the  
lead in  the Metexchange reagent used in  M eth od
A . M eth ods  A  and  C  had been used by one lab 
oratory (ESA, In c .) and M eth o d  B was used by  
another laboratory  (C arn ation  Research). The  
results in  Tables 2 and 3 and the f-test data sug
gested that w h a t had been  obtained  was a com 
parison betw een laboratories and not comparison 
o f m ethods. Ind eed , the  d ifferences in  Tab le 2 
betw een  M eth od s  A  and C  and  M e th o d  B are 
m ore typ ica l o f those obtained  d u rin g  ro u tin e  
in te rlab o ra to ry  com parisons (2 ).

A  separate set o f samples was ru n  at C arnation  
Research using M eth od s A  and B. These results 
are tabulated  in  Tab le 4. N o  s ig n ifican t d if fe r 
ence betw een  M e th o d  A  and B was fo u n d  at the  
95% confidence level. H ence , it  w o u ld  appear 
tha t d ifferences b etw een  laboratories was the  
cause of the  ea rlie r d isagreem ent b etw een  
M eth o d  B and M eth o d s  A  and  C.

The d irect m etho d  appears to show  a positive  
bias above 1.0 ¿ig P b /m L . H o w e v e r, i f  so, 
M eth o d  C suffers essentially  the same bias— an  
u n lik e ly  s ituation. Sam ples spiked w ith  large  
am ounts of lead w ere  also spiked w ith  large  
am ounts of n itr ic  acid used to preserve the  lead  
standards. It  is possible that too m uch acid 
caused d ep ro te in iza tio n  and  resulted  in  sam ple  
inhom ogeneity . In  any event, m ethod  bias at or

above 1.0 fig P b /m L  levels, i f  real, does n ot seri
ously detract from  M eth o d  A  because extrem ely  
few , i f  any , real samples w i l l  ever be fo u n d  to 
contain  concentrations o f lead  in  excess o f 1.0  
ppm .

Practical Limit of Measurability

For 1 m in  p la tin g  tim es, the  ins tru m en ta tion  
was fo u n d  to re liab ly  m easure 5 ng  lead. This  
translates to 0.025 fig P b /m L  fo r a 200 f iL  aliquot 
size. Good agreem ent am ong M ethods A , B, and  
C was obtained  fo r Sam ple M l  at 0.01 p g /m L ;  
h o w e v e r, th is was the o n ly  com parison sam ple  
w ith  lead concentration below  0.05 p g /m L , so it 
is safer to assume a practical l im it  o f m easur
a b ility  o f 0.05 fig P b /m L  m ilk .

Conclusions

T he  d irect m ethod  represents a v iab le  a lte r
n a tiv e  to presently  accepted m ethods. I t  is as 
precise and accurate as 25.074 (1, 8 ) and  m uch  
faster and  easier to p erfo rm .

Recommendations

I t  is recom m ended  tha t a co llaborative  study  
o f the d irect m ethod  be u nd ertaken  w ith  a v ie w  
to w ard  adoption  as o ffic ia l firs t action, i f  suc
cessful.
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Direct Determination of Lead in Evaporated Milk and Apple Juice by 
Anodic Stripping Voltammetry: Collaborative Study

ERIC W. ZINK, PHILLIP H. DAVIS,* 1 REGINALD M. GRIFFIN,
WAYNE R. MATSON, ROBERT A. MOFFITT,2 and DAVID T. SAKAI2 
E n v iro n m en ta l S c ien ces  A s s o c ia t e s , In c . ,  4 5  W igg in s A v e ,  B e d fo r d ,  M A  0 1 7 3 0

Collaborators: S. Abbe; Bernville Biological Lab.; H. Booth; J. Brumley;
N. Chamberlain; J. J. Chisolm; R. Green; H. Harrison; J. W. Hudak; National Health 
Labs; T. R. Neuman; R. N. Phillips; F. Rieders; N. A. Shelhorse; L. Sideman; E. Spratt;
A. M. Sulek; W. Walkowiak

A method for the direct determination of lead in 
evaporated m ilk and in fruit juice with no prior 
sample digestion was successfully collaborated by 13 
laboratories. The anodic stripping voltammetric 
(ASV) method studied consisted of adding 0.2 mL 
aliquots of evaporated milk or 0.3 mL aliquots of fruit 
juice to 2.9 mL of a dechelating reagent, Metexchange. 
The reagent-sample mixture is then analyzed for lead 
by ASV with no further sample preparation. Each 
collaborator received 24 samples, 2 each at 5 different 
levels (0.07-0.70 ppm for spiked evaporated milk and 
0.09-0.87 ppm for spiked apple juice) along with 
duplicate practice samples of labeled lead content at 
each of 2 levels for each sample type. All unknowns 
were coded with random numbers. Approximately 
69% of the reporting laboratories had never analyzed 
either evaporated milk or fruit juice for lead. Av
erage time between receipt of samples and reporting 
of results was 1.6 days for all laboratories. The 
pooled variations between duplicate determinations 
for apple juice and evaporated milk were 0.00059 and 
0.00043, respectively. The method was adopted of
ficial first action for both fruit juice and evaporated 
milk.

T h is  rep o rt describes the co llaborative study of 
m ethods fo r the d irect d ete rm in a tio n  o f lead in  
evaporated  m ilk  and in  fru it  juices by anodic  
s trip p in g  vo ltam m etry  (A S V ). D eve lo p m en ta l 
w o rk  concern ing the m ethods has been de
scribed in  deta il (1, 2). B rie fly , an analysis fo r  
lead in  evaporated m ilk  or juice is accom plished  
b y  ad d in g  0.2 m L  m ilk  or 0.3 m L  juice to a de
che la ting  reagent w h ic h  im m e d ia te ly  releases
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lead  fro m  its com plexes w ith  the organic m o le 
cules o f the  sam ple. (M etexchange® reagent is 
a patented  p ro prie ta ry  fo rm u la tio n  m anufac
tu red  fo r sale by E n v iro nm enta l Sciences Asso
ciates, Inc., 45 W iggins  A ve, Bedford, M A  01730. 
U.S. patent N o . 4,374,041.) The sam ple-reagent 
m ixture is then analyzed for lead by A S V  w ith  no  
fu r th e r  p reparation  necessary.

There are at present 2 methods fo r the analysis 
o f lead  in  evaporated m ilk  (3, 4). These w ere  
b oth  adopted as o ffic ia l f in a l action A O A C  
m ethods at the 89th  ann ua l m eeting  in  O ctober 
1975. Both m ethods are accurate, a lthough  
som ew hat tim e  consum ing. In  each m ethod , a 
25 g sam ple is d ry  ashed. A sh in g  according to 
instructions (3) requires a m in im u m  o f 30 h to 
com plete and  also requires an oven  fo r d ry in g  
and  a m u ffle  furnace fo r ashing. A t present, no  
co llab orative ly  studied  and adopted m ethods  
exist fo r the  analysis o f lead in  fru it  juices.

By com parison, the m ethods described herein  
accom plish the analysis in  less than  3 m in  w ith  
eq u iv a le n t accuracy and precision.

C ollaborative study of these methods had been 
recom m ended  w h e n  they  w ere  firs t described. 
H o w ev e r, because o f alternative m ethods, it  was 
n ot fe lt  necessary to com plete the process re
q u ired  fo r adoption  by A O A C . R enew ed in te r
est in  this area o f food chem istry (5 -8 )  caused 
reassessment o f our ea rlie r position.

C o lla b o ra tiv e  S tu dy  

J u i c e  S a m p l e s

A p p le  juice packed in  clear bottles was ob
ta in ed  fro m  the  local superm arket. A l l  bottles  
o f juice bore the same pack and  date codes, and  
bottles w ith  sedim ent w ere excluded. Seven 500 
m L  portions of the juice w ere spiked w ith  0.5 m L  
36% fo rm a ldeh yde  to retard  spoilage. Each 500 
m L  p o rtio n  was then  spiked w ith  va ry in g  
am ounts o f 100 0  ppm  lead standard solution. 
T h e  lead so lu tion  was prepared  o n ly  m om ents
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before the sp ik in g  operation  in  0.2F lead-free  
sodium  citrate solution at p H  5.5. This was done 
to p re v e n t acid-catalyzed decom position o f the  
app le  juice. S p iked  app le juice samples w ere  
stirred  m ag netically  fo r 4 h at room  tem perature  
and  then  b o ttled  and re frig erated; 4 8 -6 4  h  after 
re frig e ra tio n , each bottle  was w arm ed  to room  
tem perature and then 7 m L portions of juice were  
placed in  lead-free  p o ly e th y len e  cuvets (9) and  
capped. A p p ro x im a te ly  70 cuvets con ta in ing  
each f ru it  ju ice sam ple w ere  prepared. Each 
cuvet o f each test sam ple was labeled  w ith  a d if 
fe re n t 4 d ig it  n um b er obtained using a random  
n u m b e r pro gram  on a desk-type com puter cal
culator. Practice samples w ere labeled w ith  the ir  
k n o w n  lead concentrations.

Milk Samples

R aw  n on sterile  evaporated  m ilk  was fo rtif ie d  
w ith  lead (in  the fo rm  o f Pb(NC>3)2). O ne  m L  
36% fo rm a ld e h y d e /L  m ilk  was added to retard  
spoilage. Sam ples w ere  b len ded  w ith  a K ra ft  
n on aera tin g  m ixer fo r 1 m in  a fter ad d itio n  of 
lead and form aldehyde. Seven 0.5 L portions of 
m ilk  at 7 d iffe re n t lead concentrations w ere  
prepared  b y  D a v id  Sakai o f C arnatio n  Co. Re
search Laboratories, V a n  N u ys , C A . These 7 
samples w e re  shipped to the Associate Referee  
in  B u rlin g to n , M A . A b o u t 7 m L  portions w ere  
p ip e tted  in to  decontam inated  p o lye th y len e  cu
vets and  n um bered  in  the  same m an n er as w ere  
the  app le  juice samples.

A fte r  th e  tu b in g  o peration , d up licate  0.5 m L  
aliquots w e re  w ith d ra w n  fro m  5 tubes o f each 
juice and m ilk  sample and tested by the Associate 
R eferee fo r lead. The results agreed w ith  the  
target sp ik in g  levels w ith in  experim enta l e rror 
an d  h om og en e ity  was also assured.

T w o  samples each o f 5 lead levels for both juice 
and  evaporated  m ilk  w ere  then  m ailed  to each 
collaborator. T w o  practice samples each o f juice 
and evaporated m ilk  w ith  stated lead content 
w ere included. The collaborators w ere  also sent 
approxim ately  100 tubes each con tain ing  2.9 m L  
M etexchange reagent, a p ro prie tary  fo rm u lation  
that the collaborators could  n ot be expected to 
prepare. The Associate Referee retained 2 o f the 
com plete sets o f samples sent to collaborators. 
These w ere stored at room  tem perature, 2 0 -2 7 °C , 
fo r the  d u ra tio n  o f the co llaborative study. 
O th e r sets o f samples w e re  kep t re frig e ra ted ,
2 -6 °C , fo r the same p erio d  o f tim e. Sam ples  
shipped  to the  collaborators w ere  not insu lated  
or re frigerated . A verag e d e liv e ry  tim e  was 3.3 
days and  the  m ean tem peratu re  o f the samples 
was estim ated at 27 °C .

Instructions to Collaborators

Collaborators w ere  requested to ana lyze  each 
sam ple and report th e ir  results w ith in  10  days. 
T h ey  w ere  supp lied  w ith  separately w ritte n  
methods for each sample type. The collaborators 
w ere also supplied w ith  report form s fo r each set 
of samples. Collaborators w ere  n ot advised that 
duplicate samples w ere sent, but they w ere  asked 
to analyze  each sam ple o n ly  once. T h ey  w ere  
also asked not to analyze  the  u n k n o w n  samples  
u n til they  had achieved correct results fo r the  
labeled  practice samples.

Lead in M ilk  and Fruit Juices 

Anodic Stripping Voltam m etry  

First Action

25.080 Apparatus

(a) V o lt a m m e t r i c  a n a l y z e r .— W ith  staircase  
anodic s tripp ing  ram p and g raph ite  electrode  
coated w ith  th in  f i lm  o f H g . C apable o f m ea
suring  5 ng  Pb in  presence o f d issolved O. 
(Solns cannot be deaerated.) Peak area in te g ra 
tion  desirable. ESA M o d e l 3010A  Trace M eta ls  
A n a ly ze r (E n v iro n m en ta l Sciences Associates, 
Inc., 45 W ig g ins  A ve , B edford  M A  01730), or 
equiv.

(b) M ic ro p ip e t s .— 50,100, 200, and 300 p L ,  pos. 
displacem ent type. (S M I or D ru m m o n d , a v a il
able from  supply  houses, or equ iv .).

25.081 Reagents

(Use d e io n ized  H 2O  to prep, std solns. Prep, 
and store solns in  same Pyrex vol. flasks. D o not 
wash flasks w ith  strong acids b etw een  use; just 
rinse 3 times w ith  deionized H 2O. A lw ays prep, 
same soln in  same flask.)

(a) L e a d  r e le a s in g  r e a g e n t .— C ontg  <1 ppb Pb. 
A cid  soln of cation able to displace Pb from  
sam ple. M etexchange reagent (E n v iro n m e n ta l 
Sciences Associates, Inc .), or equiv.

(b ) L e a d  s td  s o ln s .— ( 1 )  S to c k  s o ln .— 1 m g /m L .  
P rep , as in  25.065(d).(1). (2 ) I n t e r m e d i a t e  

so ln . —  lO q g /m L . P ipet 1 m L stock soln in to  100 
m L  vol. flask contg 1.0 m L H N O 3 and  ca 50 m L  
H 20 .  M ix , and d il. to vo l. Prep, each w eek. 
A fte r  soln is p repd  6  tim es in  same flask, i t  is 
stable 1 m o n th . (3 ) W o r k in g  so ln  f o r  f r u i t  ju ic e  

d e t n .— 3 q g /m L . P ip e t 30 m L  soln (2 ) in to  100 
m L  vo l. flask contg 0.7 m L  H N O 3 and  ca 50 m L  
H 2O. M ix , and d il. to vo l. (4) W o r k in g  so ln  f o r  

e v a p o ra te d  m ilk  d e t n .— 1 p g / m L .  Prep, as in  (3), 
using 10 m L  soln (2 ) and  1.0 m L  H N O 3 . W o rk 
in g  solns are stable 3 days. A fte r  b e in g  p repd  5
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tim es in  same flask, th ey  are stable 2 weeks. (5) 
C a lib ra tio n  s o ln s .— Evapd m ilk  or f ru it  ju ice of 
type being  detd , and contg > 0 .5  p pm  added  
Pb.

25.082 D e t e r m i n a t i o n

C alibrate  in s tru m en t according to m anufac
turer's directions. M ix  a liqu o t o f sam ple w ith  
releasing reagent, (a), and  p erfo rm  detn  accord
ing  to m anufacturer7s instructions. Data for ESA  
an a lyzer are as follow s:

In it ia l po ten 
tia l, V

F in a l poten 
tia l, V  

Sweep rate, 
m V /s te p  

In tegra tio n  
set points, 
V

Sam ple size,
pL

Juice 
-1 .0 2 5  ±  

0.005 
-0 .1 0 0  ±  

0.005
14.0 ±  0.05

-0 .4 9 0  ±  
0.005

300

M ilk  
-1 .0 9 0  ±  

0.005  
- 0 .1 0 0  ±  

0.005
10.50 ±  0.05

-0 .4 9 0  ±  
0.005

200

Run control or spiked sample w ith  each 15-20  
analyses in  a series.

R esults and D iscussion

Sam ples w ere  sent to 20 collaborators; 13 re 
ported  results. Six laboratories that d id  not re 
p o rt results had nontechn ical reasons, i.e ., vaca
tio n  schedules, unexpected ly  heavy w orkloads, 
general shutdow ns, etc. T he  seventh  n o n re 
porting  collaborator could not achieve the correct 
results on the  practice samples. I t  was d eter
m in e d  that this collaborator's samples had de
com posed d u rin g  transit. C o in c id en ta lly , this  
collaborator was geograph ically  the farthest 
aw ay fro m  the  Associate Referee's laboratory  
(app ro xim ate ly  1500 m iles). R eporting  collab
orators averaged 1.6  days betw een  rece ip t o f 
samples and  rep ortin g  o f results.

Reported results for juice and m ilk  samples are 
g iven  in  Tables 1 and 2, respectively. A ll  results 
fo r one collaborator, F, w e re  excluded fro m  the  
statistical analysis o f variance because th is col
laborator d id  not fo llo w  the m ethod as outlined . 
T hree  o th er pairs of values footnoted  in  Tables  
1 and  2  w ere  also excluded from  the analysis of 
variance according to the re jection test o f D ixo n  
and  Massey at the  95% confidence leve l (10). 
Results o f tests on samples sent to collaborators  
by laboratories o f the Associate Referee and  
C arn atio n  Co. are show n in  Table 3.

Table 1. Collaborative results for direct ASV determination of lead in apple juice

Lab.

Target lead level, ppm

0.09 0.17 0.33 0.55 0.87

A 0.08 0.19 0.36 0.48 0.91
0.07 0.21 0.34 0.47 0.90

B 0.15 0.22 0.33 0.54 0.85
0.10 0.19 0.32 0.54 0.88

C 0.11 0.19 0.42 0.60 1.00
0.07 0.13 0.39 0.55 0.96

D 0.07 0.17 0.34 0.54 0.87
0.09 0.14 0.30 0.55 0.88

E 0.10 0.23 0.39 0.65 1.03
0.12 0.22 0.40 0.64 1.03

Fa 0.14 0.21 0.36 0.62 0.96
0.08 0.24 0.39 0.73 0.99

G 0.09 0.14 0.34 0.56 0.94
0.08 0.18 0.35 0.57 0.92

H 0.10 0.17 0.38 0.58 1.03
0.05 0.15 0.37 0.59 0.93

1 0.11 0.15 0.33 0.55 0.86
0.09 0.23 0.36 0.55 0.93

J 0.09 0.16 0.35 0.64 0.98
0.10 0.15 0.35 0.62 0.96

K 0.11 0.19 0.38 0.58 0.87
0.11 0.20 0.38 0.53 0.92

L 0.07 0.15 0.24 0.48 0.716
0.06 0.12 0.30 0.38 0.89

M 0.11 0.21 0.25 0.52 0.96
0.08 0.13 0.31 0.49 0.91

a All values for this collaborator excluded from statistical analysis, see text. 
6 Superscript pairs excluded from statistical analysis, see text.
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Table 2. Collaborative results for direct ASV determination of lead in evaporated milk

Lab.

Target lead level, ppm

0.07 0.16 0.30 0.50 0.70

A 0.11 0.18 0.28 0.45 0.55
0.10 0.19 0.29 0.46 0.56

B 0.11 0.24 0.35 0.59 0.75
0.11 0.21 0.26 0.58 0.79

C 0.11 0.19 0.32 0.47 0.58
0.11 0.16 0.27 0.44 0.59

D 0.15 0.18 0.34 0.59 0.75
0.12 0.19 0.32 0.56 0.78

E 0.10 0.17 0.31 0.54 0.66
0.09 0.19 0.35 0.55 0.66

Fa 0.18 0.63 0.26 0.45 0.62
0.10 0.18 0.30 0.46 0.45

G 0.12 0.19 0.36 0.49 0.63
0.09 0.18 0.31 0.47 0.63

H 0.11 0.16 0.30 0.45 0.61
0.09 0.14 0.29 0.45 0.57

1 0.11 0.19 0.32 0.53 0.70
0.13 0.19 0.34 0.55 0.63

J 0.14 0.20 0.29 0.47 0.58
0.13 0.20 0.456 0.45 0.60

K 0.11 0.19 0.29 0.48 0.75
0.13 0.19 0.31 0.50 0.79

L 0.10 0.18 0.31 0.696 0.70
0.11 0.22 0.34 0.52 0.70

M 0.08 0.20 0.34 0.54 0.64
0.09 0.18 0.31 0.50 0.61

a All values for this collaborator excluded from statistical analysis, see text.
b Superscript pairs excluded from statistical analysis, see text.

Results tabulated  in  Table 3 show  tha t the Associate Referee able to prepare th e m  at the
samples prepared for collaborative study d id  not in ten d ed  target levels.
decompose or otherwise deteriorate w ith  respect Results of the statistical analysis o f collaborator
to lead content over the life  o f the study. These values are shown in  Tables 4 and 5 fo r apple juice
data also suggest that the collaborators w ere and  evaporated m ilk , respectively. For 3 levels
better able to analyze  the samples than  was the in  the evaporated m ilk  study and fo r one level in

Table 3. Results of reference laboratories and methods

Target lead level, ppm

Method 0.09 0.17 0.33 0.55 0.87

Apple Juice Samples

Direct method
1 week before
collaboration 0.090 0.170 0.345 0.575 0.925

Direct method
2 weeks after
collaboration 0.088 0.173 0.325 0.555 0.913

Method D (11, 12) 0.086 0.165 0.331 0.559 0.861

0.07 0.16 0.30 0.50 0.70

Evaporated Milk Samples

Direct method 1 week before collaboration 0.085 0.150 0.275 0.490 0.630
Direct method 1 week after collaboration 0.095 0.150 0.290 0.493 0.630
Method D (11, 12) 0.096 0.163 0.295 0.505 0.630
AOAC 25.074 0.103 0.160 0.280 0.460 0.640
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Table 4. Statistical analysis for lead in apple juice collaborative study

Target lead level, ppm

Statistic 0.09 0.17 0.33 0.55 0.87

Overall average, x 0.092 0.176 0.345 0.550 0.933
Number of labs 12 12 12 12 11
Number of determinations 24 24 24 24 22
SD of overall average, SD* 0.0152 0.0069 0.0088 0.0129 0.0120
95% Confidence region 0.062 0.162 0.327 0.524 0.909

for average 0.122 0.190 0.363 0.576 0.957
Var. between labs, SDl 0.00518 — 0.00154 0.00326 0.00215
Var. within labs, SDE (repeatability or error) 0.000379 0.00115 0.00040 0.00070 0.00106
Reproducibility (SD? + SDf) 0.0056 0.0012 0.0019 0.0040 0.0032
Repeatability, CV, % (SDE/x ) 100 21.2 19.3 5.8 4.8 3.5
Pooled error variance = 0.00059, 

pooled error precision = 0.024 ppm

the app le juice study, the betw een-laboratories  
variance com ponent, S D l, was not sign ificant at 
the  95% confidence level. For the o th er target 
levels, the  betw een-laboratories variance com 
p o n en t was s ign ificant at the 95% confidence  
leve l. D ifferences in  perform ance a b ility  are 
n o rm a lly  fo u nd  (4), and these reported  here are 
not exceptional.

T h e  w ith in -la b o ra to ry  variance com ponent, 
S D |, is excellent fo r both  types o f samples at a ll 
levels. For comparison, reference 4 describes the 
collaborative studies and results obtained in  
support o f adoption  o f A A S  and A S V  m ethods  
25.063 and 25.074, respectively.

As expected, coefficient of variance is highest 
at the low est leve l and th en  decreases at h ig h e r  
levels fo r both  sam ple types.

A  rem arkable  feature of this study is the 1.6 
day average tu rn aro u n d  tim e  achieved by the  
collaborators, in  spite o f the fact that ap p ro x i
m ately 69% of the collaborators had n ever before  
analyzed  food samples fo r lead. T h is  accom
p lish m en t, together w ith  the o vera ll success of 
the study in  term s o f accuracy and  precision, 
suggests exceptional ruggedness and s im p lic ity  
of the m ethods.

W ith  the exception a lready  noted, no co llab 
orator reported  any d ifficu lties  w ith  the m e th 
ods. Collaborator B used 250 /u.L aliquots o f both  
sam ple types instead o f 200 /xL m ilk  and 300 /xL 
juice as requested. C o llab orato r B's results d id  
n ot d iffe r  s ig n ifican tly  fro m  the o th er collabo
rators, so actual choice of a liq u o t size w ith in  
lim its  does not seem to be a factor. A ll  analysis  
param eters w ere  o p tim ized  before the collabo
ra tive  study and  w e  see no reason to change the  
m ethod  w ith  respect to a liq u o t size.

O ne collaborator com m ented on the re latively  
sm all sample a liquot size taken fo r analysis. H e

suggested that c o n tam ina tion  by p ip e tt in g  
technique or reagent q u a lity  can be crucial fac
tors w h e n  m icroanalytical w o rk  is done. Ex
am in atio n  o f the data suggests that p ip e ttin g  
technique is not a s ign ificant factor except, p e r
haps, at the low est levels studied. Reagent 
q u a lity  is a re la tive ly  u n im p o rtan t factor, also. 
T here  are o n ly  2 reagents used in  the m ethod ,
i.e ., M etexchange reagent and a lead standard  
solution. The m anufacturer of the Metexchange  
reagent guarantees overall q ua lity  o f the reagent 
at less than 1 ppb lead, w h e th e r supp lied  in  in 
d iv id u a l 2.9 m L aliquots or in  500 m L  bottles. 
Prepackaged 2.9 m L volum es o f reagent can, o f 
course, vary  s ligh tly  in  lead content from  tube to 
tube, b u t the m anufactu rer reports less than  a 
0 .1% event e rror rate fo r s ign ifican t con tam ina
tio n  in  any one tube.

The Associate Referee recom m ends that a ll 
analyses using th is m ethod  be ru n  in  dup licate  
and that an average result be reported . S hould  
d uplicate  values d iffe r  s ign ifican tly , a th ird  a li
quot can then  be analyzed  to co n firm  the lo w e r  
or h ig h e r result.

Conclusion and Recommendation

A  successful collaborative study o f the  d irect 
m ethod  fo r the analysis o f lead in  evaporated  
m ilk  and fru it juice has been accomplished. The  
m ethods studied are as precise and  accurate at 
re levan t lead  concentrations as the  accepted  
A O  A C -A S V  m ethod fo r lead in  evaporated m ilk . 
S im p lic ity  and ruggedness have been d em on 
strated by the  rap id  tu rnaro u nd  tim e  and  accu
racy achieved by analysts u n fa m ilia r w ith  the  
m ethods described above.

It  is recom m ended that the d irect A S V  m ethod  
fo r the analysis o f lead in  f ru it  juice and  evapo-
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rated m ilk , using M etexchange reagent, be 
adopted o ffic ia l first action.
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Mixed Acid Solubilization Procedure for Determination of Total 
Mercury in Food Samples

RONALD W. MARTS and JOHN J. BLAHA
F o o d  a n d  D ru g  A d m in is tr a t io n , 1 0 0 9  C h er r y  S t ., K a n sa s  C ity , M O  6 4 1 0 6

A mixed add solubilization procedure has been de
veloped for the determination of total mercury in 
food samples. This procedure has eliminated the 
problem of mercury loss from samples that are high 
in lipid or carbohydrate content. The solubilization 
is rapid and quantitative and can be used for a wide 
range of food items.

A  n um ber o f d igestion  procedures can be used 
in  the analysis o f food item s fo r m ercury  ( 1 - 1 1 ). 
T he  most w id e ly  used procedure is an acid solu
b iliza tio n  (n itr ic  acid and  su lfuric  acid) o f the  
m ercury  in  the  sam ple fo llo w e d  by cold vapor 
atom ic absorption  spectrophotom etric (A A S ) 
d ete rm in a tio n  o f the  to ta l m ercury  (2, 3). This  
procedure has been used in  our laboratory  and  
has been fo u n d  to w o rk  w e ll fo r most food sam
ples. H o w e v e r, m ercury losses have been ob
served fro m  food item s tha t are h ig h  in  l ip id  or 
carbohydrate content because these samples char 
in  the  presence o f su lfu ric  acid and the m ercury  
is reduced to its e lem enta l state and lost. A l 
though attem pts have been made to m in im ize  or 
e lim in a te  the  m ercury  loss (8 - 1 1 ), th e y  have  
usually invo lved  the add ition  o f larger quantities  
of n itr ic  acid, the  reduction  o f the  size o f the  
samples used, or the introduction  o f reagents that 
could  con tribu te  a d d itio n a l residues to th e  sam
ples. For our w o rk  in  the  Total D ie t Program , 
these options are not acceptable.

The Tota l D ie t P rogram , conducted by the  
Food and D ru g  A d m in is tra tio n  (F D A ) w ith  
analyses p erfo rm ed  at the  F D A  D is tric t Labora
tory in  Kansas C ity , is a surveillance program  for  
m o n ito rin g  th e  levels o f pesticides, herbicides, 
industria l chemicals, and in d iv id u a l elem ents in  
foods a fte r th ey  have been p repared  fo r con
sum ption . A  com plete descrip tion  o f the  p ro 
gram  is presented e lsew here (12). T he  samples 
cover the  e n tire  range o f foods, in c lu d in g  some 
tha t are ve ry  h ig h  in  l ip id  or carbohydrate con
tent. For these samples, a m in im u m  sam ple size 
of 5 g is needed to m a in ta in  a lo w  le v e l o f detec
tion . In  ad d itio n , the vo lu m e  of reagents used 
in  the  p repara tio n  o f samples fo r analysis m ust

Reference to commercial equipment or materials is made to 
completely describe the work performed. Such references do 
not in any way constitute an endorsement or recommendation 
by the Food and Drug Administration.
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be kept to a m in im u m . Because the sam ple size 
cannot be reduced and  the use o f a d d itio n a l re 
agents w o u ld  com plicate o ur analyses, w e  de
ve loped  a d igestion  procedure to p re v e n t m e r
cury loss fro m  samples con ta in ing  h ig h  con
centrations of l ip id  or carbohydrate.

E x p e rim e n ta l

Apparatus

B lo c k  d ig es t io n  s y s t e m .— Tecator D S-20 p ro 
g ram m able heated b lock d igestion  system (Te 
cator, Inc ., H e rn d o n , V A ). T he  system has a 
w o rk in g  tem peratu re  range o f 5 0 -4 5 0 °C . T he  
tem perature can be autom atically adjusted v ia  the  
program m able  con tro ller. T he  h eating  rate is 
approx im ately  4 ° C /m in . T h e  b lock is capable 
o f heating  20 d igestion  vessels (30 X 4 cm od), 
each w ith  a w o rk in g  vo lu m e  o f 250 m L. A  fu ll  
evaluation  o f this system is presented elsewhere
(13).

Solubilization Procedure

S a m p le s  w ith  lo w  lip id  o r  c a r b o h y d ra te  c o n t e n t .—  
Place 5 g sam ple in  d igestion  vessel. A d d  ca 10 
m g vanadium  pentoxide to each vessel as catalyst 
for digestion. Rinse vessel walls w ith  deionized  
w a ter and  add 20 m L  H N O 3- H 2SO 4 (1 +  1) to 
each vessel. Proceed to sam ple d igestion.

S a m p le s  w ith  h ig h  lip id  o r  c a r b o h y d r a t e  c o n 

t e n t . — Place 5 g sam ple in  d igestion  vessel. A t 
tach digestion vessels to w ater condensers. A d d  
10 m L  H 2S O 4 in  1 m L  increm ents th ro u g h  each 
condenser. (The sam ple does char, b u t i f  the  
acid is added s low ly  so tha t the  tem peratu re  of 
the solu tion  rem ains lo w  and  care is taken  to 
p re v e n t the fo rm atio n  o f a large solid  mass of 
carbon, the m ercury  rem ains in  so lu tio n .) A d d  
10 m L  50% h ydrogen  peroxide  so lu tion  in  1 m L  
increm ents. Let reaction subside before add ing  
next increm ent. A d d  10 m L  H N O 3 in  1 m L  in 
crem ents. Rinse condensers w ith  d e io n ized  
w a te r and rem ove them . Proceed to sam ple d i
gestion.

S a m p le  d ig e s t io n .— Place vessels in  b lock d i
gestion system and heat to 100°C . M a in ta in  
tem peratu re  at 100°C  fo r 6  m in ; th e n  increase  
tem perature to 20 0 °C  at rate o f 4 ° C /m in .  Re
m ove vessels fro m  d igestion  b lock and  le t cool.
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Table 1. Recovery of mercury * from individual food items by nitric acid/sulfuric acid digestion procedure (2)

Item Sample wt,6 g
Total Hg 

found,6 Mg Ree., %

Sugar 5.07 (5.42) - ( - ) ___ C

Peas 5.34(5.01) 0.474 (0.004) 94
Fried chicken 5.23 (5.09) 0.496 (0.022) 95
Orange juice 5.15(6.05) 0.514(0.016) 100
Peanut butter 4.97 (5.46) —  <— ) ___ C

Corn 5.23 (5.49) 0.512(0.016) 99
Shrimp 5.07(5.14) 0.640(0.152) 98
Beer 5.67(6.56) 0.526 (0.020) 101
Sausage 5.55(5.06) 0.468 (0.010) 92
Spinach 6.52 (6.56) 0.526 (0.022) 101
Canned vegetables 5.25 (4.94) 0.520 (0.010) 102
Scalloped potatoes 5.24 (6.60) 0.508 (0.008) 100
Granola 5.42(5.08) —  ( - ) ___ C

Whole wheat bread 5.01 (5.18) 0.235 (0.005) 46 =
Meat loaf 5.47 (5.04) 0.490 (0.010) 96
Cantaloupe 5.21 (5.51) 0.564 (0.034) 106
Cheese '  5.13(5.40) 0.490 (0.004) 97
Boiled eggs 5.77(6.27) 0.490 (0.022) 94
Chicken and vegetables 5.13(5.19) 0.506 (0.022) 97

3 0.500 Mg Hg added.
6 Values for control samples in parentheses. 
c  Sample charred; mercury loss.

Transfer solutions to 100 m L  vo lu m etric  flasks 
and  d ilu te  to vo lu m e w ith  d e io n ized  w ater.

Determination

A nalyze  samples by cold vapor A A S procedure  
(2, 3).

R e s u lts  a n d  D iscu ss io n

The o ffic ia l A O A C  m ethod  o f analysis for 
m ercury  (2 ) is quite  cum bersom e w h e n  a large  
n um b er o f samples m ust be digested s im u lta 
neously. The digestion system must be operated  
m an ually , and the total tim e fo r the d igestion of 
20  food samples varies from  6  to > 8  h , depending  
on the types of samples analyzed. A n  evaluation  
o f a heated block digestion  apparatus showed  
that the same sam ple could  be d igested v ia  an  
autom ated approach in  app ro x im ate ly  4 h  (14). 
T he  d iffe rence  in  tim e is associated p r im a r ily  
w ith  the o perator in te rv e n tio n  needed fo r the  
A O A C  procedure.

Tab le 1 shows the results obtained  fro m  the  
analysis o f a va rie ty  o f food item s b y  the n itr ic  
a c id /s u lfu ric  acid so lu b iliza tio n  procedure (2 ). 
A  com plete d igestion is not necessary to dissolve 
the m ercury in  these samples (2 ,3 ) . Recoveries  
are good for all items except peanut butter, sugar, 
w h o le  w h eat bread, and granola. For these 
foods, recoveries are very  lo w , ind ica tin g  loss of 
m ercury. Analysis  o f the same item s w ith  the  
procedure described here fo r foods w ith  h ig h  
l ip id  or carbohydrate content show ed com plete

recovery o f the m ercury  (Table 2). In  a d d itio n , 
tests w ith  NBS Standard  R eference M ateria ls  
show ed that the procedure gave q uan tita tive  
recoveries o f m ercury over the  analy tica l range  
0 .03 -0 .95  p pm  (Tab le 3). Th is  is the m ercury  
range norm ally  encountered in  the food samples 
that w e  analyze.

T he  n itr ic  a c id /s u lfu ric  acid so lu b iliza tio n  
procedure has not been changed fo r foods w ith  
lo w  lip id  or carbohydrate content because this  
procedure gave good results fo r these samples 
(Table  1). For foods w ith  h ig h  lip id  or carbo
h ydrate  content, w e  fou nd  tha t b y  keep in g  the  
tem peratu re  of the  sam ple plus the su lfuric  acid  
solu tion  lo w  and b y  ag ita ting  the  so lu tion  to 
p revent the form ation  of large masses o f carbon, 
the m ercury could  be kept in  solution. O x id a 
tio n  o f the samples w ith  50% hydrogen  peroxide

Table 2. Recovery of mercury * from individual food 
items by sulfuric acid-hydrogen peroxide-nitric acid 

solubilization procedure b

Item Sample wt,cg
Total Hg 

found,c Mg Ree., %

Sugar 5.06 (4.98) 0.446 (0.010) 87
Granola 5.25(5.12) 0.472 (0.010) 92
Whole wheat 

bread 5.31 (5.22) 0.488 (0.010) 96
Peanut butter 5.31 (5.34) 0.476 (0.010) 93

3 0.500 g .g  Hg added. 
b This work.
c Values for control samples In parentheses.
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Table 3. Recovery of mercury from NBS Standard Reference Materials by sulfuric acid-hydrogen peroxide-nitric acid
solubilization procedure*

SRMb
Sample 

wt, g
Hg expected 

from sample, f i g

Hg spike, 
Mg

Total Hg 
found, Mg Rec., %

Albacore Tuna 0.78 0.74 0.00 0.67 91
(0.95 ±0.10) 0.47 0.45 0.50 0.92 97

0.63 0.60 0.00 0.58 97
0.60 0.57 0.50 1.03 96

Spinach 0.93 0.028 0.000 0.026 93
(0.030 ±0.005) 0.89 0.027 0.500 0.512 97

1.03 0.031 0.000 0.032 103
1.03 0.031 0.500 0.524 99

Orchard Leaves 1.04 0.161 0.500 0.610 92
(0.155 ±0.015) 1.00 0.155 0.000 0.130 84

1.08 0.167 0.500 0.602 90

3 This work.
b Standard Reference Material; Mg Hg/g sample in parentheses.

converts the carbon to carbon d iox ide  and o x i
dizes the m ercury  to th e  m ore soluble m ercuric  
ion . In  a d d itio n , the h yd ro gen  peroxide does 
not con tribu te  any im p u rities  that w o u ld  com 
plicate  the analyses. S im ila r procedures have  
been used p rev iou sly  b u t the sam ple size was 
greatly  reduced (10, 11). T h e  n itr ic  acid was 
added to rem ove excess h yd ro g en  peroxide, to 
ensure com plete so lu b iliza tio n , and  to p ro v id e  
the  same solvent com position  fo r food samples 
w ith  lo w  and  h ig h  lip id  or carbohydrate con
tent.

The so lub iliza tio n  scheme presented here can 
be used fo r a ll the foods in  the  T ota l D ie t  Pro
gram . I t  has p roven  to be a rap id  and  q u an tita 
tive  procedure fo r our analyses for total m ercury  
in  food samples.
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COLOR A D D ITIVES

Ion-Pair Liquid Chromatographic Determination of Uncombined 
Intermediates in Three Synthetic Food Colors

FRANK E. LANCASTER and JAMES F. LAWRENCE
H e a lth  a n d  W e lfa r e  C a n a d a , F o o d  D ir e c to r a te , F o o d  R es e a r c h  D iv is io n , H e a lth  P ro te c t io n  
B ra n c h , T u n n ey 's  P a s tu r e , O t ta w a , O n ta r io , C a n a d a  K 1 A  0 L 2

Uncombined intermediates are determined in sam
ples of food colors by reverse phase liquid chroma
tography with a mobile phase containing tetra-n- 
butylammonium phosphate. The intermediates are 
separated from the primary dyes and are quantitated 
by using known standards. The intermediates na- 
phthionic acid and R-salt (2-naphthol-3,6-disulfonic 
acid, sodium salt) were determined in spiked samples 
of Amaranth with recoveries of 98-102%. Similar 
results were obtained for sulfanilic acid and Schaef
fer's salt (2-naphthol-6-sulfonic acid, sodium salt) in 
Sunset Yellow FCF (FD&C Yellow No. 6) and for 
sulfanilic acid and PyT (l-(4-sulfophenyl)-3-car- 
boxy-5-hydroxypyrazolone) in Tartrazine (FD&C 
Yellow No. 5) with recoveries of 96-105%. Spiking 
levels, in all cases, were in the range 0.05-1.0% total 
intermediates. The method compares favorably with 
results obtained by either ion-exchange liquid 
chromatography or cellulose column chromatogra
phy for a number of commercial samples.

Uncom bined interm ediates are starting materials 
w h ic h  m ay be present in  food colors as a result 
of incom plete reaction d u rin g  com m ercial color 
synthesis. These com pounds are considered  
im purities, and the Canadian governm ent has set 
lim its  on th e ir  concentration  in  synthetic  colors 
approved fo r food use. T he  p erm itted  levels o f 
total interm ediates in  A m aranth , Sunset Y e llo w  
FCF, or Tartrazine cannot exceed 0.5% by w eight. 
In  the past, the m etho d o logy has in v o lv e d  a 
cellulose co lu m n /a m m o n iu m  sulfate procedure  
(1 -3 )  or th in  layer chrom atography (4). These 
m ethods w ere  considered unsuitable  fo r the  
rap id  separation and q u an tita tio n  o f in d iv id u a l 
in term ediates  w h ic h  m ay be present in  food  
colors. L iq u id  chrom atography has been shown  
to be ve ry  useful fo r the d ete rm in a tio n  o f food  
color interm ediates by ion  exchange (5 -9 ), w h ile  
ion -pair chrom atography has found m uch use for 
the separation and quantitation  o f p rim ary  food  
dyes (10 -1 6 ) and some subsidiary dyes (17).

W e evaluated an ion -pa iring  technique for the 
separation o f p rim a ry  food dyes ( 1 0 ) and  the

Received December 21, 1982. Accepted February 23, 
1983.

d ete rm in a tio n  o f subsidiary dyes in  in d iv id u a l 
colors (17). T he  procedure was suitable in  terms 
o f s im p lic ity , speed o f analysis, and  reproduc
ib ility . W e have extended this approach to in 
clude food color interm ediates.

E x p e r im e n ta l

Apparatus and Reagents
(a) L iq u id  c h r o m a t o g r a p h .— W aters Associates

(M ilfo rd , M A )  M o d e l 6000A  p um p, M o d e l 450  
variab le  w a v e le n g th  detector, and R heodyne  
7125 syrin ge-load in g  in jection  port w ith  20 p L  

loop. O p era tin g  conditions: f lo w  rate, 1.0
m L /  m in ; detector sensitiv ity , 0 .0 1  to 0 .2  absorb
ance u n it  fu l l  scale (A U FS ); U V  lig h t source; 
am b ien t tem perature; detector w a v e le n g th  237 
n m  fo r in term ediates  o f A m aran th  and  Sunset 
Y e llo w  FCF or 249 nm  fo r in term ediates  o f T a r
trazine .

(b )  L iq u id  c h r o m a t o g r a p h y  c o lu m n .— E. M erck  
(D arm stadt, GFR) H ib a r  I I  L iC hrosorb  R P -1 8 ,10 
p m  (4.6 m m  X 25 cm) at am b ient tem perature.

(c) R e c o r d e r .— V arian  (Palo A lto , C A ) A e ro 
graph M o d e l 20. Parameters: single pen; 1 m V  
in p u t; chart speed 0.25 in . /m in .

(d ) F i l t e r  s y s t e m .— M illip o re  (B edford, M A )  
0.45 p m  vacuum  filte r  apparatus.

(e) T e t r a - n - b u t y la m m o n iu m  h y d r o x id e  ( T B A H )  

s o lu tio n .— A R  grade T B A H  (B D H  Chem icals Ltd , 
Poole, U K ); 40% solution in  w ater (1.54M ). Store 
at am b ien t tem perature in  dark.

( f )  lo n -p a ir  r e a g e n t .— To 52 m L  1 .11M  K H 2P O 4 
(J.T. Baker, P h illip sb u rg , NJ, analyzed  reagent 
grade), add 25 m L  1 .54M  T B A H  solu tion  to p re 
pare 77 m L  0 .5 M  te tra -n -b u ty lam m o n iu m  phos
phate (TB A P ), p H  7.2. F ilte r TB A P  reagent 
th ro u g h  M ill ip o re  apparatus, and  store in  a 
capped b ro w n  bottle  in  dark  w h e n  not in  use.

( g )  E lu a n t . — M o b ile  phase (degassed) consists 
o f m ethan o l (B a ke r)-w a te r (60 +  40) con ta in ing  
0 .0 05 M  TBAP. F ilte r m ob ile  phase th rou gh  
M illip o re  f ilte r  before use.

(h ) R e fe r e n c e  c o m p o u n d s .— C om m ercia l sam
ples o f A m ara n th  (W illia m s  (H o u n s lo w ) Ltd ,
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M idd lesex , U K ), Sunset Y e llo w  FCF (F D & C  
Y e llo w  N o . 6 , W illia m s  (H o u n s lo w ) L td ), and  
Tartrazine (F D & C  Y e llo w  N o . 5, Butterfield  Labs, 
N o rfo lk , U K ) w ere  used as received. T h e  in te r 
m ediates n ap h th io n ic  acid (M atheson , East 
R u th erfo rd , N J), s u lfan ilic  acid (K leu rs to f In 
dustries , A m ers fo o rt, T h e  N e th e rla n d s ), 
Schaeffer's salt (2 -n ap h th o l-6 -su lfo n ic  acid, so
d iu m  salt, A llie d  C hem ical, B uffalo , N Y ) , R-salt 
(2 -n ap h th o l-3 ,6 -d isu lfo n ic  acid, sodium  salt, 
Eastm an-Kodak, Rochester, N Y ), and  P yT  (1- 
(4-sulfophenyl)-3-carboxy-5-hydroxypyrazolone, 
W illiam s (H ounslow ) L td ) w ere a ll p u rified  w ith  
decolorizing carbon fo llow ed  by recrystallization  
fro m  e th ano l. P urities  o f the standards w ere  
d ete rm in ed  by spectrophotom etry using  p u b 
lished absorptiv ity  values (18), and w ere  greater 
than  92% fo r a ll in term ediates.

C a l i b r a t i o n  C u r v e s

A ccurate ly  w e ig h  ca 0.02 g in te rm ed ia te  and  
transfer to 100 m L  beaker. D ilu te  to ca 50 m L  
w ith  w a te r to dissolve in term ed ia te . A d d  1% 
N a O H , dropw ise , and  adjust p H  o f so lu tion  to 
7.0. Transfer solution to 250 m L  volum etric  flask 
and  d ilu te  to vo lu m e w ith  d is tilled , f ilte re d  
w ater.

In to  separate 100 m L volum etric  flasks transfer 
2 m L of each interm ediate in  a com bination of (1) 
n ap h th io n ic  acid and R-salt, (2) su lfan ilic  acid  
and  Schaeffer's salt, and  (3 ) s u lfan ilic  acid and  
PyT. A d d  1.0 m L 0 .5 M  TB A P  io n -p a ir reagent 
to each flask, and d ilu te  to volum e w ith  d istilled , 
f ilte re d  w ater. M ix  th o ro u g h ly . Repeat this  
procedure using 5 m L  o f each in term edia te .

In ject, separately, 5, 10, 15, and  20 p L  o f each 
so lu tio n , obtain  chrom atogram s, and  construct 
calib ration  curves o f peak areas vs q u an tity  o f 
in te rm ed ia te . E ig h t o r m ore ca lib ration  points  
fro m  dup licate  injections are obtained  fo r each 
in te rm edia te .

R e c o v e r y  S t u d i e s

Prepare spiked samples in  the range 0.01-0.5%  
o f each in te rm ed ia te  by  ad d ing  app ropria te  
volum es o f com bined  in te rm ed ia te  solutions  
(above) to prepared  aqueous solutions o f each 
food color (contain ing  0 .005M  TBAP) adjusted to 
p H  7.0. D e te rm in e  each in te rm ed ia te  com bi
n ation  in  the  food color at 5 d iffe re n t levels in 
c lu d in g  the specification lim it  o f 0.5% tota l in 
term ed iate  concentration . (A n a ly ze  each food  
color b efore sp ik in g  to d e te rm in e  background  
levels o f in term ediates , and  m ake app ropria te  
corrections to recoveries obta ined.)

Figure 1. Structures of food color intermediates: (a) 
naphthionic acid; (b) R-salt; (c) sulfanilic acid; (d) 

Schaeffer's salt; (e) PyT.

A n a l y s i s  o f  C o m m e r c i a l  S a m p l e s

A ccurate ly  w e ig h  ca 0.15 g dye and  q uan tita 
tive ly  transfer to 100 m L  volum etric  flask. Pipet
1.0 m L 0.5M  TBAP ion -pa ir reagent in to  flask and  
d ilu te  to vo lu m e w ith  d is tilled  w ater. M ix  
th o ro u g h ly  to dissolve and  use fo r L C  analysis.

In ject 20 p L  sam ple and, using suitable detec
tor sensitiv ity  (0 .0 1 -0 .2  A U F S  d ep en d in g  on  
q u an tity  injected), obta in  chrom atogram s of 
p rim a ry  dyes and in term ediates. Id e n tify  in 
term ediates by com paring  re te n tio n  tim es w ith  
k n o w n  standards. Calculate q u an tity  o f in te r
m ediates by m easuring  the  peak area and  d eter
m in in g  nanogram s present fro m  the calibration  
curve.

I f  an in te rm ed ia te  is contained  in  the dye at 
less than  0.015% or cannot be detected, it  m ay be 
necessary to use the specific w a v e le n g th  fo r the  
in d iv id u a l in te rm ed ia te  instead o f the com pro
m ise w avelen gths  in  (a) in  o rd er to increase 
sensitivity . These w avelen gths  are 320 n m  fo r 
n ap h th io n ic  acid, 235 n m  fo r R-salt, 249 n m  fo r  
s u lfan ilic  acid, 232 n m  fo r Schaeffer's salt, and  
257 n m  fo r PyT. H o w e v e r, the com prom ise
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Figure 2. Chromatogram of commercial Amaranth 
spiked at 0.27% with naphthionic acid (N-acid) and 
at 0.27% with R-salt. Conditions as described in text.

Wavelength 237 nm. Vo =  column void volume.

w avelen gths  perfo rm ed  w e ll fo r a ll com m erical 
samples tested.

R e s u lts  a n d  D is c u s s io n

As shown in  Figure 1, a ll interm ediates studied  
contain  at least one su lfon ic  acid group. I t  has 
been shown that ion  pairing  is particu larly  useful 
for the chrom atographic separation of colors and  
subsidiaries con ta in ing  su lfon ic  acid m oieties  
(10, 17), so w e  th o ug h t that a s im ila r chrom a
tog raphy system should  be u sefu l for the  in te r
m ediates. This was in  fact borne out in  the re 
sults. The chrom atograph ic system described  
perform ed w e ll fo r a ll interm ediates in  the food  
colors exam ined . Figures 2 -4  are typ ica l chro
matogram s obtained fro m  spiked color samples. 
U n d e r the  experim enta l conditions used, the  
in term ediates  w ere  w e ll resolved fro m  the p r i
m ary  color peak and  fro m  an y  subsidiary dyes 
tha t m ay have been present. Fast Red E, the  
m ajor subsidiary o f A m aran th , e lu ted  w e ll after 
A m ara n th  (> 1 0 0  m in ) as d id  the m ajor subsidi
aries o f T artraz in e , and  thus do not appear in  
Figures 2 and  3. These subsidiaries also d id  
n ot in te rfe re  w ith  subsequent analyses; th ey  
w ere  app aren tly  s tron g ly  re ta ined  b y  the col
u m n  or e lu ted  as u nd iscern ib le  broad bands.

Figure 3. Chromatogram of commercial Tartrazine 
spiked at 0.28% with sulfanilic acid and at 0.18% with 
PyT. Conditions as described in text. Wavelength 
249 nm. Vo =  column void volume. The small un
labeled peaks near PyT and sulfanilic acid are 

unknowns.

H o w e v e r, l-p -s u lfo p h e n y la zo -2 -n a p h th o l-3 ,6 -  
d isu lfo n ic  acid, trisod ium  salt ("S k y a rk " ), a 
subsidiary o f Sunset Y e llo w  FCF, does e lu te  be
fore  the p rim a ry  color, but does not in te rfe re  in  
the  detection  of the in term ediates (F igure  4). 
T he  negative peaks in  Figures 2 -4  resu lt from  
differences in  com position o f the  in jected  solu
tions and  the m obile  phase and d id  not affect 
results.

L in ear ca lib ration  curves w ere  obtained  over 
the  range o f about 5 -2 0 0 0  ng p er in jec tion  of 
in term ediate. T rip licate  injections o f standards 
at 40 ng produced results w h ic h  w ere  w ith in  
±3 %  o f the m ean. N o rm a lly , curves w ere  p re 
pared in  the range 5 -1 0 0  ng p er in jection .

Recovery data fo r the  in term ediates  (Tables
1 -3 ) ranged  fro m  96 to 105% on in d iv id u a l in 
term ediates spiked over the  range 0 .012-0.54%  
(1 .2 -54  ng /1 0  pg) prim ary  dye. Detection lim its  
fo r the specified detector and  chrom atography  
conditions w ere  about 3 ng per injection . Based 
on a 30 pg injection  of p rim ary  dye, this suggests 
that the m ethod  is suitable fo r detection  o f less 
than o ne-fifteenth  the perm itted  m axim um  level.
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Figure 4. Chromatogram of commercial Sunset Yellow FCF spiked at 0.23% with sulfanilic acid and at 0.19% 
with Schaeffer's salt. Conditions as described in text. Wavelength 237 nm. Vo =  column void volume. 

The small unlabeled peak near Skyark is unknown.

Table 1. Recovery of intermediates naphthlonic acid (N-acid) and R-salt added to Amaranth

Added3 *
(ng)

Reed6
(ng)

Reed1
<%)

s>

N-acid R-salt N-acid R-salt N-acid R-salt

3 .65 1.22 3.69 1.22 101 100
4 .74 5.48 4.82 5.61 102 102

13.1 11.4 13.3 11.5 102 101
27.3 26.8 27.0 26.7 99.1 99.1
50.8 52.5 49.8 52.9 98.0 101

3 Based on 10 ng Amaranth injected. 
b Averages of duplicate or triplicate injections.

Table 2. Recovery of intermediates sulfanilic acid and Schaeffer's salt added to Sunset Yellow FCF

Added3
(ng)

Recdb
(ng)

Reed6
(% )

Sulf. Sch. Sulf. Sch. Sulf. Sch.

2.65 2.35 2.57 2.32 97.2 100
4.79 4 .38 4.70 4.38 98.1 100

10.2 7 .50 9.81 7.44 96.2 99.1
22.5 18.6 22.1 18.6 98.0 100
43.0 37.1 43.0 36.1 100 97.3

3 Based on 10 ng Sunset Yellow FCF injected.
0 Averages of duplicate or triplicate injections.
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Table 3. Recovery of intermediates sulfanilic acid and PyT added to Tartrazine

Added3
(ng)

Recdb
(ng)

Reed
(% )

b

Sulf. PyT Sulf. PyT Sulf. PyT

5.83 2.09 5.76 2.17 98.7 104
6.03 4.15 5.94 4.37 98.6 105

13.2 7.10 13.1 7.29 99.1 103
28.4 17.8 28.6 17.1 101 96.3
53.6 35.5 53.5 35.0 99.7 98.4

3 Based on 10 ng Tartrazine injected. 
b  Averages of duplicate or triplicate injections.

Table 4. Total intermediate content * of some 
commercial dyes

Sample
Manufacturer

(% )
This method

(% )

Amaranth A 0.17 0.20
B 0.04 0.05
C 0.08 0.12

Sunset Yellow FCF A 0.03 0 .024
B 0.1 0.07
C < 0 .2 0.087

Tartrazine A < 0 .2 0 .024
B 0.22 0.18
C <0 .0 5 0.01

a N-acid and R-salt in Amaranth; sulfanilic acid and 
Schaeffer’s salt in Sunset Yellow FCF; sulfanilic acid and PyT 
In Tartrazine.

I f  im proved detection lim its are desired, detector 
sensitiv ity  could  be increased and, instead of 
using the com prom ise w avelengths, the specific 
w avelength  for each interm ediate could be used. 
For our purposes, the m in im u m  detectable levels 
m en tio ned  are m ore than  adequate fo r m o n i
to ring  food colors fo r intem ediates at the  p er
m itted  m ax im um  lim its .

Tab le 4 compares results obtained  by this  
io n -p a ir liq u id  chrom atograph ic technique for 
9 commercial samples w ith  those obtained by the  
m an ufactu rer using ion-exchange liq u id  chro
m atography fo r a ll samples except A m aran th  
samples B and C w h ere  the  cellulose c o lu m n / 
am m on iu m  sulfate procedure was used. I t  can 
be seen that results fo r the  m ethod  described  
here are in  good agreem ent.

This  technique is p articu la rly  useful because 
samples o f the 3 colors can be ana lyzed  fo r in 
term ediates, subsidiaries, and p rim a ry  colors in

e ith er the same chrom atographic system or w ith  
a m in o r change in  the  m ob ile  phase fo r late  
e lu tin g  subsidiaries.
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Liquid Chromatographic Determination of 2,4-Dinitro-l-Naphthol 
and 1-Naphthol in External D&C Yellow No. 7

ALLEN L. GOLDBERG and ROBERT J. CALVEY
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv is ion  o f  C o lo r  T e c h n o lo g y , W a sh in g to n , D C  2 0 2 0 4

A sensitive, reproducible method that uses liquid 
chromatography in the reverse phase mode with a 
C-18 column is described for determining 2,4-dini- 
tro-l-naphthol and 1-naphthol in Ext. D&C Yellow 
No. 7. With this method, these 2 compounds are 
eluted in a reproducible pattern by increasing the 
organic nature of a buffered mobile phase. Average 
recoveries of 2,4-dinitro-l-naphthol and 1-naphthol 
added to samples of Ext. D&C Yellow No. 7 at levels 
ranging from 0.003 to 0.20% were 103.9 and 94.7%, 
respectively.

External D & C  Y e llo w  N o . 7 (C o lo ur In d e x  N o . 
10316) is a synthetic  color ad d itive  th a t is p re 
pared  b y  the  n itra tio n  o f the d i- o r trisu lfon ic  
acid o f 1 -n aph tho l. E very batch o f certifiab le  
Ext. D & C  Y e llo w  N o . 7 that is m anufactured must 
first be chem ically analyzed and approved by the  
C ertifica tio n  Branch, D iv is io n  o f C o lo r T ech 
n o log y , Food and  D ru g  A d m in is tra tio n  (F D A )  
before i t  can be used in  externa lly  app lied  drugs 
an d / or cosmetics in  the U n ite d  States. The Code 
o f Federal R egulations (C FR ) (1) lim its  the  
am ounts o f 2 ,4 -d in itro -l-n a p h th o l and  1-naph- 
th o l to 0.03 and  0.2%, respectively, by w e ig h t o f 
Ext. D & C  Y e llo w  N o . 7.

A t  the present tim e, 1 -naphtho l is determ ined  
by a cellulose co lu m n /a m m o n iu m  sulfate e luant 
procedure .* 1 To d e te rm in e  2 ,4 -d in itro -l-n a p h 
tho l in  Ext. D & C  Y e llo w  N o . 7, a petro leum  ether 
extraction  procedure (2) is used. Both o f these 
m ethods g ive  reprodu cib le  results b ut are tim e  
consum ing. A  reverse phase liq u id  chrom ato
graph ic  (L C ) m ethod  using a C -18 co lum n has 
been developed  to separate 1-n a p h th o l and
2 ,4 -d in itro -l-n a p h th o l fro m  Ext. D & C  Y e llo w  
N o . 7. This  m ethod  is faster than the cu rre n tly  
used methods, is automated, and quantitates both  
com pounds in  the  same analysis.

M E T H O D

Apparatus

(a) L iq u id  c h r o m a t o g r a p h .— W ith  g rad ien t e lu 
tio n  capab ility . A ltex  M o d e l 420 w ith  2 A ltex  
M o d e l 110-A  pum ps (A ltex  Scien tific  Inc.,

Received November 3,1982. Accepted April 6,1983.
1 A copy of the 1-naphthol method can be obtained from the 

Division of Color Technology, 200 C St., SW, HFF-434, Wash
ington, DC 20204.

B erkeley, C A  94710), o r equ iva len t. O pera tin g  
conditions: chart speed 0.2 in . /  m in; flo w  rate 1.5 
m L /m in ;  co lum n tem peratu re  am b ient. G rad i
en t program : fro m  30 to 55% B in  10 m in ; from  
55 to 85% B in  20 m in ; fro m  85 to 100% B in  0.1 
m in ; h o ld  at 100% B fo r 5 m in ; fro m  100 to 30% B 
in  0.1 m in ; h o ld  at 30% B fo r 5 m in ; then  start 
in jection  program . In jec tion  program : S ignal 
is sent to auto -in jector to rinse loop w ith  w ater; 
then sample is injected. A fte r injection, gradient 
program  is started.

(b ) D e t e c t o r s .— W aters M o d e l 440 dual w ave 
leng th  detector (Waters Associates, Inc., M ilfo rd , 
M A  01757) operated at the fo llo w in g  w ave
leng ths  and attenuations: 280 n m  at 0.02 A U FS  
and  436 n m  at 0.02 A U FS ; or equ iva len t ins tru 
m entation .

(c) In jecto r .— Microm eritics M odel 725 auto
in jector equ ipped  w ith  a 50 p L  loop (M ic ro m e r
itics In s tru m e n t C orp ., Norcross, G A  30093), or 
equ iva len t.

(d ) R e c o r d e r .— Soltec M o d e l 3314 (Soltec  
Corp., Sun V a lle y , C A  91352), or equ iva len t.

(e) C h r o m a t o g r a p h ic  c o l u m n .— W h atm an  Part- 
is il O D S -3  C -18 co lum n, 25 cm X 4.6 m m  id  
(W h atm an  Inc ., C lifto n , NJ 07014), or equ iva
lent.

Reagents

(a) W afer.— D e io n ized , d is tilled , and  passed 
th ro u g h  M i l l i -Q  w a te r p u rif ic a tio n  system  
(M ill ip o re  C orp ., B edford, M A  01730).

(b ) P rim a r y  s o lv e n t  A . — 0 .2 M  am m on ium  ace
tate. W e ig h  15.42 g am m o n iu m  acetate and  
dissolve in  500 m L w ater. T ransfer solu tion  to 
1 L vo lu m etric  flask, d ilu te  to vo lum e, and f ilte r  
th ro u g h  0 .2  p m  f ilte r.

(c) S e c o n d a r y  s o lv e n t  B .— M e th a n o l, H P L C  
grade.

(d ) S to c k  so lu tio n s  f o r  c a lib r a t io n .— (1) 1 - N a p h -  

t h o l .— Dissolve 10.0-11.0 m g in  w ater in  200 m L  
vo lu m etric  flask, add ca 10  m g N a 2SC>3.7 H 2 0  as 
an antioxidant, and d ilu te  to volum e. D eterm ine  
exact concentration o f 1-naphtho l stock solution  
from  its U V  spectrum; p ipet 4 m L  aliquot into  100 
m L  vo lum etric  flask contain ing 25 g am m onium  
sulfate  and 70 m L  w a te r and d ilu te  to vo lum e. 
Approxim ate absorptivity is 0.235 (L /(m g  X  cm)) 
at 228 nm . (2 ) 2 ,4 - D i n i t r o - l - n a p h t h o l .— D is
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solve 1 .0 -2 .0  m g in  w a te r in  200 m L vo lu m etric  
flask and d ilu te  to vo lu m e. D e te rm in e  exact 
concentration  o f 2 ,4 -d in itro -l-n a p h th o l stock 
solu tion  fro m  its v is ib le  spectrum . T h e  m o lar 
abso rp tiv ity  is 63.4 sq. c m /m o le  at 436 nm .

Calibration

Construct ca libration  curves fo r 1 -n aph tho l 
and  2 ,4 -d in itro -l-n a p h th o l b y  p lo ttin g  detector 
response (peak height) at 280 nm  vs % by w e ig h t  
of the  corresponding com pound re la tive  to the  
am ount o f Ext. D & C  Y e llo w  N o . 7 in  the solution. 
Prepare solutions fo r ca libration  as follow s: 
Dissolve 200 m g Ext. D & C  Y e llo w  N o . 7 (show n  
by previous analysis to be free of 1-n ap h th o l and
2 ,4 -d in itro -l-n a p h th o l)  in  w a te r and transfer to 
100 m L  v o lu m etric  flask. A d d  app ropria te  a li
quots (0 .5 -1 0  m L ) o f 1 -n aph tho l and 2 ,4 -d in i
tro -l-n a p h th o l stock so lu tion  to the  vo lu m etric  
flask and bring  to volum e. A nalyze  6  calibration  
solutions con ta in ing  fa ir ly  ev e n ly  spaced con
centrations o f each com pound. For each com
pound  in  the  so lu tion , calculate C, % by w e ig h t 
re la tive  to the am oun t o f Ext. D & C  Y e llo w  N o . 7 
in  the  solution:

C =  V  X  C ' X  100(%) X  (1 /2 0 0  m g) w h e re  V  =  
vo lu m e  o f stock solution  a liq u o t (m L ), and  C '  =  
concentration  o f stock so lu tion  (m g /m L ) d eter
m in e d  spectrophotom etrically .

O n  the  basis o f cu rren t a llo w ab le  lim its , the  
concentration  o f 1-n a p h th o l, expressed as % by  
w e ig h t o f Ext. D & C  Y e llo w  N o . 7, sho u ld  cover 
the range 0.01-0.25% ; the range fo r 2 ,4 -d in itro -
l-n a p h th o l concentrations should  be 0 .0 0 2 -  
0.035%.

M ath em a tic a lly  choose best f itt in g  stra ight 
l in e  fo r ca libration  data by m etho d  o f least 
squares. For each com pound, calculate regres
sion lin e , y =  bx +  a, b y  using fo llo w in g  equa
tions:

b =  [L (*  -  x)(y -  y)\l[E(x  -  x)2]
=  [E (x y )  -  [ d > E y ) / " M I > 2 -  [ (X > ) 2/« ]]

a =  y — bx

w h ere  x =  concentration o f calibration standard; 
y  =  peak h e ig h t response to calibration  standard  
fo r com ponent o f interest; n  =  n u m b er o f cali
b ra tio n  solutions; b =  slope o f regression lin e ; a 

=  y  in te rcep t o f regression lin e .
D e te rm in e  lin e a r correlation  b etw een  peak  

h e ig h t and concentration  o f standards b y  calcu
la tin g  corre la tio n  coeffic ien t r :

r  =  [ U x  -  x)(y -  y ) ] l ^ [ U x - x ) 2i U y - y ) 2]

V a lu e  o f r  should  be b etw een  0.95 and  1.00.

Determination

D issolve 200 m g sam ple o f Ext. D & C  Y e llo w  
N o . 7 in  30 m L w ater. Transfer q uan tita tive ly  to 
100 m L  vo lu m eric  flask, d ilu te  to vo lu m e, and  
m ix  w e ll. As described u n d er C a lib ra tio n , p re 
pare standard solu tion  o f Ext. D & C  Y e llo w  N o .7  
con ta in ing  both  com ponents o f interest. Load  
autosam pler in  fo llo w in g  w ay: firs t position , 
rinse v ia l w h ich  contains water; second position, 
b lan k  g rad ien t v ia l w h ic h  contains w ater; th ird  
p osition , rinse v ia l; fo u rth  position, Ext. D & C  
Y e llo w  N o . 7 standard; from  this position on, a ll 
odd-num bered  positions contain rinse vials and  
even -nu m b ered  positions contain  sam ple vials.

Last sample is Ext. D & C  Y e llo w  N o . 7 standard. 
I f  m anua l in jector is to be used, p repare each so
lu tio n  just before in jection  and  ru n  samples in  
same o rder as above.

A fte r  a ll samples are loaded in  auto-in jector, 
start ins tru m en t. Place in le t tubes fro m  pum ps  
in to  appropria te  solvents, w h ic h  have been  
fresh ly  prepared. P um p solvent th ro u g h  lines  
w ith  co lum n bypass v a lve  opened. Pum p long  
enough to ensure tha t a ll lines contain  fresh  
solvent. Set pum ps to 30% B at 2 m L / m in  fo r 10 
m in ; then  set f lo w  to 0 and close bypass valve. 
Set f lo w  to 1.5 m L  /  m in  and  30% B; th e n  start in 
jection  program . From  this p o in t on, chrom a
tograph  w i l l  operate autom atically . A fte r  a ll 
samples have been run , rinse colum n w ith  1 0 0% 
B to rem ove a ll buffers; then  set f lo w  to 0 and  % 
B to 0; then  open bypass va lve . Rem ove in le t  
tube fro m  p rim a ry  so lvent and  place in  w ater. 
Rinse p rim a ry  pum p  w ith  w a te r to rem ove a ll 
b uffers  fro m  p um p  and  lines. A fte r  p u m p  and  
lines  have been rinsed, set f lo w  to 0  and close 
bypass valve.

From  regression lin e  equation , y  =  b x  +  a , 

calculate x ,  the % o f com pound o f interest in  Ext. 
D & C  Y e llo w  N o .7  sample, by substituting value  
of y  (peak h e ig h t for each com pound o f interest) 
and so lv ing  fo r x .

R esults and  D iscussion

1-N aphthol absorbs o n ly  in  the U V  region, but
2 ,4 -d in itro -l-n a p h th o l has absorption at 280 and  
436 nm ; how ever, the 280 n m  peak is used for the  
q u antita tion  o f both  com pounds. T he  2 ,4 -d in i-  
tro -l-n a p h th o l peak at 436 nm  provides ad d i
tional qualitative in fo rm ation  that is useful w h en  
o n ly  1 o f these com pounds is present in  a sample  
o f Ext. D & C  Y e llo w  N o . 7.

For the d eve lo pm en t o f the  m ethod , w e  used 
concentrations o f 1 -naph tho l and  2 ,4 -d in itro -  
l-n a p h th o l in  the 9 ca lib ration  solutions that
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Table 1. Recovery data and paired-difference 99% confidence interval results for Altex liquid chromatograph

Detn

1-Naphthol, % 2,4-Dinitro-l-naphthol, %

Added Found Ree. Added Found Ree.

1 0.042 0.0395 94.0 0.03005 0.0298 99.2
2 0.084 0.0800 95.2 0.02404 0.0241 100.2
3 0.126 0.1209 96.0 0.01803 0.0182 100.9
4 0.168 0.1567 93.7 0.01202 0.0123 102.3
5 0.210 0.2028 96.6 0.00601 0.0064 106.5
6 0.021 0.0209 99.5 0.0150 0.0150 100.0
7 0.063 0.0577 91.6 0.009015 0.0095 105.4
8 0.105 0.0957 91.1 0.0030 0.0035 116.7

Av. Recovery 94.7 103.9
Paired-difference 99% 0.0056 ±0.0713 -0.0001 ± 0.0407

confidence interval

covered the  fo llo w in g  ranges expressed as % by  
w e ig h t o f Ext. D & C  Y e llo w  N o . 7: 1 -n aph th o l, 
0 .0105 -0 .210% ; and  2 ,4 -d in it ro - l-n a p h th o l,  
0.00150-0.0301% .

T he  fo llo w in g  lim its  o f detection  w ere  calcu
lated  according to the  m etho d  o f statistical 
analysis described by B ailey et al. (3): 1 -naph 
th o l, 0.014% ; and  2 ,4 -d in it ro - l-n a p h th o l,
0 .0 0 2 0 %.

Recovery studies w ith  the m etho d  gave the  
fo llo w in g  recovery ranges and averages fo r each 
com pound o f interest: 1 -n aph tho l, 91.1 -99 .5% ,

I

Figure 1. LC chromatogram of Ext. D&C Yellow 
No. 7 (peak 1). 2 =  2,4-dinitro-l-naphthol; 3 =  

1-naphthol.

Table 2. Statistical analysis of results obtained with 
Varian liquid chromatograph

Parameter
1-Naphthol,

%

2,4-Dinitro-
1-naphthol,

%

Limit of detection 0.022 0.0039
Recovery average 99.3 101.3
Recovery range 98.7-104.8 90.9-118.6
Paired-difference 0.003 ±  0.099 0.00009 ±  0.03

99% confidence interval

94.7%; and 2 ,4 -d in itro -l-n a p h th o l, 99.2-116.7% , 
103.9%. Recovery data fo r in d iv id u a l d e te rm i
nations are g iven  in  Table 1. T he  p a ire d -d if
ference 99% confidence in terva ls  a ll inc luded  
zero.

A  n e w  standard so lu tion  should  be ana lyzed  
every day that Ext. D & C  Y e llo w  N o . 7 samples are 
ru n . Each set o f acceptable ca lib ration  data is 
added to the preceding data and a new  regression 
lin e  and coefficient o f correlation  are calculated. 
T h e  correlation  coeffic ien t should  be betw een  
0.95 and 1.00. A  co lum n w ith  a corresponding  
correlation coefficient of less than 0.95 should be 
restandard ized  w ith  n ew  standards. I f  restan
d ard iza tion  does n ot b rin g  the corre la tion  coef
fic ie n t to w ith in  the acceptable range, the  col
u m n  should  not be used.

F igure 1 shows the separation o f 1 -n aph tho l 
and 2 ,4 -d in itro -l-n a p h th o l fro m  Ext. D & C  Y e l
lo w  N o . 7. Because C -18 colum ns vary  from  
com pany to com pany, m odifications in  the gra
d ie n t m ay be needed to achieve s im ila r results.

To  v e rify  that the results o f the m ethod  could  
be d up licated , analyses w ere  p erfo rm ed  on a 
V a rian  5060 liq u id  chrom atograph  w ith  a Vista  
401 data system. The colum n used was a V arian  
M C H -1 0  C-18. A  sum m ary o f the  results is 
show n in  Tab le 2. The results are s im ila r to
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those obtain ed  fo r the  A ltex  liq u id  chrom ato
graph.
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DRUGS

Simultaneous Spectrophotometric Determination of Amodiaquine- 
Primaquine Mixtures in Dosage Forms

SAYED M. HASSAN,1 MOHAMMED E.-S. METWALLY, and 
ABDEL MALEK A. OUF
M a n s o u r a  U n iv ers ity , A n a ly t ic a l  C h em is try  D e p a r tm e n t , F a c u lty  o f  P h a r m a c y ,
M a n s o u r a ,  E g y p t

Using 0.1N hydrochloric acid as solvent, mixtures of 
amodiaquine and primaquine have been measured 
at 282 and 342 nm. The concentration of each can 
then be calculated by solving 2 simultaneous equa
tions. Excellent recoveries from authentic samples 
were obtained and the method proved suitable for 
routine analysis.

M ixtu res  o f am o diaq u ine  and p rim a q u in e  are 
sometimes dispensed for antim alarial therapy (1). 
The lite ra tu re  does n o t re fe r to any analy tica l 
m ethod dealing  w ith  such a m ixture. As a single  
com ponent, am odiaq uine  could be d ete rm ined  
using gravim etric (2), titrim etric  (3), colorim etric, 
and  a to m ic  abso rp tio n  s p ec tro p h otom etric  
techniques (4). H o w e v e r, p rim aq u in e  is also 
m easured by a ll these reactions, so its presence  
w ou ld  in terfere w ith  the results. A part from  the 
co lo rim etric  m ethods pub lish ed  fo r the  d eter
m in a tio n  o f p rim a q u in e  (5, 6 ), the classical d ia - 
zo tiza tio n  m ethod  (7) is applicable to macro  
am ounts o nly .

T he  present rep ort describes a s im ple  spec
tro ph otom etric  procedure tha t can be easily  
adapted in  d rug  contro l laboratories fo r the si
m u ltan eo u s  d e te rm in a tio n  o f b o th  com 
pounds.

E x p e rim e n ta l

Apparatus and Reagents

(a) S p e c t r o p h o t o m e t e r .—  P e rk in  E lm er 550 S.
(b ) H y d r o c h lo r ic  a c id .— 0.1N  (approxim ate).
(c) A m o d ia q u in e  H C l .— C h em ica lly  pure.
(d ) P rim a q u in e  p h o s p h a t e .— C h em ica lly  pure. 

Both am odiaq u ine  and p rim aq u in e  salts must 
pass BP 1973 requirem ents.

Procedure
Accurately w e igh  an am ount of crushed tablets 

c o n ta in in g  p rim a q u in e  phosphate and  the  
e q u iva len t o f ca 150 m g am o diaq u in e  H C l in to

1 Present address: University of Strathclyde, Pharmaceutical 
Chemistry Department, Glasgow G1 1XW, United Kingdom. 

Received April 22,1982. Accepted March 1, 1983.

100 m L vo lu m etric  flask. A d d  50 m L  0 .1 N  H C l  
and shake 5 m in  to dissolve drugs. D ilu te  to 
vo lu m e  w ith  the same solvent. F ilte r, transfer
1 m L  clear filtra te  to ano ther 10 m L  vo lu m etric  
flask, and  d ilu te  to vo lu m e w ith  0 .1 N  h yd ro 
chloric  acid. M easure absorbance o f the la tte r  
solution at 282 and 342 against hydrochloric acid 
as a b lank. Calculate concentration  o f both  
com pounds, using the fo llo w in g  equations:

m g P rim aq u in e  phosphate

=  307 A  282 — 103 A  342 (1)

m g A m o d iaq u in e  H C l

=  273 A 342 -  21.3 A  282 (2 )

R esults and  D iscussion

For the analysis o f m ixtures con ta in ing  2 ab
sorbing substances, V ie ro rd t's  m etho d  (8 ) is 
usually  app lied . In  these instances, it  is neces
sary to select 2  points  on the w a v e le n g th  scale 
w h ere  the ratios o f absorptiv ities are m axim a. 
R eferrin g  to F igure  1, the most suitable w a v e 
lengths to be chosen fo r a m o d ia q u in e -p rim a -  
q u ine  m ixtures w o u ld  be 342 and 282 n m , re 
spectively. P rim aq u in e  shows ano ther peak at 
266 n m , b u t this peak is unsuitab le  fo r p rim a 
quine analysis in  the m ixture because it  coincides 
w ith  a sharp ly  s lop ing  part o f the  am odiaquine  
spectrum. The figures stated in  Equations 1 and
2 w ere obtained by num erical substitution for the  
values o f Equations 3 and  4 b e lo w , tak in g  in to  
consideration  the d ilu tio n  factor in  the proce
dure.

Concn of p rim aq u in e  phosphate

=  M i  0 2  ~  A 2 /3 i) / (« i  P2 ~  « 2  $ 1) (3)
Concn o f am odiaqu ine  H C l

=  {A 2 (Xi - A i a z) l ( a i  a 2 f i i )  (4 )

w h e re  A 1 and A  2 are absorbance values o f the  
m ix tu re  at 282 and  342 n m , respectively; a  and  
/3 represent the absorptivity values o f p rim aquine  
phosphate and  am odiaquine  H C l, respectively, 
at the re le v a n t w avelengths.



143 4 H A SSA N  ET AL.: J. A SSO C. OFF. ANAL. CH EM . (VOL. 66, N O . 6, 1983)

Figure 1. Absorption spectra of amodiaquine HC1 (— ) and primaquine phosphate (— ) (1 mg/100 m l
of each in 0.1N HC1).

Table 1. Recovery from authentic samples of amodiaquine hydrochloride and primaquine phosphate at different ratios

Ratio
amod.:
prim.

No. of 
exp.a

Concentration range, mg/100 mL Mean recoveries, % (±SD)h

Amod. HCI Prim. phos. Amod. HCI Prim. phos.

15:1 7 1.2-3.0 0.08-0.2 100.06 ± 0.3 89.25 ± 1.79
15:1.5 7 1.2-3.0 0.12-0.3 100.44 ± 0.3 97.04 ± 1.73
15:2 9 0.6-3.0 0.08-0.4 101.36 ± 0.75 100.24 ± 1.1
15:2.5 8 0.6-3.0 0.10-0.5 100.45 ± 0.83 99.18 ±0.96
15:3 9 0.6-3.0 0.12-0.8 99.42 ± 0.53 99.17 ± 1.95
15:3.5 9 0.6-3.0 0.14-0.7 99.2 ±  0.89 99.86 ±  1.33
15:4 9 0.6-3.0 0.16-0.8 98.38 ± 0.28 100.09 ±0.64
15:5 9 0.6-3.0 0.2-1.0 99.11 ±0.39 99.51 ±0.69

3 Each experiment is the average of at least 2 determinations. 
b P  =  0.05.

Table 2. Recovery from authentic samples of 
amodiaquine hydrochloride and primaquine phosphate 

admixed in medicinally recommended ratio

Exp.3 *

Added, mg/100 mL Recovery, %

Amod.
HCI

Prim.
phos.

Amod.
HCI

Prim.
phos.

1 1.2 0.2112 99.7 98.2
2 1.5 0.2640 100.4 98.8
3 1.8 0.3168 100.5 99.4
4 2.1 0.3695 100.4 100.3
5 2.4 0.4224 101.5 101.3

Mean 100.5 99.6
SD6 ±0.8 ±1.52

3 Each experiment is the average of 3 determinations.
»  P  =  0.05.

The m ed ic in a lly  recom m ended ratio  o f am o
d iaq u in e  h yd ro ch lo rid e  to p rim aq u in e  phos
phate is 150:26.4 (about 6:1) (1). I t  is therefore  
necessary to d e te rm ine  the ratios w ith in  w h ic h  
p rim aq uin e  can be accurately determ ined  in  the 
presence o f excess am odiaquine. Table 1 shows 
that at the  ratios 1:15 and 1.5:15 (p rim aq u in e  
phosphate.am odiaquine hydroch lo ride), a large  
error occurs in  the determ ination  o f p rim aquine  
content. This m ay be attribu ted  to o verlapp ing  
o f the  spectrum  o f the la tte r by that o f am odia
q u in e  h yd ro ch lo rid e . H o w ev e r, w ith in  ratios  
starting  fro m  1:7.5 p rim aq u in e  phosphate to 
am odiaquine  h yd ro ch lo rid e , recoveries of p r i
m aquine  are good. C onsequently , the  m ed ic i-
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Table 3. Application of proposed spectrophotometric 
method to simultaneous determination of amodiaquine 

hydrochloride and primaquine phosphate in a 
pharmaceutical preparation *

Recovery of std addns6

Amod. HCI Prim, phos

Added, Rec., Added, Rec.,
mg/tab. % mg/tab. %

20 101.36 _ _
30 100.93 — —

50 100.1 — —

— 5 99.96
---- - 10 100.00
— 15 100.10

a Camoprima tablets: Declared: 150 mg amodiaquine 
HCI + 26.4 mg primaquine phosphate/tablet; found 150 mg 
+ 26.22 mg/tablet, respectively. 

b P  =  0.05.

n a lly  re c o m m en d ed  ra tio , 1 :6  p r im a q u in e  
phosphate to am o diaq u ine  h yd ro ch lo rid e , can 
be safely d ete rm in e d  b y  using the  proposed  
m ethod . T he  results o bta in ed  in  Tables 2 and 3 
augm ent these fin d in g s .

O n  the  o th er hand , tria ls  m ade to adapt p H -  
in d u c e d  d iffe re n c e  s p e c tro p h o to m etry  de 
p en d in g  on the p heno lic  nature o f am odiaquine  
and the nonphenolic  nature of p rim aquine  failed  
to produce a suitable analytical procedure. This  
is m a in ly  caused by the fact tha t solutions of 
am odiaqu ine  h yd ro ch lo rid e  in  a lk a lin e  m ed ia  
are unstable.
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Liquid Chromatographic Determination of Methyldopa and 
Methyldopa-Thiazide Combinations in Dosage Forms

S U S A N  T IN G
F o o d  a n d  D ru g  A d m in is tr a t io n , 8 5 0  T h ird  A v e ,  B r o o k ly n , N Y  1 1 2 3 2

A liquid chromatographic (LC) method, using a re
verse phase Cjs column, an acetic acid-methanol- 
water mobile phase, and detection at 280 nm, was 
developed for the determination of methyldopa in 
tablets and oral suspensions and combinations of 
methyldopa with hydrochlorothiazide or chlo
rothiazide in tablets. A mixture of these 3 drugs was 
resolved in < 8  min. Detector responses were linear 
for the following amounts (mg/mL) of drug injected: 
methyldopa 0.031-0.393, chlorothiazide 0.019-0.114, 
and hydrochlorothiazide 0.004-0.083. Recoveries 
from commercial dosage forms ranged from 99.1 to 
100.9% for methyldopa, 99.2-100.4% for chlorothia
zide, and 100.0-101.2% for hydrochlorothiazide. 
Replicate injections of methyldopa, chlorothiazide, 
and hydrochlorothiazide standard preparations alone 
or in combination gave overall relative standard de
viations of <1.6% (n =  10). The results for methyl
dopa tablets by the proposed method were in agree
ment with those obtained by the USP XX method. 
The LC method detected as little as 0.6 pg 3 - 0 -  
m ethylm ethyldopa/mL and 0.5 fig  4-amino-6- 
chloro-l,3-benzenedisulfonamide/mL, which are 
sometimes found as contaminants of methyldopa and 
thiazides, respectively, and resolved methyldopa 
from its methyldopa glucose adduct, a substance 
found in methyldopa oral suspensions.

M eth y ld o p a  is used in  the  trea tm ent o f m ild  to 
moderate hypertension. In  severe hypertensive  
states, or w h e n  the hypertension  is accom panied  
by m arked sodium  and w ater retention , the drug  
is o ften  used in  com bination  w ith  e ith e r ch lo 
ro th iaz id e  or h yd ro ch lo ro th iaz id e  (1). M e th 
y ldo pa  has been d eterm in ed  in  dosage form s by  
f lu o ro m e try  (2, 3), u ltra v io le t (U V )  spectropho
tom etry  (4), and co lorim etry (5, 6 ). E ithe r these 
m ethods are nonspecific o r they  req u ire  close 
contro l o f certa in  experim enta l conditions such 
as tem peratu re  and  p H . C h u  (7) resolved com
m ercial m ixtures o f m eth y ld op a  w ith  th iaz id e  
diuretics, using ion  exchange chrom atographic  
separation and  spectrophotom etric d e te rm in a 
tion  of each analyte in  the eluates. A lth o ug h  the 
m etho d  is specific, it  is le n g th y  and  tim e  con
sum ing. W atson and Law rence (8 ) reported  a 
g as-liqu id  chrom atograph ic m etho d  fo r m eth 
y ldo pa  in  tablets and  ra w  m ateria l; h o w ever, a 
le n g th y  d eriva tiza tio n  step is req u ired . M o re

Received August 26,1982. Accepted April 6,1983.

recen tly , several liq u id  chrom atographic (LC ) 
m ethods have been proposed fo r the d e te rm i
n atio n  o f m ethy ld op a  in  b io log ical samples 
(9 -1 2 ) and  pharm aceuticals (13, 14). U s ing  re 
verse phase chrom atography and e lectrochem i
cal detection, Freed and  Asmus (9) and K ochak  
and  M ason (10) d eterm ined  m ethy ld op a  in  
plasm a and  tissues, respectively. C ooper et al.
( 1 1 ) m easured m ethy ld op a  in  serum  b y  com 
b in in g  ion  exchange chrom atographic separation  
w ith  electrochem ical detection. M e l l  and  Gus
tafson ( 12 ) determ ined  free m ethyldopa in  u rine  
samples by reverse phase L C  w ith  U V  detection, 
and  reported  no in terfe ren ce  by h yd ro ch lo ro 
th iazide . H o n ig b erg  et al. (13) proposed 2 types 
o f chrom atographic colum ns and several m obile  
phases fo r the  separation o f d iu re tic -a n tih y p e r
tensive m ixtures, b u t in  these systems, m e th y l
dopa show ed ta ilin g , m u ltip le  peaks, or incom 
plete resolution from  the th iazide diuretics. Rao 
et al. (14) proposed an L C  m ethod  fo r the  d eter
m in a tio n  o f m ethy ld op a  and h yd ro ch lo ro th ia 
z ide  in  com bination  dosage form s b u t no  w o rk  
was done on the  im p urities .

The present paper reports a rap id  and accurate 
LC  m ethod  fo r the  d ete rm ina tion  and ten tative  
id e n tific a tio n  o f m ethy ld op a  and m ethy ld op a  
w ith  e ith e r h yd ro ch lo ro th iaz id e  o r ch lo ro th ia 
z id e  com binations in  dosage form s. T he  p ro 
posed m ethod  is also useful fo r the detection  o f
3-O -m ethylm ethyldopa and m ethyldopa glucose 
adduct in  m ethy ld op a  and  o f 4 -am ino -6 -ch lo ro -
1 ,3 -b enzened isu lfonam ide in  h yd ro ch lo ro th ia 
z ide  and ch lo ro th iazide .

E x p e rim e n ta l

Apparatus

(a) L iq u id  c h r o m a t o g r a p h .— Tracor M o d e l 950 
solvent pum p, M o d e l 970A  variable w avelen g th  
detector, and M o d e l TS-10 recorder (Tracor In 
strum ents, Inc ., A u stin , T X  78721). Sam ples  
w ere  in jected  th ro u g h  20 p L  R heodyne M o d e l 
7125 injection loop (Rheodyne Inc., Berkeley, C A  
94710).

(b ) C h ro m a to g ra p h ic  c o lu m n . — pBondapak C i8, 
30 cm X  3.9 m m  id , 10 p m  partic le  size (W aters  
Associates, M ilfo rd , M A  01757).
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O pera tin g  conditions: colum n tem peratu re  
am bient, m o b ile  phase f lo w  rate 1.5 m L /m in ,  
detector w a v e le n g th  280 n m , chart speed 1 
c m /m in .

(c) F i l t e r s .— M illip o re  type F H  (pore size 0.5 
p m )  (M ill ip o re  C orp ., B edford , M A  01730).

Reagents

(a) S o lv e n t s . — LC  or analy tica l reagent grade, 
used w ith o u t fu r th e r  p u rifica tio n .

( b )  M o b ile  p h a s e .— 3% Aqueous acetic a c id -  
m ethan o l (96 +  4). F ilte r th ro u gh  type F H  
f ilte r .

(c) In te r n a l s t a n d a r d .— W eigh  accurately ca 110 
m g T heo b ro m in e  U SP Reference Standard  in to  
500 m L vo lu m etric  flask, add ca 400 m L  m ob ile  
phase, w a rm  on steam bath  w ith  occasional 
sw irling , le t flask and its contents cool to am bient 
tem peratu re , d ilu te  to vo lu m e  w ith  m obile  
phase, and  m ix. F ilte r so lu tion  w ith  W h atm an  
N o . 40 or equivalent paper, discarding first 20 m L  
filtra te .

(d )  M e t h y l d o p a  s t a n d a r d .— U S P  R eference  
Standard. D e te rm in e  w a te r content by  t itr i-  
m etric  m etho d  (15) before use.

(e) T h ia z id e  s t a n d a r d .— C h lo ro th ia z id e  USP  
Reference Standard or H ydroch loroth iazide  USP  
Reference Standard. D ry  at 105°C  1 h  before  
use.

( f )  3 - O - M e t h y l m e t h y l d o p a  s t a n d a r d .— U SP  
Reference Standard. For LC  analysis, dissolve  
in  m eth an o l, and  d ilu te  a liq u o t w ith  enough  
m o b ile  phase to p ro v id e  so lu tion  g iv in g  dis
cern ib le  peak response. As lo w  as 2 p.g /m L  was 
detectable at sens itiv ity  setting o f 0 .0 2  absorb
ance u n it  fu l l  scale (A U FS ).

(g) 4 - A m in o - 6 - d ic h l o r o - l ,3 - b e n z e n e d i s u l fo n a m -  

id e .— U SP Reference Standard. For LC  analysis, 
dissolve in  m eth an o l, and  d ilu te  a liqu o t w ith  
enough m obile  phase to p ro vid e  solution g iv in g  
discern ib le  peak response. As lo w  as 1 p g / m L  

was detectable at sen s itiv ity  setting  o f 0 .0 2  
A U FS .

(h ) M e t h y ld o p a  g lu c o s e  a d d u c t .— M erc k  Sharp  
&  D o h m e Research Laboratories, R ahw ay, NJ. 
For LC  analysis, dissolve in  m ethanol and d ilu te  
a liqu o t w ith  enoug h  m o b ile  phase to p ro v id e  
solu tion  g iv in g  d iscern ib le  peak response.

Sample Preparation

M e t h y ld o p a  tablets a n d  m e th y ld o p a -ch lo ro th ia z id e  

t a b le ts .— W e ig h  and f in e ly  p o w d e r > 2 0  tablets. 
Transfer accurately w e igh ed  p ortion  of pow der, 
e q u iva len t to ca 125 m g m eth y ld op a , to 250 m L  
vo lum etric  flask, add 150 m L  m e th a n o l-w a te r (1

+  1), and  sonicate 15 m in  m ore than  needed to 
com plete ly  dissolve corresponding  standards. 
D ilu te  to vo lu m e  w ith  m e th a n o l-w a te r (1 +  1), 
m ix, and filte r through  type F H  filte r, discarding  
first 10 m L filtrate. P ipet 8.0 m L filtrate  and 10.0 
m L  in te rn a l standard so lu tion  in to  50 m L  v o lu 
m etric  flask, m ix , d ilu te  to vo lu m e  w ith  m ob ile  
phase, and  m ix.

M eth y ld o p a -h y d ro c h lo ro th ia z id e  tablets. — Follow  
procedure for m ethyldopa tablets except transfer 
20 m L  sam ple filtra te  and  6.0 m L  in te rn a l stan
dard  so lu tion  to 50 m L  vo lu m etric  flask, instead  
o f 8.0 and 10.0 m L , respectively.

M e t h y ld o p a  o ra l s u s p e n s io n .— Transfer accu
ra te ly  m easured vo lu m e  m ethy ld op a  ora l sus
pension, equ iva len t to ca 150 m g m ethyldopa, to 
250 m L  vo lu m etric  flask, dissolve and  d ilu te  to 
vo lu m e  w ith  w ater, m ix , and  f ilte r , d iscard ing  
first 10 m L filtrate. P ipet 8.0 m L  filtrate  and 10.0 
m L  in te rn a l standard so lu tion  in to  50 m L  v o lu 
m etric  flask, m ix , d ilu te  to vo lu m e  w ith  m ob ile  
phase, and m ix.

Standard Preparation

T a b le ts .— Transfer accurately w e igh ed  sample 
m ethy ld op a  standard, e q u iva len t to 50 m g d rug  
on anhydrous basis, to 100 m L  vo lu m etric  flask. 
A d d  accurately w e igh ed  am ount corresponding  
th ia z id e  d iu re tic  standard so tha t ra tio  o f m e th 
y ldo pa  standard to d iu re tic  standard  is same as 
that declared for tablet. For exam ple, take 50 mg  
m ethyldopa standard and 5 m g d iuretic standard  
i f  tablet sample declares 250 m g m ethyldopa and  
25 m g d iu retic . To th is m ix tu re  add 70 m L  
m eth a n o l-w a te r (1 +  1 ) and sonicate to dissolve. 
Let flask and its contents cool to room  tem pera
ture. D ilu te  to vo lu m e w ith  m e th a n o l-w a te r (1 
+  1). M ix  th o ro u g h ly  and  f i lte r  so lu tion  
th ro u g h  type F H  f ilte r , d iscard ing firs t 20 m L  
filtra te . Prepare standard so lu tion  fo r m e th y l
d o p a-h yd ro ch lo ro th iaz ide  sam ple as fo llow s: 
P ip et 10.0 m L  filtra te  and  3.0 m L  in te rn a l stan
dard  solution  in to  25 m L  vo lu m e tric  flask, and  
m ix. D ilu te  to vo lu m e  w ith  m o b ile  phase, and  
m ix. For a ll o th er samples, prepare  standard  
solution as follows: P ipet 4.0 m L  filtra te  and 5.0 
m L  in te rn a l standard so lu tion  in to  25 m L  v o lu 
m etric flask, d ilu te  to volum e w ith  m obile phase, 
and  m ix.

M e t h y ld o p a  oral s u s p e n s io n .— Accurately  w e ig h  
ca 60 m g anhydrous M eth y ld o p a  U SP Reference  
Standard  and place in  100 m L  vo lu m etric  flask. 
Dissolve and  d ilu te  to vo lu m e  w ith  w ater, m ix , 
and f ilte r  through  type F H  filte r , d iscarding first 
10 m L filtrate . P ipet 8.0 m L  filtra te  and 10.0 m L
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f

Figure 1. LC separation of a, methyldopa; b, 4- 
amino-6-chloro-l,3-benzenedisulfonamide; c, chlo
rothiazide; d, hydrochlorothiazide; e, 3-O -m ethyl- 
methyldopa; and f, theobromine in a mixed standard 
solution. Detection wavelength, 280 nm. Arrows 
indicate solvent peaks. Column pBondapak Ci8; 
mobile phase 3% aqueous acetic acid-methanol (96 +  

4).

in terna l standard solution in to  50 m L volum etric  
flask, m ix , d ilu te  to vo lu m e  w ith  m o b ile  phase, 
and  m ix.

D e t e r m i n a t i o n

E quilib ra te  LC  colum n w ith  m ob ile  phase at 
f lo w  rate o f 1.5 m L /m in . In ject 20 q L  corre
sponding  standard p reparation , and  adjust sen
s itiv ity  o f detector so tha t peak responses are ca 
35-95%  o f fu l l  scale. C hange sensitiv ity  o f de
tector w h e n  go ing  fro m  peak o f m eth y ld op a  to 
peak of hydrochlorothiazide. I f  necessary, make  
same adjustm ent fo r chloro th iazide. V o lum e of 
in te rn a l standard so lu tion  added to sam ple and

Figure 2. A, Chromatogram of hydrochlorothiazide 
in commercial tablet sample. Detector set at 280 nm 
and 0.16 AUFS. Arrow indicates solvent peak. B, 
Chromatogram of a, hydrochlorothiazide in com
mercial tablet sample spiked with b, 4-amino-6- 
chloro-l,3-benzenesulfonamide. Detector set at 280 
nm and 0.04 AUFS. Arrow indicates solvent peak.

Other chromatographic conditions as for Figure 1.

0 1 2 3 C 5 6 7 8 9 1 0
minutes
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a

0 1  2 3 4 5 6 7 8  9 10 11
minutes

Figure 3. Chromatogram of tablet sample contain
ing a, methyldopa and b, hydrochlorothiazide which 
was spiked with c, 4-am ino-6-chloro-l,3-benzene- 
sulfonamide, and d, 3-O-methylmethyldopa. De
tector set at 280 nm and 0.04 AUFS. Arrow indicates 
solvent peaks. Other chromatographic conditions 

as for Figure 1.

standard preparations can be adjusted to obtain  
appropria te  peak h e ig h t response fo r in te rn a l 
standard. M ak e  rep licate  in jections o f each 
standard so lu tion  and  com pare peak h e ig h t re
sponses to ascertain re p ro d u c ib ility  o f system. 
In  suitable system, relative standard deviation  for 
trip lica te  in jections is <2% . Proceed w ith  ana l
ysis o f sam ple, using 20  p L  injections fo r each 
sam ple and  standard solution. M e th y ld o p a , 
ch lo ro th iaz ide , and  h yd ro ch lo ro th iaz id e  peaks 
e lute  in  ca 4, 7, and  8  m in , respectively. R eten 
tio n  tim e  o f th eo brom in e , in te rn a l standard, 
should  be > 9  m in . Resolution  factor b etw een  
m ethy ld o p a  and  ch lo ro th iaz ide  and  b etw een  
h yd ro ch lo ro th iaz id e  and  theo b ro m in e  should  
be > 3 .5 .

Calculations

Calculate  q u a n tity  o f d ru g , using peak h e ig h t

l

minutes
Figure 4. Chromatogram of tablet sample of a, 
methyldopa spiked with b, 3-O-methylmethyldopa. 
Detector set at 280 nm and 0.04 AUFS. Arrow indi
cates solvent peaks. Other chromatographic condi

tions as for Figure 1.

response ratios (R  and R ')  re la tive  to in te rn a l 
standard, by fo llo w in g  equations:

M e th y ld o p a  or th iaz id e , m g /ta b le t
=  ( R / R ' )  X  C X  (T /S ) X  sam ple d iln

M eth y ld o p a , m g /m L
=  ( R / R ' )  X  C X  sam ple d i ln /m L  sam ple used

w here  R and R ' =  peak height response ratios for 
sam ple and standard preparations re la tive  to 
in te rn a l standard, respectively; C =  concentra
tio n  o f standard p reparation , m g /m L ; T  =  aver
age tab let w e ig h t, m g /ta b le t; and  S =  sam ple  
w e ig h t, m g.

Results and Discussion
Figure 1 illustrates a typ ica l separation o f the  

3 drugs, along  w ith  th e ir  accom panying im 
p urities  and  the in te rn a l standard. U n d e r the  
experim enta l conditions, the re te n tio n  tim es



144 0 TING: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 6, 1983)

a b

0 1 2 3 4 5 6 7 8 9 10
minutes

Figure 5. Chromatogram of tablet sample contain
ing a, methyldopa and b, chlorothiazide, which was 
spiked with c, 4-am ino-6-chloro-l,3-benzenedisul- 
fonamide, and d, 3-O-methylmethyldopa. Detector 
set at 280 nm and 0.08 AUFS. Arrow indicates solvent 
peak. Other chromatographic conditions as for 

Figure 1.

(m in ) w e re  approxim ately: m eth y ld op a  4; 4- 
a m in o -6 -c h lo ro -l,3 -b e n z e n e d is u lfo n a m id e  5; 
ch lo ro th iazide  6 .8 ; h yd ro ch lo ro th iaz id e  7.8; 3- 
O -m ethylm ethyld op a 9.8, and theobrom ine, 11.8. 
Figures 2 -5  illustrate the separation o f the active  
ing red ien ts  in  m ethy ld o p a  and in  m ethy ld op a- 
th iaz id e  com m ercial dosage form s fro m  th e ir  
re lated  im p urities . F ig ure  6 shows tha t the  
proposed m ethod w il l  separate m ethyldopa from  
m ethyld opa glucose adduct, a reaction product 
found  in  m ethyldop a oral suspensions. D u rin g  
the chrom atograph ic separation o f m ethy ldopa  
fro m  h yd ro ch lo ro th iaz id e , the a ttenuation  set
ting  of the detector had to be changed because of 
the w id e  d iffe ren ce  in  detector responses be
tw een  these 2  drugs due to d ifferences in  th e ir  
corresponding concentrations in  the dosage 
form s a n d /o r  abso rp tiv ity  values.

i-----1-------1------- 1------1—
0 2 4 6 8

minutes

Figure 6. Chromatogram of oral suspension of a, 
methyldopa, spiked with b, methyldopa glucose ad
duct. Adduct is present as mixture of 2 isomers. 
Detector set at 280 nm and 0.16 AUFS. Arrow indi
cates solvent peak. Other chromatographic condi

tions as for Figure 1.

Based on the  d e te rm in a tio n  o f peak h e ig h t  
responses o f standards to in te rn a l standard, the  
proposed m ethod  was lin e a r at the fo llo w in g  
ranges o f am ounts  o f substance in jected: 
m ethy ld op a , fro m  0.031 to 0.393 m g /m L ; ch lo 
ro th iaz id e , 0 .019 -0 .114  m g /m L ; h yd ro ch lo ro 
th ia z id e , 0 .0 0 4 -0 .0 8 3  m g /m L ; 3 -O -m e th y l-  
m ethy ld op a , 0 .6 -2 .4  p g /m L ; and  4 -am ino -6 - 
c h lo ro -l,3 -b e n z e n e d is u lfo n a m id e , 0 .5 -1 .9 6  
M g/m L.

T w o  studies w e re  conducted to test the  re 
p ro d u c ib ility  o f the LC  m ethod . In  one, 10 
replicate aliquots o f synthetic tablet form ulations  
co n ta in ing  m ethy ld op a , ch lo ro th iaz ide , and  
hydrochloroth iazide w ere injected, and the peak 
h e ig h t ratios o f each d ru g  to the in te rn a l stan
dard w ere  m easured (Table 1). In  the  o th er  
study, each o f 4 com m ercial dosage form s w ere  
assayed 6  tim es fo r d ru g  content (Table  2).

Accuracy was determ ined  by recovery studies 
o f m ethy ldopa , ch lo ro th iaz ide , and  h yd ro ch lo 
ro th iaz id e  added to com m ercial dosage form s  
(Tab le  3). The average recovery values (%) ob
tained  were: m ethyldopa 99.75, ch loro th iazide
99.8, and hydrochloroth iazide 100.6. The results 
of a com parison o f the L C  m ethod  fo r m e th y l
dopa w ith  the  U SP X X  m ethod , using com m er
cial dosage form s, are show n in  Table 4. Results



TING: J. ASSOC. O FF. ANAL. CH EM . (VOL. 66, NO. 6, 1983) 1441

Table 1. Results of reproducibility study on standards

Compound Amount, mg
Ratio, a b  Rei.

mean ±  SD SD, %

Methyldopa 125 1.34 ±0.0064 0.47
Methyldopa + 250 1.25 ±0.0050 0.40

chlorothiazide 250 1.27 ±0.0050 0.39
Methyldopa + 500 0.87 ±  0.0099 1.14

hydrochlorothiazide 30 0.88 ± 0.0062 0.70

a Based on 10 replicate injections of each standard solution. 
b Ratio of peak height of drug standard/peak height of internal standard.

Table 2. Results of reproducibility study on commercial dosage forms

Product
Amount 

declared, mg
Amount found, mean 

±SD,a
Rei.

SD, %

Methyldopa tablet 500 99.2 ±0 .68 0.69
Methyldopa ± 250 105.4 ±0.86 0.82

chlorothiazide tablet 250 99.2 ±0.51 0.52
Methyldopa + 500 101.1 ±0.66 0.65

hydrochlorothiazide tablet 30 99.7 ±  1.56 1.56
Methyldopa oral suspension 50" 102.3 ±0.99 0.97

a Based on 6 replicate injections of each sample. 
b  mg/mL.

Table 3. Recovery of drugs added to commercial dosage forms

Dosage form
Declared,
mg/tab.

Drug
added3

Amt added, 
mg

Amt recd,b 
mg

Ree.,
%

Methyldopa tablets 500 Me-Dopa 26.82 26.59 99.1
Methyldopa tablets 125 Me-Dopa 26.48 26.26 99.2
Methyldopa ± 500 Me-Dopa 22.54 22.57 100.1

hydrochlorothiazide tablets 50 HC 2.43 2.46 101.2
Methyldopa ± 500 Me-Dopa 22.54 22.74 100.9

hydrochlorothiazide tablets 30 HC 1.51 1.51 100.0
Methyldopa + 250 Me-Dopa 22.72 22.57 99.3

chlorothiazide tablets 250 CH 24.40 24.49 100.4
Methyldopa ± 250 Me-Dopa 25.60 25.58 99.9

chlorothiazide tablets 150 CH 15.60 15.48 99.2

a Me-Dopa = methyldopa; HC = hydrochlorothiazide; CH 
b Average of 2 determinations.

= chlorothiazide.

Table 4. Determination of methyldopa and methyldopa-thiazide combinations in commercial tablets

Found, % of declared

Declared. Me-Dopa HC CH

Sample3 mg/tab USPXX LC LC LC

Me-Dopa 150 97.8 97.4 — —

Me-Dopa 250 99.5 99.5 — —
Me-Dopa 500 100.6 98.4 — —
Me-Dopa ± 250 101.3 101.2 — —

HC 25 — — 99.2 —
Me-Dopa ± 500 103.0 101.8 — —

HC 30 — — 94.2 —
Me-Dopa ± 250 99.8 101.5 — —

CH 250 — — — 100.5

Me-Dopa = methyldopa; HC = hydrochlorothiazide; CH = chlorothiazide.
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obtained b y  these 2  m ethods d iffe re d  by  < 2 %. 
Tab le 4 also shows the  assay values fo r th iazid e  
drugs using the proposed m ethod.

T h e  LC  m ethod  e lim in ates  the  need to d eter
m in e  m ethy ld op a  and th iaz id e  d iuretics by  
separate m ethods or the req u irem en t o f a p re 
lim in a ry  separation o f the  2 types o f d rug. In  
add ition , its sensitivity is such that it  can be used 
as a p u rity -in d ic a tin g  test to ascertain the  pres
ence o f as litt le  as 1%  o f b oth  3 -O -m e th y lm e th -  
y ldo pa  in  m eth y ld o p a  and  4 -am ino -6 -ch lo ro -
1,3 -b enzened isu lfonam ide in  d iuretics such as 
ch lo ro th iaz ide  and h yd ro ch lo ro th iaz id e . The  
com pendia l lim its  (15) fo r 3 -O -m e th y lm e th y l-  
dopa and 6 -ch loro -l,3 -benzened isu lfonam ide in  
raw  materials are 0.5 and 1%, respectively. Raw  
m ateria l/sam p les  o f m ethy ld op a , h yd ro ch lo ro 
th ia z id e , and ch lo ro th iazide  w ere  ana lyzed  by  
the proposed m ethod; each contained  <0 .3%  of 
its corresponding im p u rity . M e th y ld o p a  g lu 
cose adduct was also detected in  the m ethyldopa  
oral suspension.

In  sum m ary, the proposed m ethod  is rap id , 
selective, accurate, and precise. I t  gave results 
fo r m eth y ld op a  in  tablets w h ic h  w ere  in  excel
le n t agreem ent w ith  those obtained  b y  the  
com pendia l m ethod . A  co llaborative  study of 
this m etho d  is cu rre n tly  in  progress and  the re 
sults w i l l  be reported .
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Separation and Characterization of Amine Drugs and Their 
Enantiomers by Capillary Column Gas Chromatography-Mass 
Spectrometry
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U n iv ers ity  o f  I l lin o is  a t  C h ic a g o , D e p a r tm en t  o f  C r im in a l Ju s t ic e ,  C h ic a g o , IL  6 0 6 8 0

A gas chromatograph-mass spectrometer-data system 
equipped with a capillary column is used to analyze 
commonly abused amine drug mixtures. Enan
tiomeric amines are analyzed as JV-trifluoroacetyl- 
/-prolyl chloride derivatives. The 10 compounds 
included in this study are amphetamine, metham- 
phetamine, norephedrine, ephedrine, 3,-4-methy- 
lenedioxyamphetamine, /V,/V-dimethyltryptamine, 
N,N-diethyltryptamine, /V,/V-dimethyl-5-methoxy- 
tryptamine, mescaline, and caffeine. All compounds, 
including possible enantiomers, are resolved and 
identified by the described method.

D u e  to the fre q u e n t m anufacture and abuse (1) 
of m etham ph etam ine  and re la ted  am in e  drugs, 
num erous studies concern ing  these drugs have  
been reported (2-12). M ost of these studies were  
centered  on the id e n tific a tio n  o f im p u rities  
fo u n d  in  i l l ic it  m e tham p h etam ine  and am p h et
am in e  preparations (2 -7 ); others (8 -1 0 ) w ere  
directed tow ard  the separation and identification  
o f these am in e  drugs.

R ecently , w e  focused on the app lication  of 
ana ly tica l m etho d o log y  that could  be used to 
determ ine am phetam ine and m etham phetam ine  
enantiom ers (11 ,1 2 ). This  e ffo rt was prom pted  
by  the consideration  o f d ifferences in  p h arm a
cological effects and  g o vern m en t regu latory  
measures (13 ,1 4 ) o f enantiom ers. Furtherm ore, 
the  analysis o f enan tio m eric  com position in  an  
i l l ic it  p reparation  m ay in  some cases y ie ld  u se fu l. 
in fo rm atio n  regard ing  its o rig in  o f m anufacture  
o r d is trib u tio n .

The app lication  o f gas chrom atography to the  
separation  o f enantiom ers w ith  ch ira l d eriva- 
t iz in g  reagents has been w e ll docum ented  
(1 5 -1 7 ) and  re v ie w e d  (18). N -T r iflu o ro a c e ty l-  
/-p ro ly l ch lo rid e  (/-T P C ) has been w id e ly  used 
fo r  en an tio m eric  separation o f am ino  acids and  
some am in e  drugs. (12, 1 5 -1 7 ,1 9 ). In  general, 
these studies have focused on b iochem ical ap
p lica tio n , and  have neglected  the  study o f com 
b in a tio n  d ru g  m ixtures e x h ib itin g  optical activ
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cultural Research Service, Eastern Regional Research Center, 
600 E Mermaid Lane, Philadelphia, PA 19118.
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3 Chicago Police Department, Criminalistics Division, Chi

cago, IL 60625.

ity . W ith  the  broad p o ten tia l o f f in d in g  these 
drugs in  com bination  in  samples such as " lo o k - 
a lik e "  drugs, the d eve lo pm en t o f m ethods suit
able fo r the characterization o f in d iv id u a l drugs, 
drug mixtures, the ir enantiom ers, and im purities  
w il l  be useful.

A lth o u g h  a conventional mass spectrom eter, 
used as a detector fo r a gas chrom atograph , is 
incapable o f d iffe ren tia tin g  enantiom ers, it  does 
facilitate  the iden tification  o f o ther com pounds. 
Furth erm o re , sing le io n  chrom atogram s are 
useful in  d isp lay in g  inad equ ate ly  separated  
peaks.

T he  study presented here  applies a h ig h  e ff i
ciency cap illa ry  co lum n gas chrom atograph ic- 
mass spectrometric approach ( 12 ) to the  analysis 
o f m ixtures o f the fo llo w in g  drugs and  th e ir  
possible enan tio m ers: a m p h e ta m in e  ( I ) ,
m e th a m p h e ta m in e  ( I I ) ,  n o re p h e d rin e  ( I I I ) ,  
ep h ed rin e  ( IV ) , 3 ,4 -m eth y len ed io xyam ph etam - 
in e  (M D A ) (V ), m escaline (V I) ,  N ,N -d im e th y l-  
tryptam ine (D M T ) (V II) , A /,N -d ie thy ltryp tam in e  
(D E T ) ( V I I I ) ,  and  A /,N -d im eth y l-5 -m e th o x y -  
try p ta m in e  (D M M T )  (IX ). D rugs tha t m ay exist 
as enan tio m eric  pairs are ana lyzed  as /-T P C  de
rivatives. C affe ine  (X ) is used as an in te rn a l 
standard. Structures o f these com pounds and  
T P C -d eriva tized  am p hetam in e  are show n in  
Figure 1.

M E T H O D

Apparatus and Reagents

(a) G a s c h r o m a t o g r a p h - m a s s  s p e c t r o m e t e r - d a t a  

s y s t e m .— H ew le tt-P ackard  (Palo A lto , C A ) H P -  
5985, and  30 m  X 0.2 m m  id  SE-54 fused silica 
glass cap illa ry  colum n (A llte c h , D e e rfie ld , IL ).

(b) A m in e  d r u g s .— O bta ined  as ind icated: d -  

and /-am ph etam ine , n orep hed rin e , ¿/-norephe
d rin e  h yd ro ch lo rid e , d -ep hedrine  h yd ro ch lo 
rid e , D M T , D E T , D M M T , and m escaline h yd ro 
chloride (A ld rich  Chem ical Co., M ilw au kee , W I); 
d ,/-m e th a m p h e ta m in e  h y d ro c h lo rid e  (S igm a  
C hem ical Co., St. Louis, M O );  e ph edrine  sulfate  
(prescrip tion ); M D A  (C rim inalis tics  D iv is io n , 
Chicago Police D ept).

(c) C a f fe in e .— Fisher S cien tific  Co.
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Figure 1. Structures of amphetamine (I), methamphetamine (II), norephedrine (III), ephedrine (IV), MDA 
(V), mescaline (VI), DMT (VII), DET (VIII), DM M T (IX), caffeine (X), and N-TFA-prolylamphetamine (XI).

(d) l - T P C .— (Regis C h em ica l Co., M o rto n  
G rove, IL )  0 .1 M  in  ch loro form .

Procedure

D rugs in  salt form s w ere  dissolved in  w ater, 
adjusted to a lka lin e , and  then  extracted w ith  
ether. E n antiom eric  drugs w e re  fu r th e r  con
verted  to th e ir  Z-TPC d erivatives  (N -T FA -Z -p ro - 
ly l-)  by reacting w ith  0 .1M  Z-TPC in  chloroform , 
fo llow ed  by cleaning and d ry ing  procedures ( 12 ). 
C affe ine , D M T , D E T , D M M T , and  m escaline  
w e re  prepared  as 5 m g /m L  stock solutions, 
w h ic h  w ere  d ilu te d  1 :10  in  m eth y len e  ch lo ride  
before analysis.

Sam ples thus p repared  w ere  analyzed  on the  
H P -5 9 8 5  system. T he  mass spectrom eter was 
operated in  electron im pact m ode at 70 eV. The  
source tem peratu re  was m a in ta in ed  at 200°C . 
Mass units  and  th e ir  re la tive  abundance w ere  
calibrated  w ith  p erflu o ro tr ib u ty la m in e  (2 0 ). 
Spectra w ere collected in  the range m /z  45 to 500, 
and in  most cases started at 15 m in  after injection. 
Gas chrom atograph  oven  tem peratu re  p ro 
g ram m ing  conditions w ere  as fo llow s: 50 °C  fo r  
1 m in , then  increasing 8 ° /m in  fo r 9 m in , th e n  
6 ° /m in  u n t il reaching fin a l tem peratu re  o f 
300°C . Conditions: injector tem perature 250°C ; 
ch rom atograph -m ass spectrom eter in te rfa c e



LIU  ET AL.: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, N O . 6, 1983) 144 5

_l___I___1___ I___I___1___I___I___I___I___\ J I
20 22 24 26 28 30 32

RETENTION TIME (min)

Figure 2. Total ion chromatograms of (A) a mixture 
containing caffeine (X), N -TFA -/-prolyl-/-am phet- 
amine (Ia), N-TFA-1-prolyl-d-amphetamine (Ib), 
N-TFA-l-prolyl-l-m etham phetam ine (IIa), N-TFA- 
1-prolyl-d-methamphetamine (Hb)/ N -TFA -l-pro- 
lyl-d-norephedrine (IHb), N -TFA -/-prolyl-/-nore
phedrine (IIIa), N -TFA-/-prolyl-d-ephedrine (IVb), 
/V-TFA-/-prolyl-/-ephedrine (IVa); and (B) a mixture 
containing the compounds in (A) plus mescaline (VI), 
DM T (VII), DET (V III), DM M T (IX), N-TFA-/-pro- 
ly l-/-M D A  (V a), N -TFA -/-prolyl-d-M D A  (Vb). 
Single ion chromatograms of (C) compounds IVb and 
IV a (m /z 251); and (D) compounds Va and V b (m /z 

162).

tem peratu re  350°C ; in le t  pressure 15 psi; lin e a r  
f lo w  rate 40 cm /s . H e liu m  was used as the  car
r ie r  gas th ro u g h o u t a ll experim ents.

Results and Discussion
C affe in e , am phetam ine, m etham ph etam ine , 

n orep hed rin e , and e p h ed rin e  are com m only  
associated w ith  loo k -a like  d ru g  products. A l l  
com pounds, except caffe ine , exist in  en an tio m 
eric pairs, and w ere derivatized  w ith  /-TPC. The  
to ta l ion  chrom atogram  o f a m ix tu re  con ta in ing  
caffe ine  and  /-TP C  derivatives  o f the en an tio m 
eric pairs is presented in  F igure  2A .

F igure  2B is the  tota l ion  chrom atogram  o f a 
m ixture  contain ing the com pounds in  F igure 2A  
and  o ther com m on am in e  drugs in  th e ir  free  
form s (m escaline, D M T , D E T , and  D M M T )  or as 
/-TP C  derivaives (M D A ). The quantities o f drug  
constituents in  these chrom atograph ic  peaks 
range approx im ately  fro m  2 0 0  to 600 ng.

W ith  one notable exception, a ll com pounds in  
Figure  2B are w e ll resolved. D eriva tives  of 
ep h ed rin e  and  M D A  co-elute u n d er the chro
matographic conditions used. To clearly display  
the  presence o f these 2  pairs o f com pounds, sin 
g le  ion  chrom atogram s fo r ep h ed rin e  ( m /z  251) 
and M D A  (m /z  162) derivatives are presented in  
Figures 2C and  2D , respectively. These chro
m atogram s can be used fo r q ua lita tive  and  
q uantita tive  analysis o f these 2  com pounds. 
H o w e v e r, as a result o f inadequate reso lution , 
q uantita tive  d e te rm in a tio n  o f e ph edrine  enan 
tiom eric  com position  m ay be d iff ic u lt.

M a jo r ions o f each chrom atograph ic peak in

Table 1. Chromatographic and mass spectrometrlc parameters

Compound
No. Compound RRTa Major mass fragments6

VI mescaline 0.890 182(B), 167(51), 211(31), 151(15)
VII DMT 0.960 58(B), 188(5), 130(4), 77(3)
X caffeine 1.00 194(B), 109(63), 67(29), 55(31)
VIII DET 1.08 86(B), 149(10), 130(7), 58(7)
la /V-TFA-/-prolyl-/-amphetamine 1.11 166(B), 237(62), 194(40), 91(28)
ib N-TFA-/-prolyl-d-amphetamine 1.14 same as for la
IX DMMT 1.15 58(B), 215(5), 160(2)
"a N-TFA-/-prolyl-/-methamphetamine 1.23 58(B), 166(86), 251(65), 91(34)
Hb N-TFA-/-prolyl-d-methamphetamine 1.25 same as for lia
lllb N-TFA-/-prolyl-d-norephedrine 1.28 166(B), 238(61), 194(24), 69(20)
Hla N-TFA-/-prolyl-/-norephedrine 1.30 same as for lllb
ivb N-TFA-/-prolyl-d-ephedrine 1.35 58(B), 166(64), 251(19), 69(16)
IVa N-TFA-/-prolyl-/-ephedrine 1.37 same as for IVb
Va N-TFA-/-prolyl-/-MDAc 1.37 162(B), 166(76), 194(26), 135 (16)
vb N-TFA-/-prolyl-d-MDAc 1.39 same as for Va'

a RRT = relative retention with respect to caffeine.
b  Numbers in parentheses represent percent abundance with respect to base ions (B). 
c Assignments of these enantiomers based on assumptions discussed in text.
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F igure  2B are listed  in  Tab le 1. A lth o u g h  mass 
spectra p rev iou sly  reported  fo r try p ta m in e  h a l
lucinogens (21), D M M T  (22), and /-T P C  deriva- 
tized  am phetam in e and m etham ph etam ine  ( 1 2 ) 
are h e lp fu l, the  iden tifica tio ns  o f these chrom a
tographic peaks are m a in ly  co n firm ed  b y  com 
p aring  th e ir re ten tio n  tim es and  mass spectra 
w ith  those obtained  fro m  contro l com pounds. 
In te rp re ta tio n  o f frag m en ta tio n  m echanism s of 
these com pounds is not pursued.

T he  assignm ents o f the d -  and /-en antiom ers  
o f am phetam ine, m eth am ph etam in e , n o rep h e
d rin e , and  e ph ed rin e  are certain . These as
signm ents are con firm ed  by en ric h in g  the m ix 
ture w ith  a kn o w n  enantiom er. Because no pure  
enantiom er of M D A  is available, the assignments 
of M D A  enantiom ers are based on the  assump
tions tha t this enan tiom eric  p a ir ex h ib it corre
la tio n  b etw een  absolute con fig ura tio n  and  e lu 
tion  order (23-26), and that the chrom atographic  
b eh av ior o f M D A  is s im ila r to tha t o f am p h et
am ine. Because structural d ifferences betw een  
M D A  and  am p hetam in e  do not d irec tly  in v o lv e  
the asym m etric carbon, it  is lik e ly  that the d ia- 
stereom eric derivatives  fo rm ed  w i l l  exh ib it 
s im ila r e lu tio n  characteristics. T h e  reversed  
elution  sequence observed for norephedrine and  
ephedrine enantiom ers is probably related to the 
second ch ira l centers in  these com pounds. 
N everthe less , the assignments o f M D A  enan 
tiom ers should s till be considered as ten tative.

Results presented here c learly  dem onstrate  
that m ixtures o f several com pounds re lated  to 
loo k -a like  drugs and  o th er com m o nly  abused 
am ine drugs and th e ir possible enantiom ers can 
be iden tified  w ith  the use of a chiral d erivatiz ing  
reagent and a cap illa ry  co lum n gas chrom ato
graph ic-m ass spectrom etric m ethod . D ru g  en 
antiom ers are w e ll resolved and acceptable fo r  
q u an tita tive  analysis w ith  the exception of 
ephedrine .
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Rapid Colorimetric Assay of Trimethoprim and Sulfamethoxazole in 
Pharmaceuticals
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C a lc u t ta  7 0 0  0 1 9 , In d ia

A method is described for the direct colorimetric 
determination of trimethoprim and sulfamethoxazole 
in pharmaceutical preparations, without prior sepa
ration. Estimation of trimethoprim is based on its 
ion-pair formation with bromophenol blue and 
subsequent measurement of absorbance of the ion- 
pair at 418 nm. Estimation of sulfamethoxazole is 
possible without removal of trimethoprim by solvent 
extraction.

In  v ie w  o f the extensive app lication  o f co-tri- 
m oxazole fo rm u lation s  (com bination  o f t r i 
m e th o p rim , an am ino  p y r im id in e  an tibacteria l, 
w ith  su lfam ethoxazo le), rap id  analysis o f t r i
m e th o p rim  and sulfam ethoxazo le has become 
necessary. M ost o ffic ia l analyses (1, 2) in v o lv e  
an extraction procedure for separating the drugs. 
In  the  B ritish  P h a rm a c o p o e ia  m ethod  o f analysis
(2 ), p rio r separation o f sulfam ethoxazo le has 
been avo ided  by specifying  am perom etric  t itra 
tion  of this com pound. H o w ever, s im plicity and  
ra p id ity  was im proved  o n ly  m arg in a lly  because 
the  extraction steps could not be to ta lly  avoided. 
A  liq u id  chrom atograph ic m ethod  has been de
ve lo p ed  fo r such analysis (3), b u t facilities for 
carry in g  out this technique are lim ite d  fo r ro u 
tin e  assay, p artic u la rly  in  d eve lo p ing  countries. 
A  d irect spectrophotom etric m ethod (4) does not 
avo id  in te rfe ren ce  by the ligh t-abso rb ing  im 
p u rities  tha t are due to preservatives (m e th y l 
p-hydroxybenzoate, p ro p y l p-hydroxybenzoate, 
etc.) that are g en era lly  used in  pharm aceutical 
preparations.

In  the present com m u nication , w e  rep ort a 
n e w  co lo rim etric  reaction fo r the  assay of t r i 
m eth o p rim  w h ic h  enabled us to avoid  any o f the  
extraction  steps o f the  present o ffic ia l m ethods. 
W eber et al. reported the form ation  of an ion -pair 
w h e n  trim e th o p rim  is treated  w ith  an acid dye  
(5). W e  stud ied  the fo rm atio n  o f such an ion- 
p a ir  o f tr im e th o p rim  w ith  b ro m o ph en ol b lue. 
C h lo ro fo rm  could be used successfully fo r the  
selective iso lation  o f the  reaction product from  
the  reaction  m ix tu re  fo r absorbance m easure
m ent. I t  has also been show n that the co lo ri
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Banerjee, Dept of Biochemistry, University College of Science, 
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m etric m ethod of the B ritish  P h a rm a co p o eia  (1) can 
be used fo r estim ation  o f sulfam ethoxazo le d i
rec tly  in  the presence o f trim e th o p rim .

Experimental

Reagents and Apparatus

C itra te-phosphate  b u ffe r o f p H  3.2 was p re 
pared by m ixing  377 m L 0 .1M  citric acid w ith  123 
m L  0 .2 M  d isodium  hyd ro gen  phosphate. So
lu tio n  o f b rom ophenol b lue  (0.4% , B ritish  D ru g  
Houses, U K ) was prepared  in  c itrate-phosphate  
b u ffe r p H  3.2 and stored a fte r f ilte r in g . This  
b u ffe red  reagent solu tion  is stable m ore than  1 
w eek. Sodium  n itr ite  so lu tion  (0.1% ), 4 N  HC1, 
so lu tio n  o f A M -(n a p h th y l)-e th y le n e d ia m in e  
dihydrochloride (0.1%, Koch-Light Laboratories 
L td , U K ), and  so lu tion  o f am m o n iu m  sulfam ate  
(0.5% ) w ere  prepared. Pure samples o f tr im e th 
o p rim  (T ) and sulfam ethoxazo le (S) w ere  ob
ta in ed  fro m  Burroughs W ellcom e and Co., L o n 
don, U K . Septran tablets (Burroughs W ellcom e  
and Co., In d ia ) and Bactrim pediatric  suspension  
(Roche Products Ltd , Ind ia ) w ere purchased from  
local m arkets. A ll  reagents w ere  analy tica l 
grade.

Absorbance measurements w ere  carried out by 
using  a Bausch and Lom b Spectronic-20 spec
trophotom eter.

Preparation of Standard

A p p ro x im a te ly  20 m g each o f (T ) and  (S) was 
accurately w eighed, dissolved in  2 m L m ethanol, 
and  d ilu te d  to 100 m L  w ith  w ater. This  served  
as the stock standard. D ilu tions w ith  w ater from  
the stock standard w ere  m ade separately fo r (T ) 
and  (S) at concentrations o f 40 and  3 p g / m L ,  re 
spective ly , to prepare w o rk in g  standards.

Preparation of Samples

T a b lets .— T w en ty  tablets w ere ground to a fine  
p ow der and an accurately w eighed  portion  of the  
p o w d e r e q u iva len t to ca 8 m g (T ) and  40 m g (S) 
was added to 150 m L  w a te r in  a 200 m L  v o lu 
m etric  flask; the  m ix tu re  was w arm ed  15 m in  in  
a steam bath  w ith  in te rm itte n t s w irlin g  to dis
solve the ingred ients . The solu tion  was then  
cooled, 0.8 m L m ethan o l was added, and the so
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lu t io n  was d ilu te d  to vo lu m e  w ith  w ater. This  
so lu tion  served as the fin a l sam ple d ilu tio n  fo r  
(T ). For (S), f in a l d ilu tio n  was obtained  by d i
lu t in g  1.5 m L  o f the above so lu tion  to 100 m L  
w ith  w ater.

L iq u id  p r e p a r a t io n s .— A n  accurately m easured  
vo lu m e  o f the sam ple eq u iva len t to about 8  m g  
(T ) and  40 m g (S) was treated as described fo r  
tablets.

Determination

A s s a y  o f  (T ) .—  To 2.5 m L  standard and sam ple  
d ilu tio n s  in  50 m L  glass-stopper cylinders, 1.5 
m L  w a te r and  2 m L  b ro m o ph en o l b lue  reagent 
w e re  added fo llo w e d  by 20.0 m L  chlo ro fo rm . 
T h e  ion  p a ir fo rm ed  instantaneously in  the  
aqueous phase, and was extracted in  the organic  
phase b y  gentle shaking of the m ixture for 1 m in . 
T h e  m ix tu re  was then  a llo w e d  to stand fo r com
p le te  separation. T he aqueous top layer was 
discarded and the chloroform  layer was carefully  
transferred  to the  spectrophotom etric cell by  
using a p ip e t attached to suitable suction device  
such as a G riff in  p ipet f ille r . Absorbance of the  
chloroform  layer was measured at 418 n m  against 
a reagent b la n k  prepared  as described above ex
cept tha t 2.5 m L  w a te r was taken  instead of 
standard  and  sam ple d ilu tio ns .

A s s a y  o f  (S ).— F in a l standard and  sam ple  
d ilu tio n s  (5 m L ) w ere  ac id ified  w ith  1.5 m L  4 N  
HC1, 0.5 m L  sodium  n itr ite  so lu tion  was added, 
an d  the so lu tion  was m ixed  w e ll. A m m o n iu m  
sulfam ate so lu tion  (0.5 m L ) was added to this  
m ix tu re  a fte r 3 m in  and the  solu tion  was m ixed  
tho ro ug h ly . A fte r  2 m in , 0.5 m L  N - l- (n a p h -  
th y l)-e th y len ed iam in e  d ih yd ro ch lo rid e  reagent 
was added, and the solution was m ixed w e ll and  
a llo w e d  to stand fo r 10  m in  fo r d eve lo p m en t o f 
color. The absorbance o f this solution was then  
m easured at 545 n m  against a reagent b lan k  
prepared  as described above except tha t 5 m L  
w a ter was taken  instead o f standard  and  sam ple  
dilu tions.

R esults and  D iscussion

The absorbance m axim um  of the brom ophenol 
b lu e -tr im e th o p rim  io n -p a ir  extracted by ch lo 
ro fo rm  was 418 n m . A t  th is w a v e le n g th , con
centration  vs absorption  plots fo r the io n -p a ir  
con ta in ing  trim e th o p rim  u p  to 80 ju g /10 m L  
ch lo ro fo rm  fo llo w e d  Beer's Law . F orm ation  of 
the  io n -p a ir  was most favorab le  w h e n  p H  o f the  
aqueous phase was 3.2 (F ig ure  1). T h e  color 
deve loped  was stable at least 24 h.

Tab le  1 shows the average recovery o f the  in 
d iv id u a l com ponents in  the b in a ry  m ix tu re

Figure 1. Absorbance (at 418 nm) of the trimetho- 
prim-bromophenol blue ion-pair formed at different 
pH values (reaction procedure is described in the 

text).

co n ta in ing  (T ) and (S). T rim e th o p rim  and  sul
fam ethoxazo le contents in  the tab le t and oral 
suspension estim ated by  the proposed m ethod  
(Tab le  2) agree w e ll w ith  the  declared  am ounts  
o f these com pounds, and are com parable w ith  
results obtained by using extraction-spectro- 
p ho tom etric  d e te rm in a tio n  (1). C om plete  re 
covery ( 1 0 0 %) o f sulfam ethoxazo le fro m  the  b i
nary  m ix tu re  also indicates that the  presence of 
tr im e th o p rim  does n o t in te rfe re  w ith  the  d iazo- 
tiza tio n  and subsequent dye cou p lin g  reaction  
for sulfamethoxazole. In  most cases, the present 
assay m ethod  gave m a rg in a lly  h ig h e r values  
than  d id  the  con vention a l extraction  m ethod  
(Tab le  2). This  d iffe rence  m ig h t be due to the  
loss o f m aterials d u rin g  extraction. I t  was fu r 
th e r observed that the most com m on preserva
tives, such as m e th y l, e th y l, or p ro p y l p -h y -  
droxybenzoate, w h ich  are usually present in  oral 
preparations, do not in terfe re  in  the analysis for 
e ith er trim eth o p rim  or sulfam ethoxazole by the  
present m ethod. Thus the  procedure is also su
p erio r to the d irect spectrophotom etric  m ethod
(4) w h ic h  cannot avo id  the in terfe ren ce  o f such 
U V -abso rb ing  com pounds.

A c k n o w le d g m e n t
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Table 1. Recovery of trimethoprim and sulfamethoxazole from their binary mixtures

Mixture

Trimethoprim,
Mg/mL

Sulfamethoxazole,
Ag/mL

Present Reed Present Reed

1 40 40.4 40 40.0
2 30 29.9 50 50.3
3 20 19.9 60 59.8
4 14 14.1 70 70.2
Av„ % ±  SD 100.2 ±  0.7 100.1 ± 0.4

Table 2. Estimation of trimethoprim and sulfamethoxazole in commercial co-trimoxazole preparations by 2 methods

Present method3 B.P. method b

Product Compound

Found, mg/tab. 
or 5 mL 

suspension

Found, 
% label 
claim

Found,
mg/tab. or 5 mL 

suspension

Found, 
% label
claim

Septran tablet0 trimethoprim 78.9 ±0 .9 98.6 ± 1.2 78.7 ± 1.3 98.4 ± 1.7

Bactrim
sulfamethoxazole 399.8 ±2 .2 100.0 ±0 .5 396.2 ± 3.2 99.0 ±0 .8

pediatric trimethoprim 39.3 ±0 .6 98.2 ± 1.5 39.6 ±0 .5 99.1 ±  1.4
suspension0 sulfamethoxazole 199.8 ±2 .5 99.9 ±  1.2 198.0 ±2.1 99.0 ± 1.0

a Results are mean of 10 Independent determinations ± SD. 
b Results are mean of 5 independent determinations ± SD.
0 Label claim = 80 mg trimethoprim and 400 mg sulfamethoxazole/tablet. 
d  Label claim = 40 mg trimethoprim and 200 mg sulfamethoxazole/5 mL.

to A . B. Banerjee, Reader, D ep a rtm e n t o f Bio
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First-Derivative Spectroscopic Determination of Acetaminophen and 
Sodium Salicylate in Tablets

DAVID Y. TOBIAS
F o o d  a n d  D ru g  A d m in is tr a t io n , 8 5 0  T h ird  A v e ,  B r o o k ly n , N Y  1 1 2 3 2

A first-derivative spectroscopic method for the si
multaneous determination of acetaminophen and 
sodium salicylate in tablets was developed. Solutions 
of this drug combination in acidic ethanol were an
alyzed using their respective spectral responses at
258.5 and 317.0 nm. The method, which can be used 
for tablet composite assay and content uniformity 
analysis, is linear for acetaminophen concentrations 
ranging from 0.0 to 21.6 /tg/m L, and for sodium sali
cylate concentrations ranging from 0.0 to 36.0 jig/mL. 
Relative standard deviations for the assay of both 
drugs in commercial tablets were <2%, and recoveries 
of acetaminophen and sodium salicylate from spiked 
samples were 99.7 and 100.1%, respectively. The re
sults obtained by first-derivative spectroscopy were 
in agreement with the results of a liquid chromato
graphic procedure for acetaminophen and a fluoro- 
metric method for sodium salicylate. The technique 
used for the selection of wavelengths for analysis is 
also described.

T he  use o f a m ix tu re  of acetam inophen  and  so
d ium  salicylate as an analgesic is w e ll established 
in  hum ans. In  the U n ite d  States, tablets o f this  
m ixtu re  are sold o ver-the -cou nter to be used to 
treat rh eum ato id  a rth ritis , osteoarthritis , f i-  
brositis, bursitis, and re lated  conditions (1). 
W h ile  com pendial m ethods are availab le for the  
separate q u an tita tion  o f acetam inophen  and so
d iu m  salicylate in  various form s (2 ,3 ), no offic ia l 
m ethod  could be fo u n d  fo r th e ir  d ete rm in a tion  
in  com bination .

For this reason, a s im ple, qu ick, and  re liab le  
m ethod  fo r the assay and  content u n ifo rm ity  
testing of this drug com bination  in  dosage form s  
is needed. P ublished  data on the spectroscopic 
characteristics o f these 2 substances (4) ind icate  
that th e ir  corresponding u ltra v io le t (U V ) ab
sorption m axim a d iffe r by approxim ately  50 n m , 
a d iffe rence  w h ic h  is b oth  p H -  and so lvent- 
dependent. A lth o u g h  the  in d iv id u a l U V  ab
sorption  spectra o f these 2 com pounds overlap  
in  the reg ion  o f 210 -3 2 0  n m  (F igure  1), the  
afo rem ention ed  spectral characteristics sug
gested that d erivative  spectroscopy (5 -7 )  could  
be used to sim ultaneously determ ine both  drugs 
w ith o u t p rio r separation fro m  each other.

This paper was presented in part at the 95th Annual Meeting 
of the AOAC, Oct. 19-22, 1981, at Washington, DC.

Received August 1,1982. Accepted May 26,1983.

D e riv a tiv e  U V  absorption spectroscopy has 
been used to quantitate  several com pounds of 
bio log ical in terest by reducing  m any o f the  
spectral in terferences encountered in  conven 
t io n a l s p ec tro ph otom etric  m ethods  (8 -1 2 ).  
Pharm aceutical applications o f d e riv a tiv e  spec
troscopy are fe w  (6) and, fo r the  most part, have  
been lim ite d  to enhancing  the  spectral features  
of a drug  to facilitate its iden tifica tio n  (1 3 ,1 4 ) or 
q uantitation  (15). Several papers (6 ,1 6 -1 8 )  have  
rep orted  the successful app lication  o f this tech
n ique to the determ ination  of s ingle-com ponent 
pharm aceutical dosage form s con ta in ing  excip
ients that in terfere w ith  the ir spectrophotometric 
analysis. O n ly  a few  reports (6 ,1 9 ,2 0 ) have dealt 
w ith  the app lication  o f d erivative  spectroscopy 
to the sim ultaneous determ ination  o f m ore than  
one active in g re d ie n t in  m u ltico m p on ent p h a r
m aceutical dosage forms.

This  paper presents a f irs t-d eriva tive  spectro
scopic m ethod , based on the  "zero-crossing  
tech n iq ue" (5 ,1 2 ), w h ic h  is capable o f s im u lta 
neously d e te rm in in g  acetam inophen  and  sodi
u m  salicylate in  tablets.

E xp erim e n ta l

A p p a ra tu s  a n d  R e a g e n ts

(a) S p e c t ro p h o t o m e t e r .— Cary 219 U V /V is  w ith  
d eriv a tiv e  capab ility  (V a ria n  In s tru m e n t D iv .,  
Palo A lto , C A  94303), or equ iva len t. O pera tin g  
parameters: function  dA; d A  range 10 abs /m in ; 
scan rate 2 n m /s ; chart d isp lay 5 n m /c m ; scan
n in g  range 360-240  nm ; cell path 10 m m ; period
1.0 s; lam p  source U V . W ith  these param eters,
1.0 a b s /m in  =  5% fu ll-scale d eflec tio n  of re 
corder.

(b) 4 N  E th a n o lìc  H C l .— To ca 100 m L USP grade 
ethano l in  200 m L  vo lu m etric  flask, add 6.8 m L  
H C l. D ilu te  to vo lu m e  w ith  e thano l and  m ix.

(c) A c e t a m in o p h e n  s t a n d a r d .— C hem ically  pure  
laboratory  w o rk in g  standard m eeting  com pen
d ia l requirem ents  (3) and  d ried  fo r 18 h  over 
silica gel before use.

(d ) S o d iu m  s a lic y la t e  s t a n d a r d .— C h e m ic a lly  
pure  laboratory w o rk in g  standard m eeting  
com pendial requirem ents (3) and d ried  for 4 h  at 
105°C  before use.
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Figure 1. UV absorption spectra of acetaminophen 
standard solution (18 pg/m L), sodium salicylate 
standard solution (30 p g /m l), and sample solution 
(with nominal concentration of 18 pg acetamino- 
phen/mL and 30 pg sodium salicylate/mL). Refer

ence: solvent blank.

S e le c t io n  o f  W a v e le n g th s

P re p a ra t io n  o f  c a lib ra tio n  s o lu tio n s . — Prepare at 
least 3 solutions of each d rug  by w e ig h in g  
quantities o f each standard in to  separate 100 m L  
vo lu m etric  flasks. W eigh ts  o f each standard  
should  be chosen so that concentration  range of 
these solutions spans expected concentration  
range of sample preparation  (i.e., 1.8, 3.0, and 4.2 
m g sodium  salicylate represent 60 ,100 , and 140% 
of declared am o un t o f d rug  in  sam ple prepara
tion  o f tablets labeled  to contain  300 m g sodium  
salicylate, and d ilu ted  by a factor o f 10 000). To 
each flask add ca 40 m L  e thano l and dissolve 
d ru g  w ith  sonication. A d d  4.5 m L w a te r and  5 
m L 4 N  ethanolic  HC1, m ix , and d ilu te  to vo lum e  
w ith  e thano l. Prepare solvent b lan k  in  same 
m an n er or use 0.0 p g /m L  m ixed  standard solu
tion . Since these solutions w i l l  be used o n ly  to 
d ete rm in e  isoabsorptive points, standards need  
n ot be w e ig h ed  accurately.

S p e c t r o p h o t o m e t r y . — Superim pose firs t-d e r iv 
ative absorption spectra of various concentrations 
of acetam inophen  and sodium  salicylate cali
b ra tio n  solutions and o f solvent b lan k  on same 
chart paper (F igure 2). Exam ine spectral curves 
and locate w a v e le n g th  (ca 258.5 n m ) at w h ic h  
sodium  salicylate curves show  an isoabsorptive  
p o in t, th a t is, w h e re  dAbsorbance (change in  
absorbance accom panying increm enta l change

8.0 -

a 4.o -

a  o.o -

-4.0 J

n \ SODIUM SALICYLATE
I \ ACETAMINOPHEN

w
a  v
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h /-d' \  \ 
11 /  * \  « 
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v  /  * 100

261.0 317.0
WAVELENGTH ( n m )

Figure 2. Graphical determination of suitable ana
lytical wavelengths for simultaneous quantitation of 
acetaminophen and sodium salicylate mixtures. 
Sodium salicylate calibration solutions: (a) 18.0
pg/m L, (b) 30.0 pg/m L, and (c) 42.0 pg/m L. Acet
aminophen calibration solutions: (d) 10.8 pg/ mL, (e)

18.0 pg/m L, and (f) 21.6 pg/mL.

in  w a v e le n g th ) =  0. Th is  w ave len g th , labeled  
" X i" ,  is near dA bsorp tion  m ax im um  o f acetam i
n o p hen  (ca 261.0 n m ) and  can there fore  be used 
fo r its q uan tita tion  because sodium  salicylate  
does not interfere. Exam ine spectral curves once 
m ore and locate d A bsorp tion  m ax im u m  fo r so
d iu m  salicylate (ca 317.0 n m ) and  label this  
w a v e le n g th  "X 2." Sodium  salicylate can be ac
curately  m easured at th is w a v e le n g th  because 
acetam inophen  does not in terfe re ; tha t is, its 
dAbsorbance =  0 at th is w ave len g th .

P re p a ra tio n  o f  S ta n d a rd s

M i x e d  s t a n d a r d  s to c k  s o lu t io n .— A ccura te ly  
w eig h  suitable quantities o f acetam inophen and  
sodium  salicylate standards in to  vo lum etric  flask. 
D issolve and d ilu te  to vo lu m e w ith  e th ano l to 
obta in  solu tion  con ta in ing  ca 360 pg  acetam i
n o p h e n /m L  and 600 pg sodium  sa licy la te /m L .

M ix e d  s ta n d a rd  w o rk in g  solu tio ns. — In to  separate
100 m L vo lu m etric  flasks con ta in ing  4.5 m L  
w ater, p ip e t 0.0, 4.0, 5.0, and 6.0 m L  aliquots of 
m ixed  standard stock solu tion  to g ive  concen
trations o f 0.0, 14.4, 18.0, and 21.6 pg  acetam i- 
n o p h e n /m L  and  0.0, 24.0, 30.0, and  36.0 pg so
d iu m  sa licy la te /m L, respectively. To each flask 
add ca 40 m L  ethano l, fo llo w e d  by 5 m L  4 N  
ethano lic  HC1. D ilu te  to vo lu m e  w ith  e thano l 
and m ix.

P re p a ra tio n  o f  S a m p le s

C o m p o s ite  a s s a y .— W eig h  and  f in e ly  p o w d er
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Figure 3. Measurement of "blank corrected" dAb- 
sorbance for acetaminophen and sodium salicylate 
in sample and standard solutions. Mixed standard 
concentrations: (a) 24.0 fig sodium salicylate/mL and
14.4 fig  acetaminophen /mL; (b) 30.0 fig  sodium sali- 
cylate/mL and 18.0 fig acetaminophen/mL; (c) 36.0 fig 
sodium salicylate/m L and 21.6 fig acetaminophen/ 
mL. (In this diagram, the sample solution overlaps 

mixed standard curve "b ".)

> 2 0  tablets. Calculate average tab let w e ig h t. 
A ccurately  w e ig h  p o rtio n  o f pow dered  sam ple, 
equ iva len t to ca 1 average tab let w e ig h t, and  
place in  500 m L vo lu m etric  flask. A d d  50 m L  
ethanol and stir 15 m in  at ca 60°C . C arefu lly  add
50 m L  b o ilin g  w ater, and  con tinue s tirrin g  and  
h eating  for add itio n a l 15 m in . L et cool to room  
tem peratu re  and d ilu te  to vo lu m e  w ith  w ater. 
F ilte r solution throu gh  fast paper (W hatm an  N o . 
2), d iscard ing firs t 25 m L  filtra te . T ransfer 5.0 
m L clear filtra te  to 100 m L  vo lu m etric  flask  
contain ing  ca 40 m L ethano l. A d d  5 m L 4 N  
ethano lic  HC1, d ilu te  to vo lu m e  w ith  e thano l, 
and  m ix.

In d iv id u a l tablet a ssa y .— Select suitable n um ber 
of tablets fo r analysis (3). F ragm ent each tab let 
and q u an tita tive ly  transfer to separate 500 m L  
vo lu m etric  flasks. Proceed according to d irec
tions g iven  fo r C o m p o s ite  A s s a y ,  starting  w ith  
"A d d  50 m L  e th a n o l. . .  " .

R e c o v e r y  s t u d y .— A ccurate ly  w e ig h  p o rtio n  of 
pow dered composite sample equivalent to ca 60% 
average tab let w e ig h t and  transfer to 500 m L  
vo lu m etric  flask. A d d  accurately w e ig h ed  
amounts of acetam inophen and sodium  salicylate 
standards, equivalent to ca 40% declared amounts 
of these drugs per tablet. T reat this m ix tu re  in  
same m an n er described fo r C o m p o s ite  A s s a y ,  

starting  w ith  "A d d  50 m L e th ano l

Determination

U sing  iden tica l ins tru m en ta l settings, scan 
f irs t-d eriva tive  absorption spectra o f sam ple so
lu tio n  and m ixed  standard w o rk in g  solutions vs 
solvent b lank. To quantitate  acetam inophen , 
prepare linear regression p lo t o f acetam inophen  
standard concentrations vs th e ir corrected d A b- 
sorbances at A; (F igure  3). Calculate am o un t o f  
acetam inophen  per average tab le t w e ig h t fro m  
acetam inophen  regression p lo t. To quantitate  
sodium  salicylate, prepare linear regression p lo t 
of sodium  salicylate standard concentrations vs 
th e ir  corrected dAbsorbances at \ 2 (F ig ure  3). 
Calculate am ount o f sodium  salicylate per aver
age tab let w e ig h t fro m  sodium  salicylate re 
gression p lot.

Results and Discussion
T he  firs t-d eriva tive  spectroscopic m ethod  

described here perm its  the rap id , precise, and  
accurate sim ultaneous d ete rm ina tion  o f acet
am inophen  and sodium  salicylate in  com m ercial 
tablets. A  solvent system that w o u ld  place a 
dA bsorp tion  m axim um  o f one com ponent at or 
very  near the zero-crossing w avelength(s) o f the  
o th er com ponent(s) was needed. E xp erim en 
tation  w ith  a va rie ty  o f solvent systems showed  
that d ilu te  solutions o f m in era l acids in  e ith e r  
ethano l or m ethan o l gave the o p tim u m  solvent 
conditions fo r the sim ultaneous d ete rm ina tion  
of the 2 drugs in  pharm aceutical com binations.

D u rin g  the p reparation  o f the  samples fo r  
analysis, aliquots o f sam ple and standard stock 
solutions w ere  d ilu te d  w ith  e thano l before the  
ad d itio n  o f e thano lic  HC1. In  this m an ner, the  
possib ility  o f hydro lysis  o f the acetam inophen  
by the d irect add itio n  o f strong acids was p re 
cluded. D ilu te  solutions o f acetam inophen  in  
0 .2N  ethanolic HC1 degraded upon standing for 
> 2 4  h , as show n b y  the progressive appearance  
of distortions in  its first-derivative U V  spectrum. 
D ilu te  solutions o f sodium  salicylate in  the same 
m ed iu m , h ow ever, w ere  stable fo r at least 1 
w eek.

Least-squares regression analysis o f dA bsor- 
bance vs concentration  fo r both  acetam inophen  
(Tab le  1) and  sodium  salicylate (Tab le 2) gave  
linear plots over the concentration range 0-120%  
o f the declared am ount o f each d ru g  in  com 
m erc ia l tablets. M oreo ver, these plots passed 
th ro u g h  the o rig in , ind ica tin g  the  absence of 
in te rfe rin g  absorbing species.

The precision o f the proposed m etho d  was 
evaluated  b y  assaying the acetam inophen  and  
sod ium  sa licy la te  co n ten t o f 4 accurate ly
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Table 1. Correlation between acetaminophen 
concentration and dAbsorbance measured at 258.5 nm 

(concentration factor = 1 .0 0 0 )

Nominal
concn,
Mg/mL

dAbs
found3

dAbs calcd by 
least-squares

Deviation,
%

0.0 0.0 -0.03 __
14.4 32.7 32.70 0.0
18.0 40.7 40.88 0.4
21.6 49.2 49.06 0.3

Correlation coefficient = 0.99998

3 Measured as percent of full scale and corrected for ab-
sorption of blank (see Figure 3).

Table 2. Correlation between sodium salicylate 
concentration and dAbsorbance measured at 317.0 nm 

(concentration factor = 1 .0 0 0 )

Nominal
concn, dAbs dAbs calcd by Deviation,
Mg/mL found3 least-squares %

0.0 0.0 -0.03 __
24.0 19.4 19.50 0.5
30.0 24.4 24.38 0.1
36.0 29.3 29.26 0.1

Correlation coefficient = 0.99999

a Measured as percent of full scale and corrected for ab
sorption of blank (see Figure 3).

w e igh ed  portions of pow dered  tab let composite 
sam ple, each equ iva len t to app ro x im ate ly  1 av
erage tablet w eigh t. The results of this study are 
presented in  Table 3. T he  re la tive  standard de
v ia tions fo r both  drugs w e re  <2% . Recoveries  
by the proposed m ethod  o f k n o w n  am ounts of 
acetam inophen  (73.0 m g) and sodium  salicylate  
(120.5 m g) added to a pow dered tablet composite 
sam ple w ere  99.7 and  100.1%, respectively.

Ten  com m ercial tablets labeled to contain  180 
m g acetam inophen and 300 m g sodium  salicy
la te /ta b le t w ere  ana lyzed  by the  proposed  
m ethod. The average content o f acetam inophen  
and  sodium  salicylate in  these tablets was 175.7 
and  286.8 m g, respectively (Table 4). These  
values agree w ith  the average assay results fo r  
the  pow dered  tab let com posite sam ple.

The accuracy o f this firs t-d eriv a tiv e  spectro
scopic m ethod  was also tested by  com paring  its 
results w ith  those obtained by 2 o ther analytical 
procedures (Table 5). Results fo r sodium  sali
cylate w ere  in  agreem ent w ith  those obtained  
using a m od ifica tio n  o f the  fluo ro m etric  proce
dure  o f Weissbach et al. (21). T he  values fo r  
acetam inophen  w ere  in  accord w ith  those ob
ta in ed  using the liq u id  chrom atograph ic (LC ) 
m ethod  described by D . J. K rieg er (Food and

Table 3. Assay results for tablet composite sample

Detn
no.

Acetaminophen, 180 mg/tab. Sodium salicylate, 300 mg /tab.

Found per 
av. tablet, 

mg
Found,

% of decld

Found per 
av. tablet, 

mg
Found,

% of decld

i 179.2 99.6 297.7 99.2
2 172.4 95.8 289.6 96.5
3 174.8 97.1 291.4 97.1
4 172.3 95.7 285.7 95.2
Av. 174.7 97.0 291.1 97.0
Rei. std dev., % 1.8 1.7

Table 4. Assay results for individual tablets

Acetaminophen, 180 mg/tab. Sodium salicylate, 300 mg/tab.

Found per Found, Found per Found,
Tablet no. tab., mg % of decld tab., mg % of decld

1 169.8 94.3 281.0 93.7
2 180.5 100.3 290.7 96.9
3 172.0 95.6 285.8 95.3
4 177.1 98.4 293.2 97.7
5 171.5 95.3 281.0 93.7
6 179.2 99.6 287.1 95.7
7 175.0 97.2 285.8 95.3
8 172.4 95.8 282.2 94.1
9 183.5 101.9 295.6 98.5

10 175.8 97.7 285.8 95.3
Av. 175.7 97.6 286.8 95.6
Rei. std dev., % 2.5 1.7
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Table 5. Comparison of assay results for acetaminophen and sodium salicylate in tablets by 3 methods

Method
No. of
assays

Acetaminophen, 180 m g /tab . Sodium salicylate, 300 m g /tab .

Av. found, 
m g/av . tab.

Av. found, 
% of decld

Av. found, 
m g/av . tab.

Av. found, 
% of decld

Derivative
spectroscopy 4 174.7 97.0 291.1 97.0

LC 2 180.0 100.0 — —

Fluorescence 2 — — 294.0 98.0

D ru g  A d m in is tra tio n , 1982, p riva te  com m u n i
cation).

By using a m o d ified  version o f the test de
scribed by D o y le  and Fazzari (22), the proposed  
m ethod  was show n to be free  o f in terference  
fro m  o th er tab let com ponents. T h e  firs t-d e r iv 
a tive  U V  absorption spectrum  o f the sam ple so
lu tio n  intersected the baseline (dAbsorbance =  
0) at a ll points predicted  b y  the m ixed  standard  
w o rk in g  solutions (F igure  3). I f  the sam ple so
lu tio n  had n o t dem onstrated this p ro p erty , this  
w o u ld  have ind icated  that sam ple and standard  
solutions d iffe re d  in  some respect o th er than  
concentration  (w h ic h  does not affect these 
points). In  th is event a p re lim in a ry  separation  
of the drug(s) fro m  excipients, or fro m  each 
other, w o u ld  have been req u ired  before U V  
spectroscopic d ete rm in a tio n  (22).

The a b ility  of d erivative  spectroscopy to se
lec tive ly  enhance the sharper spectral features  
of a chrom ophore (7) has been used advanta
geously in  pharm aceutical analysis to assay drugs 
w ith  p o o rly  d efin ed  absorption m axim a (15) or 
w h e n  excipients or o th er active ingred ients  in  
the dosage form  in te rfe re d  w ith  con ventional 
spectrophotom etric d eterm inations (6, 16-18). 
This  paper dem onstrates the p o ten tia l o f d e r iv 
ative spectroscopy as an analytical technique and  
its usefulness to ra p id ly  and  sim ultaneously  
quantitate active ingredients in  m ulticom ponent 
pharm aceuticals.
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Spectrophotometric Determination of Hydralazine Hydrochloride 
Tablets Using Ninhydrin

MANESH C. DUTT, TJU-LIK NG, and LIAN-TUN LONG
D e p a r tm e n t  o f  S c ien tif ic  S e rv ic e s , O u tra m  R d , S in g a p o r e  0 3 1 6 , R ep u b lic  o f  S in g a p o r e

A method is described for the assay of hydralazine 
HC1 in tablets, based on the colored product formed 
by the reaction between hydralazine and ninhydrin. 
The reaction is conducted at room temperature in a 
pH 3 buffer solution and the colored product is 
measured spectrophotometrically at the absorption 
maximum at 442 nm. Under the stipulated condi
tions, this reaction is highly specific for hydralazine 
and is not affected by other drugs which may be used 
in combination with hydralazine. Results of in
frared and mass spectrometric studies suggested that 
the colored product is a hydrazone. Ultraviolet 
spectrophotometry also showed that dilute solutions 
of hydralazine degrade rapidly in the presence of 
alcohols.

H y d ra la z in e  is an antihypertensive  d ru g . I t  can 
be assayed b y  iodate titra tio n  (1) or by spectro
photom etric  m ethods (2, 3). The determ ination  
o f h y d ra la z in e  in  body flu id s  (2) and in  re lated  
drugs (4), based on the color d eve lo pm en t w ith  
n in h y d r in  at 7 0 °C  and 80 °C , has been reported . 
H o w e v e r , at these e levated  tem peratures, a 
n u m b e r o f drugs such as n ap h azo line , p h e n y l
p ro p an o lam in e , erg otam in e, erg om etrine , n i
trazepam , flu razep am , and  d iazepam  also react 
w ith  n in h y d rin  to g ive colored complexes, so the 
m etho d  lacks specificity.

Th is  paper describes a rap id  and accurate 
spectrophotom etric  d e te rm in a tio n  o f h yd ra la 
z in e  h yd ro ch lo rid e  at room  tem peratu re  and  
presents mass spectrometric and infrared  data on  
the colored com plex form ed in  the reaction w ith  
n in h y d rin .

M E T H O D

A p p a ra t u s  a n d  R e a g e n t s

(a) U ltra v io let-v isib le  s p e ctro p h o to m e te r .— Perkin  
E lm er C o lem an  570.

(b ) M a s s  s p e c t r o m e t e r .— H ew le tt-P ackard  H P  
5895B, w ith  d irect insertion  probe at 200°C .

(c) I n f r a r e d  s p e c t r o p h o t o m e t e r .— P erk in  E lm er 
399B.

(d ) N i n h y d r i n  s o lu t io n . — 10% n in h y d r in  
(M e rc k , D arm stadt, GFR) in  m ethan o l (A R  
grade). Store in  re frigerator.

(e) B u f f e r  s o lu t io n .— Dissolve 40.846 g potas-

Received January 24,1983. Accepted April 6,1983.

sium  h yd ro gen  p h tha la te  in  w a te r and  d ilu te  to 
1 L  to g ive  0 .2 M  solution. To 50 m L , add 20.32  
m L  0 .2M  HC1 and d ilu te  to 200 m L  w ith  w ater to 
g ive  a b u ffe r solu tion  o f p H  3.

( f )  H y d r a la z i n e  s t a n d a r d  s o lu t io n .— 0.002% h y 
d ra laz in e  HC1 (U SP R eference Standard ) in  p H  
3 b u ffe r so lu tion , fresh ly  prepared.

P r o c e d u r e

P o w d e r k n o w n  n um ber o f tablets and accu
ra te ly  w e ig h  q u an tity  o f p o w d er con ta in ing  ca 
0.15 g h yd ra la z in e  HC1. T ransfer to 100 m L  
standard  flask and  d ilu te  to m ark  w ith  b u ffe r  
so lu tion . Shake 15 m in , f ilte r , and  p ip e t 10 m L  
filtrate  in to  100 m L standard flask; d ilu te  to m ark  
w ith  b u ffe r solution. Pipet 4 m L  o f this solution  
in to  50 m L  standard flask, add 6 m L b u ffe r solu
tio n  and  2 m L  o f n in h y d r in  so lu tion , and  sw irl. 
C o n c u rre n tly , prepare reagent b lan k  o f 10 m L  
b u ffe r  and 2 m L n in h y d r in  so lu tion . Let solu
tions stand in  dark  at room  tem peratu re  (27 °C )  
fo r  1 h , then  d ilu te  to m ark  w ith  w ater, and  
m easure absorbance at 442 n m  against reagent 
b lan k . Establish concentration  by  reference to 
ca lib ration  g raph  p repared  by fo llo w in g  same 
procedure except om it f iltra tio n  step. A lso, add  
b u ffe r solution to reaction m ixture  in  an am ount 
so th a t total vo lu m e  o f reaction m ix tu re , before  
a d d itio n  o f 2 m L  n in h y d r in  so lu tion , is 10 m L.

R esults and  D iscussion  

N a t u r e  o f  C o m p le x

W h e n  an ethanolic solution o f n in h y d rin  was 
added to a strong aqueous so lu tion  o f h yd ra la 
z in e  HC1 at room  tem perature, a b righ t red stable 
com plex was fo rm ed  and  p rec ip ita ted  fro m  so
lu tio n . The e lectron im pact mass spectrum  of 
the  com plex showed m ajor fragm ents at m /z  302 
(m o lecu lar ion ), 2 7 3 ,2 4 5 ,1 5 8 ,1 4 5 ,1 3 0 ,1 1 7 ,1 0 3 , 
89, and  76. T he  in fra re d  spectrum  had strong  
and  sharp absorption bands at 16 7 0 ,1 5 8 0 ,1 48 0 , 
1430,1310 ,1330 ,1130, 980, and 740 c m -1. These 
data suggested that the  com plex is a s im ple  h y 
d razone  ad d itio n  reaction product as show n in  
F ig ure  1.

H o w e v e r, w h e n  the reaction was conducted  
w ith  lo w  concentrations o f hyd ra lazine  HC1 (up  
to 10 m L o f 0.004% aqueous so lu tion ) and 2 m L
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Figure 1. Reaction of ninhydrin with hydralazine.

10% n in h y d r in  solution  in  m ethan o l, the com 
p lex  rem ain ed  in  so lu tion  and exh ib ited  an ab
sorption  m ax im um  at 442 nm .

S t a b il ity  o f  H y d ra la z in e  H y d r o c h lo r id e

T h e  s tab ility  o f h yd ra laz in e  h yd ro ch lo rid e  in  
both  aqueous and organic solvents was studied  
th ro u g h  changes in  its u ltrav io le t spectrum . It  
was observed that at a strength  o f 0.001% in  50% 
(v /v )  m ethanol (i.e., d ilu te  m ethanol 1 +  1), there  
w ere  sign ificant changes w ith  tim e fo r the m ajor 
peak at 240 n m  and  the shoulder at 280 nm . 
A fte r  3 h of standing at room  tem perature, there  
was about 30% increase in  absorbance at 240 n jn  
but that at 280 n m  rem ained essentially the same. 
A fte r  6 h , the increase at 240 n m  was 50%, w h ile  
at 280 nm  there  was an increase o f about 70% to 
fo rm  a n ew  peak. A t the end of 24 h , the 240 nm  
peak was 3 tim es as h ig h  but the absorbance at 
280 n m  was b e lo w  its o rig in a l value. For a 1% 
solution of the com pound in  50% m ethanol, there  
w ere  no significant spectral changes on standing. 
H o w e v e r, once d ilu te d , the  same p attern  of 
changes occurred. These observations are sig
n ific a n t w h e n  testing the  u n ifo rm ity  o f content 
o f h y d ra la z in e  HC1 tablets by  the  U .S. Pharm a
copeia (U SP X X ) m etho d  (1) w h ic h  uses 50% 
( v /v )  m ethano l to dissolve the tablets. H ence, 
w eak  solutions o f h yd ra laz in e  in  50% m ethano l 
should  n ot be le ft  to stand fo r m ore th an  V2 h.

Solutions o f 0.001% w /v  o f h yd ra la z in e  HC1  
in  e th an o l and  o th er alcohols also show ed spec
tra l changes on standing. H o w ever, no spectral 
or absorbance changes w ere observed fo r 0.001%  
w /v  solutions in  w ater up to 48 h. In  p H  3 b uffer  
solu tion , h yd ra laz in e  HC1 was stable fo r about 
24 h.

E f fe c t  o f  p H  o n  C o lo r

There  was s ig n ifican t loss o f color w h e n  the  
reaction was conducted at p H  betw een  5.5 and
7.0. A t  p H  8 (borate b u ffe r), a lth o u g h  color in 
tensity  was the  h ighest, re p ro d u c ib ility  and  
lin e a r ity  w ere  n o t at an o p tim u m . A t  p H  3, a l
though absorbance values w ere about 30% low er, 
lin e a r ity  and  re p ro d u c ib ility  w ere  excellent. 
The color, a fter 1 h  d eve lo pm en t, show ed no  
change in  absorbance fo r up  to 4 h.

E f fe c t  o f  R e a g e n t  C o n c e n t ra t io n

T he  results in  F igure 2 show  tha t the absorb
ance increases w ith  increasing am ounts o f 10% 
n in h y d rin  reagent. H o w ever, at 2 m L, it reaches 
a plateau. H ence, 2 m L  o f n in h y d r in  so lu tion  
was used in  a ll determ inations.

S p e c i f i c i t y  o f  R e a c t io n

N in e ty -tw o  com m on drugs in c lu d in g  napha- 
zo lin e , p h en y lp ro p an o lam in e , ergotam ine, e r- 
g om etrine , n itrazep am , flu razep am , d iazepam , 
m edazepam , reserpine, g uan e th id in e , h y d ro 
chlorothiazide, chlorothiazide, m ethyldopa, and  
triam terene w ere  tested u nd er the conditions of 
the proposed m ethod  and, o th er than  m edazep 
am , none o f the com pounds exhib ited  any color. 
M edazepam  gives a ye llow  color w h e n  dissolved  
in  the b u ffe r solu tion  and there fore  can be dis
ting u ished  fro m  h yd ra laz ine . T he  reaction  is, 
therefore , h ig h ly  specific u n d er the  conditions  
o f the proposed m ethod . D iu re tics  and o th er  
an ti-hypertensives  lik e ly  to be fo u n d  in  com bi
nation  w ith  hydra lazine , such as ch loro th iazide , 
hydrochloroth iazide, triam terene, guanethid ine, 
m ethyldopa, and reserpine, do not in terfere even  
w h e n  present at a ra tio  o f 50:1 against h yd ra la 
z in e  hyd ro ch lo rid e .

mL 10% Ninhydrin

Figure 2. Effect of ninhydrin concentration on color 
development (absorbance at 442 nm) of 208 pg hy

dralazine HC1.
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Table 1. Determination of hydràlazine HCl in tablets

Brand/Source Content
Stated amt 
per tab., mg

Hydralazine HCI 
found, mg/tab.3

Proposed USP XX

Hyperex 50 hydralazine HCi 50 51.7 51.7
52.1 52.2

Hyperex 25 hydralazine HCI 25 25.5 24.8
25.7 25.1

Pharm. hydralazine HCI 10 9.9 9.7
Dept Singapore 9.9 9.8
SER-AP-ES reserpine 0.1

hydralazine HCI 25 23.7 23.6
23.8 23.8

hydrochlorothiazide 15
Apresoline 50 hydralazine HCI 50 49.8 49.1

49.2 49.7

a Each value represents one determination.

C a lib ra t io n  G ra p h  a n d  S e n s it iv it y

C alib ra tio n  graphs w ere  constructed in  the  
usual w ay  and  Beer's la w  was obeyed at 442 n m  
fo r 0 -2 8 0  pg o f h yd ra la z in e  HC1 in  50 m L  solu
tion. The correlation coefficient was 0.9997 and  
the ca lib ration  graph  can be represented by the  
equation  A  =  2.878x +  0.002, w h e re  A  is the  ab
sorbance at 442 n m  and  x is m g h y d ra la z in e  h y 
d ro ch lo ride  in  50 m L  solu tion . T h e  d ay-to -day  
varia tio n  o f the  ca lib ration  g raph  was less th an  
1.0%. C onsequently , the va lu e  fo r the  absorp
tiv ity  w ith  respect to h yd ra lazine  h yd roch lo ride  
was calculated to be 143.9 ±  1.4.

R e c o v e r y  S t u d ie s

The m ethod  was app lied  to the d eterm ination  
of h yd ra la z in e  in  b oth  h yd ra la z in e  tablets and  
com pound tablets contain ing  h yd ra lazine . The  
results w ere  com pared w ith  those obta ined  by  
the U SP X X  m ethods (1). As show n  in  Tab le  1, 
the results are in  good agreem ent. Statistical 
analysis based on Students' f-test fo r the 2 sets of 
data ind icated  that th ere  was no  s ig n ifican t d if 
ference betw een  the  m ethods.

C o m p a ris o n  w ith  O t h e r  M e t h o d s

T he  proposed m ethod  is s im p le  as there  is no  
need fo r solvent extraction or extensive shaking. 
W h ile  fo r some 10 m g h yd ra la z in e  tablets, the  
use o f the U SP X X  titra tio n  m ethod  can present 
d ifficu lty  in  the determ ination  o f the colored end  
p o in t in  ch lo ro fo rm , the  proposed m ethod  p er
fo rm ed  satisfactorily. F urth erm o re , the  p ro 
posed m ethod  can also be successfully app lied  to 
com pound tablets and o ther samples o f lo w  h y 
dra lazine  contents. A n  im p ortan t advantage of 
th is  assay over the  o ther n in h y d r in  spectropho- 
to m etric  assays (2, 4) is tha t no  tem perature  
contro l at e levated  tem peratu re  is requ ired .

R e f e r e n c e s

(1) U.S. Pharmacopeia (1980) 20th Rev., U.S. Pharma- 
copeial Convention, Rockville, MD, pp. 377, 
707-708

(2) Perry, H. M. (1953) Lab. Clin. Med. 41,566-573
(3) Stewart, J. T., & Chang, Y. C. (1979) J. Assoc. Off. 

Anal. Chem. 62,1107-1109
(4) Grabowicz, W., & Brulinska, J. (1973) Farm Pol. 29, 

805-807



1458 HUTCHINS & HAGLER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 6, 1983)

M YCO TO XINS

Rapid Liquid Chromatographic Determination of Aflatoxins in 
Heavily Contaminated Corn

JAMES E. HUTCHINS and WINSTON M. HAGLER, Jr1
N o r th  C a ro lin a  S ta te  U n iv ers ity , D e p a r tm en t  o f  P o u ltry  S c ie n c e , M y  c o to x in  L a b o ra to ry ,
R a le ig h , N C  2 7 6 5 0

A procedure is described for rapid, quantitative de
termination of aflatoxins Bi, B2, Gi, and G2 in heavily 
contaminated corn (>500 jig Bj/kg) from field, 
greenhouse, and growth chamber experiments 
employing artificial inoculation of corn with As
pergillus flavus. Whole kernel corn is ground to pass 
a 1 mm screen and mixed before extraction of a 
water-wetted (25 mL) 50 g subsample with 250 mL 
chloroform. The filtered extract is diluted 1:1 with 
hexane and applied to a hexane-wetted (10 mL) dis
posable silica cartridge. Interferences are removed 
with chloroform-hexane (1 +  3), and aflatoxins are 
quantitatively eluted with hexane-acetone (1 +  1). 
Aflatoxins Bi and Gi are converted to the more in
tensely fluorescent hemiacetals, B2a and G2a, by 
treatment with trifluoroacetic acid-water. Deriva- 
tized aflatoxins are separated by reverse phase liquid 
chromatography (LC) and quantitated fluorometri- 
cally. Compared with AO AC method I (CB) for corn, 
using samples containing approximately 50 and 
10 000 pg B,/kg, agreement between methods was 
good at the lower level while the rapid method 
yielded a considerably larger mean at the higher 
level. A precision study of 30 replicate samples 
produced a coefficient of variation of 8.46% at a mean 
value of 1066 pg B,/kg. The cartridge method was 
developed for LC analysis of samples that contain 
>500 pg aflatoxin Bj/kg corn, but it may be used to 
quantitate as little as 10 pg B2/kg with no modifica
tion.

A fla to x in  con tam ination  o f f ie ld  corn (Z e a  m a y s  

L.) at harvest and in  storage is a serious problem  
in  the southeastern U n ite d  States (1). Losses to 
g ra in -, feed-, and  an im al-p ro du c in g  industries  
in  N o rth  C aro lina  a ttrib u tab le  to a fla tox in  
probab ly  exceed $200 m illio n  a n n u a lly  (T. E. 
N icho ls , Jr, N o rth  C aro lina  State U n ive rs ity , 
R ale igh , N C , 1982). T h e  N C S U  School o f A g r i
cu lture  and L ife  Sciences as w e ll as o th er state,
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fed era l, and  p riva te  agencies in  N o rth  C aro lina  
are responding  to this m ycotoxin p ro b lem  w ith  
extensive research efforts. F ie ld  and laboratory  
experim ents, g ra in  and feed surveys, and  o ther 
m o n ito ring  program s generate several thousand  
samples each year in  w h ic h  aflatoxins m ust be 
q u a n tita tiv e ly  determ ined .

Probably the most re liab le  and genera lly  used 
m ethod  fo r a fla tox in  analysis in  corn is A O A C  
official m ethod I  (CB), 26.026-26.031 (2). The CB 
m ethod  is o ften  used as a standard o f excellence  
against w h ic h  n ew  m ethods are judged  (3 -7 ). 
U n fo rtu n a te ly , the CB m ethod  requires n early  
1 L o f expensive solvents per d e te rm in a tio n  fo r  
extraction, co lum n p reparation , and  co lum n  
chrom atography. W h e n  h ea v ily  contam inated  
m aterials are encountered, both  repeated d ilu 
tion  and  repeated th in  layer chrom atography  
(T L C ) are g en era lly  requ ired  to ensure tha t de
term inations are made w ith in  the linear range of 
the densitom etric  q uan tita tion  system used, 
w h ic h  usually does not exceed 10 ng Bi per spot. 
In  our laboratory, 2 analysts are req u ired  to 
process about 25 samples p er day. T he  eco
n om ical, rap id , large scale analysis o f h eav ily  
contam inated materials by the A O A C  m ethod  is 
consequently d ifficu lt.

Research samples at N C S U  are d ra w n  from  
fie ld , greenhouse, and  g ro w th  cham ber experi
m ents em p lo y in g  a rtific ia l ino cu la tion  o f corn  
w ith  A s p e r g i l lu s  f la v u s  L in k  ex. Fries. Because 
aflatoxin  production in  liv in g  tissues m ay exhibit 
w id e  variation , statistical considerations require  
experim ents using large num bers o f p lants, 
rep lications, and locations. The concentration  
o f a fla tox in  Bj in  some o f these special samples 
m ay exceed 100 m g /k g . W h ile  the CB m ethod  
is app licab le  to d e te rm in a tio n  o f as litt le  as 1 to 
10 jig  B j/k g , the u pper l im it  o f a p p lic ab ility  has 
not been made clear. The collaborative study by  
S hotw ell and S tubb lefie ld  (8), w h ic h  form ed the  
basis for the decision to use the CB m ethod as the 
o ffic ia l m ethod for aflatoxin  in  corn, used levels 
o f a fla tox in  con tam ination  b e lo w  0.5 m g B j/k g . 
T he large n um ber o f samples and h ig h  levels o f
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afla tox in  encountered  by th is laboratory made  
the d eve lo p m en t o f a re liab le , m ore rap id , and  
m ore econom ical m ethod  fo r the d e te rm in a tio n  
of aflatoxins in  corn essential.

A  p urific a tio n  m etho d  using silica cartridge  
chrom ato graphy w h ic h  w o u ld  y ie ld  an extract 
suitable fo r autom ated LC  analysis was sought. 
C artrid g e  m ethods typ ic a lly  requ ire  less glass
w are , less solvent, and less tim e  than  does con
v en tio n a l co lum n chrom atography. Several 
m ethods that specify use o f disposable silica  
cartridges have been p ub lished  (7, 9 -1 1 ); h o w 
ever, there w ere  no indications that the m ethods  
described w o u ld  be app licab le  to levels o f a fla 
tox in  con tam ination  as h ig h  as those encoun
tered in  experim ents here. The need fo r data on  
the a b ility  o f sm all silica cartridges to adsorb  
m icrogram  quantities  o f aflatoxins led  to d eve l
o pm en t o f th is m ethod.

METHOD

A p p a ra tu s

(a) S a m p le  c o n c e n t r a t o r .— M o d e l 112 24-posi- 
tion  N -E V A P  analytica l evaporator (O rg anom a- 
t io n  Associates, In c ., N o rth b o ro u g h , M A  
01532).

(b ) L iq u id  c h r o m a t o g r a p h .— T w o  M 6 0 0 0 A  
pum ps, M o d e l 710B W IS P  autom atic injector, 
M o d e l 720 system co n tro lle r, M o d e l 730 data  
m o d ule , w ith  In te lin k  (M illip o re -W a te rs , M i l 
fo rd , M A  01757).

(c) L iq u id  c h r o m a t o g r a p h ic  c o lu m n . — 10 cm X  8 
m m  R adial-Pak A  10 p m  Q g  or 10 cm X 8 m m  
R adial-Pak A  5 p m  Q s  cartridge and Q g  G uard- 
Pak guard  co lu m n  insert used w ith  M o d e l 
R C M -1 0 0  rad ia l com pression m o d ule  ( M i l l i 
pore-W aters).

(d) F l u o r e s c e n c e  d e t e c t o r .— M o d e l FS950 F luo- 
rom at w ith  excitation  at 360 n m  using FSA403  
bandpass f ilte r  and FSA111 lam p  and em ission  
above 418 nm  using FSA426 longpass filter, w ith  
FS A 986A  autom atic  o verload  reset con tro l 
(Kratos-Schoeffel Instrum en ts , W estw ood, NJ 
07675).

(e) S h a k e r .— M od el 75 12-position wrist-action  
shaker (B u rre ll C orp ., P ittsb urgh , P A  15219).

(f) S y r i n g e .— For cartridge chrom atography: 
50 m L  M u lt i f i t  reusable glass syringe w ith  
L u e r-lo k  tip  (Fisher S cien tific  Co.).

(g) S y r i n g e .— For p repara tio n  o f samples fo r  
LC  analysis: 5 m L  disposable p o lyp ro p y len e  
syringe w ith  Luer-lok tip  (Becton, D ickinson and  
Co., R u th erfo rd , NJ 07070).

(h ) V ia ls .— Fisherbrand 20 m L  s c in tilla tion

v ia l w ith  cork-back fo il- lin e d  cap (F isher Scien
t ific  Co.).

( i )  F i l t e r .— For p reparation  o f samples fo r LC  
analysis: 0.45 p m  pore size Acrodisc-C R  chem 
ical resistant disposable f ilte r  assembly (G elm an  
F iltra tio n  Products, A n n  A rb o r, M I  48106).

(j) T h in  la y e r  c h r o m a t o g r a p h y  p la t e s .— E. M erck  
N o . 5763, 20 X  20 cm glass analy tica l plates p re 
coated w ith  0.25 m m  layer o f silica gel 60, w ith 
out fluorescent ind ica to r (A m erican  Scientific  
Products, C harlo tte , N C  28210).

( k )  S p e c t r o p h o t o m e t e r .— P e rk in -E lm e r (C o le 
m an 111) U V -V is  spectrophotom eter (H ita c h i, 
L td ., Tokyo, Japan).

( l)  S p o t m e t e r  d e n s it o m e t e r .— In s tru m e n t de
ve loped  and described by D ickens et al. (12).

R e a g e n ts

(a) A fla t o x in s .— A fla to x in s  B j, B2, G j, and G 2 
purchased in  10 m g quantities  (C alb iochem - 
B ehring  Corp ., San D iego , C A  92112) and q uan 
tita ted  spectrophotom etrically  as in  26.004- 
26.012 (2). W a r n in g : A fla to x in s  are p o ten tia l 
carcinogens in  hum ans. O bserve precautions  
o u tlin e d  in  C hap ter 26 (2).

(b ) O r g a n ic  s o lv e n t s .— A C S grade benzene, 
e th y l acetate, ch loroform , m ethano l, e th y l ether, 
hexane, and acetone (F isher Sc ien tific  Co.). 
H P L C  grade acetic acid (J. T. Baker Chem ical Co., 
P h illip s b u rg , NJ 08865). H P L C  grade acetoni
trile , m ethanol, and 2-propanol (Fisher Scientific  
Co.). W a r n in g : Use organic solvents o n ly  w ith  
p ro per v e n tila tio n . C h lo ro fo rm  is suspected to 
be carcinogenic in  hum ans. F o llo w  p roper 
safety procedures w h e n  using ch lo ro fo rm .

(c) W a t e r .— D e io n ize d  and H P L C  grade p ro 
v id e d  by M o d e l 1000 H y d ro  U ltra p u re  w a te r  
system (H y d ro  Service and Supplies, Inc ., Re
search T rian g le  Park, N C  27709).

( d )  A d s o r b e n t .— Sep-Pak silica cartridge ( M i l 
lipo re-W aters).

(e) T r if lu o r o a c e t ic  a c id  (T F A ) . — 97% m in im u m  
(Eastm an K odak Co., Rochester, N Y  14650). 
D a n g e r : Causes burns. H a rm fu l if  inhaled. Do  
not get in  eyes, on skin, or on clothing. Use only  
w ith  adequate ven tila tio n .

(f)  D ia to m a c e o u s  e a r t h .— C elite  545 (F isher 
S cientific  Co.).

(g) S o lu t io n s .— ( 1 ) Rinse solution  for cartridge
chrom atography: h ex an e-ch lo ro fo rm  ( 3 + 1
v /v ) .  (2) E lu tio n  solvent fo r cartridge chrom a
tography: hexane-acetone (1 +  1 v /v ) .  (3)
M o b ile  phase fo r LC  separation o f aflatoxins on 
10 p m  C is co lum n (2.0 m L /m in ):  70 m L  acetic 
acid, 70 m L aceto n itrile , 70 m L  2-p ro p an o l p lus  
w ater to make 1 L solution. (4) M ob ile  phase for
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LC  separation o f aflatoxins on 5 p m  Cjg colum n  
(1.5 m L /m in ):  20 m L  acetic acid, 100 m L aceto
n itr ile , 100 m L 2-p ro p an o l p lus w a te r to m ake 1 
L solution. M ob ile  phases should be m ixed w e ll 
and filte red  (0.5 pm  pore glass fiber f ilte r) before  
use. (5 ) D eve lo p er fo r T L C  o f d erivatized  a fla 
toxins: e th y l ace ta te -e thy l e th e r-m e th a n o l-
w a te r (95 +  30 +  2 +  1 v / v / v / v ) .  (6 ) D e riv a ti-  
zation  reagent: trifluo ro acetic  a c id -w a te r (9 +  
l v / v ) .

E x tra ctio n

A d d  25 m L  d eio n ized  w ater, ca 25 g d iatom a- 
ceous earth, and 250 m L chloroform  to 50 g corn  
sam ple w h ic h  has been g ro u n d  to pass 1 m m  
screen. S topper and shake 30 m in  on w rist-ac
tion  shaker. G ra v ity -filte r throu gh  flu ted  33 cm 
d iam eter coarse-grade paper.

C a rtr id g e  C h r o m a t o g r a p h y

M easure 25 m L filte re d  extract in to  50 m L  
graduated cylinder. Bring total volum e to 50 m L  
w ith  hexane. Pour contents o f cy lind er in to  125 
m L  E rlenm eyer flask and  m ix  w e ll by s w irlin g  
flask vigorously. Attach silica Sep-Pak cartridge  
to 50 m L syringe. Rinse cartridge w ith  10 mL 
hexane. Pass 15 m L  a liqu ot o f filtra te -h e x a n e  
m ix tu re  th ro u gh  silica cartridge. Regulate rate  
of app lication  by depressing syringe p lu n g e r  
u n til d is tinct droplets em erg ing  fro m  the car
trid ge just beg in  to fo rm  continuous stream. 
Rinse cartridge tw ice w ith  15 m L portions of 
h exan e-ch lo ro fo rm  (3 +  1). D iscard rinses. 
Elute aflatoxins w ith  s ing le  15 m L  p o rtio n  of 
hexane-acetone (1 +  1); collect this f in a l car
tridge e fflu e n t in  20 m L  s c in tilla tio n  v ia l. 
Evaporate extract to dryness in  concentrator 
(3 5 °C  w ater bath; use g en tle  flu x  of n itro g en  or 
d ry , filte re d  air).

D eriv a tiz a t io n

Evaporate extract to dryness in  concentrator. 
A d d  1.5 m L  trifluoroacetic  a c id -w a te r (9 +  1). 
Cap and shake to redissolve en tire  extract. In 
cubate 15 m in  at room  tem perature. Evaporate  
to dryness in  concentrator (ca 3 5 °C  w a te r bath; 
g en tle  f lo w  o f n itro g en  or d ry , filte re d  a ir).

D issolve 10 m g standard in  50 m L acetonitrile  
and transfer to 50 m L vo lu m etric  flask to y ie ld  
approxim ate concentration of 0.2 m g /m L  in  stock 
solution. To d eterm in e  concentration  spectro- 
photom etrically, evaporate 0.5 mL stock solution  
to dryness and redissolve in  20 m L m ethanol. 
Proceed as in  26 .004-26 .012  (2). Use stock so
lu tions  to prepare standards con ta in ing  200 pg  
Bjl, 100 pg B2, 100 pg G j, and 100 pg G 2. Proceed

as in  d eriva tiza tio n  o f extracts. Redissolve in  
aceto n itrile  to g ive  concentration  o f 6 n g /p L  Bj 
(as B2a), 3 n g /p L  B2, 3 n g /p L  G i (as G ^ ), and  3 
n g /p L  G 2 .

T h in  L a y e r  C h ro m a t o g r a p h y

For u n d eriva tized  extracts, redissolve extract 
in  1 m L  b en zen e -ace to n itrile  (98 +  2 v /v ) .  
Proceed as in  26.031 (2).

For d eriv a tize d  extracts, proceed as ind icated  
fo r u n d eriva tized  extracts except develop  in  
e th y l acetate -e thy l e th e r-m e th a n o l-w a te r (95 +  
30 +  2 + 1 ) .

L C  D e t e r m in a t io n  o f  A fla to x in s  in  
D e r iv a t iz e d  E xtra ct

Redissolve sam ple in  3 m L  acetonitrile . A t 
tach disposable f ilte r  u n it to 5 m L syringe. Pass 
sam ple th ro u g h  f ilte r  d irec tly  in to  L C  v ia l; f i l 
tration  loss is < 300  pL. Set fluorescence detector 
to g ive  about 90% fu ll scale deflection  (about 14 
cm peak h e ig h t on data m odule  chart paper) 
w h e n  5 p L  d erivatized  standards are injected  
(eq u iva len t to 12 m g Bx/k g , 6 m g G i / k g ,  6 mg  
B2/k g , 6 m g G 2/k g  or 30 ng Bi, 15 ng G i, 15 ng  G ^  
15 ng B2). Representative param eter values are: 
sensitiv ity  =  6.0; range =  0.5; background sup
pression =  Lo; tim e constant =  5. Actual settings 
w il l  vary  w ith  lam p  used.

Set data m odule  fo r m anual in tegra tio n  w ith  
peak w id th  30 s, noise rejection 100, area rejection  
100, chart speed 0.25 c m /m in . P erfo rm  single  
p o in t ca libration  as described in  data m odule  
m anual fo r external standard q uantitation .

D iscussion

M e t h o d  D e v e lo p m e n t

D eve lop m ent of this procedure was preceded  
by estab lishm ent o f some general perform ance  
criteria  fo r each step. T he  in it ia l req u irem ent 
was fo r an extraction solvent that w o u ld  not re 
qu ire  e ith e r tim e-consum ing  p a rtitio n  tech
n iques or vo lu m e  reduction  before chrom ato
graph ic p urifica tio n .

A n  e lu tion  series had to be developed in  w h ich  
aflatoxins w o u ld  be adsorbed onto  the silica  
cartridge and  re ta ined  w h ile  less polar in te rfe r
ences w ere  e luted. Q u an tita tive  e lu tio n  w ith  
less than  20 m L solvent was desired to avoid  
vo lu m e  reduction  and  transfer to a sm aller con
tainer. Because the m ethod w o u ld  be app lied  to 
h ea v ily  contam inated  m aterials, the capacity of 
the silica cartridge had to be investigated . F if 
teen m L was chosen as the m axim um  vo lum e for 
application to cartridge to avoid contact betw een
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Figure 1. Elution profile of 5 successive portions of sample mixture and 3 successive portions of hexane- 
acetone (1 +  1) elution solvent applied to a silica cartridge. Sample portions were chloroform extract of corn 
mixed with hexane (1 +  1). Each sample portion contained about 20 /ig B,; no rinse solution was applied.

solu tio n  and  p lu n g e r o f the syringe. S ilica car
tridges are w e t w ith  hexane before sam ple is 
app lied  in  accordance w ith  suggestions m ade by  
the m anufacturer.

A  re liab le  procedure fo r the d eriv a tiza tio n  of 
aflatoxins B, and  G i was needed. W e decided  
tha t the sam ple residue should  be com plete ly  
dissolved in  the  d eriv a tiza tio n  reagent w ith  no  
phase separation.

LC separation and fluorom etric determ ination  
w o u ld  have to y ie ld  consistently lo w  varia tio n  
in  re te n tio n  tim es and  peak areas fo r replicates  
o f b oth  standards and  samples. Phase separa
tio n , ev id e n t as sm all d roplets  o f o ily  liq u id  ap
pearing  in  the redissolved extract, should not be 
present and  should  n o t be m asked b y  vortex  
m ix in g  (9); vo lu m e  changes due to phase sepa
ra tion  w o u ld  in te rfe re  w ith  the  accuracy o f the  
q u an tita tive  d e te rm ina tio n .

E x tra c tio n  S o lv e n t .— C h lo ro fo rm  was chosen as 
the extraction  solvent because ad d itio n  o f an  
equal volum e of hexane to the chloroform  extract 
reduced p o la rity  o f the solu tion  su ffic ie n tly  to 
a llo w  re te n tio n  o f toxins on the silica cartridge. 
Aqueous m ethanol has been reported  to achieve  
a m ore e ffic ie n t extraction  b ut requires tha t tox
ins be partitioned into  organic phase, the solvent 
evaporated , and the  extract redissolved before  
co lum n  cleanup (5 ,1 1 ,1 3 ).

C a r t r id g e  C h r o m a t o g r a p h y .— P re lim in a ry  ex
p erim ents  using detection  b y  v isu a liza tio n  of 
aflatoxins on developed  th in  layer plates u nd er  
lon gw ave  (365 n m ) U V  lig h t  revealed  tha t a fla - 
to x in  was com plete ly  re ta ined  on the  cartridge  
w h e n  the ch loro form  extract was m ixed  1:1 w ith  
hexane, and  that a fla tox in  was q u an tita tive ly  
elu ted  by a 1:1 m ix tu re  o f hexane-acetone (data  
n ot show n).

A p p l ic a t io n  o f  S a m p l e .— E xp erim en ts  w ere  
conducted to d eterm ine  the n u m b er o f 15 m L  
portions of the ch lo ro fo rm  extrac t-hexane  m ix 
ture that could be applied before aflatoxins began  
to e lute  fro m  the cartridge. Results o f app lica
tio n  o f 5 successive 15 m L  portions o f sam ple  
m ixture are shown in  Figure 1. The sample used 
was fro m  a 1 kg  sam ple o f f in e ly  g ro u n d  corn  
spiked w ith  about 1 -2  g rice culture of A s p e rg il lu s  

p a ra s iticu s  N R R L  2999 to contain  a le v e l o f about 
15 m g B ,/k g . Each sam ple p o rtio n  contained  
about 20.4 pg  B,. Sample portions that had been  
passed th ro u g h  a cartridge w e re  evaporated  to 
dryness, d eriva tized , and  quantitated  by  LC. 
Cartridges w ere  qu ite  re ten tive  fo r a fla tox in . 
O v e r 95% o f the tox in  was re ta ined  on  the car
trid ge  even after the app lication  o f f iv e  15 m L  
portions contain ing a total of about 102 jug Bi. A  
single 15 m L  p ortion , equ iva len t to 1.5 g starting  
m ateria l, is su ffic ien t fo r q uan tita tive  d e te rm i-
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Table 1. Precision of retention times and peak areas for aflatoxins separated on 5 and 10 ftm Ci8  columns3

Statistic G2a B2a G2 B2

Separation on 5 pm Column0

Mean retention
time, min 5.22 7.23 11.05 17.37
Std dev. 0.07 0.11 0.19 0.33
Coeff. of var., % 1.44 1.55 1.72 1.90

Mean peak area,
mV-s 73 420 192 917 80 018 111 282
Std dev. 832 2003 765 1173
Coeff. of var., % 1.13 1.04 0.96 1.05

Separation on 10 jim Column3

Mean retention
time, min 5.07 6.91 11.69 17.90
Std dev. 0.04 0.05 0.08 0.13
Coeff. of var., % 0.81 0.77 0.65 0.70

Mean peak area,
mV-s 78 572 204 247 107 690 148 874
Std dev. 1155 1966 656 998
Coeff. of var., % 1.47 0.96 0.61 0.67

3 Retention time and peak areas were determined electronically. Twelve 2 (iL injections were made of standard containing 
5.0 ng Gj (as G2a)/VL, 10.0 ng Bx (as B2a)/M L 5.0 ng G2/ mL, and 5.0 ng B2/ / tL.

b Mobile phase was 2% acetic acid, 10% 2-propanol, and 10% acetonitrile in water at flow rate of 1.5 mL/min. 
c Mobile phase was 7% acetic acid, 7% 2-propanol, and 7% acetonitrile in water at flow rate of 2.0 ml_/min.

nation  w ith  the sensitive fluorescence detection  
system used. T h e  lim it  o f detection  was about 
0.1 ng  Bj u n d er the conditions used.

R in s e  S o lu t io n .— A  m ix tu re  of hexane and  
ch lo ro fo rm  (3 +  1) e lu ted  n o n po lar fluorescent 
in terferences and "o ils"  fro m  the cartridge  
w ith o u t e lu tin g  the a fla tox in . Even after ap
p lication  o f five  15 m L portions of rinse solution  
over 99% of the a fla tox in  (about 22.4 pg  B i) was 
re ta ined  on th e  silica cartridge. O bservation  of 
the  extracts a fter evaporation o f solvent showed  
tha t tw o  15 m L portions are su ffic ien t fo r re 
m o v in g  oils w h ic h  induced  phase separation  
w h e n  the sample was derivatized  or redissolved  
fo r LC  d eterm in atio n . T L C  of the extracts re 
vealed  that some fluorescent interferences, less 
p o lar than  a fla to x in  B j, w ere  e lu ted  by the ap
p lica tion  o f the  tw o  15 m L portions o f rinse so
lu tio n .

Q u a n tita t iv e  E l u t io n .— A  single 15 m L  p ortio n  
o f hexane-acetone (1 +  1) q u an tita tive ly  e lu ted  
the aflatoxins fro m  the cartridge. A  corn extract 
con ta in in g  23.16 pg  Bi (15.44 m g Bx /k g )  was ap
p lied . T h e  cartridge was w ashed w ith  tw o  15 
m L  portions o f rinse so lu tion  and  th en  5 succes
sive portions o f e lu tio n  solvent. N o  detectable  
a fla tox in  was e lu ted  before app lication  of the  
e lu tio n  so lvent (detection  lim it  about 0.12 ng  Bj 
[as B2a] u n d er conditions used). A ll  the detect

able a fla tox in  was e lu ted  w ith  the firs t 15 m L  
p o rtio n  o f e lu tio n  solvent.

M a x im u m  C a r t r id g e  C a p a c ity . — The m ax im um  
capacity o f the  silica cartridge was not d eter
m in ed  per se; how ever, w h en  15 m L of an extract 
of 50 g corn sam ple spiked w ith  rice cu lture  to 
contain  165.33 m g Bx/k g  was app lied  to the car
trid ge  (248 pg Bx), over 99.9% of the a fla tox in  
app lied  rem ained  on the cartridge th ro u g h  the  
rin s in g  step to be e lu ted  in  the firs t p o rtio n  of 
elu tion  solvent. Inoculated  fie ld  corn analyzed  
in  th is laboratory  has n ever exceeded 30 m g  
B i/k g , and inoculated  corn produced in  g ro w th  
cham bers has n ever exceeded 150 m g Bj /k g  in  
this laboratory.

D e r iv a t iz a t io n .— The vo lu m e (1.5 m L ) o f T F A -  
w a ter a llo w e d  samples to be com plete ly  dis
solved d uring  the derivatization step, w h ich  was 
not the case w ith  o ther m ethods tested in  this  
laboratory (9 ,1 3 -1 6 ) . A d d itio n  o f 10% w a te r to 
trifluo roacetic  acid exped ited  hem iacetal fo r
m ation . D eriva tization  reagent was evaporated  
to avo id  the in tro d u c tio n  o f a corrosive halo- 
genated com pound in to  the liq u id  chrom ato
graph ic  system and  to avoid  use o f T F A  outside  
o f the fum e hood. Total tim e  requ ired  fo r v o l
um e reduction  was less than 30 m in .

L C  S ep a ra tio n  a n d  Q u an tita tio n . — Aflatoxins G2a, 
Bza, G 2, and  B2 dissolved in  aceton itrile  w ere  re-
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Figure 2. Separation of derivatized aflatoxin stan
dards on 5 p m  Cis column: 30 p L  injection contain
ing 4.5 ng Gi (as G2a)/ 9.0 ng Bj (as B2a), 4.5 ng G^, and 

4.5 ng B2.

solved at baseline (in  less than 25 m in ) using a 5 
j im  C is co lum n and  a m ob ile  phase o f 2% acetic 
acid, 10% aceton itrile , and  10% 2-p ro p an o l in  
w a ter at a f lo w  rate of 1.5 m L /m in . R eten tio n  
tim es w ere  5.22 m in  fo r a fla tox in  G 2a, 7.23 m in  
fo r a fla tox in  B2a, 11.05 m in  fo r a fla tox in  G 2, and  
17.37 m in  fo r a fla to x in  B2 (Table 1). Separation  
o f aflatoxins using a 10 /cm C is co lum n was ac
com plished using a m o b ile  phase o f 7% acetic 
acid, 7% acetonitrile , and 7% 2-propanol in  w ater 
at a f lo w  rate o f 2 m L /m in . A nalysis  was com 
plete w ith in  25 m in  w ith  retention  tim es o f 5.07 
m in  for a fla tox in  G2a, 6.91 m in  fo r a fla to x in  B2a, 
11.69 m in  fo r a fla tox in  G 2 and  17.90 m in  fo r a f
la to x in  B2 (Tab le  1). N o  in te rfe rin g  peaks w ere  
detected even in  h ig h ly  contam inated  samples 
due to the h ig h  resolution o f the colum n and the  
selectiv ity  of fluorescence detection. R epre
sentative chrom atogram s are show n in  Figures  
2, 3, and 4. For ro u tin e  analysis o f h ea v ily  con

tam inated  m ateria l, the  d e te c tio n /q u a n tita tio n  
system is set to p ro v id e  results in  the  0.5 to 10.0 
m g B j/k g  range. I f  a flatoxins are not present 
w ith in  this range, the detector is reattenuated  
and the  data m odule  is recalibrated  w ith  an ap
propriate standard. Samples m ay be quantitated  
at levels as lo w  as 10 p g  Bi /  kg b y  th is procedure  
or to 0.5 p g  B j/k g  by using la rg er in jection  v o l
umes a n d /o r  sm aller sam ple volum es.

C o m p a ris o n  w ith  O ffic ia l  M e t h o d .— W h e n  the  
cartridge m ethod  was com pared w ith  A O A C  
o ffic ia l m ethod  I  (CB m ethod) at a le v e l o f about 
50 jig  B] /k g  in  n atu ra lly  contam inated  corn, the  
results of the 2 m ethods w ere in  good agreem ent 
(Table  2). A t a le v e l o f about 10 m g B i/k g ,  
h o w ever, the cartridge m ethod  y ie ld e d  a sub
s tan tia lly  h ig h e r m ean and lo w e r variance than  
the offic ial m ethod. C hloroform  extracts at each 
level w ere filtered , pooled, and m ixed w e ll. Five 
50 m L portions w e re  d ra w n  fo r analysis b y  the

Figure 3. Chromatogram represents 328 ppb Gi (as 
G ^), 512 ppb Bi (as B ^), 55 ppb G2, and 73 ppb B2 in 
naturally contaminated com (5 p h  injection). Toxins 

were separated on 5 p m  Cis column.
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Figure 4. Chromatogram of inoculated corn sample 
containing 5.6 ppm Bj (as B2a) and 0.2 ppm B2 (20 pL 
injection). Toxins were separated on 10 pm Cis 

column.

o ffic ia l m etho d  and five  25 m L portions w ere  
d ra w n  fo r the  cartridge m ethod.

P re c is io n  S t u d y . — T hree  50 g samples o f n atu 
ra lly  contam inated com  w ere extracted, filte red , 3

Table 2. Comparison of cartridge method with official 
method I at 2  levels 3

Sample Method
Bi,

Mg/kg

Std 
error, 
Mg/kg CV, %

1b offlc. 54.0 1.13 4.17
cartr. 58.0 0.29 0.87

2 c offlc. 4490 360 17.82
cartr. 10 090 133 2.94

3 Chloroform extracts at each level were pooled, and 5 
replicate samples were drawn for each method; values were 
determined by LC separation on 5 pm Cie column and fluo
rescence detection.

b  Naturally contaminated corn. 
c Corn spiked with A s p e r g i l l u s  p a r a s i t i c u s  rice culture.

Table 3. Precision study of cartridge method *

Replicate Mg Bi/kg Mg B2/kg

1 846 172
2 942 172
3 946 171
4 1135 174
5 1140 175
6 924 173
7 1101 169
8 1185 171
9 1111 174

10 1006 170
11 935 170
12 1125 175
13 1148 177
14 1132 175
15 1012 171
16 1010 170
17 1095 174
18 1146 173
19 992 176
20 1002 174
21 1072 175
22 1125 177
23 1132 176
24 1175 174
25 1122 172
26 1183 169
27 1109 178
28 1086 173
29 1096 172
30 956 172

Mean 1066 173
Std error 16.5 0.44
CV (%) 8.46 1.40

a Values were determined by LC separation on 10 pm Cig 
column with fluorescence detection.

and com bined. A  pooled extract was used so that 
varia tion  w o u ld  be due to procedure ra ther than  
to extraction or variation in  corn samples. A  250 
m L portion of the pooled extracts was m ixed w ith  
250 m L  hexane, and th ir ty  15 m L  aliquots o f the  
extract-hexane m ix tu re  w ere  processed b y  the  
cartridge m ethod . T he  values obtained  fo r af- 
la to x in  Bj and B2 are listed in  Tab le 3. The  
coeffic ien t o f va ria tio n  was acceptably lo w  
(8.46% ) at a m ean va lue  of 1066 pg B j/k g .

A ckn o w le d g m e n ts

T he  authors th an k  Juliusz and  K rystyna  
Tyczkow ski for perfo rm ing  some of the aflatoxin  
analyses.
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Five-Year S tudy o f M yco tox ins  in  V irg in ia  W heat and D ent Corn

ODETTE L. SHOTWELL and CLIFFORD W. HESSELTINE
U .S. D e p a r tm en t  o f  A g r ic u ltu r e , A g r ic u ltu ra l R ese a rc h  S e rv ic e , N o r th e r n  R eg io n a l R es e a r c h
C e n te r , P e o r ia ,  IL  6 1 6 0 4

Every year during the 5-year period 1976-1980, ap
proximately 100 samples each of corn and wheat from 
trucks delivering the grains at elevators in Virginia 
were collected by personnel of the Federal Grain In
spection Service and shipped to NRRC. Samples 
were analyzed as soon as possible for aflatoxin, 
zearalenone, and ochratoxin A. The 3 mycotoxins 
were not detected in any wheat sample. Zearalenone 
and ochratoxin A were not found in any corn sample; 
however, aflatoxin was detected in at least 25% of the 
corn samples from every crop year. In 1976-1980, the 
incidence of aflatoxin at levels of 20 ng/g or more (the 
Food and Drug Administration guideline) ranged 
from 18 to 61%; aflatoxin incidence above 100 ng/g  
was 5-29%. The average aflatoxin levels in corn 
samples collected in the 5 years varied from 21 to 137 
ng/g. Moisture content of the samples was not de
termined, so aflatoxin levels given may be higher 
than they were at harvest. However, there are ob
viously differences from year to year. In freshly 
harvested corn samples collected by fieldmen of the 
Statistical Reporting Service in yield surveys in 1978 
and 1979, aflatoxin incidence above the FDA guide
line was 10 and 13%, and above 100 ng/g was 4 and 
7%. The average aflatoxin level in all samples col
lected in 1978 was 13 ng/g and in 1979, 36 ng/g. 
Some aflatoxin can be expected yearly in Virginia 
corn, but the incidence and levels vary from year to 
year.

In  1975, the occurrence o f aflatoxin, zearalenone, 
and  ochratoxin A  was studied in  w heat g ro w n  in  
areas w here  aflatoxin has been a problem  (1). O f  
42 w h e a t samples collected in  V irg in ia , 19 had  
zeara leno ne, but none had a fla tox in  or ochra
to x in  A . V irg in ia  w ea th er was unusua lly  cold  
and  ra in y  in  1975; w h ea t fie ld s  w ere  in fected  
w ith  F u s a r iu m  species that produce zearalenone. 
Graders o f the Federal G ra in  Inspection  Service  
(FG IS) observed a large n um ber o f "tom bstone"  
w heat samples w ith  the grey pallo r characteristic 
of w h e a t in vad ed  by F u s a r iu m . F u s a r iu m  out
breaks in  w h e a t ("scabby w h e a t") are said to be 
associated w ith  the  type o f w ea th er conditions  
experienced in  1975, and these conditions m ig h t  
occur about once every 5 years in  the w eath er
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The mention of firm names or trade products does not imply 
that they are endorsed or recommended by the U.S. Depart
ment of Agriculture over other firms or similar products not 
mentioned.

Received January 26, 1983. Accepted March 4,1983.

cycles (1). Because o f the h ig h  zearalenone in 
cidence, it  was decided to study w heat over a 
p eriod  o f years to d eterm ine  h o w  o ften  such 
outbreaks could be expected. A t the same tim e, 
w h e a t w o u ld  be analyzed  fo r a fla tox in  and  och- 
ratox’in  A , and  the  investigation  w o u ld  be ex
tended  to corn. A  re liab le  screening procedure  
is ava ilab le  to detect the  3 m ycotoxins in  a g ri
cu ltu ra l com m odities (2).

W e n o w  are rep ortin g  the results o f a 5-year 
study o f w h ea t and  corn g ro w n  in  V irg in ia  fo r  
the occurrence o f a fla tox in , zearalenone, and  
ochratoxin  A . The samples w ere  collected by  
FG IS personnel. W e also are rep o rtin g  the a f
la to x in  occurrence in  fresh ly  harvested corn  
samples collected by fie ld m e n  o f the Statistical 
R epo rtin g  Service (SRS) in  1978 and 1979.

M a te r ia ls  and  M eth o d s

S a m p le  C o lle c t io n  a n d  H a n d l in g

A b o u t 100 samples each (ca 1.3 kg) o f w heat 
an d  shelled  den t corn w ere  collected each year 
d u rin g  the 5-year period  1976-1980 by FGIS  
personnel fro m  farm  trucks d e liv e rin g  at V ir 
g in ia  elevators. The corn and w heat w ere grow n  
in  the same year that samples w ere collected, and  
the  county  in  w h ic h  they  w ere  g ro w n  was re 
corded. T he  samples w ere  sh ipped  to Peoria as 
soon as collected and w ere  assayed upon  a rriva l 
in  Peoria. M o is tu re  levels w ere  n o t d eter
m in ed .

In  1978 and  1979, one 15 ft row  of m ature dent 
corn was harvested by SRS fie ld m e n  fro m  each 
f ie ld  to obtain  about 100 samples o f shucked ear 
corn. The collection was made as SRS personnel 
w e re  conducting  y ie ld  surveys and was repre
sentative o f the  corn g ro w n  in  V irg in ia  in  that 
year. Sam ples w ere  shipped to Peoria in  corru 
gated cardboard boxes surrounded  by new spa
pers and  w ere  in  transit about 7 days. W h en  
rece ived  in  Peoria, they  w ere  shelled  and dried  
(o v e rn ig h t 80 °C ). The shelled  d ried  samples 
averaged 2.2 kg.

P re p a ra tio n  o f  S u b s a m p le s  f o r  A n a ly s is

Each sam ple o f shelled  corn was coarsely 
g ro u n d  in  a Straub disc m ill  and  then  f in e ly  
g round  to pass a N o . 20 sieve in  a 6 in . Raym ond
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h am m e r m il l  f itte d  w ith  a screen con ta in ing  Vs 
in . perforations. W h eat samples could  be 
g roun d  ra p id ly  in  the R aym ond h am m er m ill to 
pass a N o . 20 sieve w ith o u t bein g  coarsely 
ground in  the disc m ill first. Each fin e ly  ground  
sam ple o f w h ea t or corn was b len ded  15 m in  in  
a H o b a rt p lan e ta ry  m ixer.

A n a ly s is  f o r  M y c o to x in s

Subsam ples (50 g) o f corn or w h eat collected  
by  FGIS personnel w ere  analyzed by the Eppley  
procedure  fo r a fla to x in , zearalenone, and  och- 
ra tox in  A  (2). Sam ples are extracted w ith  ch lo 
ro fo rm -w a te r  and  extract a liquots rep resenting  
10 g o f th e  subsample are placed on a silica gel 
colum n. Zearalenone, aflatoxin, and ochratoxin  
A  are e lu ted  separately fro m  the  co lum n and  el- 
uates are prepared for th in  layer chrom atography  
(T L C ). Solvents fo r T L C  on Absorbosil-1 plates  
are as fo llow s: fo r zearalenone, e th a n o l-c h lo 
ro fo rm  (5 +  95); fo r a fla tox in , w a te r-a c e to n e -  
chloroform  (0.5 +  10 +  90); and for ochratoxin A , 
g lacia l acetic ac id -b en zen e  (10 +  90). T h e  de
tection  lim its  o f the analysis as carried out w ere  
100 n g /g  fo r zearalenone, 1 -3  n g /g  fo r aflatox- 
ins, and  30 n g /g  fo r ochratoxin  A . I f  a sam ple  
was pos itive  fo r ochratoxin  A  by T L C , the result 
was tested by the confirm atory test approved by  
the  Association o f O ffic ia l A n a ly tica l Chem ists  
(A O A C ) (3). I f  a sam ple contained aflatoxins, 
levels  w ere  d ete rm in ed  by the  m ethod  desig
n ated  as the  CB (C ontam inan ts  Branch) m ethod  
approved  fo r corn by both the A O A C  (3) and the  
A m e ric a n  A ssociation  o f C erea l C hem ists  
(A A C C ) (4).

Subsamples (50 g) fro m  corn collected by SRS 
f ie ld m e n  w ere  assayed fo r  aflatoxins b y  the  CB  
m ethod  app ro ved  fo r corn b y  the A O A C  (3) and  
A A C C  (4).

R esults an d  D iscussion

Z eara lenon e, aflatoxins, and  ochratox in  A  
w ere  n o t detected in  any o f the w h ea t samples  
collected in  the p erio d  1976-1980. T h e  h ig h  
incidence (45% ) o f zeara leno ne in  1975 w h ea t  
fro m  V irg in ia  m ust have been unusual (1). 
Zearalenone was not detected in  any o f the corn  
samples. Some o f the extracts o f corn p a rtia lly  
p u rif ie d  on silica gel colum ns b y  the  E p p ley  
procedure (2) contained  a fluorescing  substance 
w ith  the same R (  va lu e  as o chratox in  A  on T L C  
plates. H o w ever, the test to confirm  the iden tity  
of ochratoxin  A  b y  fo rm atio n  o f th e  e th y l ester 
was negative  (3). False p ositive  tests fo r ochra
tox in  A  in  corn have been observed p rev io u s ly  
(5, 6).

A fla to x in s  w ere  detected in  corn samples col
lected in  every year by FGIS personnel (Table  1). 
The percent incidence o f samples w ith  detectable 
afla tox in  varied  fro m  29% (1979) to 82% (1980). 
The incidence o f samples w ith  a fla to x in  levels  
equal to or greater than 20 n g /g  ranged fro m  18% 
(1979) to 61% (1980). Average aflatoxin  levels in  
all samples collected in  a year d u rin g  the period  
1976-1980 w ere betw een 21 n g /g  in  1978 and 137 
n g /g  in  1980. In  1980, the a fla tox in  incidence  
in  the  FGIS samples above the g u ide lin es  was 
unusually h ig h — 61%. O f the 1980 samples, 29% 
had m ore than  100 n g /g . A fla to x in  levels  in  
corn w ere  h ig h  in  southeastern corn in  1980 (7). 
In  fact, the situation was so serious that the  Food 
and D rug  A d m in is tra tion  (F D A ) granted  lim ite d  
exem ptions to the states o f N o rth  C aro lin a  and  
South C aro lina  and the C o m m o n w ea lth  o f V ir 
g in ia  from  its p ro h ib itio n  o f interstate sh ipm ent 
and  b len d in g  o f corn con ta in ing  a fla to x in  in  
excess o f the agency's action leve l o f 20 n g /g  (8). 
The F D A  allow ed  corn contain ing up  to 100 n g /g  
to be shipped in  interstate commerce u nder plans 
developed  by the 3 states and  approved  by the  
F D A . The exem ption  app lied  o n ly  to corn fro m  
the crop year 1980. Some to x in  cou ld  have  
fo rm ed  after samples w ere  collected , because 
some of the samples w ere noticeably dam p w h en  
received (9).

C orn  samples w ere  collected by the FGIS in  53 
counties in  V irg in ia  in  the 5 -year period . 
H o w e v e r, fro m  some counties samples w ere  re 
ceived in  o n ly  1 or 2 years. T h ere  w e re  8 
counties fro m  w h ic h  samples w e re  collected  in  
every  year, 1976-1980. Inspection  o f a fla tox in  
levels in  corn samples in  the 18 counties w h e re  
10-55 samples w ere  collected in  the 5-year period  
d id  n o t reveal obvious d ifferences in  a fla tox in  
occurrence am ong counties. T h ere  w ere  not 
enough samples collected in  each county  to 
evaluate statistically the  lik e lih o o d  o f an a fla 
tox in  outbreak in  any one county o r area.

A t  first, a fla tox in  levels and  incidences ap
peared to be lo w e r in  fresh ly  harvested  corn  
samples collected by SRS fie ld m e n  than  in  the  
shelled  samples collected by  FG IS personnel 
fro m  trucks d e live rin g  at elevators (Table 1). In
1978, a fla tox in  incidence in  FG IS corn samples  
was 36% com pared w ith  12% in  SRS corn sam
ples. H o w ever, in  1979, the tox in  incidence was 
29% in  FG IS samples com pared w ith  21% in  SRS 
corn samples. The average aflatoxin  leve l in  SRS 
samples was 13 n g /g  in  1978 and 36 n g /g  in  1979; 
in  FGIS samples, 21 n g /g  in  1978 and 34 n g /g  in
1979.

O f  the  3 m ycotoxins studied  in  w h ea t and



Ta
bl

e 
1.

 
A

fla
to

xi
n 

le
ve

ls 
in

 d
en

t c
or

n 
gr

ow
n 

in
 V

irg
in

ia
, 1

97
6-

19
80

Co
lle

ct
ed

 fr
om

 tr
uc

ks
 b

y 
FG

IS
Co

lle
ct

ed
 a

t h
ar

ve
st

 b
y 

SR
S

19
76

19
77

19
78

19
79

19
80

19
78

 
19

79

To
ta

l a
fla

to
xi

n,
 

ng
/g

No
. o

f 
sa

m
pl

es
(%

)
No

. o
f 

sa
m

pl
es

(%
)

No
. o

f 
sa

m
pl

es
(%

)
No

. o
f 

sa
m

pl
es

(%
)

No
. o

f
sa

m
pl

es
(%

)
No

. o
f 

sa
m

pl
es

(%
)

No
. o

f 
sa

m
pl

es
(%

)

N
D

a
77

(6
3)

52
(5

1)
63

(6
4)

81
(7

1)
18

(1
8)

79
(8

8)
93

(7
9)

<2
0

13
(1

0)
17

(1
7)

10
(1

0)
13

(1
1)

20
(2

0)
2

(2
)

9
(8

)
20

-1
00

21
(1

7)
18

(1
8)

21
(2

1)
8

(7
)

32
(3

2)
5

(6
)

7
(6

)
10

1-
50

0
9

(7
)

10
(1

0)
5

(5
)

10
(9

)
26

(2
6)

4
(4

)
7

(6
)

50
1-

10
00

1
(1

)
1

(1
)

—
—

2
(2

)
1

(1
)

—
—

—
—

>1
00

0
2

(2
)

3
(3

)
—

—
—

—
2

2
—

—
1

1
To

ta
l

12
3

10
1

99
11

4
99

90
11

7

%
 In

ci
de

nc
e

37
49

36
29

82
12

21
%

 >
 2

0 
ng

/g
27

32
26

18
61

10
13

%
 >

10
0 

ng
/g

10
14

5
11

29
L 1

7
Av

. l
ev

el
 (n

g/
g)

,
48

91
21

34
13

7
13

36
al

l s
am

pl
es

Av
. l

ev
el

 (n
g/

g)
,

13
0

18
7

58
11

8
16

7
11

0
17

6
po

s.
 s

am
pl

es

a 
ND

 =
 n

ot
 d

et
ec

te
d.

1468 SHOTWELL & HESSELTINE: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO.



SHOTWELL & HESSELTINE: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 6, 1983) 1 4 6 9

corn, o n ly  a fla to x in  was id e n tif ie d  as a co n tin u 
in g  p ro b lem  in  corn. From  o u r investigations  
in  1975 w heat, w e  learned that zearalenone could  
cause problem s w h e n  w ea th e r conditions w ere  
favorable fo r F u sa riu m  invasions of w heat (scabby 
w heat). H o w ev e r, the fact that zearalenone was 
n ot detected in  w h e a t harvested in  1976-1980  
indicates that one outbreak of scabby w heat does 
n ot necessarily lead to in festation  o f crops in  
subsequent years. T h is  in fo rm atio n  became 
m ore im p o rtan t in  1982, w h e n  scab-dam aged  
w h e a t fro m  a fe w  areas was fou n d  to contain  
d eo xyn iva len o l and  to a lesser degree zeara len 
o n e — 2 m ycotoxins produced by  F u s a r iu m  (10). 
T h e  w ea th e r was u nu su a lly  ra in y  in  th e  areas 
w h e re  scabby w h ea t occurred in  1982.
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Rapid Detection of Fusarium Mycotoxins in Grains by Quadrupole 
Mass Spectrometry/Mass Spectrometry
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The Fusarium  mycotoxins deoxynivalenol (DON) 
and zearalenone can be detected rapidly in a crude 
extract of a grain matrix by quadrupole mass spec- 
trometry/mass spectrometric analysis of the col- 
lisionally activated dissociation (CAD) daughter 
fragments of the protonated molecule. Detection 
limits were as low as 0.1 ppm. The 2 toxins were 
detected in a single analysis. Monitoring the CAT) 
daughters of the negative ion m /z 248 of DON elim
inated most interferences from the grain matrix and 
produced daughter spectra identical to those pro
duced from an authentic standard.

U n d er certain conditions, F u sa riu m  molds invade  
cereal grains in  the fie ld  or in  storage. These  
m olds produce several toxic secondary m etabo
lites (m ycotoxins) that contam inate the grains. 
W h e n  these contam inated  grains are fed  to sus
ceptib le anim als, they  can cause physiological 
disorders o f econom ic significance. A m on g  
these m ycotoxins are the trichothecene deoxy
n iv a le n o l (D O N ) (3 ,7 ,15 -trih ydroxy-12 ,13 -ep - 
o xy tric h o th e c -9 -e n e -8 -o n e ), also k n o w n  as 
vom ito x in , w h ich  has been associated w ith  feed  
refusal and  an im al disorders k n o w n  as fusario- 
toxicoses (1), and  the estrogen zeara lenone [6- 
(10-hydroxy- 6 -oxo-frar;s-l-undecenyl)-/3-resor- 
cylic  acid lactone], w h ic h  causes hyperestro- 
genism  in  sw ine (2).

Both D O N  and  zearalenone have been found  
in  corn (3 -5 ) , b arley  (6), and  w h ea t (7). A fte r  
substantial w orkup , these m ycotoxins have been  
id e n tif ie d  and  q uantitated  by gas chrom atogra
p hy  and gas chrom atography-m ass spectrometry 
of the trim e th y ls ily l or h ep taflu o ro bu tyra te  de
riva tives  (3, 7) and by e lectron  capture (EC) GC
(7).

T he  ra th er n ew  technique of tandem  mass 
spectrom etry, or mass spectrom etry/m ass spec
tro m etry  (M S /M S ), has generated considerable  
in terest as a m ethod  to ana lyze  fo r target com- 
pound(s) in  a crude m atrix  o f organic com-
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pounds. M S /M S  uses one stage o f mass sepa
ration  to select the com pound of interest from  the 
m atrix  (usually as the m olecular ion , protonated  
m olecular ion , or m olecular an ion) and a second 
stage fo r analysis a fte r a co llis ion a lly  activated  
dissociation (C A D ) by collision w ith  a target gas. 
The w ide  variety of em erging instrum ents being  
developed for M S /M S  studies has been review ed  
(8, 9). W e n o w  report detection  by M S /M S  of 
zearalenone and  D O N  at b e lo w  1 p pm  concen
trations d irec tly  from  a solvent extract o f the  
g ra in  m atrix  and w ith o u t sam ple d eriva tiza tio n  
or sam ple cleanup. Selection o f several par- 
e n t/d a u g h te r experim ents allow s detection  of 
both  m ycotoxins in  a sing le analysis.

E xp e rim e n ta l

A  F inn igan  4535 /T S Q  trip le  quadrupole mass 
spectrom eter equ ipped  w ith  pulsed pos itive 
negative ion  chem ical ion iza tio n  was used in  
M S /M S  analysis. Isobutane was the reagent gas 
or b u ffe r gas (negative  ion ) at a pressure o f 0.25 
torr. Source tem peratu re  was m ain ta in ed  at 
140°C  and electron energy was 70 eV. A rgo n  
was the target gas in  the Q 2 collision cell for C A D  
experim ents. T he  pressure o f Q 2 was set at 1.5 
m torr as m easured by the Hastings gauge. This  
gave a pressure o f ca 2.5 X 10-5  to rr in  the  ana
lyzer region of the mass spectrometer. Collision  
energy of the C A D  in  Q 2 measured as the axial dc 
offset potential o f Q 2 was + 2 0  V  fo r negative ion  
experim ents and —12 to —20 V  fo r positive ion  
experim ents. Because the dau gh ter ions p ro 
duced in  lo w -en erg y  C A D  experim ents w ith  
quadrupole M S /M S  are h ig h ly  sensitive to both  
target gas pressure and collis ion  energy, careful 
setting  o f ins tru m en t param eters is req u ired  fo r  
re p ro d u c ib ility .

Sam ples w ere  in troduced  v ia  the d irect inser
tio n  probe, w h ic h  was heated by the ballis tic  
ram p heater set at a d ia l read ing  of 3.5. This  
setting heated the probe to above 400°C  in  about 
4 m in . U n d e r these conditions, the mycotoxins  
analyzed eluted from  the probe as a peak in  about 
2V2 m in . Data acquisition and mass spectrometer 
control w ere  accom plished by an Incos 2300 data 
system w ith  specialized software that contro lled
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scanning and  mass setting param eters fo r the  
quadrupoles in  M S /M S  experim ents. Q j was set 
to a lte rn a tive ly  pass th e  pro tonated  m olecule at 
m /z  319 fo r zearalenone, at m /z  297 fo r D O N , or 
the negative  io n  chem ical io n iza tio n  (N IC I)  M S  
fragm ent at m /z  248 fo r D O N . F u ll scans of the  
C A D  daughter fragm ents w ere recorded from  Q 3. 
A lte rn a tin g  the p arent io n  focused in to  Q 2 for 
C A D  a llo w e d  sim ultaneous e lu tio n  p ro files  fo r  
both  D O N  and  zeara lenone to be recorded in  a 
sing le  analysis.

S a m p le  P re p a ra tio n

G ro un d  and  b len d ed  50 g samples o f g ra in  
(corn, w heat, oats, and rice) w ere extracted in  250 
m L of one of 4 solvents [C H C l3-e th an o l (80 +  20); 
C H C la -w a te r  (250 +  25); C H 3C N ; or m e th a n o l-  
w ater (1 +  1)] for 30 m in  on a w rist-action shaker. 
A  50 m L  p o rtio n  o f the  filte re d  extract (10 g 
equ iva len t) taken  to dryness on a ro tary  evapo
rator was transferred in  C H C 13 to a T e flo n -lin e d  
screw-cap v ia l d ried  u n d er n itrog en , and  the  
residue was dissolved in  0.5 m L  C H C 13.

A  1 -5  p L  p o rtio n  o f the  sam ple (eq u iva len t to
2 0 -1 0 0  m g g ra in ) was p u t in to  a probe sam ple  
cup, a llo w ed  to evaporate to dryness, and  th en  
analyzed  b y  M S /M S .

For d e te rm in a tio n  o f detection  lim its , m yco- 
to x in -free  g ra in  samples w ere  spiked at 0.1, 0.5,
1.0, and  2.0 p pm  w ith  D O N  a n d /o r  zearalenone

and  extracted as above. A lso, b la n k  samples 
w e re  spiked to a 1.0 p pm  tox in  concentration  
a fte r extraction. Recoveries o f toxins w ere  de
te rm in e d  on spiked samples, using the  m ethod  
o f S h o tw e ll et al. (10) fo r zearalenone and a 
m o d ifie d  Scott et al. (7) p rocedure fo r D O N .  
Z eara lenone and D O N  in  extracts p a rtia lly  p u 
rified  by silica gel colum n chrom atography w ere  
q uantitated  by densitom etry  and  gas chrom a
tography  w ith  e lectron capture detection, re 
spectively.

R esults and  D iscussion

T he  isobutane C I-M S  o f zearalenone (F igure  
1) shows p redom inantly  the protonated molecule  
at m /z  319. L itt le  fragm enta tio n  is observed. 
D aughter spectra of m /z  319 varied  considerably 
w ith  the  collis ion  energy  (Q 2 o ffset vo ltage) 
(Figure 2). A t low  offset voltages, re la tive ly  little  
fragm enta tio n  occurs w ith  m /z  319, and losses 
of 18 and 36 dom inate  the spectrum . A t  m o d 
erate Q 2 offsets (about —12 V ), considerably more  
fragm enta tio n  occurs. The base peak o f the  
daughter spectrum is m /z  187 and the size o f the  
m /z  319 p arent peak is reduced to about 10% of 
the  lo w  energy daughter abundance. A t  h ig her  
energies, the p arent peak v ir tu a lly  disappears  
and lo w e r mass daughters d om inate  the  spec
tru m .

The am ount o f fragm entation  in  the daughter
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Figure 2. Argon CAD daughters of m /z 319 of zearalenone at several collision energies at (—3, —12, and
- 2 0  V) 1.5 mtorr.

spectra is also a fu n c tio n  o f target gas pressure. 
Increasing the target gas pressure from  1.5 to 3.0 
m torr increased the fragm entation at low er offset 
voltages. A  target gas pressure of 1.5 m to rr and  
an offset voltage o f —12 V  w e re  chosen as o p ti
m um  fo r zearalenone dau gh ter experim ents  
because good sensitiv ity , a long  w ith  large  
daughter fragm ents, w ere  produced. It  was fe lt 
that a m ore abundant, low er mass fragm ent, such 
as the m /z  187 d au gh ter, w o u ld  be m uch less 
lik e ly  to be a p ro m in e n t dau gh ter o f any in te r
fe rin g  com ponents in  the m atrix , th an  m /z  301 
and m /z  283, w h ich  could arise from  w ater losses 
fro m  an m /z  319 parent. Ten  nanogram s of 
zearalenone produced good d au gh ter spectra 
from  m /z  319 u nd er these Q 2 pressure and offset 
voltages. F igure  3 shows the  M S  /M S  daughter 
spectrum  o f a C H C l3-w a te r  extract o f clean, 
zearalenone-free corn that was spiked at 1.0 ppm  
w ith  zearalenone (F ig ure  3a) vs the  spectrum  of 
the clean corn extract (Figure 3b). These spectra 
w ere  obtained  fro m  M S /M S  o f an a liq u o t o f the  
corn extract equ iva len t to 100 m g corn. The  
daughter spectrum of the spiked corn is v irtu a lly  
identical to the m /z  319 daughter spectrum of the

pure toxin . A t the  1 ppm  leve l, in te rfe ren ce  
fro m  the  m atrix  is m in im a l in  corn, w h ea t, rice, 
and  oats extracts. A t lo w e r levels, the  m atrix  
m /z  319 daughter signals becom e large re la tive  
to the zearalenone m /z  319 dau gh ter signals. 
H o w e v e r, no signals are observed fo r m /z  319 
daughters at m /z  185, 187, o r 203 in  zeara len 
one-free  samples. Zeara lenone was detectable  
in  a ll spiked and  n a tu ra lly  contam inated  gra in  
extracts as lo w  as 0.1 p pm  w ith  no sample  
cleanup.

T he  C I-M S  o f D O N  (F igure  4) show ed m ore  
fragm enta tio n  than  the C I-M S  o f zearalenone. 
The pro tonated  m olecule at m /z  297 is the  base 
peak in  the  spectrum , but its percentage o f the  
total io n iza tio n  is considerably less than  for 
zearalenone. This m eant that daughter scans for 
m /z  297 fro m  10 ng D O N  w ere  som ew hat less 
in tense than  dau gh ter scans o f m /z  319 fro m  10 
ng zearalenone. T he  m /z  297 dau gh ter spec
tru m  at Q 2 pressure o f 1.5 m to rr and  offset v o lt 
age o f —12 V  is show n in  F igure 5. T he  d au gh 
ters observed are s im ila r to the fragm ents in  the  
C I-M S  of D O N  (F igure  4). T he  m ajor m /z  297 
daughter fragm ents at m /z  175 ,189 ,203 ,219 ,231 ,
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Figure 3. Comparison of CAD daughter spectra for (a) m /z 319 from extract of corn spiked with 1.0 ppm 
zearalenone, and (b) m /z 319 from extract of mycotoxin-free corn.

and  249 are a ll im p o rtan t fragm ents observed in  
the  C l spectrum , b u t the ratios are d iffe re n t. 
W h e n  the  d au gh ter spectra o f m /z  297 w ere  re 
corded fo r an a liqu ot equ iva len t to 100 m g corn, 
in tense fragm ents w ere  observed, w h ic h  in d i

cates the presence o f substantial m /z  297 ions in  
the b lank m atrix. H o w ever, exam ination  of the  
dau gh ter spectrum  reveals tha t no daughter  
fragm ents are observed at m /z  175, 203, or 249, 
a ll o f w h ic h  are intense fragm ents fro m  the
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p ro to n a te d  m o lecu le  o f D O N  (F ig u re  5). 
D au g h te r spectra o f a spiked corn m atrix  (1.0  
p p m ) and a m yco toxin-free  corn m atrix  are 
shown in  Figure 6. Plots o f the daughters at m  /z  
203, 231, and  249 fo r the spiked m atrix  and the

b lank m atrix  dem onstrate that the D O N  can still 
be seen even w ith  the interferences fro m  the  
m atrix . S im ila rly , the  m ycotoxin -free  m atrixes  
fro m  w heat, oats, and rice extracts show ed in 
tense m /z  297 dau gh ter spectra b u t again  no

Figure 6. Comparison of (a) CAD daughters of m /z  297 from 1 ppm deoxynivalenol-spiked corn extract and
(b) m /z  297 from  extract of m ycotoxin-free corn.
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dau gh ter at the  m /z  values o f m /z  203, 231, and  
249, m aking  detection o f D O N  at 1 p pm  possible 
by daughters o f m /z  297. In  the N IC I-M S  m ode  
w ith  isobutane, a sm all s ignal fo r the  m olecular 
anion  of D O N  at m /z  296 is observed. The base 
peak in  the  spectrum , m /z  248, arises fro m  the  
loss of 48 (F igure 7). Presum ably, this is the loss 
of H 2 C = 0  +  H 20 .  This signal is on the order of 
100 tim es as intense as the  pro tonated  m olecule  
observed in  the positive ion  spectrum  u nd er the  
same conditions. D au g h te r spectra o f m /z  248 
fro m  10 ng  D O N  (F ig ure  8) and fro m  a myco- 
toxin-free corn extract spiked w ith  1.0 p pm  D O N  
w ere  n early  iden tica l. V e ry  litt le  m /z  248 is in  
the b lank m atrix, and no signal at the m ajor D O N  
daughters at m /z  147 and  175 is observed in  the  
blank. S im ila rly , b lan k m atrixes o f w heat, oats, 
and  rice show ed n eg lig ib le  in terfe ren ce  at m /z  
248. Thus D O N  could be easily detected, be
cause it  produces n early  id en tica l M S  /M S  
d au gh ter spectra of m /z  248 as the p ure  com po
nen t w h e n  its presence in  the m atrix  was o n ly  at 
the 0.5 p pm  leve l. T h e  positive io n  m /z  297 
dau gh ter experim ents in  conjunction  w ith  the  
negative  io n  m /z  248 d au gh ter experim ents  
c o n firm  the  presence o f D O N  w h e n  present 
above 1.0 p pm .

M S /M S  q u a n tita tiv e  data o b ta in ed  fro m  
analysis o f a crude m atrix , w ith o u t th e  use of 
isotope d ilu tio n  techniques or in te rn a l standard

techniques, depend  on fa r g reater contro l and  
b etter u nd erstand ing  o f the sam ple v o la tiliz a 
t io n /io n iz a tio n  process than  do s im p le r G C -M S  
experim ents. W h e n  the in s tru m en t is in  the  C l 
m ode, it  is possible, i f  not lik e ly , tha t the  vo la 
tiliza tion  of the complex m atrix in to  the C l source 
along  w ith  the C l reactant ions w i l l  have a sig
n ific a n t effect on the C l reaction conditions. 
This  effect could  cause some d ev ia tion  fro m  the  
in tensity  o f the m olecular ion  and its fragm ents, 
w h ich  are form ed w hen  the same am ount of pure  
substance less the m atrix  is v o la tilize d . Kallos  
et al. (11) recen tly  discussed these m atrix  effects 
in  C I-M S . T hey  concluded tha t s ign ifican t 
quantities  o f m atrix  can cause pronounced  de
v ia tio n  fro m  n orm al C l perform ance in  the  
source even w h e n  "n o rm a l"  C l conditions are 
m et, and that the add itio n  of isotopically labeled  
in te rn a l standards is g en era lly  the  best w ay  to 
compensate for m atrix effects. Pure D O N  eluted  
fro m  the probe as a distinct peak about 20 s w id e  
at a probe tem peratu re  o f about 180°C . T he  re 
sponse o f the m /z  175 dau gh ter o f the m /z  248 
ion  fro m  N IC I  had a reasonably lin e a r response 
fro m  2 ng  to 500 ng  (Table 1). W h e n  the D O N  
was spiked in to  crude grain  extracts, the response 
of the m /z  175 dau gh ter ion  fro m  D O N  was 
spread over a considerably w id e r tim e. D O N  
was spiked in to  the crude extract o f m ycotoxin- 
free  corn at 0.1, 0 .2 ,0 .5 ,1 .0 ,2 .0 , and  4.0 ppm . A
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Table 1. Response of m/z 175 daughter of m/z248 
from NICI MS/MS of deoxynivalenol

DON, ng Counts Calcda

2 2700 6581
4 2979 9505
5 6776 10 968

10 11 535 18 279
20 46 085 32 901
50 106 409 76 766

100 161 615 149 876
200 256 144 296 095
500 745 138 734 759

a Standard curve using linear regression: counts = 3656 
+ (1462.2 X ng DON) correlation coefficient 0.9968.

p o rtio n  o f the  extract, eq u iva len t to 0.025 g, was 
analyzed  and  the  response o f the m /z  175 
daughter was measured. The abundance of m /z  
175 in  these spiked crude extracts was o n ly  about 
40% that recorded w h e n  the D O N  was ana lyzed  
w ith o u t any m atrix  (Tab le  2). Response o f the  
m /z  175 d aughter signal varied  greatly  from  day  
to day b u t the  data presented in  Tab le 2 are ty p 
ical fo r ru n -to -ru n  varia tio n . In  spite o f these 
difficu lties w ith  response, spiked m ycotoxin-free  
w h eat extracts and  n a tu ra lly  contam inated  ex
tracts show ed reasonably good com parison of 
M S /M S  results (Tab le  3) w ith  analysis fo r D O N  
by EC-GC. A t levels below  1 ppm , m atrix effects

Table 2. Response of m/z 175 daughter signal in NICI 
MS/MS of deoxynivalenol spiked into mycotoxin-free corn

Spike Caled response

Response, %ppm ng ppm ng

0.1 25 0.036 9 36
0.2 50 0.052 13 26
0.5 125 0.15 37 30
1.0 250 0.43 108 43
2.0 500 0.68 170 34
4.0 1000 1.28 320 32

becam e m ore im p o rtan t and  q uan tita tive  esti
mates by M S /M S  w ere  n o t alw ays in  agreem ent 
w ith  EC-G C data. Som etim es false negatives  
w ere observed at levels betw een 0.5 and 0.1 ppm  
due to these effects. Increasing the  sam ple size 
ana lyzed  d id  not im p ro ve  results; h ow ever, 
cleanup to rem ove some o f the unw anted  m atrix  
im p ro ved  the s ituation. W h e n  extracts w ere  
cleaned u p , using procedures s im ila r to those 
reported  b y  Scott et al. (7), M S /M S  data fo r D O N  
com pared w e ll w ith  EC-G C results at concen
trations as lo w  as 0.1 ppm .

D etection  o f D O N  and zearalenone in  a crude 
extract by M S /M S  analysis below  part p er m il
lio n  levels in  w heat, corn, oats, and  rice is feasi
b le. T he  m ycotoxins w ere  detected in  crude  
extracts w ith o u t sample cleanup. N o  d ifference
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Table 3. Comparison of EC-GC results with MS/MS 
estimates of deoxynivalenol

Sample EC-GC, ppm MS/MS, ppm

1 2.2 1.5
2 1.0 1.0
3 0.87 1.2
4 0.89 0.45
5 0.50 0.41
6 0.22 0.38
7 0.22 0.25
8 0.23 0.16
9 0.15 0.04

10 0.11 ND
11 0.05 ND
12 0.04 0.02

in  a b ility  to detect the  m ycotoxins at 1.0 ppm  
concentrations was observed fo r any  o f the sol
v e n t extracts tested, a lth o u g h  m e th a n o l-w a te r  
(1 +  1) extracted o n ly  50-70%  o f the zearalenone  
in  th e  sam ple. Recoveries o f D O N  and  zearale
none by the  o ther solvents was greater than  80%, 
w ith  C H C l3-e th a n o l (80 +  20) g iv in g  the best 
recoveries from  w heat and corn (>86% ). Careful 
a tten tio n  to  in s tru m en ta l param eters (particu 
la r ly  Q 2 pressure and probe conditions) gave  
rep rodu cib le  d au gh ter spectra, and  com parison  
o f response w ith  spiked samples gave a reason
able  q uan tita tive  estim ate o f the le v e l o f con
tam in a tio n  in  samples above 1.0 ppm . Zeara le -

none could be detected at 0.1 ppm , whereas D O N  
cou ld  be detected at 1.0 p pm  in  the positive  ion  
m ode and  0.5 p p m  in  the  negative  io n  m ode. 
V a ria tio n  o f response fo r D O N  at levels  b e lo w  1 
p p m  in terfe red  w ith  quantitative  m easurements  
fro m  crude extracts o f samples. A  com plete  
M S /M S  experim ent fo r both  m ycotoxins took  
less than  10 m in .
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Gas Chromatographic Determination of Deoxynivalenol in Wheat

GLENN A. BENNETT, ROBERT D. STUBBLEFIELD, GAIL M. SHANNON, and 
ODETTE L. SHOTWELL
U .S. D e p a r tm en t  o f  A g r ic u ltu r e , A g r icu ltu ra l R e s e a r c h  S e rv ic e , N o r th e r n  R eg io n a l R es e a r c h  
C e n te r ,  P e o r ia ,  1L 6 1 6 0 4

Modifications to a published method are described 
for the determination of deoxynivalenol (DON) in 
wheat by gas chromatography with electron capture 
quantitation of the heptafluorobutyrate derivative. 
In the modified method, DON is extracted by shaking 
the sample with methanol-water on a wrist-action 
shaker, followed by filtration through rapid flow 
paper. One concentration step is eliminated, and a 
hexane wash is incorporated to remove toluene from 
the silica gel column. Recoveries of DON from 
wheat samples spiked at 0.1,0.5, and 1.0 ppm ranged 
from 77.3 to 86.3% and averaged 81.5%.

M eth o d s  d eve lo pm en t fo r m ycotoxins is an ev
o lu tio n a ry  process w h e re b y  procedures fro m  
various m ethods are com bined  or m o d ifie d  to 
im prove assays or to reduce analysis tim e. Scott 
et al. (1) developed  a sensitive m ethod  for the  
d ete rm in a tio n  o f d eo xyn iva leno l (D O N )  in  
w h e a t b y  gas chrom atography w ith  electron  
capture (G C -E C ) detection  and  co n firm atio n  by  
mass spectrom etry (M S ) to assess the extent of 
con tam in atio n  in  the 1980 and 1981 Canadian  
w h e a t crop. Th is  m ethod  has a lo w  detection  
l im it  (10 ppb), is re liab le  (coefficient of varia tio n  
10%), gives satisfactory recoveries (57-86% ), and  
has been tested on a large n um ber o f n a tu ra lly  
contam inated samples. A  subsequent evaluation
(2) o f c u rren tly  ava ilab le  m etho d o logy fo r tr i-  
chothecenes concluded th a t G C-EC w ith  M S  
con firm a tio n  is the  best techn ique to date fo r  
d ete rm in in g  these toxins.

In  1982, some o f the  hard  red  w in te r  w heat 
harvested  in  eastern N ebraska and Kansas was 
v is ib ly  dam aged (scabby) w ith  F u s a r iu m  sp. and  
suspected o f bein g  contam inated  w ith  D O N  (3,
4). To  expedite  analysis o f a large n u m b er of 
w h eat samples, w e  m o d ified  the Scott procedure
(1) to increase the  n u m b er o f samples an analyst 
m ay prepare each day. This  com m unication  
describes the revised m eth o d  cu rren tly  used in  
th is  laboratory.
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M E T H O D

R e a g e n t s  a n d  M a te ria ls

(a) S o lv e n t s .— H P L C  grade m ethan o l, e th y l 
acetate, n -hexane, m ethy len e  ch lo ride , to luene, 
acetone, acetonitrile .

(b ) A m m o n iu m  s u l f a t e .—  30% solution.
(c) C e l i t e .— H y f lo  S u per-C e l diatom aceous  

earth .
(d ) S ilica  g e l . — E. M erc k  60, 0 .063 -0 .200  m m  

p artic le  size, con ta in ing  1% w ater. A ctivate  by  
d ry in g  1 h at 105°C. A d d  1 m L w a te r /100 g, seal, 
shake u n t il th o ro u g h ly  m ixed , and  store 15 h  in  
a ir t ig h t container.

(e) D e o x y n iv a le n o l .— W o rk in g  solutions o f 1 
an d  2 p g /m L  to lu en e -a c e to n itr ile  (95 +  5) p re 
p ared  fro m  stock so lu tion  of 0.10 m g crystalline  
deoxynivalenol /  m L  acetonitrile. Availab le  from  
M yco -L ab  Co., P O  Box 321, C h esterfie ld , M O  
63170.

( f )  N - H e p t a f lu o r o b u t y r y l im id a z o le  (H F B I ) .— 1 
g am pules (Pierce C hem ical Co., R ockford, IL  
61105).

(g ) S o d iu m  b ic a r b o n a t e .— 5% aqueous solu
tion .

(h )  S o d iu m  s u l f a t e .— A n h y d ro u s , g ra n u la r  
(M a llin c k ro d t C hem ical Co., Paris, K Y ).

( i)  P o ta s siu m  c h lo r id e .— 5% aqueous solution.

A p p a ra tu s

(a) S h a k e r .— B u rre ll w ris t-action  shaker.
(b ) F i l t e r  p a p e r .— Rapid  flo w , S&S 588 (C arl 

Schle icher and Schuell Co., K eene, N H ) .
(c) H e a t in g  b lo c k .— M o d e l 2090 Tem p-B lock  

m o d u le  heater (Lab -L ine  Instrum ents, Inc., 
M elrose  Park, IL ).

(d ) V ia l-s h a k in g  d e v ice . — V ortex tube m ixer, or 
equ iva len t.

(e) C h r o m a t o g r a p h ic  c o l u m n .—  Glass, 50 X 1.3 
cm od w ith  T e flo n  stopcock.

( f ) M ic r o  vials. — 2 m L, w ith  septum caps (Regis 
C h em ica l Co., M o rto n  G rove, IL ).

(g) G a s  c h r o m a t o g r a p h .—  Bendix 2500, w ith  3 
ft  X  2 m m  id  glass colum n packed w ith  3% O V -  
101 on 100-120 mesh Gas-Chrom  Q, and electron  
capture detector (63N i)  and electron capture li-  
n ea rize r (Tracor M o d e l 114556). Packard 800
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chrom atograph w ith  6 ft X  4 m m  id  glass colum n  
packed w ith  3% O V -1 ; 3H  detector.

(h) A u t o  d is p e n s e r s .—  E ppendorf w ith  500 and  
50 p L  disposable tips, or equ iva len t.

S a m p le  P re p a ra tio n

G rin d  sam ple (ca 1 kg) to pass 20 m esh screen 
and  b len d  15 m in  in  H o b a rt p lan etary  m ixer.

E x tra ct io n

A d d  250 m L  m eth an o l-w ater (1 +  1) to 500 m L  
extraction  flask (E rlen m eyer w ith  T e flo n -lin e d  
screw cap) co n ta in ing  50 g sam ple and 25 g C el- 
ite . Extract 30 m in  by shaking  on w ris t-action  
shaker. F ilte r th ro u g h  rap id  f lo w  p aper and  
collect 60 m L filtrate  in  500 m L beaker containing  
240 m L  30% am m o n iu m  sulfate. A d d  100 m L  
(1 8 -1 9  g) C e lite  and  stir 2 m in  ( in te rm itte n tly )  
w ith  glass rod. F ilter and transfer 200 m L filtrate  
to 500 m L  separatory fu n n e l and add 25 m L 5% 
aqueous potassium  chlo ride . Shake v igorously  
3 tim es w ith  e th y l acetate (100 m L) and com bine  
e th y l acetate fractions in  500 m L  E rlenm eyer 
flask. A d d  35 g sodium  sulfate and sw irl fo r 3 -4  
m in . ( I f  lum ps form , add additional 10 g sodium  
sulfate .) D ecant solu tion  th ro u g h  fu n n e l con
ta in in g  glass w o o l p lu g  in to  500 m L ro u n d -b o t
tom  flask. Rinse sodium  sulfate w ith  e th y l ace
tate (100 m L ) and  add e th y l acetate rinse to 
round-bottom  flask. Evaporate to dryness u nder 
reduced pressure on ro tary  evaporator at ca 
50°C .

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

Prepare silica gel colum n as described by Scott 
et al. (1) and transfer extract residue d irectly from  
ro u nd -b o tto m  flask to co lum n w ith  3 m L  m eth 
y len e  ch lo rid e . Rinse ro u n d -b o tto m  flask w ith  
2 a dd itio n a l 3 m L  washes and  add rinses to col
um n. W ash co lum n w ith  30 m L  a c e to n e -to lu 
ene (5 +  95) and w ith  20 m L  hexane and  discard  
washes. E lu te  D O N  w ith  50 m L  m eth y len e  
ch lo rid e-m ethano l (95 +  5) and evaporate eluate 
to dryness on ro tary  evaporator. T ransfer resi
due to 4 m L  v ia l w ith  m eth y len e  ch lo rid e , 
evaporate so lvent u n d er n itro g en , and  seal v ia l 
w ith  T e flo n -lin e d  screw cap. Store in  re fr ig e r
ator fo r analysis.

D eriv a tiz a t io n

Redissolve residue fro m  colum n in  4 m L  to l
u en e -a c e to n itr ile  (95 +  5) and  m ix  on V ortex  
m ixer. T ransfer 500 p L  sam ple so lu tio n  (0.1 g) 
and  standard D O N  solu tion  (0.1 o r 0.05 pg) to 
separate T e flo n -lin e d  screw-cap v ia ls  (15 X  45 
m m ). A d d  50 p L  H F B I reagent to each so lu tion

w ith  disposable p ip e t and  seal v ia ls  tig h tly . 
A g ita te  on V ortex  m ixer and  heat 1 h  at 60 °C . 
Cool v ia l to room tem perature and add 1.0 m L 5% 
sodium  bicarbonate. A g ita te  v igo ro us ly  on  
V o rtex  m ixer fo r 1 m in  to fo rm  fin e  em ulsion. 
Let phases separate (5 -1 0  m in ) and c a re fu lly  
transfer 50 p L  of upper phase to 2.0 m L  v ia l, w ith  
septum  cap, con ta in ing  950 pL  n -hexane. Sam 
p le  concentration  is 100 pg  sam ple e q u iv a le n t/ 
p L  and standard concentration  is 100 o r 50 p g /  
pL.

G as C h r o m a t o g r a p h y  a n d  Q u a n tita tio n

C onstruct a standard curve each day to d eter
m in e  electron capture detector response to D O N  
standard. GC conditions w ere  as fo llow s: 
Bendix 2500,3  ft X  2 m m  colum n at 160°C. In le t  
and 63N i  detector at 210 and 280°C , respectively. 
C arrie r gas, a rg o n -m eth an e  (95 +  5) at 60 m L /  
m in . Electron capture lin e a r ize r at 4 o r 8 X  at
ten uation . Packard chrom atograph  w ith  3H  
detector. C arrie r gas, n itro g en  at 50 m L /m in .  
In le t and detector at 210 and 220°C , respectively. 
C o lum n, 180°C  isotherm al. E lectrom eter at 1 X  
10-8  or 3 X  IO -9  AFS. Increase co lu m n  tem per
ature to 200°C  a fte r 1 5 -20  in jections to clean  
columns. Record precise vo lu m e o f sample and  
standard  in jected  b y  w ith d ra w in g  syrin ge  
p lu n g e r in to  barrel so that lo w e r m eniscus is at
1.0 p L  m ark. Record total vo lu m e  in  syringe. 
In ject and again w ith d ra w  p lu n g e r and measure 
vo lu m e  rem a in in g  in  syringe. D iffe ren c e  is 
vo lu m e injected. D e term in e  concentration  of 
D O N  in  sam ple fro m  form ula:

D eo xyn iva len o l, ppm  =
[(peak h e ig h t sam ple /p e a k  h e ig h t std)

X  pg std in je c te d ]/p g  sam ple in jected

R esults and  D iscussion

The revised procedure was tested on n atu ra lly  
contam inated and spiked w heat samples. Table  
1 shows the results obtained by 4 analysts on the  
same n a tu ra lly  contam inated  w h e a t sam ple. 
A n alys t 4 used the procedure described here. 
The o ther analysts used the Scott m ethod  (1), but 
the  extracts w ere  p repared  by shaking  and  f i l 
tering  instead o f by b le n d in g  and  cen trifu g in g . 
The additional m odifications described and used 
b y  analyst 4 reduced analysis tim e  and  gave es
sen tia lly  the same results obta ined  by  the  o ther 
analysts.

Percent recoveries of D O N  from  spiked w heat 
are show n in  Tab le 2. A verage recovery  fo r the  
3 levels tested was 81.5%. The m o d ifie d  proce
dure  was evaluated  b y  com paring  assay results
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Table 1. Results of intralaboratory assay on one 
naturally contaminated wheat sample by modified 

procedure8

Analyst Deoxynivalenol, ppm

1 1.49
2 1.35
3 1.33
4 1.556

8 Scott method (1) except extraction was done by shaking 
30 min on wrist-action shaker.

b Obtained with modifications described in text.

Table 2. Recovery of deoxynivalenol from spiked wheat 
samples by modified procedure8

Sample
DON added, 

ppm Ree., % C V,6 %

1 0.10 77.3 7.44
2 0.50 81.0 7.63
3 1.00 86.3 7.91

Av. 81.5 7.66

8 Triplicate analyses.
6 CV = coefficient of variation.

w ith  those obtained on iden tica l samples by  
outside laboratories w h ich  used the Scott m ethod  
as p ub lish ed  (1). A  com parison o f our results 
an d  results obtained by 2 d iffe re n t outside lab
oratories is presented in  Table 3. T he D O N  level 
in  sam ple 2 was reported  o n ly  to be greater than
14.5 ppm .

The Scott m ethod was m odified  to increase the  
n u m b e r o f samples an analyst could prepare fo r  
quantitation  per day. Vigorous shaking o f ethyl 
acetate-aqueous phase co n ta in ing  potassium

Table 3. Comparison of deoxynivalenol determination in 
wheat by 2 methods

Sample

Deoxynivalenol, ppm8

Outside lab, 
Scott method (1)

NRRC1’
modified Scott method

1 0.31 0.22
2 >14.5 18.40
3 5.30 4.98
4 1.12 1.39 8
5 6.90 7.07
6 3.20 3.65
7 7.80 5.91
8 3.40 3.74
9 10.20 10.29

8 One determination.
b NRRC: Northern Regional Research Center. 
c Five determinations.

ch lo rid e  unexpected ly  enhanced phase separa
tio n . A  hexane wash o f the  silica co lum n re 
m o ved  residual to luene and reduced d ry -d o w n  
tim e  fo r the  D O N  fraction . T he  use o f dispos
able pipets saved considerable tim e in  preparing  
solutions fo r derivatization . The m odifications  
p erm itte d  each analyst to prepare 6 -8  samples 
p er day to the step w here  the extract is ready for 
d e riv a tiza tio n  and  q uantitation .
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Enzyme-Linked Immunosorbent Assay of Ochratoxin A in Barley

MICHAEL R. A. MORGAN, RUTH McNERNEY, and HENRY W.-S. CHAN
A R C  F o o d  R es e a r c h  In s t itu te , C o ln ey  L a n e ,  N o r w ic h  N R 4  7 U A , U n ited  K in g d o m

A noncompetitive, double antibody enzyme-linked 
immunosorbent assay for ochratoxin A using mi
crotitration plates has been developed and applied 
to samples of barley. The anti-ochratoxin A antise
rum, which is used at high dilution, does not cross- 
react significantly with ochratoxin B or ochratoxin
a . Assay sensitivity for determination of the toxin 
in barley samples is 60 ng/kg. Minimal sample 
preparation is required before assay.

O chrato x in  A , a p o ten t n ep hro to x in  and  hepa- 
to tox in  ( 1 ), is a product o f the  secondary m etab
o lism  o f a n u m b er o f fu n g a l species in  the As- 
p e rg illu s  and P en icilliu m  genera. These fun g i and  
th e ir  products can contam inate a n u m b er o f ag
ricu ltural commodities, and consum ption o f such 
m ateria l has been lin k e d  w ith  several disease 
states in  anim als and  hum ans. O chra tox in  A  is 
th o u g h t to be the m ajor disease d ete rm in a n t in  
porcine n ep hro p a th y  (2 ), and  has been im p li
cated in  Endem ic Balkan N eph ro p ath y, the fatal 
h um an  k id n e y  disease fo u n d  in  certa in  areas of 
Bulgaria, R um ania, and Yugoslavia (3, 4).

T he  m ethods o f analysis cu rren tly  used fo r  
d ete rm in in g  ochratoxin  A  in  g ra in  and  gra in  
products most com m o nly  in v o lv e  th in  layer  
chrom atography (5, 6 ) or liq u id  chrom atography  
(7, 8 ). T h e  a v a ila b ility  o f im m unoassay proce
dures should  present advantages to m ycotoxin  
d ete rm in a tio n . T h e  specificity o f these assays, 
due to the  nature  o f the a n tib o d y -a n tig e n  in 
teraction, m eans that m in im a l p re -p u rifica tio n  
or sam ple cleanup  w i l l  be necessary. T h e ir  
sensitivity and  precision characteristics compare 
favorab ly  w ith  a lte rn a tive  procedures and, in  
add itio n , immunoassays have a un ique a b ility  to 
ro u tin e ly  h an d le  the large num bers o f samples 
necessarily in v o lv ed  in  m o n ito rin g  program s.

Antisera to ochratoxin A  have been described  
b y  2  groups and  used in  rad ioim m unoassay sys
tems (9, 10). This  approach is lim ite d  b y  the  
absence o f com m ercially available rad io-labeled  
tox in  o f h ig h  specific ac tiv ity . O ne o f the a n ti
sera has also been used in  a com petitive  en
zym e-lin ked  im m unosorbent assay (E L IS A ) (11). 
N o n e  o f the reports described the application  of 
the assays to b io log ical m ateria l.
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W e have raised and  characterized antisera to 
ochratoxin  A  and  have used it  to va lida te  a n o n 
com petitive , double an tibo dy  m ic ro titra tio n  
plate ELISA for the toxin  in  barley. This form  of 
E L IS A  has several advantages over the  com peti
tive  version. The latter requires the synthesis of 
a pure a n tig en -en zym e conjugate, p referab ly  in  
a p articu lar m o lar ratio. I t  requires tha t the  en
zym e p reparation  be in  contact w ith  the test 
sam ple d u rin g  the assay, a s ituation  tha t can 
present problem s i f  the sample contains enzym e  
in h ib ito rs  o r prom oters. In  ad d itio n , noncom 
p e titiv e  assays, w h ic h  are reagent excess m eth 
ods, are p o te n tia lly  m ore sensitive and  have a 
w id e r w o rk in g  range (12). T he  assay described  
uses stable reagents, and  the second, labeled  
antibody, is w id e ly  available com m ercially. The  
end  p o in t d e te rm in a tio n  o f optical density  is a 
p o te n tia lly  inexp ens ive  procedure; b a tte ry -  
operated portab le  m ic ro titra tio n  p la te  readers 
have been described (13). The m ic ro titra tio n  
p late  system is w e ll suited  to autom ation.

M E T H O D

Reagents and Apparatus

(a) A lk a lin e  p h o s p h a ta s e -la b e led  a n tise ra  to rabbit 

I g G .— Research Products D iv is io n , M ile s  Labo
ratories L td , U K .

(b ) E n z y m e  s u b s t r a t e .— p -N itro p h e n y l phos
p hate  (S igm a L ondon  C hem ical Co., U K ). P re
pare fresh so lu tion  (1 m g /m L ) in  0 .0 5M  carbon
ate-b icarbonate  b u ffe r w ith  0 .5 m M  M g C U , p H  
9.6, and use 0.2 m L /w e ll.

(c) A s s a y  b u f f e r .— D issolve an ti-ochra to x in  A  
antisera and a lk a lin e  phosphatase-labeled a n ti
sera to rabb it Ig G  in  p ho sphate-buffered  saline, 
p H  7.4, co n ta in in g  0.05% ( v /v )  T w e e n -2 0  
(PBSTween) (14). Use same b u ffe r but inc luding  
10% (v /v )  m ethano l to d ilu te  ochratoxin  A  stan
dards and  to redissolve barley  extracts.

(d ) O ch ra to x in  A  s ta n d a rd s .— A ld rich  Chem ical 
Co. Ltd., U K . Q uantitate spectrophotom etrically  
and d ilu te  as req u ired  in  PBSTw een con ta in ing  
10% m ethan o l (c). Prepare and  characterize  
ochratoxin  a  as p rev iou s ly  described (15).

(e) M ic ro tit ra t io n  p la te s .— N u n c  Im m unop late  
I  (G ibco Europe L td , U K ). W ash plates w ith  
D ynaw asher I I  (D ynatech  Laboratories L td , U K ). 
(Th is  instrum ent w i l l  aspirate contents o f the 96
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w ells  and then  f i l l  them  w ith  wash liq u id .) See 
text fo r n um b er o f cycles to use w ith  each wash  
liq u id . D e te rm in e  m icro titra tio n  p late  w e ll  
optical densities at 405 n m  w ith  D ynatech  M i-  
croelisa Reader.

Synthesis of Ochratoxin A-Protein 
Conjugates

Synthesize the im m u n og en , ochratoxin  A -  
b ov ine  serum  a lb u m in , by m ixed  a n h yd rid e  
m ethod  (16). D issolve 25 m g ochratoxin  A  in  2 
m L  dioxane, and cool to 12°C . A d d  0.05 m L  
tr i-n -b u ty la m in e  and le t stand 20 m in  at 12°C . 
A d d  0.02 m L  isobutylchlorocarbonate and  let 
stand 15 m in  at 12°C . A d d  m ix tu re  to solution  
of 80 m g b ov ine  serum  a lb u m in  dissolved in  4.3 
m L w ater and 2.6 m L dioxane adjusted to p H  9.5 
w ith  1 M  N a O H . A fte r  m ix in g , b rin g  p H  o f so
lu tio n  to 7 -8  w ith  1 M  N a O H . Incubate w ith  
m ix in g  at 4 °C  fo r 4 h. D ia ly ze  exhaustively  
against w a te r before freeze -d ry in g . Dissolve  
product in  0 .0 1M  N a C l and  fractionate in  Seph- 
adex G25 that has been eq u ilib rated  and  elu ted  
w ith  the salt solution. C o m bine  fractions con
ta in in g  p ro te in , d ia lyze  against w a te r, and  
freeze -d ry  to g ive  im m u n og en  (73 mg).

Synthesize conjugate used to coat m ic ro titra 
tio n  p lates, o ch ra to x in  A -k e y h o le  lim p e t  
h em ocyanin , by using a carb od iim ide reagent
(17). D issolve 5 m g ochratoxin  A  in  0.12 m L  
ethano l and 3 m L 0 .1M  p H  7.0 phosphate buffer. 
M ix  51 m g keyho le  lim p e t hem ocyan in  w ith  5 
m L 0 .1 M  N a C l. Rem ove undissolved m ateria l 
and com bine w ith  to x in  solution. A d d  1 -e thy l-
3 -(d im e th y la m in o p ro p y l) carb od iim ide to this  
m ixture and stir 24 h  in  darkness at 20°C . P u rify  
as p rev iou s ly  described fo r b ov ine  serum  albu- 
m in -o c h ra to x in  A  conjugate (17) to g ive  the  
product (19 mg).

Production of Anti-Ochratoxin A Antisera

Use im m u n iza tio n  procedure p rev iou s ly  de
scribed (18). Store p lasm a a t —40°C . M a k e u p  
appropriate d ilu tions in  PBSTween, and store at 
—20°C . For n orm al assay w o rk , use anti-ochra- 
tox in  A  antisera at f in a l d ilu tio n  of 1:25 000 
(v /v ) .

Preparation of Microtitration Plates for 
ELISA

Form  ochratoxin A  solid phase by coating w ith  
ochratox in  A -k e y h o le  lim p e t hem ocyanin . In 
cubate each w e ll w ith  conjugate so lu tion  (0 .3  
m L /w e l l  o f filte re d  0.002 m g /m L  solu tion  in  
0 .0 5M  p H  9.6 carbonate-bicarbonate b u ffe r) fo r  
15 h  at 2 °C . W ash plates once w ith  w ater, and

store u n d er desiccation. Before use, w ash once 
w ith  PBSTween.

ELISA Protocol

A d d  0.1 m L  samples or standards in  trip lica te  
as required and 0.1 m L anti-ochratoxin A  antisera 
to appropria te  w e lls  o f coated m ic ro titra tio n  
plates. Incubate fo r e ith e r 3 h  at 3 5 °C  or 15 h at 
2°C . Wash plates 5 times w ith  PBSTween. A d d  
a lk a lin e  phosphatase-labeled antisera to rabb it 
IgG  (d ilu te d  1:4000 (v /v )  in  PBSTween; use 0.2 
m L /w e ll) .  Incubate 3 h at 35 °C . A d d  0.2 m L  
en zym e sub s tra te /w e ll. Incubate 1 h  at 35 °C , 
and  record w e ll optical densities. D e te rm in e  
ochratoxin  A  content o f samples b y  reference to 
standard curves.

D e te rm in e  cross-reactions by m od ifica tio n  of 
standard d e fin it io n  (19). Take ratio  (as p er
centage) o f mass of com pound o f in terest g iven  
b y  50% o f m ax im um  absorbance to mass o f och
ratox in  A  d efin e d  by same value.

Sample Preparation for ELISA

W e ig h  f in e ly  g round  barley  samples (5 or 10 
g as req u ired ) in to  250 m L round -b o tto m  flask, 
and  add 6  m L  0 .1M  phosphoric acid and  60 m L  
ch lo ro fo rm . Shake 30 m in  on w ris t-action  
shaker. Let stand 10 m in . Rem ove 10 m L  a li
quot liq u id  phase. Evaporate to dryness w ith  
ro tary  evaporator and  re-dissolve in  PBSTw een  
in c lu d in g  10% m ethano l (> 1  m L  as req u ired  to 
g ive  appropria te  ochratoxin  A  concentrations). 
Take 0.1 m L  aliquots for ELISA.

Sp ike barley by add ing  ochratoxin  A  in  ch lo 
ro form  to ground barley. Let solvent evaporate  
and proceed w ith  extraction.

R e su lts  a n d  D iscu ss io n

The ochratoxin A -k ey h o le  lim p et hem ocyanin  
conjugate that was synthesized was used to coat 
the  m icro titra tio n  plates to fo rm  the solid  phase 
aspect o f the  EL ISA . The coated plates have  
show n no evidence o f deterio ra tion  on storage; 
it  has been reported  that coated plates are stable 
fo r a least 1 year i f  stored d ry  (14).

T he  o th er synthesized conjugate, ochratoxin  
A -b o v in e  serum  a lb u m in  im m u n o g en , had a 
h a p te n -p ro te in  ratio  o f 22 :1  d ete rm ined  spec- 
trophotom etrically . A ll  rabbits responded w e ll 
to im m u n iza tio n , and one p articu lar breed was 
used throughout the w o rk  described. The fin a l 
antiserum  d ilu tio n  used was 1:25 000 (v /v ) .

H ig h  d ilu tio n  is im p ortan t fo r reasons of 
econom y and c o n tin u ity  and to e lim in a te  n o n 
specific factors. The antiserum  enab led  p ro 
duction  o f a sensitive standard curve fo r ochra-
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Figure 1. Standard curve for ochratoxin A deter
mination by ELISA. Nonspecific binding (no ochra
toxin A, no antibody) was less than 5%. Results are 

means of triplicate determinations.

tox in  A  d e te rm in a tio n  u n d er the conditions de
scribed (F ig ure  1). T h e  least detectable am ount 
(that s ign ificantly  d iffe re n t fro m  zero) was 10  pg 
ochratoxin  A /w e l l  (P < 0 .001; n =  10).

Cross-reactions o f com pounds o f interest 
tested in  the E L IS A  system are as fo llow s: och
ra tox in  A , 100; ochratoxin  B, 0.5; ochratoxin  a ,  

2.4; coum arin , <0 .00005; 4 -hydroxyco u m arin , 
<0.00005; and p h e n y la la n in e , <0.00005% .

F igure 2 shows the structures o f ochratoxins  
A  and B. O chra to x in  a  is a m am m alian  m etab
o lite  of ochratoxin A  (20), resulting  fro m  the loss 
afte r h ydro lys is  o f the  p h en y la la n in e  m oiety . 
T he  antiserum  is very  specific fo r ochratoxin  A. 
Absence o f the ch lo rin e  atom  in  ochratox in  B 
reduces reco gn itio n  considerably, to 0.5%. The  
lack o f an tibo dy  b in d in g  to p h e n y la la n in e  and  
the coum arin  com pounds and the m uch reduced  
b in d in g  to ochratoxin a  (on ly  2.4%) suggest that 
at the h ig h  serum  d ilu tio n  used in  the assay the  
p re d o m in a n t b in d in g  effects are fo r the  total 
ochratoxin  structure on ly .

In  ap p ly in g  the E L IS A  to the d eterm ination  of 
ochratoxin  A  in  b arley, w e  fo u n d  that sam ple  
preparation  could be kept to a m in im u m . Thus, 
extraction  o f the tox in  fro m  gro un d  b arley  
y ie ld e d  a liq u id  phase tha t could  be assayed d i
rectly  a fte r so lvent evaporation  and re-dissolu- 
tion  in  the appropria te  bu ffe r. T h e  specificity  
of the antiserum  is there fore  u tilize d  fu lly , and  
the resu ltan t s im ple  w o rk -u p  c learly  has con
siderable advantages o ver m ethods o f analysis  
re q u ir in g  le n g th ie r procedures.

T he  E L IS A  is p o te n tia lly  a ve ry  sensitive  
m ethod . U n d e r the conditions described, the
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Figure 2. Structures of ochratoxins A and B.

Table 1. Recovery of ochratoxin A added to barley

Added, n g /k g Ree., % (CV, %, n =  5)

0.48 96.7(8.8)
1.92 97.9(12.4)

19.20 95.8(6.5)
48.00 95.0(6.3)

l im it  o f detection  w o u ld  be e q u iva len t to 60 ng  
to x in /k g  barley. N a tu ra lly  contam inated barley  
samples show ed lin e a r ity  o f response fo r och
ratox in  A  content against d ilu tio n  of b arley  ex
tract assayed. Portions of the chloroform  extract 
o f the barley  (10 m L ) w ere  taken  to dryness and  
re-dissolved in  assay buffer. D iffe re n t volum es  
(0.02, 0.04, 0.06, 0.08, and 0.1 m L ) w e re  then  
transferred  to the  m ic ro titra tio n  p late  fo r assay, 
w ith  the total incubation  vo lu m e  a fte r add itio n  
o f an tibo dy  m ade up to 0.2 m L  w ith  buffer. 
V o lu m e  o f extract assayed was p lo tted  against 
ochratoxin  A  content. Sam ples con ta in ing  10 
and 129 n g /g  ochratoxin  A  (as d ete rm ined  by  
E L IS A ) gave lin e a r d ilu tio n  plots (r =  0.995 and  
0.984, respectively) and intercepts o f —0.0095 and  
—0.0087 m L, respectively. These results indicate  
the  absence of s ign ificant nonspecific  factors in  
the  im m un o lo g ica l procedure.

C u rre n tly  accepted a lte rnative  m ethods of 
analysis fo r ochratoxin  A  in  barley  specify ex
tensive sam ple cleanup procedures. T he  h ig h  
specific ity  o f our antiserum  prepara tio n  means 
that w e  have been able to reduce sam ple p repa
ration  to the sim ple so lubiliza tion  step, w h ic h  is 
g en era lly  app lied  as the in it ia l procedure in  a l
ternative  m ethods. Recovery o f tox in  spike 
w o u ld  not, therefore , be expected to be a p rob
lem , and this was the  case. Table 1 shows the  
results o f recovery experim ents, w h ic h  have  
been carried out on both n atu ra lly  contam inated



148 4 M ORGAN  ET AL.: J. A SSO C. OFF. ANAL. CH EM . (VOL. 66, NO. 6, 1983)

m ateria l and on samples in  w h ic h  no endoge
nous ochratoxin  A  could be found .

T h e  in tra - (w ith in -)  assay coeffic ien t o f v a ria 
tio n  (C V ) fo r the m ethod  was d ete rm ined  fro m  
rep licate  analyses of a sing le b arley  extract on a 
sing le  p late. The in te r- (be tw een -) assay C V  
value was determ ined  from  replicate analyses of 
separate barley extracts, each assayed on separate 
plates. Barley samples con ta in in g  toxin  at 3.22  
and 29.9 n g /g  gave intra-assay C V  values o f 2.5 
and 3.1%, and  inter-assay C V  values o f 5.5 and  
7.0%, respectively ( n  =  10 in  each case).

T he  properties o f the  antiserum  and the non 
com petitive  sandw ich E L IS A  standard curve  
described com pare favo rab ly  w ith  the previous  
reports o f anti-ochratox in  A  antiserum  prepara
tion . T he  first, a rad ioim m unoassay (9), had a 
standard curve sensitiv ity  o f 20 ng. N o  cross
reaction data w ere  presented. The second (11) 
used antiserum  d ilu te d  1 :2 0 0  ( v /v )  in  a d irect 
E L IS A  system. The specificity o f the  antiserum  
was not as good w ith  respect to ochratoxin  B, 
h av in g  a cross-reaction of 14% com pared w ith  
0.5%, b u t was s lig h tly  b etter w ith  respect to 
ochratoxin  a  (1.3% com pared w ith  2.4%).

A p p lic a tio n  of the E L IS A  assay to b arley  i l 
lustrates the p o ten tia l o f the  im m un o lo g ica l an 
a ly tica l approach. Sam ples can be prepared  
s im p ly  and q u ick ly , and the subsequent assay is 
sensitive and specific. W o rk  is n o w  b ein g  car
ried  out to assess E L IS A  perform ance in  the  
ro u tin e  d e te rm in a tio n  o f och ra tox in  A  in  
barley.
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Samples of leaves, water, cereal grains, soil, and yel
low powder as well as blood, urine, and body tissues 
from chemical warfare victims were analyzed for 
Fusarium  toxins by using gas chromatography and 
mass spectrometry. The leaves, water, and yellow 
powder samples contained various combinations of 
T-2 toxin, diacetoxyscirpenol, deoxynivalenol, ni- 
valenol, and zearalenone in concentrations ranging 
from trace (1.0 ppb) amounts to 143 ppm. These tri- 
chothecenes do not occur naturally on the substrates 
described and were correlated with the so-called 
"yellow rain" chemical attacks against Hmong people 
in Southeast Asia. Analysis of leaves, soil, water, and 
cereals collected in areas adjacent to but apart from 
the area where chemical attacks had been staged did 
not contain any Fusarium  toxins. Moreover, T-2 and 
HT-2 toxins were found in human blood, urine, and 
body tissues (heart, esophagus, kidney, lung, and 
large intestine) of alleged victims. In addition, dia
cetoxyscirpenol was found in the kidney of one per
son who had died.

T h e  trichothecene m etabolites produced by  
various species of F u sa riu m  are secondary natural 
products w ith  in h e re n t, u n iqu e  b io log ical ac
tiv ities . T h e  best k n o w n  o f the  trichothecenes  
is T -2  tox in  [4!S ,15-d iacetoxy-8a-(3-m ethylbuty- 
ry lo x y )-3 a -h y d ro x y -1 2 ,1 3 -e p o x y tr ic h o th e c -9 -  
ene]. T -2 , as w e ll as diacetoxyscirpenol (D A S ), 
d eo x y n iv a le n o l (D O N ), and n iv a le n o l (N IV ) ,  
h ave  been fo u n d  occurring  n atu ra lly . O f  the 4 
toxins, D O N  is most fre q u e n tly  encountered  in  
n atu re , p a rtic u la rly  in  m aize and w heat, and is 
o ften  associated w ith  zearalenone. T he  struc
tures o f these m ycotoxins are show n in  F igure  
1.

M ost o f the trichothecenes are p otent skin  i r 
ritan ts  and  in fla m m a to ry  agents; th e ir  tox ic ity  
has been  established in  rats (1 -3 ) , in  ra in b o w  
tro u t (2), in  d a iry  cattle (4 -6 ) , in  sw ine (7 -9 ) , in  
chickens (10,11), in  cats (12,13), and in  guinea  
pigs (14).
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T he  trichothecenes have been im p licated  in  a 
disease described in  the Soviet U n io n  before 1900 
and  called  a lim en ta ry  toxic a leukia  (A T A ). The  
disease had  a serious im pact on the Soviet pop
u la tio n . In  one episode, 10% o f the  p opu la tion  
in  the O re n b u rg  d is tric t Was affected by eating  
bread  and  cereals fro m  o ve rw in te re d , F u s a r iu m -  

in fec ted  g rain . Thousands o f fata lities w ere  
recorded; in  one episode, an en tire  peasant v i l 
lage was almost annihilated . Joffe (15) described 
th e  effect on hum ans as fo llow s: In  the firs t 
stage, the patient feels a b urn ing  sensation in  the  
m o u th , esophagus, and  stomach, fo llo w e d  by  
v o m itin g , d iarrhea, and abd om ina l pain ; in  the  
second, there is a m arked decrease in  leukocytes, 
agranu lop en ia , and  lym phocytosis; in  the  th ird  
stage, petechial hemorrhages develop on various 
upper parts o f the body (chest, arms, thighs, face) 
and  necrotic areas develop  in  the throat; the  
fourth  stage is one of convalesence or death, and, 
i f  the patient survives, it  m ay take up to 2  months  
fo r the b lood -fo rm ing  capacity of the m arrow  to 
re tu rn  to norm al. The disease is also character
ized  by necrotic angina, sepsis, exhaustion o f the  
bone m arrow , fever, and b leeding from  the nose, 
th roat, and  gums.

N a tu ra l intoxication o f hum ans also took place 
in  n o rth e rn  C h in a  on the b order o f the  Soviet 
U n io n , w h e re  v ictim s com plained  o f d izziness, 
nausea, fever, and d iarrhea (16). The patients  
becam e i l l  a fte r ingesting  bread m ade fro m  ce
reals in fected  w ith  F u s a r iu m , w h ic h  they  appro
p ria te ly  called "d ru n k e n  bread."

The toxin  causing A T A  was described as being  
a steroid  and  was called poaefusarin  (17). M i-  
rocha and  Pathre (18) ana lyzed  a sam ple of 
poaefusarin  and fo u n d  tha t it  consisted o f T -2  
tox in , neosolan io l, T -2  tetrao l, and  zearalenone; 
no traces o f a steroid w ere  present. The authors  
concluded that the  m ajor toxic com ponent was 
T -2  toxin .

Since 1975, the U .S. g overn m en t has received  
consistent reports d eta ilin g  chem ical attacks in  
Southeast Asia (Laos and Kampuchea), w h ich , for 
the most part, w ere  perpetra ted  against the ci
v il ia n  H m o n g  people. Some o f these reports  
described the use of le th a l agents w h ic h  p ro 
duced sym ptom s in  hum ans tha t could  not be
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Nivalenol OH OH OH 0

Figure 1. Structure of trichothecenes commonly 
encountered and suspected of causing mycotoxi- 

coses.

correlated  w ith  those produced by k n o w n  or 
trad itiona lly  recognized chemical w arfare agents 
or com binations. Sym ptom s in c lu d ed  p ro 
lo n g e d  v o m itin g , d ia rrh e a , h em o rrh a g e , 
b re a th in g  d iff ic u lty , itch in g  and skin  irr ita tio n , 
nausea, b lu rre d  v is ion , headache, fatigue, d iz 
ziness, vertigo , and  death. W h e n  these sym p
tom s w ere  com pared w ith  those induced  by  
k n o w n  chem ical w arfare  agents, correlation was 
poor. These sym ptom s best f it  those caused by  
the trichothecenes, n ever before suspected of 
b ein g  used as chem ical w arfare  agents.

In  the fa ll o f 1980, the trichothecenes w ere  
added to the lis t o f chem ical agents suspected to 
have been used in  Southeast Asia and A fg h a n i
stan. In  M arch  1981, the  U.S. A rm y 's  C hem ical 
Systems Laboratory (CSL) reported  the presence 
o f an  unusual com pound (C 15H 24) in  the vapor 
analyses from  several c lothing and tissue samples 
taken  fro m  the v ic tim  o f a chem ical attack. The  
com pound closely resem bled the structure o f a 
trichothecene and hence sparked the request that 
a ll fu tu re  samples be analyzed  fo r the presence 
of trichothecene mycotoxins. Since then , Rosen 
and  Rosen (19) in d e p e n d e n tly  obtained ye llo w  
p ow der samples from  ABC N ew s and confirm ed  
o ur o rig in a l observations, i.e ., presence of T-2, 
diacetoxyscirpenol, and zearalenone.

E x p e rim e n ta l

Extraction and Cleanup Procedures

Sam ples fo r analysis w ere  obtained  fro m  the  
U.S. State D epartm ent. The lea f and stem sam
ples (FS698A and B) w ere  extracted w ith  aceto
n itr ile  tw ice and concentrated on a steam bath. 
Sam ples w ere  cleaned up by a ferric -ge l proce
dure: FeC l3.6H 2 0  was added to w ater (15% fina l 
concentration) and adjusted to p H  4.6 w ith  0 .1N  
N a O H . The sample in  acetonitrile  was added to

the  gel, s tirred , and a llo w e d  to eq u ilib ra te  3 -4  
m in . The ferric-gel m ixture was filtered  through  
flu te d  W h atm an  N o . 4 paper, and  the e fflu e n t  
was p artia lly  concentrated on a steam bath. The  
aqueous so lu tion  was cooled, transferred  to a 
separatory fu n n e l, and p artitio n ed  3 tim es w ith  
m ethy len e  ch lo ride . The m e th y le n e  ch lo rid e  
extracts w e re  d ried  w ith  anhydrous sodium  
sulfate and then  evaporated to dryness. The  
concentrate was transferred q uan tita tive ly  w ith  
acetone to a V2 d ram  v ia l and prepared  fo r ana l
ysis by com bination  gas chrom atography-m ass  
spectroscopy (G S-M S).

Sam ple FS704C (scraping fro m  rock) was ex
tracted w ith  aceto n itrile , filte re d  th ro u g h  a s in 
tered  glass f ilte r , concentrated, and  transferred  
to y2 d ram  via ls  w ith  acetone.

Sample FS704A (w ater and u n iden tified  tissue) 
was evaporated u nd er n itrog en , extracted w ith  
aceto n itrile , concentrated, and prepared  fo r  
analysis by G C -M S  as described above. The  
y e llo w  p ow der (FS704B) was extracted w ith  ac
e to n itr ile , filte re d , and p artitio n ed  w ith  p etro 
leum  ether (bp 60 -70°C ); both phases w ere saved 
and concentrated. T he  p etro leum  ether layer  
was spotted on a th in  la y er chrom atograph ic  
(TL C ) p late (silica gel 60) and  developed  in  to l
u e n e -e th y l acetate (75 +  25). A n  iden tica l p e 
tro leu m  e th er fraction  was obtained  fro m  a lab 
oratory cu lture  o f F u s a r iu m  ro s e u m  fo r com par
ison.

Sam ples FS 709A -I consisted o f w a te r, b lack  
f in e  soil, leaves, and kernels  o f rice and  corn. 
The leaf samples (FS709F-I) w ere  extracted w ith  
aceton itrile , defatted w ith  p etro leum  ether, 
concentrated, d ilu te d  in  5% aqueous m ethan o l, 
and added to an X A D -2  colum n (10 X  1 cm bed  
vo lum e). The co lum n was rinsed w ith  w ater  
and eluted  w ith  m eth a n o l-w a te r (90 +  10). The  
eluate was saved for G C -M S  analysis. The w ater 
sam ple (FS709A) was extracted w ith  e th y l ace
tate, concentrated, and saved for G C -M S  analysis. 
T he  extracted w a te r was evaporated and  the  
residue was extracted w ith  aceto n itrile , concen
trated , and  saved fo r analysis. T he  soil samples 
(FS709B and C) w ere  extracted w ith  95% m etha
n o l (3 tim es), filte re d  through  W h atm an  N o . 1 
paper, concentrated on a steam bath , and  trans
ferred  to a V2 d ram  v ia l w ith  acetone. T he  rice  
and corn samples (FS709D and E) w ere  extracted  
w ith  aceton itrile  and p u rif ie d  by the  ferric  gel 
procedure as described.

H u m a n  b lood  samples (FS 712A -Q ) w ere  p re 
cip itated  w ith  acetone (2  tim es the sam ple v o l
um e). The supernatant solution  (acetone) was 
evaporated w ith  n itro g en , dissolved in  m etha
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n o l-w a te r  (1 +  19 v /v ) ,  and  e lu ted  th ro u g h  an  
X A D -2  co lum n as described before.

H u m an  u rine  samples w ere  passed through an 
X A D -2  colum n and the m ethanol-w ater (90 +  10) 
eluate was collected. I f  necessary, samples w ere  
fu rth e r cleaned up by passing th em  th ro u g h  a 
Sep-Pak C18 cartridge. H u m a n  tissue samples  
w ere  received fixed  in  fo rm a lin . (W e had de
term ined  before analysis that form aldehyde does 
not degrade the T-2 m olecule.) The tissues w ere  
hom og en ized  in  100 m L  aceto n itrile  and ex
tracted w ith  this solvent 3 times. The com bined  
f iltra te  was evaporated  alm ost to dryness and  
redissolved in  10 m L m ethanol. To this solution, 
50 m L  w a te r was added, the  resu lting  vo lu m e  
was concentrated  to 20 m L , and the concentrate  
was added to an X A D -2  co lum n. T h e  colum n  
was washed w ith  100 m L  w a te r and the tricho- 
thecenes w ere  e lu ted  w ith  m e th an o l-w a te r (90 
+  10). T he e luate was concentrated to dryness  
and  the corresponding trifluoroacetate  esters o f 
the trichothecenes w ere  prepared  by reacting  
w ith  trifluo roacetic  acid an h y d rid e  or m eth - 
y len e -b is -triflu o ro acetam id e  (M B T F A , Pierce  
C hem ica l Co.).

Gas Chromatography—Mass Spectrometry

F in a l reso lu tion  and  q uan tita tio n  o f a ll sam
ples was done on a H e w le tt  Packard 5985B com 
b in a tio n  gas chrom atograph-m ass spectrom eter 
com plete w ith  an updated  com pu terized  data 
analysis system (A n sw er softw are, H e w le tt  
Packard). Analyses w ere done in  e ither electron  
im pact or positive  chem ical ion iza tio n  m ode in  
m ethane  o r am m onia. C o lum ns used fo r reso
lu tio n  o f the m ixtures w ere  e ith e r 3% O V -1 7  
packed on 80 -1 2 0  mesh Chrom osorb B or 30 m  X  
0.25 m m  DB5 cap illa ry  w ith  cova lently  bonded

phase inserted  d ire c tly  in to  the spectrom eter 
source.

R e su lts

Because o f extrem e d ifficu ltie s  in v o lv e d  in  
co llec ting  samples fro m  com bat zones, a ll sam
ples obtained  w ere  m in im a l in  q u an tity  and  
hence the la titu d e  in  the  type o f analysis was 
lim ited ; often, there was only  enough sample for 
o ne a ttem pt at analysis. As an exam ple, our 
labora tory  n o rm a lly  uses 2 5 -5 0  g sam ple fo r ex
traction  and, a fte r iso lation  and cleanup proce
dures, 1 -1 0  g equivalents are injected in to  the  
an a ly tica l ins tru m en t. W ith  0.2 g samples of 
leaves, w e  w ere  able to inject, at m ax im um , a 20 
m g equ ivalen t. W ith o u t the analytical p ow er of 
the  mass spectrom eter, in terfaced  to a gas chro
m atograph, these analyses w o u ld  not have been  
possible.

A t  the tim e the first samples w ere received, w e  
w ere  not aw are of the in tern atio na l significance  
o f the analyses and treated the samples routinely  
as w e  do w ith  hundreds o f o th er agricu ltu ra l 
samples. W e  w ere  n o t in fo rm ed  w h ic h  o f the  
samples w ere principals and w h ich  w ere controls 
or i f  controls w ere  subm itted . Th is  procedure  
was con tin ued  fo r a ll subsequent analyses re 
p orted  in  this paper.

T he  firs t le a f samples that w e  received (July 
1981) appeared to be fragm ents o f leaves and  
petio les (FS 698A  and B), and a w a te r sam ple  
(Table  1). T hey  w ere  collected w ith in  24 h  of an  
attack in  an area (TV 3391 ) located just south of 
Phnom  M ak  H oeun. The vegetation sample (0.2 
g sam ple size) contained 109 p pm  n iv a le n o l, 59 
p pm  d eo xyn iva leno l, and 3.17 ppm  T-2 toxin. 
T -2  toxin  had been added to ano ther leaf sample 
(FS698B) to provide  an in te rn a l positive control;

Table 1. Analysis by GC-MS of Fu sarium  toxins from various samples originating in Southeast Asia

F u s a r iu m  toxins, ppm 3

Sample No. T-2 DON NIV DAS Zearalenone

Dried leaf6 FS698A = 1 (0.2 g) 3.17 59 109.0 - -
Dried leaf6 FS698B = 2(0.2 g) 35.7 0 21.7 - —
Water (10 mL) with 

unidentified tissue6 FS704A = D8 (33 mg) 0 66 3 0 296 ppb3 0
Yellow-green powder6 FS704B = E168 143 0 0 27 40 6
Unidentified fragment3 

(1 mm) FS704C = Fl-2 (1 mg) 0 0 0
10 ng/vial 

(~10 ppm) -

3 0 = Not detected; (—) = not looked for. Concentrations of DON and DAS based on 33 mg (dry weight) of tissue are 66 
ppm and 296 ppb respectively, and 0.2 ppm and 1.0 ppb on the basis of 10 mL water.

6 Samples received July 1981.
c Samples received October 10, 1981 (another subsample of powder was obtained October 23, 1981). 
d  Full mass spectrum of zearalenone was obtained. 
e Scraping from rock.
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35.7 p p m  T -2  and 21.7 p pm  n iv a le n o l w ere  
fo u n d . W e d id  not a ttem pt to analyze  fo r d i- 
acetoxyscirpenol and zearalenone (a phytoes
trogen produced by F u sa riu m  spp.) because of the

lim ite d  sam ple size. The selected ion  m o n ito r
in g  p ro file  and  fu ll  mass spectrum  o f the tr if lu -  
oracetate ester o f T -2  tox in  fo u n d  in  the  vegeta
tio n  is show n  in  F igure  2. Com ponents fou nd

Figure 2. Full mass spectrum (electron impact) of trifluoracetate (TFA) derivative of T-2 toxin. (A) Leaf 
extract analysis of stem fragment FS-698A. Significant masses marked with asterisk. Note cluster at m /z  
400,401, and 402, used as diagnostic ions. (B) Extract of leaf ammended with T-2 toxin. Electron impact mass 
spectrum is identical to authentic T-2 and is shown as comparative T-2 standard spectrum. Normally, mo
lecular ion (M+ =  562) does not appear in El spectrum from quadrupole instrument. The chromatographic 

retention times of A and B are identical to authentic T-2 toxin.
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FS#704 D -8  CH3CN EXTRACT 
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Figure 3. Full electron impact mass spectrum of trimethylsilyl ether derivative of deoxynivalenol (DON) 
found in water sample FS-704 (D-8). Significant masses are marked with asterisk. Molecular ion (M+) is 
512, M+ — 15) =  497, (M+ — 90) =  422. Retention time is identical to authentic TMS-DON; m /z 581 is not

part of DON spectrum.

in  the  lea f samples w ere  resolved on  a 1 m  X  4 
m m  glass colum n o f 3% O V -101 on Chrom osorb, 
using a s ing le  jet separator.

A  10 m L  sam ple o f w a te r collected fro m  the  
same site as the lea f samples was sub m itted  fo r  
analysis  o n  O c to b er 10, 1981. S am ple  
F S 704A (D 8) was com posed o f w a te r w ith  u n 
id e n tif ie d  tissue (33 m g ) f lo a tin g  in  it. I t  was 
im possible fo r us to d e te rm in e  th e  n atu re  o f the  
tissue and  at the  same tim e  there  was some con
fusion as to w h e th e r w e  should  ana lyze  the  
w ater, the tissue, or both; both  w ere  analyzed . 
Sixty-six ppm  d eo xyn iva len o l (D O N ) and  296 
ppb d iacetoxyscirpenol (D A S ) was contained  in  
the tissue sam ple. A  fu l l  mass spectrum  o f the  
tr im e th y ls ily l (T M S ) e th er o f D O N  is sho w n  in  
Figure 3. T he  sam ple d id  n o t contain  enough  
D A S  fo r a fu l l  mass spectrum .

Less than  1.0 m g was ava ilab le  fro m  a sam ple  
(FS704C) that was scraped o ff  a rock (id e n tif ic a 
tio n  o f rock scraping u n k n o w n ) located in  a 
chem ical attack site at Ban T h o n g  H a k  (TF9177). 
T he  attack occurred at 2:00 P M  on A p r il  2 ,1 98 1 . 
A bout 10 ng diacetoxyscirpenol was found  in  this 
sam ple; T -2 , D O N  and  n iv a le n o l could  n o t be 
detected.

O n  Septem ber 20, 1981, samples o f vegetation, 
soil, and  cereals w h ic h  w e re  to serve as controls

w ere  collected fro m  an area around  TV3391 that 
had not been subjected to any reported  chem ical 
attacks. T he  samples w e re  collected b y  U .S. 
personnel u n d er instructions to reproduce the  
sam pling  conditions o f the o rig in a l samples as 
closely as possible. T he  controls consisted o f 4 
lea f samples, one rice and one corn sam ple, 2 soil 
samples, and one w a te r sam ple. These w ere  
analyzed  fo r T -2 , D A S , D O N , and  n iv a le n o l; a ll 
w ere  negative (Table 2).

A  v ia l con tain ing  y e llo w -g ree n  p o w d e r-lik e  
m ateria l (140 m g) was received on O ctober 10,
1981. I t  had o rig in a ted  fro m  a "y e llo w  ra in "  
attack on M arch 13,1981, in  the v illage  o f M uo ng  
Cha (TF9797) in  the Phou  Bia reg ion  o f Laos. 
T he  agent was sprayed fro m  a tw in -e n g in e  p ro 
p e lle r a ircraft and was described as fa llin g  " lik e  
an insect spray" and sounded lik e  d riz z lin g  rain . 
The sprayed substance was sticky at first but soon 
d ried  to a pow der. Sym ptom s described by  
victim s included nausea, vom iting , and diarrhea. 
T his  sam ple was scraped fro m  the surface o f a 
rock, carried  in to  T h a ila n d , and tu rned  over to 
U.S. Embassy personnel.

T he  extract o f the  above sam ple (140 m g ) was 
accidentally  sp illed  in  our labora tory  and  a sub
sam ple (50 m g) was obta ined  on O ctober 20, 
1981. T he  extract o f the  y e llo w  p o w d e r sam ple
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Table 2. Analysis of leaf, soil, water, corn, and rice collected as background control samples originating in Southeast
Asia3

Sample Amount, g Identity No. T-2 DAS NIV DON

Water 50 709A (M 26-81A i) 0 0 0 0
Soil 0.6 709B (M 26-81B i) 0 0 0 0
Soil 0.5 709C (M 26-81C i) 0 0 0 0
Corn 25.0 709 D (M 2 6-8 1 D !) 0 0 0 0
Rice 25.0 7 09E (M 26-81E i) 0 0 0 0
Leaf 1.4 709 F (M 2 6 -8 1F i) 0 0 0 0
Leaf 0.5 709G (M 26-81G !) 0 0 0 0
Leaf 1.3 709H (M 26-81H i) 0 0 0 0
Leaf 1.3 7091 (M 26-81 lj) 0 0 0 0

a Leaf samples were moist in plastic bag when received. All other samples except water were dry. Samples were obtained 
February 1, 1982.

was resolved on a 15 m covalently-bonded phase 
(C PD B 5) cap illa ry  colum n and  contained 143 
p pm  T -2  tox in  and 27 p pm  D A S . T h e  fu l l  chro
m atographic p ro file  (to ta l ion  curren t) is show n  
in  F igure  4, and the fu ll  mass spectra o f the  tri-  
fluoroacetate esters of T -2  and D A S  are show n in  
Figures 5A  and B. T h e  y e llo w  p o w d e r also 
contained 3 y e llo w  p ig m en ts  (p a rtitio n ed  in to  
petro leum  e ther) w h ic h  w ere  resolved on silica 
gel G by th in  layer chrom atography. These 
y e llo w  p igm ents  appeared to be iden tica l to the  
pigm ents fou nd  in  cultures o f F u s a r iu m  ro s e u m  

g ro w in g  in  our laboratory. Z eara lenone (40

ppm ) was also found  in  the sam ple and  its mass 
spectrum  is presented in  F igure 6.

H u m an  blood samples w ere draw n on October 
7,1981, from  victim s exposed to a chemical attack 
near Takong on Septem ber 19, 1981. The  
h ep arin ized  w h o le  b lood  samples packed in  ice 
w ere  received in  our laboratory fo r analysis on  
N o ve m b e r 9, 1981. Sam ples w ere  extracted as 
described and  analyzed  fo r products o f T -2  m e
tabolism : T -2 , H T -2 , T M R -1 , and T -2  tetraol. 
O n e o f the samples [FS-712F(B6)] was used com 
p le te ly  in  d eve lo p ing  our m ethod  o f extraction, 
and Sample FS-712N (A i 4) was too small a volum e

2 5 5 1 4 1
FS #704D  YELLOW POWDER EXTRACT 
TFA DERIVAT I ZED
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F ig u re  4. T o ta l io n  cu rre n t p ro f ile  o f  c o n s titu e n ts  o f  y e llo w  p o w d er sa m p le  (F S 7 0 4 D ) a fte r  d e riv a tiz a tio n
w ith  tr if lu o ro a c e t ic  acid  a n h y d rid e  an d  re so lu tio n  on  15 m ca p illa ry  co lu m n . In d iv id u a l p eak s are  a ll n o r 

m alize d  to la rg e st co m p o n e n t at re te n tio n  tim e  16.1.
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Figure 5. Full mass spectrum (electron impact) of trifluoroacetate (TFA) derivative of (A) T-2 toxin and (B) 
diacetoxyscirpenol (DAS) found in yellow powder sample FS-704B. Significant masses are marked with 

asterisk. Chromatographic retention times of T-2 and DAS were identical to authentic standards.

to analyze . A ll  o ther b lood samples w e re  neg
a tive  except fo r FS-712C(B3) and FS-712D(B4). 
T he  la tte r 2 samples w ere  resolved by cap illa ry  
colum ns an d  ana lyzed  b y  selected ion  m o n ito r
ing  (S IM ). H T -2  was tentatively iden tified  in  the

samples b y  S IM  but, because of the lim ite d  sam
p le  size and quantities detected, confirm ation via  
a fu ll mass spectrum could not be obtained (Table
3).

A d d it io n a l w h o le  b lood, serum , and  u rin e
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Figure 6. Full mass spectrum of trimethylsilyl ether of zearalenone found in yellow powder sample (FS704B 
=  E168) collected from attack area. The M+ (462) and m /z at 151, 260, 305, 333, 429, and 447 are diagnostic 
for zearalenone. Background was not subtracted from this spectrum. Chromatographic retention time on 

15 m capillary column was identical to authentic zearalenone.

samples w ere  obtained fro m  victim s o f a chem i
cal attack tha t occurred on February 13 ,1982 , at 
T uo l C h rey  in  Kampuchea. The victim s (FS726B 
an d  FS726F) sought m edical assistance in  the  
P h um  T m ey camp. A  group o f W estern  p hysi
cians collected blood and u rine  samples from  the 
vic tim s less than 24 h  a fte r exposure. The 2 
victim s reported severe eye irritation , prolonged

Table 3. Analysis of human blood samples from victims 
exposed to biological warfare chemicals in Southeast 

Asia"

Sample
No.

Trichothecenes

T-2 HT-2 TMR-1 T-2-401

FS712A-B (Bi) 0 0 0 0
FS712C (B3) 0 trace 0 0
FS712D (b4) 0 trace 0 0
FS712E-Q (B5-B17) 0 0 0 0

a Samples A14 and Be were not tested. The quantity of 
blood In Samples FS712A-M was approximately 15 mL; 
Samples N-Q, approximately 2 mL. A tentative identification 
of HT-2 was made based on selected ions. Full mass spectra 
could not be obtained because of the limited amount of ma
terial available. Samples were received November 9, 1981 
and were drawn October7, 1981, 18days after exposure to 
the chemical attack.

and  repeated episodes o f v o m itin g , d iff ic u lty  in  
b rea th in g , tre m b lin g , and severe d iarrhea.

The blood and u rine  samples w ere resolved on 
a 30 m  D B 5 cap illa ry  co lum n and ana lyzed  by  
positive  chem ical io n iza tio n  w ith  m ethane io n 
iza tio n  gas. Blood d raw n  fro m  FS726B show ed  
a leve l o f 18 ppb T -2 toxin  and 22 ppb H T -2  toxin  
w h ile  b lood  fro m  FS726F contained 11 ppb T -2  
and  10 ppb H T -2 . T he  u rin e  sam ple collected  
fro m  FS726D  48 h a fter exposure contained a 
trace q u a n tity  o f T -2  and 18 ppb H T -2 . A d d i
t io n a l b lood  samples w ere  collected by a p hys i
cian w ith  the In ternational Rescue Com m ittee on 
M arch  3 ,1 9 8 2 ,1 8  days after the attack. Samples 
o f b lood  fro m  2 (FS 726H  and FS726L) o f the 6 
ind iv idu a ls  contained 7 and 3 ppb, respectively, 
o f T -2  toxin . Analysis  o f b lood samples fro m  
contro l in d iv id u a ls  o f s im ilar age and back
g round  w h o  had not been subjected to chem ical 
attack w ere negative for the trichothecene toxins. 
C onsu lt Tab le  4 fo r the o rig in a l data and  F igure  
7 fo r  the positive  chem ical io n iza tio n  spectrum  
o f T -2  tox in  fo u n d  in  the  blood o f v ic tim  
FS726B.

A d d it io n a l b lood and u rin e  samples w ere  
d ra w n  from  victim s exposed to aerial d e liv e ry  of 
"y e llo w  ra in " toxins in  Laos and Kampuchea and
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Table 4. Analysis of whole blood samples and urine from 
human victims of chemical warfare In Southeast Asia *

Sample identification
T-2 toxin, 

ppb HT-2, ppb

FS726A(A1) urine ND ND
FS726D(B1) urine6 trace 18
FS726B(A2) blood6 18 22
FS726F(B3) serum6 11 10
FS726H(R2) blood6 7 ND
FS726L(R6) blood6 
FS726C-E-G-I-J-K-M-N-

3 ND

O-P-Q-R blood6 ND ND

a ND = Not detected. Quantitation based on HT-2. 
Analyses made by positive chemical ionization. Samples 
received March 21, 1982.

6 See Figure 7 for chemical Ionization data for T-2 and HT-2; 
samples were drawn 24 h after attack. Victims FS726B and 
FS726F.

6 Blood samples were drawn 18 days after initial exposure. 
Victims FS726H and FS726L.

delivered  to our laboratory for analysis (Table 5). 
Blood was obtained fro m  a H m o n g  couple ex
posed to w h a t was described as a ye llo w ish  and  
greenish  chem ical d e live red , respectively, on  
N o ve m b e r 11,1981, and January 4 ,1982 . Blood 
samples w ere  d ra w n  on M arch  21 ,1982 , and an 
alyzed for DAS, T-2, and H T -2 . The blood o f the  
m ale (FS736-13) contained 13.5 ppb T-2, whereas  
that o f the fem ale was negative (FS736-14). 
T h ree  b lood  samples w ere  d raw n  by a U .S. p h y 
sician on A p r il  17 ,1982 , fro m  three  H m o n g  re f
ugees: an 8 -year-o ld  boy, a 6-year-o ld  boy, and  
a you ng  g ir l. They w ere  exposed in  Laos late in  
M a rc h  1982 to an agent described as y e llo w  to 
red d ish  b ro w n  and th e ir  b lood was sam pled on  
A p r il  17, 1982. The 8 -year-o ld  boy had been  
severely  i l l  w ith  b lo ody  d iarrhea and coughing  
o f b lood , b u t his analyses w ere  negative. The  
g ir l was su ffe rin g  fro m  b loody  d iarrhea and ab
d o m in a l p ain . The 6 -year-o ld  boy's b lood  
(FS736-20) contained T -2  and H T -2  and the  g irl's  
b lood  (FS736-22) contained T-2.

Post-m ortem  b lood  samples w ere  obtained  
fro m  a 25-year-o ld  m ale H m o n g  refugee w h o  
had been adm itted  to a hospita l in  Ban V in a i, 
T h a ila n d . H e  ind ica ted  exposure at some u n 
d ete rm in e d  tim e  in  Laos and  b lood  was d ra w n  
on A p r il  17 ,1982 . Just before death, the v ic tim  
suffered a massive gastrointestinal hem orrhage. 
Both T -2  and  H T -2  w ere  fou n d  in  the b lood  
(FS736-40).

A  H m o n g  refugee in  T h a ila n d  suffered  from  
a chem ical attack that occurred in  Phou Bia, Laos, 
on M arc h  25, 1982. H e r  b lood  was sam pled on  
A p r il  6, 1982. The v ictim s o f h e r v illag e  com-

Table 5. Analysis of whole blood and urine for 
trichothecene toxins from human victims of chemical 

warfare 3

Sample identification T-2, ppb
HT-2,
ppb DAS, ppb

FS736-7 (blood) M-33-82-N7 _ 24.3 _
FS736-12 (blood) M-33-82-N13 25.9 - -
FS736-13 (blood) M-33-82-A26 13.5 - -
FS736-20 (blood) M-54-82-J26 110.4 296.1 -
FS736-21 (blood) M-54-82-K16 100.7 8.2 -
FS736-22 (blood) M-54-82-J36 46.2 - -
FS736-23 (blood) M-54-82-L1 < 19.4 - -
FS736-24 (blood) M-54-82-L2f 2.7 2.0 -
FS736-28 (blood) M-33-82-4 1.4 - -
FS736-28 (blood) M-33-82-4 1.4 - -
FS736-30 (blood) M-33-82-X6 72.5 22.0 -
FS736-31 (blood) M-33-82-X7 7.7 97.3 -
FS736-32 (blood) M-33-82-X8 16.1 14.4 -
FS736-33 (blood) M-33-82-X9 47.6 28.4 -
FS736-34 (blood) M-33-82-X11 58.8 - 5.0
FS736-40 (blood) M-54-82-02* 
FS736-42 (blood) M-24-82-

14.5 19.2 ~

BR16
FS736-43 (blood) M-24-82-

6.9 — —

BR2' - 8.1 —
FS736-44 (blood) M-55-82-K26 32.9 34.0 -
FS736-H (urine) M2-82-U16 5.0 1.8 -
FS736-I (urine) M2-82-U2' 4.0 1.3 -
FS736-J (urine) M2-82-U3' 
FS736-1-6; 8-11; 14-19; 25-27; 

29; 35-38; 41 (25 blood

22.0 7.4

samples) — “ —

a ( - )  = not detected.
b Male Hmong v ctlm twice exposed to chemical agent in 

Laos.
c Laos Victim. 
d  Laos Victim. 
e Laos Victim.
1 Hmong refugee Laos.
s Hmong refugee 25 yr-old who died after exposure 

(Laos).
h  Kampuchea Victim.
' Kampuchea Victim. 
i  Kampuchea Victim.

p la ined  o f vom iting , fever, headaches, backaches, 
sw o llen  eyes, and chest pains. Both T -2  and  
H T -2  w ere  fo u n d  in  h er b lood (FS736-21 and  
44).

A n o th e r H m o n g  refugee in  T h a ila n d  was 
treated  and his blood was sam pled on M arch  31,
1982. H e  had been exposed to a chem ical attack 
on M arch  17,1982, in  Phou Bia, Laos. The agent 
w h ic h  "lo oked  lik e  y e llo w  ra in "  was sprayed  
fro m  a helico pter at lo w  a ltitud e . T he  v ic tim  
d eve loped  stomach and chest pains and v o m i- 
tio n . V o m itin g  w ith  b lood developed  and con
tin u e d  fo r 24 h. O th e r sym ptom s inc luded  
headache, shortness o f breath , d izziness, eye ir 
rita tio n , v is ion  disturbances, rash, and blisters. 
Both T -2  and H T -2  w ere  fo u n d  in  the b lood of 
FS736-24 and T -2  in  FS736-23.
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Figure 7. (A) Analysis of T-2 toxin in whole blood sample (FS72B -  A-2) by positive chemical ionization
in methane. Base peak at m /z+ 401 of trifluoracetate ester of T-2 toxin is found at retention time 12.9. (B) 
Detection of HT-2 toxin by selected ion monitoring in chemical ionization mode resolved on 30 m CPDB-5 
covalently bonded capillary (0.25 mm) column. Base peak (455) and molecular ion (617) are shaded, and area 

under peak is integrated for quantitation. Blood samples are those of victim FS726B.



M IRO CH A  ET AL.: J. A SSO C. O FF. ANAL. CH EM . (VOL. 66, N O . 6, 1983) 1495

Table 6 . Analysis of various body tissues from victims of chemical 
attack a

Sample
No.

FS731
Amount,

g

Toxins

Tissue DAS T-2 HT-2

A heart 7.9 _ 1.2 ppm
B esophagus 13.5 25.1 ppb 4.02 ppm
C liver 9.5 - -
D kidney 10.4 2.55^ ppm 6.8 ppb -
E lung 4.5 8.5 ppb -
F large

intestine
5.3 88 ppb 9.6 ppb

a ( - )  = not detected. All analyses done by positive chemical ionization 
in methane.

b  DAS used as internal standard was overwhelmed by endogenous DAS. 
Victim was treated in Nong Pru Hospital.

A  sm all a ircraft sprayed a w h ite  p o w d er near 
P a ilin , Kam puchea, on M arch  5 ,1982. The next 
day 10 o f a g roup  o f 15 people w a lk ed  th rou g h  
the  area and  developed  sym ptom s iden tica l to 
those already described. A  second a rtille ry  shell 
attack occurred on M arch  7, 1982; b lood and  
u rin e  samples w ere  taken  fro m  3 survivors on  
M arch  13,1982. T -2  and H T -2  w ere found  in  the  
u rin e  (FS 736-H , FS736-I, and FS736-J). The  
blood o f FS736-H  and FS736-I also contained T-2  
an d  H T -2 .

O th er samples of blood and u rine  from  victim s  
w ere positive for T -2  and H T -2 , and, although the 
v ic tim s  w ere  not id e n tif ie d , the results are tab
u la ted  in  Tab le 5. T w e n ty -fiv e  o f the 43 b lood  
samples w ere  neg ative  w h e n  ana lyzed  fo r tri- 
chothecenes.

O ne  o f the  v ic tim s o f the F ebruary 13, 1982, 
chem ical attack in  T uo l C hrey, Kam puchea, died  
on M arch  16, about one m o n th  a fter in it ia l ex
posure. The victim  had made a b rie f recovery on 
M a rc h  12 and  13 but then  suffered  a relapse at 
w h ic h  tim e  he show ed signs o f a fev e r and  
jaundice, became anuric, lapsed in to  a coma, and  
d ied . S h o rtly  before death, the v ic tim  vo m ited  
b lood . A n  autopsy was p erfo rm ed  and tissues 
(heart, esophagus, stomach, liv e r, k id n e y , lu n g , 
large intestine) w ere stored in  form aldehyde and  
la te r analyzed . Gross and m icroscopic patho
log ical exam ination  o f these tissues revealed  
dam age consistent w ith  that rep orted  fo r tr i-  
chothecene intoxication  (20). The results o f the  
analyses are show n in  Table 6. T he  k id n ey  
contained copious amounts of diacetoxyscirpenol 
(2.55 p p m ) w hereas the heart and  esophagus  
contained  1.2 and 4.02 p p m  H T -2 , respectively. 
T he  significance o f this concentration in  cardiac 
tissue w i l l  be treated  in  the D is c u s s io n  section. 
T -2  tox in  was fo u n d  in  the esophagus, k id n ey ,

lu n g , and large in testine. D A S  was used as the  
in te rn a l standard and  it  m ay have m asked its 
endogenous presence in  tissues o ther than  k id 
ney, w here  the endogenous leve l o verw helm ed  
the  in te rn a l standard.

T h e  p artia l mass spectrum  o f D A S  (positive  
chem ical io n iza tio n  in  m ethane) fo u n d  in  the  
k id n e y  is show n in  F igure 8-A ; T -2  in  the  large  
intestine (Figure 8-B); and H T -2  toxin  in  the heart 
tissue (F igure  8-C ).

D iscussion

T h e  f in d in g  of T -2 , H T -2 , and  D A S  toxins in  
blood, u rin e , and body tissues o f alleged victim s  
o f chem ical w arfa re  in  Southeast Asia provides  
com pelling  p roof o f the use o f trichothecenes as 
n onconven tional w arfare agents. The presence 
o f both  T -2  and H T -2  in  the  w h o le  b lood  and  
H T -2  toxin  in  the urine  collected from  victim s 24 
h and  m ore a fter exposure is h ig h ly  s ign ificant 
and  establishes that the b lood and  u rin e  can be 
used to m o n ito r exposure o f hum ans to tricho- 
thecene toxins. The most persuasive proof is the 
detection  o f D A S , T -2 , and  H T -2  in  body tissues 
o f a v ic tim  w h o  had succumbed to such a chem 
ical attack. T he  tissue load was exceedingly  
h ig h , 2.55 p pm  D A S  in  the  k id n e y , 1.2 p pm  and
4.02 ppm  H T -2 , respectively, in  the heart and  
esophagus. T he  presence o f such a re la tive ly  
large am ount o f H T -2  toxin in  the heart m ay have  
special sign ificance as to target organs. T -2  
causes tachycardia in  laboratory  anim als as w e ll 
as focal necrosis in  cardiac tissue o f cattle w h e n  
adm in is tered  at h ig h e r concentrations. I t  is 
conceivable that T -2  toxin  m ay have an etiologic  
ro le in  the "sudden death toxic syndrom e" of the 
H m o n g  people  exposed to chem ical attacks in  
Laos and  Kam puchea.

O n ly  lim ite d  research concerned w ith  e lim i
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n atio n  rates o f the trichothecenes has been con
ducted. U eno  et al. (21) rep orted  tha t o ra lly  
ad m in is te red  fusarenon-x was ra p id ly  d is trib 
u ted  to the tissues and reached peak levels by 3

h  a fte r dosing. The k id n ey  was believed  to be 
the  m ajor organ o f excretion. M atsum oto  et al.
(22) conducted studies w ith  T -2  toxin  w h ic h  led  
h er to conclude that the liv e r  and b ilia ry  system
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Figure 8. Results of mass spectral analysis by chemical ionization in methane (Cl) of trichothecenes found 
in various tissues of victim of chemical attack of trichothecenes in Southeast Asia. Significant masses are 
marked with asterisks. (A) Cl spectrum of DAS in kidney; (B) T-2 toxin in large intestine; molecular ion + 

1 = 563, M + 29 = 591, M + 41 = 603; (C) HT-2 in heart.
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Figure 8. Continued

w e re  the  m ajor organs o f T -2  excretion. C h i et 
al. (23) adm in is tered  oral doses o f T -2  to b ro ile r  
chickens. Peak tissue levels w ere  reached by 4 
h a fte r dosing, and the liv e r  contained the  
greatest am o un t o f tox in . By 12 h post-dosing, 
how ever, the muscle, skin, and b ile  contained the 
h ig hest am ounts o f detectable toxin . By 48 h , 
82% of the adm inistered  dose had been excreted. 
Robison et al. (24) show ed that T -2  tox in  was 
excreted in to  cow m ilk  at levels up to 160 ppb  
a fte r d a ily  a dm in is tra tion  o f 0.6 m g /k g  doses.

Studies concerned w ith  m etabolism  of the  
trichothecenes have also been lim ited  in  num ber. 
Y oshizaw a et al. (25) reported  that fo r in  v itro  
studies w ith  the S-9 fraction  of rat liv e r hom og
enates, H T -2  m ade up  50% o f the m etabolic  
products. O th e r m etabolites in c lu ded  T M R -1  
(1996), T M R -2  (2% ) and T -2  tetrao l (4%). In  in  
v iv o  studies, H T -2  was one o f the m ajor products 
e lim in ated  in  the excreta o f chickens (26) as w e ll 
as u rin e , feces, m ilk , and  b lood  o f d a iry  cattle
(27).

The fin d in g  of T-2 toxin  and H T -2  in  the blood  
and  tissue of hum ans weeks after th e ir exposure 
to the  toxins w o u ld  seem to indicate that enough  
to x in  rem ains b ound  in  body tissues to a llo w  
detection  by sensitive ins tru m en ta tio n . T r i
chothecenes have been show n to b in d  to ribo- 
som al p ro teins (28) and  to react w ith  su lfh y - 
d ry l-co n ta in in g  com pounds such as g lu tath ione

(29) and  w ith  pro teins such as a lb u m in  (30). It  
w o u ld  appear that a lth ou gh  most o f the  toxin  
w o u ld  n o rm a lly  be expected to be excreted  
w ith in  48 h after exposure, sm all am ounts o f the  
tox in  and its m etabolites rem ain  bound to body  
tissues for m uch longer periods o f tim e. The size 
o f the dose adm in is tered  and the route o f expo
sure m ay have a s ign ificant effect on the  p ro 
p ortio n  bound, since a sudden ra p id ly  absorbed 
massive dose m ay overload norm al excretion and  
d eto xifica tio n  m echanism s, resu ltin g  in  greater 
tissue b in d in g  o f the toxin. M oreo ver, the toxin  
m ay be absorbed by the k idney fo llow ed  by slow  
release in to  the b lood stream  (31). S im ila r ap
parent long-term  storage of mycotoxins has been 
rep orted  p rev iou s ly  fo r a fla tox in  B ]. A lth o u g h  
most of the adm in is tered  dose o f a fla to x in  is 
ra p id ly  m etabo lized , Shank et al. (32) d em on 
strated in  studies in  m onkeys that unm etabolized  
afla tox in  B ( could be detected up to 6 days a fte r  
ad m in is tra tion  o f a sublethal dose. O chra tox in  
has also been found  as residue in  the c ircu lating  
blood  o f sw ine (33).

A d d itio n a l s ign ificant fin d in g s  lie  in  the t r i
chothecenes fou nd  in  the lea f samples (T -2 , 
D O N , n iva leno l) and ye llo w  p ow der (T-2 , DA S ). 
T h e  concentrations and  th e ir com bin atio n  are 
not n o rm a lly  found  in  nature on the  substrates 
described and it  w o u ld  appear tha t these m yco
toxins found  th e ir w ay  in to  the en v iro n m en t by



1498 M IRO CH A  ET AL.: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 6, 1983)

h um an  in te rv e n tio n . T h e  most co m p ellin g  ev 
idence is the presence o f T -2  and  D A S  in  the  
y e llo w  pow der. Both toxins are in fre q u e n tly  
fou n d  in  n ature and rare ly  occur together. In  
our experience, copious producers o f T -2  toxin  
(F. t r ic in c t u m )  do n ot produce D A S , an d  con
versely , good producers o f D A S  (F. r o s e u m  'G ib - 
bosum ') do not produce T -2 . Th is  is also sup
ported  by our experience th a t a good p roducer 
of D O N  does not produce T -2  o r D A S  but could  
produce n iva len o l. Thus, w e  have m ore than  
just the q u an tity  o f toxins produced to expla in , 
but also the com binations produced by respective 
species and th e ir isolates. T h eore tica lly , it  is 
possible to genetica lly  m an ip u la te  o r select an  
isolate that w o u ld  produce copious am ounts of 
2 or m ore of these toxicants, b u t this w o u ld  re 
qu ire  a sophisticated research e ffo rt and so
phisticated techno logy based on experience.

I t  is d iff ic u lt  to expla in  the presence o f tr i-  
chothecenes on lea f surfaces except by h um an  
in terven tio n . F u s a riu m  is n o t a leaf pathogen, so 
w e w o u ld  n o t expect it  to co lonize leaves in 
d iscrim inate ly . C erta in  species of F u s a r iu m  do 
colonize the roots and vascular tissue (causes w ilt  
disease) o f some plants and they  w o u ld  have to 
produce the toxins in  situ and translocate them  
to the leaves. This has never been dem onstrated  
in  the pathogenesis o f F u s a r iu m -in fected  plants. 
I f  a pathogen lik e  F. o x y s p o r u m  f. ly c o p e rs ic i ,  

pathogenic to tom atoes, w ere  to produce tri-  
chothecenes and  translocate th em  to the leaves, 
one w o u ld  not expect such h ig h  concentrations  
and com bination  o f toxins. M o reo v e r, w e  are 
not certain  that pathogenic isolates o f the  la tter 
produce trichothecenes d u rin g  pathogenesis. It  
is a w e ll kno w n  p lan t pathological p rinc ip le  that 
production  of toxins by pathogens in  laboratory  
culture does not s ign ify  that these toxins also are 
produced in  the host.

A p art fro m  the controversy o f the  tric h o th e 
cenes occurring  on the leaves, it  is d iff ic u lt  to 
im ag ine  a reasonable exp lan ation  fo r the ap
pearance o f T -2  and  D A S  in  the y e llo w  pow der. 
As to the claim  that they  dropped  onto the soil 
and rocks fro m  o verh an g in g  leaves, th is is con
trary  to any k n o w n  facts about trichothecene  
occurrence or distribution. The burden o f proof 
rem ains w ith  those p resenting  such an u n lik e ly  
hypothesis.

T h e  f in d in g  o f T -2  tox in , d iacetoxyscirpenol, 
deo xyn iva len o l, zearalenone, and  F u s a r iu m  p ig 
m en t in  leaves, w ater, y e llo w  p o w d e r, and  frag 
m ents o rig in a tin g  at sites o f y e llo w  ra in  attacks 
in  Southeast Asia and th e ir  absence in  back
g round  samples (leaves, corn, rice, w ater, soil)

fro m  areas not exposed to y e llo w  ra in  s trong ly  
im plicates th e ir use as w arfare  agents. M o re 
over, the f in d in g  o f T -2  tox in  and H T -2  tox in  (a 
m etabo lite  o f T -2  tox in  in  anim als) in  the  b lood, 
urine , and tissue o f some victim s o f these attacks 
provides unequ ivocal p ro o f o f th e ir  use as 
weapons.
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FOOD A D D IT IV E S

Survey of Baby Bottle Rubber Nipples for Volatile iV-Nitrosamines

DONALD C. HAVERY and THOMAS FAZIO
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv is ion  o f  C h em istry  a n d  P h y s ic s , W a sh in g to n , D C  2 0 2 0 4

A local market survey of 27 baby bottle rubber nip
ples for volatile N-nitrosamines was conducted. 
N-Nitrosodimethylamine, N-nitrosodiethylamine, 
/V-nitrosod¡butylamine, and IV-nitrosopiperidine 
were found at levels up to 387 ppb. All 4 nitrosam- 
ines migrated from the rubber nipples into water, 
m ilk, and infant formula when sterilized together in 
a manner typical of that used in the home. The 
source of the nitrosamines is the chemical accelerators 
and stabilizers added to raw rubber during the vul
canization process.

Several reports have been p ub lished  recently  
describ ing  the occurrence o f vo la tile  N -n it ro 
sam ines, a class of chem ical carcinogens, in  the  
atm ospheres o f rubber m an ufactu rin g  plants  
(1 -4 ) . These com pounds have also been fou nd  
in  n e w  car in terio rs , especially in  the areas 
aro un d  the  spare tire  (5, 6). These fin d in g s  
p ro m p ted  investigations in to  the occurrence of 
n itrosam ines in  rubber products. Ire la n d  et al.
(7) id e n tifie d  6 vo la tile  nitrosam ines in  a variety  
of rubber products, in c lu d in g  rubber baby bottle  
nipp les , g loves, and condom s, at levels up  to 1.4 
ppm . Preussm ann et al. (8) fou nd  nitrosam ines  
in  a ll 70 ru b ber n ipp les  and pacifiers that they  
an a lyzed , at levels up  to 230 ppb. In  a p re lim i
n ary  study in  our laboratory (9), 3 n itrosam ines, 
n itro s o d im e th y la m in e  (N D M A ) ,  n itro s o d i-  
e th y la m in e  (N D E A ), and  n itro s o p ip e rid in e  
(N P IP ), w e re  fou nd  in  2 types o f n ip p les  from  
one m an ufactu rer at levels up  to 281 ppb, and  
w ere  confirm ed by mass spectrom etry (M S ). In  
the same study, a ll 3 n itrosam ines w ere  found  to 
m ig rate  fro m  a rubber n ip p le  in to  m ilk  or in fan t  
fo rm u la  w h e n  s terilized  tog eth er in  a m an ner  
ty p ic a lly  used in  the hom e.

To obtain a m ore complete picture o f the levels 
of n itrosam ines in  rubber n ipp les , w e  in itia te d  
a local m arket survey. This  rep ort describes the  
levels  o f n itrosam ines fo u nd , and the  extent o f 
m ig ra tio n  in to  m ilk , w ater, and in fa n t fo rm u la  
d u rin g  s teriliza tion .
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This paper was presented at the 96th Annual International 

Meeting of the AOAC, Oct. 25-28, 1982, at Washington, DC.

E xp erim e n ta l

Reagents and Apparatus

Reagents and apparatus have been previously  
described (9). W ater and m ethy len e  ch lo ride  
w e re  checked before use to ensure the absence 
o f in te rfe r in g  peaks. A  m ixed  n itrosam ine  
standard contain ing 14 volatile  nitrosamines (10) 
each at 0.5 p g /m L  was prepared by seria lly  d i
lu t in g  p rev iou s ly  p repared  stock solutions (2  
m g /m L )  w ith  m eth y len e  chloride.

Determination

T h e  m etho d  fo r the extraction o f vo la tile  n i
trosam ines fro m  rubber n ipp les  has been p re v i
ously described (9). B rie fly , the cut up n ip p le  is 
soaked in  m ethy len e  ch loride  (16 -21  h ). The  
n ip p le  pieces are fu rth e r extracted fo r 1 h  in  a 
Soxhlet extractor. Aqueous a lkali is added to the 
m e th y le n e  ch lo ride  extract, and  the m ethy len e  
ch lo ride  is d is tilled  and discarded. A  portion  of 
the  aqueous fraction  is d is tilled  and p artition ed  
w ith  m eth y len e  ch lo ride , and the organic layer 
was d rie d , concentrated, and analyzed  by gas 
chrom atography (G C ), using a therm al energy  
ana lyzer (TE A ) as the detector. The low est lim it  
o f m easurem ent o f the m ethod  is ca 1 ppb in  a 5 
g sam ple (one n ip p le ).

S te rilize d  m ilk  and in fa n t fo rm u la  w ere  vac
u um -d istilled  as previously  described (10), w ith  
the  exception  that the d istillates w ere  extracted  
w ith  three 15 m L portions o f m ethylene chloride. 
S te rilize d  w a te r was p artition ed  w ith  th ree  15 
m L  portions o f m ethy len e  ch lo ride , and  the  o r
gan ic la y er was d ried , concentrated, and ana
ly ze d  by G C /T E A .

R esults and  D iscussion

Analysis o f a n ipp le  by the m ethylene chloride  
extraction  m ethod  described resulted  in  the ex
traction  o f greater than  80% o f the  n itrosam ines  
present. Recovery o f an in te rn a l standard, n i-  
trosod ipropylam ine, added at the 10 ppb level to 
the m ethylene chloride extract o f a rubber n ipp le  
b efo re  d is tilla tio n , averaged 96%.

In  a p revious study (9), n itrosam ine levels  
d iffe re d  g reatly  fro m  n ip p le  to n ip p le , even
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w ith in  the same lo t, w h ile  halves o f a single  
n ip p le  contained  the same levels. To facilitate  
com parison o f n itrosam ine levels in  these 
products before and after sterilization , 2 n ipples  
from  the same package w ere  each cut in  h alf, one 
h a lf o f each n ip p le  was exchanged, and the 2 new  
sets o f n ip p le  halves, com prised o f h a lf  o f each 
w h o le  n ip p le , w ere  used fo r experim enta tio n  
an d  analysis.

Each n ip p le  was s terilized  according to its in 
ten d ed  use. Those n ip p les  designated fo r use 
w ith  m ilk  or fo rm u la  w ere  s terilized  w ith  the  
appropriate liq u id  by in vertin g  the n ip p le  halves 
on a glass b ottle  con ta in ing  50 g liq u id , loosely  
capping, and p lacing in  a b o ilin g  w ater sterilizer 
fo r  25 m in . T h e  n ip p le  halves and liq u id  w ere  
subsequently analyzed  fo r nitrosam ines. Those 
n ip p les  designated fo r use w ith  w a te r w ere  
b o iled  d ire c tly  in  w a te r fo r 5 m in  in  a 250 m L  
ro u nd -b o tto m  flask fitte d  w ith  a w ater-cooled  
condenser. T he  n ip p le  halves w ere  rem oved , 
and  the n ip p le  halves and  w a te r w ere  analyzed. 
Those n ip p les  n o t designated fo r  a p articu lar 
foo d  use w ere  s te rilized  b oth  d ire c tly  in  w a te r  
an d  w ith  m ilk  and  in fa n t  form u la.

Tw enty-seven n ip p le  samples w ere purchased 
at local re ta il m arkets in  the W ash in gton , D C  
area, o r obta in ed  fro m  a local hospital. T h e  
samples represented 6 brands, both domestic and  
im p o rted . T he  results o f the n itrosam in e anal
yses are show n in  Tab le 1. Fou r n itrosam ines  
w e re  found: N D M A , N D E A , n itro so d ibu ty la - 
m in e  (N D B A ), and  N P IP . N D B A  was fou n d  
o n ly  in  im p o rte d  n ip p les , w ith  levels ran g in g  
fro m  2 to 48 ppb. N D E A  was the n itrosam ine  
fo u n d  most fre q u e n tly  (78% o f the n ip p les  ana
lyzed ) a t levels ran g in g  fro m  3 to 61 ppb. N P IP  
was fou n d  at the h ighest levels, ran g in g  fro m  63 
to 387 ppb, and  an  average o f 148 ppb. N D M A  
ranged  fro m  1 to 18 ppb. Four disposable  
(p res te rilized ) n ip p les  obta in ed  fro m  a local 
hospital w e re  ana lyzed  w ith o u t fu r th e r  s te ril
iza tio n  and  con tained  N D M A  at levels  fro m  34 
to 85 p pb  (av. 63 ppb ) (data n o t sho w n).

Several ru b ber n ip p le  extracts w ere  poo led  
and  cleaned up  on silica gel and  acid C e lite  
chrom atograph ic  colum ns as described p re v i
ously (9) in  an a ttem p t to c o n firm  th e  presence  
o f the  n itrosam ines by G C /M S . N P IP  was con
firm e d , b u t due to in terferences and  lo w  n itro 
sam ine concentrations in  these samples, N D M A ,  
N D E A , and  N D B A  w ere  n o t con firm ed . H o w 
ever, in  o u r prev iou s w o rk  (9), N D M A  and  
N D E A  w ere  successfully co n firm e d  by  G C /M S  
in  ru b ber n ip p le  extracts. A lso , an a liq u o t o f a 
n ip p le  extract co n ta in in g  N D B A  was subjected

to u ltra v io le t photo lysis according to th e  proce
dure  o f D o err and F id d le r (11). R e-analysis o f 
the p ho to lyzed  extract b y  G C /T E A  show ed that 
96% o f the  N D B A  had been destroyed. T h is  in 
fo rm atio n , together w ith  the specific ity  of 
G C /T E A  towards nitrosam ines, strongly suggests 
that N D B A  was present in  the  ru b ber n ip p le .

P re lim in a ry  studies on rubber n ip p les  fro m  a 
single m anufacturer had shown that n itrosam ine  
levels  w ere  h ig h e r in  n ip p les  fo llo w in g  s te ril
iza tio n  (9), suggesting the  presence o f n itrosa
m in e  precursors. In  th is  survey, no g en era l in 
crease was observed, a lth o u g h  some samples  
displayed up  to a 367% increase after sterilization. 
O th e r researchers have rep orted  f in d in g  s ig n if
icant am ounts o f n itrosatab le  am ines in  ru b ber  
nipples (8), w h ich , w h e n  heated in  the  presence 
o f a n itrosating  agent, cou ld  react to fo rm  n itro 
samines.

In  this study, a ll 4 n itrosam ines id e n tif ie d  in  
the rubber nipples m igrated  in to  w ater, m ilk , and  
in fan t form ula  upon sterilization. W h e n  rubber 
nipp les  w ere  s te rilized  in  w a te r, levels  o f n itro 
samines fro m  0 to 453 ng  (av. 97 n g ) m ig ra ted  
in to  the  w a te r, e q u iva len t to  an average m ig ra 
tio n  o f 41%. In  m ilk  and  in fa n t fo rm u la , n itro 
samines w ere  fo u n d  at levels  ra n g in g  fro m  0 to 
46 ng (av. 14 n g ) fo llo w in g  s te r iliza tio n  w ith  a 
rubber n ipp le . N itrosam ine m igration  in to  m ilk  
and  in fa n t fo rm u la  was a fu n c tio n  o f the  p artic 
u la r n itrosam ine. T he  m ig ra tio n  o f N D M A ,  
N D E A , and  N D B A  ranged  fro m  0 to 38% (av. 
17%), w h ile  fo r N P IP  it  ranged  fro m  2 to 6% (av. 
4%). S im ila r observations w e re  m ade in  our 
previous study (9). T he  lo w  m ig ra tio n  o f N P IP  
m ay be due to s o lu b ility  or steric in te rac tio n  
w ith in  the  rubber m atrix . N o  d iffe rences  w ere  
observed b etw een  the  average m ig ra tio n  o f n i
trosam ines in to  m ilk  and  in fa n t  fo rm u la . T he  
average m ig ra tio n  w as, h o w e v e r, n e a r ly  3 tim es  
greater in to  w a te r th an  in to  m ilk  and  in fa n t  
fo rm u la . Th is  m ay be due to a m ore  e ffic ie n t  
extraction  o f the n itrosam ines, fac ilita te d  by d i
rect contact o f the ru b ber n ip p le  w ith  the  w a te r  
d u rin g  d irect s te riliza tio n , or the  h eat re su ltin g  
fro m  d irect w a te r contact cou ld  h ave  converted  
n itrosatab le  am ines present in  the  n ip p le  in to  
nitrosam ines, w ith  subsequent ex trac tion  in to  
the s te r iliz in g  w ater.

T he  source o f n itrosam ines in  ru b b er n ip p les  
is the accelerators and  stab ilizers added  to ra w  
ru b ber d u rin g  the  vu lc a n iza tio n  process (7, 8). 
C hem icals  such as those show n  in  F ig u re  1 are  
added to in trod uce  s u lfu r in to  the  p o ly m e r, 
cro ss -lin k in g  the  h yd ro carb o n  chains , and  
th e reb y  p ro du c in g  a p o ly m e r w ith  the  desired
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Figure 1. Examples of rubber accelerators.

elasticity, strength , and  d u rab ility . Sp iegel- 
halder and Preussmann (12) found  up to 3.5 ppm  
n itrosam in es as im p u rities  in  such accelerators. 
In  a d d itio n , accelerators are designed to break  
apart d u rin g  the vulcanization process, liberating  
su lfu r. A t the same tim e , secondary am ines are 
also released, w h ich  can subsequently nitrosate. 
N itro g e n  oxides could be acting  as the n itrosat- 
in g  agent, p artic u la rly  in  the  atm ospheres of 
ru b b er m an u fac tu rin g  plants.

T h e  fact that n itrosam ines can be extracted  
fro m  a ru b b er n ip p le  in to  w a te r suggests that a 
fee d in g  in fa n t w i l l  consume p re fo rm ed  n itro 
samines. A lso, w o rk  in  our laboratory  has cor
roborated that o f Spiegelhalder and Preussmann
(12), w h ic h  show ed that h ig h  levels of nitrosa- 
tab le  am ines could be extracted fro m  a rubber 
n ip p le  in to  s im ulated  saliva con tain ing  n itr ite . 
Nitrosatable compounds consumed by the in fan t 
m ay react w ith  n itr ite  present in  the saliva, re 
su ltin g  in  a d d itio n a l n itrosam ine exposure.

T he  ru b ber ind ustry  is p resently  w o rk in g  on 
means fo r reducing or e lim in atin g  nitrosam ines  
in  ru b b er n ipp les . S p iege lha ld er and Preuss
m an n  (12) have proposed several alternatives. 
Accelerators con ta in ing  no am ine fun ctio n a l 
groups could  be used. Such chem icals w o u ld  
th e re fo re  n o t n itrosate. A lte rn a tiv e ly , acceler
ators w ith  am ine functional groups, w h ich , w hen  
nitrosated  fo rm  w eak or noncarcinogenic n itro 
sam ines, could  be used.

T he  G erm an g overn m en t established a regu
la tio n  e ffective  January 1, 1982, w h ic h  perm its  
a m ax im um  o f 10 ppb n itrosam ines and 200 ppb  
nitrosatab le  com pounds in  ru b ber n ipp les  and  
pacifiers, w hen  determ ined by an artific ia l saliva 
extraction  technique (12). W e are p resently  
m o n ito rin g  progress in  the reduction  or e lim i
n ation  o f nitrosamines in  rubber nipples and w ill  
rep ort o ur fin d in g s  in  subsequent papers.
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EXTRANEO US M A TER IA LS

Brine Saturation Technique for Extracting Light Filth from Canned 
Crabmeat and Shrimp: Intralaboratory Study

CLARENCE C. FREEMAN
F o o d  a n d  D ru g  A d m in is tr a t io n , 4 2 9 8  E ly sian  F ie ld s  A v e ,  N e w  O r le a n s , LA  7 0 1 2 2

An intralaboratory study was made of a new tech
nique for isolating light filth  from canned shrimp 
and crabmeat. Recoveries of 93.8% for insect frag
ments and 89.4% for rodent hair plus the brevity and 
sim plicity of the new technique make it superior to 
the 2 existing official methods for these products.

T here  are at present separate b u t som ew hat 
s im ila r o ffic ia l m ethods fo r f i lth  in  canned  
shrim p and canned crabmeat (1). Both methods  
give satisfactory recoveries b ut are m ore len g th y  
and  in v o lv e d  than the b rin e  m ethod  presented  
here. T h e  p rin c ip a l shortcom ing o f the o ffic ia l 
m ethods is the use of p ro te in -coag u la ting  re 
agents, acid in  the sh im p m etho d  and isopropa
n o l in  the crabm eat m etho d , both  o f w h ic h  
coagulate suspended p ro te in , m ak in g  f iltra tio n  
d ifficu lt. In  add itio n , the extraction vessel used 
is a percolator, w h ich  requires considerably more  
wash w ater, thus adding to the vo lum e that must 
be filte red .

The b rin e  saturation m ethod  described here  
is a sing le, s im ple, s tream lined  a lte rn a tive  de
signed to e lim inate the problems associated w ith  
the 2 o ffic ia l procedures. Th is  study consisted  
of 12 samples each o f canned shrim p and canned  
crabm eat. Each sam ple was spiked w ith  12 ro 
den t h a ir fragm ents and 12 insect e ly tra l squares 
and was exam ined  o n ly  by the b rin e  saturation  
procedure. T w o  analysts p artic ipated  in  the  
study.

M E T H O D

Transfer en tire  can contents (6 -8  oz) to 1 L 
beaker; wash can and parchm ent, if  present, w ith  
b rin e  (m ade by d isso lving  360 g rock salt or 
eq u iva len t per lite r  o f tap w ater and f ilte r in g ). 
M u ll  w ith  spoon to break up  lum ps a n d /o r  
w h o le  shrim p  and f i l l  to < 9 00  m L  w ith  b rine . 
A d d  m agnetic  s tirrin g  bar and heat to b o ilin g

Received December 9,1982. Accepted March 4, 1983.
The recommendation(s) of the Associate Referee were ap

proved by the General Referee and Committee F and were ac
cepted by the Association. See the General Referee and 
Committee reports, J. Assoc. O ff. A n a l. Chem. (1983) 66, March 
issue.

w ith  constant s tirrin g  on m agnetic s tirre r hot 
plate  (2). Boil 3 m in , then  place beaker in  cold  
w a ter bath and  le t cool b e lo w  40°C . T ransfer 
contents of beaker to 2 L  trap flask (3) w ith  brine  
and  f i l l  flask 3 /4  fu ll  w ith  ca 3 2 °C  tap w ater. 
A d d  30 m L  o live  o il, place trap rod  and  p lu n g e r  
in  flask, and complete f illin g  flask w ith  tap w ater 
to 1.5 cm fro m  top. S tir en tire  flask contents  
w ith  p lu ng er for 30 s w ith  c ircular up and dow n  
m o tion  to th o ro u g h ly  m ix  the o il in to  the  con
tents but not so v igorously  as to incorporate a ir  
in to  the m ixture . As o il rises to the surface, stir 
gently  and in term itten tly  to prevent entrapm ent 
of o il by the product. Repeat gentle  s tirrin g  fo r  
5 m in , then  le t contents rem ain  und is turbed  for 
30 m in . T rap  in to  250 m L  beaker, rin s in g  neck 
o f flask w ith  hot tap w ater. P erfo rm  second 
tra p p in g  w ith  30 m L  p ortio n  o f o live  o il and re 
peat trapp ing  procedure. Trap in to  o rig in a l 250 
m L beaker, rins ing  flask neck again w ith  hot tap 
w ater. Place trapp ings on hot p late  and  heat 
u n til hot, then  f ilte r  on ru led  paper, rin s ing  
beaker w ith  hot tap w ater. A fte r a ll liq u id  from  
trapp ings has passed th rou gh  the filte r , rinse  
beaker and  f ilte r  fu n n e l w ith  isopropanol. Re
m ove and  exam ine f ilte r  papers at 30X .

R esults and D iscussion

Table 1 gives recoveries by product, collabo
rator, and f i lth  e lem ent fo r each o f the 48 deter
m inations. i The o vera ll recovery o f roden t h a ir  
was 89.4% and o f insect fragm ents was 93.7%. 
These results represent an im p ro v e m e n t over  
recoveries reported for the official procedures (4,
5). The b rin e  technique is s im ple and rap id  and  
allow s easy com pletion  of 12 samples in  a single  
w o rk in g  day. The o ffic ia l m ethod for crabmeat 
is reported  (4) to take about 2 h /s a m p le , exclud
in g  the  read ing  o f the papers. T he  shrim p  
m ethod  is reported  (5) to take about 30 m in /  
sample, not inc luding  filtration  and exam ination. 
H o w e v e r, w ith  the large vo lu m e o f coagulated  
p ro te in  present in  the trappings, this represents 
o n ly  a fraction  o f the  tim e  req u ired  fo r com ple
tio n  o f the sample.
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Table 1. Recovery of rodent hair and insect fragments from canned crabmeat and shrimp (12 each added)

Crabmeat Shrimp

Analyst A Analyst B Analyst A Analyst B

Sample No. Hair Frag. Hair Frag. Hair Frag. Hair Frag.

1 11 12 9 11 10 11 12 12
2 11 12 10 12 8 9 11 12
3 11 11 12 12 7 11 12 11
4 11 12 11 11 10 11 11 11
5 12 10 11 11 12 12 11 12
6 12 11 10 12 12 10 12 12
7 12 12 10 10 11 11 12 12
8 12 9 14 13 1C 12 12 12
9 11 11 11 12 12 12 12 11

10 12 11 7 9 8 12 11 11
11 12 12 12 12 4 11 9 11
12 11 9 11 12 9 11 11 11

Total 138 132 128 137 113 133 136 138
Av„ % 96 92 89 95 78 92 94 96

Overall total hair = 515/576 = 89.4% 
Overall total frag. = 540/576 = 93.8%

Recommendations
The data presented in  this study c learly  show  

th a t th is techn iq ue is excellen t in  recovery and  
effic iency. I t  is recom m ended that the  proce
dure  be stud ied  fu rth e r as an A O A C  in te rlab o 
ratory  study w ith  the possib ility  o f adoption  as 
an o ffic ia l procedure, rep lacin g  the 2 existing  
methods. I t  is fu rth er recom m ended that studies 
on b rin e  saturation f i lth  extraction  m ethods be 
con tin u ed  and  expanded to inc lu d e  o th er food  
and  d rug  products.
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DRUGS IN FEEDS

Identification and Semiquantitation of Monensin Sodium in Animal 
Feeds by Thin Layer Bioautography

ELIZABETH E. MARTINEZ and WILBERT SHIMODA
F o o d  a n d  D ru g  A d m in is tr a t io n , A n im a l D ru g  R es e a r c h  C e n te r , 5 0 0  U .S. C u sto m h o u se , D e n v e r ,  
C O  8 0 2 0 2

A bioautographic technique for the determination of 
monensin sodium contamination in animal feeds is 
described. The feeds are extracted in aqueous 
methanol and the initial monensin extracts are iso
lated by filtration through an alumina column. 
These eluates are partitioned between 5% NaCl and 
methylene chloride, and are further purified through 
a Sephadex LH-20 column. A 10 mL eluate contain
ing the monensin is collected from the Sephadex 
column and evaporated, and the residue is dissolved 
in methylene chloride. Aliquots are spotted on a thin 
layer plate and monensin is detected by a thin layer 
bioautographic technique, using Bacillus su btilis  as 
the test organism. The reliable lim it of sensitivity 
is 100 ppb, but 10 ppb can be detected. This tech
nique can be used to semiquantitate monensin by 
comparing the zones of inhibition of unknown test 
samples against monensin standards.

M o n e n s in , a re la tive ly  n e w  antib io tic , was re 
ported  by A gtarap  and C h am berlin  (1) in  1967 to 
be a b io lo g ica lly  active com pound. In it ia lly ,  
m o n en s in  was fou n d  to be e ffective  against coc- 
cidia  in  chickens (2) and, m ore recen tly , to in 
crease feed effic iency  and w e ig h t gain  in  beef 
cattle (3). H o w ev e r, at certain levels it  is toxic to 
horses (4). Therefore a m ethod is needed for the 
detection  o f lo w  levels o f m onensin  in  an im al 
feed.

D o no ho  and  K lin e  (5) e ffec tive ly  used a th in  
la y e r b ioautog raphic  techn ique to determ ine  
m onen sin  in  a n im a l tissues. W e have in ves ti
gated  and  m o d ifie d  the  technique, w h ic h  was 
firs t develo ped  by K lin e  and G olab (6), and  
fo u n d  tha t it  could  be adapted to assay an im al 
feeds. T h e  m easurem ents o f the zones o f in h i
b it io n  on bioautographs can be used to sem i
q uan tita te  m o n en sin  sodium .

Published methods for detecting m onensin are 
lo n g  and  arduous, and  use solvents such as car
b on  te trach lo rid e , p y r id in e , benzene, or others  
k n o w n  to be carcinogenic. These m ethods can 
be used to detect m onensin in  feeds or tissue, but 
none can be used for both. The present method,

Received February 4,1983. Accepted March 29,1983.

as developed , can detect 10 ppb  m onensin  in  
a n im a l feeds, b u t results at this leve l are inco n 
sistent. T he  solvents used are less hazardous to 
h ea lth  and results can be obtained  w ith in  2 
days.

M E T H O D

Reagents

(a) S o l v e n t s .— M e th a n o l and  m e th y le n e  
c h lo rid e , d is tilled -in -g lass  (B urdick &  Jackson 
Laboratories, Inc ., M uskegon, M I  49442).

(b) A lu m in a . — 80 -2 0 0  m esh (F isher Scientific  
Co., F a ir L aw n , NJ 07410), fo r 75 m m  colum n.

(c) S e p h a d e x  L H - 2 0 .— Particle size 25 -1 0 0  pm  
(Pharm acia F ine  Chem icals, Piscataway, NJ  
08854), fo r 75 m m  colum n.

(d) B a cillu s  subtilis .— A T C C  6633 or commercial 
spore suspension (1 m L  vials, D ifco , D e tro it, M I  
48232).

(e) M o n e n s in  so d iu m  r e f e r e n c e  s t a n d a r d .— Label 
d eclaration , 960 p g /m g  (E li L il ly  Laboratories, 
G re e n fie ld , I N  46140). ( 1 )  S t o c k  s o lu tio n . — 1000 
p g /m L . W e ig h  10.4 m g m onensin  sodium  (or, 
i f  d iffe ren t label declaration, am ount to g ive 1000 
p g /m L ) ,  transfer to 10 m L  vo lu m etric  flask and  
d ilu te  to vo lu m e  w ith  anhydrous m ethanol. 
Store in  dark , cool place. D iscard a fter 30 days.
(2 ) I n t e r m e d ia t e  s o lu t io n .— 10 p g /m L . P ipet 1.0 
m L  stock so lu tion  (1) in to  100 m L  vo lu m etric  
flask and d ilu te  to vo lum e w ith  m e th an o l-w a te r  
(8 +  2). Prepare fresh before each use. (3) 
W o rk in g  so lu tio n s .— 1.0,0.5, and 0.1 p g /m L . Pipet 
10, 5, and  1 m L  o f in te rm ed ia te  so lu tion  (2) in to  
in d iv id u a l 100 m L  vo lu m etric  flasks and d ilu te  
to vo lum e w ith  m ethan o l-w ater (8 +  2). Prepare 
fresh  before each use.

(f) B io a u to g ra p h y  m e d i a .— To prepare b ioau
to g rap h y  m ed iu m  N o . 2 (5), dissolve 0.69 g d i
basic potassium  phosphate (J.T. Baker C hem ical 
Co., P h illip s b u rg , NJ 08865), 0.45 g monobasic  
potassium phosphate (J.T. Baker), 10 g anhydrous  
glucose (dextrose) (D ifco ), and 2.5 g yeast extract 
(D ifc o ) in  w a te r and d ilu te  to 1 L w ith  w ater. 
Just before b ioautography prepare, b y  the
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m etho d  o f K lin e  et al. (7), m ed iu m  N o . 2 plus  
1.5% p u r if ie d  agar (D ifco ), m ed iu m  N o . 2 plus  
0.6% p u r if ie d  agar, and  1.5% N o b e l agar 
(D ifco ).

(g) 2 - ( 4 - I o d o p h e n y l ) - 3 - ( 4 - n i t r o p h e n y l - 5 - p h e n y l ) 

t e t ra z o liu m  c h lo r id e  (1 N T  d y e ) .— W e ig h  200 m g  
IN T  dye (J.T. Baker) in to  100 m L volum etric  flask. 
Dissolve in  20 m L m ethanol and d ilu te  to volum e  
w ith  w ater. Store in  re frig erator.

(h ) C o lo r  r e a g e n t  ( 8 ) . — D issolve 3 g reagent 
grade v a n ill in  in  50 m L  m ethano l. A d d  0.5 m L  
concentrated H 2SO4. M ix  by sw irling  and d ilu te  
to 100 m L  w ith  m ethanol. M ix  w e ll and store in  
am ber glassware in  dark. Prepare fresh daily .

Apparatus

(a) C h r o m a t o g r a p h ic  t u b e s .— 200 X 300 m m , 
f itte d  w ith  coarse porosity  fr itte d  glass disk and  
T eflo n  stopcock fo r Sephadex L H -2 0  colum n; 20 
X  200 m m  C h ro m aflex  tube (Kontes Co., V in e -  
lan d , NJ 08360) fo r a lu m in a  colum n.

(b ) R o t a r y  e v a p o r a t o r .—  R otavapor R110 vac
u um  evaporator (B rin km an n  Instru m en ts , Inc., 
W estb u ry , N Y  11590), w a te r bath  tem perature  
4 8 -5 0 °C .

(c) R e c e iv in g  f l a s k s .— 250 m L  pear-shaped  
flasks and  10 m L  concentrator tubes, w ith  T  
1 9 /2 2  g ro u n d  glass stoppers (K -570050, Kontes  
Co.).

(d ) A n a ly t ic a l  e v a p o r a t o r .— N -E V A P  (O rg ano- 
m atio n  Associates, In c ., N o rth b o ro u g h , M A  
01532), w a te r bath  tem peratu re  4 8 -5 0 °C  w ith  
n itro g en  f lo w in g  in to  each tube.

(e) N U N C  B io a ssa y  d i s h .— 243 X 243 X  18 m m  
disposable d ish (V an g u ard  In te rn a tio n a l, Inc ., 
N e p tu n e , NJ 07753).

(f) T h in  la y e r  c h r o m a t o g r a p h ic  ( T I C )  p la t e s .— 20 
X  20 cm precoated w ith  silica gel G, 250 p m  thick  
(U n ip la te , A n altech  In c ., N e w a rk , D E  19711) or 
K -6  W h atm an  (W h atm an  Laboratory  Products  
Inc ., C lifto n , NJ 07014). T he  U n ip la te  is rec
o m m en ded  fo r b ioautography.

(g) I n c u b a t o r .— C irc u la tin g  a ir, 37 °C .
(h ) G la ss  T L C  d e v e lo p in g  c h a m b e r .

( i )  P a in t- s p ra y  a to m iz er .

Column Preparation

(a) A lu m in a  a d s o rp t io n .—  Place glass w oo l p lug  
at base o f C h ro m aflex  tube. A d d  a lu m in a  to 
h e ig h t o f 75 m m . Tap  g e n tly  and add m ore  
a lu m in a  i f  necessary. Place sm all am o u n t o f 
glass w oo l over a lum in a  to ensure u n ifo rm  flo w . 
Keep co lum n d ry  u n t il  used. D o  n o t restrict 
flo w .

(b ) S e p h a d e x  L H - 2 0 .  — W e ig h  6.82 g Sephadex  
L H -2 0  in to  150 m L  beaker. A d d  7 5 -1 0 0  m L

m e th a n o l-w a te r (8 +  2). Let equ ilib rate  4 h  and  
th e n  p ou r total contents in to  20 X  300 m m  chro 
m atographic  co lum n. D o  n ot restrict f lo w . 
W ash beaker w ith  add itio na l m e th a n o l-w a te r (8 
+  2) to ensure com plete transfer o f Sephadex. 
W ash colum n w ith  m e th a n o l-w a te r  (8 +  2) to 
m ake surface o f Sephadex u n ifo rm . R etain  at 
least 2 cm solvent above co lum n bed.

A fte r  each use, clean Sephadex co lum n w ith  
8 0 -1 0 0  m L  anhydrous m ethan o l. Regenerate  
Sephadex w ith  8 0 -100  m L  m e th a n o l-w a te r (8 +  
2), a llo w in g  vo lu m e to e lu te  to 2 cm above col
u m n  bed. Let equ ilib rate  1 h.

Sample Preparation

W e ig h  10 g fin is h e d  feed in to  150 m L  plastic  
centrifug e  b ottle  w ith  screw cap. A d d  50 m L  
m eth a n o l-w a te r (8 +  2) and shake v igorously  30 
m in  on m echanical shaker. C en trifu ge  m ixture  
15 m in  at 1500-1800 rpm . Repeat extraction  
procedure. I f  concentration o f m onensin  is less 
than  1.0 ppm , decant both  50 m L  extracted p o r
tions d irec tly  in to  a lu m in a  co lu m n  and  elute. 
C o llect eluate in  250 m L  separatory fu n n e l and  
add 100 m L 5% N aC l. I f  concentration  is greater 
th an  1.0 p pm , decant in to  a lu m in a  co lu m n  and  
elute. T ransfer a liq u o t eq u iv a le n t to 0.100 p g  

m onensin  to separatory fu n n e l and  add 100 m L  
5% N a C l. Shake v igo ro us ly  and  le t m ix tu re  
stand 5 m in . P artitio n  m onens in  in to  th ree  30 
m L  portions o f m eth y len e  ch lo ride ; a fte r ad d i
tion  o f each 30 m L , shake fu n n e l and  th e n  le t  
m ethy lene  chloride layer separate. D ra in  lo w e r  
layer in to  100 m L  pear-shaped flask. C o m b ine  
m ethy len e  ch lo ride  portions and  evaporate to 
dryness in  ro tary evaporator w ith  w a te r bath  at 
4 8 -5 0 °C .

Dissolve residue in  1.0 m L  m e th a n o l-w a te r (8 
+  2) and transfer to Sephadex L H -2 0  co lum n. 
Let solu tion  just en ter bed o f co lum n. Begin  
collecting eluates im m ediately . W ash flask w ith  
tw o  3.5 m L  portions o f m e th a n o l-w a te r (8 +  2). 
L et each portio n  en ter bed o f co lum n. A d d  ad
d itio n a l 10 m L  solvent to flask as fin a l wash. 
C ollect 18 m L  eluate and  discard. A d d  fin a l 10 
m L  p o rtio n  of so lvent and  collect th is  frac tion , 
w h ic h  should  contain  m onensin , in  10 m L  con
centrator tube. Evaporate to dryness in  an a ly t
ical evaporator, w ith  w a te r bath  at 4 8 -5 0  °C  and  
n itro g en  f lo w in g  in to  tube. Process b la n k  con
tro l and spiked sam ple w ith  each set o f experi
m enta l samples.

Thin Layer Chromatography

Place 100 m L  m ethy lene  ch lo ride -m ethano l (9 
+  1) in to  d eve lo p ing  cham ber lin e d  w ith  f ilte r
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paper. Let cham ber eq u ilib rate  30 m in .
A d d  1.0 m L  m eth y len e  ch lo ride  to each ex

tracted sam ple in  evaporator tube and  sw irl 
gently  to dissolve residue. Spot equivalent of 0.1 
iug m onensin  3 cm fro m  bottom  o f T LC  plate. 
Place plate in  d eve lo p in g  cham ber and le t sol
vent front rise 18 cm from  bottom. Remove plate  
and a ir d ry  1 .5 -2  h for b io autog raphy or 10-15  
m in  fo r TLC .

Bioautography

Pour 100 m L  1.5% N o b e l agar in to  bioassay 
dish to anchor T L C  p late  and  le t agar so lid ify  30 
m in . Fix T L C  p late  by spraying w ith  30 m L  
m e d iu m  N o . 2 w ith  1.5% p u rif ie d  agar, using an  
atom izer. (Reagent sprayers w i l l  not spray agar 
because o f its thickness; therefore , a p ain t 
sprayer, p o w ered  by laboratory a ir supply , is 
recom m ended.) Let agar set 1.0 m in . Place TLC  
plate centrally and as firm ly  as possible on N obel 
agar. Cool 100 m L  m ed iu m  N o . 2 w ith  0.6% 
p urified  agar to 50°C , and then inoculate w ith  1.0 
m L  B. su b tilis  suspension. S w irl g en tly  to m ix, 
avo id ing  form ation  o f bubbles, and pou r evenly  
over surface o f T L C  plate. I f  bubbles fo rm  on  
surface, burst them  w ith  hot needle. Cover plate 
and let contents set fo r 1 5 -20  m in . Place p late  
in  incubator w ith  c ircu lating  a ir and  incubate  
16-18  h a t3 7 ° C .

A fte r  incubation , spray IN T  dye u n ifo rm ly  
over surface o f T LC  plate; use reagent sprayer 
p ow ered  by laboratory a ir supply and  spray in  
w e ll ventila ted  hood or special spray cabinet. A  
red color w i l l  develop after 15 m in . Com pare R {  

values and  zones o f in h ib it io n  o f test samples 
against m o n en sin  sodium  reference standards.

R esults and  D iscussion

Recovery determ inations w ere conducted w ith  
the b ioautography technique by using 10 g por
tions of b lan k  feed spiked w ith  1.0, 0.5, and 0.1 
/xg m onensin  (Table 1). Recoveries w ere  re 
p roducib le  at the low est le v e l (0.1 g g )  and w ere  
estim ated to be 80-90% . T L C  was the in it ia l  
m ethod  used to id e n tify  m onensin; the plates  
w ere  spotted, developed, and  sprayed w ith  a 
m ethan o lic  v a n ill in  color reagent according to 
the m ethod  o f Golab et al. (8). The in ten s ity  of 
the red color of m onensin was proportional to its 
concentration, and at levels greater than 1.0 ppm , 
the reaction was sem iquantitative. Results w ere  
obtained  by com paring the u n k n o w n  test sam
ples against reference standards. A t levels less 
than 1.0 ppm  the spots w ere  d iffused and lig h te r  
in  color. T LC  plates spotted w ith  m ore than  1.0 
ppm  m o nensin  had b rig h te r red  spots, w h ic h

Table 1. Recovery data comparing 9 animal feed 
samples, 3 each spiked with 0.1, 0.5, and 1.0 ppm 

monensin sodium, for semiquantitative determination by 
bioautography

Sample
No.a

Vol.
spotted, mL

R f
X 100

Zone
diam., mm6

Est. rec.,
% c

Blank 100 __ __ __
1 100 60 5 100
2 100 57 4 80
3 100 58 5 100
4 20 60 3 60
5 20 58 4 80
6 20 59 5 100
7 10 63 6 120
8 10 62 6 120
9 10 58 5 100

Ref. std, 10 59 5 100
rec.d 

Ref. std e 10 60 5 —

a Blank, feed sample without added monensin; Samples 
1-3, 0.1 ppm; Samples 4-6, 0.5 ppm; Samples 7-9, 1.0 
ppm.

b  Zone diameters obtained by using a sample spotting and 
quantitating template.

c Recovery estimates based on TLC determination, as
suming 100% resolution of reference standard.

d  Reference standard recovery sample, 0.1 Mg monensin 
sodium/mL carried through procedure starting with 5% 
NaCI-methylene chloride partition.

e Reference standard, 0.1 Mg monensin sodium/mL di
rectly from dilution flask.

w h e n  v ie w ed  u n d er u ltrav io le t (U V )  lig h t ap
peared as b righ t orange. A fte r the TLC  plate was 
sprayed a second tim e  and  v ie w ed  again u n d er  
U V  lig h t a fte r 1 -5  m in , the orange spots ap
peared to be brighter. These plates w ere used to 
d ete rm ine  sensitiv ity  by com paring  both  m e th 
ods o f detection.

A t levels less than  1.0 p g  m onensin , the  
bio autography technique showed sensitiv ity ; 
therefore , th is technique was used to sem i- 
quantitate m onensin by com paring the zones of 
in h ib it io n  o f test samples to those o f the re fe r
ence standards. The sensitiv ity  o f the  m ethod  
was d ete rm ined  to be 0.1 p g .  Recovery data are 
presented in  Table 2.

W h e n  feeds spiked at levels o f 1.0 p g  m o n 
ensin w ere  analyzed, o ther spots d id  develop on  
the b ioautography  p late , b u t the R f values w ere  
less than  the value for m onensin. The R f values 
fo r m onensin  on T LC  plates (K -6 ) ranged be
tw een  0.65 and  0.70, and  on the b ioautography  
plates (U n ip la tes ) ranged  betw een  0.58 and  
0.63.

O th e r antib io tics used as p reven ta tive  m e d i
cation fo r b ro ilers  and beef cattle w ere  tested in  
com bination  w ith  m onensin  in  the  T L C  proce
d ure  w ith  K -4 W hatm an  plates. These inc luded
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Table 2. Recovery data of animal feed samples, each 
spiked with 0.1 ppm monensin sodium, for 

sem¡quantitative determination by bioautography

Sample
No.a

R
X 100

Zone
diam., mm6

Est.
rec.t %c

Blank _ __ __
1 60 5 100
2 57 4 80
3 58 5 100
4 60 5 100
5 59 5 100
6 59 5 100
7 59 5 100
8 59 6 120
9 58 5 100

10
Ref. std,

57 4 80

rec.d 57 4 80
Ref. std.e 58 5

a Blank, feed sample without added monensin. 
b Zone diameters obtained by using sample spotting and 

quantitating template.
c Percent recovery estimates based on TLC determina

tions, assuming 100% resolution of reference standard.
d  Reference standard recovery sample, 0.1 n g  monensin 

sodium/mL carried through procedure starting with 5% 
NaCI-methylene chloride partition.

e Reference standard, 0.1 n g  monensin sodium/mL 
spotted directly from dilution flask. Volumes spotted, 100 
ß l  for feeds and 10 for standards.

lin co m yc in , z in c  bacitracin , flavo m yc in  (bam - 
b erm ycin ), C hlortetracycline (H C l), Oxytetracy
c lin e , lasalocid sodium , and  tylosin . T h e  a n ti
biotics w ere  m ixed together, extracted, and tested 
fo r in tereference. N o n e  in te rfe red  w ith  m o n 
ensin; h o w ever, tylosin  gave id e n tif ia b le  R f  

values ran g in g  b etw een  0.45 and 0.50 and  lasal
ocid sodium  gave values betw een  0.73 and  0.75. 
Lasalocid sodium  and tylosin  gave d istinct color 
differences fro m  m onensin  w h e n  the p late  was 
sprayed  w ith  th e  v a n i l l in  co lo r reag en t.

C h lortetracycline and oxytetracycline rem ained  
at the  o rig in .

A lth o u g h  the T L C  technique can p ro v id e  re
sults w ith in  the same day o f extraction, the sen
s itiv ity  is not lo w e r than  tha t obta ined  w ith  
b ioautography. Results cannot be obta ined  as 
q u ic k ly  w ith  b ioautography, b u t the  sensitiv ity  
tested to 10 ppb. This m o d ifie d  techn ique can 
be used as a screening test fo r m onensin  and  also 
as a sem iquan tita tive  m ethod.

A n  investigation  has been in it ia te d  to adapt 
the  procedure fo r the detection  o f m o nens in  in  
a n im a l tissues, and  a h igh-pressure liq u id  chro
m atographic quantitation  m ethod fo r m onensin  
is in  the p re lim in a ry  stages o f d evelopm ent.
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M IC R O BIO LO G IC AL METHODS

Freeze-Dried Mixed Cultures as Samples for Proficiency Tests and 
Collaborative Studies in Food Microbiology

MATS PETERZ and PER NORBERG
N a t io n a l  F o o d  A d m in is tr a t io n , B io lo g y  L a b o r a to r y , B ox  6 2 2 , S -7 5 1  62  U p p s a la , S w ed en

A method is presented for preparing samples of 
freeze-dried mixtures of microorganisms for profi
ciency tests and collaborative studies. The samples 
may include most microorganisms that are found in 
routine analysis in food laboratories. Transport of 
samples during 48 h did not decrease the number of 
microorganisms, nor was the variability among 
samples significantly affected by transport. The 
standard deviation of counts after 5 weeks of storage 
varied from 0.04 (Staphylococcus aureus) to 0.17 
(Clostridium perfringens) log unit. Storage of 
samples for 10 weeks decreased the number of viable 
organisms by 0.02-0.43 log unit. Variability among 
samples increased for Providencia alcalifaciens and 
Bacillus cereus after 10 weeks of storage. No sig
nificant increase was found for the other organ
isms.

P rofic iency  testing o f laboratories has been car
ried  out d u rin g  the last 40 years. Testing started 
as an in fo rm a l in terchange o f samples betw een  
clinical laboratories, but has since developed into  
m ore fo rm a l program s (1). P rofic iency testing  
is n o w  a reg u lar a c tiv ity  in  c lin ica l analy tica l 
w o rk  (2). H o w ev e r, th is k in d  o f q u a lity  assur
ance has not been com m on in  m icrobiological 
food laboratories, possibly because of d ifficulties  
in  p rep arin g  appropria te  samples. U n lik e  
c lin ica l laboratories, m icrob io lo gica l food labo
ratories carry out q uan tita tive  analyses, w h ic h  
places certain requirem ents on the samples used. 
Thus, the num bers o f m icroorganism s in  the  
samples m ust not change w ith in  a reasonable  
p eriod  of tim e, and the varia tion  am ong samples 
m ust be lo w . In  a d d itio n , it  is an advantage i f  
m an y  d iffe re n t k ind s o f m icroorganism s can be 
inc lu d e d  in  the same sam ple. These req u ire 
m ents are d iff ic u lt  to satisfy i f  food samples are 
used. Thus, w h e n  starting  to prepare p ro fi
ciency testing  samples at the  Sw edish  N a tio n a l 
Food A d m in is tra tion  (S N F A ), w e  decided to use 
freeze -d rie d  m ixtures o f m icroorganism s.

F reeze-d ried  p ure  cultures o f bacteria have  
been used by G avan (3) in  a q u a lity  eva luation  
p rogram . H o w e v e r, the  samples w ere  used to

Received February 14,1983. Accepted April 6, 1983.

check the  a b ility  o f c lin ica l laboratories to id e n 
tify  microorganisms. Cada (4) used freeze-dried  
samples of E s c h e r ic h ia  co li in  a p ro fic iency  test of 
w ater laboratories, com paring the most probable  
n um ber technique, the m em brane filte r m ethod, 
an d  standard  p late  count.

T h is  rep ort describes a m ethod  of p reparing  
freeze -d rie d  m ixtures o f m icroorganism s as 
samples for proficiency testing of m icrobiological 
food laboratories. These samples m ay also be 
used in  collaborative studies in  food m icro 
b io logy .

E xp erim e n ta l

Organisms

M ost bacteria used in  this study (Table 1) w ere  
p reviously  isolated from  foods at our laboratory. 
T h e  rem ain ing  strains originated from  the S N FA  
labo ra to ry  cu lture  collection. C a n d id a  a lb ica n s  

w as o b ta in ed  fro m  the  C en tra lb u reau  v o r  
Schim m elcultures, The Netherlands. Before use, 
the id en tity  of all bacterial strains was established 
b y  m ethods described by C ow an and Steel (5). 
Stocks of the  cultures w ere  m ain ta in ed  on bra in  
h eart in fu s io n  (D ifco ) agar slants and stored at 
6°C .

To determ ine bacterial num bers before m ixing  
the cultures, all strains w ere g row n in  brain  heart 
in fu s io n  b ro th  fo r 18 h at 3 7 °C  and  num bers  
w e re  d e te rm in e d  on try p to n e  soya agar 
(O xo id ).

Samples

F r e e z e - d r y i n g  m e d i a .— (1) 0 .0 1M  phosphate  
buffer: Dissolve 1.78 g N a 2H P 0 4-2H 20  and 1.36 
g K H 2PC>4 in  1 L w ater. BSA: D issolve 5 g bo
v in e  serum  a lb u m in  (Sigm a fraction  V  P ow der, 
A  4503) in  100 m L 0 .0 1M  phosphate b u ffe r, and  
adjust p H  to 7.3 w ith  2 M  N aO F l. F ilte r solution  
th ro u g h  0.22 f ilte r  (M illip o re , M illex -G S ).

(2 ) SPG: D issolve 164 g saccharose, 1.40 g so
d iu m  g lu tam ina te , 1.04 g K H 2P 0 4, and  2.50 g 
K 2H P 0 4 in  1 L water. Autoclave solution 15 m in  
at 121 °C . Freeze-drying m edium  consists of SPG 
an d  BSA m ixed  1:1.
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Table 1. Organisms in 2 samples of freeze-dried mixed cultures for proficiency tests and collaborative studies

Mixture 1 Mixture 2

Organism Strain Organism Strain

P r o v id e n c ia  a l c a l i f a c ie n s SLV-45, API 31 P s e u d o m o n a s  m a l t o p h i l i a SLV-41
B a c i l l u s  c e r e u s SLV-56, ATCC 14579 E s c h e r i c h ia  c o l i SLV-60
C i t r o b a c t e r  f r e u n d i i SLV-7 C lo s t r i d i u m  p e r f r i n g e n s SLV-2
S t a p h y l o c o c c u s  a u r e u s SLV-44 S a lm o n e l la  p o m o n a SLV-103
S t r e p t o c o c c u s  f a e c iu m SLV-39
C a n d id a  a lb ic a n s J 8

S a m p le  p r e p a r a t io n .— A  tube or a flask w ith  
b ra in  heart in fu s io n  b ro th  was inoculated  w ith  
a colony o f the appropriate  strain and incubated  
fo r 18 h at 37 °C . Cultures w ere  washed tw ice in  
0.1% pep tone w ater. T h ey  w ere  then  e ith er  
suspended d irectly in  the freeze-drying  m edium  
o r p laced in  0.1% peptone w a te r i f  d ilu tio n  was 
necessary b efore m ix in g  the cultures. In  the  
la tte r case, serial d ilu tio n  was perform ed in  0.1% 
peptone w a te r and then in  the fin a l step d irectly  
in to  SPG. A p p ro p ria te  quantities fro m  each 
cu ltu re  w ere  th e n  transferred  to a sm all flask. 
BSA was added to adjust the concentration  of 
SPG and  BSA to 1:1 in  the sam ple to be freeze- 
d rie d . T h e  cu ltu re  m ix tu re  was c a re fu lly  
b len d ed  and 0.40 m L  aliquots w ere  d is trib u ted  
in to  sterile glass am pules (110 X 8.25 m m ), using  
a syringe w ith  a 1.3 X 110 m m  needle.

F r e e z e - d r y i n g .— Freeze-d ry ing  was perform ed  
on an Edw ards freeze -d rie r, M o d e l EF03. Sam
ples w e re  fro zen  b y  a qu ick reduction  o f the  
pressure to 60 Pa. Freeze-dry ing  was continued  
fo r about 5 h  u n t il a pressure o f 8 Pa was 
achieved. A m pu les  w ere  flam e-sealed  and  
checked fo r vacuum  w ith  an Edw ards h ig h  fre 
quency tester, M o d e l 500K , D 055-16-000. Sam
ples w ere stored at room tem perature in  the dark  
b efo re  reconstitu tion .

R e c o n s t i t u t io n  o f  s a m p l e s .— A m p u le s  w e re  
w ashed  o u t w ith  fo u r 1 m L  portions o f 0.1%  
p ep tone w ater, and  w ashings w ere  transferred  
to a s terile  tube. S ixteen m L  o f 0.1% peptone  
w a ter was added and  th e  m ix tu re  ca re fu lly  
b len ded . T he  total vo lu m e  o f the samples was 
20 m L.

Analysis

Samples w ere  seria lly  d ilu ted  in  0.1% peptone  
w ater. N u m b ers  o f P r o v id e n c ia  a lc a lifa c ie n s  and  
P s e u d o m o n a s  m a lto p h ilia  w ere  d ete rm in e d  by  
aerobic plate count (A PC ), using plate count agar 
(O xo id ) incubated  72 h  at 30 °C . N u m b ers  o f C i-

tro b a c t e r  f r e u n d i i  and  E . co li w e re  d e te rm in e d  by  
co lifo rm  p la te  count w ith  v io le t red  b ile  agar 
(O xo id ) incubated 24 h at 3 7 °C . N u m b ers  o f 
C lo strid iu m  p e r fr in g e n s  w ere determ ined  using egg 
y o lk -fre e  SFP agar base (D ifc o ) c on ta in ing  400  
m g cycloserine/L . N u m b ers  o f B a c illu s  c e r e u s ,  

S t a p h y lo c o c c u s  a u r e u s ,  S t r e p t o c o c c u s  fa e c iu m  (E n 
terococci), and  C a n d id a  a lb ica n s  (yeasts) w e re  de 
te rm in ed  by spreading aliquots o f the sam ple  
onto the surface of blood agar (O xo id) contain ing  
5% young  beef b lood, B a ird -P arker m ed iu m  
(O xo id ), S lanetz and  B artley m e d iu m  (O xo id ), 
and Sabouraud dextrose agar (O xo id ) con tain ing  
ch lo ram phenico l (100 m g /m L ) and  Chlortetra
cycline (100 m g /L ), respectively. The blood agar 
and the B aird-Parker m ed ium  w ere  incubated 48 
h at 37 °C , the S lanetz and  B artley m e d iu m  24 h  
at 4 4 °C , and the Sabouraud dextrose agar 120 h  
at 22 °C . T he  presence o f S a lm o n e l la  was d ete r
m ined  by adding 1 m L u nd ilu ted  sample to 9 m L  
te trath ionate  b ro th  base (D ifc o ) co n ta in in g  io 
d ine and b rillian t green (6). A fte r incubation for 
24 h at 4 3 °C , a lo o p fu l o f the  e n ric h m en t b ro th  
was spread on xylose lysine dextrose agar (O xoid) 
and on b r illia n t  g reen  agar (O xo id ) and  th en  
incubated 24 h at 37 °C .

Transport Study

Sixteen am pules fro m  2 m ixtures  (Tab le  1) 
w ere  sent by m ail to L u n d  in  sou thern  Sw eden  
(about 600 km ). T he  rec ip ien t re tu rn e d  the  
samples im m e d ia te ly  to S N F A . These m a iled  
samples spent 2 days in  the  m a il system. Labo
ratory samples w ere  stored at room  tem perature  
in  the  dark at the B io logy Laboratory  at S N F A .

Numerical Analysis

Bacterial counts w ere  transform ed  to logio  
values. Statistical eva lua tion  o f the  results was 
carried  out by m ethods described b y  Stearm an
(7).
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R esults

Effects of Transport

M a ile d  samples and laboratory  samples w ere  
analyzed  in  p ara lle l 5 w eeks a fte r fre e ze -d ry in g  
(Tables 2 and 3). Com parison of m ean counts by  
the f-test d id  not show  any statistically  s ig n ifi
cant differences betw een the 2 sets o f samples (P  

>0.05), except for P . a lca lifa cien s  (A PC ) in  m ixture  
1 (P < 0 .05 ). H o w e v e r, the d iffe rence  b etw een  
mean counts of P . a lca lifa cien s  was neg lig ib le  (0.05 
log u n it)  and, because the  m ean count o f the  
m ailed  samples was h ig h e r than  th a t o f the  lab 
oratory samples, transport d id  n o t affect the  
m ailed  samples neg ative ly .

T he  presence o f S a lm o n e lla  was dem onstrated  
in  a ll samples o f both  categories. Because this  
analysis is o n ly  q u a lita tive , a 3-tube most p ro b 
able n u m b er d e te rm in a tio n  was carried  out on  
one m ailed  and  one labo ratory  sam ple to obtain  
a rough  q u an tita tive  estim ate. N u m b ers  o f S a l

m o n e lla  w ere  23 and 9 /g ,  respectively.
The v a ria b ility  o f m a iled  and  labora tory  sam

ples was com pared b y  the F-test. T ransport d id  
n ot increase the variance o f the  m ailed  samples 
s ig n ific a n tly  com pared w ith  the laboratory  
sam ples (P > 0 .05 ).

Effects of Storage

Ten  w eeks a fte r fre e ze -d ry in g , ano ther 14 
samples fro m  m ix tu re  1 and  12 samples fro m  
m ixtu re  2 stored at the laboratory w ere  analyzed  
(Tables 2 and  3). W h e n  com pared w ith  the  lab 
o ra to ry  samples analyzed  5 w eeks a fte r freeze
d ry in g , storage resulted in  s lig h tly  lo w e r m ean  
counts fo r a ll organism s (0 .02 -0 .43  log u n it). 
T h e  d ifference betw een m ean counts after 5 and  
10 w eeks was s ign ificant (P <  0.05) fo r P. a lca li

f a c i e n s ,  S . f a e c iu m , P . m a lto p h ilia , E . c o li , and  C. 
p e r f r i n g e n s .

T h e  v a ria b ility  in  counts of P. a lca lifa c ien s  and
B. c e r e u s  had increased s ign ificantly  after storage 
fo r  10 w eeks com pared w ith  tha t a fte r 5 weeks  
storage (P <  0.05).

S a lm o n e l la  was present in  a ll samples o f m ix 
tu re  2 stored fo r 10 weeks.

D iscussion

Variability

Bohdan et al. (8) concluded fro m  a collabora
tive  study that the standard d evia tion  o f aerobic 
p la te  counts w ith in  a sing le laboratory  should  
n o t exceed 0.15 log  u n it  in  rep licate  samples. 
Based on  results fro m  th e ir  investiga tio n  on m i
crobiological counts in  frozen  cod and on data in  
the  lite ra tu re  (9 ,1 0 ), Bohdan et al. (8) established
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that split sample studies should n o t y ie ld  aerobic 
p la te  counts w ith  standard dev ia tions  greater 
than  0.20. S im ilar results w ere  obtained b y  Cada  
(4 ), w h o  rep orted  standard  dev ia tions  b e tw een  
0.034 and  0.354 fo r  standard  p la te  counts on 7 
s im u la ted  w a te r samples fo r  p ro fic ie n c y  tests. 
T h e  v a ria b ility  o f counts am ong sam ples in  th is  
study on freeze -d ried  m ixed  cu ltures was w e ll  
b e lo w  0.15 log u n it  in  most analyses.

Properties of Samples

Samples for proficiency tests and  collaborative  
studies should  p re fe rab ly  be o f the  k in d  n o r
m a lly  h and led  by the partic ip a tin g  laboratories. 
T h e y  should  also be hom ogeneous, an d  the  o r
ganism s to be d eterm ined  should  not be affected  
b y  transport. Food laboratories do n o t n o rm a lly  
h an d le  the  k in d  o f fre e ze -d rie d  sam ples d e 
scribed in  this report. O n  the o th er hand , these 
samples fu lf i ll  the requirem ents fo r hom ogeneity  
an d  s tab ility , properties  w h ic h  can h a rd ly  be 
o b ta in ed  w ith  food samples. M o re o v e r, these  
samples have the advantage, com pared w ith  food  
sam ples, o f lacking  a backg ro un d  flo ra  th a t m ay  
be d iff ic u lt  to contro l.

A t the S N FA , w e  have used freeze-d ried  m ixed  
cultures as samples in  p ro fic iency  tests o f food  
laboratories in  Sw eden. P artic ip a tin g  labora
tories receive samples about 5 w eeks a fte r p re p 
ara tion  and  are instructed  to do th e  analyses si
m ultaneously d urin g  a specified period  (1 w eek). 
I t  has been possible to in c lu d e  most organism s  
th a t can be fou nd  in  the ro u tin e  m icrob iological 
analysis o f food in  a s ing le  sam ple.
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DAIRY PRODUCTS

Determination of Lactose in Milk: Comparison of Methods

ANITA M. ESSIG and DICK H. KLEYN
N e w  Je r s e y  A g r ic u ltu ra l E x p er im en t S ta t io n , R u tg ers  U n iv ers ity , C o o k  C o lle g e ,  D e p a r tm en t  o f  
F o o d  S c ie n c e , N e w  B ru n sw ick , N J  0 8 9 0 3

A new enzymatic method based on the spectropho- 
tometric measurement of reduced NAD+ (/3-nico
tinamide-adenine dinucleotide) at 340 nm has been 
evaluated by comparing it  w ith  the AOAC copper 
reduction method. Ten samples of m ilk  containing 
various levels of lactose were analyzed in duplicate 
by the enzymatic method, and 5 samples were ana
lyzed by the copper reduction method. Statistical 
analysis using a factorial design revealed no statistical 
significance between results obtained by the 2 
methods; recoveries were comparable, 97% or greater 
for all except one sample. There was no relationship 
between amount of lactose added and percent re
covered.

There are tw o  A O A C  fin a l action methods for the 
determ ination  of lactose in  m ilk , the polarim etric  
m ethod  (16.055-16.056) and the grav im etric  
m ethod  (16.057) (1). T h e  p o la rim etric  m ethod  
requires a p o la rim ete r equ ipp ed  w ith  a 400 m m  
tube, and the g rav im etric  m etho d  is tim e con
sum ing  and  tedious. In  a d d itio n , there is an 
A O A C  first action in fra re d  m etho d  (16.058)
(1).

Several o th er spectrophotom etric m ethods  
have been developed  fo r this d e te rm in a tio n  (2 ). 
T he  objective o f this research has been to e va lu 
ate a n e w  enzym atic  m ethod  based on the spec
trophotom etric m easurem ent o f reduced N A D + 
(3-n icotinam ide-adenine d inucleotide) at 340 nm
(3). Th is  m ethod  is h ig h ly  specific, rap id , and  
sim ple to perform  and the reagents are re latively  
safe com pared  w ith  those used in  o th er  
m ethods.

METHOD

P rin c ip le

Lactose is h yd ro ly ze d  to glucose and /3-galac- 
tose in  the presence o f /3-galactosidase and water. 
/3-Galactose is th en  o xid ized  by N A D  to galacto- 
nic  acid in  the presence o f ,3-galactose d eh yd ro 
genase. T he reactions proceed as follow s:

Received November 22, 1982. Accepted April 12, 1983. 
Presented at the 96th Annual International Meeting of the 

AOAC, Oct. 25-28, 1982, at Washington, DC.
New Jersey Agricultural Experiment Station, Publication No. 

D-10408-1-82, supported by state funds.

/3-galactosidase
Lactose +  H 2O -------------------►

glucose +  3 -galactose

GAL-DH
3-Galactose +  N A D + -----------►

galactonic acid +  N A D H  -I- H +

The am ount of N A D H  (3 -n ico tinam ide-aden ine  
d in uc leo tid e , reduced) form ed in  th is  second 
reaction is sto ichiom etric  w ith  the am ount of 
lactose, and is m easured in  a spectrophotom eter 
at 340 nm .

P rep ara tion  o f  S am p le

P rote in  is rem oved  fro m  the m ilk  sam ple by  
p rec ip ita tio n , using Carrez reagents, as fo llow s: 
W eig h  ca 2 g m ilk  in to  100 m L vo lu m etric  flask  
and add ca 60 m L redistilled w ater (reagent grade
I  quality). Add 5 mL diluted Carrez I  solution 
(3.60 g K4(Fe(CN)6)-3H20 / 100 m L, 5 mL Carrez
I I  solution (7.20 g Z n S 0 4-7 H 20 /1 0 0  m L ), and 10 
m L 0 .1M  N a O H . Shake m ixture vigorously, and  
le t solu tion  come to room  tem perature. D ilu te  
to volum e w ith  redistilled water, and m ix. F ilter 
and  use clear filtra te  fo r assay.

D eterm in a tion

Use e ith e r glass cuvets or disposable plastic 
cuvets (1 cm lig h t path); the  assay is carried  out

Table 1. Determination of lactose (%) content in milk by 
enzymatic and gravimetric methods3

Sample

Enzymatic 

A B Av. Gravimetric

1 4.37 4.34 4.33 4.37
2 4.93 4.92 4.93 4.94
3 4.39 4.34 4.37 4.56
4 4.67 4.73 4.70 4.75
5 4,56 4.58 4.57 4.56
6 4.38 4.36 4.37 —

7 4.19 4.14 4.17 —

8 4.62 4.62 4.62 —

9 4.46 4.50 4.48 —

10 4.83 4.84 4.84 —

a Duplicates are Nos. 1 and 7, 2 and 10, 3 and 6, 4 and 9, 
5 and 8.
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Table 2. Analysis of variance of enzymatic vs gravimetric methods

F-value 
from  table

Source
Degrees 

of freedom
Sum of 
squares

Mean
sq. (SS/DF)

F-value
calcd 1% 5%

Method i 0.00784 0.00784 2.54 21.20 7.71
Lactose level 4 0.41896 0.10474 33.8964 16.00 6.39
Method x  level 4 0.01236 0.00309

Table 3. Recovery of lactose by the enzymatic and 
gravimetric methods

Sample
Theor.

lactose,%

Ree.,, %

Enz. Grav.

1 4.37 __ _
2 5.04 98.60 98.02
3 4.47 98.76 102.13
4 4.85 97.01 98.04
5 4.66 99.02 97.96
6 4.47 98.76
7 4.37 —
8 4.66 99.25
9 4.85 92.47

10 5.04 96.80

in  the cuvet. C ap illa ry  pipets are recom m ended  
for volum etric  transfers. Solution num bers refer 
to those in  k it  (ava ilab le  fro m  B oeh ringer- 
M a n n h e im , In d ian ap o lis , IN  46250). C arry  out 
d ete rm in a tio n  as follow s:

Label one cuvet “ b la n k ” and one cuvet "sam 
p le ."  P ipet 0.20 m L solu tion  1 (p H  6 .6  citrate  
b u ffe r, 35 m g N A D , m agnesium  sulfate, and  
stabilizers), and 0.05 m L  solu tion  2 (enzym e  
suspension /?-galactosidase, ca 100 U ) in to  each 
cuvet. P ipet 0.10 m L  sam ple solution  (filtra te )  
in to  sam ple cuvet. Use plastic s tirre r to m ix  
contents of both  cuvets, and  let stand 10  m in  at 
2 0 -2 5 °C . P ip e t 1.00 m L  solu tion  3 (p H  8 .6  po 
tassium d iphosphate b u ffe r, 0.51 m o l/L )  in to  
each cuvet. A d d  2.00 m L  w a te r to b lan k  cuvet, 
and  1.90 m L w a te r to sam ple cuvet. M ix  solu
tions in  cuvets and le t stand ca 2  m in  at 2 0 -  
25°C .

D eterm in e  absorbances (A j)  of both solutions  
at 340 n m , using spectrophotom eter w ith  slit 
w id th  o f 10 n m  or less. A d d  0.05 m L solu tion  4 
(en zym e suspension galactose dehydrogenase, 
ca 35 U ) to each cuvet. M ix  solutions, and  let 
stand at 2 0 -2 5  °C  u n t il reaction has stopped (ca 
1 0 -15  m in ).

D e term in e  absorbances (A 2) of both solutions. 
N ote: I f  reaction has not stopped a fte r 15 m in , 
contin ue to read optical densities at 2  m in  in te r

vals u n til absorbance increases constantly  fo r 2 
m in .

D iscu ssio n

Five samples of m ilk  contain ing  various levels 
o f lactose w ere  prepared by add ing  lactose h y 
drate to w arm  rr.ilk (60 °C ) on a m echanical hot 
p la te -s tirrer; the equ iva len t levels o f added an 
hydrous lactose ranged betw een  0.095 and  
0.670%. Ten  u nkno w ns w ere  prepared  fo r en 
zym atic  lactose analysis by s p littin g  these 5 
samples. In  a d d itio n , aliquots o f the  5 samples 
w e re  sent to a com m ercial laboratory  and  ana
lyzed  for lactose by the A O A C  g rav im etric  
m ethod.

Results o f the analyses (Table 1) reveal a close 
corre la tion  betw een  the 2  m ethods; there  was 
o n ly  one sample in  w h ic h  the d iffe ren ce  ex
ceeded 0.05%. C om parison o f the duplicates  
analyzed  by the enzym atic  m ethod  also reveals  
close agreement. The difference exceeded 0.20% 
fo r o n ly  one p a ir o f duplicates (Nos. 4 and 9). 
Statistical analysis o f these data, based on calcu
lated F - values, revealed no significant difference  
betw een the enzym atic and gravim etric methods  
(Tab le  2).

Lactose recovery rates w ere  also d e te rm in ed  
fo r the 2 m ethods (Table 3). These data reveal 
tha t excellen t recoveries w ere  obta ined  b y  both  
methods; recovery was less than 96.80% fo r o n ly  
one sam ple (N o . 9). T here  was no d irect re la 
tionsh ip  betw een  the am ount o f lactose added  
and its recovery.

F in a lly , 4 replicates o f one sam ple w e re  ana
lyzed  to obtain  m ore in s ig h t on the  precision  of 
the enzym atic m ethod, w ith  2  replicates analyzed  
on 2 successive days. Results show ed good  
precision. O vera ll, replicates y ie lded  a result of 
4.70% =fc 0.04 (4.74, 4.70, 4.66, and  4.69%).

Results obtained  by this study reveal tha t the  
enzym atic  m ethod  y ie lds  results tha t agree 
closely w ith  the A O A C  grav im etric  m ethod. In  
a d d itio n , the close agreem ent o f replicates in d i
cates good precision. Thus, the enzym atic
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m ethod  m ay be considered a h ig h ly  specific, 
s im ple , rap id  m ethod  for accurate and precise 
d ete rm ina tio n  o f lactose in  m ilk .

A n  A O A C  collaborative study o f the m etho d  
is in  progress and w i l l  be the subject of a la ter 
report.
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FRUITS AND FRUIT PRODUCTS

Evaluation of Apple Juice Authenticity by Organic Acid Analysis
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An organic acid profile provides valuable informa
tion regarding authenticity of apple juice. The 
presence of D-malic acid is a clear indication of 
adulteration because this isomer does not occur nat
urally. Fumaric and citric acid levels above trace 
amounts are also inconsistent with pure apple juice; 
therefore, measurement of these organic acids may 
also be used as an authenticity check. Citric acid, 
total malic acid, and fumaric acid were determined 
in a single scan by liquid chromatography (LC) for 30 
known pure apple juice samples. The L-isomer of 
malic acid was measured by an enzyme-specific 
method, and the D-isomer was calculated as the d if
ference between total malic acid and L-malic acid.

M eth od s  pub lished  by various authors (1 -4 )  to 
v e r ify  the  au th en tic ity  o f app le  juice re late  to 
sugars, sugar ratio , stable isotope ratio, p o ly 
p heno ls , fo rm o l ind ex , sorbito l, p ro lin e , ash, 
m inerals, and organic acids. These tests together 
g ive  useful in fo rm atio n  about the p u r ity  and  
q u a lity  o f the juice. The organic acid scan de
ve lop ed  in  this laboratory, d eterm ines D -m alic  
acid, L -m alic  acid, fum aric  acid, and c itric  acid 
levels. O n ly  the  L-isom er o f m alic  acid occurs 
n a tu ra lly , so the presence o f D -m alic acid in d i
cates ad u lte ra tio n  w ith  synthetic  m alic acid. 
F u rth erm o re , an e levated  citric  acid leve l in d i
cates ad u lte ra tio n , w h ile  a h ig h  leve l o f fum aric  
acid ind icates adu lte ra tio n  a n d /o r  overprocess
ing . Jeuring et al. (1) reported the determ ination  
o f m alic  acid by liq u id  chrom atography (LC ) 
using a reverse phase co lum n at room  tem pera
ture. Junge and S padinger (2) im p ro ved  this  
m etho d  by using an io n  exchange co lu m n, also 
at room  tem perature . In  both  m ethods, there  
was in terfe ren ce  by an u n k n o w n  com pound  
e lu tin g  just before the m alic acid peak. This  
m ade an accurate m easurem ent o f m alic  acid  
d ou b tfu l. Because D -m alic  acid is calculated as 
the  d iffe ren ce  b etw een  tota l m alic  acid and L- 
m alic  acid, great care m ust be exercised in  each 
test to assure an accurate d eterm ination . Recent 
w o rk  in  this laboratory has resulted in  excellent 
resolution o f malic, citric, and fum aric acids from  
in te rfe r in g  com pounds.

Received December 13,1982. Accepted April 20,1983.

E x p e rim e n ta l

A p p ara tu s

C h ro m atog raph y  was p erfo rm ed  w ith  a Per- 
k in -E lm e r  Series 2 l iq u id  ch ro m ato g rap h , 
equ ipped  w ith  a R heodyne M o d e l 7125 sy
ringe-load ing  sample injector and a Perkin-E lm er 
M o d e l LC  75 variab le  w ave len g th  spectropho- 
tom etric  detector.

A  Bio-Rad H P X -87  (300 X  7.8 m m ) A m in ex  ion  
exclusion colum n fo r organic acids was used. 
T h e  co lum n was heated v ia  a w a te r jacket con
nected to a Tecam constant tem perature w ater  
bath.

O p e ra tin g  conditions w e re  m ob ile  phase, 
0 .0 06 N  H 2SO 4; f lo w  rate, 0.6 m L /m in ;  w ave 
le n g th , 207 nm ; co lum n tem perature , 80°C .

S a m p le  P rep ara tion  a n d  LC  A n a ly sis

Sam ples o f k n o w n  pure  app le juice w ere  sup
p lie d  by the  Processed A pples  In s titu te  in  A t
lanta. O th e r pure  samples w ere  supplied  by  
various donors in  the app le juice industry . 
Sam ples w ere  d ilu te d  to 3 -5 °  Brix, filte re d  
th ro u gh  a 0.45 p m  G elm an filte r, and injected in  
5 p L  a liquots. C oncentrations o f m alic, c itric, 
and  fum aric  acids w ere  d eterm ined  by com par
in g  peak heights o f samples and respective  
standards.

E n zy m atic  D eterm in a tion

E nzym atic  analyses fo r L -m alic acid w ere  car
ried  out using the  test m ethod  and reagents  
sup p lie d  in  a com m ercia l k it  (B oeh rin ger  
M a n n h e im , Ind ianap o lis , IN  46250). Samples 
w ere  d ilu te d  1:100 and adjusted to p H  10. A  
T u rn e r M o d e l 350 spectrophotom eter was used 
to m o n ito r absorption  at 340 nm . Disposable  
cuvets w ere  used fo r a ll analyses.

R e su lts  an d  D iscu ss io n

T he  described m ethod  has been app lied  to 
b oth  concentrated and single strength  apple  
ju ice. Table 1 presents the organic acid pro files  
fo r 30 p ure  app le juice samples. F igure 1A is a 
typ ica l chrom atogram  o f a pure apple juice; F ig -
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Figure 1. LC chromatograms of organic acids in apple juice. A, known pure sample; B, adulterated sample: 
1, solvent front; 2, citric acid; 3, malic acid, 4, fructose and unknown; 5, fumaric acid.

ure IB  is a chrom atogram  o f an apple juice w ith  
h ig h  citric  and  fu m aric  acid levels. The 3 com 
pounds o f in terest, c itric , m alic, and fum aric  
acids, m ay be evaluated  as show n below .

C itr ic  A c id

C itric  acid is present in  pure  app le juice at 
concentrations o f not m ore than  1 0 -2 0  m g / 100 
m L. Some European countries a llow  a m axim um  
o f 40 m g /100 m L  (5). Concentrations h ig h e r  
than  these values should  be considered inco n 
sistent w ith  pure juice. A d d itio n  of citric acid or 
o th er f ru it  juices that have a h ig h e r citric  acid  
co n ten t (pear, fo r exam ple) is a possible source 
of ad u lte ra tio n  (4).

M a lic  A c id

There  is no D -m alic acid in  pure apple juice, so 
the an a ly tica l results fo r tota l m alic  acid by LC  
and  fo r L -m alic  acid by the enzym atic  m ethod  
should  be the  same. S m all errors can occur in  
ro u tin e ly  executed analyses fo r these com 
pounds. M a lic  acid content o f 30 k n o w n  pure  
app le  juice samples varied  b etw een  220 and  900 
m g /100 m L  (expressed on the basis o f 14° Brix). 
A n  average d iffe rence  o f 0.3 m g /100 m L  was 
observed b etw een  LC and enzym atic  m ethods. 
A ccord ing  to t -test results, a d iffe rence  of m ore  
than  16 m g /100 m L  (1 standard d ev ia tion ) in d i
cates ad d itio n  o f D -m alic  acid (P  < 0 .01 ). Since 
the range o f observed d ifferences was ± 3 0  
m g /100 m L , w e  have established th is as a prac
tical va lue  fo r the cu to ff b etw een  exp erim enta l

e rro r and deliberate  add itio n  o f racem ic m alic  
acid.

F u m aric  A c id

Fum aric acid occurs as a b y-p ro du ct in  the  
production  o f synthetic  m alic  acid, and , in  g en 
eral, the presence o f fum aric  acid in  app le  juice  
in  an ind ica tio n  o f adu lte ra tio n . Junge and  
Spadinger (2) reported  tha t fu m aric  acid levels  
greater than  3 m g /L  w ere  n o t consistent w ith  
pure juice. H o w ever, this does not hold  for juice 
fro m  concentrate. Extrem es in  processing can 
result in  the fo rm atio n  o f fum aric  acid w ith o u t  
the ad d itio n  o f synthetic  m alic  acid. For exam 
p le , apple juice heated in  closed v ia ls  fo r  3 days 
at 60 °C  d id  not produce fum aric acid. H o w ever, 
w h e n  the tem peratu re  was increased to 100°C  
and h e ld  an ad d itio n a l 3 h , as m uch  as 10 m g fu 
m aric a c id /L  was form ed.

F u rth e r studies are needed to d e te rm in e  the  
cause o f fum aric  acid fo rm atio n  d u rin g  the c lar
ification  and concentration processes, so that the  
leve l o f fum aric  acid m ay y ie ld  m ore  d e fin it iv e  
in fo rm atio n  as to w h e th e r ad u lte ra tio n  a n d /o r  
overprocessing has occurred.

A c k n o w le d g m e n t

T he  authors than k  the Processed A p p les  In 
stitu te  in  A tlan ta  fo r o b ta in in g  the samples of 
authen ic  app le juice and sup p ly in g  o th er v a lu 
able testing m ateria l.

Referen c es

(1) Jeuring, H. ]., Brands, A., & van Doorninck, P.
(1979) Lebensm . U nters. Forsch. 168, 185-187



15 2 0 EVANS ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 6, 1983)

(2) Junge, C„ & Spadinger, C. (1982) Flüssiges Obst 2, 
57-80

(3) Brause, A. R., & Raterman, J. M. (1982) /. Assoc. Off .  
A nal. Chem . 65, 846-849

(4) Blumenthal, A., & Hebling, J. (1977) M itt. Geb. L e-  
bensm -H elunters. H yg. 68,419-430

(5) Association Française de Normalisation (1978) 
NF.V 76, 002-006



BORIES ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66. NO. 6, 1983) 1521

DRUG RESIDUES IN ANIMAL TISSUES

Liquid Chromatographic Determination and Mass Spectrometric 
Confirmation of Chloramphenicol Residues in Animal Tissues

GEORGE S. F. BORIES, JEAN-CLAUDE PELERAN, and JEAN-MICHEL WAL
L a b o r a to ir e  d e  R e c h e r c h e s  su r  le s  A d d it i fs  A lim en ta ir e s , IN R A , ISO, C h em in  d e  T ou rn e fe u i l l e ,  
3 1 3 0 0  T o u lo u s e , F ra n c e

A rapid and sensitive liquid chromatographic (LC) 
method for determination of trace amounts of chlor
amphenicol (CP) in animal tissues has been devel
oped. Chloramphenicol identity is confirmed by gas 
chromatography-mass spectrometry (GC-MS). CP 
can be routinely quantitated by LC at 10 ppb with 75% 
recovery, and GC-MS selected ion monitoring per
mits complete identification at concentrations as low 
as 5 ppb. Residues were determined in chicken 
tissues after intramuscular injection of CP. Deple
tion was rapid with no residues detected in muscle 
after 8 h, while 15-30 ppb CP was still determined and 
identified in the liver.

T h e  broad spectrum antib io tic  chloram phenicol 
(CP), d ( —)-f/ireo -2-d ich loroacetam ido-l-p -n itro - 
phenyl-1 ,3  propanediol, has been recom m ended  
fo r the treatm ent of Salm onella infections and for 
the prevention  of secondary infections associated 
w ith  chron ic  resp iratory disease in  p o u ltry  ( 1 ). 
C P  is considered the most p o ten t an tib io tic  fo r  
treating  pneum onic  and enteric conditions w ith  
respect to organism  sensitiv ity , and is ro u tin e ly  
and  w id e ly  used in  Europe (2). H o w e v e r, due  
to toxicological problem s that have occurred in  
hum ans, e.g., toxicity o f CP on bone m arrow  stem 
cells (3) and  fatal b u t rare aplastic anem ia, zero  
to lerance levels have been established. In  
countries lik e  the  U n ite d  States, CP has n ever 
been au th o rized  fo r use in  foo d-producin g  a n i
m als, b u t ille g a l use o f CP is a c o n tin u in g  p rob
lem , and tissue residues must be detected. U n til  
n o w , the  lack o f sensitive and specific analytical 
m ethods has prec lud ed  the  detection  and id e n 
tific a tio n  o f ve ry  lo w  concentrations o f CP in  
an im a l tissues in  ro u tin e  contro l as w e ll as in  
m etabolic studies. Bioassays are most often used
(4) b u t th e ir  sens itiv ity  is lim ite d  (0 .5 -1  p pm ), 
an d  th e ir  precision  appears to be variable; 
m oreover, th e ir  specificity is questionable in  
samples (i.e., liver) w h ich  can contain in terferin g  
substances or even o th er a n tim ic rob ia l agents. 
N o n sp ec ific  co lo rim etric  assays have also been  
deve loped  (5), o ften  associated w ith  a specific
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so lven t extraction  o f CP. T h e ir  sens itiv ity  is 
l im ite d  to 0 .5 -1  p pm , a lth ou gh  some authors, 
using  n on va lid ated  m o d ified  conditions, have  
cla im ed  tha t a 0.1  ppm  detection  le v e l could  be 
reached (6 ).

R ecently , w e  described an o rig in a l liq u id  
chrom atograph ic  (LC ) m ethod  fo r d ete rm in in g  
CP residues in  m ilk  (7), and  discussed the ad
vantages o f this technique over o th er chrom a
tographic methods for CP analysis. This m ethod  
cou ld  n ot be used fo r determ inations in  an im al 
tissues. M odifications in  the cleanup procedure  
an d  f in a l analysis have resulted  in  an analy tica l 
m ethod  that is convenient for d ete rm in in g  trace 
am ounts o f CP in  m uscle, fat, or live r. F u rth er
m ore, id e n tific a tio n  o f CP b y  using gas chrom a- 
tography-m ass spectrom etry (G C -M S ) in  the se
lected ion  m onitoring  m ode has been developed. 
T he  entire  m ethodology has been app lied  to the  
d eterm ination  and iden tifica tio n  of CP residues 
in  chicken  m uscle, fat, and  liv e r  at 4, 6 , and  8  h  
fo llo w in g  a sing le in tram uscu lar adm in is tra 
tion .

M E T H O D

R eag en ts

(a) Solvents.— A n a ly tic a l grade e th y l acetate, 
isooctane (2,2 ,4 -trim ethylpen tane), ch loroform , 
p ro p y len e  g lyco l, and  m ethan o l (E. M erck , 
D arm stad t, GFR).

(b) Silylating reagen t.— N ,0 -B is (tr im e th y ls il-  
y l)triflu o ra c e tam id e  (BSTFA) (P ierce C hem ical 
Co., R ockford, IL ).

(c) A nalytical standard.— C h lo ram p h en ico l (B 
grade) (C alb iochem , San D iego , C A ).

(d) CP stock standard solutions.— ( 1 ) D issolve  
100 m g CP in  100 m L  m ethano l (1000 p pm , so
lu tio n  A ). (2 ) D ilu te  10 m L solution A  to 100 m L  
w ith  m ethano l (100 ppm , solution B). (3) D ilu te  
10 m L  so lu tion  B to 100 m L  w ith  m ethan o l (10 
p pm , solution C). (4) D ilu te  10 m L solution C to 
100 m L  w ith  m ethano l (1 ppm , so lu tion  D ). (5) 
Just before use, d ilu te  10 m L solution D  to 100 m L  
w ith  d is tilled  w a te r (0.1 ppm , solu tion  E).
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Apparatus

(a) L iq u id  c h r o m a t o g r a p h .— Spectra-Physics
(Santa C lara, C A ) M o d e l SP 8100, equipped w ith  
SP 8400 U V -v is ib le  detector set at 280 n m , and  
225 X  2.1 m m  id  stainless steel colum n packed  
w ith  5 pm  Cis Spherisorb O DS (Spectra-Physics). 
O p e ra tin g  conditions: isocratic m ode w ith
w ater-m eth ano l (65 +  35) m obile  phase pum ped  
at ca 2500 psi to p ro v id e  f lo w  rate o f 1 m L /m in ;  
U V  photom eter at 0.01 absorption u n it fu ll scale 
(A U FS ); chrom atogram  recorded on 10 m V  fu ll  
scale recorder operated at 1 c m /m in ; injection of 
sample w ith  50 pL  syringe in  valve (Valeo sample 
in jector) equ ipp ed  w ith  25 p L  sam ple loop  
(Valeo).

(b ) G a s  c h r o m a t o g r a p h - m a s s  s p e c t r o m e t e r .—  
H ew le tt-P a c ka rd  M o d e l 5992B (Palo A lto , C A ) 
q uadrup o le  mass spectrom eter w ith  H P  5700A  
series gas chrom atograph fitted  w ith  12.5 m  X 0.2 
m m  id  O V-1 capillary fused silica colum n and H P  
18947A  cap illa ry  co lum n interface. O p era tin g  
conditions: tem peratures— injection port 300°C , 
oven  p ro gram m ed  fro m  190 to 22 0 °C  at 6 ° /m in  
fo llo w in g  in it ia l 1 m in  h o ld  at 190°C ; h e liu m  
carrier gas 0.8 m L  /  m in . H ew le tt-P ackard  m ag
n etic  tape softw are  p ro gram  (05992-10015, 
P eakfin d er fo r N o rm alized  Spectra) was used to 
calibrate  and  auto tune mass spectrom eter in  
electron  im pact m ode at 70 eV. G C -M S  system  
was operated in  selected ion  m o n ito rin g  (S IM )  
mode. Using Hew lett-Packard  05992-10006 S IM  
tape p rogram , 6  masses w ere  selected in  cycling  
tim e  o f 0.1  s.

LC Procedure

G rin d  20 g tissue w ith  80 m L  e th y l acetate fo r  
3 m in  using M o d e l PT-10-20 P o ly tro n  hom oge- 
n izer. A d d  10 g potassium  carbonate, s w irl to 
m ix, then  f ilte r  u n d er vacuum  th ro u g h  fu n n e l 
f itte d  w ith  fr itte d  disk covered w ith  W h atm an  
N o . 1 paper. Rinse h o m og en izer blades and  jar 
using add itio n a l 40 m L  e th y l acetate, and  pour 
over filter. Place com bined ethy l acetate filtrates  
in  250 m L  separatory fu n n e l and stir w ith  50 m L  
w ater. Let stand 30 m in ; th en  discard w ater  
phase. T ransfer organic phase to a ro u nd -b o t
tom  flask and evaporate contents to dryness  
under vacuum. A d d  80 m L acetonitrile saturated 
w ith  isooctane and sw irl flask to dissolve residue. 
Q u a n tita tiv e ly  transfer m ix tu re  to 125 m L  sep
aratory fu n n e l and stir w ith  20 m L isooctane 
saturated w ith  aceto n itrile . Place lo w e r phase 
in  100 m L  ro und -botto m  flask and  evaporate  
u n d er vacuum  to sm all vo lu m e  (a fe w  m L). 
Q u a n tita tiv e ly  transfer to 5 m L  conical flask,

using aceton itrile , and evaporate to dryness. 
Dissolve residue in  0.25 m L chloroform , add 0.25 
m L  p ro py lene  g ly c o l-w a te r (50 +  50), m ix  w ith  
V ortex  m ixer, and le t phases separate. Use 
aqueous alcoholic (up per) phase fo r LC  an a l
ysis.

D e t e r m in a t io n .— U n d e r conditions used, CP  
retention  tim e is 9.4 m in . As a lready show n (7), 
response is lin e a r over 0 -1 0 0  ng range. D e te r
m in e  CP concentration  in  sam ple extract by  
using standard curve and peak areas established  
fro m  standard CP solutions as follow s:

CP, ppb  (n g /g )  =  C 0 X  S X 0.25/So X  W

w h e re  Co (n g /m L )  =  concentration  o f standard  
CP solution  D ; So =  peak area corresponding  to 
standard CP solution D ; S  =  peak area o f sample; 
W  =  w e ig h t (g) o f tissue sample.

F o r t i f i c a t io n .— 20 g contro l m uscle samples  
w ere spiked just before extraction, using 1, 3, and  
4 m L  solu tion  E.

GC-MS Analysis

F o llo w in g  in jection  o f p ro p y le n e -w ate r f in a l 
tissue extract in to  liq u id  chrom atograph, collect 
effluen t m anually  at detector beg inn ing  at 9 m in  
re ten tion  tim e, i.e., just before CP em erges fro m  
colum n to com plete d isappearance o f CP peak. 
Evaporate collected m obile  phase (about 1.5 m L) 
u n d er vacuum , using absolute e thano l as w a te r  
carrier. Dissolve residue in  absolute ethanol and  
transfer to 1 m L PTFE-stopper conical flask. 
Evaporate solvent to dryness u n d er "n itrogen  
flow ; add 20 pL  BSTFA and le t reaction proceed  
1 h at 85°C . Then inject 5 pL  into  GS-M S system, 
using Ross injector. M o n ito r  fo llo w in g  6  ions: 
453, 451, 363, 361, 225, and 208 mass units.

Animal Study

N in e  chickens w ere  each g iven  a s ing le  in 
tram uscular in jection  o f 20 m g C P /k g  dissolved  
in  p ropy lene  g ly c o l-w a te r m ixture . T hree  a n i
m als w ere  s laughtered 4, 6 , and 8 h  fo llo w in g  
adm in is tra tion  o f the drug  to obtain  su ffic ien t 
tissues and organs to perfo rm  dup lica te  d eter
m inations. L iv e r, k id n e y  and w h ite  m uscle tis
sue and abdom inal fat o f every  3 b irds w ere  
sam pled and pooled , then  g round . T w o  20 g 
aliquots w ere  w e igh ed  and then  deep fro zen  at 
—3 0 °C  u n til analysis.

R esults and  D iscussion  

LC Determination

T he  chrom atographic conditions specified  
here are the  same as those proposed and dis
cussed fo r the  d e te rm in a tio n  of CP residues in
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Figure 1. Liquid chromatograms of standard CP, calf control tissues, and calf liver spiked with 25 ppb CP.

m ilk  (7). T h e  e lu tin g  m ix tu re  is o n ly  s lig h tly  
m ore p o lar (35% w a te r instead o f 30%) to a llo w  
com plete e lution  o f in te rfe rin g  substances before 
C P  peak appearance. T h e  extraction and  clean
up  procedures w ere  adapted to e lim in ate  tissue 
in terferen ces d u rin g  liv e r, muscle, and fat anal
ysis. As show n in  F igure 1, no in te rfe rin g  peaks 
occurred w h e n  calf contro l tissues w ere  ana
lyzed; average recoveries o f CP from  spiked calf 
muscle samples w ere  in  the range 70-80%  (Table
1). N o  significant differences w ere observed for 
the d iffe re n t concentrations tested, even as lo w  
as 10 /ug /kg. S im ila r satisfactory recovery and  
rep ro d u c ib ility  was obtained in  fat, k idn ey, and  
l iv e r  samples. T h e  same results w ere  obtained  
w ith  chicken  contro l tissues.

A t  the 10 p pb  leve l, peak h e ig h t is about 4 
tim es the average baseline fluctuatio n . This  
va lu e  was chosen as the re liab le  detection  lim it  
fo r  ro u tin e  LC  analysis. S etting  the  detector to 
0.005 A U F S  o ffe red  an ad d itio n a l means o f dis
c rim in a tin g  the CP peak fro m  background, 
w h ic h  s im p lifie d  the detection  o f 5 ppb  CP in  
spiked muscle samples. H o w e v e r, w h e re  trace 
levels  are concerned, the risk o f in te rfe rin g  
substances is considerably increased, and the 
u ltim a te  id e n tific a tio n  m ethod  requires ad d i
tio n a l specificity.

T he  m ethod  has been ap p lied  to the d e te rm i
nation  of CP residues in  chicken tissues. Results 
of dup licate  experim ents (Tab le 2) ind icate  a 
ra p id  decrease in  residue levels, especially in  
l iv e r w h ere  a rather h igh  concentration (12  ppm )

Table 1. Recove^ of chloramphenicol from spiked calf 
muscle

Chloramphenicol added, Rec.,
f ig /g  fresh muscle (ppm) %

0.01 78
77
81
78
78
69

Mean 76.8
s 4.1

0.025 69
75
71
77
72
79

Mean 73.8
s 3.8

0.05 68
75
81
80
68
77

Mean 74.8
s 5.7

0.1 77
79
73
73
69
79

Mean 75.0
s 4.0
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Table 2. Chloramphenicol residues (pg/g fresh tissue) 
detected in chicken tissues at 4, 6, and 8 h following 

injection of 20 mg CP/kg

Time after 
administration, h Liver Muscle Fat

Control ND3 ND ND
4 12.1 0.04 0.33

9.6 0.035 0.30
6 0.25 0.03 0.12

0.18 0.03 0.15
8 0.03 ND 0.10

0.015 ND 0.05

3 ND = none detected.

was m easured 4 h a fte r adm in is tra tion  o f the  
d ru g . E ig h t hours after treatm ent, CP residues 
w ere  detected and measured at levels below  0.05 
ppm . A v a ilab le  m ethods lack sensitiv ity  to de
tect residues at such levels.

GC-MS Confirmatory Study

F ig ure  2 shows the e lectron im pact mass 
spectrum  obtained  u n d er our experim enta l 
conditions, using standard trim ethyls ily lated  CP. 
A side fro m  the  2 m ajor fragm ents at m /z  225 
(base peak) and m /z  208, fo u r m uch h eav ier if  
even less abundant fragments w ere observed that 
offered a greater specificity for CP identification. 
M o reo v e r, the  presence o f ch lo rin e  atoms gives 
the very  characteristic isotope p ro file  o f 35C1 and  
37C1 fo r the fragm ents that possess the d ich lo - 
roacetate m oiety . The choice o f the 6 ions took  
in to  account these data, to obtain the lowest ionic 
current background. M oreover, peak areas were  
m easured to establish abundance ratios o f the  
fragm ents.

C hem ical con firm atio n  o f the residues that

w ere  presum ptively iden tified  as CP on the basis 
o f th e ir  LC  re ten tio n  tim e was carried  out on  
tissues o f chicken  slaughtered a fter CP a d m in 
is tra tion , w h e n  the  residual values w ere  the  
low est, but s till m easurable in  various tissues. 
T he  results are show n in  F igure 3. To obtain  
b etter accuracy in  peak detection, scale factors 
w ere  com puted fo r every ion m on ito red  so that 
the h ighest ion ic  current, in c lu d in g  the  back
ground level, reached a value fixed to 2  times the 
fu l l  scale range o f the recorder. Scale factor 
va lue  o f 1 corresponded to the m axim al a m p li
fication  o f the signal. In  spite o f the great range  
o f frag m en t abundance and the various CP  
peak-to -background  ion ic  curren t ratios, 30 ng  
standard CP exhib ited  6 w e ll shaped peaks at 2.6 
m in  re te n tio n  tim e  w ith  lo w  baseline. S im ila r  
results w e re  obtained fo r the tissue sam pled 8 h 
a fte r CP adm in is tra tion , w h ic h  con firm ed  that 
L C  peaks detected in  liv e r  and fat extracts w ere  
due to CP residues. O n  the contrary, no peak  
was detected in  muscle, but the h ig h  background  
noise leve l recorded w ith  various ions requires  
fu rth e r careful in te rp re ta tio n .

To determ ine the lowest CP concentration that 
could be id e n tif ie d  in  tissues, contro l chicken  
muscle samples w ere  spiked w ith  decreasing  
quantities o f standard CP, nam ely, 2 1 ,1 4 , and 5 
ppb, w h ic h  corresponds to 21, 14, 5, and  2 ng  
collected, s ily la ted , and analyzed , respectively. 
N o  ion ic  current was recorded fo r any of the  6 
fragm ents at 2 .6  m in  re ten tion  tim e  in  contro l 
samples. C h icken  liv e r from  the 8 h tria l, as the  
spiked  ch icken  m uscle sam ples, e x h ib ite d  
m u lti- io n  responses. H o w ev e r, w h e n  CP con
centration  in  the tissues decreased, thereby de
creasing the q u an tity  o f CP injected in to  the



BORIES ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 6, 1983) 15 2 5

ION
m /z A B c D E F

453
©  ]| ! i

®  |i
i j

S J L ( î r ^ ^ ©

451

1

©
 

}

©  i! ©  ji
V 1*

k j \
( i T ------'

©

363 9 u i _
/—\ ji 
©  ¡1 
v\A-J V '-™

361
©  fl

A M
A J l _ i i:

§ T 'A~ A 0 © ___ ^

208
®  ¡1 

- J L .

©  ?! 
i \

\ tt n
© \J  V ©

225
©  1

¡1
11

J L

®  ji 
\

@ ¡1 
il

—A

©  || 
• \ ©

1 ♦ 4 î i i
Figure 3. GC-MS SIM recordings of trimethylsilylated standard CP (A) and derivatized LC fractions of 
control (F), spiked chicken muscle (C, D, E), and liver 8 h after administration (B). Arrows indicate retention 

time = 2.6 min. Circled numbers are scale factors (see text for explanation).

G C -M S  system, the area o f peaks o f the  less 
abundant ions reached the  exclusion thresh o ld  
set at 10. Fragm ents m /z  361, 363, and then  453 
w ere  rejected successively even w h e n  the peaks 
w ere still perceptible. H o w ev e r 3 ions, m /z  451, 
208, and 225, exh ib ited  m easurable responses 
sim ultaneously (8  tim es the th resh o ld  va lue  fo r  
m /z  451) o n ly  fo r the  sam ple spiked w ith  5 
ppb.

Reliable results w ere obtained fo r the intensity  
ratio  o f the fragm ents d ow n  to 30 ppb, i.e., about 
10 ng equ iva len t CP injected, u n d er the operat
in g  conditions (Table 3). Below  th is concentra
tion , the precision and re lia b ility  o f the  m ea
surem ents decreased, due to the sens itiv ity  and  
stability lim itations of the G C -M S  system. Thus, 
a progressive sh ift o f the in te n s ity  ratios was 
observed, even in  the  fragm ents w ith  ch lo rin e

Table 3. GC-MS SIM analysis of chloramphenicol residues in fortified and withdrawal tissue samples

Sample

Quantity
Injected,3

ng Replicates 225 208

Intensity ratios 

361 363 451 453

Trimethylsilylated standard CP 10 3 100 25.8 3.2 2.4 4.9 2.6
Chicken liver (8 h withdrawal, 34 Mg/kg) 12.7 2 100 26.4 2.9 2.3 b.3 3.2
Spiked chicken muscle 

21 /xg/kg 7.5 2 100 22.9 __b 0.9 3.9 1.6
14 Mg/kg 5.5 2 100 19.7 __b __b 4.5 1.0

5 Mg/kg 1.9 1 100 15.9 __b __b 4.5

3 Taking into account yield of overall procedure (75% recovery).
6 Peak area of fragment below exclusion threshold; intensity ratio not determined.
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atoms and o n ly  2 am u apart. A t  the 5 ppb level, 
one ratio (m /z  451 /225 ) was s till consistent w ith  
the va lue  obtained fo r standard CP.

The requirem ents g en era lly  accepted fo r  
co n firm ato ry  assay (8 ) ind icate  that at least 3 
identical ions w ith  constant intensity  ratios must 
be m onitored. D o w n  to 15 ppb, these conditions  
are m ore than satisfied as 5 and then  4 fragm ents  
w ere  m o n ito red . In te rp re ta tio n  at the low est 
concentration  tested (5 p pb) is ra th er d iff ic u lt, 
because 3 ions are detected b ut o n ly  one ra tio  is 
s ign ificant. I f  an u nequ ivocal co n firm atio n  of 
C P  cannot be m ade on the basis o f th is assess
m en t, a ve ry  strong p resum ption  exists.

In  conclusion, the m ethodo logy described in  
the  paper perm its routine  contro l o f CP residues 
in  an im al tissues at a 10  ppb le v e l, w h ic h  re p re 
sents about a 50X  increase in  sens itiv ity  com 
pared w ith  the  ava ilab le  m icrob io lo g ica l m e th 
ods, and confirm atory iden tifica tio n  of CP at the  
5 ppb  level.
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TECHNICAL C O M M U N IC ATIO N S

Density Meter Determination of Proof of Ethanol-Water Solutions: 
A Comment

JAN KOVAR
R e v e n u e  C a n a d a , C u sto m s a n d  E x c is e , L a b o ra to ry  a n d  S c ien tif ic  S e rv ic e s  D iv is io n , O t ta w a ,  
O n ta r io , C a n a d a  K IA  0 L 5

The official method for density meter determination 
of proof is lightly biased because the meter is stan
dardized with specific values in vacuum, which is not 
strictly compatible with the recommended table, that 
explicity requires "apparent," i.e., "in  air" values for 
entry.

R ecently , a m etho d  fo r density  m eter d e te rm i
n a tio n  of p ro o f was co llab orative ly  studied ( 1 ), 
and adopted as official first action (2). A lthough  
this m etho d  m ig h t f in a lly  free the chem ist from  
cum bersom e p ycnom etry  m easurem ents, w e  
p o in t out that the m ethod as described is lig h tly  
biased.

A n  o scilla ting  tube density  m eter, as is w e ll 
kn o w n , does not actually measure densities, but 
ra th e r oscilla tion  periods. I t  has been estab
lished  by K ra tk y  et al. (3) that a lin e a r re la tio n 
sh ip  exists betw een  the square o f the  oscillation  
p eriod  and  the density  in  vacuum ; the dep en 
dence can be m athem atica lly  expressed as fo l
lows;

P =  ( 1 /A )  X  (T 2 — B)

w h ere  p  is density in  vacuum , T  is the oscillation  
p erio d , and  A  and B are in s tru m en t constants. 
T he  lin e a rity  was fu rth e r discussed in  a previous  
p ap er (4) in  connection  w ith  the analysis of 
possible experim ental errors. It  follow s from  the 
ru les o f m athem atics th a t a lin e a r re la tion sh ip  
m ust also exist b etw een  the  same values o f os
c illa tio n  p erio d  and any o ther values that are 
d ire c tly  p ro po rtion a l to densities in  vacuum . 
Such a lin e a r re la tio n sh ip  betw een  densities in  
vacuum , densities in  a ir, specific g ravities in  
vacuum , and  specific gravities in  a ir is w e ll es
tab lished  and docum ented  (e.g., 5, 6 ,7 ) .  M a th 
em atical expression of 2  o f these relationships is 
g iv e n  la te r in  th is paper.

T h e  va lu e  o f density  or specific g rav ity  o f a 
m easured sam ple is calculated by in te rp o la tio n  
of the observed oscillation  p eriod  fo r the u n 
k n o w n  b etw een  2  values fo r 2  standards m ea

Received November 17,1982. Accepted April 19, 1983.

sured in it ia lly  in  a s tandard ization  (ca lib ration ) 
procedure. A ir  and w ater are g en era lly  recom 
m ended  as the standard m edia , and  the  in te r
p o la tio n  is f in a lly  done autom atica lly  by the  
processor o f the instrum ent. T he  u n it  of the  
resu lt is d ete rm ined  by the units  used as the  
calibration  values, densities, or specific gravities  
of the  2  standards.

To be com patible w ith  A O A C  Table 52.003, the  
m ethod  ( 1) correctly recom m ends using specific 
gravities 2 0 ° /  2 0 ° o f w ater and a ir in  calculations 
o f the apparatus constants A  and B, v iz ., 1.000 for  
w a te r and  0.00120 or 0.00119 fo r air. W h ile  the  
first is the specific gravity  of w ater (by defin ition )  
in  vacuum  as w e ll as in  a ir, the second applies to 
specific g rav ity  o f a ir " in  vacuum ," the specific 
g ra v ity  of a ir " in  a ir"  being  necessarily zero. 
T h is  can be p roven  by s im ple  com m on sense—  
air does not w eigh  anyth ing  in  a ir because the air 
buoyancy necessarily just cancels out the  
w e ig h t— and also by calcu lation  using the fo r
m u la  re la ting  specific g rav ity  in  a ir (s) to specific 
g ra v ity  in  vacuum  ( d )  at 2 0 ° / 2 0 °:

s =  1.00120 X d -  0.00120, or

d =  0.99880 X  s +  0.00120

(Standard  values fo r density  o f a ir, 0.0012, and  
dens ity  o f w eigh ts , 8 .0 0 0 , as recom m ended  by  
O IM L  (8 ) w ere  used in  d eve lo p in g  the fo r
m ulas.)

U sing  values o f specific g ravities in  vacuum  
fo r the standardization of the m eter, the authors  
have d efin ed  the resu lting  figures as specific  
g ravities  in  vacuum , w h ic h  is not s tric tly  com
p atib le  w ith  the recom m ended table, that ex
p lic it ly  requires "ap paren t,"  i.e ., " in  a ir"  values  
fo r  en try .

T h e  corresponding bias is ra ther sm all: A t  
0.8000, the  d iffe rence  betw een  in  a ir and in  
vacuum  values is 0.0003, corresponding to 0.03% 
v / v  e thano l; at 0.9000, the d iffe rence  in  specific  
gravities  is 0.C001, corresponding to 0.04% v /v  
eth ano l in  th is  range; close to 1 .0 0 0 , the d iffe r
ence disappears. Because a ll participants in  the
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collaborative  study ( 1 ) used the same standard
iza tio n  procedure, the bias is n o t observable in  
rep ea tab ility  and  rep ro d u c ib ility  estimates; it 
cou ld  be observed in  the accuracy values, but, 
because the bias is m uch sm aller than  the error 
on the p ycn om etry  used fo r com parison (esti
m ated as 0.226 in  the  study), it  is not recog
n ized .

T h e  m ethod  (1) p rovides good and re liab le  
results even w ith  this sm all bias. For the sake of 
correctness, w e  w o u ld  suggest, h o w e v e r, 
am en d in g  the m etho d  in  the s tandardization  
step so that the result w o u ld  indicate the desired  
specific g rav ity  in  a ir. To do so, the  va lue  of 
0 .0 0 0 0  (zero) should be used in  calcu lating  the  
apparatus constants as follow s:

A  =  ( T L ter - T L ) / ( 1  0 0 0 -0 .0 0 0 )

=  ( T l ater “  ^air), and

B =  T2ater - ( A X  1 .0 0 0 )
=  T’water — A , or the  equivalent: 

B =  Ta2ir -  (A  X  0.000) =  T air 

T h e  calcu lation  w o u ld  actua lly  be s im p lified .

T h e  values d isp layed  in  the p  m ode should
read 1 .00000  for w ater and 0 .0 0 0 0 0  for the em pty,
d ry  tube.
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Improved Cleanup and Derivatization for Gas Chromatographic 
Determination of Monosodium Glutamate in Foods

HIROSHI NAKANISHI
S h ig a  P r e fe c tu r a l In s titu te  o f  P u b lic  H e a lth  a n d  E n v iro n m en ta l S c ie n c e , 1 3 -4 5 , G o te n h a m a ,  
O h tsu , S h ig a  5 2 0 , Ja p a n

A gas chromatographic procedure is described for 
determining monosodium glutamate (MSG) in sev
eral types of food. A sample is extracted with ace
tone-water (1 +  1). Acetone is evaporated and an 
aliquot of the extract is buffered with 1M NH4OH- 
1M NH4C1 pH 9 solution, and chromatographed di
rectly on a column of QAE Sephadex A-25 that has 
been pretreated with the same buffer. MSG is eluted 
with 0.1N HC1, and a portion of the eluate is evapo
rated to dryness and reacted with dimethylformam- 
ide(DMF)-dimethylacetal to form the glutamic acid 
derivative, which is injected into a gas chromato
graph and measured by flame ionization detection. 
Recoveries of MSG from sample fortified at 5-500 mg 
ranged from 92.8 to 100%.

M onosodium  glutam ate (M S G ) is w id e ly  used as 
a flavo r enhancer in  food; h o w ever, M S G  has

Received January 26, 1983. Accepted April 5, 1983.

been im plicated as the com pound responsible for 
the C hinese restaurant syndrom e (1). In  Japan, 
M S G  is registered as a food ad d itiv e  w ith o u t  
g overn m en t reg u la tion . There fore , labe ling  
M S G  content in  food is v o lu n ta ry  in  the food  
ind ustry .

Fernandez-Flores et al. (2) used an ion -ex 
change colum n for cleanup and isolation of M SG. 
H o w ever, the ir procedure included an additional 
step to rem ove starch and sugars in  the extract 
before ion-exchange colum n chrom atography. 
C onacher et al. (3) m o d ified  the extraction  and  
cleanup steps of th e ir m ethod, and subsequently  
d ete rm in ed  M S G  by gas chrom atography as the  
tr im e th y ls ily l d erivative . Gal and S c h illin g  (4) 
d ete rm in ed  M S G  in  food as the N -tr if lu o ro -  
acety l-H -buty l ester d erivative . These d eriv a 
tives m ust be prepared u n d er th o ro u g h ly  d ry  
conditions because the  reagents are m oisture-
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sensitive. T here fo re , residual w a te r m ust be 
rem oved  by fre e ze -d ry in g  or by azeotropic dis
t illa tio n  before d eriva tiza tio n .

The present m ethod im proves the cleanup and  
d eriv a tiza tio n  steps by using Q AE-Sephadex as 
io n -exch an g e  res in  an d  d im e th y lfo rm a m i-  
d e (D M F )-d im e th y la c e ta l as the d eriva tiza tio n  
reagent. These im provem ents provide a simple, 
rap id , and  m ore accurate d e te rm in a tio n  o f M S G  
in  foods.

M E T H O D

A pparatu s

(a) G a s  c h r o m a t o g r a p h .— Yanaco G -80 (Yanag- 
im oto M fg  Co., Ltd , Kyoto, Japan) equipped w ith  
flam e ion ization  detector. O perating  conditions: 
tem peratures— injection  port 220°C , detector 
220°C , co lum n 180°C ; n itro g en  carrier gas 40 
m L /m in .

(b ) GC c o l u m n .— Glass 2.25 m  X 3 m m  id , 
packed w ith  10% O V -1  on 8 0 -1 0 0  m esh C h ro - 
mosorb W H P .

(c) H i g h - s p e e d  h o m o g e n i z e r .— U ltra  T u rra x  
(Janke and  K u n k e l, GFR).

(d ) S c r e w - c a p  v ia l .— W ith  T e flo n -lin e d  plastic 
screw cap (Pierce C hem ical Co., R ockford, IL ).

(e) I o n - e x c h a n g e  c o l u m n .— 25 X 300 m m  Pyrex  
glass w ith  glass stopcocks.

(f) H o t  d r y  b a t h .— W ith  variab le  tem peratu re  
contro l system (± 2 ° C )  ( Iu c h i Seieido Co., L td , 
Osaka, Japan).

(g) R o ta ry  e v a p o r a t o r .— Tokyo  R ika Co., Ltd , 
T okyo , Japan.

R eag en ts  a n d  M ateria ls

(a) I o n - e x c h a n g e  r e s i n .— Q AE-Sephadex A -25  
(Pharm acea Co., L td , Sw eden).

(b ) D i m e t h y l f o r m a m i d e  ( D M F ) - d i m e t h y l -  

a c e t a l .— Gas chrom atographic grade (W ako  Pure  
C hem ical Industries  L td , Osaka, Japan).

(c) G lu ta m ic  a c id  s t a n d a r d  s o lu t io n s .— (1) S to c k  

solu tio n . — Dissolve 100 mg glutam ic acid (K yow a  
H akko  Co., Ltd , Tokyo, Japan) in  0 .1N  HC1 in  100 
m L  v o lu m etric  flask and d ilu te  to vo lu m e. (2) 
W o r k in g  s o lu t io n s .— D ilu te  a liquots o f stock so
lu tio n  w ith  0 .1N  HC1 to prepare solutions con
ta in ing  0 .02,0 .04 ,0 .08 ,0 .16 , and 0.32 m g glutam ic  
a c id /m L .

(d ) N H i O H - N H i C l  b u f f e r  s o lu t io n .— p H  9.0 
(ion ic  strength 0.1). A d d  100 m L HC1 to 141 m L  
1 M  N H 4O H  and d ilu te  to 1 L w ith  w ater.

(e) S a m p l e s .— S easoning , K am ab oko  (fish  
paste), C h ik u w a  (fish  paste), ham  sausage, m ay
onnaise, and  instant n oodle  soup.

P rep ara tion  o f  S am p les

Extract g lu tam ic acid by using aceto ne-w ater  
(1 +  1) as described by Fernandez-Flores et al. (2). 
For liq u id  samples, w eigh  5 g sample in to  200 m L  
vo lu m etric  flask and d ilu te  to vo lu m e  w ith  ace- 
to n e -w a te r (1 +  1). For solid  samples, w e ig h
5 -1 0  g chopped sam ple in to  200 m L  beaker, add  
80 m L aceto ne-w ater (1 +  1) and hom ogen ize  
w ith  h igh-speed  h o m og en izer fo r 5 m in . C en 
trifu g e  10 m in  at 3000 rp m , and collect liq u id  
layer. Re-extract residue w ith  50 m L  acetone- 
w a ter (1 +  1) fo r 5 m in , and centrifuge. C om 
bine liqu id  layers in  200 m L volum etric  flask and  
d ilu te  to vo lum e w ith  ace to ne -w ate r (1 +  1 ).

Ion -E x ch an g e  C lean u p

G rad ua lly  add 5 g Q AE-Sephadex A -25  to 50 
m L  b u ffe r solu tion  in  beaker. Let g el h ydrate  5 
h. S m ooth ly  pour s tirred  s lu rry  in to  chrom a
tographic co lum n to ca 18 cm bed h e ig h t and  
convert to C l-  fo rm  by passing 100-200  m L  
b u ffe r solu tion  th ro u g h  co lum n. P ipet 20 m L  
p o rtio n  o f 200 m L extract in to  ro und-bottom  
flask, add 0.2 m L  6 N  HC1, and evaporate extract 
to dryness on ro tary evaporator at 60 °C . Q uan 
tita tive ly  transfer residue in to  20 m L  vo lum etric  
test tube w ith  5 m L b u ffe r solution. Rinse flask 
w ith  tw o  5 m L  portions o f b u ffe r so lu tion  and  
add rinse to test tube. Adjust so lu tion  to p H  9 
w ith  4 N  N H 4C1 and d ilu te  to volum e w ith  buffer 
solution. P ipet 2 -5  m L a liqu o t o f resu lting  so
lu tio n  onto co lum n, and after sam ple solution  
perm eates resin , e lute  w ith  0 .1 N  HC1 at 2 m L /  
m in . Discard first 25 m L p ortio n  o f e luate and  
collect next 30 m L  in  v o lu m etric  tube.

Before fu rth e r use, wash resin co lum n w ith  
100 m L  w ater and restore to C l-  form  by washing  
w ith  b u ffe r solution  to p H  9.

D eriv a tiza t ion  o f  S a m p le

P ip et 1 m L  a liqu o t of 30 m L eluate in to  
screw-cap v ia l and evaporate to dryness on 90 °C  
d ry  bath u nd er stream of n itrogen . A d d  0.3 m L  
aceto n itrile  and 0.3 m L  D M F -d im e th y la c e ta l, 
t ig h tly  close v :a l w ith  T e flo n -lin e d  cap, and  
shake v igorously. React 30 m in  on 9 0 °C  d ry  
bath, and then  cool to room  tem perature.

D eterm in a tion

A n aly ze  5 -1 0  p L  a liqu o t by GC. Calculate  
m onosodium  g lu tam ate fro m  fo llo w in g  equa
tion:

M S G  =  g lu tam ic  acid X  1.15
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Figure 1. Gas chromatograms of DMF-dimethyl- 
acetal glutamic acid derivative: A, standard (0.08 
mg); B, obtained from sausage; C, obtained from 

seasoning.

P rep ara tion  o f  S tan d ard  C u rve

P ip et 1 m L  o f w o rk in g  solutions con tain ing  
0.02, 0.04, 0.08, 0.16, and  0.32 m g g lu tam ic  a c id / 
m L in to  separate screw-cap vials. C arry  out 
analysis, starting  w ith  D e riv a t iz a t io n  o f  S a m p le .

R esults and  D iscussion

Extracts o f foods con ta in ing  a re la tive ly  large  
am ount o f saccharides, such as seasoning and  
soup, w ere  d irec tly  ap p lied  onto  o th er resins 
w h ic h  have been described in  the  lite ra tu re . 
Recovery o f g lu tam ic acid fro m  the resins was 
variab le  and was not satisfactory. H o w ever, the 
Q A E-Sephadex co lum n gave excellen t q u a n ti

tative  recoveries w ith  good precision. Th is  is 
considered to be due to the  re ticu la r structure  
and h ig h e r ion-exchange capacity o f the Q A E - 
Sephadex resin. T hree  HC1 solutions, 0 .05 ,0 .1 , 
and 0 .2N  w ere studied for the ir ab ility  to recover 
glutam ic acid from  the ion-exchange colum n. A  
sim ilar e lution pattern was obtained w ith  0.1 and  
0 .2 N  HC1, but the pattern  fo r 0 .05N  HC1 was 
broad. There fore , 0 .1 N  HC1 was selected, be
cause the  Q A E-Sephadex was stable d u rin g  its 
use. A  30 m L portion  of 0 .1N  HC1 was sufficient 
to y ie ld  q uantitative  recovery o f g lu tam ic acid at 
levels from  0.5 to 20 m g. O th e r am ino  acids 
e lu ted  fro m  the ion-exchange co lum n together 
w ith  g lu tam ic  acid, but no in terfe ren ce  was ob
served on the gas chrom atogram s.

Q u an tita tive  G C d ete rm in a tio n  o f g lu tam ic  
acid has been carried  out on the tr im e th y ls ily l 
and N -tr iflu o ro a c e ty l-n -b u ty l ester derivatives , 
but these reagents are very sensitive to m oisture  
and requ ire  freeze -d ry in g  or azeotropic d is til
la tio n  before the d erivative  procedure. D M F -  
d im eth y laceta l has been evaluated  p rin c ip a lly  
fo r the m eth y la tio n  o f fa tty  acids (5), and  this  
reagent has also been used w ith  am in o  acids in  
a solu tion  o f ace to n itrile  (6 ). W e used the re 
agent to d eriva tize  g lu tam ic  acid. O p tim u m  
d erivatization  conditions for g lu tam ic acid w ere  
h eating  at 9 0 °C  fo r 30 m in  w ith  0.3 m L acetoni
trile  and 0.3 m L D M F-d im eth y laceta l. Excellent 
lin e a rity  and reproducib ility  w ere obtained over 
a sam ple w e ig h t range of 0 .0 2 - 1 .0  m g g lu tam ic

H„C 010 (SC Ĥ ÇH-COOCH 3

/C H 3

Figure 2. Mass spectrum of DMF-dimethylacetal glutamic acid derivative obtained from seasoning.
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Table 1. Recovery of monosodium glutamate (mg) added to foods

MSG present MSG added MSG, total found Rec., %

Seasoning (Liquid)

750 500 1217 93.4
635 100 729 94.0

35 50 81.4 92.8

Kamaboko (Fish Paste)

160 100 259 99.0
160 100 257 97.0

Mayonnaise

9 10 18.5 95.0
9 5 13.7 94.0

Instant Noodle Soup

750 150 900 100
750 100 847 97.0

Average recovery, % 95.8
Coeff. of var., % 2.7

Table 2. Monosodium glutamate in commercial foods

Food MSG, %

Seasoning (liquid) 15.0
Seasoning (liquid) 12.7
Seasoning (liquid) 0.87
Seasoning (liquid) 0.70
Seasoning (powder) 19.8
Kamaboko (fish paste) 2.5
Kamaboko (fish paste) 1.6
Kamaboko (fish paste) 0.70
Chikuwa (fish paste) 0.54
Chikuwa (fish paste) 0.45
Ham 1.1
Ham 0.45
Sausage 0.18
Sausage 0.35
Mayonnaise 0.37
Mayonnaise 0.09
Instant noodle soup 7.5
Instant noodle soup 0.73

acid. F urtherm ore , the  d erivative  was stable for 
5 days in  a closed v ia l at room  tem perature.

A  typical chrom atogram  is show n in  F igure 1. 
The approxim ate re ten tion  tim e  fo r the g lutam ic  
acid d eriva tive  was 12 m in . The d eriva tive  was 
characterized  by GC-mass spectrom etry; F igure

2 is a representative mass spectrum  o f g lu tam ic  
acid obtained fro m  a seasoning sam ple.

Recoveries of 5 -5 0 0  m g M S G  added to food  
samples are shown in  Table 1. Average recovery 
was 95.8% w ith  a range of 92 .8-100%  and  a coef
fic ie n t o f va ria tio n  o f 2.7%.

T he  present procedure was app lie d  to several 
com mercial foods; M S G  content (Table 2) ranged  
fro m  0.09 to 19.8%. O f the  5 seasonings, 3 sam
ples contained h igh  levels o f M S G  (19.8 ,15.0  and  
12.7%). H o w e v e r, in  use, these 3 samples m ay  
be d ilu te d  about 10 times.
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Gas Chromatographic Determination of Glucono-5-Lactone in Foods

TAIZO TSUDA and HIROSHI NAKANISHI
S h ig a  P r e fe c tu r a l  In s t itu te  o f  P u b lic  H e a lth  a n d  E n v iro n m en ta l S c ie n c e , 1 3 -4 5 , G o ten h a m a ,  
O h tsu , S h ig a  5 2 0 , Ja p a n

A method is described for the gas chromatographic 
(GC) determination of glucono-5-lactone in foods. A 
sample was homogenized with 60-70°C water and 
filtered. The filtrate was buffered with NH4OH- 
NH4O pH 10 solution, and was passed through a 
QAE-Sephadex A25 column. The column was 
washed with water and glucono-5-lactone was eluted 
with 0.1N HO. An aliquot of the eluate was evapo
rated to dryness and derivatized with pyridine, 
N,0-bis(trimethylsilyl)trifluoroacetamide, and tri- 
methylchlorosilane at room temperature. GC sepa
ration of gIucono-6-lactone as the TMS derivative was 
performed on a 2% OV-17 column at 180°C. Recov
eries from bread, jelly, soybean curd, and other foods 
fortified with 0.1% glucono-5-lactone ranged from 92 
to 106%, with standard deviations from 2.2 to 9.8%. 
The detection limit was approximately 0.025%.

In  Japan, glucono-5-lactone is registered as a food  
a d d itiv e  and is w id e ly  used in  soybean curd as a 
coagulant, in  biscuits and bread as an in fla tin g  
agent, in  je lly  as an ac idu lan t, and in  sausage as 
p H -lo w e r in g  agent (1). G lucono-5-lactone is 
also used in  Europe as a food add itive . In  W est 
G erm an y  it  is used as ac id u lan t in  foods, and  
l im it  fo r glucono-o-lactone in  fin a l foods is 1% (10 
g g lucono-5-lactone/kg  sample); in  Sw eden, i t  is 
used as an acid  and m atu ra tin g  agents in  foods 

(2).
A n a ly tic a l m ethods fo r the d e te rm in a tio n  o f 

g lucono-5-lactone are g en era lly  based on an 
enzym e reaction. In  Japan, the  M in is try  of 
H e a lth  and W elfare proposed an enzym e m ethod  
based on N A D P H  fo rm atio n  (3).

W e  have d eve lo ped  an accurate and  rap id  GC  
m etho d , and have surveyed contents o f g lu -  
cono-5-lactone in  foods on the m arket by our 
proposed m ethod.

M E T H O D

R eag en ts

(a) G lu co n o -b -la cto n e  so lu tio n s .— Stock solution: 
1000 g g / m L .  D issolve 100.0 m g glucono-5-lac- 
tone analy tica l grade (Tokyo Chem ical Industry  
Co., L td , T o kyo , Japan) in  100 m L  w ater. 
W o rk in g  solutions: D ilu te  aliquots o f stock so
lu tio n  a fte r ad d in g  2 m L I N  HC1 w ith  w ater to

prepare 20 m L solutions contain ing  2 5 -250  g g  

g lu co n o-5 -lac ton e /m L  0 .1N  HC1.
(b ) N H i O H - N H 4C I  b u f f e r  s o lu tio n .— p H  10: 

A d d  100 m L  I N  HC1 to 250 m L 1M  N H 4O H , and  
d ilu te  to 1 L w ith  w ater.

(c) T M S  r e a g e n t s .— N ,0 -B is (tr im e th y ls ily l)-  
trifluo roacetam ide (BSTFA), trim ethy lch lo ros i- 
lane (TM C S ) (N akara i Chem icals L td , Kyoto, 
Japan).

(d ) A n io n  e x c h a n g e r .— Q A E-Sephadex A 25  
(Pharm acia F ine  Chem icals).

A p para tus

(a) H i g h  s p e e d  h o m o g e n iz e r .— U ltra -T u rra x  
(Janke and K u n k e l K G , GFR).

(b) H o t  d r y  b a t h .— S H D -III  (Iuch i Seieido Co., 
L td , Osaka, Japan).

(c) G a s c h r o m a t o g r a p h .— Yanaco G 80 (Yanag- 
im oto M fg  Co., Ltd, Kyoto, Japan) equipped w ith  
flam e ion ization  detector. O perating conditions: 
co lum n tem perature 180°C , detector and injec
tion  port tem perature 225°C; nitrogen flo w  ca 35 
m L /m in ;  glass G C colum n 225 cm X 3 m m  
packed w ith  2% silicone O V -1 7  on 80 -100  mesh 
Chrom osorb W (A W -D M C S ).

(d ) A n io n  e x c h a n g e  c o lu m n .— F ill 2 X  30 cm  
chrom atograph ic colum n about V3 fu ll w ith  
b u ffe r solution. Place sm all p lug  o f glass w oo l 
at bottom  o f co lum n. Stir Q AE-Sephadex A 25  
w ith  b u ffe r solu tion  in  beaker. Pour in to  col
u m n  to g ive  bed h e ig h t o f 16 cm a fte r settling. 
Pass 50 m L b u ffe r solution  through  colum n.

P roced u re

E x t r a c t io n  o f  g lu c o n o - b - la c t o n e .— W e ig h  5 g 
sample into  300 m L beaker and hom ogenize w ith  
70 m L w a te r (6 0 -7 0 °C ) fo r 5 m in . Pour ho 
m ogenate into  100 m L cylinder w ith  stopper and 
d ilu te  to 100 m L w ith  w ater. F ilter supernatant 
solu tion  through  N o . 5C paper (Toyo Roshi Co., 
Ltd , Tokyo, Japan).

A n io n  e x c h a n g e  c l e a n u p .— A d d  30 m L b u ffe r  
solu tion  to 20 m L  filtra te , pour m ixture  onto  
Q AE-Sephadex A 25 colum n, and 'e lu te  through  
colum n. W ash colum n w ith  50 m L w ater and  
elute glucono-o-lactone w ith  0 .1N  HC1. Discard 
firs t 45 m L  o f eluate and collect 4 5 -6 5  m L  frac
tion .Received March 1,1983. Accepted April 6,1983.
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0 5 10 (min) 0 5 10 (min)

Figure 1. GC chromatograms of glucono-5-lactone 
recovered from fortified bread as TMS derivative: 
left, without cleanup on QAE-Sephadex A25; right, 

with QAE-Sephadex A25 cleanup.

T r im e t h y ls i ly la t io n  o f  g lu c o n o - 8 - l a c t o n e .— Pipet 
1 m L eluate into  5 m L test tube w ith  stopper and  
evaporate to dryness u n d er stream o f n itro g en  
in  80 °C  d ry  bath  for 30 m in . A d d  1 m L  a n h y 
drous p yrid in e , 0.1 m L BSTFA, and  0.1 m L  
T M C S . Shake m ix tu re  v igorously  and  le t stand  
15 m in  at room  tem perature.

G C  D eterm in a tion

In ject 5 ixL d erivative  solution  in to  gas chro
m atograph and p lo t peak h e ig h t (cm ) vs g lu -  
cono-5-lactone (/xg). D etection  lim it  is ap
p ro xim ate ly  0.025%.

P rep ara tion  o f  S tan d ard  C u rve

Pipet 1 m L o f each glucono-5-lactone standard  
solution, 25 -250  jug /m L, into  5 m L test tube w ith  
stopper and carry out analysis in  same m an ner  
as fo r sample.

R esults and  D iscussion

T h erm o sta b ility  o f  G lu co n o -8 -L a c to n e  in  
HC1 S o lu tion

Solutions o f 250 jxg g lu co n o-5 -lac ton e /m L  
w ater, 0 .0 2N , 0 .05N , and  0 .1N  HC1 w ere  p re 
pared, and 1 m L  of each solution was evaporated  
to dryness u n d er a stream  o f n itro g en  in  a 80 °C  
d ry  bath  fo r 30 m in . Each residue was d eriva -  
tized  in  the same m an ner as fo r samples. N o  
difference in  GC peak h eight betw een w ater and  
any hydrochloric acid solution could be detected. 
N o  decom position o f g lucono-5-lactone took  
place u n d er these conditions, so 0 .1 N  HC1 was 
used to e lu te  g lucono-5-lactone fro m  a Q A E - 
Sephadex A 25  colum n b y  considering  e lu tio n  
tim e.

Figure 2. GC chromatograms of glucono-5-lactone 
from prepared foods as TMS derivative.

C lean u p  o f  F iltra te

Effective p urific a tio n  o f filtra te  on the Q A E -  
Sephadex A 25 colum n is show n in  F igure 1. GC  
chrom atogram s o f the tr im e th y ls ily l (T M S ) de
riv a tive  o f g lucono-5-lactone recovered fro m  
fo rtifie d  bread show  that monosaccharides w ere  
e lim in a te d  by cleanup on  the Q A E-Sephadex  
A 2 5  colum n.

In t e r fe r in g  S u bstan ces

T he  in fluen ce  o f various substances on c lean
up on the Q A E-Sephadex A 25  co lum n was 
stud ied  fo r (1) 100 m g glucose and  100 m g fru c 
tose, (2 ) 10 m g citric  acid, 10 m g m alic  acid, and  
10 m g lactic acid, and  (3) 10 m g m onosod ium - 
L-g lutam ate. Each o f ( l ) - ( 3 )  was m ixed  w ith  5 
m g glucono-ô-lactone in  50 m L  NH4OH-NFI4CI 
p H  10 b u ffe r solution. Each m ixture  was passed 
th ro u g h  a Q AE-Sephadex A 25  co lum n. Recov
ery o f glucono-ô-lactone m ixed  w ith  (1), (2), and  
(3) was 85 ,100 , and 102%, respectively. M ix tu re
(1) had a s ligh t in fluen ce  on the d e te rm in a tio n  
o f glucono-Ô-lactone.

R ec o v e r ie s  o f  G lu co n o -8 -L a c to n e  fr o m  
S e le c te d  F o o d s

The standard curve fo r g lucono-ô-lactone at 
25 -250  pg was a straight line . Recovery studies

Table 1. Recovery of glucono-S-lactone from selected 
foods

Sample Added, % Ree.,a % SD

Bread 0.1 94 2.2
0.5 95 2.9

Jelly 0.1 92 9.8
0.5 80 2.3

Soybean curd 0.1 106 8.6
0.5 101 3.6

Sausage 0.1 96 4.7
0.5 100 3.5

a Average of 5 determinations.
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Table 2. Determination of glucono-5-lactone in foods on 
market

Sample Found, % a

Soybean curd 1 0.14
Soybean curd II 0.04
Soybean curd III ND6
Sausage 1 ND
Sausage II ND
Jelly 1 ND
Jelly II ND
Biscuit 1 0.04
Biscuit II ND

a Detection lim it 0.025%. 
b ND = none detected.

w e re  carried  out by ad d in g  0.1 and 0.5% g lu - 
cono-5-lactone to 5 g food samples. Recoveries  
by the proposed method (Table 1) w ere 92-106%

and 80-101%  fo r 0.1 and 0.5% added g lucono- 
0-lactone, respectively.

C on ten ts  o f  G lu co n o -b -L a c to n e  in  F o o d s  on  
M a rk e t

Figure 2 shows typ ical G C chrom atogram s of 
the T M S  d eriva tive  o f glucono-O-lactone from  
m arketed  foods. Results o f these analyses are 
show n in  Tab le 2.
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Pesticide Residue Levels in Foods in the United States from 
July 1 ,1969, to June 30,1976: Summary

REO E. DUGGAN,1 PAUL E. CORNELIUSSEN, MARY B. DUGGAN,1 
BERNADETTE M. McMAHON, and ROBERT J. MARTIN
F o o d  a n d  D ru g  A d m in is tr a t io n , D iv is ion  o f  C h em ic a l T e c h n o lo g y , W a sh in g to n , D C  2 0 2 0 4

The U.S. food supply was examined for pesticide 
residues during the 7-year period covering Fiscal 
Years (FY) 1970 through 1976. The results, which are 
contained in the report summarized here, are a con
tinuation of an earlier report for the 6 -year period FY 
1964-1969.

Scope o f R ep o rt

T h e  U .S. food supply  is ro u tin e ly  m o n ito red  by  
the  Federal g overn m en t fo r pesticide residues to 
ensure com pliance w ith  regulations g overn ing  
the  safe application  o f pesticides and to id e n tify  
patterns o f pesticide residue occurrence. These 
patterns con tin ue  to change, but lo n g -te rm  res
id u e  patterns m ay also develop; a lth ou g h  use of 
certa in  pesticides has been curta iled , th e ir resi
dues are s till b e in g  detected years later.

Several Federal agencies have re lated  re
sponsibilities in  the chem ical contam inants area,

1 Duggan and Associates, Montross, VA 22520.

and  pesticide residue data are collected u n d er 3 
m ajor Federal programs; 2 of these program s are 
adm in is tered  by the Food and D ru g  A d m in is 
tra tio n  (F D A ), and the th ird  by the Food Safety  
and  Q u a lity  Service o f the U.S. D epartm ent o f 
A g ric u ltu re  (U S D A ).

F D A 's  M o n i t o r in g  P r o g r a m .— F D A  uses in fo r 
m ation  on pesticide residue levels in  raw  ag ri
cultural commodities both d irectly and ind irectly  
to enforce legal tolerances fo r these chem icals. 
F in d in g s  in  dom estic surveillance samples in  
F D A 's  M o n ito r in g  Program  assist the agency in  
p re d ic tin g  the lik e lih o o d  o f f in d in g  ille g a l resi
dues in  any  specific g ro w in g  area surveyed. 
Both dom estic and im p orted  com m odities are 
m o n ito red . D u rin g  FY 1970-1976, FD A 's  M o n 
ito r in g  Program  fo r raw  agricu ltu ra l com m odi
ties exam ined  m ore than 33 000 dom estic and  
m ore than 18 000 im ported  samples that included  
fresh fru its , fresh vegetables, grains, an im al 
feedstuffs, m ilk  and dairy products, and a variety  
o f processed products. In  a ll, 124 d iffe re n t
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pesticide chemicals w ere found  in  these samples. 
Residues, m ostly  at levels  lo w e r than 0.5 ppm , 
w ere found  in  m ore than 56% of the samples, and  
residues of more than one com pound w ere found  
in  30% o f the samples.

F D A 's  T o ta l D ie t  P r o g r a m .— The Tota l D ie t  
Program  exam ines ready-to-eat foods to id e n tify  
problem s and trends in  d ie tary  in take  o f pesti
cide residues. Data fro m  the Total D ie t studies 
are com pared w ith  acceptable d a ily  intakes  
(A D Is ) fo r in d iv id u a l pesticides established by  
the  W o rld  H e a lth  O rg an iza tio n  (W H O ) and the  
Food and A gricu lture  O rganization  of the U n ited  
N ations (FA O ). (A D I is the highest daily  dosage 
o f a chem ical w h ic h , d u rin g  an entire  life tim e , 
appears to be w ith o u t appreciable risk.) D u rin g  
FY 1970-1976, residues of 44 d iffe re n t chemicals 
w e re  fo u n d  in  ready-to-eat foods in  the analysis  
o f 1980 composites fro m  165 Total D ie t samples. 
Residue levels in  ready-to-eat composites w ere  
m uch lo w er than in  related samples of ind iv idu al 
ra w  a g ricu ltu ra l com m odities.

U S D A 's  N a t io n a l  R e s id u e  P r o g r a m .—  The  Food  
Safety and  Q u a lity  Service samples dom estic  
m eat and p o u ltry  to detect pesticide residues. 
Such in fo rm atio n  is s ign ifican t because o f the  
tenden cy  o f n o n po lar o rg an och lorine  com
pounds to accum ulate in  an im al fat and to be 
m ag n ified  in  the food chain. For FY  1970-1976, 
ap p ro x im ate ly  70% o f the m ore than 15 000 red

m eat samples exam ined  and app ro x im ate ly  89% 
of the  m ore than  11 000 p o u ltry  samples exam 
in e d  contained residues.

C onclusions

T h e  m ajor fin d in g s  fro m  a ll 3 program s are 
represented by the fo llo w in g  conclusions. The  
incidence o f samples o f red m eat and p o u ltry  
co n ta in in g  residues was g en era lly  g reater than  
fo r most o ther food classes. For a ll food cate
gories, the frequencies and the levels o f both  
organochlorine and organophosphorus pesticide 
chem icals have been declin ing; residues of D D T  
and  d ie ld r in  are notable in  this respect. The  
identities o f the pesticide chemicals found in  raw  
agricu ltura l com m odities are generally  the same 
as those in  ready-to-eat foods, although the latter 
contain  m uch lo w er levels o f pesticide residues. 
T h e  d ie tary  intakes o f pesticide chem icals, as 
m easured by the Total D ie t samples, are sub
s ta n tia lly  b e lo w  the  A D Is  estab lished  b y  
W H O /F A O .

T he  fu ll  report fo r FY 1970-1976 (approxi
m ately 25 pages of text plus 250 pages of indexed  
tables), w h ich  was prepared u nd er contract w ith  
the Food and D ru g  A d m in is tra tio n , w i l l  not be 
p ublished  in  this journal. H o w ever, copies m ay  
be obta ined  on request fro m  A O A C , Suite 210, 
1111 N . 19th St, A rlin g to n , V A  22209.
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FOR YOUR INFORMATION

A O A C  to  H o ld  N in th  A n n u a l S p rin g  
W o rk s h o p  a n d  E x p osit ion , A p r il 2 9 -M ay  2, 
1984

T h e  Association of O ffic ia l A n a ly tica l 
C hem ists (A O A C ) w i l l  sponsor the 9 th  A n n u a l 
S p rin g  W orkshop and Exposition A p r il  2 9 -  
M a y  2, 1984, at the P h ila d e lp h ia  M a rr io tt  
H o te l, P h ila d e lp h ia , PA . Technical sessions 
w i l l  p ro v id e  the latest in fo rm atio n  on the  
fo llo w in g  subjects: Im m un o ch em is try , 
G enetic  Toxicology, E lectroanalytical 
Techniques, Drugs, Pesticides, T h in  Layer 
C h ro m atog rap h y , L iq u id  C h rom atography  
Electrochem ical Detectors, Gas 
C h ro m ato g raph y , Toxicology, N u tr ie n t  
A nalys is , A d u lte ra tio n  by M ig ra tio n  of 
Packaging M a te ria l, D ru g  M etabo lism , 
E n v iro n m e n ta l C o n tam in atio n , L iq u id  
C h ro m atog rap h y , D is infectants, C o llab orative  
Study Procedures, Robotics in  Laboratory  
A u to m a tio n , Trace M e ta l A n alysis , and  
M acrom olecu lar Separations.

A n  exh ib itio n  o f s tate-o f-the-art scientific  
eq u ip m e n t w i l l  be h e ld  in  conjunction  w ith  
th is  conference.

For in fo rm atio n  contact: James J. K arr, 
P e n n w a lt T echno log ical C enter, 900 F irst A ve , 
Box C, K in g  o f Prussia, P A  19406 (21 5 /3 3 7 -  
6560); or H a rv e y  M ille r ,  F D A , US  
Custom house, 2n d  &  C hestnut Sts, 
P h ila d e lp h ia , P A  19106 (215 /597-4375).

USD A  L iv e  A n im a l S w a b  T est

T h e  U n ite d  States D ep artm en t o f 
A g ric u ltu re  has developed  a n e w  o n-fa rm  Live  
A n im a l Swab Test (LA S T) fo r an tib io tic  
residues.

As a consum er safety check, LA S T  can be 
p erfo rm ed  by farm ers before livestock are 
slaughtered  and  sent to m arket. L A S T  helps  
p re v e n t econom ic losses caused by residue  
v io la tions.

A  re la tive ly  sim ple and  inexpensive  
m icrob io log ica l procedure, LA S T  is p erfo rm ed  
on u rin e  specimens from  cows, calves, and  
h eifers  before the  anim als leave the farm . In  
the  past, residues could be detected o n ly  by  
lab o ra to ry  tests o f carcass tissue. U S D A  
H an d b o o k  N o . 601, " H o w  to P erfo rm  the L ive  
A n im a l Swab Test fo r A n tib io tic  Residues," 
gives instructions fo r p erfo rm in g  the test and

a list o f eq u ip m en t suppliers. A n  audiotape  
cassette is also ava ilab le . To o rder the  
h andbook or to obtain  m ore in fo rm atio n , 
contact the Food Safety and Inspection  Service, 
U S D A , P ub lic  Awareness, Rm. 1163-South, 
W ash in g ton , D C  20250; phone: (202) 447-9351.

M eetin g s

A p r i l  2 9 - M a y  2, 1 9 8 4 :  A O A C  9th  A n n u a l 
S p rin g  T ra in in g  W orkshop  and Exposition, 
P h ila d e lp h ia  M a rr io tt  H o te l, P h ila d e lp h ia , PA. 
For in fo rm atio n , see artic le  above.

O c t o b e r  2 9 - N o v .  2 , 1 9 8 4 :  A O A C  98th  A n n u a l 
In te rn a tio n a l M e e tin g  and Exposition, 
Shoreham  H o te l, W ashington , DC .

A p r i l  8 - 1 1 , 1 9 8 5 :  A O A C  10th A n n u a l S pring  
T ra in in g  W orkshop, D o w n to w n  Sheraton  
H o te l, Dallas, T X . Contact: M . V irg in ia  
G ibson, F D A , 332 B ryan, D allas, T X  75204  
(214 /767 -0312 ); M o lly  Ready, A lson  Labs, 6201 
S Freew ay, Fort W o rth , T X  76134 (81 7 /2 9 3 -  
0450).

A O A C  G ain s N e w  S u sta in in g  M em b ers

A O A C  w elcom es n ew  add itions to the  
g ro w in g  lis t o f organ izations aw are o f the  
n eed  to support an in d ep en d en t m ethods  
v a lid a tio n  association. A  n ew  sustaining  
m em ber is the Quebec D ep t o f A g ricu ltu re , 
Sainte-Foy, Quebec, Canada. N e w  p rivate  
sustain ing  m em bers are M c N e il C onsum er 
Products Co., Fort W ash ington , PA ; M ario n  
Laboratories, Inc ., Kansas C ity , M O ; and  
S tauffer C hem ica l Co., R ichm ond, CA .

ISO  S tan d ard s  P u b lish ed

The fo llo w in g  standards have been  
pub lished  by the In te rn a tio n a l O rg an iza tion  
fo r  S tandard iza tion  (IS O ), Technical 
C o m m ittee  34— A g ric u ltu ra l Food Products.
T h e  standards are availab le , at prices ind icated , 
fro m  the Food and D ru g  A d m in is tra tio n ,
Bureau o f Foods, H F F -7 , 200 C St, SW , 
W ash in g ton , D C  20204.
IS O  6320-1983 A n im a l and $ 8.00

vegetable fats and  
o ils— D eterm in a tio n  
o f re fractive  index

IS O  2172-1983 F ru it ju ice—  $11.00
D eterm in a tio n  of 
soluble con ten t—
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IS O  6887-1983

Pycnom etric
m ethod
M icro b io lo g y — $11.00

IS O  5530/4 -1983

G eneral guidance  
fo r the preparation  
o f d ilu tio n s  for  
m icrobiological 
exam ination  
W h eat f lo u r— $15.00

IS O  5223-1983

Physical
characteristics of 
doughs— Part 4: 
D ete rm in a tio n  of 
rheological 
properties using an  
alveograph  
Test sieves fo r $11.00

IS O  6799-1983
cereals 
A n im a l and $12.00

IS O  6888-1983

vegetable fats and  
o ils— D eterm in a tio n  
of com position of 
the sterol frac tio n —  
M eth o d  by gas 
chrom atography  
M icro b io lo g y —  $15.00
G eneral guidance  
fo r enu m eration  of 
S t a p h y lo c o c c u s  

a u r e u s — C olony  
count technique

Jo u r n a l B eg in s N ew  S ection  on  R es id u e  
M on ito r in g  Data

The E d ito ria l Board and Board of D irectors  
have approved  en larg in g  the scope o f the  
J o u r n a l  to inc lu de  papers con tain ing  
tabulations o f pesticide and toxic chem ical 
residues in  a varie ty  of m edia, in c lu d in g  
hum ans, w ild life , p lants, food, a ir, and w ater. 
G overn m en t agencies concerned w ith  the  
contro l o f residues need pub lish ed  cred ible  
data to set tolerances and action levels, assure 
acceptance o f com m odities in  nation al and  
in te rn a tio n a l com m erce, and  obtain  acceptance 
of residue tolerances and standards by  
in te rn a tio n a l o rganizations and o ther 
countries. These data m ay also be used to 
measure the degree o f con tam ination  o f the

C ou rses  O f fe r e d

C h r o m a t o g r a p h y .— T h e  V a r ia n  In s tru m e n t  
G ro u p  is o ffe rin g  chrom atography courses, 
ra n g in g  fro m  fu n d am en ta l to advanced topics, 
p erio d ica lly  th rou gh  Septem ber 1984. A l l  
standard courses and  most advanced  courses 
are o ffered  at 4 d iffe re n t sites: W a ln u t C reek, 
C A ; Park R idge, IL ;  Sugar L an d , T X ; and  
F lo rham  Park, NJ. These courses em phasize  
hands-on le a rn in g  and  personal ins tru c tio n , 
an d  q u a lify  fo r college cred it and  CEUs. 
Subjects include: fun dam en ta ls  o f gas 
chrom atography (G C ); specific detectors, 
co lu m n selection, and  c ap illa ry  techniques in  
GC; m ain tenance and troub lesh oo tin g  o f the  
M o d e l 3700 and  6000 gas chrom atographs; gas 
analysis techniques in  G C; fu n dam en ta ls  o f 
liq u id  chrom atography (LC ); m a in ten ance  and  
troub leshooting  o f the M o d e l 5 0 0 0 /5 5 0 0  liq u id  
chrom atographs; V IS T A  4 0 1 /4 0 2  
chrom atography data h an d lin g ; and  toxico logy  
(ana ly tica l, c lin ica l, forensic). A d van ced  
course subjects include: advanced  L C  topics, 
en v iro n m e n ta l courses, G C  gas analyzers , and  
data h an d lin g . For m ore in fo rm a tio n  on  
specific dates, fees, and  reg is tra tion , contact; 
V a rian  In s tru m e n t G roup , 2700 M itc h e ll D r , 
W a ln u t C reek, C A  94598 (41 5 /9 3 9 -2 4 0 0 , Ext. 
2533).

e n v iro n m e n t and in  d ec id ing  w h a t action  to 
take on specific problem s and  in  specific areas 
o f interest.

To  assure the c re d ib ility  of pub lished  
residue m o n ito rin g  data, the  protocols fo r  
sam pling , m ethods o f analysis, q u a lity  
assurance, and  o th er aspects o f specific residue  
studies w i l l  be docum ented  in  papers judged  
acceptable fo r pub lica tion . T he  objective  
scientific  peer re v ie w  process o f the J o u r n a l  

p rovides assurance tha t the studies w e re  
p ro p e rly  conducted and  are c learly  described. 
P ublication  in  the  J o u r n a l  assures tha t the  data 
w il l  be d is trib u ted  to scientists on  a t im e ly  
basis, w i l l  be abstracted by C h e m ic a l  A b s t r a c t s ,  

B io lo g ica l A b s t r a c t s ,  C u r r e n t  c o n t e n t s ,  and  o ther 
secondary services, and  w i l l  be ava ilab le  to 
lib raries  a ll over the w o rld .
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CORRECTIONS

/.  A s s o c . O f f .  A n a l .  C h e m . (1981) 64, 1435-1438, 
"P ro te in  N itro g e n  U n it  P rec ip itation  
Procedure fo r A lle rg e n ic  Extracts: 
C ollab ora tive  S tu d y ," by J. C. M ay  and J. T.
C. S ih , p. 1436, r ig h t co lu m n , "R eag en t"  

C hange to read:
P h o s p h o tu n g s t ic  a c id  ( P T A )  p r e c ip it a t in g  

s o lu t io n .— 1 5 %  P T A  in  10% HC1. D issolve 15.0 
g P T A  in  ca 70 m L  H 20 .  A d d  22.2 m L  HC1 (sp. 
gr. 1.19 g /m L , 37.8% HC1) and  d il. to 100 m L  
w ith  H 20 .

p. 1437, le ft  co lum n, "Determination," 
second to last sentence 

C hange 0 .1 N  to 0 .01N

"C hanges in  M eth o d s ,"  /. Assoc. O ff .  A n a l .  

C h e m . (1982) 65 ,452, co lum n 1, 6.C04, 
m etho d  t itle , lines 1 and  2 

C han g e to read:
Pirimicarb (2-(Dimethylamino)-5,6-

d im ethy l-4 -pyrim id iny l
Dimethylcarbamate)

"C hanges in  M eth od s ,"  /. Assoc. O ff .  A n a l .

C h e m . (1982) 6 5 ,51 2 , r ig h t co lum n, lines  33 
and  34; and  6 6 ,5 5 4 , r ig h t co lum n, lines  24 
and  25

C hange to read:
2-(D im ethylam ino)-5 ,6-d im ethyl-4-pyrim - 
id iny l dimethylcarbamate,. . .

/.  A s s o c . O f f .  A n a l .  C h e m . (1983) 6 6 ,1 2 4 2 -1 2 5 0 , 
"F lam e P hotom etric  D e term in a tio n  o f K 20  
in  Fertilizers: C o llaborative  S tudy ," by P. F. 
K ane and R. W . S tringham , p. 1243, le ft  
co lum n, 2.D06, lin e  19 

C hange 761 n m  to 671 nm  
"C hanges in  M e th o d s ," /. A s so c . O f f .  A n a l .

C h e m . (1983) 66, 513, r ig h t co lum n, lin e  6 
C hange 761 n m  to 671 nm
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NEW  PUBLICATIONS

Atomic Absorption Spectrometry in 
Occupational and Environmental Health  
Practice. V o lu m e  1: A n a ly tic a l Aspects 
and  H e a lth  S ignificance. E d ited  by D . L. 
Tsalev and  Z . K. Z ap rian ov . Published  by  
C R C  Press, Inc ., 2000 C orporate B lvd , N W ,  
Boca Raton, FL 33431, 1983. A p prox. 288 
p p ., Prepub. Price: U .S. &  Can. $78.00, 
o th er countries $90.00. IS B N  0-8493-5603-2.

Th is  reference rev iew s the occupational and  
e n v iro n m e n ta l h ea lth  sign ificance o f 34 trace 
elem ents. I t  includes in fo rm atio n  on atom ic  
absorption  spectrom etry (A A S ) research 
m etho d o lo g y  such as sam ple p reparatio n , 
in terferences, o p tim iza tio n , ca lib ration , and  
q u a lity  contro l. V o lu m e  1 deals w ith  A A S  as 
an ana ly tica l m etho d  in  occupational and  
e n v iro n m e n ta l h ea lth  practice, and includes  
bio log ical and toxicological characteristics of 
in d iv id u a l elem ents. W orkers in  analy tica l 
chem istry, toxicology, m ed ic ine , b io logy, 
forensic and  en v iro n m e n ta l sciences w i l l  f in d  
this to be a va luab le  research tool. I t  is 
supplem ented  w ith  m ore than  200 tables and  
illus tra tio n s , and  o utlin es  over 400 analy tica l 
procedures.

The NBS Tables of Chemical Thermodynamic 
Properties. Selected Values for Inorganic 
and C i and C2 Organic Substances in SI 
Units. By D . D . W ag m an, W . H . Evans, V . B. 
Parker, R. H . Schum m , I. H a lo w , S. M .
B ailey, K . L. C h u rn ey , and R. L. N u tta ll. 
A v a ilab le  fro m  A m erican  C h em ical Society, 
D is tr ib u tio n  O ffice , 1155 S ixteenth  St, N W ,  
W ash in g ton , D C  20036 ,1983 . Price:
$40.00, outside U .S. $44.00.

Pu b lished  as S upp lem en t 2 to V o lu m e  11 of 
th e  J o u r n a l  o f  P h y s ic a l  a n d  C h e m ic a l  R e f e r e n c e  

D a t a ,  this s ing le  vo lu m e lists 26 000 values for 
the  chem ical therm o d ynam ic  properties of 
o ver 14 000 substances, counting  each 
substance in  each phase and each 
concentration  lis ted  fo r a solution. This  
com prehen sive , updated ed itio n  o f N a tio n a l 
Bureau o f Standards Technical N o te  270 
includes standard state data on en th a lp y , 
en tro p y , Gibbs energy, and heat capacity. 
Properties o f aqueous solutions and  pure  
com pounds are also inc lu ded . A ll  data have  
been c ritic a lly  evaluated  and  checked fo r

consistency w ith  therm od ynam ic  constraints  
by com puter program s. These tables are 
designed to p ro v id e  scientists w ith  re liab le  
values o f chem ical therm od ynam ic  properties  
o f the  elem ents and  th e ir  com pounds, useful 
in  such areas as chem ical en g in eerin g , design, 
e n v iro n m e n ta l m o d e llin g , and  chem ical 
research.

Wilson and Wilson's Comprehensive 
Analytical Chemistry. V o lu m e  XV: 
M ethods o f O rgan ic  Analysis. By L. M azor. 
E dited  b y  G. Svehla. P ublished  by Elsevier 
S cien tific  P u b lish in g  Co., P O  Box 2 1 1 ,1000  
A E  A m sterdam , The N e therlan ds , 1983.
A lso  ava ilab le  fro m  Elsevier Science 
P u b lish in g  Co., Inc ., 52 V a n d e rb ilt  A ve ,
N e w  Y o rk , N Y  10017. 530 pp. Price: U.S. 
&  Can. $ 1 2 7 .7 5 /D fl. $300.00. IS B N  0-444- 
99704-0.

T h is  vo lu m e  provides a com prehensive  
survey o f a ll m ethods useful in  the  q ua lita tive  
detection  and  q uan tita tive  d e te rm in a tio n  of 
organ ic substances, in c lu d in g  m edical 
products. This book contains com plete  
descrip tions fo r the analysis o f elem ents and  
fu n c tio n a l groups, w ith  the m ore im p ortan t  
m ethods described in  su ffic ien t d eta il to 
p e rm it  im p le m e n ta tio n  in  the laboratory. The  
book can be a useful source of in fo rm a tio n  fo r  
chem ists, biochem ists, pharm acists, teachers of 
chem istry , physicians, and w orkers  in  m edical 
laboratories.

Wilson and Wilson's Comprehensive 
Analytical Chemistry. V o lu m e  X V II:  
K in e tic  M ethods  o f A n a ly tic a l C hem istry .
By M . K opanica and  V . Stara. A p p lica tio n  
o f C om puters in  A n a ly tic a l C hem istry . By
K. Eckschlager, I. H orsak, Z . Kodejs, Z . 
K sandr, M . M a th e rn y , I. O brusn ik , and S. 
W icar. P ublished  by E lsevier S cien tific  
P u b lish in g  Co., PO  Box 2 1 1 ,1 0 0 0  A E  
A m sterdam , The N e therlan ds , 1983. Also  
availab le  fro m  Elsevier Science P u b lish in g  
Co., Inc ., 52 V a n d e rb ilt  A v e , N e w  Y o rk , N Y  
10017. 446 pp. Price: U.S. &  Can. $117.00 / 
D fl. $250.00. IS B N  0-444-99685-0.

T h is  vo lu m e contains 2 contributions: The  
firs t deals w ith  the app lication  o f k in e tic



154 0 NEW PUBLICATIONS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 6, 1983)

aspects in  ana ly tica l chem istry, w h ic h  in v o lv e  
the  d e te rm in a tio n  o f traces o f m etals, analysis 
of m ixtures o f chem ica lly  re la ted  com pounds  
and  analysis o f b io log ical m aterials. The  
respective m ethods are sum m arized  in  tables 
co n ta in in g  basic data and  references. The  
second co n trib u tio n  includes a survey and  
exam ples o f the app lication  o f com puters to 
the  contro l of analy tica l experim ents and  
exp erim enta l data evaluation . This part 
includes tables, p rin c ip a l m atrix  operations  
and  b lock schemes o f com puter procedures of 
regression m ethods, and  it  can be used as a 
g u ide  to ana ly tica l data processing.

Standardization and Documentation: An 
Introduction for Documentalists and 
Librarians. Published  by the In te rn a tio n a l 
O rg a n iza tio n  fo r S tand ard ization  (IS O ). 
A v a ilab le  fro m  the  A m erican  N a tio n a l 
Standards Ins titu te , In c ., 1430 Broadw ay, 
N e w  Y o rk , N Y  10018,1983. 94 pp. Price: 
$17.00. For sales in fo rm atio n , or to place 
orders, call (212)354-3473. For add itio na l 
in fo rm a tio n , contact: W a lte r G elles, (212)- 
354-3315.

This  n e w ly  pub lished  m anual describes the  
uses o f standards in  lib ra ry  w o rk  and  
d ocum entation . I t  enables in fo rm atio n  
specialists to h e lp  users o f standards speed 
th e ir  search fo r the docum ents and  
in fo rm a tio n  th ey  need. This  m anual also 
pro vid es useful, in fo rm ativ e  chapters on: 
standards, n ation a l standards bodies o f several 
countries, activ ities o f IS O  and the  
In te rn a tio n a l E lectrotechnical C om m ission, 
in te rn a tio n a l standards agencies such as the  
In te rn a tio n a l O rg an iza tio n  o f Legal M e tro lo g y  
and the Codex A lim e n ta riu s  C om m ission, and  
European stan dard iz in g  bodies.

Standards and Practices for Instrumentation,
6th Ed. Edited  by Lois M . Ferson.
Published  by In s tru m e n t Society o f A m erica  
(IS A ), 67 A lexan d er D r, P O  Box 12277, 
Research T ria n g le  Park, N C  27709 ,1980 . 
IS B N  87664-450-7.

Th is  ed itio n  provides com plete texts o f a ll 
cu rren t abstracts fo r over 900 in s tru m en ta tio n - 
re la ted  standards p ub lish ed  by IS A  and o th er 
U.S. and in te rn a tio n a l o rganizations, and a 
subject ind ex, cross-referenced to the over 900 
titles  and  abstracts.

Food Research and Data Analysis. E d ited  by
H . M arten s  and H . Russw urm , Jr. A v a ilab le  
fro m  Elsevier Science P u b lish in g  Co., Inc ., 
P O  Box 1663, G rand  C en tra l S tation, N e w  
Y o rk , N Y  10163, 1983. 535 pp. Price: 
$74.00. IS B N  0-85334-206-7.

C o n ta in in g  the  proceedings o f the  
In te rn a tio n a l U n io n  o f Food Science and  
T echno logy  Sym posium  on "Food Research 
and  D ata A nalys is" h e ld  in  Oslo, N o rw a y , in  
Septem ber 1982, this book describes com puter- 
aided  analysis o f m u ltiv a ria te  food research  
data fo r researchers in  food science and  
technology. T he  vo lu m e  explores a range of 
statistical m ethods, fro m  "u ltra -so ft"  
n on m etric  analysis and cluster analysis, 
th rou gh  "soft" lin e a r factor and regression  
m odels, to "h a rd "  m odels that req u ire  heavy  
assum ptions based on p rio r k n o w led g e  o f the  
data. Practical food applications illu s tra te  the  
chapters, enab ling  food researchers w ith  such 
v a ry in g  backgrounds as agronom ists, 
m icrobiologists, chemists, technologists, 
statisticians, psychologists, and  
psychophysicists to study the d iffe re n t types  
o f data problem s and  fu lly  com prehend  the  
applications of the m ethods.

A lo n g  w ith  a ll in v ite d  lectures and  poster 
abstracts presented at the sym posium , the  
book includes a chapter on basic m atrix  
algebra, a s im p lifie d  o ve rv ie w  of m u ltiv a ria te  
m ethods, and  a b ib lio g ra p h y  o f m u ltiv a ria te  
data analysis in  food research. In  ad d itio n , 4 
key w o rd  index lists are presented, covering  
food app lications and sensory, chem ical, and  
data analysis m ethods.

Titles in Chemistry and Chemical 
Engineering, An Academic Press Card 
Catalog. A v a ilab le  fro m  A cadem ic Press, 
Inc ., a subsidiary o f H arco u rt Brace 
Jovanovich, Publishers, 111 5th  A v e , N e w  
Y o rk , N Y  10003; (212)741-6800.

T h is  s ing le  source o f in fo rm atio n  provides a 
choice selection o f n ew  and recent books and  
journals  fro m  a ll Academ ic Press and  G ru ne  &  
Stratton  offices around  the w o rld . Features of 
th is  n e w  card catalog include: standard 3 X 5  
in . size, com plete b ib liog rap h ic  and n arra tive  
d escrip tion , qu ick re ferencing , sorting  by  
subject, and  ease o f o rd erin g  and contro l.

Nutritional Bioavailability of Zinc. E dited  
by  G eorge E. In g le tt. A va ilab le  from
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A m erican  C hem ical Society, D is tr ib u tio n  
O ffic e  D e p t 2 4 0 ,1 1 5 5  16th St, N W ,  
W ashin gton , D C  20036 ,1983 . 280 pp.
Price: U.S. &  Can. $35.95, o th er countries  
$43.95. IS B N  0-8412-0760-7.

Th is  book is based on a sym posium  
sponsored by the  D iv is io n  o f A g ric u ltu ra l and  
Food C h em is try  o f the A m erican  C h em ical 
Society, series N o . 210. T he  vo lu m e offers  
cu rren t perspectives and  fu tu re  d irections in  
z in c  research. Some topics o f in terest include: 
exp erim en ta l z in c  defic iency in  hum ans: an  
o ve rv ie w  o f o rig in a l studies; trends in  levels  
o f z in c  in  the U .S. food supply , 1909-1981; 
z in c  absorption  in  hum ans: effect o f age, sex, 
and  food; and in flu en ce  o f d ie tary  fib er, 
ascorbic acid, and  past d ie tary  practices.

Electrophoretic Techniques. E dited  by C. F. 
Sim pson and M . W h itta k er. P ublished  by  
A cadem ic Press Inc. (Lo n d on ) L td , 24-28  
O v a l Rd, L on don  N W 1  7 D X , Eng land , or 
Freepost, L ondon N W 1  1YA. A lso availab le  
fro m  A cadem ic Press, Inc ., I l l  5 th  A ve , N e w  
Y o rk , N Y  10003 ,1983 . 290 pp. Price: U.S. 
$44 .00 /£26 .00  (U K  o n ly ). IS B N  0-12- 
644480-3.

T h is  vo lu m e  deals w ith  both analy tica l and  
p repara tive  e lectrophoretic  separations. It  
begins w ith  a re v ie w  o f the basic forces w h ic h  
contro l electrophoresis separations, fo llo w e d  
b y  a consideration  o f the applications o f a 
v a rie ty  o f techniques to the  separations of 
proteins. R eview s o f isoelectric focusing, and  
its reference to agarose gels and cellulose  
acetate m em branes are inc lu d ed , tog eth er w ith

a chapter g iv in g  precise m ethodologies in  the  
n e w  technique of u ltra -th in  layer isoelectric  
focusing. O th e r topics covered inc lu de  gel 
im m unoelectrophores is  and analy tica l 
isotachophoresis, and a discussion o f the  
eq u ip m e n t necessary fo r ex tend ing  sam ple  
size. Th is  vo lu m e  provides both  theoretical 
and  practical expertise w h ic h  enables research  
w orkers  and  postgraduates in  chem istry, 
b iochem istry , and o ther life  sciences to use 
these n e w  techniques to the fu ll.

N ew  Frontiers in  Food Microstructure.
E dited  by D . B. Bechtel. P ublished  by the  
A m erican  Association o f Cereal Chem ists  
(A A C C ), 3340 P ilo t K nob  Rd, St. Paul, M N  
55121 ,1983 . 400 pp. Price: $44.00 A A C C  
m em bers; $48.00 nonm em bers. IS B N  0- 
913250-32-5. For m ore in fo rm atio n , contact 
R. J. T arle to n , (612)454-7250.

T h e  book is based on papers presented at a 
sym posium  in  San A n to n io , T X , d u rin g  the  
A A C C  67th  A n n u a l M ee tin g . I t  covers a 
v a rie ty  o f m icroscopic procedures used in  the  
m ost basic to the  most elaborate laboratories. 
C hapters re v ie w  a range o f techniques and  
eq u ip m en t fro m  "s im p le "  free -h and  
sectioning  to u ltram icro tom y; fro m  dissecting  
microscopes to h ig h -vo ltage  e lectron  
microscopes; fro m  s im ple observations to 
q u a n tita tiv e  im age analysis; and  fro m  general 
s ta in ing  to sophisticated cytochem ical and  
e lem enta l analyses. I t  em phasizes h o w  
techniques are conducted. I t  also discusses 
w h e re  ad d itio n a l in -d ep th  in fo rm atio n  on 
m icroscopic procedures can be found .
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mini-collaborative study, 946 

AAS determination of chelated Fe in Fe chelate 
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AAS determination of mercury in mercury- 
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study, 1140
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determination of Cu, Ni, and Cr in foods, 620 
determination of Mg, Fe, and Zn in fertilizers by 

flame AAS and by inductively coupled plasma 
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and diets, 1129

hot leaching of ceramic and enameled cookware: 
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Automated methods

automated analysis of flour extracts for uric acid 
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feeds by using stopped-flow analyzer, 188 
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Baking powders and baking chemicals
Changes in Methods, no changes 

Benzoic acid
GLC determination of benzoic acid and sorbic acid 

in foods: NMKL collaborative study, 775 
rapid extraction and GLC determination of 

benzoic and sorbic acids in beverages, 209 
Beverages

See also Alcoholic beverages; Nonalcoholic 
beverages

HPLC determination of caffeine in decaffeinated 
coffee, tea, and beverage products, 606, (Corr.), 
1311

rapid extraction and GLC determination of 
benzoic and sorbic acids in beverages, 209 

Bioassays
identification and semiquantitation of monensin 

sodium in animal feeds by thin layer 
bioautography, 1506
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value, 46

Biochemical methods
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Committee G report, 435 
referee report, 399 

Biological samples
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analysis for Fusarium toxins in various samples 

implicated in biological warfare in Southeast 
Asia, 1485

assessment of methods to determine PCB levels in 
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critical re-appraisal of fluorometric method for 
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determination of organic phosphate triesters in 
human adipose tissue, 691 

diagnosis of ethylene glycol (antifreeze) 
intoxication in dogs by determination of 
glycolic acid in serum and urine with HPLC and 
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evaluation of potential analytical approach for 
determination of PCBs in serum: interlaboratory 
study, 956

GLC determination of PCBs and a selected number 
of chlorinated hydrocarbons in serum, 32 

GLC determination of T-2 toxin in plasma, 909 
HPLC determination of an O-methyl,methyl ester 

derivative of ochratoxin A, 570 
HPLC determination of Bifidobacterium bifidum 

growth factors in human milk, 135 
HPLC determination of zearalenone in chicken 

tissues, 102
LC determination and MS confirmation of 

chloramphenicol residues in animal tissues,
1521

modified method for electron capture GLC 
determination of diethylstilbestrol residues in 
urine of fattened bulls, 1230 

presumptive screening test for seminal acid 
phosphatase using sodium thymolphthalein 
monophosphate, 207

selected ion MS identification of chlorophenol 
residues in human urine, 13 

Blood
assessment of methods to determine PCB levels in 

blood serum: interlaboratory study, 40 
GLC determination of PCBs and a selected number 

of chlorinated hydrocarbons in serum, 32
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Bonemeal
determination of Pb in bonemeal by differential 

pulse ASV using HC1 solubilization, 985 
Book reviews

Developments in Meat Science—2, 327 
Environmental Carcinogens. Selected Methods of 

Analysis. Vol. 4—Some Aromatic Amines and 
Azo Dyes in the General and Industrial 
Environment, 214 

Brodifacoum
HPLC determination of brodifacoum in 

formulations: collaborative study, 993

Cacao products
Changes in Methods, no changes 
Committee D report, 420 
elimination of sodium chloride interference 

during HPLC determination of sugars, 197 
Cadmium

hot leaching of ceramic and enameled cookware: 
collaborative study, 610 

release of Pb and Cd: comparison of 2 hot leach 
methods with a room temperature method, 
using specially glazed ceramic ware, 1112 

Caffeine
HPLC determination of caffeine in decaffeinated 

coffee, tea, and beverage products, 606, (Corr.), 
1311 

Calcium
automated determination of crude protein, 

phosphorus, calcium, iron, and magnesium in 
feeds by using stopped-flow analyzer, 188 

simultaneous determination of protein (nitrogen), 
phosphorus, and calcium in animal feedstuffs 
by multichannel flow-injection analysis, 718 

titrimetric determination of Ca in mechanically 
separated poultry and beef: collaborative study, 
989

Capsicums
HPLC determination of capsaicin in oleoresin and 

personal protection aerosols, 1304 
Captafol

GC determination of mixtures of captan, folpet, 
and captafol, 1365 

Captan
GC determination of mixtures of captan, folpet, 

and captafol, 1365 
Carbadox

HPLC determination of carbadox and pyrantel 
tartrate in swine feed and supplements, 602 

Carbamate pesticides
See Pesticide formulations: carbamate and 

substituted urea insecticides; Pesticide residues: 
carbamate pesticides, fumigants, and 
miscellaneous

Carbon ratio mass spectrometry
13C /12C ratios of citrus honeys and nectars and 

their regulatory implications, 1 
determination of authenticity of sake by carbon 

isotope ratio analysis, 1405

Carbonyls
HPLC determination of selected gas phase 

carbonyls in tobacco smoke, 8 
Centennial committee 

report, 446 
Cephapirin

determination of penicillin G, ampicillin, and 
cephapirin residues in tissues, 176 

Cereal foods 
See also Grains 
Changes in Methods, 525 
Committee D report, 420 
referee report, 371
determination of glucose, sucrose, lactose, and 

ethanol in foods and beverages, using 
immobilized enzyme electrodes, 981 

effect of heat treatment on dietary fiber: 
interlaboratory study, 933 

elimination of sodium chloride interference 
during HPLC determination of sugars, 197 

evaluation of a testing program for aflatoxin in 
corn ,1055

evaluation of urea-acid system as medium of 
extraction for the B-group vitamins, part 2. 
simplified semi-automated chemical analysis for 
niacin and niacinamide in cereal products, 291 

rate nephelometric measurement of wheat germ 
in pasta products, 667 

Changes in Methods, 512, (Corr.), 1538 
index, 550

Check Sample Programs
interlaboratory calibration results of PCB analyses 

in herring, 22
International Mycotoxin Check Sample Program, 

part 3. report on performance of participating 
laboratories for determining ochratoxin A in 
animal feed, 256 

Chloramphenicol
LC determination and MS confirmation of 

chloramphenicol residues in animal tissues,
1521

Chlorinated hydrocarbons
evaluation of potential analytical approach for 

determination of PCBs in serum: interlaboratory 
study, 956

GLC determination of PCBs and a selected number 
of chlorinated hydrocarbons in serum, 32 

high resolution GC of chlorinated benzenes, 677 
Chlorinated nitrobenzenes

identification of chlorinated nitrobenzene 
residues in Mississippi River fish, 1345 

2-Chloroethanol
determination of 2 -chloroethanol in honey, 

beeswax, and pollen, 659 
Chlorophenols

analysis of pesticide residues by chemical 
derivatization. VII. chromatographic properties 
of pentafluorobenzyl ether derivatives of 32 
phenols, 1029

selected ion MS identification of chlorophenol 
residues ir. human urine, 13
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Chlorophyll
derivation of fluorometric chlorophyll and 

pheophytin equations, 592 
Chlortetracy cline

effect of citric acid on inhibition of 
chlortetracycline activity by Mg ions, 594 

Chromium
determination of Cu, Ni, and Cr in foods, 620 
electrothermal AAS determination of Cr in plant 

tissues, 850 
Cigarettes

application of Tenax trapping to analysis of gas 
phase organic compounds in ultra-low tar 
cigarette smoke, 1074 

HPLC determination of selected gas phase 
carbonyls in tobacco smoke, 8 

CIPAC
26th annual meeting, report, 815 

Citrinin
rapid TLC determination of patulin, citrinin, and 

aflatoxin in apples and pears, and their juices 
and jams, 85 

Clostridium botulinum
survey of infant foods for Clostridium botulinum 

spores, 1302
Clostridium perfringens

comparison of iron milk and official AO AC 
methods for enumeration of Clostridium 
perfringens from fresh seafoods, 1175 

Cocaine
LC analysis of samples containing cocaine, local 

anesthetics, and other amines, 151 
Coffee and tea

Changes in Methods, 525 
Committee C report, 416 
referee report, 343
HPLC determination of caffeine in decaffeinated 

coffee, tea, and beverage products, 606, (Corr.), 
1311

Coliforms
enumeration of coliforms in nonfat dry milk and 

canned custard by hydrophobic grid membrane 
filter method: collaborative study, 897 

Color additives
Changes in Methods, 536 
Committee G report, 436 
referee report, 400
HPLC and colorimetric determination of synthetic 

dyes in gelatin-containing sweets, following 
polyamide adsorption and ion-pair extraction 
with tri-n-octylamine, 1039 

HPLC determination of tartrazine in rice milk 
following ion-pair extraction with tri-N- 
octylamine, 670

ion-pair LC determination of uncombined 
intermediates in 3 synthetic food colors, 1424 

• LC determination of 2,4-dinitro-l-naphthol and 
1-naphthol in Ext. D&C Yellow No. 7,1429

Column chromatography
coupled-column system for quantitating low 

levels of aflatoxins, 905 
Confectionary products

HPLC and colorimetric determination of synthetic 
dyes in gelatin-containing sweets, following 
polyamide adsorption and ion-pair extraction 
with tri-n-octylamine, 1039 

Constitution
committee report, 453 

Cookware
hot leaching of ceramic and enameled cookware: 

collaborative study, 610 
release of Pb and Cd: comparison of 2 hot leach 

methods with a room temperature method, 
using specially glazed ceramic ware, 1112 

Copper
AAS determination of serum copper: collaborative 

study, 1140
determination of Cu, Ni, and Cr in foods, 620 

Corn
See Grains 

Corn syrups
titratable acidity in corn syrup: collaborative 

study, 1395
Corrections, 821, 1311,1538 
Cosmetics

Changes in Methods, no changes 
Committee G report, 436 
referee report, 401
GLC method for determining 1,4-dioxane in 

cosmetics, 180
HPLC determination of capsaicin in oleoresin and 

personal protection aerosols, 1304 
nitro musk fragrances as potential contaminants 

in pesticide residue analysis, 241 
Coumaphos

comparison of GC-MS and LC-MS methods for 
confirmation of coumaphos and its oxygen 
analog in eggs and milk, 1358 

determination of coumaphos and its oxygen 
analog in eggs and milk by using a multiresidue 
method with LC quantitation and capillary 
GC-MS confirmation, 1353

Dairy products
Changes in Methods, 525 
Committee C report, 416 
referee report, 343
comparison of GC-MS and LC-MS methods for 

confirmation of coumaphos and its oxygen 
analog in eggs and milk, 1358 

compositional analysis of nonfat dry milk by 
using near IR diffuse reflectance spectroscopy, 
858

determination of coumaphos and its oxygen 
analog in eggs and milk by using a multiresidue 
method with LC quantitation and capillary 
GC-MS confirmation, 1353 

determination of glucose, sucrose, lactose, and
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ethanol in foods and beverages, using 
immobilized enzyme electrodes, 981 

determination of lactose in milk: comparison of 
methods, 1514

direct determination of lead in evaporated milk 
and apple juice by ASV: collaborative study, 
1414

enumeration of coliforms in nonfat dry milk and 
canned custard by hydrophobic grid membrane 
filter method: collaborative study, 897 

HPLC determination of putrefactive amines in 
foods, 853

novel method for estimation of chlorinated 
pesticide residues in milk, 1315 

rapid direct determination of lead in evaporated 
milk by ASV without sample pretreatment, 1409 

rapid HPLC determination of aflatoxin Mi in milk 
and nonfat dry milk, 913

reverse phase HPLC and fluorescence detection of 
ethoxyquin in milk, 1143 

survey of baby bottle rubber nipples for volatile 
N-nitrosamines, 1500 

Dalapon
LC assay for dalapon grasskiller products: 

collaborative study, 1390 
Data handling

alcohol proof determination from absolute specific 
gravity (20°C/20°C) using oscillating U-tube 
digital density meter with programmable 
calculator, 1400

evaluation of a testing program for aflatoxin in 
co rn ,1055

Decomposition and filth in foods (chemical 
methods)
Changes in Methods, no changes 
Committee C report, 416 
referee report, 344
GC determination of dimethylamine and 

trimethylamine in seafoods, 1158 
HPLC determination of putrefactive amines in 

foods, 853 
Dehydroacetic acid

GLC determination of dehydroacetic acid in 
squash and wine, 893 

Densitometry
alcohol proof determination from absolute specific 

gravity (20°C/20°C) using oscillating U-tube 
digital density meter with programmable 
calculator, 1400 

Deoxynivalenol
GC determination of deoxynivalenol in wheat, 

1478
rapid detection of Fusarium mycotoxins in grains 

by quadrupole MS-MS, 1470 
Derivatization procedures

preparation and characterization of acid 
dehydration products of aflatoxicol, 98 

Dicamba
LC of liquid formulations containing 2,4-D, 

dicamba, and 2-(2-methyl-4-chlorophenoxy)- 
propionic acid as their salts, 1220

2.4- Dichlorophenol
HPLC determination of impurity phenols in 

technical 2,4-D acid and 2,4-dichlorophenol, 804
2.4- Dichlorophenoxyacetic acid

HPLC determination of impurity phenols in 
technical 2,4-D acid and 2,4-dichlorophenol, 804 

LC of liquid formulations containing 2,4-D, 
dicamba, and 2-(2-methyl-4-chlorophenoxy)- 
propionic acid as their salts, 1220 

Diclofop-methyi
HPLC determination of diclofop-methyi, 1207 

Diethylstilbestrol
modified method for electron capture GLC 

determination of diethylstilbestrol residues in 
urine of fattened bulls, 1230 

Diflubenzuron
HPLC analysis of diflubenzuron and its 

formulations: collaborative study, 312
1.4- Dioxane

GLC method for determining 1,4-dioxane in 
cosmetics, 180 

Dioxins
interlaboratory study on determination of 2 ,3,7,8- 

tetrachlorodibenzo-p-dioxin in fish, 700 
screening of fresh water fish extracts for enzyme- 

inducing substances by an aryl hydrocarbon 
hydroxylase induction bioassay technique, 1136 

Disinfectants
Changes in Methods, no changes 
Committee F report, 432 
referee report, 1045 

Distillation procedures
determination of styrene migration from food- 

contact polymers into margarine, using 
azeotropic distillation and headspace GC, 1067 

evaluation of Nielsen-Kryger steam distillation 
technique for recovery of phenols from soil,
1330

Drug residues in animal tissues
See also Antibiotics 
Changes in Methods, 541 
Committee G report, 436 
referee report. 402
determination of penicillin G, ampicillin, and 

cephapirin residues in tissues, 176 
HPLC determination of nitrofurazone and 

furazolidone in chicken and pork tissues, 874 
modified method for electron capture GLC 

determination of diethylstilbestrol residues in 
urine of fattened bulls, 1230 

quantitative TLC multi-sulfonamide screening 
procedure, 881

quantitative TLC multi-sulfonamide screening 
procedure: collaborative study, 884 

reverse phase LC determination of sulfathiazole 
residues in honey, 4

role of anthranilic acid in background levels of 
sulfonamide in porcine livers when determined 
by the Tishler method, 1226
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Drugs
See also Antibiotics
detection and determination of error in analytical 

methodology, part I. in the method verification 
program, 1257

detection and determination of error in analytical 
methodology, part II. correction for corrigible 
systematic error in the course of real sample 
analysis, 1283

X-ray powder diffraction data for 9 anthelmintics, 
161

Drugs, acidic and neutral nitrogenous organics
Changes in Methods, 538 
Committee B report, 414 
referee report, 338
first-derivative spectroscopic determination of 

acetaminophen and sodium salicylate in tablets, 
1450

HPLC determination of sulfisoxazole in dosage 
forms: collaborative study, 1182 

ion-pair partition chromatography of mefenamic 
acid with tetraalkylammonium cations: 
development of analytical method from 
extraction data, 1178 

LC determination of methyldopa and 
methyldopa-thiazide combinations in dosage 
forms, 1436

rapid colorimetric assay of trimethoprim and 
sulfamethoxazole in pharmaceuticals, 1447 

rapid HPLC determination of amitriptyline HC1 
in tablets and injectables: collaborative study, 
1196

Drugs, alkaloids
Changes in Methods, 540 
Committee B report, 414 
referee report, 339
identification and estimation of the alkaloids of 

Rauwolfia serpentina by HPLC and TLC, 867 
Drugs, illicit 

Changes in Methods, 541 
Committee B report, 414 
referee report, 340
HPLC determination of oxazepam dosage forms: 

collaborative study, 864
LC analysis of samples containing cocaine, local 

anesthetics, and other amines, 151 
separation and characterization of amine drugs 

and their enantiomers by capillary column 
GC-MS, 1443

separation and identification of phencyclidine 
and some of its analogs, 1186 

Drugs, miscellaneous 
Changes in Methods, 537 
Committee B report, 414 
referee report, 341
AAS determination of mercury in mercury- 

containing drugs: collaborative study, 1203 
protein nitrogen unit precipitation procedure for 

allergenic extracts: collaborative study, (Corr.), 
1538

Drugs, nonalkaloid organic nitrogenous bases
simultaneous spectrophotometric determination 

of amodiaquine-primaquine mixtures in dosage 
forms, 1433

Drugs, other nitrogenous bases
Changes in Methods, 540 
Committee B report, 415 
referee report, 342
evaluation of fluorometric determination-TLC 

identification of aminacrine HC1 in drug 
preparations, 145

spectrofluorometric determination of pindolol 
and its dosage form, 273

spectrophotometric determination of aminacrine 
HC1 in creams, jellies, and suppositories, 140 

spectrophotometric determination of hydralazine 
HC1 tablets using ninhydrin, 1455 

Drugs, steroids and terpinoids 
Changes in Methods, no changes 
Committee B report, 415 
HPLC assay for prednisone in bulk drug 

substances and tablets, 264 
Drugs in feeds 

Changes in Methods, 543 
Committee G report, 436 
referee report, 402 
effect of citric acid on inhibition of 

chlortetracycline activity by Mg ions, 594 
HPLC determination of carbadox and pyrantel 

tartrate in swine feed and supplements, 602 
HPLC determination of monensin in feed 

premixes, 284
identification and semiquantitation of monensin 

sodium in animal feeds by thin layer 
bioautography, 1506

microbiological determination of lincomycin in 
feeds and supplements containing high 
concentrations of bentonite, 597 

rapid GLC method for determination of 
sulfathiazole in swine feed, 287 

turbidimetric assay of penicillin in feeds: addition 
of magnesium sulfate to eliminate 
chlortetracycline interference, 184

Editorial board
annual report, 445 

Eggs and egg products
Changes in Methods, no changes 
Committee C report, 416 
referee report, 346
comparison of GC-MS and LC-MS methods for 

confirmation of coumaphos and its oxygen 
analog in eggs and milk, 1358 

determination of coumaphos and its oxygen 
analog in eggs and milk by using a multiresidue 
method with LC quantitation and capillary 
GC-MS confirmation, 1353 

GLC determination of trace amounts of nitrite in 
egg, egg white, and egg yolk, 260
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Endosulfan
GLC determination of endosulfan technical and 

formulations: collaborative study, 999 
Enzymatic methods

comparison between potentiometric titration and 
enzyme-catalyzed determination of hydrogen 
peroxide, 199

determination of lactose in milk: comparison of 
methods, 1514

evaluation of apple juice authenticity by organic 
acid analysis, 1517

improved lipoxygenase method for measuring 
ris,c;'s-methylene interrupted polyunsaturated 
fatty acids in fats and oils, 81 

Enzyme electrode methods
determination of glucose, sucrose, lactose, and 

ethanol in foods and beverages, using 
immobilized enzyme electrodes, 981 

Enzymes
Changes in Methods, no changes 
Committee C report, 417 

Episulfides
simple colorimetric method for determination of 

episulfides, using 4-(p-nitrobenzyl)-pyridine, 
309 

Ethanol
GC determination of ethanol in wine: 

collaborative study, 1152 
Ethoxyquin

reverse phase HPLC and fluorescence detection of 
ethoxyquin in milk, 1143 

Ethylene glycol
diagnosis of ethylene glycol (antifreeze) 

intoxication in dogs by determination of 
glycolic acid in serum and urine with HPLC and 
GC-MS, 276

European representative
annual report, 454 

Executive Director 
annual report, 437 

Ext. D&C Yellow No. 7
LC determination of 2,4-dinitro-l-naphthol and 

1-naphthol in Ext. D&C Yellow No. 7,1429 
Extraction procedures

chloroform-methanol extraction method for 
determination of fat in foods: collaborative 
study, 927

dilution errors in aflatoxin determinations caused 
by compounds extracted from peanuts, 1059 

Extraneous materials in foods and drugs 
Changes in Methods, 544 
Committee F report, 432 
referee report, 394
automated analysis of flour extracts for uric acid 

and its correlation with degree of insect 
defilement, 625

brine saturation technique for extracting light 
filth from canned crabmeat and shrimp: 
intralaboratory study, 1504 

reliability of analyses for indigenous insect 
fragments in ground paprika, 79

Fat
See also Oils and fats
chloroform-methanol extraction method for 

determination of fat in foods: collaborative 
study, 927

Mojonnier method as reference for IR 
determination of fat in meat products, 1048

Fats
improved lipoxygenase method for measuring 

c!s,ris-methylene interrupted polyunsaturated 
fatty acids in fats and oils, 81 

Fatty acids
GLC determination of sucrose fatty acid esters, 

1050
FD&C Yellow No. 5

HPLC determination of tartrazine in rice milk 
following ion-pair extraction with tri-JV- 
octylamine, 670

ion-pair LC determination of uncombined 
intermediates in 3 synthetic food colors, 1424 

FD&C Yellow No. 6
ion-pair LC determination of uncombined 

intermediates in 3 synthetic food colors, 1424 
Feeds

See also Drugs in feeds 
Changes in Methods, no changes 
Committee A report, 409 
referee report, 328
analysis of fat-soluble vitamins. XXVIII. HPLC 

determination of vitamin D in pet foods and 
feeds: collaborative study, 751 

automated determination of crude protein, 
phosphorus, calcium, iron, and magnesium in 
feeds by using stopped-flow analyzer, 188 

effects of grinding and storage for 1 month on 
retention of vitamin A in premixes and mineral 
supplements, 1306

extraction and 7LC of aflatoxin Bi in mixed feeds, 
582

HPLC determination of xanthomegnin in grains 
and animal feeds, 587

International Mycotoxin Check Sample Program, 
part 3. report on performance of participating 
laboratories for determining ochratoxin A in 
animal feed, 256

ion-pair reverse phase LC determination of 
sodium acifluorfen in feed, 1319 

simultaneous determination of protein (nitrogen), 
phosphorus, and calcium in animal feedstuffs 
by multichannel flow-injection analysis, 718 

survey of vomitoxin contamination of 1980 
Ontario white winter wheat crop: results of 
survey and feeding trials, 92 

Fensulfothion
HPLC determination of fensulfothion: 

collaborative study, 801
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Fertilizers
AAS analysis of A1 sulfate-type soil acidifiers: 

mini-collaborative study, 946 
AAS determination of chelated Fe in Fe chelate 

concentrates: collaborative study, 952 
argon plasma emission spectrometry of uranium 

in phosphatic materials, 949 
comparison of AO AC and AAS methods for 

determining sodium in fertilizers: collaborative 
study, 1234

determination of Mg, Fe, and Zn in fertilizers by 
flame AAS and by inductively coupled plasma 
emission spectroscopy: comparison of methods, 
766

flame photometric determination of K2O in 
fertilizers: collaborative study, 1242, (Corr.), 
1538

HPLC determination of nitrogen derived from 
urea and water-soluble methylene ureas in urea 
formaldehyde fertilizers: collaborative study, 
769

Fertilizers and agricultural liming materials
Changes in Methods, 512 
Committee A report, 409 
referee report, 329 

Fiber
effect of heat treatment on dietary fiber: 

interlaboratory study, 933 
Filth

See Extraneous materials in foods and drugs 
Finance committee 

annual report, 443 
Fish and other marine products

See also Seafood toxins 
Changes in Methods, 526, 531 
Committee C report, 417 
referee report, 346
brine saturation technique for extracting light 

filth from canned crabmeat and shrimp: 
intralaboratory study, 1504 

comparison of iron milk and official AOAC 
methods for enumeration of Clostridium 
perfringens from fresh seafoods, 1175 

electron capture GLC determination of methyl 
mercury in fish and shellfish: collaborative 
study, 1121

extraction and cleanup procedures for
determination of diarylphosphates in fish, 
sediment, and water samples, 684 

fish species identification by agarose gel 
isoelectric focusing: collaborative study, 123 

GC determination of dimethylamine and 
trimethylamine in seafoods, 1158 

GLC determination of S,S,S-tributyl 
phosphorotrithioate (DEF) in water and fish 
tissue, 673

GLC screening method for determination of 
methyl mercury in tuna and swordfish, 128 

HPLC determination of putrefactive amines in 
foods, 853

identification of chlorinated nitrobenzene 
residues in Mississippi River fish, 1345 

identification of frozen, cooked shellfish species 
by agarose isoelectric focusing, 118 

identification of Pacific rockfish (Sebastes) species 
by isoelectric focusing, 974 

identification of trout and salmon bloods by 
simple immunological technique and by 
electrofocusing patterns of red cell enzyme 
superoxide dismutase, 1164 

interlaboratory calibration results of PCB analyses 
in herring, 22

interlaboratory study on determination of 2 ,3,7,8- 
tetrachlorodibenzo-p-dioxin in fish, 700 

procedure for cooking seafood products, 813 
rapid screening procedure for pesticides and PCBs 

in fish: collaborative study, 969 
screening of fresh water fish extracts for enzyme- 

inducing substances by an aryl hydrocarbon 
hydroxylase induction bioassay technique, 1136 

Flame photometry
flame photometric determination of K2O in 

fertilizers: collaborative study, 1242, (Corr.),
1538

Flavors
Changes in Methods, no changes 
Committee D report, 420 

Flour
automated analysis of flour extracts for uric acid 

and its correlation with degree of insect 
defilement, 625 

Fluorometric methods
semiautomated fluorometric method for 

determination of vitamin C in foods: 
collaborative study, 1371 

Folpet
GC determination of mixtures of captan, folpet, 

and captafol, 1365
simultaneous determination of folpet, piperonyl 

butoxide, and pyrethrins in aerosol 
formulations by HPLC, 789 

Food additives 
Changes in Methods, 526 
Committee C report, 417 
referee report, 348
determination of acrylonitrile in foods by 

headspace GLC with nitrogen-phosphorus 
detection, 1096

determination of styrene migration from food- 
contact polymers into margarine, using 
azeotropic distillation and headspace GC, 1067 

GC determination of glucono-5-lactone in foods, 
1532

GLC determination of benzoic acid and sorbic acid 
in foods: NMKL collaborative study, 775 

GLC determination of dehydroacetic acid in 
squash and wine, 893

GLC determination of sucrose fatty acid esters, 
1050

HPLC determination of 7 antioxidants in oil and 
lard: collaborative study, 727
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improved cleanup and derivatization for GC 
determination of monosodium glutamate in 
foods, 1528

ion-pair HPLC determination of inosinic acid in 
meat, 632

survey of baby bottle rubber nipples for volatile 
N-nitrosamines, 1500 

Food packaging
comparison between potentiometric titration and 

enzyme-catalyzed determination of hydrogen 
peroxide, 199

determination of acrylonitrile in foods by 
headspace GLC with nitrogen-phosphorus 
detection, 1096

determination of styrene migration from food- 
contact polymers into margarine, using 
azeotropic distillation and headspace GC, 1067 

Foods
chloroform-methanol extraction method for 

determination of fat in foods: collaborative 
study, 927

determination of Cu, Ni, and Cr in foods, 620 
DPP determination of iodine in foods and 

nutritional products, 1380 
evaluation of urea-acid system as medium of 

extraction for the B-group vitamins, part 2. 
simplified semi-automated chemical analysis for 
niacin and niacinamide in cereal products, 291 

filament hygrometer for water activity
measurement: interlaboratory evaluation, 1106 

improved method for determination and 
identification of serotonin in foods, 115 

mixed acid solubilization procedure for 
determination of total mercury in food samples, 
1421

Food safety
today's chemical realities, 1295 

Forensic sciences
Changes in Methods, 544 
Committee G report, 436 
presumptive screening test for seminal acid 

phosphatase using sodium thymolphthalein 
monophosphate, 207

For Your Information, 215, 319, 818,1053,1309,
1536

Fruits and fruit products
Changes in Methods, 530 
Committee D report, 421 
referee report, 371
applicability of a carbamate insecticide

multiresidue method for determining additional 
types of pesticides in fruits and vegetables, 234 

applicability of a multiresidue method and HPLC 
for determining quinomethionate in apples and 
oranges, 1018

colorimetric method for field-screening above
tolerance parathion residues on and in citrus 
fruits, 108

composition of apple juice, 1251
direct determination of lead in evaporated milk

and apple juice by ASV: collaborative study,
1414

discussion of statistical methods for determining 
purity of citrus juice, 781 

evaluation of apple juice authenticity by organic 
acid analysis, 1517

GLC screening method for 6 synthetic pyrethroid 
insecticides, 1013

LC, microfluorometry, and dye-titration 
determination of vitamin C in fresh fruit and 
vegetables, 1377

multiresidue method for determination of 
pesticides in kiwifruit, apples, and berryfruits, 
1003

portable micro method for quantitative 
determination of vitamin C in fruit and 
vegetable juices, 810

rapid extraction and GLC determination of 
benzoic and sorbic acids in beverages, 209 

rapid TLC determination of patulin, citrinin, and 
aflatoxin in apples and pears, and their juices 
and jams, 85 

Fumaric acid
evaluation of apple juice authenticity by organic 

acid analysis, 1517 
Fumigants

See Pesticide formulations: halogenated and other 
insecticides, synergists, and insect repellants; 
Pesticide residues: carbamate pesticides, 
fumigants, and miscellaneous 

Fungicides
See Pesticide formulations: fungicides and 

disinfectants; Pesticide residues: fungicides, 
herbicides, and plant growth regulators 

Furazolidone
HPLC determination of nitrofurazone and 

furazolidone in chicken and pork tissues, 874

Gas and liquid chromatography and column 
specifications
committee report, 448 

Gas chromatography
acid methanolysis and GC determination of 

brominated vegetable oils in soft drinks, 1385 
analysis of pesticide residues by chemical 

derivatization. VI. analysis of 10 acid herbicides 
in sediment, 1023

analysis of pesticide residues by chemical 
derivatization. VII. chromatographic properties 
of pentafluorobenzyl ether derivatives of 32 
phenols, 1029

applicability of a carbamate insecticide
multiresidue method for determining additional 
types of pesticides in fruits and vegetables, 234 

application of Tenax trapping to analysis of gas 
phase organic compounds in ultra-low tar 
cigarette smoke, 1074

assessment of methods to determine PCB levels in 
blood serum: interlaboratory study, 40 

capillary GLC determination of vomitoxin in 
cereal grains, (Corr.), 821
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determination of acrylonitrile in foods by 
headspace GLC with nitrogen-phosphorus 
detection, 1096

determination of 2 -chloroethanol in honey, 
beeswax, and pollen, 659 

determination of styrene migration from food- 
contact polymers into margarine, using 
azeotropic distillation and headspace GC, 1067 

determination of trifluralin, diallate, triallate, 
atrazine, barban, diclofop-methyl, and 
benzoylprop-ethyl in natural waters at ppt 
levels, 651

electron capture GLC determination of methyl 
mercury in fish and shellfish: collaborative 
study, 1121

evaluation of potential analytical approach for 
determination of PCBs in serum: interlaboratory 
study, 956

extraction and cleanup procedures for 
determination of diarylphosphates in fish, 
sediment, and water samples, 684 

GC determination of deoxynivalenol in wheat, 
1478

GC determination of dimethylamine and 
trimethylamine in seafoods, 1158 

GC determination of ethanol in wine: 
collaborative study, 1152 

GC determination of fumigant residues in stored 
grains, using isooctane partitioning and dual 
column packings, 228

GC determination of glucono-5-lactone in foods, 
1532

GC determination of maleic hydrazide residues in 
potato tubers, 1327

GC determination of mixtures of captan, folpet, 
and captafol, 1365

GC determination of trifluralin, diallate, triallate, 
atrazine, barban, diclofop-methyl, and 
benzoylprop-ethyl in sediments at ppb levels, 
1322

GLC and nitrogen-phosphorus detection of N- 
nitroso-di-M-propylamine in trifluralin 
products, 1209

GLC determination of benzoic acid and sorbic acid 
in foods: NMKL collaborative study, 775 

GLC determination of dehydroacetic acid in 
squash and wine, 893

GLC determination of endosulfan technical and 
formulations: collaborative study, 999 

GLC determination of PCBs and a selected number 
of chlorinated hydrocarbons in serum, 32 

GLC determination of S,S,S-tributyl 
phosphorotrithioate (DEF) in water and fish 
tissue, 673

GLC determination of sucrose fatty acid esters, 
1050

GLC determination of trace amounts of nitrite in 
egg, egg white, and egg yolk, 260 

GLC determination of T-2 toxin in plasma, 909 
GLC determination of volatile phenols in matured 

distilled alcoholic beverages, 62

GLC method for determining 1,4-dioxane in 
cosmetics, 180

GLC screening method for determination of 
methyl mercury in tuna and swordfish, 128 

GLC screening method for 6  synthetic pyrethroid 
insecticides, 1013

high resolution GC analysis of nonpolar 
chlorinated hydrocarbons in human milk, 248 

high resolution GC of chlorinated benzenes, 677 
improved cleanup and derivatization for GC 

determination of monosodium glutamate in 
foods, 1528

interlaboratory study of the Hall 700A halogen 
electrolytic conductivity GC detector, 1335 

modified method for electron capture GLC 
determination of diethylstilbestrol residues in 
urine of fattened bulls, 1230 

multiresidue method for determination of 
pesticides in kiwifruit, apples, and berryfruits, 
1003

nitro musk fragrances as potential contaminants 
in pesticide residue analysis, 241 

novel method for estimation of chlorinated 
pesticide residues in milk, 1315 

rapid extraction and GLC determination of 
benzoic and sorbic acids in beverages, 209 

rapid GLC method for determination of 
sulfathiazole in swine feed, 287 

retention time data for organochlorine, 
organophosphorus, and organonitrogen 
pesticides on SE-30 capillary column and 
application of capillary GC to pesticide residue 
analysis, 1084

simultaneous detection of some fusariotoxins by 
GLC, 577

Gas chromatography-mass spectrometry
analysis for Fusarium toxins in various samples 

implicated in biological warfare in Southeast 
Asia, 1485

capillary GC-MS determination of individual 
chlorobiphenyls in technical Aroclors, 708 

comparison of GC-MS and LC-MS methods for 
confirmation of coumaphos and its oxygen 
analog in eggs and milk, 1358 

determination of coumaphos and its oxygen 
analog in eggs and milk by using a multiresidue 
method with LC quantitation and capillary 
GC-MS confirmation, 1353 

diagnosis of ethylene glycol (antifreeze) 
intoxication in dogs by determination of 
glycolic acid in serum and urine with HPLC and 
GC-MS, 276

nitro musk fragrances as potential contaminants 
in pesticide residue analysis, 241 

separation and characterization of amine drugs 
and their enantiomers by capillary column 
GC-MS, 1443

Gelatin, dessert preparations, and mixes
Changes in Methods, no changes 
Committee C report, 417
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Gel permeation chromatography
determination of organic phosphate triesters in 

human adipose tissue, 691 
Gentamicin

determination of gentamicin sulfate Cia, C2, and 
Ci components by ion pair LC with 
electrochemical detection, 172 

Glucono-5-lactone
GC determination of glucono-5-lactone in foods, 

1532
Glucosinolates

analytical methodology for determining 
glucosinolate composition and content, 825 

simple colorimetric method for determination of 
episulfides, using 4-(p-nitrobenzyl)-pyridine, 
309

Glycolic acid
diagnosis of ethylene glycol (antifreeze) 

intoxication in dogs by determination of 
glycolic acid in serum and urine with HPLC and 
GC-MS, 276 

Glyphosate
LC determination of glyphosate technical and its 

formulation: collaborative study, 1214 
Grains

analysis for Vusarium toxins in various samples 
implicated in biological warfare in Southeast 
Asia, 1485

capillary GLC determination of vomitoxin in 
cereal grains, (Corr.), 821 

coupled-column system for quantitating low 
levels of aflatoxins, 905 

enzyme-linked immunosorbent assay of 
ochratoxin A in barley, 1481 

GC determination of deoxynivalenol in wheat, 
1478

GC determination of fumigant residues in stored 
grains, using isooctane partitioning and dual 
column packings, 228

HPLC determination of xanthomegnin in grains 
and animal feeds, 587

rapid detection of Vusarium mycotoxins in grains 
by quadrupole MS-MS, 1470 

rapid LC determination of aflatoxins in heavily 
contaminated corn, 1458 

rapid TLC determination of zearalenone in corn, 
sorghum, and wheat, 565 

simultaneous detection of some fusariotoxins by 
GLC, 577

survey of vomitoxin contamination of 1980 
Ontario white winter wheat crop: results of 
survey and feeding trials, 92 

treatment of freshly harvested 1980 Georgia Dent 
corn samples collected for aflatoxin analysis, 204 

Wiley Award address, 2982, successful interagency 
cooperation—the Diehlstadt story, 224 

5-year study of mycotoxins in Virginia wheat and 
dent corn, 1466

Growth factors
HPLC determination of Bifidobacterium bifidum 

growth factors in human milk, 135

Halogenated pesticides
See Pesticide formulations: halogenated and other 

insecticides, synergists, and insect repellants; 
Pesticide residues: organochlorine pesticides 

Hazardous substances 
Changes in Methods, no changes 
Committee A report, 409 

Herbicides
See Pesticide formulations: herbicides; Pesticide 

residues: fungicides, herbicides, and plant 
growth regulators

High pressure (performance) liquid 
chromatography
See Liquid chromatography 

Honey
13C /12C ratios of citrus honeys and nectars and 

their regulatory implications, 1 
determination of 2 -chloroethanol in honey, 

beeswax, and pollen, 659 
reverse phase LC determination of sulfathiazole 

residues in honey, 4 
Hydralazine HC1

spectrophotometric determination of hydralazine 
HC1 tablets using ninhydrin, 1455 

Hydrogen peroxide
comparison between potentiometric titration and 

enzyme-catalyzed determination of hydrogen 
peroxide, 199

Immunoassays
enzyme-linked immunosorbent assay of 

ochratoxin A in barley, 1481 
identification of trout and salmon bloods by 

simple immunological technique and by 
electrofocusing patterns of red cell enzyme 
superoxide dismutase, 1164 

rate nephelometric measurement of wheat germ 
in pasta products, 667 

Industrial chemicals
analysis of pesticide residues by chemical 

derivatization. VII. chromatographic properties 
of pentafluorobenzyl ether derivatives of 32 
phenols, 1G29

assessment of methods to determine PCB levels in 
blood serum: interlaboratory study, 40 

capillary GC-MS determination of individual 
chlorobiphenyls in technical Aroclors, 708 

determination of organic phosphate triesters in 
human adipose tissue, 691 

evaluation of Nielsen-Kryger steam distillation 
technique for recovery of phenols from soil, 
1330

evaluation of potential analytical approach for 
determination of PCBs in serum: interlaboratory 
study, 956
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extraction and cleanup procedures for 
determination of diarylphosphates in fish, 
sediment, and water samples, 684 

GLC determination of S,S,S-tributyl 
phosphorotrithioate (DEF) in water and fish 
tissue, 673

high resolution GC analysis of nonpolar 
chlorinated hydrocarbons in human milk, 248 

high resolution GC of chlorinated benzenes, 677 
identification of chlorinated nitrobenzene 

residues in Mississippi River fish, 1345 
interlaboratory calibration results of PCB analyses 

in herring, 22
interlaboratory study of the Hall 700A halogen 

electrolytic conductivity GC detector, 1335 
interlaboratory study on determination of 2 ,3,7,8- 

tetrachlorodibenzo-p-dioxin in fish, 700 
problems in collection of representative samples 

for determination of tributoxyethyl phosphate 
in potable water, 202

rapid screening procedure for pesticides and PCBs 
in fish: collaborative study, 969 

screening of fresh water fish extracts for enzyme- 
inducing substances by an aryl hydrocarbon 
hydroxylase induction bioassay technique, 1136 

selected ion MS identification of chlorophenol 
residues in human urine, 13 

Infant foods
reverse phase HPLC determination of vitamin Ki 

in infant formulas, 1063
survey of baby bottle rubber nipples for volatile 

N-nitrosamines, 1500
survey of infant foods for Clostridium botulinum 

spores, 1302 
Infrared spectroscopy

compositional analysis of nonfat dry milk by 
using near IR diffuse reflectance spectroscopy, 
858

Mojonnier method as reference for IR 
determination of fat in meat products, 1048 

Inosinic acid
ion-pair HPLC determination of inosinic acid in 

meat, 632
Interim official methods, 1054,1309 
Interlaboratory studies 

committee report, 455 
International cooperation

committee report, 466 
Iodine

DPP determination of iodine in foods and 
nutritional products, 1380 

Ion-pair chromatography
ion-pair partition chromatography of mefenamic 

acid with tetraalkylammonium cations: 
development of analytical method from 
extraction data, 1178

Iron
AAS determination of chelated Fe in Fe chelate 

concentrates: collaborative study, 952 
automated determination of crude protein,

phosphorus, calcium, iron, and magnesium in 
feeds by using stopped-flow analyzer, 188 

determination of Mg, Fe, and Zn in fertilizers by 
flame AAS and by inductively coupled plasma 
emission spectroscopy: comparison of methods, 
766

Isoelectric focusing
fish species identification by agarose gel 

isoelectric focusing: collaborative study, 123 
identification of frozen, cooked shellfish species 

by agarose isoelectric focusing, 118 
identification of Pacific rockfish (Sebastes) species 

by isoelectric focusing, 974 
identification of trout and salmon bloods by 

simple immunological technique and by 
electrofocusing patterns of red cell enzyme 
superoxide dismutase, 1164 

Isotope ratio measurements
13C /12C ratios of citrus honeys and nectars and 

their regulatory implications, 1

Laboratory quality assurance
committee report, 467 

Lactose
determination of lactose in milk: comparison of 

methods, 1514 
Laser-induced fluorescence

coupled-column system for quantitating low 
levels of aflatoxins, 905 

Leaching methods
release of Pb and Cd: comparison of 2 hot leach 

methods with a room temperature method, 
using specially glazed ceramic ware, 1112 

Lead
determination of Pb in bonemeal by differential 

pulse ASV using HC1 solubilization, 985 
direct determination of lead in evaporated milk 

and apple juice by ASV: collaborative study,
1414

hot leaching of ceramic and enameled cookware: 
collaborative study, 610

rapid direct determination of lead in evaporated 
milk by ASV without sample pretreatment, 1409 

release of Pb and Cd: comparison of 2 hot leach 
methods with a room temperature method, 
using specially glazed ceramic ware, 1112 

Liaison representatives 
1983, 480

Life Sciences Research Office 
report, 468 

Lincomycin
microbiological determination of lincomycin in 

feeds and supplements containing high 
concentrations of bentonite, 597 

Liquid chromatography 
analysis of fat-soluble vitamins. XXVIII. HPLC 

determination of vitamin D in pet foods and 
feeds: collaborative study, 751 

applicability of a carbamate insecticide 
multiresidue method for determining additional 
types of pesticides in fruits and vegetables, 234
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automated extraction technique for determination 
of experimental insecticide nifluridide and its 
cyclized product in water by HPLC, 111 

determination of coumaphos and its oxygen 
analog in eggs and milk by using a multiresidue 
method with LC quantitation and capillary 
GC-MS confirmation, 1353 

determination of gentamicin sulfate Cia, C2, and 
Ci components by ion pair LC with 
electrochemical detection, 172 

diagnosis of ethylene glycol (antifreeze) 
intoxication in dogs by determination of 
glycolic acid in serum and urine with HPLC and 
GC-MS, 276

elimination of sodium chloride interference 
during HPLC determination of sugars, 197 

evaluation of apple juice authenticity by organic 
acid analysis, 1517

HPLC analysis of diflubenzuron and its 
formulations: collaborative study, 312 

HPLC analysis of rotenone formulations: 
collaborative study, 796

HPLC and colorimetric determination of synthetic 
dyes in gelatin-containing sweets, following 
polyamide adsorption and ion-pair extraction 
with tri-«-octylamine, 1039 

HPLC assay for prednisone in bulk drug 
substances and tablets, 264 

HPLC determination of an O-methyl,methyl ester 
derivative of ochratoxin A, 570 

HPLC determination of 7 antioxidants in oil and 
lard: collaborative study, 727 

HPLC determination of Bifidobacterium bifidum 
growth factors in human milk, 135 

HPLC determination of brodifacoum in 
formulations: collaborative study, 993 

HPLC determination of caffeine in decaffeinated 
coffee, tea, and beverage products, 606, (Corr.), 
1311

HPLC determination of capsaicin in oleoresin and 
personal protection aerosols, 1304 

HPLC determination of carbadox and pyrantel 
tartrate in swine feed and supplements, 602 

HPLC determination of diclofop-methyl, 1207 
HPLC determination of fensulfothion: 

collaborative study, 801 
HPLC determination of impurity phenols in 

technical 2,4-D acid and 2,4-dichlorophenol, 804 
HPLC determination of malondialdehyde in 

vegetable oils, 304
HPLC determination of monensin in feed 

premixes, 284
HPLC determination of nitrofurazone and 

furazolidone in chicken and pork tissues, 874 
HPLC determination of nitrogen derived from 

urea and water-soluble methylene ureas in urea 
formaldehyde fertilizers: collaborative study,
769

HPLC determination of nonvolatile phenolic 
compounds in matured distilled alcoholic 
beverages, 71

HPLC determination of oxazepam dosage forms: 
collaborative study, 864 

HPLC determination of putrefactive amines in 
foods, 853

HPLC determination of selected gas phase 
carbonyls in tobacco smoke, 8 

HPLC determination of sulfisoxazole in dosage 
forms: collaborative study, 1182 

HPLC determination of tartrazine in rice milk 
following ion-pair extraction with tri-N- 
octylamine, 670

HPLC determination of toxins associated with 
paralytic shellfish poisoning, 297 

HPLC determination of xanthomegnin in grains 
and animal feeds, 587

HPLC determination of zearalenone in chicken 
tissues, 102

identification and estimation of the alkaloids of 
Rauwolfia serpentina by HPLC and TLC, 867 

ion-pair HPLC determination of inosinic acid in 
meat, 632

ion-pair LC determination of uncombined 
intermediates in 3 synthetic food colors, 1424 

ion-pair reverse phase LC determination of 
sodium acifluorfen in feed, 1319 

isomerization of retinyl palmitate using 
conventional lipid extraction solvents, 746 

LC analysis of samples containing cocaine, local 
anesthetics, and other amines, 151 

LC assay for dalapon grasskiller products: 
collaborative study, 1390 

LC determination and MS confirmation of 
chloramphenicol residues in animal tissues,
1521

LC determination of 2,4-dinitro-l-naphthol and 
1-naphthol in Ext. D&C Yellow No. 7, 1429 

LC determination of glyphosate technical and its 
formulation: collaborative study, 1214 

LC determination of methyldopa and 
methyldopa-thiazide combinations in dosage 
forms, 1436

LC, microfluorometry, and dye-titration 
determination of vitamin C in fresh fruit and 
vegetables, 1377

LC of liquid formulations containing 2,4-D, 
dicamba, and 2-(2-methyl-4-chlorophenoxy)- 
propionic ac:d as their salts, 1220 

nonaqueous reverse phase LC determination of 
vitamin D2 in multivitamin tablets, using 
vitamin D3 as internal standard, 939 

rapid HPLC determination of aflatoxin Mj in milk 
and nonfat dry milk, 913 

rapid HPLC determination of amitriptyline HC1 
in tablets and injectables: collaborative study, 
1196

rapid LC determination of aflatoxins in heavily 
contaminated corn, 1458

rapid method for extraction and reverse phase LC 
determination of paraquat residues in water, 663 

reverse phase HPLC and fluorescence detection of 
ethoxyquin in milk, 1143
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reverse phase HPLC determination of vitamin Ki 
in infant formulas, 1063

reverse phase LC determination of sulfathiazole 
residues in honey, 4 

reverse phase radial compression HPLC 
determination of rotenone in formulations, 793 

separation and identification of phencyclidine 
and some of its analogs, 1186 

simultaneous determination of folpet, piperonyl 
butoxide, and pyrethrins in aerosol 
formulations by HPLC, 789 

Liquid chromatography-mass spectrometry 
comparison of GC-MS and LC-MS methods for 

confirmation of coumaphos and its oxygen 
analog in eggs and milk, 1358 

Liquid scintillation counting 
determination of authenticity of sake by carbon 

isotope ratio analysis, 1405 
Long-range planning committee 

report, 472

Magnesium
automated determination of crude protein, 

phosphorus, calcium, iron, and magnesium in 
feeds by using stopped-flow analyzer, 188 

determination of Mg, Fe, and Zn in fertilizers by 
flame AAS and by inductively coupled plasma 
emission spectroscopy: comparison of methods, 
766

Maleic hydrazide
GC determination of maleic hydrazide residues in 

potato tubers, 1327 
Malic acid

evaluation of apple juice authenticity by organic 
acid analysis, 1517 

Malondialdehyde
HPLC determination of malondialdehyde in 

vegetable oils, 304 
Maneb

determination of xanthates, dithiocarbamates, and 
some fungicides by titration with 
electrogenerated iodine in anhydrous 
acetonitrile, 646 

Mass spectrometry
See also Gas chromatography-mass spectrometry 
13C /12C ratios of citrus honeys and nectars and 

their regulatory implications, 1 
LC determination and MS confirmation of 

chloramphenicol residues in animal tissues,
1521

rapid detection of Fusarium mycotoxins in grains 
by quadrupole MS-MS, 1470 

selected ion MS identification of chlorophenol 
residues in human urine, 13 

Meat and meat products
See also Biological samples; Drug residues in 

animal tissues 
Changes in Methods, 530 
Committee C report, 417 
referee report, 351

comparative analysis of meat samples prepared 
with food chopper and bowl cutter, 759 

determination of Pb in bonemeal by differential 
pulse ASV using HC1 solubilization, 985 

ion-pair HPLC determination of inosinic acid in 
meat, 632

Mojonnier method as reference for IR 
determination of fat in meat products, 1048 

titrimetric determination of Ca in mechanically 
separated poultry and beef: collaborative study, 
989

Mefenamic add
ion-pair partition chromatography of mefenamic 

acid with tetraalkylammonium cations: 
development of analytical method from 
extraction data, 1178 

Mercury
AAS determination of mercury in mercury- 

containing drugs: collaborative study, 1203 
electron capture GLC determination of methyl 

mercury in fish and shellfish: collaborative 
study, 1121

GLC screening method for determination of 
methyl mercury in tuna and swordfish, 128 

improved apparatus for rapid mercury 
determination by cold vapor AAS, 1117 

mixed acid solubilization procedure for 
determination of total mercury in food samples, 
1421

modification of Klein's wet ashing procedure for 
determination of mercury, 317 

Metals and other elements 
Changes in Methods, 531 
Committee E report, 425 
referee report, 381
AAS determination of mercury in mercury- 

containing drugs: collaborative study, 1203 
AAS determination of serum copper: collaborative 

study, 1140
critical re-appraisal of fluorometric method for 

determination of selenium in biological 
materials, 918

determination of Cu, Ni, and Cr in foods, 620 
determination of Mg, Fe, and Zn in fertilizers by 

flame AAS and by inductively coupled plasma 
emission spectroscopy: comparison of methods, 
766

direct determination of lead in evaporated milk 
and apple juice by ASV: collaborative study, 
1414

electron capture GLC determination of methyl 
mercury in fish and shellfish: collaborative 
study, 1121

electrothermal AAS determination of Cr in plant 
tissues, 850

electrothermal AAS determination of Se in foods 
and diets, 1129

GLC screening method for determination of 
methyl mercury in tuna and swordfish, 128 

hot leaching of ceramic and enameled cookware: 
collaborative study, 610
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improved apparatus for rapid mercury 
determination by cold vapor AAS, 1117 

mixed acid solubilization procedure for 
determination of total mercury in food samples, 
1421

modification of Klein's wet ashing procedure for 
determination of mercury, 317 

optimum conditions for hydride generation of 
selenium and its determination by AAS, 130 

rapid direct determination of lead in evaporated 
milk by ASV without sample pretreatment, 1409 

release of Pb and Cd: comparison of 2 hot leach 
methods with a room temperature method, 
using specially glazed ceramic ware, 1112 

Method performance
detection and determination of error in analytical 

methodology, part I. in the method verification 
program, 1257

detection and determination of error in analytical 
methodology, part II. correction for corrigible 
systematic error in the course of real sample 
analysis, 1283

today's chemical realities, 1295
2-(2-Methyl-4-chlorophenoxy)propionic acid

LC of liquid formulations containing 2,4-D, 
dicamba, and 2-(2-methyl-4-chlorophenoxy)- 
propionic acid as their salts, 1220 

Methyldopa
LC determination of methyldopa and 

methyldopa-thiazide combinations in dosage 
forms, 1436

Microbial mutagenicity testing
Changes in Methods, no changes 
Committee G report, 437 

Microbiological methods
Changes in Methods, 545 
Committee F report, 434 
referee report, 396
comparison of iron milk and official AO AC 

methods for enumeration of Clostridium  
p erfrin gen s  from fresh seafoods, 1175 

determination of penicillin G, ampicillin, and 
cephapirin residues in tissues, 176 

direct testing of gelatin hydrolysis in rapid 
perfringens medium, 1045 

effect of citric acid on inhibition of 
chlortetracycline activity by Mg ions, 594 

enumeration of coliforms in nonfat dry milk and 
canned custard by hydrophobic grid membrane 
filter method: collaborative study, 897 

freeze-dried mixed cultures as samples for 
proficiency tests and collaborative studies in 
food microbiology, 1510

microbial assay systems for determining antibiotic 
residues in soils, 640

microbiological assay for antibiotics in surface 
waters, 635

microbiological determination of lincomycin in 
feeds and supplements containing high 
concentrations of bentonite, 597

radiometric microbiological assay of vitamin Be: 
assay simplification and sensitivity study, 58 

survey of infant foods for Clostridium  botulinum  
spores, 1302

turbidimetric assay of penicillin in feeds: addition 
of magnesium sulfate to eliminate 
chlortetracycline interference, 184 

Microchemical methods 
Changes in Methods, no changes 
Committee C report, 418 
referee report, 354 

Milk
See also Dairy products 
high resolution GC analysis of nonpolar 

chlorinated hydrocarbons in human milk, 248 
HPLC determination of Bifidobacterium bifidum  

growth factors in human milk, 135 
Mojonnier method

Mojonnier method as reference for IR 
determination of fat in meat products, 1048 

Molds
See Analytical mycology of foods and drugs 

Monensin
HPLC determination of monensin in feed 

premixes, 284
identification and semiquantitation of monensin 

sodium in animal feeds by thin layer 
bioautographv, 1506 

Monitoring data
pesticide residue levels in foods in the United 

States from July 1, 1969, to June 30, 1976: 
summary, 1534 

Monosodium glutamate 
improved cleanup and derivatization for GC 

determination of monosodium glutamate in 
foods, 1528

Multiresidue methods
applicability of a carbamate insecticide 

multiresidue method for determining additional 
types of pesticides in fruits and vegetables, 234 

Musks
nitro musk fragrances as potential contaminants 

in pesticide residue analysis, 241 
Mycotoxins 

See also Aflatoxins 
Changes in Methods, 534 
Committee C report, 418 
referee report, 355
analysis for Fusarium  toxins in various samples 

implicated in biological warfare in Southeast 
Asia, 1485

capillary GLC determination of vomitoxin in 
cereal grains, (Corr.), 821 

enzyme-linked immunosorbent assay of 
ochratoxin A in barley, 1481 

GC determination of deoxynivalenol in wheat, 
1478

GLC determination "of T-2 toxin in plasma, 909 
HPLC determination of an O-methyl,methyl ester 

derivative of ochratoxin A, 570
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HPLC determination of xanthomegnin in grains 
and animal feeds, 587

HPLC determination of zearalenone in chicken 
tissues, 102

International Mycotoxin Check Sample Program, 
part 3. report on performance of participating 
laboratories for determining ochratoxin A in 
animal feed, 256 

joint committee report, 474 
rapid detection of Fusarium mycotoxins in grains 

by quadrupole MS-MS, 1470 
rapid TLC determination of patulin, citrinin, and 

aflatoxin in apples and pears, and their juices 
and jams, 85

rapid TLC determination of zearalenone in corn, 
sorghum, and wheat, 565 

simultaneous detection of some fusariotoxins by 
GLC, 577

survey of vomitoxin contamination of 1980 
Ontario white winter wheat crop: results of 
survey and feeding trials, 92 

5-year study of mycotoxins in Virginia wheat and 
dent co rn ,1466

Narcotics
See Drugs, illicit

New publications, 212, 325, 822,1312,1539  
Niacin

evaluation of urea-acid system as medium of 
extraction for the B-group vitamins, part 2. 
simplified semi-automated chemical analysis for 
niacin and niacinamide in cereal products, 291 

Nickel
determination of Cu, Ni, and Cr in foods, 620 

Nifluridide
automated extraction technique for determination 

of experimental insecticide nifluridide and its 
cyclized product in water by HPLC, 111 

Nitrites
GLC determination of trace amounts of nitrite in 

egg, egg white, and egg yolk, 260 
Nitrofurazone

HPLC determination of nitrofurazone and 
furazolidone in chicken and pork tissues, 874 

Nitrogen
HPLC determination of nitrogen derived from 

urea and water-soluble methylene ureas in urea 
formaldehyde fertilizers: collaborative study, 
769

simultaneous determination of protein (nitrogen), 
phosphorus, and calcium in animal feedstuffs 
by multichannel flow-injection analysis, 718 

Nitrosamines
GLC and nitrogen-phosphorus detection of N- 

nitroso-di-w-propylamine in trifluralin 
products, 1209

survey of baby bottle rubber nipples for volatile 
N-nitrosamines, 1500

Nonalcoholic beverages
Changes in Methods, no changes 
Committee D report, 421 
referee report, 372
acid methanolysis and GC determination of 

brominated vegetable oils in soft drinks, 1385 
HPLC determination of caffeine in decaffeinated 

coffee, tea, and beverage products, 606, (Corr.), 
1311

Nutrients
See Vitamins and other nutrients 

Nutrition
HPLC determination of Bifidobacterium bifidum 

growth factors in human milk, 135 
Nuts and nut products

Changes in Methods, no changes 
Committee C report, 418 
coupled-column system for quantitating low 

levels of aflatoxins, 905
dilution errors in aflatoxin determinations caused 

by compounds extracted from peanuts, 1059

Ochratoxin
enzyme-linked immunosorbent assay of 

ochratoxin A in barley, 1481 
HPLC determination of an O-methyl,methyl ester 

derivative of ochratoxin A, 570 
International Mycotoxin Check Sample Program, 

part 3. report on performance of participating 
laboratories for determining ochratoxin A in 
animal feed, 256 

Officers 
1983, 478

Official methods board
annual report, 407 

Official methods committees
1983, 483
annual reports, 408 

O fficial M ethods o f  Analysis
errata and emendations, 549 

Oils and fats 
Changes in Methods, 526 
Committee C report, 419 
referee report, 363
acid methanolysis and GC determination of 

brominated vegetable oils in soft drinks, 1385 
determination of styrene migration from food- 

contact polymers into margarine, using 
azeotropic distillation and headspace GC, 1067 

HPLC determination of 7 antioxidants in oil and 
lard: collaborative study, 727 

HPLC determination of malondialdehyde in 
vegetable oils, 304

improved lipoxygenase method for measuring 
cis,ds-methylene interrupted polyunsaturated 
fatty acids in fats and oils, 81 

interlaboratory calibration results of PCB analyses 
in herring, 22
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Organochlorine pesticides
See Pesticide formulations: halogenated and other 

insecticides, synergists, and insect repellants; 
Pesticide residues: organochlorine pesticides 

Organophosphorus pesticides
See Pesticide formulations: organophosphate 

insecticides; Pesticide formulations: 
organothiophosphate pesticides; Pesticide 
residues: organophosphorus pesticides 

Oxazepam
HPLC determination of oxazepam dosage forms: 

collaborative study, 864

Paraquat
rapid method for extraction and reverse phase LC 

determination of paraquat residues in water, 663 
Parathion

colorimetric method for field-screening above
tolerance parathion residues on and in citrus 
fruits, 108 

Patulin
rapid TLC determination of patulin, citrinin, and 

aflatoxin in apples and pears, and their juices 
and jams, 85 

PCBs
See Polychlorinated biphenyls 

Penicillins
determination of penicillin G, ampicillin, and 

cephapirin residues in tissues, 176 
turbidimetric assay of penicillin in feeds: addition 

of magnesium sulfate to eliminate 
chlortetracycline interference, 184 

Pesticide formulations: carbamate and substituted 
urea insecticides 
Changes in Methods, no changes 
Committee A report, 410 
referee report, 330

Pesticide formulations: fungicides and 
disinfectants
Changes in Methods, 518 
Committee A report, 410 
referee report, 331
simultaneous determination of folpet, piperonyl 

butoxide, and pyrethrins in aerosol 
formulations by HPLC, 789 

Pesticide formulations: general methods 
Changes in Methods, no changes 
Committee A report, 410 

Pesticide formulations: halogenated and other 
insecticides, synergists, and insect repellants 
Changes in Methods, 518,519, 520, 521 
Committee A report, 410, 412 
referee report, 332
GLC determination of endosulfan technical and 

formulations: collaborative study, 999 
HPLC analysis of diflubenzuron and its 

formulations: collaborative study, 312 
HPLC analysis of rotenone formulations: 

collaborative study, 796 
reverse phase radial compression HPLC 

determination of rotenone in formulations, 793

simultaneous determination of folpet, piperonyl 
butoxide, and pyrethrins in aerosol 
formulations by HPLC, 789 

Pesticide formulations: herbicides I
Changes in Methods, no changes 
Committee A report, 410 
referee report, 333
HPLC determination of impurity phenols in 

technical 2,4-D add and 2,4-dichlorophenol, 804 
LC of liquid formulations containing 2,4-D, 

dicamba, and 2-(2-methyl-4-chlorophenoxy)- 
propionic acid as their salts, 1220 

Pesticide formulations: herbicides II 
Changes in Methods, no changes 
Committee A report, 411 
referee report, 333
GLC and nitrogen-phosphorus detection of N- 

nitroso-di-n-propylamine in trifluralin 
products, 1209

Pesticide formulations: herbicides III
Changes in Methods, 518, 522 
Committee A report, 411 
referee report, 334
HPLC determination of diclofop-methyl, 1207 
LC assay for dalapon grasskiller products: 

collaborative study, 1390 
LC determination of glyphosate technical and its 

formulation: collaborative study, 1214 
Pesticide formulations: inorganic pesticides 

Changes in Methods, no changes 
Committee A report, 411 

Pesticide formulations: organothiophosphate 
pesticides
Changes in Methods, 523 
Committee A report, 411 
referee report, 335
HPLC determination of fensulfothion: 

collaborative study, 801
Pesticide formulations: other organophosphate 

insecticides
Changes in Methods, no changes 
Committee A report, 412 
referee report, 333

Pesticide formulations: rodenticides and 
miscellaneous pesticides
Changes in Methods, 518 
Committee A report, 412 
referee report, 333
HPLC determination of brodifacoum in 

formulations: collaborative study, 993 
Pesticide residues

applicability of a carbamate insecticide 
multiresidue method for determining additional 
types of pesticides in fruits and vegetables, 234 

applicability of a multiresidue method and HPLC 
for determining quinomethionate in apples and 
oranges, 1018

automated extraction technique for determination 
of experimental insecticide nifluridide and its 
cyclized product in water by HPLC, 111
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interlaboratory study of the Hall 700A halogen 
electrolytic conductivity GC detector, 1335 

multiresidue method for determination of 
pesticides in kiwifruit, apples, and berryfruits, 
1003

nitro musk fragrances as potential contaminants 
in pesticide residue analysis, 241 

pesticide residue levels in foods in the United 
States from July 1, 1969, to June 30, 1976: 
summary, 1534

retention time data for organochlorine, 
organophosphorus, and organonitrogen 
pesticides on SE-30 capillary column and 
application of capillary GC to pesticide residue 
analysis, 1084

Pesticide residues: carbamate pesticides, fumigants, 
and miscellaneous
Changes in Methods, no changes 
Committee E report, 423 
referee report, 378
colorimetric determination of propoxur and its 

residues in vegetables, 105 
determination of 2 -chloroethanol in honey, 

beeswax, and pollen, 659
determination of xanthates, dithiocarbamates, and 

some fungicides by titration with 
electrogenerated iodine in anhydrous 
acetonitrile, 646

GC determination of fumigant residues in stored 
grains, using isooctane partitioning and dual 
column packings, 228

Pesticide residues: fungicides, herbicides, and 
plant growth regulators
Changes in Methods, no changes 
Committee E report, 424 
referee report, 379
determination of trifluralin, diallate, triallate, 

atrazine, barban, diclofop-methyl, and 
benzoylprop-ethyl in natural waters at ppt 
levels, 651

determination of xanthates, dithiocarbamates, and 
some fungicides by titration with 
electrogenerated iodine in anhydrous 
acetonitrile, 646

GC determination of mixtures of captan, folpet, 
and captafol, 1365

GC determination of trifluralin, diallate, triallate, 
atrazine, barban, diclofop-methyl, and 
benzoylprop-ethyl in sediments at ppb levels, 
1322

ion-pair reverse phase LC determination of 
sodium acifluorfen in feed, 1319 

rapid method for extraction and reverse phase LC 
determination of paraquat residues in water, 663

Pesticide residues: multiresidue methods 
(interlaboratory studies)
Changes in Methods, no changes 
Committee E report, 427 
referee report, 383

Pesticide residues: organochlorine pesticides
Changes in Methods, 534 
Committee E report, 428 
referee report, 385
analysis of pesticide residues by chemical 

derivatization. VI. analysis of 10 acid herbicides 
in sediment, 1023

analysis of pesticide residues by chemical 
derivatization. VII. chromatographic properties 
of pentafluorobenzyl ether derivatives of 32 
phenols, 1029

GLC determination of PCBs and a selected number 
of chlorinated hydrocarbons in serum, 32 

GLC screening method for 6 synthetic pyrethroid 
insecticides, 1013

high resolution GC analysis of nonpolar 
chlorinated hydrocarbons in human milk, 248 

novel method for estimation of chlorinated 
pesticide residues in milk, 1315 

rapid screening procedure for pesticides and PCBs 
in fish: collaborative study, 969 

simple, sensitive technique for detection and 
separation of halogenated synthetic pyrethroids 
by TLC, 1009

Pesticide residues: organonitrogen pesticides
GC determination of maleic hydrazide residues in 

potato tubers, 1327
Pesticide residues: organophosphorus pesticides

Changes in Methods, no changes 
Committee E report, 429 
referee report, 387
colorimetric method for field-screening above

tolerance parathion residues on and in citrus 
fruits, 108

comparison of GC-MS and LC-MS methods for 
confirmation of coumaphos and its oxygen 
analog in eggs and milk, 1358 

determination of coumaphos and its oxygen 
analog in eggs and milk by using a multiresidue 
method with LC quantitation and capillary 
GC-MS confirmation, 1353 

Pet foods
analysis of fat-soluble vitamins. XXVIII. HPLC 

determination of vitamin D in pet foods and 
feeds: collaborative study, 751 

ion-pair reverse phase LC determination of 
sodium acifluorfen in feed, 1319 

Phencyclidine
separation and identification of phencyclidine 

and some of its analogs, 1186 
Phenols

analysis of pesticide residues by chemical 
derivatization. VII. chromatographic properties 
of pentafluorobenzyl ether derivatives of 32 
phenols, 1029

evaluation of Nielsen-Kryger steam distillation 
technique for recovery of phenols from soil,
1330

GLC determination of volatile phenols in matured 
distilled alcoholic beverages, 62
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HPLC determination of nonvolatile phenolic 
compounds in matured distilled alcoholic 
beverages, 71 

Pheophytin
derivation of fluorometric chlorophyll and 

pheophytin equations, 592 
Phosphorus

automated determination of crude protein, 
phosphorus, calcium, iron, and magnesium in 
feeds by using stopped-flow analyzer, 188 

simultaneous determination of protein (nitrogen), 
phosphorus, and calcium in animal feedstuffs 
by multichannel flow-injection analysis, 718 

Pindolol
spectrofluorometric determination of pindolol 

and its dosage form, 273 
Piperonyl butoxide

simultaneous determination of folpet, piperonyl 
butoxide, and pyrethrins in aerosol 
formulations by HPLC, 789 

Plant growth regulators
See Pesticide residues: fungicides, herbicides, and 

plant growth regulators 
Plants

Changes in Methods, no changes 
Committee A report, 413 
analysis for Fusarium toxins in various samples 

implicated in biological warfare in Southeast 
Asia, 1485

derivation of fluorometric chlorophyll and 
pheophytin equations, 592 

electrothermal AAS determination of Cr in plant 
tissues, 850 

Plant toxins
Changes in Methods, no changes 
Committee C report, 419 
referee report, 365
analytical methodology for determining 

glucosinolate composition and content, 825 
simple colorimetric method for determination of 

episulfides, using 4-(p-nitrobenzyl)-pyridine, 
309

Plasma emission spectroscopy
argon plasma emission spectrometry of uranium 

in phosphatic materials, 949 
determination of Mg, Fe, and Zn in fertilizers by 

flame AAS and by inductively coupled plasma 
emission spectroscopy: comparison of methods, 
766

Polarography
determination of Cu, Ni, and Cr in foods, 620 
DPP determination of iodine in foods and 

nutritional products, 1380 
Polychlorinated biphenyls

assessment of methods to determine PCB levels in 
blood serum: interlaboratory study, 40 

capillary GC-MS determination of individual 
chlorobiphenyls in technical Aroclors, 708 

evaluation of potential analytical approach for 
determination of PCBs in serum: interlaboratory 
study, 956

GLC determination of PCBs and a selected number 
of chlorinated hydrocarbons in serum, 32 

high resolution GC analysis of nonpolar 
chlorinated hydrocarbons in human milk, 248 

interlaboratory calibration results of PCB analyses 
in herring, 22

rapid screening procedure for pesticides and PCBs 
in fish: collaborative study, 969 

Potassium
flame photometric determination of K2O in 

fertilizers: collaborative study, 1242, (Corr.),
1538

Potentiometric methods
comparison between potentiometric titration and 

enzyme-catalyzed determination of hydrogen 
peroxide, 199 

Prednisone
HPLC assay for prednisone in bulk drug 

substances and tablets, 264 
Preservatives and artificial sweeteners

Changes in Methods, no changes 
Committee D report, 421 
referee report, 372
GLC determination of benzoic acid and sorbic acid 

in foods: NMKL collaborative study, 775 
GLC determination of dehydroacetic acid in 

squash and wine, 893
rapid extraction and GLC determination of 

benzoic and sorbic acids in beverages, 209 
Primaquine

simultaneous spectrophotometric determination 
of amodiaquine-primaquine mixtures in dosage 
forms, 1433 

Proof
alcohol proof determination from absolute specific 

gravity (20°C/20°C) using oscillating U-tube 
digital density meter with programmable 
calculator, 1400

density meter determination of proof of ethanol- 
water solutions: a comment, 1527 

proof determination of liqueurs and alcoholic 
dairy products: collaborative study, 1148 

Propoxur
colorimetric determination of propoxur and its 

residues in vegetables, 105 
Protein

automated determination of crude protein, 
phosphorus, calcium, iron, and magnesium in 
feeds by using stopped-flow analyzer, 188 

simultaneous determination of protein (nitrogen), 
phosphorus, and calcium in animal feedstuffs 
by multichannel flow-injection analysis, 718 

Protein nitrogen units
protein nitrogen unit precipitation procedure for 

allergenic extracts: collaborative study, (Corr.), 
1538

Protein quality
sources of variance in the bioassay of protein 

value, 46
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Pyrantel tartrate
HPLC determination of carbadox and pyrantel 

tartrate in swine feed and supplements, 602 
Pyrethrins

simultaneous determination of folpet, piperonyl 
butoxide, and pyrethrins in aerosol 
formulations by HPLC, 789 

Pyrethroids
GLC screening method for 6 synthetic pyrethroid 

insecticides, 1013
simple, sensitive technique for detection and 

separation of halogenated synthetic pyrethroids 
byTLC, 1009 

Pyridoxine HC1
simple colorimetric method for determination of 

pyridoxine HC1 (vitamin Bi) in pharmaceuticals, 
158

Quality assurance
freeze-dried mixed cultures as samples for 

proficiency tests and collaborative studies in 
food microbiology, 1510 

Quinomethionate
applicability of a multiresidue method and HPLC 

for determining quinomethionate in apples and 
oranges, 1018

Radioactivity
Changes in Methods, 548 
Committee E report, 430 
referee report, 391
radiometric microbiological assay of vitamin Bi: 

assay simplification and sensitivity study, 58 
Rauw olfia serpentina

identification and estimation of the alkaloids of 
Rauwolfia serpentina by HPLC and TLC, 867 

Referees
2983,483

Reference materials and standard solutions
Changes in Methods, no changes 
Committee A report, 413 
referee report, 335 

Reference tables
Changes in Methods, no changes 

Retinyl palmitate
isomerization of retinyl palmitate using 

conventional lipid extraction solvents, 746 
Reviewers

of journal manuscripts, 321 
Review papers

analytical methodology for determining 
glucosinolate composition and content, 825 

Rodenticides
See Pesticide formulations: rodenticides and 

miscellaneous pesticides 
Rotenone

HPLC analysis of rotenone formulations: 
collaborative study, 796 

reverse phase radial compression HPLC 
determination of rotenone in formulations, 793

Rubber products
survey of baby bottle rubber nipples for volatile 

N-nitrosamines, 1500

Safety
Changes in Methods, no changes 
committee report, 474 

Sample handling
effects of grinding and storage for 1 month on 

retention of vitamin A in premixes and mineral 
supplements, 1306 

Sample preparation
comparative analysis of meat samples prepared 

with food chopper and bowl cutter, 759 
interlaboratory study on determination of 2 ,3,7,8- 

tetrachlorodibenzo-p-dioxin in fish, 700 
mixed acid solubilization procedure for 

determination of total mercury in food samples, 
1421

procedure for cooking seafood products, 813 
treatment of freshly harvested 1980 Georgia Dent 

corn samples collected for aflatoxin analysis, 204 
Sampling

problems in collection of representative samples 
for determination of tributoxyethyl phosphate 
in potable water, 202 

Seafoods
See Fish and other marine products 

Seafood toxins
Changes in Methods, no changes 
Committee C report, 419 
referee report, 366
HPLC determination of toxins associated with 

paralytic shellfish poisoning, 297 
Sediment

analysis of pesticide residues by chemical 
derivatization. VI. analysis of 10 acid herbicides 
in sediment, 1023

extraction and cleanup procedures for 
determination of diarylphosphates in fish, 
sediment, and water samples, 684 

GC determination of trifluralin, diallate, triallate, 
atrazine, barban, diclofop-methyl, and 
benzoylprop-ethyl in sediments at ppb levels, 
1322 

Selenium
critical re-appraisal of fluorometric method for 

determination of selenium in biological 
materials, 918

electrothermal AAS determination of Se in foods 
and diets, 1129

optimum conditions for hydride generation of 
selenium and its determination by AAS, 130 

Seminal fluid
presumptive screening test for seminal acid 

phosphatase using sodium thymolphthalein 
monophosphate, 207
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Serotonin
improved method for determination and 

identification of serotonin in foods, 115 
Shellfish

See also Fish and other marine products 
HPLC determination of toxins associated with 

paralytic shellfish poisoning, 297 
identification of frozen, cooked shellfish species 

by agarose isoelectric focusing, 118 
Sodium

comparison of AOAC and AAS methods for 
determining sodium in fertilizers: collaborative 
study, 1234 

Sodium salicylate
first-derivative spectroscopic determination of 

acetaminophen and sodium salicylate in tablets, 
1450

Soft drinks
See Nonalcoholic beverages 

Soil
analysis for Vusarium toxins in various samples 

implicated in biological warfare in Southeast 
Asia, 1485

evaluation of Nielsen-Kryger steam distillation 
technique for recovery of phenols from soil, 
1330

microbial assay systems for determining antibiotic 
residues in soils, 640 

Soil amendments
AAS analysis of A1 sulfate-type soil acidifiers: 

mini-collaborative study, 946 
Sorbic acid

GLC determination of benzoic acid and sorbic acid 
in foods: NMKL collaborative study, 775 

rapid extraction and GLC determination of 
benzoic and sorbic acids in beverages, 209 

Species identification
fish species identification by agarose gel 

isoelectric focusing: collaborative study, 123 
identification of frozen, cooked shellfish species 

by agarose isoelectric focusing, 118 
identification of Pacific rockfish (Sebastes) species 

by isoelectric focusing, 974 
identification of trout and salmon bloods by 

simple immunological technique and by 
electrofocusing patterns of red cell enzyme 
superoxide dismutase, 1164 

Spectrofluorometry
critical re-appraisal of fluorometric method for 

determination of selenium in biological 
materials, 918

derivation of fluorometric chlorophyll and 
pheophytin equations, 592 

evaluation of fluorometric determination-TLC 
identification of aminacrine HC1 in drug 
preparations, 145

improved method for determination and 
identification of serotonin in foods, 115 

spectrofluorometric determination of pindolol 
and its dosage form, 273

Spectrophotometry
automated analysis of flour extracts for uric acid 

and its correlation with degree of insect 
defilement, 625

colorimetric determination of propoxur and its 
residues in vegetables, 105 

colorimetric method for field-screening above
tolerance parathion residues on and in citrus 
fruits, 108

evaluation of urea-acid system as medium of 
extraction for the B-group vitamins, part 2. 
simplified semi-automated chemical analysis for 
niacin and niacinamide in cereal products, 291 

rapid colorimetric assay of trimethoprim and 
sulfamethoxazole in pharmaceuticals, 1447 

role of anthranilic acid in background levels of 
sulfonamide in porcine livers when determined 
by the Tishler method, 1226 

simple colorimetric method for determination of 
episulfides, using 4-(p-nitrobenzyl)-pyridine, 
309

simple colorimetric method for determination of 
pyridoxine HC1 (vitamin Bi) in pharmaceuticals, 
158

simultaneous determination of protein (nitrogen), 
phosphorus, and calcium in animal feedstuffs 
by multichannel flow-injection analysis, 718 

simultaneous spectrophotometric determination 
of amodiaqume-primaquine mixtures in dosage 
forms, 1433

spectrophotometric determination of aminacrine 
HC1 in creams, jellies, and suppositories, 140 

Spectroscopic methods
Changes in Methods, no changes 

Spices and other condiments 
Changes in Methods, no changes 
Committee D report, 421 
referee report, 374
reliability of analyses for indigenous insect 

fragments in ground paprika, 79 
Standard solutions

See Reference materials and standard solutions 
Standing committees

1983, 479
Statistical techniques

detection and determination of error in analytical 
methodology, part I. in the method verification 
program, 1257

detection and determination of error in analytical 
methodology, part II. correction for corrigible 
systematic error in the course of real sample 
analysis, 1283

discussion of statistical methods for determining 
purity of citrus juice, 781 

Statistics
committee report, 818 

Stopped-flow analysis
automated determination of crude protein, 

phosphorus, calcium, iron, and magnesium in 
feeds by using stopped-flow analyzer, 188



1576 SU BJEC T IN D EX: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 6, 1983)

Styrene
determination of styrene migration from food- 

contact polymers into margarine, using 
azeotropic distillation and headspace GC, 1067 

Sucrose
GLC determination of sucrose fatty acid esters, 

1050
Sugars and sugar products

Changes in Methods, 525, 530,536 
Committee D report, 421 
referee report, 375
13C /12C ratios of citrus honeys and nectars and 

their regulatory implications, 1 
determination of glucose, sucrose, lactose, and 

ethanol in foods and beverages, using 
immobilized enzyme electrodes, 981 

elimination of sodium chloride interference 
during HPLC determination of sugars, 197 

reverse phase LC determination of sulfathiazole 
residues in honey, 4

titratable acidity in com syrap: collaborative 
study, 1395 

Sulfonamides
HPLC determination of sulfisoxazole in dosage 

forms: collaborative study, 1182 
quantitative TLC multi-sulfonamide screening 

procedure, 881
quantitative TLC multi-sulfonamide screening 

procedure: collaborative study, 884 
rapid colorimetric assay of trimethoprim and 

sulfamethoxazole in pharmaceuticals, 1447 
rapid GLC method for determination of 

sulfathiazole in swine feed, 287 
reverse phase LC determination of sulfathiazole 

residues in honey, 4
role of anthranilic acid in background levels of 

sulfonamide in porcine livers when determined 
by the Tishler method, 1226 

Symposia and special programs 
committee report, 475

Tartrazine
HPLC determination of tartrazine in rice milk 

following ion-pair extraction with tri-N- 
octylamine, 670

Tea
See Coffee and tea 

Thiazides
LC determination of methyldopa and 

methyldopa-thiazide combinations in dosage 
forms, 1436

Thin layer chromatography
coupled-column system for quantitating low 

levels of aflatoxins, 905 
evaluation of fluorometric determination-TLC 

identification of aminacrine HC1 in drug 
preparations, 145

extraction and TLC of aflatoxin Bi in mixed feeds, 
582

HPLC determination of xanthomegnin in grains 
and animal feeds, 587

identification and estimation of the alkaloids of 
Rauwolfia serpentina by HPLC and TLC, 867 

identification and semiquantitation of monensin 
sodium in animal feeds by thin layer 
bioautography, 1506

quantitative TLC multi-sulfonamide screening 
procedure, 881

quantitative TLC multi-sulfonamide screening 
procedure: collaborative study, 884 

rapid TLC determination of patulin, citrinin, and 
aflatoxin in apples and pears, and their juices 
and jams, 85

rapid TLC determination of zearalenone in corn, 
sorghum, and wheat, 565 

simple, sensitive technique for detection and 
separation of halogenated synthetic pyrethroids 
by TLC, 1009

spectrophotometric determination of aminacrine 
HC1 in creams, jellies, and suppositories, 140 

Thiophosphate pesticides
See Pesticide formulations: organothiophosphate 

pesticides
Titrimetric methods

determination of xanthates, dithiocarbamates, and 
some fungicides by titration with 
electrogenerated iodine in anhydrous 
acetonitrile, 646

titratable acidity in corn syrup: collaborative 
study, 1395

titrimetric determination of Ca in mechanically 
separated poultry and beef: collaborative study, 
989 

Tobacco
Changes in Methods, no changes 
Committee A report, 413 
application of Tenax trapping to analysis of gas 

phase organic compounds in ultra-low tar 
cigarette smoke, 1074 

HPLC determination of selected gas phase 
carbonyls in tobacco smoke, 8 

Total Diet studies
pesticide residue levels in foods in the United 

States from July 1, 1969, to June 30, 1976: 
summary, 1534 

Toxicological tests
Changes in Methods, no changes 
Committee G report, 437 

Toxins
See Aflatoxins; Mycotoxins; Plant toxins; Seafood 

toxins
Transactions

1982, 407 
Treasurer

annual report, 443 
Tributyl phosphorotrithioate

GLC determination of S,S,S-tributyl 
phosphorotrithioate (DEF) in water and fish 
tissue, 673
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Trichothecenes
See Mycotoxins 

Trifluralin
GLC and nitrogen-phosphorus detection ofN - 

nitroso-di-n-propylamine in trifluralin 
products, 1209 

Trimethoprim
rapid colorimetric assay of trimethoprim and 

sulfamethoxazole in pharmaceuticals, 1447 
T-2 toxin

GLC determination of T-2 toxin in plasma, 909 
Turbidimetry

effect of citric acid on inhibition of 
Chlortetracycline activity by Mg ions, 594 

turbidimetric assay of penicillin in feeds: addition 
of magnesium sulfate to eliminate 
Chlortetracycline interference, 184

Ultraviolet spectroscopy
first-derivative spectroscopic determination of 

acetaminophen and sodium salicylate in tablets, 
1450

spectrophotometric determination of hydralazine 
HC1 tablets using ninhydrin, 1455 

Uranium
argon plasma emission spectrometry of uranium 

in phosphatic materials, 949 
Uric acid

automated analysis of flour extracts for uric acid 
and its correlation with degree of insect 
defilement, 625 

Urine
selected ion MS identification of chlorophenol 

residues in human urine, 13

Vegetable products: processed
Changes in Methods, no changes 
Committee C report, 419 
referee report, 366
effect of heat treatment on dietary fiber: 

interlaboratory study, 933 
GLC determination of dehydroacetic acid in 

squash and wine, 893 
portable micro method for quantitative 

determination of vitamin C in fruit and 
vegetable juices, 810 

Vegetables
applicability of a carbamate insecticide 

multiresidue method for determining additional 
types of pesticides in fruits and vegetables, 234 

colorimetric determination of propoxur and its 
residues in vegetables, 105 

GC determination of maleic hydrazide residues in 
potato tubers, 1327

GLC screening method for 6  synthetic pyrethroid 
insecticides, 1013

LC, microfluorometry, and dye-titration 
determination of vitamin C in fresh fruit and 
vegetables, 1377

Veterinary analytical toxicology
Changes in Methods, 531 
Committee G report, 437 
referee report, 403
AAS determination of serum copper: collaborative 

study, 1140
diagnosis of ethylene glycol (antifreeze) 

intoxication in dogs by determination of 
glycolic acid in serum and urine with HPLC and 
GC-MS, 276

Vitamins and other nutrients
Changes in Methods, 543 
Committee D report, 422 
referee report, 377
analysis of fat-soluble vitamins. XXVIII. HPLC 

determination of vitamin D in pet foods and 
feeds: collaborative study, 751 

chloroform-methanol extraction method for 
determination of fat in foods: collaborative 
study, 927

determination of Pb in bonemeal by differential 
pulse ASV using HC1 solubilization, 985 

DPP determination of iodine in foods and 
nutritional products, 1380 

effect of heat treatment on dietary fiber: 
interlaboratory study, 933 

effects of grinding and storage for 1 month on 
retention of vitamin A in premixes and mineral 
supplements, 1306

electrothermal AAS determination of Se in foods 
and diets, 1129

evaluation of urea-acid system as medium of 
extraction for the B-group vitamins, part 2. 
simplified semi-automated chemical analysis for 
niacin and niacinamide in cereal products, 291 

isomerization of retinyl palmitate using 
conventional lipid extraction solvents, 746 

LC, microfluorometry, and dye-titration 
determination of vitamin C in fresh fruit and 
vegetables, 1377

nonaqueous reverse phase LC determination of 
vitamin D2 in multivitamin tablets, using 
vitamin D3 as internal standard, 939 

portable micro method for quantitative 
determination of vitamin C in fruit and 
vegetable juices, 810

radiometric microbiological assay of vitamin B :̂ 
assay simplification and sensitivity study, 58 

reverse phase HPLC determination of vitamin K( 
in infant formulas, 1063 

semiautomated fluorometric method for 
determination of vitamin C in foods: 
collaborative study, 1371 

simple colorimetric method for determination of 
pyridoxine HC1 (vitamin Be) in pharmaceuticals, 
158

sources of variance in the bioassay of protein 
value, 46
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Vomitoxin
capillary GLC determination of vomitoxin in 

cereal grains, (Corr.), 821 
survey of vomitoxin contamination of 1980 

Ontario white winter wheat crop: results of 
survey and feeding trials, 92

Water
Changes in Methods, no changes 
Committee E report, 431 
referee report, 392
analysis for Fusarium toxins in various samples 

implicated in biological warfare in Southeast 
Asia, 1485

automated extraction technique for determination 
of experimental insecticide nifluridide and its 
cyclized product in water by HPLC, 111 

determination of trifluralin, diallate, triallate, 
atrazine, barban, diclofop-methyl, and 
benzoylprop-ethyl in natural waters at ppt 
levels, 651

extraction and cleanup procedures for 
determination of diarylphosphates in fish, 
sediment, and water samples, 684 

GLC determination of S,S,S-tributyl 
phosphorotrithioate (DEF) in water and fish 
tissue, 673

microbiological assay for antibiotics in surface 
waters, 635

problems in collection of representative samples 
for determination of tributoxyethyl phosphate 
in potable water, 202

rapid method for extraction and reverse phase LC 
determination of paraquat residues in water, 663 

survey of baby bottle rubber nipples for volatile 
N-nitrosamines, 1500 

Water activity
filament hygrometer for water activity 

measurement: interlaboratory evaluation, 1106

Ways and means
committee report, 476 

Wheat germ
rate nephelometric measurement of wheat germ 

in pasta products, 667

Xanthates
determination of xanthates, dithiocarbamates, and 
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