
ISSN 0004-5756

MAY 1983 
VOL. 66, NO. 3

ASSOCIATION OF
O FIC IA L 

ANALYTICAL 
CHEMISTS

V ** # o ** * * c * «

: JANCA2 66(3) 565-823 (1983)
; ; • ;  - ■ » > - - - . -
. . .  ; : : • •. •••

uni ni .................... .



M  C I A !  High Purity Solvent 
■ ̂  “  T W from BURDICK&JACKSON

Methyl t-Butyl Ether
9 H3

HX-0-C-CH-,

A safer alternative to ethyl and iso-propyl ethers*

4 for use in HPLC and GLC 
4 better results in peroxide sensitive separations 
4 safer and easier to use
Use Mt-BE fo r h ighly sensitive w ork where peroxide 
levels even lower than one ppm cause serious inter­
ference by reacting w ith the sample. Mt-BE is less 
likely than ethyl and iso-propyl ethers to form  dan­
gerous peroxides, and it requires no in terfering 
preservatives. Mt-BE is equivalent to those ethers in 
u ltrav io le t transparency (UV cu to ff 210 nm), and 
water content (less than 0.05%). It is less volatile 
(BP 55°C) and therefore less hazardous to  use than 
ethyl ether. Polarity and water so lub ility  o f Mt-BE are 
s im ilar to  that o f ethyl ether so that Mt-BE may be 
used fo r extractions or wherever ethyl ether is used.

3 Methyl t-Butyl Ether: A New Chromatographic Eluent 
C. J. Little, A. D. Dale, J. L. Whatley and J. A. Wickings, J. 
Chromatogr., 169, 381 (1979).

Call or write for detailed literature:

BURDICK & JACKSON LABORATORIES, INC.
1953 South Harvey Street, Muskegon,’ lytichigaja&4.S.A. 49442 (616) 726-3171
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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.

S

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 .  n o . 3 ,552,539  - 3 ,9 24 ,94s

Q Kim&DTI
Y o u  C a n 't:  B u y  B e t t e r  L a b o r a t o r y  P r o d u c t s /  

Vineland, NJ 08360 (609) 692-8500

Exclusive Distributors: K O N T E S  O F  I L L I N O I S ,  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 I F O R N I A ,  S a n  L e a n d r o ,  C a l i f o r n i a



Stability and steady growth mark a company 
as a leader. As we begin our 15th year of 
continued growth in products, services and 
staff, we invite your inquiries and visits. G ood  
Laboratory Practice is the rule not the exception 
at ABC Labs . . .  our record speaks .for itself.

Analytical Services
• Pesticide Residues
• Trace Metals (AA-ICAP)
• Soil Metabolism
• PCB’s in Transformer Oil
• Pharmaceuticals [Bioavailability,

Pharmacokinetics]
• Trace Organic Pollutants
• Water and Waste Water
• Methods Development
• Large Animal Studies [Meat, Milk and Eggs;

Residue and Metabolism]

Aquatic Toxicology
• EPA Accepted Protocols
• Static Acute Tests
• Flow-Through Acute Bioassays
• Embryo-Larval Tests
• Chronic Investigations
• Bioconcentration Studies
• Effluent Bioassays
• In-House Analytical Support

Instruments
• 1002A Automatic Gel Permeation

Chromatograph
• 450 Precision Laboratory

Calibrator
• 150 Filtration System (Asbestos

free) for Crude Fiber Analysis
• 500 Lighting Controller

Write or Call for More Information
. P.O. Box 1097 • 314/474-8579 
COLUMBIA, MISSOURI 65205

ANALYTICAL 
BIO CHEMISTRY 
LABORATORIES, INC.
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I rH C  trends in analytical chemistry
TrAC - Trends in Analytical 
Chemistry is a topical monthly 
which provides you with an easy- 
to-read interdisciplinary digest of 
current developments and new 
ideas in the analytical sciences.

TrAC's authors are leading scien­
tists, its articles practically oriented, 
its coverage international.

TrAC covers the broader issues 
which affect those who develop 
and use analytical methods, such as 
the impact of computers on the 
analytical laboratory and the 
implications of new governmental 
regulations.

TrAC comes from the publishers of 
the Journal of Chromatography 
and Analytica Chimica Acta.

Subscription Information (1983)
Personal edition: 12 issues - 
U.K. £22.00.
USA and Canada US$ 40.00 
Europe 105.00 Dutch guilders.
Rest of World 112.00 Dutch guilders.

Library edition: Vol. 2 
(12 issues + Compendium) - 
US $ 128,00/Dfl. 320.00 (UK, USA, 
Canada and Europe)
US $ 133.50/Dfl. 334.00 (Rest of World)

Prices include air delivery worldwide.

Send now for a free sample copy to

Elsevier Scientific Publishing Company
P.O. Box 330 
1000 AH Amsterdam 
The Netherlands

52 Vanderbilt Avenue 
New York, NY 10017 
US.A.

E ite-lnn Yushima IF
3-28-1 Yushima, Bunkyo-ku, 
Tokyo 113,Japan



Complete in one volume 
30-day approval guarantee 
Includes weekly update service

When you need a reliable source of regulatory 
information about ingredients, consult 
the FOOD CHEMICAL NEWS GUIDE |

‘•KA • ■ • *  - ' , ,  J ■ ■ . ' ■ . . ‘ ,  <!& - >. '  fe f- *y ■ •- h ^ «. %* ’*■ * h V v
the convenient, comprehensive and up-to-date reference to the current status of food 
and color additives under FDA regulations. ;

1. Direct and indirect food additives
2. Substances generally recognized as safe
3. Prior sanctioned substances
4. Additives proposed for clearance by petitions
5. Ingredients listed for use in meat and 

. . y poultry products by USDA
& Compounds included in m  recognized t>y 

BA IT for use in alcoholic beverages 
Z  Pesticide tolerances for processed foods 

. v and feeds' ■
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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 $355.*

□  Bill me. □  Check enclosed.

w

Name__________________________________ Title_________________________

Organization__________________________________________ _______________

Address________________________________ _____________________________

City______ ______________________________ State_____________________ Zip,

‘Postal charge additional for foreign subscriptions.

For more information, call our Circulation Manager at (202) 544-1980.



A newly updated compilation 
o f over300 methods 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 fo llow 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 systems 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 0-933584-23-4. Price—Members: $61.95 in
U.S., $64.95 outside US., Nonmembers: S68.50 in U.S., S71.50 outside U.S. 1982 Supplement can be purchased separately.
Price—Members: *15.40 in US., S 16.40 outside US., Nonmembers: $17.00 in US.. S18.00 outside U.S.

—  1884-1084
Order from AO AC, 1111 N. 19th St., Suite 210j, AOAC
Arlington, VA 22209 USA (U.S. funds only)



We are getting ready to celebrate-

O U R

CENTENNIAL
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m

years of methods 
development and 

validation serving you 
—the methods professional

The kickoff will be our Spring Workshop, April 30- 
May 2, 1984 in historic Philadelphia where plans 
are under way for a technical program and social 
events worthy of a centennial celebration.

During the year we’ll have special articles in 
the REFEREE

In the fall, our Annual International Meeting, 
October 29-November 2, 1984 will feature

^  Special symposia

An exhibit of laboratory equipment, photographs, 
and other memorabilia from the early days of AOAC

^ ^ T h e  AOAC-IUPAC joint Symposium on the Harmon­
ization of Collaborative Analytical Studies

^ P l u s  joint meetings with CIPAC and ISO

__________AND I __________
w e’re publishing a book on AO AC’s history
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M Y C O TO X IN S

Rapid Thin Layer Chromatographic Determination of Zearalenone in 
Corn, Sorghum, and Wheat

ALBERTO GIMENO
Laboratorios de Veterinaria Reveex de Portugal, Lda Av/Gomes Pereira 69-B, 1500 Lisboa, 
Portugal

A rapid method is described for determining zear­
alenone in corn, sorghum, and wheat. The myco- 
toxin is extracted with a mixture of acetonitrile and 
4% KC1 in HC1. The extract is cleaned up with iso­
octane, evaporated, and redissolved in chloroform. 
Zearalenone is separated by thin layer chromatog­
raphy; identity is confirmed with various developing 
solvents and spray reagents. Zearalenone is then 
quantitated by the limit detection method. The 
minimum detectable concentration is 140-160 /tg/kg 
when aluminum chloride solution is used as spray 
reagent, and 85-110 /ig/kg when Fast Violet B salt is 
used as spray reagent.

Zearalenone, or F-2 toxin, is an estrogenic me­
tabolite produced by Fusarium roseum and to a 
lesser extent by several other Fusarium species 
(1-5). Fusarium roseum can produce high quan­
tities of zearalenone (3000-15 000 ppm) (5). 
Fusarium moniliforme synthesizes low quantities 
of this mycotoxin (1-19 ppm) (5). Fusarium ro­
seum shows maximum growth at 24-27°C, and 
zearalenone is produced at 12-14°C (3). Nev­
ertheless, strains of Fusarium roseum 'Gibbosum' 
and Fusarium roseum 'Semitectum' were isolated 
from blighted sorghum grain that produced 
higher yields at 25°C than at 10°C when grown 
on autoclaved sorghum (6). Infection and 
zearalenone production in corn may occur in the 
field, but it is probably more important in stored 
corn when temperatures are 6-18°C and mois­
ture content is 23% or greater (7).

Zearalenone has been found in maize, corn 
screenings, wheat, sorghum, barley, oats, sesame 
seed, hay silage, and various mixed feeds at 
concentrations between 0.1 and 2909 ppm (1, 3, 
4, 8, 9,10). Eppley et al. (11) reported incidences 
of zearalenone in marketable corn at concentra­
tions between 0.1 and 0.5 ppm. The occurrence 
of zearalenone has been summarized by Stoloff
(12), who reported concentrations between 450

Received May 3,1982. Accepted August 16,1982.

and 800 pg/kg  in corn. Schroederand Hein (6) 
reported the isolation of zearalenone from 
freshly harvested grain sorghum, and Marasas 
et al. (13) found zearalenone in corn at concen­
trations from 2.4 to 12.8 ppm.

The estrogenic syndrome in swine, poultry, 
and dairy cattle is well documented (1, 9, 14), 
along with one case of zearalenone mycotoxicosis 
affecting horses (10). Good methods are avail­
able for determining zearalenone by TLC (15- 
25). However, none of these procedures is rapid 
(i.e., 15,16,23,25). Some methods (15-17,20,24, 
25) have good sensitivity for zearalenone (10-50 
p g/kg) when TLC is used, depending on the 
method and the product analyzed. When liquid 
chromatography is used, the sensitivity is better, 
5 fFg/kg (17) and 1 pg/k g  (24).

The following method is less sensitive than 
methods previously mentioned, but physiolog­
ically significant zearalenone concentrations are 
higher than the limits of detection (1, 4). Nor­
mally, concentrations between 1 and 5 ppm 
zearalenone are significant, based on responses 
obtained in test animals (1). The following is 
derived from the method we have used routinely 
for some years :n our laboratory (2 1 , 2 2 ) with a 
series of improvements (26, 27). If only zear­
alenone in corn, sorghum, and wheat is ana­
lyzed, it is possible to process 8 samples in 2.5-3 
h for qualitative analysis and an additional hour 
for quantitative analysis. The method has been 
tested for determining zearalenone in barley and 
oats with good results.

METHOD

Apparatus

(a) Shaker (wrist or rocker-type).—Bicasa 
K30/300 BE38 adaptable to 500 mL Erlenmeyer 
flask, or equivalent (Garberi Products, Barcelona, 
Spain).

(b) Glass flask.—Amber, pear-shape flask, 250
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mL (Afora No. 5922, Afora Products, Barcelona, 
Spain). One end narrows to 2 cm X 1 cm id. 
Narrow section is graduated as accurately as 
possible to ca 1.5 mL capacity with marked 0.1 
mL divisions. Other end of flask has 29/32 
ground-glass neck, adaptable to rotary evapora­
tor and glass stopper. Glass must be strong 
enough to withstand vacuum.

(c) Multiple evaporation system.—Buchi No. 
RSB/40-5-100, or equivalent adaptable to rotary 
evaporator and to pear-shape glass flask (Buchi 
Products, Switzerland).

(d) Membrane vacuum pump.—KNF N-035 ANE 
with Teflon valves and membrane, or equivalent 
(Garberi Products).

(e) TLC plate scriber.—Applied Science Labo­
ratories No. 17102, or equivalent.

(f) Hypodermic syringe.— 50 mL; needle should 
consist of 8-9 cm long Teflon tube, 1-2 mm id.

(g) Chromatographic separating chambers.— 
Desaga No. 120167, 210 X 88 X 210 mm, or 
equivalent.

(h) Ultraviolet lamp.—Camag standard 29200 
or 29230 with blue-violet filter (UG-5, Schott, 
Mainz, GFR) passing 366 and 254 nm UV light. 
Place TLC plates on black background 10 cm 
from lamp. Carry out observations in com­
pletely dark room. Protect eyes with yellow 
filter.

(i) Yellow filter.—GG-4 (Schott), or equiva­
lent.

(j) TLC plates.—20 X 20 cm glass, precoated 
with 0.25 mm Sii G-25HR (Macherey-Nagel and 
Co., Duren, West Germany, No. 809033). Use 
TLC plate scriber to divide plates into twenty 1 
cm strips. Activate plates by heating 30 min at 
110°C. Store in desiccating storage cabinet. Use 
plates at room temperature.

(k) Tube shaker.—Mixo-Tube 30, or equiva­
lent.

(l) Other apparatus.—As described in Refs 22,
27.

Reagents

(a) Aluminum chloride solution.—Dissolve 20 g 
reagent grade AlCls-óHUO in 100 mL ethanol.

(b) Fast Violet B salt solution.—Dissolve 0.7 g 
Fast Violet B salt SIGMA F 4377 or 1631 in 100 mL 
water. Store in refrigerator for maximum of 5 
days.

(c) Buffer solution.—pH 9.0. Mix 50 mL 
0.025M sodium borate and 4.6 mL 0.1M HC1.

(d) My cotoxin standard.— Zearalenone (Sigma 
Chemical Co. No. Z-5125). Store in well sealed, 
aluminum foil-wrapped containers at 4°C.

(e) Mycotoxin standard solution for qualitative

analysis (internal and external s tan d ard ).—Zear­
alenone, 65 pg/mL. Prepare with reagent grade 
CHCI3. Store solution in well sealed, aluminum 
foil-wrapped containers or in amber vials at 4°C. 
Solution should be room temperature when 
used. Check standard as in Ref. 15.

(f) M ycotoxin standard solution fo r  test sensitivity 
(detection lim it, g g ls p o t)  on TLC p la te .—Prepare 
fresh with reagent grade CHCI3: 5 pg zearale­
none/mL (test with AICI3 spray solution) and 2 
pg zearalenone/mL (test with Fast Violet B 
salt/pH 9.0 buffer/50% H2S 0 4 spray solu­
tions).

(g) D eveloping solvents fo r  TLC.—Prepare fresh 
with reagent grade as shown. (Caution: Chlo­
roform is a possible carcinogen.)

1. Toluene-ethyl acetate-CHCb (95 +  55 +  
50)

2. Toluene-ethyl acetate-CHCl3-90% formic 
acid (100 +  50 +  50 +  0.5) (26)

3. Toluene-CHCl3-acetone (30 +  150 +  20) (21,
22)

4. Toluene-CHCl3-acetone-90% formic acid (30 
+  150 +  20 +  0.5) (26)

5. Benzene-CHCl3-acetone (85 +  85 +  30)
6. Toluene-ethyl acetate-90% formic acid (100 

+  95 +  5) (27)
7. CHCla-acetone (176 +  24) (21, 22)
8. Benzene-acetic acid (180 +  20) (19)
9. Ethyl ether-hexane (120 +  80) or (110 +  90) 

(27)

Extraction and C leanup

Weigh 60 g sample, ground fine enough to 
pass 0.8-1 mm mesh sieve, and place in 500 mL 
amber Erlenmeyer flask with glass stopper. Add 
180 mL acetonitrile and 20 mL solution of 4% KC1 
in 0.1N HC1, stopper (secure stopper with 
masking tape), and shake vigorously 30 min. 
Filter extract through 9 cm MN 640w paper. 
Collect 60 mL filtrate and place in 150-200 mL 
amber separatory funnel (PTFE stopper and 
stopcock). Add 70 mL isooctane, stopper, and 
shake 20 s. Let separate into layers and remove 
top layer of isooctane with hypodermic syringe, 
taking care not to remove acetonitrile lower layer 
(it does not matter if a small amount of isooctane 
remains) (21, 22). Repeat previous operation 
twice with 60 mL isooctane each time, removing 
isooctane after each washing as mentioned 
above.

Filter lower layer of acetonitrile through 9 cm 
MN 640w paper filled with anhydrous sodium 
sulfate. Collect filtrate in pear-shape glass flask. 
Add 10 mL CHCI3 to separatory funnel, rinse, 
and filter rinse through same sodium sulfate and
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add to filtrate already collected. Wash anhy­
drous sodium sulfate with three 10 mL portions 
of CHCI3, adding filtrate to that already collected. 
Evaporate in rotary evaporator to 0.5 mL at BO­
S S ^  with vacuum (depression =  0.6-0.85 kg/sq. 
cm). Cool, and wash walls of glass flask with 
two 1 mL portions of CHCI3, carrying liquid to 
narrow graduated section. Evaporate to 0.1-0.2 
mL as done previously. (When vacuum is in­
terrupted, nitrogen gas must be added.) Cool, 
and add CHCI3 to 1 mL division of narrow 
graduated section. Stopper and shake on tube 
shaker. Final extract volume for TLC will be 1.0 
mL (1.0 mL CHCI3 solution =  18 g extracted 
sample). Transfer final extract to amber minivial 
with Teflon stopper. Stopper, and let stand 5-10 
min.

Thin Layer Chrom atography

Prepare 3 plates, A, B, and C. On imaginary 
line 4 cm from bottom, place two 10 pL spots of 
extract solution sample, at 1 cm intervals, in 
middle of strip (do not use strips at edges of 
plate). To one 10 pL spot, superimpose 5 pL 
standard solution of zearalenone (internal stan­
dard). On a clear strip, spot 5 pL  standard solu­
tion of zearalenone (external standard). Draw 
transverse line on TLC plates 11-12 cm from 
imaginary spotting line as solvent stop.

In TLC separating chamber, place ca 200 mL 
developing solvent, which should reach a height 
of ca 1.4-1.5 cm; cover and let stand 5 min. Then 
insert TLC plate in vertical position with silica 
gel surface 3-5 cm from front wall of developing 
chamber. Cover and develop in unsaturated 
chamber until solvent front reaches indicated 
height.

Develop plate A with developing solvent 1 or 
3, and confirm with plates B and C by developing 
with solvents 7 and 9, respectively. Remove 
plates from tanks and let plate A dry in dark 
hood. Force final drying if necessary with 
gentle current of nitrogen gas. Air-dry plates B 
and C 5-10 min only in dark hood (do not over- 
dry).

Observe plates under 366 and 254 nm UV 
light. Under 366 nm, zearalenone shows very 
faint blue spot. Under 254 nm, zearalenone 
shows bright blue spot (this is first confirmation 
(18, 19).

Spray plate A with aluminum chloride solu­
tion and observe under 366 and 254 nm UV light; 
zearalenone shows bright blue spot fluorescence, 
especially under 366 nm UV light. Heat 10 min 
at 105° C (28), cool, and spray again with alumi­
num chloride solution (not heated) (2 1 , 2 2 ) and

Table 1. Sensitivity (detection limit, ^g/spot) on TLC 
plate for zearalenone with pure standard solution and with 
standard toxin added to 10 pL extract of various products

Visualization 
(see text)

Soln
of

std, fig

Std
toxin added 

to 1 0  m L 
product, 3 

Mg

2 5 4 nm UV 0 .0 2 0.03
AICI3 /U V  366, 254  nm 0 .0 2 0 .0 2
Fast Violet B s a lt/

pH 9 .0  buffer/ 50%
H2SO4 (visible! 0 .008 0 .0 0 8 -0 .0 1

a Sample extract solution of the following products: com, 
sorghum, wheat.

observe under 366 and 254 nm UV light: zear­
alenone shows bright blue-violet fluorescence 
spot with improved visualization with respect to 
background after this second spraying (2 1 , 2 2 ).

Spray plates B and C with 0.7% solution of Fast 
Violet B salt (17) (spray evenly). Then spray 
with pH 9.0 buffer solution until silica gel layer 
appears wet. Dry in air current ca 5-10 min and 
observe under visible light; zearalenone =  pink 
spots. Then spray TLC plates with 50% H2SO4 
and heat 5 min at 120°C (17) and observe under 
visible light; zearalenone shows mauve spots.

Other developing solvents for zearalenone: 
Nos. 2, 4, 5, 6, 8. For aluminum chloride spray 
detection, developing solvents 1 to 9 are satis­
factory. For Fast Violet B salt spray detection, 
developing solvents 1 ,3 ,5 ,7 ,8,9  are satisfactory. 
Compare sample chromatogram patterns with 
those for internal standard and external standard 
(same R-t, and color identical to zearalenone).

Quantitative Analysis

Proceed to quantitative analysis where quali­
tative analysis is positive. Spot series of dilu­
tions from sample extraction solution to deter­
mine lowest dilution at which mycotoxin can still 
be detected. From lower limit of detecting 
standard (sensitivity on TLC plate, /zg/spot) and 
dilution factor, calculate quantity of mycotoxin 
(21, 22).

Applying same conditions used for qualitative 
analysis, relate volume of least spot for which 
mycotoxin can be verified with sensitivity on 
TLC plate for mycotoxin in question (see Table 
1 ) .

pg zearalenone/kg sample
=  (L X F X 106)/(fl X W)

where L =  sensitivity on TLC plate (see Table 1),

w t l 't p v t
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Table 2. Recovery (%) ‘  of zearalenone added to various products

Corn Sorghum Wheat

Added, p g / k g Added, p g / k g Added, p g / k g

200 350 500 750 1000 200 350 500 750 1000 200 350 500 750 1000

96 99 97 99 99 93 95 95 99 98 96 97 98 99 100
98 98 98 99 98 94 97 95 98 97 95 98 97 96 98
97 98 97 100 98 94 96 97 98 98 93 98 96 98 99
97 97 98 98 98 95 96 98 97 98 93 96 97 98 98
— 98 — — — — 96 — — — — 96 — — —

Mean 97 98 97 99 98 94 96 96 98 98 94 97 97 98 99

a Based on 5 determinations for 350 p g /k g  of zearalenone added and 4 determinations for 200, 500, 750 and 1000 p g / k g  
of zearalenone added.

pg/spot of corresponding mycotoxin; F =  total 
factor of dilution in mL; a =  volume, pL, corre­
sponding to least spot of mycotoxin detectable 
on TLC plates; W =  weight of sample, g (see text
=  60g)

Results and Discussion
Table 1 gives the sensitivity on a TLC plate 

(limit of detection, pg/spot) of zearalenone in 
pure solution and in 10 pL extracts of various 
products after development.

Table 2 gives recovery (%) of zearalenone, 
based on 5 determinations for 350 pg/kg of 
zearalenone, and 4 determinations for 200, 500, 
750, and 1000 pg/kg of zearalenone added. 
Minimum detectable concentrations are 140-160 
pg/kg for aluminum chloride spray and 85-110 
pg/kg for Fast Violet B salt spray.

In analyzing for zearalenone, care must be 
taken that diameter of spot for total volume de- 
posid does not exceed 2-2.5 mm (dry spots with 
nitrogen gas). Both natural and artificial direct 
light should be avoided during analysis, and 
working temperature should be 22-24°C. All 
analytical steps should be completed promptly, 
especially quantitation by the detection limit 
method; mycotoxin quantities are low and losses 
can occur.

By using the method described here, we found 
zearalenone in 5 samples of marketable sorghum 
(1500-4500 pg/kg), although mycological anal­
ysis of these samples did not show Fusarium spp. 
These 5 samples were also analyzed by other TLC 
methods (15, 21, 22) and the results were similar. 
A maize determined to be contaminated with 72 
ppm zearalenone by previous methods (2 1 , 2 2 ,
15) and the method described here, showed 
970 000 col/g of Fusarium spp. in mycological 
analysis; 85% were Fusarium moniliforme and 15%

were Fusarium roseum. Three samples of maize 
and one sample of sorghum were contaminated 
with zearalenone in concentrations of 620, 870, 
1100, and 760 pg/kg, respectively, according to 
previous methods (15, 21, 22); analysis of the 
same samples by the method described here 
showed similar results. Three samples of maize 
and 2 samples of wheat were contaminated with 
zearalenone at 900, 1200, 2000, 2500, and 3000 
pg/kg, respectively (15, 22, 27); analysis of these 
samples with the present method showed similar 
results. Mycological analysis showed Fusarium 
roseum and Fusarium moniliforme in the maize, but 
no Fusarium spp. in the wheat. The 2 previous 
samples of wheat were also analyzed by the re­
action with bisdiazotized benzidine (29).

The presence of zearalenone but the absence 
of Fusarium spp. is not as unusual as it would 
appear. Taking into account the mode of inva­
sion and the production of zearalenone by 
Fusarium spp. growing on maize or sorghum 
stored after harvest but before drying (1 ), it is 
possible that the drying process killed the fungi 
but did not degrade the mycotoxin.

We analyzed some samples of barley and oats 
with good performance and without interfer­
ences, but have not done a sufficient number of 
routine analyses.

Analysis for zearalenone in sorghum may re­
veal a visual fluorescence (possibly alternariol 
methyl ether (17)) with characteristics similar to 
zearalenone and appearing at nearly the same R( 
as zearalenone. With developing solvents 
CHCl3-acetone (176 +  24) and ethyl ether-hex­
ane (120 +  80) or (110 +  90) and under the con­
ditions described here, this interference is sep­
arated somewhat compared with internal stan­
dard zearalenone superimposed on the sample 
extract solution. To avoid confusion, the reac­
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tion with Fast Violet B salt (17) may be applied; 
alternariol methyl ether does not react with this 
diazonium salt (17).

Quantitation by the limit detection method is 
more accurate than visual comparison with dif­
ferent intensities of standard (15). It is easier for 
the human eye to determine the least spot of 
mycotoxin detected in a contaminated sample 
than to compare different intensities of standard. 
Quantitation by serial dilution is time consum­
ing, but with practice can be less labor-inten­
sive.

Quantitation by instrumental analysis (den­
sitometer) improves the sensitivity of the TLC 
plate. The wavelength of emission is about 390 
nm and optimum excitation wavelength occurs 
at about 310 nm for zearalenone. UV detection 
is not possible because the wavelength of irra­
diation is 366 or 254 nm. The sensitivity (limit 
of detection, jig/spot) on TLC plates for zear­
alenone by densitometry is about 0.003-0.004 
¿tg/spot, and the minimum detectable concen­
tration (pg/kg) should be about 25-30 pg/kg.

We have determined that extraction of myco­
toxin with acetonitrile and 4% KC1 in HC1 (9 +  1) 
gives better recoveries of mycotoxin and cleaner 
extracts than extraction with acetonitrile in 
aqueous 4% KC1 (9 +  1).
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High Pressure Liquid Chromatographic Determination of an 
O-Methyl,Methyl Ester Derivative of Ochratoxin A
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The mycotoxin ochratoxin A (OA) was derivatized to 
an O-methyl,methyl ester (Me2> with diazomethane 
and then determined by high pressure liquid chro­
matography (HPLC). Both OA and OA-Me2 were 
chromatographed by reverse phase HPLC with a 
m obile phase of acetonitrile-w ater (60 +  40). An 
increase in retention time of 309 s was observed with 
OA-Me2 which was detectable at 254 nm at levels as 
low as 3 ng. Recovery of OA as OA-Me2 from 
chicken kidney homogenates and human plasma was 
quantitative following simple extraction and cleanup 
procedures, reaction with diazomethane, and HPLC 
analysis. The novel method described should prove 
useful for measuring and confirming OA in tissues 
and in further studies on the biological fate of this 
mycotoxin.

The mycotoxin ochratoxin A (OA), a dihydro- 
isocoumarin derivative (7-carboxy-5-chloro-8- 
hydroxy-3,4-dihydro - 3R - methylisocoumarin) 
linked to L-/3-phenylalanine through the 7-car- 
boxy group, is a natural contaminant of foods and 
feeds (1-6). Numerous toxicological responses 
to OA have been reported, including teratogen­
icity in the mouse (7 ,8), rat (9-11), hamster (12), 
and chick embryo (13, 14); cytotoxicity in cul­
tured monkey renal epithelial cells (15,16); and 
iron deficiency and bone and intestinal abnor­
malities in chickens (17-19). OA alters renal 
function in a manner suggestive of nephrotox­
icity (20), and this mycotoxin has been linked 
directly as a causative factor in mold-induced 
nephropathy in pigs in Denmark (21). In addi­
tion, OA is believed to be involved in the human 
disease endemic Balkan nephropathy, a fre­
quently fatal chronic renal disorder afflicting 
rural populations in Bulgaria, Romania, and 
Yugoslavia (21, 22).

Procedures for the quantitation of OA in foods, 
feeds, and animal tissues include thin layer 
chromatography (TLC) (23), minicolumn tech­
niques (24, 25), immunofluorescence microscopy
(26), a spectrophotometric method based on en-

1 Agricultural Research Service, Veterinary Toxicology and 
Entomology Research Laboratory, College Station, TX 77841. 
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zymatic cleavage of OA to ochratoxin-a (a com­
mon urinary metabolite) and phenylalanine (27), 
an enzyme-linked immunosorbent assay (28), 
and numerous methods using high pressure 
liquid chromatography (HPLC) (29-33). We 
recently demonstrated that methylation of pen- 
icillic acid results in a product with shifted re­
tention time on HPLC, which represents a 
property useful in chromatographic resolution 
from co-eluting contaminants and in confirma­
tion of this mycotoxin (34). The current report 
describes a similar method for derivatization of 
OA with diazomethane and quantitation by 
HPLC.

METHOD

Apparatus

(a) Liquid chromatograph.—Waters Model 
ALC-204 (Waters Associates, Inc., Milford, MA) 
equipped with Model 440 UV detector with 254 
nm primary filter, Tracor 970 A variable wave­
length UV detector, U6K septumless injector, 
M-6000 and M-45 pumps, and RCM-100 radial 
compression module.

( b )  HPLC column.—Waters Radial-PAK A oc- 
tadecylsilane (10 pm  particle size). Operating 
conditions; chart speed 0.5 in. /min; flow rate 2.0 
mL/min; sensitivity 0.005 AUFS; temperature, 
ambient; injection volumes, 10  pL.

(c) HPLC recorder.—Houston Instrument Se­
ries B-5000 Omni Scribe (Austin, TX).

(d) Integrator.—Columbia Scientific Industries 
Model CSI 38 (Austin, TX).

(e) Spectrophotometer.—Cary Model 219 UV- 
visible recording spectrophotometer (Varian 
Associates, Palo Alto, CA).

(f) Thin layer chromatographic (TLC) appara­
tus.—Brinkmann Silplate F-22, 0.25 mm gel 
thickness, with fluorescent indicator (Brink­
mann, Westburg, NY). Develop in ether-hexane 
( 2 + 1 )  solvent system. Visualize compounds 
under shortwave UV light.

(g) Mass spectrometric (MS) apparatus.—Var­
ian/MAT Ch-7 mass spectrometer with 620L 
Varian data system. Spectra were recorded by 
direct insert probe analysis at 70 eV.
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OCHRATOXIN A 

Figure 1.
METHYL ESTER O-M ETHYL

Structure of ochratoxin A and reaction products with diazomethane.
METHYL ESTER

(h) Fourier transform nuclear magnetic resonance 
spectroscopy (FT-NMR) apparatus.—JEOL FX-900, 
spectra recorded in deuterochloroform, chemical 
shift reported as parts per million downfield 
from tetramethylsilane.

(i) Refrigerated centrifuge.—Beckman Model 
J2-21 and Type JA-20 aluminum fixed-angle rotor 
(Palo Alto, CA).

Reagents

(a) Solvents.—Acetonitrile, acetone, chloro­
form, ethyl acetate (Burdick & Jackson, Muske­
gon, MI); demineralized and triple-distilled 
water.

(b) HPLC mobile phase. — Acetonitrile-water (60 
+  40).

(c) Ochratoxin A .—Makor Chemicals Ltd, Je­
rusalem, Israel Purity (99-100%) estimated by 
TLC, HPLC, and MS.

(d) Diazometnane.—Prepare ethereal ethanolic 
solution of diazomethane from Diazald (N- 
methyl-N-nitroso-p-toluenesulfonamide, Al­
drich Chemical Co., Milwaukee, WI). Store at 
—80°C prior to immediate use.

(e) Ochratoxin A standard solution.—0.5 mg/mL 
in acetonitrile. Store in dark at —30°C. Further 
dilutions made in acetonitrile as required.

(f) O-Methylochratoxin A, methyl ester derivative

Figure 2. Electron impact mass spectra data of ochratoxin A and its methylated derivative formed on reaction
with diazomethane.
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Figure 3. NMR spectrum of the methylated derivative of ochratoxin A formed on reaction with diazo­
methane. Spectrum recorded in deuterochloroform.

(OA-Me2).—Add excess diazomethane to tubes 
containing OA in 0.1 mL acetone, mix, and let 
stand 10-20 min. Remove solvent and store 
dried product in dark at —30°C. Prepare refer­
ence standards from dried product in 0.5 mg/mL 
acetonitrile before use. Make dilutions in ace­
tonitrile as required. Avoid long-term 
storage.

Extraction an d  D erivatization  o f  OA from  
K id n ey  H om ogen ates an d  Plasma

Homogenize chicken kidney samples (1 g) in 
4 mL 0.1M phosphoric acid with a Polytron 
(Brinkmann Instruments). Add 4 mL 0.1M 
phosphoric acid to 1 mL samples of human 
plasma. Add OA from standard dilutions in 
acetonitrile at concentrations ranging from 0.25 
to 2.0 qg/g to samples with mixing. Add 4 mL 
hexane to sample, mix vigorously, centrifuge at 
9800 g for 10 min, and discard hexane layer. 
Repeat hexane procedure, then extract aqueous 
phase with chloroform (10 mL). Centrifuge at 
9800 g for 10 min, repeat chloroform procedure,

and discard aqueous layer. Wash chloroform 
phase with 10 mL water, discard water, then 
evaporate chloroform to dryness under stream 
of nitrogen. Dissolve sample residue in acetone 
(0.1 mL) with mixing. Add excess diazomethane 
(1-2 mL) to acetone solution, mix, and let stand 
10-20 min. Evaporate to dryness under nitrogen 
and redissolve derivative in 200 gL  acetonitrile. 
Analyze 10 juL aliquots by HPLC. Protect from 
light, and refrigerate if stored.

Results
Van Der Merwe and colleagues (35), in ex­

plaining the structure of ochratoxin A, reacted 
the mycotoxin with excess diazomethane and 
reported the formation of an O-methyl,methyl 
ester derivative.

Our studies indicated that diazomethane reacts 
rapidly with OA. Conversion to OA-Me2 was 
essentially quantitative after a brief reaction time, 
although samples were routinely allowed to react 
for 10-20 min. TLC resulted in an Rf value for 
OA of 0.089, whereas the Rf was shifted to 0.53
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RETENTION TIME (min)

Figure 4. Representative HPLC chromatograms of authentic ochratoxin A (A) and the methylated derivative 
of ochratoxin A (B); 100 ng (10 jtL) injected; see text for conditions.

for OA-Me2. On the basis of TLC studies in 
which monomethyl intermediates were not ob­
served in the reaction sequence, it is clear that 
both the carboxylic acid and the phenolic hy­
droxyl groups are rapidly methylated by diazo­
methane, although in the reaction sequence 
shown in Figure 1, we have perhaps arbitrarily 
shown the carboxylic acid to be the first site of 
methylation. The mass spectrum of OA-Me2 
(Figure 2) shows the parent ion at m/z 431, cor­
responding to the addition of 2 methyl groups to 
OA. Other ions in the mass spectrum of OA-Me2 
were tentatively assigned as follows: m/z 400 
(m+ -  OCH3); 372 (m+ -  C 0 2CH3); and 340 (m+ 
-  C 02CH3, OCH3, H; or m+ -  CH2C6H5). Major 
ions at m/z 269 and below result from cleavage 
of the phenylalanine-isocoumarin linkage (35). 
The NMR spectra of OA and OA-Me2 were, as

expected, remarkably similar except that in the 
spectrum of OA-Me2 (Figure 3), 2 methyl singlets 
were seen at about 53.7-3.8. These observations 
are fully consistent with methylation at the car­
boxylic and phenolic moieties.

H PLC Analysis of OA-M e2

Results indicated that both OA and OA-Me2 
could be detected by reverse phase HPLC using 
a mobile phase of acetonitrile-water (60 +  40) 
and UV detection at 254 nm. At these condi­
tions, the retention time (Rf) for OA was short (57 
s) and detection was hindered by interfering, 
co-eluting peaks. However, the retention time 
for the OA-Me2 product was shifted significantly 
away from interfering peaks with an Rt of 348 s 
as shown in Figure 4. The 2 peaks leading OA- 
Me2 and eluting with R, between 4 and 5 min
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KIDNEY EXTRACTS

RETENTION TIME (min)

Figure 5. FIPLC chromatograms from kidney (A) and ochratoxin-spiked (2.0 yg/g) kidney (B), extracted, 
derivatized with diazomethane, redissolved in 200 yL acetonitrile, and analyzed by HPLC (10 yL).

were shown to occur as characteristic solvent- 
diazomethane reaction products, independent 
of OA. Retention times for OA-Me2 were very 
reproducible over a wide range of concentra­
tions. A standard calibration curve for HPLC 
analysis of OA-Me2 (which was detectable at 
levels as low as 3 ng) was linear to 500 ng. The 
precision of the method was demonstrated by 
standard deviations of less than ±2% for triplicate 
assays.

Analysis of OA from Kidney and Plasma as 
O A-M e 2

Acidified chicken kidney homogenates con­
taining either 0.25, 0.50,1.0, or 2.0 yg  OA/g were

extracted with hexane and chloroform and de­
rivatized with diazomethane according to pro­
cedures outlined. The recovery of OA as OA- 
Me2 from kidney was 71.9-112.3% over a range 
of concentrations of OA from 0.25 to 2.0 y g /g  
(Table 1). HPLC response was linear (r =  0.984) 
for OA-Me2 from kidney extracts at a range of 
added OA from 0.25 to 2.0 y g lg  kidney. A rep­
resentative chromatogram of kidney (with and 
without 2.0 yg  OA/g) after extraction and de- 
rivatization with diazomethane is presented in 
Figure 5. The peak with Rt of 348 s corre­
sponded to OA-Me2.

Human plasma containing added OA was also 
extracted and derivatized as outlined above. 
Recovery (Table 1) and separation from inter-
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Table X. Recovery of ochratoxin A from kidney and 
plasma samples ‘

Ochratoxin A 
added, n g / g

Mean ree.,, % b

Kidney Plasma

0.25 106.2 ±  6.6 97.2 ±  3.1
0.50 71.9 ±  11.4 108.7 ±  15.5
1.00 112.3 ± 8 .2 77.5 ±  5.1
2.00 91.9 ±  5.8 101.1 ±  3.5

a Conditions outlined in Methods section.
6 Data represent average ±  standard deviation based on 

trip licate samples.

fering substances normally present in plasma 
were good and comparable to that seen with 
kidney (Figure 6).

Discussion
Results from our studies indicate that HPLC 

can be used in measuring and confirming OA as 
the OA-Me2 derivative. Following simple ex­
traction procedures and derivatization with di­
azomethane, OA-Me2 can be accurately quanti­
tated and easily resolved from polar contaminant 
peaks by reverse phase HPLC because it is sig­
nificantly less polar than OA and thus has a 
much longer retention time. This property of 
OA-Me2 will be useful in primary analysis or in 
post-chromatographic confirmation of OA by 
HPLC either as reported here or in conjunction 
with other analytical methods of OA analysis.

Since there is strong evidence that OA is an 
environmentally important nephrotoxin, pos-

PLASMA EXTRACTS

RETENTION TIME (min)
Figure 6 . HPLC chromatograms from human plasma (A) and ochratoxin-spiked (2.0 /xg/mL) plasma (B), 
extracted, derivatized with diazomethane, redissolved in 200 /xL acetonitrile, and analyzed by HPLC

(10 /xL).
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sibly involved in renal disease of both humans 
and animals, sensitive analytical methods of 
quantitation in tissues and biological fluids are 
highly desirable. Our procedure can be en­
hanced, after minor modification, to allow tissue 
detection of OA at much lower levels than pre­
sented and is currently being tested for applica­
bility in vivo.
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Simultaneous Detection of Some Fusariotoxins by Gas-Liquid 
Chromatography

ARPÄD BATA, ANDRAS VÄNYI1, and RADOMIR LÄSZTITY
T e c h n ic a l  U n iv e r s i ty  B u d a p e s t , D e p a r t m e n t  o f  B io c h e m is t r y  a n d  F o o d  T e c h n o lo g y ,  H - U l l
B u d a p e s t ,  M ü e g y e t e m  r k p .3 . ,  H u n g a r y

A method was developed for the simultaneous de­
termination of 6 F u s a r i u m  mycotoxins (deoxyni- 
valenol, diacetoxyscirpenol, HT-2 toxin, T-2 toxin, 
fusarenon-x, and zearalenone). Cereal samples were 
first extracted with ethyl acetate, then with a mixture 
of methanol-water. The crude extracts were com­
bined and purified by silica gel chromatography. 
The purified extract was reacted with BSTFA (N , 0 -  

bis(trimethylsilyl)-trifluoroacetamide) to form the 
derivative, and chromatographed on an SE-52 wall- 
coated open tubular column. Kovats' retention index 
was determined for the 6 mycotoxins investigated. 
Recoveries and standard deviations were determined 
for pure toxin mixed in cereal. Recovery was 70-80%; 
relative standard deviation was 10-18%. The method 
developed was applied to different cereal samples.

In countries of Eastern Europe, including Hun­
gary, Fusarium  fungus plays an important role in 
fungal deterioration of feed quality and in ani­
mal diseases caused by mycotoxins. Feed may 
often be infected by several fungus species; 
moreover, the same fungus species often pro­
duces several fusariotoxins. Some analytical 
methods have been developed for the simulta­
neous detection of several mycotoxins in a very 
low concentration range, including simultaneous 
detection of fusariotoxins.

Stoloff et al. (1) described a method for si­
multaneous determination of aflatoxin, ochra- 
toxin, zearalenone, sterigmatocystin, and patulin. 
This method was modified by Scott et al. (2). 
Roberts and Patterson (3) reported on the si­
multaneous investigation of 14 toxins. Josefsson 
and Moller (4) and Pliszczynszka and Jusz- 
kiewicz (5) also developed a multimycotoxin 
screening method. Gimeno (6) described a 
method for the detection of 10 mycotoxins; Ta- 
keda et al. (7) described detection of 14 myco­
toxins.

In addition to the thin layer chromatographic 
testing method, mentioned above, Engstrom and 
Richard (8) developed a high pressure liquid 
chromatographic method for multimycotoxin 
determination.

1 Central Veterinary Institute, H-l 149, Budapest, Tabornok 
u.2., Hungary.

Received May 17, 1982. Accepted September 2, 1982.

Takitani et al. (9) described a thin layer chro­
matographic method for simultaneous Fusarium  
toxin determinations. A suitable color reagent 
was proposed by authors mentioned above for 
evaluation of toxins having the trichothecene 
skeleton. Packed column gas chromatographic 
methods for simultaneous determination of 
fusariotoxins were presented by Kamimura et al.
(10) and Szathmáry et al. (11). Recently, a glass 
capillary GLC method was developed for the 
determination of fusariotoxins in feed (12,13).

We did not find the TLC determination 
method (9) and packed column GLC method (10, 
11) reliable or sensitive enough. Therefore, we 
studied the possibility of using capillary GLC for 
detection of deoxynivalenol, diacetoxyscirpenol, 
HT-2 toxin, T-2 toxin, fusarenon-x, and zearale­
none, produced most often by Fusarium  fungi.

Experimental

Apparatus

(a) V acu u m  rotary  a p p a ra tu s .—Buchi, Flawil, 
Switzerland.

(b) B lock  th e rm o s ta t .—  Pierce Chemical Co., 
Rockford, IL.

(c) G as ch ro m a to g ra p h .—Packard Model 427 
equipped with FID detector and HP 3390 A in­
tegrator. Conditions: injector 240°C, column 
180-260°C at 4 ° /min, detector 260°C, hydrogen 
carrier gas 40 kPa inlet pressure.

(d) S crew -ca p  v ia ls .—Pierce Chemical Co.
(e) C a p illa ry  g la s s  colu m n . —Pyrex glass, 8 mm 

od, 3 mm id, drawn on Hupe Bush capillary 
drawer (manufactured by Hewlett-Packard) to 
12 m X 0.25 mm id. Column was deactivated 
according to method of Grob et al. (14, 15), and 
treated by the static method with SE-52 in the 
phase ratio /? =  250 (gas volume/wetting 
volume).

Reagents and Solvents

(a) S o lv en ts . —Commercial preparations 
(Reanal, Hungary), double-distilled before use.

(b) M y co to x in  stan d ard s. — 1 mg/mL of zear­
alenone (Supelco 4-6318); 0.5 mg/mL of T-2 toxin 
(Supelco 4-6322); 0.5 mg/mL of diacetoxyscir­
penol (Supelco 4-6315); 0.7 mg/mL of deoxyni-
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valenol, 0.5 mg/mL of HT-2 toxin (Dr. M. Paly- 
usik). All standards prepared in acetone.

(c) BSTFA. — N ,0-Bis(trim ethylsilyl)-trifluo- 
roacetamide (Pierce Chemical Co.).

(d) Silica gel 60.— Merck, 50-125 pm.

Extraction and Purification

Grind 10 g wheat to grits fineness. Extract 
ground wheat 2 h at room temperature with 200 
mL ethyl acetate, shaking mixture repeatedly 
during extraction. Filter off organic solution 
and put aside. Extract residue 2 h at room tem­
perature with 200 mL methanol-water (6 +  4). 
Combine methanol-water extract with ethyl 
acetate extract. Dry combined extracts over an­
hydrous Na2SC>4. Filter solution from Na2S04 
and evaporate on vacuum rotary apparatus to oily 
liquid residue. Dissolve residue in 2 mL ben­
zene-acetone (2 +  1) and add to 10 X 1 cm col­
umn packed with 7 mL silica gel. Wash column 
with 20 mL benzene to remove lipids. Elute 
mycotoxins with 20 mL benzene-acetone (1 +  1). 
Evaporate eluate containing toxins to dryness on 
vacuum rotary apparatus.

Deri va tiza tion

Dissolve residue in 2 mL acetone. Transfer 
500 pL  acetone solution to screw-cap vial and 
evaporate in nitrogen atmosphere. Add 100 pL 
BSTFA reagent to vial, close tightly, and heat 15 
min at 60°C. Let mixture cool; then inject 1 pL  
into gas chromatograph.

Recovery Experiments

Spike 20 g wheat samples at 100 /xg fusario- 
toxins/kg by adding 20 mL of 0.1 pg  fusariotox- 
ins/mL working solutions prepared in acetone. 
Thoroughly mix spiked samples, evaporate sol­
vent under nitrogen stream, and prepare as de­
scribed under Extraction, Purification, and Der- 
ivatization.

Calculations

To calculate results, use the following for­
mula:

Toxin, p g /k g  =  (PA/PA') X V/(tg„ X m)

where PA and PA' =  area of toxin peak and area 
of internal standard peak, respectively; tga =  
slope of standard curve, concentrations of in­
jected sample vs area of peak; V =  volume of si- 
lylated sample, pL; m =  amount of wheat used in 
analysis.

Index Calculation
In practice, the index calculation system is 

widely used. «-Alkanes as reference substances

Table 1. Retention index values of Fusarium  toxins a

Toxin name Retention index

Zearalenone 2867
T-2 toxin 2822
HT-2 toxin 2809
Diacetoxyscirpenol 2426
Fusarenon-x 2485
Deoxynivalenol 2323

a Values were calculated from isothermal temperature run 
at 200°C.

form the basis of the system (16). These are 
chemically inert, and elute from the stationary 
phases generally used (12).

Mode of calculation:

i ; - 100 In ‘°8  -  loS + s|
l log Rz+n -  log Rz

where i j  =  index value of the unknown sub­
stance; Rx =  adjusted retention time of the un­
known substance; Rz =  adjusted retention time 
of the normal alkane with carbon atom number 
z; R z+n =  adjusted retention time of the normal 
alkane with carbon atom number z +  n; z =  car­
bon atom number of reference n-alkane, n =  
difference of the carbon atom number of the 2 
n-alkanes; T =  temperature, °K

For the 6 mycotoxins investigated, Kovats' 
retention index has been calculated as shown in 
Table 1.

Results and Discussion
The stationary phase SE-52 was the most suit­

able of 3 different (SE-30, SE-52, OV-17) materials 
tested. Separation of DAS, fursarenon-x (FX), 
and standard T-2 tetrads was not satisfactory on 
SE-30. However, this phase may be used for a 
longer time and remains stable. OV-17 station­
ary phase gives good separation for DAS, FX, T-2 
toxin, and HT-2 toxin, but the necessary working 
temperature (180-280°C) is too high and de­
grades the stationary phase. The SE-52 has 
somewhat lower separation efficiency, but it is 
very stable. After 2 years of use, we obtained 
good results (see Figure 1).

Naturally occurring fusariotoxins can be de­
tected in combined water-methanol and ethyl- 
acetate extracts of animal feedstuffs. The capil­
lary technique allows the use of shorter columns, 
which considerably reduces analysis time; 
however, if a 15 m long column is used with 
temperature programming, the analysis time 
may be as long as 25-30 min, but resolution ca­
pacity improves under these conditions (Figure 
2).
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Figure 1. Gas chromatogram of silylated standard mycotoxins: 1, diacetoxyscirpenol (12 ng); 2, fusarenon-x 
(7 ng); 3, T-2 tetraol (15 ng), I.S.; 4, HT-2 toxin (9 ng); 5, T-2 toxin (10 ng); 6, zearalenone (15 ng).

The sensitivity of the procedure is high 
enough to detect 100 ppb levels of toxins in 
feed.

Recoveries and standard deviations calculated 
from 11 replicates of 100 /¿g/kg added to the 6 
substances investigated in a wheat matrix are 
shown in Table 2.

The fodder samples studied were selected on

the basis of preliminary veterinary evidence of 
Fusarium toxin-positive samples.

In 1980-81, we obtained 23 feed samples. 
Using the capillary GLC technique, we were able 
to detect Fusarium toxins in 15 samples. Eight 
samples did not contain Fusarium toxins in a de­
tectable quantity. The results are summarized 
in Table 3. In many cases, several toxins may be

Figure 2. Gas chromatogram of maize samples; 1, diacetoxyscirpenol; 3, T-2 tetraol I.S.; 4, HT-2 toxin; 5,
T-2 toxin; 6, zearalenone; 7, deoxynivalenol.
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Table 2. Recovery (%) of 6 Fusarium  toxins from corn

Sample

100 ppb added3

Zearalenone T-2 toxin HT-2 toxin DASb DONc Fusarenon-x

1 76 68 70 73 62 67
2 80 74 76 75 71 72
3 78 73 78 81 74 77
4 72 66 71 76 72 74
5 84 79 82 82 73 76
6 86 79 84 89 75 79
7 81 74 80 85 74 72
8 79 70 77 82 70 69
9 76 71 72 76 65 68

10 78 73 74 78 67 69
11 87 81 85 89 73 79

Mean ± SD 79.7 ± 4 .5 73.5 ± 4 .7 77.2 ±  5.2 80.5 ±  5.5 70.5 ±  4.2 72.9 ± 4 .4

a All blanks gave 0% recovery. 
b DAS = diacetoxyscirpenol. 
c DON = deoxynivalenol.

Table 3. Mycotoxin content (m g/kg) of cereal and feed samples studied

Sample Type Zearalenone T-2 toxin HT-2 toxin
Diacetoxy­
scirpenol

Deoxy­
nivalenol

i Maize 5.7 0.3 0 0.8 0
2 Maize 3.2 1.4 0 0.5 0
3 Wheat 0.2 1.9 0.2 0 0
4 Wheat 0 0.2 0 0 0.5
5 Maize 0 0.4 0 0 1.3
6 Maize 7.5 0 0 2.1 0
7 Maize 3.7 0 0 1.5 0
8 Maize 4.8 0 0 2.0 0
9 Swine food 0 4.1 0 0 0

10 Swine food 0 5.8 0 0 0
11 Maize 1.3 4.4 0.7 0 0
12 Maize 0.7 3.8 0.5 0 0.2
13 Maize 0 0.3 0 0 0
14 Maize 0 0.1 0 0 0
15 Maize 1.7 0.7 0 0.5 0

detected in the same sample. These experi­
mental data support the hypothesis that Fusarium 
infection simultaneously forms several myco- 
toxins, and the symptoms evidenced in animals 
result from the toxic effect of several substances. 
It may also be postulated that several Fusarium 
species are present in the feed sample at the same 
time. Thus it is possible that zearalenone, T-2 
toxin, and HT-2 toxin may occur together, not 
only, as is common, zearalenone and deoxyni- 
valenol or T-2 toxin and HT-2 toxin.

In some cases, the effect of a single toxin pre­
dominated, and only the predominant toxin 
could be detected in the test; quantities of other 
toxins were below the limit of detection.
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E xtraction  and T h in  Layer C hrom atography o f A fla to x in  B i in  M ixed  
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A method was developed for the determination of 
aflatoxin Bi in commercially prepared feeds. The 
method incorporates methylene chloride and citric 
acid solution extraction, cleanup on a small silica gel 
column, and thin layer chromatography for quanti­
tation. Commercial turkey starter, catfish chow, 
medicated pig starter, broiler finisher, rabbit chow, 
horse feed, rat chow, and dog chow were investigated. 
The feeds were spiked with naturally contaminated 
corn at 4 different levels of aflatoxin Bi (16-130 
pg/kg). Three assays were run on each of the 32 
combinations of feed and levels of aflatoxin. Mean 
recoveries were 85.9-92.8% at levels of 16.5,32.9,65.8, 
and 131.6 Mg/kg. The relative standard deviation per 
assay was 18.6%. This method is more rapid and less 
involved than most previously published methods 
for mixed feeds.

A new method was developed for the determi­
nation of aflatoxin Bi in commercially prepared 
feeds because of the great diversity that can occur 
in mixed feeds. Presently available methods 
may work very well on some feeds and not at all 
on others. Other drawbacks must also be con­
sidered. One method (1) involves the routine 
use of a 2-dimensional thin layer chromatogra­
phy (TLC) that is more time consuming than 
desired. Another (2) uses a rather complicated 
purification procedure. Recoveries were only 
60-65% for a third method (3). The present 
method, a modification of the animal tissue 
method (4), is comparatively simple, rapid, and 
inexpensive, yielding mean recoveries of afla­
toxin Bi from 85.9 to 92.8%. This research in­
cluded 8 feeds, each feed spiked at 4 different Bi 
levels (16.5,32.9,65.8, and 131.6 /ug/kg). Three 
assays were run on each of the 32 combinations 
of feed and level, and the Bj level is reported.

Feed samples were spiked with a naturally 
contaminated grain sample because of the ad­
verse effects of the feed ingredients on recoveries 
of aflatoxin Bi in a pure solution. This does not
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set a precedent (2, 3). Statistically, the standard 
deviation for recovery values in 9 assays of the 
spiking grain does not differ significantly from 
that of the spiked feed samples.

METHOD

Reagents and Apparatus

(a) Solvents.—ACS grade glacial acetic acid, 
acetone, acetonitrile, benzene, dichloromethane, 
ethyl ether (0.01% ethanol and 1 ppm butylated 
hydroxytoluene), hexane (boiling range 68- 
69°C), tetrahydrofuran, and toluene.

(b) Citric acid solution.—20%. Dissolve 200 g 
ACS grade citric acid monohydrate in 1 L 
water.

(c) Silica gel 60.—Merck 7734. Activate 1 h in 
105°C oven, add 1% water, and equilibrate 
overnight.

(d) Sodium sulfate.—Anhydrous, granular.
(e) Diatomaceous earth.—Hyflo Super-Cel.
(f) Aflatoxin Bi standard.—Prepare in aceto­

nitrile-benzene (2 +  98) to contain 0.5 pg/m L  for 
either visual or densitometric analysis. Store 
standards in sealed glass ampules, in 0°F freezer 
until needed. After opening, store in 1 dram 
vials fitted with Teflon-lined screw caps, and 
keep in freezer when not in use.

(g) Wrist-action shaker.—Burrell, or equiva­
lent.

(h) Chromatographic columns.—Glass (1.0 cm id 
X 50 cm) equipped with Luer nylon stopcock 
(Bio-Rad Econo-columns), or equivalent.

(i) Filter paper.—24 cm S & S No. 560, or 
equivalent, and 12.5 cm Whatman 934-AH glass 
microfiber filters, or equivalent.

(j) Thin layer plates.—Commercial prepoured 
plates (20 X 20 cm, Macherey and Nagel Sil G-25 
HR), or equivalent.

(k) Scanning spectrofluorodensitometer.— 
Schoeffel SD-3000-3, or equivalent.

(l) Single-pan balance.—Sartorius Model 2250 
or Mettler P 1200 N, or equivalent.

(m) Mixer.—Vortex Model K-500-2, or 
equivalent.

(n) Concentrator.—SMI Model No. 6610 (Sci­
entific Manufacturing Industries, Inc., Emery­
ville, CA 94608), or equivalent.
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Samples

Commercial feeds were obtained locally and 
ground, as needed, in a Waring blender. Each 
feed was judged aflatoxin-free after triplicate 
analysis for aflatoxin Bf by the AOAC official 
method for corn (5). Thin layer chromatography 
(TLC) of these sample extracts was quite difficult 
because of numerous fluorescent interferences. 
In some cases an ether predevelopment was 
sufficient for cleanup, and in others 2-dimen­
sional TLC was necessary. All feeds used were 
free of aflatoxin Bi. A pre-analyzed (5), naturally 
contaminated corn sample was then added to the 
clean feed by weight, according to the Bj level 
desired, to obtain the 50 g necessary for a single 
analysis. The presence of aflatoxin Bj in the corn 
was confirmed by AOAC method 26.083 (5).

Extraction

Weigh 50 g ground and blended feed into 500 
mL glass-stopper Erlenmeyer flask. Add 20 g 
Hyflo Super-Cel. Add 10 mL citric acid solution 
and 200 mL dichloromethane. Shake flask as 
vigorously as possible on wrist-action shaker 
(setting between 2.5 and 3 for Burrell) for 30 min. 
Filter mixture through paper (S & S 560) into 300 
mL Erlenmeyer flask containing 10 g Na2S0 4 , 
and collect 90-100 mL. Gently swirl flask, let 
contents settle, and refilter solution through 
glass microfiber filter (Whatman 934-AH) into 
100 mL graduate. Collect 40 mL for column 
chromatography, which represents 10 g of orig­
inal feed sample.

Column Chromatography

Equip column with small plug of glass wool to 
provide base for silica gel. Pour column half full 
with dichloromethane and add 2.0 g silica gel. 
Add 3-4 mL dichloromethane and slurry with 
stainless steel (or glass) rod. Drain to settle silica 
and rinse sides of column with dichloromethane. 
When silica has settled and column still has ca 3 
mL dichloromethane above packing, add 2 g 
Na2S04  to cap column. Rinse sides of column 
with dichloromethane. Drain to ca 1 cm above 
top of column packing. Transfer extract to col­
umn and drain through column by gravity, 
stopping before passing below column cap. 
Rinse column sides with ca 2.0 mL dichloro­
methane and drain to column cap. Wash col­
umn with 25 mL glacial acetic acid-toluene (1 +
9) (use same graduate that was used for second 
filtration step), 25 mL tetrahydrofuran-hexane 
(1 +  3), and 25 mL acetonitrile-ether-hexane (1 
+  3 +  6). Discard washes. Elute aflatoxin B]

with 60 mL acetone-dichloromethane (1 +  4) and 
evaporate to near dryness under vacuum. 
Quantitatively transfer to 1 dram vial with Tef­
lon-lined screw cap, and evaporate to dryness 
under nitrogen for TLC. Avoid overheating dry 
extract.

Thin Layer Chromatography

Add 500 pL (0.5 mL) acetonitrile-benzene (2 
+  98) to dry sample residue in vial from column 
chromatography above, cap vial, and mix vig­
orously ca 1 min, preferably on Vortex shaker. 
Two solvent systems may be used for TLC be­
cause some samples may be encountered that 
result in inadequate separations. Routine sol­
vent system is water-acetone-chloroform (1.5 +  
10 +  90). Second system merely substitutes di­
chloromethane for chloroform, which results in 
a less polar system that, consequently, leaves 
interferences at a lower Rf range than aflatoxin 
Bj. Dichloromethane substitution should not be 
used if aflatoxin Gi and G2 are present because 
this system changes the order of resolution to Bj, 
G j, B2, then G2. The lower Rf toxins may be 
masked by interferences. Solvent proportions 
may be varied to accommodate changes in labo­
ratory conditions (e.g., use less water in high 
humidity; use less acetone at higher tempera­
tures).

Preliminary. —Score plate with vertical lines 1 
cm apart to result in 20 individual channels. 
Apply 10 pL of sample in each of 2 channels, 
superimposing 10 pL Bj standard on one channel 
to serve as an internal standard. Also spot 10 pL 
Bf standard in a blank channel. One plate will 
accommodate 8 samples and one standard. After 
developing plate in appropriate solvent system, 
air-dry ca 1-2 min, and examine plate under 
longwave UV light (365 nm). Compare sample 
aliquot to Bj standard for bluish fluorescent spot 
at same Rf range. If present, dilute sample as 
needed to match standard. Proceed to quanti­
tative plate, scored as mentioned above, applying 
necessary amount of sample to match Bf stan­
dard.

Visual.—Spot aliquots of standard in amounts 
of 6, 8, 10, and 12 pL. Spot sample aliquots si- 
milarily, judging quantities to be spotted from 
preliminary plate. Develop plate in appropriate 
solvent system. Examine plate under longwave 
UV light in suitable viewing cabinet. Compare 
chromatograms of sample aliquots with those of 
standards for presence of single bluish fluo­
rescent spot with Rf and fluorescence pattern 
similar to those in standards. If aflatoxins are
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Table 1. Aflatoxin Bi recoveries a from spiked feeds

Feed

Spiking levels, ftg /k g

16.5 32.9 65.8 131.6

Turkey starter 15.21 (93) 30.29 (92) 61.67 (94) 123.63 (94)
Catfish chow 14.41 (88) 30.7 (93) 52.45 (80) 117.87 (90)
Pig starter 13.32 (81) 27.38 (83) 56.05 (85) 134.8 (102)
Broiler finisher 17.41 (106) 32.69 (99) 70.93 (108) 112.45 (86)
Rabbit chow 14.86 (90) 30 .25(92) 52.57 (80) 118.56(90)
Horse feed 14.97 (91) 30.15 (92) 58.39 (89) 126.18(96)
Rat chow 15.25 (93) 26.41 (80) 56.65 (86) 117.82 (90)
Dog chow 13.72 (83) 30.6 (93) 55.22 (84) 128.93(98)

a Average of 3 assays per level per feed; recovery (%) in parentheses. Least significant ratio (0.05 level) of 2 means is 
1.32.

judged present in sample, match fluorescence 
with one of the standard spots, interpolating 
between standards if necessary. If aflatoxin zone 
in sample aliquot is more intense than 6 ¡xL 
standard spot, suitably redilute sample extract, 
taking into account amount removed in first TLC, 
and repeat TLC. Calculate as follows:

B, (fig/kg) =  (S X y X V)/(X  X W)

where S =  /xL aflatoxin standard matching un­
known; Y =  concentration of standard, Mg/mL; 
V  =  /¿L of final dilution of sample extract for 
TLC; X =  /uL of sample extract matching S; W =  
weight of product represented by final extract for 
TLC (10 g).

Densitometric.—Using scored plate, spot 3 ali­
quots of Bi standard and 3 aliquots of each sam­
ple (trying to match standard). Develop in ap­
propriate solvent system. Air-dry ca 1-2 min, 
then scan on densitometer with settings of 365 
nm for excitation and 445 nm for emission. 
Calculate peak areas from strip recorder chart or 
use in-line computer figures. Calculate as fol­
lows:

Bn ( M g / k g )  =  (B  X  >' X  V)I(Z  X  W )

where B =  average area of aflatoxin peaks per mL 
in sample aliquots; Y =  concentration of aflatoxin 
standard, mg/mL; V =  /xL final volume (500 X 
dilution) of sample extract for TLC; Z =  average 
area of aflatoxin peak per mL in standard aliquots; 
W =  weight of product represented by final ex­
tract for TLC (10 g).

Results and Discussion
This study was originally attempted with a 

pure solution of aflatoxin Bi for spiking. After 
several mixed feeds were spiked and analyzed, 
it was found that recovery levels were not con­
sistent, ranging from 37 to 147%. Often, within 
the same feed, the range could vary by 50% or

more. Feed additives evidently can have non- 
reproducible effects on pure aflatoxin. It was 
decided to redesign the experiments and use a 
naturally contaminated corn sample for spiking 
the mixed feeds. Recovery ranges from these 
samples were satisfactory (Table 1).

The analysis of variance for these data is 
shown in Table 2. Log Bj was used because a 
very wide range in spiking levels (8-fold) was 
examined.

The analysis of Table 2 indicates the fol­
lowing:

(a) There is no significant variation among 
feeds in mean Bi (averaged over 4 levels X 3 
samples); the feed mean square of 0.00583 equals 
the variation among assays.

(b) There is a highly significant linear trend 
( L l ) with spiking level. Deviations from a linear 
trend are not significant ( L r ).

(c) Regardless of feed, the relation between Bj 
level and spiking level is linear. There was no 
evidence that spiking level interacted with 
feed.

(d) The standard deviation among assays is 
V 0.00551 =  0.07423 in log units. The relative

Table 2. Analysis of variance of log Bx for 8 feedstuffs 
with 4 spiking levels of Bx

Source of 
variation d fa Mean square

Feed (F) 7 0.00583 ns
Level(L) (3)

Linear Ll 1 11.05269**
Remainder LR 2 0.00690 ns

F X L interaction (21)
FLl 7 0.00390 ns
FLr 14 0.00288 ns

Among assays 64 0.00551
95

a df = degrees of freedom.
* *  Significant at 0.01 level; ns = not significant.
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1 2 3 4 S 5 6 7 8 9 1011 12 S 13 14 15 16
Figure 1. Composite picture of 2 TLC plates showing spiked feed extracts spotted alone and in admixture 
(even numbered spots) with B, standard as follows: 1 & 2 =  turkey starter, 131.63 fig Br/kg; 3 & 4 =  broiler 
finisher, 65.82 fig Bi/kg; 5 & 6 =  pig starter, 32.9 fig B ,/kg; 7 & 8 =  horse feed, 131.63 fig Bi/kg; 9 & 10 =  catfish 
chow, 32.9 fig B j/kg ; 11 & 12 =  dog chow, 32.9 fig B j/kg ; 13 & 14 =  rabbit chow, 32.9 fig Bi/kg; 15 & 16 =  rat 

chow, 32.9 fig Bi/kg; S = aflatoxin Bj standard, 0.5 fig!m i.

standard deviation per assay is 100 (l-lO 007423) 
=  18.6%.

In addition, there is no significant evidence 
that variation among assays depended on feed 
type, although catfish chow and pig starter had 
somewhat larger variances than other feeds.

The least significant ratio significantly greater 
than 1.00 at the 0.05 level is 1.322, assuming 3 
assays. This value applies to the sample means 
for a feed-level combination.

The mean Bj recoveries for all mixed feeds are 
shown in Table 3. The computed overall rela­
tion between spiking level (X) and B! was

B] =  0.86676X10083

The exponent 1.0083 is not significantly dif­
ferent from unity. If an assumed exponent of 
unity is used, the model becomes

Bt =  0.8947X

Thus, recovery is estimated at 89.5%. In an 
unpublished study, our mixed feeds method and

Romer's mixed feeds method (2) were used to 
analyze 108 chicken ration samples, 27 of which 
were positive. The arithmetic coefficient of 
variation for all positive samples analyzed by the 
Romer method was 33.3% and by our method 
20.9%. The limit of detection of aflatoxin Bj is 
less than 2 pg/kg in most feeds with the NRRC 
method. This was accomplished by spiking 
blank feed extracts with standard solution and 
running on a TLC plate.

Figure 1 pictures the various feed extracts on

Table 3. Mean Bi recovered at 4 spiking levels

Spiking levels, 
p g /kg

Geometric mean Bi 
recovered, jug/kg Ree., %

16.45 14.78 89.8
32.9 29.44 89.5
65.8 56.54 85.9

131.6 122.18 92.8
Maximum level significantly 

different from 100
93.3
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a TLC plate. Detection of aflatoxins Bi and B2 is 
no problem, but occasionally pig starter has a 
blue fluorescent zone very near B j. This can be 
eliminated by replacing chloroform with di- 
chloromethane in the TLC developing solvent. 
Then the interfering substance moves ahead of 
Bj. Determination of Gi and G2 would be very 
difficult due to low R {  materials.

The use of glass fiber filters for the last filtra­
tion step is very important. This removes col­
umn-clogging fines and permits a fast flow rate 
that lessens evaporation problems.

Preliminary experimentation with high 
pressure liquid chromatography (HPLC) was 
tried on some of the sample extracts, but the re­
sults were not satisfactory. We employed a 
water adduct derivatization with trifluoroacetic

acid before injection, and much of the lower Rf 
material (by TLC) caused interferences by HPLC. 
This area warrants more research.
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A high pressure liquid chromatographic (HPLC) 
method is described for the determination of xan­
thomegnin in grains and mixed animal feeds at levels 
ranging from 150 to 1200 ng/g. This is equivalent to 
actual amounts of xanthomegnin injected on the 
HPLC system at from 15 to 120 ng/injection. Xan­
thomegnin is extracted with chloroform and 0.1M 
phosphoric acid. An aliquot of the crude extract is 
purified by column chromatography using a com­
mercially available silica gel cartridge. Xantho­
megnin is then separated from the remaining inter­
ferences by HPLC with a reverse phase C-8 column, 
and subsequently determined by absorbance detec­
tion at 405 nm. Elapsed time for the method from 
initial extraction to final HPLC determination is 
approximately 1 h. Recoveries of xanthomegnin 
added to grains and animal feeds at levels from 150 
to 1200 ng/g averaged 82% with a coefficient of 
variation of 10.2%.

Xanthomegnin was first reported as a metabolite 
of the mold Trichophyton megnini (1, 2). Xan­
thomegnin has also been isolated as a metabolite 
from T. rubrum (3, 4), T. violaceum (5), Aspergillus 
sulphureus and A. melleus (6), A. ochraceus (7), and 
Pencillium viridicatum (8). Several of these xan- 
thomegnin-producing molds have been found 
as part of the natural mycoflora of grains used as 
foods and feeds (9) as well as of hams and sausa­
ges (10). The presence of this metabolite in 
moldy contaminated foods and feeds may, 
therefore, be suspected.

Xanthomegnin has been implicated as a caus­
ative agent responsible for liver and renal dam­
age in swine (11) and has been shown to be toxic 
when fed to mice and rats (12). Several diseases 
have been suspected to be linked with this 
compound (P. Krogh, Dept, of Microbiology, 
Royal Dental College, Copenhagen, Denmark, 
private communication, 1981). Hence, good, 
reliable methods for sensitive detection of xan­
thomegnin are needed.

Only one method has been reported for the 
determination of xanthomegnin (13). This

1 New Orleans District Laboratory.
2 Food and Drug Administration, Division of Chemistry and 

Physics, Washington, DC 20204.
Received March 5, 1982. Accepted September 9,1982.

method, applied to the analysis of corn samples, 
has a limit of detection of 0.75 mg/kg and an 
overall recovery of added xanthomegnin of less 
than 50%.

We were planning to analyze several hundred 
samples of grains for xanthomegnin as part of a 
survey of the presence of mycotoxins in farm 
grains, so the development of a method with a 
limit of detection of at least 0.20 mg/kg and an 
average recovery of not less than 75% was con­
sidered essential to obtain a true evaluation of the 
extent of contamination.

METHOD

Apparatus

(a) Reservoir.—10 mL glass syringe with a Luer 
tip or polypropylene Econo-Column (Bio-Rad 
Laboratories, Richmond, CA 94804) to serve as 
Sep-Pak column reservoir.

(b )  Silica gel cartridge.—Sep-Pak (Waters As­
sociates, Inc., Milford, MA 01757).

(c) Pressure applicator.—Squeeze bulb with 
check valve in one end and rubber tubing at­
tached to other end (atomizer bulb set No. 
56325-000, VWR Scientific, Inc., Chicago, IL 
60104), connected to short piece of glass tubing. 
To other end of glass tubing a 1-hole rubber 
stopper is attached to fit the syringe barrel or 
Econo-Column. This assembly acts as source of 
positive pressure to force eluants through the 
cartridge.

(d )  Liquid chromatographic equipment.—Beck­
man model No. 100A pump with high pressure 
loop injection valve fitted with 20 pL sample 
injection loop, Beckman 5 pm octyl (C-8) column,
4.6 mm X 25 cm, and Beckman model No. 100-40 
variable wavelength UV-visible absorbance de­
tector set at 405 nm (Beckman Instruments, Inc., 
Berkeley, CA 94710).

(e) Recorder.—Kipp & Zonen model No. BD41 
strip chart recorder with 10 mV input (Beckman 
Instruments, Inc.).

(f) Metal Swinney filter holder.—13 mm (Mil- 
lipore Corp., Bedford, MA 01730, No. Ixx30 012
00). Holder fitted with glass microfiber filter 
paper, 13 mm, Gelman type A/E, or equivalent
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(Gelman Instrument Co., Ann Arbor, MI 
48106).

(g) Wrist-action shaker.—Burrell model No. 75 
(Burrell Corp., Pittsburgh, PA 15219).

(h) TLC developing tank. —Metal TLC chamber 
with solvent trough and tight fitting lid.

(i) Precoated silica gel plates.—0.25 cm layer 
silica gel GHR (Brinkmann Instruments, Inc., 
Westbury, NY 11590).

Reagents

(a) Solvents.—Chloroform, distilled in glass 
(Burdick and Jackson Laboratories, Inc., Muske­
gon, MI 49442). ACS reagent grade acetonitrile, 
benzene, anhydrous ethyl ether, glacial acetic 
acid, hexane, methanol, phosphoric acid, am­
monium hydroxide, HPLC grade water.

(b) Mobile phase.—Dissolve 1.4 g KH2PO4 in 
450 mL HPLC grade water. Add 550 mL aceto­
nitrile. Adjust pH to 3 with phosphoric acid.

(c) Xanthomegnin.—Obtained from Michael 
Stack, Bureau of Foods, Food and Drug Admin­
istration, Washington, DC 20204.

Stock solution.—Dissolve crystalline xantho­
megnin in chloroform-acetic acid (99 +  1) to 
obtain concentration of 30 /ug/mL. When stored 
in amber glass in a freezer, this solution is stable 
ca 2 months. HPLC working standard solutions. — 
Transfer appropriate amounts of stock solution 
into amber glass vials to give following amounts 
of xanthomegnin per vial: 1.5, 3, 6, and 12 pg. 
Evaporate working standards to dryness under 
stream of nitrogen at <40°C in dim light. These 
films are stable indefinitely when kept in a 
freezer. Immediately before use, dissolve con­
tents of each vial with 2.0 mL mobile phase. 
These solutions are stable ca 1 working day.

Sample Preparation and Extraction

Note: Because of the labile nature of xantho­
megnin, it is desirable to carry the analysis 
through from start to finish without stopping. If 
extracts or cleaned-up solutions must be stored 
for a short time, it is necessary to protect them 
from undue exposure to light. Keep the extracts 
in the dark or store in amber glass.

Grind representative sample to pass 2 mm 
(U.S. No. 10) sieve. Weigh 25 g sample into 250 
mL glass-stopper Erlenmeyer flask. Add 10 mL 
0.1M phosphoric acid and 100 mL chloroform. 
Stopper and shake 30 min, using wrist-action 
shaker set at moderate rate. Filter sample 
through fluted paper (S&S 588 or equivalent) 
into 100 mL Erlenmeyer flask.

Column Chromatography

Transfer 20 mL aliquot of filtrate to 50 mL 
beaker and evaporate to 2-5 mL at <40°C under 
stream of nitrogen. Attach column reservoir to 
longer end fitting of silica gel Sep-Pak cartridge. 
Quantitatively transfer condensed aliquot to 
column reservoir with a total volume of <5  mL 
chloroform. Use pressure applicator to pump 
filtrate through column at flow rate of 1-2 
drops/s (do not permit column to go dry) and 
discard eluate. Wash column with 10 mL hex­
ane-ether (3 +  1) at same flow rate as described 
above, and discard eluate. Elute xanthomegnin 
from column with 10 mL chloroform-acetic acid 
(98 +  2) into 14 mL amber glass vial at same flow 
rate as above. Evaporate final eluate just to 
dryness (no odor of acetic acid) at <40°C  under 
stream of nitrogen. Dissolve extract in 1.0 mL 
chloroform. Transfer 500 pL  to second amber 
glass vial for HPLC determination. Retain ex­
tract in first vial for confirmation. Evaporate 
contents of second vial just to dryness at <40°C  
under stream of nitrogen. This dry extract may 
be stored, if necessary, for several days in re­
frigerator without any loss of xanthomegnin. 
Just before HPLC determination, dissolve con­
tents of this vial in 500 pL  HPLC mobile phase. 
Clarify solution if necessary by filtering through 
Swinney filter holder fitted with glass microfiber 
paper.

High Pressure Liquid Chromatography

Set HPLC flow rate to 1.0 mL/min and UV- 
visible absorbance detector to 405 nm. Let pump 
and detector run ca 30 min before use to permit 
equilibration of HPLC column and stabilization 
of detector.

Inject full loop (20 pL) of each standard and 
construct standard curve from plot of peak height 
vs concentration to verify performance of system. 
This should be done daily. Retention time of 
xanthomegnin is 7-8 min.

Inject full loop (20 pL) of sample solution. 
Determine concentration to xanthomegnin in 
sample extract directly from standard curve. 
Calculate amount of xanthomegnin in sample by 
the following equation:

Xanthomegnin, ng/g sample
=  (A X B/C) X 1000

where A =  concentration, pg/m L , of xantho­
megnin in sample extract; B =  volume, mL, of 
sample extract; C =  amount of sample repre­
sented by extract (5 g).
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TLC Confirmation of Identity

This confirmation of identity is essentially the 
same as that described by Stack et al. for the 
HPLC determination of xanthomegnin in corn
(13).

Evaporate contents of first vial just to dryness 
at <40°C  under stream of nitrogen. Using cal­
culated result for amount of xanthomegnin 
found in sample as guide, dissolve contents of 
vial in chloroform such that concentration of 
xanthomegnin is ca 5 ng/juL. (Example: Vial 
contains 2.5 g sample. Calculated result =  150 
ng xanthomegnin/g sample, and vial therefore 
contains 375 ng xanthomegnin; 375 ng xantho­
megnin F 5 ng xanthomegnin/p.L =  75 pL 
chloroform.) Spot 25 pL of this solution 4 cm 
from bottom of TLC plate. Spot 5 /¿L xantho­
megnin stock solution 1 cm away on each side of 
sample spot. Develop TLC plate with ben­
zene-acetic acid-methanol (90 +  5 +  5) in an 
unlined and unequilibrated tank until solvent 
front reaches height of 11-12 cm above spotting 
line. Let plate air-dry in fume hood for ca 5 min. 
Expose plate to ammonia fumes for 5 min. 
Red-to-violet spot in sample at same Rf as stan­
dard spot is positive confirmation of presence of 
xanthomegnin in sample.

Results and Discussion
As part of this research, xanthomegnin stan­

dard stock solution was added at levels from 150 
to 1200 ng/g to samples of corn, oats, and mixed 
feed after grinding and before extraction. Re­
coveries of xanthomegnin from these samples 
range from 70 to 100% with an average of 82% 
and a coefficient of variation of 10.2% (Table 1). 
Chromatograms resulting from an injection of 30 
ng xanthomegnin standard and an injection of 
a mixed animal feed sample spiked at the 300 
ng/g level and taken through the method are 
shown in Figure 1. A blank sample chromato­
gram is also shown.

The extraction and cleanup used in this 
method are based on the method described by 
Stack et al. (13). As stated there, the instability 
of xanthomegnin in solution resulted in low and 
variable recoveries. To test this premise, xan­
thomegnin was dissolved in methanol, acetoni­
trile, dichloromethane, and chloroform in amber 
glass vials to give a concentration of 6 pg / mL in 
each vial. These solutions were allowed to stand 
in the dark for 3 days. The solvents were then 
evaporated at 40°C under a stream of nitrogen. 
The resulting dry films were dissolved in 1.0 mL 
HPLC mobile phase and injected onto the HPLC

Table 1. Recovery of xanthomegnin from spiked 
commodities

Spike level, ng /g Rec., %

Corn

150 77
83
79

300 85
87
84

600 86
86
85

1200 88
82
87

Mean 84
CV, % 4.0

Oats

150 78
77
87

300 100
80
77

600 81
72
70

1200 79
74
70

Mean 79
CV, % 10.5

Animal Feed

150 77
70
70

300 83
100
100

600 72
82
78

1200 91
92
93

Mean 84
CV, % 13.0

Overall mean = 82
Ove ral CV, % = 10.2

system. The peak heights were compared to an 
equivalent standard which was freshly prepared 
as described in the method. None of the xan­
thomegnin residues from the test solvents gave 
significantly different results for measured peak 
heights from that of the freshly prepared stan­
dard. Therefore, we conclude that xanthomeg-
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Figure 1. Chromatograms of sample and standard 
injections of xanthomegnin. (A) Blank sample, 
mixed animal feed; (B) spiked sample, 300 ng/g level, 
mixed animal feed; (C) standard xanthomegnin, 30 ng 

injected. HPLC conditions as given in method.

nin dissolved in solvents and stored in the dark 
is stable for several days. However, it was noted 
that xanthomegnin dissolved in the HPLC mo­
bile phase began to decompose by the next day. 
This is probably due to the presence of water in 
the mobile phase.

To test the effect of pH on the stability of 
xanthomegnin in solution, 6 jig xanthomegnin 
was placed in each of 2 amber vials and dissolved 
in methanol. The solution in one vial was made 
basic to pH 9 with ammonium hydroxide and 
that in the other vial was acidified with acetic 
acid to pH 3. The solutions were allowed to 
stand for 30 min and then all solvent was evap­
orated at 40°C under a stream of nitrogen. The 
resulting dry films were dissolved in the HPLC 
mobile phase and injected onto the HPLC sys­
tem. The chromatogram of xanthomegnin 
stored in acidic solution gave one peak of quan­
titative yield corresponding to a standard of the 
same concentration. The chromatogram of 
xanthomegnin stored in basic solution gave 4

Figure 2. Chromatograms of standard xanthomeg­
nin, 120 ng injected. (A) Xanthomegnin stored at 
acidic pH (pH 3.0); (B) xanthomegnin stored at basic 
pH (pH 9.0). HPLC conditions as given in method.

smaller peaks, indicating decomposition (Figure
2).

It was noted that xanthomegnin undergoes a 
color change from yellow in acidic or neutral 
solution to red in basic solution. This color 
change is reversible. Xanthomegnin also 
undergoes a color change from yellow in neutral 
solution to red when placed on silica gel. It is 
therefore suggested that the silica gel used for 
column chromatographic cleanup of sample ex­
tracts for determination of xanthomegnin is at 
least in part responsible for the loss of xantho­
megnin. The longer the residence time of xan­
thomegnin on a silica gel column, the greater the 
loss appears to be. During the development of 
this method, several variations of silica gel col­
umn chromatography for sample cleanup were 
evaluated, and the Sep-Pak procedure described 
consistently gave the best recoveries. This is 
most likely due to the small, compact column, 
which contains only about 2 g silica gel, and to 
the short residence time of xanthomegnin on the 
column. The elapsed time from sample appli­
cation to elution of xanthomegnin is about 10 
min.

It is known that some quinones are sensitive 
to exposure to light. To test if exposure to light
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has an adverse effect on the stability of xantho­
megnin, a dry film of xanthomegnin in clear 
glass vials was exposed to normal fluorescent 
laboratory lighting and also stored in amber glass 
vials in the dark for 24 h. The lights in the lab­
oratory were turned off overnight. Actual ex­
posure to bright light was about 12 h. The films 
in the vials were then dissolved in the HPLC 
mobile phase and injected onto the HPLC sys­
tem. The xanthomegnin kept in the light 
showed an average loss of 30% when compared 
with that kept in the dark.

The method reported here takes into consid­
eration the results of our studies on the effects of 
solvents, pH, and light on the stability of xan­
thomegnin. The sample analysis takes an aver­
age of 1 h to complete and is designed to reduce 
to a minimum the exposure of the sample extract 
to light and a pH above 7. This method has been 
extensively used in our laboratory for over a year 
and has given consistent and reproducible re­
sults.
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P L A N T S

Derivation of Fluorometric Chlorophyll and Pheophytin Equations

H EIN Z P. KO LLIG
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Equations for calculation of chlorophyll a and 
pheophytin a by fluorometry have been cited in a 
number of publications. None of them, however, 
includes the derivation of the equations to substan­
tiate their validity. The derivation is given here to 
let the user apply the equations with confidence.

Scientific literature contains quite a number of 
publications dealing with the determination of 
chlorophyll a in environmental samples by using 
fluorometry and improvements of the standard 
method. None of the publications, however, 
includes the derivation of the 2 equations used 
in the calculation process: one for the concen­
tration of chlorophyll a and the other for the 
concentration of pheophytin a (1-3). Standard 
Methods for the Examination of Water and Waste- 
water (3) gives these equations as

Chlorophyll a, mg/cu. m = Fs —-— (Rb — Ra) 
r — 1

Fp and Rp =  fluorescence of pheophytin a 
Fcp and Rep =  fluorescence of chlorophyll a 

converted to pheophytin a by 
acidification

S =  calibration factor for appropriate 
sensitivity setting

A pure chlorophyll a standard contains only 
chlorophyll a and no pheophytin a, but a chlo­
rophyll a sample may contain pheophytin a. 
The ratio of an unacidified pure chlorophyll a 
standard to an acidified pure chlorophyll a 
standard in fluorescence can be considered 
constant for each analytical setup (1, 3, 4) and is 
represented as:

Rb =
Ra ~  T

The fluorescence of a sample before acidification 
is described by:

Pheophytin a, mg/cu. m =  Fs (rRa — Rb)

where Fs =  calibration factor of sensitivity set­
ting S to convert fluorometric readings to con­
centrations of chlorophyll a;R b =  fluorescence 
of extract before acidification; Ra =  fluorescence 
of extract after acidification; r =  ratio of Rb/Rn.

Derivation
The following derivation of the equations 

(using some different symbols), which substan­
tiates the validity of the published equations, 
should be of interest to analytical chemists who 
use the chlorophyll a method.

Definition of symbols:

F =  fluorescence of sample 
R =  fluorescence of pure chlorophyll 

a standard
Fb and Rb =  total fluorescence before acidi­

fication
Fa and Ra =  total fluorescence after acidifi­

cation
Fc and Rc =  fluorescence of chlorophyll a

Fb =  Fc +  Fp U)

Solving for Fc,

Fc =  Fb -  Fp (2)

The fluorescence of a sample after acidification 
is described by:

Fa =  Fp +  Fcp (3)

Solving for Fcp,

Fcp =  Fa — Fp

, Rb Fc
If —  =  r, th en---- =  r, and

Ra Fcp
Rb _  Fc _  Fb -  Fp 
Ra Fcp Fa — Fp 

Solving Equation 5 for Fp yields

RaFb — RbFa
Fp = -----------------

K Ra -  Rb

which is the fluorescence of pheophytin a in the 
sample. The concentration of pheophytin a in 
the sample is obtained by using a pure chloro­
phyll a standard. When this standard is acidi­
fied, all chlorophyll a is converted to pheophytin 
a, whose fluorescence is only 42% that of chlo-

(4)

(5 )

(6 )

Received April 9, 1982. Accepted August 27 ,1982 .
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rophyll a (1). When, therefore, the concentra­
tion of pheophytin a is calculated using a pure 
chlorophyll a standard, the fluorescence of 
pheophytin a must be multiplied by Rb/Ra. 
Equation 6 then becomes:

Rb (RaFb -  RbFa\ F b < Rb 
Ra\ Ra — Rb )' Fa Ra

(7)

Multiply numerator and denominator by —1: 

RbFb -  RbFa
Fc = :

Rb — Ra 
Rb

(.Fb -  Fa)
R b - R a

Divide numerator and denominator by Ra:

Multiply numerator and denominator by — 1: 

_  Rb I RbFa -  RaFb\
P ~  R a\  R b - R a  j 

_ R b ¡R bF a  -  R aF b\

~  R b - R a  \ R a  j

Fc =  ■

Rb 
Ra

^ 7 i
Ra

■ (Fb -  Fa)

Substitute r for Rb/Ra:

Divide numerator and denominator by Ra: 

Rb

Fp
Ra

R b - R a \Ra 
Ra 

Rb 
Ra

—  Fa — Fb

1
Rb 
Ra

Substitute r for Rb/Ra

Rb
Ra

■ Fa - Fb

Fp =  —— j- (rFa — Fb)

The concentration of pheophytin a is then de­
scribed by:

=  (Fb — Fa) 
r  —  1

The concentration of chlorophyll a is then de­
scribed by:

Chlorophyll a =  —-— (Fb — Fa)S (10) 
r  — 1

The above derivation arrived at the same 
equations that are being recommended in a 
number of publications. Analytical chemists 
can, therefore, use the equations with confi­
dence.

The above derivation shows the validity of the 
published equations only. Interferences by 
other chlorophylls and derivatives should be 
considered separately.

Pheophytin a
1

(rFa -  Fb)S (8)

Substituting Equation 6 into Equation 2 yields

Fc =  Fb
RaFb -  RbFa\
, R a - R b  I 

RaFb -  RbFb -  RaFb +  RbFa 
Ra -  Rb 

-RbFb  +  RbFa 
Ra — Rb

(9)
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DRUGS IN FEEDS

Effect of Citric Acid on Inhibition of Chlortetracycline Activity by 
Magnesium Ions

TAMARA BURGESS and TOM CHIANG
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The antimicrobial activity of Chlortetracycline (CTC) 
can be inhibited by magnesium ions; thus the result 
of CTC turbidimetric assay may be lower than guar­
antee if large amounts of magnesium ions are present 
in the feed extract. Under controlled conditions, 
citric acid can be used to chelate the excess magne­
sium ions without affecting cell growth or CTC ac­
tivity, thereby eliminating the magnesium interfer­
ence.

The official methods for determination of 
Chlortetracycline (CTC) in feeds are the plate agar 
diffusion method (1) and the turbidimetric 
method (2). Since the introduction of the Au- 
toturb® system (3), the latter procedure has been 
greatly improved in both speed and accuracy. 
However, even with the aid of the Autoturb 
system, the turbidimetric method is not without 
its limitations.

A major limitation of the turbidimetric method 
is its susceptibility to interference by other 
components in the feed samples. Interference 
can be caused by compounds that change the 
growth rate of the test organism and thus affect 
the assay values.

The turbidimetric assay values of CTC may be 
biased low if a feed sample contains a high level 
of magnesium. Magnesium ions can affect the 
turbidimetric assay in 2 ways: (i) It promotes the 
growth of the test organism; (ii) it inactivates 
CTC activity by interfering with the binding 
between CTC and ribosome (4). It was shown 
previously (4) that the growth promotion effect 
can be corrected if the assay broth is supple­
mented with extra ImM magnesium ions. Sev­
eral magnesium chelating agents were tested for 
their ability to circumvent the second effect of 
magnesium ions on the CTC turbidimetric assay. 
In the present report, we show that, under con­
trolled conditions, citric acid can completely 
eliminate the interference of CTC turbidimetric 
assay by magnesium ions. Furthermore, at high 
concentrations, citric acid inhibits growth of the 
test organism and also enhances CTC activity.

Received May 24, 1982. Accepted August 19, 1982.

METHOD

Apparatus and Reagents

(a) Automatic turbidimetric system.—Autoturb® 
(Elanco Products Co.)

(b) CTC standard solutions.—Stock solution.—250 
pg  / mL. Accurately weigh 0.250 g CTC-HC1USP 
Reference Standard. Dissolve in 0.01N HC1 and 
dilute to 1 L with 0.01N HC1. Dilute aliquots of 
stock solution with pH 4.5 phosphate buffer to 
obtain concentrations of 4 and 8 pg/m L .

(c) Dilution buffer.—pH 4.5 phosphate buffer. 
Dissolve 13.6 g anhydrous KH2PO4 in water and 
dilute to 1 L.

(d) Assay broth.—Difco antibiotic medium 3. 
Dissolve 29.75 g medium in 1 L water and use 
immediately.

(e) MgSOi solution.—1M. Dissolve 120 g 
MgSCU in dilution buffer and dilute to 1 L.

(f) Citric acid solution.—1M. Dissolve 21 g 
citric acid monohydrate (molecular weight =  
210) in dilution buffer and dilute to 100 mL.

(g) Test organism.—Staphylococcus aureus, ATCC 
9144.

(h) Preparation of inoculum.—Inoculate 10 mL 
assay broth with 1 loop of S. aureus from slant 
culture. Incubate overnight at room tempera­
ture. Use 10 mL culture per liter of assay broth. 
The cell concentration before incubation was 1.0 
X 107 cells/mL or had a percent transmission 
value of 98%.

Preparation of Samples

Mix 1 mL CTC standard solution at either 4 or 
8 p g /m L  with appropriate amount of 1M MgSC>4 
and/or 1M citric acid so that, after dilution to 10 
mL with phosphate buffer (pH 4.5), the final 
concentrations in each of these sample tubes are 
as indicated in the figures. These samples are 
automatically diluted with inoculated assay 
broth, incubated to allow cell growth, and ana­
lyzed for percent transmission by the Autoturb 
spectrophotometric reader. Calculate equivalent 
CTC concentration or percent CTC inhibition in 
each sample by interpolating from standard CTC
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dose-response curve determined in the same 
experiment.

Results and Discussion

Effect of Citric Acid on Inhibition of CTC  
Activity by Magnesium Ions

As previously reported from this laboratory
(4), up to 50% of the antimicrobial activity of CTC 
can be inhibited by exposing the drug to mag­
nesium ions. It has been suggested by several 
investigators (5, 6) that magnesium ions are 
normally involved in the binding of tetracyclines 
to ribosomes, resulting in the inhibition of pro­
tein synthesis. It is known that tetracyclines can 
form chelates with magnesium ions (7, 8); 
therefore, extra magnesium ions may interfere 
with the binding of tetracyclines to ribosomes. 
If this is the mechanism by which magnesium 
ions inhibit CTC activity, one would expect that 
other cation chelating agents would reduce the 
CTC inhibition exerted by excess magnesium 
ions.

Results obtained by using EDTA (ethylenedi- 
aminetetraacetic acid) as a chelating agent were 
inconclusive; it was so effective in chelating 
magnesium ions that cell growth was inadver­
tently inhibited (4). Alternatively, citric acid 
was used at concentration levels where the cell 
growth was unaffected. When increasing 
amounts of citric acid were added to magne­
sium-treated CTC standard solution, the CTC 
activity was gradually restored (Figure 1, Panel 
B). At the highest citric acid concentration used 
(lOOmM), essentially 100% of the CTC activity 
was recovered. Because each citric acid molecule 
carries 3 negative charges at neutral pH and each 
magnesium ion carries 2 positive charges, one 
would expect that it would take 2 moles of citric 
acid to chelate 3 moles of magnesium ions. This 
corresponds quite well with our observation 
here; namely, lOOmM citric acid completely 
eliminates the effect of CTC inhibition exerted 
by 150mM magnesium ions. Figure 1 also shows 
that when the same amount of citric acid and 
150mM MgSC>4 were added to the inoculated 
media without the addition of CTC, the percent 
CTC activity remains zero, indicating cell growth 
was unaffected by MgSC>4 and citric acid at these 
concentration levels.

Enhancement of CTC Activity by Citric Acid

In the course of investigating the effect of citric 
acid on CTC inhibition by magnesium ions, we 
found that if citric acid alone was added to stan­
dard CTC solution, the extent of growth inhibi-

Figure 1. Inhibition of CTC activity by MgSCh 
(Panel A), and recovery of this inhibition by citric 
acid (Panel B). Bottom line (▲ -▲ -▲ ) represents 
samples containing 150mM MgS04 and increasing 

amounts of citric acid without CTC.

tion was more than if citric acid was not added. 
This is not surprising; citric acid alone, at higher 
concentration, can inhibit growth, probably by 
chelating some of the magnesium ions. How­
ever, the amount of growth inhibition resulting 
from CTC plus citric acid is higher than the sum 
of individual contribution from each of these 2 
components. This is shown in Figure 2 in which 
growth inhibition was expressed as equivalent 
CTC concentrations. The bottom line shows that 
when citric acid concentration exceeds lOOmM, 
growth inhibition can be observed without the 
addition of CTC. The upper line shows the re­
sult if standard CTC solution (at 0.4 pg/mL) was 
also added. This line shows a steeper overall 
slope than the line for citric acid alone. The 
dotted line is the normalized curve obtained by 
subtracting the lower line from the upper line. 
As evident from the normalized line, the CTC 
activity is enhanced by the addition of citric acid. 
At the highest citric acid concentration (300mM), 
CTC activity can be enhanced over 35% (from 0.4 
to 0.55 /xg/mL).

The mechanism of the enhancement of CTC 
activity by citric acid is unclear. One cannot 
attribute this phenomenon to changes in cell
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Figure 2. Enhancement of CTC activity by citric 
acid. Bottom line (•-•-•) represents citric acid 
alone; upper line ( A- A- A)  represents citric acid plus 
CTC (0.4 /ig/mL); dotted line is normalized line de­

picting CTC enhancement by citric acid.

growth rate caused by citric acid, because the 
normalized curve in Figure 2 should correct for 
such an effect. One might envision that the 
magnesium ions inside the cell form complexes 
with CTC molecules in an equilibrium state. If 
some of the magnesium ions are being chelated 
by citric acid, the equilibrium may be shifted 
toward a reduction in complex formation, 
thereby resulting in more free CTC molecules 
available for inhibiting protein synthesis. This 
is based on the assumption that the binding 
constant between citric acid and magnesium ions 
is higher than that between CTC and magnesium 
ions.

Since citric acid can reverse the inhibition of 
CTC by magnesium, the binding of magnesium 
to CTC must be a reversible process. Once the 
feed is inside the animal, the magnesium con­

centration will be diluted considerably; there­
fore, the authors do not believe that the magne­
sium ions are actually inhibiting the desired ef­
fect of CTC in the feed.

The citric acid results reported in this paper 
not only strengthen the proposed mechanism by 
which magnesium inhibits CTC activity (4), but 
they also provide a possible solution to overcome 
the problem of magnesium interference in CTC 
assay by turbidimetric method. At this stage we 
do not know if citric acid would improve the 
assay result of a particular feed sample contain­
ing high magnesium because there may be other 
ions that could react with citric acid before 
magnesium ions do. Therefore, even if these 
experiments were repeated with feed samples, 
it is difficult to draw a general conclusion on all 
feed samples simply because different feeds may 
contain different amounts of other ions. The 
technique could be especially useful with those 
feed samples that have unusually high magne­
sium content. Further investigation on the ap­
plication of these effects on feed samples by 
turbidimetric method is under way in this labo­
ratory.

Acknowledgments
The authors thank Steve McDaniel for re­

viewing this manuscript and P. Chaffin for as­
sistance in preparing this paper.

Referen ces

(1) Official Methods of Analysis (1980) 13th Ed., AOAC, 
Arlington, VA, secs. 42.211-42.213

(2) Official Methods of Analysis (1980) 13th Ed., AOAC, 
Arlington, VA, secs. 42.215-42.220

(3) Kuzel, N. R„ & Kavanagh, F. W. (1971) /. Pharm. Sci. 
60,767-773

(4) Chiang, T. (1982) /. Assoc. Off. Anal. Chem. 65, 
1044-1047

(5) White, J. P„ & Cantor, C. R. (1971) J . M o l  B io l. 58, 
397-400

(6) Gale, E. R„ Cundliffe, E„ Reynolds, P. E., Richmond,
M. H., & Waring, M. J. (1972) The Molecular Basis of 
Antibiotic Action, Wiley-Intersciences Publication

(7) Kohn, K. W. (1961)  Anal. Chem. 33, 862-866
(8) Grassi, G. G„ & Sabath, L. D, (1981) New Trends in 

Antibiotics: Research and Therapy, Elsevier/North- 
Holland Biochemical Press, New York, NY



STAHL & KRATZER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 3, 1983) 5 9 7

Microbiological Determination of Lincomycin in Feeds and 
Supplements Containing High Concentrations of Bentonite

GERALD L. STAHL and D. DAL KRATZER 
T h e  U p jo h n  C o . ,  K a l a m a z o o ,  M I  4 9 0 0 1

A microbiological method is described for deter­
mining lincomycin in complete feeds, supplements, 
and pre-mixes greater than 100 g/ton and containing 
high levels of bentonite. The AOAC method cur­
rently used is unsatisfactory for analyzing feeds with 
concentrations of bentonite greater than 5.5%. Study 
indicates that low lincomycin recoveries from high 
level bentonite feeds are a function of aqueous con­
tact and subsequent binding. The present method 
involves an alternative extraction technique using 
formamide as the primary extractant. A binary sol­
vent system of ethanol and phosphate buffer aids in 
the extraction, miscibility, and conversion to water 
solubility for subsequent testing. Forty-one feeds 
containing as high as 60% bentonite were assayed by 
the reported method and gave a mean recovery of 
106% and a range of 94-114%. An inter-laboratory 
confirmation study produced a mean recovery of 
103%, with a range of 93-114%. A factorial analysis 
of variance of the interactive effects between lin­
comycin level and bentonite level within the AOAC 
method and within the bentonite method showed no 
interactions which would influence percent recovery 
in either assay method.

Current AOAC methods for determining lin­
comycin in feeds (1,2) are unable to analyze the 
antibiotic accurately in the presence of high 
concentrations of bentonite. Commercial sup­
plement assays and laboratory experimentation 
indicated that the acid-methanol extraction 
method only recovers from 38 to 64% of the lin­
comycin from feeds containing 28-60% benton­
ite. Feeds containing greater than 60% have not 
been encountered or laboratory tested. Swine 
feed supplements containing large amounts of 
bentonite have increased and prompted the need 
for development of a new selective analytical 
technique. The method reported here involves 
incorporating changes in the extraction phase 
only of the microbiological cylinder-plate 
methods. The method is applicable to 100 g/ton 
or greater in complete feeds, supplements, and 
pre-mixes containing up to 60% bentonite. High 
levels of bentonite normally occur only in sup­
plements containing 1000 g lincomycin or 
more/ton; however, 100 g/ton feeds were tested 
to cover unusual circumstances and to determine

range limitations of the assay. The method in­
volves primary shake extraction with formamide 
and subsequent combination of the fluid extract 
with an equal volume of a binary solvent system
of ethanol and phosphate buffer. This secón-
dary extraction phase aids in miscibility and 
conversion to water solubility for subsequent 
plate testing. A series of 4 supportive experi­
ments were undertaken as a result of initial lab-
oratory experimentation and problems with 
assay of commercial feeds routinely sent to our
analytical service laboratory.

Experimental

M aterials

(a) Laboratory preparations of feeds and supple­
ments.—All were typical complete swine rations
ground in a Wiley mill through a 1 mm screen.
The following swine feeds, S-581 and S-810, were
used for laboratory preparation:

Ingredient Percent
S-581:

Ground corn 77.35
Soybean meal 19.0
Salt 0.5
Defluorinated phosphate 1.9
Fat, stabilized 1.0
Vitamins and minerals 0.2
Selenium 0.05

100.00
S-810:

Ground corn 78.000
Soybean meal 19.0
Dyna K 0.1
Swine pre-mix 5S 0.25
Dicalcium phosphate 1.5
Calcium 0.75
Salt 0.4

100.00

(b) Bentonite (Volclay sodium).—Obtained from 
American Colloid Co., Skokie, IL.

(c) Formamide (HCONH).—98%, obtained from 
Aldrich Chemical Co., Milwaukee, WI 53233.

Tests
Three 100 g/ton complete feeds containing 10, 

25, and 50% bentonite were assayed by theReceived May 7, 1982. Accepted September 7,1982.
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Table 1. Three initial laboratory feed preparations and 5 routine commercial feeds assayed by both methods

Source
Lincomycin,

g /to n
Bentonite 
in feed, %

Found, % of label

AOAC Bentonite 
method method

Laboratory too 50 38, 47 97, 98
too 25 56, 58 106, 98
too 10 79,82 107, 106

Com. 1 a 2000 40 49 100
Com. 2 2600 28 60 94
Com. 3 2000 59 50 97
Com. 4 2000 50 64 106
Com. 5 2000 59 62 106

a Feeds from different commercial sources, containing 28-59%  bentonite.

AOAC and bentonite methods. These labora­
tory preparations were necessary because assays 
from commercial supplements showed that a 
problem existed with interfering bentonite 
concentrations.

To estimate the percent bentonite at which the 
AOAC and bentonite methods give different 
results, 10 feeds were prepared to conform to a 
2 X 5  factorial arrangement of 200 and 2000 g 
lincomycin/ton and 0, 5, 10, 20, and 40% ben­
tonite. All 10 feeds were assayed by both 
methods. Analysis of variance was done to in­
vestigate the interactive effects between level of 
lincomycin and bentonite concentration on the 
percent recovery of lincomycin.

To refine and reproduce the highest concen­
tration of bentonite allowing accurate assay by 
the AOAC method, 5 feeds were prepared at 2000 
g lincomycin/ton with bentonite concentrations 
of 0,1.5, 3.0, 4.5, and 6.0%. Feeds were assayed 
by both methods.

To determine formamide toxicity influence on 
the results of the bentonite method, one feed at 
200 g/ton was assayed at 6 different fluid extract 
dilutions giving final formamide concentrations 
of 1, 1.5, 2, 2.5, 3, and 3.5%. The 6 preparations 
were assayed, and percent recovery was used as 
the parameter for test organism toxicity. Values 
significantly above the 106% overall assay mean 
were interpreted as indicating microorganism 
destruction with resulting positive assay bias.

Two complete feeds, preparations 15 and 16 at 
40 g/ton and 100 g/ton, respectively, were pre­
pared from 2 different 2000 g/ton high level 
bentonite supplements and assayed by the 
AOAC method. These supplements assayed 50% 
and 53%, respectively. Method of preparation 
for complete feed 15 was one part laboratory 
preparation 10, 2000 g/ton, plus 49 parts feed 
S-581. Preparation of complete feed 16 was one

part Company C supplement, 2000 g/ton, plus 
19 parts feed S-581.

METHODS
Bentonite extraction procedure for feeds >  100 

g/ton.—Accurately weigh 4-12 g ground sample, 
transfer to 250 mL centrifuge bottle, add 50 mL 
formamide, and shake 20 min on mechanical 
shaker. Add 50 mL pH 8 phosphate buffer- 
ethanol (50 +  50). Shake 10 min, allowing so­
lutions to equilibrate. Centrifuge 3-5  min at ca 
2500 rpm. Dilute 1 mL fluid extract with pH 8 
buffer to 0.33-0.88 pg  lincomycin/mL.

AOAC extraction procedure.—See 42.243(b)
(3).

Assay and interpretation.—Proceed as in 42.241, 
42.242, 42.244 (3).

Results and Discussion
The problem was demonstrated by initial ex­

perimentation with three 100 g/ton feeds con­
taining 10, 25, and 50% bentonite assayed by the 
AOAC and the bentonite methods. In addition 
to these results, commercial supplements chro­
nologically listed also supported the fact that the 
AOAC method was unsatisfactory and the ben­
tonite method was satisfactory (Table 1).

Overall results from the first experiment 
support the hypothesis that when using the 
AOAC method, recovery of lincomycin decreases 
as the bentonite concentration increases. The 
bentonite method again produced satisfactory 
results irrespective of bentonite concentration 
(Table 2).

Analysis of the slopes of percent recovery from 
the 2 methods and the point of intercept between 
the upper 95% confidence limit on individual 
assays (CLI) of the AOAC method and the lower 
95% CLI of the bentonite assay indicates that ca 
6% bentonite is the maximum concentration that
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Table 2. Estimation of % bentonite at which the AOAC 
and bentonite methods give different results

Recovery,9 %

Feed AOAC Bentonite
prepn Bentonite, % method method

200 g Lincom ycin/ton

1 0 106 108
116 112

2 5 101 114
99 106

3 10 76 114
87 110

4 20 62 110
63 108

5 40 48 98
53 110

2000 g Lincom ycin/ton

6 0 112 106
106 104

7 5 99 108
93 102

8 10 84 112
88 110

9 20 67 110
67 104

10 40 51 104
56 102

a Assays of separate samples on same day.

can be present for accurate assay by the AOAC 
method (Figure 1).

The analysis of variance study for interactive 
effects shown in Table 3 indicates that the in­
teraction between assay values for the levels of 
bentonite is the same for 200 g/ton and 2000 
g/ton of lincomycin, indicating no interaction 
of lincomycin and bentonite levels. In addition, 
mean assay values for the AOAC and bentonite 
methods have the same relationship in 200 g/ton 
as in 2000 g/ton, and the trend in assay values for

Figure 1. Analysis of slopes, first experiment. O, 
AOAC method; —  upper 95% CLI of AOAC method; 
•, bentonite method; -  -  lower 95% CLI of bentonite 

method.

varying percents of bentonite and the 2 methods 
of assay have the same interrelationship in 200 
g/ton as in 2000 g/ton. The experimental esti­
mation of interfering bentonite concentration is 
corroborated in the second experiment (Table 4). 
The 5.5% concentration of bentonite proved to 
be the 100% recovery level as shown by the point 
of separation between the upper 95% CLI of the 
AOAC method and the lower 95% CLI of the 
bentonite method (Figure 2). Percent recovery 
of lincomycin from varying concentrations of 
formamide in the third experiment demonstrates 
the toxicity bias that could be effected if levels 
were too high (Table 5). Figure 3 shows the 
lincomycin recovery values with the upper and 
lower 95% confidence intervals on the best fitting 
quadratic equation. Using the technique of

Table 3. Analysis of variance for investigation of interactive effects of level of lincomycin on relationship between %
bentonite and % recovery

Code Source DF MS
Probability of 
chance diff.

Lineo. level of lincomycin 1 6.4 0.55
Ben. % bentonite 4 1254.7 0.00
Methods AOAC vs bentonite 1 6708.1 0.00

Linco. X Ben. 4 17.46 0.42 a
Linco. X methods 1 40.0 O .U 6
Ben. X methods 4 1017.7 0.00
Linco. X Ben. X methods 4 2.3 0.97 c
error 20 17.3

a No interaction between lincomycin and level of bentonite.
b No interaction of lincomycin level and method.
c No interaction of lincomycin level, percent bentonite, and method.
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Table 4. Breakpoint determination of bentonite 
concentration (2000 g lincomycln/ton)

Recovery, %

Feed
prepn Bentonite, %

AOAC
method

Bentonite
method

6 0 108 108
112 107

11 1.5 102 107
114 108

12 3.0 104 107
100 102

13 4.5 97 104
93 108

14 6.0 86 107
86 104

Table 5. Formamide toxicity influence on bentonite 
method (feed preparation 1; 200 g lincomycin/ton)

Ext
diln Formamide, % Lineo, ree.

1:50 1.0 107
107

1:33.3 1.5 109
104

1:25 2.0 110
106

1:20 2.5 126
120

1:16.7 3.0 136
136

1:14.3 3.5 149
149

overlapping confidence intervals, formamide in 
concentrations of 2% or less can be used without 
altering the standard response diluent because 
the non-overlap of confidence intervals occurs 
at greater than 2% formamide. Maximum con­
centration of formamide attained in the experi­
mental systems described in this report was 
1.25% at the level of 100 g lincomycin/ton where 
the solvent system was diluted 1:40 with 
buffer.

In the fourth experiment, complete feeds 
prepared from high level bentonite supplements 
yielded excellent lincomycin recoveries by the 
AOAC method even though the supplements 
from which they were prepared only assayed in 
the 50% range by the same method (Table 6). 
These results are predictable in one respect be­
cause from previous experimentation the ben­
tonite concentration is diluted to assayable levels 
in the complete feed, while also showing that the

Figure 2. Breakpoint determination for bentonite 
concentration, first experiment: O, AOAC method; 
—  upper 95% CLI of AOAC method; •, bentonite 

method; -  -  lower 95% CLI of bentonite method.

lincomycin in the dry high level bentonite sup­
plement is not bound. This experiment strongly 
supports the fact that low lincomycin recoveries 
from high level bentonite feeds are a function of 
aqueous contact occurring in the AOAC extrac­
tion method and causing subsequent binding.

The 41 total samples assayed by the bentonite 
method in this report had a mean recovery of 
106% with a range of 94-114%. The results of 
samples analyzed collaboratively by the Clinical 
Research Laboratories (CRL), The Upjohn Co., 
using the bentonite method, had a mean recov­
ery of 103% with a range of 93-114%. Their re­
sults on the same samples assayed by the AOAC 
method also closely reproduced those of our 
laboratory, Analytical Chemical Services (ACS) 
(Table 7). The pre-mix used for preparation of 
the feeds in this study assayed at 107% which is

Figure 3. Formamide toxicity influence on ben­
tonite method, third experiment: — , upper 95% 
confidence limit on mean of 2 assays (CLM); A ,  ben­

tonite method data points; -  - ,  lower 95% CLM.
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Table 6. Complete feeds prepared from high level bentonite supplements and assayed by AOAC method

Feed
prepn

Lineo.,
g /to n

Supplement
source

% Recovery, 
supplements

% Bentonite 
in comp, feed

% Recovery, 
complete feeds

15 40 Lab. prepn 10, 53 C.8 107
40% bentonite 111

16 100 Company C, 50 2.95 106
59% bentonite 103

Table 7. Results of duplicate samples collaboratively studied

Feed
prepn

Lineo.,
g /to n Bentonite, %

Recovery, %

AOAC method Bentonite method

ACS CRL ACS CRL

5 200 40 48, 53 49, 58 98, 110 95, 110
10 2000 40 51, 56 64, 64 104, 102 95, 111
6 2000 0 112, 106 107, 107 106, 104 98, 114
9 2000 20 67, 67 65 ,65 110, 104 98, 101

responsible for an apparent positive bias over an 
expected 100% recovery. This fact, however, is 
insignificant inasmuch as the influence is the 
same for both methods. The manufacturer puts 
a 5% flush in the pre-mix to assure customer re­
ceipt of 100% of the product. A limitation found 
accentuating 100 g/ton as the lower limit of 
sensitivity for this described technique is the fact 
that sample size cannot exceed 25% of the ben­
tonite extract solvent volume when feed samples 
contain 50% or more bentonite. Sample sizes 
greater than this produce a mixture that hardens 
completely and cannot be processed.

Chemical properties relative to the extraction 
capability of formamide include miscibility with 
water and alcohols, and ability to dissolve sub­
stances such as casein, lignin, cellulose, other 
proteinaceous material, and synthetics such as 
nylon. It is a good softener for water-soluble 
gums and animal glues (4). The amide linkage 
in the solvent makes it especially compatible 
with organic materials such as feeds (5). Use of 
formamide as an extract solvent in feeds could be 
a valued addition to feed analysis for other an­
tibiotics as well as lincomycin and should be 
tried where synthetics, pelletizing agents, lignin, 
or other adhesive ingredients are suspected

problems. The bentonite method described was 
designed to support conditions relative to known 
and expected usage of bentonite. Technical 
flexibility does exist for modifying this method 
to apply to other situations as they arise, but at 
this time it does not appear to be necessary and 
the method described should facilitate rapid ac­
ceptance and implementation.
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High Pressure Liquid Chromatographic Determination of Carbadox 
and Pyrantel Tartrate in Swine Feed and Supplements
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A rapid yet reliable procedure for the simultaneous 
extraction and assay of carbadox and pyrantel tartrate 
is described. The feed is extracted with water-ace­
tonitrile-methanol and cleaned up on a short alumina 
column. The eluant is separated by high pressure 
liquid chromatography and the compounds are de­
tected at different wavelengths. The drugs of in­
terest are well resolved in all feeds studied. The 
procedure has also been applied to a wide range of 
feeds which contained either one of the drugs or both 
in combination. No significant interferences were 
observed. Spiked sample recoveries were 97% for 
carbadox and 101% for pyrantel tartrate. Ruggedness 
test coefficients of variation were 2.0% for carbadox 
and 2.1% for pyrantel tartrate.

Carbadox, an antimicrobial agent, and pyrantel 
tartrate, an anthelmintic, can be incorporated 
into swine feed either together or separately in 
combination with other drugs. The most fre­
quent use appears to be a combination at 0.0055% 
carbadox and 0.0106% pyrantel tartrate (finished 
feed) or 0.055% carbadox and 0.106% pyrantel 
tartrate (supplement). There are published 
methods for the spectrophotometric determi­
nation of both carbadox (1-4) and pyrantel tar­
trate (5, 6) as well as high pressure liquid chro­
matographic (HPLC) methods for carbadox (7,8) 
and pyrantel tartrate (9). However, none of 
these procedures lends itself to a concurrent 
analysis of these 2 drugs.

The procedure presented here provides such 
an analysis with the added advantage that it does 
not require the method of standard addition used 
by Goras et al. (1,4) for carbadox or by Litchman
(6) for pyrantel tartrate.

METHOD
Caution: Solutions of both carbadox and py­

rantel tartrate are light-sensitive. Protect both 
feed extracts and standard solutions from sun or 
fluorescent light.

Apparatus

(a) High pressure liquid chromatograph.—Two 
Model 6000A pumps, Model 730 system con-

Received July 23,1982. Accepted October 5, 1982.

troller, Model 720 data module, Model 710B Wisp 
autosampler, and Model 440 dual channel spec­
trophotometric detector with 313 and 365 nm 
filters (Waters Associates, Milford, MA 01757), 
or equivalent.

(b) HPLC columns.—Waters radial compres­
sion module with 5 mm id X 10 cm C18 cartridge 
and Waters 84550 guard column containing 
30-40 pm  pellicular C18 packing.

Reagents

(a) Extractant.—Methanol-acetonitrile (1 +  1), 
both HPLC grade.

(b) Alumina.—Fisher neutral, A-950. Stir 200 
g alumina with 1 L water for 30 min. Pour off 
fines, resuspend, and filter through glass fiber 
filter (Whatman GFA) in Buchner funnel. Dry 
with vacuum and wash 3 times with methanol. 
Dry in forced air oven at 80°C overnight and 
store in desiccator.

(c) Mobile phase. — 18-20% HPLC grade aceto­
nitrile and 82-80% dibutylamine acetate (DBAA) 
solution at flow rate of 2 mL/min. Prepare 
DBAA stock solution by titrating dibutylamine 
(DBA) (Fisher 0-2199) with acetic acid to pH 2.5 
(100 mL DBA and ca 270 mL acetic acid). Dilute 
25 mL stock solution to 1 L with water to produce 
working solution. Filter this solution through
0.45 pm  glass fiber filter and degas before using. 
Working solution is 0.04M DBAA with pH of
3.7.

Standard Solutions

Store all solutions in freezer in low actinic 
glassware. Both carbadox and pyrantel tartrate 
reference standards are available from Pfizer, 
Inc., Lee's Summit, MO 64063.

(a) Carbadox stock solution.—550 p g /m h . 
Weigh 0.055 g carbadox into 100 mL volumetric 
flask. Dissolve and dilute to volume with 
CHCl3-methanol (3 +  1).

(b) Carbadox intermediate solution.—55 pg/mL. 
Dilute 10 mL stock solution to 100 mL with ex­
tractant.

(c) Pyrantel tartrate stock solution. —1.06 mg/ 
mL. Weigh 0.106 g pyrantel tartrate into 100 mL
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volum etric flask. D issolve and dilute to volum e 
w ith  extractant.

(d) Pyrantel tartrate interm ediate solution.— 106 
M g/m L. D ilu te 10 mL stock solu tion  to 100 mL 
w ith  extractant.

(e) M ixed carbadox and pyrantel tartrate working 
solution .— 11 Mg carbad ox/m L  and 21.2 Mg Py­
ran te l tartrate /m L . P ip et 20 m L o f both  in te r­
m ed iate so lu tions in to  sam e 100 mL v olu m etric 
flask, add 30 mL water, and dilute to volum e w ith 
extractant.

Preparation o f  Samples

G rind feed to pass 20 mesh sieve. Into 125 mL 
screw -cap  E rlen m eyer flask , w eigh  sam ple por­
tion  to contain  0.55 m g carbadox a n d /o r 1.06 mg 
p y ran te l tartrate. W et sam ples w ith  15 mL 
w ater, m ix w ell, and  le t eq uilibrate 5 m in. Add 
35 m L extractant, cap, and shake vigorously  30 
m in. C en trifu ge or filter m ixture through glass 
fib e r  f ilte r  (W hatm an GFA). Prepare cleanup 
colu m n  by d ry-p acking 4 g alum ina in to  1 cm 
colu m n w ith  sin tered  glass plug, and add 15 mL 
sam ple extract. C o llect o n ly  first 4 m L o f el- 
uate.

Determination

In ject 25 mL m ixed  standard and adjust flow  
rate and  m obile  phase con centration  so that re ­
ten tio n  volu m es are 1.3 for carbadox and 2.5 for 
p y ran te l tartrate. Sw itch  d etector from  365 nm  
at 0.1 A U FS to 313 nm  at 0.05 A U FS after carba­
dox has b een  com pletely  eluted. In ject 25 mL of 
sam ple u n d er sam e conditions. In ject standard 
after every second sample and com pare peak area 
o f standard  (S) w ith  peak area o f sam ple (X ).

% Carbadox =  (X )(0 .0 5 5 )/(S )(sa m p le  w t)

% P yran tel tartrate =  (X )(0 .1 0 6 )/(S )(sa m p le  w t) 

Discussion
Som e C 18 H PLC colum ns con tain  unreacted  

silanol sites w h ich  m ay cause ta ilin g  or, in  ex­
trem e cases, absolu te re ten tio n  o f th e  p yrantel 
tartrate. T he ad dition  o f D BAA  to the m obile  
phase e lim in ates m uch o f th is p roblem . O n 
colum ns w ith  few  uncapp ed silanols the  order 
o f e lu tion  m ay be reversed . Both a W aters 
pBondapak C18 and a W aters RCM -Z C18 colum n 
exh ibited  this p hen om enon  w ith  a m obile phase 
o f 18% aceto n itrile  and 82% D BAA  solu tion  at a 
flow  rate of 2 m L /m in . R etention tim es w ere 2.4 
m in for p yrantel tartrate and 3.5 m in  fo r carba­
dox. A n IBM  stain less stee l colu m n (45 m m  id 
X 250 m m ) w ith  5 pm  sp herical C 18 p acking  re-

( A )  ( b )
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Figure 1. HPLC chromatograms of carbadox and 
pyrantel tartrate standard solutions with (A) and 

without (B) added water.

quired 80% DBAA and 20% aceton itrile  at a flow  
rate o f  2 m L /m in . R eten tio n  tim es w ere 2.62 
m in  for carbadox and 3 .52 m in  fo r p y ran tel tar­
trate.

O n th e colu m ns th at have b een  tried , an in ­
crease in  the  percentage o f aceto n itrile  in  the 
m obile  phase caused u n iform  d ecreases in  re ­
tention  volum es for b oth  drugs. Increasing  the 
m olarity  o f the DBAA solu tion  d ecreased  the 
re ten tio n  volum e o f p yrantel tartrate w ith  little  
e ffect on carbadox. D ecreasing  th e  m olarity  o f 
the DBAA increased  the re ten tio n  volu m e o f 
p yrantel tartrate w ith  little  e ffect on  carbadox. 
H ow ever, th is decrease in  m olarity  causes the  
p yrantel tartrate peak to tail.

Figure 1 show s 2 chrom atogram s from  the 
RCM  C18 cartridge. The first is o f a standard 
solu tion , and the second  is o f the  sam e standard 
w ithout the 30% added w ater. R e ten tio n  tim es 
are the sam e for both , peak areas are the sam e, 
and pyrantel tartrate peak h e ig h ts  are th e  same.
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Figure 2. HPLC chromatograms of 2 typical feeds 
both guaranteed to contain 0.0055% carbadox and

0.0106% carbadox.

The peak h eig h t for carbadox is con sid erably  
low er w hen  analyzed  w ithout added w ater.

T his procedure was develop ed  in  the fall and 
w in ter o f 1980 and has b een  used as a screen  in  
th is laboratory since that tim e. C h aracteristic  
chrom atogram s o f sam ples analyzed  are show n 
in Figure 2. The sh ift in baseline betw een the 2 
peaks is caused w hen  sw itch in g  from  o n e d e­
tector at 365 nm  to an o th er at 313 nm . T he ab­
sence o f in terferen ce  is typical o f the sam ples 
analyzed.

Figure 3 show s chrom atogram s of an unspiked 
and a spiked feed. A gain the b aselin e  is clean , 
show ing little  in terference. T he spike recovery 
w as 96% fo r carbadox and 99% for p yrantel tar­
trate.

The average spiked sam ple recovery fo r car­
badox w as 97%. T h is procedure w as also com ­
pared to the official spectrophotom etric m ethod
(10). A series o f 21 rou tine regulatory  sam ples 
w ith  guarantees ranging from  0.00375 to 0.055% 
carbadox was analyzed . T hese results w ere 
sub jected  to a paired-f statistical test. T h e test 
statistic for 2 0  degrees of freedom  was 0.15 w hich 
is w ell below  2.09 (the critical value of f at the 5%

Figure 3. HPLC chromatograms of (A) feed spiked 
at 0.0055% carbadox and 0.0106% pyrantel tartrate and 

(B) the same feed unspiked.

level). This indicates that there is no d ifference 
in  results b etw een  the 2  m ethods.

C om parison assays w ere m ade on p yrantel 
tartrate using the m ethod described in this paper 
and the Goras H PLC procedure (9). Sp ike re ­
covery is exce llen t by both m ethods, 99% by the 
Goras procedure and 101% by the p resen t m eth ­
od. H ow ever, actual feed  and su p p lem ent 
analyses ind icate  a problem . R ou tine sam ples 
analyzed  by b oth  m ethods freq u en tly  gave 
h ig h e r  resu lts  by th e  p re se n t p ro ced u re .

Table 1. Comparison of pyrantel tartrate results (%) by 
different HPLC procedures

Pfizer NCDA NCDA
(Goras (Goras (this

Lot procedure)3 procedure)6 procedure)6

1 0.107 0 .106 0 .126
2 0 .102 0.102 0 .128
3 0 .105 0.105 0 .122
4 0 .0115 0 .0114 0.0123
5 0 .0116 0.0116 0 .0114
6 0 .0116 0.0116 0 .0123

a Each value is the average of 6 -1 0  determinations. 
6 Each value is the average of 3 determinations.
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Table 2. Effect of slight variations in conditions on determination of carbadox and pyrantel tartrate in swine feeda

Condition Variations

Carbadox Pyrantel tartrate

Found,% Diff. Found,% Diff.

Amount of light very dark 0 .00572 0 .01110
moderately dark 0 .00562 0 .00010 0 .01089 0.00022

Filter Whatman GFA 0.00574 0 .01107
Reeve Angel 0.00561 0 .00013 0.01092 0.00015

Shaking time 30  min 0.00567 0.01093
20  min 0.00567 0 .00000 0 .01106 -0 .0 0 0 1 4

Sample type dense 0.00567 0 .01096
voluminous 0.00567 0.00000 0.01103 -0 .0 0 0 0 7

Wt alumina 4 .0  g 0.00571 0 .01108
3.7 g 0 .00564 0.00007 0.01091 0.00017

HPLC column RCM C18 0.00569 0 .01110
R CM -ZC18 0.00565 0 .00004 0.01089 0 .00020

Equilibration time 5 min 0.00572 0 .01108
10 min 0.00562 0 .00010 0.01091 0.00017

3 Commercial feed guaranteed at 0 .0055%  carbadox and 0.0106%  pyrantel tartrate.

T herefo re , sp lit sam ples w ere obtain ed  from  
P fizer. T hese w ere analyzed  at P fizer by the 
Goras procedure (9) and in  this laboratory by 
b oth  procedures. The results in Table 1 indicate 
that th e  ab erration  is m ore apparent fo r sup p le­
m en ts than for fin ish ed  feed. Fu rther w ork is 
needed  to resolve the discrepancies betw een the 
2  procedures.

T h is  p rocedure has b een  subjected  to a 
ruggedness test to determ ine the effects o f slight 
ch an g es in  sam ple, extraction , and chrom ato­
grap hic  con d itions. A com m ercial sw in e feed 
gu aranteed  to con tain  0.0055%  carbadox and
0.0106%  pyrantel tartrate was analyzed  under 
varying experim ental conditions (Table 2). The 
standard  con d itio n  sp ecified  all flu orescent 
ligh ts out and w indow  blinds closed (very dark). 
T h e  lig h t was then  varied  by (2) a llo w in g  som e 
flu o rescen t lig h t from  a side w ork b en ch  but 
keep in g  the overhead  lig h ts  o ff and the b lin d s 
sh u t (m od erately  dark), and (2 ) o p en in g  the 
b lin d s and tu rn in g  on th e overhead  flu o rescen t 
lig h ts . T he second set o f con d itions caused tre ­
m endous changes; th e  carbadox resu lt was 28% 
low er and  erratic and the pyrantel tartrate result 
w as 74% low er and m ore erratic. P yran tel tar­
trate resu lts w ere fu rth er com prom ised by the 
co-elution of 2  other degradation products w hich 
w ere  totally  absen t un der low  lig h t conditions.

E ven w ith  a sm all increase in  lig h t, the  py­
ran te l tartrate results w ere depressed enou g h  to 
m ake th is chang e the m ost s ig n ifican t. Carba­
dox w as n o t affected  to the sam e degree.

N o o th er s ig n ifican t sen sitiv ity  to s ligh t 
change w as noted. C ondition (2) coefficients of 
v ariation  w ere 1.97% fo r carbadox and 2.13%  for 
p yrantel tartrate.

T h ese low  co effic ien ts  o f variation  ind icate 
that th is procedure can be used in  o th er labora­
tories to produce sim ilar results on both  drugs. 
A lso, the carbadox com parison study indicates 
no observable d ifferen ce  betw een  this m ethod 
and the official spectrophotom etric m ethod ( 1 0 ). 
H ow ever, com parison o f pyrantel tartrate results 
betw een this m ethod and the Goras procedure (9) 
in d icate  a bias in  at least one o f the  m ethods. 
T h is  p roblem  should  be studied further.
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COFFEE AND TEA

High Performance Liquid Chromatographic Determination of 
Caffeine in Decaffeinated Coffee, Tea, and Beverage Products

SAMY H. ASHOOR, GEORGE J. SEPERICH, WOODROW C. MONTE,1 and 
JIM WELTY
D iv is io n  o f  A g r ic u l t u r e ,  A r iz o n a  S t a t e  U n iv e r s i t y ,  T e m p e ,  A Z  8 5 2 8 7

A method was developed for determining caffeine in 
decaffeinated coffee, tea, and beverage products by 
high performance liquid chromatography (HPLC). 
The HPLC system consisted of a Bio-Sil ODS-5S Cis 
column, methanol-water (25 +  75) mobile phase at 1 
m L/m in, and a UV detector. The method is simple 
and specific. Caffeine recoveries were 93.8-98.3% 
and coefficients of variation were 0.90-2.25%.

Concern about the possible adverse health effects 
o f ca ffe in e  on the consu m er has resulted  in the 
d ev elo p m en t o f d ecaffeinated  coffee , tea, and 
beverage products. T hese d ecaffe in ated  prod­
ucts are ga in in g  m ore accep tability  by th e co n ­
sum er and th eir nu m ber in  the m arket is gradu­
a lly  increasing .

D eca ffe in a ted  food products co n ta in  ap ­
p roxim ately  1-3%  o f the  orig inal am ount of caf­
fe in e  p resent in  the parent products. Because of 
th e ir  m uch low er caffe in e con ten t, ca ffe in e  in 
d ecaffe in ated  food  products cannot be d eter­
m in ed  reliab ly  by the m ethods d eveloped  for 
food products w ith  fu ll ca ffe in e  con ten t (1 -3 ), 
and  should  be d eterm ined  by m ethods d ev el­
oped sp ecifica lly  for such products.

A n o ffic ia l A O AC m ethod exists for the  d e­
term in atio n  of ca ffe in e in  d ecaffe in ated  coffee 
o n ly  (4). O th er m ethods fo r the d eterm ination  
o f caffeine in  decaffeinated coffee have also been 
rep orted  (3, 5, 6 ). H ow ever, there  are no m eth ­
ods for the re liab le  d eterm ination  o f ca ffe in e  in 
d ecaffe in ated  tea or beverage products.

T he ob jective  o f th is study w as to d evelop  a 
v ersatile  and accurate h ig h  p erform ance liqu id  
chrom atograp hic  (H PLC) m ethod for the d eter­
m in atio n  o f ca ffe in e  in  all these products.

Experimental

Apparatus

(a) Liquid chrom atograph .— W aters A ssociates 
equip p ed  w ith  M odel 6000A  pum p, M odel U 6K

1 Department of Home Economics.
Received July 12, 1982. Accepted October 5, 1982.

in jecto r, and a data m odule (W aters A ssociates, 
M ilfo rd , M A  01757).

(b) D etec to r .— G ilso n  M od el 222  (G ilso n  
M edical E lectron ics, M idd leton , WI 53562), set 
at 2J1 nm  and sen sitiv ity  un it o f 0 .0 2 .

(c) HPLC column.— 250 X 4 mm Bio-Sil O D S-5S 
(B io-Rad Laboratories, R ichm ond , CA 94804).

(d) R otary evaporator. — B uchi M odel R110 
(B rin km ann Instrum ents, Inc., W estbury, NY 
11590).

(e) pH  m eter .— C orn in g M odel 10 (C orn ing 
S c ie n tific  In strum en ts, M edfield , M A 02052).

(f) U ltrasonic ba th .— M odel M E 5.5 (M ettler 
E lectron ics, A naheim , CA 92803).

(g) V ortex m ixer.— M odel K -550-G  (VW R S ci­
e n tific , San Francisco, CA 94119).

Reagents

(a) C affe in e  stan dard  so lu tion .— 20 pg ca f­
fe in e /m L . A ccurately w eigh  20 m g caffe in e 
(U SP, anhydrous, Sigm a Chem ical Co., St. Louis, 
M O  63178) in to  100 m L v olu m etric flask , d is­
solve, and d ilu te to volum e w ith  H PLC w ater. 
D ilu te  10 m L aliqu ot o f this solu tion  to 100 mL 
w ith  H PLC  w ater.

(b) HPLC mobile p h ase .— M ethanol (chrom a­
tograp hy grad e)-H P L C  w ater (25 +  75).

(c) HPLC w ater .— Pass d istilled , d eionized  
w ater throu gh 0 .45 pm filter m em brane. Use 
th rou gh ou t m ethod.

Extraction of Caffeine

(a) D ecaffein ated  ground c o f fe e .— A ccurately 
w eig h  ca 1 g in to  250 m L beaker, add ca 100 mL 
w ater, and heat w ith  stirrin g  at ca 90 °C  for 20 
m in . C ool to room  tem perature and filter 
th ro u gh  W hatm an N o. 1 paper. A djust pH  of 
filtrate to 10 w ith 5% N aOH solution and transfer 
to 500 m L sep aratory fu n n el. Extract 3 tim es 
w ith  tw ice the volum e o f CHC13. C om bine 
C H C I3 extracts and pass throu gh  anhyd rous 
N a2SC>4. Reduce volum e o f filtra te  to ca 10 mL
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in rotary evaporator; then  transfer quantitatively 
to test tube and evaporate to dryness u n d er n i­
trogen. Add 5 mL hot w ater (ca 90°C ) to residue 
in test tube, m ix thorou ghly  w ith  vortex m ixer, 
and tran sfer w ash ing  to 50 mL beaker. Repeat 
w ater extraction s 4 tim es, and cool w ashings to 
room  tem perature. Filter w ashings through 0.45 
fim m em brane filte r  and transfer to 25 m L volu ­
m etric  flask . D ilu te to volum e w ith  w ater and 
store  fo r H PLC  analysis.

(b) D ecaffeinated  instant co ffe e .— Proceed as in 
(a), excep t use 0.5 g sam ple and  heat w ith  hot 
w ater fo r o n ly  1 0  m in.

(c) D ecaffein ated  le a f t e a .— Proceed  as in  (a).
(d) D ecaffeinated  beverages.— D ecarbonate 100 

m L in  u ltrason ic bath fo r 5 m in. Extract w ith  
C H C I3 and  proceed  as in  (a), except w ash final 
resid ue 3 tim es w ith  3 m L h o t w ater, and  d ilute 
fin a l vo lu m e o f filtra te  to 10 m L in  10 m L v o lu ­
m etric  flask.

HPLC Analysis

In ject 10 nL caffe in e  standard solu tion  in to  
liqu id  chrom atograph. Establish reten tion  tim e 
and peak area o f the ca ffe in e  peak and calibrate 
data m od ule accord ingly  (extern al standard 
m ethod). In ject 1 0 -20  pL of sam ple filtrates and 
obtain  am ount o f in jected  caffeine d irectly from 
calibrated  data m odule. C alculate caffe in e 
con tent in  m g /g  for solid samples and in m g / 10 0  

m L fo r liq u id  sam ples. R e-in ject 10 /¿L caffe in e 
standard  solu tion  and recheck  data m odule cal­
ibration  at reg u lar intervals.

Recovery Study

A dd the p rop er volum e of the ca ffe in e  stan­
dard solu tion  to each sam ple so that ca ffe in e 
co n ten t o f spiked sam ple w ill approxim ately 
double. D eterm ine ca ffe in e  co n ten t o f spiked 
sam ple as described  p rev iously  and calculate 
p ercen t recovery.

Results and Discussion
To extract the m axim um  am ou nt o f ca ffe in e  

from  decaffeinated products, w e investigated the 
e ffect o f h eatin g  tim e w ith  w ater and the effect 
of the pH  o f the sam ple aqueous extract befo re  
CHCI3 extraction. Several heating times ranging 
from  5 to 30 m in w ere tried and caffe ine content 
was d eterm ined  by th e H PLC  m ethod. T he 
maximum am ount of caffeine was extracted from  
d ecaffeinated  in stan t coffee  a fter h eatin g  w ith  
w ater for 10 m in at about 90°C . Both d ecaf­
feinated  ground coffee  and  lea f tea sam ples re-

Time, min
Figure 1 .  Chromatogram of standard caffeine (76 

i n ­

quired  a h eatin g  tim e o f 2 0  m in  fo r m axim um  
caffe in e  yield . H eatin g  in  a d ilu te  N H 4O H  so­
lu tion  instead  o f w ater did n o t increase  the 
am ount o f ca ffe in e  extracted  from  any o f the 
sam ples. The pH  value o f th e  aqueous extracts 
w as adjusted to range from  3 to 10 b efo re  C H C I3 

extraction . In all sam ples analyzed , aqueous 
extracts w ith  pH  o f 10 yielded  the m axim um  
caffeine content. It was also im portant to extract 
aqueous extracts w ith tw ice the volum e of CH CI3 

to avoid  the form ation o f an em u lsion .
A calibration  curve was con stru cted  to in v es­

tigate the lin earity  o f th e  d etector resp onse to 
various ca ffe in e con centrations. A  lin ea r re ­
sponse w as obtained  over a range o f 1 0 -5 0 0  ng  
caffe in e . T he results ind icated  also that th e  
H PLC  m ethod is sen sitive ; ca ffe in e  could  be 
d eterm ined  reliab ly  at ng  levels (F igu re 1).

U nder the HPLC conditions used in this study, 
caffe in e w as separated as a s in g le  peak w ith  a 
re ten tio n  tim e o f 12.8 m in. T he ca ffe in e  peak 
was w ell resolved  w ith  no in te rfe re n ce  in  any 
chrom atogram  obtained. As an exam ple, typical 
chrom atogram s o f d ecaffe in ated  in stan t co ffee  
and tea sam ples are show n in  F igu re 2.

The ca ffe in e con ten t o f 4 sam ples o f d ecaf­
fe in ated  ground coffee  is p resented  in  T able 1. 
In  general, the caffeine con tent o f decaffeinated  
instant and ground coffee obtained by the HPLC 
m ethod was low er than that reported in  previous 
studies (3, 5, 6 ). T his is p robably  due to d iffe r­
ences in  brands and also in  th e  m ethods used for 
caffeine analysis. The chrom atographic-spectral 
m ethods used fo r caffe in e d eterm in atio n  in  de­
caffe inated  coffee  (3, 6 ) are less sp ecific  because
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Time, min
Figure 2. Chromatograms of decaffeinated coffee 
(A) and decaffeinated tea (B). Caffeine peak is 
marked by arrow and represents 251 ng caffeine in (A) 

and 194 ng caffeine in (B).

the final sam ple extract m ay contain  in terferin g  
com pounds w h ich  absorb at the  sam e w ave­
len g th  as ca ffe in e and con trib u te  to h ig h e r  caf­
fe in e  con tents. In  the H PLC  m ethod  reported  
by  Sm yly et al. (5) fo r the d eterm in atio n  o f caf­
fe in e in  decaffeinated instant coffee , the sam ple 
w as solubilized in  w ater and the aqueous extract 
w as in jected  d irectly  in to  the liqu id  chrom ato­
graph. H ow ever, p relim in ary  results obtained  
at the early stages o f th is study ind icated  that 
CHC13 extraction of the aqueous extract of any of 
th e  d ecaffein ated  coffee  sam ples m in im izes in ­
terferen ce , im proves th e reso lu tio n  o f the  caf­
fe in e  peak, and yields m ore accurate ca ffe in e 
contents.

The caffe in e con ten ts o f 4 d ecaffe in ated  tea 
sam ples and 3 d ecaffe in ated  beverages are also 
show n in  Table 1. As far as w e kn ow , n o  o th er 
studies have reported  the ca ffe in e  co n ten t of 
these sam ples.

Table 1. Caffeine content of decaffeinated samples

Sample
Caffeine content, 

m g / lo&itfL
CV,
%

Coffee3

Brand A instant 1.083 ±  0.031 2.78
Brand B instant 0 .970  ±  0 .012 1.03
Brand C instant 0 .970  ±  0 .038 3.87
Brand D instant 0 .779 ±  0 .027 3.49
Brand A ground 0 .444  ±  0 .013 2.93
Brand B ground 0 .224  ±  0.007 3.30
Brand C ground 0 .139  ±  0 .003 2.17

Tea3

Brand A 0 .878  ±  0 .032 3.60
Brand B 0 .822  ±  0 .013 1.61
Brand C 0 .647 ±  0 .018 2.73
Brand D 0 .593 ± 0 .0 1 6 2.67

Beveragesb
Brand A (cola) 0 .0146  ±  0.0001 0.82
Brand B (cola) 0 .0426  ±  0.0023 4.65
Brand C (root beer) 0 .3660  ±  0.0065 1.78

3 Average of 6 determinations. 
b Average of 3 determinations.

Table 2. Recovery of caffeine from various 
decaffeinated products

Product
Recovery,

% 3
CV,
%

Brand A instant coffee 98.3 ±  1.9 1.93
Brand A ground coffee 98.3 ±  2.2 2.25
Brand A tea 95.2 ± 0 .9 8 1.03
Brand C root beer 93.8  ± 0 .8 5 0.90

3 Average of 6 determinations.

T he recovery o f ca ffe in e  from  th e spiked 
sam ples obtained  by the H PLC  m ethod  ranged  
from  93.8 ±  0.85 to 98.3 ±  1.9% as show n in  Table 
2. These results indicate that the H PLC m ethod 
has a h ig h  degree o f accuracy. T he m ethod  is 
also p recise; coeffic ien ts  o f v ariation  w ere less 
th an  5% in  all sam ples tested.

T he A O  AC m ethod (4) w as used to d eterm ine 
ca ffe in e  co n ten t o f d ecaffeinated  ground and 
instant coffee samples in  order to compare it w ith 
the H PLC  m ethod. The A O AC m ethod  (4) 
y ie ld ed  h ig h er caffe in e con ten t than  the H PLC 
m ethod in  both decaffeinated instant and ground 
coffee samples as show n in  Table 3. This may be 
due to the  fact that th e  A O AC m ethod is a ch ro ­
m atograp hic-sp ectral m ethod w h ich  is less sp e­
cific  for caffe ine than the H PLC m ethod. Som e 
o f th e  in terferin g  com pounds extracted  w ith
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Table 3. Caffeine determination in decaffeinated coffee by HPLC and AOAC methods

Caffeine, m g /g cv, %

Product HPLCa AOACb HPLC AOAC

Brand B instant 0 .970  ± 0 .0 1 2 1.123 ± 0 .0 8 4 1.03 7.51
Brand B ground 0 .224  ± 0 .0 0 7 0.371 ± 0 .0 1 5 3.30 4 .04

a Average of 6 determinations. 
b Average of 3 determinations.

ca ffe in e  m ay have con tributed  to the h ig h er 
ca ffe in e con tent obtained  by the AOAC m ethod. 
In  the  H PLC  m ethod, ca ffe in e  is d eterm ined  as 
a s in g le  peak w ith  no in terferen ce.

The developed HPLC m ethod has been show n 
to be accurate and precise. It is more specific and 
m ore v ersatile  than  the A O AC m ethod.

Acknowledgments
T he authors thank M aura C arney and A rthu r 

C ook fo r th e ir  e xce llen t tech n ical assistance.

R e f e r e n c e s

(1) Borker, E„ & Yeransian, J. A. (1957) /. dssoc. Off. 
Agrie. Chem. 40,346-350

(2) Borker, E. (1960) J. Assoc. Off. Agrie. Chem. 43, 
620-622

(3) Yeransian, J. A., Kadin, H., Borker, E„ & Stefanucci, 
A. (1963) J. Assoc. Off. Agrie. Chem. 46,315-319

(4) Official Methods o f Analysis (1980) 13th Ed., AOAC, 
Arlington, VA, secs 15.025-15.028

(5) Smyly, D. S„ Woodward, B. B., & Conrad, E. C. 
(1976) /. Assoc. Off. Anal. Chem. 59,14-19

(6) Newton, J. M. (1979) /. Assoc. Off. Anal. Chem. 62,' 
705-708



6 1 0 GOU LD ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, NO. 3, 1983)

METALS AND OTHER ELEMENTS

H o t Leaching o f Ceramic and Enameled Cookware: C o llabora tive  
S tudy

JOHN H. GOULD, STEPHEN W. BUTLER,1 KENNETH W. BOYER, and 
EDWARD A. STEELE2
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

Collaborators: P. B. Adams; G. H. Boone; H. Brandenburger; G. F. Calloway; R. L. Carr;
D. M. Carroll; S. Clarkson; M. A. Colon; R. C. P. Cubbon; R. A. Eppler; J. Feldman; T. 
Kato; D. Keren; K. Klein; A. Krauth; M. LaBrie; L. Langhorne; M. G. McLaren; M. F. 
Nuijt; H. D. Parish; S. C. Patel; T. Poplawski; J. L. Power; D. E. Root; R. Rivera; J. Toal;
J. C. Trencansky; R. Wered

A hot leach method published by the World Health 
Organization for determining Pb and Cd in ceramic 
and enameled ware was collaboratively studied in 14 
laboratories. The method consisted of heating a so­
lution of 4% acetic acid at the boil for 2 h in 6 samples 
of specially glazed ceramic ware and 6 samples of 
special enameled ware. The acid was allowed to cool 
and stand in contact with the ware for an additional 
22 h. At the end of the 2 h heating period and again 
at the end of the 24 h period, the leach solution was 
assayed by atomic absorption spectrophotometry for 
Pb and Cd. Ruggedness testing before the collabo­
rative study revealed that: (1) the quantity of metal 
released increased as the average leach temperature 
approached the boiling point, (2) the quantity of Pb 
and Cd released from enameled ware increased lin ­
early with time during 7 h of boiling, (3) the con­
centration of acid could be varied from 2 to 6% with 
no apparent effect on the amount of metal released, 
and (4) the room temperature (RT) contact period 
lasting from 22 to 120 h (after the 2 h heating period) 
did not increase the amount of metal released. The 
quantities of Pb and Cd measured by the collabora­
tors at the end of 2 h of heating and after 24 h of total 
contact were essentially identical. The amounts of 
Pb and Cd were not related to the quantity of acid 
solution required to restore the leach solution volume 
to its initial value after boiling. The collaborative 
results showed that the period of standing at RT is not 
necessary and probably can be eliminated from the 
method. The modified method, which requires 
analysis of the leach solution immediately after the 
2 h heating period, has been adopted interim official 
first action by AOAC.

T he o fficia l A OAC m ethod (1) for m easuring Pb 
and Cd released  from  earthenw are and ceram ic 
w are glazes requires a s im ulatin g  4% acetic acid 
leach in g  solu tion  and a contact tim e o f 24 h at 
room  tem perature (RT). This m ethod o f d eter­

1 Division of Mathematics.
2 Division of Compliance and Industry Programs.

m in in g  the quan tity  of toxic m etals released  is 
em p loyed  by a nu m ber of cou ntries (2, 3). 
H ow ever, the quantity of Pb and Cd extracted by 
acid ic solvents at elevated  tem peratures may 
greatly  exceed the quantity o f these elem ents 
released by the AO AC-RT contact m ethod (4-8 ). 
In  ad dition , various foods, heated or cooked in 
con tact w ith  such m etal-releasing  surfaces, also 
becom e contam inated (9-11). For these reasons 
it w as d esirable that a hot leach  m ethod  be in ­
v estigated , one w h ich  w ould m ore nearly  rep ­
resent the metal release by ware used for cooking 
and  baking.

Ruggedness Testing
B efore  the collaborative study w as begu n, 

several variables of p otential im portance to the 
v a lid ity  o f the analytical results w ere in v esti­
gated. T hese w ere: (1) the in flu en ce  o f tem ­
p erature near th e  b o ilin g  p oin t, (2 ) the contact 
tim e at RT, (3) the contact tim e at elevated  tem ­
p eratu res, and (4) the restoration  of the  fill 
volum e.

Influence of Temperature Near the Boiling 
Point

T h e in itia l tem perature used was about 60°C . 
T h is  tem perature was increased  step w ise to the 
b o ilin g  p o in t by using several sam ples. All 
con ta in ed  4% acetic acid solu tion.

The tem perature was read 2 -3  times during the 
2  h heating period, and the average tem perature

The recommendations of the Associate Referee were ap­
proved by the General Referee and by Committee E. The 
method was adopted interim official first action following the 
96th Annual International Meeting of the AOAC, Oct. 25-28, 
1982. See J. /Issec. O ff .  A n a l .  C h e m . (1983) 66, March issue.

This report of the Associate Referee, J. H. Gould, was pre­
sented at the 95th Annual Meeting of the AOAC, Oct. 19-22, 
1981, at Washington, DC.

Received November 18,1981. Accepted January 25,1982.
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Figure 1. Influence of increasing leach temperature Figure 3. Influence of increasing leach temperature
on release of Pb from enameled ware. on release of Cd from enameled ware.

w as recorded. A sam ple was taken at the end of 
2 h, at the  end  o f 24 h, and then  daily fo r as long 
as 1 2 0  h total contact (all but the initial 2  h was at 
RT).

N o statistical d iffe ren ce  in  the Pb or Cd co n ­
cen tratio n  in  th e leach  solu tion  was observed 
b etw een  the 2 and 24 h sam ples. T he Pb re­
leased  from  the enam eled  w are during th e 24 h 
vs th e  average tem perature during the 2  h heat­
ing  period  is g iv en  in Figure 1. The second d e­
gree  equation  of this regression  lin e  is:

Pb, ppm  =  1.9371 -  0 .08566T  +  0 .000982T 2

w h ere  T is th e  average leach in g  tem perature in 
°C . A p lo t o f the  data is g iv en  in  Figure 1.

T he am ou nt o f Pb released from  the ceram ic 
glaze d uring  24 h vs the average tem perature 
d u rin g  th e 2 h h eatin g  period  is given  inFigu re
2. The second degree equation of the regression 
lin e  is:

1 . 2 -

i -  0

0.2-

° 6 5  75 05 95 105

Av. Temp. , *C

Figure 2. Influence of increasingleach temperature 
on release of Pb from ceramic ware.

Pb, ppm  =  3.4150 -  0 .08154T  +  0 .0005504T 2

T he Cd released from  enam eled  w are during 
24  h vs the average tem perature o f the leach  so­
lu tio n  d uring  the 2  h heatin g  period  is g iv en  in 
F igu re 3. T he regression  lin e  is g iv en  by the 
second  degree equation:

Cd, ppm  =  0.7936 -  0 .02678T  +  0 .000255T 2

Contact Time at Room Temperature
T he am ounts o f Pb and Cd released during 

m oderate periods o f con tin uous RT contact b e­
tw een  enam eled  or ceram ic w are and the 4% 
acetic  acid solu tion  are g iven  in  Tables 1 and 2. 
T here  was no statistically s ignificant increase in 
e ith e r  Pb or Cd con ten t after the in itia l heating  
period.

L ong term  (1 5 1 -1 5 4  days) RT contact o f acetic 
acid  w ith  enam eled  w are produced 2  d istinct 
phases, d ep en ding on the leach  tem perature 
in itia lly  em ployed. A range of 63 -8 1  °C (n =  5) 
resu lted  in  an average Pb increase o f 50.7% 
(standard deviation  (SD) 41.7) relative to the Pb 
co n ten t as in itia lly  m easured. A n average Cd 
increase of 90.6% (SD 52.0) was observed relative 
to th e  in itia l Cd. C onversely , a leach tem pera­
ture in  the range of 9 2 -9 8 °C (n =  4) resulted  in 
a decrease in  Pb con ten t o f 8.2% (SD 2.3) relative 
to the initial quantity. The Cd content increased 
only 7.9% on the average (SD 2.04) for this higher 
tem perature group.

Concentration of Acetic Acid Solution
N o significant d ifference was observed in  the 

quantity  o f m etal released  by the standard 4% 
acetic acid solu tion  (Tables 1 and 2) relative to 
that released by a 2 or 6 % solu tion  (Tables 3 and
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Table 1. Pb and Cd (ppm) released from enameled ware by 4% acetic acid as a function of initial heating temperature
and RT contact time

Av. leach 
temp., ° C a

Contact time, h

2 a 24 48 72 96

Pb

63 0.70 0.72 0.77 0.76 0,80
69 0.64 0.69 0.80 0.80 0.77
74 0 .82 0.84 0.77 0.87
75 0 .82 0,92 0.91 0.92 0.89
77 0 .76 0.91 0.92 0.78
81 1.01 1.04 1.12 1.03
92 1.97 2.05 2.05
94 2.04 2.18 2.14
96 2.17 2.25 2.24
97 b 3.95 4.08 4.09
98 c 3.47 3.45 3.43

Cd

63 0.15 0.18 0.21 0.19 0.18
69 0.15 0.19 0.20 0.18 0.17
74 0.19 0.18 0.17 0.18
75 0.20 0.19 0.22 0.19 0.21
77 0.17 0.17 0.18 0.20
81 0.24 0.23 0.24 0.24
92 0.45 0.44 0.45
94 0.46 0.45 0.46
96 0.49 0.48 0.49
97 b 0 .94 0.86 0.95
98 c 0.83 0.72 0.80

a 2 h hot leach period. 
b 200 mL makeup volume. 
c 78 mL makeup volume.

4). The fact that th e  sam e am ou nt o f m etal is 
released  under various acid con cen tra tio n s may 
be consid ered  as an im p ortan t stab iliz in g  in flu ­
ence for this m ethod , fo r un der con d itio n s of 
boiling, the acetic acid concentration o f the leach 
solu tion  w ould probably  change.

Contact Time at Elevated Temperatures
In contrast to th e  nearly  static m etal con ten t 

found in  the acetic acid d u rin g  con tin u ed  RT 
contact, con tin u ed  heatin g  o f th e  4% acetic  acid

solu tion  at an average tem perature o f about 
102°C  in  enam eled  w are for 7 h resulted  in  a 
con tin u in g  increase in  the con cen tra tio n  o f Pb 
and Cd.

The lin ear regression plot o f Pb concentration  
vs the tim e o f heating  resulted  in  a lin e  having 
a positive slope of 1.2 ppm P b /h  and a coefficient 
o f determ ination o f 0.998. T he release of Cd also 
increased  lin early  w ith  the tim e o f h eatin g . A 
plot o f these values gave a reg ression  lin e  w ith  
a positive slope o f 0.3 ppm  C d /h , w ith  a co effi­
c ien t o f d eterm ination  o f 0.997.

Table 2. Pb (ppm) released from ceramic ware by 4% acetic acid

Ware
No.

Contact time, h
Av. leach Makeup

temp., ° C a vol., mL 2 a 24 48 72 96 120

1 73 15 0.28 0.38 0.45 0.27 0.32
2 73 8 0.32 0.44 0.37 0.36
3 77.3 14 0.29 0.37 0.45 0.30 0.38
4 79.7 23 0.37 0.40 0.40 0.40 0.48
5 98.7 44 0.66 0.65 0.76 0.72
6 99.0 38 0.78 0 .76 0.84 0.83

2 h heating period.
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Table 3. Cd and Pb (ppm) released from enameled ware by 2-6% acetic acid

Contact time, h

Av. leach 
tem p., ° C a

Makeup 
vo!.. mL

Acetic
acid

concn, %

2 a 24 48 2 a 24 48

Pb Cd

102 100 2 3.10 2.85 0.67 0.63
101 200 2 3.60 3.06 0.82 0.68

98 190 2.4 2.17 2.19 2.30 0.50 0.47 0.49
103 100 2.4 2.92 3.11 3.04 0.65 0.61 0.65

95 0 6.0 4.06 4.27 4.18 1.00 0.93 0.99
97 0 6.0 2.72 2.90 2.91 0.63 0.60 0.58

a 2 h hot leach period.

A fter the 7 h h eatin g  period  the enam eled  
w are was allow ed to cool to RT. A n a liqu ot an ­
alyzed at 24 h  show ed no increases in Pb or Cd 
over the  aliqu ot analyzed  at th e  end o f the  7 h 
heating period. Thus, the length  o f contact tim e 
at elevated  leach  tem peratures is an im p ortant 
factor in  d eterm in in g  the quan tity  o f m etal re ­
leased. For th is reason, the  h ig h  tem perature 
contact tim e sp ecified  by the m ethod m ust be 
carefu lly  follow ed.

Restoration of Fill Volume

O ne w ay to restore the volu m e o f th e  leach 
solu tion  a fter heatin g  is by estab lish in g  the cor­
rect dep th w ith  a “d ip -stick ." O ne rod was 
prepared by p lacing  a scratch on a glass rod cor­
resp ond in g to th e  average dep th  o f 1120 m L RT 
w ater con tain ed  in  3 enam eled  pans. A second 
rod was prepared at the average depth o f 187 mL 
RT w ater con tain ed  in  3 ceram ic casseroles.

The rod in  th e enam eled  w are was tested  by 
m easuring the volu m e o f RT w ater requ ired  to 
fill 9 enam eled  pans 3 tim es each to the  m ark. 
T he average volum e (n =  27) was 1112.4  m L (SD
10.3 mL). The average volu m e o f 3 re fills  o f 10 
ceram ic casseroles (n =  30) was 192.2 mL (SD 3.05 
mL).

The need for volum e restoration for the period 
o f RT con tact o f the  leach  solu tion  could  be 
elim inated if  the 2  h heating period alone is used. 
In  that case, the  volum e o f the  test so lu tion  and

its restoration  can be d eterm ined  by using a 
graduated cylinder or o ther direct m eans before 
assay.

Conclusions from Ruggedness Testing

T he tem perature at w h ich  the leach in g  is 
conducted and the tim e o f the h igh  tem perature 
con tact period have an im p ortant in flu en ce  on 
the quantity of Cd and Pb released . H ow ever, 
the contact tim e at RT a fter the active h eatin g  
phase is com pleted  has a m in im al in flu en ce  on 
increasing the quantity of Cd and Pb released for 
as long as 120 h. T hen  the need  to assay im m e­
d iately  does not appear to be necessary.

C o lla b o ra tiv e  S tu d y

T he w are used in  this study was not a com ­
m ercial product. T h e ceram ic casseroles and 
covers had b een  m ade w ith  a special glaze that 
released  su ffic ien t Pb to p erm it its accurate d e­
term in atio n  by atom ic absorption sp ectrop h o­
tom etry  (AAS). T he enam el that had b een  ap­
p lied  to the pans had also b een  sp ecially  p re­
pared for this study, and it released  both  Pb and 
Cd in  q uantities su ffic ien t to p erm it d irect d e­
term in atio n  o f these m etals by AAS.

Six ceram ic casseroles w ith  covers and 6 

enam eled pans w ith lids w ere distributed to each 
collab orator accord ing to random  nu m bers as­
sig n ed  to th e  w are. This procedure w as fo l-

Table 4. Pb (ppm) released from ceramic ware by 2 or 6% acetic acid

Av. leach 
temp., ° C a

Makeup 
vol., mL

Acetic
acid

concn ,%

Contact time, h

2 a 24 48

99.5 25 2.0 0.75 0.78 0.65
102.3 60 2.0 0.59 0.48 0.58

99.0 21 6.0 0.86 0.94 0.93
103.5 44 6.0 0.98 1.08 1.04

2 h heating period.
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low ed to reduce o r e lim in ate  the sh ip m ent of a 
ru n  o f con secutively  m anufactured  sam ples to 
any s in g le  collaborator.

T h e fo llo w in g  w ere to be reported  by th e col­
laborators:

(3) the  quan tities o f Pb and Cd (m g / L) found 
in  b o th  th e 2 and 24 h sam ples

(2 ) the delay in  hours (approxim ate) betw een 
the rem oval o f the aliquot from  the bulk solution 
and the tim e o f assay by AAS

(3) the  volum e o f 4% acetic acid used in  each 
w are

(4) the  volu m e o f 4% acetic acid  requ ired  to 
reestab lish  the leach volum e after h eatin g ; rec­
ords and calcu lations w ere to be sen t

(5) the m anufacturer of the AAS instrum en t 
and the approxim ate tim e it had b een  in  ser­
vice

(6 ) the kind of light source used w ith the AAS 
instrum ent: hollow  cathode lamp, electrodeless 
d isch arge lam p, etc.

(7) all w orksheets and calculations w ere to be 
subm itted .

In the collaborative study, leach solutions w ere 
all analyzed  after the 2  h h eatin g  period  and 
again after 24 h total contact time. Analysis after 
2  h , as outlined  below , w as adopted in terim  o f­
ficia l first action.

C adm ium  and Lead in  C ookw are 

H ot Leach A tom ic  A b so rp tio n  M eth o d  

In te rim  O ff ic ia l  F irst A ctio n  

W H O -A O A C  M ethod

25 .D l l  Principle

Enam eled and  ceram ic cookw are con tg  4% 
acetic acid  is heated by elec, hot p late (or by in ­
ternal h eatin g  elem ents, i f  p resent, that are not 
exposed to the  leach solu tion) to produce slow  
boil or sim m ering  o f solv. soln  for 2 h. Pb and 
Cd in  extg solv. are detd by AAS.

25 .D 12 Apparatus
See 25.031 p lus the fo llow ing :
(a) Hot plate.— Therm oline M odel H P-A 1915B 

(T h erm o lin e  Corp., D ubuque, IA 52001), or 
equiv.

(b) Variable transformer.— Cat. No. 09-521-100 
(F isher S cie n tific  Co.), or equiv.

25 .D 13  Reagents

See 25.032. U se on ly  d eionized  distd H 20 .
Plus (e) Acetic acid.— Glacial.

25 .D 14  Cleaning of Laboratory Glassware

A fter norm al c lean in g , soak all glass and 
plastic w are used to prep., transfer, or store anal, 
solns in  H N O 3-H 2O (4 +  6 ) >  24 h ; thoroly  rinse 
w ith  H 20  befo re  use.

25 .D 15  Preparation of Standard

See 25.033.
Sam ples of ware m ust be free of grease or other 

m aterial w h ich  could in flu en ce  test. G en tly  
w ash sam ple w ith  d etergen t soln , u sin g  pad of 
absorbent cotton. R inse w are thoroly w ith  H 20  
and let drain  dry.

Fill volume o f w are is %  o f vol. requ ired  to fill 
w are to ov erflo w in g  or to cover rest, i f  one is 
present.

25 .D 16  Extraction

Fill w are to %  total vol. w ith  H 20 ;  cover w ith  
self-cov er or clean sh eet o f opaque borosilicate 
glass to prevent evapn o f soln. W hen leach soln 
is to be analyzed  fo r Cd, ensure that lig h t is ex­
cluded  from  test surface. H eat on hot p late ad­
justed by variable transform er to produce sim m er 
or slow  boil o f leach in g  soln , or use in tern a l 
h eatin g  elem en t, if  present. A lso use variable 
transform er to prevent excessively rapid bo ilin g  
in  w are co n tain in g  h eatin g  elem ents. I f  con ­
tained  h eatin g  e lem en t is n o t ab le to produce 
tem p, h ig h  enough to bo il soln , th en  h igh est 
tem p, reached  is test temp.

W hen b o ilin g  or h igh est tem p, has b een  
reached, add sufficient glacial acetic acid to make 
soln  4% acetic acid, cover, and con tin u e  heating  
2  h.

At end  o f 2 h , re-estab lish  in itia l vol. o f solv. 
w ith 4% acetic acid. D ip-stick (glass rod m arked 
for depth of soln required) is useful for replacing 
losses. S tir  thoro ly  and rem ove test sam ple at 
once.

2 5 .D 1 7  Determination
See 25.034.

C o m m en ts o f C o llab o rato rs

Several collaborators subm itted com m ents on 
the hot leach m ethod. O ne expressed con cern  
that vapors from  a large num ber of bo ilin g  acetic 
acid solu tions m igh t be a hazard to p ersonnel 
and could corrode laboratory instrum ents. The 
user should  m ake provisions to e lim in ate  this 
hazard.

O th er collaborators com m ented  on the ex-
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Figure 4. Scatter plot of average Cd found by col­
laborators vs quantity of acetic acid solution required 

to restore initial leach volume in enameled ware.

p erim en ta l d ifficu lties  o f accu rately  m easuring 
the hot acetic acid solution required to restore the 
v o lu m e o f leach  solu tion  d u rin g  and  a fter the 
h e a tin g  period. Several w orkers used th e d ip ­
stick  p rocedu re d escribed  above fo r th is p u r­
pose.

Results and Discussion
T h e  resu lts o f th e  collab orativ e  study o f the 

le a ch in g  o f th e  enam eled  w are are g iv en  in  T a­
b les  5 and  6 and fo r the ceram ic w are in Tables 7 
and  8 .

T h e analysis o f variance for the enam eled ware 
in  T able  6 show s that th ere  w ere no sig n ifica n t 
d iffe re n ce s  b etw een  the m eans o r the  variances 
w h en  the 2 h results w ere com pared w ith  the 24 
h resu lts.

T h e  analysis o f variance fo r the assay o f the

' 0
3 . 5 - 0

0 . 5 -

0-1-----------'-----------1-----------1-----------1-----------1-----------i-----------1-----------1-----------1-----------1
0 100 300 500

Makeup Acetic Acid, mL, av.

Figure 5. Scatter plot of average Pb found by col­
laborators vs quantity of acetic acid solution required 

to restore initial leach volume in enameled ware.

ceram ic cookw are is given  in  T able 8 . It also 
show s no sig n ifica n t d ifferen ces betw een  the 
m eans or the variances w hen the 2  h results w ere 
com pared  w ith  the 24  h results.

A n evalu ation  o f the  volum e o f 4% acetic acid 
required to restore the leach volum e show ed that 
th ere  w as no  sig n ifican t re la tio n sh ip  betw een  
the average m etal co n ten t and the m akeup v o l­
um e added. T h is lack o f re la tio n sh ip  is show n 
by  scatter plots. F igu re 4 is a p lot o f th e  re la ­
tion sh ip  o f the average Cd found  by each co l­
laborator in  24 h sam ples in  the en am eled  w are 
against the average quan tity  o f acetic acid so lu ­
tion  requ ired  to restore the volum e a fter the 
heating period. Figure 5 is a sim ilar scatter plot 
fo r Pb released  from  the enam eled  w are and 
F igu re 6  fo r the  Pb released  from  the ceram ic 
w are. N one o f the exam ples show ed a trend  of

Table 6. Enameled ware: summary of analysis of variance

Parameter®

Pb Cd

2 h 24 h 2 h 24 h

n 78 84 78 84
S (ppm) 2 .94 2.94 0 .6620 0.6471
lab. s2 0 .5470 0 .4993 0.0371 0.0340
"lab. s 0 .7396 0 .7066 0 .1926 0.1843

% C V 25.2 24.0 29.1 28.5
error s2 0 .1129 0.1107 0 .0080 0.0083
**e r ro r  s 0 .3360 0.3327 0 .0892 0.0913

%cv 11.4 11.3 13.5 14.1
overall s2 0 .6126 0 .5799 0 .0426 0.0402

»overall s 0 .8123 0 .7810 0 .2124 0.2057
% CV 27.6 26.6 32.1 31.8

a Symbols used: x =  overall mean; lab. s2 = between-laboratory variance; error s2 =  sample variance; s =  standard deviation; 
overall s2 =  variance from analysis of one sample by one laboratory; CV = coefficient of variation; * =  between-laboratory 
standard deviation; ** =  repeatability, within-laboratory standard deviation; * * *  = reproducibility, overall standard devia­
tion.
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Table 8. Ceramic cookware: summary of analysis of 
variance

P aram eter3

Pb6 

2 h 24 h

n 80 80
x(ppm ) 0.9992 1.0026
lab. s2 0.2720 0.2881
*lab. s 0.5216 0.5367

%cv 52.2 53.5
error s2 0.0590 0.0420
‘ “error s 0.2429 0.2050

% CV 24.3 20.4
overall s2 0.3147 0.3128
‘ “ overall s 0.5753 0.5745

% CV 57.6 57.3

3 Symbols used: x  =  overall mean; lab. s2 = between- 
laboratory variance; error s2 =  sample variance; s =  standard 
deviation; overall s2 = variance from analysis of one sample 
by one laboratory; CV =  coefficient of variation; * = be- 
tween-laboratory standard deviation; “  = repeatability, 
within-laboratory standard deviation; “ * = reproducibility, 
overall standard deviation.

b Cd levels below quantitation limit of method.

m etal release that correlated  w ith  the volum e of 
the m akeup acetic acid required .

Because an in creasin g  quantity  o f m etals w as 
extracted w ith  increasing tem perature, w e w ere 
con cern ed  that th e  results from  the Food and 
D rug A d m inistration  (FDA) laboratory in  D e n ­
ver (Laboratory 1) w ould vary sig n ificantly  from  
th e results obtained  in  laboratories at low er a l­
titudes. T h is w as not th e  case, and the results 
from  D env er did n o t d iffer s ig n ifica n tly  from  
those from  other laboratories. Four collaborative 
laboratories (at low er altitu des than  D enver) re ­
ported  less average Pb from  ceram ic w are and 
less average Cd from  th e enam eled  w are. In ­
su ffic ien t Cd was leached  from  ceram ic w are to 
draw  a con clusion  co n cern in g  it.

W ith in  the context o f the lim itations im posed 
by the special ware used, the results of these tests 
show  that essentially  all o f the  Cd and Pb is re ­
leased d uring  the 2  h o f active h eatin g  and that 
little  is released during the 22 h  RT con tact p e­
riod. E lim ination  o f th e  22 h  RT con tact period  
results in  a s ig n ifican t saving o f the  tim e and 
space need ed  to carry out the test procedure.

The 2 h heating  period  w as arb itrarily  chosen  
to approxim ate the typ ical cook in g  tim e fo r the  
type o f w are tested. From  a toxicological 
standpoint, other hot leach periods could be used 
so that th e  results obtained  w ould  provide a 
b etter m easure of the risks involved  in  the actual 
use o f the w are b e in g  exam ined .

This collaborative study was conducted using 
sp ecially  form ulated  glazes and enam els pre-

Figure 6. Scatter plot of average Pb found by col­
laborators vs quantity of acetic acid solution required 

to restore initial volume in ceramic ware.

pared to release sufficient Pb an d /o r Cd for direct 
AAS m easurem ent. The universal applicability  
o f this hot leach m ethod is yet to be tested  on 
cookw are prepared w ith  com m ercially  available 
glazes and enam els. G lazes, if  p rop erly  p re­
pared, should  norm ally  release o n ly  sm all 
am ounts o f Pb and Cd w h en  analyzed  by  the 
A O A C -RT leach m ethod now  in gen eral use. 
Enam els that are m anufactured  in the U nited  
States and in tend ed  fo r use on food con tact sur­
faces norm ally  do not con tain  Pb and Cd.

Recommendations
It is recom m ended  that the  hot leach m ethod , 

using the 2  h leach period, be adopted in terim  
o ffic ia l first action.

It is also recom m ended that the m ethod be 
subm itted  to the A m erican  Society  for T esting 
and M aterials, the A m erican N ational Standards 
Institu te , and the In tern atio n al Standards O r­
gan ization  for con sid eration  and possible ap­
proval.
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Determ ination of Copper, N ickel, and Chromium in Foods

W A L T E R  H O L A K
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  11232

A collaboratively studied method for Pb, Cd, As, Se, 
and Zn that uses a closed system digestion technique 
has now been extended to include 3 additional ele­
ments, Cu, Ni, and Cr. Cu is determined by either 
atomic absorption spectrophotometry or anodic 
stripping voltammetry, depending on the concen­
tration. Ni and Cr are determined by differential 
pulse polarography. Analysis of National Bureau of 
Standards reference materials by this procedure gives 
values in close agreement with the accepted values. 
Recoveries from applesauce and chicken spiked at 
0.6-4 p g lg  are in the 92-101% range. The sensitivity 
of the multielement procedure is 0.34,0.14, and 0.24 
/ig/g for Cu, Ni, Cr, respectively, at the 90% confi­
dence level.

W e p rev iously  (1) d eveloped  a m u ltie lem ent 
analytical m ethod for the determ ination of lead, 
cadm ium , arsenic, selen ium , and z inc in  foods; 
a collaborativ e  study o f th is m ethod resulted  in 
th e m ethod bein g  adopted as official first action. 
Briefly, the m ethod involves sample digestion in 
a closed  system , and, a fter som e additional 
treatm ent, determ ination of the elem ents by one 
o f the com m only available techiques. Cadmium 
and lead are d eterm ined  by anod ic strip ping 
voltam m etry (ASV), zinc by conventional atomic 
ab sorp tion  sp ectrop hotom etry (A A S), and arse­
n ic  and selen iu m  by hydrid e AAS. W e now  re ­
p o rt m ethods w h ich  extend  this procedure to 
in clu d e 3 m ore m etals: copper, n ick el, and
chrom iu m . C opp er is d eterm ined  by A SV ; 
n ick e l and chrom ium  are d eterm ined  by d iffer­
en tia l pu lse polarography (D PP). These m etals 
are easily determ ined by AAS, but because of the 
lo w  con cen tratio n s at w hich  they  are usually 
fou n d  in  foods, con v en tio n al A A S m ay not be 
su ffic ien tly  sensitive.

M E T H O D

Apparatus

As described previously (1) w ith the follow ing 
d ifferential pulse polarographic conditions: Ni, 
drop tim e 0.5 s; m odulation am p litude 50 mv; 
scan rate 2 m v /s . Cr, drop tim e 1 s; m odulation

Received March 26, 1982. Accepted September 16,1982. 
W. Holak is the Associate Referee on Multielement Deter­

mination after Closed System Digestion.

am p litud e 50 m v; scan rate 5 m v /s. M icro ­
sam p lin g  tube for the d eterm ination  of Cu: 
Break o ff a 2.5 cm  len g th  o f tube from  narrow  
end  o f Pasteur pipet, fire-polish  top end of tube, 
and seal bottom  o f tube w ith  flam e.

R e a g e n t s

A ll reagen ts are reagen t grade unless o th er­
w ise ind icated ; w ater is d ouble-d istilled  in  an 
all-g lass still.

(a) Standard copper solutions.— (2) 1 mg C u /L . 
D isso lve 1.000 g copper pow der (m 3N , V entron  
C orp ., A lfa  Products, Beverly , M A  01915) in  20 
m L H N O 3 (1 +  1) in  1 L v o lu m etric flask and d i­
lu te  to volu m e w ith  w ater. (2) Working solu­
tions.— 5 pg and 20 pg C u /L . D ilu te a liqu ot of 
so lu tio n  (1) w ith  w ater. U se the sam e day. 
O th er con cen tratio n s o f w ork in g  solu tions may 
b e  necessary.

( b )  Standard nickel solutions.— (1) 1 m g N i/L . 
D isso lve 1.000 g n ickel pow der (t3N , V entron  
C orp .) in  20 mL H N O 3 (1 +  1) in  1 L v o lu m etric 
flask  and d ilu te to volum e w ith  w ater. (2 ) 
Working solutions.— 5 pg N i/L . D ilute aliquot of 
so lu tio n  (2) w ith  w ater. U se the sam e day.

(c) Standard chromium solution.— (2) 1 mg Cr 
(V I)/L . D issolve 2.828 g K2C r20 7  (F ish er S ci­
e n tific  Co., Fairlaw n, N J) in  w ater in  1 L vo lu ­
m etric  flask. Add 1 N aO H  p elle t and d ilu te to 
volum e. (2) 10 pg Cr (V I)/L . D ilu te aliqu ot of 
so lu tio n  (2) w ith  w ater. U se the sam e day.

(d) Dimethyl glyoxime (DMG) solution.— 1%. 
D isso lve 0.1 g D M G  (F ish er S cien tific  Co.) in  10 
m L ethanol.

(e) Ammonium citrate buffers.—(1) 1M, pH  10.7. 
D isso lve 22.6 g am m onium  citrate (F isher S c i­
e n tific  Co.) in  100 m L w ater. A djust to pH  10.7 
w ith  N H 4O H . (2) 0 .1M , pH  9. D issolve 2 .26 g 
am m onium  citrate in  100 m L w ater. A djust to 
pH  9 w ith  N H 4OH.

(f)  Lithium hydroxide.— L iO H -H 20  (F ish er 
S c ie n tific  Co.).

(g) Ion exchange resin.—C h elex-100 , sodium  
form , 1 0 0 -2 0 0  m esh (Bio-Rad L aboratories, 
R ich m on d , CA). Pour aqueous slurry  o f resin  
in to  a plastic 0.8 cm id colum n to heigh t o f 3 cm. 
Pass 0.1M  am m onium  citrate b u ffer (pH  9) 
th ro u gh  colu m n un til pH  o f e fflu en t is that o f 
b u ffer.
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Closed System Sample Digestion

D igest 0 .5  g sam ple (dry w eigh t basis) as d e­
scribed  p rev iously  ( 1 ).

Determination of Copper by AAS

A dd 0.1 m L (E p p end orf pipet or equivalent) 
o f closed  system -digested  sam ple and 0.02 mL 
w ater to m icrosam p lin g  tube. O perate atom ic 
ab so rp tio n  sp ectro p h o tom eter acco rd in g  to 
m an ufacturer's  sp ecification s, using a ir-a ce ty ­
len e  flam e and recorder. A spirate solu tion  in  
m icrosam p lin g  tube and record absorbance, 
using scale expansion if  necessary. A spirate 0.1 
m L sam ple and 0.02 m L w ater 2 additional tim es 
to ob ta in  trip licate  readings. S im ilarly  obtain  
triplicate readings for 0.1 mL sample and 0.02 mL 
cop p er w o rk in g  standard. C on centration  of 
standard  should  be adjusted to at least double 
sam ple signal w hile still w orking in linear range. 
R u n reag en t b lank in  sam e m an ner as sam ple. 
gg Cu in  m icrosam p lin g tube =  [A il(A 2 — r ii)]  
X B w h ere  A 1 =  average absorbance o f sam ple; 
A 2 — average absorbance o f sam ple sp iked  w ith  
standard; B = gg Cu added to m icrosam pling 
tube. S im ilarly , calculate gg Cu in  m icro­
sam p lin g  tube con tributed  by the b lan k  and 
subtract from  sam ple; th en  calculate gg C u /g .

Determination of Copper by ASV

D eterm in e Cu as described  fo r Pb and  Cd (1), 
but instead of dissolving residue in 5.0 mL H N O 3 

(0 .5  m L /L ), use 5.0 m L 0.1M  HC1 and transfer to 
polarographic cell w ith  5 ml 0.1 M HC1. Copper 
peak appears at ca —0.05V  vs A g-A gC l.

Determination of Nickel by DPP

To solu tion  used to d eterm ine Cu, add 1 mL 
1M  am m onium  citrate b u ffe r (pH  10.7) and 0.05 
m L D M G  solu tion  (1%), and bu b b le  n itro g en  
throu gh solu tion  for 2 m in. Scan vo ltage from  
—0.8 to —1.1V accord ing to con d ition s g iven  for 
N i un der Apparatus. N ickel peak appears at 
about —0.97 V vs SCE. Q uantitate by m ethod of 
standard additions as described for A SV (1). Do 
n o t exceed  lin ear range o f about 0.1 gg N i/m L .

Determination of Chromium by DPP

Treat aliquot o f closed system -digested sample 
w ith  K N 0 3 /N aN C >3 as described  p rev iously  ( 1 ) 
but do not d issolve solid ified  m elt in  acid. In ­
stead, proceed  as in  (a) (Cr >  1 ppm ) o r (b) (C r <  
1  ppm ) below :

(a) Pipet 10 m L 0.1M  am m onium  citrate buffer 
(pH  9), cover w ith  w atch glass, and  sw irl to d is­
solve residue. F ilter, i f  necessary. P ip et 7 mL

Table 1. Analysis a of Standard Reference Materials 
(SRMs),Mg/g

Found NBS value*5

SRM 1570, Spinach

Cu 10.8 12 ±  2
Ni 6.4 (6)
Cr 3.9 4.6 ± 0 .3

SRM 1577, Bovine Liver

Cu 196 193 ±  10

SRM 1567, Wheat Flour

Cu 1.8 2.0  ± 0 .3
Ni 0.23 (0 .18 )

SRM 1571, Orchard Leaves

Cu 12.0 12 ±  1
Ni 1.8 1.3 ± 0 .2
Cr 1.9 (2 .3)

a Single determinations. 
b Values in parentheses are uncertified.

solu tion  or filtrate  in to  p olarograp hic ce ll and 
bubble nitrogen through solution for 5 m in; then 
add 0 .14 g LiO H -H aO  throu gh  h o le  in  ce ll top, 
con tin u in g  to bubble n itro g en  u n til LiOHd-HO 
dissolves. pH  o f solu tion  should  be > 1 3 . Scan 
vo ltage from  —0.5 to —1.0 V accord ing to con d i­
tions given  for Cr in  Apparatus. Cr peak appears 
at ca —0.80 V vs SCE. Q uantitate by m ethod  of 
standard additions as described  fo r A SV  (1).

(b) Dissolve residue in  5 mL 0.1M  am m onium  
citrate b u ffer (pH  9), pass throu gh  C h elex-100  
colu m n, and collect e fflu e n t in  p olarograp hic 
cell. W ash beaker w ith  5 m L b u ffe r and pass 
throu gh  colum n as b efore . B ubble b u ffer- 
w ashed n itro gen  throu gh  solu tion  fo r 1 0  m in 
and scan voltage from  —0.15 to —0.45 V according 
to con ditions given  fo r Cr u n d er Apparatus. Cr 
peak appears at ca —0.28 V vs SCE. Q uantitate 
by m ethod of standard additions as d ecribed  fo r 
A SV  (1).

Results and Discussion
The w ork d escribed  show s that the  gen eral 

m ethod used for the analysis of foods fo r Pb, Z n, 
Cd, Se, and As can be extend ed  to in clu d e d e­
term ination  o f Cu, N i, and Cr. A nalysis o f N a­
tional Bureau o f Standards re feren ce  m aterials 
by this procedure gave values in  close agreem ent 
w ith  the accepted  values (T able 1). R ecoveries 
from  applesauce and  ch ick en  (T able 2) w ere in 
the range of 92-101% . Figures 1 -3  illustrate A SV 
scans o f cop per and d ifferen tia l pulse polaro-



6 2 2 H OLAK: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 3, 1983)

Table 2. Analysis a of strained applesauce and strained chicken samples and spikes, pg/g

Found In Total Rec.,
unspiked sample Added found %

Applesauce

Cu 0.03 ± 0 .0 7 2.00 2 .05 ± 0 .1 5 101
Ni 2.09 ± 0 .1 6 2.50 4.56 ± 0 .3 2 99
Crb 0.01 ± 0 .0 1 0.60 0 .56 ± 0 .0 6 7 92

Chicken

Cu 0.62 ± 0 .1 1 4.00 4.41 ± 0 .1 3 94
Ni 0 .15  ± 0 .0 5 0.60 0 .72  ±  0.03 95
C rc 0.03 ±  0 .04 2.00 2.03 ±  0.09 100

a In quadruplicate.
b Ammonium citrate, pH 9, supporting electrolyte. 
c LiOH supporting electrolyte.

grap hic  scans o f n ickel and chrom ium , respec­
tive ly , as derived  from  R eferen ce M aterial 1570 
(Sp inach ). Figure 4 show s Cr D PP scans in  am ­
m oniu m  citrate b u ffer, pH  9; F igu re 5 show s Cu 
atom ic absorption  m icrosam pling signals.

Sam ple size was increased from the previously
(1) used 0 .3 -0 .5  g (dry basis) to im p rove sen si­
tiv ity  and because m ore sam ple was need ed  to 
d eterm ine 3 ad ditional elem ents. Sam ple size 
lim itation is given on the dry basis to ensure that 
the decom position vessel is not overloaded w ith 
organic m aterial. H ow ever, sin ce  th e w ater 
con ten t o f food varies, the sam ple w eig h t taken 
may be 0 .5 -5 .0  g on w et or "a s  is "  basis.

T he sen sitiv ity  o f the A SV /D P P  m ethod  was 
estim ated (2 ) by using the form ula, t =  As/ôy/l, 
w here t =  value obtained  from  table o f f-valu es

w ith  N = 1 degree of freedom , As =  d ifferen ce  
b etw een  sam ple and b lank d eterm in atio n s, and 
5 =  standard deviation  o f th e  b lank. A verage 
blanks in sam ple cells in this study w ere 0.083 ±  
0.019 /ug Cu, 0 .059 ±  0.008 pg N i, and 0 .065  ±  
0.013 pg C r in am m onium  citrate  su p p orting 
electrolyte. In  LiO H  supporting electro lyte, Cr 
background variation corresponded to ± 0 .0 1 4  pg 
Cr. S o lv in g  for As (f =  6.413), 0 .16 pg Cu, 0.07 
N i, and  0 .13 or 0.12 pg Cr can be d etected  w ith  
90% certainty . A ssum ing that 2.5 g sam ple (as-is 
basis) is taken for the closed system digestion and 
2 m L aliquots are taken for the d eterm ination s, 
the sensitivity of the m ethod is 0.32 pg C u /g , 0.14 
p g , N i/g , 0 .37 pg C r /g  in  L iO H  supporting 
electro ly te  and 0 .24 p g /g  in  am m onium  citrate 
su p p orting  e lectro ly te  at the 90% con fid ence

-  E , Volts vs Ag-AgCl

Figure 1. ASV scan of Cu (A) in NBS Reference Material 1570 (Spinach), also showing the presence of Cd
(B) and Pb (C).
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-E , Volts vs SCE

Figure 2. DPP scan of Ni in same sample as in Figure 
1.

lev el. W ith  th is schem e, a ll 8 e lem ents (Pb, Cd, 
A s, Se , Z n , Cu, N i, and Cr) can be d eterm ined  
from  a s in g le  d igest. If  an e lem en t need s to be 
d eterm in ed  at a low er level, that d eterm ination  
can be op tim ized  by taking  a larger aliquot.

If  the concentration of copper is approxim ately

B

-E, Volts vs SCE

Figure 3.. DPP scans of Cr (A) in same sample as in 
Figure 1. Peak B is from standard addition of 0.8 fig 

Cr to cell. LiOH supporting electrolyte.

-E , Volts vs SCE

Figure 4. DPP scans of Cr in applesauce spike (A). 
Peak B is from standard addition of 0.5 fig  Cr to cell. 

Ammonium citrate, pH 9, supporting electrolyte, 
electrolyte.

1 p g /m L , it can easily  be d eterm ined  by AAS 
a fter the  closed system  sam ple d igestion . T he 
m icrosam p lin g  tech n iq u e (3) is used to reduce 
the consu m p tion  o f the sam ple.

A fast instru m en t response should  be used to 
record  transien t cop per signals. A t con cen tra­
tions suitable for AAS, there is no contam ination 
from  the m icropipets. At low er concentrations, 
Cu can be d eterm ined  by A SV  in  approxim ately 
0.1N  HC1. Ir. this supporting electrolyte, the Cu 
peak appears at a m ore negativ e  potential than

TIME , MIN,
Figure 5. Typical Cu microsampling absorbance 
signals in sample (A) and after standard additions (B) 

of 5 fig lm L  Cu standards. (See text.)
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in  a n o n-com p lexing  m edium  such as d ilute 
H N O 3, as it is rem oved from  the in terferen ce  
caused by the oxidation o f m ercury. S in ce  0.1N  
HC1 is also su itable for the d eterm ination  o f Pb 
and Cd, a ll 3 elem ents can be d eterm ined  at the 
sam e tim e.

D PP d eterm ination  o f n ickel in  foods is made 
possib le  by th e fact that ad dition  o f D M G  to the 
solution (pH >  9.3) results in great enhancem ent 
o f the nickel signal (4). O ther m etals com m only 
found  in  foods do not in terfere  w ith  the n ickel 
d eterm ination . T he lin ear range, how ever, is 
quite  narrow  (0 to ~ 0 .1  p g /m L ) and should  not 
be exceeded. By perform ing the quantitation by 
the m ethod of standard additions ( 1 ), linearity  is 
easily  ascertained . If lin earity  is exceeded , a 
sm aller a liq u ot can be taken for the d eterm in a­
tion  or th e  solu tion  m ay be d iluted  w ith  m ore 
b u ffer so lu tion .

T h e  m ost com m only used su p p orting e lec ­
tro ly te  (5) fo r chrom ium  (VI) is 0 .1 -1 M  N aO H  
(pH  1 3 -1 4 ). R eagent grade L iO H  instead  o f re­
agen t grade N aO H  was used in  this procedure 
becau se the form er could be used w ithou t addi­
tional purification. This chem ical is added to the 
solution after the rem oval of oxygen to m inim ize 
H 2O 2 form ation w hich  may arise in  the presence 
o f H g in  strongly  a lkalin e  solu tion  (5). Solid  
L iO H  rather than LiO H  solu tion is added so that 
oxygen  is not introd uced; H 2O 2 gives an in ter­
ferin g  peak at about —0.9 V. It is essential that 
the  nitrogen used for deaeration be oxygen-free. 
W e have also elim in ated  the peak at —0.9 V by 
b u b b lin g  h eliu m  throu gh  the solu tion . A l­
thou gh  Pb gives a peak at about —0.7 V in  an al­
kali hydroxide su p p orting e lectro ly te , it w ould 
have to be p resent at a m uch h ig h er con cen tra­

tion  than  Cr to present an in terference problem . 
A fter the sample is digested w ith KNC>3 /NaNC>3, 
th e  resid ue should  not be d issolved  in  an acid 
solu tion . C hrom ium  p resent at this po in t is in 
the  required hexavalent state, but if  the solution 
is acid ified , th e  n itrous acid form ed  (from  
K N 0 2 /N a N 0 2) w ill reduce Cr (V I) to C r (III). 
T his can be dem onstrated by observing the color 
chang e (from  orange to v io let) w h en  K 2C r2C>7 is 
heated  in  an acid solu tion  o f N a N 0 2.

At the  sub-ppm  level, am m onium  citrate (pH  
9) sup p orting  e lectro ly te  may be p referable. In  
th is  m edium , how ever, copper in terferes, but it 
can be con v en ien tly  rem oved from  solu tion  by 
the described  procedure w ith  ch e la tin g  ion- 
exchange resin . T h is resin  stro n gly  adsorbs 
transition  elem ents but C r2C>7= is n o t ad­
sorbed.
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EXTRANEO US MATERIALS

Automated Analysis of Flour Extracts for Uric Acid and Its Correlation 
With Degree of Insect Defilement

RAYMOND R. GALACCI1
F o o d  a n d  D ru g  A d m in is tr a t io n , 9 0 0  M a d is o n  A v e ,  B a lt im o r e , M D  21201

An automated method is described for quantitating 
uric acid in a sodium acetate extract of flour. The 
difference in color intensity developed in a flour 
extract treated with the enzyme uricase and one that 
is not treated is measured spectrophotometrically. A 
mean recovery of 97.1% was obtained for 50 g flour 
samples spiked with 1 mg uric acid. The method can 
measure as little as 50 jtg uric acid in 50 g flour and is 
used to establish a correlation between the uric acid 
in the flour and the number of insect fragments and 
excreta pellets present. A 42-data point least squares 
straight line having a slope of 1.62 and a correlation 
coefficient of 0.750 (99.9-100% valid) is used to es­
tablish the relationship of uric acid to insect defile­
ment.

A ccurate m easurem ent o f th e  degree to w hich  
flou r has b een  in sect-d efiled  can be tedious and 
tim e consu m ing. The o ffic ia l A O AC m ethods 
can be classified by their final determ inative step 
as e ith er m icroscopic (1 -3 ) or chem ical (4). The 
m icroscop ic m ethod s, w hich  in v olv e cou nting  
o f insect fragm ents ( 1 , 2 ) or insect excreta pellets
(3), are w earisom e and req u ire  special en to ­
m ological training. M oreover, the relationship  
o f in sect frag m ent count to the am ount o f insect 
d efilem en t in  a food is n o t clear. For exam ple, 
a large nu m ber o f fragm ents p resent m ay not 
necessarily  m ean a large nu m ber o f insects con ­
tam in atin g  the food, but rather a sm all num ber 
o f insects broken into  m any fragm ents. A  truer 
co rre la tio n  exists betw een  the nu m ber o f insect 
excreta  p elle ts  p resent and the degree o f insect 
d efilem ent. A large num ber o f pellets indicates 
con version  of a large am ount of food m aterial to 
in sec t excrem en t. It m akes no d iffe re n ce  
w h e th e r  the  food w as d efiled  by a lo n g  stay o f a 
sm all n u m b er of insects or by  a large nu m ber of 
in sects d uring  a short stay. In  e ith er case, the 
food  is d efiled  to the sam e degree.

T h e  uric acid con ten t o f flou r provides an in ­
d ication o f the num ber o f excreta pellets present 
and  th e nu m ber of insects b rok en  up in  the 
m aking o f the flour (5-7). D eterm ination of uric
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acid has been proposed (5 -11) as a chem ical index 
o f in sect in festatio n  in  a w ide variety  o f foods.

T h e  o ffic ia l A O A C chem ical m ethod fo r m ea­
suring  uric acid in flour (4) is lengthy , involv ing 
tim e-con su m ing (16 h) d igestion  w ith  hydro­
ch loric  acid -g lu tath ione, extraction o f uric acid, 
and  m easurem ent of absorption  at 292 nm. 
M oreover, th is m ethod is ap p licable on ly  to 
am ounts of uric acid > 4  m g /100 g sam ple. A 
study by Sen (5) indicated  that adult and larval 
Tribolium castaneum (red flou r b eetle ) excrete an 
average o f 12.6 and 39.6 jig  uric acid /d ay , re ­
spectively. It w ould take 10 insects (5 larvae and 
5 adults) over 14 days to excrete 4 m g uric acid. 
Thu s, th e  o ffic ia l m ethod w ill d etect on ly  gross 
am ounts o f insect d efilem en t and is inadequate 
fo r th e  m ajority of regulatory sam ples.

B oth Laessig and cow orkers (11) and Roy and 
K venberg (7) reported sem iautom ated analytical 
procedures that are suitable fo r rou tine d eter­
m in atio n  of uric acid in  a w ide variety  o f T. con- 
fusum (confused  flou r b eetle )-in fested  food 
products. The Laessig et al. procedure is sen si­
tiv e  to on ly  4 mg uric a c id /100 g sam ple. Roy 
and  K v enberg reported  the sen sitiv ity  of their 
m eth od  as "ap p roxim ately  5 jig  uric a c id /g  of 
sam ple . .  ."  (0.5 m g /100 g). H ow ever, the Roy 
and  K v enberg m ethod sp ecifies the analysis of 
on ly  1  g flour, w hich may not be a representative 
p o rtio n  o f the sam ple.

T he uric acid procedure described  h ere  has 
b een  adapted from  the Roy and K venberg  
m eth od  (7). The extraction  has b een  m odified  
so that a m ore rep resentative 50 g flou r sam ple 
is analyzed . T he proposed m ethod also has an 
im p roved  sen sitiv ity  o f 50 j i g / 50 g (0.1 m g /100 
g) and corrects for the p resence o f potassium  
brom ate, w hich  is added to flou r as a m aturing 
a g en t (12). A dding sodium  th iosu lfate  during 
sam ple preparation reduces the brom ate (BrC>3_ ), 
w h ich  in terferes  in  th e  fin al co lor production 
step , to n o n in terferin g  brom ide (Br_ ).

The uric acid is extracted from the flour into 5% 
sodium  acetate so lu tion , and the flou r extract is 
p rocessed  throu gh  a d u al-ch annel autom ated
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analyzer. U ric acid is d eterm ined  colorim etri- 
cally .

M E T H O D S

Apparatus
(a) Automated equipment.— Consisting of liquid 

sam pler II, proportioning pum p III, 2 m anifolds 
116-D 638-01 , SC  colorim eter, 3 uricase coils T 
1 0 -0 0 0 5 -5 1 ,1 2 0  V sin g le  pen recorder, and Cera 
C lear filte rs  (T ech n ico n  Indu strial System s, 
T arry tow n, N Y  10591).

( b )  Centrifuge.— In tern atio n al type SB, size 1 
(D am o n /IE C  D ivision , N eedham  H eights, MA 
02194).

(c) Wrist action shaker.— B urrell Corp., P itts­
bu rgh , PA 15219.

Reagents

(a) Sodium thiosulfate solution.— 0.5 m g / 
m L .— T ransfer 1.00 g Na2S 2C>3-5 H 2C> to 2 L v o l­
um etric flask co n tain in g  ca 1500 mL w ater. 
D issolve in  and d ilu te to volum e w ith  w ater.

( b )  Phosphotungstic acid solution.— Transfer 50.0 
g sodium tungstate to 1 L flask w ith ground-glass 
jo in t. Add 600 mL w ater and  d issolve sodium  
tungstate. Place a few glass beads in flask. Add 
80 m L 85% o-phosphoric acid  and m ix. A ttach 
reflu x con d en ser and b o il gen tly  4  h. Cool to 
room  tem perature. T ransfer con ten ts to 1 L 
v o lu m etric  flask. R inse reaction  flask and 
transfer rin sin gs to v o lu m etric flask. D ilu te to 
volu m e w ith  w ater. F ilte r throu gh  paper and 
store in  1 L b row n b ottle . (C om m ercially  p re­
pared solu tions are available.)

(c) Hydroxylamine hydrochloride.— 2%.— In 1 L 
v o lu m etric flask d issolve 2 .0  g hyd roxylam ine 
h ydroch loride in  ca 800 mL w ater. D ilu te  con ­
tents to volum e w ith  w ater. (C om m ercially  
prepared solu tions are available.)

( d )  Sodium tungstate solution.— 25% .— In  1 L 
volum etric flask dissolve 250 g sodium  tungstate 
in  ca 800 m L w ater. D ilu te to volu m e w ith  
w ater. (C om m ercially  prepared  50% solu tions 
can be d iluted  w ith  w ater.)

(e) Donor sodium borate solution. — 10%.— In  1 
L volu m etric flask con ta in in g  800 m L w ater d is­
solve 100 g N a2B4C V 1 0 H 2O. Add w ater to bring 
volum e to neck o f flask. Add 1 m L A erosol-22 
(8 8 % biocty l sodium  su lfosu ccin ate, T ech n ico n ) 
and slow ly d ilute to volum e w ith  w ater.

( f )  Recipient sodium borate solution.— 10% .— 
Prepare sam e as donor sodium  borate solu tion  
but use 2 mL A erosol-22.

(g) Enzyme stabilizing reagent.— Place 39.6 g 
am m onium  sulfate crystals in  100 mL volum etric 
flask and add ca 70 mL w ater to dissolve crystals.

Add 2.0 g e th y len e  g lyco l and d ilu te  to volu m e 
w ith  w ater.

(h) Uric acid stock solution.— 0.1 m g /m L .— In  
500 m L volum etric flask dissolve 50 m g uric acid 
in  ca 400 m L 5% sodium  acetate so lu tion . If 
necessary, gen tly  w arm  m ixture in  hot w ater 
bath  to d issolve uric acid. C ool, d ilu te m ixture 
to volu m e w ith  sodium  acetate so lu tio n , and 
filter. S tore in  b row n b o ttle  in  refrigerator. 
So lu tio n  is stable 5 days.

(i) Working standards. — In  separate volum etric 
flasks, d ilu te aliquots o f stock solu tion  w ith  5% 
sodium  acetate solu tion to obtain  concentrations 
o f 8 .0, 6.0, 4 .0 , 2 .0 , 1.0, 0.8, 0 .6 , 0 .4 , 0 .2 , and  0.1 
p g /m L . R efrigerated  solu tions can be used 3 
days. W arm  to room  tem p eratu re b efo re  use.

Extraction

W eigh 50.0 g flour into 500 mL glass-stoppered 
flask and add 50 mL IN  HC1 (slurry flour) and 50 
mL sodium  th iosu lfate  solu tion  (slurry flour). 
H eat flask in  5 0 -6 0 °C  w ater bath  30 m in. Cool 
to room  tem perature and add 50 mL IN  N aO H  
(slurry flour) and 100 m L 5% sodium  acetate so­
lu tion . Stop p er flask and g en tly  shake 10 m in  
on w rist-action  m echanical shaker. P ou r ca 40 
m L in to  cen trifu ge  tube and cen trifu g e  at 1500 
rpm  15 m in. F ilte r supernate using  Cera C lear 
and 16 X 160 mm culture tubes. U se filtered  
supernate fo r d eterm ination .

Determination

Solu tions (3 -4  m L) are sam pled from  4 mL 
cups by  liqu id  sam pler II at rate o f 3 0 /h  w ith  
sam ple-to-w ash ratio o f 2:1. A 40-cup carousel 
is used. D uplicate cups o f the  10 w ork in g  stan­
dard solu tions are ru n , th en  2  cups o f reagen t 
b lank, and th en  duplicate cups o f the sam ples. 
Sodium  acetate so lu tion  is run b etw een  each ca­
rousel for 1 0  m in  to purge th e system  o f co n ­
tam inants.

U pon leav in g  the sam pler, the  flou r extract 
stream  is sp lit in h a lf (Figure 1). O ne h a lf o f the 
stream  flow s throu gh  a glass m ixin g  coil. T he 
uric acid from  this stream  passes throu gh  a dia- 
lyzer to a rec ip ien t stream  con ta in in g  hyd rox­
ylam ine hy d roch lorid e, and th is stream  is then  
m ixed  w ith  sod ium  tu n g sta te  and  p h o s­
photungstic acid. The recipient stream is heated 
at 5 0 -5 2 °C , and the resu ltan t b lue color is m ea­
sured at 660 nm  in  a flow cell on the sam ple side 
o f a colorim eter.

T he o ther h a lf o f the  extract stream  passes 
throu gh  a uricase coil b efo re  reach in g  its dia- 
lyzer. T he uricase coil en zym atically  destroys 
any uric acid that may be p resent. From  th is
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Figure 1. AutoAnalyzer system for determination of uric acid in flour extracts.

point on, the uricase-treated stream is treated the 
sam e as the o ther stream  but passes throu gh  the 
re feren ce  side o f the  colorim eter a fter heating  
(see Roy and K v enberg  (7) for a m ore detailed  
d escrip tio n  o f the  chem istry  involved).

T he split stream is synchronized to ensure that 
those portions o f the stream  w hich  represent the 
sam e sam ple sim ultaneously  pass throu gh  th eir 
respective flow cells. The resulting colorim eter 
s ig n a l (absorbance) is p rop ortional to the uric 
acid con ten t o f th e  extract.

Results and Discussion
A m ean recovery o f 97.1% w as obtained  from  

e ig h t 50 g b leached  flo u r sam ples each spiked

w ith  1.00 m g uric acid (Table 1). T he recoveries 
w ere obtained  from  4  d ifferen t lots o f flou r on 4 
d ifferen t days. Recovery data o f 0 .50, 1.50, 2.00, 
and  3 .00 mg spikes are also g iven  in Table 1.

C olorim etric determ inations of the extractions 
sh ou ld  be m ade the same day. R ecoveries for
1.00 m g spikes w ere o n ly  80% 24 h later, 60% 48 
h later, and 25% after 72 h.

A standard con centration  o f 0.1 /rg uric acid / 
m L d eflects th e  recorder pen 2 scale d iv isions 
w h en  the uricase coils  are new  and at peak e ffi­
c iency . T h is translates to 25 / ig /5 0  g flou r and 
is d efined  as a trace am ount. Tw ice this am ount 
(50 /xg/50 g flour) has been  defined  as the low est 
m easurable am ount. T he up per lim it is 1 .5 -2 .0
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Table 1. Recovery of uric acid added to 50 g flour samples

Added, mg n Mean rec., % Std dev.
Coeff. 
of var. Range

0.50 2 101.1 6.36 6.33 1 05 -9 6 .0
1.00 8 97.1 6.51 6.71 1 10 -8 9 .0
1.50 2 107.0 14.1 13.2 1 17 -9 7 .0
2.00 2 69.0 9.19 13.3 7 5 .5 -6 2 .5
3.00 2 46.8 7.35 15.7 5 2 .0 -4 1 .6

m g /5 0  g flou r (see Table 1) d ep en d in g  on the 
e ffic ien cy  o f the uricase coils. The coils gradu­
a lly  w ear out but last around 6 m onths w hen  in  
con stan t use.

A m ixture of 1000 adult and larval fecal pellets 
obtain ed  from  T. castaneum raised on b leached  
flo u r w as m anually  counted  un der a w idefield  
m icroscope. U ric acid was extracted from  these 
p elle ts  using  the m ethod described  by Roy and 
K v en b erg  (7) for 1 g sam ples. T he resu ltin g  100 
m L extraction  solu tion  rep resented  a con cen ­
tration of 10 pellets/m L. Further d ilutions w ere 
m ade w h ich  resulted  in solu tions w ith  co n cen ­
trations rep resenting 10, 8, 4, 2, and 1 p ellet/m L . 
T he m ean uric acid value was 0.228 p g /p e lle t.

T w en ty -th ree  50 g sam ples of flou r w ere 
sp iked  w ith  various num bers (2 0 0 -1 5 0 0 ) o f ex­
creta p ellets  from  the sam e source. T w elve d if­
fe re n t lots of flou r extracted  on 5 d ifferen t days 
w ere used. The m ean recoveries ranged  from  
76.8%  for 200 pellets to 117% for 1200 pellets 
(Table 2). The average mean recovery was 97.6% 
w ith  an average standard deviation o f 5.9 and an 
average co effic ien t o f variation  (CV) o f 6.4%.

Fo rty -e ig h t flou r sam ples o f know n insect 
frag m en t cou nt (IFC) w ere obtained  from  the 
Fed eral G rants Insp ection  Serv ice  (FG IS), U.S. 
D epartm ent of A griculture, Beltsville, M D. The 
IFC ranged  from  2 to 123 fra g m e n ts /50 g flour. 
T h e  sam ples rep resented  46 d ifferen t lots of 
flou r. T h e insect excreta pellets in five 1 g por­
tion s taken  from  each of the FG IS sam ples w ere 
cou nted  on an extra large (11 X 9 V2 cm ) glass

counting plate, m anufactured especially to adapt 
th e  o ffic ia l clove o il m ethod (3) fo r use w ith  1 g 
sam ples. T he total cou nt o f the  5 portions X 10 
w as used to obtain  the nu m ber o f insect pellets 
(IPs) p er 50 g flou r fo r each sam ple.

T he resu ltin g  IP , IFC, and m ean uric acid val­
ues fo r each o f th e  FG IS sam ples are show n in 
T ables 3 and 4. T he m ean uric acid values w ere 
obtain ed  from  2 -5  replicate determ inations. 
(T h e  average p ercen t CV was 8 .10.) Table 3 
ranks the sam ples in  ascending order of IFC and 
T able 4 in  ascend ing order o f IP. Sam ple n u m ­
b ers w ere assigned  accord ing to ascend ing IFC 
order. Sam ples 2 6 -4 8  w ould exceed  th e  Food 
and D rug A d m in istration 's (FD A ) cu rren t reg u ­
latory action  gu id elin e  o f 50 or m ore insect 
fra g m e n ts /50 g flour.

T h e data in  T able 3 show  that as the IFC in ­
creases, IP  gen erally  also increases. W h en ev er 
the IP is notably  sm aller (Sam ples 9 ,1 4 , and 22) 
or larger (Sam ples 1 5 ,1 8 ,3 2 , and 34) than the IPs 
o f th e  im m ed iately  p receding  and fo llo w in g  
sam ples (ad jacent), the  uric acid co n ten t is cor­
resp ond in gly  sm aller or larger fo r that sam ple.

T he data in  Table 4 also show  that as IP  in ­
creases, both the uric acid con tent and the IFC of 
a sample generally increase. Usually, w henever 
the IFC is s ig n ifican tly  larger (Sam ple 28) or 
sm aller (Sam ples 7 and 5) than the adjacent IFCs, 
the  uric acid  value for that sam ple is corre­
sp ond in gly  larger or sm aller than the ad jacent 
sam ple uric acid values.

These data also d em onstrate that both IFC and

Table 2. T . c a s t a n e u m  excreta pellet recoveries from 50 g flour, based on 0.228 pg uric acid/pellet

No. pellets 
added n

Mean rec.,
% Std dev.

Coeff. 
of var. Range

200 2 76.8 15.2 19.8 8 7 .5 -6 6
400 4 95.9 1.85 1.04 9 7 .5 -9 4 .3
500 3 104 6.88 6.62 1 10 -9 6 .4
800 4 98.1 4.40 4.48 1 04 -9 3 .8

1000 6 98.8 9.97 10.1 110 -87 .7
1200 2 117 0 0 117 -1 1 7
1500 2 92.9 3.04 3.27 9 5 .0 -9 0 .7
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Table 3. Flour samples (50 g) ranked by insect fragment count

Below FDA guidelines Exceed FDA guidelines

Sample IFC a ipb

Uric
acid,
Mgc Sample IFCa IP 6

Uric
acid,
Mgc

1 2 50 39.5 26 54 270 620
2 2 180 214 27 57 490 471
3 4 140 277 28 59 140 631
4 4 150 471 29 62 440 466
5 5 280 196 30 62 660 779
6 6 130 480 31 63 330 956
7 7 250 51 32 65 1480 1016
8 9 240 152 33 66 690 541
9 10 100 53.5 34 66 1770 1043

10 24 200 710 35 68 700 572
11 29 320 535 36 68 350 557
12 32 220 698 37 69 1070 1054
13 33 340 618 38 69 430 738
14 33 190 trace d 39 69 740 861
15 35 670 702 40 72 650 565
16 36 250 391 41 78 800 1519
17 37 200 497 42 83 950 663
18 38 580 722 43 83 1470 679
19 41 430 578 44 88 890 842
20 41 320 447 45 ■ 103 3770 1434
21 44 240 529 46 104 2330 1601
22 45 150 294 47 122 2720 1375
23 45 250 616 48 123 1880 926
24 48 250 445
25 48 330 773

a IFC = insect fragment count. 
b IP =  number of insect excreta pellets. 
c Mean of 2 -5  replicates. 
d Trace =  less than 25 pg.

IP should  be consid ered  w h en  uric acid  is used 
to m easure the d egree o f insect d efilem en t. 
T herefo re , ICF +  IP =  ind ex o f insect d e file ­
m ent.

Figure 2 is a p lot o f in sect d efilem en t vs uric 
acid using the data from  Tables 3 and  4. T he 
correlation  co effic ien t (r) for the least squares 
stra ig ht lin e  is 0.750. T he re latio n sh ip  (plot) o f 
IFC  to uric acid is show n in  Figure 3; r =  0.731. 
For 42 sam ple points w ith  an " r "  greater than  
0 .490, a valid  re latio n sh ip  exists w ith  > 9 9 .9 %  
certain ty . T he corre latio n  factors w ere ca lcu ­
lated  using on ly  42 p oints after d iscou n tin g  the 
3 h igh est and 3 low est uric acid values, since the 
h ig h est and low est values are the  ones w hich  
strain  the system  the m ost. T h erefo re , it is 
greater than  99.9%  certa in  that b o th  insect d e­
filem en t and IFC correlate w ith  uric acid. S in ce 
in sect d efilem en t vs uric acid  w as the h ig h er 
correlation  co effic ien t, it has a s lig h tly  h ig h er 
positive correlation .

As can be seen from  Figures 2 and 3, if  a cutoff 
value of 600 ¡ig uric a c id /50  g flou r is used, only  
6 of the  tested sam ples w h ich  exceed  FD A  IFC

IFRIC ACID.JJfl

Figure 2. Correlation of insect defilement (insect 
fragments +  insect excreta pellets) with uric acid 
content of 50 g samples of flour. 0 =  50 or more 
fragments; X =  less than 50 fragments; — — — 600 /xg

uric acid/50 g flour cutoff l in e ;--------least squares
line.
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Table 4. Flour samples (50 g) ranked by number of Insect excreta pellets

Sample3 |P b IFC c

Uric
acid,
Agd Sample3 IP 6 IFCC

Uric 
acid, 
A g d

1 50 2 39.5 36 350 68 557
9 100 10 53.5 19 430 41 578
6 130 6 480 38 430 69 738
3 140 4 277 29 440 62 466

28 140 59 631 27 490 57 471
4 150 4 471 18 580 38 722

22 150 45 294 40 650 72 565
2 180 2 214 30 660 62 779

14 190 33 trace** 15 670 35 702
10 200 24 710 33 690 66 541
17 200 37 497 35 700 68 572
12 220 32 698 39 740 69 861

8 240 9 152 41 800 78 1519
21 240 44 529 44 890 88 842

7 250 7 51 42 950 83 663
16 250 36 391 37 1070 69 1054
23 250 45 616 43 1470 83 679
24 250 48 445 32 1480 65 1016
26 270 54 620 34 1770 66 1043

5 280 5 196 48 1880 123 926
11 320 29 535 46 2330 104 1601
20 320 41 447 47 2720 122 1375
25 330 48 773 45 3770 103 1434
31 330 63 956
13 340 33 618

a Samples 2 6 -4 8  exceed FDA's current guidelines. 
b IP =  number of insect excreta pellets. 
c IFC = insect fragment count. 
d Mean of 2 -5  replicates. 
e Trace =  less than 25 ng.

Figure 3. Correlation of IFC with uric acid content 
of 50 g samples of flour. 0 =  50 or more fragments;
X =  less than 50 fragm ents;-------50 fragment/50 g
flour cutoff l in e ,---------- 600 /tg uric acid/50 g flour

cutoff l in e ;--------least squares line.

guidelines w ould not be considered violative and 
7 o f the sam ples w h ich  are b elow  FD A  IFC 
gu id elin es w ould be v io lative. A ll the  data 
p oints on th e w rong side o f the lin e  could  be 
consid ered  to lie  in th e  b o rd erlin e  area. A lso, 
these data points are based on only 1 IFC for each 
lot o f flour, w hile  the FDA guideline is based on 
an average o f 6 IFCs per lot.

Som e of the other apparent poorer correlations 
in  Figures 2 and 3 o rig in ate  from  th e docu­
m ented  p h en o m en o n  that insects o f d iffe ren t 
species produce d ifferen t am ounts o f uric acid 
(5 -1 1 ). Several d iffe ren t species o f insects are 
know n to in fest flou r (5, 7, 11) and  the sp ecific  
sources o f the  fragm ents and p ellets  p resen t in 
the natu rally  contam inated  sam ples w ere not 
d eterm ined.

Conclusions
T he m ost accurate m easurem ent o f the degree 

to w hich flour has been defiled includes both the 
num ber o f insect excreta pellets and the num ber 
of insect fragm ents present. A valid relationship 
has b een  show n to exist b etw een  the u ric  acid 
con ten t o f a flou r sam ple and the n u m b er o f in ­
sect excreta pellets and  insect frag m ents in  it
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(Figure 2). T h erefo re , the  m easurem ent o f the  
uric acid con ten t o f flou r can be used as a valid  
index o f insect d efilem ent.

A valid  relation sh ip  has also b een  d em o n ­
strated b etw een  the IFC o f a sam ple and its uric 
acid con ten t (F igu re 3). T h erefo re , the  IFC is a 
valid  m ethod  o f d eterm in in g  in sect d efile ­
m ent.

T he resu lts show  that the proposed m ethod 
could  be used as a screen in g  procedure for d e­
term in in g  the am ount o f in sect d efilem en t in 
flour. The data indicate that a uric acid value of 
600 p.g/50 g flour approxim ates the same degree 
o f in sect d efilem en t as FD A 's cu rren t gu id elin e 
o f 50 insect frag m en ts/50 g flour and suggest that 
sam ples exceed ing  600 pg w ould con tain  v io la­
tive am ounts o f insect filth .

The proposed m ethod offers the advantages of 
im proved  speed (16 sam ples m ay be com pleted  
in 1  day as com pared to 8 sam ples by the o fficia l 
m icroscopic m ethod); increased  uric acid sen si­
tiv ity , w h ich  enables chem ical m easurem ents 
b elow  the cu rren t FD A insect filth  in  flou r 
guideline; large sample size (50 g), w hich enables 
analysis o f a rep resentative am ount o f th e  sam ­
p le ; and a chem ical d eterm inative  step , w hich  
e lim in ates  the need  for the analyst to have e n ­
tom ological expertise. It is suggested that this 
m ethod  be subjected  to a collaborative study.
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FOOD A D D IT IV E S

Ion-Pair High Performance Liquid Chromatographic Determination 
of Inosinic Acid in Meat

Y O S H IM I  K IT A D A , M A S A S H IG E  IN O U E , K IK U O  T A M A S E , M A S A K O  IM O U , 
A K IK A Z U  H A S U IK E , M IC H IK O  S A S A K I, a n d  K A O R U  T A N IG A W A  
Nara Prefectural Institute of Public Health, 57-6 Ohmori, Nara 630, Japan

An ion-pair high performance liquid chromato­
graphic (HPLC) technique is described for the de­
termination of inosinic acid (IMP) in meat. The 
compound was extracted with perchloric acid and 
analyzed without cleanup. IMP is effectively sepa­
rated, identified, and quantitated by using a reverse 
phase column, with ultraviolet detection. A Cs sta­
tionary phase and tetrabutyl ammonium as counter 
ion are used. Recovery of IMP added to meat at 500 
or 2500 ppm levels was more than 95%; the lim it of 
detection for IMP is 50 ppm.

In o sin ic  acid (IM P) is a type o f m o n orib o n u ­
cleotide and often appears in  natural foods such 
as dried  fish , b eef, and ch ick en  m eat (1). In  
Japan, IM P has been registered as a food additive 
sin ce  I9 6 0 , but there is no estab lish ed  to lerance 
fo r food type and volum e. W e w ish ed  to d e­
velop a rapid, accurate m ethod for extraction and 
qu an tita tio n  o f IM P in  m eat, because it plays an 
im p ortant ro le in  m eat quality.

Several h igh  p erform ance liqu id  chrom ato­
graphic (H PLC) m ethods have been show n to be 
useful for determ ining nucleotides, nucleosides, 
and  free bases. T hey have b een  based on ion- 
exchange (2 -7 )  and reverse phase colu m n chro­
m atography (8 -1 0 ). T h e proposed m ethod  for 
d eterm in in g  IM P  in  m eat involves extraction  
w ith  p erch lo ric  acid; no con cen tratio n  or p rior 
cleanu p  is needed . T he d eterm ination  w as car­
ried  out by a reverse phase H PLC  system  w ith  a 
Ci8 colum n to assure id en tificatio n  o f IM P and 
o th er m onoribonucleotides.

M E T H O D

Apparatus

(a) Liquid chrom atograph .— Shim ad zu M odel 
LC-2 (Shim adzu Seisakusho Ltd, K yoto, Japan).

(b) Column. — Colum n A: stainless steel, 4 mm 
id X 25 cm , w ith  L iC hrosorb  RP-8, 7 p m  (E. 
M erck, D arm stadt, GFR). C olum n B: stain less 
stee l, 4 .6  mm  id X 15 cm , w ith  Zorbax O D S, 5 -6

Received M arch 29, 1982. Accepted August 21,1982.

pm (Du Pont, W ilm in gton , DE 19898). Guard 
colum n: stain less steel, 4 mm  id X 5 cm , dry- 
packed (tap and fill m ethod) w ith Bondapak C ^ , 
C orasil, 3 7 -5 0  pm (W aters A ssociates, M ilford , 
M A).

(c) Detector. — Shim adzu M odel U V D -2 u ltra­
v io le t m on itor (Shim adzu Seisakusho Ltd).

(d) High-speed blender.— N ih o n  Seik i M odel 
A M -7 equipped w ith  stain less steel cup (N ih on  
Seik i Ltd, Tokyo, Japan).

(e) Sample filtering system.— 25 m m  filte r  
h o ld er and F luoropore filters , 1.0 pm pore size 
(Sum itom o E lectric Industry  Ltd, O saka, Jap an); 
47 mm  filte r  h o ld er and m em brane filte rs , 0 .22 
pm pore size (M illipore Corp., Bedford, M A); No. 
5C filte r  paper (Toyo Roshi Ltd, Tokyo, Japan).

( f )  Centrifuge.— H itachi M odel 18PR-3 (H itachi 
Seisakusho Ltd, Tokyo, Japan).

(g) Shaker.— Iw aki M odel V-D (Iw aki Co. Ltd, 
Tokyo, Japan).

Reagents

(a) Chemicals.— Inosine-5 '-phosphate, sodium  
salt (IM P); cytid ine-5 '-p h osp h ate , sodium  salt 
(CM P); uridine-5'-phosphate, sodium salt (U M P); 
and guanosine-5 '-phosp hate, sodium  salt (GM P) 
w ere obtained  from  P-L B iochem icals, Inc., M il­
w aukee, W I 53205. A d enosine-5 '-p hosp hate , 
sodium  salt (A M P); tetra-n-bu tyl am m onium  
brom ide (TBA ); m eth anol; 60% p erch lo ric  acid; 
and o ther chem icals w ere obtained  from  W ako 
Pure C hem ical Industry Ltd, O saka, Japan.

( b )  Standard solution.— 5 0 0 q g /m L . D issolve 
0.125 g IM P in  250 m L pH  7.3 phosp hate b u ffer 
prepared according to m ethod of A l-M oslih et al.
DO).

(c) Mobile phase.— Phase A: pH 8.0 phosphate 
b u ffe r  +  5 m M  TBA . D isso lv e  9 .9 2 9  g 
N a2H P 0 4-12H 20 ,  0 .308 g K H 2P 0 4, and 1.612 g 
TBA in  w ater and dilute to 1 L. Phase B: pH  5.8 
phosp hate bu ffer. D issolve 1.158 g N a2H P 0 4- 
12H 20  and 6.360 g K H 2P 0 4 in  w ater and d ilu te  
to 1 L. F ilter m obile  phases throu gh  0 .22  pm 
m em brane filters.
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Figure 1. Liquid chromatograms of standard ribo­
nucleotides and pork extract: A, column A conditions; 
B, column B conditions, a, standard ribonucleotides 
(100 /xg/mL, respectively); b, pork sample (0.1 g/mL) 
containing 0.500 pg standard, 0.875 pg IMP in pork 

extract.

Preparation of Sample Extract

Use beef, pork, and chicken meat. F inely slice 
ca 100 g m eat, w eigh  10 g m ixture in to  100 mL 
high -sp eed  b len d er cup, add 40 mL aqueous 5% 
p erch lo ric  acid, and extract by h o m og en iz in g  3 
m in at 15 000 rpm (28 400 X g). T ran sfer ho­
m ogenate to 70 m L cen trifu ge tube. W ash 
b len d er cup and cutter w ith  10 mL 5% p erchloric 
acid , transfer w ash ing  to cen trifu ge tube, and 
cen trifu ge  at 10 000 rpm  (12 600 X g)  fo r 5 m in. 
F ilte r supernate in to  200 m L glass beaker 
through No. 5C paper by suction. Add 20 mL 5% 
p erch lo ric  acid to cen trifu ge  tube, shake 5 m in, 
cen trifu g e , and  filte r  supernate in to  beaker. 
A djust pH  o f com bined  filtrate  to 6.5 w ith  5N  
N aO H  and 0.5N  NaOH. Transfer filtrate to 100 
m L volu m etric  flask , d ilu te  to volu m e w ith  
w ater, and m ix before  filtratio n . T h en  filter 
throu gh  1.0 pm filter.

High Performance Liquid Chromatography

D ilu te standard solu tion  to prepare 50, 100, 
150, 200, 250, and  300 pg IM P /m L . In ject 5 pL 
o f each standard  solu tion  in to  chrom atograph. 
Set colu m n tem perature at 40°C . A djust flow  
rate to 0.9 m L /m in . Prepare standard curve by 
p lo ttin g  peak h e ig h t o f IM P  vs con centration . 
Run sam ple extracts under sam e conditions used 
for standards. Read am ount (/xg/m L) o f IM P in 
extract from  standard curve. M u ltip ly  this 
am ount by 10 as a d ilu tion  factor (100 m L ex­
tract/ 10 g sam ple m eat) to obtain  con cen tratio n  
(/xg/g) of IM P in  sam ple meat.

Table 1. Recovery of inosinic acid added to meats 3

Sample

500 ppm 2500  ppm

Rec., % SD CV, % Rec.,% SD CV, %

Beef 96.2 2.2 2.26 98.5 1.0 0.97
Pork 95.8 2.6 2.71 99.6 1.1 1.11
Chicken 94.9 2.1 2.20 97.9 0.8 0 .84

3 Results of 5 trials.

Results and Discussion

Kusuw i et al. (6) extracted IM P from  fish  paste 
product, soy sauce, granule b o u illo n , etc., w ith  
5% perchloric acid. W e extracted IM P from  meat 
accord ing to th e ir  m ethod.

C olum n A was used for the d eterm in atio n  o f 
IM P. W e also tried to determ ine the presence of 
C M P, U M P, GM P, and A M P in  m eat. But in  
colu m n A, d eterm ination  of C M P and G M P in  
pork, CM P and U M P in  beef, and CM P in  
ch ick en  m eat had in terferen ces  by natural m eat 
com ponents. W hereas in  colum n B, G M P had 
in terferen ces by natural ch ick en  m eat com po­
nents. Therefore, it was necessary to use 2 H PLC 
colum ns to assure id en tifica tio n  o f 5 m on ori­
bonucleotides. As a result, those ribonucleotides 
w ere less than 50 ppm . In  colu m n A, G M P and 
IM P w ere not separated at th e  b aselin e  w ithout 
TBA, and it was necessary to adjust the pH  o f the 
m obile  phase to 8.5 to obtain  b etter baseline  
sep aration of 5 ribonu cleotid es. N o peaks that 
in terfere  w ith  the d eterm in atio n  o f IM P  have 
b een  observed  in  tested  m eats. Figure 1 show s 
typical standard and sam ple extract chrom ato­
gram s by  colum ns A and B.

Table 1 show s the recoveries from  m eats fo r­
tified  at 500 or 2500 ppm. A dded IM P  w as re ­
covered  in the range 94 .9 -99 .6% . W e w ere able 
to d etect 5 pg IM P /m L  by th e m ethod , so the 
d etection  lim it was 50 ppm  w h en  this am ount 
w as m u ltip lied  by a d ilu tio n  factor.
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ANTIBIOTICS

Microbiological Assay for Antibiotics in Surface Waters

JACK M. KATZ and STANLEY E. KATZ
N e w  J e 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 , D e p a r tm en t  o f  B io c h em is try  
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Assay procedures were developed for determining 
bacitracin, Chlortetracycline, erythromycin, Oxytet­
racycline, penicillin, streptomycin, and tylosin resi­
dues in surface waters. Direct addition of solid po­
tassium phosphate buffering salts to water samples 
enabled suitable pH adjustments for optimum assay 
conditions. Recoveries from 2 surface waters aver­
aged 97.9 and 102.7% for Chlortetracycline, 101.0 and 
101.5% for bacitracin, 94.5 and 95.3% for erythromy­
cin, 84.2 and 89.8% for Oxytetracycline, 82.3 and 97.5% 
for penicillin, 97.4 and 99.2% for streptomycin, 87.4 
and 94.2% for tylosin.

The FDA Environmental Impact Statement (1), 
perhaps the most definitive review of the liter­
ature concerning the fate of antibacterial agents 
used in animal feeds, noted the paucity of in­
formation and data as well as the large amount 
of speculation related to the stability of antibi­
otics in the environment. Although some data 
exist relative to the stability of antibiotics in soil, 
little is known concerning their stability in sur­
face waters.

Feinman and Matheson (1) felt that the tetra­
cyclines, bacitracin, tylosin, and erythromycin 
were mobile in soil, depending on the soil clay 
content; penicillin was possibly mobile, while 
streptomycin and neomycin would be minimally 
mobile. However, they did not speculate on the 
overall potential of movement of antibiotics from 
animal wastes to soils and eventually to surface 
waters.

Some evidence exists that antimicrobials can 
be leached from pastures into streams. Van 
Dijck and Van de Voorde (2) reported that 12 of 
41 stream water samples taken in an agricultural 
area showed inhibitory activity. No data were 
presented identifying the sources or the moieties 
causing the inhibitory activity. Rumsey et al. (3) 
noted that trace quantities of Chlortetracycline 
were found at times in runoff from pastures on 
which wastes containing the antibiotic had been 
spread.

Paper No. D-01112-282 of the Journal Series, New Jersey 
Agricultural Experiment Station, Rutgers—The State Univer­
sity of New Jersey, New Brunswick, NJ 08903.
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The purpose of this paper is to present simple, 
sensitive, and reproducible procedures that can 
be used to determine the levels of antibiotics in 
surface waters. These procedures can provide 
the methodological basis for studies on the sta­
bility of antibiotics in surface waters.

M E T H O D

N utrient M edia

(a) Antibiotic medium No. 1.—For bacitracin, 
tylosin, and penicillin. (Medium manufactured 
by Scott Laboratories was satisfactory.)

(b ) Antibiotic medium No. 5.—For streptomycin; 
medium No. 8, low pH, for the tetracyclines; 
medium No. 11, for erythromycin. (Media 
manufactured by BBL were satisfactory.)

Buffers

All buffer salts are dissolved and diluted to 1 
L with deionized water.

(a) Phosphate buffer, pH 4.5.—For tetracyclines. 
Contains 13.6 g monopotassium phosphate.

(b )  Phosphate buffer, pH 6.0.—For penicillin. 
Contains 8.0 g monopotassium phosphate and 2.0 
g dipotassium phosphate.

(c) Phosphate buffer, pH 6.5.—For bacitracin. 
Contains 28.0 g monopotassium phosphate and
22.0 g dipotassium phosphate.

(d) Phosphate buffer, pH 8.0.—For tylosin and 
erythromycin. Contains 16.73 g dipotassium 
phosphate and 0.523 g monopotassium phos­
phate.

Test M icroorganism s

All organisms can be prepared according to 
procedures described by AO AC (4) or Kramer et 
al. (5).

(a) Bacillus cereus var. mycoides ATCC 
11778. —For tetracyclines.

(b )  Bacillus subtilis ATCC 6633.—For strepto­
mycin.

(c) Micrococcus luteus (Sarcina lutea) ATCC 
9341.—For penicillin, erythromycin, and ty­
losin.

(d) Micrococcus luteus (Micrococcus flavus) ATCC 
10240.—For bacitracin.
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Preparation o f Plates

Use plastic petri dishes (15 X 100 mm). For 
Chlortetracycline, Oxytetracycline, and strepto­
mycin assays, cool designated media to 65°C and 
inoculate with appropriate spore suspension. 
For penicillin, tylosin, erythromycin, and baci­
tracin, cool specified media to 48 °C and inoculate 
with indicated organism. Evenly spread 7 mL 
inoculated assay agar in each dish and let cool 
with covers ajar to let condensation escape. 
Place 6 cylinders on each plate, using Shaw or 
equivalent automatic cylinder dispenser ac­
cording to AOAC procedures (4).

Preparation o f Standard Curve

Prepare standard solutions containing 100 pg 
or 100 units activity/mL as described by AOAC 
procedures (4). For Chlortetracycline and peni­
cillin, standard curve range is 0.01, 0.02, 0.04, 
0.08, and 0.16 /ug/mL with 0.04 pg/mL as refer­
ence concentration; for Oxytetracycline, baci­
tracin, and erythromycin, range is 0.025, 0.05, 
0.10, 0.20, 0.40, and 0.80 pg/mL with 0.20 pg/mL 
as reference concentration; for tylosin and 
streptomycin, range is 0.125, 0.25, 0.50,1.00, and
2.00 pg/mL with 0.50 pg/mL as reference con­
centration.

M easurem ent o f  Potency

Use 3 petri dishes for each sample. On each 
plate, fill 3 alternate cylinders with reference 
concentration and 3 with sample assay solution. 
Incubate plates 18-24 h at 30°C. After incuba­
tion, remove cylinders, gently wash surface of 
plates, and measure zones of inhibition with 
Fisher-Lilly zone reader. Determine potency of 
samples according to AOAC procedures (4).

R esponse o f Test M icroorganism s

For proper sensitivity, test organisms should 
give following response to defined concentra­
tions of antibiotic:

Concn, Expected
unit response,

Antibiotic or p g /m l mm
Bacitracin 0.10 13.5-14.5
Chlortetracycline 0.01 14.0-15.0
Erythromycin 0.05 16.5-17.5
Oxytetracycline 0.05 12.0-13.0
Penicillin 0.02 13.5-14.5
Streptomycin 0.25 15.0-16.0
Tylosin 0.25 12.0-13.0

Assay o f  R esidues in Surface Waters

Collection: Collect representative surface wa­
ters on same day of analysis. Collect samples by 
placing clean, but not sterile, 1 gal. bottles ca 6 in. 
below surface. Return samples to laboratory 
immediately (usually within 15 min) and use for 
supplementation studies within 1 h.

Supplementation: Add enough antibiotic ac­
tivity, derived from standard solutions, to 1 L 
volumetric flasks to yield concentrations equiv­
alent to those of standard response line when 
representative surface water is added to flask and 
flask is brought to volume. Mix well and let 
supplemented water equilibrate 1 h.

Assay for antibiotic activity: According to fol­
lowing schedule, add designated quantities of 
solid phosphate salts and/or volumes of aqueous
salts to 250 mL Erlenmeyer flasks.

0.0523
gK H 2-

KHZ- K2H- P O J  
PO 4, POi, m l,

Expected
pH

range,
assay

Antibiotic
Chlortetra­

8 « mL soln

cycline
Oxytetra­

1.36 — — 4.5-4.7

cycline
Strepto­

1.36 4.5-4.7

mycin — 1.67 1.0 8.0 ±  0.05
Tylosin
Erythro­

1.67 1.0 8.0 ±  0.05

mycin — 1.67 1.0 8.0 ±  0.05
Bacitracin 2.8 2.2 — 6.2-6.5
Penicillin 0.8 0.2 — 6.0-7.0

Add 100 mL aliquots from volumetric flasks 
and mix well to dissolve phosphate buffer. 
Adjust pH if necessary. These are the assay so­
lutions.

Results and Discussion
Sensitive analytical procedures are needed for 

determining antibiotic residues in the environ­
ment. No organized procedures are available for 
determining antibiotic residues in surface waters. 
The lack of definitive information concerning 
the fate of antibiotics in the environment re­
quires such methodology as a first step in de­
veloping an organized body of knowledge. The 
aquatic medium is a matrix that allows extremely 
sensitive procedures. Unlike microbiological 
assay procedures for determining antibiotic 
residues in milk, animal muscle, and organ tissue 
where extraction, dilution, and sensitivity 
problems exist, the procedures reported herein
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are relatively simple and free from the afore­
mentioned problems.

Two sources of water were used in these 
studies: College Farm Pond at Cook College, 
and Farrington Lake, East Brunswick, NJ. Col­
lege Farm Pond is a typical farm pond filled by 
runoff and drainage from surrounding lawns 
and fields. Farrington Lake is a long, narrow 
lake which receives drainage from several trib­
utary creeks. These creeks pass through an area 
of truck and animal farms. Both sources repre­
sent the type of surface waters where antibiotics 
used for animal agriculture might be found be­
cause of leaching from wastes or from pastures 
used for disposal of wastes. Both sources of 
water possess a fair degree of suspended matter, 
have a high bacterial population, and have a pFI 
ranging from 6.2 to 6.6. College Farm Pond also 
contains a high algal population.

The use of the buffering salts dipotassium 
hydrogen phosphate and potassium dihydrogen 
phosphate in the dry state, added directly to the 
water sample, provides the proper buffering 
with no need for dilution. Although the natural 
buffering capacity of the surface water may cause 
some minor deviations from the anticipated op­
timum assay pH for a given antibiotic, final pH 
adjustment can be accomplished easily with little 
change in sample volume.

The sensitivity of detection and measurement 
for individual antibiotics was similar if not 
identical to that obtained in buffer systems used 
for standard response lines. Table 1 shows re­
coveries obtained for chlortetracycline and 
penicillin assayed in the representative surface 
waters. Recoveries of chlortetracycline were 
essentially quantitative, averaging 97.9% in water 
from College Farm Pond and 102.7% in water 
from Farrington Lake. Recoveries of penicillin 
averaged 82.3% in water from the farm pond and 
97.5% in water from the lake. Recoveries of 
chlortetracycline were not affected by differ­
ences in suspended matter, but penicillin re­
coveries did appear to be affected. The absorb­
ance of the water, measured at 580 nm (a gross 
measurement of suspended material), was 0.140 
for College Farm Pond and 0.025 for Farrington 
Lake. Although this is a crude estimate of bac­
teria, algae, clay, silt, detritus, and similar mate­
rials, it gives some insight to factors that might 
affect recovery. Penicillin recoveries might 
have been affected by the presence of increased 
suspended matter; the higher recoveries were 
obtained in the water with the lesser amount of 
turbidity.

To estimate the variability of the procedure,

Table 1. Recoveries of chlortetracycline and penicillin 
from representative surface waters

Sample Chlortetracycline Penicillin

unit or Found Rec., Found, Rec.,
Mg/mL Mg/mL % un it/m L %

College Farm Pond

Blank ND3 ND
0.005 0.005 100.0 Nps —

0.010 0.010 100.0 0.008 80.0
0.020 0.020 100.0 0.016 80.0
0.040 0.039 97.5 0.031 77.5
0.080 0.077 96.2 0.074 92.5
0.160 0.150 93.8 0.130 81.3
Av. — 97.9 — 82.3

Farrington Lake

Blank ND ND
0.005 0.005 100.0 NP —
0.010 0.011 110.0 0.009 90.0
0.020 0.023 115.0 0.020 100.0
0.040 0.040 100.0 0.034 85.0
0.080 0.078 97.5 0.085 106.3
0.160 0.150 93.8 0.170 106.2
Av. — 102.7 — 97.5

a None detected. 
b Not performed.

chlortetracycline was added to the surface waters 
at 3 concentrations, 0.01, 0.04, and 0.08 /xg/mL. 
Determinations were replicated 5 times. Table 
2 shows the recoveries and range of recoveries 
obtained from this methodology. Considering 
the levels studied, repeatability was adequate. 
Although data for chlortetracycline were used 
to estimate accuracy and precision of the meth­
odology, perusal of the data obtained for the 
other antibiotics indicates similar recovery pat­
terns.

Table 3 shows the recoveries of Oxytetracy­
cline, erythromycin, and bacitracin from both 
surface waters. Recoveries of bacitracin were the 
highest, averaging slightly over 100%; erythro­
mycin recoveries averaged 95%, and Oxytetra­
cycline recoveries averaged 87%. Recoveries of 
bacitracin exhibited the greatest positive bias 
with the largest number of samples exceeding 
100%. Table 4 shows the recoveries of tylosin 
and streptomycin. Tylosin recoveries were 
slightly lower in the water from College Farm 
Pond than in the lake water, an average of 87.4% 
vs 94.2%. Recoveries of streptomycin from both 
water sources showed little difference, although 
streptomycin, like bacitracin, showed a number 
of recoveries above 100%.

Average recoveries obtained for the 2 tetra-
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Table 2. Repeatability of assay system, using Chlortetracycline as representative antibiotic *

Added,
H g /m l

College Farm Pond Farrington Lake

Found,
Mg/mL

Rec.,
%

Found, 
Mg/mL

Rec.,
%

0.010 0.009 90.0 0.008 82.0
0.009 90.0 0.0098 98.0
0.0084 84.0 0.0078 78.0
0.0100 100.0 0.0086 86.0
0.0084 84.0 0.0060 60.0

Av. 0.0089 89.6 0.0081 80.8
SD 0.007 5.5 0.0012 12.4
Range5 0.0089 ±  0.0006 89.6 ± 5 .2 0.0081 ±  0.001 80.8 ±  10.8

0.040 0.037 92.5 0.037 92.5
0.036 90.0 0.040 100.0
0.038 95.0 0.038 95.0
0.038 95.0 0.035 87.5
0.036 90.0 0.040 100.0

Av. 0.037 92.5 0.038 95.0
SD 0.001 2.2 0.008 4.7
Range 0.037 ±  0.001 92.5 ±  2.0 0.038 ±  0.003 95.0 ±4 .1

0.080 0.076 95.0 0.076 95.0
0.072 90.0 0.072 90.0
0.072 90.0 0.080 100.0
0.070 87.5 0.072 90.0
0.082 102.5 0.062 77.5

Av. 0.074 93.0 0.072 90.5
SD 0.004 5.3 0.006 7.5
Range 0.074 ±0 .003 93.0 ± 4 .6 0.072 ±0 .0 0 5 90.5 ± 6 .6

a Each value is average of 5 replicates. 
b 95% confidence limits.

Table 3. Recoveries of Oxytetracycline, erythromycin, and bacitracin from representative surface waters

Sample Oxytetracycline Erythromycin Bacitracin
concn,
u n ito r Found, Rec., Found, Rec., Found, Rec.,
/xg/m L ^g /m L  % M g/mt- % u n it/m L  %

College Farm Pond

Blank NDa — ND — ND —

0.025 0.025 100.0 0.026 104.0 Npt, —
0.050 0.042 84.0 0.044 88.0 0.047 94.0
0.100 0.080 80.0 0.080 80.0 0.091 91.0
0.200 0.180 90.0 0.190 95.0 0.180 90.0
0.400 0.340 85.0 0.400 100.0 0.430 107.5
0.800 0.800 100.0 0.800 100.0 1.000 125.0
Av. — 89.8 — 94.5 — 101.5

Farrington Lake

Blank ND — ND — ND —

0.025 0.022 88.0 0.026 104.0 NP —

0.050 0.036 72.0 0.044 88.0 0.042 84.0
0.100 0.085 85.0 0.080 80.0 0.110 110.0
0.200 0.180 90.0 0.200 100.0 0.210 105.0
0.400 0.360 90.0 0.400 100.0 0.400 100.0
0.800 0.640 80.0 0.800 100.0 0.850 106.2
Av. — 84.2 — 95.3 — 101.0

a None detected. 
b Not performed.
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Table 4. Recoveries of tylosin and streptomycin from 
representative surface waters

Sample
concn,

Tylosin Streptomycin

Found, Rec., Found, Rec.,
Aig/mL Mg/mL % Ag/mL %

College Farm Pond

Blank ND3 ND _
0.125 0.125 100.0 0.15 120.0
0.25 0.23 92.0 0.19 76.0
0.50 0.40 80.0 0.54 108.0
1.00 0.90 90.0 1.02 102.0
2.00 1.50 75.0 1.80 90.0
Av. — 87.4 — 99.2

Farrington Lake

Blank ND _ ND _
0.125 0.110 88.0 0.120 96.0
0.25 0.25 100.0 0.22 88.0
0.50 0.44 88.0 0.54 108.0
1.00 0.95 95.0 1.05 105.0
2.00 2.00 100.0 1.80 90.0
Av. — 94.2 — 97.4

3 None detected.

cyclines differed at about 10-20%; the higher 
recoveries were obtained for Chlortetracycline. 
The reason for this is unknown but it is not re­
lated to a greater amount of suspended matter in 
the water. The recoveries of the 2 macrolide 
antibiotics, erythromycin and tylosin, were 
similar and no special note should be made of the 
differences.

Of the antibiotics studied, the tetracyclines, the 
macrolides, and bacitracin are the most likely to 
appear in surface waters. Penicillin is degraded 
quickly in soil and excreta, and the possibility of

penicillin leaching into surface water is minimal. 
Streptomycin is tightly bound by clays in the soil 
and hence its mobility is, at best, minimal. The 
solubility and minimal reactivity of the tetracy­
clines, the macrolides erythromycin and tylosin, 
and bacitracin with clays in the soil indicate a 
potential for leach. All antibiotics can appear in 
surface waters adjacent to manufacturing facili­
ties because of inappropriate disposal 
methods.

The approach advanced in this manuscript 
should be extendable to determining other an­
tibiotics in surface waters. However, a qualita­
tive scheme of analysis to support the quantita­
tive determinations is sorely needed. Method­
ology combining both qualitative and quantita­
tive systems would provide the tools to study the 
occurrence and stability of antibiotics in surface 
waters.
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Microbial Assay Systems for Determining Antibiotic Residues in Soils

JA C K  M . K A T Z  a n d  S T A N L E Y  E. K A T Z
N ew  Jersey Agricultural Experiment Station, Rutgers University, D epartm ent o f  Biochemistry  
and M icrobiology, N ew  Brunswick, N J 08903

Procedures for the assay of bacitracin, chlortetracy- 
cline, erythromycin, oxytetracycline, and tylosin 
residues in soils are presented. Except for tylosin, 1 
f ig  antibiotic/g soil could be detected and measured. 
Recoveries of bacitracin (43.0-83.9%) averaged 60.3% 
and were unaffected by clay, sand, or silt content. 
Recoveries of chlortetracycline (40.0-116.0%) aver­
aged 63.9% with no apparent relationship between 
recoveries and soil composition. Recoveries of 
oxytetracycline (30.8-100.0%) averaged 64.5% and 
were affected by silt and clay content. There was an 
inverse relationship between recoveries of tylosin 
and clay and silt content. Recoveries ranged from 
6.5% in a soil containing 23.7% silt and 16.3% clay to 
74.1% in a soil containing 96.3% sand. Recoveries of 
erythromycin were similarly related to clay and silt 
content, with recoveries averaging 36.3% in soil 
containing 40% silt and clay and 76.0% in soil con­
taining 96.3% sand. Penicillin could not be recovered 
from soils because of its instability. Streptomycin 
was irreversibly adsorbed and could not be extracted 
from any soil studied.

The stability in and transport through soil, and 
overall chemical and biological reactivity of an­
tibiotics incorporated into soil as part of animal 
agricultural practice remains, at best, partially 
understood. Pinck et al. (1-5) studied the 
physicochemical aspects of antibiotics in soil. 
Jeffreys (6) studied the stability of several anti­
biotics in different soils and noted that all anti­
biotics studied "exhibited a fair degree of sta­
bility in some of the soils," although the rates of 
inactivation of the various antibiotics varied from 
soil to soil. The main interest in the aforemen­
tioned studies was related to the production/ 
occurrence and stability of antibiotics in soil 
rather than the degradation of antibiotics re­
sulting from agricultural uses. Similar consid­
erations were the basis of the studies of Pramer 
and Starkey (7, 8), concerning the stability of 
streptomycin in soils.

The wastes resulting from animals fed antibi­
otics, regardless of whether the animals were 
managed in a feed-lot operation or on farms, in­
variably will find their way onto/into the soil 
and, potentially via transport and run-off, into 
surface waters. Elmund et al. (9) reported sev-
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eral general problems associated with the de­
composition of feed-lot wastes containing 
chlortetracycline and raised the potential prob­
lem of waste-contaminated run-off water. The 
overall assessment in the Environmental Impact 
Statement of the FDA (10) vis-a-vis antimicrobial 
agents fed to animals and their fate in the envi­
ronment indicated a lack of definitive knowl­
edge concerning the measurement and the fate 
of antibiotics in soils.

The methodology available in the literature for 
the assay of antibiotics in soils is both unorgan­
ized and poorly described. Soulides et al. (3) 
used various buffer extraction procedures at 
specific pH values for a direct assay. Soulides (5) 
also used a combination of phosphate buffer ex­
traction, evaporation of the buffer, re-extraction 
with solvents to remove salts, evaporation of the 
solvent, and resolubilization of the antibiotics in 
buffers followed by microbiological assay. The 
direct procedure was insensitive while the ex­
traction-isolation techniques yielded fairly 
sensitive detection. The extraction-isolation 
procedure was long and tedious and subject to 
interferences if the solvent removal was not 
performed carefully. Elmund et al. (9) used 
AOAC methodology for chlortetracycline in 
feeds and reported reasonably good success. 
Jeffreys (6) used buffers for extraction but the 
levels detected were quite high.

The purpose of this report is to present a more 
organized body of extraction procedures coupled 
with microbiological assays which could measure 
some representative antibiotics in soils with a fair 
combination of sensitivity and accuracy. A level 
of 1 pg or unit/g was established because it is 
doubtful that concentrations below this level 
would have any effect on the development of 
resistance or would interfere with the usual 
functions performed by soil microorganisms (J. 
Gavalachin, Cook College, Rutgers University, 
private communication (1982)).

METHOD

Nutrient Media

(a) Medium No. 1 for bacitracin, tylosin, and 
penicillin.—Medium No. 1 manufactured by Scott 
Laboratories was satisfactory.
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(b) Medium No. 5 for streptomycin, medium No. 
8, low pH for the tetracyclines, and medium No. 11 for 
erythromycin.—These media manufactured by 
BBL were satisfactory.

Buffers

Dissolve and dilute all buffer salts with 
deionized water to 1 L.

( a )  Phosphate buffer, pH 4.5, for the tetracy­
clines.—Contains 13.6 g monopotassium phos­
phate.

(b) Phosphate buffer, pH 6.0, for penicillin. — 
Contains 8.0 g monopotassium phosphate, 2.0 g 
dipotassium phosphate.

(c) Phosphate buffer, pH 6.5, for bacitracin.— 
Contains 28.0 g monopotassium phosphate and
22.0 g dipotassium phosphate.

(d) Phosphate buffer, pH 8.0, for tylosin, eryth­
romycin, streptomycin.—Contains 16.73 g dipo­
tassium phosphate and 0.523 g monopotassium 
phosphate.

Assay Microorganisms

(a) Bacillus cereus var. mycoides ATCC 11778 for 
tetracyclines.

(b ) Bacillus subtilis ATCC 6633 for strepto­
mycin.

(c) Micrococcus luteus (Sarcina lutea) ATCC 9341 
for erythromycin, penicillin, and tylosin.

(d) Micrococcus luteus (Micrococcus flavus) ATCC 
10240 for bacitracin. Prepare all nutrient media, 
buffers, and assay organisms according to pro­
cedures of AO AC (11).

Preparation of Plates

Use plastic petri dishes (15 X 100 mm). For 
Chlortetracycline, Oxytetracycline, and strepto­
mycin assays, cool designated medium to 65- 
70°C and inoculate with the appropriate level of 
indicated spore suspensions. For penicillin, 
tylosin, erythromycin, and bacitracin assays, cool 
specific medium to 48°C and inoculate with in­
dicated organism. Evenly spread 7 mL inocu­
lated assay agar in each dish. Let media in plates 
cool with covers ajar to permit escape of con­
densation. Place 6 cylinders on each plate, using 
Shaw or equivalent cylinder dispenser.

Preparation of Standard Curve

Prepare standard solutions containing 100 pg  
or 100 units activity/mL as described by AOAC
(11). For Chlortetracycline and penicillin, con­
centrations of standard response line are 0.01, 
0.02, 0.04, 0.08, and 0.16 pg  oru/m L with 0.04 pg  
or u/mL as reference concentration. For Oxy­
tetracycline, bacitracin, and erythromycin, con­

centrations are 0.025, 0.05, 0.10, 0.20, 0.40, 0.80 pg  
oru/m L with 0.20 pg  or u/mL as reference con­
centration. For tylosin and streptomycin, con­
centrations are 0.125, 0.25, 0.50,1.00, and 2.00 pg  
or u/mL with 0.50 pg  or u/mL as reference con­
centration. Dilute tetracycline preparations in 
pH 4.5 phosphate buffer, penicillin in pH 6.0 
buffer, bacitracin in pH 6.5 buffer, erythromycin, 
streptomycin, and tylosin in pH 8.0 buffer.

M easurem ent o f  P otency

Use 3 petri dishes for each sample. Fill 3 al­
ternate cylinders with reference concentration 
and 3 alternate cylinders with sample assay so­
lution. Incubate all assays at 30°C. After in­
cubation, remove cylinders, wash surfaces of 
plates gently, measure zones of inhibition with 
Fisher-Lilly zone reader, and determine potency 
of samples as described by AOAC (11).

R espon se o f  Assay M icroorganism

Assay organisms should yield the following 
zones of inhibition in response to the following 
concentrations of antibiotics:

Concentration, Response,
Antibiotic u or pgl mL mm

Bacitracin 0.10 13.5-14.5
Chlortetracycline 0.01 14.0-15.0
Erythromycin 0.05 16.5-17.5
Oxytetracycline 0.05 12.0-13.0
Penicillin 0.02 13.5-14.5
Streptomycin 0.25 15.0-16.0
Tylosin 0.25 12.0-13.0

Assay of Antibiotics in Soils 

Supplem entation
Weigh 8.0 g dry soil into 250 mL Erlenmeyer 

flask. Add appropriate amount of antibiotic 
dissolved in deionized water so that final weight 
is not greater than 10.0 g. Let soil and antibiotic 
equilibrate 1 h.

Extracting Solvents
(a) Bacitracin.—Methanol-pH 6.5 phosphate 

buffer (75 +  25).
(b) Erythromycin.—Methanol-pH 8.0 phos­

phate buffer (50 +  50).
(c) Tetracyclines.—Methanol-conc. HC1 (80 +

20 ) .

(d) Tylosin.—pH 8.0 phosphate buffer.
(e) Penicillin.—Acetone-pH 6.0 phosphate 

buffer (50 +  50).
(f) Streptomycin.—0.5N HC1.
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Procedure

(a) Bacitracin.—Take 10 mL aliquot and dilute 
to 50 mL with pH 6.5 buffer. Assay against 
standards prepared in methanol-pH 6.5 buffer 
(15 +  85).

( b )  Chlortetracycline. — Remove 10 mL aliquot 
and dilute to ca 75 mL with pH 4.5 buffer. 
Carefully adjust pH to 4.5 with 3N potassium 
hydroxide. Dilute to 100 mL with pH 4.5 buffer. 
Assay using standards prepared in pH 4.5 buffer 
containing 8% methanol.

(c) Oxytetracycline.—Take 20 mL aliquot and 
follow procedure for Chlortetracycline. Assay 
against standards prepared in pH 4.5 buffer 
containing 16% methanol.

(d) Erythromycin.—Remove 15 mL aliquot and 
dilute to 100 mL with pH 8.0 phosphate buffer. 
Assay against standards prepared in pH 8.0 buf­
fer containing 7.5% methanol.

(e) Tylosin.—Adjust pH of extract to 8.0, if 
necessary. Use directly as assay solution. Assay 
against standards prepared in pH 8.0 buffer.

(f) Penicillin.—Take 10 mL aliquot and dilute 
to 100 mL with pH 6.0 buffer. Assay against 
standards prepared in pH 6.0 buffer containing 
5% acetone.

(g) Streptomycin.—Remove 20 mL aliquot and 
dilute to ca 70 mL with pH 8.0 buffer. Adjust pH 
to 8.0 with 3.ON KOH. Dilute to 100 mL with pH
8.0 buffer. Assay against standards prepared in 
pH 8.0 buffer.

Soils

The soils chosen varied considerably in clay, 
silt, and sand content. The following summa­
rizes the character of the soils used:

Clay, Silt, Sand,
Soil % % %

Adelphia sandy loam 16.3 23.7 60.0
Suburban garden soil 10.5 9.4 80.1
Agricultural sandy soil 3.4 0.3 96.3

Results and Discussion
The 1978 Environmental Impact Statement on 

the use of subtherapeutic antibacterial agents in 
animals indicated repeatedly the lack of infor­
mation on the environmental fate of antibiotics
(10). The paucity of information is related both 
to the lack of methodology and to the lack of the 
necessity for measuring stability and mobility of 
antibiotics in soils. Methodologies used in 
published studies were based on buffer extrac­
tion, desorption reactions, solvent extractions, 
and AOAC extraction procedures for feeds (11).

Table 1. Recovery of bacitracin from soils

Added, Found, Recovery,
u / g u /g 0//o

Adelphia Sandy Loam

0.0 NDa __
1.0 0.75 75.0
2.0 1.05 52.5
3.0 1.52 50.8
5.0 2.80 56.0
7.0 3.75 53.0

Av. 57.5 
SD 8.9

Suburban Garden Soil

0.0 ND __
1.0 0.62 62.0
2.0 0.90 45.0
3.0 1.29 43.0
5.0 2.80 56.0
7.0 3.25 46.4

Av. 50.5 
SD 7.3

Agricultural Sandy Soil

0.0 ND __
1.0 0.80 80.0
2.0 1.35 67.5
3.0 2.08 69.2
5.0 3.25 65.0
7.0 5.87 83.9

Av. 73.1 
SD 7.4

3 None detected.

Overall, these assay systems had limited sensi­
tivity and could not measure low levels. Ana­
lytical procedures capable of measuring 1 jug/g 
soil or less are necessary to study the fate and 
effects of antibiotics in soils.

The soils used were obtained from agricultural 
areas and none had animal wastes applied to 
them for periods exceeding 3 years prior to 
samples being taken. The soils used contained 
a reasonable range of sand, clay, and silt.

The soils were mixed well but there was little 
or no certainty that the subsamples taken were 
homogeneous. Hence, replicate analyses of 
samples containing the same concentration were 
not performed on different days. Recoveries 
over the range of concentrations used, 1-10 pg  
or units antibiotic/g, and the standard deviations 
should give the analysts reasonable perspective 
as to expected sensitivities and recoveries.

The recoveries of bacitracin from the 3 soils 
used in these studies showed no distinct pattern 
related to either the clay, silt, or sand content, 
although the recovery of bacitracin from the 
agricultural sandy soil was slightly higher than 
experienced with the other test soils (Table 1).
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Table 2. Recovery of tetracyclines from soils

Chlortetracycline Oxytetracycline

Added, Found, Recovery, Found, Recovery,
M g/g Mg/g % Mg/g %

Adelphia Sandy Loam

0.0 NDa __ ND _
1.0 0.40 40.0 0.42 42.0
2.5 1.50 60.0 0.77 30.8
5.0 2.45 49.0 1.75 35.0

10.0 9.70 97.0 4.00 40.0
Av. 61.5 37.0
SD 12.5 4.7

Suburban Garden Soil

0.0 ND __ ND __
1.0 0.64 64.0 0.44 44.0
2,5 1.70 68.0 1.75 70.0
5.0 3.90 78.0 4.15 83.0

10.0 11.60 116.0 9.12 91.2
Av. 81.5 72.1
SD 20.6 17.9

Agricultural Sandy Soil

0.0 ND __ ND __
1.0 0.57 57.0 0.83 83.0
2.5 2.22 88.8 2.50 100.0
5,0 4.40 88.0 3.50 70.0

10.0 8.50 85.0 8.50 85.0
Av. 79.7 84.5
SD 13.2 10.6

a None detected.

The recoveries were reasonably consistent 
within each soil. In the sandy loam, recoveries 
averaged 57.5% (50.8-75.0), in the garden soil 
50.5% (43.0-62.0), and in the sandy soil 73.1% 
(65.0-83.9). The recoveries from the sandy soil 
were surprising because of the 96.3% sand con­
tent. If adsorption on clay or silt were a major 
factor, the average recoveries should have been 
lower in garden soil and lowest in sandy loam. 
Recoveries were unrelated to crude clay content 
and cannot be related to any specific type such 
as kaolinite or montmorillonite. A complete 
understanding of the reasons for the low recov­
eries is beyond the scope of the manuscript, al­
though it should be noted that recoveries of 
bacitracin from animal feeds are also less than 
quantitative.

The solvent system methanol-pH 6.5 buffer 
(50 +  50) was superior to 100% methanol, meth­
anol-water, or dimethylformamide extraction. 
This system permitted direct dilution with pH 6.5 
buffer to recommended levels. No interferences 
from soils could be seen. The lower limit of 
measurement was below the intended 1 unit/g. 
The buffer system for the response line was 
modified to reflect any contribution of the sol­
vent on the assay organism.

O xy te tra cyc lin e

% C lay o r  s ilt 
% Sand

Figure 1. Recoveries of Oxytetracycline from soils 
as a function of clay, sand, and silt content.

Acid-methanol was used as the extracting 
solvent for both Chlortetracycline and Oxytetra­
cycline. The use of acid-acetone-water for the 
extraction of Chlortetracycline yielded recoveries 
of 13-20% of added Chlortetracycline. The re­
coveries of Chlortetracycline at different con­
centrations in both the Adelphia sandy loam and 
the garden soil were variable, implying that the 
soil samples used were not totally homogeneous. 
There was no apparent relationship between the 
recoveries obtained and clay, silt, or sand content 
of the soil, although the greatest consistency of 
recoveries occurred in the agricultural sandy soil 
(Table 2).

In contrast, the recoveries of Oxytetracycline 
appeared to be related to soil composition. Re­
coveries of Oxytetracycline from Adelphia sandy 
loam averaged 37.0% (30.8-42.0%), in the garden 
soil 72.1% (44.0-91.2), and in the agricultural 
sand 84.5% (70.0-100.0%). As both the silt and 
clay content decreased, recoveries increased. In 
the garden soil, recoveries increased linearly 
with increasing concentration; in the other soils, 
recoveries were relatively constant (Figure 1).

The ability to extract and subsequently mea­
sure tylosin in soils is related to the composition 
of the soil being analyzed. Table 3 shows the 
wide differences in recoveries obtained in the 3 
soils used. Only 6.5% of the tylosin could be 
recovered from Adelphia sandy loam; 37.4% 
(34.6-39.2%) from the garden soil; and 74.1% 
(66.0-82.2%) from the sandy soil. Recoveries of 
tylosin over a range of concentrations were rea­
sonably consistent in the individual soils.

There was an inverse relationship between the 
recovery of tylosin and silt content and a direct 
relationship between sand content and recov­
eries. Although the relationship is not linear,
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Table 3. Recovery of tylosin from soils

Added. Found. Recovery,
Mg/g Mg/g %

Adelphia Sandy Loam

0.0 ND3 __
1.0 ND —

2.5 ND —

5.0 0.30 6.0
10.0 0.69 6.9

Av. 6.5

Suburban Garden Soil

0.0 ND —

1.0 ND —
2.5 0.96 39.2
5.0 1.92 38.3

10.0 3.46 34.6
Av. 37.4 
SD 2.0

Agricultural Sandy Soil

0.0 ND —
1.0 0.66 66.0
2.5 2.06 82.2
5.0 3.69 73.7

10.0 7,45 74.5
Av. 74.1 
SD 5.7

3 None detected.

there is an inverse relationship between clay 
content and recovery of tylosin (Figure 2).

Extraction of tylosin from soils by using sol­
vents was no more successful than extractions

Tylos in

7» C lay o r  s ilt 
% Sand

Figure 2. Recoveries of tylosin from soils as a 
function of clay, sand, and silt content.

Table 4. Recovery of erythromycin from soils

Added, Found, Recovery,
Mg/g Mg/g %

Adelphia Sandy Loam

0 ND3 —

1 0.33 33.0
2 0.63 31.7
3 0.86 28.7
5 1.50 30.0
7 3.10 44.3

10 5.00 50.0
Av. 36.3 
SD 7.8

Suburban Garden Soil

0 ND —

1 0.40 40.0
2 0.93 46.7
3 1.50 50.0
5 2.54 50.7
7 4.00 57.1

10 6.67 66.7
Av. 51.9 
SD 8.4

Agricultural Sandy Soil

0 ND —

1 0.83 83.0
2 1.87 93.3
3 2.17 72.2
5 3.67 73.3
7 5.45 73.8

10 6.03 60.3
Av. 76.0 
SD 10.2

3 None detected.

using pH 8.0 buffer at 60°C. The use of the 
methylal-methanol mixture (4 +  1), methanol, 
or methylal alone not only did not improve re­
coveries but resulted in the appearance of large 
zones of inhibition from blank soils which 
yielded large apparent levels of tylosin. The 
buffer extraction also did not yield blank values 
from unsupplemented soils; instead, small but 
measurable zones of inhibition occurred which 
calculated as 0.5 to 1.0 /ug tylosin/g soil. The 
relatively poor extractability of tylosin would 
seem to indicate a relatively low potential for 
leach from soils, excepting those soils which 
have low clay and silt content. The stated need 
for a very sensitive assay system was not fulfilled 
in the case of tylosin, regardless of the extraction 
system used.

To ascertain if the relationship noted for ty­
losin was characteristic of the macrolide family, 
erythromycin was studied in the same soils. 
Recoveries of erythromycin were also related to 
soil characteristics. The best recoveries (Table
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E ry th ro m y c in

% C lay o r  s ilt 
%  Sand

Figure 3. Recoveries of erythromycin from soils as 
a function of clay, sand, and silt content.

4) were obtained in sandy soil and the poorest in 
sandy loam. There was an inverse relationship 
between recoveries of erythromycin to both clay 
and silt content and a direct relationship with 
sand content (Figure 3). Both erythromycin and 
tylosin exhibited similar properties in the soils 
used, although actual recovery levels differed 
(Figures 2 and 3).

Recoveries of streptomycin from the soils used, 
regardless of clay, silt, or sand content, were zero. 
Streptomycin binds irreversibly to clays. Even 
in a soil of very low clay content, no added 
streptomycin could be measured.

Penicillin recoveries also were zero, reflecting 
the inherent instability of the molecule. Peni­
cillin added to the soil was so unstable that 
within minutes after the addition of penicillin 
no activity could be extracted and measured. A 
water extract of the soil, filtered to remove soil 
particulates, degraded penicillin within minutes. 
Degradation was extremely rapid for all test soils 
and their extracts.
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PESTIC IDE RESIDUES

Determination of Xanthates, Dithiocarbamates, and Some Fungicides 
by Titration with Electrogenerated Iodine in Anhydrous Acetonitrile

DALE D. CLYDE
Trinity U niversity, Departm ent o f  Chem istry, 715 Stadium Dr, San A ntonio, TX 78284

Xanthates, dithiocarbamates, and the fungicides 
maneb and zineb were determined by titration with 
electrogenerated iodine in anhydrous acetonitrile. 
The electrolyte was potassium iodide. The generat­
ing electrode was a platinum spiral (2.5 cm diameter, 
2 mm cross section). The enclosed cell compartment 
was continuously flushed with dry nitrogen, and 
sample solutions (0.20-0.40 mL) were introduced by 
syringe. W ith the aid of 2 platinum electrodes, the 
end point was indicated amperometrically. Ten 
minutes was required for each determination. The 
compounds were determined at > 5  /tequiv. with 
relative errors of 0.21-9%. Precision is 0.60-5.7%. 
Thiourea, sulfur, and urea did not interfere, but 
thioacetamide did. Solutions of maneb and zineb in 
dimethyl sulfoxide are stable enough that ¿tequiv. 
amounts of each compound can be determined with 
a relative error of 7% or less.

It is not surprising that many methods have been 
developed for the determination of xanthates 
and dithiocarbamates because these compounds 
have been known for some time and have been 
used in industry, medicine, and agriculture (1,
2). For instance, the zinc and manganese salts 
of ethylenebis(dithiocarbamic) acid are the 
fungicides zineb and maneb, respectively.

The determinations of xanthates and dithio­
carbamates, including a standard method of 
analysis for dithiocarbamate residues on crops
(3), have been for the most part based on analysis 
of either carbon disulfide or the amine product 
from acid decomposition of the salt. Methods 
for the measurement of carbon disulfide have 
used iodometry (4, 5), gravimetry (6,7), kinetics
(8), gas chromatography (9-11), various types of 
spectroscopy (12-24), and phosphorescence (25). 
Likewise, gas chromatography (26), spectro- 
photofluorimetry (27), and titrimetry (28) have 
been used to determine the liberated amine from 
acid decomposition of dithiocarbamates.

Analytical methods designed to determine 
xanthates or dithiocarbamates by a process other

Received May 11, 1982. Accepted August 17, 1982.

than acid decomposition of the salts include po- 
larography (29-32), chromatographic techniques 
followed by spectroscopic workup (33-37), and 
iodometry (38-42). Because many dithiocar­
bamates are not soluble in water, the application 
of these methods, in particular iodometry, has 
become more general by the use of anhydrous 
solvents (38-40). Verma and Kumar titrated 
dithiocarbamates with 0.05N iodine mono­
bromide in acetonitrile (38). Paul et al. per­
formed potentiometric titrations with iodine 
cyanide in alcohol, alcohol-chloroform, and ac­
etone (39). Grand and Tamres titrated dithio­
carbamates with iodine in chloroform, using 
visual and spectrophotometric methods (40). 
Maneb and zineb have not been mentioned in 
any of the studies.

Except for Karl Fischer titrations and the de­
termination of aldehydes in 95% ethanol (43), no 
methods appear to have been reported for the 
coulometric generation of iodine in nonaqueous 
solvents.

The purpose of this paper is to report results 
for the determination of xanthates and dithio­
carbamates, especially maneb and zineb, by the 
electrogeneration of iodine titrant in anhydrous 
acetonitrile.

Experimental

Apparatus

Titrations were performed in a cell (Leeds and 
Northrup Model 7961) with a polyethylene cover 
which snapped in place over the titration cell. 
The cover supported 2 platinum indicator elec­
trodes, a septum through which samples were 
introduced by syringe, an inlet tube for the 
continuous introduction of dry nitrogen, a spiral 
generator electrode (2.5 cm diameter, 2 mm cross 
section), and a sintered-glass tube which con­
tained and separated the cathode from the elec­
trolyte in the main part of the cell.

A coulometric analyzer (Leeds and Northrup 
Model 7960) was used to generate iodine in the 
cell. An ampmeter was placed in series in the
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circuit so that any sudden change in the current 
efficiency could be noticed.

A Leeds and Northrup pH meter (Model 7401) 
was modified and connected to the 2 platinum 
indicator electrodes to observe the end point 
biamperometrically.

A Hamilton (WI798) syringe calibrated in 0.01 
mL units was used to introduce samples into the 
titration cell.

Reagents

All solvents were reagent grade and were used 
without further purification. The commercial 
formulations for zineb and maneb were manu­
factured by Dexol Industries. The active ingre­
dients in the maneb and zineb were labeled 
80.0% and 75.0%, respectively.

Potassium xanthates and sodium dialkyl di- 
thiocarbamates were prepared and purified by 
recrystallization from ethanol by procedures 
according to Klopping and van der Kerk (44). 
The manganese and zinc ethylenebisdithiocar- 
bamate were prepared by a procedure patterned 
after one by Aagrunol (45). The compounds 
were air-dried, stored in a desiccator, and used 
within 24 h after preparation.

Preparation o f Disodium  
Ethylenebisdithiocarbam ate  (/)

Add 3 g ethylenediamine, 7.6 g carbon disul­
fide, and 50 mL water to 250 mL, three-neck, 
round-bottom flask fitted with separatory funnel 
and inlet tube for dry nitrogen. Stir mixture 
throughout reaction. Flush reaction flask with 
dry nitrogen. Immerse reaction flask in ice bath 
to keep temperature in the range 5-20 °C during 
reaction. Slowly and dropwise add solution of 
4 g NaOH in 40 mL water. Stir contents of flask 
2h . Evaporate to small volume. Filter and dry 
precipitate. Dissolve precipitate in absolute al­
cohol, and reprecipitate by adding absolute ether 
to mixture.

Prepare all other xanthates and alkyl dithio- 
carbamates in similar manner.

Preparation o f M aneb and Zineb

Repeat above procedure for the preparation of 
I from ethylenediamine, carbon disulfide, and 
NaOH. To flask with I, add dropwise with 
constant stirring a solution of 0.05 mol MC12 (M 
=  Mn or Zn) dissolved in 50 mL deionized water. 
Stir 2.5-3.0 h at 5-20°C. Filter resultant pre­
cipitate. Wash with deionized water and with 
absolute ethyl alcohol. Dry 24 h. Procedure is 
patterned from one designed by Aagrunol
(45).

Chem ical Analyses o f  Prepared M aneb and  
Z ineb

The yellow manganese salt of ethylenebis- 
(dithiocarbamic) acid decomposed at 134°C (lit. 
value 131°C(46)). The salt contained 19.1% Mn 
as determined by EDTA back-titration (47) (calcd 
21.6%). Molecular weight by nonaqueous io- 
dometry was 275.5 (calcd 265).

The white zinc salt of ethylenebis(dithiocar- 
bamic) acid decomposed around 149°C. The salt 
was determined to contain 22.6% Zn by EDTA 
titration (46) (calcd 23.5%). A Perkin-Elmer 
Model 283 infrared spectrophotometer was used 
to record the spectrum of a KBr disc of the salt. 
The infrared spectrum exhibited strong bands at 
3190, 1500, 960, and 370 cm-1, confirming NH, 
thioureide, CS, and ZnS linkages, respectively. 
This agreed with that reported in the literature 
for the salt (48). Molecular weight by non­
aqueous iodometry was 289 (calcd 275).

Solutions were prepared by weighing each 
compound in a 10 mL glass-stopper volumetric 
flask. Weights were recorded to the nearest 0.01 
mg on a Sartorius balance. Xanthates were dis­
solved in absolute methanol or ethanol. Sodium 
alkyldithiocarbamates were initially dissolved 
in absolute alcohol and diluted with acetonitrile 
to the calibration mark of the volumetric flask. 
Maneb and zineb were dissolved in dimethyl 
sulfoxide (DMSO). All solutions were titrated 
immediately after each solution was completely 
dissolved.

The electrolyte solution was prepared by di­
luting saturated KI in acetonitrile with an equal 
volume of acetonitrile.

The solution for the cathode compartment was 
a mixture of glacial acetic acid and saturated KI 
in acetonitrile (3 +  7).

Preparation o f Cell and Determ ination

Add 10 mL solution prepared from glacial 
acetic acid-saturated KI in acetonitrile (3 +  7) to 
cathode compartment. Pour 50 mL electrolyte 
solution into cell. Flush cell with dry nitrogen 
before and during each titration. Turn on 
magnetic stirrer and set dial to same speed 
throughout each titration. Turn on coulometer 
and generate just enough iodine to cause de­
flection of needle on pH meter. Adjust iodine 
content in cell to mark midway in full deflection 
on pH scale. Record position of midway mark 
and always return to this mark to achieve end 
point for each titration.

Introduce aliquots of each sample solution into 
cell by syringe. Set coulometric analyzer at load
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Table 1. Decomposition of dithiocarbamates dissolved 
in DMSO

Compound

Initial
concn,

M

Decrease in 
initial concn 

V2 h after 
dissolution

No. of
measurements 

taken, V2 h

Maneb 0.0189 13.7% 8

Zineb and 
sodium 
diethylcar-

0.00867 11.1% 11

barriate 0.01 no change (2 h)

current of 6.43 mA. Begin titration and turn 
coulometer off just before needle on pH meter 
reaches pre-determined mark. Read ¿requiv. 
directly from coulometer.

Results and Discussion
Xanthates and dithiocarbamates are easily 

oxidized by iodine to dixanthogen and dithiuram 
disulfide derivatives, respectively.

S

2X— C— S~ + I2 ---- ►

S S
II II

X— C— S— S— C— X + 2 1 “ (1) 
X = RO (xanthates)
X = RR'N (dithiocarbamates)

Grand and Tamres (40), Verma and Kumar
(38), and Paul et al. (39) confirmed that the reac­
tion occurs rapidly and completely in acetoni­
trile, alcohol, chloroform, and acetone. For the 
study reported in this paper, acetonitrile was 
chosen as a solvent because it has a high dielec­
tric constant for an efficient electrochemical 
system, is resistant to oxidations and reductions, 
and readily dissolves potassium iodide, the 
electrolyte. Glacial acetic acid is added with 
acetonitrile to the cathode compartment of the 
coulometric cell to prevent the formation of a 
black precipitate at the electrode surface.

Because Keppel (3) reported that dithiocar­
bamates dissolve and decompose in DMSO, 
preliminary experiments were conducted to as­
certain the degree of their stability in the solvent. 
The results are given in Table 1. Maneb was 
observed to decompose with time but not so fast 
that an accurate measurement could not be made 
of its concentration if samples were analyzed 
immediately after the salt dissolved. The con­
centration of solutions of zineb and sodium 
diethyldithiocarbamate did not change over a 2 
h period. This observation agrees with that of 
Engst and Schnaak who reported that maneb

Table 2. Titration of xanthates and dithiocarbamates

Compound
Taken,
uequiv.

Found,
¿requiv.3

Rei.
error. %

Xanthates (K salts):
1-butyl 11.86 11.53 ±  0.33 2.8
3-m ethyl-l-butyl 7.00 7.28 ± 0 .3 3 4.0
1-methyl-l-propyl 4.45 4.78 ±  0.26 6.0
1-propyl 6.56 6.55 ±  0.098 0.12
2-propyl 5.52 5.42 ±  0.12 1.8

Dithiocarbamates (Na salts):
ethyl 37.7 34.7 ±  0 73 8.5
diethyl 12.87 13.35 ±  0.21 3.7

25.13 23.93b 4.8
51.72 50.756 1.9
78.54 78.106 0.6

diisopropyl 26.66 24.1 ±  0.72 9.4
(1-m ethyl-l-propyl) 20.55 20.5 ±  0.12 0.1

Maneb 18.18 18.78 ±  0.11 3.3
9.02 8.67 ±  0.39 3.9

Zineb 9.56 8.70 ±  0.32 9.0

a Mean ± SD for 10 determinations.
6 Measurement based on single weighing of a solid 

sample.

decomposed more rapidly than zineb when air 
was bubbled through aqueous suspensions of the 
compounds (31).

The results for the determination of xanthates 
and dithiocarbamates are listed in Table 2. The 
coulometer was operated at a load current of 6.34 
mA for these measurements. The data show that 
the procedure is accurate and reproducible for a 
variety of compounds with the dithio linkage. 
Ten trials were done for each compound. The 
sample size for a single trial ranged from 5 to 25 
/uequiv. Each deviation reported in Table 2 is the 
result of 10 trials of different sample sizes of each 
compound; it is the standard deviation over all 
sizes, i.e., it does not represent the standard de­
viation of 10 trials of 5 ^equiv. of sample only. 
The overall standard deviations for all com­
pounds ranged from 0.11 to 0.73. The relative 
error between added and found amounts was 
never greater than 10% and averaged around 
4.0%. Experiments were also done with the 
coulometer set at a load current of 0.635 mA to 
measure the sensitivity limit of the method. 
Under these conditions, approximately 50 pg 
maneb could be determined with a relative 
standard deviation and error of 7% or less. The 
sensitivity limit is similar for the other com­
pounds listed. The molar concentration of a 5.0 
mL sample of 2 X 10-3M solution of a potassium 
xanthate can be determined accurately within 5% 
error. This result for xanthate can be compared 
with that of Prasad et al., who titrated 2.6 X 10~4 
to 1.1 X 10-3M aqueous solutions of potassium 
salts of xanthates with iodine (42). They re-
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Table 3. Comparison of titrimetric methods for determination of sodium diethyl dithiocarbamate

Titrant Solvent
End point 
detection

Sensitivity,
Mg/mL

Sample 
size, mg Conen

Rei. SD,a 
%

Electrogenerated
iodine*

water Potentiometrie
and
biamperometric

1.5 — — —

0.1N AgN03c water amperometric — 15 10-3 M 0.2
0.05N IB rd acetonitrile visual and

Potentiometrie
— 10 — 0.6

This work acetonitrile biamperometric — 1.5 10-2_10-3M 2.0
acetonitrile biamperometric 40

(40 ppm)
0.04e 10-3 M 7.0

a Relative standard deviation is used as defined on p. 538 of C hem ical Analysis, 2nd Ed. (1975), H. A. Laitinen and W. E. 
Harris, McGraw-Hill, Inc., New York, NY. RSD "is the standard deviation expressed as a fraction or percentage of the arithmetic 
mean. It is used mainly to show whether the relative or the absolute spread of values is constant as the values are 
changed."

6 See Ref. 41. 
c See Ref. 49. 
d See Ref. 38. 
e Maneb in DMSO.

ported a relative error of 0.1-1.5%. The end 
point was determined biamperometrically.

The results for the measurements of dithio- 
carbamates by the procedure in this paper are 
compared with other titrimetric methods in 
Table 3.

Gas chromatographic methods for residue 
studies of field samples have sensitivities of 0.56 
to 7 ppm. In these studies, nickel electron cap­
ture (11), flame photometry (24), and other de­
tectors were used to measure carbon disulfide 
from acid decomposition of dithiocarbamates. 
Although the procedure described in this paper 
was not tested for residues in the field, the sen­
sitivity limit for pure samples was 40 ppm and 
could perhaps be improved with calibrated sy­
ringes capable of accurate delivery of smaller 
samples.

The coulometric procedure was used to ana­
lyze commercial blends of zineb or maneb dis­
solved in DMSO. When titrations were per­
formed directly on these samples, the number of 
equivalents of iodine was larger than the theo­
retical amount by almost a factor of 20% or more. 
The author has no explanation for the large 
equivalent reading for the commercial blends 
because decomposition products or filler ingre­
dients in the formulations were not known. It 
was shown that urea, sulfur, and thiourea do not 
interfere, whereas thioacetamide does. This 
indicates that the method is nonspecific for the 
formulations studied. However, the procedure 
was modified to monitor the metal dithiocarba­
mate content of commercial fungicides. The 
author carefully weighed a fixed amount of the 
original maneb formulation and treated the solid

with repeated portions of chloroform and/or 
carbon tetrachloride. The purified residue was 
dried and weighed. The weight of the residue 
was 78.2% of the original (80.0% was reported on 
the label). The purity of the residue was quickly 
checked by the procedure cited above. The pu­
rity of dithiocarbamate was 98.0%.

In conclusion, this procedure is simple, rapid, 
and accurate. It does not require the preparation 
of calibration curves or the use of special re­
agents. It may have application for residue 
studies if interferences are carefully checked. 
Even so, it does not have the advantage of some 
methods such as mass spectrometry coupled with 
effective liquid chromatography, which is able 
to identify carbamic acid derivatives in amounts 
less than 1 ng (50). Nevertheless, the procedure 
has an advantage over time-consuming acid de­
composition methods and is less expensive than 
some instrumental methods. This method is 
convenient as a rapid procedure for monitoring 
the purity and quality of dithiocarbamates.
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Determination of Trifluralin, Diallate, Triallate, Atrazine, Barban, 
Diclofop-Methyl, and Benzoylprop-Ethyl in Natural Waters at Parts 
per Trillion 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 multiresidue method is presented for the 
determination of 7 neutral herbicides in natural wa­
ters, with practical detection limits between 5 and 100 
ng/L (ppt). The extraction was carried out at pH <1 , 
using dichloromethane, so that acid-type herbicides 
can also be incorporated in the future. The entire 
cleanup procedure involves base partitioning, pre­
liminary cleanup and fractionation on a 10% deacti­
vated Florisil column, and final cleanup of the frac­
tions on an activated Florisil column. However, the 
cleanup procedure is flexible enough to permit the 
analyst to use some or all of the cleanup steps, de­
pending on the herbicide levels of interest. Recov­
eries of the 7 herbicides from distilled and natural 
water samples were between 82 and 104% at 2 forti­
fication levels. Furthermore, this basic analytical 
scheme has been demonstrated, separately, to be ef­
fective in the determination of other neutral com­
pounds such as PCBs, 18 organochlorine pesticides, 
and chlorobenzenes and thus has a potential to be 
developed into a multiclass, multiresidue method.

As part of water surveillance and monitoring 
programs, there is a need to determine the more 
commonly used herbicides in water and in 
sediment. While there are some published 
methods for gas-liquid chromatographic deter­
mination of individual herbicides such as tri­
fluralin (1), diallate (2), triallate (3), atrazine (4), 
and barban (5) in various substrates and a few 
reports (6, 7) on several herbicides in soil, there 
is no sensitive multiresidue method for deter­
mining neutral herbicides in water, particularly 
the 7 herbicides (Table 1) of interest to the 
Western Water Quality Branch regional labora­
tories. Furthermore, considerable sampling and 
analysis time could be saved if the same sample 
can be extracted and analyzed for both acid-type 
(phenoxyalkanoic acids) and neutral-type her­
bicides (carbamates, ureas, and esters). There­
fore, we investigated a multiclass, multiresidue 
method for both the acid- and neutral-type her­
bicides.

Presented in this paper are the results of the 
first phase of our investigation, namely, a mul­

Received July 9, 1982. Accepted October 1,1982.

tiresidue method for the determination of 7 
neutral herbicides in natural waters. This 
method can be integrated later with the acid 
herbicides to generate a multiclass method, as 
mentioned above.

METHOD
A pparatu s

(a) Gas chromatograph.— Model 5710 A 
equipped with 63Ni electron capture detector and 
Model 7672A automatic liquid sampler (Hew­
lett-Packard, Avondale, PA 19311). Operating 
conditions: temperatures (°C)—injection port 
200, column 185, detector 300; argon-methane 
(95 +  5) carrier gas flow rate 30 mL/min.

(b) GLC columns. — 1.8 m X 2 mm id coiled 
glass columns packed with 3% OV-1 on 100-120 
mesh Gas-Chrom Q (column 1), 3% OV-225 on 
80-100 mesh Chromosorb W HP (column 2), 1.5% 
OV-17 +  1.95% OV-210 on 100-120 mesh Gas- 
Chrom Q (column 3) (Chromatographic 
Specialties Ltd, Brockville, Ontario, Canada, K6V 
5W1) and Ultrabond 20M, 80-100 mesh (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.—500 X 20 mm id 
with coarse fritted disk and Teflon stopcock 
(Fisher Scientific Co., Ltd).

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. 8 or 
pass distilled water through Millipore Super-Q 
unit (Millipore Corp., Bedford, MA 01730).

(b) Sodium sulfate.—Anhydrous reagent grade 
(BDH Chemicals, Toronto, Ontario, Canada M8Z
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Table 1. Common and chemical names of 7 neutral 
herbicides and their practical detection limits in natural 

waters

Common
name

Chemical
name

Detection
lim it,3
n g /L

Trifluralin a ,a to-trifluoro-2,6-dinitro- 
N, /V-dipropyl-p-toluidine

5

Diallate S-(2,3-dichloroallyl)-
diisopropylthlocarba-
mate

too

Trlallate S-(2,3,3-trichloroallyl)-
dllsopropylthiocarba-
mate

10

Atrazine 2-chloro-4-ethylamino-
6-isopropylamino-
1,3,5-triazine

100

Barban 4-chloro-2-butynyl-m-
chlorocarbanllate

100

Dlclofop-methyl methyl 2-[4-(2',4'-
dichlorophenoxy)phen-
oxy]proplonate

50

Benzoylprop-ethyl ethyl 2-(/V-benzoyl-3,4- 
dichloroanilino)propio- 
nate

25

3 Based on 1 L sample and volume of extract made up to 
10 m L fo r GLC analysis.

1K5). Heat 18 h at 650°C and store in all-glass 
containers.

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

(d) 2% KH C03 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. Pre­
pare fresh weekly.

(f) Herbicide standards.—Analytical grade 
(98+% pure). Obtained from manufacturers or 
U.S. Environmental Protection Agency (HERL, 
Research Triangle Park, NC 27711) and used as 
received. Prepare all stock solutions in benzene, 
working standards in isooctane, and spiking so­
lutions in acetone.

(g) Natural water samples.—All natural samples 
came from various sites of Battle River, Old Man 
River, and Red Deer River in Western Canada.

(h) Fortification of water samples.-—Add 100 pL  
herbicide mixture solution in acetone at appro­
priate levels to 1 L water in a whiskey bottle, stir, 
and equilibrate 30 min before extraction.

Extraction

Stir water sample (ca 1 L) collected in 40 oz 
long-neck whiskey bottle, using stirring bar

covered with Teflon so that vortex formed at 
surface almost reaches bottom of bottle. Care­
fully add sulfuric acid (1 +  1) dropwise until pH 
is <1 (pH paper).

Add 50 mL dichloromethane and tightly cover 
bottle with piece of Teflon tape and cap. After 
stirring 30 min, transfer contents to 2 L separa­
tory funnel. Transfer organic layer to 500 mL 
separatory funnel and transfer aqueous layer 
back to original sample bottle. Repeat the above 
procedure twice with two 50 mL portions of di­
chloromethane. Discard the aqueous layer after 
the last extraction. Shake combined organic 
extracts 1 min in 500 mL separatory funnel with 
100 mL 2% KHCO3 solution. Vent funnel peri­
odically. After layers separate, check upper 
(aqueous) layer to make sure it is basic (pH 
paper).

Drain organic layer through sintered glass 
funnel containing 80 g (5 cm) anhydrous sodium 
sulfate and collect filtrate in 500 mL round-bot­
tom flask.

Add 50 mL dichloromethane to 500 mL sep­
aratory funnel and shake 1 min. Pass organic 
layer through same Na2S04  column as above. 
Rinse column with ca 50 mL dichloromethane. 
Collect filtrate and rinsings in same 500 mL flask 
described above.

Add 3 mL isooctane to combined dichloro­
methane extract in 500 mL flask. Evaporate ex­
tract on rotary evaporator to ca 10 mL under re­
duced pressure (water bath temperature <40°C). 
Add 50 mL hexane or petroleum ether and care­
fully evaporate to 3-5 mL as described above.

Florisil Colum n Cleanup

Prepare cleanup column by filling chromato­
graphic tube with 20 g 10% deactivated Florisil. 
Tap column gently to settle adsorbent. Add 1 cm 
anhydrous Na2S 0 4 on top of Florisil layer.

Prewet column with 100 mL hexane and let 
solvent drain just to top of Na2S 0 4 layer. Dis­
card hexane eluant.

Quantitatively transfer concentrated extract 
plus rinsings onto column with Pasteur pipet. 
When extract just enters Na2S 0 4 layer, elute 
column with 200 mL 25% benzene in hexane 
(Fraction A) followed by 200 mL 1% methanol in 
benzene (Fraction B). Collect each eluate in 
separate 500 mL round-bottom flask. Add 3 mL 
isooctane to each fraction before evaporation to 
3 mL as described previously.

M inicolum n Cleanup

Prepare minicolumn by plugging 23 cm X 5 
mm id Pasteur pipet with piece of silanized glass
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wool. Fill pipet with 4 cm activated Florisil with 
gentle tapping followed by 0.5 cm anhydrous 
Na2S0 4 on top.

Prewet minicolumn with 2 mL hexane. After 
hexane has drained just to top of column, quan­
titatively transfer concentrated extract from 
Fraction A onto column with four 1 mL hexane 
rinsings. Elute column with additional 6 mL 
hexane. Discard hexane fraction.

Elute same column with 0.5% acetone in hex­
ane and collect 10 mL eluate in graduated cen­
trifuge tube (Fraction I; contains trifluralin, 
diallate, and triallate). To remove sulfur, shake 
this fraction with mercury on a Vortex-Genie 
mixer until metal is shiny. Analyze this fraction 
by ECD-GLC.

Prepare another minicolumn with activated 
Florisil and Na2S04 as described above. Prewet 
minicolumn with 2 mL 25% benzene in hexane. 
After solvent has drained just to top of column, 
quantitatively transfer concentrated extract of 
Fraction B onto column with three 1 mL rinsings 
of same solvent mixture. Wash column with 7 
mL of same solvent mixture. Discard this 
washing.

Elute column with 1.5% acetone in benzene. 
Collect 10 mL eluate in centrifuge tube (Fraction 
II, contains atrazine, barban, diclofop-methyl, 
and benzoylprop-ethyl). Analyze this fraction 
by ECD-GLC. (See also discussions on atrazine 
analysis.)

Results and Discussion

The analytical scheme is summarized in Figure
1. The experimental design of this investigation 
is based on a modular approach in method de­
velopment in the sense that the developed 
method can be further expanded to other classes 
of compounds in the future. Addition of acid to 
the water sample before extraction is designed 
to incorporate a multiresidue procedure for acid 
herbicides (9, 1Ô) or other acidic compounds at 
a later date. If only the neutral compounds 
(PCBs, organochlorines, and the 7 neutral her­
bicides) are of interest, adding acid before ex­
traction can be omitted. For the 7 neutral her­
bicides, we have found that the efficiency of the 
extraction procedure is not pH-dependent. 
Furthermore, at the levels studied, no observable 
degradation of these 7 neutral herbicides oc­
curred when samples were acidified to pH <1 
before extraction.

C hoice o f  Colum ns

Resolution of the 7 herbicides on 6 commonly 
used columns for pesticide analysis was investi-

Table 2. Rétention times (min) of 7 neutral herbicides 
on different GLC columns 3

Herbicide Column 1 Column 2 Column 3 Column 4

Trifluralin 1.51 1.10 1.51 0.80
Diallate 1.70 1.26 1.58 0.97
Triallate 2.49 1.42 2.18 1.10
Atrazine 1.81 2.52 2.18 3.00
Barban 7.93 5.51 11.09 40.03
Diclofop-

methyl 16.60 11.81 19.65 17.67
Benzoylprop-

ethyl 19.61 18.43 26.15 19.03

3 Column 1: 3% OV-1, 185°C, flow rate ca 30 m L/m in; 
column 2: 3% OV-225, 245°C, flow rate ca 25 m L/m in; 
column 3: 1.5% OV-17 + 1.95% OV-210, 200°C, flow rate 
ca 25 m L /m in ; column 4: Ultrabond 20M, 200°C. flow rate 
ca 25 m L/m in .

gated. In addition to the 4 columns mentioned 
in the apparatus section, the other columns in­
vestigated were 3% OV-17 and 4% OV-101 +  6% 
OV-210, both on 100-120 mesh Chromosorb W 
HP. The best resolution and response were ob­
tained from a 3% OV-1 column, and the precision 
and recovery data were generated from it. A 
typical chromatogram of the 7 herbicide stan­
dards chromatographed on the OV-1 column is 
shown in Figure 2. For confirmation purpose, 
an Ultrabond 20M column is recommended be­
cause of reversal of elution orders of some com­
pounds compared with the 3% OV-1 column (see 
Table 2).

For maximum GLC response of barban, an 
N-phenyl carbamate, some priming of the col­
umn is beneficial. It is, therefore, necessary to 
condition the columns by injecting a series of 
barban standards at a concentration a few times 
higher than those expected for analysis, until the 
response stabilizes. However, such treatment 
was not needed in the case of the OV-1 
column.

The GLC response to barban may decrease 
gradually after the column is used over a period 
of time for sample analysis. If this occurs, re­
placement of the silanized glass wool at the col­
umn inlet will restore the signal response and 
reduce tailing.

During our investigation, it was observed that 
the GLC response to benzoylprop-ethyl, an 
amide, in pure hexane or isooctane solutions 
tended to be low and erratic. However, addition 
of 0.5% (v/v) acetone to these solutions increased 
and stabilized the response. This is similar to the 
situation for Kepone, as we and others (11) have 
observed.
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Figure 2. Gas chromatogram (ECD) of 7 neutral herbicide standards on 3% OV-1 column at 185°C: 1, 50 
pg trifluralin; 2 ,1  ng diallate; 3, 2 ng atrazine; 4 ,110 pg triallate; 5 ,1  ng barban; 6, 500 pg diclofop-methyl;

7, 250 pg benzoylprop-ethyl. Attenuation X16.

Extraction Solvents

Dichloromethane was chosen as the extraction 
solvent for the 7 herbicides because this solvent 
has been shown to quantitatively recover PCBs 
(Aroclors 1242, 1254, and 1260) and 18 organo- 
chlorines, including mirex and photomirex, from 
natural water (12; unpublished results). This 
solvent was also demonstrated elsewhere to be 
a suitable extractant for at least 8 acid herbicides
(10), several chlorobenzenes (12), and many or- 
ganophosphorus pesticides (13) from water. 
Indeed, dichloromethane was used in a multi­
residue method (14) for the extraction of several 
classes of organic compounds including the 
above from water. Thus, this solvent is suitable 
for the generation of a multiclass, multiresidue 
method.

PCBs, O rganochlorines, and C hlorobenzenes

PCBs and some organochlorines are often en­
countered in environmental samples. Although 
not as frequent as PCBs, the occurrence of chlo­
robenzenes in samples is not uncommon. Be­
cause these compounds may pose interference 
problems in the determination of the 7 herbi­
cides in question, elimination of their potential 
interference is desirable to increase the

"ruggedness" of the current method. Also, it is 
our intention to eventually develop a somewhat 
comprehensive multiclass and multiresidue 
method for determining a variety of environ­
mental pollutants. Therefore, these 3 classes of 
compounds were investigated briefly at the 
Florisil column fractionation stage.

As already mentioned, PCBs and 18 organo­
chlorines can be quantitatively extracted at ppb 
and ppt levels by the present procedure. 
Whether one is interested in a multiclass ex­
traction and analysis or not, it is essential to es­
tablish whether PCBs and these organochlorines 
can pose interference problems in the determi­
nation of the 7 neutral herbicides. We found in 
our preliminary investigations that all the PCBs, 
the less polar organochlorines, and the 12 chlo­
robenzenes are eluted quantitatively in the 
hexane fraction from the Florisil cleanup pro­
cedure. (Unlike for PCBs and organochlorines, 
the extraction efficiency of dichloromethane has 
not been investigated for all chlorobenzenes 
from natural water.) The more polar organo­
chlorines that are coeluted in the 0.5% acetone in 
hexane fraction (Fraction I) are much less volatile 
(longer retention time) and will not interfere 
with the GLC analysis of trifluralin, diallate, and 
triallate.
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Table 3. Single operator precision and % recovery 
(mean ± SD) for analysis of 7 neutral herbicides in 

fortified distilled water and natural waters

Herbicide
Level,
F g /L

Distilled
water

(n  =  6)

Natural 
water 

(n  =  9)

Trifluralin 0.05 93.5 ±  3.5 97.9 ±  4.9
0.005 — 94.1 ±  6.1

Diallate 1.0 91.3 ±  2.7 92.2 ±  1.3
0.1 — 101.2 ± 8 .5

Triallate 0.11 96.1 ±  1.9 96.5 ±  2.6
0.011 — 103.9 ±  4.6

Atrazine 2.0 91.0 ±  3.2 95.2 ± 2 .5
0.2 — 89.7 ±  2.8

Barban 1.0 95.0 ±  5.6 99.3 ±  4.9
0.1 — 99.3 ±  8.7 3

Diclofop- 0.5 97.8 ±  2.2 97.5 ±  2.8
methyl 0.05 — 81.6 ±  5.3

Benzoylprop- 0.25 97.6 ±  2.5 103.0 ±  2.6
ethyl 0.025 — 89.5 ±  8.6

a n = 8.

Selection o f  A dsorbents fo r Colum n  
Chrom atography

During the course of investigation in the se­
lection of adsorbents for the column chromato­
graphic cleanup of neutral herbicide extracts, 
various combinations of solvent systems, types 
of adsorbent, and amounts of deactivation were 
examined. Most of the work was done on the 3 
commonly used adsorbents, namely, alumina, 
Florisil, and silica gel. Alumina, either activated 
or deactivated with 2 and 5% water, was shown 
to be undesirable for diclofop-methyl, because 
recoveries of this herbicide from alumina col­
umns were low (<80%). Thus, the use of alu­
mina was ruled out for the initial column cleanup 
of sample extracts, although the adsorbent was 
still useful for further cleanup of fractions which 
did not contain diclofop-methyl. Even though 
all 7 herbicides were quantitatively recovered 
from silica gel columns, this adsorbent was less 
effective for removal of sample coextractives. 
Attempts had been made to chromatograph the 
herbicides on activated Florisil columns; how­
ever, varying activities of activated Florisil from 
different lots often caused overlapping of her­
bicide fractions, thus making reproducible elu­
tion patterns difficult to obtain. The adsorbent 
of choice was 10% deactivated Florisil because it 
gave quantitative recoveries (&95%) of all 7 
compounds, reproducible elution fractions, and 
satisfactory cleanup.

It should be pointed out that although the 
column elution pattern of the herbicides has 
been demonstrated on 3 different lots of Florisil 
of different densities from 2 suppliers (Fisher

I----------------1----------------- 1_____
0 5 10 min

Figure 3. Gas chromatogram (ECD) of fraction 1 
after cleanup from 1 L Battle River water spiked at or 
near detection limits: 1, 0.005 fig trifluralin/L; 2,0.1  

tig diallate/L; 4, 0.011 /rg triallate/L.

Scientific Co. and Supelco, Inc.), variations in 
adsorbent activities may still be found from batch 
to batch. The analyst is, therefore, urged to 
check the herbicide elution pattern with his or 
her own Florisil and standard solutions.

Selection o f  Cleanup Procedure

The cleanup scheme described above was de­
signed and validated to provide adequate sample 
cleanup for the detection of 7 herbicides in water 
samples down to the detection limits. However, 
for the analysis of herbicides at higher levels or 
in cleaner samples, it was not necessary to go 
through the entire procedure, to save time. Our 
work indicated that only the initial base parti­
tioning cleanup is required for the removal of 
interferences in water samples with herbicide 
levels at 100 times the detection limits or higher. 
For most screening applications, the base parti­
tioning together with the 10% deactivated Florisil 
column cleanup are adequate for samples with 
herbicide levels at 10 times the detection limits 
or higher.

Precision, R ecovery, and Detection Limits

The single operator precision and percent re­
covery from distilled water and natural waters 
are given in Table 3. The lowest levels investi-
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1

2 4

i---------------------- 1______________________ l_________

0 5 10min

Figure 4. Gas chromatogram (ECD) of fraction 1 
after cleanup from 1 L Old Man River water spiked 
at or near detection limits. For peak identification 

and concentrations, see Figure 3.

Figure 5. Gas chromatogram (ECD) of fraction 1 
after cleanup from 1 E Red Deer River water spiked 
at or near detection limits. For peak identification 

and concentrations, see Figure 3.

Figure 6. Gas chromatogram (ECD) of fraction 2 
after cleanup from 1 L Battle River water spiked at or 
near detection limits: 5, 0.1 fig barban/L; 6, 0.05 fig 
diclofop-methyl/L; 7, 0.025 fig benzoylprop-ethyl/L. 
Chromatogram was run at 200°C. Note that atrazine 

in this fraction was detected only by NPD.

Figure 7. Gas chromatogram (ECD) of fraction 2 
after cleanup from 1 L Old Man River water spiked 
at or near detection limits. For peak identification 

and concentrations, see Figure 6.
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Figure 8. Gas chromatogram (ECD) of fraction 2 
after cleanup from 1 L Red Deer River water spiked 
at or near detection limits. For peak identification 

and concentration, see Figure 6.

gated are the practical detection limits for the 
natural waters investigated. Four types of water 
were used in this investigation, namely, distilled 
water and water from 3 locations in western 
Canada. These natural waters contained various 
amounts of suspended solid and humic sub­
stances ranging from light yellow to brownish 
in color. Detection limits are known to vary 
with water quality and coextractives present; 
therefore, for different waters, one can generate 
higher or lower detection limits than our re­
ported values by adjusting the volume of extract 
for GLC analysis.

It should be noted that the low detection limits 
for trifluralin (0.005 ppb) and triallate (0.01 ppb) 
cannot be obtained for the other compounds

because the absolute responses of those herbi­
cides to ECD (in the case of atrazine with the 
NPD, see discussions below) are some 10 to 20 
times lower than responses of trifluralin or 
triallate. Representative chromatograms of ex­
tracts of water samples spiked at the detection 
limits after all necessary cleanup are shown in 
Figures 3-8.

Atrazine Analysis

In the above method, ECD-GLC was used for 
the analysis of all 7 herbicides. However, a 
specific detector such as the nitrogen / phos­
phorus detector (NPD) (Model 18789A, Hew­
lett-Packard) gave better specificity and sensi­
tivity than ECD for atrazine. Using this detector, 
the practical detection limit can be lowered to 0.1 
Mg/L-
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Determination of 2-Chloroethanol in Honey, Beeswax, and Pollen

GARY W. BRUNS and ROBERT A. CURRIE
A lb e r ta  A g r ic u ltu r e , F o o d  L a b o ra to ry  S e rv ic e s  B ra n c h , E d m o n to n , A lb e r ta ,  C a n a d a  T 6 H  4 P 2

Procedures were developed and tested for the deter­
mination of residues of 2-chloroethanol (ethylene 
chlorohydrin, ECH) in honey, beeswax, and pollen. 
Recoveries of ECH from fortified samples averaged 
91,87, and 89%, respectively, for each substrate. The 
maximum amount of ECH found in substrate fumi­
gated with ethylene oxide was 36 /ug/g in honey, 124 
/xg/g in beeswax, and 132 fig/g in pollen. A tendency 
was noted for darker waxes, which contain larger 
amounts of naturally occurring chlorides than 
light-colored waxes, to contain the greater amounts 
of ECH. A gas-liquid chromatograph equipped with 
a Dohrmann halogen-specific detector was used for 
identification and quantitation.

Ethylene oxide (ETO) is a broad spectrum anti­
microbial gas which has received increasing at­
tention during the last 2 decades for the control 
of American foulbrood disease (transmitted by 
spores of Bacillus larvae) in the larvae of the 
honeybee (Apis mellifera) (1, 2). Compared with 
the traditional burning of diseased colonies and 
hives to destroy the causative organism, steril­
ization of the hives with ETO offers the promise 
of avoiding the substantial replacement cost of 
the hive.

However, Wesley et al. (3) reported finding 
ethylene chlorohydrin (2-chloroethanol, ECH) 
in spices known to contain inorganic chlorides 
and which had been fumigated with ETO. ETO 
itself was not found in the samples examined by 
these authors. Apiary products can be expected 
to contain naturally occurring inorganic halides, 
and beeswax taken from frames fumigated with 
ETO and sealed and frozen from 1 to 4 days after 
fumigation contained measurable levels of ECH 
and no ETO (H. Krehm & R. Scharfe, Agriculture 
Canada, private communication).

The LD50 of ECH has been reported between 
64 and 98 mg/kg, depending on the test species
(4), placing it in the "very toxic" category (5). It 
is absorbed readily by ingestion (6), and there is 
some evidence that it is also mutagenic (7).

As a result of its known toxicity and the strong 
possibility that this water-soluble compound 
might migrate from the wax or be formed in the 
moisture-containing honey, an analytical pro­
cedure for the determination of ECH in honey 
was developed. Because pollen present in the

Received April 13,1982. Accepted October 6, 1982.

frame at the time of fumigation may also contain 
ECH, following fumigation, and because it may 
be moved about the hive during the feeding of 
the young, several methods of extracting ECH 
from pollen were examined. Recovery data for 
extraction and quantitation of ECH from beeswax 
are also presented.

METHOD

Apparatus

(a) Chromatographic tubes.—22 mm od X 650 
mm, with Teflon plug and coarse fritted disk.

(b) Centrifuge tubes. — 15 mL capacity, gradu­
ated, conical with Teflon-lined screw caps.

(c) Gas chromatograph.—MicroTek Model 
GC.2000MF equipped with Dohrmann micro- 
coulometric detector operated in the halogen- 
specific mode. Operating conditions: injector 
250°C, column 124°C for both columns, transfer 
line 260°C, detector furnace 820°C.

(d) Columns.—2.4 m X 6 mm od borosilicate 
glass, injector port length packed with silanized 
glass wool, balance packed with: (i) 20% Car- 
bowax 20M-TPA on 80-100 mesh Gas-Chrom Q;
(ii) 15% Reoplex 400 (polypropylene glycol adi­
pate) on 80-100 mesh Supelcoport.

(e) Blender.— Polytron (Brinkmann Instru­
ments, 50 Galaxy Blvd. Rexdale, Ontario, 
Canada).

R eagents

(a) Standards.— 2-Chloroethanol (anhydrous), 
purity not stated (J.T. Baker Chemical Co., 
Phillipsburg, NJ 08865); p-dichlorobenzene, 99% 
(International Scientifica Ltd, 3028 Laguna St, 
San Francisco, CA 94123). Prepare individual 
solutions in ethyl ether containing 2.5, 5.0, 7.5, 
and 10 X 10-7 g 2-chloroethanol/mL and 10~6 g 
p- dichlorobenzene / mL.

(b) Solvents.—Acetone, ethyl ether, and pe­
troleum ether; distilled in all-glass systems.

(c) Xylene.— Reagent grade (BDH Chemi­
cals).

(d) Paraffin solution. — 1% paraffin oil in hep­
tane.

(e) Florisil.—60-100 mesh, 5% w/w deactiva­
tion; prepare according to Currie (8).

(f) Sodium sulfate. —Anhydrous, coarse, gran­
ular. Heat 48 h at 600°C to drive off impurities.
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Cool, and store in glass containers with Teflon- 
lined caps.

(g) Water.—Petroleum ether-extracted or 
other interference-free water.

(h) Cheesecloth.—Washed twice in enough 
ethyl ether to cover cloth.

Extraction

Honey.—If honey is in frames, scrape ca 100 g 
honey and comb from foundation and place on 
cheesecloth secured over 400 mL beaker. Place 
in oven at 60°C and collect filtered honey (60-70 
g). Weigh 50 g filtered honey (or other extracted 
honey) directly into 500 mL separatory funnel. 
Add 50 mL warm water (ca 50°C) to funnel, 
stopper, and shake to dissolve honey. Let cool 
to ambient temperature, add 100 mL ethyl ether, 
stopper funnel, and shake contents vigorously 
1 min, venting as necessary. Let layers separate 
ca 20 min, at which time obtain (from top) or­
ganic layer, interfacial layer (emulsion), and 
aqueous layer. Drain aqueous layer into 250 mL 
beaker and retain. Collect interfacial layer into 
250 mL Erlenmeyer flask containing ca 60 g 
Na2S0 4, swirl until emulsion breaks, and let 
stand. Drain organic layer remaining in separa­
tory funnel through 50 g Na^SOi, collecting it in 
250 mL evaporator flask. Then decant organic 
layer in Erlenmeyer flask through same Na2S04 
filter. Return aqueous layer to separatory fun­
nel, add 100 mL ethyl ether, mix vigorously 1 
min, and let layers separate ca 20 min. Discard 
aqueous layer. Collect interfacial and organic 
layers as described above, including breaking of 
emulsion and drying through Na2S0 4 filter. 
Add 0.5 mL paraffin solution to contents of 
evaporator flask and reduce solvent volume to 
ca 12 mL on rotary evaporator at 30°C. Transfer 
contents of evaporator flask to 15 mL graduated 
centrifuge tube using 2 mL rinse of ethyl 
ether.

Beeswax.—The method reported by Brown (9) 
for ETO and ECH in plastic and rubber surgical 
equipment was modified for beeswax and is 
similar to that used in ref. 4.

Weigh 5 g wax into 400 mL beaker, add 100 mL 
xylene, and macerate 1 min, using Polytron 
blender. Heat wax-xylene macerate to ca 50°C 
on explosion-proof hot plate (at 1/3 heat) in fume 
hood. Using powder funnel, place 25 g Florisil 
into chromatographic tube and tap with wooden 
rod or heavy cardboard tube to settle adsorbent. 
Place 10 g Na2S04 on top of Florisil layer and tap 
tube to settle layers. Into 13 cm diameter filter­
ing funnel, place Whatman No. 4 filter paper and 
25 g Na2S04. Place filter assembly on top of

chromatographic tube and place 400 mL beaker 
under tube. Pour warm wax-xylene mixture 
into filter assembly and let filtrate drain directly 
onto column. Rinse beaker with 50 mL xylene 
and use rinse to rinse funnel after first portion of 
xylene has just completely passed into adsorbent 
column. When xylene meniscus has again 
reached top of Na2S0 4 layer in chromatographic 
tube, elute column with 140 mL petroleum ether. 
Discard eluants. Place 250 mL evaporator flask 
under column and elute ECH from column with 
100 mL ethyl ether. Proceed from "Add 0.5 mL 
paraffin solution . . . "  as in procedure for 
honey.

Pollen—Method 1- -Weigh 5 g pollen into glass 
mortar containing 25 g Florisil and grind to­
gether with pestle to form free-flowing mixture. 
Transfer sample-Florisil mixture into extraction 
thimble. Place thimble in Soxhlet extractor fit­
ted with 250 mL boiling flask containing 180 mL 
ethyl ether and a few boiling chips. Adjust re­
flux rate to obtain 3-4 cycles/hr. Extract for 18 
h, cool, and proceed from "Add 0.5 mL paraffin 
solution . . . "  as in procedure for honey.

Pollen-  Method 2.—Mix 5 g pollen with 15 g 
Florisil as described in Method 1. Using powder 
funnel, add 15 g Florisil to chromatographic tube, 
followed by pollen-Florisil mix and 10 g Na2S04. 
Tap chromatography tube to settle contents after 
each addition of material to tube. Place 250 mL 
evaporator flask under column and elute with 
175 mL ethyl ether. Place second 250 mL evap­
orator flask under column and elute with 100 mL 
ethyl ether. For each flask proceed from "Add 
0.5 mL paraffin solution . . . "  as in procedure for 
honey.

Pollen-M ethod  3.- Proceed as in Method 2, 
substituting ethyl ether-acetone (4 +  1 v/v) for 
ethyl ether.

Detection and Quantitation

Inject 30 pL (equivalent to ca 10 or 100 mg) 
sample onto GLC column (i). Quantitatively 
measure by comparing peak heights to those 
obtained by injecting same volume of standard. 
If response from sample exceeds full scale de­
flection of strip-chart recorder, dilute sample 
extract so that response is on scale. Detector 
response to ECH was linear in the range of 10-40 
ng injected on column, provided that intercept 
of + 4  ng was used in calculation. Confirm 
identity of ECH using p-value (10) and/or GLC 
column (ii).

Using described GLC conditions, 15 ng ECH 
injected onto column gave detector response of 
40% full-scale. Based on detector response of 6%
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Table 1. Recovery of 2-chloroethanol from fortified 
honey, beeswax, and pollen 3

Substrate
Fortification 
range, jug/g

Av.
rec., % SD

Honey1’ 0.05-2.0 91 6
Beeswax0 0.4-5.0 87 7
Pollenc 0.5-4.0 89 6

3 Pollen by Method 1 only. 
b  Based on 13 determinations. 
c Based on 9 determinations.

full-scale (ca 2 cm), injection of ca 11 mg of ex­
tracted pollen or wax results in lower limit of 
detection of 300 ng/g, while injection of ca 110 
mg extracted honey results in a detection limit 
of 30 ng/g. Retention time on each column was 
ca 4.5 min. The relative retention time (vs p- 
dichlorobenzene) was 0.64 for column (i) (Car- 
bowax 20M-TPA) and 0.72 on column (ii) (Reo- 
plex 400). p-Value for ECH between ethyl 
ether-water (1 +  1) was 0.47.

Results and Discussion
For recovery studies, honey was fortified with 

ECH at the 0.05, 0.2, 0.4, and 2.0 pg/g levels, 
beeswax at the 0.4,1.0, 2.0, and 5.0 Mg/g levels, 
and pollen at the 0.5,1.0, 2.0, and 4.0 pg/g levels. 
Samples were allowed to equilibrate for ap­
proximately 1 h after fortification and then ana­
lyzed by the described procedures (for pollen, 
only pollen method 1 was tested). The results 
are presented in Table 1. Recoveries of ECH 
from honey ranged from 77 to 98%, from beeswax 
from 77 to 97%, and from pollen from 81 to 98%. 
All substrates for the recovery tests had been 
pre-analyzed by the appropriate procedure and 
contained no detectable amounts of ECH. No 
biasing of recoveries with regard to fortification 
level was noted.

Addition of paraffin solution to the extract 
before the evaporation stage is essential to ob­
taining satisfactory recoveries. It is also impor­
tant that the volume of solvent not be allowed to 
decrease below about 10 mL and in no case 
should the sample be allowed to evaporate to 
dryness.

Pollen known to contain ECH was collected 
from several frames and mixed thoroughly with 
a mortar and pestle. Duplicate subsamples of 2 
g each were analyzed by Methods 1,2, and 3 de­
scribed for pollen. Results are given in Table 2. 
Not unexpectedly, the greatest amount of ECH 
was extracted by using the 18 h Soxhlet method. 
The lowest recovery was obtained with the ethyl 
ether-Florisil column technique, with an inter­

Table 2. 2-Chloroethanol (jig /g ) extracted from 
composite fumigated pollen sample by Methods 1, 2, 

and 3

2-Chloroethanol

Method Sample Fraction 1 Fraction 2

i 1 116 __a
2 132 __a

2 1 65 9
2 55 14

3 1 84 16
2 72 21

3 Not applicable.

mediate amount being extracted using the ethyl 
ether-acetone-Florisil system. The 2 frames 
from which this pollen was collected had been 
fumigated in March or April 1980, used in active 
hives for the 1980 season, removed from the 
hives in September, and stored outdoors until 
analyzed in January 1981. It is assumed that the 
pollen was present in the frame at the time of 
fumigation, but this was not documented.

As the analyses of samples progressed, it be­
came apparent that darker waxes tended to con­
tain the larger amounts of ECH, as did the honey 
contained in that wax. Dark honeycomb wax is 
an older wax containing more biological im­
purities than foundation wax and might be ex­
pected to contain greater amounts of chloride 
than the newer wax. Because naturally occur­
ring chlorides have been associated with the 
production of ECH in other products (3), a chlo­
ride analysis was performed on 9 wax samples for 
which the ECH levels were known for both the 
wax and the honey. As can be seen in Table 3,

Table 3. Comparison of color, chloride content Oig/g), 
and 2-chloroethanol (ECH) content (n g /g )  of beeswax and 

2-chloroethanol content of honey ( j ig /g ) from frames 
fumigated with ethylene oxide

Wax
Honey,

Frame Color Chloride ECH ECH

i white 185 ND3 0.4
2 dark 641 33 __b

4 dark 55 15
5 dark 720c 97 14
6 dark 62 33
7 dark 80 31
8 dark 720 124 36
9 white 95 10 6

10 light 254 18 12

3 Not detected (<300 ng/g).
b No honey available In this frame.
c Value of composite sample from frames 4 ,5 ,6 , and 7.
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Table 4. 2-Chloroethanol residues (jtg/g) found in wax 
and honey taken from brood chambers fumigated in 
March 1980, used on active hives for summer, and 

analyzed January 1981

Frame Wax Honey

1-a 0.3 0.60
2-a NDa 0.05
3-a ND 0.13
4-afe 0.5, 0.8 0.65,0.76
i 0.5 0.22
2 2.0 0.31
5 1.1 0.20

a Not detected (<300 ng/g). 
b  Analyzed in duplicate.

the darker waxes do contain the most chloride. 
No correlation can be noted between ECH levels 
in the wax and the honey.

Brood chambers, which had been fumigated 
with ETO in March 1980, were placed on active 
hives for the summer and collected for analysis 
in January 1981. The beeswax from these brood 
chambers contained ECH ranging from none 
detected (<300 ng/g) to 2 jig /g (7 frames), while 
the honey from these frames contained ECH 
ranging from 0.05 to 0.76 /ug/g (Table 4).

Honey extracted from supers which were on 
the hives containing the fumigated brood 
chambers contained ECH ranging from 0.09 to 
0.22 /ug/g for 6 samples, one of which was ex­
tracted in mid-season (Table 5). The presence of 
ECH in honey away from the treated frames may 
be attributed to the known practice of bees 
moving honey from brood chambers to supers 
and vice versa (R. Topping, Alberta Agriculture, 
private communication, 1981).

A single sample of wax known to contain ECH 
was analyzed for ETO plus ECH by using the 
reaction column described in ref. 10. Aliquots 
of the sample analyzed with and without the 
reaction column gave values of 8.0 and 8.3 jrg/g, 
respectively. These values are within the ex­
perimental error of the analytical method;

Table 5. 2-Chloroethanol residues (¿ig/g) in honey 
extracted from hives In which fumigated (see Table 4) 

brood chambers had been used for 1980 season

Sample Amt found

1 0.09
2 0.11
3 0.09
4 0.22
5 0.12
6 a 0.18

a Extracted approximately mid-season.

therefore, one must deduce that no ETO was 
present in the sample. This result was in accor­
dance with those reported in refs. 3 and 4.
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Rapid Method for Extraction and Reverse Phase Liquid 
Chromatographic Determination of Paraquat Residues in Water

IJA Z AH M AD
Alberta Environmental Centre, V egreville, A lberta, Canada TOB 4L0

A simple and fast analytical method is described for 
the quantitative determination of low levels of 
paraquat residues in water. The method involves 
extraction and concentration of paraquat in water by 
using a Cis Sep-Pak cartridge followed by reverse 
phase high performance liquid chromatographic 
determination with ultraviolet detection at 257 nm. 
Recoveries of paraquat from spiked samples were 
above 93% with a coefficient of variation of 6.1%. 
The method can be used for water samples with 
paraquat concentrations as low as 0.05 ppm.

Paraquat (Ll'-dimethyl^A'-bipyridinium di­
cation) is a herbicide which is a very effective 
contact desiccant. It is widely used in the pre­
harvest desiccation of various crops, for post- 
emergent nonselective weed control, and for 
aquatic weed control (1). In addition to its use 
on commercial crops, paraquat has been used to 
destroy marijuana in Mexico bv aerial spraying
(2) .

Trade names (3) for paraquat include Gra- 
moxone, Preeglone, Weedol, and Aerial Gra- 
moxone. Paraquat compounds are very soluble 
in water, and stable to acid solution. On con­
trolled pyrolysis, paraquat loses its methyl 
groups to form 4,4-bipyridyl (4).

Analysis of paraquat in formulations (5), soil 
(6-8), plant tissues (9-14), and biological samples 
(15-31) have been reported. Methods for de­
termining paraquat in water include bioassay (32, 
33), thin layer chromatography (34, 35), color­
imetry (36-38), and gas chromatography (4, 28, 
39). These methods require extensive sample 
treatment, and are time consuming.

The purpose of the present investigation was 
to develop a simple analytical method that allows 
rapid analysis of low levels of paraquat residues 
in water.

METHOD

Apparatus an d  R eagents
(a) H igh perform ance liquid chrom atograph .— 

Perkin-Elmer Series II with Rheodyne sample 
injector Model 7120 (with 100 pL  loop) or injector 
Model 7150 equipped with Perkin-Elmer vari-

Received August 9,1982. Accepted October 21,1982.

able wavelength ultraviolet (UV) detector, Model 
LC-55, and Hewlett-Packard integrator Model 
3380A. Chromatographic conditions: tem­
perature, ambient; flow rate, 2 mL/min; wave­
length, 257 nm; chart speed, 0.5 cm /min; and 
injection volume, 100 pL  with 100 pL  loop.

(b) Chromatographic column.—Whatman Par- 
tisil PXS 10/24 ODS stainless steel, 25 cm long X
4.6 mm id (Whatman Inc., Clifton, NJ 07014).

(c) Guard column. —Stainless steel, 7.0 cm long 
X 4.6 mm id, laboratory packed with Co:Pell ODS 
(Whatman Inc.).

(d) Cj8 Sep-Pak™ cartridge.—Waters Asso­
ciates, Milford, MA.

(e) MiniPump®.—Milton Roy Co., St. Peters­
burg, FL.

(f) Reagents.—Paraquat dichloride (analytical 
grade 100% purity) was supplied by Quality As­
surance Section, Analytical Chemistry Branch, 
U.S. Environmental Protection Agency, Research 
Triangle Park, NC 27711. Analytical grade 
monobasic ammonium phosphate (NH4H2PO4) 
(Mallinckrodt Chemical Works), reagent grade 
85% phosphoric acid (American Scientific and 
Chemical), Gram-Pacs® borax (Na2B40 7 -10H20 ) 
buffer, and pesticide grade acetonitrile (Fisher 
Scientific Company) were obtained from local 
suppliers. Organic-free water, used in this work, 
was prepared by passing distilled water through 
a Milli-Q™ water purification system (Millipore 
Co., Bedford, MA 01730).

Vermilion River water was collected from a 
location near St. Joseph's General Hospital, Ve­
greville, Alberta, Canada.

(g) HPLC mobile phase for gradient elution.— 
Solution A: Dissolve 23.01 g monobasic ammo­
nium phosphate in 500 mL 30% acetonitrile- 
water, and adjust pH of resulting solution to 3.0 
with phosphoric acid. Solution B: 30% acetoni­
trile-water. Gradient: 0-20% A at 9% A/min.

(h) Eluant.—Dissolve 2.88 g monobasic am­
monium phosphate in water in 100 mL volu­
metric flask, add 1.0 mL phosphoric acid, and 
dilute to volume with water.

(i) Stock solution.—0.5 pg  paraquat dichlo­
ride / pL. Accurately weigh 50 mg paraquat di­
chloride, dissolve in water in 100 mL volumetric 
flask, and dilute to volume with water.
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Table 1. Recovery of paraquat from spiked water samples3

Sample
No.

Fortification6
level,
ppm

Voi. sample 
concentrated, 

mL

[Paraquat]++
present,

Mg

[Paraquat]++
reed,

Mg Ree., %

1 1.00 50 36.18 33.72 93.2
2 0.75 100 54.28 52.54 96.8
3 0.50 100 36.18 34.45 95.2
4 0.25 100 18.09 19.68 108.8
5 0.10 100 7.24 7.60 105.0
6 0.05 200 7.23 7.09 98.0

X 99.5
SD (n = 6) 6.1
CV, % 6.1

3 Each value is an average of 2 determinations. 
6 Paraquat dichloride.

Preparation o f  Spiked  Samples

Transfer 0, 50,100, 250, 500, 750, and 1000 pL  
portions of stock solution with the appropriate 
syringe into separate clean 500 mL volumetric 
flasks. Dilute each to 500 mL with water. 
Concentrations of paraquat dichloride in above 
samples are 0.00, 0.05, 0.10, 0.25, 0.50, 0.75, and
1.00 ppm, respectively.

Determ ination

Dissolve 1.90 g borax buffer in 500 mL spiked 
sample and filter resulting solution through 0.45 
Atm MF-Millipore filter (HP WP 04700) with all­
glass filtration apparatus (Millipore Co.).

Treat Cjs Sep-Pak cartridge by passing 10 mL 
methanol through it, followed by 5 mL water at 
ca 3 mL/min. A glass syringe with Luer end 
fitting or other appropriate device may be used 
for this purpose.

Quantitatively pass 100 mL (or as required) of 
above filtrate, with MiniPump, through pre­
treated cartridge at 2.5 mL/min. Collect effluent 
from cartridge in 100 mL volumetric flask to 
confirm volume of water concentrated.

Wash cartridge with 10 mL water at 2.5 mL/ 
min. Drain and discard water from cartridge, 
and elute paraquat with eluant solution at ca 1.0 
mL/min. Collect first 5 mL eluate in 5 mL vol­
umetric flask.

Make 3 replicate 100 pL  injections of concen­
trated sample into liquid chromatograph and 
calculate amount of paraquat by external stan­
dard method.

Results and Discussion
The use of Cis Sep-Pak cartridges to purify 

paraquat concentrate extracted from marijuana 
has been described (9). In the present investi­
gation we used such cartridges to extract and to

concentrate dissolved paraquat from water. A 
procedure (40) previously used for determining 
difenzoquat in water was modified for use in this 
study. The analytical column was conditioned 
by passing HPLC mobile phase (20% A +  80% B) 
through it for about 2 h before use. For calcu­
lating recovery, the peak area obtained by in­
jecting 100 pL  of the concentrated sample was 
compared with the peak area obtained by in­
jecting an equivalent amount of paraquat in 100 
pL  of the eluant solutions. Recoveries of para­
quat from spiked water samples are reported in 
Table 1. Average recovery was 99.5% with a 
coefficient of variation of 6.1%.

Paraquat recovery decreased to <60% when 
potassium dihydrogen phosphate (1.70 g/500 
mL) or sodium bicarbonate (0.50 g/500 mL) was 
used as an ion pair reagent in the concentration 
step. The same result was obtained when con­
centration of paraquat was attempted without the 
addition of ion pair reagent.

Some peak broadening occurred when the 
injection volume was increased from 2 pL  (1 pg  
paraquat dichloride) to 100 pL  (1 pg  paraquat 
dichloride). The peak was much broader with 
a 175 ph  injection. Peak broadening also took 
place when the concentration of solution A in the 
mobile phase was increased slowly (1-2% A/ 
min).

Linearity of the UV detector response for 
paraquat was verified by injecting 100 pL  of el­
uant solutions in which the amount of paraquat 
dichloride was varied from 100 ng to 2 pg. Re­
sults were plotted as peak areas vs amount of 
paraquat injected. The curve was linear over the 
concentration range examined (r =  0.998), and 
gave a lower limit of detection of 100 ng of the 
injected material (signal-to-noise ratio =  2).

To determine within-run precision, 5 water 
samples were spiked at 0.25 ppm paraquat di-
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TIME (min.)

Figure 1. Chromatogram of 0 (— ) and 1 ppm (— ) 
paraquat dichloride in Vermilion River water.

chloride, and carried through the above proce­
dure. Average recovery of paraquat from these 
samples was 92% with a coefficient of variation 
of 4.9%.

To demonstrate the use of this method, Ver­
milion River water was filtered through a 0.45 
fj,m filter and spiked with paraquat dichloride at
1.0 ppm level in triplicate. Spiked samples as 
well as unspiked samples were carried through 
the above procedure. Results showed no para­
quat in the blank samples; the average recovery 
of paraquat from the spiked samples was 93%. 
Figure 1 is a chromatogram of 0 and 1 ppm 
paraquat dichloride in Vermilion River water. 
The paraquat peak was at 4.25 min. Other peaks 
at 1.31 and 2.34 min were due to some unknown 
compounds present in Vermilion River water.

This method presents a simple, accurate, rapid, 
and quantitative procedure for determining

paraquat in water. It has a potential for appli­
cation to the analysis of other bipyridylium 
herbicide residues in water.
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C E R E A L  F O O D S

Rate Nephelometric Measurement of Wheat Germ in Pasta Products

ALBERTO BRACCIALI, PIERO CANTAGALLI,* 1 GUIDO ANTONI, PAOLO TARLI, 
and PAOLO NERI
I s t i t u t o  S i e r o t e r a p ic o  e  V a c c in o g e n o  T o s c a n o ,  S c ia v o  R e s e a r c h  C e n t e r ,  V ia  F i o r e n t in a ,  5 3 1 0 0  
S ie n a ,  I t a ly

An immunoassay for the rate nephelometric deter­
mination of wheat germ added to pasta products has 
been developed using a specific wheat germ antise­
rum. The method can be used to analyze germ from 
either soft or hard wheat. Specially prepared pasta 
products and commercial preparations were analyzed 
with the immunonephelometric method, in com­
parison with the radial immunodiffusion technique; 
good correlation was found between the results of the 
2  assays.

T h ere  are 2 o ffic ia l m ethods in Italy for the im ­
m u nological m easurem ent o f p roteins in  food: 
one fo r testing  soft w heat and one for testing 
w heat germ  in pasta products. The fact that the 
in g red ien ts  are listed  on the packages o f the 
products results in the need  to control their 
presence or absence. W ithout a control method, 
th e  prod uct cannot be traded in Italy. T he o ffi­
c ia l im m u nological m ethod is based on radial 
im m u nod iffu sion  according to M ancin i et al. (1) 
but w e have used im m u nonep h elom etry  to 
qu an titate  the antigen-an tib od y  reaction.

In v iew  o f the results obtained  in the im m u­
nonep helom etry  determ ination of soft w heat in 
pasta products (2 ), w e have applied  this tech ­
nique to the quantitative determ ination of w heat 
germ . T he k in etic  n ep h elo m etric  m ethod is 
based  on the m easurem ent of m axim um  rate of 
ch an g e o f lig h t in ten sity  scattered  by an anti­
g e n -a n tib o d y  com plex and provides a quan ti­
ta tion  o f an tigen . In th is case the an tigen  is a 
sp ecific  p rotein  o f w heat germ  that is norm ally 
p resen t in  very low  con centration  in  pasta 
products prepared w ith  hard w heat sem olina. 
H ow ever, som e m anufacturers produce special 
pasta w ith  added w heat germ  to im prove n u tri­
tion al value. The im m u nonep h elom etric  tech ­
nique gives results in  a few  m inutes (3) w hile the 
radial im m unodiffusion m ethod requires 24 h or 
m ore fo r com p lete analysis.

In  th is paper w e describe the im m u nonep h e­
lom etric determ ination of w heat germ  and report

Received May 10,1982. Accepted September 21,1982.
1 Laboratorio Chimico Provinciale, 53100 Siena, Italy.

the com parison of results obtained w ith  a group 
o f sam ples analyzed  both w ith  the proposed 
m ethod  and w ith the o ffic ia l m ethod (4).

Experimental

A p p a ra tu s  a n d  M a te ria ls

(a) Nephelometer. — Beckm an im m u nochem - 
istry  system  " IC S ” (Beckm an Instrum en ts Inc.) 
equipped w ith dispenser, 42 pL autom atic pipet, 
nep h elom etry  bu ffer, reaction  cuvets, m agnetic 
stirrer, and op tically  encoded cards for m anual 
operation . T he instrum en t has b een  described 
in  d etail elsew here (5).

(b) Reference samples.— C on tain in g  1.5, 3, 6 , 
and 1 0 % (w /w ) w heat germ  (supplied  by the 
A gnesi Pasta Factory, Im peria, Italy). Prepared 
a fter C antagalli et al. (4) had dem onstrated  that 
w idely  used w heat germ  from  3 d ifferen t v ari­
eties (Iesi, Canadian A m ber, and M arem m a) had 
a sp ecific  p rotein  con ten t that was not s ig n ifi­
cantly  d ifferent.

(c) Anti-wheat germ serum.— Produced  from  
rabbit, by ISV T Sclavo Siena, Italy , and d irected  
against a sp ecific  p rotein  o f w heat germ  w ith  a 
m olecu lar w eight o f about 40 .000  p resent both 
in hard and in soft w heat germ  (6 , 7). The 
gam m a g lo b u lin  fraction  was pu rified  and sta­
b ilized  for use in  the n ep h elo m etric  tech n ique
(8 ) and diluted  to a protein  con cen tratio n  of 3.9 
m g /m L .

(d) Pasta samples. — G round in  an electric  
g rin d er (B iih ler, Italy); sam ple extracts w ere 
cen trifu g ed  using a Sorvall RC5 cen trifu ge.

S a m p le  E x tra ctio n

Sam ple extracts w ere obtained as follow s: 0.5 
g ground pasta products w ere mixed in a test tube 
w ith  1 mL w ater containing 0.1% N aN 3, and after 
30 m in at room tem perature, w ere centrifuged  at 
12 000 X g for 15 m in. The supernate was 
transferred  into a new  test tube and centrifuged  
again.
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Z wheat germ /, wheat germ

Figure 1. Day-to-day and within-day reference curves with immunonephelometric method. Each point 
is reported in figure as mean 1 2X standard error.

Immunonephelometric Analysis
T he pasta extract was diluted  1:3 w ith  w ater 

con ta in in g  0.1% N aN 3. T he instrum en t was 
program m ed w ith  M CAL and M 44 cards for 
m anual operation . R eaction cuvet con tain in g  
600 pL m agnetically stirred nephelom etry buffer 
w as inserted  in the apparatus, 42 pL sam ple ex­
tract was added, and, w h en  m essage " in je c t 
sam p le" appeared on display, 42 pL anti-w heat 
germ  gam m a g lobu lin  was added. W hen the 
"o p tio n "  b utton  w as pressed, ca 60 s later, the 
valu e o f the rate signal appeared on display in 
arb itrary  rate units (RU).

T he day-to-day referen ce curve and  the 
w ith in -d ay  referen ce curve w ere plotted  by re ­
p eatin g  this operation for every referen ce pasta 
sam ple tw ice a day for 1 2  days (day-to-day ex­
p erim ents) and 1 2  tim es on the sam e day 
(w ith in -d ay experim ents). The m ean co n cen ­
tration of w heat germ  was calculated  w ith  stan­
dard deviation  by reading on the respective 
curve the day-to-day values and the w ithin-day 
valu e for every one of the 19 pasta sam ples.

Radial Immunodiffusion
Preparation  o f the slides and of the an tise­

ru m -ag aro se  m ixture, execution  o f the analysis, 
and d yeing w ere p erform ed according to Can- 
tagalli et al. (4). D ay-to-day and w ith in-d ay ex­
p erim en ts  w ere also p erform ed  w ith  this 
m ethod.

Results and Discussion
W e have perform ed w heat germ  d eterm ina­

tion s on 19 pasta sam ples produced by Italian 
factories. Som e o f these w ere special pasta 
products w ith  added w heat germ  produced by 
the A gnesi Pasta Factory. T he results obtained

Table 1. Precision of rate nephelometric wheat germ 
test compared with radial immunodiffusion

S am ple N
M ean

(%  w h e a t g e rm ) SD

N e p h e lo m e tr ic
D a y -to -D a y  P re c is io n

H igh 24 8.1 0 .4 7
M e d iu m 24 4 .3 0 .4 0
Low 24 2 .4 0 .3 9

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

H igh 12 8 .6 0 .4 0
M e d iu m 12 4 .5 0 .3 2
Low 12 2 .6 0 .3 6

R adia l Im m u n o d iffu s io n
D ay -to -D a y  P re c is io n

H igh 24 8 .4 0 .3 9
M e d iu m 24 4 .6 0 .4 2
Low 24 2.5 0 .41

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

H igh 12 8 .3 0 .2 9
M e d iu m 12 4.1 0 .1 8
Low 12 2 .6 0 .2 8
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Radial Immunodiffusion Radial Immunodiffusion

Figure 2. Comparison between results obtained with rate immunonephelometric wheat germ test and radial
immunodiffusion test.

w ith  the im m u n on ep h elom etric  m ethod  and 
w ith  the radial im m u nod iffu sion  m ethod  w ere 
analyzed according to classical statistical m ethods
(9) to show  the correlation  betw een  them . T he 
program s w ere prepared on a H ew lett-P ackard  
9845A -desk top com puter equipped w ith  a 9872 
p lotter for draw ing graphs.

Figure 1 show s the day-to-day and w ithin-day 
referen ce curves calculated  w ith  n o n lin e a r re ­
gression , using a third  d egree p o lynom ial ex­
pression to d eterm ine the re latio n sh ip  betw een  
dose and value o f rate signals in the im m u no­
n ep h elo m etric  m ethod.

T able 1 show s day-to-day and w ith in -d ay 
precision for both m ethods in  samples w ith high, 
m edium , and low  am ounts o f w heat germ .

We set up the m ethod w ith a m easuring range 
varying betw een 0 and 1 0 % (w /w ) o f added 
w heat germ . H ow ever, there  is o n ly  a rem ote 
p ossib ility  that sam ples m ay con tain  m ore than 
8 % germ  because h igh  con ten ts  g ive the pasta a 
bad taste and poor storage characteristics. W e 
thus neg lected  the an tig en  excess d etection  
procedure suggested by Beckm an.

In Figure 2, a com parison o f the data obtained 
on the 19 sam ples w ith  im m u n o n ep h elo m etric  
and radial im m unodiffusion m ethods show s that 
the 2 tech niqu es correlate w ell. In  fact, the lin ­
ear regression  lin es have a h igh  correlation  
co effic ien t for b oth  day-to-day and w ith in -d ay 
data (r =  0 .987 and 0 .988, resp ectively).

M oreover, the in tercep t valu es (0 .02  fo r day- 
to-day and 0 . 1 2  for w ith in -d ay) do n o t d iffer 
significantly from 0 (P >  0.05), and the regression 
coeffic ien ts  (0.98 for the  form er, 0 .93 fo r the  la t­
ter) do not d iffer s ig n ifican tly  from  1 (P >
0.05).

The im m unonephelom etric m ethod allow s the 
analysis o f 2 0 -2 5  u n know n sam ples in  3 - 4  h , 
in clu d in g  the tim e required  fo r w eigh in g s and 
preparation o f sam ple extracts.
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C O L O R  A D D IT IV E S

High Pressure Liquid Chromatographie Determination of Tartrazine 
in Rice Milk Following Ion-Pair Extraction with Tri-N-Octylamine

MARC L. PUTTEMANS, LOUIS DRYON, and DÉSIRÉ L. MASSART
V r i je  U n iv e r s i t e i t  B r u s s e l ,  F a r m a c e u t i s c h  I n s t i t u â t ,  L a a r b e e k la a n  1 0 3 ,  B - 1 0 9 0  B r u s s e ls ,  B e lg iu m

Tartrazine is separated from the dried and powdered 
rice milk matrix by elution with methanol-ammonia 
mixtures, the extract is purified by ion-pair extraction 
with tri-n-octylam ine and back-extraction with so­
dium perchlorate, and the dye is determined by high 
pressure liquid chromatography.

In a previously published paper (1), we review ed 
several tech n iques used in  the quantitative 
analysis o f food dyes. The ap p licab ility  o f one 
o f these tech niques, e.g ., the ion-p air extraction  
w ith tri-n-octylam ine (TnOA), was dem onstrated 
by us in  several papers (1 -3 ). H ow ever, before 
the dyes can be extracted, they m ust be solu bi­
lized . It is th e  aim  o f this paper to describe the 
quantitative liberation of tartrazine (E102, FD&C 
Y ellow  No. 5) from  rice  m ilk , a ra th er com p li­
cated food m atrix co n tain in g  fats, p roteins, and 
carbohydrates. D yes are subsequ ently  so lu b i­
lized, extracted  w ith  T nO A , and id en tified  and 
d eterm ined  by ion-p air reverse phase h igh  
pressure liquid chrom atography (HPLC) (1, 3, 4). 
T he procedure is applied  to the analysis o f com ­
m ercial sam ples.

Experimental

A p p a ra tu s  a n d  R e a g e n ts

(a) Chromatograph.— Varian LC 5020 equipped 
w ith  m anual Valeo in jecto r (loop size 100 pL); 
V arian 2 5 4 /2 8 0  nm  UV detector; 300 X 4 mm id 
colu m n o f M C H -10 (M icro-Pak 10 pm  octade- 
cy lsilica); V arian CD S 111 integrator.

(b) pH meter.— O rion Ion alyser 601 and com ­
bined  glass +  calom el electrode.

(c) Glass chromatography tubes.— 40 cm  X 1 or 
2 cm  id, equipped w ith  T eflo n  stopcock.

(d) TLC plates.— Cellulose precoated plates, 20 
X 20 cm (M erck, GFR), w ith layer thickness of 0.1 
mm.

(e) TLC eluant.— Ethyl a ceta te -u -p ro p an o l- 
am m o n ia-w ater (35 +  35 +  20 +  20).

(f) Mobile phase.— Prepare two 1 L solutions of 
m eth an o l-p h o sp h ate  b u ffer (pH =  7.00 ±  0.05,

Received April 7,1982. Accepted August 31,1982.

ion ic  strength  0.1): (a) 30 +  70 and (b) 60 +  40, 
each contain ing 0.5% (v /v) tetrabutylam m onium  
hydroxide solu tion  (TBA) (25% in  m eth anol, 
Fluka AG). M obile  phase consists o f 85% (a) +  
15% (b).

(g) Tartrazine.—-95% pure (P. Entrop, M ache- 
len , B elg iu m ), used as received. Purity degree 
w as not consid ered  in ca lcu latin g  % recovery or 
dye con ten t of sam ples.

(h) Tri-n-octylamine.— (Aldrich Europe, Beerse, 
B elg iu m ) used as received.

(i) Buffers.— W ith constant ionic strength (0.1),
prepared  as follow s: pH  =  5.5: 1.26 g N a2- 
H P 0 4.2H 20  and 24.65 g N aH 2P0 4 .H20  dissolved 
in d ouble-d istilled  w ater and diluted to 2 L. pH 
=  7.0: 9 .38 g N a2H P 0 4 .2H 20  and 5.77 g
N aH 2P 0 4.H 20  dissolved in  d ou ble-d istilled  
w ater and d iluted  to 2 L. If necessary, pH was 
ad justed  to 5.50 ±  0.05 or 7 .00 ±  0.05 w ith  0.1M  
sodium  hydroxide.

E x tra ctio n

Tw o g rice m ilk, dried by lyo p h ilizatio n , was 
transferred  to a glass chrom atography tube of 1 

or 2  cm id; the dyes w ere eluted  w ith  varying 
am ou nts o f an e lu tion  m ixture con sisting  of 
am m onia and m eth anol at an e lu tion  rate o f ca 
0.5 m L /m in . The eluate w as evaporated to 
d ryness at ca 4 0°C , th e  residue was redissolved 
in  20 mL p hosphate b u ffer (pH  =  5.5, ionic 
stren g th  0.1), and the dye was extracted  w ith  5 
m L 0.1M  TnO A  solu tion  in  ch loroform ; 3 m L of 
the chloroform  phase was re-extracted w ith 3 mL 
0.1M  sodium  perchlorate.

Q u a n tita t iv e  D e t e r m in a t io n

A ca libration  curve w as constructed  by p lo t­
ting  the area o f the H PLC peak vs the  co n cen ­
tration  o f th e  tartrazine standard. O ver a co n ­
centration range from 0 to 50 mg /kg, a regression 
coeffic ien t o f 0.9996 was obtained. The am ount 
o f tartrazine in  th e  extracts was d eterm ined  by 
a cu rv e-fittin g  program . A ll d eterm inations 
w ere carried  out in trip licate. T he lim it o f de­
tectio n  was 5 ng (100 pL o f a pure tartrazine so­
lu tio n , 0 .05 m g /k g ) at 0.01 AUFS.
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Table 1. Recovery of tartrazine in rice milk (using 1 and 
2  cm columns) as a function of eluant volume (methanol- 

ammonia (95 + 5))

E lua n t, m L

Ree., %

1 cm 2  cm

25 7 1 .9
5 0 7 3 .2 —

100 1 00 .3 2 4 .0
2 0 0 — 2 6 .2
3 0 0 — 3 0 .3

Results and Discussion

S e le c t io n  o f  C h r o m a t o g r a p h y  T u b e

Tw o chrom atograp hy tubes w ith  d ifferen t 
internal diam eters (1 and 2 cm) w ere used. Equal 
am ounts ( 2  g) of dried  rice m ilk  w ere analyzed 
in  each tube. T he analytical rice m ilk w as p re­
p ared  from  a tartrazine-free  sam ple to w hich  50 
m g /k g  o f tartrazine was added. T he dye was 
e lu ted  w ith  am ounts ran ging  from  25 to 300 mL 
o f a m eth an o l-am m o n ia  m ixture (95 +  5). This 
m ixtu re w as also used by Lehm ann et al. (5) in 
the  d esorp tion  o f acid syn th etic  dyes adsorbed 
on polyam ide. T he results in Table 1 ind icate a 
c lear e ffect o f the d iam eter of the chrom atogra­
p hy tube. Because o f the lon ger contact tim e of 
e lu an t w ith  substrate in  the 1  cm tube, a m uch 
h ig h e r  recovery  is obtained  w ith  sm all e lu tion  
vo lu m es (2 5 -1 0 0  mL).

W ith the 1 cm tube, a 100% extraction yield was 
obtain ed  w ith  100 mL elu ant so it was not n ec­
essary to elute the rice m ilk w ith greater am ounts 
of eluant. W ith the 2 cm tube, the am ount of dye 
extracted  w ith  25 and 50 m L elu ant w as n e g lig i­
b le  and  was n o t even  m easured. H ig h er 
am ou nts o f elu ant did not g ive satisfactory re­
covery  (ca 30%). In subsequent in vestigations, 
th e  tube w ith  1  cm id was used.

I n f l u e n c e  o f  E lu a n t  C o m p o s it io n  a n d  
V o lu m e

T he e lu an t used by L ehm ann et al. (5) to d e­
sorb dyes from  polyam ide consisted  o f a m eth a­
n o l-a m m o n ia  m ixture; th erefore , we in v esti­
gated th e  in flu en ce  of the  com position  o f such 
an e lu an t on the extraction  yield . At first, the 
recovery of tartrazine from  rice m ilk was studied 
at a con centration  o f 50 m g /k g . T h e results 
listed in  Table 2 indicate an obvious effect of the 
e lu tion  volum e: A t a con centration  o f 100, 95, 
and 90% m eth anol, 100% extraction  yield  is ob ­
served w hen 100 mL eluant is passed through the 
colum n. T he in flu en ce  of the  volum e o f eluant

Table 2. Recovery of tartrazine from rice milk as a 
function of composition and volume of eluant (methanol- 

ammonia)

Ree., %
E lua n t ------------------------------------------

(%  m e th a n o l)  2 5  m L  50  m L  1 00  m L

100 2 5 .3 ± 1.4 5 8 .6 ± 7 .9 1 0 0 .0 db 3 .4
9 5 7 1 .9 ± 0 .5 7 3 .2 ± 0 .2 1 0 0 .3 ± 0 .8
9 0 79.1 ± 1.6 9 3 .7 ± 5.1 1 0 0 .9 ± 1.6
85 6 7 .0 ± 4 .5 8 2 .3 ± 4.1 8 6 .0 ± 0 .7
8 0 8 2 .0 ± 2 .0 8 9 .9 dt 3 .8 8 7 .3 ± 1 .8

is m inim al at a con cen tratio n  of 80% m ethanol 
and is m axim al w h en  1 0 0 % m eth anol is used. 
A n increase in  am m onia co n ten t increased  re ­
covery, especially w ith  elution  volum es o f 2 5 -5 0  
mL. At m ethanol concentrations o f 85 and 80%, 
the effect is not so p ronou nced : W ith  volum es 
o f 25 and 50 m L, the  extraction  yield  goes 
throu gh  a m inim um  at 85% but w h en  volum es 
of 100 mL are used, extraction  yield s are quite 
s im ilar at 85 and 80% m eth anol. W hen am ount 
of dye added to the rice m ilk is varied, one notes 
a sligh t decrease o f extraction  yield  w ith  in ­
creasing dye concentration  (Table 3) at an eluant 
com position of 85% m ethanol. H ow ever, at 95% 
m ethanol, recovery is quantitative over the range 
o f 1 0 - 1 0 0  m g /kg .

A n a ly s is  o f  C o m m e rc ia l  S a m p le s

At the request o f the Food Insp ection  o f the 
B elg ian  M in istry  o f Public H ealth , 13 d ifferen t 
com m ercial rice m ilk  sam ples w ere analyzed  
using 150 mL m eth an o l-am m o n ia  (95 +  5) e l­
uant. Sam ple p retreatm en t consisted  o f lyoph- 
ilization of the rice m ilk and grin d ing  to pow der 
in a m ortar. This step w as added to th e  m ethod 
to obtain  a h om ogeneous dye d isp ersion  and 
th erefo re  a rep resentative sam ple. T artrazine 
was detected  in 3 sam ples; its id en tity  w as co n ­
firm ed by its Rf value in  a TLC system  and by its 
retention  tim e in HPLC. The am ounts obtained 
are given  in  Table 4, the chrom atogram s (m o n i­
tored at 0.08 A U FS) are g iven  in  F igu re 1. Fol-

Table 3. Recovery of tartrazine from rice milk (elution 
volume 25-100 mL (85 + 15)) as a function of amount 

spiked

A m o u n t,
m g /k g

Ree., %

2 5  m L 50  m L 100  m L

10 6 6 .7  ± 9 . 8 8 2 .8  ± 3 . 5 8 8 .4  ± 9 . 5
50 6 7 .0  ± 4 . 6 8 2 .3  ± 5 .1 8 6 .0  ± 0 . 7

1 00 7 3 .5  ± 7 . 9 7 5 .8  ± 2 . 5 7 7 .8  ± 0 . 5
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Figure 1. Chromatograms of tartrazine in rice milk (0.08 AUFS): la , standard 2 mg tartrazine in 100 mL 
double-distilled water, lb , lc , and Id, Samples 1, 2, 3. Extract of sample 3 was diluted with equal volume

of water before injection.

Table 4. Tartrazine content of commercial rice milk 
samples

D ry R ice
su b s ta n ce . m ilk ,

S a m ple m g /k g m g /k g

1 4 3 .4  ±  1.2 1 2 .4  ± 0 . 4
2 7 0 .0  ± 0 . 2 2 1 .2  ± 0 .1
3 7 8 .8  ± 4 . 2 18.1 ±  1.0

low in g th e extraction  schem e g iven  above, the 
d etection  lim it is 0 .2  m g /k g  rice  m ilk at 0 .0 1  

A U FS. T he m ethod is sp ecific  for tartrazine 
sin ce  the com bination  o f T nO A  extraction  fo l­
lowed by the perchlorate back-extraction extracts 
o n ly  a n io n ic  dyes and, fu rtherm ore, tartrazine 
is resolved  from  o th er dyes by the H PLC 
system .

The m ethod described  h ere  could  also be ap­
plied  to other foods and o ther dyes as long as the 
foods are solid  and may be packed in  a chrom a­
tography tube. H ow ever, it is im portant to note 
that the analyzed  am ount o f sam ple should  be 
adjusted in  such a w ay that d etection  is possible 
and that the  ion-p air extraction  w ith  TnO A

yields a quantitative recovery. It is w ell know n 
that in  ion-p air extraction a su ffic ien t excess of 
cou nter ion is required  to obtain  quantitative 
extraction. Therefore, if  one w ants (for exam ple) 
to extract tartrazine from highly colored rice milk 
( > 1 0 0  m g/kg), it w ould be preferable to decrease 
the am ount of sam ple analyzed  to 0.5 or 1 g.
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INDUSTRIAL CHEMICALS

Gas-Liquid Chromatographic Determination of S,S,S-Tributyl 
Phosphorotrithioate (DEF) in Water and Fish Tissue
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U .S . F ish  a n d  W ild l i f e  S e r v i c e , C o lu m b ia  N a t i o n a l  F i s h e r i e s  R e s e a r c h  L a b o r a t o r y ,  R o u t e  1 , 
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Methods are described for determination of S , S , S -  

tributylphosphorotrithioate (DEF) at levels as low as 
5 parts per billion in fish and 200 parts per trillion in 
water. Fish tissue extracts are subjected to gel per­
meation chromatography (GPC) and silica gel chro­
matography; water samples are extracted with di- 
chloromethane. Analyses are carried out by gas 
chromatography in which either electron capture or 
therm ionic specific detectors are used. The appli­
cability of the methods is demonstrated by analyses 
of water and fish samples from exposure studies.

S ,S ,S -T r ib u ty lp h o sp h o ro tr ith io a te  (D EF) is 
w idely  used as a cotton  d efo lian t in  C alifornia  
and  the sou thern  U nited  States. The U .S. D e­
partm ent of A griculture reported that 3.4 m illion 
pounds o f D EF w ere applied  to 2.3 m illio n  acres 
o f cotton in 1976 (1). The w idespread use o f this 
com pound suggests the p ossib ility  for con tam i­
n atio n  o f freshw ater fish eries  from  ru n o ff and 
p ossib ly  from  aerial transport (2). Studies con ­
ducted  at the C olum bia N ational F isheries R e­
search  Laboratory w ere d esigned  to d eterm ine 
the toxicity  o f DEF to fish  and fish  food organ­
ism s.

The d efo lian t DEF has b een  show n to be 
acu tely  toxic to fish  and aquatic invertebrates. 
A cute toxicity  studies ind icate 96-h  LC 50 (con­
cen tra tio n  in w ater prod ucing 50% m ortality) 
valu es o f 660 p g /L  fo r rainbow  trout (Salma 
gairdneri), 620 /ug/L for b lu eg ills  (Lcpomis macro 
chirus), 100 p g /L  fo r an am phipod (Gammarus 
fasciatus), and 2100 ¿¿g/L for a s ton efly  (Ptero- 
narcys) (3). Fu rtherm ore, com pounds o f this 
class, the organop hosp horoth ioates, are know n 
to produce delayed neurotoxic effects in a variety 
of anim al species (4). Specifically, DEF has been 
show n to produce delayed neurotoxicity in  hens
(5). R ecen t, un p ublish ed  studies at the C olum ­
bia Laboratory have dem onstrated  that DEF is 
ex trem ely  toxic to rainbow  trout and ch an n el 
catfish  (Ictalurus punctatus) u nder ch ro n ic  expo­
sure con d itions, reducing grow th and survival

Received April 6, 1982. Accepted Septem ber 28, 1982.

at con cen tratio n s below  10 ppb. T he m ethods 
p resented  h ere in  w ere develop ed  to provide 
resid ue data in  support of these ch ron ic  toxicity 
studies.

A lth ou gh  various satisfactory m ethods exist 
fo r extraction  and  cleanup of DEF from  cotto n ­
seed (6 , 7), produce (8 ), and fats (9), each involves 
a m ore extensive sam ple m anipulation than was 
deem ed practical for our analytical op erations 
d ealing  w ith  m ore than 100 sam ples o f fish . A 
sim p le GPC en rich m en t step w as dem onstrated  
in this laboratory to separate lipids and b iogenic 
m aterial from  DEF. Subsequent chrom atogra­
phy on silica gel provided the fin al step in an 
en rich m en t procedure w h ich  w as m ost eco­
nom ical in  term s of m aterials and  tim e d e­
mands.

E xp erim en tal

R e a g e n ts  a n d  A p p a ra tu s

(a) Organic solvents.— Glass d istilled  (Burdick 
& Jackson Laboratories, In c., M uskegon , M I).

(b) Silica gel. - E M - 6 0 ,  7 0 -2 3 0  m esh (E. M erck, 
D arm stadt, GFR); activated 24 h at 130°C .

(c) Sodium sulfate.— M allinckrod t, Inc., St. 
Louis, M O ; heated  8 h at 5 00°C  b efo re  use.

(d) Bio-Beads SX-3 GPC resin.— 2 0 0 -4 0 0  m esh 
(Bio-Rad Laboratories, R ich m ond , CA).

(e) DEF standard.— M obay C h em ical Corp., 
Kansas C ity, M O.

G e l  P e rm e a tio n  C h ro m a t o g r a p h y

GPC was perform ed  using a GPC A utoprep 
M odel 1001 (ABC Laboratories, C olum bia, M O ) 
equipped w ith  a 2.5 cm  id X 60 cm  glass colu m n 
(K ontes, V ineland , N J), packed w ith  60 g Bio- 
Beads SX -3 to a bed depth of 32 cm  in  cyclohex - 
an e-d ich lo ro m eth a n e  (95 +  5) (so lv ent A).

G a s -L iq u id  C h ro m a t o g r a p h y

GLC analyses w ere carried  out using a Varian 
chrom atograp h, M odel 3700 (V arian A ssociates 
Inc., W alnut C reek, CA), equipped w ith  e ith er a
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lin earized  electron  capture (EC) d etector or a 
th erm io n ic  sp ecific  (TS) detector.

Gas chrom atographic conditions used w ith the 
EC d etector w ere as follow s: 1.8 m X 2 mm id 
glass colum n packed w ith  3% O V-17 on 100-120  
m esh Supelcoport; n itro g en  carrier gas at 20 
m L /m in ; tem perature program  o f in itia l tem ­
perature 2 0 0 °C  for 2 m in , tem perature ram p 
3 ° /m in  to 230°C , and hold  1 m in. O perating 
con d itions used w ith  the TS d etector w ere as 
follow s: 1.5 m X 2 mm  id glass colum n packed 
w ith  3% SE-30 on 8 0 -1 0 0  m esh C hrom osorb 
W (H P); n itro gen  carrier gas at 14 m L /m in ; tem ­
perature program  o f in itia l tem perature 180°C  
for 6 m in, tem perature ram p 3 ° /m in  to 210°C , 
and hold 6 m in. Flow  conditions for TS detector 
w ere 4.0 mL hydrogen/m in  and 175 mL air/m in . 
E ither colum n provided sufficien t resolu tion for 
the  d eterm ination  of DEF and colu m ns w ere 
used in terchangeably .

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

Ten g sam ples (w et w eight) o f b lu eg ills  w ere 
h o m o g en ized  and m ixed  w ith  an h yd ro u s 
Na^SCU (4:1 N a2SC>4:fish), and this m ixture was 
allow ed to equilibrate 2 -3  h. The resu ltin g  dry 
m ixture was b len d ed  using an O ster b len d er 
(O ster Corp., M ilw aukee, W I) to the consistency 
of a dry pow der. Each 50 g sam ple was subse­
qu en tly  spiked w ith  a solu tion  of DEF in  m eth ­
y len e  ch lorid e (C H 2CI2) at the desired  level. 
W ater sam ples (50 mL) w ere fortified  to th e  de­
sired  level by adding a solu tion  of DEF in  ace­
tone.

A n a ly tic a l  P ro c e d u re

A ll glassw are was rinsed  w ith  1M HC1, dried, 
and rinsed  tw ice w ith  C H 2CI2 before  use.

W ater sam ples (50 mL) w ere placed in  125 mL 
separatory fu n n els, b u ffered  to pH 4 w ith  1 mL 
5% acetate buffer, and extracted w ith three 20 mL 
portions of CH 2CI2 . Extracts w ere com bined and 
dried  w ith  anhydrous N a2S 0 4. O ne mL of n o ­
nane was added and the CH 2CI2 was rem oved by 
rotary evaporation . T he resid ue w as quan tita­
tively  transferred  to a screw -top  test tube and 
d iluted , if  necessary, to produce a DEF con cen ­
tration o f approxim ately 0.025 pg/mL. Pro­
cessed w ater sam ples w ere analyzed  by EC- 
GLC.

Fifty  g quan tities of the m ixture o f fish  and 
N a2S 0 4( l :4 )  w ere poured in to  an extraction  col­
um n (2.5 cm id X 35 cm) containing a 5 cm bed of 
anhydrous N a2S 0 4 above a plug o f glass w ool. 
A 5 cm bed  of anhydrous N a2S 0 4 was added to 
the top o f the m ixture. T he sam ple con tain er

was rinsed  w ith  two 10 mL p ortions o f C H 2 CI2 , 
and these w ashes w ere applied  to the colum n. 
The sam ple was subsequ ently  extracted  w ith  an 
additional 100 mL CH 2CI2, w ith the colum n flow  
rate adjusted to ca 1 m L /m in . The eluate w as 
collected  in  a 300 mL round-bottom  flask and 
reduced in  volum e to ca 1 mL by rotary evapo­
ration. The solu tion  was qu an titativ ely  trans­
ferred to a screw -top test tube, using C H 2CI2 . 
T h e C H 2C I2 was rem oved using a stream  o f dry 
nitrogen. The extract was then  diluted to 7.0 mL 
w ith  solv en t A, and th e resu ltin g  solu tion  was 
agitated  and then  cen trifu ged  to rem ove p artic­
ulate m atter.

DEF was separated from  lipid m aterial by GPC. 
A 5 mL loop was used to introduce the sam ple, in 
so lv en t A, onto the GPC colum n. T he e lu tin g  
solv en t (solvent A) w as delivered  at a flow  rate 
o f 5 m L /m in . The in itia l 130 mL eluate (con ­
ta in in g  lip id  m aterial) was discarded, and  the 
fo llo w in g  40 mL fraction  was collected  in  a 
round-bottom  flask. O ne mL toluene was added 
to the flask, and the solvent volum e was reduced 
by rotary evaporation  to ca 1 mL.

Follow in g GPC, the sam ple w as th en  q u an ti­
tatively transferred, using 2 % acetone in  hexane, 
to a glass colum n (30 cm X 12 mm id) con tain in g  
a sm all p lug of glass w ool and 40 g silica gel. A 
total of 30 m L (in clu d in g  transfer rinses) 2% ac­
etone in  hexane was applied  to the colu m n, and 
the eluate was discarded. Subsequ ently , 30 mL 
5% acetone in hexane was applied to the colum n, 
and the eluate was collected  in  a round-bottom  
flask. O ne mL to lu ene was added to the flask 
and the solvent volum e was reduced to about 1  

m L by rotary evaporation . T he solu tion  was 
q u an titatively  transferred  to a 10 mL screw -top 
test tube, using acetone. T h e solvent volum e 
w as reduced under a stream  of n itro gen  to ca 1  

m L and th en  adjusted to the final volum e w ith  
toluene.

Results and Discussion
The recovery data presented in  Tables 1 and 2 

dem onstrate that DEF can be rep rod ucibly  de­
term ined  in  sam ples o f w ater and of fish  tissue. 
T he recovery data for both spiked w ater and 
spiked fish  sam ples appear to fall in to  2  d istin ct 
groups. T he data sets produced d uring the in i­
tial valid ation  of the 2  m ethods (designated  by 
the footnotes in Tables 1 and 2) are characterized 
by g en erally  low er recoveries than  those g en ­
erated in  the quality con tro l protocol inclu ded  
in  the analyses of w ater and fish  from  the exp o­
sure studies. No data are available to ind icate
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Table 1. Recovery data for DEF from spiked fish samples

S p ik in g
leve l,
ppb

M ean
re c ., % SD n

1 0 3 6 6 4 .7 6
10 9 4 10.2 3

1 0 0 a 72 3 .0 6
100 8 3 12.7 3
2 0 0 97 4 .7 5

1 0 0 0  3 71 4 .9 6
1 0 0 0 9 5 13.8 5
4 0 0 0 9 3 8 .2 3

3 T h e se  d a ta  w e re  g e n e ra te d  in th e  v a lid a tio n  s tu d y ; th e  
re m a in in g  d a ta  w e re  g e n e ra te d  fro m  q u a lity  c o n tro l sam ples  
in c lu d e d  in th e  a n a lys is  o f sa m p le s  fro m  th e  e xp o su re  
s tu d y .

the cause o f the low er recoveries from  the v a li­
dation studies.

C hrom atograp hic analyses by EC-GLC of 
processed extracts of fish tissue spiked at 1 0 0  ppb 
and 1 0 0 0  ppb d em onstrate that the d eterm in a­
tion o f DEF at these levels was not im peded by 
background  in terferen ces. H ow ever, at the 
low est sp ik in g  level ( 1 0  ppb), background  in ­
terferen ces eq u iv alen t to 1 - 2  ppb m ust be sub­
tracted  from  observed DEF values. Thus, the 
m inim um  d etection  lim it was estim ated  to be 5 
ppb in  spiked fish  (b lu eg ill) tissue, based on a 
required  sig n al-to -n oise  ratio of three.

These m ethods have b een  used in  the d eter­
m ination  o f DEF in w ater and fish  sam ples g e n ­
erated in  ch ron ic  toxicity  studies carried  out at 
th e  C olum bia laboratory. W ater sam ples, co n ­
ta in in g  relativ ely  low levels of in terferen ces, 
w ere su ccessfu lly  analyzed  by GLC, using the 
electron  capture d etection  tech niqu e. R ep re­
sentative chrom atogram s o f EC-GLC analyses of 
w ater sam ples from  the exposure exp erim ents 
(Figure 1) dem onstrate the ap p licab ility  o f the 
m ethod for d eterm in in g  DEF in  w ater at co n ­
cen tration s as low  as 200 ppt. This estim ate of 
the value for the m ethod low er lim it w as made 
from  com parison o f th e  m axim um  background 
signals associated w ith  unspiked  w ater sam ples 
w ith  those from  sub-ppb spiked sam ples. A 
sig nal in ten sity  o f 3 tim es background w as as­
signed  as the m inim um  required  for a positive 
d eterm ination .

Gas chrom atograp hic analyses of processed 
fish  from  the exposure studies could usually be 
perform ed using e ith er EC or TS d etectors to 
p rovide reliab le  DEF residue values as low  as 10 
ppb and low er. In som e sam ples o f fish , back­
ground com p onents in terfered  w ith  d eterm i­
nation of DEF below  10 ppb, particularly  in

Table 2. Recovery data for DEF from spiked water 
samples

S p ik in g
leve l,
ppb

M ean 
re c ., % SD n

1.6 101 8 3
3 .8 92 8 3
9 .0 105 4 3

1 0 .0 3 7 0 12 6
2 0 .0 96 8 3
3 0 .0 103 1 3

1 0 0 .0 3 92 6 6
5 0 0 .0 a 83 14 6

a T h e se  d a ta  w e re  g e n e ra te d  in th e  v a lid a tio n  s tu d y ; th e  
re m a in in g  d a ta  w e re  g e n e ra te d  fro m  q u a lity  c o n tro l sam ples  
In c lu d e d  in th e  a na lys is  o f sa m p le s  fro m  th e  e xp o su re  
s tu d y .

analyses using the TS detector. R ep resentative 
gas chrom atographic analyses o f fish  sam ples 
con tain in g  b ioconcentrated  DEF are show n in 
Figure 2. The data presented in chrom atogram s 
D, E, and  F o f Figure 2 are rep resentative  o f TS- 
GLC analyses of processed fish  sam ples. T he 
analysis o f a fish sam ple show n in chrom atogram  
F of Figure 2 is presented as a worst-case situation 
for analyses using the TS detector. N orm ally, 
the in terferin g  com p onent is observed  by TS- 
GLC as a small shoulder on the trailing end of the 
DEF peak as show n in  chrom atogram  E of Figure
2. The variable nature of this in terferen ce  g en ­
erally yields a m ethod low er lim it of greater than

TIM E(m ln)

Figure 1. EC-GLC determination of DEF in water 
samples from a chronic exposure study: A, control; 

B, 0.6 ppb residue; C, 3.0 ppb residue.
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T I M E ( m l n )

Figure 2. Determination of DEF in fish samples from a chronic exposure study: A and D, unexposed fish; 
B and E, 10 ppb residue; C and F, 20 ppb residue. A, B, and C, EC-GLC; D, E, and F, TS-GLC.

10 ppb w h en  TS-G LC is used. T he id entity  and 
source o f the in terferin g  com p onent are u n ­
kn ow n, but the h ig h er levels w ere encountered  
o n ly  in  the larger fish  from  later stages o f the 
exposure study. These analytical m ethods in 
conjunction w ith toxicity data should be of value 
in  assessing the p otential im pact o f DEF on 
freshw ater ecosystem s.
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High Resolution Gas Chromatography of Chlorinated Benzenes
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Chlorinated benzenes have been found as contami­
nants in foods and water. These high production 
volume chemicals may enter the environment and 
food chain through improper waste disposal, use as 
solvents and odor control agents, or as impurities in 
other industrial chemicals. Because of differences 
in the electron capture responses of the isomers at 
each chlorination level, residue quantitation requires 
the separation of all 12 chlorobenzenes. Resolution 
studies were made on packed and capillary columns 
coated with Kovats' C87H176 hydrocarbon, OV-101, 
OV-210, OV-17, and Carbowax 20M. Satisfactory 
resolution of all 1 2  chlorobenzenes was obtained with 
a Carbowax 20M-coated 20 m X  0.25 mm id capillary 
column operated isothermally at 120°C.

O ver the past few  years, there have b een  in ­
creasing aw areness and  concern  that foods can 
be contam inated w ith toxic industrial chem icals. 
As illustrated  by polych lorin ated  b ip h en y ls , 
industrial chem icals w hose uses are not directly 
associated  w ith  food production or p rocessing 
have been  found  in foods. Because approxi­
m ately 50 000 ind ustrial chem icals are m an u­
factured annually in the U nited  States, the Food 
and D rug A dm in istration  (FDA) uses criteria 
described  by Je lin e k  ( 1 ) to id en tify  those w ith  a 
h igh  p otential for end angering the food supply. 
The factors consid ered  in  selectin g  industrial 
chem icals for inv estigation  inclu de production 
volum e, toxicity , toxic by-products, so lu bility  
behavior, en v iro n m en tal stability , patterns of 
end  use, and m eans of disposal.

Based on these factors, ch lorin ated  b enzenes 
are h igh  priority  candidates for inv estigation  as 
food contam inants. O ver 300 m illion  pounds of 
m o n och lo ro b en zen e  and 140 m illion  pounds of
1,2- and 1,4-d ich lorobenzenes w ere produced in 
the U nited  States in  1979 (2), m ainly for use as 
solvents, chem ical in term ed iates, space deod or­
ants, and for m oth con tro l (3). Production  esti­
m ates by the U .S. E nviron m ental Protection  
A gency (EPA) for several h ig h er ch lorin ated  
b en zen es used p rim arily  as chem ical in term e­
diates, solvents, dye carriers, and dielectric fluids 
are in  the m illio n s or tens o f m illions o f pounds 
per year (4). A d d itionally , several m illio n  
pounds o f hexach lo ro b en zen e (H CB), som e of
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w hich  may be recovered  for use as a fu n gicid e, 
are generated  ann ually  as by-p roduct w aste in 
the m anufacture o f p erch lo ro eth y len e  (5). Im ­
proper w aste disposal practices and som e of the 
m ajor uses for ch loroben zenes provide d irect 
routes for the en try  of these chem icals in to  the 
ecosphere. T h eir lip o p h ilic  nature and their 
stability  to hydrolysis, oxidation, and b iod eg­
radation can lead to b ioaccum ulation in  the food 
chain  and p ersistence in  the en v iro n m en t. An 
EPA report on health  effects testing needs for 
ch loro b en zen es (4) ind icates that 98 m illio n  to 
162 m illion  pounds o f m on och lo ro b en zen e, 
ch iefly  that used as a herb icid e form ulation  sol­
vent, and over 50 m illio n  pounds of d ich lo ro ­
b enzenes are released an n u ally  in to  the en v i­
ronm ent. T he EPA report states that H CB has 
b een  show n to be o ncogenic  in 2  an im al species 
and that consid erable ev id ence suggests that 
o ther ch lorin ated  b en zen es may also be onco­
gen ic.

M onochloro- through hexachloro-substituted 
benzenes ranging in levels from  trace to 6.7 ppm 
w ere found by the FD A  D ivision  o f C hem ical 
Technology in freshw ater fish from  several U.S. 
locations (6 ). In a 1975 survey fo r suspected 
carcinogens in  d rin k in g  w ater, EPA sam pled 
finished w ater from 10 U.S. cities that use various 
types o f raw  w ater sources and w ater treatm ent 
processes; of the 1 0  sam ples analyzed  in the 
survey, 9 contained  m on och lo ro b en zen e , 4 
contained  at least 2  d ich lorob en zen es, and 1 

contained a trich lorobenzene isom er (7). V eith  
et al. (8 ) identified  C li- through CU -benzenes in 
fish  from  several m ajor U .S. w atersheds.

Because all 12 ch lorin ated  b en zen es m igh t be 
found in  foods or en v iro n m en tal sam ples, it 
w ould be useful to have the ability to separate all 
the con geners. T his w ork reports our attem pts 
and success in developing a gas chrom atographic 
system  that accom p lishes this goal.

E xp erim en tal

R e a g e n ts  a n d  A p p a ra tu s

(a) Chlorinated benzenes. — T he ch lo rin ated  
b enzenes used in this study w ere from  the FD A 
Indu strial C hem ical R epository , D ivision  of 
C hem ical T ech nolog y, FD A, W ashington , DC 
20204. A ll 12 ch loro b en zen e  con gen ers are
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com m ercially  available from  A ld rich  C hem ical 
Co., Inc., M ilw aukee, WI 53233 and RFR Corp., 
H ope, RI 02831.

(b ) Gas chromatograph.— H ew lett-P ack ard
M odel 5710 equipped w ith constant current 63Ni 
electron  capture detector (ECD) and 6 ft (1.8 m) 
X 4 mm id coiled  glass colum ns. C olum ns 
packed w ith  8 0 -1 0 0  m esh C hrom osorb W (H P) 
con tain in g  5% O V -101, 15% O V -210, or 10% 
O V-17 w ere conditioned overnight at 280-300°C  
w ith  ca 60 m L /m in  carrier gas. Colum n packed 
■ with 10% Carbow ax 20M  on 1 0 0 -1 2 0  mesh 
C hrom osorb W (H P) w as con d itioned  o v ern ight 
at 200°C  w ith  ca 60 m L /m in  carrier gas. O perat­
in g  conditions: tem peratures (°C )— colum ns
120 -1 4 0  (see Results and D iscussion), in jector 
250, detector 300; argon-m ethane (95 +  5) carrier 
gas 60 m L /m in ; record er— span 1 m v fu ll scale 
(10 in .), chart speed 0.25 in ./m in .

(c) Gas chromatograph. — Varian M odel 3700 
equipped w ith  constant current 63N i ECD and 
flam e ion ization  d etector (FID ), and 0.25 mm id 
w all-coated open tubular (W COT) glass capillary 
colu m ns (see Table 1 for liqu id  phases and co l­
um n lengths). O p erating  conditions: tem p er­
atures (°C )— colum ns 120, in jector 250, detectors 
320; FID gas flow s— hydrogen 30 m L /m in , air 
300 m L /m in ; ECD and FID  nitrogen m ake-up 20 
m L /m in ; recorder— span 1 mv full scale (10 in.), 
chart speed 0.25 in ./m in ; FID  e lectrom eter sen ­
sitivity (range 1, attenuation 1) 1 X 10 - 1 2  amp full 
scale. H yd rogen carrier v elocities and split 
flow s are g iven  in  Table 1.

Procedure
The ch lorin ated  b enzenes w ere w eighed , 

d issolved, m ixed, and serially  d iluted  w ith  iso­
octan e to yie ld  th e desired concentrations. 
T h ree  m icro liter aliquots w ere in jected  in to  the 
gas chrom atograph.

R esu lts  and D iscu ssio n

Sep aration  of a m ixture of the 12 ch lorin ated  
b en zen es on several packed gas-liqu id  chrom a­
tographic colum ns was investigated. Attem pted 
sep arations on 5% O V-101 and 15% O V -210 co l­
um ns operated at 120°C  are illustrated in Figure
1. Tw o pairs o f isom ers, the 1,3- and 1,4-di­
ch loro b en zen es and the 1 ,2 ,3 ,5- and 1 ,2,4,5- 
tetrach lo ro ben zen es, are not resolved  on eith er 
colu m n. Sep aration  of the same m ixture was 
attem pted on 10% O V-17 and 10% Carbowax 20M  
colum ns operated  iso therm ally  at 140°C . As 
show n in  Figure 2, the O V -17 colu m n failed  to 
separate either the 1,3- and 1,4-dichlorobenzenes

Table 1. Gas-liquid chromatography of chlorinated 
benzenes at 120°C in 0.25 mm id WCOT capillary columns 

containing selected liquid phases

L iq u id  phase
C o lu m n  

le n g th , m

H yd ro g e n
c a r r ie r

v e lo c ity ,
c m / s

S p lit f lo w , 
m L /m in

C a rb o w a x  20M 20 6 1 .5 71

C87H 176 20 4 1 .7 4 0
O V -17 35 4 4 .0 4 0
O V-101 4 0 2 9 .2 3 8
O V -210 43 3 9 .0 120

or the 1 ,2 ,3 ,5- and 1 ,2 ,4 ,5-tetrach lorobenzenes. 
A lthough the Carbowax colum n did separate the 
d ich lo ro b en zen es, it on ly  p artially  resolved  the 
te tra ch lo ro b en z en es. A ttem pts to im prove 
separation of the tetrachloro pair by low ering the 
tem p eratu re  resu lted  in un accep tably  long 
analysis tim e, w ithout com plete resolution of the 
com pounds.

In order to increase reso lu tion , cap illary  col­
um n chrom atography was investigated . C h ro­
m atogram s obtained  at 120°C  w ith  W CO T cap­
illary  colu m ns co n tain in g  5 d ifferen t liqu id  
phases are show n in Figure 3. The O V -210 
capillary did not com pletely separate the 1,3- and 
1 ,4 -d ich lo ro b e n z e n es  or th e  1 ,2 ,3 ,5 - and
1,2 ,4 ,5 -tetrach lorobenzenes. K ovats' Cs7H i7 6 

liqu id  phase (9 ,1 0 )  w as tried  because it had suc­
cessfu lly  separated all 19 ch lorin ated  anisoles
(11). H ow ever, it did not even partially resolve 
the 1,3- and 1,4-d ichlorobenzenes or the 1,2,3,5- 
and 1,2 ,4 ,5-tetrach lorobenzenes. T he O V-101 
capillary colum n alm ost com pletely resolved the 
d ich lo ro  isom ers, but did not satisfactorily  sep ­
arate the tetrach loro  isom ers. C om plete reso­
lu tio n  o f all 1 2  ch loroben zenes was achieved  
w ith  b oth  the O V -17 and the Carbow ax 20M  
W C O T colum ns. T he separations w ere accom ­
p lish ed  in  under 1 h on O V - 17 and in  less than 
V2 that tim e on Carbow ax 20M . Because the 
o rig in a l chrom atogram s w ere reduced for pub­
lica tio n , the ind iv idu al peaks for d ich lo ro b en ­
zenes in Figure 3 are not readily d iscernible and 
are not labeled . As show n in  enlarged  scale in 
F igu re 4, the d ich lorob en zen es elute from  b oth  
th e O V -17 and Carbow ax 20M  W CO T colum ns 
in  the order: 1,3-, 1,4-, and 1 ,2-d ich lorob en ­
zene.

ECD and FID  responses fo r the ch lorin ated  
b en zen es (Table 2) w ere calculated  in term s of 
th e  peak h eig h t (cm ) per ng of com pound ch ro ­
m atographed in a 15 m segm ent of the Carbowax 
20M  W CO T colum n that gave the separations 
show n in  Figures 3 and 4. (A lthou gh the col-
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1

Figure 1. Electron capture gas-liquid chromatograms of chlorinated benzenes at 120°C in 6  ft X 4 mm id 
glass columns containing 80-100 mesh Chromosorb W(HP) coated with A, 5% OV-101; B, 15% OV-210. See

Table 2 for peak identification.

um n w as shortened  by 25%, it con tin u ed  to re­
solv e all 1 2  ch loro b en zen e  con geners and it did 
so in  about 20 m in  at 120°C  w ith  hydrogen car­
rie r  at 52 cm /s .) Peak h e ig h t w as used as the 
m easure o f the  d etector response because an in ­
tegrator capable of m easuring the areas of the 
n arrow  peaks in  the capillary  colu m n ch ro ­
m atogram s was not available. Ratios o f ECD 
resp onse factors (peak h eig h t X ECD attenua- 
t io n /n g ) to FID  response factors (peak h e ig h t X 
FID a tten u a tio n /n g ) for the ch lorin ated  ben­
zenes w ere calculated  to d eterm ine the relative 
responses o f the 2  detectors (at eq u iv alen t at­
tenuation) for each con g en er and to provide a

rough approxim ation o f the e lectro n  capture 
re lativ e  response values that w ould have been  
obtained  for the 1 2  ch loro b en zen es from  peak 
area m easurem ents. The ECD :FID  response ra­
tios are given  in the last colu m n o f T able  2.

The approxim ation o f a peak area fu n ction  
from  peak h eig h t data (in  effect, can cellin g  out 
the  bias for peak h eig h t response factors to de­
crease w ith  increasing peak w idth and retention  
tim e) requ ires an exp lanation . It was possible 
in  th is study because (a) the ECD and FID an al­
yses of the chlorobenzenes w ere carried out w ith 
the sam e chrom atograp hic colum n at the sam e 
tem perature and hydrogen carrier v elocity  so
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Figure 2. Electron capture gas-liquid chromatograms of chlorinated benzenes at 140°C in 6  ft X 4 mm id 
glass columns packed with A, 10% OV-17 on 80-100 mesh Chromosorb W(HP); B, 10% Carbowax 20M on 

100-120 mesh Chromosorb W(HP). See Table 2 for peak identification.

that the ECD and FID responses for an individual 
con gener w ere virtually identical in peak shape;
(b) it was ev id ent from  the chrom atogram s that 
the  peak areas obtained  per ng of th e  1 2  ch lo ro ­
b enzenes varied  m uch m ore w ith  the ECD than 
the FID ; and (c) the steady d eclin e  in  FID  peak 
h e ig h t/n g  as the re ten tio n  tim e increased  ap­
peared to re flect the aforem en tioned  bias in re ­
sponse factors based on peak height. In support 
of item s b and c, it should be noted that absolute 
responses of the FID for benzene, chlorobenzene,
1,3-dichlorobenzene, and 1,2,4-trichlorobenzene 
have been reported on both a w eight and a molar 
basis by K oragozler and Sim pson (12). A lthough 
they found that the FID response in term s of 
cou lom b s/g  or cou lom b s/m o le  decreased as the 
nu m ber o f ch lorin e  atom s in the m olecu le in ­
creased, the total reduction after ad dition  of 3 
ch lorin e  atom s to the m olecu le was o n ly  about 
2 0 % m ore than could be attributed  solely  to the

corresp on d ing red uction  in the carbon con ten t 
of the m olecule. Thus, as the num ber of chlorine 
atom s in the m olecu le increases, the absolute 
response of the FID  decreases by a very m uch 
sm aller am ount than the increase in the peak area 
response of the ECD. T herefore, the ratios of 
ECD response to FID  response should  provide a 
reasonable rep resentation  of ECD (peak area) 
re lativ e  responses for the ch loroben zenes.

The ECD :FID  response ratios in Table 2 show  
that m o n och lo ro b en zen e gives m uch less e lec ­
tron capture response than the other congeners. 
As the ch lorin e  substitu tion  level in  the com ­
pound increases, the e lectron  capture response 
increases m arkedly at first (about 100X at the C l2 

level, 10X at the CI3 level) and then continues to 
rise m ore slow ly. The positions of the ch lorin e  
atom s in the m olecu le have such a strong e ffect 
that 1,2,3-trichlorobenzene gives greater electron 
capture response than 1,2,4,5-tetrachlorobenzene
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Figure 3. Electron capture gas-liquid chromatograms of chlorinated benzenes at 120°C in WCOT capillary 
columns containing A, OV-210; B, Kovats' C87H1 7 6; C, OV-101; D, OV-17; E, Carbowax 20M. See Table 2 for

peak identification.
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Table 2. High resolution gas-liquid chromatography of 
chlorinated benzenes: ECD and FID response data 8

Peak
C h lo r in a te d

benzene

D e te c to r  
re spo n se , 

pea k  h t 
( c m / n g 6)

F ID c E C D d
E C D :F ID e 

re sp o n se  ra t io

1 m o n o c h lo ro 9 .6 8 0 .1 5 0 .31
2 1 ,3 -d lc h lo ro 5 .5 0 11 .9 4 3 .4
3 1 ,4 -d ic h lo ro 5.31 4 .7 17.6
4 1 ,2 -d ic h lo ro 4 .8 2 8.1 3 3 .6
5 1 ,3 ,5 - tr ic h lo ro 3 .7 3 6 1 .7 3 3 0
6 1 ,2 ,4 - tr ic h lo ro 2 .5 4 35.1 2 76
7 1 ,2 ,3 - tr ic h lo ro 1 ,9 4 4 9 .9 5 1 4
8 1 ,2 ,3 ,5 - te tra c h lo ro 1 .65 6 4 .9 7 86
9 1 ,2 ,4 ,5 - te tra c h lo ro 1 .55 3 1 .3 4 0 4

10 1 ,2 ,3 ,4 - te tra c h lo ro 0 .9 6 4 4 .9 9 3 6
11 p e n ta c h lo ro 0 .5 7 5 9 .4 2 0 8 4
12 h e x a c h lo ro 0 .2 2 3 6 .5 3 3 1 8

3 D ata  f ro m  g as-liqu id  c h ro m a to g ra p h y  o f a m ix tu re  o f 12 
ch lo ro b en ze n es  in a 15 m  X 0 .2 5  m m  id C arbow ax 20M  WCOT 
c a p illa ry  co lu m n  a t 1 2 0 °C  w ith  h yd ro g e n  c a r r ie r  v e lo c ity  o f 
5 2  c m / s  a nd  s p lit  f lo w  o f 109  m L /m in .  ECD a nd  FID re ­
s p o n se s  w e re  d e te rm in e d  in s e p a ra te  ru n s  w ith  th e  co lu m n  
c o n n e c te d  to  1 d e te c to r  a t a tim e ,

b M a x im u m  d e f le c t io n  (c m )  o f re c o rd e r  pen p e r n g  c o m ­
p ou n d  in je c te d  In to  th e  W COT co lu m n  via a s p lit te r  o p e ra tin g  
a t a s p lit  ra t io  o f 7 2 :1 .

c FID e le c tro m e te r  s e n s itiv ity  a t 3 2  X 1 0 -12  am p  fu ll scale, 
i.e ., ra ng e  1, a tte n u a t io n  32.

d ECD c o n t ro lle r  a tte n u a t io n  a t 10  X 64. 
e R a tio  o f ECD re spo n se  fa c to r  (c m  pea k  h t X a tte n u a - 

t io n / n g )  to  FID re spo n se  fa c to r  (c m  pea k  h t X  a t te n u a t io n /  
n g ) fo r  th e  c o m p o u n d .

despite the h igh er level of ch lorin e in  the latter. 
W ith in  each group o f 3 com pounds at th e  same 
ch lorin ation  level, one isom er produces about y2 

the ECD response of the o ther isom ers. Because 
1  com pound in  each of the 2  d ifficult-to-separate 
pairs (i.e., the 1,3- and 1,4-d ichlorobenzenes and 
the 1,2,3,5- and 1 ,2 ,4 ,5 -tetrach lorobenzenes) 
gives on ly  V2  the ECD response of the  o ther 
com pound in  that pair, the  d ifferen ces betw een 
the responses could resu lt in  in correct quan tita­
tion of an inadequately resolved residue. If, for 
exam ple, a residue of 1 ,3 -d ich lorob enzen e was 
m isid entified  as a resu lt o f inadequate chrom a­
tograp hic reso lu tion  and its con centration  was 
d eterm in ed  by e lec tro n  capture gas-liqu id  
chrom atography w ith 1,4-dichlorobenzene as the 
analytical standard, the error in  id en tificatio n  
w ould be com pounded by an error of m ore than 
1 0 0 % in  the residue level.

Because en v iro n m en tal sam ples m ay contain  
all 12 chlorinated benzenes and because the ECD 
sen sitiv ity  d iffers fo r the various isom ers, it is 
im perative that all o f the com pounds be resolved 
if accurate q u an titation  is to be assured. This

Figure 4. Electron capture gas-liquid chromato­
grams of chlorinated benzenes at 120°C in A, OV-17 
WCOT capillary column (see Figure 3D for complete 
chromatogram); B, Carbowax 20M WCOT capillary 

column. See Table 2 for peak identification.

w ork has show n that a 15 or 20 m X 0.25 mm 
Carbow ax 20M  W COT capillary colum n operated 
isotherm ally at 120° C is su fficient to accom plish 
the required separation. A dditionally, a 35 m X 
0 .25 mm O V -17 W C O T capillary  at 120°C  also 
resolves all the ch loro b en zen es, a lb eit in  tw ice 
the tim e required  w ith  the Carbow ax 20M  co l­
um n. T hese colum ns can be used for con firm a­
tory analysis because th eir p o larities are m ark­
edly d ifferent.

T he w ork published here was presented  at the 
93rd  A nnu al M eetin g  o f the A ssociation o f O f­
ficia l A nalytical C hem ists (13). S in ce  th en , O l­
iver and B othen (14) have also rep orted  that all 
12 ch loro b en zen es are separated on a Carbow ax 
20M  W CO T capillary  colum n.
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Extraction and Cleanup Procedures for Determination of 
Diarylphosphates in Fish, Sediment, and Water Samples

DEREK C. G. MUIR and NORBERT P. GRIFT
Freshwater Institute, Department of Fisheries and Oceans, 501 University Crescent, Winnipeg, 
Manitoba R3T 2N6, Canada

Methods for determination of triaryl/alkylphos- 
phates (TAPs) in water, fish, and sediment have been 
extended to determination of the diarylphosphate 
(DAP) degradation products. DAPs were extracted 
from water (adjusted to pH 0.5) by use of XAD-2 resin 
and determined by gas-liquid chromatography as 
butyl esters. Recovery of diphenylphosphate (DPP) 
and o-, m-, p-dicresylphosphates (DoCP, DmCP, 
DpCP) were >95% in water samples fortified at 1,10, 
and 50 pg/L. DAPs were extracted from fish with 
methanol and the extracts were cleaned up on reverse 
phase (C18) silica cartridges. Recoveries were >87% 
for DPP, DoCP, DmCP, and DpCP in fish muscle 
fortified at 50, 100, and 500 ng/g. Sediments were 
refluxed with aqueous methanol and DAPs were re­
covered by use of XAD-2 resin. Recoveries of DAPs 
from sediments fortified at 50 and 100 n g 'g  were 
>76%. Interferences (1-10 ng/g) from phosphorus 
or nitrogen-containing GLC peaks prevented sub- 
ng/g level analysis for DAPs in sediment and fish 
extracts.

D ip henylp hosp hate  (D PP) has been  id entified  
as a m ajor degradation product o f trip henyl- 
phosp hate in w ater ( 1 ) and sed im ent (2 ) and of 
2-ethylhexyld iphenylphosphate (EH D P) in  fish 
(3). O ther triary l- and triary l/a lky lp h o sp h ates 
(TAPs) hydrolyze rapidly in alkaline solution to 
y ie ld  th e  co rresp o n d in g  d ia ry lp h o sp h a tes  
(D A Ps) (4), w h ich  are m ore stable to hydrolysis 
than tri- or m onoarylphosphate esters (5). D e­
term ination  o f DAPs is o f in terest for purposes 
of m on itoring  the fate o f TA Ps in  the en v iro n ­
m ent. D evelop m ent o f su itable m ethods for 
DAPs w ould also assist studies on the m etabolism 
o f TA Ps by fish  and m am m als. L ike the dialk- 
y lp hosp hates, D A Ps are w ater-solu ble and  exist 
as anions at neutral pH (5). T hey are not ex­
tracted e ffic ien tly  from  w ater by p artition in g  
w ith  organic solvents and m ust be derivatized 
befo re  gas chrom atograp hic analysis. H ow ard 
and D eo (1) analyzed D PP sem iquantitahvely in 
natural w aters (con ta in in g  15% N aCl and ad­
justed  to pH  1 -2 ) by extraction  w ith  ethy l ether 
and m eth ylation  o f the extract for analysis by 
GLC. T he purpose of this study w as to extend 
procedures developed  fo r the d eterm ination  of

Received June 14, 1982. Accepted September 23,1982.

TA Ps (6 , 7) in  w ater, sed im ent, and fish  sam ples 
to perm it quantitative analysis for D A Ps in e n ­
v ironm ental sam ples.

E xp erim en tal

R eag en ts  an d  A pparatu s

R eagents, chrom atographic m aterials, and 
apparatus w ere described  previously  (6 ). In 
ad dition , the fo llow ing  m aterials w ere used:

(a) Diarylphosphates.— 14C -(p h en yl rin g  la­
beled) D PP was prepared as a byp roduct o f syn ­
th esis  o f 2 -e th y lh e x y ld ip h e n y lp h o sp h a te  
(EH D P) (3). T he product was p u rified  by TLC 
using reverse phase TLC plates (W hatm an KC18) 
and a so lv ent system  o f a ceto n e-w ater (7 +  3). 
Specific activity of the purified product was 10.0 
p C i/m g . N onrad iolabeled  D PP was obtained  
from  Eastm an O rganic C hem icals (R ochester, 
NY). D i(o-cresyl)-, d i(m -cresyl)-, and di(p- 
cresy l)p hosp hate (D oCP, D m CP, D pCP) w ere 
prepared by hydrolysis o f th e ir corresp on ding 
tricresylphosphate analogs in 0.1 N N aO H  (24 h, 
20°C ) (8 ). The reaction mixtures w ere extracted 
w ith  ethyl acetate to recover residual TA Ps, then 
adjusted to ca pH 1 and re-extracted  w ith  ethyl 
acetate to recover to DAPs. The d icresylphos- 
phate products w ere greater than 95% pure, 
based on th e ir  GLC response fo llo w in g  butyla- 
tion w ith  diazobutane (relative to b u ty ld ip hen- 
ylp hosp hate). Stock solu tions of the butylated  
derivatives of the d icresylphosphates and D PP 
w ere prepared in hexane (1.0 p g/m L ). Solutions 
o f u nderivatized  DPP, D oCP, D m CP, and D pCP 
w ere prepared in m ethanol (100 p g /m L ).

(b) Water.— H PLC grade (Baker C hem icals).
(c) Macroreticular resin. — XA D -2 resin  (Rohm  

and H aas Ltd, P h ilad elp h ia , PA ); prepared as 
described  by D aughton et al. (9).

(d) Chromatographic cartridges.— C-18 bonded 
silica Sep-Pak (W aters A ssociates).

(e) Diazobutane.— Prepared  d aily  from  N - 
b u ty l-N '-n itro -N -n itro so g u a n id in e  (B N N G ), 
using  procedure of S tan ley  (10). S tored  at 
— 10°C  in T eflo n -lin ed  screw -cap test tube.
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C aution : BN N G  is a possib le m utagen and
can cer suspect agent.

(f) GLC operating conditions. — Butylated  DAP 
com pounds and  TA Ps w ere separated on 1.0 m 
X 2 mm id colum ns of 3% SP-2100 or 3% SP-2250 
on 8 0 -1 0 0  m esh Supelcoport.

H elium  carrier gas 30 m L /m in . Colum n oven 
220°C  (isotherm al) or tem perature-program m ed 
from  100 to 2 2 0 °C  at 6 ° /m in  for b oth  colum ns.

(g) Measurement of 14C-radioactivity.— Fish and 
sed im ent sam ples w ere com busted, and  14CC>2 

was collected  on a Packard 306 oxid izer. A li­
quots of fish , sed im ent, and w ater sam ples co n ­
tain ing 14C-D PP residues w ere assayed by liquid  
scin tilla tio n  cou n tin g  (LSC) and results w ere 
expressed as n g /g  sam ple.

R e c o v e r y  S t u d ie s

(a) G round fish  m uscle (w h itefish , Coregonus 
clupeaformis) (2 .5  g) was fo rtified  at 50, 100, and 
500 n g /g  w ith  D PP ( I4C -D PP), D oCP, D m CP, 
D pC P, EH D P, and TPP by p ip ettin g  a stock so­
lu tion  (m ethan ol) con ta in in g  all 6 com pounds 
directly onto the fish tissue. Three to 6 replicates 
o f each con cen tratio n  w ere prepared.

(b) R ainbow  trout {Salmo gairdneri, 150 to 300 
g) w ere placed  in  aquaria con tain in g  d ech lori- 
nated  tap w ater fo rtified  w ith  EH D P (14C-la- 
beled) at 60 q g /g . Follow ing 10 h exposure, fish 
w ere rem oved and ind iv idu al tissues w ere p re­
pared for d eterm ination  o f DPP and EH D P co n ­
tent.

(c) River sedim ent (Red River near W innipeg, 
Canada) w as collected  w ith  an Ekm an dredge 
and stored (—5 0°C ) u n til use. Sed im ent (25 g 
w et w eight) was fortified  as described for fish  at 
50 and 500 n g /g  (dry w eigh t basis) in  trip licate  
and allow ed to stand  1  h before  extraction . 
Sed im en t contained  2.3% organic carbon, 45% 
silt, 48% clay, 7% sand, and  50% w ater by 
w eight.

To sim ulate degradation of TAPs under aerobic 
and anaerobic con d itions, sed im ent (50 g w et 
w eigh t) w as fo rtified  w ith  14C-TPP and EH D P, 
250 mL d ech lorin ated  w ater was added, and the 
m ixture was incubated  under air or n itro gen  
aeration  fo r 32 or 64 days. Sed im ent w as sepa­
rated from  the ov erly in g  w ater by filtratio n  
(W hatm an No. 1 paper) befo re  extraction .

(d) W ater (0.5 to 1 L) w as fortified  at 1 ,1 0 , and 
50 q g /L  w ith a stock solution (m ethanol) o f DPP 
(14C-DPP), DoCP, Dm CP, DpCP, EHDP, and TPP. 
The w ater was stirred  and allow ed to stand 1 h 
before  extraction .

M E T H O D

E x tra ctio n

Fish: Extract 2 .5 -5  g sam ples w ith  m ethanol, 
using P olytron  hom og enizer described  p rev i­
ously (6 ). Evaporate m ethanol extract to ca 2 mL, 
transfer residue to test tube, and reduce sam ple 
to ca 1 mL aqueous residue. A pply sam ple to 
C -18-chrom atograp hic cartridge (pre-w ashed 
w ith  a ceto n e-w ater (7 +  3)). E lute cartridge 
w ith  4 mL aceto n e-w ater (7 +  3). Evaporate el- 
uate to ca 1 mL, d ilu te w ith  5 m L 0.5N  H 2SO 4, 
and saturate solu tion  w ith  N aCl. Extract aque­
ous phase w ith two 5 mL portions of ethyl acetate 
to recover DAPs and TAPs in organic phase. Dry 
ethyl acetate extract over anhydrous N a2S 0 4  and 
con centrate  to ca 1.0 mL.

Sediment: Reflux samples (25 -50  g w et w eight) 
w ith  150 mL m eth a n o l-w a ter (9 +  1) in  fla t-b o t­
tom  flask for 16 h. D ilu te aqueous m eth anol 
extract to ca 1 L w ith  0.5N  H 2SO 4 . Prepare co l­
um n o f XA D -2 resin  (10 cm X 1 cm id). W ash 
colu m n w ith  50 mL 0.5N  H 2S 0 4. Let d ilute 
m eth anol extract pass throu gh  colu m n (5 -1 0  
m L /m in ). W hen e lu tion  is com p lete, rem ove 
excess w ater by aspiration. Elute resin  w ith  50 
mL acetone. Evaporate acetone eluate to ca 2 mL, 
and transfer to test tube w ith  0.5N  H 2SO 4 . Ex­
tract acid ified  aqueous phase w ith  ethy l acetate 
as described for fish .

Water: Adjust sam ple (1 -1 0  L) to < p H  1 w ith  
H 2SO 4 . For riv er w ater sam ples, filte r  throu gh  
glass fib er filte r  (W hatm an GFA) befo re  pH ad­
ju stm en t and analyze suspended solids as d e­
scribed  fo r sed im ent. Prepare colu m n o f XAD 
resin  as described for sed im ent extracts and let 
w ater sam ple pass throu gh  colu m n (5 -1 0  m L / 
m in). Recover DAPs and TA Ps from  the eluate 
as described  for fish  and sed im ent extracts.

D e r i  va tiza tio n

Prepare d iazobutane, using  procedure of 
S tan ley  (10). Evaporate e th y l acetate solu tions 
in screw -cap test tubes to ca 0.1 mL and add 1 mL 
diazobutane solu tion  or un til yellow  color p er­
sists. Let reaction  stand at room  tem p eratu re (1 
h); th en  rem ove eth er and excess reag en t by 
g en tle  evaporation  under n itro g en . A void 
evaporation  to dryness to p rev ent losses of 
butylated  derivatives. Prepare sm all chrom a­
tograp hic colum n o f acid alum ina (6 % d eacti­
vated w ith  w ater) (6  cm X 6 mm id topped w ith  
anh yd rou s N a2S 0 4). D ilu te  d eriv atiza tio n  
m ixture w ith  hexane and apply sam ple to top of 
colum n. Elute w ith 15 mL hexane-d iethyl ether
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Table 1. Recovery of 1 4 C-DPP from water (60 pg/L, using XAD-2 resin)

pH
V o lu m e ,

(L )

R a d io a c t iv ity  in  e a ch  fra c t io n , 3 %

A c e to n e U n e x tra c te d

0 .5 0.1 88.1 ±  9.0 3 .3  ±  1.0
4.0 8 7 .7  ±  9 .5 __b

7 .0 0.1 3 7 .9  ±  2 0 .6 3.7  ±  4.0

a A ve rage  o f t r ip lic a te  ana lyse s  ±  s ta n d a rd  d e v ia tio n . 
b N o t d e te rm in e d . R a d io a c t iv ity  p e r m l  w as b e lo w  d e te c t io n  lim it.

(85 +  15). D iscard first 9 mL eluate, w hich  co n ­
tains excess derivatization  reagent. C ollect re ­
m aining eluate in  graduated cen trifu ge  tube. 
In ject aliquot of extract in to  gas chrom atograph 
equipped w ith  SP-2250  colu m n and com pare 
peak area w ith  area of corresp on d ing burylated  
DAP or TAP standards. Confirm  by analysis on 
SP-2100 colum n.

R esu lts  and D iscu ssio n

R adiolabeled  DPP was recovered  quan tita­
tively  from  w ater (acid ified  to pH 0.5) by use of 
XAD-2 resin (Table 1). A djustm ent of sample pH 
to less than 1  was essential for quantitative re­
covery of radioactivity. U nextractable radioac­
tivity was d eterm ined  by assaying aliquots of 
extracted w ater by LSC. XAD resin  e ffic ien tly  
extracted  D PP from  w ater at pH  7.0 but the ra­
dioactivity could not be recovered from  the resin 
w ith  acetone unless acid con ditions w ere used. 
D aughton et al. (9) observed  sim ilar pH -dep en- 
dent recovery of som e d ialky lp hosp hates from  
water, using XAD-4 resin. Increasing the size of 
the w ater sam ple to 4 L resulted  in  recoveries 
sim ilar to those at 0.1 L.

D erivatization of 14C-D PP w ith  diazom ethane 
or diazobutane yielded single products. TLC of 
the products show ed greater than 98% d eriv ati­
zation efficiency; no underivatized DPP could be 
detected  by use of autoradiography. Butylated  
derivatives had the advantage o f h ig h er b o ilin g  
points than m ethylated  d erivatives. This re ­

duced losses on evaporation and allow ed  D A Ps 
to be d eterm ined  sim ultaneously  w ith  m ost 
TA Ps, using isotherm al colum n oven op era­
tion.

R ecoveries o f all 4 DAPs and  TPP from  w ater 
fo rtified  at 1, 10, and 50 /ug/L (Table 2) w ere 
greater than 95% at all concentrations. TPP was 
carried  throu gh  the procedure as a check  on the 
applicability  of the m ethod to TAPs. EH D P was 
not recovered  as e ffic ien tly  as TPP. Losses of 
EH D P w ere not investigated  system atically  but 
may have been due to hydrolysis of EHDP under 
th e acid con d itions used, a lthou g h  no increase 
in  D PP con centration  was observed. EHD P 
losses could also be due to volatilization  during 
ev ap oration  steps (b efo re  d eriv atiza tio n  of 
DAPs). N everth eless, the  results ind icate  that 
di- and triary lp h osp h ates can be d eterm ined  in 
the sam e w ater sam ple by use of XA D  resin  co l­
um n extraction .

Blank analyses of the w ater (HPLC grade) used 
in fo rtificatio n  studies indicated  low  level in ­
terferin g  peaks w ith  re ten tio n  tim es sim ilar to 
butylated DPP (ca 0.3 jug/L), Dm CP (ca 0.1 ¿ig/L), 
and TPP (ca 0.1 /ug/L) on b oth  GLC phases (F ig­
ure 1). Possib le sources of these in terferen ces 
have been discussed in som e detail by LeBel et al.
(7) and W illiam s et al. (11). P relim inary  w ork 
ind icated  that levels o f in terferen ces w ere sub­
stantia lly  greater w hen  concentrated  HC1 was 
used to low er the pH ; thus H 2SO 4 was used to 
acid ify  all sam ple extracts. The derivatization

Table 2. Recovery of diarylphosphates (butyl esters) and triarylphosphates from water

C o m p o u n d

R e co ve ry  a t each  c o n c e n tra t io n  (f ig/L) , a %

1 10 50

DPP 1 0 2 .0  ±  4 .4 9 6 .6  ±  16.0 1 1 2 .0 ±  5 .6
DoCP 1 0 3 .8  ±  2 2 .4 1 0 5 .5  ±  15.3 1 0 5 .7  ±  2 .3
D m C P 9 6 .7  ±  4 .6 1 0 2 .3  ±  19.7 1 0 2 .0  ± 4 . 0
DpCP 9 9 .3  ±  6.1 1 0 1 .5  ±  18.7 9 5 .7  ±  5 .9
TP P 9 1 .7  ±  3 .9 9 8 .4  ±  0 .0 __b
EHDP 5 3 .8  ±  8 .3 4 0 .0  ±  0 .0 —

3 3 re p lic a te s  a t 1 and  5 0  M g /L , 4  re p lic a te s  a t 10  p g / L  ±  s ta n d a rd  d e v ia tio n . 
b N o t ana lyze d .
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Figure 1. Chromatograms of fortified water sample extracts: analytical standard of butyl esters of 1, DPP; 
2, DoCP; 3, DmCP; 4, DpCP as well as 5, EHDP; and 6, TPP, at 1.0 ng/pL concentrations, HPLC water (1 1) extract 

blank, water fortified at 1.0 n g /L, water fortified at 10.0 u g l t .

reag en t con tributed  m ajor early e lu tin g  peaks 
(Figu re 2) in  the chrom atogram s d espite ch ro ­
m atograp hic cleanu p  on alum ina. D etection  
lim its in  w ater for D A Ps w ere lim ited  by the re ­

agen t b lanks to approxim ately 0.3 jug/L  in  1 L 
sam ples. H ow ever, sam ples o f 4 L tap w ater 
fortified  at 0.6 ^ g /L  w ith  14C-D PP (Table 1) w ere 
passed throu gh the colum n w ith  little  increase

Figure 2. Chromatograms of butylated DAPs, EHDP, and TPP, using temperature programming, 100-220°C, 
6 ° /min: analytical standard as in Figure 1; extract of river water sample from Winnipeg; HPLC water blank

as in Figure 1 concentrated 5-fold.
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Table 3. Recovery of DAPs (as butyl esters) and TAPs from fortified fish muscle

C o m p o u n d

R e c o v e ry  a t e a ch  c o n c e n tra t io n  ( n g / g ) , a %

5 0 100 5 00

D P P b 8 7 .3  ±  10.3 ___ C 8 8 .7  ±  8.1
D oC P 1 1 0 .7  ±  11.1 9 0 .0  ±  17.3 1 0 0 .0  ±  10.6
D m C P 9 7 .2  ±  2 3 .6 1 2 8 .3  ±  3 0 .1 9 6 .7  ±  8 .3
DpCP 1 2 5 .3  ±  6 .2 1 0 2 .7  ±  3 3 .6 1 0 0 .0  ±  1 0 .4
TPP 9 7 .8  ±  8 .8 1 0 3 .3  ±  5 .8 9 8 .7  ±  14.7
EHDP 6 7 .7  ± 9 . 8 — 7 9 .3  ±  1 0 .3

a A ve rag e  o f 3 o r  m o re  re p lic a te s  ±  s ta n d a rd  d e v ia tio n .
6 R e co ve ry  o f I4 C -labe l d e te rm in e d  by  s c in t il la t io n  c o u n t in g . 
c N o t d e te rm in e d .

in GLC background  in terferen ces, so d etection  
lim its could be low ered proportionally by use of 
larger sam ple sizes. In terferences could also be 
reduced by use o f ethereal d iazom eth ane p re­
pared by d istilla tio n  rather than  the d irect ad­
d ition  m ethod  used for preparation  o f d iazobu­
tane. Tem perature program m ing o f th e  GLC 
oven resulted  in som ew hat b etter reso lu tion  of 
the butylated  d icresylp hosp hates (F igu re 2), 
com pared w ith  isotherm al op eration  (Figure 
1 ).

The w ater extraction procedure was applied to 
the analysis o f sam ples (4 L) from  th e Red R iver 
(M anitoba) taken w ith in  the C ity o f W innip eg  
and in  a rural area upstream of the city. Aliquots 
o f the sam ple extracts w ere chrom atographed  
using tem perature p rogram m ing from  1 0 0  to

2 2 0 °C  (6 ° /m in ). (F igu re 2). Results indicated  
low  levels o f con tam inants in  the sam ples w ith  
s im ilar re ten tio n  tim es to butylated  d iaryl- 
phosphates. Several of the  peaks w ere not 
p resent in  b lank analyses using 1 L o f H PLC- 
grade w ater (F igu re 2). T he actual id en tities  of 
th e  peaks w ere not d eterm ined , a lth o u g h  they  
are lik e ly  p hosp horu s-contain ing . TA Ps had 
b een  previously  fou n d  at low er levels (4 .3 -8 .6 

n g /L  o f tricresy lp h osp h ates and TPP, resp ec­
tively) in  tap w ater w hich  was obtained from  the 
Red River (12). Chrom atogram s o f samples from  
urban areas con tain ed  sim ilar p ro files  to those 
from  the rural sam pling area.

R ecoveries o f 4 D A Ps, EH D P, and  TPP from  
fortified  fish  m uscle tissue are show n in  Table 3. 
R ecoveries w ere gen era lly  greater than  90%, ex-

Figure 3. Chromatograms of fortified fish muscle extracts: blank analysis; fish muscle fortified at 0.5
Mg/g; analytical standard as in Figure 1.
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Table 4. Recovery “ of 14C-EHDP and DPP from fish tissues following exposure of fish to EHDP

N ot

T issue T im e , h
E H D P ,6

n g / g
D P P ,6
n g / g

id e n t if ie d ,6
n g / g

U n e x tra c ta b le ,6
n g / g

M usc le 4  u p ta ke 0 .3 6 < 0 .0 1 < 0 .0 1 0 .01
10  u p ta ke 0 .31 < 0 .0 1 < 0 .0 1 0 .01
12 d e p u ra tio n 0 .11 0 .0 8 0 .1 9 0 .01
3 6  d e p u ra tio n 0 .0 7 0 .0 4 < 0 .0 1 < 0 .0 1

L ive r 4  u p ta k e 3 .11 1 .17 5 .9 2 0 .41
10 u p ta ke 1 .0 4 1 .1 8 0 .9 6 0 .1 1
12 d e p u ra tio n 0 .41 0 .7 2 0 .5 7 0 .11
3 5  d e p u ra tio n 0 .2 6 0 .1 0 0 .9 4 0 .0 6

a A ve rag e  o f d u p lic a te  sa m p le  ana lyses .
6 D e te rm in e d  by  GLC.
6 D e te rm in e d  by co m b u s tio n  and expressed  as equ iva le n ts  o f EHDP by c o n ve rtin g  D P M /g  to  n g /g ,  using sp ec ific  

a c t iv it y  o f EHDP.

cept for 14C-D PP w hich averaged 8 8 % and EHDP 
w h ich  averaged 73.5% . R ecoveries o f D PP d e­
term ined  by GLC o f the butyl ester w ere h ig h er 
because o f a co-elu ting  in terferen ce  w h ich  co n ­
tributed  to peak area (Figu re 3). T h e co-elu ting  
peak w as also p resen t in  th e  reag en t b lank (h o ­
m ogenization  w ithou t fish  sam ple). T h e  fish  
(w hitefish) was obtained  from  a freshw ater lake 
in  n o rth ern  M anitoba, a reg io n  lik e ly  free  of 
significant TAP contam ination in natural waters. 
U se o f XA D  resin as an in itia l extraction step for 
the fish  extract (after evap oration  o f m eth anol) 
was also investigated but was unnecessary for the 
fish  sam ples because it did not s ig n ifican tly  im ­
prove recoveries or reag en t b lanks. O m ittin g  
the d erivatization  step in  analysis fo r DAPs 
perm its rapid analysis fo r TA Ps in  fish  tissues, 
using th is procedure.

Recovery o f 14C -D PP from  fish  tissue w as in ­
vestigated  to d eterm ine absolu te extraction  e f­
ficiencies of the procedure. Fish (rainbow  trout) 
exposed to 14C-EH D P w ere dissected  and  in d i­
vidual organs w ere assayed fo r EH D P and D PP 
by gas chrom atography. G enerally  on ly  a sm all 
p rop ortion  of the rad ioactivity  accum ulated by

m uscle and liv er (Table 4) w as u n extractab le 
using m ethanol. H ow ever, a m ajor p ortion  of 
the radioactivity w as not in  th e  form  o f D PP or 
EH D P and was not identified .

D A Ps w ere recovered  e ffic ien tly  from  river 
sed im ent fortified  at 50 and 500 n g /g  (T able 5). 
TPP and EHDP recoveries w ere som ew hat low er 
than  those observed for w ater sam ples w here a 
s im ilar volum e was passed throu gh  the XAD 
resin  colum n. T he low er recovery  m ay be due 
to traces of m ethanol in the aqueous phase w hich 
may have reduced the extraction efficiency of the 
resin  for nonp olar com pounds. G reater than 
100% recoveries w ere calculated  for D oC P and 
TPP at the 50 n g /g  level due to in te rfe rin g  GLC 
peaks o f id entical re ten tio n  tim e. B lank ch ro ­
matograms for sedim ent w ere sim ilar to those for 
w ater (Figures 1 and 2).

R ecovery of 14C -EH D P and TPP incubated  
u n d er aerobic and anaerobic (n itro gen  atm o­
sp here) con d itions w ith  riv er sed im ent for 32 
and 64 days (Table 6 ) illustrated  that b oth  TAPs 
and D PP could be extracted  but a con sid erable 
p rop ortion  o f the radioactivity from  aerobic in ­
cubations w as unextractable by reflu x in g  w ith

Table 5. Recovery of diarylphosphates (as butyl esters) and triarylphosphates from fortified river sediment

R e co ve ry  a t e a ch  c o n c e n tra t io n  ( n g / g ) . a %

C o m p o u n d  5 0  5 0 0  1 00 0

DPP 9 2 .8 ± 8 .5 1 0 5 .2 ± 1 5 .8 9 1 .6  ±  5 .2 6

D oC P 139.1 ± 2 6 .6 1 0 5 .6 ± 25.1 —

D m C P 7 6 .3 ± 8.1 9 4 .4 ± 1 8 .4 —
DpCP 82.1 ± 8 .8 9 9 .5 ± 2 7 .6 —
TPP 1 2 6 .4 ± 5 .5 7 5 .7 db 1.8 —

EHDP 1 10 .6 ± 5 .3 6 2 .6 ± 7 .4

A ve rage  o f 3 re p lic a te s  ±  s ta n d a rd  d e v ia tio n . 
D e te rm in e d  by  m e a s u re m e n t o f 14C.



6 9 0 M U IR & GRIFT: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 3, 1983)

Table 6. Recovery of 14C-TPP and 14C-EHDP incubated with river sediment for 32 and 64 days under aerobic or
anaerobic conditions

T im e ,
d ays C he m ica l C o n d it io n

T o ta l 
e x td , %

T P P 3 
o r EHDP,

%
U n e x tra c te d ,

b %

32 TPP a e ro b ic 2 9 .9 6 9 .7 70.1
a n a e ro b ic 5 9 .8 8 1 .6 4 0 .2

EHDP a e ro b ic 8 6 .0 8 7 .4 14.0
a n a e ro b ic 9 7 .2 7 8 .7 2 .8

6 4 TPP a e ro b ic 17.6 46.1 8 2 .4
a n a e ro b ic 2 2 .7 7 6 .7 77 .3

EHDP a e ro b ic 6 7 .0 7 0 .0 3 3 .0
a n a e ro b ic 9 1 .9 8 5 .3 8.1

3 R e m a in in g  e x tra c ta b le  ra d io a c t iv ity  m a in ly  in th e  fo rm  o f DPP. 
b M e asu re d  by  c o m b u s t io n  o f e x tra c te d  s e d im e n t.

aqueous m ethanol. T h e prop ortion  of extracta­
ble radioactivity as 14C -D PP in  the sam ples (64 
days), resulting from  hydrolysis of e ith er TPP or 
EH D P, ranged from  30 to 54% in  aerobic sed i­
m ents. W hether the unextractable radioactivity 
w as in  the form  o f m on op heny l- or d ip h enyl- 
phosphate could not be determ ined. It m ight be 
possible to extract some of this radioactivity w ith 
acid  or a lkalin e  con d itions but, because h y d ro l­
ysis of TA Ps and D PP w ould  be expected, this 
approach w as not investigated .

T he results of the analyses o f fo rtified  w ater, 
fish , and sedim ent sam ples indicate that existing 
procedures for TA Ps can be extend ed  to the 
diaryl d egradation products. The m ajor m odi­
fication  required  is the use of a p artition  step 
b etw een  a sm all volum e of acid ified  aqueous 
phase and an excess of ethy l acetate to transfer 
the w ater-solu ble DAPs in to  the organ ic phase. 
S im ilar procedures have b een  reported  for ex­
traction  o f d ialkylp hosp hates in to  the organic 
phase (9). TPP w as also p artition ed  effic ien tly  
w ith  this procedure. EH D P, an alky ld ip h en yl- 
phosphate, was not recovered  e ffic ien tly  from  
fish sedim ent or water, possibly because of losses 
by volatilization  and hydrolysis. As noted  by 
several authors (6 , 7, 11), analysis o f aryl phos­
phates is com plicated by phosphorus-containing 
in terferences that may originate from  laboratory 
reagents and apparatus. U se of H PLC-grade

w ater instead  o f g lass-d istilled  and H 2 SO 4 in ­
stead of con centrated  HC1 for acid ification  re ­
duced backgrounds in  DAP analysis in  the 
p resent w ork.
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Determination of Organic Phosphate Triesters in Human Adipose 
Tissue

G U Y  L. L e B E L  a n d  D A V ID  T . W IL L IA M S
Health and Welfare Canada, Environmental Health Directorate, Ottawa, Ontario,
Canada K1A 0L2

A method of analysis has been developed for the de­
termination of organic phosphate triesters in human 
adipose fat at low ng/g levels. After fat extraction 
from the tissue with benzene (or acetone-hexane, 15 
+  85, v/v), phosphates were fractionated from fat by 
gel permeation chromatography with methylene 
chloride-cyclohexane (5 +  95, v/v) as solvent. After 
Florisil column cleanup, the GPC extract was ana­
lyzed by capillary column gas chromatography using 
a nitrogen-phosphorus selective detector. Recov­
eries at the 2.5, 10, and 25 ng/g levels were greater 
than 75% except for tri(2,4-xylenyl) phosphate (ca 
65%). Of 16 human adipose tissue samples analyzed, 
5 contained tris(l,3-dichloropropyl) phosphate in the 
range of 0.5 to 110 ng/g, 4 contained tributoxyethyl 
phosphate in the range of 4.0 to 26.8 ng/g, and one 
contained tributyl phosphate at 9.0 ng/g.

T ria lk yl, haloalkyl, and aryl phosp hate esters 
(TA APs) are w idely  used as flam e retardant 
p lasticizers, fire  retardant hydraulic flu ids, and 
ad ditives in  lubricants, adhesives, and coatings 
(1 -3 ). TA A Ps have b een  d etected  in  Canadian 
potable w ater supplies (4, 5), fish  (6 ), and labo­
ra to ry  ch em ica ls  and  eq u ip m en t (4 , 7). 
T ris(l,3 -d ich lo ro iso p ro p y l) phosp hate has b een  
d etected  in  hum an sem inal flu id  (8 ).

Several o f these com pounds have a low  solu­
bility  in  w ater and a high octanol-w ater partition 
co effic ien t (9), ind icatin g  a potential fo r b ioac­
cum u lation  in  fatty tissues. The b ioaccum ula­
tion o f som e TAAPs in  fish  has been reported by 
M u ir et al. (10, 11) and Lom bardo and Egry (6 ).

Because o f the w idespread use of TAAPs, their 
d etection  in  d rin k in g  w ater and fish , and the 
p ossib ility  o f th e ir b ioaccum ulation  in  hum an 
tissue, a m ethod  using gel p erm eation  chrom a­
tograp hy has b een  d eveloped  for th e ir  d eterm i­
nation  at n g / g levels in  hum an adipose tissue.

M E T H O D

R eag en ts

(a) Solvents.— A cetone, hexane, cyclohexane, 
m eth y len e  ch lorid e, and b en zen e  (C aledon 
Laboratories, G eorgetow n, O ntario): all dis-

R ece ived  J u ly  23 ,1982 . A cce p te d  O c to b e r 8, 1982.

tilled-in-glass grade. (Caution: Avoid exposure 
to benzene, a know n carcinogen, by han dling in 
fum e hood.)

(b) Glass wool and purified water.— Prepare as 
p rev iously  described  (4).

(c) Anhydrous sodium sulfate.— R eagent grade, 
granular. W ash w ith  m eth y len e ch lorid e. R e­
m ove solvent and heat at 400 °C overnight. Cool 
and  store in  bottle  w ith  T eflo n -lin ed  cap.

(d) Standard solutions.— Prepare 500 n g /p L  
stock solutions and appropriate w orking solution 
m ixtures as previously  described  (4). o-Isopro- 
p y lp h en y ld ip h en y l p hosphate (o-IPD P) and p- 
f-b u ty lp h en y ld ip h en y l phosp hate (p-f-BPD P), 
9 9 + %  purity, w ere synthesized by the m ethod of 
W ightm an  (12).

(e) Gel beads.— B io-Beads S-X 3 (Bio-Rad Lab­
oratories, M ississauga, O ntario), porous sty­
re n e -d iv in y l b e n z e n e  co p o ly m er, 2 0 0 -4 0 0  
m esh.

(f) Florisil. — PR grade (M and el S c ie n tific , 
Rockport, Ontario). Activate at 275°C  overnight, 
le t cool, and deactivate w ith  2 % (w /w ) w ater 
(previou sly  extracted  w ith  hexane). S tore in  
glass jar w ith  T eflo n -lin ed  cap.

Note: Do not use foil-lined  cardboard-backed 
caps because these may con tain  2 -eth y lh exy ld i- 
p h en yl phosphate.

A pparatu s

(a) Manual gel permeation chromatography (GPC) 
apparatus.— H igh pressure m etering pump (Eldex 
M odel 8-100-S); sam ple in jectio n  valve (R heo- 
dyne M odel 5020); sam ple loading loop  con sist­
ing of appropriate length  o f Vie in. Teflon tubing 
w ith  C h em in ert u n ion s; pulse d am p ener co n ­
sisting of 6 ft X V8 in. copper tubing coiled, closed 
at one end , and installed  in -lin e  b etw een  pum p 
and sam ple in jection  valve. Place low  pressure, 
2  pm  solvent filte r  at in le t of pum p in take lin e.

(b) GPC column.— 2.5 cm id X 45 cm colum n 
(Pharm acia M odel SR 2 5 /4 5 ) fitted  w ith  organic 
so lv ent-resistan t p lungers.

(c) Extraction apparatus.— Tekm ar SD T  series 
overhead Tissum izer w ith SD T-182 EN shaft and 
generator for use in  w ater an d /o r organic solvent 
m edium .
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(d) Centrifuge.— Table top, IEC M odel H N SII. 
O perate at 1600 rpm .

(e) Chromatography column.— C h ro m a flex  
colum n, 6 mm id, w ith  50 m L solv ent reservoir 
(K ontes N o. K -420100-0021).

(f) Gas chromatographs.—
(i) P erkin  E lm er M odel 910 equipped w ith  

n itro g en -p h o sp h o ru s selectiv e  d etector (N PD ). 
C olum n param eters and op erating conditions: 
30 m X 0.25 mm id DB-1 (J & W ) fused silica  cap­
illary colum n. U sing syringe (H am ilton , M odel 
701SN ) w ith  3 in. n eed le , in trod uce aliqu ot 
throu gh sp litless in jecto r system  (SGE) at 70°C , 
open v en t at 2 0  s, and at 60 s increase in itia l 
tem perature to 170°C , hold  2 m in, program  at 
8 ° /m in  to 260°C , hold  5 m in, post-program  
tem perature 4 m in at 265°C . H elium  carrier gas 
velocity  o f 45 cm /s  at 25 psig w ith m ake-up flow  
of 25 m L /m in ; in jector 270°C ; detector interface 
270°C . Adjust detector bead tem perature setting 
for fu ll scale d eflectio n  w ith  50 pg trip heny l 
phosphate.

(ii) V arian V ista 44 equipped w ith  flam e 
p hotom etric d etector (FPD ) op erating  in  the 
p hosphorus m ode. C olum n param eters and 
operating conditions: 30 m X 0 .32 mm id D B-5 
(J & W) fused silica  capillary  colu m n; oven tem ­
perature: in itia l 50°C , hold  1 m in, program  at 
4 0 ° /m in  to 180°C  (hold  1 m in), then  program  
5 ° /m in  to 2 50°C  (hold  1 m in); post-program  
tem perature 5 m in at 260°C ; nitrogen carrier gas 
velocity  ca 35 cm / s w ith  m ake-up gas flow  o f 30 
m L /m in . D etector gas flow s: hyd rogen , 140 
m L /m in ; a ir No. 1, 80 m L /m in ; a ir N o. 2, 180 
m L /m in .

(g) Gas chromatograph-mass spectrometer
(GC/MS).— Finnigan M odel 4000, coupled w ith 
series 6110 data system  and co n tain in g  30 m X 
0 .25 mm id D B-5 (J & W ) fused silica capillary 
colum n. O p erating  conditions: tem perature
50°C  for 0.1 m in, program  at 1 5 ° /m in  to 150°C , 
then  at 5 ° /m in  to 250°C ; ion  source 250°C .

E x tra ctio n  o f  H u m a n  A d ip o s e  T iss u e

Let deep-frozen (—20°C ) tissue, obtained from 
cadavers at autopsy and stored in clean  vials, 
thaw  o v ern ig h t in  cold  room  (4°C ) and b rin g  to 
room  tem perature ca 30 m in before  extraction . 
C ut sm all p ortions o f tissue on p iece o f acetone- 
rinsed heavy alum inum  foil. A ccurately w eigh  
ca 3 g tissue into 50 mL round-bottom  centrifuge 
tube w ith  p ou ring spout. Add 15 m L b en zen e 
or acetone-hexane (15 +  85, v /v ) solvent m ixture 
and ca 1  g precleaned  anhydrous sodium  sulfate. 
H om ogenize m ixture w ith  Tissum izer® at m od­
erate speed for ca 2 m in. (N ote: C on nectiv e

tissues may block hom ogenizer blades; carefully  
con tro l speed to avoid sp lashing .) R inse h o ­
m ogenizer shaft w ith  ca 20 mL solv ent and co l­
lect all rinsings. C entrifuge extract at 1600 rpm 
ca 15 m in, and filte r  clear solu tion  throu gh  a n ­
hydrous sodium  sulfate. R inse tw ice w ith  5 mL 
solv ent and con centrate  to dryness using  rotary 
evaporator. T ransfer adipose fat to graduated 
cen trifu ge  tube w ith  m eth y len e c h lo r id e -cy ­
c lohexane (5 +  95, v /v )  solu tion  (GPC solvent) 
and d ilute to 12 mL. T ransfer 1 mL aliqu ot to 
p re-w eigh ed  0.5 dram  vial, evaporate solvent 
w ith  stream  of n itro g en , and  d eterm ine fat co n ­
cen tration  by w eigh ing .

G e l P e rm e a tio n  C h ro m a t o g r a p h y  (G P C )

(a) Preparation of column.— Slu rry 50 g Bio- 
Beads S-X 3 in  m eth ylen e ch lo rid e-cy clo h exan e  
(5 +  95, v /v )  and pack GPC colum n. C om press 
gel to a bed heigh t of 10.5 in. (26.7 cm) (130 mL). 
E quilibrate system  by ru n n in g  GPC solv en t 
m ixture 1 0 -1 5  m in before  sam ple in jection . 
Flush sam ple loop w ith  solvent m ixture befo re  
loading loop.

(b) Calibration of GPC column.— D issolve ex­
tracted  fat in  GPC solvent m ixture at con cen tra ­
tion o f 0 .2  g /m L  or prepare standard m ixture 
solu tion  in  GPC solv en t m ixture. Load sam ple 
loop w ith  approp riate solu tion  and in ject onto 
GPC colum n. For fat calibration , co llect 10 mL 
fraction s in  graduated cen trifu ge tubes, evapo­
rate to ca 0.5 mL on a N-Evap® m u lti-p ort evap­
orator, and q u an titatively  transfer resid ue to 
p rew eigh ed  0.5 dram  vials. Evaporate solvent 
to a con stan t w eigh t extract and d eterm ine e lu ­
tion profile. For TAAP-GPC calibration, collect 
10 mL (or 15 mL) fractions, evaporate to ca 0.5 mL 
(to displace any m ethylene chloride w hich m ight 
adversely affect N P detector) and d ilute to ap­
propriate volu m e w ith  aceton e for G C /N P D  
analysis. D eterm ine TA A P-G PC elu tion  p ro­
file .

(c) GPC fractionation of fat solution.— U sing 
syringe previously  rinsed  w ith  sm all am ount of 
fat solu tion  (ca 0.2 mL), load calibrated  5 mL 
sam ple loop w ith  fat solu tion  ( <  1.25 g total fat). 
Transfer sam ple from loop onto GPC colum n and 
elute w ith solvent m ixture at 5 m L /m in . Discard 
first 85 m L and collect Fraction I (8 5 -1 1 5  mL) 
co n tain in g  tributy l and tributoxyethyl p h o s­
p hate and sm all am ount o f fat; and Fraction  II 
(1 1 5 -3 3 0  mL) con tain in g  the rem aining TAAPs. 
Evaporate the 2 fractions to ca 1 -2  mL, u sin g  ro ­
tary evaporator, transfer to calibrated cen trifu ge 
tube w ith  hexane, and con centrate  to 0.3 m L,
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Table 1. Comparison of fat cleanup methods

P a ra m e te r

E x tra c tio n

A c e to n itr ile -h e x a n e
(b u t te r )

GPC
(a d ip o s e )

W e ig h t o f sa m p le , g 2 .5 0 3 .1 0 1.0
A fte r  c le a n u p , g 0 .1 5 2 0 .1 8 3 ca 1 - 4  m g
C le a n up  e ff ic ie n c y , % 9 4 .0 9 4 .2 9 9 .6 -9 9 .9

C o lu m n  c le a n u p : F lo r is il3 F lo ris il a F lo r is il6 A lu m in a 6 H 2S04- a lu m in a d

W e igh t fa t  a p p lie d , m g 152 183 13.3 13.3 13.3
A fte r  c le a n u p ,e m g 140 171 13.3 13.3 1 3 .2

a 15 g F lo r is il co lu m n .
6 1 g  m in i-F lo r is il co lu m n , 
c 1 g  a lu m in a  co lu m n . 
d 1 g H 2S04-a lu m in a  co lu m n . 
e F ra c tio n  c o n ta in in g  TAAPs.

using gen tle  stream  of n itrogen , for GC analysis 
or fu rth er F lorisil colum n cleanup.

F lo r is il  C o lu m n  C le a n u p

Fraction 1.— Insert sm all glass w ool plug in 0.6 
cm id C hrom aflex colu m n, pack w ith  1 g 2% 
deactivated Florisil, and top w ith  ca 5 mm an­
hydrous sodium sulfate. Apply Fraction I extract 
(0.3 mL) w ith  solv ent-rinsed  Pasteur p ip et to 
colum n follow ed by 0.5 mL hexane rinse of tube 
as soon as extract reaches top o f colum n. Elute 
w ith  5 mL aceto n e-h exan e (5 +  95, v /v )  solution 
follow ed by 3 m L aceto n e-h exan e (50 +  50, v /v ) 
solution. Discard 0 -5  mL fraction containing fat 
and collect 5 -7 .5  mL fraction con tain in g  tributyl 
p h o sp h a te  and tr ib u to x y e th y l p h o sp h ate . 
C on centrate  eluate to 0 .2 -0 .5  mL w ith  gen tle  
stream  o f n itro g en  for G C /N P D  analysis.

Fraction II . — Prepare colu m n as fo r Fraction  I 
but use 2 g 2% deactivated  F lorisil topped w ith  
ca 5 mm anhyd rous sodium  sulfate. W ash F lo ­
risil colum n w ith ca 10 mL hexane and, as hexane 
reaches top o f adsorbent, add Fraction II co n ­
centrate (0.3 mL). Rinse extract tube w ith 0.2 mL 
hexane and im m ed iately  add rinse to colu m n as 
layer reaches adsorbent. Elute w ith  4.5 mL 
hexane (5 mL total hexane), 5 mL a ce to n e-h e x ­
ane (5 +  95, v /v )  so lu tion , and then  8 mL ace­
to n e -h e x a n e  (50 +  50, v /v )  solu tion . C ollect 
fraction s in  graduated 5 m L cen trifu ge  tubes as 
follow s: D iscard holdup volum e as p red eter­
m ined  (ca 0 -4  m L); Fraction  A (4 -8  m L) con ­
ta in in g  PCBs, DDE, and H CB; Fraction B (8 -1 2  
m L) con ta in in g  D D T and several o ther organo- 
ch lorin e  pesticid es; and  Fraction  C (1 2 -1 7  mL) 
con tain in g  organic phosp hate triesters. C on­
centrate Fraction  C to 0 .2 -0 .5  mL u n d er gen tle  
stream  o f dry n itro g en  for GC analysis.

TAAP elution volum es for the Florisil cleanup 
should  be p red eterm ined  by ca libration  using 
approp riate TAAP.

R e c o v e r y  S t u d ie s

Before hom ogenization , fo rtify  m ixture of 
tissue (or G PC-cleaned fat) and extracting solvent 
in cen trifu ge  tube w ith  know n am ounts of 
standards m ixture solu tion  to giv e fo rtificatio n  
levels of 2 .5, 10, and 25 n g /g , on w hole-tissu e 
basis. Proceed as prev iously  described  fo r ex­
traction  o f adipose fat from  tissue and fo r GPC 
cleanup.

Q u a n tita tio n  b y  G C  a n d  
C o n firm a t io n  b y  G C / M S

Proceed  as previously  described  (4).

R esu lts  and D iscu ssio n

A ttem pts to isolate TA A Ps from  hum an ad i­
pose tissue by using the standard residue p roce­
dure (13) w ere unsuccessful due to the relatively  
large am ount o f fat co-extracted  by the solvent, 
the incom p lete  extraction  o f th e  m ore polar 
phosphates, and the co-elu tion  o f the co-ex­
tracted  fat w ith  TA APs d uring  F lorisil colum n 
cleanu p  (Table 1). H ow ever, gel p erm eation  
chrom atography w ith  Bio-Beads S-X 3 has b een  
used to isolate organop hosp hate, triazin e, and 
carbam ate pesticides from  fat sam ples (14) and 
to isolate triaryl phosphates from  fish  (15). This 
GPC tech n iq u e w as th erefo re  evaluated fo r the 
sep aration o f TA APs from  hum an adipose fat 
w ith  m eth ylen e ch lorid e (5, 10, or 15%) in  cy­
clohexane as the solvent. T he best separation of 
fat/phosphates was obtained w ith the low er (5%) 
con centration  of m eth y len e  ch lorid e but at the 
expense o f h igh er e lu tion  volum es for the late-



6 9 4 LeBEL & W ILLIA M S: J. ASSOC. OFF. ANAL. CH EM . (VOL. 66, NO. 3, 1983)

SPC SOLVENT MIXTURE 
(MeClg in Cyclohexane)

Figure 1. GPC elution profiles of adipose fat, tributyl phosphate, and tris(2-chloroethyl) phosphate with
various eluant mixtures.

e lu tin g  p hosphates (Figure 1). The gel bed 
com pactness also affected  th e e ffic ien cy  o f the 
sep aration (Figure 2); the m ore com pressed the 
packing the b etter the reso lu tion , but pressure 
lim itations o f the system  also had to be con sid ­
ered.

The selected  system  for all fu rth er studies 
consisted  o f a GPC colum n packed w ith  50 g 
Bio-Beads S-X3 gel com pressed to a bed volum e

o f 130 mL (10.5 in .) using m eth y len e c h lo r id e - 
cyclohexane (5 +  95, v /v ) elution solvent. U sing 
this system , m ost TA APs could  be separated 
(Fraction II, 115-330  mL cut) from  adipose tissue 
to produce extracts c lean  enough for d irect 
analysis on G C -N PD  w ith a capillary  colum n. 
From  a 1 g sam ple in jected  on  th e GPC colum n, 
only  about 0 .1  mg fat rem ained in the extract for 
99.99%  cleanu p  effic ien cy .

Figure 2. GPC elution profiles of adipose fat, tributyl phosphate, and tris(2-chloroethyl) phosphate with 
5% methylene chloride-cyclohexane eluant on gel bed compressed to various heights.
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Table 2. GPC, GC, and GC/MS data for some organic phosphates

P h o s p h a te

GPC
e lu tio n  v o is ,3 

m L

GC
re te n t io n  t im e ,6 

s

G C /M S

S e le c te d Ions

T r i(2 -e th y lh e x y l) 5 0 - 8 0
T r ib u ty l 8 5 - 1 1 5 3 73 155 211
T r ib u to x y e th y l 8 5 - 1 1 5 8 5 6 125 2 99
T r i(2 ,4 -x y le n y l) 1 1 0 -1 5 0 1 28 0 3 0 5 4 1 0
p -f-B u ty lp h e n y ld ip h e n y l 1 2 0 -1 6 0 1 10 0 3 67 3 8 2
o - ls o p ro p y lp h e n y ld ip h e n y l 1 2 0 -1 7 5 9 3 5 251 3 6 8
T r i-o - to ly l 1 2 0 -1 7 5 9 7 6 91 3 6 8
T r i-m - to ly l 1 3 0 -1 9 0 1019 91 3 6 8
T r ip h e n y l 1 6 0 -2 2 0 8 3 8 77 3 26
2 -E th y lh e x y ld ip h e n y l 8 6 8 251 3 6 2
T r is ( l ,3 -d ic h lo ro ls o p ro p y l) 1 9 0 -2 5 0 7 96 191 381
T r ls (2 ,3 -d ic h lo ro -n -p ro p y l) 8 2 4 191 381
T r is (2 -c h lo ro e th y l) 2 6 5 -3 4 0 4 2 2 143 2 4 9

3 1 3 0  ml_ b ed  v o lu m e  S-X3 gel w ith  m e th y le n e  c h lo r id e -c y c lo h e x a n e  (5  +  9 5 , v / v )  e lu a n t. 
6 DB-1 c o lu m n .

T he elu tion  volu m es o f TA APs (Table 2), in 
addition to the expected size d ep endence w ith in  
a class, appeared to d ep end on the type o f p hos­
phates, i.e ., tria lkyl <  triaryl <  tri(haloalkyl). 
T ris(2-eth y lh exy l) phosphate, the largest o f the 
tria lkyl p hosphates studied , cou ld  not be ade­
quately separated from  the fat w ith  any o f the 
systems used; therefore, no further attempts w ere 
m ade to inclu de this com pound in  the study.

T ributy l p hosphate (TBP) and tributoxyethyl 
phosphate (TBEP) are also not eluted  in  the 
1 1 5 -3 3 0  mL fraction , and a separate fraction  
(Fraction  I, 8 5 -1 1 5  m L) was collected  to isolate 
these 2 com pounds. T h is fraction  con tain ed  1 
to 4  mg residual fat, w hich adversely affected the 
reso lu tion  and  life tim e o f the  cap illary  GC col­
um ns used for analysis, and a further cleanup 
step w as required . A lum ina (15) or su lfuric 
acid -im pregnated  alum ina (16) colu m n ch ro ­
m atography w as not satisfactory , but TBP and 
TBEP, u n like  the triaryl phosphates, could  be 
easily  separated from  the fat by using a F lorisil 
colu m n (T able 3).

P relim in ary  analysis of hum an adipose fat 
sam ples revealed  several peaks on the G C / N PD  
chrom atogram  for Fraction II, m ost particularly 
w h en  applied  for d etection  in  th e 0 .5 -5  n g /g  
range (Figu re 3a). These w ere attributed  partly 
to organochlorine pesticides (i.e., DDE) and PCBs 
know n to be p resent in  these hum an adipose 
tissues at the  p g /g  level. T he N P d etector w ill 
respond to h ig h  levels o f these com pounds and, 
to sim p lify  GC id en tificatio n  and q uan titation  
and facilitate  G C /M S  con firm ation , Fraction  II 
was fu rth er fraction ated  by Florisil colum n 
chrom atography.

GPC fraction extract of adipose fat; (b) same extract 
further cleaned by Florisil; (c) system blank.
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Figure 3b show s a chrom atogram  of a Flor- 
isil-cleaned GPC extract. This illustrates a much 
sim pler chrom atogram  com pared w ith  the main 
GPC extract before  F lorisil cleanup. H ow ever, 
several o ther u n id en tified  peaks appear in the 
G C /N P D  chrom atogram  of several extracts, but 
th e ir id en tificatio n  was not possible because 
am ounts w ere in su ffic ien t for M S analysis.

R ecovery studies using the fu lly  developed  
m ethod w ere carried  out at 2 .5 ,1 0 , and 25 n g /g  
fortification  levels using b en zen e as extracting  
solvent. U n fortified  fat from  the sam e sam ple 
was processed through the m ethod to determ ine 
the blank con tribu tion . To e lim in ate  possible 
TA AP con tribu tion  from  the adipose fat, GPC 
processed fat (waste fractions from previous GPC 
runs) was used for sp ik in g  purposes at the 2.5 
n g /g  fortification  level. Results are show n in 
Table 4 and have been corrected for sample blank 
contribution. The low tributoxyethyl phosphate 
recovery at 1 0  n g /g  could not be exp lained  a l­
thou gh p relim inary studies using butter as sub­
strate gave 75% recovery.

Extraction o f fat from  the adipose tissue w ith 
b en zen e fo llow ed  a m ethod for d eterm ination  
o f PCBs in blood  (17). H ow ever, because of 
con cern s on the health  hazard associated w ith  
b enzene, aceton e-h exane (15 +  85, v /v ) w as also 
used as an a ltern a tiv e  e x tra c tin g  so lv en t. 
A nalysis of spiked fat extracted  w ith  a ceto n e- 
hexane m ixture produced results sim ilar to 
benzene-extracted  spiked fat.

G C /N PD  detection lim its based on a 1 cm peak 
for a 1 g sam ple extract concentrated  to 0.2 mL (2 
pL in jected ) w ere less than 1 n g /g . H ow ever, 
because of the p resence of TBP and TBEP in lab­
oratory air, it was im possible to avoid their 
presence in the system  blanks (Figu re 3c), and 
the practical m ethod d etection  lim its for these 2  

p hosphates w ere set at ca 2 n g /g  (2X  blank 
levels).

Sixteen  sam ples of hum an adipose tissue w ere 
analyzed for TAAPs included  in the study. The 
results (Table 5) have b een  calculated  on an ex­
tracted  fat basis. The am ount of extracted  fat 
from  the tissue sam ples ranged from  74.9 to 
89.6%. No triaryl or tr ia lk y l/a ry l phosphates 
w ere found in any of the sam ples. T ris(l,3 -d i- 
ch loroisop rop yl) phosphate was found in  5 
sam ples at concentrations ranging from 0.5 to 110 
n g /g . The sam ple co n tain in g  a h igh  level of 
tris(l,3 -d ich lo ro p ro p y l) p hosphate had an u n ­
know n peak (Figure 4b) fo llow ing th e d ichlo- 
ropropyl phosphate and this has been identified  
by G C /M S  as a d ichlorop rop yl p hosphate iso ­
m er. H ow ever, sin ce  no tris(2,3-dichloro-rc-
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Table 4. Recoveries of triafkyl/aryl phosphates

H um an  a d ip o se  f a t , a b 
benzene  e x tra c t io n

P h o s p h a te 2 .5  n g / g 10n g / g 2 5  n g / g

T r ib u ty l 7 7 .7  ±  1 2 .5 9 0 .6  ±  14.5 1 0 8 .4  ±  13.7
T r ib u to x y e th y l 7 8 .2  ±  6 .8 5 2 .3  ±  5 .0 8 7 .7  ±  9.1
T r is (2 -c h lo ro e th y l) 8 2 .8  ±  9 .5 9 8 .8  ±  11.9 9 4 .5  ±  13.6
T r is ( l ,3 -d ic h lo ro p ro p y l) 9 2 .1  ± 1 1 . 2 9 8 .5  ±  13.3 1 1 1 .4  ±  8 .4
T r ip h e n y l 9 5 .9  ±  10.2 9 9 .8  ±  14.0 1 0 4 .9  ±  3 .8
T r i(o - to ly l) 9 1 .1  ±  9 .4 1 0 0 .8  ±  14.7 1 0 5 .4  ±  4 .8
T r i(m - to ly l) 8 8 .7  ± 1 1 . 4 9 6 .3  ±  9 .7 1 0 5 .9  ±  4.1
T r i(2 ,4 -x y le n y l) 6 3 .7  ±  10.4 6 7 .8  ±  11.5 68.6 ±  8 .9
o - ls o p ro p y lp h e n y ld ip h e n y l 9 3 .9  ±  13.2 9 7 .1  ±  1 7 .4 105 .1  ±  3 .6
p - f-B u ty lp h e n y ld ip h e n y l 9 0 .7  ±  12.5 9 6 .7  ±  17.5 9 3 .4  ±  8 .8

8 G C /N P D  a na lys is  o f F ra c tio n s  I and  II. 
b % re c o v e ry  ±  SD; tr ip lic a te  d e te rm in a tio n s .

propyl) phosp hate standard could be obtained  
[one source o f tris(2,3-dichloropropyl) phosphate 
was found to be the 1,3-isopropyl isom er by 
N M R], its con cen tratio n  was estim ated at 4.6 
n g /g  by com parison w ith  the 1,3-isopropyl iso­
m er standard and  assum ing a sim ilar N PD  re­
sponse. Tributoxyethyl phosphate was detected 
in 4 sam ples, and tributy l phosp hate was found 
in one sam ple at s ig n ifica n t levels above the 
b lank value. A ll results are obtained  for G C / 
N PD  analysis on a DB-1 capillary  colu m n; h ow ­
ever, id en tity  was con firm ed  by G C /M S  by 
search in g  reconstructed  ion chrom atogram s for 
at least 2  characteristic  ions for th e  sam ple and 
standards w ith in  re ten tio n  tim e w ind ow s es­
tablished  for the standards. C on firm ation  by 
G C /M S  required  analysis o f an extract aliquot 
co n tain in g  ca 1 ng  suspected phosp hate (Table
5).

Phosp hates b elow  10 n g /g  w ere also con-

firm ed, after concentration of the extract to 10 pL, 
by GC analysis of a 2 /rL aliqu ot using  a D B-5 
capillary  colum n and a flam e photom etric  de­
tector.

In  con clusion , a GPC m ethod has b een  d ev el­
oped for the d eterm ination  o f tria lk y l, tri- 
h a lo a lk y l, and tr ia lk y l/a ry l p h o sp h ates in 
hum an adipose fat at th e  n g /g  lev el. H ow ever, 
the ap p lication  o f the m ethod to these low  con ­
cen tration s requires carefu l m anip ulation  to 
avoid con tam ination  from  laboratory products 
and chem icals. T he m ethod prom ises th e  pos­
sib ility  of estab lish ing  a m u lti-class organic 
screen in g  m ethod; s im ilar system s have been  
reported  for the analysis of o rg an o ch lo rin e  pes­
ticides and PCBs in  hum an adipose tissue (18).

A ck n o w led g m en t

W e thank Frank B enoit and Ron O 'G rady for 
G C /M S  in form ation , Sharon M urray fo r tech-

Table 5. TAAP concentration in human adipose tissue

Extd  
fa t,  %

TAAPs, n g / g a

S a m p le n -B u ty l B u to x y e th y l 1 ,3 -D ic h lo ro p ro p y l O th e rs

i 7 9 .4 _ 1 .6 " _
2 8 5 .7 — — 9 .2  b-c —

3 8 1 .9 — 2 6 .8 C 0 .6 6 —
4 8 9 .5 — — 0 .5 6 —
5 7 5 .8 9 .0 6

■O°ì — —

6 8 9 .3 — — 1 1 0 b c d ic h lo ro p ro p y l 
is o m e r, 4 .6 C

7 8 9 .6 — 4 .0 6 — —
8 7 4 .9 — 7 .4 6 — —

9 - 1 6 7 5 .2 -8 5 .1 N D d ND ND ND

8 C a lc u la te d  on  e x tra c te d  fa t  basis.
6 C o n firm a tio n  by  G C-FPD w ith  DB-5 co lu m n . 
c C o n firm a tio n  b y  G C /M S . 
d ND =  n o t d e te c te d .
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Figure 4. GC-NPD chromatogram of (a) 50 pg each of TAAP standard mixture; (b) adipose fat extract con
taining tris(dichloropropyl) phosphate.

nical assistance, Frank B en oit and Ferial H ague 
fo r in -hou se review , and Jean  Irelan d  for e ffi­
c ien t typ ing  and  ed iting.
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Interlaboratory Study on Determination of 2,3,7,8- 
Tetrachlorodibenzo-/?-dioxin in Fish

JOHN J. RYAN, JEAN C. PILON, HENRY B. S. CONACHER, and 
DAVID FIRESTONE1
H e a lth  a n d  W e lfa r e  C a n a d a , F o o d  D iv is ion , 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  0L 2

An interlaboratory round robin study was carried out 
to estimate the reliability of data on 2,3,7,8-tetra- 
chlorodibenzo-p-dioxin (TCDD) in fish. Using 
different methods, 13 laboratories (4 Canadian, 9 
American) agreed to analyze 4 fish samples; 3 were 
Great Lakes salmonids containing bio-incurred levels 
of TCDD below 100 ppt and the fourth was an ocean 
fish fillet containing no measurable TCDD. Samples 
were sent as freeze-dried portions as it was shown 
that no change of TCDD occurred by this sample 
preparation. Results were normalized between 
laboratories by supplying each with an aliquot of the 
same 2,3,7,8-TCDD standard. Eight laboratories re­
ported a set of results of which one set was rejected. 
Values from the 7 remaining laboratories for the 3 
positive fish showed mean concentrations in pg/g 
(ppt) and (CV, %) of 61.2 (13.9), 30.4 (18.4), and 32.3 
(25.4). Detection limits averaged 3.6 ppt and ranged 
between 1 and 10 ppt. No significant differences 
appeared in the concentration of 2,3,7,8-TCDD in fish 
samples from methods differing in the use of; (i) 
digestion or extraction techniques, (ii) high or low 
resolution mass spectrometry, and (iii) isomer specific 
or nonspecific separations. Overall recovery values 
using internal standards varied greatly (29-109%) 
even within the same laboratory and pointed to the 
need to use an internal standard to obtain precise 
results. Agreement among laboratories was good 
considering the level quantitated (ppt) and the di­
verse methodology.

In  late 1978, the U.S. E n v iro n m en ta l Protection  
A gency (E P A ) (1, 2) reported  that 2,3,7,8-tetra- 
ch lo ro d ib enzo -p -d io x in  (T C D D ) was present in  
fish from  waters flo w in g  into  Lake H u ro n  in  the 
v ic in ity  o f Saginaw  Bay. In  early 1979, the N e w  
Y o rk  State D ep artm en t o f H e a lth  released p re ­
lim in a ry  data (3) show ing  levels of the same 
com pound in a lim ite d  n um ber o f samples of 
Lake O n ta rio  fish. A t about the same tim e, 
analysis of com m ercial fish by the Canadian  
H e a lth  Protection  Branch (H P B ) ind icated  that 
T C D D  residues w ere present but the status of the 
m ethodology was uncertain. A gain  in  1980, the 
C anad ian  W ild life  Service fou n d  2 ,3 ,7 ,8 -TC D D

1 Food and Drug Administration, Division of Chemical 
Technology, Washington, DC 20204.

Received August 19, 1982. Accepted October 5, 1982.

in  h e rrin g  g u ll eggs (a fish -eating  species) from  
the G reat Lakes w ith  h ighest concentrations in  
colonies fro m  Lakes O n ta rio  and H u ro n  (4). 
Subsequent to these fin d in g s  an in te rn a tio n a l 
m eetin g  o f scientific  and po litica l advisors was 
convened in  W ash ington  to consider the im p li­
cations of 2 ,3 ,7 ,8 -T C D D  in  Great Lakes biota. 
O n e  o f the first questions that arose was the re ­
lia b ility  o f the data, in  particu lar, the re lia b ility  
of the m ethods used to generate the residue data 
on 2 ,3 ,7 ,8 -T C D D  in  fish. As a result, the 2 gov­
ern m ents  in itia te d  an exchange o f G reat Lakes 
fish  samples to those laboratories capable o f an ­
a lyzing  fish for low  (parts per trillio n , 10~ 12; ppt) 
levels o f 2 ,3,7,8-TCDD . In form ation  was sought 
on the  varia tio n  both  w ith in  and betw een  labo­
ratories, precision, accuracy, specificity, detection  
lim its  o f various m ethods, and sam ple tu rno ver  
tim e.

A  n u m b er o f m ethod  com parisons and v a li­
dations have been carried  out w ith  ch lorinated  
d ib enzo -p -d ioxins . A n  earlie r report by V i l ­
lanueva et al. (5) com pared 4 analytical m ethods  
fo r d ioxins in  p en tach loropheno l preparations  
and  fou nd  a w id e  varia tion  in  both the levels, 
n u m b e r o f steps, and recoveries using gas chro­
m atog rap hy  (G C ) w ith  electron capture (EC) 
detection. A  m ethod  va lid a tio n  study (6 ) of 
T C D D  in  spiked standard solutions and beef fat 
tissue using EPA acid cleanup m ethod  fo llo w e d  
by G C -h ig h  reso lution  mass spectrom etry (M S ) 
separation  and  detection has been carried out. 
In  this study from  2 laboratories, T C D D  could be 
statistically quantitated  in  some beef fat as lo w  
as 9 p p t a lth ou gh  detection lim its  varied  fro m  3 
to 18 ppt. M o re  recen tly , a study (7) o f various  
techniques fo r cleanup o f 2 ,3 ,7 ,8 -TC D D  in  fish  
samples was carried  out by the U .S. Food and  
D ru g  A d m in is tra tio n  (FD A ). Six samples of 
fo rtifie d  and u n fo rtified  fish w ere  cleaned up  by 
6  separate laboratories using the ir m ethodology, 
and  T C D D  in  the extracts was d eterm ined  by  a 
single laboratory (F D A ) using capillary  G C w ith  
m u ltip le  ion  M S  detection. The 6  laboratories  
w ere  ranked  according to the degree of in te r­
ferences and am ount of co-extractives in  the fina l



RYAN ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, NO. 3, 1983) 701

Table 1. History and properties of fish samples sent in freeze-dried portions to participating laboratories

Sample

Property A B C D

Species lake trout ocean haddock lake trout rainbow trout
Portion whole fish fillet whole fish whole fish
Collection location Burlington, Lake East Coast Canada Burnt Island, Lake Toronto harbor, Lake

Ontario Huron Ontario
Collection date 9-16-80 5-4-81 8-15-80 8-20-80
Lipid content, 3 % 19.8 0.4 24.7 18.5
Weight (g) of freeze-dried 21.4 1 0 .0 2 0 .6 18.6

aliquot (=  50 g wet tissue) 
PCB, 6 ppm 7.28 N D C(0 .01) 5.03 1.77

3 Determined by method of Schmitt et al. (8 ).
b Reported as total of Aroclors 1242, 1254, and 1260; analysis carried out by FWS. 
c Not detected, followed by, in parentheses, detection limit in fig/g (ppm).

extract. The 6  laboratories as judged by the F D A  
M S  fe ll in to  4 categories va ry in g  from  no in te r­
ferences or co-extractives to large am ounts of 
both.

In  the present study, 13 laboratories (4 C ana­
d ian , 9 A m erican ) h av in g  experience in  the de­
te rm in a tio n  o f lo w  levels (p p t) of 2 ,3 ,7 ,8 -T C D D  
in  b io log ical samples agreed to analyze 4 fish  
samples, using th e ir extraction, cleanup, and  
detection procedures, and to report th e ir results. 
E ig h t o f the 13 laboratories successfully com ­
p le ted  the study in  the a llo tted  tim e. T h e ir  re­
sults are the  subject o f this report.

Experimental

Interlaboratory Protocol

Each laboratory received 4 samples o f freeze- 
d rie d  fish , 3 o f w h ic h  contained b io -in curred  
levels o f 2 ,3 ,7,8-TC D D . They w ere  requested to 
analyze  the  fish  samples w ith  the p ro vided  
standard using th e ir ow n laboratory m ethod and 
to rep ort the results. Laboratory protocol s im i­
larities w ere  m easurem ent technique and use of 
the  4 fish  samples and 2 ,3 ,7 ,8 -TC D D  standard  
that w ere  pro vid ed . D ifferences in v o lv ed  ex­
traction  and  cleanup procedures and M S  in s tru ­
m en ta tio n . T he laboratories (4 C anad ian, 9 
A m erican ) and the m ain  investigators are listed  
in  A c k n o w le d g m e n t s .

Fish Samples

T h e  h is tory  and properties o f the fish  used in  
th is study are g iven  in  Tab le 1. Three  of the  
samples w ere  w h o le  fish salm onids fro m  the 
G reat Lakes and had a h ig h  lip id  content and  
h ig h  levels o f PCB. The fo u rth  fish, sam ple B, 
was an ocean f i lle t  o f lo w  lip id  and PCB content 
used as a b lank sample. Lipids w ere determ ined

by the m ethod of Schm itt et al. (8 ) and PCB as the 
sum of Aroclors 1242,1254, and 1260 by the U.S. 
Fish and W ild life  Service (FW S). Between 1.0 
and 1.5 kg w e t fish sam ple was hom og en ized  in  
a tissue g rin d e r and 1 0 0 -2 0 0  g aliquots w ere  ly -  
o p h ilize d  in  a V ir tis  M o d e l N o . 10-030 freeze- 
d ryer. T he  p ow dery , som ew hat o ily  m ateria l, 
was m ixed and p u lve rized  in  a W a rin g  b len d er  
and the en tire  sam ple was rehom ogenized  in  a 
H o b art food m ixer equ ipped  w ith  a w ire  
beater/  w hipper. A liquots equivalent to 50 g w et 
tissue (actual w eights  in  Tab le 1) o f each fish  
sam ple w ere  packaged in  to lu en e -a c e to n e  
washed 4 oz bottles and sh ipped  to the labora­
tories by e ith e r postal or courier service. Each 
package contained a set o f instructions o u tlin in g  
the purpose of the study, the n atu re  o f the  sam­
ples, the in fo rm atio n  desired fro m  each labora­
tory, and a tim e lim it  on reporting  results. Each 
laboratory was asked to subm it (a) a b rie f de ­
scrip tion  of the m ethod  used in c lu d in g  the  
specificity and type o f M S  ins tru m en t; (b) an es­
tim ate of the detection lim it o f 2 ,3 ,7,8 -TC D D  both  
alone and in  the fish sam ple; (c) copies o f p e rti­
n en t chrom atogram s; and (d ) concentration  of
2.3 .7.8- T C D D  in  the 4 samples.

2.3.7.8- TCDD Standard

To n orm alize  the standards b etw een  labora­
tories such that the va ria tio n  in  results was due  
to the m ethod  alone, each p artic ip a tin g  labora­
tory received from  F D A , W ashington , D C , at the  
same tim e fish  samples w ere  sent, a sealed glass 
am pule  con ta in ing  5 m l  2 ,3 ,7 ,8 -T C D D  in  isooc­
tane at a concentration  o f 1.16 p g /m L . C o n ­
centration  was v e rified  at F D A  by U V  spec­
tro m etry . This solution  was to be used by each 
laboratory e ith e r d irec tly  or a fte r d ilu tio n  for 
d ete rm in in g  T C D D  levels in  the fish.
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Evaluation of Effects of Freeze-Drying on 
TCDD Levels

R ad io iso top e -lab eled  2 ,3 ,7 ,8 -T C D D  was 
availab le  fro m  K O R  Isotope, C am bridge, M A .  
O ne form  was rin g -labe led  14C -2 ,3 ,7 ,8 -T C D D  of 
specific activ ity  185 m C i/m m o le  and 99+%  
chemical p u rity  as determ ined by G C -E C  on a 1% 
O V -17  glass co lum n, 120 m m  X 4 m m  id , at 
210°C . The o ther isotopic fo rm  was 3H -lab e led  
of specific ac tiv ity  40 C i / m m ole. C hem ical p u ­
rity  o f the 3H -2 ,3 ,7 ,8 -T C D D  as determ ined  above 
by G C -E C  was ca 60% w ith  25 -30%  o f a possible 
p en tach lorod iox in  congener present. E lu tio n  
of an a liqu ot on a reverse phase H P L C  C18 col­
um n , 250 m m  X 4.6 m m  id , w ith  1.0 m L /m in  of 
1 0 0% m ethan o l fo llo w e d  by fraction  collection  
and liq u id  sc in tilla tion  counting  in  a Beckman  
LS-230 counter gave a radioisotope p u r ity  for
2.3.7.8- T C D D  of 48%. Sm elt samples (10.0 g a l­
iquots) w ere  fo rtif ie d  in  1.0 m L m ethan o l w ith  
radioactive 2 ,3 ,7 ,8 -TC D D  at 15 and 43 p g /g  fish  
for 3H -  (not p u rif ie d ) and I4C -T C D D , respec­
tive ly . O ne  set o f samples was ly o p h iliz e d  at 
—6 0 °C  and 0 .1 -0 .03  m m  H g  pressure, an eq u iv ­
a lent am ount of w ater was added back to the  
p ow d ery  m ateria l, and  the samples w ere  v o r­
tex-m ixed. This set plus a second set w h ich  was 
fo rtified  w ith  2 ,3 ,7 ,8 -TC D D  at the same level but 
not ly o p h ilize d  w ere  th en  extracted w ith  ch lo ­
ro fo rm -m e th a n o l by the m etho d  used at H PB , 
laboratory 3 (see b elo w ). C h lo ro fo rm  extracts 
w ere  concentrated to near dryness and the resi­
due was taken up in  1.0 m L hexane. Radioac­
t iv ity  in  these extracts was then counted w ith  
correction fo r quench ing  using an external 
standard.

A  second check on the fre e ze -d ry in g  proce­
dure  was m ade by com plete sam ple analysis.
2.3.7.8- T C D D  was determ ined in  3 of the samples 
(A , C, D ) b y  the  m ethod  of H P B  both  w ith  and  
w ith o u t freeze -d ry in g , and the  values w ere  
com pared.

Methodology

M ethod s used by the 8 rep o rtin g  laboratories  
are sum m arized  in  Tab le 2 (extraction  and  
cleanup) and Table 3 (M S  determ in ation ).

Results and Discussion

Effect of Freeze-Drying on TCDD Levels

F reeze -d ry ing  was chosen as the m ethod  of 
sam ple preparation  because o f the ease w ith  
w hich  samples can be hom ogenized and aliquots 
can be stored and shipped to various locations.

T h is  is p articu la rly  im p ortan t w h en  samples 
m ust pass th rou gh  customs inspection and are 
thus liab le  to be h e ld  up in  transit. Table 4 
sum marizes the effect of freeze-drying on T C D D  
levels fo r both radioisotope (fo rtified ) and entire  
m ethod  (b io -in cu rred ) samples. For the rad io ­
isotope experim ent, there was no d iffe rence  in  
recovery o f rad ioactiv ity  betw een  the 2  treat­
ments. The h ig her recoveries for carbon-14 than  
for hydrogen-3 probably reflect the h igher purity  
o f the fo rm er standard. For the b io -in curred  
samples analyzed  by the H P B  m ethod , again no  
systematic difference in  the level of 2 ,3,7,8-TCDD  
was noted betw een  freeze -d ry in g  and n o n ­
fre e ze -d ry in g . I t  was concluded that freeze­
d ry in g  had litt le  or no effect on e ith e r fo rtifie d  
or b io -in curred  levels of 2 ,3 ,7 ,8 -TC D D  in  fish. 
H i l l  and  Sm art (9) have show n that d eh ydro ­
c h lo rin a tio n  of some organochlorines (hexa- 
chlorocyclohexane isomers and D D T ) can occur 
in  freeze -d ried  egg samples, and C oburn  and  
W h itt le  o f Canada C entre  fo r In la n d  W aters  
(personal com m unication) have ind icated  that 
hexachlorobenzene levels decrease in  fish  on 
fre e ze -d ry in g . These losses could be due to the  
h ig h e r v o la tility  of the com pounds cited or to an 
increased b in d in g  to sample constituents. In  
any case, these com plications do not appear to 
arise w ith  2 ,3 ,7 ,8 -T C D D  in  fish samples.

Methodology

T he  m ethods used by the 8 rep ortin g  labora­
tories (Tables 2 and 3) can be sum m arized  as 
follow s: F ive used solvent extraction of sample 
and  3 used d igestion  w ith  e ith e r acid or base 
fo llo w e d  by solvent extraction. Seven of the  
laboratories used g rav ity  f lo w  chrom atographic  
colum ns on various adsorbents and 4 o f 8 labo­
ratories used reverse phase H P L C  as both  a sep­
ara tion  and cleanup technique. S u lfu ric  acid, 
e ither as a liqu id  or adsorbed on an inert support, 
was used by a ll but one laboratory to degrade  
l ip id  m ateria l and p artitio n  it  fro m  the organic  
phase. A ll  but 2 laboratories used an isotope- 
labe led  stable fo rm  of 2 ,3 ,7 ,8 -T C D D  (e ith e r car­
bon-13 or ch lorine-37) as an in tern a l standard at 
levels  betw een  2 0  and 1000  p g /g .

M S  w ith  electron im pact ion iza tio n  coupled  
to G C and cap illa ry  colum ns (e ith er fused silica 
o r w a ll coated glass) was the m easurem ent 
techn ique used by a ll rep ortin g  laboratories. 
T he  mass spectrom eters w ere  e ith e r lo w  resolu­
tion  (5 labs), both  m agnetic and q uadrupole , or 
h ig h  reso lution  (3 labs) instrum ents w ith  detec­
tio n  lim its  for a standard va ry in g  betw een  0.1 
and 40 pg. This meant that vary ing  amounts (0.5
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Table 2. Summary of cleanup and extraction techniques for determination of 2,3,7,8-TCDD in fish

Lab.
No. Cleanup and extraction Internal standard recoveries Remarks

12

duplicate samples (one fortified, one 
unfortified) (no internal standard); 
13C-TCDD used for MS only

3 7CI-TCDD 10 ng = 1 ppb

1 0 0  ppt

2 0  g fish, duplicate samples (one 
fortified at 60 ppt for recovery): 
digest with 20%  KOH, room temp 
extract with hexane, wash with 
cone. H2SO4; HPLC (3 columns):
(a) size exclusion, (b) reverse 
phase-C8 , (c) reverse phase-C18

10 g fish, blend-extract with CHCI3 , 13C-2,3,7,8-TCDD 0.5 ng = 50 ppt 
methanol, water (Bligh-Dyer); 
exchange with hexane, wash with 
cone. H2SO4; Florisil minicolumn,
HPLC reverse phase, elute with 
methanol, collect 4 -5  mL

1 0  g fish
(1 ) acid-base method KOH 
digestion under reflux, extract with 
hexane, wash with cone. H2SO4, 2 
alumina adsorption columns
(2 ) neutral method acetonitrile 
extraction, partition with hexane, 
then CH3CN, Florisil column, then 
alumina column

50 g fish, extract into hexane; series 13C-TCDD 5.0 ng 
of silica adsorbents (potassium  
silicate, silica gel, cesium silicate), 
then charcoal on urethane foam, 
reverse elution with toluene, 3rd 
column of cesium silicate and 
H2SO4 on silica gel, 4th column of 
alumina

50 g fish; add water, add Na2SC>4, 
extract in column with hexane;
Florisil column, elute with 5% 
water-CHsCN, partition with 
hexane-CH2Cl2; Florisil column, 
elute with ether-hexane, defat 
with H2SO4 on silica gel; alumina 
column, elute with 20% CH2CI2-  
hexane

1 7 -2 5  g fish, freeze-dried; extract 
with dichloromethane, exchange 
with hexane; adsorption columns:
M gO-Celite, alumina-reverse flow,
Florisil-alumina; HPLC: (a) 
reverse phase-C18-methanol, (b) 
silica-0.4% toluene in hexane

25 g fish, add water, powder with 
Na2SC>4, extract in column with 
hexane; Florisil column, elute with 
5% w ater-C H 3CN; partition with 
hexane-dichloromethane; Florisil 
column, elute with hexane-ether, 
defat with H2SO4 on silica gel; 
alumina column, elute with 2 0 %
CH2Cl2-hexane

10 g fish, digest with cone. HCI, 
extract with hexane; defat with 
H2SO4 on silica; basic alumina, 
elute with CH2CI2; AgN03 on silica 
gel; basic alumina; HPLC reverse 
phase-elute with methanol

reagent blank carried through each 
set of samples

no internal standard (recoveries of 
TCDD from other fish samples at 
20 ppt level, 67 ±  13%)

3 7CI-TCDD 780 pg £ 31.2 ppt

13C-TCDD 5.0 ng = 200 ppt

13C-TCDD 1.0 ng = 100 ppt

reagent blank or spike carried 
through each set of samples

results for 2  methods given and 
preference state J for neutral 
method which v as reported; 
chromatograms contain multiple 
peaks even at 8000  resolution; no 
other TCDDs detected but TCDF 
present; quality assurance 
program

samples A and D gave extraction 
problems on charcoal foam  
system due to polymerized 
material; needed 50 g sample for 
single analysis due to low MS 
sensitivity

problems with analysis of freeze- 
dried samples (emulsion); ion 
ratios given for 2  positive results 
which were also confirmed on 
Varian Mat 311 A at res. 8000

MS scans region rather than peak 
maximum; ratios of ions also 
reported; recoveries low but 
results compare well with average

values given are mean of 2 GC-MC 
injections; ratios of 3 2 0 /3 2 2  and 
3 2 4 /3 3 2  close to standard

2,3,7,8-criteria: (a) retention time, 
(b) isotopic ratios, (c) signal/noise 
more than 3; separate run for 
native and fortified TCDD; possible 
other TCDD peak reported for 
sample A

to 15 g) o f fish extracts w ere injected onto the GC  
colum ns. As a result the cleanup effic iency had  
to be greater w h e n  large am ounts o f the fin a l 
extract w ere injected. A ll  laboratories used m /z

values of 320, 322 fo r native T C D D  plus e ith e r  
328 (37C1) or 332-334 (13C ) fo r the  in te rn a l stan­
dard. In  m any cases a d d itio n a l in fo rm atio n  
(h ig h e r resolution , several ions, d iffe re n t GC
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Table 3. Summary of MS determination techniques for 2,3,7,8-TCDD in fish

Lab.
No. GC MS (all El)

Detection 
limit, std (pg);

detection 
limit, method 

(pg /g ); amt fish 
extract Injected (g) Method specificity

1 fused silica 
OV-101 
35 m

Finnigan 4023 MID-12 ions 
2 5 7 ,2 5 9 ,2 6 1 ,3 0 5 ,3 0 7 ,3 1 0 ,  
3 2 1 ,3 2 2 ,3 2 4 ,3 2 6 , 3 3 2 ,3 3 4

2. 8 , 15 isomer specific for 2,3,7,8-TCDD

3 fused silica 
SE-54 
15 m

Varian Mat 311A res. 1000  
320, 322, 332

0 .1 ,2 - 5 .0 5 - 1 .0 2 ,3 ,7 ,8  plus max. 3 other TCDD 
isomers confirmed on VG-ZAB 
instrument at res. 1 0  0 0 0  for 
m /z  257, 3 2 0 ,3 2 2  on 30  m 
SE-54 column

4 WCOT 
SE-30 
30 m

Varian Mat 311A res. 8000  
320, 322, 328

1.0, 3 -9 . 0.5 several GC columns run (0V-17, 
SE-52, SE-30)

5 fused silica 
DB-5 
30 m

Finnigan 4000  
320, 322, 324, 326

40, 3 -5 , 15 2,3 ,7 ,8  possibly 1 2 3 7 /1 2 3 8

6 WCOT 
SE-30 
30 m

Finnigan 4023  
320, 322, 324

1 0 -1 5 , 5 ,2 not isomer specific

7 WCOT 
OV-275 
50 m

Kratos MS-50 30C ppm scan at 
res. 10 000  for 320, 3 2 2 ,3 2 8

6 -1 2 , 3 -5 , 5 -6 isomer specific for 2,3,7,8-TCDD

9 fused silica 
SE-54 
30 m

Flewlett-Packard 5992  
320, 322, 334

11, 5, 1 .5 -4 .5 several GC columns used for 
confirmation

1 2 fused silica 
DP-1 
30 m

Flewlett-Packard 5992  
320, 322, 324, 334

3 -4 , 10, 2.0 2 ,3 ,7 ,8  plus up to 2 -3  other 
TCDD isomers

colum ns) was reported . D etection  lim its  in  the  
fish samples w ere sim ilar, ranging betw een 1 and  
10 ppt. T w o  o f the m ethods w ere  show n to be 
isom er specific for 2 ,3 ,7 ,8 -T C D D  w ith  respect to 
a ll 22 T C D D  isomers and most procedures  
claim ed specificity o f 2 ,3 ,7 ,8 -T C D D  plus up to 
2 -3  o ther isomers.

TCDD Standard
Three o f the rep o rtin g  laboratories com pared  

th e ir in-house standards w ith  that sup p lied  by

Table 4. Effect of freeze-drying on TCDD levels In fish

Sample

Isotope and 
fortification 

level
Nonfreeze-

dried Freeze-dried

Radioisotope Experiment3

Smelt 14C, 43 ppt 93 90
3 FI, 15 ppt 84 85

Entire M ethod6

A 58 64
C 37 31
D 33 29

a Recovery (% ) of duplicate determinations. 
b ppt found.

the F D A . O ne was 10% h ig h er, one 8 % low er, 
and the th ird  w ith in  3% of the F D A  standard. 
From  this som ew hat lim ite d  data, there d id  not 
appear to be a gross discrepancy betw een  the 
supplied  standard and others in  curren t use.

Concentration of 2,3,7,8-TCDD in Fish 
Samples

The concentration o f T C D D  reported  by a ll 8 
laboratories is sum m arized  in  Tab le 5. T w o  of 
the values reported by laboratory 6 w ere  outliers  
and, because they had apparent d ifficu lties  w ith  
th e ir m ethod  both  in  this and a p revious study  
o f T C D D  in  fish, th e ir  results w ere  not used to 
calculate the average and varia tio n . Results of 
sample A  fro m  laboratory 1 and sam ple B from  
laboratory 12  w ere  also judged to be outliers  
using D ixon 's test (total outliers 18% o f reported  
results). These values are not in c lu d ed  in  the  
average values reported  o f 61.2, 30.4 and 32.3 
p g /g  fo r samples A , C, and D , respectively. 
Sam ple B was a b lank show ing  no detectable  
levels o f T C D D . The re la tive  standard d ev ia ­
tions o f samples A , C, and D  are 13 .9 ,18 .4 , and  
25.4%, respectively, and are surpris ing ly  lo w  fo r  
p g /g  levels of a con tam inan t in  a b io log ical
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Table 5. Concentration of 2,3,7,8-TCDD in fish samples 
from interlaboratory study (single determinations, pg/g 

(PPt))

Lab
No.

Sample

A B C D

l a 104 6 N D C(10) 35 45
3 58 ND (1 .3) 37 33
Ad 49 ND (2) 23 19
5 e 58 ND (1) 34 38
6 ND (5 ) ' ND (5) 5 1 ' 55
7 72 ND (2 .3) 25 32
9 70 ND (5) 33 27

1 2 60 37« 26 32

AvA 61.2 3.6 30.4 32.3
SD 8.5 — 5.6 8 .2
CV, % 14.0 — 18.4 25.3
n 6 6 7 7

a Also reported GC-EC values of 103, ND (10), 39, 37 pg/g, 
respectively for samples A, B, C, and D.

b Value given judged to be an outlier by Dixon's test (ref. 
1 0 ); recovery of this sample was judged by the analyst to be 
high (74% ) so an average recovery (51% ) was used to calcu­
late value given.

c Not detected followed by detection limits, p g /g , in pa­
rentheses.

d Also reported higher values of 58, ND (2), 37, 38 pg /g , 
respectively, for acid-base method; these values are closer 
to average than neutral method preferred by the analyst.

e Confirmed by atmospheric pressure-negative chemical 
ionization GC-M S on same extract with values of 54, ND (2.3), 
32 and 31 ppt, respectively.

' Value given judged to be outlier (ref. 10).
« Value given judged to be an outlier (ref. 10); subsequent 

analysis showed a value of ND (10) pg /g .
h Does not include any outliers or values from laboratory

6 .

sample. Detection lim its reported by each of the 
laboratories according to its ow n  criteria are also 
show n in  Table 5.

A  com pila tion  o f co llaborative studies (11) 
carried out by A O  A C  over m any years has shown  
that the coeffic ien t o f varia tio n  o f analy tica l 
m ethods varies inversely  w ith  the concentration  
being  measured. A t ppm  levels, the tota l v a r i­
a tion  is betw een  10  and 2 0 %; in  the  ppb reg ion  
it can be m ore than 40%. The results reported  
here, a lth ou g h  not a collaborative study, are fo r  
analytical values in  the lo w  ppt reg ion and show  
a total va ria tio n  of 14 to 25%. Thus the trend  of 
h igher variation at low er concentration reported  
by H o rw itz  (11) does n ot appear to app ly  in  this  
case. Part of the reason fo r the  lo w e r than  ex­
pected varia tio n  m ay be due to the use o f an iso­
tope as internal standard to correct for losses. In  
add itio n , those laboratories that d id  report
2 ,3 ,7 ,8 -TC D D  values a ll had experience in  this  
type of analysis. F ive o f the 13 p artic ip a tin g  
laboratories d id  not report fo r reasons discussed

Table 6 . Percent recoveries of Internal standard TCDD in 
the interlaboratory round robin study

Lab
No. Av.a SD RSD, %

1 * 57.0 1 1 .6 20.4
3 C 69.0 16.6 24.1
Ad 80.0 12.3 15.4
5d 82.8 19.0 23.0
7 d 35.3 5.2 14.7
9C 74.6 18.4 24.7

1 2 c 81.8 14.5 17.7

Av. 6 8 .6 17.3 25.2
Range 2 9 -1 0 9

a Each value represents the average of 4  reported 
values.

b Fortified duplicate with native 2,3,7,8-TCDD. 
c 13C-2,3,7,8-TCDD. 
d 3 7CI-2,3,7,8-TCDD.

b elo w  and o f course th e ir values could not be 
included.

O ne laboratory reported G C -E C  results on the  
same sample extract w h ich  w ere  quite  s im ilar to 
th e ir  G C -M S  results, in d ica tin g  the possib ility  
of using this a lte rnative  m ode o f detection  fo r  
screening purposes before co n firm atio n  o f pos­
it iv e  extracts by G C -M S . A n o th e r laboratory  
reported  values using 2  d iffe re n t m ethods (a 
neutra l extraction and an acid-base m ethod) but 
ind icated  preference fo r the n eu tra l m ethod  be­
cause it  had few er potential in te rfe rin g  peaks on  
the G C -M S . The values fro m  the  n eu tra l 
m etho d  d iffe re d  m ore from  the o vera ll average  
T C D D  values than  d id  those o f the acid-base 
m ethod . M ost o f the data produced by this lab ­
o rato ry  on fish has been w ith  the la tte r m ethod. 
In  one case a laboratory con firm ed  the concen­
tration  of T C D D  in  the fina l extract by using the 
n e w e r technique o f atm ospheric pressure nega­
tive  chem ical ion ization  (A P -N C I)-G C -M S  w ith  
rep orted  values very  close to the G C -M S  results 
obta ined  by electron im pact ion iza tio n .

Recoveries
Recoveries o f the in te rn a l standard (e ith er  

carbon-13 or ch lo rin e -37 ) o f 2 ,3 ,7 ,8 -T C D D  are 
g iven  in  Table 6 fo r 6  o f the laboratories w h ich  
used th is m ethod  fo r quantita tion  as w e ll as the  
laboratory  w h ic h  fo rtif ie d  dup licate  samples 
w ith  native 2 ,3 ,7,8-TC D D . The range o f most of 
the average recovery values is 57 to 82% w ith  a 
re la tive  standard dev ia tion  of about 25%. The  
range o f in d iv id u a l values (29 -1 0 9 ) is w id e  and  
p oin ts  to the need and usefulness of an in te rn a l 
standard  fo r q uan tita tion  o f lo w  levels. O ne  
labo ratory  had lo w  but re la tive ly  consistent re-



7 0 6 RYAN ET AL.: J. A SSO C. OFF. ANAL. CHEM . (VOL. 66, NO. 3, 1983)

Table 7. Analysis of variance of results (ppt) on 2,3,7,8- 
TCDD in fish samples C and D, according to Youden (10)

Sample

Statistic C D

Av. 30.4  32.3
SD 5.59 8.16

Sg = 2 Sg +  Sf

Variance SD

Total S§ 77.45 8.80
Systematic St between lab. 28.53  5.34
Precision S, random 20.40 4.52
R e s t  = Sg/Sg =  3.80; df = 6, 6; F = 4 .28  for P = 0 .0 5 . * 10

coveries for its m ethod and the ir corrected results 
by using an in te rn a l standard s till w ere  close to 
the  average o f the o th er laboratories. C airns et 
al. ( 12 ) have expressed a s im ilar sentim ent on the 
use of in te rn a l standards.

Statistical Analysis

Fish samples C and D  contained s im ila r con­
centrations o f 2 ,3 ,7 ,8 -TC D D  and w ere  used to 
calculate a measure o f the va ria tio n  betw een  
laboratories (systematic) and w ith in  laboratories 
(rand o m ) according to the m ethod o f Youden
(10) using d ifferences and totals. As show n in  
Tab le 7, the variance betw een  laboratories (re­
p ro d u c ib ility ) was greater than w ith in  labora­
tories (repeatab ility ), w ith  an F-test that was, 
how ever, not sign ificant at the 95% level for this 
sam ple size.

A g a in , using samples C and D , a com parison  
was also m ade betw een  3 separate factors to see 
i f  there w ere  any s ign ificant d ifferences using  
the Student's f-test betw een selected treatments. 
A lth o u g h  the data are som ew hat lim ite d , there  
was no d iffe rence  (P  <  0.05) in  concentration  of 
T C D D  in  samples C and D  fro m  those m ethods  
w h ic h  used (a) digestion (2) or extraction (5), (b) 
h ig h  (3) or lo w  (4) resolution mass spectrometry, 
and (c) specific (4) or non-specific (3) separation. 
These samples are not, s trictly  speaking, a 
m atched pair; therefore d ifferences for exam ple  
in  the am oun t o f interferences could possibly  
affect these conclusions.

Problems

T h ree  laboratories (2 rep o rtin g , one n on -re ­
p o rtin g ) expressed d ifficu lties  and reservations  
in  the analysis o f freeze -d ried  o ily  fish  samples. 
T w o  o f the  problem s stem m ed from  em ulsions  
and a th ird  fro m  an assumed tissue p o lym eriza ­
tion  and colum n blockage. O u r desire to use this 
m ethod  o f sam ple p reparation  derives from  the

ease o f h an d lin g , storing, and sh ip p in g , partic­
u la r ly  w h e n  in v o lv in g  m any laboratories and  
m ore than  one country (customs inspection). 
O n e  n on -re p o rtin g  laboratory had problem s  
w ith  persistent in terference peaks p articu larly  
fro m  sam ple A . T hree  laboratories began the  
analysis but d id  not fin ish  because of problem s  
w ith  fu n d in g .

Several collaborators reported  technical d if ­
fic u lty  w ith  th e ir mass spectrometers w ith  re ­
su ltan t tim e  delays. This  p roblem  u n d erlin e d  
the d iff ic u lty  o f d io x in  d eterm ination , w h ich  
depends solely on an expensive h ig h ly  technical 
procedure fo r m easurem ent. O n e  laboratory  
had a p roblem  w ith  the T C D D  standard fro m  a 
safety v iew p o in t because the level p rovided  was 
above that p erm itted  in  th e ir laboratory.

A ll  laboratories com m ented on the refractory  
n ature o f fish samples A , C , and D  w ith  th e ir  
h ig h  lip id  content and h ig h  levels o f o ther 
chem ical contam inants. C h loronaphthalenes, 
PCB, and ch lo rodibenzo fu rans w ere  also de­
tected in  these fish. In  some cases, these com ­
pounds can in terfe re  w ith  T C D D  determ ination . 
N o  o ther T C D D  isom er was consistently found  
in  the fish  samples except the 2 ,3 ,7 ,8  isom er.

Precision

Sam ple C has been analyzed  by the H P B  lab­
oratories on 5 separate occasions over a period  of 
8 m onths. The values fou nd  ranged from  22 to 
44 ppt w ith  an average o f 34.2 ±  8.2, w ith  a re la ­
tive  standard d ev ia tion  of 24.1%.

Conclusion

M ost of the rep ortin g  laboratories had the ca­
p ab ility  to analyze  lo w  levels ( < 1 0 0  p g /g )  of
2 ,3 ,7 ,8 -TC D D  in  fish in  the 3 positive samples. 
T he re lative standard deviation  of the analytical 
values varied  betw een  14 and 26% fo r 3 of the  
samples. Considering  that each laboratory used 
a d iffe rent m ethodology and M S instrum ent and  
that the level determ ined  was in  the p g /g  range, 
this varia tio n  is surpris ing ly  low . M o re  v a ria ­
tion  in  the reported  values was fou nd  betw een  
laboratories than w ith in  but the d iffe rence  was 
not significant. M ore  lim ite d  data indicated no 
differences in  reported  values for 2 ,3 ,7 ,8 -TC D D  
fo r those m ethods w h ich  used e ith e r com plete  
digestion  or solvent extraction, h ig h  or lo w  res­
o lu tio n  mass spectrom etry, and specific or n o n ­
specific m ethods. Recoveries o f in te rn a l stan­
dard w ere  qu ite  variab le  (a lthough  most w e re  
over 70%) and ind icated  the necessity fo r this  
technique to obtain  precise results.
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Capillary Gas Chromatographic-Mass Speetrometric Determination of 
Individual Chlorobiphenyls in Technical Aroclors

LOUIS G.M.TH. TUINSTRA and WIM A. TRAAG
S ta te  In s t itu te  f o r  Q u a lity  C o n tro l o f  A g r ic u ltu ra l P ro d u c ts , B o rn se s te e g  4 5 , 6 7 0 8  PD  
W a g en in g en , T h e  N e th e r la n d s

Six technical Aroclors were separated into individual 
chlorobiphenyls on fused silica capillary columns. 
Fifty-three chlorobiphenyl standards were used to 
ascertain structures of a number of compounds in the 
technical mixtures by mass spectrometry. Results are 
compared with reports in the literature. Percentages 
of identified compounds are given, and the presence 
of unidentified chlorobiphenyls is indicated by the 
number of chlorine atoms, in order of compound 
elution from the column.

Since th e ir  discovery in  the m id d le  of the 1960s 
( 1), it  has been p ro ven  that p o lych lo rina ted  b i­
phenyls  (PCBs) are present in  organisms all over 
the w o rld . M a n y  publications have been de­
vo ted  to id en tific a tio n  and m easurem ent of 
PCBs. In  1974, Jensen and Sundstrom  (2) stated 
tha t the  d ete rm ina tion  o f in d iv id u a l ch lo rob i­
phenyls in  a complex m ixture is a prerequisite for 
the proper understanding of the conversion that 
these substances undergo  in  the  en v iro n m en t. 
Because w e  are interested in  the b ehavior of PCB 
com pounds in  the food chain, m ethods based on 
com parison of peaks w ith  corresponding re ten ­
tio n  tim es in  samples and technical Aroclors  
(3 -6 )  or based on conversion in to  decachlorobi- 
p h e n y l (7, 8 ) are not useful.

A lth o u g h  the use of capillary  colum ns greatly  
im pro ved  separations of chlorobiphenyls (9-11), 
the fact that o n ly  a sm all num ber of the possible 
209 in d iv id u a l chlorobiphenyls are com m ercially  
available is a disadvantage. From a practical point 
of v ie w , w e  are o n ly  interested  in  the presence 
of these com m ercially available chlorobiphenyls  
in  technical mixtures and real-life  samples. This  
p ap er describes o n ly  the analysis o f technical 
Aroclors.

Experimental

Apparatus

Analysis was perform ed w ith  a F in n ig an  4000 
q uadrup o le  mass spectrom eter and IN C O S  data 
system. Mass spectra w ere  lin e a r ly  scanned  
every  second fro m  mass 100 to mass 500. Em is­
sion curren t was at 200 m A  and electron energy  
at 70 eV.

Received April 13,1982. Accepted September 21, 1982.

F in n ig a n  9610 gas chrom ato graph  was  
equ ipped  w ith  a 25 m  X 0.22 m m  fused silica 
cap illa ry  co lum n coated w ith  CP Sil 5 (SE 30), 
f i lm  thickness 0.1 p m  (Chrom apack, PO  Box 3, 
M id d e lb u rg , T he  N etherlan ds). C ond itions  
w e re  lin e a r h e liu m  gas ve loc ity  ca 30 cm /s; in ­
jection  port tem perature 220°C ; colum n oven  
program m ed from  80 to 240°C: in itia l hold  tim e  
4 m in , program  rate 1 0 ° /m in  to 150°C  and from  
150 to 240°C  at 3 ° /m in , f in a l h o ld  tim e ca 15 
m in .

Reagents

(a) T e c h n ic a l  m ix t u r e s .— Aroclors 1221, 1232, 
1242, 1248, 1254 (Lot K L-417), and A 1260 (Lot 
K K -1003).

(b) C h lo r o b ip h e n y l  s t a n d a r d s .— See Table 1.
(c) I n t e r n a l  s t a n d a r d .— P e n ta c h lo ro a n ilin e  

(P C A ).

Analysis of Standard Solutions

Technical Aroclors 1221, 1232, 1242, 1248, 
1254, and  A 1260 w ere  separately dissolved, to­
g eth er w ith  P C A , and d ilu te d  w ith  isooctane so 
tha t 1 pL contained 100 ng A roclor and 1 ng  
PC A .

A va ilab le  ch lo rob iphenyl standards w ere also 
dissolved in  isooctane together w ith  P C A  to ob­
ta in  a concentration  of 1 n g / p L  (com pounds 1, 
3, and 4 ,1 0  n g /p L ;  N o . 15, 5 ng /juL ).

Gas chrom atograph ic separation started w ith  
a splitless 5 pL in jection of standard solutions in  
a sm all p lu g  in  the capillary . T he  solvent was 
a llo w e d  to e lu te . A fte r  3 m in , the sp litte r was 
o pened , and  4 m in  a fte r in jection , the tem pera­
ture  p ro gram m er was started u nd er the  cond i­
tions p rev iou s ly  described.

Results
Tab le 1 shows a systematic n u m b erin g  o f the  

c h lo ro b ip h e n y l com pounds, accord ing  to 
Ballschm iter and Z e ll (12). In  the figures, tables, 
and text, these num bers are used to designate the 
corresponding  ch lorobiphenyls.

F igures 1, 2, and 3 show  total ion  curren t fo r  
A roclors 1221, 1254, and A1260. The A roc lo r  
m ixtures and the chlorobiphenyl standards w ere
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Table 1. Chlorobiphenyl standards in isooctane

Peak9 Structure Peak Structure Peak Structure

i 2- 84 2,3,6-2'3’ 151 2,3,5,6-2'5'
3 4- 87 2,3,4-2'5' 153 2,4,5-2'4'5'
4 2-2' 95b 2,3,6-2'5' 154 2,4,5-2'4'6'
5 2,3- 97 2,4,5-2'3' 155 2,4,6-2'4'6'
7 2,4- 101 2,4,5-2'5' 156b 2,3,4,5-3'4'
8 2-4' 103 2,4,6-2'5' 170 2,3,4,5-2'3'4'

10 2,6- 105 2,3,4-3'4' 180t> 2,3,4,5-2'4'5'
15 4-4' 118 2,4,5-3'4' 185 2,3,4,5,6-2'5'
18 2,5-2' 119 2,4,6-3'4' 187t> 2,3,5,6-2'4'5'
28 2,4-4' 121 2,4,6-3'5' 194 2,3,4,5-2'3'4'5'
31 2,5-4' 128 2,3,4-2'3'4' 2016 2,3,5,6-2'3'4'5'
33 3,4-2' 129 2,3,4,5-2’3' 202 2,3,5,6-2'3'5'6'
44 2,3-2'5' 132" 2,3,4-2'3'6' 206 2,3,4,5,6-2'3'4'5'
47 2,4-2'4' 136 2,3,6-2'3'6' 209 2,3,4,5,6-2'3'4'5'6'
49 2,4-2'5' 137 2,3,4,5-2'4'
52 2,5-2'5' 138 2,3,4-2'4'5'
66 6 2,4-3'4' 140 2,3,4-2'4'6'
70 2,5-3'4' 141 2,3,4,5-2’5'
72 2,5-3'5' 1496 2,3,6-2'4'5'
77 3,4-3'4'

a Peak numbering according to Ref. 12. 
b  Gift from C. A. Wachtmeister, Stockholm University, Sweden.

PIC DATA: ARO 1221 ttl SCANS 300 TO 1500
12s 15^80 14:21: OC-J CAII: NT 1 «1
SAMPLE: ST AROCLOR 122)
RANGE: G 1,2146 LABEL: N 0 - 4 . 0  QUAN: h f>, 1.0 BASE: U 2.0, 3

Figure 1. Total ion current of Aroclor 1221. Major peaks numbered according to Ref. 12.



7 1 0 TU IN STRA  & TRAAG: J. A SSO C. OFF. AN AL. CH EM . (VOL. 66, N O . 3, 1983)

Figure 2. Total ion current of Aroclor 1254. Major peaks numbered according to Ref. 12.

also analyzed  on a com parable capillary  colum n  
connected w ith  an electron capture detector. In  
tha t w ay , it  was possible to m easure the co n tri­
b u tio n  o f each ava ilab le  ch lo ro b ip h e n y l to the  
to ta l A ro c lo r m ixture . I t  m ust be noted  that the  
com position of the Aroclors can d iffe r from  batch 
to batch. G iven  content for each chlorobiphenyl 
is calculated fo r o u r A ro c lo r m ixtures.

Six technical A roclors and ava ilab le  ch lo ro ­
b ip h e n y l standards w e re  ana lyzed  by gas chro-

m atography-m ass spectrom etry (G C -M S ) at the  
en d  o f 1980. Since that tim e  m ore in d iv id u a l 
chlorobiphenyls have become available to us and  
th e ir  presence in  the technical m ixtures was also 
checked.

A  total of 53 in d iv id u a l chlorobiphenyls (Table
1) w e re  ana lyzed  by G C -M S .

Tab le  2 shows results fo r the  6  technical A ro ­
clors. In  o rd er o f increasing re la tive  re ten tio n  
tim e  (P C A  =  1.000), the n u m b er o f ch lo rin e

Table 2. GC-MS determination of individual chlorobiphenyls (% w/w) in 6 technical Aroclors3

No. Aroclor
chlorine

RRT
(PCA = 1.000)

atoms
found

Code
No. 1221 1232 1242 1248 1254 1260 Remarks

0.501 0 0 + + + + ___ ___

0.589 1 1 22.8 15.8 4- + — —
0.663 1 2 + + — + — — i
0.671 1 3 10.8 6.7 + + — —
0.715 2 4 7.2 7.0 3.1 4.6 — — 2
0.777 2 7 1.8 1.6 0.2 0.7 — —
0.799 2 — + + + + — —
0.814 2 5 /8 (7.8) (4.0) (3-6) (4.5) — — 3
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Table 2. (cont’d)

RRT
(PCA = 1.000)

No.
chlorine
atoms
found

Code
No.

Aroclor

Remarks1221 1232 1242 1248 1254 1260

0.858 3 — — — 4 4 — —
0.911 2 — 4 4 4 4 — —
0.922 2,3 15/18 ( 1 .2) (4.4) (10.5) (9.3) — — 4
0.946 3 — — 4 4 4 — —
0.964 3 — 4 4 4 4 — —
1.016 3 — — 4 4 4- — —
1.023 3 — — + 4 4 — —
1.039 3 28/31 (0.8) (4.3) (9.6) (9.0) — — 5
1.065 3 33 4 4 4 4 — —
1.081 3 — 4 4 4 4 — —
1.098 4 — — 4 4 + — —
1.117 4 — — 4 4 4 — —
1.136 4 52 0.2 1.3 2.1 2.7 3.5 0.5
1.149 4 49 — 1.1 2.1 2.5 0.8 —
1.160 4 — — 4 4 4 — — 6
1.188 4 44 — 1.4 2.6 3.1 1.5 —
1.197 4 — — + 4 4 — —
1.222 4 72 — 2.9 3.3 3.0 0.5 —
1.241 4 — — 4 4 4 4 —
1.266 4 — — — 4 4 4 —
1.277 4 — — — 4 4 — —
1.290 4 — — 4 + 4 4 —
1.300 4 70 — 1.5 2.7 3.4 2.3 —
1.308 4;5 66;95 — (1.9) (3.3) (4.3) (7.3) (3.4) 7
1.329 4;5 — — 4 4- 4 4 — 8
1.347 4 — — 4 4- 4 4 —
1.360 5 84 — + 4- 4 4 4 9
1.377 5 101 — 0.5 0.4 1.0 7.7 3.8
1.393 5 — — 4 4- 4 4 4
1.417 5 119 — — — 4 4 —
1.436 5 97 — — 0.1 0.4 2.2 0.4
1.445 5 87 — 0.2 0.2 0.5 3.6 0.8
1.454 5 — — + 4- 4- 4- —
1.460 4 — — + 4- 4 — —
1.465 6 136 — — — — i. i 1.8 10
1.470 5 — — 4 4 4 4 4-
1.498 5 — — + 4 + 4 —

1.514 6 151 — — — — i. i 3.8
1.520 6 — — — — — 4 4-
1.533 6 — — — — — 4 4
1.545 5;6 118;149 — 4 4- (0 .1 ) (5.4) (10.7) 11
1.572 6 — — — — — 4 4
1.601 6 — — — — — 4 4
1.614 6 132 — 4 4 0.4 5.0 4-
1.619 6 153 — 4 4- 0.2 6.0 9.8
1.649 6 141 — — — 4- 1.7 3.6
1.666 6 — ;137 — — — — (0.5) (0 .6) 12
1.685 6 138 — — — 0.2 7.4 8.8
1.695 6 — — — — — 4- 4
1.706 6 129 — — — — 0.2 1.2
1.745 7 187 — — — — 0.7 6.3
1.751 6 128 — — — — 1.6 0.6
1.757 7 — — — — 4-
1.785 7 — — — — 4
1.800 6 — — — — 4
1.812 7 — — — — 4
1.826 7;6 — ;156 — — — — 4 4 13
1.835 8 — — — — — — 4
1.890 7 180 — — — — 1.4 11.8
1.975 7 170 — — — — 0.8 4.2
2.029 8 201 — — — — — 4.0
2.162 8 194 — — — — — 2.8
2.271 8 206 — — — — — 0.7

a Columns 4-9: + = present, but not quantitated; —  = not present. See R e s u l t s  for further explanation and discussion 
of data identified in last column, “Remarks."
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ftir DATA: AR01?68 #1 SCANS 600 TO 3000
12'1T'-'S0 1 j : 03 î 0O CAL 1 : WT1 *1

Figure 3. Total ion current of Aroclor 1260. Major peaks numbered according to Ref. 12.

atoms m easured by M S is g iven  fo r every  chlo- 
ro b ip h e n y l detected in  the technical m ixture . 
(For in fo rm atio n , the re lative re ten tion  times for 
H C B  and p , p '-D D E  are 0.843 and 1.456, respec­
tive ly .)

W h e n  there was also agreem ent w ith  the re ­
ten tio n  tim e o f a specified  in d iv id u a l ch lo rob i- 
p h e n y l standard, this is ind icated  in  the th ird  
co lum n by means of the code n u m b er and in  
colum ns 4 -9  w ith  +  or the content (% w ./w ) in  
the A roc lor m ixtures. T h e  sym bol +  in  colum ns
4 -9  m eans that a certain  ch lo ro b ip h en y l is 
present w ith  the n u m b er o f ch lo rin e  atoms in ­
d icated  in  co lum n 2 , but no q u an tita tio n  was 
carried  out, o ften  because the  standard was not 
availab le; —  indicates that a ch lo ro b ip h en y l 
could  not be detected in  a technical m ixture .

Som etim es m ore than  one c h lo ro b ip h en y l 
standard had the same re te n tio n  tim e  as the  
com pound in  the technical m ixtures. This is 
indicated in  the th ird  colum n o f Table 2 by 2 code 
num bers. A n  u n k n o w n  com pound that co­
elutes is ind icated  by — . A  n u m b er o f com ­

pounds could  not be id e n tifie d  because the  
com parable standards w ere  not availab le; h o w ­
ever, the n u m b er o f ch lo rin e  atoms was d eter­
m ined .

The fo llo w in g  rem arks p ro vid e  c larification  
and fu r th e r in fo rm atio n  on results in  Table 2. 
See the last co lum n o f Tab le 2 to id e n tify  data 
being  discussed.

(1) I t  is qu ite  obvious that o n ly  3 m onochlo- 
ro b ip hen y ls  exist. From  Table 1 it  appears that 
2  m onoch lo rob iphenyls  w ere  availab le  and de­
tected in  the technical m ixture . The u n k n o w n  
m o n och lo ro b ip hen y l (R R T =  0.663) can o n ly  be 
the  3 -m on o ch lo rob iph eny l com pound.

(2) T w o  com pounds (4 and 10) have the same 
RRT, 0.715. O ne  isom er (N o . 10) has both  chlo­
rine atoms in  the same phenyl group in  the ortho  
position  and the spectrum  shows a very  w eak  
[M -C 1 ]+ fragm ent (F igure  4). The o th er com­
p ou nd  (N o . 4) has in  each p h e n y l g roup  one 
ch lo rin e  atom  in  ortho position and therefore  a 
strong [M -C 1 ]+ fragm ent (Figure 5). According  
to d ifferences in  mass spectra betw een  both



TU IN STRA  & TRAAG: J. A SSO C. O FF. A N A L. CH EM . (V O L. 66, N O . 3, 1983) 7 1 3

HASS SPECTRUM DATA: STD1S *915 BASE M/E: 152 
12/10/80 13:43:00 + 15:15 ENHANCED <S 20B 2N 0T> RIC: 81792. 
SAMPLE: ST PCS CODE 0

com pounds, it  appears that in  technical Aroclors  
1221, 1232 (F ig u re  6 ) 1242, and  A 1248 , N o . 4 is 
the m ajor com pound.

(3) T w o  o th er d ich lo ro b ip h e n y ls  (N os. 5 and
8 ) also have the same relative retention  tim e. N o  
d iffe re n tia tio n  can be m ade fro m  the  spectrum , 
but according to the  results of W ebb and  M cC a ll
(13) it  is ve ry  lik e ly  that w e  have to deal w ith  
com pound N o . 8 . T h e  percentages, b etw een  
parentheses in  Tab le 2, are calculated as i f  com ­
p ou nd  N o . 8  is present.

(4) D ic h lo ro b ip h e n y l N o . 15 has the same re ­
ten tion  tim e  as trich lo ro b ip h en y l N o . 18. From  
the spectra it  appears tha t N o . 15 is the  m ain  
com pound present in  A ro c lo r 1221, w ith  a trace 
o f N o . 18. In  A ro c lo r 1232, a m ix tu re  o f both  
com pounds is present; in  A roclors 1242 and  
A1248, com pound 18 is m a in ly  present. Results 
in  Tab le 2 fo r a ll technical m ixtures h ave been  
calculated as com poun d  N o . 18. T h e  M D Q  
(M in im u m  Detectable  Q u a n tity ) (14) on the EC 
detector fo r com pounds 15 and 18 is 20 X  10-1 4  
and  6 X  10-1 4  g /s , respectively.

(5) T w o  com pounds, Nos. 28 and 31, elute from  
the  c a p illa ry  at R R T 1.039. Because th e  spectra  
are n early  iden tic a l, no d is tinc tion  can be m ade  
in  the  technical m ix tu re . T h e  rep o rted  p er­
centages are calculated as com pound 28. (M D Q s  
fo r the  2 com pounds are s im ila r, 3 X  10~ 14 

g/s-)
(6 ) In  the  chrom atogram s the  peak w id th  is 

b roadened  com pared w ith  n e ig h b o rin g  peaks. 
T h e  peak w ith  R R T 1.160 re a lly  consists at least 
of 2  te trach lo rob iph eny ls .

(7) T he  peak w ith  R R T  1.308 consists o f a 
te trac h lo ro b ip h e n y l (N o . 6 6 ) and  a p en tach lo - 
ro b ip h e n y l (N o . 95). C o m p o u n d  N o . 6 6  e lutes  
firs t. In  A roclors 1232, 1242, and  A 1248 , the  
te trach lo rob iph eny l dom inates; in  A ro c lo r 1254, 
N o . 95 dom inates. In  A ro c lo r 1260 o n ly  N o . 95 
is present. T h e  percentages in  th e  techn ica l 
m ixtures  are calcu lated  as N o . 95 (M D Q s  fo r the  
2  com pounds are s im ila r).

( 8 ) T he  peak w ith  R R T 1.329 is a d ou b le  peak  
consisting of a tetra- and  a p en tach lo rob iph en y l. 
R eten tion  tim e of com pound 121 coincides w ith
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MASS SPECTRUM ORTA: ABEtS 1906 BASE M/E: 152 
12/10/88 11:20:80 + 15:06 ENHANCED <S 288 2N 0T) RIC: 407040. 
SAMPLE: ST PCB CODE ABE GEC

105344

tha t fo r the u n k n o w n  peak, but fro m  the mass 
spectra it  appears that the u n kn o w n  pentachloro  
com pound has a strong cluster (m /z  290 -298 ) 
w h ic h  is absent in  the spectrum  o f com pound  
121. F urth erm o re , it  appears that the com posi­
tion  of peak RRT 1.329 differs from  one technical 
A ro c lo r to the  other. T h e  content o f the p en ta­
chloro  com pound is n early  equal in  Aroclors  
1232, 1248, and A1254. In  A ro c lo r 1242, the  
co n trib u tio n  o f this com pound is less. T here  is 
no such com pound in  A ro c lo r 1260.

(9) C om pounds 84 and 155 have the same re ­
ten tio n  tim es. In  a ll technical m ixtures o n ly  a 
pentachloro  com pound could  be detected, e.g., 
N o . 84.

(10) The situation is very  complex. The cluster 
o f chrom atograph ic peaks w ith  R R T fro m  1.460 
to 1.470 has a d iffe re n t com position in  each 
technical m ixture . In  Aroclors 1232, 1242, and  
A1248, o n ly  the tetra- and pentachlorobiphenyls  
are present. In  A roc lo r 1254, the penta com ­
pound is the m ajor peak com pared w ith  the hexa 
com pound (N o . 136), and  in  A roc lo r 1260 the

hexa com pound is the m ajor peak. N o  tetra  
com pound is present in  Aroclors 1254 and  
1260.

(11) Again  there is a problem  of 2 d ifferent, but 
in terfering , compounds. In  Aroclors 1232,1242, 
and 1248, and A 1254 the m ain  part is a penta- 
c h lo ro b ip h en y l (N o . 118) w ith  a trace o f a hexa- 
chlorobiphenyl. In  Aroclor 1260, the hexachloro  
com pound is dom inant. A ccording to retention  
times, com pounds 140 and 149 are both possible. 
The possibility of com pound 140 is very small (C. 
A . W achtm eister, personal com m unication). 
Percentages in  the technical m ixtures are calcu­
lated as N o . 149.

(12) T w o  hexachloro com pounds e lu te  w ith  
n early  the same re ten tion  tim e. T he  second is 
com pound 137.

(13) H e re  there is an in terference o f a hexa- 
and a heptachlorobiphenyl. The second e lu ting  
com pound is hexachlorobiphenyl N o . 156 w h ich  
is the  m ajor peak in  A roc lo r 1254, w h ile  in  
A 1260 the heptach loro  com pound dom inates  
strongly.
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HASS SPECTRUM DATA: AR01232 #989 BASE M/E: 152
12/17/88 11:03:08 + 15:09 CALI: WT1 #1 RIC: 249856.
SAMPLE: ST AROCLOR 1232 1 UG 
ENHANCED (S 158 2N 0T)

Discussion
A fte r  studyin g  the spectra o f each ch lo rob i- 

p h en y l w e  confirm ed the fo llo w in g  conclusions 
(P. A . Leclercq, Laboratory o f Ins tru m en ta l 
Analysis, E in dhoven  U n ivers ity  of Technology, 
T he  N e th e rla n d s , personal com m u nication , 
1980): (1) C om pounds con ta in ing  m ore than
one ch lo rin e  atom  w ith  o n ly  one ch lo rin e  in  an  
ortho position and com pounds w ith  no chlorine  
atoms at a ll in  an ortho  position  give ve ry  w eak  
[M -C 1 ]+ fragm ents (F ig ure  7).

(2) For com pounds w ith  2 ch lo rin e  atoms in  
the ortho  position , the in ten s ity  o f the [M -C 1 ]+ 
fragm ent depends on the d is trib u tio n  o f these 2 
ch lo rin e  atoms over the 2 p h e n y l rings. W h en  
both  ch lo rin e  atoms are in  the ortho  position  in  
the same p h e n y l rin g , a w eak fragm ent occurs 
(Figure 4). W h en  one o f the 2 ortho  positions in  
each rin g  is occupied, a strong [M -C 1 ]+ fragm ent 
results (F igure  5).

(3) C om pounds w ith  2 ch lo rin e  atoms in  the  
ortho position show a strong [M -C 1 ]+ fragm ent. 
The effect is stronger than w h en  2 chlorine atoms 
are in  ortho  position, each in  one p h e n y l ring .

(4) Com pounds w ith  4 ch lo rin e  atoms in  the  
ortho position behave sim ilar to com pounds w ith  
o n ly  one or no ortho  ch lo rin e  atom .

Several papers discuss the  com position  of 
technical Aroclor m ixtures (9 ,1 2 ,1 3 ). It  is often  
d iff ic u lt  to com pare experim enta l results w ith  
the lite ra tu re  because gas chrom atograph ic  
conditions d iffe r  w id e ly .

In  a very  in teresting  paper (13), W ebb and  
M cC a ll reported  the synthesis o f 28 in d iv id u a l 
ch lo rob iphenyls  and com pared th e ir  IR  spectra 
w ith  fractions fro m  A ro c lo r 1254, obta ined  by  
p reparative  gas chrom atography. W h e n  w e  
compare our results w ith  the results of W ebb and  
M cC all, agreem ent is excellent.

Probably due to b etter separation, w e  detect 
m ore com pounds in  the technical m ixtures. As 
fa r as both institu tions had the  standards a v a il­
able, compounds iden tified  by W ebb and M cC all 
w ere  also con firm ed  by our investigation .

A  recent paper (12) also reported  on the  com ­
position of Aroclors. Ballschmiter and Z e ll used 
m any pure ch lo ro b ip hen yls  and predicted  Ko- 
vacs indexes fo r com pounds not ava ilab le  to
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them . A lth o u g h  th e ir gas chrom atograph ic  
conditions d iffe r from  ours, the EC peak pattern  
shows good agreem ent.

W h en  w e  com pare th e ir results fo r A roc lor 
1254 w ith  ours, for peaks w ith  an area percentage 
h ig h er than 1% (for com ponents availab le  to us), 
w e can conclude that iden tific a tio n  o f com ­
pounds availab le  to both  o f us agree. Some of 
the ir predictions are also in  fu ll agreem ent w ith  
our results.

W h ere  Ballschm iter and Z e ll p red ic t or m ea­
sure o n ly  one com pound fo r a g iven  re ten tion  
tim e, according to the num ber o f chlorine atoms, 
in  general, our measurements agree. W h en  they  
m easure a n d /o r  p red ic t m ore than  one com ­
pound there are some agreem ents w ith  our  
m easurements, but there are also some questions 
and  deviations. (See Tab le 3 fo r com ponents  
show n in  order of e lu tion .) For instance at RRT  
of com pound 101, Ballschm iter and Z e ll predict, 
in  addition to N o. 101, a tetrachlorobiphenyl (N o. 
79); our investigations have p ro ven  that there is

no evidence for such a com pound above the lim it  
o f detection, in  this case about 0.3%.

A t RRT 1.445 (N o . 87) they predict the e lu tion  
of com pound 119 and measure N o . 87. H o w ­
ever, in  our study com pound 119 elutes before  
N o . 97, w h ic h  was also correctly m easured by 
Ballschm iter and Z e ll. The p red ic tion  o f com ­
pound 119 is not justified  by our measurements. 
In  the predicted  RRT range o n ly  hexachlorobi- 
phenyls elute. O n  the m inor com pounds (<1% ), 
a few  rem arks can be m ade. A g reem en t exists 
on com pounds 97, 151, and 129; predictions on  
Nos. 4 9 ,18 0 , and 170 are also correct.

In  our system com pound 77 w o u ld  e lu te  at 
RRT 1.470. In  the technical Aroclors, w e fin d  an 
u n k n o w n  p en tach lo rob iph en y l. In  our study  
w h e n  a te trach lo rob iph eny l should be present 
(fo r instance N o . 77) it  w i l l  be about 0.2% at 
m axim um . This  agrees w ith  values in  the l i te r ­
ature (15, 16). Ballschm iter and Z e ll p red ic t  
e lu tio n  o f com pound 187 a fter com pound 128. 
W e measured N o . 128 e lu tin g  a fter N o . 187.
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Table 3. Comparison of GC-MS results on 
chlorobiphenyls in Aroclor 1254 (Table 2) with results of 

Ballschmiter and Zell (12)

This study Ref. 12 

Code No.No. chlorine atoms Code No.

_ NDa 316
4 52 52
4 49 49 b
4 44 44

— ND 37
4 72 64b;41
4 Nla 40
4 Nl ND
4 Nl 74b
4 70 70

4; 5 66;95 96b;91b;95
— ND 10 2 b

4; 5 Nl 89b;80b
4 Nl 92b;84b
5 84 90 6
5 101 79b;101
5 Nl 99

— ND 150b
5 119 83 b
5 97 97
5 87 119b;87
5 Nl 85b
6 136 136
5 Nl 77
5 Nl 120 b
6 151 151
6 Nl 135b
6 Nl Nl

5;6 118;149 106;118b;144b;149b
6 Nl 134b
6 Nl 105;132b;136
6 132 Nl
6 153 153
6 141 141 ;179 0
6 N1 ; 137 137;130 b;165b
6 138 138
6 Nl Nl
6 129 129
7 187 ND
6 128 128; 163 b;

— ND 187b
— ND 159b
— ND 173b
— ND 174b
6; 7 N1 ; 156 156;177b
— ND 202 b
7 180 180b
7 170 170b

a ND = not detected; Nl = not identified. 
b Standard not available to authors (12).

Conclusion
W h en  2 com pounds contain  the same n um ber 

of ch lo rin e  atoms, it  is o ften  d iff ic u lt  to d is tin ­
guish them  by M S alone. D ifferences in  spectra 
betw een those com pounds are caused m a in ly  by

the so-called ortho effect. H o w ever, w h en  using  
a cap illa ry  colum n in  com bination  w ith  M S , a 
great n u m b er o f com pounds can be irre fu ta b ly  
determ ined, based on retention  tim e and num ber 
of ch lo rin e  atoms. For m ajor com pounds our 
iden tifica tio ns  agree w ith  the  lite ra tu re . Good  
predictions on id en tity  can be made w h en  using  
re ten tion  indexes and re ten tion  increm ents as 
done by Ballschm iter and Z e ll (12). M a n y  
com pounds can be m easured in  technical m ix ­
tures by using cap illa ry  gas chrom atography.

Acknowledgments
T he  authors than k  A . H . Roos and  A . J. van  

M u n ste ren  fo r th e ir ana ly tica l support con­
cern ing  q uan tifica tion  o f in d iv id u a l ch lo ro b i­
phenyls.

Re f e r e n c e s

(1) Jensen, S. (1966) N e t o  S e i . 32, 612
(2) Jensen, S., & Sundström, G. (1974) A m b i o  4, 

70-76
(3) Risebrough, R. W., Reiche, P., & Olcoh, H. S. (1969) 

B u ll  E n v i r o n .  C o n t a m .  T o x i c o l . 4,192-201
(4) Sawyer, L. D. (1978) /. Assoc. O f f .  A n a l .  C h e m .  61, 

272-281
(5) Schulte, E„ Thier, H. P„ & Acker, L. (1976) D t S c h .  

L e b e n s m .  R u n d s c h .  72, 229-332
(6) P e s t ic i d e  A n a l y t i c a l  M a n u a l  (1968) Vol. I, Food and 

Drug Administration, Washington, DC, H 
300.64d

(7) Armour, J. A. (1973) J .  A s s o c .  O f f .  A n a l .  C h e m .  56, 
987-999

(8) Kok, A.de, Geerdink, R. B., Frei, R. W., & Brink- 
man, U.A.Th. (1982). In t .  ] .  E n v ir o n . A n a l .  C h e m . 10, 
17-41

(9) Sissons, D., & Welti, D. (1971) J .  C h r o m a t o g r . 60, 
15-32

(10) Zell, M„ Neu, H. J., & Ballschmiter, K. (1978) 
F r e s e n i u s  Z .  A n a l .  C h e m .  292, 97-107

(11) Zell, M., Neu, H. J., & Ballschmiter, K. (1977) 
C h e m o s p h e r e  2/3, 69-76

(12) Ballschmiter, K., & Zell, M. (1980) F r e s e n i u s  Z. A n a l .  

C h e m .  302, 20-31
(13) Webb R. G„ & McCall, A. C. (1972) J .  A s s o c .  O f f .  

A n a l .  C h e m .  55, 746-752
(14) Thompson, B. (1978) V a ria n  I n s t r u m e n t  A p p lic a t io n s  

12, 7-8
(15) Huckins, J. M., Stalling, D. L., & Petty, J. D. (1980) 

/. Assoc. O f f .  A n a l .  C h e m . 63, 750-755
(16) Kamps, L. R., et al. (1979) B u ll .  E n v i r o n .  C o n t a m .  

T o x i c o l . 23, 51-56



7 1 8 VAN  STAD EN : J. ASSOC. OFF. ANAL. CHEM . (VOL. 66, NO. 3, 1983)

F E E D S

Simultaneous Determination of Protein (Nitrogen), Phosphorus, and 
Calcium in Animal Feedstuffs by Multichannel Flow-Injection 
Analysis

JACOBUS F. v a n  STADEN
U n iv ers ity  o f  P r e to r ia , D e p a r tm en t o f  C h em is tr y , P re to r ia  0 0 0 2 , S ou th  A fr ic a

A 3-channel flow-injection procedure was developed, 
which enables the simultaneous determination of 
protein, phosphorus, and calcium in a wide range of 
animal feeds from a single digestion. Samples are 
digested with a block digestor, diluted, and analyzed 
at a rate of 82 samples/h. Protein (nitrogen) as am­
monia is determined colorimetrically by the indo- 
phenol method. Phosphorus and calcium are deter­
mined by measuring the absorbances of the molyb­
denum blue and calcium-cresolphthalein complexes 
at 660 and 580 nm, respectively. Protein is deter­
mined in the range from 0 to 75%, phosphorus in the 
range from 0 to 6%, and calcium in the range from 0 
to 6%. The results obtained do not differ signifi­
cantly from those obtained by proven manual 
methods, and considerable time, space, and reagents 
are saved.

E ffective  cost contro l plays an im p o rtan t ro le in  
the effic ient m anagem ent of an anim al farm . To 
achieve this goal, recent developm ents in  the  
fo rm u la tio n  o f h ig h  perform ance an im al feed ­
stuffs have d epended  la rg e ly  on the precise 
d e fin it io n  and contro l of nu trien ts . Protein  
(n itro g e n ), phosphorus, and calcium  are basic 
com ponents in  anim al feeds and the ir levels play 
an im p o rtan t ro le in  livestock rations fo r o p ti­
m u m  an im al perform ance. P rote in  is usually  
calculated by d e te rm in in g  the total n itrogen  
co n ten t o f the feed by K je ld ah l analyses and  
m u ltip ly in g  by a factor to convert total n itrogen  
to crude p ro te in . Phosphorus and calcium , on  
the o th er hand, are d eterm in ed  by spectropho- 
tom etric  m ethods.

The ever-increasing  n u m b er o f an im al feed­
stuff samples presented for protein, phosphorus, 
and  calcium  analyses has led  to an increasing  
dem and fo r rap id  and precise chem ical proce­
dures. M a n y  analy tica l m ethods are availab le  
fo r the d ete rm in a tio n  o f p ro te in , phosphorus, 
and  calcium  in  an im al feeds. M a n y  are ra ther 
tim e  consum ing and tedious w h e n  used in  rou­
tine  analysis. C o nvention al m anual methods to

Received April 21 ,1982 . Accepted O ctober 4, 1982.

o bta in  the  increased th rou gh pu t in  ro u tin e  lab­
oratories w ou ld  m ake heavy labor dem ands and  
no doubt w ou ld  introduce h igher total variab ility  
due to the large n um ber o f operators in vo lved . 
The sim ultaneous and autom ated determ ination  
of p ro te in , phosphorus, and calcium  in  an im al 
feeds w o u ld  not o n ly  save tim e, but also w o u ld  
con tribu te  to the o vera ll e ffic iency in  this agri­
c u ltu ra l fie ld .

In  1965, Roach (1) described a segm ented au­
tom ated m ethod  fo r the ro u tin e  sim ultaneous  
d ete rm in a tio n  o f calcium  and phosphorus in  
an im a l feedstuffs. H e  used a 25% v / v  h yd ro ­
ch lo ric  acid so lu tion  fo r d igestion  and an A u -  
to A n a lyze r fo r processing about 60 sam ples /h . 
H o w e v e r, fro m  the operating  tim e g iven  for 
sam ple p reparation , this was ra ther slow. Law  
et al. reported  in  1971 (2) on the sem iautom ation  
o f a K je ld a h l-ty p e  m ethod  by w h ic h  total n itro ­
gen and phosphorus can be determ ined in  a w ide  
range o f m aterials fro m  a sing le d igestion  of 
feedstuffs. By using this m ethod  they produced  
a s ig n ifican t increase in  the  rate o f analysis and  
re l ia b il i ty  o f results o ve r p ro ve n  m an u a l 
m ethods.

H a m b le to n  and  N o e l reported  in  1975 (3) on  
the use o f a block digestor to com plete ly  digest 
p ro te in  in  an im al feeds. W a ll and G ehrke  (4) 
also used a block digestor in  conjunction w ith  an 
autom ated  system fo r total p ro te in  n itrog en . A  
collaborative  study fo r p ro te in  in  an im al feeds 
reported by N o el and H am bleton in  1976 (5) used 
th e ir  d igestion  m ethod  (3) and a s lig h tly  m o d i­
f ie d  autom ated m ethod  o f W a ll and G ehrke (4). 
In  1977, H am b le to n  (6 ) developed an autom ated  
m etho d  fo r the sim ultaneous d ete rm ina tion  of 
phosphorus, calcium , and crude p ro te in , using  
the  p ro te in  digest fro m  a block digestor and  
w ith o u t a lte rin g  the  o ffic ia l A O A C  m ethod. 
T h is  autom ated segm ented con tinuous-flow  
analysis system gave a sam pling  rate o f 40 sam­
p le s /h .

Since its in tro d u c tio n  in  1974-1975 (7 -1 0 ) by 
S tew art et al. and Ruzicka and  H ansen , f lo w -  
in jection  analysis has established itse lf as an
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an a ly tica l technique w h ic h  is suitable fo r in ­
creasing sam ple o u tpu t in  most analytical labo­
ratories.

T h e  basic characteristics o f f lo w -in jec tio n  
analysis (F IA ) are the absence o f a ir bubbles and  
the rap id  in jection  o f an aqueous sam ple, e ith er  
m a n u a lly  th ro u g h  a septum  device ( 1 1 ), or au­
tom atica lly  by some autom atic in jection  system  
(10, 12 -1 4 ) in to  a con tinuo usly  m o v in g  unseg­
m en ted  carrier stream  o f w a te r or reagent solu­
tion . T he  in jected  sam ple form s a slug or zone  
tha t is processed in  a m an ifo ld  system and  
transp orted  in to  a flo w -th ro u g h  detection  sys­
tem . Because the sam pling period is very  short, 
usually  less than 2  s, a h ig h  sam pling rate can be 
achieved. This in  turn  allows the use of a rap idly  
m o v in g  carrier stream w h ic h , in  contrast to the  
A u to A n a ly z e r concept, does not need to be seg­
m en ted  b y  a ir. T here  are no a ir bubbles and  
consequently  no need to control a ir bubble size 
and pattern , and pulsation is reduced because of 
the absence o f a ir bubbles. The system is h ig h ly  
flex ib ile  in  terms o f sensitivity; one of the factors, 
sam ple vo lu m e, fo r exam ple, can be varied  be­
tw ee n  1 ¡xL and  25 m L.

T h e  e a rly  h is tory  o f the concept o f F IA  has 
been re v ie w e d  th o ro u g h ly  by Stew art (15) and  
M o tto la  (16). T he  basic theoretical background  
re la ted  to this technique has been discussed in  
detail by Ruzicka and Hansen (17 ,18), Reijn et al.
(19), V anderslice  et al. (20), and P ain ton  and  
M o tto la  (21). T he  advantages o f this technique  
have been discussed in  com prehensive review s  
presented by R uzicka and H ansen  (1 7 ,1 8 ), Bet- 
teridge (22), Ranger (23), and van  Staden (24). 
A m on g  the advantages are flex ib ility , re liab ility , 
and rep ro du c ib ility  as w e ll as ease o f autom ation  
an d  sam ple th ro u g h pu t. D espite its great po­
ten tia l fo r autom atic analysis, f lo w  injection has 
been lit t le  ap p lied  in  the f ie ld  o f a n im a l feeds. 
Basson and van  Staden (25) reported  in  1978 an  
F IA  m ethod  fo r the co lo rim etric  d e te rm in a tio n  
of calcium  in  dry-ashed an im al feed samples by  
using creso lp h thale in  com plexone as color re­
agent and  the  stable nontoxic  2 -am in o -2 -m eth - 
y lp ro p a n - l-o l reagent as a base so lu tion . A n  
analysis rate of 300 sam ples /h  for calcium  in  the  
range 0.5 to 5 %  w ith  a coeffic ien t o f va ria tio n  o f 
better than  1%  was achieved.

The objectives of the present study w ere  to 
develop  autom ated sim ultaneous m ethods fo r  
the determ ination  of crude p ro te in , phosphorus, 
and calcium in  a single digested anim al feedstuff 
sam ple, using the p ro te in  digest fro m  a block  
digestor and the app lication  o f m u ltic h a n n e l 
flo w -in je c tio n  analysis.

Chemistry

P ro te in  (a m m o n ia ) .— The estim ation o f p ro te in  
(to ta l n itrog en ) is based on the reaction  o f am ­
m onia w ith  p h en o l and h yp och lo rite  in  an al- 
ka lifie  m ed ium  to fo rm  a b lue com plex. The  
reaction is catalyzed by sodium  n itroprusside. 
The developed  color is m easured at 620 nm .

T he  so-called in d o p h e n o l b lue  reaction  in  
w h ic h  am m onia reacts w ith  p h en o l and  h yp o ­
ch lo rite  to fo rm  a b lue  color in  an a lk a lin e  m e­
d iu m  was first reported by Berthelot in  1859 (26). 
T he reaction was quantita tive ly  used by Thom as  
in  1912 (27). Since then  this m ethod  has been  
successfully used and investigated  by several 
o th er w orkers (28, 29) fo r the  d e te rm in a tio n  o f 
am m onia  in  a n u m b er o f d iffe re n t m aterials. 
T h e  o p tim u m  conditions (29) fo r th is reaction  
have been the subject o f num erous investigations  
and are w e ll established. This  m ethod  has been  
autom ated and used by several w orkers  (6 , 29, 
30).

P h o s p h o r u s .— The d ete rm in a tio n  o f phospho­
rus is based on the com plexation  o f orthophos­
phate w ith  acidic m olybdate. Th is  com plex is 
reduced to m o lybdenum  blue w ith  ascorbic acid. 
T he  developed  color is m easured at 660 nm .

The 2 m ain  co lo rim etric  systems availab le  fo r  
total phosphorus d ete rm in a tio n  as o rthophos­
phate are e ith e r a m o lybd enu m  b lue  o r an am ­
m o n iu m  vanadate procedure. T he  am m o n iu m  
vanadate procedure is used fo r re la tiv e ly  h ig h  
phosphate concentrations w hereas the m o ly b ­
d en um  b lue  procedure, because o f its h ig h e r  
sensitivity , is n o rm a lly  selected fo r lo w  phos­
phate concentrations. H o w e v e r, the system f i ­
n a lly  chosen had to be capable o f an a ly z in g  low  
leve l phosphate contents (th a t is, 0 -6 0  m g /L )  in  
the digests, so the m ore sensitive m o lybd enu m  
blue m ethod was chosen fo r experim enta l w ork . 
The reaction conditions fo r the m o lybd enu m  
blu e  reaction are fu rth e rm o re  w e ll established  
and, w ith  the exception of the p articu la r reduc­
ing  agent used, present no d ifficu lties . Various  
reducing  agents have been reported  fo r the  re ­
d uction  of the phosphom olybdate com plex to 
m o lybd enu m  b lue , in c lu d in g  h yd ra z in e  sulfate
(31), sodium  su lfite  (31), sodium  sulfate, h yd ro - 
quinone, ferrous sulfate, stannous ch lo ride  (32), 
am in on aph th o l sulfon ic  acid (33), and  ascorbic 
acid (34). T he  use o f ascorbic acid in  p articu lar  
resulted in  an exceptionally stable baseline w ith  
the best color deve lo pm en t in  the shortest tim e, 
m akin g  it  suitable fo r f lo w -in je c tio n  analysis.

In  1971, Law  et al. (2) autom ated the  m o lyb ­
d enum  blue phosphate m ethod  fo r the d eter­
m in a tio n  o f phosphorus in  feedstuffs.
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C a lc iu m .— M ost con tin uous f lo w  ana ly tica l 
procedures use a procedure s im ila r to th a t o f  
Kessler and W o lfm an  (35) fo r the d eterm in atio n  
o f calcium  w ith  c reso lp h th a le in  com plexone  
reag en t and  d ie th y la m in e -s o d iu m  acetate as a 
base co m po nen t m easuring  the absorbance o f a 
ca lc iu m -creso lp h th a le in  com plex at 580 n m  and  
p H  12.0. W o rk in g  at th is  p H  and  w a v e le n g th  
gave less in te rfe ren ce  fro m  m agnesium . G ite l-  
m an , in  1967 (36), im p ro v e d  th is  m eth o d  by  in ­
troducing  q u in o lin -8 -ol to e lim inate  interference  
fro m  m ag nesiu m  and  m easured the com plex at 
570 n m . Roach (1) ap p lie d  th is  m etho d  w ith  a 
sam pling  rate o f 60 sam p les /h  fo r the estim ation  
o f calcium  in  an im a l feeds, m easuring  the  com ­
plex at 580 n m  and p H  10.7. In  1974, M oorehead  
and Biggs (37) m o d ified  this m ethod by replacing  
the  toxic, vo la tile  d ie th y lam in e  (pK a =  1 1 .0 ) w ith  
the  m o re  stable, non to xic  2 -a m in o -2 -m e th y l-  
p ro p a n -l-o l (p K a =  9.6) as a base so lu tion . T he  
creso lp h th a le in  com plexone reagent is alm ost 
colorless at p H  10 b u t h ig h ly  colored at p H  12; 
th e re fo re , th e  b la n k  was reduced  and  th e  sensi­
t iv ity  was increased. T h e y  rep orted  tha t since 
the  m ag nesiu m  in te rfe re n c e  was e lim in a te d  by  
using q u in o lin -8 -o l, it  was not necessary to w o rk  
at the  h ig h e r p H . In  1978, Basson and  van  Sta- 
d en  (25) fo u n d  th a t th e  2 -a m in o -2 -m e th y lp ro -  
p a n -l-o l as base gave a sufficien tly  stable solution  
fo r  F IA -an alys is , w h ic h  obviates the  use o f the  
poisonous potassium  cyan id e  as stab ilizer.

M E T H O D

Principle

Sam ples are d igested in  250 m L  calibrated  
tubes in  a b lock d igestor and  ana lyzed  auto m at­
ic a lly  by  use of th e  B erth e lo t (26) reaction  fo r  
am m onia, the m o lybdenum  blue m ethod  (34) for 
phosphate, and  the  creso lphthale in  com plexone  
p roced ure  (35) fo r  calcium . Absorbances o f in -  
d o p h e n o l b lu e  com plex fo r am m o n ia , m o ly b ­
d en u m  b lu e  com plex fo r phosphate, an d  cal­
c ium -creso lp h tha le in  com plex are read in  10  m m  
H e llm a -ty p e  flo w c e lls  at 620, 660, and  580 n m , 
resp ective ly .

Apparatus

(a) B lo c k  d i g e s t o r .— C apab le o f m a in ta in in g  
4 1 0 °C  and  d ig estin g  a series o f samples s im u l­
taneously in  250 m L  calibrated  vo lu m etric  tubes 
constricted at top. Block m ust be equ ipped  w ith  
re m o vab le  shie lds to enclose exposed areas of 
tubes co m p le te ly  at o r above h e ig h t o f constric­
tion .

(b) M u l t i c h a n n e l  f lo w - in je c t io n  a n a l y z e r .— (i )

S a m p l i n g  v a lv e  s y s t e m s .— T hree  C arle  m ic rovo l- 
u m e 2-position  sam pling  valves (C arle  Cat. N o . 
2014), each w ith  2 identical sample loops of 25 p h  

vo lu m e . A  constant stream  o f samples fro m  
a n im a l feed digests was supp lied  to the 3 sam­
p lin g  v a lve  systems. C a rrie r streams w ere  sup­
p lie d  by peris ta ltic  p um p, and  v a lve  systems 
w e re  synchronized  w ith  sam pler u n it. («) C e n c o  

s a m p le r ,  (i i i )  C e n c o  p e r is ta lt ic  p u m p . — O pera tin g  
at 10 rp m . ( i v )  M a n i f o l d .— S e e  F igure  1. (i>) 
S p e c t r o p h o t o m e t e r s .— Bausch and  Lom b Spec- 
tronic 21 D V  spectrophotometers (Rochester, N Y )  
equipped w ith  10 m m  H e llm a-typ e  flow throu gh  
cells (vo lu m e  80 p L ) ,  and  sens itiv ity  sw itch  se­
lected  to h ig h  sens itiv ity  (see F igure  1). (v i )  

V o lt a g e  s ta b i l iz e r s .— M e tt le r  C l 110 p o w er lin e  
filte r , (v ii)  R e c o r d e r s .— O f appropriate  span (see 
f lo w  d iag ram  in  F igure  1).

Reagents

Prepare  a ll reagents from  an a ly tica l reagent 
q u a lity  chem icals unless o therw ise  specified.

P ro te in

(a) A lk a l in e  p h e n o l .— Dissolve 50 g p h en o l 
s lo w ly  in  100 m L  20% sodium  h yd ro x id e  solu­
tion . A d d  100 m L  ethano l s lo w ly  and m ix  w e ll. 
A d d  0.5 m L Brij 35 and  d ilu te  to 500 m L  w ith  
w ater.

(b ) A lk a l in e  h y p o c h lo r i t e .—  A d d  10 g sodium  
tetraborate decahydrate  to 50 m L  20% sodium  
h yd ro x id e  so lu tion  and  450 m L  household  
bleach solution (contain ing 3.5% active chlorine). 
Shake w e ll u n t il d issolved.

(c) S o d iu m  n i t r o p r u s s id e .— Dissolve 0.6 g sodi­
um  n itroprusside  in  500 m L  w ater.

(d) N it r o g e n  s to ck  s o lu tio n .— Accurately  w e ig h  
4.7150 g am m o n iu m  sulfate (vacuum -oven dried  
at 7 0 °C ) and dissolve in  500 m L  w ater. D ilu te  
q u a n tita tiv e ly  to 1 L w ith  w ater. S o lu tio n  con­
tains 1000 m g N / L  so lu tion .

Phosphorus

(a) A c id ic  m o ly b d a t e .—  D issolve 3.1 g am m o ­
n iu m  hep tam olyb date  in  500 m L  of 0.4 m o l/L  
n itr ic  acid.

(b ) A s c o r b ic  a c i d .— Dissolve 5 g ascorbic acid  
in  200 m L  w ater. A d d  1 m L  g lycerin e  and 0.5 
m L  U ltra w e t 60 L. D o  n o t add Brij 35 to phos­
phorus reagents. D ilu te  to 500 m L w ith  w ater.

(c) P h o sp h a te  sto ck  so lu tio n .— Accurately w e igh  
4.3943 g potassium d ih ydrog en  orthophosphate  
(vacuum -oven  d ried  at 5 0 °C ) and dissolve in  600 
m L  w ater. D ilu te  q u a n tita tiv e ly  to 1 L w ith  
w ater. S o lu tio n  contains 1000 m g P /L  so lu tion  
(32.29 m g K H 2P O 4 /L  so lu tion).
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Figure 1. Manifold and flow diagram for simultaneous determination of protein (nitrogen), phosphorus, 
and calcium on a single digested animal feedstuff sample, using multichannel analysis. Valve loop sizes 
=  25 pL. Sampling rate 82 samples/h (ca 240 analyses/h). Tube length and id are given in cm and mm,

respectively.

C a lc iu m
(a) C r e s o lp h t h a le in  c o m p le x o n e  r e a g e n t  (C P C ) .  

— A d d  0.10 g c reso lp h th ale in  com plexone and  
20 m L  concentrated  h yd ro ch lo ric  acid to 50 m L  
w a ter in  a 1 L vo lu m etric  flask and sw irl g en tly  
u n til dissolved. A d d  2 g q u in o lin -8 -ol and sw irl 
g en tly  u n til dissolved. D ilu te  to 1 L w ith  water. 
F ilte r i f  necessary.

(b ) B a s e  so lu tio n  ( A M P ) .— D issolve 50 g 2- 
a m in o -2 -m e th y lp ro p a n -l-o l (A M P ) in  500 m L  
w ater.

(c) C a lc iu m  sto ck  s o lu t io n .— D issolve 1.2490 g 
A n a la r grade calcium  carbonate c a re fu lly  in  ca 
0.1 m o l/L  hyd ro ch lo ric  acid by  add ing  the acid  
d ropw ise u n t il a ll calcium  carbonate has just 
dissolved. Boil solu tion  a few  m inutes  to re ­
m ove carbon d ioxide. D ilu te  q u a n tita tiv e ly  to 
1 L w ith  d is tilled  w ater. The solu tion  contains  
500 m g c a lc iu m /L  solution.

(d ) S t a n d a r d  w o rk in g  s o lu t io n s .— Prepare  6 
standards by add ing  volum es o f stock standard  
solutions ind icated  in  Table 1 in to  250 m L d i-

Table 1. Amounts of standard stock solutions to be diluted to 250 mL

Tube

Stock solution, mL
Calcium 

as Ca

mg/L

Phosphorus 
as P

Protein 
as NCalcium Phosphorus Protein (N)

1 5 2.5 5 10 10 20
2 10 5.0 10 20 20 40
3 15 7.5 15 30 30 60
4 20 10.0 20 40 40 80
5 25 12.5 25 50 50 100
6 30 15.0 30 60 60 120
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Table 2. Amounts of sample to be weighed according to protein content

Min. and max. protein, %
Sample,

g
Min. and max. 
phosphorus, %

Min. and max. 
calcium, %

0-12 1.5 0.17-1 0.17-1
3-18 1.0 0.25-1.5 0.25-1.5

3.9-23 0.8 0.31-1.8 0.31-1.8
5-31 0.6 0.42-2.5 0.42-2.5
6-37 0.5 0.5-3.0 0.5-3.0

12.5-75 0.25 1.0-6.0 1.0-6.0

gestion tubes. A d d  9 g potassium  sulfate, 0.42 
g m ercu ry -II-o x id e  (H g O ), and 5 m L concen­
trated  su lfuric  acid to each tube. In sert tubes 
in to  d igestor block preheated  to 410°C , place  
shields around  tubes, and digest fo r 1 h.

A fte r  d igestion, rem ove tubes, place in  fum e  
hood, and le t cool 10 -15  m in . D ilu te  contents  
q u an tita tive ly  to 250 m L  w ith  w a te r and m ix  
th o ro ug h ly . Use these solutions fo r w o rk in g  
standards, contain ing 1 0 ,20 ,3 0 ,4 0 , 50, and 60 mg  
C a /L  so lu tion , 10, 20, 30, 40, 50, and 60 m g P /L  
solution, and 20, 40, 60, 80 ,100 , and 120 m g N / L  
solution. Standards are stable g 2  m onths.

A n a l y t i c a l  S y s t e m

Schem atic f lo w  d iagram  fo r sim ultaneous de­
term ination  of protein, phosphorus, and calcium  
in  an im al feeds is g iven  in  F igure 1. M a n ifo ld  
consists of T yg o n  tub ing  w ith  inside d iam eters  
as indicated in  F igure 1 cut in to  required  lengths  
and  w o u n d  around  suitable glass tubes w ith  
outside d iam eter o f 15 m m . C arrier and reagent 
streams are supplied  at constant f lo w  rates w ith  
Cenco peristaltic pum p  operating at 10 rpm , and  
sam pling  v a lve  systems are synchronized  w ith  
Cenco sampler unit. Single digested anim al feed  
sam ple taken fro m  turn tab le  o f autom atic sam­
p le r  is p um ped  in to  sam ple loops of each of 3 
d iffe re n t va lve  systems by m eans o f peristaltic  
p u m p  (F igure  1). T he 3 samples are injected si­
m u ltan eou s ly  in to  3 reaction m a n ifo ld  systems 
to be chem ica lly  processed and detected sepa­
ra te ly  fo r n itro g en , phosphorus, and calcium , 
respectively. A  44 s sam pling  cycle is used be­
tw een  successive samples. T h e  3 -channel sys­
tem  is suitable fo r s im ultaneous analysis o f n i­
trogen, phosphorus, and calcium at 82 sam ples/h  
(th a t is ca 240 d e te rm in a tio n s /h ). A ll  3 valves  
s im ultaneously  sam ple 25 p L  digested an im al 
feed sam ple. The 3 va lve  systems are actuated  
on a tim e  basis correlated w ith  sam pler u n it, 
every  42 s a fter m ovem ent o f sam pler to next 
sam ple.

(a) N it r o g e n  m a n ifo ld .— The injected 25 p h  

sample is com bined w ith  the w ater carrier stream

p um ped  at constant rate of 1.6 m L /m in . The 2.0 
m L /m in  alkaline phenol solution reagent stream  
is added and m ixed in  a 195 cm X  0.51 m m  id  coil. 
A lk a lin e  hypoch lorite  solution reagent is added  
at rate o f 1.0  m L /m in  and com bined in  a 2 0 0  cm 
X  0.51 m m  id  coil. A fte r  m ix in g , sodium  n itro -  
prusside solution reagent is added at a rate of 0.42 
m L /m in  and color is developed in  a 47°C , 256 cm 
X  0.51 m m  id  coil before m easurem ent in  spec­
tro ph otom eter at 620 nm .

(b) P h o s p h a te  m a n ifo ld .— T he  injected 25 p L  

sam ple is com bined  w ith  w a te r carrier stream  
p um ped  at constant rate of 2.0 m L /m in  and  
m ixed  in  a 64 cm X 0.51 m m  id  coil. T he  0.8 
m L /m in  acidic m olybdate reagent solution  
stream is added and m ixed in  a 212 cm X 0.51 m m  
id  coil. Ascorbic acid solution  is added at a rate 
of 2.0 m L /m in . M ix in g  and color developm ent 
takes place in  a 365 cm X  0.51 m m  id  coil before  
m easurem ent in  a spectrophotom eter at 660 
nm .

(c) C a lc iu m  m a n ifo ld .— The injected 25 p L  

sam ple is com bined  w ith  w a te r carrier stream  
p u m p ed  at constant rate o f 2.5 m L /m in  and  
m ixed  in  a 170 cm X 0.51 m m  id  coil. T he  1.6 
m L /m in  creso lph thale in  com plexone reagent 
(C P C ) is added and m ixed in  a 227 cm X 0.58 m m  
id  coil. 2 -A m in o -2 -m e th y lp ro p a n -l-o l (A M P )  
so lu tion  is added at a rate of 2.0 m L /m in . M ix ­
in g  and  color d eve lo pm en t takes place in  a 218 
cm X 0.58 m m  id  coil before m easurem ent in  a 
spectrophotom eter at 580 nm .

Determination

W e ig h  f in e ly  g ro un d  an im al feed samples ac­
co rd in g  to am ount o f p ro te in  (see Table 2) in to  
d ry  d igestion tubes. A d d  9 g potassium sulfate, 
0.42 g m erc u ry -II-o x id e  (H g O ), 5 m L  concen­
tra ted  su lfuric  acid, and 2  glass beads to each 
tube. Insert tubes in to  digestor block preheated  
to 4 1 0 °C , place shields around  tubes, and digest 
1 h. A fte r  d igestion, rem ove tubes and  cool 
1 0 -1 5  m in  in  fum e hood. D ilu te  q u a n tita tiv e ly  
to 250 m L  w ith  w a te r and m ix w e ll. Use these 
solutions fo r analysis.
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Figure 2. Typical curve for series of standard ni­
trogen solutions. Numerals =  mg N /L.

Figure 3. Typical curve for series of standard 
phosphorus solutions. Numerals =  mg P/L.

Place standards in  tray in  decreasing o rder of 
concentration , fo llo w e d  by groups o f samples. 
Proceed and  fo llo w  each group  o f samples w ith  
series o f standards to correct fo r possible d rift, i f  
any. A n a ly ze  standards and samples at 82 sam- 
p le s /h .

Prepare standard curve by averaging peak  
heights o f first and second set o f standards. Plot 
average peak h eights  fo r standards against n i­
trogen  concentration  as N , phosphorus concen­
tra tio n  as P, and  calcium  concentration  as Ca in  
m g /L  contained  in  each 250 m L  tube.

P ro te in , % =  [(m g N / L  fro m  g raph) X  6.25
X  100]/(m g  sam ple in  250 m L tube X 4)

Phosphorus, % =  [(m g P /L  from  g raph)

X 1 0 0 ]/(m g  sam ple in  250 m L  tube X  4)

C alc ium , % =  [(m g C a /L  fro m  graph)
X  100]/(m g  sam ple in  250 m L  tube X  4)

E x p e rim e n ta l

M a n y  factors could l im it  the d eve lo p m en t of 
the sim ultaneous d ete rm in a tio n  o f p ro te in , 
phosphorus, and calcium  in  a sing le digested  
a n im a l feed sam ple, because any a lterations in  
the offic ia l p rotein  m ethod could affect its status. 
H o w e v e r, these factors have been tested in  
d eta iled  studies by L aw  et al. in  1971 (2) and  by  
H am b le to n  in  1977 (6 ) and it  was show n that 
these factors d id  not place any lim ita tions on the  
segm ented autom ated sim ultaneous d e te rm i­
n ation  o f p ro te in , phosphorus, and calcium  in  a 
single digested an im al feed sample.

Figures 2, 3, and 4 show  typ ical curves fo r  
p ro te in , phosphorus, and calcium  at a rate o f 82 
sam ples/h. The ranges of 20-120 m g N /L ,  10-60  
m g P /L , and  10 -60  m g C a /L  in  the  d igested an ­
im al feed sam ple w ere  chosen because the great 
m ajority of anim al feed samples fa ll w ith in  these 
ranges. A  recorder paper speed o f 5 m m /m in  
and a sam pling  rate o f 82 sam ples /h  w ere  used 
fo r the recordings. T he  samples w ere  in tro ­
duced in  a random  order to test carry-over effects. 
Carry-over from  one sample to another is neg­
lig ib le .

T he  autom ated portio n  of the  d e te rm in a tio n  
o f p ro te in  (to ta l n itro g en ) was based on the  d e ­
term ination  of am m onia by the w e ll established  
in d o p h en o l b lue procedure. The o p tim u m

Figure 4. Typical curve for series of standard calci­
um solutions. Numerals =  mg Ca/L.
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Table 3. Reproducibility test of the proposed FIA method for protein, phosphorus, and calcium *

Sample Protein, % RSD Phosphorus, % RSD Calcium, % RSD

1 4.38 0.69 0.82 0.67 0.55 0.88
2 20.64 0.61 4.67 0.44 1.02 0.76
3 7.49 0.68 2.52 0.57 0.88 0.85
4 15.21 0.59 3.32 0.54 0.60 0.86
5 9.86 0.71 0 98 0.61 2.87 0.66
6 2.82 0.79 0.70 0.69 0.82 0.63
7 4.41 0.82 0.61 0.76 1.60 0.74
8 13.92 0.70 1.08 0.59 5.71 0.51

a Mean result of 15 tests in each case.

conditions for this reaction has been the subject 
of num erous investigations and  is w e ll estab­
lished. Reagents w ere optim ized  to g ive a linear 
calibration  curve in  the concentration  range o f 
2 0 -1 2 0  m g N /L .

T h e  autom ated p o rtio n  o f the phosphorus  
m ethod  was based on the com plexation  o f o r­
thophosphate w ith  acidic m olybdate  and the  
reduction  to m o lyb d en u m  blue. This  was pos­
sible because a ll phosphorus was converted  in  
the d igestion  procedure to the o rtho  form . 
Choice o f o p tim u m  conditions fo r the  m o lyb ­
denum  b lue  m ethod  has also been the subject of 
num erous investigations and is w e ll established. 
Reagents w ere  o p tim ized  to g ive  a lin e a r cali­
bration curve in  the concentration range o f 10-60  
m g P /L .

The autom ated calcium  p o rtio n  o f the s im u l­
taneous m ethod  is an adaption  of a m ethod  p re­
v iou sly  used by Basson and van  Staden in  1978 
(25) w h ic h  measures the colored ca lc iu m -cre - 
so lp h th a le in  com plex in  a h ig h ly  b u ffe red  m e­
d iu m . C reso lph th a le in  com plexone is an a lka­
line -ea rth  m etal com plexing  dye. M agnesiu m  
in te rfe ren ce  was e lim in ated  by using q u in o lin -  
8 -o l, and 2 -am in o -2 -m e th y lp ro p a n -l-o l (pfCa =  
9.6) was used as the  a lk a liz in g  agent. T h e  2- 
a m in o -2 -m e th y lp ro p a n -l-o l a lk a liz in g  agent 
allow s reaction at p H  10.2 w h ere  the cresol­
p h th a le in  com plexone is essentially colorless 
unless calcium  is present. Th is  increases the  
sensitivity . The 2 -a m in o -2 -m e th y lp ro p a n -l-o l 
is nontoxic; the  solution  is stable enough  to ob­
v ia te  the use o f poisonous potassium cyanide as 
stab ilizer and does not react w ith  the p u m p  and  
T yg on  tub ing.

Experim ents to determ ine the effect o f various 
concentrations of su lfuric  acid w ere  conducted. 
D u rin g  any d igestion, acid concentration  m ay  
vary  from  3 to 6 % by vo lu m e d ep end in g  on the  
am ount o f sulfuric acid necessary in  the digestion  
of organ ic m atter and the  loss th rou g h  evapora­
tion . Results fo r phosphorus and am m onia in ­

d icated no d iffe rence  betw een  these lim its . 
H o w ev e r, the com plexone calcium  reaction was 
v e ry  sensitive to p H  change because cresol­
p h th a le in  com plexone is also an acid-base in d i­
cator. The use o f a concentrated b u ffe r solution  
overcam e the p roblem .

The interference o f m ercury on the procedure  
has been studied before (6 ) and it  was shown that 
h ig h  m e rc u ry -II-o x id e  concentrations d id  not 
affect e ith e r p ro te in  or phosphorus results, but 
s lig h tly  enhanced the color in tens ity  o f the cal- 
c ium -c re so lp h th a le in  com plex. A t lo w  con­
centrations, as in  the d igestion  procedure, no  
in te rfe ren ce  was observed.

C reso lph th a le in  com plexone is used as an in ­
dicator for the alkaline earth elements; therefore, 
m agnesium  in terfe ren ce  m ust be e lim in ated  in  
the  calcium  system by com plexing  w ith  q u ino - 
l in - 8 -ol. Th is  in terference has been studied (6 ) 
an d  it was show n that a sam ple could contain  at 
least 4.5% m agnesium  before any in terference  
was detected. These results w ere  confirm ed.

Experim ents w ere also conducted to determ ine  
the  effect o f calcium  prec ip ita tion  in  the p ro ­
posed m ethod . Studies show ed that the  added  
standards in  one w o rk in g  solution d id  not affect 
the proposed m ethod  in  the  w o rk in g  concen­
tra tio n  ranges w h e n  com pared w ith  standards  
c on ta in ing  sing le com ponents.

R esults and D iscussion

Tab le 3 shows the results o f a rep ro d u c ib ility  
study o f the proposed m ethod  on digested a n i­
m al feed samples fo r the d eterm ination  of p ro ­
te in , phosphorus, and calcium (m ean result o f 15 
tests in  each case). The re la tive  standard de­
viations for the 15 tests on an anim al feed sample 
ind ica te  good precision fo r the proposed m u lt i­
channe l F I A  system. The accuracy o f the p ro ­
posed m ethod  was also tested by the standard  
add itions m ethod. K n ow n  am ounts o f n itrogen  
(p ro te in ), phosphorus, and calcium  w ere  added  
to a n im a l feed samples w h ich  w ere  processed
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Table 4. Comparison of results for protein, phosphorus, and calcium contents of animal feeds: proposed method and
modified standard addition method

Sample

Protein, % Phosphorus, % Calcium, %

FIA Std addn Rec., % FIA Std addn Rec., % FIA Std addn Rec., %

1 5.89 5.87 99.7 2.06 2.04 99.0 0.54 0.54 100.0
2 21.20 21.16 99.8 3.99 3.99 100.0 1.16 1.13 97.4
3 16.80 16.76 99.8 4.71 4.68 99.4 0.81 0.79 97.5
4 9.34 9.31 99.7 0.61 0.60 98.4 1.89 1.88 99.5
5 5.91 5.89 99.7 1.23 1.21 98.4 2.21 2.17 98.2
6 13.37 13.35 99.9 1.91 1.89 99.0 5.40 5.34 98.9

Table 5. Comparison of results for protein, phosphorus, and calcium contents in animal feedstuffs: proposed FIA 
method and standard manual methods

Sampl

Protein, % Phosphorus, % Calcium, %

e FIA Kjeldahl FIA Vanadate FIA AAS

1 1.91 1.87 0.47 0.51 0.68 0.71
2 5.43 5.42 0.63 0.61 3.12 3.14
3 8.67 8.61 0.99 0.98 0.69 0.71
4 11.67 11.60 4.32 4.29 1.09 1.06
5 4.99 4.98 0.64 0.64 0.87 0.86
6 14.31 14.26 3.29 3.31 2.73 2.69
7 5.84 5.79 1.03 1.01 1.99 2.01
8 14.20 14.11 1.92 1.93 5.61 5.65
9 7.93 7.98 0.73 0.69 2.23 2.20

10 7.21 7.23 0.89 0.88 0.56 0.56
11 2.37 2.34 0.58 0.62 0.82 0.87
12 21.85 21.77 4.10 4.14 3.71 3.67
13 3.73 3.74 0.61 0.59 1.31 1.29
14 6.79 6.73 0.93 0.95 0.66 0.69
15 9.26 9.27 1.09 1.11 0.51 0.53

before and a fte r ad d itio n  (Table 4). I t  can be 
seen that the n itrogen (protein), phosphorus, and  
calcium  are fu lly  recovered in  each case.

Table 5 shows results obtained for the pro tein , 
phosphorus, and calcium  contents of a n um ber  
o f a n im a l feedstu ff samples w ith  the proposed  
m u ltich an n e l F IA  procedure and those obtained  
w ith  standard  m anual procedures. T he  p ro ­
posed F IA  m etho d  compares favo rab ly  w ith  the  
standard m anual m ethods as seen fro m  Table
4.

T he  precision  o f the s im ultaneous m u lt i­
channe l F IA  system was d ete rm ined  by an a lyz­
in g  15 rep licate  samples. R elative standard de­
v ia tio ns  fo r p ro te in , phosphorus, and calcium  
w ere  b etter than  0.8, 0.8, and  0.9, respectively.

Results fo r a n u m b er o f ro u tin e  an im al feed­
s tu ff samples ana lyzed  by  the sim ultaneous  
m u ltic h a n n e l F IA  system and standard m anual 
m ethods indicate that the fo rm er is accurate and  
precise fo r the  d e te rm in a tio n  o f p ro te in , phos­
phorus, and calcium  in  a n im a l feeds. N o  sig­
n ific a n t d ifferences w ere  fou n d  in  accuracy and  
precision.

C onclus ion

The 3-channel flow -in jection  system described 
here is suitable for the simultaneous photom etric  
d ete rm ina tion  o f p ro te in , phosphorus, and cal­
cium  on a sing le digested an im al feed stu ff sam­
ple at a rate o f 82 sam ples /h  (th a t is ap p ro x i­
m ate ly  240 analyzed  per h ou r) w ith  a standard  
d ev ia tion  of better than  0 .8  fo r p ro te in , 0 .8  fo r  
phosphorus, and 0.9 fo r calcium .
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O IL S  A N D  F A T S

High Performance Liquid Chromatographic Determination of Seven 
Antioxidants in Oil and Lard: Collaborative Study

B. DENIS PAGE
H e a lth  a n d  W e l fa r e  C a n a d a , F o o d  R es e a r c h  D iv is io n , F o o d  D ir e c to r a te , H e a lth  P ro te c t io n  
B ra n c h , O t ta w a , O n ta r io , C a n a d a  K 1 A  0 L 2

Collaborators: R. Bigornia; M. Blanc; C. Charbonneau; J.-C. Lamontagne; J. S. Minnee;
G. Perfetti; L. Wong; D. Zorniak

A high performance liquid chromatographic proce­
dure for the determination of propyl gallate (PG),
2,4,5-trihydroxybutyrophenone (THBP), ferf-but- 
ylhydroquinone (TBHQ), nordihydroguaiaretic acid 
(NDGA), 2- and 3-ferf-butyl-4-hydroxyanisole 
(BHA), 2,6-di- ferf-butyl-4-hydroxymethylphenol 
(Ionox-100), and 3,5-di-ferf-butyl-4-hydroxy toluene 
(BHT) was collaboratively studied by 8 laboratories. 
The 14 samples analyzed consisted of 10 vegetable oil 
samples spiked in matched pairs at about 200,100, and 
20 ppm and 4 lard samples spiked in matched pairs at 
about 100 and 40 ppm for each antioxidant except 
NDGA which was spiked only at the 2 lower levels 
in oil. In the method studied, the samples were dis­
solved in hexane and the antioxidants were parti­
tioned into acetonitrile. The acetonitrile was con­
centrated and diluted with isopropanol to give iso­
propanol-acetonitrile (1 +  1). The antioxidants were 
separated by reverse phase gradient elution and de­
tected at 280 nm. The results from one laboratory 
were rejected as outlying and were not considered in 
any calculations. For the remaining 7 laboratories, 
the overall mean recoveries for PG, THBP, TBHQ, 
NDGA, BHA, Ionox-100, and BHT were 93.2, 95.1, 
95.6, 95.5, 98.3, 95.8, and 84.8%, respectively, and the 
overall mean coefficients of variation were 5.02,7.74, 
19.3, 4.36, 3.75, 6.33, and 3.45%, respectively.

A  h ig h  p erform ance liq u id  chrom atographic  
procedure for the determ ination  of p ropyl gallate 
(PG ), 2 ,4 ,5 -trih yd ro xyb u ty rop hen o n e  (T H B P ), 
ferf-b u ty lh y d ro q u in o n e  (T B H Q ), n o rd ih y d ro ­
guaiaretic  acid (N D G A ), 2- and 3 -ie rf-b u ty l-4 -  
hydroxyan iso le  (B H A ), 2 ,6 -d i-fe rf-b u ty l-4 -h y -  
d ro x y m e th y lp h e n o l (Io n o x -1 0 0 ), 3 ,5 -d i-fe rf-  
b u ty l-4 -h y d ro x y to lu e n e  (B H T ), octyl gallate  
(O G ), and dodecyl gallate (D G ) in  oils, lards, and  
shortenings was presented at the 92nd A n n u a l 
M eetin g  o f the A O A C  (1978) and recom m ended  
for collaborative study (1). In  this procedure the

Received March 10, 1982.
The recommendation of the Associate Referee was approved 

by the General Referee and Committee C and was adopted by 
the Association. See the General Referee and Committee re­
ports, J. Assoc. Off. Anal. Chem. (1983) 66, 363; 419.

o il, lard , or shortening is dissolved in  hexane and  
the an tiox id an t is p artition ed  in to  aceton itrile . 
T h e  aceton itrile  extract is then  concentrated  
u n d er vacuum , transferred, and d ilu te d  w ith  
isopropanol to g ive  is op ro pan o l-ace ton itrile  (1 
+  1). A n  a liquot is injected onto a 3.2 X  250 m m  
colum n packed w ith  10 jim  L iC hrosorb  RP-18; 
g rad ien t e lu tio n  fro m  30% w a te r in  ace ton itrile  
to 100% acetonitrile, both solvents w ith  5% acetic 
acid, separated 7 o f the 9 antioxidants. W ith  the  
a c e to n itrile -w a te r system, O G  and  Ionox-100  
co-eluted, h ow ever, they  could be adequately  
separated by a w a te r-m e th a n o l g rad ien t. This  
overlap  w ith  w a te r-a c e to n itr ile  was n ot con­
sidered a serious p rob lem , because Ionox-100 is 
p erm itted  o n ly  in  the  U n ite d  States. O G  is not 
p erm itted  in  the  U n ite d  States but is p erm itted  
in  m any o ther countries. Thus, it  was decided  
to inc lu de  in  the collaborative study PG, B H A , 
and B H T  w h ic h  are perm itted  in  Canada and the  
U n ite d  States, as w e ll as TH B P , T B H Q , and  
Ion ox-100 w h ic h  are p erm itted  in  the U n ite d  
States but not in  Canada. N D G A , a n a tu ra lly  
occurring antiox idant fo rm erly  p erm itted  in  the  
U n ite d  States and Canada, was also inc luded . 
G enera lly , w h e n  used, these antioxidants are 
p erm itted  e ither s ing ly  or in  com bination  in  fats 
and  oils at levels up to 2 0 0  ppm .

Collaborative Study

A fte r in it ia l studies to evaluate spiked sample 
s tab ility  and h om ogeneity , samples w e re  p re ­
pared by add ing  appropria te  aliquots o f each 
antioxidant in  isopropanol to tared round-bottom  
flasks containing degassed b lank sunflow er seed 
o il or liq u ifie d  lard . T he  isopropanol was re ­
m oved  u n d er vacuum  w ith  g en tle  heat and  
stirring. In d iv id u a l aliquots, ca 6  g o il or 3 g lard, 
w ere rem oved, sealed in  T e flo n -lin e d  screw-cap 
vials u nd er n itro g en , and stored at — 20°C . In  
total, 10 d iffe rent o il and 4 d iffe rent lard  samples 
w ere  prepared.
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In  oils, 3 spik ing  levels w ere  prepared: ca 200 
p pm , to evaluate the m ethod's p erform ance for  
single antiox idant use near the regulatory level, 
and ca 100  and 20  ppm  to evaluate the m ethod for 
com bined antioxidants or lo w e r levels o f use. 
N D G A  was spiked at ca 100 and  20 ppm . For 
lards, antioxidants w ere  added at ca 100 and  40 
ppm . Thus, each o il sam ple contained 4 or 5 
antioxidants and w o u ld  be b lan k  fo r the  others, 
w hereas each la rd  sam ple contained a ll 7 a n ti­
oxidants w ith  no blanks.

The samples p repared  consisted o f ran d o m ly  
scattered closely m atched pairs according to the  
collaborative test described by Youden (2). They  
w ere spiked at 3 levels in  o il (3 pairs and 4 blanks 
in  10  samples) and at 2  levels in  lard  (2  pairs w ith  
no blanks in  4 samples) except for N D G A  w h ich  
was spiked at o n ly  2 levels in  o il (2  pairs and  6 
blanks in  10  samples).

T h e  collaborators w ere  sup p lied  w ith  the 14 
spiked samples, a copy o f the m ethod , an tio x i­
d an t standards, a b lan k  o il fo r practice recovery  
studies, instructions fo r the analysis o f the sam­
ples, and form s fo r rep ortin g  results and  in s tru ­
m en ta l param eters. T h ey  w ere  asked to ru n  a 
b lan k  g rad ien t, to carry out a reagent b lan k  de­
te rm in a tio n , to carry out a b lan k  o il d e te rm in a ­
tion , and f in a lly  to carry out a practice recovery  
study at 20 p pm . I f  recoveries > 90%  fo r a ll an ­
tioxidants except B H T  and  >80%  fo r B H T  w ere  
obtained, they w ere to proceed w ith  the analysis 
of the 14 samples.

The collaborators w ere  instructed  to extract 
and concentrate the sample and to make only  one 
in jection  o f each sam ple, to d ilu te  the sam ple as 
necessary and re-inject, and to alternate standard  
and  sam ple injections. Enough sam ple was 
supplied for only  one extraction. The calculated 
an tio x id an t leve l, the average standard peak  
heights  (before and  a fter sam ple), the  sam ple  
peak heights, and d ilu tio n  factors w h e re  a p p li­
cable, w ere  to be recorded on th e  appropriate  
rep ort fo rm . In  ad d itio n , collaborators w ere  
asked to fu rn ish  copies o f the chrom atogram s  
obtained  and to list the chrom atograph ic cond i­
tions and ins tru m enta tion .

T h irteen  collaborators agreed to participate in  
the study and  in  A ugust 1979 a ll samples w ere  
prepared  and 8 collaborators w ere  sent samples 
and  instructions. In  N o ve m b e r 1979, samples 
w ere sent to an add itio nal 3 collaborators, and  in  
M arc h  1980 and in  M arch  1981 a d d itio n a l col­
laborators w ere  sent samples. Analyses o f the  
samples b y  the Associate Referee at th is latest 
date show ed no apparent degrad ation  o f the

samples. In  total, 8 collaborators reported  re ­
sults.

In  general, the collaborators analyzed  the  
spiked samples using the m ethod  p rev iously  
reported  by the Associate Referee (1) w ith  the  
fo llow in g  exceptions: O n ly  enough sample was 
p ro v id ed  fo r one d ete rm in a tio n  (extraction); 
therefore , the sam ple was w e ig h ed  in  a tared 50 
m L  beaker and transferred  w ith  repeated rin s ­
ings to the  separatory fu n n e l before extraction.

In  p re lim in a ry  discussions w ith  p o ten tia l 
collaborators it  becam e apparent tha t some ana­
lysts w ere  h av in g  d iff ic u lty  in  acqu iring  the  
desired  chrom atograph ic  co lu m n  w ith  the  
specified 3.2 m m  id . There fore , collaborators  
w ere perm itted  to use the m ore read ily  available
4.6 m m  id  co lum n w ith  2 m L /m in  f lo w  rate.

S h ortly  a fte r the firs t samples w ere  sent, one 
of the collaborators reported  ex trem ely  lo w  re ­
coveries for T B H Q  in  the practice recovery study. 
Good recoveries w ere  obtained fo r the o ther 
antioxidants. A fte r  some discussion and  ex­
p erim en ta tio n , it  was found  that the lo w  recov­
eries fo r T B H Q , presum ably due to oxidation , 
w e re  occurring  d u rin g  the 30 m in  p eriod  taken  
to evaporate the acetonitrile sample extract, using  
the specified 40°C  w ater bath. This evaporation, 
w ith  q uan tita tive  recovery, could  be carried  out 
in  8 m in  in  the  Associate Referee's laboratory. 
The loss of T B H Q  could be avoided if  the extract 
w e re  evaporated in  less than  10 m in . A l l  col­
laborators w ere  a lerted  to this req u irem en t be­
fore any sam ple analyses w ere  begun.

Antioxidants in O il 

Liquid Chromatographic Method 
Official First Action 

IU P A C -A O A C  Method

A p p licab le  to p ro py l gallate  (PG ), 2 ,4 ,5 -trih y -  
d ro xyb utyro ph eno ne  (TH B P ), fcrf-b u ty lh y d ro -  
q u ino ne  (T B H Q ), n o rd ihyd ro gu a iare tic  acid  
(N D G A ), 2- and 3-fe rf-bu ty l-4 -h ydroxyan iso le  
(B H A ), 2 ,6-d i-f£Tf-butyl-4-hydroxym ethylphenol 
(Ionox-100), and 3,5-di-ferf-butyl-4-hydroxytol- 
uene (B H T).

20.D01 P rinciple

Sample is dissolved in  hexane and antioxidants  
are extd in to  aceton itrile . Soln is coned, d ild  
w ith  equal vol. isopropanol, and injected in to  liq. 
chrom atograph  w ith  U V  detection  at 280 nm .
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Fig. 20:D1. Chromatographic separation of antioxidant standards, ca 0.2 each antioxidant: 1, PG; 2, THBP; 
3, TBHQ; 4, NDGA; 5, BHA; 6, Ionox-100; 7, BHT.

20.D02 Apparatus and Reagents
(a) G r a d ie n t  liq u id  c h r o m a t o g r a p h .— Equipped  

w ith  10 m V  strip  chart recorder, 20 p L  sam ple  
loop in jec tion  va lve , and  detector to m easure A  

at 280 n m . Typ ica l opera ting  conditions: de­
tector sensitivity, 0.05 AUFS; tim e const, 0; tem p., 
am bient; f lo w  rate, 2 m L /m in .

(b ) C h r o m a t o g r a p h ic  c o l u m n .— Stainless steel, 
250 X  4.6 m m  id  packed w ith  10 p m  L iC hrosorb  
RP-18 (E. M erck , Darm stadt, GFR), or equiv. Use 
guard  colum n i f  desired. Baseline separation of 
a ll 7 antiox id ants  should  be obtained as show n  
in  F ig ure  20:D1.

(c) G la s s w a r e .— R inse a ll  g lassw are w ith  
C H C I3, acetone, and M e O H , in  that order, and  
b lo w  d ry  w ith  N .

(d) S o lv e n t s .— D istd-in-glass aceto n itrile , 2- 
p ropano l, and  hexane.

(e) M o b ile  p h a s e .— U s e  H P L C  grade solvs, or 
equ iv. A . D is t ille d  H 20 . — A d d  5% H O A c . B. 

A c e t o n i t r i l e .— A d d  5% H O A c . Use lin e a r g rad i­
ent, fro m  30% B in  A  to 100% B over 10 m in  w ith  
4 m in  h o ld  at 100% B at 2 m L  /  m in . For sam ple  
o n ly , increase flo w  rate to 6  m L /m in  at 100% B 
for 5 m in  or u n til nonpolar lip ids are eluted. For

samples and stds, return  to 30% B in  A  over 1 m in  
at 2 m L /m in  and le t baseline, pressure, and m o­
b ile  phase com position s tab ilize  (ca 10  m in ). 
Run b lank g rad ien t (no in jection ). Peaks in te r­
fe rin g  w ith  detn  o f any a n tiox id an t should  not 
be present. I f  sm all peaks are present w h ic h  
cannot be e lim in ated , a ll re levan t peak heights  
are to be corrected fo r in terference.

( f)  A n t io x i d a n t s .— B H A  (m ixt. o f 2- and  3- 
B H A ), B H T , T B H Q , Ionox-100, TH B P , and PG  
(ava ilab le  from  Polyscience C orp ., N iles , IL  
60648); N D G A  (Food Chem icals Codex Ref. Std), 
or equiv.

(g) S td  solns. — Refrigerate a ll antioxidant solns
out o f d irect lig h t. Prep, a ll solns w ith  2-pro - 
p an o l-a c e to n itrile  (1 +  1). (3) S to c k  s o ln .— 1
m g /m L . A ccurately  w e ig h  and transfer 50 m g  
each a n tiox id an t in to  one 50 m L  vol. flask, dis­
solve, d il. to vo l., and m ix . (2) S t d  s o ln .— 0.01 
m g /m L  (10 p g l m L). P ipet 1 m L stock soln in to  
100 m L  vol. flask, d il. to vo l., and m ix.

(h ) E x t r a c t in g  s o lv e n t s .— Sat. hexane and ace­
to n itr ile  b y  shaking  together 2  m in , and  sep. 
Unless o therw ise specified, use these satd solvs 
in  E x t r a c t io n  below .
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20.D03 Determination

(a) E x t r a c t io n .— (1) L iq u id  o ils . — A ccura te ly  
w e ig h  ca 20 g o il in to  50 m L beaker and quant, 
transfer to 100 m L vol. flask, rins ing  beaker w ith  
hexane. D il. to vol. w ith  hexane and m ix. Pipet 
25 m L aliquot into 125 m L separator and ext w ith  
three 50 m L portions o f aceto n itrile . I f  e m u l­
sions form , break by ho ld ing  separator u nder hot 
tap H 20  5 -1 0  s . Collect exts in  250 m L separator 
and le t com bined exts s lo w ly  d ra in  in to  250 m L  
r-b  flask to a id  rem oval o f h e x a n e -o il droplets. 
N ote: A t this p o in t, the  150 m L aceto n itrile  ext 
m ay be stored o vern ig h t u n d er re frig era tion .

Evap. to 3 -4  m L, using flash evaporator w ith  
< 4 0 °  H 20  bath  and com pleting  evapn in  < 1 0  
m in. Note: Losses o f TB H Q  may occur if  evapn  
tim e is prolonged. Use e ffic ient vac. source and  
ic e -H 20  cooling to decrease evapn tim e. Using  
disposable p ipet, transfer aceto n itrile -o il droplet 
m ixt. to 10 m L g-s graduate. Rinse flask w ith  
sm all portions o f non-satd aceto n itrile  and  
transfer rinsings to graduate w ith  disposable  
p ip et u n til 5 m L is collected. Rinse disposable  
p ip et and continue to rinse flask w ith  sm all 
portions o f 2-p ropan ol, transferring  a ll rinsings  
to graduate u n til exactly 10 m L is collected. M ix  
contents o f graduate. N ote: A v o id  delay in  
analysis a fte r p repg  sam ple soln because loss of 
T B H Q  m ay occur.

(2) L a rd s  o r  s h o r te n in g s .— Accurately w e ig h  10 
g lard or shortening into  150 m L beaker. A d d  ca 
30 m L  hexane and dissolve sam ple, heating  
g en tly  i f  necessary. Q uant, transfer to 100 m L  
vol. flask, rin s ing  beaker w ith  hexane. D il. to 
vol. and m ix. C o n tin u e  extns as in  ( ! )  above, 
b eg in n in g  “ P ip et 25 m L  a l iq u o t . .

(b) C h r o m a t o g r a p h y .— U sing  sam ple loop in ­
jection va lve , inject, in  d up licate , 20 pL  p repd  
sam ple soln onto co lum n, and solv. p rogram  as 
described. In ject 20 p L  a n tio x id an t std soln (10 
p g /m L )  and solv. program  as described before  
and after each sample. For sam ple peaks o ff  
scale, quant, d il. sam ple soln w ith  2 -p ro p an o l-  
aceton itrile  (1 +  1). Id e n tify  peaks by com pari­
son w ith  re ten tio n  tim es o f std. N ote: O cty l 
gallate (OG, available from  Pfaltz and Bauer, Inc., 
Stam ford, C T ), i f  present, m ay co-elute w ith  
Ionox-100, but can be sepd w ith  H 20 - M e O H  
g rad ien t as follow s: 30% B (M e O H  w ith  5%
H O A c) in  A  (H 20  w ith  5% H O A c) to 100% B over 
10 m in . I f  both Ionox-100 and O G  are present, 
accurate quant, m ay not be possible.

C arry  out reagent b lan k d etn , substitu ting  25 
m L hexane fo r h e x a n e -o il. C o n tin u e  extn as in  
(2) above, b eg in n in g  "P ip e t 25 m L a liqu o t . . ."

Inject 20 pL  reagent b lank soln and solv. program  
as described. Peaks in terfering  w ith  detn of any  
antiox idant should not be present. U sing  b lank  
g rad ien t chrom atogram  as guide to fo llo w  base­
lin e , det. av. peak h t o f an tiox id an t sam ple from  
d uplicate  injections (corrected fo r reagent and  
g rad ien t b lanks), and av. peak h t o f an tiox id an t 
std from  dup licate  injections before and a fter 
sam ple (corrected fo r g rad ien t b lank).

20.D04 Calculation

Calc, concn o f a n tiox id an t as follow s:

A n tio x id a n t, ppm  =  (Cs/R s) X  (R x / W x ) X  D

w here  Rx and R s =  peak hts from  sample and std, 
resp.; Cs =  concn of std in  p g /m L ; W x =  w t o f 
sam ple in  g /m L  in  10 m L  fin a l ext; and D  =  d iln  
factor i f  soln injected is d ild .

Results
Results w ere  reported  by 8 collaborators. 

Collaborator 2 subm itted only the form  reporting  
the level o f antioxidant found and the equipm ent 
used. A ll o ther collaborators subm itted  the re ­
quested chrom atogram s and  com pleted  re ­
p o rtin g  forms. O f  the 5 collaborators w h o  d id  
not report results or analyze  samples, one re­
ported p re lim in a ry  recovery values b u t due to 
staffing  problem s was unable to com plete the  
study. The 4 o th er collaborators reported  u n ­
a v a ila b ility  o f equ ipm ent, change o f em p lo y ­
m ent, or lack of sufficient tim e as reasons for not 
a n a lyz in g  the samples.

Statistical Evaluation

The results subm itted  by the 8 collaborators  
w ere  subjected to ran k in g  tests, 2-sam ple plots 
o f the matched pairs, and Dixon's test for outliers  
as decribed by Y ouden  (2) before fu r th e r statis­
tical treatm ent. From  a visual inspection o f the  
in d iv id u a l results from  each collaborator as w e ll 
as the statistical and graphical procedures de­
scribed above, it was im m e d ia te ly  apparen t that 
C o llaborato r 2 had considerable d iff ic u lty  w ith  
the procedure. U n fo rtu n a te ly , this collaborator 
d id  not subm it the requested chrom atogram s or 
peak h e ig h t m easurem ents and, therefore , no  
reasons fo r the m ethod's poor perform ance are 
kn o w n . The collaborator d id , h ow ever, report 
difficu lties in  separating the pairs P G /T H B P  and  
B H A /Io n o x -1 0 0 . For C o llaborato r 2, 66.2% (45  
o f 68) of the values reported  w ere  o u tly in g  by  
D ixon 's  test (95% confidence leve l) or not calcu­
lable  because of poor separation. For the o ther
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Table 1. Distribution of outliers by Dixon’s test (95% confidence level) and ranking test

A n tio x id a n t

C o lla b o ra to r
T o ta l each  

a n t io x id a n t1 3 4 5 6 7 8

PG l a 1 2
TH B P 4 ( H ) b 4 (H )
TB H Q ( L ) b 3 (H ) (L) 3 (L ) (H )(L )
NDGA 1 1 2
BHA (H ) 1 1 (H )
lo n o x -1 0 0 1 (H ) 3 4 (H )
BH T 4 1 1 6

C oll. 2 1 4 (L ) 5 (H ) K L ) 8 (H ) 1 22
T o ta l (H )

(H )

a N u m b e rs  re fe r  to  n u m b e r o f s ta t is t ic a lly  o u t ly in g  re s u lts  by  D ixo n 's  te s t. 
b B ra c k e te d  le t te rs  re fe r  to  h igh  (H ), o r  low  (L ) ra n k in g  te s t fo r  o u t lie rs  (9 5 %  c o n f id e n c e  leve l).

7 laboratories, only 2.3% of the reported results 
were outlying by Dixon's test. Therefore, all the 
results from Collaborator 2 were rejected, and the 
ranking tests, 2 -sample plots of the matched 
pairs, and Dixon's test were repeated for the re­
maining 7 laboratories. Dixon's test revealed 
4.6% outlying results, with the ranking tests and 
the 2 -sample plots generally confirming the 
outlying results. The distribution of outliers 
determined by the ranking test and Dixon's test, 
not including Collaborator 2, is shown in Table
1 .

The statistical results for the study are sepa­
rated by antioxidant with the oils in Tables 2-8 
and the lard samples in Tables 9-15. The statis­
tical results are summarized in Table 16. The 
outlying collaborative results by Dixon's test 
(95% confidence level) were not included in the 
statistical treatment. The values for s j were 
calculated on 2 sets of data. The first was calcu­
lated from the individual results for each sample 
for each antioxidant and the second from the 
matched sample pairs. The CV (%) was calcu­
lated on the mean for the individual results and 
on one-half the mean for the matched sample 
pair totals. If one of the matched sample pair 
values was rejected, the other value of the pair, 
if not outlying, was included in the determina­
tion of s j for the individual values.

The values for Sd, sr, and Sb were calculated 
according to Youden (2). The F-test, for indica­
tion of systematic errors at the 90, 95, and 99% 
confidence levels, was calculated as described by 
Youden (2). The negative values for sb are in­
terpreted as lack of evidence for systematic error 
and support the F-test. Individual recoveries 
were not tabulated, but the average percent re­
covery (mean/added) is given.

C o lla b o ra to rs ' C o m m e n ts
The collaborator's instrumentation and con­

ditions of analysis are summarized in Table 17. 
Further comments by the collaborators are given 
below.

Collaborator 1 experienced initial problems of 
poor peak shape and resolution which were 
rectified by using a 25 /xL injection (rather than 
50 qL), 0.05 AUFS (rather than 0.1), and a 20% 
acetonitrile in water to 1 0 0 % acetonitrile gradient 
(both solvents with 5% acetic acid) rather than 
the 30 to 100% gradient specified. The acetoni­
trile extract was evaporated in 10 min on a 45°C 
water bath (40°C specified).

Collaborator 3 had problems obtaining a blank 
gradient free of interfering peaks. The water 
was found to be the cause and, after considerable 
experimentation, an acceptable source was fi­
nally found. The acetonitrile extract was evap­
orated in 1 0  min with a vacuum pump as the 
vacuum source.

Collaborator 4 reported a peak in the blank 
gradient corresponding to about 5.5 ppm BHT. 
This interference was not taken into consider­
ation in calculating the peak heights. Recoveries 
of 84% were obtained for TBHQ in the prelimi­
nary recovery trial. The collaborator was unable 
to evaporate the acetonitrile solution in the re­
quired 1 0  min; 1 1 - 1 2  were required.

Collaborator 5 also had an interference with 
BHT in the blank gradient. This was eliminated 
by using acetic acid from another manufacturer. 
Even with this product, the 5% acetic acid-in- 
water eluant had to be prepared fresh daily to 
avoid the interference. Collaborator 5 also re­
ported that a 25 /xL injection gave distorted peaks 
and that a 10 ft L injection was needed for satis­
factory peak shape.
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Table 5. Collaborative results for determination of NDGA (ppm) in oils a

C oll.

S am p le

D iff. T o ta l

S am ple

Diff. T o ta l6 9 4 3

1 9 2 8 4 8 176 19 17 2 36
2 2 4 .5 b 2 4 .5 b — — 2 0 .5 27.5b — —
3 9 6 .0 8 5 .5 10.5 1 8 1 .5 1 8 .7 1 7 .6 1.1 3 6 .3
4 9 1 .3 87 4 .3 1 7 8 .3 1 8 .8 17.3 1.5 3 6 .1
5 1 1 0 c 9 5 .7 — — 19.1 17.1 2 .0 3 6 .2
6 8 2 .9 9 1 .0 - 8 .1 1 7 3 .9 18.9 18.1 0 .8 3 7 .0
7 96 8 8 8 1 84 2 0 19 1 39
8 9 4 .0 9 0 .9 3.1 1 8 4 .9 1 9 .6 1 8 .0 1.6 3 7 .6

M ean 9 2 .0 8 8 .9 1 7 9 .8 1 9 .2 17.7 3 6 .9
A d d ed 9 7 .7 8 9 .9 1 9 .5 18 .0
R ec., % 9 4 .1 9 8 .9 9 8 .2 9 8 .5
Sd 4 .8 8 3 .9 7 3 .1 3 0 .4 7 2 0 .7 0 2 0 .7 7 5

CV, % 5.31 4 .4 7 3 .4 8 2 .4 6 3 .9 6 4 .2 0
Sr 4 .7 0 0 .3 3 8 d

cv, % 2 .6 2 1 .83
Sb -v e 0 .4 9 3

CV, % 2 .6 7

a A ll re s u lts  fro m  C o lla b o ra to r  2 e xc lu d e d  f ro m  s ta t is t ic a l c a lc u la tio n s .
6 R e je c te d  as o u t lie r  (D ix o n 's  te s t,  9 5%  c o n f id e n c e  leve l, a ll re s u lts  in c lu d in g  C o lla b o ra to r  2 ).
c R e je c te d  as o u t lie r  (D ix o n ’s te s t, 9 5%  co n fid e n ce  level, n o t in c lu d in g  re su lts  o f C o lla b o ra to r  2). O m itte d  fro m  s ta tis tic a l 

c a lc u la tio n s .
d B ias s ig n if ic a n t (9 5 %  c o n f id e n c e  leve l).

Collaborator 6 , who noted the problem of 
TBHQ loss during evaporation, apparently still 
had difficulty in evaporating the acetonitrile 
extract in the specified 1 0  min.

Collaborators 2, 7, and 8  did not provide spe­
cific comments on the method.

Discussion 

S ta tistica l R e su lts

The recoveries for each antioxidant given in 
Tables 2-15 are slightly higher for oil than for 
lard samples and also higher at the higher spik­
ing levels than the lower ones for both oil and 
lard. Except for BHT, in which the expected 
84-86% recoveries were obtained (1), average 
recoveries for all antioxidants, averaged over all 
spiking levels for oils and lards (Table 16), were 
relatively consistent, ranging from 93.2% for PG 
to 98.3% for BHA. The average recovery for 
TBHQ, in which only 3 high outlying results 
were excluded from the statistical calculation out 
of the 70 reported values, is quite good. However, 
this is due to a balance between Collaborators 4 
and 6  which ranked as low outliers and Collab­
orator 5 which ranked high. These are shown 
in Table 1. These high and low outliers by the 
ranking tests were included in the statistical 
calculations and reflect the high coefficient of 
variation (CV, %) determined for TBHQ. The 
average random or within-laboratory component

of the standard deviation, s r, for TBHQ is not 
much greater than that for the other antioxidants. 
The average systematic or between-laboratory 
component Sb, however, is at least 4 times greater 
than that of the next highest antioxidant and 
twice the random component. This dominance 
of the systematic component is to be expected, 
considering the ranking results for Collaborators 
4, 5, and 6  described above. The results for the 
F-test in Table 16 confirm this as 3 sample pairs 
show significant systematic error at the 95% 
confidence level and 2 pairs at the 99% level.

For PG, the Sb component of Sd was negative in 
4 of the 5 sample pairs, indicating no evidence for 
between-laboratory (systematic) error. Similarly 
the F-test indicated no significant systematic 
error. This is reflected in the lack of outliers by 
ranking tests for PG as shown in Table 1. For 
THBP, there were no negative values for Sb and 
the F-test revealed no significant systematic 
error. Collaborator 7, which ranked as a high 
outlier, had 4 high results rejected by Dixon's 
test. With these outlying values omitted from 
the statistical calculations, significant systematic 
error was reduced. NDGA had a negative Sb in 
one of the 4 sample pairs and significant sys­
tematic error at the 95% confidence level (F-test) 
for 2 sample pairs. For NDGA the sb term is 
greater than the sr component. For BHA, one 
pair had a negative Sb and one pair had signifi­
cant systematic error (95% confidence level).
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Table 9. Collaborative results for determination of PG (ppm) in lard a

C oll.

S am p le

D lff. T o ta l

S a m p le

Dlff. T o ta l14 11 12 13

1 93 8 4 9 177 36 33 3 69
2 7 6 b 70b — — 4 4  0 2 0 .5 b — —

3 1 0 1 .4 8 3 .2 18 .2 1 8 4 .6 3 5 3 4 .2 0 .8 6 9 .2
4 9 9 .4 85.1 14.3 1 8 4 .5 3 8 .2 3 1 .0 7 .2 6 9 .2
5 9 6 .0 8 5 .3 10.7 181 .3 3 8 .3 3 1 .8 6 .5 70.1
6 9 3 .0 8 6 .3 6 .7 179 .3 3 7 .7 3 3 .2 4 .5 7 0 .9
7 9 0 85 5 175 35 32 3 67
8 9 4 .8 8 4 .9 9 .9 179 .7 3 6 .4 3 2 .5 3 .9 6 8 .9

M ean 9 5 .4 8 4 .8 1 8 0 .2 3 6 .7 3 2 .5 6 9 .9
A dded 1 0 0 .6 93.1 4 0 .2 3 7 .2
R ec., % 9 4 .8 91 .1 9 1 .2 8 7 .4

Sd 3 .9 5 0 .9 8 6 2 .5 4 1 .42 1 .05 0 .8 5 0
c v ,  % 4 .1 4 1 .1 6 2 .8 2 3 .8 8 3 .2 2 2 .4 3

Sr 3 .1 8 1 .55
c v ,  % 3 .5 3 4 .4 4

Sb - v e —ve

3 All re s u lts  fro m  C o lla b o ra to r  2 e x c lu d e d  fro m  s ta tis t ic a l c a lc u la tio n s . 
b R e je c te d  as o u t lie r  (D ix o n ’s te s t,  9 5%  c o n f id e n c e  leve l, a ll re s u lts  In c lu d in g  C o lla b o ra to r  2).

The systematic error arises from Collaborator 5, 
which ranked as a high outlier yet was not ex­
cluded on the basis of Dixon's test and was 
therefore included in the statistical calculations. 
For Ionox-100 and BHT, the F-test did not dem­
onstrate significant systematic error.

For TBHQ, the systematic component (s^  of 
the standard deviation dominated the precision 
component (sr) whereas for the other antioxi­

dants, sr was greater for 5 antioxidants and 
slightly less for one. Possible explanations for 
these statistical results are given in the following 
section.

S o u r c e s  o f  E rro r

Variations in the method, whether avoidable 
or inherent, can result in low or high recoveries

Table 10. Collaborative results for determination of THBP (ppm) in lard a

C oll.

S am p le

D iff. T o ta l

S a m p le

D iff. T o ta l12 14 a 13

1 97 91 6 188 37 35 2 72
2 7 9 .5 4 4  b — — 4 5 .5 2 8 .5 — —
3 101 .6 9 8 .4 3 .2 2 0 0 .0 39.1 3 7 .0 2.1 76.1
4 9 2 .8 9 6 .2 - 3 . 4 1 8 9 .0 3 5 .0 3 4 .7 0 .3 6 9 .7
5 105 97 .1 7 .9 202 .1 3 8 .7 35.1 3 .6 7 3 .8
6 9 4 .7 7 7 .6 17.1 1 72 .3 3 8 .4 3 2 .8 5 .6 7 1 .2

7 124 1 2 6 b-c — — 4 8 b-c 51 biC — —
8 7 8 .4 9 1 .3 - 1 2 . 9 1 69 .7 3 9 .0 3 4 .6 4 .4 7 3 .6

M ean 99.1 9 1 .9 1 8 6 .9 3 7 .9 3 4 .9 7 2 .7 3
A d d ed 105 9 8 .2 4 2 .0 3 9 .3
R ec., % 9 4 .4 9 3 .6 9 0 .2 8 8 .7

Sd 13.8 7 .6 6 9 .5 8 1 .6 0 1 .3 4 1 .59

CV, % 1 4 .0 8 .3 3 10.3 4 .2 2 3 .8 5 4 .3 7

Sr 7 .2 5 1 .35
cv, % 7 .7 6 3 .71

Sb 4 .4 3 0 .5 9 7

cv, % 4 .7 3 1 .6 4

3 A ll re s u lts  fro m  C o lla b o ra to r  2 e xc lu d e d  fro m  s ta tis t ic a l c a lc u la tio n s .
b R e je c te d  as o u t lie r  (D ix o n ’ s te s t, 9 5%  c o n f id e n c e  leve l, all re s u lts  In c lu d in g  C o lla b o ra to r  2).
c R e je c te d  as o u t lie r  (D ix o n ’s te s t, 9 5%  c o n fid e n c e  leve l, n o t in c lu d in g  re s u lts  o f C o lla b o ra to r  2 ). O m itte d  fro m  s ta tis tic a l 

ca lc u la tio n s .
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Table 11. Collaborative results for determination of TBHQ (ppm) In lard 3

C oll.

S a m p le

D iff. T o ta l

S am ple

Diff. T o ta l13 14 12 11

1 101 86 15 187 4 0 35 5 75
2 5 3 .5 134 — — 75 21 — —

3 9 8  3 b 9 4 .2 4.1 1 9 2 .5 3 6 .8 33.1 3 .7 6 9 .9
4 8 6 .5 73 .2 13.3 159 .7 23.1 17.1 6.0 4 0 .2
5 134 125 9 2 5 9 4 1 .8 4 3 .9 - 2.1 8 5 .7
6C 8 4 .6 4 7 .2 3 7 .4 1 3 1 .8 14.6 2 9 .8 - 1 5 . 2 4 4 .4
7 123 109 14 2 3 2 4 7 54 - 7 101
8 9 1 .9 8 4 .4 7 .5 1 76 .3 4 1 .0 32.1 8 .9 73.1

M ean 102.8 8 8 .4 1 9 1 .2 3 4 .9 3 3 .3 6 9 .9
A dded 1 02 .4 9 3 .7 4 1 .0 3 7 .5
R ec., % 1 00 .3 9 4 .4 85.1 8 8 .7
Sd 18.8 2 5 .0 3 0 .3 11 .6 12.7 15.2

CV, % 18.3 2 8 .3 3 1 .7 3 3 .3 3 8 .2 4 3 .6
Sr 7 .71  d 6 .0 4 3

CV, % 8 .0 4 17.3
Sb 2 0 .7 9 .8 9

CV, % 21.6 2 8 .3

3 All re s u lts  fro m  C o lla b o ra to r  2 e xc lu d e d  fro m  s ta t is t ic a l c a lc u la tio n s . 
b E rro r  in c a lc u la tio n , c o r re c te d  by  A sso c ia te  R eferee . 
c B ase line  re d ra w n  by  A sso c ia te  R e fe re e ; re s u lts  re c a lc u la te d . 
d B ias s ig n if ic a n t (9 9 %  c o n f id e n c e  leve l). 
e B ias s ig n if ic a n t (9 5 %  c o n f id e n c e  leve l).

and increased within-laboratory (precision) and 
between-laboratory (systematic) components of 
the overall standard deviation. In this section, 
the probable causes of these variations in the

method will be discussed and related to the re­
sults obtained by the collaborators.

As mentioned earlier, the loss of TBHQ during 
evaporation of the acetonitrile extract is probably

Table 12. Collaborative results for determination of NDGA (ppm) in lard 3

C oll.

S am p le

Diff. T o ta l

S am ple

D iff. T o ta l12 11 14 13

1 8 9 88 1 177 39 3 7 "
2 1 35 .0 C 88 — — 49 c 6 2 c — —

3 88.0 8 2 .8 5 .2 1 70 .8 3 8 .2 3 4 .2 d 4 .0 7 2 .4
4 8 8 .9 8 1 .6 7 .3 1 70 .5 3 3 .9 3 3 .0 0 .9 6 6 .9
5 9 7 .7 9 2 .7 5 .0 1 9 0 .4 3 7 .2 3 2 .5 4 .7 6 9 .7
6 8 7 .6 7 5 .2 1 2 .4 1 6 2 .8 3 5 .6 32.1 3 .5 6 7 .7
7 93 85 8 178 37 32 5 69
8 9 4 .9 8 4 .6 10.3 179 .5 3 8 .6 3 4 .3 4 .3 7 2 .9

M ean 9 1 .3 8 4 .3 175 .6 37.1 3 3 .0 6 9 .8
A dded 9 7 .7 8 9 .9 3 9 .0 3 6 .0
R ec., % 9 3 .4 9 3 .7 95.1 9 1 .7
Sd 3 .9 3 5 .4 3 6 .1 6 1.81 1.02 1 .73

CV, % 4 .3 0 6 .4 5 7.01 4 .8 7 3 .0 9 4 .9 5
Sr 2 .6 5 e 1 .05

CV. % 3 .0 2 3 .0 0
Sb 3 .9 3 0 .9 7 0

CV, % 4 .4 8 2 .7 8

3 All re s u lts  f ro m  C o lla b o ra to r  2 e xc lu d e d  fro m  s ta t is t ic a l c a lc u la tio n s .
6 R e je c te d  as o u t lie r  (D ixo n 's  te s t, 9 5 %  c o n fid e n c e  leve l, n o t in c lu d in g  re s u lts  o f C o lla b o ra to r  2 ). O m itte d  fro m  s ta tis tic a l 

c a lc u la tio n s .
c R e je c te d  as o u t lte r  (D ix o n 's  te s t,  9 5%  c o n f id e n c e  leve l, a ll re s u lts  in c lu d in g  C o lla b o ra to r  2). 
d E rro r  In c a lc u la tio n , c o r re c te d  by A sso c ia te  R e fe ree . 
e B ias s ig n if ic a n t (9 5 %  c o n f id e n c e  leve l).
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Table 13. Collaborative results for determination of BHA (ppm) in lard a

C oll.

S am p le

D iff. T o ta l

S am ple

D iff. T o ta l12 11 14 13

1 95b,c 9 3 2 188 39 39 0 78
2 1 0 0 .5 9 7 — — 5 0 b 4 9 .5 b — —

3 1 00 8 9 .0 11 189 3 9 .0 3 6 .4 2.6 7 5 .4
4 1 0 1 .9 9 2 .8 9.1 1 94 .7 3 9 .6 3 8 .6 1.0 7 8 .2
5 107  Ac 101 6 2 0 8 4 1 .6 3 7 .9 3.7 7 9 .5
6 1 0 1 .0 9 3 .9 7.1 1 94 .9 4 1 .7 3 3 .4 8.3 75.1
7 101 9 5 6 196 4 0 36 4 76
8 1 02 .9 9 0 .4 12.5 1 93 .3 3 8 .2 36.1 2.1 7 4 .3

M ean 1 01 .3 9 3 .6 1 9 4 .8 3 9 .9 3 6 .8 7 6 .6
A dded 1 0 3 .3 95.1 4 1 .3 3 8 .0
R ec., % 9 8 .0 9 8 .4 9 6 .5 9 6 .8
Sd 3 .5 8 3 .8 6 4 .6 4 1 .3 4 1 .92 1 .36

cv, % 3 .5 4 4 .1 2 4 .7 6 3 .3 5 5 .2 2 3 .5 5
Sr 2 .4 9 d 1 .90

cv, % 2 .5 6 4 .9 7

Sb 2 .7 6 —ve
CV, % 2 .8 4

a A ll re s u lts  fro m  C o lla b o ra to r  2  e xc lu d e d  fro m  s ta t is t ic a l c a lc u la tio n s . 
b R e je c te d  as o u t lie r  (D ix o n ’s te s t,  9 5%  c o n f id e n c e  leve l, a ll re s u lts  in c lu d in g  C o lla b o ra to r  2 ). 
c W hen re s u lts  o f C o lla b o ra to r  2 a re  n o t in c lu d e d , re s u lts  n o t o u t ly in g . In c lu d e d  in s ta t is t ic a l c a lc u la tio n s . 
d B ias s ig n if ic a n t (9 0 %  c o n f id e n c e  leve l).

due to oxidation. A rapid evaporation will re- of the bath. In the Associate Referee's labora- 
duce the temperature of the acetonitrile solution tory, TBHQ was the antioxidant most susceptible 
being evaporated and will reduce the time that to oxidation after sample evaporation (1). Fur- 
TBHQ is subjected to the elevated temperature thermore, TBHQ in standard solutions of iso-

Table 14. Collaborative results for determination of lonox-100 (ppm) in lard a

C oll.

S a m p le

D iff. T o ta l

S a m p le

D iff. T o ta l13 12 14 11

1 107 89 18 196 4 3 39 4 8 2
2 1 2 0 .0 1 2 5 .5 b — — 5 8 .5 b 3 8 .5 — —
3 9 9 .0 8 4 .9  c 14.1 183 .9 4 0 .8 3 5 .3 5 .5 76.1
4 1 01 .3 9 6 .9 4 .4 198 .2 4 2 .3 3 9 .4 2 .9 8 1 .7
5 110 100 10 2 1 0 4 2 .2 3 7 .4 4 .8 7 9 .6
6 d 1 0 8 .4 9 9 .0 9 .4 2 0 7 .4 3 6 .6 3 5 .6 1.0 7 2 .2
7 97 100 - 3 197 4 5 5 4  Ae — —
8 1 0 1 .9 9 6 .0 5 .9 197 .9 4 0 .7 3 8 .7 2 .0 7 9 .4

M ean 1 0 3 .5 95.1 198 .6 4 1 .5 3 7 .6 7 8 .5
A dded 1 0 8 .4 99 .7 4 3 .4 3 9 .9
R ec., % 9 5 .5 9 5 .4 9 5 .7 9 4 .2

Sd 4 .9 7 5 .9 0 6 .01 2.61 1.77 2 .6 4

cv, % 4 ,8 0 6 .2 0 6 .0 5 6 .2 8 4 .7 2 6 .7 4

Sr 4 .8 3 1 .2 1 '
cv, % 4 .8 7 3 .0 9

Sb 2 .5 3 1 .66

cv, % 2 .5 4 4 .2 4

a All re s u lts  fro m  C o lla b o ra to r  2 e xc lu d e d  fro m  s ta t is t ic a l c a lc u la tio n s .
b R e je c te d  as o u t lie r  (D ix o n ’s te s t, 9 5%  c o n f id e n c e  leve l, a ll re s u lts  in c lu d in g  C o lla b o ra to r  2). 
c E rro r in c a lc u la tio n ; c o r re c te d  by  A sso c ia te  R e fe ree . 
d B ase line  re d ra w n  by  A sso c ia te  R e fe ree ; re s u lts  re c a lc u la te d .
e R e je c te d  as o u t lie r  (D ixo n 's  te s t, 9 5%  c o n fid e n c e  leve l, n o t in c lu d in g  re su lts  o f C o lla b o ra to r  2 ). O m itte d  fro m  s ta tis tic a l 

ca lc u la tio n s .
f B ias s ig n if ic a n t (9 0 %  c o n f id e n c e  leve l).
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Table 15. Collaborative results for the determination of BHT (ppm) in lard *

C oll.

S am p le

D iff. T o ta l

S a m p le

Diff. T o ta l11 13 12 14

1 91 9 0 1 181 3 4 3 4 0 6 8
2 1 3 3 .5 » 9 4 .0 — — 9 6 » 3 6 — —
3 9 3 .2 8 7 .2 6 .0 1 8 0 .4 3 5 .4 3 5 .2 0 .2 7 0 .6
4 8 8 .5 73 .3 15.2 1 6 1 .8 3 5 .6 3 4 .3 1.3 6 9 .9
5 93.1 8 7 .4 5 .7 1 80 .5 3 7 .3 3 3 .6 3 .7 7 0 .9
6 8 8 .4 8 2 .3 6.1 1 70 .7 3 6 .3 3 4 .5 1 .8 7 0 .8
7 100» 81 — — 3 5 3 2 3 67
8 8 9 .0 8 5 .7 3 .3 1 74 .7 3 5 .5 3 1 .7 3 .8 6 7 .2

M ean 9 0 .5 8 3 .8 1 7 4 .9 3 5 .6 3 3 .6 6 9 .2
A dded 105 .2 9 7 .7 42.1 39.1
R ec., % 86.1 8 5 .8 8 4 .5 8 6 .0
Sd 2 .2 3 5 .5 8 5 .37 1 .03 1 .3 0 1 .2 3

CV, % 2 .4 7 6 .6 6 6 .1 4 2 .8 9 3 .0 7 3 .5 6

Sr 3 .4 2 1.11
CV, % 3.91 3 .2 2

5b 2 .9 3 0 .3 7 0
CV, % 3 .3 5 1.07

3 A ll re s u lts  f ro m  C o lla b o ra to r  2 e x c lu d e d  fro m  s ta tis t ic a l c a lc u la tio n s .
» R e je c te d  as o u t lie r  (D ix o n 's  te s t, 9 5 %  c o n f id e n c e  leve l, a ll re s u lts  in c lu d in g  C o lla b o ra to r  2).
c R e je c te d  as o u t lie r  (D ix o n ’s te s t, 95%  c o n fid e n c e  level, n o t in c lu d in g  re s u lts  o f C o lla b o ra to r  2 ). O m itte d  fro m  s ta tis tic a l 

c a lc u la tio n s .

Table 16. Statistical summary, average of 10 samples (8 for NDGA) as 5 sample pairs from Tables 2 -1 5  (outliers
omitted)

A n tio x id a n t R ec., %

C o e ff ic ie n t o f v a r ia tio n , % F - te s tc

Sda sd b Sr Sb 9 5% 99%

PG 9 3 .2 5 .0 2 5 .1 8 5 .4 0 2 .0 6  ( l ) d 0 0
TH B P 95.1 7 .7 4 8 .21 6 .1 2 3 .6 8 ( 5 ) 0 0
TB H Q 9 5 .6 19.3 25.1 8 .41 16.7  (5 ) 3 2
NDGA 9 5 .5 4 .3 6 4 .91 2 .6 2 3 .3 1  (3 ) 2 0
BHA 9 8 .3 3 .7 5 4 .3 6 3 .2 9 2 .3 1  (4 ) 1 0
lo n o x -1 0 0 9 5 .8 6 .3 3 7 .4 3 5 .5 2 3 .11  (5 ) 0 0
BHT 8 4 .8 3 .4 5 4 .0 1 3 .4 3 1.87 (4 ) 0 0

a C a lc u la te d  f ro m  in d iv id u a l re s u lts .
» C a lc u la te d  fro m  o ne  h a lf p a ir  to ta l and  Sd-
0 F -te s t fo r  s ig n if ic a n t b ias a t 2 leve ls  o f c o n fid e n c e , n u m b e r  re fe rs  to  n u m b e r o f sa m p le  p a irs  fo r  w h ic h  th a t  leve l o f b ias 

e x is ts .
d B ra c k e te d  n u m b e r re fe rs  to  n u m b e r o f va lu e s  a ve ra g e d  to  g ive  f ig u re , o th e r  va lu e s  b e in g  n e g a tive .

Table 17. Instrumentation and conditions of analysis

C oll. In s tru m e n t C o lu m n
Flow,

m L /m in
In je c tio n , 

A L

1 W a te rs  M o de l 6 6 0 5 / im  L iC h ro s o rb  R P -18 2 0 25
2 V a ria n  M o de l 5 0 0 0 10  Mm L iC h ro s o rb  R P -18, 4 .6  X  2 5 0  m m 2 .0 10
3 P e rk in -E lm e r S e rie s  3 10 ^ m  L iC h ro s o rb  R P -18, 4 .6  X  2 5 0  m m 2 .0 20
4 S p e c tra -P h y s lc s  M o de l S P 8 0 00 10 Mm L iC h ro s o rb  R P -18 , 4 .6  X  2 5 0  m m 2 .0 2 7 .5
5 S p e c tra -P h y s ic s  M o de l 3 5 0 0  B 1 D fim Z o rb a x  ODS, 4 .6  X 2 5 0  m m 1.2 10
6 W a te rs  M o de l 6 6 0 10 fim  R adia l PAK A C is  8  X 100  m m 1 50
7 W a te rs  M o de l 6 6 0 10 fxm  L iC h ro s o rb  R P -18 , 3 .2  X  2 5 0  m m 1 50
8 A lte x -B e c k m a n  M o de l 4 2 0 lO ju m  L iC h ro s o rb  R P -18 , 4 .6  X  2 5 0  m m 2 20
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propanol-acetonitrile (1  +  1 ) was the first anti­
oxidant lost on standing. The decrease in the 
TBHQ peak was accompanied by the appearance 
of another peak just after NDGA. In the Asso­
ciate Referee's laboratory, a water aspirator pro­
vides sufficient vacuum to evaporate the aceto­
nitrile extract in 8-9 min. Ice water from an ice 
water bath is recycled through the condenser of 
the rotary evaporator. It may be advisable to 
carry out evaporations using this cooling proce­
dure.

Several collaborators experienced problems 
with the blank (no injection) gradient. Two 
problems occurred. One involved a drift of the 
baseline and the other, more serious problem 
arose from extraneous or interfering peaks. 
Some chromatograms representative of these 
problems are presented in Figure 1. A sloping 
baseline such as those shown in Figure 1A and 
B, may give difficulties in the interpretation of 
the actual baseline to be used in determining 
peak heights. A blank gradient in which inter­
fering peaks are present (Figure 1A) is a more 
serious problem.

These peaks generally arise from nonpolar 
impurities in the weaker elution solvent (5% 
acetic acid in water) accumulating at the head of 
the column before injection. These impurities 
are then eluted during the course of the gradient 
program. The peak size depends on the volume 
of weaker solvent pumped through the column 
before the gradient run commences. The cur­
rent availability of HPLC grade solvents (water, 
acetonitrile, and acetic acid) allows this problem 
to be readily solved. Three collaborators re­
ported problems with extraneous peaks. One 
collaborator found a peak to arise from the acetic 
acid and it was eliminated by using another 
brand. Another collaborator found a different 
source of water did not give rise to peaks. Col­
laborator 4 was unable to eliminate a peak cor­
responding to about 5.5 ppm BHT. This may be 
the cause for the outlying results. For sample 
and standard peaks of approximately the same 
height, the effect of the underlying false peak 
would effectively cancel. Thus, reasonable re­
sults were obtained by Collaborator 4 for pairs 1, 
9 and 12, 14.

The method instructed the collaborator to run 
a blank gradient (no injection) and to use the 
chromatogram obtained as a guide to draw a 
baseline for peak height measurements. Two 
collaborators obtained poor results with this 
procedure. As shown in Figure 1C, with a 
drifting baseline it may be difficult to correctly 
interpret the correct peak height. Thus, with the

Figure 1. Collaborators' chromatograms illustrating: 
A, blank gradient with sloping baseline and inter­
ference with BHT; B, blank gradient with sloping  
baseline; C, standard solution w ith sloping baseline 
as in B, 1, PG; 2, THBP; 3, TBHQ; 4, NDGA; 5, BHA; 6, 

Ionox-100; 7, BHT; dotted line indicates probable 
baseline.

7 peaks present in the standard, a valley-to-valley 
baseline will result in an underestimate of the 
standard peak height. With only one peak 
present, especially with some of the diluted 
samples, the correct height will be measured. If 
the peak height of the sample is much greater 
than that of the standard, the effect is accentuated 
and high results can be obtained. In some in­
stances for Collaborator 5, this may have ac­
counted for the high outlying results for 
TBHQ.

Collaborator 6  also found difficulty in inter­
preting the baseline for TBHQ. For the stan­
dards as well as some samples, TBHQ appeared 
as a rider peak on the tailing THBP. Apparently 
with the Radial PAK Cis column, PG and THBP 
tail. This also may be due to too large an injec­
tion volume. The TBHQ was estimated from a 
flat baseline as shown in Figure 2A. With the 
concurrence of Collaborator 6 , the Associate 
Referee re-estimated the TBHQ peak height as a 
skimmed-off rider peak on the tail of the THBP 
peak. The recalculated peaks are given in Tables 
4 and 11. Collaborator 6  also had a broad peak 
arising from the blank gradient occurring under 
the Ionox-100 peak as shown in Figure 2A and B.
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Figure 2. Collaborator's chrom atogram s showing: 
A, standard solution as in Fig. 1C with TBHQ as rider 
peak on THBP tail; B, broadened peaks under 

Ionox-100.

Again with the concurrence of Collaborator 6 , 
the peak height was remeasured and the Ionox- 
100 concentration was recalculated. These new 
values are included in Tables 7 and 14.

The problems in baseline interpretation may 
be very subtle as described above for Collabora­
tor 5 with TBHQ or may be readily observed as 
with Collaborator 6 .

One of the factors affecting column perfor­
mance is the polarity of the sample solvent. In 
reverse phase chromatography, it is good chro­
matographic practice to dissolve samples in the 
mobile phase, or in a solvent miscible with the 
mobile phase but of similar or greater polarity,
i.e., weaker than the eluting solvent. With the 
method studied this is not the case. To dissolve 
the co-extracted lipid material and to ensure 
dissolution of the nonpolar BHT, the isopropa­
nol-acetonitrile (1 +  1) solvent is necessary. If 
too much of this solvent is injected onto the col­
umn, it acts as an eluting solvent and double or 
distorted peaks can result. This seems to occur 
to a lesser degree if a guard column is used. 
Several collaborators reduced their injection 
volume to improve the peak shape. Thus it is 
not known whether the poor column perfor­
mance for Collaborator 7 resulted from the large 
volume injected (50 pL onto a 3.2 X 250 mm col­
umn) or from a deteriorated column. Some of 
the outlying results for Collaborator 7 definitely

CHEM . (VOL. 66, NO. 3, 1983)

TIME (M IN )

Figure 3. Chrom atogram s of standard solutions as 
in Fig. 1C: A, 5 pm 4.6 X  150 mm Supelcosil RP-18  
w ith 30 to 100% B gradient over 5 m in; B, collabora­
tor's colum n, 4.6 X  250 mm 10 pm LiChrosorb RP- 

18.

arise from the poor resolution obtained. In one 
instance, Ionox-100 at 19.9 ppm was not detected 
in the presence of 190.2 ppm BHA.

Most of this collaborative work was carried out 
in late 1979 or early 1980. Since that time, a 
greater availability and acceptance of HPLC 
grade solvents has occurred. This, coupled with 
the increasing experience of most analysts in 
gradient analysis, should reduce problems aris­
ing from serious baseline drift and extraneous 
interfering peaks.

Also in the last few years, the standard ana­
lytical column used by practicing chromatogra- 
phers has changed to some extent. More ana­
lysts are using the 4.6 X 150 mm column packed 
with 5 pm spherical particles. In fact, the col­
umn size suggested for use in this study, 3.2 X 
250 mm, is now seldom available. In the Asso­
ciate Referee's laboratory, the 5 pm column, with 
an octadecyl silyl bonded phase, gives superior 
resolution and sensitivity as shown in Figure 3A. 
The column used by most collaborators, the 4.6 
X 250 mm 10 pm LiChrosorb RP-18, however, 
still gives good chromatographic separations 
(Figure 3B). Thus, if the injected volume is 
specified to avoid solvent overload and the re­
cently available 5 pm spherical particle columns 
are employed, column performance for all sam­
ples and antioxidants should be excellent. In 
addition, these shorter columns with the spher­
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ical particles permit rapid re-equilibration with 
the use of higher flow rates with lower back 
pressure than the irregular shaped particle 
packings. Figure 3 demonstrates this.

The problem of TBHQ loss can be avoided 
during evaporation if the evaporation time is 
kept as short as possible (less than 10 min). This 
necessitates an efficient vacuum source and most 
probably the use of ice water in the condenser.

Considering the good results obtained for 6  of 
the 7 antioxidants, it is felt that comparable re­
sults should be obtained for TBHQ provided ac­
ceptable chromatographic conditions are main­
tained and losses on evaporation can be avoided 
as described above.

R e c o m m e n d a t io n

It is recommended that the method be adopted 
official first action for PG, THBP, TBHQ, NDGA, 
BHA, Ionox-100, and BHT in fats and oils.
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V ITA M IN S  AND OTHER NUTRIENTS

Isomerization of Retinyl Palmitate Using Conventional Lipid 
Extraction Solvents

M ARY C. M U LRY, RON A LD H. SC H M ID T, and JA M ES R. KIRK
U n iv ers ity  o f  F lo r id a ,  In s titu te  o f  F o o d  a n d  A g r ic u ltu ra l S c ie n c e s , F o o d  S c ien c e  a n d  H u m an  
N u tr it io n  D e p a r tm en t , G a in e s v ille ,  F L  3 2 6 1 1

The use of a chloroform -ethanol-w ater solvent sys­
tem for the direct extraction of retinyl palmitate 
isomers from fortified food products was previously 
shown to be unsuitable because significant isomer­
ization of all-frans-retinyl palmitate occurred during 
the extraction. This study investigated the extent of 
isomerization of retinyl palmitate in various extrac­
tion solvents when subjected to gold fluorescent 
laboratory light. Purified solutions of all-frans- 
retinyl palmitate in hexane were diluted with methyl 
f-butyl ether, hexane, methylene chloride, and sta­
bilized chloroform and subjected to gold fluorescent 
laboratory light for 2,4 , and 6.5 h. Similar solutions 
were subjected to light or kept in the dark for 3.5 h. 
All-frans-, 9-cfs-, and 13-cis-retinyl palmitate esters 
in the solutions were determined by using normal 
phase high performance liquid chromatography with 
fluorometric detection. Results demonstrated a 
noticeable increase in the 9-cis-retinyl palmitate 
concentration and a corresponding decrease in all- 
frans-retinyl palmitate concentration with time, in 
chloroform and methylene chloride compared with 
hexane. Chlorinated solvents in the absence of light 
did not promote isomerization of retinyl palmitate. 
Use of chlorinated solvents for the extraction of vi­
tamin A esters should be avoided because they pro­
mote isomerization of retinyl palmitate when 
subjected to light, including gold fluorescent labo­
ratory light.

Direct extraction of all-frans-retinyl palmitate 
from food products without saponification for 
subsequent high performance liquid chromato­
graphic (HPLC) analysis has proven to be the 
method of choice by several laboratories (1-7). 
The chlorinated solvents chloroform and meth­
ylene chloride are often used either for the ex­
traction of vitamin A palmitate from food prod­
ucts and/or as a component of the mobile phase 
(2-4, 6 ,7). These methods are able to quantitate 
only all-frans-retinyl palmitate, the most bio­
logically active form of vitamin A. Other iso­
mers, such as the 9-cfs- and 13-c/s-retinyl palmi­
tate have a biological activity of 26% and 75%, 
respectively, of all-frans-retinyl palmitate (8 );
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therefore, the actual biological activity of vitamin 
A in fortified foods is overestimated if cfs-isomers 
of retinyl esters are present. Thompson et al. (5) 
discussed the separation of the 13-cis-isomer from 
the all-frans-retinyl palmitate, using their HPLC 
method, but quantitation of the 13-cis-isomer in 
milk products was not performed.

Currently, several HPLC methods are able to 
separate the isomeric forms of the retinyl esters 
(9-12). None of these procedures, however, has 
been used for routine determination of vitamin 
A esters in food products.

An attempt was made in our laboratory to 
adapt the extraction procedure of Widicus and 
Kirk (2) to the determination of retinyl palmitate 
isomers in foods. The method proposed was a 
variation of the Bligh and Dyer (13) extraction 
procedure which specifies a mixture of chloro- 
form-ethanol-water in place of the more popular 
chloroform-methanol-water solvent system. 
Analytical data demonstrated the unsuitability 
of having chloroform in the extraction solution 
because significant isomerization of the retinyl 
palmitate occurred during extraction. Isomer­
ization was not observed during the storage of 
purified retinyl palmitate standards in hexane. 
Thus, chloroform appeared to be initiating the 
isomerization reaction, possibly by a free-radical 
mechanism.

It is well known that chloroform is unstable in 
the presence of light and oxygen, forming un­
desirable degradation products such as phosgene 
and HC1, which may initiate acid-catalyzed 
isomerization of unsaturated double bond sys­
tems. Thus, there was the possibility that acid- 
catalyzed isomerization was occurring during 
extraction (14). Addition of absolute ethanol 
(0 .5-2.0%) or an unsaturated hydrocarbon (e.g., 
amylene) is thought to slow these reactions in 
chloroform. Treatment of chloroform with a 
molecular sieve (Type 13X) has been shown to 
remove water, HC1, and phosgene (15).

Solvent effects on the photo-isomerization of 
retinoid compounds has been observed previ­
ously by researchers (16, 17). These solvent-
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induced changes were observed under intense 
radiation, after long exposure times (up to 24 h) 
with or without the addition of iodine to catalyze 
the stereochemical rearrangement.

The purpose of this study was to investigate 
the extent of isomerization of all-frans-retinyl 
palmitate in various extraction solvents subjected 
to laboratory light. The effect of chloroform in 
the extraction solvent was studied to ascertain 
whether the isomerization was due to the chlo­
roform or the presence of an impurity or reaction 
product in the reagent grade chloroform used.

METHOD

Reagents

(a) Solvents.—Methyl f-butyl ether (MTBE), 
distilled in glass (Burdick & Jackson Laboratories, 
Inc., Muskegon, MI 49442). HPLC grade hexane 
and CH2CI2 (Fisher Scientific Co., Pittsburgh, PA 
15219). Reagent and Nanograde CHCI3 (Mal- 
linckrodt, Inc., St. Louis, MO 63147). Use re­
agent grade for other solvents.

(b) HPLC elution solvents.—Filter hexane and 
MTBE separately under vacuum through 0.45 /im 
Alpha 450 membrane (Gelman Instrument Co., 
Ann Arbor, MI 48105). Use 0.1% MTBE in hex­
ane for analytical separations and 0.5% MTBE in 
hexane for semi-preparative separations of ret- 
inyl palmitate isomers.

(c) Molecular sieve. —Davison molecular sieve, 
Type 13X, 8-12 mesh (Fisher Scientific Co.) ac­
tivated at 250°C overnight.

(d) Preparation of retinyl palmitate isomer stan­
dard solutions.—Use 9-ris-retinal and 13-c/s-retinal 
(Hoffmann-La Roche, Inc., Nutley, NJ 07110) 
without further purification. Reduce with 
NaBH4 to obtain corresponding retinol isomers. 
React retinol isomers with palmitoyl chloride in 
CH2CI2 (1 0 ) to produce cis-retinyl palmitate iso­
mers. Remove excess reagents and undesirable 
reaction products by preparative silica thin layer 
chromatography on poured plates (2 mm, Silica 
60, PF 254, E. Merck, Darmstadt, GFR). Develop 
plates with cyclohexane-toluene-ethyl acetate 
(5 +  3 +  2) (18). Purify 9-c/s- and 13-ci's-retinyl 
palmitate prepared as described above and all- 
frans-retinyl palmitate in corn oil (1 000 000 USP 
units/g oil) (Hoffmann-La Roche, Inc.) by 
semi-preparative HPLC with a flow rate of 2.0 
mL mobile phase/min. Evaluate purity of 
standards under analytical HPLC conditions. 
Store purified standard solutions at —20°C under 
nitrogen in hexane.

(e) Stock retinyl palmitate solution.—Use solu­
tion of purified all-trans-retinyl palmitate in

hexane (41 pg/mL) as standard for comparison 
with other solvents throughout study.

Apparatus
Equipment specified is not restrictive; other 

suitable equipment may be used.
(a) Analytical liquid chromatograph.—Model 312 

(Altex Scientific, Inc., Berkeley, CA 94710), with 
Model 110A pump and Model 210 sample injec­
tion valve (20 pL loop). Fluoro-Monitor fluo­
rescence detector (American Instrument Co., 
Silver Spring, MD 20910). Corning 7-51 exci­
tation filter (365 nm max.), Wratten 8  emission 
filter (500 nm, sharp cut), 70 pL flow cell, G.E. 
F4T4-BL lamp (American Instrument Co.).

(b )  Semi-preparative liquid chromatograph.— 
Apparatus as described above with 2000 pL 
sample loop and Altex Model 153 analytical ul­
traviolet detector ( 8  pL flow cell, 254 nm 
filter).

(c) Analytical HPLC column.—Supelcosil LC-Si 
(5 pm, 4.6 mm X 150 mm) analytical HPLC col­
umn. Guard column (4.6 mm X 50 mm) tap- 
filled with Pelliguard LC-Si (40 pm) packing 
(Supelco, Inc., Bellefonte, PA 16823).

(d) Semi-preparative column.—LiChrosorb Si- 
60-5 (9 mm X 250 mm) column (Chrompack
U.S.A., Inc., Whittier, CA 90607).

Procedure
(a) Purification and stabilization of CHCI3.— 

Redistill reagent grade CHCI3 (bp 59-62°C). 
Add 0.5% absolute ethanol or 50 ppm amylene 
(2-methyl-2-butene). Store over Type 13X mo­
lecular sieve (15).

(b )  Effect of solvent on isomerization.—Dilute 5 
mL stock retinyl palmitate solution in 3 separate 
25 mL volumetric flasks and dilute to volume 
with hexane, stabilized CHCI3, and CH2CI2 . 
Subject solutions to gold fluorescent laboratory 
light (Sylvania, F40G0, GTE Products Corp., 
Danvers, MA 01923). Distance from solutions 
to light source is 1.7 m. Take 5 mL aliquots at 2 
h, 4 h, and 6.5 h. Evaporate solvent under ni­
trogen at 35 °C. Redissolve treated samples in 
hexane and inject 20 pL (162 ng, 0.312 nmoles) 
into HPLC system. Use flow rate of 1.2 mL mo­
bile phase/min.

(c) Effect of light on isomerization.—Follow 
protocol described above except sample duplicate 
aliquots. Subject one set of samples to gold flu­
orescent laboratory light for fixed time of 3.5 h 
and store duplicate samples in dark for same time 
period. Use hexane, CH2CI2, MTBE, and puri­
fied, stabilized CHC13 as dilution solvents.
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Figure 1. Representative chromatograms of retiny 
palmitate in CH2C12 (A), hexane (B), and CHC13 (C 
subjected to gold fluorescent laboratory light for 2 h 
4 h, and 6.5 h. 9 =  9-cis-retinyl palmitate; 13 =  13- 
c is-retinyl palm itate; AT =  all-frans-retiny] 

palmitate.

Results and Discussion
Isomerization of retinyl palmitate extracts 

using chloroform in the extraction solvent sys­

tem was shown to occur. It was not known 
whether the isomerization was due to an impu­
rity, a degradation product in the chloroform, or 
some other factor.

The first experiment was performed to test 
various solvent purification procedures such as 
addition of ethanol or amylene and storage over 
molecular sieve to remove degradation products. 
Methylene chloride was tested to determine its 
effect on isomerization because it has been 
demonstrated to be a less toxic solvent than 
chloroform and thus is preferred for conven­
tional lipid extractions (19).

The standard retinyl palmitate solutions used 
in this study were subjected to gold fluorescent 
laboratory light to simulate exposure to light 
encountered during routine extraction and 
analysis of vitamin A. Sylvania gold fluorescent 
tubes are routinely used in most laboratories 
where vitamin analyses are performed. Light 
of less than 500 nm wavelength is excluded be­
cause it may cause degradation and/or isomer­
ization of vitamins.

The chromatograms in Figure 1 indicate that 
exposure of all-frans-retinyl palmitate to gold 
fluorescent laboratory light for as little as 2  h 
produced a pronounced change in the isomeric 
nature of the retinyl palmitate extracted in 
methylene chloride or chloroform. Isomeriza­
tion was minimal when hexane or MTBE was 
used as solvent.

There was a noticeable increase in the 9-cis- 
retinyl palmitate peak and a corresponding de­
crease in the all-frsns-retinyl palmitate concen­
tration with increased storage time in both 
chloroform and methylene chloride, compared 
with hexane. The isomerization process occurs 
only when the retinyl palmitate is present in the 
chlorinated solvents. If these solvents are 
stripped under nitrogen and the retinyl palmi­
tate is redissolved in hexane, then no further 
detectable isomerization is observed. Impurities 
or degradation products in the chlorinated sol­
vents (e.g., HC1) do not appear to be the cause of 
retinyl palmitate isomerization, because chang­
ing the grade or purifying the solvent as de­
scribed in the procedure had no effect on the 
isomerization reaction.

Identification of the peaks in the chromato­
grams as isomers of retinyl palmitate was made 
by matching the appropriate retention time with 
those of a standard mixture of the 3 purified 
isomers under the HPLC conditions. Fractions 
corresponding to the individual isomers were 
isolated under the semi-preparative HPLC con­
ditions. The absorption maxima of the fractions
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Figure 2. Representative chromatograms of retinyl 
paimitate in hexane, CHC13, or CH2CI2 kept in ab­
sence of light (A) or in presence of gold fluorescent 
laboratory light (B) for 3.5 h. Other conditions same 

as Figure 1.

corresponded to the appropriate isomer as ten­
tatively identified: 13-as, 328 nm; 9-cis, 322 nm; 
all-frans, 326 nm (18). Treatment of each isolated 
fraction with dilute iodine produced an equi­
librium mixture of the 3 isomers plus a fourth 
peak, possibly the 9-cis, 13-ris-retinyl paimitate 
(8).

The second study was done to determine if the 
isomerization was a result of an interaction be­
tween solvent and light exposure. The results 
from this study (Figure 2) suggest that isomer­
ization of retinyl paimitate is due to an interac­

tion between light exposure and the chlorinated 
solvents. The presence of light had little effect 
on the isomerization in hexane. The results for 
MTBE (not shown in Figure 2) as a solvent were 
the same as for hexane. Likewise, chlorinated 
solvents stored in the dark did not promote 
isomerization of the retinyl paimitate during 
sample preparation.

Isomerization appears to be due to a photo- 
chemically induced free-radical reaction in the 
chlorinated solvents. Thus, if chlorinated sol­
vents are used, all extractions should be per­
formed in the absence of light, which would be 
prohibitive for the routine extraction of food 
products. A more acceptable alternative is the 
use of solvent mixtures such as hexane-MTBE or 
hexane-isopropanol (2 0 ) which do not affect the 
isomerization of vitamin A esters.

Conceivably, this phenomenon could occur 
with other conjugated lipid compounds such as 
carotenoids and unsaturated fatty acids. A pre­
liminary investigation in our laboratory dem­
onstrated no effect of chloroform or methylene 
chloride on the isomerization of methyl linoleate 
or linoleic acid, using capillary gas chromato­
graphic analysis following extraction. This does 
not eliminate the possibility of isomerization of 
lipid extracts (formation of trans-isomers) con­
taining highly unsaturated fatty acids when 
chlorinated solvents are used in conventional 
lipid extractions.

In conclusion, it has been demonstrated that 
retinyl paimitate, a conjugated lipid compound, 
is susceptible to photochemically induced 
isomerization when chlorinated solvents are 
used (under the conditions described simulating 
lipid extraction under gold fluorescent lights). 
Other solvents such as MTBE and hexane were 
not shown to be promoters of isomerization 
under gold fluorescent laboratory light.
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Analysis of Fat-Soluble Vitamins. XXVIII. High Performance Liquid 
Chromatographic Determination of Vitamin D in Pet Foods and Feeds: 
Collaborative Study

ELLEN J. de VRIES, PIETER VAN BEMMEL, and BEN BORSJE 
D u p h a r  B .V .,  R e s e a r c h  L a b o ra to r ie s , W ee sp , T h e  N e th e r la n d s

Collaborators: M. L. Adams; T. Baillies; J. Berthels; C. M. del Rosario; W. Egtberts;
P. J. Gillingham; B. Giuliany; W. Hancock; K. Haustraete; S. Herforth; B. Hsieh;
E. Klint Jensen; H. Knapstein; F. P. Mahn; A. Nabholz; G. Nedelkovitch; E. C. Nicolas;
G. Nicolaux; E. Oelrich; G. F. Phillips; J. Phlix; E. F. Richter; P. Schwarze;
R. L. Smallidge; H. Steuerle; U. Thiele; G. R. Tichelaar; R. Venteicher; S. Westergaard; 
W. O. Woo; L. Zygmunt

A high performance liquid chromatographic (HPLC) 
method for vitamin D in pet foods and feeds at low 
concentrations (2-8 IU /g =  50-200 ppb) was studied 
collaboratively. The procedure consists of the fol­
lowing purification steps: saponification, extraction 
of. the unsaponifiable fraction, chromatography on 
alumina, cleanup on reverse phase HPLC, and quan­
titation with straight phase HPLC. The original 
method, developed by Knapstein, was simplified by 
deleting the quantitative TLC step. Six coded sam­
ples were distributed to 31 laboratories, along with 
a known sample containing 15 IU /g to allow practice 
of the rather complicated procedure. Eighteen col­
laborators returned their results. Results for the 
spiked samples show good recovery. The estimates 
of repeatability and reproducibility are 0.96 and 2.2 
IU /g for spiked samples and 1.5 and 3.1 IU /g for 
commercial samples, respectively, which are con­
sidered acceptable for these low concentrations. The 
method has been adopted official first action.

The high performance liquid chromatographic 
(HPLC) method for determining vitamin D* 1 in 
pet foods and feeds was presented in 1980 by the 
Associate Referee during the 94th Annual 
Meeting of AOAC and recommended for col­
laborative study. The method is based on one 
developed by Knapstein and co-workers (1) from 
the Agricultural Research Station in Kiel, GFR, 
for the determination of vitamin D in feeds, 
which used the AOAC 43.A 02(b) and (c) (2, 3) 
cleanup and analytical columns, respectively.

For part XXVII, see de Vries, E. J., & Borsje, B. (1982) J. Assoc. 
Off. Anal. Chem. 65, 1228-1234.

1 Vitamin D is used here as a generic term for vitamin D2  

(ergocalciferol) or D3  (cholecalciferol); pre-vitamin D is used 
for pre-vitamin D2  or D3 .

This report of the Associate Referee, E. J. de Vries, was pre­
sented at the 95th Annual Meeting of the AOAC, Oct. 19-22, 
1981, at Washington, DC.

Received September 1,1981.
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, f. Assoc. Off. Anal. Chem. (1982) 65, 338; 
378.

Extra cleanup steps consisting of alumina column 
chromatography and quantitative thin layer 
chromatography (TLC) completed the method. 
The quantitative TLC step, in particular, requires 
specially trained personnel; on request of the 
majority of interested collaborators, this step was 
omitted after evaluation by the Associate Ref­
eree.

A comparison with the AOAC biological 
method (4) for vitamin D was considered super­
fluous, since the HPLC method was tested on 
synthetic mixtures with a known amount of vi­
tamin D3, so the systematic error could be cal­
culated.

C ollaborative Study

S a m p le s

In this study, 4 preparations and a practice 
sample of different composition (Table 1) were 
assayed. Three samples contained pure chole­
calciferol in coated form (microbeadlets). Sam­
ples 1 and 2  and the practice sample were based 
on a layer feed (German type). The vitamin D3 

content of these samples was calculated on a 
weight basis. Single determinations were car­
ried out in the coded samples. Sample 3 was 
based on broiler feed (German type), Sample 4 
was based on cat food (Dutch type). Prepara­
tions 3 and 4 (both containing vitamin D3 resin) 
were commercially available products from dif­
ferent manufacturers. From each of the Prepa­
rations 3 and 4, two differently coded samples 
were assayed, thus yielding independent du­
plicate determinations for each of these prepa­
rations.

The practice sample, non-coded and with 
given potency and chromatograms, was used to 
familiarize the analyst with the delicate proce­
dure and to give "instant" confidence in the re­
sult.
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Table 1. Composition of collaborative samples

S a m p le
V it. d 3. 

iu / g - P re p a ra tio n

P ra c tic e e x a c t ly  1 5 .0 la y e r fe e d 3
1 e x a c t ly  4 .0 la y e r fe e d 3
2 e x a c t ly  7 .0 la y e r fe e d 3
3 a b o u t 3 .0 b ro ile r  fe e d 3
4 a b o u t 2 .0 c a t f o o d b

3 C o n ta in in g  a lso  v ita m in s  A, E, K 3, B j,  B 2, B6, B 12, p a n ­
to th e n ic  ac id , fo lic  a c id , c h o lin e  c h lo r id e , and c a n th a x a n - 
th in .

b C o n ta in in g  a lso  v ita m in s  A, E, K3 , B i,  B2, B 12, n ia c in , and 
c h o lin e  c h lo r id e .

C o lla b o ra to rs

For this collaborative study, we distributed 217 
samples to 31 collaborators. The collaborators 
were asked to test their equipment for separation 
of frans-vitamin Da/pre-vitamin D3 on the ana­
lytical column. If the peak resolution exceeded 
1 , the column performance was satisfactory.

V itam in  D in M ixed Feeds, Prem ixes, and Pet 
Foods

Liquid C h rom atograp hic M ethod  

O fficial First A ction

(Applicable to products contg < 2 0 0 IU and >2  
IU vitamin D/g. For products contg >200 IU 
vitamin D/g, use 43 .A 01-43 .A 08 .)

43.C 01 P rin c ip le

Samples are saponified and extd, and unsa- 
ponifiable material is chromatographed succes­
sively on alumina to remove tocopherols and 
carotenes, if present, and on LC cleanup column 
to sep. from interfering substances. Second LC 
column packed with silica seps vitamin D from 
impurities. Vitamin D is corrected for amt 
previtamin D formed during saponification. 
Vitamin D is sum of vitamin D and previtamin 
D.

43.C 02 R e a g e n ts

(a) Solvents.—MeOH, alcohol, CH3CN, tolu­
ene, peroxide- and acid-free ether, »-hexane 
(spectroquality). Dry »-hexane by passing thru 
column 60 X 8  cm diam. contg 500 g 50-250 pm  
silica dried 4 h at 150°.

(b) Sodium ascorbate soln.—Dissolve 3.5 g 
ascorbic acid in 20 mL IN NaOH. Prep, fresh 
daily.

(c) Antioxidant solution. — 1 mg butylated hy- 
droxytoluene (BHT)/mL hexane.

(d) Petroleum ether.—Reflux over KOH pellets 
and collect fraction distg between 40° and 60°.

(e) Ether-petroleum ether eluants.—8  +  92 and 
40 +  60.

(f) Alumina.—Neut., type 1097 (E. Merck, 
Darmstadt, GFR).

(g) Mobile phase (for cleanup column).— 
CH3C N -M e0H -H 20  (50 +  50 +  5).

(h ) Mobile phase (for analytical column).—n -  

Hexane contg 0.35% (v/v) »-amyl alcohol.
(i) Vitamin D std solus.—USP Ref. Std Ergo- 

calciferol (if sample labeled as contg vitamin D2) 
or Cholecalciferol (if labeled as contg vitamin D 
or D3). Accurately weigh ca 12.5 mg vitamin D 
std (W') in 100 mL amber vol. flask. Dissolve 
without heat in toluene and dil. to vol. with tol­
uene (125 pg /m L , soln A). Dil. 10 mL soln A to 
100 mL with mobile phase (h). Dil. 10 mL of this 
soln to 100 mL with toluene-mobile phase (h ) (5 
+  95) for vitamin D std (soln B) (1.25 p g lm L ; 50 
IU/mL). Also dil. 10 mL soln A to 100 mL with 
mobile phase (g); dil. 20 mL of this soln to 100 mL 
with mobile phase (g) (2.5 p g /mL, soln C). Prep, 
fresh daily.

(j) System suitability std soln. —Use USP Vitamin 
D Assay System Suitability Ref. Std, or prep, soln 
contg 2 mg vitamin D3 and 0.2 mg trans-vitamin 
D3/g in vegetable oil. Peaks of trans-vitamin D3 

and previtamin D3 must have ca same peak hts. 
If necessary, increase previtamin D3 content by 
warming oil soln ca 45 min at 90°. Store soln at 
5°.

43.C 03 A lu m in a  C o lu m n

Seal coarse fritted glass disk in lower end of 
150 X 20 mm (id) tube and 250 mL bulb at upper 
end. Fit constricted portion at lower end with 
Teflon stopcock.

Heat 250 g alumina overnight at 750°. Cool 
and store in vac. desiccator. Weigh 30 g dried 
alumina into 100 mL erlenmeyer. Pipet 2.7 mL 
H20  into flask, and stopper. Heat 5 min on 
steam bath. Vigorously shake warm flask until 
powder is free-flowing. Cool and let stand 30 
min.

Add 40 mL pet ether to deactivated alumina, 
swirl, and transfer to tube, using pet ether. Let 
packing settle. Maintain head of >.0.5 cm liq. on 
column thruout assay (alumina column can be 
used for only 1 assay).

43.C 04 L iq u id  C h r o m a t o g r a p h y

(a) Liquid chromatograph.—Hewlett-Packard 
1010A, or equiv., with 254 nm UV detector with 
2  columns: cleanup and analytical.
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(b) Cleanup column.—Stainless steel, 250 X 4.6 
(id) mm, packed with 10 pm particle size Li- 
Chrnsorb RP-18. Typical operating conditions: 
chart speed, 1 cm/min; eluant flow rate, 1.4 
mL/min; detector sensitivity, 0.08 AUFS; temp., 
ambient; valve injection vol., 500 pL; solv. sys­
tem, CH3C N -M e0H -H 20  (50 +  50 +  5).

(c) Analytical column.—Stainless steel, 250 X
4.6 (id) mm, packed with 5 pm particle size Par- 
tisil-5, passing system suitability test. Typical 
operating conditions: chart speed, 1 cm/min; 
eluant flow rate, 2.6 mL/min (ca 1500 psi); de­
tector sensitivity, 0.008 AUFS; temp., ambient; 
valve injection vol., 200 pL; solv. system, «-hex­
ane contg 0.35% (v/v) «-amyl alcohol.

43 .C 05 S y s t e m  S u ita b il ity  T es t  f o r
A n a ly t ic a l  C o lu m n

Dissolve 0.1 g system suitability std soln in 100 
mL toluene-mobile phase (5 +  95) and inject 200 
pL. Det. peak resolution between previtamin D3 

and trans-vitamin D3 as: R =  2DI(B +  C); where 
D =  distance between peak max. of previtamin 
D3 and trans-vitamin D3; B =  peak width of 
previtamin D3; and C = peak width of trans-vi­
tamin D3. Performance is satisfactory if R is 
> 1.0 .

43 .C 06 C a lib ra t io n

Inject 500 pL vitamin D std soln (soln C) onto 
cleanup column thru sampling valve and 200 pL 
soln B onto analytical column, and adjust oper­
ating conditions of detector to give largest pos­
sible on-scale peaks of vitamin D. Det. retention 
time of vitamin D on cleanup and analytical 
columns and peak ht of vitamin D on analytical 
column. Retention time of vitamin D on clean­
up column should be between 15 and 25 min; 
adjust H20  content of mobile phase, if necessary, 
to achieve this situation. Retention time of vi­
tamin D on analytical column should be between 
15 and 20 min; adjust amyl alcohol content in 
mobile phase, if necessary, to achieve this situa­
tion.

43.C 07 P rep a ra tio n  o f  S a m p le

Isolation of unsaponifiable matter from powder.— 
Accurately weigh ca 25 g powdered sample 
(preferably particle size < 1  mm) into saponifi­
cation flask. Add 80 mL alcohol, 2 mL Na as­
corbate soln, a pinch of Na2EDTA, and 10 mL 50% 
aq. KOH soln. Reflux 30 min on steam bath 
under N with mag. stirring. Cool and ext with 
five 60 mL portions of ether in saponification 
flask; decant each time and transfer ether layer

to 1 L separator contg 100 mL H20 . Shake ether 
layer in separator (A), let sep„ and transfer aq. 
phase to 500 mL separator (B). Ext aq. phase with 
60 mL ether and transfer ether layer to separator 
(A). Wash combined ether exts with 100 mL 
0.5N KOH soln and then 100 mL portions of H20  
until last washing is neut. to phthln. Add 150 
mL pet ether, wait '/2 h, sep. from last drops of 
H20 ,  and add 2 sheets of 9 cm filter paper in 
strips to separator. Shake, add 1 mg BHT, and 
transfer to r-b flask, rinsing separator and paper 
with pet ether.

Evap. soln by swirling (Rotavapor) under N 
stream in 40° H20  bath. Dissolve residue im­
mediately in 5 mL hexane.

43 .C 08 A lu m in a  C o lu m n  C h r o m a t o g r a p h y

Transfer sample soln to column with aid of 
three 10 mL portions of hexane. Discard eluate 
(contains carotenoids). Elute column with seven 
10 mL portions of ether-hexane ( 8  +  92) and 
discard eluate (contains tocopherols and eth- 
oxyquin).

Elute column with seven 10 mL portions of 
ether-hexane (40 +  60), discard first 20-25 mL, 
collecting rest of eluate in r-b flask (contains vi­
tamins A and D) when front of fluorescent vita­
min A band is located 3 cm from.bottom of col­
umn. Examine column <1 s under UV light (360 
nm) with portable UV lamp to verify elution of 
vitamin A. Evap. soln by swirling (Rotavapor) 
under N stream in 40° H20  bath. Transfer to 
centrf. tube, rinsing flask with 2-3 mL ether, 
evap. ether, and dissolve in 1.0 mL MeOH with 
warming. Add 1.0 mL CH3CN and cool. 
Centrf. and use clear supernate for injection onto 
cleanup column.

43.C 09 D e t e r m in a t io n

(a) Cleanup.—Inject 500 pL sample soln onto 
cleanup column thru sampling valve and adjust 
operating conditions of detector to give largest 
possible on-scale peaks for vitamin D. Collect 
fraction between 3 min before and 3 min after 
vitamin D peak in 10 mL vol. flask. Add 1 mL 
antioxidant soln and evap. to dryness under N 
stream. Dissolve residue immediately in 2.0 mL 
toluene-mobile phase (5 +  95). Use this soln for 
injection onto analytical column.

(b) Assay.—Inject 200 pL soln (a) onto ana­
lytical column thru sampling valve, and adjust 
operating conditions of detector to give largest 
possible on-scale peaks of vitamin D. Measure 
peak ht of vitamin D. Use same operating con­
ditions and inject std soln B. Measure peak ht of
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Table 2. Columns and packings used for cleanup column

P a rtic le  M o b ile  phase Flow R et. t im e
C o lu m n , size, C H 3C N - ra te , v it. D,

Lab. c m  X m m P ack in g ¿¿m M e 0 H - H 20 m L /m in m in

1 2 5 X 4 . 6 R-Sil C 18  HL 10 50  +  5 0  +  5 1 .4 2 3
2 2 5  X 3 .0 L iC h ro s o rb  R P 18 10 5 0 +  5 0  +  5 .5 0 .9 17
3 2 5 X 4 . 0 L iC h ro s o rb  RP18 5 5 0  +  5 0  +  6 1 .4 18
4 2 5 X 4 . 6 L iC h ro s o rb  RP18 10 5 0 +  5 0  +  4 1 .4 17
5 3 0  X 4 .0 M ic ro p a k  M C H 10 10 5 0  +  50  +  6 1.5 15
6 3 0  X 3 .9 n B o n d a p a k  C 18 10 5 0  +  5 0  +  5 1.4 9
7 2 5  X 4 .0 L iC h ro s o rb  RP18 10 5 0 +  5 0  +  5 1.5 14
8 2 5 X 4 . 0 L iC h ro s o rb  R P18 10 5 0  +  5 0  +  5 1.5 15
9 3 0  X 4 .6 n B o n d a p a k  C 18 10 5 0  +  5 0  +  5 1.4 12
9A 3 0  X 4 .6 ¿ iB ondapak C 18 10 5 0  +  5 0  +  5 1.3 12

10 2 5 X 4 . 0 L iC h ro s o rb  RP18 10 50  +  5 0  +  5 1.2 17
11 2 5 X 4 . 6 L iC h ro s o rb  RP18 7 50  +  5 0  +  2 1.0 1 2 -1 5
12 3 0 X 3 . 9 ¿¿Bondapak C 18 10 5 0  + 5 0 +  10 1.4 1 3 -2 1
13 3 0  X 3 .9 /uB ondapak C 18 10 5 0  + 5 0  + 5 1.4 1 4 -1 9
14 1 0 X 8 C 1 8  c a r tr id g e  A 6 5 0  + 5 0  +  5 2 .4 20
15 2 5 X 4 . 6 L iC h ro s o rb  R P18 10 5 0  + 5 0  + 5 1.8 1 7 -1 9
16 2 5  X  4 .6 S p h e r is o rb  ODS 5 100  + 0  + 0 1.2 16
17 2 2 X 4 L iC h ro s o rb  R P18 10 50  + 5 0  + 5 2 19
18 2 5  X  4 .6 L iC h ro s o rb  R P18 10 5 0  + 5 0  + 5 1.4 20

vitamin D. R esults and D iscussion
(c) C alcu lation . —

Vitamin D potency in IU/g sample C o lla b o ra to rs ' C o m m e n ts

1.25 X P X W  X V X 40 000 Tables 2 and 3 summarize the various columns
— and packings used, and the retention times and

resolutions obtained in the collaborative study.
where P =  peak ht of vitamin D in sample soin; Several collaborators had difficulties obtaining
1.25 == correction factor for previtamin D formed a water-free unsaponifiable residue and one
during refluxing for saponification; P' =  peak ht recommended drying the extract before evapo-
of vitamin D in ref. soln; W =  g sample weighed; ration by filter paper,, similar to AO AC 43.A07.
Yl' = mg ref. std; V = total mL sample soin,; V  = Some collaborators encountered difficulties
total mL ref. std soin; 40 000 = IU vitamin D/mg dissolving the eluate from the alumina column,
USP Ref. Std. which they solved by either dissolving at ele-

Table 3. Columns and packings used, and resolution obtained with analytical column

P a rtic le % Flow R et. tim e
C o lu m n , size, A m y l- ra te , v it. D, R e so lu tio n

Lab. cm  X m m P a ck in g Mm a lc o h o l m L /m ln m in p r e / t r a n s

1 2 5 X 4 . 0 L iC h ro s o rb  S I-60 5 0 .3  2 .6 1 2 -1 3 1 .0
2 2 5  X  4 .6 R-Sil 5 0 .5  2 .6 18 1 .23
3 2 5  X  4 .0 L iC h ro s o rb  S I-60 5 0 .3 5  2 .5 18 1.58
4 25  X 4 .6 P a rtis il 5 0 .5  2 .4 1 6 -1 7 1.8
5 2 5 X 4 . 6 L iC h ro s o rb  S I-100 5 0 .6  1.6 16 1 .17
6 2 5 X 4 . 0 L iC h ro s o rb  S I-60 5 0 .3  2 .0 29 1 .33
7 2 5 X 4 . 6 S p h e r is o rb  S5W 5 0 .3 5  2 .6 1 4 -1 5 1 .0 6
8 3 0  X  4 .0 L iC h ro s o rb  S I-60 5 0 .3 5  2 .0 21 1.3
9 25  X  4 .6 P a rtis il 5 0 .7  2 .5 10 __
9A 2 0  X  4 .6 P a rtis il 5 1 .0 a 2 .0 6 _

10 25  X  4 .0 L iC h ro s o rb  S I-60 5 0 .3 5  2 .4 19 1 .65
11 20  X 4 .6 P a rtis il 5 0 .3 5  2 .5 14 1.7
12 3 0 X 3 . 9 ¿ iPorasil 10 0 .3 5  2 .5 18 1.2
13 3 0  X 3 .9 iiP o ra s il 10 0 .3 5  2 .6 19 1.0
14 25  X  4 .6 Z o rb a x -s ilica 6 0 .4  3 .0 20 1.3
15 25  X  4 .6 P a rtis il 5 0 .3 5  2 .4 1 9 -2 2 _
16 25  X  4 .6 L iC h ro s o rb  S I-60 10 0 .4  3 .0 1 8 -2 1 1.0
17 22  X  4 P a rtis il 5 1 .0  2 .0 13 _
18 25  X 4 .6 P a rtis il 5 0 .5  2 .0 22 —

a E th a n o l in h exane .
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Table 4. Collaborative results (lU /g) for determination of vitamin D3 in foods and feeds

Lab.

S a m p le s

1 2 3 4 P ra c tic e

1 __a 5 .3 13.6 __ a 2 .8 5.7 17.9
2 4 .4 6 .7 3 .3 2.1 4 .9 2 .4 1 4 .2
3 4 .0 6 .4 11.1 7 .8 2 .6 7 .6 14.7
4 4 .0 6 .3 5 .2 1.9 0 .9 0 .5 14.6
5 8 .7 13.3 5.7 6 .2 7 .2 5 .4 21
6 3 .7 6 .9 3 .2 2 .7 1.1 1.2 1 4 .8
7 2 .9 7 .5 3 .6 6 .0 2 .6 5 .4 2 2 .9
8 6 .4 8 .8 2 .9 3 .2 2 .8 2 .7 —
9 3 .8 6 .9 3 .6 2 .7 ___b __b 15.3
9 A C 4 .6 7 .0 3 .2 3 .0 1.5 0 .9 1 6 .8

10 1 2 .8 C 1 7 .5 C 10.7 13.6 2.1 2 .0 16.9
11 3 .6 7.1 2 .7 2 .5 2 .2 1.6 13.5
12 8 .0 9 .8 5 .5 9 .2 3 .8 1.8 11.7
13 1 3 .2 C 2 .9 C 3.7 2 .3 7 .6 3 .4 19 .0
1 4 c — 0 0 .4 0 0 .6 0 .2 15.7
15 2 .8 6 .2 1.5 1.4 1 .0 1.0 7 .5
16 2 .6 3.1 0 .9 4 .4 1.3 1.5 16.9
17 3 .0 4 .6 6 .2 C 1 5 .4 C 1 4 6 .0 C 2 .0 C 27
18 4 .4 10.1 3.1 2.1 1.6 3 .4 13 .8

M ean 4 .4 5 7 .2 7 4 .7 9 3 .0 0 1 6 .3 6

3 D3 p e a k  is s lig h t d e v ia tio n  on b ack  o f o th e r  peak. 
6 Fa iled .
c E xc lud e d  fro m  s ta t is t ic a l a na lys is , see te x t.

vated temperatures or filtering over Millipore 
filters.

Two collaborators stated that the method is 
time-consuming. One collaborator remarked 
that the alumina column chromatography was 
rather laborious, whereas another collaborator 
commented that this column was speeded up by 
using slight nitrogen pressure.

One collaborator observed some separation 
problems. Two collaborators questioned the 
necessity of measuring the pre-vitamin D. Two 
collaborators reported a slight difference be­
tween the retention times for vitamin D in the 
reference and sample solutions.

R e s u lts

The collaborative results are given in Table 4. 
Eighteen collaborators participated in this study. 
Laboratories 1 and 9 reported an incomplete set 
of results. Laboratory 9, which failed to com­
plete Sample 4, also analyzed the samples ac­
cording to the Knapstein method (1) and re­
ported the results obtained under 9A; these re­
sults were excluded from the statistical evalua­
tion. Laboratory 14 failed to recover vitamin D3 

for all samples. Those results were also excluded 
from statistical analysis.

S ta tistica l E v a lu a tio n

The collaborative study included the analysis

of 4 preparations of different composition (see 
Table 1). Preparations 1 and 2 were identical 
except for the vitamin D content (4.0 and 7.0 
IU/g, respectively). From each of the prepara­
tions 3 and 4, 2 differently coded samples were 
sent to collaborators, thus yielding independent 
duplicate determinations.

Laboratory 1 reported that the vitamin D3 peak 
was a slight deviation on the back of another 
peak for both Sample 1 and one of the duplicate 
Samples 3. Laboratory 9 reported "failed" on 
both Samples 4. Laboratory 14 reported less 
than satisfactory levels of vitamin D3 on 5 of the 
unknown samples. This may be due to the un­
suitable column used by this laboratory ( 1 0  cm 
X 8  mm). Sample 1 was consumed in testing 
before any quantitative result could be obtained. 
The poor recovery, in our opinion, does not 
warrant inclusion in the statistical analysis. 
Moreover, these results would be rejected by the 
ranking test for outlying laboratories. As a 
consequence, 4 values are missing in that part of 
Table 4 that is subjected to statistical analysis.

For a simple statistical analysis, equal numbers 
of replicate determinations per sample must be 
available. In this respect, single determinations 
of 2 samples differing in vitamin D content only 
may be regarded as replicates.

To detect laboratories which show consistently 
high or low values, the ranking test described by
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Youden (5) was applied to sums of paired obser­
vations (duplicates of Samples 3 and 4, and 
Samples 1 and 2). The results of Laboratories 1 
and 9  were excluded because of missing 
values.

No outlying laboratories were found (at the 5% 
level of significance). It is worth noting that the 
omission of data from Laboratories 1 and 9 would 
not have influenced the outcome of the ranking 
test, because the available results of both labo­
ratories are, in general, not extreme.

Next, the data were examined for incidental 
outlying results per sample by means of Dixon's 
test on sums of paired observations. The test 
attained significance at the 5% level in 2 in­
stances: Laboratory 10 on Samples 1 and 2 and 
Laboratory 17 on Sample 4. We decided to omit 
these extremely high results from further sta­
tistical analysis.

One of the assumptions underlying the final 
statistical analysis (analysis of variance) is ho­
mogeneity of variation between and within 
laboratories. It was expected that the spiked 
samples (Samples 1 and 2), having a more ho­
mogeneous distribution of vitamin D, would be 
assayed with better precision than the 2  com­
mercial samples. Therefore, we decided to 
perform separate analyses of variance for the 
spiked samples and for the commercial sam­
ples.

To check the assumptions of homogeneity of 
variation for Samples 3 and 4, the test described 
by Steiner (5) was performed. This test revealed 
heterogeneity at the 5% level of significance on 
the large difference between the duplicates of 
Sample 3 for Laboratory 17. Both results were 
excluded from further statistical analysis, and the 
remaining results could be regarded as homo­
geneous according to this test.

With respect to Samples 1 and 2, the homoge­
neity of within-laboratory error was investigated 
in a similar way. As the Samples 1 and 2 can be 
regarded as replicates, except for the systematic 
difference (3 IU/g), the ranges, on which the test 
is based, were obtained by subtracting 3 IU/g 
from the differences between the results on 
Sample 2 and Sample 1. The test attained sig­
nificance at the 5% level on the abnormal large 
difference for Laboratory 13. All other labora­
tories found a higher vitamin D3 content on 
Sample 2 than on Sample 1, in sharp contrast 
with the strongly negative difference (Sample 2 
— Sample 1) for Laboratory 13. We decided to 
exclude both results from Laboratory 13. The 
remaining residual variar.ces could be regarded 
as homogeneous according to the test.

Table 5. Analysis of variance of collaborative results 
(ll l/g ) for HPLC determination of vitamin D in pet foods 

and feeds

S o u rc e  o f 
v a r ia tio n

D egrees o f 
fre e d o m

M ean
sq ua re

S p iked  S a m p le s  (S a m p le s  I  and  2 )

S a m p le s 1 6 5 .5 9
L a b o ra to r ie s 14 8 .8 8 a
W ith in - la b o ra to ry  e r ro r 13 0 .9 3
E s tim a te  o f re p e a ta b il ity  SD s „ =  0 .9 6  I U /g  

(d f =  13)

E s tim a te  o f re p ro d u c ib i l i ty  SD sx =  2 .2  I U / g  
( d f6 =  16)

C o m m e rc ia l S a m p le s  (S a m p le s  3 and  4 )

S a m p le s  (S ) 1 76 .5 1
L a b o ra to r ie s  (L ) 15 2 1 .3 9
L X  S in te ra c t io n 14 1 2 .7 8 a
R e p lica te s 3 0 2 .4 0
E s tim a te  o f re p e a ta b il ity  SD s0 =  1 .5  I U /g  

(d f =  3 0 )
E s tim a te  o f re p ro d u c ib i li ty  SD sx =  3 .1 IU /g  

( d f6 =  3 5 )

a S ig n if ic a n t a t th e  1% leve l.
6 A p p ro x im a te d  by  S a tte r th w a ite ’s fo rm u la  (6 ).

Table 5 shows the analyses of variance. The 
missing values were dealt with by the well 
known missing value technique, i.e., for Labo­
ratory 1 by minimizing the replicates sum of 
squares and for Laboratory 9 (Sample 4) by 
minimizing the interaction sum of squares.

For the spiked samples the estimates of the 
repeatability and the reproducibility standard 
deviations (according to Steiner (5)) are sD =  0.96 
IU/g; sx =  2.2 IU/g. Because the actual contents 
of Samples 1 and 2 are accurately known, an es­
timate of the bias of the method can be obtained 
as the mean of the deviations from the known 
contents. The bias with 95% confidence limits 
is estimated by: mean bias =  0.3 (—0.9 ~  1.5) 
IU/g.

The analysis of variance for Samples 3 and 4 
(Table 5) shows that the laboratory X sample 
interaction is statistically significant at the 1 % 
level. As a consequence, the differences be­
tween samples cannot be regarded as constant for 
all laboratories. The estimates of the repeat­
ability and reproducibility standard deviations 
for the commercial samples are s0 =  1.5 IU/g; sx 
=  3.1 IU/g. As was expected, better precision is 
obtained with the spiked samples than with the 
commercial samples.

D is c u s s io n

The mean values for Samples 1 and 2 (Table 4) 
show that the added amounts of vitamin D3 are
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Figure 1. Two-sample plot of collaborative results 
on Samples 1 and 2.

recovered quite well (recoveries of 1 1 1 % for 
Sample 1 and 104% for Sample 2), resulting in a 
small bias (estimated as 0.3 IU/g), which is far 
from statistically significant.

Sixteen laboratories reported results on both 
Samples 1 and 2. The 2-sample plot (Figure 1) 
demonstrates that 2  of the points are clearly 
separated from the main cluster (Laboratories 10 
and 13). The remaining 14 points closely match 
the theoretical 45° line. This indicates that these 
14 laboratories were in very good agreement on 
the difference in vitamin D potency between the 
2 samples. In fact, the mean recovery of that 
difference is 99%. Therefore, we conclude that 
the tested method is accurate.

The difference in precision for the spiked 
samples and the commercial samples may be 
explained by the fact that Samples 1 and 2 were 
made on a laboratory scale, using microbeadlets, 
and resulting in almost homogeneous distribu­
tion of the vitamin D3 particles over the samples, 
whereas Samples 3 and 4 were produced in feed 
plants with variable vitamin D sources and dis­
tribution patterns. Various vitamin D3 sources 
have a different vitamin D3 potency per particle; 
in general, vitamin D3 beadlets are better dis­
tributed in the feed than vitamin AD3 beadlets. 
For the spiked samples, a specially made vitamin 
D3 beadlet (concentration about 4000 IU/g) was 
used.

As a result of collaborators' comments, the 
procedure was changed as follows: Water is 
removed by adding petroleum ether to the ether 
extract and drying with filter paper as described 
in 43.A07. The alumina column should be 
packed in such a way that the flow rate is 3-5 
mL/min; nitrogen pressure may be applied. 
Measurement of pre-vitamin D is superfluous, 
since most pre-vitamin D is removed from the 
vitamin D fraction in the cleanup step and the 
peak height is not used in the calculation.

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

It is recommended that the HPLC method for 
the determination of vitamin D in pet foods and 
feeds be adopted official first action, and that 
study be continued on procedures for vitamin D 
to simplify methods and to lower the limit of 
detection.
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M EAT AN D  M EAT PRODUCTS

Comparative Analysis of Meat Samples Prepared with Food Chopper 
and Bowl Cutter

JULIO D. PETTINATI, STANLEY A. ACKERMAN, RONALD K. JENKINS, 
MURIEL L. HAPPICH, and JOHN G. PHILLIPS
U .S. D e p a r tm en t  o f  A g r ic u ltu re , A g r ic u ltu ra l R e s e a r c h  S e rv ic e , E astern  R eg io n a l R es e a r c h  
C e n te r , P h ila d e lp h ia ,  P A  1 9 1 1 8

Analyses of meat samples after preparation with ei­
ther a bowl cutter or by the official procedure with 
a food chopper were compared for homogeneity of 
comminution and for differences in fat, moisture, and 
protein content. Cutting time in the bowl cutter was 
lim ited to minimize temperature rise in samples. 
Beef chuck, pork shoulder, and beef shank, cheek, and 
tongue were used in the study. Variances of replicate 
analysis data for the 5 meat types were pooled for 
either cutter or chopper treatment and for each ana­
lyzed component. Sample portions cut and mixed 
by using the bowl cutter were more homogeneous 
than those ground with a food chopper. Compara­
tive accuracy was indicated by fat and moisture 
means: 5 Were in good agreement and 5 differed 
significantly; 3 of 5 paired protein means differed 
significantly but were within 0.3% protein. Results 
on precision and accuracy as well as the simplicity 
and convenience of the bowl cutter procedure favor 
its use as an alternative to a food chopper for pre­
paring meat samples for analysis.

Preparation of meat samples for analysis by, 
AO AC procedure 24.001 (1) involves passing the 
sample rapidly through a food chopper 3 times, 
using a plate with openings of <%  in., with 
thorough mixing after each grinding. The same 
procedure is specified in the laboratory manual 
of the American Meat Institute (2) except that a 
plate with approximately Vg in. holes is specified. 
The USDA laboratory manual (3) for regulatory 
analysis directs use of the AO AC procedure ex­
cept that a plate with 5/64 in. holes is specified. 
Ockerman (4), in an Ohio State University labo­
ratory manual, omits specification of plate hole 
size in a procedure similar to that of AO AC, but 
recommends regrinding 5 times for any product 
that mixes poorly. This reference demonstrates 
the importance of regrinding in the variation of 
apparent fat content in a beef lot after each of 3 
grinding and mixing operations, and allows 2 
alternative methods of sample preparation 
(ground 3 times in a food chopper using a plate

Received June 7,1982. Accepted October 8,1982.
J. D. Pettinati is the Associate Referee on Rapid Methods for 

Fat and Moisture Analysis.

with l/s in. holes, or reduction of meat to a very 
fine particle size with a bowl cutter) for deter­
mination of fat by using the modified Babcock 
method.

Although not currently specified as an alter­
native AOAC procedure, bowl cutters are com­
monly used for preliminary preparation of 
samples for analysis. Experience in this labo­
ratory with using a bowl cutter for preparing 
meat emulsions indicated its utility for routine 
cutting and mixing of meat samples before 
proximate analysis. Apparent advantages are 
the fineness of particles and the uniformity of 
sample constituents. Use of a food chopper with 
a worn feed screw may result in sinews separat­
ing from meat tissue and wrapping around the 
screw or behind the cutter bar. Adipose tissue 
particles also may adhere to the inner surface of 
the barrel. The time required for preparation of 
a sample with either cutter or chopper is about 
the same (2-4 min) but the methods of action 
differ, with the bowl cutter knives the more ef­
ficient in dispersion and mixing.

Wijlhuizen and Paardekooper (5), using model 
systems, studied the parameters involved in both 
particle size reduction and mixing of meat in 
bowl cutters of different sizes. Parameters in­
cluded geometry of the cutter, speed of knives 
and bowl, amount and initial size of meat pieces, 
length of time of cutting action, number of 
knives, and distance between knives and bowl. 
From their preliminary results, the investigators 
concluded that further study may lead to the 
ability to preselect conditions to achieve opti­
mum efficiency of cutting and mixing action 
when the parameters are fitted in a mathematical 
equation. Assurance of optimum homogeneity 
of samples prepared for analysis would com­
plement results reported here.

Our objective was to compare samples pre­
pared with a bowl cutter and a food chopper, and 
to determine if the alternative procedure yielded 
a more uniform and representative product than 
procedure 24.001. Both the food chopper and
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bowl cutter were benchtop models. Compara­
tive analyses were used so that precision of 
proximate analysis indicated sample homoge­
neity within treatment procedures, and accuracy 
of the compared data indicated any treatment 
effect between procedures measured as a differ­
ence of fat, moisture, or protein content.

METHOD

P r in c ip le

Combined action of the knives and bowl cutter 
reduce the size and mix the particles of fat and 
lean tissue of a meat with high efficiency. Test 
portions of a cut and mixed sample may be taken 
for proximate analysis without manual mixing 
and quartering. As with other particle size re­
duction procedures, samples must be firmed by 
prechilling before cutter treatment. The sample 
and any cutter parts that may contact it must be 
precooled to —1.5 to —2.0°C to reduce melting of 
fatty constituents and dripping of meat juice 
from the shearing friction of cutter knives. The 
ideal sample size and length of cutting time 
necessary to obtain a small particle size and good 
mixing must be predetermined from trials for 
each model of bowl cutter to be used. Kilogram 
samples of coarse (V2 in. plate) ground meat re­
quire 4 min treatment for beef and 2 min for 
pork. Over-treatment produces a glossy ap­
pearance on the sample surface indicating a 
temperature rise of between 0.5 and 5.0°C.

A p p a ra tu s

(a) Bowl cutter.—Benchtop model, '/j HP; 14 in. 
bowl, 22 rpm; two 3.5 in. knives, 1725 rpm; 
Model 84145, Hobart Corp., Troy, OH, or 
equivalent.

(b) Food chopper.—Benchtop model, V2 HP;
2.75 in. D plate with V8 in. D holes; Model 5126, 
Toledo Scale Co., Columbus, OH, or equiva­
lent.

P rep a ra tio n  o f  S a m p le s

Boneless beef chuck, pork shoulder, and 3 
meats with high connective tissue content—beef 
cheek, shank, and tongue—were used in the 
study. Beef chuck (5.7% fat, 20.8% protein) and 
beef fat trimmings (78.7% fat, 3.3% protein) were 
coarse-ground individually through a 72 in. plate 
by using a floor model food chopper and were 
used to formulate 6 samples that ranged from 10 
to 30% fat. Pork shoulder meat (18.0% fat, 17.5% 
protein) and back fat (91.3% fat, 1.8% protein) 
were similarly ground and used to prepare 4 
samples that ranged from 20 to 50% fat. Two lots

of each of the 3 high connective meats were 
ground in the same manner and used without 
added fat.

Each coarse ground sample of meat mixture or 
type was packaged in plastic freezer bags in 1 kg 
amounts for storage. Duplicate bags of each 
sample were flattened to a thickness of about V3 

in. and stored at —34°C. All frozen meat sam­
ples along with contact parts of the food chopper 
and bowl cutter were tempered in a —1.5 to — 2°C 
cold room overnight before cutter or chopper 
treatment.

Bowl cutter treatment of prechilled samples 
required 4 min for beef and 2 min for pork in 
preliminary trials. The cutter was stopped 
halfway through the cutting procedure to re­
cover and to return any particles that adhered to 
the cover and knife-comb.

Operating time required to pass a 1 kg sample
3 times through the food chopper and to mix the 
ground meat between passes was approximately
4 min.

A sampling procedure for analysis of the pre­
pared meat samples was devised to permit com­
parison of data within and between treatment 
procedures. To determine homogeneity of meat 
treated in the bowl cutter, one 100 g sample was 
taken from each quadrant for analysis because 
the entire quantity in the bowl was not manually 
mixed. Meat ground in the food chopper was 
sampled randomly and mixed thoroughly as is 
commonly done to obtain 200 g of a composite 
analytical sample.

D e t e r m in a t io n s

Fat, moisture, and protein content were de­
termined by using methods 24.005(a), 24.003(a), 
and 24.027, respectively (1), on all analytical 
samples of formulated and of unmodified meats. 
Single or duplicate determinations were made 
on each of the bowl cutter quadrant samples and 
replicate determinations (2-8 for beef and 4 for 
the other meat samples) were made on food 
chopper composites.

S ta tistica l T re a tm e n t

Data from the comparative analysis of beef 
chuck (Table 1), pork shoulder (Table 2), and 
high connective tissue meat samples (Table 3) 
were analyzed statistically for variations within 
(Table 4) and differences between (Table 5) bowl 
cutter and food chopper treatments. A 95% 
probability confidence level was selected. 
Variance of replicate analyses (precision) indi­
cated homogeneity within a prepared sample.
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Table 1. Proximate analysis of beef chuck samples a

Fat leve l,

%

30

26

22

18

14

10

C u tte r C h o p p e r

Fat M o is tu re P ro te in Fat M o is tu re P ro te in

3 0 .6 5 3 .6 15.0 3 0 .6 5 3 .9 15.0
3 0 .2 53.7 14.9 3 0 .2 5 4 .0 15.1
3 0 .7 5 3 .8 15.2 3 2 .0 15.1
3 0 .6 5 3 .8 15.4 3 0 .8 15.3

5 4 .0
5 4 .0
54.1
5 3 .8

2 6 .8 5 6 .6 16.3 2 7 .0 5 6 .5 16.1
2 7 .5 5 6 .0 15.8 2 6 .0 5 5 .9 15.9
27.1 5 6 .3 15.8 2 7 .3 1 6 .0
2 6 .9 5 5 .8 15.9 2 6 .4 16.0

5 6 .8
5 6 .2
5 6 .3
5 6 .2

2 2 .7 5 9 .8 17.0 2 2 .3 5 9 .8 17.0
2 2 .6 5 9 .8 16.8 2 2 .3 6 0 .4 17.2
2 3 .2 5 9 .8 16.9 22 .7 6 0 .4 17.0
2 3 .0 5 9 .9 16.7 2 3 .0 16.9

59 .7
5 9 .8
59 .9
59 .9
59.7
59 .8
6 0 .0
5 9 .9

18.5 6 3 .2 17.9 18.3 6 3 .0 18.0
18.4 63.1 18.0 18.6 6 3 .0 18.0
18.9 6 3 .0 18.1 18.4 6 2 .8 18.1
18.7 6 3 .0 18.0 18.8 1 8 .0

6 2 .9
6 3 .2
6 3 .0
6 3 .0

15.5 6 5 .8 18.8 14.7 6 5 .7 18.8
14.8 6 5 .8 18.8 14.0 6 6 .0 19.0
15.4 6 5 .8 19.0 14.5 6 6 .6 18.8
1 5 .0 6 5 .5 18.8 13.9 6 6 .0 18.7

6 5 .8 15.0 6 6 .2 18.7
6 5 .7 14.3 6 6 .3 18.9
6 5 .9 1 5 .6 1 8 .8
6 5 .8 14.6 18.7

1 0 .8 6 8 .7 19.8 10.7 6 8 .8 19.9
11.2 6 8 .6 19.8 11.3 6 8 .5 19.7
10.6 6 9 .0 2 0 .2 10.6 19.6
10.9 68.7 19.7 12.1 19.5

6 8 .7
6 8 .6
6 8 .8
6 8 .8

a R esu lts  (% ) o f re p lic a te  d e te rm in a tio n s .

Paired variances from chopper and cutter treat­
ments were compared for significant difference 
before and after pooling data according to 3 ex­
perimental variables: treatment (cutter or
chopper), analyzed component, and fat level or 
sample type. Analysis of variance compared 
means of replicate data for each sample group

and each component analysis (accuracy). This 
comparison of means could be viewed as a strong 
indication of when loss of tissue components 
occurred (treatment effect) in either the bowl 
cutter or food chopper except that a difference 
between results is compounded by inseparable 
formulating and sampling errors.
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Table 2. Proximate analysis of pork shoulder samples 3

Fat level,
%

Cutter Chopper

Fat Moisture Protein Fat Moisture Protein

50 48.8 39.7 10.8 50.5 39.5 11.0
49.0 39.8 10.9 51.2 38.1 10.8
49.5 39.6 10.7 48.8 37.6 10.7
49.3 39.5 10.9 49.7 38.2 11.0

40 39.4 47.1 13.4 38.4 47.8 13.4
39.2 47.5 13.2 38.6 47.1 12.9
39.2 47.3 13.1 38.8 47.7 13.1
39.4 47.6 13.1 38.4 47.7 13.0

30 29.6 54.8 15.0 30.2 54.9 14.8
29.6 54.7 15.0 29.8 53.8 14.9
29.5 54.9 15.3 29.4 54.3 15.1
29.4 54.9 15.0 29.8 54.7 14.9

20 19.5 62.8 17.0 19.4 62.5 17.2
19.5 62.6 17.1 19.4 62.8 17.5
19.8 62.5 17.0 19.9 62.2 17.3
19.4 62.6 17.2 19.9 62.7 17.1

3 Results (%) of replicate determinations.

R esults and D iscussion chopper composite samples were higher than
those of cutter quadrant samples in 15 of the 16

V a ria n ce  o f  R e p lic a te  A n a ly s is paired comparisons of which 7 were significantly
Fat Determinations.— Variances of replicate higher. When variances were pooled across fat

determinations (Table 4) were random with only content for chopper and cutter paired groups (5
slight indication of proportionality to fat content. meat types), values for each of the 5 chopped
The 16 values ranged from 0.001 to 0.104 on meats were higher than the paired cutter value
cutter-treated meats and 0.041-1.120 on chop- and 4 of the 5 were significantly higher.
per-treated meats. Variances of replicates of Moisture Determinations.— Variances of repli-

Table 3. Proximate analysis of beef meats with high connective tissue content-—shank, cheek, and tongue 3

Sample
Cutter Chopper

type Fat Moisture 13rotein Fat Moisture Protein

Shank 1 3.9 74.1 21.2 4.1 74.1 21.1
4.0 74.1 21.0 4.1 74.0 21.0
4.0 74.1 20.9 4.4 74.4 21.1
4.0 74.3 20.9 3.9 74.4 21.3

2 3.7 74.2 21.3 3.7 73.6 22.0
3.8 74.2 21.1 3.8 74.1 22.1
3.8 74.3 21.3 4.3 73.6 21.7
3.8 74.3 21.5 4.2 73.9 21.9

Cheek 1 12.0 67.9 19.3 11.4 68.5 19.7
12.7 67.9 19.1 12.0 68.9 20.0
12.2 67.9 19.1 11.4 68.8 19.6
12.2 67.8 19.4 11.2 68.7 19.9

2 14.2 66.4 18.9 13.2 66.7 18.4
14.3 66.1 19.2 13.0 66.3 19.4
14.4 66.3 19.1 13.0 66.6 19.3
14.4 66.3 19.2 13.8 67.1 18.9

Tongue 1 19.0 64.2 15.9 19.9 63.7 15.8
19.0 64.4 15.8 19.3 64.0 15.8
18.9 64.2 16.0 19.9 64.5 15.7
18.9 64.1 15.9 18.9 63.9 15.5

2 15.7 66.8 17.0 16.0 66.7 16.9
15.4 66.9 17.1 16.0 67.0 17.1
15.3 66.8 17.2 15.7 66.6 16.7
15.5 66.6 17.0 16.6 67.1 17.0

3 Results (%) of replicate determinations.
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Table 4. Variance and homogeneity test of preparation procedure

Fat level (%) Fat Moisture Protein

sample type Cutter Chopper F-value Cutter Chopper r-value Cutter Chopper F-value

Beef Chuck

30 0.056 0.599 10.8 a 0.023 0.009 2.8 0.036 0.013 2.7
26 0.090 0.312 3.5 0.109 0.205 1.9 0.054 0.003 20.7 a
22 0.079 0.112 1.4 0.008 0.127 15.9 a 0.012 0.009 1.4
18 0.060 0.055 1.1 0.011 0.019 1.8 0.013 0.003 4.6
14 0.104 0.305 2.9 0.010 0.087 8.8a 0.014 0.011 1.3
10 0.059 0.488 8.2 0.014 0.061 4.3 0.048 0.027 1.8

Sum of degrees of freedom 18 22 46 12 18 22
Pooled variance 0.075 0.311 4 .2a 0.03 0.08 3 .1a 0.029 0.011 2.7a

Pork Shoulder

50 0.087 1.120 12.9 a 0.015 0.627 43.3 a 0.008 0.014 1.7
40 0.016 0.041 2.5 0.044 0.079 1.8 0.015 0.038 2.6
30 0.007 0.105 14.6 a 0.010 0.219 22.4 a 0.024 0.022 1.1
20 0.039 0.084 2.2 0.018 0.060 3.3 0.013 0.019 1.5

Sum of degrees of freedom 12 12 12 12 12 12
Pooled variance 0.037 0.337 9 .1a 0.022 0.246 11 4 a 0.015 0.023 1.6

Beef Shank, Cheek, and Tongue

Shank 1 0.003 0.047 15.8 a 0.007 0.040 6.2 0.023 0.022 1.0
2 0.001 0.089 63.9 a 0.003 0.057 19.0 a 0.029 0.029 1.0

Sum of degrees of freedom 6 6 6 6 6 6
Pooled variance 0.002 0.068 31 .1a 0.005 0.049 10.1a 0.026 0.026 1.0

Cheek 1 0.088 0.135 1.5 0.001 0.031 38.6 a 0.015 0.035 2.3
2 0.007 0.127 17.3 a 0.015 0.114 7.6 0.012 0.070 6.1

Sum of degrees of freedom 6 6 6 6 6 6
Pooled variance 0.048 0.131 2.8 0.008 0.072 9.2a 0.014 0.052 3.9

Tongue 1 0.001 0.241 185.7a 0.008 0.106 12.7 a 0.006 0.022 3.9
2 0.025 0.128 5.1 0.015 0.051 3.3 0.011 0.029 2.6

Sum of degrees of freedom 6 6 6 6 6 6

Pooled variance 0.013 0.185 13.9 a 0.012 0.079 6.7a 0.008 0.025 3.1

aExceeds tabular F-value at P  = 0.05.

cate determ inations (Table 4) w ere random  w ith  
s lig h t in d ica tio n  o f an inverse re la tio n  to m ois­
ture  leve l. T h e  16 values ranged from  0.001 to 
0.109 for cutter-treated meats and 0.009-0.627 for 
cho pper-treated  meats. Variances o f replicates  
o f chopper composite samples w ere  h ig h er than  
those o f cutter q uadrant samples in  15 o f the 16 
paired comparisons o f w h ich  7 w ere significantly  
h ig h e r. W h e n  variances w ere  pooled across 
m oisture content fo r chopper and cutter paired  
groups, values o f a ll 5 chopper-treated  meats 
w e re  s ign ific a n tly  h ig h e r than  the paired  cutter 
value.

P ro te in  D e te r m in a tio n s .— Variances of replicate  
K je ld a h l d eterm ination s (Table 4) w ere  random  
and varied  independent of protein  content. The  
16 values ranged from  0.006 to 0.054 fo r cutter- 
treated  meats and 0 .003-0 .070  for chopper- 
treated meats. Variances of replicates of chopper 
com posite samples w ere  h ig h e r than those of

cutter q uadrant samples in  8 o f the 16 paired  
com parisons and 1 was s ig n ifican tly  low er. 
W h e n  variances w ere  pooled  across p ro te in  
content for chopper and cutter paired groups, the 
values fo r 3 o f the 5 meats treated  w ith  chopper 
w e re  h ig h e r and 1 was s ign ifican tly  lo w e r than  
th e ir  paired  cutter values. T he  la tte r low  v a ri­
ance (chopper-treated beef chuck) contrasts w ith  
the  com parisons o f pooled variances of fat and  
m oisture determ inations, but m ay result from  the 
g en era lly  lo w  variances associated w ith  the  
K je ld a h l m ethod.

A n a ly s is  o f  V a ria n c e  o f  M e a n s

A nalysis  o f variance o f fat determ inations  
(Table  5) indicated no treatm ent effect on the fat 
content o f beef chuck, pork, and shank meat 
samples. Fat in  chopper-treated  portions of 
cheek meat, how ever, was determ ined 0.9% h igh  
and  in  tongue 0.6% lo w , both  s ign ificant. The
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Table 5. Means (%) of replicate determinations and tests of treatment effects by analysis of variance on paired data

Fat level (%) 
or

sample type

Fat Moisture Protein

Cutter Chopper F-value Cutter Chopper F-value Cutter Chopper F-vaiue

Beef Chuck

30 30.5 30.9 0.8 53.8 53.9 0.5 15.1 15.1 0.1
26 27.1 26.7 1.7 56.3 56.2 0.1 16.0 16.0 0.2
22 22.9 22.6 1.9 59.8 60.2 11.5« 16.8 17.0 7 .5a
18 18.6 18.5 0.6 63.0 62.9 2.5 18.0 18.0 0.7
14 15.2 14.6 4.2 65.8 66.1 10.9 a 18.8 18.8 0.3
10 10.9 11.2 0.6 68.7 68.6 0.7 19.9 19.7 2.5

Overall mean 20.9 20.7 1.6 61.2 61.3 5.9 17.4 17.4 0.0

Pork Shoulder

50 49.1 50.1 2.8 39.6 38.3 10.6 a 10.8 10.9 1.0
40 39.3 38.6 40.1 3 47.4 47.6 1.1 13.2 13.1 0.8
30 29.5 29.8 2.8 54.8 54.4 2.5 15.0 14.9 1.3
20 19.5 19.7 0.6 62.6 62.5 0.5 17.1 17.3 4.4

Overall mean 34.4 34.5 0.9 51.1 50.7 9 .4a 14.0 14.0 0.0

Beef Shank, Cheek, and Tongue

Shank 1 4.0 4.1 1.7 74.1 74.2 0.5 21.0 21.0 1.1
2 3.8 4.0 2.0 74.2 73.8 12.3 3 21.3 22.0 28.8 a

Overall mean 3.9 4.1 3.7 74.2 74.0 4 .8a 21.2 21.5 22.0 a

Cheek 1 12.3 11.5 10.63 67.9 68.7 97.2 a 19.2 19.8 28.1 a
2 14.3 13.3 34.2 a 66.3 66.7 5.2 19.1 19.1 0.0

Overall mean 13.3 12.4 38.0 a 67.1 67.7 41.2 a 19.2 19.5 11.8«

Tongue 1 18.9 19.5 6.0 64.2 64.0 1.3 15.9 15.7 6 .7a
2 15.5 16.1 9 .23 66.8 66.9 0.2 17.1 16.9 1.6

Overall mean 17.2 17.8 14.4 a 65.5 65.5 0.4 16.5 16.3 6 .9a

3 Exceeds tabular F-value at P = 0.05.

h ig h  and lo w  d ifferences fo r these 2  meats 
suggest an inconsistent or random  v a ria tio n  in  
the data ra th er than a constant d iffe rence  re ­
su lting  fro m  a treatm ent effect. A  large be- 
tw een-m eans d iffe rence  is considered to be 
>1 .2%  fat [3 ff value o f rep ea tab ility  established  
in  a collaborative study o f 2 4 .0 0 5 (a )  (6 )].

A nalysis o f variance of m oisture d e te rm in a ­
tions (Table 5) ind icated  that 3 p aired  m eans of 
the 5 meat types d iffered  sign ificantly  but not all 
in  the same direction, suggesting an inconsistent 
varia tio n  in  the  data ra ther than a trea tm ent ef­
fect. The largest difference between means, 0.6% 
(cheek meat), was considered to be an acceptable 
leve l o f d ifference. A  large betw een-m eans  
d ifference w o u ld  be >0 .9%  m oisture [3 cr value  
of rep eatab ility  established in  a collaborative  
study o f 2 4 .0 0 3  (7)].

Analysis of variance of protein  determ inations  
(Table 5) ind icated  that 3 p aired  means o f the 5 
m eat types d iffered  s ign ificantly , again not a ll in  
the same d irection , suggesting an  inconsistent 
varia tio n  ra ther than a trea tm ent effect. M ean  
differences are a ll w ith in  0.3% p ro te in  and this  
is considered an acceptable leve l o f d ifference.

A  large betw een-m eans d iffe rence  w o u ld  be 
>0 .6%  p ro te in  [3 a  va lue  of rep eatab ility  estab­
lished in  a collaborative study of 24.027 (8 )].

C o n c lu sio n

E xam ination  o f variance o f rep licate  d e te rm i­
nations of fat, m oisture, and p ro te in  d e te rm in a ­
tions on 5 types o f m eat, w ith  p reparation  treat­
m ent as the p rin c ip a l variab le , show ed that 
precision o f d ete rm ina tion  was h ig h e r fo r sam­
ples prepared w ith  a bow l cutter than w ith  a food  
chopper. This observation suggested tha t sam ­
ples prepared  w ith  a cutter w ere  m ore hom oge­
neous than those g round  w ith  a chopper. 
C om plete and reproducible hom ogeneity  w ou ld  
in v o lv e  m ore elaborate conditions than  those 
used here. P rec h illin g , essential to a m eat sam­
ple preparation procedure, p rovided  firm ness of 
fat and m in im ize d  loss o f s inew y tissues and  
m eat juices d u rin g  cutting  or g rin d in g  opera­
tions.

Analysis o f variance of rep licate  d e te rm in a ­
tions o f samples treated w ith  e ith e r b o w l cutter 
or chopper procedures ind icated  that accuracy 
betw een the 2  procedures was equ iva len t fo r fat.
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m oisture, and  p ro te in  content. D ifferen ces be­
tw een  the  means w ere  rando m  w ith o u t an in d i­
cation o f treatm ent effect and  w ere  w ith in  ac­
ceptable tolerance fo r each m ethod  o f proxim ate  
analysis.

O v e ra ll analyses on m eat samples ind icated  
the b o w l cutter to be an adequate a lte rn a tive  to 
a food chopper. A dvantages in c lu de  conve­
nience, s im plicity , analysis o f a prepared sample 
w ith o u t an a d d itio n a l m ix in g  step, and h o m o ­
geneity  o f a prepared sample for good analytical 
precision. It  is recom m ended that the procedure  
be adopted as an a lte rn a tive  to 24.001 fo r m eat 
analysis.
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FERTILIZERS

Determ ination of Magnesium, Iron, and Zinc in Fertilizers by Flame 
Atomic Absorption and by Inductively Coupled Plasma Emission 
Spectroscopy: Comparison of Methods

C A R L  F. A T E N , * 1 J O H N  B. B O U R K E , a n d  J O H N  C . W A L T O N
N e w  Y o r k  S t a t e  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n , D e p a r t m e n t  o f  F o o d  S c i e n c e  a n d  T e c h n o l o g y , 

G e n e v a ,  N Y  1 4 4 5 6

Determination of Mg, Fe, and Zn by inductively 
coupled plasma emission spectroscopy (ICP) and by 
the official flame atomic absorption spectrophoto- 
metric (FAA) method were compared. Samples were 
acid digests of commercial fertilizers. Neither matrix 
effects nor spectral interferences were encountered 
in the ICP analyses. Linear regression shows that the 
slopes obtained by plotting ICP results vs FAA results 
for each element differ from unity by less than 5%.

E lem en tal analysis by using em ission spectra 
from  plasm a excited by an in d u c tiv e ly  coupled  
r f  generator (IC P ) or by a dc arc is a re la tive ly  
n ew  variation of an old m ethod (1). M od ern  IC P  
spectrometers are suitable fo r rap id , m u lti-e le ­
m ent analysis of solutions, and have a sensitivity  
com parable to that of flam e atpm ic absorption  
(F A A ) but w ith  som ew hat less specificity. Be­
cause o f its speed, it  is desirable to test this  
m etho d  on a va rie ty  o f samples to see w here , 
am ong standard m ethods, it m ay f in d  a place.

Studies of some en viron m enta l materials have  
been reported , fo r exam ple, m arine  sedim ents
(2), soils, and p lan t m aterials (3, 4). E lem ental 
analyses of fertilizers by dc plasma emission have 
been reported  by H u n te r, W oodis, and others 
w h o  d ete rm in e d  a lu m in u m , iro n , calcium , 
magnesium, and uranium  in  phosphate rock and  
wet-process phosphoric acid (5, 6 ), and boron and  
m olybdenum  in  m ixed fertilizers (7 ,8 ). W e offer 
here a d irect com parison of results obtained  by  
IC P  and by F A A  fo r m agnesium , iro n , and zinc  
in  fertilize rs. A t this tim e there is n ot a sub­
stantial body o f experience w ith  IC P  analyses. 
This  w o rk  is a p re lim in a ry  step tow ard  fu rth e r  
evaluation  o f the m ethod  fo r fertilize rs .

Experimental
Sam ples w ere  selected fro m  com m ercial fe r­
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tilizers  sent to this laboratory by N e w  Y ork  State 
Inspectors fo r regu la tory  analysis. Solutions  
w ere prepared fo r atom ic absorption analysis by 
the A O A C  o ffic ia l m ethod  (9). B rie fly , this  
procedure is as follows: Dissolve sample in  HC1, 
b o il to dryness, dissolve the residue in  d ilu te  
HC1, f ilte r  the solution, d ilu te  and add enough  
lan th an u m  stock solution  to m ake the f in a l so­
lu tion  1% La, and measure absorption. The same 
solutions o f both  samples and standards w ere  
used w ith  both instruments. The standards w ere  
prepared by quantitative  d ilu tio n  of com m ercial 
reference solutions (F isher Scientific  Co.).

T he atom ic absorption spectrom eter used was 
a P erk in -E lm e r M o d e l 305B operated w ith  an 
ac e ty le n e -a ir flam e. D u p lica te  readings w ere  
averaged fo r each analysis. The IC P  spectrom ­
eter was In s tru m en ta tio n  Laboratory M o d e l 
Plasma 100. Each determ ination  was an average 
of 5 readings taken in  sequence d u rin g  a single  
aspiration  of the sam ple solution. Emission  
w avelengths w ere  279.1, 238.2, and 213.9 nm  for 
M g , Fe, and Z n , respectively.

Results and Discussion
T he  experim enta l results are listed in  Tab le 1. 

T he  p rin c ip a l com ponents of each fe r t iliz e r  are 
given to show the variety of sample compositions 
used. The differences betw een  IC P  and F A A  
results do not correlate w ith  the fe r t iliz e r  com ­
positions. Th is  is not surpris ing  because the  
solutions w ere  qu ite  d ilu te , less than 0.06% dis­
solved solids in  ad d itio n  to the 1% La, and  the  
differences w ere  alw ays sm all.

Some statistical parameters w h ich  illustrate the 
agreem ent betw een the IC P  and F A A  results are 
g iven  in  Table 2. I f  there w ere  no errors in  the  
data, each p a ir o f m easurem ents should  be 
iden tica l. A n  easy w ay  to test this con d ition  is 
to p lo t a graph of IC P results against F A A  results. 
The graph should be a straight lin e  of u n it slope 
passing th rou gh  the orig in :

(IC P ) =  m (F A A ) +  b
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Table 1. Paired determinations of Mg, Fe, and Zn in fertilizers by ICP and FAA a

Fertilizerb

Mg

Fertilizer

Fe

Fertilizer

Zn

ICP FAA ICP FAA ICP FAA

0- 5-28 7.59 7.24 7-39-12 2.87 2.73 12-11-14 0.953 0.918
6- 9-10 5.64 6.03 19- 4- 6 2.09 2.00 11-12-15 0.931 0.907
8- 8- 8 5.24 5.15 9- 4- 3 1.83 1.86 11- 9-14 0.782 0.762
4-12- 6 5.00 4.87 12-20- 9 1.73 1.68 13-14-14 0.760 0.734
8- 8- 8 4.55 4.75 27- 0- 6 1.44 1.43 15-15-14 0.529 0.519
5- 8-17 4.10 4.07 27- 4- 5 1.38 1.31 12-23-12 0.403 0.397
5- 8-17 4.07 4.03 27- 3-11 0.810 0.801 12-23-12 0.334 0.330
8-16-16 3.91 3.78 22- 4-13 0.732 0.764

12- 5- 9 3.58 3.76 13- 6- 6 0.458 0.489
20- 4- 8 2.98 3.16 21- 0-11 0.474 0.465

6-20-20 3.01 2.98 8- 4-15 0.233 0.239
11-22-15 2.88 2.94 8- 4-15 0.182 0.185
10-20-11 2.35 2.42
10-20-11 2.38 2.31
10-20-11 2.24 2.30
11-20-11 2.32 2.24
10-19-12 2.09 2.15
10-16-16 2.09 2.11
10-20-11 2.03 2.09
9-16-16 1.54 1.56

19- 5- 9 0.704 0.719
12-23-21 0.705 0.710
12-23-21 0.554 0.538
18-18-22 0.396 0.415

5- 9- 9 0.287 0.312

3 Weight percent in the fertilizer.
b Weight percent N, P2 O5 , and K2 O, respectively.

In  the  absence o f error, m  =  1 and  b =  0. The should be zero i f  there is no systematic error, and
slope, m , and  in tercep t, b , are show n in  Table 2 the  standard deviation  of this q uan tity  provides
fo r the s tra ight lin e  f it  to each set o f data by a a measure of the random  error. Both the relative
least squares calculation. The slopes are w ith in average differences and the ir standard deviations
5% of u n ity  and the intercepts are approxim ately are w ith in  4% o f zero. A n  analysis o f variance
1% of the m ax im um  concentration . The scatter fo r the re la tive  errors is show n in  Table 3. The
of the points  about the lines m ay be show n in  2 F s va lue  falls betw een  those for 95 and  99% cer-
w ays, by the coeffic ien t o f va ria tio n  and  by the tain ty  in  rejection of the hypothesis that variance
average d iffe ren ce  betw een  IC P  and F A A  mea- am ong elem ents is im p ortan t. M ost o f the
surem ents. The square o f the coeffic ien t of variance comes: fro m  the results fo r z inc  w h ere
varia tio n  is g reater than  0.99 in  each case (Table it  appears that a sm all systematic e rror m ay have
2). The average d iffe rence , ( IC P  — F A A ), occurred.

Table 2. Statistical parameters for the correlation of determination by ICP with FAA

(Difference) X 100e
Element n m c b X 102c r2 d ±  std dev.

Mga 25 1.008 -3.86 0.9944 -1 .0 8  ± 3 .4 9
Mg0 16 0.997 0.32 0.9978
Fe3 12 1.049 -3.4 0.9980 0.45 ±  3.77
Fe6 16 1.018 -2.12 0.9974
Zn3 7 1.046 -1.2 0.9999 2.47 ± 0 .9 8
Grand av.a -0 .1 0 ±  3.51

a This study. 
b Hunter et al. .(5)
c Straight line f it by least squares: (ICP) = (FAA)m + b 
d Coefficient of variation squared.

1 (ICP): -  (FAA)jm -  b 
e Average, relative difference: (Difference) = — Y .   ------------
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Table 3. Analysis of variation with respect to elements

Source of 
variation

Degrees of 
freedom

Sum of 
squares

Mean
square Fsa

Elements 2 73.95 6 36.98 3.33”
Residual 41 454.81 11.09
Total 43 528.79 12.30

a Values for F« are 3.23 (5%) and 5.17 (1%). 
b The individual element contributions to this term for Mg, 

Fe, and Zn are 24.21, 3.66, and 46.09, respectively.
4 Significant at P  = 0.05.

Errors in  the measurements are several percent 
as described above and show n in  Tab le  2. O n e  
source of e rro r w h ic h  is som etim es a d iff ic u lt  
problem  is incom plete recovery o f analyte. For 
these samples, the question o f recovery from  the  
fe rtilize r samples was answered satisfactorily by  
earlie r investigators w h o  devised the o ffic ia l 
m ethod  o f sam ple so lu tion  p reparatio n . The  
o n ly  concern here is a com parison o f recovery  
fro m  the sam ple solutions because the same 
sam ple and  standard solutions w e re  used w ith  
both  instrum ents. T h e  average, re la tive  d if fe r ­
ence values in  Tab le 2 show  that recovery from  
the sample solutions was essentially identical for 
the 2  instrum ents and  that the errors in  the  
m easurem ents are p rim a rily  random . O u r re ­
sults fo r M g  and  Fe are d ire c tly  com parable to 
those o f H u n te r  et al. (5) and show  s im ila r  
agreem ent (Table 2).

A lth o u g h  w e  d id  not take advantage o f the  
ana ly tica l speed o f the  IC P  spectrom eter in  this  
study, it  is an obvious and attractive feature o f the 
in s tru m en t, o ffe rin g  the possib ility  o f rap id , 
com prehensive analysis of fertilizers. W e in tend  
to d e te rm in e  h o w  w e ll such fe r t il iz e r  analyses  
can be carried  out b y  IC P  and  reco m m end  tha t a 
co llab orative  study in  this area be in itia te d .
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High Pressure Liquid Chromatographic Determ ination of Nitrogen 
Derived from Urea and W ater-Soluble M ethylene Ureas in Urea 
Formaldehyde Fertilizers: Collaborative Study

ALLAN D. DAVIDSON
0. M . S co tt  &  S o n s , D . G. S co tt  R e s e a r c h  C e n te r , M a r y s v il le ,  O H  4 3 0 4 1

Collaborators: E. R. Austin; B. M. Christensen; D. Coggin; J. Diuguid; H. K. Francis;
F. J. Johnson; D. G. Porterfield; P. Proksa; F. E. Quick; B. Reese; R. T. Teague

A method for measuring nitrogen derived from urea, 
methylenediurea (MDU), and dimethylenetriurea 
(DMTU) was tested by 9 collaborators. Collaborators 
made single determinations on 2 separate days on 5 
sets of paired samples. Samples were extracted with 
water, filtered, and analyzed after high pressure liq ­
uid chromatographic separation on a C-8 or C-18 
bonded silica column, using a refractive index de­
tector. Peak heights compared to external standard 
of each component were used for quantitation. Mean 
coefficients of variation for the completed study were 
3.24% for urea, 3.48% for MDU, and 6.56% for DMTU. 
The method has been adopted official first action.

A lth o u g h  urea fo rm aldeh yd e  (U F ) fe rtilize rs  
have been in  the m arketp lace fo r over 2 0  years, 
the only  m ethod of characterizing them  has been 
the N itro g e n  A v a ila b ility  Index (N A I)  (1). This  
analysis does not describe the w ater-so lub le  n i­
trogen o f U F  fertilizers, w h ich  comprises a large  
p o rtio n  o f m any tu rf-ty p e  fertilize rs . In  ad d i­
tion , it  has been show n that the hot w a te r -in ­
soluble n itro g en  present is o f lim ite d  value  
agronom ica lly  because it  is o n ly  ava ilab le  over 
extended periods o f tim e (2 ).

A t least 2 com panies have p etitio n ed  the As­
sociation o f A m erican  P lan t Food C o n tro l O f f i ­
cials (A A P F C O ) fo r a d e fin it io n  change o f slow - 
release n itrog en  in  U F  fe rtilize rs  to inc lu de  the  
w ater-so lub le  U F  polym ers present. To d e fin e  
the water-soluble fraction of U F  fertilizers, a h igh  
pressure liqu id  chrom atographic (H P L C ) m ethod  
was developed  and subjected to co llaborative  
study. The m ethod  measures the 3 m ajor com ­
ponents o f the w ater-so lub le  n itro g en  fraction  
[urea, m eth y len ed iu rea  (M D U ), and  d im e th y ­
lenetriu rea  (D M T U )], w h ic h  usually account for 
up to 95% o f the n itro g en  present in  that frac­
tion .
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This report of the Associate Referee was presented at the 96th 

Annual International Meeting of the AO AC, 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 Referee and Committee reports, J . 
A s s o c .  O f f .  A n a l .  C h o n .  (1983) 66, 329; 409.

C o lla b o ra tiv e  S tu d y

N in e  collaborative laboratories w ere furnished  
w ith  10 samples (5 m atched pairs) and asked to 
p erfo rm  a sing le analysis on each sam ple on 2 
d iffe re n t days, using solutions o f samples p re ­
pared on that day. T he  m ethod; external stan­
dards o f urea, M D U , and D M T U ; a practice sam­
p le; and report form s w ere  fu rn ished  to each 
collaborator. Collaborators w ere  instructed to 
use peak h e ig h t m easurem ents fo r calculations  
and  to re tu rn  a ll data and chrom atogram s.

M D U  and  D M T U  used as externa l standards 
w e re  obtained  by preparative  H P L C . Id e n tity  
was con firm ed  by elem ental analysis, m olecular 
w eigh t, and in frared  spectroscopy. The urea was 
Baker A n a ly ze d  Reagent grade used as p u r­
chased.

P r e t e s t  o f  th e  m e t h o d .— Before the m ethod  was 
subm itted  to the collaborators, bonded  reverse  
phase columns from  various m anufacturers w ere  
evaluated . Some d ifferences in  reso lution  and  
peak shape w ere  experienced. C o lum ns found  
to be acceptable w ere  A pex O D S  5 p m , Jones 
C hrom atography; pBondapak C-18, W aters A s­
sociates, Inc.; L iC hrosorb  R P -8 , M erck; and Par- 
tis il 5 O D S -3 , W hatm an . Table 1 lists the col­
um ns used by the collaborators. A  typ ical 
chrom atogram is shown in  Figure 1. M ethylo l- 
ureas such as m o n o m e th y lo lu re a  and  
d im ethylo lurea, if  present, w o u ld  have retention  
tim es b etw een  urea and M D U .

The effects o f sam ple size, shaking  tim e, and  
u ltraso n ic  ag ita tio n  w e re  also d e te rm in e d . 
Com pleteness o f extraction was evaluated  by 
extracting  sam ple sizes o f fro m  1 to 10 g. T he  
percent n itro g en  due to urea, M D U , and D M T U  
fo r each o f the samples was essentially the same. 
U rea  n itro g en  values w ere  com pared to the  
A O A C  urease m ethod  (3).

The collaborative study samples w ere analyzed  
in  o ur laboratory using the conditions described  
in  the m ethod. Analyses w ere run  on 4 d ifferent 
days w ith  fresh samples prepared each day. The  
same standards w ere  used a ll 4 days. M ean
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Table 1. Columns used by collaborators

Coll. Column

1 /uBondapak C-18
2 Hibar II LIChrosorb RP-8
3 Radial compressed module C-18, 5 ,um
4 Regis HI Chrom, reversible flow C-18, 5 fim
5 uBondapak C-18
6 Partlsll PXS, 5/25 ODS
7 Radial compressed module C-18, 10 pm
8 Radial compressed module C-18
9 Hibar II LIChrosorb RP-8 * 3

coefficients o f varia tio n  fo r the 5 m atched pairs 
w ere  3,6, 5.9, and 7.8% fo r urea, M D U , and  
D M T U , respectively.

Samples.— The sam ple pairs analyzed  in  the  
collaborative  study w ere  selected to represent a 
range of U F ratios of from  1.3 to 2,5. The am ount 
o f w ater-so lub le  n itro g en  (urea, M D U , and  
D M T U )  is dependent on the U F ratio  used in  the 
production process. The fe rtilize r grade for each 
of the 5 m atched pairs of samples was: samples 
1 and 9 (38-0-0), samples 2 and 7 (27-3-3), samples
3 and  6 (34-4-4), samples 4 and 10 (26-3-3), and  
samples 5 and 8 (40-0-0). T he  study was de­
signed to fo llo w  Youden's procedure for closely 
m atched pairs (4). Figure X. Typical chromatogram of the water-sol­

uble fraction of urea formaldehyde fertilizer.

U re a  an d  W a te r-S o lu b le  M e th y le n e u re a s  in  
F e rtiliz e rs

L iq u id  C h ro m a to g ra p h ic  M e th o d  

O ffic ia l  F irs t  A ctio n

2.D01 P rin c ip le

Sam ple is g ro und  to pass 40 mesh sieve, extd  
w ith  H 20 ,  and filtered . U rea, m ethylened iurea  
(M D U ) ,  and d im eth y le n e triu re a  (D M T U ) are 
detd  by liq . chrom atogy using external stds and  
re fractive index detection.

2.D02 A pparatu s

(a ) Liquid chromatograph.— W ith  re frac tive
index detector and p um p  capable o f d e liv e rin g  
m obile phase at 2  m L /m in  at pressures up to 2000 
psig. O p era tin g  conditions: f lo w  rate 1.0
m L /m in  (1500 psi); attenuator 8 X; am b ient 
temp.; injection vol. 10 /uL. Sample injector w ith  
fixed  sam ple loop p referred .

(b) Chromatographic column.— Partisil 5 ODS-3,
4.6 m m  id  X  25 cm (W hatm an , Inc ., 9 B rid ew e ll 
PI, C lifto n , NJ 07014; o ther m anufacturers' small 
partic le  reverse phase colum ns m ay be substi­
tuted  w ith  adjustm ents in  operating  cond i­
tions).

(c) Strip chart recorder.— Range to match output 
of detector.

2.D03 R eag en ts

(a) Mobile phase.— H P L C  grade H 20 .
(b ) Purified methylenediurea (MDU) and di­

methylenetriurea (DMTU).— Ext 50 g N -o n ly  
ureafo rm aldehyd e  (U F ) fe r t iliz e r  w ith  acetone 
8 h  on soxhlet extractor. Select U F  fe rtilize r w ith  
h ig h  M D U /D M T U - to -u r e a  ra tio . R em ove  
th im b le  fro m  extractor, le t a ir-d ry , and collect 
residue. M ix  30 g acetone-washed residue in  300 
m L H 20  and f ilte r  or centrf. In ject 100 m L  su- 
pernate onto Waters Associates PrepPak 500 C-18 
cartridge (5.7 X  30 cm) in  preparative  liq . chro­
m atograph (W aters Associates Inc . Prep-500, or 
eq u iv .) at am b ien t tem p, and w ith  H zO  m obile  
phase at 150 m L /m in . Collect top th ird  o f M D U  
and D M T U  peaks. Evap. collected fractions to 
dryness in  hood, using heat lamps. D ry  using  
vac. over P20 5. C o nfirm  iden tity  using anal. liq. 
chrom atogy and e lem enta l analysis: m p o f p u ­
r if ie d  m ateria l, detd in  pyrex, should  be 2 0 5 - 
207°d  fo r M D U  and 2 3 1 -2 3 2 °d  fo r D M T U .

(c) External std solus.—(A) Accurately  w e ig h  
ca 1.0 g each o f urea (Baker A n a ly ze d  Reagent) 
and p u rif ie d  M D U , transfer both w e ig h ed
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compds to same 100 m L vol. flask, and d il. to vol. 
w ith  H 2O . (B) A ccurate ly  w e ig h  0.0125, 0.025, 
0.050, and 0.10 g p u rifie d  D M T U  in to  sep. 50 m L  
vol. flasks. (C) Pipet 2, 5 ,1 0 , and 15 m L  of m ixed  
u r e a /M D U  stds (A ) in to  the vo l. flasks fro m  (B), 
resp. D il. to ca 40 m L w ith  H 20  and  w arm  as 
necessary to dissolve D M T U . Cool to room  
tem p, and d il. to vo l. A p prox, std contents =
(1) 0.25 m g D M T U  +  0.4 m g u re a /M D U  p er m L;
(2) 0.50 m g D M T U  +  1.0 m g u re a /M D U  p e rm L ;
(3 ) 1.00 m g D M T U  +  2.0 m g u re a /M D U  p er m L;
( 4 )  2.00 m g D M T U  +  3.0 m g u r e a /M D U  per 
m L.

2 .D 0 4  Preparation of Sample

G rin d  sam ple to pass 40 mesh sieve. Accu­
ra te ly  w e ig h  2 .0 0 0  g w e ll m ixed  g ro un d  sam ple  
in to  200 m L vo l. flask. A d d  150 m L distd or 
d e io n ized  H 20 ,  place on w ris t-action  shaker 20 
m in , and d il. to vol. w ith  H 20 .  U sing glass fiber 
paper, f ilte r  p ortio n  in to  4 m L v ia l. F ilte r again  
th ru  0.45 p m  f i lte r  before in jection .

2 .D 0 5  Determination and Calculations

In ject 10 p L  o f each m ixed  std u n t il peak hts 
agree ±2% . In ject 10 p L sam ple. Repeat stds 
afte r a ll samples have been injected. Std peak  
hts should agree w ith in  3% of in itia l std peak hts. 
A verage peak hts fo r each com ponent and p lo t 
m g /m L  vs peak hts.

% U rea  N  =  m g /m L  (from  graph)
X 9 .3 3 /g  sample

%  M D U  N  =  m g /m L  (from  graph)
X 8 .4 8 4 /g  sam ple

% D M T U  N  =  m g /m L  (from  graph)
X 8 .2 3 6 /g  sam ple

R e s u lts  a n d  D iscu ss io n

Collaborative results for n itrogen derived from  
urea, M D U , and D M T U  are g iven  in  Tables 2, 3, 
and  4, respectively. T he  results o f C o llaborator 
8  fo r urea fa ll outside the range o f expected va l-

Table 2. Collaborative results for HPLC determination of urea nitrogen

Sample No.

Pair 1 Pair 2 Pair 3 Pair 4 Pair 5

Coll. 1 9 2 7 3 6 4 10 5 8

Day 1

1 4.55 4.31 8.46 9.79 11.58 11.31 8.61 9.07 10.48 10.34
2 5.08 4.59 8.28 9.51 11.71 10.86 8.82 9.16 9.89 10.09
3 4.63 4.26 8.67 9.59 11.70 11.00 8.71 8.86 10.10 10.10
4 4.59 4.54 8.43 9.05 11.22 11.06 8.77 8.92 10.15 10.23
5 4.55 4.32 9.24 9.80 12.40 11.60 9.21 9.45 10.50 10.40
6 4.70 4.42 8.66 9.57 11.62 11.16 9.02 8.98 10.25 10.25
7 4.57 4.24 8.48 9.37 11.52 10.63 8.21 8.86 9.84 10.01
8 a 4.67 4.63 9.47 10.27 12.40 11.86 9.19 9.71 10.95 11.17
9 b 4.65 4.30 8.90 9.62 11.88 10.99 8.74 8.84 9.91 10.02

Day 2

1 4.62 3.95 8.78 9.32 11.60 10.75 8.68 8.71 10.00 9.77
2 4.88 4.11 8.35 9.05 11.36 10.42 8.35 8.39 9.83 9.97
3 4.40 4.16 8.05 9.11 10.80 10.60 8.00 8.43 9.90 10.00
4 4.64 4.07 8.38 9.27 11.02 10.56 8.56 8.68 9.80 9.85
5 4.43 4.00 8.86 9.75 11.70 11.30 9.00 9.05 10.20 10.20
6 4.50 4.42 8.70 9.89 11.89 11.12 9.11 8.96 10.20 10.47
7 4.66 4.24 8.53 9.56 11.71 10.96 8.86 8.72 10.04 10.21
8 a 5.03 4.52 9.18 10.26 12.25 11.79 9.32 9.61 10.99 10.86
9 b 4.65 4.21 8.76 9.48 11.77 11.18 8.92 8.81 10.03 9.95

N 14 14 14 14 14
Mean 4.44 9 .02 11.26 8.79 10.11
Sd 0.214 0.367 0.474 0.413 0.288
Sr 0.147 0.174 0.193 0.166 0.099
Sh 0.110 0.229 0.306 0.267 0.192
S = V S? +  Sh 0.184 0.287 0.362 0.314 0.216
cv. % 4.1 3.2 3.2 3.6 2.1

a Collaborator's results omitted by ranking test. 
b Received late, results omitted.
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Table 3. Collaborative results for HPLC determination of MDU nitrogen

Coll.

Sample No.

Pair 1 Pair 2 Pair 3 Pair 4 Pair 5

1 9 2 7 3 6 4 10 5 8

Day 1

1 2.65 2.20 4.96 5.62 6.19 6.32 6.14 6.32 8.71 8.45
2 3.18 2.60 5.15 5.73 6.44 6.28 6.963 6.64 8.47 8.45
3 2.63 2.31 5.24 5.65 6.09 6.11 6.09 6.36 8.31 8.15
4 2.65 2.30 5.22 5.38 6.20 6.49 6.32 6.52 8.58 8.53
5 2.67 2.01 5.43 5.43 6.45 6.19 6.36 6.32 8.69 8.38
6 2.66 2.39 5.28 5.60 6.30 6.22 6.30 6.49 8.40 8.27
7 2.71 2.29 5.30 5.55 6.36 6.19 6.06 6.45 8.27 8.27
8 2.89 2.44 5.22 5.71 6.05 6.41 6.24 6.64 8.90 8.85
9 b 3.33 2.79 5.85 5.97 8.26 6.96 6.85 6.96 9.69 9.55

Day 2

1 2.73 2.11 5.25 5.40 6.25 6.13 6.14 6.10 8.35 7.93
2 3.13 2.31 5.30 5.72 6.44 6.24 6.09 6.20 8.58 8.37
3 2.69 2.27 4.91 5.38 5.71 5.94 5.71 6.00 8.22 8.11
4 2.76 2.17 5.13 5.49 5.96 6.15 6.13 6.23 8.22 8.09
5 2.63 2.37 5.26 5.68 6.53 6.28 5.98 6.40 8.44 8.52
6 2.60 2.23 5.30 5.75 6.56 6.45 6.42 6.38 8.46 8.20
7 2.80 2.25 5.17 5.60 6.28 6.23 6.19 6.19 8.37 8.27
8 2.88 2.54 5.30 5.60 6.38 6.32 6.06 6.70 8.90 8.74
9 b 3.45 2.75 5.78 5.88 7.98 7.03 7.01 6.91 9.70 9.34

N 16 16 16 15 16
Mean 2.53 5.40 6.25 6.25 8.42
Sd 0.201 0.140 0.225 0.217 0.312
Sr 0.111 0.118 0.139 0.142 0.090
Sb 0.119 0.053 0.125 0.117 0.211
s = v/sT+sl 0.162 0.130 0.187 0.183 0.230
cv, % 6.4 2.4 3.0 2.9 2.7

3 Value exceeds 98% confidence limits; pair omitted. 
b Received late, results omitted.

ues and w ere  o m itted  as outliers  based on the  
ran k in g  test (4). O ne pair o f n itrogen  values for 
M D U  and  D M T U  w ere  o m itted  as outliers  after 
ap p ly in g  the D ixon  test (5) using 98% confidence 
lim its .

The coefficients of variation for urea and M D U  
n itro g en  are consistent fo r the 5 m atched pairs 
o f samples and are w e ll w ith in  w h a t w o u ld  be 
expected fo r a m ethod  using external standards. 
T he  values fo r D M T U  n itro g en  are som ew hat 
h ig her, p robably due to the lo w er concentration  
of D M T U  n itro g en  present. The co llaborative  
study gave m ean coefficients of va ria tio n  less 
than  those in it ia lly  obtained  in  our laboratory  
(see Table 5).

C o llaborator 9 was not able to com plete the  
collaborative study in  tim e fo r inc lus io n  in  the  
statistical eva luation . Results rep orted  w ere  
obtained using a U V  detector at 202 nm  and peak 
area measurements. Values fo r urea and D M T U  
are w e ll w ith in  the range obtained by the rest of 
the collaborators. Values for M D U  are consid­

erab ly  h ig her. In  an a ttem pt to d eterm ine  the  
reason fo r this d iffe rence  fo r M D U , a re fractive  
index and U V  detector (200 n m ) w ere  connected  
in  series. A  substantial d ifference was fou nd  in  
the am ount o f M D U  detected w ith  the 2 detec­
tors, w ith  the U V  va lue  being  h ig her. To de­
te rm in e  i f  an in te rfe rin g  peak was present, 2 
colum ns, W h atm an  R A C  O D S -3 , 9.4 m m  id  X  10 
cm, w ere  connected in  series. In  this m an n er it 
was possible to separate M D U  from  a sm all peak 
on its tailing  edge. Comparable results for M D U  
w ere  then  obtained fo r both  detector systems. 
The extinction  coefficient for the u n k n o w n  peak 
must be qu ite  h ig h  com pared w ith  its re fractive  
ind ex response to g ive  essentially  no apparent 
concentration w ith  the refractive index detector. 
T he  sm all peak has n o t been id e n tif ie d , but 
Collaborator 9 d id  observe a peak w ith  the  same 
re ten tio n  tim e  as b iu re t in  samples 1 and  9. H e  
d id  not observe th is peak in  the re m a in in g  sam­
ples. Analysis o f samples 1 and 9 w ith  the col­
u m n  set up as above gave o n ly  the  one peak ob-
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Table 4. Collaborative results for HPLC determination of DMTU nitrogen

Coll.

Sample No.

Pair 1 Pair 2 Pair 3 Pair 4 Pair 5

1 9 2 7 3 6 4 10 5 8

Day 1

1 0.91 0.91 2.32 2.31 1.80 2.06 2.84 2.98 5.39 5.03
2 1.09 1.07 2.30 2.26 1.86 2.08 3.08 3.21 4.98 4.98
3 1.03 0.97 2.26 2.21 1.85 2.21 3.04 3.13 5.13 5.01
4 0.94 0.98 2.12 2.25 1.78 2.13 2.98 3.03 5.24 5.05
5 0.95 1.13 2.10 1.96 1.96 2.18 2.72 3.09 4.94 4.42 a
6 0.81 0.88 2.09 2.09 1.71 1.96 2.79 2.86 5.15 4.90
7 0.95 0.86 2.14 2.30 1.81 2.02 2.96 3.05 5.10 5.06
8 1.03 0.94 2.14 2.34 1.77 2.21 2.89 3.16 5.14 4.91
9fc 0.90 0.88 2.33 2.27 1.82 2.10 2.94 3.05 4.99 4.90

Day 2

1 0.98 0.82 2.19 2.16 1.85 2.04 2.83 2.77 5.18 4.72
2 1.33 1.05 2.20 2.52 2.04 2.29 2.81 3.02 5.00 4.87
3 0.87 0.80 1.83 2.15 1.71 1.90 2.54 2.74 4.93 4.81
4 0.96 0.86 2.15 2.20 1.82 2.05 2.82 2.96 4.93 4.91
5 0.62 0.70 2.14 2.43 1.73 2.26 2.63 2.84 4.90 5.27
6 0.81 0.86 2.17 2.12 1.75 2.12 2.86 3.07 5.18 5.01
7 1.03 0.99 2.22 2.31 1.77 2.02 2.59 3.01 5.20 5.10
8 1.03 0.94 2.22 2.47 1.64 2.14 2.88 3.17 5.14 4.94
9 b 0.96 0.88 2.25 2.24 1.73 2.10 3.03 3.03 5.02 4.84

N 16 16 16 16 15
Mean 0.940 2.21 1.95 2.92 5.04
Sd 0.171 0.150 0.123 0.189 0.134
Sr 0.077 0.105 0.078 0.087 0.131
Sb 0.108 0.076 0.067 0.119 0.019
s = V s , +  sg 0.132 0.130 0.103 0.147 0.133
cv, % 14.0 5.9 5.3 5.0 2.6

a Value exceeds 98% confidence limits; pair omitted. 
b Received late, results omitted.

served in  a ll of the samples. T h e  id e n tity  o f this 
peak is ye t to be established.

C o llab orato r 3 was concerned about the v a r i­
ab ility  of his results, w h ic h  he believed  was due 
to increasing back pressure d u rin g  his w o rk  on  
this m ethod. H e  was able to show that peak 
heights w ere  dependent on the back pressure of 
his system: As the  back pressure increased, the  
peaks seemed to broaden g iv in g  rise to decreased 
peak heights. H e  also observed that back pres-

Table 5. Mean coefficient of variation for urea, MDU, 
and DMTU: comparison of in-house study with 

collaborative study results

Component

Av. CV, %

In-house Collab. study

Urea 3.6 3.2
MDU 5.9 3.5
DMTU 7.8 6.6

sure tends to decrease s lig h tly  d u rin g  a day of 
continuous operation. Typ ically , standards gave 
la rger peak heights at the end  of the day. C o l­
laborator 3 believes that peak area ra ther than  
peak h e ig h t w o u ld  g ive m ore consistent results. 
E xam ination  of the chrom atogram s o f the  o ther 
collaborators show ed that peak heights  o f stan­
dard w ere, in  general, s ligh tly  h ig h er at the end  
of a ru n  com pared w ith  in it ia l values. Th is  has 
also been noted in  the Associate Referee's w o rk  
but has not been a significant problem . N o ne  of 
the o ther collaborators gave any ind ica tio n  of 
problem s w ith  back pressure.

A  larger injection volum e (20 -30  p L  or greater) 
was suggested by C o llaborato r 4. Th is  w o u ld  
a llo w  the use of lo w e r detector sens itiv ity , thus  
im prov ing  the signal-to-noise ratio. The overall 
result w o u ld  be greater precision. V a ry in g  the  
sam ple size (up  to 10  g) was inc lu ded  in  the 
ruggedness test conducted by the Associate 
Referee. Repeated injections o f 5 -1 0  g samples
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w ith  h ig h  levels of soluble constituents caused 
peak broad en ing  w ith  apparent loss o f sensitiv­
ity , possibly due to colum n overload. A  sample 
size o f 2 -4  g w ith  an in jection  vo lu m e of 10 /J.L 

was d ete rm ined  to be o ptim u m .
C ollaborator 5 questioned the use o f a D M T U  

standard h ig h e r than the so lu b ility  reported  in  
the m ethod. W ater s o lu b ility  fo r D M T U  was 
determ ined  on pure (99% +) m aterial. F ertilize r  
samples analyzed  by th is m etho d  o ften  contain  
D M T U  levels w h ic h  exceed the s o lu b ility  de­
te rm in ed , therefore , heating  standards is speci­
fied  to dissolve the  larg er q u an tity  o f D M T U .

T h e  Associate Referee reported  10.21% urea 
n itro g en  for the practice sam ple used in  the col­
laborative study. Results reported  by 3 collab­
orators and re-analysis of the sam ple here gave 
a lo w e r value o f 9.6%. C o llab orato r 8 had some 
problem  w ith  his urea standards and used the  
1 0 .2 1 % urea n itrog en  va lue  to h e lp  establish a 
graph  for urea; this was probably the reason for 
his h ig h  urea n itrog en  results. T h e  Associate 
Referee regrets any problem  that this m ig ht have 
caused the collaborators.

R eco m m en d a t io n

The coefficients of variation obtained from  the 
collaborative study are lo w  and approach values 
obtained  fo r m any chrom atographic m ethods  
using in te rn a l standards. T here fore , the Asso­
ciate Referee recommends that the H P L C  m ethod  
co llaborative ly  studied for d ete rm in a tio n  o f n i­
trogen d erived  from  urea and w ater-so lub le  
m ethylene ureas in  urea form aldehyde fertilizers  
be adopted o ffic ia l first action.
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PRESERVATIVES

Gas-Liquid Chromatographic Determ ination of Benzoic Acid and 
Sorbic Acid in Foods: NM KL1 Collaborative Study

BONNY K. LARSSON
National Food Administration, Food Research Department, Box 622, S-751 26 Uppsala, Sweden

Collaborators: M. Askeland; M. Bergstr0m-Nilsen; H. K. Dahle; B. Halen;
I.-L. Hasselrot; T. Kiutamo; K.-A. Odklev; K. Paabo; J. Rajama; D. Willumsen

A gas-liquid chromatographic method for the si­
multaneous determination of benzoic acid and sorbic 
acid in foods was collaboratively studied by 8 labo­
ratories. Benzoic and sorbic acids are isolated from 
food by successive extractions with ether, sodium 
hydroxide, and methylene chloride, converted to 
trim ethylsilyl (TMS) esters, and determined by gas- 
liquid chromatography. Phenylacetic acid and ca- 
proic acid are used as internal standards for benzoic 
acid and sorbic acid, respectively. Seven samples 
were collaboratively studied: almond paste, fish 
homogenate, and apple juice with benzoic and sorbic 
acid levels from 0.04 to 2 g/kg. Average recoveries 
(%) for benzoic and sorbic acids were as follows: al­
mond paste, 99.6 and 101.2; fish homogenate, 99.2 and 
97.4; and apple juice 98.2 and 106.6. The reproduc­
ib ility  coefficients of variation (%) for benzoic and 
sorbic acids at 0.5-2 g/kg levels were 3.5-6.1 and
5.2-9.0; and at the 0.04 g/kg level, 14.7 and 23.3, re­
spectively. The method has been adopted official 
first action at 0.5-2 g/kg levels.

Benzoic acid and sorbic acid are frequently  used 
as preservatives in  a va rie ty  o f food products. 
T h e  levels  used n o rm a lly  range from  0.5 to 2 
g /k g . L o w e r levels can occur in  m ixed  food  
products as a resu lt o f carry o ver from  in g re d i­
ents. N a tu ra l occurrence o f benzoic acid is re ­
ported  in  com m odities such as berries ( 1 ) and  
d a iry  products (2, 3).

O ffic ia l N M K L  m ethods fo r d ete rm in in g  
benzoic  acid (4) and  sorbic acid (5) are based on  
g ra v im e try  a n d /o r  t itr im e try  and co lo rim etry  
(th iob arb itu ric  acid m ethod), respectively. The  
benzoic  acid m etho d  is not specific and  o th er 
organ ic acids can in terfe re .

A  prev ious m etho d  fo r the sim ultaneous de-

1 Nordic Committee on Food Analysis (Secretariat General, 
c/o National Food Administration, Box 622, S-751 26, Uppsala, 
Sweden).

This method, with the modifications recommended by the 
author, was accepted as an official NMKL method at the 34th 
Annual Meeting of the Nordic Committee on Food Analysis, 
1980.

The recommendation was approved by the General Referee 
and Committee D and was adopted by the Association. See the 
General Referee and Committee reports, J . A s s o c . O f f .  A n a l .  
C h e m . (1983) 66,372; 421.

term in a tio n  of benzoic and sorbic acids by gas- 
liq u id  chrom atography was published in  1974 (6 ) 
a fte r being  tested on a va rie ty  o f foods. This  
m ethod was im proved and submitted to a N M K L  
co llaborative  study in  1978-79 . T he  m ethod  
used is g iven  below .

C o lla b o ra tiv e  S tu d y

Seven food samples w ere  spiked w ith  benzoic  
and  sorbic acids at levels ran g in g  fro m  0.04 to 2 
g /k g . The samples, chosen to represent d iffe r­
en t food classes, w ere  a lm ond  paste, studied  at 
2  levels; fish  hom ogenate, 2  levels; and apple  
ju ice, 3 levels.

E ig h t laboratories from  Sw eden, N o rw a y , 
D enm ark , and F in land  participated in  this study. 
Each collaborator received 7 test samples and one 
practice sam ple w ith  k n o w n  concentrations of 
preservatives. The samples w ere  to be stored  
frozen  u n til analyzed. A lo ng  w ith  the samples, 
sufficient amounts of standard preservatives and  
in te rn a l standards w ere  enclosed.

C ollaborators w e re  instructed  to analyze  
samples as duplicates, according to the proposed  
m ethod. Samples contain ing < 0 .4  g /k g  w ere to 
be re-analyzed, using a lo w  level standard curve  
and  w ith  less in te rn a l standard added. The  
m ixed  standard solutions and the in te rn a l stan­
dard solution could be used for this purpose after 
p ro per d ilu tio n .

Participants w ere asked to report th e ir results, 
in c lu d in g  data on standard curves, i.e ., coeffi­
c ien t o f corre la tion , slope, and in tercep t, on a 
record ing  form . T hey  w ere  also requested to 
re tu rn  one chrom atogram  of each sample.

B e n z o ic  A cid  an d  S o rb ic  A cid  in  F o o d s  

G a s -L iq u id  C h ro m a to g ra p h ic  M e th o d  

O ffic ia l  F irs t  A ctio n  

N M K L -A O A C  M e th o d

(C o llaborative ly  tested on apple juice, a lm ond  
paste, and fish hom ogenate (at 0 .5 -2  g /k g  levels), 
representing  carbohydrate-rich , pasty and rich
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in  fat and carbohydrates, and p ro te in -rich  
foods.)

20 .D 0 5  P rin c ip le

Benzoic acid and sorbic acid are isolated fro m  
food by extn w ith  e th er and successive p arti­
tion in gs  in to  aq. N a O H  and C H 2C12. Acids are 
converted to trim ethy ls ily l (TM S ) esters and detd  
by G LC . Phenylacetic  acid and caproic acid are 
used as in te rn a l stds fo r benzoic acid and sorbic 
acid, resp.

20 .D 06  A p p a ra tu s

(a) G a s  c h r o m a t o g r a p h .— W ith  lin e a r oven  
tem p, p rogram m er, flam e ion iza tio n  detector, 
and  recorder. F o llo w in g  conditions have been  
fo u n d  satisfactory: co lum n, 1.8 m  X 2 m m  (id ) 
coiled  glass w ith  3% O V -1  on 100-120  mesh 
V a ra p o rt3 0 . O p era tin g  temps: oven 8 0 -2 1 0 °, 
8 ° /m in ;  in jection  port 200°, detector 280°. N  
carrier gas 20 m L /m in . A pprox, retention  times
2.5, 4, 5, and 6  m in  fo r caproic acid, sorbic acid, 
benzoic acid, and phenylacetic  acid, resp.

(b ) C e n t r i fu g e .  — W ith  head fo r 30 and 200 m L  
centrf. flasks.

(c) M e c h a n i c a l  s h a k e r .— B iih le r S M -B , or 
equiv.

20 .D 0 7  R e a g e n ts

Use anal, reagents thruo ut.
(a) In tern a l std  s o ln .— Dissolve 250 mg phen­

ylacetic acid and 250 m g caproic acid in  100 m L  
3% aq. K O H  soln.

(b ) S i ly la t i n g  a g e n t .— N -M e th y l-N - t r im e th -  
y ls ily l-tr iflu o ra c e ta m id e  (M S T F A ), ava ilab le  
fro m  Pierce C hem ical Co, R ockford, IL , or M a- 
ch ery -N ag e l Co, D -5160 D u re n , GFR.

(c) S td  s o ln s .— Prep, m ixed std solns in  C H C I3 
of benzoic acid, sorbic acid, phenylacetic  acid, 
an d  caproic acid, resp., o f fo llo w in g  concns:

1) 200, 200, 750, and 750 q g /m L
2) 400, 400, 750, and 750 q g /m L
3) 600, 600, 750, and 750 q g /m L
4) 800, 800, 750, and 750 q g /m L
5) 1000, 1000, 750, and 750 q g /m L

20 .D 08  P re p a ra tio n  o f  S a m p le

H o m o g en ize  sam ple in  mech. m ixer. I f  con­
sistency o f sam ple makes m ix in g  d iff ic u lt, use 
any  technic to ensure that sam ple m ateria l w il l  
be hom ogeneous.

20 .D 09  E x tra ctio n

(a) G e n e r a l  m e t h o d .— A ccurately  w e ig h  5.0 g 
hom ogen ized  sam ple in to  30 m L centrf. tube  
w ith  Teflon -lin ed  screw cap. A dd  3.00 m L in ­
terna l std soln, 1.5 m L H 2S 0 4 (1 +  5), 5 g sand, 
and  15 m L ether. Screw cap on t ig h tly  to avoid  
leakage. M ech . shake 5 m in  and centrf. 10 m in  
at 1500 X  g .  Transfer ether layer w ith  disposable 
p ip e t to 250 m L separator. Repeat extn tw ice  
w ith  15 m L e ther each tim e.

Ext com bined  e th er phases tw ice w ith  15 m L  
0 .5 N  N a O H  and 10 m L satd N a C l soln each tim e. 
C o llec t aq. layers in  250 m L separator, add 2 
drops of M e  orange, and acidify to p H  1 w ith  HC1 
(1 +  1). Ext w ith  C H 2C12, using successive por­
tions of 75, 50, and 50 m L. I f  em ulsion form s, 
add 10 m L  satd N a C l soln. D ra in  C H 2C12 exts 
th ru  filte r contg 15 g anhydrous N a 2S 0 4 in to  250 
m L  r-b  flask. Evap. C H 2C12 soln in  ro tary  evap­
o rato r at 40° just to dryness.

(b) C h e e s e  a n d  fo o d  p r o d u c t s  w ith  p a s te -lik e  c o n ­

s is t e n c y .— A ccurately  w e ig h  5.0 g hom ogen ized  
sam ple in to  200 m L centrf. flask. A d d  15 m L  
H 20  and stir w ith  glass rod  u n til sam ple is sus­
pended into aq. phase. A dd  3.00 m L in terna l std 
soln, 1.5 m L H 2S 0 4 (1 +  5), and 25 m L ether. 
S topper flask carefu lly  and check fo r leakage. 
M ech . shake 5 m in  and centrf. 10 m in  at 2000 X 
g .  Transfer ether layer w ith  disposable p ipet to 
250 m L  separator. Repeat extn tw ice w ith  25 m L  
e th er each tim e. C o n tinu e  as in  (a), b eg inn ing  
“ Ext com bined e ther phases. . .".

20 .D 1 0  D eriv a tiz a t io n  a n d  Gas
C h ro m a t o g r a p h y

A d d  10.0 m L C H C I3 to residue in  250 m L r-b  
flask. S topper and shake m an u a lly  2 m in . 
T ransfer 1.00 m L C H C I3 soln to 8 m L  test tube  
w ith  T e flo n -lin e d  screw cap and add 0.20 m L  
s ily la tin g  agent. Cap and le t stand 15 m in  in  
o ven  or H 20  bath at 60°. In ject dup licate  1 qL  
portions of sample soln in to  gas chrom atograph. 
Start tem p, p rogram  w h en  solv. peak emerges. 
M easure peak hts and calc, peak h t ratios of 
benzoic ac id /p h en y lace tic  acid and sorbic ac id / 
caproic acid. Use av. o f duplicate  ratios. Peak 
h t ratios fo r dup licate  injections should d iffe r  
<5% .

2 0 .D l l  P re p a ra tio n  o f  S t a n d a r d  C u rv e s

Transfer 1.00 m L  std solns to five  8  m L  test 
tubes w ith  T e flo n -lin e d  screw caps. A d d  0.20 
m L  s ily la tin g  agent to each tube, cap, and let 
stand 15 m in  in  oven or H 20  bath at 60°. Inject 
dup lica te  1 qL  portions o f std solns in to  gasReceived April 9, 1982.
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chrom atograph . Use same conditions as for 
sam ple so ln . M easure peak hts and calc, peak ht 
ratios o f benzoic ac id /p h en y lace tic  acid and  
sorbic acid /capro ic  acid, resp. Peak h t ratios for 
dup lica te  injections should  d iffe r  ^5% . P lo t w t 
ratios (x) vs av. peak h t ratios (y ) fo r each p re ­
servative. Calc, slope and intercept o f std curve  
by m etho d  o f least squares.

20 .D 12 C a lcu la tio n

P reservative, m g /k g  =  [(y -  a ) / b ]

X (W '/W )  X  1000 

w h e re  b =  slope o f std curve; a =  intercept; y =  
av. peak h t ratio  o f p re s e rv a tiv e /in te rn a l std; W  
=  w t o f sam ple in  g; and W ' =  w t of in te rn a l std 
in  m g.

Results

Results w ere  received fro m  a ll participants. 
C ollab ora to r 2, h o w ever, d id  not rep ort results 
on benzoic or sorbic acid fo r the lo w  leve l (0.04  
g /k g )  app le  juice sam ple because o f d ifficu lties  
w ith  excessive background noise at h igh  detector 
sen s itiv ity  settings.

T he  co llaborative results fo r benzoic acid and  
sorbic acid are show n in  Tables 1 and 2, respec­
tive ly . Laboratory ran k totals w ere  calculated

and  the test fo r extrem e results was app lied  (7). 
Sorbic acid results o f Collaborator 6 w ere om itted  
fro m  fu rth e r calculations because they  w ere  
outside the  u pp er 2.5% points o f d is trib u tion . 
C ollaborator 8 had not fo llo w ed  the instructions  
fo r  samples con tain ing  < 0 .4  g /k g  and the re ­
ported benzoic and sorbic acid results on the low  
leve l apple juice sample, obtained by the general 
m ethod , w ere  excluded. Sorbic acid results o f 
C ollaborator 7 for the lo w  level apple juice w ere  
excluded because the calculations w ere  based on 
phenylacetic acid as in tern a l standard instead of 
caproic acid.

Standard  deviations (betw een  laboratories, 
w ith in  laboratories, and  o vera ll), coefficients of 
varia tio n  (reproducib ility  and repeatab ility) and  
average recoveries w ere  calculated fo r each 
sam ple and analy te  (Tables 1 and 2).

A  o ne-w ay  analysis o f variance show ed that 
differences betw een laboratories w ere significant 
at the 95% leve l in  the  fo llo w in g  cases: fo r  
b enzoic  acid at the 2  g /k g  leve l in  a lm o nd  paste 
and  at a ll levels in  fish  hom ogenate and apple  
juice; and fo r sorbic acid at the  1 g /k g  leve l in  
a lm o n d  paste and fish  hom ogenate and at the  
0.04 and 0.5 g /k g  levels in  app le juice.

A  2 -w ay analysis o f variance for the  labora-

Table 1. Collaborative results (m g/kg) for determination of benzoic acid

Almond paste Fish homogenate Apple juice

Coll. Level 1 Level 2 Level 1 Level 2 Level 1 Level 2 Level 3

1 923 1852 499 2052 46 951 1027
1018 1883 511 2083 48 952 1033

2 939 1956 514 1792 __a 883 921
950 2113 526 1859 __ a 912 976

3 1039 2139 519 2060 39 969 1029
1042 2150 525 2074 39 969 1042

4 1042 1869 510 1973 37 992 1064
1055 1908 544 1996 44 1007 1067

5 974 1896 421 2007 44 963 1031
997 2003 449 2088 49 967 1036

6 888 1805 492 1981 51 909 969
993 1953 512 2019 53 924 979

7 996 1985 495 2007 35 926 1013
1015 2011 498 2028 36 936 1015

8 953 1947 493 2015 54 6 927 1004
956 1958 517 2121 57 » 931 1094

Added, m g /kg 982 1987 501 2044 41 1001 1082
Av. rec., m g /kg 986 1964 502 2010 43 945 1019
SD, m g /kg  

Between labs 33 83 27 76 5.8 32 34
Within labs 36 62 14 40 2.6 9.4 27
Overall 49 103 31 86 6.4 33 43

Reproducibility CV, % 4.7 5.3 6.1 4.3 14.7 3.5 4.3
Repeatability CV, % 3.7 3.2 2.8 2.0 6.1 1.0 2.7
Av. rec., % 100.4 98.8 100.1 98.3 105.9 94.4 94.2

a Results not reported due to excessive detector background noise.
b Excluded from calculations because Instructions on analysis at low levels were not followed.
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Table 2. Collaborative results (m g/kg) for determination of sorbic acid

Almond paste Fish homogenate Apple juice

Coll. Level 1 Level 2 Level 1 Level 2 Level 1 Level 2 Level 3

1 815 1768 509 1038 43 500 487
903 2069 523 1107 45 551 570

2 936 2093 514 1052 __ a 500 536
1008 2107 527 1105 __a 516 568

3 973 2054 458 939 46 497 540
974 2082 466 946 48 497 551

4 1056 2078 426 1045 55 559 562
1057 2123 548 1069 58 596 619

5 911 1863 416 915 29 500 562
922 1930 417 945 34 505 566

6 b 1118 2426 571 1023 51 594 617
1163 2793 628 1133 69 661 684

7 1038 2094 527 1006 28 3 566 583
1137 2101 545 1022 30 3 567 659

8 1007 2021 440 951 6 5 d 524 549
1024 2028 457 975 68d 540 574

Added, m g /kg 992 1963 502 1025 41 501 540
Av. rec., m g /kg 983 2029 484 1008 45 530 566
SD, m g /kg  

Between labs 74 65 27 60 10.2 29 18
Within labs 41 84 34 27 2.3 18 36
Overall 84 106 44 66 10.4 34 40

Reproducibility CV, % 8.5 5.2 9.0 6.5 23.3 6.4 7.0
Repeatability CV, % 4.1 4.1 7.0 2.6 5.1 3.4 6.3
Av. rec., % 99.1 103.4 96.4 98.4 109.1 105.8 104.8

3 Results not reported due to excessive detector background noise. 
b Data from this laboratory excluded after application of the rank test for outliers.
c Excluded from calculations because phenylacetic acid was used as internal standard instead of caproic acid. 
d Excluded from calculations because instructions on analysis at low levels were not followed.

to ry - le v e l in te rac tion  show ed a s ign ificant d if ­
ference am ong laboratories at the  95% le v e l for  
benzoic acid in  a lm o nd  paste, fish  hom ogenate, 
and apple juice. The laboratory-level interaction  
fo r sorbic acid was not s ign ificant in  any of the  
sam ple groups.

F ig ure  1 shows a gas chrom atogram  o f an a l­
m o n d  paste extract con ta in ing  1 g benzoic acid 
and  2  g sorbic ac id /k g .

C ollab orators' C om m en ts

Participants reported  no d ifficu lties  in  carry­
in g  out the analyses according to the general 
m ethod , i.e., fo r levels 0 .4 -2  g /k g . Several col­
laborators, h ow ever, reported  d ifficu lties  on the  
lo w  leve l (0.04 g /k g )  app le juice sample: C o l­
laborator 2 , w h o  was not able to obtain  a lo w  
le v e l standard curve because o f excessive detec­
to r background noise, suggested tha t m ore  
sam ple should be w e ig h ed  to m a in ta in  a good  
signal-to-noise ratio  at lo w  levels. T he  e ther 
volum es in  this case could probably be increased  
w ith o u t changing  the vo lum es o f sodium  h y ­
droxide solution. Collaborator 5 indicated in  his 
rep ort that the detector background noise could

constitute a problem  at low  levels. C ollaborator 
7 reported  that caproic acid could not be used in  
calcu lation  of the lo w  sorbic acid leve l because 
of interference from  the solvent peak. To reduce 
in terference from  background noise and solvent 
peaks, C o llaborator 6  d issolved the lo w  leve l 
sam ple residue in  2 m L  ch lo ro fo rm  before de- 
riv a tiza tio n , instead o f the prescribed 10 m L.

T w o  com m ents on the extraction  procedure  
w ere  m ade by C o llaborato r 5: Fish products
should  be centrifuged  at speeds exceeding 3000  
X  g  a fter extraction w ith  ether; and  a centrifug e  
taking  200 m L centrifuge bottles, as required  for 
a lm ond  paste samples, is h ard ly  o rd in a ry  labo­
ratory equ ipm ent.

C o llaborator 7 suggested that i f  one o f the  in ­
terna l standards, i.e., caproic acid, could  be 
o m itted  and phenylacetic  acid used as in te rn a l 
standard fo r both  benzoic and sorbic acids, cal­
culations w o u ld  be easier, specially w h e n  an 
in tegra to r is used. C o llaborato r 7 also reported  
that the gas chrom atographic peaks showed  
ta ilin g , even fo r the standard solutions, and  
suggested that ta ilin g  w o u ld  d isappear i f  the  
percentage o f liq u id  phase was increased to 
9%.
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Figure 1. Gas chromatogram of almond paste extract 
showing TMS esters of caproic acid, internal standard 
(1); sorbic acid (2); benzoic acid (3); and phenylacetic 
acid, internal standard (4). Column 3% OV-1; temp, 

prog. 80-210°C, 8°/m in.

D iscussion

Some collaborators accepted ra th er large d if ­
ferences o f peak h e ig h t ratios betw een  duplicate  
in jections, w h ic h  affect the rep ea ta b ility  and  
reproducibility . The m ethod should be adjusted 
on this p o in t, a llo w in g  peak h e ig h t ratios of 
p re s e rv a tiv e /in te rn a l standard fo r each set of 
duplicate  in jections to d if fe r  by no m ore than  
5%.

T h e  poor rep ro d u c ib ility  fo r benzoic acid and  
sorbic acid at 0.04 g / kg is an effect o f m easuring  
sm all peaks in  the presence of interferences. To  
m in im ize  th is effect, the vo lu m e  o f ch lo ro fo rm  
needed to dissolve the extraction residue before  
derivatization should be reduced, as practiced by  
C ollaborato r 6 .

T h e  results o f the  study are on the w h o le  sat­
isfactory. T he  o vera ll recovery fro m  a ll samples  
was 98.9% fo r benzoic acid and  102.4% fo r sorbic 
acid. A lth o u g h  s ig n ifican t d iffe rences  exist in  
the m ean values betw een  laboratories, the range  
o f the m ean  values in  the  various sam ples is sat­
isfactory and in  lin e  w ith  o th er co llab orative  
studies.

To study i f  pheny lacetic  acid  cou ld  be used as 
in te rn a l standard fo r sorbic acid, as suggested by  
C ollaborator 7, the participants w ere  afterw ards  
asked to recalculate the  concentration  o f sorbic  
acid for each sample, on the basis o f phenylacetic  
acid. T he  o ld  chrom atogram s w ere  used fo r this  
purpose, in c lu d in g  the p lo ttin g  o f a n e w  stan­
dard  curve. T h e  n e w  sorbic acid results w e re  
sent to the  R eferee fo r  eva lu a tio n . T h e  results  
ind ica ted  that pheny lacetic  acid was m ore  
q u a n tita t iv e ly  ex trac ted  th a n  sorbic  acid , 
resulting in  rather low  recoveries. Using phen­
y lacetic  acid as in te rn a l s tandard, the  o ve ra ll re ­
covery for sorbic acid from  a ll samples was 89.1%. 
O n  the basis o f these results, i t  seems favorab le  
to m a in ta in  caproic acid as in te rn a l standard  fo r  
sorbic acid.

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

I t  is recom m ended  that the fo llo w in g  m o d if i­
cations as suggested above be incorporated in  the  
m ethod: v a ria tio n  o f peak h e ig h t ratios o f p re ­
s e rv a tiv e /in te rn a l standard  fo r each set o f d u ­
plicate injections is lim ite d  to 5%; and the volum e  
o f ch lo ro fo rm  fo r d isso lving  the  extraction  resi­
due before d erivatiza tio n  is s u ffic ien tly  reduced  
w h e n  lo w  levels o f preservatives are to be ana­
lyzed . C apro ic  acid should  rem a in  as in te rn a l 
standard fo r sorbic acid. The m ethod w ith  these 
fe w  m o d ifications should  be adopted  as an o ff i­
cial N M K L  m ethod  and an o ffic ia l A O A C  
m eth o d  fo r the g as-liqu id  chrom atograph ic  de ­
te rm in a tio n  o f benzoic acid and  sorbic acid in  
foods.
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FRUIT AND FRUIT PRODUCTS

Discussion of Statistical Methods for Determ ining Purity of Citrus 
Juice

MORTON B. BROWN and ELI COHEN1
U n i v e r s i t y  o f  M i c h i g a n ,  D e p a r t m e n t  o f  B i o s t a t i s t i c s ,  A n n  A r b o r ,  M l  4 8 1 0 9 ,  a n d  D e p a r t m e n t  o f  

S t a t i s t i c s ,  T e l - A v i v  U n i v e r s i t y ,  T e l - A v i v  6 9 9 7 8 ,  I s r a e l

It is difficult to develop statistical methods to deter­
mine the purity of fruit juice because of country- 
to-country and environmental differences among 
fruit. A test of an unknown sample of citrus juice can 
err in 2 ways: Pure juice can mistakenly be rejected 
as adulterated, or adulterated juice can be accepted as 
pure. Many of the statistical procedures proposed 
may misclassify a high proportion of samples of pure 
juice as adulterated. It is necessary to develop a sta­
tistical test that will only rarely reject samples of pure 
juice, and w ill have a good chance of rejecting adul­
terated juice.

As in  m any o th er natu ra l products, the com po­
sition o f citrus juice is strongly affected by m any  
factors. C oncentrations o f some of the com po­
nents d iffe r  g rea tly  am ong d iffe re n t f ru it  v a r i­
eties. In  addition, concentrations of components 
are affected by c lim atic, seasonal, and  agrotech- 
n ica l factors (1, 2). As a result o f the w id e  v a ri­
a tio n  am ong samples o f pure  fru it  juice, norm s  
or standards fo r the juice are described by ranges 
fo r each com ponent. These ranges m ay be very  
w id e  so as not to reject samples of pure juice from  
varieties that have large or small concentrations  
of the com ponent; consequently, they also do not 
reject samples of adu lterated  juice that are de­
liberate ly  m o d ified  to conform  to the acceptable 
ranges fo r p ure  juice. W h e n  the acceptable  
range is n arro w , samples o f pure  juice m ay be 
rejected from  varieties w ith  extrem e am ounts of 
concentration  fo r the com ponent.

To d iffe re n tia te  pure and adu lterated  juices, 
investigators have proposed m ethods based on  
the  re la tionships  b etw een  the  concentrations to 
2 or m ore com ponents. T he  sim plest fo rm  of 
such a re la tio n sh ip  is a ra tio  (3). H o w e v e r, the  
same problem s that arise w h en  using a range also 
arise w h e n  using a ratio. T he  range o f perm is­
sible values fo r the  ratio  must be su ffic ien tly  
large to pass juice o f d iffe re n t varieties; o th er­

1 Institute of Quality Control and Extension Services for the 
Food Industry, 76 Mazeh St, Tel-Aviv 65789, Israel. All in­
quiries should be sent to this address.
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w ise, the use o f a ratio  not o n ly  d iscrim inates  
b etw een  pure  and adu lterated  juice o f a specific 
varie ty , but also betw een pure juices of d iffe ren t 
varieties.

R o lle  and Vandercook (4) propose using re­
gression techniques to set lim its for values of one 
characteristic based on lim its  fo r values of o ther 
characteristics. W e show  that regression lim its  
are not app licab le  to samples o f juice not taken  
u n d er exactly the same circumstances as the se­
ries used in  com puting  the regression lim its .

Richard and Coursin (3 ,5 , 6 ) use a com bination  
o f m any statistical techniques in  try in g  to id e n ­
tify  adulterated juice, but they do not indicate the 
chance o f incorrectly  rejecting pure  juice as im ­
pure. As part of the series of tests, they  use 95% 
(or less) confidence in terva ls  fo r m any charac­
teristics. A ra  and Torok (7) show tha t m u ltip le  
tests on one sam ple grea tly  increase the chance 
o f in c o r r e c t ly  re jecting samples o f pure  juice. 
R ichard  and Coursin  also use regression lim its  
as proposed by Rolle and Vandercook. In  ad d i­
tio n , they  propose 3 m ore sophisticated tech­
niques: p rin c ip a l com ponent analysis, corre­
spondence analysis, and h ierarch ica l classifica­
tion . A ll  these m ethods suffer fro m  the same 
problem : T hey  are app licab le  o n ly  to samples 
obtained  u n d er conditions s im ila r to those in i­
t ia lly  taken.

There are d ifficu lties  in  develop ing  statistical 
tests that w il l  be va lid  w h en  applied  to fru it juice. 
I t  is im possible to decide that juice is not pure  
based on a sing le sam ple, except in  the  most ex­
trem e cases. T he  proposed m ethods do n o t  rec­
o gn ize  tha t sing le samples m ay fa il the test p ro ­
cedure due to random  varia tio n  that occurs in  
p u re  juice.

W e recom m end procedures fo r testing n ew  
statistical tests before they  are im p lem en ted .

E xp erim e n ta l

S a m p lin g

Samples of orange juice w ere taken at random , 
by official inspectors, d irectly from  the extraction
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m achines, in  citrus plants located th ro u g h ou t 
Israel. S am plin g  was carried  out d u rin g  4 p ro ­
duction seasons (i.e., 1976/77 , 1 9 7 7 /7 8 ,1 9 7 8 /7 9 , 
and 1979/80). Each season started in  N o vem b er  
and ended in  M ay. The samples w ere  analyzed  
according to standard m ethods used fo r q u a lity  
contro l o f citrus juice (8 ).

S ta tistica l A n a ly s is

Regression coefficients and o th er statistical 
data w ere  obtained by using the com puter-aided  
statistical p rogram  B M D P 9R  (9).

Results and D iscussion

S ta n d a rd s  f o r  O n e  C h a ra c te ris t ic

The sim plest statistical approach is to d eter­
m in e  acceptable lim its  fo r each characteristic, 
e.g., A F N O R  (10) in  France or RSK in  G erm any
(11). Some o f these lim its  are based on 95% 
confidence lim its  (1 2 -1 4 ), tha t is, the lim its  de­
scribe an in terva l in to  w h ich  95% of the samples 
of pure  juice are expected to fa ll, and, on the av­
erage, 5% of the samples o f pure juice w i l l  fa ll 
outside this in terva l.

The m ethod  based on 95% confidence lim its  
assumes that random  samples o f pure juice w ere  
obtained from  an u n d e rly in g  “ g iv e n "  norm al 
p opula tion  of pure juices. A  n ew  sam ple from  
the same “ g iv e n "  p op u la tio n  w i l l  have a 5%> 
chance that its value lies outside the lim its . 
H o w ev e r, i f  the n ew  sam ple is d raw n  from  a 
d iffe re n t p op u la tio n , its va lue  fo r the charac­
teristic may lie  outside the lim its  w ith  far greater 
p ro b a b ility  than  5% even w h en  the sam ple is 
pure  (2). Because d is trib u tion  o f the values of 
pure  juice is a functio n  o f varie ty , m atu rity , and  
o th er e n v iro n m en ta l factors, the acceptable 
lim its  p ub lished  m ay not be app licab le  to the  
juice being  tested. M o re  specifically, the ac­
ceptable lim its  should be com puted fro m  large  
m u ltiy e a r samples o f a specific varie ty  and o n ly  

then  ap p lied  to that varie ty .

T e s t in g  M a n y  C o m p o n e n t s

U su a lly  the values o f several characteristics 
from  a single sample are assayed. Based on these 
values it  is necessary to d eterm in e  w h e th e r the  
ju ice is pure. O n e  possible decision ru le  is that 
the juice is not pure i f  the va lue  o f any charac­
teristic lies outside its 95%> confidence in terva l. 
If ,  fo r instance, 5 characteristics are checked  
using th is ru le , there is a 2 2 .6 %> chance that the  
va lu e  o f at least one com ponent is out o f range
(7). U sing  th is ru le , the chance of rejecting a 
sam ple increases as m ore characteristics are ex­

am in ed  (40.1%; and 64.2%) fo r 10 and 20 charac­
teristics, respectively).

To  overcom e this prob lem , statisticians have  
d eve loped  sim ultaneous test procedures (15) 
w hose purpose is to l im it  the chance of rejecting  
a sam ple of pure juice to 5 %  (or some o th er p er­
cent), w h e n  m ore than one characteristic is test­
ed. T he  sim plest such m ethod is to decrease the  
chance of being  out o f range fo r each character­
istic to 5 /K % , w h e re  K  is'the n um ber o f charac­
teristics tested. To decrease the chance o f being  
out o f range, the len g th  of the confidence in te r­
va l m ust be increased.

I f  5 characteristics are checked, the 95%> con­
fidence in terva l should be expanded to x  ±  2 .6 s, 
w h e re  x is the m ean and s is the standard d ev ia ­
tion . For 10 characteristics, the 95%> confidence  
in te rv a l should  be x ±  2 .8s, and for 2 0  charac­
teristics, x ±  3.0s (2).

C o m p o n e n t  vs C o m p o n e n t —S im p le  L in e a r  
R e g r e s s io n

Let us assume that there is a linear relationship  
betw een  the concentrations o f 2  com ponents. 
O n e  o f them  (y ) w i l l  be re ferred  to as the  de­
p e n d e n t com ponent and the o th er (x) as the in ­
d ep en d en t com ponent. S im ple  lin e a r regres­
sion is used to f in d  the coefficients a and b such 
that

y  =  a +  b x

w h e re  y  is the predicted  value o f y  w h e n  the  
va lue  o f x is observed. I f  the d iffe rence  y  — y  is 
large, the observed value does not conform  to the 
predicted  va lue , and the juice w il l  be called  
adu lterated .

F igure  1 is a p lo t o f potassium (m g /L )  against 
ash (%) w /w )  fo r 6 6  samples o f pure orange juice  
taken by g overn m en t inspectors d u rin g  the  
1 9 7 9 /8 0  g ro w in g  season. The 2 h orizo n ta l 
solid -shadow ed lines represent the u pper and  
lo w e r lim its  o f the acceptable range fo r potassi­
um  (95%) confidence lim its ) obtained by com ­
p u tin g  its mean and standard deviation. A  large 
area w ith in  the 2  lines does not contain  any ob­
servations. Therefore, w e w ou ld  like  to specify 
n arro w e r bounds that w o u ld  exclude the em pty  
regions. O ne  technique to l im it  the range of 
values fo r potassium  is to specify the bounds as 
a function  o f ash, that is, the acceptable lim its  for 
potassium  can be com puted o n ly  a fter k n o w in g  
the ash fo r the sample. The solid line  that passes 
th rou gh  the  data is the regression lin e  o f potas­
sium  on ash. The 2 dashed lines are approxim ate  
95%) confidence intervals for observations about
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Figure 1. Potassium plotted vs ash for 66 samples of pure orange juice from 1979/80 growing season. 
Solid-shadowed horizontal lines represent upper and lower lim its for potassium. Dashed lines are 95% 

confidence limits for observations about the regression line of potassium on ash (D =  data point).

the  regression line . These dashed lines restrict 
the possible range of values for potassium so that 
its acceptable range depends on the observed  
value o f ash; these lim its  are more restrictive than  
the  2  h o rizo n ta l lines.

F igure 2 is a p lo t of the same dashed lines, and  
a p lo t o f 228 observations of pure juice taken  
d u rin g  3 o ther g ro w in g  seasons (A  =  1976 /77 , B 
=  1977/78, C =  1978/79). N o te  how  m any o f the 
observations lie  outside these dashed lines. That

Ash, 7(w/w)

Figure 2. Potassium plotted vs ash for 228 samples of pure orange juice for 3 growing seasons. (A-1976/77, 
B-1977/78, C-1978/79, "overlap between 2 or more seasons).
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Table la . Regression of potassium (mg/L) on ash (% w/w) for each of 4 growing seasons for Israeli orange juice

Growing
season

No. of 
samples

Coefficients
Squared 

correlation (r2)Constant Slope

1976/77 92 542 3189 0.23
1977/78 52 412 3545 0.56
1978/79 84 -5 5 5133 0.90
1979/80 66 -100 5064 0.90

is, the regression lim its  based on one g ro w in g  
season do not p ro v id e  adequate q u a lity  contro l 
lim its  for data fro m  o th er g ro w in g  seasons.

The coefficients o f the regression lines o f po­
tassium on ash for each of the 4 g ro w in g  seasons 
are g iven  in  Table la . The last co lum n (labeled  
R 2)  is a measure of the q u a lity  o f the f it  of the  
regression lin e . (R 2 is the p ro po rtio n  of the  
variance o f the d ep end ent variab le  that is ex­
p la in ed  by the regression o f the d ep end ent 
variab le  on the in d ep en d en t variab le(s).) N o te  
the  d iffe rence  in  the coefficients am ong the 4 
seasons. A  possible exp lanation  for the d if fe r ­
ence is that the first 2  years w ere  years of 
d roug ht, w hereas the last 2 w ere  years o f p le n ­
tifu l rain. It  can be expected that the amounts of 
ra in fa ll, or the lack o f it, w i l l  affect the re la tio n ­
ship betw een  the com ponents.

Table lb  shows the n um ber o f cases that ex­
ceed 1, 2, and 3 standard devia tions fro m  the re­
gression line . I f  the d ifferences y  — y  (observed  
m inus predicted value) are n orm ally  distributed, 
then  31.7%, 5%, and 0.26% o f the samples should  
fa ll outside these lim its . N o te  the last 2 lines in  
the table. T hey  correspond to using the regres­
sion lines fo r the 1978/79  and 1979 /80  g ro w in g  
seasons. Both reject the data fro m  the 2 earlie r  
seasons at rates m uch h ig h e r than expected the ­
ore tica lly  (52.2, 58.7, 19.2, and  21.2% instead of 
5%). O n  the o ther h and, the regression lin e  fo r  
1976 /77  does not reject too m any samples from  
the o th er years. The last 2 g ro w in g  seasons are 
years fo r w h ic h  R 2 is ve ry  h ig h , that is, the data 
are concentrated about the regression line . 
Therefore, the lim its about the regression line  are 
narrow . H ence, in  a year w h e n  the re lationship  
betw een  the com ponents changes (even  s lig h t­
ly ), there is a very  good chance that the observed  
data w i l l  not conform  to the norm s based on the  
regression lin e . O n  the o th er hand, the  regres­
sion lin e  based on the 1976 /77  g ro w in g  season 
d id  not f it  the data very  w e ll;  therefore , the in ­
terval about the regression lin e  is large. Hence, 
few  observations from  the other g row ing  seasons 
w ere  inco rrectly  rejected.

C o m p o n e n t  vs C o m p o n e n t  — U s in g  M u lt ip le  
L in e a r  R e g re s s io n

R olle  and  V andercook (4) propose that re la ­
tionships betw een  characteristics be used as a 
m ethod of testing p u rity  o f fru it  juice. Since the  
values o f m any characteristics rise or fa ll in  par­
a lle l, R o lle  and  Vandercook suggest tha t the re ­
lationships be m odeled by a regression equation  
of the fo rm

y  =  a +  b xx x +  b 2x 2 +  . .  .

w here  y  is the value of one characteristic (called  
the dependent characteristic) predicted from  the  
values o f the re lated  characteristics, X\, x 2, ■ ■ ., 
and a , b x,  b 2, . . .  are coefficients o f the lin e a r re­
gression o f y  on X\, x 2, . . . . Then  the  d if fe r ­
ence

y  -  (a  +  b xx  1 +  b 2x 2 +  . . .)

is an ind ica tio n  of h ow  far the value o f the first 
characteristic is from  the va lue  expected by the  
regression form ula. The authors expect that this 
d iffe rence  w il l  be sm all w h e n  the  juice is pure, 
and large o therw ise.

R o lle  and V andercook (4), R ichard  (16), and  
Richard and Coursin (3) recom m end using m any  
characteristics on the r ig h t-h a n d  side o f the  
above equation  so that the f it  o f the regression  
w il l  be ve ry  good. This  approach m ay cause a 
serious error.

Table 2a gives the coefficients o f the regression 
lin e  o f potassium w ith  b rix , ac id ity , ash, and  
chloram ine num ber (the independent variables). 
T he  n um ber of cases that exceed 1, 2, and 3 
standard deviations from  the regression lin e  are 
show n in  Table 2b. W e see that 80.4% o f the  
samples from  the 1976/77 grow ing  season exceed 
one standard d ev ia tion  from  the  regression lin e  
based on data from  the 1979/80  g ro w in g  season, 
and 54.3% exceed 2 standard deviations. S im ilar 
large discrepancies occur w h e n e v er the data are 
com pared w ith  the results o f a regression lin e  
from  ano ther g ro w in g  season.
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The analysis was repeated by using the re ­
gression of Y-am inobutyric acid on arg in ine  only  
(Tables 3a and 3b), and m u ltip le  linear regression 
of Y -am in ob uty ric  acid on 7 o th er am ino  acids 
(p ro lin e , a lan in e , v a lin e , lysine, aspartic acid, 
a rg in in e , and g lyc ine). The results are show n  
in  Tables 4a and 4b. (The data fro m  1977/78  
grow ing  season are not used because o f the small 
n um ber o f samples exam ined  in  th is g ro w in g  
season.)

N o te  that the h ig h e r the corre la tion  R  w h e n  
estim ating the coefficients, the n arro w er w il l  be 
the lim its  about the regression lin e . For this  
reason both Rolle and V andercook (4) and  
R ichard and Coursin (3, 5 ,6 ) recom m end the use 
o f regression m odels w ith  large correlations. 
U n fo rtu n a te ly , i f  the regression m odel is not 
appropria te  for the juice being  tested, the pure  
juice w il l  have a greater chance of fa llin g  outside 
the acceptable lim its w hen  R is larger than w hen  
R is sm all (since the acceptable lim its  are sm aller 
in  the first case). In  almost a ll cases, the percent 
of rejections was far in  excess of the percent that 
w e  expected to reject (31.7% , 5%, 0.26% ). 
Therefore , criteria based on one g ro w in g  season 
cannot ap p ly  d ire c tly  to an o th e r g ro w in g  
season.

C r it iq u e  o f  P ro p o s e d  S ta tistica l M e t h o d s

Richard and Coursin (3, 5, 6 ) propose m u ltip le  
techniques for assessing the p u rity  o f fru it  juice. 
T h e ir  approach consists o f 2 stages. In  the first 
stage, the values o f the sample are compared w ith  
various standards and  w ith  results o f previous  
samples, and a decision is made about the p u rity  
of the juice, e.g., that the juice is pure or that it  is 
adu lterated . I f  the decision is that the juice is 
adu lterated , then  in  the  second stage analysis 
they estimate the am ount o f w ater or ingredients  
added d u rin g  adu lteration . T he  decis ion-m ak­
ing  stage (the  firs t) is critical. B row n et al. (2) 
show that, w h e n  a sample of pure juice is tested, 
there is a very  h ig h  p ro b a b ility  (90% or h ig h er) 
that the decision w i l l  be that the sam ple is a d u l­
terated. There fore , a conclusion by th e ir  statis­
tical m ethod  that the juice is adu lterated  is not 
p ro o f that it  is adulterated .

There  are several reasons w h y  the  proposed  
techniques can reject pure juices fa r too often. 
A m o n g  the reasons are that m u ltip le  tests are 
perform ed (each having  a 5% (or greater) chance 
of re jecting a sam ple o f pure juice); effects of 
differences am ong countries, species, and c li­
m atic and e n v iro n m en ta l factors are not taken  
in to  account; and differences fro m  season-to- 
season in  the same species are not considered.
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Table 2a. Regression of potassium (m g/L) on brix, acidity (% as citric acid), ash (% w/w), and chloramine number (mL
chloramine-T, 0.01N/m L) for Israeli orange juice

Growing
season

No. of 
samples

Coefficients Squared 
multiple 

correlation ( f i2)Constant Brix Acidity Ash Chloramine

1976/77 92 -8 30 .9 71.9 99.7 2426 56.6 0.41
1977/78 52 4.85 -0 .218 249.0 3517 10.3 0.64
1978/79 84 -1 1 9 .5 -3 .0 8 50.5 5077 5.0 0.90
1979/80 66 -3 8 6 .5 16.81 189.9 4217 10.7 0.92

Table 2b. Percent of samples that exceed 1, 2, and 3 standard deviations from regression line

Samples tested from growing season
Regression ------------------------------------------------------------------------------------------------------------------------------------------
based on 1976/77 1977/78  1978/79 1979/80
growing ---------------------------------  --------- ---------------------- - -------------------------------  -----------------------
season 1SD 2SD 3SD 1SD 2SD 3SD 1SD 2SD 3SD 1SD 2SD 3SD

1976/77 25.0 3.3 2.2 11.5 0 0 10.7 0 0 18.2 0 0
1977/78 55.4 16.3 5.4 28.8 3.8 3.8 17.9 3.6 0 18.2 1.5 0
1978/79 78.3 44.6 22.8 42.3 17.3 5.8 36.9 5.9 0 51.5 16.7 1.5
1979/80 80.4 54.3 25.0 53.8 15.4 3.8 48.8 7.1 2.4 25.8 4.5 1.5

Table 3a. Regression of 7 -aminobutyric acid (m M /L) on arginine (m M /L) for each of 3 growing seasons for Israeli
orange juice

Coefficients
Growing No. o f ----------------------------------------  Squared
season samples Constant Slope correlation (r2)

1976/77 62 1.179 0.421 0.59
1978/79 82 0.618 0.645 0.72
1979/80 47 0.482 0.665 0.56

Table 3b. Percent of samples that exceed 1, 2, and 3 standard deviations from regression line

Regression
Samples tested from growing season

based 1976/77  1978/79  1979/80
growing --------------------------------------- ---------------------- ---------------  --------------------------
season ISO 2SD 3SD 1SD 2SD 3SD 1SD 2SD 3SD

1976/77 24.2 6.5 0 32.9 10.9 1.2 53.2 21.3 4.2
1978/79 48.4 14.5 3.2 24.4 2.4 1.2 61.7 17.0 2.1
1979/80 22.6 3.2 1.6 8.5 1.2 1.2 34.0 2.1 0

Table 4a. Regression of 7 -aminobutyric acid (m M /L) on proline, alanine, valine, lysine, aspartic acid, arginine, and 
glycine (m M /L) for each of 3 growing seasons for Israeli orange juice

Growing
season

No. of 
samples

Coefficients Squared 
multiple 

correlation ( R2)Constant Proline Alanine Valine Lysine Aspartic Arginine Glycine

1976/77 62 0.56 0.133 - 0 .53 1.48 -0 .4 8 0.011 0.18 3.62 0.85
1978/79 82 0.98 0.127 - 0.57 0.08 0.70 0.02 0.18 2.26 0.85
1979/80 47 0.57 0.074 -0 .8 4 3.78 2.22 0.26 0.13 0.89 0.79

Table 4b. Percent of samples that exceed 1, 2, and 3 standard deviations from regression line

Samples tested from growing season
Regression 
based on 
growing 
season

1976/77 1978/79 1979/80

1SD 2SD 3SD 1SD 2SD 3SD 1SD 2SD 3SD

1976/77 30.6 8.1 0 31.7 9.8 1.2 63.8 27.7 4.3
1978/79 45.2 1.6 0 29.3 3.7 1.2 57.4 25.5 2.1
1979 /80 19.4 1.6 0 24.4 2.4 1.2 27.7 8.5 0
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Q u a lity  C o n tro l
T w o  p rin c ip le  concepts in  q u a lity  contro l are

(a) producer's ris k — the p ro b ab ility  that a batch  
o f pure  juice w i l l  be rejected as adu lterated , (b) 
Consum er's risk— the pro bab ility  that a batch of 
adu lterated  juice w i l l  be accepted as pure. Id e ­
a lly , both these risks should be zero.

U sua lly  q u a lity  contro l is app lied  to products  
in  w h ic h  each item  tested can be id e n tif ie d  as 
defective or not. The risks then  re fer to the  
percentages o f defectives a llow ab le  before re ­
jecting the batch or lot. H o w ever, as long as the  
a du lte ra tio n  is produced by add ing  o n ly  char­
acteristics that appear in  the pure juice, there is 
no absolute m ethod  o f d iffe re n tia tin g  pure and  
adu lterated  juice.

T here fo re , the risks w h e n  ap p lied  to testing  
ju ice m ust re fe r to p robabilities  o f correctly  
classifying  the juice as pure  or not pure.

W e have show n above tha t there is great d if ­
fic u lty  in  m o d e llin g  the  d is trib u tion  of charac­
teristics of pure  juice. In  a test for adulterations, 
L ifs h itz  et al. (17) chose characteristics whose  
values had lo w  coefficients o f va ria tio n , gave 
reproducible and dependable results, had sim ple  
procedures for assaying, d id  not change over the 
en tire  season, and d id  not change w ith  pasteur­
iza tio n  or storage. These are m in im a l req u ire ­
ments for characteristics used in  a quality  control 
procedure.

T h e  firs t concern of any procedure is to l im it  
producer's risk. Falsely id e n tify in g  pure  juice 
as adu lterated  can cause severe m onetary  loss 
( in c lu d in g  loss o f rep uta tio n ). T h ere fo re , ac­
ceptable lim its  must be set to reject pure juice no 
m ore than 1% and preferably less than 0.1%. W e  
p o in t out that q u a lity  contro l lim its  are usually  
set at 3 standard devia tions w h ich  corresponds  
to 0.26%. O u r reason fo r using a m ore extrem e  
l im it  is that the d is trib u tio n  o f the values o f a 
characteristic is not n orm al, as assumed by m any  
statistical tests. H ence , m ore extrem e values  
occur m ore o ften  than  is ind icated  by statistical 
theory . S etting  a m ore extrem e lim it  (such as 
0 .1%) compensates fo r the n o n -n o rm a l d is trib u ­
tion .

Such a lo w  va lue  fo r producer's risk causes 
w id e  lim its  fo r accepting a sam ple as pure. In  
o th er w ords, the chance o f re jecting a single  
sam ple o f adu lterated  juice is poor and  the con­
sumer's risk is great. H ow ever, if  m ore than one 
sample is assayed, the producer's risk rem ains the 
same, but the consumer's risk decreases. Hence, 
q u a lity  contro l procedures describe h o w  m any  
samples need to be assayed to achieve specified  
consum er and producer risks.

A  m ajor fau lt in  m any o f the procedures p ro ­
posed fo r citrus juice is that they  presum e to 
app ly  to a s ing le  sam ple. The procedures used 
fo r citrus juice should p ara lle l procedures fo r  
o th er products in  term s o f q u a lity  contro l p ro ­
cedures except that the decis ion— pure  or ad u l­
tera ted — is based on a statistical test.

S ta tistica l T ests

I t  is possible to adapt availab le  statistical 
m ethods to testing w h e th e r citrus juice is pure  
(17, 18). H o w ev e r, a ll m ethods req u ire  com ­
p aring  a n ew  sam ple to p rev iou s ly  collected  
samples o f pure juice (a base sam ple). To the  
extent that the base sample is not representative  
o f the source from  w h ic h  the n e w  sam ple is 
d raw n, the test w ill  have no va lid ity . That is, the 
base sample should be (a) from  the same variety,
(b ) selected at random  over the en tire  g ro w in g  
season, (c) selected from  several g row ing  seasons, 
i f  n o t from  the current season. This im plies that 
the base sample for the test must be specific to the 
sam ple being  tested and not a sam ple o f juice  
fro m  u n k n o w n  sources taken in  some previous  
year. H ence producers should  cooperate in  
m ak in g  ava ilab le  a base sam ple to the con­
sum er.

A  second p roblem  is that the d is trib u tio n  of 
the values o f the characteristic m ay not be ap­
propriate to the assumptions of the statistical test. 
T h is  can be v e rif ie d  by separating the base sam­
p le  ra n d o m ly  in to  2 parts. The firs t part is used 
as the  base sam ple and the second is tested as if  
it  consisted o f samples o f juice o f u n k n o w n  
qua lity . I f  the test is reliab le, the results w i l l  be 
s im ilar to those expected by the statistical theory. 
Even w ith  the above checks, i f  too m any rejec­
tions are obtained  in  a g iven  g ro w in g  season, it 
m ay be ind ica tive  of changed en v iro n m en ta l 
conditions rather than adulteration. Therefore, 
a n ew  base sam ple m ay be needed.

I t  is necessary to develop  a statistical test that 
w i l l  o n ly  ra re ly  reject samples o f pure  juice, yet 
w i l l  have a good chance o f re jecting samples of 
adulterated juice. W e believe that such a test can 
be developed; how ever, it  w i l l  be necessary to 
test several samples at one tim e in  o rder to reach 
a conclusion w h e th e r juice is pure  o r ad u lte r­
ated.

A c k n o w le d g m e n ts
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In s titu tio n  o f Israel. The paper presents the



788 BROWN & COHEN: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 3, 1983)

opinions of the authors and not necessarily those 
o f th e  M in is try .

References

(1) Wallrauch, S. (1980) Flüssiges Obst 47, 47-57
(2) Brown, M. B„ Cohen, E„ & Volman, L. (1981) Ind. 

Aliment. Agric. 98(3), 181-189
(3) Richard, J. P„ & Coursin, D. (1978) Bios 11, 9-19
(4) Rolle, B. A., & Vandercook, C. E. (1963) J. Assoc. Off. 

Agric. Chem. 46, 362-365
(5) Richard, J. P., & Coursin, D. (1979) Ind. Aliment. 

Agric. 96, 89-95 (lere partie) and 433-440 (2eme 
partie)

(6) Richard, J. P., & Coursin, D. (1979) Flüssiges Obst 
46, 263-273

(7) Ara, V., & Törok, M. (1980) Ind. Obst Gemuseverwert. 
65,297-300

(8) Methods o f the Analysis of Citrus Juices (1980) Min­
istry of Industry and Trade, Institute of Quality 
Control and Extension Services for the Food In­
dustry, Tel-Aviv, Israel

(9) Dixon, W. J., & Brown, M. B. (1979) B M D P  Bio­
medical Com puter Program s, P-Series. University of 
California Press, Berkeley, CA

(10) AFNOR (1976) Jus d'orange—Specifications NF 
V 76-005, AFNOR-Association Française de 
Normalisation, Paris, France

(11) Beillig, H. J., Faethe, W„ Koch, J., Wallrauch, S„ 
& Wucherpfennig, K. (1978) Flüssiges Obst 45, 
433

(12) Koch, J. (1979) Flüssiges Obst 46,212-216
(13) Wallrauch, S. (1981) Flüssiges Obst 48,197-202
(14) Cohen, E. (1981) Flüssiges Obst 48, 319-320
(15) M iller, R. G., Jr (1966) Sim ultaneous Statistical In­

fe r e n c e , McGraw-Hill, New York, NY
(16) Richard, J. P. (1977) International Congress of 

Fruit Juices, Meran, May 18-21, 1976 (Proceed­
ings), 247-268. 14th Int. Federation of Fruit Juice 
Producers, Zoug (Switzerland)

(17) Lifshitz, A„ Stepak, Y„ & Brown, M . B. (1974) /. 
A ssoc. O ff. A nal. Chem . 57, 1169-1175

(18) Schatzki, T. F„ & Vandercook, C. E. (1978) /. Assoc. 
O ff. A nal. C hem . 61,911-917



PEREZ: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 3, 1983) 7 8 9

PESTICIDE FORMULATIONS

Simultaneous Determ ination of Folpet, Piperonyl Butoxide, and 
Pyrethrins in Aerosol Form ulations by High Pressure Liquid 
Chromatography

R A F A E L  L . P E R E Z * 1
R o c h e -M a a g  L td ,  B a n k s to w n , 2 2 0 0  N e w  S ou th  W a le s , A u stra lia

A high pressure liquid chromatographic (HPLC) 
method is described for the simultaneous determi­
nation of folpet, piperonyl butoxide, and pyrethrins 
in aerosol pesticide formulations. The aerosol pro­
pellants are removed from the can and the remaining 
components are determined by HPLC, using an Ul­
trasphere 5 f im ODS reverse phase column and a UV 
detector at 254 nm. Recoveries for the 3 components 
are greater than 98%.

F o lpet, N -[(tr ic h lo ro m e th y l)th io ]p h th a lim id e , 
is a p ro tective fun g ic id e  that is com m only  used 
fo r the contro l o f app le scab, rose m ild e w , rose 
black spot, and  cherry  lea f spot. It  is also used 
fo r fun g a l contro l in  paints and plastics. P ip er­
onyl butoxide and pyrethrins are com m only used 
insecticide com binations. Form ulations con­
ta in in g  fo lp et, p ip e ro n y l butoxide, and p y re th ­
rins are curren tly  being evaluated for com bined  
fu n g ic id a l and  insecticidal ac tiv ity . For both  
q uality  control and stab ility  study purposes, it  is 
o f interest to be able to d eterm ine  a ll 3 com po­
nents in  a fo rm u lated  product.

A lth o u g h  num erous publications have d e­
scribed the determ ination  of p ip ero ny l butoxide  
and p yre th rin s  in  various form u lation s, few  of 
these form ulations included  folpet; in  fact, there  
is l it t le  in  the lite ra tu re  concern ing the d eter­
m in a tio n  o f fo lp et in  fo rm u lation s. Pom erantz  
et al. ( 1 ) used gas-liqu id  chrom atography (G LC ) 
on an XE -60 o r QF-1 co lum n fo r the separation  
and determ ination  of captan, folpet, and captafol 
in  crops. Bevenue and O gata (2) also used an  
XE-60 co lum n fo r the G LC  separation o f captan  
and folpet. A  m ethod for d eterm in in g  fo lp et by 
in fra red  spectroscopy is described in  the EPA 
Manual of Chemical Methods for Pesticides and De­
vices (3). Zadrozinska (4) used th in  layer chro­
m atography and Penicillum cyclopium fo r the  
separation and  detection  o f 8 pesticides in c lu d ­
in g  fo lp e t residues in  fru its  and vegetables. 
Hoodies et al. (5) investigated the separation and

Received May 17, 1982. Accepted September 22,1982.
1 Address for correspondence: 45 Hart St., Dundas, 2117

N.S.W., Australia.

U V  detection  o f 30 pesticides; h ow e v e r, few  
q uantita tive  data w ere  presented.

M o reo ver, a lthough  these authors used a l in ­
ear g rad ien t e lu tion  o f 25 -75%  a ce to n itrile  in  
w a ter on a 5 g m  O D S -bonded  silica colum n  
(Spherisorb O D S ), the tim e  set to increase from  
25 to 75% acetonitrile  was not stated. Carlstrom
(6 ) investigated  the separation o f fo lp e t fro m  17 
pesticides by using norm al phase H P L C , and a l­
though he conducted a collaborative test, this test 
was p erfo rm ed  on samples con ta in ing  fo lp et as 
the o n ly  pesticide. Q uan tita tive  data fo r the  
other pesticides investigated  w ere  not g iven .

T he  procedure described here a llow s the si­
m ultaneous d ete rm ina tion  o f fo lp et, p ip e ro n y l 
butoxide,- and p yre th rin s  in  the presence o f 
com m only  used em ulsifiers  in  aerosol fo rm u la ­
tions by reverse phase H P L C  using  acetoni­
t r ile -w a te r  (65 +  35) con ta in ing  0 .0 05 M  pen - 
tanesulfon ic  acid as e luant.

METHOD

R eag en ts  a n d  A pparatu s

(a) Solvents.— A c e to n itr ile , H P L C  grade  
(Burdick &  Jackson, from  A lltech  Assoc., Sydney, 
A ustralia ). E th y l acetate and m ethan o l, U n iv a r  
g rade (A jax C hem icals , S ydney, A u stra lia ). 
0 .2 5M  1-pentanesu lfon ic  acid in  g lacia l acetic 
acid (W aters Associates, Sydney, A ustralia ).

(b) Mobile phase.— 65% aceto n itrile  in  w ater, 
0 .005M  in  pentanesulfon ic  acid. To 650 m l  ac­
e to n itrile , add 350 m L w ater contain ing  one v ia l 
pentanesu lfon ic  acid solution.

(c) Pesticide standards.— Folpet (99.9%  pure, 
C h evron  C hem ical Co., San Francisco, C A ); p i­
p ero n y l butoxide (99.8% pure); p y re th rin s  (50%  
solu tion  in  an a liph atic  hydrocarbon  solvent, 
Coopers Laboratories, Sydney, A ustra lia ).

(d) High pressure liquid chromatograph.— Waters 
M o d e l 6000 A  solvent d e liv e ry  system , U 6 K in ­
jector, and M o d e l 450 variab le  w av e le n g th  de­
tector (W aters Associates). U V  detector coupled  
to L in ear In s tru m en t M o d e l 300 Series recorder 
(A c tivo n  S cientific  Services, G ra n v ille , A ustra-
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Table 1. Recovery of folpet, pyrethrlns, and piperonyl butoxide from aerosol formulations a

Folpet Pyrethrins Piperonyl butoxide

Added,% Found,% Rec., % Added,% Found,% Rec., % Added, % Found,% Rec., %

0.50 0.48 96.0 0.100 0.100 100.0 0.35 0.35 100.0
0.50 0.50 100.0 0.100 0.102 102.0 0.35 0.34 97.1
0.50 0.50 100.0 0.100 0.097 97.0 0.35 0.34 97.1
0.57 0.55 96.5 0.150 0.148 98.7 0.40 0.41 102.5
0.57 0.58 101.8 0.150 0.148 98.7 0.40 0.40 100.0
0.57 0.56 98.2 0.150 0.151 100.6 0.40 0.41 102.5
0.65 0.65 100.0 0.200 0.200 100.0 0.45 0.44 97.8
0.65 0.64 98.5 0.200 0.206 103.0 0.45 0.45 100.0
0.65 0.64 98.5 0.200 0.202 101.0 0.45 0.44 97.8

Av. rec.., % 98.8 100.0 99.4
SD 1.84 1.83 2.12
Coeff. of var, % 1.86 1.83 2.13

Each recovery value represents the mean of duplicate 25 ;uL Injections.

lia). C olum n: A ltex  U ltrasphere reverse phase 
O D S , 5 f i m , 25 cm X 4.6 m m  id  (Edwards In s tru ­
m en t Co., Sydney, A ustra lia ). Use 25 p L  H a m ­
ilto n  syringe (W aters Associates) fo r in jection . 
C hrom atograph ic  conditions: m o b ile  phase,
a c e to n itr ile -w a te r (65 +  35) co n ta in ing  0 .005M  
pentanesulfon ic  acid; f lo w  rate, 2 m L /m in ;  de­
tector; U V  at 254 nm  and 0.1 AUFS; chart speed, 
0.5 c m /m in .

P rep a ra tio n  o f  S ta n d a rd

A ccurately  w e ig h  0.1 g p yre th rin s  (50.0% so­
lu tio n ) and 0.26 g p ip ero n y l butoxide in to  sepa­
rate 100 m L vo lu m etric  flasks and d ilu te  each to 
vo lu m e  w ith  m ethanol. In to  ano ther 100 m L  
vo lum etric  flask, accurately w e igh  0.036 g fo lpet 
and  dissolve in  ca 10 m L e th y l acetate. To this  
fo lpet so lu tion , transfer 10 m L of each of the  
pyrethrins and p iperonyl butoxide solutions and  
d ilu te  so lu tion  to vo lu m e w ith  m ethan o l. This  
w o rk in g  standard contains 0.005% p yre th rin s , 
0.026% p ip e ro n y l butox ide , and 0.036% folpet.

P rep a ra tio n  o f  S a m p le

Accurately  d e te rm in e  gross w e ig h t o f a fu ll  
aerosol can and  re frigera te  the can 3 h at 4°C . 
Rem ove can fro m  re frig e ra to r and im m ed ia te ly  
pierce top to relieve gas pressure. O pen  top w ith  
can opener and  place can in  4 0 °C  w a te r bath to 
dispel any rem a in in g  propellants.

Using several portions of ethyl acetate, transfer 
residue in  can to a 250 m L  vo lu m etric  flask and  
d ilu te  to vo lu m e w ith  e th y l acetate. D ilu te  a 1 
m L  a liqu ot o f this so lu tion  to 25 m L  w ith  m eth ­
anol in  a vo lu m etric  flask. D ry  can and re ­
w e ig h . Subtract th is w e ig h t from  gross w e ig h t  
to obtain  n et contents w e ig h t, w h ic h  is also 
sam ple w e ig h t.

D e te r m in a t io n

Using chrom atographic conditions previously  
described, m ake dup licate  25 p L  in jections of 
both standard and sample solutions. Each set of 
d up licate  injections should  agree w ith in  ± 2 %. 
Calculate average peak areas (or heights) o f the  
fo lp e t and p ip ero n y l butoxide peaks and  the  
m ain p yre th rin  peak for the duplicate injections  
o f both standard and sam ple solutions. Calcu­
late percentage o f each com ponent

% ( w /w )  =  ( A ' / A )  X  C X  (2 5 /1 0 0 )

X 250 X  %P X (1 0 0 /W )

w here A  and A '  =  peak areas (height) o f standard  
and sam ple, respectively; C =  concentration  of 
standard (g /1 0 0  m L solvent); %P =  percent pu ­
r ity  of standard; and W  =  w e ig h t of can contents

(g)-
A p p ly  the above re la tionsh ip  to the peaks 

corresponding to folpet, p iperonyl butoxide, and  
p y re th rin , respectively.

R esults and  D iscussion

Standard solutions o f fo lp et, p ip e ro n y l bu ­
toxide, and pyreth rins  w ere used to establish the  
chrom atographic conditions necessary fo r sep­
arating these components and determ in ing  the ir 
re ten tion  times.

Because com m ercial p yre th rin s  consist o f p y ­
re th rins  I  and I I ,  as w e ll as lesser am ounts of 
c in erin  and jasm olin , the re ten tio n  tim e  as w e ll 
as a ll subsequent calculations are based on the  
m ajor earliest e lu tin g  p y re th rin  peak.

The re ten tion  tim es of fo lpet, p ip e ro n y l bu ­
toxide, and  p yre th rin s  (m ain  peak) are 4.0, 7.2, 
and 10 .0  m in , respectively.

Aerosol cans w ere  prepared in  trip lica te ,



PEREZ: J. ASSOC. OFF. ANAL. CHEM. (VOL. 66, NO. 3, 1983) 7 9 1

TIME (min)
Figure 1. Chromatogram of standard working so­
lution: folpet (A), piperonyl butoxide (B), main py- 
rethrins peak (C). Conditions as described in Re­

agents and Apparatus.

Figure 2. Chromatogram of typical aerosol can 
containing folpet (A), piperonyl butoxide (B), py- 
rethrins (C). Sample treatment and conditions as 

described in Method.

con ta in ing  fo lpet, p ip e ro n y l butoxide, and py- 
re thrins  in  the concentrations show n in  Table 1. 
The rem a in in g  can contents consisted of e m u l­
sifiers and p ro p e llan t gas. Each can was ana­
lyzed  by the m ethod  described above. Recov­
eries fro m  the various cans are also show n in  
Table 1. M ea n  recovery over the concentration  
range studied fo r each com ponent is fo lpet,

98.8%; p yre th rin s , 100%; p ip e ro n y l butoxide, 
99.4%. F igure 1 is a chrom atogram  o f the 
w o rk in g  standard m ix; F igure 2 is a chrom ato­
gram  of the contents o f a typ ica l aerosol can 
treated as described above. As previously stated, 
w h e n  the concentration  of p yre th rin s  is d eter­
m in ed  in  the above fo rm u la tio n , the h e ig h t of 
the m ain p yre th rin  peak is used in  the calculation
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because p yre th rin  extract consists m a in ly  o f es­
ters o f p yre th ro lon e  (p yre th rin s ) and esters of 
cinero lone. As the re la tive  am ounts o f in g re ­
dients in  com m ercial extracts m ay vary , it  is es­
sential that the re la tive  am ounts o f each com ­
p onen t in  the standard m atch those of the com ­
m ercial extract used in  the fo rm u la tio n  i f  errors  
are to be avoided. W e  used the  technical m ate­
rial actually used in  the preparation of the aerosol 
cans as a standard fo r m o n ito rin g  the com posi­
tio n  o f the can contents.

C o n c lu s io n

A  re latively  sim ple and accurate procedure has 
been developed  fo r the s im ultaneous d ete rm i­
nation  of fo lpet, p ip e ro n y l butoxide, and p y­
re thrins  in  aerosol concentrates and aerosol cans

con ta in ing  these com ponents in  ad d itio n  to 
com m only  used em ulsifiers. In  the concentra­
tio n  range studied, recovery of each com ponent 
is greater than 98%.
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Reverse Phase Radial Compression High Performance Liquid 
Chromatographic Determ ination of Rotenone in Formulations

R O D N E Y  J. B U S H W A Y
University o f  M aine, D epartm ent o f  Food Science, O rono, M E 04469

This paper describes a reverse phase radial compres­
sion high performance liquid chromatographic 
(HPLC) method to determine rotenone in pesticide 
formulations. Formulations are extracted in dioxane 
by gentle swirling while sonicating for 5 min. A 10 
jiL aliquot is injected into the HPLC system equipped 
with a radial compression unit (Z module) containing 
a /rBondapak Cis Radial-Pak column. The mobile 
phase is acetonitrile-m ethanol-tetrahydrofuran- 
water (34 +  30 +  1 +  35). Rotenone is monitored at 
280 nm. Retention time for rotenone is approxi­
mately 7 min with total analysis time of 20 min. For 
5 different products analyzed 11 times each, the per­
cent coefficients of variation were all below 1.65. No 
interferences from 11 other rotenoids and 8 pesticides 
which are sometimes formulated with rotenone were 
observed.

T he  analysis o f ro tenone, a n a tu ra lly  occurring  
insecticide, in  pesticide fo rm u lations by h ig h  
perform ance liq u id  chrom atography was first 
develo ped  using n orm al phase (silica) chrom a­
tograp hy  (1). Because o f the in s tab ility  o f silica  
colum ns, a reverse phase separation was d eve l­
oped in  1977 to analyze  ro tenone form u lation s  
(2). E lu tio n  tim e o f ro tenone using the  norm al 
phase and  reverse phase m ethods was 12 and 17 
m in , respectively. In  ad d itio n  to the lon g  an a l­
ysis times, the extraction m ethods developed for 
each w ere  len g th y .

This  paper describes a reverse phase rad ia l 
com pression H P L C  m ethod  that can be used to 
m easure ro tenone in  pesticide fo rm u lations  
ra p id ly  and accurately. To ta l analysis tim e , in ­
c lud ing  sam ple preparation  and extraction, is 
app ro x im ate ly  20  m in .

M E T H O D

A p p a r a t u s  a n d  R e a g e n t s

(a) H ig h  p e r fo r m a n c e  liq u id  c h r o m a t o g r a p h .—  
W aters Associates (M ilfo rd , M A ) 6000A  pum p, 
U 6 K septumless in jector, Schoeffel variab le  
w a v e le n g th  U V  detector (W estw ood, NJ), and  
O m n i-S crib e  recorder (H ou sto n  In s tru m en t, 
A u stin , T X ). O p era tin g  conditions: in jection  
vo lu m e, 10 p L ;  f lo w  rate, 2.5 m L /m in ;  w ave-

Received June 4,1982. Accepted July 7, 1982.
R. J. Bushway is the Associate Referee on Rotenone and 

Other Rotenoids.

len g th , 280 nm ; absorbance range, 0.4 A U FS; 
recorder setting, 10 m V ; chart speed, 1.0 c m / 
m in .

(b ) C h r o m a to g ra p h ic  c o lu m n . — 10 cm X  8  m m  
id  p o lye th y len e  co lum n con ta in ing  pBondapak  
Cig Radial-Pak (W aters Associates).

(c) M o b i le  p h a s e .— A c e to n it r i le -m e th a n o l-  
te tra h y d ro fu ra n -w a te r (34 +  30 +  1 +  35). A ll  
solvents H P L C  grade (F isher S c ien tific , Fair 
L aw n , NJ).

(d ) S a m p le  e x tr a c t io n  s o lv e n t .— Reagent grade  
dioxane (F isher Scientific).

(e) R o t e n o n e  s ta n d a r d  s o lu t io n .— W e ig h  20 m g  
99% rotenone (A ld rich  C hem ical Co., Inc ., M i l ­
w aukee, W I)  in to  actinic 50 m L  vo lu m etric  flask  
and d ilu te  to volum e w ith  reagent grade dioxane 
(actinic glassware is necessary because rotenone  
degrades read ily  in  most types o f lig h t).

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

(a) D u s t .— W eigh  sample equ iva len t to 20 mg  
ro tenone in to  glass-stopper E rlenm eyer flask. 
P ip et 50 m L dioxane and sonicate 5 m in  w h ile  
s w irlin g  g en tly . Let settle and  f ilte r  5 -1 0  m L  
a liqu o t th rough  0.45 p m  f i lte r  (M illip o re  Corp ., 
Bedford, M A ). In ject 10 p L  in to  H P L C  system.

(b) L iq u id .— W eig h  sam ple equ iva len t to 20 
mg rotenone into glass-stopper Erlenm eyer flask. 
Pipet 50 m L dioxane and shake to dissolve liqu id . 
F ilte r th rou gh  0.45 jim  f i lte r  (M illip o re  Corp .). 
In ject 10 p L  in to  H P L C  system.

D e te r m in a t io n

In ject standard fo llo w e d  by 2 injections of 
sam ple and fin a lly  inject ano ther standard. 
M easure peak heights, average, and  substitute  
in to  fo rm u la  below:

% Rotenone =  ( H / H ' )  X  ( W ' / W )

X  %  p u r ity  o f std

w h e re  H  and H '  =  average peak heights  o f sam­
p le  and standard, respectively; W ' =  g ro tenone  
s ta n d a rd /50 m L; and W  =  g sam ple extracted.

R esults and D iscussion

Five com m ercial fo rm u lations (a representa­
tive  sam pling  o f ro tenone form u lations) w ere  
analyzed  by rad ia l com pression H P L C . The
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C

Figure 1. Liquid chromatogram of 10 /j,L commercial 
sample: a, rotenolone; b, tephrosin; c, rotenone; d, 

deguelin. See Method for operating conditions.

fo rm u lation s  varied  in  the am ount o f ro tenone, 
o ther ro tenoids, and pesticides. Sam ple 1 was 
a liq u id ; the others w ere  dusts. A m o u n t o f ro ­
tenone guaranteed varied  from  a lo w  o f 0.75% to 
a h ig h  o f 20%, w h ile  the q u an tity  o f o th er ro ­
tenoids present ranged fro m  0.75% to 10%. 
Sam ple 5 was also fo rm u lated  w ith  4.7% captan,
0 . 3% o f o th er captan d eriva tives , and  5% 
m ethoxychlor.

A  typ ical chrom atogram  o f an H P L C  separa­
tion of a rotenone form ulation  is shown in  Figure
1. Rotenone eluted  in  approxim ately  7 m in  and  
was preceded by retenolone and tephrosin, w h ile  
d eg ue lin  was the last m ajor ro ten o id  to elute  
from  the colum n. These 3 rotenoids are the ones 
n orm ally  form ulated  w ith  rotenone, but several

others could be present. Thus, any m ethod  fo r  
ro tenone analysis must be able to separate ro ­
tenone fro m  o ther rotenoids. Tab le  1 gives the  
relative retention  times of 11 rotenoids that could  
be present in  ro tenone form u lations. N o n e  of 
these rotenoids was observed to in te rfe re  w ith  
ro tenone analysis, but i f  d ih y d ro d e g u e lin  was 
present at h ig h  levels, it  could in terfe re  w ith  the  
d ete rm ina tion  o f ro tenone. H o w ev e r, d ih y ­
d ro degu e lin  w o u ld  n o t be present at h ig h  con­
centrations in  ro tenone form ulations.

Rotenone is sometimes form ulated  w ith  o ther 
pesticides such as carbaryl (1 -n ap h th o l m ay be 
present as the b reakdow n  product), fo lp et, cap­
tan , d ifo la tan , m ethoxych lo r, p ip e ro n y l butox- 
ide, and pyrethrins. Retention times re la tive  to 
ro tenone of these pesticides are show n in  Table
1. L ike  the  rotenoids, none o f these pesticides  
in te rfe re d  w ith  ro tenone analysis.

A  recovery study was not p erfo rm ed  because 
in  a previous m ethod  (2) it had been d em on ­
strated that dioxane w ith  1V2 h on a rotary shaker 
extracted ro tenone w ith  a recovery o f 96%. 
H o w ever, the new  ultrasonication procedure was 
com pared w ith  the ro tary  shaker m ethod . A ll  
samples w ere  extracted in  dup licate  so each fo r­
m u la tio n  could be analyzed  using both  proce­
dures. Each extraction m ethod  (w ith in  exp eri­
m en ta l error) gave the same percent ro tenone  
values, in d ic a tin g  tha t the  u ltraso n ica tio n  
m ethod  was a good w ay  to extract ro tenone fo r­
m ulations.

In  a previous m ethod  (2), the lin e a r ity  o f ro ­
tenone in  a reverse phase system had been  
show n. In  rechecking this lin e a r ity , i t  was ob­
served that the concentration  o f ro tenone could  
be calculated using the peak h e ig h t by d irect 
com parison w ith  the standard.

Table 1. Relative retention times for rotenoids and pesticides and their degradation products that could be present in
rotenone formulations

Pesticide or
Rotenoid RR product RR

L-Elliptone 0.61 Carbaryl
Rotenolone 0.75 1-Naphthol
Tephrosin 0.82 Captan
Rotenone 1.00 Folpet
Dihydrodeguelin 1.09 Difolatan
Deguelin 1.12 Rotenone
Sumatrol 1.43 Methoxychlor
Toxicarol 1.67 Piperonyl butoxide
Isorotenone 1.78 Pyrethrins
Dehydrorotenone 2.07
Rotenonone 2.39
Dehydrodeguelin 2.49

0.42
0.49
0.63
0.83
0.89
1.00
0.58, 0.60, 1.46, 1.57, 2 .42s
0.57, 0.68, 0.81, 1.25, 1.36, 1.53, 1.69, 1.90, 2 .42s
1.81, 1.98, 2.47, 2.67s

Principal peak.
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Table 2. Analysis of rotenone formulations

Sample
Formulated,

%
Found,3

%
CV,
%

1 Liquid 5.00 4.84 1.32
2 Dust 20.00 18.37 1.58
3 Dust 5.00 4.86 1.63
4 Dust 1.00 0.99 0.91
5 Dust 0.75 0.89 1.46

3 Means of 11 different determinations for each sample.

To dem onstrate the re p ro d u c ib ility  o f this  
H P L C  m ethod, 5 com m ercial form ulations w ere  
ana lyzed  11 tim es each fo r th e ir  ro tenone con­
tent. The analyses w ere perform ed over a period  
of 6  days w ith  2  analyses o f each p erfo rm ed  the  
firs t 5 days and 1 on the last day. The results are 
g iven  in  Table 2. M eans fo r 3 o f the samples 
w ere close to the guarantee values w h ile  one was 
over-form ulated  and one was under-form ulated . 
T he  percent coefficients o f va ria tio n  w ere  ex­

ce llen t w ith  a ll b e lo w  1.65%, in d ica tin g  tha t the  
m ethod  fro m  day-to -day is v e ry  reproducib le .

The linearity  of rotenone is such at 280 nm  that 
h ig h e r or lo w e r concentrations could  be m ea­
sured using this m ethod . A lso  fo r lo w  levels of 
ro tenone, this m ethod  has the sens itiv ity  re­
q u ired  fo r residue m ethods (8  ng  could  be de­
tected using an a ttenuation  o f 0.02 A U F S ), p ro ­
v id ed  there are no interferences.

In  conclusion, th is  H P L C  m ethod  fo r the  
analysis o f ro tenone fo rm u lation s  is s im ple, 
rap id , and precise. Sam ple extraction  and  e lu ­
tion  tim e  o f ro tenone is m uch shorter than  w ith  
the previous methods (1, 2). Radial compression 
offers rap id  h ig h  perform ance liq u id  chrom a­
tography.
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High Performance Liquid Chromatographic Analysis of Rotenone 
Formulations: Collaborative Study

RODNEY J. BUSH WAY
University of Maine, Department of Food Science, Orono, M E 04469

Collaborators: M. J. Bennett; W. R. Betker; R. Bolduc; A. Burns; A. A. Carlstrom;
E. Cuan; P. J. Doherty; R. S. Freedlander; J. B. Fugere; G. M. Gentry; A. R. Hanks; 
W. E. Hodgins; P. D. Jung; W. King; J. E. Launer; V. J. Meinen; J. P. Minyard, Jr;
R. L. Polli; D. Porterfield; L. Schwamb; N. E. Skelly; R. W. Stringham; G. A. Wood

A collaborative study was conducted on a high per­
formance liquid chromatographic (HPLC) method for 
determining rotenone in formulations. One liquid 
and 4 dust samples, containing other rotenoids and 
pesticides, with rotenone guarantees ranging from 
0.75% to 20% were analyzed by 16 laboratories. Peak 
height measurements were used by 14 laboratories 
while 8 laboratories used integrator area measure­
ments. Samples were extracted on a rotary shaker for 
IV2 h with dioxane. An aliquot was analyzed using 
reverse phase HPLC and UV detection at 280 nm. 
Coefficients of variation ranged from 2.47 to 3.19% 
for peak height determinations and from 2.56 to 6.00% 
for peak area determinations. One collaborator an­
alyzed the samples by the official infrared method for 
a comparison. The HPLC method has been adopted 
official first action.

R otenone is a n atu ra lly  occurring  insecticide  
fou n d  in  m any legum inous species o f the genera  
D e n i s ,  L o n c h o c a r p u s , A m o r p h a ,  and T e p h ro s ia  (1). 
I t  is form ulated  w ith  a varie ty  o f o ther rotenoids  
and  pesticides, w h ic h  makes the analysis o f ro ­
tenone in  fo rm u lation s  ve ry  com plex.

O f  the m ethods availab le  fo r the d e te rm in a ­
tio n  o f ro tenone in  fo rm u lation s  ( 1 ), h ig h  p er­
form ance liq u id  chrom atography is p re ferred  
because it  is rap id , precise, and accurate and can 
separate ro tenone fro m  o th er rotenoids and  
pesticides. Analysis  o f ro tenone form u lation s  
b y  H P L C  was first p erfo rm ed  using norm al 
phase (silica) chrom atography (2). Because of 
the  in s tab ility  o f silica colum ns, a reverse phase 
separation was developed  in  1977 fo r ro tenone  
form u lations (3). A  m odification  of this m ethod
(3) was subjected to a co llaborative study w h ich  
is reported  h ere in .
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C o lla b o ra tiv e  S tu d y

C ollaborators w ere  fu rn ished  w ith  5 samples 
(Tab le  1) v a ry in g  in  ro tenone concentration , 
o th er ro tenoids, and pesticides and w ere  asked 
to analyze each in  duplicate. Also supplied w ere  
a m ethod , special instructions as to the injection  
fo rm at, a sam ple chrom atogram , ro tenone ana­
ly tica l standard, and report form s. Before be­
g in n in g  the study, each collaborator was asked 
to check the co lum n perform ance by an a lyz in g  
Sam ple 1, w h ic h  was the most d iff ic u lt  o f the 5 
to chrom atograph  accurately, and to adjust the  
m o b ile  phase i f  needed. This  separation was to 
be com pared w ith  the sam ple chrom atogram  
inc lu ded . Collaborators w ere  requested to use 
peak h e ig h t m easurem ents in  d ete rm in in g  the  
percent ro tenone and i f  possible to use peak area 
by e lectron ic  in tegra tio n , too. F in a lly  it  was 
asked that a ll data and chrom atogram s be re ­
tu rn ed .

R o te n o n e  in  F o rm u la tio n s  

L iq u id  C h ro m a to g ra p h ic  M e th o d  

O ffic ia l  F irs t  A ctio n

6 .D 0 5  Principle

Sam ple is extd w ith  d ioxane, and ro tenone is 
detd  by reverse phase H P L C  w ith  U V  detection  
at 280 nm .

6 .D 0 6  Apparatus and Reagents

(a ) L iq u id  c h r o m a t o g r a p h .— M 6 0 0 0 A  p um p, 
U 6K injector, M odel 450 variable U V  detector (all 
W aters Associates, Inc .), and O m n i-S crib e  re ­
corder (H ouston Instrum ent, A ustin , T X  78753), 
or equiv. system. O pera tin g  conditions: col­
u m n  am bient; f lo w  rate 1.0 m L /m in  fo r P artis il 
colu m n, 1.5 m L /m in  fo r Zorbax co lum n, 1.2 
m L /m in  fo r Bondapak colum n; in jection  vo l. 5
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Figure 6:D1. Liq. chromatogram of rotenone sample 
with Whatman column: a, rotenolone; b, tephrosin 

and an unknown; c, rotenone; d, deguelin.

p L  fo r Partis il co lum n and  10 p L  fo r others; de­
tector w avelen gth  280 nm ; absorbance range 0.4 
A U FS ; chart speed 1 c m /m in .

(b ) Chromatographic columns.— P a rtis il 5 
O D S -3 , 5 p m  partic le  size, stainless steel, 25 cm  
X  4.6 m m  id  (W hatm an  Inc ., C lif to n , NJ 07014). 
Zorbax C8, 10 p m  partic le  size, stainless steel, 25 
cm X  4.6 m m  id  (D u P o n t Co.). pBondapak Q s ,  
10 p m  partic le  size, stainless steel, 30 cm X  3.9 
m m  id  (W aters Associates, Inc.).

(c) Mobile phases.— Use LC  grade org. solvs 
(F isher S cien tific  C o.). Use glass-distd H 2O  
treated to rem ove o rg .co m p ds  by  passing th ru  
Cjg colum n system (M illip o re  Corp ., Bedford, 
M A  01730), or use H P L C  grade H 20 .  Use 
M e O H -H 20  (75 +  25), (68  +  32), and (66  +  34) for 
P artis il, Zorbax, and Bondapak, resp. I f  neces­
sary, adjust m o b ile  phase to g ive  adequate sepn 
of tephrosin , ro tenone, and deg uelin  in  test soln 
(Fig . 6:D 1).

(d ) Test soln.— A ccurate ly  w e ig h  p o rtio n  o f 
w e ll m ixed  sam ple o f N o xfish  Fish Toxicant or 
p ow d  cubé root ext (P enick  Co., L yn d h u rs t, NJ 
07071) contg ca 20 m g ro tenone in to  125 m L  g-s 
erlen m eyer. A d d  50 m L  d ioxane, and m ix.

(e ) Std soln.— A ccurate ly  w e ig h  ca 20 m g 99% 
pure rotenone (Penick Co.) in to  50 m L  vol. flask 
and d il. to vo l. w ith  d ioxane (reagent grade). 
Keep ro tenone fro m  lig h t or store in  actin ic  
glassware.

(f)  Sample extraction solvent.—R e a g e n t  grade  
dioxane.

6 .D 07  Preparation o f Sample

(a ) Solid formulations.— A cc u ra te ly  w e ig h

Table 1. Composition of 5 commercial formulations 
sent to collaborators

Sample
Rotenone,

%

Other
rotenoids,

%

Other
pesticides,

%

1 Liquid 5.0 10.0 0
2 Dust 1.0 0.05 0
3 Dust 5.0 0.10 0
4 Dust 20.0 5.0 0
5 Dust 0.75 0.75 4.7,a0.3,b

5.0C

a Captan.
6 Related derivatives of captan. 
c Methoxychlor.

p o rtio n  o f w e ll m ixed  sam ple contg ca 2 0  m g  
ro tenone in to  125 m L  g-s e rlen m eyer. P ip e t in  
50 m L dioxane, stopper, and shake 1 */2 h  on rotary  
shaker. Let settle and f ilte r  a liquot th ru  0.45 p m  
organic f ilte r  (M ill ip o re  C orp .), o r equ iv.

(b ) Liquid formulations.— Use same procedure  
as above, o m ittin g  ro tary  shaking  and  settling .

6 .D 0 8  Determination and Calculation

In ject std soln fo llo w e d  by 2 in jections of 
sam ple soln and ano ther in jection  o f std soln. 
M easure peak hts, average, and  calc, as fo l­
lows:

% Rotenone =  ( P H / P H ' )  X ( W ' / W )

X  % p u r ity  o f std

w h ere  P H  and P H '  =  av. peak hts o f sam ple and  
std solns, resp.; W ' =  g ro tenone s td /50 m L; and  
W  =  g sam ple extd.

R e su lts  an d  D iscu ss io n

Because ro tenone fo rm u lation s  contain  o th er  
ro tenoids and  o ften  o th er pesticides, ro ten o ne  
analysis is complex. Tephrosin, rotenolone, and  
d eg u e lin  are the rotenoids most p re va len t in  
ro tenone form ulations (F igure 6 :D 1 ). To obtain  
baseline separation o f ro tenone fro m  tephrosin  
and d eg u e lin , a co lum n in  good con d ition  w ith  
m any theoretical plates is requ ired . O th e r ro ­
tenoids such as d eh ydroro teno ne , ro tenonone, 
and  d e h y d ro d e g u e lin , w h ic h  also m ay be 
present, e lu ted  a fte r d eg u e lin , and in  some fo r­
m ulations m ay occur in  s u ffic ien t quantities  to 
cause problem s as la te -e lu tin g  peaks. T he  pes­
ticides that are som etim es fo rm u la ted  w ith  ro ­
tenone are carbaryl, folpet, d ifo latan, pyrethrins, 
p iperonyl butoxide, and m ethoxychlor. As w ith  
the rotenoids, none o f these com pounds in te r­
feres w ith  ro tenone analysis by H P L C  a lth ou gh
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caution must be used because com pounds lik e  
p ip ero n y l butoxide, m etho xych lo r, and  p yre th - 
rins have la te -e lu ting  peaks w h ich  can in terfere  
w ith  subsequent injections.

Sam ples for this study w ere  chosen to g ive  a 
representative sam pling  o f ro tenone fo rm u la ­
tions (Table 1). These form ulations varied  in  the  
am ount o f ro tenone, o th er ro teno ids, and  pesti­
cides. A ll  samples w e re  obtained  fro m  com ­
m ercial m anufacturers o f ro ten o ne fo rm u la ­
tions.

Table 2 presents the results of the collaborative  
study based on peak heights; in tegra ted  peak  
area results are show n in  Tab le 3. O n ly  3 o u t­
liers w ere  observed at the 98% confidence lim it  
for peak h eig ht determ inations. Coefficients of 
varia tio n  ranged fro m  2.47 to 3.19% w h ic h  are 
som ew hat h ig h e r than m any co llaborative  fo r­
m ulations m ethods. But considering  that there  
was no in te rn a l standard and  the com plex ity  of 
the separations was such that it  was v ir tu a lly  
im possible to have an in te rn a l standard, the  re ­
sults w ere  good.

Precision results from  peak area calculations  
w ere  n o t as good as peak h e ig h t calculations  
(Tables 2 and 3), a lth o u gh  the m eans fo r both  
w ere almost identical. Coefficients o f varia tion  
ranged from  2.56 to 6.00%. This greater variation  
was due to the fact that not a ll collaborators ob­
ta in ed  com plete separation betw een  tephrosin  
and rotenone. Thus, the variation was caused by  
the d iffe re n t ways that the collaborators p ro ­
gram m ed th e ir  in tegrators to m easure areas in  
this s ituation. The p ro blem  was not encoun­
tered w ith  peak h e ig h t analysis because e very ­
th ing  was measured the same w ay, from  baseline 
to baseline. F urth erm o re , 2 laboratories re ­
ported  peak area data so d iscrepant fro m  th e ir  
peak h e ig h t data that the area data w ere  d isre­
garded. A p p a re n tly  this was because o f m a l­
fu n c tio n in g  integrators. From  these results  
(Tables 2 and  3), the Associate Referee w o u ld  
recom m end using peak h e ig h t m easurem ents  
(baseline to baseline) for rotenone concentration  
i f  tephrosin  is not resolved fro m  rotenone. 
H ow ever, i f  both compounds are separated, then  
e ith er area or peak h e ig h t can be used. The data 
obtained from  the collaborators w here  tephrosin  
was resolved fro m  ro tenone support this state­
m ent.

Because o f the com plex nature o f this analysis, 
there w ere several comments from  collaborators. 
For the  most part, collaborators fou n d  the  
m ethod  s tra igh tfo rw ard  w ith  o n ly  m in o r pro b ­
lem s. C o llaborato r 2 had to a lte r the m obile  
phase fo r  the W h atm an  colum n fro m  75 +  25

(m e th a n o l-w a te r) to 70 +  30 to obtain  baseline  
separation o f ro tenone. This is a com m on oc­
currence in  H P L C  analyses because o f the w ay  
colum ns are m anufactured or because o f the age 
o f the co lum n. C o llaborator 6  had to purchase  
a n e w  co lum n a fte r an a lyzing  Sam ple 1 because 
o f e ffic iency  loss. Th is  was not encountered by 
o th er collaborators so the colum n m ust have  
been o ld  or defective. A lso, C o llaborato r 6  d id  
not have a gyratory shaker so he used a m agnetic  
s tirre r w h ic h  seemed to w o rk  w e ll. C o llabora­
tors 9 and 12 observed 2 peaks after in jecting  the  
rotenone standard. Both w ere injecting 20 p L  on 
a ¿tBondapak C is colum n. As reported  in  an 
e a rlie r paper (3), certain  volum es o f d ioxane on 
such a co lum n cause problem s. C o llaborato r 9 
decreased the in jection  vo lum e a fter con ferring  
w ith  the  au thor, w h ile  C o llaborato r 12 used 
m ethanol as the extraction and standard solution  
solvent. Th is  change d id  not affect the results. 
C o llab ora to r 7 noticed a colum n tem perature  
increase fro m  27.5 to 32.1 °C  along w ith  a steady 
increase in  peak h e ig h t o f the standard d u rin g  
the analysis. C o llaborato r 6  observed an in ­
crease in  peak h e ig h t fo r Sam ple 5 o n ly . This  
does not appear to be a m ajor p rob lem , b u t i f  a 
consistent increase in  peak height is encountered  
d urin g  the analysis, a tem perature control system 
m ay be appropria te . C o llaborato r 13 had d if f i ­
cu lty  w ith  Regis and  V arian  colum ns a lthough  
C ollaborators 4 and 8  used these colum ns w ith ­
out problem s. A g a in , the colum ns m ay have  
been o ld  o r defective. C ollaborator 14 observed 
the standard  deg rad ing  over a period  o f a w eek. 
Extrem e care must be used to keep rotenone from  
lig h t, so actinic glassware should be used. Also, 
one should  m ake sure the d ioxane is peroxide- 
free  because peroxides can also degrade ro ­
tenone.

Some collaborators m ade suggestions to im ­
p ro ve  the m ethod . Collaborators 2, 7, and 9 
reco m m ended  that the extracts be a llo w ed  to 
settle a fte r extraction  and be d irec tly  filte re d  
th ro u g h  the 0.45 f i m  f ilte rs  instead o f f ilte r in g  
through  W hatm an 2v paper fo llow ed  by the 0.45 
jum filte r . This  suggestion was adopted. C o l­
laborator 2  also recom m ended the use o f aceto­
n it r ile  instead o f m ethano l to obtain  lo w e r back 
pressures w ith  5 /um packing. Th is  m ust be 
th o ro u g h ly  exam ined  before a change can be 
m ade because o f possible interferences. H o w ­
ever, i f  it  w orks, it  should leng then  colum n life. 
Collaborator 7 suggested that the dioxane should  
be fresh ly  d is tilled  or checked fo r peroxides. 
Collaborator 9 as m entioned previously reported  
using  m ethano l in  place o f d ioxane fo r sam ple
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extraction . The results w ere  good w ith  m etha­
n o l. It  appears that m ethan o l could replace the  
m ore toxic dioxane. Furtherm ore, the author has 
tr ie d  a 5 m in  d ioxane u ltrasonication  o f these 
samples in  place o f the IV 2 h  shaking technique  
an d  the results w ere  com parable to the IV 2 h 
m ethod . Thus, the 5 m in  procedure is recom ­
m ended. This new  extraction has not been tried  
w ith  m ethan o l. Collaborators 6  and 7 reported  
tha t a 30 to 45 m in  in te rv a l should be used be­
tw een  sam ple injections because o f la te -e lu tin g  
peaks; such was the case w ith  samples 1 and 5. 
T h is  recom m endation  should  be fo llo w ed . F i­
n a lly , Collaborator 6 suggested that a sign ificant 
im p ro v e m e n t m ig h t be the a d d itio n  o f rep ro ­
d u c ib ility  requirem ents for sample and standard  
in jections; this was adopted.

Id e a lly , a co llaborative study should be orga­
n ized  such that a ll collaborators use the same 
conditions. H o w ev e r, this is d iff ic u lt  w ith  
H P L C  collaborative m ethods because o f the ex­
pense and w id e  va rie ty  o f in s tru m en ta tio n  and  
colum ns. W ith  th is in  m in d , this co llaborative  
study was designed to g ive collaborators a choice 
of 3 colum ns and 3 so lvent systems. Even w ith  
these choices, there w ere  3 o th er colum ns used 
in  this study. There w ere  also 6 d iffe re n t p um p  
and 7 d iffe re n t injection systems. T h e  injectors 
inc lu ded  variab le  loops, fixed  loops, and auto  
samplers. F urth erm o re , C o llaborato r 12 used a 
d iffe re n t extraction procedure, but obtained  
com parable results. N o n e  o f the  changes are 
consistent am ong the outliers. Thus, these 
variations are just added p roof of the ruggedness 
o f this m ethod.

C o llab orato r 16 ana lyzed  the samples by the  
offic ia l IR  m ethod. T he results w ere  as follows: 
1, 3.35%; 2, 0.92%; 3, 4.35%; 4, 16.7%; 5, 3.18%. 
Com pared to the results obtained from  the H P L C  
m ethod, the first 4 samples w ere  on the lo w  side 
w h ile  5 was on the h igh  side. Sample 5 was h igh  
because of interferences fro m  the o th er pesti­
cides. For samples contain ing  just ro tenone and  
the other rotenoids, it appears that the IR  m ethod  
gives results w ith  a lo w  bias and  samples con­
ta in in g  o th er pesticides m ay contain  in te rfe r­
ences fo r the IR  m ethod.

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

Because o f the com plexity o f rotenone analysis 
in  fo rm u lation s , the a lte rn a tive  m ethods a v a il­
able, the va rie ty  o f chrom atograph ic conditions  
used in  this study, and the good results obtained, 
it  is recom m ended  that the H P L C  m eth o d  be 
adopted o ffic ia l firs t action.
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High Pressure Liquid Chromatographic Determination of 
Fensulfothion: Collaborative Study

MARGIE E. OWEN
State Chemical Laboratory, PO Box 329, Auburn, AL 36830

Collaborators: O. O. Bennett, Jr; L. T. Chenery; C. J. Cohen; R. S. Freedlander;
G. M. Gentry; G. S. Grimes; W. E. Hodgins; V. J. Meinen; N. E. Skelly; D. Wright

A method for analyzing fensulfothion was tested by 
10 collaborators. Formulations were dissolved, or 
extracted from inerts, in methanol. Benzophenone 
was used as an internal standard. The solution was 
chromatographed on a Partisil-10 ODS-2, or equiva­
lent, reverse phase column, and detected at 230 nm. 
A mobile phase of methanol-water-phosphoric acid 
was used. The ratio of fensulfothion peak height to 
benzophenone peak height was calculated from the 
UV response and compared to the standard material 
for quantitation. A 15% granular formulation was 
analyzed as a matched pair. The results of one col­
laborator were outliers by the Dixon test. The coef­
ficient of variation for the granular formulation was 
1.6%. A matched pair of 63% spray concentrate 
samples was analyzed by 10 collaborators. The d if­
ference in results was an outlier for one collaborator; 
the coefficient of variation for the other collaborators 
was 1.5%. The method has been adopted official first 
action.

F e n s u lfo th io n  (D asan it; 0 ,0 -d ie th y l  0 - [ 4- 
(m e th y ls u lf in y l)p h e n y l]  phosphoroth ioate) is a 
com poun d  e x h ib itin g  both  insecticidal and ne- 
m atic ida l activ ity . F en su lfo th io n  k ills  both  in ­
sects and nem atodes p rim a rily  by contact ac­
tion .

Previous m ethods fo r the  d ete rm in a tion  o f 
fensulfo th ion  w ere nonspecific. O u r laboratory  
has successfully used h ig h  pressure liq u id  
chrom atograph y fo r a n a ly z in g  fen su lfo th io n  
fo rm u latio n s  fo r about 3 years, and has found  
tha t it  is a fast, precise m ethod.

C o lla b o ra tiv e  S tu d y

T en  collaborators w ere  sent 2 samples o f 15% 
g ra n u la r fen su lfo th io n  as a m atched pair, and  2 
sam ples o f 63% spray concentrate also as a 
m atched p air. In  ad d itio n  to the samples, col­
laborators received an analy tica l standard, an
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LA.

The recom m endation o f the Associate Referee was accepted 
by th e G eneral Referee and Com m ittee A and was adopted by 
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A s s o c . O f f .  A n a l. C h c tn . (1983) 66 , 335; 411.

in te rn a l standard, and a copy o f the m ethod. 
Each collaborator was asked to m ake dup licate  
injections o f each sample fo llo w ed  by a standard  
in jec tion . T hey  w ere  then  to calculate average  
ratios o f fen su lfo th io n  peak heights  to in te rn a l 
standard  peak heights fo r each set o f duplicate  
in jections and to calculate % fen su lfo th io n .

F e n s u lfo th io n  ( 0 ,0 - D i e t h y l  0 -[p -  
(M e th y ls u lf in y l)p h e n y l]  P h o s p h o ro th io a te )  

in  F o rm u la tio n s

L iq u id  C h ro m a to g ra p h ic  M e th o d  

O ffic ia l  F irs t  A ctio n

6 .D 2 8  Principle

Sam ple is dissolved in  or extd w ith  M e O H ,  
benzophenone is added as in te rn a l std, and  
fen su lfo th io n  is detd  by liq . chrom atgy and U V  
detection  at 230 nm .

6 .D 2 9  Apparatus

(a ) L iq u id  c h r o m a t o g r a p h .— A b le  to generate  
> 1 0 0 0  psi and equ ipped  w ith  detector able to 
m easure A  at 230 nm . T yp ica l opera ting  cond i­
tions: tem p., am bient; f lo w  rate, 0.8 m L /m in ;  
w ave len g th , 230 nm ; chart speed, 2 m m /m in ;  
sample size, 10 pL. C onditions m ay be varied  to 
accom m odate ins tru m en t and co lum n d if fe r ­
ences.

(b ) C o l u m n .— W h atm an  P artis il PXS 1 0 /25  
O D S -2 , stainless steel 25 cm X  4.6 m m  id  (W h a t­
m an, Inc ., C lifto n , NJ 07014), or equiv.

(c) F i l t e r .— 10 pm T eflo n , or s im ila r type.

6.D30 Reagents
(a ) M e t h a n o l .— D istd  in  glass (B urd ick &  

Jackson Laboratories, Inc ., or equ iv.).
(b ) P h o s p h o ric  a c id .— 85% (Fisher S cien tific  

Co.).
(c) I n t e r n a l  s td  s o ln .— 0.25 m g ben zop he­

none / m L. A ccurately  w e ig h  ca 250 m g benzo­
p henone  (Eastm an K odak Co.) in to  sm all flask. 
Transfer to 1 L vol. flask and d il. to vol. w ith  same 
M e O H  to be used in  m ob ile  phase. C oncn m ay
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be varied  so that w h e n  std soln (d) is injected, 
peak h t o f benzop hen on e matches peak h t o f 
fen su lfo th io n  w ith in  2 0 %.

(d) S t d  s o l n .— 0.3 m g fe n s u lfo th io n /m L ,  
w ith in  o p tim u m  lin e a rity  range. Accurately  
w eigh  ca 150 m g fensulfothion (M obay Chem ical 
Co., Box 4913, Kansas C ity , M O  64120) in to  125 
m L  flask. P ipet in  100 ir.L M e O H , shake to mix. 
Pipet 10 m L aliquot of soln into  125 m L flask w ith  
screw cap, add exactly 40 m L in te rn a l std soln, 
and  shake to m ix. Prep, fresh std d a ily . Keep  
ref. std in  freezer.

(e) M o b ile  p h a s e . — M e O H - H 20  (80 +  20) b u f­
fered  to 0 .0025M  w ith  H 3P O 4. M ix  800 m L  
M e O H  +  200 m L  H 20  +  156 pL  H 3P O 4, and  
degas. I f  using colum n other than O DS-2, adjust 
M e O H - H 20  ra tio  as necessary.

6.D31 Preparation of Sample

(a) S p r a y  c o n c e n t r a t e .— A ccu ra te ly  w e ig h  
sam ple contg ca 150 m g fen su lfo th io n  in to  125 
m L  flask. P ipet in  100 m L M e O H  and shake to 
m ix. P ipet 10 m L aliquot in to  125 m L flask w ith  
screw cap, add exactly 40 m L in te rn a l std soln, 
an d  shake to m ix.

(b) G r a n u la r  fo r m u la t io n s .— Pour sam ple in to  
400 m L beaker and thoroly m ix, tu rn in g  granules 
over > 1 0  strokes w ith  w id e  spatula. Take  
w e ig h e d  am t fro m  beaker before sam ple is 
poured back in to  sample container. Accurately  
w eig h  sample contg ca 150 m g fensulfoth ion into  
125 m L  flask. P ipet in  100 m L M e O H  and place 
on mech. shaker 1 5 -30  m in . F ilte r th ru  10 pm  
Teflon  or sim ilar type filter. Place 10 m L aliquot 
of filtra te  in  125 m L flask w ith  screw cap, add  
exactly 40 m L  in te rn a l std soln, and shake to 
m ix.

6.D32 Determination

Adjust liq . chrom atgc operating  parameters to 
elute fen su lfo th io n  in  4 -7  m in . M a in ta in  a ll 
param eters const th ru o u t analysis. B enzophe­
none w i l l  e lu te  2 -4  m in  a fte r fensu lfo th io n .

A djust in jection  size and  a ttenuation  to g ive  
60-80%  on-scale peaks. M ak e  rep e titive  injec­
tions o f std u n t il response is stable, and ratios of 
fen su lfo th io n  peak h t to benzophenone peak ht 
fo r successive injections vary  <1% . T hen  m ake  
dup lica te  injections o f sam ple fo llo w e d  by in ­
jection  o f std. Calc. av. ratio  o f fen su lfo th io n  
peak h t to ben zop henon e peak h t fo r each set of 
dup lica te  injections and calc. % fensu lfo th ion .

Fensu lfo th io n , % =  R  X  W  X  P / ( R '  X  W ) 

w h e re  R  and  R ' =  av. peak h t ratios fo r sample

Table 1. Collaborative results for fensulfothion in 15% 
granular samples

Coll. Sample 1 Sample 2 Dlff. Total

1 14.75 14.80 -0.05 29.55
2 14.57 14.70 -0.13 29.27
3 15.28 14.71 0.57 29.99
4 14.95 14.54 0.41 29.49
5 14.97 15.05 -0.08 30.02
6 14.74 14.97 -0.23 29.71
7 14.86 14.95 -0.09 29.81
8 15.35 15.24 0.11 30.59
9 15.02 14.97 0.05 29.99

10a 13.59 13.57 — —

Av. 14.94 14.88 0.062 29.82
sd 0.27
Sr 0.19
sb 0.14
V  sr2 + Sb2 0.23
cv, % 1.57

a Results are outliers by Dixon test. Not included in sta­
tistical evaluation.

an d  std, resp.; W  =  m g sample; W ' =  m g fensu l­
fo th io n  anal, std; and P =  % p u rity  o f fen su l­
fo th io n  anal. std. In teg ra to r area ratios m ay be 
substituted fo r peak h t ratios.

Results and Discussion
Results w ere received from  all 10 collaborators. 

Com m ents from  various collaborators indicated  
th a t they  fou nd  that the  m ethod  was quick and  
sim p le  and  gave good results.

Tab le 1 shows results fo r the  15% granu lar 
samples. Results o f C o llaborato r 10 w ere  ou­
tlie rs  by the D ixo n  test, and w ere  o m itted  from  
the statistical eva luation . T he  coeffic ien t of 
v a ria tio n  fo r the rem a in in g  data was 1.57%.

Tab le 2 shows results fo r the 63% spray con­
centrate samples. T he  d iffe rence  in  results for 
one co llaborator was an o utlier. E va luation  ex­
c lu d in g  that data resulted in  a coeffic ien t of 
v a ria tio n  o f 1.47%.

O ne collaborator questioned the fensulfothion  
peak not being  adequately separated fro m  im ­
p u rities  and suggested a lon ger ru n  tim e. The  
increased tim e  could  be easily accom plished by  
v a ry in g  the ratio  o f m ethano l and w ater. A l ­
th o ug h  the Associate Referee tried  d iffe re n t  
w avelen gths , 230 nm  seemed to w o rk  ve ry  w e ll 
in  o ur laboratory. T here  should be no p roblem  
using 254 n m  as was suggested b y  1 or 2 collab­
orators.

O f 10 collaborators, 3 used the O D S -2  colum n, 
2 used a Bondapak Q s  co lum n, and others used 
various reverse phase colum ns such as M icropak  
M C H -1 8 , and  A lltec h  Cis- T here  w e re  no no-
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Table 2. Collaborative results for fensulfothion in 63% 
spray concentrate samples

Coll. Sample 3 Sample 4 Diff. Total

1 60.99 60.27 0.72 121.26
2 63.67 62.01 1.66 125.68
3 62.28 60.99 1.29 123.27
4 62.18 62.41 -0.23 124.59
5 61.54 61.42 0.12 122.96
6 60.06 59.91 0.15 119.97
7 61.17 61.49 -0.32 122.66
8 62.13 61.51 0.62 123.64

9 a 59.09 62.21 -3.12 121.30
10 61.47 61.03 0.44 122.50

Av. 61.72 61.23 0.133 122.78
sd 1.19
Sr 0.47
Sb 0.78
V  Sr2 4- Sb2 0.91
CV, % 1.47

3 The difference for this laboratory is an outlier. Not in­
cluded in statistical evaluation.

ticeable d ifferences due to the use o f these v a r i­
ous colum ns.

Recommendation

T he  Associate Referee recom m ends that the

H P L C  m ethod  fo r fen su lfo th io n  be adopted o f­
f ic ia l firs t action.
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High Pressure Liquid Chromatographie Determ ination of Impurity 
Phenols in Technical 2,4-D Acid and 2,4-Dichlorophenol

WILLIAM P. COCHRANE, MONIQUE LANOUETTE, and JOGINDER SINGH
Agriculture Canada, Food Production and Inspection Branch, Ottawa, Ontario, Canada 
K1A 0C5

Thirteen technical 2,4-dichlorophenoxyacetic (2,4-D) 
acid and five 2,4-dichlorophenol (2,4-DCP) samples 
were obtained from several manufacturers and ana­
lyzed for the presence of various chlorinated phenolic 
impurities. Reverse phase high pressure liquid 
chromatography with a UV detector in series with an 
electrochemical detector was used for qualitative and 
quantitative determinations. Three solvent systems 
were investigated in the present study. The retention 
times obtained for various mono-, di-, and tri-chlo- 
rophenols with each solvent system are presented. 
The presence of o r th o - and para-monochlorophenol 
(averages 1.23 and 0.41%, respectively), 2,6-dichlo- 
rophenol (average 4.5%), 2,4,6-trichlorophenol, and 
a dichloro-methyl phenol isomer were detected as 
contaminants in technical 2,4-DCP samples. Tech­
nical 2,4-D acid contained the same type of chloro- 
phenol impurities but in much smaller amounts. A 
comparison of the sensitivity of a UV detector at 280 
nm with an electrochemical detector showed the 
latter to be 5 to 15 times more sensitive, depending on 
the chlorophenol.

In  recent years the role of chem ical im purities  in  
pesticide technical m aterials and  form u lations  
has g reatly  increased in  im portance. Th is  has 
had an im pact on the analytical techniques used 
in  th e ir  detection  and q uantita tion . In  the case 
of the  lo w  levels o f n eu tra l im p urities , such as 
ch lo rin a ted  d ioxins, in  2 ,4 -D  and  2 ,4 ,5-T  the ap­
proach has been v ia  h ig h  reso lution  gas chro­
m atograp hy/m ass spectrom etric procedures ( 1 ,
2 ) w h ile  h ig h  pressure liq u id  chrom atography  
(H P L C ) is used for the h ig her levels of acidic and  
p he n o lic  im p u rities  that m ay be present (3, 4). 
T h e  id e n tity  o f the various ch loropheno ls is 
especially im portan t because condensation (e.g.,
2 ,4 ,5- and  2 ,4 ,6-trich lo ropheno ls) d u rin g  th e ir  
m anufacture u nd er alkaline conditions can yie ld  
c h lo rin a te d  d iox ins  w h ic h  can be carried  
th ro u g h  in to  the fin a l products, e.g., 2 ,4 ,5-T  (5). 
Since 2 ,4 -d ich lorophenol (2,4-D C P ) is produced  
by the ch lo rin a tio n  o f p h en o l u n d er acidic con­
d itions , lo w  tem peratures, and pressure, it  was 
postu lated  that the  fo rm atio n  o f the expected
2 ,7 -d ich lo ro -d ib en zo d io x in  isom er w o u ld  be 
u n lik e ly  (5). H ow ever, the m anufacture of 2,4-D

R eceived M arch 15 ,1982 . Accepted Ju ly  12 ,1982 .

acid invo lves  the  reaction o f 2 ,4 -D C P  w ith  
chloroacetic acid under basic aqueous conditions
(6 ) w h ic h  m ay favor the possible fo rm atio n  of 
sm all am ounts o f toxic d ioxins by self- and  
cross-condensation of the various chlorophenols  
tha t m ay be present. To date, a q uan tita tive  
ch lo ro p h en o l im p u r ity  analysis o f 2 ,4 -D C P  and
2 ,4 -D  acid has not been reported , a lth ou gh  an  
isom er-specific  (3) and o ther (7) H P L C  m ethods  
are availab le .

T h e  present investigation  assayed a n um ber  
o f technical 2,4-D C Ps and sim ultaneously com ­
pared  the u til ity  o f m u lti-w a v e le n g th  U V  ab­
sorbance and an electrochemical detector for this 
typ e  o f analysis.

E xp e rim e n ta l

Apparatus

(a) H ig h  p r e s s u r e  liqu id  c h r o m a t o g r a p h .— Waters  
Associates M o d e l 6000A solvent d e livery  system  
equ ipped  w ith  W aters U 6 K un iversal in jector 
and  Schoeffel In s tru m e n t M o d e l SF 770 Spec- 
tro flo w  m u ltiw a v e le n g th  detector, set at 208 or 
280 nm , sensitivity 0.01 A U FS connected in  series 
w ith  electrochem ical detector LCEC (B ioanalyt- 
ical Systems) w ith  a glassy carbon electrode  
(T L -5 ) and  a reference electrode (RE1) set at 
positive voltage of 0.85 V , sensitivity 0.2, and 0.5 
n a n o a m p /V  X  100B (B =  2 s), background current 
offset — 1 0 3 n A .

(b ) R e c o r d e r s .— W estronics, Inc ., M o d e l M T  
l in e a r recorder 115 V , span 10 m V /in .  (w ith  U V  
detector) and 1 V / in .  (w ith  electrochem ical de­
tector), chart speed 15 in . /h .

(c) H P L C  c o lu m n . — 25 cm X  4.6 m m  id  packed  
w ith  /tiL iC hrosorb  R P-18 10 p m  m a te ria l 
(B ro w n lee  Labs, Santa C lara, C A ) connected to 
a 7.6 cm X 2 m m  Co:Pell O D S  guard  colum n  
(W h atm an  Inc ., C lifto n , NJ).

Solvents and Reagents

(a) B u f f e r  s o lu t io n s .— 0.3M , 0 .03M , and 0 .09M  
solutions o f N aH zP C L  in  d e io n ized  w ater.

(b ) M o b i l e  p h a s e s .— (i)  A c e to n it r i le -0 .3 M  
b u ffe r (25 +  75) adjusted to p H  4.4 w ith  H 3P O 4 .
( i i)  A c e to n itr ile -0 .0 3 M  b u ffe r (35 +  65) p H  ad-
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Table 1. Retention time (min) for 2,4-D acid and related compounds on LiChrosorb RP-18 reverse phase column, using
different solvent systems

Solvent system Compound 0.03M

Buffer

0.09M 0.3M

1. 35% CH3CN-buffer, 2,4-D acid 0 0
pH 5.45, 2.7 mL/min 2-chlorophenol 4.95 5.20

4-chlorophenol 5.85 6.60
3-chlorophenol 6.30 —
2,6-DCP 8.48 9.2
2,4-DCP 11.32 11.18
2,5-DCP 11.41 —
2,3,6-TCP 16.42 —
2,3,4-TCP 19.27 —
2,4,6-TCP 20.40 21.65
2,4,5-TCP 23.32 23.23
2,4-dichloro-6-methyl phenol 23.32 23.3
2,3,5-TCP 24.75 —

2. 35% CH3CN-buffer, 2,6-DCP 11.18
pH 4.4. 2 mL/min 2,4-DCP 13.20

2,4,6-TCP 26.5
2,4,5-TCP 27.06

3. 25% CH3CN-buffer, 2,4-D 9.07
pH 4.4, 2 mL/min 2,6-DCP 15.89

2,4-DCP 27.52

justed to 5.45. Pass solutions th rou g h  0.45 pm  
filte r .

(c) P o ta s s iu m  h y d r o x id e  s o lu t io n .— 0 .2 M  K O H  
in  2 -p ro p a n o l-w a te r (1 +  1).

(d ) S t a n d a r d  sto ck  s o lu tio n .— Accurately w e ig h  
ca 50 m g o f each p ure  ch lo ro ph eno l (standard) 
(see Tab le 1) and d ilu te  to 50 m L  w ith  K O H  so­
lu tio n .

(e) A n a ly t ic a l  s o lu tio n s .— D ilu te  100 pL  of each 
stock so lu tion  to 10 m L  w ith  K O H  solu tion  to 
g iv e  f in a l concentrations o f 0.2, 0.5, 1, 2, 5, and  
10 n g /p L , respectively.

(f)  T e c h n ica l m a te ria ls .— Dissolve 600 m g 2,4-D  
or 2 ,4 -D C P  sam ple in  50 m L K O H  solution  and  
fu r th e r  d ilu te  1 m L  o f this stock solu tion  to 100 
m L.

(g ) S o l v e n t s .— A c e to n itr ile  (H P L C  grade, 
Caledon Labs Ltd, Georgetown, O ntario ). W ater 
(p u rif ie d  w ith  a M ille -Q 2  system and filte re d  
th ro u g h  0.45 p m  filte r). 2 -P ropanol (Fisher 
S cien tific  Co.).

Determina tion

Step 1: Inject 5 p L  aliquots of d ilu ted  technical 
m ateria l solutions u n til rep rodu cib le  re ten tio n  
tim es and peak areas are obtained (varia tion  
< 2%).

Step 2: Proceed w ith  injections such that a 
repeatin g  o rder, standard, sam ple, standard, is 
achieved. Peak areas and re ten tio n  tim es w ere  
recorded w ith  a H P  3354A data system. Percent

com positions w ere  calculated by m eans o f peak  
area com parisons of samples to bracketing  stan­
dards and are an average o f trip lica te  d e te rm i­
nations.

R esults and D iscussion

In  conjunction  w ith  the L iC hrosorb  RP-18 re ­
verse phase co lum n, 3 so lvent systems w ere  
studied  d u rin g  the present investigation . The  
solvent systems used, together w ith  the separa­
tion  characteristics achieved, are o u tlin e d  in  
Table 1. In itia l w ork  on the chlorophenols using  
solvent system 2 (Table 1) resulted in  insuffic ient 
reso lution  of the 2,4,6- and 2 ,4 ,5-TC P  isomers. 
H o w ev e r, by adjusting  the concentration  o f 
N a H 2PC>4 b u ffe r from  0.3 to 0 .03M , the p H  from
4.4 to 5.45, and o p tim iz in g  the  f lo w  rate to 2.7 
m L /m in  (so lvent system 1), a 3 -m in  separation  
was obtained betw een  the 2 ,4 ,6 -/2 ,4 ,5 -T C P  iso­
mers (Figure 1). U n d e r these conditions, w here  
the  m obile  phase was at p H  5.45, 2 ,4 -D  acid was 
not re ta ined  and  e lu ted  at the so lven t fro n t. 
Lack o f re ten tion  p erm itted  in jections o f large  
quantities o f technical 2,4-D  acid sample w ith o u t 
adverse effects to the reverse phase co lum n and  
w ith o u t in terference w ith  the  e a rly  e lu tin g  m o- 
nochlorophenols. As expected, low ering  the p H  
to the 2 -3  reg ion resulted in  some retention  and  
ta iling  of 2,4-D  acid due to ionic suppression, and  
this consequently interfered  w ith  the low er level
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RETENTION TIM E (min)

Figure 1. Separation profile of chlorophenols in a 
technical 2,4-dichlorophenol sample. A, electro­
chemical detection; B, UV detection at 280 nm. Mo­
bile phase: 35% CH3CN-0.03M buffer, pH 5.45; at 2.7 

mL/min.

quantities o f the m ono- and  d ich lo ro p h en o l 
im p urities  that w ere  present. Use o f a Partis il 
O D S  colum n and an a c e to n itr ile -0 .3 M  b u ffe r  
eluan t at p H  2.95 resulted in  2 ,4 -D  appearing  in  
the “ w in d o w "  b etw een  the 2,4- and 2 ,6 -d ich lo - 
ropheno l im purities  (3). For the isom er-specific  
assay o f 2 ,4 -D  acids a th ird  solvent system was 
em ployed (solvent system 3, Table 1). A ltho ug h
2.4- D  acid e lu ted  in  9 m in , the  re ten tio n  tim e of
2.4- D C P  was excep tio n ally  lon g  at 27.5 m in . 
Therefore , for q uan tita tive  analysis o f the ch lo ­
rophenols in  technical 2 ,4 -D C P  and 2 ,4 -D  acids, 
solvent system 1 was used; so lvent system 3 was 
used o n ly  fo r the isom er-specific assay o f 2 ,4-D  
acid.

For q uan tita tive  analysis o f 2 ,4 -D , the U V  
w avelength  o f choice in  previous reports (3 ,4 ,7 ,

7 7  24 7i Æ il il î I 5 i

R ETEN TIO N  TIME (min)

Figure 2. Composite chromatogram showing sepa­
ration of 10 chlorophenol standards, using electro­
chemical detection. Mobile phase; See Figure 1. 
Peak identification: (1) 2-chlorophenol, (2) 4-chlo- 
rophenol, (3) 3-chlorophenol, (4) 2,6-dichlorophenol,
(5) 2,4-dichlorophenol, (6) 2,3,6-trichlorophenol, (7)
2,3,4-trichlorophenol, (8) 2,4,6-trichlorophenol, (9)

2,4,5-trichlorophenol, (10) 2,3,5-trichlorophenol.

8 ) has been 280 nm . H o w e v e r, sens itiv ity  is 
greater at 208 n m  (F igure  2), but so also are the  
n um ber o f in terference peaks encountered  
greater (F igure  3). S en s itiv ity  at 208 n m  fo r
2,4,6-TC P is s im ila r to that observed w ith  the  
electrochem ical detector operating  at a potential 
o f 0.85 V  (F igure  4). Q u an tita tive  d e te rm in a ­
tions o f ch loropheno ls at 280 n m , w h ic h  is com ­
m o n ly  used w ith  fixed  w avelen g th  H P L C  de­
tectors, is about 10  tim es less sensitive than  the  
electrochem ical detector. Th is  can be seen in  
Tab le 2 w h ich  gives the  m in im u m  detectable  
am ounts fo r 7 chlorophenols. In  the present 
study, q uan tita tive  analysis was p erfo rm ed  on  
the electrochem ical detector w ith  c on firm ation  
at 208 nm  on the U V  detector, both  detectors  
being  connected in  series.

Table 3 outlines  the results obtained  from  the  
analysis o f 10 technical samples o f 2 ,4 -d ich lo ro ­
p heno l (2 ,4 -D C P ). As expected, the m ajor im ­
purities  w ere  the m ono- and tri-ch lo rin a ted  
phenols aris ing  fro m  u n d er- and o ver-ch lo rin a - 
tion  steps, together w ith  the 2 ,6 -d ich lo ropheno l 
isom er. The average 2 ,4 -D C P  content o f these 
technical m aterials was 92.24%. T he  m ajor 
side-products, o- and p -ch lo ro ph eno l, 2 ,6 -d i­
ch lo ro ph eno l together w ith  2 ,4 ,6 -trich lo ro p h e ­
nol am ounted  to 7.27%, the  rem a in in g  0.49%
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Figure 3. 2,4-D acid sample chromatograms: A, UV 
detection at 208 nm; B, electrochemical detection.

Peak identification: See Figure 2.

content being  ascribed to HC1 o r w a te r residue  
fro m  the p heno l ch lo rin a tio n  reaction. In it ia l  
analyses o f samples V  and X  (F igure  1) revealed  
that the  peak appearin g  a fte r 2 ,4 ,6-T C P  had  
the  id e n tic a l re te n tio n  tim e  o f 2 ,4 ,5 -T C P . 
H o w e v e r, since this ten tative  f in d in g  appeared  
u n lik e ly , the com pound was collected, after 
separation using a silica gel colum n, m ethylated  
using  d iazo m ethane and com pared w ith  a 
m e th y la te d  2 ,4 ,5-TC P  standard by F ID -G C  and  
fo u n d  to be d iffe re n t. Mass spectral analysis 
(Figure 5) showed the com pound had, in  fact, not 
been  m ethy la ted , and it  was id e n tif ie d  as 2,4- 
d ic h lo ro -6 -m e th y l p h en o l, both by em p irica l 
fo rm u la  d e te rm in a tio n  and re ten tion  tim e com ­
parisons (G C  and H P L C ) using an authentic  
standard. Th is  im p u r ity  has also been fou n d  in  
M C P A  (9). The le v e l o f 2 ,4 -d ich lo ro -6 -m ethy l 
p h e n o l in  samples V  and X  was 0.34%, and its 
presence in  2 ,4 -D C P  can be v ie w ed  as a possible 
cross-contam ination  problem .

W ith  p ro lo n g ed  use, the L iC hrosorb  RP-18  
co lum n becam e in e ffic ie n t. Peak s p littin g  oc­
curred w ith  2,6-DCP, and irregular shaped peaks

Figure 4. Chromatograms of standard containing 
2,4-di-, 2,6-di-, and 2,4,6-trichlorophenols, with UV 
detection at 208 nm and with electrochemical detec­
tion. Mobile phase: See Figure 1. Peak identifi­

cation: See Figure 2.

w ere  observed fo r 2 ,4,6-TC P, and 2 ,4 -d ich loro -
6 -m e th y l pheno l. H o w ev e r, increased colum n  
life  and sharper peaks w ere obtained by vary ing  
the ion ic  strength of the m obile  phase from  0.03 
to 0 .0 9 M  (Tab le  1).

In  o n ly  4 samples (Nos. I I ,  I I I ,  IV ,  V I I )  was no
2,4,6-TC P found  and these w ere  also the samples 
e x h ib itin g  the h ighest percent 2 ,4-D C P . The

Table 2. Minimum detectable amounts ‘  of various 
chlorophenols

C o m p o u n d
UV,

2 8 0  nm
E le c tro c h e m ., 

0 .8 5  V

o -C h lo ro p h e n o l 10 1
p -C h lo ro p h e n o l 1 5 1
m -C h lo ro p h e n o l 1 0 1
2 ,6 -D C P 20 2
2 ,4 -D C P 20 2
2 ,4 ,6 -T C P 40 8
2 ,4 ,5 -T C P 2 0 2
2 ,4 -D ic h lo ro -6 -m e th y l

ph en ol
20 4

a E x p re sse d  in ng g iv in g  S / N  =  2 .
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Table 3. Determination of free phenols (%) in dichlorophenol

S a m p le
No.

o -C h lo ro -
phenol

p -C h lo ro ­
phenol

m -C h lo ro -
phenol

2 ,4 -D I-
c h lo ro -
phenol

2 ,6 -D i-
c h lo ro -
phenol

2 ,4 ,6 -T n -
c h lo ro -
phenol

2 ,4 -D ic h lo ro -
6 -m e th y l-

phenol
P heno l.

total

1 1 .0 8 0 .7 2 N D 5 8 7 .4 1 3 .6 5 1 .7 5 ND 9 4 .6 1
II 0 .3 5 0 .0 8 ND 9 8 .2 0 3 .6 0 ND ND 1 0 2 .2 0

III 0 .1 0 0 .5 7 ND 9 8 .3 0 1 .4 0 ND ND 1 0 0 .3 7
IV 0 .2 3 0 .0 5 ND 9 6 .3 9 3 .3 2 ND ND 9 9 .9 9
V 0 .1 9 0 .2 0 ND 9 4 .0 0 4 .3 8 1.4 6 0 .3 4 1 0 1 .0 5

VI 1.4 6 0 .3 6 ND 8 6 .2 2 5 .6 4 3 .2 3 ND 9 6 .9 1
VII 0 . 1 7 0 .2 0 ND 9 7 .6 4 1.8 9 ND ND 9 9 .9 0

VIII 3 .3 5 0 .8 2 ND 8 6 .19 7 . 1 2 2 .9 1 ND 10 0 .4 0
IX 3 .5 2 1 . 1 9 ND 8 3 .9 0 9 .1 8 2 .5 3 ND 1 0 0 .3 2
X 0 .4 3 0 .3 7 ND 9 4 .1 1 4 .6 0 0 .5 3 0 .3 4 1 0 0 .3 8

R ang e 0 . 1 0 - 0 . 0 5 - ND 8 3 .9 0 - 1 . 4 0 - 0 . 5 3 - — 9 4 . 6 1 -
3 .5 2 1 . 1 9 9 8 .3 0 9 .1 8 3 .2 3 0 .3 4 1 0 2 .2 0

X 1.0 9 0 .4 6 — 9 2 .2 4 4 .4 8 1 .2 4 0 .0 7 9 9 .6 1

a ND =  not d ete cte d .

percent free phenols found  in  13 technical 2 ,4-D  
acids are g iven  in  Table 4. These w ere the same 
as fou nd  in  technical 2 ,4 -D C P , w ith  2 ,4 -D C P  it ­
self the major chlorophenol im p urity . Except for 
samples 8  and  9 the average ch lo ro ph eno l con­
tent was 0.08%. In  samples 8 and 9 exceptionally

h ig h  2,4- and  2 ,6 -D C P  levels w ere  fo u n d  and  
m ay reflect thvaria tion  that can be expected in  
the 2 ,4-D  acid processes em ployed by the various 
m anufacturers. A  com parison betw een  the  
electrochem ical and 208 nm  U V  detector re ­
sponses (fo r a typ ical 2 ,4 -D  acid) (sam ple 11) is

SECOND SPECTRUM

DUAL MASS SPECTRUM 
11/06/81 11:04:00 + 7:30 
SAIfLE: I X  FRACTION 15A

DATA: CRESOLCAP »300

DATA: 15ACAP »300 BASE M/E: 141/ 141
CALI: PFKN68 «2 RIC: 24927./ 31007.

808E

808E

Figure 5. Mass spectral comparison of 2,4-dichloro-6-methyl phenol with that isolated from 2,4-DCP sample:
GC/MS on Finnigan 4025 instrument with INCOS data system and 3% SE-30 Ultraphase column at 185°C.
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Table 4. Determination of free phenols (%) in technical 2,4-D acid 3 from different sources

S a m p le
o -C h lo ro -

phenol
p -C h lo ro -

phenol
2 ,6 -D ic h lo ro -

phenol
2 ,4 -D ic h lo ro -

ph en ol

2 ,4 ,6 -T r i-
c h lo ro -
phenol A c id s To ta l

1 0 .0 0 2 1 0 .0 0 0 8 0 .0 2 0 .0 6 3 0 .0 0 6 9 5 .0 9 5 .0 9 1 9
2 0 .0 0 0 7 < 0 .0 0 0 5 0 .0 1 0 .0 2 3 0 .0 3 9 6 .8 1 9 6 .8 7 4
3 0 .0 0 0 7 < 0 .0 0 0 5 < 0 .0 0 1 0 .0 0 4 < 0 .0 0 1 9 9 .2 9 9 9 .2 9 7
4 0 .0 0 0 9 < 0 .0 0 0 5 0 .0 0 2 0 .0 1 7 0 .0 0 6 9 7 .6 9 7 .6 2 6
5 0 .0 0 1 4 0 .0 0 18 0 .0 0 2 0 .0 3 6 < 0 .0 0 1 9 6 .5 5 9 6 .5 9 2
6 < 0 .0 0 0 4 < 0 .0 0 0 5 0 .0 2 0 .0 3 0 0 .0 2 8 9 .7 7 8 9 .8 4 1
7 0 .0 0 19 0 .0 0 0 6 0 .0 2 0 .0 5 0 0 .0 1 9 2 .0 1 9 2 .0 9 2
8 < 0 .0 0 0 4 < 0 .0 0 0 4 0 .0 1 1 .4 5 < 0 .0 0 5 9 1 . 1 7 9 2 .6 3 6
9 0 .0 0 4 0 .0 0 5 0 .0 4 8 0 .5 8 2 0 .1 4 9 4 .1 8 9 4 .9 6 0

1 0 0 .0 0 1 2 0 .0 0 0 4 0 .0 16 0 .0 5 6 0 .0 0 6 5 9 5 .0 8 9 5 .1 6
1 1 0 .0 0 1 5 0 .0 0 2 1 0 .0 0 2 0 .0 18 0 0 .0 3 1 9 7 .5 9 9 7 .6 4 6
1 2 0 .0 0 1 1 0 .0 0 1 1 0 .0 2 4 0 . 1 1 0 0 .0 2 2 9 3 .9 0 9 4 .0 5 9
1 3 0 .0 0 1 4 3 0 .0 0 0 9 8 0 .0 2 6 0 .0 6 1 0 .0 0 7 9 9 5 .3 9 9 4 .4 8 8

R ange 0 .0 0 0 4 - 0 .0 0 4 - 0 . 0 0 1 - 0 .0 0 4 - 0 . 0 0 1 - 8 9 . 7 7 - 8 9 . 8 4 1 -
0 .0 0 4 0 .0 0 5 0 .0 4 8 1 .4 5 0 .1 4 9 9 .2 9 9 9 .2 9 7

X 0 .0 0 1 0 .0 0 1 0 .0 1 0 .1 9 0 .0 2 9 4 .9 4 9 9 5 .1 0 5

a  m -C h lo ro p h e n o l and 2 ,4 -d ic h lo ro -6 -m e th y l ph en ol w ere  not found in a n y sa m p le.

illus tra ted  in  F igure 3. As can be seen, m ajor 
extraneous peaks are ev id en t at 208 n m , w h ich  
are n o n -p h en o lic  in  n ature  because a corre­
spond ing  response was not observed in  the EC 
chrom atogram .

Tota l acid content is also g iven  in  Table 4 and  
th is varied  fro m  89.77 to 99.29%. These figures  
do n o t change drastically  w h e n  the free chloro - 
phenols are taken into  consideration. Therefore, 
the va ria tio n  o f 5% fro m  the average 2 ,4 -D  acid 
conten t o f 95% can o n ly , as before, be a ttribu ted  
to the  presence o f N a C l and  w ater. In  samples 
2, 4, and 11 (Tab le 4) the w a te r content varied  
from  1.9 to 3.0% w h ile  N a C l content ranged from  
40 p pm  to 0.3%.

T h e  H P L C  procedure w ith  electrochem ical 
detection  described in  this paper provides a 
quick  and  facile  m ethod  fo r the d eterm in atio n  
of 5  ch lo ro ph en o l im p u rities  s till rem a in in g  in  
technical ch lo ro p h en o l and phenoxy acids. 
Also, it  p rovides an a lte rn a tive  to the existing

isom er-specific  H P L C  m ethods fo r ch lo rophe- 
noxy acid form u lation s  (3, 4, 8 , 9).
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T E C H N IC A L  C O M M U N IC A T IO N S

Portable Micro Method for Quantitative Determination of Vitamin C 
in Fruit and Vegetable Juices

KENNETH S. RYMAL
Alabama Agricultural Experiment Station and Department of Horticulture, Auburn University, 
Auburn, AL 36849

A portable rapid and accurate micro method is de­
scribed for the quantitative determination of vitamin 
C in fruit and vegetable juices. Chromatographic 
paper is impregnated with DCP by immersion in 95% 
ethanol solution and sprayed with a protective starch 
solution. Papers are usable indefinitely when pro­
tected from moisture, light, air, and high tempera­
tures. Determinations can be completed in 60 s with 
an accuracy of ±2 .0  mg/100 m l fruit or vegetable 
juice. Cloudy or lightly colored samples do not in­
terfere with the determination. The method was 
compared with the official AOAC 2,6-dichloroin­
dophenol (DCP) titration method and gave a linear 
correlation coefficient of 0.99749.

T h e  2 ,6 -d ich lo ro in d o p h en o l (D C P ) titra tio n  
m ethod (1) is the official A O A C  m ethod for assay 
o f v ita m in  C  in  fru it  and vegetable juices. 
H o w ever, several aspects of the m ethod could be 
im p ro ved . A t the end p o in t o f the  titra tio n , ex­
cess u nreduced  dye appears as a pale rose p in k  
w h ic h  s low ly  fades and must be tim ed  to persist 
fo r > 5  s. M ost fru it  and  vegetable juices reta in  
some color or cloudiness a fte r f iltra tio n  w h ich  
tends to mask the  pale p in k  o f the end point; 
considerable experience is required of the analyst 
to obta in  consistent results. T h e  am ount of 
sam ple req u ired  (to contain  2  m g ascorbic acid) 
fo r the  test necessitates the tim e-consu m ing  f i l ­
tra tio n  o f large volum es o f m an y f ru it  and  veg ­
etab le juices o f lo w  v ita m in  C  content.

T h e  objectives o f the present study w ere  to 
reduce the d ifficu lties  w ith  the titration  m ethod  
end p o in t, to shorten the total tim e  fo r analysis, 
to use m icro  am ounts o f sam ple, and to increase 
the  p o rta b ility  o f the test.

M E T H O D

Reagents and Apparatus

(a) 2 ,6 - D ic h lo r o in d o p h e n o l .— (Fisher C ertified , 
A C S  N o . S-296).

(b ) C h r o m a t o g r a p h ic  p a p e r .— W h atm an  N o . 1 
(46 X  57 cm).

Received June 18,1982. Accepted October 5,1982.

(c) S p r a y  s t a r c h .— N iagara  spray starch, N o . 4 
J31-P4B (Best Foods D iv ., CPC In ternational, Inc., 
Ind ian ap o lis , IN  46206), or equ iva len t.

(d ) G la ss  a to m iz er . — 125 m L (Fisher 05-119- 
5C).

(e) B u f f e r .—  A d d  70.0 g citric  acid m o n o h y­
drate  to 420 m L  I N  N a O H  and  d ilu te  to 1 L. 
A djust as necessary w ith  acid or base to p H  3.5. 
Store in  re frigerator.

( f )  S t a n d a r d  a sco rbic  acid  s o lu tio n s .— W eigh  100 
m g U SP Reference Standard Ascorbic A c id  that 
has been stored in  desiccator. Transfer to 100 m L  
vo lu m e tric  flask and d ilu te  to vo lu m e w ith  b u f­
fer. F reshly prepare serial d ilu tio ns  by accu­
rately p ipetting  (±0 .01  m L) appropriate amounts 
in to  10 m L  vo lu m etric  flasks and d ilu tin g  to 
vo lu m e  w ith  b u ffe r. Use concentrations o f 40, 
5 0 ,60 ,7 0 , 80 ,100 m g /100  m L for 0.1% test papers; 
24, 28, 32, 36, 40, 44 m g /1 0 0  m L  fo r 0.05% test 
papers; and  4, 8 , 12, 16, 20, 24 m g /1 0 0  m L  for
0.025%  test papers.

(g ) D is p o sa b le  m icro  p i p e t s .— M icrocaps 10 p L  

(D ru m m o n d  S cientific  Co.).
(h ) T L C  la c q u e r .— Camag lacquer No. 2732M 65  

(A rth u r  H . Thom as Co., P h ilad e lp h ia , PA ).

Preparation of Test Papers

Prepare three 1 L solutions o f D C P  in  95%  
ethanol in  concentrations of 0.1, 0.05, and 0.025%  
w /v .  Store in  re frig era to r u n til used fo r im ­
p regnating  chrom atographic papers. Solutions  
can be stored fo r extended periods u nd er re­
frigeration  but should be discarded w hen  papers 
are v is u a lly  lig h te r  in  color than  the o rig in a l 
paper. To prepare a q u an tity  o f test papers, t i ­
trate solutions against ascorbic acid standard and  
rep len ish  D C P  to o rig in a l concentrations. C ut 
papers (b ) in to  strips 11 X  57 cm and im m erse in  
D C P  solutions in  glass trays (ca 5 X  20 X  35 cm) 
fo r 3 m in  w ith  continuous agitation. Rem ove  
strips fro m  trays and rotate d u rin g  d ra in in g  to 
ensure even coverage of dye. H an g  strips on  
glass rods in  exhaust hood u n til d ry , and im m e ­
d ia te ly  spray both  sides o f papers to p o in t of 
saturation  w ith  spray starch, using a glass atom -
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Figure 1. Reference papers prepared with standard solutions of ascorbic acid. Spots are white with a pink
ring on blue paper.

izer. As soon as papers are dry, cut in to  2 . 5 X 1 1  
cm test papers and store in  clean, d ry , b ro w n  jars 
aw ay  fro m  lig h t. W h e n  a test paper is rem oved  
fro m  a jar fo r any reason, do n o t re tu rn  it to the  
jar.

Preparation of Reference Papers

Prepare fresh standard L-ascorbic acid solu­
tions. Spot strips using 10 p L  disposable pipets. 
Reference paper spots do not fade for up  to 2 V2 
h, but if  reference papers are to be used for longer 
periods (up  to 8  h ), spray w ith  T L C  lacquer. 
Spots are w h ite  at center w ith  a p in k  ring  on blue  
backg ro un d, F igure 1.

Spot Test Procedure

P repare f ru it  or vegetable  juice samples as 
described in  O ffic ia l  M e t h o d s  o f  A n a ly s is  (2) w ith  
the fo llo w in g  m odifications: O n ly  a fe w  drops 
of sam ple are required  for spot test instead o f the  
volum es req u ired  fo r titra tio n  m ethod , and ci­
trate b u ffe r replaces metaphosphoric-acetic acid 
b u ffe r. W h e n  f ilte r in g  processed juices or col­

lec tin g  fresh juices in  the  fie ld  as described ear­
lie r  (4), discard firs t 10 drops o f filtra te  before  
collec ting  a fe w  drops fo r spot test. I f  app ro x i­
m ate range o f v ita m in  C content o f juice sam ple  
is kn o w n , app ly  10  p L  fu ll strength juice or juice 
d ilu te d  w ith  b u ffe r to e ith e r 0.05% test paper 
(range 2 4 -40  m g /100 m L), or to 0.025% test paper 
(range 4 -2 4  m g /1 0 0  m L). I f  v ita m in  C  content 
of juice sam ple is u n k n o w n , use 0 .1% test paper 
f irs t as fo llow s: A p p ly  10 yuL fu ll  s trength  juice 
to 0.1% test paper. I f  spot is solid  p in k , in d ic a t­
ing  that v ita m in  C con ten t is < 4 0  m g /1 0 0  m L , 
use 0.05% test paper next. I f  spot on 0.05% test 
p aper is also solid  p in k , sam ple v ita m in  C  con­
ten t is < 2 4  m g /1 0 0  m L  and  w ith in  range o f 
0.025% test papers. I f  spot on  0.1% test paper is 
a ll w h ite , ind ica tin g  that C con ten t is > 1 0 0  
m g /1 0 0  m L , d ilu te  juice w ith  b u ffe r u n t il spot 
produced on 0 .1% test paper is w h ite  w ith  p in k  
r in g  on b lue paper (F igure  1). C om pare area of 
w h ite  spot and w id th  o f p in k  r in g  w ith  corre­
sponding parts o f spots on reference papers to 
assign v ita m in  C concentration  equal to one o f 
reference spots or h a lfw a y  b etw een  tw o , w ith
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Table 1. Comparison 3 of spot test with official AOAC method for fruit and vegetable juices b

Sample Official, m g /1 0 0  mL Spot, m g /1 0 0  mL

1 16.5 15.2 15.8 16 16 16
2 45.7 46.0 45.1 44 44 44
3 66.0 64.8 66.0 64 64 64
4 15.5 14.6 14.8 16 16 16
5 55.2 55.2 56.2 56 60 56
6 35.4 35.1 36.3 36 32 36
7 55.1 55.9 54.3 56 56 56
8 40.8 40.8 41.3 40 40 44
9 61.0 61.0 60.4 60 60 56

10 32.3 31.8 32.3 32 32 32
11 46.2 45.7 44.9 44 40 44
12 34.1 34.1 34.1 32 36 36
13 41.0 40.7 41.0 40 40 40
14 39.8 39.8 39.6 40 40 40
15 22.5 19.8 18.7 24 20 20
16 NA NA NA 48 50 50
17 24.6 24.1 25.2 28 28 28
18 35.0 37.1 35.0 36 36 36
19 7.6 7.8 8.1 8 8 8
20 19.9 19.1 20.2 20 20 20
21 15.9 16.5 16.2 16 16 16
22 7.9 7.5 6.0 8 8 6
23 20.8 20.2 19.6 20 20 20
24 5.0 4.8 5.0 4 6 6
25 20.2 19.6 19.6 20 22 20

3 Linear correlation coefficient for test comparison was 0 .99749, excluding Sample 16 for which no determinations could 
be made by AOAC method because of pink color of sample.

b Food samples were purchased from several local grocery stores on several different dates: (1 ) V-8 Vegetable Juice; (2) 
Hi-C Apple Drink; (3) Orange-Plus Frozen Breakfast Beverage; (4 ) Campbell's Tomato Juice; (5) Frosty Acres Frozen Orange 
Juice; (6 ) Frosty Acres Frozen Grapefruit Juice; (7 ) Minute Maid Frozen Orange Juice; (8 ) Hi-C Apple Drink; (9) DelMonte 
Pineapple-Orange Drink; (10) Hy-Top Unsweetened Grapefruit Juice; (11) Minute Maid Frozen Orange Juice; (12) Tang Instant 
Breakfast Drink; (13) Lucky Leaf Apple Juice; (14) Hi-C Orange Drink; (15) fresh tomatoes; (16) Ocean Spray Cranapple Juice: 
(17 ) Thrifty Maid Frozen Strawberries; (18 ) fresh lemons; (19) fresh celery; (20) DelMonte Mandarin Oranges; (21) Green 
Giant Sweet Peas; (22 ) fresh Irish potatoes; (23) DelMonte Whole Peeled Tomatoes; (24 ) Frosty Acres Frozen Green Beans; 
(2 5 ) Frosty Acres Frozen Mustard Greens.

accuracy of ± 5 .0  m g /100 m L for 0.1% test papers. 
Repeat d ete rm ina tion  w ith  e ith e r 0.05% test 
paper or 0.025% test paper, fo r accuracy of ± 2 .0  
m g / 100 m L, by d ilu tin g  samples w ith  b u ffe r to 
bring  v itam in  C content w ith in  ranges o f one of 
these test papers. For example, i f  0.1% test paper 
result indicates v ita m in  C content betw een  50 
and 80 m g /1 0 0  m L, a 1:1 d ilu tio n  w i l l  b rin g  
sam ple w ith in  range o f 0.05% test paper.

R esults and  D iscussion

Im pregnation  of chrom atographic papers w ith  
w a ter or b u ffe r solutions o f D C P  was unsuc­
cessful because the dye changed fro m  b lu e  to 
p in k  by the tim e the papers w ere  dry . E thanol 
solutions d ried  ra p id ly  and possibly the crystal­
lin e  structure o f the dye was a ltered  so that the  
b lue  color was preserved. H o w e v e r, w ith o u t  
starch coating, the color o f papers even w h e n  
sealed in  glass jars aw ay fro m  lig h t degraded  
w ith in  7 h (4). Papers sprayed w ith  com m ercial 
spray starch reta ined  essentially  the same color

values for 60 days at room  tem perature, and color 
photographs o f reference papers w e re  useful as 
references fo r this period . Starch-coated papers 
can be kept in  b ro w n  bottles and used fo r years 
w ith  fresh ly  prepared  reference strips even  
though there is a g radual change o f color.

S potting  o f reference strips or test papers is 
sim ple as lon g  as care is taken to ensure that the  
sam ple is q u a n tita tiv e ly  transferred  fro m  the  
m icro lite r p ip e t to the test paper. The tip  o f the  
pipet is touched to the paper and capillary action 
draws the sample onto the paper w ith  very  litt le  
pressure o f the p ip e t bu lb  needed. U n ifo rm  
spotting  can be accom plished w ith  a m in im u m  
of practice. R eduction o f the dye proceeds to 
com pletion  rap id ly  and spots can be read as soon 
as they  are dry . I f  papers are prepared  in  ad­
vance w ith  iden tify ing  marks, at least 15 samples 
can be spotted in  the tim e in te rv a l necessary for 
one titration, and the first spots w ill  be d ry  by the 
tim e  the  last sam ple is spotted. T rip lica te  spots 
of most samples are usually evaluated identically ,
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unless excess p ig m e n t or pectin  content in tro ­
duces a d ev ia tion  o f ± 2 .0  m g /100 m L. I f  the  
sam ple has been d ilu te d  1:1 w ith  b u ffe r, the  
m axim um  d ev ia tion  w i l l  be 4.0 m g /1 0 0  m L.

Sam ples fo r com parison o f the  spot test w ith  
the o ffic ia l A O A C  titr im e tr ic  m ethod  w e re  p u r­
chased fro m  local grocery stores and both  tests 
w ere conducted on the same day (Table 1). The  
canned, b ottled , or fro zen  juices w ere  usually  
spotted fu ll  strength on the 0 .1% test papers and  
then  d ilu te d  1:1 w ith  b u ffe r so lu tion  to b rin g  
them  in to  the range o f e ith e r the 0.05 or the  
0.025% paper. W h e n  papers w ere  spotted w ith  
samples d ilu ted  1:1 and trip licate readings varied  
by 2 m g /1 0 0  m L , the m u ltip lic a tio n  factor p ro ­
duced a varia tio n  of 4 m g /100  m L. T he average  
standard d ev ia tio n  fo r the spot test results was
2.3 com pared w ith  1.9 fo r the  titra tio n  m ethod; 
h ow ever, th e  lin e a r corre la tion  betw een  the 2 
m ethods was 0.99747. Some samples w ith  re ­
s idual p in k  color such as N o . 16 (cranberry- 
app le) could  not be d ete rm ined  by the titra tio n  
m etho d  b ut w ere  analyzed  by  the spot test. 
C oncord  grape juice could not be analyzed  by 
e ith e r test.

The spot test is useful for any sample for w hich  
the A O A C  titra tio n  m etho d  is va lid . T h e  spot 
test is so m uch  faster that 10  or m ore test (spots)

can easily be app lied  w h e n ever indecision  in  
comparisons w ith  the reference spots occurs, and  
thus v a ria tio n  can be reduced. In te rfe rin g  ions 
in  samples should be d ete rm ined  using m eth ­
y len e  b lue  ( 1 ) to see if  the m ethod is va lid  for the 
sam ple, o r the samples can be treated  (3) to re ­
m ove the in te rfe rin g  ions. The m icro  am ounts  
o f sam ple requ ired  g reatly  reduce the tim e and  
labor invo lved  in  preparation of samples, m aking  
th e  m ethod  especially useful in  d ete rm ina tion  
of v ita m in  C  in  in d iv id u a l fru its  and vegetables. 
Freshly  p repared  reference strips are recom ­
m en ded  fo r h ighest accuracy, but actual-size  
colored photographs o f fresh ly  p repared  re fe r­
ence strips increase the portab ility  o f the m ethod, 
and  are accurate fo r extended periods (4). 
C lo u d y  or lig h tly  colored samples do n o t in te r­
fere w ith  the determ ination  and only  a m in im u m  
o f sk ill is req u ired  of the analyst.

Re f e r e n c e s

(1) O fficial M eth o d s o f  A nalysis (1980) 13th Ed., AOAC, 
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(2) O fficial M etho ds o f A nalysis (1980) 13th Ed., AOAC, 
Arlington, VA, sec. 22.008

(3) Pelletier, O., & Morrison, A. B. (1966) ] .  A ssoc. O ff. 
A nal. C hem . 49,800-803

(4) Rymal, K. S„ & Rice, C. A. (1976) H ortic. Sci. 11, 
23-25

Procedure for Cooking Seafood Products

FREDERICK J. KING
National Marine Fisheries Service, Northeast Fisheries Center, Gloucester Laboratory, 
Gloucester, M A 01930-2599

As a result of experience gained using procedure 
18.003, a revision is proposed. The revised procedure 
has been adopted.

In  1975, A O A C  accepted procedure 18.003 for 
cooking  seafood products (1). Its objective is to 
standard ize  techniques fo r h eating  to prepare

1 Recommended International Standards are published by 
the Secretariat of the Joint FAO/WHO Food Standards Pro­
gram, FAO, Via delle Terme di Caracalla, 00100 Rome, Italy, 
and distributed by FAO sales agents in member countries. The 
U.S. sales agent is UNIPUB, Inc., 345 Park Ave S, New York, 
NY 10010.

Received June 1,1982.
The recommendation of the Associate Referee was approved 

by the General Referee and Committee C and was adopted by 
the Association. See the General Referee and Committee re­
ports, J. Assoc. Off. Anal. Chem. (1983) 66, 346; 417.

seafood products for grading  the q uality  of th e ir  
f la v o r and odor. I t  is based on u n ifo rm  d irec­
tions pub lished  in  U.S. Standards fo r Grades of 
certa in  seafood products. I t  has also been used 
successfully to inspect seafood products fo r  
w h ic h  U .S. Standards fo r Grades have not yet 
been developed.

U n d e r the Joint F A O /W H O  Food Standards  
P rogram , the  Codex A lim e n ta riu s  C om m ission  
and , in  particu lar, its C o m m ittee  fo r Fish and  
Fishery  Products have been incorporating  p ro ­
cedure 18.003 in  standards w h ic h  are used in  
in ternational trading. The fo llo w in g  documents 
in c lu d e  procedure 18.003:1

Recom m ended In te rn a tio n a l S tandard for
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Q u ick  Frozen F ille ts  o f F lat Fish, C A C /R S  91- 
1976

Recom m ended In te rn a tio n a l Standard for 
Q uick  Frozen Shrim ps or Praw ns, C A C /R S  92- 
1976

R ecom m ended In te rn a tio n a l Standard for 
Q uick  F rozen  F ille ts  o f H ake , C A C /R S  93-1978

Recom m ended In te rn a tio n a l S tandard  fo r  
Q uick  F rozen  Lobsters, C A C /R S  95-1978

Proposed D ra ft S tandard  fo r Q uick Frozen  
Blocks o f Fish F illets, M in c e d  Fish Flesh, and  
M ixtu re s  o f F illets and M in c e d  Fish Flesh

Proposed D raft Standard for Q uick Frozen Fish 
Sticks (Fish Fingers) and Fish Portions— Breaded 
or in  Batter

T h e  purpose o f this com m unication  is to de­
scribe experience obtained since 1975 and  to 
propose that procedure 18.003 be revised. To  
m easure in tern a l tem perature, the most practical 
in s tru m en t has p ro ven  to be a therm ocouple  
m o u n ted  inside a rig id  tube w ith  an adjustable  
probe and a tem peratu re  read-out. Such in ­
strum ents are com m ercia lly  availab le  at a rea­
sonable cost. W e have also received com m ents  
tha t a statem ent should be added to the deep fat 
fry in g  procedure saying that cooking o il should  
be changed freq u en tly  so that h eat-induced  
changes in  the composition of cooking o il, w h ich  
has been used fo r a lon g  tim e, w i l l  not in te rfe re  
w ith  sensory eva luation  o f a cooked product.

T h e  usefulness of procedure 18.003 has been  
lim ite d  b y  the fact that it  describes o n ly  4 tech­
n iques o f heating: b ak in g , b o il-in -b ag , deep fat 
fry in g , and steam ing. In  the fo llo w in g  para­
graphs, some exam ples o f these lim ita tio ns  are 
g iven .

O n  some occasions, cooking d irections are 
g iv e n  on the packages of a sam ple being  in ­
spected. Such directions are m ore com m on on  
packages in tend ed  for direct sale at a reta il level. 
They are used in freq uen tly  on packages intended  
fo r the food service trade or fo r sale at an in s ti­
tu tio n a l level. W h e n  cooking d irections are 
g iven , th ey  m ig h t be used d u rin g  an o ffic ia l in ­
spection. To  standardize h eating  techniques  
b etw een  samples o f d iffe re n t orig ins, 2  req u ire ­
m ents should be m et. The d irections should  
p ro v id e  th erm al conditions eq u iva len t to p ro ­
cedure 18.003 (heatin g  product to an in te rn a l 
tem peratu re  o f at least 160°F  (70 °C ) and they  
should  not describe substances (o ther than  
cooking  o il fo r fry in g ) that w o u ld  a lte r the nat­
ura l f lav o r and odor of the cooked product. I f  
cooking  directions are g iven  in  a language that 
an inspector does not understand or i f  no cook­
in g  d irections are g iven , an inspector w o u ld  use

procedure 18.003.
T he  U .S. A rm y  N a tick  Research and D e v e l­

o p m en t Laboratories has com pleted a recent 
study u nd er a contract w ith  the N a tio n a l M arin e  
Fisheries Service en title d  "C onsum er and In ­
s tru m enta l E d ib ility  Measures fo r G ro u p in g  of 
Fish Species" (2). O ne  of the objectives o f this  
study is to develop a standardized m ethodology  
w h ic h  can be used by o ther laboratories in  th e ir  
assessments o f o th er species o f fish. A t the be­
g in n in g  o f this study, the cooking procedures in  
procedure 18.003 w ere  tried . T he  b o il-in -b ag  
procedure was the best choice but i t  d id  not 
p ro v id e  a su ffic ie n tly  reproducib le  heat treat­
m en t fo r the purposes of this study. The  
adopted  procedure was to package a piece of 
fresh fish fille t in  a sealed 2 -com partment boil- 
able film -typ e  pouch and to cook it  by im m ersion  
in  160°F  (70 °C ) w ater. The tim e req u ired  fo r  
cooking  was d ete rm ined  by p lac ing  th erm o ­
couples at the center of samples o f d iffe re n t  
thicknesses and then  p erfo rm in g  heat p enetra ­
tion  studies. C ooking  was com pleted w h e n  the  
coldest p art of a sam ple reached 160°F  (70 °C ).

In  the  d eve lo pm en t o f a n e w  U.S. Standards  
for Grades of Fresh or Frozen Fish Steaks (50 CFR  
262, Subpart A ), b ro ilin g  has been suggested as 
a cooking  procedure. B ro iling  and baking  are 
com m only  used fo r this product but o n ly  baking  
is p resently  described in  procedure 18.003.

In  the  d eve lo pm en t o f a Proposed D ra ft  Stan­
dard  fo r Q u ick  Frozen Fish Sticks (Fish Fingers) 
and  Fish P ortions— Breaded or in  Batter, the  
Codex C om m ittee for Fish and F ishery Products 
is considering  b ak in g , fry in g  in  a shallow  pan, 
deep fat fry in g , and g r illin g  fo r sensory assess­
m ent of these products. Shallow  pan fry in g  and  
g rillin g  are used for inspection purposes in  some 
o th er countries but they  are not described in  
procedure  18.003.

M icrow ave  ovens have been suggested fo r use 
by Inspection Agencies because they o ffe r rapid  
h eating , especially fo r precooked seafood p ro d ­
ucts. T h ey  are also becom ing m ore read ily  
availab le  in  places w h ere  o ffic ia l inspection of 
seafood products is perfo rm ed, but m icrow ave  
heating  is not described in  procedure 18.003.

Exam ples o f o ther cooking procedures could  
be g iven  but it  is obvious that in c lu d in g  a ll of 
them  w o u ld  m ake p rocedure  18.003 q u ite  
lengthy. Instead, w e propose to om it a ll detailed  
techniques o f heating  a product and to focus on  
the req u irem ent that a product be heated to an 
in te rn a l tem peratu re  o f at least 160°F  (70 °C ).

The fo llo w in g  revised procedure is recom ­
m en ded  fo r adoption .
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18.D01 Cooking of Seafood Products
Procedure

C o o kin g  procedure is based on h eating  p ro d ­
uct to in te rn a l tem p. > 1 6 0 °F  (70 °C ). C o ok ing  
tim es vary  according to size o f product and  
e qu ip m ent used. To det. cooking  tim e , cook 
extra sam ple same w ay  using tem p, m easuring  
device w ith  probe o f k n o w n  len g th  to det. in ­
tern a l tem p. C o ok in g  eq u ipm ent, in c lu d in g  
cooking o il fo r deep fat fry in g , shall be free from  
substances w h ic h  in te rfe re  w ith  sensory e va lu ­
ation  o f cooked product.

M ethods o f h eating  product inc lu d e , b u t are 
n ot lim ite d  to, bak ing , b ak e -in -fo il, b ro ilin g , 
b oil-in -bag, shallow  pan fry in g , deep fat fry in g , 
oven fry in g , g r illin g , poaching, steam ing, and  
m icrow ave heating .

Re f e r e n c e s

(1) King, F. J. (1976) /. Assoc. Off. Anal. Chem. 59, 
225-226

(2) Kapsalis, J. G. (1981) "Consumer and Instrumental 
Edibility Measures for Grouping of Fish Species," 
Final Report of Contract 01-8-M01-6320, U.S. Army 
Natick Laboratories, Natick, MA

Report of the Twenty-Sixth Annual Meeting of the Collaborative 
International Pesticides Analytical Council (CIPAC)

WARREN R. BONTOYAN, U.S. Member of CIPAC and AOAC Representative 
Environmental Protection Agency, Office of Pesticides Programs, Beltsville, M D  20705

T h e  26th  A n n u a l C IP A C  M e e tin g  and S ym po­
sium  was h e ld  at the F A O  (Food and A g ricu lture  
O rg a n iza tio n ) H eadquarters in  Rom e, Ita ly , in  
M a y  1982 and  was hosted by the F A O 's  P lan t 
Protection  Service. A rrang em en ts  w ere  m ade  
b y  A . V . A d am .

T h e  an n ua l in fo rm a l m eeting  o f F A O  and  
G IF A P  (In te rn a tio n a l G roup  o f N a tio n a l Asso­
ciation  o f A grochem icals) preceded the  S ym po­
sium . A n  exp lan ation  o f the F A O -G IF A P  
m eeting  was g iven  in  the 1981 report (Bontoyan, 
W . R. (1982) J. Assoc. Off. Anal. Chem. 65 ,400-403). 
T en ta tive  agreem ents on a n um ber o f specifica­
tions fo r technical and fo rm u lated  pesticides  
w ere  approved. These specifications are im ­
p o rtan t to the  U .S. D ep artm ent o f A g ric u ltu re  
and EPA as w e ll as U.S. pesticide manufacturers. 
In fo rm a tio n  on  these specifications can be ob­
ta in ed  from  D r. A . V . A dam , the  Food and A g r i­
culture O rg an iza tion  o f the U n ited  N ations, V ia  
d e lla  T erm e d i Caracalla 00100, Rom e, Ita ly .

H . H . Povlsen o f K e m ik a lie k o n tro lle n , D e n ­
m ark , and  M . L au ren t, chairm an o f the G IF A P  
Technica l C o m m ittee , co-chaired the  Sym po­
sium . A m ong  the papers presented w ere  seven 
on fo rm u la tio n  analysis. These consisted of 
th ree  using h ig h  pressure liq u id  chrom atogra­
p h y  (H P L C ), three b y  various assay procedures,

and one on the aspects o f H P L C  in  q u a lity  con­
tro l o f technical and form ulated pesticides. Also  
presented w ere  papers on physical testing ( in ­
c lud ing  testing fo r fire  and  explosion hazards of 
pesticides) and a presentation on In tegrated  Pest 
M an agem ent w ith  C o n tro lled  Release P hero ­
m one Form ulations.

T he  o rgan iza tiona l m akeup  and m em bership  
o f C IP A C  is essentially the same as g iven  in  the  
1981 report. H o w ev e r, the C ounc il elected ad­
d itio n a l Correspondents: A . V . A dam  o f FAO ;
S. Bailey o f Boots C hem ical, England; J. W . M iles  
of the U.S. D ep artm en t o f H e a lth  and H u m a n  
Services.

T he  C IP A C  M an agem ent C om m ittee  decided  
to h o ld  the 27th  C IP A C  A n n u a l M e e tin g  and  
Sym posium  and the F A O -G IF A P  M e e tin g  at 
G riff in  U n iversity , Brisbane, Australia, from  July 
5 to 14,1983. C IP A C  also agreed to h o ld  its 28th  
A n n u a l M e e tin g  (1984) in  the U n ite d  States 
in  co n ju n c tio n  w ith  A O A C 's  C e n te n n ia l 
M ee tin g .

T he  sum m aries o f the  decisions taken  at the  
26th  m eeting  o f the Technical C o m m ittee  of 
C IP A C  in  Rom e, Ita ly , M a y  24 and  25, 1982, are 
listed  below . Seven A O A C  m ethods fo r pesti­
cide fo rm u la tion  analysis w ere  adopted by  
C IP A C .
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C o d e

N u m b e r C h e m ic a l S ta tu s  o f  t h e  M e t h o d

1 2, 4 -D The G LC  m ethod , M T  1 2 9 -C IP A C /3 0 3 0 /(M ) for 
the determ ination  of 2,4-D  technical was adopted  
as p ro vis io na l C IP A C  m ethod.

1 0 .a p ara th io n -m eth y l T h e  G LC  m ethod  fo r p ara th io n -m e th y l encap­
sulated form u lation s , 6 .409-6.414, was adopted  
as fu ll  A O A C -C IP A C  m ethod.

32. +  33 p yre th rin s  +  p ip e ro n y l butoxide T he  G LC  m ethod  fo r p yre th rin s  +  p ip e ro n y l 
butoxide , 6 .C 22-6 .C 25 , was adopted as p ro v i­
sional A O A C -C IP A C  m ethod.

40 captan The G LC m ethod for the determ ination  o f captan 
in  captan technical and  form u lations, 6 .215- 
6 .219 , was ad o p ted  as fu l l  A O A C -C IP A C  
m ethod.
T he  H P L C  m ethod  fo r the d eterm ination  o f 
captan in  captan technical and form ulations, 
6 .A 09 -6 .A 14 , was adopted as fu ll  A O A C -C IP A C  
m ethod .

45 m evinphos T he  H P L C  m ethod  fo r the d ete rm ina tion  of 
m e v in p h o s  tec h n ic a l and  fo rm u la tio n s , 
C IP A C -P 81 , pp. 283 -288 , was adopted as fu ll  
C IP A C  m ethod.

59 dim ethoate T he  T L C  m ethod  and the G LC  m ethod , C IP A C / 
3 0 2 6 /M , fo r the d e te rm in a tio n  o f d im ethoate  in  
dusts, w ettab le  pow ders, and  granules w ere  
adopted as fu l l  C IP A C  m ethods.

77 p henm ed ip ham T he T LC -den s ito m etric  m ethod  for the d eter­
m in a tio n  o f p h en m ed ip h am  in  em u ls ifiab le  
concentrates, C IP A C -P  80, pp. 215 -219 , was 
adopted as fu l l  C IP A C  m ethod.
The H P L C  m ethod  and  the titr im e tric  m ethod , 
presented at the C IP A C  Sym posium 1982, for the 
determ ination  of phenm edipham  in  em ulsifiable  
concentrates w ere adopted as provisional C IP A C  
m ethods.

78 q u in to zen e T he  G LC  m ethod  fo r the d eterm ination  of 
q u in to zen e  in  q u in to zen e  technical and fo rm u ­
lations, 6.C 08-6.C 11, was adopted as provis ional 
A O A C -C IP A C  m ethod.

83 2,4-DB The G LC m ethod for the determ ination  of 2,4-DB  
tech n ica l, M T  1 2 9 -C IP A C /3 0 3 0 /(M ) ,  was  
adopted as p rovis iona l C IP A C  m ethod.

84 d ich lo rp ro p T h e  G LC  m ethod  fo r the d ete rm ina tion  of d i­
ch lo rp rop  technical, M T  1 2 9 -C IP A C /3 0 3 0 /(M ),  
was adopted as provis ional C IP A C  m ethod.

87 b ro m o xyn il octanoate The G LC  m ethod , C IP A C /3006 /M ,  fo r the d e ­
te rm in a tio n  o f b ro m o xyn il octanoate technical 
was adopted as fu ll  C IP A C  m ethod.

118 fenoprop The G LC  m ethod, M T  1 2 9 -C IP A C /3 0 3 0 /(M ), for 
the d e te rm in a tio n  o f fenoprop  technical was 
adopted as p rovis iona l C IP A C  m ethod.
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C o d e

N u m b e r C h e m ic a l S ta tu s  o f  t h e  M e t h o d

172 ch in om eth ion at T he  H P L C  m ethod , C IP A C /3 0 4 0 /(M ) ,  fo r the  
d ete rm in a tio n  o f ch in o m eth io n a t technical and  
form ulations was adopted as p rovis ional C IP A C  
m ethod.

2 2 1 .b ch lo rpyriphos The H P L C  m ethod , 6.B15-6.B19, fo r the d eter­
m in a tio n  o f ch lo rp yrip ho s  technical and fo r­
m ulations was adopted as fu ll  A O A C -C IP A C  
m ethod .

263 carbendazim The H P L C  and U V  spectrophotom etric methods, 
C IP A C -P  81, pp. 144 -151 , fo r the d ete rm ina tion  
of carbendazim  technical and form ulations w ere  
accepted as fu ll  C IP A C  m ethods.

353 triazophos The H P L C  m ethod, C IP A C -P  81, pp. 324-331, for 
triazophos technical concentrates and em ulsi- 
fiab le  concentrates was adopted as fu ll  C IP A C  
m ethod .

358 d ic lo fo p -m e th y l T he  G LC  m ethod  fo r the d e te rm in a tio n  of d i­
c lo fo p -m eth y l technical and em u ls ifiab le  con­
centrates, C IP A C /3 0 4 4 /(M ) ,  was adopted as 
p ro vis io na l C IP A C  m ethod.

360 trifo r in e T he  H P L C  m ethod  fo r the d e te rm in a tio n  o f t r i­
fo rine  in  em u lsifiab le  concentrates, C IP A C -P  81, 
p p . 3 4 1 -3 4 5 , was ado pted  as fu l l  C IP A C  
m ethod.

M T  47.2 The m ethod  for the determ ination  o f foam ing  of 
suspension concentrates, C IP A C /3028 /R , A pp . 
A , was adopted as fu l l  C IP A C  m ethod.

M T  157 The m ethod  fo r the d e te rm in a tio n  o f w a te r sol­
u b ility  o f substances w ith  so lubilities  h ig h er  
than  10- 2  g /L ,  C IP A C /3 0 5 3 /M , was adopted as 
fu l l  C IP A C  m ethod.
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FOR YOUR IN FO R M ATIO N

Report of the Committee on Statistics

The C om m ittee's  report was accepted at the  
Business M e e tin g  on O ctober 28, 1982, d u rin g  
the 96th  A n n u a l In te rn a tio n a l M e e tin g  o f the  
A O A C . C o m m ittee  m em bers are: James S. 
W in b u sh  (Food and  D ru g  A d m in is tra tio n , 
W ashington , D C  20204), C h a ir m a n ; Charles  
A n n e llo ; Paul R. C au d ill; D . Earle C o ffin ;  
E d w in  G locker; Patrick C. K e lly ; Robert C. 
R und; M a rie  S iew ierski.

T he  Statistics C om m ittee  discussed problem s  
in  recent collaborative studies and suggestions 
fo r im p ro ved  analysis and in te rp re ta tio n . 
W illia m  H o rw itz , C h airm an  o f the C o m m ittee  
on C o llab orative  Studies, discussed some 
statistical problem s encountered by his 
com m ittee. O ne  p ro b lem , discussed at leng th , 
concerned the pros and cons o f an o vera ll 
analysis o f variance and the analysis o f the  
collaborative data on a sam ple-by-sam ple  
basis. A lso discussed w e re  the biases 
associated w ith  the use o f the  Y ouden  ran k in g  
procedure fo r d ete rm in in g  w h e th e r a 
laboratory is an o u tlie r. I t  was decided that 
the Y ouden  rank procedure should  be used 
w ith  d iscretion, recogn izing  that the  
procedure is not alw ays effective  in  
d ete rm in in g  a true o utlier.

M in i-co lla b o ra tiv e  studies w ere  discussed, 
questio n in g  w h a t type o f sanction can be 
g iven  to them  and recogn izing  that such 
studies f i l l  a need w h e n  m in o r m odifications  
are m ade in  a m ethod.

T h ere  are problem s associated w ith  the  
practice o f n o t p erfo rm in g  the o ffic ia l m ethod  
at the same tim e  that the n ew er m ethod  is 
being  co llab orative ly  tested. D u e  to greater 
constraints on funds and collaborators' tim e, 
this practice has been increasing.

The C o m m ittee  discussed various aspects of 
m akin g  ava ilab le  a com puter p rogram  to 
p erfo rm  part o f the statistical analyses for 
collaborative studies. T he  program  was 
developed  and  m o d u larized  by m em bers o f 
the F D A  D iv is io n  o f M athem atics. W h ile  the  
program  m ig h t not be used p ro p erly  on  
occasion, its o vera ll benefits  o u tw e ig h  this  
negative aspect because statisticians are 
availab le  fo r consultation.

Papers o r item s re la tive  to statistical issues 
in  co llaborative  studies w i l l  be subm itted  to 
the R e fe r e e  or the  jo u r n a l .

New Additions to the AOAC Sustaining 
Membership List

A O A C  is pleased to announce that the  
Laboratory o f the  G overnm en t C hem ist, 
L ondon, Eng land , as a Sustain ing M em b e r, 
and M erck  Sharp and  D ohm e Research 
Laboratories, R ahw ay , NJ, as a Private  
Sustain ing M em b e r, have jo ined  the lis t of 
organizations tha t support ind epen den t 
m ethods va lid a tio n . T he  support o f all 
Sustain ing M em bers  helps fu rth e r the  
purposes o f A O A C .

New NBS Standard Reference Materials 
Recently Made Available

T he  N a tio n a l Bureau o f Standards O ffice  of 
Standard  Reference M ateria ls  announced the  
a v a ila b ility  o f the  fo llo w in g  SRMs:

S R M  1 5 8 1  P o ly c h lo r in a te d  B ip h e n y ls  in  O i l—  
T he  C ertifica te  o f Analysis  fo r this reference  
m ateria l lists the certified  concentrations o f 
Aroclors 1242 and 1260 present in d iv id u a lly  at 
100  M g/ g  in  m otor o il and transform er o il. 
A d d itio n a l base o il is supplied  to d ilu te  the 4 
certified  concentrates o f PCBs. A va ilab le  fo r  
$150 per u n it, consisting o f 8  ampules: 2.5 m L  
solu tion  in  2 am pules fo r each o f the 4 
concentrates.

S R M  1 5 9 9  A n t ic o n v u ls a n t  D r u g  L e v e l  A s s a y  

S t a n d a r d — C e rtif ie d  fo r concentrations of 
va lp ro ic  acid and  carbam azepine in  a freeze- 
d ried  hum an  serum  base. A va ilab le  fo r $153 
per u n it  o f 4 vials.

S R M  1 6 4 9  U r b a n  D u s t  / O r g a n ic s —
A tm ospheric  particu la te  m atter obtained  from  
an urban area and  certified  fo r flu o ran th en e , 
benz[a]anthracene, benzo[a]pyrene, b en zo jg h i]- 
p ery lene , and ind eno [l,2 ,3 -cd ]p yren e . 
In fo rm a tio n  values are also g iven  fo r 28 
inorganics and leachable anions. A v a ilab le  for 
$175 p er 10 g u n it.

S R M s  1 8 0 5  a n d  1 8 0 6  B e n z e n e  in N i t r o g e n —  
C e rtifie d  cylinders o f n o m in a l concentrations  
o f benzene: S R M  1805 contains 0.25 
/xm o le /m o l (p p m ) and S R M  1806 contains 10 
q m o le /m o l (ppm ). S upp lied  in  a lu m in u m  
cylinders  at 12.4 M P a (1800 psi) pressure w ith  
a d e liverab le  vo lu m e o f 0.88 cu. m  (31 cu. ft)  at 
STP. T he  cy linders  conform  to D e p t o f 
Transporta tion  Specifications. T he  certificate  
issued gives the  certified  concentration  o f
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ben zene  in  each cy linder. A va ilab le  fo r $753 
p er S R M  cylind er.

S R M  1 9 1 1  B e n z e n e  P e r m e a t io n  D e v ic e  

( I n d iv id u a liy  C a l ib ra te d ) — C e rtif ie d  fo r benzene  
perm eation  rate o f 0.3 to 0.5 /^ g /m in  at 
constant 2 5 °C . Each device is supplied  w ith  
an in d iv id u a l C ertifica te  o f C a lib ra tio n  that 
contains instructions fo r w o rk in g  w ith  the  
certified  va lue  o f that device. Perm eation  
rates betw een  20 and  30 °C  m ay be calculated  
fro m  data p ro v id ed . A va ilab le  fo r $296 per 
device.

ISO Standards Available from ANSI

The fo llo w in g  is a lis t o f standards fro m  the  
In te rn a tio n a l O rg a n iza tio n  for 
S tandard ization  (IS O ), Technical C om m ittee  
34 -A g ric u ltu ra l Food Products. T he  Standards  
are ava ilab le  at prices ind icated  from  
A m erican  N a tio n a l Standards Ins titu te , Inc ., 
1430 B roadw ay, N e w  Y o rk , N Y  10018; 2 12 / 
354-3300.
IS O  676 -1982  Spices and

condim ents— N o ­
m enclature $23.00

IS O  762 -1982  F ru it and vegetable
products— D eterm  i- 
n ation  o f m in era l 
im p u rities  content 7.80  

IS O  9 2 7 -1982  Spices and  con­
d im en ts— D e te r­
m in a tio n  of 
extraneous
m atter content 8 .0 0

IS O  1026-1982  F ru it and  vegetable  
products— D e te r­
m in a tio n  of d ry  
m atter content by  
d ry in g  u n d er  
reduced pressure 
and  o f w ater  
content by  
azeotropic
d is tilla tio n  9.75

IS O  1208-1982  Spices and con­
d im en ts— D e te r­
m in a tio n  o f f i lth  1 2 .0 0

IS O  1955-1982  C itrus fru its  and
d erived  products—  
D e te rm in a tio n  of 
essential oils  
content
(Reference m ethod ) 11.00 

IS O  1 9 5 6 /1 -1 9 8 2  Fru its and
vegetables—

M orp h o lo g ica l 
and  structural te r­
m in o lo g y — Part 1 29.00

IS O  1 9 9 0 /1 -1 9 8 2  Fruits— Nom enclature 2 0 .0 0
IS O  1 9 9 1 /1 -1 9 8 2 Vegetables—

N o m enc la tu re 17.00
IS O  3093-1982 C ereals— D e te rm in a ­

tion  o f fa llin g
n um ber 11.70

IS O  5497-1982 Sensory analysis—  
M e th o d o lo g y —  
G uid e lin es  for 
preparation  of 
samples fo r w h ic h  
direct sensory 
analysis is not
feasible 8 .0 0

IS O  5507-1982 O ilseeds— N o m enc la ­
ture 21 .0 0

IS O  5512-1982 S u n flo w e r seed for 
the m anufacture of
o il— Specification 8 .00

IS O  5513-1982 Linseed fo r the  
m anufacture of
o il— Specification 8 .0 0

IS O  5564-1982 Black pepper and  
w h ite  pepper, 
w h o le  or g ro u n d —  
D e te rm in a tio n  of 
p ip e rin e  content 
(Spectrophoto-
m etric  m ethod ) 8 .0 0

IS O  5565-1982 V a n illa  (V a n illa  
fragrans (Salisbury) 
A m es)— Specifica­
tion 15.00

IS O  5566-1982 T  u rm e ric — D e te rm in ­
ation  o f co louring  
p ow er (Spectropho-
tom etric  m ethod ) 8 .0 0

IS O  6538-1982 Cassis (type C h in a , 
type  Indonesia and  
type V ie t N a m ), 
w h o le  or g ro un d  
(p o w d e re d )— Speci­
fication 9.75

IS O  6775-1982 Fenugreek, w h o le  or 
ground
(p o w d e re d )— Speci­
fication 11.00

IS O  6634-1982 Fruits, vegetables and  
d erived  products—  
D ete rm in a tio n  of 
arsenic content 
(S ilver
d ie thy ld ith iocarb am ate
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spectrophotom etric  
m ethod) $ 12 .00

IS O  6736-1982  D rie d  m ilk —
D ete rm in a tio n  of 
n itra te  and n itr ite  
contents (C adm iu m  
reduction  and  
p ho to m etry
m etho d ) 12 .0 0

IS O  6739-1982  W h ey  cheese—
D e term in a tio n  of 
n itra te  and n itr ite  
contents (C adm iu m  
reduction  and  
p ho tom etry
m ethod) 12 .0 0

IS O  7302-1982  Cereals and cereal 
products— D e te r­
m in a tio n  o f total 
fat content 1 1 .00

Courses Offered

D e s ig n  a n d  A n a ly s is  o f  S c ie n t i f ic  E x p e r im e n t s .—  
Massachusetts In s titu te  o f Techno logy w il l  
offer a o ne-w eek  e lem entary  course in  Design  
and A nalys is  o f S cien tific  Experim ents, July 
11-Ju ly  16, 1983. A pp licatio ns w i l l  be m ade 
to the physical, chem ical, b io log ical, m edical, 
en g in eerin g , and  ind ustria l sciences, and  to 
experim enta tio n  in  psychology and  
economics. T he  course w i l l  be tau g ht by  
Professors H a ro ld  Freem an and Paul Berger. 
F u rth e r particu lars m ay be obtained by w r it in g  
to the D irec to r o f Sum m er Session, Room  E19- 
356, Massachusetts In s titu te  of T echno logy, 
C am bridge, M A  02139.

M ic r o s c o p y .— T h e  M cC ro n e  Research 
In s titu te  o f Chicago w i l l  present several 
courses in  microscopy d u rin g  th e ir  1983 
schedule. O ffe rin g s  inc lu de  
P hotom icrography (101), O ctober 17-21; 
M icroch em ical Analysis  (207), Septem ber 19 - 
23; Scanning Electron M icroscopy (402)
A ugust 15 -19  and N o ve m b e r 7—11; 
Id e n tif ic a tio n  o f Sm all Particles (501), O ctober 
10-14; M icroscopical Id e n tific a tio n  o f Asbestos 
(508A ), A ugust 1 -5  and N o vem b er 7 -11 ;  
A dvanced  Asbestos Id e n tific a tio n  (508B), 
A ugust 8 -1 0  and  N o ve m b e r 14-16 . Several 
o th er courses are availab le . M ost courses are 
one w eek  in  len g th  (course 508B is 3 days in  
len g th ; tu it io n  $400). T u itio n  is $650 per class 
in c lu d in g  the text (except course 501 fo r w h ic h  
students purchase books). For fu rth e r  
in fo rm atio n  and  to register, contact M iss

N an cy  B. D aerr, M cC ro ne  Research Ins titu te , 
2508 S M ich ig a n  A ve , Chicago, IL  60616; 312 / 
842-7105.

Meetings

J u n e  1 - 4 ,  1 9 8 3 :  S ym posium — Flavour o f 
D is tille d  Beverages; S tirlin g  U n ive rs ity , 
Scotland. Contact: D r. J. R. P iggott, D e p t o f 
Bioscience and  B iotechnology, U n iv e rs ity  o f 
Strathclyde, 131 A lb io n  St, G lasgow  G l  1SD, 
Scotland.

J u n e  5 - 8 ,  1 9 8 3 :  6 6 th  C anadian  C hem ical 
C onference, C o nven tion  C entre, C a lgary , 
A lb erta , Canada. Contact: D r. A rv i Rauk, 
M C IC , D ep t o f C hem is try , U n iv e rs ity  o f 
C algary, C algary , A lb erta , T 2 N  1N 4  Canada; 
403 /284-6247; or T he  C hem ical Ins titu te  of 
Canada, 151 S later St, Su ite 906, O ttaw a, 
O n tario , K IP  5 N 3  Canada; 613 /233-5623 .

J u n e  7 - 1 0 ,  1 9 8 3 :  1st In te rn a tio n a l 
Sym posium  on D ru g  Analysis, Free U n iv e rs ity  
o f Brussels, Brussels, B elgium . Contact: C. 
V an  K erchove, Société Belge des Sciences 
Pharm aceutiques— Belgisch Genootschap voor  
Pharm aceutische W etenschappen, rue  
Archim edesstraat 11, B-1040 Brussels, B elgium ; 
te lep hone (02) 733 98 20 est. 33.

J u n e  1 2 - 1 5 , 1 9 8 3 :  87th  A n n u a l C onference  
of the  Association o f Food and D ru g  
O ffic ia ls — G o vern m en t and In d u s try  
C ooperation , M a rr io tt  H o te l, N e w  O rleans,
L A . Contact: E dw ard  D . G reer, Co- 
C h airm an , A F D O  C onference E xh ib it 
C om m ittee , c /o  203 C annon H e a lth  B ldg, 75 
D avis St, P rovidence, R I 02908; 4 0 1 /277-2833.

J u n e  1 4 - 1 5 , 1 9 8 3 :  A O A C  M id w e s t R egional 
Section M e e tin g , Am es, IA . Contact: FI. 
M ich a e l Stahr, Io w a  State U n ive rs ity ; 5 1 5 / 
294-1950.

J u n e  1 5 - 1 6 ,  1 9 8 3 :  A O A C  N o rth w es t  
R egional Section M ee tin g , O ly m p ia , W A . 
Contact: H . M ich a e l W e h r, O regon  
D ep a rtm e n t o f A g ricu ltu re ; 503 /378-3793 .

J u n e  2 2 ,  1 9 8 3 :  A S T M  C o m m ittee  E-3 on  
C h em ical A nalysis  o f M eta ls  “ Sym posium  on  
Com puters in  C hem ical A nalys is ," Kansas 
C ity , M O . Contact: K athy  G reene, A S T M  
Publications D iv is io n , 1916 Race St, 
P h ila d e lp h ia , P A  19103; 215 /299-5414 .

J u n e  2 8 - 2 9 ,  1 9 8 3 :  A O A C  N ortheast R egional 
Section M e e tin g , B u rling ton , V T . Contact: 
A u d rey  G ardner, N Y  State A g ric u ltu re  
E xperim ent Station; 315 /787-2281.

J u ly  1 7 - 2 3 ,  1 9 8 3 :  SAC 83— In te rn a tio n a l 
C onference and E xh ib ition  on A n a ly tic a l 
C hem istry , U n iv e rs ity  o f E d inb urgh ,
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E d inb u rgh , Scotland. Contact: P. E. 
H u tch inso n , Secretary, A n a ly tic a l D iv is io n , 
Royal Society o f C h em is try , B u rlin g ton  House, 
L ondon  W 1 V  OBN, U K .

J u ly  1 6 - 2 3 , 1 9 8 3 :  R apid  M ethod s and  
A u to m a tio n  in  M icro b io lo g y , Kansas State 
U n iv e rs ity , M an h attan , KS. C e rtifie d  by the  
A m erican  Society fo r M icro b io lo g y . Contact: 
D a n ie l Y . C. Fung, D e p t o f A n im a l Sciences 
and  In d u s try , Kansas State U n ive rs ity , 1623 
A n derso n  A ve , M an h attan , KS 66502; 
te lep ho ne  913 /532-5575 .

J u ly  1 8 - 2 1 ,  1 9 8 3 :  1983 N a tio n a l C onference  
of Standards Laboratories W orksho p  and  
Sym posium : M e tro lo g y — M e e tin g  the  
C h allen ge  o f C hange, N a tio n a l Bureau of 
Standards, Boulder, C O . Contact: G ary  
D avidso n , C o -C h a irm an , 1983 N C S L  
W o rkshop  and Sym posium , T R W /D S S G , Bldg  
S, Room  2767, O n e  Space Park, Redondo  
Beach, C A  90278; 213 /535-1684 .

J u ly  2 7 - 3 0 ,  1 9 8 3 :  3 rd  In te rn a tio n a l 
C onference on In s tru m e n ta l Analysis  o f Foods 
and Beverages— Recent D evelopm ents  in  
C hem istry  and Tech no logy, C o rfu  H ilto n  
H o te l, C o rfu , Greece. Contact: D . J. 
M ussinan , IFF  R &  D , 1515 H ig h w a y  36, U n io n  
Beach, NJ 07735; 201 /264-4500 .

S e p t e m b e r  6 - 9 ,  1 9 8 3 :  5 th  In te rn a tio n a l 
Bioanalytical F o ru m — C h rom atograph y  of 
Blood and Tissue A nalytes , U n ive rs ity  of 
Surrey, G u ild fo rd , E ngland. Contact: D r. E.

Reid, G u ild fo rd  A cadem ic Associates, 72 The  
Chase, G u ild fo rd , Surrey  G U 2  5 U L , U K ; 
te lep ho ne  0483-65324.

S e p t e m b e r  1 8 - 2 3 ,  1 9 8 3 :  A O C S  W o rld  
C onference on O leochem icals, M o n tre u x  
Congress C enter, M o n tre u x , S w itze rlan d . 
Contact: M eetings  C oord inato r, A m erican  O il  
Chem ists' Society, 508 S S ixth St, C h am paig n , 
IL  61820; 217 /359-2344 .

S e p t e m b e r  2 8 - 3 0 , 1 9 8 3 :  In te rn a tio n a l 
W orkshop: Analysis  o f V o la tile s — N e w  
M ethods  and T h e ir  A p p lica tio ns , C hem ical 
D ept, U n ive rs ity  o f W u rzb u rg , G erm any. 
Contact: P. Schreier, C h airm an , Prof, o f Food  

.C h em is try , U n ive rs ity  o f W u rzb u rg , A m  
H u b la n d , D -8700 W u rzb u rg , GFR.

O c t o b e r  3 - 6 ,  1 9 8 3 :  97th  A O A C  A n n u a l 
In te rn a tio n a l M ee tin g , Shoreham  H o te l,  
W ashington , D C . Contact: K ath leen  M . 
Fom inaya, A O A C , 1111 N  19th St, Su ite 210, 
A rlin g to n , V A  22209; 703 /522-3032 .

N o v e m b e r  1 4 - 1 6 , 1 9 8 3 :  3 rd  In te rn a tio n a l 
Sym posium  on H P L C  o f Proteins, Peptides  
and  P olynucleotides, M o n te  C arlo , M onaco. 
Contact: S h irley  E. Schlessinger, Sym posium  
M an ager, 400 E R and o lp h , Chicago, IL  60601 ; 
312/527-2011 .

D e c e m b e r  6 - 7 ,  1 9 8 3 :  A S T M  C o m m ittee  E - l l  
on Statistical M ethods, Sheraton Bal H arb o u r, 
Bal H arb o u r, FL. Contact: B ill H u lse , A S T M , 
1916 Race St, P h ila d e lp h ia , P A  19103; 2 1 5 / 
299-5507.

CORRECTION

J. Assoc. O f f .  A n a l .  C h e m . (1982) 65, 1429-1434, 
“ C a p illa ry  G as-L iquid  C hrom atograph ic  D e te r­
m in a tio n  o f V o m ito x in  in  Cereal G rains," by H .  
C ohen  &  M . LaP ointe. O n  the basis o f ongoing  
w o rk  using the published m ethod, the correction  
cited below  im proved recoveries of vom itoxin  in  
n atu ra lly  contam inated  samples:

Extraction and Cleanup

Shake 10 g sam ple 1 h  w ith  200 m L  chloro -

fo rm -e th a n o l (8  +  2) +  30 m L  w a te r on  w ris t- 
action shaker. F ilte r m ix tu re  in to  500 m L  
ro u nd -b o tto m  flask. W ash filtra te  w ith  ad d i­
tio n al 50 m L solvent. A d d  su ffic ien t sodium  
sulfate to absorb a ll aqueous phase. F ilte r  
th rou gh  sm all bed o f sodium  sulfate in to  500  
ro und-bottom  flask. W ash w ith  a d d itio n a l 25 
m L  solvent. Evaporate organic solvent and  
continue as ind icated  on page 1430.
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NEW  PU BLIC ATIO N S

T o x ic  M a te ria ls  in  th e  A tm o s p h e re :
S a m p lin g  an d  A n a ly sis . Based on the  
Sym posium  on Toxic M ateria ls  in  the  
A tm osphere, B oulder, C o lorado, A ugust 2 -5 , 
1981. Edited  by B. F. H im m elsbach. 
Published  by A S T M , 1916 Race St, 
P h ila d e lp h ia , P A  19103,1982. 166 pp.
Price: $19.95. Price fo r A S T M  members: 
$15.95. S T P 786 . IS B N  04-786000-17.

T h e  focus of the sym posium  was to rev iew  
a ll aspects o f a ir sam pling  and  analysis in  the 
areas o f am b ient a ir and w orkp lace  
atm ospheres. This  p ub lica tion  contains 13 
papers; covers 4 m ajor subject categories: 
In d u s tria l H y g ie n e  S am plin g  and  Analysis, 
C o ntinu ou s  A ir  M o n ito rs  and Portable  
Ins tru m en ts , Passive M o n ito rin g  Devices, and  
C hem ica l C haracterization  and A n a ly tica l 
M ethods; and describes in d u s tria l hyg iene  
aspects and techniques, specific sam pling  and  
ana ly tica l situations, and approaches to 
p ro b lem -so lv ing . The firs t in  this series, STP 
721, S a m p lin g  a n d  A n a ly s is  o f  T o x ic  O r g a n ic s  in 

t h e  A t m o s p h e r e , was pub lished  in  1981.

M a n u a l o n  W a te r , S p e cia l T e c h n ica l  
P u b lic a tio n  4 4 2 A . Edited  by C. E. 
H a m ilto n . P ublished  by A m erican  Society 
fo r Testing  and M ateria ls , 1916 Race St, 
P h ila d e lp h ia , P A  19103,1982. 471 pp.
Price: $28.50, less 20% to A S T M  m em bers. 
IS B N  04-442010-16.

In te n d e d  as a b rie f reference source, this  
m an ual offers in fo rm atio n  on w a te r and its 
in flu e n c e  on industries in  w h ic h  w a te r is used 
as a raw  m ateria l or in  conjunction  w ith  
m an u fac tu rin g  operations. I t  discusses the  
problem s aris ing  fro m  w ater use w ith  specific  
details  on contro l procedures and instructions  
fo r  sam p ling  w a te r u n d er various conditions. 
T h is  p ub lica tion  contains 18 papers presented  
at an A S T M  sym posium . The n e w  ed ition  
includes in fo rm atio n  on the characteristics o f 
w a te r, p ro b lem  areas, and  n ew  approaches fo r  
id e n tify in g  and  so lv in g  problem s; 4 n ew  
chapters: Production  and Preservation of 
U ltra p u re  W ater, Sedim ents in  Streams and  
O th e r W ater Bodies, N u c le a r W ater  
T ech n o lo g y , and  Practices fo r M easu rem ent o f 
R adioactiv ity; and an expanded chapter on 
w a te r q u a lity  m o n ito rin g  w ith  sections on

surve illance and sample con d ition ing . The  
m an ual can serve as a gu ide to the nature  of 
w a te r p la n n in g , to d eterm ine  the significance  
o f the  trea tm ent being  app lied , and as part of 
th e  in d o c trin a tio n  o f technologists and p lan t  
operators.

A n n u a l D ru g  D ata  R e p o rt, V o lu m e  4.
Published  by J. R. Prous, S.A., A partado  de 
Correos 1641, Barcelona, Spain, 1982. Price: 
US$90. IS B N  84-300-7293-4. A lso availab le  
V o l. 2 ,1 98 0 ; price: US$70. V o l. 3 ,1981 ; 
price: US$85. V o ls  2 and 3 com bined, price: 
US$130.

T h is  vo lu m e  is the fou rth  in  a series 
established as an ann ua l guide to drugs in  
d iffe re n t stages o f research, d eve lo pm en t and  
m arke tin g  th rou gh ou t the w o rld . The report 
pro vides in  condensed form  essential d rug  
in fo rm atio n  selected from  the past year's  
lite ra tu re , symposia, congresses, and  
m anufacturers ' com m unications. O v e r 2000 
entries  are presented and a lphabetica lly  
arranged , p ro v id in g  in fo rm atio n  on generic  
and  chem ical nam es, code designations, 
C hem ica l Abstract Registry N u m b er, 
e lem en ta l com position, m olecular fo rm u la  and  
w e ig h t, g raph ic  fo rm u la , physicochem ical 
properties, pharm acological actions and  
m anufacturer; and fo r m arketed  drugs 
in fo rm atio n  on ind ications, "supp lied  as," 
dosage, p ro p rie ta ry  names in  d iffe re n t  
countries, and the year firs t in troduced. A ll  
fo u r vo lum es feature accum ulative indices: 
Cross In d ex  fo r locating  drugs by p ro prie tary , 
chem ical, and generic  names and research 
code num bers; Pharm acological Ind ex  for 
locating  drugs according to th e ir p articu lar 
pharm acological group; and M an u fac tu re r  
In d ex . Selected b ib liog rap h ic  references list 
sources o f in fo rm atio n  on synthesis, 
p harm acology, pharm acokinetics, m etabolism , 
tox ic ity , c lin ica l tria ls, review s, and  
m onographs.

IA R C  M o n o g ra p h s  on  th e  E v a lu a tio n  o f  th e  
C a rc in o g e n ic  R isk  o f C h e m ic a ls  to  
H u m a n s , V o l. 2 9 : S o m e In d u s tria l  
C h e m ic a ls  a n d  D y e s tu ffs . In te rn a tio n a l 
A gency fo r Research on Cancer, Lyon, 
France, 1982. A va ilab le  from  W H O  
Publications C entre  U S A , 49 S heridan  A ve,
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A lb an y , N Y  12210. 416 pp. Price: Sw .Fr. 
60.-; US$30.00. IS B N  92-8-321229-0.

This  vo lu m e  contains 18 m onographs on 
some in d u s tria l chem icals and  dyestuffs  
recen tly  rev iew ed  by an IA R C  W o rk in g  
G roup. T h e  group  rev iew ed  the  evidence fo r  
the carc inogen ic ity  to hum ans and  
experim en ta l anim als o f benzene, b en zid in e , 
b en zo tric h lo rid e , T ^ '-d ia m in o d ip h e n y l ether, 
3 ,3 '-d ic h lo ro b e n z id in e , d i(2 -e th y lh e x y l)-  
p h th a la te , D ire c t Black 38, D irec t Blue 6 , 
fo rm a ld eh yd e  gas, 2 -n itro prop an e , b en zy l 
ch lo rid e , benzal ch lo ride , benzene, para- 
b en zoq u in o n e  d io x im e, d i(2 -e th y lh e x y l)-  
adipate, D irec t B row n 95, b en zoy l ch lo rid e , 
b u ty l b en zy l p h tha la te , and o rtho - and para- 
d ich lorob enzene . A n  annex discusses 
ava ilab le  m ethods of q uan tita tive  risk 
assessment and  the lim ita tio n s  in h e re n t in  
such assessments, using ep idem io lo g ica l data 
on benzene and  b en z id in e  as examples.

C h ro m a to g ra p h y : F u n d a m e n ta ls  an d  
A p p lic a tio n s  o f  C h ro m a to g ra p h y  an d  
E le c tro p h o re tic  M e th o d s . P a r t  A : 
F u n d a m e n ta ls  an d  T e c h n iq u e s , P a rt  B: 
A p p lic a tio n s . Edited  by Erich H e ftm a n n . 
P u blished  b y  Elsevier Scientific  P ub lish ing  
Co., PO  Box 3 3 0 ,1 0 0 0  A H  A m sterdam , The  
N etherlan ds , 1983. A lso ava ilab le  from  
Elsevier Science P u b lish in g  Co., In c ., 52 
V a n d e rb ilt  A ve , N e w  Y o rk , N Y  10017.
Part A , 410 pp. Price: US$83.00;
D fl. 195.00. IS B N  0-444-42043-6. Part B, 
582 pp. Price: US$138.25; DF1.325.00. 
IS B N  0-444-42044-4. To o rd er Parts A  and  
B:
IS B N  0-444-42045-2.

A n  up-to -date trea tm ent o f the  fie lds  of 
chrom atography and electrophoresis, th is 2 - 
vo lu m e p ub lica tion  includes changes in  
techniques since last presented in  1975. Part 
A  gives the  theoretical and  in s tru m en ta l basis 
of each technique. Part B describes the  
applications o f chrom ato graphy  and  
electrophoresis to specific classes of 
com pounds.

M ass S p e c tro m e try  A d v a n c e s  1 9 8 2 .
Proceedings o f the 9th  In te rn a tio n a l Mass 
Spectrom etry C onference, V ie n n a , A ustria , 
30 A u g u s t-3  Septem ber, 1982. E d ited  by E. 
R. Schm id, K. V arm u za , and  I. Fogy. 
R eprin ted  fro m  the I n te r n a t io n a l  J o u r n a l  o f  

M a s s  S p e c t r o m e t r y  a n d  I o n  P h y s ic s , Vols. 4 5 -  
48. Published  by E lsevier S c ien tific  
P ublish in g  Co., P O  Box 2 1 1 ,1 0 0 0  A H  
A m sterdam , T he  N e th erlan d s , 1982. A lso  
availab le  from  E lsevier 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. 1932 pp. Price: US$361.75;
D f l .850.00. IS B N  0-444-42160-2.

This 2 -vo lum e proceedings contains over 
2000 papers, in c lu d in g  7 p le n a ry  and  20 
keynote  lectures and 400 con tribu ted  papers. 
These studies contribu te  to basic scien tific  
kno w ledg e  and to solutions o f w o r ld w id e  
problem s such as the f ig h t against p o llu tio n , 
the im p ro vem en t o f m aterials and  
technologies, and the  study o f chem ical, 
m edical, and  biochem ical processes.

H a n d lin g  C h e m ic a ls  S a fe ly . Published  by  
V e ilig h e id s in s titu u t, Postbus 566 5 ,1 0 0 7  A R  
A m sterdam , T he  N e th erlan d s , 1980. A lso  
availab le  from  Lab Safety S u pp ly , P O  Box 
1368, Janesville, W I 53547-1368. 1013 pp. 
Price: $75.00. IS B N  90701-85-03-02.

This  book iden tifies  the hazards fo r most 
com m on chem icals and  gives specific  
instructions fo r p ro tection , storage, and  
h an d lin g . I t  includes a safety data p ro file  fo r  
874 chem icals. For each chem ical re v iew ed , 
the book includes nam e, synonym s, N F P A  
values, CAS N o ., U N  N o ., physical p roperties, 
characteristics, f ire  and explosion hazards, fire  
f ig h tin g , firs t aid , spillage, storage, and  
packaging. The m anual can serve as a source 
of in fo rm atio n  fo r p rep arin g  the  labels soon to 
be requ ired  by n ew  O S H A  la b e lin g  standards  
and contains most o f the in fo rm atio n  needed  
fo r the  preparation  of M a te ria l Safety Data  
Sheets.
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We’ve probably already published the methods you need

OFFICIAL M E THODS OF ANALYSIS
of the

ASSOCIATION 
of OFFICIAL 

ANALYTICAL 
CHEMISTS

13th edition
E d ited  by W illiam H orw itz, Ph.D  
B u reau  of F o o d s ,
Fo o d  and D rug A d m in istration  
W ash in gton, DC

Official Methods of Analy­
sis, often referred to as 
“the bible” by its users, 
provides analytical scien­
tists with dependable 
methods of analysis. The 
reliability of e ach  method 
adopted by AOAC has been 
demonstrated by an inter­
laboratory collaborative 
study showing its repro­
ducibility in the hands of 
professional analysts. New 
and revised methods are 
validated by AOAC. These 
are incorporated into 
annual updates included in 
the purchase price.
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1980, 1038pp.,55 Ulus., in­
dex, hardbound, Price: $75+ 
$3 for book post and hand­
ling within U.S., $75+$6 out­
side U.S. ISBN 0-935584-14-5

To obtain this book, please send 
order and check to AOAC, t i l l  N.
19th St., Suite 210-J, Arlington, VA 
22209, USA ___
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