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and maintenance.
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New Model 302 Pump. The only microprocessor controlled 

pump offering flow rates of .005 to 100 ml/min up to 
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Model 111 UV Detector. Precision \  j
monitoring of LC effluents is a Gilson trademark. \
This versatile dual beam detector operates at .» ' \
either 254 or 280 nm. £  choipe of flow cells l \  \
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Model 801 Service Module. This r ® * 1  !
innovative unit holds 3 solvent vessels. .
A 4-posltlon stream selection valve allows __  *
easy solvent selection for gradient ,2,,,
formation or column regeneration. °
An LED bar graph continuously indi
cates your system’s pressure. A pulse 
dampener and pressure-limit controls 
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Many other system accessories 
are available, including sample 
injection valve and recorders:

Gilson’s modular, computer- 
compatible, and innovative designs 
will answer your HPLC needs now 
and in the future. Get in touch!
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A wide range of operating modes, scan head configura
tions and spectral parameters provide a unique com 
bination of sensitiv ity  and flex ib ility . Spectrally & ther
mally stabilized detectors and electron ics provide an 
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D E C O M P O S IT IO N  (C H E M IC A L  IN D E X E S )

M o d i f i e d  C o l o r i m e t r i c  M e t h o d  f o r  D e t e r m i n i n g  I n d o l e  i n  S h r i m p

WAI LUN CHEUK and GUNNAR FINNE
Texas A&M University, Animal Science Department, Seafood Technology Section,
College Station, TX 77843
A modified spectrophotometric method for measur
ing indole in shrimp is described. The method was 
developed to eliminate the time-consuming steam 
distillation and expensive instrumentation required 
by the official AOAC methods. Indole is extracted 
with light petroleum from trichloroacetic acid-pre
cipitated shrimp muscle. The extracted indole, sol
uble in light petroleum, is reacted and re-extracted 
with Ehrlich's reagent; indole in the form of a rose 
indole complex can be determined spectrophoto- 
metrically. When shrimp at various degrees of de
composition were analyzed for indole by the modi
fied method as well as by the official AOAC colori
metric method, the correlation coefficient between 
the data from the 2 methods was 0.98.

Among numerous methods suggested as chem
ical quality indexes of fresh and frozen shrimp, 
the determination of indole has recently at
tracted much attention. Even though indole was 
studied as an index of shrimp quality as early as 
1946 (1), it was only recently that the Food and 
Drug Administration (FDA) proposed the use of 
indole levels as an indicator of decomposition in 
imported shrimp. In support of organoleptic 
tests, indole has already been used as a decom
position indicator in the seizure of frozen salad 
shrimp (2).

It is generally believed that indole is present 
in shrimp as a result of bacterial activity before 
freezing (3). The numerical levels for indole 
tolerance which correspond to organoleptic 
tolerance levels of decomposition have been es
tablished.

Traditionally, indole in seafoods has been 
determined by a colorimetric method (4) which 
involves a time-consuming steam distillation 
with subsequent cumbersome extraction of the 
distillate. More recent methods include gas- 
liquid chromatography (5), fluorometric analysis
(6), as well as liquid chromatography (7). The

Technical article 16380 from the Texas Agricultural Experiment Station. Research was supported through a grant from 
the National Fisheries Institute.Received September 11, 1980. Accepted January 14,1981.

latter 3 methods require well trained personnel 
and sophisticated and expensive instrumenta
tion, and therefore are not suitable as quality 
control methods in the seafood industry.

When researching the mechanism of indole 
formation in shrimp, we developed a modified 
spectrophotometric method which is a rapid, 
simple, and convenient alternative to the official 
steam distillation colorimetric procedure. This 
modified method, which is based on the work of 
Happold and Hoyle (8), eliminates the steam 
distillation and shortens the analysis time from 
approximately 4 to 1 h per sample. Although the 
basic spectrophotometric principles are the same 
for both the official and the modified method 
reported here, this modified method takes ad
vantage of using immiscible indole solvents for 
separation and purification rather than steam 
distillation. This sim plified method could be
come a part of the quality control procedures in 
the seafood processing industry.

M ETHODS

Apparatus
(a) S p e c tro p h o to m e te r .—Perkin-Elmer, Model 

124, double beam grating spectrophotometer 
with automatic recorder. Place slit selector at 0.5 
nm, which, according to operation manual, 
provides bandpass of 0.5 nm.

(b) C e n t r i f u g e .—Dam on/IEC refrigerated 
centrifuge Model B-20A.

Reagents
(a) T rich loroacet ic  acid  ( T C A ) .—Accurately 

weigh 6 g TCA (MCB Manufacturing Chemists, 
Inc., Norwood, OH) in 100 mL distilled water.

(b) Light pe tro leum . —Petroleum ether (Fisher 
Scientific, Fair Lawn, NJ) bp 37.1-57.5°C.

(c) Ehrlich's r e a g e n t .—Dissolve 9 g ACS grade 
p-dimethylaminobenzaldehyde (PABA) (MCB 
Manufacturing Chemists, Inc.) in 45 mL con
centrated HC1 in 250 mL volumetric flask and 
dilute to volume with ethanol.

0004-5756/81 /6404-0783/03$1.00 © Association of Official Analytical Chemists, Inc.
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Table 1. Comparison of AOAC colorimetric and modified 
colorimetric methods for determining indole in shrimp 
(pg indole/100 g shrimp, hydrated basis) decomposed 

under different conditions *

Sample Temp. Time AOAC Modified

1 22°C 13 h 5.85 5.82
2 22°C 16 h 53.79 62.50
3 22°C 18 h 120.45 103.90
4 ice 6 days 1.17 1.25
5 ice 9 days 4.21 5.00
6 ice 10 days 7.02 6.25
7 ice 11 days 9.12 10.00
8 ice 13 days 17.54 15.00
9 11°C 24 h 4.68 9.85

10 11°C 60 h 18.71 23.16

3 Correlation coefficient = 0.98.

(d) S ta n d a r d  in d o le  s o lu t io n s .—Accurately 
prepare stock solution of 10 mg indole (Eastman 
Chemical Co., Rochester, NY) in 100 mL light 
petroleum. Use 1:10 dilution as working solu
tion. Refrigerate indole solutions.

Shrimp Samples
Brown shrimp (Penaeus a z te cu s ) , obtained di

rectly from shrimp trawlers in Aransas Pass, 
Texas, were immediately packed in ice and 
shipped to the laboratory in College Station. To 
induce different degrees of decomposition, 
shrimp were stored at 3 temperatures for various 
time intervals as shown in Table 1. After being 
sampled, shrimp were frozen and stored at 
—25°C until analysis (maximum of 5-6 days for 
repeated analysis).

Procedure
Homogenize 40 g shrimp with 80 mL TCA 

solution in a Waring blender 1 min. Add 80 mL 
ice-cold light petroleum and blend 1 min. 
Transfer homogenate to 250 mL centrifuge bottle 
and centrifuge 10 min at 10 000 rpm. Filter su- 
pernate through Whatman No. 1 paper under 
slight suction. Transfer filtrate to 250 mL sep
aratory funnel. After the 2 layers have sepa
rated, transfer acid layer (lower) to second 250 
mL separatory funnel.

Wash TCA-denatured protein precipitate 
separated by centrifugation with 40 mL light 
petroleum and filte r as described above. 
Transfer filtrate to second 250 mL separatory 
funnel already containing TCA layer from first 
extraction. Shake vigorously 1 min and let 2 
layers separate. Transfer lower acid layer to 
third separatory funnel and extract for third time 
with 40 mL light petroleum.

Combine all light petroleum extracts into 1

separatory funnel and extract indole with exactly 
5 mL freshly prepared Ehrlich's reagent by vig
orously shaking 1 min. The rose indole complex 
formed is insoluble in light petroleum and in
dole is thus quantitatively transferred to Eh rl
ich's reagent layer. When layers have separated 
and cleared, transfer part of lower colored layer 
to 1 cm path cell and read at 570 nm against re
agent blank solution. If rose indole solution is 
not clear, centrifuge at low speed before reading 
in spectrophotometer. Determine indole con
centration from standard curve. Rose indole 
complex from indole standard and from TCA- 
extracted shrimp is stable >4 h, and ordinary 
laboratory illum ination does not affect its in 
tensity.

Prepare standard curves as follows: For pure 
indole, accurately measure volumes from 0.5 to 
4 mL (5 to 40 pg) stock indole solution into 80 mL 
TCA in separatory funnel. Re-extract indole by 
procedures described above and construct stan
dard curve.

For shrimp spiked with indole, to 40 g peeled 
and deveined shrimp free of indole, add from 0.5 
to 4 mL stock indole solution. Mix w ell and let 
all light petroleum evaporate. Extract indole 
from samples by procedure described above and 
construct standard curve.

Results and Discussion
Figure 1 shows the relationship between pure 

indole extracted from TCA and indole extracted 
from spiked shrimp. As indicated, indole ex
tracted from spiked shrimp was recovered at a 
level of 94%. This recovery was uniform, inde
pendent of species and indole level. To incor
porate the recovery factor into the extraction 
procedure, the standard curve used throughout 
this study was constructed from spiked shrimp 
free of indole. However, there is no reason why 
pure indole solutions cannot be used for con
struction of a standard curve when a recovery 
factor is used in the final calculations.

With either of the above procedures, the 
standard curve was linear in the region from 0 to
1.5 scale units (Figure 1). Assuming a reading 
confidence of 0.05 absorbance, the range of in
dole levels from 40 g sample would be from 5 to 
125 pg/100 g shrimp. However, by increasing 
the sample size, a low level (1 p.g/100 g shrimp) 
is detectable.

Shrimp at various degrees of decomposition 
(Table 1) were rapidly thawed inside water-tight 
plastic bags under running cold water. W hile 
still semifrozen, the shrimp were divided into 2 
portions and analyzed immediately. One por-
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A I = PUNS lUOOll SOLUTION 
Y = 0.03m f

F igure 1. S tandard  cu rves  fo r  pure in d o le  s o lu t io n  
(I) and  fo r  sh r im p  sp ik e d  w ith  in d o le  (II).

tion was analyzed for indole according to the 
procedure described above, while the other was 
analyzed for indole according to the official 
AOAC steam distillation method. The data ob
tained for 10 different samples are shown in 
Table 1. As is evident from the table, there was 
close agreement between indole levels deter
mined by the 2 methods. In the range from 1.0 
to 120 pg indole/100 g shrimp, a correlation 
coefficient of 0.98 indicates good agreement be
tween the 2 methods.

To compare the properties of the colored 
complex formed from pure indole to the complex 
extracted from decomposing shrimp, the 2 com
plexes were scanned in the visible spectral re
gion. As is evident from Figure 2, the 2 com
plexes had sim ilar visible absorption spectra, 
indicating that the extracted compounds from 
spoiled shrimp are indole-related substances.

In the official AOAC spectrophotometric 
method, steam-distilled and extracted indole 
reacts with p-dimethylaminobenzaldehyde to 
give a reddish compound. The reacting alde
hyde, known as Ehrlich's aldehyde, is the prin
cipal ingredient in Ehrlich and Kovac reagents, 
used widely by microbiologists for detecting 
indole-producing bacteria in tryptone medium. 
The modified colorimetric method described 
here also used Ehrlich's aldehyde for color de
velopment. However, instead of separating

WAVELENGTH (nm)
F igure 2. V is ib le  a b so rp tio n  spectra  o f  p u re in d o le  
d er iv a tiv e  and  in d o le  d er iv a tiv e  extracted  from  d e 
co m p osed  shrim p: I, spectrum  from  d ec o m p o se d  

shrim p ; II, spectrum  from  p u re in d o le .

indole from interfering compounds by the la
borious steam-distillation procedure, this method 
uses a combination of time- and equipment
saving extractions. When a light petroleum so
lution of indole is extracted with Ehrlich's solu
tion, the indole in the light petroleum fraction 
reacts w ith the aldehyde to form the colored 
complex. This complex, insoluble in light pe
troleum, is quantitatively transferred to the acidic 
Ehrlich's reagent.

This study has shown that indole can be ex
tracted from decomposing shrimp by using light 
petroleum on TCA-precipitated shrimp muscle. 
The method has the advantages over comparable 
official methods of saving time and using less 
equipment. It is hoped that the method may be 
suitable as a much needed quality control tool for 
the seafood industry.
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E X T R A N E O U S  M A T E R IA L S

D i s t i n g u i s h i n g  C o m m o n  F o o d - C o n t a m i n a t i n g  B a t  H a i r s  f r o m  C e r t a i n  
F e a t h e r  B a r b u le s

ALAN R. OLSEN
Food and  D rug  A d m in is tra tio n , 1521 W Pico B lv d , Los A n g e le s , C A  91115

D iffer en ce s  are d escr ib ed  b e tw e e n  co m m o n  fo o d 
co n ta m in a tin g  v e sp e r tilio n id  bat hairs (C hiroptera: 
V e sp e r t il io n id a e ) and s im ila r -a p p e a r in g  d o w n y  
feath er b arb u les o f p asseriform  b ird s, in c lu d in g  cu 
ticu lar sca les , p ig m en t d is tr ib u tio n , and b asa l char
acteristics. F ifteen  im p orted  fo o d  sam p les analyzed  
o ver a IV2 year p er io d  w ere co n ta m in a ted  w ith  th ese  
bat hairs.

The mission of the U.S. Food and Drug Admin
istration (FDA) includes protecting the American 
consumer against the contamination of food by 
commensal animals. Recently, the FDA Los 
Angeles laboratory found an unexpectedly high 
number of imported food samples contaminated 
w ith bat hairs (Table 1). The presence of these 
hairs in a food indicates that the food is defiled 
and was handled under unsanitary conditions, 
probably in a structure where bats roost. Since 
no specific methodology exists to detect bat ma
nure (guano) or other bat contaminants in food, 
the detection of bat filth rests on the ability of the 
analyst to recognize bat hairs.

The most common of these hairs are from bats 
of the cosmopolitan family Vespertilionidae, 
which include little brown bats (M y o t i s ), pip
istrelles, and others. These hairs are sim ilar in 
appearance to the downy feather barbules of 
passeriform birds (Passeriformes), a group which 
includes the house sparrow among its many 
species. Since some members of both these 
groups readily invade and inhabit buildings, 
giving them the opportunity to despoil food 
supplies, the sim ilarity of their respective hairs 
and barbules could be confusing to food sanita
tion analysts. Our informed conclusion is that 
misidentification of bat hairs as feather barbules 
occurs frequently.

Microscopically, vespertilionid bat hairs and 
passeriform downy barbules both look like 
slender (20-30 pm diameter) filaments with a 
striking pattern of black (pigmented) and white 
(unpigmented) bands. It is impossible to reli-

Received November 3,1981. Accepted January 21,1981.

ably distinguish the two with a widefield mi
croscope. For this study, specimens were 
mounted in glycerin je lly (1) and compared at 
400X magnification. The specimens were ob
tained both from food samples and from identi
fied bat or bird pelts.

Food-Contaminating Bat Flairs
The cuticular scales of bat hairs are the coronal 

type. Hausman (2) likens these coronal scales to 
"a pile of tall tumblers placed one w ithin the 
other, the upper rims representing the free ectal 
edges of the scales." Each coronal scale com
pletely surrounds the hair shaft (Figure 1). 
Food-contaminating bat hairs have hastate co
ronal scales (Figure 2), which are a distinctive 
feature of most vespertilionid bat hairs (3). 
Unequal hastate coronal scales may give the hairs 
a dissymmetrical appearance (Figure 3).

Vespertilionid bat hairs lack medullae, and the 
centers are uniformly unpigmented. The pig
ment of these hairs is located in the cuticular 
scales (Figure 4), a condition which can be con
firmed microscopically by lowering the micro
scope focal plane through the hair specimen and 
noting color changes. This condition can also 
be demonstrated by stripping scales away from 
the shaft (Figure 5). The base of a bat hair, like 
all mammalian hairs, narrows in diameter before 
ending in a bulbous root (Figure 6).

In addition to Vespertilionidae, hairs were 
examined from the major bat families Embal- 
lonuridae, Megadermatidae, Molossidae, Noc- 
tilionidae, Nycteridae, Phyllostomatidae, and 
Pteropidae. These other hairs bore little re
semblance to vespertilionid hairs and passeri
form barbules.

Passeriform Downy Feather Barbules
Downy barbules are found on the downy 

portions of covert feathers (4). They are the most 
resilient type of barbule, hence the most like ly 
to survive food processing. These barbules lack 
cuticular scales and consist of a shaft or pennu-

0004-5756/81/6404-0786/06$ 1.00 
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F igure 1. P ip is tre lle  bat hair w ith  d is tin c t coron al sca les (400X).

lum of rather uniform composition w ith swell
ings or nodes at regular intervals (Figure 7). A 
barbule does not narrow basally, and the basal 
end is flattened where it is attached to the 
ramus.

The pigment of passeriform downy barbules 
is located inside the node. The outer surface of 
the node and the entire internode are unpig- 
mented (Figure 8). This is the opposite of the

vespertilionid hairs in which the pigment is ex
ternal and the central core is unpigmented.

Other kinds of birds whose downy barbules 
exhibit color patterns sim ilar to passeriform 
barbules are the gulls and waders (Charadrii- 
formes), woodpeckers (Piciformes), some owls 
(Strigiformes), and some parrots (Psittaciformes). 
The barbules of these birds (including Passeri
formes) can be identified only from specimens 
that are intact from base to tip, an uncommon 
occurrence in processed foods. Passeriform

Table 1. Summary of imported food samples containing 
bat hair contaminants found by FDA Los Angeles 

laboratory from 1/79 to 6/80

Type of food No. of samples, Country of origin

Bean curd 1 China
Chutney 1 India
Fungus, dry black 6 China, Hong Kong, Taiwan
Fungus, dry white 1 Taiwan
Ginger, pickled 1 Hong Kong3
Lasagne 1 Italy
Plums, dry salted 2 Hong Kong, Taiwan b
Tamarind 2 Mexico6

3 Also contained a bat bug (Hemlptera:Polyctenidae) car
cass.

b Also contained passeriform downy feather barbules.
F igure 2. T yp es o f h asta te coron al sca les  (from  

B enedict).
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F igure 3. L ittle  b ro w n  bat (M yotis) hair. N o te  d issy m m etr ic a l appearance caused  b y  u n eq u a l h asta te
sca les  (400X).

ilW /M I

F ig u re  4. V e s p e r ti l io n id  h a ir  fro m  fo o d  sa m p le  w i th  ty p ic a l  sca le  p ig m e n ta t io n  (400X ).
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F ig u re  6. N a rro w  b ase  a n d  b u lb o u s  ro o t  o f  a b a t  h a ir  (400X).



7 9 0 OLSEN: J. ASSOC. OFF. ANAL. CHEM . (VOL. 64, N O . 4, 1981)

Figure 7. Passeriform  d o w n y  barbule. N o te  th e lack o f sca les , f la tten e d  b ase, and  u n ifo rm  p e n n u lu m  d i
am eter (400X).

F ig u re  8. D o w n y  b a rb u le  s h o w in g  p ig m e n t  in s id e  n o d e  (400X).
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birds were used for comparative purposes since 
they are the most likely contributors of this type 
of food contaminant.
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A L C O H O L IC  B E V E R A G E S

Rapid Check on Proof of Rums
FABIÂN ALVAREZ-NAZARIO
T reasury  D e p a r tm en t o f  P uerto  R ico , B ureau o f  A lcoho lic  B everages T axes , San Ju an ,  
P uerto  R ico 00905

T he apparent proof o f u n d istilled  rum is  determ in ed  
b y  a lco h o l h yd rom eter  and b y  refractom eter, and  
correlated  w ith  th e true p ro o f and s o lid s  co n ten t.

A convenient method of determining the true 
proof of distilled spirits containing small 
amounts of dissolved solids is the obscuration 
method. A direct determination of solids is 
made for each sample, and 0.4 degree proof is 
added to the hydrometer apparent proof for each 
100 mg solids per 100 mL sample.

Results can be checked by a determination of 
the apparent proof of the sample, using a re
fractometer and corresponding tables. True 
proof is calculated on the basis of the following 
equations:

TP =  H P  +  sF,
TP =  R P  -  sF2,

where TP  = true proof of the sample, H P  = ap
parent proof obtained using an alcohol hy
drometer, R P  = apparent proof obtained using 
a refractometer, s = solids content of sample, and 
F i and F2 = constant factors.
From the above equations,

s = (R P  — H P ) / ( F i  +  F2)

TP =  H P  + (R P  -  H P )F 1/ ( F 1 + F2).
Thus, in a series of samples in which H P ,  R P ,  

and s are determined directly and the true proof 
(T P )  is determined by the obscuration method, 
we may expect a constancy in the relation
ships:

(R P  -  H P ) / s  =  (F i + F2)
(T P  -  H P ) / ( R P  -  H P )  = F j/ (F i + F2).

That such is the case can be seen from the last 
2 columns of Table 1, the results obtained with 
typical Puerto Rican rums. The calculated true 
proofs and solids contents obtained when using 
the average factors 0.0125 and 0.32 are shown in 
Table 2.

Factor F i is the obscuration factor of 0.004 de
grees proof per mg / mL, which is valid for spirits 
containing less than 600 mg solids per mL and in 
the alcohol range of 80-100°P.

The effect of a given amount of solids on the 
hydrometer and refractometer readings depends 
on the alcohol concentration and on the nature 
of the solids. For spirits containing more than 
600 mg solids/100 mL, the nature of the solids 
may be different and their determination by 
drying is more uncertain. In such cases it is

Table 1. Experimental data on Puerto Rican rums and calculated factors

Sample HPa RPb Solidsc TPd (Ft + D ) F i/(F i + F2)

1 79.38 80.90 112 79.83 0.0136 0.30
2 79.32 80.78 121 79.80 0.0121 0.33
3 79.52 81.08 124 80.02 0.0126 0.32
4 79.80 81.84 173 80.49 0.0118 0.34
5 79.31 82.10 217 80.18 0.0129 0.31
6 78.65 82.28 289 79.81 0.0125 0.32
7 78.73 82.56 305 79.95 0.0126 0.32
8 78.55 82.27 308 79.78 0.0121 0.33
9 78.30 82.70 344 79.68 0.0128 0.31

10 78.92 83.61 379 80.44 0.0124 0.32
11 78.18 84.10 480 80.10 0.0123 0.32
Mean 0.0125 0.32
SD 0.0005 0.01

a HP = Apparent proof by hydrometer. 
b RP = Apparent proof by refractometer. 
c Solids in m g /100 mL. 
d TP = True proof by obscuration method.

0004-5756/81 /6404-0792-02/$1.00 
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Table 2. Calculated proof and solid content

Caled Caled
Sample proof Diff .a solidsb Diff ,a

1 79.87 +0.04 122 + 10
2 79.79 -0.01 117 - 4
3 80.02 0.00 125 + 1
4 80.45 -0.04 163 -1 0
5 80.20 +0.02 223 +6
6 79.81 0.00 290 + 1
7 79.96 +0.01 306 + 1
8 79.74 -0 .04 298 -1 0
9 79.71 +0.03 352 +8

10 80.42 -0.02 375 - 4
11 80.07 -0.03 474 -6

a Calculated value minus true value. 
b Solids In m g /100 mL.

necessary to determine the true proof on a dis
tillate of the sample in order to use the relation
ship

F 1/(F1 + F 2) =  (T P  — H P ) / ( R P  -  H P ).
Procedures for determining hydrometer ap

parent proofs are described in the Gauging M a n u a l  
(1) and in official AO AC methods. The refrac- 
tometers commonly used in the alcoholic bev
erages industry are the immersion type, and 
readings can be converted to % alcohol by vol-

Received October 2, 1980. Accepted January 23, 1981.

ume by means of refractometric tables in the 
AOAC Official  M e th o d s  o f  A n a ly s is  (2). Other 
types of refractometers may be used if observa
tion temperatures lie between 17.5 and 25°C, the 
range covered by the tables. Alcohol hydrom
eters can be substituted by suitable pycnometers 
which determine both the apparent and the 
distillation proof of the sample by using the 
AOAC tables. The tables give % alcohol volume 
from specific gravity determinations.

The simultaneous determination of alcohol 
and solid content by density and refractive index 
measurement in the undistilled sample has been 
used for beer, wine, whisky, and brandy for more 
than 100 years (3,4). The novelty of the present 
method, as devised for rums containing less than 
600 mg solids /100 mL, is that it does not require 
density and refractive index determinations at 
a specified temperature, but is based on routine 
procedures of apparent proof determinations at 
room conditions, using alcohol hydrometers and 
refractometers.

References
(1) Gauging Manual (1962) U.S. Treasury Department, 

W ashington, DC, Table 1
(2) Official Methods of Analysis (1965) 10th Ed., AOAC, 

Arlington, VA, sec. 43.023
(3) Joslyn, M. A., Marsh, G. L., & Fessler, J. (1937) /. 

Assoc. Off. Anal. Chem. 20,122-123
(4) Stone, I. (1969) J. Assoc. Off. Anal. Chem. 52,1162- 

1163

*» ¿ -h



794 M ANUEL & STELLER: ]. ASSOC. OFF. ANAL. CHEM. (VOL. 64, NO. 4, 1981)

D R U G  R E S ID U E S  IN A N IM A L  T IS S U E S

G a s - L i q u i d  C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  o f  S u l f a m e t h a z i n e  
i n  S w i n e  a n d  C a t t l e  T i s s u e s

ARTHUR J. MANUEL and WILLIAM A. STELLER
American Cyanamid Co., Agricultural Research Division, Princeton, N] 08540
A g a s-liq u id  ch rom atograph ic (GLC) m eth od  is  d e 
scrib ed  for d eterm in in g  su lfo n a m id e  resid ues in  
a n im a l tissu e s , w ith  sp e c ific ity  for 7 su lfo n a m id es. 
R esid u es are extracted from  tissu e s  w ith  a ce to n e-  
ch lo ro fo rm , fa tty  su b stan ces are rem ov ed , and the  
su lfo n a m id e  resid u e is  m eth y la ted  w ith  d ia zo 
m eth an e in  a ce to n e -e th er  to  render it am en ab le to  
d eterm in ation  b y  g a s-liq u id  ch rom atograph y  on an 
a ll-g la ss  co lu m n  su ita b le  for d irect o n -co lu m n  in 
jectio n  and a N i electron -cap tu re d etector . Q u a n ti
ta tio n  is  a ch ieved  b y  external stan d a rd izatio n . T he 
m eth o d  has a v a lid a ted  lim it  of s e n s it iv ity  o f 0.10  
p p m  w ith  the corresp on d in g  con trol v a lu es  for a ll 
tissu e s  b e in g  le ss  than 0.01 ppm . S atisfactory  re
co v er ies  h ave b een  o b ta in ed  for su lfa m eth a zin e  in  
s w in e  and ca ttle  tissu es. S p ec ific ity  for su lfa m e th 
a z in e  in  the presence o f su lfa th ia zo le , su lfa q u in -  
o x a lin e , su lfa d im eth o x in e , su lfa b rom o m eth az in e , 
su lfa e th o x y p y r id a z in e , and su lfa ch lo ro p y ra z in e  is  
a tta in ed  b y  reso lu tio n  o f th e resp ective  m eth y l d e 
r iv a tiv e s  on  th e GLC co lu m n .

The historical development of sulfonamides over 
almost 50 years, beginning with the synthesis of 
sulfanilamide, is described by Linkenheimer and 
Stolzenberg (1). They also describe the phar
macologic characteristics of 4 sulfonamides, in 
cluding sulfamethazine, in swine. More re
cently, others have reported on the pharmaco
kinetics of sulfonamides in various food-pro
ducing animals, i.e., Koritz et al. (2) and Bevill et 
al. (3) report on sulfathiazole in sheep and 
Bourne et al. (4) report on sulfamethazine in 
lambs.

In metabolism studies, Nielsen (5) described 
the metabolic pattern of 4 sulfonamides, in 
cluding sulfamethazine, in cows, and Bevill et al. 
(6) described the metabolism of sulfamethazine 
in lambs. In both studies, several metabolites, 
including the N4-acetyl derivative, were found 
in urine samples, following single intravenous 
injections. No metabolite identification in 
tissues was attempted, presumably because these 
were not radiotracer studies.

The largest percentage of the sulfonamide 
market consists of sulfamethazine used in com
bination with antibiotics as feed supplements to 
promote growth and prevent disease in swine

and cattle. Much of the violative residue levels 
found by the U.S. Department of Agriculture in 
swine liver have been attributed to sulfametha
zine, having been determined essentially by the 
method of Tischler et al. (7), with minor modi
fications. Their method uses the Bratton-Mar- 
shall colorimetric reaction with N-( 1 -naphthyl)- 
ethylenediamine dihydrochloride as the chro- 
mogenic reagent. It was originally developed 
to determine therapeutic blood levels where the 
drug under study was known. The reagent 
forms a colored product with any diazotized ar
omatic amine and hence w ill not distinguish 
individual sulfonamides. The method also 
generates false positives in swine liver if the liver 
is not held at dry-ice temperature before analysis. 
This method is satisfactory for assaying tissues 
from animals having received a known treat
ment, particularly at higher residue levels as used 
by Mutha et al. (8) to determine the biological 
half-life of sulfamethazine in calf tissues. 
However, it was considered desirable to develop 
a single, sensitive, specific method which was 
not susceptible to false positive values in swine 
liver, the target tissue for swine.

The gas-liquid chromatographic (GLC) pro
cedure described here has been proven applica
ble for determining residues of sulfamethazine, 
sulfathiazole, sulfaquinoxaline, sulfadimethox
ine, sulfabromomethazine, sulfaethoxypyrida
zine, and sulfachloropyrazine. The procedure 
uses the solvent extraction system of the Tischler 
method for sulfa residues with a higher ratio of 
solvent volume to sample size. The retention 
times for the respective methylated derivatives 
of these 7 sulfonamides are different on each of 
2 GLC columns, hence this method can be used 
to quantitate the sulfa residue level and confirm 
the identity of the particular sulfa present. If 
further confirmation of identity is required, these 
extracts are directly amenable to GLC-mass 
spectrometric (MS) analysis.

The GLC procedure is very sim ilar to that of 
Goodspeed et al. (9), developed for confirmation 
studies, except that we deleted the derivatization 
with pentafluoropropionic anhydride. That step

0004-5756/81 /6404-0794-06/S1 00 
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did somewhat increase the response but, in our 
laboratories, it resulted in a high, variable gas 
chromatographic baseline and somewhat low 
recovery (50-60%) for sulfamethazine. These 
baseline problems were assumed to be due to the 
presence of multicomponents in the tissue extract 
which reacted with the fluoro reagent; Daun (10) 
did not encounter this problem in feeds fortified 
at the 25-50 ppm level with 4 sulfonamides.

M ETHOD

Reagents and Apparatus
Rinse all clean glassware thoroughly with 

methanol and let dry before using. A ll solvents 
should be distilled in glass, suitable for pesticide 
analyses, as supplied by Burdick and Jackson 
Laboratories, Inc., or equivalent.

(a) S u lfa m etha z in e  s tan d ard  so lu t io n .—  Prepare 
stock solutions containing 1, 2, and 10 /u.g sulfa
methazine/ mL acetone.

(b) D e r i v a t i z i n g  r e a g e n t .—Prepare diazo
methane by ethereal basic ethanol distillation of
21.5 g N-methyl-N-nitroso-p-toluenesulfonam- 
ide (Diazald, Aldrich Chemical Co., Milwaukee, 
WI 53233) with 200 mL ether as described in their 
Diazald kit, Cat. No. Z10, 025-0. (N ote: Read 
Diazald kit instructions carefully for safe han
dling of diazomethane. For further information 
on handling diazomethane, see ref. 11.) After 
distillation of the second portion (40 mL) of 
ether, transfer ether solution of diazomethane 
through funnel to narrow-mouth bottle and cap 
tightly with a polyseal cap. When stored in the 
freezer compartment of a refrigerator, this solu
tion retains its efficiency as a methylating agent 
for at least 1 month.

(c) Gas c h rom a to gra ph .—Tracor Model 550, or 
equivalent, with 63Ni electron-capture detector, 
suitable for on-column injections and fitted with 
a 6 ft X 2 mm id glass column packed w ith 10% 
OV-101 on 60-80 mesh Gas-Chrom Q or 5% OV-7 
on 100-120 mesh Gas-Chrom Q (Applied Science 
D ivision, Milton Roy Co. Laboratory Group, PO 
Box 440, State College, PA 16801). Operating 
conditions: injector 290°C, column oven 280°C 
(for 5% OV-7 column) or injector 270°C, column 
oven 260°C (for 10% OV-101 column); detector 
285°C; argon-methane (95 + 5) carrier gas at 30 
mL/min; detector purge flow rate same as carrier 
flow; retention time for N'-methyl derivative of 
sulfamethazine ca 5 min.
Procedure

Pulverize sufficient dry ice in bowl of Hobart 
food chopper to ch ill bowl and grater thor

oughly. Attach 9 in. vegetable slicer attachment 
with %2 in . shredder plate and chop tissue to a 
fine particle size. Continue adding sample and 
chopping until complete sample is chopped. If 
necessary add more dry ice to maintain sample 
in frozen state during chopping procedure. 
Store sample in a freezer (—20°F) until dry ice has 
dissipated.

Transfer representative 15 g sample of the 
tissue to a Waring blender jar and blend 5 min 
with 150 mL acetone-chloroform (1 + 1). Filter 
by gravity through glass-fiber paper. Transfer 
100 mL aliquot to 250 mL round-bottom flask 
with 24/40 joint and add 10 mL IN  aqueous HC1. 
Evaporate organic solvents on a rotary evaporator 
with flask submerged in 35-40°C water bath. 
(In the case of muscle and fat, some extracted fat 
w ill prevent complete removal of solvents.) 
Add 50 mL 77-hexane to the IN  HC1 phase and 
quantitatively transfer both phases to 125 mL 
separatory funnel. Rinse evaporation flask with 
additional 5 mL IN  HC1 and transfer rinse to 125 
mL separatory funnel. Shake contents of sep
aratory funnel gently by inverting funnel and 
returning to upright position once a second for 
30 s. Draw off lower phase (IN  HC1) into test 
tube. (Centrifugation may be required to avoid 
transfer of emulsified solvent which tends to 
bump during hydrolysis step.)

Repeat extraction of hexane phase w ith fresh 
5 mL portion of IN  HC1, and after phase separa
tion combine it w ith first portion in test tube. 
Submerge test tube in boiling water bath 15 min. 
(This procedure hydrolyzes the N4-acetyl de
rivative if present.) To determine only residues 
of parent sulfonamide, omit this hydrolysis step. 
Cool to room temperature if hydrolysis step is 
used.

In the case of fat samples, extract IN  HC1 so
lution with 15 mL methylene chloride to remove 
excess residual fat globules and discard meth
ylene chloride phase. Buffer HC1 by adding 25 
mL saturated trisodium citrate; then adjust pH 
with pH meter to 5.55-5.65 by adding ca 2.5 mL 
aqueous 3N sodium hydroxide. Transfer buf
fered solution to 125 mL separatory funnel and 
extract w ith four 15 mL portions of methylene 
chloride by shaking vigorously 30 s with each 
portion. Recheck pH of aqueous phase after first 
extraction and re-adjust to 5.55-5.65 if necessary. 
Collect the 4 methylene chloride extracts in 100 
mL evaporation flask and evaporate solvent on 
rotary film evaporator. Dissolve residue in 1 mL 
acetone. Add 1 mL diazomethane solution and

Received August 21,1980. Accepted December 24, 1980.
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Table 1. Recovery of sulfamethazine from swine tissues

Tissue
Fort, level, added, ppm

Av. % rec.
(No. of replicates) Range, %

Liver 0.10 95 (4) 80-109
0.20 90.5 (3) 88.5-92
0.50 83.6 (2) 82.1-85.1
1.00 93.7 (1)

Overall average (std dev.) 91.1 (8.54)
Kidney 0.10 89.8 (2) 80.5-99.0

0.20 91.3(2) 90.0-92.5
0.50 94.9 (2) 90.4-99.4
1.00 86.6 (1)

Overall average (std dev.) 91.2(6.7)
Muscle 0.10 103.5(2) 90-117

0.20 97.5(2) 91-104
0.50 100.5 (2) 97.3-103.8
1.00 100.9 (1)

Overall average (std dev.) 100.6 (9.9)
Fat 0.10 92.0 (2) 91-93

0.20 97.8(2) 97-98.5
0.50 92.6 (2) 91.7-93.5
1.00 94.5 (1)

Overall average (std dev.) 94.2 (2.7)

let mixture stand 15 nun with intermittent 
sw irling. Evaporate solvent with gentle stream 
of air in hood and dissolve residue in acetone. 
Inject 2-5 p.L aliquots onto the chromatographic 
column and measure sulfonamide content 
against external sulfonamide standard deriva- 
tized (methylated) at same time as sample.

Results and Discussion
In the original development of the method, an 

acid hydrolysis step was used because previous 
work by Linkenheimer and Stalzenberg (1) had 
shown appreciable quantities of hydrolyzable 
metabolite(s), presumablv either N-acetyl or 
N-conjugated metabolites, present in swine urine 
but no more than traces, if any, in swine blood. 
Hence, an acid hydrolysis step was included and 
a recovery study with sulfamethazine and its 
N4-acetyl derivative was run in liver. Tissues 
were fortified by dipping the appropriate 
amount of N4-acetyl derivative or sulfametha
zine in 1.0 mL acetone onto the thawed tissue, 
allowing the acetone to evaporate completely at 
room temperature, and then extracting the 
sample as described under P rocedure. Six re
coveries from each tissue were run for the N4- 
acetyl derivative and 8 recoveries from each tis
sue were run for sulfamethazine, using the acid 
hydrolysis step. The average recovery and 
standard deviation for N4-acetyl derivative in the 
4 tissues (24 assays) was 94.9% with a standard

deviation of 11.9%. Average recoveries and 
standard deviations for sulfamethazine for the 
8 assays each of liver, kidney, muscle, and fat 
were 84.3 ± 11.0%, 87.5 ± 10.9%, 99.6 ± 10.7% and 
86.8 dt 10.5%, respectively. Recovery values of 
sulfamethazine from swine and cattle tissue ob
tained from laboratory fortification studies run 
without the acid hydrolysis step (recommended 
procedure) are reported in Tables 1 and 2, re
spectively. Typical chromatograms for liver 
fortified at 0.1 ppm and control liver processed 
through the procedure are shown in Figure 1. A 
typical chromatogram showing the resolution of 
the methyl derivatives of 7 sulfonamides is 
shown in Figure 2.

Twenty Yorkshire X Hampshire hogs were 
given feed medicated with AUREO SP 250 pre
mix which furnished 100 g sulfamethazine, 100 
g chlortetracycline, and 50 g penicillin per ton 
of feed from weaning to market weight (200 lb). 
Four groups of 5 animals each were sacrificed at 
0, 7, 10, and 14 days after withdrawal from 
medicated feed. Liver and kidney samples taken 
from these animals were assayed by both the 
GLC (with hydrolysis) procedure and the Brat- 
ton-Marshall procedure reported by Tischler et 
al. (7) with the following modifications: 5 mL 
concentrated hydrochloric acid was added to the 
in itial combined sample extracts (chloroform- 
acetone) before evaporation of the solvents at 
50°C , and the resultant oily residue was trans-
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Table 2. Recovery of sulfamethazine from cattle tissues

Tissue
Fort, level, 

added, ppm
Av. % rec.

(No. of replicates) Range, %
Liver 0.10 96.9 (3) 90-103

0.20 110.8(2) 107-114.5
0.50 104.8 (2) 100.3-109.0
1.00 99.8(1)
2.00 98.8 (1)

Overall average (std dev.) 102.2 (7.2)
Kidney 0.10 96.8 (3) 92-104

0.20 92.3 (2) 90-95.5
0.50 96.6 (2) 95.4-97.8
1.00 86.6 (1)
2.00 96.9 (1)

Overall average (std dev.) 94.6 (4.9)
Muscle 0.10 100.7 (3) 84-124

0.20 89.5 (2) 83.5-95.5
0.50 100.2 (2) 99.6-100.9
1.00 95.1 (1)
2.00 98.5 (1)

Overall average (std dev.) 97.2 (11.8)
Fat 0.10 99.6 (3) 94-107

0.20 90.5 (2) 87-94
0.50 85.8(2) 80.3-91.2
1.00 88.5(1)
2.00 79.1 (1)

Overall average (std dev.) 91.0(8.7)

ferred to a separatory funnel containing 10 mL 
distilled water with six 25 mL portions of hexane 
and two 3 mL portions of acetone. The chloro
form partitioning step at the alkaline pH was 
performed as described under "M ilk Penicillin 
G and Other Aromatic Amines Present" on p. 52 
of ref. 7. The average recovery of sulfametha
zine from liver was 79.7% (range 64-95%).

The residue values obtained by both methods 
are shown in Table 3. The comparable values 
obtained by the 2 methods agree w ell after the 
0-day samples, showing that the 7,10, and 14 day 
samples contain no acid-hydrolyzable metabo
lites. These residue values agree very closely 
w ith the total radioactive residues and with the 
rate of tissue residue disappearance found in a 
14C-sulfamethazine swine metabolism study (J. 
Rosen, Rutgers University, New Brunswick, NJ, 
private communication). In that study, the total 
radioactive residues in liver were: 4 ppm at 3 h 
withdrawal, 0.9 ppm at 2 days, 0.1 ppm at 5 days, 
0.03 ppm at 10 days, and 0.01 ppm at 15 days. We 
were unable to ascertain the reason for the 
higher values obtained by GLC on the 0-day 
samples.

To verify that sulfamethazine reacts with di
azomethane to form the N1-methyl derivative as 
reported by Roder and Stuthe (12) and to use the

authentic compound to determine the percent 
conversion of sulfamethazine to sulfanilamide, 
N 1-(4,6-dimethyl-2-pyrimidinyl)-N1-methyl, at 
residue levels, this authentic compound was 
prepared by the method of Asplin et al. (13). The 
crude reaction product was crystallized 4 times 
from 95% ethanol and had a melting point of 
214°C (range 213.5-214°C). Its C-13 NMR 
spectrum was consistent w ith the structure of 
sulfanilam ide, N 1-(4,6-dimethyl-2-pyrimidin- 
ylj-Ad-methyl, and indicated a mole purity of 
90-95%. Only one UV-absorbing spot (less polar 
than sulfamethazine) was observed in each of 2 
thin layer chromatographic solvent systems vs 
silica gel and only one peak was observed on 
each of 2 GLC columns, which was at the same 
retention time as that of the reaction product of 
sulfamethazine and diazomethane. The chem
ical ionization mass spectra using methane as the 
reagent gas were identical for this compound 
prepared by the 2 routes w ith an (M + H) ion at 
m/e 293 and major fragment ions at m/e 166 and 
138. The conversion of sulfamethazine over the 
range of 1-10 pg/mL to the Ad-methyl derivative 
by the reaction w ith diazomethane was repro
ducible with a yield of approximately 90% com
pared to that of the authentic compound.

Limited (6-8 runs on each) recovery studies
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Figure 1. Chromatogram of (A) swine liver fortified 
with 0.1 ppm sulfamethazine, and (B) control swine 

liver.

(fortification range in liver of 0.1 - 1.0 ppm) were 
performed with 6 other sulfonamides, using the 
acid hydrolysis procedure. The average values 
and the ranges were as follows: sulfathiazole, 
67.87c (53.5-85.0%); sulfachloropyrazine, 1037c 
(91.2-1177o); sulfaethoxypyridazine, 78.37o 
(59.5-100%); sulfadimethoxine, 81.97c (61.0- 
106%); sulfabromomethazine, 89.2% (73.5-106%);

Figure 2. Chromatogram showing resolution of 
swine liver fortified with 0.1 ppm of: (1) sulfathia
zole, (2) sulfachloropyrazine, (3) sulfamethazine, (4) 
sulfaethoxypyridazine, (5) sulfadimethoxine, (6) 

sulfabromomethazine, and (7) sulfaquinoxaline.

and sulfaquinoxaline, 73.4% (55.5-94.0%). The 
reason for the somewhat low and variable re
coveries obtained for some of these sulfonamides 
is not known.

Table 3. Determination of sulfamethazine residues (ppm) in swine liver and kidney by GLC and colorimetric
procedures

Days after ____________Liver___________  _________Kidney
withdrawal GLC Color GLC Color

0 4.22 2.88 3.72 2.21
0 4.88 2.52 3.47 1.59
0 4.32 1.95 4.11 1.87
0 4.59 3.43 4.30 2.490 5.21 3.33 4.50 1.87
7 0.10 0.11 <0.10 <0.107 0.12 0.12 <0.10 <0.107 <0.10 0.15 <0.10 <0.107 <0.10 <0.10 <0.10 <0.107 0.21 0.20 0.12 0.1310 <0.10 <0.10 <0.10 <0.1010 <0.10 <0.10 <0.10 <0.1010 <0.10 <0.10 <0.10 <0.1010 <0.10 <0.10 <0.10 <0.1010 <0.10 <0.10 <0.10 <0.1014 <0.10 <0.10 <0.10 <0.1014 <0.10 <0.10 <0.10 <0.1014 <0.10 <0.10 <0.10 <0.1014 <0.10 <0.10 <0.10 <0.1014 <0.10 <0.10 <0.10 <0.10
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Continuing work to replace diazomethane as 
the methylating reagent has indicated that 
MethElute™ methylating reagent (Pierce Cat. No. 
49301) may serve this purpose. This material is 
an on-column methylating agent and is used as 
received from the manufacturer by adding 5 
gL/m L reagent to the sample extract before in
jection onto the GC column. Additional work 
is in progress to determine whether this material 
is completely satisfactory.

Acknowledgments
We thank D. Kim for synthesizing and puri

fying authentic N'-methyl derivative of sulfa
methazine, L . Wilson for C-13 NMR evaluation, 
and S. Stout for GC-MS comparisons.

References
(1) Linkenheimer, W. H., & Stolzenberg, S. J. (1965) 

Am. J. Vet. Res. 26, 1086-1094
(2) Koritz, G. D„ Bourne, W. A., Dittert, L. W., & Be- 

vill, R. F. (1977) Am. J. Vet. Res. 38, 979-982

(3) Bevill, R. F., Koritz, G. D., Dittert, L. W., & Bourne, 
W. A. (1977) J. Pharm. Sci. 66, 1297-1300

(4) Bourne, W. A., Bevill, R. F„ Sharma, R. M., Gural,
R. P„ & Ditter, L. W. (1977) Am. /. Vet. Res. 38, 
967-972

(5) Nielsen, P. (1973) Biochem. /. 136,1039-1045
(6) Bevill, R. F„ et al. (1977) Am. /. Vet. Res. 38, 973- 

977
(7) Tischler, F., Sutter, J. L., Bathish, J. N., & Hagman, 

H. E. (1968) ]. Agric. Food Chem. 16, 50-53
(8) Mutha, S. C„ Brown, T. L., Chamberlain, B„ & Lee, 

C. (1977) /. Agric. Food Chem. 25, 556-558
(9) Goodspeed, D. P., Simpson, R. M„ Ashworth, R. 

B„ Shafer, J. W„ & Cook, H. R. (1978) /. Assoc. Off. 
Anal. Chem. 61, 1050-1053

(10) Daun, R. J. (1971) J. Assoc. Off. Anal Chem. 54, 
1277-1282

(11) deBoer, T„ & Backer, H. J. (1963) Organic Synthesis, 
Collective Vol. IV, John Wiley and Sons, New 
York, NY, pp. 250-253

(12) Roder, E„ & Stuthe, W. Z. (1973) Anal. Chem. 266, 
358-360

(13) Asplin, F. D., Boyland, E., Sarglut, S., & Wolf, G. 
(1952) Proc. Royal Soc. (London) B 139, 358-372; 
thru Chem. Abstr. 47, 2727 (1953)



800 H O  ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 64, N O . 4, 1981)

C O S M E T IC S

H i g h  P r e s s u r e  L i q u i d  C h r o m a t o g r a p h i c - T h e r m a l  E n e r g y  
D e t e r m i n a t i o n  o f  A T - N i t r o s o d i e t h a n o l a m i n e  i n  C o s m e t i c s

JULIA L. HO, HARRIS H. WISNESKI, and RONALD L. YATES
Food and Drug Administration, Division of Cosmetics Technology, Washington, DC 20204

Methods for the determination and confirmation of 
N-nitrosodiethanolam ine (NDELA) in cosmetic 
products were developed. The NDELA fraction was 
isolated from a cosmetic product by a series of solvent 
extractions which were designed to concentrate the 
NDELA and remove ingredients deleterious to the 
analytical system. The isolated fraction was then 
analyzed for NDELA using a high pressure liquid 
chromatograph (HPLC) interfaced with a thermal 
energy analyzer (TEA). The compound was mea
sured by comparison of detector response with those 
of known standards. NDELA was verified by gas 
chromatography-mass spectrometry of the silyl de
rivative after preliminary cleanup of the sample by 
gradient elution HPLC on a Partisil 10 PAC column. 
The lim it of detection of NDELA by TEA is 2-3 ng, 
which corresponds to 20-30 ppb in the cosmetic 
product. Analysis of an emulsion cream and a hair 
grooming gel spiked at 3 and 4 ng concentration 
levels, respectively, yielded recoveries ranging from 
71 to 103% (average 88%).
The widespread occurrence of N-nitrosamines 
in the environment is now well recognized (1-3). 
Nitrosamines have been found in soil (4), water
(5), herbicides (6), and air (7). Crosby et al. (8) 
reported the presence of N-nitrosodimethyla- 
mine and N-nitrosopyrrolidine in some foods 
preserved with nitrite, most notably cooked 
bacon. In  1977, Fan et al. (9) reported that N- 
nitrosodiethanolamine (NDELA) was present as 
a contaminant in industrial cutting fluids that 
had been formulated w ith sodium nitrite and 
triethanolamine. NDELA was also found in 
unburned processed tobacco that had been 
treated w ith the herbicide maleic hydrazide 
formulated as the diethanolamine salt (10). Li- 
jinsky et al. (11) demonstrated that NDELA could 
be formed easily by nitrosation of either di- or 
triethanolamine. The carcinogenic activity of 
NDELA in rats was reported by Druckrey et al.
( 1).

Fan et al. (12) reported that NDELA was 
present in some cosmetics such as lotions and

Received December 2, 1980. Accepted February 2, 1981. This paper was presented at the 94th Annual Meeting of the AOAC, Oct. 20-23,1980, at Washington, DC.

shampoos. The NDELA precursors, di- and 
triethanolamine, are widely used in cosmetics. 
For example, diethanolamine is a component of 
some commercial grades of triethanolamine and 
a large number of diethanolamine salts and am
ides of fatty acids which are used as foam boost
ers, stabilizers, and conditioners in shampoos 
and related products. Also, when alkanolamines 
are combined with fatty acids, they form a soap 
that may serve as an emulsifier for many types of 
cosmetic creams and lotions. The levels of 
NDELA reported by Fan et al. were as high as 
45 000 ppb, although a majority of the samples 
contained a much lower level of this contami
nant. Fan et al. reported that recoveries of 
NDELA added to a variety of cosmetic products 
ranged from 7 to 103%.

In our laboratory (J. A. Wenninger, unpub
lished results, 1980), 335 cosmetic products have 
been analyzed for NDELA contamination, using 
the methodology reported by Fan et al. (9) for 
some products and the method described in this 
paper for others. The results indicated that 7% 
of the products were contaminated with NDELA 
at levels greater than 2000 ppb, 28% at levels be
tween 30 and 2000 ppb, and 7% at trace levels 
(10-30 ppb). No NDELA was detected in 58% of 
the products analyzed. The NDELA was con
firmed by gas chromatography-mass spectrom
etry (GC-MS) in cosmetic products that were 
contaminated at levels greater than 1000 ppb. 
The highest levels of NDELA contamination 
were associated with cosmetic products that 
contained the preservative 2-bromo-2-nitro- 
1,3-propanediol (BNPD) and either diethanol
amine, triethanolamine, or a derivative of these 
ingredients. Schmeltz and Wenger (13) reported 
on the indirect nitrosation of diethanolamine by 
BNPD.

Results of the analyses of cosmetic ingredients 
for NDELA and trace level "n itrite" contamina
tion have been reported (J. H . Merritt, Cosmetic, 
Toiletry and Fragrance Association, Washington, 
DC 20005, unpublished results, 1980). Cosmetic 
raw materials in general contributed little 
NDELA to cosmetic formulations and ethanola-
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mines were relatively free of NDELA contami
nation. However, condensation products of 
ethanolamines with fatty acids appeared to be a 
potential source of low levels of NDELA in cos
metic products. Results of the analyses of cos
metic ingredients for trace levels of "n itrite ," 
w ith the possible exception of sodium lauryl 
sulfate, indicated that contaminants of cosmetic 
ingredients are not a significant source of nitro- 
sating agents.

Using the procedure described by Fan et al.
(12), we sometimes were unable to obtain re
producible results on duplicate analyses and 
experienced variations in results when known 
amounts of NDELA were added to samples. 
Low recoveries were usually associated with 
samples that contained relatively high propor
tions of water. The presence of water apparently 
caused the initial extraction with ethyl acetate to 
be incomplete and the subsequent chromato
graphic separation to be erratic. Although the 
ethyl acetate extract was filtered through anhy
drous sodium sulfate before chromatographic 
separation, contact time w ith this drying agent 
was insufficient to effectively remove water. 
After modification of the Fan et al. procedure, 
principally removing water from the sample 
before extraction and minimizing the adsorption 
of NDELA on glassware surfaces, improved re
coveries were obtained.

The procedure described in this paper involves 
a series of solvent extractions designed to isolate 
NDELA along with other ingredients of sim ilar 
solubility and polarity. The extract is then an
alyzed by the high pressure liquid chromato
graphic-thermal energy analyzer (HPLC-TEA) 
system. The method was verified by conducting 
recovery studies using cosmetic products con
taining known levels of NDELA.

M ETHOD

Apparatus
(a) N itro sa m in e  d e te c to r .—TEA Model 502 

(Thermo Electron Corp., Waltham, MA 02154).
(b) H P L C  p u m p .—Varian Model 8500 (Varian 

Associates, Palo Alto, CA 94303), or equivalent.
(c) In jection  v a lv e .—Equipped with 20 pL 

sample loop and capable of operation at 6000 psi 
(Model 7120, Rheodyne, Inc., Berkeley, CA 
94710), or equivalent.

(d) H P L C  g u a rd  co lu m n .—75 X 4.6 mm id 
stainless steel with 10 pm frits packed w ith Co- 
rasil Type II, 37-50 mm (Waters Associates, M il
ford, MA 01757).

(e) H P L C  a n a ly tic a l co lu m n .—250 X 4.6 mm id 
stainless steel packed w ith 10 p m  silica gel (Par- 
tisil® 10 PAC, Whatman Inc., C lifton, NJ 07014), 
or equivalent.

(f) S tr ip  chart reco rd e r .—Model 7127 (Hew
lett-Packard, Palo Alto, CA 94304), or equiva
lent.

Connect, in series, the HPLC pump, injector, 
in-line filter, guard column, HPLC column, and 
TEA using appropriate fittings and */16 in . od 
stainless steel tubing. If recorder does not have 
10 V input, use appropriate voltage divider be
tween TEA and recorder (voltage divider can be 
installed by Thermo Electron Corp.).

Operating conditions: HPLC eluant hex
ane-acetone (1 + 1) at 120 m L/h; TEA carrier gas 
argon, adjust flow rate to obtain pressure of 1 
torr; oxygen flow rate, adjust to obtain increase 
of pressure from 1 to 1.5 torr; TEA catalytic fur
nace temperature 55°C; TEA cold trap, fill 12 cm 
id Dewar flask with slush of powdered dry ice- 
ethanol.

(g) F reeze  d r y e r .—Centrifugal Bio-Dryer 
(V irT is Co., Inc., Gardiner, NY 12525), or equiv
alent.(h) C h rom atograph ic  tu b e s .—60 X 2.2 cm id, 
w ith stopcock.(i) H ig h  p re ssu re  liq u id  c h r o m a to g r a p h .— 
Equipped with ultraviolet (UV) detector and 
gradient elution capability. Use HPLC column 
(e), or equivalent. Waters Model 244 w ith 2 
Model 6000 A solvent pumps, U6K universal 
injector, 440 UV detector equipped with 254 nm 
filter and 660 solvent programmer (Waters As
sociates), or equivalent. Operating conditions: 
solvent program, linear, 15 min, from 80 to 20% 
solvent A ; solvent flow rate 2 m L/m in.(j) S tr ip  ch art reco rd e r .—10 in ., equipped with 
10 mV input (Model A-25, Varian Associates), or 
equivalent.

(k ) G as ch ro m a to g ra p h -m a ss  sp e c tr o m e te r .— 
Model 5992A (Hewlett-Packard), or equivalent. 
Gas chromatograph is equipped with 150 cm X 
2 mm id glass column packed with 3% SP-2100 on 
100-120 mesh Chromosorb® W (HP).

Operating conditions: peakfinder program; 
temperatures (°C ): column programmed from 
114 to 280 at 4 °/min, injection port 200; carrier 
gas (helium) flow rate 20 m L/m in; MS peak de
tection threshold 1000; samples/0.1 amu 4; 
electron m ultiplier 1200; GC peak detection 
threshold 10; single ion peak trigger 116 amu.

(l) T est tu b es .—150 X 20 mm Pyrex®. Treat 
w ith silanizing solution 5 min. Rinse w ith tol
uene; then methanol.

(m) U V  la m p .—Mineralight Model UVSL.25
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(Ultra-Violet Products, Inc., San Gabriel, CA 
91778), or equivalent.
Reagents

(a) S o lv e n ts .—Ethyl acetate, hexane, acetone, 
methylene chloride, methanol, and 2,2,4-tri- 
methylpentane (Distilled-in-Glass, Burdick and 
Jackson Laboratories, Inc., Muskegon, MI 49442), 
or equivalent.

(b) N D E L A .—Supplied by Battelle Columbus 
Laboratories, Columbus, OH. Purity and iden
tity of NDELA standard were verified by HPLC 
and GC-MS. Stock solution  1.—Accurately weigh 
25 mg NDELA and transfer, with aid of acetone, 
to 100 mL volumetric flask. Dilute to volume 
with acetone and mix. Stock solution 2.—Pipet 5.0 
mL stock solution 1 into 100 mL volumetric flask, 
dilute to volume with acetone, and mix. W orking  
so lu tion  1 .—Pipet 3.0 mL stock solution 2 into 25 
mL volumetric flask, dilute to volume with ace
tone, and mix. W orking solu tion  2.—Pipet 1.0 mL 
stock solution 2 into 25 mL volumetric flask, di
lute to volume with acetone, and mix.

Cover containers of stock and working solu
tions with aluminum foil to protect contents 
from light. Store solutions in refrigerator. 
Prepare working solutions fresh weekly.

(c) N  ,0 -b is - (T n m e th y ls i ly l) - tr i f lu o r a c e ta m id e  
(B S T F A ) .—No. 38828, Pierce Chemical Co., 
Rockford, IL  61105.

(d) T rich lo ro m eth y ls ila n e.—No. 9646, Eastman 
Organic Chemicals, Rochester, NY 14650.(e) D ichlorod im ethylsilane.—No. 9650, Eastman 
Organic Chemicals.

(f) H P LC  so lv en t fo r  N D E L A  d e te rm in a tio n .— 
Hexane-acetone (1 + 1). Degas and filter.

(g) H P L C  so lv e n ts  fo r  N D E L A  co n firm a tio n .— 
S o lve n t A .—2,2,4-Trimethylpentane-acetic acid 
(500 + 2). S o lven t B.—Methylene chloride- 
methanol-acetic acid (450 + 50 + 2). Degas and 
filter.

(h) F ilte r  a id .—Acid-washed Celite 545 
(Johns-Manville, Denver, CO 80217). To ca 700 
g Celite in 4 L beaker add 3 L 20% HC1 and stir. 
Heat on steam bath 3-4 h, stirring occasionally. 
Filter through Buchner funnel with suction. 
Wash with water until washings are iron- and 
chloride-free. Suction filter cake dry, transfer 
to beaker, and dry in 135°C oven.

(i) S ila n iz in g  s o lu t io n .—Toluene-trichloro- 
methylsilane-dichlorodimethylsilane (69 +  2  +
2) .

Preparation of Sample
Accurately weigh ca 5 g sample into fared 150 

mL beaker. Add 250 mg ammonium sulfamate,

20 g Na2S04, and ca 10 g Celite, and stir until 
mixture is uniform. Let stand >4 h to let Na2S04 
remove water. Place small plug of glass wool in 
bottom of chromatographic tube and add sample 
mixture. Pack lightly with tamper. Add 80 mL 
hexane to column. Discard collected eluate. 
Add 125 mL ethyl acetate to column, collecting 
eluate in 250 mL beaker. Add 2 drops of pro
pylene glycol to ethyl acetate extract and con
centrate to 3-4 mL under slow stream of nitro
gen. Transfer, with aid of several small portions 
of ethyl acetate, to tapered 50 mL centrifuge tube. 
Add 1 mL water, shake w ell, and, after phases 
have separated, remove aqueous layer with small 
pipet or syringe. Repeat extraction twice more. 
If emulsion forms because of presence of sur
factants, evaporate ethyl acetate to dryness in 50 
mL beaker. Extract residue with 3-4 small por
tions (ca 1 mL) of water. Place combined aque
ous extracts in silanized test tube and freeze-dry. 
Extract residue with 2-3 small portions (ca 1 mL) 
of acetone, transferring extracts to fared screw- 
cap vial. Evaporate to dryness under nitrogen, 
and weigh. Cap tightly and refrigerate residue. 
Before HPLC-TEA analysis, prepare analytical 
sample by adding 1.0 mL acetone to dissolve 
residue.

Determination
Place HPLC-TEA into operation, using man

ufacturer's instructions and conditions outlined 
under A pp a ra tu s. When baseline has stabilized, 
inject 20 p L  Working Solution 1 at X 8 or X16 at
tenuation to check system function. Slightly 
alter carrier gas flow and again inject standard, 
noting detector response. Repeat until response 
has been maximized. Using same procedure, 
adjust oxygen flow rate to obtain maximum re
sponse.

After detector response has been maximized 
and baseline is stable, inject 20 p L  sample at X 8 
attenuation. If response is obtained at same re
tention as NDELA standard, determine which 
NDELA standard w ill give a response most 
nearly the same as the sample. After correct 
standard has been selected, inject standard and 
then sample, followed by another standard. 
Purge cold trap and, after baseline has stabilized, 
repeat analyses to obtain second set of analytical 
data.
Calculation

For each set of data, measure peak heights of 
standards and calculate average. Measure sam
ple peak height and calculate NDELA content as 
follows:
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NDELA (ppb) = (Vu X Cs X Uis X PHU
X A u) / ( P H s X A s X V i u X W u)

where V u = volume of analytical sample, p L , i.e., 
equals volume of acetone added, p L , plus wt of 
freeze-dried residue, mg (assume sample density 
to be 1.0 g/m L); Cs = concentration of NDELA 
standard, ng/pL; Vis = volume of standard in
jected, pL; P H U — peak height of NDELA in 
sample, arbitrary units; A u =  attenuation of 
NDELA sample peak; P H S = peak height of 
NDELA in standard, arbitrary units; A s =  atten
uation of NDELA standard peak; Viu = volume 
of sample injected, p L ; Wu = weight of gross 
sample, g.

If Rheodyne injection valve with 20 pL sample 
loop is used, eliminate VjS and y iu from above 
equation.

Ultraviolet Confirmatory Test
Transfer portion of acetone solution of sample 

(ca 100 pL) to small glass v ia l, cap, and place 
w ithin several inches of shortwave UV source. 
After exposure overnight, re-analyze by 
HPLC-TEA. Disappearance of peak corre
sponding to NDELA is good evidence of its 
presence.

Gas Chromatographic-Mass Spectrometric Confirmation
Further confirmation of NDELA may be ob

tained as follows: Using conditions given under 
A p p a ra tu s  (i), inject 20-30 ng NDELA standard 
w ith UV detector at 0.20 absorbance unit fu ll 
scale. Determine retention time of standard 
NDELA. Next, inject 50-75 pL analytical sam
ple, using absorbance setting appropriate for 
amount of NDELA previously determined to be 
present. Collect eluting NDELA peak in 50 mL 
silanized tapered centrifuge tube. Repeat until 
0.5-1 pg NDELA has been collected. Evaporate 
solvent in 40 °C oil bath under slow stream of dry 
nitrogen. When volume is ca 400 pi,, transfer to 
small vial and continue evaporation to dryness 
at room temperature. Add 250 pL BSTFA, 
tightly cap, and warm 10 min at 75°C. To pre
pare standard, add 4-5 pL Stock Solution 1 to 
small vial, evaporate to dryness, and prepare silyl 
derivatives as above. Store solutions in desic
cator protected from light. Analyze solutions by 
GC-MS w ithin 24 h.

Using conditions outlined under A pp a ra tu s (k), 
inject 1-2 pL standard solution and obtain mass 
spectrum of NDELA sily l derivative. Repeat 
with sample solution, and compare mass spec
trum with that of standard for confirmation.

Results and Discussion
NDELA can be detected and determined by 

using HPLC or GC in conjunction w ith a wide 
variety of detection systems. In  our laboratory 
the HPLC-TEA combination, although it has 
some disadvantages, is used because of the high 
specificity and sensitivity of the detector system 
for nitrosamines and because the technique does 
not require derivatization of N DELA. This is 
especially important for cosmetics because of the 
large number of potential interfering substances 
(e g., fragrance ingredients, emulsifiers, preser
vatives, etc.) which vary w idely from one prod
uct to another.

Before the development of the proposed 
sample preparation technique, it was decided to 
eliminate the use of silica gel column chroma
tography because of losses experienced in pre
vious recovery studies. Because of the inherent 
specificity of the HPLC-TEA combination, direct 
interferences in the determination of NDELA 
were not expected. Any potential interfering 
substances, if present, would not be removed by 
employing an adsorption column inherently less 
efficient than the analytical column used for 
HPLC-TEA analysis. Therefore, our aims in the 
development of the sample preparation proce
dure were only to concentrate the NDELA frac
tion and to remove ingredients, such as pigments 
and ionic compounds, that would be deleterious 
to the analytical HPLC column.

In the in itial sample preparation step, anhy
drous sodium sulfate was mixed with the sample 
to remove water. Celite was then mixed with 
the sample to hold any pigments and to aid the 
flow of extraction solvents. Frequently, how
ever, a separation into 2 phases occurred when 
the ethyl acetate eluate was concentrated. For 
this reason, it was necessary to add the water and 
acetone extraction steps. The adsorption of 
NDELA on glassware surfaces was minimized by 
silanization of glassware and addition of pro
pylene glycol to compete for adsorption sites. 
Studies to evaluate the effect that these proce
dures had on recoveries were carried out. Si
lanization of the test tubes increased recoveries 
from an average of 31 to 84%. Propylene glycol 
improved recoveries by approximately 10%. 
Drying agents more efficient than anhydrous 
sodium sulfate should not be used in any part of 
the procedure. When very efficient drying 
agents, such as calcium sulfate, were used to re
move traces of water, losses of added NDELA by 
adsorption on glass surfaces were severe or 
total.

During the analysis of cosmetic products, false
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Table 1. Recovery of NDELA from an emulsion cream 
and a hair grooming gel

Sample
Added, 

ng/g (ppb)
Found, 

ng/g (ppb) Rec., %
Emulsion cream 362 290 80

362 338 93
362 331 91
290 261 90
290 258 89
290 206 71
120 115 96
120 94 78
120 101 84

Av. rec. ( N  =  9) 86
SD(ff) ±6.4
Hair grooming gel 362 278 77

362 311 86
362 284 78
290 267 92
290 299 103
290 249 86
120 96 80
120 104 87
120 115 96
97 86 89
97 90 93
97 96 99

Av. rec. ( N  =  12) 89
SD(ff) ±8.2

positives were occasionally encountered. The 
false positives were not interfering compounds, 
but resulted from the desorption of previously 
adsorbed NDELA from the HPLC column by 
water contained in the sample. If a sample 
contains relatively large amounts of polar com
pounds, such as triethanolamine or glycerol, 
removal of the last traces of water by freeze
drying is difficult. In cases where false positives 
are suspected they are easily recognized because 
they fail the UV confirmatory test. When a false 
positive has been identified, the sample solution 
should be dried w ith sodium sulfate and re
analyzed. An alternative viable approach to the 
problem of false positives is the substitution of 
normal phase partition HPLC columns in place 
of the silica gel column. The bonded cyano or 
amino columns are applicable to this procedure 
and do not adsorb detectable amounts of NDELA. 
Our experience using these columns, however, 
is that more frequent cleaning is required. Re
verse phase HPLC columns should not be used 
in conjunction with the TEA because aqueous

eluants cause the instrument's response to ni- 
troso compounds to be low and erratic.

Recovery studies were conducted by the 
method described using 2 commercial cosmetic 
formulations: an emulsion cream and a protein 
hair grooming gel. Neither product contained 
any NDELA precursors and analysis of each 
showed the absence of NDELA at the 2 0 -3 0  ppb 
lim it of detection. Known amounts of NDELA 
standard were added to 5 g samples of the cos
metics, mixed, and then analyzed by the pro
posed procedure. Recovery studies were con
ducted at levels of 120, 290 , and 362  ppb for each 
product. Studies at 97 ppb were performed on 
the hair grooming gel. Results are shown in 
Table 1.

In conclusion, the described method for the 
HPLC-TEA determination of NDELA has been 
demonstrated to give reliable and reproducible 
results for a large number of cosmetic products 
having widely different compositions.
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D A IR Y  P R O D U C T S

H i g h  P e r f o r m a n c e  L i q u i d  C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  o f  L a c t o s e  
i n  M i l k

LESLIE G. WEST and MARIE A. LLORENTE 
Kraft, Inc., 801 Waukegan Rd, Glenview, IL 60025

A rapid and simple high performance liquid chro
matographic method for the determination of lactose 
in milk was developed. Samples were diluted with
0.5% perchloric acid and centrifuged, and an aliquot 
of the supernate was mixed with acetonitrile. Lac
tose was separated on a 10 /¿m particle-size silica 
column with aqueous acetonitrile as the mobile 
phase. The recovery of lactose from whole, skim, and 
chocolate milk averaged 99.2,101.1, and 100.4%, re
spectively. Coefficients of variation for routinely 
performed duplicate determinations are between 1.0 
and 1.5%.
High performance liquid chromatography 
(HPLC) offers many advantages to the analyst for 
the determination of lactose in m ilk. The most 
obvious include speed, reliability, and simplicity 
of sample preparation. The flexib ility of the 
instrumentation to perform other analyses is also 
an advantage for laboratories whose sample load 
does not justify an instrument dedicated to lac
tose analysis.

In spite of these benefits, only a few studies 
have been reported using HPLC for determining 
lactose in m ilk. Hobbs and Lawrence (1) se
lected a stationary phase of strongly acidic cation 
exchange resin and aqueous ethanol as their 
mobile phase to analyze previously defatted milk 
samples. Sample preparation was minimal, and 
total analysis time for replicates was 1 h with the 
bulk of this time taken up by lengthy column 
retention of lactose. Unless several chromato
graphic instruments were used, a backlog of 
unanalyzed samples could rapidly result. The 
authors speculated on a quicker chromatographic 
system, but no experimentation was presented. 
Conrad and Palmer (2) suggested mixing m ilk 
with water followed by dilution with acetonitrile 
before chromatography on a /¿Bondapak/car
bohydrate® column (Waters Associates, Inc., 
M ilford, MA 01757) using aqueous acetonitrile 
as the mobile phase. Although the chromatog
raphy was rapid (less than 3 m in), samples had 
to stand several hours to allow precipitation of 
fat and protein before analysis. D ifficulty in

Received October 1, 1980. Accepted January 5,1981.

using this system for quantitation of lactose in 
m ilk was reported by Warthesen and Kramer (3), 
yet quantitation could be achieved if absolute 
ethanol was substituted for acetonitrile as the 
diluant. DeVries et al. (4) included m ilk samples 
in their evaluation of HPLC methodology as an 
alternative to official procedures for carbohy
drate analysis in foods. Bonded phase columns, 
such as /xBondapak/ carbohydrate, were again 
selected for the chromatography, and the ex
traction procedure consisted of mixing the food 
sample w ith water followed by dilution with 
acetonitrile. Unfortunately, little detail was 
given for m ilk analysis and a lim ited number of 
samples appear to have been analyzed. Euber 
and Brunner (5) also used the jiBondapak/car
bohydrate column, aqueous acetonitrile mobile 
phase, and initial dilution of m ilk with water, but 
samples were deproteinized by treatment w ith 
trichloroacetic acid before chromatography. An 
analysis could be completed in 45 min.

The method developed in our laboratory in 
volves extraction of lactose from m ilk and re
moval of fat and protein w ith dilute perchloric 
acid followed by centrifugation. An aliquot of 
the supernate is mixed w ith acetonitrile and 
chromatographed on unmodified 10 /xm parti
cle-size silica, using aqueous acetonitrile as the 
mobile phase. The lactose concentration is then 
calculated by comparison w ith external stan
dards. Total analysis time is about 30 min.

M ETHOD

Apparatus
(a) Liquid ch rom a to gra ph .—Model 5010, d if

ferential refractometer, Model 220L chroma
tography computer (Varian Instrument D iv., Palo 
Alto, CA 94303) and a loop valve injector (Valeo 
Instrument Co., Houston, TX 77024) with 100 pL 
loop. A Haake Model FE water bath (Haake Inc., 
Saddle Brook, NJ 07662) maintained the detector 
at 30 ± 0.01 °C. Recorder Model 555 (Linear In 
struments Corp., Irvine, CA 92714).

(b) C h ro m atog ra p h ic  co lu m n .—30 cm X 4 mm 
Micropak® Si-10 (Varian) or equivalent.

0004-5756/81/6404-0805/03$l.00 © Association of Official Analytical Chemists, Inc.
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(c) G uard co lu m n .—4 cm X 4.6 mm (Upchurch 
Scientific, Sunnyvale, CA 94086) or equivalent 
packed with HC Pellosil® (Whatman Inc., C lif
ton, N] 07014) or equivalent.

Reagents
(a) S o lv e n ts .—HPLC grade acetonitrile and 

water (J. T. Baker Co., Phillipsburg, NJ 08865) or 
equivalent.

(b) M o b ile  p h a se .—Acetonitrile + water 
(80+20). Pass through 47 mm 0.45 pm filter 
(M illipore Corp., Bedford, MA 01730).

(c) Perchloric a c id .—0.5%. For each 1 L , dilute
7.2 g AR grade 70% perchloric acid (Mallinckrodt, 
Inc., St. Louis, MO 63147) with water.

(d) L actose s ta n d a rd s .—Prepare 60 mg/mL 
standard by dissolving 3.00 g AR grade lactose- 
H 2O (M allinckrodt, Inc.) in 50 mL water. 
Transfer 8, 6, and 4 mL aliquots to 10 mL volu
metric flasks and dilute to volume to obtain 48, 
36, and 24 mg / mL standards, respectively. Use 
1 mL of each standard in place of m ilk sample as 
next described.
Sample Preparation

Transfer 1 mL m ilk sample into previously 
fared centrifuge tube and record weight of milk. 
Add 20 mL 0.5% perchloric acid and vigorously 
shake or vortex tube. Centrifuge 20 min at ca 
3000X g. Remove 1 mL supernate and place in 
glass tube. Add 4 mL acetonitrile, and vortex. 
Pass through 13 mm 0.45 pm filter (M illipore 
Corp.) or Acrodisc-CR® (Gelman, Ann Arbor, MI 
48106).

Liquid Chromatography
Equilibrate system with mobile phase ca 1 h. 

Flow rate for equilibration and analysis is 2.0 
m L/m in. Inject 100 pL of each standard fol
lowed by samples.

Calculations
Perform linear regression analysis of standard 

peak areas and concentrations (mg standard 
lactose-HUO added to each centrifuge tube, i.e., 
60, 48, 36, and 24 mg). From regression line, 
calculate mg lactose-FUO in each 1 mL m ilk 
sample. Divide by sample weight in mg and 
m ultiply by 100 to obtain % lactose-H20  by 
weight.

Results and Discussion
Chromatograms of several m ilk extracts are 

presented in Figure 1. Lactose was eluted in 
about 5 min and its resolution from sucrose 
present in chocolate m ilk, although not quite at

A B c

2

MINUTES

Figure 1. Liquid chromatograms of milk extracts: 
A, chocolate; B, whole; C, skim; 1, fructose + glucose; 
2, sucrose; 3, lactose.

baseline, was more than adequate for reliable 
quantitation. We used a 30 cm X 4 mm column 
containing 10 pm irregular particle-size silica for 
our work, but equally good results can be ob
tained with a sim ilar packing in the more com
mon 25 cm X 4.6 mm column. Although smaller 
bore columns (e.g., 25 cm X 2.6 mm) yielded ac
ceptable results w ith reduced flow rates, the 
larger bore columns were preferred for maxi
mum efficiency and speed with this method.

Although the supernate does not have to be 
clear after centrifugation, this in itial removal of
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part of the protein w ith 0.5% perchloric acid 
treatment was necessary for easy filtration of the 
final solution. Lactose, by itself or in m ilk, was 
stable even if allowed to stand more than 4 h in 
0.5% perchloric acid or acetonitrile-0.5% per
chloric acid (4+1). Because sucrose undergoes 
some hydrolysis, this method should not be used 
for its quantitation. Concerns over the safety of 
acidified acetonitrile (6) were unfounded. 
Mixtures of acetonitrile-0.5% perchloric acid 
(4+1) were tested for the evolution of hydrogen 
cyanide by using sodium picrate papers (7). No 
color change was observed on the test strips held 
in sealed tubes at room temperature over 5 h.

Samples and standards contained lactose at 
levels which did not precipitate when diluted 
with acetonitrile in the final step. To determine 
lactose solubility, known amounts of this sugar 
were dissolved in water and then diluted with 
sufficient acetonitrile to obtain the 4+1 aceto
nitrile-water mixture. Lactose at concentrations 
greater than 10 mg/mL in water precipitated al
most immediately when acetonitrile was added. 
Slow crystallization of lactose occurred at 10 
mg/mL, but at 5 mg/mL and less remained clear, 
even with overnight standing. These findings 
may explain the poor recoveries previously 
mentioned for the method of Conrad and Palmer
(2). Their extracts contained almost 25 mg/mL 
lactose before dilution with acetonitrile, a con
centration which could precipitate immedi
ately.

We do not recommend injecting aqueous so
lutions of lactose directly into the liquid chro
matograph. Unless sufficiently dilute, lactose 
could precipitate when rapidly mixed w ith the 
mobile phase. As discussed by DeVries et al. (4), 
injection of carbohydrates dissolved in a solvent 
stronger than the mobile phase can also ad
versely influence the quality of chromatography. 
Severe band broadening and lessened detector 
response were observed. Euber and Brunner (5) 
likewise reported a loss of resolution and peak 
broadening w ith aqueous lactose injections ex

ceeding 30 pL. Prior dissolution of samples in 
the mobile phase (or as close to it as possible) 
essentially eliminates these problems while not 
adding significantly to preparation time.

Recovery studies were performed as given in 
Warthesen and Kramer (3), except that the sam
ple size was decreased by one-third rather than 
one-half. Recovery of lactose dissolved in du
plicate whole, skim, and chocolate m ilk samples 
averaged 99.2, 101.1, and 100.4%, respectively. 
As indicated by these data, the added sucrose 
present in chocolate m ilk did not result in pre
cipitation of lactose when analyzed by this 
method. The homogeneity of the lactose peak 
was determined w ith extracts prepared from 
lactase (Sigma Chemical Co., St. Louis, MO 
63178)-treated m ilk. No interfering peaks were 
detected at the elution volume for lactose. In our 
laboratory, we routinely perform duplicate de
terminations of m ilk samples, obtaining coeffi
cients of variation between 1.0 and 1.5%. The 
coefficient of linear regression for the standards 
was consistently 0.99. By using automatic dis
pensing devices wherever possible, the total 
analysis time was only 30 min.

We believe our method offers several advan
tages over established procedures for the deter
mination of lactose in m ilk and is worthy of 
collaborative study.
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C O L O R  A D D IT IV E S

Spectrophotometric Determination of Phosphorus in Certifiable 
Straight Color Additives: Collaborative Study
WALLACE S. BRAMMELL
Food and Drug Administration, Division of Color Technology, Washington, DC 20204
Collaborators: C. Arozarena; J. Hunter; H. G. Kiernan; J. H. King; M. Leon; D. R. 
Schoneker; J. Zyren
A simple and rapid spectrophotometric method was 
developed for determining the total phosphorus 
content of certifiable straight color additives. The 
dye sample is mixed with a cellulose powder and 
MgO mixture, and ashed at 500°C in a small Pyrex 
beaker in a muffle furnace. The ash is dissolved in 
vanadomolybdic acid reagent and filtered through 
glass wool, and the absorbance of the resulting yellow  
molybdovanadophosphoric add solution is measured 
at 400 nm. The total phosphorus content of the 
sample, expressed as percent NajPOi, is determined 
from a standard curve. Recovery of phosphorus 
added as KH2PO4 to 39 different dyes in amounts 
equivalent to 0.300% Na3P0 4 ranged from 95.3 to 
106.8%, averaging 100.6%. In the collaborative study, 
7 laboratories successfully performed duplicate 
analyses of 6 different dyes (D&C Orange No. 5, D&C 
Yellow No. 8, FD&C Blue No. 2, FD&C Red No. 3, 
FD&C Red No. 40, and FD&C Green No. 3). The 
mean values found ranged from 0.325 to 6.86% 
Na3P0 4. In general, the accuracy and reproducibility 
of the method were satisfactory, with single deter
mination coefficients of variation ranging from 3.76 
to 9.60%. The method was adopted official first ac
tion.

In  the manufacture of color additives, Na3P04 is 
often added to precipitate any Pb that may be 
present. Occasionally dyes are found that con
tain phosphate, probably derived primarily from 
this source. Quantitative data on the amount of 
phosphate present is desirable for use in the FDA 
certification program so that it may be combined 
w ith various other determinations such as per
cent pure dye, volatile matter, NaCl, Na2S04, etc., 
to account for the entire sample. The phosphate 
content of the water-soluble dyes is also of in
terest because it interferes with the determina- * 64
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tion of Na2S04 by potentiometric titration (1).
In the determination of phosphorus by spec

trophotometric methods, it is first necessary to 
remove organic matter that would interfere with 
absorbance readings. This may be done by 
wet-ashing w ith acids such as HNO3, H2SO4, or 
HCIO4, or by dry-ashing with a gas burner or in 
a muffle furnace. In the method reported here, 
dye samples were ashed in a muffle furnace.

A  number of spectrophotometric methods are 
available, but the one selected is preferable to 
some used widely in the past, such as the mo
lybdenum blue method (2) because of the greater 
stability of the color complex, sim plicity, and 
relative freedom from interferences. The mo- 
lybdovanadophosphate method used was pro
posed by Misson (3) in 1908. It was first em
ployed in an official AOAC method in 1957 for 
determining total phosphorus in fertilizers (4), 
and has since been used in several other official 
methods. The author, using dry-ashing to pre
pare the samples, modified Misson's method for 
use in analyzing fertilizers (5), fruits and fruit 
products (6), dairy products (unpublished re
port), and eggs and egg products (unpublished 
report). The method for fruits and fruit products 
was adopted as an official AOAC method (7).

D e v e lo p m e n t  o f  M e th o d
Because no method was available for the de

termination of phosphorus in dyes, a project was 
instituted to develop one. The main problem in 
applying the molybdovanadophosphate method 
to the analysis of certifiable straight color addi
tives was developing a satisfactory dry-ashing 
procedure. The ashing technique finally de
veloped is very simple, and works well w ith all 
straight dyes, whereas earlier versions did not. 
The method was also applied to lakes, but the 
results were unsatisfactory.

In itia lly , platinum dishes were tried but they 
became stained, and may have been attacked 
chemically, by some of the dyes. The stain was

0004-5756/81 / 6404-0808/ 06$ 1.00 © Association of Official Analytical Chemists. Inc.
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very difficult to remove. Next, Erlenmeyer 
flasks were tried (first the 25 mL size, then the 50 
mL and 125 mL sizes) in an attempt to improve 
ashing, but they were unsatisfactory because of 
the excessive amount of unashed material re
maining even after several hours at 600°C. 
Next, 250 mL Pyrex beakers were tried. These 
gave much better ashing than Erlenmeyer flasks, 
but they were soon replaced by 100 mL beakers, 
which were equally satisfactory and allowed 
more samples to be ashed at the same time, be
cause less space was required.

In the early work on this method, the dye 
samples were dissolved in an aqueous solution 
of Mg(NC>3)2 or MgO and HNO3, and evaporated 
to dryness on a hot plate before ashing. This was 
done to hydrolyze any nonorthophosphates 
present to orthophosphates (the only form the 
method w ill measure) and convert them, and any 
monobasic or dibasic phosphates present, to 
heat-stable Mg3(PC>4)2. Since some samples were 
d ifficu lt to ash, sucrose was incorporated in the 
ashing solution; ashing was improved, but still 
insufficient. In itially, samples were ashed in the 
muffle at 500°C; later 550°C and 600°C were 
used to improve ashing until it was observed that 
the ash of some types of samples etched the bot
tom of the beaker or left a slight deposit on it. 
This was not considered serious until it was dis
covered that these beakers sometimes produced 
erroneously high results when re-used.

A satisfactory procedure resulted from the use 
of a mixture of cellulose powder and MgO. 
Etching was prevented, and the same beakers 
were used repeatedly without evidence of 
cross-contamination. With most types of sam
ples, very little carbon remained after ashing 3 
h at 500°C, and this caused no significant error. 
However, several types of samples could not be 
ashed satisfactorily, even at higher temperatures 
and for much longer times. Low recoveries were 
obtained on samples with carbon remaining in 
the sample ash. A reduction in the residual 
carbon and good recoveries were obtained by 
ashing a second time after mixing cellulose 
powder w ith the ash.

In the planning of this work, an acid hydrol
ysis step was considered necessary to convert 
nonorthophosphates that might be present to 
orthophosphates. Recovery experiments using 
sodium metaphosphate and sodium pyrophos
phate indicated that a conversion step was un
necessary in the proposed method, probably 
because water and acids produced during the 
ashing with cellulose and MgO effected the 
necessary conversions. Therefore, the method

measures the to ta l phosphorus content of the 
sample.

The cellulose powder appears to perform the 
following functions: (1) facilitates uniform
mixing of the small amount of MgO with the 
dye, (2) promotes hydrolysis of nonorthophos
phates, (3) facilitates reaction of highly insoluble 
MgO with phosphates, (4) greatly increases the 
rate and completeness of ashing, and (5) prevents 
etching of the beaker.

E x p e r im e n ta l
Recovery studies were performed on 39 d if

ferent straight color additives submitted for 
certification. They were analyzed by the pro
posed method and contained 0.000-0.899% 
phosphorus expressed as Na3P0 4. Then they 
were spiked with a solution of KH 2PO4 to obtain 
the equivalent of 0.300% added Na3P0 4 and an
alyzed by the proposed method, and the percent 
recovery was calculated. Recoveries ranged 
from 95.3 to 106.8%, averaging 100.6% as shown 
in Table 1.

To measure the precision of the method, 6 
dyes, selected to represent a range of phosphorus 
content, were analyzed in duplicate on 5 differ
ent days. The results given in Table 2 show very 
good agreement between duplicate determina
tions and good agreement among the values 
obtained on different days. The ranges covered 
by the 10 values for each dye were as follows: 
FD&C Green No. 3,0.895-0.935; D&C Yellow No. 
8, 0.772-0.811; D&C Red No. 21, 0.474-0.518; 
FD&C Blue No. 2,0.299-0.314; D&C Red No. 33, 
0.228-0.239; D&C Green No. 5, 0.140-0.156 
(values expressed as percent NasPCL).

Table 3 presents recovery data obtained with 
dyes found difficult to ash. The first column 
contains the recovery results obtained when 
carbon remained after ashing, and the second 
column contains recovery results obtained when 
this carbon was removed by re-ashing after 
mixing the ash with cellulose powder. Recov
eries obtained after the usual ashing were very 
low, ranging from 12.9 to 94.1%; recoveries ob
tained after re-ashing were good, ranging from
97.1 to 104.0%.

C o lla b o r a t iv e  S tu d y
Three practice samples with the phosphate 

content stated and 12 blind duplicate samples of 
unspecified phosphate content representing 6 
different certifiable straight color additives were 
sent to 7 collaborating laboratories. Collabora
tors were also sent an instruction sheet, a copy of 
the method, and 5 sheets for reporting results.
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Table 1. Recovery of phosphorus added to dyes

Sample
Na3P04 
in dye.

%
Na3P04a

ree.,
mg

Ree.,
%

FD&C Blue No. 1 0.012 1.233 102.8
FD&C Blue No. 2 0.302 1.222 10 1 .8
FD&C Green No. 3 0.899 1.203 100.3
FD&C Red No. 2b 0.077 1.196 99.7
FD&C Red No. 3 0.000 1.179 98.3
FD&C Red No. 4 0.000 1.209 100.8
FD&C Red No. 40 0.035 1.196 99.7
FD&C Yellow No. 5 0.000 1.183 98.6
FD&C Yellow No. 6 0.000 1.173 97.8
Citrus Red No. 2 0.000 1.248 104.0
Orange B 0.043 1.200 100.0
D&C Blue No. 6 0.000 1.281 106.8
D&C Blue No. 9 0.019 1.222 101.8
D&C Green No. 5 0.154 1.202 100.2
D&C Green No. 6 0.046 1.164 97.0
D&C Green No. 8 0.000 1.189 99.1
D&C Orange No. 4 0.008 1.202 100.2
D&C Orange No. 5 0.342 1.212 101.0
D&C Orange No. 17 0.017 1.210 100.8
D&C Red No. 8 0.000 1.222 101.8
D&C Red No. 10b 0.001 1.195 99.6
D&C Red No. 17 0.008 1.230 102.5
D&C Red No. 19 0.010 1.264 105.3
D&C Red No. 21 0.485 1.159 96.6
D&C Red No. 22 0.014 1.185 98.7
D&C Red No. 28 0.045 1.189 99.1
D&C Red No. 30 0.007 1.226 102.2
D&C Red No. 33 0.238 1.182 98.5
D&C Red No. 34 0.021 1.170 97.5
D&C Red No. 36 0.000 1.269 105.8
D&C Red No. 37 0.176 1.243 103.6
D&C Red No. 39 0.007 1.193 99.4
D&C Violet No. 2 0.000 1.216 101.3
D&C Yellow No. 8 0.812 1.165 97.1
D&C Yellow No. 10 0.002 1.253 104.4
D&C Yellow No. 11 0.003 1.220 101.7
Ext. D&C Green No. 1 b 0.012 1.143 95.3
Ext. D&C Yellow No. 1 6 0.006 1.264 105.3
Ext. D&C Yellow No. 7 0.035 1.160 96.7
Av. 100.6
Range 95.3-106.8

a KH2PO4 added equivalent to 1.200 mg (0.300%) Na3P0 4 . 
b Delisted.

They were asked to analyze the practice samples 
at least 3 times, and to proceed with analysis of 
the unknowns only if their results were reason
ably close to the stated values.

They were requested to make only single de
terminations on the unknowns, but to repeat 
with a smaller sample if the absorbance reading 
was higher than that of the 2.0 mg standard. If 
this occurred, they were asked to determine the 
proper weight by diluting a 25 mL aliquot of the 
yellow molybdovanadophosphoric acid solution 
with 25 mL of vanadomolybdic acid reagent, 
repeating this dilution procedure on the diluted 
solution if necessary until the absorbance was 
below that of the 2.0 mg standard. They were

Table 2. Precision of method with straight dyes

% Na3P04
Sample Day 1 Day 2 Day 3 Day 4 Day 5

FD&C Green No. 3 0.902 0.895 0.916 0.925 0.911
0.906 0.898 0.922 0.935 0.915

D&C Yellow No. 8 0.785 0.772 0.802 0.811 0.772
0.782 0.777 0.796 0.806 0.775

D&C Red No. 21 0.491 0.485 0.499 0.513 0.474
0.491 0.488 0.497 0.518 0.497

FD&C Blue No. 2 0.301 0.303 0.312 0.314 0.309
0.299 0.304 0.311 0.314 0.308

D&C Red No. 33 0.233 0.235 0.239 0.239 0.238
0.232 0.236 0.231 0.233 0.228

D&C Green No. 5 0.146 0.147 0.145 0.143 0.146
0.146 0.147 0.156 0.142 0.140

requested to report the absorbance of this final 
dilution, along with the dilution factor, on a 
separate sheet so the phosphorus content of the 
0.4 g sample could be calculated for comparison 
w ith the results obtained on the smaller 
sample.

Phosphorus 
O fficia l First Action

(Applicable to all straight color additives)
34.B07 P r i n c ip le

Sample is ashed with cellulose powder and 
MgO. Non-orthophosphates are hydrolyzed to 
orthophosphates (only form measured) which 
react with MgO to form heat-stable Mg3P 0 4. 
Ash is dissolved in vanadomolybdic acid reagent, 
and phosphate reacts to form yellow molybdo
vanadophosphoric acid which is measured at 400 
nm in 1 cm cells. P content of the sample is ex
pressed as % Na3P 0 4.
34.B08 A p p a r a tu s

(a) Mu f f l e  fu rn a ce .—Elec.; with pyrométrie 
control.

Table 3. Effect of re-ashing on percent recovery of 
phosphorus added to straight dyes

% Recovery3
Sample After ashing After re-ashing

D&C Yellow No. 8 12.9 97.1
D&C Yellow No. 11 72.7 101.7
D&C Red No. 22 88.8 98.7
D&C Orange No. 17 90.7 100.8
D&C Red No. 28 91.0 99.1
Citrus Red No. 2 94.1 104.0

3 KH2PO4 added equivalent to 1.200 mg (0.300%) Na3P0 4 .
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(b) S p e c tro p h o to m ete r .—Capable of measure
ments at 400 nm; equipped with matched 1 cm 
cells.

34.B09 Reagents
(a) A sh in g  rea g e n t.—Place 392 g cellulose 

powder (Whatman CF-11, Whatman, Inc., 9 Bri
dewell P I, Clifton, NJ 07014) into 4 L erlen- 
meyer, add 8.00 g MgO, stopper, and mix several 
minutes by revolving and shaking flask.

(b) V anadom olybdic acid reagent.—Dissolve 20.0 
g (NH4)6Mo7024-4H20  in 200 mL hot H20 . Cool 
and d il. to 1 L with H20 . Dissolve 0.500 g 
NH4VO3 in 100 mL hot H 20 , add 100 mL HNO3, 
cool, and d il. to 1 L  with H 20 . Gradually a dd  
m olybdate  soln  to m eta va n a d a te  soln  while mixing. 
Store at room temp, in polyethylene or Pyrex 
bottle. Reagent is stable several months in Pyrex 
and longer in polyethylene container. Discard 
reagent if  ppt forms.

(c) S td  solns.—(2) S tock  so ln .—Equiv. to 8.0 mg
Na3P04/mL. Dissolve in H20 , 6.6408 g KH 2P04 
dried 2 h at 105° (if assay <100% KH 2P 0 4, divide 
6.6408 g by % KH 2PC>4/100 to obtain corrected 
wt), and d il. to 1 L w ith H 20 . (2) W ork in g
so ln s.—D il. 0, 5,10,15, 20, and 25 mL stock soln 
to 1 L to obtain equiv. of 0.0, 0.4, 0.8,1.2,1.6, and
2.0 mg Na3PO4/10 mL, resp.

34.B10 Preparation of Standard Curve
Place ca 2 g ashing reagent (beaker pre-cali- 

brated to 2.0 ± 0.3 g is satisfactory and saves time) 
into sep. 100 mL Pyrex beakers. Add 10.0 mL 
each working std soln and sw irl to mix. Heat at 
105° until completely dry (ca 3 h). Cool, and mix 
with small stirring rod while rotating beaker in 
tilted position to obtain tumbling action. Place 
beaker upright and shake gently to level contents 
while retaining loose condition to expedite 
ashing. Transfer beaker to cool muffle in ven
tilation hood (metal tray for beakers facilitates 
handling) and ash >3 h at 500°. (Do not open 
muffle door before smoking has stopped.) At 
end of ashing, open muffle door, and let cool ca 
1 h before removing beakers. Let beakers cool 
to room temp.

Add 50.0 mL vanadomolybdic acid reagent, 
slowly at first until ash is wet, and then rapidly. 
Sw irl and wait several minutes for ash to dis
solve. Sw irl again and filter thru glass wool 
(Corning 3950, or equiv.) pledget (filter paper 
adsorbs color complex) which should f ill entire 
stem of Pyrex powder funnel (65 mm diam. top, 
12 mm id stem, 28 mm long). Hold stem end 
against flat surface and pack glass wool tightly 
with Pyrex rod ca 15 cm long X 6 mm diam.

Collect filtrate in 50 mL g-s erlenmeyer (which 
can be used to support funnel). Stopper flask 
and shake to mix. Let color develop >10 min; 
for greatest accuracy, allow approx, same color 
development time for each soln.

F ill ref. and sample cells with vanadomolybdic 
acid reagent, and adjust to 0 A . Det. A  for each 
std soln at 400 nm. Correct readings by sub
tracting absorbance of 0.0 mg Na3P 0 4/10 mL std 
(usually 0.005). If A  of 0.0 mg std is abnormally 
high, repeat entire detn for this std w ith >3 
beakers positioned in different locations in 
muffle, and use av. value to correct A  of other 
stds and samples. Plot A  vs mg Na3P 0 4/10 mL 
if desired; otherwise calc, slope of curve as de
scribed below. It is not necessary to run stds for 
each analysis if av. slope for several days gives 
desired accuracy.

34.B11 Determination
Accurately weigh ca 0.4 g dye sample, and 

transfer to 100 mL Pyrex beaker (free of scratches 
or other defects) contg ca 2 g ashing reagent. If 
sample is granular, add >10 mL H 20  to com
pletely dissolve, sw irl to mix w ell, and dry 
completely in 105° oven. Mix and ash as for 
stds. Develop color and det. A  of samples in 
same manner as for stds, allowing ca same color 
development time for greatest accuracy. If 
sample A  is greater than A  of 2.0 mg std, est. 
proper wt required and repeat analysis. Correct 
readings by subtracting absorbance of 0.0 mg 
std.

Rinse glassware promptly after use with tap 
and distd H20 . Soap or detergent should not be 
used because of possible phosphate contamina
tion.

To expedite analysis, dispense vanadomolyb
dic acid reagent with pipet or buret with tip cut 
off; accuracy depends on addn of same, rather 
than specific, vol. to each beaker.

If yellow crystals form in automatic pipet or 
buret, remove with d il. NH4OH soln.
34.B12 Modifications Required forCertain Dyes

(2) E xt. D & C  G reen N o . 1: Filter molybdo-
vanadophosphoric acid soln a second time, using 
another pledget of glass wool to remove iron 
oxide.

(2) F D & C  R ed  N o . 3; Add 5 mL H N 03 (1 +4) 
to dye ash and heat on steam bath until dry to 
remove interfering iodine.

(3) C itru s R ed  N o . 2 , D & C  O ra n g e  N o . 17 , D & C  
R ed N o. 22 , D & C  R ed N o. 28 , D & C  Y ellow  N o. 8 , and  
D & C  Y e llo w  N o . 11 (a lso  a n y  o th er  d y e s  w ith  ash
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co n tg  appreciab le am t o f C): Break up ash with 
small stirring rod, add ca 2 g cellulose powder, 
m ix, and re-ash 3 h at 500°.

3 4 .B 13  Calculations
% Na3P 0 4 = A X S X 0 . 1 / W

where A = corrected A of sample at 400 nm; S =  
slope of std curve = r / n;  r =  sum of ratios of mg 
Na3PC>4/10 mL to A of each resp. std; n = no. of 
std solns used in calcn; 0.1 = 100/1000 (nos. used 
to convert to percent and mg to g, resp.); W = g 
sample.

R e su lt s  a n d  D is c u s s io n
The results obtained by the collaborators, 

along with statistical data, are shown in Table 4. 
The repeatability was very good, as indicated by 
within-laboratory coefficients of variation (CVs) 
ranging from 1.67 to 4.66%. The reproducibility 
was good, as shown by between-laboratory CVs 
which ranged from 2.59 to 5.54% with the ex-

Table 4. Collaborative results by the spectrophotometrlc 
molybdovanadophosphate method for phosphorus in 

certifiable straight color additives, expressed as percent 
trisodium phosphate

Sample3
Coll. 1 2 3 4 5 6

A 6.59 2.40 0.313 0.567 0.257b 0.714
6.61 2.38 0.317 0.564 0.2836 0.712

B 7.61 2.38 0.361 0.541 0.371 0.742
7.50 2.67 0.343 0.558 0.370 0.775

C 7.65 2.51 0.308 0.525 0.334 0.729
7.71 2.34 0.301 0.553 0.332 0.746

D 6.31 2.30 0.335 0.566 0.346 0.677
6.33 2.29 0.324 0.576 0.324 0.692

E 4.87b 2.28 0.322 0.496 0.332 0.6904.48 b 2.28 0.307 0.503 0.322 0.701F 6.72 2.39 0.326 0.588 0.344 0.714
6.93 2.34 0.287 0.523 0.334 0.699

G 5.73 2.12 0.340 0.553 0.346 0.7396.61 2.35 0.372 0.547 0.364 0.730Av. 6.86 2.36 0.325 0.547 0.343 0.719Withln-lab.
SD 0.26 0.11 0.015 0.020 0.009 0.012CV,

% 3.85 4.66 4.615 3.656 2.624 1.669Between labs. SD 0.60 0.06 0.018 0.019 0.015 0.025CV,
% 8.79 2.59 5.538 3.473 4.373 3.477Single detn 

SD 0.66 0.13 0.024 0.027 0018 0.027CV,
% 9.60 5.34 7.385 4.936 5.248 3.755

3 1 = D&C Orange No. 5; 2 = D&C Yellow No. 8; 3 = FD&C Blue No. 2; 4 = FD&C Red No. 3; 5 = FD&C Red No. 40; 6 = FD&C 
Green No. 3.b Rejected as statistical outliers.

ception of Sample 1, which was 8.79%. The 
single determination CVs were satisfactory, 
ranging from 3.76 to 7.39% with the exception of 
Sample 1, which was 9.60%.

The following change was made in the method 
after the collaborative study: Under "Determi
nation," lines 7 through 10 to now read: " If 
sample absorbance is greater than absorbance of 
the 2.0 mg standard, dilute an aliquot of the 
yellow molybdovanadophosphoric acid solution 
with vanadomolybdic acid reagent until the color 
intensity is lower than that of the 2.0 mg stan
dard. Read absorbance, and correct percent 
Na3P 0 4 for dilution." The collaborators' results 
from testing this procedure showed that dilution 
gave erroneously low values, apparently because 
of deviation from Beer's law, so it was revised to 
read: " If sample absorbance is greater than ab
sorbance of 2.0 mg standard, estimate proper 
weight required and repeat analysis." Collab
orators' results obtained with the defective 
dilution procedure were not used in Table 4. 
Rather, the results used were the corresponding 
results which they obtained on a smaller sample 
whenever the in itial 0.4 g sample gave absorb
ance readings higher than those of the 2.0 mg 
standard.

In summary, the method is simple, rapid, and 
precise, and as measured by recovery studies, 
gives accurate values for total phosphorus. It is 
applicable to all certifiable straight color addi
tives.

R e c o m m e n d a t io n s
It is recommended that the proposed spectro- 

photometric molybdovanadophosphate method 
be adopted official first action for the determi
nation of phosphorus in certifiable straight color 
additives, and that study of the topic be con
tinued.
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R E V IE W  O F  A N A L Y T IC A L  M E T H O D S  F O R  
S U L F O N A M ID E S

A n a l y t i c a l  M e t h o d s  f o r  S u l f o n a m i d e s  i n  F o o d s  a n d  F e e d s .  I I .  
P e r f o r m a n c e  C h a r a c t e r i s t i c s  o f  S u l f o n a m i d e  M e t h o d s

WILLIAM HORWITZ
Food and Drug Administration, Bureau of Foods, Washington, DC 20204

Important factors in interpretation of methods for 
sulfonamides in tissues are value of the blank, use or 
omission of recovery factors, and precision of the 
methods. For determining sulfonamide in tissues, 
no interlaboratory collaborative studies have been 
performed to provide reproducibility parameters. By 
assuming comparability with other tissue residue 
methods at equivalent concentrations, it may be an
ticipated that the coefficient of variation within- 
laboratories of the Bratton-Marshall method is about 
15% at concentrations of a fraction of a part per m il
lion. It is estimated that the lim it of reliable mea
surement of the Bratton-Marshall method is about 0.2 
ppm, varying with the individual laboratory. This 
value is higher than the tolerance it is intended to 
enforce. Obviously, the method in this case has been 
stretched beyond its original claimed capabilities. 
This method also has high blanks and low recoveries. 
Assignment of sufficient resources to the solution of 
the problem by regulatory agencies has resulted in 
methods capable of handling the sulfonamide residue 
problem at 0.1 ppm.

Associated with methods of analysis are a num
ber of performance characteristics or attributes 
which permit them to be evaluated and com
pared. These performance characteristics fall 
into 2 general categories: tech n ica l or sc ien tif ic , 
which answer the question whether the mea
surements obtained w ill provide interpretable 
information; and adm in istra tive or practica l, which 
determine if the information w ill be obtained 
w ithin a reasonable time and at a reasonable 
cost.

Attributes of the first category provide infor
mation about the reliability of a method; those 
of the second category provide information 
about its practicability. These attributes are 
discussed in general in the recent book by Mas- 
sart et al. (1) and in the chapter on analytical food 
chemistry by Horwitz (2).

These general discussions treat attributes as if 
they are fundamental constants of analytical 
methods, which they are not. Attributes are 
properties of methods which, when measured in 
different laboratories at different times under 
different circumstances, provide different an

swers. Most frequently the results obtained by 
users of methods reflect considerably pporer 
performance than those in itially reported by the 
developers of methods. As Banes (3) pointed 
out, the creators of new analytical methods are 
rarely unbiased reporters. The frequency w ith 
which methods submitted in support of petitions 
for food additive regulations fail to be validated 
when tested in Food and Drug Administration 
(FDA) laboratories attests that methods are sen
sitive to laboratory environment and analyst 
inexperience. Since the results of even suc
cessful validation trials are not published, there 
is a vacuum in our knowledge of the true per
formance of methods under practical laboratory 
conditions. Only if  a collaborative study of a 
method has been performed under conditions 
specified by the AO AC and similar organizations 
is enough in itial information available to arrive 
at a decision on the probable performance of an 
analytical method under the best conditions. 
Performance under practical conditions can then 
be monitored by participation in check sample 
series such as those conducted by the American 
Association of Feed Control O fficials 
(AAFCO).

AO AC official methods for sulfonamides (SF) 
are available only for several specific compounds 
added to feeds and premixes at levels of several 
hundred parts per m illion. No collaborative 
studies have been performed w ith methods ap
plicable to tissue residue levels. Therefore, 
much of the discussion of the performance 
characteristics of the methods used to monitor 
and regulate SF levels in tissues is based upon 
intuition and experience with sim ilar methods 
which have been collaboratively studied at ap
proximately the concentration levels of in
terest.

Accuracy
Strictly defined, an accurate method is one that 

is free from bias, or that gives the "correct" result. 
However, it is impossible to know the "true"
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value in the case of tissue residues, because the 
real concentration desired is that of the native, 
incurred, or transformed residue deposited by 
the animal. There are 2 practical approaches to 
determining the accuracy of residue methods 
under such conditions—the methods of addi
tions and of exhaustive extraction. Both of these 
methods assume that their extraction steps lib
erate all of the bound residue of interest.

M e th o d  o f a d d itio n s .—The accuracy of a tissue 
residue method is often measured in terms of 
recovery of SF added to a tissue sample. Known 
amounts of SF are added to control (negative) 
tissues to provide "spiked" samples. The spiked 
tissues must be held long enough for any inter
action w ith tissue components to attain equilib
rium. If some analyte is present in the tissue 
used as the base for spiking, the amount present 
can be estimated by the method of additions. In 
this technique, several different concentration 
levels are added to portions of the same well- 
mixed tissue and the amounts found are plotted 
against the amounts added. The line of best fit 
extrapolated back to the x  axis provides an esti
mate of the amount of analyte present in the 
unfortified tissue. The individual additions 
corrected for the amount present in itia lly  pro
vide an estimate of the recovery by the 
method.

M e th o d  o f exhaustive extraction. —In this method 
the substrate is extracted until additional por
tions fail to remove any more residue. The 
procedure assumes that a reversible equilibrium 
exists between the factors retaining the residue 
and the solvent removing it. It w ill not handle 
mechanical problems such as channeling or 
failure of the solvent to penetrate the tissue, or 
chemical problems such as the binding of resi
dues to tissue components.

Both methods, additions and exhaustive ex
traction, w ill fail to measure bound residues that 
are not extracted by the method. The problem 
of metabolites complicates the definition of ac
curacy by requiring a definition of what is to be 
measured—the parent compound added, the 
parent compound incurred in the residue, or the 
total residue related to the administered or added 
drug (parent plus metabolites)—and, if metab
olites are to be included, how far down (or across) 
in the metabolic chain are transformed materials 
to be encompassed?

Because such questions are very difficult to 
answer, accuracy is usually defined in residue 
studies as the recovery of the parent compound 
and/or major metabolite(s) recovered in spiked 
recovery studies.

Colorimetric Methods
Most Bratton-Marshall (B-M) types of methods

(4) claim 90-100% recoveries of spiked samples 
at the critical tolerance level of 0.1 ppm. In 
many cases, however, it is not clear how this re
sult was achieved, in view of the complicating 
effect of the background blank and recovery 
factors.

Most methods compensate for background 
pigments or turbidity by using a background 
correction (or non-N-naphthylethylenediamine 
dihydrochloride) blank in the reference cell or 
by measuring it directly and subtracting its value 
from that of the sample value. This background 
blank is lower than a control blank (from pre
sumably SF-free tissue) but of the same order of 
magnitude.

C ontrol blanks.—The blank from control tissues 
is responsible for much of the inaccuracy of the 
SF tissue assay at the tolerance level for 2 im
portant reasons:

(1) It is impossible to know the absolute value 
of the control blank associated w ith any given 
tissue because current cleanup procedures do not 
remove all chromogenic material. Furthermore, 
this blank is not reproducible from assay to assay. 
Because the compounds responsible for the 
control blank have not been identified, it has 
been impossible to systematically develop a 
procedure to eliminate them, if  in fact they are 
non-SF compounds. Because the sample being 
analyzed does give a measured value, there is no 
parent zero control tissue that corresponds to this 
sample. The control tissue is actually tissue from 
animals assumed to have been raised under 
SF-free conditions and supposedly free from SF. 
The validity of this assumption is questionable 
in view of the widespread low-level contami
nation found in nonmedicated feeds and control 
tissues. The important point is that no true 
blank is available to correct individual values for 
an imperfect cleanup. As a practical matter, an 
average historical blank for a particular tissue is 
often assumed and applied as a correction factor 
in recovery experiments and sample measure
ments.

(2) The assumed blank is present at a level that 
constitutes an appreciable fraction of the toler
ance, a condition which does not correspond to 
good analytical practice. At the tolerance level 
of 0.1 ppm and a blank value of 0.05 ppm, the 
blank constitutes 33 or 50% of the measured ab
sorbance, depending on how the calculation is 
made (using 0.10 or 0.15 in the denominator). By 
either method of calculation, the value exceeds
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a reasonable blank of <10% of the total mea
surement.

R ecovery  fa c to rs .—The second important point 
affecting the accuracy of B-M types of methods 
is the use of recovery factors. A recovery of 
90-100% of SF added to tissues is usually reported 
in research papers. In routine analysis, the re
coveries are considerably lower, possibly because 
of different equilibrium conditions or methods 
of calculation. Recoveries as low as 80% can still 
be considered satisfactory, but recent carefully 
conducted recovery studies using the Tishler 
methods (4) by Food Safety and Quality Service 
(FSQS) and FDA laboratories showed recoveries 
of only about 50% at the 0.1-0.5 ppm levels. 
Such values apparently are typical of routine 
laboratory work in SF residue analyses. A pos
sible explanation is that many of the literature 
methods may include an undisclosed correction 
factor that is routinely applied in the reported 
data. Such correction factors are applied auto
matically by FSQS in their monitoring program. 
Correction factors are not applied routinely by 
FDA laboratories. FDA reports the calculated 
uncorrected values and the recoveries separately, 
preferring to use the correction factor as an error 
allowance before concluding that an over-tol
erance residue is present. Only the sulfanitran 
method of the F D A  Food A d d it iv e s  A n a ly tic a l  
M a n u a l (5) specifically mentions correction of 
observed values. Several of the other methods 
in the manual refer to recoveries and spiked 
samples, but do not give explicit directions for 
using a recovery factor.

Applying correction factors and reporting the 
corrected result increase the variance of the 
corrected value, because 2 error terms are in
cluded in the reported value. By using correc
tion factors, error from a constant laboratory bias 
is eliminated, thus discouraging the regulated 
industry from shopping for the laboratory with 
the lowest recovery factor. On the other hand, 
application of correction factors hides the re
covery variability and eliminates the possibility 
that laboratory results w ill be rejected on the 
grounds of too low a recovery. When recovery 
factors were used for correction, quality control, 
or certification, the question arises as to which of 
the several recovery factors are to be used: the 
factor associated with tissues conducted along 
with the samples, an average value typical of that 
laboratory, a moving average over a definite time 
period, a constant pooled value from many lab
oratories, and various other possibilities, in 
cluding weighting factors. There is also a legal 
aspect: The tolerance is set on the basis of toxi

cological response but monitored on the basis of 
independent chemical observations that would 
not correspond to the scale used in setting the 
tolerance, if the results are not corrected to 100% 
recovery.

Feed m ethods. —Accuracy of the collaboratively 
studied AO AC methods for SF in feeds is satis
factory for regulatory purposes (Table 2 in ref. 4), 
w ith the exception of sulfadimethoxine. The 
assay for this SF, as discussed in the section on 
statistical parameters, has more significant 
problems with precision.

Chromatographic Methods
With chromatographic methods—thin layer 

(TLC), liquid (LC), and gas (GLC)—the extraction 
problem still exists, but the blank problem be
comes fundamentally different. Even if the 
same cleanup were used as for colorimetric 
methods, chromatographic procedures should 
handle the background materials differently in 
the determinative steps. Yet the literature still 
reports an SF blank with these chromatographic 
methods on control tissues. SF seem to be an 
unlikely laboratory contaminant; therefore, the 
more likely explanation is a ubiquitous contam
ination from SF in animal production, either 
from feed or environment.

Chromatographic methods have inherently 
lower absolute recovery factors because of col
umn or adsorbent losses. Therefore, absolute 
recoveries as low as 60% are not unusual, al
though a significant fraction of the loss may be 
attributable to the cleanup partitioning steps. 
This defect can be corrected to an appreciable 
extent by conducting the standards through the 
entire procedure, but the correction is not en
tirely satisfactory because standards may behave 
differently in the presence of the normal sub
strates than when they are present without the 
substrate. If the calibration curve is prepared 
with control tissues, the blank correction enters 
into the determination twice—once in the cali
bration curve and once in the actual determina
tion. Such a standard curve has a greater vari
ability than the common standard curve pre
pared from the pure standard at the final deter
minative step of the method.

P r e c is io n
Precision (or imprecision) is a measure of the 

variability of values around a mean, measured as 
a standard deviation (SD) or coefficient of vari
ation (CV). The precision can consist of a num
ber of components, depending on the experi
mental design of the system used to estimate it.
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Table 1. Statistical parameters for residues of feed additives in tissues from AOAC collaborative studies

Compound

Method,
13th Ed.,

1980
(JAOAC reference)

Determinative
step

Concn,
ppm

Interlab. 
CV, %

Spiked 
rec., % Tissue

Clopidol 41.013-41.018 GLC 7 84 muscle
(57,914(1974)) 5 90 liver

14 84 eggs
0.15 15 muscle
0.15 22 liver
0.15 18 eggs

Decoquinate 41.019-41.023 LC 0.1 13 100 muscle
(56,71 (1974)) fluorometric 0.3, 1.0 7 100 muscle

0.1 21 120 liver
1 9 95 liver
2 11 100 liver

Nalidixic acid 41.036-41.039 LC 0.1 24 93 muscle
(53, 464(1970)) fluorometric 0.1 30 95 liver

Ethoxyquin 41.024-41.028 fluorometric 0.4 10 80 eggs, muscle(51, 537(1968)) 2 8 85 liver, fat
Zoalene 41.040-41.046 LC 1.5 11 75 muscle(49, 708 (1966)) spectrophotometric
ANOT 41.001-41.008 LC 1.5 9 80 muscle(49, 708(1966)) B-M
Melengestrol acetate 41.029-41.035 chromatographic 0.01 16 98 fat(59, 507 (1976)) cleanup

GLC 0.02

The most important aspect of precision reflects 
variability between laboratories, often termed 
rep ro du cib ility; another important component is 
the within-laboratory variability, often termed 
rep ea ta b ility . Most publications give only the 
repeatability term, which consists prim arily of 
the variability of the analyst. Reproducibility 
determinations require considerable organiza
tional effort like that of the AOAC. However, 
it is reproducibility that is of greatest importance 
to FDA and FSQS, because they must be able to 
check each other, state laboratories, and com
mercial laboratories who may examine any vio
lative sample at the request of a claimant or de
fendant. As noted above, no collaborative 
studies have been performed on methods for 
determining SF residues in tissues. The few 
so-called validation studies that have been made, 
consisting of analyses by experienced analysts on 
identical samples in no more than 2 laboratories, 
are practically useless for estimating between- 
laboratory statistical parameters.

We can approximate the precision of SF resi
due methods on the basis of 2 assumptions: (1) 
The overall interlaboratory precision of a method 
is, in general, a function of the concentration of 
the analyte (rather than a function of the nature

of the method or of the analyte) (p. 602 in ref. 2); 
and (2) the SF methods w ill perform much like 
current residue methods for which data on in 
terlaboratory performance do exist.

Methods for the determination of 7 com
pounds as residues in animal tissues have been 
collaboratively studied under AOAC auspices. 
The data are summarized in Table 1. The con
centration range is 0.01-2 ppm in a wide variety 
of animal tissues (muscle, live r, eggs, fat). The 
average recovery from spiked tissues is about 90% 
and the pooled interlaboratory CV is about 14%. 
High and low CVs do not appear to correlate 
with the nature of the tissue, nature and level of 
analyte, or type of determinative step. Inter
laboratory studies of methods for the determi
nation of pesticide residues at about the same 
concentrations (6) also show a mean recovery of 
about 95% and an interlaboratory CV of 15%.

In  extrapolating these data to practical labo
ratory operating conditions, it must be remem
bered that interlaboratory data were obtained 
under the best possible conditions. Although 
the laboratories did not know the actual con
centrations of the analyte in the samples, they 
did know that the samples were not routine and 
presumably used their best analyst who, know-
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ing this was a test, worked carefully. Therefore, 
reproducibility and repeatability under practical 
working conditions, where less attention may be 
given to each sample, w ill probably be poorer 
than under test conditions. Comparison of the 
CV of various methods reported in the literature 
with the permitted analytical variations of the 
FDA and AAFCO shows that CV increases under 
practical operating conditions. However, CV 
decreases to a constant value with analyst expe
rience (7).

Experience w ith methods has shown that the 
within-laboratory variability is 1/2 to 2/3 the 
total variability. Therefore, by extrapolation of 
literature within-laboratory data, analyses by the 
colorimetric B-M method should have a be- 
tween-laboratory CV of about 15%, if  all the 
laboratories used the same procedure. Recent 
inspectional findings, however, indicate that 
laboratories are introducing their own modifi
cations of the published directions. This may be 
a neglected aspect of good laboratory practices 
and tends to defeat the purpose of good analyti
cal chemistry.

It must be emphasized that this estimate is 
made because of the lack of data; there is no 
substitute for an interlaboratory study on the 
final method selected for use in regulatory and 
monitoring programs.

A further complicating factor, often over
looked in evaluating the reliability of SF meth
ods, is the necessity to replicate the control blank 
as w ell as the measurements, because the blank 
value must be subtracted from the sample value. 
Although this is considered a precision factor 
because it is reduced by replication, the vari
ability of the control blank affects both accuracy 
and lim it of reliable measurement. The vari
ability (Sq) of the net difference of the final re
ported value is a function of the pooled variance 
of the sample measurement and the control 
blank measurements. The individual variances 
are reduced by replication when they enter the 
difference as follows:

(S2d)
(Std error of 

sample)2 
(Std error of 

blank)2

= sl +S |
= S§ = (SD of sample)2/No.

of replications 
= S | = (SD of blank)2/No. 

of replications
It is seen from the first equation that if  the 

sample measurement is replicated but the blank 
is not, a greater percentage of the blank vari
ability than sample variability w ill be included 
in the final net variability of the difference. To 
illustrate, if we have a measurement of SF of 0.15

ppm with an SD of 0.02, and a blank of 0.05 with 
an SD of 0.01, the standard error of the difference 
(\/Sq) as a function of the number of replications 
is as follows:

N o . sam p le N o . b lank
m easu rem en ts m ea su rem en ts S td  error
(SD = 0.02) (S D  = 0 .0 1 ) of di f f .

1 1 0.022
16 1 0.011
1 16 0.020

16 16 0.006

This tabulation shows the necessity for repli
cating both the blank and the measurement 
when both are variable in order to minimize the 
variability of their difference.

Equally instructive is the outcome when d if
ferent combinations of replications are consid
ered. Consider the same statistical parameters, 
but with 4 and 2 replications instead of 16:

N o. sam p le N o . blank
m easu rem en ts m ea su rem en ts S td  error
(SD = 0.02) (S D  =  0 .0 1 ) of di f f .

1 1 0.022
4 1 0.014
1 4 0.021
4 4 0.011
2 2 0.016
2 1 0.017
1 2 0.021

To improve precision it is most profitable to make 
the most measurements of the factor having the 
most variable component (in absolute terms).

Specificity
Specificity of a method is the characteristic that 

responds exclusively to the constituent being 
sought. To be specific, a method must exclude 
all other compounds that respond to the deter
minative step through separations (cleanup), or, 
if they are not separated, through specific de
tectors. Specificity must also exclude nonde
script response from general background arising 
from the matrix (sample) or from the environ
ment.

In  residue analysis, we must ask whether the 
tolerance applies to the specific compound or to 
the group of compounds w ith sim ilar pharma
cological actions. Tolerances are usually listed 
in the appropriate sections of the C ode o f F ederal 
R egula tions (CFR) for the individual compounds.
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For SF, the tolerances, 0,0.01, or 0.1 ppm, apply 
to a specific SF in the individual, edible, un
cooked tissue of a specific animal. However, 21 
CFR 570.18, “Tolerances for related food addi
tives," requires food additives that cause similar 
or related pharmacological effects to be consid
ered as a class. When declaring a ll SF-contain- 
ing drugs to be new drugs because of their action 
on the thyroid, the Commissioner of Food and 
Drugs did consider a ll SF drugs as a distinct 
pharmacological class (21 CFR 510.450). When 
2 or more chemicals of the same class are present, 
the tolerance for the total is the same as that for 
the additive with the lowest tolerance, unless the 
individual amount of each additive present can 
be determined quantitatively, in which case the 
combined tolerance can be calculated as the 
weighted average (in proportion to the amounts 
present) of the individual tolerances.

Since there are actually 2 tolerances for SF in 
tissues (the 0.01 ppm is applicable only to sulfa- 
dimethoxine in m ilk), the specificity problem for 
SF in tissues is to determine if the SF found is in 
the class with the zero tolerance or the class with 
the 0.1 ppm tolerance. This problem exists only 
when the amount of residue is below 0.1 ppm, 
where the quantitation admittedly is unreliable. 
If  the amount of residue is above 0.1 ppm, the 
specificity problem is to confirm the identity of 
the SF moiety, not necessarily the individual 
compounds. Sometimes, however, it may be 
easier to confirm the identity of the individual 
compounds than to confirm the presence of the 
SF group.

The nature of the material to be identified af
fects the nature of the residue chemistry re
quired. If  total SF are to be determined, speci
ficity for individual compounds is superfluous 
and a selective cleanup for SF as a class followed 
by determination with a nonspecific reagent 
such as the B-M is the appropriate method. 
Combinations of detectors responsive to sulfur 
and nitrogen atoms, or even the characteristic 
polarographic wave of SF, may be adequate.

If confirmation of the identity of the individ
ual compounds is required, the preferred current 
technique is isolation of SF from tissue compo
nents (cleanup), prelim inary identification by 
GLC or TLC , and confirmation of identity by 
mass spectrometry (MS). Although 10 years ago 
the use of MS would have been considered im
practical, the advent of lower priced and simpler 
instruments is making MS a more practical ana
lytical technique. However, interpretation of 
spectra requires experience, and special MS 
techniques are needed to differentiate the iso

meric SF diazines (pyridazine, pyrim idine, and 
pyrazine).

Simpler confirmation techniques, using less 
esoteric and less expensive equipment, may be 
developed by using different solvent systems 
w ith TLC and different column polarities with 
GLC, with interpretation through the application 
of information theory. An elementary discus
sion of this technique is given in Chapter 8 of the 
book by Massart et al. (1). Calculations can be 
made of the relative efficiencies of various sys
tems and their combinations in terms of resolv
ing power of the chromatographic techniques 
and the spectral peaks of MS.

A general comparison of the relative specific
ity of the various techniques for identifying the 
SF group and the individual SF is as follows:

Technique SF grou p
In d iv id u a l

co m p ou n ds
Tishler method fair not applicable
TLC poor good
TLC + B-M good good

applied to 
spots 

GLC not good

GLC +
applicable

not very good
derivative applicable

LC not good

MS
applicable

good excellent

The combination of several good techniques, 
derivatization, and multiple polarity systems 
improves the certainty of identification.

Lim it of Reliable Measurement
The lim it of reliable measurement (given as 

lo w er  lim it of reliable measurement in  21 CFR 
500.90(d)(5)(reproposed)) (8) appears to be a 
simple concept until it is examined in detail. It 
means the lowest amount (or concentration) of 
a substance that provides a "reliable" measurable 
response. We are ordinarily not interested in the 
upper lim it; it is easily bypassed by aliquoting, 
diluting, or taking a smaller sample size. The 
problem now becomes one of defining a reliable 
measurable response. The measurement is al
most always taken against a background of the 
blank or of the "noise" of the measuring instru
ment. The blank has a distribution characterized 
by a mean and SD. The analyte also yields a 
signal which has a distribution with a mean and 
SD. The question now becomes, "When do the 
2 means differ significantly from each other?"
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which is a conventional statistical specification 
problem. The analyst must assign a degree of 
confidence to his desire for being correct or a 
probability that he is w illing  to assume of being 
wrong; then the SD of the 2 distributions (signal 
and noise or blank) w ill permit a calculation of 
the lim it of reliable measurement (Chapter 6 in 
ref. 1).

When formulated in this manner it becomes 
obvious that insufficient information is available 
in the literature to assign a lim it of reliable 
measurement to any of the SF residue proce
dures. Various statements are given with liter
ature methods that the procedure is capable of 
detecting or determining certain minimum 
amounts of SF. But such statements are not ac
companied by the SD of the measurement or 
values for the corresponding mean and SD of the 
blank or noise.

For example, consider that the quantitative SF 
procedure gives a mean of 0.1 ppm on a certain 
sample and SD of 0.02 ppm, and there is no blank 
or noise. What value is the lower lim it of re li
able measurement? If we decide that we w ill 
tolerate only a 1% chance of being wrong, the 
answer is 0.15 ppm ((2.58 X 0.02) + 0.10) for a 
single measurement. The value 2.58 is the sta
tistical m ultiplier associated w ith the choice of 
1% probability. If we must consider a blank with 
its mean and distribution, the calculation ob
viously becomes more complicated because we 
must consider the intersection of 2 distributions. 
In  addition, we must remember that all of these 
probability distributions are based on the ap
plication of the normal distribution; yet mea
surements near the lim it of reliable measurement 
are probably not distributed normally. With all 
of these assumptions, it is likely that the lim it of 
reliable measurement of the B-M (Tishler) 
method is >0.2 ppm.

Usually when statistical calculations are made, 
the raw data are given to a statistician who may 
not have any conception of the physical realities 
involved in obtaining the data and using the 
results. He analyzes the data according to 
standard statistical techniques and draws cort- 
clusions of statistical significance or nonsignif
icance. The chemist who receives this infor
mation may not be familiar with the assumptions 
involved and the statistical vocabulary; thus he 
proceeds to act on the values given to him with 
a certainty that might not be warranted if he 
were fu lly aware of the inherent qualifications 
and assumptions hidden in the calculations.

As an example of what can be done w ith a 
single set of data, Currie (9) listed 8 definitions

of the lim it of detection (not the same as, but re
lated to, the lim it of reliable measurement). 
These definitions involved the following types 
of data: the background SD, 10% of the back
ground, 2 or 3 times the SD of the background, 
the sum of 3 times the SD of the background plus 
3 times the SD of the sample, twice the back
ground, and several other arbitrarily chosen 
background values. Depending on which as
sumption is taken, the lim it of detection for the 
particular measurement used as the example 
varied from about 5 to 3000 picocuries! Neither 
FDA nor FSQS has given consideration to rea
sonable assumptions to use in calculating a lim it 
of reliable measurement for SF.

To complicate the matter further, for simplicity 
the lim it of reliable measurement is taken as an 
absolute, unvarying characteristic of an analytical 
method. Unfortunately it is not; rather, it varies 
w ithin a laboratory according to analyst, instru
ment, sample, and weather conditions. An even 
greater variability in this attribute is introduced 
when several laboratories are involved.

In regulatory work, the variability of greatest 
importance is that between laboratories, since 
government laboratories must check themselves 
as well as the manufacturer. As mentioned 
previously, the between-laboratory SD is ap
proximately twice that of the within-laboratory 
SD in many cases. Such a variability would re
quire an action level for SF based on a lim it of 
reliable measurement even greater than the 0.2 
ppm arrived at from within-laboratory values for 
the Tishler method. Thus, the lim it of reliable 
measurement for the Tishler method is above the 
tolerance which has been set for SF in animal 
tissues. There are not enough data to estimate 
the lim it of reliable measurement of the new 
chromatographic methods: TLC , GLC, and
HPLC.

Sensitivity
The term sensitivity has been used in analyti

cal chemistry in at least 2 different senses, mak
ing it necessary to define the term whenever it 
is used. Very often it is used as the lim it of de
tection. However, a more consistent usage 
throughout science is as the slope of the response 
curve—the change in response per unit stimulus. 
Calibration curves are ordinarily used only 
where the sensitivity is constant. The points 
where the response curve begins to deviate from 
linearity at both ends characterize the lim its of 
applicability of the procedure.

The calibration curve is related to the lim it of 
reliable measurement by formulating the prob
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lem in terms of the difference between the re
sponse from a sample and from a blank. When 
the question is phrased in  this manner, the an
swer depends entirely on the definition of sig
nificance, which w ill be a function of how much 
the distribution of the blank response is per
mitted to overlap the distribution of the sample 
response. To be useful, enough data must be 
available to construct the distribution of both the 
sample and blank responses. With SF, the ex
perimental designs used in the development of 
the methods have not been formulated to obtain 
this type of information. About the best that can 
be said is that, in general, an absorbance of about 
0.1 is obtained for a concentration of 0.1 ppm in 
the B-M reaction, using the directions of the 
Tishler modification. In a sense, this is a char
acteristic of the method. A calibration curve 
deviating considerably from this value should be 
rejected.

Outliers
Outliers are those aberrant values that occur 

even in the best-conducted experiments. They 
do not lie w ithin the main body of the normal 
distribution. They are also unexplainable, be
cause if they could be explained as incorrect 
calculations, improper preparation of the stan
dard or standard curve, or loss of a portion of the 
sample, they could be rejected or corrected on the 
basis of the explanation. As a result of examin
ing the collaborative study data for numerous 
methods, a criterion that <10% of the data should 
be outliers in an acceptable residue method ap
pears to be reasonable. It may well be argued 
that this is a rather high level for regulatory 
work, but the data from the reported collabora
tive studies clearly show that aberrant values are 
inevitable in practical laboratory work at the 
trace levels involved. Control of outliers is a 
function of proper supervision and quality con
trol to keep them w ithin reasonable bounds in 
order to avoid repetition of expensive critical 
analyses.

The Tishler method for SF, and in fact any of 
the methods using the B-M reaction, seems to 
produce an unreasonable number of outliers in 
the course of ordinary laboratory work. A l
though this type of data obviously is not being 
published, this conclusion can be drawn from 
conversations with those conducting such anal
yses. Part of the difficulty may lie in the method 
description as well as in the liberties analysts take 
w ith the written version. Although sim ilar in
formation is lacking for the chromatographic 
methods, they do not appear to produce outliers

as frequently as the colorimetric methods, pre
sumably because they contain a degree of speci
ficity in the final measurement which permits 
rejection of non-SF response so that the values do 
not become false positives.

The criterion of “dependability" of the pro
posed "Criteria and Procedures for Evaluating 
Assays for Carcinogenic Residues" (8) may have 
been intended to apply to outliers, but both the 
preamble and the text of the regulation restrict 
consideration to unfinished assays performed 
during the construction of calibration curves 
from spiked tissues.

Practicability
A practicable assay is one that can be per

formed readily in a regulatory laboratory. It is 
meant to differentiate this type of an assay from 
those requiring exotic or expensive equipment 
found only in research laboratories. In  this 
sense, all of the SF assays discussed here are 
practicable. They consist of well-known labo
ratory operations using commercially available 
reagents and equipment. A number of samples 
can be completed Within 1 or 2 working days, 
although several days w ill be required if several 
techniques are applied consecutively to the same 
sample. Some of the extractions use solvents 
that are now considered hazardous, so a hood is 
required. Diazomethane, required for deriva- 
tization before GLC in some procedures, requires 
special handling for safety. Naturally, labora
tories would like faster, cheaper, and more re li
able tests, but in general, a ll of the assays pro
posed cannot be considered impractical from an 
operational point of view.

Special Problems
Considering the Tishler method, the only 

method regarded by regulatory agencies as 
having sufficient validation for regulatory use, 
SF methodology suffers from 2 major defects: (1 ) 
The lim it of reliable measurement is higher than 
the tolerance the method is intended to enforce; 
and (2) the method has a high and variable blank 
of unknown nature. Neither the Tishler meth
od, nor any other method, quantitative or qual
itative, has been validated by an adequate inter
laboratory study so that the analytical chemist is 
able to report a value with fu ll confidence in the 
identity of the material and the reliability of the 
amount.

Needed Research
It is d ifficult to understand the low priority 

given to research on methods for drug residues
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in animal tissues for the past 20 years. Ap
proximately 30% of the food consumed in the 
United States is of animal origin and almost all 
animals used for food are exposed to either 
therapeutic or prophylactic drug treatment at 
some period during their lifetimes. The wide
spread administration of drugs to animals used 
for food has provoked a number of important 
controversies such as the carcinogenicity of di- 
ethylstilbestrol and the public health signifi
cance of transfer of antibiotic resistance. Yet 
these disputes have not stimulated much re
search on the analytical methods needed to 
provide the basic information about residues of 
drugs in tissues from which reasonable safe tol
erances could be set. Diethylstilbestrol and SF 
have competed for the available resources to the 
detriment of both. Very little attention has been 
given to the development of specific methods, 
qualitative or quantitative, for the antibiotics; no 
program exists to develop a multiresidue method 
for animal drugs sim ilar to the successful m ulti
residue methodology for pesticide residues.

Some effort has been made or sponsored by the 
animal drug industry and the government to 
provide more useful methods for SF residues in 
animal tissues, either to support New Drug Ap
plications or to develop more accurate, precise, 
sensitive, and specific methods for certain SF 
residues. Although it is almost impossible to 
optimize all attributes of an analytical method 
simultaneously (10), particularly at the levels 
approaching the lim it of reliable measurement, 
little emphasis has been placed on identifying 
the most important method attributes for con
trolling the public health aspects of drug resi
dues.

This review has shown that current "ap
proved" methods for SF in tissue, particularly the 
Tishler method used by FSQS and FDA, lack ac
curacy (poor recoveries) and precision (high 
variabilities); no claim has ever been made for 
specificity. These methods, based on a diazoti- 
zation reaction, have the defects mentioned 
above: The control blank is high, and the prac
tical lim it of reliable measurement is above the 
tolerance they are intended to enforce. Yet 
methods derived from the original B-M proce
dure are sound. They do not deserve the criti
cism that has been heaped on them because their 
performance has been stretched far beyond the 
original claimed capabilities. The basic B-M 
method has served as the control for the thera
peutic, clinical administration of SF at the 1 ppm 
level and above. Its diazotization principle has 
been successfully applied to many families of

compounds—active ingredients, impurities, and 
contaminants—in numerous substrates. It is 
therefore more profitable to examine the present 
situation to determine which of these problems 
can be solved than to seek in vain for the ultimate 
in methods.

The first question should be: Is 0.1 ppm the 
proper tolerance for all edible animal tissues? 
This is a toxicological question, but not beyond 
the scope of this review, because it determines 
the goal the analyst must strive to achieve. 
Historically this tolerance was established, in the 
absence of long-term animal trials, at what was 
then considered the lim it of reliable measure
ment for SF, 0.1 ppm. But we now see that 0.1 
ppm was a liberal, even exaggerated estimate of 
the residue chemist's technical sk ill.

Therefore, the most important question should 
be rephrased: What is the proper tolerance for 
SF in animal tissues? If the proper tolerance 
ought to be 1.0 or even 0.5 ppm, the analytical 
problem disappears; if 0.1 is too high, the need 
to improve the methods is even more urgent. In 
the absence of any new data to support a revised 
tolerance, no revision has been recommended. 
What should be in itia lly a toxicological problem 
has been left by default with the analyst.

The second question should be: Is it necessary 
to maintain the same tolerance for all edible 
tissues—muscle, liver, and kidney? If SF are 
evenly distributed throughout all tissues, the 
relative consumption pattern of these 3 might 
justify a different tolerance. Liver and kidney 
usually show a higher tissue blank than muscle; 
therefore raising the tolerance for the organ 
meats would relieve the analytical problem to 
some extent.

Because of deficiencies in our toxicological 
knowledge, it is easier to perpetuate a tolerance 
than to justify a revision. Therefore, the chemist 
w ill probably need a method that w ill reliably 
determine <0.1 ppm. No such method is avail
able, however, because of the manifold inter
ferences related to the presence of SF in 
tissues.

Therefore, in order to provide a reasonable 
chance of developing a method capable of 
monitoring 0.1 ppm of the pertinent SF in tissues 
routinely, accurately, and reproducibly, the 
problem must be simplified to manageable pro
portions. FSQS reports that practically all of the 
SF residues encountered are sulfamethazine (SM) 
in hogs and sulfaquinoxaline (SQ) in poultry. If 
we can narrow the requirement to a method for 
the determination of SM in hog tissue and SQ in 
poultry tissue, with an ability to indicate the
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presence of any other interfering compound (by 
an extra spot, an extra or distorted peak, an off
color, etc.), we have a much greater chance of 
success.

Because one of the major problems with cur
rent methods is the high tissue blank, better 
cleanup is essential. In fact, if adequate cleanup 
can be attained, practically any measurement 
system w ill be adequate for the determination. 
If we need determine only SM, a partition-type 
cleanup, such as the Tishler, using the specific 
acidic dissociation constant for SM (Ka), might be 
adequate to handle nearly all of the samples 
found positive by FSQS.

The second major d ifficulty w ith SF method
ology is low recoveries. A ll of the methods re
quire several steps, w ith losses inherent at each 
step. For example, if each of 3 steps entails a 10% 
loss, the recovery for the entire method cannot 
exceed 73%. Poor quantitative technique could 
increase losses still further. The recent use of 
radioactive tracers should be applied to SF 
methodology to determine where the losses 
occur and thereby permit action to be taken to 
minimize them.

Most statements of requirements for SF 
methodology include specificity in terms of 
separation, identification, and confirmation of 
the individual SF, always in the presence of each 
other. In practice, this is unrealistic. As dis
cussed previously, the safety problem applies to 
SF in general, not to the individual SF. There
fore, the specificity desired is directed to the SF 
moiety. Considerable energy is being misap
plied in attempting to identify individual SF si
multaneously with quantitation. Methodology 
can be sim plified if only SM needs to be deter
mined in itia lly , and if identification and quan
titation of additional SF are not required unless 
the in itial screen for SM indicates the need for 
additional work. Commercially formulated 
therapeutic SF contain at most 4 SF compounds 
including SQ, which is used only w ith poultry.

Many statements of requirements for SF 
methodology also include the determination of 
SF metabolites, the most common of which is the 
acetyl derivative. Available information indi
cates that in most cases (tissues and excreta) the 
parent SF and its acetyl derivative account for 
approximately 90% of the ingested drug, with the 
unchanged drug predominating. The SF or 
derivatives may be conjugated as sulfates or 
glucuronates. Releasing SF from these deriva
tives requires a hydrolysis step, which might be 
accomplished as part of the extraction or which 
may be unnecessary; but as a first approximation,

metabolites, particularly minor metabolites (e.g., 
ring hydroxylation products), should be ignored. 
If later research shows that they must be con
sidered in the quantitation of SF in tissues, the 
necessary steps can be introduced to account for 
them.

Conclusions
Most research on the development of methods 

of analysis starts with a requirement for the at
tainment of the most perfect method imaginable, 
one that is accurate, precise, specific, sensitive, 
fast, and cheap. As work proceeds, necessary 
compromises and trade-offs are made and sights 
are lowered. In this case we are suggesting a 
reverse program, i.e ., start w ith sim plifying as
sumptions and introduce the complications after 
success is achieved.

Current methodology is inadequate to enforce 
the tolerance of 0.1 ppm residues in edible  
tissues.

Adequate methods are available to monitor 
prophylactic and therapeutic levels of SF in feed s, 
except for sulfadimethoxine. The corresponding 
methods for SF in feeds at contamination levels 
(1-10 ppm) are not satisfactory.

The B-M types of methods are inadequate to 
monitor a tolerance of 0.1 ppm of SF residue in 
tissues. A better method is required. The pro
posed assumptions for the development of a 
method for SF in tissues are as follows: (1) Be
cause the major problem is the presence of SM 
and the tissue in which it is most like ly to be 
found is live r, confine the problem to the deter
mination of SM in live r; (2) Because the species 
where the major problem occurs is swine, lim it 
the animal of interest to swine; (3) Because the 
major residue is SM, lim it determination to the 
parent drug.

These sim plifying assumptions have a rea
sonable basis and w ill include the majority of 
cases.

Since the preparation of this review, a suc
cessful collaborative study has been conducted 
of the Manuel-Steller gas chromatographic 
method (11) and the gas chromatographic-mass 
spectrometric method of Suhre et al. (12) by 
Malanoski et al. (13) applicable to the determi
nation of 0.1 ppm of sulfamethazine in hog 
muscle and liver. As a result of the urgency of 
the situation, the regulatory agencies assigned 
sufficient resources to solve the problem.
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P E S T IC ID E  F O R M U L A T IO N S

Gas-Liquid Chromatographie D eterm ination of Terbuthylazine  
Technical and Its Formulations: Collaborative Study
JUERG MEIER, KLAUS NOWAK, ROLF SUTER, ANDREA TOMANN, and
HANS P. BOSSHARDT1
Ciba-Geigy Ltd, CH-4002 Basel, Switzerland
Collaborators: A. Amadori; I. J. Basters; V. Bátora; A. Benoit; T. Davies; A. Demaurex;
W. Dobrat; R. P. Gideon; H. Heegemann; E. Henriet; A. H. Hofberg; H. Laass;
M. Larsen; M. Magallanes; A. Martijn; W. Müller; J. B. Nabors; H. Nixon; P. Paasivuo;
K. Pavel; H. H. Povlsen; E. Reuthinger; F. Sanchez Rasero; L. Scheck; J. Stettler;
A. Van Rossum; K. Winsauer
Terbuthylazine technical and its 80% wettable pow
der were analyzed in a CIPAC collaborative study. 
The content and the identity were determined by 
gas-liquid chromatography on a column of 3% Car- 
bowax K20M on Gas-Chrom Q, using di-n-pentyl- 
phthalate as the internal standard. Results obtained 
from 27 government, university, and industrial col
laborators showed within-laboratory repeatability 
of 1.3% for the technical and 1.0% for the wettable 
powder. Reproducibility was 2.1% for both samples. 
The method has been adopted official first action.
A gas-liquid chromatographic (GLC) procedure 
for the determination of terbuthylazine (2-tert- 
butylamino-4-chloro-6-ethylamino-s-triazine) 
in technical material and formulations was col- 
laboratively studied. The study was initiated by 
PAC-CH (Pesticides Analysis Advisory Com
mittee Switzerland) to evaluate the precision and 
reliability of the method. An identity test was 
carried out simultaneously with the determina
tion of content.

Collaborative Study
One sample each of terbuthylazine technical 

and 80% wettable powder (WP) formulation, to
gether with standards, practice samples, and 
detailed guidelines, were sent to 31 collaborators 
in Europe and the United States. A ll collabora
tors were asked to perform the GLC analysis in 
duplicate using electronic peak area measure
ment. The participants were also requested to 
submit the raw data and the appropriate chro
matograms.

This m ethod was accepted as a full CIPAC m ethod at the 23rd 
A nnual M eeting of the Collaborative In terna tiona l Pesticide 
A nalytical Council, 1979. The m ethod was approved  by the  
G eneral Referee and  Com m ittee A and  was adopted  by the  
Association. See /. Assoc. O ff. A na l. Chem. 64,422 (1981)

Swiss Federal Research Station for Arboriculture, Viticulture 
and  H orticulture, CH-8820 W adensw il, Sw itzerland

Received N ovem ber 6,1980. Accepted February 6,1981.

Terbuthylazine (2-ferf-Butylamino-4-chloro-
6-ethylamino-s-triazine)
C IP A C -A O  A C  Method -  

O fficial First Action

6.B20 Principle
Terbuthylazine is detd by gas chromatography 

using di-i7-pentyl phthalate as internal std. 
Identity is confirmed simultaneously by com
paring retention times with std.
6.B21 Standard Solutions

(a) In tern a l s td  so ln .—Weigh 4.0 ± 0.2 g d i-n -  
pentyl phthalate, dil. to 1 L  with CH2CI2, and mix 
w ell. Std should be >98% pure and contain no 
impurities eluting at retention time of ter
buthylazine.

(b) T erbu th ylazin e calibration s o ln .—Accurately 
weigh, in duplicate, ca 250 mg terbuthylazine ref. 
std of known purity (available from PAC-Swit- 
zerland, Swiss Federal Research Station, CH-8820 
Waedenswil, Switzerland) into 100 mL g-s flasks. 
Pipet 50.0 mL internal std soln, (a), into each 
flask, stopper, and dissolve terbuthylazine by 
sw irling.
6.B22 Preparation o f  Sam ple

Accurately weigh sample contg ca 250 mg 
terbuthylazine into 100 mL g-s flask. Pipet in
50.0 mL internal std soln, (a), stopper, and shake 
3 min. Let insol. materials settle and use su- 
pernate for injection.
6.B23 Gas Chrom atography

Use instrument equipped with flame ioniza
tion detector and 1.8 m X 2 mm id glass column 
packed with 3% Carbowax K 20M (Applied 
Science Laboratories, Inc.) on 80-100 mesh Gas- 
Chrom Q. Condition 24 h at 230° with N or He

0004-5756/81 /6404-0825/04$1.00 
© Association of Official Analytical Chemists, Inc.
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Table 1. Collaborative results for the analysis of 
terbuthylazine technical (%)

Coll. Detn 1 Detn 2 X

1 98.60 98.40 98.50
2 97.62 98.10 97.86
3 98.29 98.12 98.21
4 99.02 98.85 98.94
5 98.40 98.66 98.53
6 98.87 99.13 99.00
7 97.97 97.43 97.70

10 98.20 98.40 98.30
11 97.32 97.27 97.30
12 97.38 99.27 98.33
13 98.87 99.73 99.30
14 98.37 98.26 98.32
15 99.11 99.58 99.35
16 97.09 97.85 97.47
17 98.00 97.68 97.84
19 98.46 98.28 98.37
20 98.34 97.93 98.14
21 a (96.56) (96.58) (96.57)
22 97.08 97.94 97.51
23 97.63 97.60 97.62
24 98.23 98.01 98.12
25 97.48 96.68 97.08
26 97.15 97.26 97.21
27 98.06 97.94 98.00
28 98.80 97.40 98.10
29 97.16 97.59 97.38
30 98.97 99.49 99.23

a On the basis of the Nalimov test (significant at the 95% 
level) results were not included.

at ca 30 m L/m in. Column must give baseline 
sepn between peaks of terbuthylazine and in
ternal std; otherwise, prep, new column.

Operating conditions: temps (° )—inlet 250, 
column 210, detector 270; N or He carrier gas 35 
mL/min; air and H as recommended for detector. 
For monitoring sepn, record chromatograms 
using suitable attenuation. Measure peak areas 
by electronic integration. Retention times 
(m in)—terbuthylazine ca 6, di-n-pentyl phthal- 
ate ca 8.

6.B24 Calibration
Alternately inject 2 pL aliquots of the 2 cali

bration solns until calibration factors F = W J R C 
of 2 successive chromatograms vary <1%, where 
Wc = mg terbuthylazine std for calibration solns 
C i and C2, resp.; R c =  peak area ratios of ter- 
buthylazine/internal std. For the next steps, use 
only calibration soln C i .

6.B25 D eterm ination
Inject 2 fj.L calibration soln. Then make du

plicate injections of sample followed by one in
jection of calibration soln. Individual calibration 
factors must lie w ithin ±1%, otherwise repeat 
series of injections. Repeat for addnl samples.

Table 2. Collaborative results for the analysis of 80%  
wettable powder formulations of terbuthylazine (%)

Coll. Detn 1 Detn 2 X

1 79.80 80.20 80.00
2 79.55 79.33 79.44
3 80.60 80.56 80.58
4 a (81.75) (81.75) (81.75)
5 80.76 81.24 81.00
6 79.50 78.56 79.03
7 79.75 80.09 79.92

10 79.80 79.30 79.55
11 79.18 79.45 79.32
12 78.86 79.14 79.00
13 79.90 80.12 80.01
14 79.19 80.49 79.84
15 80.39 81.26 80.83
16 79.31 79.55 79.43
17 79.37 79.39 79.38
19 80.35 80.34 80.35
20 79.83 79.98 79.91
21 a (78.38) (78.29) (78.34)
22 79.13 78.46 78.80
23 79.59 79.83 79.71
24 6 (79.06) (81.67) (80.37)
25 81.10 81.08 81.09
26 79.98 79.23 79.61
27 80.39 80.37 80.38
28 79.00 79.70 79.35
29 79.31 79.16 79.24
30 81.14 80.82 80.98

a See footnote. Table 1.
b On the basis of the Bartlett test (significant at the 95% 

level) results were not included.

6.B26 Calculation
Average calibration factors (F) preceding and 

following samples. Calc, and average peak area 
ratios of terbuthylazine/internal std of the 2 
sample injections.

% Terbuthylazine = R s X Fav X P / W s 
where R s = av. peak area ratio of the 2 sample 
injections; Fav = av. calibration factor; P =  % 
purity of terbuthylazine std; and Ws = mg 
sample.

6.B27 Id en tity  Test
Identity of terbuthylazine is confirmed if d if

ferences of retention times between terbuthy
lazine and internal std of sample and calibration 
solns do not deviate >0.2 min.

Results and Discussion
Results were received from 27 of 31 collabo

rators (Tables 1 and 2). A ll of the participants 
had performed the desired number of analyses. 
One collaborator had carried out the analysis 
twice. To reduce those data to standard form, 
one data pair was randomly chosen.

A wide variety of gas chromatographic in 
struments, integrators, and data systems were
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Table 3. Averages, ranges, and standard deviation (SD) for collaborative results

Parameter Technical 80% WP

No. of collaborators 26 24
No. of results 52 48
Range, overall 96.68-99.73 78.46-81.26
Average, overall 98.14 79.86
SD, absolute— repeatability 0.44 0.36
SD, absolute— overall3 0.72 0.72
SD, relative— repeatability 0.45 0.44
SD, relative— overall9 0.74 0.90
Repeatability, r(95 )b 1.3 1.0
Reproducibility, R(95)c 2.1 2.1

3 Reproducibility standard deviation: one assay, one laboratory. s„ = V s?  + s i 
b r(95) = t X V 2MSq. 
c fl(95) = t X VM S0 + MSl .

used. Four participants had no electronic inte
grator available and based their calculations on 
peak height measurements. These results were 
also used for statistical evaluation. The sta
tionary phase was furnished by PAC. The col
umns prepared had between 790 and 3050 theo
retical plates.

We reviewed the raw data. Based on the mean 
values, one result of the technical material and 
2 results of the 80% WP formulation were re
jected as outliers on the basis of the Nalimov test 
at the 95% level (1). After one collaborator's re
sults for the 80% WP formulation are excluded, 
the data material is homogeneous according to 
the Bartlett test (2).

Table 3 contains averages and standard de
viations as w ell as values for reproducibility 
R (9 5 ) , and repeatability, r(95) (3). The analyses 
of variance (4) are given in Table 4.

The statistical treatment leads to the following 
conclusions: (1 ) The repeatability of the method 
is good. The corresponding absolute standard

deviation is approximately 0.4%. Repeatability, 
r(95), values were 1.3 for the technical and 1.0 for 
the wettable powder. (2) The reproducibility of 
the method is satisfactory. The corresponding 
absolute overall standard deviation is 0.7%. 
Reproducibility, R (95), is 2.1 for the technical and 
the wettable powder. (3) Small differences exist 
in the mean values between laboratories, which 
are significant at the 95% level. However, the 
range of the mean values is satisfactory and in 
line with other collaborative studies.

The identity was generally confirmed by 
GLC.

The determination of the content did not lead 
to any major difficulties. Minor modifications 
of the GLC method such as slightly increasing or 
decreasing the column temperature to adjust 
retention times or resolution are common prac
tice in GLC and may depend on column packing, 
apparatus, and so on.

Some remarks of the collaborators refer to the 
preparation of the internal standard stock solu-

Table 4. Analysis of variance of collaborative results

Source
Mean

square

Degrees
of

freedom F(found)
F(tabulated)

(95%)

Terbuthylazine Technical

Between colls. 0.85 25
Within colls. 0.19 26 4.36 1.94
Total — 51

Terbuthylazine 80% WP

Between colls.3 0.90 23
Within colls.b 0.13 24 7.09 1.99
Total — 47

3 MSl = 2 X s? + s i  
6 MS0 = s i
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tion and the calibration solution: The method 
requires pipetting 50.0 mL of a dichloromethane 
solution, which is in agreement with several of
ficial AOAC-CIPAC methods for triazines and 
other pesticides (5). Four co-workers questioned 
the accuracy of this procedure and recommended 
the use of a buret or a volumetric flask instead. 
One collaborator found the preparation of the 
stock solution not practical; he added the internal 
standard by direct weighing.

With regard to the GLC procedure, the re
quirement that the calibration factors should be 
w ithin ±1% presented problems for one labora
tory with deviations between 1 and 2%. Another 
co-worker could achieve the desired precision 
only by retaining the needle about 3 s in the in
jection port. Another participant found un
usually large differences in the peak height ratios 
of the same calibration solution. It was also 
suggested that calibration standards be run in 
duplicate to ensure the most valid results, and 
that smaller injection volumes be used.

Conclusion
As the results reveal, the analytical method 

tested is rugged and accurate and yields repro
ducible results. A small yet statistically signif
icant bias between laboratories has often been 
noted in collaborative studies. This may arise 
from inevitable differences in equipment, re
agents, and sk ill of the operators. However, 
repeatability and reproducibility appear to be 
satisfactory. Only slight modifications to the 
method have been brought to our attention.
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Gas-Liquid Chromatographic Determ ination of Tetradifon Technical 
and Formulations: Collaborative Study
BRAM VAN ROSSUM, ALBERTUS MARTIJN* 1 and JAMES E. LAUNER2
Philips-Duphar B.V., PO Box 2, 1380 AA Weesp, The Netherlands
Collaborators: E. C. Calamita; M. De Oliva; S. Y. Di Prima; L. Gassola; G. Gotz;
M. P. Hitos; M. Magallanes; K. Pavel; P. Poulingue; H. H. Povlsen; F. Sanchez Rasero;
O. Zeiser
The gas-liquid chromatographic determination of 
tetradifon technical and formulations was collabo- 
ratively studied in duplicate with 12 laboratories. Six 
samples were dissolved in dichloroethane with 
n-hexacosane as the internal standard, chromato
graphed on a column of 3% SE-52, and detected by 
flame ionization. The average coefficients of vari
ation were 1.2% for the 2 technical samples, 1.6% for 
the 2 wettable powders, and 1.5% for the 2 emulsi- 
fiable concentrates. The method has been adopted 
official first action.
Tetradifon (4-chlorophenyl 2,4,5-trichloro- 
phenylsulfon; Tedion V-18) is used to control 
spider mites on a wide variety of food, fiber, and 
ornamental crops. Infrared (1) and total chloride
(2) methods have been reported; however, these 
are not specific enough. The gas-liquid chro
matographic (GLC) procedure (2) is quick and 
precise, and easily separates interfering sub
stances from the active ingredient.

Collaborative Study
Twelve laboratories were each sent 2 samples 

of 95% technical tetradifon, 2 samples of 20% 
wettable powders, and 2 samples of 8% emulsif- 
iable concentrates along with a copy of the GLC 
method. Collaborators were instructed to ana
lyze the samples in duplicate, each set on a d if
ferent day and, if possible, by different analysts. 
For each collaborator, the sequence of sample 
analyses was randomly assigned in advance. 
Fresh standard solutions were to be prepared 
each day. Each determination was started with 
2 standard solutions (at 2 concentration levels),

The m ethod presented was accepted a sa fu llC IP A C m eth o d  
(docum ent 2600) at the  22nd m eeting of the  Collaborative In 
ternational Pesticides A nalytical Council, 1978. The m ethod 
was approved by the  AOAC G eneral Referee and Com mittee 
A and was adopted  by the Association. See J. Assoc. O ff. Anal. 
Chew. 64,421 (1981).

1 Present address: M inisterie van Landbouw  en Visserij, 
P lan tenziek tenkundige Kienst, Postbus 9102, 6700 HC Wa- 
gen ingen , The N etherlands.

2 Present address: State D epartm ent of Agriculture, Salem, 
OR 97310.Tedion V-18 is registered tradem ark of Philips-D uphar 
B.V.Received O ctober 31, 1980. Accepted February 6, 1981.

and standards were repeated after every 3 sam
ples.

Tetradifon Technical (4-Chlorophenyl
2,4,5-Trichlorophenyl Sulfone)

C IP A C -A O A C  Method 
O fficial First Action

6.B09 Principle
Tetradifon is detd by flame ionization GLC, 

using n-hexacosane as internal std.
6.B10 Apparatus

(a) Gas-liquid chromatograph.—Suitable for 
on-column injection; equipped with flame ion
ization detector.

(b) Gas chromatographic column.—3 mm id X 6 
ft glass column packed with 3% SE-52 on 100-120 
mesh Chromosorb W-HP. Operating condi
tions: injector and detector 250°, column 230°, 
N or He carrier gas flow ca 35 mL/min. Approx, 
retention times for tetradifon and n-hexacosane 
= 8.6 and 10 min, resp.

6.B11 Reagents
(a) Internal std soln.—Accurately weigh 0.30 g 

pure n-hexacosane into 100 mL vol. flask. D il. 
to vol. with 1,2-dichloroethane and mix.

(b) Tetradifon std soln.—Accurately weigh 
0.100 g pure tetradifon (available from Philips- 
Duphar B .V ., Weesp, The Netherlands; or 
Chemical and Biological Investigations, Envi
ronmental Protection Agency, Beltsville, MD 
20705) into 100 mL vol. flask, pipet 20.0 mL in 
ternal std soln, (a), into flask, d il. to vol. with 
dichloroethane, and mix.
6.B12 Preparation o f Sam ple

(a) Technical tetradifon.—Accurately weigh 100 
mg sample into 100 mL vol. flask. Pipet 20.0 mL 
internal std soln, (a), into flask, d il. to vol. with 
dichloroethane, and mix thoroly.

(b) Wettable powder.—Accurately weigh sam
ple contg 100 mg tetradifon into 250 mL g-s flask.

0004-5756/81/6404-0829/04$l.00 © Association of Official Analytical Chemists, Inc.
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Pipet in 20.0 mL internal std soln, (a), and 80.0 
mL dichloroethane. Heat on H2O bath 5 min, 
cool, and mix thoroly. Transfer ca 40 mL soln to 
centrif. tube, and centrif. 10 min.

(c) E m u lsifia b le  c o n c e n tra te s .—Accurately 
weigh sample contg 100 mg tetradifon into 100 
mL vol. flask. Pipet 20.0 mL internal std soln,
(a), into flask. D il. to vol. with dichloroethane 
and mix thoroly.
6.B13 D eterm ination

Adjust chromatographic conditions to give ca 
V2 FSD for 2 pg tetradifon. Inject 2 pL portions 
of std soln, (b), until response factor (F) varies 
<1% for successive injections. Inject 2 pL sample 
soln, and measure peak hts and retention times 
for both std and sample.

6.B14 Calculation
F = (I ' X T  X P X 5)/(7 X S X 100)

where I ' and I = peak ht X retention time of in 
ternal std and tetradifon, resp.; T = g tetradifon 
in calibration soln; P  =  % purity of std; S = g in 
ternal std. (Response factor is ca 1.5.)
% Tetradifon = (/ X S X F X 100)/(F X W  X 5)

where W = g sample.

Results and Recommendations
Although the use of response factors was 

prescribed in the instructions, tetradifon content 
was calculated in various ways; therefore, results 
were recalculated in the following way: The 
first 3 samples were calculated using the mean 
of the 2 response factors of the first standard run, 
and the second series of 3 samples were calcu
lated using the mean of the second standard run. 
The third standard run served as a check for sta
bility. Collaborator 8 reported 2 response factors 
per standard solution. H is results were recal
culated, using the first value.

Recalculated individual results are presented 
in Table 1. Collaborator 7 did not report dupli
cate analyses. Although his results were in 
agreement w ith the other data, they were ex
cluded in the statistical analysis. The ranking 
test as described by Youden (3) was applied to the 
remaining data. This revealed an extreme score 
for the results of Collaborator 11 (P = 0.05). This 
collaborator also found large differences between 
response factors. For these reasons, his results 
were excluded from the final statistical anal
ysis.

The data from the remaining 10 laboratories 
were examined for homogeneity of experimental

variation. The samples consisted of 3 matched 
pairs, so we applied the tests for constant 
within-sample (between-laboratory) and con
stant within-laboratory variation to the 3 pairs 
of samples separately (3).

For the tetradifon technical pair, the test for 
homogeneity within-sample and within-labo
ratory variation was not significant at the 5% 
level; therefore, estimates of Sr and Sb were ob
tained on the basis of combined data. For the 
wettable powder pair, the test for homogeneity 
of the within-sample variation also was not sig
nificant at the 5% level. The test for homoge
neity of the within-laboratory variation was just 
significant at the 5% level. This was caused by 
the relevant extreme value of Sample 2-4 in 
Laboratory 12. We decided that this difference 
was not serious enough to justify exclusion of 
these results. For the emulsifiable concentrate 
pair, the between-laboratory variations of the 2 
samples were not homogeneous; thus the esti
mates for Sr, Sb, and Sa were calculated separately 
for Samples 3-2 and 3-4. Laboratory 12 reported 
a large difference between replicates on Sample
3-2 (P  two-sided is 0.05). Because 8.14% was very 
low, and the repeatability was poor in compari
son with other results, we decided to exclude the 
results of Sample 3-2 from Collaborator 12.' The 
estimates of Sr for the 2 samples suggest that the 
within-laboratory errors may be considered 
equal; therefore, these estimates were pooled, 
and the combined estimate was reported as CV 
= 1.5%.

Reproducibility for the emulsifiable concen
trate was very poor compared w ith that for the 
other 2 products. Considering the results for the 
other products and the good repeatability, it is 
not expected that this was caused by the method. 
From experiments with blank formulations and 
comparisons of retention times of major im
purities of the technical material, we know that 
no compounds were present with retention times 
close to those of the active ingredient and the 
internal standard. This means that a difference 
in the resolution of the column was not the cause. 
Further study was carried out in 3 laboratories 
after the collaborative test was finished, w ith 
spare samples stored for approximately one year 
in the same bottles used for the collaborative test. 
These results were also higher compared w ith 
the analyses at the start of the test (3% w /w  for 
Sample 3-2 and 1% w /w  for Sample 3-4); how
ever, in the original large bottle of Sample 3-2, 
we found the same content of active ingredient 
as before the test. On the basis of the results of 
this additional study, we believe that the differ-
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Table 1. Collaborative results for determination of tetradifon (%)

Technical Wettable powder Emulsifiable cone.

Coll. 1-1 1-5 2-1 2-4 3-2 3-4

1 97.96 94.43 19.01 18.98 8.75 8.78
98.84 95.08 19.13 18.96 8.93 8.93

2 98.87 95.46 19.07 19.13 9.07 9.13
99.01 94.49 19.06 19.17 9.09 9.03

3 96.64 93.04 18.59 19.00 8.96 9.01
97.64 93.15 19.00 19.07 8.85 9.01

4 97.94 96.29 19.19 19.54 9.65 9.30
97.21 93.82 19.23 18.79 9.29 9.74

5 98.20 94.00 19.00 19.83 9.64 9.26
97.72 93.60 18.40 19.10 9.52 9.30

6 96.69 93.47 18.76 19.17 11.00 9.47
97.18 92.17 18.97 19.06 10.99 9.67

7a 98.26 92.67 18.36 18.57 10.13 9.88
8 96.46 93.82 18.73 19.03 11.40 9.76

98.37 95.11 18.99 18.98 11.26 9.68
9 98.65 94.99 19.04 18.91 10.21 9.87

99.54 94.97 19.17 19.48 9.79 9.58
10 97.09 96.00 19.01 19.17 11.07 9.94

97.95 94.05 19.67 19.20 10.93 9.97
l l 6 95.89 93.88 18.16 18.90 9.13 8.29

92.92 94.43 17.75 18.69 9.68 9.40
12 100.41 95.24 19.10 18.67 8.89 8.91

101.75 95.05 18.88 19.89 8 .13c 8.98
Av. 98.21 94.41 19.00 19.16 9.91 9.37

S 1.20 0.30 0.98 0.39
CV, % 1.2 1.6 9.9 4.2
DF 21 29 8 10

sr 0.86 0.30 0.15 0.13
CV, % 0.89 1.6 1.5 1.4
DF 29 29 9 10sb 0.84 0 0.96 0.37
CV, % 0.87 0 9.7 4.0
DF 5 — 7 7

Sr (combined) 0.14
CV, % 1.5
DF 19

a Rejected because of only one determination; not included in statistical analysis. 
6 Excluded from statistical analysis because of extreme ranking test score. 
c Rejected because of poor reproducibility.

ence between the collaborators is certainly 
caused by diffusion of the organic solvent 
through the plastic cap of the bottle. Because 
Sample 3-2 had a larger and thinner cap than 
Sample 3-4, it explains why Sample 3-2 showed 
a more pronounced evaporation than Sample 3-4; 
thus, depending on date of the analyses and 
storage conditions, the samples would be more 
or less evaporated.

The results show that this method is suitable 
for determining tetradifon in technical products, 
wettable powders, and possibly emulsifiable 
concentrates. The results for the emulsifiable 
concentrates seemed to be less satisfactory; 
however, in our opinion, it was not caused by

method failure but probably by diffusion of 
solvents. We are convinced that this method can 
also be applied for emulsifiable concentrates, 
considering the good repeatability for the em
ulsifiable concentrates and the good results for 
the other 2 products.

It is recommended that the GLC method be 
adopted official first action for the determination 
of tetradifon in technical products, wettable 
powders, and emulsifiable concentrates.

Acknowledgments
The authors thank the following collaborators 

for their cooperation in the completion of this 
study:



832 VAN ROSSUM  ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 64, NO. 4, 1981)

L . Gassola, I. P i. Ci Novata Milanese, Italy
G. Gotz, Philips-Duphar B.V., Amsterdam, The 

Netherlands
M. P. Hitos and E. Celma Calamita, Laboratorio 

Agrario Regional del Centro, Madrid, Spain
M. Magallanes and M. De O liva, Laboratorio 

Agrario Regional de Andalusia, Cordoba, 
Spain

K. Pavel, Bayer A. G., Wuppertal, West Ger
many

P. Poulingue, La Quinoleine, Oissel, France
H. H. Povlsen, Kemikaliekontrollen Lyngby, 

Denmark
S. Y. Di Prima, Thompson Hayward Chemicals 

Corp., Kansas City, MO
F. Sanchez Rasero, Estacion Experimental Del 

Zaidin, Granada, Spain

O. Zeiser, Amonn Fitochimica, Bolzano, 
Italy

The authors also gratefully acknowledge the 
assistance of P. Van Bemmel, Philips-Duphar
B.V ., Weesp, who did the statistical analysis and 
H. A. H. Craenen for his part in the experimental 
work and valuable discussions.

References
(1) Collaborative International Pesticides Analytical 

Council (1970) Analysis of Technical and Formulated 
Pesticides, Vol. 1, W. H effer and Sons Ltd, Cam
bridge, UK, p. 732

(2) Z w eig, G. (1964) Analytical Methods for Pesticides, 
Plant Growth Regulators and Food Additives, Vol. 2, 
Academic Press, N ew  York, NY, pp. 475-478

(3) Youden, W. J., & Steiner, E. H. (1975) Statistical 
Manual of the AO AC, AOAC, A rlington, VA



P E S T IC ID E  R E S ID U E S

HARGESHEIM ER ET AL.: J. ASSOC. OFF. ANAL. CHEM . (VOL. 64, N O . 4, 1981) 833

Gas-Liquid Chromatographic D eterm ination of A niline M etabolites 
of Substituted Urea and Carbamate H erbicides in  Aqueous Solution
ERIKA E. HARGESHEIMER, RONALD T. COUTTS, and FRANCO M. PASUTTO 
University of Alberta, Faculty of Pharmacy and Pharmaceutical Sciences, Edmonton, Alberta, 
Canada T6G 2N8

A simple gas-liquid chromatographic (GLC) method 
has been developed which provides sensitivity and 
specificity for the analysis of complex mixtures of the 
commonly occurring herbicide metabolites aniline,
3-chloroaniline, 4-chloroaniIine, 4-bromoaniline, and
3-chloro-4-methylaniline. All of these anilines react 
with acetic anhydride directly in basified aqueous 
solution. Further reaction of the acetylated anilines 
with trifluoroacetic anhydride gave diacyl deriva
tives which were readily resolved by gas chroma
tography. The structures of the N-acetylated and N-trifluoroacetylated derivatives of benzylamine 
(internal standard) and the anilines were confirmed 
by GLC-mass spectrometry. In distilled water the 
minimum detectable concentrations of aniline and 
the substituted anilines, using electron capture GLC, 
are 0.1 nmole/100 m l and 0.05 nmole/100 m l, re
spectively. The detection limit for the anilines is 1 
nmole/100 m l distilled water, using GLC with flame 
ionization detection. The technique was applied to 
the determination of anilines added to urine samples 
obtained from the general population.

Aniline and a number of substituted anilines are 
commonly used in the paint, dye, and drug in
dustries (1). They are introduced into the en
vironment directly as industrial waste, and in
directly by the combustion of plastics and ure
thane products or as the reduced form of nitro
benzene compounds (2). The degradation of 
N-phenylcarbamate and N-phenylurea herbi
cides (Table 1) in soils (3-6), environmental water 
systems, and humans (7) is the most common 
source of anilines. Although aniline biodeg
radation products have no herbicidal properties
(6), they are more toxic than the parent com
pounds and persist in the environment strongly 
bound to soil organic matter (6,7 ). In addition, 
they may undergo further conversion to persis
tent and carcinogenic azo metabolites (8, 9). In 
view of the toxicity of these anilines, the devel
opment of sensitive analytical techniques for

Received A ugust 18, 1980. Accepted January 5,1981.

their detection in water and biological fluids is 
necessary.

Anilines have been determined by gas-liquid 
chromatography (GLC) (3,10-13) and high per
formance liquid chromatography (HPLC) (2,14). 
Using solvent programming, Lores et al. (2) 
separated and analyzed a mixture of halogenated 
anilines by HPLC without derivatization. This 
technique, however, lacked sensitivity when UV 
detection was used. Bradway and Shafik (12) 
assessed the merits of a number of reagents used 
in the preparation of derivatives for electron 
capture GLC. Even though a complex mixture 
of herbicide metabolites could be resolved fol
lowing derivatization with 4-chloro-a,a,a-tri- 
fluoro-3,5-dinitrotoluene, the reagent failed to 
give clean chromatograms and was unsuitable for 
trace analysis. A chloroacetic anhydride deriv
ative of 3,4-dichloroaniline has been prepared
(11) for quantitative analysis, but in this proce
dure, derivatization followed extraction of the 
aniline into chloroform. The direct acetylation 
of anilines in water has not been reported.

Acetic anhydride has been used successfully 
for the preparation of acetate derivatives of a 
number of phenols (15), nitrophenols (16), and 
aminophenols (17) in aqueous solution. The 
direct aqueous acetylation of the aniline degra
dation products listed in Table 1 proceeds rapidly 
to completion at room temperature to produce 
acetanilides which could be quantitatively ex
tracted from water by using a suitable solvent. 
Further reaction of the amides with trifluo
roacetic anhydride produced diacyl derivatives 
(N-acetyl, N-trifluoroacetyl), which are sensitive 
to GLC analysis using either a flame ionization 
detector (FID ) or an electron capture detector 
(ECD). Aniline, benzylamine (internal stan
dard), 3-chloroaniline, 4-chloroaniline, 3- 
chloro-4-methylaniline, and 4-bromoaniline can 
be completely separated on a conventional 
packed column. Using capillary chromatogra
phy and an ECD, the minimum detectable con
centration of aniline and each of the substituted

0004-5756/81/6404-0833/08$1.00 
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Table 1. Decomposition of certain herbicides to aniline degradation products

I n
o R1
Il I

-NH— C— 0 — Ç— H 

R3 R2

iV-Phenylcarbamate /V-Phenylurea

Class Common name R> R2 R3 Degradation product

i Propham (IPC) — c h 3 — c h 3 
0

— H'

1 Carbetamlde — c h 3
I I

— c n h c h 2c h 3 — H * aniline
II Fenuron — c h 3 — c h 3 — H

II Siduron — H “P - H ,

CHa
1 Chloropropham — c h 3 — c h 3 3-CI 3-chloroaniline
1 Barban — c = c c h 2ci — H 3-CI
II Monolinuron — c h 3 — o c h 3 4-CI
II Buturon — c h 3 — CH(CH3)C=CH 4-CI 4-chloroanlllne
II Monuron — c h 3 — c h 3 4-CI
II Metabromuron — c h 3 — o c h 3 4-Br 4-bromoanlline
II Chlorotoluron — c h 3 — c h 3 3-CI, 4-CH3 3-chloro-4-methylani-

line

anilines is 0.1 nmole/100 mL and 0.05 nmole/100 
mL distilled water, respectively. The technique 
can be applied easily to both large and small 
volumes of aqueous solution. It has been sug
gested (14) that the determination of aniline and 
substituted aniline levels in urine can be used as 
an index of exposure to carbamate and urea pes
ticides. The method described here is applicable 
to the analysis of urine samples containing trace 
amounts of aniline and substituted anilines. No 
currently available GLC or HPLC method can 
simultaneously provide sensitivity w ith com
plete component resolution.

M ETHOD
Reagents and Samples

(a) W a te r.—Deionized, glass-distilled (Cor
ning AG-11, Corning Glassworks, Corning, 
NY).

(b) S o lv e n ts .—Methylene chloride, glass-dis
tilled before use.

(c) Sodium  su lfa te .—Anhydrous, granular, re
agent grade. Heat in muffle furnace at 400°C 
and store in capped (aluminum foil-lined) amber 
bottle.

(d) A n ilin e  s ta n d a rd  so lu tio n s .—Store individ
ually prepared solutions (O.OlmM in 95% etha
nol) of aniline, 3-chloroaniline, 4-chloroaniline,

3-chloro-4-methylaniline, 4-bromoaniline, and 
benzylamine (internal standard) in glass-stop
pered bottles at 4°C.

(e) U rine sa m p le s .—First void samples are ob
tained from persons in the general population 
without known occupational exposure to in 
dustrial chemicals.

Apparatus
(a) ECD gas ch rom a to gra ph .—Hewlett-Packard 

Model 5830A equipped with 15 mCi 63N i ECD, 
Model 18850A integrator, and 10 m X 0.25 mm 
id SP-2100 WCOT glass capillary column (J & W 
Scientific, Orangevale, CA). Operating condi
tions: temperatures (°C )—injector 250, column 
programmed from 80 to 120 at 10° /min, detector 
250; helium carrier gas at 7 psi; 10% methane in 
argon make-up gas 36 mL/min.

(b) FID gas ch rom a to gra ph .—Hewlett-Packard
Model 5702A with Model 3380A integrator. 
Column 1: 1.68 m X 4 mm id glass column
packed with 3% OV-17 on 80-100 mesh Chro- 
mosorb W. Column 2: 0.84 m X 4 mm id glass 
column packed with 0.3% Carbowax on glass 
beads. Operating temperatures (°C )—Column 
1, for diacyl derivative analysis 140, for analysis 
of diacyl derivative decomposition column pro
grammed from 170 to 200 at 8°C/m in; Column
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Table 2. Diagnostic ions in spectra of N-acetyl, /V-trifluoroacetyl derivatives of substituted anilines (I) and internal
standard, benzylamine (II)

As -N
„COCH,

"COCF,

^COCKj
x cocf3

Derivatives
Class R1 II R2 m /z (% relative abundance)

I — H — H 231 (absent) [M+], 189(100), 120(42), 92(10), 69(10), 43(84)
I — Cl — H 267(1.5), 265(4)[M+], 225(35), 223(100), 156(9), 154(30), 128(5), 126(2), 43(71)
I — H — Cl 265(3)[M+], 225(33), 223(100), 156(8), 154(30), 128(9), 126(12), 43(76)
I — Cl — CH3 281(2), 279(6)[M.+], 239(34), 237(100), 170(8), 168(28), 142(8), 140(12), 69(8), 43(60)
I — H — Br 311(5), 309(6)[M+], 269(96), 267(100), 200(36), 198(34), 172(28), 170(20), 69(20), 43(95)
II 245(5)[M+], 203(100), 202(75), 106(37), 91(28), 69(15), 43(91)

2,190; detector and injector 250 for both columns. 
Helium carrier gas 60 m L/m in.

(c) Gas chrom atograph-m ass spec trom eter .—Mass 
spectra are obtained using Columns 1 and 2 (pa
rameters described in (b) above) on a combined 
Hewlett-Packard Model 5710A gas chromato- 
graph-Model 5981A mass spectrometer coupled 
to a Model 5934A data system. Mass spectrom
etry (MS) scan conditions: scan speed, 100
amu/s; band width, 430 H z; electron energy, 70 
eV; ion source temperature 180°C. Separator 
temperature is the same as the oven tempera
ture.

Preparation o f  S p ik ed  W ater Sam ples
Two calibration graphs are constructed for 

each aniline by using the internal standard 
method: one graph for the packed 3% OV-17 
column with flame ionization detection and the 
second for the SP-2100 capillary column with 
electron capture detection. The minimal de
tectable concentration of each aniline for the 
above GLC systems is also determined.

(a) F ID  ca libration  a n d  d e te c tio n  lim it .—Spike 
100 mL distilled water samples w ith 50 nmoles 
benzylamine and 1-100 nmoles of each aniline 
listed in  (d), R ea g en ts .

(b) ECD calibration  a n d  d e te c tio n  l im i t .—Spike 
100 mL distilled water samples with 5 nmoles 
benzylamine and 0.05-20 nmoles of each ani
line.
Preparation o f  S p iked  Urine Sam ples

Spike 5 mL urine sample in 15 mL Teflon- 
lined screw-cap test tube w ith anilines as de
scribed above. Add 0.2 mL concentrated H2SO4, 
seal tube tightly, and hydrolyze 1 h in boiling

water bath. Cool hydrolyzed sample, add in
ternal standard benzylamine, and extract twice, 
each time by shaking 2 min with 2 mL methylene 
chloride. Discard methylene chloride extracts, 
neutralize urine sample with 1.2 mL ION NaOH, 
and proceed with derivatization.

D eri va tiza tion
(a) A qu eou s a ce ty la tio n  an d  e x tr a c tio n .—Acety- 

late the anilines in 100 mL spiked distilled water 
sample by adding 500 p L  acetic anhydride and 
5 g NaHCC>3 as previously described (15). Sim
ila rly , add the anilines to 5 mL urine sample and 
react w ith 250 p L  acetic anhydride and 0.5 g 
NaHCC>3. After evolution of carbon dioxide 
ceases, extract acetates by shaking water and 
urine samples 2 min with 10 mL and 2 mL, re
spectively, of methylene chloride. Remove trace 
amounts of moisture in methylene chloride by 
passing extract through Pasteur pipet containing 
glass wool plug and ca 1 g anhydrous Na2SC>4. 
Rinse Na2SC>4 column with additional 0.5 mL 
methylene chloride, and evaporate combined 
extract to 100 p h  by using gentle stream of n i
trogen.

(b) T riflu o ro a c e ty la tio n .—Add 50 p L  trifluo- 
roacetic anhydride (TFAA) to 100 p L  methylene 
chloride extract prepared above, shake vigor
ously 15 s, and let react at room temperature 15 
min. (The usual method of neutralizing excess 
TFAA with alkaline buffer causes decomposition 
of the diacyl derivatives. Furthermore, the de
rivatives are volatile and subject to uncontrolled 
loss if  the solvent is evaporated to dryness.) To 
avoid evaporative losses and to remove traces of 
TFAA, add 1 mL cyclohexane to reaction mixture 
and evaporate sample to 300 p L  by using stream
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TIME (min)

Figure 1. Computer-reconstructed total ion trace of N-acetylated anilines, from 0.2% Carbowax column. Peak identification of acetylated derivatives: A,
benzylamine; B, 4-chloroaniline; C, 3-chloro-4- methylaniline; D, 4-bromoaniline.

of nitrogen. Inject 1 ¡xL sample onto capillary 
column for ECD quantitation. For GLC with 
FID, add 0.1 mL cyclohexane to reaction mixture, 
reduce volume to 20 p.L, and inject 1 p L  onto 
packed column.
Mass Spectral Data

The mass spectral data shown in Table 2 are 
consistent w ith the assigned structures of the 
diacyl derivatives (i.e ., N-acetylated and N-tri- 
fluoroacetylated) of aniline, 3-chloroaniline,
4-chloroaniline, 4-bromoaniline, 3-chloro-4- 
methylaniline, and benzylamine.

Results and Discussion
N-Phenylcarbamate and N-phenylurea her

bicides have the desirable characteristics of low 
mammalian toxicity and rapid environmental 
degradation. They are readily biodegraded to 
aniline and the substituted anilines listed in 
Table 1. The presence of these anilino com
pounds in the environment is important (7), 
particularly in view of their resistance to biode-

TIME (min)

Figure 2. Gas chromatographic separation of N- acetyl-N-trifluoroacetylanilines on 3% OV-17 column. Peak identification of derivatives: A, aniline; B, benzylamine; C, 3-chloroaniline; D, 4-chloroaniline; E, 3-chloro-4-methylaniline; F, 4-bromoaniline. Fifty nmoles of each compound in 100 mL water was acetylated and trifluoroacetylated as described in text.

gradation. Suess et al. (18) studied the metabo
lism of several anilines by 4 different soil types. 
When examined over a 10-week period and using 
ppm concentration levels, aniline, 4-chloroani
line and 3,4-dichloroaniline were degraded 
16.2-26.3,12.3-17.2, and 3.9-11.7%, respectively. 
A strong soil adsorption effect in combination 
with slow degradation results in the accumula
tion of chloroanilines in the soil and may extend 
their residual life up to 10 years (4).

Anilines are important constituents of indus
trial effluents recycled for agricultural use.
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R'= -H or - C l ; R2=-H, - C l , -Br or -CH3(See Table 2)

II

-CH,=C=0

(m/z 203)

(m/z 202)

-C0CF3 
-------- » C7H8N+(m/z 106)

Figure 3. Mass spectral fragmentation patterns of (I) derivatized anilines and (II) derivatized benzyl-amine.

Trace quantities of aniline are found in plants a 
few hours after irrigation with water from river 
systems which receive this type of discharge. 
Low levels of aniline and other amines in itia lly  
affect the turgor of the plants, induce chlorosis, 
and finally depress growth (1). Both the Soviet 
Union and the U .S. Environmental Protection 
Agency have introduced guidelines for the 
maximum permissible concentration of organics 
in drinking water. In the Soviet Union, the 
specific toxicological limits for aniline and 3- and
4-chloroaniline have been set at approximately 
100 nmoles/100 mL and 155 nmoles/100 mL, 
respectively (19). Although the United States 
has not yet established specific concentration

levels for these compounds, aniline and 2-chlo- 
roaniline are included in the consensus volun
tary reference compounds list (20). The list in 
cludes known water pollutants for which present 
methodology is considered inadequate.

In this study, direct acetylation of an alkaline 
(NaHCCh) aqueous solution by acetic anhydride 
completely converted the trace amounts of added 
aniline, benzylamine, 3-chloroaniline, 4-chlo
roaniline, 3-chloro-4-methylaniline, and 4-bro- 
moaniline to their respective acetates. The N -  
acetates were efficiently extracted from aqueous 
solution into methylene chloride and could be 
stored for as long as one week at 4°C with v ir
tually no decomposition. Following this simple
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B

TIME (rain)

Figure 4. Computer-reconstructed total ion trace of 
decomposition products of N-acetyl-JV-trifluoroa- cetyl-3-chloroaniline, following 14 h storage at 4°C. Peak identification: A, /V-trifluoroacetyl-3-chloroaniline; B, N-acetyl-N-trifluoroacetyl- 3-chloroaniline; C, Ai-acetyl-3-chloroaniline.

one-step acetylation /extraction procedure, 3- 
chloro-4-methylaniline could easily be separated 
from 4-bromoaniline (Figure 1) on a 0.2% Car- 
bowax column. N-Acetyl-3-chloroaniline and 
N-acetyl-4-chloroaniline still had virtua lly 
identical retention times and could not be re
solved.

The acetylated aniline derivatives were further 
reacted w ith trifluoroacetic anhydride. As 
shown in Figure 2, resolution of the N-acetyl- 
N-trifluoroacetyl anilines and benzylamine was 
complete w ithin 7 min on a 3% OV-17 column 
run under isothermal conditions at 140°C. The 
trifluoroacetylation reaction proceeds to greater 
than 97% completion for all 5 anilines. The re
sidual acetanilides, which are present following 
trifluoroacetylation, are much less volatile and 
do not interfere w ith the GLC analysis of the 
N-acetyl-N-trifluoroacetyl derivatives. The 
identities of the compounds giving rise to each 
peak in  Figure 2 were confirmed by combined 
GLC-MS, and plausible fragmentation pathways 
are shown in Figure 3. The diacylated anilines 
are stable for 2-3 h; however, only 20-50% of the

Concentration (nmoles/100 mL H20)

Figure 5. ECD calibration graphs for diacylated aniline derivatives, 1-20 nmoles in 100 mL distilled water. O, aniline; A ,  3-chloroaniline; • ,  4-chloro- aniline; O, 3-chloro-4-methylaniline; A, 4-bromoaniline.

diacyl compounds remain after storage at 4°C for 
14 h. N-Acetanilides and N-trifluoroacetanil- 
ides are present as decomposition products 
(Figure 4).

Calibration graphs for each of the derivatized 
anilines in distilled water were linear over the
5-100 nmoles/100 mL concentration range for 
the OV-17 column and flame ionization detec
tion. The minimum detectable concentration 
was 1 nmole /100 mL. Because only 1 ¿¿L of the 
final derivative preparation (20 f i t .)  was chro
matographed, this represents an injection of 0.05 
nmole "on column." The use of an ECD in 
combination with a capillary column greatly 
enhances the sensitivity of the procedure. The 
calibration graphs obtained (Figure 5) were lin 
ear over the concentration range 1-20 nmoles for 
each of the 5 anilines dissolved in 100 mL dis
tilled water. The minimum detectable concen
trations for aniline and each of the substituted 
anilines were 0.1 nmole/100 mL and 0.05 
nmole/100 mL, respectively. This is a substan
tial improvement over the ECD-GLC lim it be
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tween 3.2 and 6.3 nmoles/100 mL natural water 
reported (11) for 3,4-dichloroaniline following 
derivatization with chloroacetic anhydride. Our 
ECD detection lim it represents an "on column" 
injection of 0.33 pmole aniline and 0.17 pmole 
substituted anilines.

Quantitation of trace amounts of pollutants in 
urine is hampered by the presence of endoge
nous urine components. However, application 
of the described analytical procedure to a 5 mL 
aliquot of hydrolyzed urine previously spiked 
w ith 100 nmoles benzylamine and 50 nmoles of 
each aniline derivative gave satisfactory results 
(Figure 6-1) from GLC with FID. The derivatized 
extract of a normal hydrolyzed urine sample 
(Figure 6-II-blank) did not contain detectable 
herbicide metabolites or large peaks which 
would interfere with the quantitation of 3- and
4-chloroaniline, 4-bromoaniline, or 3-chloro- 
4-methylaniline. At very low concentrations 
requiring high GLC detector gain, the aniline 
peak may be located in the solvent tail of some 
samples.

Present GLC and HPLC methodologies for the 
quantitation of aniline and haloaniline mixtures 
in dilute aqueous solutions are inadequate for 
several reasons. Many electron capture-sensitive 
derivatives prepared to improve GLC detection 
sensitivity do not allow simultaneous resolution 
of the aniline herbicide metabolites shown in 
Table 1. A recent publication (12) stated that of 
the many derivatives prepared using spiked 
distilled water, only those obtained by reaction 
w ith pentafluoropropionic anhydride (PFPA) 
and heptafluorobutyric anhydride gave clean 
chromatograms at low concentrations. PFPA 
was considered the reagent of choice for analysis 
even though derivatives of 3-chloroaniline and 
4-bromoaniline could not be resolved from 4- 
chloroaniline and 3-chloro-4-methylaniline, 
respectively. Anilines have been analyzed by 
H PLC without prior extraction and derivatiza
tion. Lores et al. (2) were able to separate 3- and 
4-chloroaniline by using solvent programming 
but their study did not include 3-chloro-4- 
methylaniline. In addition, quantities greater 
than 10 ng per injection were required for de
tection by UV. Using ECD, the detection lim its 
and on-column sensitivities of our GLC tech
nique compare favorably with those obtained by 
HPLC (2) w ith electrochemical detection. The 
HPLC on-column detection lim its for aniline,
3-chloroaniline, 4-chloroaniline, and 4-bromo
aniline were 2.1-2.6 pmoles, but without solvent 
programming, resolution of a complex aniline 
mixture was no longer possible. Analysis of the

Figure 6. Gas chromatographic analysis of derivatized extracts of hydrolyzed urine samples (5 mL) using a 3% OV-17 column with FID detection. (I) Urine sample spiked with 50 nmoles of each aniline and 100 nmoles of benzylamine. (II) Blank urine sample. Identity of each peak is given in Figure 2.

haloanilines in Table 1 required 2 HPLC runs 
using different solvent systems, and aniline was 
obscured in the solvent front of both mobile 
phases. If the components of a complex mixture 
are to be separated and identified unequivocally 
using H PLC , the sensitivity afforded by the use 
of an electrochemical detector must be sacrificed. 
In contrast, our derivatization procedure for GLC 
not only provides improved sensitivity for ani
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lines but also allows the analysis of complex an
iline mixtures which were unresolved when 
other analytical procedures were utilized.
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Portable and Sensitive Detector Strips for Rapid D etection of 
O rganophosphorus, Mercury, Copper, Cadmium, and Silver  
Compounds
NANGUNERI V. NANDA KUMAR and YALAVARTHI PRAMEELA DEVI
Sri Venkateswara University, Department of Zoology, Tirupati-517 502, India

Portable and sensitive detector strips developed for 
rapid detection of organophosphorus, mercury, 
copper, cadmium, and silver compounds are inex
pensive, indefinitely stable, and easy to use. The 
strips require mild moistening with distilled water 
and warming for the reaction involving cholines
terase and succinate dehydrogenase inhibition by 
organophosphorus and heavy metal compounds, re
spectively. The detector strips, designated A, B, and 
C, can be combined to detect heavy metals and orga- 
nophosphates as their oxygen analogs at nanogram 
concentrations in 5-10 min with little cleanup, so the 
strips can be used under field conditions.
Cholinesterase inhibition methods are used to 
detect organophosphorus compounds at nano
gram concentrations by thin layer chromatog
raphy (1-4). These enzymatic methods are 
sensitive and specific (5-7) compared with 
chemical methods of estimation. Recently, the 
application of succinate dehydrogenase enzyme 
inhibition was reported (8) for detection and 
determination of heavy metal compounds of 
mercury, copper, and cadmium by paper and 
thin layer chromatography. The method is 
simple, rapid, sensitive, and useful for separa
tion, identification, and determination. The 
portable detector strips reported in the present 
paper may be used under field or laboratory 
conditions for routine detection of organo
phosphorus compounds and/or heavy metals. 
The portable strips are inexpensive, can be stored 
indefinitely, and are easy to use.

M ET H O D
Apparatus and Reagents

Use analytical grade reagents.
(a) P a ra th io n  (0 , 0 - d i e t h y l  O -p -n i tr o p h e n y l  

p h o sp h o ro th io a te ).—99% pure (Ciba Geigy Ltd, 
Basel, Switzerland). Prepare required concen
tration in acetone. Prepare paraoxon through 
oxidation by exposing parathion to bromine va
pors on Whatman No. 3 paper strip and extract 
repeatedly in acetone as described earlier (5,
7).

Received Septem ber 11, 1980. A ccepted January 5, 1981.

(b) D im e th o a te  (0 ,0 -d im e th y l-S -[ (m e th y lc a r b a ~  
m o y l) m e th y l \  p h o s p h o r o d i th io a te ) .—95% pure 
(Rallis India Ltd, Bombay, India). Prepare re
quired concentration in acetone. Prepare ome- 
thoate through oxidation by exposing dimetho
ate to bromine vapors as described above.

(c) F en itro th ion  ( 0 ,0 - d im e th y l  0 - ( 4 - n i t r o - m -  
to ly l)  p h o sp h o ro th io a te ).—95% pure (Rallis India 
Ltd). Prepare fenitrooxon as described above.

(d) M e ta ls .—Prepare required concentration 
of HgCl2, CuSC>4, CdSC>4, and AgNC>3 in distilled 
water.
(e) 1-N a p h th y l a ce ta te  su b stra te  so lu tio n s—Pre

pare 1% 1-naphthyl acetate (Sigma Chemical Co., 
St. Louis, MO 63178) in acetone.

(f) Fast B lue B .—Prepare 1% in distilled 
water.

(g) Sodium  succinate su b s tra te -2 -(4 -io d o p h e n y l)-
3 - (4 -n i t r o p h e n y l) -5 -p h e n y l- te t r a z o l iu m  ch lo r id e  
(.I N T ) m ix tu re .—  Prepare 0.8% IN T (BDH, India) 
in distilled water. Prepare 2.5% sodium succi
nate (BDH, Poole, UK) in distilled water. Mix 
reagents (1 + 1).

(h) N - M e th y l  p h e n a zo n iu m  m e th o s u lfa te  
(P M S ) .—Prepare 0.1% PMS in distilled water.

(i) E n zym e suspension.—Prepare 2% horse liver 
acetone powder suspension (Sigma Chemical 
Co.) in acetone by homogenizing w ith mortar 
and pestle.

(j) D etec to r  s trip  A .—Cut 7 X 2.5 cm Whatman 
No. 3 filter paper. Dip 10 strips in horse liver 
acetone powder suspension and let dry in hori
zontal position at room temperature without 
contact with substrate. About 10 mL enzyme 
suspension may be used for 10 strips.

(k) D etec to r  s trip  B. —Dip 7 X 2.5 cm Whatman 
No. 3 filter paper strip in 1% 1-naphthyl acetate 
solution. Remove and air dry. Again dip in 1% 
Fast Blue B solution. Let dry at room tempera
ture or in 50°C hot air oven in horizontal posi
tion.

(l) D etec to r  s trip  C .—Dip 7 X 2.5 cm Whatman 
No. 3 filter paper strip in sodium succinate sub- 
strate-INT mixture. Remove and air dry at room 
temperature or in  50°C hot air oven.

Preserve A , B, C detector strips separately in 
polythene covers and wrap with black paper.

0004-5756/81 /6404-0841 /03$1.00
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Store strips in moisture-free glass containers (do 
not use desiccator) at room temperature. A and 
C strips are stable indefinitely. B strip is stable
15 days.
D e tec tio n  o f  O rg a n o p h o sp h o ru s C o m p o u n d s

Apply 0.5 jug methyl paraoxon, omethoate, or 
fenitrooxon with micro capillary pipet on 2.5 sq. 
cm portion of detector strip A; dry spot by gentle 
air stream. Place this strip horizontally on clean 
micro glass slide and spray distilled water as fine 
mist until it is wet. Do not over-spray (to pre
vent leaching). Warm slide and strip 2 min at 
40°C/ or lightly warm with cigarette lighter 
flame (suitable for field conditions). Place 2.5 
sq. cm portion of detector strip B on another 
clean micro glass slide and moisten as described 
above; immediately sandwich A and B strips 
between 2 micro glass slides, placing A strip 
below B strip. Organophosphorus compounds 
appear as white spot against magenta back
ground. As light tinge of color appears, separate 
strips to avoid masking white inhibition spot.
D e tec tio n  o f  M ercu ry , C o p p e r , C a d m iu m , 
a n d  S ilv e r  C o m p o u n d s

Apply 1 pg HgCl2, CuS04, CdS04, or AgNOa 
with micro capillary pipet on 2.5 sq. cm portion 
of A strip and moisten strip as described above. 
Warm strip 3 min at 60°C. Strip should not be 
completely dry.

Spray PMS solution on 2.5 sq. cm portion of 
strip C on clean micro glass slide. Sandwich A 
and C strips between micro glass slides and place 
in 60°C hot air oven 5 min. Place small weight 
over slides for tight sandwich. (Warm with 
cigarette lighter flame under field conditions.) 
Mercury, copper, cadmium, and silver com
pounds appear as clear white spot against pink 
background.

Results and Discussion
The A strip impregnated with cholinesterase 

(ChE) enzyme present in the horse liver acetone 
powder metabolizes the 1-naphthyl acetate on 
strip B to naphthol which couples with Fast Blue 
B by diazotization to impart the magenta color. 
The appearance of a white spot on detector strip 
A, after reaction with strip B, represents the ChE 
inhibition caused by methyl parathion. Other 
organophosphorus compounds also inhibit this 
reaction, with various detection limits (Table 1). 
Sodium fluoride (400 ng) can also be detected.

The succinate dehydrogenase of strip A con
verts sodium succinate on strip C to fumarate in 
a dehydrogenation reaction (9); the electrons

Table 1. Detection limits of detector strips for 
organophosphorus compounds and heavy metal 

compounds

Compound

Combination 
of reactive 

strips

Detection
limits.

Mg

Copper sulfate A + C 0.2
Cupric chloride A + C 0.2
Mercuric chloride A + C 0.1
Silver nitrate A + C 0.2
Cadmium sulfate A + C 1.0
Methyl paraoxon A + B 0.1
Omethoate A + B 0.1
Fenitrooxon A + B 0.5

liberated are accepted by INT (10,11) to develop 
a pink color due to the formation of formazan. 
PMS enhances this reaction (12). The appear
ance of a white inhibition spot in strip A after 
reacting with strip C represents succinate dehy
drogenase inhibition caused by mercury, copper, 
cadmium, or silver compounds.

The combined A and B strips respond to oxy
gen analogs of organophosphorus compounds 
only. Organochlorines and other metal com
pounds (cobalt, nickel, lead, zinc, arsenic, anti
mony, strontium) do not interfere. The com
bined A and C strips do respond to copper, mer
cury, cadmium, and silver compounds, and 
therefore can only be used for rapid screening 
purposes (Table 1). Compounds must be quali
tatively separated and identified by paper and 
thin layer chromatographic methods (8), or a 
modified method for better separation (in prep
aration). The prepared test sample should not 
contain acid or alkaline substances which cause 
enzyme denaturation. Heavy metal compounds 
can be detected directly in fresh or sea waters 
without cleanup, as also reported (8), whereas 
organophosphorus compounds can be extracted 
from water into hexane, concentrated after oxi
dation, and detected.

A solvent extract of water from an agricultural 
farm pond located at Pichattoor showed positive 
response to organophosphates on detector strips. 
In addition, 1% copper sulfate (Bordeaux) and 
mercury compounds used on seed and foliage at 
a horticulture unit were extracted in water from 
the surface deposits of samples and showed 
positive responses. It is suggested that for 
evaluation of heavy metals in fresh water, the 
water be evaporated to concentrate the pollutants 
to within detectable limits (Prameela Devi, Y., 
and Nanda Kumar, N. V., submitted to /. Assoc. 
O ff. A n a l. C h em .). Salt concentration has no ef
fect on the color reaction (8). The combined A
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and C strips do respond to barium chloride and 
to zinc chloride at 10 and 5 f ig  amounts, respec
tively.
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P R E S E R V A T I V E S _________________________________________
H igh Pressure Liquid Chromatographic D eterm ination of M ethyl and 
Propyl p-H ydroxybenzoates in Com m inuted Meats
GRACIA A. PERFETTI, CHARLES R. WARNER, and THOMAS FAZIO
Food and  D rug  A d m in is tra tio n , D iv ision  o f  C h em istry  an d  P h ysics , W a sh in g to n , DC 20204

A method was developed for determining methyl and 
propyl p-hydroxybenzoates (methyl and propyl 
parabens) in comminuted meats. The parabens were 
extracted from the meat sample with acetonitrile. 
After filtering, the extract was analyzed by reverse 
phase high pressure liquid chromatography, using a 
254 nm absorbance detector. Samples of bologna, 
chicken roll, and chopped ham were fortified with 
approximately 100,200, and 400 ppm of each paraben. 
Average recoveries were 92% for methyl paraben and 
94% for propyl paraben.
Methyl and propyl parabens are effective in
hibitors of C lo strid iu m  botu lin u m  10755A (1); 
therefore, it is likely that these substances will be 
considered as possible substitutes for nitrite salts 
in meats. Because this usage is not presently 
permitted, the Food and Drug Administration 
needs methodology to detect such unauthorized 
use of parabens. Thus it was our goal to develop 
a method for the determination of methyl and 
propyl parabens in comminuted meats.

Parabens in foods other than meat have been 
determined by thin layer chromatography (2-4), 
gas-liquid chromatography following conver
sion to the trimethylsilyl ethers (5-7), and anion 
exchange high pressure liquid chromatography 
(HPLC) (8). Methyl and propyl parabens have 
been determined in cosmetics by HPLC with 
ultraviolet (UV) detection at 254 nm (9). It was 
felt that determination of the parabens in com
minuted meats by reverse phase HPLC with UV 
detection would offer the advantages of speed, 
simplicity, and selectivity not available with 
other techniques.

This paper describes a reverse phase HPLC 
method for the quantitation of methyl and pro
pyl parabens in 3 different comminuted meats: 
bologna, chicken roll, and chopped ham. Re
coveries from meat samples fortified with 100, 
200, and 400 ppm of each paraben were deter
mined. These levels were selected because 
studies (1) indicated that at least 200 ppm would 
be required to inhibit C. b otu lin u m  10755A.

Received Septem ber 16, 1980. Accepted January 19, 1981.

M ETH O D
R eagen ts

(a) A ce to n itr ile .—Distilled-in-glass, UV grade 
(Burdick and Jackson Laboratories, Inc., Muske
gon, MI 49442).

(b) W a te r.—Milli-Q water purification system 
(Millipore Corp., Bedford, MA 01730).

(c) M e th y l and p ro p y l p -h yd ro x yb en zo a tes .—99% 
pure (Aldrich Chemical Co., Milwaukee, WI 
53233).

A p p a ra tu s
(a) L iquid  c h r o m a to g ra p h y .—Spectra-Physics 

(Piscataway, NJ 08854) Model 3500B gradient 
liquid chromatograph equipped with Spectra- 
Physics Model 8200 absorbance detector set at 
254 nm.

(b) In je c to r .—Micromeritics Model 725 auto
matic injector capable of injecting 10 pL aliquots 
(Micromeritics Instrument Corp., Norcross, GA 
30093).

(c) Strip  chart recorder.—Westronics MT 10 mV 
recorder (Tracor Westronics, Ft. Worth, TX 
76106).

(d) C o lu m n .—4.6 mm id X 30 cm pBondapak 
C i8/ reverse phase, 10 pm (Waters Associates, 
Milford, MA 01757).

(e) Sam ple filtra tio n  a p p a ra tu s.—Stainless steel 
Swinny filter holder used with 1.0 pm Fluoro- 
pore filters (Millipore Corp.).

(f) B le n d ers .—Sorvall Omnimixer equipped 
with 500 mL cups (DuPont Co., Wilmington, DE 
19898) for bologna and chicken roll; Cuisinart 
Model CFP9 food processor (Cuisinart Inc., 
Greenwich, CT 06820) for ham.

S ta n d a rd  C u rve
Pipet 1.0, 2.0, 3.0, 4.0, and 5.0 mL methyl and 

propyl paraben solutions (500 pg/mL of each) 
into separate 100 mL volumetric flasks. Dilute 
to volume with acetonitrile, stopper, and mix 
carefully. This yields, respectively, standard 
concentrations of 5.0,10.0,15.0,20.0, and 25.0 pg 
methyl and propyl parabens/mL.

Inject 10 pL aliquot of each standard solution

0004- 57 5 6 /  81 /  6404-0844 /  04$ 1.00
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onto HPLC column, using the following instru
mental parameters: mobile phase: 45% (by
volume) acetonitrile in water; flow rate: 1.4
mL/min; temperature: ambient. Select detector 
sensitivity of 0.16 absorbance unit full scale 
(AUFS) at 254 nm. Prepare standard curves by 
plotting peak heights vs concentration of stan
dard solutions and drawing the best straight line 
through the points.

E xtraction  P ro ced u re
Thoroughly grind ca 20 g meat sample, using 

Sorvall Omnimixer for bologna and chicken roll 
and Cuisinart Model CFP9 for ham. Weigh 2 g 
comminuted meat into 15 mL centrifuge tube 
equipped with screw cap. Add 5 mL acetonitrile 
to tube, cap tightly, and shake 30 s. Centrifuge, 
tightly capped, at low speed (ca 500 rpm) 5 min. 
Decant supernate into 25 mL volumetric flask. 
Repeat 3 times for bologna and chicken roll and 
4 times for ham. Dilute to volume with aceto
nitrile. Filter aliquot through 1.0pm Fluoropore 
filter for HPLC determinative step.

D e te rm in a tio n
Inject 10 pL sample extract into chromatograph 

under conditions identical to those used to obtain 
standard curve data. Determine concentration 
of each paraben in sample extract using standard 
curve and peak heights for each paraben.

Calculate concentration of each paraben in 
sample as follows:

Paraben, ppm (pg/g) = (C X 25)/W 
where C = concentration, pg paraben/mL sam
ple extract, 25 = volume (mL) of final extract, and 
W = weight (g) of meat sample extracted.

Results and Discussion
Because methyl and propyl parabens are not 

now permitted in comminuted meats, no com
mercial food samples were available for analysis. 
It was therefore necessary to prepare fortified 
samples to use in developing and testing the 
method. To properly test the ability of the 
method to extract parabens from meat, it was 
essential that the spiking procedure yield a meat 
sample similar to that which would be produced 
commercially. To accomplish this, samples were 
fortified in the following manner: A portion of 
comminuted meat was accurately weighed, and 
known amounts of the 2 parabens were then 
added in solid form and thoroughly blended into 
the meat. In this manner, batches of bologna, 
chicken roll, and chopped ham containing 100,

A B
M

TIME ( m i n )
F igure 1. C h ro m ato g ram s of b o lo g n a  ex trac ts. A, 
b o logna co n ta in in g  252 p p m  m e th y l p arab e n  an d  222 
ppm  p ro p y l paraben; B, u n fo rtif ied  m eat. M , m eth y l 
p a rab e n ; P, p ro p y l p a rab e n . UV d e te c to r, w av e 

le n g th  254 n m , se n s itiv ity  0.16 AUFS.

200, and 400 ppm of each paraben were pre
pared.

Each sample was prepared for HPLC by ex
traction with acetonitrile followed by filtration 
to remove particulate matter. Acetonitrile was 
selected because it provides excellent recoveries 
of the parabens without extracting excessive 
amounts of fat. Typical chromatograms are 
shown in Figures 1-3. Retention times for 
methyl and propyl parabens were 4.2 and 7.6 
min, respectively. Several unfortified chicken 
samples exhibited a small peak at the retention 
time of methyl paraben (Figure 2). This inter
ference produced an error of about 1% at the 200 
ppm level. The corresponding blanks for bo
logna and chopped ham (Figures 1 and 3) 
showed no interfering responses for methyl or 
propyl paraben.
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F igure 2. C h ro m ato g ram s of ch ick en  ro ll ex tracts. 
A, ch ick en  c o n ta in in g  182 p pm  m e th y l p a rab e n  an d  
224 p p m  p ro p y l p a rab e n ; B, u n fo r tif ie d  m eat. See 

F igure  1 cap tion .

Figure 3. C hro m ato g ram s of ch o p p ed  h am  extracts. 
A, h am  c o n ta in in g  229 p p m  m e th y l p a rab e n  a n d  212 
ppm  p ro p y l paraben; B, u n fo rtif ied  m eat. See Figure 

1  cap tio n .

The recoveries for meat samples fortified with 
100, 200, and 400 ppm of each paraben are sum
marized in Table 1. Eight to 10 replicate samples 
at each level of fortification were analyzed. The 
average recoveries were 92% for methyl paraben 
and 94% for propyl paraben with percent coef
ficients of variation of 2.2 and 2.4, respectively.

The chromatograms in Figures 1-3 represent 
approximately 160 ng of each paraben injected 
on column.

The analytical method described in this work, 
using acetonitrile extraction coupled with HPLC, 
offers good separation of methyl and propyl 
parabens from components in comminuted

Table 1. Recoveries of methyl and propyl parabens from meats

Meat
Amount added, ppm

No. of 
samples

Av. ree., % (% CV)
Methyl Propyl Methyl Propyl

Bologna 119 107 8 88.2 (0.54) 93.0(1.20)
252 222 10 91.1 (1.21) 94.5(1.38)
407 419 8 94.1 (0.50) 99.3 (0.88)Chicken 118 113 10 91.5(0.83) 92.1 (0.72)
182 224 10 92.7 (0.49) 95.2 (0.84)
414 420 9 94.1 (0.76) 95.8(0.90)Hama 117 118 10 89.9(0.61) 92.6(0.54)
229 212 9 89.7 (1.01) 92.6 (0.89)399 420 10 92.7 (0.79) 94.0(1.10)

Based on 4 extractions.
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meats. Reliable quantitation can be achieved in 
the 100-300 ppm range typically used in foods
(10) in which parabens are permitted.
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DRUGS
Application of Chiral Lanthanide Nuclear M agnetic Resonance Shift 
Reagents to Pharmaceutical Analysis. II. Determ ination of Dextro- 
and Levoam phetam ine M ixtures
IRVING W. WAINER, LYNDA C. SCHNEIDER,1 and JOHN D. WEBER
Food and  D rug  A d m in is tra tio n , D iv ision  o f D rug  C h em is try , W a sh in g to n , D C  20204

O ptica lly  p u re  d- and  /-am p h etam in e  su lfate , as w ell 
as v ario u s  m ix tu res  o f th e  2 e n a n tio m e rs , w ere an a 
lyzed  u s in g  a e u ro p iu m  c h ira l n u c le a r  m ag n e tic  res
onance s h if t  reag en t. T h e  en a n tio m e ric  s h if t  d if 
ference (AA6) ex h ib ite d  by  th e  d o u b le t associated  
w ith  th e  a -m e th y l  p ro to n s  w as la rg e  en o u g h  to  d if 
fe re n tia te  b e tw ee n  th e  levo- a n d  d ex fro -iso m ers . 
T he a -m e th y l  p ro to n s  w ere  d ec o u p led  an d  th e  e n 
an tiom eric  com position  w as d e te rm in ed  by  u sin g  the 
peak  h e ig h ts  of the  re su ltin g  sing le ts . As li t t le  as 5% 
of th e  levo- iso m er in  th e  p resen ce  o f th e  dextro- 
iso m er can b e  d e te rm in e d  u s in g  th is  m e th o d . T he 
m eth od  is ap p licab le  to  th e  ana lysis o f b u lk  d ru g  and 
p h a rm ac eu tic a l p re p a ra tio n s .

The derivatization of a drug substance, followed 
by the measurement of its specific rotation, is a 
common method for the determination of en
antiomeric purity. The official method for the 
determination of the enantiomeric purity of d -  
amphetamine sulfate involves such a sequence: 
the preparation of acetylamphetamine, followed 
by purification and determination of the deriv
ative's specific rotation (1). A similar, more 
sensitive assay has been developed, using 1-flu- 
oro-2,4-dinitrobenzene as the derivatizing agent
(2). While both of these methods give an accu
rate reflection of the enantiomeric composition, 
they do not directly quantitate the d ex tro - and 
le v o - isomers. This measurement has been ac
complished by gas-liquid chromatography of the 
N-trifluoroacetyl-l-proline derivatives of d - and 
/-amphetamine (3) and by nuclear magnetic 
resonance (NMR) analysis of the diastereomeric 
amides derived from d ,/-amphetamine and 
(+)-a-methoxy-a-trifluoromethylphenyl acetic 
acid (4). A ll of these assays involve the deriva
tization of amphetamine and introduce the pos
sibility of interferences from side reactions or 
impurities in the derivatizing agent.

1 Food and Drug Administration Summer Graduate Intern, 1980.
This paper was presented at the 94th Annual Meeting of the AOAC, Oct. 20-23, 1980, at Washington, DC.
Received September 24, 1980. Accepted December 18, 1980.

The recent application of chiral lanthanide 
NMR shift reagents to the determination of the 
enantiomeric purity of isoquinoline alkaloids (5) 
and t/,/-methorphan (6) makes possible the de
velopment of assays which do not involve the 
synthesis of derivatives. This paper reports the 
use of a europium chiral NMR shift reagent in 
the determination of the enantiomeric purity of 
amphetamine in bulk drug form and pharma
ceutical preparations.

Experimental
A p p a ra tu s

A  200 MHz Fourier transform NMR spec
trometer (Varian XL 200, Varian Instruments, 
Palo Alto, CA 94303) was used for all spectra.

R eagen ts
(a) D cu tc ra te d  b e n ze n e .—Minimum isotopic 

purity 99.5 atom percent deuterium, used as 
purchased (Aldrich Chemical Co., Milwaukee, 
WI 53233).

(b) O p tic a lly  a c tive  europium  chiral N M R  sh ift 
re a g e n t.—  Used as purchased (Alfa Products, 
Ventron Corp., Danvers, MA 01923). Before the 
start of each series of experiments, 0.2M stock 
solutions in carbon tetrachloride were prepared 
in a dry box under nitrogen atmosphere. Each 
splution was stored in a sealed vial fitted with a 
septum and sampled with a microliter syringe.

(c) d - , /-, and d ,l-A m p h e ta m in e  su lfa te s .—Used 
as purchased (K & K Laboratories, Plainview, NY 
11803). Ten mg benzedrine sulfate tablets 
(Smith Kline & French) were purchased com
mercially.
P rocedu re

Bulk d ru g  su b sta n ce .—The appropriate am
phetamine sulfate was dissolved in water, made 
basic with 10% NaOH, and extracted 3 times with 
ether. The ether extracts were combined and 
dried overnight using molecular sieves. Filtra
tion and evaporation yielded the free base. 
Stock solutions (0.16M) of the free base were

0004-5756/81 /6404 -0 8 4 8 /0 3 $ 1 .0 0
©  Association of Official Analytical Chemists, Inc.



WAINER ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 64, NO. 4, 1981) 849

F igure  1. N M R  sp ec tra  o f a m ix tu re  by  w e ig h t o f 60% d -a m p h e ta m in e -4 0 % -f-a m p h e ta m in e . (1), n o  s h if t  
reag en t; (2), s h if t  reag en t to  su b s tra te  m o la r  r a tio  0.15; a n d  (3), sp ec tru m  (2) d eco u p led .

prepared by dissolving 65 mg of the respective 
enantiomer in 3.0 mL deuterated benzene. En
antiomeric mixtures were prepared from the 
stock solutions of the d e x tro - and le v o - isomers.

The appropriate amphetamine solution, 0.40 
mL, was placed in an NMR tube fitted with a 
rubber septum. The optimum molar ratio, 0.15, 
of shift reagent to substrate was determined by 
the incremental addition of 16 /uL portions of the 
shift reagent solution to a mixture of d -  and l-  
amphetamine (1 + 1). In these experiments, this 
ratio was produced by the addition of 48 pL shift 
reagent solution. In subsequent experiments, 
48 pL shift reagent solution was added directly 
to the NMR tubes.

T ablet a s s a y .—Twenty 10 mg capsules of ben
zedrine sulfate were ground to a fine powder. A 
portion equivalent to 20 mg amphetamine was 
transferred to a glass-stopper flask containing 5 
mL IN  H 2SO4. The resulting mixture was fil
tered through a Millipore filter (Type LS, 5 pm) 
and made basic with 50% NaOH. Then 0.50 g 
sodium sulfate was added to the solution fol
lowed by 0.80 mL hexadeuteriobenzene. The

benzene layer was collected, dried over magne
sium sulfate, and filtered through a glass wool- 
plugged pipet into an NMR tube.

Approximate concentrations of amphetamine 
in the solutions were determined by comparison 
of the peak height ratios of the proton of the 
pentadeuteriobenzene to the doublet of the 
amphetamine methyl protons in known refer
ence solutions to those in the sample solution. 
This comparison is valid on Fourier transform 
NMR only if presaturation pulses are used or if 
a relatively large number of transients (at least 
16) are taken. The sample solutions ranged in 
concentration from 0.10 to 0.12 M. As soon as 
the molar concentration was determined, the 
appropriate amount of shift reagent was added 
to obtain a 0.15 molar ratio of shift reagent to 
substrate.

Results and Discussion
The effect of the chiral europium NMR shift 

reagent on the NMR spectrum of a mixture of /- 
and d-amphetamine is shown in Figure 1. While 
both enantiomers displayed a noticeable induced
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F igure 2. D eco u p led  sp ec tru m  of th e  a -m e th y l  
p ro to n s  o f a m ix tu re  of 95% d -a m p h e ta m in e -5 %  1- 
am p h e ta m in e  a t a 0.15 m o la r ra tio  of sh if t  reag e n t to  

su b s tra te .

shift (A5), the doublet associated with the 
a-methyl protons of the /euo-isomer was shifted 
further downfield than the doublet associated 
with the c/exfro-isomer. This enantiomeric shift 
difference (AA5) was large enough to differen
tiate the levo - and dex tro-isomers at a molar ratio 
of shift reagent to substrate as low as 0.05. 
Continued addition of the shift reagent increases 
the separation between the peaks but also 
broadens them, reducing the resolution. Opti
mum resolution was achieved at a 0.15 molar 
ratio of shift reagent to substrate.

The resolution was further enhanced by the 
irradiation of the absorption due to the methyne 
proton. This decouples the signal associated

with the a-methyl protons, producing a pair of 
sharp singlets rather than a pair of doublets. In 
each individual determination, the exact shift of 
the absorption due to the methyne peaks had to 
be located, because its position varied widely 
with small changes in concentration. The effect 
of the decoupling on the NMR spectrum of a 60% 
dextroamphetamine-40% levoamphetamine 
mixture (by weight) is shown in Figure 1. This 
technique enabled the detection of as little as 5% 
/-amphetamine in the presence of d-amphet- 
amine (Figure 2).

A series of enantiomeric mixtures ranging 
from 100% of the /eno-isomer to 100% of the 
d ex tro - isomer was prepared from stock solutions 
of the respective free bases. A standard curve, 
constructed by comparing the molar fraction of 
the d ex tro-isomer determined from the peak 
heights of the decoupled NMR spectra (mole 
fraction d e x tr o - i s o m e r  =  peak height d e x tr o - iso
mer + peak height le v o - isomer) with the known 
molar fraction, was linear.

The versatility of this approach is demon
strated by its application to pharmaceutical 
preparations as well as the bulk drug. The re
sults (molar fraction d-amphetamine) obtained 
from 4 assays, each carried out using the equiv
alent of two 10 mg tablets of a pharmaceutical 
preparation of racemic amphetamine, were 0.46, 
0.46, 0.48, and 0.47 (mean 0.47 ± 0.01).

In conclusion, the europium chiral NMR re
agent can be used to identify the enantiomers of 
amphetamine. This approach rapidly and ac
curately differentiates /-amphetamine and d -  
amphetamine and is a sensitive assay for the 
enantiomeric purity of both bulk drug and 
pharmaceutical preparations.
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H igh Pressure Liquid Chromatographic Determ ination of 
Sulfisoxazole in Pharmaceuticals and Separation Patterns 
of Other Sulfonam ides
ROBERT W. ROOS
Food a nd  D ru g  A d m in is tra tio n , 850 T h ird  A v e ,  B ro o k lyn , N Y  11232

A high pressure liquid chromatographic method has 
been developed for the identification and determi
nation of sulfisoxazole in tablet, liquid, and ointment 
dosage forms. The method specifies a juBondapak Ci8 
column, an acetonitrile-acetic acid-water (22.5 + 1 + 
76.5) mobile phase, and ultraviolet detection at 254 
nm. For quantitative purposes, sulfabenzamide is 
used as an internal standard. Commercial prepara
tions were analyzed by the proposed method and 
results were compared with those obtained by the 
U.S. Pharmacopeia XIX and N ational Formulary XIV 
methods; good agreement was obtained. The elution 
behaviors of 19 additional sulfonamides were also 
established to verify the specificity of the proposed 
method for sulfisoxazole. These elutions patterns 
show potential for separation and identification of 
all 20 sulfonamides.

Sulfisoxazole [N'-(3,4-dimethyl-5-isooxazolyl) 
sulfanilamide] is a therapeutically useful anti
bacterial agent, commercially available in several 
dosage forms. Frequently this drug is found 
paired with diethanolamine under the designa
tion of sulfisoxazole diolamine. Sulfisoxazole 
has been conventionally analyzed by nonaque- 
ous titration (1, 2) and colorimetry (3). Both 
procedures are regarded as nonspecific and, in 
the latter case, time consuming as well.

High pressure liquid chromatography (HPLC) 
has been shown to be useful for the separation of 
sulfisoxazole from structurally related com
pounds. Using ion-exchange chromatography, 
Kram (4) studied the effects of mobile phase ionic 
strength on the elution times of 20 sulfonamides. 
Karger et al. (5) separated 12 sulfonamides on an 
in situ coated column by an ion-pair partition 
system, whereas Cooke et al. (6) separated 11 
sulfonamides by using a mobile phase containing 
zinc ions chelated to 4-dodecyldiethylenetri- 
amine (C i2-dien). Umagat et al. (7) were able to 
resolve a mixture of sulfonamides on a nitrile- 
bonded phase HPLC column by means of a 
nonaqueous mobile phase. Their method was 
shown to be applicable to the analysis of these 
compounds, including sulfisoxazole, in phar-

This paper was presented in part at the 94th Annual Meeting 
of the AO AC, Oct. 20-23, 1980, W ashington, DC.Received September 30, 1980. Accepted December 8, 
1980.

maceutical dosage forms. More recently, Súber 
and Edds (8) reported on the HPLC separation of 
8 sulfonamides with mobile phases at 2 different 
pH values.

This paper describes a method for the deter
mination of sulfisoxazole in solid and liquid 
dosage forms, using reverse phase ion-suppres
sion HPLC and ultraviolet (UV) detection at 254 
nm. The order of elution of 19 additional sul
fonamides on 2 HPLC columns with 3 different 
mobile phases is also presented, and shows po
tential as a rapid and satisfactory method of 
identification of all 20 sulfonamides in dosage 
forms. The method is stability indicating, is 
more convenient than nonaqueous titration, and 
avoids the use of dimethylformamide.

METHODS
A p p a ra tu s  a n d  R eagen ts

(a) L iqu id  c h ro m a to g ra p h .—Du Pont 841 
equipped with 254 nm UV detector (E. I. du Pont 
de Nemours and Co., Wilmington, DE 19898) and 
a 10 p L  injection valve (Valeo Instruments Inc., 
Houston, TX 77024).

(b) C olu m n.—/xBondapak® Cis, 300 X 3.9 mm 
(Waters Associates, Milford, MA 07157).

(c) D a ta  in tegra tion  sy s te m s .—Hewlett-Packard 
Model 3380-A (Hewlett-Packard, Avondale, PA 
19311).

(d) M o b ile  p h a se .—Acetonitrile (Burdick & 
Jackson Laboratories, Muskegon, MI 49442, or 
equivalent)-acetic acid-double glass-distilled 
water (22.5 + 1 + 76.5).

(e) In tern a l s ta n d a rd  so lu tio n .—Prepare a solu
tion of sulfabenzamide (ICN Nutritional Bio
chemicals, Cleveland, OH 44128) in methanol to 
contain ca 1.0 mg/mL.

(f) R eference stan d ard  p repa ra tion .—Accurately 
weigh and quantitatively transfer ca 25 mg sul
fisoxazole (USP Reference Standard, U.S. Phar- 
macopeial Convention, Rockville, MD 20852) to 
100 mL volumetric flask, add 25.0 mL internal 
standard solution (e), and dilute to volume with

M ention of brands names is for information only, and does 
not imply endorsement of these products by Food and Drug Administration.
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methanol. Proceed as directed under D e te rm i
n ation .
P repara tion  o f  S a m ples

T ablets.—Weigh and finely powder 20 tablets. 
Accurately weigh portion of powder to contain 
ca 500 mg sulfisoxazole, quantitatively transfer 
to 100 mL volumetric flask, add 25 mL methanol, 
shake mechanically for 30 min, dilute to volume 
with methanol, and filter. Transfer 5.0 mL fil
trate to 100 mL volumetric flask containing 25.0 
mL internal standard solution, mix, and dilute to 
volume with methanol. Proceed as directed 
under D eterm in a tio n .

Liquids (in jectio n s a n d  oph th a lm ic  so lu tio n s).— 
Accurately transfer volume of liquid dosage form 
containing ca 200 mg sulfisoxazole to 200 mL 
volumetric flask, and dilute to volume with 
methanol. Pipet 25.0 mL of this solution into 
100 mL volumetric flask containing 25.0 mL in
ternal standard solution, mix, and dilute to vol
ume with methanol. Proceed as directed under 
D eterm in a tio n .

O in tm e n ts .—Accurately weigh portion of 
ointment to contain ca 50 mg sulfisoxazole, and 
quantitatively transfer to 125 mL separatory 
funnel containing 25 mL water-methanol (1 +
2) and 50 mL «-heptane. Shake, transfer lower 
layer to second 125 mL separatory funnel con
taining 50 mL «-heptane, shake, and transfer 
lower layer to 200 mL volumetric flask contain
ing 50.0 mL internal standard solution. Extract 
«-heptane layers consecutively with three 25 mL 
portions of water-methanol (1 + 2), and combine 
these extracts with main extract in volumetric 
flask. Dilute to volume with methanol, and mix. 
Proceed as directed under D eterm in a tio n .
D e term in a tio n

Equilibrate HPLC column with mobile phase 
at flow rate of 1.5 mL/ min. Adjust mobile phase, 
if desired, by increasing acetonitrile concentra
tion to decrease retention time of peaks at same 
flow rate. Retention time for sulfisoxazole 
should be between 6 and 10 min, and resolution, 
R (8), for sulfisoxazole and sulfabenzamide 
should be >2.0. Three replicate injections of the 
reference standard preparation (f) should give 
relative standard deviation of ratio of area of 
sulfisoxazole to area of internal standard <2.0%. 
When chromatographic conditions are met, inject 
sample solution for analysis.

C alcu la tion s
Calculate amount of sulfisoxazole by appro

priate formula.

(a) Tablet: mg/tablet
= (Rsm/Rst) X Wj X 20 X (W2/W 3)

(b) Liquid: mg/mL
= (Rsm/Rst) X W , X 8 X ( 1 / V )

(c) Ointment: mg/g
= (Rsm/Rst) X Wj X 2 X (1/W3)

where R sm =  ratio of sulfisoxazole area to inter
nal standard area in sample preparation; R st =  
ratio of sulfisoxazole area to internal standard 
area in reference standard preparation; Wi = 
weight in mg of sulfisoxazole in reference stan
dard preparation; W2 = average weight, g/tablet; 
W3 = weight in g of sample taken; V  =  volume 
in mL of liquid dosage form taken (injection or 
ophthalmic solution).

R esults and D iscu ssion
The mobility behavior of sulfisoxazole and 19 

other sulfonamides on 2 HPLC columns, using 
3 mobile phase systems, is shown in Table 1. 
The separations reported in Table 1, Columns A

Table 1. Relative retention times * of sulfonamides

Sulfonamide

Zorbax
CN
A6

/¿Bondapak
Cl8

B6 C b

Sulfaquinoxaline 0.84 2.32 2.30
Sulfamethazine 0.91 2.93 0.40
Sulfadimethoxine 0.92 6.41 1.91
Sulfamethoxazole 0.99 1.81 0.78
Sulfisoxazole 1.00 1.00 1.00
Sulfaphenazole 1.01 1.29 1.86
Sulfamethoxypyridazine 1.02 2.55 0.47
Sulfapyridine 1.05 2.34 0.29
Sulfamerazine 1.08 3.96 0.32
Sulfacetamide 1.13 0.55 0.21
Sulfisomidine 1.18 1.32 0.26
Sulfadiazine 1.29 3.53 0.25
Sulfanilamide 1.33 0.55 0.14
Phthalylsulfathiazole 1.38 ___C 1.48
Sulfathiazole 1.39 __c 0.29
Sulfaguanidine 1.54 0.52 0.13
Sulfachlorpyridazine 1.65 3.28 0.63
Sulfabenzamide 2.05 1.07 1.24
Sulfamethizole 2.18 5.19 0.47
Succinylsulfathiazole NDd ___C 0.49
Solvent emergence, min 1.21 2.2 2.2
Sulfisoxazole emergence. 7.53 6.2 20.8

min
Flow rate, m L/m in 3.00 1.6 1.6

a Retention times are expressed relative to sulfisoxazole 
taken as 1.00.

b Mobile phase: A, methanol-methylene chloride-n-
heptane (10 + 15 + 75); B, acetonitrile-water (35 + 65) 
containing 10_3M ZnSCU, 0.025% C^-dien, 1% ammonium 
acetate; C. acetonitrile-acetic acid-water (12.5 + 1 + 
86.5).

c Retained on column over 1.5 h. 
d Not determined.
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F igure 1. C h ro m a to g rap h ic  sep a ra tio n  of su lfo n a m id e s . C o lu m n  p B o n d ap a k  Cis; m o b ile  p h ase  a c e to n i
tr ile -a c e tic  a c id -w a te r  (12.5 +  1 +  86.5); p re ssu re  a t in le t  1300 psig ; flo w  ra te  1.6 m L /m in ; s e n s i tiv ity  0.16 
ab so rb an ce  u n it  fu l l  sca le (AUFS). 1, su lfa n ila m id e ; 2, su lface tam id e ; 3, su lfa d ia z in e ; 4, su lfa p y rid in e ; 5, su l- 
fam erazine; 6 , su lfam ethazine ; 7, su lfam eth izo le ; 8, su lfach lorpyridaz ine ; 9, su lfam ethoxazo le; 10, sulfisoxazole;

1 1 , su lfab en z am id e ; 1 2 , su lfad im e th o x in e .

and B, are extensions of work by Umagat et al. (7) 
and Cooke et al. (6), respectively. Although both 
separations were useful, some shortcomings 
were noted during the analysis of sulfisoxazole.

1

MINUTES
F igure 2. C h ro m a to g rap h ic  sep a ra tio n  of su lf iso x 
azole and  su lfab en zam id e . C o lum n pB o n d ap ak  C 18; 
m o b ile  p h ase  a c e to n itr ile -a c e tic  a c id -w a te r  (22.5 + 
1 +  76.5); p re ssu re  a t in le t  1500 psig ; flo w  ra te  1.5 
m L /m in ; s e n s i tiv ity  0.32 AUFS. 1, su lfiso x azo le ; 2, 

su lfab en z am id e .

For example, the normal phase system of Umagat 
et al. (7) on the Zorbax CN column used in this 
study was unable to separate sulfisoxazole from 
several other sulfonamides, especially sulfa
methoxazole and sulfaphenazole possibly be
cause of differences in column characteristics. In 
addition, this approach required sulfisoxazole to 
be in an organic solvent, so that it was less di
rectly applicable to aqueous dosage forms. A l
though the reverse phase system of Cooke et al.
(6), using a mobile phase containing zinc ions, 
achieved greater resolution of sulfisoxazole and 
other related sulfonamides, it required a long 
equilibration time and the removal of the zinc 
ions at the end of the chromatographic analysis. 
The proposed HPLC separation (Table 1, Column 
C) differs from that of Cooke et al. in that the 
mobile phase consists of a mixture of acetoni
trile-acetic acid-water. This modification yields 
improved resolutions and metal-free condi
tions.

Figure 1 illustrates a typical separation of sul
fisoxazole from 11 other sulfonamides, a number 
of which are listed in the U .S. P harm acopeia  XIX 
and N a tio n a l F orm u lary XIV. By increasing the 
content of acetonitrile in the mobile phase, re
tention times could be shortened without any 
apparent changes in the order of elution of the 
various sulfonamides. The mobile phase used 
in the determination of sulfisoxazole in phar-
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Table 2. Analysis of sulfisoxazole and sulfisoxazole diolamine in commercial preparations

Found, % of declared

Sample Declared
Liquid

chromatography
Compendial

method
Sulfisoxazole tablets 1 
Sulfisoxazole tablets 2 
Sulfisoxazole tablets 3 
Sulfisoxazole diolamine injection 
Sulfisoxazole diolamine ophthalmic solution 
Sulfisoxazole diolamine ophthalmic ointment

0.5 g/tab 
0.5 g/tab 
0.5 g/tab 

40 mg/mLAc 
40 m g / m L c  
40 m g/gc

100.6, 101.4 
95.6,95.6 
99.8, 99.7 

101.2, 100.9 
104.5, 104.7 
106.0, 107.8

101.0, 102.6 a 
95.8, 95.8a 
99.6, 100.1a 
99.3, 99.1 d 

103.2, 102.2 d 
108.0, 107.8 d

a USP XIX.
6 Synthetic preparation. 
c As sulfisoxazole.
« NF XIV.

maceuticals was modified accordingly to reduce 
the assay time. Because of its distinct separation 
from sulfisoxazole, sulfabenzamide was chosen 
as the internal standard (Figure 2).

The relationship between the response of the 
detector and the amount of sulfisoxazole injected 
was linear over the range 0.0-3.5 jug of drug in
jected. Although differences were noted in the 
retention of these compounds on each of 5 
brands of columns, their relative retention values 
with respect to sulfisoxazole were in agreement 
with those observed on the juBondapak Q s 
column.

Table 2 summarizes the results of the assays of 
tablet, liquid, and ointment dosage forms by the 
proposed HPLC method and by compendial 
methods. In all cases, results of replicate assays 
of the same sample differed from one another, on 
the average, by less than 2%. Good agreement 
was also found between results obtained by 
proposed and by compendial methods. Because 
a commercial sample of sulfisoxazole diolamine 
injection was unavailable, a synthetic one was 
prepared and analyzed along with the other 
samples. The recovery value for this sample was 
101. 1%.
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Presence of Phenylmercury (II) Acetate
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Two-component spectrophotometric method of 
analysis using 2 wavelengths, the method of least 
squares using absorbances, the method using 2-or- 
thogonal function coefficients, and the method of 
least squares using orthogonal function coefficients 
have been applied to the determination of atropine 
sulfate in the presence of phenylmercury (II) acetate, 
compounds whose spectra overlap. The first method 
gave erroneous results; the second method gave sat
isfactory results for synthetic mixtures. The fourth 
method was superior, especially in the presence of 
irrelevant absorption. It has been successfully used 
for determining atropine sulfate in injection solu
tions in which a cubic irrelevant absorption was 
present. Results were in good agreement with those 
obtained by the official method.

When properly applied, the 2-wavelength 
method of analysis (1) gives excellent results for 
the analysis of a mixture of 2 absorbing com
pounds if the 2 spectra are sufficiently separated 
and if irrelevant absorption is completely absent. 
In practice, however, certain groups of com
pounds may possess similar and overlapping 
spectra. This is true for atropine sulfate and 
phenylmercury (II) acetate (Figure 1). In such 
a case, the use of the modified Vierordt method
(2) would give erroneous results.

To solve this problem, several authors intro
duced the use of least squares to improve assay 
precision and accuracy. Cama et al. (3) used 16 
wavelengths to assay vitamin A in cod liver oil. 
Neuer (4) discussed the mathematical basis of 
multicomponent spectrophotometric analysis 
using least squares. Klabuhn et al. (5) used 200 
wavelengths to analyze a mixture of 4 com
pounds. Madsen et al. (6, 7) used least squares 
after the Gaussian expansion of absorption 
spectra in the analysis of pharmaceutical mix
tures. Wahbi et al. (8) used both absorbances and 
orthogonal function coefficients under least 
squares for 3-component analysis.

Unterhalt and Wahbi (9) proved theoretically 
that the greater the number of points used in the 
calculation process, the greater the precision of 
an assay. Wahbi et al. (10) used least squares to 
determine the minor component in 2-component 
spectrophotometry. However, it should be 
emphasized that the method of least squares

using absorbances eliminates random error; ir
relevant absorption if present, would also lead 
to erroneous results. This situation imposes re
strictions on the use of least squares in spectro
photometric analysis because interferences may 
arise from batch-to-batch differences or from 
general contamination of solutions during their 
preparation. In this connection, Glenn (11) 
proposed the use of orthogonal functions to 
eliminate interferences in 2-component anal
ysis.

Glenn's method of orthogonal functions has 
been successfully applied to the determination 
of a single substance in the presence of inter
ferences, using a suitable single coefficient 
(12-14). In 2-component analysis, 2 coefficients 
of the same order calculated at 2 different sets of 
wavelengths or 2 coefficients of different order 
calculated at one set of wavelengths can be 
used.

D ev elo p m en t o f M ethod
T w o -C o m p o n e n t S p e c tro p h o to m e try  U sin g  
T w o  W a ve len g th s

Seven mixtures of atropine sulfate and phen
ylmercury (II) acetate in 0.1N H2SC>4 were pre
pared and atropine sulfate was determined at 2 
absorbances, 252 and 257 nm. Percent recoveries 
were recorded between 45.4 and 127.5 (Table 1). 
These results were not surprising because the 
spectra of the 2 compounds are greatly overlap
ping; the ratio of absorbance ratios defined by 
Glenn (2) was within the exclusion range.
L east Squ ares A p p lie d  to  T w o -C o m p o n en t  
S p e c tr o p h o to m e tr y

To improve the results, the method of least 
squares was applied to determining atropine 
sulfate in the presence of phenylmercury (II) 
acetate. Thus, using 35 absorbances measured 
at 1 nm intervals from 242 to 276 nm, the mean 
percent recovery was 100.4 ± 0.92 (Table 1).
U se o f  O rth o g o n a l F unction s to  E lim in a te  
In terfe ren ces

According to general rules collated by Wahbi 
et al. (12,13) the quartic and quintic polynomials
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Figure 1. Absorption curves for 0.1% atropine sul
fate (— ), 0.02% phenylmercury (II) acetate (---), and 

their corresponding p'4 convoluted curves.
Figure 2. Absorption curves for 0.1% atropine sul
fate (— ), 0.02% phenylmercury (II) acetate (— ), and 

their corresponding p 5 convoluted curves.

(P4 and P5/ respectively) make large contribu
tions to the absorption spectra of atropine sulfate 
and phenylmercury (II) acetate in 0.1N H 2S O 4 

(Figures 1 and 2). Accordingly, the coefficients 
p4 and p 5 would afford precise estimates of con
centration.

Twelve-point orthogonal polynomials were 
used in the present work because the irrelevant 
absorption curve present in atropine sulfate in
jection solutions proved to be cubic in nature 
(Figure 3). The optimum sets of wavelengths 
were chosen by plotting p4 and p5 calculated at 
1 nm intervals against Xm, the mean of the set of 
wavelengths, a process that leads to the convo
luted absorption curves (15). The optimum 
wavelength ranges were selected to maximize p4 
or p 5 whenever relevant (Figures 1 and 2).

The results obtained for determining atropine 
sulfate in the presence of phenylmercury (II) 
acetate, using p4 calculated at Xmi = 254.5 nm and 
Xm2 = 260.5 nm at 1 nm intervals and using p 5

Received June 12,1980. Accepted N ovem ber 7, 1980.

calculated at Xmi — 256.5 nm and Xm2 = 258.5 nm, 
are shown in Table 1. Mean percent recoveries 
were 101.6 ± 2.0 and 101.9 ± 1.2, respectively. 
These results are highly precise and accurate 
when compared with those obtained using 2 
absorbances. The calculation of p4 (or p s) using 
12-point orthogonal polynomials rejects all 
components from poPo to P 1 1 P 11 inclusive in the 
reference and mixture absorption curves and 
hence leads to better resolution. The F- and f- 
tests did not reveal any significant difference 
between the results obtained using p4 or p5 with 
regard to precision and accuracy. The calculated 
and theoretical F-values were 2.66 and 4.28, re
spectively. The calculated and theoretical t -  
values were 0.34 and 2.18, respectively at P = 
0.95.

Least Squ ares A p p l ie d  to  O rth o g o n a l  
F unction  M e th o d

To further improve these results, we applied 
the orthogonal function method under least
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Table 1. Spectrophotometric determination (%) of atropine sulfate in the presence of phenylmercury (II) acetate by
4 procedures

Soin3
Atrop. sulf., 

g %

Absorbance Orthogonal function

2 Wavelengths, 
252 and 257 nm

Least sq., 
242-276 nm6

2 Coeff.
Least sq., 
24 coeff.e

p i p g P4 P5

1 0.100 127.5 99.5 97.3 100.6 101.8 102.2
2 0.150 88.4 99.8 101.1 103.8 103.3 102.2
3 0.080 92.7 99.6 102.8 100.7 100.5 101.4
4 0.120 69.2 101.1 102.8 103.2 103.2 103.5
5 0.100 45.4 102.0 102.7 101.6 101.9 101.8
6 0.150 69.8 100.2 102.0 101.4 101.9 100.9
7 0.080 75.7 100.6 102.5 102.3 101.5 101.3
Mean ±  SD 100.4± 101.6± 101.9± 102.0± 101.9±

0.92 1.99 1.22 0.97 0.85
F(0.95) 2.66(4.28) 1.30(4.28)
K0.95) 0.34(2.18) 0.20(2.18)

3 Laboratory-prepared solution; each contains 0.010% phenylmercury (II) acetate.
6 35 absorbances measured at 1 nm intervals. 
c Ami and Xm2 = 254.5 and 260.5 nm, respectively. 
d Xmi and Xm2 = 256.5 and 258.5 nm, respectively.
e Coefficients calculated at 1 nm intervals from Xmi = 247.5 nm to Xm24 = 27 0.5 nm.

A(nm)
F igure 3. A b so rp tio n  cu rve fo r a tro p in e  su lfa te  in jec tio n  so lu tio n  (— ) labe led  1 m g /m L  and  th e  associated 

ir re le v a n t a b so rp tio n  cu rv e  ( — ) o b ta in e d  u s in g  th e  co m p e n sa tio n  m ethod .
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F igure 4. E xpansion of the  irre lev an t abso rp tio n  curve p resen t in  a tro p in e  su lfate  in jection  so lu tio n  in  te rm s 
of o r th o g o n a l fu n c tio n s  u s in g  24 p o in ts , a = ir re le v a n t a b so rp tio n , b = p 0Po, c = P 3 P 3 , d = P 1 P 1 , e = p iP i-

squares. Thus, 24 coefficients (p 4 or p s) starting 
from Aml = 247.5 nm to Àm24 = 270.5 nm, at 1 nm 
intervals for reference solutions of atropine 
sulfate (0.1%), phenylmercury (II) acetate 
(0.020%), and the mixtures have been calculated. 
The concentration of atropine sulfate in each 
mixture was computed using the method of least 
squares. Mean percent recoveries were 102.0 ± 
0.97 using p4, and 101.9 ± 0.85 using p s . These 
results are more precise than those obtained 
using 2 coefficients (Table 1). F- and t-tests 
showed no significant differences between the 
results obtained using p4 or p s  under least 
squares. The calculated and theoretical F-values 
were 1.30 and 4.28, respectively; calculated and 
theoretical f-values were 0.20 and 2.18, respec
tively, at P = 0.95.

D e te rm in a tio n  o f  A tro p in e  S u lfa te  in  
In jec tio n  S o lu tio n s

Injection solutions of atropine sulfate are 
usually prepared to contain 0.1% atropine sulfate 
with 0.003% phenylmercury (II) acetate added as 
a bactericide (16). The acidity of the aqueous 
solution is adjusted to pH 3 with dilute H2SO4.

Several methods have been reported for deter
mining atropine sulfate in injections, including 
spectrophotometric (17), fluorometric (18), ti- 
trimetric (19), colorimetric (20-23), and gas-liquid 
chromatographic methods (24, 25). In view of 
the low absorptivities of atropine sulfate (a = 0.5 
at 252 nm, 0.6 at 258 nm, and 0.5 at 264 nm, where 
a =  absorbance of 1 g/L, 1 cm), its absorption 
curve in injection solutions is usually contami
nated by the reagents used. The shape of the 
irrelevant absorption curve has been revealed 
using the compensation technique, as shown in 
Figure 3 for an injection solution. This curve has 
been expanded in terms of orthogonal functions 
over the wavelength range 242-266 nm at 1 nm 
intervals (Figure 4), where an equation of the 
form / (A) = 0.479P0 + 0.00196Pi -  0.000841P2 + 
0.0000240P3 represents the best fit. This indi
cates that the irrelevant absorption curve is cubic 
in nature. For this reason, the quartic, P4, and 
quintic, P5, polynomials were chosen to deter
mine atropine sulfate in injection solutions. We 
applied the orthogonal function methods using 
2 coefficients and also using 24 coefficients under 
least squares to the determination of atropine 
sulfate in 4 commercial samples for injection.



WAHBI & BARARY: J. ASSOC. OFF. ANAL. CHEM. (VOL. 64, NO. 4, 1981) 859

Table 2. Spectrophotometric determination of atropine 
sulfate (mg/mL) in injection solutions * by 3 procedures

Least sq.,
2 Coeff. 24 coeff.

Sample P i P s P i P s Official

A 0.985 0.990 0.988 0.991 0.988
B 1.010 1.008 1.005 1.007 1.009
C 1.007 1.009 1.003 1.010 1.000
D 0.971 0.970 0.983 0.980 0.975

a Commercial solutions, 1 mg atropine sulfate/mL.

E xperim ental
A p p ara tu s

S p e c tro p h o to m e te r .—Single beam, manual 
(Prolabo, Jean & Constant, Paris, France).

P ro cedu re
Measure absorbances for 1 cm cell path of in

jection solutions over wavelength range 242 to 
276 nm each at 1 nm intervals. Similarly mea
sure a reference solution of atropine sulfate 
(0.100% in 0.1N H2SO4) and a reference solution 
of phenylmercury (II) acetate (0.100% in 0.1N 
H2SO4). Calculate (26) the quartic coefficient, 
p 4 / from the expression [A 0  (+33) + A 1 (—27) + 
A 2  ( - 3 3 )  + +3 (-13) + +4 (+12) + A s (+28) + +6 
(+28) + 717 (+12) + +8 (-13) + 719 (-33) + 7l10 
(—27) + Tin (+33)]/8008. Calculate the quintic 
coefficient, p 5, from the expression [710 (+33) +
711 (-57) + A 2  (-21) + A 3  (+29) + A 4  (+44) + A 5  
(+20) + A 6  (-20) + 717 (-44) + A s (-29) + A g 
(+21) + A 1 0  (+57) + 71„ (—33)]/15912.

The subscripts 0, 1, 2, .  . . ,  11 represent Ao, Aj, 
A2, • • •, An, respectively.

R esults and D iscu ssion
Four different commercial atropine sulfate 

injection solutions were assayed using the dif
ferent methods. The results obtained using (1 ) 
2 coefficients, (2) 24 coefficients under least 
squares, and (3) the official method agreed well 
(Table 2). The improved results obtained using 
the orthogonal function methods (p4 or p s  
whenever relevant) were not surprising because 
the irrelevant absorption present has been 
proved to be cubic and therefore its contribution 
to either the quartic or quintic coefficients is very 
negligible.

The present work offers general methods for 
the analysis of binary mixtures with overlapping 
spectra in the presence of irrelevant absorption. 
The latter should differ in shape and nature from 
the compounds to be investigated.
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Bromination Methods for Determination of Phenylephrine 
Hydrochloride in Nose Drops, Salicylamide in Tablets, and 
Tetracycline Hydrochloride in Capsules
M. ABDEL-HADY ELSAYED,1 A. CHRISTIAN OBIAKARA, 
and S. UCHENNA UZODINMA
U n ivers ity  o f  N ig eria , F a cu lty  o f  P harm aceutica l Sciences, P harm aceutica l C h em istry  
D e p a r tm e n t, N su k k a , N igeria

T w o m e th o d s , k in e tic  an d  titr im e tr ic , based  on  an 
e lec tro p h ilic  su b s titu tio n  reac tion  w ith  b ro m in e , are 
d esc rib ed  fo r  th e  assay of p h e n y le p h r in e  h y d ro 
ch lo r id e  in  n ose  d ro p s, sa licy la m id e  in  ta b le ts , and  
te tra cy c lin e  h y d ro c h lo rid e  in  capsu les. T he k in e tic  
m e th o d  d e p e n d s  on  th e  lin e a r  re la t io n sh ip  b e tw een  
c o n c e n tra tio n  of th e  d ru g  (/ig /m L ) an d  tim e  (s) fo r 
n u c le a r  m o n o b ro m in a tio n , in d ic a ted  by  b leach in g  
of th e  m e th y l o ran g e  acid  color. T he ti tr im e tric  
m e th o d  is b ased  on  a d d itio n  of excess of b ro m a te - 
b ro m id e  w ith  su b se q u e n t d e te rm in a tio n  of excess 
b ro m in e  b y  an  io d id e - th io su lfa te  p ro ced u re . T h is 
m e th o d  is a lso  used  to  co u n t th e  n u m b e r of b ro m in e  
a tom s necessary  fo r th e  e lec tro p h ilic  su b s titu t io n  
reaction . Preservatives o r  tab le t/cap su le  bases do not 
in te rfe re  in  e i th e r  m e th o d . R ecoveries of d ru g s 
added  to labora to ry -p repared  sam ples w ere good. As 
in d ic a te d  b y  th e  F -tes t, th e  m e th o d s  are e q u a lly  re 
p ro d u c ib le .

The sympathomimetic phenylephrine hydro
chloride, the analgesic and antipyretic salicyl
amide, and the antibiotic tetracycline hydro
chloride are widely used in pharmaceutical 
practice. Phenylephrine has been assayed either 
in unit doses or in combination with other drugs 
by colorimetry (1, 2), ultraviolet (UV) spectro
photometry (3-5), chromatography (6, 7), and 
nonaqueous titrimetry (8). Methods described 
for determining salicylamide include colorime
try (9, 10), UV spectrophotometry (11-13), and 
differentiating nonaqueous titrimetry (14-16). 
Tetracycline has been determined by colorimetry 
(17, 18), UV spectrophotometry (19, 20), fiuo- 
rometry (21-24), thin layer chromatography (25, 
26), column chromatography-absorption spec
trophotometry (27), high performance liquid 
chromatography (28), and densitometry (29, 
30).

Bromine solution has been used in analytical 
determinations for some time. The most widely 
used brominating agent is bromate-bromide so
lution, first proposed by Francis (31). The bro
mine generated on addition of acid is used to 
brominate phenylephrine, salicylamide, and 
tetracycline molecules. The kinetic method 
described here is based on the linear relationship

between bromination time and concentration of 
drug. The titrimetric method, described in the 
USP assay of phenylephrine hydrochloride 
powder (32), is based on addition of excess bro
mate-bromide solution with subsequent deter
mination of the excess bromine by using an io
dide-thiosulfate procedure. This titrimetric 
method is applied here for assaying salicylamide 
and tetracycline. The method is also used to 
count the bromine atoms necessary for bromi
nation of the drugs under investigation.

METHODS
R ea gen ts  a n d  M ateria ls

(a) S ta n d a rd  so lu tio n s .—(2) Phenylephrine 
hydrochloride (Sigma Chemical Co., St. Louis, 
MO 63178), 0.1% in water. (2) Salicylamide 
(Merck), 0.5%. Dissolve in 8 mL 40% ethanol and 
dilute to 100 mL with water. (3) Tetracycline 
hydrochloride (Pharchem Industries (Nigeria 
Ltd) Lagos, Nigeria), 0.1% in water.

(b) R e a g e n ts .—(2) Methyl orange solution: 
Dissolve 40 mg methyl orange in 1 L 0.3N H2S04.
(2) 0.1M Potassium bromate-0.2M potassium 
bromide mixture for kinetic method. (3) 0.1N 
Potassium bromate-O.lN potassium bromide 
mixture for titrimetric method. (4) 0.1N Sodium 
thiosulfate. (5) Potassium iodide. A ll reagents 
are Merck products used as received.

(c) T a b le t/c a p su le  ex c ip ien ts .—Chlorobutanol 
(British Drug House), and lactose, starch, talc, 
and magnesium stearate (Merck). A ll analytical 
grade and used as received.

P repara tion  o f  A ssa y  S o lu tio n s
P h e n y le p h r in e  nose d r o p s .—Pipet 10 mL 

(equivalent to 0.05 g phenylephrine hydro
chloride) of solution into 50 mL volumetric flask 
and dilute to volume with water. Accurately 
measure ca 10 mL (for kinetic method) or 25 mL 
(for titrimetric method) and proceed as described 
below.

1 Visiting Professor from University of Alexandria, Egypt. 
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S a lic y la m id e  ta b le ts .—Transfer 1 tablet (equiv
alent to 0.5 g salicylamide) to 100 mL volumetric 
flask, and add 8 mL of 40% ethanol. Shake until 
tablet disintegrates. Add 40 mL water, and 
shake 10 min. Dilute to volume with water. 
Accurately measure ca 10 mL (for kinetic meth
od) or 5 mL (for titrimetric method) and proceed 
as described below.

T etra cyc lin e  ca p su le s .—Transfer contents of 1 
capsule (equivalent to 0.25 g tetracycline hy
drochloride) to 100 mL volumetric flask. Add 
ca 20 mL water and dissolve as completely as 
possible by shaking. Dilute to volume with 
water. Accurately measure 10 mL (for kinetic 
method) or 15 mL (for titrimetric method) and 
proceed.

P ro cedu res
K in etic  m e th o d .—Transfer appropriate aliquot 

of assay solution (see above) to 50 mL volumetric 
flask containing 25.0 mL methyl orange solution. 
Dilute to volume with water. Into separate test 
tubes of similar dimensions, measure 5.0 mL 
prepared solution and 5.0 mL 0.1M bromate-
0. 2M bromide mixture. Immerse both tubes in 
ice bath until they reach 4-5 °C. Start stopclock 
(accurate to 0.2 s) and thoroughly mix the 2 so
lutions, noting time of addition (initial time, Ti). 
Stir mixture gently with thermometer used for 
temperature measurement. Note time required 
for methyl orange color to discharge (final time, 
Tf). Compute actual time (Te), where Te = Tf — 
Ti. Carry out blank experiment simultaneously 
by mixing bromate-bromide mixture with 
methyl orange solution, omitting addition of 
drug. Bleaching time for blank experiment is Tb 
and equals ~7 s. Compute corrected time (Tc), 
where Tc = Te — Tb. Use regression equations
1, 2, and 3 for concentration calculation.

Tc = intercept + (slope X concentration)
T itr im e tric  m e th o d .—Transfer appropriate ali

quot of assay solution (see above) to iodine flask. 
Dilute to ca 25 mL with water. Add 50.0 mL 
0.1N bromate-bromide mixture followed by 5 
mL of concentrated HC1. Keep flask out of direct 
light for 15 min (phenylephrine and salicyl
amide) or 30 min (tetracycline), and shake at in
tervals during this time. Keep flasks in dark an 
additional 15 min in all cases. Add ca 1.5 g po
tassium iodide and wash stopper and flask neck 
with 10 mL water. Add 5 mL CHCI3, and titrate 
solution with 0.1N sodium thiosulfate to straw 
yellow color. Add a few drops of starch solution 
and continue titration with vigorous shaking 
until color discharge of bluish aqueous layer and

violet CHCI3 layer. Conduct blank experiment 
simultaneously. Calculate volume (V ) of 0.1N 
bromate-bromide solution by subtracting sample 
from blank reading. Multiply V  by 3.3901, 
2.2395, or 5.0316 mg to calculate amount of 
phenylephrine hydrochloride, salicylamide, or 
tetracycline hydrochloride, respectively.

Results and Discussion
The phenolic group in the molecule of the 

drugs under investigation acts as an electron 
donor. This group increases the electron density 
of the ring by virtue of its inductive-resonance 
effect on the electron distribution, accounting for 
the observed activation at the ortho and para 
positions where the electron density reaches a 
maximum. The net result of the electrophilic 
substitution reaction is, therefore, the introduc
tion of bromine, generated on addition of acid to 
bromate-bromide mixture, at the ortho and/or 
para position(s) to the phenolic group in the drug 
molecule.

Rationalization of mononuclear bromination 
in the kinetic assay applies the concept of reac
tion rates. The dibromination rate constant for 
phenol is much lower than the monobromina- 
tion rate constant. The latter is reported to be 6.5 
X 106 L mol-1 s-1 (33), much faster than the rate 
of bromine production following addition of acid 
to bromate-bromide mixture at 25 °C (34). 
However, using small concentrations of the drug 
and decreasing the reaction temperature to 4- 
5°C, a small steady state concentration of bro
mine, which acts as a chemical clock, is set up at 
a rate that approximates the monobromination 
rate. The sharp increase in bromine production 
after monobromination is sufficient to discharge 
the acid color of methyl orange, and the time of 
bleaching is directly proportional to the con
centration of the drug. Extrapolation of this 
linear relationship intercepts the time axis at a 
point almost equal to the blank reading. The 
experiment reading can therefore be corrected. 
The calibration curves of time (Tc in seconds) vs 
concentration (C), in the range 100-500 jug/mL 
(phenylephrine and tetracycline hydrochlorides) 
or 500-2500 pg/mL (salicylamide) calculated in 
the final dilution after methyl orange addition, 
can be described by the following regression 
equations derived by the method of least squares 
(35).
Tc = —2.0550 + 0.0997C, for phenylephrine (2) 
Tc = —2.8850 + 0.0181C, for salicylamide (2)
Tc = —1.0000 + 0.0600C, for tetracycline (3)
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Table 1. Recovery of drugs from laboratory-prepared simulations

Kinetic method Titrimetric method

Drug3
Added,

g(range)
Mean

% ree ± SD ( n ) b Fvalue
Added,

g(range)
Mean

% ree. ±  SD (n)
Phenylephrine 0.010-0.020 99.81 ±0.71 (6) 

(0.65)c
0.73d 0.015-0.025 100.37 ±0 .85  (5) 

(0.98)
Salicylamide 0.080-0.160 101.49 ±  1.46 (6) 

(2.50)
3.42e 0.020-0.040 100.68 ±0 .79  (6) 

(2.11)
Tetracycline 0.025-0.100 100.5 ± 1.00(6) 

(110)
2.312' 0.030-0.050 99.97 ±0.71 (4) 

(0.08)

3 ( 1 )  For phenylephrine, prepare by dissolving 0.5 g phenylephrine hydrochloride and 0.5 g chlorobutanol in 100 mL water. 
( 2 )  For salicylamide, prepare by dissolving 0.5 gsallcylamide and 0.5 g lactose as described for sallcylamlde tablets In Prepa
ration of Assay Solutions. 0.1 g starch, 0.1 g talc, and 0.1 g magnesium stearate were added before dilution to 100 mL. (3 )  
For tetracycline, prepare by dissolving 0.25 g tetracycline hydrochloride and 0.5 g lactose in 100 mL water. 

b n  = number of experiments; SD = standard deviation.
c  Values in parentheses are the calculated t  values for which theoretical f0 0.975 equals 2.571 (for n = 6), 2.776 (for n  = 

5), or 3.182 (for n  =  4).
6  Calculated Fvalue for which Ftheoretical at 5% level is 5.19. 
e Calculated Fvalue for which Ftheoretical at 5% level is 5.05.
'Calculated Fvalue for which Ftheoretical at 5% level is 9.01.

The regression coefficients for the above re
lationships were calculated to be 0.9999 (Eq. 1), 
0.9990 (Eq. 2), and 1.0000 (Eq. 3). Restandard
ization of the above calibration curves was oc
casionally checked.

Because the inductive effect of the phenolic 
group is decreased by distance, substitution by 
the bromine electrophile in the kinetic method 
occurs at the ortho but not the para position to 
the phenolic group. However, in the titrimetric 
procedure, complete electrophilic substitution 
occurs when brómate with excess bromide is 
added to the aqueous acid solution of drug. The 
unreacted bromate-bromide is determined by 
adding excess iodide and titrating the released 
iodine with standard thiosulfate solution.

For authentic drug, 1 mL 0.1N bromine solu
tion equals 3.3901 mg phenylephrine hydro
chloride, 2.2395 mg salicylamide, or 5.0316 mg 
tetracycline hydrochloride. (The compendial 
figure for phenylephrine hydrochloride is 
3.3945. Applying statistical analysis, the 2 fig
ures are comparable and no significant difference 
exists; f(calc) equals 0.3106, where t = difference 
between the 2 values/(SD/Vno. of exp.) and 
does not exceed f theoretical (f0 0.975 is 2.571). 
Therefore the null hypothesis is acceptable.) 
The standard deviations for 6 replicate determi
nations were 0.0347, 0.0100, and 0.0285 for 
phenylephrine hydrochloride, salicylamide, and 
tetracycline hydrochloride, respectively.

Applying the equation, 1 mL 0.1N bromine 
solution = molecular weight of drug/(Z X 10 X 
1000) g drug, or molecular weight of drug/(Z X
10) mg drug, where Z is the number of bromine 
atoms involved in the electrophilic substitution

reaction, we found that 6 bromine atoms are 
necessary for bromination of phenylephrine 
hydrochloride or salicylamide, and 10 bromine 
atoms for tetracycline hydrochloride.

Interference from lactose, starch, talc, and 
magnesium stearate, substances that are apt to be 
present together in capsules or tablets, was in
vestigated by both methods. None of these 
auxiliary substances exhibited interference when 
added in an amount equivalent to 0.2 of the 
concentration of the drug. Chlorobutanol, a 
preservative added in the same concentration as 
phenylephrine hydrochloride in nose drops, did 
not interfere in either method. Although lactose 
and chlorobutanol are reducing agents, they 
behaved passively during the reaction with the 
oxidant bromine under the experimental con
ditions described here. This may be because the 
bromine generated in the presence of acid is a 
weak electron acceptor and therefore is not 
powerful enough to oxidize either lactose or 
chlorobutanol. The small amount of ethanol 
used to dissolve the salicylamide did not inter
fere in either method.

To assess the accuracy of the methods, a known 
amount of phenylephrine hydrochloride was 
combined with an equal amount of chlorobuta
nol, and known amounts of salicylamide or tet
racycline hydrochloride were combined with 0.2 
of their concentration of tablet Or capsule base 
ingredients (lactose, starch, magnesium stearate, 
and talc). Analytical results on these prepara
tions are presented in Table 1. The value for 
f(calc) does not exceed f(theor), so the percent 
recovery is in agreement with the amount added 
and both methods are accurate. For assays of
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Table 2. Assay of commercial dosage forms by kinetic and titrimetric methods

Sample

Kinetic method

Fvalue

Titrimetric method
Taken,

g(range)
Found,

mean % label ± SD (n )

Taken,g(range) Found,mean % label ±  SD (n)
Phenylephrine nose drops3 0.010-0.020 105.22 ±0 .58  (6) 0.33* 0.015-0.025 104.88 ±0 .96  (5)
Salicylamide tablets3 0.080-0.160 101.89 ±0.96 (8) 1.88* 0.020-0.040 101.96 ±0 .70  (8)
Tetracycline capsules3 0.020-0.100 99.71 ± 1.36(15) 2.43* 0.030-0.050 99.75 ±0.87 (12)

3 Fenox nose drops from Boots Co. Ltd, UK, Lot L3, label claim 0.5% phenylephrine hydrochloride and 0.5% chlorobu- 
tanol.

b Calculated Fvalue, F theoretical at 5% level is 5.19.
c Cidal Forte tablets from CID Co., Egypt, Lot 1575, label claim 0.5 g salicylamide/tablet.
*  Calculated Fvalue for which F theoretical at 5% level is 2.56.
e Tetracycline capsules from Pharmchim, Bulgaria, Lot 53, label claim 0.25 g tetracycline hydrochloride/capsule.

commercial samples (Table 2), the results for 
nominal contents are within the pharmacopeial 
limits (32, 36). As indicated by the F-test (Tables 
1 and 2), the methods are of equal precision.

Both methods are accurate and reproducible 
and do not require expensive instrumentation. 
Therefore, they are well suited for routine anal
ysis and quality control of phenylephrine hy
drochloride in nose drops, salicylamide in tab
lets, and tetracycline hydrochloride in cap
sules.
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A simple stability-indicating high performance liq
uid chromatographic (HPLC) method has been de
veloped which separates clotrimazole from impuri
ties and decomposition products in bulk drugs, 
creams, tablets, and solutions. Average recovery data 
for drug substance added to placebos were: tablet, 
99.8%; solution, 99.5%; and cream, 100.0%. Average 
reproducibilities (RSD) on drug substance and for
mulations were: drug substance, 1.3%; tablets, 1.8%; 
solutions, 1.1%; and creams, 0.6%. HPLC assay results 
for both fresh and degraded samples agree with USP 
XX titration assay results. The method allows for the 
simultaneous determination of (o-chlorophenyl)- 
diphenylmethanol hydrolysis product impurity.
Clotrimazole, a synthetic antimycotic agent first 
described in 1969 (1-3), is currently available in 
tablet, cream, and solution formulations. The 
USP XX method (4) for determining clotrimazole 
in these dosage forms specifies a complexation 
titration with sodium lauryl sulfate. The reac
tion is carried out in a 2-phase (acidic aqueous- 
chloroform) system, and the end point is deter
mined in the chloroform phase with methyl 
yellow as the indicator. Although the method 
is simple and stability indicating, it does not lend 
itself readily to automation. Also, additional 
methodology is required to determine impurity 
levels, specifically (o-chlorophenyl)diphenyl- 
methanol.

This paper describes a high performance liquid 
chromatographic (HPLC) method for the deter
mination of clotrimazole and its major degrada
tion product in pharmaceutical dosage forms and 
drug substance.

M ETH O D
A p p a ra tu s  a n d  R ea gen ts

(a) Liquid ch rom a to gra ph .—Waters Associates 
M-6000A pump (Waters Associates, Inc., Milford, 
MA 01757) used at 1.0 mL/min flow rate, Waters 
Model 710A automatic sampler programmed to 
inject 20 f ih , MPLC RP-18 guard column 3 cm X
4.6 mm id (Brownlee Labs, Inc., Santa Clara, CA 
95050), pBondapak Qa column (30 cm X 3.9 mm 
id, Waters Associates), Waters Model 440 fixed

Received October 30, 1980. Accepted January 23, 1981.

wavelength detector operated at 254 nm and 
sensitivity of 0.2 absorbance unit full scale 
(AUFS), and Linear Model 485 recorder (Linear 
Instruments Corp., Irvine CA, 92664) at an input 
span of 10 mV. Data acquisition and peak pro
cessing were performed by a PDP 11/34 Mini
computer utilizing Peak-11 software (Digital 
Equipment Corp., Maynard, MA 01754).

(b) M o b ile  p h a se .—Mix 1 part of aqueous
0. 025M potassium hydrogen phosphate, dibasic, 
with 3 parts of HPLC-grade methanol.

(c) In tern a l s ta n d a rd  so lu tio n s.—(3) About 0.7 
mg testosterone propionate/mL mobile phase.
(2) About 0.7 mg testosterone propionate/mL 
absolute ethanol. (3) Dilute internal standard 
solution 2 exactly 1:10 with absolute ethanol (0.07 
mg/mL).

(d) R eference stan dard  solutions.—(3) Accurately 
weigh ca 50 mg clotrimazole (USP Reference 
Standard), add 5.00 mL internal standard solu
tion 1, and dilute to 50.00 mL with mobile phase. 
(2) Accurately weigh ca 50 mg clotrimazole into 
100 mL volumetric flask, add 5.00 mL internal 
standard solution 2, and dilute to volume with 
absolute ethanol. Mix well.

(e) L o tr im in x a n d  G y n e -L o tr im in ® fo rm u la 
tio n s .—Schering-Plough Corp.

P repara tio n  o f  S a m p les
(a) Bulk dru g  su bstan ce.—Prepare sample in 

manner described for reference standard solution
1. Continue as directed under P rocedu re.

(b) Solu tion .—Use to-contain pipet to transfer 
sample equivalent to 50 mg clotrimazole into 50 
mL volumetric flask and use mobile phase to 
rinse pipet into flask. Add 5.00 mL internal 
standard solution 1, dilute to volume with mobile 
phase, and mix well. Continue as directed under 
P rocedu re.

(c) T ab le ts .—Accurately weigh 10 tablets, de
termine average unit weight, and grind to fine 
powder. Accurately weigh an amount of pow
der equivalent to 100 mg clotrimazole, and 
transfer to 50 mL centrifuge tube. Add 10.00 mL 
internal standard solution 1. Extract sample 
twice as follows: Add ca 25 mL mobile phase to 
tube, rotate tube for 15 min, centrifuge, and

0004.5756/81 /6404-0864/06$ 1.00
©  Association of Official Analytical Chemists, Inc.
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transfer supernate to 100 mL volu m etric flask. 
T hen d ilu te  approxim ately to vo lu m e w ith  m o
b ile  phase, and m ix w e ll. C ontinue as directed  
u nder P rocedure.

(d) C ream .— A ccurately w e ig h  th oro u gh ly  
m ixed  cream equ ivalent to 10 m g clotrim azole  
in to  50 mL centrifuge tube and add 10.00 mL 
internal standard solution 3. Heat 5 m in in 50°C  
w ater bath w ith  occasional shaking. Rem ove  
from  bath and shake v igorou sly  u n til coo led  to 
room temperature, then place in an ice-m ethanol 
bath 15 m in. C entrifuge 5 m in  and transfer su 
pernate to 25 mL stoppered container. Repeat 
extraction w ith  ca 10 mL absolute ethanol. 
C ontin ue as directed under Procedure.
P r o c e d u r e

Chrom atograph 20 /xL aliquots o f sam ple and  
reference standard preparations by usin g  chro
m atographic parameters described earlier. For 
bulk  drug substance, so lu tion , and tablets assay 
against reference standard so lu tion  1. Assay 
cream sam ples against reference standard so lu 
tion  2. A pproxim ate retention  tim es are 9 and  
14 m in  for clotrim azole and testosterone propi
onate, respectively .
C a lc u la t io n s

Calculate clotrim azole as follow s:
D rug substance (%) = ( R sam /R s td )

X (W std /W ^) X 100
Solution  (m g/m L ) =  (Rsam/R std)

X (Wstd/V sam)
Tablet (m g /  tablet) = (Rsam/R std)

X( W std/Wsam) X A l i W
Cream (m g /g ) =  (R sam/ R std)

X (W std I W ^ X D

w h ere Rsam = ratio o f clotrim azole peak h eig h t  
to testosterone propionate peak h eight in sample 
chrom atogram , Rstd =  peak h eig h t ratio in  stan
dard chrom atogram , Wstd =  w e ig h t o f clotrim a
zo le  in  the reference standard solu tion , Wsam =  
w eig h t o f sam ple, =  vo lu m e o f sam ple,
A U W  =  tablet average unit w eigh t, D = d ilu tion  
factor (D = 0.2 for cream assay).

Results and Discussion
The criteria for d evelop in g  a successful HPLC 

determ ination o f clotrim azole in pharmaceutical 
dosage form s w ere as follow s: The m ethod
should  be stability in d icating, free o f interfer
ence from excipients, applicable to a w id e variety

i____i____i------ 10  6 12 18
RETENTION TIME, min

F igure  1. H ig h  p e rfo rm an c e  liq u id  ch ro m ato g ram  
o f c lo trim azo le  ex trac ted  fro m  c lo trim a zo le  tab le ts : 

1 , c lo trim azo le ; 2 , in te rn a l s ta n d a rd .

of dosage forms, and robust and straightforward  
en ou gh  for routine use in  quality control labo
ratories.

N o  interference from  form ulation excip ients  
w as observed. Figures 1-3 sh ow  representative 
chrom atogram s o f clotrim azole tablet, so lu tion , 
and cream samples. At the analysis w avelen gth  
of 254 nm , the on ly  absorbing tablet excip ient is 
povidone; th is com pound is not appreciably  
solu b le in  the extracting solven t. The solu tion  
has n o  UV -absorbing excip ients, but the cream  
form ulation contains b en zyl alcohol; th is pre
servative has a retention tim e o f about 2  m in and  
d oes not interfere w ith  the clotrim azole or in 
ternal standard peak.

P ossib le  in terferen ces from  clo tr im azo le  
degradation products are separated by th e pro
posed HPLC m ethod. Biichel et al. (5) proposed  
the degradation pathw ay sh ow n  in  Sch em e 1, 
w h ere the primary degradation product o f clo-

to l (b)
S chem e 1. D eg ra d a tio n  p a th w a y  of c lo trim azo le : 
(a) c lo tr im a z o le , (b) (o -c h lo ro p h e n y l)d ip h e n y l-  

m eth an o l.
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I_______I_______I-------1------ '
0 6 12 18 24
RETENTION TIME, min

F igure 2. H ig h  p erfo rm an c e  liq u id  ch ro m ato g ram  
of c lo trim azo le  o b ta ined  from  c lo trim azo le  so lu tio n : 

1 , c lo trim azo le ; 2 , in te rn a l s ta n d a rd .

trim azole (a) results from h ydrolysis o f the im 
idazole group to form  (o-ch lorophen yl)d iphen-  
ylm ethanol (b). The im idazole fraction, w h ich  
has a retention tim e of about 2  min in  this system, 
has virtually no UV absorptivity at 254 nm  and  
does not appear in  the chrom atogram s. The 
degradation product (b) chrom atographs faster 
than, and is separated from , clotrim azole. Typ
ical chrom atogram s o f sam ples subjected to ac
celerated degradation are sh ow n  in  Figures 4-6. 
U nder these extrem e tem perature conditions, 
several m inor clo tr im azo le  d eco m p osition  
products are form ed in  addition  to (o-chloro- 
p h en y ljd ip h en y lm eth a n o l;  a ll d egradation  
products are w e ll separated from  clotrim azole  
and the internal standard.

Response o f the chrom atographic system  
tested over a w id e concentration range show s  
excellen t linearity. Peak h eig h t ratios o f clotri
m azole to internal standard w ere m easured at 
constant concentration of internal standard and 
clotrim azole concentrations ranging from 0.1 to

0  6  12 18 
RETENTION TIME, min

F igure 3. H ig h  p erfo rm an c e  liq u id  ch ro m ato g ram  
of c lo trim azo le  ex trac ted  fro m  c lo trim a zo le  cream : 
1, b en z y l a lco h o l (p rese rv a tiv e); 2, c lo trim azo le ; 3, 

in te rn a l s ta n d a rd .

2.0 m g/m L . For clotrim azole concentrations 
(m g/m L ) o f 0.101, 0.252, 0 .503,1 .006 , 1.509, and  
2.013, relative detector response w as 0.00615, 
0.0156, 0.0311, 0.0624, 0.0939, and 0.1256, re-

2

F igure  4. H ig h  p erfo rm an c e  liq u id  ch ro m ato g ram  
of c lo trim azo le  an d  c lo trim azo le  d ec o m p o sitio n  
p ro d u c ts  ex trac ted  from  c lo trim azo le  ta b le ts  s to red  
fo r 2 w eeks at 95°C: 1, d ec o m p o sitio n  p ro d u c t [(o- 
ch lo ro p h e n y l)d ip h e n y lm e th a n o l]; 2 , c lo trim azo le .

O th e r  d ec o m p o sitio n  p ea k s  u n id e n tif ie d .
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2

F igure  5. H ig h  p e rfo rm an c e  liq u id  ch ro m ato g ram  
o f c lo trim azo le  a n d  c lo trim a zo le  d e c o m p o sitio n  
p ro d u c ts  o b ta in ed  from  c lo trim azo le  so lu tio n  sto red  
fo r  2 w eek s  a t 75°C: 1, d ec o m p o sitio n  p ro d u c t [(o- 
c h lo ro p h en y D d ip h e n y lm e th a n o l]; 2, c lo trim azo le .

O th e r  d eco m p o sitio n  p eak s u n id e n tif ie d .

1

F igure  6 . H ig h  p e rfo rm an c e  liq u id  ch ro m ato g ram  
o f c lo trim a zo le  an d  c lo trim a zo le  d ec o m p o sitio n  
p ro d u c ts  o b ta in e d  from  c lo trim a zo le  cream  h ea ted  
fo r 10 days a t 75°C: 1, b en zy l alcoho l (p reservative); 
2 , d e c o m p o s itio n  p ro d u c t [ (o -c h lo ro p h e n y l)d i-  

p h en y lm e th a n o l] ; 3, c lo trim azo le .

Table 1. Effect of sample size on clotrimazole 
determination in dosage forms

Formulation
Sample

size
Found,

mg
% Labeled 

amt
Tablet 0.5179 g 50.4 97.8

1.0641 104.1 98.3
1.5135 149.9 99.5
1.9993 196.9 98.9

Tablet8 0.5046 g 34.8 68.5
1.0000 68.1 69.1
1.4953 103.4 68.8
2.0003 136.3 67.8

Solution 2.00 mL 20.55 102.8
3.00 30.75 102.5
5.00 51.00 102.0
7.00 70.55 100.8

10.00 101.4 101.4
Solution11 2.00 mL 18.35 91.8

3.00 28.35 94.5
5.00 45.95 91.9
7.00 64.05 91.5

10.00 91.80 91.8
Cream 0.5183 g 5.18 99.9

1.0279 10.40 101.2
1.5100 15.48 102.5
2.0332 20.56 101.1

Cream c 0.5238 g 5.01 95.6
1.0215 9.69 94.9
1.5602 14.97 95.9
2.0319 19.34 95.2

8 Stored for 2 weeks at 95°C. 
b Stored for 2 weeks at 75°C. 
c Stored for 10 days at 75°C.

sp ec tiv e ly . R esp on se w as rectilin ear  (R 
>0.9999); there is no reason to believe that there 
is a bias.

The proposed sam ple preparation procedures 
are d esign ed  to be in sen sitive  to the size of 
sam ple taken. The data in Table 1 dem onstrate  
that, over the range studied , assay results are 
in dependent o f sam ple size. For the procedural 
am ount of tablet sam ple, a sin g le extraction w ith  
m ob ile  phase gave recoveries >98%; the second  
extraction w as added to ensure quantitative ex
traction. In preparation o f cream sam ples, 2 
eth an ol extractions w ere necessary to quantita
tiv e ly  rem ove the internal standard from  the  
sam ple matrix. All sam ples prepared according  
to the procedures are stable for at least 24 h; this 
stability  is essential for purposes of autom ated  
analysis.

In the analyses of cream samples, accumulation 
of excip ients on  the analytical colum n causes a 
m arked decrease in  efficien cy. For th is reason  
an RP-18 precolum n is used to protect the ana
lytical colum n. By using such a precolum n, this 
laboratory could  m ake m ore than 100  injections  
of cream sam ples w ith  no m easurable decrease 
in  colum n efficien cy.
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Table 2. Recovery of clotrimazole added to formulation 
placebos

Formulation
Added,

mg
Found,

mg Ree., %
Tablet 51 8 52.3 101.1

(1.0 g placebo) 101.2 101.4 100.2
153.2 151.1 98.7
202 9 200.9 99.0

Tablet 51 0 50.9 99.7
(1.0 g placebo)3 101.6 101.6 100.0

156.5 155.0 99.1
200 0 202.4 101.2

Solution 20 05 19.94 99.4
(5.00 mL placebo) 30.05 29.60 98.5

50 10 49.75 99.3
75 15 75.10 99.9

100 2 100.4 100.2
Solution 25 05 24.58 98.1

(5.00 mL placebo) b 50.05 49.45 98.8
75 10 74.85 99.7

100.1 100.3 100.1
Cream 4.76 4.75 99.8

(1.0 g placebo) 9 51 9.49 99.8
14 27 14.30 100.2
19 02 19.10 100.4

Cream 5.04 5.00 99.2
(1.0 g placebo)c 10 08 10.15 100.7

15.12 15.22 100.7
20 16 20.37 101.0

3 Placebo stored for 2 weeks at 95°C. 
b Placebo stored for 2 weeks at 75°C. 
c Placebo stored for 10 days at 75°C.

R ecovery studies w ere perform ed by adding  
increasing am ounts o f clotrim azole to the ap
propriate placebos and proceeding w ith  sam ple 
preparation as described earlier. Both norm al 
and heat-treated placebos w ere used to test for 
assay bias. As the results in  Table 2 indicate, 
recoveries range from 98 to 101% and show  
n eg lig ib le  bias.

R eproducibility o f the assay m ethods was 
tested  by perform ing replicate assays on  several 
batches o f each form ulation over a period of 
several days. Day-to-day reproducibility, as 
ev id en ced  by Table 3, is  excellen t, w ith  relative  
standard d eviations ranging from 0.3 to 1.8%, 
except for one lot of therm ally degraded tablets 
for w h ich  the relative standard deviation  was 
2.4%.

Chrom atographic and USP XX titrim etric re
sults are compared in Table 4. Com pendial assay 
sp ecifies nonaqueous titration w ith  perchloric 
acid for the bulk drug substance and titration  
w ith  sodium  lauryl sulfate for clotrim azole in  
dosage forms. A greem ent betw een  the present 
and com pendial m ethods is excellen t for both  
bulk drug and dosage form assays.

The HPLC m ethod provides a m eans for de-

Table 3. Reproducibility of clotrimazole determinations 
in bulk drug and dosage forms

Day Found, % labeled amt
Bulk Drug

Lot A Lot B LotC
1 102.2 98.8 101.2
2 101.0 101.2 101.2
3 99.4 99.6 99.0
Av. 100.9 99.9 100.5
RSD, % 1.4

Tablet
1.2 1.3

Lot D LotE Lot Fa
1 97.8 98.6 68.5
2 100.6 100.0 72.1
3 98.0 98.7 68.8
4 96.7 69.4
Av. 98.8 98.5 69.7
RSD, % 1.6

Solution
1.4 2.4

Lot G Lot H Lot 1
1 101.9 101.8 100.6
2 97.6 102.9 101.7
3 99.0 102.8 102.7
4 98.8
Av. 99.3 102.5 101.7
RSD, % 1.8

Cream
0.6 1.0

Lot J Lot K Lot L
1 100.9 101.8 102.2
2 101.1 102.1 102.7
3 102.2 103.9 102.3
4 102.1 102.2
Av. 101.6 102.5 102.4
RSD, % 0.7 0.9 0.3

a Sample stored for 2 weeks at 95°C.

term in in g not on ly  clotrim azole lev els, but (o- 
chlorophenyl)d iphenylm ethanol levels as w ell. 
These sim ultaneous measurements elim inate the 
n eed  for additional laboratory work as required  
in  the com pendial th in  layer chrom atographic 
estim ation  o f the h ydrolysis product. The frac-

Table 4. Comparison of determination of clotrimazole In 
bulk drug and dosage forms by HPLC and compendial

assays

Assay
Formulation Lot USP XX HPLC

Bulk drug A 100.5 % 100.9%B 100.5 99.9c 100.2 100.5
Tablet D 98.0 mg/tablet 98.8 mg/tabletE 97.4 98.5Fa 70.2 69.7Solution G 10.03 mg/mL 9.93 m g/mL

H 10.28 10.251 10.29 10.17Cream J 10.19 mg/g 10.16 mg/g
K 10.02 10.25

3 Sample stored for 2 weeks at 95°C.
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tion o f degradation product (b) is calculated as 
the peak h eig h t ratio o f (o-chlorophenyl)d i- 
p h en ylm eth an o l to clotrim azole. This approx
im ation is based on  the sim ilar absorptivities at 
254 nm  (clotrim azole a »  1.73 m L /m g-cm , (o- 
c h lo ro p h e n y l)d ip h e n y lm eth a n o l a ~  1.75 
m L /m g-cm ) and retention  tim es o f the 2 com 
pounds. The estim ation can be used reliably for 
(o -ch loro p h en y l)d ip h en y lm eth an o l lev e ls  o f  
0.5-10%  relative to the clotrim azole content.

Conclusion
The liquid chromatographic m ethod described 

in  this paper was used to determ ine clotrim azole 
in  the bulk drug material and in  various dosage  
forms. This m ethod provides a sim ple, accurate, 
and precise assay for clotrim azole and a llow s

estim ation  o f the h ydrolysis product (o-chloro- 
p h en yl)d ip h en y lm eth an ol.
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High Performance Liquid Chromatographie Analysis of 
Hydrocortisone Acetate Ointments: Interlaboratory Study
DAVID M. HAILEY and ANTHONY R. LEA
National Biological Standards Laboratory, PO Box 462, Canberra City, A.C.T. 2601, Australia
An interlaboratory study was carried out on a high 
performance liquid chromatographic method for 
determining hydrocortisone acetate in ointments. 
The method represents an alternative to the colori
metric procedure of the British Pharmacopoeia. Two 
samples of a commercially available hydrocortisone 
acetate ointment were analyzed by 14 laboratories. 
Column performance and precision of the assay were 
satisfactory. The total error standard deviation for 
the method was 3.69%.

T he present Australian official m ethod for de
term in in g hydrocortisone acetate in  ointm ents  
is that o f the British Pharm acopoeia  (BP) w h ich  
sp ecifies a colorim etric (tetrazolium ) assay (1). 
This m ethod is tim e-consum ing and subject to 
in terference from a num ber of sources. To 
overcom e these shortcom ings, a h igh  perfor
m ance liqu id  chrom atographic (HPLC) m ethod  
w as d ev elop ed  (2). The HPLC m ethod uses 
rapid extraction of the ointm ent w ith chloroform  
fo llo w ed  by liq u id -so lid  chrom atography on  a 
silica ge l co lum n, usin g  an isopropanol-cyclo- 
hexane m obile phase. Previous work in this 
laboratory (2 ) has indicated that the m ethod gives 
results that are com parable w ith  those obtained  
by usin g  the BP procedure, but the HPLC m eth
od is m ore precise and m ore rapid. This com 
m unication  describes an interlaboratory study  
of the HPLC m ethod.

E xperim ental
Dienestrol was selected as an internal standard 

for the assay on the basis of its retention volum e. 
Because o f the quality o f the separation obtained  
in  our laboratory, w e  decided  to set a resolution  
factor, R , low er lim it o f 1.6 for the separation of 
the hydrocortisone acetate and dienestrol peaks. 
S u ggested  lim its of 2% w ere set- for the coeffi
cients o f variation of R and o f the peak h eigh t  
ratio obtained from  replicate injections.

C olum n d im en sion s o f 25 cm X 2 mm id w ere  
suggested . The m obile phase w as g iv en  as iso- 
p ro p an ol-cycloh exan e (10 +  90, v /v )  but par
ticipants w ere perm itted to adjust these propor
tions to m eet the resolution criteria. Typical 
valu es for pressure and flow  rate w ere included  
in  the protocol as a guide.

The original work on  the m ethod was carried

out usin g  a variable w avelen gth  detector at 240 
nm. The trial protocol allow ed the use o f a fixed  
w avelen gth  detector at 254 nm  as an alternative. 
A m inim um  h eigh t of 60% fu ll scale d eflection  
w as required for each peak. Peak h eigh t rather 
than area w as specified  on the grounds that not 
all laboratories w ou ld  have suitable integrators 
and that peak w id th s w ere expected to be rela
tively  narrow. It w as expected that on ly  h y 
drocortisone acetate w ou ld  be present in  the  
oin tm en ts but participants w ere also requested  
to report the peak h eigh t ratio o f any hydrocor
tison e peak observed.

In this trial a com m ercially available brand of 
a 1% hydrocortisone acetate oin tm ent w as used  
because it w as considered im practicable to su it
ably prepare an ointm ent of know n composition. 
Tubes of the o in tm en t from 2 recent production  
batches w ere purchased, and these represented  
the sam ple pair. Because o f possib le h om o ge
neity  problem s, w h ich  had been encountered  
w ith  other topical preparations during the rou
tin e sam pling program conducted here, w e  de
cided to analyze each sam ple in duplicate (2 
tubes) and to assay portions from the top and the 
bottom  of each tube. In this w ay, it w as hoped  
that any contribution of sample nonhom ogeneity  
to apparent analytical error w ould  be recognized  
and overcom e. These data m ight also provide  
useful inform ation regarding the distribution of  
active substance w ith in  the tubes. The tubes 
w ere to be sam pled by squeezing out portions of 
approximately 5 g from the top and bottom of the 
tube, d iscarding the "m iddle" portion o f 15-20  
g. The portions to be analyzed w ere stirred (rod 
or spatula) for 1 m in before w e ig h in g  and d is
so lu tion  o f 0.5 g o f the ointm ent.

Sixteen laboratories, in clu d in g  N ational Bio
logical Standards Laboratory (NBSL), took part 
in  the study, w h ich  was carried out in  3 stages. 
A ll laboratories received reference substances 
from  the sam e source, w h ich  w ere checked for 
purity by HPLC before distribution. In the first 
stage, laboratories prepared a calibration solution  
o f hydrocortisone acetate and d ien estrol and  
u sed  th is to obtain data on the peak h eigh t ratio 
and the resolution factor. M inim um  criteria for
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peak height, resolution, and reproducibility had 
to be m et before proceed ing to the second stage 
of an a lyzin g  a prelim inary sam ple. The pre
lim inary sam ples used in  the trial w ere tubes of 
o in tm en t p reviously  tested by th is laboratory 
during the official sam pling program. This 
sam ple w as in ten d ed  to g ive  participants expe
rience w ith  the m ethod, and prelim inary assay 
results w ere not required to be reported. Labo
ratories w ere asked to contact NBSL after the 
prelim inary sam ple had been successfully tested  
and the response and resolution criteria had been  
met. Test sam ples were then sent to participants 
w h o w ere asked to report the 8 assay results (top 
and bottom  of the 2 tubes from each sam ple), the 
resolu tion  factor, co effic ien t o f variation o f the 
peak h eig h t ratio of the calibration solution and  
peak h e ig h t ratio for hydrocortisone:dienestrol 
if  hydrocortisone w as detected. Laboratories 
w ere asked to contact NBSL if any d ifficu lties  
w ere en countered  or if any m odifications to the  
m eth od  w ere desired.

R esults
M e a s u r e m e n t  o f  C o lu m n  P e r fo r m a n c e

T w o of the laboratories w ere unable to m eet 
the criteria for resolution an d /o r  reproducibility  
and did  not proceed to analysis of the test sam 
ples. In these cases, replacem ent of the colum n  
seem ed appropriate, but was not feasible for the 
organizations concerned.

In an a lyzin g  the test sam ples, participants 
easily  m et the conditions for resolu tion  factor 
although  several laboratories had to use so lven t  
proportions d ifferent from  those specified . R 
values reported ranged from  2.55 to 5.77 w ith  a 
m ean o f 3.87. M ore d ifficu lty  w as experienced  
in  ach iev in g  a reproducible peak h e ig h t ratio. 
The m inim um  figure of 2% w as specified  on the  
basis o f previous w ork at NBSL, and also from  
consideration  o f typical valu es used in  USP 
m onographs. Five laboratories reported results 
for co effic ien t o f variation in  excess o f 2 % w ith  
Laboratory 2 obtain in g results in  excess o f 3%. 
The low est coefficient of variation obtained was 
0.39% (Laboratory 12).
E v a lu a tio n  o f  th e  M e t h o d

Individual assay results are sh ow n  in  Table 1. 
U sing the procedure described by Steiner (3), the 
experim ental variation betw een laboratories and 
betw een  replicates w as sh ow n  to be h om o ge
neous. Because there is no w ay o f kn o w in g  the  
actual content o f active substance in  these sam 
ples, and because it has not been  possib le to

check the interlaboratory m ean valu es by an
other m ethod, these m ean valu es have been re
garded for the purposes o f this study as repre
senting the true mean contents o f hydrocortisone 
acetate in  the sam ples.

The results g iven  in  Table 1 d iffer from  those  
reported in  2 instances. Laboratory 4 reported  
the presence o f sign ificant quantities o f hydro
cortisone in the sam ples. The results in Table 1 
have therefore been  calculated on  the basis of 
both hydrocortisone acetate and hydrocortisone 
to g ive a "total hydrocortisone" value, using the 
peak h eigh t data provided  for each com pound. 
D ecom position  of hydrocortisone acetate in  the 
ointm ent was not noted by any other laboratory, 
and it is possible that in this instance the samples 
w ere subjected to h.eat stress during storage or 
w ere sen sitive to som e im purity in  the so lven ts  
used  in the m obile phase or during sam ple  
preparation.

The values for Sam ple B, Tube 1, bottom , and  
Tube 2, top, from Laboratory 5 are each the first 
of duplicate determ inations m ade on  these por
tions. The second determ inations w ere carried 
out as a check on  the apparently h igh  results and 
gave values o f 108.0 and 109.8%, respectively .

Rank orders for the laboratories in  terms o f the 
m ean of the results for each tube are sh ow n  in  
Table 2. Laboratory 14 show s a consistently high  
ranking and Laboratory 2 is con sisten tly  low . 
Results from Laboratory 14 w ere rejected on the  
basis o f Youden's test for outliers (3). From the  
rem aining results, m ean valu es for con ten t of 
active substance as percent o f stated content are 
98.3% for Sam ple A and 99.4% for Sam ple B. 
Youden (3) represents the precision  (or repeat
ability) standard deviation  by S r , the bias (re
producibility) standard deviation by Sb, and the 
total error standard deviation by So- The values 
for S r, Sb, and S o  for the m ethod w ere 1.45,2.40, 
and 3.69, respectively.
W ith in - T u b e  V a r ia tio n  — S a m p le  
H o m o g e n e i t y

The sam pling p lan  used w as adopted, in  part, 
to m in im ize possible errors due to n on h om o 
geneity. As it turned out, n on h om ogen eity  did  
not appear to present a problem  w ith  the o in t
m ent sam ples used. W hen all results are con 
sidered, use of a paired f-test indicates that there 
was no significant difference betw een results for 
tops and bottom s of individual tubes or betw een  
tops and bottom s of d ifferent tubes for either  
sam ple (P <  0.15). Both sam ples appear to be 
h om ogeneous and, in fact, there is no significant 
d ifferen ce b etw een  Sam ple A  and Sam ple B (t -
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Table 1. Results (% stated content) for interlaboratory study of HPLC analysis of hydrocortisone acetate ointment

la b .a

Tube 1 Tube 2

Mean
Std 

dev.bTop Bottom Top Bottom

Sample A

1 __c 100.0 98.0 103.0 100.33
2 92.6 98.3 94.1 89.4 93.60
3 101.27 101.0 97.8 102.6 100.68
4 d 105.39 92.2 98.1 96.7 98.10
5 100.9 98.2 100.9 98.8 100.20
6 100.3 99.0 102.0 102.5 100.95
7 97.6 92.1 97.6 93.5 95.20
8 94.6 94.6 97.5 94.4 95.28
9 98.68 96.5 91.0 95.7 95.23

10 99.1 98.3 101.3 99.3 99.50
11 100.81 101.1 96.9 98.9 99.40
12 88.3 98.6 99.6 99.1 98.68
13 99.14 98.7 100.3 100.3 99.60
14 106.3 108.2 108.1 106.0 107.15

Sample B

i 107.0 104.0 109.0 106.0 106.50 3.89
2 92.4 96.9 91.6 93.3 93.55 2.86
3 101.5 98.6 99.5 100.8 100.09 1.61
4 d 94.9 94.4 98.4 102.6 97.59 4.37
5 99.70 105.0 e 106.0 e 96.8 101.88 3.22
6 100.0 99.5 101.4 100.2 100.28 1.23
7 95.7 97.9 100.0 98.3 97.98 2.64
8 94.6 95.8 97.1 97.4 96.23 1.38
9 91.8 108.7 101.3 94.0 98 93 5.75

10 97.7 99.0 100.2 99.7 99.40 1.11
11 101.5 100.9 101.6 101.4 101.35 1.63
12 100.0 100.7 99.7 99.8 100.05 4.06
13 98.2 99.3 100.1 98.2 98.95 0.88
14' 113.2 113.2 114.9 104.5 111.45 3.92

Overall mean for Sample A 98.3
Overall mean for Sample B 99.4
So 3.69
Sr 1.45
Sb 2.40

a The order of participating laboratories in Tables 1-3 does not correspond to the order shown in Acknowledgm ents. 
b Standard deviations refer to all results for each laboratory. 
c Lost, handling error.
d Results calculated on the total hydrocortisone content, using both hydrocortisone acetate and hydrocortisone peaks. 
e Results are the first of duplicate determinations made on these subsamples.
'  Results rejected on the basis of Youden's test for outliers (3) not included in overall mean for Sample B.

test) (P <  0.4). This overall assessm ent does not 
preclude the p ossib ility  that the contents o f in 
d iv id u al tubes w ere not h om ogeneous. For ex
am ple, th e results for Sam ple B reported by  
Laboratory 5 suggest that this may have occurred 
in  som e cases. There is a p ossib ility  that n o n 
h om o g en eity  could  d evelop  during storage of 
som e topicals, w h ich  poses potential problem s 
both  for the m anufacturing industry and for 
co n tro llin g  authorities.

Because, overall, the sam ples can be considered  
to be h om ogeneous and identical w ith  respect to 
content o f active substance, the 8  results reported

by each laboratory can be regarded as replicates 
and the variance for each set o f 8  results g ives a 
further and m ore detailed indication  o f the pre
cision  achieved by each operator. There may be 
a n on h om ogen eity  com p onent to th is indicator  
but th is is lik ely  to be sm all. C oefficients o f  
variation for each set of results are g iven  in  Table
3. Laboratories w ith  a h igh  coefficient o f vari
ation  for sam ple results tend to also have a h ig h  
coefficient o f variation for the peak h eight ratios 
obtained  from  replicate injections. This g ives  
som e indication o f the contribution of instability  
o f co lum n conditions to precision errors.
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Table 2. Rank order for laboratories, based on the 
means of results for top and bottom samples from each 

tube

Sample A Sample B
Lab. Tube 1 Tube 2 Tube 1 Tube 2 Total

i 4 4 2 2 12
2 12 14 13 14 53
3 2 7 7 6 22
4 8 10 13 6 37
5 6 3 3 4 16
6 5 2 8 5 20
7 13 12 11 10 46
8 14 11 12 13 50
9 11 13 6 12 42

10 9 5 9 8 31
11 3 8 4 3 18
12 10 8 5 9 32
13 7 5 10 10 32
14 1 1 1 1 4

C o m p a r is o n  w i t h  th e  O f f ic ia l  M e t h o d
In addition to the HPLC assays, Samples A  and 

B w ere also analyzed  at NBSL by the BP m ethod  
(1). Eight replicate determ inations w ere carried 
out on each sam ple, w ith  all color developm ents, 
in clu d in g  blanks and standards, perform ed in  
triplicate. M ean results by this m ethod w ere  
101.9% of stated content, w ith  a standard dev ia
tion (SD) o f 5.6, and 98.8%, SD 7.5, for Sam ples A 
and B, respectively . These results w ere sim ilar 
to those obtained at NBSL (Lab. 3, Table 1) for the 
HPLC m ethod  (100.7%, SD 2.0, and 100.1%, SD  
1.3, for Sam ples A and B, respectively), con 
firm ing previous com parative work on  these  
m ethods (2). The precision of the BP procedure 
w as appreciably poorer than that of the HPLC 
m ethod.

Table 3. Coefficients of variation (CV) for all sample 
results and for peak height ratio of the calibration solution

Lab.
Sample
results,

CV%
Peak height 
ratio, CV%

1 3.8 2.4
2 3.1 3.1
3 1.6 1.5
4 4.5 2.9
5 3.3 0.7
6 1.2 0.4
7 2.7 1.2
8 1.4 0.7
9 5.9 2.1

10 1.0 0.4
11 1.1 0.7
12 0.8 2.0
13 0.9 2.4
14 3.6 1.4

C o m m e n ts  R e c e i v e d  f r o m  P a r t ic ip a t in g  
L a b o r a to r ie s

The most im portant points raised concern the 
instability and solubility of the internal standard 
and the proportions o f so lven t in  the m obile  
phase. Som e laboratories had d ifficu lty  in  d is
so lv in g  the internal standard and fou n d  that 
heatin g  or ultrasonication w as necessary. Four 
laboratories found  that d ien estrol decom posed  
to som e extent in  the so lu tion s b ein g  used, n e 
cessitating the use o f fresh solu tions. It is ap
parent that a d ifferent internal standard w ou ld  
be desirable, especially  in  v ie w  o f the tendency  
to photodecom position  sh ow n  by dienestrol. It 
sh ou ld  be noted , how ever, that desp ite  the  
shortcom ings of the internal standard, acceptable 
results w ere ach ieved  w ith  the m ethod.

The com p osition  o f the m obile phase varied  
sign ifican tly  b etw een  laboratories. Laboratory 
11 com m ented  that the concentration o f isopro
panol could be a very im portant factor, w h ich  
m igh t vary from  m achine to m ach ine and co l
um n to colum n. This seem s very pertin ent and  
w h en  the m ethod is circulated for w id er use, a 
range o f so lven t proportions w ill be specified  
w ith  m inim um  colum n perform ance criteria. It 
is accepted that laboratories must be free to adjust 
m obile phase com position to achieve satisfactory 
resolu tion , but it w o u ld  seem  necessary to set 
lim its to this adjustm ent and avoid effective ly  
d ifferen t m ethods b ein g used in  a referee situa
tion. From work d on e in  other interlaboratory  
studies n ow  in progress, it seem s that a question  
of varying so lven t proportions w ill also be o f  
great relevance to reverse phase separations and  
w ill be related to brands of colum n packings and  
n ew  colum n techn ologies.

O ne laboratory suggested  that if  hydrocorti
sone w as present in  a sam ple, the analysis tim e 
w ou ld  be as lon g  as 30-40  m in. We b elieve  that 
the analysis tim e w ou ld  in  fact be shorter than  
this and acceptable for an official test m ethod, as 
opposed  to a quality control procedure. The 
official m ethod w ill specify an extended running  
tim e in  order to dem onstrate the absence o f h y 
drocortisone.

Three laboratories reported sligh t cloudiness, 
w ith  the samples in  the sam ple solutions tending  
to precipitate. This w as easily  rem edied  by 
w arm ing the solutions. Three laboratories had  
com m ents concern ing the w e ig h in g  and v o lu 
m etric procedures sp ecified  in  the protocol.

Five laboratories reported n o  problem s w ith  
the m ethod.

Peak h eigh ts rather than peak areas w ere
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specified  in  the m ethod because not all labora
tories had suitable integrators. C onsideration  
w ill be g iven  to m aking provision  for peak 
h eig h ts and peak areas as alternatives. H o w 
ever, w h ich ever m ethod is used, adequate pre
cision  shou ld  first be dem onstrated by m eans of 
a calibration sam ple. The perform ance o f an 
integrator may cause problem s. In this trial, it 
w as noted  that the results from  Laboratory 11 
w ere h igher w h en  calculated on an area basis, 
but that the reported integrator-based peak area 
ratios did  not agree very c lo sely  w ith  the ratios 
based on  m anual area m easurem ent. O n the 
basis o f the results from all laboratories, a lim it 
of 2.4% for the coeffic ien t of variation o f peak 
h eig h t ratio seem s appropriate.

C on clu sion
The dosage form  tested in th is trial presented  

obvious sam pling problem s, but potential d if
ficulties from n onh om ogeneity  did not arise. It 
is considered that, even  w ith  the use o f a som e
w h at unsatisfactory in ternal standard, the  
m ethod is acceptable for official testing purposes. 
W e in ten d  to adopt the m ethod for the quanti
tative analysis o f hydrocortisone acetate o in t
m ents in our laboratory. Infrared spectropho
tom etry w ill be used as the prim ary m ethod of 
identification.

A ck n o w led g m en ts
S. S. L. W ong and M. A. Johnston o f th is labo

ratory assisted w ith the processing of the samples 
and data from the interlaboratory study. We 
thank the fo llo w in g  organizations w h ich  took  
part in this study for their cooperation and ex
pertise: Abbott Laboratories Pty Ltd, Sydney; 
Astra Chem icals Pty Ltd, Sydney; Burroughs 
W ellcom e and Co. (Australia Pty Ltd), Sydney; 
Cyanamid Australia Pty Ltd, Sydney; Ethnor Pty 
Ltd, Sydney; Glaxo Australia Pty Ltd, Melbourne; 
H am ilton  Laboratories Pty Ltd, A d ela id e;  
Parke-Davis and Co., Sydney; Q ueensland G ov
ernm ent Chem ical Laboratory, Brisbane; Sigm a 
(Pharm aceuticals) Pty Ltd, M elbourne; Sterling  
Pharm aceuticals Pty Ltd, Sydney; U n iversity  of 
Q ueensland, Department of Pharmacy, Brisbane; 
Upjohn Pty Ltd, Sydney; Victorian C o llege of 
Pharmacy, D epartm ent o f Pharm aceutics, M el
bourne; and W estern Australian State H ealth  
Laboratory Services, Perth.

References
(1) British Pharmacopoeia (1973) H er Majesty's Stationery 

O ffice, L ondon , UK, pp. 44, 229, 230
(2) Lea, A. R., K ennedy , J. M., & Low, G. K.-C. (1980) 

/. Chromatogr. 198, 41-47
(3) Y ouden, W. J., & S teiner, E. H. (1975) Statistical 

Manual of the AOAC, AOAC, A rlin g to n , VA



Separation and Characterization of Standard Propoxyphene 
Diastereomers and Their Determination in Pharmaceutical 
and Illicit Preparations
SHIV K. SONI and DANIEL VAN GELDER
Baltimore City Police Department, Laboratory Division, Baltimore, MD 21202

SO N I & VAN GELDER: J. ASSOC. OFF. ANAL. CHEM . (VOL. 64, N O . 4, 1981) 875

D ue to th e  ex istence o f 2 asy m m etric  ca rbon  a tom s in  
th e  p ro p o x y p h e n e  m o lecu le , th e re  are  4 d ia s te re o 
m ers: a lp h a  d ex tro , a lp h a  levo , b e ta  d ex tro , a n d  b e ta  
levo. O n ly  a -d -p ro p o x y p h e n e  is in c lu ded  u n d e r  th e  
fed e ra l C o n tro lle d  S u b stan ces Act. B aseline se p a 
ra tio n s  o f  p ro p o x y p h e n e  fro m  v a rio u s  in c ip ie n ts  
(a sp ir in , ca ffe in e , p h e n a c e tin , an d  ac e ta m in o p h en ) 
p re se n t in  p h a rm ac eu tic a l an d  il l ic it  p re p a ra tio n s , 
a n d  b e tw ee n  th e  a lp h a  a n d  b e ta  d ia s te reo m ers , w ere 
ach iev ed  b y  h ig h  p re ssu re  l iq u id  ch ro m a to g rap h y . 
T h e  c o lu m n  e lu a n t w as co llec ted  a n d  p ro p o x y p h e n e  
w as ex trac ted . T h e  o p tic a l iso m ers  w ere  d if fe re n 
tia te d  a n d  ch a rac te rized  b y  m e ltin g  p o in ts  a n d  b y  
ch em ica l m ic ro c ry s ta llin e  tests . U sin g  h o t stage 
th e rm o m ic ro sc o p y , th e  eu tec tic  m e ltin g  p o in ts  o f 
b in a ry  isom eric  m ix tu res  o f p ro p o x y p h en e  bases an d  
sa lts  w ere  fo u n d  to  be d ep ressed  a b o u t 10° a n d  15- 
30°C , re sp ec tiv e ly , b e lo w  th e  in d iv id u a l iso m er 
m e ltin g  p o in ts . T h e  ch a ra c te ris tic  m ic ro cry sta ls  
fo rm ed  w ith  th e  a lp h a  racem ic m ix tu re s  b y  u s in g  a 
g ly c e rin -a q u e o u s  go ld  c h lo r id e  re a g e n t w ere  n o t 
p ro d u c ed  b y  th e  b e ta  racem ic m ix tu res .

O f the 4 isom ers o f p ro p oxyp h en e, o n ly  
a -d -p ro p o x y p h en e , a -d -4~ (d im eth y lam in o)-
3 -m eth y l-l,2 -d ip h en y l-2 -b u tan o l propionate, is 
inclu d ed  under the federal C ontrolled  Sub
stances Act, and it is this diastereom er that is the 
w id e ly  prescribed drug for re lief o f m oderate  
pain. The p ro poxyp hene m olecu le has 2 asym 
metric carbon atoms, w hich  leads to the existence 
o f 2  pairs o f optical isom ers, called alpha (d  or l) 
and beta (d  or /) (w here d indicates dextro and l 
indicates levo  isom ers). The (3 (d or l) isom ers 
have no p h ysio log ica l effect (1); the a - l  isom er  
has important antitussive properties (2 ), but only  
the a -d -p rop oxyp h en e isom er possesses anal
gesic properties (3, 4).

a -d -P ropoxyphen e is m anufactured (Eli L illy  
and Co. is the major m anufacturer) in  a variety  
of dosage form s, both w ith  and w ith ou t other  
analgesic com p onents. This laboratory has re
ceived m any subm issions of this drug in the form  
of com m ercial tablets, capsules, or sim p ly  w h ite  
pow ders.

After separation and d etection  o f propoxy
p h en e in  these com m ercial and illic it prepara
tions, on e o f the ch a llen ges facing the forensic  
chem ist is to p ositiv ely  determ ine if the on e

federally  controlled  isom er o f the 4 possib le  
isom ers is present. The unequivocal answ er to 
th is question  has not been  presented  in  th e lit
erature, a lthough  several m ethods, such  as th in  
layer chromatography (5), spectrophotom etry (6 , 
7), gas chromatography (GC) (8-10) and GC-mass 
spectrometry (MS) (11), or a com bination o f these  
techniques, have been  reported for the qualita
tive and quantitative determ ination  o f pro
p oxyp h en e in  b io log ica l sam ples. A ll o f these  
m ethods have the disadvantages o f b ein g  either 
tim e-consum ing, cum bersom e, or both, and lack 
sp ecific ity  for d etec tin g  a -d -p rop oxyp h en e. 
A b ove all, no  attem pt w as m ade in  these stu d ies  
to d ifferentiate and characterize the propoxy
p h en e diastereom ers. R ecently on e stu dy has 
appeared ( 12 ) concern ing techn iques for deter
m in in g  a-d-prop oxyph ene. The present in 
vestigation  w as undertaken to system atically  
characterize and differentiate prop oxyp h en e  
isom ers in  se ized  pharm aceutical preparations 
and illic it pow ders o f sm all quantity w ith ou t  
prior extraction and purification, a procedure 
that has been  practiced in  our laboratory for 2 
years.

We have used reverse phase h ig h  pressure 
liqu id  chrom atography (HPLC) to id en tify  and  
separate a- and /3-propoxyphene from each other 
and from incip ients present in the sam ple. The 
eluant from the colum n, after extraction, may be 
used to iden tify  propoxyphene (e.g., by GC-M S) ■ 
a n d /o r  further characterize the specific optical 
isom er present by m icrochem ical tests or by 
m ixed m eltin g  p oin t determ inations. To d if
ferentiate the dextro and lev o  isom ers, th e m i
crocrystalline tests o f Clarke (13 ,14) and Fulton
(15) for a -d /-p rop oxyp h en e w ere app lied  to the  
eluant or the raw sam ple m ixed  w ith  standard  
isom ers. A lternatively , the eluant or a sam ple  
extract w as crystallized, and m ixed  m eltin g  
points w ith  standard optical isom ers w ere m ea
sured by therm om icroscopy.

M ETH O D
A p p a r a tu s

(a) High pressure liquid chrom atograph .— Waters 
A ssociates (M ilford, MA 01757) eq u ipped  w ith
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M odel 660 so lven t program m er, M odel 6000A  
delivery system, M odel U 6K injectors, M odel 440 
fixed  w a velen gth  (254 nm ) detector connected  
in  series w ith  M odel 450 variable w a velen gth  
detector operated at 257 nm  and used  in  con 
junction w ith  10 mV recorder (H ouston  Instru
m ent, A u stin  TX 78753). F low cells each w ith  
flu id  vo lu m e o f 8 p L .

(b) H P L C  p r e p a c k e d  c o lu m n s . — 150 m m  X 4.6 
mm id, 5 p m  particle size, Supelcosil LC-18 (Su- 
pelco, Inc., B ellefonte, PA 16823), or pBondapak 
Cis (Waters Associates), 300 mm X 3.9 mm id, 10 
p m  particle size.

(c) P o la riz in g  m icro sco p e .—Leitz Labolux Pol-D  
equ ipped  w ith  10X, 25X, and 40X objectives,
N . A .0.90 condenser, com bination binocular ob
servation -p h otograp h y tube, Leica M Da 35m m  
camera, and Kodak ASA 32 Panatom ic-X film  
(d eve lop ed  in  Kodak P olydol at 70°F).

(d) H o t  s ta g e .— M ettler FP-2. Tem perature 
range 20-300°C ; h ea tin g  rates 10, 2, and
O. 2 °C /m in .
R e a g e n ts

(a) H P L C  s o l v e n t s .— M ethanol (HPLC grade, 
Fisher Scientific Co.), acetonitrile (HPLC grade, 
Waters Associates), d istilled  water. Filter all 
so lven ts through 0.45 p m  M illipore filters.

(b) H P L C  b u f f e r s .— 0.01M  tetrabutylam m o- 
nium  hydroxide (Eastman Kodak Co.) adjusted  
to pH  7 w ith  85% phosphoric acid, or 0.01M  d i
basic am m onium  phosphate (Baker A n alyzed  
R eagent) adjusted to pH  7 w ith  85% phosphoric  
acid, for use w ith  /xBondapak C is colum n, or in  
com bination w ith  0.01% N ,N -d im eth y loctad e- 
cylam ine (Eastman Kodak Co.), for use w ith  Su
pelcosil LC-18 colum n, all filtered  throu gh  0.45 
/urn M illipore filters.

(c) H P L C  m o b ile  p h a s e .— M ethanol or acetoni
trile com bined w ith  HPLC buffers as specified  
in  figure legen d s. So lven ts and buffers were  
m ixed autom atically in  reference m anifold  o f 
M odel 6000A pum p according to so lven t pro
gram m er conditions.

(d) S a m p le  s ta n d a r d s .—Supp lied  by Eli L illy  
and Co. (Indianapolis, IN  46206): a-d-propoxy- 
phene.H C l, a -i-p rop oxyp h en e napsylate (2- 
naphthalene sulfonate), /3-d/~propoxy phene. HC1. 
Purchased from  local suppliers: Darvon®, H03 
(Lilly), 65 m g a-d-prop oxyp h en e.H C l, USP. 
D arvon w ith  A.S.A.®, H 04 (L illy), 65 m g  
«-d-propoxyphene.H Cl, USP and 325 m g aspirin.
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Wygesic®, 85 (W yeth Laboratories, Philadelphia, 
PA 19101), 65 m g a-d-p rop oxyp h en e.H C l and  
650 m g acetam inophen. Darvon Com pound-65, 
H06 (Lilly), 65 m g a-d-propoxyphene.H C l, USP 
w ith  227 mg aspirin, 162 mg phenacetin, and 32.4 
m g caffeine. Darvon-N®, C53 (Lilly), 100 m g  
a-d -p rop oxyp h en e napsylate, NF; D arvon-N  
w ith  A.S.A., C54 (Lilly), 100 m g a-d-propoxy- 
p h en e napsylate, NF and 325 m g aspirin. Dar- 
vocet-N® 50, C51 (Lilly), 50 m g a-d-prop oxy- 
phene napsylate, NF and 325 m g acetam inophen. 
Novrad®, H14 (Lilly), 100 m g «-/-propoxyphene  
napsylate, NF.

(e) Gold chloride microcrystal test reagent. — 
D isso lve  1 g com m ercially available go ld  ch lo 
ride, H AuCl4.3H 20 , in solution o f 2 mL glycerin  
and 18 mL water.

(f) Melting point standards.— M ettler T herm o
m etric Standards: n aph thalene (m p 80.25 ±
0.05°C), adipic acid (mp 151.40 ±  0.05°C), 2- 
chloroanthraquinone (mp 209.00 ±  0.05°C), and  
anthraquinone (mp 284.50 ±  0.05°C).

(g) Extraction reagents.— H exan es (Fisher  
Certified reagent), b en zen e (Fisher Certified  
ACS), chloroform  (Baker A n alyzed  Reagent), 
sodium  bicarbonate (Baker A n alyzed  Reagent).
H P L C  D e te r m in a t io n

T horoughly  shake 35 m g Darvon (H03) p o w 
der, 135 m g Darvon C om pound-65 (H 06) p o w 
der, 88  m g crushed tablet o f Darvocet-N  50 (C51) 
(after rem oving red coating), or 50-100 m g illicit  
pow d er w ith  1 mL solven t. Water w as u sed  to 
advantage as so lven t to d isso lve  h ydroch loride  
salts o f p ropoxyp hene present in  com m ercial 
preparations; m ethanol was the solvent of choice 
for napsylate salts. Centrifuge sam ple solutions  
and then  pass through 0.45 p m  M illipore filters  
before injection onto colum n.

Inject 3 p L  clear sam ple so lu tion  w ith  m obile  
phase flow  rate o f 1 m L /m in  through Supelcosil 
LC-18 colum n or w ith  flow  rate o f 2 m L /m in  
through /uBondapak C is colum n. U se 5 m m / 
m in chart speed . U se sen sitiv ity  o f 0.1 absorb
ance u n it fu ll scale (AUFS) u n less o therw ise  
specified . Operate HPLC colum ns at am bient 
tem perature.

C olum n eluant m ay be co llected  to recover 
pure propoxyphene for further characterization  
by GC-M S, m ixed m eltin g  p oints, or m icrocrys
talline tests. Increase injection load 4 to 5 tim es 
and air-dry eluant to elim inate organic solven t. 
Make resu lting aqueous solu tion  basic (pH  8 ) 
w ith  NaH CO s and extract tw ice w ith  an equal 
vo lu m e o f hexanes. Evaporate hexanes layer to 
dryness to obtain crystals as detailed  below .
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A l t e r n a t i v e  S a m p le  E x tra c tio n  a n d  
P r e p a r a tio n

(a) S e p a r a tio n  o f  p r o p o x y p h e n e  s a l ts  f r o m  in e r t  
e x c ip ie n ts  in  s in g le  c o m p o n e n t  c o m m e rc ia l  d o sa g e  
fo r m s  (e . g D a r v o n ,  H 0 3 ; D a r v o n - N , C53).— Shake 
pow der or V3 crushed tablet (after rem oving  
colored coating) w ith  CHCI3, filter through cot
ton or Whatman No. 1 paper to exclude excipient 
inso lu b les, and then  evaporate on  a steam  bath 
until crystals form.

(b) P r e p a r a tio n  o f  p r o p o x y p h e n e  base f r o m  p r o 
p o x y p h e n e  sa lts  or f r o m  p r o p o x y p h e n e -a c e ta m in o p h e n
2 -c o m p o n e n t  c o m m e rc ia l  d o sa g e  f o r m s .—Shake 
pow d er or l/3 crushed tablet (after rem oving  
colored coating) in  about 60 tim es its w e ig h t of 
water, make solution  basic (pH 8 ) w ith  NaHCC>3 
and extract w ith  an equal vo lu m e o f hexanes. 
Evaporate hexanes layer to dryness in  60-65  °C 
water bath to obtain base crystals.

(c) P r e p a r a tio n  o f  p r o p o x y p h e n e  ba se  f r o m  p r o 
p o x y p h e n e - a s p i r in , p r o p o x y p h e n e - A P C  m u l t i c o m 
p o n e n t  c o m m e rc ia l  d o sa g e  f o r m s ,  o r  f r o m  i ll ic it  p o w 
d e r s .—(E. L. G undy and A. E. K em ppainen, 
M ichigan State Police Laboratory, H olland , MI, 
1979, private com m unication.) Shake ca 300 mg 
pow der or V3 crushed tablet (after rem oving  
colored coating) in ca 25 mL 0.5N HC1, w ash w ith  
three 25 mL portions o f b en zen e  (or use 0.5N  
H 2SO4 and CHCI3 to avoid use o f benzene), filter 
aqueous solution through Whatman No. 1 paper, 
make so lu tion  basic (pH  8 ) w ith  NaHCC>3, and  
extract w ith  an equal vo lu m e o f hexanes. 
Evaporate hexanes layer to dryness in  60-65  °C 
w ater bath to obtain base crystals.

(d) P r e p a r a t io n  o f  p r o p o x y p h e n e .H C l  f r o m  
b a s e .—D isso lve  p ro poxyp hene base in  hexanes  
(or retain h exanes layer from  previous extrac
tion), bubble HCl vapors through hexanes layer 
to precipitate hydroch loride salt crystals, cen 
trifuge, discard hexanes layer, w ash  tw ice w ith  
hexanes, and dry at 100-120°C  to separate crys
tals from  o ily  uncrysta llized  form.

(e) R e c o m m e n d a tio n s  to  a id  in  c r y s ta l l iz a t io n . — 
Evaporate a - d - ,  a - l - ,  or (3-propoxyphene base 
so lu tion s in  hexanes w ith  heating b elo w  the  
m eltin g  point to crystallize. Heat o ily , uncrys
tallized m other liquor that propoxyphene tends 
to form  from so lu tion  to produce crystals. 
C oolin g  at 4°C  crystallized  the (3 -d l-propoxy
p h en e base.
M ic r o c r y s ta l  T e s ts

Place representative 0.1-0.2 m g portion (about 
the am ount necessary to fill a sm all typew riter  
"o" w ithout piling) of propoxyphene test sample 
pow der or tablet contents on  each of 3 clean  m i

croscope slides. To on e o f these s lid es add an 
equal am ount o f pow dered  sam ple standard of 
a-d -prop oxyph ene, to a second add a s ligh tly  
greater amount (0.2-0.3 mg) of pow dered sam ple 
standard of a -/-p rop o xyp h en e (e.g., N ovrad, 
H I4) and mix w ith  clean glass rod. Add nothing  
to third slide. To fourth clean glass slid e, add 
0 .1- 0.2  m g portion of powdered sam ple standard 
o f a-d-prop oxyp h en e and 0 .2 - 0 .3 m g o f p o w 
dered sam ple standard of «-/-propoxyphene and  
mix w ith  clean glass rod. To sam ples on  the 4 
slides, add 1 drop o f go ld  ch loride m icrocrystal 
reagent solu tion , w ith ou t stirring.

Let stand w ithout cover slip  for crystallization  
to occur. At intervals, exam ine each slide's drop 
contents under m icroscope (at 100-150X; then  at 
ca 300X for confirm ation) for form ation o f 15-50 , 
p m  e longated  m icrocrystals, in itia lly  near edge. 
Under 100-150X m agnification these appear tiny  
(length  ca V100-V30 of the diam eter o f the field  of 
v iew ), in groups b etw een  am orphous precip i
tates and pow der excip ient particles. Disregard  
larger crystal formations (e.g., blades or needles). 
N ote crystals form ed and com pare those on  test 
sam ple s lid es w ith  those form ed on  standard  
sam ple s lid e and w ith  photom icrographs. D e
term ine isom er present in  test sam ple by com 
parison of m icrocrystals on 3 sam ple s lid es w ith  
those on standard sam ple slide.
T h e r m o m ic r o s c o p y

(a) P re p a r a tio n  o f  s ta n d a r d  m e l t in g  p o in t  c r y s 
t a l s .— Extract and prepare a - d -  and «-/-p rop o x
yp h en e  base, hydrochloride, and napsylate  
crystals from  com m ercial USP or NF dosage  
form s (e.g., D arvon, H03; N ovrad, H14) accord
in g  to procedures (a )-(d ), above.

(b) H o t s ta g e  ca lib ra tio n . — M elt crystals of each 
Mettler Thermometric Standard substance on hot 
stage slid e w ith  cover glass according to pre
scribed procedures to calibrate digital scale 
readings over am bient to 300°C  range.

(c) M e l t in g  p o in t  m e a s u r e m e n ts .— Place a few  
crystals, 0.1  m g of test sam ple (obtained from  
HPLC or by alternative extraction procedures), 
on each o f 3 d ea n  glass hot stage slides. To 2 o f  
these slides add, respectively , an approxim ately  
equal am ount of the standard a - d  and a - l - pro
poxyphene crystals of the same salt or base. Mix 
w ith  glass rod, and label. A dd cover glass to 
each of the 3 sam ple s lid es and g en tly  crush by 
rotating w ith  light pressure until crystals are just 
of d istin gu ish ab le size under 100X -150X  m ag
nification. Replace each cover glass w ith  a clean 
one. Successively place each of the 3 test sample 
slid es in  hot stage at ca 15-20°C  b e lo w  expected
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Table 1. Melting points and eutectic melting points of isomers of propoxyphene bases and common salts

Compound
Melting point, °C Eutectic melting point, °C

d-lsomer /-Isomer Mixed d- and /-isomers
«-Propoxyphene base 73-75 73-75 62-64
a-Propoxy phene. HCI 165-167 165-167 131-1333
a-Propoxyphene napsylate 158-160 158-160 141-143
/3-Propoxyphene base — — 41-43b
/3-Propoxyphene. HCI — — sublimes 165-201c

a If recrystallized from solution, mp 163°-168°C. 
b Apparent eutectic mp of recrystallized racemate. 
c Final melting at 199°-201 °C.

m elting point or eutectic m elting point, and heat 
at rate o f 2 ° /m in . C lose to expected m elting  
point change to slow er heating rate o f 0 .2 ° /m in . 
O bserve crystals through m icroscope at 100X - 
150X and record m eltin g  point and m ixture 
m elting points. Compare m elting points of test 
sam ple and one o f the m ixtures, and eutectic 
m eltin g  point (tem perature o f first m elting) of 
other m ixture w ith  Table 1. D eterm ine pro
p oxyphene isom er present in test sam ple as that 
com plem entary to standard isom er in  eutectic  
m eltin g  mixture.

R esu lts and D iscu ssion
H P L C  S e p a r a t io n s  a n d  I d e n t i f i c a t i o n

In the m obile phase m edium , the UV absorp
tion spectrum  of p ro poxyp hene sh ow s 3 major 
peaks, at 251, 257, and 264 nm . The iden tifica
tion o f standard p ro poxyp hene and the pro
poxyphene present in the com m ercial and illicit 
preparations w as based on  the retention  tim es 
and the ratios of the absorbance peak h eigh ts at 
254 and 257 nm  (w here 254 nm  is a fixed w a ve
len g th  on  on e UV absorbance detector). The 
selection  o f 257 nm  on the other U V -visib le d e
tector was due to the maximum absorbance at this 
w a velen gth . The absorbance ratios o f a -  and 
/3-propoxyphene isom ers lie in  the range 0 .91-  
0.92. The absorbance ratios o f standard solutions  
of aspirin, phenacetin , caffeine, and acetam ino
p hen  are 1.45, 1.92, 0.91, and 1.48, respectively . 
These absorbance ratios, w h ich  sup p lem en t re
tention  tim es as m eans o f iden tification , can be 
m easured w ith  great accuracy and reproduc
ibility (16). Additional identification parameters 
(other absorbance ratios) can be obtained by re
cording chrom atogram s at w a velen gth s other 
than 257 nm  on the variable w a velen gth  d etec
tor. This m axim izes the probability o f d istin 
g u ish in g  propoxyp hene from  another com 

pound in an unkn ow n illicit sam ple, w h ich  may 
elu te w ith  the sam e retention  tim e (17).

Two organic solven ts, m ethanol or aceton i
trile, m ixed w ith  the appropriate buffer at pH  7, 
w ere used to ach ieve baseline separations o f  
propoxyphene hydrochloride or napsylate from  
various incip ients (aspirin, caffeine, phenacetin , 
and acetam inophen) present in  the com m ercial 
pharmaceutical preparations, and o f the a  and /3 
diastereom ers as w ell. The reverse phase co l
um ns used differed only in the particle size of the 
packing, 5 p m  (Supelcosil LC-18) or 10 p m  
(yuBondapak Cjs). The results o f all the separa
tions under conditions studied in  this in v esti
gation  are sum m arized in  Table 2. A ll o f the 
in cip ien ts elu te very close to vo id  vo lu m e and  
thus are w e ll separated from propoxyphene. As 
expected, the optical isomers of a -  and the optical 
isom ers o f /3-propoxyphene elu te w ith  the sam e 
respective retention  tim es. Figures 1 and 2 are 
representative chrom atogram s obtained by the  
use o f the 2 d ifferent m obile phases The tetra- 
butylam m onium  phosphate solu tion  in  the m o
b ile phase could be replaced by am m onium  
phosphate at the sam e pH  w ith  essen tia lly  no  
difference in  resolution or retention tim e (Table 
2). The com position of the m obile phases Cj and  
C2 used w ith  /¿Bondapak Q g  are quite sim ilar to 
a2 and a lr respectively , used  w ith  Supelcosil 
LC-18. The corresponding retention tim es w ith  
these reverse phase co lum ns are in  the sam e 
range, and sh ow  the same trend of analytical 
separations.

A p plied  on ly  to a crude syn th etic  m ixture, 
Souter (18) reported chromatographic separation 
of a  and /3 diastereom ers usin g  a Varian M icro- 
Pak N H 2 10 p m  (weak ion  exchanger) colum n  
w ith  a m obile phase of 30% d ieth y lam in e in  
hexane. H ow ever, the elu tion  pattern o f these  
diastereom ers is the sam e as has b een  fou n d  in  
the present in vestigation  usin g  reverse phase  
colum ns.
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F igure 1. (a) S e p a ra tio n  of s ta n d a rd  a  a n d  f) d ias te reo m ers: a -d -p ro p o x y p h e n e  (1), (8-d f-p ro p o x y p h e n e  (2),
an d  th e  m ix tu re , (b) C h ro m a to g ram s of D arv o n  C o m p o u n d -6 5  in  aq u e o u s  so lu tio n  (left) an d  D arvo cet-N  
50 in  m e th a n o l (rig h t); AUFS = 1 fo r  f irs t 5 m in . M o b ile  p h ase  68% a c e to n itr ile  w ith  te tra b u ty la m m o n iu m  

p h o sp h a te  b u ffe r  (pH  7); S u p e lco sil LC-18 co lu m n .

Thermomicroscopy
The use o f a m icroscope stage that can be pre

cisely  heated  for the characterization and id en 
tifica tion  o f dru gs, in c lu d in g  a -p ro p oxy-  
p h en e.H C l, has been  described by Kuhnert- 
Brandstatter (19) and M cCrone (20). Eutectic 
m eltin g  p oin ts o f binary m ixtures of drugs w ith

know n substances are used in standard analytical 
id en tification  procedures (21). In this in v esti
gation , the binary eutectic m eltin g  points o f ra
cem ic m ixtures o f the optical isom ers o f « -p ro 
p oxyp h en e base and com m on salts have been  
m easured to differentiate the in d iv id u a l optical 
isom ers. The m eltin g  points o f th e in d iv id u al

Table 2. Retention times (min) on 2 columns of standard propoxyphene diastereomers and of a-d-propoxyphene and
excipients present in pharmaceutical preparations

Supelcosil LC-18, 5 ¡xm, 
150 X 4.6 mm id column

fxBondapak Cis, 10 fxm, 
300 X 3.9 mm id column

Sample Solv. a i3 * * Solv. a23 Solv. b !6 Solv. b26 Solv. C i c Solv. C2c
a-d-Propoxyphene 10.3 6.3 10 5 6.7 5.9 —

ß-d/-Propoxyphene 11.9 8.0 12.4 8.2 6.9 —
Darvocet, C63

a - d -  Propoxyphene 10.4 6.4 10.5 6.7 6.0 —
Acetaminophen 2.8 1.8 2 2 2.0 2.5 —

Darvon, H06
cv-d-Propoxyphene 10.3 6.4 10.4 6.8 5.9 9.5
Aspirin, caffeine 1.9 1.7 2.0 1.9 1 2.1, 1.5
Phenacetin 2.4 2.1 2.4 2.2 1.8 2.8

3 0.01 M solution of tetrabutylammonium phosphate (pH 7) with 75% methanol (ai) or with 68% acetonitrile (a2 )■

b 0.01 M solution of ammonium phosphate (pH 7) with 75% methanol (bi) or with 68% acetonitrile (b2).
c  0.01 M solution of tetrabutylammonium phosphate with 60% acetonitrile (Ci) or with a linear increasing concentration

of methanol from 50 to 80% (C2) at 5%/min.
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Figure 2. (a) S ep ara tio n  of s ta n d a rd  a an d  ft d ias te reo m ers: a -d -p ro p o x y p h e n e  (1), /8-d i-p ro p o x y p h e n e
(2), and  th e  m ix ture , (b) C hro m ato g ram s of D arvo n  C om pound-65  in  aq u eo us so lu tio n  (left) and  D arvocet-N  
50 in  m e th a n o l (rig h t); AUFS = 1 fo r f irs t 5 m in . M o b ile  p h ase  75% m e th a n o l w ith  te tra b u ty la m m o n iu m  

p h o sp h a te  b u ffe r  (pH  7); S u p e lco sil LC-18 co lu m n .

optical isom ers of the purified a-p rop oxyp h en e  
salts in  available dosage form s have also been  
m easured and agree w ith  accepted values (2 2 , 
23). In addition , the m eltin g  behavior of 
/3-d l-propoxyphene base and /3-d/-propoxy- 
phene.H C l has b een  studied to further charac
terize the disparity b etw een  the a -  and /3-pro- 
poxyphenes. The results are presented in Table 
1. The m ixtures o f the 2 optical isom ers of 
a-p ro p oxyp h en e bases and salts form eutectics  
w h en  prepared as described. The m elting point 
of either isom er is depressed upon the addition  
of the other, so that m elting begins at the eutectic 
tem perature. A ddition  o f the sam e isom er to a 
test sam ple isom er produces, o f course, no 
change in the m eltin g  point. Standard crystals 
extracted and prepared from the commercial USP 
or NF p ro poxyp hene standard sam ples listed  
served n ice ly  as m eltin g  point standards w ith  
suffic ient purity. The illic it p ropoxyp hene- 
conta in ing pow ders encountered  by th is labo
ratory have been successfully purified by HPLC 
elu tion  or by the alternative extraction proce
dures outlined above, as revealed by the expected  
sharp m eltin g  points obtained.

The m easured eutectic m eltin g  point of 
131-133°C for a-d /-propoxyphene.H C l found in  
this investigation using a physical mixture of dry

pow ders of the individual isom ers as prescribed 
in the procedure is in the expected range for 
eutectic m eltin g  point depressions at these tem 
peratures (19). Pohland and Sullivan  (1) report 
the m eltin g  point of the racemic salt, a - d l - pro
poxyphene.H C1, recrystallized from  so lu tion  at 
170-171°C . The absence o f a eutectic m eltin g  
point was confirm ed in  this laboratory on  a 
crystallized m ixture of a -d -  and a-/-propoxy- 
phene.H C l, fo llo w in g  their procedure. The 
form ation o f a racemic m ixed crystal is thus in 
dicated (24). The m elting characteristics of such 
a so lid  solu tion  d ep end  on  the precise isom er  
ratio in the recrystallized m ixture. Our results 
sh ow  a range o f m eltin g  points from  163° to 
168°C, d ep en d in g  on the m ixture ratio. The 
sm all d ifference b etw een  the m ixed crystal 
m elting point and the individual isom er m elting  
p oin t (165-167°C ) may make the m easurem ent 
of the form er not analytically useful. The eu 
tectic m eltin g  point of the dry m ixture o f the  
sam e isom ers, as recom m ended in  this study, is 
about 30° b elo w  the m eltin g  p oin t o f the in d i
vidual isom ers, and the m eltin g  dep ression  is 
readily recognized.

A m easurem ent of a eutectic m eltin g  p oin t of 
/3-d/-propoxyphene.H C l w as in con clu sive  be
cause the sam ple sublim ed over the approximate
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F ig ure  3. P h o to m ic ro g rap h  (120X) of th e  charac- F igure  4. P h o to m ic ro g rap h  (310X) o f th e  ch a rac
te ris tic  a -d f-p ro p o x y p h e n e  m ic ro cry s ta ls  in  g o ld  te ris t ic  a -d /-p ro p o x y p h e n e  m ic ro cry s ta ls  in  g o ld  

ch lo r id e  reag e n t as th e y  f irs t  ap p ear. ch lo r id e  reag en t: ty p ic a l e a rly  fo rm s.

range 165-201 °C. Final m eltin g  occurred at 
201°C.
Microcrystal Tests

The m icrocrystal test for racemic a-propoxy- 
p h en e has b een  applied  to the crystals from  the  
HPLC, com m ercial tablets, capsule contents, and  
to illic it p ow ders com prised o f the base or the  
different salts o f the drug in  com bination  w ith  
various adjuncts. Practical application o f this  
test by laboratory chem ists is o ften  in h ib ited  
because the microscopic field o f v iew  is cluttered  
by excipients and am orphous precipitates, w hich  
mask the sm all characteristic microcrystals. The 
sm all quantity o f pow d er m aterial used for the  
test, perm itted by its sensitivity, avoids cluttering 
the fie ld  o f v iew . Extraction in  chloroform  (ex
traction procedure (a) above) m ay also be used. 
Fulton's go ld  chloride reagent form ulation w ith  
glycerin  w as ch osen  to perm it additional v ie w 
in g  tim e before evaporation. Figures 3 -6  are 
p resented  to aid in  the recogn ition  o f a p ositive  
test, the several sp ecific shapes o f m icrocrystals 
produced by a -d l-  propoxyphene, as accepted by 
th is laboratory.

U n der 100-150X  m agn ification  these crystals 
first appear as tin y  short th in  rods, but h igh er

<  /
'

J '

J

-----(-50jl jf

F igure  5. P h o to m ic ro g rap h  (310X) o f th e  ch a rac
te ris tic  a -d /-p ro p o x y p h e n e  m ic ro cry sta ls  in  g o ld  

c h lo r id e  reag en t: ty p ic a l m a tu re  fo rm s.
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F igure 6 . P h o to m ic ro g rap h  (500X) of th e  charac
te ris tic  a -< i/-p ro p o x y p h en e  m ic ro cry s ta ls  in  g o ld  

ch lo r id e  reag en t: ty p ic a l m a tu re  fo rm s.

m agnification  or s ligh tly  lon ger grow in g  tim e  
reveals the distinct forms. Each o f the standard 
commercial preparations of propoxyphene listed  
under R eagents, w h ich  represent th e presently  
available dosage form s, as w e ll as other com 
m ercial brands o f p ro poxyp hene preparations 
(not listed) and unp u rified  illic it pow ders re
ce ived  by th is laboratory, produced these char
acteristic racemic crystals w h en  tested as d e
scribed.

M icrocrystals form ed by ca ffeine (n eed les) or 
acetam inophen (opaque burrs) in propoxyphene  
preparations, as w e ll as by the s in g le  alpha op 
tical isomers alone (needles), are m uch larger and 
different in  shape from those for racemic forms, 
and are rapidly distinguished . For the test, on ly  
microcrystals form ed w ith in  about 30 m in should  
be considered , because thereafter a-d-propoxy- 
p h en e napsylate has som etim es produced a few  
scattered m icrocrystals resem bling the racemic 
ones.

The fundam ental com parison nature o f the  
microcrystal test, as em phasized by K oles (25), is 
em bodied  in  the testin g procedures described. 
The test sam ple s lid e d isp lay in g  th e racemic 
m icrocrystals like those on  the standard slid e (of 
m ixed a -d - and « -/-p rop oxyp h en e) is noted , 
alon g w ith  the standard isom er added. A  test

sam ple con ta in in g  one alpha isom er w o u ld  
produce th e characteristic m icrocrystals o f a ra
cem ic m ixture o n ly  on  the slid e to w h ich  the  
other alpha isom er w as added. S ligh t m orpho
logical differences in  the racemic crystals caused  
by the age o f the reagent or other factors w o u ld  
sh ow  up on  the standard a -d l-  p ropoxyp hene  
slid e  as w e ll as on  the test sam ple s lid es w ith  
w h ich  it is to be compared.

The ex ten sion  o f th is test to /3-propoxyphene, 
not generally available for comparison purposes, 
appears to increase its specificity, and is therefore 
o f interest to its users. In com bination  w ith  e i
ther alpha isom er or by itself, our sam ples o f pure 
/3-d/-propoxyphene hydroch loride or base did  
not produce the characteristic racem ic m icro
crystals w ith  the go ld  ch loride reagent. The 
form ation o f the characteristic racem ic « -p ro 
p oxyp h en e m icrocrystals on  the addition  o f a 
standard a -isom er pow der to an u n k n o w n  iso 
m er of propoxyphene therefore strongly im plies 
that the u nkn ow n is the other alpha isom er, and  
not a beta isom er, i.e., that the test is specific for 
a-d /-prop oxyph ene.

Conclusions
The m ethodology described for differentiating  

and characterizing a-d-prop oxyp h en e in  sm all 
sam ples is sim ple and specific. It has been  sys
tem atically applied  to standard dosage form s 
representative o f all o f the m ixtures o f a-d-pro- 
p oxyp h en e w ith  and w ith ou t agents and excip 
ien ts p resently  available, as w e ll as to the illic it  
pow ders received  by this laboratory.

H igh  pressure liqu id  chrom atography w as 
u sed  to separate and characterize the a lpha and  
beta diastereom ers in  the sam ple. The optical 
isom ers o f a -p rop oxyp h en e have b een  d iffer
entiated  and characterized by 2  m ethods, ther
m om icroscopy and m icrocrystal tests. T hese  
procedures are exped itiou s w h en  the standards 
are prepared beforehand.

The procedures described applied  to a test 
sam ple to id en tify  the diastereom ers present 
co llec tiv e ly  contribute s ign ifican tly  to the  
characterization o f p ropoxyp hene itself. It ap
pears very unlikely that another substance w ould  
be found  that produces th e sam e results as 
a-d-prop oxyp h en e. N everth e less, stu d ies are 
co n tin u in g  in th is laboratory on  G C -M S and  
further therm om icroscopic characterization o f 
propoxyp hene.
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Mass Spectral Quantitation of Cocaine HC1 in Powders
CHARLES C. CLARK
Drug Enforcement Administration, Southeast Regional Laboratory, Miami, FL 33166
G as-liq u id  c h ro m a to g rap h y  (GLC) u s in g  a m ass 
sp ec tro m e te r  (M S) as a d e te c to r  is  u sed  fo r th e  q u a n 
tita tiv e  d e te rm in a tio n  of cocaine HC1 in  p o w d ers . 
A fter th e  sam ple  is d isso lv ed  in  m e th an o l co n ta in in g  
d eu te ra ted  cocaine HC1 in te rn a l s ta n d a rd , an  a liq u o t 
is in jec ted  in to  th e  G LC -M S sy stem  w ith  th e  m ass 
sp e c tro m e te r o p e ra tin g  in  th e  scan m o d e. T h e  co
ca ine HC1 co n c en tra tio n  is ca lcu la ted  fro m  th e  
303/308 m /e  ra tio . T he p ro c ed u re  has a re la tiv e  d e 
v ia t io n  of ap p ro x im a te ly  2.3% an d  is  ap p lic a b le  to 
sam ples  c o n ta in in g  a w id e  v a rie ty  o f d ilu e n ts  and  
ad u lte ra n ts .

The use of a mass spectrometer (MS) as a sensitive  
detector in  gas-liquid chromatography (GLC) has 
been increasing in forensic laboratories in  recent 
years. The mass spectrom eter has excellen t 
sensitivity, and the spectrum produced is usually  
su ffic ien t for the iden tifica tion  of the eluted  
com pound. U nder certain conditions the mass 
spectrometer can also be used to g ive quantitative 
inform ation.

. A bused substances w h ich  have been  quanti
tated by GLC-MS in clu d e p h en cyc lid in e (1, 2), 
am phetam ine (3, 4), cod ein e and m orp hine (5), 
tetrahydrocannabinol (6 , 7), and heroin (8 ). The 
procedures for the quantitation o f all these  
substances used their respective stable isotope- 
lab eled  counterparts as in tern al standards. 
Stable isotope-labeled m olecules are probably the 
closest approach to an ideal internal standard. 
T hey have chem ical and physical properties 
nearly identical to their nondeuterated  coun
terparts, and w ill usually  co -e lu te from  the GLC 
colum n. They are d istingu ished  by the fact that 
their m olecular ion s in  the com bined mass 
spectrum  w ill d iffer in  mass by the num ber of 
deuterium  atom s in  the stable isotope-labeled  
m olecu le. A ll the above procedures also used  
MS in the se lective  ion  m onitoring mode: The 
mass spectrom eter is used  as a detector for se
lected  ions as opposed  to scannin g a g iv en  m /e  
range. Sen sitiv ity  is h igh  w ith  se lective  ion
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m onitoring because com puterized MS effectively  
uses tim e look in g  at o n ly  a few  ions. H ow ever, 
much qualitative inform ation is lost because only  
a few  mass fragm ents are exam ined. For id en 
tification, it is desirable to exam ine th e entire  
mass spectrum . The purpose o f th is study w as 
to determ ine the feasib ility  o f u sin g  GLC-MS 
operating in  the scan m ode for quantitation of 
cocaine in forensic sam ples.

E xperim ental
Instruments

A nalyses w ere perform ed w ith  a F innigan MS 
M odel 3300. Data w ere acquired and m anipu
lated by standard softw are routines. The mass 
spectrum was scanned from mass 75 to mass 310. 
M asses 75 to 270 w ere counted for 3 m s each. 
M asses 271 to 310 w ere counted  for 20 m s each. 
A n ew  scan w as in itiated  every 2 s. The ion  
source was operated at am bient tem perature, at 
70 V. The F innigan M odel 9500 gas chrom ato
graph was equ ipped w ith  a 2  mm  id  X 120  cm 
glass colum n conta in ing 3% OV-1 on  100-120  
mesh Gas-Chrom Q. The helium  carrier gas flow  
rate was 40 m L /m in . The injection port and  
colum n tem peratures w ere 240 and 190°C, re
spectively . The 2 instrum ents w ere interfaced  
w ith  a jet separator m aintained at 210°C.

To determ ine the accuracy o f the procedure, 
the sam e sam ples w ere analyzed  on  a Packard 
M odel 873 GLC instrum ent usin g  a previously  
collaborated procedure (9). The instrum ent was 
equ ipped  w ith  a h ydrogen  flam e ion ization  d e
tector, a colum n sim ilar to that used  in  the  
GLC-MS studies, and a Colum bia Scientific In
dustries integrator.
Preparation and Analysis of ds-Cocaine HC1

Ecgonine was obtained by the acid hydrolysis  
of cocaine. The ecgon in e w as m ethylated  w ith  
BF3 in m ethanol. Deuterated b en zen e w as m o- 
nobrom inated and then converted to a Grignard 
reagent usin g  M g-and ether. The Grignard re
agent w as poured into dry ice and acid hydro
lyzed  to y ie ld  ds-benzoic acid. The d 5-benzoic  
acid was converted to d s-benzoyl ch loride by 
reaction w ith  thionyl chloride. Pentadeuterated 
cocaine was then produced by the reaction of the 
ds-b en zoyl ch loride w ith  the m ethyl ester of
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Table 1. Approximate composition of samples used

Composition
Sample Compound %

1 Cocaine HCl 
Inositol

80
2 Cocaine HCl 

Lidocaine HCL
68

3 Cocaine HCl 
Lidocaine HCl

70
4 Cocaine HCl 85
5 Cocaine HCl

Inositol
Lactose

29

6 Cocaine HCl 
Lidocaine HCl 
Inositol

33

7 Cocaine HCl 
Inositol

80
8 Cocaine HCl 87
9 Cocaine HCl 

Antipyrine
59

10 Cocaine HCl 
Lidocaine HCl 
Boric Acid

21

11 Cocaine HCl 93
12 Cocaine HCl 90
13 Cocaine HCl 

Mannitol
77

ecgonine. Analysis o f the d5-cocaine HC1, using  
GLC-MS selective  ion  m onitoring, sh ow s this  
material to be 99.7% isotop ically  pure. A  con 
ven tion a l GLC procedure (9) indicated  that the  
material w as 97% cocaine (calculated as ds- 
cocaine HC1); the remainder was the m ethyl ester 
o f ecgon in e . Stability studies indicate that 
m ethanol so lu tion s o f th is material are stable at 
least 1 m onth  at room  tem perature. The dry 
ds-cocaine HC1 is stable at least 1 year w h en  
stored in  closed  containers.
Preparation and Analysis of Samples

A n am ount of sam ple estim ated to contain 100 
m g cocaine HC1 w as transferred to a 250 mL 
volu m etric flask and d ilu ted  to vo lu m e w ith  
m ethanol. Ten mL of this solution and 10 mL of 
m ethanol so lu tion  con ta in in g  0.4 m g /m L  ds- 
cocaine HC1 w ere then  added to a 25 mL v o lu 
m etric flask and d ilu ted  to vo lu m e w ith  m etha
nol. A  0.2 pL aliquot w as th en  injected in to  the  
GLC-MS system  under the conditions previously  
described. A similar am ount of standard cocaine 
HC1 w as id en tica lly  treated. The am ount of co
caine HC1 in  the sam ple w as calculated from the 
303 / 308 m / e ratio o f the sam ple d iv id ed  by that 
of the standard cocaine HC1. The scan at the top  
of the chrom atographic peak w as ch osen  to cal
culate these ratios.

Table 2. Comparative results for determination of 
cocaine HCI by 2 procedures

Sample GLC, % MS, %
1 79.8 81.5
2 68.0 68.5
3 69.9 75.4
4 84.6 78.8
5 28.7 27.3
6 33.0 33.1
7 79.9 76.2
8 86.7 89.3
9 58.7 58.8

10 21.0 20.6
11 92.6 93.6
12 90.4 89.6
13 77.4 75.7

R esu lts and D iscu ssion
T hirteen sam ples subm itted as drug exhibits 

to th is laboratory w ere an a lyzed  by the 2  proce
dures. Table 1 lists the approximate com position  
of the samples. Table 2 lists the results obtained. 
A statistical techn ique u sin g  paired d ifferences  
and the (-d istribution (1 0 ) d oes not sh ow  any  
d ifference in the accuracy o f the 2 procedures at 
the 95% con fid en ce level. O ne sam ple w as an
a ly zed  rep etitiv e ly  u sin g  separate sam ple  
w eig h in g s to determ ine the precision  o f the  
GLC-MS procedure. Table 3 sh ow s the results 
obtained. A lso sh ow n  in  Table 3 is the ratio 
272 /303  m /e  obtained on the scan used for 
quantitation. M ass/charge 272 is the fragm ent 
resu lting from the loss o f (— O CH 3) w h ile  303 
m /e  is the m olecular ion  o f cocaine. This ratio 
sh ou ld  be constant, in d ep en d en t o f the am ount 
of cocaine present. By com parison w ith  the  
corresponding ratio obtained  on  the standard  
cocaine scan, this ratio serves as an aid in  id en 
tify in g  the cocaine in the sam ple. Statistical 
treatment o f values obtained is included in Table
3.

Table 3. Statistical results for repetitive assays of a 
single sample for cocaine HCI

Cocaine HCI, Ratio,
Analysis % 272/303
1 33.1 0.400
2 31.5 0.429
3 33.5 0.385
4 32.3 0.373
5 33.9 0.379
6 33.9 0.379
Av. 33.0 0.391
SD 0.77 0.016
RSD, % 2.33 4.1
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Scan No.
F igure  1. R a tio  m /e  303/308 o b ta in e d  o n  successive scans in  a s in g le  c h ro m a to g ram , in d ic a tin g  p a r tia l  re s

o lu tio n  o f cocaine a n d  d 5-cocaine. C h ro m a to g rap h ic  p e a k  is a t scan  193.

D u ring the d evelop m en t o f th is procedure, it 
was noted  that ds-cocaine eluted  about 5 s earlier 
than cocaine under the GLC conditions used. If 
they did  co-elute, a constant ratio for 303 /308  
m /e , the m olecular ions for cocaine and ds- 
cocaine, respectively , w o u ld  be obtained  for all 
scans in  the sam e chrom atogram . Figure 1 
show s that a constant ratio is not obtained. This 
GLC separation o f a deuterated com p ound and

its nondeuterated  counterpart has also b een  
noted for heroin  (8 ). W hen a mass spectrom eter 
is operated in  the scan m ode, th is partial resolu 
tion  could  lead to errors in  quantitation if  the  
concentrations o f ds-cocaine and cocaine w ere  
considerably different. The top of the GLC peak, 
w h ere the scan for quantitation is taken, w ill not 
be centered betw een  the 2 unresolved  peaks but 
w ill be sh ifted  s ligh tly  toward the m ore con-

06Q3C6 COCAINE HCL
« 36 AMP.: 00020928

F igure  2. M ass sp ec tru m  of cocaine HC1 sh o w in g  f rag m e n ts  n o t p re se n t in  sp ec tru m  of d 5-coca ine  HC1.
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0603C4 DEUTERATED COCAÏNE HCL
*67 BMP.s 00(328908

F igure 3. M ass sp ec tru m  of d 5-cocaine H C l sh o w in g  fra g m e n ts  n o t p ré se n t in  sp ec tru m  o f cocaïne H C l.

centrated com ponent. Thus, if  the cocaine 
concentration is h igh er in  the sam ple so lu tion  
than in  th e standard so lu tion , the assay result 
w ill be too h igh . If it is low er, the assay result 
w ill be too low . H ow ever, if the sam ple con 
centration can be approxim ated to w ith in  50 -  
200% of the standard cocaine concentration, little 
error w ill result. The 303 /308  m /e  response  
ratio is nearly linear over th is concentration  
range, 0 .016-0 .064 /rg cocaine HC1 injected. 
Fortunately, th e concentration o f cocaine in  a 
sam ple can usually  be estim ated to w ith in  the  
required accuracy by a sim p le m icroscopic ex
am ination o f the sam ple. Sugars, if present, are

easily  recogn ized  usin g  1 +  4 acetic acid -w ater  
m ounting solution. The addition of a drop of 5% 
gold  chloride in  water to the slide w ill reveal the 
presence o f lidocaine, a com m on cocaine adul
terant. A  satisfactory estim ation  o f  the sam ple  
cocaine content can be m ade by assum ing the  
sam ple to be 50% cocaine if  e ither sugars or lid 
ocaine is present and 25% if  both  are present.

The advantage o f a w h o le  scan over the m ore 
accurate and m ore sen sitiv e se lective  ion  m on i
toring is that additional qualitative inform ation  
is obtained. The mass spectrum  obtained  is a 
com posite o f the in d iv id u al spectra o f cocaine  
and ds-cocaine. H ow ever, certain fragm ents

0603C7 DEUTERflTED COCAINE H a  + COCAINE HCL
•63 AMP.: 00025192

F igure 4. M ass sp ec tru m  o b ta in e d  d u rin g  th e  q u a n tita tio n  of a sam ple . L abeled  fra g m e n ts  a re  d u e  to  in 
d iv id u a l c o m p o n e n ts  o f th e  m ix tu re .
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present in  the mass spectrum  of cocaine but not 
in  that of ds-cocaine can be exam ined. Examples 
of these are m /e  77 (p h en y l) and m /e  105 (ben
zoyl), present in  relatively equal intensities. The 
absence o f mass fragm ents not present in  either  
cocaine or ds-cocaine is also sign ifican t in  the  
identification o f cocaine in the sam ple. Figures 
2 -4  show  mass spectra of cocaine, ds-cocaine, and 
a com bination of the two, respectively. Thus, to 
be m istakenly iden tified  as cocaine, a com pound  
w o u ld  have to very nearly co-elu te w ith  ds- 
cocaine, have all mass fragm ents present in  the  
mass spectrum  of cocaine but absent in  the mass 
spectrum  of ds-cocaine in  the proper ratios, and  
contain  no mass fragm ents not present in  either  
cocaine or ds-cocaine.

A lth ou gh  the standard d ev iation  o f th is pro
cedure for the MS quantitation of cocaine is ap
proxim ately 3 tim es that o f a collaborated GLC 
procedure (9), it has the advantage o f m inim al 
sam ple preparation tim e and good specificity  for 
cocaine.

It is recom m ended that study contin ue. A d
d itional tests w o u ld  need  to be don e on the  
sam ple to confirm  that the cocaine present is le- 
vorotatory.
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Methapyrilene hydrochloride (MP-HC1) was ex
tracted from feed with methanol and determined by 
reverse phase partition chromatography in less than 
15 min, using isocratic elution with acetonitrile-1.1% 
ammonium carbonate (1 + 1) as the mobile phase. 
This procedure was tested on feed treated with 
MP-HC1 at levels of 125, 500, and 2000 ppm. Recov
eries were 104, 95, and 96% with coefficients of vari
ation of 2.4,1.6, and 0.6%, respectively. MP-HC1 in 
feed was stable for 14 days. This method was also 
successfully used to determine MPTIC1 in 3 sleep aid 
tablets.

H igh  p erform ance liq u id  chrom atograp h y  
(HPLC) has been  increasingly  used in  the anal
ysis o f anim al feed. Som e recent exam ples in 
clud e vitam in  E (1) and 2-acetylam inofluorene  
(2) in  treated feed, and various drugs (3-5) in  
m edicated feed.

M ethapyrilene hydroch loride (MP-HC1), an 
antihistam ine, is one o f the active ingredients in 
a number of pharmaceutical preparations. These 
preparations are usually  analyzed  spectropho- 
tom etrically (6 , 7). S ince MP-HC1 is a com m on  
drug ingredient, its potential for carcinogenicity  
w as b ein g  tested by feed in g  it to rats (8 ). The 
determ ination  o f MP-HC1 in  feed has not been  
reported; therefore, a rapid quantitative m ethod  
w as d ev elop ed  for m easuring the drug and its 
stability in  the feed  used  in  the rat study. The 
m ethod in v o lv es  a s im p le m ethanol extraction  
of the M P-H C l-feed  m ixture and injection o f an 
aliquot of the extract into an HPLC colum n. 
Precise and accurate quantitation of MP-HC1 was 
achieved  by using valeroph enone as an internal 
standard. U se o f the m ethod was ex ten d ed  to 
inclu de sleep  aid tablets because MP-HC1 is a 
com m on in gred ien t in m any over-the-counter  
sleep  aids.

Experimental
Apparatus and Reagents

(a) Liquid chrom atograph .— HPLC system  con
sisted of: Laboratory Data Control Constametric

1 Present address: Food and Drug Administration, Division of Veterinary Medical Research, Beltsville, MD 20705.2 Present address: 125th Terrace N, Largo, FL 33542. Received October 15,1980. Accepted February 3, 1981.

II pum p (Riviera Beach, FL 33404), Chromatromx 
dual-channel u ltraviolet (UV) absorbance de
tector (Spectra-Physics, Santa Clara, CA 95051), 
h igh  pressure R heodyne M odel 7120 sam ple 
injector equ ipped w ith  100  p L  sam ple loop  
(Rheodyne, Inc., Berkeley, CA 94710), and Fisher 
Recordall Series 5000 recorder (Fisher Scientific  
Co., Pittsburgh, PA 15219) operated at 0.2 in ./  
m in chart speed  and 10 mV settin g. Peak areas 
and retention  tim es w ere d eterm ined  w ith  
H ewlett-Packard (A vondale, PA 19311) 3352A  
laboratory data system .

(b) A n a ly tica l colum n .—30 cm X 3.9 mm id 
stain less steel, packed w ith  qBondapak® C 18 
(Waters A ssociates, M ilford, MA 01757). The 
colum n w as flushed  w ith  aceton itrile-w ater (1 
+  1) at the en d  of each day.

(c) Solven ts.—Distilled-in-G lass (Burdick and  
Jackson Laboratories, Inc., M uskegon, MI 49442) 
organic solvents and deion ized  water w ere used  
throughout the study.

(d) M obile phase .—A cetonitrile-1.1%  am m o
n ium  carbonate (J.T. Baker C h em ical Co., 
Phillipsburg, NJ 08865) (1 +  1) at a flow  rate o f 2 
m L /m in  w as used. The 1.1% am m onium  car
bonate solution was filtered through a M illipore 
solven t clarification apparatus (M illipore Corp., 
Bedford, MA 01730) before m obile phase prep
aration. The m obile phase w as degassed  daily  
in an ultrasonic bath under vacuum  before  
use.

(e) Standard solu tions.— 5, 50, 250, 375, and 500 
p g  M P-H C l/m L m ethanol. To 2 mL of each  
standard solu tion  w as added 25 pL internal 
standard (f). Injections of 30 pL from the former 
2 so lu tion s and 10 p L  from the latter 3 solu tions  
w ere m ade to prepare a calibration curve. A n 
other calibration curve using MP-HC1 standards 
extracted from blank feed  consisted  o f sim ilar  
concentration and injection volum es. H ow ever, 
30 mL m ethanol w as used to extract sp iked  feed  
to g ive concentrations o f 5 and 50 p g /m L  and 75 
mL m ethanol to g ive  250, 375, and 500 p g  MP- 
H C l/m L . The extraction procedure used is d e 
scribed below  (Preparation of Sample and Extraction 
Procedure).

Stock solu tions.—Three stock so lu tion s (A, B, 
and C) o f MP-HC1 (Sigma Chemical Co., St. Louis,

0004-5756/81 /6404-0889/04$1.00
© Association of Official Analytical Chemists, inc.
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MO 63178) w ere prepared in  g lass-d istilled  
m ethanol and stored at 5°C until used. S olu 
tions A, B, and C (0.25,0.50, and 4.0 m g/m L ) were 
used for the recovery experim ents at 125, 500, 
and 200 0  ppm , respectively .

(f) Internal standard. — 1 mL va lerop h en on e  
(A ldrich C hem ical Co., M ilw aukee, WI 53233) 
w as d ilu ted  to 100 mL w ith  m ethanol (9.88 
m g/m L ). The so lu tion  w as stored in  the cold.
Preparation o f  Sam ple and Extraction 
Procedure

Ten g feed sam ples were w eigh ed  into separate 
tared serum  bottles, and MP-HC1 stock solutions  
w ere added to g ive concentrations o f 125, 500, 
and 2000 ppm . M ethanol was added to bring the 
total vo lu m e to 30 mL for 125 and 500 ppm  and  
75 mL for 2000 ppm. MP-HC1 w as extracted  
from the feed  by shaking 30 m in on an Eberbach 
shaker (Eberbach Corp., A nn Arbor, MI 48106). 
After the sam ple stood 30 m in to let coarse par
ticles settle, a 5 mL aliquot o f the m ethanol su- 
pernate was refrigerated overnight to let the fine  
particles settle. Then 2 mL supernate w as 
transferred to another v ial and 25 p L  internal 
standard w as added. After vortexing, the so lu 
tion w as analyzed  by HPLC. This extraction  
procedure w as also used for the preparation o f  
sam ples for the calibration curve con sistin g  of 
MP-HC1 standards extracted from  blank feed.

To facilitate the rem oval o f the fin e  particles 
from the extract, 3 techn iques w ere exam ined. 
The extract w as (a) centrifuged  10 m in w ith  a 
table-top centrifuge, (b) filtered  w ith  a Waters 
A ssociates organic sam ple clarification kit, and 
(c) filtered  through 2 p m  p ipet tip filters (Su- 
pelco, B ellefonte, PA 16823). A ll o f these pro
cedures, in clu d in g  overn igh t settlin g  o f fin e  
particles, w ere satisfactory. The last technique, 
how ever, was the least tim e-consum ing and most 
co n v en ien t for routine work.

Tablets representing 3 brands o f sleep  aid  
preparations (purchased from a local drug store) 
w ere d isso lved  separately in  25 mL m ethanol, 
vigorously shaken, and filtered through 2 p m  tip 
filters. A n aliquot of each filtered  extract was 
directly  injected in to  the HPLC colum n. The 
tablets, w h en  d isso lved  in  m ethanol, gave blue, 
pink, and colorless so lu tion s, respectively , and  
conta ined  som e u n d isso lved  particles. O nly  1 
tablet (b lue solu tion) conta ined  another active  
in gred ien t, scopolam ine am inoxide hydrobro
m ide, as declared on  the bottle label.

This work was supported by Contract NO1-CO-75380 with the National Cancer institute, Bethesda, MD 20205.

Figure 1. HPLC chromatogram of 30 pE 125 ppm 
MP-HC1 in feed extract. Conditions: column
/zBondapak Cis, mobile phase acetonitrile-1.1% am
monium carbonate (1 + 1), detector UV 254 nm, sen
sitivity 0.16 absorbance unit full scale, flow rate 2.0 

mL/min, chart speed 0.2 in./m in.

S ta b ility  o f  MP-HC1 in Feed
Five kg feed  w as transferred to a V -shaped  

blender and MP-HC1 (dry pow der) was added to 
give the desired concentration (ppm level). The 
ch em ica l-feed  m ixture w as b len d ed  15 m in, 
fo llow ed  by w ithdraw al o f ca 300 g for the sta
b ility  study. Three 10 g  sam ples w ere w e ig h ed  
from  the 300 g on days 0, 2, 7, and 14. T hese  
sam ples were carried through the extraction and  
HPLC procedures described above for the d e 
term ination o f MP-HC1.

Results and Discussion
Figure 1 sh ow s a chrom atogram  of a 30 p L 

sam ple o f feed  extract sp iked  w ith  125 ppm  
MP-HC1. The first peak represents background  
com pounds in  the feed, the secon d  the internal 
standard valeroph enone, and the third MP-HC1. 
R etention tim e, peak area, and peak shape w ere  
all h igh ly  reproducible under the experim ental 
conditions used. The average retention tim es for 
7 replicate injections o f MP-HC1 and valerop h e
n on e w ere 11.2 ±  0.5 and 5.9 ±  0.2 m in (average
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Table 1. Recovery of MP-HCI from feed

Added, ppm Found, ppm Ree., %

125 127 101.6
125 130 104.0
125 132 105.6

Av. ±C V 3 129.7 ± 1.9 103.7 ±2 .4
500 479 95.9
500 470 94.0
500 479 95.9

Av. ± CV 476 ± 1.5 95.3 ± 1.6
2000 1927 96.4
2000 1905 95.3
2000 1912 95.6

Av. ± CV 1915 ±0 .6 96.1 ± 0.6

3 Coefficient of variation, %.

±  standard deviation), respectively . A  calibra
tion  curve, u sin g  va lerop h en on e as an internal 
standard and 0 .15,1 .5 ,2 .5 ,3 .75, and 5 jug MP-HCI, 
was linear, w ith  a correlation coefficient o f 0.999. 
Linearity w as also ach ieved  (correlation coeffi
cient 0.999) w ith  MP-HCI standards extracted  
from  blank feed. U se o f th is curve elim inated  
the n eed  for recovery corrections in  the deter
m ination  o f MP-HCI in  feed. The least square 
lin es for standards nonextracted and extracted  
from  blank feed  w ere y  =  0.010455x — 0.013900  
and y  =  0.009557x — 0.01208, respectively. Since 
the intercepts are sim ilar, the ratio of slopes of 
extracted vs nonextracted standards can be used  
to determ ine absolute recoveries: recovery = 
(0.009557/0.010455) X 100 =  91.4%. Therefore, 
the absolute recoveries w o u ld  be 91.4% of the 
recoveries obtained w ith  the standard curve 
u sin g  standards extracted from  blank feed.

Recovery experim ents were carried out on feed  
preparations form ulated to contain 125, 500, and  
2000 ppm  MP-HCI (Table 1). The average re
coveries w ere 104, 95, and 96%, w ith  coefficients  
o f variation o f 2.4, 1.6, and 0.6%, respectively , 
ind icating good  precision.

The stability of MP-HCI in  feed at the 125 and 
2000 ppm  lev e ls  over 14 days w as determ ined. 
N o sign ificant degradation o f MP-HCI in  feed  
w as observed (Table 2). The recovery data in  
Table 2 further illustrate the accuracy o f the  
m ethod.

This assay procedure w as used  to determ ine  
MP-HCI in  3 sleep  aid products. A ll 3 tablets 
assayed h igh er (26.2, 26.0, and 28.2 m g or 106, 
104, and 113%) than the label declaration o f 25 
m g M P-H CI/tablet, but the valu es w ere still 
w ith in  a reasonable range.

Kikita and Stange (9) reported the use o f a se
ries o f stable internal standards for m any HPLC 
system s lead in g  to im proved quantitation. In 
our study, va lerop h en on e w as selected  as the  
internal standard because it gave a peak w h ich  
w as com p letely  resolved  from  feed  background  
and MP-HCI peaks. The calibration curve using  
an internal standard w as used  over a period  of 
about 8 m onths w ith  good recoveries o f MP-HCI 
in  feed  added at various levels.

This HPLC m ethod was used  routin ely  to 
m onitor dose levels and hom ogeneity of MP-HCI 
in an anim al testin g program. The m inim um  
am ount o f MP-HCI detected  w as 50 n g  at a sen 
sitivity setting of 0.02, UV w avelen gth  o f 254 nm, 
and a signal-to-n oise ratio o f about 5. The d e
tection lev el could be im proved to a few  n an o
gram s by usin g  h igh er sen sitiv ity  settin gs and  
the optim um  w a velen gth  for MP-HCI o f 238 
nm.

An alternative m obile phase, acetonitrile-0.IN  
am m onium  d ih yd rogen  p hosphate (1 +  1), was 
also tested. This so lven t com bination gave re
tention  tim es, sen sitiv ity , and a linear relation
sh ip  sim ilar to those obtained w ith  th e m obile  
phase norm ally used.

This m ethod makes possib le the sim ple, rapid, 
and accurate determ ination  o f MP-HCI in  feed  
m ixtures and dem onstrates its application to the

Table 2. Determination of stability of MP-HCI in feed"

MP-HCI
added,

ppm

Day

0 2 7 14

125 127 131 128 125
125 131 127 129 124
125 132 128 130 123

Av. ± CV 130 ± 2 129 ± 1.6 129 ±0 .8 124 ±0.8
2000 1890 1920 1940 2000
2000 1860 1960 1990 1940
2000 2060 2010 1990 2100

Av. ± CV 1940 ±  5.6 1960 ± 2.3 1973 ± 1.5 2013 ±4 .0

MP-HCI found, ppm.
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analysis o f s leep  aid tablets. Further w ork w ill  
be required to m ake th is procedure specific for 
the analysis o f various pharm aceutical products. 
The n eed  for ted iou s cleanup, w h ich  u sually  ac
com panies feed  analyses, is avo id ed  by em p loy
in g  a sim p le one-step  m ethanol extraction of 
M P-HCl-treated feed  as w e ll as tablets.
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M IC R O B IO L O G IC A L  M E T H O D S

Pre-enrichment Broths for Recovery of Salm onella  from Milk 
Chocolate and Edible Casein: Collaborative Study
PAUL L. POELMA, WALLACE H. ANDREWS, and CLYDE R. WILSON
Food and Drug Administration, Division of Microbiology, Washington, DC 20204
Collaborators: C. M. Coles; A. W. Edwards; M. A. Hayden; R. E. Haymond; J. Heagy; K 
Kallander; D. Lappin; T. G. Latt; R. L. McDonald; C. R. McKee; J. Mihm; M. J. Palmieri;
L. Quinones; S. G. Richter; C. N. Roderick; P. N. Sado; R. L. Sellers, Jr; E. Singleton; M. 
Smith; J. L. Tardio; D. E. Wagner; C. H. White; M. P. Williams
A collaborative study was conducted to compare the 
relative efficiency of nonfat dry milk with brilliant 
green dye (NFDM-BG) and buffered peptone water 
(BPW) as pre-enrichment broths for recovery of Sal
m onella  from milk chocolate. Lactose broth and 
modified lactose broth with added 1% NaHCCh and 
brilliant green dye were compared as pre-enrichment 
broths for recovery of Salmonella from edible casein. 
Two sets of 8 samples each of milk chocolate, con
taining initial levels of Salm onella  ranging from 
<0.03 to 43 organisms/g, were examined by 13 col
laborators. Of 104 determinations, 102 (98.1%) and 
100 (96.2%) using NFDM-BG and BPW, respectively, 
were in agreement with sample results of the control 
laboratory. Two sets of 7 samples each of edible ca
sein, containing initial levels of Salmonella ranging 
from <0.03 to 93 organisms/g, were also examined by 
the 13 collaborators. Of 91 determinations, 87 (95.6%) 
and 88 (96.7%) using lactose broth and m odified lac
tose broth, respectively, were in agreement with 
sample results of the control laboratory. For recov
ery of Salm onella, therefore, NFDM-BG pre-en
richment is recommended for milk chocolate, and 
lactose broth is recommended for casein. The pro
posed revision of official final action method 
46.054-46.067 has been adopted official first action.
Because contam ination  o f chocolate products 
w ith  Salmonella has been  a serious h ealth  prob
lem , the Food and Drug A dm inistration (FDA) 
has recently focused  its attention  on  m eth od o l
ogy  for detectin g  th is pathogen  in  chocolate. 
W ilson et al. (1) evaluated  6 pre-enrichm ent 
broths for recovering Salmonella from  m ilk  
chocolate. In that study 2 pre-enrichm ent 
broths, buffered p ep to n e w ater (BPW) or recon
stituted  nonfat dry m ilk w ith  0 .0 0 2 % brilliant 
green  d ye (NFDM -BG), gave the h igh est recov-

Received Septem ber 16,1980. Accepted February 6,1981.
This report of the Associate Referee, P. L. Poelma, was p re 

sented at the  94th A nnual M eeting of the  AOAC, Oct. 20-23, 
1980, a t W ashington, DC.The recommendation of the Associate Referee was approved 
by the  G eneral Referee and  Com m ittee F and  was adopted  by 
the Association. See /. Assoc. Off. Anal. Chew. (1981) 64, 441.

ery o f Salmonella. This collaborative study  
com pared the relative effic ien cy  o f these 2  pre
enrichm ent broths for their relative efficiency in  
recovering Salmonella from  m ilk chocolate.

Since the deten tion  by FDA of several lots of 
casein contam inated w ith  Salmonella from  1977 
to 1980, attention  has also been  g iv en  to ed ib le  
casein , w h ich  is a b in d in g  agent, used  as an in 
gredient of chocolate and m any other foods such  
as breads and cereals. N o  m icrobiological 
m ethod of analysis for casein contam inated w ith  
Salmonella is presently  specified  in  Official 
M ethods of Analysis  (2). Poelm a et al. (3) ev a lu 
ated 8 pre-enrichm ent broths for the recovery of 
Salmonella from ed ib le casein. O f 6 pre-enrich
m ent broths tested, m ost probable num ber  
(M PN) values w ith  lactose broth w ere consis
tently  h igh  in  artificially inocu lated  casein. 
Because m ost processed food s used  in  the iso la
tion  o f Salmonella are pre-enriched in  lactose 
broth, this broth was chosen for the collaborative 
study. A m odification  o f lactose broth (added  
brilliant green  dye and 1% NaHCCL) w as ev a l
uated because it is sim ilar to that recom m ended  
by the Dairy Laboratory, D epartm ent o f A gri
culture, W allaceville, N ew  Zealand (4) for the 
analysis o f ed ib le casein  pow der. This co llabo
rative study w as undertaken to com pare the rel
ative effic ien cy  o f lactose broth and m od ified  
lactose broth in  recovering Salmonella from  ed i
ble casein and to establish an AOAC m ethod for 
th is product.

Collaborative Study
Each o f 14 participating laboratories w as fur

n ish ed  w ith  duplicate sets o f 8 sam ples o f m ilk  
chocolate and duplicate sets o f 7 sam ples o f ed i
b le  casein (Table 1 ). For each set o f m ilk  ch oco
late sam ples, 3 o f 4 sam ples o f one brand o f milk 
chocolate w ere inoculated  w ith  Salmonella rubis- 
law, and 3 of 4 sam ples o f another brand o f m ilk

0004-5756/81/6404-0893/06$l.00
©  Association of Official Analytical Chemists, Inc.



894 POELMA ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 64, NO. 4, 1981)

Table 1. Levels of Salmonella serotypes inoculated Into samples of milk chocolate and edible casein

Most probable number/g

Product Serotype
Inoculum
dilution Level

Day 0 a Day 14b

NFDMC BPWd NFDM BPW

Milk chocolate S. rubis law 10° 1 430 430 43 23
(Brand A) 10“ 1 2 230 93 0.93 9.3

to -2 3 9.3 3.9 0.43 0.09
uninoculated none 4 <0.03 <0.03 <0.03 <0.03

Milk chocolate S. senftenberg 10° 1 23 43 4.3 0.43
(Brand B) 1e r 1 2 2.3 0.93 0.23 <0.03

n r 2 3 0.75 0.23 <0.03 0.04
uninoculated none 4 <0.03 <0.03 <0.03 <0.03

Le L (mod.)f L L (mod.)
Lactic casein S. in fantis 10° 1 23 000 23 93 9.3

10“ 1 2 430 9.3 1.5 0.91
10“ 2 3 9.3 2.3 0.23 0.15

uninoculated none 4 <0.03 <0.03 <0.03 <0.03

Acid casein S. anatum 10° 1 230 9.3 2.1 0.93
KT1 2 23 2.3 0.43 0.09

uninoculated none 3 <0.03 <0.03 <0.03 <0.03

3 Analyzed 1 day after inoculation.
b Analyzed 14 days after inoculation, when collaborative analyses were begun. 
c Reconstituted nonfat dry milk with brilliant green dye (final concentration 0.002%). 
d Buffered peptone water. 
e Lactose broth.
'  Lactose broth modified by addition of 1% NaHCC>3 and brilliant green dye (final concentration 0.002%).

chocolate w ere inoculated  w ith  S. senftenberg. 
For each set o f casein sam ples, 3 o f 4 sam ples o f  
lactic casein w ere inoculated w ith  S. inf antis, and  
2 of 3 sam ples of acid casein were inoculated w ith
S. anatum .

Sam ples o f chocolate and casein w ere in ocu 
lated as follow s: A 10 mL volu m e of brain heart 
in fu sion  broth inoculated  from  a stock culture 
w as incubated for 24 ±  2 h at 35 °C. The cells  
w ere harvested by centrifugation  at 5000 rpm  
(3090 X g )  for 10 m in, w ash ed  tw ice in  Butter
field 's phosphate buffer (pH  6.8  — 7.2), and  
resuspen ded  in  10 mL buffer. Each o f 2 brands 
of chocolate sam ples w as inoculated  w ith  a d if
ferent Salm onella  serotype. Each o f the 2 sets o f  
these sam ples w as inoculated  w ith  1 mL u n d i
lu ted  ( 10°), 1 0 -1 , and 1 0 -2  d ilu tion s o f w ashed  
ce ll su sp en sion , representing sam ples at levels  
1, 2, and 3, respectively . The fourth sam ple  
level, w h ich  was not inoculated w ith  Salm onella, 
served as the negative sam ple control. For each  
set o f lactic casein sam ples, 0.1 mL from the 10°, 
1 0 -1 , and 10- 2  d ilu tion s of w ashed  cell su sp en 
sion  w as used  to inoculate sam ples at lev els  1, 2 , 
and 3, respectively; 0.1 mL from the 10° and 10-1 
d ilu tion s o f w ash ed  ce ll susp en sion  w as used  to 
inoculate acid casein  at lev els  1 and 2 , respec
tively . The fourth sam ple lev el o f lactic casein

and the third sam ple of acid casein , b ein g  n ega
tive sam ple controls, w ere not inocu lated  w ith  
Salmonella.

Retail packages of each brand o f milk chocolate 
(chips) w ere p ooled  in to  a large sterile bag, 
thoroughly m ixed, and dispensed  into four 1600 
g portions. Each portion was m elted in  a double 
boiler or in a steam  bath, stirred, and a llo w ed  to 
equilibrate in  a 60°C water bath. Each brand of 
m ilk chocolate w as in itia lly  exam ined usin g  
m ethods described in this study to ensure the 
absence o f any naturally occurring Salm onella. 
Each sam ple w as then  seeded w ith  Salm onella  
cells at lev els specified  above. Duplicate sets of 
ind iv id u al 30 g sam ples representing each sam 
ple level were prepared for each collaborator and 
the orig inating laboratory.

Sam ples o f lactic casein and acid casein w ere  
prepared from  large (55 lb) com m ercial bags of 
product. Both types o f casein  w ere in itia lly  ex
am ined using m ethods described in this study to 
ensure the absence o f any naturally occurring  
Salm onella. Each type of casein  pow der w as 
m ixed in  a N orton  Jar M ill (Scientific Products, 
McGaw Park, IL 60085) w ith  grinding m edia for 
18-24 h and d ispensed  in  30 g portions into  
sterile plastic bags. The p ositive sam ples w ere  
seeded  w ith  0.1 mL Salm onella  cell susp ensions,
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at lev e ls  specified  above. D uplicate sets o f in 
d ividu al 30 g sam ples representing each sam ple  
level were prepared for each collaborator and the 
reference laboratory.

Sam ples for the collaborative study w ere  
stored at room  tem perature until th ey  w ere  
sh ipped. Each sam ple w as assigned  a d ifferent 
sam ple num ber selected  from  a standard statis
tical table o f random  num bers (5). The 14 co l
laborators received duplicate sets of 8 sam ples of 
m ilk chocolate and duplicate sets o f 7 sam ples of 
ed ib le casein w ith  final instructions for the co l
laborative m ethod study. T hey w ere requested  
to store sam ples at room  tem perature until 
analysis, asked to in itiate their exam ination  on  
the same (specified) day, and instructed to report 
results for each sam ple as positive or negative for 
Salmonella on the standardized sheets furnished  
w ith  sam ples.

The initiating or control laboratory performed  
a 3-tube M PN  determ ination  on the sam ples  
im m ediately  after inocu lation  (day 0 ) and again  
14 days after in ocu lation , the day w h en  actual 
analyses w ere in itiated  by collaborators (Table 
1). This study w as perform ed in  2 segm ents: 
Sam ples o f m ilk chocolate w ere prepared and  
sh ipped  during the secon d  w eek  after prepara
tion; the sam ples o f casein w ere prepared 2 
w eeks later and shipped during the second w eek  
after preparation. Collaborators w ere asked to 
pre-enrich one of the duplicate sets o f m ilk  
chocolate sam ples in reconstituted NFDM  (final 
dye concentration  0 .0 0 2 %), and the correspond
in g  set o f replicate sam ples in  BPW. T hey w ere  
also requested to pre-enrich on e set o f casein  
sam ples in  lactose broth and the corresponding  
replicate set in  m odified  lactose broth (final 
NaHCC>3 concentration 1%; final dye con cen 
tration 0 .0 0 2 %).

Method
All m edia and reagents used in  this study were 

prepared as described in  Official M ethods of 
Analysis  (2), 46 .054-46.067, w ith  the fo llo w in g  
additions made:

(a) In the applicability  statem ent, fo llo w in g  
". . . dried eg g  w h ite,"  add "edib le casein , m ilk  
chocolate . .

(b) A dd as a n ew  section  in  46.054:
(v) Reconstituted nonfat dry milk with brilliant 

green dye (N F D M -B G ).— Suspend 100 g d eh y
drated NFDM  in 1 L H 2O; m ix by sw ir lin g  until 
d isso lved . A utoclave 15 m in  at 121°. Add  
brilliant green dye soln, 46.055(n), after blending  
sam p le/b roth  m ixture as in  46.056(e).

(c) A dd as a n ew  section  in 46.056:

(e) M ilk  chocolate and casein.— A sep tica lly  
w eig h  25 g  sam ple in to  sterile b len d er jar. Add  
225 mL sterile reconstituted NFDM , 46.054(v), to 
chocolate samples, and add 225 mL lactose broth, 
46.054(a), to casein sam ples. B lend each sam- 
p le /b ro th  mixt. 2  m in at h ig h  speed  and decant 
b len d ed  h om ogenate into sterile 500 mL jar. 
Cap jar securely and let stand 60 m in  at room  
tem p. Mix w e ll by shaking, and det. pH  w ith  
test paper, 46.055(1). Adjust pH , if necessary, to 
6.8  ±  0.2 w ith  sterile IN  N aO H  or HC1,46.055(c) 
or (d), capping jar securely and m ixin g  w e ll be
fore detg  final pH . To chocolate-reconstituted  
NFDM  sam ples, add 0.45 mL 1% aq. brilliant 
green  dye, 46.055(n), and m ix w ell. L oosen jar 
caps V4 turn and incubate jar 24 ±  2 h at 35°.

The fo llo w in g  m edia w ere also evaluated  as 
part of the collaborative study:

(a) Buffered peptone water (BPW).—Suspend
10.0 g pep ton e, 5.0 g  NaCl, 9.0 g N a2HPC>4.12 
H 2 0 , 1.5 g KH2PO4 in  1 L H 2O; m ix thoroughly . 
Heat to d isso lve com ponents; adjust pH  to 7.2 ±  
0.2. A utoclave 15 m in at 121 °C. Final pH , 7.0 
±  0.2. Prepare m edium  3-11 days before use.

(b) M odified lactose broth (lactose broth w ith  
added NaHCC>3 and brilliant green  d y e).— D is
so lve  3.0 g b eef extract, 5.0 g p o ly p ep ton e or 
peptone, 5.0 g lactose, 10.0 g  NaHCC>3 in 1 L H 2O. 
A utoclave 15 m in at 121 °C. Final pH , 8.0 ±  0.2. 
Blend sam p le/b roth  m ixture for 2 m in  at h ig h  
speed , decant b len d ed  hom ogen ate in to  sterile  
jar, and let stand 60 m in. Mix w e ll by sw irling; 
determ ine pH  w ith  test paper 46.055(1) and adjust 
pH , if necessary, to 6.8  ±  0.2 w ith  sterile IN  
NaO H  or HC1, 46.055(c) or (d); mix w e ll before  
determ ining final pH. Add 0.45 mL 1% aqueous 
brilliant green  dye, 46.055(n), and m ix w e ll be
fore incubating.

Results and Recommendations
The M PN lev e ls  o f Salmonella in  the co llabo

rative sam ples o f m ilk chocolate and casein  im 
m ediately after inocu lation  (day 0) and 14 days 
later, w h en  actual collaborative analyses w ere  
initiated, are sh ow n  in  Table 1. The presence of 
antim icrobials (anthocyanin  com p ounds) in 
cocoa (6 , 7) m ay have lim ited  the survival o f  
Salmonella in  th is product, thus reducing the 
num ber of Salmonella cells originally added to the 
chocolate. The cell popu lation  also m ay have  
d eclin ed  because o f the heat sh ock in g  tem pera
ture (60 °C) that the inocula received  u p on  ad
dition  to the m elted chocolate. Low m oisture or 
low  water activity (aw) values in the dry pow der  
may have caused the reduction o f Salmonella 
popu lation  in the casein pow der, a con d ition
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Table 2. Comparative recovery of Salmonella rubislaw or S. senftenberg from milk chocolate pre-enriched in 
reconstituted nonfat dry milk with brilliant green dye (NFDM-BG) or buffered peptone water (BPW)

S .

B r a n d  A  

rubislaw  l e v e l 3

B r a n d  B

S . senftenberg  l e v e l a

1 2 3 4 1 2 3 4
C o l l . NFDM b BPW NFDM BPW NFDM BPW NFDM BPW NFDM BPW NFDM BPW NFDM BPW N F D M B P W

1 + + + + + 4- _ _ + 4- 4- 4- 4- + _ _

2 + + 4- + + 4- ~ - 4- 4- 4- 4- 4- 4- - -

3 + + + + + 4- - - 4- 4- 4- 4- 4- 4- - -

4 + + + + 4- + - - + 4- 4- 4- 4- 4- - -

5 C + + + + + 4- - - 4- 4- 4- 4- 4- 4- 4- 4-

6 + + 4- + -F 4- - - 4- 4- 4- + 4- - - -

7 + + + + + + - - + 4- 4- 4- + 4- - -

8 + + + + + 4- - - 4- + 4- + + 4- - -

9 + + + + 4- 4- - - 4- 4- 4- + + 4- - -

10 + + 4- + 4- 4- - - 4- 4- 4- 4- + 4- - -

11 + + + + + 4- - - + 4- 4- 4- 4- - - -

12d + + + + 4- + - - 4- 4- 4- 4- + 4- - -
13 + + + + 4- 4- - - 4- 4- 4- 4- - - - -
14 + + 4- + + 4- - - 4- 4- 4- 4- 4- + - -
Control + + + + 4- 4- - - 4- 4- 4- + 4- 4- - -

In  Agreement with Control Laboratory e

No. 13 13 13 13 13 13 13 13 13 13 13 13 12 10 12 12
% 100 100 100 100 100 100 100 100 100 100 100 100 92 7 7 92 92

3 Number of Salm onella cells per level given in Table 1.
b Sample pre-enrlched in reconstituted NFDM with brilliant green dye (final concentration 0.002%). 
c Initiated analysis 1 day late.
d Results of Collaborator 12 were excluded from analysis; collaborator neglected to use both selective broths. 
e Evaluation based on a total of 13 collaborators.

w h ich  could  cause osm otic shock to the cells  
w h en  the sam ples w ere rehydrated. Even  
though the 3 inoculation levels represent inocula 
of serial 10-fo ld  d ilutions of the original w ashed  
cell susp ension , a 10-fo ld  d ifference w as not 
observed am ong the corresponding sam ple le v 
els analyzed at day 0 or day 14. This variation in 
sam ple popu lation  m ay be due to the interrela
tion  o f tem perature, pH , w ater activity, and  
chem ical constituents o f the food products.

Table 2 sh ow s the relative recovery o f S. ru
bislaw and S. senftenberg from m ilk chocolate 
pre-enriched in  reconstituted NFDM-BG or BPW. 
The control laboratory confirm ed the presence  
of Salmonella in  the inocu lated  sam ples at lev e ls  
1-3 and the absence o f Salmonella in the u n in 
oculated samples at level 4. Collaborator 5 in i
tiated analysis 1 day late; h ow ever, recovery of 
Salmonella from  the 3 inoculated  lev els  o f brand  
B w as not s ign ifican tly  affected. This analyst 
reported positive results in both pre-enrichm ent 
broths for un inocu lated  sam ples, lev el 4. The 
results from Collaborator 12 listed  in this table 
were excluded from further consideration in this 
study because of the analyst's failure to use both  
se lective  broths as specified  in  the m ethods for

the collaborative study. Therefore, comparisons 
of the relative effic ien cy  o f these 2 pre-enrich
m ent m edia for d etecting Salmonella w ere m ade 
on 39 positive sam ples and 13 n egative sam ples  
for each o f 2 brands o f m ilk chocolate. In 39 
(100%) of the com parisons of brand A, S. rubislaw 
w as detected in the 2 replicate sam ples that were  
pre-enriched in each of the 2  nonselective broths. 
A ll uninocu lated  com parisons w ere reported as 
Salmonella-negative. In com parisons o f brand  
B m ilk chocolate inoculated  w ith  S. senftenberg, 
38 of 39 (97.4%) sam ples pre-enriched w ith  
NFDM-BG w ere positive and 36 of 39 (92.3%) of 
those pre-enriched w ith  BPW w ere positive. In 
2 (5.1%) o f the com parisons, Salmonella w as d e
tected in sam ples pre-enriched in  NFDM-BG but 
not in  replicate sam ples pre-enriched in  BPW. 
In 1 (2.6%) of the sam ple comparisons, Salmonella 
w as not detected in the 2 replicate sam ples pre- 
enriched by NFDM-BG or BPW. Collaborator 13 
probably did not detect Salmonella in  lev e l 3 be
cause of the non-uniform  distribution o f low  
num bers o f viab le Salmonella cells  in those sam 
ples. The originating laboratory established the 
num ber of viab le S. senftenberg cells in  lev e l 3 at 
< 0 .0 3 /g  and 0 .0 4 /g , re sp ec tiv e ly , u s in g
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Table 3. Comparative recovery of Salmonella infantis or S. anatum from edible casein pre-enriched in lactose broth
(L) or modified lactose broth (L-M)

L a c t i c  c a s e in A c id c a s e in

S . in fan tis  l e v e l 3 S . ana tum  l e v e l 3

1 2 3 4 1 2 3

C o l l . L L - M 6 L L -M L L - M L L -M L L - M L L - M L L - M

1 _ + + 4- + + _ _ + + 4- 4- _ _
2 + + 4- 4- 4- 4- - - 4- + + + - -
3 + + 4- 4- 4- 4- - - 4- 4- 4- 4- - -
4 + + + 4- 4- 4- - - 4- 4- 4- 4- - -

5 + + + + + + - - 4- 4- 4- 4- - -

6 + + 4- + 4- 4- - - + + + 4- - -
7 + + + 4- 4- + - - 4- 4- + + - -
8 + + + 4- 4- + - - + + + -4 - -
9 + + 4- + 4- + - - - - - - 4- 4-

1 0 + 4- + 4- + + - - •4 4- 4- 4- - -
1 1 C + 4- 4- 4- 4- 4- - - 4- + 4- 4- - -
I 2 d + 4- + 4- - 4- - - 4- 4- 4- 4- - -
1 3 + + + 4- + 4- - - 4- + + 4- - -
1 4 + + + + 4- 4- - - 4- 4- 4- 4- - -
C o n t r o l + + 4- 4- 4- 4- - - 4- 4- 4- 4- - -

In A g r e e m e n t  with C o n t r o l  L a b o r a t o r y e
No. 1 2 1 3 1 3 1 3 1 3 1 3 1 3 1 3 12 1 2 1 2 1 2 1 2 1 2

% 92 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 92 92 92 92 92 92

a Number of Salm onella  cells per level given in Table 1.
6 Lactose broth modified by addition of 1% NaHC0 3  and brilliant green dye (final concentration 0.002%). 
c Initiated analysis 1 day late.
d Results of Collaborator 12 were excluded from analysis; collaborator neglected to use both selective broths. 
e Evaluation based on a total of 13 collaborators.

NFDM -BG and BPW as pre-enrichm ents. In no  
instance w as Salmonella detected  in  a sam ple 
pre-enriched in  BPW but not detected  in  the  
replicate sam ple pre-enriched in  NFDM-BG  
broth.

The relative efficiency of the 2 pre-enrichm ent 
m edia for recovering Salmonella from 2 types of 
casein pow der is sh ow n  in  Table 3. For sam ples 
of lactic casein inoculated w ith  S. infantis at levels  
1-3  and sam ples o f acid casein inocu lated  w ith
S. anatum  at lev els  1-2 , the control laboratory  
detected  Salmonella in  the 2 replicate sam ples of 
all lev e ls  pre-enriched by lactose broth or by 
m odified lactose broth. Collaborator 11 initiated  
analysis 1 day late; how ever, th is did not ad
versely affect results for lactic or acid casein since 
results for both  products w ere in  com plete  
agreem ent w ith  control laboratory results. Ex
clu d in g  the results o f Collaborator 12, com pari
sons w ere m ade o f the relative effic ien cy  of 2 
pre-enrichm ents for recovering Salmonella for 39 
p ositive lactic casein sam ples and 13 n egative  
lactic casein samples. Salmonella was detected in 
all 39  ( 100%) of the lactic casein sam ples inocu
lated w ith  S. infantis and pre-enriched in  m od i
fied  lactose broth and in  38 o f 39 (97.4%) of the

replicate sam ples pre-enriched in  lactose broth. 
N o Salmonella w ere recovered from  the u n in o 
culated lactic casein sam ples. The relative e ffi
ciency of 2  pre-enrichm ent broths for d etecting  
Salmonella w as com pared in  26 p ositive acid ca
sein  sam ples and 13 un inocu lated  acid casein  
samples. Results from 13 collaborators indicated  
that S. anatum  w as detected  in 24 o f 26 (92.3%) 
com parisons at both inocula lev e ls  in  sam ples 
pre-enriched by lactose broth or by m odified  
lactose broth. C onversely, 12 o f 13 (92.3%) u n i
noculated  sam ples w ere reported as Salmonella
n e g a t iv e .  A nalytical results o f acid casein  re
ported by 12 of 13 collaborators agreed. Since  
all discrepant results w ere reported by C ollabo
rator 9, this participant apparently m ishandled  
sam ples representing all 3 lev e ls  of acid casein.

O verall results from 13 collaborators in the  
analysis o f m ilk chocolate indicated  that 102  of 
104 (98.1%) determ inations for NFDM -BG and  
100 o f 104 (96.2%) determ inations for BPW w ere  
in  agreem ent w ith  results from  the control lab
oratory. Both m edia detected  Salmonella from  
p ositive m ilk chocolate at the lo w est lev e l of 
contam ination ( < l / g )  em p loyed  in  this study, 
w ith  no statistical d ifference b etw een  recovery
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results reported for either pre-enrichm ent broth. 
Even th ou gh  the perform ance o f NFDM-BG for 
the isolation of Salmonella was comparable to that 
of BPW, the fo llow ing factors must be considered  
before one o f these pre-enrichm ent broths is 
recom m ended for in clu sion  in  AD  AC m ethods: 
BPW is not available in  dehydrated  form  and  
m ust be prepared from  in d iv id u al in gred ien ts a 
w eek before use. If this preparation is not made 
w ith  precision, the final m edium  may lack u n i
form ity and adversely affect the lev el o f perfor
m ance in  food analyses. In a com p reh en sive  
stu dy o f m ethods for the analysis o f m ilk choc
olate contam inated w ith  Salmonella, W ilson et al. 
(1) dem onstrated the superiority o f NFDM-BG  
over BPW. T herefore, NFDM-BG sh ou ld  be  
used for analysis of milk chocolate contam inated  
w ith  Salmonella.

O verall results from 13 collaborators in  the  
analysis of casein indicated  that of 91 determ i
nations for lactose broth and m odified  lactose 
broth, 87 (95.6%) and 88  (96.7%), respectively , 
w ere in  agreem ent w ith  results from the control 
laboratory. Both broths detected Salmonella from  
casein  at the low est lev e l o f contam ination  
( < l / g )  used  in  this study, w ith  no statistical 
difference b etw een  results reported for either  
pre-enrichm ent broth evaluated. A lthou gh  the 
use of brilliant green dye as a selective ingredient 
to reduce the grow th  o f com p etin g  n on -Salmo
nella organisms is w id ely  recognized, this dye has 
been  sh ow n  to in h ib it the grow th o f Salmonella. 
Because the m icrobiological counts o f casein are 
usually low , the addition  o f brilliant green  dye  
to lactose broth for the analysis o f casein w ou ld  
seem  to be unwarranted. The addition  of 
NaH CO s to lactose broth results in an initial pH  
of 8.3, a llow s d isso lu tion  o f casein , and makes 
p ip ettin g  to selective broths easier; how ever, 
casein lactose broth w ith ou t NaH CO s can be 
subcultured w ith  the large bore pipets com m only  
used in  food analysis. In a com prehensive study 
of Salmonella serotypes, Poelm a et al. (3) d em 
onstrated that lactose broth gave more consistent 
recoveries o f low  lev e ls  of Salmonella than did  
m odified  lactose broth. For th is reason, lactose 
broth sh ou ld  be used for pre-enrichm ent o f ed
ib le casein.

It is recom m ended that the official final action  
m eth od  for th e d etec tion  o f Salm onella, 
46.054-46.067, be revised to include applicability  
to m ilk chocolate w ith  pre-enrichm ent in  re
co n stitu ted  NFDM -BG  (fin a l con cen tra tion  
0 .0 0 2 %) and applicability  to ed ib le casein  w ith  
pre-enrichm ent in lactose broth (w ith ou t m odi
fication).
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Comparative Efficiency of Brilliant Green, Bismuth Sulfite, 
Salmonella-Shigella, Hektoen Enteric, and Xylose Lysine 
Desoxycholate Agars for the Recovery of Salmonella from Foods: 
Collaborative Study
WALLACE H. ANDREWS, PAUL L. POELMA, and CLYDE R. WILSON 
Food and Drug Administration, Division of Microbiology, Washington, DC 20204
Collaborators: C. Abeyta, Jr; G. S. Chu; L. Cruz; L. Dorrett; L. English; L. A. Estela; P. 
Guarino; M. A. Hayden; R. E. Haymond; J. Heagy; C. D. Hoffman; K. Kallander; D. J. 
Krout; W. L. Landry; T. Latt; S. G. Ludwig; E. E. Martinez; R. L. McDonald; C. R. McKee; 
D. E. Melanson; L. A. Otto; M. J. Palmieri; C. N. Roderick; P. N. Sado; E. Sawai; D. K. 
Stout; J. L. Tardio; J. Tom; C. W. Twohy; D. Wagner; W. D. White; P. Wong

The relative efficiency of brilliant green (BG), bis
muth sulfite (BS), Salm onella-Shigella  (SS), xylose 
lysine desoxycholate (XLD), and Hektoen enteric 
(HE) agars for the recovery of Salm onella  from 5 
foods was collaboratively studied in 11 laboratories. 
The analytical efficiency of various paired combi
nations of the 5 agars was statistically compared ac
cording to 3 parameters: (1) productivity or recovery 
of Salmonella, (2) rate of enumeration of cultures that 
were false positive for Salm onella, and (3) rate of 
enumeration of false-negative reactions. In de
scending order of productivity, the sequential rank
ing was BS, XLD, HE, BG, and SS agars. In ascending 
order, the rates of false-positive reactions based on 
a statistical analysis of paired agar combinations was 
HE, BS, BG and XLD (tie), and SS agars. Analogously, 
in ascending order, the sequence of false-negative 
reaction rates was BS, XLD, HE, BG, and SS agars. 
The combination of BS, XLD, and HE agars is more 
efficient for recovery of Salmonella from foods than 
is the present official combination of BG, BS, and SS 
agars. The revision of official final action method
46.054 to replace the combination of BG, BS, and SS 
agars with a combination of BS, XLD, and HE agars 
has been adopted official first action.

In the current m ethod for Salmonella in  foods, 3 
se lectiv e  agars are used  to isolate pure Salmo
nella -susp ic ious  colon ies, the choice of brilliant 
green  (BG), b ism uth su lfite (BS), and Salmo
nella-Shigella (SS) agars b ein g  based on  the 1967 
report o f the Associate Referee on  Salmonella (1). 
Since then , w e  have frequently observed in  our 
laboratory that the Salmonella productivity of the 
SS agar has not been comparable to that of the BG 
and BS agars. M oreover, considerable tim e has

This report of the Associate Referee, P. L. Poelma, was p re 
sen ted  at the  94th A nnual M eeting of the  AOAC, Oct. 20-23, 
1980, at W ashington, DC.

This recom m endation was approved by the  G eneral Referee 
and by Committee F, and was adopted by the  Association. See J. Assoc. Off. Anal. Chem. (1981) 64, 408.

Received M arch 4,1980. Accepted February 6, 1981.

been  w asted in  p ick ing Salmonella-susp icious  
co lon ies on  this agar w h ich  could not be 
bioch em ica lly  and serolog ica lly  confirm ed as 
Salmonella. A nalysts using the AOAC m ethod  
for isolating Salmonella (2) are required to pick all 
"uncolored to pale p ink, opaque, transparent or 
tra n s lu cen t. . . co lonies."  This type o f colonial 
m orp h ology  could be expected to appear from  
those organism s unable to utilize lactose, w hich  
changes the neutral red indicator dye in  the SS 
agar to the acidic (red) color range. Like Salmo
nella, m em bers o f the genera Proteus and Citro- 
bacter and certain Enterobacter species have n e g 
ative, or, in  som e instances, variable lactose u ti
liza tion  reactions (3). C onsequently , these or
gan ism s can be expected to c lo se ly  resem ble  
Salmonella colonies on  the SS agar. The picking  
o f these n o n -Salmonella co lon ies is largely re
sp on sib le  for the som ew hat low er productivity  
of the SS agar relative to that o f the BG and BS 
agars.

Since 1967, several other selective agars for the 
iso lation  of Salmonella have been  advocated, in 
c lu d in g  xylose lysin e  desoxycholate (XLD) agar 
introduced by Taylor (4) in  1965. Actually, XLD 
agar is on e o f a fam ily o f agars. X ylose lysin e  
base (XL) agar, considered a n on selective  m edi
um , perm its the growth o f m ost enteric bacteria. 
W hen su pplem ented  w ith  sodium  thiosulfate  
and ferric am m onium  citrate, the basal m edium  
becom es com plete and, w h en  further su p p le
m en ted  w ith  either sodium  desoxycholate or 
brilliant green  dye, becom es XLD or xylose ly 
s in e  brilliant green (XLBG) agar, respectively. 
Ironically, the XLD agar was originally  designed  
by Taylor for the isolation  o f Shigella and Provi
dencia, and XLBG for the iso lation  o f Salmonella. 
W e have used XLD for the isolation of Salmonella 
from  foods, how ever.

H ektoen enteric (HE) agar, introduced by King
0004-5756/81/6404-0899/30$l.00 © Association of Official Analytical Chemists, Inc.
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and M etzger (5, 6 ) in  1968, is another selective  
agar recom m ended for the isolation  of enteric 
pathogens. This agar was orig in ally  d esigned  
for the isolation  o f Shigella from clinical speci
m ens but w as found  to be applicable for the iso 
lation  o f Salmonella. HE agar d iffered  from all 
other enteric selective agars in  conta in ing an 
indicator system  consisting of brom thym ol blue 
and Andrade's indicator. It also contains in 
creased am ounts of ferm entable carbohydrates 
and peptones along w ith  a selectively  inhibitory  
system  consisting o f b ile  salts and sodium  des- 
oxycholate.

R ecently, w e  reported (7) a com parative eval
uation  o f BG, BS, SS, HE, and XLD agars for the 
recovery of Salmonella from foods in w h ich  these 
5 se lective  agars w ere used on  naturally con
taminated food samples over an extended period. 
That study dem onstrated the inadequacy of the 
SS agar and the advisability of usin g  a 4-agar 
system  (BG, BS, HE, and XLD) to recover a max
imal number of Salmonella isolates. Based on the 
results o f that evaluation , a collaborative study  
w as undertaken o f the comparative efficiency of 
these 5 agars for the isolation of Salmonella from  
se lected  food types.

Collaborative Study
T w elve laboratories participated in this co l

laborative study. Results from on e laboratory, 
h ow ever, w ere not inclu ded  because o f in ad e
quate b iochem ical and serological confirm ation  
of Salmonella cultures. Each collaborator was 
fu rn ish ed  w ith  1 lb each o f BG, BS, SS, HE, and  
XLD agars w h ich  had been  screened and found  
acceptable by the orig inating laboratory (D iv i
sion  o f M icrobiology) in  plating efficiency tests. 
All collaborators were supplied w ith  the same lot 
of BG, BS, SS, and HE agars; 2 collaborators were 
supplied  w ith  a lot number of XLD agar different 
from  that u sed  by the other 9 collaborators. 
Collaborators w ere asked to prepare the BG, BS, 
and SS agars according to AOAC specifications 
(2) and to prepare the HE and XLD agars ac
cording to the m anufacturer's instructions. 
Collaborators w ere asked to prepare the BS agar 
plates the day before they w ere streaked, based  
on the report that freshly prepared batches of BS 
agar w ere extrem ely toxic to S. typhimurium  (8 ), 
and to prepare plates of the other 4 agars on  the  
day they w ere to be streaked. After com pletion  
of the study, how ever, it w as learned that som e  
collaborators prepared plates o f certain selective  
agars, other than the BS agar, the day before the 
agars w ere streaked. M oreover, because of the 
large num ber of selective agar plates required to

determ ine levels of Salmonella in the sam ples, the 
originating laboratory had to make these par
ticular selective agar plates the day before the  
plates w ere streaked.

Each laboratory was furnished w ith 10 samples 
of each of 5 foods: m ilk chocolate, soy protein  
pow der, su n flow er seeds, brow n rice, and soy  
flour. M ilk chocolate w as used because o f its 
in vo lvem en t in several docum ented  cases of 
salm onellosis (9); selection  o f the other 4 foods  
w as based on  the occurrence of Salmonella in  
these types o f foods reported in  a recent bacte
riological survey o f health  foods (10). The 5 
foods were obtained either in  bulk or in available 
retail-sized packages from  local retail outlets. 
The packages were pooled, m ixed m anually, and  
artificially inoculated w ith  varying lev els  and  
com binations o f Salmonella, Escherichia, Entero- 
bacter, Proteus, and Citrobacter m icroorganism s. 
Sam ples w ere inoculated w ith  cultures prese
lected  from  our stock culture co llection  by  
screen ing to dem onstrate shortcom ings o f the 
agars as experienced  in  our laboratory or as re
ported in the literature. O ne exam ple was the  
inclu sion  o f lactose-positive Salmonella cultures 
w h ich  w ou ld  not ordinarily appear as typical 
Salmonella colonies on plates of BG and SS agars. 
The inoculum  cultures w ere grow n overn igh t at 
35°C in brain heart in fu sion  or lactose broth, 
centrifuged (3015 X g), and w ashed  tw ice in  
Butterfield's phosphate buffer (pH  6 .8-7.2). In 
selected  instances w ith  the sam ples of soy flour, 
the w ashed  cell susp en sion s w ere heat-shocked  
10 m in in a 55°C w ater bath before inoculation  
into the food samples. O ne sam ple in each series 
of 10 sam ples served as the un inocu lated  nega
tive control. O ther controls in clu d ed  positive  
and negative m edia controls. A jar o f u n in o cu 
lated pre-enrichm ent broth treated like the co l
laborative study sam ples served  as the n egative  
media control. Each collaborator was furnished  
w ith  an H 2S-positive and an H 2S -negative Sal
monella culture to be used as p ositive m edia  
controls in  the analytical protocol. A n alyses  
w ere sched uled  so that a series o f 10 sam ples o f  
a particular food w as exam ined by each co llabo
rator every 14-15 days.

The m ilk chocolate sam ples w ere inoculated  
as follows: 700 g (approximate) portions of milk  
chocolate w ere m elted either in  a doub le boiler  
or in  an A rnold steam er and then  a llow ed  to 
equilibrate in a water bath at 59-60°C . The 
m olten  chocolate mass was transferred to a m ix
in g  bow l, and d ifferent levels  o f p oo led  Salmo
nella serotypes and p ooled  E. coli strains w ere  
added to the chocolate. The artificially in ocu 
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lated chocolate w as m ixed by an electric mixer. 
The h om ogen ized  chocolate w as then  spread  
onto plastic sheets and a llow ed  to so lid ify . A f
terwards, 30 g (approxim ate) portions w ere  
w eig h ed  in to  sterile plastic bags, coded w ith  a 
random ized, singular 5-d igit num ber, and sent 
to participating laboratories. A ll sam ples w ere  
inoculated 14-15 days before collaborators began  
their analyses to g ive m icroorganism s sufficient 
tim e to stab ilize w ith in  the sam ple. M oreover, 
this 2 -w eek  storage period, during w h ich  tim e  
the inocu lated  cells received  no nourishm ent, 
could  in itse lf be considered a type of stress.

The sam ples of soy protein powder, sunflow er  
seed s, brow n rice, and soy flour w ere all in ocu 
lated in  the same manner. Before inoculation of 
the su n flow er seeds, how ever, 400 g portions of 
som e collaborative sam ples o f these seeds w ere  
autoclaved 30 m in at 121 °C and dried in  a 
forced-air drying oven  24 h at 6 8 ° C to ensure that 
n o n e  o f the in d igen ou s m icroflora w ou ld  inter
fere in the enum eration of inoculated Proteus and 
Citrobacter m icroorganism s. Even th ough  se
lected sam ples of brown rice were also inoculated  
w ith  Proteus and Citrobacter, these sam ples w ere  
not autoclaved before inoculation. From the  
bulk vo lu m es o f each o f the foods, 30 g portions  
w ere w e ig h ed  in to  sterile plastic bags and in oc
ulated w ith  d ifferent levels and com binations of 
Salmonella and n o n -Salmonella m icroorganism s. 
In som e instances s in g le  serotypes or strains of 
Salmonella, E. coli, Enterobacter, Citrobacter, and  
Proteus w ere used; in  other instances poo ls of 2 
or more serotypes or strains of these genera were  
used. The inoculated  sam ples w ere m ixed  
m anually and then  num ber-coded. For each o f  
the 5 se lective  agars used in  this study, the D i
v is io n  o f M icrob iology determ ined m ost proba
b le  num ber (M PN) valu es o f m icroorganism s 1 
day and 14-15 days after inoculation (14-15 days 
w as the tim e collaborators began analyses).

Collaborators w ere instructed as follow s:
From each 30-32  g (30 g dry w e igh t plus  

w eig h t o f inocula) collaborative sam ple, w eigh  
25 g. Pre-enrich sam ples o f m ilk chocolate in  
reconstitu ted  nonfat dry m ilk w ith  added bril
liant green  dye (final concentration, 0 .02  mg 
d y e /m L ) or crystal v io le t dye (final concentra
tion , 0.04 m g d ye/m L ); pre-enrich all other  
sam ples in  lactose broth. M aintain a sam p le/ 
pre-enrichm ent broth ratio of 1:9 for all analyses. 
Blend sam ple/broth  m ixtures 2 m in, let stand 60 
m in, and then  adjust to pH  6.8  ±  0.2. Incubate 
pre-enriched collaborative sam ples 24 ±  2 h at 
35°C; then  subculture 1 mL aliquots to 10 mL 
selen ite cystine (SC) broth or 10 mL tetrathionate

(TT) broth. Incubate these selective enrichm ents 
24 ±  2 h at 35 °C and streak to each o f the 5 se
lec tiv e  agars. Incubate the selective agar plates 
at 35°C and exam ine at 24 ±  2 h. If the BS plates 
do not have grow th or susp icious Salmonella 
co lon ies, incubate them  an additional 24 ±  2 h. 
Pick typical Salmonella co lon ies to triple sugar 
iron agar and lysine iron agar; confirm biochem
ica lly  and group som atically w h ere possible.

In determ in ing Salmonella M PN  values o f or
gan ism s inoculated  in to  collaborative sam ples, 
chocolate sam ples were blended w ith nonfat dry 
m ilk conta in ing added BG dye (final concentra
tion , 0.02 m g d ye/m L ), w hereas sam ples o f the 
other 4 food  types w ere b len d ed  w ith  lactose 
broth. The originating laboratory had to make 
a few  concessions in the analytical protocol, 
h ow ever, because o f the extraordinarily large 
num ber of tubes and plates to be analyzed. First, 
no attem pt w as m ade to adjust the pH  of each  
in d ivid ual tube o f pre-enrichm ent broth used in  
the M PN  determ ination. Second, the originat
in g  laboratory prepared SC broth by heating  
rehydrated m edium  to b o ilin g  and d isp en sin g  
10 mL portions into nonsterile test tubes. Tubed 
m ediu m  w as not heated in  flo w in g  steam. 
M oreover, it w as logistically  necessary to make 
both SC and basal TT broth 1-4 days before use 
and store it under refrigeration. Third, since w e  
have found that most Salmonella cultures produce 
H 2S on BS, HE, and XLD agars, greater em phasis 
was placed on picking H 2S-positive, rather than  
H 2S-negative, co lonies on  these particular agars. 
The collaborating analysts, h ow ever, w ere not 
instructed to pick o n ly  H 2S -positive co lon ies. 
N ext, the h ighest d ilution  o f sam ple w h ich  gave 
susp icious co lon ies on  all 3 p lates (3-tube M PN) 
of any particular selective agar and, in  general, 
the next 2  succeed ing h igh er d ilu tion s w ere  
confirm ed in calculating M PN values. N o  at
tem pt w as m ade to confirm  cultures in  all low er  
dilutions. "Skips" occurring in  low er dilutions  
could be attributable to overgrow th  by com p et
in g  organism s. Finally, it w as not alw ays p os
sib le to incubate exactly 24 ±  2 h for pre-enrich
m ents, selective enrichm ents, and se lectiv e  
agars.

Certain sam ples w ere inoculated  w ith  non- 
Salmonella bacteria, w h ich  in m ost instances  
served as com peting microflora to the Salmonella 
bacteria also present. In the case o f su n flow er  
seeds, how ever, each collaborator w as sent 10 
sam ples, 2 o f w h ich  conta ined  either Citrobacter 
or Proteus only. Since the SC and TT broths used  
in  the enum eration of Salmonella are in tended  to 
in h ib it com peting non-Salmonella  m icroorgan
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ism s, h igh er M PN values o f Citrobacter and Pro
teus could be expected if the selective enrichm ent 
step w ere bypassed. A ccordingly, M PN lev els  
of Citrobacter and Proteus w ere d eterm ined  by 
b len d in g  food sam ples w ith  lactose broth, d i
lu tin g , and inocu lating in to  tubes o f lactose  
broth. After overn igh t incubation at 35°C, the  
tubes w ere streaked d irectly to the selective  
agars. Isolates w ere picked and id en tified  
biochem ically . In enum erating E. coli and En- 
terobacter, sam ples w ere b len d ed  w ith  Butter
field's phosphate buffer and serial dilutions were  
inoculated into tubes o f lauryl (sulfate) tryptose  
(LST) broth. Tubes o f LST broth w ere exam ined  
for gas form ation at 24 and 48 ±  2 h. In en u 
m erating E. coli, the fo llo w in g  d eviations w ere  
made from the official AOAC m ethod. First, one  
or tw o 3 mm loop fu ls o f broth from gassing LST 
tubes w ere transferred to EC m edium  and in cu 
bated in  a water bath at 45.5 ±  0.3°C, rather than  
at 45.5 ±  0.05°C. Secondly , the tubes o f EC m e
dium were inadvertently subm erged in the water 
bath so that the water level was above the highest 
lev el of m edium  in  the m ain tube rather than 
above the h igh est lev el of m edium  in the fer
m entation vial. M oreover, 10 mL portions o f EC 
m edium  w ere d ispensed  in  20 X 150 mm  tubes, 
rather than 8 mL portions in  16 X 150 mm  tubes. 
EC tubes gassing at 24 or 48 ±  2 h w ere streaked  
to Levine EMB agar. C olonies likely  to be E. coli 
were picked to LST broth, rather than plate count 
agar slants, and w ere incubated at 35°C and ex
am ined at 24 and 48 ±  2 h intervals. A sm all 
am ount of broth w as transferred w ith  a sterile  
need le from  gassing LST tubes to tubes o f Koser 
citrate, 1% tryptone, and MRVP m edium . In
cubation o f IMViC (in d ole , m ethyl red, V oges- 
Proskauer, and citrate u tilization) m edia and  
performance of biochem ical tests were in  general 
accordance w ith  AOAC recom m endations (2), 
except creatine was not used to accelerate the test 
for the presence o f acetylm ethylcarbinol.

In enum erating Enterobacter, gassing LST tubes 
w ere streaked directly to L evine EMB agar and  
co lon ies w ere id en tified  as described above. 
Cultures w ere classified  as E. coli or Enterobacter 
based on the b iochem ical pattern o f IMViC re
actions.

A statistical pair-w ise com parison o f the re
covery o f Salmonella and o f the rate o f false
n egative reactions for any particular food was 
perform ed as follow s: The proportion o f sam 
p les determ ined to contain Salmonella w as ex
pressed as Pj = r /n ,  w h ere r is the total num ber  
of sam ples that conta ined  Salmonella for a g iv en  
selective enrichm ent/agar com bination and n is

the total num ber of p ositive sam ples. To com 
pare the results for 2  g iv en  en rich m en t/a gar  
com binations, P\ and Pj, the fo llo w in g  form ula  
w as used:

Z = (Pi ~  Pj)/SPi -  Pj
w h ere Spj _ Rj is the standard error o f the d iffer
ence b etw een  Pj and Pj and is com puted as

Sp; -  p, =  [(b +  c -  (b -  c)2/n ) ln ( n  -  1)]1/2
w h ere b and c are the num bers of sam ples for 
w h ich  the 2  selective en rich m en t/agar com b i
nations disagreed in  term s of the presence of 
Salmonella and n is the total num ber o f sam 
ples.

A statistical pair-w ise com parison o f th e rate 
of fa lse-positive reactions w as perform ed as fo l
lows: The proportion o f fa lse-positive cultures  
for each selective enrichm ent/agar com bination  
w as com puted as

R = L  J/i IT, Xi

w h ere 2 i/j is the total num ber of fa lse-positive  
cultures obtained by all collaborators for any  
particular food type and S x ; is the total num ber  
of cultures picked that could be id en tified  as 
Salmonella or n on -Salmonella by all collaborators 
for any particular food type. S ince y  and x  var
ied from collaborator to collaborator, the stan
dard error o f R w as com puted as:
SR = l / ( n x ) 1' 2 [(£.y,? - 2 R L j / i * i

+ R2Exb/n  -  1]V2
w h ere n is the total num ber o f collaborating  
laboratories and x  =  H x i/n . To com pare the re
sults for any 2  g iv en  se lectiv e  en rich m en t/agar  
com binations, the fo llo w in g  form ula w as used:

Z =  (Ri -  Pj)/[(SRi)2 +  (SRi)2]i/2.
An absolute valu e o f Z >  1.96 w as taken to in 

dicate that the 2  ratios w ere sign ifican tly  d iffer
ent at the 5% probability level.

Results and Recommendations
Table 1 sh ow s the lev e l o f m icroorganism s in  

the sam ples of m ilk chocolate determ ined by the  
originating laboratory 1 day and 14 days after 
inocu lation . Sam ples 1-9 conta ined  various 
dilutions o f a pool consisting of S. paratyphi B and
S. poona. A lthough E. coli was not inoculated into  
sam ples 1-3 , sam ples 4 -9  conta ined  various 
dilutions of a pool consisting of 5 strains o f E. coli. 
We inoculated these sam ples in  order to have low  
levels o f Salmonella present in  the sam ples at the 
time the collaborators began analyses. The tenth



Table 1. Enumeration of microorganisms in artificially contaminated milk chocolate samples

Salmonella
MPN/g Escherichia

S elen ite  cystine broth T etrath ionate  broth c o lig
Sanple

No. Serotype(s) D ilu tion3 BGb BSC ssd HEe XLDf BG BS SS HE XLD D ilution3 MPN/g
i S. paratyphi B, 

S. poona
10° h93(0.09) 93(0.09) 93(0.09) 93(0.09) 93(0.09) 93(0.09) 93(0.09) 93(0.09) 93(0.09) 93(0.09) - < 0.3 (< 0.3)

2 S. paratyphi B, S. poona 10"1 9.3(0.04) 9.3(0.04)
9.3(0.04) 9.3(0.04) 9.3(0.04) 9.3(0.04) 9.3(0.04) 9.3(0.04) 9.3(0.04) 9.3(0.04) - <0.3  (< 0.3)

3 S. paratyphi B, S. poona 10-2 1.5(< 0.03)
1.50.03) 1.5£ 0 .03 ) 1.5£ 0.03) 1.50.03) 1.5£ 0.03) 1.5

£ 0 .03 )
1.5£0 .03 ) 1.5£ 0 .03 ) 1.5f: 0.03) - <0.3  (< 0.3)

4 S. paratyphi B, S’. poona
10° 23

(0.03)
23

(0.03)
23

(0.03)
23

(0.03)
23

(0.03)
23(0.03) 23(0.03) 23(0.03) 23(0.03) 23j (0.03) 10° 9.3

(<0.3)
5 S. paratyphi B, "S’, poona 10-1 4.3(0.04) 0.15(0.04) 4.3(0.04) 4.3(0.04) 4.3(0.04) 23(0.04) 9.3(0.04) 23

(0.04) 23(0.04) 9.3(0.04) 10° 4.3(< 0.3)
6 S. paratyphi B, S’, poona 1 0 '1 9.3(< 0.03)

9.3
(< 0.03)

9.3(< 0.03)
9.3

(< 0.03)
9.3

(< 0.03)
9.3(< 0.03)

9.3(<0.03) 9.3(< 0.03) 9.3(< 0.03) 9.3(< 0.03)
i o '1 0.91 

(< 0.3)
7 S. paratyphi B, S. poona 10"2 0.03 (< 0.03) 0.03 (< 0.03) .0.43 (< 0.03) 0.07 (< 0.03)

0.07 
(< 0.03) 0.43(< 0.03) 0.43 (< 0.03) 0.43 (< 0.03) 0.43 (< 0.03) 0.43 (< 0.03) 10° 2.3 (< 0.3)

8 S. paratyphi B, S. poona
10" 2 0.04(< 0.03) 0.04 (< 0.03)

0.09 (< 0.03)
0.04 

(< 0.03)
0.04 

(< 0.03)
0.23 (< 0.03) 0.23 (< 0.03) 0.23 (< 0.03) 0.23 (< 0.03) 0.23 (< 0.03) 10-1 <0.3  (< 0.3)

9 S. paratyphi B, S. poona
1 0 '2 0.23 (< 0.03) 0.23 (< 0.03)

0.23 (< 0.03) 0.23(<0.03) 0.23 (< 0.03) 0.23 (< 0.03) 0.23 (< 0.03) 0.23 (< 0.03) 0.23 (< 0.03) 0.23 (< 0.03) 1 0 '2 < 0.3 (<0.3)
10 None - <0.03 (< 0.03) < 0.03 (< 0.03) <0.03(<0.03) <0.03 (< 0.03) <0.03 (< 0.03) <0.03 (< 0.03) <0.03 {< 0.03) <0.03 (< 0.03) <0.03 (< 0.03) <0.03 (< 0.03) - <0.3 

(< 0.3)
a One iriL o f indicated  d ilu tio n  was inoculated in to  700 g amounts o f chocolate.

BGj ta r il l ia n t green; BS, bismuth s u lf i te ;  SS, Salironella-S h igella; HE, Hektoen e n te ric ; XLD, xylose ly sine  desoxycholate agars. 
g Pool consisting  o f 5 s tra in s  of E. o o l i .
h Numbers not in  parentheses are MPN values o f microorganisms in  spiked samples 1 day a f te r  inocu lation . Numbers in  parentheses are MPN values 14 

days a f te r  inocu lation , when ac tu a l co llaborative study sample analyses were begun.
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Table 2. Recovery of Salmonella from milk chocolate samples using 5 selective agarsJ

Coll.

Sample

No.

Selenite cystine Tetrathionate

BG BS SS HE XLD BG BS SS HE XLD

1 1 +b + 4- + + + 4- 4- 4- 4-
2 + + - + + + 4- - 4- 4-
3 -
4 - 4- 4- + ♦ + 4- 4- 4- 4-
5 - "
6 4- + + + + + 4- 4- 4- 4-
7 -

9
10

2 1 4- + - + ♦ + 4- 4- 4- 4-
2
3 + - - + 4- + 4- 4- 4- 4-
4 + •f + + + + 4- 4- 4- 4-
5 - -

7 -

9
10 - - - - - " - -

3C 1 + + + + + + 4- 4- + 4-
2 4- + 4- + + + 4- 4- 4- 4-
3 -
4 + - ♦ + - + 4- 4- 4- 4-
5 -
67
8 -
9 -

10 “ " ■ _ " " _

4 1 + + 4- + + + 4- 4- 4- 4-
2 + + 4- + + 4- 4- - 4- 4-
3
4 4- + 4- + + 4- 4- 4- 4- 4-
5 + + 4- + + 4- 4- 4- 4- 4-
6 + + + + + 4- 4- 4- 4- +

7 -
8
9

10

5 i 4- + + + + 4- 4- 4- 4- 4-
2 + + 4- + + 4- 4- 4- 4- 4-
3 -
4 + + 4- + + 4- 4- 4- 4- 4-
5
6 4- + + + + 4- 4- 4- 4- 4-
7
8 + + + + + 4- 4- 4- 4- 4-
9 -

10 -

6 1 _
2 -

3
4 + + 4- + + 4- 4- 4- 4- _
5 - -

6 -

7
8
9 -

10
7 1 + + - r + + 4- 4- 4- 4- 4-

2 4- 4- + + + 4- 4- 4- 4- 4-
3 - _
4 4- + + + + 4- 4- 4- 4- 4-5
7 _
8 -
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Table 2. (cont’d)

C oll.
Sample

No.
S elen ite  cystine T etrath ionate

BG BS SS HE XLD BG BS SS HE XLD
9

10
8d 1 + + + + + + + + + +

2 + + + + + + + + + +
34 + + + + - + + + + +
5
6789

10
9 1 + + _ _ + + + + + +

2 + + + + + + + + + +
34 + + + + + + + + + +
56
7
89

10
10 1 + + _ + + + + + + +

23
45
67 + + - - + + + - + +
89 + + + + + + + + + +

10
h 1 _ _ + _ _ . . + .

2 -

3 -

4 -
5 + 4- + + + + + + + +
67 -
8 -

9 -

10 -
33 32 29 32 32 34 34 32 34 33

Totals ( 94)1 (91)| (83) (91) (91) 97) 97) (91) (97) (94)

a For id en tif ic a tio n  o f agars, see Table 1, footnotes b -f . 
k +, Salmonella recovered; Salmonella not reoovered.
c Seven of 10 samples were pre-enriched in reco nstitu ted  nonfat dry milk with 10 times the reccrmended concentration of b r i l l i a n t  green dye.
^ Collaborator in i t ia te d  samples 3 days la te . 
e Percentage of to ta l  number o f 35 p os itive  samples.

sample of m ilk chocolate and of the other 4 foods 
was not inoculated w ith  any microorganisms and 
served  as the n egative control. A ll 9 o f the Sal
m o n e lla - in o c u la te d  sam ples conta ined  viab le  
Salm onella  m icroorganism s 1 day after in ocu la
tion  but on ly  4 o f these sam ples (1, 2, 4, 5) con 
tained determ inant lev e ls  o f Salm onella  14 days 
after incubation as determ ined by the originating  
laboratory.

The recovery o f Salm onella  from  th e m ilk  
chocolate sam ples by the collaborators and  
originating laboratory is sh ow n  in  Table 2. 
Thirty-five sam ples found positive by the various 
laboratories w ere distributed as fo llow s: 5
sam ples (2 labs), 4 sam ples (1 lab.), 3 sam ples (6 
labs), 2 sam ples (1 lab.), and 1 sam ple ( i  lab.). 
Even thou gh  w e attem pted to th oro u gh ly  h o 
m og en ize  the inocu lated  Salm onella  m icro
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organism s in  the m olten m ilk chocolate, it is 
evident that the Salmonella m icroorganisms were  
present in  low  num bers, and even  th en , on ly  
in term ittently. Before inocu lation  w ith  Salm o
nella, the m ilk chocolate was m elted and allow ed  
to equilibrate in  a w ater bath at 59-60°C , w h ich  
could be expected to substantia lly reduce the 
lev el o f Salm onella  organism s and to injure the 
surviv ing cell population. N everth eless, the 
relative perform ance o f the 5 se lective  agars for 
iso lating Salm onella, w h ich  w as our m ain con 
cern, could still be determ ined. All 5 agars were 
higher in Salmonella productivity w h en  streaked 
from TT broth rather than from  SC broth, pro
ductiv ity b ein g  d efin ed  as the num ber of Sal
m o n e lla -p o s itiv e  sam ples obtained by usin g  any  
one selective en r ich m en t/se lectiv e  agar com bi
nation  d iv id ed  by the total num ber o f Salm o
n e lla -p o s itiv e  sam ples obtained by usin g  all 10 
selective en r ich m en t/se lective  agar com bina
tions. N o  one selective en r ich m en t/se lective  
agar combination was able to recover 100% of the 
Salm onella -p ositiv e  sam ples. H ow ever, the  
TT-BG, TT-BS, TT-HE com binations w ere able 
to recover 34 (97%) o f the 35 positive sam ples.

The enum eration of m icroorganism s in ocu 
lated into sam ples o f soy  protein  pow der is 
sh ow n  in Table 3. Sam ples 1 and 2 contained S. 
anatum  as the sin g le  serotype; no E. coll was in 
oculated in to  these sam ples. This particular 
strain o f S. anatum  w as lac tose-p o sitiv e . 
Throughout the study it w as em phasized  that 
only  co lonies that w ere typical in appearance for 
Salm onella  shou ld  have been picked from  the 
plates of selective agars. It shou ld  be readily  
realized , how ever, that in the analysis o f food  
sam ples in  a strictly official regulatory capacity, 
both atypical and typical co lon ies w ou ld  be 
picked in  an FDA laboratory. The intent of this 
study w as not to determ ine if all 5 agars w ou ld  
be able to detect Salmonella in  any g iven  sam ple, 
regardless o f the m orphological appearance of 
the various co lony types on  the selective agars. 
Rather, w e w ere concerned w ith  the relative e f
fic ien cy  o f these 5 agars in  discrim inating Sal
m onella  from the com p eting n on -Salm onella  
m icroorganism s. Since on e is m ore in clin ed  to 
pick typical, rather than nontyp ical, co lon ies in  
any g iven  situation, the greater the num ber of 
tim es a Salm onella  culture appears as a typical 
colony on  any one agar, the m ore apt that agar 
w ill be to detect any Salm onella  organism s that 
may be present. M oreover, picking an excessive 
num ber of atypical co lon ies in  th is study w ou ld  
have led  to a large num ber o f fa lse-positive re
actions w h ich  w o u ld  have distorted the e ffi

ciency of the various agars. Sam ples 3 -9  w ere  
inoculated w ith  various d ilu tion s o f a poo l o f 2 
Salm onella  serotypes, S. derby and S. virchow . 
Sam ples 3, 4, 6 , 7, 8 w ere each inocu lated  w ith  
different d ilu tions of a pool con sistin g  o f 5 
strains of E. coll. For the m ost part, lev e ls  of 
Salm onella  at the tim e of in itiation  o f analyses of 
the soy protein pow der sam ples w ere h igh er  
than those lev els present in  the chocolate co l
laborative sam ples, particularly for sam ples 3, 4, 
and 5 of the soy protein powder. It can be stated 
that all 9 o f the S a lm o n ella -in o cu la ted  sam ples 
contained  viab le Salm onella  cells at the tim e of 
in itiation  o f sam ple analyses if the fo llo w in g  2 
assum ptions are made: First, that Salm onella
m icroorganism s w ere un iform ly distributed  
w ith in  the 30-32  g collaborator portions from  
w h ich  a 25 g analytical un it w as taken for each  
sam ple number; second, that all the cells did not 
d ie  in any on e sam ple sent to a particular labo
ratory. This second assum ption is som ew hat 
tenuous, how ever, and should  be kept in  m ind  
w h en  interpreting the results from any one co l
laborator.

Table 4 show s the Salmonella recovery patterns 
obtained by the collaborators for the sam ples of 
soy protein powder. Since BG and SS agars both  
contain  lactose, the appearance o f the lactose
p ositive strain o f S. anatum  w ou ld  have been  
atypical, and for the criteria established for this 
study, w ou ld  not have been  expected to be d e
tected on these 2 agars for the first 2 samples. Of 
the 3 Salmonella selective agars recom m ended by 
the AOAC (2) and the Bacteriological A n a lytica l 
M anual (BAM) (11), the lactose-positive strain of
S. anatum  shou ld  have appeared typical o n ly  on  
the BS agar. For these first 2 sam ples, collabo
rators obtained different results w ith  the HE and 
XLD agars. Sam ples 3 -9  w ere inoculated  w ith  
different d ilu tion s o f a pool o f S. derby  and S. 
virch ow , both o f w h ich  w ere H 2S-positive. A ll 
collaborators except Collaborator 1 reported that 
the SS agar w as less productive than the other 4 
agars w h en  streaked from SC broth, TT broth, or 
both. Sim ilarly, the overall com bined results of 
all laboratories demonstrated that the SS agar was 
less productive than the other 4 agars w h en  
streaked from  both  selective enrichm ents. The 
SC-SS and TT-SS selective enrichm ent/selective  
agar com binations w ere able to recover on ly  52 
and 44%, respectively, of the Salm onella-positive  
sam ples, som ewhat less than recoveries obtained  
w ith  the other 4 agars. The selective enrich
m en t/se lec tiv e  agar com bination g iv in g  the  
h igh est recoveries of Salm onella  w ere SC-BS, 
TT-BS, TT-HE, and TT-XLD.



Table 3. Enumeration of microorganisms in artificially contaminated soy protein powder samples *

Salmonella Escherichia
MPN/k col I e

S e len ite  cystine broth T etrath ionate broth
Sample

No. Serotype(s) Dilution*3 BG BS SS HE XLD BG BS ss HE XLD Dilution^ MPN/g

1 S. anaturn 1 0 '3
< 0 .0 ^  

(< 0.03) 93(2.3)
<0.03 (< 0.03) 0.11(0.15) 93(2.3) < 0.03 (< 0.03) 93(2.3) < 0.03 (< 0.03) 0.15

(0.11)
93(2.3) - <0.3 (< 0.3)

2 S. ana turn 10-4 < 0.03 (< 0.03) 2.3(0.93) < 0.03 (< 0.03) 0.09(0.04) 2.3(0.15) < 0.03 (< 0.03) 2.3(0.93) <0.03 (< 0.03) 0.09(0.07) 2.3(0.93) - <0.3(<•0.3)

3
S. derby, S’, vi renow 10" 2 >9,300 ( >13,000) 19,300>23,000) 12,100(>23,000) >9,300(>23,000) 19,300>23,000) >9,300

>23,000)
>9,300

>23,000)
ND(>23,000) >9,300(>23,000) >9,300£23,000) 10"1 15,000

(23,000)

4
S. derby, S’, virenow 10-2

>43,000(9,300) >43,000(9,300) >43,000(9,300)
>43,000(9,300) >43,000(9,300) >43,000(9,300) >43,000(9,300) >43,000(9,300) 143,000(9,300) 143,000(9,300) 10" 2 9,300930

5 S. derby, S. virenow 10" 2
> 23,000 (>21,000) >23,000(>21,000) 1  23,000 

NDe
>23,000>21,000) >23,000>21,000) > 23,000 >21,000) > 23,000 >21,000) 1  23,000

ND
1  23,000 >21,000) 123,000>21,000) - <0 .3  (< 0.3)

6
S. derby, S. virchow 1 0 '4

43(93) 43(93)
0.06
(43) 23(93) 43(43) 43

(93)
43(93) 0.04(43) 23(43) 43(43) 10"2 “ 2,300,000(2,300)

7 S. derby, S. virenow 10"4
930(23)

930(23) 930(23) 930(23) 930(23) 930(23) 930(23) 930(23) 930(23)
930
(23) 10‘ 3 4,300(9.3)

8
S. derby, S. virenow 10"4

43
(23)

43
(23)

43
(23)

43(23) 43(23)
43

(23)
43

(23)
0.2
(23)

43
(23)

43
(23) 10"4

9.3(43)

9
S. derby, S. virenow 10"4

43
(93)

43(93) 43
(93)

43(93) 43(93) 43(93)
43

(93) 43(93) 43(93)
43(93) - < 0 .3  

(< 0.3)

10 None -
< 0.03 (< 0.03)

<0.03 
(< 0.03)

< 0.03 (< 0.03) < 0.03 (< 0.03) < 0.03 (< 0.03) < 0.03 (< 0.03)
<0.03 

(< 0.03)
<0.03 (< 0.03) < 0.03 

(< 0.03)
<0.03 

(< 0.03) -
< 0.3 

(< 0.3)

a Per id e n tif ic a tio n  o f agars, see Table 1, footnotes b -f . 
b One mL o f indicated  d ilu tio n  was inoculated in to  30 g saitples. 
c Pool consisting  o f 5 s tra in s  of E. c o l i .
d Numbers not in  parentheses are  MPN values o f microorganisms in  spiked samples 1 day a f te r  ino cu latio n . Numbers in  parentheses are  MPN values 14 

days a f te r  inocu lation , when ac tu a l co llab ora tiv e  study sanple analyses were begun. 
e P ositive tube combination too improbable fo r MEN determ ination.

ANDREW
S ET AL.: 

J. ASSOC. OFF. ANAL. CHEM. (VOL. 64, NO. 4, 1981) 
907



908 ANDREWS ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 64, NO. 4, 1981)



ANDREWS ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 64, NO. 4, 1981) 909

Table 4. (cont’d)

Sample S elen ite  cystine T etrath ionate
C òli. No. BG BS SS HE XLD BG BS SS HE XLD

8 1 _ _ _ + _ - - - - -
2 + -
3 + + - + + + + - + +
4 + + - + + + + - + +
5 + + + + + + + + + +
6 + + - - - + + - + +
7 + + - + + + + - + +
8 + + - + + + + - + +
9 + + + + + + + + + +

10
9 1 - _ - + - - - - + +

23 + + + + + + + + + +
4 + + + + + + - + +
5 + + + + + + + + + +
6 + + + + + + + - + +
7 + + + + + + + - + +
8 + + + + + + + - + +
9 + + + + + + + + +

10 -
10 1 + + ■ + + + + + + + +

2 + + + + + + + + + +
3 + + + + + + + - + +
4 + + + + + + + - + +
5 + + + + + + + + + +
6 + + + + + + + - + +
7 + + + + + + + - + +
8 + + + + + + + - + +
9 + + + + + + + + + +

10 - -
11 1 - + - - - - + - - -

2 - + - - - - + - '
3 4- + + + + + + + - +
4 + - - + - + + + + +
5 + + + + + + + + + +
6 + + - + - + + + + +
7 + + - + + + + + + +
8 + + - + + + + + + +
9 + + + + + + + + + +

10
80 85 50 82 80 79 87 42 85 88Tbtals (83)c (89) (52) (85 (83) (82) (91) (44 (89) (92)

a For id en tif ic a tio n  o f agars, see Table 1, footnotes b -f . 
b +, Salmonella recovered; - ,  Salmonella not recovered.

Percentage of to ta l  number of 96 p os itive  sanples.

The lev els  o f inoculated  m icroorganism s in 
sam ples of su n flow er seeds are sh ow n  in  Table
5. Sam ples 1, 2, and 3 were each inoculated w ith  
the sam e lev e l o f a Salm onella  poo l consisting of 
3 serotypes (S. typhim urium , S. oranienburg, and S. 
cn ten d itis)  and each of these sam ples w as chal
len g ed  w ith  different 10-fold dilutions of a pool 
consisting o f 2 strains o f E. coli. Yet, none o f the 
id en tified  co lon ies recovered was S. enteriditis. 
After the sam ples had been inoculated, the purity 
of the inocula cultures was determ ined by 
streaking onto each of the selective agars. It was 
subseq u en tly  d iscovered  that one o f the E. coli 
strains had been  inadvertently  contam inated

w ith  a culture that produced large m ucoid-like  
co lon ies on  certain of the selective agars This 
sam e culture was part of a pool used to inoculate 
sam ples o f soy protein  pow der and brown rice. 
In the final analysis, how ever, this w as not a 
determ ining factor since the levels o f E. coli were 
established by determ ining the com plete pattern 
o f IMViC reactions. Sam ples 4 -7  w ere inocu
lated w ith  the same level of pool consisting of S. 
derby  and S. senftenberg. Three of these sam ples 
(4 -6 ) w ere each challenged  w ith  10-fold d ilu 
tion s o f the E. coli pool as described above, 
w hereas the Salmonella inoculum  in sample 7 was 
not ch a llen ged  w ith  E. coli. Sam ples 8 and 9



Table 5. Enumeration of microorganisms in artificially contaminated sunflower seed samples a

Salmonella, C itrob acte r, and Proteus
MPN/g Escherichia

c o licSample Organism(s) bD ilution S elen ite  cystine rroth T etrath ionate  broth
No. BG BS SS HE XLD BG RS SS HE XLD bD ilution MPN/g

1 S. typhimurium, S. oranienburg, 5. e n te r id i t is 1 0 '4 NDd ' e ,i
(9.3)

23(9.3) ND(9.3) ND(9.3) ND(0.27) ND(9.3) 23(9.3) ND(9.3) ND(9.3) ND9.3 IO"1 > 930,000 (430)

2 S. typhimurium, 
oranienburg, 

S. e n te r id i t is
10"4

430
(0.43)

430
(0.43)

430
(0.07) 430(0.43)

430
(0.43) 430(0.43) 430

(0.43)
4 30 (0.43) 430(0.43) 430(0.43) IO"2 7,500

(9,300)

3 S. typhimurium. S. oranienburg, 3>. e n te r id i t is 10-4
93

(0.93) 93(0.93) 93(0.23) 93(0.93) 43(0.93) 93(0.93) 93(0.93)
93

(0.93)
93(0.93) 93(0.93) io -3 4 30 (> 430)

4 S. derby,S. senftenberg 10-3 1,500 ( >3,900) 1,500 ( >3,900) 1,500( >3,900) 1,500(>3,900) 1,500 ( >3,900) 1,500 ( >3,900) 1,500 ( >3,900) 1,500 ( >3,900) 1,500 ( >3,900) 1,500 ( >3,900) io -1 23,000
(4,300)

5 S. derby,S. senftenberg 1(T3 1,500
(230)

750
(230)

1,500(230) 1,500(230) 1,500
(230)

1,500
(230)

1,500(230) 1,500(230) 1,500(230) 1,500(4 3 ) IO '2 93,000
(23,000)

6 S. derby,S. senftenberg IO"3 430(>9,300) 430(>23,000) 430(>4,300)
430(>9,300) 430(>4,300) 430(>9,300) 430(>9,300) 430(>9,300) 430(>9,300) 430(>9,300) io "3 4,300(430)

7 S. derby,ÏÏ. senftenberg 10‘ 3 230(23) 230(23) 230(2 3 ) 230(2 3 ) 230(2 3 ) 230(2 3 ) 230( 23) 230( 23) 230 ( 23) 230( 23) -
<0. 3 (< 0.3)

8 C itrobacter9 IO-2 >3,900
(430)

>3,900 -  (430) > 3,900 (430)
> 3,900 
-  (430)

> 3,900 "  (430) -
< 0.3 (0.3)

9 Proteus9 io -2 230
(0.11)

>9,300
(230)

>9,300
(230)

>9,300
(230)

> 9,300 (230)
- < 0.3 

£ 0.3)
10 None - < 0.03 

(< 0.03) < 0.03 (< 0.03)
< 0.03 (< 0.03) < 0.03 (< 0.03)

< 0.03 (< 0.03)
< 0.03 
{< 0.03)

< 0.03 (< 0.03) < 0.03 (< 0.03) < 0.03 (< 0.03) < 0.03 (< 0.03) - < 0.3 (<0.3)

a For identification of agars, see Table 1, footnotes b-f.
One rriL of indicated dilution was inoculated into 30 g samples. 

c Pool consisting of 2 strains of E. coli.
Nimbers not in parentheses are MEN values of microorganisms in spiked samples 1 day after inoculation. Numbers in parentheses are MEN values 14 

days after inoculation, when actual collaborative study sample analyses were begun.
e Positive tube combination too inprobable for MPN determination.
f In sanples 1-3 examined 1 day after spiking, initiating laboratory found that some isolates agglutinated in E. somatic sera. No collaborators, 

however, reported E^ isolates in collaborative study sanples 1-3. 4
g All MPN values for Citrobacter and Proteus were obtained by streaking directly from lactose broth pre-enrichrrents.
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w e r e  i n o c u l a t e d  w i t h  t h e  1 0 - 2  d i l u t i o n  o f  a  
w a s h e d  c u l t u r e  o f  Citrobacter o r  Proteus, r e s p e c 
t i v e l y ;  s a m p l e  10  w a s  t h e  u n i n o c u l a t e d  n e g a t i v e  
c o n t r o l .  E n u m e r a t i o n  o f  Proteus w a s  s o m e w h a t  
d i f f i c u l t  b e c a u s e  o f  i t s  s w a r m i n g  a b i l i t y  a n d ,  i n  
s e v e r a l  i n s t a n c e s ,  i t  w a s  n o t  a l w a y s  p o s s i b l e  to  
p i c k  Proteus c o l o n i e s  i n  p u r e  c u l t u r e  i n  d e t e r 
m i n i n g  t h e  M P N  l e v e l s  o f  t h i s  o r g a n i s m .  A  
c o m p a r i s o n  o f  M P N  v a lu e s  o f  Proteus a s  g i v e n  b y  
t h e  5  s e l e c t i v e  a g a r s ,  h o w e v e r ,  d e m o n s t r a t e s  t h a t  
t h e  B G  a g a r  w a s  p a r t i c u l a r l y  e f f e c t i v e  i n  s u p 
p r e s s i n g  t h i s  s t r a i n  o f  Proteus, r e l a t i v e  t o  t h e  
o t h e r  4  a g a r s .

T h e  r e c o v e r y  o f  Salmonella f r o m  t h e  s a m p l e s  
o f  s u n f l o w e r  s e e d s  i s  s h o w n  i n  T a b l e  6 . A  m a 
j o r i t y  o f  t h e  c o l l a b o r a t o r s  r e p o r t e d  f i n d i n g  Sal
monella i n  s a m p le s  1 -7 .  T h e  r e s u l t s  f r o m  s a m p le  
2  w e r e  o f  p a r t i c u l a r  i n t e r e s t  s i n c e  t h e  r a t i o  o f  E. 
coli to  Salmonella w a s  a p p r o x i m a t e l y  2 2  0 0 0 :1 . 
E v e n  a t  t h i s  r e l a t i v e l y  h i g h  l e v e l  o f  c o m p e t i n g  
n o n -Salmonella o r g a n i s m s ,  Salmonella w a s  d e 
t e c t e d  w i t h  n o  a p p a r e n t  d i f f i c u l t y  b y  u s i n g  o n e  
o r  m o r e  o f  t h e  s e l e c t i v e  a g a r s .  I n  c o m p a r i n g  t h e  
o v e r a l l  p e r f o r m a n c e  o f  t h e  5  a g a r s  s t r e a k e d  f r o m  
S C  b r o t h ,  S S  a g a r  g a v e  t h e  l o w e s t  n u m b e r  o f  
Sa lm onella -positive  s a m p l e s .  A n  a n a l o g o u s  
c o m p a r i s o n  o f  t h e  a g a r s  s t r e a k e d  f r o m  T T  b r o t h  
r e v e a l e d  t h a t  e a c h  a g a r  w a s  a b l e  t o  r e c o v e r  m o r e  
t h a n  9 0 %  o f  t h e  Salmonella-p o s i t i v e  s a m p l e s .  
O n e  s e l e c t i v e  e n r i c h m e n t / s e l e c t i v e  a g a r  c o m 
b i n a t i o n ,  T T - X L D ,  w a s  a b l e  to  d e t e c t  Salmonella 
i n  1 0 0 %  o f  t h e  Salmonella-p o s i t i v e  s a m p le s .

T a b l e  7  s h o w s  t h e  l e v e l  o f  i n o c u l a t e d  m i c r o 
o r g a n i s m s  i n  s a m p l e s  o f  b r o w n  r i c e .  S a m p le s  
1 - 4  w e r e  e a c h  i n o c u l a t e d  w i t h  d i f f e r e n t  l e v e l s  o f  
a  l a c t o s e - p o s i t i v e  S. arizonae c u l t u r e .  S a m p l e s  1 
a n d  2  w e r e  a l s o  i n o c u l a t e d  w i t h  a  p o o l  o f  4  s t r a in s  
o f  E. coli, w h e r e a s  s a m p l e s  3  a n d  4  w e r e  e a c h  i n 
o c u l a t e d  w i t h  a  p o o l  c o n s i s t i n g  o f  2  s t r a i n s  o f  
Citrobacter. F o r  r e a s o n s  d i s c u s s e d  p r e v i o u s l y  ( s e e  
R e s u l t s  a n d  R e c o m m e n d a t i o n s ,  T a b l e  3 ) , t h i s  
l a c t o s e - p o s i t i v e  c u l t u r e  w a s  n o t  e x p e c t e d  to  
p r e s e n t  a n  a p p e a r a n c e  o n  B G  a n d  S S  a g a r s  t h a t  
w o u l d  b e  c o n s i d e r e d  t y p i c a l  f o r  m o s t  Salmonella 
c u l t u r e s .  T o  b e  c o n s i d e r e d  t y p i c a l  o n  H E  a n d  
X L D , t h e  c u l t u r e  m u s t  b e  a b l e  t o  p r o d u c e  H 2S. 
E a c h  o f  v a r i o u s  1 0 - f o ld  d i l u t i o n s  o f  S. enteriditis 
w a s  i n o c u l a t e d  i n t o  s a m p le s  5 - 7 ,  a l l  o f  w h i c h  a ls o  
c o n t a i n e d  a d d e d  i n o c u l a  o f  t h e  E. coli p o o l  a s  
d e s c r i b e d  a b o v e .  T h i s  p a r t i c u l a r  s t r a i n  o f  S. en
teriditis p r o d u c e d  a  d i s t i n c t  o f f - g r e e n  c o l o n y ,  
r a t h e r  t h a n  t h e  b l u e  o r  b l u e - g r e e n  c o l o n y  t h a t  is  
t y p i c a l  f o r  Salmonella o n  H E  a g a r .

S a m p l e  8  w a s  i n o c u l a t e d  w i t h  a  p o o l  o f  3  Sal
monella s e r o t y p e s  (S. muenchen, S. cubana, a n d  S. 
saphra) t h a t  w a s  c h a l l e n g e d  w i t h  a  p o o l  o f  2

s t r a i n s  o f  Citrobacter. S a m p l e  9  c o n t a i n e d  o n l y  
S. hevittingfoss, w h e r e a s  s a m p l e  10  w a s  t h e  u n 
i n o c u l a t e d  n e g a t i v e  c o n t r o l .

T h e  r e s u l t s  o b t a i n e d  b y  t h e  c o l l a b o r a t o r s  i n  
r e c o v e r i n g  Salmonella f r o m  t h e  s a m p le s  o f  b r o w n  
r i c e  a r e  s h o w n  i n  T a b l e  8 . A  m a j o r i t y  o f  t h e  
c o l l a b o r a t o r s  w e r e  a b l e  to  r e c o v e r  S. arizonae i n  
a l l  o r  a t  l e a s t  a  p o r t i o n  o f  t h e  f i r s t  4  s a m p l e s  a n d  
B S a g a r  w a s  t h e  f a v o r e d  r e c o v e r y  m e d i u m .  T h e  
i s o l a t i o n  o f  S. arizonae o n  H E  a n d  X L D  a g a r s  w a s  
m o s t  p r o b a b l y  d u e  to  t h e  p r o d u c t i o n  o f  H 2S o n  
t h e s e  2  a g a r  m e d i a .  O f  t h e  3  s a m p l e s  (5 , 6 , 7 ) 
i n o c u l a t e d  w i t h  S. enteriditis, o n e  o r  m o r e  o f  t h e  
a g a r s  w a s  g e n e r a l l y  a b l e  t o  i s o l a t e  Salmonella i n  
s a m p l e s  5  a n d  6 . O n l y  3  o f  t h e  c o l l a b o r a t o r s  r e 
p o r t e d  t h e  i s o l a t i o n  o f  Salmonella i n  s a m p l e  7 . 
T h i s  w a s  n o t  to o  u n e x p e c t e d ,  h o w e v e r ,  s i n c e  i t  
w a s  s h o w n  i n  T a b le  7  t h a t  t h i s  s a m p l e  a t  t h e  t im e  
a n a l y s i s  b e g a n  h a d  a  Salmonella M P N  o f  0 . 3 9 / g  
a n d  a n  E. coli M P N  o f  4 3 0 / g ,  r e p r e s e n t i n g  a n  E. 
coli/Salmonella  r a t i o  o f  a p p r o x i m a t e l y  1 1 0 0 :1 . 
S a m p le  8 , c o n t a i n i n g  p o o l s  o f  b o t h  Salmonella a n d  
Citrobacter, a n d  s a m p l e  9 , c o n t a i n i n g  a  s i n g l e  
u n c h a l l e n g e d  s e r o t y p e  o f  Salmonella, w e r e  p o s i 
t i v e  f o r  Salmonella w i t h  1 o r  m o r e  o f  t h e  a g a r s  in  
a l l  l a b o r a to r i e s .  O v e r a l l ,  b o t h  t h e  B G  a n d  t h e  S S  
a g a r s  p e r f o r m e d  l e s s  f a v o r a b l y  t h a n  t h e  o t h e r  3  
a g a r s  w h e n  s t r e a k e d  f r o m  e i t h e r  s e l e c t i v e  e n 
r i c h m e n t  b r o t h .  W h e n  s t r e a k e d  f r o m  t h e  S C  
b r o t h ,  t h e  B G  a n d  S S  a g a r s  r e c o v e r e d  o n l y  17  a n d  
2 3 % , r e s p e c t i v e l y ,  o f  t h e  Salmonella-p o s i t i v e  
s a m p l e s  c o m p a r e d  t o  5 6 %  f o r  t h e  B S a g a r .  S im 
i l a r l y ,  w h e n  s t r e a k e d  f r o m  t h e  T T  b r o t h ,  B G  a n d  
S S  a g a r s  g a v e  r e l a t i v e l y  l o w  r e c o v e r i e s  o f  2 4  a n d  
2 5 % , r e s p e c t i v e ly ,  c o m p a r e d  to  6 6  a n d  65%  f o r  t h e  
B S  a n d  X L D  a g a r s ,  r e s p e c t i v e l y .

T h e  e n u m e r a t i o n  o f  i n o c u l a t e d  m i c r o o r g a 
n i s m s  i n  t h e  s a m p l e s  o f  s o y  f l o u r  i s  s h o w n  i n  
T a b l e  9 . S a m p l e s  1 , 2 , a n d  3  c o n t a i n e d  e a c h  o f  
1 0 - f o ld  s u c c e s s i v e  d i l u t i o n s  o f  S. cubana, e a c h  o f  
w h i c h  w a s  c h a l l e n g e d  w i t h  t h e  s a m e  d i l u t i o n  o f  
a  s i n g l e  c u l t u r e  o f  Enterobacter. S a m p l e s  4  a n d  
5  c o n t a i n e d  s u c c e s s i v e  1 0 - f o ld  d i l u t i o n s  o f  S. 
gaminara, e a c h  s a m p le  a l s o  c o n t a i n i n g  c o m p e t i n g  
p o p u l a t i o n s  o f  Enterobacter. V a r i o u s  1 0 - f o ld  
d i l u t i o n s  o f  h e a t - s t r e s s e d  Salmonella c e l l s  w e r e  
i n o c u l a t e d  i n t o  s a m p l e s  6 , 7 ,  a n d  8  (S. minnesota) 
a n d  s a m p l e  9  (S. sundsvall).

I n  m i l l i n g  s o y  b e a n s  i n t o  s o y  f l o u r ,  a n y  Sal
monella  m i c r o o r g a n i s m s  t h a t  m a y  b e  p r e s e n t  
w o u l d  b e  s u b j e c t e d  to  s o m e  d e g r e e  o f  h e a t i n g  
d u r i n g  p r o c e s s i n g .  S u c h  h e a t i n g  c o u l d  h a v e  a  
d e b i l i t a t i n g  e f f e c t  o n  t h e s e  b a c t e r i a  a n d  c o u l d  
u l t i m a t e l y  a f f e c t  t h e  r e c o v e r y  o f  t h e s e  o r g a n i s m s  
o n  t h e  v a r i o u s  s e l e c t i v e  a g a r s .  T h e  e f f e c t  o f  
n o n s e l e c t i v e  p l a t i n g  m e d i a  o n  t h e  r e c o v e r y  o f
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Table 6. Recovery of Salmonella from sunflower seed samples using 5 selective agars 3

S a m p l e S e l e n i t e  c y s t i n e T e t r a t h i o n a t e

coil. No. B G BS ss H E X L D B G BS S S HE X L D

lb 1 +c + + + 4 4 4 4 4 4
2 + 4 + + 4 4 4 4 4 4
3 ' + + + + 4 4 4 4 4 4
4 + 4 4 4 4 4 4 4 4 4
5 + + + 4 4 4 4 4 4
6 4 + + + 4 4 4 4 4 4
7 + + + + 4 4 4 4 4 4
8 - - - - - - - - - -
9

10

2 1 + + + + 4 4 4 4 4 4
2 + + - + 4 4 4 4 4 4
3 + + + 4 4 4 4 4 4 4
4 4 + + + 4 4 4 4 4 4
5 + + + + 4 4 4 4 4 4
6 + + + + 4 4 4 4 4 4
7 + + + + 4 4 4 4 4 4
8
9

10

3 1 - + + - 4 4 4 4 4 4
2 + 4 + + 4 4 4 4 4 4
3 + + + + 4 4 4 4 4 4
4 - 4 - + 4 4 4 4 4 4
5 + + + + 4 4 4 4 4 4
6 + + 4 + 4 4 4 4 4 4
7 - - - - - 4 4 4 4 4
8
9 - - - - - - - - - -

10 - - ' - - - - -

4 1 E d E E E E E E E E E
2 E E E E E E E E E E
3 E E E E E E E E E E
4 E E E E E E E E E E
5 E E E E E E E E E E
6 E E E E E E E E E E
7 E E E E E E E E E E
8 - - - - - - - - - -
9 - - - - - - - - -

10

5 1 + + - - - 4 4 4 ■ i 4
2 - + - - - 4 4 4 4 4
3 + + + + 4 4 4 4 4
4 + + - - - 4 4 4 4 4
5 - + + 4 4 4 4 4 4 4
6 + + + + 4 4 4 4 4 4
7 + + + + 4 4 4 4 4 4
8
9 - - - - - - - - - -

10

6 1 + + 4 + 4 4 4 4 4 4
2 + + + 4 4 4 4 4 4 4
3 + + + 4 4 4 4 4 4 4
4 + + + 4 4 4 4 4 4 4
5 + + + + 4 4 4 4 4 4
6 + + + 4 4 4 4 4 4 4
7 + + + 4 4 + 4 4 4 4
8 - - - - - - - - -

9 - - - - - - - - - -

10 _ _ _ - . . _ _ _ _

7e 1 - - - - - - - - - -

2 + + + 4 4 4 4 4 4 4
3 - - - - - - - - - -

4 + + + 4 4 4 4 4 4 4
5 + + + 4 4 4 4 4 4 4
6 + + - 4 4 4 4 4 4 4
7 + 4 - 4 4 4 4 4 4 48 - - - - - - - - - -

9 - - - - - - - _ _ _

10 - - - - ' - - - -
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Table 6. (cont'd)

Sample Selenite cystine Tetrathionate

Coll. NO. BG BS SS HE XLD BG BS SS HE XLD

8 1 E E E E E E E E E E
2 + 4 4 - - 4 4 - 4 4

3 + 4 4 4 - - - 4 - 4

4 + 4 4 4 4 4 4 4 4 4

5 + 4 4 4 4 4 4 4 4 4

6 - 4 4 4 4 - 4 4 4 ■\

7 4 4 4 4 4 4 4 - 4 4

8
9

10

9 1 - 4 - 4 4 4 4 - 4 4

2 + 4 4 4 4 4 4 4 4 4

3 + 4 4 4 4 4 4 4 4 4

4 + 4 4 4 4 4 4 4 4 4

5 + 4 4 4 4 - 4 4 4 4

6 + 4 4 d 4 4 4 4 4 4

7 4 4 - 4 4 4 4 4 4 4

8
9

10

10 1 + 4 4 4 4 4 4 - 4 4

2 + 4 4 4 4 4 4 4 4 4

3 + 4 4 4 4 4 4 - 4 4

4 4 4 4 4 4 4 4 4 4 4

5 4 4 4 4 4 4 4 4 4 4

6 4 4 4 4 4 4 4 4. 4 4

7 4 4 4 4 4 4 4 4 4 4

8 - - -■ - - - - - - -

9 - - - - - - - - - -

10 - - ’ - - - - - -

11 1 4 4 - 4 - 4 4 4 4 4

2 4 4 - 4 - 4 4 4 4 4

3 4 4 4 4 4 .4 4 4 -1 4

4 4 4 4 4 - 4 - 4 - 4

5 4 4 4 4 - 4 4 4 4 4

6 4- 4 4 ■ i 4 4 4 4 4 4
7 4 4 - 4 4 4 4 4 4 489 - - - - - - - - -

10
60 f 66 54 61 56 64 65 62 65 67

Totals (90) (99) (81) (91) (84) (96) (97) (93)| (97) (100)

a For id e n tif ic a tio n  o f agars, see Table 1, footnotes b -f .
k Due to  malfunctioning blender, samples 4, 5, 6, 9, and 10 

were not blended.
c +, Salmonella recovered; - ,  Salmonella not recovered.
^ E, data  excluded.
e Samples 2, 6, 7, 8, and 10 and samples 1, 3, 4, 5, and 9 were in i t ia te d  14 and 29 days la te ,  resp ec tiv e ly , cctipared to  

most o ther co llaborators.
f  Percentage of to ta l  number o f 67 p o s itiv e  samples.

Salmonella  c e l l s  h e a t - s h o c k e d  a t  5 5 ° C  f o r  1 0  m i n  
h a s  b e e n  p r e v i o u s l y  r e p o r t e d  (1 2 ). A c c o r d i n g ly ,  
i t  w a s  d e c i d e d  to  h e a t - s t r e s s  t h e  Salmonella i n o c -  
u l a  f o r  4  o f  t h e  10  s o y  f l o u r  s a m p l e s  s e n t  t o  e a c h  
c o l l a b o r a t o r .  N o n e  o f  t h e  c o l l a b o r a t o r s  e x p e r i 
e n c e d  a n y  d i f f i c u l t y  i n  r e c o v e r y  o f  Salmonella 
f r o m  s a m p l e s  6 - 9  w i t h  1 o r  m o r e  o f  t h e  s e l e c t i v e  
a g a r s .  A n a ly s e s  o f  a d d i t i o n a l  s a m p le s  w o u l d  b e

n e e d e d ,  h o w e v e r ,  b e f o r e  m a k i n g  a n y  d e f i n i t i v e  
c o n c l u s i o n s  a b o u t  t h e  r e l a t i v e  e f f i c i e n c y  o f  t h e  
5  s e l e c t i v e  a g a r s  f o r  r e c o v e r y - s t r e s s e d  v s  n o n -  
s t r e s s e d  Salmonella  c e l l s  f r o m  f o o d s .

T h e  r e c o v e r y  o f  Salmonella f r o m  t h e  s o y  f l o u r  
s a m p l e s  b y  t h e  c o l l a b o r a t o r s  i s  s h o w n  i n  T a b l e
1 0 . F o r  s a m p l e s  1 - 5 ,  w h i c h  c o n t a i n e d  b o t h  Sal
monella a n d  Enterobacter, t h e  a g a r s  s t r e a k e d  f r o m



Table 7. Enumeration of microorganisms in artificially contaminated brown rice samples a

Salmonella
MPN/g

Sample Serotype(s) Dilution*3 S elen ite cystine broth T etrath ionate  broth
No.

BG BS ss HE XLD BG BS SS HE XLD
< o . o f >3,900 < 0.03 <0.03 < 0.03 < 0.03 >3,900 -  (230) < 0.03 < 0.03 <0.03

i S. arizonae 10"3 £ 0.03) (230) £ 0.03) £ 0.03) £ 0.03) £ 0.03) £ 0.03) £ 0 .03 ) £ 0.03)
<0.03 430 < 0.03 < 0.03 < 0.03 <0.03 430 < 0.03 <0.03 <0.03

2 S. arizonae 10‘4 (< 0.03) (930) £ 0.03) £ 0.03) £ 0.03) £ 0.03) (930) £ 0.03) £0 .03) £ 0.03)
<0.03 430 < 0.03 <0.03 <0.03 <0.03 430 < 0.03 < 0.03 <0.03

3 S. arizonae 10"3 £0.03) (2,300) £0 .03) £ 0.03) £ 0.03) £0 .03 ) (2,300) £ 0.03) £0 .03) (0.04)
< 0.03 0.06 < 0.03 < 0.03 <0.03 <0.03 93 < 0.03 < 0.03 <0.03

4 S. arizonae 10"4 £ 0.03) (93) £ 0.03) (< 0.03) £ 0.03) £ 0.03) (93) £ 0.03) £ 0.03) £ 0.03)
NDf 9,300 <0.03 NR9 9,300 ND >15,000 <0.03 NR >15,000 “  (23)5 S. e n te r id i t is 10" 2 (2.3) £0 .03) £ 0.03) NR (2.3) (4.3) - £0 .03) £0 .03 ) NR
430 930 < 0.03 NR 430 930 930 <0.03 NR 2106 S. e n te r id i t is 10 £ 0.03) £ 0.03) £0 .03) NR £ 0.03) (2.3) £0 .03) £0 .03 ) NR (3.9)

23 93 <0.03 NR ISO 0.2 0.06 0.03 NR ND7 S. e n te r id it is 10"4 £0 .03) £ 0.03) (< 0.03) NR £0.03) (0.39) £ 0.03) £0.03) NR (0.39)
S. muenchen. < 0.03 430 < 0.03 ND ND 230 930 930 430 430

8 S. cubana S. saphra 10‘4 (<0.03) (0.06) (< 0.03) (<0.03) (0.06) (0.7S) (43) (4.3) (3.9) (15)

S. h ev ittin e - foss
<0.03 2.1 15 2.1 21 < 0.03 93 93 93 939 10"4 £0.03) (0.43) (0.03) (0.21) (0.07) £0 .03) (23) (23) (23) (23)

10 None <0.03 < 0.03 <0.03 < 0.03 <0.03 < 0.03 <0.03 < 0.03 < 0.03 < 0.03£0 .03) £ 0.03) £0 .03 ) £ 0 .03 ) £0 .03 ) £ 0 .03 ) £0 .03 ) £ 0.03) £0 .03) £ 0 .03 )
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Table 7. (cont’d)

C itrobacter c Escherichia
mpn/ k . .d co li

Sample Serotype (s) D ilutiorf1 Lactose broth
No. BG BS s s HE XLD D ilution13 MPN/g

1 S. arizonae - 10"2
> 230,000 

(9,300)

2 S. arizonae - I O '2
>930,000

(9,300)

3 S. arizonae i o " 2
>23,000(>23,000)

> 23,000 (9,300) > 23,000 (>23,000)
9,300

(>23,000)
> 23,000 
(>23,000) -

<0.3
M .3 )

4 S. arizonae i o -2
ND(2,300) > 15,000 

-  (4,300) > 43,000 
~  (4,300)

> 43,000 
“  (4,300) ND(1,500) -

< 0.3 
(< 0.3)

5 S. e n te r id it is - 10‘ 2
4,300(>23,000)

6 S. e n te r id it is 10-2 >230,000(>230,000)

7 S. e n te r id it is 10-2 2,300(430)

8
S. muenchen. S. cubana 
S. saphra 10-2 >230,000(4,300)

>230,000(4,300) >230,000(4,300) >230,000(4,300) >230,000(4,300) -
<0.3
(<0.3)

9 S. h ev ittin g - Foss - -
<0.3f 0 .3 )

10 None - -
< 0.3 6e 0.3)

a For id e n tif ic a tio n  o f agars, see Table 1, footnotes b -f .
One mL o f indicated  d ilu tio n  was inoculated in to  30 g sanples. 

C Pool consisting  o f 2 s tra in s  o f C itro b ac te r.
3 Pool consisting  o f 4 s tra in s  of E. c o li .

Numbers not in  parentheses, are MPN values o f microorganisms in  spiked samples 1 day a f te r  days a f te r  inocu lation , when actual co llab ora tiv e  study sample analyses were begun.
P ositiv e tube combination too improbable fo r MPN determ ination.

^ Not reported .

inocu lation . Numbers in  parentheses are MPN values 14
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Table 8. Recovery of Salmonella from brown rice samples using 5 selective agars *

Sample S elen ite  cystine T etrath ionate
No. BG BS ss HE XLD BG BS SS HE XLD

1 b
234
56 +
7 - + + - + + - + - +
8 + + - - - + - - + +
9 - - + - - + + + + +

10
1 - - - - + - + - - +
2 - + - + + - + - + +
3 - - - - - - + - - +
4 - - - - - - + - - -
5 + - - + + + - - + +
6 - - - - - - + - + +
7 -
8 - - - - - + + - + +
9 EC E E E E E E E E E

10
1234
5 - - + - + - - - - +
6 - - - + + - - - - -
78 - + - - + + + - - +
9 - - + + + - + + + +

10 - - - - - - - - - -
12 - - - - - - - - -
3 cE E E E E E E E E E
4
5 - + + - + - + + - +
6 - + + - + - + + - +
7
8 + + + + + + + + + +
9 - + + + + - + + + +

10
1 - + - + + _ + _ + -
2 - + - - - - + - + -
3 - + - - - - + - - +
4 - + - - - - + - - -
5 - + - - + - + - - -
6 - - - - - - + - - +
78 - - - - - - + - - +
9 - + + + + - + + + +

10
1 - + - - - - + - - _
2 - - - - - - + - - -
3 - + - - - - - - - -
4 - + - - - - + - - -
5 + - - - + - - - - +
6 + - - - - - - - - ' -7 - - - - + - - - - -8 - - - - - + + - + +9 - + + + + - + + + +101 - - - + - - + - + +2 - + - + + - + - + +3 - + - + - - + . + +4 - + - - - - - _5 + - - - + + + - + +6 - - - - + + + _ + +7 - - - - - - - _ _ _8 - + - - + - - + - -
9 - + + + + _ + + +10 - - - - - - - - - _
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Table 8. (cont’d)

a R jr id e n tif ic a tio n  of agars, see Table 1, footnotes b - f . 
D +, Salmonella recovered; Salmonella not recovered. 
c  E, data  excluded.
^ co llaborator in i t ia te d  analyses 1 day la te .  
e Percentage o f to ta l  number o f 71 p o s itiv e  sanples.

t h e  T T  b r o t h  w e r e  m o r e  p r o d u c t i v e  f o r  Salmonella 
i s o l a t i o n s  t h a n  t h e  a n a l o g o u s l y  p a i r e d  a g a r s  
s t r e a k e d  f r o m  t h e  S C  b r o t h .  T h i s  w a s  e s p e c i a l l y  
e v i d e n t  w i t h  t h e  B G  a g a r ,  w h e r e  t h e  T T - B G  
c o m b i n a t i o n  r e c o v e r e d  Salmonella b a c t e r i a  t h a t ,  
i n  m a n y  i n s t a n c e s ,  w e r e  n o t  i s o l a t e d  b y  t h e  
S C -B G  c o m b i n a t i o n .  T h e  s u p e r i o r i t y  o f  Salmo
nella r e c o v e r y  o n  t h e  s e l e c t i v e  a g a r s  s t r e a k e d  
f r o m  T T  b r o t h  o v e r  t h o s e  a g a r s  s t r e a k e d  f r o m  t h e  
S C  b r o t h  w a s  n o t  a s  e v i d e n t  i n  s a m p le s  6 - 9 ,  a l l  o f

w h i c h  c o n t a i n e d  h e a t - s t r e s s e d  Salmonella c e l l s .  
O v e r a l l ,  S S  a g a r  s t r e a k e d  f r o m  e i t h e r  s e l e c t i v e  
e n r i c h m e n t  b r o t h  w a s  i n f e r i o r  t o  t h e  o t h e r  4  
a g a r s .  T h e  S C - S S  c o m b i n a t i o n  w a s  a b l e  to  r e 
c o v e r  Salmonella i n  o n l y  3 7 %  o f  t h e  p o s i t i v e  
s a m p l e s  c o m p a r e d  to  7 7  a n d  7 4 %  r e c o v e r a b l e  
w i t h  t h e  S C - B S  a n d  S C - X L D  c o m b i n a t i o n s ,  r e 
s p e c t i v e l y .  S i m i l a r l y ,  w i t h  t h e  a g a r s  s t r e a k e d  
f r o m  t h e  T T  b r o t h ,  t h e  T T - S S  c o m b i n a t i o n  r e 
c o v e r e d  t h e  l o w e s t  p e r c e n t a g e  (4 1 % ) o f  Salmonella



Table 9. Enumeration of microorganisms in artificially contaminated soy flour samples a

Salmonella
mpn/ k

Enterobacter

Sample
No.

S elen ite  cystine broth T etrath ionate  broth aerogenesc

Serotype (s) Dilution*3 BG BS SS HE XLD BG BS SS HE XLD Dilution*3 MPN/k

1 S. cubana l ( f 2 NDd ,e(1,500)
1,500(1,500) 120(ND) ND(ND)

ND
(290)

4,300(1,500) 4,300(1,500)
4,300 

(< 0.03) ND(< 0.03) 4,300(1,500) 10’ 2 4,300
(930)

2 S. cubana 1 0 '3 ND(230) 430(230) <0.03 (< 0.03) < 0.03 (< 0.03) 29
(ND)

930(230) 930(230) <0.03(0.03) < 0.03 (< 0.03) 930(230) 10-2 9,300(4,300)

3 S. cubana 10"4 <0.03(2.1)
4.3(23) 0.04(0.04) < 0.03 (< 0.03)

0.11(0.75)
93

(23)
93(23) < 0.03 (0.03) 0.03 (< 0.03)

43
(23) 1 0 '2

2,300
(1,500)

4 S. gaminara 10-3
0.2 

( >230) 93( >230) <0.03 (< 0.03) < 0.03 (< 0.03)
0.34

(93) 230 ( >230) 230 ( >230)
<0.03 (< 0.03) 0.03

(0.06)
230 

( ¿230) 10-2
7,500

(930)

5 S. gaminara 10-4
23(0.23) 43(0.23) <0.03 

(< 0.03)
<0.03 

(< 0.03)
0.75

(1.20)
43

(9.3)
43(9.3)

<0.03 
(< 0.03)

<0.03(4.3)
43

(9.3) 10-2
4,300

(930)

6 S. minnesota^ 1 0 '1 230(23) 230(23) 230(23) 230(23) 230(23) 230(23) 230(23) 230(23)
230
(23)

230
(23) -

0.73
(4.3)

7 S. minnesotaf 10" 2 23(23) 23(23) 9.3(23) 9.3(23)
9.3

(23)
23(23)

23
(23)

23
(23)

23
(23)

23
(23) -

0.3
(0.36)

8 S. minnesota^ 10-3
2.1

(0.93)
9.3

(0.93)
9.3

(0.93)
4.3

(0.93)
9.3

(0.93)
9.3

(0.93)
9.3

(0.93)
9.3

(0.93)
9.3

(0.93)
9.3

(0.93) -
<0.3 

(< 0.3)

9 S. sundsvallf 10" 2 >230(>430) >2300 3 0 ) >2300 3 0 ) >2300 3 0 ) >2300 3 0 ) >230(>430) >2300 3 0 ) >2300 3 0 ) >230(0 3 0) >2300 3 0 ) - <0.3
(< 0.36)

10 None -
<0.03 (< 0.03) < 0.03 (< 0.03)

< 0.03 (< 0.03) < 0.03 (< 0.03)
<0.03 <0.03 (< 0.03) (< 0.03) 

1
<0.03 :< 0.03) <0.03 < 0.03)

< 0.03 (< 0.03) < 0.03 (< 0.03) - < 0.3 (< 0.3)

a For id e n tif ic a t io n  o f agars, see Table 1, footnotes b - f . 
k One-tenth rriL o f ind icated  d ilu tio n  was inoculated in to  30 g samples.
C Single s tra in .
d Numbers not in  parentheses are  MPN values o f microorganisms in  spiked samples 1 day a f te r  inocu lation . Numbers in  parentheses are MPN values 14 days a f te r  inocu lation , when ac tu a l co llab ora tiv e  study sample analyses were begun.
e P ositiv e tube combination too improbable fo r MPN determ ination. 
f  Heat-shocked.
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Table 10. (cont’d)

a BDr id e n tif ic a tio n  of agars, see Table 1, footnotes b - f .
+ , Salmonella recovered; Salmonella not recovered. 

c E, data excluded.
d Due to  laboratory accident with samples 2, 9, and 10, co llaborator re-picked se le c tiv e  agar p la te s  th a t had been l e f t  a t  room temperature over the weekend.
6 C ollaborator in i t ia te d  analyses 6 days la te .
^ Percentage o f to ta l  number o f 95 p o s itiv e  samples.

i n  t h e  p o s i t i v e  s a m p le s ,  c o m p a r e d  t o  91  a n d  81%  
b y  t h e  T T - B S  a n d  T T - X L D  c o m b i n a t i o n s ,  r e 
s p e c t i v e l y .

A  s t a t i s t i c a l  p a i r - w i s e  c o m p a r i s o n  o f  t h e  5  s e 
l e c t i v e  a g a r s  i n  t h e i r  r e c o v e r y  o f  Salmonella f r o m  
5  f o o d s  w a s  p e r f o r m e d  ( s e e  C o l l a b o r a t i v e  S tu d y ) .  
R e s u l t s  a r e  s h o w n  i n  T a b le  11. W i t h  s a m p le s  o f

m i l k  c h o c o l a t e ,  t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r 
e n c e  b e t w e e n  a n y  o f  t h e  p a i r e d  c o m b i n a t i o n s  o f  
a g a r s  s t r e a k e d  f r o m  e i t h e r  S C  o r  T T  b r o t h .  W i t h  
s a m p l e s  o f  s o y  p r o t e i n  p o w d e r  s e l e c t i v e l y  e n 
r i c h e d  i n  S C  b r o t h ,  4  o f  t h e  1 0  p o s s i b l e  c o m p a r 
i s o n s  e x h i b i t e d  a  s i g n i f i c a n t  d i f f e r e n c e ;  a l l  4  o f  
t h e s e  c o m p a r i s o n s  d e m o n s t r a t e d  a  s i g n i f i c a n t l y
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Table 11. Statistical pair-wise comparison of the recovery of Salmonella by 5 selective agars

Agar
comparison

Milk
chocolate

Soy protein 
powder

Sunflower
seeds

Brown
rice

Soy
flour

SCa TT6 SC TT SC TT sc TT SC TT

BG vs BSC _d __ „ _ BS — BS BS BS BS
BG vs SSe —  — BG BG BG — — — — BG
BG vs HE' —  — — HE -----  ----- HE HE — BG
BG vsXLD« —  — — XLD -----  ----- XLD XLD XLD XLD
BS vs SS —  — BS BS BS — BS BS BS BS
BS vs HE —  — — — -----  ----- BS BS BS BS
BS vs XLD —  — — — BS — — — — BS
SS vs HE —  — HE HE HE — HE HE — —

SS vs XLD —  — XLD XLD XLD XLD XLD XLD XLD XLD
HE vs XLD —  — — — —  — — XLD XLD XLD

a Selenite cystine broth. 
b Tetrathionate broth.
c Brilliant green agar vs bismuth sulfite agar.
d For a given agar comparison, the agar with a significantly higher (P < 0.05) recovery is listed; (— ) indicates no significant 

difference (P >0.05) in their recovery. 
e Salm onella-Shigella  agar.
1 Hektoen enteric agar.
* Xylose lysine desoxycholate agar.

l o w e r  Salmonella r e c o v e r y  w i t h  S S  a g a r  t h a n  w i t h  
t h e  o t h e r  4  a g a r s .  W h e n  t h e s e  s a m p l e s  w e r e  
e n r i c h e d  i n  T T  b r o t h ,  S S  a g a r  a g a i n  w a s  i n f e r i o r  
to  t h e  o t h e r  4  a g a r s  f o r  t h e s e  s a m e  a g a r  c o m p a r 
i s o n s .  A d d i t i o n a l l y ,  t h e  Salmonella r e c o v e r y  
o b t a i n e d  b y  u s i n g  H E  a n d  X L D  a g a r s  w a s  s i g 
n i f i c a n t l y  h i g h e r  t h a n  t h a t  o b t a i n e d  w i t h  t h e  B G  
a g a r .  W i t h  s a m p l e s  o f  s u n f l o w e r  s e e d s  s e l e c 
t i v e l y  e n r i c h e d  i n  S C  b r o t h ,  6  o f  t h e  1 0  p a i r e d  
a g a r  c o m b i n a t i o n s  e x h i b i t e d  d i f f e r e n c e s  i n  r e 
c o v e r i n g  Salmonella; 3  o f  t h e s e  c o m b i n a t i o n s  
d e m o n s t r a t e d  t h e  s i g n i f i c a n t l y  h i g h e r  r e c o v e r y  
o b t a i n e d  w i t h  B S  a g a r  t h a n  w i t h  B G , S S , o r  X L D  
a g a r s .  I n  c o m p a r i n g  B S  a n d  H E  a g a r s ,  n o  s u c h  
d i f f e r e n c e  w a s  o b s e r v e d .  O f  t h e  r e m a i n i n g  3 
c o m p a r i s o n s  s h o w i n g  d i f f e r e n c e s  i n  Salmonella 
r e c o v e r y ,  a l l  3  s h o w e d  t h e  S S  a g a r  t o  b e  i n f e r i o r  
t o  t h e  a g a r  to  w h i c h  i t  w a s  b e i n g  c o m p a r e d .  
W h e n  t h e  5  a g a r s  w e r e  c o m p a r e d  f o r  Salmonella 
r e c o v e r y  i n  s a m p l e s  o f  s u n f l o w e r  s e e d s  s e l e c 
t i v e l y  e n r i c h e d  i n  T T  b r o t h ,  t h e  o n l y  s i g n i f i c a n t  
d i f f e r e n c e  o b s e r v e d  w a s  t h a t  o f  X L D  a g a r  o v e r  S S  
a g a r .  W i t h  t h e  f o u r t h  f o o d ,  b r o w n  r i c e ,  a  r e l a 
t i v e ly  l a r g e  n u m b e r  o f  s i g n i f i c a n t  d i f f e r e n c e s  f o r  
Salmonella r e c o v e r y  i n  p a i r e d  a g a r  c o m b i n a t i o n s  
w a s  o b s e r v e d .  F o r  b r o w n  r i c e  s a m p l e s  e n r i c h e d  
i n  S C  b r o t h ,  7  o f  t h e  10  a g a r  c o m p a r i s o n s  s h o w e d  
d i f f e r e n c e s  i n  Salmonella r e c o v e r y .  T h r e e  o f  
t h e s e  7  c o m p a r i s o n s  s h o w e d  t h e  B S  a g a r  to  g i v e  
a  s i g n i f i c a n t l y  h i g h e r  Salmonella r e c o v e r y  t h a n  
B G , S S , a n d  H E  a g a r s .  W h e n  t h e  Salmonella r e 
c o v e r y  o f  t h e  BS a g a r  w a s  c o m p a r e d  to  t h a t  o f  t h e  
X L D  a g a r ,  n o  s i g n i f i c a n t  d i f f e r e n c e  w a s  o b 

s e r v e d .  B o th  H E  a n d  X L D  a g a r s  g a v e  a  s i g n i f i 
c a n t l y  h i g h e r  r e c o v e r y  o f  Salmonella t h a n  B G  a n d  
S S  a g a r s .  F o r  s a m p le s  o f  b r o w n  r i c e  e n r i c h e d  i n  
T T  b r o t h ,  B S , X L D , a n d  H E  a g a r s  g a v e  s i g n i f i 
c a n t l y  h i g h e r  Salmonella r e c o v e r i e s  i n  3 , 3 , a n d  2  
o f  t h e  p a i r e d  c o m b i n a t i o n s ,  r e s p e c t i v e l y .  I n  s o y  
f l o u r ,  t h e  s u p e r i o r i t y  o f  t h e  B S  a n d  X L D  a g a r s  
w a s  e v i d e n t .  W h e n  s t r e a k e d  f r o m  S C  b r o t h ,  B S 
a n d  X L D  a g a r s  e a c h  g a v e  s i g n i f i c a n t l y  h i g h e r  
Salmonella r e c o v e r i e s  t h a n  B G , S S , a n d  H E  a g a r s .  
N o  s i g n i f i c a n t  d i f f e r e n c e  i n  Salmonella r e c o v e r y  
w a s  o b s e r v e d  b e t w e e n  B S a n d  X L D  a g a r s .  W h e n  
s t r e a k e d  f r o m  T T  b r o t h ,  B S a g a r  g a v e  s i g n i f i 
c a n t l y  h i g h e r  Salmonella r e c o v e r i e s  t h a n  t h e  
o t h e r  4  s e l e c t i v e  a g a r s ,  i n c l u d i n g  t h e  X L D  a g a r .  
T h e  X L D  a g a r  g a v e  a  s i g n i f i c a n t l y  h i g h e r  Sal
monella r e c o v e r y  t h a n  B G , S S , a n d  H E  a g a r s .  T h e  
B G  a g a r  g a v e  a  s i g n i f i c a n t l y  h i g h e r  Salmonella 
r e c o v e r y  t h a n  t h e  S S  a n d  H E  a g a r s .

O v e r a l l ,  a  t o t a l  o f  1 0 0  p a i r e d  c o m b i n a t i o n s  o f  
5  s e l e c t i v e  a g a r s  f o r  r e c o v e r i n g  Salmonella f r o m  
5  f o o d s  w a s  s t a t i s t i c a l l y  a n a l y z e d .  O f  t h i s  t o t a l ,  
B S , X L D , H E , a n d  B G  a g a r s  g a v e  a  s i g n i f i c a n t l y  
h i g h e r  Salmonella r e c o v e r y  r a t e  t h a n  t h e  o t h e r  
a g a r  o f  t h e  p a i r  i n  1 8 , 1 6 ,  8 , a n d  5  o f  t h e s e  c o m 
p a r i s o n s ,  r e s p e c t i v e l y .  I n  n o  p a i r - w i s e  c o m 
p a r i s o n  d i d  t h e  S S  a g a r  g i v e  a  s i g n i f i c a n t l y  
h i g h e r  Salmonella r e c o v e r y  t h a n  t h e  a g a r  to  
w h i c h  i t  w a s  b e i n g  c o m p a r e d .

T h e  e n u m e r a t i o n  o f  p i c k e d  c u l t u r e s  t h a t  w e r e  
f a l s e  p o s i t i v e  f o r  Salmonella is  s h o w n  i n  T a b l e  12. 
B y  d e f i n i t i o n ,  a  f a l s e - p o s i t i v e  r e a c t i o n  w a s  o n e  
i n  w h i c h  a  c u l t u r e  p i c k e d  t o  b e  Salmonella w a s
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Table 12. Enumeration of false-positive cultures using 5 selective agars *

Selenite cystine Tetrathionate

Food Coll. BG BS SS HE XLD BG BS SS HE XLD

Milk 1 0 /6 b 0 /8 0 /6 4/12 0 /8 0 /6 0 /8 0 /6 4 /12 0 /8
chocolate 2 4 /7 4 /6 2 /3 4 /7 4 /7 8/11 6 /9 6 /9 8/11 8/11

3 3 /6 0 /2 0 /3 0 /3 2 /4 2 /5 0 /3 0 /3 0 /3 0 /3
4 1 /6 2 /8 2 /8 1 /6 0 /6 2 /7 1/6 0 /5 0 /5 4 /10
5 0/12 7/16 0 /10 0 /10 8 /16 0/12 4 /14 0 /10 0 /10 6 /16
6 0 /1 0 /1 0 /1 0 /1 0 /1 0/1 0 /1 0 /1 0/1 0 /0
7 4 /7 3 /6 0 /3 1 /4 7/10 2 /5 3 /6 0 /3 5 /8 6 /9
8 4 /7 4 /7 0 /3 3 /6 8 /10 3 /6 5 /7 0 /3 2 /5 6 /9
9 0 /4 0 /4 0 /2 0 /2 6 /10 0 /3 0 /3 0 /3 0 /3 6 /9

10 0 /3 0 /3 0 /1 0 /2 2 /5 4 /7 2 /5 2 /4 4 /7 6 /9
11 0 /1

16/60
7 /8

27/69
0 /2
4 /42

0 /1
13/54

0 /1
37/78

o / i
21/64

4 /5
25/67

0 /2
8/49

0/1
23/66

0 /1
42/85

Totalc (27) (39) (10) (24) (47) (33) (37) (16) (35) (49)

Soy 1 0 /14 0 /14 0 /14 0 /16 0 /14 0 /1 4 0 /18 0 /14 0 /16 0 /16
protein 2 2 /9 0/11 1 /6 2 /9 2 /9 2 /9 0/11 0 /3 2 /9 2 /9
powder 3 0 /8 0 /9 9 /12 2/11 3/11 1/9 0 /9 9/15 4 /12 3 /12

4 0 /14 0 /4 0 /4 0 /12 0 /12 0/12 0 /2 0 /4 0 /14 0 /1 4
5 0 /14 2 /20 2 /6 0 /9 0 /14 0 /14 2 /20 0 /4 0 /14 0 /16
6 0 /7 0 /9 0 /1 0 /7 0 /9 0 /7 0 /9 0/1 0 /8 0 /9
7 1 /8 1/10 0 /7 2/10 1/10 0 /7 0 /9 0 /5 2/11 2/11
8 4/11 4/11 2 /4 2 /9 7 /13 4/11 4/11 4 /6 2 /10 6 /13
9 0 /7 0 /7 2 /9 0 /8 2 /9 0 /7 0 /7 2 /5 0 /8 2 /10

10 0 /9 1/10 1/10 1/10 0 /9 0 /9 0 /9 5 /9 0 /9 0 /9
11 0 /7

7/108
1/9
9/114

2 /5
19/78

2 /9
11/110

3 /8
18/118

0 /7
7/106

0 /9
6/114

2 /9
22/75

3 /9
13/120

2 /9
17/128

Total (7) (8) (24) (10) (15) (7) (5) (29) ( ID (13)

Sunflower 1 4/16 2/16 4 /18 3/17 0 /14 4 /18 0 /1 4 4 /18 4 /18 4 /18
seeds 2 2/10 4/11 6/15 4/11 2 /10 2 /9 3 /9 4/12 4/12 2 /9

3 9/13 2 /8 9 /14 7/12 4 /10 5/12 2 /9 6/13 6/13 6 /13
4 4 /4 0 /0 2 /2 5 /5 4 /4 6 /6 2 /2 2 /2 4 /4 1/1
5 2/12 8 /18 4 /12 4 /12 6 /12 2/16 6 /18 4/18 4 /18 2 /16
6 6/13 6/13 6 /13 6/13 4/11 6/13 6 /13 7 /14 6/13 4/11
7 3 /8 9 /1 4 12/16 6 /12 7 /13 4 /9 11/16 5/11 6/13 5/12
8 2 /7 8/15 6 /14 4 /9 12/16 5 /9 7 /12 11/16 6/11 8 /14
9 6/12 4/11 6/11 6 /13 5/12 5/11 4/11 7/13 6/13 5/12

10 2 /9 0 /7 6 /13 4/11 6 /13 2 /9 0 /7 10/15 4/11 7 /14
11 2/10

42/114
1/11

44/124
9 /15

70/143
6/15

55/130
2 /5

52/120
2/10

43/122
1/7

42/118
7/15

67/147
8/15

58/141
1 /9

45/129
Total (37) (36) (49) (42) (43) (35) (36) (46) (41) (35)

Brown 1 2 /4 4 /8 12/16 6 /6 4 /6 6/12 10/12 12/16 4 /8 4 /12
rice 2 6 /7 15/16 6 /6 8/11 11/15 7 /9 8 /18 8 /8 7/12 6 /13

3 8 /8 2 /3 5 /7 6 /8 6 /10 4 /5 0 /2 7 /8 4 /5 7 /10
4 5 /6 4 /8 3 /7 3 /5 3 /7 4 /5 3 /7 3 /7 5 /7 3 /7
5 0 /0 12/20 2 /4 6 /10 14/18 0 /0 10/20 6 /8 10/15 16/20
6 3 /5 12/16 2 /3 4 /5 0 /3 5 /6 10/15 4 /5 7 /9 4 /7
7 1/1 10/15 9 /10 6 /10 10/15 3 /5 13/18 1/3 5/11 4 /10
8 12/13 7/13 10/11 5/11 16/18 9/11 8/17 12/14 8/15 15/19
9 12/14 7/13 14/15 2 /8 14/16 10/12 9/15 15/16 8 /14 14/17

10 6 /10 5 /8 6 /8 3 /6 3 /9 5 /8 3 /7 0 /3 2 /5 3 /9
11 12/12

67/80
14/18
92/138

15/16
84/103

13/16
62/96

2 /4
83/121

11/11
64/84

17/18
91/149

16/17
84/105

16/17
76/118

1 /6
77/130

Total (84) (67) (82) (65) (69) (76) (61) (80) (64) (59)
Soy 1 0 /2 0 /10 0 /2 0 /4 0 /2 0 /6 0/12 0 /4 0 /4 0 /4

flour 2 3 /8 5/13 3 /6 4 /7 5/13 3/12 4/13 0 /4 2 /8 3 /12
3 1 /4 1 /8 0 /3 1 /5 0 /6 0 /6 2 /10 0 /3 2 /5 0 /7
4 0 /3 0 /9 0 /3 0 /7 0 /9 0 /2 0 /9 0 /4 0 /4 0 /9
5 0 /3 7/16 0 /4 0 /3 0/15 0 /6 7/16 0 /4 0 /8 0 /1 4
6 2 /6 6/13 5 /8 2 /5 0 /7 2 /9 0 /9 2 /6 2 /5 0 /8
7 2 /5 10/14 2 /6 2 /4 5/10 1 /2 7/13 0 /4 1 /5 6/11
8 1/6 2 /7 3 /7 2 /5 12/16 0 /5 1/10 0 /4 0 /5 9 /1 4
9 0 /7 7/15 3 /7 0 /3 9/17 0 /9 5 /14 2 /6 0 /4 9 /1 8

10 2 /6 0 /3 1 /4 0 /3 4 /9 3 /8 0 /5 2 /5 0 /2 5/11
11 0 /6

11/56
4 /13

42/121
1/5

18/55
0 /4

11/50
2 /10

37/114
0 /9
9 /74

3/12
29/123

0 /4
6 /48

2/11
9/61

3 /12
35/120

Total (20) (35) (33) (22) (33) (12) (24) (13) (15) (29)

a For identification of agars, see Table 1, footnotes b - f.
b Each numerical entry represents the number of colonies picked that were not Salm onella  (numerator) divided by the 

number of colonies that could be identified as Salmonella or non-Salm onella  (denominator). 
c Values In parentheses, expressed as percentages, are false-positive rates.
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Table 13. Statistical pair-wise comparison of false-positive reactions for Salmonella enumerated by 5 selective agars

Milk Soy protein Sunflower Brown Soy
chocolate powder seeds rice flour

Agar ----------------------- ------------------ ------------------  ------------------- ---------
comparison SC 8 TT6 SC TT sc TT SC TT SC TT

BG vs BSC __d __ __ __ _ __ BG _ _ _
BGvsSS8 — — SS — — — — — — —
BG vs HE' — — — — — — BG — — —

BG vs XLD* — — — — — — — — — —
BS vs SS 
BS vs HE 
BS vs XLD

BS — SS SS — — SS SS — —

__ — _ — __ _ _ __ __ __
SS vs HE — — — — — — SS SS — —
SS vs XLD XLD XLD — — — — — SS — —
HE vs XLD — — — — — — — — — —

3 Selenite cystine broth. 
b Tetrathionate broth. 
c Brilliant green agar vs bismuth sulfite agar.
d For a given agar comparison, the agar giving a significantly higher (P  <0.05) enumeration of false-positive reactions is 

listed; (— ) indicates no significant difference (P > 0.05) in the enumeration of false-positive reactions. 
e Salm onella-Shigella agar. 
f Hektoen enteric agar.
*  Xylose lysine desoxycholate agar.

s h o w n  to  b e  n o n -Salmonella b y  s u b s e q u e n t  b i o 
c h e m i c a l  a n d  s e r o l o g i c a l  t e s t i n g .  F o r  e n t r i e s  i n  
t h i s  t a b l e ,  t h e  n u m e r a t o r  g iv e s  t h e  a c tu a l  n u m b e r  
o f  f a l s e - p o s i t i v e  c u l t u r e s  p i c k e d  a n d  t h e  d e 
n o m i n a t o r  g i v e s  t h e  t o t a l  n u m b e r  o f  p i c k e d  
c u l t u r e s  w h i c h  c o u l d  b e  r e a s o n a b l y  i d e n t i f i e d  
e i t h e r  a s  Salmonella o r  n o n -Salmonella. P i c k e d  
c u l t u r e s  i n  w h i c h  a n  i n s u f f i c i e n t  n u m b e r  o f  
b i o c h e m i c a l  a n d / o r  s e r o l o g i c a l  t e s t s  w e r e  p e r 
f o r m e d  w e r e  n o t  i n c l u d e d  i n  t h e  c a l c u l a t i o n s .  
T h e  f a l s e - p o s i t i v e  r a t e  (F P R ) ,  e x p r e s s e d  a s  a  
p e r c e n t a g e ,  is  t h e  r a t i o  o f  f a l s e - p o s i t i v e  c u l t u r e s  
p i c k e d  t o  t h e  t o t a l  n u m b e r  o f  p i c k e d  c u l t u r e s  
w h i c h  c o u l d  b e  i d e n t i f i e d  f o r  a n y  p a r t i c u l a r  
f o o d .

F o r  t h e  m i l k  c h o c o l a t e  s a m p l e s ,  S S  a g a r ,  
s t r e a k e d  f r o m  e i t h e r  s e l e c t i v e  e n r i c h m e n t ,  g a v e  
t h e  l o w e s t  F P R  v a lu e ,  X L D  a g a r  t h e  h i g h e s t .  T h e  
h i g h  s e l e c t i v i t y  o f  S S  a g a r  h a s  b e e n  r e p o r t e d  b y  
o t h e r  w o r k e r s .  I n  c o m p a r i n g  t h e  e f f i c i e n c y  o f  
S S , H E , a n d  X L D  a g a r s  f o r  r e c o v e r i n g  Salmonella 
a n d  Shigella f r o m  c l in ic a l  s p e c im e n s ,  P o l lo c k  a n d  
D a h l g r e n  (1 3 )  r e p o r t e d  t h a t  S S  a g a r  w a s  m o r e  
i n h i b i t o r y  a n d  r e c o v e r e d  s i g n i f i c a n t l y  f e w e r  
p o s i t i v e  s a m p le s  t h a n  d i d  H E  a n d  X L D  a g a r s ,  a n d  
t h a t  b o t h  H E  a n d  X L D  a g a r s  a v o i d e d  t h e  c o m b i 
n a t i o n  o f  b i l e  s a l t s  a n d  c i t r a t e  t h o u g h t  t o  b e  r e 
s p o n s i b l e  f o r  t h e  lo w  p l a t i n g  e f f i c i e n c y  o f  c e r t a in  
s t r a i n s  o f  Shigella a n d  Salmonella o n  S S  a g a r .  
D e s p i t e  i t s  h i g h  s e l e c t i v i t y ,  S S  a g a r  is  g e n e r a l l y  
a c k n o w l e d g e d  to  h a v e  a  p o o r  d i f f e r e n t i a l  s y s te m , 
s o  t h a t  i t  i s  o f t e n  d i f f i c u l t  to  d i s t i n g u i s h  Salmo
nella f r o m  s u s p i c i o u s  n o n -Salmonella c o lo n i e s .  
P o l lo c k  a n d  D a h l g r e n  (1 3 ) f o u n d  t h a t  Proteus, l a te

l a c t o s e - f e r m e n t i n g  E. coli, a n d  Pseudomonas a c 
c o u n t e d  f o r  m o s t  o f  t h e  f a l s e - p o s i t iv e  p ic k s  o n  SS  
a g a r s .

F o r  s a m p le s  o f  s o y  p r o t e i n  p o w d e r ,  s u n f l o w e r  
s e e d s ,  a n d  b r o w n  r i c e  i n  T a b l e  1 2 , S S  a g a r  g a v e  
F P R  v a l u e s  h i g h e r  t h a n  t h o s e  o f  t h e  o t h e r  4  a g a r s  
w h e n  s t r e a k e d  f r o m  e i t h e r  S S  o r  T T  b r o t h  ( e x c e p t  
f o r  B G  a g a r  s t r e a k e d  f r o m  S C - e n r i c h e d  s a m p l e s  
o f  b r o w n  r i c e ) .  W i t h  s a m p l e s  o f  s o y  f l o u r ,  BS 
a g a r  a n d  X L D  a g a r  g a v e  t h e  h i g h e s t  F P R  v a l u e s  
f o r  a g a r s  s t r e a k e d  f r o m  S C  a n d  T T  b r o t h s ,  r e 
s p e c t i v e l y .  I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  w i t h  
t h e  A O A C  m e t h o d  (2 ) , B G  a n d  S S  a g a r  p l a t e s ,  i n  
a d d i t i o n  to  p l a t e s  o f  BS a g a r ,  s h o u l d  b e  i n c u b a t e d  
a n  a d d i t i o n a l  2 4  h  i f  n o  t y p i c a l  o r  s u s p i c i o u s  
Salmonella c o lo n ie s  a r e  p r e s e n t  a f t e r  t h e  i n i t i a l  2 4  
h  i n c u b a t i o n .  T h i s  p r a c t i c e  is  e s p e c i a l ly  v a lu a b l e  
i n  t h e  c a s e  o f  S S  a g a r  w h e r e  m a n y  l a t e  l a c t o s e -  
f e r m e n t i n g  c u l t u r e s ,  a p p e a r i n g  t y p i c a l  a f t e r  2 4  
h  o f  i n c u b a t i o n ,  m a y  a p p e a r  n o n t y p i c a l  a f t e r  a n  
a d d i t i o n a l  2 4  h  i n c u b a t i o n  p e r i o d .  N e v e r th e l e s s ,  
t h e  m a n u f a c t u r e r ' s  i n s t r u c t i o n s  (1 4 )  s t a t e d  t h a t  
t h e  S S  a g a r  s h o u l d  b e  i n c u b a t e d  a t  3 5 - 3 7 ° C  f o r  
a  f u l l  2 4  h  a n d  t h e  B G  a g a r  a t  3 7 ° C  f o r  1 8 - 2 4  h .  
F o r  t h e  p u r p o s e  o f  t h i s  s t u d y ,  c o l l a b o r a t o r s  w e r e  
i n s t r u c t e d  to  i n c u b a t e  a l l  s e l e c t i v e  a g a r s  a t  3 5 ° C  
f o r  2 4  ±  2  h ,  w i t h  t h e  e x c e p t i o n  o f  t h e  B S  a g a r ,  
w h i c h  w a s  i n c u b a t e d  a n  a d d i t i o n a l  2 4  ±  2  h  i f  t h e  
B S  a g a r  p l a t e s  d i d  n o t  h a v e  t y p i c a l  o r  s u s p i c i o u s  
Salmonella  c o l o n i e s  o r  d i d  n o t  c o n t a i n  g r o w t h  
a f t e r  t h e  i n i t i a l  2 4  h  i n c u b a t i o n .

I n  T a b le  13 a r e  s h o w n  t h e  r e s u l t s  o f  a  s ta t i s t ic a l  
p a i r - w i s e  c o m p a r i s o n  o f  F P R  v a l u e s  ( s e e  C o l 
l a b o r a t i v e  S t u d y )  g i v e n  b y  t h e  5  s e l e c t i v e  a g a r s .
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Table 14. Enumeration of false-negative reactions using 5 selective agars

Food Coll.

Selenite cystine Tetrathionate

BG BS SS HE XLD BG BS SS HE XLD

Milk 1 1 0 1 0 0 0 0 1 0 0
chocolate 2 0 1 2 0 0 0 0 0 0 0

3 0 1 0 0 1 0 0 0 0 0
4 0 0 0 0 0 0 0 1 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 1
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 1 0 0 0 0 0
9 0 0 1 1 0 0 0 0 0 0

10 0 0 2 1 0 0 0 1 0 0
11 1 1 0 1 1 1 1 0 1 1

Total 2 3 6 3 3 1 1 3 1 2

Soy 1 2 2 2 1 2 2 0 2 1 1
protein 2 2 0 4 2 2 2 0 6 2 2
powder 3 1 0 4 0 1 1 0 3 1 0

4 0 5 5 1 1 1 6 5 0 0
5 2 0 7 3 2 2 0 7 2 1
6 2 0 8 2 0 2 0 8 1 0
7 2 0 2 1 0 2 0 4 0 0
8 2 2 7 2 3 2 2 7 1 2
9 1 1 1 0 1 1 1 5 0 0

10 0 0 0 0 0 0 0 5 0 0
11 2 1 6 2 4 2 0 2 3 2

Total 16 11 46 14 16 17 9 54 11 8

Sunflower 1 0 0 0 0 0 0 0 0 0 0
seeds 2 0 0 1 0 0 0 0 0 0 0

3 3 1 2 2 1 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 2 0 3 3 4 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 2 0 0 0 0 0 0 0
8 1 0 0 1 2 2 1 2 1 0
9 1 0 2 0 0 1 0 1 0 0

10 0 0 0 0 0 0 0 2 0 0
11 0 0 3 0 4 0 1 0 1 0

Total 7 1 13 6 11 3 2 5 ' 2 0

Brown i 3 2 2 4 3 1 3 2 2 0
rice 2 6 6 7 5 4 5 1 7 3 1

3 4 3 2 2 0 3 2 3 3 1
4 3 0 0 2 0 3 0 0 2 0
5 8 2 7 6 5 8 0 7 5 4
6 7 5 8 8 6 8 4 8 7 6
7 7 3 7 4 3 6 3 6 2 2
8 6 2 6 3 5 5 2 5 3 3
9 5 0 5 0 4 4 0 5 2 3

10 4 5 6 5 2 5 4 5 5 2
11 6 3 5 3 4 6 5 5 5 3

Total 59 31 55 42 36 54 24 53 39 25
Soy 1 5 1 5 4 5 3 0 4 4 4

flour 2 4 1 6 6 1 0 0 5 3 0
3 6 2 6 5 3 3 1 6 6 2
4 6 0 6 2 0 7 0 5 5 0
5 7 1 6 7 0 5 1 6 4 1
6 5 2 6 6 2 2 0 5 6 1
7 5 4 4 6 3 7 2 4 4 3
8 4 4 5 6 5 4 1 5 4 4
9 2 1 5 6 1 0 0 5 5 0

10 5 6 6 6 4 4 4 6 7 3
11 3 0 5 5 1 0 0 5 0 0

Total 52 22 60 59 25 35 9 56 48 18

For identification of agars, see Table 1, footnotes b -f.
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Table 15. Statistical pair-wise comparison of false-negative reactions for Salmonella given by 5 selective agars

Milk Soy protein Sunflower Brown Soy
chocolate powder seeds rice flour

Agar ----------------------  ------------------  --------------------  -------------------  ----------
comparison SC 3 TT6 SC TT sc TT SC TT sc TT

BG vs BSC _d _ _ _ BG BG BG BG BG
BG vs SS3 — — SS SS — _ _ _ _ ss
BG vs HE' — — — — — — _ _ _ _
BG vs XLD® — — — — — — BG BG BG BG
BS vs SS — — SS SS SS — SS SS SS SS
BS vs HE — — — — _ _ _ _ HE HE
BS vs XLD — — — _ XLD _ _ _
SS vs HE — — SS SS _ _ _ _ _ _
SS vs XLD — — SS SS — SS SS SS SS SS
HE vs XLD — — — — — — — — HE HE

3 Selenite cystine broth. 
b Tetrathionate broth. 
c Brilliant green agar vs bismuth sulfite agar.
d For a given agar comparison, the agar giving a significantly higher ( P <0.05) enumeration of false-negative reactions is 

listed; (— ) indicates no significant difference ( P > 0.05) in the enumeration false-negative reactions.
3 Salm onella-Shigella  agar.
'  Hektoen enteric agar. 
e Xylose lysine desoxycholate agar.

W i t h  2  o f  t h e  f o o d s ,  s u n f l o w e r  s e e d s  a n d  s o y  
f l o u r ,  t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  
F P R  v a l u e s  i n  a n y  o f  t h e  p a i r e d  c o m b i n a t i o n s  o f  
s e l e c t i v e  a g a r s .  F o r  t h e  r e m a i n i n g  3  f o o d s ,  i n  13 
i n s t a n c e s  1 o f  t h e  a g a r s  g a v e  a  s i g n i f i c a n t l y  
h i g h e r  r a t e  o f  f a l s e - p o s i t i v e  c u l t u r e s  t h a n  t h e  
a g a r  to  w h i c h  i t  w a s  b e i n g  c o m p a r e d .  O f  t h e  13 
i n s t a n c e s ,  a  h i g h e r  F P R  v a l u e  w a s  g i v e n  w i t h  t h e  
S S  a g a r  i n  8  c o m p a r i s o n s ;  B G  a g a r  (2  c o m p a r i 
s o n s ) ;  X L D  a g a r  (2  c o m p a r i s o n s ) ;  a n d  t h e  B S  a g a r  
(1  c o m p a r i s o n ) .

T a b l e  1 4  s h o w s  t h e  n u m b e r  o f  f a l s e - n e g a t i v e  
r e a c t i o n s  b y  t h e  5  s e l e c t i v e  a g a r s .  B y  d e f i n i t i o n ,  
a  f a l s e - n e g a t i v e  r e a c t i o n  w a s  o n e  i n  w h i c h  a n y  
p a r t i c u l a r  s e l e c t i v e  e n r i c h m e n t  b r o t h / a g a r  
c o m b i n a t i o n  d i d  n o t  d e t e c t  Salmonella t h a t  w a s  
d e t e c t e d  b y  1 o r  m o r e  o f  t h e  o t h e r  9  e n r i c h -  
m e n t / a g a r  c o m b i n a t i o n s .  I n  t h e  e v e n t  t h a t  a l l  
5  a g a r s  s t r e a k e d  f r o m  1 e n r i c h m e n t  w e r e  a l l  
n e g a t i v e  a n d  Salmonella  w a s  d e t e c t e d  o n  1 o r  
m o r e  a g a r s  s t r e a k e d  f r o m  t h e  o t h e r  e n r i c h m e n t ,  
t h e n  a l l  5  a g a r s  s t r e a k e d  f r o m  t h e  f i r s t  e n r i c h 
m e n t  w e r e  c o n s i d e r e d  to  b e  f a l s e  n e g a t i v e s  b y  
d e f i n i t i o n .  T h e r e  is  t h e  p o s s i b i l i t y ,  h o w e v e r ,  
t h a t  t h e r e  w e r e  n o  v i a b l e  Salmonella  b a c t e r i a  i n  
t h a t  p a r t i c u l a r  s e l e c t i v e  e n r i c h m e n t  f r o m  w h i c h  
a l l  t h e  s t r e a k e d  a g a r s  w e r e  n e g a t i v e ,  a  p o s s i b i l i t y  
w h i c h  c a n n o t  b e  d e t e r m i n e d .  A s  l o n g  a s  t h e  
d a t a  a r e  t r e a t e d  c o n s i s t e n t l y ,  h o w e v e r ,  t h e  i n 
t r o d u c t i o n  o f  a n y  b i a s  w i t h  r e s p e c t  t o  t h e  d e f i 
n i t i o n  o f  a  f a l s e - n e g a t i v e  r e a c t i o n  s h o u l d  b e  
m in im a l .  S S  a g a r  s t r e a k e d  f r o m  S C  b r o t h  a n d  T T

b r o t h  g a v e  t h e  h i g h e s t  n u m b e r  o f  f a l s e - n e g a t i v e  
r e a c t i o n s  w i t h  2  e x c e p t i o n s  (B G  a g a r  s t r e a k e d  
f r o m  S C  o r  T T  e n r i c h m e n t s  o f  t h e  b r o w n  r i c e  
s a m p le s ) .  I n  c o n t r a s t ,  B S  a g a r ,  w i t h  a  f e w  e x 
c e p t i o n s ,  g a v e  n u m b e r s  o f  f a l s e - n e g a t i v e  r e a c 
t i o n s  t h a t  w e r e  l o w e r  t h a n  t h o s e  o f  t h e  o t h e r  s e 
l e c t i v e  a g a r s  s t r e a k e d  f r o m  a  g i v e n  s e l e c t i v e  e n 
r i c h m e n t .  O n e  r e a s o n  f o r  t h e  r e l a t i v e l y  l o w  
e n u m e r a t i o n  o f  f a l s e - n e g a t i v e  r e a c t i o n s  b y  t h e  
B S  a g a r  w a s  t h e  a b i l i t y  o f  t h i s  a g a r  t o  d e t e c t  l a c 
t o s e - p o s i t i v e  Salmonella o r g a n i s m s  ( T a b le s  4  a n d
8 ) t h a t  i n  m a n y  i n s t a n c e s  w e n t  u n d e t e c t e d  b y  t h e  
o t h e r  a g a r s .  T h a t  s o m e  c o l l a b o r a t o r s  d e t e c t e d  
l a c t o s e - p o s i t i v e  c u l t u r e s  o n  a g a r s  o t h e r  t h a n  B S  
a g a r s  c o u l d  b e  d u e  e i t h e r  t o  a n a l y s t s  p i c k i n g  
n o n t y p i c a l  Salmonella c o l o n i e s  o n  1 o r  m o r e  o f  
t h e  n o n - B S  a g a r s ,  o r  t o  d i f f e r e n c e s  i n  h u m a n  
j u d g m e n t  a s  t o  w h a t  i s  m e a n t  b y  t h e  d e s i g n a t i o n  
" t y p i c a l . "

T a b l e  1 5  r e p o r t s  t h e  r e s u l t s  o f  a  s t a t i s t i c a l  
p a i r - w i s e  c o m p a r i s o n  o f  f a l s e - n e g a t i v e  r e a c t i o n s  
( s e e  C o l l a b o r a t i v e  S t u d y )  e n u m e r a t e d  b y  t h e  5 
s e l e c t i v e  a g a r s .  W i t h  s a m p l e s  o f  m i l k  c h o c o l a t e ,  
t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  e n u 
m e r a t i o n  o f  f a l s e - n e g a t i v e  r e a c t i o n s  i n  a n y  o f  t h e  
p a i r e d  a g a r  c o m b i n a t i o n s .  F o r  t h e  r e m a i n i n g  4  
f o o d s ,  i n  3 3  i n s t a n c e s  1 m e m b e r  o f  a  p a i r e d  
c o m b i n a t i o n  o f  a g a r s  g a v e  a  s i g n i f i c a n t l y  h i g h e r  
n u m b e r  o f  f a l s e - n e g a t i v e  r e a c t i o n s  t h a n  t h e  o t h e r  
m e m b e r .  O f  t h e s e  3 3 , a  h i g h e r  e n u m e r a t i o n  o f  
f a l s e - n e g a t i v e  r e a c t i o n s  w a s  g i v e n  w i t h  t h e  S S  
a g a r  (1 9  c o m p a r i s o n s ) ,  B G  a g a r  (9  c o m p a r i s o n s ) ,
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Table 16. Summary of statistical pair-wise comparison 
of 5 selective agars according to 3 parameters

Agar3

Parameter6

Productivity
False-positive

rate
False

negatives

BG 5 2 9
BS 18 1 0
SS 0 8 19
HE 8 0 4
XLD 16 2 1

3 For identification of agars, see Table 1, footnotes b-f. 
b Each numerical entry represents the total number of 

times for all 5 foods combined that any particular agar of a 
paired agar combination gave a significantly higher number 
of responses than did the member to which it was com
pared.

H E  a g a r  (4  c o m p a r i s o n s ) ,  a n d  X L D  a g a r  (1 c o m 
p a r i s o n ) .  T h e  r e s u l t s  o f  t h e  s t a t i s t i c a l  a n a l y s i s  
o f  t h e  d a t a  i n  T a b l e s  1 1 , 1 3 , a n d  15  a r e  s u m m a 
r i z e d  i n  T a b le  16. T h e  e f f i c i e n c y  o f  t h e  a g a r s  w a s  
s t a t i s t i c a l l y  c o m p a r e d  a c c o r d i n g  to  3  p a r a m e t e r s :  
(1 )  p r o d u c t i v i t y  o r  r e c o v e r y  o f  Salmonella, (2 )  r a t e  
o f  e n u m e r a t i o n  o f  c u l t u r e s  t h a t  w e r e  f a l s e  p o s i 
t i v e  f o r  Salmonella, a n d  (3 )  t h e  r a t e  o f  f a l s e - n e g 
a t i v e  r e a c t i o n s .  O v e r a l l ,  i t  a p p e a r s  t h a t  S S  a g a r ,  
b e c a u s e  o f  i t s  r e l a t i v e l y  l o w  p r o d u c t i v i t y  a n d  i t s  
h i g h  r a t e  o f  e n u m e r a t i o n  o f  f a l s e - p o s i t i v e  a n d  
f a l s e - n e g a t i v e  r e a c t i o n s ,  c o u ld  b e  e x c l u d e d  f r o m  
t h e  s e r i e s  o f  s e l e c t i v e  a g a r s  w i t h o u t  s i g n i f i c a n t l y  
r e d u c i n g  t h e  d e t e c t i o n  r a t e  o f  Salmonella i n  t h e  
f o o d  e x a m i n e d  i n  t h i s  s t u d y .  B S  a n d  X L D  a g a r s  
w e r e  t h e  m o s t  p r o d u c t i v e  f o r  Salmonella r e c o v e r y  
w h i l e  h a v i n g  r a t e s  o f  f a l s e - p o s i t i v e  a n d  f a l s e 
n e g a t i v e  r e a c t i o n s  t h a t  w e r e  l o w  c o m p a r e d  to  t h e  
r a t e s  o f  t h e s e  r e a c t i o n s  e n u m e r a t e d  b y  t h e  o t h e r  
3  a g a r s .  T h u s ,  t h e  d e c i s i o n  s e e m s  t o  b e  w h e t h e r  
1 o r  b o t h  o f  t h e  r e m a i n i n g  2  a g a r s ,  H E  a n d  B G , 
s h o u l d  b e  i n c l u d e d  i n  t h e  a n a ly t i c a l  p r o to c o l .  A  
r e - e x a m in a t i o n  o f  T a b le  11 r e v e a l s  t h a t  w h e n  H E  
a n d  B G  a g a r s  w e r e  c o m p a r e d  w i t h  r e s p e c t  to  
p r o d u c t i v i t y ,  H E  a g a r  r e c o v e r e d  a  s i g n i f i c a n t l y  
h i g h e r  n u m b e r  o f  Salmonella- p o s i t i v e  s a m p l e s  i n  
3  o f  1 0  c o m p a r i s o n s ,  a n d  B G  a g a r  r e c o v e r e d  a  
s i g n i f i c a n t l y  h i g h e r  n u m b e r  o f  Salmonella-p o s i 
t i v e  s a m p l e s  i n  o n l y  1 o f  t h e s e  c o m p a r i s o n s .  A  
r e v i e w  o f  T a b le  13  s h o w s  t h a t  w h e r e  B G  a n d  H E  
a g a r s  w e r e  c o m p a r e d  f o r  r a t e s  o f  e n u m e r a t i o n  o f  
f a l s e - p o s i t i v e  c u l t u r e s ,  a l l  c o m p a r i s o n s  s h o w e d  
e q u i v a l e n c y  f o r  t h e  p a i r e d  a g a r s ,  e x c e p t  f o r  a  
s i g n i f i c a n t l y  h i g h e r  f a l s e - p o s i t i v e  r a t e  o b t a i n e d  
o n  B G  a g a r ,  c o m p a r e d  to  H E  a g a r ,  w h e n  s t r e a k e d  
f r o m  S C - e n r i c h e d  s a m p l e s  o f  b r o w n  r i c e .  F i 
n a l l y ,  i n  T a b l e  1 5 , i t  c a n  b e  s e e n  t h a t  w h e r e  H E

a n d  B G  a g a r s  a r e  c o m p a r e d  f o r  t h e  e n u m e r a t i o n  
o f  f a l s e - n e g a t i v e  r e a c t i o n s ,  t h e y  w e r e  e q u i v a l e n t  
i n  a l l  10  c o m p a r i s o n s .  A c c o r d i n g l y ,  u s i n g  t h e  
p a r a m e t e r s  a s  d e f i n e d  a b o v e ,  u s e  o f  H E  a g a r  a p 
p e a r e d  t o  h a v e  s o m e  s l i g h t  a d v a n t a g e  o v e r  B G  
a g a r  i n  t h i s  c o l l a b o r a t i v e  s t u d y .

I n  a  2 V2- y e a r  c o m p a r i s o n  o f  H E , B G , B S , a n d  S S  
a g a r s  f o r  r e c o v e r i n g  Salmonella f r o m  n a t u r a l l y  
c o n t a m i n a t e d  f o o d  a n d  f e e d  s a m p l e s ,  B is c ie l l o  
a n d  S c h r a d e  (1 5 )  r e p o r t e d  t h a t  t h e  g r e a t e s t  
n u m b e r  o f  Salmonella- p o s i t i v e  s a m p l e s  w e r e  o b 
t a i n e d  w i t h  H E  a g a r  a n d  t h a t  t h i s  a g a r  a l s o  g a v e  
t h e  l o w e s t  n u m b e r  o f  f a l s e - p o s i t i v e  c u l t u r e s .  
M o r e o v e r ,  o f  a  t o t a l  o f  2 8 8  Salmonella- p o s i t i v e  
s a m p le s ,  Salmonella w o u l d  h a v e  g o n e  u n d e t e c t e d  
i n  2 0  s a m p l e s  i f  a  c o m b i n a t i o n  o f  o n l y  B G , B S , 
a n d  S S  a g a r s  h a d  b e e n  u s e d .

A t  t h e  c o n c l u s i o n  o f  t h e  c o l l a b o r a t i v e  s t u d y ,  
t h e  p a r t i c i p a n t s  w e r e  a s k e d  t o  i n d i c a t e  t h e i r  
r e l a t i v e  p r e f e r e n c e s  f o r  t h e  5  a g a r s .  O f  t h e  15  
a n a l y s t s  o r  a n a l y s t  t e a m s  r e s p o n d i n g ,  BS a g a r  w a s  
t h e  f i r s t  c h o i c e  o f  6  a n a l y s t s ;  H E  o f  4  a n a l y s t s ;  
X L D  o f  3  a n a l y s t s ;  a n d  B G  o f  2  a n a l y s t s .  C o n 
v e r s e l y ,  S S  a g a r  w a s  t h e  l e a s t  f a v o r e d  o f  12  a n a 
ly s t s  a n d  B S , X L D , a n d  B G  w e r e  t h e  l e a s t  f a v o r e d  
b y  1 a n a l y s t  e a c h .

T h e  r e s u l t s  o f  t h i s  s t u d y  h a v e  d e m o n s t r a t e d  
t h a t  o f  t h e  5  s e l e c t i v e  a g a r s  c o m p a r e d  w i t h  r e 
s p e c t  to  3  p a r a m e t e r s ,  B S a n d  X L D  a g a r s  w e r e  t h e  
m o s t  e f f i c i e n t  a n d  S S  a g a r  w a s  t h e  l e a s t  e f f i c i e n t .  
T h e  o t h e r  2  a g a r s ,  H E  a n d  B G , w e r e  i n t e r m e d i a t e  
i n  t h e i r  e f f i c i e n c y ,  w i t h  t h e  e f f i c i e n c y  o f  t h e  H E  
a g a r  s o m e w h a t  g r e a t e r  t h a n  t h a t  o f  t h e  B G  a g a r ,  
b u t  n o t  d e c i s i v e l y .  A c c o r d i n g l y ,  i t  is  r e c o m 
m e n d e d  t h a t  t h e  o f f i c i a l  f i n a l  a c t i o n  m e t h o d  f o r  
t h e  d e t e c t i o n  o f  Salmonella, 4 6 .0 5 4 - 4 6 .0 6 7 ,  b e  
r e v i s e d  to  i n c l u d e  a d d i t i o n  o f  X L D  a n d  H E  a g a r s  
a n d  d e l e t i o n  o f  S S  a n d  B G  a g a r s .  T h e  f o l l o w i n g  
c h a n g e s  a r e  r e q u i r e d :

(a )  I n  4 6 .0 5 4 ,  d e l e t e  t h e  e n t i r e  s e c t i o n s  ( d )  
Brilliant green agar a n d  (e )  Salmonella-Shigella agar. 
S u b s t i t u t e  f o r  t h e m  t h e  f o l l o w i n g  s e c t i o n s :

( d )  Xylose lysine desoxycholate agar (XLD ) . —  
S u s p e n d  i n g r e d i e n t s  (3 )  o r  (2 )  ( v a r i e s  w i t h  m f g r  
o f  f o r m u l a )  i n  1 L  H 2O  a n d  m ix  t h o r o l y .  H e a t  
w i t h  f r e q u e n t  a g i t a t i o n  j u s t  u n t i l  m e d i u m  b o i l s .  
D o  n o t  o v e r h e a t .  C o o l  i n  H 20  b a t h  a n d  p o u r  2 0  
m L  p o r t i o n s  i n t o  15 X 1 0 0  m m  p e t r i  d i s h e s .  L e t  
d r y  c a  2  h  w i t h  c o v e r s  p a r t i a l l y  r e m o v e d ;  t h e n  
c l o s e  p l a t e s .  F i n a l  p H ,  7 .4  ±  0 .2 . D o  n o t  a u t o 
c l a v e .

(3 )  3 .5  g  x y lo s e ,  5 .0  g  L - ly s in e ,  7 .5  g  l a c to s e ,  7 .5  
g  s u c r o s e ,  5 .0  g  N a C l ,  3 .0  g  y e a s t  e x t ,  0 .0 8  g  p h e 
n o l  r e d ,  2 .5  g  N a  d e s o x y c h o l a t e ,  6 .8  g  N a  t h i o 
s u l f a t e ,  0 .8  g  f e r r i c  a m m o n i u m  c i t r a t e ,  a n d  1 3 .5  
g  a g a r .
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(2 )  3 .7 5  g  x y l o s e ,  5 .0  g  L - ly s i n e ,  7 .5  g  l a c t o s e ,
7 .5  g  s u c r o s e ,  5 .0  g  N a C l ,  3 .0  g  y e a s t  e x t ,  0 .0 8  g  
p h e n o l  r e d ,  2 .5  g  N a  d e s o x y c h o l a t e ,  6 .8  g  N a  
t h i o s u l f a t e ,  0 .8  g  f e r r i c  a m m o n i u m  c i t r a t e ,  a n d  
1 5  g  a g a r .

( e )  Hektoen enteric agar (H E).— S u s p e n d  i n 
g r e d i e n t s  ( 2 ) o r  (2 )  ( v a r i e s  w i t h  m f g r  o f  f o r m u la )  
i n  1 L  H 2O  a n d  m ix  t h o r o l y .  H e a t  t o  b o i l i n g  
w i t h  f r e q u e n t  a g i t a t i o n  a n d  l e t  b o i l  f e w  m o 
m e n t s .  D o  n o t  o v e r h e a t .  C o o l  i n  H 2O  b a t h  a n d  
p o u r  2 0  m L  p o r t i o n s  i n t o  1 5  X 1 0 0  m m  p e t r i  
d i s h e s .  L e t  d r y  c a  2  h  w i t h  c o v e r s  p a r t i a l l y  r e 
m o v e d ;  t h e n  c l o s e  p l a t e s .  F i n a l  p H ,  7 .6  ±  0 .2 . 
D o  n o t  a u t o c l a v e .

(1 )  1 2 .0  g  t h i o t o n e  p e p t o n e ,  3 .0  g  y e a s t  e x t ,  9 .0  
g  b i l e  s a l t s ,  1 2 .0  g  l a c t o s e ,  1 2 .0  g  s u c r o s e ,  2 .0  g  
s a l i c i n ,  5 .0  g  N a C l ,  5 .0  g  N a  t h i o s u l f a t e ,  1 .5  g  
f e r r i c  a m m o n i u m  c i t r a t e ,  0 .0 6 4  g  b r o m t h y m o l  
b l u e ,  0 .1  g  a c i d  f u c h s i n ,  a n d  1 3 .5  g  a g a r .

(2 )  1 2 .0  g  p r o t e o s e  p e p t o n e ,  3 .0  g  y e a s t  e x t ,  9 .0  
g  b i l e  s a l t s  N o .  3 ,1 2 .0  g  l a c to s e ,  1 2 .0  g  s u c r o s e ,  2 .0  
g  s a l i c i n ,  5 .0  g  N a C l ,  5 .0  g  N a  t h i o s u l f a t e ,  1 .5  g  
f e r r i c  a m m o n i u m  c i t r a t e ,  0 .0 6 5  g  t h y m o l  b l u e ,  0 .1  
g  a c i d  f u c h s i n ,  a n d  1 4 .0  g  a g a r .

(b )  I n  4 6 .0 5 7 ,  s u b s t i t u t e  t h e  f o l l o w i n g  s e c 
t i o n s :

( a )  Growth in selective broth.— G e n t l y  s h a k e  
i n c u b a t e d  s a m p l e  m ix t . ,  4 6 .0 5 6 , a n d  t r a n s f e r  1 m L  
to  1 0  m L  s e l e n i t e  c y s t i n e  b r o t h ,  4 6 .0 5 4 ( b )  (1 )  o r  
(2 ) , a n d  a d d n l  1 m L  to  1 0  m L  t e t r a t h i o n a t e  b r o t h ,  
4 6 .0 5 4 ( c ) .  I n c u b a t e  2 4  ±  2  h  a t  3 5 ° .  ( F o r  d r i e d  
a c t i v e  y e a s t ,  s u b s t i t u t e  l a u r y l  s u l f a t e  t r y p t o s e  
b r o t h ,  4 6 .0 1 3 ( b ) ,  f o r  s e l e n i t e  c y s t i n e  b r o t h ,  
4 6 .0 5 4 ( b )  (2 )  o r  (2 ) .

S t r e a k  3  m m  l o o p f u l  o f  i n c u b a t e d  s e l e n i t e  
c y s t i n e  b r o t h  o n  s e l e c t i v e  m e d i a  p l a t e s  o f  x y lo s e  
l y s i n e  d e s o x y c h o l a t e  a g a r ,  4 6 .0 5 4 ( d ) ,  H e k t o e n  
e n t e r i c  a g a r ,  4 6 .0 5 4 ( e ) ,  a n d  B i2(SC>3)3 a g a r ,  
4 6 .0 5 4 ( f ) .  R e p e a t  w i t h  3  m m  l o o p f u l  o f  i n c u 
b a t e d  t e t r a t h i o n a t e  b r o t h .  I n c u b a t e  p l a t e s  2 4  ±  
2  h a t  3 5 ° .

( b )  Appearance o f typical Salmonella colonies.—  
(1 )  On xylose lysine desoxycholate agar.— P i n k  
c o l o n i e s  w i t h  o r  w i t h o u t  b l a c k  c e n t e r s .  M a n y  
Salmonella m a y  h a v e  l a r g e ,  g l o s s y  b l a c k  c e n t e r s  
o r  m a y  a p p e a r  a s  a l m o s t  c o m p l e t e l y  b l a c k  c o l o 
n i e s .  A t y p i c a l l y ,  a  f e w  Salmonella c u l t u r e s  p r o 
d u c e  y e l l o w  c o l o n i e s  w i t h  o r  w i t h o u t  b l a c k  
c e n t e r s .

(2 )  On Hektoen enteric agar.— B l u e - g r e e n  t o  
b l u e  c o l o n i e s  w i t h  o r  w i t h o u t  b l a c k  c e n t e r s .  
M a n y  Salmonella c u l t u r e s  m a y  h a v e  l a r g e  g lo s s y  
b la c k  c e n t e r s  o r  m a y  a p p e a r  a s  a l m o s t  c o m p le t e l y  
b l a c k  c o l o n i e s .

(3 )  On bismuth sulfite agar.—  B r o w n ,  g r a y ,  o r  
b l a c k ,  s o m e t i m e s  w i t h  m e t a l l i c  s h e e n .  S u r 

r o u n d i n g  m e d i u m  i s  u s u a l l y  b r o w n  a t  f i r s t ,  
t u r n i n g  b l a c k  w i t h  i n c r e a s i n g  i n c u b a t i o n  t i m e .  
S o m e  s t r a i n s  p r o d u c e  g r e e n  c o l o n i e s  w i t h  l i t t l e  
o r  n o  d a r k e n i n g  o f  s u r r o u n d i n g  m e d i u m .

E x a m in e  X L D  a n d  H E  a g a r  p l a t e s  f o r  ty p i c a l  o r  
s u s p i c i o u s  Salmonella c o l o n i e s  a f t e r  2 4  ±  2  h  i n 
c u b a t i o n  a t  3 5 ° .  B S  a g a r  p l a t e s  s h o u l d  b e  e x 
a m i n e d  f o r  t y p i c a l  o r  s u s p i c i o u s  Salmonella 
c o l o n i e s  a f t e r  2 4  ±  2  h  a n d  4 8  ±  2  h  i n c u b a t i o n  a t  
3 5 ° .

(c )  I n  4 6 .0 5 8 ( a )  i n  t h e  1 s t  s e n t e n c e ,  s u b s t i t u t e  
" x y l o s e  l y s i n e  d e s o x y c h o l a t e ,  H e k t o e n  e n t e r i c "  
f o r  " b r i l l i a n t  g r e e n ,  Salmonella-Shigella . . ."

( d )  I n  4 6 .0 5 9 , d e l e t e  t h e  e n t i r e  s e c t i o n  ( b )  a n d  
s u b s t i t u t e  t h e  f o l l o w i n g :

( b )  M ixed cultures.— S t r e a k  a n y  c u l t u r e  t h a t  
a p p e a r s  t o  b e  m i x e d  o n  M a c C o n k e y  a g a r ,  
4 6 .0 5 4 ( q ) ,  o r  x y l o s e  l y s i n e  d e s o x y c h o l a t e  a g a r ,  
4 6 .0 5 4 ( d ) ,  o r  H e k t o e n  e n t e r i c  a g a r ,  4 6 .0 5 4 ( e ) .  
I n c u b a t e  2 4  ±  2  h  a t  3 5 ° .

D e l e t e  ( c ) (2 )  a n d  s u b s t i t u t e :
(2 )  On xylose lysine desoxycholate agar.— S e e  

4 6 .0 5 7 ( b ) ( 2 ) .
A s  t h e  n e x t  s e n t e n c e  a f t e r  ( c ) ( 2 )  a d d :
(3 )  On Hektoen enteric agar.— S e e  4 6 .0 5 7 ( b ) -

( 2 ).

A c k n o w l e d g m e n t s
T h e  a u t h o r s  g r a t e f u l l y  a c k n o w l e d g e  t h e  f o l 

l o w i n g  i n d i v i d u a l s  w h o  p a r t i c i p a t e d  i n  t h i s  
s t u d y :  L o u i s e  D o r r e t t ,  P h i l i p  G u a r i n o ,  a n d
D o n n a  K . S t o u t ,  M c C o r m i c k  a n d  C o . ,  C o r p o r a t e  
A n a l y t i c a l  S e r v i c e s ,  H u n t  V a l l e y ,  M D ;  a n d  t h e  
f o l l o w i n g  m e m b e r s  o f  t h e  F o o d  a n d  D r u g  A d 
m in i s t r a t i o n :  C a r lo s  A b e y ta ,  J r ,  C in c i n n a t i ,  O H ;  
J e r r y  T o m ,  G e o f f r e y  S . C h u ,  K e v i n  K a l l a n d e r ,  
M i c h a e l  J . P a l m i e r i ,  a n d  P h i l i p  W o n g ,  B r o o k ly n ,  
N Y ; D o u g l a s  J . K r o u t ,  L i n d a  C r u z ,  J a y n e  H e a g y ,
C . D e n n i s  H o f f m a n ,  a n d  E a r l  S a w a i ,  S a n  F r a n 
c i s c o ,  C A ; J o s e p h  L . T a r d i o ,  T h o m a s  L a t t ,  a n d  
L i n d a  E n g l i s h ,  B a l t i m o r e ,  M D ;  R o b e r t  E . H a y -  
m o n d ,  L u i s  A . E s t e la ,  S h e l l y  G a y  L u d w i g ,  a n d  
E l i z a b e t h  E . M a r t i n e z ,  D e n v e r ,  C O ;  M a r s h a  A . 
H a y d e n  a n d  W i l l i a m  D . W h i t e ,  A t l a n t a ,  G A ; 
C h a r l e s  N .  R o d e r i c k ,  C h a r l e s  R . M c K e e ,  a n d  
W a r r e n  L . L a n d r y ,  D a l l a s ,  T X ; R o b e r t  L . M c 
D o n a l d  a n d  L . A n n e  O t t o ,  L o s  A n g e l e s ,  C A ; 
D o n a l d  E. M e l a n s o n ,  B o s to n ,  M A ;  P a t r i c i a  N . 
S a d o ,  S e a t t l e ,  W A ; a n d  C h r i s t i n e  W . T w o h y  a n d  
D e a n  W a g n e r ,  M i n n e a p o l i s  C e n t e r  f o r  M i c r o b i 
o l o g i c a l  I n v e s t i g a t i o n s ,  M i n n e a p o l i s ,  M N .

T h e  a u t h o r s  a l s o  a r e  g r a t e f u l  t o  L a u r a  B o o th -  
m a m  a n d  F o s t e r  M c C l u r e ,  D i v i s i o n  o f  M a t h e 
m a t i c s ,  F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  f o r  s t a 
t i s t i c a l  a n a l y s i s  o f  t h e  d a t a .
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F O O D  A D D IT IV E S

Rapid M ethod for Estimation of iV-Nitrosodim ethylam ine  
in M alt Beverages
JOSEPH H. HOTCHKISS,1 DONALD C. HAVERY, and THOMAS FAZIO 
Food and Drug Administration, Division of Chemistry and Physics, Washington, DC 20204

A new, rapid column elution method is described for 
the estimation of /V-nitrosodimethylamine in malt 
beverages. Recoveries for N-nitrosodimethylamine 
and (V-nitrosod¡propylamine fortified at 5 ppb av
eraged 90 and 91%, respectively. A study of 20 dif
ferent malt beverages showed that the resuts obtained 
with this method compared favorably with those 
obtained by a direct distillation procedure.
R e p o r t s  i n  1 9 7 8  t h a t  a  m a j o r i t y  o f  b e e r s  a v a i l a b l e  
i n  W e s t  G e r m a n y  c o n t a i n e d  t r a c e s  o f  N - n i t r o 
s o d i m e t h y l a m i n e  ( N D M A )  h a v e  s t i m u l a t e d  a  
n u m b e r  o f  i n v e s t i g a t i o n s  i n t o  t h e  p r e s e n c e  o f  
t h i s  a n i m a l  c a r c i n o g e n  i n  m a l t  b e v e r a g e s  (1 ). 
S p i e g e l h a l d e r  e t  a l .  (2 )  e s t i m a t e d  t h a t  6 4 %  o f  a  
W e s t  G e r m a n  m a l e 's  d i e t a r y  e x p o s u r e  t o  N D M A  
i s  f r o m  c o n s u m p t i o n  o f  b e e r .  S u b s e q u e n t  r e 
p o r t s  h a v e  i n d i c a t e d  t h a t  a  m a j o r i t y  o f  m a l t  b e v 
e r a g e s ,  r e g a r d l e s s  o f  o r i g i n ,  c o n t a i n  N D M A . 
T h e s e  f i n d i n g s  h a v e  p r o m p t e d  t h e  U .S . F o o d  a n d  
D r u g  A d m i n i s t r a t i o n  ( F D A )  t o  e s t a b l i s h  a  r e g u 
l a t o r y  a c t i o n  l e v e l  o f  > 5  p p b  N D M A  i n  m a l t  
b e v e r a g e s .

N e a r l y  a l l  r e c e n t  a n a ly t i c a l  m e t h o d s  h a v e  u s e d  
a  g a s  c h r o m a t o g r a p h i c - t h e r m a l  e n e r g y  a n a l y z e r  
(G C -T E A )  f o r  d e t e c t i o n  a n d  q u a n t i t a t i o n  o f  
N D M A  i n  m a l t  b e v e r a g e s .  A  v a r i e t y  o f  p r o c e 
d u r e s  h a v e ,  h o w e v e r ,  b e e n  u s e d  t o  i s o l a t e  v o l a t i l e  
n i t r o s a m i n e s  f r o m  m a l t  b e v e r a g e s .  S p i e g e l 
h a l d e r  e t  a l .  (1 )  v a c u u m - d i s t i l l e d  b e e r ,  p a r t i 
t i o n e d  t h e  d i s t i l l a t e  w i t h  d i c h l o r o m e t h a n e  
( D C M ) ,  a n d  c o n c e n t r a t e d  t h e  s o l v e n t  i n  a  K u -  
d e r n a - D a n i s h  (K - D )  e v a p o r a t i v e  c o n c e n t r a t o r .  
W a l k e r  e t  a l .  (3 )  d i r e c t l y  e x t r a c t e d  a l c o h o l i c  
b e v e r a g e s  w i t h  D C M , t h e n  c e n t r i f u g e d  t h e  e x 
t r a c t  a n d  c o n c e n t r a t e d  i t  i n  a  K -D  a p p a r a t u s .  
G o f f  a n d  F i n e  (4 )  u s e d  l i q u i d - l i q u i d  p a r t i t i o n  o f  
b e e r s  i n  a  c o m m e r c i a l  a p p a r a t u s  s p e c i a l l y  d e 
s i g n e d  f o r  n i t r o s a m i n e s  ( P r e p t u b e )  f o l l o w e d  b y  
c o n c e n t r a t i o n  i n  a  K -D  a p p a r a t u s .  S c a n l a n  e t  a l .
(5 )  a n a l y z e d  s e v e r a l  U .S . - p r o d u c e d  b e e r s  b y  
s t e a m  d i s t i l l a t i o n  f o l l o w e d  b y  e x t r a c t i o n  o f  t h e

1 Present address: Cornell University, Department of Food Science, Ithaca, NY 14853.Received November 3, 1980. Accepted December 22, 
i980.Presented at the 94th Annual Meeting of the AOAC, Oct. 20-23, 1980, at Washington, DC.

d i s t i l l a t e  w i t h  D C M . S e n  e t  a l .  (6 )  v a c u u m - d i s 
t i l l e d  b e e r s  i n  a  f l a s h  e v a p o r a t o r  a f t e r  a d d i n g  
a q u e o u s  b a s e ,  t h e n  e x t r a c t e d  t h e  d i s t i l l a t e  w i t h  
D C M , w a s h e d  i t ,  a n d  c o n c e n t r a t e d  i t  i n  a  K -D  
a p p a r a t u s .  W e  s u r v e y e d  a  l a r g e  n u m b e r  o f  d o 
m e s t i c  a n d  i m p o r t e d  b e e r s  b y  u s i n g  a n  a t m o 
s p h e r i c  d i s t i l l a t i o n  i n  w h i c h  t h e  m a l t  b e v e r a g e  
w a s  f i r s t  s a t u r a t e d  w i t h  s o l i d  B a ( O H )2 (7 ) , a n d  t h e  
a q u e o u s  d i s t i l l a t e  w a s  t h e n  e x t r a c t e d  w i t h  D C M  
a n d  c o n c e n t r a t e d  i n  a  K -D  a p p a r a t u s .  W h i l e  a l l  
t h e s e  p r o c e d u r e s  a p p e a r  w o r k a b l e ,  n o n e  c o m 
p l e t e l y  s u i t e d  o u r  n e e d  f o r  p r o d u c i n g  a c c e p t a b l e  
d a t a  w i t h  s p e e d ,  s i m p l i c i t y ,  a n d  e f f i c i e n c y .

W e  r e p o r t  h e r e  a  s i m p l e  m e t h o d  w h i c h  p r o 
d u c e s  d a t a  c o m p a r a b l e  t o  o u r  p r e v i o u s  m e t h o d
(7 )  i n  l e s s  t i m e  a n d  w i t h  l e s s  o p e r a t o r  i n v o l v e 
m e n t .  T h e  m e t h o d  is  s i m i l a r  to  t h a t  u s e d  b y  
F i d d l e r  e t  a l .  ( U S D A  ( 1 9 8 0 ) ,  p r i v a t e  c o m m u n i 
c a t i o n )  f o r  t h e  d e t e r m i n a t i o n  o f  n i t r o s o p y r r o l i -  
d i n e  i n  f r i e d  b a c o n .

M ETH O D
R eagen ts

(a) Celite® 545 (not acid-washed).— F i s h e r  S c i 
e n t i f i c  C o . ,  P i t t s b u r g h ,  P A  1 5 2 1 9  ( N o .  C -2 1 2 ) .  
H e a t  c o n t e n t s  o f  e a c h  b o t t l e  16  h  a t  7 0 0 ° C  b e f o r e  
u s e .

(b) Dichloromethane (D C M ).— G l a s s - d i s t i l l e d  
( B u r d i c k  a n d  J a c k s o n  L a b o r a t o r i e s ,  M u s k e g o n ,  
M I  4 9 4 4 2 ) .

(c )  Sodium sulfate.— A n h y d r o u s  g r a n u l a r ,  r e 
a g e n t  g r a d e  ( M a l l i n c k r o d t  I n c . ,  P a r i s ,  K Y  
4 0 3 6 1 ) .

(d) Ethanol.— A n h y d r o u s  ( N a t i o n a l  D i s t i l l e r s  
a n d  C h e m i c a l  C o r p . ,  N e w  Y o r k ,  N Y  1 0 0 1 6 ) .

(e )  N-Nitrosodimethylamine (N D M A ). — S e r ia l ly  
d i l u t e  p r e v i o u s l y  p r e p a r e d  s t o c k  s o l u t i o n  (2  
m g / m L )  t o  w o r k i n g  s t a n d a r d  (0 .5  p g / m L )  w i t h  
D C M .

(f) N-Nitrosodipropy lamine (N D P A ).— S e r i a l l y  
d i l u t e  p r e v i o u s l y  p r e p a r e d  s to c k  s o l u t i o n  t o  0 .2 5  
p g / m L  w i t h  a n h y d r o u s  e t h a n o l .  ( C a u t i o n :  
N D M A  a n d  N D P A  a r e  p o t e n t  a n i m a l  c a r c i n o 
g e n s  a n d  m u s t  b e  h a n d l e d  a p p r o p r i a t e l y . )

(g )  Boiling chips.— C a r b o r u n d u m ,  s m a l l  s i z e  ( o r  
e q u i v a l e n t ) .
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E n s u r e  a b s e n c e  o f  p o s i t i v e  r e s p o n s e s  f o r  e a c h  
n e w  l o t  o f  r e a g e n t  b y  r u n n i n g  b l a n k s .  U s e  2 5  
m L  4%  e t h a n o l  i n  d i s t i l l e d  ( n o t  d e i o n i z e d )  w a t e r  
i n  p l a c e  o f  m a l t  b e v e r a g e .

A p p a ra tu s
( a )  Chromatographic column. — G la s s ,  2 8  m m  i d  

X  4 0 0  m m  l o n g  w i t h  s t o p c o c k .
( b )  Evaporative concentrator.— K u d e r n a - D a n -  

i s h ,  2 5 0  m L  w i t h  4  m L  c o n c e n t r a t o r  t u b e  a n d
3 - b a l l  d i s t i l l i n g  c o l u m n  ( K o n te s  G la s s ,  V i n e l a n d ,  
N J  0 8 3 6 0 , K - 5 0 3 0 0 0 - 0 1 2 1 ,  K - 5 7 0 0 0 1 - 0 2 5 0 ,  K - 
5 7 0 0 5 0 -4 2 5 ) .

(c )  Tamping rod. — 19  m m  d i a m e t e r  d i s c .
( d )  Glass wool. — P y r e x  o r  e q u i v a l e n t .
( e )  Gas chrom atograph-therm al energy ana

lyzer.— H e w l e t t - P a c k a r d  M o d e l  5 7 1 0 A  G C  i n 
t e r f a c e d  to  a  T E A  M o d e l  5 0 2 L . I n s t r u m e n t a l  
c o n d i t i o n s :  2 .7  m  X  4  m m  i d  g l a s s  c o l u m n
p a c k e d  w i t h  10%  C a r b o w a x ®  1 5 4 0  a n d  5%  K O H  
o n  1 0 0 -1 2 0  m e s h  C h r o m o s o r b ®  W H P ;  c a r r i e r  g a s ,  
a r g o n ,  4 0  m L / m i n ;  t e m p e r a t u r e s  ( ° C ) ,  i n j e c t o r  
2 0 0 , c o l u m n  1 5 0 , T E A  f u r n a c e  4 5 0 ; p r e s s u r e  1 .2  
t o r r ;  l i q u i d  n i t r o g e n  c o l d  t r a p .

T h o r o u g h l y  c l e a n  a l l  g l a s s w a r e ,  i n c l u d i n g  a  
c h r o m i c  a c i d  r i n s e ,  b e f o r e  e a c h  a n a l y s i s .

D e te r m in a tio n
W e i g h  2 5 .0  ±  0 .1  g  m a l t  b e v e r a g e  i n t o  f a r e d  

6 0 0  m L  b e a k e r .  A d d  1 2 5  n g  (0 .5  m L )  N D P A  a n d  
2 5  g  C e l i t e .  S t i r  m i x t u r e  u n t i l  u n i f o r m  (c a  3 0  s). 
M i x t u r e  w i l l  n o t  p o u r  b u t  w i l l  a p p e a r  l i g h t  a n d  
f l u f f y .  P la c e  s m a l l  g la s s  w o o l  p l u g  i n  b o t t o m  o f  
c o l u m n  a n d  c o v e r  w i t h  2 0  g  N a 2SC>4. P l a c e  
t a m p i n g  r o d  a n d  p o w d e r  f u n n e l  i n  c o l u m n  w i t h  

¡ e n d  o f  t h e  t a m p i n g  r o d  e x t e n d i n g  t h r o u g h  f u n 
n e l  o p e n i n g .  W i t h  s p a t u l a ,  l o a d  b e e r - C e l i t e  
m i x t u r e  i n t o  c o l u m n  a n d  t a m p  m i x t u r e ,  a  l i t t l e  
a t  a  t i m e ,  t o  d e p t h  o f  8 - 1 0  c m . A d d  7 5  m L  D C M  
t o  b e a k e r ,  s w i r l  w i t h  s p a t u l a ,  a n d  p o u r  t h r o u g h  
f u n n e l  b e f o r e  r e m o v i n g  t a m p i n g  r o d .  A d j u s t  
s t o p c o c k  s o  D C M  f l o w s  a t  r a t e  o f  1 - 2  m L / m i n  
i n t o  K -D  f l a s k  f i t t e d  w i t h  4  m L  c o n c e n t r a t o r  tu b e .  
L e t  c o l u m n  r u n  d r y .  A p p r o x i m a t e l y  3 5  m L  
D C M  w i l l  b e  r e c o v e r e d .

A d d  3  s m a l l  b o i l i n g  c h i p s ,  f i t  K -D  w i t h  d i s 
t i l l i n g  c o l u m n ,  a n d  c o n c e n t r a t e  D C M  to  c a  4  m L  
i n  6 0 ° C  w a t e r  b a t h .  L e t  c o l u m n  d r a i n  a n d  f u r 
t h e r  c o n c e n t r a t e  D C M  to  1 .0  m L  u n d e r  s t r e a m  o f  
n i t r o g e n  a t  a m b i e n t  t e m p e r a t u r e .  M a k e  d u p l i 
c a t e  8  piL i n j e c t i o n s  i n t o  G C -T E A  a n d  q u a n t i t a t e  
a n y  p e a k s  w i t h  p r o p e r  r e t e n t i o n  t i m e s  a g a i n s t  
d u p l i c a t e  e x t e r n a l  s t a n d a r d s .  C a l c u l a t e  N D M A  
c o n c e n t r a t i o n  a n d  % N D P A  r e c o v e r y  o n  b a s i s  o f  
a v e r a g e  p e a k  h e i g h t s .  I f  l e s s  t h a n  8 5 %  o f  t h e  
N D P A  i s  r e c o v e r e d ,  r e p e a t  a n a l y s i s .

Table 1. Recovery of NDMA and NDPA from  
beer spiked at 5 ppb

Run No. NDMA rec., % NDPA rec., %

i 91 94
2 95 95
3 93 91
4 91 96
5 85 91
6 89 91
7 86 87
8 90 92
9 90 89

10 90 88
Range 85-95 87-96

X 90.0 91.4
SD 2.94 2.95

R e s u l t s  a n d  D i s c u s s i o n
T o  d e t e r m i n e  t h e  p e r c e n t  r e c o v e r y  o f  t h e  c o l 

u m n  e l u t i o n  m e t h o d ,  1 2 5  n g  e a c h  o f  N D M A  a n d  
N D P A  w e r e  a d d e d  t o  2 5  g  b e e r  w h i c h  h a d  g i v e n  
a  n e g a t i v e  r e s p o n s e  f o r  n i t r o s a m i n e s  ( T a b l e  1 ), 
a n d  t h e  s p i k e d  s a m p l e s  w e r e  a n a l y z e d  b y  t h e  
p r o c e d u r e .  A v e r a g e  N D M A  a n d  N D P A  r e c o v 
e r i e s  w e r e  9 0  a n d  9 1 % , r e s p e c t i v e l y .

T h e  r e c o v e r y  o f  N D M A  r e p o r t e d  h e r e  i s  t h e  
s a m e  a s  t h a t  o b t a i n e d  b y  a n  a t m o s p h e r i c  d i s t i l 
l a t i o n  t e c h n i q u e  (7 )  a n d  19%  h i g h e r  t h a n  t h a t  
r e p o r t e d  f o r  a  v a c u u m  d i s t i l l a t i o n  m e t h o d  (6 ) . 
S c a n l a n  e t  a l .  (5 )  r e p o r t e d  a n  N D M A  r e c o v e r y  o f  
a p p r o x i m a t e l y  7 5 %  f o r  a  s t e a m  d i s t i l l a t i o n  
m e t h o d ,  a n d  G o f f  a n d  F i n e  (4 )  o b t a i n e d  r e c o v 
e r i e s  r a n g i n g  f r o m  4 5  t o  6 2 % , u s i n g  t h e  P r e p t u b e  
m e t h o d .

T o  i n v e s t i g a t e  t h e  l i n e a r i t y  o f  t h e  a s s a y  o v e r  
t h e  r a n g e  o f  N D M A  c o n c e n t r a t i o n s  e x p e c t e d ,  a  
b l a n k  b e e r  w a s  s p i k e d  w i t h  N D M A  a n d  N D P A  
a t  6  c o n c e n t r a t i o n s  r a n g i n g  f r o m  0 .1  t o  1 5  p p b .  
T h e  m e t h o d  p r o v e d  t o  b e  n e a r l y  l i n e a r  ( c o e f f i 
c i e n t  o f  d e t e r m i n a t i o n ,  r 2 =  0 .9 9 8  a n d  0 .9 9 7  f o r  
N D M A  a n d  N D P A ,  r e s p e c t i v e l y ) .  T h e  s l o p e  o f  
t h e  N D P A  l i n e  w a s  s l i g h t l y  c l o s e r  t o  u n i t y ,  i n 
d i c a t i n g  a  s o m e w h a t  h i g h e r  r e c o v e r y  o f  N D P A  
t h a n  N D M A .

T h e  p r e c i s i o n  o f  t h e  m e t h o d  w a s  t e s t e d  b y  
a n a l y z i n g  1 0  r e p l i c a t e s  o f  a  s i n g l e  c a n  o f  b e e r  
w h i c h  w a s  k n o w n  to  c o n t a i n  j u s t  u n d e r  5  p p b  
N D M A  ( T a b le  2 ). A l l  a n a l y s e s  w e r e  p e r f o r m e d  
b y  t h e  s a m e  a n a l y s t  d u r i n g  t h e  s a m e  d a y .  T h e  
u n c o r r e c t e d  r e c o v e r y  m e a n  c o n c e n t r a t i o n  w a s  
4 .2 8  p p b  w i t h  a  s t a n d a r d  d e v i a t i o n  (S D )  o f  0 .0 7 . 
C o r r e c t i o n  f o r  N D P A  r e c o v e r y  i n c r e a s e d  t h e s e  
v a l u e s  to  4 .6 8  p p b  a n d  0 .1 1 ,  r e s p e c t i v e l y .  T h e  
m e t h o d  h a d  a  d e t e c t i o n  l i m i t  o f  0 .1  p p b .

B o th  u n c o r r e c t e d  a n d  c o r r e c t e d  v a l u e s  h a v e  
b e e n  r e p o r t e d  f o r  N D M A  i n  m a l t  b e v e r a g e s ,  a l -



T h e  c o l u m n  e l u t i o n  m e t h o d  w a s  c o m p a r e d  
w i t h  t h e  d i s t i l l a t i o n  p r o c e d u r e  w e  d e s c r i b e d  
e a r l i e r  (7 ) . T w e n t y  d i f f e r e n t  m a l t  b e v e r a g e s ,  
c o l l e c t e d  d u r i n g  a  r e c e n t  F D A  s u r v e y ,  w e r e  a n 
a l y z e d  b y  t h e  2  m e t h o d s .  E a c h  s a m p l e  w a s  a n 
a l y z e d  b y  b o t h  m e t h o d s  o n  t h e  s a m e  d a y  b y  t h e  
s a m e  a n a ly s t .  T h e  c o l u m n  e l u t i o n  m e t h o d  g a v e  
s l i g h t l y  h i g h e r  u n c o r r e c t e d  N D M A  c o n c e n t r a 
t i o n s  i n  13  o f  2 0  a n a l y s e s ,  e q u a l  c o n c e n t r a t i o n s  
i n  5  o f  2 0  a n a l y s e s ,  a n d  l o w e r  c o n c e n t r a t i o n s  i n  
2  o f  2 0  s a m p l e s  ( T a b l e  3 ) ; t h e  m e t h o d  a v e r a g e d  
0 .1 8  p p b  h i g h e r  f o r  t h e s e  2 0  s a m p l e s .  O v e r a l l ,  
t h e  2  m e t h o d s  c o m p a r e d  f a v o r a b l y .

S a m p l e s  9  a n d  1 5  w e r e  n o t  a m e n a b l e  to  d i r e c t  
d i s t i l l a t i o n  a n d  h a d  to  b e  s t e a m - d i s t i l l e d  b e c a u s e  
o f  t h e  f o r m a t i o n  o f  a  s t a b l e  f o a m .  S a m p le  9  w a s  
a  h i g h  s p e c i f i c  g r a v i t y  n o n a l c o h o l i c  m a l t  b e v e r 
a g e  a n d  S a m p l e  15  a n  a r t i f i c i a l l y  c o l o r e d  a n d  
f l a v o r e d  m a l t  l i q u o r .  B o th  s a m p l e s  w e r e  a m e 
n a b l e  t o  t h e  c o l u m n  e l u t i o n  m e t h o d .

T h e  p o t e n t i a l  o f  t h e  c o l u m n  e l u t i o n  m e t h o d  
t o  f o r m  n i t r o s a m i n e s  a s  a n  a r t i f a c t  o f  t h e  p r o c e 
d u r e  w a s  i n v e s t i g a t e d  b y  a d d i n g  10  p p m  e a c h  o f  
m o r p h o l i n e  a n d  n i t r i t e  to  a  b e e r  t h a t  h a d  g i v e n  
a  n e g a t i v e  r e s p o n s e  f o r  n i t r o s a m i n e s  a n d  i m 
m e d i a t e l y  a n a l y z i n g  t h e  m i x t u r e .  N e i t h e r  
N D M A  n o r  n i t r o s o m o r p h o l i n e  w a s  f o u n d  i n  t h e  
s a m p l e .

T h e  c o l u m n  e l u t i o n  m e t h o d  h a s  c e r t a i n  a d 
v a n t a g e s  o v e r  o t h e r  p u b l i s h e d  m e t h o d s .  B e -
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Table 3. Comparative analyses of several different malt beverages

Sample Type

Column Distillation

NDPA
ree.,

%

Uncorrected
NDMA,

ppb

Corrected
NDMA,

ppb

NDPA
ree.,

%

Uncorrected
NDMA,

ppb

Corrected
NDMA,

ppb

1 Ale 93 13.3 14.3 94 12.6 13.4
2 Lager 94 2.0 2.1 95 1.7 1.8
3 Dark 95 6.9 7.3 96 6.6 6.9
4 Lager 96 0.3 0.3 96 0.3 0.3
5 Lager 100 2.9 2.9 100 2.6 2.6
6 Lager 98 7.8 8.0 99 7.3 7.4
7 Lager 96 5.5 5.7 100 5.4 5.4
8 Lager 95 2.3 2.4 95 2.0 2.1
9 Nonalcoholic 92 4.1 4.5 94 3.5a 3.7

10 Dark 98 8.3 8.5 106 8.4 7.9
11 Lager 98 2.1 2.1 96 2.0 2.1
12 Light 98 0.8 0.8 99 0.8 0.8
13 Lager 98 9.3 9.5 100 9.5 9.5
14 Lager 90 4.1 4.6 95 4.1 4.3
15 Flavored 94 0.2 0.2 94 0.2a 0.2
16 Dark 98 1.0 1.0 93 0.9 1.0
17 Dark 90 1.0 1.1 90 0.9 1.0
18 Lager 89 NDb ND 89 ND ND
19 Lager 93 2.2 2.4 94 2.1 2.2
20 Lager 96 8.2 8.5 92 7.9 8.6
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Table 2. Replicate analyses of a single beer sample

Run
No.

NDPA
ree., %

Uncorrected 
NDMA, ppb

Corrected 
NDMA, ppb

1 96 4.39 4.57
2 89 4.23 4.75
3 91 4.31 4.74
4 93 4.23 4.55
5 88 4.28 4.86
6 90 4.21 4.68
7 87 4.21 4.84
8 95 4.34 4.57
9 90 4.20 4.67

10 95 4.38 4.61
Range 87-96 4.20-4.39 4.55-4.86

X 91.4 4.28 4.68
SD 3.17 0.07 0.11

t h o u g h  a  m a j o r i t y  o f  w o r k e r s  a d d  a n  i n t e r n a l  
s t a n d a r d .  W a l k e r  e t  a l .  (3 )  r e p o r t e d  c o r r e c t e d  
v a l u e s  u s i n g  N - n i t r o s o m e t h y l p e n t y l a m i n e  a s  a n  
i n t e r n a l  s t a n d a r d ;  S e n  e t  a l .  (6 )  r e p o r t e d  u n c o r 
r e c t e d  v a l u e s  a n d  g a v e  a n  a v e r a g e  p e r c e n t  r e 
c o v e r y  o f  N D M A . S p i e g e l h a l d e r  e t  a l . (1 )  a d d e d  
a n  i n t e r n a l  s t a n d a r d  ( N D P A )  b u t  i t  i s  u n c l e a r  
w h e t h e r  t h e i r  d a t a  w e r e  c o r r e c t e d  f o r  r e c o v e r y .  
O u r  d a t a  ( T a b l e  2 ) i n d i c a t e  t h a t  c o r r e c t i o n  f o r  
l o s s e s  u s i n g  N D P A  a s  a n  i n t e r n a l  s t a n d a r d  m a y  
s l i g h t l y  d e c r e a s e  t h e  p r e c i s i o n  o f  t h e  a n a l y s i s .  
T h i s  m a y  b e  d u e  to  t h e  l e s s  t h a n  p e r f e c t  c o r r e l a 
t i o n  c o e f f i c i e n t  b e t w e e n  t h e  r e c o v e r i e s  o f  N D M A  
a n d  N D P A ,  n a m e l y ,  0 .5 6  ( T a b l e  1).

a By steam distillation. 
b ND = not detected.
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c a u s e  t h e  m e t h o d  d o e s  n o t  i n v o l v e  a n y  t y p e  o f  
d i s t i l l a t i o n  o r  c e n t r i f u g a t i o n ,  t h e  a m o u n t  a n d  
c o m p le x i t y  o f  t h e  n e c e s s a r y  e q u i p m e n t  is  g r e a t l y  
r e d u c e d  a s  w e l l  a s  t h e  n e e d  to  p u r c h a s e  s p e c i a l l y  
d e s i g n e d  p r o d u c t s .  T h e  a m o u n t  o f  a n a l y s t 's  
t i m e  a n d  a t t e n t i o n  r e q u i r e d  is  n o t  g r e a t ;  t h u s  o n e  
a n a l y s t  c a n  c o m p l e t e  8 - 1 2  a n a l y s e s / d a y  i n c l u d 
i n g  c l e a n i n g  o f  g l a s s w a r e .  A l s o ,  t h e  c o l u m n  
e l u t i o n  t e c h n i q u e  w i l l  w o r k  f o r  a l l  t y p e s  o f  m a l t  
b e v e r a g e s  e n c o u n t e r e d ,  w h e r e a s  d i r e c t  d i s t i l l a 
t i o n  d o e s  n o t .

A n a l y s e s  b y  G C - M S  o f  a  f u r t h e r  c o n c e n t r a t e d  
e x t r a c t  (1 0 0  p L )  o f  t h e  c o l u m n  e l u a t e  s h o w e d  a  
n u m b e r  o f  i n t e r f e r i n g  c o m p o u n d s  n e a r  t h e  r e 
t e n t i o n  t i m e  o f  N D M A .  M a s s  s p e c t r a l  c o n f i r 
m a t i o n  m a y  b e  m o r e  e a s i l y  a c h i e v e d  b y  p r e v i 
o u s ly  p u b l i s h e d  m e t h o d s  (7 ). O t h e r  w o r k  i n  o u r  
l a b o r a t o r y  s u p p o r t s  t h e  u s e  o f  a  m o d i f i c a t i o n  o f  
t h i s  t e c h n i q u e  f o r  t h e  a n a l y s i s  o f  v o l a t i l e  N - n i -  
t r o s a m i n e s  i n  c e r t a i n  d r y  p r o d u c t s  a s  w e l l  a s

l i q u i d s .  T h e s e  a r e a s  w i l l  b e  t h e  s u b j e c t  o f  f u t u r e  
r e p o r t s .
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Gas-Liquid Chromatographic-Thermal Energy Analyzer 
Determ ination of iV-Nitrosodim ethylam ine in Beer at Low Parts per 
B illion Level
NRISINHA P. SEN and STEPHEN SEAMAN
Food Directorate, Food Research Division, Health Protection Branch, Ottawa, Ontario, 
Canada K1A 0L2

A g a s- liq u id  c h ro m a to g rap h ic  (GLC) p ro c ed u re  is 
d esc rib e d  fo r  th e  d e te rm in a tio n  of lo w  p p b  leve ls  of 
jV -n itro so d im e th y lam in e  (N D M A ) in  b ee r. T he 
sam p le  is  trea ted  w ith  su lfam ic  acid  u n d e r  acid ic 
c o n d itio n s  fo llo w e d  b y  a lk a lin iz a tio n  w ith  d ilu te  
K O H , d is ti lla tio n  a t a tm o sp he ric  p ressu re , ex trac tion  
of N D M A  fro m  a lk a lin e  aq u e o u s  d is ti l la te  w ith  d i- 
c h lo ro m e th a n e , co n c en tra tio n  of d ic h lo ro m e th a n e  
extract b y  K uderna-D an ish  concen trato r, an d , fina lly  
d e te rm in a tio n  by  a G L C -therm al en e rg y  an a ly ze r 
te ch n iq u e  w ith  /V -n itrosod ip ropy lam in e  (ND PA ) as 
a n  in te rn a l  s ta n d a rd . T h e  m e th o d  gave resu lts  
co m p a ra b le  w ith  2 o th e r  w ell e s tab lish e d  m eth o d s. 
R ecoveries o f added  N D M A , A i-n itrosod iethylam ine , 
a n d  N D P A  a t leve ls  ran g in g  fro m  0.08 to 10 p p b  w ere 
75-112, 86-115, a n d  85-109%, resp ec tiv e ly . Five 
rep lic a te  an a ly ses  o f a b ee r sam ple  gave a m ean  
N D M A  co n cen tra tio n  (corrected  fo r recovery) o f 2.21 
±  0.08 p p b  (±  SD). M in im u m  d e te c tio n  lim it o f the  
m e th o d  is  a b o u t 0.1 pp b .

V a r i o u s  m e t h o d s  h a v e  b e e n  u s e d  to  d e t e r m i n e  
t r a c e  l e v e l s  o f  N - n i t r o s o d i m e t h y l a m i n e  (N D M A )  
i n  b e e r  a n d  o t h e r  a l c o h o l i c  b e v e r a g e s .  T h e s e  
i n c l u d e  t h i n  l a y e r  c h r o m a t o g r a p h y  (1 ), g a s - l i q u id  
c h r o m a t o g r a p h y - e l e c t r o n  c a p t u r e  d e t e c t i o n  o f  
t h e  n i t r a m i n e  d e r i v a t i v e s  (2 ) ,  G L C - h i g h  r e s o l u 
t i o n  m a s s  s p e c t r o m e t r y  ( 3 - 5 ) ,  a n d  G L C - t h e r m a l  
e n e r g y  a n a l y z e r  (G L C -T E A ) d e t e r m i n a t i o n  ( 3 -7 ) .  
T h e  G L C - T E A  t e c h n i q u e  a p p e a r s  to  b e  t h e  m o s t '  
s e n s i t i v e ,  r u g g e d ,  a n d  t r o u b l e - f r e e .  B e s id e s  t h e  
m a n y  d e t e c t i o n  t e c h n i q u e s ,  v a r i o u s  l a b o r a t o r i e s  
h a v e  u s e d  d i f f e r e n t  i s o l a t i o n  a n d  c l e a n u p  
m e t h o d s .  A l t h o u g h  e n d  d e t e r m i n a t i o n s  a r e  
q u i t e  s e n s i t i v e  w i t h  m o s t  m e t h o d s  b a s e d  o n  
G L C - T E A  (8 ) ,  t h e  a c c u r a c y  a n d  r e p r o d u c i b i l i t y  
o f  t h e  o v e r a l l  p r o c e d u r e s  h a v e  n o t  b e e n  t e s t e d  
a d e q u a t e l y .

A s  a  r e s u l t  o f  i m p r o v e d  m a l t  d r y i n g  t e c h n i q u e s
(9 ) , t h e  c o n c e n t r a t i o n  o f  N D M A  i n  b e e r  h a s  b e e n  
d e c r e a s i n g  s t e a d i l y  d u r i n g  t h e  l a s t  y e a r .  A  r e 
l i a b l e  m e t h o d  i s  n e e d e d  w h i c h  c a n  g i v e  f a i r l y

Received August 22,1980. Accepted February 6,1981.This report of the Associate Referee, N. P. Sen, was presented at the 94th Annual Meeting of the AOAC, Oct. 20-23,1980, at Washington, DC.The recommendation of the Associate Referee was approved by the General Referee and Committee C and was accepted by the Association. See /. Assoc. Off. Anal. Chem. 64, 427 (1981).

a c c u r a t e  r e s u l t s  e v e n  a t  l o w  p p b  c o n c e n t r a t i o n s .  
P e r  c a p i t a  c o n s u m p t i o n  o f  b e e r  a n d  a l e  i s  q u i t e  
h i g h  i n  m a n y  c o u n t r i e s  (3 , 4 ) ;  t h e r e f o r e ,  e v e n  a t  
0 .1 - 1  p p b  c o n c e n t r a t i o n s ,  t h e s e  b e v e r a g e s  c o n 
t r i b u t e  a  m a j o r  p o r t i o n  o f  t h e  t o t a l  d a i l y  i n t a k e  
o f  n i t r o s a m i n e s .

T h i s  p a p e r  d e s c r i b e s  a  h i g h l y  a c c u r a t e  a n d  
r e p r o d u c i b l e  m e t h o d  w h i c h  i s  s e n s i t i v e  t o  0 .1  
p p b  N D M A  i n  b e e r  a n d  a l e .

M ETH O D
Caution. i V - N i t r o s a m in e s  a r e  p o t e n t  c a r c i n o 

g e n s ;  t a k e  a d e q u a t e  p r e c a u t i o n  t o  a v o id  e x p o s u r e .  
C a r r y  o u t  a l l  s t e p s ,  w h e r e v e r  p o s s i b l e ,  i n  w e l l  
v e n t i l a t e d  f u m e  h o o d  a n d  w e a r  p r o t e c t i v e  g lo v e s  
w h i l e  h a n d l i n g  n i t r o s a m i n e  s t a n d a r d s .  U s e  
m e c h a n i c a l  p i p e t t i n g  a i d s  f o r  m e a s u r i n g  a l l  s o 
l u t i o n s .  U s e  s e p a r a t e  p i p e t t i n g  d e v i c e  f o r  m e a 
s u r i n g  s t a n d a r d s  a n d  m a r k  i t  a p p r o p r i a t e l y ;  d o  
n o t  u s e  i t  f o r  p i p e t t i n g  o t h e r  r e a g e n t s .  B e c a u s e  
t h e s e  c o m p o u n d s  a r e  h i g h l y  p h o t o l a b i l e ,  a l l  
w o r k  s h o u l d  b e  c a r r i e d  o u t  u n d e r  s u b d u e d  l i g h t .  
D e s t r o y  a l l  n i t r o s a m i n e  s t a n d a r d s  b y  b o i l i n g  
w i t h  H C 1 , K I , a n d  s u l f a m i c  a c i d  (1 0 )  b e f o r e  d i s 
p o s a l .

R e a g e n ts
A l l  c h e m i c a l s  s h o u l d  b e  a n a l y t i c a l  g r a d e .
(a) Dichloromethane (DCM ).— D i s t i l l e d  i n  g la s s .  

T e s t  e a c h  b o t t l e  b e f o r e  u s e .  C o n c e n t r a t e  2 0 0  m L  
to  1 m L  a s  d e s c r i b e d  u n d e r  Concentration a n d  
t h e n  a n a l y z e  1 0  g L  a l i q u o t  b y  G L C - T E A . T e s t  
m u s t  s h o w  a b s e n c e  o f  N D M A .(b) Sodium sulfate.— A n h y d r o u s  ( g r a n u l a r ) .  
T e s t  e a c h  b o t t l e  a s  f o l l o w s :  D i s s o l v e  4 0  g  i n  5 0  
m L  w a t e r ,  a d d  2  m L  1 0 N  K O H , e x t r a c t  w i t h  tw o  
5 0  m L  p o r t i o n s  o f  D C M , d r y  e x t r a c t  o v e r  a n h y 
d r o u s  N a 2S 0 4  a s  d e s c r i b e d  l a t e r ,  c o n c e n t r a t e  to  
1 m L , a n d  a n a l y z e  10  g L  a l i q u o t  b y  G L C -T E A . 
E x t r a c t  m u s t  b e  f r e e  o f  N D M A .

(c) Distilled or deionized water.— T e s t  a s  f o l lo w s :  
T a k e  5 0  m L  w a t e r ,  a d d  2  m L  1 0 N  K O H ,  e x t r a c t  
w i t h  t w o  5 0  m L  p o r t i o n s  o f  D C M , a n d  t e s t  f o r  
N D M A  c o n t a m i n a t i o n  a s  u n d e r  (b). I f  t e s t  u n d e r  (b) is  n e g a t i v e  ( w h i c h  i n c l u d e s  5 0  m L  w a t e r ) ,  
t h e r e  i s  n o  n e e d  to  t e s t  w a t e r  s e p a r a t e l y .

0004-5756/81/6404-0933/06$1.00 
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(d) Boiling aids.—Boileezers® (Fisher Scientific 
Co., Catalog N o. B-365), or equivalent.

(e) Sulfamic acid.— 10% in water; store at 
4°C.

(f) K O H .— ION and IN; store in  p olyethylene  
bottle.

(g) N D M A .— (3) Stock solution, 10 m g/m L.— 
Accurately w eigh  (±0.0001 g) ca 100 mg in  10 mL 
volu m etric flask (w ith  p o ly eth y len e stopper), 
d ilu te to mark w ith  DCM, and mix w ell. Store 
at —20°C, and warm  to room  tem perature in  the 
dark before use. Prepare fresh stock solu tion  
on ce a year. (2) Dilute solutions.— By serial d ilu 
tions (using > 1  mL pipets) (3, above), prepare the 
fo llo w in g  N D M A  solu tion s in  DCM: 500, 200, 
100, 40, 20 ,10, and 5 ng/m L . Store at —20°C and 
warm  to room  tem perature in  the dark before 
use. Prepare fresh d ilu te standards once a 
m onth.

(h) N-Nitrosodi-n-propylamine  (N D P A ) stan
dards.—As described above, w e ig h  and prepare 
so lu tion  conta in ing 250 ng N D P A /m L  anhy
drous ethanol. Note: D ilu ted  standards avail
able from  com m ercial firm s are acceptable. A l
w ays use appropriate solvents (DCM for ND M A  
and ethan ol for N D PA ) for subsequent d ilu 
tions.
Apparatus

(a) Graham condenser.— N o substitutes, w ith  
2%0 joints, jacket len gth  200 mm (K ontes N o. 
K-439000).

(b) Kuderna-Danish (K -D ) evaporative concen
trator.— 250 mL capacity, w ith  2%o colum n con 
n ection  and 19/22 low er joint, com plete w ith  
springs (K-570000).

(c) K-D Concentrator tube.—4 mL capacity, w ith  
19/22 joint, and 0.1 mL su b d iv ision s from  0 to 2.0 
mL (K ontes N o. K-570050). Check accuracy of 
graduations. Use w ith  pennyhead stoppers (19/22 
joint).

(d) Snyder column.—3 section , 150 m m , w ith  
2%0 joints (K ontes N o. K-503000).

(e) Micro Snyder column.— 3 cham bers, w ith  
19/22 joint (K ontes N o. 569001:3-19).

(f) GLC column.—6 ft X Vs in. (od) stainless  
steel colum n packed w ith  20% Carbowax 20M  
and 2% NaO H  on 80-100 m esh acid-w ashed  
Chromosorb P. Colum n m ust be able to handle  
10 p L  sam ple extract and m ust g iv e  good  reso
lution  of N D M A  peak from both solven t (in beer 
extract) and N D PA  peaks. Injector and colum n  
tem peratures, 220°C  and 170°C, respectively . 
Carrier gas (Ar) flow , 25-30  m L /m in .

(g) GLC-thermal energy analyzer.—Therm o  
Electron Corp., Waltham, MA, connected to 1 mV

recorder. Operate according to instrum ent 
m anual and w ith  —110°C to —130°C slu sh  bath. 
Adjust instrum ental parameters, such as vacuum  
chamber pressure, oxygen flow , calibration knob, 
etc. to obtain proper sen sitiv ity . Set recorder 
chart speed  at ca 0.5 cm /m in .

N ote: T horoughly clean all glassw are before 
use. After norm al clean ing and w a sh in g , w ash  
w ith  chrom ic acid. If contam ination still exists, 
rinse all glassware w ith  DCM before use. Let 
charred residue in  d istillation  flask soak w ith  
d ilu te alkali and then  w ash  in  norm al m anner.
Sampling and Storage

Store beer sam ple at 4°C  in  dark and analyze  
as soon as possible. W hen open ing bottle or can, 
transfer ca 120 mL aliquot into glass-stopper Er- 
len m eyer flask and store as above. A lterna
tively , recap bottle, usin g  bottle capper, after 
taking aliquot. In the latter case, test 4% ethanol 
extract of n ew  cap lin er before use for N D M A  
contam ination.
Distillation

Accurately w e ig h  50 ±  0.1 g beer in to  1 L 
round-bottom  d istillation  flask and add 1.0 mL 
each of 10% sulfam ic acid, N D P A  internal stan
dard (250 ng/m L ), and IN  HC1. Mix contents by  
gen tle  sw irlin g  and let stand in  dark 10 m in. 
Then add 10.0 mL IN  KOH and 2 sm all B oileez
ers, and mix. Set up distillation apparatus so that 
connecting adapter slopes dow nw ard toward  
vertical Graham condenser. Loosely wrap glass 
w ool around d istillation  flask and con n ectin g  
adapter. Set up 250 mL separatory funnel under 
condenser to collect distillate. C ooling water for 
condenser shou ld  be <20°C .

D uring in itial 10 m in  o f d istillation , adjust 
rheostat (usually at 50) so that m ixture boils  
sm ooth ly  w ith ou t too m uch froth ing or bum p
ing. Watch constantly for excessive foam ing  
and, if necessary, turn off heat for 1-2 min. After 
10 m in , increase rheostat setting to 60 or 65 and  
contin ue d istillation  (watch for foam ing) u n til 
m ost o f so lu tion  is d istilled . Stop d istillation  
w h en  ca 2 -3  mL liquid  rem ains in  d istillation  
flask. Do not heat to  com plete  dryness; th is may 
g ive  erroneous results. Total d istillation  tim e 
should be <1 h. If any portion o f sam ple foams 
over during distillation, discard experim ent and  
start over w ith  fresh aliquot.
Extraction and Cleanup

D isconnect adapter after distillation; do not 
rinse adapter. Add 2.0 mL 10N KOH to d istil
late, rinse condenser w ith  50 mL DCM, and co l
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lect r in sin g  directly in to  separatory fu n n el con
ta in in g  d istillate and KOH. Extract d istillate  
w ith  DCM by shaking v igorou sly  2 m in  and  
drain o ff DCM layer in to  second separatory 
fun n el. Extract aqueous layer w ith  2 additional 
50 mL portions o f DCM and com bine all DCM  
extracts in  second separatory fun n el. Discard 
aqueous layer.

Place 40 g anhydrous N a2S 04 in coarse sin- 
tered-glass Buchner fun n el, w ash w ith  ca 20 mL 
DCM , and discard w ash ing . A ssem ble 250 mL 
K-D evaporative concentrator w ith  4 mL con
centrator tube at bottom . W hile conn ectin g  
bottom  tube, w et joint w ith  DCM and attach 
springs. Dry com bined DCM extract by passing  
throu gh  N a 2 SC>4 bed on  Buchner fu n n el and  
co llectin g  extract d irectly in  K-D concentrator. 
W ash N a 2 SC>4 bed w ith  further 20 mL DCM and  
co llect w a sh in g  in K-D concentrator.
Concentration

A dd 1 tin y  p iece o f B oileezer to contents of 
K-D flask, attach 3-section Snyder colum n, and  
concentrate extract by heating flask in water bath 
(50-60°C). Initially maintain outside water level 
close to lev e l o f DCM in sid e flask and continue  
h eatin g  until concentrated extract is ca 4 mL (ca 
40 m in). (If excessive b o ilin g  occurs during  
concentration , control it either by raising flask 
s lig h tly  out o f water bath or by decreasing tem 
perature o f bath.) Finally raise flask above water 
and a llow  condensed  DCM in Snyder colum n to 
drain in to  flask. Add ca 1 mL DCM to top of 
Snyder colum n and let it drain to flask. D is
con n ect concentrator tube from  flask.

Add another tiny piece of Boileezer to contents 
and attach micro Snyder colum n and springs. 
Concentrate extract to ca 0.8 mL by heating  
concentrator tube in  50-60°C  w ater bath. Lift 
out or im m erse tube in water to control bo ilin g  
rate but do not lift tube com p letely  out o f water 
bath; th is w ill stop action of Boileezer. A vo id  
overh ea ting  and excessive accum ulation  o f D C M  in 
colum n chambers. Stop concentration w h en  DCM  
level reaches ca 0.8 mL; do not concentrate to less 
than 0.8 mL. Carry out th is final concentration  
step s lo w ly , taking at least 30 m in. Raise tube 
(bottom  still touch ing water), let liquid  drain, 
and note vo lu m e to see if it is ca 0.8 mL. If >0.8  
mL, con tin u e concentration as above. Finally, 
rinse micro Snyder colum n w ith  a few  drops of 
DCM, let rin sin g  drain to tube, d isconn ect co l
um n, and d ilute extract to 1.0 or 1.1 mL (not >1.1

Mention of firm names does not constitute endorsement of the product by the Canadian Health Protection Branch.

mL). (Do not use n itrogen  stream for con cen 
trating extract at any stage.)

Stopper tube, m ix in  Vortex m ixer, and store 
at 4°C  in dark u n til analysis. Let warm  to room  
tem perature and note volu m e before analyzing  
extract.
Reagent Blank

To ensure absence of contam ination, carry out 
reagent blank taken through all the steps as 
m en tion ed  above, except use 50 mL 4%  ethanol 
in water instead of 50 g beer. Inject 10 pL extract 
for GLC-TEA analysis as described below .
Determination of Standard Curve

Set attenuation (usually 4) o f TEA detector so 
that injection of 30 pg NDM A gives definite peak 
w ith  acceptable background. U sin g  th is atten
uation , analyze 6 pL aliquots, in  duplicate, of 
N D M A  standards 5, 10, 20, and 40 n g /m L . Be
fore injection draw out syringe p lunger slightly  
and note exact vo lu m e o f extract to be injected  
(there m ust be a sm all air gap b etw een  sam ple 
and rinsing so lven t already in sid e  needle). 
D uring injection make sure no sam ple is lost 
through back of p lunger due to back pressure. 
After injection h old  n eed le  in  septum  5 s before  
w ithdraw ing.

N ext, choose a h igher attenuation settin g that 
g ives on-scale peak for 6 pL o f N D M A  standard  
500 n g/m L . U sin g  this settin g, analyze 6 pL al
iquots, in duplicate, of ND M A standards 500, 200, 
100, and 40 n g/m L .

Accurately m easure peak h eig h ts (±0.1 cm) 
and determ ine average peak h eig h ts o f 2 injec
tions at each concentration. If exactly 6 pL is not 
injected, make appropriate corrections and con 
vert all peak h eigh ts equ ivalent to 6.0 pL injec
tions. Draw 2 standard curves, on e for each at
tenuation setting, peak h eig h t vs. pg injected. 
D eterm ine standard curve w eek ly .
Analysis of Beer Extract

As above, inject 6 pL aliquots o f beer extract, 
in  duplicate, usin g  low est attenuation  settin g  
sen sitiv e to 30 pg ND M A . M easure and deter
m ine average peak h eig h t correspon ding to 6.0 
pL injection. Compare this average peak height 
w ith  standard curve and determ ine w h ich  stan
dard ND M A solution, w h en  injected under same 
attenuation setting, produces closest peak height. 
Choose that ND M A standard solution, inject 6 pL 
aliquots, in  duplicate, and determ ine average 
peak height.

If sam ple extract on  first injection produces 
off-scale peak, choose a h igh er attenuation set-
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T a b le  1 . C o m p a r is o n  o f  r e s u lt s  (N D M A  le v e ls  in  p p b ) o b ta in e d  b y  3  m e t h o d s  fo r  d e te r m in in g  N D M A  in  b e e r

This method Method 1 (4) Method 2 (6)

Sample
Uncorrected,

ppb
Corrected,3

ppb Recovery, %
Uncorrected,

ppb
Corrected,6

ppb
Uncorrected, Corrected,3 

ppb ppb
Recovery,

%
Dark beer, 

Brand A 6.7 7.4 90.7 5.9 7.4
Beer,

Brand Bc 4.9 5.8 84.7 _ 4.7 5.7 82.4
Porter, 

Brand C 0.8 0.9 88.8 0.7 0.9 _ _ _
Malt liquor 0.33 0.4 88.0 0.4 0.5 0.3 0.4 79.0
Beer,

Brand Bc 9.7 9.7 102.0 8.6 9.7 88.6
German beer 2.3 2.3 102.0 2.1 2.6 2.1 2.5 83.3
Light beer, 

Brand D 0.72 0.8 90.3 0.64 0.8 __ _ _
English beer, 

Extra stout 0.96 1.0 91.3 0.83 1.0 — — —
a Corrected for % recovery of NDPA.
6 Since Method 1 (4) uses a vacuum distillation technique, the average percent recovery of NDMA, which is more volatile, 

is lower than that of NDPA. For this reason, all results are corrected for an average (of 5 determinations) of 80% NDMA recovery 
instead of correcting against NDPA recoveries. 

c Beer samples spiked with known levels of NDMA.

ting (16 or 32) and carry out analysis, in  d u p li
cate, as above. A lso analyze corresponding  
standard N D M A  solu tion  at sam e attenuation. 
For sam ples g iv in g  off-scale peaks at attenuation  
32, d ilu te extracts w ith  DCM to 5.0 mL in  a v o l
umetric flask and re-analyze. For accurate results, 
analyze beer extract and corresponding standard under 
same attenuation setting and all within 60 min.

If, on the other hand, extract g iv es n egative  
result for ND M A  or peak is too sm all to measure, 
inject 10 p L  aliquots, in duplicate (use 25 p L  sy 
ringe). Similarly, inject duplicate 10 p L  aliquots 
of N D M A  standard 5 n g /m L  for quantitation. 
To achieve 0.1 ppb detection lim it, 10 p L  aliquots 
of beer extract m ust be analyzed  under attenua
tion settin g that g ives detectable peak for 30 pg  
NDM A.

Note: If usin g  25 p L  syringe, w h ich  usually  
has thick n eed le, w atch for septum  dam age and  
check for leaks. To be on  safe side, use a new  
septum  daily.
Calculation

Calculate concentration o f N D M A  in  beer, 
usin g  the fo llo w in g  formula:

Uncorrected ppb N D M A  in beer =  {h\pv2)l  
(h2g v  1 ), w here =  average N D M A  peak h eigh t  
(cm) of beer; h z  =  average peak h eigh t (cm) of 
corresponding N D M A  standard; p = pg N D M A  
that produced h2 peak height; v \  = p L  beer ex
tract injected; v 2 =  final vo lu m e (mL) o f beer 
extract; g = g  beer taken for analysis.

Correction for % recovery o f N D P A .—Accurately 
measure peak height of ND PA  peak on each beer 
chromatogram and calculate average peak height 
of 2 injections. Make appropriate corrections if 
final volum e of beer extract is not exactly 1.0 mL 
or injection vo lu m e is not exactly 6.0 p L .  T hen  
(w ith in  60 m in) inject, in  duplicate, 6 p h  N D P A  
standard (250 n g /m L ) under sam e attenuation  
setting. Calculate average peak h eig h t and  
correct valu e if exactly 6.0 p L  is not injected. 
Calculate % recovery o f added N D PA  for each  
sam ple. If recovery o f N D PA  is less than 80%, 
repeat analysis from beginn ing. Finally, correct 
results as follow s:

Corrected ppb N D M A  in beer =  (uncorrected  
ppb/%  recovery o f N D PA ) X 100.

Results and Discussion
In previous stu d ies in th is laboratory, both  

atm ospheric d istillation  from  KOH solu tion  (1) 
and vacuum  d istillation  from KOH or sulfam ic  
acid so lu tion s (4) have been  used for the deter
m ination  o f vola tile nitrosam ines in  alcoholic  
beverages. Because of its sim plicity and slightly  
better reproducibility, the atm ospheric d istilla
tion  techn ique w as chosen  in  the present study. 
The m ethod is som ew hat sim ilar to the barium  
h ydroxide m ethod  o f Fazio et al. (6), but the 2 
m ethods differ in  several ways. For exam ple, a 
10 m in incubation o f the sam ple w ith  acidic 
sulfam ic acid has been introduced to destroy any  
nitrosating agent that m ight be present. The
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T a b le  2 .  P e r c e n t  r e c o v e r ie s  a o f  v a r io u s  n it r o s a m in e s  a d d e d  to  b e e r

NDMA NDEA NDPA
Added,ppb Ree., % Added, ppb Ree., % Added,ppb Ree., %

4 85.9 4 85.6 4 86.7
4 88.0 4 89.8 4 87.9
4 91.8 4 88.3 4 91.2
4 89.5 4 94.9 4 90.8
5.7 86.0 — — 5 84.7
9.3 104.0 — — 5 102.0
0.8 90.7 0.8 89.3 0.8 92.9
0.16 112.0 0.16 115.0 0.16 109.0
0.08 75.0 — — —

a After subtracting amount present in unspiked beer.

distillation condition and the final concentration  
tech n iq u e are also m ore effic ien t and rugged  
than those previously reported (6). A ddition of 
an extra 10 mL water to sam ple as 10 mL IN  KOH 
just before d istillation  in  th is m ethod ensures 
good  recoveries for m ost o f the vo la tile  n itro
sam ines. Because o f h igher sam ple size and  
larger aliquots injected, the overall sen sitiv ity  
(see below ) of the m ethod is much better than 0.5 
ppb reported by Fazio et al. (6). A lth ou gh  the  
m ethod may be more tim e consum ing than som e 
rapid screen in g  m ethods (e.g., ref. 5), it g ives  
m ore precise and accurate results at low  levels. 
W ith 2 d istillation  set-ups, an experienced  tech
n ician  can run 4 sam ples per day.

The m eth od  has b een  tried w ith  several sam 
p les of beer and the results have been compared 
w ith  those obtained w ith  a vacuum  d istillation  
m eth od  (4) as w e ll as w ith  the m ethod o f Fazio 
et al. (6). As can be seen  from  the data in  Table 
1, agreem ent is excellen t. The percentage re
coveries (Table 2) o f N D M A  added to various 
beer sam ples w ere also good  at all lev e ls  and  
w ere not sign ifican tly  d ifferent from  those of 
N D P A  (internal standard). The m inim um  d e
tection  lim it o f the m ethod is 0.1 ppb ND M A . 
Typical GLC-TEA chrom atogram s obtained by  
th is m eth od  are sh o w n  in  Figure 1.

To test the ruggedness of the m ethod, som e of 
the co n d ition s w ere changed  as follow s: (a)
carrying out the entire experim ent (inclu d in g  
incu bation  w ith  sulfam ic acid) under norm al 
laboratory ligh t (fluorescent lam ps), (b) using  
w ater at 20°C, instead o f norm al cold water from  
tap, for cooling condenser, (c) concentrating the 
final extract to as low  as 0.4 mL, and (d) u sin g  2 
mL 3N  KOH (instead o f 10N) for basifying the  
d istillate . The first 3 changes did not result in  
detectable loss o f added NDM A, whereas the last 
chan ge gave a s ligh tly  low er recovery for 
ND M A . W e suggest that the analysis be carried

out under subdued ligh t as described in  the  
m ethod.

A n attem pt w as also m ade to determ ine the 
am ount of N D M A  left in  the aqueous distillate  
after 3 extractions w ith  DCM. This w as done by  
d isso lv in g  4 g KOH in the aqueous distillate left 
b eh in d  after 3 extractions w ith  DCM, and ex
tracting it once m ore w ith  50 mL DCM. The 
am ount of ND M A  recovered in  the fourth extract

s

MINUTES

Figure 1. GLC-TEA chromatograms: Lower —5.1 
liL/1.0 mL final extract of beer spiked with 0.8 ppb 
each of NDMA, AT-nitrosodiethylamine (NDEA), 
NDPA; attenuation setting 4 (unspiked beer gave no 
detectable peak). Upper —5.1 /iL standard solution 
containing 204 pg of each nitrosamine.
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T a b le  3 .  S t a b i l i t y  o f  N D M A  in  b e e r  a f t e r  s to r a g e  a t  3 0 ° C

NDMA level (ppb) found by 
analysis

Sample
Before
storage After storage1

Brand D (light beer) 0.72 0.75
German beer 2.30 2.20
Negative beer spiked

with 10 ppb NDMA 9.70 8.70
3 Two weeks in the dark at 30°C.

w as n eg lig ib le  (0.9% of total); therefore, a fourth  
extraction w ith  DCM w o u ld  not sign ificantly  
increase the effic ien cy  o f the technique.

D u ring transport, beer sam ples may be ex
posed  for short durations to warm  temperatures. 
To determ ine if such exposures could adversely  
affect N D M A  lev els  in  beer, the fo llo w in g  ex
perim ent w as carried out: Three bottles of beer, 
each conta in ing a d ifferent concentration of 
N D M A , w ere analyzed , recapped, w rapped in  
alum inum  foil, and stored at 30°C. A fter 2 
w eeks, the sam ples w ere reanalyzed. Two  
samples (Table 3) show ed no detectable changes, 
but a slight loss of ND M A  was observed from the 
3rd sam ple.

F inally, the reproducibility o f the entire pro
cedure was tested by replicate analyses o f a beer 
sam ple. As sh ow n  in  Table 4 the precision  for 
both th e uncorrected and corrected va lu es is ex
cellent. Sim ilarly, triplicate analyses o f another 
commercial beer gave uncorrected N D M A  levels  
of 0.57 ppb, 0.52 ppb, and 0.57 ppb (analyses 
done on  d ifferent days) w ith  corresponding  
N D PA  recoveries o f 103.8%, 96.8%, and 97.3%, 
respectively. A ll the analyses w ere done by the 
sam e analyst.

In conclusion , the m ethod is very sim p le and  
straightforw ard and does not in v o lv e  the use of 
any elaborate d istilla tion  set-up. It is also very  
sen sitiv e  and reproducible, and it g iv es results 
com parable to other p u blished  m ethods.

N ote added in  proof: It has since been found  
that adding 10 mL 3N  KOH instead o f 10 mL IN  
KOH results in  less foam ing during d istillation  
of som e beer samples. This change does not alter 
recoveries or reproducibility.

T a b le  4 .  P r e c is io n  o f  t h e  m e th o d  a s  d e te r m in e d  b y  5  
r e p l ic a t e  a n a ly s e s  f r o m  a  b o tt le  o f  D u tc h  ( im p o r t e d )  b e e r

NDMA level (ppb)

Number of 
determination Uncorrected

Corrected for 
% Rec. of 

NDPA
Rec. of 

added NDPA,
%

i 2.14 2.15 99.5
2 2.19 2.21 98.9
3 2.26 2.35 96.2
4 2.08 2.17 95.9
5 2.09 2.17 96.2

Mean ± SD 2.15 ± 0.07 2.21 ± 0 .08 97.3 ± 1.72

Recommendation
It is recom m ended that the m ethod be further 

studied to test precision  and accuracy at various 
concentrations, i.e., lim it of detection  and tw ice  
lim it of detection , to determ ine day-to-day in 
tralaboratory variation. T hen the m ethod  can 
be subjected to collaborative study.
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M Y C O T O X I N S

Evaluation of Laboratory Performance with Aflatoxin Methods by 
Means of the AOCS Smalley Check Sample Program
JOHN D. MCKINNEY
Ranchers Cotton Oil, PO Box 2596, Fresno, CA 93745

The American Oil Chemists' Society Smalley Check 
Sample Program offers ongoing check sample series 
for determination of aflatoxins in peanut meal, cot
tonseed meal, and corn meal. Laboratories partici
pating in this program represent a worldwide cross 
section of industry, regulatory, and commercial lab
oratories. Each annual series presently consists of 7 
samples including a solution of an unknown mixture 
of aflatoxins Bi, Bz, Gj, and G2 for direct spotting and 
quantitation. Participant analyses of the solution of 
aflatoxins resulted in coefficients of variation gen
erally higher than those of any sample. Comparison 
of 4 years of results for analysts using BF and CB 
methods of analysis for peanut meal samples with 
aflatoxin Bi levels ranging from 2 to 56 ng/g resulted 
in higher aflatoxin Bj results for the CB method. The 
number of participants reporting results by HPLC 
methods is small; however, their results compare 
closely with those using TLC methods.

The Sm alley Check Sam ple Program is a n on 
profit service o f the Am erican O il Chem ists' So
ciety , supported by a m inim al subscription fee. 
Individual sam ples o f aflatoxins in peanut meal, 
aflatoxins in  cottonseed  m eal, aflatoxins in  corn 
m eal, and, b eg in n in g  this year, aflatoxin M i in  
m ilk are available for participation by all inter
ested  analysts. Collaborators are id en tified  by 
a random  analyst num ber k n ow n  on ly  to the 
analyst and the few  individuals in vo lved  in data 
h an d lin g  and subscription.

The primary objective o f the program is to 
p rovide laboratories w h o  perform  aflatoxin  
analysis an on g o in g  m eans of judging their an
alytical p roficiency in  usin g  official AOAC, 
AOCS paraphrase, or European aflatoxin ana
lytical m ethods; m ethods used are not specified , 
but th ey  m ust be official m ethods and partici
pants m ust record m ethods and techniques used  
in  obtain in g their sam ple results. In addition , 
a com petitive stim ulus exists in the program. At 
the com pletion  o f each annual series, certificates 
of outstanding proficiency are aw arded to the 
highest ranking analysts. Cum ulative results of 
th e Sm alley Program are used by the Examina
tion  Board o f AOCS to annu ally  certify analysts
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in  com m ercial laboratories as "Referee C hem 
ists"; the analyst m ust sh ow  con tin u in g  very  
h ig h  p roficiencies to m aintain this certifica
tion.

A ccum ulated analytical results o f the broad 
cross section of w orldw ide industrial, regulatory, 
and comm ercial laboratories participating in  the 
Sm alley Series provide an opportunity to eval
uate laboratory perform ance w ith  aflatoxin  
m ethods in the plethora o f env iron m en ts, re
agent qualities, standards, techn iques, and ana
lyst capabilities that m ay deviate considerably  
from  collaborative studies.

Program Procedure
For the initial 2 seasons, the Sm alley Program  

offered  check sam ple series for aflatoxins in  
peanut meal, cottonseed meal, and, beg inn ing in  
1976-77, corn m eal. Each consisted  o f a total of
6 season samples. Presently, all series consist of
7 season sam ples. Individual, carefully ground  
and b len d ed , 100 g sam ples are m ailed to par
ticipants for analysis at m on th ly  intervals. In 
each series, Sam ples 1 and 3 are specified  as d u 
plicates; Sam ple 2 in  each series is a sealed am
pou le of a ben zene-aceton itrile (98 +  2) solution  
of the 4 aflatoxins Bi, B2, G i, and G2 for direct 
spotting and quantitation. Study of comparative 
results o f the aflatoxin so lu tion  provides in for
m ation on  quality of standards and techn iques  
that can be applied  to subsequent sam ples. 
U n k n ow n  to participants, 2 o f the rem aining  
season  sam ples in  all series are duplicates. Re
su lts o f these sam ples provide valuable in sigh t 
in to  w ith in - and betw een-laboratory analyst 
perform ance.

Participant analytical results are edited so that 
any determ inations by unofficia l or im proper 
m ethods are excluded  from  evaluation , and ag
gregate accepted results are processed to compute 
arithm etic m ean and estim ates o f standard d e
viation; all results outside ± 3  standard deviations 
o f the m ean are excluded from  evaluation. In 
addition , d ev iations relative to standard devia
tion  or bias are calculated for each participant 
according to the formula: t ix =  (aq — x)/sx for

0004-5756/81 /6404-0939/11 $1.00 © Association of Official Analytical Chemists, Inc.
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A F L A T O X I N  B ,  ( ng ,  g )

Figure 1. Results for aflatoxin Bt in peanut meal.

in d iv id u a l and total aflatoxin  determ inations. 
C um ulative analyst results for total aflatoxin are 
used as a basis for ranking participants by profi
ciency index. This cum ulative proficiency index 
is calculated according to the formula: Pj =  
(2 ( f ix)2/n )1/2, w here fix =  bias for individual and 
total aflatoxin  results, x\ =  analyst result, x =  
m ean valu e for aflatoxin result, sx = standard 
d ev iation  for aflatoxin result, n =  num ber o f af
latoxin  results, and Pj = cum ulative proficiency  
index. The proficiency index for each partici
pant is thus a m easure of the d ifference o f h is /  
her results from  the arithm etic m ean o f all re
su lts, expressed as a fraction of the standard de

v iation  o f all results. P roficiency in d ices are 
th en  ranked in inverse order o f m agnitude for 
recogn ition  of analyst proficiency.

Results and Discussion
Frequency distribution curves for all aflatoxin  

fh results reported by those participants using  
accepted official aflatoxin m ethods for the 
1979-80 season are presented in Figures 1-3  for 
peanut m eal, cottonseed  m eal, and corn meal, 
respectively . A ll aflatoxin Bj values w ere  
rounded to the nearest 5 n g /g ,  except those  
sam ples w ith  a m ean value less than 15 n g /g  
w ere rounded to the nearest 2 ng /g . Results for
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»  F L U T O X  I N  B , ( n g , g  )

Figure 2. Results for aflatoxin Bi in cottonseed meal.

Sam ple 2 in all series were rounded to the nearest 
0.1 jug/mL. Inspection  o f results for all series 
sh ow s little indication o f distribution other than 
Gaussian, although many results, including those 
for the aflatoxin  w ork in g  solu tion , sh ow  a very  
w id e  distribution.

Evaluation o f 5-season results for peanut and  
cotton seed  m eals and 4-season results for corn 
m eal are presented  in  Tables 1-3, respectively . 
T hese tables illustrate the con tin u in g  h igh  
coeffic ien ts o f variation in  all series, although  
1979-80 season results for the peanut m eal series 
show  considerable im provem ent in precision of 
results over past seasons, and those for cotton

seed  m eal and corn m eal are im proved  som e
what. Participant analysis o f Sam ple 2 (un
k n ow n  w orking solu tion  o f aflatoxins) for the  
past 2 seasons resulted in  coefficients of variation 
that w ere generally  h igh er than those of any  
sam ple. T hese results again support the v ie w  
that quality o f standards and the TLC phase of 
aflatoxin analysis are major contributors to 
variation in  analytical results.

Table 4 presents a 4-season evaluation  o f afla
toxin Bj results in peanut meal for analysts using  
BF and CB m ethods, w h ere analysts u sin g  each  
m ethod are different. T hese results sh ow  a 
h igh er m ean value for m ost but not all sam ples
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A F L A T O X I N  B , ( n g / g )

Figure 3. Results for aflatoxin Bx in corn meal.

for those analysts usin g  the CB m ethod. Fewer 
participants in  this series report usin g  the CB 
m ethod, w ith  a consequent decrease in  degrees 
of freedom  for evaluation  o f results by this 
m ethod. A  study of the 2-m ethod evaluation  
indicates a d istinction  in  com parative results: 
Those sam ples conta in ing greater than 50 n g /g  
total aflatoxin averaged 38.3% h igh er aflatoxin  
Bj values for the CB m ethod; those sam ples  
conta in ing less than 50 n g /g  total aflatoxin av
eraged 18.9% h igh er aflatoxin Bx values. These 
co n tin u in g  d ifferences, com pared w ith  the co l
laborative results of W altking (1) and Stack (2), 
w h ere m ethods w ere found to be equ ivalent in

accuracy and precision  w ith in  th is range o f af
latoxin lev els, indicate that m any analysts are 
con tin u in g  to use faulty techn iques, not fo l
low in g  certain aspects o f procedures, or per
sisting in other errors that cum ulatively result in  
these differences. H ow ever, these results and  
those of the 1980 International M ycotoxin Check 
Sam ple Program (3) indicate that analyses by the  
2 m ethods of sam ples conta in ing lo w  lev e ls  of 
aflatoxin agree closely .

Table 5 presents a 2-season evaluation  of lab
oratory perform ance w ith  duplicate sam ples 
unknow n to participants. Results o f analysis for 
aflatoxin Bx for the 3 series w ere evaluated  for
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T a b le  1 .  E v a lu a t io n  o f p a r t ic ip a n t  a n a ly s e s  of a f la t o x in s  in  p e a n u t  m e a l s e r ie s

Sample N3 Mear1. ng/g Std d e v . , n‘g/g C oeff. o f v a r . ,  %

Bi B2 Gi G2 T o ta l Bi B2 Gi G2 T o ta l Bi B2 Gi G2 T o ta l

1 9 7 5 -1 9 7 6  S e a s o n

1 22 19 4 1 5 3 38 16 4 12 3 32 86 119 62 85 80

2 b 28 1 5 3 12 3 31 8 2 ■ 9 2 17 56 82 78 77 54

3 29 22 5 21 6 53 12 4 14 4 30 53 73 67 78 56

4 b 27 13 3 12 3 34 7 3 7 2 20 57 80 59 70 58

5 25 10 2 5 1 20 6 2 5 1 13 55 89 111 98 63

6 30 9 2 4 1 23 7 2 6 1 21 77 111 133 144 107

1976-1977 Season
1 23 15 2 9 1 31 15 2 8 1 28 99 96 88 118 91
2 25 26 5 21 4 57 T4 3 14 3 29 54 65 67 68 52
3 28 31 6 16 4 57 18 5 12 3 29 56 84 72 84 52
4b 30 25 5 12 3 48 13 4 6 2 24 53 75 55 92 50
5 36 21 4 14 3 45 12 3 7 2 22 56 71 48 67 49b6 32 26 5 16 3 50 14 4 9 3 25 53 80 56 85 50

1977-•1978 Season
1 48 13 3 8 2 27 8 1 5 1 13 57 56 58 68 48
3 52 14 2 8 2 27 8 1 4 1 15 59 63 58 82 53
4 50 19 4 1 1 3 36 10 3 5 2 17 54 76 51 74 46
5 b 50 16 3 10 2 32 8 2 6 2 15 50 59 60 70 45
6 b 52 16 2 3 1 22 7 1 3 1 11 46 75 100 106 49
7 48 2 1 1 1 3 3 1 2 1 4 136 138 151 170 122

1978- 1979 Season
1 44 42 7 8 2 57 30 4 6 2 35 71 57 76 95 60
2 c 35 0.36 0. 1 50 .,13 0. 31 0.98 0to0 0.13 0.13 0,,27 0.80 83 84 102 85 81
3b 42 43 6 6 2 54 25 4 4 2 26 58 56 64 93 49
5b 43 43 7 8 2 53 31 5 8 2 31 70 70 99 117 60
6 41 50 9 9 3 72 31 5 8 2 40 62 62 82 81 55
7 40 35 7 7 2 52 20 4 5 2 26 57 58 69 91 50

1979- 0CD03 Season

1 55 55 7 25 5 114 32 4 14 3 83 59 50 57 58 73
2 C 48 0.71 0.,28 0,,23 0,.13 1 .4 0.43 0.18 0.15 0,,09 0.84 61 65 67 70 60
3 56 56 9 33 5 104 28 4 14 2 43 50 47 44 43 41
4 46 14 3 10 2 29 7 2 7 2 12 45 68 63 77 40
5b 55 41 6 23 4 76 20 4 12 3 32 49 56 52 71 42
6 47 45 7 20 5 77 26 4 9 3 35 58 53 48 72 45
7 b 53 42 7 25 5 76 20 4 14 3 23 48 51 56 63 30

aNumber of participant results.
^Duplicate samples, unknown to participants.
cValues for a working solution of the aflatoxins (pg/mL) for direct spotting.
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T a b le  2 .  E v a lu a t io n  o f  p a r t ic ip a n t  a n a ly s e s  of a f la t o x in s  in  c o t t o n s e e d  m e a l s e r ie s

Sample N3 Mean, ng/g Std d e v . , ng/g C oeff. of v a r . , %

Ei B2 G1 G2 T ota l Bi B2 G1 C2 T o ta l Bi B2 g1 g2 T o ta l

1975-1976 seaso n

1 16 20 6 30 10 5 21 53 86 72

2b 18 15 5 20 9 5 12 60 114 60

3 19 46 12 72 26 9 55 57 77 77

4b 19 15 4 19 8 3 10 55 86 53

5 18 26 6 52 12 4 14 44 67 45

6 17 27 8 40 17 8 25 63 96 63

1976-1977 Season

1 16 8 2 13 5 1 9 66 64 70

2 12 18 4 22 12 4 14 68 84 63

* 12 31 5 37 25 4 25 80 78 69

4 13 20 5 28 9 5 19 46 88 67

16 27 6 35 12 4 17 45 61 48

6 14 15 3 20 10 4 15 68 129 77

1977-1978 Season
1 17 17 5 23 7 2 8 42 44 37

3 17 16 4 20 7 2 7 43 46 33

4 19 29 7 40 12 3 13 41 45 34

5b 20 129 33 164 70 17 81 54 53 49

6 19 72 19 90 34 9 39 47 48 44

7b 20 116 31 175 71 15 136 61 49 78

1978--79 Season

1 20 18 4 22 7 3 9 40 7 40
b2 17 <0.41 0 .14  0,.19 0.28 1 .0 0.35 0 .12  0..16 0 .23 0.76 84 81 85 82 73

3 20 17 4 21 5 2 6 28 45 30

4 19 25 7 32 8 5 12 32 67 37

3b 20 39 9 49 23 4 25 58 47 5 1

6 20 81 17 100 59 8 67 73 49 67

7b 19 38 9 48 13 4 17 35 41 36

1979-'1980 Season

1 23 24 5 34 13 3 21 53 57 62

2 b 2 3  c).64 0 .23  0. 19 0 .10 1 .1 0.42 0 .1 8  0. 15 0. 09 0.77 66 80 81 86 67

3 21 24 5 30 9 2 10 38 41 35
4 2 5 22 5 2 5 14 3 13 64 50 53

5b 25 37 8 45 21 4 26 58 54 58
6 26 93 20 113 53 12 64 57 61 56

7 27 33 8 41 16 8 20 49 47 49

aNumber of participant results.
^Duplicate samples, unknown to participants.
cValues for a working solution of the aflatoxins (pg/mL) for direct spotting.
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T a b le  3 . E v a lu a t io n  o f p a r t ic ip a n t  a n a ly s e s  o f a f la t o x in s  in  c o r n  m e a l s e r ie s

Sample Na Mean, ng/g Std dev., ng/g Coeff. of var. , %

B2 G1 G2 Total Bi B2 c,  g2 Total Bi B2 Gi G2 Total

1976-*1977 Season

; 1 6 10 2 12 6 2 6 59 81 49

2 16 19 5 24 8 3 9 42 57 40

3 16 7 2 10 4 i 4 55 74 44

4 19 10 3 15 6 3 8 56 98 51

5 b 20 •8 2 12 3 2 5 41 76 47

6  b 19 8 1 11 3 • 1 4 31 88 41

1977-•1978 Season

1 24 . 20 5 25 10 4 13 53 73 52

3 23 18 5 24 8 2 8 46 50 35

4 24 12 3 16 7 2 6 61 63 41

5b 21 13 4 18 7 3 9 56 65 51

6 b 25 14 4 18 7 3 8 48 63 44

7 24 48 5 53 34 4 36 70 82 68

1978- 1979 Season

1 32 17 2 21 12 2 11 68 123 54

2 c 25 0 .36  o.,21 0.12 0.34 1 .0 0 .27  0.2 0  0 .13  0 .35 0 .8 75 95 106 102 80

3 32 17 2 17 10 2 11 58 92 63

4 29 37 4 45 28 2 29 74 65 65

5b 30 34 3 39 23 3 24 68 81 61

6 b 28 32 3 37 23 3 24 70 96 64

7 28 31 3 35 16 3 16 53 85 47

1979- 1980 Season

1 32 90 14 105 69 6 73 76 57 69

2 c 28 0.74 0.,31 0.24 0.14 1 .5 0.34 0.1 6  0.12 0.07 0.61 46 52 5t 50 40

3 32 92 12 104 49 7 54 53 56 52

4 29 17 1 22 8 1 10 49 91 44

5 b 30 37 2 40 20 2 20 54 81 50

• 6 35 42 3 46 26 3 28 61 94 61

7 b 33 32 3 35 17 2 17 53 81 49

^'unber of participant results.
^Duplicate samples, unknown to participants.

lues for a working solution of the aflatoxins (pg/mL) for direct spotting.

w ithin-laboratory and betw een-laboratory pre
cision  according to th e m ethod  o f Y ouden (4). 
U nfortunately, m any analyst results w ere elim 
inated from  evaluation because of late reporting  
or failure to report results for on e or both o f the 
duplicate sam ples. Because the better analysts

are traditionally the m ore ded icated  ones, th is 
evaluation  is biased toward the results o f these  
analysts; this bias is ev id en ced  by coefficients of 
variation o f betw een-laboratory results for th is  
evaluation  w h ich  are low er than those for th e 2 
ind iv id u al duplicate sam ples in  each series.
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T a b le  4 .  E v a lu a t io n  o f p a r t ic ip a n t  a n a ly s is  f o r  a f la to x in  B j  ( n g / g )  In  p e a n u t  m e a ls  b y  B F  a n d  C B  m e t h o d s

Sample Na

BF method CB method

Mean Std dev. Coeff. of M 2 Mean Std dev. Coeff. of 
var. ,  %

1976-1977 Season

1 15/6 13.3 14 .2 106.0 21 .7 19.7 90 .6

2 16/8 20 .6 11 .4 55 .4 40 .3 9 .5 23.7

3 17/8 27.5 17.1 62 .0 45.1 8 .8 19.5

4b 17/10 22 .3 10 .9 49.1 2 6 .4 10.9 41 .3

5 24/10 16.8 10.2 60 .8 2 8 .4 5 .2 52.2

6^ 20/10 18.1 10.0 55 .3 31 .6 12.5 39 .6

1977-1978 :Season

1 25/19 12.2 6 .7 55 .0 14 .5 8.1 56 .0

3 30/15 12.7 6 .9 54 .3 15.1 8 .9 58 .9

4 34/12 15.8 8 .0 50 .6 25.1 12.9 51 .3

5b 33/13 16.5 6 .7 40 .6 18.1 10.2 56.2

6b 32/16 16.7 6 .7 40 .0 14 .6 7 .6 52 .0

7 30/13 2.5 3 .4 136.0 1 .8 2.1 119.0

1978-1979 Season

1 30/12 31 .8 21 .5 67 .6 53 .3 32 .5 61 .0

3b 24/12 36.2 19 .8 54 .8 57.2 29 .0 50.1

5b 24/12 36 .9 29.1 78 .9 58 .8 27 .8 47 .5

6 22/13 36 .9 2 0 .8  , 56 .4 72 .8 34 .8 47.9

7 22/13 29 .7 15 .7 52 .9 46 .7 25 .4 54 .4

1979 -1980 Season

1 36/10 44 .0 22 .6 51 .4 6 8 .4 34 .5 50 ,4

3 31/10 47.2 20 .2 4 2 .8 7 3 .4 37 .3 50 .8

4 26/10 13.5 5 .6 41 .2 16 .8 9 .3 55 .5

5 b 33/14 35 .9 14 .3 39 .8 52 .5 2 4 .8 47.2

6 26/13 44 .4 26 .2 58 .9 42 .5 2 4 .3 57.2

7 b 27/12 40 .5 17 .0 42 .0 46 .3 2 4 .9 53.7

a F i r s t number denotes number o f p a r t ic ip a n t a n a ly se s f o r  BF method;
second number denotes number of participant analyses for CB method, 

k EUplicate samples, unknown to participants.

Both Sr/ a measure of within-laboratory precision, 
and Sb, a m easure o f betw een-laboratory preci
sion , have sh ow n  im provem en t in  the 1979-80  
season; in both seasons, between-laboratory error 
dom inates in  the results o f all series.

Table 6 tabulates the num ber o f results for all 
series outside 3 ,2 , and 1 standard deviation of the 
m ean for 5-season results o f all series. For the  
1979-80 season, the average num ber of aflatoxin  
Bj results outside 3 standard deviation s o f the

m ean w as 1.6%, outside 2 standard d eviations  
w as 6.0%, and outside 1 standard d ev iation  w as 
31.6%.

For the 1979-80 season, the m ean valu e o f an
nual proficiency ind ices or analysts' bias based  
on total aflatoxin valu e sh ow s considerable im 
provem ent in  precision o f results for the peanut 
series com pared w ith  past seasons; those for 
cottonseed meal and corn meal w ere comparable 
to those of past seasons. These m ean proficiency
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T a b le  5 . T w o -s e a s o n  e v a lu a t io n  o f  la b o r a t o r y  p e r f o r m a n c e  w ith  d u p lic a t e  s a m p le s

Peanut meal Cottonseed meal Corn meal

1978-1979 1979-1980 1978-1979 1979-1980 1978-1979 1979-1980
season season season season season season

N 3 53 38 17 22 23 23
w b Mean 44 .9 39 .7 38 .2 34 .4 32 .3 41.1

Std  dev. 27 .2 13.7 15.1 13.4 2 1 .4 18 .8

s r 15 .23 4 .38 8 .13 5.36 10.17 7 .29

Sb 29 .19 11.98 11.19 11.58 17.58 16.29

C o e f f . o f  v a r .  
w ith in - la b s ,  % 3 3 .9 11 .0 30.1 15 .6 3 1 .4 17 .7

C o e f f . o f  v a r .  
betw een -lab s, % 65.O 30 .2 31 .4 33 .7 5 4 .4 3 9 .6

Number of participants who ran duplicate determinations. 
Average of duplicate determinations.

T a b le  6 .  N u m b e r  o f  r e s u lt s  f o r  a ll  s e r ie s  o u t s id e  3 , 2 ,  a n d  1 s t a n d a r d  d e v ia t io n s

Sample
Peanut meal Cottonseed meal Com meal

Total
N

N3
outside Bi B2 Gi C2

Total
N

n“
outside

Total N3
B2 G2 N outside B1 B2 G2

1975-■1976 Season

3 1 0 2 2 3 1 0
1 22 2 2 2 3 3 16 2 1 1

1 5 4 7 9 1 8 3

3 0 0 0 0 3 0 0
2 28 2 2 2 2 1 18 2 1 1

1 7 8 8 13 1 6 3

3 0 0 0 0 3 1 1
5 29 2 1 1 2 2 19 2 2 2

1 11 10 9 7 1 5 5

3 0 1 1 1 3 0 0
4 27 2 1 2 1 2 19 2 1 2

1 9 10 13 12 1 5 6

3 0 2 0 1 3 0 0

5 25 2 0 3 1 2 18 2 1 0
1 8 10 4 15 1 5 7

3 2 2 0 3 3 0 1
6 30 2 3 4 3 5 17 2 1 2

1976-1977 Season
3 0 1 1 2 3 1 3 3 0 0

1 23 2 2 3 3 2 16 2 2 3 16 2 1 1
1 2 10 10 5 1 3 8 1 3 5

3 0 0 0 1 3 0 0 3 0 0
2 25 ? 0 0 1 1 12 2 0 1 16 2 0 0

1 9 11 6 11 1 4 2 1 5 6

3 0 0 0 0 3 0 0 3 0 0
3 28 ? 0 1 2 2 12 2 1 0 16 2 0 0

1 10 9 9 8 1 2 6 1 4 8

3 0 0 3 1 3 0 0 3 0 0
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T a b le  6 .  ( c o n t 'd )

Peanut meal Cottonseed meal Com meal
Sample Total

N
K*

outside B1 B2 Gi G2
Total N*

outside lS2 °1
Total 

G2 " outside Bi B2 °1 G2

1976--1977 Season
4 30 2 l 1 3 3 13 2 0 1 19 2 0 1

1 9 8 13 10 1 6 3 1 7 6
3 1 1 2 2 3 0 0 3 0 0

5 36 2 3 2 4 2 16 2 1 0 20 2 1 2
1 10 10 14 13 1 5 6 1 7 5
3 0 0 0 1 3 0 0 3 o- 1

6 32 2 2 2 0 2 14 2 1 1 19 2 0 1
1 9 8 10 13 1 4 1 1 6 7

1977- 1978 Season
3 1 2 1 3 3 0 1 3 0 0

1 48 2 2 2 2 6 17 2 0 1 24 2 0 1
1 16 18 19 15 1 7 6 1 6 8
3 1 2 4 1 3 0 0 3 0 0

3 52 2 2 6 4 4 17 2 1 . 1 23 2 2 1
1 13 14 21 17 1 3 4 1 5 5
3 1 1 3 2 3 0 1 3 1 1

4 50 2 4 5 4 5 19 2 2 1 24 2 2 1
1 17 13 14 17 1 3 9 1 6 10
3 1 0 0 1 3 0 0 3 0 0

5 50 2 3 3 2 4 20 2 0 1 21 2 1 2
1 14 11 16 15 1 8 6 1 5 6
3 0 0 2 0 3 0 0 3 0 0

6 52 2 3 4 3 1 19 2 0 0 25 2 1 1
1 15 12 10 8 1 5 8 1 6 8
3 1 1 1 0 3 1 0 3 0 0

7 48 2 5 3 4 2 20 2 2 0 24 2 1 1
1 9 7 9 7 1 7 8 1 7 6

1978-•1979 Season
3 1 1 1 3 3 1 1 3 0 2

1 44 2 3 3 3 7 20 2 2 1 32 2 0 31 13 19 13 20 1 4 9 1 12 7
3 0 2 0 0 3 0 1 0 0 3 2 1 2 1

2 35 2 1 2 2 1 17 2 1 1 0 0 25 2 2 2 3 2
1 18 24 5 17 1 5 8 4 5 1 14 9 5 5
3 1 1 1 1 3 1 1 3 0 1

3 42 2 2 1 2 4 20 2 2 2 32 2 2 2
1 14 11 15 17 1 6 5 1 8 16
3 0 1 2 0 3 1 0 3 0 2

4 42 2 1 3 3 3 19 2 1 1 29 2 2 31 16 16 17 6 1 7 3 1 8 10
3 0 1 1 3 3 0 0 3 0 0

5 43 2 3 4 4 5 20 2 2 1 30 2 0 1
1 9 13 15 10 1 5 5 1 13 13
3 1 0 0 1 3 0 1 3 0 1

6 41 2 2 2 2 2 20 2 2 2 28 2 1 31 15 19 9 13 1 6 7 1 11 8
3 0 0 1 2 3 0 1 3 0 0

7 40 2 2 3 3 4 19 2 • 1 2 28 2 1 2
1 10 14 12 16 1 5 6 1 8 9
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T a b le  6 .  ( c o n t 'd )

Peanut meal Cottonseed meal Com meal
Sample Total 

N
N3

outside B̂
Total N3

G1 G2 N outside B,, G1
Total N3

G2 N outside B^ G2

1979-1980 Season
3 2 3 5 2 3 1 1 3 0 0

1 55 2 6 5 7 5 23 2 3 1 32 2 1 1
1 13 21 20 16 1 6 9 1 9 10

3 0 0 2 0 3 0 0 0 0 3 0 1 0 1

2 48 2 1 1 3 1 23 2 0 1 1 1 28 2 2 2 1 4
1 16 18 20 21 1 10 8 8 11 1 8 7 10 6

3 2 4 2 3 3 0 0 3 0 0
3 56 2 5 8 4 6 21 2 1 2 32 2 0 2

1 16 21 18 17 1 6 8 1 8 9

3 4 3 0 3 3 0 0 3 0 3
4 46 2 5 5 3 3 25 2 1 0 29 2 2 3

1 16 15 10 17 1 8 10 1 9 15

3 3 1 2 3 3 0 1 3 0 0
5 55 2 6 4 5 6 25 2 1 1 30 2 1 0

1 16 21 23 15 1 7 8 1 12 16

3 2 1 3 1 3 0 0 3 1 1
6 47 2 5 3 5 4 26 2 0 1 35 2 2 3

1 14 16 10 14 1 10 6 1 14 10

3 1 1 0 1 3 1 0 3 0 0
7 53 2 5 4 2 4 27 2 3 2 33 2 1 1

1 15 15 13 14 1 6 8 1 13 8

Denotes number of standard deviations.

in d ices were: peanut m eal 0.892; cottonseed  
m eal 0.943; corn m eal 0.931. The Sm alley  
C om m ittee G uideline states that proficiency in 
d ices less than 0.5 represent excellen t-to-good  
analysis, 0.5 to 1.0 good-to-average analysis, 1.0 
to 1.5 less than average-to-poor analysis, and 1.5 
or greater as very poor analysis. Then 10.6% of 
participants reported excellen t-to-good  results, 
54.1% reported good-to-average results, 28.1% 
reported less than average-to-poor results, and  
7.3% reported poor-to-very poor results. These 
averages are for the results for all 3 series, be
cause averages for ind iv id u al series are very  
sim ilar; the peanut m eal series has a s ligh tly  
h igh er percentage o f participants d o in g  good- 
to-excellen t analysis.

N o  in d iv id u al evaluation  o f HPLC results is 
p resented  because on ly  an average o f 4 partici
pants in  each series reported HPLC results; those 
results agreed c lo sely  w ith  those o f TLC, al

th ou gh  slig h tly  h igh er and w ith  som ew hat bet
ter correlation.
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High Performance Liquid Chromatographic Preparation of 
Alternariol, Alternariol Methyl Ether, and Altenuene
FUN S. CHU and S. CHRISTOPHER BENNETT
University of Wisconsin, Food Research Institute and Department of Food Microbiology and 
Toxicology, Madison, Wl 53706

A solvent system was developed for the isolation of 
3 major Alternaría mycotoxins by high performance 
liquid chromatography (HPLC). Alternariol (AOH), 
alternariol methyl ether (AME), and altenuene (ALT) 
were purified using either a semipreparative or a 
preparative HPLC column. Gram quantities of pure 
mycotoxins were obtained in a single preparative 
HPLC step. Distribution of other individual myco
toxins and metabolites in various fractions obtained 
from either chromatographic procedure is dis
cussed.
A lth ou gh  m ycotoxin  research has progressed  
rapidly in  recent years, studies have concentrated 
on the toxins produced by the genera A spergillus, 
Penicillium , and Fusarium  (1). Lim ited em phasis 
has been placed on the toxic substances produced 
by fu n g i in  the gen u s o f A ltern aría , w h ich  also 
com m on ly  occur in  foodstuffs and agricultural 
com m odities (2-4).

Interest in the m etabolites elaborated by A l
ternaría  species originated from  their antim i
crobial activity and their potential role in the 
p ath ogen esis o f certain plant d iseases (5). The 
im pact o f these com pounds on  hum an and ani
mal health was not im m ediately recognized until 
recent studies show ed that many of the Alternaría  
species isolated  from  foodstuffs (2 -4) and their 
respective metabolites are toxic to test animals (6, 
7). As m any as 7 m etabolites are toxic in d iffer
ent test systems. Am ong these toxic metabolites, 
alternariol (AO H ), alternariol m ethyl ether 
(AME), altenu ene (ALT), and altenuisol (AS) are 
com p ou n d s con ta in in g  a d ib en zo -a -p y ron e  
structure; tenuazonic acid (TA) is a tetramic acid, 
and the structures o f 2 other toxins, nam ely, al- 
tertoxin I (AT-I) and altertoxin II (AT-II), have yet 
to be determ ined (6,7). In v iew  of the potential 
hazard o f these toxins to hum an and anim al 
health , further investigation s are n eed ed  re
garding their toxic effects and m etabolic fate in  
anim als, m ethods for toxin analysis, and stability 
in  foods. C onsequently, it is necessary to pre
pare a su ffic ien t quantity o f each toxin in  pure 
form.

A lth ou gh  m ethods for isolating quantities o f 
AME, AO H , and TA are available, m ost m ethods 
are tim e-consum ing and in vo lve  so lven t parti
tions (8, 9) or silica ge l colum n chrom atography

(5, 10). Major A lternaría  m ycotoxins have been  
separated on  the analytical HPLC colum n (11- 
13); therefore, w e  tested various so lven t condi
tions for the preparation of these toxins by HPLC 
on  sem ipreparative and preparative scales. 
Detailed m ethods for isolation of gram quantities 
o f pure AME, AO H , and ALT are described  
below .

Experimental
Materials

(a) C ultures.— A lternaría tenuis and A . alternata  
used in  the toxin production were obtained from
R. D. Durbin, D epartm ent of Plant Pathology, 
U n iversity  o f W isconsin-M adison, and from  L. 
M. Seitz, Grain M arketing Research Laboratory, 
U.S. D epartm ent o f Agriculture (USDA) (M an
hattan, KS).

(b) Standards.—AME and AOH were supplied  
by D. J. Harvan, N ational Institute o f E nviron
m ental H ealth Sciences (Research Triangle Park, 
NC). TA, ALT, AS, AT-I, and AT-II w ere ob
tained  from  R. M. Eppley, Food and Drug A d
m inistration  (FDA) (W ashington, DC).

(c) Silica gel GF p la te s .—Precoated (A naltech, 
Inc., N ew ark, DE).

(d) Silica g e l G -6 0 .—S cien tific  Products, 
McGaw Park, IL.

(e) Colum ns. —Two sem ipreparative silica gel 
HPLC colum ns, 7.8 mm id X 61 cm, packed w ith  
Porasil A and preparative, PrepPak-500 Silica 
Cartridge (Waters Associates, M ilford, MA); an
alytical HPLC colum n, 4.6 m m  id X 250 m m , 
Ultrasphere-ODS (Altex Scientific, Inc., Berkeley, 
CA).

(f) S o lven ts .—For analytical HPLC, all w ere  
HPLC grade (Burdick and Jackson) (Anspec Co., 
Inc., A nn Arbor, MI); for sem ipreparative and  
preparative HPLC, all were reagent grade (Fisher 
S cientific Co., Itasca, IL).

A ll other chem icals used  in the study w ere  
eith er chem ically  pure or reagent grade.
Production of Alternaría Mycotoxins

A ll A lternaría  cultures w ere m aintained on  
p otato-dextrose agar slants. Production of A l
ternaría  m ycotoxins w as carried out in  a rice m e-

0004-5756/81 /6404-0950/05$01.00 
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dium  inoculated  w ith  a spore susp en sion  o f e i
ther A . tenuis (A-2) or A . alternate/ (RL 8442-2). 
C ultures w ere grow n in  2.8 L Fernbach flasks 
co n ta in in g  300 g p o lish ed , long-grain  rice ob
tained from a local grocery store and 150 mL tap 
water. Flasks w ere incubated 14 days at 25 °C ±
1 ° in  darkness* Cultures were shaken once a day 
by hand to break up the m ycelial mat.
Preparation of the Alternaría Mycotoxin Extracts

After incubation, each rice culture w as soaked  
overn igh t in  500 mL m ethanol, h om ogenized  in  
an exp losion -p roof W aring b len der for 1 m in, 
and filtered  under vacuum  through N o. 3 
Whatman paper. The residue was hom ogenized  
w ith  another 500 mL m ethanol and filtered  
again. The com bined m ethanolic extracts w ere  
concentrated to 100-150 mL, p oo led  w ith  other 
concentrated extracts, and stored at 5°C. W ithin
2 days, som e o f the A lternaría  m ycotoxins had  
precipitated. A fter filtration, the precipitated  
fraction w as designated  as the D fraction. The 
filtrate w as extracted tw ice w ith  equal volu m es  
of m eth ylen e chloride. After concentration, the 
neutral m eth y len e ch loride extract w as d esig 
nated as the B fraction. The aqueous solution  
w as adjusted to pH  2.0 and extracted tw ice w ith  
equal vo lu m es o f m eth y len e chloride. The 
acidic m ethylene chloride extract was designated  
as the C fraction and contained primarily TA and 
som e acidic A lternaría  m etabolites (8).
Semipreparative HPLC of Alternaría 
Mycotoxins

M illigram  quantities of A lternaría  m ycotoxins 
w ere prepared on  a Porasil A  colum n w h ich  was 
equilibrated w ith  150 mL hexane before use. A  
M ilton Roy pum p (Laboratory Data Control, 
Riviera Beach, FL) was used for solven t delivery. 
In a typical experim ent, 1 g crude extract (B 
fraction) in  2 mL eth yl acetate w as used. To in 
troduce the sam ple in to  the co lum n, the so lven t  
lin e w as prim ed w ith  2 mL ethyl acetate and the  
sam ple was pum ped on  the colum n fo llow ed  by  
an additional 2 mL eth yl acetate. This step was 
necessary to avoid any precipitation o f the sam 
p le w h ich  m ight occur during its introduction. 
After elu tion  w ith  4 colum n volu m es o f hexane  
(28 mL per colum n), step w ise elu tion s w ith  620 
mL ethyl acetate-hexane (10 +  90), 1210 mL ethyl 
acetate-hexan e (25 +  75), and 500 mL eth yl ace
tate-hexane (75 +  25) w ere carried out. The 
colum n w as subsequen tly  w ashed  w ith  300 mL

Received December 17,1980. Accepted February 5, 1981.

eth yl acetate and 500 mL m ethanol before re
equilibration w ith  100 mL eth y l acetate-hexan e  
(75 +  25), 100 mL ethyl acetate-hexane (25 +  75), 
and 150 mL hexane, sequentially, before its next 
use. F low  rate w as m aintained at 4.43 m L /m in , 
and 13.3 mL fractions were collected. After thin  
layer chrom atographic (TLC) analysis o f the in 
d ividual fractions, tubes containing pure or like  
m ixtures o f m ycotoxins w ere pooled.
Preparative HPLC of Alternaría Mycotoxins in PrepPak-500 Silica Cartridges

Gram quantities of A lternaría  m ycotoxins were  
prepared on a PrepLC /System  500 preparative 
liqu id  chrom atograph (Waters Associates, M il
ford, MA) usin g  either 1 or 2 PrepPak silica car
tridges for each experim ent. Before injection of 
the sam ple, the colum n w as purged w ith  2 L 
hexane, recycled w ith  hexane for 10 m in at a flow  
rate of 500 m L /m in , and then  q uenched  w ith  2 
L ethyl acetate-hexane (10 +  90). The colum n  
w as flushed w ith  2 L hexane and the hexane was 
recycled a final 10 min. In a typical experim ent, 
2 colum ns arranged in  series w ere used. A p 
proxim ately 30 g crude extract (B fraction) in  100 
mL ethyl acetate w as injected onto  the colum n. 
Stepw ise elu tion s w ith  4 L hexane, 12 L ethyl 
acetate-hexan e (10 +  90), 14 L eth y l acetate- 
hexane (25 +  75), 16.5 L ethyl acetate-hexane (50 
+  50), and 9 L ethyl acetate were then  carried out. 
Flow rate was 250 m L /m in  and 100 mL fractions 
were collected. After TLC analysis, the fractions 
conta in ing pure or like m ixtures o f toxins w ere  
p ooled  into 16 large fractions d esignated  by the  
letters A through P. Som e m ycotoxins w ere  
crystallized after rem oval o f the solvents.
TLC Analysis

TLC analysis w as carried out to determ ine the 
different A lternaría  m ycotoxins or m etabolites 
present in each fraction after chrom atography, 
and to determ ine the purity of each preparation. 
In general, silica ge l GF coated to 250 pm  thick
ness or precoated plates w ere used. Plates w ere  
d evelop ed  in  to lu en e-e th y l acetate-form ic acid  
(5 +  4 + 1 )  according to Seitz et al. (14). After 
develop m en t, spots o f d ifferent A ltern aría  m y
cotoxins and m etabolites w ere v isu alized  under  
both lo n g  and short w a velen gth  UV light.
HPLC Analysis of Alternaría Mycotoxins

Major A lternaría  m ycotoxins obtained from  
different pooled  fractions after chrom atography 
w ere quantitatively analyzed on a Beckman 
M odel 322 MP gradient liquid  chrom atograph  
w ith  a 420 m icroprocessor, system  controller, 2
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T a b le  1 . C h r o m a t o g r a p h y  o f  3 0  c r u d e  A lte rn a ría  m y c o t o x in s  o n  P r e p P a k - 5 0 0  s i l ic a  c a r t r id g e  *

Fractions 
(bottle No.)

Major toxins, g/fraction Minor toxins, m g/fraction
Others6AME AOH ALT AT-II AT-I AS

A (4-8) B(0.95)
B (30-54) G(0.92)
C (55-75) BG(0.88)
D (76-105) 0.11
E (106-150) 0.19
F (151-165) 0.02 1.5 2.0 Y(0.88), YG(0.68)
G (166-195) 0.44 63.7 20.0
H (196-220) 0.01 13.0 2.0
1 (221-240) 35.0 10.43
J (241-288) 28.0 26.8
K (289-308) 23.0 24.7 0Y(0.94)
L (309-326) G(0.44), OY(0.94)
M (327-383) 2.3
N (384-432) 0.36
0 (433-475) B(0.36)
P (487-517)
a Fraction B of crude extract which is rich in ALT was used in this experiment.
b The abbreviations used in this column indicate the color of fluorescence spot and the values in parentheses are the Rf 

values of such spots: B = blue, G = green, Y = yellow, OY = orange-yellow.

M odel 100A pum ps, and a Waters Associates 
M odel 440 dual w avelength absorbance detector. 
A  Shim adzu Chromatopac C-R1A recording data 
processor (Shim adzu Scientific Instrum ents, 
Colum bia, M D) w as also incorporated in to  the  
system . A ll major A lternaría  m ycotoxins w ere  
separated on  an U ltrasphere-O D S Cjs reverse 
phase co lum n, usin g  the fo llo w in g  so lven t pro
gram: m eth a n o l-1 ,5% acetic acid (50 +  50) for 
15 m in; then  a linear increase in  m ethanol con
centration to 65% over 30 m in; fo llow ed  by a 
linear increase to 100% over 15 m in. In addition, 
th e f low  rate w as programmed: 0.5 m L /m in  to 
start, increasing to 1.0 m L /m in  over 1 m in be
g in n in g  at 14 m in, and an increase to 1.5 m L /m in  
over 1 m in  b eg in n in g  at 39 m in. Inform ation  
regard ing the co effic ien t of toxin concentration  
(p.g/mL) vs peak areas as m onitored at 254 nm as 
w e ll as retention  tim es for all standard toxins 
w ere entered  in to  the data processor so that the  
concentrations of the unknow n sam ples could be 
p rin ted  out directly after each analysis. D etails 
o f th is m ethod  w ill be described elsew here.

Results
R esults for the separation o f d ifferent A lte r 

naría m etabolites on  the sem ipreparative HPLC 
colum n as analyzed by TLC are sh ow n  in  Figure 
1. Three major A lternaría  m ycotoxins, AME, 
A O H , and ALT, w ere separated after a sin g le  
chromatographic step. The solvents in fractions 
D and E w ere rem oved by evaporation. AME 
w as crystallized from these fractions after being  
d isso lved  in  hot b en zen e and a llow ed  to stand.

A fter rem oval o f all so lven ts from  fractions H 
and N , the m aterials w ere redissolved  in  sm all 
am ounts o f ethyl acetate. AO H and ALT, re
spectively, were crystallized from these fractions 
after addition  o f hexane to the ethyl acetate 
concentrates. O ther m inor A lternaría  toxins 
w ere distributed in fractions J-M  and w ere  
eluted from the colum n in the sequence as AT-II, 
AT-I, and AS, Because w e were interested in  the 
iso lation  o f gram quantities o í  A lternaría  m etab
olites in the PrepLC/System 500, no quantitative 
HPLC determ ination o f d ifferent m ycotoxins in 
each o f the p ooled  fractions w as made. H o w 
ever, so lven t system s d ev elop ed  for the separa
tion  o f d ifferent A lternaría  m ycotoxins in  this 
experim ent served as a guide for the preparative 
runs.

Three experim ents for the preparation of gram  
quan tities o f AME, AO H , and ALT w ith  the  
PrepLC/System  500 were carried out. In the first 
experim ent, 1 cartridge and 15 g sam ple (crude 
extract, B fraction) in 30 mL eth y l acetate w ere  
used . In the second and third experim ents, e i
ther 30 g  of crude extract B fraction (rich in  ALT) 
or 15 g crude D fraction (rich in  AME) in  100 mL 
eth y l acetate w as applied  to 2 cartridges con
nected  in  series. The so lven t system s and pro
gram s o f these experim ents w ere sim ilar except 
that less so lven t was used in  the in itia l 1-car
tridge run. E lution patterns for the 3 experi
m ents w ere sim ilar and also w ere qualitatively  
sim ilar to patterns obtained in  the sem iprepara
tive experim ents, but the resolu tion  o f the d if
ferent toxins in  the preparative run w as better
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Figure 1. Thin layer chromatography of Alternaría metabolites obtained from different fractions after
semipreparative HPLC.

A dotted line indicates weak fluorescence spot or minor component. Numbers shown at bottom are tubes 
pooled. Each tube 1-20 contained 10.0 mL solvent, and each tube 21-210 contained 13.3 mL solvent. The 
column was equilibrated with hexane, and was eluted with hexane, tubes 1-8; ethyl acetate-hexane (10 + 

90), tubes 9-58; (25 + 75), tubes 59-510; (75 + 25), 151-187; and ethyl acetate, tubes 188-210.

than that for the semipreparative run. AME and 
A O H  crystallized  in som e o f the fractions after 
standing briefly  at room tem perature. Each of 
the pooled  fractions was quantitatively analyzed  
for different Alternaría  toxins by analytical HPLC, 
and the results are g iven  in Table 1. The 3 major 
toxins w ere w e ll separated from  each other as 
w e ll as from  other contam inants. A fter evapo
ration of the solvents from fractions E, G, and M, 
different m ycotoxins w ere crystallized in  the 
solvent system s described in  the semipreparative 
runs. A total o f 0.2, 0.4, and 1.8 g  crystalline  
AME, AO H , and ALT, respectively , w ere ob
tained from  those fractions. TLC and HPLC 
analyses indicated that the purity o f these prep
arations w as greater than 95%. M ass spectral 
analyses revealed  that the p urified  AME, AO H , 
and ALT all have m olecular ion  peaks corre
sp on d in g  to the reported values.

W hile com plete resolu tion  of th e m inor A l
ternaría  toxins w as not achieved  even  in  the  
preparative runs, som e separation of those toxins 
w as observed. For exam ple, fraction H con
tained primarily AT-II, fraction I contained both

AT-II (major) and AT-I, and fraction J conta ined  
AT-I and AS. H ow ever, large quantities of AT-II 
and AT-I w ere associated w ith  fraction G w h ich  
prim arily contained AO H.

Discussion
Results obtained from the present study  

dem onstrate that preparative HPLC is an effec
tive m ethod for isolating large quantities of pure 
A lternaría  m ycotoxins for toxicity studies. The 
entire chrom atographic separation requires less 
than 1 w ork ing day, thus sav in g  considerable  
tim e and effort. The so lven ts used in  the study  
are not on ly  econom ical, but re latively  safe as 
w ell. This contrasts w ith  2 m ethods reported  
earlier, w h ich  in  1 case in vo lved  the len g th y  
classic so lven t partition and repeated crystalli
zation (8, 9), and in the other case in vo lved  a 
chrom atographic procedure usin g  b en zen e and 
tetrahydrofuran (THF) as the elution  solvents (5, 
10).

A lth ou gh  the m inor A lternaría  m ycotoxins  
(AT-I, AT-II, and AS) cannot be isolated  in  pure 
form by the present m ethod because o f the
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m inute am ount o f these toxins present, this 
m ethod at least can serve as a first step in the  
isolation of these compounds. TLC analysis also 
revealed that som e fractions contained on ly  1 or 
2 fluorescent substances (Figure 1) w h ich  require 
further study for iden tification  and character
ization. A n additional advantage of the present 
m ethod is its use for the isolation  o f som e as yet 
u n id en tified  com pounds.

The investm ent in  instrum entation is perhaps 
the major lim iting factor for the present m ethod. 
N everth eless, the so lven t system s d evelop ed  in  
this study could be readily applied  to any other 
chrom atographic system  u sin g  silica ge l as ad
sorbent. In both the sem ipreparative and pre
parative runs, AME eluted from the colum n w ith  
eth y l acetate-hexan e (10 +  90), w h ile  AO H  and  
the other m inor m etabolites e lu ted  w ith  ethyl 
acetate-hexane (25 +  75). This is comparable to 
the conditions d evelop ed  by Pero and M ain (5) 
in  w h ich  they used b en zen e and THF as the  
elu tin g  so lven ts in  silica ge l chrom atography. 
These authors demonstrated that AME and AOH  
w ere elu ted  from the colum n w ith  5% and 15% 
THF in  b en zen e , respectively . A lth ou gh  ALT 
eluted  from the sem ipreparative co lum n w ith  
ethyl acetate-hexane (75 +  25), subsequen t pre
parative studies sh ow ed  that ALT could be re
covered w ith  ethyl acetate-hexan e (50 +  50). 
TLC analysis o f the fractions obtained  by both  
m ethods indicated that the fractions obtained  
from  the preparative colum n had few er con 
taminants. Therefore, w e  recom m end that ethyl 
acetate-hexan e (50 +  50) be used for isolating  
ALT by sem ipreparative chrom atography or by 
any other alternative chrom atography. To 
prepare pure ALT, Pero et al. (10) used 50% THF 
in  b en zen e to elu te ALT from  the silica gel 
colum n.

Preparation o f gram quantities o f m ycotoxins 
by HPLC has been  dem onstrated for ochratoxin  
A (15), and a sin g le  so lven t system  w as used in  
such  a study. In v iew  o f the com plexity o f m e
tabolites elaborated by fu n gi and the fact that 
often several major metabolites are produced, the 
p resent approach of step w ise elu tion  w ith  so l
v en t m ixtures o f increasing polarity shou ld  be 
usefu l in  iso lating poten tia lly  hazardous toxic 
m etabolites w h ich  are difficult to obtain by other 
m ethods.
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Ground spices and herbs are evaluated as substrates 
for mycelial growth, sporulation, and aflatoxin pro
duction. Three toxigenic strains of Aspergilli, A. 
flavus ATCC 15548, A. flavus NRRL 3251, and A. 
parasiticus NRRL 2999, were cultured on moist, 
commercially packaged herbs and spices. All sub
strates used were ground and included thyme, celery 
seed, oregano, cinnamon, ginger, caraway seed, clove, 
mustard, sesame seed, and rosemary leaves. Fol
lowing inoculation of the natural materials in sterile 
bottles containing sterile water, the cultures were 
incubated 30 days at 23 ±  4°C. Not all strains of As
pergilli grew, sporulated, or produced toxins. There 
were definite strain differences and definite substrate 
differences for the variables evaluated. Sesame seed 
produced toxins Bi, Gi, and G2, with a mean of 167 
ppm for 3 strains. A. flavus ATCC 15548 was the 
greatest overall toxin producer followed by A. par
asiticus NRRL 2999 and A. flavus NRRL 3251. 
Ginger and rosemary leaves were also substantial 
producer-substrates. Mustard, caraway seed, and 
celery seed were judged as intermediate-producing 
substrates. Absolute antimycotic substrates were 
cinnamon and clove. Antiaflatoxigenic substrates 
were thyme and oregano. Mustard also may be an
timycotic. Aflatoxins Bi and Gi were the more 
commonly found toxins.

A flatoxins are fungal m etabolites contam inating  
m any food  products, especially  those that are 
often  stored, such as peanuts, grains, and cereals. 
The natural occurrence o f aflatoxins in herbs and 
sp ices has becom e o f increasing interest because 
o f th e w id esp read  use o f these substances in  the  
w orld  today (1).

C innam on reportedly prohibits toxin pro
duction (2-4). H itokoto et al. (5 ,6) demonstrated  
that cinnam on as w e ll as pepper inhibit aflatoxin 
production. It has been  established that ground  
cinn am on contains a natural antim ycotic sub
stance (3, 7 -11). The presence of aflatoxins in  
black pepper, celery seed , and nutm eg has been  
reported by Suzuki et al. (12). Scott and K en
n ed y  (13 ,14) fou n d  aflatoxins in  coriander, g in 
ger, nutm eg, and turmeric. There are 2 factors 
w h ich  m ay contribute to toxin  production:

1 C om m onw ealth of V irginia, D epartm ent of General Ser
vices, Division of Consolidated Laboratories Services, 1 N. 14th 
St, R ichm ond, VA 23219.
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m any sp ices are grow n and processed in  warm  
tropical clim ates w h ich  are favorable for fungal 
grow th (15), and harvest and drying procedures 
m ay a llow  for h ig h  m oisture content.

For the purpose o f this study, som e o f the sp i
ces and herbs already evaluated for m ycotoxin  
production or antimycotic activity, and som e that 
have not b een  exam ined, have been  included. 
T hose sp ice or herb substrates reported here in 
clud e celery seed, cinnam on, caraway seed, 
g in g er, mustard, rosem ary leaves, thym e, ore
gano, sesam e seed , and clove. A nalytical pro
cedures used w ere compared for applicability to 
in d iv id u al foodstuffs tested.

Experimental 
Spices and Herbs

G round, com m ercially packaged sp ices and 
herbs from  4 sources w ere used: Thym e, ore
gano, cinnam on, ginger, and clove were products 
of C. F. Sauer Co., R ichm ond, VA; sesam e seed  
and rosem ary leaves w ere packaged by McCor
m ick and Co., Inc., Baltim ore, MD; celery seed  
and caraway seed  w ere from  Spice Island—Spe
cia lty Brands, Inc., San Francisco, CA.
Culture Preparation

A septic techn iques w ere used  to rem ove 1.5 g 
aliquots from  the com m ercial packages. Spices 
that w ere not com m ercially ground such as ce l
ery seed  and rosem ary leaves w ere ground w ith  
a glass mortar and pestle. Sesam e seed  and car
aw ay seed  w ere ground, but did  not len d  them 
se lves  to as fin e  a consistency.

Triplicate sam ples and controls w ere made for 
each substrate and each m old  tested. Glass 
prescription bottles (2 oz) w ith  1 flat side and 1 
rounded  side w ere filled  w ith  various volu m es  
of trip le-d istilled  water, p lu gged  w ith  cotton, 
and autoclaved 20 m in at 121 °C, 15 psi. After 
cooling to room temperature, these sterile bottles, 
w ater, and p lu gs received specific w e ig h ts of 
each spice or herb. Water and substrate w ere  
m ixed to form  a w et slurry w h ich  w o u ld  flow  
very slow ly . The herbs and spices w ere trans
ferred under a hood previously cleaned w ith  25% 
bleach and exposed to ultraviolet ligh t for 30 
m in. The slurry was a llow ed  to sit 30 m in  to
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T a b le  1 . M e a n  p e r c e n t  o f  c u l t u r e  s u r f a c e  a r e a  c o v e r e d  
w ith  m y c e l iu m  9

Spice or 
herb Strain6

Days following inoculation 
2 7 K  30

Thyme 3251 ____ 22 30 33
2999 51 77 77 80
15548 10 50 90 100

Celery seed 3251 — — 30 53
2999 — — — 77
15548 — — — 58

Caraway seed 3251 — 100 100 100
2999 93 100 100 100
15548 17 100 100 100

Oregano 3251 — — — 37
2999 — — — 25
15548 — — — —

Rosemary leaves 3251 35 100 100 100
2999 20 95 95 100
15548 3 100 100 100

Sesame seed 3251 — 100 100 100
2999 — 33 33 33
15548 23 100 100 100

Ginger 3251 50 90 100 100
2999 98 100 100 100
15548 — 100 100 100

Mustard 3251 — — — ---- '

2999 — — — —

15548 — — 10
9 No detectable growth shown by any strain on cinnamon 

or clove during 30 day study.
b A. f la v u s  NRRL 3251, A. p a ra s i t ic u s  NRRL 299S, A. f la v u s  

ATCC 15548.

allow  further w ater uptake by the herb or spice. 
T hen the sp ices and herbs w ere inoculated  w ith  
specific aflatoxigenic strains o f m old. The 
w eig h t o f each substrate (1.5 g) added was pre
d eterm ined  in prelim inary m oisture and sub
strate ratio studies to g ive  the desired slurry.

C innam on, mustard, oregano, and thym e w ere  
each placed in  bottles conta in ing 5.5 mL triple- 
d istilled , sterile water. G inger and clove w ere  
placed in 4.5 mL sterile distilled water. Caraway 
seed , celery seed , and sesam e seed  w ere placed  
in  4 mL sterile, trip le-d istilled  water, and rose
mary leaves w ere placed in the bottle containing  
8 mL sterile d istilled  water.
Inoculations and Incubation

Three aflatoxigenic strains w ere used: A.
fla vu s  ATCC 15548, A . flavu s  NRRL 3251, and A. 
parasiticus NRRL 2999. The strains w ere ob
tained from stock cultures m aintained in our 
laboratory on potato-dextrose agar slants. Each 
sp ice or herb w as inoculated  w ith  1 m icroloop
ful of spores from each strain. After inoculation, 
all sam ples were stored on trays in  a dark cabinet 
at room tem perature (23 ±  4°C) for 30 days. 
These sam ples w ere observed regularly for m old  
grow th  and spore form ation.
Surface Area Measurements

Culture v ia ls w ere v iew ed  from  above w ith  a 
transparent grid having 100 squares placed over 
the area o f the bottle or substrate surface. This 
was used to estim ate the area of m ycelial grow th  
and subsequent area covered by spores. The first 
reading was m ade after 54 h w ith  regular daily  
readings thereafter for 14 days, and th en  at sev 
eral day intervals until the 30th day.
Aflatoxin Analysis

Individual culture bottles containing substrate, 
mycelia, and spores w ere extracted and analyzed

T a b le  2 . M e a n  p e r c e n t  o f  m y c e l ia l  a r e a  c o v e r e d  w ith  s p o r e s 9

Days following inoculation
Spice or herb Strainb 5 6 7 10 11 12 15 30

Thyme 3251 _ _ _ _ _ _ _
2999 — — 100 100 100 100 100 10015548 — — — — 52 100 100 100Caraway seed 3251 — 100 100 100 100 100 100 1002999 100 100 100 100 100 100 100 1001548 — 100 100 100 100 100 100 100Rosemary leaves 3251 100 100 100 100 100 100 100 1002999 67 100 100 100 100 100 100 10015548 — 100 100 100 100 100 100 100Sesame seed 3251 — 17 33 100 100 100 100 1002999 33 80 100 100 100 100 100 10015548 17 32 67 82 92 92 92 100Ginger 3251 — — — — 100 100 100 1002999 100 100 100 100 100 100 100 10015548 — 82 100 100 100 100 100 100

9 No spore formation detected for celery seed, oregano, cinnamon, clove, or mustard during 30 day study. 
b A. f la v u s  NRRL 3251, A. p a r a s i t ic u s  NRRL 2999, A. f la v u s  ATCC 15548.
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Table 3. Mean aflatoxin levels (ppb) with standard deviations for 3 Aspergilli isolates grown on moist spice and herb
substrates *■*

Toxin
A. parasiticus  
NRRL 2999

A. flavus 
NRRL3251

A. flavus 
ATCC 15548

Mean ± SD 
(overall total)

Ground Celery Seed3

Aflatoxin EL 280.6 ± 108.8 NDd 197.2 ± 153.7 159.3 ± 144.1

Ground Rosemary Leaves e

Aflatoxin Bi 164.8 ± 112.2 133.3 ± 115.5 2685.2 ± 0.0 994.4 ± 1464.3

Ground Ginger'

Aflatoxin Bi ND ND 14 867.0 ± 1414.2
Aflatoxin Gi ND ND 22 847.0 ± 2258.5 12 629.7 ± 21 875.2
Aflatoxin G2 ND ND 175.0 ±0 .0

Total ND ND 37 889.0

Ground Sesame Seed«

Aflatoxin Bi 6311.7 ± 3501.5 ND 136 112.9 ± 9 2  258.2
Aflatoxin Gi 13 334.0 ± 5774.1 ND 341 724.5 ± 256 557.5 166 938.8 ± 272 310.0
Aflatoxin G2 ND ND 3333.3 ± 1443.4

Total 19 645.7 ND 481 170.7

Ground Mustardh

Aflatoxin Bi ND ND 583.9 ± 0.0
Aflatoxin Gi ND ND 583.9 ± 0.0 389.6 ± 673.9

Total ND ND 1167.8

Ground Caraway Seed'

Aflatoxin Bi 88.9 ± 0.0 ND 150.0 ± 0.0
Aflatoxin Gi 55.6 ± 0.0 ND 241.7 ± 43.2 178.7 ± 198.1

Total 144.5 ND 391.7

3 Triplicate cultures were tested 3 times each. Values are based on original “ dry'' weight of spice substrate used. 
b Ground cloves (1.5 g with 4.5 m l water), ground cinnamon (1.5gwith 4.0 mL water), ground oregano (1.5 g with 5.5 mL 

water), and ground thyme (1.5 g with 5.5 mL water) were antiatlatoxigenic. 
c 1.5 g celery seed with 4.0 mL water.
d None detected. Levels as low as 2 ppb may be detected using this system. 
e 1.5 g rosemary leaves with 8.0 mL water.
1 1.5 g ground ginger with 4.0 mL water. 
s  1.5 g ground sesame seed with 4.0 mL water. 
h 1.5 g ground mustard with 5.5 mL water.
' 1.5 g ground caraway seed with 4.0 mL water.

together. M ethylene chloride (100 mL) and 
w ater (5 mL) w ere added in  proportion  to the 
original dry w eight added as substrate. All steps 
followed AOAC m ethods (16). Each bottle was 
capped and shaken vigorously on a mechanical 
shaker for 1 h. Following gravity filtrations 
th rough  paper, an aliquot of the filtrate was ap
plied to the  resin colum n, eluted, evaporated, 
and diluted to volum e in benzene containing 2% 
acetonitrile. Triplicate aliquots of each extracted 
culture w ere subjected to th in  layer chrom atog
raphy (TLC) on Adsorbosil-1 silica gel plates 
again according to AOAC m ethods (16). The 
data are reported as ppb dry w eight of the bottle 
contents. Separate dry sam ples of each spice or 
herb substrate used in  the study w ere tested to

confirm  the absence of aflatoxins before experi
mental use. The analyses w ere com pleted at the 
Mycotoxin Laboratory, V irginia Division of 
Consolidated Laboratories, Richm ond, VA.
D ata A n a ly s is

All data were accum ulated via triplicate sam
ples and triplicate readings. M eans and  stan
dard deviations were developed. Duncan's New 
M ultiple Range Test was applied to the data (P = 
0.05).

Results
M y c e lia l G ro w th  a n d  S p o ru la tio n

A. flavus NRRL 3251 show ed mycelial grow th 
w ith in  48 h on rosemary leaves and ginger. By
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Table 4. Aflatoxigenic rankings for the spices and herbs 
and the 3 Aspergilli isolates used a

Rank
A. parasiticus  
NRRL 2999

A. flavus 
NRRL 3251

A. flavus 
ATCC 15548 Overall

1 sesame rosemary sesame sesame
seed leaves seed seed

2 celery
seed

— ginger ginger

3 rosemary
leaves

— rosemary
leaves

rosemary
leaves

4 caraway
seed

— mustard mustard

5 — — caraway
seed

caraway
seed

6 celery
seed

celery
seed

a Substrates not listed had no detectable aflatoxins and 
include: oregano, thyme, cloves, and cinnamon.

the end  of the first week all cultures exhibited 
grow th except oregano, cinnam on, clove, and 
mustard. After 30 days, all cultures except 
thym e, celery seed, and oregano, w hich had 
produced grow th, had 100% sporulation. C in
namon, clove, and m ustard failed to support any 
detectable grow th (Tables 1 and 2).

A. parasiticus NRRL 2999 show ed grow th 
w ith in  the first 48 h on thym e, caraway seed, 
rosemary leaves, and ginger. By the end of the 
first week, caraway seed, rosem ary leaves, and 
ginger had 95% of area covered w ith grow th; 
thym e, caraway seed, rosem ary leaves, sesame 
seed, and ginger had reached 100% sporulation. 
By the final reading, all cultures showed grow th 
except cinnam on, clove, and mustard.

A. flavus ATCC 15548 show ed grow th on 
thym e, caraway seed, rosem ary leaves, and  ses
ame seed w ith in  the first 48 h. By the end of the 
first week caraway seed, rosem ary leaves, and 
ginger all had complete surface area grow th and 
sporulation. Sesame seed attained 100% my
celial coverage w ith  67% spore form ation. O r
egano, celery seed, cinnamon, mustard, and clove 
show ed no detectable grow th. By the final 
reading, oregano, cinnamon, and clove were still 
free of detectable grow th, but sesame seed had 
100% mycelial coverage and complete sporula
tion coverage. Mustard exhibited slight mycelial 
growth.
A fla to x in  P ro d u ction

A. flavus ATCC 15548 produced the greatest 
quantity  of toxin and was also a producer on 6 of 
the 10 substrates. A. parasiticus NRRL 2999 pro
duced toxin on 4 of the 10 substrates but at lower

levels than  the above strain. For the substrates 
tested, A. flavus NRRL 3251 produced toxin in the 
lowest level and only on one substrate, rosemary 
leaves (Tables 3 and 4). Sesame seed was by far 
the best substrate providing high levels of toxin, 
and  rosem ary leaves was the only substrate 
conducive to toxin production by all 3 strains 
tested. The follow ing substrates w ere antiafla- 
toxigenic: cinnam on, clove, oregano, and
thym e. M ustard and g inger only supported  
toxin production w hen strain 15548 was used.

C innam on, clove, and possibly m ustard may 
be classified as antim ycogenic substrates; they 
supported essentially no mycelial grow th (Table 
5). O regano and celery seed supported grow th 
poorly, w hich was evident only after 2 weeks. 
O regano and celery seed cultures failed to spo- 
rulate.

Discussion
It is ev ident that certain spices, especially 

cinnam on, cloves, and possibly oregano and 
mustard inhibit mycelial growth and subsequent 
toxin production for the isolates tested in this 
study. O ther investigators have reported the 
inh ib ito ry  nature of cinnam on (2-6). Very re
cently H itokoto et al. reported that clove, anise, 
and allspice completely inhibited fungal growth 
of A. flavus and A. versicolor (17). O ur study 
confirm ed both the antim ycogenic and antitox- 
igenic influence of cinnam on and clove, and 
added thym e, oregano, and possibly m ustard to 
this group. We also found some spices or herbs 
tha t w ere h igh ly  aflatoxigenic.

Major factors that may influence mycelial 
g row th and toxin production are absence of 
necessary nu trien ts from the substrate, com pet
ing  m icroorganism s in the substrate, inhibitory  
chemicals, and of course the natural barriers such 
as seed coat, water content, pH, temperature, and 
length  of time for the m old to grow.

M orozum i (18) has identified  the chemical 
inh ib ito r in cinnam on as o-m ethyoxycinnam al
déhyde. H itokoto et al. (17) recently reported 
that eugenol from cloves and thymol from thyme 
w ere inhibitory  agents. These reports were 
based on the introduction of specific am ounts of 
spice extracts into  standard mold culture media 
for grow th periods up to 12 days. O ur study 
used the moist natural ground spice or herb as 
the sole substrate for the mold growth for 30 days 
at room tem perature.

We assume that there w ere sufficient carbon 
com pounds present in all the substrates to sup
port fungal grow th (19). The levels of metals in



Table 5. Antimycotic, antisporogenic, antiaflatoxigenic index based on rankings of spices and herbs used as substrate for 3 Aspergilli isolates

A. parasiticus  NRRL 2999 A. flavus NRRL 3251 A. flavus ATCC 15548 Overall total for all isolates

Rank
Mycelial
growth3 Sporulation

Total 
b toxin c

Mycelial
growth Sporulation

Total
toxin

Mycelial
growth Sporulation

Total
toxin

Mycelial
growth Sporulation

Total
toxin

Descriptive
summary

i cinnamond cinnamon cinnamon cinnamon cinnamon caraway
seed

cinnamon celery seed cinnamon cinnamon celery seed cloves antimycogenic

2 cloves celery seed cloves cloves celery seed celery seed cloves cinnamon cloves cloves cinnamon cinnamon antisporo
genic

3 mustard cloves ginger mustard cloves cinnamon mustard cloves oregano mustard cloves oregano antiaflatoxi
genic

4 oregano mustard mustard thyme mustard cloves oregano mustard thyme oregano mustard thyme
5 sesame

seed
oregano oregano oregano oregano ginger celery seed oregano celery seed thyme oregano celery seed

6 celery seed caraway
seed

thyme celery seed thyme mustard caraway
seed

caraway
seed

caraway
seed

celery seed thyme caraway
seed

7 thyme ginger caraway
seed

caraway
seed

caraway
seed

oregano ginger ginger mustard sesame
seed

caraway
seed

mustard

8 caraway
seed

rosemary
leaves

rosemary
leaves

ginger ginger sesame
seed

rosemary
leaves

rosemary
leaves

rosemary
leaves

caraway
seed

ginger rosemary
leaves

mycogenic

9 ginger sesame
seed

celery seed rosemary
leaves

rosemary
leaves

thyme sesame
seed

sesame
seed

ginger ginger rosemary
leaves

ginger sporogenic

10 rosemary
leaves

thyme sesame
seed

sesame
seed

sesame
seed

rosemary
leaves

thyme thyme sesame
seed

rosemary
leaves

sesame
seed

sesame
seed

aflatoxi-
genic

a Mycelial growth as % area covered after 30 days. 
b % of mycelium covered with spores after 30 days.
c Total aflatoxins found in substrates after 30 days and based on original dry weight of substrate. 
d Left vertical line shows substrates having equal ranking.
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the substrates may have been im portant because 
studies have reported the need for zinc for fungal 
g row th (20).

It is our contention that the active chemical(s) 
in  the spice or herb was the contributing  factor 
as an inhibitory agent. Further identification of 
these chem icals and the confirm ation of their 
actual activity w ill be needed and are planned. 
It is also evident that spices and herbs are not all 
antim ycotic or even antiaflatoxigenic. For ex
am ple, sesame seed, ginger, and rosemary leaves 
could readily be classified as very supportive for 
grow th, sporulation, and toxin production. 
U nder these laboratory conditions, the total af- 
latoxins produced on these substrates by some or 
all of the Aspergilli tested w ere in the ppm 
range, w hich is h igh for foods in general (21, 
22) .

The spices and herbs merit further study based 
on their antimycotic activity, their antitoxigenic 
potential, and the potential that they could be 
contam inated naturally  by mycotoxins. There 
was a tendency in our study for the established 
and consistent aflatoxigenic strains such as 2999 
and 15548 (21, 22) not to produce all 4 toxins, Bj, 
B2, Gj, G2, but to favor Bj and Gi- This tends to 
support the antitoxigenic character of the sub
strate. There is also evidence of d ifferent an 
timycotic and antitoxigenic responses to the 
fungal isolates. O nly 15548 produced toxin on 
ginger and mustard. Mycelia on the ground 
m ustard were not highly evident on the surface, 
bu t repeat studies, grow ing for a longer time 
period, indicated that both m ustard and ginger 
allow ed only a selected strain to produce toxin. 
Since m ustard never sporulated, even in repeat 
studies, we believe it has antim ycotic activity. 
Aflatoxins Bi, Gj, and G2 w ere all produced by 
15548 on ginger, and in such h igh levels that 
ginger appears to be conducive to aflatoxin oc
currence. The FDA laboratories and others ap
parently  are aware of this potential and are de
veloping better extraction and cleanup proce
dures for ginger analysis.

Generally, the AOAC analytical procedures 
that w ere followed seem ed adequate for the 
spices and herbs tested for aflatoxins (16). Spe
cific and im proved procedures could be devel
oped for each substrate. Such m ethodology 
should provide for better determ inations if 
needed.

In summary, we recom m end that sesame seed, 
g inger, and rosemary leaves be m onitored for 
natural aflatoxin concentration and that oregano, 
clove, thyme, and cinnam on be given little or no 
attention  for mycotoxin occurrence but be stud

ied for the ir application as antim ycotic and  an 
titoxigenic agents.

Acknowledgm ents
The authors appreciate the assistance of A. D. 

Lynn, R. M. Vanfossen, C. J. Bailey, P. B. Ferrara, 
and H. F. McGowan of the C om m onw ealth of 
Virginia, D epartm ent of General Services, D ivi
sion of Consolidated Laboratory Services, Rich
mond, VA. Their assistance and  cooperation 
made this project possible. F. Keith M iller, 
Vice-President of Fran-Mar Corp., Richmond, VA 
also contributed to various aspects of this 
study.

Re f e r e n c e s

(1) Arcos, J. C. (1978) A m . Lab. 10 (7), 29-41
(2) Flannigan, B., & Hui, S. C. (1976) J. A ppl. Bacteriol. 

41,411-418
(3) Bullerman, L. B. (1974) J. Food Set. 39, 1163-1165
(4) Bullerman, L. B„ Lieu, F. Y„ & Sair, S. A. (1977) J. 

FoodSci. 42, 1107-1109
(5) Hitokoto, H., M orozumi, S., Wauke, T„ Sakai, S., 

& Kurata, H. (1977) in M yco to x ins  in H u m a n  and  
A nim al H e a lth ,] . V. Rodricks, C. W. H esseltine, & 
M. A. M ehlman (Eds), Pathotox Publishers, Inc., 
Park Forest South, IL, pp. 479-487

(6 ) Hitokoto, H., M orozumi, S., Wauke, T., Sakai, S., 
& Kurata, H. (1978) M ycopatho log ia  66 ,161-167

(7) Corran, J. W„ & Edgar, S. H. (1933) /. Soc. Chem. Ind. 
26,149-152

(8 ) Frazier, W. C. (1967) Food M icrobiology , McGraw- 
Hill Book Co., N ew  York, NY, p. 141

(9) Hoffman, C„ & Evans, A. C. (1911) J. Ind. Eng. 
Chem. 3, 835-838

(10) Okazaki, K., & Kogawara, Y. (1953) ]. Pharm . Soc. 
(Japan) 73, 692-696

(11) Prasad, H„ & Joshi, N . V. (1929) Agric. J. India  24, 
402-407

(12) Suzuki, J. I„ Dainius, B„ & Kilbuck, J. H. (1973) J. 
Food Sci. 38, 949-950

(13) Scott, P. M„ & Kennedy, B. P. C. (1973) /. Assoc. O ff. 
A nal. Chem. 56,1452-1457

(14) Scott, P. Ms, & Kennedy, B. P. C. (1975) Can. Inst. 
Food Set. Technol. J. 8 ,124-125

(15) Christensen, C. M„ Fanse, H. A., N elson, G. H., 
Bates, F., & Mirocha, C. J. (1967) Appl. Microbiol. 15, 
622

(16) Official M ethods o f Analysis (1980) 13th Ed., AOAC, 
Arlington, VA, secs. 26.026-26.031

(17) Hitokoto, H„ Morozumi, S., Wauke, T„ Sakai, S., 
& Kurata, H. (1980) A ppl. Environ. M icrobiol. 39, 
818-822

(18) M orozumi, S. (1978) A ppl. Environ. Microbiol. 36, 
577-583

(19) Davis, N. D., & Diener, U. L. (1968) Appl. Microbiol. 
16, 158-159

(20) Lee, E. G. H., Townsley, P. M., & W alden, C. C. 
(1966) /. Food Sci. 31, 432-435

(21) Raghu, A., Eadie, T„ & L lew ellyn, G. C. (1978) /. 
Assoc. O ff. A nal. Chem. 61, 998-1001

(22) Morton, S. G„ Eadie, T., & Llewellyn, G. C. (1979) 
/. Assoc. O ff. A nal. Chem. 62, 958-962



ROBERTS ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 64, NO. 4, 1981) 961

Rapid, Economical M ethod for Determ ination of Aflatoxin and 
Ochratoxin in Anim al Feedstuffs
BASIL A. ROBERTS, EDWARD M. GLANCY, and DERYCK S. P. PATTERSON
C en tra l V e te r in a ry  L abora tory, W eybrid ge, S u rrey , K T 1 5  3 N B , U n ited  K ingdom

A quantitative procedure widely used in European 
Economic Community (EEC) countries has been 
successfully scaled down to produce a rapid method 
for determination of aflatoxin Bi (and other aflatox- 
ins) in animal feeds. Without modification, the 
method may be used for simultaneous ochratoxin A 
determination in simple feeds, but a slightly different 
extraction procedure is required for compound feeds. 
Validity of the method has been demonstrated by 
comparison with the full EEC procedure for aflatoxin 
Bi and the Nesheim method for ochratoxin A. 
Analyses may be completed within 2 h and there is 
a considerable savings in materials over the 2 refer
ence methods. The procedure is also less hazardous 
because volumes of toxic extract are small, and the 
operator is exposed to minimum solvent vapor.

Speed and economy are 2 increasingly im portant 
factors in  the analysis of animal feedstuffs for 
mycotoxins. Most curren t m ethods are time- 
consuming, mainly in the extraction and cleanup 
steps, and costly because they use large volumes 
of expensive solvents such as chloroform.

The presen t report describes a quantitative 
procedure for determ ining aflatoxin Bi, w hich 
is considerably faster and cheaper than a m ethod 
w idely used in the European Economic Com
m unity  (EEC) (1). Also, the m ethod can be used 
to determ ine aflatoxins B2, Gj, and G2, and can be 
adapted  for ochratoxin A. This developm ent 
arose from our unpublished observations that the 
original m ethod (1) could be m odified for och
ratoxin A and that the silica gel chrom atography 
step could be scaled dow n satisfactorily using 
Sep-Pak silica cartridges, thus saving operator 
tim e and  expensive solvents.

Determ inations of aflatoxin Bi and ochratoxin 
A in  sam ples of several d ifferen t naturally  con
tam inated animal feedstuffs have been compared 
w ith  results obtained on the same samples by the 
original aflatoxin m ethod (1) and  the Nesheim  
m ethod (2) for ochratoxin A.

M ETH O D
E xtraction

W eigh 10 g finely ground sample of feedstuff 
in to  w ide-m outh 6 oz bottle w ith  5 g diatoma- 
ceous earth. Add 5 mL w ater and  50 mL CHCI3

Received A ugust 15,1980. Accepted Decem ber 24, 1980.

and  seal bottle w ith  alum inum -lined screw cap. 
Extract toxins 30 m in in wrist-action shaker. 
F ilter through  W hatm an No. 41 paper, dry ex
tract by adding 2 g anhydrous N a2S 0 4 w ith  
gentle m ixing 2 min, and refilter.
C lean u p

Mix 5 mL aliquot w ith  .5 mL «-hexane and, 
using 50 mL hypoderm ic syringe w ith  Luer fit
tings, pass through Sep-Pak silica cartridge 
(Waters Associates, Inc., M ilford, MA). Wash 
silica w ith  5 mL dry ethyl e ther and  elute afla
toxin w ith  20 mL C H C L-m ethanol (19 + 1). 
Transfer to 50 mL round-bottom  flask and 
evaporate to dryness in rotary evaporator in 
stream  of nitrogen. Redissolve in CHCI3 and 
transfer quantitatively to 2 mL glass vial. 
Evaporate solvent under nitrogen and redissolve 
residue in  100 pL  CHCI3.
T h in  L ayer C h ro m a to g ra p h y

Aflatoxin B i.—For quantitative 2-dimensional 
TLC, use 10 X 10 cm alum inum  sheets coated 
w ith  silica gel 60 (Merck, art. 5553). Develop 
chrom atogram  in lined, equilibrated tanks w ith 
ethyl e ther-m ethano l-w ater (94 +  4.5 +  1.5) 
(direction 1) and w ith  CH C L-acetone (90 +  10) 
(direction 2). Q uantitate aflatoxin Bj by com
paring, visually or densitom etrically u n der UV 
ligh t at 360 nm, standard spots of 0.5,1, 2, and 3 
ng aflatoxin Bi w ith  an appropriate aliquot 
(usually 5 pL) of the extract, diluted if necessary. 
Confirm  by co-chrom atography w ith  added 
standard, sulfuric acid spray, and  conversion to 
hem iacetal (1).

The 4 aflatoxins Bi, B2, Gj, and G2 are resolved 
by this solvent pair and may be quantitated  on 
separate chrom atogram s, using appropria te  
d ilu tions of extract.

Modification for ochratoxin A .—For sim ple 
feeds, use 20 mL m ethanol-90%  formic acid (19 
+ 1) to elute ochratoxin A from the cartridge after 
aflatoxins elution.

For com pound feeds, use a m ixture of 5 mL 
0.1M phosphoric acid and 50 mL CHCI3 (2) in 
place of w ater-C H C l3 extractant. Develop 2- 
d im ensional chrom atogram s in  lined, equili
brated  tanks w ith  to luene-e thy l acetate-90% 
form ic acid (60 + 30 -I- 10) (direction 1) and

0004-5756/81 /6404-0961 /03$01.00 
© Association of Official Analytical Chemists, Inc.
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Table 1. Aflatoxin Bj. determinations in animal feeds by 2 methods (ng/kg)

EEC method (1) Present method
---------------------------  --------------------------------  Mean value as

Animal feed Obs. 1 Obs. 2 Obs. 1 Obs. 2 % of EEC method ( l ) a

Simple:
1. Groundnut meal 5000 5000 5000 4375

4375 4375 4375 4375 96.7
2. Cotton seed meal 200 200 175 175

200 200 200 200 94
3. Copra <10 <10 <10 <10

2.5 2.5 3.5 3.5 140
Compound:

4. Calf feed 25 25 20 20
22.5 22.5 20 20 83.3

5. Dairy ration A 35 35 30 30
35 35 35 35 94.3

6. Dairy ration B 800 800 875 1000
700 700 750 875 116.7

3 Detection limit 1 ¡jlg/kg in simple and compound feeds: recoveries of added aflatoxin Bj (50 Mg/kg) were ca 95%.

C H C h-acetone (90 + 10) (direction 2). To en
sure baseline resolution in direction 2, carry out 
second developm ent before aqueous com ponent 
of solvent 1 dries completely, thus conferring 
acidity on solvent 2. This is achieved by allow 
ing only 10 m in (in fume hood) for evaporation 
of solvent 1.

For quantitation , compare standards of 5, 10, 
20, and  30 ng ochratoxin A. Confirm  by con
version to ochratoxin A by acid hydrolysis, to its 
acetate (3), or to the ethyl ester (4).

Results and Discussion
Aflatoxin Bj concentrations estim ated by this 

and  by the standard EEC m ethod (1) from which 
it is derived are given in Table 1. Analyses were 
carried out in duplicate on 3 sim ple and 3 com
pound  feeds, all naturally  contam inated. TLC

results w ere quantitated by visual comparison 
w ith  standards, and the estimates of 2 observers 
are included. The proposed m odification ap
pears to be as reproducible as the original p ro
cedure; results obtained by the 2 m ethods agree 
w ith in  experim ental error. Indeed, differences 
on TLC related m erely to comparisons w ith  the 
next low er or h igher aflatoxin Bj standards.

As show n in Table 2, ochratoxin A determ i
nations w ere also satisfactory for 4 samples of 
sim ple feeds; m ean values w ere consistently 
h igher than  those obtained by the Nesheim  
m ethod (2). Recovery of ochratoxin A from the 
2 sam ples of com pound feed was evidently  in 
complete w hen the chloroform -w ater extractant 
was used, but this was improved w hen water was 
replaced by 0.1M phosphoric acid (Table 3). Use 
of the acidic solvent m ixture did  not adversely

Table 2. Ochratoxin A determinations in animal feeds by 2 methods 0*g/kg)

Nesheim method (2) Present method

Animal feed Obs. 1 Obs. 2 Obs. 1 Obs. 2

Simple:
2. Cotton seed meal 75 75 — —

75 75 100 75
7. Wheat and barley mix 75 75 75 75

75 63 100 100
8. Barley A 1000 1000 750 875

750 750 875 1000
9. Barley B 1500 1750 2000 2000

1250 1250 1500 1500
Compound:

4. Calf feed 750 750 175 175
750 750 175 175

10. Cattle feed 100 88 38 38
150 150 38 25

Mean value as 
% of Nesheim method (2) * 100

117.3

122.2
100
121.7

23.3

28.7
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Table 3. Aflatoxin B! and ochratoxin A determinations in compound feeds by the present method using acidic
extractant

Mycotoxin Animal feed

Ug Mycotoxin/kg
Mean value as 

% of reference method9Obs. 1 Obs. 2

Aflatoxin B j6 4. Calf feed 20 30
20 20 94.7

6. Dairy ration B 750 750
875 938 110.4

Ochratoxin Ac 4. Calf feed 750 750
880 750 104.3

10. Cattle feed 75 75
88 75 64.1

3 EEC method (1) for aflatoxin Bi and the Nesheim method (2) for ochratoxin A. 
b Detection limit and recovery, see footnote to Table 1.
c Detection limit 20 pg/kg in simple and compound feeds. When added at 500 pg/kg, recoveries of ochratoxin A were 

ca 95% but In compound feeds recoveries are probably poorer at concentrations close to the detection limit. (Compare 
results for samples 2 and 7 in Table 2 and sample 10 above.)

affect the sim ultaneous determ ination  of afla
toxin Bj but this application is not recommended 
because of potential hem iacetal form ation.

The advantages of the m ethod described in 
clude: w ith  appropriate extractants, a single
procedure may be used to quantitate aflatoxins 
and ochratoxin A in simple and compound feeds; 
the m ethod is rapid, taking about 2 h to complete 
an analysis; the m ethod is economical, w ith  a 
considerable savings in materials, even allowing 
for the cost of disposable Sep-Pak cartridges; and 
the m ethod is less hazardous because it uses 
sm aller volum es of solvent and exposes the op
erator to less vapor than either of the 2 reference 
m ethods. A lthough the above description in 
cludes quantitation by a visual TLC procedure,

this detection system can be replaced by fluoro- 
densitom etry or h igh pressure liquid  chrom a
tography.

Re f e r e n c e s

(1) Fertilizers and Feeding Stuffs (Amendment) Regulations 
(1976) Statutory Instrum ent 1976, No. 840, Her 
Majesty's Stationery Office, London, UK

(2) Nesheim, S., Hardin, N. F„ Francis, O. J„ & Lang- 
ham, W. S. (1973) J. Assoc. Off. Anal. Chem. 56, 
817-821

(3) Roberts, B. A., & Patterson, D. S. P. (1977) Proc. 2nd 
Meet. Mycotoxins in Animal Disease, D. S. P. Patter
son, G. A. Pepin, & B. J. Shreeve (Eds.), Ministry of 
Agriculture, Fisheries and Food, Pinner, M iddle
sex, UK, pp. 60-72

(4) Official Methods of Analysis (1980) 13th Ed., AOAC, 
Arlington, VA, Chapt. 26



964 STUBBLEFIELD & SHOTWELL: I. ASSOC. OFF. ANAL. CHEM. (VOL. 64, NO. 4, 1981)

Determ ination of Aflatoxins in Anim al Tissues
ROBERT D. STUBBLEFIELD and ODETTE L. SHOTWELL
U.S. Department of Agriculture, Science and Education Administration, Northern Regional 
Research Center, Agricultural Research, Peoria, IL 61604
A method for the determination of aflatoxins in an
imal tissues has been developed, and applied suc
cessfully to beef, swine, chicken, and human livers, 
and to beef kidney, heart, spleen, muscle, and blood. 
Blended tissue is denatured with citric acid and ex
tracted with dichloromethane on a wrist-action 
shaker. After filtration, the extract is partially pu
rified on a silica gel column, and aflatoxins Bi and Mi 
are determined by 2-dimensional thin layer chro
matography and densitometry. Recoveries of Bi and 
Mi added to meat tissues and blood were approxi
mately 90 and 80%, respectively. The method gave 
results for a contaminated freeze-dried liver compa
rable to analyses by 3 other published meat tissue 
methods. The method is rapid and has a determi
nation limit ¿0.1 ng/g. In addition, the method uses 
less toxic and smaller quantities of solvents and 
chemicals.
Aflatoxins have been found in organs and tissues 
of beef, sw ine, and poultry  that have ingested 
aflatoxin-contaminated feeds (1-3). The liver is 
the target organ of aflatoxicosis; however, Bj, B2, 
and  Mi have been detected in o ther edible an i
mal tissues and, therefore, present a potential 
health  hazard for hum ans. Aflatoxin levels re
ported in meats are usually less than 1 n g /g , but 
animal tissues contaminated w ith aflatoxin at any 
detectable level should  be diverted  from com
mercial food channels. This requires accurate 
and sensitive quantitative methods.

Several m ethods for determ ining aflatoxins in 
liver have been published (4-9). These methods 
either require considerable time, lack the desired 
detection lim it (<0.1 ng /g ), or give final extracts 
for thin  layer chromatography (TLC) that contain 
fluorescent impurities which make identification 
of low levels of aflatoxin difficult. A m ethod for 
the determ ination  of aflatoxin Mj in dairy 
products (10) was m odified for animal tissues. 
The m ethod is rapid and sensitive, and gives TLC 
extracts that are free of interfering contaminants. 
In addition, the m ethod uses less toxic and 
sm aller quantities of solvents and chemicals. 
This paper reports the application of this method 
to beef, swine, chicken, and hum an livers and to 
beef kidney, heart, spleen, muscle, and blood.

This paper was presented at the 94th Annual M eeting of the 
AOAC, Oct. 20-23, 1980, W ashington, DC.

Experimental
Apparatus

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

(b) Meat grinder.—W aring Blendor, M odel 
EP-1, and any m anual food grinder.

(c) Chromatographic columns.—Glass 50 X 1.0 
cm id; see 26.A10(b) (11).

(d) Filter paper.—32 cm, S&S No. 588, or 
equivalent rapid flow, high w et-strength paper; 
and  24 cm, S&S No. 560, or W hatm an 2V or 
equivalent m edium  flow paper.

(e) Thin laper plates.—10 X 10 cm commercial 
pre-poured, 0.25 mm thickness, glass plates 
(handcut from 20 X 20 cm) (E. Merck silica gel 60, 
No. 5763) or prepare in laboratory as described 
in 26.A10(d) (11).
Reagents

(a) Solvents.—Reagent grade, distilled in glass. 
Glacial acetic acid, acetone, acetonitrile, benzene, 
chloroform  (0.75% ethanol), d ichlorom ethane, 
e thyl e ther (0.01% ethanol, peroxide-free), hex
ane (68-69°C), isopropanol, and toluene.

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

(c) Silica gel for column chromatography.—E. 
Merck silica gel 60 (No. 7734) 0.063-0.200 mm 
(70-230 mesh), or equivalent. Treat as described 
in 26.A ll(c) (11).

(d) Sodium sulfate.—A nhydrous, granular.
(e) Diatomaceous earth.—Hyflo Super-Cel.
(f) Aflatoxin standards.—Prepare aflatoxins Bj 

and Mi in acetonitrile-benzene (1 +  9) to contain 
0.25 u g /m h  each for e ither visual or densito
métrie analysis. If aflatoxins Gi, B2, an d /o r G2 are 
needed, prepare Gi at 0.25 pg /m L  and B2 and  G2 
at 0.05 /ug/mL. Store standards in 1 dram  vials 
fitted  w ith  Teflon-lined screw caps and store at 
0°F w hen  not in use.
Samples

Artificially contaminated animal tissues.—All 
anim al tissues and blood samples used in this

M ention of firm names or trade products does not imply that 
they are endorsed or recom m ended by the U.S. D epartm ent 
of A griculture over o ther firms or sim ilar products not m entioned.
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Table 1. Recovery of aflatoxins B i and Mi from artificially contaminated meat products a

Aflatoxin Bi Aflatoxin Mi
Bi and Mi ---------------------------------------------------------  ----------------------------------

Meat product

added, 
ng/g or 
ng/mL

Reed, 
ng/g or 
ng/mL

Rec.,
%

Std
dev.

Coeff. of 
var.,

%

Reed, 
ng/g or 
ng/mL

Rec.,
%

Std
dev.

Coeff. of 
var.,

%

Liver, beef 0.1 0.091 90.7 0.013 14.6 0.084 84.4 0.013 15.4
0.5 0.476 95.2 0.031 6.6 0.409 81.1 0.036 8.9
1.0 0.922 92.2 0.132 14.3 0.817 81.7 0.077 9.4

Liver, swine 0.5 0.480 96.0 0.061 12.7 0.420 84.0 0.037 8.8
Liver, chicken 0.5 0.444 88.8 0.029 6.6 0.417 83.3 0.039 9.4
Liver, human 0.5 0.524 104.0 0.050 9.5 0.486 97.3 0.030 6.1
Kidney, beef 0.5 0.476 95.1 0.045 9.6 0.431 86.3 0.069 15.9
Heart, beef 0.5 0.459 91.8 0.049 10.7 0.428 85.6 0.045 10.5
Spleen, beef 0.5 0.474 94.8 0.033 7.0 0.414 82.7 0.027 6.6
Muscle (chuck), beef 0.5 0.443 88.6 0.077 17.4 0.438 87.6 0.048 11.0
Blood (coag.), beef 0.5 0.475 94.9 0.045 9.5 0.464 92.8 0.046 9.9
Blood (uncoag.), beef 0.5 0.418 83.6 0.054 13.0 0.391 78.2 0.052 13.3

a As determined by 2-dimensional TLC and densitometry described in the text. All values represent the averages of 8-12 
determinations except for human livers which represent 2 samples.

study w ere obtained at local superm arkets and 
slaughterhouses and judged aflatoxin-free after 
assays by the  m ethod presented  in this paper. 
H um an liver was obtained from  the Pathology 
D epartm ent of St. Francis H ospital, Peoria, IL. 
S tandard aflatoxin solutions (0.1 ng Bi and 
M i/m L  acetone) were added to b lended  beef 
liver (100 g /sam ple) to obtain samples spiked at 
levels of 0.1, 0.5, or 1.0 ng Bj and M i/g . The 
same solution was added to b lended or ground 
swine, chicken, and hum an liver (100 g/sam ple), 
to beef kidney, spleen, heart, muscle (chuck), and 
blood, and  to hum an u rine (100 g or 100 mL/ 
sam ple) at a level of 0.5 ng Bj and  M i/g  or mL. 
Both coagulated and  uncoagulated (containing 
ethylenediam inetetraacetic acid (EDTA)) blood 
w ere tested.

Contaminated freeze-dried liver powder.—Con
tam inated  dry pow dered liver was prepared by 
tho rough ly  m ixing standard  aflatoxin solution 
(0.5 pg  Bi and  Mi /m L acetonitrile) (3.6 mL) w ith  
aflatoxin-free b lended  liver (3.5 kg), and  the 
m ixture was freeze-dried. The dry pow der was 
m ixed 15 m in w ith  a H obart mixer to ensure 
homogeneity. Analyses w ere made on samples 
equivalent to 100 g liver by m ixing 30 g pow der 
w ith  70 mL w ater in  the extraction flask.
Extraction

Blend meat tissue un til hom ogeneous (muscle 
and  heart tissues m ust be g round  because of in 
sufficient w ater content). W eigh 100 g m ixture 
or transfer 100 mL blood or u rine  into  500 mL 
wide-m outh, glass-stopper Erlenm eyer flask (or 
equivalent). Add 10 mL citric acid solution and 
mix thoroughly w ith 30 cm X 1 cm glass stirring 
rod. After 5 min, stir again, and mix w ith  20 g

diatom aceous earth (40 g, blood; 50 g, urine). 
Add 200 mL dichlorom ethane and stir to remove 
excess solids from rod. Shake flask vigorously 
on wrist-action shaker (setting 5 on a Burrell) for 
30 min. Filter m ixture through  paper (588-fast 
flow) into 300 mL Erlenm eyer flask contain ing 
10 g sodium  sulfate. (Close filter top  and com
press en tire  filter against funnel to obtain maxi
m um  filtrate volum e.) Gently sw irl flask in te r
m ittently  ca 2 m in and refilter th rough  paper 
(560 or 2V-medium flow) (588 for blood) into 250 
mL graduate and record volum e (cover funnel 
w ith  a watch glass to p reven t evaporation of 
solvent). Evaporate filtrate in  500 mL round- 
bottom flask, under vacuum, to near dryness and 
save for colum n chrom atography.
Column Chromatography

Proceed as in 26.A13 (11) except: (1) prepare 
colum n w ith  dichlorom ethane; (2) redissolve 
concentrated filtrate in  ca 25 mL d ichlorom eth
ane and add to colum n (use d ichlorom ethane to 
rinse round-bottom  flask and  colum n); and  (3) 
use hexane-ether-acetonitrile (6 +  3 +  1) instead 
of (5 +  3 +  2).
Thin Layer Chromatography and Visual or 
Densitometric Analysis

Proceed as in 26.A14(c) (11) for 2-dimensional 
TLC. D eterm ine aflatoxin concentrations as in 
26.074 and  26.031(d) (11), substitu ting  (100 g or 
mL X filtrate vol.)/200 in  form ula for W.

Results and Discussion
Recoveries of aflatoxins B] and Mj from  arti

ficially contam inated meat tissues and blood are 
given in Table 1. Generally, recoveries for Bi
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Figure 1. Photograph of a 10 X 10 cm TLC plate of beef liver extract containing aflatoxins Bi and Mi (0.5 
ng/g  each) developed 2-dimensionally with ether-methanol-water (93 + 6 + 1) (direction 1) and chloro

form-acetone-isopropanol (82 + 10 + 8) (direction 2).

were 90-95% and those for Mi w ere 80-85%. 
Coefficients of variation were 10-15% for Bi and 
Mj analyses. O nly small differences w ere ob
served between levels (0.1-1.0 ng /g ) in beef liver 
or betw een animal or tissue species. Recoveries 
from the 2 hum an livers tested w ere h igher 
(104% Bi and  97% Mi); how ever, data from only 
2 samples were not representative. No unusual 
contam inants w ere observed on TLC plates for 
the hum an liver extracts. Two individual 
chicken livers (25-30 g each) w ere spiked w ith  
Bi and Mi (0.5 n g /g  each), and the materials were 
reduced proportionately to determ ine if they 
could be assayed. A lthough the data are not 
given, individual chicken livers can be assayed 
successfully, but 4 livers (ca 100 g) are preferred. 
A com parison of the values for coagulated and 
uncoagulated beef blood indicated coagulated 
blood gave much better recoveries (95% B] and 
93% Mi). This may be attributed to the swelling 
of red  blood cells w hen  blood is mixed w ith  or
ganic solvents, and either absorption, occlusion, 
or cleavage from bound proteins of the toxins 
during the extraction step. Another explanation 
may be that some aflatoxins form a complex w ith 
the EDTA used as an anticoagulant in the blood. 
The data on spiked samples indicated that coag
ulated blood is preferred for assay; however, this 
was difficult to predict w ithout testing naturally 
contam inated blood samples.

The aflatoxin Bi and Mi zones on TLC plates 
w ere free of in terfering  substances for all sam
ples. The cleanest extracts w ere obtained from 
blood samples. We occasionally found extra
neous fluorescent zones near the Bi zone in ex
tracts of sw ine liver and  near the Mi zone in  ex
tracts of chicken liver; however, these impurities 
w ere not found routinely  in these tissues. A 
typical 2-dim ensional TLC plate of beef liver 
extract is show n in Figure 1.

A com parison of the assay results obtained 
w ith  the 4 most recent analytical m ethods for 
liver (7-9) and for contam inated freeze-dried 
liver are presented  in Table 2. The aflatoxin Bi 
and  Mi values are very sim ilar for all methods.

Table 2. Comparison of determination of afiatoxins Bj 
and Mi in contaminated powdered liver by 4 methods *

Method
Aflatoxin Bi, 

n g /g
Aflatoxin Mi, 

n g /g
Jemmali and Murthy (7) 0.42 0.48
Trucksess and Stoloff (8) 0.55 0.42
van Egmond et al. (9) 0.45 0.41
NRRC 0.43 0.40

a As determined by 2-dimensional TLC and densitometry. 
Contaminated powdered liver prepared by mixing aflatoxins 
Bj and M] with blended beef liver, and then freeze-drying. All 
values are an average of 2 determinations made by H. P. van 
Egmond, National Institute of Public Health, Bilthoven, The 
Netherlands.
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Figure 2. Photograph of a 10 X 10 cm TLC plate of contaminated freeze-dried beef liver (0.5 ng Bi and M i/g)
developed as described in Figure 1.

The differences in  the Mi value attained by the 
Jem m ali and M urthy m ethod (7) and in the B] 
value from the Trucksess and Stoloff m ethod (8) 
can be attribu ted  to fluorescent interferences in 
those areas of the TLC plates. Extracts from the 
van Egm ond et al. (9) and NRRC m ethods had 
less fluorescent im purities than  did the extracts 
from  the o ther m ethods. There are large d if
ferences in  the total analysis times of the 4 
m ethods. ,The m ethods of van Egmond et al. (9) 
and  NRRC w ere faster and used less solvent and 
glassware. Overall for analyses of meats, the 
NRRC m ethod com pared favorably w ith  the 
o ther m ethods.

These experim ents show ed a noticeable in 
crease in  interferences in the freeze-dried liver 
extracts w hich were not detected with fresh liver 
extracts (Figure 2). The freeze-drying process 
caused considerable changes in  the meat tissue. 
This m ade interpre tation  of the TLC chrom ato
gram s for these products m uch more difficult— 
especially for the  aflatoxin M i. Assay of frozen 
m eat products was definitely  preferred  over 
freeze-dried.

Several observations during the developm ent 
of this m ethod should be discussed. Most of the 
m eat tissues could be b lended to achieve hom o
geneity, but heart apd o ther muscle tissues have 
low er w ater contents and, therefore, should  be 
g round  w ith  a hom e food grinder. T richloro
acetic acid (10%) was investigated as a denaturing

agent in  place of citric acid, bu t this resulted in 
n e ith e r better recoveries no r cleaner TLC ex
tracts. D ichlorom ethane was used throughout 
the m ethod in place of chloroform, except in the 
elu ting  solvent for colum n chrom atography. 
D ichlorom ethane is preferred  because it is less 
toxic than  chloroform  and it does no t contain 
e thanol as a preservative. The latter was im 
portant in the dairy products collaborative study
(12) because ethanol content varied (0.75-2.0%) 
in commercial lots of chloroform throughout the 
w orld. Concentrations greater than  0.75% led 
to early elu tion  of aflatoxin from the column. 
D ich lo rom ethane e lim ina ted  th is  problem . 
C hloroform  in the elution solvent (acetone- 
chloroform  (1 + 4 )) was not changed, because no 
problem  w ould exist at this stage of the cleanup; 
how ever, h igher ethanol concentrations w ould 
probably elute more interferences from the coD 
um n. Presum ably, d ichlorom ethane could be 
substituted for chloroform in the eluting solvent 
if 0.75% ethanol was added to ensure a sim ilar 
e lu tion  volum e.

A medium flow filter was im portant to remove 
fine particulate m atter from the concentrated 
m eat extracts. Failure to do so w ould clog the 
silica gel colum n. Preferred filter papers are S&S 
No. 560 or W hatm an No. 2V. The colum n 
cleanup step was m odified from tha t originally 
proposed for the  dairy products m ethod (10) to 
include a 25 mL hexane wash to rem ove residual
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acetic acid from the column. This was necessary 
to p revent early elution of Bi and  Mj from the 
column.

Two-dimensional TLC of the meat extracts was 
accom plished w ith 10 X 10 cm plates and  re
quired only 30 min. This saved both tim e and 
cost. It should be m entioned that on TLC plates 
the aflatoxin Bi and Mj zones from the tissue 
extracts have slightly  low er Rf values than  the 
standards (Figure 1). This was caused by the 
large concentrations of extract that were spotted 
on the plate. The aliquot of extract spotted 
represented 12-15 g of original tissue, which was 
considerably more than usually spotted in other 
aflatoxin procedures (11). Toxin m igration on 
plates during developm ent in the first direction 
was slowed by the presence of im purities in  the 
extract. This did  not prevent positive identifi
cation of the aflatoxins, bu t one does need to 
become fam iliar w ith  the position of the  toxins 
on the TLC plate. False positive samples will not 
be a problem  because confirm atory tests (13) 
should  be run  to positively identify  any suspect 
samples.

Aflatoxins B2, Gj, a n d /o r G2 can be detected in 
tissue sam ples w ith  this m ethod. For quantita
tive data on these aflatoxins, the solvent system 
that resolves them  best should be substituted for 
the second-direction solvent (isopropanol-ace
tone-chloroform ).

This m ethod was tried unsuccessfully w ith 100 
mL hum an urine samples. C leanup of the sam 
ples was no t satisfactory, and  fluorescent con
tam inants obscured identification of Bj and  Mj 
zones at levels less than 1 ng/m L. Acid and base 
partitions of the urine extracts were not effective 
in  rem oving the contam inants. A nim al u rine 
samples were not available to the authors, so we 
d id  no t try the m ethod on these types of sam
ples.

The m ethod presented  in  this paper was ef
fective fo r analyses of most meat tissues. It was

rapid, gave clean extracts for TLC, used less toxic 
and smaller quantities of solvents and chemicals, 
and was sensitive to <0.1 ng /g .
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D R U G S  IN F E E D S

H igh Pressure Liquid Chromatographic Determ ination of N ifursol 
in Finished Feeds
GLENN M. GEORGE, LARRY J. FRAHM, and J. PATRICK McDONNELL
Sa lsb u ry  Laboratories, P harm aceu tica l D e ve lo p m en t and  A n a ly s is  D e p a r tm e n t, C harles C ity , IA
5 0 6 1 6  '

Nifursol is extracted from feed with acetonitrile, and 
then washed with carbon disulfide to remove feed 
interferences. An aliquot is concentrated, diluted 
with 5% NaCl solution, filtered, and then subjected 
to high pressure liquid chromatography on a strong 
anion exchange column, using 365 nm photometric 
detection. The average recovery of nifursol from 
fortified feed samples was 100.6% with an average 
coefficient of variation of 3.5%. The nifursol deter
mination is not subject to interference from the other 
commonly used nitrofurans.

N ifursol is a d rug  used to prevent blackhead 
(histomoniasis) in turkeys (1). It is administered 
through the feed at concentrations of 0.0025% (25 
ppm)-0.0075% (75 ppm).

The presen t official AOAC m ethod (42.098- 
42.104) for determ in ing  nifursol (3,5-dini- 
trosalicylic acid-(5-nitrofurfurylidene)hydrazide) 
in finished feeds involves extraction of the drug 
w ith  d im ethylform am ide (DMF) (2, 3). In te r
ferences are rem oved by alum ina chrom atogra
phy. The drug  is detected and m easured by re
action w ith  phenylhydrazine hydrochloride to 
form the 5-nitrofurfural phenylhydrazone. The 
reaction product is partitioned into  toluene and 
determ ined  spectrophotom etrically at 555 nm  
after addition of Hyam ine ®-OH. This reaction 
relies on the  response to the 5-nitro-2-fural- 
dehyde (5NF) portion  of the nifursol molecule, 
w hich makes the reaction subject to interference 
from  o ther n itro furan  drugs.

A gas chrom atographic procedure has been 
reported  by W heals and W eston (4) for deter
m in ing  nifursol in  finished feeds. N ifursol is 
extracted from  feed w ith  acetonitrile, and the 
sam ple is w ashed w ith  carbon disulfide to re
move feed interferences. The nifursol molecule 
is hydrolyzed to form  3,5-dinitrosalicylic acid, 
w hich  is then  esterified w ith  boron trifluo ride- 
m ethanol complex to form  m ethyl-3,5-dini- 
trosalicylate, w hich is detected and  measured by

Received O ctober 2,1980. Accepted January 5,1981.
G. M. George is the  Associate Referee for N ifursol in  

Feed.

electron capture gas chrom atography. This 
m ethod is sensitive and  essentially specific for 
nifursol. The m ethod, how ever, does require a 
specially prepared gas chromatographic column. 
Both of the above methods involve derivatization 
to determ ine nifursol in  feed medication.

The use of h igh  pressure liquid  chrom atogra
phy  (HPLC) for determ in ing  the unchanged 
nifursol drug was investigated. This technique 
provided specificity w ithout a derivatization step 
resu lting  in a convenient, accurate m ethod for 
analysis of feeds for nifursol medication.

The HPLC m ethod involves the extraction of 
nifursol from feed w ith acetonitrile followed by 
a carbon disulfide sample wash. The sam ple is 
concentrated by 50%, then  d ilu ted  w ith  a 5% 
NaCl solution, and fine-filtered. The sam ple is 
subjected to HPLC on a strong anion exchange 
colum n, using a 365 nm  photom etric detector. 
This analytical procedure for n ifursol is not 
subject to interference from the o ther commonly 
used n itro furan  drugs.

M ETHOD
Reagents

(a) Acetonitrile.—N on-spectro, d istilled  in 
glass (Burdick & Jackson Laboratories, Inc.).

(b) Carbon disulfide.—A nalytical reagen t 
(M allinckrodt Chemical Works).

(c) Sodium chloride.—Analytical reagent (J. T. 
Baker Chemical Co.). To prepare 5% solution, 
place 50 g sodium  chloride in  1 L flask, and  dis
solve and  dilute to volum e w ith  glass-distilled 
water.

(d) Nifursol reference standard.—3,5-D ini- 
trosalicylic acid-(5-nitrofurfurylidene)hydrazide 
(Salsbury Laboratories, Charles City, IA).

(e) Stock standard.—Place 50.0 mg reference 
standard  in  100 mL volum etric flask. Dissolve 
and dilute to volum e w ith acetonitrile. Prepare 
fresh  daily.

(f) Working standard.—D ilute 3 mL above so
lu tion  to 50 mL w ith  acetonitrile. Use 5 mL of

0004-5756/81/6404-0969-04$1.00 
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this solution to prepare HPLC standard. Prepare 
fresh  daily.
A p p a ra tu s

(a) H ig h  p re s su re  liq u id  c h r o m a to g r a p h .— 
Equipped w ith  Altex M odel 153 detector set at 
365 nm , range 0.02 absorbance un it full scale.

(b) R eco rd er .—Fisher Recordall Series 5000, 10 
mV full scale; chart speed 0.2 in ./m in .

(c) S am p le  v a lv e .—Rheodyne M odel 7120, sy
ringe-loading sample injector w ith  500 pL 
loop.

(d) P u m p .—M ilton Roy, capable of 5 m L/m in 
and  5000 psi.

(e) C olu m n .—2 ft X %  in., stainless steel, w ith 
stainless steel end  fittings. Pack w ith  D upont 
Zipax strong anion exchange (ZSAX).

(f) M o b ile  p h a s e .—Mix 0.4% sodium  perchlo
rate in  w ater w ith  equal volum e of acetonitrile. 
Filter through 0.9 pm  filter, and degas. Set flow 
rate at 3 m L/m in.
P ro ced u re

G rind feed sample ca 3 m in in h igh speed 
blender to pass No. 20 sieve and mix thoroughly. 
Process feed sample as follows: W eigh 10.0 g 
feed sam ple into  100 mL volum etric flask. Add 
50 mL acetonitrile and  stopper flask w ith  neo
prene rubber stopper. Shake flask 45 m in on 
Burrell wrist-action shaker. For pelleted feed, 
place sam ple in 70°C shaking w ater bath for 30 
m in followed by mechanical shaking for 15 min 
at room tem perature. (Note: Allow contents in 
flask to w arm  to bath tem perature before stop
pering.) Remove and filter im m ediately by 
suction through a medium or fine sintered glass 
funnel.

Transfer 10 mL aliquot of filtered sam ple into 
60 mL separatory funnel. Add 10 mL carbon 
disulfide and mix 30 s, and then  let phases sepa
rate. Draw off lower (carbon disulfide) layer and 
discard. Transfer upper w ashed acetonitrile 
phase into 50 mL graduated conical centrifuge 
tube. Concentrate sam ple to 5.0 mL in a steam 
bath using gentle heating  (70-80°C) and  a fil
tered air stream to remove solvent vapors. Add
15.0 mL 5% NaCl solution to centrifuge tube and 
mix. At this point, include a standard  by p i
petting  5 mL aliquot of d ilu ted  standard into 50 
mL conical centrifuge tube, plus 15 mL 5% NaCl 
solution. This standard is equivalent to 75 ppm 
nifursol (0.0075%) j.n 10 g of feed. Filter sample 
th rough  fine sintered glass funnel. It is not 
necessary to filter standard. (Note: Prewash 
only the funnel w ith acetonitrile, and dry before 
sample is filtered.)

Figure 1. A. Chromatogram for control feeds; B. 
chromatogram for nifursol standard 75 ppm equiva
lent in feed.

Inject 500 pL sample into  chrom atograph. 
Approximately 8 min /chromatogram is required 
(see Figure 1 for typical chromatogram). Sample 
preparation time is approxim ately 2 h. Six 
samples can conveniently be prepared at a time. 
For best results, each day condition colum n w ith 
about 3 injections of sample before collecting 
data, and make standard injection after each 
sample injection.

Calculate nifursol as follows:
nifursol (ppm) =

(peak h t sam ple/peak h t std) X 75
Results and Discussion

The liquid chrom atographic response to in 
creasing am ounts of nifursol was linear over the 
concentration range of 0-100 ppm  nifursol in 
finished feeds. However, for h igher concen
trations of nifursol in feeds, a small sample 
should be extracted to keep the n ifursol con
centration in this linear response range. The 
concentration of nifursol is quantitated  from a 
single point standard. It is unnecessary to es-
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Table 1. Recovery of nlfursol from laboratory-medicated 
feeds

Fortification level, ppm nifursol

Sample 25 50 75 100

i 27 54 73 103
2 27 54 71 101
3 24 48 73 97
4 24 48 72 95
5 26 47 77 95
6 26 51 77 94
7 27 49 75 101
8 27 54 76 99
9 25 53 73 98

10 25 50 72 100
11 26 50 72 99
12 25 50 75 101
13 27 49 74 99
14 26 53 77 98
15 27 54 77 100
16 26 53 75 99
17 27 52 74 93
18 26 49 72 93
19 25 52 72 97
20 25 51 — —

21 — 48 —

Mean 25.9 50.9 74.1 98.1
SD 1.03 2.32 2.04 2.73
CV, % 3.9 4.6 2.8 2.8
Ree. % 103.8 101.8 98.8 98.1

tablish a standard curve daily, because linear 
response has been established over this defined 
concentration range.

Recovery of nifursol from laboratory-m edi
cated feeds was studied over the range of 25-100 
ppm  (Table 1). A nonm edicated commercial 
form ulation of turkey starter mash was fortified 
in the laboratory w ith 25, 50, 75, or 100 ppm  n i
fursol. The m edicated feed samples w ere then  
sam pled and  subjected to HPLC analysis by the 
described procedure. The average observed 
recovery for 20 feed sam ples fortified at 25 ppm  
was 103.8%, w ith  a coefficient of variation of 
3.9%. The average observed recovery for 21 feed 
samples fortified at 50 ppm  was 101.8% w ith  a 
coefficient of variation of 4.6%. The average 
observed recovery for 19 feed samples fortified 
at 75 ppm  was 98.8% w ith  a coefficient of varia
tion of 2.8%, and the average observed recovery 
for 19 feed sam ples fortified at 100 ppm  was 
98.1% w ith a coefficient of variation of 2.8%. The 
m ethod is accurate w ith  an overall average re
covery of 100.6% and precise w ith an average 
coefficient of variation of 3.5%.

Sixteen d ifferent nonm edicated feed samples 
(1-8 mash, 9-16 pellets) w ere analyzed by the 
described assay procedure to determ ine the 
typical nonm edicated feed response calculated

as nifursol: 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.5, 0.5, 0.3, 
0.5,0.7,0.5,0.5,0.5,0.5,0.5. The average nifursol 
response of these nonm edicated feeds was 0.3 
ppm , range 0.0-0.7 ppm . These feed samples 
involved starter-, grower-, and finisher-type ra
tions so tha t a variety of feed form ulations was 
represented.

The following feed additives were assayed by 
the described nifursol procedure for possible 
in terferences: n itro fu razone , n ihyd razone ,
furazolidone, and nicarbazin. N one interfered  
w ith  the assay. The com pounds em erge from 
the colum n at the solvent front. Retention time 
for nifursol is 2 min. Nicarbazin has a very short 
re ten tion  tim e, bu t is separated from nifursol. 
The com pound is insoluble in  acetonitrile, so a 
very small peak is observed. All the above drugs 
w ere checked at the 100 ppm  feed m edication 
level. To check for interference, actual feed 
samples were fortified w ith the drugs in question 
and  w ere assayed as described.

D uring the m ethod research w ork, another 
w orkable liqu id  chrom atographic colum n 
packing m aterial was tried. A 1 m X 4.6 mm di
am eter colum n packed w ith Bondapak Cis re
verse phase (37-50 /xm particles (Waters Asso
ciates)) provided good results for nifursol. 
H ow ever, nitrofurazone interfered , producing 
a peak on the tail of the nifursol peak. A good 
separation of nifursol and n itrofurazone could 
no t be achieved by adding more colum n length  
and  varying the conditions. Reverse phase 
/xBondapak Cjs has been used for determ in ing  
n itro furan to in  in u rine and plasm a (5) and 
furazolidone in turkey tissue (6).

N ifursol in poultry rations was assayed in the 
presence of several o ther animal health products 
to determ ine w hether they m ight interfere w ith 
the  nifursol assay (H. K napstein (1978) Kiel Ag
ricultural Research Center, personal com m uni
cation). These products included: Zoalene,
nitrofurazone, nicarbazin, carbadox, Furoxone, 
N itrovin , Coyden, ipronidazole, dim etridazole, 
decoquinate, buquinolate, nequinate, ronidazole, 
am pro lium , roben id ine , e thopabate, p y ri
m etham ine, thiabendazole, d iaveridine, and 
olaquindox. No interference either positive or 
negative was observed from these products.

The best detection for nifursol is observed in 
the visible region. The peak maxim um for n i
fursol in acetonitrile-NaCl solution is 375 nm. A 
375 nm  filter was not available for the Altex de
tector so a 365 nm  filter was used w ith  good re
sults. The fact that the feed extract blank shows 
no peaks to interfere w ith nifursol also indicates 
tha t the 365 nm  w avelength is acceptable. Au-
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Table 2. Assay of several samples of commercial feeds 
by the proposed HPLC procedure and official AOAC 

method

Nifursol obsd, ppm

Sample ident. AOAC method Proposed HPLC method

8109 24 25
8110 67 68
8578 6.1 0.0
1974 . 53 58
1327-R 67 55

61 62
59

1328-R 62 58
58

1329-R 72 59
73 53
68 52
74

1330-R 59 52
1331-R 67 48

60 50
65 53
62

1332-R 2.0 0.4
1333-R 35 34
1334-R 15 14
1335-R 5.0 0.4

frere et al. (5) also report a 370 nm absorption 
m axim um  for nitrofurans. Response in the UV 
region is rather poor at both the 254- and 280-nm 
w avelengths.

Should the retention  tim e dim inish  on the 
Zipax colum n through use, the retention an d /o r 
separation for nifursol can be restored by re
ducing the percent sodium perchlorate in the 
aqueous portion  of the mobile phase.

It is recom m ended tha t the ZSAX colum n be 
stored overn igh t in acetonitrile-w ater (1 +  1). 
P rolonged storage of the colum n in w ater alone 
may result in  bacterial grow th w hich w ill clog 
the sintered metal filter disks in the colum n end 
fittings. If m ethanol-w ater is used for overnight 
storage of the  colum n, the m ethanol w ill sup
press nifursol response on subsequent chro
matogram s. The acetonitrile-w ater storage of 
the  colum n elim inates this difficulty.

Several samples of commercial pelle ted feeds 
w ere assayed by the proposed HPLC procedure 
and  by the presen t official AOAC m ethod (2, 3)

for n ifursol content. Since these w ere com
mercial feeds, the true am ount of nifursol in the 
feed is not know n. The feeds w ere analyzed to 
compare results obtained by the HPLC procedure 
to the official AOAC procedure; results are re
ported in Table 2. Generally, the 2 m ethods 
produce quite similar results. For pelleted feeds 
it was necessary to extract w ith  acetonitrile in  a 
70°C shaking w ater bath for 30 m in to rem ove 
the nifursol. This was not necessary for mash- 
type feeds.

For 2 feed samples (1329-R and 1331-R), the 2 
m ethods show some difference in  results. The 
AOAC m ethod results are approximately 20-25% 
h igher for nifursol in  these 2 feeds w hen  com
pared w ith  the HPLC procedure. A portion  of 
the AOAC extract was subjected to the HPLC 
detection. The HPLC detection did not find any 
more nifursol in the AOAC extract than  in the 
acetonitrile extract. It was concluded from  this 
test that for feeds 1329-R and  1331-R, the  AOAC 
m ethod produced erroneous results, presumably 
due to a positive interference in the ra ther n o n 
specific AOAC colorim etric m ethod. It was 
noted  on the chrom atogram s for 1329-R and 
1331-R feeds that som ething eluted very quickly 
w ith  little or no reten tion  on the colum n. This 
was not observed on the o ther feed sam ples an
alyzed by HPLC.

From results generated in  the HPLC m ethod 
evaluation, we conclude that a suitable HPLC 
m ethod has been developed for nifursol in an i
mal feeds. The m ethod is both accurate (100.6% 
recovery) and precise (3.5% CV). The m ethod is 
specific for nifursol; o ther com m only used n i
trofurans and feed additives do no t interfere.
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Liquid Chromatographic M ethod for D eterm ination of Arprinocid  
in  Feed: Collaborative Study
DAVID W. FINK
Merck Sharp & Dohme Research Laboratories, PO Box 2000, Rahway, NJ 07065
Collaborators: C. N. Andres; P. J. Brignac, Jr; K. E. Carr; E. J. Davis; T. W. Ferder; H. C. 
Fink; G. M. George; A. A. Lawrence; J. L. Leseney; D. Lowie; R. P.Martin; J. P. Minyard, 
Jr; J. V. Pivnichny; F. Quick; W. D. Rowe; J.-S. K. Shim; R. L. Smallidge; V. A. Thorpe;
J. W. Tolan; W. P. Van Antwerp
An HPLC method for determining arprinocid [9- 
(2-chloro-6-fluorophenyl)methyl-9JHr-purin-6-amine] 
in feed was evaluated in an interlaboratory collabo
rative study. The samples were prepared in pairs 
from feeds obtained from 2 commercial feed manu
facturers to cover the concentration range 0.0050- 
0.0070% arprinocid and were distributed to 14 labo
ratories. Each collaborator was requested to perform 
one determination on each of 6 samples. In this an
alytical procedure, the drug is extracted into CHCI3 
and, after appropriate sample preparation by liq
uid-liquid partitioning, determined using a silica 
column and ultraviolet detection. The means of the 
analyses reported by the collaborators ranged from 
97 to 104% of the true concentration of arprinocid and 
were not significantly different (P >0.1) from the true 
values. The average coefficient of variation was 6.8%. 
The precision standard deviations of the 3 unit blocks 
(sr) were each <0.0004% arprinocid, and the F-test 
demonstrated that systematic error (sb) did not make 
a statistically significant contribution (P >0.1) to the 
standard deviation of the data ( . S d ) .  This method has 
been adopted official first action.

A rprinocid  [9-(2-chloro-6-fluorophenyl)- 
m ethyl-9H -purin-6-am ine] (Figure 1), a new  
anticoccidial agent, can be determ ined in  feed in 
the concentration range 0.0045-0.0080% by either 
a colorim etric (1) or a h igh  pressure liquid 
chrom atographic (2) analytical procedure. The 
latter (HPLC) m ethod was developed to provide 
a m uch faster and more rugged m ethod than  the 
colorimetric procedure. For this reason, and also 
because HPLC is being used increasingly in  the 
analysis of anim al feeds, the chrom atographic 
m ethod was selected for collaborative study.

C ollab ora tive  S tu d y
Preparation and Distribution of Collaborative 

Samples.—The 3 statistical u n it blocks w ere p re
pared at concentrations of 0.0050, 0.0060, and 
0.0070% arprinocid  to cover a range of concen
trations ±0.0010% of the expected fin ished feed

Received A ugust 15, 1980. Accepted February 6, 1981.

concentration of 0.0060%. The 2 samples of each 
unit block were form ulated by blending the same 
w eight of a drug prem ix into  2 unm edicated 
commercial broiler mash feeds. A single premix, 
contain ing 12% arprinocid, was used to prepare 
each of the 6 samples. Before it was blended into 
the feeds, the premix was analyzed several times: 
6 replicate analyses y ielded 100% recovery, 
confirm ing the 12% arprinocid prem ix concen
tration.

O ne hundred  pound  batches of each broiler 
mash w ere mixed w ith  the appropriate w eight 
(ca 19-27 g) of the 12% prem ix for each feed 
concentration level in a 3 cu. ft ribbon mixer. 
Each blend of mash was perm itted  to mix for 20 
m in to ensure hom ogeneous d istribution  of ar
prinocid. The m edicated mashes w ere then  
sam pled and analyzed, and  the balance was 
converted to pellets: A steam pressure of about 
10 psi increased the conditioning tem perature to 
about 170°F. The final 25 lb of pellets was 
spread in  a th in  layer to facilitate cooling and 
drying. The pellets w ere air-dried 16 h. Final 
arprinocid concentration level and homogeneity 
w ere confirm ed by replicate analyses of each 
collaborative sample.

The 6 feed sam ples w hich w ere circulated to 
14 collaborators w ere random ly num bered  as 
follows. The arprinocid concentration in  con
secutive sample num ber order was: Sample
1—0.0060%, Sample 2-—0.0070%, Sample 3— 
0.0050%, Sam ple 4—0.0050%, Sam ple 5— 
0.0070%, Sample 6—0.0060%.' Collaborative 
Samples 1, 2, and 3 were prepared by m edicating 
comm ercial feed form ula A, and Samples 4, 5, 
and  6 represented feed B. Each collaborator was 
supplied w ith 100-125 g of each feed sample, 0.5 
g analytical reference standard arprinocid, a copy 
of the m ethod, and a report form. The collabo
rators were told only that all sam ples contained 
arprinoced in the concentration range 0.0040- 
0.0080%. Each collaborator was requested  to 
perform  a single analysis on each feed, although 
duplicate injections of the final analytical solu-

0004-5756/81 /6404-0973-07$l .00 
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Figure 1. Arprinocid.

tions w ere suggested as a check on the instru 
m entation. Each laboratory was also requested 
to submit representative chromatograms w ith the 
report form.

Pretest of the Method.—In advance of d istrib
u ting  the collaborative samples, the m ethod was 
evaluated in a prelim inary internal collaborative 
study carried out by different analytical chemists 
w ith in  the Associate Referee's laboratory. Two 
carefully b lended m edicated mash feeds w ere 
exam ined—one sam ple contained 0.0060% and 
the o ther contained 0.0070%. These samples 
w ere each analyzed 6-7 times by 3 analytical 
chemists. The results show ed that there was no 
statistically significant difference am ong the 
results obtained by the 3 chemists; w ith  the ex
ception of only 1 outlying result, each of the 54 
determ inations perform ed was w ith in  the range 
±0.0005% of the labeled m edicated drug  con
centration. The overall average recovery was 
102% of the label claim for 34 analyses at the 
0.0060% concentration level and  100% of the 
nom inal concentration for 20 analyses of the 
0.0070% m edicated feed. The coefficients of 
variation at these 2 concentration levels w ere 
3.3% and  4.0%, respectively, under these condi
tions.

A rprinocid
H igh  Pressure L iquid C hrom atographic  

M eth od  —O ffic ia l First A ction
(<Caution; See 51.005, 51.011, 51.018, 51.056, 
51.061)
42.B01 P rin c ip le

A rprinocid is extd from feed into CHCI3 in 
presence of pH  7 phosphate buffer and sepd from 
interferences by partitioning  betw een hexane 
and  0.1N HCl. Aq. soin is neutzd and drug is 
extd into CHCI3 for direct m easurem ent by ad
sorption  HPLC on silica colum n w ith photo
m etric detection at 254 nm.

42.B02 R eagen ts  a n d  A p p a ra tu s
(a) High pressure liquid chromatograph.—Model 

740B pum p and Model 8200 photometric detector 
(Spectra-Physics, Inc., M ountain View, CA 
94040), or equiv. O perating conditions: flow 
rate 1.0 m L/m in; detector w avelength 254 nm; 
100 ph  loop injection valve (Valeo Instrum ents 
Co., Inc., H ouston, TX 77055); am bient tem per
ature.

(b) Chromatographic column.—25 cm X 3.0 mm 
id, contg Spherisorb 5 pm  silica (Spectra-Physics, 
Inc.).

(c) Mobile phase.—M e0H -H 20-CHCl3 (3 +  0.2 
+  97). (CHCI3 should  contain ca 1% alcohol as 
stabilizer.)

(d) Phosphate buffer.—0.1M. Dissolve 6.80 g 
KH2P 0 4 and 8.71 g K2H P 0 4 in 1 L H 20 .

(e) Arprinocid std soln.—24 pg/m L . W eigh
60.0 mg arprinocid and dissolve in 250 mL 
CHCI3. Evap. 5.00 mL aliquot to dryness under 
N in 50 mL vol. flask; dissolve residue in and dil. 
to vol. w ith  0.1N HC1.
42.B03 E xtraction

Accurately w eigh 10.0 g ground feed and 
transfer to 125 mL g-s erlenmeyer. Add 50.0 mL 
CHCI3 and  25.0 mL 0.1M phosphate buffer, and 
mech. shake 1 h. Transfer ca 45 mL extn mixt. to 
50 mL centrif. tube. Centrif. 10 min at 2000-2500 
rpm and discard upper (aq.) phase. Filter CHCI3 
phase th ru  W hatm an No. 2 paper and transfer
10.0 mL filtrate to 15 mL centrif. tube. Place 
tubes in ca 50° H 20  bath and evap. under N  to ca 
0.25 mL oily residue.
42.B04 P a r titio n in g

Add 5.0 mL hexane followed by 5.00 mL 0.1N 
HC1 to tube contg residue and mech. shake 10 
m in at low speed (to avoid form ation of em ul
sion). Centrif. 10 m in at 2000-2500 rpm  and 
discard upper (hexane) layer and any em ulsion 
at interface. Transfer 3.00 mL aq. sample soln to 
15 mL centrif. tube and add 3.0 mL 0.2M Na2CC>3 
and  3.00 mL CHCI3 to tube. Transfer 10.00 mL 
arprinocid std soln to 50 mL centrif. tube and add
10.0 mL 0.2M N a2C 0 3 and 10.00 mL CHCI3 to 
tube. Mech. shake both sample and std 10 m in 
and  centrif. at 2000-2500 rpm. Discard upper 
(aq.) phase.
42.B05 D e te rm in a tio n

Use C H C I3 solns of sample and std for HPLC 
injections. Using 100 p L  loop injection valve 
inject std, follow w ith  duplicate injections of 
sam ple, and repeat injection of std. M easure 
peak hts, obtain mean peak hts for sam ple (PH)
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Table 1. Collaborative results for the determination of arprinocid (%) In feed

Arprinocid found, %

Coll.
Sample

1
Sample

2
Sample

3
Sample

4
Sample

5
Sample

6

1 0.0063 0.0067 0.0053 0.0056 0.0076 0.0066
2 0.0064 0.0072 0.0050 0.0052 0.0070 0.0063
3 0.0063 0.0070 0.0048 0.0054 0.0072 0.0061
4 0.0065 0.0068 0.0050 0.0053 0.0073 0.0068
5 0.0059 0.0071 0.0048 0.0050 0.0072 0.0059
6 0.0060 0.0066 0.0052 0.0050 0.0066 0.0057
7 0.0084 a 0.0069 0.0052 0.0050 0.0075 0.0041 a
8 0.0051 0.0069 0.0039a 0.0057 0.0057 0.0065
9 0.0072 a 0.00773 0.0063 a 0.0058a 0.0081 a 0.00738

10 0.0051 0.0060 0.0046 0.0052 0.0061 0.0054
11 0.0062 0.0072 0.0052 0.0052 0.0074 0.0068
12 0.0050 0.0062 0.0051 0.0047 0.0071 0.0059
13 0.0060 0.0069 0.0048 0.0051 0.0069 0.0060
14 0.0068 0.0070 0.0055 0.0055 0.0072 0.0062
Average, % 0.0060 0.0068 0 0050 0.0052 0.0070 0.0062
CV, % 10 5.3 5.1 5.3 7.9 7.1
Formulated 

concn, %
0.0060 0.0070 0.0050 0.0050 0.0070 0.0060

Arprinocid 
rec., %

100 97 100 104 100 103

a Outlying results excluded from statistics.

and  standard  (PH'), and  det. arprinocid w ith 
form ula:

A rprinocid, % = (PHIPH') X 0.0060

Results and Discussion
The results of the collaborative study are p re

sented in Table 1, for w hich the data from  some 
laboratories were rounded to 2 significant figures 
to reduce all the results to a consistent set. This 
table show s that the m eans of the recoveries of 
arprinocid  on each sam ple ranged from 97 to 
104%. The follow ing statistical treatm ent is in 
accord w ith  the guidelines of the Statistical 
Manual of the AOAC  (3).

The 2-sample charts for the 3 un it blocks are 
presen ted  in Figure 2. As usual, the points are 
p redom inantly  found in  quadrants I and III, 
respresenting + ,+  and — results: 20 points lie 
in  these 2 quadrants, 13 appear in  quadrants II 
and  IV, and the rem ainder of the laboratories are 
located on the borders betw een quadrants. The 
points are also generally  clustered near the ref
erence concentrations in  the usual elliptical 
patte rn  around a major axis at 45°, w ith  a few 
apparen t exceptions: The 3 points for collabo
rator 9 all lie w ell out of the cluster, a lthough 
near the 45° line for each pair. This pattern  is 
clear evidence of a systematic error w hich is large 
in com parison w ith  the o ther collaborators. 
Collaborator 7 is also far rem oved from the

cluster on pair II, and  Collaborator 8 show s evi
dence of an atypically large precision error.

In general, most of the representative chro
matogram s subm itted by the collaborators were 
of excellent quality: The shape of the analyte 
peaks indicated high chromatographic efficiency 
and were well separated w ith baseline resolution 
from all extraneous feed com ponents at short 
reten tion  times. Because Collaborators 4 and  6 
found the arprinocid peaks on the  tail of the 
elution of o ther com ponents, these collaborators 
drew  sloping baselines for the ir peak heigh t 
m easurem ents; this procedure d id  not have a 
deleterious effect on the analytical results of 
these laboratories (Table 1).

Rejection of Outliers.—The results of ranking 
the collaborative analyses are presented in Table
2. Collaborator 9 reported the highest analytical 
results on 5 of the 6 samples, and also ranked No. 
2 on the rem aining feed, for w hich the h ighest 
result proved to be an ind iv idual outlier (see 
below). The total rank for th is laboratory, 7, is 
well beyond the approxim ate 5% 2-tail limits for 
ranking 14 collaborators w ith  6 samples, w hich 
are 17 and 73. W ith this ranking, w hich is also 
apparent in the 2-sample charts, Laboratory 9 was 
not included in the fu rther analysis of the  data 
because of this abnorm ally large systematic 
error.

The total rank for Laboratory 10 is also beyond 
the criteria for rejecting an outly ing laboratory.
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Figure 2. Two-sample charts for the 3 statistical unit 
blocks. Each pair consists of the same concentration 
of arprinocid blended into 2 different commercial 
feed formulas. The numbers beside the points 
identify the collaborators. The reference values are 
indicated by the cross-hatch at the center of each 

chart.

However, the rank for this collaborator generally 
reporting low results is only 0.5 un it beyond the 
statistical limit. In addition, the points for this 
collaborator are not consistent am ong the three 
2-sample charts: A lthough this laboratory ap
pears in the third  quadrant (—,—) on pairs II and 
III, it can also be found in the second quadrant 
(—,+) on pair I. For these reasons, Collaborator 
10 was retained in the follow ing statistical anal
ysis.

There are 3 individual laboratory results which 
are beyond the lim its established by the norm al

law of errors as evaluated by Dixon's test. These 
are the results of Laboratory 7 for Samples 1 and 
6 and  of Laboratory 8 for Sample 3. It is signifi
cant that 2 of these 3 outly ing values w ere re
ported by one collaborator. Calculated values 
of r2i for these 3 values are 0.58, 0.64, and 0.64, 
respectively, and the critical value of r2i for 13 
m easurem ents is 0.52. Hence, because each of 
these ratios is beyond the criterion for rejection 
w ith  a 1 in 20 probability of a w rong decision, 
these 3 individual outlying results w ere ex
cluded.

Homogeneity of Variation between Laborato
ries.—The hom ogeneity of experim ental varia
tion betw een laboratories was evaluated based 
on the ranges of results on the collaborative 
samples. After elimina’tion of the outliers, the 
ranges, uik, of Samples 1-6 are: 0.0018%, 0.0012%, 
0.0009%, 0.0010%, 0.0019%, and 0.0014%, re
spectively , y ie ld ing  a ratio  a max/a)mi„ = 
0.0019/0.0009 = 2.1. This ratio is below the 
critical lim it for testing hom ogeneity of w ith in- 
sam ple variation at the 5% level of significance 
(2.7). Thus, the variance is dem onstrated to be 
sufficiently hom ogeneous so tha t none of the 
sam ples need be treated separately.

Statistical Results.—Table 3 sum m arizes, in 
standard form, the results of the statistical study. 
The precision standard  deviation, sr, was com
puted from the differences of the paired samples, 
the distribution standard deviation, sa, from the 
totals of the pairs, and the standard deviation for 
the distribution of systematic errors, Sb, from the 
relationship = 2sj; +  s*. In all 3 pairs, sr and Sb 
are each <0.0004% arprinocid and are also of the 
same order of m agnitude, dem onstrating  that 
neither of these sources of error is unusually  
dom inant. The calculated F-values in Table 3 
are less than  the critical F at the 10% level of 
significance for 12 degrees of freedom ; hence, 
systematic error, Sb, does not make a statistically 
significant contribution (P >0.1) to the standard 
deviation of the data, sa- The coefficients of 
variation listed in Table 3 were com puted in a 
standard m anner from all of the individual 
analyses at each concentration level. Because 
these coefficients are independen t of concen
tration, the m ean of these 3 values, 6.9%, is an 
accurate measure of the precision of the analyt
ical m ethod.

Accuracy.—Because the true reference con
centration  of arprinocid  is know n in this col
laborative study for each u n it cell, the Student 
(-test can be used to test for system atic error in 
this method. For pairs I, II, and III, the calculated 
values of t are 1.7, 0.87, and 0.95; for corre-
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Table 2. Ranked collaborator results

Sample

Coll. 1 2 3 4 5 6
1 otal 
rank

1 6.5 11 3 3 2 4 29.5
2 5 2.5 8.5 8 10 6 40
3 6.5 5.5 11 5 7 8 43
4 4 10 8.5 6 5 2.5 36
5 11 4 11 12 7 10.5 55.5
6 9.5 12 5 12 12 12 62.5
7 1 8 5 12 3 14 43
8 12.5 8 14 2 14 5 55.5
9 2 1 1 1 1 1 7

10 12.5 14 13 8 13 13 73.5
11 8 2.5 5 8 4 2.5 30
12 14 13 7 14 9 10.5 67.5
13 9.5 8 11 10 11 9 58.5
14 3 5.5 2 4 7 7 28.5

sponding  st values of 0.00040, 0.00080, and 
0.00076%, respectively. These f-values are less 
than  the appropriate critical t at the 10% level of 
significance, dem onstrating  that there is no sta
tistically significant difference (P >0.1) between 
the average analytical results and the true (ref
erence) values.

Effect of Chromatographic Column.—This HPLC 
procedure affords a un ique opportun ity  am ong 
collaborative studies to exam ine the effects of 
d ifferen t instrum entation , particularly  the se
lection of analytical chrom atographic colum ns 
by d ifferen t collaborators. The results on the 6 
d ifferent colum ns w hich w ere sam pled in this 
collaborative study are grouped according to 
colum n in Table 4. A lthough no statistical 
analysis was carried out because of the unequal 
num bers of laboratories w hich used each col
um n, these results dem onstrate that there are 
several commercially available chrom atographic 
colum ns w hich are satisfactory for this analysis. 
The 91% recovery on Zorbax Sil cannot be as
signed to column effects because this column was 
used by only one collaborator.

Application to Premix.—The drug premix which 
is used for m edicating feeds contains 12% arpri- 
nocid and is added to feed in the proportions of 
1 lb prem ix per ton feed to y ield a final finished 
feed concentration of 0.0060% arprinocid. Ac

cordingly, the general applicability of this 
m ethod to the analysis of arprinocid  prem ixes 
was evaluated by perform ing 7 replicate analyses 
on each of 3 m edicated premixes: These p re
mixes were form ulated to contain 10.2,12.2, and 
14.3% arprinocid to cover a range of concentra
tions around  the proposed use level. In this 
modification of the feed method, 0.6250 g premix 
was extracted for 1 h into 250 mL CHCI3 , and 10.0 
mL filtered extract was d ilu ted  to 100 mL w ith  
C H C I3  before injection into the H PLC  system. 
The results, presented  in Table 5, illustrate the 
satisfactory analysis of the prem ix by th is m odi
fication of the feed procedure. All of these 
prem ix analyses were obtained by one analytical 
chem ist on one day.

C om m ents o f C ollaborators
Two of the collaborators com m ented that they 

felt that more precise and accurate results can be 
obtained w hen the analytical chemists have more 
experience w ith  the procedure. Extensive ex
perience in the Associate Referee's laboratory 
confirms this prediction. It should be noted that 
a practice sample was not sent out w ith  these test 
feeds, so that the results presen ted  in Table 1 
represent the first experience of each laboratory 
w ith  the procedure. The samples w ere num 
bered in consecutive order and  each laboratory

Table 3. Results of statistical analysis of the collaborative results for arprinocid

Pair
Arprinocid 
present, %

Av.
arprinocid 
found,%

Diff.% Precision
Sr

Systematic
sb

Distribution
Sd SÎ/SÎ DF

cv%
Arprinocid

rec.,%
1 0.0050 0.0051 0 . 0 0 0 1 0 . 0 0 0 2 2 0 . 0 0 0 1 2 0.00028 1.6 1 1 5.4 1 0 2

II 0.0060 0.0061 0 . 0 0 0 1 0.00039 0.00029 0.00057 2.1 1 1 8.6 1 0 2

III 0.0070 0.0069 0 . 0 0 0 1 0.00038 0.00027 0.00054 2.0 1 2 6.8 9 9
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Table 4. Effect of chromatographic column on collaborative results (% recovery of arprinocid)

Chromatographic
column

No. of 
coll.

Sample

Coll. 1 2 3 4 5 6 Av.

Waters /xPorasll 4 1, 2, 3, 6 104 98 102 106 101 103 1 0 2

Silica
Waters Radial 1 5 98 101 96 100 103 98 9 9

Compression 
Radial Pak B

Perkin-Elmer Silica A 2 4, 7 108 98 102 104 106 113 105
Spectra-Physics Silica 5 4 11, 12, 13, 14 100 98 103 103 102 104 102
Hibar II LiChrosorb S160 1 8 85 99 — 114 81 108 97
DuPont Zorbax Sii 1 10 85 86 92 104 87 90 91

analyzed them  in sequence. Hence, that the 
coefficient of variation on Sample 1, 10%, is 
greater than that of any of the later samples is a 
clear indication of im proved results w ith  expe
rience. Two of the collaborators reported second 
trials on their samples for the following reasons: 
Collaborator 7 did not follow the m ethod as 
w ritten  the first time because he was unable to 
grind  the samples. Collaborator 5 repeated his 
analyses because of h is evaluation of the per
form ance of the instrum ental chrom atographic 
system during  the first run. Even after the sec
ond run, one of his results by integrated peak 
area differed by 7% from the same chromatogram 
calculated using peak heigh t m easurem ents. 
The Associate Referee selected this collaborator's 
results by peak heigh t m easurem ent for inclu
sion in the statistical analysis to avoid possible 
instrum ental integrator errors and to conform to 
the w ritten  procedure.

Collaborator 1 analyzed 2 trial unm edicated 
feed spikes to check the chrom atographic con
ditions before analyzing the test samples: the 
recoveries at the 0.004 and 0.008% arprinocid 
concentration levels w ere 109 and 99%, respec
tively. Two collaborators experienced difficulty 
in collecting 10.00 mL CHC13 extract after fil-

Table 5. Application of HPLC procedure to arprinocid 
premixes

Replicate

Premix concentration (% arprinocid)

10.2 12.2 14.3

1 10.2 12.0 14.3
2 10.2 11.9 14.2
3 10.2 12.0 14.3
4 10.3 11.9 14.3
5 10.3 11.9 14.2
6 10.3 11.9 14.4
7 10.3 11.8 14.4
Average 10.3 11.9 14.3
Ree., % 101 98 100
Range, % 0.1 0.2 0.2

tration, and corrected their calculation for a 
smaller volum e taken at this step. An emulsion 
at the interface of this partition  was also noted. 
O ne co llaborator rep o rted  rep ro d u cib ility  
problems with his autosampler, and Collaborator 
12 had difficulty dissolving the analytical refer
ence standard in 0.1N HC1. Several collabora
tors used m inor m odifications of the mobile 
phase w hich helped  to optim ize their chrom a
tographic systems. We have been unable to ac
count for the extraordinarily  precise h igh  sys
tematic error of Laboratory 9: The Associate 
Referee analyzed the 24 pg/m L standard solution 
used by this collaborator and found tha t it was 
accurately prepared (99-101%). It is possible, 
sim ilar to Collaborator 12, that this collaborator 
perhaps did not achieve quantitative dissolution 
of the arprinocid standard  in the 0.1N HC1.

Conclusions and Recommendation
In addition to these collaborative feed samples, 

this HPLC procedure has also been evaluated 
w ith satisfactory results in more than 20 different 
feeds of both domestic and foreign origin. The 
accuracy of the m ethod has also been confirm ed 
by correlation w ith 2 o ther independen t m eth 
ods. A feed prepared to contain 0.0070% arp ri
nocid was analyzed by the present procedure and 
also by a m ethod using the same chrom ato
graphic m easurem ent after extraction into ace
tone rather than  CHCI3. (The solubility of ar
prinocid in acetone is 1.0 m g/m L.) The 13 
analyses using the collaborative m ethod aver
aged 0.00704% arprinocid w ith  a coefficient of 
variation of 4.6%, while the average of 7 analyses 
following acetone extraction was 0.00701% w ith  
a 2.0% coefficient of variation. Previously, 
agreem ent was also good betw een this m ethod 
and an independent colorimetric analysis w hich 
uses the same CHCI3 extraction technique (2). 
The form er correlation supports the efficiency 
of the extraction procedure and  the latter con
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firms the accuracy of the measurement operation 
of this collaborative m ethod. Prior reports have 
also confirm ed the extraction efficiency by ra
diotracer counts of the CHCI3 extract from a feed 
b lended  w ith  labeled arprinocid (1), and  dem 
onstrated tha t this m ethod is applicable to aged 
as w ell as to fresh feeds, and  to both  m ash and 
pelle t feed forms (2).

It has been po in ted  out by a collaborator that 
it w ould be helpful to have an alternative 
m ethod based on reverse phase HPLC in  addi
tion to the norm al phase m ethod available for 
any laboratory. The Associate Referee agrees 
that this w ould  be useful and  recom m ends con
tinued  study of arprinocid  w ith  this objective. 
Based on these collaborative results, it is recom 
m ended tha t the p resen t m ethod be adopted of
ficial first action. Finally, it was noted  earlier 
tha t the statistical analysis was perform ed ac
cording to the Statistical Manual of the AOAC after 
elim ination of 1 outly ing laboratory and  3 
outlying individual results. Inclusion of all the 
collaborative data of Table 1 in  the calculations, 
however, does not m arkedly change the results, 
i.e., w ith  all the results included, the recoveries 
on the 6 collaborative samples averaged over all 
14 collaborators are: 103, 99,102,106,101, and 
102%, for Samples 1-6, respectively, yielding an 
average recovery of 102%.

Note Added in Proof: A fter com pletion of the 
collaborative study, outly ing Laboratory 9 p ro 
vided repeat analyses on 3 of the collaborative 
samples. The analytical results on this second 
trial of the m ethod—0.0063, 0.0072, and 0.0053% 
on Samples 1-3, respectively (i.e., recoveries of 
105, 103, and  106%)—reflect im proved results 
w ith  experience w ith  the m ethod.
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Bacitracin Determination in Feeds: Evaluation of Methods
H U S S E IN  S. R A G H E B
P u r d u e  U n i v e r s i t y ,  D e p a r t m e n t  o f  B i o c h e m i s t r y , W e s t  L a f a y e t t e ,  I N  4 7 9 0 7

Assay of bacitracin activity in feeds is subject to many 
sources of variation. Bacitracin standards are com
plex mixtures and may contain various am ounts of 
less active forms of bacitracin. Test organisms may 
respond differently to these mixtures. Collaborative 
studies should involve the use of one standard, per
haps USP zinc bacitracin. The use of different types 
of bacitracin standards (regular or zinc) in a labora
tory may contribute to variation in sample potency. 
The pyrid ine extraction method is subject to serious 
operational difficulties. Among the contributing 
factors are incom plete evaporation of pyridine 
(causing positive bias), allowing the tem perature to 
increase too much during evaporation (causing neg
ative bias), and the num erous m anipulative steps in 
the technique (causing large variability). Because of 
these factors and the toxic properties of pyridine, the 
m ethod finds little  use. M ethanol extraction offers 
a better substitute for determining zinc or methylene 
disalicylate bacitracin in premixes and complete feeds 
by the plate method.

Bacitracin was first described by Johnson et al. (1) 
as an antibiotic produced by a strain (Tracy-I) of 
Bacillus suhtilis later classified as B. lichenformis. It 
w as isolated  from a contam inated w ound. 
Studies by Craig et al. (2) in the United States and 
Abraham  (3) and N ew ton  and Abraham (4) in 
England show ed  the antibiotic to be a mixture of 
clo sely  related polypeptides. The ch ief, and  
most biologically active, com ponent is bacitracin 
A (3, 5). O ther com p onents such as bacitracins 
B, D , E, and F (2, 6) are present in sm aller con 
centrations, they are less active, and their struc
tural form ulas are not w e ll defined . The m o
lecular w e ig h t of bacitracin A is approxim ately  
1411. It contains several am ino acid residues 
such as L-cysteine, D-ornithine, L-lysine, L-his- 
tid in e, D-aspartic acid, D-glutam ic acid, L-iso- 
leucine, L-leucine, and D-phenyl alanine (7). In 
neutral or sligh tly  alkaline solutions, bacitracin 
A is s lo w ly  transform ed to bacitracin F (8). 
Bacitracin from  different com m ercial sources 
contains different proportions of the com ponent 
bacitracins.

Bacitracin is a w h ite , am orphous, hygroscopic
Journal Paper No. 8083 of the  Purdue University Agricul

tural Experim ent Station.
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pow der. It is precipitated from aqueous so lu 
tions by zinc, m eth y len e disalicylate, and m an
ganese salt. N ot all findings regarding solubility  
of bacitracin salts are identical.

Z inc bacitracin contains about 7% zinc. It is 
relatively in so lu b le in petroleum  ether (0.025 
m g/m L ) but readily soluble in  acid solution  (5.1 
mg / mL), in  m ethanol (6.55 m g / mL), in  pyridine  
(4.05 m g/m L ), and in  form am ide (> 2 0  m g/m L )
(9). In 1957, a U.S. patent w as issued  to C om 
m ercial S olvents Corp. for their m ethod  for 
com m ercial production (10).

In 1956, the commercial process for production  
of m eth y len e disalicylate (M D) bacitracin w as 
patented in the U nited  States by S. B. Penick and  
Co. (11). The sodium  or potassium  salts o f MD  
bacitracin are solu b le in  water, in  sodium  car
bonate solu tion , or in  alkalies b etw een  pH  7.0 
and 8.5. The acid form is insoluble in  water and  
in the usual organic solvents.

N um erous observations (12-14) have b een  
made on the effect of metal b inding on bacitracin 
activity. In general, zinc, cobalt, m anganese, 
and calcium enhance bacitracin activity, whereas 
copper interferes (causes negative bias) w ith  the 
assay (6, 15).

Bacitracin has been  added to anim al feed  for 
grow th  prom otion, feed  effic ien cy , and disease  
control. The zinc and MD salts are m ore stable 
than the bacitracin base, and p resently  are the 
com pounds m ost com m only used  in  anim al 
feeds. Because feeds vary greatly in  com p osi
tion, bacitracin assay is not w ith ou t problem s. 
The AOAC m ethod (16) recom m ends prew ash- 
in g  sam ples o f com p lete feeds w ith  acetone to 
rem ove fat before extraction o f bacitracin. In 
1969, Craig (17) used petroleum  ether for the  
prew ash ing step. This im p lied  that fat or other  
feed  ingred ien ts interfered in  the analysis of 
bacitracin, especially  in  h igh -en ergy  feeds (5 -  
10% fat) used by broiler producers. H ow ever, no  
precise studies w ere m ade to substantiate this 
effect. Gallagher et al. (18) studied the effects of 
salts (NaCl and CaCU), zinc, and com p lexing  
agent (EDTA) on the growth of M icrococcus flavus. 
N o direct correlation, how ever, was made on the 
effect of such ingred ien ts on  bacitracin assay in  
feeds. G rynne et al. docum ented  the o n ly  ev i
den ce of interference (19), reporting that the  
h igh  copper content of feeds caused a n egative

0004-5756/81 /6404-0980-11 $ 1.00 
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bias, and the rem oval o f copper im proved re
covery.

G enerally, the m icrobiological determ ination  
of bacitracin falls in to  2 categories: plate or
turbidim etric assays. Plate assay is m ost com 
m on ly  used. Turbidim etric assay usin g  S ta ph y
lococcus aureus (ATCC 10537) is described in  the  
Code of Federal R egulations (20) for determ in ing  
pharm aceutical grade bacitracin products. In 
feeds, S. faecium  (form erly S. faecalis) is the pre
ferred organism for zinc bacitracin analysis. The 
turbidim etric techn ique is not w id e ly  used  
am ong feed  analysts. H ow ever, as m ore feed  
laboratories acquire the necessary equ ipm ent, 
d ev elo p m en t o f turbidim etric m eth od s for 
analysis o f bacitracin in  feeds sh ou ld  fo llow  
rapidly. Such m ethods may be preferable over 
diffusion  assays because o f higher precision and  
accuracy, and low er cost.
Scope of Review

A ll m ethods used in  the analysis o f bacitracin  
in  feeds are review ed. N o  attem pt, h ow ever, is 
made to present the technical details of analytical 
m ethods. Appropriate literature references are 
noted. Results o f AOAC collaborative studies in  
the U n ited  States are sh ow n . European litera
ture w as rev iew ed  but no collaborative studies  
sim ilar to those conducted  by AOAC in the 
U n ited  States w ere found . H ow ever, reference  
is m ade to results o f inform al collaborative in 
vestigation s am ong m em ber countries o f the  
European Econom ic C om m unity (EEC). Data 
relevant to accuracy, precision , applicability, 
sen sitiv ity , and lim it o f detection  are pre
sented.
Sampling

Representative sam pling of feeds is important 
to the accuracy o f results. A nim al feeds are 
m ixtures o f large num bers o f com p onents w ith  
greatly d ifferent particle sizes and densities. 
H eterogeneity of sam ples can be a com m on cause 
of error. Som e w orkers (21) su ggested  the use 
of a large sam ple w e igh t, e.g ., 30 g, for analysis  
of sam ples con ta in in g  100 g bacitracin /ton , to 
m in im ize  the in h o m o gen e ity  problem . AOAC  
m ethods 7.001 and 7.002 (16) discuss sam ple  
collection  and grinding. Because bacitracin can 
be readily adsorbed on  feed  surfaces, w h ich  w ill 
affect com plete extraction, fine grinding of feeds 
sh ou ld  be avoided; a particle size o f 1 .0-1.5 mm  
is appropriate.
Meaning of Potency

W hen the first assay m ethod for bacitracin was 
introduced, a strain o f Group A h em olytic

S tr e p to c o c c u s  (1) w as the test organism . A  ten 
tative standard unit w as d efin ed  as the am ount 
of bacitracin w h ich  w h en  d ilu ted  about 1:1000 
in  2 mL in fu sion  broth w ill in h ib it the test or
ganism . Since then , the d e fin ition  has been  
changed; it is now  based on  the Second Interna
tional Standard w h ich  contains 74 international 
units (IU )/m g. The International Standard can 
be obtained from WHO International Laboratory 
for Biological Standards, N ational Institute for 
M edical Research, M ill H ill, London, N.W . 7, UK. 
The Food and Drug A dm inistration  z in c baci- 
tration standard (available from  USP R eference  
Standards, 12601 Twinbrook Pkw y, R ockville, 
MD 20852) contains 62 IU / m g. The p oten cy of 
com m ercial feed  grade bacitracin products is 
variable. The feed industry, h ow ever, has ac
cepted the d efin ition  o f 42 IU /m g . Currently, 
th is is the basis o f theoretical p oten cy (label) of 
the antibiotic in  feeds. In the U nited States, such  
poten cy is expressed as g bacitracin a c tiv ity /lb  
or ton feed. In other countries, activity is usually  
expressed as ppm  and m ay be based on  the In
ternational Standard, i.e., not on 42 IU /m g . In 
such cases, the basis of activity should  be clearly 
indicated.

M E T H O D S
Microorganisms

P la te  a s s a y .—M aintenance of stock cultures 
and preparation of inocu la  for M. f l a v u s  ATCC 
10240 and S a rc in a  s u b fla v a  ATCC 7468 are d is
cussed in 42.199 (a,c) (16).

T u r b id im e tr ic  a s s a y .—S. fa e c iu m  ATCC 8043 
(form erly S. fa e c a lis )  is the test organism  (22).
Culture Media

(a) A n tib io t ic  m e d iu m s  1 a n d  2 .—See 42.196 (a,c)
(16).

(b) A n tib io t ic  m e d iu m  3 .— See 42.196 (n) (16). 
Reagents

(a) B u ffe r  s o lu t io n s .— Pyridine-buffer solution  
(pH  6), 40% pyrid ine buffer (pH  6.5), 1% p h os
phate buffer (pH  6), 5% phosphate buffer (pH  
6.5), see 42.197 (h, i, f, and d, respectively).

(b) A c id i f ie d  m e th a n o l .—2% concentrated HC1 
in  m ethanol.

(c) S o d iu m  s u l f id e  s o lu t io n .— 0.5M (23). 
Apparatus

(a) H e a tin g  m a t ,  a lu m in u m  air sp a rg er , c y l in d e r s ,  
a n d  p e tr i  p la te s .—See 42.198 (d, e, a, and b, re
spectively).

(b) F la t g la s s  t r a y s .—20 X 20 cm w ith  lids.
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Table 1. Collaborative results for bacitracin activity in broiler ration9

Sample No.fc

Statistic 1 2 3 4 5 6 7 8

Label, g /ton 4.4 4.4 6.6 6.6 22.0 22.0 44.0 44.0
Av. bacitracin found,9 

g /ton 3.5 3.2 5.0 4.9 22.2 22.5 43.1 42.7
Rec., % 80.5 71.8 75.5 74.7 101.0 102.2 97.9 96.9
Coeff. of var., % 29.9 30.1 29.9 26.9 11.7 13.4 11.0 11.8

9 Ref. 26
b Samples 1 ,3,5, and 7 contained zinc bacitracin. Samples 2, 4, 6, and 8 contained MD bacitracin. 
9 Values represent average from 8 laboratories.

(c) Stainless steel borer.— 11 mm id, beveled and 
sharpened on  the inside edge.
Assay Methods in the United States

W ith the increased use o f antibiotics in  feeds, 
AOAC, in 1953, appointed  an Associate Referee 
on antibiotics in  feeds. Shortly thereafter (24), 
the Referee initiated a study to evaluate m ethods 
of analysis for several antibiotics in high potency  
feed materials (prem ixes and feed supplem ents). 
A m ong the sam ples sent to collaborators, one  
sam ple contained  6.544 g zinc bacitracin/lb  
(courtesy o f Merck and Co.). Ten laboratories 
com p leted  the study. The assay m ethod was 
essen tia lly  the sam e as the current AOAC  
m ethod 42.202-42.205 used for h igh  potency  
supplem ents except that no HC1 was used w ith  
pyrid in e buffer for extraction (25). Bacitracin 
recovery w as 99% of theoretical, and the 95% 
co n fid en ce interval was 84.9-113.1. The report 
w as on ly  prelim inary, and statistical evaluation  
appeared incom plete. Good antibiotic recovery  
obtained in  that study w as surprising because 
h igh  acidity (pH <2) is required for com plete  
extraction o f zinc bacitracin. H ow ever, phar
m aceutical grade zinc bacitracin was used for 
sam ple fortification.

Since publication o f that report in 1957, no  
further studies were conducted until 1965 w h en  
Craig (26) reported on the pyrid ine m ethod for 
bacitracin assay in complete feeds. Four samples 
w ere prepared by m ixing zinc bacitracin w ith  
corn-soybean broiler ration at 4.4, 6.6, 22, and 44 
g /to n . A n oth er 4 sam ples o f the sam e feed  
conta ined  MD bacitracin at the same concentra
tions. For antibiotic lev els  o f 22 and 44 g /to n , 
the d ose-resp on se lin e  was prepared in  5% pH
6.5 phosphate buffer. For the low er antibiotic  
lev e ls  (4 and 6 g /to n ), standard solu tions w ere  
prepared in  phosphate buffer conta in ing m ate
rial from autoclaved feed. A lso, before extrac
tion, interfering substances were rem oved from

sam ples by acetone w ash ing . Bacitracin was 
extracted from the feed w ith  HC1 and 40% pyri
d in e buffer. M ethanol was added to precipitate 
undesirable proteins if present. P yrid ine w as 
evaporated w ith  the air sparger, and after pH  
adjustm ent to 6.5, sam ple extract w as d ilu ted  to 
0.10 u n it/m L  (reference concentration). The 
m ethod is the current official first action m ethod, 
42.206-42.210. Results sh ow ed  recovery o f
7 1 .8 -  80.5% for the 4 and 6 g /to n  sam ples and
9 6 .9 -  102.2% for the 22 and 44 g /to n  sam ples 
(Table 1). The coefficients of variation averaged 
about 30% for the lower potency levels compared 
w ith  about 12% for h igh  levels. The m ethod  
appeared to be applicable to both types o f baci
tracin, although  no statistical ev id en ce was pre
sented. Furthermore, on ly  one type o f feed  was 
evaluated.

In 1969, the m ethod was m odified for low  level 
(4 -10  g /to n )  assays (17). N eom ycin  (1.0 pg  
base/m L ) w as added to the m edium  to increase 
zo n e  size (0.04 u n it/m L  as reference concentra
tion). Sam ple cleanup w ith  acetone was carried 
out w ith  the G oldfisch fat extraction apparatus. 
The m ethod rem ained essentially the same as in  
the earlier study. Results sh ow ed  no loss o f 
p oten cy in su pplem ents conta in ing feed-grade  
zinc bacitracin, m anganese bacitracin, and nat
ural bacitracin. In the case o f M D bacitracin, 
h ow ever, there was 25% loss of potency. W hen  
petroleum  ether was substituted  in  the cleanup  
step for acetone, all 4 types o f bacitracin retained  
their original activity. Com parison w as also  
m ade in th is study of standard d ose-resp o n se  
lin es prepared in plain  pH  6.5 buffer and in  
blank feed extracts. N o n zin c  pharm aceutical 
grade bacitracin w as added to feed  extracts as 
fo llow s: broiler ration at 4 and 6 g /to n ; 38% 
poultry concentrate at 4 g /to n ; sh eep  ration at 7 
g /to n ; and sow -15 ration at 10 g /to n . Further 
d ilu tion s to correspond to d ifferent concentra
tions on  the standard response lin e  w ere m ade
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Table 2. Difference between dose-response lines In feed extract and in pH 6.5 buffer *

% difference in activity at (units/mL)

Type of feed (label) 0.02 0.04 0.08

Broiler ration (4 g /ton) 1.0 5.0 8.1
Broiler ration (6 g /ton) 0 0.8 3.7
38% poultry concentrate (4 g /ton) 12.5 7.5 0.1
Sheep ration (7 g /ton) 4.0 0 2.5
Sow-15 ration (10 g/ton) 2.6 5.3 7.3
Buffer vs buffer (control) 2.5 2.5 2.5

a Ref. 17.

w ith  blank feed  extracts. Results sh ow ed  the 
curves prepared in  buffer and in  blank feed  ex
tracts o f the 4 types of feed to be similar (Table 2). 
W hen feed-grade zinc bacitracin was m ixed w ith  
the broiler ration at 4 g and 6 g /to n , the average 
of 4 assays at 4 g /to n  assayed against standard in 
buffer was 2.5% higher (Table 3) than that for the 
sam e aliquots assayed against a standard curve 
in  blank feed  extract. S im ilarly, the broiler ra
tion  conta in ing 6 g /to n  w as 8.5% h igh er vs the  
buffer standard com pared w ith  the blank feed  
standard. Because the coeffic ien ts o f variation  
ranged b etw een  2.3 and 11.6% and no tests for 
sign ifican ce w ere m ade in  the study, not m uch  
em phasis can be attached to this p ositive bias in  
results.

In 1976, Fassbender and Katz (27) m odified the 
d ou b le dose technique o f K nudsen and Randall 
(28). T hey su ggested  that on  each plate, 2 op 
p osin g  cy linders be filled  w ith  the low est con 
centration of standard, 2 w ith  the h igh est con 
centration, and 2 w ith  the unknow n. The low est 
standard poten cy w as 0.1 u n it/m L  and the 
h ig h est 0.4 un it/m L . This 4-fold  range o f con 
centrations w as preferred over the custom ary  
16-fold range because o f linearity of the rela
tion sh ip  b etw een  the diam eter o f the zo n e of 
inh ib ition  and logarithm  of concentration in  the

shorter range. T hese investigators found  that 
w h en  prem ixes w ere extracted w ith  acidic 50% 
m ethanol and d ilu ted  w ith  pH  6 buffer, the 2- 
p oin t p lating system  w as as valid  as the AO AC 
design . M ethanol extraction was comparable to 
extraction by the AOAC pyrid in e m ethod; F 
values sh ow ed  no statistical d ifference (P <0.05) 
(Table 4). For com plete feeds (10-100 g /ton ), the 
sam ples w ere prew ashed w ith  acetone, a llow ed  
to dry, acid ified  w ith  0.36N  HC1, then  neutral
ized  w ith  0.36N  NaO H . The antibiotic w as ex
tracted w ith  50% aqueous d im ethylform am ide  
(DMF) at 45 0 C . After cooling, the sam ples were  
d ilu ted  w ith  triple strength  pH  6 buffer. The 
authors claimed the m ethod to be comparable to 
the AOAC pyrid ine m ethod (Table 5).

Preliminary experim ents in  our laboratory did 
not confirm these findings. The AOAC pyridine 
extraction m ethod appeared superior to DMF 
extraction. This m igh t have b een  due to the 
poor quality of zones of inhibition of M. flavus on  
antibiotic m edium  2 used by Fassbender and Katz 
(27) compared w ith  antibiotic m edium  1 used  by  
the AOAC m ethod. The m odified  2-point assay 
and the narrower range o f standard concentra
tions appeared to be a better assay d esign  than  
the AOAC 5-point design .

A noth er study w as conducted  in  1976 (22) to

Table 3. Comparison of results for broiler ration using standards in buffer and in blank feed extracta

Formulated potency

Bacitracin found

4 g/ton 6 g/ton

Std in 
buffer

Std in 
feed blank

Std in 
buffer

Std in 
feed blank

Av., g /to n 6 3.9 3.8 6.1 5.6
Rec„ % 97.5 95.0 101.6 93.3
Coeff. of var., % 11.6 10.2 9.7 2.3

a Ref. 17.
b Values represent average of 4 aliquots.



984 RAGHEB: J. ASSOC. OFF. ANAL. CHEM . (VOL. 64, NO. 4, 1981)

Table 4. Comparison of methanol and AOAC pyridine methods for determination of bacitracin in premixes 3

Premix 1c Premix 2 C

Methanol AOAC pyridine Methanol AOAC pyridine
Methods6 extraction extraction extraction extraction

Av., g / lb d 27.3 29.3 38.9 37.4
Rei. std dev. 10.8 10.4 10.5 12.2

3 Ref. 27.
6 Two-point assay design was used.
c Premix 1 contained 25 g MD bacitracin/lb, and Premix 2 contained 40 g zinc bacitracin/lb. 
d Average of 10 replications.

evaluate m ethanol and pyrid ine extraction of 
bacitracin in  feeds by plate and turbidim etric 
m ethods. The photom etric technique invo lved  
use o f S. faecium  (ATCC 8043) as test organism  
and Penassay broth as final assay m edium . The 
broth conta ined  10-4 M ZnCl2 to increase assay 
sen sitiv ity , 0.3 mL polysorbate 80 /100  mL m e
dium  to m in im ize interference by fat, and 1 mL 
50% glucose so lu t io n /100 mL m edium  to en 
hance grow th of test organism . C om plete feed  
sam ples w ere prew ashed w ith  petroleum  ether, 
then  extracted w ith  pyrid ine or m ethanol. The 
pyrid ine m ethod  w as essen tia lly  the sam e as 
recom m ended by Craig (17). The evaporation  
step w as necessary because pyrid in e considera
b ly inh ib ited  S. faecium  (turbidim etric m ethod) 
and M . flavu s  (plate m ethod). For m ethanol ex
traction, the sam ples w ere treated w ith  IN  HC1 
(pH  of extracts <2.0) for 5 m in fo llow ed  by ad
dition of 5% m ethanol-phosphate buffer (1%, pH
6.5). After centrifugation and filtration through  
glass w o o l, pH  w as adjusted to 6.5, and the sam 
p les w ere d ilu ted  w ith  m ethanol buffer. The 
standard dose-response line was prepared in the 
same diluent. The concentration of m ethanol in

this d iluent should not exceed 10%, to avoid any 
in terference w ith  grow th o f test organism  for 
turbidim etric and d iffusion  m ethods.

W hen zinc bacitracin standard solutions w ere  
added to sw in e  and broiler rations and the anti
biotic was extracted by pyridine, recovery by the 
turbidim etric m ethod (93.1-102.6%) agreed w ell 
w ith  the plate m ethod (88-112%). R elative 
standard deviation values (about 10%) indicated  
the sam e precision for both m ethods. M ethanol 
extraction yielded  poor recovery (60-70%) by the 
turbidim etric m ethod. Before this assay can be 
successfu lly  d ev elop ed , it is necessary to in v es
tigate the effect o f substances that are extracted  
from  feeds by m ethanol on  the photom etric re
sponse of S. faecium. For the plate assay, recovery 
(95.5-118.6% ) and precision (rei. std dev. 5 .26-  
9.22%) by m ethanol extraction w ere good  for 
both feeds.

W hen feeds were fortified (50-200 g /to n ) w ith  
com m ercial z in c bacitracin prem ix and studied  
collaboratively by 3 laboratories, recovery by 
plate assay for pyridine extraction was about 73% 
for the sw in e  ration and 94% for the broiler ra
tion. For m ethanol extraction, there w as som e

Table 5. Comparison of DMF and AOAC pyridine methods for determination of bacitracin in complete feeds 3

Level of fortification, g /ton

Feed A 6 Feed Bb

100 50 25 10 100 50 25 10

Statistic DM F 3 AOAC DMF AOAC DMF AOAC DMF AOAC DMF AOAC DMF AOAC DMF AOAC DMF AOAC

Av., g / lb d 79.3 84.3 46.2 46.8 25.4 26.3 13.0 82 76.7 101.9 42.4 61.2 30.3 35.1 13.8 6.9
Rei. std dev. 
Ratio AOAC/

14.9 12.6 8.0 12.6 15.7 19.0 22.3 195 8.6 17.7 7.3 9.3 13.2 18.3 16.7 43.5

DMF 1.06 1.01 1.04 0.63 1.32 1.44 1.16 0.50

3 Ref. 27
6 Feed A represented starting mash (Rutgers ration 68-S), and feed B was 16% laying mash.
c For DMF method, feeds were extracted with 50% dimethylformamide; for AOAC method, feeds were extracted with 40% 

pyridine buffer as in 42.208 (16). 
d Average of 9 replications.
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p ositive bias (about 108%) for both feeds. This 
bias did not appear to be due to the presence of 
m ethanol because phosphate buffer so lu tion s  
con ta in in g  up to 20% m ethanol sh ow ed  n o  in 
h ib ition  o f test organism .

For feeds fortified w ith  M D bacitracin prem ix 
at lev e ls  o f 20, 50, and 100 g /to n , 4 laboratories 
fou n d  antib iotic recovery to be h igh er (119— 
132%) by the plate m ethanol m ethod than by the 
pyrid ine m ethod  (97-104%). That stu dy (22) 
indicated that the turbidim etric m ethod  w as 
applicable only for the analysis of zinc bacitracin 
by pyrid in e extraction. The plate m ethod  
sh ow ed  som e p ositive bias by m ethanol extrac
tion for eith er zinc or MD bacitracin.

That study (22) recom m ended that all co llab
orating laboratories use the sam e zinc bacitracin 
standard; therefore another study (29) w as con 
ducted to evaluate the pyrid ine m ethod for the 
2 types o f bacitracin salts in  2 types o f com p lete  
feeds at 2 lev e ls  o f fortification. In an attem pt 
to u n ify  the basic m ethod  for prem ixes and  
com p lete feeds, the study in clu d ed  2 h igh -p o 
tency sam ples. The current AOAC m ethod  
(42.202-42.205) sp ecifies  a 1% pH  6 phosphate  
buffer and d ifferent concentrations for the 
standard d ose-resp o n se lin e  for prem ixes, and  
a 5% pH  6.5 phosphate buffer for com plete feeds. 
Each laboratory received  a culture o f th e test or
ganism  M. flavus (ATCC 10240), 8 com plete feeds 
(4 poultry and 4 sw in e), and 2 prem ixes (Prem ix  
I and II w ith  theoretical label o f 50 g M D baci
tracin /lb  and 40 g z in c bacitracin /lb , respec
tively). These prem ixes w ere used to fortify the 
com p lete feeds. T w o sam ples o f each type of 
feed  w ere fortified  w ith  z in c bacitracin or MD  
bacitracin each at about 10 g /to n . Sim ilarly the 
other 2 sam ples each w ere fortified  at about 100 
g /to n  (one poultry sam ple was fortified w ith  150 
g zinc b acitracin /ton  alth ou gh  label rem ained  
100 g /to n ). A ll collaborators received  zinc  
bacitracin standard (of the same lot) w ith  potency  
label o f 61.8 u n its /m g . The collaborators w ere  
instructed to fo llow  the pvrid ine extraction  
m ethod  u sin g  n eom ycin -sen sitized  agar (one  
layer o f m edium ) and petroleum  ether cleanup. 
Sam ples w ere d ilu ted  according to specified  
schem e (2 d ilu tion s prepared), and the entire  
assay procedure w as repeated on  a secon d  day.

The com m ents made by collaborators (29) gave 
som e in sigh t in to  the nature of problem s en 
countered w ith  the m ethod. For exam ple, som e 
collaborators did  not report results because of 
very large and poorly defined  zones of inhibition  
w h ich  could not be accurately measured. Other 
collaborators experienced  d ifficu lty  in  deter

m in in g  w h en  pyrid ine w as com p letely  evapo
rated. Results for these laboratories sh ow ed  
p ositive bias apparently due to incom plete  
evaporation o f pyrid ine. A d dition  o f a sm all 
am ount o f m ethanol before the en d  o f evapora
tion and increasing the drying tim e under the air 
sparger reportedly im proved the results. A n 
other group o f collaborators a llo w ed  the tem 
perature to increase too h igh  during evaporation,
e.g ., one collaborator did  not use an air sparger 
but dried sam ples in  sm all d ish es under hot 
b lo w in g  air. Results by these laboratories 
sh ow ed  negative bias, ind icating destruction of 
bacitracin activity. There w ere other m odifica
tions in  the m ethod  w h ich  apparently had no  
effect on  results. For exam ple, on e laboratory, 
after evaporation, suspended the dried materials 
in  pH  6.5 buffer and refrigerated the plates until 
the fo llow in g  day. A n oth er collaborator used  
rotary evaporation for drying. A d ditional data 
w ere also presented  by one laboratory w h ich  
sh o w ed  no sig n ifica n t d ifferen ce  b etw een  
evaporation and no evaporation for prem ix 
sam ples. F inally, m ost collaborators preferred  
an extracting agent other than pyrid ine.

Results in  that study (29) sh ow ed  no s ig n if i
cant d ifference b etw een  d ilu tion s w ith in  a day 
or b etw een  days for each sam ple. The type of 
bacitracin or type of feed  did  not sign ifican tly  
affect results. There w as som e d ifference in  re
sults b etw een  M D and z in c bacitracin in pre
m ixes w h ich  approached sign ifican ce (Table 6). 
A lso, th e overall recovery o f M D bacitracin w as 
91% compared to 101.5% for zinc bacitracin. This 
m ay have b een  due to less so lu b ility  or som e  
destruction of MD bacitracin by the acidity of the 
extracting agent. Future studies sh ou ld  in v es
tigate th is problem . Statistical eva lu ation  
show ed large coefficients of variation (about 13% 
for prem ixes and 15-30% for com p lete feeds). 
This is indicative o f serious operational d if
ficu lties, w h ich  w as supported by the fin d in gs  
that on ly  9 o f 15 laboratories w ere able to d if
ferentiate betw een  the label (100 g /to n )  and the  
theoretical fortification lev e l (150 g /to n )  o f the  
poultry feed sample. The coefficient of variation 
for th is sam ple w as the h ig h est (about 27%) 
am ong the com p lete feeds. W hen results sub
m itted by the laboratories w ere ranked (30), 3 
laboratories w ere outside th e score lim it and 2 
others approached the upper lim it. Thus, about 
one-third of the laboratories sh ow ed  either very  
h ig h  or very lo w  results. The apparent source 
of error w as the pyrid ine evaporation step. 
Som e laboratories w ere unable to com p letely  
elim inate pyridine (positive bias), whereas others
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Table 6. Collaborative study of bacitracin activity in 2 premixes and 2 complete feeds by the pyridine method a

Sample
Premix Premix

i 6 II A B C D E F G H

Theoretical label0 50 40 10 10 10 10 100 150 100 100
Type of bacitracin d used MD Zn MD Zn MD Zn MD Zn MD Zn
Av. bacitracin found,6 45.5 40.6 9.3 10.6 9.8 10.8 99.0 146.3 90.7 99.0
Coeff. of var., % 12.9 13.6 23.1 17.8 21.0 13.7 19.0 26.8 16.4 15.3
No. of collab. labs. 17 17 14 13 15 14 17 17 16 16

a Ref. 29.
6 Premixes I and II represent MD bacitracin and zinc bacitracin with theoretical activities of 50 and 40 g/lb , respectively. 

Samples A, B, E, and F represent poultry feed; samples C, D, G, and H, swine feed. 
c Bacitracin potency expressed as g /lb  for premixes and g /ton  for complete feeds. 
d MD = bacitracin methylene disalicylate; Zn = zinc bacitracin.

probably exposed  sam ple extracts to h igher  
tem peratures causing destruction o f the antib i
otic (negative bias). The Associate Referee rec
om m en ded  that the pyrid in e m ethod be d is
continued.

In the earlier study o f the m ethanol m ethod  
(22), 1% pH  6.5 phosphate buffer con ta in in g  5% 
m ethanol w as used as d ilu en t for standard and  
sam ples. Further experim ents sh o w ed  that 
bacitracin activity is in flu en ced  by pH , co n cen 
tration o f phosphate buffer, and concentration  
of m ethanol. Table 7 sh ow s that bacitracin ac
tiv ity  w as som ew hat depressed  in  5% m ethanol 
especia lly  in  1% phosphate buffer (so lu tion  5) 
com pared to m ethanol in  5% phosphate buffer  
(so lu tion  2). Both buffers (w ith ou t the antib i
otic) sh ow ed  no inh ib ition  o f test organism . At 
15% m ethanol concentration (so lu tion  3) there 
was positive bias (recovery of 121.1%). Similarly 
the effect o f pH  was sign ificant. S olu tion  6 
conta in ing 0.04 un it bacitracin/m L , w h en  d i
lu ted  w ith  pH  6 buffer, gave 0.0472 u n it/m L ,

ind icating that 5% phosphate buffer co n ta in in g  
5% m ethanol is a better d ilu en t than m etha- 
nol-1%  buffer.

Accordingly, the m ethanol extraction m ethod  
w as re-evaluated by 5 laboratories. Each co l
laborator w as provided  w ith  2 prem ix sam ples  
(Premix I w ith  label of 50 g MD bacitracin/lb and 
Prem ix II labeled  to contain  40 g zinc bacitra
c in /lb )  and 4 com p lete feed  sam ples (2 poultry  
and 2 swine). Each poultry or sw ine feed sam ple 
w as fortified  w ith  each bacitracin salt at 100 
g /to n  usin g  each respective prem ix. The co l
laborators w ere also provided  w ith  the sam e lot 
of zinc bacitracin standard, a culture of M. fla vu s , 
and the d ilu tion  schem e for each sam ple. The 
m ethanol m ethod was the same as that used in  an 
earlier study (22) except that the d ilu en t for 
standard and sam ple w as 5% m eth an o l-p H  6.5 
phosphate buffer (5%).

Statistical evaluation of assay results was made 
by applying the D ixon test (30) for outliers to the 
2 sets of valu es (2 d ilu tion s) for each day. The

Table 7. Effect of concentration of phosphate buffer, pH, and methanol on bacitracin activity *

Solution6

Parameter Std6 No. 1 No. 2 No. 3 No. 4 No. 5 No. 6

Buffer pH 6.5 6.5 6.5 6.5 6.5 6.5 6.0
Phosphate buffer, 

% concn 5 5 5 5 1 1 5
Methanol concn, % 0 0 5 15 0 5 0
Bacitracin activity 

found, unit/m L 0.040 0.0395 0.0366 0.0485 0.0350 0.0290 0.0472
Recovery, % — 98.7 91.5 121.1 87.8 72.5 118.1
Coeff. of var., % — 6.0 3.1 3.9 4.5 7.7 5.8
Number of detns — 15 12 7 17 14 8

a Ref. 31.
6 Each solution contained theoretically 0.04 bacitracin activity unit/mL. Diluents for solutions were: No. 1 (5% pH 6.5 

buffer); No. 2 (5% pH 6.5 buffer containing 5% methanol); No. 3 (5% pH 6.5 buffer containing 15% methanol); No. 4 (1% pH 
6.5 buffer); No. 5 (1% pH 6.5 buffer containing 5% methanol); and No. 6 (5% pH 6 buffer).

c Activity was determined on neomycin-sensitized plates vs standard solutions prepared in 5% pH 6.5 buffer.
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Table 8. Average bacitracin found 3 in premix and complete feeds by methanol method b

Theoretical potency

Poultry feed Swine feed

Coll.

Premix 1, 
MD

50 g /lb

Premix II, 
Zn

40 g /lb
MD

100 g/ton
Zn

100 g/ton
MD

100 g /ton
Zn

100 g /ton

1 ___C 46.2 88.6 106.6 94.3 95.1
2 41.6 42.3 96.0 114.2 98.7 111.1
3 42.7 45.0 73.9 101.7 82.7 86.6
4 42.3 40.0 103.5 106.2 80.8 91.7
5 40.4 42.3 92.7 95.4 94.2 103.3
Overall av. 41.8 43.2 90.9 104.8 90.2 97.6
Coeff. of var., % 2.41 5.68 12.09 6.60 8.75 9.94
Rec., % 83.6 105.8 90.9 104.8 90.2 97.6

3 Average of day 1 and day 2.
» Ref. 31.
c Value reported for dilution 1 on day 2 was an outlier. Average of dilutions on day 2 was also an outlier. Thus, average 

of day 1 and day 2 was deleted for Collaborator 1.

Studen t f-test (32) w as used  to ascertain if d if
ferences w ere significant. The 2 dilutions w ere  
averaged (even though one result may have been  
p rev iou sly  rejected) to g iv e  on e set o f va lu es for 
each day. This w as because the average o f 2 
d ilu tion s may still be statistically valid . The 
betw een-days variability was similarly evaluated. 
Results sh ow ed  overall recovery o f M D bacitra
cin  (83.6%) to be low er than that of zinc bacitracin 
(105.8%). S im ilarly, poultry and sw in e  rations 
fortified w ith  these prem ixes show ed  about 90% 
recovery for MD bacitracin and 101% for zinc  
bacitracin (Table 8). There w as no sign ificant 
d ifferen ce b etw een  days or due to the type o f  
feed  or k ind o f bacitracin. The collaborators 
fou n d  the m ethanol m ethod  to be sim pler and 
m ore precise than the pyrid ine extraction  
m ethod . Further experim ents are n eed ed  to 
in vestigate the reasons for low er recovery for 
M D bacitracin. A ccording to these results, the 
A ssociate and G eneral Referees on  bacitracin in 
feeds have recom m ended that AO AC adopt this 
m ethod  as official first action for zinc bacitracin  
analysis (31).
Assay Methods in Europe

In 1971, G rynne, in  N orw ay, reported on  a 
m ethanol m ethod  (15) for zinc bacitracin assay. 
Feeds con ta in in g  20-350 ppm  (18-318 g /to n )  
w ere extracted 2 m in w ith  acid m ethanol (pH of 
extract about 2), then  shaken 20 m in  w ith  5% 
phosphate buffer (pH 6.5). After centrifugation, 
the extract was d ilu ted  w ith  buffer to contain  
0.05-0.1 u n it/m L  and assayed against z in c baci
tracin in  buffer. For low er p oten cy feeds (5-20  
ppm , or about 4 .5-18  g /to n ) , the sam ples w ere

prew ashed w ith  acetone and a llow ed  to dry 
com pletely. Extraction of the antibiotic was the 
sam e as for the h igh er p oten cy feed s except that 
after centrifugation, a 20 mL aliquot was adjusted 
to pH  6.5 and evaporated to dryness at 30°C  in  a 
rotary evaporator. The residue w as redissolved  
and d ilu ted  in  phosphate buffer to 0.05-0 .10  
u n it/m L . Standard so lu tion s w ere prepared in  
u n su p p lem en ted  blank feeds. W hen not avail
able, the standard addition  techn ique w as fo l
low ed , i.e., adding a k n ow n  increm ent o f the  
antibiotic to a second w e ig h in g  o f the sam ple, 
determ ining recovery o f added increm ent, then  
correcting the poten cy o f the sam ple.

In higher potency feed, there w as no need  for 
so lven t evaporation because it w as easy to keep  
m ethanol concentration b elo w  15%. At this  
concentration, the apparent change of antibiotic 
p oten cy (0.1 u n it/m L ) w as —5%. For low er p o
tency feeds, h ow ever, th is w as not p ossib le n e
cessitating the rotary evaporation step. The 
fin d in gs by G rynne (15) w ere based on com par
ison  b etw een  the sizes o f zo n es o f in h ib ition  in  
presence o f so lven t and in  its absence. The 
zon es o f in h ib ition  w ere reported to 0.02 mm. 
For exam ple, in  absence o f m ethanol, 0.10 u n it/ 
mL zinc bacitracin gave an average zo n e o f in 
h ib ition  o f 17.10 mm. In the presence o f 10 or 
15% m ethanol, the average zo n e diam eter w as 
16.94 mm. H ence the apparent change o f p o
tency w as reported to be —5%. In order to ev a l
uate these con clu sion s it is im portant to re
m em ber that accuracy o f zo n e  m easurem ent 
could  be a factor lim itin g  precision  o f d iffu sion  
assays (33,34). For exam ple, an error o f 0.1 mm  
in  m easuring zon e diam eter in  AO AC chlortet-
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Table 9. Comparison of methanol and pyridine extraction for determination of bacitracin in feeds *

Bacitracin found, ppm

Methanol extraction

Feed sample Std in buffer Std in blank feed Pyridine extraction

Procedure A6

I e 19 22 21
3 27 31 22
6 48 42 44
9 105 113 95

12 327 347 333

Procedure B6

17 3.6 3.5 3.9
22 10.0 10.0 . 9.8
27 21.0 20.0 18.0

3 Ref. 15.
b Procedure A required no evaporation of methanol, whereas in procedure B methanol was evaporated. 
c Each result represents the average of 3 separate determinations.

racycline assay, caused 2,5% error in  potency (35). 
In general, Grynne (15) sh ow ed  the m ethanol to 
be com parable to the pyrid ine m ethod (36) for 
determ in ing zinc bacitracin in  feed s (Table 9).

There was som e pertinent inform ation m issing  
from th is p u blished  report (15), e.g„ iden tity  of 
test organism s, general com position of feeds used  
in  the study, and accuracy and precision  o f re
sults w h en  the standard addition technique was 
fo llow ed . Furtherm ore, in  som e experim ents, 
cylinders w ere used for assay, w hereas in  others, 
h oles w ere cut in  agar m edia. This m ethod, 
how ever, was the first published report in  w hich  
an organic so lven t less toxic than pyrid ine w as 
used  for bacitracin assay.

In 1973, the m ethod was m odified  (19) to 
m in im ize interference by copper w h en  present

Table 10. Effect of copper on determination of 
bacitracin in feeds *

Theoretical content, ppm
Bacitracin found,6 

ppm

Bacitracin Copper Method Ie Method II

6.0 188 1.7 6.0
10.0 190 6.6 10.3
20.0 200 15.7 21.3
20.0 300 9.9 18.9

a' Ref. 19.
b Bacitracin was extracted by methanol and each result 

represents the average of 3 determinations.
c For method I, interference by copper was not eliminated; 

for method II, copper interference was minimized by sulfide 
precipitation.

in  h igh  concentrations especially  in  the assay of 
low  poten cy feeds. This w as accom plished  by  
adding 0.4 mL am m onium  su lfide solution  (later 
ch anged  to sodium  su lfid e) fo llo w in g  the addi
tion  o f the acid ified  m ethanol for extraction. 
The evaporation step elim inated  m ethanol as 
w e ll as interference by su lfid e w ith  the test or
ganism . Bacitracin recovery w as greatly im 
proved by precipitation of copper su lfide. For 
exam ple, at 6.0 ppm  (5.4 g /to n )  z in c bacitracin  
and 188 ppm  copper, on ly  1.7 ppm  bacitracin was 
found by the regular m ethod and about 6 ppm  by  
the m od ified  m ethod. This w as a good  d em o n 
stration o f the effect o f m etal interference in  
bacitracin assay (Table 10).

T hese assay m ethods and other stu d ies con 
ducted am ong the countries o f the EEC w ere  
discussed in a report by the Sub-C om m ittee on  
A n tib iotics in  A nim al F eeding Stuffs (23).

The general consensus was that preparation of 
dose-response line in unm edicated feeds is o f no 
im portance because such sam ples are seldom  
available. Experiments to destroy zinc bacitracin 
in  feed  extracts by heat proved im practical b e
cause o f resistance o f bacitracin so lu tion s to d e
struction by heat (com plete destruction o f anti
b iotic activity requires 45 m in at 15 psi). Fur
therm ore, th is drastic treatm ent som etim es re
su lted  in u n w anted  effects on  other feed  in gre
dients. Several experim ents w ere conducted to 
study the effect o f d ifferent extraction con d i
tions. Use of hexam etaphosphate and disodium  
eth y len ed iam in etetraacetate as seq u ester in g  
agents to prevent formation of precipitates w hich
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m ight lead to loss by coprecipitation of bacitracin 
had no effect on  bacitracin recovery. Stricter 
control o f pH  o f buffer and o f sam ple extracts 
resulted in  s ligh t im p rovem en t in  recovery. 
Acetone prewash was advantageous in rem oving  
fat and other in terfering substances. Feed  
sam ples con ta in in g  5 -20  ppm  zin c bacitracin  
gave o n ly  60-70% recovery by the standard  
m ethanol m ethod. R ecoveries w ere approxi
m ately 100% w h en  corrected by the standard  
addition  techn ique, w h ich  indicated  that zinc  
bacitracin w as either not b ein g  com p letely  ex
tracted or there w as interference by som e feed  
in gred ien ts.

O ther experim ents w ere perform ed to e lim i
nate som e assay problem s. W hen phosphate  
buffer w as substituted  by 2-am ino-2-(hydroxy- 
m eth y l)p rop an e-l,3  d io l (tris) buffer and m eth 
anol, 2 laboratories assaying 0.100, 0.050, and  
0.025 u n it o f bacitracin /m L  recovered  over 90% 
o f the activity. H ow ever, the tr is-m eth an ol 
buffer (w ith  no bacitracin) gave appreciable  
zones. A lso , it w as d ifficu lt to red isso lve the  
so lid s after evaporation. H eavy contam ination  
w as n oted  on  the plates that w ere incubated  at 
37°C , and sen sitiv ity  w as not h igh . W hen 2,2'- 
d ip yrid yl w as used  to elim inate possib le in ter
ference from  iron, there w as no special advan
tage.

For low  level feeds (as low  as 10 ppm) extracted 
w ith  m ethanol, partial evaporation o f m ethanol 
and p H  adjustm ent to 6.5 resulted in  som e p o s i
tive bias in  recovery (100-120% ). Further in 
vestigation s sh ow ed  th is to be due to som e in 
h ibition by blank feeds. Accordingly, the rotary 
evaporation step w as re-introduced.

The EEC report also evaluated  several tech
niques used in  m icrobiological assay. W ells cut 
in  agar w ere superior to cylinders or paper discs 
in  form ation o f un iform  zo n es o f in h ib ition . 
The cutting o f w e lls  by cork borer w as con sid 
ered poor. Instead o f usin g  brass tub ing w ith  a 
b ev el on  the outside o f th e tube, it w as essential 
to use a th in  w a lled  steel tube w ith  sharp b evel 
on the insid e. To m in im ize  contam ination  by 
copper, the tube should be made of ferrous metal 
rather than brass. A 2 X 2 dose Latin square was 
superior to the random  4 X 4  design , because the 
response ten d ed  to becom e non lin ear over the  
ex ten d ed  range required for the 4 X 4  design . 
This difficulty was resolved by adding neom ycin  
to th e m edium . O ther advantages of neom ycin  
inclu ded  increased assay sensitiv ity  and control 
of contam ination  during incubation  at 37°C.

The final m ethod  su ggested  in  the report w as 
essen tia lly  th e sam e m ethanol m ethod  reported

by Grynne (15) except that sulfide salt w as added  
in  the presence o f h ig h  copper content. The 
Latin square 2 X 2  d esign  w as fo llo w ed  and the  
volum e of solution (0.2 mL) necessary to fill each 
h ole  shou ld  be predeterm ined and m easured  
accurately.

Conclusions
Plate d iffusion  assay is  the m eth od  o f choice  

for analysis o f zin c or M D bacitracins. For feed  
products containing >20  g  bacitracin / ton and for 
h igh er p oten cy prem ixes (bacitracin in  g /lb ) ,  
m ethanol extraction is superior to pyrid ine. 
Statistical evaluation  o f AO AC collaborative  
stu d ies o f prem ixes sh ow ed  no com p on en t of 
variance (coeff. o f var., 2-6%) for the m ethanol 
m ethod and large coefficient o f variation (about 
13%) for the AOAC pyrid in e m ethod. Com pa
rable valu es for com p lete feed s w ere 6-12% and  
15-30%, respectively . For p oten cy  lev e l <11  
ppm  (about 10 g  bacitracin /ton), no AO AC co l
laborative studies w ere done. Future in v esti
gations at lo w  antib iotic lev e ls  are necessary to 
evaluate the effect of feed matrix interference on  
antibiotic recovery, precision , accuracy, and  
sen sitiv ity  o f the analytical m ethod.
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IN D U S T R IA L  C H E M IC A L S

Gas Chromatographic Determination of Trialkyl/Aryl Phosphates in 
Drinking Water, Following Isolation Using Macroreticular Resin
GUY L. LeBEL, DAVID T. WILLIAMS, and FRANK M. BENOIT
Health and Welfare Canada, Environmental Health Directorate, Monitoring and Criteria
Division, Tunney's Pasture, Ottawa, Ontario, Canada K1A 0L2

An XAD-2 screening method developed previously 
for organophosphorus pesticides has been extended 
to determine trialkyl/aryl phosphates in drinking 
water at the ng/L level. Recovery studies at 1,10, and 
100 ng/L levels were carried out by fortification onto 
XAD-2 resin and by direct on-stream fortification of 
drinking water. Recoveries were >70% for tri-n- 
butyl, tris(2-chloroethyl), tri(2-ethylhexyl), tribu- 
toxyethyl, triphenyl, and tricresyl phosphate. 
Triethyl phosphate recoveries were about 25%. 
Analysis of drinking water samples collected at 6 
eastern Ontario water treatment plants revealed the 
presence of several trialkyl/aryl phosphates at levels 
ranging from 0.2 to 75 mg/L.
T rialkyl/aryl phosphate esters are w id e ly  used  
as flam e retardants in  plastics and as fire-retar
dant hydraulic flu ids; sm aller am ounts are used  
in  lubricants, air filter m edia, adh esives, and  
coatings (1 ,2). A lth ou gh  sign ifican t quantities  
m ay h ave b een  released inad verten tly  to the  
en v iron m en t (1), there are few  reports o f the  
presence o f trialkyl / aryl phosphate esters in  the  
en v iron m en t (1, 3-9).

Murray (8) extracted phosphate esters from  
water w ith  chloroform and, fo llow in g  hydrolysis 
of the phosphates and silylation , determ ined the 
s ily la ted  p h e n o ls  by gas chrom atography. 
S h eld on  and H ites (6), Saegar et al. (9), and  
Clarke (7) used m ethylene chloride to extract the 
phosphates from water and analyzed the extracts 
by gas chromatography using flame photom etric
(7), flam e ion ization  (9), and mass spectrom etric
(6) detection. H ow ever, detection lim its o f these 
m eth o d s w ere  greater than 10 p g /L  (7); 
tria lk y l/ary l phosphates sh ou ld  be present in  
drinking water at m uch low er concentrations, so  
a m ore sen sitiv e  m ethod  has been  develop ed .

LeBel et al. (10) reported a m ethod  for the iso 
lation  and concentration o f organophosphorus  
pesticides from drinking water at the n g /L  level, 
u sin g  A m berlite XAD-2 m acroreticular resin. 
This m eth od  has b een  extended  to determ ine  
tria lk y l/ary l p h osphates in  drin k ing w ater at

Received O ctober 24,1980. Accepted January 5,1981.

n g /L  concentration; sam ples from  6 eastern  
Ontario treatm ent p lants w ere used.

M ETH O D
Reagents

U se so lven ts and chem icals as p reviou sly  d e
scribed (9) except for:

(a) Purified water. —Pass water from M illipore 
Super-Q system  through Am berlite XAD-2 resin  
cartridge at ca 140 m L /m in  and store in  clean, 
capped amber bottles w ith  T eflon -lin ed  caps.

(b) Glass w o o l.—W ash w ith  acetone, m eth 
y len e  ch loride, and hexane. Store in  clean  bot
tles w ith  T eflon -lin ed  caps.

(c) Standard so lu tion s.—A ll phosphates w ere  
obtained from Chem  Service Inc. (West Chester, 
PA 19380) except tri-o-, tri-m -, and tri-p-tolyl 
phosphate (Eastman Kodak, Rochester, NY  
14650), tr is(l,3-d ich loropropyl)phosphate (RFR 
Corp., H ope, RI 02831), and tri(2,4-xylenyl)- 
phosphate (Chrompack Canada, B lenheim , O n
tario, Canada N O P 1A0). Prepare 500 p g /m L  
stock solutions in  acetone and w orking standard 
so lu tion s in  acetone as required.
Apparatus

(a) U ltrasonic b a th .— Bransonic, M odel 220.
(b) C e n tr ifu g e .— Table top , In tern ation al 

C lin ical C entrifuge. O perate at 1600 rpm.
(c) LC pum p.—Waters Associates (M ilford, MA 

01757), M odel 6000.
(d) Gas chrom atograph. —Perkin-Elm er M odel 

910 equ ipped  w ith  n itrogen -p h osp h oru s se lec
tive detector (N PD ). C olum n param eters and  
operating conditions: 1 m X 2 mm id g lass co l
um n packed w ith  3% OV-17 on  100-120 m esh  
Gas-Chrom Q, in itia l tem perature 160°C for 2 
m in, program  6 ° /m in  to 235°C , h old  10 m in, 
h o ld  post-program  tem perature 6 m in  at 240°C; 
or, 1.8 m X 2 mm id glass colum n packed w ith  3% 
OV-101 on  80-100 m esh Chromosorb 750, initial 
tem perature 150°C for 2 m in , program  8 ° /m in  
to 230°C , h o ld  10 m in , h o ld  post-program  tem 
perature 9 m in at 235 °C, helium  carrier gas at 30

0004-5756/81/6404-0991-08$1.00 
© Association of Official Analytical Chemists, Inc.
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Figure 1. Schematic of continuous fortification using LC pump.

m L /m in; or, 25 m X 0.2 m m  id  m eth yl s ilicon e  
(SP 2100) fused  silica capillary colum n (H ew 
lett-Packard), in itia l tem perature 170°C for 2 
m in, program  5 ° /m in  to 245°C, h old  10 m in , 
h old  post-program  tem perature 5 m in  at 250°C, 
h eliu m  carrier gas 40 c m /s  linear velocity  at 28 
p sig  in le t pressure w ith  m ake-up gas at 25 
m L /m in . Injector, 250°C; detector, 270°C. 
U sin g  syringe w ith  special 3 in. n eed le , in tro
duce aliquot through sp litless injector system  
(SGE) at 70°C, open  v en t at 20 s, and increase  
in itia l tem perature to 170°C at 30 s.

(e) Gas ch ro m a to g ra p h -m a ss sp ec tro m e ter  
(G C /M S ).— Finnigan M odel 4000, coupled  w ith  
series 6110 data system  and contain ing a 1.8 m X 
2 mm id glass colum n packed w ith  3% OV-101 on  
80-100 m esh  Chrom osorb 750. O perating con 
ditions: in itia l tem perature 175°C for 1 m in , 
program  6 ° /m in to 2 5 0 ° C ;  separator 245 ° C; ion  
source 250°C.
Water Extraction

Pass 200 L tap water through Am berlite XAD-2 
resin cartridge at 140 m L /m in . Elute XAD resin  
as p reviou sly  described (10).

Extract 2 L water sequentially w ith  100, 50, and  
50 mL portions o f m eth y len e ch loride. Dry  
m eth y len e ch loride extracts by percolating  
through sodium  sulfate d rying tube, and com 
b in e in  500 mL round-bottom  flask. R inse so
dium  sulfate w ith  25 mL m ethylene chloride and  
add rinse to com b ined  extracts. C oncentrate  
filtrate to near dryness, add ca 10 mL acetone, and  
reconcentrate to near dryness. (Note: H alo- 
genated  so lven ts adversely  affect N P D  (11).)

D ilu te to suitable vo lu m e for GC analysis, u sin g  
acetone as solven t.
Recovery Studies

D irect on-colum n fortifica tion .—A dd aliquot o f  
p h osphates sp ik in g  so lu tion  in  acetone, corre
sp on d in g  to 1, 10, or 100 n g /L  for equ ivalent  
200-L w ater sam ple, to head o f cartridge and  
flu sh  acetone w ith  500 mL p urified  water. In
vert co lum n, attach to tap w ater lin e  in  series 
w ith  1 (or 2) screen ing XAD-2 cartridge(s) and  
proceed as p reviously  described for w ater ex
traction.

C ontinuous fortifica tion .— Fortify 4 L purified  
w ater w ith  0.55, 5.5, or 55.0 p g  p h osphates by  
add in g  appropriate am ount o f stock so lu tion  (1 
or 10 p g /m L ) of phosphates in  acetone. U sin g  
high  pressure LC pum p and tee-junction (Figure 
1), pum p th is so lu tion  in to  in le t w ater lin e  of 
XAD cartridge at a rate (ca 2 m L /m in ) calculated  
to g iv e  a fortification lev e l o f 1 ,10 , or 100 n g /L . 
Pass 200 L fortified water through XAD cartridge, 
and elu te  cartridge as p reviou sly  described.
Extraction from Selected Rubber Seals andO-Rings

W ith clean scalpel, cut very fin e p ieces o f 
rubber and accurately w e ig h  ca 25 m g. W ith  
mortar and pestle, gr ind  to fin e  pow d er w ith  ca 
1 g  granular sodium  sulfate. Transfer to 50 mL 
round-bottom  centrifuge tube eq u ipped  w ith  
T eflon-lined  screw cap. A dd 25 mL acetone and  
ultrasonicate 15 m in. C entrifuge 15 m in  and  
transfer clear supernate w ith  clean Pasteur pipet 
to 250 mL round-bottom  flask throu gh  so lven t-
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Table 1. Recoveries of trialkyl/aryl phosphates by direct fortification

% Recovery ± SD

Phosphate 1 n g /L a 10 n g /L a 100 n g /L 6

Triethyl — 19.9 ± 1.3 28.9 ± 4.9 
(10.7 ± 0.1)a'c

Tributyl 88.2 ± 4.1 101.2 ±2.1 97.5 ±2.3
Tris(2-chloroethyl) 82.9 ± 0.5 95.5 ± 1.0 90.3 ± 5.4 

(2.4 ± 0.4) a'c
Tri(2-ethylhexyl) 62.9 ± 6.9 61.7 ±6.9 (78.8 ± 8.5)
Tributoxyethyl 125.6 ± 13.9 141.5 ±9.3 104.5 ± 6.5
Triphenyl 100.5 ± 2.1 107.4 ±4.5 95.0 ± 3.6
Tricresyl 98.1 ± 1.4 97.1 ±3.5 95.0 ± 4.8

3 Two determinations. 
b Four determinations.
c Values in parentheses are for recoveries from a second XAD cartridge when used in series with the first cartridge.

w ash ed  sodium  sulfate drying tube. Repeat 
tw ice and rinse drying tube w ith  15 mL acetone. 
C oncentrate filtrate to sm all vo lu m e on  rotary 
evaporator, transfer to graduated centrifuge tube, 
and d ilute to required vo lu m e in  acetone for GC 
analysis.
Gas Chromatography

Inject aliquot o f extract in to  gas chrom ato
graph w ith  OV-17 colum n and quantitatively  
determ ine am ount o f u n k n ow n  or sp iked  m ate
rial by com paring its peak area w ith  area o f cor
resp on d in g  standard injected under sim ilar  
conditions. Inject onto OV-101 co lum n for 
confirm ation.
Confirmation by Gas Chromatography/ Mass 
Spectrometry

Inject suitable aliquot o f extract in to  G C /M S  
apparatus. For qualitative confirm ation , com 
pare El mass spectrum  of peak o f interest w ith  El 
mass spectrum  o f correspon ding standard. For 
quantitation, com pare area o f peak o f recon
structed mass chrom atogram  (RGC) w ith  area of 
correspon ding standard RGC peak. For trace 
lev e ls , use G C -selected ion  m onitoring MS and  
com pare peak areas for 2 characteristic ions  
(RGC) w ith  correspon ding areas from  stan
dards.

R esu lts and D iscu ssio n
The m ethod  o f LeBel et al. (10) d ev elop ed  

p reviously  for the determ ination  o f organo- 
p hosphorus pesticides has b een  extended  to in 
clude sim ultaneous determ ination  o f tria lkyl/ 
aryl phosphates. R ecovery stu d ies w ere carried 
out by 2 different m ethods to measure the ability  
of the resin  to concentrate the tria lky l/aryl

p h osphates from  drin k ing w ater sam ples. The 
first fortification m ethod has been described (10). 
In the present m ethod, an acetone solution of the 
phosphates is sp iked  d irectly  onto  an XAD-2 
cartridge at a concentration  eq u iva len t to 1, 10, 
or 100 n g /L  for a 200-L w ater sam ple, and 200 L 
tap w ater screened through XAD-2 resin  is a l
low ed  to pass through the spiked cartridge at 140 
m L /m in. A blank cartridge is run in  parallel for 
all recovery runs.

Results for recoveries by u sin g  the direct for
tification m ethod are sh ow n  in Table 1. The 
resin produced good overall recovery w ith  a few  
exceptions. The lo w  recovery for triethyl 
phosphate can be explained by its relatively h igh  
so lu b ility  in  water. This results in  poor ad
sorption by the XAD-resin as sh o w n  (Table 1, 
parentheses) by con n ectin g  a secon d  XAD-2  
cartridge in  series w ith  the first cartridge. In 
addition to loss due to this breakthrough, triethyl 
p hosphate w as also found  in th e aqueous phase  
usually discarded fo llow in g  elu tion  o f the resin. 
A n alysis o f this aqueous phase (m eth ylen e  
ch loride extraction) accounted for 30% o f the  
triethyl phosphate. O f the phosphates used for 
fortification, on ly  tris(2-chloroethyl)phosphate  
was also found in the aqueous phase at 10% of the 
sp iked  level.

The apparent h igh  recovery for tributoxyethyl 
phosphate is exp lained  by the presence o f this  
com p ound in  the X A D -screened tap w ater used  
in  the fortification studies. This is due to the  
relatively  h ig h  lev e l (about 55 n g /L ) o f tribu
toxyeth yl phosphate in  the tap w ater and about 
8% breakthrough o f this com pound through the 
XAD-2 cartridge.

It has been  question ed  w h eth er  direct fortifi
cation o f the XAD resin is a true indication o f the
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Table 2. Recoveries of trialkyt/aryl phosphates by continuous fortification using an LC pump

Phosphate

% Recovery ± SD

1 n g /L a 10 n g /L a 100n g /L 6

Triethyl __ 29.4 ± 2.3 20.7 ± 2.3
(16.1 ± 0.5)c (14.1 ± 0.4)

Tributyl 78.9 ± 6 .5 71.3 ± 7.1 76.6 ± 4.9
(26.7 ± 0.3) (15.7 ± 2.9) (15.1 ± 3.5)

Tri(2-chloroethyl) 81.1 ± 5.6 86.1 ± 3.4 81.1 ± 9.4
(21.5 ± 0.2) (19 4 ± 2.9) (16.5 ± 1.5)

Tri(2-ethylhexyl) 10.1 ± 0.1 9.3 ± 0.4 13.2 ± 3.7
(3.1 ±0 .1) (4.1 ±0 .6) (6:4 ± 2.0)

Tributoxyethyl — — —
Triphenyl 102.9 ± 1.5 82.0 ± 0.7 92.7 ± 5.8

(9.2 ± 0.1) (4.6 ± 0.2) (4.5 ± 0.7)
Tricresyl 80.9 ± 1.8 101.5 ±0.1 78.8 ± 4.1

(5.8 ± 0.2) (— ) (0.4 ± 0 .5 )

a Two determinations. 
b Four determinations.
c Values in parentheses are for recoveries from a second XAD cartridge when used in series with the first cartridge.

ability  o f the resin to adsorb low  concentrations  
of organics from a large vo lu m e o f water. Be
cause it is impractical to collect and fortify 200-L 
bulk sam ples of water, a n ew  technique was used  
to co n tin u ou sly  fortify large vo lu m es o f tap 
w ater w ith  trace lev e ls  of p hosphate esters. A 
concentrated aqueous phosphate so lu tion  w as 
introduced, using an LC pum p, directly into the 
pressurized (about 80 psi) d rin k ing w ater line. 
The flo w  rates w ere adjusted to g ive  concentra
tions o f 1 ,10, or 100 n g /L  before passage through  
the XAD resin. For all recovery runs, a second  
cartridge w as connected  in  series to adsorb any  
unretained  phosphate.

Results from Table 2 indicate recoveries similar 
to the direct m ethod, a lthough  som e exceptions  
w ere noted . M ost of the tri(2-ethylhexyl)phos- 
phate, together w ith  sm all am ounts o f tricresyl 
phosphate, w ere adsorbed by the LC pum p, 
presum ably by a sm all cellu lose m em brane filter 
in  the pum p. A lso, the tap w ater conta ined  a 
relatively h igh  level o f tributoxyethyl phosphate 
w h ich  interfered  w ith  quantitation o f th is com 
pound. Source o f the phosphate is the w ater it
se lf  a lthough  the 2 rubber O -rings and a rubber 
seal in  the tap may have contributed. C oncen
trations o f tributoxyethyl phosphate in  the O- 
ring and seal w ere about 5000 and 500 ppm , re
spectively. Analysis of a grab sam ple o f stale tap 
w ater (first 2 L) sh ow ed  about 6 p g /L  tributoxy
ethyl phosphate w h ich  quickly decreased to 200 
n g /L  by flu sh in g  about 30 L water.

The overall results com pare w e ll w ith  the d i
rect fortification m ethod, thereby dem onstrating  
a feasib le m ethod for the introduction  o f low

levels o f organic com pounds into large volu m es  
of drinking water for fortification studies. Also, 
the results dem onstrate that the direct sp ik in g  
approach can provide an approxim ate m easure  
of recovery effic ien cy  for low  lev el organic  
com pounds from large vo lu m es o f water.

Because o f the w id esp read use o f phosphate  
esters as plasticizers and flam e retardants, it was 
necessary to purify all chem icals and so lven ts  
and to carefully clean all glassware and apparatus 
used in  the analytical m ethod. Because tri
alkyl/aryl phosphates have been identified in dis
tilled water (11,12), the purified water used in the 
present study to rinse resin cartridges was judged  
satisfactory only after passing M illipore Super-Q  
system  w ater through XAD resin. O ther p o 
tential sources of contam ination w ere glass w ool 
(tr ixy len y l phosphate); m eth y len e  ch lorid e  
(tributyl phosphate, tributoxyethyl phosphate, 
triphenyl phosphate, tricresyl phosphate, and  
2-eth y lh exy l d ip h en y l phosphate); and Buna-N  
rubber O -ring (tributoxyethyl phosphate) (Table
3). R eplacem ent o f the rubber O -ring from  the  
m etering valve w ith  a Viton® O -ring elim inated  
th is possib le source o f contam ination.

Water extracts co llected  during June and O c
tober 1978 w ere analyzed  by GC-NPD for 
tr ieth yl, tributyl, tr is(2 -ch loroeth yl), tr i(l,3 -  
d ich lorop rop yl), tr i(2 -eth y lh exy l), tributoxy
eth y l, tr ip h en y l, and tricresyl p hosphates. 
A n alyses w ere carried out on  an OV-17 colum n  
and confirm ed on  an OV-101 colum n and by 
G C /M S analyses by searching reconstructed  
mass chrom atogram s for at least 2 characteristic 
ion s for the sam ple and standard w ith in  the re-
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Table 3. Potential laboratory sources of trlalkyl/aryl phosphate contamination

Source n-Butyl 1,3-Dichloropropyl Butoxyethyl Phenyl Cresyl Others8

Super-Q water 
Corning water

Glass wool 
O-ring rubber 

(metering valve) 
O-ring 

(Super-C 
cartridge) 

Gasket rubber 
Corning still

26 000 ng/L
120ng/L 

10 070 p g /g

5,900 ng/L

151 Mg/g 

576 pg /g

isopropylphenyl
diphenyl

trixylenyl

Methylene chloride + + + + + + + + + + + + 2-ethylhexyl
diphenyl

8 Tentatively identified by comparison with industrial fluids.

ten tion  tim e w in d o w  estab lished  for the stan
dard. The GC-NPD response for the phosphates 
stu d ied  w as linear over the range 0 .1-100  ng in 
jected, w h ich  covers the range o f phosphate  
concentrations found in  tap water. Table 4 lists 
the retention  tim es o f som e tria lk y l/ary l p h os
phates on the 2 packed co lum ns u sed  under  
co n d ition s described in  the apparatus section. 
The table also sh ow s the characteristic ions  
scanned  for G C /M S confirm ation.

Extracts were analyzed on ly  for phosphates for

w h ich  standards w ere available, and contain  
several lo w  concentration , u n id en tified  com 
poun ds as ev id en ced  by a typical w ater extract 
chrom atogram  (Figure 2b). Figure 2a is a chro
m atogram  of a standard m ixture o f tria lk y l/ary l 
phosphates.

Because o f the com p lexity  o f chrom atogram s 
of drin k ing w ater extracts and the m ulticom p o
n en t nature o f m any tria lky l/aryl phosphate  
industrial flu ids, analyses w ere also attem pted  
by capillary colum n GC. Figure 3, illustrating

Table 4. GC and GC/MS data for some trlalkyl/aryl phosphates

Phosphate OV-17

Retention times

OV-101

GC/MS 

Selected ions

Triethyl 20 45 111 182
Tributyl 130 304 155 211
Tris(2-chloroethyl) 310 386 143 249
Tri(2-ethylhexyl) 749 955 113 211
Tris(l,3-dichloropropyl) 770 793 191 381
Tributoxyethyl 798 880 125 299
Triphenyl 863 844 77 326
IPDP8’6 949 976 251 368

1028 1055
1091 1136

Tri-o-tolyl 990 1036 91 368
Tri-m-tolyl 1101 1117 91 368
Tri-p-tolyl 1225 1291 91 368
Tricresyl 1101 1117 91 368

1136 1159
1176 1204
1225 1291

Tri(2,4-xylenyl) 1432 1531
Trixylenyl6 1275

1350
1432
1524
1615

8 IPDP = isopropylphenyl diphenyl phosphate. 
6 From industrial fluids.
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RETENTION TIME (sec *100)

Figure 2. GC-NPD chromatogram on OV-17 column of: (a) 1 ng each of tributyl, tris(2-chloroethyl), tri(2- 
ethylhexyl), tris(l,3-dichloropropyl), tributoxyethyl, triphenyl, and tri-o-, tri-m-, and tri-p-tolyl phosphates;

(b) extract of 203 L tap water (Prescott).

a m ixture o f trialkyl / aryl p hosphates, clearly  
sh ow s th e resolu tion  o f the various phosphates, 
notably the isomers of tricresyl phosphate. This 
superior resolu tion  sh ou ld  ease the interpreta-

tion  o f an actual d rin k ing w ater extract (Figure 
4) com pared to interpretation o f the sam e extract 
on a packed colum n (Figure 2b).

Table 5 lists lev els o f trialkyl/aryl phosphates

Figure 3. GC-NPD chromatogram of trialkyl/aryl phosphates on 25 m SP2100 WCOT column.
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Figure 4. GC-NPD chromatogram of 203 L tap water extract (Prescott) on 25 m SP2100 WCOT column.

found  in  drin k ing w ater from 6 eastern Ontario 
w ater treatm ent plants. The results w ere not 
corrected for in com p lete recoveries; therefore, 
triethyl phosphate, w h ere detected , w as lik ely  
present at a h igh er concentration. Recovery  
studies for tris(l,3-dich loropropyl)phosphate at 
the 1 n g /L  lev e l sh ow ed  recoveries o f 100 ±  
2% .

In conclusion, a m ethod developed earlier (10) 
has b een  sh ow n  to be applicable to the determ i
nation  of tria lk y l/ary l phosphates.

A novel approach for fortifying large volu m es

of drin k ing w ater con ta in in g  very lo w  con cen 
trations o f phosphates, usin g  an LC pum p, has 
been  applied  successfu lly  for recovery studies.

Recoveries w ere attem pted on  a few  selected  
phosphates w h ich  in clu d ed  trialkyl, trichlo- 
roalkyl, and triaryl phosphates. Thus the  
m ethod should  be applicable to the w h o le  class 
of tria lky l/aryl phosphates.
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Table 5. Trialkyl/aryl phosphates (ng/L) in drinking water from 6 eastern Ontario water treatment plants, 1978

Plant Date
Tri

ethyl
Tri

butyl

Tris-
(2-chloro-

ethyl)
Tris(l,3-dichloro-

propyl)
Butoxy-

ethyl
Tri

phenyl
Tri-

cresyl
Tri(2-ethyl-

hexyl)

Lemieux Is. Oct 1.7 0.4 0.2 48.9 0.4 0.3
Oct3 1.2 0.3 0.2 70.4 0.4 0.3

Britannia Oct 0.6 0.4 0.3 8.4 0.7
Oct3 0.6 0.4 0.2 6.2 1.9

Smiths Falls June 1.0 1.0 0.5 2.6 0.2
Sept 0.9 1.6 0.7 0.9 0.4 0.3

Perth June 0.5 0.7 0.2 3.2 0.3
Sept 1.4 1.2 0.2 4.3 0.5

Prescott June 24.0 11.2 6.6 1.6 16.2 2.0
Oct 19.9 9.8 8.2 1.4 75.4 2.6

Brockville June 17.2 11.8 6.9 1.4 8.4 1.2
Oct 27.1 11.0 9.2 1.8 10.1 0.7

Water from raw water tap at treatment plant.
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A liquid chromatograph is described for the size ex
clusion chromatography (SEC) of polyethylene and 
oligomers. The rigid column packing material was 
10 fim diameter porous silica. An infrared spectro
photometer was used as the detector. The chroma
tograph was designed and operated to minimize the 
degree of chromatographic peak shape distortion 
resulting from factors such as system dead volume, 
detector cell design, sample injection volume, and 
sample concentration. To compensate for peak 
spreading and skewing, the chromatographic data 
were analyzed with an IBM 370/168 computer using 
an APL program. The molecular weight range cov
ered by this SEC system was 100-500 000. Precision 
and accuracy of Jhe calculated weight average mo
lecular weight (Mw) values for polyethylene stan
dards over this range were ±3 and ±4%, respec
tively.
The Food and Drug A dm inistration (FDA) is re
sp on sib le  for assuring that food  packaging m a
terials are safe for their intended use. O ne aspect 
of th is regulatory activity concerns o ligom ers  
w h ich  m ay m igrate from  polym eric packaging  
material into food. Our laboratory w as in itially  
interested in the oligom ers o f p o lyeth ylen e, the 
polym er m ost w id e ly  u sed  for food packaging. 
A  m ethod  capable o f y ie ld in g  an accurate m o
lecular w eigh t distribution (MWD) of food grade 
p o ly eth y len e  and its o ligom ers w as required. 
Size exclusion chromatography (SEC) was chosen  
to obtain th is inform ation. -.

O ver the past 20 years, SEC has been  a usefu l 
but tedious technique for determ ining the MWD 
of a polym er (1-6). A  series of 1 m colum ns was 
usually  em p loyed , requiring several hours for 
total e lu tion  o f th e sam ple. R ecent advances in  
colum n packing tech n ology , h ow ever, have  
g iv en  rise to a n ew  class o f h igh  perform ance  
SEC colum ns (7). T hese n ew  packing m aterials 
allow  analysis by SEC in  15-20 m in, u sin g  1 or 
tw o 25 cm colum ns. Increased availability  of 
com puters for scientific data h an d lin g  has fur
ther facilitated the developm ent of SEC as a rapid 
tech n iq u e for an a lyzin g  polym eric m aterials (4, 
8- 12).

A liq u id  chrom atograph and com puterized  
data han d lin g  capabilities, develop ed  for SEC of  
p olyethylene and oligom ers, are described in  this 
paper. The results obtained using this system  for 
the m olecular w e ig h t (MW) characterization o f

a num ber o f com m ercially  available food  grade 
p o ly eth y len es and their hexane and x y len e  ex
tractable o ligom eric fractions are reported in  a 
separate paper (13).

The MWD of a p olym er an a lyzed  by SEC is 
determ ined from  an exam ination o f the shape of 
the chrom atographic peak recorded. Peak 
spreading and sk ew in g , w h ich  occur in  all 
chrom atographic system s, are therefore detri
m ental to obtain in g an accurate M W D by SEC 
(14-16). This effect w as o f particular concern in  
this w ork since the greatest degree o f peak d is
tortion occurred at the lo w  MW tail o f the chro
matogram . To m in im ize th is effect, the design  
and operation of the liquid chrom atograph w ere  
optim ized  w ith  regard to system  dead volu m e, 
detector cell vo lu m e, f lo w  rate, co lum n effects, 
sam ple size, tem perature, and sam ple con cen 
tration (17-23).

The SEC data obtained for each polym er were  
analyzed using an IBM 370/168 computer. The 
APL com puter program  d ev elop ed  for this 
analysis com pensated for peak spread ing and  
sk ew in g. It also perform ed the vo lu m in ou s  
m athem atical calculations required to obtain the 
M W D of the sam ple. Accurate assign m en ts o f 
retention  vo lu m es w ere ensured  throu gh  use o f  
an internal standard, 2-w -propylphenol (OPP).

Experimental
Reagents

Standards used  to calibrate the SEC colum ns  
w ere polyethylene Standard Reference Materials 
(SRMs) 1475,1476,1482,1483, and 1484, available 
from  the N ational Bureau o f Standards, U.S. 
D epartm ent o f Com m erce, W ashington , DC. 
Several norm al alkanes (purity 99%) obtained  
from  Analabs w ere also used  in  the calibration. 
Reagent grade 1,2,4-trichlorobenzene (TCB) from  
Eastman Kodak Co. w as the m obile phase. OPP 
(98% purity), used as the internal standard, was 
obtained from  Aldrich.
Apparatus

The so lven t d elivery  pum p w as a Spectra- 
Physics M odel 740B operated in  the constant 
vo lu m e m ode. A 6-port va lv e  d esign ed  to 
w ithstand  tem peratures to 150°C at 2000 psi, 
available from  Valeo Instrum ents Co., w as used

0004-5756/81 /6404-0999-09$l .00 
© Association of Official Analytical Chemists, Inc.
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for sam ple injection. The co lum ns and valve  
injector w ere m aintained at 135°C in a m odified  
Spectra-Physics 3400B oven. (O ven m odifica
tions: tem perature controller electronics ad
justed to a llow  operation to 150°C; portion of 
oven  w all rem oved to a llow  m ou n tin g  injector 
valve inside oven.) The oven  and detector w ere  
connected w ith  an 8 in. double insulated transfer 
line (0.025 mm Teflon tubing). The infrared (IR) 
detector, equipped w ith  a heated cell holder w ith  
an operating temperature range from am bient to 
200°C, w as obtained from  D uPont Instrum ents. 
A 1.5 mm  path len g th  m icro flow -th rou gh  cell 
available from  Foxboro/W ilks w as used  as the  
detector cell. O perating con d ition s o f the IR 
detector were: cell tem perature 145°C, w a ve
len g th  settin g  3.4 /xm, slit w id th  2 m m , m eter 
tim e constant 4 s, range 0.1 absorbance un it fu ll 
scale deflection (AUFSD) (1 mV). The refractive 
index (RI) detector w as a W aters Associates 
M odel R401. A Flaake M odel FE circulating  
w ater bath w as used to m aintain the RI cell at 
75°C. The SEC colum ns w ere obtained from  
DuPont Instrum ents (SE-500, SE-100, and SE-60) 
and Waters A ssociates (100, 500, and 1000 Á 
uStyragel). A H ewlett-Packard M odel 7130A  
variable ra n ge/sp eed  strip chart recorder was 
used to record the detector output. Chrom ato
graphic area slic in g  w as ach ieved  w ith  a Spec
tra-Physics Minigrator operated in the sim ulated  
distillation  m ode. The area slice data received  
from the M inigrator were subsequently analyzed  
w ith  an IBM 370 /168  com puter.

Intrinsic viscosities w ere m easured in a H ew 
lett-Packard 5910A constant tem perature bath  
operated at 135°C. Two C annon-U bb elohde  
sem im icro d ilu tion  viscom eter tubes (sizes 25 
and 50) w ere used, w ith  TCB as the solvent.
Procedures

The sam ples and standards w ere prepared as 
0.1-0.5% solu tions in TCB contain ing 0.2% of the 
internal standard (OPP). T hey w ere d isso lved  
by stirring on a hot plate ca 1 h at 150°C. The 
hot, unfiltered  so lu tion s w ere then  transferred  
to the loop  injector w ith  a hot 500 ¡iL syringe.

Intrinsic v isco sities  w ere d eterm in ed  by  
m easuring the in h eren t v iscosity  (at 135°C) at 
several concentrations (in TCB) and extrapolat
in g  to zero concentration (24).

R esu lts and D iscu ssion  
System Dead Volume

Dead volu m e, located in  a liqu id  chrom ato
graph b etw een  the injector and the detector, is

know n to cause chromatographic peak spreading 
and sk ew in g (17-21). A ll transfer lin es in  the  
chrom atograph therefore w ere m ade w ith  0.025 
mm id tubing and all conn ection s w ere m ade 
w ith  zero dead volu m e connectors. The total 
system  dead vo lu m e due to tub ing and con n ec
tors w as kept to approxim ately 70 uL by m in i
m izin g  the len g th s o f these transfer lines.
Injection Volume and Sample Concentration

Chrom atographic peak broadening is also a 
function  of sam ple injection vo lu m e (22). The 
objective w as to select an appropriate vo lu m e  
w h ich  m in im ized  peak distortions, w h ile  intro
ducing sufficient sam ple to a llow  detection w ith  
adequate sensitivity. O bviously, increasing the 
sam ple concentration decreased the vo lu m e re
quired, but this was feasible on ly  w ith in  certain 
lim its (22, 23). In th is study, distorted peaks, 
w h ich  som etim es appeared as doublets, w ere  
encountered  w h en  sam ple concentrations of 
about 1% or greater w ere injected. T herefore, 
sam ple concentrations w ere lim ited  to b etw een  
0.2 and 0.5% throu ghout this work.

An injection volum e best suited to this system  
w as determ ined by com paring the resolu tion  
observed for decane and eicosane at 10, 50, 100, 
and 200 uL. O ptim um  resolution and sufficient 
sen sitiv ity  w ere obtained w ith  a 50 uL sam ple  
loop.
Choice of LC Detector

In selecting the optim um  detector, both RI and 
IR detectors w ere exam ined. A detector w as 
required that provided adequate sen sitiv ity  for 
p o ly eth y len e  and a stable baseline w h en  oper
ated at 135°C.

The RI detector exam ined conta ined  a micro 
flow -th rou gh  cell (20 fiL  e ffective vo lu m e) w ith  
an upper tem perature lim it o f 75°C. In deter
m in in g  the sen sitiv ity  o f this detector, the lim 
itin g  factors w ere baseline instability  and h igh  
frequency noise. Also, due to RI dependence on  
MW, the detector response had to be calibrated. 
In ligh t of these d ifficu lties, an IR spectropho
tom eter w as evaluated as an alternative d e
tector.

The variable w a velen gth  IR detector was 
equipped w ith a heated flow-through cell having  
an upper tem perature lim it o f 200°C. The 3.4 
um w a velen gth , w h ich  m easured the C H 2 
stretching frequency and w as therefore in d e
pendent of MW, was monitored. In establishing  
this detector's optim um  sen sitiv ity , an erratic

Received Septem ber 19, 1980. Accepted January 26, 1981.
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Table 1. Effects on performance due to detector cell design 3

Detector cell design Effective 
cell vol., f i l

Sample injection vol., f i t
No. theoretical6 

plates (C23)
Resolution0 
C20 and Cio

RI - quartz cell as supplied, 8  /¿L cell volume plus 12 /iL transfer line 20 100 ~ 1 0  0 0 0 0.73IR - as supplied, oval 40 X 4 x 1 mm cell ~150 
/rL total volume, IR beam aligned at cell center 100 100 -7000 0.64

Oval 40 X 4 X 1 mm cell in optimized position, 
IR beam aligned at bottom portion of cell 20 100 - 1 0  0 0 0 0.72Micro flow-through cell, 4 mm diameter, 
1.5 mm thick 20 100 -9200 0.7250 -11  500 0.81
3 Conditions: One SE-500 and one SE-60 DuPont size exclusion column; 1 mL/min; TCB; 140°C. 
6 Number theoretical plates for C 23  =  16 (retention time/width at base)2
c Resolution between C20 and C10 = 2  (A retention time)/(C20 width at base + Cio width at base).

b a s e lin e  w a s  e x p e r ie n c e d  w h e n  it w a s  o p e r a te d  
at its  m a x im u m  s e n s it iv i ty  o f  0 .0 2 5  A U F S D . 
S e n s it iv ity  su p e r io r  to  th at a c h ie v a b le  w ith  th e  
RI d etec to r  w a s ob ta in ed , h o w ev e r , at 0.1 A U FS D  
a n d  a m e te r  t im e  c o n sta n t o f  4 s. U n d e r  th ese  
c o n d it io n s  th e  IR d e te c to r  r e sp o n se  t im e  w a s  
v e r y  g o o d , w ith  m in im a l p ea k  sh a p e  d is to r t io n .  
B a se lin e  s ta b ility  an d  h ig h  freq u en cy  n o is e  w e r e  
a ls o  e x c e l le n t  w it h  a c e l l  te m p e r a tu r e  o f  
135°C .
Detector Cell Design

In itia l re p la ce m en t o f  th e  RI d etec to r  w ith  th e  
IR d e te c to r  r e su lte d  in  a d ra m atic  r e d u c t io n  in  
reso lu tio n . T h is lo ss  in  re so lu tio n  w a s d u e  to th e  
d etec to r  c e ll  d e s ig n . T h e c e ll  s u p p lie d  w ith  th e  
IR d e te c to r  w a s  4 0  X 4 X 1 m m , w ith  a to ta l v o l 
u m e  o f  a b o u t 150 yuL. T h e  b ea m  o f  th e  IR d e 
tector , h o w e v e r , w a s  o n ly  4  m m  X 2 m m  (0 .5 -2 .0  
m m  w id e  d e p e n d in g  o n  th e  s lit  w id th  s e le c te d )  
a n d  d irected  at th e  cen ter  o f  th e  ce ll. T h e sa m p le  
e n te r e d  th e  b o tto m  o f  th e  c e l l  a n d  b e fo r e  d e te c 
t io n  at th e  c e n te r  tr a v e le d  th r o u g h  a p p r o x i
m a te ly  100 pL  c e ll  d ea d  v o lu m e . D y n a m ic  
m ix in g  o c cu rr ed  a n d  d is to r t io n  o f  th e  ch r o m a 
to g ra p h ic  b a n d  re su lted . R e p o s it io n in g  th e  ce ll  
so  th at th e  IR b ea m  w a s  d ir e c te d  at th e  in le t  
p o r tio n  o f  th e  c e ll  m in im iz e d  th is  e f fe c t  (T ab le  
1). T h e  sa m p le  e lu t in g  from  th e  to p  o f  th e  c e ll  
w a s o f  c o u rse  s t i l l  b a d ly  d is to r te d  a n d  u n a c 
c e p ta b le  i f  fra c tio n  c o lle c t io n  w a s  d e s ir e d .

T o fu r th e r  o p t im iz e  th e  IR d e te c to r , a F ox-  
b o r o /W ilk s  m icr o  f lo w -th r o u g h  c e ll  w a s  in v e s 
t ig a te d . T h is  c e ll  c o n s is te d  o f  a s ta in le s s  s te e l  
p la te  w ith  a c ircu la r  2 m m  d ia m e te r  c e l l  c o m 
p a r tm e n t, 1.5 m m  th ick , c o v e r e d  w ith  N a C l 
w in d o w s , a n d  w ith  a v o lu m e  o f  4 .7  /uL. A l
th o u g h  v e r y  g o o d  r e so lu tio n  w a s  o b ta in e d , an  
e x c e ss iv e  b a se lin e  n o ise  le v e l  re su lted  w h e n  th e  
sy s te m  w a s  o p e r a te d  at 0.1 A U F S D . T h is  w a s  
d u e  to  th e  2 m m  c e ll  d ia m e te r , r e la t iv e  to  th e  4

m m  IR b ea m  le n g th . T o a lle v ia te  th is  p r o b le m ,  
th e  s ta in le s s  s te e l p la te  o f  th e  c e l l  w a s  d r il le d  to  
a 4  m m  d ia m e te r  c e ll  co m p a r tm e n t, in c r e a s in g  
th e  c e ll v o lu m e  to a b o u t 20  gL. T h is  f in a l c e ll  
d e s ig n  o p t im iz e d  r e so lu tio n  o f  th e  c h r o m a to 
g r a p h ic  p ea k s  (T a b le 1) a n d  d u e  to  it s  1.5 m m  v s
1.0 m m  p a th le n g th  y ie ld e d  a n  o v e r a ll  in c r e a se  
in  s e n s it iv ity .
SEC Column Packing Material

S ev era l b a sic  cr iter ia  n e e d e d  to  b e  m e t in  s e 
le c tin g  th e  SEC co lu m n s  for th is  stu d y . First, th e  
c o lu m n  p a c k in g  h a d  to b e  ca p a b le  o f  w i t h 
s ta n d in g  tem p eratu res o f  1 3 0 -1 5 0 °C  w h e n  it w a s  
in  c o n ta c t w ith  th e  TCB re q u ire d  fo r  s o lu t io n  o f  
p o ly e th y le n e . S e c o n d , th e  c o lu m n 's  ca lib ra tio n  
o f  M W  v s  r e te n tio n  v o lu m e  h ad  to  b e  lin e a r  a n d  
co v e r  th e  M W  ra n ge o f  th e  p o ly m e r  sa m p les . A  
th ird  r e q u ir e m e n t w a s  th a t th e  c o lu m n s  h a v e  
s u f f ic ie n t  r e s o lv in g  p o w e r  to e n a b le  ch a ra c ter
iz in g  th e  o lig o m e r s  p r e se n t in  th e  p o ly e th y le n e  
ex tracts (M W  < 5 0 0 0 ). T h e  fo u r th  r e q u ir e m e n t  
w a s  th at th e  a n a ly sis  tim e  b e  sev era l m in u te s  a n d  
n o t  se v e r a l h o u r s. T h is  r e q u ir e m e n t h ad  to  b e  
a c h ie v e d  at a f lo w  rate c o m p a tib le  w it h  th e  res
o lu t io n  r e q u ir e m e n t a n d  at a c o lu m n  b ack  p r e s 
su re  o f  le s s  th a n  200 0  p s i, th e  o p e r a t in g  l im it  o f  
th e  v a lv e  in jector .

In it ia l s tu d ie s  w e r e  c o n d u c te d  u s in g  a ser ie s  
o f  ¿¿Styragel c o lu m n s  (100 , 500 , a n d  1000 A). 
T h e s e  c o lu m n s  p er fo r m e d  a d e q u a te ly  in  term s  
of: (1 ) o v e r a ll  l in e a r  c o lu m n  c a lib ra tio n , (2 )
r e s o lv in g  p o w e r , a n d  (3 ) s p e e d  o f  a n a ly s is .  
H o w e v e r , th e  c o lu m n s  (e s p e c ia lly  th e  100 A 
c o lu m n ) w e r e  n o t co m p a tib le  w ith  TCB at a f lo w  
rate o f  1 m L /m in  at 130 °C . T h e r e fo r e , a d if fe r 
e n t  SEC p a c k in g  m ater ia l w a s  so u g h t .

T h e r ig id  p o r o u s  s ilic a  SEC p a c k in g  m a ter ia ls  
w h ic h  m ig h t  b e  b e tter  s u ite d  fo r  th e  r ig o ro u s  
o p e r a t in g  c o n d it io n s  re q u ir e d  w e r e  ex a m in e d .  
D u P o n t  In stru m en ts ' s iz e  e x c lu s io n  SE s e r ie s
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p o r o u s  s ilic a  c o lu m n s , 10 /xm p a r tic le  d ia m e te r  
a n d  6 0 ,1 0 0 , a n d  500 A (SE-60, SE-100, an d  SE-500, 
r e s p e c t iv e ly )  p o r e  d ia m e te r s , w e r e  c h o s e n .  
S ev era l d if fe r e n t  D u P o n t  SEC c o lu m n s  w e r e  
ex a m in ed  in  se le c tin g  th e  o p tim u m  co m b in a tio n  
to  m e e t  th e  re q u ir e m e n ts  s p e c if ie d  a b o v e .

E x c e lle n t  r e s o lv in g  p o w e r  for  th e  o lig o m e r s  
o f  p o ly e t h y le n e  w a s  o b s e r v e d  w h e n  2 SE-60  
c o lu m n s  w e r e  c o m b in e d . H o w e v e r , th e  u p p e r  
M W  lim it for th ese  SE-60 c o lu m n s  w a s  o n ly  4000. 
C o m b in a tio n  o f  o n e  SE -60 c o lu m n  w ith  o n e  SE- 
100 c o lu m n  e x te n d e d  th is  lim it  to a p p r o x im a te ly  
35 000  M W , b u t th is  s t i l l  w a s  in a d e q u a te  fo r  th e  
a n a ly s is  o f  m o st p o ly e t h y le n e  re s in s . A ls o , th e  
c o lu m n  c a lib ra tio n  fo r  o n e  SE -60 c o lu m n  p lu s  
o n e  SE-100 co lu m n  w a s n o t  lin ea r  o v e r  th e  en tire  
M W  r a n g e  (1 0 0 -3 4  00 0 ), b u t ra th er  c o n s is te d  o f  
2 sep a ra te  cu r v es  jo in e d  to g e th e r  w ith  a d is c o n 
t in u o u s  s te p  a r o u n d  1000  M W . T h is  e f fe c t  h a s  
p r e v io u s ly  b e e n  r e p o r ted  (16) a n d  is  a ttr ib u ted  
to  th e  d e g r e e  to  w h ic h  th e  M W  r a n g e s  co v e r e d  
o v e r la p .

T h e  c o lu m n  p air  u lt im a te ly  s e le c te d  w a s  a 
co m b in a tio n  o f o n e  SE-60 c o lu m n  a n d  o n e  SE-500  
c o lu m n  w ith  M W  r a n g e s  o f  a b o u t 1 0 0 -4 0 0 0  a n d  
4 0 0 0 -5 0 0  000 , r e sp e c t iv e ly . T h e  M W  v s  r e te n 
t io n  v o lu m e  c a lib ra tio n  cu r v e  fo r  th is  c o lu m n  
p air w a s  c o n tin u o u s  o v e r  its  e n t ir e  M W  ra n g e  
a n d  co v e r e d  th e  ra n ge o f  M W  p r e se n t in  m o st o f  
th e  p o ly e th y le n e  sam p les. T h e r e so lv in g  p o w er  
for  th e s e  c o lu m n s  a lso  m e t th e  re q u ir e m e n ts  re 
g a rd in g  th e  sep aration  o f  th e  lo w  M W  o lig o m ers  
o f  p o ly e th y le n e . F u rtherm ore, a typ ica l a n a lysis  
co u ld  b e  p erfo rm ed  in  ab ou t 15 m in  at a f lo w  rate 
o f  1.0 m L /m in  a n d  a c o lu m n  b ack  p r e ssu re  o f  
about 400 psi. A ll 4  o f  th e  req u irem en ts  o u tlin e d  
a b o v e  for  th e  SEC c o lu m n s  th e r e fo r e  w e r e  sa tis 
f ie d  b y  th is  c o lu m n  pair.
Column Calibration

M W  v s  r e te n t io n  t im e  c a lib ra tio n  o f  th e  SEC  
c o lu m n s  w a s  in it ia l ly  e s ta b lis h e d  u s in g  se v e r a l  
w e ll  characterized  lin ea r  p o ly e th y le n e  standard s  
(SR M s 1 4 7 5 ,1 4 8 2 ,1 4 8 3 , a n d  1484) a n d  « -a lk a n es  
(d otriacon tan e a n d  u n d eca n e). A n  eq u a tio n  that 
b e st  d e sc r ib e s  th is  c a lib ra tio n  is:

L o g  M  = A +  BT +  C (T ')5 (1)

w h e r e  M  is m olecu lar  w e ig h t ,  T is  re te n tio n  tim e  
(s), A is  9 .3 3 0 , a n d  B is  —0 .0 1 2 7 . T h e th ir d  e le 
m e n t, C (T ')5, c o m p e n s a te d  for  th e  n o n lin e a r ity  
o c c u r r in g  n ea r  th e  v o id  a n d  to ta l p e r m e a tio n  
v o lu m e s  (C =  0 .0 0 6 5 5 , T  =  440  — T).

B ecau se  th is  w o rk  e n ta ile d  b o th  lo w  d e n s ity  
(b ra n ch ed ) a n d  h ig h  d e n s ity  ( lin ea r ) p o ly e t h y l
e n e ,  a u n iv e r s a l c a lib ra tio n  w a s  d e s ir e d . T h is

w a s  a c co m p lish ed , as has b e e n  d o n e  b y  o th ers  (9, 
2 5 -3 5 ) ,  u s in g  th e  in tr in s ic  v isc o s ity -M W  re la 
t io n s h ip  w h ic h  for h ig h  d e n s ity  p o ly e th y le n e  is 
d e sc r ib e d  by:

L ° g  Iv] ~ lo g  K + a lo g  M  (2)
w h e r e  [?)] is  in tr in s ic  v isc o s ity . S ev era l v a lu e s  
h a v e  b e e n  re p o r te d  (2 5 -2 8 )  for  a  a n d  K, a n d  w e  
fo u n d  K =  0 .0 0 0 4  a n d  a = 0 .73  to  y ie ld  th e  b e s t  
f it  o f  ou r data.

For lo w  d e n s ity  p o ly e th y le n e s ,  th is  in tr in s ic  
v is c o s ity  M W  r e la t io n s h ip  is  a fu n c t io n  o f  th e  
d e g r e e  o f  b r a n c h in g  p r e se n t , a n d  e x p a n d e d  
v e r s io n s  o f  E q u ation  2 h a v e  b e e n  s u g g e s te d  (28 , 
29). W a g n er  a n d  M cC rack in  (27 ), fo r  e x a m p le ,  
r e p r e se n te d  th is  r e la t io n  w ith  a s e c o n d  o rd er  
p o ly n o m ia l e x p r e ss io n . In  o u r  w o r k , th e  sa m e  
v a lu es  for a a n d  K w e r e  a p p licab le  for  b o th  lin ea r  
a n d  b ra n c h e d  p o ly e t h y le n e  i f  th e  f o l lo w in g  e x 
p r e ss io n  w a s  u sed :

L og [7)] =  lo g  K +  a  lo g  M  +  /3 ( ( lo g  M ')4) (3 )
(K = 0 .0004 , a  =  0 .73, ¡3 = - 0 .0 0 6 2  fo r  b ra n ch e d , 
¡3 =  0.0 for lin ea r , a n d  M ' =  M  — 600 0  b u t a lw a y s  
> 1 ) . T h e  th r e s h o ld  v a lu e  o f  6 0 0 0  M W  u s e d  in  
d e f in in g  M ' w a s  c h o se n  b a sed  o n  th e  f in d in g s  o f  
R am  a n d  M iltz  (28) a n d  o th e r  w o rk er s  (2 7 , 30). 
T h e  d e p e n d e n c e  o f  in tr in s ic  v is c o s ity  o n  M W  is  
a fu n ctio n  o f  th e  d eg ree  o f  lo n g -c h a in  b ra n ch in g  
w h ic h  g e n e r a lly  d ec rea se s  (a p p r o a c h in g  z e ro )  
w ith  d ecrea sin g  M W  (d o w n  to ab ou t 6000). T his  
accou n ts  for th e  n e g lig ib le  d iffere n ce  in  in tr in sic  
v isc o s ity  for  b ra n ch e d  a n d  lin ea r  p o ly e th y le n e s  
o f  M W  less  th a n  6000. T h is  lo w  M W  fra c tio n  o f  
th e  p o ly m er  m ay co n ta in  a re la tiv e ly  h ig h  d eg ree  
o f  sh o r t-ch a in  b r a n c h in g  (3 1 ,3 2 ) . H o w e v e r , th e  
e ffe c t  d u e  to  th e s e  s h o r t-c h a in  b r a n c h e s  w a s  
ca lc u la te d  b y  D ro tt a n d  M e n d e ls o n  (29) to  h a v e  
o n ly  about 1% th e  e ffec t that lo n g -c h a in  b ra n ch es  
h a v e  o n  th e  in tr in s ic  v isc o s ity .

In  th is  s tu d y  w h e n  E q u a tio n  3 w a s  u s e d  to  
d escr ib e  th is  in tr in s ic  v isco sity -M W  re la tio n sh ip , 
th e  sa m e (3 v a lu e  w a s  a p p lie d  to  a ll lo w  d e n s ity  
p o ly e th y le n e s  a n a ly z e d . A  certa in  d e g r e e  o f  
error, th ere fo re , re su lted  s in c e  ea ch  lo w  d e n s ity  
p o ly e t h y le n e  p ro b a b ly  c o n ta in e d  a d if fe r e n t  
d e g r e e  o f  lo n g -c h a in  b ra n c h in g . I d e a lly , a d if 
fe r e n t  f3 v a lu e  s h o u ld  h a v e  b e e n  u s e d  fo r  ea ch  
d iffere n t p o ly m er  a n a ly zed . T h e m ajor ob jective  
o f  th is  w o rk , h o w e v e r , w a s  to accurately  d escr ib e  
th e  lo w  M W  m a ter ia ls  in  fo o d  g r a d e  p o ly e t h y 
le n e s . S in c e  ¡3 h a d  n o  e f fe c t  o n  M W  < 6 0 0 0 , u se  
o f  a n  a v e ra g e  (3 v a lu e  w a s  d e e m e d  a d e q u a te .

C o m b in in g  E quations 1 a n d  3 th e n  y ie ld e d  th e  
f in a l c a lib ra tio n  eq u a tio n  o f  r e te n t io n  t im e  v s
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Figure 1. Log MW X intrinsic viscosity vs retention time for one SE-500 and one SE-60 DuPont size exclusion
columns.

MW as a function of intrinsic viscosity (Figure
1 ):

Log ([t?]M) = log K  +  (1 + a) {A  +  B T
+ C(T)5) +  / 3 ( ( A + B T +  C (T ')5) -  3.78)4 (4)

for both linear (/3 = 0) and branched (/3 = 
—0.0062) polyethylenes.

Internal Standard
The flow rate precision of the solvent delivery 

pump was ±0.5%. Daily flow rate differences, 
however, varied as much as ±5%, due to the 
ambient temperature dependence of the pump's 
flow controller. With a working volume of ap
proximately 6 mL (total permeation volume 
minus void volume) for the SEC column pair, 
these flow fluctuations were of significant con
cern. Therefore, accurate assignments of re
tention volume required correcting for these 
deviations, which was accomplished by using an 
internal standard.

OPP was selected as the internal standard be
cause it was slightly adsorbed by the SEC column 
packing material. Therefore, it eluted after the 
total permeation volume and did not interfere 
with the analysis. Use of OPP also allowed 
simplification of daily operating procedures, 
since frequent system recalibration was not 
necessary. This made it practicable to expend 
greater effort in deriving a more accurate column 
calibration.

Computer Data Handling
Design and operation of the size exclusion 

chromatograph minimized chromatographic 
peak distortion but did not completely eliminate 
this problem. A computer program therefore 
was written which compensated for these dis
tortions and performed the necessary calcula
tions required to obtain the MWD.

As is usual in SEC, the chromatographic peak 
obtained for each polymer was divided into area 
slices of equal width. This was accomplished by 
connecting the detector output to an integrator 
operated in the simulated distillation mode. A 
slice width of 4 s was chosen throughout this 
study; for most polymers this resulted in divid
ing the recorded SEC peak into between 50 and 
70 area slices. These raw area slice (A {) vs re
tention time (T¡) data were analyzed with an IBM 
370 computer using an APL program. The 
computer program performed 6 tasks: ( I )  cor
rected for baseline shifts, (2) corrected for flow 
rate variations, (3) corrected for peak shape 
distortions, (4) assigned a MW to each area slice 
according to its retention time, (5) performed all 
mathematical calculations, and (6) formatted and 
printed the results.
Corrections lor Baseline Shifts and Flow Rate 
Variations

The integrator used to obtain the area slice 
measurements did not correct for any baseline
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shifts which may have occurred. Adjustment for 
baseline shifts, therefore, was accomplished with 
the computer by projecting a straight line be
tween the peak start and end points. The start 
and end points assigned to each sample were 
supplied by the operator after preliminary ex
amination of the raw integrator area slice data. 
Any flow rate fluctuation was corrected by ad
justing the measured retention times for each 
area slice relative to the retention time of the 
internal standard.

Compensation for Chromatographic Peak 
Distortion

Chromatographic peak spreading and skewing 
that occurred during the SEC analysis were ob
served to be a function of both elution volume 
and sample dispersity. The correction applied 
by the computer, compensating for these dis
tortions, therefore was divided into several 
components. This facilitated determining the 
appropriate correction to be applied to each in
dividual polymer.

The factor needed to compensate for elution 
volume-dependent peak distortions was empir
ically derived and found to be minimal for ma
terials eluting near the mid-range of the SEC 
columns (about 1000-35 000). Conversely, the 
greatest correction was needed for samples 
eluting near the void (about 500 000) and, par
ticularly, the total permeation (about 100) vol
umes. This component (F I) of the total correc
tion for peak distortion was determined by re
lating the peak maximum retention time (T m a x , 
s) to the midpoint of the column calibration (460 
s):

F I = 15 [0.24 ± ( |(T m a x  -  460)| /150)]3 (5)
With regard to sample dispersity effects, 

polymers of broad MWD were distorted to a 
lesser extent than polymers of narrow distribu
tion. A relative measure of this component 
spreading was obtained by comparing the re
corded peak width (E n d -S ta r t) in seconds to the 
narrowest peak width obtainable (75 s). A cor
rection factor (F2), which included compensation 
for peak distortions due to both MW and dis
persity effects was obtained from the following 
equations:

F2 = (75/(E n d -S ta r t) ) X FI (6 )
Using this correction factor (F2), a series of 

correction factors (C¡) was derived from the re
tention times (Tj) of the area slice measurements
( A & -

Ci = [(|Tj — T m a x \/ ( E n d - T m a x ) )

X (F2/2.25)] (7)
Multiplying this set of correction factors (CO 
times the area slice data (A {):

CAi = Cj X A, (8 )
yielded the desired corrected area slice mea
surements (G4i), compensated for chromato
graphic peak spreading and skewing.

Calculation of Molecular Weight Averages
Each corrected area slice (CA,) according to its 

retention time (T¡) was assigned a molecular 
weight (M;) using Equation 4  (linear /3 = 0, 
branched /3 = —0.0062). This equation, however, 
required first calculating the intrinsic viscosity 
[rji] of each area slice (CAj) and, due to the math
ematical nature of Equation 3, was accomplished 
by an iterative procedure.

Using this set of molecular weights (M;), the 
weight average molecular weight (Mw), number 
average molecular weight (Mn), and dispersity 
were calculated:

Mw = 2MiCAi/2CAi (9 )
Mn = 2CAi/2(CAi/M i) (1 0 )
Dispersity = Mw/Mn (1 1 )

Similarly, for comparison the uncorrected Mw, 
Mn, and dispersity were also calculated using the 
uncorrected area slice measurements (A,) in place 
of the corrected areas (CAj) in Equations 9 -1 1 .

Corrected and uncorrected Mw and Mn val
ues, together with the reported literature values, 
for 4 polyethylene standards and 2 «-alkanes are 
listed in Table 2. Also included in Table 2 are 
the percent standard deviation and the percent 
error (relative to the literature value) obtained 
from 5 replicate analyses of each of the 6 stan
dards. The average percent errors (all 30 repli
cates) for the corrected Mw and Mn values were 
±3.8 and ±4.2%, compared to ±6.1 and ±23.4% 
observed for the uncorrected Mw and Mn. 
Figures 2 and 3 are the corrected and uncorrected 
chromatograms obtained for dotriacontane and 
SRM 1475, respectively. These figures indicate 
the degree of correction that was applied and its 
effect on the calculated MWD.

Intrinsic viscosities were measured for 3 low 
density food grade polyethylene samples (Nos. 
1, 5, and 6). The intrinsic viscosity of the low 
MW portion fractionated from these resins (13) 
with xylene at 25°C (Samples 5X and 6X) was also 
determined for 2 of these samples. The intrinsic 
viscosities of SRMs 1475 and 1476 were also
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Table 2. SEC determined molecular weight averages of polyethylene standards

Standard

Uncorrected chromatogram Corrected chromatogram

LiteratureAv. SD, % Error,3 * * % Av. SD, % Error,30/»

SRM 1484
Mw 117 670 4.8 -1 .6 121 735 1.4 +1.8 119 600
Mn 72 160 13.1 -28.2 97 870 3.9 -2 .6 100 500

SRM 1483
Mw 33 700 3.0 +5.0 33 650 1.9 +4.8 32 100
Mn 23 010 4.3 -20.0 27 000 2.4 -6 .6 28 900

SRM 1482
Mw 13 600 3.4 +0.0 13 650 1.8 +0.4 13 600
Mn 10 685 6.3 -6 .3 11 820 3.8 +3.7 11 400

SRM 1475
Mw 60 820 3.6 +14.6 56 320 4.1 +6.1 53 070
Mn 14 975 20.1 -18.2 19 090 10.1 +4.2 18 310

n-Dotriacontane
Mw 432 3.6 -1 .8 475 2.5 +5.6 450
Mn 355 5.5 -22.0 455 4.1 + 1.1 450

n- Undecane
Mw 135 2.9 -13.5 149 3.5 -4 .4 156
Mn 85 28.3 -45.5 145 2.7 -7 .0 156

Mwb 3.5 6.1 2.5 3.8
Mn6 12.9 23.4 4.3 4.2

3 Calculated average relative to literature value. 
6 Simple averages for the 6 standards.

measured for comparison. Table 3 contains the 
measured intrinsic viscosities as well as the value 
calculated from the SEC analysis of these sam
ples. Literature values and those calculated for 
some of the standards are also listed. For the 5 
low density polyethylene samples, the agree
ment between the calculated and the measured 
intrinsic viscosities using the one /3 value of 
—0.0062 is very good. For SRM 1476, however,

Table 3. Intrinsic viscosities of several low and high 
density polyethylenes *

Sample
Reported Measured

M

Calcu
lated6

[4]

Low Density (0  = -0.0062)

1 _ 0.89 0.91
5 — 0.80 0 80
6 — 0.68 0.64
5X — 0.12 0.10
6X — 0.10 0.12
SRM1476 0.90 0.88 0.75

(0.90) c

High Density (0  = 0)

SRM 1484 1.98 ___ 2.04
SRM 1483 0.79 — 0.78
SRM 1482 0.40 — 0.41
SRM 1475 1.01 0.98 1.02

3 Measured In TCB at 135°C, dL/g.
b Calculated from the corrected SEC chromatograms.
c Using 0  = — 0.0043.

better agreement between the calculated and the 
literature intrinsic viscosities could be obtained 
using a value for of —0.0043. Therefore the 
degree of branching appeared to be different for 
SRM 1476.

A ll of the linear polyethylene standards 
showed very good agreement between the cal
culated and reported intrinsic viscosities. This

l E T t m O l  TI B E  t SEC0IDS)
Figure 2. n-Dotriacontane corrected (solid line) and 

uncorrected (dashed line) SEC chromatograms.
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Figure 3.
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SRM 1475 corrected (solid line) and uncorrected (dashed line) SEC chromatograms.

lends further confidence to both the validity of 
the a  and K  values used and the manner in 
which the computer program compensated the 
raw area slice data for chromatographic spread
ing and skewing.

An accurate calibration in the low MW region 
(<500) was further assured by analyzing a syn
thetic test mixture composed of a series of n- 
alkanes at known concentrations (Table 4). The 
theoretical Mw and Mn values for this mixture 
were 339 and 289, respectively. The calculated, 
uncorrected Mw and Mn values obtained from 
its SEC analysis were 316 and 173, respectively, 
compared with the computer corrected values of 
346 and 289, respectively. The agreement be
tween the actual and computer corrected data is 
very good.

Table 4. SEC of synthetic test mixture of n-alkanes

n-Alkane MW
Actual 
wt %

Corrected 
wt %

Uncorrected 
wt %

C6 86 1.3 0 9 3 . 2

Cs 114 2.4 2.2 4.4
Cjo 142 3.9 3.3 5 . 6

C1 2 170 5.2 4.9 6 . 7

C l6 226 8.5 8.9 9 . 4

C2 0 282 13.8 14.5 1 2 . 9

C2 3 324 18.0 18.1 14.5
C2 8 394 23.3 17.9 14.5
C3 2 450 16.3 15.0 13.5
C3 6 506 5.7 10.9 11.2
C4 4 618 1.6 3.3 3.8

Mw Mn Dispersity
Theoretical 3 3 9 289 1. 17
Corrected SEC 346 289 1.20
Uncorrected SEC 316 173 1.82

C o n c lu s io n
A high performance liquid chromatographic 

technique for the SEC of low MW polyethylenes 
has been described. Through use of an APL 
computer program, compensation for chroma
tographic peak shape distortion was achieved. 
MW data calculated on this system were in good 
agreement with reported values for a variety of 
polyethylene standards.
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Size exclusion chromatography (SEC) was used to 
characterize the molecular weight distribution 
(MWD) of 6 low density and 6 high density food 
grade polyethylene resins. The hexane and xylene 
extractable fractions of these 12 resins were also an
alyzed by SEC. An IBM 370/168 computer with an 
APL program was used to analyze the chromatograms 
and correct for chromatographic band spreading and
skew ing._Calculated weight average molecular
weights (Mw) for the resins ranged from 40 000 to 
200 000 and number average molecular weights (Mn) 
ranged from 6000 to 60 000. Median values of Mw 
and Mn were 1800 and 950, respectively, for hexane 
extractables from the low density resins, and were 310 
and 290, respectively, for hexane extractables from the 
high density resins. Corresponding Mw and Mn 
values for xylene extractables were consistently larger 
than those for hexane extractables.

Many food commodities are packaged in poly
meric materials. Components of these polymers 
have the potential for migrating into the food 
and becoming indirect food additives. There
fore, food packaging materials must comply with 
Food and Drug Administration (FDA) regula
tions regarding the safety of their intended use 
(1). Of the numerous polymers utilized as food 
packaging materials, polyethylene is by far the 
most widely used and accounts for over 60% of 
the total tonnage of food grade polymers (2). In 
the original petitions submitted to FDA for ap
proval of food contact use of polyethylene, data 
were submitted supporting the safety of this use. 
An FDA regulation was promulgated whereby 
compliance of marketed food grade polyeth
ylenes could be ensured through the use of 2 
specific “end-test" procedures (3), which (a) de
scribe extraction of the polyethylene with either 
hexane or xylene under specific conditions, and 
(b) specify allowable limits for the weight per
cent extractable fraction. These tests do not 
provide specific knowledge about the chemical 
identity of the extractable materials, but merely 
give a relative measure of the weight percent 
extracted.

The FDA regulations and end-tests for poly
ethylene were developed nearly 20 years ago.

Received September 19, 1980. Accepted January 26, 1981.

Since that time, manufacturing processes have 
changed and the fields of analytical chemistry 
and toxicology have advanced. These changes, 
as well as the increasing need within FDA for a 
better understanding of the low molecular 
weight (MW) materials present in food packag
ing polymers, led to our reinvestigation of 
polyethylene, using newly developed analytical 
techniques. We hoped that the information 
obtained would contribute to a simplification of 
the requirements of current and future petitions 
for regulated food contact use of polyolefin type 
materials.

The scope of the study entailed characterizing 
the molecular weight distribution (MWD) of 
extracts obtained from food grade polyethylene 
resins by the hexane and xylene end-test proce
dures. The oligomers extracted by these end-test 
procedures were not necessarily identical to the 
material migrating under actual use conditions. 
The end-test procedures, however, proved to be 
a convenient means for isolating low MW oli
gomers. The low MW fraction could then be 
analyzed separately from the whole polymer, 
and a more detailed description of its MWD was 
obtained.

The polyethylene resins examined were ob
tained from 3 of the leading manufacturers of 
food grade polyethylene. Each manufacturer 
supplied 2 low density and 2 high density resins 
that are currently marketed. These 12 resins 
were considered to be representative of the types 
of food grade polyethylenes now being sold.

Size exclusion chromatography (SEC) was 
chosen for characterization of these resins and 
their extracts because the MWD of a polymer can 
be obtained by this technique (4-11). The SEC 
system developed was capable of characterizing 
both low and high density polyethylenes, and 
was designed to place special emphasis on the 
ability to analyze the low MW materials that 
were fractionated from the whole resins with 
either hexane or xylene in the FDA polyethylene 
end-test procedure. A separate paper (12) re
ports details about the size exclusion chromato
graph and an explanation of the corrections that 
are applied during the computerized data han
dling to compensate for chromatographic peak 
distortions.

0004-5756/81/6404-1008-06$1.00 © Association of Official Analytical Chemists, Inc.
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E x p e r im e n ta l
Apparatus

The chromatographic system consisted of a 
Spectra-Physics Model 740B solvent delivery 
pump operated at 1.0 mL/min, a DuPont In
struments infrared spectrophotometer (wave
length 3.4 n m , pathlength 1.5 mm), a 6-port, loop 
injector valve from Valeo Instruments designed 
for operation to 150°C, a 50 fiL  sample loop, and 
a Spectra-Physics oven modified to operate at 
145°C. The SEC columns, one SE-500 and one 
SE-60 (DuPont Instruments), contained 10 ¿¿m 
porous silica with nominal pore diameters of 500 
and 60 A, respectively. Chromatographic peaks 
were integrated with a Spectra-Physics Mini- 
grator operated in the simulated distillation 
mode. Area slice measurements received from 
the Minigrator were processed by an IBM 370/ 
168 computer using an APL program (12). A 
Tektronix Graphics display terminal with a 
modified version of APL GRAPH 2 software was 
used to prepare all figures.

Reagents
Standards used to calibrate the SEC system 

included polyethylene Standard Reference Ma
terials (SRMs) 1475, 1476, 1482, 1483, and 1484, 
available from the National Bureau of Standards, 
U.S. Department of Commerce, Washington, DC, 
and several «-alkanes (99% purity), available 
from Analabs. The mobile phase was reagent 
grade 1,2,4-trichlorobenzene from Eastman 
Kodak. Hexane (distilled in glass) and xylene 
(ACS grade) used in the extraction studies were 
obtained from Burdick and Jackson and from 
Fisher Scientific, respectively. 2-«-Propylphe- 
nol (OPP, 98% purity), used as the internal stan
dard, was obtained from Aldrich.

Procedures
All 12 resins were extracted with both hexane 

and xylene by the procedures outlined in the 
C od e o f  F ed era l R e g u la tio n s , Title 21, Part 
177.1520(d)(3)(h) and (4)(ii) (3). Before extrac
tion, each resin was ground (20-40 mesh) in a 
Wiley mill. Hexane extractables were obtained 
by stirring a 2.5 g portion of the ground resin for 
2 h in 1 L hexane at 50°C, filtering the hot mix
ture, and evaporating the filtrate to dryness in a 
tared flask. Xylene extractables were obtained 
by stirring 5 g ground resin ini 1L  refluxing xy
lene (140°C) for 2 h, which completely dissolved 
the resins. The solution was cooled to 25°C, 
which reprecipitated most: of the polymer, and

filtered. The filtrate was then evaporated to 
dryness in a tared flask.

For SEC, the whole polymers and the extracts 
were prepared as 0.5% solutions in 1,2,4-tri- 
chlorobenzene. The internal standard, OPP, was 
added at a concentration of 0.25% and solution 
was achieved by heating on a hot plate at 140°C 
for ca 1 h. The hot, unfiltered sample was then 
transferred to the 50 n L sample injector loop of 
the size exclusion chromatograph and injected. 
The chromatographic area slice data obtained 
were manually entered into an IBM 370/168 
computer. An APL computer program was used 
to calculate the MW averages and report a de
tailed listing of the overall MWD.

R e su lt s  a n d  D is c u s s io n
Calibration of the Size Exclusion Chromatograph

Accurate assignments of retention volumes are 
of major concern when working in SEC and were 
ensured through use of an internal standard, 
OPP. This compound was selected because it 
was slightly adsorbed by the SEC column pack
ing material and eluted after the total permeation 
volume; consequently it did not interfere with 
the MW calculations. The numerous mathe
matical calculations required for determination 
of the weight average molecular weights (Mw) 
and number average molecular weights (Mn) 
were performed with an IBM 370/168 computer. 
The APL computer program also corrected the 
observed chromatograms for band spreading and 
skewing, and made the necessary adjustments for 
fluctuations in flow rate indicated by the internal 
standard. The SEC columns were calibrated by 
analyzing several well characterized polyethyl
ene SRMs and a series of linear alkanes. The 
MW range of the standards was from 156 to 
110 500 (peak maximum MW). Average differ
ences observed between the calculated Mw and 
Mn values and the reported literature values for 
the 6 standards listed in Table 1 were ±3.8 and 
±4.2%, respectively. The average relative stan
dard deviation for these calculated Mw and Mn 
values were ±2.5 and ±4.3%, respectively. The 
derivation of this calibration is discussed in ref.
12 .

Accuracy in the very low MW range was fur
ther assured by analyzing a mixture comprised 
of a series of «-alkanes (Q „ C g, Cjo, Ci6, C20/ C23/ 
C28, C32, C36, and C44), each at known concen
trations. The theoretical Mw and Mn values for 
this mixture were 339 and 289, respectively, and 
calculated values obtained from its SEC analysis
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Table 1. SEC calculated molecular weight averages of 6 linear polyethylene standards

Standard Literature Av.

Experimental

RSD, % Error, %

SRM 1484
Mw3 119 600 121 735 1.4 + 1.8
Mnb 100 500 97 870 3.9 -2 .6

SRM 1483
Mw 32 100 33 645 1.9 +4.8
Mn 28 900 27 000 2.4 -6 .6

SRM 1482
Mw 13 600 13 650 1.8 +0.4
Mn 11 400 11 820 3.8 +3.7

SRM 1475
Mw 53 070 56 320 4.1 +6.1
Mn 18 310 19 085 10.1 +4.2

n-Dotriacontane C-32
Mw 450 475 2.5 +5.6
Mn 450 455 3.1 + 1.1

n-Undecane C-l 1
Mw 156 149 3.5 -4 .4
Mn 156 145 2.7 -7 .0

Mwc 2.5 ±3.8
Mn c 4.3 ±4.2

3 Mw = 2(C;MWi)/2Ci.
b Mn = 2C|/2(C,/MW|).
c Simple average for the 6 standards listed.

were 346 (Mw) and 289 (Mn), showing excellent 
agreement.

Size Exclusion Chromatography of Food 
Grade Polyethylenes

The calculated Mw and Mn values for the 12 
food grade polyethylene resins characterized by 
SEC, together with the manufacturer's reported 
melt index and density information, are listed in 
Table 2. The melt index, a measure of polymer

flowability in g/10 min determined according to 
ASTM Method D1238 (13), tended to increase 
with decreasing polymer MW. No apparent 
relationship was evident between MW and 
density of the resin.

The Mw values for the 6 low density resins 
ranged from ~80 000 to ~200 000 and the Mn 
values ranged from ~6000 to ~60 000. For the 
6 high density resins, these ranges were Mw 
~40 000 to ~140 000 and Mn ~13 000 to ~40 000.

Table 2. Density, melt Index, and molecular weight averages for 12 food grade polyethylene resins

Density, Melt index,
Sample g /m L a g /lO m ln 8'6 Mw

_  Disperaty
Mn (Mw/Mn)

Low Density Resins

1 0.918 2.0 198 700 23 900 8.3
2 1.0 197 300 59 400 3.3
3 0.920 0.25 204 000 47 850 4.3
4 0.924 23.0 87 190 6 130 14.2
5 23.9 147 100 25 710 5.7
6 0.923 35.0 82 870 18 560 4.5

High Density Resins

7 0.953 0.1 139 590 18 660 7.5
8 1.1 132 000 40 060 3.3
9 0.965 0.6 92 050 13 310 6.9

10 0.953 4.0 75 810 17 210 4.4
11 18.2 61 280 23 200 2.6
12 0.960 42.0 41 630 17 060 2.4

a Data supplied by manufacturers.
b Melt index determined according to ASTM method D1238 (13).
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Table 3. Molecular weight distribution data for polyethylene hexane extractables

Sample
Wt%

extractable 3 Mw Mn
Dispersity
(Mw/Mn)

Low Density Resins

1 4.5 2832 1243 2.3
2 0.5 1683 817 2.1
3 0.7 1628 895 1.8
4 3.0 1933 76 25.3
5 2.2 2540 1510 1.7
6 1.0 1510 978 1.5

Median 1.6 1808 936

High Density Resins

7 0.1 308 264 1.2
8 0.01 315 292 1.1
9 0.6 309 288 1.1

10 1.1 330 290 1.1
11 0.2 293 254 1.2
12 0.1 326 291 1.1

Median 0.15 312 289

a Determined after hexane extraction procedure. Allowable limit 5.5%.

The averages show that these 12 resins cover a 
diverse sampling of food grade polyethylenes, 
both in MW and sample dispersity.

Hexane Extractable Material
A definite difference existed in the percentage 

of material extractable by hexane from the high 
and the low density polyethylene resin (Table 3). 
The median percent extracted by hexane from 
the 6 low density polyethylenes was 1.6 com
pared with 0.15 from the 6 high density resins. 
The percent extractables allowed by the current 
regulation is 5.5 regardless of density (3).

SEC of the hexane extractable residues pro
vided an understanding of their MWD. Table 
3 lists the calculated Mw and Mn values for these 
residues, and the relationship between the den
sity of the polyethylene resin extracted and the 
MW of the extracted materials is clearly shown. 
Median Mw and Mn values of the low density 
polyethylene hexane extracts were 1808 and 936, 
respectively, but were only 312 and 289, respec
tively, for the high density extracts. A plot of 
weight percent vs MW for the hexane extract
ables from a low density and a high density resin 
is shown in Figure 1; the samples were selected 
as representative of these 2 density groups and 
indicated the MWD of these low MW hexane 
extractable materials.
Effects of Chain Branching

The MW range of the material extracted by 
hexane from the high density resins was about 
100-500, and that from the low density resins 
was about 100-5000, a much broader range

(Figure 1). Chemically, the only difference be
tween low and high density polyethylene is that 
long and short chain branches are present only 
in low density resins. This large difference in 
the observed MW ranges in the extracted mate
rial must therefore in some way be related to the 
presence of these branches. Conceivably, the 
presence of short chain branches in the oligo
mers of the low density polyethylenes enhanced 
their solubility in hexane (50°C) and enabled 
their extraction. However, numerous other 
factors such as solvent penetration effects, dif
fusion kinetics, and effective size must also be 
considered, and a complete explanation as to

Figure 1. Hexane extractables from a high density 
(Sample 9) and a low density (Sample 6) polyethylene 

resin.
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Table 4. Molecular weight distribution data for polyethylene xylene extractables

Sample
Wt%

extractable3 Mw Mn
Dispersity
(Mw/Mn)

Low Density Resins

1 6.0 3195 1503 2.1
2 2.7 1810 1056 1.7. 7
3 1.1 1831 1056 1.7
4 5.7 2366 103 22.9
5 3.9 2110 1284 1.6
6 2.9 2521 1494 1.7

Median 3.4 2305 1170

High Density Resins

7 1.1 598 498 1.2
8 0.4 695 556 1.3
9 2.4 407 370 1.1

10 1.1 634 484 1.3
11 0.8 556 443 1.3
12 0.7 397 359 1.1

Median 1.1 577 464

a Determined after xylene extraction procedure. Allowable limit 11.3%.

why such a large difference in MW range oc
curred goes beyond the scope of this work.

In spite of this large difference in the ranges 
of MW, the average amount of the very low MW 
oligomers (<500) extracted was essentially the 
same, regardless of the resin's density. The 
difference was oligomers of MW greater than 500 
which could only be extracted from low density 
polyethylene. These higher MW oligomers 
extractable from the low density resins accounted 
for the larger extractable weight percent.

Xylene Extractable Material
The xylene extractable fractions of all 12 

polyethylene resins, when characterized by SEC,

Figure 2. Hexane (solid line) and xylene (dashed 
line) extractables from a high density (Sample 9) and 

a low  density (Sample 6) polyethylene resin.

showed the same general relationships (Table 4) 
as those observed for the hexane extractables 
(Table 3). The only significant difference was 
that xylene extracted a slightly higher MW 
fraction from each resin than did hexane (Figure 
2). This increase was evidenced by both higher 
percent extractables and greater calculated Mw 
values (Table 4).

C o n c lu s io n
The MWD of 12 food grade polyethylenes and 

their extractable oligomeric fractions have been 
characterized by SEC. Examination of these data 
revealed that the range of MW of the extractables 
depended on the resin's density; this dependence 
was considered to be due to the presence of short 
chain branching in low density polyethylene. 
Extractables from the low density resins had a 
much broader range of MW (about 100-5000) 
than did extractables from the unbranched, high 
density polyethylenes (about 100-500). A cor
responding increase in the weight percent ex
tractable from low density (about 3%) relative to 
the high density (about 0.5%) resins was also 
observed.
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M E T A L S  A N D  O T H E R  E L E M E N T S

L e a d  i n  P r e s e r v e d  D u c k  E g g s :  F i e l d  S c r e e n i n g  T e s t  a n d  C o n f i r m a t i o n  
a n d  Q u a n t i t a t i o n  b y  A t o m i c  A b s o r p t i o n  S p e c t r o p h o t o m e t r y  a n d  
A n o d i c  S t r i p p i n g  V o l t a m m e t r y

BENJAMIN KRINITZ and NIVIA TEPEDINO
Food and Drug Administration, 850 Third Ave, Brooklyn, N Y 11232
Analysis of preserved duck eggs in this laboratory by 
acid digestion and atomic absorption spectropho
tometry has shown that addition of lead salts to the 
egg coating to speed the preservation process results 
in lead in the egg albumen and yolk. The lead levels 
decrease as the lead passes through successive mem
branes, i.e., the lead level in the yolk is lower than 
that in the albumen. A method has been developed 
for the field screening of preserved duck eggs for the 
presence of lead in which a portion of the egg coating 
is shaken with 4% acetic acid, and the resulting so
lution is tested by a modification of the AOAC dith- 
izone method. A quantitative method for laboratory 
confirmation of lead in egg albumen and/or yolk has 
also been developed in which lead is determined by 
atomic absorption spectrophotometry or anodic 
stripping voltammetry after closed-system Teflon- 
cup digestion with nitric acid.

During the past year and a half numerous sam
ples of preserved and salted duck eggs have en
tered the Port of New York, from China, Taiwan, 
Hong Kong, and Thailand. The preserved duck 
eggs have an exterior pink, black, and/or brown 
mud-like coating that adheres to the shell. The 
edible portion consists of a blue-green to brown 
jelled albumen with a blue-gray semisoft yolk. 
The salted eggs have a black covering, and the 
edible portion consists of a slightly viscous yel
low albumen with a darker yellow semisolid 
yolk.

These eggs were traditionally referred to as 
“ thousand-year-old" eggs, because their pres
ervation took a long time. Modern entrepre
neurs speed up the "aging" process of these eggs 
by adding lead salts to the eggshell coating. The 
lead, on entering the egg, combines with sulfur 
to form colored gels or semisolid sulfides that 
give the aged appearance.

The Chinese Nationalist Government in Tai
wan promulgated a National Standard for A l
kalized Duck Eggs (1) as a guide for manufac-

Presented at the 93rd Annua l M eeting o f the AOAC, October 
15-18,1979, at W ashington, DC.
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1980.

turers. In addition, it set a Standard Method of 
Test for Alkalized Duck Eggs (2) which specified 
methods of testing materials used in the prepa
ration of the eggs and methods for evaluating 
quality. Because the government was aware that 
lead was being added to the soaking solution 
and/or egg coating, the official standard pro
hibited the use of lead salts in the process. 
However, prohibition of lead did not prevent its 
use. The presence of lead in these imported eggs 
is the result of the intentional use of a non-per- 
mitted additive.

A rapid screening method has therefore been 
developed for detecting lead in preserved duck 
eggs based on acid extraction followed by a 
modification of the AOAC dithizone method, 
25.035 and 25.037 (3). Results are confirmed and 
quantitated by a method for lead using anodic 
stripping voltammetry and atomic absorption 
spectrophotometry. Both methods are presented 
in this paper.

Lead Screening Test
The test is a modified version of the rapid 

screening method for cadmium and lead in 
earthenware, 25.035 and 25.037 (3, 4). In addi
tion to the reagents listed in 25.035, the following 
should be added to (i): "Add 20 mL 4% acetic acid 
to 8 dram screw-cap vial for field test (label this 
leach so lu tion )" .

To conduct the test, select 2 duck eggs at ran
dom from sample lot. Scrape coating with a 
Spoonulet (Fisher Scientific Co., Springfield, NJ 
07081, Cat. No. 14-375-20 or equivalent); one 
filling of the Spoonulet w ill provide the ap
proximately 1 g needed for test. Add material 
to vial containing leach solution, close vial, and 
shake ca 30 s; then let stand 2 min, and continue 
as in 25.037(a). A pinkish to red color in the 
CHCI3 layer indicates a positive test for lead; a 
green to colorless layer indicates a negative test. 
If the test is positive for lead in the coating, lead 
w ill also be found in the albumen and yolk.

Samples giving positive results for lead can be

0004-5756/81 /6404-1014-03$1.00 © Association of Official Analytical Chemists, Inc.
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confirmed and quantitated in the laboratory by 
anodic stripping voltammetry or atomic ab
sorption spectrophotometry after closed-system 
Teflon®-cup digestion with nitric acid (5).

Q u a n t ita t io n  o f  L ead
(Section numbers containing the letter A refer 

to the 1st supplement (6) to O ffic ia l M e th o d s  of 
A n a ly s is , 13th Ed.)
Apparatus

(a) P olarog ra p h .—See 2 5 .A 0 1 .
(b ) A to m ic  absorption  sp e c tro p h o to m e te r .—See 

25 .031 .
(c) D e c o m p o sit io n  v e s s e l .—70 mL. See 

25 .115 .
Reagents

(a) A c id s .—(1) N itr ic  a cid .—Redistilled. (2) 
P erch loric  a c id .—S e e  2 5 .A 0 2 (a )(2 ).

(b ) N itra te  so lu tio n .—See 2 5 .A 0 2 (b ).
(c) L ead s ta n d a rd  so lu tio n s fo r  anodic s tr ip p in g  

v o lta m m e tr y .—See 2 5 .A 0 2 (h ).
(d ) L ead s ta n d a rd  so lu tio n s fo r  a to m ic  absorption  

s p e c tr o p h o to m e tr y .—(1) Stock solution.—See 
2 5 .A 0 2 (h ) ( l ) .  (2) Working solutions.—1.0, 2.0, 
5.0, and 8.0 p g  / mL. Pipet 1.0 mL stock solution 
into 100 mL volumetric flask and dilute to vol
ume with 1% HCIO4. Pipet 1.0, 2.0, 5.0, and 8.0 
mL diluted solution into separate 10 mL volu
metric flasks and dilute to volume with 1% 
HCIO4.
Closed-System Digestion

Digest 1 g sample (wet weight) of material to 
be analyzed (coating composited by manual 
mixing; albumen, yolk, albumen-yolk compos
ited in Waring blender) as in ref. 6. (Note: 1.0 
g of each type of material to be analyzed was first 
tested to see if the addition of HNO3 and heating 
on a hot plate produced a vigorous reaction. 
None was observed, and the closed-system di
gestion was presumed safe.)

Determination
A n o d ic  s tr ip p in g  v o lta m m e tr y .—Proceed as in 

25 .A 0 4 , using 2 mL aliquot of digested sample for 
analysis.

A to m ic  absorption  sp e c tro p h o to m e try .—Proceed 
as in 25.A05(c), using 4.0 mL aliquot of digested 
sample and 0.4 mL 1% HCIO4. Dissolve residue 
in 1.0 mL 1% HCIO4. Operate instrument in 
accordance with manufacturer's instructions, 
using air-C2H2 flame and deuterium arc back
ground corrector. Measure absorbance of sam
ple and standards, (d)(2). Dilute sample solution

Table 1. Lead (ppm) found in preserved duck eggs 
(wet weight basis)

Sample
No.

Field
tests

Level

Coating Albumen Yolk

1-5 + 3 1168-1375 2.3-8.5 1.5-4.0
6-7 + 1714-1800 3.8-5.0 1.5-2.0

8 + 1825 10.8 3.5
9 + 2574 27.0 5.9

10 + 3583 80.0 8.5

3 + indicates a positive test.

with 1% HCIO4, if solution is too concentrated. 
Determine absorbance of sample and Pb working 
standard solutions. Flush burner with water and 
check zero point between readings. Determine 
Pb from standard curve of absorbance against pg 
Pb/mL or calibrate DCR unit in concentration 
mode with Pb working solutions, and read and 
record sample concentration directly. Bracket 
sample solutions with next higher and lower 
working solutions.

R e su lt s  a n d  D is c u s s io n
We have found lead in almost all samples of 

preserved duck eggs entering the country 
through the Port of New York. Coatings to 
which lead has been added contained in excess 
of 300 ppm, and both the albumen and yolk 
contained lead (the lead level decreases as it 
moves through successive membranes) (Table 1). 
Subsequent samples containing high levels of 
lead in the coating were analyzed by composit
ing the albumen and yolk in a Waring blender. 
The results of these analyses are shown in Table
2. In all cases where coatings contained little 
(less than 20 ppm) or no lead, none was detected 
in the egg.

The rapid test for lead, described above, which 
takes 5 min for screening preserved duck eggs, 
was developed to expedite the analysis of these

Table 2. Lead (ppm) found in composited samples of 
preserved duck eggs (wet weight basis)

Sample No. Field tests

Level

Coating
Composite of 

albumen and yolk

11-13 + 3 380- 956 6.2- 8.9
14-16 + 1127-1474 5.5- 8.3
17-18 + 1797-1900 12.9-17.8
19-21 + 2375-2670 25.5-30.7

3 + indicates a positive test.
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Table 3. Lead (ppm) by atomic absorption 
spectrophotometry (AAS) and anodic stripping 

voltammetry (ASV)

Sample No. AAS ASV

22 6.0 5.8
23 7.3 7.4
24 21.2 21.1
25 1.9 1.8
26 3.1 2.9

samples. This study has shown that the 
screening method is reliable in determining 
whether egg albumen and yolk will contain lead. 
The sensitivity of the test has been adjusted so 
that low levels of lead (0-20 ppm) w ill give a 
negative test. Though the test will detect as little 
as 0.3 ppm lead/mL 4% acetic acid, the 30 s ex
traction of a 20 ppm coating, under the condi
tions of this test, w ill give a negative result. 
Lead in the coating at these low levels can be 
assumed to be a contaminant which w ill not 
migrate into the egg. When lead has been added 
intentionally, the levels are high and lead is 
found internally. Table 3 shows that both an
odic stripping voltammetry and atomic absorp
tion spectrophotometry give comparable results 
when these techniques are used to quantitate 
lead in duck egg samples.
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T h i n  L a y e r  C h r o m a t o g r a p h i c  a n d  A t o m i c  A b s o r p t i o n  
S p e c t r o p h o t o m e t r i c  D e t e r m i n a t i o n  o f  M e t h y l  M e r c u r y

LAWRENCE W. MARGLER1 and ROBERT A. MAH
University of California, School of Public Health, Los Angeles, CA 90024
A method is presented for determining methyl mer
cury that combines thin layer chromatography and 
atomic absorption spectrophotometry. The proce
dure is based on a previously reported method and 
entails isolating methyl mercury on a thin layer 
chromatogram, scraping adsorbent into an ignition 
tube, heating the tube, and moving the mercury vapor 
under vacuum into an absorption cell where it ab
sorbs light at 253.7 nm. The procedure is sensitive 
to 0.7 ng Hg. Methyl mercury is extracted from bi
ological samples by distilling, and then extracting 
with dithizone-chloroform. The extract is concen
trated and applied to a thin layer chromatographic 
plate. The overall sensitivity of the method varies 
with sample size. For 100 g samples, the method is 
sensitive to about 9 ng Hg (as methyl mercury)/g (9 
ppb).
Methyl mercury is toxic to humans and other 
animals. It occurs in the environment as a result 
of transformations of other forms of mercury, 
and tends to accumulate in organisms. Thus 
quantitative analytical methods for determining 
methyl mercury should be widely available for 
medical and environmental studies of this com
pound.

Methyl mercury has been determined almost 
exclusively by gas-liquid chromatography with 
electron capture detection. Thin layer chroma
tography (TLC) and atomic absorption spectro
photometry (AAS) have also been used for 
methyl mercury determinations. However, 
their combined use has received little attention. 
The method reported here is simpler and more 
sensitive than previous methods, such as that of 
Yamaguchi et al. (1).

To apply the assay presented in this paper, an 
extraction procedure for methyl mercury was 
needed. Extraction procedures reported for 
methyl mercury are suitable for analysis by gas 
chromatography, but not by AAS unless the 
samples contain a relatively large amount of 
methyl mercury (e.g., 0.3 f ig  Hg as methyl mer
cury/g). This is because the more sensitive 
electron capture gas chromatographic methods 
can tolerate large losses of methyl mercury re
sulting from unfavorable partitioning and sol

1 Present address: W inzle r and K e lly  Engineers, PO Box 1345, 
Eureka, C A  95501.
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vent losses during extraction. Distillation of the 
methyl mercury, as reported by Yamaguchi et al.
(1), would allow the use of larger samples and 
would eliminate large solvent losses in the 
sample; a single-solvent extraction of the distil
late would minimize partitioning losses, com
pensating for the lower sensitivity of AAS. 
Some modifications are described below.

E x p e r im e n ta l
E x tr a c t io n  o f  M e t h y l  M e r c u r y

Distillations were performed using an all-glass 
still with a 50 cm long West-type condenser 
cooled with ice water circulating between the 
condenser and a bucket via an electric pump. A 
few glass beads (0.3 mm diameter) were included 
in the retort (2 L  round-bottom boiling flask) to 
prevent bumping. The sample was boiled with 
50 mL 12 N HC1,50 mL 1M CuS04-5H20  (to mask 
sulfhydryl groups (2)), and enough purified 
water to make ca 1 L total volume, until 500 mL 
distillate was collected. After distillation, the 
condenser, the connector to the collecting vessel, 
and the collecting vessel (graduated Erlenmeyer 
flask) were rinsed with purified (distilled, 
deionized) water, and the rinse was added to the 
distillate.

The distillate was extracted twice with 10 mL 
dithizone-chloroform (0.0006%) and once with 
5 mL chloroform. The extract was dehydrated 
in a 15 mL plastic conical centrifuge tube with a 
hole bored in its bottom. A small plug of glass 
wool was placed in the bottom, and about 1 g 
granular anhydrous sodium sulfate was poured 
on top of the glass wool. A rubber stopper (No. 
00) was pierced with a hypodermic needle that 
was attached to a rubber hose. A ir pressure was 
applied to the hose so that the extract could be 
gently forced from the centrifuge tube into a 
graduated cylinder by placing the stopper into 
the tube. The extract (of known volume) was 
then concentrated to 1.0 mL in a conical 15 mL 
graduated centrifuge tube in a 50°C water bath 
with the aid of a vacuum hose.

This extraction procedure from purified water 
gave 100% recovery of methyl mercury. During 
solvent extraction, only about 70% of the solvent 
was recovered because it had a tendency to stick

0004-5756/81/6404-1017-04$1.00 © Association of Official Analytical Chemists, Inc.
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Figure 1. Schematic diagram of mercury pyrolysis 
and measurement apparatus (not to scale).

Operation: connect ignition tube to stopper; create 
vacuum in system; heat ignition tube; open clamp to 
obtain absorption peak; evacuate system.

to the walls of the separatory funnel. This loss 
was not reduced by cleansing with detergent, 
chromic acid, IN  ammonium hydroxide, ethanol, 
or acetone.
T o t a l  M e r c u r y  D e t e r m i n a t i o n

To choose proper sample sizes for methyl 
mercury analysis, total mercury in the samples 
was determined by digesting the sample, re
ducing mercury to elemental mercury, and aer
ating and trapping the elemental mercury in a 
permanganate solution (3), which was then ex
tracted twice with 5 mL dithizone-chloroform 
(0.0006%) and once with 3 mL chloroform (4).

Mercury standards were prepared by extract
ing a mercuric chloride solution with dithi
zone-chloroform (4). Sample extracts and 
standards were pipetted into ignition tubes in 
appropriate volumes (not exceeding 1 mL), 
evaporated to dryness in a 50°C water bath under 
a stream of nitrogen gas, and analyzed for mer
cury, as described for methyl mercury below, by 
atomic absorption spectrophotometry.
T h in  L a y e r  C h r o m a t o g r a p h y

Thin layer chromatographic plates were pre
pared using the Desaga-Brinkmann spreading

apparatus (Westbury, NY) to coat 20 cm square 
glass plates with 0.25 mm thick silica gel 7 
without binder (J.T. Baker Chemical Co., 
Phillipsburg, NJ). Immediately before use, 
coated plates were activated ca 3 h at 150°C.

The concentrated extract was spotted in du
plicate 2.0 and 4.0 juL volumes for ascending TLC. 
A methylmercuric dithizonate standard was 
prepared to contain ca 10 ± 0.1 pg Hg (as 
methylmercuric chloride) and 0.1 mg dithi- 
zone/mL benzene. Using a 5 p L  syringe, the 
standard was spotted in duplicate 0.5,1.0, and 2.0 
p L  volumes, giving 5, 10, and 20 ng Hg, respec
tively, per spot. A reference spot containing 0.2 
p g  Hg (as methylmercuric dithizonate) was 
added for locating standards and unknowns after 
development. The developing solvent (5), pe
troleum ether-acetone (9 + 1), was allowed to 
migrate 10 cm. After development, a 4 cm wide 
silica gel band (2 cm above and below center of 
reference spot) containing methyl mercury was 
scraped onto weighing paper and placed in an 
ignition tube for mercury determination by AAS. 
Retention factors for methylmercuric dithizonate 
and mercuric dithizonate were 0.83 and 0.43, 
respectively.

A t o m i c  A b s o r p t i o n  S p e c t r o p h o t o m e t r y
Atomic absorption spectrophotometry was 

carried out with a Perkin-Elmer Model 303 
atomic absorption spectrophotometer equipped 
with an automatic chart recorder (Hewlett 
Packard). The absorption cell (Figure 1) was 
constructed according to Hatch and Ott (6) (15 X
2.5 cm od borosilicate glass tubing with quartz 
windows cemented on with G.E. Silicone Seal). 
Glass inlet and outlet ports were blown on near 
each end of the absorption cell, which was 
mounted to the nebulizer of the spectropho
tometer through a series of clamps, allowing its 
easy alignment in the light path.

To the inlet port of the absorption cell was at
tached (via a Tygon tubing joint) a 23 cm length 
of glass capillary tubing (approximately 1.8 mm 
id) bearing a Tygon tube containing a 2.5 cm 
hypodermic needle inserted through a rubber 
septum from a Vacutainer (Becton, Dickinson & 
Co., Rutherford, NJ). A longer (9 cm) needle was 
also inserted through the septum, and a short 
piece of rubber tubing was attached to it and 
clamped with a spring clamp. The ignition 
tubes (16 mm od X 125 mm; 915°C softening 
point, No. 1720 Pyrex glass; A. H. Thomas Co., 
Philadelphia, PA; No. 9225-L41) could be easily 
and snugly fitted to the stopper. A stopcock was 
attached by rubber tubing to the outlet port. The
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Table 1. Determination of methyl mercury in fish and sewage sludge

Sample Total Hg found8
Before
spiking

Methyl mercury found ( ß g  Hg)8
After spiking6 

Hg added,ß g Rec., %

Tuna, 100 g 0.105 0.056 4.8 90
Trout,0 1.0 g 7.5 5.26 _
Sludge, 100 mL 0.130 0.012 9.6 73

8 Concentrations in n g / g  for fish and Mg/mL for sewage. 
b Methyl mercury was added as the dithizonate.
c From lake highly contaminated with mercury; substantially dehydrated when analyzed.

proximal end of the stopcock was replaced with 
capillary tubing to reduce its volume, and the 
distal end of the stopcock was attached by rubber 
tubing either to a vacuum pump (Millipore 
Corp., Bedford, MA) or to the laboratory vacuum 
line. The vacuum pump was used to create a 
vacuum in the system, and the laboratory vacu
um line was used for evacuating the system at the 
end of a trial. The protocol for the spectropho- 
tometric procedure follows.

Prepare spectrophotometer for operation ac
cording to manufacturer's instructions for de
termination of mercury, using scale expansion 
X I or X3, noise suppression 2 or 3, and chart 
speed 0.25 in./min. Align absorption cell to 
permit maximum transmittance of incident light. 
Snugly fit ignition tube containing sample to be 
analyzed to rubber stopper, clamp off long nee
dle, and connect stopcock to vacuum pump. 
Start pump and open stopcock until desired 
vacuum of 15 in. Hg is attained. Close stopcock 
and switch off pump. Heat bottom end of igni
tion tube with Meker-type (Fisher) burner (held 
by hand) for 20 s. Open clamp. Following oc
currence and stabilization (ca 2-3 s) of absorption 
peak, flush system with laboratory vacuum. 
Absorption is proportional to peak height.

Results
Variation in absorption peaks of replicate 

samples is reasonably low. For example, 5 rep
licate samples of 0.2 pg Hg (as mercuric chloride) 
giving absorption peaks about 55% had a 3% 
coefficient of variation [(standard deviation/ 
mean) X 100]. The relationship between ab
sorbance and mercury concentration was linear. 
The sensitivity was approximately 0.7 ng Hg, 
when the blank gave negligible absorption.

The absorbent cotton in the absorption cell 
apparatus required replacement occasionally 
because of clogging with silica gel. This was 
indicated when the vacuum drop through the 
open system diminished. Also, the absorption

cell was infrequently cleaned by flushing with 
ethanol.

Sample Analysis
Fish and anaerobically digested sewage sludge 

were analyzed for total mercury and methyl 
mercury, and recovery of added methyl mercury 
(dithizonate) was tested. Tuna was prepared by 
homogenizing 250 g canned tuna in a blender 
and diluting the homogenate to 1 L to give 0.25 
g tuna/mL, ensuring uniform samples. A 10 g 
sample of trout was prepared in a similar man
ner. Sewage sludge samples were taken by pipet 
while mixing with a magnetic stirrer. Total 
mercury analyses showed 0.105 pg Hg/g in tuna,
7.5 pg Hg/g in trout, and 0.130 pg Hg/mL in 
sewage sludge. The mercury concentration in 
the trout was high because it was obtained from 
a lake highly contaminated with mercury and 
because it was substantially dehydrated when 
analyzed.

After total mercury analysis, sample sizes of 
100 g tuna, 1 g trout, and 100 mL sewage sludge 
were chosen for methyl mercury analysis. The 
samples were extracted as described above. 
Methylmercuric dithizonate standards and 
sample extracts were spotted in duplicate on 
chromatographic plates and analyzed for mer
cury by AAS. The methyl mercury contents of 
the tuna, trout, and sewage sludge were 0.056 
pg/g, 5.26 pg/g, and 0.012 pg/mL, respec
tively.

To test the recovery of methyl mercury, 4.8 and
9.6 pg Hg (as methyl mercury) were added to, 
respectively, 100 g tuna and 100 mL sewage 
sludge, previously analyzed. The samples were 
then re-analyzed for methyl mercury. Ninety 
percent of the added methyl mercury was re
covered from tuna, and 73% from sewage sludge 
(Table 1). This indicated adequate recovery for 
most methyl mercury analyses. These results 
cannot be compared with those of Yamaguchi et 
al. (1) because the latter reported no performance
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data. Westôô (7) reported a mean recovery of 
90% (SD 6%) from fish and other foods, and Uthe 
et al. (2) reported a recovery of 99% (SD 5%) from 
fish for analysis by gas chromatography.

D is c u s s io n
The AAS method presented here can be used 

for both methyl mercury (in conjunction with 
TLC) and total mercury analysis using equipment 
commonly available in water quality laborato
ries. Mercury vapor meters have been used in 
similar methods (4, 8) instead of a costlier com
mercial atomic absorption spectrophotometer.

The sensitivity of the present method com
pares favorably with other atomic absorption 
procedures. Yamaguchi and Matsumoto (8) re
ported 7 ng Hg as the lower end of the "mea
surable range," and Rathje (9) reported that 6 ng 
Hg could be "detected with no difficulty." 
Rathje's method was similar to that of Hatch and 
Ott (6) except that it was an open system rather 
than a closed one. Reporting on the further 
development of the syringe technique, Deitz et 
al. (10) claimed a 2 ng level of "determination." 
The sensitivity of the present method was typi
cally 2.3 ng Hg in the methyl mercury determi
nation (silica gel blank gave approximately 1% 
absorption) and 0.7 ng in the total mercury de
termination where the absorption of the dithi- 
zone-chloroform blank was nil.

Methyl mercury determination in fish samples 
by gas chromatography is sensitive to 0.01 pg 
methyl mercury/g (2,11). The present method 
is sensitive to about 0.009 pg Hg/g when 100 g 
samples are analyzed, indicating sensitivity to be 
of practical value.

In conclusion, the method for methyl mercury 
analysis presented in this paper is a practicable 
alternative to gas chromatography. Although 
only fish and sewage sludge were analyzed by 
the present method, a large variety of samples 
(e.g., foods, sediments, soils, effluents) could 
likely be successfully analyzed for methyl mer
cury. Encouraging preliminary results were 
obtained on sediment. Several cold-vapor 
methods for determining mercury by AAS have 
been published. This paper presents yet another 
variation that, in contrast to most other analytical 
methods in common use, can be used for both 
organic mercury (in conjunction with TLC) and 
total mercury analysis.
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M i c r o d i f f u s i o n  a n d  F l u o r i d e - S p e c i f i c  E l e c t r o d e  D e t e r m i n a t i o n  o f  
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ROBERT W. DABEKA and ARTHUR D. McKENZIE
Food Directorate, Food Research Division, Health Protection Branch, Tunney's Pasture, Ottawa, 
Ontario, Canada K1A 0L2
Collaborators: R. A. Baetz; D. W. Bingham; G. Bohm; L. C. Brown; P. Cavlovic;
S. A. Fee; J. Gould; R. J. Hall; J.-P. Hanchay; L. Heller; J. S. Jacobson; R. D. Johnson;
R. Keashly; M. Mankotia; J. L. Mietz; G. Nixon; T. Peters; M. Shreve; B. F. Smith, Jr
Twelve laboratories analyzed (1 replicate) 12 samples 
of infant foods —milk, pears, and peas —containing
0.2-5 ppm F. There was one laboratory outlier. 
Mean coefficients of variation were 7.06% for in
tralaboratory determination of 3 sets of blind dupli
cates and 21.6% for interlaboratory determination of 
12 samples. Variance analysis for all samples yielded 
a reproducibility standard deviation of 0.41 ppm; for 
3 sets of blind duplicates, repeatability standard de
viation was 0.26 ppm and reproducibility standard 
deviation was 0.32 ppm.

Current AOAC methods for determining fluo
ride (F) lack the sensitivity for accurately deter
mining low levels of F in foods. Problems are 
caused by high blanks (1) and the slowness and 
questionable accuracy of direct standard addition 
methods using F-specific electrodes (2, 3). The 
reliability of colorimetric procedures, even after 
separation of F from the bulk of the matrix, has 
been questioned (4, 5). Occasionally, foods re
quire ashing (1).

A recently published method (6) for deter
mining F in unashed foods, using microdiffusion 
from 40% perchloric acid and determination by 
the F-specific electrode, appeared more promis
ing than the aforementioned methods with re
spect to sensitivity, simplicity, speed, and accu
racy; therefore, a collaborative study was un
dertaken to evaluate the performance of the 
method with infant foods in different laborato
ries.

C o lla b o r a t iv e  S tu d y
P repa ra tion  o f sa m p le s .—A single lot of each of 

3 foods—strained peas, strained pears, and 
evaporated whole m ilk—was purchased com
mercially. Each food was blended and divided 
into 3 portions, and 2 of the portions were spiked 
with F at 2 levels. Each portion was then blended, 
freeze-dried, ground to a powder, and mixed.

Samples, 10 replicates of each, were tested for 
F homogeneity by using the published method

Received N ovem ber 10, 1980. Accepted February 6,1981.

(6); homogeneity for all samples was within 5% 
of the mean value. Samples were then trans
ferred to polyethylene bottles and 5 mL poly
styrene vials.

D esign  o f s tu d y .—Each collaborator was sent 12 
vials, comprised of 4 milk, 4 pea, and 4 pear 
samples. Two of each 4 samples were blind 
duplicates. The choice of samples and spiking 
levels enabled evaluation of the method at 3 
fluoride levels: 0.2-1.0 pg/g, 1.4-2.0 pg/g, and
3.5-5.0 pg/g. A blind duplicate was included for 
each of these ranges.

C olla bo ra tive  k its. —Each collaborator was sent 
a kit containing: 31 Petri dishes (Millipore
Corp., Cat. No. 10-040-00), one of which was 
spotted with 0.1 mL 0.5M NaOH; ca 9.5 g Ag2S04; 
80 mL commercial TISAB-II (Orion No. 94-09- 
09A); sodium fluoride standards containing 100 
and 10 ppm F; a vial of practice sample (NBS 
Orchard Leaves, SRM 1571); 12 vials of unknown 
samples; instructions; graph paper; and a sample 
calibration curve.

Instruction s .—Collaborators were instructed to 
analyzed replicates of the practice sample (NBS 
Orchard Leaves, SRM 1571); an acceptable F level 
for this sample was 3-5 pg/g. Upon satisfactory 
completion of this step, each of the 12 unknowns 
was to be analyzed once. Instructions for the 
collaborative study essentially followed the 
method described by Dabeka et al. (6) with the 
following additions and modifications:

General precautions: Concentrations of F
used in study vary by 3-4 orders of magnitude, 
and risk of cross contamination is large for per
sonnel unacquainted with trace and ultra trace 
analysis. Guard against contamination from tap 
water and fingers.

Diffused standards: Use 4 standards, con
taining 0.1, 0.3, 1.0, and 10.0 p g  F, for practice 
sample; use 6 standards (0.01, 0.03, 0.1, 0.3, 1.0, 
and 10.0 p g  F) for unknowns. Use calibrated (0.1 
mL) pipets.

Spotting and drying: For even distribution of 
spots, hold finger on upper aperture of 0.1 mL

004-5756/81 /6404-1021 -06$ 1.00 © Association of Official Analytical Chemists, Inc.
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pipet while touching tip to lid. After spotting, 
snugly cover lid with base of Petri dish, keeping 
dishes horizontal. Dishes must be covered to 
avoid absorption of carbon dioxide from the air. 
Oven-dry at 60°C for 24-48 h.

Diffusion conditions: Diffuse samples at 47 
± 2 ° C  for 16 h. Petri dishes should not be 
stacked during this step, to avoid condensation 
of water on lid.

Measurements: Soak electrodes in beaker of 
water >24 h before use. Electrodes thus im
mersed usually require conditioning for accurate 
measurement of low fluoride concentrations, 
which is done immediately before determining 
standards and samples by measuring a standard 
fluoride solution containing ca 5 ppm fluoride 
in 50% TISAB-II until mV readings stabilize. 
Then, electrodes are immersed 60 s in water, with 
measurement mode on. In practice, standard 
containing highest level of fluoride is measured 
first. Order of measurement for other standards 
and samples is irrelevant; however, all should be 
measured the same day. A ll mV readings should 
be allowed to stabilize (5-30 min) until changes 
in either direction do not exceed 0.2 mV/min. 
Record readings to nearest 0.1 mV. Between all 
sample and/or standard readings, rinse elec
trodes in 250 mL beaker containing distilled 
water, avoiding physical contact of beaker, etc., 
with F-specific electrode. With electrodes im
mersed in rinse water, set pH/mV meter to 
measurement mode for 60 s to release residual 
fluoride. Gently dab dry electrodes with clean 
cellulose wipes. Rinse interior and exterior of 
measuring dish with deionized water and dry 
with clean cellulose wipe.

R e su lt s  a n d  D is c u s s io n
Twelve collaborators participated in the study, 

and results were reported over a 9-month period 
(July 1979-March 1980). Collaborators reported 
general problems and comments as follows: The 
pear samples were hygroscopic, difficult to 
weigh, and appeared to contain a volatile con
stituent which was absorbed by the NaOH on the 
lid. It was difficult to wet some of the samples 
when HCIO4 was added. After diffusion, it was 
difficult to dissolve the NaOH spots in TISAB-II 
(1 + 1) because of the affinity of the solvent for 
the edge of the Petri dish. The way TISAB-II 
solution adhered to the lids after diffusion was 
different for the 3 foods. More standards should 
have been included.

Specific problems encountered by collabora
tors were: Laboratory 6 lost the 0.1 ¿¿g (1 ¿¿g/g) 
standard when diffusing the unknowns. Lab

oratory 1 incorrectly drew the calibration curve 
and incorrectly calculated the concentration for 
some samples. The results for Laboratory 12 
indicated a possible contamination problem. 
Millivolt readings for the 0.01, 0.03, and 0.1 jug 
F standards corresponded with F levels of ap
proximately 1.5, 0.67, and 4.5 jug F, respectively. 
During analysis of the practice sample, however, 
no problem was encountered. Laboratories 1 
and 4 weighed samples only within 0.01 g, an 
oversight in instruction clarity. Laboratory 8 
recorded readings to ±1 mV instead of ±0.1 
mV.

The submitted results were corrected for errors 
by redrawing the calibration curve (Laboratory 
1), were rounded to 2 figures, and evaluated 
statistically according to Youden and Steiner (7). 
Results reported by Laboratory 12 were excluded 
from the data because problems were encoun
tered with the sample calibration curve, results 
ranged from 1.2 to 68 ppm for the samples, and 
ranking the results indicated that the laboratory 
was an outlier. The corrected results from all 
other laboratories are presented in Table 1.

For the remaining data (Table 1), Dixon's test 
revealed that 6 individual values were outliers. 
These were from Laboratory 1 (Sample 9), Lab
oratory 2 (Sample 4), Laboratory 4 (Samples 1, 2, 
and 3), and Laboratory 8 (Sample 4). These 
outliers appeared to be random, with the excep
tion of those of Laboratory 4. Division of the 12 
samples into 3 categories according to F level, 
followed by ranking the values by laboratory, 
revealed that Laboratory 4 was an outlier for the 
samples with low F levels (Samples 1, 2, 5, and
9).

Homogeneity of variation between laborato
ries was only approximate (0.17 calculated versus
0.15 theoretical at the 95% confidence level). 
Variation between replicates was not homoge
neous (0.20 versus 0.12), primarily because the 
logarithmic relationship between potential and 
concentration results in standard deviations 
which are approximately proportional to con
centration on the linear portion of the calibration 
curve. Nonetheless, statistical analysis of all the 
data in Table 1 yielded an overall reproducibility 
standard deviation of 0.41 ppm (Table 2).

For the 3 sets of blind duplicates, the repro
ducibility standard deviation was 0.32 |ig/g, and 
the repeatability standard deviation was 0.26 
/xg / g. The true variance between laboratories (oy 
= —0.0018) and the true variance of the labora
tory-sample interaction (ofs = 0.033) were small, 
and variance ratios (MSl /MSls = 0.92 < 2.8 and 
MSls/MSo = 1.96 < 2.1) were not significant,
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Table 1. Refined * collaborative results (fig/g) for F In infant foods

Lab. 1 2 3 4 5 6 7 8 9 10 11 12 Practice

1 b 0.76 0.87 2.2 4.4 0.66 1.7 3.4 3.7 2.1 2.2 2.0 4.3 2.8C 2.2C
2 0.79 0.85 2.3 5.3 0.63 1.4 4.4 4.8 0.29 1.7 2.5 5.7 4.1 3.9
3 1.1 0.94 2.1 4.3 0.88 1.2 3.7 4.0 0.48 1.8 2.2 5.5 3.7 3.9
4 1.5 1.5 3.0 4.5 1.1 1.9 4.5 3.0 1.0 1.9 2.0 3.1 3.3 3.2
5 0.89 0.96 2.1 4.4 0.69 1.6 4.3 4.5 0.35 2.2 2.3 5.8 3.6 3.7
6 0.62 0.78 1.8 4.1 0.81 1.6 4.0 4.3 0.23 2.4 2.1 5.4 3.6 3.8
7 1.1 1.2 1.8 3.8 0.76 1.4 3.7 3.6 0.42 1.9 2.0 5.2 3.8 3.5
8 0.84 0.90 1.6 3.4 0.81 1.6 3.2 4.0 0.80 1.9 2.2 4.4 3.3 3.5
9 0.89 0.81 1.6 4.2 0.62 1.4 3.6 3.7 0.35 1.7 1.7 5.1 3.6 3.6

10 0.91 0.96 1.8 4.5 0.77 1.6 3.8 3.9 0.42 2.1 2.0 5.5 3.5 3.8
11 0.75 0.83 1.5 4.2 0.89 1.3 4.1 4.1 0.37 1.8 1.8 4.9 3.1 3.1
X 0.92 0.96 1.98 4.28 0.78 1.52 3.88 3.96 0.62 1.96 2.07 4.99
SD 0.24 0.21 0.43 0.47 0.14 0.20 0.42 0.48 0.54 0.23 0.22 0.79
RSD, % 25.89 21.89 21.62 10.99 17.92 13.11 10.73 12.17 87.52 11.67 10.81 15.91

3 Rounded to 2 significant figures.
b Corrected for errors due to calculations and calibration curve.
c Practice sample values fell outside acceptable limits and the fault was traced to a high oven temperature. Laboratory 

1 was instructed to continue the study after the corrections of the problem.

indicating that the method is satisfactory.
Relative standard deviations (RSDs) for the 12 

samples varied between 10.8 and 87.5% (Table 1) 
with a mean of 21.68%. Rejection of individual 
outliers reduces the mean RSD to 15.2%.

Including all results, the mean sample RSDs, 
divided according to F level, decrease with in
creasing F level (Table 2). The effect of food 
product on RSD is somewhat ambiguous (Table 
2) because of the high RSD for Sample 9 
(pears).

RSDs between blind duplicates varied, overall, 
between 0.0 and 28.2%, with a mean value of 
7.06%. Differences among the 3 F levels (and

Table 2. Statistical analysis on all results from 
Laboratories 1-11

True variance of the laboratory-sample 
Interaction,3 <rLS2

True variance between laboratories,3 crL2 
Repeatability standard deviation3 (ppm) 
Reproducibility standard deviation3 (ppm)

0.0330

-0.00180
0.262
0.316

Fluoride
range

Food
product

Reprod.
SD,
ppm

Mean sample 
RSDs, %

All all 0.408 21.7
0.2-1.0 all 0.322 38.3
1.4-2.0 all 0.285 14.3
3.8-5.0 all 0.561 12.5

All milk 0.356 i s .s 3
All peas 0.341 14.2 6
All pears 0.507 3 7 .5 b

3 For 3 sets of blind duplicates.
b Calculations based on mean of 3 values, one of which Is 

average RSD for the blind duplicates.

among the 3 food products) were not significant. 
For milk, peas, and pears, the mean RSDs be
tween duplicates were 6.90, 6.88, and 7.40%, re
spectively.

While the above data demonstrate that the 
method performed reasonably well for 11 of the 
12 participating laboratories, the data include (a) 
6 individual outliers, (b) 1 laboratory outlier with 
respect to the low-level samples (Laboratory 4), 
(c) 1 laboratory (8) which recorded readings only 
to the nearest 1 mV, and (d) 2 laboratories (1 and
4) that weighed samples to the nearest 0.01 g. 
Rejection of the results from the above 3 labora
tories (1,4 and 8), primarily to maintain a sym
metrical matrix, simultaneously eliminates all but 
1 individual outlier (Sample 4, Laboratory 2) and 
reduces the overall reproducibility standard 
deviation from 0.41 to 0.24 ppm. Furthermore, 
for the samples with low, intermediate, and high 
F levels, the reproducibility standard deviations, 
0.13, 0.24, and 0.31 ppm, respectively, increase 
with increasing F level. The mean for Sample 
9 is reduced from 0.62 ppm to 0.36 ± 0.08 ppm, 
a value which more closely agrees with that (0.27 
± 0.06 ppm) found by the authors. While the 
above manipulation is not representative of the 
collaborative results as a whole, it does indicate 
that 3 laboratories may have had more problems 
with the method, and that 8 of the 12 participat
ing laboratories were able to obtain results for all 
samples which were in excellent agreement.

The method, therefore, appears satisfactory, 
and the good intralaboratory precision for blind 
duplicates (7.06% mean RSD) indicates that there 
are relatively few procedural problems.
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Table 3. Fluoride levels in collaborative samples before and after freeze-drying

F found. % Recovery based on:

Food
Sample

No.

Mean F level, 
Coll. 1-11 

(pg /g±S D )

this lab. 
(Mg/g. 

99% Cl)

F added before 
freeze-drying 
(pg/g. dry wt)

Results 
of coll.

Results of 
this lab.

Milk A i 0.92 ±0.24 0.80 ± 0.14 —
Milk A 2 0.96 ± 0.21 0.80 ±0.14 —
Milk B 3 1.98 ± 0.43 1.72 ± 0.16 0.95 109 98
Milk C 4 4.28 ±0.47 4.3 ±0.4 3.8 88 93
Peas A 5 0.78 ±0.14 0.61 ±0.09 —
Peas B 6 1.52 ±0.20 1.42 ±0.15 0.91 81 93
Peas C 7 3.88 ±0.42 3.8 ±0.3 3.6 86 90
Peas C 8 3.96 ±0.48 3.8 ±0.3 3.6 88
Pears A 9 0.62 ± 0.54 0.27 ±0.06 —
Pears B 10 1.96 ±0.23 1.9 ±0.3 2.5 54 69
Pears B 11 2.07 ±0.22 1.9 ±0.3 2.5 58
Pears C 12 4.99 ±0.79 4.9 ±0.6 6.7 65 70

Accuracy
Although the accuracy of the method was ad

equately tested before publication (6), mean re
coveries of F added to samples before freeze
drying ranged from 54 to 109% by collaborators 
and from 69 to 98% by the authors (Table 3); 
therefore, it appears that some F is lost during 
freeze-drying. These losses are related to food 
type (Table 3) and are not universal (see Table 2, 
reference 6). However, the possibility of their 
occurrence suggests the elimination of the 
freeze-drying step in the analysis of foods. The 
method, as originally published (6), allows for 
such a modification.

Generally, the F levels obtained by collabora
tors agreed well with those found by the authors 
using different sample sizes, 3 sets of calibration 
curves per day, and 8 standard concentrations for 
each curve (Table 3). Nonetheless, 3 of the 11 
acceptable laboratories obtained unusually high 
results for Sample 9, unspiked pears, and some

problems can be anticipated when determining 
F at such low levels.

Considerations for Method Improvement
The intralaboratory precision obtained in this 

study for blind duplicates enables laboratories 
which want to further improve accuracy of re
sults to do so via minor changes to the method.

Table 4 lists the reported mV readings for the 
4 standards common to the calibration curves of 
the practice sample and the unknowns. Sig
nificant shifts (AmV) of the mV readings be
tween the 2 days the practice sample and un
knowns were analyzed occurred for Laboratories 
1, 5, 6,11, and 12, suggesting that electrode drift 
occurred. Drift can occur even over a period of 
several hours (8), and its effects on accuracy can 
be reduced by running a calibration curve both 
before and after analysis of samples.

Table 4 also illustrates that the above shifts of 
the mV readings (AmV) may change from stan-

Table 4. Millivolt readings reported by collaborators for 4 standards common to calibration curves of practice sample
(A) and unknowns (B)

Lab.

0.1 pg F 0.3 pg F 1.0 pg F 10.0 pg F AmVmax

AmVminA B AmV A B AmV A B AmV A B AmV

1 361.8 404.0 42.2 328.9 379.4 50.5 301.0 344.9 43.9 264.8 302.2 37.4 13.1
2 151.5 149.8 -1 .7 127.9 130.8 2.9 98.5 — — 39.6 43.7 4.1 5.8
3 -119 -120 1 -143 -145 -2 -176 -176 0 -237 -235 2 4
4 -121.8 -109.5 -12.3 -142.8 -139.2 3.6 -173.3 -169.5 3.8 -230.7 -229.3 1.4 16.1
5 160.1 150.4 -9.7 136.5 126.1 -10.4 105.9 96.2 -9 .7 48.8 38.2 -10.6 0.9
6 160.7 — — 136.4 121.8 -14.6 106.7 92.8 -13.9 47.2 36.0 -11.2 3.4
7 183.2 187.1 3.9 160.2 154.9 -5 .3 127.8 126.6 -1 .2 71.8 77.4 5.6 10.9
8 154 158 4 135 137 2 109 113 4 54 58 4 2
9 13.5 14.4 0.9 -12.6 -12.1 0.5 -42.4 -41.8 0.6 -102.7 -100.8 1.9 1.1

10 166.4 167.2 0.8 140.7 140.4 -0 .3 109.3 109.6 0.3 53.5 51.7 -1 .8 2.6
11 213.4 241.7 28.3 188.7 219.6 30.9 159.4 192.6 33.2 103.9 132.0 28.1 5.1
12 141.0 38.9 --102.1 119.3 104.2 -15.1 97.2 79.8 -17.4 31.4 24.0 -7 .4 94.7
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dard to standard, and the maximum shifts 
(mVmax — mVmin) are listed in the last column. 
Large maximum shifts are evident for Laborato
ries 1, 2,4, 7,11, and 12, and are an indication of 
the reproducibility of the standard curve as 
represented by the individual standards. In
creasing the number of standards, particularly 
in the low concentration region where the curve 
is nonlinear (0.5-0.01 pg F) and contamination 
problems are greatest, should also improve ac
curacy.

The third step in improving accuracy is to vary 
the sample size (between 0.05 and 0.2 g) to con
firm (a) noninterference by other sample com
ponents which may be diffused, and (b) quanti
tative diffusion and absorption of HF. After the 
collaborative study was completed, a correlation 
was found for the pear samples between sample 
size and recovery. Sample sizes exceeding 0.1 
g yielded poorer recovery. This was overcome 
by increasing the volume of perchloric acid 
added to the sample before diffusion, from 2 mL 
to 3 mL. Such a modification to the method did 
not affect results and enables analysis of up to 
0.15 mg food, thus improving detection limits. 
Increased amounts of Ag2S04 are not required 
for this modification. Further increasing the 
volume of perchloric acid to 5 mL is being in
vestigated.

Fourth, collaborators were instructed to record 
mV readings when their drift was reduced to 0.2- 
mV/min. At low F concentrations, this state 
may not correspond with equilibrium conditions, 
and complete equilibration of mV readings may 
prove more satisfactory. This is important be
cause, at low F concentrations, consecutive 2- 
directional drifts can occur before complete 
equilibration. A precaution for this approach, 
however, is that drainage of reference solution 
into the small volume of measured solution af
fects mV readings, and the equilibration time 
must be considered. Furthermore, we have ob
served that, at low F concentrations, the equi
librium state depends on whether the preceding 
solution measured contained a high level of F. 
This can be overcome by arranging the mea
surement sequence for samples and standards in 
order of decreasing concentration; however, this 
is only applicable when the approximate con
centration of F in the sample is known, i.e., dur
ing analysis of reference materials. For samples 
with unknown F levels, it can be overcome by 
equilibrating the electrode between each mea
surement with water or TISAB-II containing no 
fluoride. This approach was taken in the col
laborative study.

Finally, some modifications to technique 
which significantly shorten analytical time and 
facilitate manipulations are outlined below.

Spotting the lids with aqueous sodium hy
droxide solution was tedious and, with time, the 
dried spots tended to flake and fall from the lid. 
These problems can be overcome by using an 
ethanol solution of NaOH, rapidly prepared in 
a 100 mL volumetric flask by dissolving 4 g so
dium hydroxide in 10 mL water followed by 
dilution to volume with ethanol. Any precipi
tate (sodium carbonate) need not be filtered. 
Place the lids of the Petri dishes on a warm 
(100°C) hot plate and pipet 50 pL ethanolic 
NaOH onto each lid while touching the pipet tip 
to the lid and moving it in a spiral to distribute 
the solution. After partial drying, cover the lids 
with the bases and oven-dry 24 h at 60°C.

The problem of adherence of TISAB-II (1 + 1) 
to the edge of the lids after diffusion, making 
dissolution of spots difficult, can be overcome by 
pipetting the TISAB solution into the center of 
the lid and waiting 2-3 min until dissolution of 
the central position is complete. Subsequently, 
the solution is gently swirled to dissolve re
maining portions on the lid.

The collaborative study has demonstrated that 
the method is precise and reproducible in dif
ferent laboratories. Furthermore, the method 
is capable of accurate determination of back
ground levels of F in foods and biological mate
rials, and is flexible with respect to sample 
preparation (fresh or freeze-dried) and sample 
size (0.1 g for normal diffusion and 1.0 g for 
macrodiffusion) (6).
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O p e n  D i g e s t i o n  M o d i f i c a t i o n  o f  A O A C  M e t h o d  f o r  D e t e r m i n a t i o n  
o f  M e r c u r y  i n  F i s h

RAM N. DUVE, JEFFERY P. CHANDRA, and SATEND B. SINGH
Ministry of Agriculture and Fisheries, Koronivia Research Division, PO Box 7 7 , Nausori, Fiji

The vanadium pentoxide-catalyzed reflux method 
has been modified to allow open digestion of samples 
in preparation for determination of organic and in
organic mercury. The reflux digestion performed 
with a bunsen burner resulted in charred samples, but 
digestions performed in tubes in a 95-100°C water 
bath were satisfactory. As many as 40 digestions can 
be carried out simultaneously, and the technique 
offers a fast and simple approach to digestion, dilu
tion, and transfer.

The original m ethod o f Hatch and Ott (1) for the 
determ ination of mercury in  fish has seen  several 
m odifications over the years (2-5 ), particularly  
regarding the d igestion  o f sam ples. In recent 
years, w e  have been responsib le for carrying out 
m ercury determ inations on  fish , and w e  use the  
vanadium  pen toxide-catalyzed  reflux d igestion  
m ethod of M unns and H olland (3 ,6 ). Lately, w e  
have been  called  on  to analyze an increased  
num ber o f fish  sam ples for m ercury content; 
therefore, w e  w ish ed  to m odify  the above 
m ethod to h an d le m ore d igestion s per u n it o f  
tim e. Our m odified  open  d igestion  techn ique  
is presented  below .

Experimental
Method Techniques (3)

Carry out all d igestion s in  hood. U se cold  
vapor technique g iv en  in  references 3 and 6 , 
except as follow s: (a) U se open  system , and use  
peak h e ig h t rather than m axim um  absorbances 
for standard graph and calculation; (b) use 20 mL 
cut p ipet con ta in in g  b lue coarse silica g e l as 
m oisture trap; and (c) after addin g reducing so
lu tion , stir m ixture v igorously  2 V2 m in, and then  
purge w ith  air.
Samples

H om o gen ize  thorou gh ly  fresh and canned  
tuna in W aring blender; use mortar and pestle to 
com p lete h om ogen ization . U se standard p o w 
der w ith ou t further preparation.
Procedure

W eigh  1.5-2 .0  g  prepared canned or fresh  
sam ple or 0.5-1.0 g standard pow der into spouted  
50 mL Nessleriser tube. Add 10-15 m g V2O 5 and 
6  mL H N O 3 - H 2SO 4 (1 +  1) and leave at room

Table 1. Recoveries of added Hg (M g /g )

Munns and Holland (3) Proposed method Alternative procedure

Inorganic Hg Added as HgCL

Average residue 
Spike

0.2550.00 0.20 0.40 0.60
0.2670.00 0.20 0.40 0.60

Residue + spike 
(theoretical) 0.255 0.455 0.655 0.855 0.267 0.467 0.667 0.867

Actual recovery 0.266 0.464 0.680 0.890 0.266 0.459 0.645 0.880

Organic Hg Added as CHsHgCI

Amt sample 
digested, g 

Average residue 
Spike

5.0
0.2550.00 0.200 0.40 0.60

1.5
0.2670.00 0.20 0.40 0.60

5.0
0.2580.00 0.20 0.40 0.60

Residue + spike 
(theoretical) 0.255 0.455 0.655 0.855 0.267 0.467 0.667 0.867 0.258 0.458 0.658 0.858

Actual recovery 0.244 0.464 0.652 0.875 0.267 0.460 0.660 0.865 0.264 0.480 0.660 0.862
Residue + spike 

(theor. total 
amt, Mg) 1.275 2.275 3.275 4.275 0.40 0.70 1.00 1.30 1.290 2.290 3.290 4.290

Residue + spike 
(actual total 
amt
recovered, Mg) 1.220 2.320 3.260 4.375 0.40 0.69 0.99 1.298 1.320 2.400 3.300 4.310

0004-57 56/81/6404-1027-03$ 1.00 
© Association of Official Analytical Chemists, Inc.
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Table 2. Mercury contents (jig/g) of canned and frozen 
tuna and standard powders*

Munns and Holland (3) Proposed method

Frozen Tuna

0.040 0.033
0.090 0.093
0.136 0.146
0.140 0.150
0.146 0.150
0.223 0.240
0.232 0.235
0.232 0.233
0.236 0.238
0.239 0.224
0.240 0.236
0.248 0.260
0.248 0.233
0.362 0.370
0.442 0.456

Canned Tuna

0.066 0.0550.112 0.105
0.131 0.139
0.144 0.145
0.156 0.153
0.164 0.152
0.176 0.167
0.236 0.244
0.256 0.269
0.252 0.250
0.280 0.285
0.292 0.297
0.300 0.270
0.376 0.373
0.404 0.419

Fish Flesh Sample MA-A-2

0.540 0.550
(0.54 ±  0.06 overall average (8))

(0.49 ± 0.02 average after Dixon test (8))

Dried Powder

0.900 0.865
(0.857 ±0.061 (7))

a Averages of triplicate analyses.

tem perature 10 m in  w ith  occasional sw irlin g . 
Place tube in  rack and im m erse to ca 12 mL mark 
in  constant tem perature water bath w h ich  is al
ready adjusted to 95-100°C , and heat 20 m in. 
Cool tube som ew hat by im m ersing rack in cold  
water. Add 1 drop H 2O 2 (30%), mix tube by 
sw irlin g , and d ilu te to 25 mL mark at room  tem 
perature. Pour solu tion  in to  150 mL flask used  
for m ercury vapor generation  and use 75 mL d i
luting solution (6 ) for com plete transfer. Obtain 
standard graph and determ ine m ercury content 
of solu tion  as directed above.

Table 3. Reproducibility studies of 10 digestions of 
canned tuna sample (pg Hg/g)

Munns and Proposed
Statistic Holland (3) method

Range 0.244-0.272 0.257-0.273
Mean 0.255 0.267
SD 0.012 0.015

Modified Procedure
W eigh 5.0 g sam ple in  sam e flask used  in  

M unns and H ollan d  (3) m ethod, add 20 -2 5  m g  
V 20 5 and 20 mL H 2SO4-H N O 3 (1 +  1), and leave  
at room tem perature 10 m in  w ith  occasional 
sw irling . Heat flask in  w ater bath at 95-100°C  
20 m in , cool under tap, and add 15 mL w ater, 2 
drops of H 2O2 (30%), and 15 mL water. Let cool, 
and transfer solution  to 100 mL volum etric flask. 
D ilu te to vo lu m e and determ ine H g con ten t on  
25 mL aliquot as directed above.

Results and Discussion
Our purpose in  this study w as to in vestigate  

the merits of open digestion in  the determ ination  
of mercury in  fish by the collaboratively studied  
m ethod of M unns & H olland (3), w hich  is also an 
alternative AO AC m ethod  (6 ). The M unns and  
H ollan d  procedure specifies a 16 m in reflux d i
gestion  perform ed w ith  a Bunsen burner but our 
prelim inary studies revealed that th is d igestion  
could not be performed in the open because o f the 
on set o f charring after approxim ately 7 m in. 
The m ethod could be m odified  by substituting  
a water bath at 95-100°C . In the proposed open  
digestion procedure, a smaller am ount o f sam ple 
is digested in a calibrated 50 mL N essleriser tube, 
and the solu tion  is d ilu ted  to vo lu m e (25 mL) in 
the tube itself, thus avo id in g  the transfer o f so
lution  to a volu m etric flask. In addition , all of 
the prepared solu tion  is u sed  for mercury vapor  
generation; solution is com pletely transferred by 
w ash in g  w ith  d ilu tin g  solu tion . The proposed  
m ethod allow s as m any as 40 d igestion s to be 
carried out sim ultaneously com pared w ith  about 
6 by the reflux d igestion  technique.

Recovery studies w ere perform ed by sp ik in g  
a tuna sam ple w h ich , upon repeated analysis by  
the M unns and H olland  (3) procedure, gave an 
average H g content o f 0.255 p g /g .  The sam ple  
w as then  sp iked  w ith  suitable aliquots o f 1 pg  
H g /m L  aq u eou s so lu tio n s  o f H g C l2 and  
M eH gC l. Results are g iv en  in  Table 1.

Received March 18, 1980. Accepted February 9, 1981.
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Table 4. Effect of digestion time on recoveries of Hg (added as CH3HgCI) in proposed method

Recovery Sample

Sample + 0.20 ppm 
spike

Sample + 
0.4 ppm 

spike

Sample + 0.6 ppm 
spike

Theoretical 0.267 0.467 0.667 0.867
After 15 min 0.258 0.479 0.645 0.854
After 25 min 0.260 0.472 0.660 0.875
After 50 min 0.265 0.460 0.662 0.867

For com parison studies, d igestion  by both  
m ethods w ere perform ed in  triplicate on  15 
sam ples each o f frozen  and canned tuna and 2 
standard pow ders (7,8). M ercury content o f the  
resulting solutions was determ ined by cold vapor 
tech n iq u e (3, 6), and the results are reported in  
Table 2. T here is good  agreem ent b etw een  the  
reflux d igestion  and the proposed op en  d iges
tion.

The proposed m ethod  w as tested for repro
ducib ility  by m aking 10 d igestion s o f a canned  
tuna sam ple. Results com pared w ith  th e orig i
nal procedure are g iv en  in  Table 3. In the pro
posed  m ethod , a sm aller am ount o f sam ple and  
added m ercury is used; therefore, recoveries of 
organic m ercury w ere also perform ed by th e a l
ternative procedure in  w h ich  the total am ount 
o f sam ple and added m ercury are the sam e as 
those used by M unns and H ollan d  (3) in  their  
recovery studies.

The effect o f d igestion  tim e on  recovery of 
organic mercury was also exam ined to determ ine 
if  losses occur w ith  p ro lon ged  heating. H o w 
ever, no losses occurred w ith  heating tim es of up 
to 2 V2 tim es the norm al 20 m in  (Table 4).

In the acid d ig e stio n /c o ld  vapor techn ique, 
clean ing and rinsing o f glassware is an essential 
but laborious part of the analysis. The proposed  
op en  d igestion  techn ique not o n ly  reduces the  
am ount o f glassw are, it offers a fast and sim p le  
approach to sam ple d igestion , d ilu tion , and  
transfer. It also enables us to analyze at least 5

tim es as m any sam ples as w ith  the current AOAC  
m ethod.
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F O R  Y O U R  IN F O R M A T IO N

AOAC Welcomes Private Sustaining 
Members

AO AC Bylaws w ere changed  at the 94th 
A n n u al M eetin g  in  O ctober 1980 to establish  
Private Sustain ing M em berships for Industry.

By June o f th is year, seven  com panies had 
becom e AOAC Private Sustain ing Members: 
the Fertilizer Institute, W ashington, DC; 
International M inerals and Chem icals (IMC) 
Corporation, Northbrook, IL; ICI Am ericas, 
Inc., G oldsboro, NC; Eastman Chem ical 
Products, Inc., K ingsport, TN; P ennw alt Corp., 
A grochem icals D iv ., P h iladelphia, PA; The 
U pjohn Co., Kalamazoo, MI; and Alcon  
Laboratories, Inc., Forth W orth, TX.

ISO 973-1980

ISO Standards Available From ANSI
The fo llo w in g  is a list o f standards from  the  

International O rganization for 
Standardization (ISO), Technical Com m ittee  
34-A gricultural Food Products. The Standards 
are available at prices indicated from  
A m erican N ational Standards Institute, Inc., 
1430 Broadway, N ew  York, NY 10018.
ISO 882-1980 Cardam om s—

Specification $ 8.40
Spices and  

co n d im en ts—
Pim ento (allspice), 
w h ole , or 
g r o u n d —
Specification 8.40

Spices and  
condiments—Ginger, 
w h ole , in  pieces, 
or grou n d —
Specifications 10.50

Procedure for m ilk
recording for cow s 12.60 

M eat and meat 
products—
D eterm ination  of 
chloride content 
(Reference m ethod). 8.40 

Coriander, w h o le  or 
grou n d  
(p o w d ered )—
Specification 8.40

Saffron—Specification 14.70 
Caseins and  

caseinates—
D eterm ination of

ISO 1003-1980

ISO 1546-1981
ISO 1841-1981

ISO 2255-1980

ISO 3632-1980  
ISO 5548-1980

lactose co n ten t— 
Photom etric m ethod 8.40

ISO 5553-1980 M eat and m eat
products—Detection 
of polyphosphates 8.40

ISO 5559-1981 Dehydrated on ion —
Specification 10.50

ISO 5560-1981 Dehydrated garlic—
Specification 10.50

ISO 5738-1980 M ilk and m ilk
products— 
D eterm ination of 
copper co n ten t— 
P hotom etric  
reference m ethod 10.50

ISO 6091-1980 Dried m ilk—
D eterm ination  
of titratable acidity  
(Reference m ethod) 6.30

ISO 6495-1980 A nim al feed in g
stu ffs—
D eterm ination of 
w a ter-so lu b le  
chlorides content 8.40

ISO 6540-1980 M aize—D eterm in at
ion  o f m oisture 
content (on m illed  
grains and on  
w h o le  grains) 16.80

ISO 6645-1981 W heat flour—
D eterm ination  
of dry gluten 6.30

ISO 6660-1980 M angoes—Guide to
storage 8.40

Meetings
A u gu st 1 1 -1 4 , 1981: Sym posium  on Cereals: 

A R enew able Resource, Carlsberg Research 
C enter, C openhagen, Denm ark. Cosponsored  
by the Am erican A ssociation o f Cereal 
C hem ists and the Carlsberg Research Center. 
The 3V2-day session  w ill feature technical 
presentations in  w h ich  the basis for 
production  and utilization  o f cereals w ill  be 
review ed . Fees: $195 for participants and $90 
for spouses. For m ore inform ation, contact 
D orothy G insburg, AACC, 3340 P ilot Knob 
Road, St Paul, M N  55121; te lep h on e 612/454- 
7250.

A u gust 1 6 -2 2 , 1981: 28th C ongress o f the  
International U n ion  o f Pure and A p plied  
C hem istry, the U n iversity  o f British Colum bia, 
V ancouver, BC, Canada. Recent advances in
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energy , th e en v iron m en t, resource 
d ev elop m en t, oceanography, extraction o f  
m etals, so ils  chem istry, pulp  and paper, 
corrosion, m edicinal and drug chem istry, and  
b io tech n o log y  w ill  be rev iew ed . For m ore 
in form ation , contact C ongress Secretariat, c /o  
The C hem ical Institute o f Canada, 151 Slater 
St, Suite 906, Ottawa, O ntario, Canada KIP  
5H3; te lep h o n e  613/233-5623.

O ctober 1 9 -2 2 ,1 9 8 1 ;  95th A n nual AOAC  
M eetin g , M arriott H otel, T w in  Bridges, 
W ashington , DC. Current d evelop m en ts in  
analytical m eth od o logy  pertain ing to 
agricultural, environm ental, and public health  
areas w ill be presented  and discussed. Five 
sym posia  are planned: AOAC M ethods 
D ev elo p m en t—th e C h allenge o f the N ext  
D ecade, The Com puter in  the Laboratory, 
Infant Form ula R egulation and Infant Food  
Problem s, T richothecenes, and A nalytical 
M eth od ology  for Lead in  Foods. A bout 200 
papers w ill be g iv en  on  n ew  techn iques, 
m ethods, and instrum entation  for analysis of 
foods, drugs, p esticides, cosm etics, feeds, 
fertilizers, m ycotoxins, beverages, colors, 
forensic scien ce m aterials, hazardous 
substances, vitam ins, w ater and air pollutants, 
m icrobiological and extraneous m aterials 
contam ination o f foods, and related subjects. 
For further details, contact K athleen  
Fom inaya, AOAC, 1111 N . 19th St, A rlington , 
VA 22209; te lep h on e 703/522-3032.

N ovem ber 1 -5 , 1981: 109th Am erican Public  
H ealth  A ssociation A n n u al M eeting, Los 
A n geles, CA. The general th em e o f the  
m eetin g  w ill  be "Energy, H ealth , and the  
E nvironm ent." For m ore inform ation , contact 
Jon M. C ounts, Bureau o f Laboratory Services, 
A rizona D epartm ent o f H ealth  Services, 1520 
W. Adam s St, P hoen ix , AZ 85007; te lep h on e  
602/255-1188.

A p ril 1 3 -1 5 ,1 9 8 2 :  7th A nnual AO AC Spring  
T raining W orkshop and E xposition, Fairm ont 
H otel, N ew  O rleans, LA. P lanned  for th is  
w orkshop  are session s on: drugs and  
antibiotics in  feeds, food  toxico logy , forensic  
chem istry, pesticide residues, seafood quality, 
m ycotoxins, environm ental m onitoring, 
fertilizers, sugars, laboratory autom ation, 
p esticide form ulations, quality assurance, 
veterinary toxico logy, hazardous w aste  
m onitoring, and analysis o f toxico logica l 
substances. For additional inform ation , 
contact co-chairm en: N ico le  F. H ardin, U.S. 
Food and Drug A dm inistration , 4298 E lysian  
Fields A ve, N e w  O rleans, LA 70122; te lep h on e  
502/589-2471, or H ersh el M orris, Louisiana  
D epartm ent o f Agriculture, PO Box 16390-A, 
U n iversity  Station, Baton R ouge, LA 70893; 
te lep h on e 504/388-2755.

Three Methods Adopted Interim First Action
The fo llo w in g  m ethods have b een  approved  

by th e respective G eneral Referees and  
C om m ittees for adoption  as interim  officia l 
first action. The A ssociation w ill  v o te  on  
adoption  as official first action at th e 95th  
A nnual M eeting, Oct. 19 -22 ,19 81 .

Infrared Spectrophotom etric M ethod for 
M ethazole Form ulations, John E. Forrette, 
V elsicol C hem ical Corp., C hicago, IL 

Protein N itrogen  U n it Precipitation  
Procedure for A llergen ic Extracts, Joan C. May 
and Jenny T. C. Sih, Food and Drug  
A dm inistration , Bethesda, M D

Internal Insect Infestation o f Bulk W heat, 
Richard L. Trauba, Food and Drug  
A dm inistration , M inneapolis, M N

Preprints o f these m ethods are available 
from  the AOAC office, 1111 N  19th St, Suite  
210, A rlington , VA 22209.
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B O O K  R E V IE W S

Colorimetric Chemical Analytical Methods.
9th Ed. By L. C. Thom as and G. J.
Cham berlin. The T intom eter Ltd,
Salisbury, UK; John W iley and Sons Ltd,
N e w  York, NY, 1980. x +  625 pp. Price
$85.00.
C hem ical tests d evelop ed  for use w ith  

several types o f L ovibond color com paring 
eq u ip m en t are the subject o f this book.

It sh ou ld  be usefu l to industrial and  
regulatory agency chem ists w h en  screen in g  
tests for a w id e  range o f com p ounds are 
required but a h igh  degree o f accuracy is not. 
Research chem ists sh ou ld  find  m any o f the 
iso lation  techn iques useful in d evelop in g  
"cleanup procedures."

Each m ethod is briefly  and clearly w ritten  
and is fo llow ed  by an adequate list of 
references. The largest section  covers the 
determ ination  o f m etals, trace elem ents, and  
com m on ly  found  inorganic com pounds, such  
as phosphate, nitrates, and h ydrogen  su lfide, 
in  b iolog ica l materials, foods, fuels, lubricants, 
so ils , ores, and p lating baths. A large section  
is  also d evoted  to toxic substances, such as 
p h o sg en e , acetone, n itrogen  d iox ide, and  
m ercury, o ften  fou n d  in  air in  industrial and 
urban atm ospheres. A sm aller section  covers 
several organics com m only found  in  water, 
sew age, and b iological m aterials. A section  on  
biochem istry , p athology, and pharm acology  
in clu d es several techn iques used  in  
hem ato logy , clin ical chem istry, and urinalyses 
for determ in in g  lev els  o f urea, transam inase, 
p hosphorus, and cholesterol. A final section  
covers a w id e  variety o f color grading and 
quality tests prim arily for foods and water.

O verall, the book is w e ll w ritten  and  
p rovid es a large num ber o f sim ple, rapid 
m eth od s for a w id e  range o f com pounds in  
m any com m on matrices.

H u g h  M. Cu n n in g h a m  
H ealth  and W elfare Canada  
H ealth  P rotection Branch 
T unney's P asture,
O tta w a , O n tario , Canada K IA  0L2

M idland Macromolecular Monographs, 
Volum e 7, Silylated Surfaces. Edited by 
D onald  E. L eyden and Ward T. C ollins.

G ordon and Breach Science Publishers, N ew
York, NY, 1980. 379 pp. Price $63.50.
The use o f sily lated  surfaces in  analytical 

applications is m ost often  associated w ith  
chrom atographic techniques. This book, 
relating the p roceed ings o f the May 1978 
M idland M acrom olecular Institute Sym posium  
on S ilylated  Surfaces, offers valuable in sigh ts  
in to  other areas w h ere such surfaces prove 
usefu l, such as: electrochem istry, enzym e  
im m obilization , catalysis, and trace materials 
en rich m en t techniques. To provide an 
in terd iscip linary exchange o f inform ation on  
the utility  o f sily lation  reactions, the  
organizers assem bled a variety o f contributors. 
Valuable in clu sion s are a co llection  o f papers 
describ ing several m ethods for the analysis of 
surfaces and d iscussions of secondary ion  mass 
spectrom etry (SIMS), Fourier transform  
infrared (FTIR), UV resonance Raman 
spectroscopy, and x-ray photoelectron  
spectroscopy (ESCA).

The first tw o chapters discuss the chem istry  
of glass surfaces and of silane cou p lin g  agents, 
p rov id in g  an ideal background for the topics 
discussed  later in the book. The im m ob iliz in g  
of d ye m olecu les o f am inosilan es to electrode  
surfaces for unique electrochem ical 
applications is sh ow n  to be a relatively n ew  
area o f research w ith  m any problem s yet to be 
so lved . Reverse phase liqu id  chrom atography  
w ith  alkylsilan es bond ed  to silica supports is 
ex ten siv ely  review ed . The possible  
applications o f m ore unusual form s o f liqu id  
chrom atography, such as w ith  charge-transfer 
bon d ed  phases and ligan d  exchangers, are also  
considered . The chapters on  the  
characteristics and perform ance o f 
im m ob ilized  en zym e supports present 
ex cellen t d iscussions o f the basic princip les  
in v o lv ed  in  this in creasingly  im portant 
tech n ology .

This m onograph is a good  overview  of 
sily lated  surfaces and their uses. N o  subject is 
covered  in  great depth , but good  introductions  
to several related areas of tech n o logy  are 
inclu ded .

Jo se ph  J. D eSt e fa n o
E. 1. du Pont de N em ours & Co.
A n a ly tica l Instrum ents Division  
W ilm ington , DE 19898



NEW PUBLICATIONS: J. ASSOC. OFF. ANAL. CHEM . (VOL. 64, NO. 4, 1981) 1033

N E W  P U B L IC A T IO N S

Analytical M ethods for Pesticides and Plant 
Growth Regulators. Volum e XI, Updated 
General Techniques and Additional 
Pesticides. Edited by G unter Z w eig  and  
Joseph Sherm a. P ublished  by Academ ic 
Press, 111 Fifth A ve., N e w  York, NY 10003, 
1980. 416 pp. Price $46.00, subscription  
price $39.00. ISBN-0-12-784311-6.
The present vo lu m e, the e leven th  in this 

treatise, n o w  in  its 17th year o f publication, is 
d ev oted  to updating analytical m ethods and 
add in g  p esticides not p reviously  included.
O ne chapter presents an update on  the  
autom ated p esticide analytical laboratory and  
p resents techn iques that are readily available 
in  addition  to som e that are still on  the 
d raw ing board. This chapter points to the  
tim e w h en  sam ple extraction, cleanup, 
injection in to  th e chrom atographic colum n, 
and final calculations m ay be fu lly  autom ated. 
O ther chapters discuss analysis o f N -nitroso  
com p ounds, analytical m ethods for 
form ulations and residues o f recently  
d ev elop ed  pesticides, analysis of 
ethylenebisd ith iocarbam ate (EBDC) fu n gic id es  
and degradation products, and analytical 
m eth od s for th e tox ico logica lly  im portant 
degradation product e th y len e  thiourea (ETU).

Test Protocols for the Environmental Fate 
and M ovem ent of Toxicants. P roceedings  
o f a 1980 AO AC Sym posium , W ashington, 
DC, O ctober 21-22 , 1980. P ublished  by the  
A ssociation  o f O fficial A nalytical Chem ists, 
1111 N  19th St, A rlington , VA 22209, 1981. 
336 pp. Price $30.00 U.S., $33.00 all other  
countries. ISBN-0-935584-20-X.
Since the introd uction  o f synthetic  

p estic id es scientists have endeavored  to 
understand h ow  these chem icals degrade and 
h o w  parent com pounds and degradation  
products are transported throughout the 
en v iron m en t. O ut o f th is research has 
ev o lv ed  a series o f environm ental chem ical 
and b io log ica l tests. The 17 papers inclu d ed  
in  th is book provide the latest protocols for 
sp ecific  en v ironm enta l tests and m ethods for 
in terp reting or predicting the results by the  
use o f m athem atical m odels. Subjects of 
papers in clu d e tests for physical and chem ical 
properties, for m obility  in  soil and water, for 
m etab olism —accum ulation /degradation , and

for m icrobial m etabolism ; fie ld  d issipation  
studies; and m athem atical m od elin g  o f the fate 
and m ovem en t o f toxicants in  ecosystem s, of 
toxicant transport through soil, and of 
en v iron m en ta l assessm ent o f toxicants.

Physical M ethods in Modern Chemical 
Analysis. Volum e 2. Edited by T heodore  
Kuwana. P ublished  by Academ ic Press, 111 
Fifth A ve., N ew  York, NY 10003, 1980. 432 
pp. Price $45.00. ISBN-0-12-430802-3.
The chapter subjects o f this, th e secon d  

vo lu m e in  a series on  p h ysica l/in stru m en tal 
m eth od s o f chem ical analysis are; h igh  
perform ance liqu id  chrom atography, x-ray 
p hotoelectron  spectroscopy, x-ray diffraction  
m eth od s applied  to pow ders and m etals, 
analytical aspects o f ion  cyclotron resonance, 
and refractive index m easurem ent. Each 
chapter covers the theory and prin cip les on  
w h ich  the particular m ethod  is fou n d ed , g ives  
a description  o f the instrum entation or 
equ ip m en t used, and illustrates the scope and  
p ow er o f the m ethod by p resenting several 
selected  exam ples.

Physical Principles of Pesticide Behavior — 
The Dynamics of Applied Pesticides in the 
Local Environment in Relation to 
Biological Response. V olum e 2. By G. S. 
H artley and I. J. Graham-Bryce. P ublished  
by A cadem ic Press, 111 Fifth A ve., N e w  
York NY 10003, 1980. 524 pp. Price $74.50. 
ISBN-012-328402-3.
The objective o f the authors o f th is book w as 

to provide a text on  the properties and  
processes o f p esticid es—volatility , so lu b ility , 
partition, adsorption, d iffu sion , flow , 
im paction and spread ing—w h ich  determ ine  
behavior in  the im m ediate en v iron m en t of 
their application. The book is m ain ly  
addressed to research workers w ith  a p h ysico 
chem ical training, to those concerned w ith  the  
d esign  and testin g o f n ew  form ulations and  
m ethods o f application, and sh ou ld  be o f 
interest to fie ld  workers, b iochem ists, and  
environm entalists. Chapter subjects include: 
the relation o f perm eation to toxicity, 
penetration o f pesticides in to  h igh er  p lants 
and into insects and fu n gi, effects o f grow th  
and m ovem ent o f organism s on  in terception  of 
pesticides, and application and form ulation.
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Instrument Methods of Analysis. Sixth 
Edition. By Hobart H. W illard, L ynne L. 
Merritt, Jr., John A. D ean, and Frank A. 
Settle, Jr. P ublished  by Van Nostrand  
R einhold , 135 W 50th St, N ew  York, NY  
10020,1981. Approx. 950 pp. T entative 
price $27.95. ISBN 0-442-24502-5.
Em phasizing both  instrum entation  and the 

m eth od ology  that em ploys it, this n ew  ed ition  
rem ains a sin g le-vo lu m e book w ith  ex ten sive  
coverage of instrum ental analysis. A ll 
sign ificant chrom atographic m ethods are 
included. A series of chapters on  
m icroprocessor-controlled instrum entation  has 
b een  added.
N ickel Toxicology. Proceedings o f the  

Second International IUPAC C onference on  
N ick el T oxicology, Sw ansea, W ales, 
Septem ber 3 -5 , 1980. Edited by Stanley S. 
Brown and F. W illiam  Sunderm an, Jr. 
Academ ic Press, Inc., I l l  Fifth A ve, N ew  
York, NY 10003, 1980. 214 pp. Price 
$36.00. ISBN-0-12-137680-X.
In the past few  years, there has b een  a 

remarkable increase in  our u n derstanding of 
the toxico logy o f n ickel and its com pounds. 
This book provides the current research on  
im portant aspects o f n ick el tox ico logy  and  
g ives a perspective o f the chem istry and  
b io lo gy  o f n ickel. Chapter subjects inclu de  
ep id em iolog ica l aspects; experim ental 
approaches; uptake, d istribution and excretion; 
pharm acologic effects; and analytical aspects. 
The book sh ou ld  be o f special interest to 
toxico logists, cancer ep id em iolog ists, 
occupational physicians, and hygien ists; to 
ind iv id u al and governm ental agencies  
concerned w ith  n ick el m anufacture and  
processing; and to b iochem ists, nutritionists, 
and pharm acologists w h o  work w ith  trace 
metals.
W ilson and W ilson's Comprehensive

Analytical Chemistry. Edited by G. Svehla. 
V olum e XII—Thermal A nalysis, Part A: 
Sim ultaneous Therm oanalytical 
Exam inations by M eans o f the 
Derivatograph. By J. Paulik and F. Paulik, 
1981. P ublished  by Elsevier Scientific  
P ub lish in g  C om pany, PO Box 211, 1000 AE 
Am sterdam , The N etherlands; E lsevier 
N orth-H olland , Inc., 52 Vanderbilt A ve,
N ew  York, NY 10017. xv iii +  278 pp. Price 
US $73 .25 /D fl. 150.00. ISBN-0-444-41949-7.

Part A g iv es a history of the sim ultaneous  
therm oanalytical techn ique and m ethods that 
h ave b een  d ev elop ed  for its use. Therm ogas 
titrim etry, a dilatom etric m easuring techn ique, 
and the quasi-isotherm al-quasi-isobaric 
m ethods are discussed as are m ore general 
aspects, such as the in flu en ce o f experim ental 
con d ition s, resolu tion  and selectiv ity  o f the 
exam inations, and inform ation on  the 
m u ltip ly in g  effect o f sim ultaneous  
exam inations. A list o f about 1400 
publications reporting results obtained by 
m eans o f the derivatograph and a subject 
index o f 1100 com pounds are included.

Nondestructive Activation Analysis With 
Nuclear Reactors and Radioactive Neutron 
Sources. Studies in Analytical Chemistry
3. Edited by S. A m iel. P ublished  by 
Elsevier Scientific P ublish ing Com pany, PO 
Box 211, 1000 AE Am sterdam , The 
N etherlands; Elsevier N orth-H olland , Inc., 
52 Vanderbilt A ve, N ew  York, NY 10017, 
1981. xvi +  363 pp. Price U.S. $83.0 0 /D b l. 
170.00. ISBN-0-444-41942-X.
The m any recent d ev elop m en ts in  detection  

instrum entation  (Ge(Li) and Si(Li) detectors) 
have stim ulated  interest in  the use of 
n ond estructive activation analysis. This book  
is a gu id e  describ ing w h en  and h ow  this 
tech n iq u e m ay be used to produce optim ally  
sen sitiv e  and accurate results. The sequence  
o f the text fo llow s that o f the principal steps in  
nond estru ctive activation analysis. Brief 
descrip tions o f the basic princip les are 
in clu d ed  for the inexperienced  reader.

A lth ou gh  analytical chem ists and nuclear 
chem ists are the primary audience for this 
book, for other d iscip lin es inform ation has 
b een  inclu d ed  on geo- and cosm ochem ical 
archaeological, forensic science, 
env iron m en ta l, biom edical, and industrial 
applications o f the technique.

Systematic Identification of Organic 
Compounds. A Laboratory Manual, 6th 
Edition. By Ralph L. Shriner, R eynold  C. 
Fuson, D avid Y. Curtin, and Terence C. 
M orrill. P ublished  by John W iley and Sons, 
Inc., D ept 5824, Som erset, NJ 08873, 1980. 
604 pp. Price $22.95.
A  n ew  ed ition  o f th is laboratory m anual 

offers im portant, up-to-date, reliable
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tech n iq u es to h elp  in  th e iden tification  of 
organic com pounds. The book lays out 
exp licit analytical procedures, operating  
instructions for laboratory instrum ents, 
in tegrating spectroscopy, and spectral 
problem s. A ll chapters have b een  rew ritten to 
reflect recent advances. N e w  material 
in clu d es special characterization techniques  
and references, n ew  tables that describe the  
com p osition  and properties of com m on  
reagents, so lven t classification techn iques to 
aid fu nctional group iden tification , "wet" tests 
for n itrog en  and various functional groups, 
and m odern analytical techn iques.

Personal C om puters in  C h em istry . Edited by  
Peter Lykos. P ublished  by John W iley  and

Sons, Inc., D ept 5824, Som erset, NJ 08873,
1980. 280 pp. Price $27.50.
A series o f 20 technical papers on  

applications o f m icroprocessor-based system s 
for chem ists com prise th is book. The papers 
cover com puter use in  research, m anagem ent, 
education, and w riting; th ey  discuss costs, 
reliability , m aintenance, graphic disp lay, 
operating system s, languages, and d es ig n in g  a 
system  for your ow n  work. The applications  
cover a w id e  range from  the use o f a sm all 
personal com puter for co llectin g  data to an 
in teractive laboratory data system . Com puters 
capable o f speech  generation  and recogn ition  
and a d evice that enables you  to use m any  
m athem atical tools m ore easily  are also  
discussed.

C O R R E C T IO N ___________________________________________

J. A ssoc. O ff. A n al. Chem. (1981) 6 3 ,91 -10 3 , Free Sugars and Sorbitol in  Fruits—A C om pilation from  
the Literature, by R. E. W rolstad and R. S. Shallenberger; Table 2, p. 93:
The secon d  sam ple listed  sh ou ld  read "USA (applesauce)"
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