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Results and Discussion

Quality assurance data collected over a 3-month
period and representing 14 separate runs using the
spiked lipid control (approximately once a week),
indicates that this procedure produces excellent re-
coveries and precision (table 1). Each analyte, ex-
cept for /3-BE3C (64%), has greater than a
78% recovery. PCBs, hexachlorobenzene and
p,p'-DDE are recovered at slightly higher than
100%, most likely due to endogenous contamina-
tion in the lard used for spiking. Precision ranged
from 8.3 to 13.5% relative standard deviation con-
firming the robust qualities of the method. Even
p,p'-DDT which is the poorest performed in the
sweep co-distillation process has satisfactory re-
coveries (78%) and precision (11.8%) indicating
that pp'-DDT breakdown is under control. Detec-
tion limits are 0.010 to 0.020 mg/kg for
organochlorine pesticides and 0.050 mg/kg for
PCBs.

Table 1. Recoveries and precision of PCBs and organochlorine
pesticides in a spiked pork lard control (14 separate runs over a
3-month period).

Analyte % Recovery CV(%)

PCB (Aroclor 1260) 112 8.3
Hexachlorobenzene 105 9.1
a-BHC 93 t.5
Lindane 95 10.8
/3-sHC 6t4 12.5
trans-Nonachlor 86 12.5
Oxychlordane 87 11.1
Heptachlor epoxide 95 10.8
y-Chlordane 93 1 1.5
a-Coiordar.e 9- I 1.5
p.p'-DDE :1- 1' 5
pWp'-DDT 7S 1: 8
D.eldtif 36 12 6

Adipose tissue results from 136 analyzed human
samples are presented in table 2. As evidenced by
these results there are several ubiquitous analytes
found in human adipose tissue. PCB levels were
found in all samples analyzed and most closely re-
sembled Aroclor 1260, with over E0% of the total
congeners containing six or more chlorines. The
relatively narrow concentration range of PCB,
hexachlorobenzene, heptachlor epoxide, trans-
nonachlor and oxychlordane residues indicates a
similar exposure history to these compounds in the
population.

On the other hand, Dieldrin, p,p'-DDT and its
metabolite pp'-DDE display a greater concentra-

tion variation suggesting individual differences in
either exposure or metabolism. a-Chlordane,
y-chlordane and heptachlor were present in less
than 1% of the individuals tested. However, their
metabolites, oxychlordane and heptachlor epoxide,
were always present. Similarly, lindane and a-BHC
were rarely detected, but a biorefractory contami-
nant of technical Uindane, g-BHC, was always
present.

Table 2. Chlorinated hydrocarbon residues in 136 adipose tissue
extracts analyzed

% of samples
Analyte Mean, mg/kg Standard containing

deviation residues'

PCB 1.03 0.57 100
Hexachlorobenzene 0.048 0.027 IM
d-BHC 0.087 0.061 100
Heptachlor epoxide 0.056 0.035 1 00
trans-Nonachlor 0.122 0.070 96
Oxychlordone 0,090 0.039 100
p,pa-DDE 1.82 135 IDo
p,p'-DDT 0.093 0.220 75
Dieldrin 0.055 0.066 98

-Present in less than
a-BHC.

1%: a-cllordane, y-chlordane, lindane,

References

[I] Luke, B. G., Richards, J. C., and Dawes, F. F., J. Assoc.
Off. Anal. Chem. 67, 295 (1984).

Trace/Ultratrace Analyses of
Unstable Compounds:

Investigations on
Hydrazobenzene and Azobenzene

S. Ahuja, G. Thompson, and J. Smith

Development Department
Pharmaceuticals Division

CIBA-GEIGY Corporation
Suffern, NY 10901

Trace analysis generally entails determination at
parts per million (ppm) or .tg/g level. Analyses
performed at trace or lower levels (ultratrace) are
difficult to carry out for several reasons, The diffi-
culties relate to obtaining a representative sample,
avoiding loss or contamination during sample
preparation, finding a suitable method for resolving
the component of interest without significant loss,

344



Volume 93, Number 3, May-June [988

Journal of Research of the National Bureau of Standards

Accuracy in Trace Analysis

and, finally, having sufficient detectability in the
range of interest to assure reliable quantitation.
These problems are further compounded when one
is dealing with compounds such as hydrazobenzene
and azobenzene. Discussed below is a method de-
veloped to analyze these compounds which circum-
vents some of the problems encountered with them.

Experimental

A sample weight anticipated to contain
-10 ppm of hydrazobenzene or azobenzene is

weighed accurately and shaken with 30 mL of pH
9.2 THAM buffer. This is followed by extraction
with 10 mL of n-hexame. After centrifugation,
5 mL of the n-hexane layer is evaporated to dry-
ness, at room temperature, with nitrogen and the
residue is solubilized in 1.0 mL of acetonitrile.
Twenty-five microliters are immediately injected
into HPLC equipped with Partisil 10 p. C, column
(25 cmX 4 .6 mm) and a dual channel detector (254
and 313 nm). Elution is carried out with a mobile
phase composed of acetonitrile:acetate buffer,
pH 4.1 (11:14). Both hydrazobenzene and azoben-
zene standards are treated similarly.

Results and Discussion

A review of the literature revealed that a normal
phase HPLC method has been reported for the
analysis of hydrazobenzene and azobenzene [1].
The method entails extraction of these compounds
into n-hexane from IN NaOH followed by analysis
on Partisil-10 PAC column with a mobile phase
containing 2.5% absolute ethanol. The published
method suffers from the following shortcomings:

a. Hydrazobenzene and azobenzene show signif-
icant instability in IN NaOH (table 1).

b. Azobenzene can isomerize into cis- and trans-
isomers. Their separation is not demonstrated
or accounted for in the method.

c. Parent compound (1) can degrade directly or
indirectly into hydrazobenzene and azoben-
zene (fig. 1).

d. Selectivity of transformation products given
in figure I is not demonstrated.

The properties of hydrazobenzene and azoben-
zene are given in figure 2. Hydrazobenzene is
known to be an unstable compound, it oxidizes eas-
ily to azobenzene and other compounds and has t,,
of 15 minutes in wastewater [2]. Azobenzene, on
the other hand, can isomerize or sublime even at
30-C [3].

Table 1. Stability of hydrazobenzene and azoberzene

%Loss
Medium Time Hydrazobenzene Azobenzene

O.IN NaOH 30rminutes 82.9%' 4.W

pH 9.2 30 minutes 0.9%¢ None foundd
buffer

Original concentration in 10% acetonitrile:
* 11.8 pig hydrazobenzene/mL.
b IT.- g azobenzene/mL.
o 355 ig hydrazobenzene/mL.
d2.59 Mg azobenzene/mL.

To assure that the methodology would be reliable
at -10 ppm, suitable methods were developed for
detecting these compounds at levels <c1 ppm, i.e.,
ultratrace levels. To further assure reliability of
analyses, an effort was made to meet the following
requirements for ultratrace analysis [41:

a. Sample used for analysis was representative of
the whole lot.

b. Methodology incorporated optimum separa-
tion and detection techniques.

c. Component of interest was allowed to suffer a
minimum loss during various analytical opera-
tions.

d. Adequate steps were incorporated in the ana-
lytical method to account for losses that
might occur due to sample preparation or
degradation.

Furthermore, to assist other researchers in evalu-
ating whether these methods could be useful for
their investigations, the following analytical
parameters were included:

Amount Present in Original Sample (APIOS)
Minimum Amount Detected in g (MAD)
Minimum Amount Quantitated in g (MAQ)

Investigations revealed that the optimum pH for
extraction for both hydrazobenzene and azoben-
zene is 9.2. At this pH, these compounds can be
easily extracted from the parent compound and are
quite stable (table 1). The cis- and trans-isomers of
azobenzene and hydrazobenzene can be resolved
well with the reversed-phase HPLC method (fig.
3). Previous investigations had confirmed the selec-
tivity of this method as it resolves compound
I (t,=Y II minutes) from other transformation prod-
ucts [5]. Data on spiked samples are given in table
2. An average recovery of 91% and 114% was ob-
tained for hydrazobenzene and azobenzene respec-
tively with relative standard deviation (R.S.D.) of
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3-11%. The methods were found useful for quanti-
tating < I pAg of these compounds with respect to
the parent compound (MAD= 6-7 ng). The high
recovery obtained for azobenzene is partly due to
conversion of hydrazobenzene to azobenzene
(-9%). Further improvements are being investi-
gated.

Table 2. Recovery data of spiked samples. APIOS: < 10 Ag/g
of parent compound

Sample Hydrazobenzene found Azobenzene found

Parent 89.0±8.6% (n=7) 123±2.6% (n=6)
compound

Capsules 89.6±10.8% (n=5) 98.7±10.2% (n=3)

Tablets 95.8±5.4% (n=3) 121±4.2% (n=3)

Average 91% 114%

R.S.D. +_1±5-11% +3-10%

MAD (Mig) 0.006 (6 ng) 0.007 (7 ng)

MAQ (pAg/g) <1 <1

Conclusions

1. Selective methods have been developed for
analysis of hydrazobenzene and azobenzene.
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Figure 1. Degradation pathway of parent compound.
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2. The instability of hydrazobenzene in aqueous
and organic solvents is well known. This prob-
lem has been effectively dealt with in that an
average recovery of 91% was obtained for the
active ingredient, capsules and tablets.

3. It was found that azobenzene is susceptible to
isomerization and sublimation. The developed
procedure provides an average recovery of
114% for the active ingredient, capsules and
tablets. The high values are partly due to con-
version of hydrazobenzene to azobenzene
(-9%).

4. The developed methods provide reliable val-
ues (3-11% R.S.D.) for hydrazobenzene and
azobenzene at a concentration of <10pig/g
(< 10 ppm) in terms of the parent compound.

Properties: W..st. R. C.. hondbook of Chemisty and Physics,
C.R.C. Press. Inc., New York. p. C -91.-314. 19br5.

Jonisn. J.. J. Chem. Ed. AiL 117, 1969.

Figure 2. Physical properties of hydrazobenzene and
azobenzene.
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Figure 3. Chromatograms of azobenzene (cis- and trans-) and
hydrazobenzene (0.05 MLg of each compound injected and moni-
tored at 313 nm and 254 nm).
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