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Benzidine (4,4'~diaminobiphenyl) is an aromatic amine which is
employed in the manufacture of dyes and paints (USEPA 1979a). It is
alsc commonly used as a stain in biological studies (Gurr 1956;
McManus and Mowry 1965). Because this compound has been implicated
as a carcinogen (Clayson 1976; USEPA 1980), its presence in the
environment is a source of concern, Land disposal of benzidine-
containing waste materials is a major source of soil contamination.
In previous work, Graveel et al. (1985; 1986) added !*"C~-labeled
benzidine to soils and found that the majority of the '“C was
nonextractable. These and similar studies using radiolabels to
trace the fate of organic pollutants in soils (Boyd et al. 1984;
Berry and Boyd 1985), do not indicate the concentrations of the
trace organics which may be supported in soil solution i.e.,
dissolved in the free water in the soil, Direct determination of a
pollutant in soil solution would indicate the actual levels retained
in solution for absorption by plant roots and for groundwater
contamination. Also, information could be gained on the nature of
the pollutant in soil solution and this would be helpful in
developing effective cleanup procedures such as those inveolving
enhanced binding of pollutant to soil solid phase (Berry and Boyd
1985; Liu et al. 1987).

A number of methods are available (USEPA 1979b; Riggin and Howard
1979; Rice and Kissinger 1982) for extraction and determination of
benzidine (BZ) in various samples, but these do not provide an
indication of the levels and exact nature of BZ retained in soil
solution. Also, many of these procedures employ solvent extraction
which by itself could lead to unknown side reactions (Armentrout and
Cutie 1980). 1In this paper, we report determination of BZ in soil
solution without sample pretreatment. Vacuum displacement (Wolt and
Graveel 1986) is employed to obtain soil solution while the analysis
is performed by high performance liquid chromatography (HPLC) with
UV detection. Mass spectroscopy is further used to verify the
identity of observed peaks.

*Correspondence and reprint requests.
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MATERIALS AND METHODS

Field moist soil samples (12.5% moisture) obtained from B horizons
of Fullerton clay (Typic Paleudult) were hand-sieved through a 4 mm
pere-size screen and stored moist in loosely-knotted plastic bags.

Benzidine was purchased from Sigma Chemical Company. Sclutions were
prepared fresh when needed in 0.05% acetic acid (pH 4.5 to 4.7) in
distilled~deionized water and then applied to ' kg moist soil by
spraying and mixing to give the required concentration. The initial
concentration of BZ applied was in the range of 20 to 50 mg BZ per
kg oven—dry soil, and the soil moisture content after addition of BZ
solution was usually 17%. This was approximately 30% below the
estimated moisture content at field capacity (23.7% at -33 kPa water
potential). Amended soils were packed in batches of 50 gm to a
volume of 33-34 cm® in a 60 cm® syringe barrel containing a 25 mm
diameter metricel (DM) filter membrane of 0.45 um pore size and were
then incubated at 25°C. Soil soluticn was obtained diretly from the
incubation vessel by vacuum displacement as previously described
(Wolt and Graveel 1986). Benzidine in soil solution was monitored
over a period of 192 hours starting from 0.5 hours after the
addition of BZ solution to soil; three replicates were taken at each
sampling. Care was taken to exclude light during mixing,
incubation, and displacement of soils. Displaced solutions were
immediately analyzed or were refrigerated at 4°C for subsequent
analysis.

UV-Visible spectra were obtained on a Beckman DU-7 UV-~Visible
spectrophotometer.

HPLC was performed with Waters Model 501 pumps equipped with a Model
680 gradient controller and a U6K injector with a 2 mL fixed sample
loop, Model 481 UV-Visible detector and Model T40 data module. The
analytical column was a reverse phase Nova Pak C,5, 3.9 mm x 15 cm,
column (Waters Associates). Unless otherwise stated, a 200 pL
aliquot of the sample was injected for each run. The mobile phase
was 40/60 (v/v) acetonitrile and 0.2 M acetic acid/acetate buffer
(pH 4.0).

Mass spectra were obtained on a Finnigan 4000 gas chromatography-
mass spectrometer which utilized a DB-5 silica capillary column
(30 m long).

RESULTS AND DISCUSSION

The absorption spectrum of BZ was first examined in order to
determine the appropriate wavelength to monitor during HPLC analysis.
Benzidine has two major absorption bands with Amax around 210 nm and
280 nm, respectively (Figure 1a). The 210 nm peak shows a higher
extinction ccefficient, but it rapidly decreases and becomes
significantly red-shifted with a decrease in solvent pH while the
280 nm peak 1s relatively unaffected (Figure 1b). The absorption
band around 280 nm is due to the aromatic ring of BZ and would be
less perturbed by minor transformation or derivatization of BZ.
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Figure 1. UV-Visible spectrum of benzidine in: (a) 50/50 (v/v)
H,0/CH,CN; (b) 50/50 (v/v) CH,CN/0,2M acetate buffer, pH 4.5.

Hence, by monitoring at 280 nm, it would be possible to view the
parent compound simultaneously with any derived transient or product.
This strategy seems to make the UV-Visible detection very useful in
HPLC analysis even though it may not be as sensitive as electro-
chemical detection (Armentrout and Cutie 1980). Moreover, since
eluting species are not modified or transformed by the detection
technique, fraction collection could be done and the samples used
for further analysis.
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Figure 2. Peak form obtained by HPLC analysis of 5 ug/L benzidine
in H,0. Injection volume 200 ulL, mobile phase 40/60 (v/v)
CH,CN/0.2M acetate buffer, pH 4.0, flow rate 0.9 mL/min.

Figure 2 shows the peak form obtained by HPLC analysis for a low
standard concentration (5 ug/L) of BZ. The peak corresponding to
benzidine is labeled BZ, and in typical experiments, this low
concentration could be determined with a signal-to-noise ratio of
10 without any pre-concentration of sample. With sample pre-
concentration using Cyg Sep-Paks, lower concentrations down to 0.1
ug/L are resolvable.

Chromatographic results for a typical incubation experiment
starting with 30 mg BZ per kg oven-dry soil are shown in Figure 3.
The peaks labeled A and C are due to unknown species present in
the background soil solution (see Figure 3¢ for the control
chromatogram).
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Figure 3. Typical results obtained by HPLC analysis of displaced
s0il solution from benzidine~amended scils (initial treatment 30
mg benzidine/kg oven—-dry soil). Injection volume 100 uL, mobile
phase 40/60 (v/v) CH,CN/0.2M acetate buffer pH 4.0, flow rate
0.8mL/min: (a) 6-hour incubation; (b) 24-hour incubation; (c¢)
control soil solution with no benzidine,

Table 1. Values for the concentrations of benzidine determined by
HPLC analysis of displaced soil solutions for initial treatments
of (a) 30 mg benzidine per kg oven-dry soil (b) 50 mg benzidine
per kg oven-dry soil.

(a) (b)
Time of Incubation [BZ] in soil solution [BZ] in soil solution

(Hours) (mg/L) (mg/L)

0.5 0.128 £ 0.002 -

0.8 - 0.109 = 0.002

6.0 0.021 + 0.001 0.056 + 0.001
12.0 0.017 £ 0.002 0.036 + 0.001
24.0 0.007 + 0.0Q1 0.037 + 0.001
48.0 0.006 = 0.001 0.027 + 0.001
96.0 0.007 + 0.001 0.022 £ 0.001
192.0 0.006 £ 0.001 0.023 = 0.002

Table 1 gives values of the analytical results obtained for the
retention of BZ in soil solution during an 8-day incubation study
for two different initial treatments. Three replicates were taken
during each sampling, and the precision of the results is quite
encouraging; we attribute this to the high uniformity achieved in
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Figure 4. Plot for the retention of benzidine in soil solution.
Curves A (broken line) and B (solid line) are for initial

treatments of 50 and 30 mg benzidine/kg oven-dry soil,
respectively.

mixing the soil with BZ solution and the consistency of the vacuum
displacement technique. When plotted (Figure 4), the values in
Table 1 indicated that on addition to soil, BZ concentration
decreases rapidly within 6 hours and then decreases slowly to low
levels within 48 hours after which it remains essentially constant
at approximately 0.022 and 0.006 mg/L, respectively, for initial
treatments of 50 and 30 mg BZ per kg oven-dry soil. Benzidine
concentration of 0.018 mg/L is considered carcinogenic to humans
(Sax et al. 1984); therefore despite the immobilization of BZ in the
soil solid phase, BZ~contaminated soils are capable of supporting
biologically consequential levels of BZ in soil solution.

The identity of the parent benzidine in displaced solutions was
further confirmed by its mass spectrum. The mass ion chromatogranm
of benzidine-treated soil solution (Figure 5a) resembles that of the
control soil solution (Figure 5b) except for the peak eluting at
about 13.40 minutes in the former; this is due to BZ, and mass
analysis gives a parent peak at m/z 184 (Figure 5c¢), corresponding
to the mass of benzidine. No transformation products could be
detected in the mass spectral analysis.
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Figure 5. (a) Total
benzidine~amended so0il;
solution (untreated);

ion chromatogram of so0il solution from
{(p) Total ion chromatogram of control soil
(c) Mass spectrum of benzidine obtained by

mass analysis of the peak at 13.40 minutes in (a).

530



This paper has presented an effective method of obtaining and
analyzing unaltered soil solution for the toxic amine benzidine
without sample pretreatment. The vacuum displacement technique does
not employ solvent extraction and so the problem of side reactions
(Armentrout and Cutie 1980) which would otherwise alter the true
concentration of BZ in soil solution or obscure observation of any
transient peaks is eliminated. HPLC analysis with UV detection was
very useful in this study, since adequate sensitivity (5 ug/L) could
be achieved with no apparent interference from the numerous species
present in soil solution. With the proper cholice of column and
mobile phase, this approach could be applied to the envirommental
monitoring of a number of trace organics.

As shown by the HPLC results, no peaks corresponding to transients
or transformation products from BZ were detected in this study.
Previous studies (Graveel et al. 1985; 1986) have shown that BZ is
resistant to microbial decomposition with respect to CO, evolution,
and that the bulk of the amine remains with the humic acid fraction
of soil organic matter. It appears, therefore, that BZ binds
directly to the components of humic acid in soil. It may well be
that oxidative coupling to the quinonoid groups in humic acid is
responsible for this as proposed for other aromatic amines (Parris
1980; You et al. 1982; Saxena and Bartha 1983). We are now carrying
out further investigations regarding the probable binding mechanism.
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