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Guizhou Organic Chemical Factory (hereafter called the Factory) was established
in late 1960 and located near Qingzhen City in Guizhou Province, China. In order
to produce acetic acid, it had synthesized acetaldehyde from acetylene using
mercury as a catalyst from 1970 to 2000. The factory employed a similar
production process to that of the Japanese organic chemical factory of the Chisso
Corporation which finally caused Minamata disease, and had been discharging
mercury-containing wastewater into the Zhujia River (Figure 1). This river joins
the Dongmengiao River in its lower reaches, and both these rivers have been
utilized as a source of irrigation for the paddy fields and the farmland in the
region. Therefore, residents in the irrigated region (Qingzhen) are thought to be
suffering from mercury pollution. The factory estimates the total discharged
mercury into the environment to be about 135 t.

Yasuda et al. (2003) reported the distribution of total mercury contamination in
soil samples mostly from paddy fields and farmlands in the vicinity of the
Qingzhen area, while applying meshwork (100 m X 100 m) for sampling.
However, since the factory. employed a production process similar to that of the
Chisso Corporation in Minamata, it is possible that the wastewater from the
factory contained methylmercury as well as metallic and inorganic mercury as
suggested by Horvat et al. (2003). Methylmercury is well known to pose high
risks to human health, as documented in Minamata disease patients. In the present
study, to determine the level of methylmercury pollution, the soil samples
collected in the Qingzhen and Lanchong (control) areas were analyzed using
special analytical techniques for methylmercury. The results provided further
details regarding mercury pollution in the Qingzhen area.

MATERIALS AND METHODS
The 147 soil samples (120 from the Qingzhen and 27 from the Lanchong area; see
Figure 1) used in the present study were from the same lot as used in the previous

study by Yasuda et al. (2003).

The methylmercury analysis of soil (or sediment) basically followed the method
of Akagi and Nishimura (1991) with some modification.
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Figure 1. Location of the study area

A known amount of mixed crude soil sample (0.1 to 0.3 g) was dispersed in 10 ml
of IN KOH/ethanol in a 50 ml screw-capped centrifuge tube and sonicated in an
ultrasonic bath for 10 min, followed by shaking for 10 min. The treated sample
was neutralized with 1IN HCI (10 ml) and mixed with 20% NH,OH-HCI (2 ml)
and 20% EDTA-4Na solution (2 ml). Methylmercury in the sample was extracted
with purified 0.01% dithizone-toluene solution (5 ml).

For clean-up, an aliquot of dithizone-toluene extract (usually 4 ml) was first
passed through a Florisil column (0.5 g Florisil, topped with 0.5 g Na,SO,4) and
washed twice with 1N NaOH (3 ml) to remove excess dithizone from the extract.
An aliquot of washed extract (usually 3 ml) was transferred to a 10 ml
glass-stoppered test tube and back-extracted with 5 ppm Na,S in 0.IN
NaOH-ethanol 1:1 (2 ml). After shaking and centrifuging, the toluene solution in
the upper layer was discarded, and then the aqueous solution was slightly
acidified with IN HCI. The mixture was bubbled with N; gas for 5 min to remove
sulfide ion as H,S gas. To the sample solution, Walpole’s buffer (2 ml) was added,
and the methylmercury in the mixture was re-extracted by adding purified 0.01%
dithizone-toluene solution (0.5 ml) and shaking. After centrifuging, the aqueous
layer was discarded and the dithizone toluene layer was washed with 1N NaOH (3
ml). Once the aqueous solution containing excess dithizone at the lower layer was
discarded, a few drops of 1N HCl were added. The toluene solution thus prepared
was subjected to an ECD-gas chromatographic measurement.

847



10000
o 100 |
g :
2 g
o
>
[=]
o0
EI -
(0}
= -
0 1 .

0 1 100 10000
T-Hg ng/mg, ppm

Figure 2. Correlation between total mercury concentration and
methylmercury concentration

Table 1. Average concentration of methylmercury and total mercury ratio in soil
N AV + SD (min.-max.)

Qingzhen City

high-contamination area T-Hg (mg/Kg dry wt.) 20 61.14 =+ 93.00 (0.29-328.95)
Me-Hg (ng/g dry wt.) 20 45.00 = 65.07 (ND-199.92)
Me-Hg/T-Hg (% weighted average) 20 0.14 + 0.19 (0.00-0.91)

low-contamination area T-Hg (mg/Kg dry wt.) 100 695 =+ 13.24 (0.0698.27)
Me-Hg (ng/g dry wt.) 100 582 = 6.70 (ND-43.58)
Me-Hg/T-Hg (% weighted average) 100 0.19 + 0.23 (0.00-1.78)

Lanchong T-Hg (mg/Kg dry wt.) 27 0.11 + 005 (0.05-1.78)

(control area) Me-Hg (ng/g dry wt.) 27 229 + 170 (ND-6.98)

Me-Hg/T-Hg (% weighted average) 27 247

I+

2.18 (0.00-8.15)

The detection limit of this method is around 0.1 ng/g for methylmercury in soil
samples. For the certification of measurement quality, a standard reference
material CRM-580 (Commission of the European Communities, certified value of
methylmercury is 75.51+3.7 ng/g) was used. Our quantification data were 71.7%
1.3 ng/g (average of 7 repetitions).

848



RESULTS AND DISCUSSION

Previously, we reported that the 80% of the total mercury in Qingzhen was
distributed in the Shanbeihou, Qinglong and Xinzhai areas south of the highway
(Yasuda et al., 2003). Accordingly, each of these locations was defined as a
‘high-contamination area’, while the area north of the highway, Wukefen,
Huayuan, Qingshan, and a part of Xinzhai, were defined as a ‘low-contamination
area’ (Figure 1). The results of a methylmercury analysis of 120 soil samples from
Qingzhen and 27 from Lanchong (control) are shown in Table 1 along with the
results of the total mercury level, as earlier reported. The average methylmercury
concentrations from the high- and low-contamination areas were 45.01 and 5.82
ng/g dry wt, respectively. On the other hand, the average concentration in the
Lanchong (control) area was 2.23 ng/g dry wt. The average level of the
high-contamination areas was shown to be almost 20 times higher than that of the
control area. Since the methylmercury concentration of non-polluted paddy fields
is 1 to 2 ng/g in Japan (Kanazawa, 1974), the mercury levels in the Lanchong area
were thought to be reasonable as a negative standard.

Total mercury levels of soil samples in the previous study (Yasuda et al., 2003)
and methylmercury levels in the present study showed a good correlation (r=0.89),
as shown in Figure 2. The topographical distribution of methylmercury
concentrations on the meshwork is shown in Figure 3 together with that of total
mercury. The higher values of methylmercury concentrations tend to be found in
high-contamination areas. The maximum value of methylmercury was 199.9 ng/g
in Xinzhai which faced the south side of the highway.

Since a geological feature of the Qingzhen area is its original limestone, the
thickness of the topsoil in the study area is thought to be less than a meter.
Accordingly, the total amount of methylmercury in that area is calculated to be
25.2 kg, if the specific gravity of soil is assumed to be 1.7. Since the total amount
of mercury was estimated to be 32 t in the study area (Yasuda et al., 2003), the
methylmercury/total mercury ratio is calculated to be 0.08%.

The methylmercury/total mercury ratio in each area is shown in Table 1. Despite a
large difference in total mercury levels between high- and low-contamination
areas, the methylmercury/total mercury ratios were quite similar in both areas,
0.14 £ 0.19% and 0.19 £ 0.23% for low- and high-contamination areas,
respectively (Since the values were shown by weighted average, the calculated
values include the variations in the differences of mercury concentration at each
sampling point. Therefore, the methylmercury/total mercury ratios which were
calculated using a weighted average came out higher than the mercury ratio of a
total study area (0.08%)). On the other hand, the methylmercury/total mercury
ratio control of the area was as high as 2.06%. Although it is difficult to explain
the disparity in the ratios between contaminated and control areas, some of the
characteristics of soils other than their total mercury concentration might be
responsible for it. Hecky et al. (1991) suggested that, the methylmercury
concentration in soil or sediment was generally determined by mercury
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methylation and demethylation due to environmental factors including
microorganisms. Moreover, Ikingura et al. (1998) reported that when sediment
artificially polluted by-inorganic mercury was incubated in an aquarium, the
maximum methylmercury production in the sediment occurred during the first
week of incubation. However, the methylmercury level in a state of equilibrium,
which was established 3 to 4 weeks after the spike of mercury, was about 10% of
the maximum production. In Qingzhen, the factory had been closed 2 years before
to end the discharge of mercury-contaminated wastewater. Since a duration of 2
years was thought to be long enough to establish the above equilibrium, the
methylmercury/total mercury ratio in both high and low contamination areas
would be stable.

In the present study, we showed the topographical distribution of methylmercury
concentration in the Qingzhen area. In combination with the previous study of
Yasuda et al. (2003), the complete profile of mercury pollution in Qingzhen has
been visualized. A drastic chemical change in the mercury pollution level would
be impossible there in the near future, since the inter-conversion of chemical
forms is thought to be at a stable equilibrium. However, the effects of
environmental factors (e.g., organic material, exchangeable ions, species of soil,
etc.) responsible for mercury inter-conversion are still unknown. Currently,
experiments on the chemical transformation of mercury in soils as well as
chemical analysis of the soil samples are in progress using samples from the
Qingzhen and Lanchong areas. The results will provide further insights into the
behavior of mercury in soil environments.
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