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Abstract:

Mercury is a highly toxic non-essential element. The mercury cycling in natural environments is a
complex process. In recent years, the stable mercury isotope tracer and related analytical techniques have
been developed. They offer unique possibility to understand the biogeochemistry of mercury in various
environmental conditions. So a new co-ordinated research project (CKP), on health impacts of mercury
cycling in contaminated environments studied by nuclear techniques, has been supported by the IAEA.
This paper introduces the research project which IAEA research contract number is CPR-10874. It
includes the scientific background, scope of the project, methods, some results related this CRP and the
plans for future work.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

1.1. Problems of Mercury pollution and Importance of the Project

Mercury as a global pollutant has concerned worldwide since the end of the 1980s. It
emitted to atmosphere from both anthropogenic and natural sources. Important source of the
former is discharged from the combustion of fossil fuels as well as production and use of
Hg[l]. When coming back to earth's surface with wet and dry deposition, 93.7% of it entered
terrestrial ecosystem[2]. While the terrestrial food chains would be polluted by mercury.

In the past 20 years, China's economy was forging rapidly ahead. The combustion of fossil
fuels was increasing year after year, especially in some industrial cities. For example in
Chongqing, which is an important industrial city in southwest China and is located at the
subtropical zone, it was reported that about 7 million tons of coal was consumed in 1980 but
more than 15 million tons of coal was used in 1995 (Table I)[3].

Table I. Consumption of coal in Chongqing (Mt/yr)

Total
Industrial
Other

1980
7.31
5.45
1.83

1985
11.09
8.02
3.07

1990
12.34
8.43
3.91

1995
15.58
10.85
4.73

For this and other reasons, about 5000 kg Hg were emitted to the atmosphere there per
year. In 1995, for example, about 5680.3 kg mercury were emitted, 87.8% of which was from
coal combustion (Table II). It was found that Hg contents in soils, edible parts of some
vegetables were increasing up to unacceptable level in Chongqing area[4]. Moreover, the
fishponds, which produce the main aquatic production in the area, were also affected by the
mercury deposition. So, it is important that finds out the laws of atmospheric Hg depositing
into soil-plant system, fishponds and terrestrial food chains.
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Table II. Mercury emission sources in Chongqing (1995)

Emission sources

Coal combustion
Chemical industry
Use Hg industry
Daily necessities
Total

Hg conten
mg/kg
0.32
/
/
/
/

Consumption
t/yr
15 580 300
/
/
/
/

Amount of Hg emission
kg/yr
4 985.7
166.7
431.9
96.0
5 680.3

Percentage
%
87.8
2.9
7.6
1.7
100

In recent years, some problems about mercury pollution in terrestrial ecosystem have
been probed with non-nuclear techniques and some useful results of research have been
obtained. However, some processes of Hg cycling have not yet been understood by non-
nuclear technology. For example, the results of some researches indicated that the plant
absorbed mercury not only from soil, but also from atmosphere. So some researchers had
considered the leaves of plant as an indicator of atmospheric mercury pollution[5-7]. But the
results could not show exactly the rate of the amount of plant uptake mercury from soil or
atmosphere. Because of the reasons, the fact that atmospheric mercury affects the terrestrial
food chain was often neglected. But in atmospheric mercury heavy pollution area, the content
of mercury in plant, for example in vegetable, was higher[8-9]. Furthermore, the fishponds
and their aquatic products may be polluted by mercury by different ways. So people who live
in the area were threatened by Hg harm.

Since the late 1960s, 203Hg had been applied to study the behavior of mercury. For the
strong y-ray of the radioisotope, it was only used in a narrow scope of research. Due to the
development of some new analytic methods, e.g. NAA, XRF, and IPC-MS etc., the stable
isotopes have been utilized to study the mechanism of methylmercury production and to
apply research on air pollution and so on[10]. However, there has no been any research on the
health impacts of mercury cycling using stable isotope tracer in heavy pollution subtropical
area, like Chongqing, China. Therefore, we are pleased to devote in this field.

1.2. Relevant Work already performed at the Lab of SWAU

Since the 1980s, the Lab of Agricultural Environmental Protection of Southwest
Agricultural University of China has done some research projects concerning mercury
problems. The mercury adsorption-desorption and mercury capacity of soil had conducted in
1989-1992. The regulation of soil mercury chemical forms change and the bioavailability of
various forms of soil mercury for vegetable had been done in 1991-1994. Some mechanisms
of the mercury accumulation in different plant and mercury transport in soil-plant system had
been understood. The atmospheric mercury and its impacts on terrestrial ecosystem in
Chongqing had been investigated and a preliminary conclusion, the vegetable uptake mercury
5%~30% from the soil and 70%~95% from the atmosphere, had been developed by the
simulating experiments.

Furthermore, we have had some scientific research experiments using isotope tracer
after achieved the project-Tracing the bioactivity of nickel in soils with 63Ni isotope tracer.
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1.3. Scope of the Project

In this Project (CRP-10874), we plan to take the following studies, using isotope and
complementary techniques:
• Investigating the rate of accumulation of mercury from atmosphere to the soil, fishpond

and their products in different atmospheric mercury level regions in Chongqing, China.
• Studying the transformation of atmospheric mercury deposition, that the Hg° is the main

form, in soils and in sediment of fishponds.
• Probing the rate of mercury uptake of vegetables and forages, which are the starting

points of terrestrial food chains, from atmosphere or from soil.
• Comparison the content of hair and urine mercury of people in different atmospheric

mercury conditions and assessing their health impacts.

2. METHODS

2.1. Selection of Research Sites

In the investigation, we selected Chongqing for the research field of the CRP in China.
Chongqing is located at subtropical zone (28°27'49"N~30°26'28"N and 105°17'2"E~
107°27'30"E), it is an important industrial city in southwest China (Figure 1). Three research
sites have been selected in difference atmospheric mercury conditions in Chongqing (Figure
2). They were heavy pollution site, medium pollution site and control site. The heavy
pollution site was near a clinic thermometer factory, the medium pollution site was near a fire
power plant and the control site was a rural site.

2.2. Methods of Sampling

Air, soil, plant, fishpond water, fishpond sediment, fish, and hair samples would be
collected in the research sites.

Air samples were collected by amalgamation on gold trap[ll]; soil samples were
collected at the depths of 0~20 cm; plant samples were collected in the edible part; sediment
samples were collected with the sediment collector; water samples were collected at the
center of fishponds; fish samples included the difference feeding habits fishes that the
research site had; hair and urine samples were the local residents'.

2.3. Methods of Samples Analysis

Pretreatment of samples: soil and sediment samples were digested with HNO3-H2SO4-
KMnO4 for total mercury measured; plant and fish samples were digested with F£NO3-H2SO4-
V2O5; mercury of water samples were accumulated using sulfhydryl cotton fiber (SCF);
extraction of methylmercury in samples using 2N HC1, separated by SCF.

Mercury measured: distribution of mercury isotopes in the samples would be analyzed
using ICP-MS; methylmercury were analyzed using GC (ECD); total mercury were analyzed
with CVAFS.
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2.4. Quality assurance and quality control

• Fields investigated, sampling collected with standard operating procedures;
• Quality control of analysis using standard geochemical samples and reference materials.

3. RESULTS AND DISCUSSION

3.1. Current level of atmospheric mercury in Chongqing

3.1.1. Concentration of atmospheric mercury

The results from the investigation indicated that the Hg concentration in atmosphere in
Chongqing was in the range of 9.2 to 101.5 ng/m3 with the percentage of distribution listed in
Table in, and its average concentration was 34.4±12.7 ng/m3. It showed that the atmospheric
Hg concentration was higher in the urban districts and the industry area while lower in the
outer suburb and the country. From the data, it indicated that the average atmospheric Hg
concentration in Chongqing was much higher than the background level of atmospheric Hg in
Beijing (6—10 ng/m3) and Tibet (2~7 ng/m3), China[12-13] and in Europe and North America
(1~4 ng/m3)[l]. It could be inferred that the atmosphere may be polluted by Hg in Chongqing
area.

Table HI. Percentage of distribution of atmospheric Hg in Chongqing

Range (ng/m3)

Distributed percentage (%)

Table IV shows the average concentration of atmospheric mercury in the research sites.
The Hg emitted source in heavy pollution site was the clinic thermometer factory, in medium
pollution site was the fire power plant. The concentration of air Hg in heavy and medium
pollution sites were much higher than that in control site.

Table IV. Concentration of air Hg in the research sites

Heavy pollution site Medium pollution site Control site
Air Hg (ng/m3) 61.6±27.9 42.6+6.9 11.4+4.2

3.1.2. Mercury in atmospheric deposition

Deposition is the process, which delivers atmospheric Hg back to the earth's surface,
and it can be divided into wet and dry deposition. The amount of atmospheric Hg back to the
earth's surface is controlled mainly by the amount of wet and dry deposition and their Hg
contents.
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Hg in wet and dry deposition in Chongqing was listed in Table V. The amount of Hg back
the earth's surface was sum in 195.3 g/km2-yr in urban and 48.5 g/km2yr in rural area in
Chongqing according to the calculation.

Table V. Hg content of atmospheric deposition in Chongqing

Item

Hg average content

Amount of deposition (t/km2-yr)
Amount of Hg deposition (g/km^-yr)

Rainwater of (ng/L)

The urban
43.7±24.3
1 178 000
77.8

The rural area
25.8+15.0
1 214 000
31.3

Airborne dust (mg/kg)

The urban
0.72
163.2
117.5

The rural area
0.35
49.2
17.2

3.2. Present situation of mercury pollution in terrestrial ecosystem in Chongqing

3.2.1. Relationship between atmospheric mercury and soil-plant mercury

The Hg content of soil in the investigating region was in the range of 0.064 to 0.881
mg/kg. Making a comparison between the Hg content of soil and the concentration of
atmospheric Hg at the same sampling site, the Hg content of soil increased with the
atmospheric Hg increasing, and there was a positive correlation between them (r=0.741**,
n=52).

The bio accumulation of Hg in plant was related to the concentration of atmospheric Hg
and soil Hg. The Hg content of plant increased with the atmospheric Hg increasing in
Chongqing. In this investigation, a positive correlation was found between plant Hg and
atmospheric Hg (r=0.882**, n=53).

3.2.2. Development of mercury content in surface soil in Chongqing

Because of the increasing of anthropigenic Hg emission, the Hg accumulation in
terrestrial ecosystem was increasing with time in Chongqing. The Hg accumulation was
increasing near a coal-fired power plant as Table VI showed. From the data, it indicated that
the annual average increasing rate of Hg in soil was 7.2% and the net value of Hg that
imported to the surface soil was 20.6 g/ha-yr in the sampling site.

Table VI. Variations of mercury in surface soil of vegetable land near a coal-fired power plant

Average Hg content (mg/kg)

Total Hg in surface soil* (g/ha)

1984
0.127

285.6

1989
0.168

378.0

1995
0.201

452.3

1999
0.264

594.0

*0~20 cm.

3.2.3. Effect of atmospheric mercury on distribution of mercury in soil profile

In a series sampling sites (Cl, C2, C3, C4, C5) in different concentration of airHg, the
Hg content of surface soil in higher air Hg conditions was higher than that in lower one. All
the ratios of the Hg content of the surface soil to the subsoil were more than 1. It suggested
that the soil had been polluted by air Hg (Table VII).
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Table VII. Content of mercury in soil profile at different atmospheric mercury conditions

Item
Hg in surface soil (0-20 cm) (A) mg/kg
Hg in subsoil (20-50 cm) (B) mg/kg
A/B
Content of air Hg at sampling sites (ng/m3)

Cl
0.415
0.224
1.85
42.616.9

C2
0.227
0.164
1.38
31.9±4.8

C3
0.121
0.098
1.23
26.3±5.9

C4
0.108
0.081
1.33
26.713.2

C5
0.146
0.129
1.13
29.3113.9

3.2.4. Effect of atmospheric mercury on plant

Due to serious air pollution by Hg in some places in Chongqing, it was found that the
content of Hg in the edible part of some vegetables, for example lettuce, Chinese cabbage,
green pepper and so on, had exceeded the national limits (Food Health Standard Value,
FHSV) for Hg of China (GB 2762-82, 0.01 mg/kg FW), especially in heavy polluted area.
Table VIII appeared that the average concentration of atmospheric Hg in heavy polluted area
near a clinic thermometer factory was 61.6 ng/m3 and all the vegetable samples were in
higher Hg content there, 91.7% of which was in excess of the FHSV. In the medium polluted
site, the concentration of atmospheric Hg was 42.6 ng/m3 and the vegetable Hg content
exceeded FHAV with 28.6%, while in the low air Hg conditions (11.4 ng/m3), which was far
from Hg emission sources, the vegetables were in good quality there. The different leaves Hg
concentration was close relation to the different air Hg conditions as Table IX presented.

Table VIII. Hg content of vegetable at different atmospheric Hg conditions

Investigation sites
Average Hg content (mg/kg FW)
Sample numbers
Rate of excess FHSV (%)
Atmospheric Hg (ng/m3)

Heavy polluted area
0.083
12
91.7
61.6+27.9

Table IX. The relationship between atmospheric Hg and leaves Hg

Investigation region
Dadukou
Jiulongpo
Yuzhong
Shapingba
Jiangbei
Nan'an
Beibei
Correlation coefficient

Atmospheric Hg (ng/m3)
46.6
42.6
35.8
31.9
26.7
26.3
29.3

Suburb Outer suburb
0.014 0.0033
28 38
28.6 0
42.6+6.9 11.4+4.2

Leaves Hg (mg/kg DW)
0.327
0.269
0.164
0.133
0.061
0.073
0.049

0.982**

3.2.5. Mercury pollution of agricultural products in Chongqing

It was found that Hg content in some crops and livestock products had exceeded the
limit of FHSV due to Hg accumulation in terrestrial ecosystem increasing gradually with the
increasing Hg emission in Chongqing. It should be noted specially that the Hg concentration
of milk was high, some of it was in excess of the limit of FHSV because of high Hg
accumulation in forages (Table X).
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Table X. Hg in some agricultural products in Chongqing

Product

Hg (mg/kg) (A)

FHSV (mg/kg) (B)

A/B

Citrus

0.0112

0.01

1.12

Rice grain

0.0012

0.02

0.060

Wheat grain

0.0086

0.02

0.43

Forage

0.108

0.02

5.4

Milk

0.028

0.01

2.8

Pork

0.011

0.05

0.21

Egg

0.0027

0.05

0.054

3.2.6. Mercury in fishponds in different air Hg conditions

Table XI and Table XII showed the mercury in fishpond systems in the research sites.
From these data, they indicated that the accumulation of mercury in fishponds in polluted
sites was much higher than that in control site. So the content of Hg in fish muscle in polluted
sites was higher than in control site. The content of Hg in all the fish muscle in heavy
pollution site exceeded the limit of FHSV for Hg in fish (0.3 mg/kg FW).

Table XI. Mercury content in fishponds in the research sites

Heavy pollution site Medium pollution site Control site
In water (ng/L) 96.8 54.3 20.0

In sediment (mg/kg DW) 0.531 0.281 0.103

Table XII. Mercury content in muscle of fishes in the research site (mg/kg FW)

Fishes

Grass carp (C. Ctenopharyn-
godon idellus)

Silver carp (C. Hypophthal-
Michthys molitrix)

Variegated carp (Cyprinidae
Aristichthys nobitis)

Crucian carp {Cyprinidae
Carassius aruatus)

Carp (Cvprinidae Cyprinus
Carpio)

Living space

Upper

Middle

Middle

Bottom

Bottom

Feeding habits

Plant

Phytoplankton

Zooplankton

Omnivorous

omnivorous

H. P. site

/

0.424

0.461

0.733

/

M. P. site

0.173

/

0.281

0.417

0.301

Control site

0.0268

0.0941

0.0469

0.0457

0.0382

4. PLANS FOR FUTURE WORK

For this project, our overall objective is to better understand the Hg cycling in
contaminated environments in terrestrial ecosystem in subtropical zone using nuclear
techniques, with the aim of assessing the impacts of Hg on human health.

4.1. Programme of Work and Expected Output for the first research year

In the first research year (1999/10/01-2000/10/01), our work will include:

Collection of environmental samples such as air, soil and sediments, plants, fish, and
water, at selected sampling sites;
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Analysis of the mercury content in the collected samples using ICP-MS, CVAAS;
Collection and analysis of human biological material samples, for example hair and
urine.

Expected Output:
Obtain basic data of mercury information in ecosystem in investigation area.
Assessing the levels and possible health effects of mercury contamination in the areas
under investigation

4.2. Programme of Work and Expected Output for 2001

Studying the transformation of atmospheric mercury deposition in soils and in sediment
of fishponds for assessing health impacts of it.
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