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Abstract We investigated the distribution of mercury and

its impacts on the renal function of the residents living in

mercury-contaminated area due to gold extraction by

amalgamation in some area of Shanxi, China. The results

showed that mercury concentrations in contaminated air in

four seasons were 79–240 ng/m3. The mercury concentra-

tion in the river across contaminated area was also high.

The mercury contents in the grain were higher than those in

the non-mercury contaminated area. The urinary mercury

and urinary b2-microglobulin for the residents living in the

contaminated area were 1.24 ± 3.80 lg/L and 228.98 ±

4.34 lg/g Cr, higher than those in the non-mercury con-

taminated area.

Keywords Mercury � Renal function �
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Mercury is an important industrial and environmental

pollutant, which exists in the natural world widely. Mer-

cury can be readily re-emitted to the atmosphere from any

site in which it has been deposited, due to its volatility

(Schroeder and Munthe 1998). Therefore, the release of

mercury to environment by human activities can seriously

contaminate local environment, but may also affect the

regional and global environment. Mercury is harmful to the

environment and human health. Recent years, many

scholars focused upon the impacts of mercury on human

health. Studies have demonstrated that mercury contami-

nation has become one of the most serious problems which

threaten the subsistence of human beings (Iwata et al.

2007; Clarkson 2002; Tsuji et al. 2003). The study to

investigate mercury contamination in regional environment

and its impacts on the renal function of human beings was

carried out in some region in Shanxi Province, China. The

mercury amalgamation was used for gold extraction in

previous several years. At present, majority of gold mines

was shut down, which resulted in the tremendous reduction

of mercury contamination in the local environment. Since

mercury can persist for long time in the environment and

also large amount of mercury was dumped, the mercury

contamination is expected to present in that region. In this

study the distribution of mercury in the local air, water and

grain was investigated. The renal function of residents in

the local region was also explored. The final goal was to

understand mercury pollution in this area and possible

health risks associated with mercury in gold extraction

processes.

Materials and Methods

This is a cross sectional study. A and B villages were

chosen as contaminated areas in which gold extraction by

amalgamation with many years of manufacture record was

used. Mercury contamination was severe. C and D villages

in the same areas, but not have gold mines, were considered
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as the non-mercury contaminated area (control area).

Mercury concentration in the soil of polluted region is

4.52 mg/kg, compared with 0.06 mg/kg in control area

(Fig. 1). Study population was randomly selected from

people living at least 5 years in the contaminated and

control areas. Three hundred and ninety four people were

enrolled, of which 203 from the contaminated area and 191

from the control area. All subjects met the study require-

ments and provided informed consent, medical history and

exposure history to mercury. The life style including

smoking habit and alcohol drinking was comparable

between two groups.

The mercury level was determined in air, river water,

drinking water and grain. The air mercury concentration

was measured using HY-100 Intelligent Air Pump.

The samples were taken at 1.5 m above the ground at

0.5 L/min, 60 min for each collection. Air was sampled 4

times in January, April, July and October 2006 to allow for

four seasoned variation in contaminated area. Air was

sampled only in April 2006 in control area. At each site, the

measurement was carried out twice a day for three con-

secutive days. River water and drinking water samples

were collected with polypropylene jars which were soaked

and treated with HNO3 diluted and ultrapure water. Sam-

ples were kept at 4�C until analysis. Grain such as millet

and maize was collected from farmer’s homes. In the

laboratory, all grain samples were air dried, ground in a

ceramic disc mill, and sieved to 100 lm.

A random urine sample in a polyethylene bottle was

collected. The urine sample was divided into two parts

immediately. One part was used for mercury measurement

and the other was assayed for renal function. The urine

samples were stored frozen (at -20�C) prior to analysis.

The mercury concentration in air, water, urine and grain

was determined by the cold vapor atomic fluorescence

spectrophotometry method (Tang et al. 2007). The method

involved sample digestion with HNO3, KMNO4 and

H2SO4. Samples were analyzed by use of cold vapor

atomic fluorescence spectroscopy analyzer (XGY1011A).

The detection limit was 0.01 ng/g.

Replicates were performed to ensure the quality of the

assay. Also, blanks, spiked samples and standard solutions

were analyzed at the beginning of each batch of samples to

ensure accuracy and precision of the analyses. Recoveries

on matrix spikes of mercury of air, water, grain and urine

were at the range of 90%–110%.

Urinary b2-microglobulin (b2-MG) and urinary albumin

(mALB) was determined with endpoint colorimetric analysis.

The urinary N-acetyl-b-D-glucosaminidase (NAG) activity

was measured by kinetic method and creatinine was deter-

mined by Jaffe photometric method (reagent from Roche

Diagnostics; detection limit 0.01 nmol/L). The concentra-

tions of urinary NAG, urinary mALB and urinary b2-MG

were adjusted by the urinary creatinine concentration.

Statistical Package for Social Sciences (SPSS, version

11.0) was used for data analysis. The log transformed mean

values of NAG and b2-MG were presented. Independent T

test and F test were used to evaluate the difference between

the exposed and control groups. Pearson correlation anal-

ysis was used for correlation coefficients among urinary

mercury, urinary b2-MG, urinary NAG, and urinary mALB

in exposed group. The results of a statistical test were

considered statistically significant if p \ 0.05.

Results and Discussion

The air mercury concentrations in both contaminated and

control areas did not exceed national ambient air quality

standards (0.3 lg/m3), but mercury concentrations in con-

taminated area were significantly higher than that in control

area. Mercury concentrations were the highest in summer

and the lowest in winter (Table 1).

Mercury levels in drinking water did not exceed the

standard (0.001 mg/L) and there was no significant dif-

ference in two areas (Table 2). Mercury contents in river

Fig. 1 The distribution of mercury pollution grade in surface soil of

study area

Table 1 The air mercury concentrations in two areas (ng/m3, �x� s)

Season Contaminated area Control area

N Mercury N Mercury

Spring 23 100.0 ± 10.0* 20 9.80 ± 1.25

Summer 29 240.0 ± 20.0*,4

Autumn 31 128.0 ± 14.7*

Winter 24 79.40 ± 7.55*

* Compared with the control area, p \ 0.05; 4 compared with the

control area, spring, autumn and winter, p \ 0.05
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water exceeded groundwater environment quality standard

(0.001 mg/L) (Table 2).

The mercury contents in millet and maize did not exceed

the standard in two areas, but there was significant differ-

ence between the two areas. Mercury contents in millet and

maize in contaminated area were significantly higher than

those of in control area (Table 3).

Urinary mercury concentration and levels of three renal

function parameters were shown in Table 4. There was

significant difference in mercury concentration between the

contaminated area and the control area. Mercury concen-

tration in contaminated area was significantly higher than

that in control area. The level of urinary b2-MG in con-

taminated area was significantly higher than that of in

control area. There were not significant differences in

levels of urinary NAG and urinary mALB between con-

taminated area and control area. The correlation coeffi-

cients between urinary mercury and urinary b2-MG,

urinary NAG and urinary mALB for the contaminated area

were analyzed and listed in Table 5.

It is reported that gold extraction by amalgamation was

world-widely used, and so the problem of mercury con-

tamination was astonishingly serious (Feng et al. 2006).

Although artisanal gold mining activities have been offi-

cially prohibited in China since 1996, a few illegal mines

are still operating in some areas. In addition, there is sig-

nificant mercury contamination in ecosystems surrounding

area of past mercury mining.

The main part of the mercury contamination comes from

artisanal mining operations. Gold extraction by amalgam-

ation was rampant 10 years ago. During the gold mining

activities mercury was released into the environment by

using amalgamation for gold extraction. Additionally, after

the closure of the mining works, mercury continued to seep

into the environment through wastes stocked in the spoil

heaps resulting in an increase of mercury concentrations in

air, soil and surface water.

The mercury concentration of soil in contaminated area

was 65 times higher than that of control area. Control area

had the similar global chemistry environment background

as investigative area, but not affected by mercury pollution.

The mercury content of soil in contaminated area was 14

times higher than Environmental Quality Standard for Soil.

Although gold extraction by amalgamation had stopped in

majority regions, a lot of solid wastes had got into the river

by wind erosion and water erosion so that a main across

river was contaminated by mercury in different levels. The

mercury content was 19 times higher than national standard

in river water. The mercury contents of grain in contami-

nated area did not exceed the standard, but mercury con-

tents in contaminated area were significantly higher than

those of control area. The mercury content of drinking

water did not exceed national standard.

Mercury concentrations in air were 79–240 ng/m3 in

four seasons in contaminated area, it did not exceed the

national standard of 0.3 lg/m3, but significantly higher

than that of control area and higher than that of China most

city atmosphere. Liu et al. (2002) measured total gaseous

mercury concentrations in the range of 6–10 ng/m3 during

winter in Beijing. Feng et al. (2002) measured concentra-

tions of total gaseous mercury in the range of 5–15 ng/m3

in Guiyang, Guizhou Province. The average particulate

mercury concentrations in Changchun, Jilin Province, is

about 0.5 ng/m3, rising to as high as 2 ng/m3 in winter

Table 2 The mercury contents in drinking water and river (lg/L,

�x� s)

Working area Drinking water River

N Mercury N Mercury

Control area 6 0.023 ± 0.005

Contaminated area 4 0.025 ± 0.006 2 20.0 ± 6.0

Table 3 The grain mercury contents in two areas (mg/kg, �x� s)

Working area N Millet Maize

Control area 10 0.003 ± 0.001 0.004 ± 0.001

Contaminated area 12 0.006 ± 0.003* 0.013 ± 0.006*

* Compared with the control area, p \ 0.05

Table 5 The correlation coefficients among urinary mercury and

urinary b2-MG, urinary NAG and urinary mALB contents in the

contaminated area

Biomarkers b2-MG NAG mALB

r p r p r p

Mercury 0.404 0.000** 0.178 0.014* 0.042 0.570

* p \ 0.05; ** p \ 0.01

Table 4 Comparison of all biomarkers in urine

Working area N Mercury (G ± s, lg/L) b2-MG (G ± s, lg/gCr) NAG (�x� s, U/gCr) mALB (�x� s, mg/gCr)

Control area 191 0.51 ± 1.30 158.02 ± 4.01 12.24 ± 8.00 11.06 ± 14.62

Contaminated area 203 1.24 ± 3.80* 228.98 ± 4.34* 11.94 ± 7.37 11.72 ± 13.53

* Compared with the control area, p \ 0.05
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(Fang et al. 2001). This observation demonstrated that

atmosphere environment in investigation area was con-

taminated due to gold extraction activities.

Mercury exposure posed a significant threat to human

health. The residents in contaminated area may expose

themselves to mercury by multiple ways. For instance,

mercury released into atmosphere in amalgam process can

be absorbed into the human body through the respiratory

tract, gastrointestinal tract, skin and others. The mercury in

atmosphere through the dry and wet deposition was

attached to the soil, crops. The residents in the place con-

sumed local food which made mercury accumulate in their

body. Finally, since local tailing dumps were randomly

stacked, resulted in mercury contaminated surrounding

water and soil, further through contaminated soil cultiva-

tion, resulted in ecosystem secondary pollution, causing

harm to the human body.

Kidney was the major organ for mercury to accumulate

in the body. Urine analysis has been the most common way

to evaluate exposure to metallic mercury in man (Cornelis

et al. 1996; Malm 1998; Laitinen et al. 1998). Urinary

mercury is considered as a biomarker of exposure to

mercury. NAG is located in lysosomes where it plays a role

in breakdown of glycoprotein. A low level of NAG is

found in normal urine. NAG activity in urine is enhanced

when renal proximal tubular epithelial cells are damaged

(Chia et al. 1994). b2-MG, a low molecular weight protein,

can be readily filtered through the glomerular membrane

and is reabsorbed by the proximal tubular epithelial cells

where it is catabolized. Reabsorption is highly effective,

with up to 99.97% of the filtered proteins being reabsorbed.

The excretion of urinary b2-MG is enhanced when the

function of renal tubular reabsorption is obstructed.

(Lauwerys and Bernard 1989; Mueller et al. 1989). Urinary

mALB is helpful to judge early damage of glomerular fil-

tration membrane. Urinary b2-MG concentration in con-

taminated area was significantly higher than that of control

area. Significant correlation (r = 0.404, p \ 0.01) was

found between urinary mercury and urinary b2-MG con-

tents of residents in contaminated area. It is evident that

mercury pollution has caused early health hazards on renal

function of residents. b2-MG was more sensitive than NAG

to detect renal injury, it could serve as a sensitive bio-

marker for detecting early renal damage.

In summary, the mercury concentration in air, soil, grain

in contaminated area was higher than that of control area. It

is evident that a great part of mercury remains in soil, river

and air in the area after discontinuing manufacture activi-

ties for nearly 10 years. The mercury pollution has affected

the local resident’s renal function to a less extent. Urinary

b2-MG could be as an early sensitive indicator for the renal

damage caused by mercury.
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