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Heavy metal pollution is one of the most serious environmental problems in China and a large number of people are threatened by
heavy metal pollution. Extensive damage to human organs, such as liver, kidney, digestion system, and nervous system can be
caused by uptake of excess heavy metals. Heavy metals in the environment can originate from both natural and anthropogenic
sources. Although contamination of heavy metals has been known to be a severe environmental problem for decades, it is still
getting worse in recent years and there are few feasible approaches to resolve this problem. Due to their high toxicity, prevalent
existence and persistence in the environment, lead (Pb), mercury (Hg), cadmium (Cd), chromium (Cr) and arsenic (As) are com-
monly considered as the priority heavy metals which should be concerned and their emission should be controlled in China. This
paper reviewed the pollution of heavy metals in China, focusing on the following four aspects: current status of heavy metal pol-
lution in China, sources of heavy metals in China, toxicity and potential risk, and possible reduction strategies.
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With the development of industrialization and urbanization,
the amount of heavy metals produced and consumed in
China has increased significantly. For example, the produc-
tion of Hg was 1400 ton (1 ton = 1.016 t) in China, with
1920 ton of the world, in 2009 [1]. The total consumption of
Hg increased about 40% from 2004 to 2007, exceeding
1500 ton in 2007 [2].

As a result, the environmental pollution of heavy metals
becomes more and more serious in China. Wu et al. [3] es-
timated that total Hg emissions from all anthropogenic
sources increased at an average annual rate of 2.9% during
the period 1995 to 2003, reaching 696 (+307) ton in 2003.
There are more than 329000 ton of chromic salt produced
by 25 companies every year, accompanying with 450000
ton of Cr residue [4]. More than thirty incidents caused by
heavy metal pollution have been reported since 2009. Dur-
ing an investigation conducted in 2010, elevated Pb was
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observed in human blood in many places of China, such as
Dafeng of Jiangsu Province, Longchang of Sichuan Prov-
ince, Jiahe of Hunan Province, Guazhou of Gansu Province,
Congyang of Hubei Province and Huaining of Anhui Prov-
ince. About 5000 ton Cr residue was placed along the river-
side of Nanpanjiang, Yunnan Province for 15 years, causing
high concentration of Cr(VI) in the river (about 2000 times
higher than the national standard) [4].

According to the sustainable development strategy of
China, prevention and control of heavy metal pollution have
been decided as one of the key goals in the China’s “12th
5-Year Planning” (2011-2015). A specific project named
“the 12th 5-Year Planing for Comprehensive Prevention
and Control of Heavy Metal Pollution” was also issued by
Chinese government in 2011. Due to their high toxicity,
prevalent existence and persistence, five heavy metals, in-
cluding Pb, Hg, Cd, Cr and As, were chosen as priority con-
trol metals. Fourteen provinces and autonomous regions
were chosen as the priority control regions, including Inner
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Mongolia Autonomous Region, Jiangsu Province, Zhejiang
Province, Jiangxi Province, and Henan Province. In addition,
4452 companies were put on a priority list for monitoring.

As a large number of metals and metalloids fall in the
group of “heavy metals”, it is really difficult to give a com-
prehensive view of pollution of all heavy metals in China.
Therefore, this review focuses on the five priority control
metals in China. The sources, toxicity, pollution status of
these heavy metals were clarified. Some elimination strate-
gies, considerations and perspectives for the future study
and management were also discussed.

1 Sources

The sources of heavy metals in the environment consist of
two categories: natural sources and anthropogenic sources.

1.1 Natural sources of heavy metals

Natural sources include volcanoes, degradation of minerals
and forest fires, evaporation from soil and water surfaces.
The natural heavy metal emissions must be considered as a
part of local and global environment. About 1.72x10” kg As
was released from volcanic eruptions every year, while the
earth crust was estimated to contain 4.01x10' kg As, and
other 4.87x10° kg was released from the eruption of subma-
rine volcanoes [5].

In some areas of China, concentrations of heavy metals
in the earth crust are naturally elevated, such as high con-
centrations of As in Shanxi Province and Inner Mongolia
Autonomous Region, which contribute to elevated concen-
trations of related heavy metals in those areas.

1.2 Anthropogenic sources of heavy metals

Compared with natural sources, anthropogenic sources are
commonly considered as the major causes for the increasing
heavy metal pollution in the environment. The anthropo-

14.39%

Figure 1 Contribution of various sources to Hg emissions in China, 2003 [3].

Chin Sci Bull

January (2013) Vol.58 No.2 135

genic sources can be divided into three groups:

(1) Releases from usage of heavy metals impurities, such
as coal-fired power and heat production, mining and other
metallurgic activities;

(2) Releases from intentional extraction and use of heavy
metals, such as heavy metal mining, leather production,
electroplating production, and manufacture of products
containing heavy metals;

(3) Releases from waste incineration, landfills etc. Wu et
al. [3] assessed that the total Hg emission in China was up
to 695.6 ton in the year of 2003, most of which were from
nonferrous metal smelting and coal consumption (Figure 1).
A survey by United Nations in 1970 showed that 18050 ton
of Pb was released to the atmosphere, most of which were
released by oil consumption, dust emissions and gasoline
additives.

2 Analytical methods for the monitoring of
heavy metal pollution

2.1 Total concentrations of heavy metals

A large number of methods have been developed and ap-
plied in the determination of heavy metals in environmental
and biological samples, such as flame atomic absorption
spectrometry (FAAS), graphite furnace atomic absorption
spectrometry (GFAAS), atomic fluorescence spectrometry
(AFS), and so on. Inductively coupled plasma mass spec-
trometry (ICP-MS) and inductively coupled plasma atomic
emission spectrometry (ICP-AES) are more and more often
used in this field due to their advantages of simultaneous
detection of multiple elements, short analysis time, high
throughput and less sample consumption. Especially, the
ICP-MS has more merits such as high sensitivity, wide lin-
ear range and strong anti-interference.

2.2 Speciation of heavy metals

The toxicity of heavy metals depends on their chemical

W Zinc smeltin

M Industrial boilers

26.97%

m Power plants

M Lead smelting

M Gold smelting

B Cement production
W Mercury mining

W Civil

W Copper smelting
17.87%

M Biofuel combustion

M Steel production



136 He B, etal. Chin SciBull

forms. Studies showed that the organic Hg compounds, es-
pecially methylmercury, are more toxic than inorganic Hg.
On the contrary, organic As species are less toxic than in-
organic As compounds. The toxicity of organotin com-
pounds depends on the nature and the length and number of
the side chain of alkyl groups. Therefore, it is necessary to
distinguish the species of heavy metals due to their different
properties and toxicity. Speciation of heavy metals can be
performed with electrical analysis, spectrometry analysis,
instrumental neutron activation analysis (INAA), chroma-
tographic analysis and hyphenated methods. Hyphenated
methods have been widely applied in speciation analysis of
Hg [6], Cr [7], As [8], Sn [9] and other heavy metals in en-
vironmental samples with vast development foreground.

2.3 Biomonitoring of heavy metals

Biomonitoring can offer an appealing tool for the assess-
ment of heavy metal pollution and toxicity in the environ-
ment and biosphere [10]. Chemical analysis of the envi-
ronment matrices is the most direct approach to reveal the
status of heavy metal pollution in the environment, while it
affords the insufficient evidence on the integrated influence
and possible toxicity on the organisms and ecosystem. Bi-
omonitoring which based on sampling and analysis of an
individual organism’s tissues and fluids can complement
chemical analysis. Fu et al. [11] investigated the heavy met-
al contents in rice samples from a typical E-waste recycling
area in southeast China. By comparing with the provisional
tolerable weekly intakes for heavy metals defined by World
Health Organization (WHO), they concluded that long term
consumption of local rice might pose high risk of heavy
metal exposure to consumers. Blood, urine, saliva, finger-
nail and hair are usually applied as biomarkers in evaluating
the potential risk of heavy metals to human health [12-14].

3 Heavy metal pollution status

The pollution status of heavy metals is serious in China
[3,15]. Some of the data could be found in the earlier re-
views, such as heavy metal contamination in the urban soils
[16], estuarine and coastal environments [17] of China. In
some regions of China, eating food contaminated by heavy
metals or drinking the ground water without any purifica-
tion process could cause high risk of heavy metal exposure.
Many incidents have been reported because of illegal or
unsafe mining, smelting and use of metals.

3.1 Lead

The concentration of Pb in the urban atmosphere, such as
Beijing and Tianjin, decreased in recent years due to the use
of Pb free gasoline, although the Pb content is still at a high
level, ranging from 100 to 180 ng m> [18,19]. Soils on the
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sides of highway and some farmlands are vulnerable to be
polluted by Pb because of traffic emission and waste water
irrigation. The soil might be polluted by Pb if the distance
between soil and the highway was less than 50 m, while the
Pb concentrations was just the same as the background level
when the distance of them was more than 150 m [20]. Be-
sides the nature of soil, the distribution of Pb in the roadside
soil can be affected by traffic flow, terrain, greenbelts and
weather conditions.

Generally, the concentrations of Pb in the roadside soil
would be significantly higher than the park, while the Pb
level of industrial area is much higher than the residential
area and scenic resort. Studies showed that the Pb concen-
trations of farmland soil irrigated by waste water were ele-
vated significantly [21], about 4.53 times of the environ-
mental background values. Qi et al. [22] investigated the
blood Pb level of 6502 children (3-5 year old) living in the
urban areas of China. The results showed that mean blood
Pb level was 88.3 mg L! for the children, and 29.9% of the
children’s blood Pb level exceeded 100 mg L', which is the
safety concentration of childhood blood Pb by American
Centers for Disease Control and Prevention’s advisory
committee. The data indicated that blood Pb levels of chil-
dren in China should call for special concerns by govern-
ment and the society.

3.2 Mercury

Guizhou, Guangdong, Shanxi and Liaoning provinces are
the most polluted areas by Hg in China. Guizhou Province
is known as one of the world’s biggest Hg production re-
gions, and it is recognized as a heavily Hg-polluted area in
China due to both the geochemical characteristics and hu-
man activities. The total reserves of cinnabar deposits in
Guizhou reached 80000 ton of metal Hg, and represented
80% of the total in China [23]. The highest Hg concentra-
tion in the surface water of Guizhou Province was up to
10580 ng L™ [24]. Concentrations of total Hg and methyl-
mercury in riparian soils from mined areas ranged from 5.1
to 790 mg kg™ and 0.13 to 15 ng g™, respectively [25,26].
The total gaseous Hg concentrations in the ambient air
around the Wanshan mining area in Guizhou Province
ranged from 11.7 to 1101.8 ng m™ [27]. The concentration
of Hg in rice grains could reach up to 569 ng g™' of total Hg,
of which 145 ng ¢! was in methylmercury form. This indi-
cated that intake of Hg polluted rice was also a potential
route of Hg exposure [24].

The total gaseous Hg concentrations in Guiyang, Gui-
zhou Province ranged from 1.70 to 146.75 ng m™ and the
average concentration was 7.39 ng m™, which was signifi-
cantly higher than the global background of approximately
1.5-2.0 ng m™ [28]. The level of Hg in the atmosphere
could be significantly affected by the season and the weath-
er. Generally, the total gaseous Hg concentrations in winter
were much higher than those in summer because of coal
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combustion [29-31].

Soil is an important source and sink of Hg. The Hg in
soil is mainly from the soil matrix itself, dry and wet at-
mospheric deposition, usage of fertilizer and pesticides,
waste water irrigation and Hg-containing waste. According
to an investigation conducted by China National Environ-
mental Monitoring Centre (CNEMC) in 1990 [32], the na-
tional average concentration of Hg in the surface soil of
China was 0.065 mg kg™'. Our ongoing study shows that
high concentrations of Hg in soils have been found in some
regions in recent years.

The concentrations of Hg in water samples, including
seawater, river water, and lake water etc, could also be
found in some literatures. Because there is no systematic
investigation on the water environment, and the spatial and
temporal distribution of Hg in water changes ceaselessly, it
is very hard to give an overall evaluation on the Hg concen-
trations in water system. The reported concentrations of Hg
in the large rivers are generally high [33-35]. However,
reservoirs are relatively less impacted.

3.3 Cadmium

Cd pollution incidents occurred occasionally in recent years
in China. Tang et al. [36] evaluated Cd pollution and its
potential risk in paddy soils around an industrial park in
Xiangtan, Hunan province. Results showed that the concen-
tration range of Cd in soil were 1.27-4.22 mg kg™', indicat-
ing those paddy soils were suffered from heavy Cd contam-
ination. Zheng et al. [37] investigated Cd concentrations of
595 soil samples which were sampled from different regions
of Beijing, including vegetable field, paddy field, orchard,
greenbelt, corn field, and natural soil. Compared with the
background concentration, the accumulation of Cd in the
vegetable field, paddy field and orchard was significant.
This indicates that industrial activities, traffic and landfill
could affect the concentrations of Cd in soil. From the in-
vestigation of Cd pollution in vegetable land, atmospheric
deposition found to be the main source of Cd in soil [38].

Comparing with water, sediment showed significant ac-
cumulation of Cd [39,40], which indicated that the sediment
would reduce the water pollution level. However, it should
be noted that the high concentration of Cd in sediment could
cause secondary pollution and the environmental risk
should be concerned.

3.4 Chromium

China produces the most abundant Cr waste in the world
every year, posing high risk to the ambient environment and
the human health. The migration of Cr(VI) was found all
around the Cr slag heap. Cr(VI) concentrations of soil
leaching solution was found to have an inverse relationship
with the distance to the Cr residue, while the waste could
affect about 350 m of the downwind side [41]. Besides
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migrating to the surrounding areas, Cr(VI) can pollute the
underground waters as well. Studies about Cr pollution at
the mining and plateau areas showed the similar results
[42,43].

Concentrations of Cr in natural waters vary very large in
China. Chen et al. [44] analyzed the concentrations of Cr in
the water of Taihu Lake, east China, and assessed the asso-
ciated ecological risk. Cr could be detected in all the water
samples, which ranged from 31.76 ng mL™ to 75.50
ng mL™, and the mean concentration was 40.04 ng mL™".
The aquatic organisms in Taihu Lake suffered low risk from
Cr pollution. Wang et al. [45] studied the distribution of
Cr(VI) and its migration characteristics in Weihe river in
Shaanxi province. Results showed that the concentrations of
Cr(VI) in Weihe river increased first and then decreased
along the river and might be affected by the drain outlet.
The authors also found that sediment plays a significant role
in reducing the concentration of Cr(VI). Qu et al. [46] found
that only little amount of Cr was detected in the water of
Zhanjiang seaport and the concentrations of Cr were affect-
ed by the running ships.

3.5 Arsenic

Chronic endemic asenicosis have been reported frequently
in past several decades, especially in Xinjiang Uygur Au-
tonomous Region, Inner Mongolia Autonomous Region,
Ningxia Hui Autonomous Region and Shanxi Province.
Concentrations of As in the underground water of most af-
fected provinces in China ranged from 220 ng mL™" to 2000
ng mL™', while the highest concentration could be 4440
ng mL™" [47]. Chronic asenicosis is a newly-emerged public
health issue and about 3 million people were estimated to be
at the risk of high As exposure from drinking water in Chi-
na, while most of them were in the countryside areas. A
survey on drinking water in polluted areas showed that
about 10.2% of 39514 wells from 713 villages were unsafe,
in which the concentrations of As were higher than 50
ng mL! [48].

China is one of the world’s largest coal producers and
consumers and 75% of energy comes from coal combustion.
Asenicosis caused by coal combustion have been found in
China, especially in Guizhou Province. The contents of As
in coals collected from the main coal mines in northeastern,
northern and eastern China ranged from 55.7 to 156.7 mg
kg™ [49]. Local residents commonly use the As-rich coal in
open oven, which would pollute the indoor air and food.
The concentrations of As in kitchen air, dried corn and hot
peppers were 160-760 ug m~, 1.52-11.3 mg kg™' and 52.5—
1090 mg kg™, respectively; for this type of asenicosis, the
population at risk was about 200000 and more than 2300
patients have been diagnosed [48].

Human activities, such as mining and acid production,
can also cause serious As pollution. Studies around an
abandoned tungsten mine and industrial districts showed
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that the surrounding soil and ground water were polluted by
As in varying degrees, and the rice contained high levels of
As (0.15-1.09 mg kg™ and 0.5-7.5 mg kg', respectively),
indicating that humans might suffer a high health risk of As
[14,50].

3.6 Tin

Both seawater and fresh water can be polluted by Sn, espe-
cially the water around coast, port and river trade terminal.
The highest concentration of tributyltin (TBT) in water
samples collected from different sites of China could reach
up to 977 ng (Sn) L' [51]. The concentrations of butyltin
(BTs) decreased with the increase of the distance from the
coast because of reduced input, water flow and dilution.
Relatively high levels of dibutyltin (DBT) and TBT were
found in coastal waters of Bohai Bay [52]. The TBT in
sediment of three harbors (Xiamen, Shantou, and Huiyang)
along southeast coast ranged from 0.3 to 174.7 ng g™ [53],
indicating that these areas are highly polluted by TBT. Ele-
vated organotin compounds were also detected in areas sur-
rounding three gorges reservior [54].

4 Toxicity

Heavy metals from natural and anthropogenic sources could
be accumulated by food chain in water, air and soil. Expo-
sure to heavy metals by eating, drinking, touching, and
breathing are the main routes of toxicosis for human beings
and arose various threat to human health [55-59] (showed
in Table 1). The toxicity of heavy metals could be divided
into several categories according to the target organs.

4.1 Renal effects

The kidney is a critical organ accumulating heavy metals.
High exposure to Pb could damage the renal poximal tubule
and glomerular cells, disorder the tubular reabsorption, even
cause Pb poisoning nephropathy, such as nephrogenic hy-
pertension [60]. Elemental Hg can be oxidized in body tis-
sues to the inorganic divalent form. The kidney accumulates
more divalent Hg than other tissues. High exposure to Hg
may cause glomerulonephritis with proteinuria and nephritic
syndrome. Effects on the renal tubules, which would in-
crease excretion of low molecular proteins, had been found
at low level of Hg exposure, and may constitute the earliest
biological effect.

4.2 Gastrointestinal (digestive system) effects

Intake of heavy metals could stimulate the digestive system,
accompanying with symptoms such as nausea, vomiting,
diarrhea, abdominal cramps and so on. Pb could disorder
the gastrointestinal function by inhibiting the pancreas and
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increasing the secretion of the salivary gland and gastric
gland, even cause intractable constipation [60].

4.3 Neurological effects

Previous studies reported that both accidental and chronical
exposure to high concentration of Hg vapor can significant-
ly affect cognitive, sensory, personality and motor functions
of human. In general, these symptoms will subside after
removal from exposure. The toxicity of methylmercury is
much higher than that of inorganic Hg. Its effects on the
developing nervous system in unborn and newborn children
have been well-documented by conducting various human
and animal studies. Such effects can take place even at ex-
posure levels where the mother (through whom the children
receive the Hg) remains healthy or has only minor symp-
toms associated with Hg exposure [61,62]. A study of about
900 Faroese children, whose parents were exposed to
methylmercury mainly from pilot whale meat, showed that
prenatal exposure to methylmercury would result in neuro-
psychological deficits at 7 years of age [63,64]. Attention,
memory and language seemed to be the most vulnerable
brain functions, while visual function and executive were
less affected by increased Hg exposure.

4.4 Cancer

Lots of studies focused on the causes of death in popula-
tions in Minamata with high exposures to methylmercury.
Excess mortality from cancer of the liver and of the oe-
sophagus was found in the area with the highest exposure,
together with an increased risk for chronic liver disease and
cirrhosis [65]. The risk of skin cancer, lung cancer and
bladder cancer also increased in the region where the people
suffered from long term and chronic exposure for As [47].

4.5 Other effects

Exposures to high concentrations of heavy metals could
cause the disfunction of respiratory system, cardiovascular
system, immune system and reproductive system. Intake of
Pb could induce anemia by inhibiting the formation of he-
moglobin, especially for the children. The risk of stomatitis,
gingivitis, perforation of nasal septum, skin ulcers for peo-
ple who were long term exposure to Cr (VI) was much
higher than the other people. A survey about a Cr plating
workshop indicated that half of the workers who engaged in
electroplating operations got severe Cr-rhinopathy [66].

5 Conclusions and perspectives

Heavy metal pollution is one of the most serious environ-
mental problems in China, which poses great threat to hu-
man beings. Besides the natural sources, intentional and
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Table 1 The toxicity of heavy metals
He [56] Inorganic
Variable  Inorganic Pb [55] Inorganic g Cr(VI) [58] Inorganic As [59]
Hg vapor . Methylmercury Cd[57]
divalent Hg
o Central nervous Respiratory Skin, r'esplrfitory,

Hematopoietic system, . Central . . system, gastrointestinal,
Target . system, peripheral . Liver, kidney . .

nervous system, kidney, Kidney nervous digestive cardiovascular,
organ . . nervous system, and lung

gastro-intestinal tract Kidne system system, oral nervous and

y cavity haematopoietic system

Microcytic anemia, Projective vomitin

encephalopathy (mainly  Proteinuria, Chronic ’ . &

. - . . . . Lung cancer,  profuse diarrhea and

in children), peripheral ~ peripheral Stomatitis, Paresthesia, nephropathy .. .

. . .. .. X stomatitis, hematuria (acute As
neuropathy (mainly in neuropathy, gastroenteritis,  ataxia, visual characterized by . .. L . .
. . . . gingivitis, poisoning); conjuncti-

Symptom  adults), tubular damage  erethism, and urticaria, and hearing loss  proximal tubular . .. .

. R .. .. 2 . perforation of  vitis, skin cancer,

in acute intoxication, tremor proteinuria, (>200 ug L™ of  necrosis and

. o 3 . . nasal septum, hepatomegaly and

interstitial-glomerular (>500 pg m tubular necrosis  blood) proteinurea, .

) . . . skin ulcers splenomegaly (long-
fibrosis and atrophy in of air) lung cancer

chronic intoxication

term exposure to As)

unintentional anthropogenic releases are important sources
of heavy metals. Exposure to excess heavy metals may in-
crease human health risk by affecting the digestive system,
neurological system, cardiovascular system and immune
system, or increasing cancer risk.

In order to fully understand the heavy metal pollution
status, a comprehensive investigation of heavy metals
should be performed in China. More detailed epidemiologi-
cal studies on the potential risks of heavy metals should be
carried out.

Minimization and elimination of heavy metals are far
more desirable compared to other pollution control strate-
gies. These aims could be achieved by reducing the use of
heavy metal-containing items, or recycling them before
discharging the pollutants to the environment. Meanwhile,
various end-of-pipe methods can be used to reduce heavy
metal emissions from coal combustion, landfills and other
anthropogenic sources. Although deficiencies exit in prac-
tical applications, bioremediation, especially phytoremedia-
tion and microbial remediation, should be paid more and
more attention due to its high efficiency and low cost.
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