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Abstract: A field survey concerning lead and cadmium pollution in environment mediums and hair samples around the Chatian 
mercury mining deposit in western Hunan Province, China, was conducted to preliminarily evaluate their health hazard to local 
inhabitants. The results show that mining wastes, especially tailing, contain high cadmium level with the maximum of 79.92 μg/g. 
High levels of lead and cadmium are accumulated in surface water and paddy soil, respectively, and both metals pollution occurs in 
brown rice. The average daily intake dose(ADD) of lead for local adults via three routes reaches up to 7.7 μg/(kg⋅d), exceeding the 
provision tolerable daily intake by JECFA of 3.5 μg/(kg⋅d), and drinking water exposure route contributes the highest daily intake. As 
an indicator for heavy metal exposure, the hair of local population contains Pb (5.06±3.02) μg/g. The average daily intake dose of 
cadmium for adults is 0.119 μg/(kg⋅d). More attention must be paid on health risk from lead pollution compared with cadmium. 
Key words: average daily intake dose; cadmium; lead; mercury mine area 
                                                                                                             
 
 
1 Introduction 
 

Mining, processing and smelting of heavy metals 
are important sources leading to heavy metals 
contamination[1−4]. Besides a target heavy metal, 
co-existing metal elements are usually released from 
underground environment because nonferrous heavy 
metal rarely exists singly. By-product heavy metals 
around metal mine have caused increasing concern. It 
was reported that soil and vegetables were heavily 
polluted by lead (Pb) and Cd near a smelter producing Pb 
in the suburb of Nanning, the Capital of Guangxi 
Province in southern China[5]. Researches found that the 
maximum Cd content in rice, irrigated by mercury 
contaminated mining water from Diwalwal gold mining 
centre, Philippines, reached up to 1.03 μg/g[6]. Health 
risks of population exposed to heavy metals were rarely 
evaluated and those evaluations were limited to some 
single exposure routes such as vegetable consumption or 
inhalation[7]. Integrated health risks of heavy metals 

through various exposure pathways were of significance 
for inhabitants living in mining area. 

Chatian mercury mining deposit(CMD) is the most 
important mine of western Hunan Province mercury belt 
in China, where the geological reserve  accounts for 
50% of Chinese total mercury. CMD produced 800−    
1 000 t/a at its peaks in 1950−1980, after then mercury 
output decreased. In western Hunan Province mercury 
belt, there are several nonferrous heavy metal mines such 
as lead/zinc mine, selenium mine taking on a cross 
distribution with mercury mine. Previous study showed 
that heavy mercury pollution was observed in Pb/Zn 
mine area located in adjacent town in Fenghuang 
County[8]. Elevated Pb concentration was also found in 
field soil in CMD mine area[9]. Considering that Cd 
usually co-exists with Pb, Zn and Hg, it is necessary and 
important to investigate Pb and Cd pollution in Chatian 
mine area. 

The main objectives of this work are: 1) to delineate 
Pd and Cd contamination in the Chatian Hg mine area 
through soil, mine tailing, water, paddy plant, and human  
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hair analyses; 2) to assess health risk to local population 
produced by Pd and Cd pollution via oral exposure 
routes. 
 
2 Materials and methods 
 
2.1 Study site 

The CMD (109˚20′30″−109˚21′30″E, 27˚46′00″− 
27˚48′00″N) is located in Chatian town, Fenghuang 
County in western Hunan Province, China (Fig.1). Its 
climate represents a typical subtropical humid monsoon 
with annual average temperature of 13−18 ℃  and 
annual rainfall of 1 100−1 500 mm. The area is 
geological part of the Yangtze plain on the eastern slopes 
of Yungui plateau, and its bedrock is primarily made up 
of carbonaceous shale, argillaceous limestone or 
thin-layered and laminated fine-grained dolomite of the 
Middle unit of Cambrian age[9]. Rice is the major crop 
growing in this area. 
 
2.2 Sampling 

For studying translocation and accumulation of 
heavy metals in soil-paddy system, 18 sets of paddy 
plants and their corresponding rhizosphere soil were 
sampled in match. 13 water samples were sampled, 
including three drinking water samples from mountain 
stream and 10 samples used as irrigation or washing 
water, from reservoir, ditch and paddy field. Seven 
mine-wastes were collected from discarded piles. 15 hair 
samples were collected from local grown-up inhabitants 
in Hehui village for a better understanding of the health 
response to Pb and Cd exposure, 10 of which were from 
males aged 36−59 and the others were from females aged 

25−48. All samples were sealed in polyethylene bags. 
The sampling sites in the CMD were shown in Fig.1. 
 
2.3 Sample preparation and analysis 

Paddy plants were rinsed with de-ionized water 
several times to remove external attached soil particles. 
After that, the plants were separated into 4 parts (root, 
stalk, leaves and rice grain without hull, namely brown 
rice), and then they were cut into small pieces. All plant 
samples were oven dried at 40 ℃ for 48 h, ground, 
sieved at a size less than 50 μm, thoroughly mixed and 
stored in sealed polyethylene bottles. Hair samples were 
soaked with 1% subjective heat surfactant for 30 min, 
and then rinsed with de-ionized water and cleaned using 
an ultrasonic bath to remove surface debris, finally 
air-dried at room temperature. All biological sub-samples 
were digested with HNO3 (65%, volume fraction) 
overnight at room temperature, then digested by HNO3׃
HCl (31׃) with boiling bath for 2 h. 

Soil and mine waste samples were air-dried and 
ground to pass through 2 mm nylon sieve mesh. 
Sub-samples were ground in an agate vibrating-cup mill 
to pass a 150-mesh nylon sieve. These samples were 
digested in solution with a 51׃ ratio of nitric acid and 
perchloric acid. Then the digested substances were 
dissolved with nitric acid of 1%. Water samples were 
collected in pre-cleaned polyethylene bottles adding 1% 
(V/V) of HCl and stored at 4 ℃  before laboratory 
processing. 

Water samples and above digests were stored at 4 
℃ and analyzed by inductively coupled plasma-mass 
spectrometer (ICP-MS, Perkin-Elmer). Duplicates, 
blanks and standard reference materials (GSV-1, GSV-2, 

 

 
Fig.1 Illustration of sampling sites in Chatian mercury mine area in Hunan Province, China 
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GSV-3; GSH-1; GBW07404, GBW07405, GBW08607) 
were used for quality control of rice plant, hair, soil and 
water analysis. The precision and bias of the chemical 
analysis are less than 10%. 
 
2.4 Risk assessment 

In this study, health risk assessment of Pb and Cd 
mainly focused on the two stages of exposure assessment 
and risk characterization. During the exposure 
assessment stage, an average daily intake dose(ADD, 
μg/(kg⋅d)) is used to quantify the oral exposure dose of 
deleterious substances. Hazard quotient(HQ) or hazard 
index(HI), a ratio of estimated exposure dose(ADD) and 
reference dose(RfD), characterizes the health risk of 
non-carcinogenic adverse effects due to exposure to 
toxicants. In general, reference dose(RfD) is a toxicity 
indices of a daily exposure to the population (including 
sensitive subgroups) that is likely to be without an 
appreciable risk of deleterious effects during a lifetime. 
Since many of lead’s health effects may occur without 
overt signs of toxicity, the Agency’s RfD Work Group 
considered it inappropriate to develop an RfD for 
inorganic lead[10]. 

Based on numerous medical observation and 
scientific research, IARC classified Pb and Cd to be B2 
and B1 of cancer group separately, that is to say, 
non-carcinogenic to human[11]. The USEPA has 
established the oral reference dose(RfD) for cadmium in 
drinking water at 0.5 μg/(kg⋅d) and in food at 1 μg/(kg⋅d) 
[12]. Due to no oral reference dose of Pb, 3.5 μg/(kg⋅d) 
of provision tolerable daily intake(PTDI) by the joint 
FAO/WHO Expert Committee on Food Additives[13] is 
used to be reference value in order to elaborate Pb health 
hazard in Chatian mine area. The equations used into risk 
assessment are as follows: 
 
HI=∑HQ; HQ=ADD/RfD 
ADD=C×IR×ED×EF/BM×AT 
 
where the definition of HI, HQ, ADD and RfD is 
forenamed; C, IR, ED, BM, EF and AT are mercury 
content(μg/g), ingestion rate, exposure duration, 
reference body mass, exposure frequency and average 
time, respectively; and the values of these parameters are 
listed in Table 1. 

The daily consumption of cereals for field labor is 
500 g recommended by Chinese Nutrition Society. In this 
study area, 500 g of rice as main food source is assumed 
to be consumed daily. 100 mg/d of direct soil ingestion 
rate, recommended by Massachusetts Department of 
Environmental Protection(MDEP) for utility/heavy 
construction workers, is chosen for local field labors 
considering regular farm activities such as transplanting 
rice seedlings, fertilizing and plough in paddy field 
[14−16]. 

Table 1 Parameters used in risk assessment 
Parameter Value 

Ingestion rate(IR) 
(Drinking water) 2 L/d 

Reference body mass(BM) 60 kg 

Exposure duration(ED) 365 d 

Exposure frequency(EF) 60 a 
(assuming life-time exposure)

Average time(AT) 21 900 d (365 d×60) 

 
3 Results and discussion 
 
3.1 Lead and cadmium level in mining wastes 

In this study area, tailing and waste rock were 
usually open stacked without disposal. Lead and 
cadmium concentrations in tailing and waste rock 
samples are listed in Table 2. The results found that Pb 
level in mining wasters was within range of earth crust 
[17], while Cd content varied largely from 0.70 to 79.92 
μg/g, significantly higher than 0.1−0.2 μg/g of the earth 
crust[18]. It could be inferred that Cd in mining wastes 
would pose huge risk to around environment. 
Necessarily note that more Cd would be released from 
tailing than waste rock because tailing had been ground 
to have larger specific area, can be more easily 
weathered in ground surface environment. So stacked 
tailing should be given priority to effective measures to 
forbid Cd pollution to environment. 
 
Table 2 Heavy metals concentrations in tailing and waste rock 
in mercury mining area (μg⋅g−1) 

Mining waste No. ID Pb Cd 

1 12 0.77

2 8 0.79

3 26 1.08
Tailing 

4 24 79.92

5 18 0.70

6 16 37.01Waste rock 

7 16 1.52

Rock (OECD 1993,1994)  10−20 0.1−0.2

 
3.2 Lead and cadmium level in ground water 

Lead and cadmium contents in all water samples 
varied from 0.063 to 0.229 mg/L and 0.001 to 0.004 
mg/L, respectively (listed in Table 3). Almost all 
non-drinking water samples used as irrigation water 
coming from reservoir and bourne, or directly collected 
from paddy field exceeded 0.1 mg/L Pb of limited value 
ruled by Standard for Irrigation Water Quality, China, 
excluding one used as washing water (0.063 mg/L)[19]. 
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Cd contents in all non-drinking water samples were 
lower than 0.005 mg/L of limited value. The natural 
concentration of Pb in surface water was estimated to be 
0.02 μg/L[20]. According to the information of Pb level 
in mine wastes, it could be inferred that background Pb 
content in local surface water was not too high. So high 
Pb level in surface water suggested that heavy Pb 
contamination had occurred while no heavy Cd pollution 
had been found in Chatian mercury mine area. 
 
Table 3 Pb and Cd contents in all water samples (mg⋅L−1) 

Water Element 
Sample
number

Range Mean Std 

Pb 10 0.063−0.226 0.153 0.226Non-drinking 
water Cd 10 0.001−0.004 0.002 0.001

Pb 3 0.075−0.229 0.139 0.08
Drinking water 

Cd 3 0.001−0.003 0.002 0.001

 
No significant difference between Pb and Cd levels 

in non-drinking water and drinking water had been 
observed. For local residents, average Pb content in 
drinking water was (0.139±0.080) mg/L, higher than the 
limited value (0.01 mg/L) regulated by WHO[20]. Cd 
content in drinking water samples averaged (0.002± 
0.001) mg/L and one of them had 0.003 1 mg/L of Cd, a 
little higher than 0.003 mg/L recommended by WHO[21]. 
Pb posed much more health risk to local population than 
Cd via drinking water ingestion. 
 
3.3 Lead and cadmium levels in soil and plant 

Soil Cd and Pb contents in different sample sites 
varied considerably in rice fields because of 
anthropogenic disturbance (shown in Figs.2 and 3). Cd in 
paddy rhizosphere soils ranged from 0.53 to 14.91 μg/g, 
geometric mean 1.05 μg/g, and Pb level varied with a 
range of 37 to 129 μg/g, geometric mean 48.24 μg/g. Cd 
in all soil samples exceeded 0.3 μg/g of the maximum 
permissible level specified in soil Cd stage Ⅱ  rule 
according to China Environmental Quality for Soils[22]. 
Only two soil samples had obviously high Pb content 
(103 μg/g and 129 μg/g), but still lower than 300 μg/g of 
the limited value in Pb stage Ⅱ  ruled by China 
Environmental Quality for Soils, and the other soil 
samples had the low content within the range of 
background value. This meant that heavy Cd 
contamination existed in local paddy soil and Pb 
pollution was relatively not so heavier. 

Pb and Cd level in brown rice are seen in Figs.2 and 
3, respectively. Pb content in all brown rice varied in a 
range of 0.28 to 1.63 μg/g, higher than 0.20 μg/g of 
permissible maximum value regulated by Sanitation 
Criterion for Food, China[23]. Five of all rice samples 
had 0.25−0.54 μg/g of Cd, higher than 0.20 μg/g of allow- 

 

 
Fig.2 Lead content in rice plant and corresponding rhizosphere 
soil 
 

 
Fig.3 Cadmium content in rice plant and corresponding 
rhizosphere soil 

 
able Cd value in rice[23], and the others were 0.001 μg/g. 
It was reported that a worldwide geometric mean of Pb 
and Cd was 0.016 μg/g and 0.02 μg/g, separately[24]. 
Compared with them, brown rice in Chatian mine area 
contained 22.44 times greater Pb level. 

Transfer factor (TF) was usually used to describe 
transfer ability of heavy metals from soil to plant, which 
was the ratio of heavy metal content in plant root with 
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that in soil. TFPb varied from 0.1 to 0.63 while TFCd 
ranged from 0.09 to 18.82, with geometric mean 0.92, 
and eight TFCd of all samples exceeding 1.0. The transfer 
ability of Cd was obviously higher than that of Pb, 
accordance with other researches[25]. The Pb distribu- 
tion in tissues of rice plant was classified in this order: 
root＞leaf＞straw＞brown rice, while Cd was root＞
straw＞leaf＞brown rice. The ratio of Pb and Cd in 
various tissues was separately 31.761׃4.95׃3.34׃ and 
 which suggested that transfer ability of ,1׃1.6׃10.9׃29.4
Cd was also higher than that of Pb in rice plant. 

Interesting points were that all soil samples had 
high Cd level and parts of rice grain had elevated Cd 
contents, while all soil Pb content was within the normal 
range and Pb content in rice totally exceeded permissible 
maximum value ruled by Sanitation Criterion for Food, 
China. Moreover, the transfer ability of Cd in soil-plant 
system and in various tissues was higher than that of Pb. 
So it was presumed that rice plants possibly absorbed 
granules containing Pb from atmosphere. 

Correlation analysis (Tables 4 and 5) found that Pb 
and Cd in rice root separately significantly positively 
correlated with that in their corresponding rhizosphere 
soil (p＜0.05), which implied that rhizosphere soil was 
the main source of Pb and Cd in rice root. As can be seen 
in Table 4, significantly positive correlation existed 
between Cd in rice leaves and that in rhizosphere soil (p
＜0.05). Moreover, significantly positive correlation was 
also found among rice root, rice straw, rice leaves and 
brown rice (p＜0.05). Based on these statistic analyses, it 
could be inferred that Cd in rice plants was primarily less 
influenced by polluted irrigation water and atmospheric 
deposition, primarily came from soil and transferred 

 
Table 4 Correlation matrix of Cd content in soil and different 
tissues of rice plant (n=18) 

 Soil Root Straw Leaves Brown rice

Soil 1.00     

Root 0.71* 1.00    

Straw 0 0.64* 1.00   

Leaves 0.82* 0.92* 0.49* 1.00  

Brown rice 0.25 0.81* 0.94* 0.64* 1.00 
* Significantly correlated (p＜0.05). 
 
Table 5 Correlation matrix of Pb content in soil and different 
tissues of rice plant (n=18) 

 Soil Root Straw Leaves Brown rice

Soil 1.00     

Root 0.49* 1.00    

Straw −0.19 0.09 1.00   

Leaves −0.15 0.41 0.64* 1.00  

Brown rice −0.08 −0.14 −0.08 0.05 1.00 
* Significantly correlated (p＜0.05). 

between various tissues of rice plants. For Pb, only 
significantly positive correlation occurred between rice 
straw and rice leaves, which supported this assumption 
that rice leaves possibly absorbed granules containing Pb 
from atmosphere. 
 
3.4 Pb and Cd level in hair 

Hair analysis is a valuable indicator for estimating 
long-term heavy metals exposure, especially for lead, 
cadmium, arsenic, and mercury[26−28]. Pb and Cd 
contents in China residents averaged separately (6.6±3.6) 
μg/g (2 466 cases) and (0.29±0.24) μg/g (959 cases), 
estimated by QIN from available documents[29]. The 
upper normal limited value of Pb and Cd level in hair, 
recommended by Qin was 10.5 μg/g and 0.5 μg/g, 
separately. In this study (see Table 6), it was 
demonstrated that Pb in local residents ranged between 
2.07 and 11.71 μg/g with mean of (5.06±3.02) μg/g, and 
Cd level in hair varied from 0.046 to 0.58 μg/g, with 
mean of (0.17±0.15) μg/g, which was separately lower 
than (8.21±5.59) μg/g, and (0.91±0.61) μg/g of average 
Pb and Cd levels in population living in Miasteczko 
Ślcaskie, near the largest Zn plant in Poland[30]. 
 
Table 6 Heavy metals contents in hair of local population 
(μg⋅g−1) 

Element
Valid 

number
Range Mean Std 

Normal value of 
residents[29]

Pb 15 2.07−11.71 5.06 3.02 6.6±3.6 

Cd 15 0.046−0.58 0.17 0.15 0.29±0.24 

 
3.5 Daily intakes via various exposure pathways 

Average daily intake dose (ADD) of Pb via drinking 
water and rice consumption separately reached up to 4.63 
μg/(kg⋅d) and 2.99 μg/(kg⋅d) (Table 7). Only ADD of 
adults through drinking water ingestion exceeded 3.5 μg 
Pb /(kg⋅d) of provision tolerable daily intake (PTDI) by 
the joint FAO/WHO Expert Committee on Food 
Additives (JECFA)[13]. Taking rice consumption and 
soil ingestion into account, the ADD via oral exposure of 
Pb was 7.7 μg/(kg⋅d), 2.35 times of PTDI. In general, 
food ingestion, adding dust/soil ingestion for Pb, is the 
primary exposure to Pb for inhabitants without 
occupational exposure while daily intake from drinking 
water is less[31]. However, for adults in Chatian mine 
area, average daily intake dose from drinking water route 
was the highest; food consumption route was the next. 
ADD of Cd via drinking water and rice consumption was 
separately 0.067 μg/(kg⋅d) and 0.05 μg/(kg⋅d) (Table 8). 
Health quotient (HQ) of both these exposure pathway 
was separately 0.133 and 0.05. Adding soil ingest, health 
index(HI) of local adult population appeared to be 0.185. 
These three exposure routes would not cause health risk  
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Table 7 Daily Pb intake of local population via various 
exposure pathways 

Pathway Parameter Pb content ADD/ 
(μg·kg−1⋅d−1)

Drinking water 2 L 139 μg/L 4.630 

Soil ingestion by 
children (age two) 200 mg/d 48.24 μg/g 0.603a 

Soil ingestion 
by adults 100 mg/d 48.24 μg/g 0.080b 

Rice ingestion 500 g/d 0.359 μg/g 2.990 

Sum (adults)   7.700 

Vegetable 
ingestion 100 g/d 1.60 (0.067−5.47) 

μg/g (fresh mass)c 
2.67 

(0.11−9.12)
a, assuming children aged two with 16 kg body mass; b, assuming average 
adults with 60 kg body mass; c, data from ZHENG et al, 2007. 

 
Table 8 Daily Cd intake of local population via various 
exposure pathways 

Pathway* Cd ADD/ 
(μg·kg−1⋅d−1) HQ 

Drinking water 2 μg/L 0.067 0.133 

Soil ingestion 
by children 
(age two) 

1.05 μg/g 1.31×10−2a 1.31×10−2

Soil ingestion 
by adults 1.05 μg/g 1.75×10−3b 1.75×10−3

Rice ingestion 0.006 μg/g 0.05 0.05 

Sum (adults)  0.119 0.185 (HI)

Vegetable 
ingestion 

0.996 
(0.011−4.58)/

(μg·g−1) 
fresh massc 

1.66 
(0.018−7.63) 

1.66 
(0.018−7.63)

* Parameter value seen in Table 7; a, assuming children aged two with 16 kg 
body mass; b, assuming average adults with 60 kg body mass; c, data from 
ZHENG et al, 2007. 

 
of adverse effect. 

Vegetable ingestion is also important oral exposure 
route to Pb and Cd. Both heavy metals contents of edible 
parts of 20 vegetables around zinc smelter in Huludao of 
China were listed into Table 7 and Table 8, where Pb and 
Cd content of top soil were 319.6 μg/g and 36.2 μg/g, 
respectively[7]. The corresponding average Pb and Cd 
daily intakes dose of adults reached 2.67 μg/(kg⋅d) and 
1.66 μg/(kg⋅d). Because of far less Pb and Cd content of 
field soil in this study area than that around zinc smelter 
in Huludao, China with higher activity, bio-accessible 
characterization of heavy metals, it was supposed that Pb 
and Cd content of local vegetables should be much lower 
than that in Table 7 and Table 8. 

Risk evaluation via incidental direct soil/dust 
ingestion exposed to heavy metals was considered to be 
an important part of hazard assessment, especially for 
young children with regular hand-mouth activity. 

Average incidental Pb and Cd daily intake dose of 
children aged two was separately 0.165 μg/(kg⋅d) and 
3.60×10−3 μg/(kg⋅d), higher than 0.08 μg/(kg⋅d) of 
adults and 1.75×10−3 μg Cd/(kg⋅d) of adults, separately. 
Compared with other researches, 48.24 μg/g of Pb in 
soil/dust was still lower than 857 μg/g and 333 μg/g of 
that in London and central London and rural Suffolk[32]. 
The actual dust/soil Pb content in inhabitants’ home 
should be less than that in field because rice field had 
less distances with mercury mine, more easily influenced 
by mining activities than village. 
 
4 Conclusions 
 

Pb and Cd contamination with a different extent 
occurred in Chatian mercury mine area in western Hunan 
Province, China. The results were as follows: 

1) Cd level in mining waste, especially in tailing, 
was much high (with the maximum content of 79.92 
μg/g) and posed huge risk to around environment.  

2) Surface water, including irrigation water and 
drinking water, and paddy soil contained high level of Pb 
and Cd respectively. And both metals pollution occurred 
in brown rice, relatively heavier for Pb.  

3) Average daily intake dose (ADD) of Pb for adults 
via oral ingestion including drinking water and rice 
consumption, incidental soil ingestion reached 7.7 
μg/(kg⋅d), whereas ADD of Cd for adults via the three 
routes was 0.119 μg/(kg⋅d) and the hazard index (HI) was 
0.185.  

Therefore, it was concluded that Pb pollution 
caused huge health risk for local population in Chatian 
mercury mining deposit. Taking together, more attention 
must be paid on Pb pollution and necessary measures 
need to be taken immediately to reduce human health 
risk. 
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