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Abstract China is one of the largest producers and
consumers of lead and zinc in the world. Lead and zinc
mining and smelting can release hazardous heavy metals
such as Cd, Pb, Zn, and As into soils, exerting health
risks to human by chronic exposure. The concentrations
of Cd, Zn, Pb, and As in soil samples collected from a Pb-
Zn mining area with exploitation history of 60 years were
investigated. Health risks of the heavy metals in soil were
evaluated using US Environmental Protection Agency
(US EPA) recommended method. A geo-statistical tech-
nique (Kriging) was used for the interpolation of heavy
metals pollution and Hazard Index (HI). The results
indicated that the long-term Pb/Zn mining activities
caused the serious pollution in the local soil. The con-
centrations of Cd, As, Pb, and Zn in topsoil were
40.3 £ 6.3, 103.7 = 37.3, 3518.4 £ 896.1, and
10,413 + 2973.2 mg/kg dry weight, respectively. The
spatial distribution of the four metals possessed similar
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patterns, with higher concentrations around Aayiken
(AYK), Maseka (MSK), and Kuangshan (KS) area and
more rapidly dropped concentrations at upwind direction
than those at downwind direction. The main pollutions of
Cd and Zn were found in the upper 60 cm, the Pb was
found in the upper 40 cm, and the As was in the upper
20 cm. The mobility of metals in soil profile of study area
was classed as Cd > Zn » Pb > As. Results indicated that
there was a higher health risk (child higher than adult) in
the study area. Pb contributed to the highest Hazard
Quotient (57.0 ~ 73.9 %) for the Hazard Index.

Keywords Heavy metals - Health risk assessment - Pb/
Zn smelting - Kriging interpolation

Introduction

Metals such as lead (Pb), zinc (Zn), and cadmium (Cd)
generally refer as heavy metals with densities greater
than 5 g per cubic centimeter (Oves et al. 2012). Metal-
loid Arsenic (As) is often categorized as heavy metal
(Huamain et al. 1999). These metals are always non-
essential and have health risks to human beings. For
example, Cd, a toxic and unnecessary element for hu-
man body, can have adverse effects such as prostatic
proliferative lesions, pulmonary adenocarcinomas, lung
cancer, kidney dysfunction, and bone fractures after
chronic exposure (Zukowska and Biziuk 2008). Chronic
As exposure may lead to hyperkeratosis, skin lesions,
and cancer of the skin, lung, bladder, and kidney
(Hughes 2002). Lead can cause reversible effects on
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the activity of some blood enzymes, the development of
the central nervous system and 1Q, and even to death if
exposure is sufficiently large or protracted (Kaufmann
et al. 2003). Actually, blood lead concentrations, even
those below 10 pg per deciliter, are inversely associated
with children’s 1Q scores at 3 and 5 years of age, with
greater associated declines in IQ at higher concentra-
tions (Canfield et al. 2003). Excessive zinc intake can
cause stomach cramps, nausea, and long-term high dose
exposure can affect cholesterol balance and even cause
infertility although zinc is an essential element (Zhang
et al. 2012).

Heavy metal pollution of soils attracted more atten-
tions due to the potential toxicity of metals (Aelion et al.
2008; Li et al. 2014a). Although heavy metals may
occur naturally in soils, additional contributions come
from anthropogenic activities such as agriculture, urban-
ization, industrialization, and mining (Anju and
Banerjee 2012; Gu et al. 2014). Among them, mining
activities and metal smelting are the main sources of
hazardous heavy metals (Liu et al. 2014). In fact, mining
activities alone have produced about 1,500,000 ha of
wasteland in China, increasing at the rate of 46,700 ha
per year (Zhuang et al. 2009). The concentrations of the
heavy metals in the mine area soil are always much
higher than those in the unaffected area. Rodriguez
et al. (2009) studied the heavy metals concentrations in
soil (pasture land) around an old Spanish Pb-Zn mine
and found that the concentrations of Pb, Zn, and Cd
were 1505.5, 596.1, and 3.76 mg/kg, respectively. Carla
Candeias et al. (2014) investigated the As concentration
in the soil of S. Francisco de Assis village which was
influenced by the mining activities. They observed that
the As content in the rhizosphere soils exceeded 20
times than the reference value of local guideline
(11 mg/kg). Similar phenomena were also observed in
many mining areas of China. Zhou et al. (2007) studied
the soil heavy metal concentration in the vicinity of the
Dabaoshan Mine, Guangdong Province, China. They
found that the average concentrations of Cu, Zn, Cd,
and Pb in the paddy soils (near the mine area) were 561,
1140, 2.48, and 191 mg/kg, respectively, significantly
higher (p < 0.05) than those in control site. Li et al.
(2008) analyzed the heavy metals concentrations in
Jinding Pb-Zn deposit, Yunnan Province, China and
found that the of Cd were abnormally higher (69.5—
95.4 mg kg ) with an average value of 83.0 mg kg '
in the center of the mining area than those in the control
area (1.64-2.24 mg kg ).
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With 60-year exploitation history, mining activities
of the Huize Zn-Pb district (it has been proven to reserve
about 1.53 million tons of lead-zinc) in north-east of
Yunnan Province, P.R. China have played a major role
in the development of the non-ferrous industry of China
(Han et al. 2007) and generated large quantities of mine
waste without any proper treatment. Such long-time,
large-scale mining activities have led to the release of
Cd, Pb, Zn, and As in large amounts from ores into soils
and other supergene environment and may pose a great
health risk to the people who live in the surroundings.
However, the pollution of the soil by mining activities
and its health risk assessment got less attention in this
area. Therefore, it is very necessary to determine the
heavy metal pollution levels and assess potential health
risk in this area. Geographic Information System (GIS)
technology which has been extensively applied in pol-
lution studies including those of soil pollution at a
regional scale (Ha et al. 2014; Ebbinghaus et al. 1997;
Zhang 2006) was used to find the sensitive area in this
study.

The main objectives of this study were (1) to deter-
mine the concentrations and spatial distribution of Pb,
Zn, Cd, and As in the soil of Huize, (2) to evaluate the
health risk of adult and children in this area using US
EPA health risk assessment model, and (3) to interpolate
point patterns of entire study area for obtaining an aerial
perspective of the spatial distribution of the contami-
nants and health risk.

Experimental section
Study area

The study area is located at Huize (103° 03'-103° 55’ E,
25° 48'-27° 04’ N), a small town in Yunnan Province,
south-west China. The region is rich in lead and zinc
resources, and the industry of lead and zinc production
in Huize is among the top six in China. Zhehai (ZH, the
annual precipitation and main wind direction are
815.8 mm, southeast by east (ESE), respectively) and
Kuangshan (KS, the annual precipitation and main wind
direction are 839.9 mm, northeast by east (ENE), re-
spectively) were chosen as the study area. Jinzhong (JZ,
the annual precipitation and main wind direction are
791.5 mm, northeast by east (ENE), respectively) was
chosen as the control area, located at approximately
10 km southwest of Zhehai. Our previous survey
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showed that Zhehai (population over 90,000) was one of
the most seriously polluted towns in Huize and had 32
Pb-Zn-related enterprises. Kuangshan locates in the
northeast of the Huize and the population is about 20
thousands in this town. Jinzhong locates in the south-
west of the Huize and has no metal pollution-related
enterprise. Six villages governed by Zhehai town in-
cluding Maseka (MSK), Ayiken (AYK), Liushucun
(LSC), Gangtiecun (GTC), Xincun (XC), and Wulipai
(WLP) were emphasized due to the large variation of the
heavy metals concentrations in this town.

Sample collection and preparation

Soil samples were collected in March 2012. Ninety
topsoil samples (0 ~ 20 cm) and five soil profiles
(0 ~ 20 cm, 20 ~ 40 cm, 40 ~ 60 cm, 60 ~ 80 cm, and
80 ~ 100 cm, corresponding to ZH-A, ZH-B, ZH-C,
ZH-D, and JZ in figures) were collected across the study
area (Fig. 1), and the locations of sample sites were
recorded using a portable GPS. The soil sampling points
were selected on the basis of the distribution of the
pollution-related enterprise. To minimize the uncertain-
ty, five subsamples were collected to form a composite
soil, transferred to acid-washed dark-colored polyethyl-
ene bags, and then transported to the laboratory imme-
diately. Samples were also collected in Jinzhong Town
which locates at approximately 10 km southwest of
Zhehai Town and has no Pn-Zn-mine and related
enterprises.

Analyses of heavy metals in soil

After picking up the small stones and root from original
samples, the soil samples were air-dried and sieved by
passing through a <2 mm polyethylene sieve before heavy
metal analysis. All glass and Teflon wares used were
previously soaked overnight in HNO; (10 %) and rinsed
thoroughly with Milli-Q water. Each sample (0.25 g) for
Cd, Zn, and Pb analysis was placed into a pre-cleaned
Teflon tube with HNO; (69 %, 20 ml) and standing
overnight. Then the sample was put on the Graphite
digester (Perkin Elmer SPB 50-72,USA ) at 100 °C until
the liquid did not produce the brown gas with a residual
volume about 3 ml. The sample was cooled down and
then 2 ml of HCIO,, 2 ml of HF, and 5 ml of HNO; were
added and digested at 130 °C until the amount of residual
liquid was close to 1 ml. The cooled mixtures were
decanted into 100 ml colorimetric tube. The pre-

treatment method for As was based on the Soil quality-
Analysis of total mercury, arsenic, and lead contents-
Atomic fluorescence spectrometry-Part 2: Analysis of
total arsenic contents in soils (GB/T 22105.2-2008 Peo-
ple’s Republic of China National Standard) and measured
by Atomic Absorption Spectrophotometer (AAS-PF6,
Beijing Purkinje General, detection limit 0.5 mg/kg). Pb,
Zn, and Cd were measured with an inductively coupled
plasma mass spectrometry (ICP-MS DRC-e, Perkin
Elmer, detection limits are 0.2, 0.5, and 0.1 mg/kg, respec-
tively) after the mixture was filtered by 0.45 um micro-
porous membrane. For quality control, regent blank (3
blanks per 20 samples) and replicates made up 15 %,
respectively. The recoveries of standard reference material
(GBW(E)70009, GBW(E)700011, GSD-7a (obtained
from the National Research Center)) were satisfactory:
As (93 ~ 99 %), Pb (101 ~ 104 %), Cd (96 ~ 113.6 %),
and Zn (98 ~ 101 % ). In addition, To estimate the pH and
organic carbon content of soil samples, five samples were
randomly chosen and analyzed by a pH meter (Orion 3-
star benchtop pH meter, Thermo Fisher Scientific, USA)
and a TOC analyzer (multi N/C 3000, Analyticjena Co.
Germany). These samples are weakly acidic, and the pH
values range from 5.98 to 6.22. The total organic carbon
contents are in the range of 2.43-2.73 %.

Statistical analysis

An independent sample ¢ test on the concentrations in
soil was used to determine the difference between study
area and control area with SPSS version 20 software. A
p <0.05 was taken to indicate statistical significance.

Risk assessment

Residents living in mention area are potential receptors of
the heavy metal in topsoil. Exposure to metal-
contaminated soil is always via three paths including
direct inhalation of soil by mouth and nose, dermal ad-
sorption of soil adhered to exposure skin, and ingestion
(especially for children since their deliberate hand-to-
mouth movements). In fact, exposure through dermal
adsorption and ingestion always play the most important
role among the exposure pathways (Qu et al. 2012; Li
et al. 2014b). The direct inhalation exposure through
mouth and nose always can be ignored (Zheng et al.
2010) because of the lower hazard quotient. Therefore,
only the dermal adsorption and ingestion exposure were
considered in this study. The health risk of soil in the study
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Fig. 1 Sampling locations of topsoil and soil profile (created by Map-Gis 6.7 program)

area was calculated based on the human health evaluation
manual (part A) and supplemental guidance for dermal
risk assessment (part E). The chemical daily intake (CDI)
and dermal adsorption dose (DAD) were estimated to
assess the risks posed by heavy metals in soil via ingestion
and dermal contact. The equations were as follows:

C x IngR EF x ED
X X

CDljpgest = BW AT CF (1)
A x AF x AB EF x ED
DADdermaIZCXS X X S>< X
BW AT
x CF (2)

where C is the heavy metal concentration (mg/kg) in
soil; IngR is the ingestion rate (according to US EPA
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model, 200 mg day ' for children and 100 mg day ™" for
adult); EF is the exposure frequency, equaling to
350 days year ' (U.S. EPA 2002); ED is the exposure
duration (6 years for children and 24 years for adults);
BW is the average body weight (60 kg for adult and
15 kg for child (Lee et al. 1994)); AT = ED x 365 days;
CF is the conversion factor (10°° kg mg™'); SA is the
surface area of the skin that contacts the soil (5700 cm?
for adults and 2800 cm? for the children); AF is the skin-
soil adherence factor (0.2 mg cm ~ for both adult and
children); ABS is the dermal absorption factor 21 (0.03
for As, 0.001 for Cd, Zn and 0.1 for Pb) (U.S. EPA
2012).

The upper limit of the 95 % confidence interval for
the mean (95 % UCL (upper confidence limit)) was used
to represent the “reasonable maximum exposure” in
exposure assessment of this study. The 95 % UCL of
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the arithmetic mean of contents of heavy metals was
calculated using the following formula:

H
95%CI:EXP{X+O.5><SZ+SX1} (3)
—

where “X” is the arithmetic mean of the log-transformed
data; “s” represents the standards deviation of the log-
transformed data; “H” is the H-statistic (Gilbert 1987);
“n” is the number of samples. Hazard quotient (HQ)
means the non-carcinogenic risks of single contaminant.
Hazard index (HI) represents the total non-carcinogenic
risks of different pollutants through the ingestion and
dermal absorbed exposure ways. The exposure risk of
soil through ingestion and dermal contact was calculated
by the equations as follows:

CDI DAD
HQ = RfDo  RfDo x GIABS @)
HI = HQ (5)

where RfDo is the oral reference dose (mg kg ' day "),
and it is the estimated daily exposure to the human
population that is likely not to have an appreciable risk
of deleterious effects during a life time (RfDo for As,
Cd, Pb, and Zn (U.S. EPA 2012) are 3.0 x 1074, for
1.0x107,3.5x 107, and 0.3, respectively). As a result
of this, HQ < 1 means that unlikely adverse health
effects whereas HQ > 1 suggests the probability of the
adverse health effects. An HQ > 10 is considered to be
high chronic risk (Leung et al. 2008). GIABS is gastro-
intestinal absorption factor (U.S. EPA 2012) (1 for As,
Pb, Zn, 0.025 for Cd).

Results and discussion
Heavy metal concentrations in topsoil

Heavy metal concentrations in topsoil from AYK, MSK,
LSC, GTC, WLP, XC, KS, and control area JZ were
showed in Fig. 2. The Cd concentration ranged from 3.06
to 40.3 mg/kg in the study area, which exceeded the limit
of Chinese grade III guideline by 2.06 ~ 39.3 times. Cd
concentrations in AYK, MSK, and XC were higher than
those in other sites, with values of 40.3 +6.3,20.5 +5.7,
and 9.22 + 6.4 mg/kg, respectively. Actually, our survey

showed that there were 29 enterprises (related with Pb
and Zn) in Zhelai Town, three enterprises in Kuangshan
Town, and no enterprise in the Jinzhong of the study area.
About 20 enterprises were distributed in AYK and MSK,
two small villages belonging to Zhehai Town. The Cd
concentration in WLP where was furthest from enter-
prises was 3.13 + 2.5 mg/kg, which was the lowest value
in the study area. In previous studies, Navarro et al.
(2008) reported concentrations (in the Spain la, an aban-
doned Pb-Zn mine area soils) of 41 mg/kg and similar
concentrations have been got in other areas (Pruvot et al.
2006; Jung and Thornton 1996). The concentration of Cd
in JZ (the control area) was 0.67 + 0.14 mg/kg and
significantly lower (p < 0.05) than those of the studied
areas. The concentrations were close to those of the less
polluted community (Ha et al. 2014) or urban areas
(Ordoiiez et al. 2003).

Concentrations of As ranged from 10.4 to 103.7 mg/kg
in the study area. And the As concentrations in the AYK,
MSK, and KS were 103.7 + 37.3, 91.6 = 21.9, and
45.71 + 12.0 mg/kg, respectively, and exceeded the Chi-
nese grade III guideline (40 mg/kg), also higher than those
in Avile’s (N. Spain), an industrial city with a Zn
smelter located in the north (Ordoiiez et al. 2003), but
lower than the result (584 mg/kg, soil from a farmland
spilled by Pb-Zn mine in Hunan province, China) report-
ed by Liu et al. (2005). The concentration of As in the
control area was 3.15 = 0.4 mg/kg, lower than the Chi-
nese grade I (natural background was 15 mg/kg). The
concentrations of As in MSK, AYK, LSC, GTC, XC, and
KS were significantly higher (p < 0.05) than those of the
control area sites JZ. And there were not significantly
difference between the As concentrations in soils of WLP
and JZ.

Figure 2b showed the Zn and Pb concentrations in the
topsoil of AYK, MSK, LSC, GTC, WLP, XC, KS, and
control area JZ. The Pb concentration ranged from 128.7
to 3518.4 mg/kg. The concentration of Pb in AYK, MSK,
and KS were 3518.4 + 896.1, 2237.6 + 463.3, and
1430.1 + 435.1 mg/kg, respectively, and exceeded the
Chinese grade III guideline (500 mg/kg for Pb) by 5.0,
2.5, and 0.9 times. The Pb concentration in the control
area was 49.26 mg/kg, which was lower than the Chinese
grade II guideline (300 mg/kg). The concentrations of Pb
in MSK, AYK, LSC, GTC, XC, and KS were signifi-
cantly higher (p < 0.05) than those of the control area sites
JZ. Similar to arsenic, there was no significant difference
between the Pb concentration in topsoil of WLP and JZ.
The Zn concentration ranged from 604.6 to 10,413 mg/kg
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Fig. 2 Cd, As (a) and Pb, Zn (b) a b
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and exceeded the Chinese grade III guideline (500 mg/kg
for Zn) by 0.2 ~ 19.8 times. The Zn concentration in the
control area was 321.1 + 89.0 mg/kg and lower than the
Chinese grade I1I guideline. The concentrations of Zn in
MSK, AYK, LSC, XC, GTC, and KS were significantly
higher (p < 0.05) than those of the control area sites JZ.
There was no significant difference of the Zn concentra-
tion in WLP topsoil compared with control area sites
topsoil.

In general, the concentration of Cd, Pb, Zn, and As in
the study area was higher than those in the control area.
The concentration of heavy metal and As in AYK,
MSK, and KS was higher than those of other villages,
indicating that the smelt activities make main contribu-
tion to the high concentration of heavy metal in the
topsoil. This is in agreement with previous studies (Li
et al. 2015; Zhao et al. 2012).

Spatial distribution of heavy metals in topsoil

Geo-statistical Analysis Kriging was applied to interpo-
late the concentration of topsoil samples in order to gain
an aerial perspective of the spatial distribution of the
heavy metals through the software Map GIS6.7.
Figure 3 illustrated the heavy metals and As distribution.
The spatial patterns of the four metals were similar in the
study area, with higher concentrations around AYK,
MSK, and KS area. The concentrations of Cd, As, Pb,
and Zn in the topsoil decreased significantly with dis-
tances away from the AYK, MSK, and KS area. Since the
main wind direction was ESE and ENE in the ZH and
KS, respectively, the Cd, As, Pb, and Zn in the topsoil
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decreased more rapidly in the ESE (upwind direction)
and ENE in the ZH and KS than those in the downwind
direction, respectively. The previous studies also obtained
the similar distribution of metals concentrations nearby
smelter areas. Li et al. (2011) found the metal concentra-
tions in soils near a Pb/Zn smelter in east Hunan province,
China decreased with increasing distance from the smelt-
er in the dominant wind direction. Bi et al. (2006) report-
ed the heavy metals (Zn, Pb, and Cd) concentrations in
the topsoil of a zinc smelting areas in Hezhang County,
western Guizhou, China dropped more rapidly at upwind
direction than those at downwind direction. Therefore,
the observed trend of metal distribution in topsoil could
be mainly related by smelter dust emissions.

Heavy metals distribution on the soil profile

Four soil profiles (ZH-A, B, C, and D) were collected
from Zhehai town, where was seriously contaminated
with heavy metals. In addition, a control soil profile
sample was collected from Jinzhou town. These soil
samples were analyzed for metals. Figure 4 demonstrat-
ed the soil content and the distribution of the different
heavy metals vs. depth. Obviously, the As, Pb, Cd, and
Zn concentrations in soil profile samples from Jinzhou
town were very low (below the Grade II of the Chinese
Environmental standard quality for soils), indicating that
they were not contaminated by anthropogenic heavy
metals. In general, the concentration of Cd, Pb, Zn,
and As changed significantly in the 0 ~ 60 cm depth
range for profiles of ZH-A and ZH-B, changed slightly
for the whole soil profile of ZH-C, and changed
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Fig. 3 Spatial distribution maps of Cd (a), As (b), Pb (¢), and Zn (d) in top soil in the survey area (created by Map-Gis 6.7 program)

significantly in the 0 ~ 40 cm depth range for the profile
of ZH-D. The majority of Pb pollution of soil samples
from ZH-A and ZH-B was found at the upper 0 ~40 cm.
With an increase in the depth, the Pb content decreased
and reached the control area level at a depth of about
60 cm. Similarly, the Zn and Cd also showed an abrupt
decreasing trend. However, their pollution reached a
depth of more than 60 cm for Zn and 100 cm for Cd
(ZH-B). The results indicated stronger mobility of Zn
and Cd than that of Pb. Based on these results, we can
classify the mobility of these metals in the following
order: Cd > Zn » Pb. For profiles of ZH-A and ZH-B,
the concentration of arsenic dropped sharply with an

increase in the depth in the upper 0 ~ 20 cm. For other
two profiles, it decreased slightly. Obviously, the mobil-
ity of arsenic was lower than that of Zn, Pb, and Cd. In
fact, the chemical forms of Cd, Pb, Zn, and As in the soil
affected their mobility. Krysiak and Karczewska (2007)
made a sequential extraction in a mining and processing
areas and found that the arsenic in soils was relatively
strong bond, possibly to Fe and Al oxides. Therefore,
the contributions of potentially mobile arsenic were
relatively low. The mobility of metals in soil profiles
was classed as Cd > Zn » Pb > As. In contrast with
arsenic, Cd and Zn were usually associated with the
more liable fractions such as carbonate minerals since

@ Springer
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Fig. 4 Evolution of heavy metals concentrations in soil profiles (<2 mm) (Created by Origin 8 program)

the Ca had an ionic radius similar to Cd (Han and Banin
1995; Rosen and Chen 2014; Li et al. 2015). As a result,
Cd could easily substitute for Ca in calcium carbonate in
soils, leading to a high concentration of Cd in carbonate-
bond fraction. Zn ionic radius is 26 % smaller than that
of Ca but can also substitute for Ca ionic in cationic sites
in calcite (Reeder 1983). Previous studies in the mining
area soils showed that Pb was preferably associated with
the non-residual fraction (Monterroso et al. 2014; Li
et al. 2015). Therefore, Cd, Zn, and Pb can reach deeper
depth than As. In summary, the mobility of metals in soil
profiles could be classed as Cd > Zn » Pb > As. Similar
phenomena were also observed by other researchers
when they studied the mobility of heavy metals in a
Pb-Zn smelting area (Li et al. 2015; Bi et al. 2006; Lei
et al. 2010).

Risk assessment

HQs and HIs of these villages were calculated by using
the 95 % UCL measured heavy metals and As soil
concentrations and U.S. EPA reference dose. The soil
ingestion and skin adherence pathway for adult and
child scenarios at various sampling locations were pre-
sented in Table 1. Although the soil Zn concentrations
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were higher at most sampling points, the hazard quotient
for Pb was higher than that of Zn. For a child who lived
in the AYK, the HQ for Pb through ingestion and skin
adherence exposure was 16.5 (12.9 by ingestion expo-
sure risk and 3.6 by skin adherence exposure risk),
indicating that the estimated oral and skin absorption
exceeded the “safe” reference dose by 15.5 times.
Health risk due to oral intake and skin adherence of Pb
for other villages like MSK, XC, and KS was also
higher than the safe value 1, but lower than the AYK.
Except for Pb, the risk to child contributed by the
element arsenic through ingestion exposure also should
be paid more attention. The HQ of arsenic through
ingestion exposure was 4.42 in AYK and 3.90 in MSK
for children, higher than the safe value 1. The risk
through ingestion and skin adherence exposure to chil-
dren contributed by the metals Zn and Cd was minimal
(HQ < 1). For the village WLP, which was the furthest
point to the pollution related enterprises among all these
study locations, the HI for child was lower than the safe
level (=1). Among those elements, Pb contributed to the
highest HQs (57.0 ~ 73.9 %) for the HI.

In comparison to children, the potential health risk of
ingestion exposure for adult was lower. This was partly
attributed to the higher ingestion rate used (200 mg/day
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Table 1 Estimated hazard quotients and hazard index for heavy metals and As via soil ingestion and skin adherence exposure

HI-adult

HI-child

Skin adherence for child Skin adherence for adult

Ingestion for adult

Ingestion for child

As

/n

Pb

Cd

As

Pb Zn As Cd Pb Zn As Cd Pb Zn

Cd

7.41 (83.5 %)°
4.98 (79.1 %

223 (73.9 %)

0.47

0.00158

4.58
291
1.86
0.68
0.21
0.33
0.17
0.06

0.07
0.05

0.37
0.33

0.00124

3.60
2.29
1.46
0.53
0.16
0.26
0.13
0.05

0.059

0.55
0.49
0.24
0.10
0.06
0.06
0.03
0.02

0.055

1.61
1.02
0.65
0.24
0.07
0.12
0.06
0.02

0.064
0.046

4.42
3.90
1.95
0.76
0.44
0.46
0.26
0.13

0.44
0.30

12.9

0.52
0.36
0.05
0.12
0.04
0.05
0.04
0.01

AYK

15.4 (67.9 %)
8.96 (74.7 %)
3.47 (70.2 %)

0.42

0.21

0.

0.00108

0.00085

0.042
0.006

0.014

0.038

8.17
5.22
1.91
0.58
0.94
0.47
0.18

MSK
KS

2.99 (84.0 %)
1.13 (80.8 %)
0.39 (70.2 %)

0.00037

0.16  0.01

0.00029
0.00021

0.013

0.006
0.015

0.10
0.08
0.03

08

0.00027

0.02
0.01

0.06
0.04
0.04
0.02
0.01

0.010

XC

1.29 (57.0 %)
1.78 (67.3 %)
0.96 (62.9 %)

0.05
0.05

0.03

0.01

0.00012

0.00009

0.004
0.005

0.004
0.004
0.003

0.005

GTC
LSC

0.57 (78.6 %)
030 (75.1 %)

0.00013

0.01
0.01
0.00

0.00010

0.006
0.005
0.001

0.04

0.00009

0.00007

0.005

0.03

WLP
JZ

0.12 (71.1 %)

0.001 0.00004 0.00005 0.40 (57.7 %)

0.002

0.01

#Pb contribution for the HI of child
®Pb contribution for the HI of adult

for child and 100 mg/day for adult) for estimating the
risk and the smaller body size. The HQ of all measured
metals for child and adult in the control area was at safe
level (HQ < 1), and the HI was also within safe limit.
Therefore, the topsoil may pose a health risk to children
in AYK, MSK, KS, XC, GTC, and LSC mainly due to
the high soil concentration of Pb. Namely, high soil
concentration of Pb exerted great health risk to people
who live there. Ivartnik and Erzen (2010) found that
over 80 % of the total blood Pb load was soil related.
Figure 5 showed the HI aerial distribution of the
measured metals for adult and child in the study area
and control area (the HI were calculated by the concen-
trations of metals in the sampling point rather than 95 %
UCL). The majority area of the survey region of HI for
child was higher than safe value 1, especially at the
points like AYK, MSK, and KS. The HI for child was
higher than 10, indicating that this area was not suitable
for child to live. However, we found several primary
schools were in running in AYK and MSK. The HI for
adult in the survey area was lower than that of the child.
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(b) HI for Children

Fig. 5 The interpolated maps of HI for adult (a) and children (b)
(created by Map-Gis 6.7 program)
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The model used in this investigation provided a
useful tool for risk assessment in identifying the relative
human health risks of the heavy metals in soil at differ-
ent locations. However, there were inherent uncer-
tainties including actual exposure duration and ingestion
rate (Leung et al. 2008). This study only considered
exposure to heavy metals and As through soil ingestion
and skin adherence. In addition, risk due to consumption
of food and water may also make contribution to the
heavy metals absorption.

Conclusions

The concentrations, spatial distribution, profiles, and
health risk assessment of the heavy metals (Pb, Cd, Zn,
and As) in Pb/Zn mining areas soils were investigated and
assessed in the present study. The Cd, Pb, Zn, and As
concentrations in the study area and control area showed
that the smelt activities made main contribution to the high
concentration of heavy metal in the topsoil. Wind direction
has a great influence on the distribution of Cd, Pb, Zn, and
As concentration on the topsoil of the surrounding of
mining activities areas. The mobility of metals in study
area soil profiles was classed as Cd > Zn » Pb > As. There
was a higher health risk (child higher than adult) in the
study area. Lead contributed to the highest HQs for the HI
since long-term Pb exposure had an irreversible effect on
the development of the central nervous system and IQ
(especially for child). Effective measures are needed to
cure the toxic metal contamination in the study area.
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