
Occurrence, Distribution and Risk Assessment of
Heavy Metals in Agricultural Soil and Water Around
a Lead-zinc Mine in Southwest China
Yunchuan Jiang 

Sichuan Agricultural University - Chengdu Campus
Hanhan Li 

Sichuan Agricultural University - Chengdu Campus
Zhijian Li 

Sichuan Agricultural University - Chengdu Campus
Yongfu Liu 

Sichuan Agricultural University - Chengdu Campus
Zhiqiang Li 

Sichuan Agricultural University - Chengdu Campus
Jirong Shao 

Sichuan Agricultural University - Chengdu Campus
Xiaohong Zhang 

Sichuan Agricultural University - Chengdu Campus
Yuanxiang Yang 

Sichuan Agricultural University - Chengdu Campus
Zhanbiao Yang 

Sichuan Agricultural University - Chengdu Campus
Chenglong Wang 

Sichuan Agricultural University - Chengdu Campus
Xuemei Zhu  (  zhubroad@163.com )

Sichuan Agricultural University - Chengdu Campus

Research Article

Keywords: Heavy metals, Mining area, Agricultural soil, Water body, Source apportionment, Risk
assessment

Posted Date: June 14th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-497475/v1

https://doi.org/10.21203/rs.3.rs-497475/v1
mailto:zhubroad@163.com
https://doi.org/10.21203/rs.3.rs-497475/v1


License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://creativecommons.org/licenses/by/4.0/


 1 / 16 

 

 

Occurrence, distribution and risk assessment of heavy metals in agricultural soil 
and water around a lead-zinc mine in Southwest China 

Yunchuan Jiang 1  Hanhan Li 1  Zhijian Li 1  Yongfu Liu 1  Zhiqiang Li 1  Jirong 
Shao 2,4  Xiaohong Zhang 1  Yuanxiang Yang 1  Zhanbiao Yang 1  Chenglong 
Wang 1,3 **  Xuemei Zhu 1 **

 

1 College of Environment Sciences, Sichuan Agricultural University, Chengdu 611130, 
China 

2 School of Life Sciences, Sichuan Agricultural University, Yaan 625014, China 

3 Plateau Biological Resources R & D Platform of Xichen Co. Ltd., National 
Agricultural High-tech Innovation Center, Chengdu 611130, China 

4 Sichuan Hongruixichen Ecological Testing Co. Ltd., Chengdu 611130, China 

  

 

 

 

 

** Corresponding authors at: College of Environment Sciences, Sichuan Agricultural University, 
Chengdu 611130, China. 
E-mail addresses: zhubroad@163.com (X. Zhu) or chenglongwang1988@outlook.com (C. Wang) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:chenglongwang1988@outlook.com


 2 / 16 

 

Abstract 
Mining activities could induce severe heavy metal pollution in soil and surface 

water, which would consequently pose potential ecological environment risks and 
human health risks. In this research, total 82 agricultural soil samples and 34 water 
samples were collected from a special area that surrounding a lead-zinc mine. Pollution 
level, source apportionment, ecological and health risks of heavy metals were evaluated 
based on the concentrations of cadmium (Cd), chromium (Cr), copper (Cu), manganese 
(Mn), nickel (Ni), lead (Pb) and zinc (Zn). According to the results, Cd and Zn were 
obviously enriched metals in agricultural soil in the study area, meanwhile, the potential 
risks which calculated by geo-accumulation index were showed a high ecological risk 
due to high concentration of Cd found in local agricultural soil. Additionally, heavy 
metal sources analyzed by the PMF model could be classified into four categories: 
mining activity (Mn), parent material (Cr, Ni), atmospheric deposition caused by 
industrial and mining activities (Pb, Zn, Cd) and agricultural activities (Cu). Compared 
with the values specified by corresponding water quality standard, the heavy metals 
content in surface water were below these values except Cd, while the content of seven 
heavy metals in drinking water was within the safe limits. The bioavailability of Cd, Pb 
and Zn in soil were higher than other metals, and when the bioavailability of metals 
was consideration into health risk assessment, the total HI and TCR values were far 
below the accepted risk levels. Though human health risks were within the safe margin, 
the toxic hazards of heavy metals to residents and ecological should be taken into 
consideration. 

Keywords: Heavy metals; Mining area; Agricultural soil; Water body; Source 

apportionment; Risk assessment  
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1. Introduction 

As the basic industries of the national economy, mineral resources are the essential 
material foundation for social and economic development of human society (Li et al. 
2014). However, mining could lead to occupation of lands, the previous statistics have 
shown that the wasteland in China, that generated by mining activities, was growing at 
a rate of 46,700 ha per year (Zhuang et al. 2009). Meanwhile, due to the wastes like 
mining tail and beneficiation wastewater discharged from the process of ore mining and 
processing (Hu et al. 2014), high concentration of heavy metals from these wastes were 
released and diffused into the surrounding environment even though the cessation of 
mining activity (Xue et al. 2017; Yan et al. 2015), therefore, mining activities also pose 
a great harm. Heavy metals enter human body via various pathways, which can damage 
the human tissues after the concentration attains a level, causing various kind of 
diseases (e.g. cancer, dermal lesions, immune system damage and so on) even death 
(Shraim 2017; Zhuang et al. 2016). In present, due to the continuous development of 
industrial and mining, heavy metals contaminated soil and water resource have become 
a rigorous global environment issue (Koki et al. 2018; Zhou and Wang 2019).  

Heavy metals including metals and metalloids as densities greater than 5 g cm-3 

such as Pb, Zn, Cd, Hg and As (Oves et al. 2012), which could transported into plants 
and crops from soil due to non-biodegradable characteristic and its persisted for a long 
period in environment (Boularbah et al. 2006). Additionally, a wide range of sources of 
heavy metals in soil, such as industry and mining activities, transportation, as well as 
agricultural activities like wastewater irrigation and fertilizer application (Acosta et al. 
2011; Zhang et al. 2018a), among them, mining activity was one of the most significant 
sources for heavy metals accumulation in soil especially for rural areas (Sun et al. 2018). 
In the past years, studies on metals in agricultural soils adjacent mining areas have done 
in many nations, including Cyprus (Barkett and Akün 2018), Germany (Antoniadis et 
al. 2017) and China (Fei et al. 2017; Zhang et al. 2018b), they were more focused on 
the source apportionment, spatial distribution and ecological risk evaluation. 
Meanwhile, mining activities have also led to metal pollution in the surrounding surface 
or ground water environment. For example, high concentration of As and Cd in ex-
mining ponds in Klang Valley were association with ex-mining activities (Koki et al. 
2018), researches by Ebenezer Gyamfi also shown that artisanal mining activities have 
increased the content of heavy metals in streams and exceeded the drinking water 
standard due to the water in mine pits has pumped into the stream (Gyamfi et al. 2019). 

Two factors, environmental pollution and human health were considered into 
environmental health risk assessment, which quantitatively describe the risk of 
pollution harming human health (Jiang et al. 2017). In present, health risk assessment 
model developed by USEPA is the commonly used method for assessing human health 
risk, it was applied to calculating the non-carcinogenic risk and carcinogenic risk for 
humans exposed to pollutants from different environmental media such as soil, dust, 
water body and food (Koki et al. 2018; Ma et al. 2018; Wu et al. 2018a). However, it 
has been demonstrated that total concentration of metals, which used to calculate the 
human health risk, would highly overestimate the risk values associated with accidental 
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soil ingestion (Izquierdo et al. 2015), meanwhile, the model parameters from USEPA 
probably affect the accuracy of evaluation results due to regional difference (Li et al. 
2017a). Therefore, in this research, the bioavailability of soil heavy metals and some 
exposure parameters of local residents were used to evaluate human health risks in 
study area. 

The objectives of this study were: (i) to determine and analysis the concentration 
of heavy metals (Cd, Cr, Cu, Mn, Ni, Pb and Zn) in soil and water body, (ii) to 
investigate the possible sources of metals in soil, and (iii) to evaluate potential 
ecological and health risks surrounding the Pb-Zn mine. 

2. Materials and methods 

2.1. Study area 

The study area is located at Sichuan province, Southwest China (Fig. 1), which 
has a subtropical monsoon humid climate with topography mountain and deep valley. 
The closed terrain and special climate are formed a dry and hot valley, causing the thin 
soil and scarce plants with more bare rock, as well as 17.9 degrees of average annual 
temperature and 741.8 mm of annual rainfall. In study area, the fluctuates of elevation 
in is large, the drop between the highest and the lowest elevation was 2000m. There are 
several small Pb-Zn mines which have been in operation at least 10 years. In addition, 
some processing industrial and mining enterprises are near the mining area, which 
mainly produces zinc baking sand, sulfuric acid, refined zinc and other products. 
According to our field survey, the intermediate region of valley is a long stream, the 
factories and mines are located on both sides of the riparian. Due to the topography, 
special climate and the construction of the industrial and mining sites, no paddy field is 
planted in the study area, and the land-use type is dominated by garden plots. Villages 
are mainly located on the mountains of the valley, all soil, drinking and tributary water 
samples were collected in these villages. 
2.2. Sample collection 

Soil samples: along the river in the study area, agricultural soil samples within 5 
km around the Pb-Zn mine in the middle reaches of the basin areas were collected. 
Based on the sizes of agricultural areas, 82 soil samples from 24 sampling sites were 
collected, using a stainless-steel shovel to avoid contamination, each site contains 1-9 
soil samples. In each sample, at least four subsamples were collected randomly, mixed 
to obtain bulk representative samples (Qu et al. 2013), sample positions were recorded 
by Geographic Position System (GPS). The collected surface soil samples (0-10cm in 
depth) were preserved in clean sampling bags, then taken to the laboratory and air dried. 
When this process was finished, removing the stones, dry branches, fallen leaves and 
other sundries in soils, all the samples were passed through 2mm polyethylene sieve 
(Luo et al. 2012). A portion of each soil sample for pH determination, then grinding the 
remaining soil again, and sieved through 0.15mm for heavy metal and organic matter 
analysis. 

Water samples: water samples were collected from top to bottom along the stream. 
A control point was set up at the source of the stream, and other sampling points were 
set up at every 300-400 meters downstream of the industrial and mining areas and the 
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confluence of stream and lake. In the villages, 2-3 sampling points were set for each 
tributary that flows into the stream, local drinking water came from the same source, so 
a drinking water sampling point was set at every 2-3 villages. A total of 34 samples 
were analyzed, including 13 stream water samples, 11 tributary water samples and 10 
drinking water samples. The pH and dissolved oxygen (DO) of water were measured 
on site, then placed water samples into a polyethylene bottle, acidified with HNO3 to 
pH < 2 and stored at 4°C. 
2.3. Chemical analysis 

Soil pH was analyzed in 2.5:1 water/soil suspension with pH meter (PHS-3C, 
Shanghai INESA Scientific Instrument Co., Shanghai, China). Soil organic matter 
(SOM) was tested by the potassium dichromate volumetric method. The soil heavy 
metals were disposed with tetra-acid digestion (about 0.2000g soil sample, and 10 ml 
HCl, 5ml HNO3, 5ml HF, 3ml HClO4) by electric hot plate (Song et al. 2018). Water 
heavy metals were digested using mixed acids HNO3 and HClO4 (Hu et al. 2014). The 
digestion solutions concentration of seven metals were determined by inductively 
coupled plasma-atomic emission spectroscopy (ICP-AES, IRIS Intrepid II XSP). The 
standard solution for drawing the standard curve comes from the national standard 
sample (GSB 04-1742-2004; Nonferrous Metals and Electronic Materials Analysis and 
Testing Center, China). 

The in vitro digestion test of soil heavy metal was performed according to the 
methods described by Cheng et al. (2013) and Li et al. (2017a), it extracted the oral 
heavy metal bioavailability, that was the soluble in the gastrointestinal environment 
available for absorption. it provides a better measurement of its potential impacts on 
human health when the oral bioavailability applied to human health risk assessment 
(Turner 2011). 
2.4. QA/QC 

To reduce experimental error, the container that used in the experiment should be 
soaked one night (about 6 hours) in a 20% HNO3 solution, and rinsed with ultrapure 
water. All the reagents and chemicals used for digestion were guaranteed reagent, every 
sample was repeated at least three times (the deviation between parallel samples was 
less than 10%). The dilution of the solution and the configuration of the standard curve 
were carried out with ultra-pure water. Every batch soil samples must have reagent 
blanks and standard reference (GBW07428; Center for Certified Reference Materials, 
China) to guarantee the accuracy of the results, and the recoveries of each heavy metal 
were within the range from 85% - 115%. 
2.5. Risk assessment 
2.5.1. Geo-accumulation index (Igeo) 

The geo-accumulation index assesses the degree of soil which contaminated by 
external sources under the background value (BV) conditions (Doabi et al. 2018). The 
equation of Igeo was as follows:  

Igeo=log2
Ci

1.5Bi
                                                                                                              (1) 

where the Ci was the measured soil metals concentration and Bi was the soil background 
value in study area. The values of Igeo were divided into seven grades according to 
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pervious study (Doabi et al. 2018; Wang et al. 2017).  

2.5.2. Health risk assessment  

In this research, Human Health Risk Assessment Guide and Exposure Factors 
Handbook from US Environmental Protection Agency (USEPA 1989) was used to 
assess the health risk of study area residents. According to previous study and Exposed 
Factors Handbook (USEPA 2011), humans exposure to water and agricultural soil 
heavy metals by three mainly ways: (1) direct ingestion of soil and water, (2) inhalation 
of soil particles, (3) soil and water through dermal absorption, and the heavy metal 
average daily intake ADD which received through the three pathways were expressed 
by Eqs.(2)-(5) (USEPA 2011) 

ADDing=
C×IR×EF×ED

BW×AT ×ABSGI×10-6                                                                           (2) 

ADDinh=
C×IRi×EF×ED
BW×AT×PEF                                                                                                             (3)

ADDdermal-S=
C×AF×SAS×ABS×EF×ED

BW×AT ×10-6                                                                     (4)

ADDdermal-W=
C×Kp×t×Ev×SAW×EF×ED

BW×AT ×10-6                                                                   (5)

The non-carcinogen risks were calculated by hazard quotient (HQ), which was 
expressed by divided ADD by the corresponding reference dose (RfD) for different 
metals. RfD is an estimate of the maximum allowable risk of daily exposure during a 
person's lifetime (Li et al. 2017b). The carcinogen risks (CR) were derived from ADD 
multiplied by heavy metals carcinogenic slope factor (SF), CR appraised by calculating 
the probability of a person who developing cancer during a whole life on account of 
exposure to the potential carcinogen (Xu et al. 2016). The HI and TCR were the sum of 
HQ and CR, respectively, these parameters values were calculated by Eqs.(6) - (9). 
When the HQ or HI >1, that means there is a high chance of non-carcinogenic effects 
in the local population. For CR and TCR, if CR(TCR)< 10-6, the cancer risk in this area 
is very slight and can be ignore, however, there is considered unacceptable harmful to 
local people when RC(TRC)>10-4, the value of RC(TRC) within a range from 10-6 to 
10-4 indicates a tolerable risk (USEPA 2011). The description as well as values of factors 
were list in Table 1. 
HQi=ADDi/RfD                                                      (6) 
HI=∑HQi                                                          (7) 
CRi=ADDi×SF                                                      (8) 
TCR=∑CRi                                                         (9) 
2.6. PMF model 

PMF receptor model was extensively applied in source apportionment of 
pollutants, which has outstanding features superior to principal component analysis 
(PCA) such as no non-negativity constraints and using uncertainty to analyze each 
concentration data individually (Liang et al. 2017). The PMF model has been 
authenticated excellent performance by previous researcher (Jiang et al. 2017), in this 
research, it was used to ensure the primary sources and its contribution rates of 
agricultural soil in study region.  
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2.7. Statistical analysis 

Standard statistical analyses were performed using EXCEL. Pearson correlation 
analysis was conducted by SPSS, along with PMF 5.0 model were analyzed the sources 
of soil heavy metals. The spatial distribution of heavy metals of water were generated 
by ArcGIS. All data analysis diagrams were drawn by Origin.  

3. Results and discussion 

3.1. Soil characteristics 

Physic-chemical parameters and heavy metals concentrations of agricultural soil 
were revealed in Table 2. In study area, about 35.4% of soils showed weakly alkaline, 
that possibly because the alkaline parent material, additionally, 25.6% of sample points 
was faintly acidity, the lower in soil pH mainly caused by fertilization (Ding et al., 
2016). Previous research has showed that the processes related to nitrogen cycling 
released plenty of hydrogen ion (H+), therefore, heavy application of inorganic fertilizer 
especially N fertilizer will generate soil acidification, which has demonstrated by Guo 
et al. (2010). According to field survey, more inorganic fertilizer would be applied into 
agricultural soil every year to ensure yield, that is the reason for lower pH values in 
study area. SOM is a physic-chemical indicator which related to soil total organic 
carbon, it is a vital component of the soil and a good marker of soil quality and fertility 
(Tang et al. 2018). In study area, the values of SOM were within a wide range 14.88 g 
kg-1 to 107.77g kg-1 with average value of 43.86 g kg-1. SOM derives from countless 
sources like composted farmyard manure and litter decomposition (Sradnick et al. 
2013). During the sampling time, agricultural soils with rich organic matter in study 
area were caused by the entering of ripe or rotten fruits, fallen leaves straw turnover 
and organic manures. 

In 81 soil samples, the average concentrations of metals were 6.21 mg kg-1 for Cd, 
129.84 mg kg-1 for Cr, 47.66 mg kg-1 for Cu, 965.48 mg kg-1 for Mn, 23.37 mg kg-1 for 
Ni, 74.55 mg kg-1 for Pb and 555.96 mg kg-1 for Zn. Among this metals, Zn and Mn 
have the highest concentrations, while Cd with the lowest. Except Ni, the average 
concentrations of other heavy metals were much greater than the China and Sichuan 
province soil BVs (CNEMC 1990). Seriously, the mean content of Cd was about 60 
times higher than that of China BV in soil, indicating a strong Cd contamination of soil 
in this area. Meanwhile, in compared with Soil Environmental Quality Risk values of 
China, 98.8% of Cd, 3.7% of Cr, 12.2% of Cu, 12.2% of Pb and 84.1% of Zn were 
exceeded the screening value, and 67.0% of Cd were exceeded the intervention value, 
moreover, the average concentrations of Cd and Zn have partially higher than the 
specified value of Finland soil criteria and Dutch soil criteria (Table 2). By comparison, 
the mining and industrial activities relatively frequent areas reported by Wu et al. 
(2018b), Liu et al. (2020) and our study, were far higher concentration of metals in soil 
than normal farmlands studied by Zhang et al. (2018c), the results in these researches 
showed that the majority of higher metal contents in soils were stemmed from mining 
and industrial areas. 

Igeo was calculated and applied to appraise soil contamination level. The average 
Igeo values of Cd, Cr, Cu, Mn, Ni, Pb and Zn were 3.43, 0.14, -0.05, -0.05, -1.12, 0.66, 
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and 2.15, respectively, ranging from “unpolluted” to “extremely polluted” (Fig. 2), with 
order of Cd > Zn > Pb > Cr > Cu = Mn > Ni. Except Cd and Zn, the Igeo values of other 
metals were below the levels of moderately polluted, however, about 17% of Zn and 
67% of Cd of Igeo values were exceeded 3.0, showing a heavily pollution level. The 
ecological risks in study area mainly attributed by the high concentration of Cd. Cd, as 
the important component in Pb-Zn ore, will be emitted from the surrounding 
environment as a by-product during ore smelting process. Meanwhile, according to 
previous research, Cd has a strongly association with industrial activities (Zhou and 
Wang 2019), while the survey region is located in the industrial parks concentrated. A 
wide range of source pathways of Cd can lead to a massive accumulation in soils, and 
eventually result in a high ecological risk. 
3.2. Source apportionment of heavy metals 

The results of soil characteristic parameters relationships and their correlation with 
elevation were shown in Fig. 3. pH has negatively significant related to Cr (r2=-0.522, 
P<0.01) and Ni (r2=-0.616, P<0.01), low pH may decrease adsorption of metals by soil 
negative surfaces and make metals easier used by biological (Zhang et al. 2018c). As a 
whole, the soil in study area was weakly alkaline, which can help weaken the leaching 
effects and plant extraction functions, so as to reduce the harm of heavy metals. 
Meanwhile, Cd, Cu, Pb and Zn were positively significant correlated with SOM 
(P<0.01), SOM could influence these heavy metals binding or chemical fractions via 
strong adsorption, ion exchange and chelate effect of humus (Hu et al. 2018a). In 
addition, a significant correlation among Cd-Pb-Zn, Cr-Ni-Cu and Cu-Mn was 
performed, indicating a similar source or pollution pathway for these pairs of heavy 
metals (Xia et al. 2018). Moreover, there was significant correlation between ASL and 
most heavy metals, manifesting that topographic factors also affected the distribution 
and migration of metals in agricultural soil.  

To understand the effects of industrial and mining activities on agricultural soil 
heavy metals, centered on the Pb-Zn mine in the middle reaches of stream, exploring 
the relationships between distance from sampling point to center point and metal 
concentration. The distribution of Pb, Zn and Cd were certain similarity, high 
concentration of these metals were discovered in the downstream 4 km, 1 km and 
upstream 1-2 km (Fig. 4), which mainly located near the dense areas of industry and 
mining. Meanwhile, the high concentrations of Cr and Ni were concentrated on the 
downstream of study area, and the two heavy metal concentrations gradually decreases 
with the increasing ASL. The distribution of Mn and Cu were different from other heavy 
metals, concentrations of Cu in soil from downstream were obviously higher than that 
from upstream, while Mn was relatively uniform distributed in upstream of study area. 
Additionally, the distribution trend of Cr, Cu, Mn and Ni was no apparent related with 
the location of Pb-Zn mining areas and metallurgical plants, which preliminarily 
determined that they possibly derived from other sources like parent material.  

Pearson correlation could preliminary explain the homologous of correlated 
metals, the PMF model was used for the further sources analysis and its contribution 
rate of heavy metals (Liang et al. 2017). The soil heavy metal concentration data and 
uncertainty data were input into the model, the value of Q (Robust) was stable when 
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the number of factors was set as 4, in this condition, the model fitting R2 were exceeded 
0.9 except Cd (R2=0.674) and Pb (R2=0.663), showing that the result of model was 
reliable. The results of PMF model were shown in Fig. 5. 

The first factor represented 15.1% of the total variance, accompany with strong 
loadings by Mn. Studies have shown that Mn in soils main came from soil parent 
material (Liang et al. 2017), on the other hand, Mn is generally used as a reference 
element (Wu et al. 2018b), which occurred surrounding the mining area along with high 
concentration (Antoniadis et al. 2017), suggesting that these high concentration of Mn 
in study area was likely from local closed Mn ore. Particularly, the mean value of Mn 
was far higher than the BV of Sichuan. Therefore, factor 1 was ascribed mining activity 
(Mn ore).   

The second factor accounted for 27.63% of the total variance and with strong 
loadings by Cr and Ni, which could be deemed to natural source. According to previous 
research, the accumulation Cr and Ni were mostly associated and existed in all kinds of 
rocks (Kumar and Maiti 2015), besides, compared with other heavy metals, the CVs of 
Cr and Ni (0.29 and 0.39) were belong to the category of low spatial variability (Liang 
et al. 2017). Meanwhile, the average value and median value of Cr and Ni was similar, 
respectively, indicating an evenly distributed of Cr and Ni concentrations in the study 
area. Previous studies have also shown that non-point source contamination of heavy 
metals was more evenly distributed, hence, parent material was dominated the source 
of Cr and Ni in study area (Li et al. 2018; Sun et al. 2013). 

The third factor was mostly loaded by Cd, Pb and Zn, which contributed the 
highest (34.07%) of the total variance. Pb and Zn is the major product of Pb-Zn ore, so 
this factor was attributed to anthropogenic source mainly related to Pb-Zn mining and 
industry activities. Cd as a naturally occurring non-essential element (Kumar and Maiti 
2015), which could cause serious toxicity to the human body, for instance kidney 
damage, acute intoxication, carcinogenetic and so on (Zhuang et al. 2016). There was 
a certain content of Cd in Pb-Zn ores, and it was also an important raw material for 
industrial processes (Zhou and Wang 2019). In addition, the windblown fine granule 
material that from mining, plant operation, metal smelting and traffic fumes release, 
such as Pb aerosols and metal-contained dust, were the largely sources of atmospheric 
heavy metals (Huang et al. 2007). Due to wind direction and closed terrain, these 
atmospheric pollutants tend to accumulated in downwind soil through atmospheric 
subsidence (Pan et al. 2016). According to the Fig. 4, the high concentration area 
located in the downwind direction of mining areas and smelters, therefore, factor three 
could be attributed to atmospheric deposition. 

The fourth factor was most loaded by Cu, accounting for 21.14% of the total 
variance. Agricultural activity was also a vital cause for the heavy metal accumulation 
in agricultural soil (Hu et al. 2018b), according to field survey, the application 
agricultural production materials for garden plot were far higher than plowland, while 
the high concentrations of Cu were concentrated in garden plot downstream of study 
area, so factor four could be reduce to agricultural activities. Commercial feeds are 
often contained with this trace element, while it is rarely absorbed by animals, that will 
cause high levels of Cu in animal manures (Wang et al. 2013). Previous data revealed 
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that the poultry excrement pollution in agricultural was serious, the discharge of 
livestock manure will up to 2.52×109t and eventually the polluted farmland will reach 
3.83 t-1.hm-2 (Zhang et al. 2018d). Besides, the results of correlation analysis shown 
that Mn and Cu was significant correlation, which mainly because of the same source 
of Mn and Cu in some cases, excessive application of fungicides or pesticides may 
result accumulation of metal elements such as Mn and Cu in topsoil (Qu et al. 2013). 
Garden plot will applicate pesticides with 3-5 times a year to prevent pests in study area, 
which causes high values of Mn and Cu in some areas.  

3.3. Heavy metals in water body 

The concentration of heavy metals in stream water, tributary water and well water 
were listed in Table 3. The pH and DO in water were ranged from 7.4 - 8.6 and 3.0 - 
8.0 with the averages that meet the surface water quality standard. In stream and 
tributary water samples, the concentrations of heavy metals were far below surface 
water threshold limit value (TLV) except Cd. The mean of Cd in stream water was 
9.80E-03 mg/L, exceeding about twice of surface water TLV (5.00E-03 mg/L), and the 
concentration of Cd in tributary water ranged from 1.00E-04 to 1.41E-02 mg/L with 
36.4% samples exceeded the surface water TLV (Table 3). In addition, compared to the 
guideline values of China and WHO for drinking water, the concentrations of heavy 
metals for well water were below the TLV. Moreover, the concentrations of Cd in stream 
and tributary water were significantly greater than that in well water, while Cu 
performed obviously opposite (P<0.01). High content of Cd in stream water mainly 
attributed to regional industrial and mining activities (Koki et al. 2018), the process of 
industrial and mine pits wastewater emissions, as well as the mining minerals came into 
contact with oxygen and water, could be cause high concentration of metals move into 
water body (Gyamfi et al. 2019; Omwene et al. 2018), while the source of well water 
is located in a mountain with high altitude, which has a less affected by industrial and 
mining activities in low altitude areas. Meanwhile, the reason for higher concentration 
of Cu in well water might be due to the corrosion of internal copper water pipes (WHO 
2011). Heavy metals concentration in surface water in study area was similar to a Pb-
Zn mine in Huayuan (Du et al. 2019), but lower than that from sphalerite mine in North 
China (Lu et al. 2019). 

The spatial distribution of seven metals for stream water were shown in Fig. 6. 
Taken the source region of water as the reference point, the mean concentration values 
of Cr, Ni and Pb in stream water were closed to the reference point ones, indicating 
these three metals probably related to nature source. Cd and Zn have the similar spatial 
distribution, which high concentrations located in the downstream or nearby of the 
industrial and mining areas in connection with pollutants released from operations of 
factories and mines. Simultaneously, the position of high concentration of Mn for 
stream water and soil was identical, which mainly discharge from ore weathering during 
mineral mining, while Cu probably originated from agricultural activities for the 
average of Cu content from village tributary was higher than that from stream (Table 
3). During the rainfall, the soil particles carried into the stream by surface runoff (Wang 
et al. 2018), these particles flow with stream and eventually deposited in the flat 
downstream because of the terrain in study area (Lu et al. 2019). When the water 
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environmental conditions change, heavy metals could be dissolved into water from 
deposited particles again (Han et al. 2017), causing a higher concentration in 
downstream (Fig .6). Generally, measures should be focused on heavy metal pollution 
in surface water to ensure the safety of water environment system in study area.     

3.4. Human health risk assessment 
The average oral bioavailability of in vitro simulation was decreased by the order 

of Cd > Zn > Pb > Mn > Ni > Cu > Cr (Table 1). In this research, bioavailability of Cd, 
Pb and Zn was apparently higher compared to other metals. The bioavailability of 
different heavy metals varies greatly, that probably because they are affected by many 
important factors like the origin of metals, their geochemical behavior and so on (Hiller 
et al. 2017). Meanwhile, previous studies have shown that bioavailability metals were 
likely associated with pollution degree, and anthropogenic sources of metals generally 
with higher bioavailability (Liu et al. 2018), that proved the accumulation of Cd, Pb 
and Zn in soil was more related to metals imported by anthropogenic activities.  

In present study, the evaluation results of non-carcinogenic and carcinogenic risks 
for local adults and children were shown in Fig. 7. The heavy metal concentration, 
which used to calculate the ADD, is the upper limit of 95% confidence interval for the 
average soil or water concentration (USEPA 1989). Health risks through water ingestion 
and directly contact were calculated only by metal concentrations of well water due to 
the residents mainly contact well water. According to the result, the HI of all heavy 
metals, as well as total HI values (0.12 for adults and 0.36 for children), were far below 
than 1, that suggests the residents exposed to the local soil and well water environment 
with no or slight non-carcinogenic health risk. Same as the result above, the exposure 
cancer risks for local people were also within acceptable levels. TCR caused by Cd, Cr 
and Ni in soil were 1.15E-06, 1.26E-05 and 5.00E-06 for adults, 1.62E-06, 9.27E-06 
and 5.66E-06 for children, followed the decreased order of Cr > Ni > Cd. 

As is shown in Fig. 7, for both adults and children, Mn, Cd, Cr and Pb were the 
main heavy metals for non-carcinogenic risk, and Cr and Ni were contributed most to 
the carcinogenic risk, which accounted for more than 90% of the combined values of 
HI and TCR. Mn is a benefit element to the human body (Shraim 2017), the greater 
non-carcinogenic risk of Mn mainly due to its high concentration, while the HI value 
for Mn has far less than 1, so the risks caused by Mn could be ignored. Cr as a 
carcinogenic element for humans, its hexavalent oxidation state Cr(VI) was considered 
to be the most potentially threat compounds (Nickens et al. 2010), Cd was regarded as 
a cumulative toxic heavy metal (Zheng et al. 2010), while exposed to Pb environment 
could cause great harm to the human body especially for children, such as damaging 
the kidneys and reducing memory (Shraim 2017), inhabitants were more exposed to Cd, 
Cr and Pb in study area because of the low RfD value of the three metals (Li et al. 2014). 
Though the health risks of Cd, Cr and Pb were within the safe margin, its toxic hazards 
to humans should be taken into consideration. Moreover, direct ingestion and dermal 
contact were the main pathways for residents exposed to soil and water heavy metals, 
the health risks from inhalation could be negligible (Fig. 7). Meanwhile, the health risks 
of children were significantly higher than of adults, indicating that children were more 
affected by environmental pollutants, this result mainly due to the special activity and 
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lower body weight for children (Glorennec et al. 2016). Human health risk results are 
accordance with previous studies (Koki et al. 2018; Wu et al. 2018a; Xu et al. 2016).  

4. Conclusion 

The contamination situation of agricultural soil and water body heavy metals in a 
Pb-Zn mining area was analyzed. In this research, there were varying degrees of heavy 
metals contamination in the study area, of which the most polluted metal was Cd 
whether in soil or in surface water, and the high concentration of Cd in soil results a 
strong potential ecological risk. Source apportionment revealed that soil heavy metals 
were originated from natural and anthropogenic sources, while the latter dominate in 
the soil metals contamination. However, the high concentration of Cd, Mn and Zn have 
no significant correlation with agricultural activity in study area, indicating the main 
reason for the accumulation of metals in soil was industrial and mining activities. The 
concentrations of heavy metals in stream and tributary water were greater than that in 
well water due to the wastewater emission from industrial and mining activities, and 
heavy metals in well water were far below the guideline values of drinking water. 
Human health risks which calculated by soil and well water metals concentration was 
within safe levels, manifesting no or little potential health risks for local inhabitants. In 
conclusion, there is a certain degree of Cd contamination in study area, so it is necessary 
to control the waste generated from industrial and mining activities. 
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Figures

Figure 1

The location of soil sampling sites in study area



Figure 2

The result of ecological risks assessment: percentage (%) of each class in the Geo-accumulation index of
heavy metals



Figure 3

The correlation of heavy metals, pH, OM and ASL and their correlation with each other, * and ** means
that a signi�cant correlation between the two at the level of P<0.05 and P<0.01(2-tailed), ASL means the
altitude in study area



Figure 4

Relationships between distance from sampling point to center point and metal concentration



Figure 5

(a) Four sources contribution, (b) factor pro�le and (c) the contribution rate (%) of each factor to a single
heavy metal via seven heavy metals in soil analyzed by PMF model, -: the contribution rate was lower
than 0.05%



Figure 6

Spatial distribution of heavy metals for stream water, ug/L

Figure 7



Accumulated health risks of human exposed to different heavy metals in soil and water, while (a) and (b)
represented the contribution rates of each pathway to the non-carcinogenic risk and carcinogenic risk,
respectively. The su�x letters W, S, A and C stand for water, soil, adults and children, respectively.


