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 11 

Abstract: 12 

The pollution from large-scale manganese mining and associated industries in Xiangtan (south Central 13 

China), has created a significant burden on the local environment. The proximity of mining, and other 14 

industrial activity to the local population is of concern and impact of past industrial on the food chain was 15 

evaluated by the assessment of common food groups (rice, soybean, sweet potato), and the associated soil 16 

and water in the region. We focused on specific potentially toxic elements (PTEs): Mn, Pb, Cd, Cr, Cu, and 17 

Zn associated with industrial activity. Identifying the distribution of pollution, the potential significance of 18 

total health Index(THI) for local people and its spatial distribution. The study area showed severe 19 

contamination for Mn, followed by Cd and Pb, while other PTEs showed relatively light levels of pollution. 20 

When analyzing the impact on crops exceeding the tolerance limit, the dominant PTEs were Mn, Cd and 21 

Pb, with lower significance for Zn, Cu and Cr. The average THI value for adults is 4.63, while for children, 22 

is 5.17, greatly exceeding the recommended limit (HQ>1), confirming a significant health risk. In the spatial 23 

distribution of the THI the region shows strong association with the transport and industrial processing 24 

infrastructure. Long term management needs to consider remediation aligned to specific industrial 25 

operations and enhance contamination control measures of on-going activity. 26 

Keyword：Manganese mining area; potentially toxic elements; health risk assessment; spatial 27 

distribution; total health risk 28 



1.Introduction 29 

With the acceleration of the process of urbanization and industrialization and the rapid development 30 

of social economy, pollution by potentially toxic elements (PTEs) is an ongoing environmental hazard due 31 

to their persistence, toxicity and bioaccumulation potential (Xu et al. 2016; Liu et al. 2017; Chen et al. 32 

2018). Whilst many of these elements are essential for life in trace concentrations, they can enter the food 33 

chain through accumulation in crops or from exposure to associated soil and dust (Azhari et al. 2017; Chen 34 

et al. 2019). The effects from exposure to excessively high concentrations may lead to mental illnesses e.g. 35 

Mn, and in more extreme situations cause of Parkinson's disease (Li et al. 2018) with the bioaccumulation 36 

of unwanted, hazardoous elements indicated by obvious biomarkers e.g. blood lead (Pareja-Carrera et al. 37 

2014). Excessive intake of copper under industrial exposure can cause damage to the liver and central 38 

nervous system, and more serious can lead to depression and lung cancer (Sani et al. 2017). 39 

The environmental impact of metal mining and processing is derived from the uncontrolled release of 40 

materials during processing, with large amount of tailings slag and smelting wastewater will lead to impact 41 

on the surrounding soil and water, which will eventually enter the human body and have a range of adverse 42 

effects (Jiang et al. 2018; Sun et al. 2018; Ren et al. 2015). The intensification of industrial activity and 43 

scale of exploitation has led to many mining areas and industrial regions being contaminated to such an 44 

extent that risk to human health is of concern (Braennvall et al. 2016; Liu et al. 2010). This is particularly 45 

true in rapidly developing economies where drive for mineral exploitation often out strips implementation 46 

of robust exposure/release control measures (Entwistle et al. 2019). Although the health risks of many 47 

elements have been extensively studied (Liu et al. 2017; Cai et al. 2015; Chen et al. 2015; Ren et al. 2016), 48 

very little research is directed to the element manganese, and where it exists, is often on a limited exposure 49 

pathway (Huang et al. 2008; Mehmood et al. 2019). We used the opportunity from a regional manganese 50 

mining activity to consider human health risks with exposure mediated by three major dietary crops (rice, 51 

soybean, sweet potato), associated soil and drinking water. This is extended to add a spatial assessment to 52 

derive the potential total health risk (THI) using a sequence of bioaccumulation, pollution load and 53 

individual risk indices (Chen et al. 2018; Huang et al. 2008; Lian et al. 2019; Wu et al. 2018). 54 

Potential health risks from PTEs can be assessed by non-cancer risk assessment methods. We can use 55 

Hazard Quotient (HQ), Hazard Index (HI), and THI to assess non-cancer risk (Chen et al. 2018; Huang et 56 

al. 2008). These methods are often used to review the significance of pollution loading, and provide a useful 57 

method to scale and prioritize potential health risk (Zheng et al. 2007; Jiang et al. 2019). Below that the 58 

bio-concentration factor (BCF) is used to estimate the ability of elements to accumulation from soil to crops 59 

and highlight most significant components of local food basket and the single pollution index (Pi) can be 60 

used to indicate the extent of soil contamination for each metal. Given the operational activity at the mining 61 

site varied in intensity and specific process, the use of Kriging interpolation provides very important spatial 62 



feedback. The visual distribution of both primary inputs and derived health risk provides an opportunity to 63 

more intuitively analyze the data obtained. The feedback from assessment around Xiangtan Manganese 64 

Mine, also provides guidance for local government on the implementation of environmental protection 65 

programs and serve as a template for risk assessment of other mining areas in China. 66 

The main purposes of this study are: (1) Measure the concentration of heavy metals in crops (rice, 67 

soybean, sweet potato), soil and drinking water around the Xiangtan manganese mining area. (2) Calculate 68 

the HQ of each PTE, the HI and the THI value of the local people through the above five pathways. (3) 69 

Estimate the HQ, HI, and THI values of the entire study area, and analyze their spatial distribution by 70 

Kriging interpolation.  71 

2. Materials and methods 72 

2.1 Research area 73 

The study area is located in a manganese mining area in Xiangtan City in the east-central Hunan 74 

Province in south-central China (between 28°0′0″N-28°5′0″N, and 112°48′30″E-112°55′0″E). Exploitation 75 

of Mn hosted in carbonate rocks and wider environmental impact has been described previously (Jiang et 76 

al. 2018). The area under investigation is approximately 53.50km2. The study area has a subtropical 77 

monsoon climate, and the climate is characterized by: mild climate and abundant precipitation, 78 

simultaneous rain and heat, and four distinct seasons (Fang et al. 2006). A short spring (March to April) and 79 

autumn (October to November) with longer summer (May to September) and winter (December to February) 80 

periods. 81 

The annual average temperature in the study area is 17.2 °C, and the annual average rainfall is about 82 

1300 mm, with the rainfall is mainly concentrated in the summer. The prevailing winds are mostly southerly 83 

in summer and the northwest winds in winter. Some heavy industrial enterprises in addition to direct mining, 84 

include smelting and chemical manufacturing industry have eveloved in the area as part of the industrial 85 

expansion of Xiangtan City, causing pollution of the surrounding environment (Jiang et al. 2018; Zhang et 86 

al. 2004).  87 

2.2 Sample collection 88 

We systematically selected the soil and the edible parts of rice, soybeans and sweet potatoes in field 89 

from the study area, close to harvest time. A total of 45 sample points were selected at locations where crops 90 

could be sampled (15 rice samples, 15 soybean samples, 15 sweet potato samples). A total of 55 soil samples 91 

were collected from surface (0-20cm), with a 1000g bulk sample composited from 5 sub samples separated 92 

by 5m spacing in each field. A total of 15 rice soil samples, 15 soybean soils sample, 15 sweet potato soil 93 

samples, 10 non-agricultural soil samples were collected as shown in Figure 1. 94 



 95 

 96 

Figure 1: Simplified map of study area and sampling points 97 

 98 

Samples were shipped to the laboratory immediately after collection. Crop samples were washed with 99 

deionized water before oven drying (65°C) to constant weight and then ground to pass through a 250 μm 100 

sieve. The soil samples were naturally air dried on the bench and stone and plant roots were removed before 101 

passing through a 0.9 mm nylon screen. All samples were stored polyethylene bags for further analysis(Li 102 

et al. 2012).  103 

Water samples were from common drinking water points taken from a series of 10 locations  104 

randomly selected across the study area. A series of 1L of drinking water was collected after running taps 105 

for 30 minutes to flush pipe work, into acid washed polyethylene plastic bottles and stored at 4°C until 106 

analyzed. 107 

2.3 Sample analysis 108 

2.3.1 Soil sample analysis 109 

Aliquots of soil (0.5g) were digested with 15mL of concentrated HNO3-HF-HClO4 in a Teflon beaker 110 

at 85°C until a clear solution was obtained (Lian et al. 2019). Samples were filtered and diluted to 50 ml 111 

with water (de-ionized) for analysis. The concentration of Mn, Pb, Cd, Cr, Cu and Zn in each solution was 112 

determined by inductively coupled plasma mass spectrometry (ICP-MS, PerkineElmer SCIEX, Elan 9000).  113 



2.3.2 Crop sample analysis 114 

A series of 1.0g sample aliquots were placed in a Teflon beaker and digested with 15mL of 115 

concentrated HNO3+H2SO4+HClO4 (HNO3：H2SO4：HClO4=5:1:1) and the sample at 80°C until a clear 116 

solution is obtained (Mehmood et al. 2019), filtered and diluted to 50 mL with deionized water. The 117 

concentration of Mn, Pb, Cd, Cr, Cu and Zn in each solution was determined by inductively coupled 118 

plasma mass spectrometry (ICP-MS, PerkineElmer SCIEX, Elan 9000).  119 

2.3.3 Drinking water sample analysis 120 

All filtered and acidified water samples were analyzed for target PTEs (Mn, Pb, Cd, Cr, Cu, and Zn) 121 

by using graphite furnace atomic absorption spectrometer (Perkin Elmer, AAS-PEA-700) under standard 122 

operating conditions.  123 

2.3.4 Analytical Quality Control 124 

In order to confirm the accuracy of sample analysis, standard natural matrix reference materials (China 125 

National Standards Research Center) were analysed along with field samples. These included: soil 126 

(GBW07405); plant (GBW07602) and water (GBW(E)080194). The recovery rates of the rarget PTEs in 127 

the standard references ranged from 95% to 105%. In all analytical procedures, each sampling point (soil, 128 

food, water) were analysed in triplicate and method blanks were included to check for contamination. 129 

2.4 Data analysis 130 

2.4.1 Bio-concentration factor(BCF) 131 

BCF is the ability to transfer PTEs from the soil to the edible portion of the crop. BCF of six metals 132 

of Mn, Pb, Cd, Cr, Cu, and Zn can be calculated by the following equation (Cai et al. 2015). 133 

BCF =
Cp

Cs
 134 

Where Cp and Cs represents the concentration of the element in crops and associated soil on a dry 135 

weight basis, respectively.  136 

2.4.2 Single and comprehensive pollution indices 137 

Pi is the ratio of the concentration of PTEs in contaminated soil to the concentration of PTEs in the 138 

reference soil and can be used to indicate the extent of soil contamination for each metal. The following 139 

equation can be used to calculate Pi (Yujun et al. 2011).  140 

Pi =
Cs(Sample)

Cr(Reference)
 141 



Where Cs (Sample) represents the elemental concentration in contaminated soil; Cr (Reference) 142 

represents the background value of metal in soil in Hunan Province, respectively.  143 

The soil pollution caused by multiple PTEs can be expressed by the Nemero comprehensive pollution 144 

index (Pc). Pc not only considers the average pollution of each PTE, but also highlights the element 145 

contributing the most to soil pollution. The following equation can be used to calculate Pc (Zhang et al. 146 

2011; Broeg and Lehtonen 2006).  147 

Pc =
√
[max (Pi)]

2

+ (
1

n
∑ Pi
n

i=1
)

2

2
 148 

Where Pi represents a single pollution index for each PTE. 149 

2.4.3 Risk from each PTE 150 

HQ indicates the potential risk from each PTE. The calculation of HQ uses the ratio of the estimated 151 

value of contaminants ingested by comsumption of contaminated crops, soil, and water to the local 152 

reference dose (RfDo) (USEPA 2005).  153 

HQ =
CDI

RfDo
 154 

CDI =∑
Ci × IRi × EFi × EDi

BW × ATi

n

i=1

 155 

Where CDI represents "chronic daily intake", which means the mass of the substance contacted per unit 156 

bodyweight per unit time (USEPA 1992). The RfDo represents an estimate of the daily exposure of the 157 

population to contaminated materials. The RfDo for the six metals of Mn, Pb, Cd, Cr, Cu and Zn are: 0.14；158 

3.6×10-2；5.0×10-4；1.5；3.7×10-2；0.3 mg/kg/day respectively (USEPA 2000). The value for Ci is the 159 

concentration of PTE (mg/kg) in the exposed medium i. IRi is the daily consumption rate (kg/person/day) 160 

of exposure medium i with the average daily comsumption rate in the study area is: rice: 216.7 g/day for 161 

adult and 98.3 g/day for children, soybean: 75.5 g/day for adult and 37.4 g/day for children, sweet potato: 162 

156.1 g/day for adult and 68.4 g/day for children, water: 1.73 L/day for adult and 0.94 L/day for children. 163 

While IRi for soil is based on the US Environmental Protection Agency's regulations: 64 mg/day for adult 164 

and 104 mg/day for children (USEPA 2000). EFi is the exposure frequency (365day/year). EDi is the 165 

exposure duration (65 years for adults and eight years for children were assumed in this study). BW 166 

(kg/person) is the average weight of people in the study area (65.4kg for adult and 26.8kg for children). ATi 167 

is the average exposure time for the non-carcinogenic risk (ATi=EDi×365day/year) (Chen et al. 2018). 168 

When the HQ <1, it is considered that such a metal has no harmful effect on humans. Conversely, when the 169 



HQ >1, it is considered that there may be a health risk, and as the HQ value increased, the health risk 170 

increases (Cao et al. 2014). 171 

2.4.4 HI of multiple PTEs 172 

The HI is used to assess the overall potential risk of multiple PTEs. HI is based on the EPA Chemical 173 

Mixture Health Risk Assessment Guidelines. 174 

HI = ∑HQ 175 

2.4.5 THI via the five pathways 176 

The THI is equal to the sum of the HI values for each exposure route. For this study, THI refers to 177 

the value for humans through the intake of contaminated crops (rice, soybeans, sweet potatoes), soil, and 178 

water. 179 

THI = ∑HI 180 

3. Results and discussion 181 

3.1 PTE concentration data 182 

3.1.1 PTE levels in soil 183 

Box plots summarizing the concentration data for PTEs in the different soil samples in the study area 184 

are shown in Figure 2. The order of magnitude of average concentration of the PTEs in the four soils varies 185 

between element however: Mn = non-agricultural soil (NS) > rice soil (RS) > soybean soil (SS) > sweet 186 

potato soil (PS), Pb = RS>PS>SS>NS, Cd = NS>SS>RS>PS, Cr = NS>PS>SS>RS, Cu =  NS>SS>PS>RS, 187 

Zn = NS>RS>PS>SS. However a general trend is that the non-agricultural soils seems to be more polluted 188 

than the agricultural soils across the study area, which may reflect the impact of agricultural practice turning 189 

over surface soils and diluting with less contaminated material from deeper in the profile. 190 

 191 

 192 

 193 

 194 



 195 

Figure 2: Concentration diagram of six PTEs in four soils, red dotted line indicates its soil background value [32] 196 

 197 

The Mn concentration exceeded all of its background values in all four soils with Cr all concentrations 198 

lower than soil background value. The percentage concentration in RS, SS, PS, and NS exceeding 199 

background values were 86.7%, 73.3%, 86.7%, and 90%, respectively for Pb, 60%, 66.7%, 53.3%, and 200 

100% for Cd. 20%, 33.3%, 33.3% and 80% for Cu. 60%, 26.7%, 20%, and 80% for Zn. These results 201 

indicate that the PTE content in the soil of the study area is significantly higher than its corresponding soil 202 

background value (CEME 1990) confirming, as anticipated, significant accumulation of PTEs in the study 203 

area. Of the six PTEs, Mn, Pb, and Cd were most significant. 204 

Pi and Pc for the study area is shown in Figure S1. The Pi of Mn in soil is the highest. while the lowest 205 

for Cr(<1). The Pi of other PTEs range from 1 to 2, showing that the soil in this study area is generally 206 

heavily contaminated by Mn, while for other elements the contamination is relatively light. The 207 

comprehensive pollution index in rice soil, soybean soil, sweet potato soil and non agriculture soil were 208 

2.46, 1.97, 2.21 and 2.75, underlining trends indicated in individual element contamination. 209 

3.1.2 PTE concentration in crops 210 

The concentration of PTEs in crops is shown in Figure 3. The order of average concentration of the 211 

six PTEs was: Mn>Zn>Cu>Pb>Cr>Cd for rice, soybean, sweet potato, respectively. The order of average 212 

value of BCF in the three crops is: Cd>Zn>Cu>Mn>Cr>Pb, which is consistent with previous studies 213 

(Zhang et al. 2018).  214 

 215 



 216 

Figure 3: Concentration diagram of six PTEs in rice, soybeans and sweet potatoes, dashed line indicates National food 217 

safety standards (see text) 218 

The concentration range (average) for manganese in the different foods were: Rice 15.29 to 96.16 219 

mg/kg (50.13 mg/kg), Soybean 13.48 to 66.64 mg/kg (41.39 mg/kg), Sweet potato 18.17 to 78.64 mg/kg 220 

(48.67 mg/kg) (Figure 3). The order of the average concentration of Mn in three crops was: rice>sweet 221 

potato>soybean, and BCF was: sweet potato>rice>soybean.  222 

The element Pb is highly toxic to humans. In this study, the Pb concentration exceeded the limit in all 223 

the crop samples for rice and soybean, while 66.7% of the samples of sweet potato. The order of Pb 224 

concentration in the three crops was: rice>soybean>sweet potato, and BCF was similar among the three 225 

crops and consistent with previous studies (Chen et al. 2018). 226 

For Cd concentrations were: Rice 0.03 to 0.14 mg/kg (0.09 mg/kg), Soybean 0.02 to 0.10 mg/kg (0.06 227 

mg/kg), Sweet potato 0.02 to 0.12 mg/kg (0.07 mg/kg) (Figure 3). However, the limits for Cd in rice, 228 

soybeans, and sweet potatoes are different, with a limit of 0.20 mg/kg for rice and sweet potato and 0.10 229 

mg/kg for soybean (Ministry Of Health 2012; Ministry of Agriculture 2004) and the average concentration 230 

of Cd is not greater than its limit in all three crops. However the order of BCF for Cd is: rice>sweet 231 

potato>soybean. This highlights the sensitivity of rices food pathway to any changes in Cd content in the 232 

environment. Cd is recognized as a very toxic substance for human health. The harm of Cd to the human 233 

body includes its own high toxicity and its ability to migrate from soil to crops. Compared with previous 234 

studies (Huang et al. 2008), the BCF for Cd is higher, indicating that there is more serious Cd pollution in 235 

this study area. 236 

 237 

 238 



Table 1: BCF of 6 PTEs in rice, soybean and sweet potato 239 

 Mn Pb Cd Cr Cu Zn 

Rice 0.033±0.0007 0.011±0.0013 0.615±0.1328 0.025±0.0008 0.130±0.0016 0.275±0.023 

Corn 0.031±0.0016 0.011±0.0015 0.314±0.0833 0.026±0.0041 0.063±0.0239 0.260±0.0453 

Sweet 

Potato 
0.038±0.0035 0.009±0.0003 0.548±0.0820 0.018±0.0014 0.085±0.0074 0.389±0.0474 

 240 

The concentration of Cr in all samples is less than its food standard limit for rice and soybean, while 241 

60% of the sample points in the sweet potato sample point exceeded the limit with the. The order of the 242 

average concentration of Cr in the three crops is: soybean>sweet potato>rice. 243 

Like Mn, Cu and Zn are essential trace elements for the human body, and the concentration in three 244 

crops is relatively high (Vatansever et al. 2017). But for Cu in all samples it is less than the regulatory  245 

limit. The average concentration for Cu: rice > sweet potato > soybean and for BCF: rice > sweet potato > 246 

soybean.  247 

The average concentration of Zn is less than the limit in rice and soybean, and greater than its limit in 248 

sweet potato with 93.3% of the sampls exceeding food safety standards and follow the order : rice>sweet 249 

potato>soybean. The limit for Zn in sweet potato is very low compared to that for rice and soybean. The 250 

order of BCF is: sweet potato > rice > soybean, highlighting the sensitivity of this food to contamination.  251 

3.1.3 PTE concentration in drinking water 252 

The PTE concentrations in the drinking water at each site are listed in Table S1 of supplementary 253 

materials. All values for drinking water samples are less than the limits specified in the Sanitary standard 254 

for drinking water (Ministry of Health 2006)(GB5749-2006). Water consumption is not a significant source 255 

of PTE intake to the human body. 256 

3.2 Health risk assessment 257 

3.2.1 Average of HQ for each PTE 258 

Since the drinking water in this study area was found to below drinking water standard data were not 259 

used in subsequent calculations. The average value of HQ for each PTE after ingesting rice, soybean, sweet 260 

potato and soil is shown in Table 2. The HQ value of each metal through 4 exposure pathways is greater in 261 

children than in adults, and the order of the HQ values is: rice>sweet potato>soybean>soil. The dominance 262 

of rice as the main exposure route follows other work in similar contamination scenarios, with children 263 

highlighted as the most sensitive (Zheng et al. 2007; Fang et al. 2019; Kawser et al. 2015). The low HQ for 264 

the soil pathway reflects low transport risk, but the extent of contamination will influence crop content, so 265 



still forms a major component of the exposure scenario. 266 

 267 

Table 2: Average of HQ, HI, THI for PTEs in adults A and children C 268 

 Mn 

A（C） 

Pb 

A（C） 

Cd 

A（C） 

Cr 

A（C） 

Cu 

A（C） 

Zn 

A（C） 

HIi 

A（C） 

HQrice 1.19×100 

(1.31×100) 

5.67×10-2 

(6.28×10-2) 

5.96×10-1 

(6.60×10-1) 

9.25×10-4 

(1.02×10-3) 

2.34×10-1 

(2.59×10-1) 

3.47×10-1 

(3.84×10-1) 

2.42×100 

(2.68×100) 

HQsoybean 3.41×10-1 

(4.13×10-1) 

1.62×10-2 

(1.96×10-2) 

1.34×10-1 

(1.62×10-1) 

4.19×10-4 

(5.06×10-4) 

5.04×10-2 

(6.53×10-2) 

7.93×10-2 

(9.59×10-2) 

6.25×10-1 

(7.56×10-1) 

HQsweetpotato 8.30×10-1 

(8.87×10-1) 

3.23×10-2 

(3.45×10-2) 

3.31×10-1 

(3.54×10-1) 

8.47×10-4 

(9.05×10-4) 

1.41×10-1 

(1.51×10-1) 

2.37×10-1 

(2.54×10-1) 

1.57×100 

(1.68×100) 

HQsoil 1.09×10-2 

(4.33×10-2) 

1.18×10-3 

(4.66×10-3) 

6.95×10-4 

(2.76×10-3) 

2.27×10-5 

(9.01×10-5) 

1.17×10-3 

(4.62×10-3) 

4.76×10-4 

(1.89×10-3) 

1.44×10-2 

(5.73×10-2) 

THI       4.63×100 

(5.17×100) 

 269 

3.2.2 The average value of HI of multiple PTEs and its spatial distribution 270 

Through consumption of crops from the area, contamination exposure for adults and children resulted 271 

in the HI values for the six PTEs in this study area were: rice 2.42 (A) and 2.68 (C); sweet potato 1.57 (A) 272 

and 1.68 (C) and soybean 0.63 (A) and 0.76 (C) (Table 2). Rice again is highlighted as the most significant 273 

food source exposure route. For soil, the average HI value for children is approximately four times that for 274 

adults and should be considered in future exposure reduction/management (Cai et al. 2019). Given the 275 

relative concentrations and accumulation factors the HI values are dominated by contributions from Mn, 276 

Cd, Zn, and Cu followed by Pb, and finally Cr. 277 

The spatial distribution of HI values through the four significant exposure routes is shown in Figure 4. 278 

The plots emphasize the higher risk areas for crop exposure is generally in the south east for soybean, for 279 

sweet potato and rice the north east. For the soil pathway the northern part of the area is higher risk, and 280 

does not overlap significantly with any of the crop exposure routes. 281 

 282 



 283 

Figure 4: HI diagram of four pathways (columns) for adults and children (rows) in Xiangtan Manganese Mine Area 284 

 285 

3.2.3 Average and spatial distribution of THI 286 

The calculation of the average THI values of multiple PTEs by ingesting rice, soybean, sweet potato, 287 

and soil is shown in Table 2 and the THI values for adult and children in this study area were 4.63 and 5.17, 288 

respectively. This is much greater than 1 and indicates that local people may be exposed to serious health 289 

risks and that exposure is spatially very variable. Our THI value do not include and special population 290 

groups more susceptible to pollution through work, lifestyle activity or underlying health conditions (Hang 291 

et al. 2009). The THI values for children. The major contribution to the THI value was from rice 292 

consumption accounting for approximately 52.03% of the THI (with soybean 14.05%, and sweet potato 293 

33%).  294 

The spatial distribution of THI values for adults and children is shown in Figure 5 and the north east 295 

of the study area is highlighted as of particular concern. The wide range of industrial activities in the 296 

Xiangtan City area include smelters, chemical plants, steel mills. These produce wastewater which 297 

discharged into local rivers. Much of this activity is concentrated in the northeast near the mining area and 298 

transportation between the factory and the mine section has further aggravates the pollution in the study 299 

area. For example, the combustion of leaded gasoline is a source of lead; Even though the utilization of 300 

leaded gasoline has been banned in China since 2000, elevated Pb contents in soils along the roadside were 301 

still widely reported recently (Yan et al. 2018). The low THI value located in the central zone of the study 302 

area reflects limited industrial development and more pristine countryside. 303 

 304 



 305 

Figure 5: THI values for Xiangtan manganese mines for adults and children 306 

 307 

3.3 Uncertainty and limitations of risk assessment approach 308 

In this study, the food consumption pathways from local staple crops: rice, soybean, sweet potato, and 309 

associated soil and drinking water were selected. The use of total concentrations to calculate health risks, 310 

an approach are still widely reported (Chen et al. 2018; Shaheen et al. 2016), but one that can introduce 311 

limitation to absolute risk assessment as the PTE exposure from these four pathways does not account for 312 

differences in absorption/availabilit of individual element. In addition differences in consumption patterns 313 

were not fully assessed and may even enhance risk (Luo et al. 2012; Li et al. 2013). However, the saptial 314 

presentation of data highlights the significant divergence between risks from individual exposure routes 315 

and the potential value of this knowledge in preparing management plans for the region. Although there are 316 

so many limitations and uncertainties, our research is still very meaningful for the health risk assessment 317 

of the local population. Because it responded to the worst case, he provided the basis for the implementation 318 

of some local prevention policies. 319 

4. Conclusion 320 

This study assessed the contamination of rice, soybeans, sweet potatoes, soil and water in the study 321 

area. Mn is the most polluted in the study area followed by Cd and Pb, while Zn, Cu and Cr are less polluted. 322 

The comprehensive pollution index in RS, SS, PS and NS of the study area was 2.46, 1.97, 2.21, 2.75, 323 

respectively. It indicates that the pollution situation in the study area may have an impact on agricultural 324 

production and human health. Among the three crops in the study area, PTEs such as Mn, Cd, Pb and Zn 325 

were more seriously polluted, while Cu and Cr were less polluted. For the study area, drinking water as a 326 

whole is safe for local people and does not pose a threat to their health. 327 

The average of the THI values of multiple PTEs by ingesting four routes of rice, soybean, sweet potato, 328 

and soil. The THI values for adult and children in this study area were 4.63 and 5.17, respectively. It 329 



indicates that local people may be exposed to serious health risks and that children are exposed to health 330 

risks more severe than adults. In the study area, the THI value has a higher value for the northeastern part 331 

of the spatial distribution of the different exposure pathways, while the southwestern value is lower.  332 
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