
Introduction

Rapid urbanization and industrialization provide 
benefits to the economy and society but also cause 
pollution of soil, water, and air and even pose risks 

to ecosystems [1-4]. Heavy metals refer to metals and 
metalloids, such as Cr, Cu, Zn, As, Cd, Ni, Pb, and Hg, 
whose densities are > 5 g·cm−3 [5-6]. Heavy metals in 
soil are difficult to degrade and enter the food chain. 
Consequently, heavy metal pollution will not only 
reduce the quality of the soil environment but also 
pose a threat to human health [7-12]. For instance, 
exposure to As can lead to dermal lesions, skin cancer, 
peripheral neuropathy, and peripheral vascular disease 
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Abstract

The objectives of this study were to identify the sources and concentrations of heavy metals in soils 
from typical industrial areas in Fuxin, China and assess potential ecological and health risks. A total of 
52 surface soil samples from sites A and B were collected and analyzed for Cd, Pb, Cr, Cu, Ni, Zn, As, 
and Hg. Results showed that all concentrations of heavy metals exceeded background values to varying 
degrees, especially for Cd. The mean concentrations for Cd, Pb, Cr, Cu, Ni, Zn, As, and Hg in sites 
A and site B were 1.31±0.97 and 1.23±0.65 mg·kg−1, 12.54±12.45 and 8.51±8.85 mg·kg−1, 48.26±26.62 
and 33.20±31.67 mg·kg−1, 23.29±27.40 and 23.98±28.71 mg·kg−1, 63.01±34.44 and 50.21±10.99 mg·kg−1, 
114.07±52.26 and 108.60±41.75 mg·kg−1, 10.45±0.80 and 9.80±1.17 mg·kg−1, and 0.045±0.072 and 
0.06±0.05 mg·kg−1, respectively, indicating that these metals were enriched in the surface soil of the 
study areas. Site A only reaches a low risk degree, and site B is of medium risk degree. This difference 
is due to the diverse industry distributions and pollution emissions. Related control and measure should 
be drawn up from noncancer and cancer risks for children and adults.
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[13]. Sources of heavy metals due to human activities 
include mineral resource extraction, metal processing 
and smelting, chemical production, fertilization, and 
transportation [14-17].

In the past 50 years, a large amount of Pb and Cr 
have been released into the environment worldwide, 
most of which have been enriched in soil [18-20]. Heavy 
metal-contaminated soil has become a serious problem 
in many parts of the world, including China [20-24]. In 
particular, evident heavy metal pollution is observed in 
soil surrounding industrial activities [19], and the most 
common heavy metals are Cd, Pb, Cr, Cu, As, Ni, and 
Hg. Industrial activities are the main cause of heavy 
metal pollution in soil [25-26]. 

Most previous studies focused on a typical industrial 
area when measuring the concentration of heavy 
metals at sampling points and then assessing the level 
of pollution and associated risks [27]. For instance, 
Li et al. measured and assessed Cd, Pb, Cu, Zn, and 
Cr heavy metals in the soil around a mining area in 
Henan Province, China. They concluded that these 
heavy metals contaminated the soil of sampling sites 
to varying degrees, with obvious potential ecological 
risks. In particular, the risk index of Cd was the highest, 
contributing the most to the risk [28]. Wu found that the 
urban soils around electronic manufacturing facilities 
were evidently polluted by heavy metals [29]. The total 
contents of Cr, Cu, Zn, As, Cd, Ni, and Pb were the 
highest in commercial area soils. The order of human 
health risk index was Cr>As>Pb>Cd>Cu>Ni>Zn. The 
carcinogenic risk of Cr and As was more than 10−4, 
and that in children was higher than that in adults. The 
distribution of a number of heavy metals in soil from 
an informal recycling site in the largest market for used 
and new electronics and electrical equipment in West 

Africa was investigated by Isimekhai et al. [30], and 
the potential risk due to the recycling activities was 
also assessed. They found that the concentration of the 
total heavy metals decreased as follows: Cu>Pb>Zn 
>Mn>Ni>Sb>Cr>Cd. The highest concentration was 
found in the area where the burning of the waste occurs, 
but Cd showed the highest potential environmental 
risk in the study site. Similarly, Singh et al. researched 
the effects of heavy metals on the adults and children 
working in informal e-waste recycling sectors of 
Chandigarh and Ludhiana, Punjab, India. E-waste 
recycling activities release heavy metals into the 
atmosphere, including air, soil, and dust, which causes 
adverse health effects on the workers [31]. However, 
reviews on soil heavy metal pollution in different types 
of industrial areas are limited. Therefore, studying the 
concentrations and levels of heavy metal pollution in 
different types of industrial land and comparing and 
analyzing its potential ecological and health risks are 
necessary, which would provide a basis for targeted 
control to improve soil quality.

Materials and Methods

Study and Sample Areas

Fuxin city is a rectangle with its central axis 
intersecting the intersection of 42°10N and 122°00E 
with a total area of 10326.9853 km2. Fuxin City has 
abundant mineral resources, coal, silica sand, gold and 
other reserves. Because of the good resource conditions, 
the industrial system is more developed, mainly 
concentrating on chemical industry, agate industry, gold 
mining and so on. Fuxin city is known as the fluorine 

Fig. 1. Geographical location of certain key monitoring industries and division for site A and site B in Fuxin, Liaoning, China. 



Source Identification and Human Health Risk... 4689

capital of China because of two famous fluorine 
industrial parks. It is noticed that this study is mainly 
aimed at the key monitoring industries in Fuxin city, 
monitoring the content of heavy metals in industries 
and its surrounding surface soils. Agricultural land 
is distributed around the industries, and agricultural 
activities also have certain impact on heavy metals. The 
pollutant emission components of these key monitoring 
industries are diverse. Therefore, according to the 
location of the industries, the characteristics of the 
industries, these key monitoring industries are divided 
into two areas (site A and site B), listed in Fig. 1 The 
abbreviation for different industry is listed in Table S1. 
Sampling points are distributed around the industries. 
Through the division of the whole industrial areas, a 
more reasonable regional study is carried out. 

Soil Sampling and Analysis

In this study, a total of 52 surface soil samples were 
collected. The tool of sample collecting is wooden 
shovel, sampling depth is 0-20 cm. Mixed samples 
were collected and the soil samples were stored mainly 
in plastic self-sealing bags. Each soil sample is about  
2 kg, which are collected kept away from light. All soil 
samples shall be air dried, ground and sieved 100 mesh 
sieve before treated with chemical reagent. The above 
chemical treatment methods for heavy metals coming 
from [32], are listed in Supplementary Materials (SM). 
Sample points are surrounding with agriculture land, 
so the agriculture assessment of the background and 
risk screening value is used according to different pH. 
Meanwhile, the background value and the risk screening 
value are listed in Table S2.

Potential Ecological and Health 
Risk Assessment

In this study, geological accumulation index (Igeo), 
potential ecological and health risk assessment are used 
for the main models. Igeo and potential ecological risk is 
assessed with the level of heavy metals contamination. 
Igeo not only takes into account the influence of 
background value caused by natural geological 
processes, but also pays full attention to the influence 
of human activities on heavy metal pollution. This is an 
important parameter to distinguish the impact of human 
activities [33-34]. Ecological risk is used to assess the 
effects of heavy metals on the process of pollution in 
the soil. Heavy metals in soil can cause pollution to the 
environment, so it is necessary to judge the pollution 
degree of different heavy metals in site A and site B 
by ecological risk. Health risk is assessed to describe 
the probability of non-carcinogenic and carcinogenic of 
heavy metals in human body. In this study, adults and 
children were selected as exposed populations, mainly 
through three ways for ingestion, dermal contact and 
inhalation. Details of concrete formulas and methods 
for the three models are shown in the SM.

Statistical Analysis 

This study analyzed the concentration of eight 
heavy metals in the surface soil samples collected in 
the industrial areas. Position determination by using 
the Arcgis 10.7. The correlation analysis,  hierarchical 
cluster analysis (HCA) and principal component analysis 
(PCA) of the data are used the IBM SPSS Statistics 22., 
and Excel 2013 for mapping.

Results and Discussion

Pollution Concentration of Heavy Metals 
in Soil

The concentrations of eight heavy metals in sites A 
and B and their local background [32] and risk screening 
values [35] are listed in Table 1. Heavy metals are still 
enriched in the surrounding soil of industrial areas 
by their unchanging nature and different migration  
[36-38]. Thus, high concentrations are detected. 
The mean concentrations of the heavy metals in site  
A are as follows: Zn (114.07±52.26 mg·kg−1)>Ni 
(63.01±34.44 mg·kg−1)>Cr (48.26±26.62 mg·kg−1)>Cu 
(23.29±27.40 mg·kg−1)>Pb (12.54±12.45 mg·kg−1)>Cd 
(1.31±0.97 mg·kg−1)>Hg (0.045±0.072 mg·kg−1). The mean 
concentrations of heavy metals in site B are as follows: 
Zn (108.60±41.75 mg·kg−1)>Ni (50.21±10.99 mg·kg−1)
>Cr (33.20±31.67 mg·kg−1)>Cu (23.98±28.71 mg·kg−1)
>As (9.80±1.17 mg·kg−1)>Pb (8.51±8.58 mg·kg−1)>Cd 
(1.23±0.65 mg·kg−1)>Hg (0.06±0.05 mg·kg−1). The order 
of the concentrations of heavy metals, except for Pb 
and Cu, in the two regions is the same; the exception 
is related to the different industrial distributions.  
The total of mean concentration, except for that of Hg, in 
site A is superior to that in site B. Industry variety plays 
an important role in this result. The concentrations of 
Cd are 1.31±0.97 and 1.23±0.65 mg·kg−1, exceeding the 
background and risk screening values. The seven other 
heavy metal concentrations exceed the background 
value but not the risk screening value. This condition 
is ascribed to industrial processing and human 
interference. Concentrations of heavy metals below 
the corresponding background value are considered  
to represent the geochemical background of geological 
or natural origin. Values above the background value 
can be assumed to be outliers from anthropogenic  
origin [39]. Anthropogenic inputs of heavy metals are 
from industrialization, agricultural practices, urban 
impacts, traffic emissions, and other factors. Sites 
having mixed activities, such as metal manufacturing, 
include light industry areas. Car paint spraying and 
battery repair also contribute to the content of heavy 
metals [40]. 

A high concentration of heavy metals occurs in 
different industries, which is mainly related to human 
activities and industrial emissions. The agricultural 
lands around the industries contribute to the development 
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of human actions and lead to this phenomenon of 
heavy metal pollution. For sites A and B, the regions 
have various industries with different heavy metal 
pollution. In site A, the highest concentration of Cd or 
Ni comes from AI. The concentration of Cd is higher 
than the concentration in other industries and the mean 
concentration of site A (1.31±0.97 mg·kg−1). Hence, AI 
emission in site A is the main source of Cd pollution. 
Ni mainly tends to exist in natural ores, which are often 
considered inexpensive materials in agate industries. 
This condition leads to the high concentration of 
Ni around AI. Pb is a special metal and has some 
concentration in soils. The highest concentration of Pb 
is 38.80±2.69 mg·kg−1 coming from GM (a). GM (a) is 
attributed to the substantial outputs of gold, but many 
emissions of Pb are released with the form of dust in 
the exploitation process. A high concentration of Cr is 
detected in SG. The concentration of Cr from SG is 
approximately twice the mean concentrations of site 
A. The process of switch production may release Cr 
to the environment. Meanwhile, the concentration of 
Cr in SG exerts a great effect on promoting the total 
concentration in site A. For Cu, industries around site A 
have a high concentration, especially for CI. Resource 
of Cu that will be released in different forms of dust or 
powder. On the basis of this situation, other industries 
may also produce related pollution of Cu from industrial 
production, but the main source may result from copper 
mine exploitation, in which dusts or powders are 
widespread. For Zn and Hg, the highest concentrations 
are 152.13±35.76 and 0.13±0.14 mg·kg−1, respectively, 
all coming from WDI. Although WDI includes some 
heavy industries, it has stopped production for a 

long time because of the health problem it causes to 
local residents. However, this pollution effect from 
heavy metals is not eliminated in consideration of the 
concentration enrichment of Zn and Hg. The important 
reason is that the pollution emission from previous 
industrial processes has not been controlled. Zn or Hg 
has stronger enrichment power than other metals. The 
metal concentration of As also has a great difference 
from that of other metals. The highest concentration of 
As is 10.66±0.55 mg·kg−1 in RL, but high concentrations 
also exist in other industrial areas. That is, many 
industries in site A produce As pollution to varying 
degrees, or the agricultural lands around the industries 
use seriously polluted water to irrigate crops massively. 
This phenomenon occurs only when a particular 
industrial system discharges wastes containing various 
heavy metals during manufacturing that accumulates in 
surface soil. Song indicated that solid waste is used to 
remove impurities. Precipitated and washing wastewater 
all contain heavy metals [41]. Etim analyzed heavy 
metal pollution from surface soil in southwest Nigeria. 
Improper disposal of industrial solid waste seems to be 
a possible source of metal pollution in industrial parks. 
Heavy metal pollution in industries can be greatly 
reduced by locating the generated solid waste and 
applying particulate scrubbers to the industries [42].

The number of industries for site B is less than that for 
site A. High metal concentrations exist in a certain part 
of industries, and this condition is related to production 
processing. LI presents the highest concentration of 
heavy metals, including Cd (1.58±0.89 mg·kg−1), Pb 
(16.30±14.10 mg·kg−1), Cu (36.38±50.61 mg·kg−1), and 
Hg (0.10±0.08 mg·kg−1). The concentrations nearby LI 

Fig. 2. The concentration of Cd, Pb, Cr, Cu, Ni, Zn, As and Hg from different industries in site A and site B.
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exceed those in three other industries to a great extent. 
LI releases substantial wastewater from the processes 
of washing and dying into the local environment. 
The wastewater spreads across agricultural lands and 
drinking water and constantly harm the human body. 
The heavy concentrations around TI(b) are higher 
than those around TI(a), and the concentrations of Cr 
(68.55±12.75 mg·kg−1), Cu (37.2±21.00 mg·kg−1), Ni 
(72.45±4.05 mg·kg−1), and Zn (130.65±2.85 mg·kg−1) 
indicate the highest values in site B. Thus, TI(b) has a 
great contribution rate to total pollution level in site B. 
For As, a high concentration occurs in the two places of 
LI (10.50±0.43 mg·kg−1) and GI(b) (10.56±0.31 mg·kg−1). 
Nevertheless, the heavy concentrations around FCP do 
not highly exceed the background and risk screening 
values, probably because this industrial region may 
have mature technology and equipment used to solve 
the pollution issue.

The distribution of the concentrations of the eight 
heavy metals in different industries in sites A and B 
is shown in Fig. 2. The distribution of heavy metals 
is basically similar, but the concentration has a great 
difference. In site A, the contents of Zn in GM(a), 
Cu in CI, and Cr in SG present a relatively high 
trend. In site B, the concentrations of Cr, Cd, and Cu 
are all higher in TI(b) than in other industries. The 
two regions have parts with similar production in 
industries, such as GM(a) & GM(b) and TI (a) & TI(b). 
However, the contents of the eight heavy metals from 
gold and titanium industries are different and relate 
to geographic position. Although the industrialization 
processing has an indispensable effect on heavy metal 
contents, the geographic distribution may influence 
direct surface runoff, which can change the contents 
around industries directly. Meanwhile, the study 

regions have abundant mine resources, which are also 
a reason for the difference in concentration distribution 
of similar industries. Cheng et al. indicated that the risk 
caused by Hg is high in alum mine soil, whereas the 
risk caused by Cd is relatively high in coal mine soil 
[43]. This finding shows that heavy metal pollution will 
occur in the mining process of coal and metal mines, 
and it is closely related to ore composition. Persistent 
impact from human activities is always ignored in the 
pollution of heavy metals. Liu et al. demonstrated that 
all samples for pollution levels in industrial areas are 
seriously polluted by human sources [44].

The concentrations of different heavy metals in 
sites A and B and their comparison with background 
and risk screening values are shown in Fig. 3. More 
concentrations of heavy metals, except for Cd, in site 
A exceed the background and risk screening values 
than in site B. Cd is approximately 82.35% above the 
background value (0.11 mg·kg−1) and 79.41% above 
the risk screening value (0.3 mg·kg−1) in site A. All 
concentrations are above the background value and 
94.44% above the risk screening value in site B. As 
a result, the concentration of Cd has exceeded the 
standard. Cd in a local environment mainly comes 
from nonferrous metal smelting, ore sintering, and 
disposal of Cd-containing waste. The concentration of 
Cd in the soil near the metal smelter and downwind 
zone is excessively high, resulting in polluted lands. 
Although the concentration of Cd has exceeded the 
risk screening value of agricultural land, it does not 
exceed the risk screening value of industry land (20 
mg·kg−1) [45]. The accumulation of Cd-containing waste 
residue introduces Cd compounds into soil and water 
[46-47]. For example, Gao et al. found that high Cd 
concentrations are distributed in the southern part of 

Fig. 3. Distribution of concentrations of Cd, Pb, Cr, Cu, Ni, Zn, As, Hg in site A, site B and comparison with local background value and 
risk screening value.
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Baosteel industry. Their main sources are production 
and processing, which may be due to the discharge of 
wastewater or sludge affected by production activities 
[48]. The study results of Gao et al. are similar to the 
results of the current study, in which the maximum 
concentration of Cd is distributed near a gold deposit. 
The concentrations of Cd in site B exceed the 
background and risk screening values to a great extent, 
but high concentrations of Cd appear in site A. This 
phenomenon is mainly because the concentration of 
Cd for some places in site A is lower than the detection 
limit, whereas the Cd concentration in site B tends to be 
stably higher than the background value. 

Pb and Cr only partially exceed the local background 
values. In site A, 17.65% of Pb concentrations and 
23.53% of Cr concentrations exceed the background 
values (20.3 and 57.9 mg·kg−1, respectively). 
Approximately 11.11% of Pb concentrations and 22.22% 
of Cr concentrations exceed the background value in site 
B. Pb is released into the environment from the main 
source of vehicle or equipment emissions. Roughly 200 
vehicles worldwide emit approximately 400,000 exhaust 
each year, which has become the main source of this 
Pb pollution. Factories are also located on the roadside, 
even the edge of cities, to reduce transportation cost, 
which also causes Pb pollution [49-51]. Thus, Pb mainly 
comes from anthropogenic sources [52]. For Cr, previous 
studies have shown that its concentration fluctuations 
are strongly correlated with the total concentrations of 
all heavy metals, and Cr can be an important indicator 
of the degree of metal contamination [53].

Ni is one of the constituent elements in the crust. Ni 
in soil usually exists in the form of organic binding, and 
neutral conditions increase fluidity and bioavailability 
under acidic conditions. Zn has a high content in ore, 
mainly from zinc and gold ores. It exists in natural 
conditions, but industrial production and activities 
increase the concentrations of Ni and Zn in soils. The 
concentrations of Ni and Zn in sites A and B exceed the 
background values (23.8 and 59.8 mg·kg−1, respectively) 
in this study, and no concentrations exceed the risk 
screening values (100 and 250 mg·kg−1, respectively) 
in site B. Relevant studies have shown that the source 
of Zn is mainly related to frequent traffic, and the 
concentrations of Ni may not be affected by industrial 
activities [29]. Nonetheless, if the concentration of Ni 
exceeds the standard in soil, people may come into 
contact with Ni by eating food contaminated with it, of 
which soybeans, nuts, and oats contain high Ni.

With As mainly used in the pharmaceutical industry 
and in the preparation of insecticides and pesticides, 
it is a persistent toxicant due to its extremely high 
content in the pharmaceutical industry [9, 33, 46, 
54]. The concentration of As has higher values than 
background values (8.8 mg·kg−1), but the risk screening 
value (30 mg·kg−1) is not exceeded in sites A and B. 
The concentrations of As are 97.06% and 72.22% over 
the background value in the two regions. This result 
shows that As has a certain concentration in the natural 

environment of soil. In related studies, As also exceeds 
soil quality values in other regions and has a certain 
relationship with pollution emissions [44, 49, 52, 55, 
56].

In contrast to other metals, Hg has low concentrations 
in soil, but Hg indeed causes high pollution. Industrial 
production processes contribute to the concentration 
of Hg, which will cause serious pollution to the 
environment. The excess rate in background value 
(0.04 mg·kg−1) of Hg (55.56%) in site B is three times 
that in site A (14.71%). However, Hg concentrations do 
not exceed local risk screening values (2.4 mg·kg−1). 
A major source of Hg in soil is the combustion of 
fossil fuels, especially coal combustion, which has 
become the largest source in all countries [57]. Nanos 
et al. presented that Hg concentrations can be used as 
indicators of industrial production and fuel consumption. 
This condition shows that Hg considerably pollutes the 
environment [58].

The concentrations of Cu are stable, but only 
some spots exceed the risk screening value. The 
concentrations of 41.18% and 27.78% exceed the 
background value (19.8 mg·kg−1) and 2.94% and 5.56% 
exceed the risk screening value (100 mg·kg−1) in sites A 
and B, respectively. Cu is released into the environment 
due to improper handling of car batteries and leakage 
of car diesel and engine oil. Paint spraying, metal 
manufacturing of automobile parts, and burning of 
automobile tires, plastics, and other wastes also release 
metal pollutants into the atmosphere [58-59]. Some 
heavy metals have a negative impact on the population, 
other organisms, and environment of an area. Nartey  
et al. found by studying the spatial distribution of heavy 
metals in surface sediments of Sakumo Lagoon, Ghana 
that the high metal content may be due to the point 
source discharge of industrial and municipal wastewater 
[59]. This high content may come from a highly dense 
coastal population, in which residents drain waste into 
the sea [60]. 

The concentrations of the eight heavy metals in 
soil are different and present varying excess rates in 
background and risk screening values. Heavy metal 
concentrations also exceed local background values 
to varying degrees in other areas. As demonstrated 
by Liu et al., approximately 90% of six heavy metals 
(Cd, Cr, As, Pb, Cu, and Zn), especially Cd, As, and 
Zn, exceed the background values in local study areas 
[44]. Gao et al. indicated that all detected samples with 
As did not exceed the standard values, whereas 100%, 
100%, 100%, 57.14%, 50%, 57.14%, and 42.86% of 
samples detected with Pb, Zn, Cr, Hg, Cu, Cd, and Ni, 
respectively, exceeded the standard values in Baosteel 
of Shanghai [48]. The concentrations of heavy metals 
in surface soils are mainly due to human impacts. Jiao  
et al. also emphasized that some pollution may be 
caused by human activities, such as smelting plants and 
sewage irrigation [61]. Heavy metal availability was 
assessed on vineyard polluted soils. The results showed 
that the human contribution of Cu is obvious, that of 
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Pb is from external pollution sources, and that of As 
and Zn is insignificant [62-63]. If the concentration of 
heavy metals exceeds the local risk screening value, 
human intervention is necessary, and relevant protection 
policies for pollution prevention and control should be 
formulated.

Source Analysis

Correlation Analysis

In this study, the relationship between different heavy 
metals in sites A and B is investigated via correlation 
analysis in accordance with the concentration of heavy 
metals in surface soil. The correlation coefficient matrix 
obtained using the concentration of each heavy metal 
is listed in Table 2 to observe the correlation intensity 
among heavy metals accurately. 

In site A, the correlation coefficient of Cr and Ni 
(0.453**) indicates that Cr and Ni come from the same 
source. This trend is the same with Cr and Ni (0.764**) 
in site B. For the three metals of Cd, Pb, and Zn, the 
correlation coefficients of Cd and Pb and Pb and Zn are 
− 0.384* and 0.374*, respectively. Therefore, Cd has an 
opposite impact on Pb and Zn, implying that Cd, Pb, 
and Zn may come from an identical source in site A. 

This result is similar to that in Klake. A high positive 
correlation exists between Zn and Pb concentrations 
in Sakumo and Kpeshie lagoon sediments [62]. An 
insignificant difference exists in the levels of Zn, Pb, 
and Cd in consideration of the concentration range, 
population mean, and error amplitude. In site B, the 
correlation coefficients of Cd&Cu and Cd&Hg are 
0.694** and 0.772**, Pb&Cu and Pb&Hg are 0.717** 
and 0.669**, and Cu and Hg are 0.806**, respectively, 
which all show extremely strong correlations. Thus, 
Cd, Pb, Cu, and Hg may come from the same source in  
site B. 

Hierarchical Cluster Analysis (HCA)

HCA of heavy metals is conducted to judge the 
results of the correlation analysis of heavy metal species 
from the same source. The result of HCA of Cd, Pb, Cr, 
Cu, Ni, Zn, As, and Hg in sites A and B is shown in 
Fig. S1.

Four classifications, namely, A1 ( Ni – Zn – Hg – 
Cr), A2 (Cd), A3 (Pb – Cu), and A4 (As), in site A are 
established. Consistent with the correlation analysis, Cr 
and Ni come from the same source, and A2 exerts an 
opposite effect on A1 and A3. The source of different 
heavy metals is not decided by one or some elements 

Table 2. Correlation coefficient matrix between Cd, Pb, Cr, Cu, Ni, Zn, As and Hg in Site A and Site B.

Site A

Classification Cd Pb Cr Cu Ni Zn As Hg

Cd 1.00

Pb -0.384* 1.00

Cr 0.071 0.442 1.00

Cu 0.248 0.005 -0.044 1.00

Ni 0.322 -0.166 0.453** 0.077 1.00

Zn -0.093 0.374* -0.015 0.126 0.040 1.00

As -0.205 0.032 -0.197 -0.291 -0.055 -0.050 1.00

Hg -0.030 -0.185 -0.325 -0.075 -0.068 -0.028 0.038 1.00

Site B

Classification Cd Pb Cr Cu Ni Zn As Hg

Cd 1.00

Pb 0.444 1.00

Cr 0.125 0.167 1.00

Cu 0.694** 0.717** 0.215 1.00

Ni -0.058 0.071 0.764** 0.245 1.00

Zn 0.056 0.106 -0.017 0.196 0.039 1.00

As 0.573* -0.193 -0.293 0.204 -0.311 0.021 1.00

Hg 0.772** 0.669** -0.153 0.806** -0.320 0.088 0.409 1.00

* is a significant level of 0.05; ** is a significant level of 0.01
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but by various human actions. Finding a crucial pathway 
for the classification result is possible. First, the four 
metals of Ni, Zn, Hg, and Cr are the main components 
of diesel, gasoline, and van batteries. Several products 
require transportation to be sold. A1 (Ni – Zn – Hg – 
Cr) is attributed to industrial transportation, road traffic, 
automobile tire friction, and tank leakage. Khalilova  
et al. indicated that transport emissions largely lead to 
heavy metal pollution in the Peninsula ecosystem [52]. 
Second, Cd has a high content in site A, and industrial 
waste has a great contribution to Cd pollution. A2 
(Cd) is mainly caused by industrial sewage and waste 
discharge, especially in industrial areas where AI and 
LI are distributed. Third, A3 (Pb – Cu) has a certain 
content in the crust, combining local geographical 
characteristics. CI and GM (a, b) are the main sources, 
and the metal smelting industries contain high levels 
of ore, emitting dust of Pb and Cu. Lastly, As is not 
combined with other metals. Substantial agricultural 
land exists around factories, which is also considered 
one of the sources of pesticides and fertilizers used 
in agricultural production. As has been enriched in 
surface soils from agricultural activities for a long time. 
Farmland accounts for a large proportion of the land in 
the study area, and sewage irrigation has a long history, 
which may be the reason why heavy metal pollution is 
mainly distributed in farmland [61]. In site B, the four 
classifications shown in the analysis are B1 (Cu – Hg 
– Pb – Cd), B2 (Cr), B3 (Ni – Zn), and B4 (As). They 
are basically consistent with the results of the previous 
correlation analysis, showing a strong correlation and 
confirming that they come from the same source. Cr 
and As are divided, which may be related to industrial 
species within the region. 

The close production of the industrial system around 
farmland has led to the local transportation industry, but 
it is unfavorable to agricultural production, crop growth, 
artificial large-scale agricultural cultivation, and other 
activities. This condition accelerates the migration of 
ore powder dust. The sources of heavy metals vary 
and are mainly related to local industrial types, traffic 
distribution, and agricultural activities. For example, 
Bayrakli et al. exhibited that Cu, Cd, and Pb levels 
also increased slightly in some parts of the study area, 
possibly due to anthropogenic effects, such as excess 
fertilizer, field traffic, and pesticide use [63]. Khalilova 
et al. found Pb and Cr in soils in transport road areas. 
The burning of petroleum products at transport facilities 
is a major source of environmental pollution caused 
by these metals [52]. Different heavy metals not only 
have one fixed source, but also one of the sources can 
promote the concentration of heavy metals obviously. 
Among many sources, human activities increase the 
pollution of heavy metals in natural environment. The 
fundamental way to decrease heavy metal pollution 
is to reduce human interference effectively, such as 
limiting the excessive use of pesticides and chemical 
fertilizers and the discharge of industrial wastewater 
after reaching the standard value.

Principal Component Analysis (PCA)

PCA is a multivariate statistical method to 
investigate the correlation among different heavy metals 
and study how to reveal the internal structure among 
multiple variables through a few principal components. 
The results of PCA in sites A and B, including three 
component factors and two component factors, are 
shown in Fig. S2. PC1 accounts for 22.85% of the 
contribution rate for site A. The positive contribution 
is mainly from Cd (0.711) ≈ Ni (0.707) and Cr (0.442) 
≈ Cu (0.461), and the negative contribution is mainly 
from Pb (−0.416), As (− 0.435), and Hg (−0.225) in PC1. 
PC2 accounts for 21.11%, showing more prominent 
Pb (0.747), Zn (0.611), Cr (0.582), and Hg (−0.513) 
compared with the results given by PC1 and indicating 
that they may be due to transportation, not industrial 
pollution. Zn (0.396) and Cu (0.649) dominate the 
overall rate of change for PC3. The overall contribution 
rate is only 17.29%, which is considered to be due to the 
use of fertilizers and pesticides in agricultural activities. 
For site B, PC1 has 40.22% contribution rate, including 
Cd (0.875), Pb (0.723), Cu (0.901), and Hg (0.945). 
They have a high decision-making effect on PC1 and 
high coefficients. This result is fully consistent with the 
results discussed above in site B, confirming that Cd, 
Pb, Cu, and Hg originate from the same sources. The 
overall rate of change is 26.69% in PC2 and 13.39% in 
PC3. The dominant metals are Cr (0.873) and Ni (0.891) 
in PC2 and As (0.600), Cd (0.347) ≈ Cr (0.327), and Pb 
(−0.467) in PC3. The industrial systems in site B are 
denser relative to site A. Hence, the four heavy metals 
of Cd, Pb, Cu, and Hg from the same source should 
be considered emphatically. Cd, Pb, Cu, and Hg have 
a great impact on the pollution in site B, which may 
be due to the wastewater from the same source or ore 
mining. This results needs to be verified and solved as 
soon as possible.

The cluster effect of heavy metals in site B is more 
obvious than that in site A in accordance with Fig. S2. 
The number of industries in site B is less than that 
in site A, but the degree of industry distribution is 
stronger. Especially in site B, the four metals of Pb, Cu, 
Cr, and Hg may combine because of the small number 
of industries. These four metals should be given priority 
in the prevention and control in site B. Meanwhile, 
the influence of metals in site A tends to be dispersed 
and not as concentrated as that in site B. The reason is 
that industry distribution is disperse; consequently, the 
region controlling measure toward heavy metals should 
be carried out from the beginning of every industry.

Potential Ecological and Health Risk Assessment
Index of Geoaccumulation (Igeo)

For local industrial areas, Igeo values of different 
heavy metals in sites A and B are calculated and 
displayed in Fig. 4. The levels of contamination of metals 
in both sites are the same. Of the eight heavy metals, 
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Cd has more serious pollution levels in the two regions. 
Igeo value of Cd is mainly between 1 and 4, which 
is in the state of medium pollution level or transition 
to heavy pollution level. Ni has higher concentration 
contents in the two regions than the background value, 
and it is in the transition state of uncontaminated to 
moderate pollution. Zn has Igeo value between 0 and 
1, with slight contamination. The five metals of Pb, Cr, 
Cu, As, and Hg are in an unpolluted level. This result 
is basically consistent with the finding of Liu et al.. Cd 
was found to be the most serious pollutant in industrial 
areas, whereas Zn indicates a minimal pollution level 
in the study area. However, Zakir et al. found that Cd, 
Pb, and Zn have moderate pollution levels through 
the study of heavy metal pollution in Gazipur district, 
and these metals are mainly from human sources of 
different industrial activities [53]. Similarly, Li et al. 
indicated that the ecological risks of the five major 
heavy metals are in the order of Cu>Zn>Cd>Pb>Hg 
[69]. The coastal areas for shellfish culture in China 
are seriously polluted by heavy metals. The river body 
of Kemalpasa district center and its neighborhood 
were researched. The river is heavily polluted by the 
industrial areas of metal processing, food and beverage 
production, marble and natural stone production, and 
paper production [64]. Therefore, different sources of 
heavy metals have varying pollution levels. However, 
human actions, agricultural activities, and industrial 
production play a major role.

Potential Ecological Assessment

Ecological risk assessment considers not only the 
human factors that cause heavy metal accumulation 
in soil from industrialization but also the biological 
toxicity of different elements [32-33, 61]. Some Er value 
distributions of Cd, Pb, Cr, Cu, Ni, Zn, As, and Hg in 
sites A and B are shown in Fig. 5. The RI value of all 
samples is calculated, as shown in Fig. 6.

The value of Er for Cd is significantly higher 
than that for the seven other heavy metals, mainly 
because the concentration of Cd in soil is higher than 
the background value to a great extent. The pollution 
degree of Cd from AI, CI, SG, LI, GM (b), and TI (b) 
has reached the medium risk degree and has a high 
contribution rate to the value of RI. The heavy metals 
of Pb, Cr, Cu, Ni, Zn, and As present a low risk. This 
result means that the metals have some contents in 
industrial soils but they do not present serious risk. 
However, the Hg concentration from CI and GM 
(b) reaches the middle risk level, even the contents 
from WDI and LI indicate a considerable risk degree. 
Evident differences in the pollution degree of different 
industries are determined, in which Cd and Hg have 
a large contribution rate. This finding is consistent 
with the results of relevant studies. For example, Pan 
et al. studied the distribution characteristics of heavy 
metals near a smelter in Shanxi province [16]. The 
author found that the area is highly contaminated by 
Cd and Hg, suggesting possible ecological hazards. In 

Fig. 4. The distribution of Igeo values for Cd, Pb, Cr, Cu, Ni, Zn, As and Hg in Site A and Site B (site A is left, site B is right).
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soils of other megacities, such as Rome and Mexico, 
Cd and Hg also present a much higher risk than other 
elements for potential ecosystem health [66]. A similar 
conclusion was drawn from studies by Chen et al., that 
is, Cd and Hg mainly cause heavy metals in soils to 
pollute urban areas [14]. Especially, Cheng’s study [43] 
in the southern part of Hubei province is completely 
consistent with the results of the current study. Cd 

and Hg have high potential ecological risks and large 
coefficients of change, whereas Pb, Cr, Cu, Ni, Zn, and 
As have low potential ecological risks. In particular, 
the rapid growth of industry and population has caused 
important environmental problems in many industrial 
areas worldwide. On the basis of RI value in Fig. 6, AI, 
CI, WDI, LI, and GM (b) reach a moderate risk degree, 
and other industries are in a low risk degree. Although 
the risk value of heavy metals around industries is 
higher in site A than in site B, the total area of site A is 
in a low risk degree and that of site B is in a moderate 
risk degree. The pollution from Cd and Hg in site B is 
sharply serious than that in site A. This phenomenon is 
also affected by some of the surrounding agricultural 
activities, which should involve the development of 
protective measure and pollution prevention.

Potential Health Assessment

For the metals of Cd, Cr, Ni, Zn, As, and Hg in sites 
A and B, the noncancer risk of HI values is listed in 
Table S7. HI value in site A (that for children is 8.58E-
01, and that for adult is 1.02E-01) is higher than that in 
site B (that for children is 4.17E-01, and that for adult is 
4.85E-02). HI values of different industries are similar. 
The number of industries in site A is more than that in 
site B. The noncancer risk in children is significantly 
higher than that in adults for As>Ni>Cd>Zn>Hg>Cr in 
the two areas.

In site A, the top three industries in terms of 
contribution rate are AI, WDI, and SG, their HI 
values are 1.50E-01 (children) and 1.74E-02 (adult), 

Fig. 6. Potential ecological risk assessment of RI values of different industries in Site A and Site B.

Fig. 5. Potential ecological risk assessment of Er values of Cd, 
Pb, Cr, Cu, Ni, Zn, As and Hg around different industrial areas.
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1.10E-01 (children) and 1.41E-02 (adult), and 1.11E-
01 (children) and 1.28E-02 (adult), respectively. In the 
three industries, Ni and As play an important role in HI 
values of children and adults. That is, Ni and As from 
the three mentioned industries present a noncancer risk 
influence on children and adults. Heavy metals have 
different pathways of entering into the human body. The 
five metals of Cd, Ni, Zn, As, and Hg mainly enter the 
human body via ingestion>dermal contact>inhalation, 
and Cr enters via inhalation>ingestion>dermal contact. 
This result suggests that local people should avoid 
eating vegetables and fruits from the agricultural land 
around industries and that residents should stay off 
the road to avoid inhalation of Cr. Although HI values 
do not exceed the edge value, indicating that they do 
not pose a strong threat to the human body, attention 
should also be paid. HI value of site A for children is 
8.58E-01, which is a high value within the scope of risk. 
Measures need to be taken to prevent noncancer risk in 
children. In accordance with the use of a vitro digestion 
model in assessing the bioavailability of heavy metals 
in rice, combined with heavy metal exposure, the total 
risk factor (HQ) of adults is higher than the acceptable 
range (HQ<1); meanwhile, the total lifetime cancer risk 
of adults and children is higher than the acceptable 
range [67]. Zhang et al. emphasized that dietary intake 
is the main way of exposure. In all factors, the distance 
from industrial enterprises, altitude, soil pH value, and 
the distance from main roads are the most influential 
ones [33, 68].

In site B, the three industries of LI, TI(b), and GI(b) 
have higher noncancer risk than FCP; their HI values 
are 1.07E-01 (children) and 1.19E-02 (adult), 1.11E-01 
(children) and 1.26E-02 (adult), and 1.12E-01 (children) 
and 1.35E-02 (adult), respectively. The main metals 
from these industries are Ni and As, and this situation is 
similar to site A. Different regions are divided, but this 
division does not change the crucial factor of Ni and 
As. Various metals, expect for Cr, still enter into the 
human body via the pathway of ingestion. This situation 
is related to the same industry attributes in sites  
A and B, such as GM(a) & GM(b) and TI (a) & TI(b), 
but the noncancer risk is different between the two  
sites. For GM, HI values of children and adults from  
Cd, As, and Hg in site A are higher than those in site 
B. On the contrary, HI values of children and adults 
from Cr, Ni, and Zn in site B are higher than those 
in site A. The noncancer risk caused by different 
metals also applies to children and adults around TI. 
Noncarcinogenic risks from Cd, Cr, Ni, Zn, As, and Hg 
in site B are more than those in site A, but that from As 
presents the opposite result. The preceding discussion 
shows that heavy metals come from different sources, 
but industry distribution is an influential factor to the 
concentration of heavy metals [69]. This finding is well 
documented in the difference in noncancer risk between 
the same industry types. The concentration difference 
of heavy metals is the origin of different noncancer 
risks.

CR value of cancer risk of Cr, Ni, and As is 
analyzed in Table S8. The cancer risk in entire site A 
(that in children is 2.13E-03, and that in adult is 1.08E-
03) is higher than that in entire site B (that in children 
is 9.19E-04, and that in adult is 4.64E-04), and the 
cancer risk values of heavy metals are in the following 
order: Ni>Cr>As. The considerable industries in site 
A cause the high expose of the human body to cancer 
risk. The exposure pathway of Ni and As is ingestion, 
whereas that of Cr is dermal contact in sites A and B. 
The cancer risk of Cr from SG is 1.24E-04 in children, 
which is an unaccepted value. Ni is a threat metal to 
humans in sites A and B, especially for children. For 
Ni, the different industries of AI, GM (a), CI, TI (a), 
SG, WDI, RL FCP, LI, GM (b), and TI (b) cause the 
possibility of cancer to children, and their CR values 
are 3.02E-04, 1.76E-04, 1.18E-04, 1.63E-04, 1.91E-
04, 2.00E-04, 1.55E-04, 1.58E-04, 1.30E-04, 1.56E-
04, and 2.29E-04, respectively. Cancer risk from As to 
children and adults in sites A and B is also determined. 
The concentrations of Ni should be controlled as soon 
as possible, and CR values of children in the two areas 
should also be focused on. Most of Cr and all of Ni are 
in an acceptable range for the population within that 
range, and no great threat to human health is identified.

Conclusions

The sources of eight different heavy metals were 
analyzed by examining surface soil samples around 
industries. The heavy metals in sites A and B were 
also evaluated for potential ecological and health risk 
assessment. The following conclusions were drawn.

The concentrations of Cd, Pb, Cr, Cu, Ni, Zn, As, 
and Hg exceeded the background value to varying 
degrees, indicating that these metals, especially Cd, 
were enriched in the surface soil of the study area. 
Human activities play an important role in heavy metal 
pollution; meanwhile, the source of heavy metals differs 
with the development of human life. They mainly 
come from transportation, industrial sewage and waste 
emission, geographical characteristics, and pesticide 
and fertilizer use. The number of industries in site A is 
more than that in site B, but site A only reaches a low 
risk degree. On the contrary, site B reaches a medium 
risk degree. AI, CI, and WDI have medium risks in site 
A, and LI and GM (b) cause relatively great pollution in 
site B. Related control and measure should be drawn up 
from noncancer and cancer risks.
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Supplementary Materials

Abbreviation for Industry

Abbreviation for industry is listed in Table S1.
The agriculture land is surrounded with the industrial 

area and the assessment standard of agriculture land is 
used, so the sample points were attained in the area of 
key monitor industries surrounding. The sample point 
of different industries is basically similar. In site A, 
AI collected four samples in southwest, northwest, 
southeast and northeast. GM(a) collected four samples 
in east, south, west, north. CI collected four samples 
in southeast, east, south and north. TI(a) collected 
four samples in northeast, northwest, south and north. 
SG collected four samples in southeast, southwest, 
northeast and south. RL collected four samples in 
east, southeast, southwest and west. WIP collected 
five samples in east, west, northeast and southwest. 
Nevertheless, WDI is larger than other industries, so 
the six samples were collected in east, south, west, 
north, southwest and northeast. In site B, FCP collected 
four samples in southeast, southwest, northwest and 
northeast. LI collected four samples in south, east, 
southeast and northwest. GM(b) collected five samples 
in east, west, south, north and northwest. TI(b) 
collected five samples in south, east, west, southeast 

and southwest. The number of sample points in site A 
is 34 and sample points in site B is 18. These points are 
located on the area of agriculture lands in order to let 
all points available on the condition of agriculture land 
assessment.

Soil Sampling and Analysis

The quality control requirements related to soil 
environmental monitoring technical specifications 
are strictly implemented for soil sample collection, 
preparation and sample pre-treatment. For Hg and 
As, “1+1 HNO3-HCl” (1:5 in volume) is used for 
digestion, and then atomic fluorescence method is 
used for analysis; for Cd, Pb, Cr, Cu, Zn and Ni, four 
acids for HNO3-HCl-HF-HClO4 (5:5:5:3 in volume) are 
used for digestion, and then graphite furnace atomic 
absorption spectrophotometry is used for analysis.The 
concentrations of heavy metals (Cd, Cr, Cu, Ni, Pb, and 
Zn) were analyzed by inductively coupled plasma mass 
spectrometry(ICP - MS, PerkinElmer NexION 350X, 
USA), and As and Hg were measured using atomic 
fluorescence spectrometry (PF7-2, Beijing Purkinje 
General Instrument Ltd., Beijing, China). Quality 
assurance and quality control (QA/QC) were conducted 
by reagent blanks, duplicates, and standard reference 
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material (GBW07401, Center of National Standard 
Reference Material of China). The recovery rates 
ranged from 92.86% to 105.21%. Three duplicates were 
used for all analyses, and relative standard deviations of 
duplicate samples were less than 5.0%.

In order to ensure the accuracy of quality control 
and analysis, the pre-treatment and analysis of this 
study adopt The national environmental monitoring 
plan in 2014. The soil environmental quality 
evaluation standard follows The risk screening value 
and environment in the soil pollution risk control 
standard for agricultural land (GB15618-2018) and 
The technical regulations for the evaluation of the 
state of soil pollution (HF [2008] No. 39). In this 
study, the background value comes from [1]. The risk 
screening risk is ensured connecting with pH value 
in local areas. The pH value in study soils is between  
6.5-7.5, so the background value and risk screening 
value are listed in Table S2. The variety of soils around 
industrial areas is agricultural land, so the evaluation 
standard of risk screening value uses agricultural land 
evaluation criteria. 

Potential Ecological and Health 
Risk Assessment

Potential Ecological Assessment

The geoaccumulation index(Igeo) was proposed by 
the German scientist Muller in 1969 and developed in 
Europe to study the quantitative indicators of heavy 
metal pollution in sediment and other materials. 
Calculation method in soil of Igeo in this study is as 
follows:

                            (1)

...where:
C - the concentration of heavy metals in soil
Cb - the Background Value of heavy metals in soil
K - the background matrix is 1.5 in this study. K was 
introduced to mitigate the ancillary effects of changes in 
soil lithology.

RI was estimated as follows:

Table S1. Abbreviation for different industries.

Order Region Industry Abbreviation

1

Site A

Agate Industry AI

2 Gold Mining(a) GM(a)

3 Copper Industry CI

4 Titanium Industry TI(a)

5 Switch Gear SG

6 Waster Disposal Industry WDI

7 Refuse Landfill RL

8 Waste Industrial Park WIP

9

Site B

Fluorine Chemical Park FCP

10 Leather Industry LI

11 Golden Mining GM(b)

12 Titanium Industry TI(b)

Table S2. The background value and risk screening value in this study.

Heavy metal Cd Pb Cr Cu Ni Zn As Hg

Background value 0.11 20.30 57.90 19.80 23.80 59.80 8.80 0.04

Risk screening value 0.3 120 200 100 100 250 30 2.4

Table S3. The Tr value of different heavy metal.

Heavy metal Cd Pb Cr Cu Ni Zn As Hg

Tr 5 5 2 5 5 5 10 40
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                              (2)

                              (3)

                               (4)

...where:
Er - the potential ecological risk factor for a single 
element
Tr - the toxicity coefficients for heavy metal, the Tr 
values are shown as Table S3.
Cf - the pollution factor
C0 - the mean concentration of heavy metal
Cb - the background reference value of heavy metal

The Igeo assessment of Pollution Level and the 
pollution assessment of RI is shown as Table S4. 

Potential Health Assessment

To describe the probability of non-carcinogenic 
and CRs of heavy metals to humans, health risk was 
assessed. In this study, adults and children were selected 
as the exposed people, where ingestion, dermal contact, 
and inhalation were selected as exposure pathways. The 
average daily intake (ADI) of each heavy metal was 
estimated by the following equations :

        (5)

 (6)

 (7)

...where:
ADIing, ADIderm, and ADIinh (mg/kg/day) - the ADIs via 
ingestion, dermal contact, and inhalation, respectively 
C - the concentration of heavy metal in soil (mg/kg)
IngR - the ingestion rate of soil (mg/day)
EF - the exposure frequency (day/year)
ED - exposure duration (year)
BW - body weight (kg)
AT - average time (day)
InhR - the inhalation rate of soil (m3/day)
PEF - the particle emission factor (m3/kg)
SA —the surface area of the skin in contact with soil 
(cm2)
AF - the relative skin adherence factor (mg/cm2)
ABS - the dermal absorption fraction of heavy metal 
(unitless). 

The values of these parameters were referenced 
from a previous study [2] and as shown in Table S5.

The non-CR (HQ) was assessed by the following 
equation [3]:

                     (8)

                        (9)

...where:
RfD - corresponding reference dose (mg/kg/day) 
i - exposure pathways.
HI - the non-CR caused by all exposure pathways.

If HI is higher than 1, then it indicates that the heavy 
metal poses non-CRs to humans. On the contrary, if HI 

Table S4. The pollution assessment of Igeo, Er and RI.

Index Category Description

Igeo

Igeo≤0 Practically uncontaminated

0<Igeo≤1 Uncontaminated moderately contaminated

1<Igeo≤2 Moderately contaminated

2<Igeo≤3 Moderately to heavily contaminated

3<Igeo≤4 Heavily contaminated

4<Igeo≤5 Heavily extremely contaminated

5<Igeo Extremely contaminated

RI

RI≤150; Ei
r≤40 Low risk

150<RI≤300; 40<Ei
r≤80 Moderate risk

300<RI≤600; 80<Ei
r≤160 Considerable risk

600<RI; 160<Ei
r≤320 High risk

320<Eir Extreme risk
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is lower than 1, then the non-CRs are small-beer. The 
values of RfD were referenced from a previous study 
[4], and as shown in Table S6.

CR was calculated as follows [5]:

                     (10)

                          (11)

...where
SF - the carcinogenic slope factor (mg/kg/day)
i - exposure pathways. 

If CR is lower than 1 × 10−6, then it indicates 
negligible health hazards. If 1 × 10−6≤CR≤1 × 10−4, then 

it indicates that the CR is acceptable or tolerable. If CR 
is higher than 1 × 10−4, then it indicates an unacceptable 
CR. Table S6. displays the unit and value of SF.

The Results of Health Risk Assessment

The Result of Non-Cancer Risk

The result is listed in Table S7.

The Result of Cancer Risk

The result is listed in Table S8.

Table S5. Different values of parameters in exposure assessment.

Parameter Unit
Group classification

Adult Children

IngR mg day-1 100 200

EF day year-1 350 350

ED year 24 6

InhR m3 day-1 20 7.5

PEF m3 day-1 1.36×109 1.36×109

SA cm2 5700 2800

AF mg cm-2 0.07 0.2

ABS
Non-carcinogenic - 0.001 0.001

Carcinogenic - 0.01 0.01

BW kg 70 15

AT
Non-carcinogenic day 8760 2190

Carcinogenic day 25550 25550

Table S6. Values of RfD and SF of different heavy metal in three exposure pathway.

Heavy metal
RfD SF

RfDing RfDderm RfDinh SFing SFderm SFinh

Cd 1.00×10-3 2.50×10-5 5.71×10-5 - - 6.3

Pb 1.40×10-4 1.40×10-4 - - - -

Cr 1.50 1.95×10-2 2.86×10-5 5.01×10-1 20 42

Cu 4.00×10-2 4.00×10-2 - - - -

Ni 2.00×10-2 8.00×10-4 2.06×10-2 1.7 42.5 9.01×10-1

Zn 3.00×10-1 3.00×10-1 3.00×10-1 - - -

As 3.00×10-4 3.00×10-4 3.00×10-4 1.50 3.66 15.1

Hg 1.60×10-4 1.60×10-4 8.57×10-5 - - -
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Fig. S1. Tree diagram of HCA between Cd, Pb, Cr, Cu, Ni, Zn, As and Hg in Site A and Site B (Site A is left, Site B is right).

Fig. S2. Analysis results of PCA for Cd, Pb, Cr, Cu, Ni, Zn, As, Hg in Site A and Site B (Above is the result of three principal components, 
below is the result of two principal components, Site A is left, Site B is right).


