
Introduction

Chemical industry is closely related to human 
survival and development. With the rapid development 

of industrialization, urbanization and urban civilization 
in China, chemical enterprises located near cities 
are incompatible with the concept of urban green 
development. The cities then require serious pollution 
enterprises in and around the city to switch production 
or shut down, and at the same time eliminate the 
chemical enterprises with serious environmental 
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Abstract

In recent years, the relocation sites of heavy industrial enterprises have caused great harm to human 
health, environmental and ecological safety, society and economy. Taking a relocation site of the chemical 
plant as research object, 18 soil samples of 0~20 cm were collected, and the contents of seven heavy metal 
elements, including Ni, Cu, Cd, Pb, Hg, As and Zn, were tested. The quality ratio statistical analysis, 
pollution characteristics analysis and potential ecological risk were used to determine the heavy metal 
pollution. Results show that mean concentration of Ni, Cu, Cd, Pb, Hg, As and Zn were 30.16 mg/kg, 
35.10 mg/kg, 0.28 mg/kg, 31.74 mg/kg, 0.92 mg/kg, 18.99 mg/kg and 72.63 mg/kg, respectively. 
Compared with the background value of Guanzhong area, Shaanxi, China, the heavy metal exceeding 
rate of sample points was 83.3%. Hg and As were the main pollution source, and they had exceeded 
the risk screening values in (Soil environmental quality Risk control standard for soil contamination 
of development land) (GB36600-2018). Geo-accumulation index and potential ecological risks showed 
that the mercury of Hg was polluted heavily. All these showed that the potential ecological risk in the 
chemical plant was extremely strong which was mainly determined by industrial production and human 
activity at the same time.
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pollution problems in the city. Due to the lack of 
management in the long-term production process of 
the polluting enterprises, the field has accumulated 
heavy metals, volatile organic compounds, persistence 
and other hazardous and toxic pollutants, making it 
a contaminated site with high risk and high pollution  
areas [1], causing great harm to the ecological 
environment and human survival. These have been 
worldwide environmental problems. Heavy metal 
pollution is a very common soil pollution type, 
especially in chemical industry area or around it. The 
sources of heavy metal pollution are various, and the 
situation of multi heavy metal pollution is widespread 
and quiet serious [2]. Heavy metal pollution including 
Cu, Cd, Pb, Zn, Ni, As were mainly located surrounding 
historical high-pollution chemical plants through 
geographical information system (GIS) technology [3]. 
Heavy metals in the soil have concealment, hysteresis, 
accumulation and irreversibility, and are extremely 
difficult to be treated [4-8], with obvious agglomeration 
effect in a certain area, such as abandoned industrial 
site (brownfield). They are directly or indirectly harmful 
to human health by contaminating surface water and 
groundwater [9, 10]. Particularly, heavy metals in soils 
can be directly ingested through three main exposure 
pathways such as ingestion, dermal contact (skin 
contact) and breathing into the human body [11, 12]. 
Consequently, long-term exposure to elevated levels of 
heavy metals leads to various health risks. In China, 
34.9% of the soil sample points in abandoned industrial 
sites are contaminated. Among them, more than a third 
of the points are seriously contaminated [13].

Some scholars [14-16] studied the spatial distribution 
of heavy metals in topsoil from the perspective of 
functional areas and found that the heavy metals (Zn, 
Cu, Cd, Pb, etc.) in domestic topsoil were seriously 

polluted. Some scholars have carried out studies on 
heavy metal pollution and potential ecological harm 
in cities [17-19], proposed the evaluation method of 
potential ecological harm index, which linked the risk 
of heavy metal ecological environment with toxicology, 
and visually demonstrated the degree of stress of 
heavy metals on the ecological environment [20, 21]. 
Therefore, it is necessary to carry out investigation, 
analysis, statistics and evaluation on the pollution of 
heavy metals in such polluted sites, so as to provide 
theoretical and technical support for the feasibility of 
site remediation and reuse.

This paper chooses the site after the relocation of a 
chemical plant in Weinan City, Shaanxi Province, China 
as the research object, which belongs to Guanzhong 
area. The types and concentrations of heavy metal 
pollutants in the site were determined by soil collection 
and testing. The harm degree of heavy metals in soil was 
analyzed by single pollution index (SPI), comprehensive 
pollution index (CPI), geo-accumulation index (Igeo) 
and potential ecological risk index. Possible sources 
of heavy metals in and around chemical plants were 
analyzed by using correlation and principal component 
analysis. All these provide reference basis and guidance 
for repair management. 

Materials and Methods  

Study Area, Soil Sampling and Analysis 

The site of the chemical plant is located in the east 
of Weinan City, Guanzhong area, Shaanxi Province, 
China, east of G310 National Road, south of Diding 
Road. This region belongs to semi-humid and semi-arid 
monsoon climate in warm temperate, which has four 

Fig. 1. Plan of chemical plant.
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distinct seasons, adequate lighting and the amount of 
rainfall. The frost-free period is 199-255d. The average 
annual temperature is 12-14ºC. The annual sunshine 
is 2200~2500 h and the annual rainfall was about 
600mm. The main soil type is leached brown soil. 
The chemical plant was established in June 2003 and 
mainly produced food grade fumaric acid, cold water 
soluble food grade fumaric acid, ultrafine fumaric acid, 
cationic etherifying agent and other products, which 
predecessor was mainly used to produce pesticides. 
The plant is mainly divided into four areas: Office (A), 
Factory Building (B), Distillation area (C), and Pool (D)  
(Fig. 1), and the key polluted area is Distillation area 
and Sewage pool. According to its predecessor and 
current fumaric acid production process, the main 
pollutants are pesticides, heavy metals and volatile-
semi-volatile organic pollutants.

The soil sampling points were arranged in the way 
of partition distribution [22]. In order to assess soil 
heavy metal pollution, 113 sampling sites were set 
up and nearly 300 soil samples were collected, with  
the deepest sampling depth reaching 3 m, mainly from 
the non-hardened ground in and around the chemical 
plant area. Each sampling site was recorded by using  
a global positioning system. To avoid contamination,  
the wooden shovel was used to collect the soil 
samples and each sample was stored in clean self-lock 
polyethylene bags, labeled and sealed. Moreover, at each 
sampling site, three subsamples were taken to augment 
the sample representativeness and mixed to obtain  
a bulk sample. The soil samples were air-dried at 
ambient temperature and crushed and sieved through 
100 mesh size with mortar and pestle. In order to 
highlight the problems and facilitate analysis, 18 typical 
soil samples of 0~20 cm were selected for analysis in 
this paper.

The contents of Ni, Cu, Cd, Pb, Hg, As and Zn in 
the soil samples were determined by EHD-24 atomic 
absorption spectrometer (ICP-MS) after the soil 
samples were digested by hydrofluoric acid, nitric acid 
and perchloric acid (the microwave digestion system 
was CEM Mars6 microwave digestion instrument). To 
ensure the reliability of the results, internal and external 
quality control was adopted to monitor the results. 
The internal quality control of the laboratory mainly 
adopts the national first-class material analysis standard 
for precision and accuracy control. 5% samples are 
randomly selected according to the total number of 
samples sent, and the codes are compiled to conduct 
repeatability test and abnormal value repeat check. 
External quality control of the laboratory is mainly 
controlled by standard control samples (the standard 
substance prepared).

Soil Heavy Metal Pollution Evaluation 
Method

In this paper, the single pollution index method and 
comprehensive pollution index method were used to 

evaluate the pollution degree of heavy metals in soil 
[23].

1) The evaluation formula of single pollution 
index(SPI) method is computed as follows:

                          (1)

Ci is the measured concentration of heavy metals in 
the soil. Si is the evaluation standard or reference value 
of heavy metals in the soil. Pi is the SPI. In this paper, 
(Soil environmental quality risk control standard for soil 
contamination of development land) (GB36600-2018)
[24, 25] and (Background value of soil heavy metal 
content in Guanzhong area) are used as evaluation 
criteria, which are national standard and local standard 
respectively. Pi≤1 means the soil is not polluted; Pi>1 
means the soil is polluted, and the bigger Pi is, the more 
serious the pollution is.

2) Comprehensive pollution index (CPI) method 
takes into account the average value and the highest 
value of single pollution index and highlights the 
impact of heavily pollutants on environmental quality. 
Its evaluation formula is shown as follows:

                    (2)

Maxi is the maximum value of environmental 
quality index of each factor. avei is the average value 
of environmental quality index of each factor. I>1 
means that the environmental quality does not meet 
the standard requirements; I = 1 means that the 
environmental mass is in the critical state; I<1 means 
that the environmental quality is better than the 
requirements of the evaluation standard.

Geo-Accumulation Index (Igeo)

The geo-accumulation index (Igeo) was initially 
proposed in the year 1969 by Muller (1969). Since 1969, 
it has been widely used to comprehend the pollution 
levels of heavy metals in the soils and also sediments 
in the worldwide. Igeo takes into account the background 
value impact caused by natural geological processes 
and the impact of human activities on the environment. 
It is an important parameter that reflects the natural 
variation characteristics of heavy metal distribution 
and identifies the impact of human activities on the 
environment. The Igeo is computed as follows: 

              (3)

...where Cn is the measured concentration of the heavy 
metal “n” in the soil sample, and Bn is the average 
geochemical background value of the measured heavy 
metal “n”. In this paper, Bn is background value of 
soil heavy metal content in Guanzhong area (shown in  
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Table 4). Muller classified seven levels based on Igeo 
values namely [26]: Igeo<0, not polluted; 0<Igeo≤1, not 
polluted to moderately polluted; 1<Igeo≤2, moderately 
polluted; 2<Igeo≤3, moderately polluted to heavily 
polluted; 3<Igeo≤4, heavily polluted; 4<Igeo≤5, heavily 
polluted to extremely polluted; and Igeo>5, extremely 
polluted.

Potential Ecological Risk Analysis

The potential ecological risk index is a quantitative 
index based on the response of element abundance and 
the synergistic effect of pollutants proposed by Swedish 
scientist Hakanson in 1980. It is one of the most 
commonly used methods to evaluate pollution degree 
of heavy metals in soil and sediments, atmospheric 
particle size and potential ecological risk. This method 
not only reflects the potential ecological damage of 
a single heavy metal in a specific sediment, but also 
considers the comprehensive ecological effects of 
various heavy metals, and quantitatively classifies the 
potential ecological risk grade of heavy metals, which 
is a comprehensive index to characterize the degree of 
heavy metals' impact on the ecological environment. Its 
evaluation formula shown as follows:

            (4)

...where Er
i is the potential ecological risk index of the 

heavy metal “i”. Tr
i is the toxicity coefficient of the 

heavy metal “i”. Pi is single pollution index of the heavy 
metal “i”. [27, 28]

Results and Discussion

Descriptive Statistic of Soil Heavy Metals

Descriptive statistical results of the heavy metal in 
the surface soil samples from the study region are listed 
in Table 1, including minimum, maximum, median, 
mean, standard deviation (SD), coefficient of variation 
(CV) and percentage of sampling points beyond the 
BGV (PSPBB). The mean contents of Ni, Cu, Cd, 
Pb, Hg, As and Zn in the soil were 30.16 mg/kg,  
35.10 mg/kg, 0.28 mg/kg, 31.74 mg/kg, 0.92 mg/kg, 
18.99 mg/kg, 72.63 mg/kg. The mean contents of Cu, 
Cd, Pb, Hg, As were all bigger than the BGV and the 
content of Hg and As shown extreme outliers. The 
maximum contents of Hg was 8.74 mg/kg, which 
had exceeded the screening value (8 mg/kg) in (Soil 
environmental quality Risk control standard for soil 
contamination of development land). This means that 
Hg shows a significant enrichment state and may pose 
risks to human health. Further detailed investigation 
and risk assessment should be carried out to determine 
the detailed pollution scope and risk level. The 
maximum contents of As was 123.30 mg/kg, 5 times of 
the screened value (20 mg/kg), slightly exceeding the 

control value of 120 mg/kg. This means As poses an 
unacceptable risk to human health, and risk control or 
repair measures should be taken. Although the mean 
content of Ni and Zn were lower than the background 
value (BGV), the content of Ni at 5 points and Zn at  
6 points were higher than the background value (BGV), 
and the exceeding rate were 28% and 36%. These results 
show that the soil heavy metal content in this area has 
been greatly affected by chemical plant activities. 

From the distribution of the minimum and 
maximum, the content of each element varies greatly. 
The coefficients of variation (CV) can reflect the 
average variation degree of each sampling point, 
and the coefficients of variation (CV) of seven 
heavy metals followed a descending order as 
Hg>As>Cd>Cu>Pb>Ni>Zn, which can be divided 
into three levels (Table 1) [29, 30]. The coefficients 
of variation (CV) of Hg and As was greater than 1, 
indicating that the content of Hg and As in different 
locations are significantly different. The coefficients 
of variation (CV) of Cd and Cu ranged from 0.5~1, 
indicating that the content of Cd and Cu also have 
great difference. The coefficients of variation (CV) of 
Pb, Ni and Zn ranged from 0.2~0.5, indicating that the 
distribution of Pb, Ni and Zn is relatively concentrated. 
These high coefficients of variation and high 
accumulation mean that the study region soils seriously 
influenced by discrete inputs related to anthropogenic 
activities, natural or external factors, especially the 
production process of chemical plants.

Analysis of Single Factor and Comprehensive 
Pollution Index 

Based on the background value (BGV) of soil 
heavy metal content in Guanzhong area, descriptive 
statistics on single factor pollution index of heavy 
metals in surface soils are listed in Table 2. Among the 
18 surface soil samples (0~20 cm), the content of heavy 
metals in 15 samples exceeded the background value, 
and the exceeding rate was 83%.Among them, there 
were 3 samples with content of 5 metals exceeding 
the background value, 2 samples with content of  
4 metals exceeding the background value, 3 samples 
with content of 3 metals exceeding the background 
value, 7 samples with content of 2 metals exceeding 
the background value, and the remaining 3 samples 
without metal content exceeding the background value. 
Soil samples were mainly polluted by Hg and As. The 
contamination rate of Hg was as high as 56.3%, with 
the highest content of Hg and As at point 12, both of 
which exceeded the screening value (SV). The content 
of Hg was 104 times higher than the background value 
(0.084 mg/kg), and the content of As was 8 times higher 
than the background value (13.1mg/kg). Secondly, the 
exceeding rate of Cd, Cu and Pb content were relatively 
high, which were 61.1%, 38.9% and 38.9% respectively. 
Finally, the exceeding rate of Ni and Zn content were 
relatively low, which was 27.8% and 18.8%. Although 
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the content of Cd, Cu, Pb, Ni and Zn did not exceed the 
screening value (SV), the content in some samples was 
still higher than the background value (BGV). These 
shows that chemical plants have great influence on the 
heavy metal content in the study area, so the relevant 
departments should pay attention to it and monitor the 
adjacent areas.

The comprehensive pollution results of soil heavy 
metal pollution are shown in Fig. 2. The higher the 
comprehensive soil pollution index is, the greater harm 
to the soil environmental quality will be. It is classified 
five levels namely: I≤0.7, safety; 0.7<I≤1, warning level; 
1<I≤2, mildly polluted; 2<I≤3, moderately polluted; 
I>3, heavily polluted. The comprehensive pollution 
index in Fig. 2b) were calculated based on the screening 
value (SV) in (Soil environmental quality risk control 
standard for soil contamination of development land) 
(GB36600-2018) as the standard. The pollution index 
of sample point 12 is 4.45, which is the largest. It is 
judged to be a heavily polluted area, which has great 
harm to the soil environmental quality, and there is the 
possibility of chemical plant pollutant leakage. All the 
other 17 soil samples had a pollution index of less than 
0.7, which were considered safe. The comprehensive 
pollution index in Fig. 2a) were calculated based on 
the background values (BGV) of Guanzhong area as 
the standard. Among the 18 soil samples, 1 sample 
was in the safe level, 2 samples were in the warning 
level, and the remaining 15 samples were polluted to 

Table 1. Descriptive statistics of heavy metals in the soils of the study region   (mg·kg-1).

Table 2. Descriptive statistics on single factor pollution index of heavy metals in surface soils.

Ni Cu Cd Pb Hg As Zn 

Minimum 12 16.94 0.07 12.3 0.02 8.97 50.27

Maximum 56.7 71.83 0.84 72.89 8.74 123.3 107.3

Median 29.73 24.05 0.21 24.4 0.14 10.34 67.79

Mean 30.16 35.1 0.28 31.74 0.92 18.99 72.63

Standard deviation (SD) 8.87 19.74 0.19 15.56 2.34 30.08 17.54

Screening values (SV) 150 2000 20 400 8 20 —

Background values (BGV) 33.13 26.7 0.184 24.8 0.084 13.1 73.5

Coefficient of variation (CV) 0.29 0.56 0.68 0.49 2.55 1.58 0.24

Percentage of sampling points beyond 
the BGV (PSPBB) 27.8% 38.9% 61.1% 38.9% 56.3% 18.8% 36.0%

Ni Cu Cd Pb Hg As Zn

Mean 0.96 1.26 1.42 1.21 10.46 1.37 0.97

Standard deviation (SD) 0.31 0.72 1.15 0.82 26.15 2.15 0.23

Coefficient of variation (CV) 0.33 0.57 0.81 0.68 2.50 1.57 0.24 

Over standard number 5 7 11 7 10 3 4

Over standard rate (%) 27.8 38.9 61.1 38.9 62.5 18.8 36.4

Fig. 2. Comprehensive pollution index of heavy metals in surface 
soils.
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varying degrees, accounting for 83.3% of the total 
samples. Among the polluted samples, 22.2% were 
heavily polluted, 27.8% were moderately polluted and 
33.3% were mildly polluted. The reason of soil pollution 
in different degree and higher than background value, 
may be related to the distance of sampling site from 
production workshop and waste water discharge place. 
The sampling points close to the workshop are directly 
affected by the addition and handling of materials, as 
well as the omission problem in the residue treatment 
process and the pipe leakage problem of waste water 
discharge, and the pollution and affected degree are 
higher than the sampling points far away. On the 
other hand, the migration of different metals from 
chemical plant to surrounding area is different, and 
the background content of each metal in the soil is 
also different. All these lead to the different pollution 
degrees and affected degrees of each sampling site.

Evaluation of Geo-Accumulation Index (Igeo) 

The results of the Igeo values were shown in Fig. 3 
and Table 3. As can be seen from Table. 3, the mean Igeo 

values of soil heavy metals were increased in the order 
of Ni (−0.71)<Zn (−0.66)<As (-0.65)<Pb(−0.56)<Cd 
(−0.45)<Cu (−0.44)<Hg (0.41) .Overall, the mean of Igeo 
for all seven heavy metals, obviously indicates that soil 
of the study region was not polluted by Ni , Zn, As, 
Pb, Cd and Cu (Fig. 3). Specifically, Hg had a highest 
index of Igeo (Fig. 3 and Table 3), ranged from −2.55 to 
6.19, in which about 6% and 13% of soil sampling sites 
were in extremely polluted and moderately polluted to 
heavily polluted, whereas not polluted to moderately 
polluted at 25% of sampling sites in the study region 
(Table 3). However, 6% of monitoring points of the soils 
were in heavily polluted by As, 11% and 5% of soil 
sampling sites were in moderately polluted to heavily 
polluted by Cd and Pb, respectively, in the study region. 
For Zn, the index of Igeo values were smaller than 
zero at all sampling sites in the study region, which 
were characteristically classified as not polluted or 
uncontaminated.The geo-accumulation index (Igeo) of 
heavy metals in different functional areas is shown in 
Table 4. The distribution of heavy metals in different 
functional areas is different, so the coefficients of 
variation (CV) of different heavy metal were different. 

Fig. 3. Minimum and maximum values of (a) geo-accumulation index.

Table 3. Classification of Geo-accumulation index (Igeo).

Ni Cu Cd Pb Hg As Zn

Not polluted (Igeo<0) 89% 72% 72% 78% 44% 94% 100%

Not polluted to moderately polluted (0<Igeo≤1) 11% 28% 17% 17% 25% / /

Moderately polluted (1<Igeo≤2) / / / / / / /

Moderately polluted to heavily polluted (2<Igeo≤3) / / 11% 5% 13% / /

Heavily polluted (3<Igeo≤4) / / / / / 6 %

Heavily polluted to extremely polluted (4<Igeo≤5) / / / / / / /

Extremely polluted (Igeo>5) / / / / 6% / /
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The order of pollution degree from heavy to light was: 
Distillation area >Sewage pool>Office>Factory building. 
This indicates that the pollution is mainly concentrated 
in the chemical reaction area, and there may be leakage 
in the production process. The distillation area and 
sewage pool were moderately polluted by Hg, which 
was most serious than other heavy metals, and other 
areas were not polluted by Hg, so the pollution in 
distillation area and sewage pool was more serious 
than others. Although the office area was polluted by 3 
kinds heavy metals (Cu, Cd and Pb), but the degree of 
pollution is not polluted to moderately polluted, so the 
pollution in office area was not serious. Only office area 
was not polluted to moderately polluted by Cd and Pb, 
others were not polluted. The office and distillation area 
was not polluted to moderately polluted by Cu, others 
were not polluted. There was no heavy metal pollution 
in the workshop area, which was affected by the harden 
ground, so the pollutants cannot enter the subsoil.

Potential Ecological Risk Analysis 

In order to reflect regional differences, the 
background value (BGV) of heavy metal in Guanzhong 
area was selected as the reference value. The toxicity 
coefficient [31, 32] of Hg, Cd, As, Cu, Pb, Ni and Zn 
were 40,30,10,5,5,5 and 1, respectively.The results were 
shown in Table 5 and Fig. 4. The mean Er

i of heavy 
metal followed a descending order as Hg (418.40)>Cd 
(42.53)>As (13.70)>Cu (6.30)>Pb (6.04)>Ni (4.81)>Zn 
(0.97). The degree of potential ecological hazard risk 
of Hg was the most serious, with the maximum index 
of potential ecological hazard: 4161.90, which is the 
most important ecological risk factor. The potential 
ecological hazard of Cd was moderately ecological 
hazard, with the index (42.53) slightly exceeded the 
mild standard (40). The other potential ecological 
hazards were mildly ecological hazard. As the Fig. 4 
shown, the potential ecological hazard of No. 12 and 

Table 4. Geo-accumulation index of heavy metals in topsoil of different functional areas.

Heavy metals
Office (A) Factory building (B)

Igeo Pollution Level Igeo Pollution Level

Ni -0.56 0 Not polluted -0.75 0 Not polluted

Cu 0.44 1 Not polluted to moderately polluted -0.74 0 Not polluted

Cd 0.59 1 Not polluted to moderately polluted -0.07 0 Not polluted

Pb 0.74 1 Not polluted to moderately polluted -0.21 0 Not polluted

Hg -0.78 0 Not polluted -0.06 0 Not polluted

As -0.73 0 Not polluted -0.46 0 Not polluted

Zn - - - -0.27 0 Not polluted

Heavy metals
Distillation area (C) Sewage pool (D)

Igeo Pollution Level Igeo  Pollution Level

Ni -0.60 0 Not polluted -0.71 0 Not polluted

Cu 0.65 1 Not polluted -0.64 0 Not polluted

Cd -0.50 0 Not polluted -0.71 0 Not polluted

Pb -0.61 0 Not polluted -1.03 0 Not polluted

Hg 1.09 2 Moderately polluted 1.28 2 Moderately pol-
luted

As -1.12 0 Not polluted -0.44 0 Not polluted

Zn -0.30 0 Not polluted -0.91 0 Not polluted

Table 5. Potential ecological hazard index of heavy metal. 

Metal elements Ni Cu Cd Pb Hg As Zn RI

Er
i

Max 8.56 13.45 136.96 16.95 4161.90 94.12 1.46 4414.60 

Min 1.81 3.17 12.06 2.48 9.76 6.85 0.68 43.39 

Mean 4.81 6.30 42.53 6.04 418.40 13.70 0.97 444.36 

Level Mild Mild Moderate Mild Extremely heavy Mild Mild Extremely heavy
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No. 6 soil samples were extremely heavy, which were 
all affected by heavy metal Hg. The potential ecological 
hazard of No. 5 soil samples were heavy, others were 
moderate or mild. The potential ecological hazard index 
(RI) of heavy metals in chemical plants was 444.36, 
ranged from 43.39 to 4414.60, with extremely ecological 
hazard. These caused by the content of Hg exceeding 
the standard. After Hg was removed, the potential 
ecological hazard in chemical plants is reduced to mild 
ecological hazard.

Frequency distribution of potential ecological hazard 
coefficient of heavy metal was shown in Fig. 5. The 

potential ecological hazard of Ni, Cu, Pb, Zn in all 
samples were mildly ecological hazard. The potential 
ecological hazards of As were mildly ecological hazard, 
among them 94% of samples were mildly and 6%of 
samples were heavily. The potential ecological hazards 
of Hg were extremely ecological hazard, among them 
31% of samples were mildly, 31% of samples were 
moderately, 19% of samples were Significantly, 19% 
of samples were extremely heavy. Considering the 
above factors comprehensively, the potential ecological 
hazard (RI) in the chemical plant was extremely 
heavy ecological hazard, which seriously affected 

Fig. 5. Frequency distribution of potential ecological hazard coefficient of heavy metal.

Fig. 4. Potential ecological hazard index of soil samples.
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environmental safety and public health. All these need 
to be paid close attention by government departments.

Correlation Analysis

The sources of heavy metals in soil are mostly 
influenced by human activities and the parent material 
of soil, such as chemical plant production, pesticide 
spraying, traffic emissions and so on. The similarity 
of the sources will lead to certain characteristics of 
some heavy metal elements in soil [33, 34]. Therefore, 
correlation analysis is an important basis to predict the 
source of heavy metals, and the correlation between 
heavy metals in soil can provide important information 
such as the source and route of heavy metal pollution in 
soil. If the correlation between elements is significant 
or extremely significant, it indicates that elements 
generally have homologous relationship or compound 
pollution.

The raw materials required by chemical plants and 
the waste water and residue discharged during the 
production process usually contained one or more of 
the same heavy metals. The good correlation between 
heavy metals indicated that these elements have similar 
sources, consistent with chemical plant production 
processes and the heavy metals contained in the waste 
discharge. Pearson correlation analysis between seven 
heavy metals in the soils was shown in Table 6. Cd, Pb 
and Zn were significantly correlated with each other at 
the level of 0.01, while Ni and Hg were significantly 
correlated at the level of 0.01, and the correlation 
coefficients were all greater than 60%. Therefore, it 
can be inferred that the elements of Cd, Pb and Zn 
have great homology and complex pollution hazards, 
while the elements of Ni and Hg have great homology 
and complex pollution hazards respectively too. Cu and 
As had no significant correlation with other elements, 
so it is inferred that the sources of Cu and As may be 
different from others. Therefore, there is no homologous 
relationship between Hg and As, and they come from 
different pathways. Based on chemical plant processes, 
Hg may come from waste water discharge, leakage, or 
waste residue accumulation during pesticide production. 

As may come from fertilizers and pesticides used on 
surrounding agricultural land.This further proved that 
leakage of chemical plant emissions was an important 
source of soil heavy metal pollution in this area.

Comprehensive Analysis

From the above analysis, it can be seen that chemical 
plants have caused extremely serious heavy metal 
pollution to the soil. Soil is the basic environmental 
element that constitutes the ecosystem and the 
material basis for human survival and development. 
Heavy metals in the soil can be absorbed by crops 
and eventually harm human health, resulting in life-
threatening conditions. In addition, the waste gas, waste 
water and waste residue discharged from chemical 
plants will also cause air pollution, water pollution and 
solid waste pollution, seriously damage the ecological 
environment, affect human life and endanger life safety. 
Therefore, it is necessary to carry out detailed pollution 
investigations on the remaining sites after the relocation 
of chemical plants and similar enterprises to assess the 
health of the land. 

At the same time, pollution treatment requires a 
large amount of investment and manpower, and the 
repair process is long and difficult, thus hindering 
economic development. Such preliminary surveys 
provides accurate data for the later governance, 
development and utilization. Only by confirming 
the soil pollution, the types and nature of pollutants 
accurately and truly, effective measures can be taken to 
control soil pollution, shorten the time of remediation, 
save the cost of remediation, and ensure that the land 
is reused scientifically and reasonably in the later stage.

Conclusions

(1) Compared with the background value of heavy 
metal content in Guanzhong area, Hg, As, Cd, Cu, Pb, 
Ni and Zn in the surface soil (0~20 cm) of this chemical 
plant area showed different degrees of enrichment.  
The heavy metals content of 83% samples exceeded 

Table 6. Pearson correlation analysis between seven heavy metals in the soils.

Ni Cu Cd Pb Hg As Zn

Ni 1

Cu 0.085 1

Cd -0.146 0.036 1

Pb -0.132 0.269 0.938** 1

Hg 0.893** 0.152 0.090 0.152 1

As 0.121 -0.312 0.317 0.297 0.031 1

Zn 0.105 0.301 0.875** 0.846** 0.291 0.176 1

“**” indicates a significant correlation at the 0.01 level (bilateral)
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the background value. According to the comprehensive 
pollution index (CPI) method, 83.3% of the soil samples 
were affected by heavy metals, of which 22.2% were 
heavily polluted. Hg and As were the most serious 
pollutants. These mean that the chemical plant had 
great influence on the heavy metal content in this area, 
so it should cause the attention of relevant departments, 
and monitor and control the adjacent area.

(2) The results of the potential ecological hazard 
analysis and the geo-accumulation index showed that 
the potential hazard degree of heavy metal in the 
chemical plant was different, among which Hg reached 
extremely heavy of ecological hazard and had certain 
potential ecological hazard. After comprehensive 
consideration, the potential ecological hazard (RI) in the 
chemical plant was extremely heavy ecological hazard, 
and the area with heavy pollution was in distillation 
area. These seriously affected environmental safety 
and public health. Therefore, it is urgent to carry out 
detailed investigation and rehabilitation to restore the 
ecological environment.

(3) According to the correlation analysis of heavy 
metals, the sources of most heavy metals are similar, 
consistent with the production process of chemical 
plants and the heavy metals contained in the waste 
discharge, indicating that the leakage of chemical plants' 
emissions was an important source of soil heavy metal 
pollution in this region.
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