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The auto parts industry occupies an important strategic position in our national
economy, which brings about the pollution problem in the processing of auto parts,
particularly in soil polluted by heavy metals. Soil samples were collected from an
automobile parts company in Jiaxing, China, and the data were evaluated using the
land accumulation index method. The study found that the heavy metal pollution in
the downwind direction of the Automobile Parts Co., Ltd. is mainly As, CD, and Zn
mixed heavy metal pollution, and the distribution is uneven. The coefficient of
variation of As was the largest, and the regional variation amplitude was large.
The coefficient of variation of CD, Cr, and Ni is 50%, that of Zn is 39.38%, and
that of PB is the lowest. The accumulative indexof AS andCDwas6,whichwas a very
serious pollution level. The content of As was 1994.7mg/kg, exceeding the standard
by more than 44 times, and the distribution of As in soil was uneven. The pollution
level of Zn is 3, which belongs to the moderate level. The pollution degree of heavy
metals in the soil decreases as the distance from the downwind outlet of the plant
increases. According to the health risk assessment, the main route of heavy metals
entering the body is through the mouth by breathing. Among exposure routes, oral
exposure to heavymetals is themost harmful, so we need to pay special attention to
farmland soil heavy metal pollution.
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1 Introduction

Automotive parts are one of the automotive service industries, which have various units that
make up the entire automobile and products that serve the automobile, collectively referred to as
automotive parts. The upstream of the automotive parts industry includes the production of raw
materials, such as steel, plastic, and rubber, whereas the downstream mainly targets the
supporting market of the main engine factory and the after-sales service market (Liang
et al., 2022). The automotive parts industry has many upstream- and downstream-related
industries, particularly upstream, so this industry occupies an important strategic position in
China’s national economy. In recent years, with the improvement of the living standards of
Chinese residents, small cars have spread throughout every household. However, toxic metals,
such as Pb, Hg, Cd6+, and Cr are found in automotive parts (Diwa et al., 2022). Lead is the most
commonly used substance in automobiles among the four toxic metals. Lead mainly exists in
seven forms in automotive materials, for example, instrument pointers for counterweights, seat
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belt sensors, and lead used as alloy components (Chen et al., 2019). The
main applications of Hg in automobiles are lighting in instrument
clusters, fluorescent lamps in cars, and others. Cd6+ can be used as an
alloy material or as a coating component.

The harm of lead (Liverpool, 2021). Lead in automotive parts
can enter the environment in multiple ways. Lead in automotive
parts (1) evaporates into the atmosphere through steam and
particles and (2) enters rivers and soil with rainwater after
electrochemical corrosion. When people breathe lead-containing
air or drink lead-containing water, lead enters the human body,
which will lead to chronic lead poisoning.

The harm of mercury (Cheng et al., 2023). Mercury in scrapped car
parts can quickly evaporate and enter the atmosphere and also be
deposited in rivers and soil through electrochemical corrosion with
rainwater. Mercury can enter the alveoli through the human respiratory
tract, which can be completely absorbed by the human body. Long-term
accumulation will lead to mercury poisoning.

Hazards of hexavalent chromium. The chromiummetal in end-of-
life auto parts can easily enter rivers and soil with rainwater through
electrochemical corrosion, and sodium dichromate–containing
hexavalent chromium will corrode sewers. When hexavalent
chromium significantly exceeds the standard (Liverpool, 2021;
Adotey et al., 2022), it will also lead to lung cancer.

The harm of cadmium. Cadmiummetal in scrapped cars enters the
atmosphere in the form of particles, and after electrochemical corrosion,
it can also enter rivers and soil with rainwater. When people inhale air
or consume water and food with a high cadmium content, cadmium
metal accumulates in the human body, which can cause cancer over
time. Therefore, high-pollution, low-endmanufacturing enterprises will
not be able to survive, and the development of the automotive parts
industry must take the path of energy-saving, green, and sustainable
development. Automotive parts contain considerable heavy metals, and
waste automotive parts factories should promptly recycle them to avoid
secondary pollution.

At present, some scholars have conducted investigations and
studies on the heavy metal content in soil (LI et al., 2012; Lu et al.,
2012; Shen et al., 2017; Zhao et al., 2017). However, no comprehensive
and systematic investigations and studies exist on the heavy metal
pollution situation in the soil around automobile parts factories. Hence,
our research group systematically explores the current situation of
heavy metal pollution in the surrounding agricultural land soil of
automobile parts companies. This study also conducts risk
assessments using considerable measured data to provide a basis for
early warning of soil environmental quality. Starting from evaluating the
ecological and environmental effects of heavy metal pollution in soil,
this study uses the ground accumulation index and potential ecological
hazard index of heavymetals in soil as pollution evaluation indicators to
evaluate the level of heavy metal pollution in agricultural soil in the
study area. This study contributes to controlling and regulating heavy
metals in farmland soil and has guiding significance.

2 Materials and methods

2.1 Overview of the study area

The auto parts company was located in the Jiaxing Asia Pacific
Science and Technology Industrial Park, Nanhu District, Jiaxing,

Zhejiang Province, in the center of the Yangtze Delta metropolitan
area. The downtown of Jiaxing was 25 km or 1 h from Shanghai,
Hangzhou, and Suzhou. Zha Jia Su Expressway was connected to
07 km, 01 Provincial Highway through the town and Hangzhou Bay
Bridge. The traffic was very convenient. The main business
includeed producing and selling key automotive components,
metal, and plastic handicrafts for automotive decoration
(excluding gold jewelry). This company was a professional
production and processing enterprise specializing in designing,
researching, and developing key automotive components
(excluding engines). The factory covered an area of 2000 m2 and
specializes in processing services for various automotive
components. The factory not only contributeed to the local
economy but also had a significant impact on the surrounding
environment. To make reasonable use of land resources and protect
human health, this study focused on residents’ health and selects
seven typical heavy metals (i.e., Cr, As, Pb, Ni, Cu, Zn, and Cd) for
pollution assessment and health risk assessment.

2.2 Sample collection and determination

2.2.1 Soil sampling and pretreatment
In this study, the grid method was used to arrange sampling

points to investigate the pollution status of the topsoil in this block,
and to determine the distribution of heavy metal pollution
concentration in this key block. In addition, further investigation
had be conducted on the depth of heavy metal pollution in the soil
through additional cross-sectional sampling. Specifically, the
southeast downwind area along the perennial wind direction of
the factory was 100 m from the edge of the factory. We collected a
total of 30 soil samples from top to bottom at vertical depths of 0–10,
10–20, and 20–30 cm, as shown in Figure 1. When sampling, we
collected 1-2 kg of soil samples, placed them in a sampling bag, and
labeled the sample information and quantity. We brought the
samples back to the laboratory and place’d them in a well-
ventilated place to dry naturally in the shade. The samples were
ground and passed through a 100-m mesh nylon sieve
before digestion.

2.2.2 Soil testing
The method of plate digestion was used to measure the total

amount of metals in soil. Ground and sieved soil weighing accurately
0.2000 g was placed in a polytetrafluoroethylene crucible. The soil
was wet with several drops of deionized water and added with 10 mL
of HCl. Then, the soil was heated on an electric heating plate at
medium temperature until it was almost dry, and 5 mL HNO3, 5 mL
HF, and 3 mL HClO4 were added. The soil was heated at a high
temperature until it was almost dry; if there was any residue left, we
repeated adding three acids until the solution in the crucible was
clear and transparent. Then, the soil was transferred to a 50-mL
volumetric flask for constant volume filtration, and an inductively
coupled plasma spectrometer was used to analyze soil elements (Xu
et al., 2020). The reagents used in the experiment were of superior
purity. Heavy metal content was analysis by ICP-MAS
measurement. All experimental samples were soaked in 10%
dilute nitric acid overnight and then washed with ultrapure
water. Blank and parallel samples were conducted throughout the
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process as control. The recovery rates of each metal were within the
allowable range of national standard reference substances. Detection
and quality control methods for heavy metals in soil samples were
shown in the reference (Hao, 2010; Heng, 2016).

2.3 Evaluation method

2.3.1 Index of geo-accumulation method
This method was proposed by Muller, a German scientist, and is

used to quantitatively evaluate the degree of heavy metal pollution in
sediments (LI et al., 2012; Lu et al., 2012). In addition to human
pollution factors and environmental geochemical background
values, the factors of background value changes caused by natural
diagenesis are also considered in the evaluation process (Delplace
et al., 2022; Zheng et al., 2023).

Where

Index of geo-accumulation Igeo � log2
Ci

s

K × Ci
n

[ ]
in the equation:

Ci
s Is the content of element i in sediment;

Ci
n Is the geochemical background value of this element in the

sediment (Kwon et al., 2012; Bábek et al., 2015; Xu et al., 2016; Pojar
et al., 2021; Sun et al., 2021; Arisekar et al., 2022; Delplace et al., 2022;
Siddique et al., 2023; Zhang et al., 2023);

K is a factor that takes into account possible changes in
background values due to differences in rocks in different regions
(usually taken as 1.5).

The calculation results are divided into pollution levels
according to the evaluation criteria of the index of geo-
accumulation (Table 1) (Muller, 1969).

2.3.2 Human health risk assessment method
Heavymetals in soil pose a threat to human health through three

main pathways: direct inhalation of soil dust into the air through
oral and nasal breathing; transferred in the food chain, such as
through fruits, vegetables, and grains, through contaminated soil;

FIGURE 1
Sampling distribution map.

TABLE 1 Criteria for index of geo-accumulation (Igeo) (Förstner et al., 1993).

Project Grade Pollution level

Igeo 0 Non-pollution

0<Igeo&1 1 Mild poisoning pollution

1<Igeo&2 2 Moderate pollution

2<Igeo&3 3 Moderate to strong pollution

3<Igeo&4 4 Strong pollution

4<Igeo&5 5 Strong pollution—extremely severe pollution

5<Igeo&10 6 Extreme pollution
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direct skin contact with contaminated soil with heavy metals
(Arisekar et al., 2022; Siddique et al., 2023). The industrial
process of surface treatment of this metal generates considerable
smoke and dust, which is close to farmlands. All three pathways
mentioned above may become the main pathways endangering
human health. Therefore, in this study, the non-carcinogenic and
carcinogenic risk assessments of heavy metals on human health are
all included in the model (Goher et al., 2021).

2.3.2.1 Exposure assessment calculation
The amount of pollution ingested by inhaling soil dust through

respiration:

EDIbreathe � CS × IRair × EF × ED
PEF × BW × AT

Amount of pollution ingested through direct skin contact
with soil:

EDIskin � CS × SA × AF × ABS × EF × ED
BW × AT

× 10−6

Direct oral intake of soil pollution:

EDImouth � CS × IRsoil × EF × ED
BW × AT

× 10−6

Total exposure:

EDItotal � EDIbreathe + EDIskin + EDImouth

In the formula, EDIbreathe, EDIskin, and EDI mouth refer to the
total amount of pollutants in soil ingested through respiratory
inhalation, skin contact, and direct oral intake, respectively,
mg/kg per day; CS is the heavy metal content in the soil, mg/kg;
IR soil refers to the soil intake rate, m3/d; IR air is the intake rate of
air, m3/d; PEF is the soil dust generation factor m3/kg; SA is the skin
contact surface area, cm2/d; AF is the skin’s adsorption coefficient,
mg/cm2; ABS is the skin absorption rate, %; EF is the exposure
frequency, d/a; ED is the exposure period/a; BW is the body mass,
kg; AT is the average action time, d.

The environmental risk assessment standards for adults and
children are quite different when conducting exposure assessments.
Table 2 shows the values of each exposure assessment parameter in
this assessment according to China’s site environmental assessment
guidelines, the USEPA health risk assessment method, and the
actual research conclusions at home and abroad in recent years
(Hasanzadeh et al., 2022; Aly-Eldeen et al., 2023; Hou et al., 2023; Jin
et al., 2023; Pandion et al., 2023; Siddique et al., 2023; Zheng
et al., 2023).

2.3.2.2 Toxicity assessment and risk characterization
Toxicity assessment estimates the relationship between

population exposure to pollutants and the likelihood of negative
effects (Bandara and Pathiratne, 2023; Ghosh et al., 2023; Wang
et al., 2023). Among the six heavy metals studied in this article, Cu,
Pb, Cd, and Ni all have non-carcinogenic health risks, and Pb, Cd,
and Ni also have carcinogenic risks (Sharma et al., 2022; Zheng et al.,
2023). Table 3 presents the non-carcinogenic and carcinogenic
toxicity parameters of four heavy metals, that is, Cu, Pb, Cd, and
Ni. The non-carcinogenic toxicity parameters are the reference dose
(RfDj) of heavy metals under each exposure pathway, and the
carcinogenic effect reference number (SF) is the carcinogenic
slope factor of Cd and Ni.

Each exposure route has carcinogenic and non-carcinogenic
risks. The non-carcinogenic risk level can be calculated by dividing
the daily exposure of heavy metals by the chronic reference dose of
three routes, namely, oral, skin, and respiratory. The calculation
formula is as follows:

HI � ∑HQi

where HI is the total non-carcinogenic risk level of soil heavy metals
under three exposure routes: oral, respiratory, and skin contact; HQi
represents the non-carcinogenic risk level of different intake
pathways; EDIj is the average daily intake of pollutants from
different pathways, mg/(kg·d), whereas RfDj is the chronic
reference dose for each pathway, mg/(kg·d) (Table 3). When
HQi <1 or HI <1, no significant non-carcinogenic health risk
exists. When HQi >1 or HI >1, a non-carcinogenic health risk
exists, and the higher the value, the more severe the risk.

The level of cancer risk is calculated by multiplying the average
daily intake to the entire life cycle by the slope coefficient of
carcinogenicity through oral, skin, or respiratory inhalation. The
calculation formula is as follows:

Riski � EDIi × SFi

Risk( )T � ∑Riski

where Riski is the carcinogenic risk index of soil heavy metals under
different pathways; (Risk) T is the comprehensive risk index of
heavy metal carcinogenesis in soil; EDI is the average daily intake of
different pollutants, mg/(kg·d); SFi is the slope coefficient of cancer
risk for various pathways, (kg·d)/mg (Table 3). Risk is the
carcinogenic health index, usually represented by a certain
number of recognized cancer patients. The acceptable risk value
of carcinogens defined by the U.S. Environmental Protection
Agency is 10−4–10−6, and the risk of cancer incidence in a
lifetime exceeds the normal value. When the risk is < 1 × 10−6 h,
no risk of cancer exists. When the risk is > 1 × 10−4 h, a risk of cancer

TABLE 2 The values of exposure parameter (Means, 1989; Palash et al.,
2020; Sun et al., 2021).

Parameter Value

Children Adult

IRsoil/(m3/d) 200 100

IRair/(m3/d) 7.5 15

EF/(d/a) 350 350

ED/a 6 30

SA/(cm2/d) 1600 5,000

AF/(mg/cm2) 0.07 0.2

ABS 0.001 0.001

PEF/(m3/kg) 1.36 × 109 1.36 × 109

BW/kg 15.9 55.9

AT/d carcinogenic70 × 365 noncarcinogenic30 × 365

Frontiers in Environmental Science frontiersin.org04

Liu et al. 10.3389/fenvs.2024.1362366

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1362366


exists. Then, when 1 × 10−6 ≤ risk ≤1 × 10−4 h, the risk of cancer is
considered within an acceptable range.

3 Results and discussion

3.1 Current situation and source analysis of
heavy metal pollution

In this survey, the downwind soil around the auto parts
company in Jiaxing was collected in three layers, and a total of
30 sampling data were analyzed regionally. According to the average
value of the soil in the Hangzhou–Jiaxing–Huzhou Plain as the
background value and the standard values of various elements
(Meng et al., 2022; Shao-cheng et al., 2023; Xu et al., 2023),
specified in the secondary standard of the Soil Environmental
Quality Standard GB 15618-1995 (pH < 6.5), the pollution
degree of heavy metals can be simply and intuitively displayed by
using the multiple of exceeding the standard. The coefficient of
variation reflects the interference of human activities on heavy metal
content (Xiaogang, 2014). The average values of heavy metal content
in the downwind direction of the study area and the heavy metal
content at three different sampling depths were measured (Halim,
2023). The objective is to investigate the overall pollution status of
heavy metals around Jiaxing Automotive Parts Company and the
impact of their location and distance from the pollution source.
Table 4; Figure 2 show the results.

Table 4 shows that, compared with the soil environmental
quality table issued in 2018, Cd, As, Pb, Cr, Cu, Ni, and Zn have
all exceeded the standard, with exceeding rates of 100%, 100%, 63%,

10%, 13%, 57%, and 100%, respectively. Among them, themaximum
coefficient of variation of As reached 63.38%, indicating that the
distribution of As in the study area is very uneven and that the
amplitude changes are significant. Second, the coefficient of
variation of Cd, Cr, and Ni also reached 50%, whereas that of Zn
was 39.38%. The distribution of several heavy metals was also
uneven, whereas the coefficient of variation of Pb was the lowest.
Relatively speaking, the distribution was relatively uniform.

Research has shown that heavy metals in soil are not only related
to species but also to the relative location and distance of pollution

TABLE 3 RfD and SF of heavy metals for different exposure routes (Huang et al., 2022; Jin et al., 2023).

Heavymetal RfD mouth/ RfD breath/ RfD skin/ SF/

[mg/(kg.d)] [mg/(kg.d)] [mg/(kg.d)] [(kg.d)/mg]

Cd 1.02 × 10−2 1.14 × 10−3 1.38 × 10−5 3.56 × 10−1

Ni 2.12 × 10−2 2.06 × 10−2 5.21 × 10−3 8.75 × 10−1

As 3.14 × 10−4 3.83 × 10−6 3.21 × 10−4 1.93 × 100

Zn 3.05 × 10−1 0 3.02 × 10−1

TABLE 4 Heavy metal content of soil at the sampling site of Jiaxing Minhui Auto Parts Co., Ltd.

Heavy
metal

Detection
range
(mg/kg)

Average
value

(mg/kg)

Coefficient of
variation (%)

Average
number of

exceedances

Average
exceedance

rate (%)

Standard
value

(mg/kg)

Coefficient of
variation (%)

Cd 1~11.25 5.13 8.54 100 0.6 2.78 54.26

As 88.25~1994.75 857.18 34.29 100 25 543.30 63.38

Pb 91~244.75 157.28 0 63 140 34.64 22.03

Cr 85.75~532.50 201.45 0 10 300 102.37 50.82

Cu 66.25~3,682.50 274.39 0 13 200 645.76 235.35

Ni 58.25~318.25 125.40 0 57 100 65.34 52.10

Zn 265.25~1437 611.242 0 100 250 240.70 39.38

FIGURE 2
Heavy metal content in different soil layer (mg/kg).
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sources. In this study, the As content of sampling points 1, 2, 3, 4, and
5 is particularly high, and these five points are located approximately
1 km below the air outlet of the factory area. On this basis, the closer
you are to the factory area, the higher the concentration of heavy
metals deposited in the soil. The content of As in all directions and
locations exceeds the background value of soil in Jiaxing City (LI
et al., 2012; Shen et al., 2017). Moreover, the content of As in the
middle layer of 10–20-cm soil reaches the maximum value, with an
average exceeding the standard of 79.39 times. This case may be
caused by the disordered discharge of arsenic-containing wastewater
and the atmospheric sedimentation of exhaust gas generated by the
nearby automobile beauty enterprises in the production process. In
addition, using organic arsenic pesticides to control rice diseases has
caused a large amount of arsenic residue. The simple substance
arsenic is non-toxic, and Arsenic compounds are toxic. Trivalent
arsenic is approximately 60 times more toxic than pentavalent
arsenic. The toxicity of organic arsenic is similar to that of
inorganic arsenic. Moreover, long-term inhalation or oral
administration in small amounts can lead to chronic poisoning (Li
et al., 2023). Meanwhile, breathing arsenic-containing air for
5–10 min can lead to fatal poisoning. The presence of arsenic in
agricultural soil is a major environmental and public health issue.
Arsenic, an element that occurs naturally, can be introduced into soils
by human activities such as mining, pesticide application, and
industrial operations. Arsenic, when found in the soil, has the
ability to build up in crops, posing a threat to the safety of our
food. Prolonged exposure to arsenic through tainted agricultural
produce has been associated with many health problems, such as
dermatological abnormalities, cardiovascular disorders, and specific
types of cancer (Dong-Yan, 2018). Arsenic pollution can cause
toxicity in the gastrointestinal tract, liver, and kidneys and induce
cancer. Hence, effective measures must be taken to prevent and treat
it. In addition to As, the average value of Cd also exceeded 8.54 times,
exhibiting the same distribution pattern as As, reaching its peak in the
soil layer at 10–20 cm. Cd is a non-biological essential element that
can enter the human body through the food chain and accumulate in
the body, causing chronic poisoning, liver and kidney damage, and
bone metabolism obstruction (Jin et al., 2023). Therefore, special
attention is also needed. The exceeding standard rate of Zn reached
100%, which was higher than the soil background value in Jiaxing
City. This situation may be due to proximity to highways, vehicle
exhaust emissions, forum wear and tear, and corporate exhaust
emissions exceeding the standard. Pb and Cu are similar in
average bidding multiples, similar to the soil background values of
Jiaxing City (Gao et al., 2023; Siddique et al., 2023). Cr has the lowest
exceeding standard rate and average exceeding standard multiple
among the seven tested heavy metals, which may be related to the
layout of drainage channels (Zheng et al., 2023). The dominant wind
direction in Jiaxing is southeast wind all year round, and in this study,
the overall direction of heavy metal production and enrichment is
100 m southwest rather than in the downwind region. Zhao Renxin
et al. (Zhao et al., 2017) concluded that the influence of wind
direction on the distribution of heavy metals is not significant.
The main reasons for this phenomenon may be threefold:
interference from other enterprises’ emissions, interference from
agricultural pesticides, and atmospheric sedimentation caused by
wind power. The airflow disturbance caused by vehicles traveling to
the west of the factory area weakens the role of natural wind direction.

3.2 Index of geo-accumulation

Figure 3 shows the overall evaluation of six heavy metals in the
soil around the metal factory using the land accumulation index
method and the evaluation results of each metal at different
vertical depths.

From Figure 3, the cumulative index (Igeo) of heavy metals
around the metal surface treatment plant is Cd > As > Cu > Zn >
Pb > Ni > Cr in descending order. The ground accumulation index
of the middle soil layer (10–20 cm) is mostly at a high level, which
may be the result of surface infiltration downward. Many deep soil
layers (20–30 cm) have a higher ground accumulation index than
the surface soil, indicating that the deep soil is also severely polluted.
The highest ground accumulation index of As and Cd is above 5.8,
and all soils are contaminated with varying degrees of As and Cd.
Surface and deep soils are at extremely severe pollution levels.
Second, the overall pollution of Cu and Zn is between strong and
moderate pollution levels, with a high degree of soil pollution in the
layer (10–20 cm). The overall pollution level of Pb is at a moderate
level. Compared with other heavy metals, the pollution level of Cr is
the lightest. The pollution decreases with the deepening of soil
depth, which may be because of the adsorption and diffusion of soil
particles (Pandion et al., 2023). As shown in Figure 3, out of the
seven heavy metals measured in this study, six are all at a moderate
or higher pollution level. Considering their potential harm to
surrounding residents, As, Zn, and Cd were selected as risk
factors for human health risk assessment.

3.3 Health risk assessment

3.3.1 Exposure assessment analysis
The exposure assessment of As, Zn, and Cd on children and

adults on non-carcinogenic days was carried out in this study, and
Table 5 shows the results. From Table 5, the intake of heavy metals
through oral intake is much higher than that through skin contact
and respiratory inhalation. The daily intake of heavy metals in soil
through the three pathways is in descending order: EDI through

FIGURE 3
Soil heavy metal cumulative index vertical distribution of the
study area.
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mouth > EDI through skin > EDI through respiration. Children’s
intake of heavy metals through oral intake is higher than that of
adults, but the content of heavy metals through skin contact and
respiratory inhalation is lower than that of adults. The exposure dose
reaches its maximum when children ingest As through mouth,
3.05 × 10−3 mg/(kg/d), and the minimum exposure dose appears
in children who inhale Cd through breathing, with a minimum value
of 2.85 × 10−11 mg/(kg/d). The doses of the other two metals Zn and
Cd ingested by mouth, skin contact, and respiratory inhalation in
adults are greater than those in children.

3.3.2 Healthy risk assessment
In this study, non-carcinogenic daily exposure assessment of

three heavy metals, As, Zn, and Cd, to children and adults was
carried out, and the results are shown in Table 6. From Table 6, the
non-carcinogenic risk index (HQi) of the surrounding soil of Jiaxing
Minhui Automotive Parts Company is partially greater than 1.
Relatively speaking, the risk of oral intake is the highest, and the
non-carcinogenic risk of direct skin contact and respiratory
inhalation is relatively small. These results are consistent with the
health risk assessment conclusion of heavy metals in subway station
dust, which is the research background of Yang Xiaozhi (Yang et al.,
2022). The maximum occurrence of HQi is in children’s oral intake

of As, with a maximum value of 12.34, whereas the minimum value
is the respiratory intake of heavy metal Zn by children, with a
minimum value of 7.56 × 10−9. In addition, the doses of Cd and Zn
for oral intake, skin contact, and respiratory inhalation in adults are
higher than those in children. This result is consistent with the
conclusions of the exposure assessment, indicating that the non-
carcinogenic risk index is related to the exposure route (Meng et al.,
2022). Regardless of the exposure pathway, the non-carcinogenic
health risk assessment of As is higher than that of the other two
heavy metals. Therefore, As has the greatest potential for
carcinogenic health risk, with a total HQi of 12 for non-
carcinogenic health risks, followed by Zn. Therefore, the
prevention and control of these two elements should be
strengthened. In addition, the total non-carcinogenic health risk
HQi of Cd for adults and children is less than 1, indicating that these
elements do not pose a non-carcinogenic health risk to residents
around the factory area. Fadel et al. (Fadel et al., 2022) studied the
soil pollution situation around electroplating plants and also found
that the carcinogenic risk of As and Cr in the soil was greater than
10−4, which was higher than the maximum acceptable risk level,
similar to the results of this study.

The maximum values of the carcinogenic health risk index
(RISK) of As for adults and children under the exposure pathway
of oral intake are 6.30 × 10−4 and 8.83 × 10−4, with a risk of cancer.
The minimum value of the carcinogenic health risk index of Cd is
1.46 × 10−10, occurring in children through respiratory exposure
pathways, within an acceptable range of carcinogenic risk. The
maximum values of Cd all occur through the oral intake pathway
in children, with values of 5.28 × 10−6. Zn does not have a
carcinogenic risk. Overall, the total cancer risk index of As
through three pathways is relatively high, and risks in children
are higher than in adults, which should be highly valued and
strengthened for prevention and control. The excessive levels of
As may be related to the application of pesticides in farmland or to
nearby agricultural companies (Fan et al., 2022; Hou et al., 2023;
Shao-cheng et al., 2023). As for Cd, risks in adults are higher than
those in children, which is consistent with the results of the non-
carcinogenic risk index. The health risk index for cancer caused by
oral intake in adults is 5.28 × 10−6, has exceeded the warning value,

TABLE 5 Dailyexxposure doses of heavy metals in soil mg/(kg d).

EDIbreathe EDIskin EDImouth EDItotal

metals classification children adult children adult children adult children adult

As maximum 5.69E-08 1.62E-07 1.15E-06 5.15E-05 3.05E-03 1.47E-03 3.05E-03 1.47E-03

minimum 2.52E-09 7.16E-09 5.11E-08 2.28E-06 2.05E-03 6.49E-05 2.05E-03 6.49E-05

Average 2.44E-08 6.95E-08 4.96E-07 2.21E-05 8.83E-04 6.30E-04 8.83E-04 6.30E-04

Zn maximum 4.10E-08 1.17E-07 8.32E-07 3.71E-05 1.48E-03 1.06E-03 1.48E-03 1.06E-03

minimum 7.56E-09 2.15E-08 1.54E-07 6.84E-06 2.73E-04 1.95E-04 2.73E-04 1.95E-04

Average 1.74E-08 4.96E-08 3.54E-07 1.58E-05 6.30E-04 4.49E-04 6.30E-04 4.49E-04

Cd maximum 3.21E-11 9.12E-10 6.51E-09 2.90E-07 1.16E-05 8.27E-06 1.16E-05 8.27E-06

minimum 2.85E-11 8.11E-11 5.79E-10 2.58E-08 1.03E-06 7.35E-07 1.03E-06 7.35E-07

Average 1.46E-10 4.16E-10 2.97E-09 1.32E-07 5.28E-06 3.77E-06 5.28E-06 3.77E-06

TABLE 6 The index of health risk.

Risk index Classification As Zn Cd

Riskmouth Child 8.83E-04 6.30E-04 5.28E-06

Adult 6.30E-04 4.49E-04 3.77E-06

Riskbreathe Child 2.44E-08 1.74E-08 1.46E-10

Adult 6.95E-08 4.96E-08 4.16E-10

Riskskin Child 4.96E-07 3.54E-07 2.97E-09

Adult 2.21E-05 1.58E-05 1.32E-07

Risktotal Child 8.83E-04 6.30E-04 5.28E-06

Adult 6.30E-04 4.50E-04 3.77E-06
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and if not controlled, will pose a threat to the health of
surrounding residents.

4 Conclusion

1) Many kinds of heavy metal pollution were detected in the
leeward soil of Jiaxing Minhui Auto Parts Factory; the soil was
extremely polluted by As and Cd, and the exceeding standard
rates are 100% and 37%, respectively. Moreover, the As
content can reach 1994.7 mg/kg, exceeding the standard by
34.287 times. Such pollution is unevenly distributed in the soil.
The pollution level of Zn is 3, belonging to the moderate
pollution level. The average exceeding multiple of Zn is not
high, but the exceeding rate reaches 100%. The level of heavy
metal pollution in the soil decreases as the distance from the
downwind mouth of the factory increases, but some do not
follow this pattern. Overall, this area is polluted by a mixture of
As, Cd, and Zn, similar to the heavy metal pollution in
agricultural soil in Zhejiang Province. The coefficient of
variation of As reached 63.38%, possibly because of the use
of arsenic-containing fertilizers and pesticides causing
metal residues.

2) The conclusion drawn from the ground accumulation index
method is that As and Cd pollution is the most severe, with a
grading result of 6 levels, belonging to the extremely strong
pollution level. Pb, Cu, and Zn are at levels 3, 4, and 3,
respectively, belonging to the medium strong pollution
level. The ground accumulation index of Cr and Ni is at
level 2, belonging to the moderate pollution level. When the
distance between the lower air vents in the factory area is close
and the pollution level high, the soil in this area is highly
polluted with As and Cd, accompanied by moderate to high
levels of Pb, Cu, and Zn pollution. Moreover, the relevant parts
should be taken seriously, and efforts should be made to
address the pollution of heavy metals on the soil to ensure
people’s lives and health.

3) The daily intake of heavy metals in the soil through three
pathways, in descending order, is EDI through mouth > EDI
through skin > EDI through respiration. The non-carcinogenic
risk index is related to the exposure pathway. The total
carcinogenic risk index of As in the study area through
three exposure pathways is relatively high, whereas the
carcinogenic harm of Zn is within an acceptable range.

However, a potential carcinogenic risk that should be highly
valued and prevented already exists.
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