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Polycyclic aromatic hydrocarbons (PAHs) are widely distributed in soil and are
difficult to degrade, posing a great threat to the ecological environment and
human health. Therefore, research on the distribution characteristics and risks of
PAHs is of great significance to protect human and ecosystem health. Taking a
typical chemical industry park in Chongqing as an example, the spatial distribution
characteristics of PAHs content in 54 topsoil samples in the typical area were
analyzed, and the soil PAHs pollution was evaluated by incremental models such
as single-factor index and Nemerow comprehensive index. A factor
decomposition model Positive Definite Matrix Factorization (PMF) was used to
analyze the sources of PAHs. The results showed that 16 kinds of optimally
controlled PAHs were detected, and the content of ΣPAHs in the topsoil
ranged from ND to 16.07 mg/kg, with an average value of 1.78 mg/kg; spatially,
pollutant levels are higher in the south and southwest of the park as well as in the
center; source analysis showed that Chongqing The PAHs pollution in this typical
chemical industry park in the city is from coke combustion sources, traffic
emission sources, biomass combustion sources, oil sources, coal combustion
sources and oil leakage sources, and the contribution rates to PAHs are 10.7%,
35.2%, 20.7%, and 5.0%, 24.6%, and 3.7%; respectively. The health risk assessment
of soil PAHs shows that there is no potential carcinogenic risk of PAHs in different
age groups in this area, and the main exposure route of adults is dermal >
ingestion > inhalation, and the main exposure route of children is ingestion >
dermal > inhalation.
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1 Introduction

The large amounts of polycyclic aromatic hydrocarbons (PAHs) and potential
carcinogenicity have been creasing during the past few years, attracting the attention of
researchers and scholars worldwide. PAHs are mainly by-products produced by incomplete
combustion of fossil fuels (coal, petroleum, etc.) (Cui et al., 2022), and are a class of organic
pollutants with neutral, non-polar molecules and semi-volatiles. More than 100 different
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PAHs exist globally, including 16 PAHs of high concern (Zhang
et al., 2023). PAHs adhere to organic matter in soil particles due to
their lipophilicity and low solubility in water (Shukla et al., 2022).
After these pollutants enter the soil, they are accumulated, stable,
and not easy to flow. At the same time, due to the higher activity of
pollutants in water, they are more likely to migrate or precipitate in
surface and groundwater (Zhao et al., 2018). The uptake of
carcinogenic PAHs by plants can lead to food chain
contamination (Schwab and Dermody, 2021), and these
pollutants can enter the food chain or seep into surface and
groundwater, posing a great threat to human health and the
environment (Zhang et al., 2018). Long-term contamination of
soil by PAHs compounds can lead to significant deterioration of
soil biological conditions (Devatha et al., 2019). For example, high
concentrations of naphthalene, anthracene, pyrene, phenanthrene,
and fluorene reduce phosphatase activity in soil (Mao et al., 2021).
PAHs pollution not only adversely affects soil ecosystems, but also
poses certain risks to human health in the long-term PAHs
environment. Studies have shown that long-term human
exposure to high doses of PAHs pollutants may lead to the
occurrence of many diseases, including neurodegenerative
diseases, cancer, respiratory diseases, etc. (Ambade et al., 2022a;
Kurwadkar et al., 2022). Data from many occupational health
studies suggest an association between lung cancer and exposure
to PAH compounds, and evidence from García et al. (2023)
suggested that short-term exposure to PAHs may lead to
impaired lung function in asthmatics and may increase blood
clots in patients with coronary artery disease risk that arises.
Ambade et al. (2022b) studied the distribution of polycyclic
aromatic hydrocarbons (PAHs) in the sediments of the
Mahanadi estuary, determined their sources, and evaluated their
ecological toxicity. They found that PAHs have potential risks and
ecological risks to specific sources. Polycyclic aromatic
hydrocarbons (PAHs) pollution is associated with various health
problems (Li et al., 2023).

Ambade and Sethi Shrikanta (2021) proved the pollution of
PAHs is caused by petroleum and combustion in the industrial
production process. Kurwadkar et al. (2022) pointed out that large-
scale emissions from vehicle traffic and industrial activities are the
main reasons for the increase in PAH levels. Zhang et al. (2019)
showed that the average concentration of PAHs in industrial areas
was higher than that in parks and residential areas. Fundamentally,
most of the pollutants come from human activities, especially
industrial economic construction, because it requires a lot of
underground raw materials (Cao et al., 2015). Johnsen and
Karlson (2007) demonstrated that point sources such as
industrial plants and direct discharge (oil spills) can
significantly increase soil PAHs concentrations within a few
meters to a few kilometers from the point source. Ambade and
Sankar (2021) pointed out that PAHs can induce cancer through
the inside of the bronchus. Kwon and Choi (2014) demonstrated
that the PAH content of industrial sites is much higher than that of
rural and urban sites.Ambade et al. (2020) reported by using
principal component correlation (PCC) that the source of
emissions may be industrial activity, automobiles, wood, coal,
or dung cake burning. However, there has been no study on
PAHs pollution of this typical chemical industry park selected
in this article, a national industrial park approved by the

Chongqing Municipal People’s Government in December 2001.
The planned area of the park is 31.3 square kilometers, which is
divided into natural gas chemical area, petrochemical area, fine
chemical area and chemical material area. It is an important
platform for Chongqing’s resource processing industry, and a
comprehensive integration of natural gas chemical,
petrochemical, biomass chemical, fine chemical and new
material industries in Chongqing. After 5 years of development
and construction, the park has basically formed the industrial base
of petrochemical, natural gas, chlor-alkali, biomass, fine chemicals
and new materials. Chongqing is located at the “Y”-shaped node
where the “Silk Road Economic Belt and the 21st Century
Maritime Silk Road” and the “Yangtze River Economic Belt”
intersect. Regional PAHs pollution prevention and control
measures are of great significance to promote ecological security
and high-quality development in the Yangtze River Economic Belt,
pollution prevention and protection and people’s livelihood. The
research in this article will help determine whether the PAHs
produced by various factories or enterprises in the typical chemical
park pose risks to the ecological environment and human health,
so that timely measures can be taken to avoid the risks.

This paper takes the surface soil of a typical industrial park in
Chongqing as the research object, and studies the monitoring results
of 54 soil samples in the area, focusing on the following three issues:
1) The content of 16 optimally controlled PAHs in the soil of this
typical chemical park; 2) Pollution degree and distribution of
pollutants; 3) Evaluation of soil ecological risks of pollutants and
health risks of people in the park.

2 Materials and methods

2.1 Overview of the study area

The research area is a typical chemical industry park in
Chongqing. This area belongs to the ecological economic zone of
the Three Gorges Reservoir area. It spans the north and south of the
Yangtze River. The terrain is dominated by low mountains and hills.
It is rainy in early summer, hot and often dry in midsummer, rainy
in autumn, long frost-free period, large temperature difference,
foggy and less sunshine. The annual average temperature of
10 years (2012–2021) is 18.7°C. The soil types are mainly paddy
soil, alluvial soil, purple soil and yellow soil. With the development
of the development strategy of the Yangtze River Economic Belt, the
rapid industrial development and urbanization of Chongqing have
mademore andmore pollutants enter the urban soil in various ways,
thereby affecting the soil environmental quality and safety
performance.

2.2 Sampling point layout and sample
collection

Based on the grid point method required in “Technical
Specifications for Soil Environmental Monitoring” (HJ/T 166-
2004), combined with the actual sampling situation on site, a
total of 54 points of surface soil were collected in a typical
chemical park, and the sampling depth was 30 cm. The
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distribution is shown in Figure 1. The specific method is based on
the “five-point method” sampling, delineating a (5 m × 5 m)
square plot at each sampling point, avoiding artificial fillings and
removing sundries on the surface, and distributing stainless steel
at the four corners and the center of the plot respectively. One soil
sample was collected with a shovel, and the 5 soil samples were
fully mixed in the field to obtain the soil sample (about 500 g) at
this point. The collected samples were put into a brown ground
glass bottle and stored in a low temperature seal and brought back
to the experiment as soon as possible. The soil samples were
placed in a cool indoor place to air dry naturally. After removing
debris such as stones and animal and plant residues, they were
ground and passed through a 2 mm sieve. The site number,
sampling quantity, sampling site type, sampling depth, sample
type, location and other information were marked, and some soil
samples were freeze-dried and passed through a 60-mesh sieve to
be tested for PAHs.

2.3 Sample processing and testing

2.3.1 Instrumental analysis
Vacuum freeze-drying was used for sample pretreatment, and

gas chromatography-mass spectrometry (GC-MS) was used for
sample determination.

2.3.2 Pressurized fluid extraction
Weigh 20 g of sample and about 10 g of diatomite and mix them

evenly, then add a substitute (low concentration 2 μg, high
concentration 5 μg) to assemble the extraction cell, pad an
appropriate amount of quartz sand in the lower part, transfer all
the samples to be extracted, and lay them on the upper part. A layer
of quartz sand is covered with filter paper, transferred to the
extraction apparatus, and the general conditions are set
(preheating for 5 min, static extraction for 5 min, extraction
pressure 103 bar, flushing volume 60%, solvent flushing for

FIGURE 1
Schematic diagram of sampling point distribution.
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1 min, gas flushing for 2 min), extraction solvent, The temperature
and times are determined according to the optimization experiment,
and the extract is collected (Ouyang et al., 2018).

2.3.3 Purification of extracts
Set the heating temperature conditions according to the

instrument manual, and concentrate the extract to about 2 mL,
to be purified.

2.3.4 Concentrate, add internal standard
Fix the magnesium silicate purification column on the solid

phase extraction device, rinse the purification column with 4 mL of
dichloromethane, add 5 mL of n-hexane, close the flow rate control
valve after the column is full, and infiltrate for 5 min, slowly open the
control valve, and continue to add 5 mL of n-hexane, before
exposing the packing to air, close the control valve and discard
the effluent. Transfer the concentrated extract to the small column,
wash the concentrated vessel three times with 2 mL of n-hexane, and
transfer all the washing liquid to the small column. Slowly open the
control valve, close the control valve before the filler or copper
powder is exposed to the air, add 5 mL of dichloromethane-n-
hexane mixed solvent with a volume ratio of 1:9 for elution, slowly
open the control valve and wait for the eluent to be saturated and
purified After the column, close the control valve, soak for 2 min,
slowly open the control valve, continue to add 5 mL of a mixed
solvent with a volume ratio of dichloromethane-n-hexane of 1:9, and
collect all the eluents for reconcentration.

2.3.5 Determination of samples
The purified test solution was concentrated by rotary

evaporation, and an appropriate amount of the internal standard
intermediate solution (the internal standard stock solution was
diluted by a mixture of n-hexane and acetone with a volume
ratio of 1:1) was added, and the volume was adjusted to 1.0 mL.
2 mL vial, to be tested.

2.3.6 Pressurized fluid extraction
Take 1 mL of the extracted polycyclic aromatic hydrocarbon

solution, dilute the solution to the desired concentration, and use
GC-MS to quantify the concentration of each of the 16 polycyclic
aromatic compounds.

2.3.7 Rotary evaporation concentration
According to the instructions of the instrument, the heating

temperature conditions were set. If it was not necessary to purify, the
extract was concentrated to about 2 mL, and the concentrated liquid
was transferred to a calibrated concentration vessel with a disposable
dropper. The bottom of the rotary evaporation bottle was washed
twice with a small amount of acetone-n-hexane mixed solvent, and
all the concentrated liquid was merged, and then concentrated to
about 2 mL by nitrogen blowing.

2.3.8 Magnesium silicate purification column
The magnesium silicate purification column was fixed on the

solid phase extraction device, and the purification column was
rinsed with 4 mL dichloromethane. After the column was filled
with 5 mL n-hexane, the flow rate control valve was closed for
infiltration for 5 min. The control valve was slowly opened, and

5 mL n-hexane was added. Before the filler was exposed to the
air, the control valve was closed and the effluent was discarded.
The concentrated extract was transferred to a small column, and
the concentrated vessel was washed three times with 2 mL
n-hexane, and all the washing solution was transferred to the
small column. Slowly open the control valve, close the control
valve before the filler is exposed to air, add 5 mL
dichloromethane-n-hexane mixed solvent for elution, slowly
open the control valve to be eluted after the eluent is filled
with the purification column, close the control valve, diffuse for
2 min, slowly open the control valve, continue to add 5 mL
dichloromethane-n-hexane mixed solvent, and collect all the
eluent, to be concentrated again.

2.3.9 Concentrate, add internal standard
After purification, the test solution was concentrated again

according to the step of rotary evaporation concentration, and an
appropriate amount of internal standard intermediate liquid was
added to keep the internal standard concentration consistent with
the internal standard concentration in the calibration curve, and the
mixed solvent of acetone-n-hexane was used to constant the volume
to 1.0 mL. After mixing, it was transferred to 2 mL sample bottle for
testing.

2.3.10 Quality control
Quality control according to 10% parallel, 10% standard. The

quality control of 16 polycyclic aromatic hydrocarbons in soil was
also carried out.

2.4 Pollution assessment and health risk
assessment

2.4.1 Pollution index method
The single factor index and the Nemerow comprehensive

pollution index can comprehensively reflect the pollution status
of soil samples. The calculation formula is:

Pi � Ci/Si
Pcomprehensive �

�������������������
Ci/Si( ) 2

max + Ci/Si( )2ave
2

√
In the formula, Pi is the pollution index of soil PAH monomer i;

Pcomprehensive is the Nemerow comprehensive pollution index,
reflecting the comprehensive pollution status of the soil sample;
Ci is the measured content of PAHs in the sample (mg/g); Si is the
PAHs evaluation standard (mg/g) (Callén et al., 2014), using the
second-level standard limit in the National Construction Land Soil
Environmental Assessment Quality Reference Standard (GB 36600-
2018). When P sum ≤ 0.7, no pollution, 0.7 < P sum ≤ 1, slight
pollution, l < P sum ≤ 2, light pollution, 2 < P sum ≤ 3, moderate
pollution, and P sum > 3, severe pollution.

2.4.2 Health risk assessment
The health risk assessment of PAHs in this paper adopts the

carcinogenic health risk assessment model provided by the
International Agency for Research on Cancer (IARC), as shown
in the following formula:
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TABLE 1 PAHs in soil of an industrial park.

Name Abbreviations Number of
rings

Toxicity equivalent
factor (TEF)

Minimum
mg/kg

Maximum
mg/kg

Average
mg/kg

Standard
deviation mg/kg

Coefficient of
variation %

Detection
rate %

Naphthalene Nap 2 0.001 ND 0.38 0.04 0.07 167.21 59.26

Acenaphthylene Acy 3 0.001 ND 0.24 0.03 0.06 209.07 27.78

Acenaphthene Ace 3 0.001 ND 0.11 0.01 0.02 207.52 16.67

Fluorene Flu 3 0.001 ND 0.27 0.02 0.05 185.54 37.04

Phenanthrene Phe 3 0.001 ND 1.67 0.17 0.31 178.36 94.44

Anthracene Ant 3 0.01 ND 0.19 0.02 0.04 182.24 31.48

Fluoranthene Fla 4 0.001 ND 1.78 0.20 0.37 184.18 83.33

Pyrene Pyr 4 0.001 ND 2.18 0.24 0.47 192.58 81.48

Benzo(a)anthracene BaA 4 0.1 ND 0.96 0.10 0.20 200.43 74.07

Chrysene Chry 4 0.01 ND 1.37 0.15 0.29 186.49 83.33

Benzo(b)
fluoranthene

BbF 5 0.1 ND 1.76 0.18 0.36 204.23 81.48

Benzo(k)
fluoranthene

BkF 5 0.1 ND 1.02 0.09 0.17 199.40 75.93

Benzo(a)pyrene BaP 5 1 ND 1.45 0.14 0.30 212.97 72.22

Dibenzo (a,h)
anthracene

DahA 5 1 ND 0.30 0.03 0.05 209.12 35.19

Benzo (ghi)perylene BghiP 5 0.01 ND 2.22 0.22 0.44 199.71 74.07

Indeno (1,2,3-cd)
pyrene

InP 6 0.1 ND 1.48 0.14 0.27 198.39 74.07

∑PAHs - - ND 16.07 1.78 3.28 184.52 62.62
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ILCRingestion �
CS × CSFingestion ×

������
BW/703

√( ) × IRingestion × EF × ED

BW × AT × 106

ILCRdermal � CS × CSFdermal ×
������
BW/703

√( ) × SA × AF × ABS × EF × ED

BW × AT × 106

ILCRinhalation � CS × CSFinhalation ×
������
BW/703

√( ) × IRinhalation × EF × ED

BW × AT × 106

where BW is body weight, IRingestion and IRinhalation are the soil
intake rate and the inhalation rate, EF is the exposure frequency, ED
is the exposure duration, SA is the surface area of the skin, AF is the
dermal adherence factor, ABS is the dermal adsorption factor, AT is
the average life expectancy, and PEF is the particle emission factor.
CS is the sum of converted concentrations of soil PAHs according to
the toxic equivalents of BaP based on toxic equivalency factors
(TEFs) given in Table 1 CSF, short for carcinogenic slope factor, is
determined according to the cancer-causing ability, and CSFingestion,
CSFdermal, and CSFinhalation are 7.3, 25, and 3.85 (mg kg−1 d−1)−1,
respectively. Moreover, cancer risks were estimated for the residents
with three groups according to age: child (0–10 years), and adult
(19–70 years).

2.5 Positive definite matrix
factorization (PMF)

Source apportionment of PAHs in topsoil using the PMF
5.0 model launched by the US Environmental Protection Agency
(EPA) (Liu et al., 2019). The PMF model decomposes the sampling
data into two matrices, namely, the contribution of the coefficients
(C) and the number of factors (F), and uses the concentration and
uncertainty data of the sample to weight each point to minimize the
objective function Q:

Q � ∑n
i�1
∑n
j�1

xij −∑p
k�1

gikfkj
⎛⎝ ⎞⎠/uij
⎡⎢⎢⎣ ⎤⎥⎥⎦

In the formula, Q is the cumulative residual error, i is the
number of samples, j is the type of pollutants determined; p is the
number of suitable factors found by the PMF model; f is the
composition matrix of each source; g is the amount of each
pollutant in the sample. Contribution matrix; uij is the
uncertainty of the pollutant species in the sample, and the
calculation method is as follows:

sij �
5
6
× LMDL, xij ≤LMLD��������������������
RDS × xij( )2 + LMDL( )2

√
, xIJ > LMLD

⎧⎪⎪⎪⎨⎪⎪⎪⎩
Where RSD is the relative standard deviation of the compound

concentration value, and LMDL is the method detection limit.

3 Results and analysis

3.1 Content and composition of PAHs in soil

The contents of 16 PAHs in soil samples from 54 sampling
points were studied, and the statistical results are shown in Table 1.
The total content of 16 PAHs (ΣPAHs) was ND~16.07 mg/kg, with

an average value of 1.78 mg/kg. The total content of low molecular
weight PAHs with 2–3 benzene rings was ND~2.28 mg/kg, with an
average value of 0.29 mg/kg, accounting for 16.29% of the content of
ΣPAHs; The total content of molecular weight PAHs was
ND~30.59 mg/kg, with an average value of 1.49 mg/kg,
accounting for 83.24% of the content of ΣPAHs.

The coefficients of variation of the 16 PAH monomers in this
typical chemical park were all greater than 100%, which belonged to
strong variation, indicating that the soil pollution of the site showed
strong heterogeneity. The coefficients of variation of Acy, Ace, BaA,
BbF, BaP, and DahA were higher than 200%, indicating that
LMWPAHs and HMWPAHs were greatly affected by external
factors in the study area, resulting in strong variability.

The mass fractions of PAHs with different ring numbers were:
four-ring (38.76%)> five-ring (37.08%)> three-ring (14.04%)> six-
ring (7.87%)> two-ring (2.25%). Four-ring and five-ring PAHs
accounted for 75.84% of the total PAHs. And studies have shown
that oil spills usually produce 2 rings, low temperature or medium
temperature combustion processes (such as coal combustion)
usually produce 3 rings and 4 rings, and high temperature
combustion processes (such as automobile exhaust) usually
produce 5 rings (gasoline combustion) and 6 rings (diesel
combustion) (Shi et al., 2021). Through preliminary analysis, coal
combustion and transportation emissions are the main sources in
the study area. The specific source analysis of PAHs in farmland soil
is shown in Section 2.3.

3.2 Assessment of soil PAHs pollution

In 2018, the Ministry of Ecology and Environment issued the
“Soil Environmental Quality Construction Land Polluted Soil
Risk Control Standard (Trial)” (GB36600-2018), which stipulates
risk screening and control values for 8 types of PAHs with high
toxicity. The protection of construction land can be divided into
the first type of land and the second type of land according to the
exposure of the protection object. The second type of land
includes industrial land, commercial facilities land, road traffic
land, etc. Based on the risk screening value of the second type of
land, single factor and Nemerow index method were used to
judge the pollution level of soil PAHs in the study area. It can be
seen from Table 2 that the single factor index values of all
sampling points of the eight PAHs are less than 1, and they
are all in a pollution-free state (Wei et al., 2020), indicating that
the content of PAHs monomers in the surface soil of this typical
chemical park is less than the corresponding risk screening value.
The risk of pollutants to human health can be ignored. The
pollution grading according to the Nemerow composite index
showed that the pollution levels of these 8 PAHs were all
pollution-free.

PMF5.0 was used to analyze the source of PAHs in soil (Ambade
et al., 2023), 20 was selected as the initial starting point for iterative
operation, and 2 to 8 factors were used for operation respectively.
The comparison found that when the number of factors was 6, the
simulation operation was the best in the 14th time, and Qr is close to
Qt, and more than 95% of the samples have residuals
between −3.0 and 3.0, and R2 > 0.9.

The results of running the PMFmodel are shown in the Figure 2.
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Factor 1 accounts for 10.7% of the total source, and the loadings
of Flu and Phe are relatively high. Flu is mainly the product of coke
combustion (Simoneit, 2002), and Phe is mainly related to coke oven
combustion (Zhang et al., 2021). From this, it is inferred that factor

1 is the source of coke combustion; factor 2 accounts for 35.2% of the
total sources, and the loadings of DahA, BbF, BkF, and BaA are
relatively high. Among them, DahA and BbF are considered to be
important compounds in gasoline combustion (Yao et al., 2013), and

TABLE 2 Pollution indices of 8 PAHs.

PAH One-factor index Nemero composite index Pollution level

Maximum Average

Nap 0.0055 0.0007 0.0039 pollution-free

BaA 0.0640 0.0076 0.0456 pollution-free

Chry 0.0011 0.0001 0.0008 pollution-free

BbF 0.1173 0.0137 0.0835 pollution-free

BkF 0.0068 0.0007 0.0048 pollution-free

BaP 0.9665 0.1101 0.6878 pollution-free

InP 0.0985 0.0108 0.0700 pollution-free

DahA 0.1975 0.0206 0.1404 pollution-free

Source Analysis of Soil PAHs.

FIGURE 2
Source apportionment of soil PAHs based on PMF model.
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are typical indicators of traffic emission sources. BkF and BaA are in
diesel combustion exhaust gas (Yc et al., 2020). In summary, the
analysis shows that the main factor 2 represents the transportation
emission source; the factor 3 accounts for 20.7% of the total source,
and the loads of Acy, BghiP, and Pyr are higher, and Acy is
considered to be the product of biomass combustion (Yang et al.,
2020). BghiP is an indicator of gasoline combustion products (Zheng
et al., 2016), and Pyr is mainly an indicator of straw combustion (Liu
et al., 2018). In summary, factor 3 represents a mixed source of
biomass combustion and transportation emissions; factor 4 accounts
for 5.0% of the total source, and Ace load Studies have shown that
Ace is a representative indicator of petroleum sources (Han et al.,
2022), so factor 4 is petroleum sources; factor 5 accounts for 24.6% of
the total sources, the loadings of Fla, BaA, and Pyr are higher, and
the main sources of Fla, BaA, and Pyr are It is coal combustion (Tian
et al., 2009). Some enterprises in the chemical park use coal as
energy, which makes coal an important source of soil PAHs
pollution in the area; factor 6 accounts for 3.7% of the total
source, and Nap and Ace loads are high. The sources of Nap
mainly include Oil spill and oil volatilization (Abdel-Shafy and
Mansour, 2016), Ace is a representative indicator of oil source (Wei
et al., 2022), and comprehensive analysis factor 6 represents oil spill
source. To sum up, the main sources of PAHs in the topsoil of the
chemical park are coke combustion sources, traffic emission sources,
biomass combustion sources, oil sources, coal combustion sources
and oil leakage sources.

3.3 Health risk assessment of soil PAHs

The lifetime cancer risk increment model was used to calculate
the carcinogenic risks (ILCRs) and total risks (CR) of soil PAHs to
children and adults under the three exposure routes of ingestion,
inhalation, and dermal. The results are shown in Table 3. In general,
except for the pathway of accidental ingestion, the mean values of
ILCRs and CR in adults were higher than those in children,
indicating that the carcinogenic risk of PAHs in soil was higher
than that in children.

This risk can be ignored when the ILCRs is 10–6 or less (Hoseini
et al., 2016), and there is a potential risk when the ILCRs are between
10–6 and 10–4. The carcinogenic risks in this study were all less than
10–6, indicating a low carcinogenic risk.

ArcGIS was used to draw the spatial distribution map of surface
soil PAHs (Figure 3), and the overall distribution was more

concentrated in the south and less distributed in the north. The
spatial distribution characteristics of Nap, Acy, Flu, and Lnp are
roughly similar, with the majority in the south, and there is also a
region with higher content in the south to the middle; Phe, Ace, Ant,
Pla, Pyr, and Bghip are all higher in the southwest direction; BaA,
The content of Chry, BbF, BkF, Bap, and DahA is higher in the
central and southern parts, and there is a high value area in the west
of the central part.

4 Discussion

The content of PAHs in the surface soil of this typical chemical
industry park was determined to be ND~16.07 mg/kg, with an
average value of 1.78 mg/kg. Its content is much lower than that
of the soil of a large chemical site in northeast China (the average
content of PAHs is 67 mg/kg) (Qu et al., 2021) and the soil of a
chemical park in Shandong Province (the average content of PAHs
is 3.0898 mg/kg) (Wang et al., 2015), and higher than that of an
electronic waste dismantling area in southeast China (average PAHs
content of 1.035 mg/kg) (Jin et al., 2020).

The results of soil PAHs contamination evaluation showed that
the overall pollution status of the typical industrial park was
relatively optimistic, and all sample sites were free of PAHs
pollution. Compared with other areas in China, the pollution
level is comparable to that of the three chemical industry areas
in Tianjin Binhai New Area (Cai et al., 2008), and is significantly
lower than that of the core area of Ningdong Energy and Chemical
Industry Base (Wei et al., 2020). Compared with foreign countries, it
is comparable to the soil in the chemical industry area of Tarragona
Province, Spain (Nadal et al., 2004), and is significantly lower than
the industrial soil in the Seine River Basin in France (Motelay-
Massei et al., 2004) and the urban soil in New Jersey, United States
(Mielke et al., 2004). The reason for the absence of PAHs in the soil
of this typical industrial park in Chongqing is that the city has a
subtropical monsoon humid climate, with warm winters and early
springs, hot summers and cool autumns, abundant rainfall, with
climatic characteristics such as high temperature and strong
evaporation, which is conducive to the volatilization and
photolysis of PAHs in the soil. On the other hand, as the
country and Chongqing Municipality have been actively
recommending the construction of ecological civilization and the
implementation of the strategic goal of protecting the Yangtze River
ecological environment in recent years. The industrial park has

TABLE 3 Carcinogenic risk of different pathways in adults and children.

Crowd Statistics ILCRsingestion ILCRsdermal ILCRsinhalation CR

Aldult maximum 5.626 × 10−6 1.175 × 10−5 6.939 × 10−11 1.738 × 10−5

minimum 1.164 × 10−12 2.432 × 10−12 1.436 × 10−17 3.596 × 10−12

average 5.382 × 10−8 1.124 × 10−7 6.639 × 10−13 1.663 × 10−7

Child maximum 5.887 × 10−6 2.214 × 10−6 1.878 × 10−11 8.101 × 10−6

minimum 1.218 × 10−12 4.581 × 10−13 3.886 × 10−18 1.676 × 10−12

average 5.632 × 10−8 2.118 × 10−8 1.797 × 10−13 7.750 × 10−8

Spatial distribution of soil PAHs.
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carried out comprehensive improvement of the environment and
taken active pollution prevention and control measures, using new
technologies with low energy consumption and environmental
protection instead of traditional energy-consuming and high-
polluting technologies and processes, which has played a positive

role in environmental improvement and reduced the accumulation
of soil PAHs to a certain extent.

The PMF method was used to analyze the sources of PAHs in
the soil of the park. The six factors were: Coke combustion source
(10.7%), traffic emission source (35.2%), biomass combustion/

FIGURE 3
Spatial distribution of soil PAHs in a typical chemical industry park.
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traffic emission mixed source (20.7%), and petroleum source
(5.0%), coal combustion sources (24.6%), and oil spill sources
(3.7%). The factories in the chemical park in this study include
petrochemical, natural gas, chlor-alkali, biomass, fine chemical
and new material industries. Therefore, the source composition
spectrum obtained by source analysis is consistent with the actual
situation, and the results are relatively reasonable. The highest
contribution rate is the factor 2 traffic emission source, which is
also consistent with the results that the content of PAHs in this
study is basically low and the pollution level is low.

It can be seen from the spatial interpolation map that the
contents of 16 PAH monomers are distributed differently in the
chemical industry park, with a patchy distribution, and the content
in the southern part of the park is obviously higher than that in the
northern part. There are 4 high-value distribution areas of PAHs in
the park, which are the southernmost part of the park, the center of
the park to the south, the center of the park to the west, and the
center of the park to the east. The PAHs content gradually decreases
from the polluted area to the surrounding areas, and the content in
the entire northern part is lower. The frequent industrial production
and heavy traffic in the southern part of the park may cause the
higher content of polycyclic aromatic hydrocarbons in the
southern part.

5 Conclusion

(1) The total content of 16PAHs in this typical chemical industry
park in Chongqing is below 16.07 mg/kg. The degree of PAHs
pollution is light, and the coefficient of variation of PAHs is
relatively high, indicating that the soil pollution of the site
presents strong heterogeneity.

(2) The health risk evaluation of soil PAHs shows that there is no
potential carcinogenic risk of PAHs in this area to people of
different ages. And the main exposure routes for adults were
dermal contact > accidental ingestion > respiratory inhalation,
and for children were accidental ingestion > dermal contact >
respiratory inhalation.

(3) The contribution rates of coke combustion sources, traffic
emission sources, biomass combustion sources, oil sources,
coal combustion sources and oil leakage sources of soil PAHs
in the park were 10.7%, 35.2%, 20.7%, 5.0%, 24.6%, and 3.7%,
respectively. From the spatial distribution map of PAHs

content, it can be seen that the content of PAHs is higher in
the south of the park, and the high-value areas are mainly
distributed in the central and southern regions.
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