Pol. J. Environ. Stud. Vol. 29, No. 2 (2020), 1379-1390
DOI: 10. ]5244/pjoes/1 08517 ONLINE PUBLICATION DATE: 2019-10-24

Original Research
Heavy Metals in Agricultural Soils from a Typical
Mining City in China: Spatial Distribution, Source
Apportionment, and Health Risk Assessment

Jiaxi Tang', Miaomiao He?, Qing Luo**, Muhammad Adeel*, Feng Jiao!

!College of Environmental Science and Engineering, Liaoning Technical University, Fuxin, China
*College of Civil Engineering, Liaoning Technical University, Fuxin, China
3Key Laboratory of Regional Environment and Eco-Remediation of Ministry of Education, College of Environment,
Shenyang University, Shenyang, China
“‘Beijing Key Laboratory of Farmland Soil Pollution Prevention and Remediation, College of Resources and Environ-
mental Sciences, China Agricultural University, Beijing, China

Received: 11 February 2019
Accepted: 14 April 2019

Abstract

This study investigated the spatial distribution, sources, and health risks of heavy metals (As, Cd, Cr,
Cu, Hg, Ni, Pb, and Zn) in agricultural topsoils in Fuxin, China. One-hundred and thirty-eight topsoil
samples were collected from Fuxin in August 2017. Except for Cu, Hg, and Pb, the mean concentrations
of other heavy metals surpassed their respective background values. The mean concentration of Cd was
nine times that of the background value. For the majority of heavy metals, contents in the Haizhou and
Xihe areas and south of Fumeng County were significantly higher than those of other areas. The results
of the geoaccumulation and potential ecological risk indexes revealed that Cd demonstrated moderate
contamination. The Haizhou and Xihe areas were considerable risk areas, whereas heavy metals in other
areas posed low risks. Results of the health risk assessment revealed that the non-carcinogenic risks
caused by heavy metals were small-beer. The carcinogenic risks caused by Ni, Cr, and As surpassed
acceptable levels. Based on the results of source apportionment, which is based on positive matrix
factorization, agricultural sources contributed to half of the concentration of heavy metals; industrial
and traffic sources contributed 32.12% and 14.97%, respectively.

Keywords: heavy metal, spatial distribution, source apportionment, health risk assessment, positive
matrix factorization
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Introduction

Heavy metal contamination in soil has become
a serious environmental problem in many countries
[1-4]. In China, soil pollution by heavy metals caused
by human activities, such as industrial discharge,
fertilization, mining, and transportation, is severe due
to the expanding urbanization and industrialization [5-
7]. Heavy metals in soil are non-degradable, which can
affect the properties of soil and lead to the destruction
of soil ecological function, penetrate the food chain, and
jeopardize human health [8-10]. Heavy metal pollution
in agricultural soil is directly related to the issue of food
security, which has attracted increasing concern.

In the literature, many studies on heavy metal
pollution in urban and agricultural soil have been
conducted in China and abroad [6, 10-16]. For
example, the average concentrations of Cu, Zn,
Cr, and Cd were detected at 274, 1,827, 1,085, and
2.50 mg kg™, respectively, in the Faridabad industrial
area of India [15]. Concentrations of eight heavy metals
in urban topsoil from Shaanxi, China were found to
be slightly above their respective background values
— especially Cd and Hg [6]. The concentrations of six
heavy metals in soils, which were collected from an
electronic manufacturing region, were highest in the
commercial area; the carcinogenic risks (CRs) of As and
Cr to humans were above other heavy metals [16]. The
concentrations of heavy metals were distinctly different
across land use types, and soil metal concentrations in
industrial lands demonstrated relatively higher levels
than those of farmlands [7]. The concentrations of Cu,
Zn, Pb, and Cd in paddy soil were significantly higher
than the maximum allowable concentrations in Chinese
agricultural soil [17]. In the agricultural surface soil in
the peri-urban areas in southeast China, the contents of
heavy metals in upland were higher than those of paddy
soil and tea gardens; high concentrations were mostly
observed along roadsides and near mining areas [18].
The pollution in agricultural soil in China is widespread
due to mining, industrial, and agricultural activities,
according to the results of a national soil survey [19].

Fuxin city is one of the early coal energy bases in
China, which is an important energy industrial base,
and a pilot city of circular economy and resource
exhaustion transformation. Over the past few decades,
Fuxin has produced more than 500 million tons of
coal and generated more than 150 billion kilowatts of
electricity, making tremendous contributions to the
national economic construction. A considerable amount
of coal gangue and fly ash have been discharged in coal
mining and power production for many years, and more
than 200 coal gangue hills and dump sites of varying
sizes have been formed in and around the city. Such
a large amount of coal gangue and fly ash has caused
serious environmental problems, such as soot and dust
and groundwater and soil pollution in urban and rural
areas of Fuxin city. The heavy metal pollution in soil
is becoming a severe problem because of industrial

activities, which can harm public health. Therefore,
identifying the source of heavy metals in soil, analyzing
the spatial distribution, and assessing the health risks in
this area are necessary to provide a basis for controlling
contamination levels and improving soil quality.
However, related research on the possible health risk
caused by metal contamination in agricultural soil in a
typical mining city (Fuxin) remains reported. The main
objectives of the present study were to (1) estimate the
concentrations of heavy metals (As, Cd, Cr, Cu, Hg,
Ni, Pb, and Zn) in agricultural soil and describe their
spatial distribution, (2) analyze the potential sources
of heavy metals, and (3) evaluate contamination levels,
potential ecological risk, and health risk of heavy metals
in agricultural soils.

Materials and Methods
Study Area

This research was implemented in Fuxin city, which
is located northwest of Liaoning Province in northeast
China, with an aggregate area of 10,445 km? and total
population of more than 1.8 million. The city has five
jurisdictions and two county-level cities administered by
65 townships. Fuxin is located in the north temperate
semi-arid continental monsoon climate zone. The annual
mean temperature is 7.8°C, and the annual average
rainfall is 489 mm. The agricultural land accounts for
74.65% of the total area. The Fumeng and Zhangwu
county-level cities are the major food- and oil-producing
bases in Liaoning province, with the main production
of peanuts and corn. The main sources of pollution
are mining and chemical-related industries, fertilizers,
vehicles, and other anthropogenic activities.

Soil Sampling and Chemical Analysis

Soil samples were collected in August 2017. 138
agricultural topsoil samples (0-10 cm) were collected
as a mixture of five subsamples taken from the same
depth from 65 townships. Fig. 1 depicts the sampling
points. After removing stones, organic debris, and other
dopants, soils were air dried, crushed, homogenized,
and sieved through a 0.149-mm nylon mesh, then
stored for further analysis. Eight heavy metals, namely
As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn, were evaluated.
Two 0.5 g soils were digested with different mixtures
of acids on a hot plate. One of the aliquots was for the
detection of Cd, Cr, Cu, Ni, Pb, and Zn, and digested
with HCI, HNO,, HF and HCIO, (5:5 and 5:3 in volume).
The other one was for the detection of As and Hg
and digested with HCl and HNO, (1:3 in volume).
The method and procedure of the treatment are
consistent with previous studies [14]. The concentrations
of heavy metals (Cd, Cr, Cu, Ni, Pb, and Zn) were
analyzed by inductively coupled plasma mass
spectrometry (ICP-MS, PerkinElmer NexION 350X,
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Fig. 1. Locations of the sampling points.

USA), and As and Hg were measured using atomic
fluorescence spectrometry (PF7-2, Beijing Purkinje
General Instrument Ltd., Beijing, China). Quality
assurance and quality control (QA/QC) were conducted
by reagent blanks, duplicates, and standard reference
material (GBWO07401, Center of National Standard
Reference Material of China). The recovery rates ranged
from 92.86% to 105.21%. Three duplicates were used
for all analyses, and relative standard deviations of
duplicate samples were less than 5.0%.

Assessment Methods for Heavy Metals

0510 20 30 40

degree of heavy metals in soil [20-21]. RI was applied
to quantify the potential ecological risk according to the
toxicity and content of a given contaminant [22]. L, was
calculated as follows [23]:

Igeo =log 2(Ch/1.5By) (1)

..where C_is the examined concentration of metal
n, and B_ represents the background value of metal n.
Table 1 lists the classification standards.

RI was estimated as follows [14]:

Ecological risk (R])

— y'h i
Pollution Assessment RI'= 2z B &
To evaluate the heavy metal pollution levels and Er =T xC % A3)
ecological risks in soil, the geoaccumulation index (I,,) ) ) ]
and potential ecological risk index (RI) were used. I, is Cr =Co_1/Cy @)
the most mainstream index used to assess the pollution
Table 1. Classification standards of three indexes.
Index Category Description
1,50 Practically uncontaminated
0<17,<1 Uncontaminated to moderately contaminated
<1 <2 Moderately contaminated
Geo-accumulation index (Igeu) 2< I,< 3 Moderately to heavily contaminated
3< I,,< 4 Heavily contaminated
4< 1,55 Heavily to extremely contaminated
5<1,, Extremely contaminated
RI<150; E'<40 Low risk
150 <RI <300; 40 <E <80 Moderate risk

300 <RI < 600; 80 <E< 160

Considerable risk

600 <RI; 160 <E < 320

High risk

320 <E;

Extreme risk
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Table 2. Values of these parameters in exposure assessment.

Unit Children Adults
IngR | mg day' 200 100
EF | day year' 350 350
ED year 6 24
InhR | m’® day! 7.5 20
PEF | m’kg! 1.36x10° 1.36x10°
SA cm? 2800 5700
AF | mgcm? 0.2 0.07
0.001 0.001
ABS | Unitless | (non-carcinogenic) | (non-carcinogenic)
0.01(carcinogenic) | 0.01(carcinogenic)
BW kg 15 70
2190 8760
AT day (non-carcinogenic) | (non-carcinogenic)
25550 25550
(carcinogenic) (carcinogenic)

..where E represents the potential ecological risk
factor for a single element, T represents the toxicity
coefficients for heavy metal i, C/ represents the pollution
factor, C' | represents the mean concentration of heavy
metal i, and C' represents the background reference
value of heavy metal i. According to previous references,
the toxicity coefficients (T') of As, Cd, Cr, Cu, Hg,
Ni, Pb, and Zn used were 10, 5, 2, 5, 40, 5, 5, and 5,
respectively [6].

Health Risk Assessment

To describe the probability of non-carcinogenic
and CRs of heavy metals to humans, health risk was
assessed. In this study, adults and children were selected
as the exposed people, where ingestion, dermal contact,
and inhalation were selected as exposure pathways. The
average daily intake (4DI) of each heavy metal was
estimated by the following equations [24]:

IngR X EF x ED _
DR X BT XEY %10~

ADling = C X =50 )

Table 3. Values of RfD and SF of heavy metal.

SA X AF X ABS X EF X ED —
x10 ~°

ADlgerm = €% BW x AT ©)

InhR x EF x ED
ADlinn = € X e Swxar (7)
...where ADI ., ADI,, . and 4DI  (mg/kg/day) are
the ADIs via ingestion, dermal contact, and inhalation,
respectively; C is the concentration of heavy metal in
soil (mg/kg); IngR is the ingestion rate of soil (mg/day);
EF is the exposure frequency (day/year); ED refers to
exposure duration (year); BW pertains to body weight
(kg); AT is the average time (day); InhR is the inhalation
rate of soil (m*/day); PEF is the particle emission factor
(m¥kg); SA is the surface area of the skin in contact
with soil (cm?); AF is the relative skin adherence factor
(mg/cm?) and ABS is the dermal absorption fraction of
heavy metal (unitless). The values of these parameters
were referenced from a previous study [25] and are
shown in Table 2.
The non-CR (HQ) was assessed by the following
equation [26]:

ADI;
HQ; = —
Qi RfD; ()
HI= Y HQ; ©)
..where RfD is corresponding reference dose

(mg/kg/day) and i stands for exposure pathways. HI is
the non-CR caused by all exposure pathways. If HI is
higher than 1, then it indicates that the heavy metal poses
non-CRs to humans. On the contrary, if HI is lower
than 1, then the non-CRs are small-beer. The values
of RfD were referenced from a previous study [27], as
shown in Table 3.
CR was calculated as follows [28]:

CR; = ADI; XSF (10)

CR= X CR; )

... where SF is the carcinogenic slope factor (mg/kg/day)
and 7 stands for exposure pathways. If CR is lower than
1 x 107%, then it indicates negligible health hazards. If
1 x 10~ < CR <1 x 104, then it indicates that the CR
is acceptable or tolerable. If CR is higher than 1 x 1074,

Unit As Cd Cr Cu Hg Ni Pb Zn
RD,, mg kg' day?' | 3.00E-04 | 1.00E-03 1.50E+00 | 4.00E-02 | 1.60E-04 2.00E-02 1.40E-04 | 3.00E-01
RD, | mgkg'day' | 3.00E-04 | 2.50E-05 1.95E-02 | 4.00E-02 | 1.60E-04 8.00E-04 1.40E-04 | 3.00E-01
RID,, mg kg' day?' | 3.00E-04 | 5.71E-05 2.86E-05 - 8.57E-05 2.06E-02 - 3.00E-01
SF,., mg kg!' day! | 1.50E+00 - 5.01E-01 - - 1.70E+00 - -
SF,.. | mgkg'day’ |3.66E+00 - 2.00E+01 - - 4.25E+01 - -
SF, , mg kg day! | 1.51E+01 | 6.30E+00 | 4.20E+01 - - 9.01E-01 - -
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then it indicates an unacceptable CR. Table 3 displays
the unit and value of SF.

Positive Matrix Factorization (PMF)

PMF, which is based on factor analysis, is an
efficient source apportionment method [29]. In the PMF
model, the concentration data matrices of samples are
decomposed into contribution and profile matrices of a
factor. According to the result of factorization, profile
information was obtained, emission inventories were
collected, and sources could be identified [30]. PMF was
expressed as follows [29]:

Xij = Yioeq Sikfig e ij (12)

... where x_. is the concentration of species j in sample i,
p is the number of factors, g; is the related contribution
of factor k to sample i, f; is the concentration of species
j in factor k, and e, pertains to the residuals.

The contributions and profiles of the factor are
obtained by the PMF model through minimizing Q as
follows [31]:

Q= 2i err=11 (3_3)2

(13)

...where u,, represents uncertainty, which is evaluated as
follows [32]:

2 XMDLx ;; < MDL

uij =
\/(oj xx3;)" + (MDL)?,x;; >MDL "

...where o, is the relative standard deviation of the
concentration of species j.

EPA PMF 5.0 was used, and the maximum number
of runs was set to 500. Initially, based on the signal-
to-noise ratio, the species were classified as “strong,”
“weak,” or “bad.” At run time, we can adjust it
according to the results of the simulation. When the
scaled residuals of all elements ranged from -3 to +3,
and differences between Q_  and Q_, . were extremely
little, the simulation could be viewed as stable, and
predicted concentrations of metals could be obtained. If
the correlation between observed and predicted values
are weak, the weight of the species should be reduced or
removed from the model.

Results and Discussion

General Characteristics of Metals
in Agricultural Soil

According to the mean concentrations of heavy
metals, they integrally decrease in the following
order Zn > Cr > Ni > Pb > As > Cu > Cd > Hg
with 120.85, 91.86, 56.01, 12.22, 971, 9.31, 1.03,
and 0.03 mg/kg, respectively. The background
concentrations of heavy metals can be ordered as
follows: Zn > Cr > Ni > Pb > Cu > As > Cd > Hg with
59.80, 57.90, 23.80, 20.30, 19.80, 8.80, 0.11, and 0.04
mg/kg, respectively (Table 4). The decreasing order
of median values differs from that of the background
value, which indicates that As and Cu are probably
influenced by external factors. The maximum values
of all heavy metals are greater than those of the
background values in this area. Except for Cu, Hg,
and Pb, the mean concentrations of heavy metals
surpassed their respective background values [16]. The
mean concentration of Cd was nine times that of the
background value. This finding indicated that industrial

Table 4. Concentrations of eight heavy metals in agricultural soils of the study region and reference regions (mg/kg).

As Cd Cr Cu Hg Ni Pb Zn
Background [16] 880 | 0.11 | 57.90 | 19.80 | 0.04 | 2380 | 2030 | 59.80
Mean 971 | 1.03 | 91.86 | 931 | 0.03 | 56.01 1222 | 12085
Fuxin, Median 1018 | 026 | 77.85 | 800 | 003 | 52.00 4.60 98.90
China Min 199 | 0.16 | 5.10 120 | 0.02 | 2820 1.00 24.10
Max 1120 | 1020 | 278.00 | 3720 | 0.06 | 13830 | 92.10 | 433.20

Variance 0.18 | 150 | 0.68 0.66 | 030 | 027 1.22 0.54
Hexi Corridor, China [36] - - 9751 | 35.20 - 47.42 5.54 75.34
Zhejiang, China [18] 2955 | 124 | 7619 | 3177 | 054 | 39.78 | 182.67 | 96.80
Reference Hunan, China [37] 2105 | 085 | 7496 | 3885 | 025 | 2683 56.06 | 147.28
areas Taiyuan, China [38] 1070 | 025 | 74.10 | 32.11 | 009 | 29.74 | 27.87 | 90.76
Beijing, China [35] 799 | 020 | 5815 | 2678 | 013 | 2122 | 2264 | 78.03
Singhbhum, India [39] 2970 | 034 | 149.60 | 218.00 | - 9420 | 47.00 | 210.60
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activities such as mining have contributed to soil
pollution [33].

Except for Cd, the mean values of other heavy
metals were lower than those of the screening values
of soil pollution risk of agricultural land [34]. The
concentrations of most metals in Fuxin, except for Cu,
Hg, and Pb, were higher than those in Beijing [35].
The concentrations of Ni, Pb, and Zn were higher than
those in Hexi Corridor, China [36]. Compared with the
economically developed provinces in southern China,
the concentrations of most of the heavy metals in Fuxin
were lower than those in Zhejiang and Hunan provinces,
China [18, 37]. In addition, the concentrations of As, Cu,
Hg, and Pb in Fuxin were lower than those in Taiyuan,
China, whereas the opposite is true for other heavy
metals [38]. Except for Cd, the concentrations of most
metals in Fuxin were lower than those in Singhbhum,
India [39].

For most heavy metals, the concentrations in the
Haizhou and Xihe areas and south of Fumeng county
were significantly higher than those of other areas
(Fig. 2). Many large areas of mines are abandoned land

near the urban area. Haizhou Terrace Coal Mine, which
is the largest open pit coal mine in Asia, is located
in Haizhou District, Fuxin city. The distance from
the closest sampling point to the Haizhou Mine was
approximately 1 km away, and the content of the heavy
metals tends to decrease with the increase in distance.
Mining industry activities caused the accumulation of
heavy metals in soil. Furthermore, the accumulation
and weathering of coal gangue, which is a solid
waste produced by coal mining, was considered an
important reason for the accumulation of heavy metals
[40]. The spatial distribution of As concentration in
agricultural soil is relatively uniform. Accumulative As
in agricultural soil suggested that it was derived from
the application of fertilizers and pesticides. The spatial
distribution patterns of Cd and Pb have similar trends.
Relatively high contents of Cd and Pb were detected
in agricultural land in the Haizhou and Xihe areas.
Historically, sewage irrigation was installed in this
region. Long-term irrigation with industrial wastewater
might have resulted in the accumulation of heavy metals
in soil [41-42]. With respect to Cd, high concentration

in
0510 2030 40 110

Fig. 2. Spatial distribution of the concentrations of eight heavy metals in Fuxin.
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areas pertain to the jurisdiction and central areas of
Zhangwu County. The maximum concentration of Cd
was as high as 10.20 mg/kg, which is 34 times that of the
screening value (soil environmental quality risk control
standard for soil contamination of agricultural land in
China) [34]. These study regions are characterized by
high-intensity industrial activity and dense population,
which can affect the spatial distribution of heavy metals
[13, 27]. The highest concentrations of Cr, Cu, and Ni
were observed south and southwest of Fumeng County,
and the trends of the spatial distribution of these heavy
metals were roughly in line. This finding suggested that
these metals might be derived from a common pollution
source. The concentrations of Ni and Zn were higher
in the south-central area compared with other areas of
Zhangwu County. This observation indicated that the
mining of gold deposits was the reason for the high
concentrations of Ni and Zn in farmland near the mining
area. High concentrations of Hg were mainly observed
south of Fumeng Country and northeast of Zhangwu
County. These arcas might be related to the dominant
local wind direction. The fine soil particles that adhere
to heavy metals can be readily transported by wind [43].
The dominant wind directions in Fumeng and Zhangwu
counties are northwest and southwest, respectively.
Atmospheric pollutants could have migrated to the
south of Fumeng and northeast of Zhangwu. The spatial
distribution of the concentrations of eight heavy metals
in the entire study region followed a similar trend.

Pollution Levels and Ecological
and Health Risks

The results of L, , indicate that none of the sampling
sites were polluted by As, and the majority of the
sampling sites were not contaminated by Cu, Hg, and
Pb (Fig. 3a). The pollution level of Cd was higher than
those of other metals, where their values of Igm are
bigger than 1 in a large number of sampling points. This
finding indicated moderate contamination. With regard
to the potential ecological risks, the values of £’ for
many heavy metals were lower than 40, which indicated
low risk in all sampling sites (Fig. 3b). The values of
E! for Hg surpassed 40 in certain sites, whereas most
of the sampling points displayed values lower than 40,
which indicated low risk. The £ for Cd surpassed 40 in
many sites, but a few sites exceeded 80, which indicated
moderate risk. In this study area, the results for L., were
similar to £/, and Cd displayed moderate contamination
and risk, whereas other heavy metals showed low risk.
The values of RI were lower than 150 in the majority of
the study areas, which indicated low risk. However, the
values of RI were higher than 300 in a number of sites,
such as Haizhou and Xihe, which indicated considerable
risk. In other words, the heavy metal pollution in Fuxin
was relatively light. However, increased attention should
be paid to Cd in special sites.

Only the CRs of As, Cr, and Ni (three exposure
pathways) and Cd (only inhalation) were evaluated due

to the lack of slope factors. Table 5 displays the non-
carcinogenic and CRs to children and adults posed by
heavy metals in soil through ingestion, dermal contact
and inhalation. The total HIs for children and adults
were 593 x 107" and 6.45 x 1072 respectively. The
non-CRs of children were bigger than those of adults
by approximately nine times. The reason was that
compared with adults, children have higher respiration
rates per unit body weight, have more gastrointestinal
absorption of certain toxic elements, and do more hand-
to-mouth activities [44]. However, these values are
lower than 1, which indicated that the non-CRs posed by
heavy metals in this area is non-significant.

For adults, the main exposure pathway of the non-
CRs was ingestion, with an HI value of 6.25 x 1072
The HI values through dermal contact and inhalation
were only 1.29 x 107 and 6.58 x 1074, respectively. The

1
}
il

I
2 .
34
-4 5
5 *
b T T T T T T T T
As Cd Cr Cu Hg Ni Pb Zn
b) 450
300 =
160
120
'T_LT 80

km
0510 2030 40

Fig. 3. Results of risk assessment: a) [ ; b) E/ c) spatial
distribution of RI.
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Table 5. Health risks to children and adults through different
pathways and single heavy metal

main exposure contaminants of the non-CRs were As,
Pb and Ni, with contribution rates of 68.99%, 19.22%,

Non-carcinogenic risks |  Carcinogenic risks agd 6.54%, rgspectively. Adults h.ave.a similar trend
: : with children in terms of the contributions of exposure
Children Adult Children Adult pathways and heavy metals to non-CRs. Ingestion
Ingestion | 5.84E-01 | 6.25E-02 | 1.71E-04 | 7.32E-05 was the main exposure pathway, with an HI value of
5.84 x 107! and contribution of 98.48%. As, Pb, and Ni
Dermal 8.46E-03 | 1.29E-03 | 1.31E-04 | 7.97E-05 . . .
were the main exposure contaminants for non-CRs with
Inhalation | 1.15E-03 | 6.58E-04 | 1.23E-07 | 2.81E-07 HI values of 4.15 x 107", 1.15 x 107, and 3.83 x 1072,
. . Do o o
As 415E-01 | 445E-02 | 1.71E-05 | 7.52E-06 respectively. Thelr.contrlbutlons were 69.98%, 19.39%,
and 6.46%, respectively.
Cd 1.46E-02 | 1.63E-03 | 1.95E-10 | 4.46E-10 The total CRs for children and adults were
Cr 2.08E-03 | 7.57E-04 | 1.07E-04 | 5.63E-05 3.01 x 10 and 1.53 x 107, respectively. Similar to
non-CRs, the CRs of children were larger than those
Cu 299E-03 | 3.20E-04 ) ) of adults by approximately two times. They are all
Hg 2.83E-04 | 3.08E-05 - - higher than 1 x 107*, which means that the CRs posed
. by heavy metals in this area were within unacceptable
N 3.83E-02 | 422E-03 | 1.77E-04 | 8.93E-05 : S
' levels. For adults or children, the CRs of ingestion
Pb 1.15E-01 | 1.24E-02 - - and dermal contact were similar and much higher
7n 516E-03 | 5.54E-04 _ ] than in.halation.. For adults, the CRs of dermal contact
were highest with a CR value of 7.97 x 107°. The CR
Total 5.93E-01 | 6.45E-02 | 3.01E-04 | 1.53E-04 values through ingestion and inhalation were 7.32 x 1073
Legend: ® % of Species
= Conc. of Species
7 100
5¢ - 50
it u B ]
B ]
. . B i 0
] 100
e ] ]
o ]
g< — 50 =&
m =
N = L N _iEs
7 100
| ]
o ]
=g= — 50 =
m 3 1
Lo -
s N I IS 1,
i 100
- | - 1
53 | g B0 =R
L i
_S— et ¥
o B i
o e
2510 - 50 =
Al Lol = .
oL i :
- B
10 B m g 5 W L W,
% S S 2 % G % %

Fig. 4. Contributions of five main factors to eight heavy metals.
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and 2.81 x 1077, respectively. For children, the CRs of
ingestion were highest with a CR value of 1.71 x 107
The CR values through dermal contact and inhalation
were 1.31 x 10 and 1.23 x 1077, respectively. For
adults or children, the main exposure contaminants of
the CRs were Ni, Cr, and As. The CR values of Ni, Cr,
and As were 8.93 x 1073, 5.63 x 1075 and 7.52 x 1079,
respectively, and contributions were 58.37%, 36.80%,
and 4.92%, respectively, for adults. The CR values
of Ni, Cr, and As were 1.77 x 104, 1.07 x 10, and
1.71 x 1073, respectively, and contributions were 58.80%,
35.55%, and 5.68%, respectively, for children.

Source Apportionment Based on PMF

The results of PMF revealed that the signal-to-
noise ratios of the eight heavy metals ranged from 2.5
to 4.3, and the absolute scaled residuals are acceptable.
These findings indicated that the model can well fit the
eight heavy metals. The result of the model simulation
revealed that five main factors affect the accumulation
of the eight metals (Fig. 4).

Factor 1 contributed 88.01% to the concentration of
Cr. In agricultural soil, Cr pollution is mainly caused by
human activities [45]. In northern China, farmers have
to use sewage to irrigate and fertilize farmland due to
water shortage and increasing fertilizer cost [46]. High
concentrations of Cr indicate that sewage irrigation is
the most likely anthropogenic source [38, 47]. Therefore,
factor 1 is derived from sewage irrigation.

Factor 2 accounted for 80.30% of the concentration
of Cu. To control gut flora and post-weaning scours, Cu
is typically an additive present in livestock diets [48-
49]. Hence, a large amount of Cu exists in livestock
and poultry dung — especially in pig manure [50]. With
the application of livestock and poultry dung in local
farming, Cu will be accumulated in agricultural soil.
This accumulation is mainly related to livestock and
poultry dung [46, 51-52]. Therefore, factor 2 represents
livestock and poultry dung.

Factor 3 accounted for 82.45% of the concentration
of Cd. Cd is frequently regarded as a marker element
for the application of chemical fertilizers — especially
phosphate fertilizer [53]. Approximately 113 t of Cd
enter the agricultural soil in China every year through
the application of chemical fertilizers [46]. Therefore,
factor 3 represents chemical fertilizers.

Factor 4 contributed 73.55%, 73.01%, 56.49%, and
43.13% to the concentrations of As, Hg, Zn, and Ni,
respectively. High concentrations of As in soil might be
related to industrial discharges [54-55]. Hg is typically
applied in many medical apparatus and instruments,
such as thermometers and sphygmomanometers. When
these devices are broken or abandoned, Hg will be
released to the environment. Medical waste is a potential
source of Hg [56]. Zn and Ni come from industrial
production, such as steel production, metal processing,
and so on [57-58]. Briefly, factor 4 pertains to industrial
sources.
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Fig. 5. Contributions of different sources to heavy metals
pollution in Fuxin..

Factor 5 accounts for 87.84% of the total
concentration of Pb. Factors such as fuel combustion and
catalyst application have led to Pb being considered as
the main sign of traffic emission source [59-60]. Brake
pad wear also accelerated the accumulation of Pb in soil
[61]. Although the production and use of leaded gasoline
has been prohibited since 2000, the concentration of
Pb in soil continues to increase [58]. Hence, factor 5
represents a traffic source.

Factors 1, 2, and 3 are considered agricultural
sources because sewage irrigation and the application
of livestock manure and chemical fertilizers are
agricultural activities. Fig. 5 depicts the contribution
of different sources to heavy metal contamination in
agricultural soil in Fuxin, China. Agricultural source
contributed half to the concentrations of heavy metals.
The contributions of industrial and traffic sources were
32.12% and 14.97%, respectively. Agricultural activities
remain the main source of heavy metal pollution in
agricultural soil.

Conclusions

Except for Cu, Hg, and Pb, the mean concentrations
of other heavy metals surpassed their respective
background values. The mean concentration of Cd
was nine times that of the background value. And
only the mean concentration of Cd was higher than
the Chinese screening values of soil pollution risk for
agricultural land. For the majority of the heavy metals,
the concentrations in Haizhou and Xihe and southern
Fumeng County were significantly higher than those
of other areas. I indicated that the levels of heavy
metal pollution ranged from no pollution (As, Cu, Hg,
and Pb) to moderate contamination (Cd). £ revealed
that most heavy metals posed a low risk in all sampling
points, whereas Cd posed moderate risk in many sites.
RI showed that most of the study areas were low risk,
whereas some sites, such as Haizhou and Xihe, were
considerable risk. The non-CRs caused by heavy
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metals in these areas were small-beer, but the CRs were
unacceptable. Ni, Cr, and As were the main carcinogenic
pollutants, through ingestion and dermal contact as the
major exposure pathways. The results of PMF revealed
that agricultural activity was the major pollution source,
which contributed half to the concentration of heavy
metals. Industrial and traffic sources contributed 32.12%
and 14.97%, respectively.
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