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Abstract

In order to understand the status of soil heavy metal pollution and its impact on human health, the

degree of soil heavy metal pollution in the Changchun New Area and the associated ecological risk and

health risk were evaluated using the geo-accumulation index method, potential ecological risk index

method, and health risk assessment model. The results showed that the average contents of eight heavy

metals in the soil were higher than their background values in Changchun City, with different degrees

of accumulation. The soil of Changchun New Area showed Hg and Cd pollution, with ecological risks.

The average geo-accumulation index of Hg was 0.43, reflecting light to medium pollution, and the risk

index ranged from 42 to 806, reflecting moderate to strong ecological risk. The level of Cd pollution was
found to be light. In contrast, the soil was free of Cr, Ni, Pb, Zn, As, and Cu pollution, with no apparent
risk. However, they all exceeded the reference value of soil treatment proposed by the United States

Environmental Protection Agency (10°°). Therefore, prevention measures for heavy metal pollution

should be further strengthened.

Keywords: farmland soil, heavy metal, ecological risk, health risk, China

Introduction

Soil is one of the most precious natural resources.
Healthy soil is a prerequisite for agricultural
production and human survival. With the progress of
industrialization, the soil ecological environment is
continuously deteriorating, and the problem of soil
pollution is becoming increasingly serious. In particular,
heavy metal pollution in farmland soil is concerning

*e-mail: 1144746765@qq.com

because it will affect food quality and food safety, and
endanger human health [1]. Areas surrounding mining
areas and urban areas are high-risk areas for soil heavy
metal pollution. Heavy metals enter the soil through
the diffusion or leaching of dust, residual tailings, slag,
and waste rock generated by mining, stacking, and
transportation activities. In recent years, the problem of
heavy metal pollution in farmland soil has extensively
attracted the attention of domestic and international
scholars.

Diami S. et al. [2] evaluated the ecological risk and
human health risk of heavy metals in the surface soil
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of an iron mine area in Malaysia, and found that Cd,
Pb, As, and Cu exhibited low ecological risk, without
any non-carcinogenic risk, but As exhibited high
potential carcinogenic risk. Obiora S.C. et al. [3] studied
the degree of heavy metal pollution in cultivated land
around a zinc mining area in Southeast Nigeria, and
reported over standard rates of Pb and Zn to be 87%
and 31%, respectively. Nihal G. et al. [4] evaluated the
degree of soil pollution, and potential ecological and
health risks of MSW disposal near Ramsar arca, Assam
state, India, and found that zinc was significantly
enriched, manganese was slightly to moderately
enriched, and chromium intake posed a serious threat
to human health. Enkhxhimeg B. et al. [5] evaluated
the human health and potential ecological risks of soil
heavy metal pollution in the ger district of Ulaanbaatar
City, Mongolia, and found that soil heavy metal
pollution was relatively high. The ecological risk of
chromium and arsenic is higher than that of other heavy
metals. Wang X.M. et al. [6] studied heavy metals in
farmland soil around a coal mine in Huainan, and found
that the concentrations of Pb, Cd, Zn, and Cu in the soil
were significantly higher than their background values
in Huainan, reflecting a mild to moderate risk level.
Jiang H.H. et al. [7] evaluated the ecological and human
health risks of heavy metals in soil. The results showed
that industrial activities are the largest contributor
ecological risk, and agricultural production is the
largest contributor to human health risk. Heavy metals
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Fig. 1. Location map of sample collection points.
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in farmland soil have adverse effects on the ecology and
human health. Cao Q. et al. [8] analyzed the distribution
characteristics and harmfulness of heavy metals in
vegetable soil in greenhouse with time. The contents of
Ni, Cu, Zn, Cd, and Pb in greenhouse vegetable soils
(GVS) reached peak values over a period of 6-10 years
or 11-15 years, reflecting high metal accumulation. In
addition, the concentration of Cr in GVS over the first
decade was significantly higher than that in the second
decade, which may be related to its bioaccumulation and
leaching. Tian M.L. et al. [9] assessed As, Cd, Sb, Pb,
Zn, and Cu pollution in paddy soil in an area affected
by mining activities in Nandan, Guangxi, and found
that Cd and As were seriously exceeded the standards.
The Changchun New Area is the 17" national level
new area approved by the State Council on February 3,
2016. It is located in Changchun City, Jilin Province,
including Shuangde township of Chaoyang District,
Fenjin township of Kuancheng District, Longjia town
of Erdao District, and Xiyingcheng street of Jiutai
District. It is a modern new area integrating economic
development, green ecology and other elements. The law
of heavy metal pollution in the Changchun New Area
has been studied. Yang Z.P. et al. [10] evaluated heavy
metals in the dust near the surface of Changchun City,
mainly to assess potential health risks. Li H.J. et al. [11]
analyzed the enrichment and transformation of heavy
metals in the soil of coal mine wasteland by various
plants. However, heavy metal pollution of farmland
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soil over a wide range of the Changchun New Area has
not been investigated thus far. Therefore, investigating
heavy metals in farmland soil in the Changchun New
Area is of high significance.

In this study, the pollution characteristics and
ecological risk of heavy metals in farmland soil were
systematically analyzed, and the human health risks
of heavy metals were evaluated to establish a basis
for scientific and reasonable prevention and control
of farmland soil pollution, ecological environment
protection, and ensuring healthy life of residents. The
findings will contribute toward promoting the economic
development of the economic circle and urban
agglomeration and the comprehensive revitalization of
the old northeast industrial base.

Materials and Methods
Sample Collection and Testing

In the study area, surface soil samples were
collected from cultivated land or garden land using
the grid sampling method, with a sampling density of
0.47/km?. Taking the GPS positioning sampling point
as the center, 3-5 sampling points were selected by
radiating 30-50 m around. In the sampling process,
0-20 cm surface soil samples were directly collected
using a wooden shovel, avoiding uneven and
unrepresentative sections, such as ditches, ridges,
roadsides, forest belts, and old house foundations. The
soil was broken up at each sample separation point.
After removing plant root system, straw, stones, and
other sundries, the soil was fully mixed and stored
in 1.0-1.5 kg bags. The soil samples were dried,
crushed, and sent to the laboratory for testing after
passing through a 20 mesh nylon sieve. Samples of
equal weights (1.41-2.35 km?) within a large grid were
combined into one analysis sample. In total, 230 single
point samples of surface soil and 50 combined analysis
samples were collected from within the entire study
arca. Fig. 1 shows the distribution of sites from which
the combined analysis samples were collected.

Sample testing was performed at the Northeast
Mineral Resources Supervision and Testing Center
of the Ministry of Land and Resources in accordance

Table 1. Element analysis method and detection limit (mg-kg™).

with the technical requirements for analysis of samples
for eco geochemical evaluation (DD 2005-03)[12].
The analysis indices, determination methods, and
detection limits are shown in Table 1. The accuracy
and precision were controlled by national first-class
reference materials, and the qualification rate of element
analysis accuracy and precision was higher than 98%;
the reporting rate of element analysis was higher than
99.6%.

Evaluation Method
Evaluation of Heavy Metal Pollution in Soil

The land accumulation index method proposed by
German scientist Muller G [13] was adopted to evaluate
the degree of soil heavy metal pollution. The calculation
formula is as follows:

Lyeo=log, [kf_[s,] M

..where 1, represents the geo-accumulation index of
heavy metal i; C, represents the actual measured value
of heavy metal i in soil; Si represents the reference
value; k is the correction coefficient, generally 1.5.
The background value of heavy metal elements in the
soil of Changchun City (obtained from the statistics
of 1:250000 land quality geochemical survey data
of Changchun City) was set as the reference value.
The assessment grade of heavy metal pollution was
divided according to the cumulative index of Igw [14]
(Table 2).

Ecological Risk Assessment of Heavy
Metals in Soil

Hakanson’s potential ecological hazard index
method was used to evaluate the ecological risk of
heavy metals in the soil of the study area. This method
not only refers to the material content of heavy metals,
but also relates to the ecological, environmental, and
toxicological effects of heavy metals. It is widely used
in ecological risk assessment at present [15-17]. The
calculation formula is as follows:

Index Determination method Detection limit | Index Determination method Detection limit
Cr 3 Cu 1
Pb X ray fluorescence spectrometry 2 Ni Plasma emission spectrometry 1
Zn 1 Mn 10
As 0.2 Cd Plasma mass spectrometry 0.02
Atomic fluorescence spectrometry
Hg 0.0005 pH PH meter electrode method 0.10

Note: pH is dimensionless
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Table 2. Igeo index and the criteria of pollution grade. ADD Cix InhRx EF x ED
. iinh —
Land .accumulatlon Level Pollution degree PEF x BW x AT 4
mdex]gg
: C.x SAx SLx ABS x EF x ED _
1,,<0 0 Pollution-free ADD,,,, =— %x107°
0<l <1 1 Light pollution BW> AT ©)
1= <2 2 Medium pollution .where ADD, , ADD, , and ADD, = represent the
2<I <3 3 Medium to heavy pollution daily average exposure of a heavy metal through oral
3<; = P H Tt intake, respiratory intake, and skin contact, respectively,
~geo cavy poliution and CI represents the concentration of a heavy metal
4<] <5 5 Heavy to extremely heavy pollutant in soil. The exposed skin area was calculated
e pollution according to the exposed skin area of Chinese people
5<1,, 6 Extremely heavy pollution in different seasons and the climate characteristics of

RI=3 EL=3(Tix C)) = 3(Tix &5
i=1 i=1 i=1 (o )

~.where C/ is the pollution index of a metal; C, is the
measured value of a heavy metal in soil; C' is the
reference value of a certain heavy metal (background
value of heavy metal in Changchun soil); £ is the
potential ecological risk index of a single heavy metal;
T! is the toxicity response parameter of a heavy metal;
RI is the total potential ecological risk index. The
Toxicity Coefficient of each heavy metal is as follows:
Zn = <CR = Mn = 2<Cu = Ni = Pb = 5<As = 10<
Cd = 30<Hg = 40 [18-19]. Single factor potential
ecological hazards and total potential ecological hazards
were classified according to £ and R/ (Table 3).

Human Health Risk Assessment
of Heavy Metals in Soil

The health risk assessment model published by
USEPA was used to assess human health risks. The
assessment steps included exposure calculation and
risk characterization. Soil heavy metals are absorbed
by humans through plants in three ways: oral direct
intake, respiratory inhalation, and skin contact, which
pose non-carcinogenic and carcinogenic risks to human
health. These risks were characterized in this study.

(1) Exposure calculation

The daily average carcinogenic and non-
carcinogenic heavy metal exposure pathways were
calculated as follows:

ADD,, = C,x IngRx EF x ED o

10°¢
BW x AT 3)

Table 3. Indices used to assess the potential ecological risk status.

Changchun City according to Mielczarek A. et al. [20].
Other parameters were referred from HJ 25.3-2014
[21] and human parameters issued by the US EPA [22]
(Table 4).

The average daily exposure of carcinogenic heavy
metals in children is different from that in adults. It
is necessary to calculate the exposure of children and
adults separately, then weight the average, and finally
allocate the exposure to the entire life cycle. The
calculation formula is as follows:

LADD,,, = Ci:fF [[nchhildx ED. : IngR, 4> ED g }( 1076

BW 4 BW 4
()
LADD — Ci X EF X InhRL‘h[ldX EDa/x[Id + InhRadultX ED(/duIl
" PEFx AT BW 4 BW g
(7
LADD, = wx SA g ED g n 84,40 ED g 10°
e AT BW BW i
®)
(2) Risk characterization
ADD.. + ADD. .+ ADD,
HQ:ZHQ :Z iing iinh iderm
A ©)

CR=Y"CR =Y (4DD,,,+ ADD,, + ADD,,, }x SF (10)

In the formula, HQ refers to the non-carcinogenic
risk index of all heavy metals; HQ, refers to the non-
carcinogenic risk index of a single heavy metal I; RfD,
refers to the non-carcinogenic daily average intake of
heavy metal i. HQ or HQ<1 indicates that the non-
carcinogenic risk can be ignored, otherwise, the non-

Ecological hazards Slight Medium Strong Very strong | Extremely strong
Potential ecological hazard index of single heavy metal £/ | <40 40-80 80-160 160-320 >320
Total potential ecological hazard index R/ <150 150-300 300-600 600-1200 >1200




Ecological Health Risk Assessment of Heavy Metals ...

5779

Table 4. Health risk exposure parameters of heavy metals.

Symbol Parameter Unit Adult reference value Child reference value
ED Exposure years a 25 6
BW Average weight kg 56.8 15.9
EF Exposure frequency d-a’' 350 350
AT | Avemgeogoureiime | d oncareimogenic91 25 soncareinogenic2190
IngR Daily soil intake mg-d’! 100 200
InhR Daily air respiration m?-d! 14.5 7.5
SA Exposed skin surface area cm? 2415 1295
SL Skin adhesion coefficient mg (cm?-d)! 0.2 0.2
PEF Surface dust emission factor m?-kg! 1.36x10° 1.36x10°
ABS Skin absorption factor 0.001 0.001

carcinogenic risk cannot be ignored. CR refers to the
carcinogenic health risk index of all heavy metals, CR,
refers to the carcinogenic risk index of single heavy
metal I, and SF refers to the carcinogenic slope factor.
The RfD and SF values of different exposure routes are
shown in Table 5 [23-26]. According to some studies,
the acceptable range of the carcinogenic health risk
index CR or CR, is 10°-10"* [27-28] .

Results and Discussion

Distribution Characteristics of Heavy
Metals in Soil

The heavy metal content of farmland soil in the
study arca (Table 6) followed the order Zn>Cr>Ni>
Pb>Cu>As>Cd>Hg, with values exceeding the
background level of Changchun City except for Pb.
This shows that most heavy metals accumulate in
the soil to a certain extent. Specifically, Hg content

was 0.019-0.363 mg - kg' with an average value of
0.05 mg - kg', which is more than 2.78 times that of
the background value of Changchun soil; the average
value of Cd content was 0.15 mg - kg'!, which is
1.88 times that of the background value; Ni, Cr, Zn, As,
and Cu contents were approximately 1-1.5 those of their
background values. Hg exhibited the most prominent
accumulation, followed by Cd, and then Ni, Cr, Zn,
As, and Cu. The coefficient of variation was used to
characterize the distribution of elements in soil. Hg
exhibited a significantly higher coefficient of variation
than other elements, reaching 1.136; the coefficient
of variation of Cd was also high at 0.035, while those
of the other six elements ranged from 0.097 to 0.178.
If the coefficient of variation is small, the distribution of
elements will be uniform. If the coefficient of variation
is large, the distribution of elements will be more
uneven and the impact of human activities would be
stronger. In the study area, Hg is the most affected by
human activities.

Table 5. Heavy metal reference measurement and carcinogenic slope factor.

Reference measurement RfD(mg-kg'-d ") Carcinogen SF(kg-d-mg™)
Heavy metal

Through mouth Skin Breathing Through mouth Skin Breathing
As 3.0x10* 3.0x10* 1.5x10° 1.5 1.5 4.3x10?
Cd 1.0x103 2.5x10° 1.0x10° 6.1 6.1 6.3
Cr 3.0x103 7.5%10° 2.55x10% — — 42
Cu 4.0x107 4.0x10? — — — —
Hg 3.0x10* 2.1x10° 3.0x10* — — —
Ni 2.0x10? 8.0x10* 2.3x10° — — 0.84
Pb 3.5x103 5.3x10* 3.5%10% — — —
Zn 3.0x10" 3.0x10" — — — —
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Table 6. Characteristic value of heavy metal content in surface soil of the study area.

Characteristic parameter As Cd Cr Cu Hg Ni Pb Zn
Minimum value 7 0.06 45 15 0.019 16 21 48
Maximum value 19 0.33 77 31 0.363 39 32 120

Average value 11.6 0.15 65.2 23.6 0.05 299 259 70.9

Coefficient of variation 0.18 0.36 0.11 0.13 1.14 0.16 0.10 0.16

Changchun soil background value 11 0.08 64 22 0.02 28 27 63

pH<S5.5 30 0.3 150 50 0.5 60 70 200

Risk screening value | 5565 30 0.3 150 50 0.5 70 90 200
of agricultural soil

pollution 6.5-7.5 25 0.3 200 100 0.6 100 120 250

pH>7.5 20 0.6 250 100 1 190 170 300

Note: The background value of heavy metals in the soil of Changchun City was obtained from the geochemical survey data of land
quality [29], and the Changchun New Area is within this range; the coefficient of variation is dimensionless.

The pH value of soil in the study area ranged from and Zn did not exceed the standard compared with the
4.5 to 7.9. The distribution characteristics of different screening value of soil pollution risk of agricultural
heavy metals are shown in Fig. 2. As, Cu, Pb, Cr, Ni, Hg, land [30], except for one sample with Cd exceeding the
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Fig. 2. Box plot of heavy metal concentration.
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Table 7. Classification of heavy metals in soil based on Igeo.
Heavy Index Number of samples at all levels
metal mean Pollution- Light Medium Medium to Heavy Heavy to extremely Extremely
free pollution | pollution | heavy pollution | pollution heavy pollution | heavy pollution
As -0.53 49 1 0 0 0 0 0
Cd 0.223 16 32 2 0 0 0 0
Cr -0.567 50 0 0 0 0 0 0
Cu -0.498 50 0 0 0 0 0 0
Hg 0.425 17 22 9 1 1 0 0
Ni -0.509 50 0 0 0 0 0 0
Pb -0.651 50 0 0 0 0 0 0
Zn -0.431 47 3 0 0 0 0 0

standard. Cd appeared as the main element exceeding
the standard. Therefore, it may pose serious risks to the
ecology, environment, and human health in the study
area.

Analysis of Heavy Metal Pollution Degree

Taking the background values of soil elements in
Changchun City as the evaluation standard, the degree
of heavy metal pollution in the soil of the study area
was evaluated using the geo-accumulation index
method (Table 7). The average heavy metal pollution
index of the considered elements followed the order:
As<Pb< Cr<Ni<Cu<Zn<Cd <Hg. Hg pollution appeared
to be the most serious, with light to medium levels
accounting for 44% and 18% of the total samples, one
medium to heavy pollution point accounting for 2%,
and one heavy pollution point accounting for 2%. The
land accumulation index of Cd was between 0 and 1,
representing a light pollution level. Two samples showed
medium pollution levels. The cumulative indices of Cr,

Table 8. Potential ecological risk coefficient of heavy metals in soil.

Ni, Pb, Zn, As, and Cu were all less than 1, reflecting
pollution-free soil. Overall, in the Changchun New
Area, Hg pollution is relatively prominent, with serious
levels, and wider distribution, followed by Cd.

Potential Ecological Risk Assessment
of Heavy Metals

The degree of potential ecological risks of heavy
metals in the soil of the Changchun New Area
was evaluated using the soil background values of
Changchun as the reference (Table 8). The ecological
risk indices of Ni, Cr, Pb, As, Zn, and Cu were less
than 40, reflecting a slight ecological risk; the risk index
of Cd ranged from 22.82 to 124.14, reflecting slight to
strong ecological risk — mainly medium risk accounting
for 68% and strong risk accounting for 12%. The risk
index of Hg ranged from 41.56 to 806.33, reflecting
medium to strong ecological risk. Hg did not show
the level of slight risk, and the proportion of medium,
strong, very strong, and extremely strong risks were
64%, 30%, 2%, and 4% respectively. Therefore, Cd and

Number of samples at all levels
Hazard index Distribution range
Slight Medium Strong | Very strong Extremely strong
As 5.95-16.9 50 0 0 0 0
Cd 22.82-124.14 10 34 6 0 0
Cr 1.4-2.41 50 0 0 0 0
) Cu 3.37-7.01 50 0 0 0 0
" Hg 41.56-806.33 0 32 15 1 2
Ni 2.88-6.89 50 0 0 0 0
Pb 3.94-5.83 50 0 0 0 0
Zn 0.76-1.9 50 0 0 0 0
RI 94.64-893.97 20 28 1 1 0
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Fenjin township

Changchun City

_Shuangde township

Fig. 3. Spatial distribution of total potential ecological grade.

Hg are the main elements in the soil of the study area
posing serious ecological hazards.

The total potential ecological index, RI, of heavy
metals in the Changchun New Area ranged from
94.64 to 893.97, with slight to very strong ecological
risks, mainly slight and moderate risks, accounting
for 40%, 56%, 2%, and 2%, respectively. Cd and Hg
appeared as influencing factors. The ecological risk of
Hg was moderate, strong, very strong, and extremely
strong. The ecological risk of Cd was slight, medium,
and strong. In contrast, other heavy metals exhibited
only slight ecological risk. According to the R/ spatial
distribution map (Fig. 3), Longjia town has the highest
ecological risk, with a large area of soil exhibiting
extremely strong ecological risk. This area features
large-scale coal mining enterprises integrating mining,
washing and transportation activities, and Hg and Cd
pollution of the soil near Longjia town can be attributed
to the waste purchase station in this town. The eastern
part of Fenjin Township and the eastern part of Xiying
city have medium risk, while other areas have low risk.

Human Health Risk Assessment
Heavy Metal Exposure Assessment Analysis

In the assessment of heavy metal exposure, the daily
exposure of heavy metals in the soil of the Changchun
New Area was first evaluated (Table 9, Table 10).
Regarding the non-carcinogenic average daily exposure,
the average daily intake of adults and children followed
the order: ADDmg>ADD e >ADD, . The oral intake of
heavy metals was much higher than that through skin
contact and breathing. The average daily intake of three

Longjia town

Xiyingcheng street

Very strong
strong
secondary
Slight

different heavy metals followed the order: Hg<Cd<
Ni<As<Cu<Pb<Cr<Zn. The daily intake and total daily
intake of all heavy metals in adults were lower than
those in children. In the average daily exposure of Cd,
Ni, Cr, and As in terms of carcinogenic risk, oral intake
was also much higher than that of skin and respiration.
The average daily intake followed the order Cr>Ni
>As>Cd. Therefore, through the assessment of non-
carcinogenic and carcinogenic exposure of heavy metals
in the soil of the Changchun New Area, oral intake can
be ascertained to be the main exposure route, and the
average daily exposure of adults is lower than that of
children.

The non-carcinogenic and carcinogenic health
risk indices of 8 heavy metals in the Changchun New
Area were calculated according to the health risk
assessment model, assessment parameters, and survey
data (Table 11, Table 12).

According to the results of the non-carcinogenic
health risk assessment, the non-carcinogenic risk of
adults and children along different exposure routes
for the same element followed the order HQ, >HO,,
>HQ, .. This is consistent with the conclusion of
exposure assessment, indicating that the exposure
pathway is related to non-carcinogenic risk, and the main
pathway of non-carcinogenic risk is oral intake. The
non-carcinogenic risk of different types of heavy metals
followed the order Hg<Cd<Zn<Cu<Ni< Pb<Cr<As.
The average value of the non-carcinogenic risk index
of individual heavy metals was less than 1, indicating
that individual heavy metals do not pose carcinogenic
risk to human health. The risk index of individual
heavy metals in adults was lower than that in children,
indicating that children are more likely to be vulnerable.
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Table 9. Average daily exposure to heavy metals in soil; non-carcinogenic risk assessment.
ADD. ADD. ADD
Heavy metal = ul i
Adult Children Adult Children Adult Children Adult Children
As 1.96E-05 1.40E-04 2.09E-09 3.86E-09 9.47E-08 1.81E-07 1.97E-05 1.40E-04
Cd 2.50E-07 1.79E-06 2.67E-11 4.93E-11 1.21E-09 2.31E-09 2.51E-07 1.79E-06
Cr 1.10E-04 7.87E-04 1.17E-08 2.17E-08 5.32E-07 1.02E-06 1.11E-04 7.88E-04
Cu 3.98E-05 2.84E-04 4.24E-09 7.84E-09 1.92E-07 3.68E-07 4.00E-05 2.85E-04
Hg 7.68E-08 5.48E-07 8.18E-12 1.51E-11 3.71E-10 7.10E-10 7.71E-08 5.49E-07
Ni 1.75E-05 4.76E-05 1.87E-09 2.70E-09 8.47E-08 1.24E-07 1.76E-05 4.77E-05
Pb 4.37E-05 3.13E-04 4.66E-09 8.62E-09 2.11E-07 4.05E-07 4.40E-05 3.13E-04
Zn 1.20E-04 8.55E-04 1.28E-08 2.36E-08 5.78E-07 1.11E-06 1.20E-04 8.57E-04
ADD 3.84E-04 2.74E-03 4.09E-08 7.56E-08 1.85E-06 3.55E-06 3.86E-04 2.75E-03
Table 10. Average daily exposure to heavy metals in soil; carcinogenic risk assessment.
ADD. ADD. ADD
Heavy metal = L dem
Adult Children Adult Children Adult Children Adult Children
As 6.81E-06 1.85E-05 7.26E-10 1.05E-09 3.29E-08 4.80E-08 6.84E-06 1.85E-05
Cd 8.68E-08 2.36E-07 9.26E-12 1.34E-11 4.19E-10 6.12E-10 8.73E-08 2.36E-07
Cr 3.82E-05 1.04E-04 4.08E-09 5.88E-09 1.85E-07 2.70E-07 3.84E-05 1.04E-04
Ni 1.75E-05 4.76E-05 1.87E-09 2.70E-09 8.47E-08 1.24E-07 1.76E-05 4.77E-05
ADD 6.27E-05 1.70E-04 6.68E-09 9.64E-09 3.03E-07 4.42E-07 6.30E-05 1.71E-04

The average value of the non-carcinogenic health risk
index for adults was 0.128, and the maximum value was
0.182, which indicates that the non-carcinogenic health
risk of these eight elements in the soil of the Changchun
New Area is small and negligible. The average value
of the non-carcinogenic health risk index for children
was 0.867, and the maximum value was 1.24, indicating
that heavy metals pose non-carcinogenic health risk to
children in this area (Fig. 4). As and Cr are the main

Adult

0%

HAs
EmCd
mCr
mCu
B Hg
H Ni

m Pb

WZn
0%

non-carcinogenic elements in the soil of the Changchun
New Area, posing the greatest threats to children.
Therefore, special attention should be paid to the
prevention and control of As and Cr.

In the assessment of carcinogenic health risk, the
same element along different exposure routes for adults
and children followed the order Cng>CR o> CR. ., and
the carcinogenic risk was closely related to the exposure
route; the carcinogenic risk of heavy metals followed

Children

o
0% HAs

mCd
mCr
mCu
HHg
HNi

mPb

WZn

0%

Fig. 4. Contribution of 8 heavy metals in the soil to HQ for adults and children.
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Table 11. Non carcinogenic health risk index of heavy metals in soil in the Changchun New Area.
Heavy metal MO0, Houw, Mo He
Adult Children Adult Children Adult Children Adult Children
Max 1.05E-01 | 7.47E-01 | 2.23E-04 | 4.12E-04 | 5.05E-04 | 9.68E-04 | 1.05E-01 | 7.49E-01
As AVG 6.53E-02 | 4.67E-01 1.39E-04 | 2.57E-04 | 3.16E-04 | 6.05E-04 | 6.58E-02 | 4.68E-01
Max 5.59E-04 | 3.99E-03 | S5.96E-06 | 1.10E-05 | 1.08E-04 | 2.07E-04 | 6.73E-04 | 4.21E-03
« AVG 2.50E-04 | 1.79E-03 | 2.67E-06 | 4.93E-06 | 4.83E-05 | 9.26E-05 | 3.01E-04 | 1.88E-03
Max 435E-02 | 3.11E-01 | 5.45E-04 | 1.01E-03 | 8.40E-03 1.61E-02 | 5.24E-02 | 3.28E-01
“ AVG 3.67E-02 | 2.62E-01 | 4.60E-04 | 8.51E-04 | 7.09E-03 | 1.36E-02 | 4.42E-02 | 2.77E-01
Max 1.30E-03 9.30E-03 — — 6.29E-06 1.20E-05 1.31E-03 9.31E-03
c AVG 9.95E-04 | 7.11E-03 — — 4.81E-06 | 9.21E-06 | 1.00E-03 | 7.12E-03
Max 2.04E-03 | 1.46E-02 | 2.18E-07 | 4.02E-07 | 1.41E-04 | 2.70E-04 | 2.18E-03 | 1.49E-02
e AVG 2.56E-04 | 1.83E-03 | 2.73E-08 | S5.04E-08 | 1.77E-05 | 3.38E-05 | 2.74E-04 | 1.86E-03
' Max 3.26E-03 | 2.33E-02 | 3.02E-04 | 5.58E-04 | 3.93E-04 | 7.54E-04 | 3.95E-03 | 2.46E-02
b AVG 2.52E-03 | 1.80E-02 | 2.34E-04 | 4.32E-04 | 3.05E-04 | 5.84E-04 | 3.06E-03 | 1.91E-02
Max 1.52E-02 | 1.09E-01 1.62E-06 | 2.99E-06 | 4.85E-04 | 9.28E-04 | 1.57E-02 | 1.09E-01
o AVG 1.25E-02 | 8.93E-02 | 1.33E-06 | 2.46E-06 | 3.99E-04 | 7.64E-04 | 1.29E-02 | 9.01E-02
Max 6.74E-04 4.82E-03 — — 3.26E-06 6.24E-06 6.77E-04 4.82E-03
o AVG 3.99E-04 | 2.85E-03 — — 1.93E-06 | 3.69E-06 | 4.01E-04 | 2.86E-03
Max 1.71E-01 | 1.22E+00 | 1.08E-03 | 1.99E-03 | 1.00E-02 | 1.92E-02 | 1.82E-01 | 1.24E+00
e AVG 1.19E-01 | 8.50E-01 | 8.38E-04 | 1.55E-03 | 8.18E-03 | 1.57E-02 | 1.28E-01 | 8.67E-01

Note: Max-maximum value, AVG-average value.

Table 12. Carcinogenic health risk index of heavy metals in soil in the Changchun New Area.

CR. CR. CR, CR

Heavy metal — h dem
Adult Children Adult Children Adult Children Adult Children
Max 1.63E-05 | 4.44E-05 | 5.00E-12 | 7.21E-12 | 7.90E-08 | 1.15E-07 | 1.64E-05 | 4.45E-05
As AVG 1.02E-05 | 2.77E-05 | 3.12E-12 | 4.50E-12 | 4.93E-08 | 7.20E-08 | 1.03E-05 | 2.78E-05
Max 1.18E-06 | 3.21E-06 | 1.30E-10 | 1.88E-10 | 5.72E-09 | 8.35E-09 | 1.19E-06 | 3.22E-06
« AVG 5.30E-07 | 1.44E-06 | S5.83E-11 8.42E-11 | 2.56E-09 | 3.74E-09 | 5.32E-07 | 1.44E-06
Max — — 2.03E-07 | 2.93E-07 — — 2.03E-07 | 2.93E-07
“ AVG — — 1.71E-07 | 2.47E-07 — — 1.71E-07 | 2.47E-07
] Max — — 2.03E-09 | 2.93E-09 — — 2.03E-09 | 2.93E-09
b AVG — — 1.57E-09 | 2.27E-09 — — 1.57E-09 | 2.27E-09
Max 1.75E-05 | 4.76E-05 | 2.05E-07 | 2.96E-07 | 8.47E-08 | 1.24E-07 | 1.78E-05 | 4.80E-05
“ AVG 1.07E-05 | 2.92E-05 | 1.73E-07 | 2.49E-07 | 5.19E-08 | 7.57E-08 | 1.10E-05 | 2.95E-05

Note: Max-maximum value, AVG-average value.

the order As>Cd>Cr>Ni, indicating that As has the
highest carcinogenic risk. The average value of the total
index of carcinogenic risk was 2.95x10 and 1.1x10- for
children and adults, respectively. Values between 107

and 10 indicate a generally total carcinogenic risk, but
they still exceed the benchmark value of soil treatment
proposed by the US EPA (10°). The maximum total
index of carcinogenic risks for children and adults were
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4.8x10% and 1.78x107, respectively. Values between 10
and 10 are generally believed to be acceptable, but
they still exceed the benchmark value of soil treatment
proposed by the US EPA (10°¢). Therefore, the average
and maximum values of the total index of carcinogenic
risk for children and adults in this area exceed the
benchmark values of soil governance proposed by
the US EPA (10°). Overall, the carcinogenic risk
posed by heavy metals in the Changchun New Area
is generally considered to be acceptable and will not
significantly affect the health of local residents, but
prevention measures for heavy metal pollution should
be strengthened.

Discussion

Soil heavy metal pollution is one of the key
problems in basic geological, environmental, and soil
research. The results showed that the heavy metals Hg,
Cd, As, and Ni in the farmland soil of the Changchun
New Area reached heavy pollution level, medium
pollution level, and light pollution level, whereas
Cr, Hg, Cu, Ni, and Zn did not pollute the soil. Yang
Z.P. et al. [31] found in 2015 that the average contents
of Cd, Zn, Cr, Hg, Cu, Pb, and As in surface dust of
Changchun City were significantly higher than those of
heavy metals in surface soil of the study area, with a
wide variation range. In 2005, Guo P. et al. [32] studied
the characteristics of pollution in soils of Changchun
City, and found that heavy metal pollution was serious,
especially Pb and Ni. These reports show that heavy
metal pollution of soil in Changchun has a long history,
and a good direction for development at present. At
the same time, agricultural activities, mining, sewage
irrigation, automobile exhaust emissions, and traffic
dust have also been found to be the main factors
affecting soil heavy metal pollution.

Ecological risk is the possibility of loss of system
function caused by natural changes in the environment
and changes in ecosystem composition and structure
induced by human life activities. Guo P. et al. [32]
studied the ecological risk of soil heavy metals in
Changchun City, and found that the urban soil in
Changchun City had mild ecological hazards, and Pb,
Cu, and Zn posed slight ecological risks. The ecological
risk of soil heavy metals is globally widespread. In the
ecological assessment of soil heavy metals in Ramsar,
Assam state, India, Nihal G. et al. [4] found that Zn
and Mn pose ecological risks. Mirzaei M. et al. [14]
found that the ecological risk of Cd was the highest in
Chaharmahal and Bakhtiari Province of Iran. Through
the study of soil heavy metals in the Changchun New
Area, the ecological risk level of heavy metals in this
area were found to be very strong and extremely strong.
Therefore, heavy metal pollution in this area requires
urgent attention. Early warning mechanisms should be
strengthened for areas with slight, medium, and strong
ecological risk. Risks should be identified as soon as

possible, and effective measures should be taken to
control soil pollution in a timely manner.

Health risk is the possibility of disease, disability,
and health loss in the process of human life due to
many factors of natural, social and human development.
Heavy metals in the farmland soil of the study area
have no non-carcinogenic and carcinogenic risks to
adults, but pose non-carcinogenic risks to children,
indicating that children are more vulnerable to heavy
metals hazards, which is consistent with the results of
Yang Z.P. et al. [31]. This may be because children have
more opportunities to contact the soil and relatively
low immunity. According to Yang Z.P. et al. [31], the
same constituent of non-carcinogenic risks to adults
risks may be related to differences in regions. The
health risks of As and Cr in this area were relatively
high, and oral intake is the most important pathway
of exposure to heavy metals in urban surface soil, It
is consistent with the evaluation results of Yang Z.P.
et al. [31]. In the abovementioned studies, exposure to
As is significantly lower than those of Zn, Cu, Pb, etc.,
but the health risks are the largest. The health risks of
heavy metals are related to the toxicity of heavy metals
in addition to the exposure dose. Heavy metals As and
Hg with high toxicity are more likely to have higher
human health risks due to their small reference values.
Considering that heavy metals entering the human
body cannot be digested and absorbed completely,
Li JM. et al. [33], Li H. et al. [34], Wu H.J. et al. [35]
and some other scholars have attempted to introduce
bioavailability, and found that the carcinogenic risk and
non-carcinogenic risk of heavy metals are significantly
reduced for children. Such a consideration can provide
more accurate assessments of the hazard risk of heavy
metals. Therefore, this study overestimated the potential
negative effects of heavy metals in soil to children,
and further research is needed in the future. However,
from the viewpoint of health, the prevention and control
of soil pollution should not be slackened at this stage.
Instead, the health risks of heavy metals in soil should
be monitored more carefully and early warning systems
should be strengthened.

Conclusion

(1) Heavy metals Hg, As, Cr, Cu, Pb, Cd, Zn, and
Ni in Longjia and Xiyingcheng of the Changchun New
Area were all higher than the background values of
Changchun soil, with Hg presenting the most prominent
values. With an average value of 0.05 mg - kg,
Hg concentration exceeded the background value of
Changchun soil by 2.78. The coefficient of variation of
Hg in the Changchun New Area was 1.136 mg - kg,
suggesting the effects of human activities such
as mining, mineral and waste accumulation, and
transportation.

(2) Hg and Cd pollution were observed in the soil
of the Changchun New Area, presenting ecological
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risks. The average geo-accumulation index of Hg was
0.425, reflecting light to medium pollution level, and
the risk index ranged from 41.56 to 806.33, indicating
moderate to very strong ecological risk.

(3) Children are more vulnerable to health threats
posed by heavy metals, and oral intake is the main
pathway of exposure to heavy metals. Toxic heavy
metals As and Cr are more likely to cause human health
risks, and their levels exceeded the EPA recommended
value. Therefore, prevention measures need to be
strengthened further.
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