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Abstract Sewage irrigation has been widespread in the
water shortage area of eastern China and inevitably
tends to result in heavy metal accumulation in soils. A
total of 148 surface soil samples from five land-use
types were collected in Longkou, a typical sewage irri-
gation area of China, and As, Cd, Cu, Pb, and Zn
concentrations were determined. The Nemerow index
method and improved fuzzy comprehensive evaluation
method were used to examine the pollution status of
heavy metals. The potential ecological risk was evalu-
ated by the Hakanson model by adjusting the assess-
ment threshold, and its spatial distribution was interpo-
lated using geostatistical techniques. As, Cd, Cu, Pb,
and Zn accumulated in different amounts in the five
land-use types. Urban industrial land and mining land
were moderately polluted, irrigated land was slightly
polluted, orchards were minimally polluted, and bare
land was at a safe level of pollution. Cd exhibited high
percentages of strong and severe levels of potential
ecological risks. For Cd, irrigated land, orchard, and
bare land mainly presented moderate risks, whereas
urban industrial land and mining land mainly presented
high risks. The comprehensive ecological risk of the five
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heavy metals was at a severe level for all tested land-use
classes except for bare land.
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Introduction

Soil is the foundation of all terrestrial ecosystems
(Boquete et al. 2014). If the soil environment is polluted,
then the normal function of the associated ecosystem
will be affected. Polluted soil will cause ecosystem
structures and functions to change, and “soil—body—
plants” and “soil»>water—human body” cycles allow
pollution to be indirectly absorbed by the human body
(Mineev 1996; Mohammed et al. 2011; An et al. 2016),
thus threatening human health. Attention must be paid
to soil environmental quality and ecological environ-
ment safety to ensure that human health is not threatened
by construction associated with national progress, and
important human-oriented principles must be adhered
to. In addition, soil heavy metal pollution is a type of soil
environmental pollution.

The physical properties (texture, porosity, structure,
thermal property, and ploughing) and chemical properties
(absorbency, acid-base, buffering, and nutrient) of the
same type of soil under different land uses are different
(Oleszek et al. 2003; Qishlaqi et al. 2009). In recent years,
many studies have focused on the physical and chemical
properties of soil under different land uses. Liang et al.
(2018) analysed the differences in soil physical properties
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of five typical land uses in the lower reaches of Tibet’s
Nyang River Basin and found obvious differences in the
soil mass, porosity, and water holding capacity of the
different land uses. Amirian Chakan et al. (2017) found
that the distribution of soil organic carbon (SOC) stocks
varied laterally and vertically under different land-use
types. Shougrakpam et al. (2010) studied the
macroporosity of different land use and land cover soils
in northeastern India. Digital image analysis shows that
there are significant differences in infiltration patterns
under different land use, land cover, and tillage modes.
Tang and Han (2017) researched the characteristics of
heavy metals in soils under different land uses in a typical
karst area of southwestern China. Shang et al. (2015)
studied the distribution and influencing factors of Se
under different land-use types in the Yangtze River Ba-
sin. Zheng et al. (2005) analysed Beijing vegetable and
paddy fields, orchards, green land, wheat, and natural soil
and found that different land uses had significant effects
on the accumulation of lead in the soil. The characteristics
of heavy metals in soil are related to the physical and
chemical properties of the soil. Differences in soil prop-
erties caused by different land-use patterns may also
affect the content of heavy metals in soil. Many studies
have focused on heavy metal pollution and the ecological
risks to soil under single land-use types, and they have
primarily concentrated on farmland (Lv et al. 2012; Zou
et al. 2018), urban lands (Liang et al. 2017; Zhang et al.
2019), mining areas (Lu et al.2014; Chen et al. 2018, Wei
et al. 2017), industrial parks and their surroundings (Luo
et al. 2017), landfills (Zhao et al. 2015) and sewage
treatment plants (Luo et al. 2016), and areas along rivers
(Ghrefat et al. 2012). However, studies on soil heavy
metal pollution and ecological risk associated with dif-
ferent land-use types in the same area are scarce. For the
few studies that have explored the pollution and ecolog-
ical risk caused by heavy metals in soils under different
land-use types in the same area (Fernandez et al. 2001,
Zhang et al. 2017; Bartkowiak et al. 2017), the diversity
of land-use types and the universality of the evaluation
methods require additional investigation.

The Hakanson potential ecological risk index method
evaluates the potential ecological risk of sediment in
water bodies (Ma et al. 2011a, b). Many scholars have
improved the method (Hou et al. 2011) and used it as a
potential ecological risk assessment of soil heavy
metals. However, in the previous studies, the evaluation
criteria were not adjusted according to the type and
toxicity of heavy metals.
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In recent years, various types of land uses have
occurred in the northern plain of Longkou city due to
the rapid development of industry and agriculture, and
heavy metals have accumulated in the soil. We evaluat-
ed the ecological risks of Cu, Pb, Zn, Cd, and As in
irrigated land, orchards, urban industrial land, mining
land, and bare land to adequately understand the pollu-
tion status and ecological risk of soil heavy metals in this
area. This study is intended to provide a reference for
soil management and regulation.

Materials and methods
Study area

The study area is located in the northern plain area
of Longkou city, Shandong Province (120°13'-
120°44'E, 37°27'-37°47'N), with a total area of
409 km?, of which the agricultural area with irriga-
tion is approximately 280 km?. The study area has
a temperate monsoon climate, the annual average
temperature is approximately 12 °C, and the aver-
age annual rainfall is approximately 600 mm. It is
surrounded by the sea on three sides and has the
same soil-forming conditions in all areas. The soil
pH value ranges from 6.5 to 7.5. The types of soil
forms include brown loam, cinnamon soil, and ae-
olian sand. The main type of soil is brown loam,
and the largest river is the Huangshui River. The
crops planted in this area are mainly wheat, maize,
apple, and grape. The area is rich in mineral re-
sources, such as coal, gold, lead, zinc, kaolin, fluo-
rite, and placer, and many other industrial indus-
tries, such as mining, foundry, and paper-making,
occur there. Longkou city was established in 1975,
and with the implementation of the policy of re-
form and opening up, industrial and mining enter-
prises developed rapidly. By 1984, the area
changed to using sewage irrigation. Sewage irriga-
tion has occurred for 30 years. Untreated industrial
and domestic drainage has irrigated farmland
through the Huangshui River, Yongwen River,
and its branches. After 2002, the sewage irrigation
arca was altered to a reclaimed water irrigation
area. The reclaimed water discharged from the
Longkou and Huangcheng sewage treatment plants
also enters farmland through the Huangshui River,
Yongwen River, and other branches.
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Sample collection

The land-use map of Longkou city was used to deter-
mine the different land-use types and the proportion of
the main pollution sources in the study area, with sam-
pling points in the subsurface soil at depths of 0~20 cm.
According to the proportion of land-use types, 148
sampling points were established, including 8 samples
in bare land, 21 samples in urban industrial land, 24
samples in mining land, 44 samples in orchards, and 49
samples in irrigated agricultural land. The sample plots
were 30 m x 30 m, and the sampling process involved
clearing the surface soil using a wooden spatula and
collecting the soil at 5 points on the diagonal. Dirt and
other debris in the soil were removed, and the soil was
mixed. Then, 0.5 kg of soil from each quartile was
placed in a clean cloth bag, and the sampling point
location information was recorded (Fig. 1).

After air-drying at room temperature, the soil samples
were screened through a 2-mm sieve, and then, an agate
mortar was used to finely grind the soil so that it could pass
through a 0.074-mm sieve to determine the total amount of
heavy metals. In the laboratory, HSO4-HNO3-HF was
used to digest the soil to analyse the As, Cd, Cu, Pb, and
Zn contents. The Cd content was determined by graphite
furnace atomic absorption spectrometry (GF-AAS, Ther-
mo Scientific, USA). The contents of Cu, Pb, and Zn were
determined by inductively coupled plasma atomic emis-
sion spectrometry (ICP-OES, Thermo Scientific, USA).
The content of As was determined by hydride generation
atomic fluorescence spectrometry (HG-AFS, Thermo Sci-
entific, USA). The detection limits of As, Cd, Cu, Pb, and
Zn were 0.1 0.01, 0.3, 0.3, and 0.5, respectively. All the
reagents in the analysis were superior grade pure according
to the national standard of soil samples (GBW7401), and
the recovery rate was 100% £ 10% (Lv et al. 2018). The
accuracy and precision of the analysis method were
tested(Ministry of ecology and environment of the People's
Republic of China 2014), and the results were all in
accordance with the requirements.(Ministry of environ-
mental protection of the People's Republic of China
2014), Ministry of land and resourses of the People's
Republic of China 2006, 2016)

Method of evaluating environmental pollution
Many methods of evaluating heavy metal pollution are

available, and they can be divided into two categories
based on study objectives: evaluation methods based on

heavy metals, which include the single factor index,
Nemerow index, enrichment factor, geoaccumulation
index, and potential ecological hazard index, and eval-
uation methods based on sampling points, which in-
clude modelling methods, such as the fuzzy comprehen-
sive evaluation, grey clustering model, and analytic
hierarchy process (AHP). In addition, with the develop-
ment of geographic information technology, evaluations
based on GIS and geostatistics have also become popu-
lar. In this paper, the single factor and Nemerow index
methods were used to evaluate each heavy metal, and
the improved fuzzy comprehensive evaluation method
was used to evaluate each sampling point. Finally, the
results of the above two methods were analysed based
on a GIS and geostatistics approach.

Single factor and Nemerow index methods

The single factor pollution index method is used to
evaluate the degree of pollution of a single pollution
factor, and it takes the background value of soil ele-
ments as the evaluation standard. This index is
expressed as follows:

Pl':Ci/Si (1)

where P; is the pollution index number of a pollution
factor at sampling point,C; is the actual measured value
of the pollution factor, and S is the background standard
value of the pollution factor. The background values of
the soil environment obtained by Dai et al. in the eastern
part of Shandong Province in 2011 were used in this
study. A value of P;> 1.0 indicates that the content of
heavy metals in the soil has exceeded the standard, i.e.
the soil has been polluted, and P; < 1.0 indicates that the
heavy metal content is in the background value range,
i.e. the soil is not contaminated. Higher values of P;
correspond to an increasing severity of heavy metal
pollution. Based on the single factor index, the
Nemerow index method, which is a comprehensive
evaluation method of heavy metal pollution, was used,
and the calculation formula is as follows:

2
where P is the Nemerow comprehensive pollution index of
the sampling point and Pip,,c and Pi,y. are the maximum
and average values of the i factor pollution index, respec-
tively. The valuesof P<0.7,0.7< P<1,1 <P<2,2<P<
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Fig. 1 Location of the study area with sampling sites

3 and P> 3 divide pollution into five categories from low to
high: safe level of pollution, minimal pollution, light pollu-
tion, medium pollution, and heavy pollution, respectively.

Fuzzy comprehensive evaluation method

The fuzzy mathematical model and the evaluation factor
weights were improved to assess the soil heavy metal
pollution, and a fuzzy comprehensive evaluation meth-
od based on the double weight factor of pollutant con-
centration and toxicity was proposed.

B=R-W (3)

where W represents the degree of membership of each
evaluation factor to the evaluation grade; R represents
the vector of the weight of each evaluation factor; and B
represents the membership degree of the evaluation
samples to evaluation grades (Dou et al. 2007).

(1) The portrayal of the membership degree was rep-
resented by the S shape function:

1 x<S;;

2
2{ xS } Sy < x< Sij + Sij1
X=Sijt1
2
W(x,a,b) = 172|: x—S;; :l Sij + Sij+1 < x<Sjn 4

x=Sij41

0 Sij“ <X
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where x is the measured concentration of the pollution

factor; Sj; is the j index of the i pollution factor; and Sj; .. |

is the j+ / index of the i pollution factor. The evaluation

criteria of the background value and critical content of

soil heavy metals were used in this evaluation (Table 1).

(2) The weight vector R of each evaluation factor
was determined.

The excessive pollutant concentration method is
commonly used to determine the weight of heavy metal
pollution. Considering the different heavy metal pollut-
ants and the toxicity of different individual pollutants,
the concentration of pollutants that exceeds the standard
weighting method must cover a proportion of low con-
centrations of toxicity. In addition, the toxicity of heavy
metals at the level of the weight calculation can better
reflect the concentration and toxicity of heavy metals.
Lin used the heavy metal toxicity coefficient to deter-
mine the accuracy of toxicology evaluation data to
provide a reference for research on heavy metal toxicity
indexes, as shown in Table 2. Therefore, the concentra-
tion of pollutants and the grade of toxicity can be
weighed and then normalized, and the calculation for-
mula is as follows:

= Ci/fi (5)

é Ci/f;
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Table 1 Classification standard of soil heavy metal pollution (mg'kg ") (Dou et al. 2007)

Pollution factor Safe Minimal Light Moderate Heavy
1 11 1T v \
Cu 28.37 40.63 120 280 400
Pb 23.35 36.09 150 350 500
Zn 83.68 116.75 240 560 800
Cd 0.1204 0.2523 0.6 1.4 2
As 6.71 8.92 13 30 45
pollution factor at the j sampling point, C; is the mea-
m sured content of the pollution factor, and S; is the back-
xij/ Z Y ground standard value of the pollution factor; the back-
Ci=— / :xl (6) ground value of the soil environment was from investi-
Z — v gations by Dai et al. R/, is the comprehensive ecological
=LY Sy risk index at sampling point ;.

where x; is the measured concentration of pollution
factor 7; f; is the toxicity grade index of pollution factor
i; and r; ig the weight value of pollution factor 7. In
addition, > C; =1, > r;=1.

i=1 i=1

Potential ecological assessment methods

In this study, the potential ecological risk index (E) and
the comprehensive potential ecological hazard index
(RI) of each heavy metal were calculated using the
Hakanson potential ecological risk assessment method.
The calculation formula is as follows:

Ci

E{:T,»XP{:T,-x? (7)

Rl =Y} \E] (8)

where El’ is the potential ecological risk index of the j
pollution factor at the j sampling point. The toxic re-
sponse coefficient of 7; to i heavy metals is the response
to the toxicity of heavy metals and the sensitivity of
biological pollution to the heavy metals; in this study,
the values obtained from the study of Lin were selected
(Table 2). In the study, P{ is the pollution index of the i

Table 2 Biological toxicity index of heavy metals

Pollution factor Cu Pb Zn Cd As

Toxicity index 3 15 1 30 20

Considering the accuracy and universality of
Hakanson’s potential ecological risk assessment results
and the toxicity and species of heavy metals, the classi-
fication criteria of the ecological risk of soil heavy
metals were adjusted. The specific methods are as
follows.

(1) The grading value of the unit’s toxicity coefficient
was determined:

[y
RI= L
TC 9)

(2) The threshold value of the first level was
calculated:

5
Ly =Y TC xRI (10)
=1
where / is the first level classification boundary value of
Hakanson (150); TC is the total value of the toxicity
coefficient of the 8 pollutants in the model (133); R/ is
the unit toxicity coefficient classification value (1.13);

5

L, is an adjusted first level boundary value; and ) 7C
i=1

is the sum of the toxicity coefficients of 5 heavy metals.

The most toxic heavy metal in this study was Cd (30),

and it was used as the first level threshold value for the
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adjusted single factor ecological risk. The total toxic
coefficient of the 5 heavy metals was 69, and after
adjusting the comprehensive potential ecological risk
of the first level, the limit value was 80, which was 2
times the upper limit value. Then, the classification
standard of the potential ecological risk of heavy metals
in soil was reclassified (Table 3).

Risk visualization and statistical methods

This study calculated the potential ecological risk of
heavy metals using the ordinary kriging spatial interpo-
lation method, which provides a visual expression of
risk with the help of ArcGIS 10.2 (ESRI Inc.). Com-
bined with the land-use status map of the study area, the
proportion of potential ecological risk of heavy metals in
each land-use type was calculated.

Results and analysis
Descriptive statistics of heavy metal contents

Descriptive statistics of the 5 heavy metals in the sam-
pling sites in the study area were determined (Table 4).
The mean value of each heavy metal was greater than its
background value (Dai et al. 2011), indicating that these
elements are enriched and that the environment and
ecosystem in this area may be at risk. The 5 heavy
metals exceeded the standards at a rate above 90% and
in the following order Cu>Zn>Cd= As>Pb. Cu
exceeded the standard at a rate of 100%, which was
the highest among the metals. This result is consistent
with the results of the previous research (Li et al.2017)
in this area. Cu and Zn were significantly affected by
human activities in farmland, and the sampling sites in
irrigated land and orchards accounted for 65.52% of the
area, which further verified the findings of the previous
studies.

The soil heavy metal concentrations in the study
region all showed certain variation characteristics, with
variation coefficients ranging from 0.14 to 0.47
(Table 4). Cu had the highest variation coefficient, and
Cd had the lowest. Dimensionalzing a variation coeffi-
cient can better reflect the fluctuations in heavy metal
content. A larger coefficient of variation corresponds to
a higher degree of variation in the heavy metal elements
and a more uneven spatial distribution of the heavy
metal content. Therefore, the spatial distribution of Cu
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content was the most discrete, and the spatial distribu-
tion of Cd was relatively uniform.

Evaluation and analysis of heavy metal pollution

The degree of pollution of each heavy metal was eval-
uated by the single factor pollution index method and
the Nemerow index method. The comprehensive pollu-
tion degree of each sample was evaluated by the im-
proved fuzzy comprehensive evaluation method. The
results of the index method are shown in Table 5. The
pollution index of Cu was the largest, and the Nemerow
index reached 7.059. Cu and Pb were classified as
occurring at heavy pollution levels with the highest
pollution degree among all metals, followed by Zn and
As with a pollution index of 0.53~3.35 and an NMO
index of 2~3, representing a moderate degree of
pollution.

According to the fuzzy comprehensive evaluation
method, the toxicity coefficients of the pollutants were
weighted based on the calculated pollution weight. Al-
though Cu and Pb presented the highest pollution de-
grees, the pollution degrees of each sampling point
calculated by the fuzzy comprehensive evaluation meth-
od were not high because of their low toxicity coeffi-
cients (Table 5). Similarly, the pollution degree of Zn
was not high, but the toxicity coefficient was large; the
pollution degree of the sampling points based on the
fuzzy comprehensive evaluation was not low. The re-
sults obtained by different methods were different and
reasonable. As Table 6 shows, the pollution degree of
the sampling points under the different land-use types
was obtained by the fuzzy comprehensive evaluation
method. Twenty-nine points of moderate pollution were
distributed in urban industrial land and mining land,
with 18 of the 24 points on mining land having moderate
pollution. The urban industrial land and mining land
sampling points were all slightly polluted; the pollution
levels of the orchard and irrigated land were at the safe
and minimal levels; and 8 points in bare land were at the
safe level. Overall, there were no severe pollution levels
in Longkou city.

Potential ecological risk assessment for single factors

In this study, the potential ecological risk assessment of
the 5 heavy metals was evaluated according to the
improved Hakanson potential ecological risk assess-
ment criteria. To intuitively express the spatial
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Table 3 Improved classification standard for the ecological risk assessment of heavy metals in soil

Ecological risk 1 2 3 4 5

Level Slight Moderate Severe Strong Very strong
E; <30 30-60 60-120 120-240 >=240

R <80 80-160 160-320 >=320 -

distribution of the ecological risk level, the evaluation
results were interpolated by ordinary kriging. The po-
tential ecological risk values of Cu, Pb, and Zn
conformed to a normal distribution and were used di-
rectly for variogram fitting and spatial interpolation. As
and Cd must be fitted and interpolated after a logarith-
mic transformation. Table 7 shows the variation func-
tion model and parameter statistics of the ecological risk
of the 5 heavy metals. Cd conformed to the Gaussian
model, Cu and Zn were best fit by the spherical model,
and As and Pb were best fit by the exponential model.
The effective ranges of the five elements ranged from
4887 to 7593 m; the residual sum of squares were all
close to 0; and the determination coefficients were
above 0.613. These fitting results satisfied the require-
ments of model selection.

In terms of ecological risk level, 4 levels of ecolog-
ical risk were observed in the study area (Table 8,
Fig. 2). As, Cu, Pb, and Zn were at the moderate risk
and slight risk levels. Zn presented a slight risk, which
increased to moderate in the northern part of the study
area. Cu also presented a moderate risk level in the
northern part of the area and a slight risk in the other
areas. Pb presented a moderate risk level over a relative-
ly scattered area but mainly in the eastern and western
regions, with a slight risk in the central and northern
regions. In contrast, As presented a moderate risk level
over a relatively wide area that included the entire
eastern and northwestern regions, and only small areas
in the northern and southwestern regions were at a minor

Table 4 Descriptive statistics of the heavy metals in soil

risk. Cd presented the largest potential ecological risk
with severe and strong risk levels in the eastern and
northwestern parts of the central region, forming a
high-risk zone, and the other areas had a moderate
ecological risk, with essentially no areas at a minor risk
level.

To study the ecological risk of soil heavy metals in
different land-use types, we used ArcGIS 10.2 to extract
and analyse the interpolated risk of each heavy metal
according to various land-use types. Figure 3 presents
the results of the extraction of Cd with the highest
potential ecological risk grade, and Table 8 shows the
area statistics of each risk grade under each land-use
type. Cu, Zn, Pb, and As had a potential ecological risk
of grade 1. The land area proportion from large to small
was as follows: irrigated land, Cu (98.62%)>Zn
(97.55%) > Pb (96.45%) > As (34.62%); orchard, Zn
(95.73%) > Cu (95.68%)>Pb (92.48%) > As
(49.84%); urban industrial land, Cu (100%)=Zn
(100%) > Pb (98.53%) > As (60.35%); mining land, Zn
(100%) > Cu (84.09%) >Pb (72.44%) > As (59.19%);
and bare land, Cu (99.79%)>Zn (98.07%) > Pb
(89.89%) > As (34.88%). As, Cu, Pb, and Zn had only
two potential ecological risk levels for all five land-use
types. For Cd, which corresponded to more severe pol-
lution, most of the irrigated land, orchard, and bare land
presented two levels of moderate risk. Most of the urban
industrial land and mining land were at level three or the
severe risk grade, and 30.52% of the mining land was at
level four or the strong risk grade; thus, these areas

Heavy Minimum Maximum Mean Variation Background Exceeding standard rate
metal (mgkg ") (mgkg ") (mg'kg ™" coefficient (mgkg ™" (%)

Cu 20.34 50.86 35.30 0.47 19.6 100

Pb 15.75 63.92 35.08 0.38 254 93.2

Zn 53.99 104.32 77.89 0.18 56.1 95.9

Cd 0.049 0.42 0.20 0.14 0.11 94.7

As 3.63 10.26 7.96 0.19 6.3 94.7
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Table 5 Assessment of soil heavy metal pollution

Heavy metal Single factor pollution index Nemerow index Degree of pollution Background value (mg/kg)
Minimum Maximum Mean

Cu 0.74 9.87 1.52 7.06 Heavy 19.60

Pb 0.45 7.70 1.42 5.54 Heavy 25.40

Zn 0.53 3.35 1.12 2.49 Moderate 56.10

Cd 1.26 8.06 3.05 6.10 Heavy 0.11

As 0.72 3.25 1.28 247 Moderate 6.30

present a relatively higher potential ecological risk. Bare
land, however, was mainly below a level three risk and
presented a relatively low degree of ecological risk.

Comprehensive potential ecological risk assessment

The risk of pollution produced by the synergistic effect
of the 5 heavy metals was expressed by the comprehen-
sive potential ecological risk index, which reflected the
overall ecological risk level of the study area. As shown
in Fig. 4, the overall ecological risk level in the study
area was essentially above the moderate risk grade; the
serious risk grade was mainly distributed in the middle
and the southeastern and northwestern parts diagonally;
and the low risk areas were scattered in the north,
northeast, and southwest of the study area.

According to the type of land use (Table 9, Fig. 5),
the area percentage of each class at a minor risk was
below 10%, especially for urban industrial land, for
which the slight risk levels only accounted for 0.01%.
The risk level of irrigated land and bare land did not
reach level 1 (slight). The potential comprehensive eco-
logical risk of heavy metals in irrigated land, orchards,
mining land, and urban industrial land was mostly at the
severe level. The order according to the area occupation
ratio was irrigated land (80.53%) > orchard (70.89%) >
mining land (61.34%) > urban industrial land (54.17%).
However, the comprehensive ecological risk of heavy

metals in bare land was mostly at level 2 (moderate).
Although there was a strong risk grade for the orchard,
the proportion of the area was very small at only 6.97%
of that area. The total potential ecological risk of heavy
metals at level 4 (strong) for the urban industrial land
and mining land was 38.85% and 34.52%, respectively,
indicating that these two land-use types presented rela-
tively serious pollution.

Discussion

Soil pollution assessments and ecological risk assess-
ments are two effective methods of exploring the envi-
ronmental problems caused by soil heavy metals. In this
paper, the environmental pollution and ecological risk
of five heavy metals in soils with different patterns were
evaluated and analysed using these two methods. The
following results were observed based on the evaluation
and analysis.

(1) Because pollution assessments vary, the evaluation
results obtained by the Nemerow index method
and improved fuzzy comprehensive evaluation
method were also different. The Nemerow index
method was used to evaluate the pollution level of
each heavy metal in Longkou. Thus, 5 elements
were evaluated in this study, with 2 elements

Table 6 Number of sampling points with different pollution levels for the 5 land-use types

Degtee of pollution Urban industrial land Mining land Orchard Irrigated land Bare land Total
Moderate 11 18 0 0 0 29
Light 10 6 22 31 0 69
Minimal 24 18 0 42
Safe 0 0 8 8
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Table 7 Variation function model of the ecological risk of heavy

metals

Heavy Model Effective Residual Determination

metal range/m  sum of coefficients

squares (Rz)

Cu Spherical 7593 0.012 0912
model

Pb Exponential 6832 0.036 0.613
model

Zn Spherical 6160 0.003 0.675
model

Cd Gaussian 7494 0.006 0.779
Model

As Exponential 4887 0.015 0.738

model

presenting moderate pollution and 3 elements pre-
senting serious pollution, indicating that the soil is
seriously polluted by heavy metals. The fuzzy
comprehensive evaluation is a method of evaluat-
ing the pollution status of sampling points. Accord-
ing to the results, the highest pollution level was
moderate pollution. The results indicate that 29 of
148 points presented moderate pollution, 69 sam-
pling points presented light pollution, and the re-
maining points were at the minimal and safe levels.
Therefore, soil heavy metal pollution throughout
the whole area is not serious. As a result, the degree
of pollution varies based on the subject of analysis.
Therefore, when evaluating soil environmental
pollution, a variety of methods should be used to

Table 8 Single factor potential ecological risk grade area ratios of soil heavy metals for the 5 land-use types

Heavy metal ~ Land type Level 1 (slight) Level 2 (moderate) Level 3 (severe) Level 4 (strong)
Area Percentage  Area Percentage  Area Percentage  Area  Percentage

Cu Irrigated land 113.75  98.62% 1.59 1.38% - - - -
Orchard 117.60  95.68% 5.30 4.32% - - - -
Urban industrial land ~ 14.77 - - - - - -
Mining land 1.94 84.09% 0.37 15.91% - - - -
Bare land 0.92 99.79% 0.002  0.21% - - - -

Pb Irrigated land 11127 96.45% 4.08 3.55% - - - -
Orchard 113.66  92.48% 9.24 7.52% - - - -
Urban industrial land ~ 14.55 98.53% 0.22 1.47% - - - -
Mining land 1.67 72.44% 0.63 27.56% - - - -
Bare land 0.83 89.89% 0.09 10.10% - - - -

Zn Irrigated land 112.53  97.55% 2.82 2.45% - - - -
Orchard 117.66  95.73% 5.24 4.27% - - - -
Urban industrial land ~ 14.77 100% - - - - - -
Mining land 2.31 100% - - - - - -
Bare land 091 98.07% 0.02 1.93% - - - -

Cd Irrigated land 16.56 14.35% 84.81  84.81%
Orchard 25.49 20.72% 81.62  66.35%
Urban industrial land  0.37 37.15% 4.09 27.25% 13.72 11.89 026 0.23%
Mining land 0.06 2.49% 0.15 6.42% 15.36 12.49% 0.53 043%
Bare land 0.14 14.67% 0.78 85.32% 7.31 49.51% 298  20.20%

As Irrigated land 39.94 34.62% 7541  65.38% 1.40 60.56% 0.70  30.52%
Orchard 61.26 49.84% 61.64  50.16% 4.72E-05 0.51% - -
Urban industrial land ~ 8.91 60.35% 5.85 39.65% - - - -
Mining land 1.36 59.19% 0.94 40.81% - - - -
Bare land 0.32 34.88% 0.60 65.11% - - - -
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Fig. 2 Evaluation of the potential ecological risk classes for the 5 heavy metals

ensure that a comprehensive evaluation from mul-
tiple perspectives is performed.

The ecological risk of single factors was small, and
the comprehensive ecological risk was high. Al-
though the ecological risk of a single heavy metal
to the soil environment was low, the comprehen-
sive potential ecological risk represented the sum
of multiple elements and single factor ecological

@)
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risk. As the number of heavy metal species in-
creased, the potential ecological risk to the soil in
the study area increased. The four heavy metals,
Cu, Zn, Pb, and As, were all below the mod-
erate risk level, and their spatial distribution
area was less than 20%. After considering the
comprehensive risk of these metals, the total
ecological risk was primarily higher than
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Fig. 3 Potential ecological risk levels of Cd for various land-use types
severe. In this paper, only five heavy metals factor ecological index of all heavy metals
were evaluated by the Hakanson potential and can only partly reflect the ecological risk
ecological risk index. The comprehensive po- of the study area; thus, further studies are
tential ecological risk index is not a single warranted.
Fig. 4 Comprehensive potential Comprehensive potential ecological risk N
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Table 9 Comprehensive potential ecological risk level area ratios of heavy metals for the 5 land-use types

Heavy metal Level 1 (slight) Level 2 (moderate) Level 3 (severe) Level 4 (strong)

Area Percentage Area Percentage Area Percentage Area Percentage
Irrigated land 1.16 1.00% 21.30 18.47% 92.89 80.53% - -
Orchard 1.94 1.57% 25.27 20.56% 87.13 70.89% 8.57 6.97%
Urban Industrial land 0.0028 0.01% 1.03 6.95% 8.00 54.17% 5.74 38.85%
Mining land 0.056 2.41% 0.040 1.72% 1.42 61.34% 0.80 34.52%
Bare land 0.05 5.53% 0.59 64.61% 0.28 29.85% - -

(3) Although a heavy metal may present a serious
pollution risk, the single factor ecological risks

of'the study area, they have not yet caused changes
to the soil ecology.

were not high. In the study, the Nemerow index (4) For the 5 land-use types, the single factor and the
indicated that Cu had a heavy pollution level, comprehensive ecological risk were also high. The
whereas the ecological risk caused by Cu was pollution level of urban industrial land and mining
moderate in a small part of the northern part of land was above moderate, and the spatial distribu-
the study area and was slight in other areas. Thus, tion of the ecological risk above severe accounted
although, individually, the heavy metals caused a for more than 90% of the area. The comparison of
certain degree of pollution in the soil environment heavy metal pollution and ecological risk
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Fig. 5 Comprehensive potential ecological risk class for each land-use type
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assessment for different land-use types can be used
as the basis for soil pollution source analysis to
better understand heavy metal enrichment and
influencing factors.

Conclusions

The contents of Cu, Pb, Zn, Cd, and As in Longkou all
exceeded the background values of the area, and the
proportion that the standard was exceeded was over
90%, with Cu exceeding the standard at a rate of
100%. Based on the index method, each element had a
certain degree of pollution, and the pollution index of
Cu was the largest, followed by that of Pb and Cd. Thus,
Cu, Pb, and Cd all had severe pollution levels, while As
and Zn were classified at moderate pollution levels. The
results of the fuzzy comprehensive evaluation showed
that the degree of pollution at the sampling sites corre-
sponding to different land uses was different. Urban
industrial land and mining land were mainly character-
ized by moderate pollution, and irrigated land was main-
ly characterized by light pollution; thus, the pollution
levels for these land-use types were above the minimal
level. Orchard had relatively less pollution, with most of
the land at the minimal level, whereas bare soil was
almost free of heavy metal pollution.

Cd had the most serious impact on the soil environ-
ment, and the ecological risk to urban industrial land and
mining land was especially high and categorized at
strong and severe levels. The other land-use types were
at a moderate level of risk. The potential ecological risks
of Pb, Zn, Cd, and As were below the moderate level.
The comprehensive potential ecological risk of heavy
metals indicates that the study area mainly corresponded
to a severe pollution level. Irrigated land, orchard, min-
ing land, and urban industrial land accounted for more
than 50% of the total potential ecological risk and severe
pollution areas. Urban industrial land and mining land
presented significant potential ecological risks from
heavy metals in the soil. Thus, these areas should re-
ceive additional attention.
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