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Abstract

In order to understand the environmental quality of the soil in the Dawu water source,
38 sampling points were set up in the Dawu water source of Zibo City to study the content
and spatial distribution characteristics of heavy metals Cr, Ni, Cd, Pb, As and Hg in the
soil; The single factor and comprehensive pollution indexes were used to determine the
soil pollution levels. The research results showed that the overall pollution degree of the
water source was relatively light, and the heavy metal content did not exceed the risk
screening value of the construction land; the Hg coefficient of variation was large,
indicating that there might be point source pollution. Spatially, heavy metals were
mainly concentrated in the north-central and eastern regions of water sources, which
were consistent with the distribution of cities and towns, and were mainly affected by
pollution sources, topography, and human activities. The degree of pollution was
Hg>Cd>Pb>As>Ni>Cr, and some areas of the water source had been slightly polluted by
Ni, Cd, Hg, and Pb, and Hg severely polluted by Hg. The Nemerow integrated pollution
index was 2.41.
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1. Introduction

With the continuous development of society, the problem of soil pollution has become more and more
prominent. As an important part of the earth’s biosphere [1], soil is the foundation or foundation of
all terrestrial ecosystems. When the soil environment is polluted, its normal functions will inevitably
be affected. It will not only cause changes in the structure in the soil. It will also migrate to other
ecosystems, such as groundwater, plants, etc., and be absorbed and enrich by crops, and ultimately
affect human health through the food chain [2~3].

Zibo City, Shandong Province is an important industrial park. Many heavy industry companies are
located here. During the production process of thrsr companies, certain toxic heavy metals will be
produced, which will pollute the soil environment of the water source. The heavy metal pollutants in
the groundwater will first accumulate on the surface and enter the groundwater through the vadose
zone of the soil under the action of rainfall leaching. The Dawu water source is an important source
of drinking water in my country. If it is polluted, it will affect the production and life of human beings.
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2. Material and methods

2.1 Overview of the study area

The study area was located in Linzi District, Zibo City (Fig.1). The terrain was high in the south and
low in the north, with low hills in the south and sloping plains in the north. There was more
precipitation in summer and less precipitation in winter [4]. The northern part of the water source was
mainly the Quaternary sedimentary layer, with many layer, and the thickness gradually increase from
the front of the mountain to the north. The slope-diluvial layer was formed in the valley between the
mountains and the alluvial-diluvial layer was formed along the Zihe River. The exposed soil was
mainly clay and sand. It can be seen from the figure that there were a large number of towns and
farmlands around the factories, and the Zihe River passes in the east of the Shengli Oil Refinery and
Qilu Petrochemical Rubber Factory. Roads and rialways run through the water source and the
transportion was convenient. The main crops in Linzi District were wheat and corn, and Qilu
Petrochemical Industry was the leading industry in this area.
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Fig. 1 Distribution of soil samples

2.2 Sampling and analysis methods

This study selected areas with dense urban distribution of water sources. According to the distribution
characteristics of enterprises and rural areas in the area, and taking into account the local topography,
dominant wind direction, groudwater flow direction, and relevant requirements for soil pollution
investigations, a total of 38 sampling points were set up according to the relevant requirements of soil
pollution investigation and sampling. The plum blossom sampling method collected surface soil (0-
20cm), removed the surface impurities of the soil sample, passed through a 1mm sieve, put the sample
in a brown wide-mouth bottle and stored it under low temperature conditions [5~6], investigated and
recorded the surrounding soil information such as pollution characteristics and potential sources of
pollution were combined with GPS positioning (Fig.1)
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According to the relevant regulations of soil heavy metals, the contents of Cr, Ni, Cd, Pb, As, and Hg
in the samples were analyzed and tested. The contents of Pb and Cd were determined by graphite
furnace atomic absorption spectrophometry, and the contents of Hg and As were determined by
atomic fluorescence method. Flame atomic absorption spectrophotometry was used to analyze the
content of Cr and Ni.

2.3 Evaluation method

Multivariate statistics and geostatistical analysis were used to make descriptive statistics such as mean
value, median value, range, standard deviation and coefficient of variation [7], and Nemerow
Comprehensive Pollution Index was used for pollution assessment.

The calculation formula of Nemerow Comprehensive Pollution Index is as follows:
Pi=3 1)

Pn — /( Pi)2+gpimax)2 (2)

Where: P; is the single factor pollution index of soil pollution i (i=1,2,3...); Ci is the measured value
of soil pollutant i (mg/kg); Si is the background value of soil pollutant i evaluation standard (mg/kg).
According to the difference of P; value, soil pollution is divided into 4 categories: Pi<1, non- polluting;
1<Pi<2, slight pollution; 2<P;i<3, light pollution; 3<Pi<5, moderate pollution; P;>5, heavy pollution.
Pn is the Nemerow Comprehensive Pollution Index; P; is the single pollution index of pollutant i
(i=1,2,3...); Pimax Is the maximum single pollution index of pollutant i. According to the Nemerow
Pollution Index, the soil pollution level is divided into 5 groups: Pn<0.7, clean; 0.7< Pn<l1, waring
limit value; 1< Pn<2, slight pollution; 2< Px<3, moderate pollution; P,>3, severe pollution.

2.4 Data processing and analysis

Pearson correlation analysis was used to study the relationship between heavy metals. Microsoft
Excel 2019 and SPSS 25 software were used to complete the data statistics and processing. Origin
2019 and MapGIS were used to complete the spatial analysis and mapping.

3. Results and analysis

3.1 Content characteristics of heavy metal elements

The basic parameters of six heavy metal elements in the surface soil of the study area, including Cr,
Cd, Pb, and the background values of Zibo were listed in Table 1. The average values of Cd, As, Hg,
and Ni in the table were all slightly higher than the soil background values of Zibo. The average value
of Cr content was lower than the background value, indicating that human activities had little effect
on the content of this heavy metal. The average value of Ni and Pb content was higher than the
background value, and the Pb content was 1.107 times of the background value of the surface soil in
Zibo, indicating that the content of Pb was mainly affected by human activities. The average content
of the six heavy metal elements in the surface soil of the study area was less than the risk screening
value of the “Soil environmental quality Risk control standard for soil contamination of development
land” GB36600-2018.

The skewness of As, Cr, Ni, Cd, Pb and Hg ranged from 0.01 to 4.074. in which As was left skewed
and other 5 were right skewed, indicating that there were more sampling points with As content lower
than the average value, and the overall content was lower. There were more sampling points with
other five heavy metal elements content higher than the average value. The kurtosis range was 0.02
~ 18.95. The data distribution of Ni, Cd, Hg was relatively concentrated, and the other elements data
distribution was relatively scattered. This might be due to the technological advancement of
enterprises, the improvement of production methods, and the continuous improvement of people’s
environmental awareness, resulting in the continuous reduction of the number of pollutants
discharged.
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Table 1. Descriptive analysis of soil heavy metal parameters

Project Cr/10°°  Ni/10°®  Cd/10°  Pb/10°  As/10°  Hg/10°

Minl0-¢ 42.23 12.83 0.08 15.44 2.22 0.02

Max/10¢ 88.09 95.38 0.59 61.69 16.19 1.47
Average/107® 64.87 33.36 0.18 30.89 10.48 0.13

Standard deviation 9.99 14.14 0.12 10.56 2.93 0.26
Coefficient of Variation/% 15 42 64 34 28 200
Skewness 0.01 2.72 2.13 1.34 -0.55 4.074
Kurtosis 0.02 9.80 4.01 1.64 0.22 18.95
Background values 70.8 32.0 0.162 27.9 10 0.045

Construction land screening value — 150 20 400 20 8

Because the content of heavy metals in the regional surface soil was affected by factors such as soil
parent material weathering, atmospheric deposition, and external input, the distribution of heavy
metals in the regional surface soil was uneven. The larger the coefficient of variation, the greater the
variation range of heavy metal content and the more uneven the distribution, which was easily
affected by human activities. Existing studies believed that the coefficient of variation was greater
than 50% as a strongly differentiated distribution type, the coefficient of variation between 25% and
50% was a differentiated distribution type, and the coefficient of variation was less than 25% as a
uniform distribution type [8]. It could be seen from Table 4 that the degree of Hg variation was
particularly large, reaching 200%, and the regional distribution was extremely uneven, and there
might be point source pollution, which was most likely caused by human factors; Cd was the second,
with a coefficient of variation of 64%; the coefficient of variation of Ni, Pb and As were 42%, 34%
and 28%, respectively, which belonged to the differentiated distribution type. It could be seen from
Figure 1 that the Dawu water source had convenient transportation, which made the spread of heavy
metals in the soil further and caused uneven spatial distribution; the coefficient of variation of Cr was
the smallest, which was only 15%, indicating that the distribution of Cr was very uniform. Human
factors had little influence.

3.2 Spatial distribution characteristics of heavy metal elements
3.2.1 Horizontal distribution characteristics

In order to further observe the distribution and change characteristics of heavy metal elements, the
data was processed by CorelDRAW and Excel to further study the pollution of heavy metals in the
soil of the water source.

It could be seen from Figure 2 that the spatial distribution characteristics of the contents of Cr, Ni,
Pb, Cd and Hg were basically the same, and they were all concentrated on the southeast side of
Wangzhu Village, near Qiwangda Group east, and Aihuaishu Village. The surrounding areas were
low in content. The areas with high heavy metal content in the northern part of the water source were
mainly concentrated in the main traffic line. The possibility of external source input was very high,
and heavy industry enterprises such as Qiwangda were concentrated here. The high heavy metal
content might be a large-scale production of enterprise. There were many cities and towns in the water
source area, so human activities had a certain influence on the content of heavy metals. The points
with high pollutant content were not all concentrated around heavy industry enterprises. The pollutant
content in water supply and drainage plants, rubber plants, Xindian power plant and other areas of
the water source was not high. It might be related to the topography of the water source in the south
and the north. The heavy metal elements in the soil moved northward by wind, and the pollutants on
the east side could move through the Zi River, and gradually settle and accumulate where the river’s
speed slows down [9].

The As content distribution was relatively uniform, and the coefficient of variation was small. The
distribution of As content was less affected by human factors. Because people used a large number
of pesticides containing As in the past, which caused serious pollution to the environment, now
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pesticides containing As were gradually replaced by other pesticides, so the content distribution was
relatively uniform.

The study found that the content of heavy metals in the groundwater of the Dawu water source was
lower than that in the surrounding soil, and its distribution characteristics were similar to the
distribution characteristics of heavy metals in the soil. They were concentrated in Aihuaishu Village,
Qiwangda Factory and the southeast side of Wangzhu Village. The type of groundwater in the water
source area was mainly karst water, which had poor fluidity and made pollutants more concentrated.
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Fig. 2 Spatial distribution of heavy metals in soil
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3.2.2 Vertical distribution characteristics

In order to study the variation characteristics of the content of each element in the water source area
with depth, the soil heavy metal content at the same depth at the sampling point was average (Table
2). It could be seen from the table that the content of As basically remained unchanged and fluctuates
with depth; the content of other elements gradually decreased with the increase of depth, which
showed that the five heavy metals of Cr, Ni, Pb, Cd and Hg were mainly concentrated on the surface.

Table 2. Contents of heavy metals in soil at different depths

Sampling depth
Heavy metal elements 0-05m  0.6-1.0m  1.1-15m  1.6-20m  2.1-2.5m  2.6-3.0m
Cr/10% 65.29 68.97 61.25 66.47 66.79 59.02
Ni/10°6 37.55 36.79 28.09 29.19 3431 27.59
Cd/10° 0.24 0.18 0.11 0.13 0.16 0.13
Pb/10° 34.92 35.23 24.06 27.83 27.05 25.10
As/10° 10.16 11.22 10.42 11.51 9.86 11.33
Hg/10° 0.19 0.22 0.03 0.063 0.04 0.07

3.3 Comprehensive Evaluation of Heavy Metal Pollution

The comprehensive pollution index method is a weighted multi-factor environmental quality index
that takes into account the average value or the prominent maximum value. It can comprehensively
reflect the pollution degree of different pollutants in the soil [10~14]. When grading soil pollution of
heavy metal elements, local soil background values are often used as evaluation indicators [15~17].

The evaluation results of the comprehensive pollution index of soil heavy metals (Table 3) showed
that the average value of the single pollution index of heavy metal elements was Hg> Cd> Pb> As>
Ni>Cr. In terms of individual factors, the average single factor index of Cr was less than 1, indicating
that the water source was not polluted by this element. The average value of Hg reaches 2.59,
indicating that the area was more polluted by this element. The average value of the remaining four
element indexes was greater than 1, indicating that there were already Ni, Cd, Hg and Pb pollution in
this area, and the pollution level was relatively light. Cd moderate pollution accounted for 5.3%,
indicating that the Cd element content in the soil in some areas of the Dawu water source exceeded
the standard. Hg element pollution level reached severe pollution in some areas. Generally speaking,
most areas of the study area were mainly non-polluting, with a certain degree of slight pollution, and
some areas had moderate to heavy pollution.

Using formulas (1) and (2) to comprehensively evaluate the pollution status of the study area (Table
3), the Nemerow integrated pollution index ranged from 1.03 to 20.85, with an average value of 2.41.
Among them, the moderately and lightly polluted points reached 81.58%, the moderately polluted
points reached 2.63%, and the severely polluted points reached 15.79%, indicating that the overall
pollution of heavy metals in the soil of the water source was moderate to light.

Table 3. Results of comprehensive pollution assessment of heavy metals

Number of sample contamination point;

Single factor index Exceeding standard rate/%

Project . . Slight Light Moderate Heavy
Max Min  Average  No pollution pollution pollution pollution pollution
Cr 1.24 0.6 0.92 28/73.7 10/26.3 0 0 0
Ni 2.98 0.4 1.04 24/63.2 13/34.2 1/2.6 0 0
Cd 3.69 0.5 1.14 26/68.4 7/18.4 3/7.9 2/5.3 0
Pb 2.21 0.55 1.11 20/52.6 16/42.1 2/5.3 0 0
As 1.62 0.22 1.05 17/44.7 21/55.3 0 0 0
Hg 29.46  0.32 2.59 23/60.5 7/18.4 1/2.6 2/5.3 5/13.2
Nemerow index 20.85 1.03 2.41 0 0 31 1 6
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4. Conclusion

(1) The soil heavy metal content of Dawu water source was unevenly distributed, and the six heavy
metal elements were all lower than the standard for construction land. Spatially, the polluted areas
were concentrated along the Zihe River on the southeast side of Wangzhu Village, near Qiwangda
Plant East, and other areas contain less heavy metals.

(2) The evaluation result of Nemerow comprehensive index method showed that the soil was mainly
lightly polluted (81.58%), and the main influencing elements were Hg and Cd. The single factor index
results showed that the proportions of Cr, Ni, Cd, Pb, As and Hg belonging to minor pollution and
below were 100%, 97.4%, 86.8%, 94.7%, 100% and 78.9%, Respectively.
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