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Abstract: Urban soil is affected by human activities and has obvious characteristics of heavy metal 
accumulation. The understanding of the relationship between the abundance and morphology of 
heavy metals in these soils and the physical and chemical properties of soil and the surrounding 
environmental factors will help to better protect and repair the urban soil ecosystem. Therefore, how 
to process the detected data in order to detect pollution sources in time has become an important task 
of environmental protection. Single factor evaluation method and multi factor comprehensive 
evaluation method were used to evaluate the degree of heavy metal pollution in different regions. 
Living area, industrial area and main road area are heavily polluted areas. The park green area is a 
middle pollution area, and the mountain area is a light pollution area. The contents and morphological 
characteristics of four heavy metal elements Pb, Zn, Cu and Cd in soil were studied in this paper. The 
grey relational analysis was used to analyze the influence factors of heavy metal pollution in urban 
soils of Nanjing. The most important factor is the distance from the industrial area, followed by the 
soil clay content. The proportion of traffic flow, production and domestic waste in soil and soil 
organic matter had little effect on heavy metal pollution in urban soil. 

1. Introduction 
Urban soil has obvious human disturbance characteristics. All kinds of garbage, exhaust gas and 

vehicle exhaust discharged from urban factories and residents increased the load of heavy metals in 
urban soil [1]. Foreign studies have proved that heavy metals in urban soils have accumulated in 
varying degrees, and have produced a series of environmental problems [2]. To verify the anomalies 
of urban soil geological environment and how to apply the verified data to carry out environmental 
quality assessment [3]. Studying the evolution pattern of human activities affecting urban geological 
environment has increasingly become the focus of attention [4]. The urban soil pollution has a very 
important impact on urban green space construction, urban regional environmental quality and 
human health. Such as urban landscaping plants heavy metal poisoning, water pollution, high blood 
lead levels, and lead poisoning in children [5]. Our country also has research reports in this area, such 
as Lu Ying and others to compare the content of Pb in urban soil and suburban soil in Nanjing. The 
results showed that the content of Pb in urban soil was 4~5 times the background value. Therefore, 
heavy metal pollution in urban soil has become the core of urban environmental pollution research, 
and the evaluation of its environmental quality has also become one of the important research 
contents [6]. 

2. Selection of urban soil profile and sample collection 
Due to the influence of human factors, urban soil distribution often has discontinuity, disorder of 

soil level, and complex source of soil material. Soil profile selection and sample collection are one of 
the key steps to accurately grasp and analyze urban soil. We investigated the geological environment 
of a city. The area is divided into a grid area with a distance of about 1 kilometers, and the surface soil 
is numbered according to 1 sampling points per square kilometer, and the location of the sampling 
point is recorded by GPS. There are four main considerations in this study: (1) In the different 
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functional areas of the city (old industrial area, New Development Zone, commercial area, old 
residential area, city square, scenic area). (2) The disturbance of urban soil artificial factors is large 
and the level is chaotic. The soil samples of three soil profiles below 0~5 cm, 5~20 cm and 50 cm are 
taken as analysis samples and section records. At the same time, in order to make the analysis sample 
representative, every soil sample is multi-point mixed sample. (3) The sample collection of urban 
public square takes both the three planting types of lawn, shrubs and forests, the old citizen square 
and the new citizen square, the landfills and the abandoned soil landfills. (4) Select the representative 
sections of each functional area as far as possible, avoid artificial fill, and avoid the extreme of 
analysis results. The index of urban soil pollution is shown in Figure 1. 

 
Figure 1 Urban soil pollution index 

The concentration data of various chemical elements contained in each sample were obtained by 
special instrument analysis. A total of 56 samples were collected, including 3 sampling sites in the old 
industrial area and 8 mixed analysis samples. There were 3 sampling sites in the new development 
zone, and 7 mixed analysis samples were collected. There are 5 sampling points in the commercial 
area, and 10 samples are collected. There were 6 sampling points in the city square, and 13 mixed 
samples were collected. In addition to a few soil layers below 50 cm from natural soil, most of the 
urban soil profile analysis samples collected 0~5 cm and 5~20 cm two layers as analysis samples. 
Soil samples are sampled, mixed and kept in wooden shovels in the wild, and put into polyethylene 
lined plastic bags for numbering. After soil drying, 10 mesh and 20 mesh plastic soil sieve were 
respectively screened. Some soil samples were further grind with agate mortar, and 100 mesh plastic 
soil sieves were used for full element analysis. Pb, Cu, Zn and Cd were selected for the determination 
of heavy metal elements. The total analysis was digested with HNO3-HClO4-HF tri acid, and the 
analysis of different speciation of heavy metals was carried out by continuous extraction. The 
digested liquid and extract of heavy metal samples were determined by TAS-986 atomic absorption 
spectrometer. The dimensionless index affecting heavy metal pollution in urban soil is shown in 
Figure 2. 

 
Figure 2 Dimensionless index affecting heavy metal pollution factors in urban soils 
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3. Quantitative modeling of heavy metal pollution in urban soil 
The analysis of heavy metals Pb, Zn, Cu and Cd of main soil types in Nanjing city showed that the 

content of heavy metals in urban soil was higher than that in suburban agricultural soil and natural 
soil. The single pollution index method can intuitively reflect the pollution indicators in the 
environment. It can be seen from table 1. The average contents of Pb, Zn, Cu and Cd in urban soil and 
the average content of soil surface (0~5 cm, 5~20 cm) in the six major functional areas were higher 
than those in the soil background. The concentration of Pb in the old industrial area is the highest, 
followed by the old industrial area > the old residential area > the commercial area > the development 
zone > others. The concentration of Zn is in the old residential area > commercial area > Old 
Industrial Area > others. The concentration of Cu is in the old residential area > commercial area > 
others. The concentration of Cd is old industrial area > old residential area > others. The content of 
heavy metals in Xinjiekou square soil is the highest. The contents of Pb, Zn, Cu and Cd are 345 mg 
kg- 1, 565.8 mg kg- 1, 157.3 mg kg- 1 and 1.59 mgkg- 1 respectively. Obviously, the distribution of 
Pb and Cd in the old industrial area is relatively high, which is related to the industrial waste gas 
settlement in the old industrial area, while Zn and Cu are relatively enriched in the old residential 
areas. It is associated with more Zn and Cu in daily life waste. Significant difference analysis showed 
that there were significant differences in soil heavy metal contents in the six major functional areas of 
the city. The single pollution index and comprehensive pollution index of metallic elements are 
shown in Figure 3. 

 
Figure 3 Single pollution index and comprehensive pollution index of metallic elements 

Table 1 Distribution of heavy metals in urban soil 

Functional area Heavy metal content 
Pb Zn Cu Cd 

Old residential 
area 256.54 231.5 18.5 6.51 

Business zone 151.6 163.1 15.6 5.62 
Old industrial 

area 214.6 156.4 14.6 5.64 

Area for 
development 121.7 132.4 17.2 2.61 

Other 263.1 125.1 21.3 1.64 

Figure 4, processed data and relevant conclusions, and correlation analysis of major heavy metals 
in each area of the city. 
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Figure 4 Simulated values of heavy metal content in different regions 

In addition, according to the mean of the single pollution index of heavy metals, the 
comprehensive pollution index of each area can be calculated, as shown in Figure 5. 

 
Figure 5 The comprehensive pollution index in each area 

Because of the correlation degree of heavy metal pollution in soil, the pollution index Xid is used 
as a reference sequence. Taking Xi1, Xi2, Xi3 as comparison sequences, we getseries, as shown in 
Table 2. The correlation coefficient Xi for X in the id profile is: 

1 2 3

min max
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X X X X X
X X X
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∈                (1) 

Table 2 Grey relational coefficient calculation table A 

Section number X1 X2 X3 
1 0.1 0.1 0.1 
2 0.2 0.1 0.1 
3 0.5 0.2 0.3 
4 0.8 0.2 0.2 
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From table 2, it can be obtained: 

1 2 3( , , ,..., )T
i i i i idP P P P P=                   (2) 

1 2 3( , , ,..., )T
g g g g gdP P P P P=                   (3) 

In (1), T is the resolution coefficient, the smaller the value, the higher the resolution. The general 
order of T= 0.5 is that: 
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The grey correlation coefficient of each section is calculated, as shown in Table 3. 

Table 3 Grey relational coefficient calculation table B 

Section number P1 P2 P3 
1 1.2 1.2 1.1 
2 0.5 1.1 0.9 
3 0.3 0.8 0.7 
4 0.4 0.9 0.6 

The correlation degree can be calculated by table 3. The grey relational degree is D, then: 
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1                   (5) 
According to figure 6, the content of exchangeable Pb in the soil of other functional areas is low 

except that the average percentage of the exchange state Pb in the soil of the square is more than 
1.23%. 

 
Figure 6 Pb index of different functional areas 

As shown in Figure 7, the average percentage of N in all functional areas is the highest, which 
accounts for more than 65% of the total, and the average percentage of other chemical forms in all 
functional areas is less than 15%. In each functional area, the percentage of organic bound N was 
second in all functional areas. 
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Figure 7 N index of each functional area 

There is a general use of statistical regression analysis in factor analysis, which generally has high 
accuracy and confidence. However, this method requires a large number of complete and continuous 
information. The two requirement is that the data distribution is linear or typical. Three, the 
calculation method is heavy workload, and the sensitivity of correlation coefficient to data changes is 
high. In the analysis of soil samples, the concentration of dozens of chemical elements in each sample 
is analyzed by modern analytical techniques. In the case of incomplete or defective information, the 
grey system theory is quantified and processed to make up for the lack of information so as to get 
more accurate results. However, the composition of the heavy metal elements in each sample is not 
independent and unrelated, and there is a strong correlation between the components of the same 
source. The heavy metal pollution model of urban soil was used to analyze the influencing factors of 
heavy metal pollution in urban soil. The boundary between the pollution index and the influence 
factor is clear, but the influence factor information is not very complete and discontinuous, and the 
factor cross influence, the relationship between the heavy metal pollution index is not clear. The ratio 
index of major factors affecting heavy metal content in urban soil is shown in Figure 8. 

 
Figure 8 Main factor proportion index affecting heavy metal content in urban soil 

Table 4 reflects the distribution of heavy metals in different forms of soil. Water soluble heavy 
metals are the most toxic, which can easily cause water pollution and are easily absorbed and 
enriched by organisms. 
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Table 4 Content of different forms of heavy metals in urban soil 

Form 
 

Heavy metal content 
Pb Zn Cu Cd 

Water soluble state 0.2 0.5 0.2 trace 
Exchange state 4.1 5.7 0.6 0.5 

Carbonate binding state 5.9 8.1 3.5 0.1 
Ferromanganese oxide binding 

state 
21.6 30.5 10.1 0.2 

Organically bound state 9.2 21.3 3.1 0.9 
Residue state 89.2 261.1 18.5 1.2 

4. Conclusion 
Heavy metal pollution in urban soil is more serious. Pb, Zn, Cu and Cd four heavy metals in 

different regions all exceed the background value of soil. The morphological characteristics of heavy 
metals in urban soils showed that heavy metals in various forms of urban soils were highly effective 
and potentially dangerous. Geostatistics module analyzed the spatial variability of heavy metal 
content in the surface soil of Yongkang City, and found that there was a certain spatial distribution of 
heavy metals. The distribution of heavy metal pollution in urban soil is uneven. The content of the old 
industrial area is the highest, which is the old residential area, the commercial area, the scenic area, 
the city square and the development area. The distribution of the area is not balanced, and the 
difference of the heavy metal content of the same point in the same area is more than one times. The 
grey correlation analysis of the influencing factors of heavy metal pollution in urban soil shows that 
the grey correlation analysis shows that the heavy metals pollution in urban soils is influenced by the 
factors. Distance from industrial area, soil clay content is the main influence factor, traffic flow, 
production and living waste and soil organic matter have relatively small influence on urban soil 
heavy metal pollution. 
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