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Abstract — This study focuses on the soil in Jiangnan city in China using multi-target geochemical survey data, with statistical 
methods and Arcgis platform, together with classification map of agricultural land as the base map. We calculate the content 
of heavy metals in each plot using: the single factor pollution index method, Nemerow pollution index and the potential 
ecological risk index method to evaluate the risk of 7 kinds of soil heavy metal content. The average contents of some metals 
investigated were lower than the cultivated soil background values of China. The area of cultivated soil affected by human 
activities is not obvious. The single pollution index of heavy metals in order of size is Hg<Cu<Cd<Zn<Cr>As<Pb. 
Cultivated soil environmental quality of farmland with Nemerow pollution index of 0.66 - 0.69, shows that the area of 
cultivated soil pollution belonging to no pollution degree. In a handful of cultivated soil areas, heavy metal content and 
evaluation unit were used to achieve medium ecological risk level of the content of heavy metal element. Others are 
mild ecological hazards. Cultivated land soil ecological risk does not exist in general.  
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I. I. INTRODUCTION 
 

Farmland is the essential material foundation for the 
agricultural production and the most basic living condition 
for the mankind[1]. With the rapid development of the 
national economy, the problem of farmland soil pollution, 
especially the heavy metal pollution is becoming more and 
more serious in China. As the pollution of heavy metals in 
soil has the characteristics of concealment, hard 
degradation, social harmfulness and mobility. Heavy metal 
effects on soil microbial flora, ecological species and 
microbial process, thereby affecting the ecosystem 
structure and function, through the food chain constitute a 
potential threat in the human body accumulation [2]. 
According to Ministry of Land and Resources of the 
People's Republic of China estimation, China's annual 
heavy metal pollution reached 1200 million tons of grain, 
resulting in the direct economic losses exceeded 200 billion 
yuan[3]. The heavy metal pollution is one of the main 
reasons on causing the agricultural product quality and 
safety and the problem of heavy metal pollution has caused 
the attention of the countries all over the world. There have 
been a lot of scholars and professionals to carry out a more 
in-depth study[4][5][6].  

With rapid industrial production of China and 
agricultural modernization pace accelerate, the area of 
arable land soil heavy metal pollution is more and more 
serious as one of the  outstanding environmental 
problems[7]. City of Jiangnan  in main grain producing 
area should be paid much attention to the distribution of the 
heavy metals in cultivated soil . The drawing in order to 
understand the degree of human contamination of farmland 
in the study area, on the basis of domestic and 

foreign related research. The ecological risk of  heavy 
metals in arable soil was analyzed and evaluated by using 
many methods. The aim is to find the pollution factors and 
distribution of heavy metals in the farmland of the main 
grain producing areas.  

II. MATERIALS AND METHODS 

A. Overview of Research Area 
The city is located in Jiangnan. It has a tropical 

monsoon climate, with four different seasons, plenty of 
sunshine and good rainfall and very suitable for crop 
growth. Soil type is divided into three subclass such as 
saline soil, fluvo aquic soil and paddy soil. Including five 
categories saline soil, paddy soil, gleyed paddy soil etc. 
The city is the county economic competitiveness hundred 
counties (cities), and its first, second and tertiary industries 
are relatively well developed. It is very suitable for crop 
cultivation.  
B. Data Collection and Collation 

The study use change in the status quo survey results 
figure (1:5000) of the city in 2011 as working map, the 
evaluation unit is extracted from the working base map of 
farmland pattern.  

Using the multi-objective regional geochemical survey 
results data and spatial data interpolation interpolation by 
ArcGIS software to get each assessment unit of seven 
kinds of heavy metal pollutants as cadmium, lead, 
chromium, copper, zinc, mercury, arsenic.  
C. Methods for Heavy Metal Pollution Assessment of 
Arable Soil 

1） Methods For the Assessment of Heavy Metal Pollution 
in Cultivated Soils 

In this study, use single factor index method, 
Geological index accumulates and Nemerow index  
method to  evaluate the farmland soil heavy metals  
pollution index in the city.  
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The single factor index is calculated by the measured 
values of the heavy metals and the corresponding values of 
the criteria. This study use the background value of soil 
element in Jiangsu province as the standard value. The 
accumulation index of various heavy metals is calculated 
by Equation (1).  

Igeo=log2(Cn/1. 5Bn)                                   (1) 
every symbol is expressed as follows: 
Igeo-cumulative pollution index; 
Cn-Determination of a heavy metal element; 
Bn-Background value of a heavy metal element.  
Nemerow index both to take into account the single 

heavy metal pollutants of the average value and the 
maximum value, and prominent in the study area are the 
main heavy metals pollution contributions, but also reflect 
the contribution of different heavy metal pollutants on soil 
environmental quality value.  

The Equation is : 
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every symbol is expressed as follows: 
Pcomprehensive-Nemerow index; 
Pi-Pollution index of heavy metals in soil;  
N- Species number of heavy metals in soil; 
Pi, max-The pollution index of heavy metals in the soil 

of the first I species was the maximum.   
2）Ecological risk assessment of heavy metal pollution in 

farmland soil 
The ecological risk assessment in farmland soil heavy 

metals using potential ecological index evaluation method.  
The Equation is : 
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Every symbol is expressed as follows: 
RI－Comprehensive ecological hazard index of seven 

kinds of heavy metal elements in the region; 
Eri-Potential ecological risk index of heavy metal 

elements i; 
Tir-The toxic coefficient of the heavy metal elements in 

the I species, which reflects the heavy metal toxicity. The 
toxic coefficients of As, Cd, Cu, Cr, Zn, Hg, Pb were 10, 
30, 2, 5, 40, 5, 1, respectively[8]; 

Cfi-The pollution coefficient of the heavy metal 
elements ; 

Cimeasured-Determination of heavy metal elements ; 
Cin-The standard value for the evaluation of heavy 

metal elements in the I species, the study used the element 
background value of China.  

III. MODELRESULTS AND DISCUSSION 

A.  Analysis of heavy metal content in cultivated soil  
 According to the data of the survey results of the study 

area, the content of heavy metal pollutant in each 
evaluation unit is obtained by using Arcgis software. The 
contents of seven kinds of heavy metals in cultivated soil in 
the study area are shown in table 1.  

 
 

TABLE 1. STATISTICS OF SOIL HEAVY METALS IN THE STUDY AREA (MG. 
KG-1) 

( 1-1) 

heavy metal Cd Hg As Pb 

content 0. 081-0. 
141 

0. 01-0. 
054 

5. 21-10. 
59 

16. 01-23. 
96 

mean value 0. 113 0. 034 8. 020 20. 410 

standard 
deviation 

0. 017 0. 008 1. 799 1. 919 

coefficient of 
variation
（%） 

15. 3 23. 5 22. 4 9. 4 

skewness 0. 134 -0. 319 -0. 428 0. 199 

kurtosis -1. 283 0. 081 -1. 321 -0. 403 

background 
value of 
Jiangsu 

Province 

 

0. 13 0. 29 10. 0 

 

26. 2 

national 
background 

value 

 

0. 097 0. 065 11. 2 
 

26. 0 

 
(1-2) 

heavy metal Cr Cu Zn 

content 59. 76-80. 
19 

14. 41-22. 43 53. 34-75. 55 

mean value 69. 386 19. 658 65. 067 

standard deviation 3. 887 1. 752 5. 214 

coefficient of 
variation（%） 

5. 6 8. 9 8. 0 

skewness -0. 153 -0. 851 -0. 229 

kurtosis 0. 041 0. 509 -0. 183 

background value 
of  Jiangsu 
Province 

 

77. 8 

 

22. 3 

 

62. 6 

national 
background value 

 

61. 0 

 

22. 6 

 

72. 4 

 
Table 1. shows, heavy metals such as Hg, Zn, Cu, as, 

Hg, Cr content and coefficient of skewness are less than 
zero, indicating that the five elements of the content index 
value is not concentrated, which skewness coefficient of 
Cu is relatively large negative - 0. 851, show that the left 
has a long tail. Comparison of four indicators of relatively 
more than indicators of heavy metal content of heavy 
metal Pb (coefficient of skewness 0. 199), Cd (skewness 
coefficient 0. 134) index of skewness coefficient is greater 
than zero, indicating that the region of soil Pb and Cd 
content was positively skewed, intuitive performance for 
heavy metal content diagram of curves on the right side of 
the tail on the left side of the tail is slightly longer, namely 
heavy metals Pb, Cd content of observation value is less 
than the average value of evaluation units; Hg, Cr and Cu 
kurtosis coefficients are greater than zero, indicating the 
than zero, indicating that the region of soil Pb and Cd 
content was positively skewed, intuitive performance for 
heavy metal content diagram of curves on the right side of 
the tail on the left side of the tail is slightly longer, namely 
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heavy metals Pb, Cd content of observation value is less 
than the average value of evaluation units; Hg, Cr and Cu 
kurtosis coefficients are greater than zero, indicating the 
kind of heavy metal content distribution compared to the 
normal distribution is relatively steep, Cd, as, Hg, Pb and 
Zn heavy metal coefficient of kurtosis is less than zero, 
indicating the content distribution and normal distribution 
flat[9].  

Coefficient of variation of the content of heavy metals 
in cultivated soils: (average in Table 1. , farmland soil Cd, 
Hg, as, Hg, Pb, Cr, Cu and Zn in seven kinds of heavy 
metal elements content values were 0. 113, 0. 034, 8. 020, 
20. 410, 69. 386, 19. 658, 65. 067 units:mg. Kg-1), the 
study area 7 kinds of heavy metals except Pb, Hg, and the 
remaining five kinds of heavy metal elements Cd, as, Hg, 
Cr, Cu and Zn content values were greater than in Jiangsu 
Province soil element background values and the soil 
element background values of the evaluation unit, on the 
whole the city are relatively low, one of the largest 
coefficient of variation for the heavy metal mercury of 
coefficient of variation of 23. 5%. The minimum 
coefficient of variation for the heavy metal chromium 
coefficient of variation of 5. 6%. The distribution of heavy 
metals in the study area is relatively uniform, which shows 
that the heavy metal content in the city is not significantly 
affected by human activities.  

B.  Assessment result of heavy metal pollution in farmland 
soil 

1 ） Evaluation results of heavy metal pollution in 
farmland soil 

The farmland soil pH range 7. 5-8. 5, selection of 
intermediate indicators of "soil environmental quality 
standard" second class standard, using equation 1 to 
calculate the region seven kinds of heavy metals (CD, Hg, 
as, Pb, Cr, Cu, Zn) of single factor pollution index (Table 
2. ). The calculation results from the order of 
Hg<Cu<Cd<Zn<Cr>As<Pb.  

TABLE 2. CULTIVATED SOIL HEAVY METAL POLLUTION INDEX GB 

(2-1) 
heavy metal Cd Hg As Pb 

pollution index 
range 

0. 08-0. 
44 

0. 003-0. 
27 

0. 16-0. 
84 

0. 28-0. 
92 

pollution index  0. 26 0. 1365 0. 5 0. 6 

 
(2-2) 

heavy metal Cr Cu Zn 

pollution index range 0. 21-0. 64 0. 07-0. 38 0. 12-0. 51 

pollution index  0. 425 0. 225 0. 315 

 
The single factor pollution in farmland soil of the study 

area refers to the numerical ranged between 0. 003-0. 92 
and combined with the national soil environmental quality  
standards (Table 3. ), the single factor pollution of heavy 
metals in cultivated soil of the city refers to the values are 
less than 1 and that for the seven kinds of heavy metal 
elements, the farmland in the study area is not 
contaminated, belonging to non pollution levels ( Table 2. ). 

TABLE 3. SINGLE POLLUTION GRADE OF SOIL ENVIRONMENTAL QUALITY 
STANDARD 

grade single pollution index pollution assessment 

1 Pip≤1 non pollution 

2 1﹤Pip≤2 slight pollution   

3 2﹤Pip≤3 mild pollution 

4 3﹤Pip≤5 moderate pollution 

5 Pip≥5 severe pollution 

Note: according to the people's Republic of China national agricultural 
land quality grade standard division.  

2）  Assessment results of heavy metals accumulation in 
cultivated soils 

Combination of Jiangnan and the soil element 
background values of arithmetic average (Table 1), use 
Equation  1-2, calculated soil of farmland in the study area 
of heavy metals accumulation pollution index (Igeo, Table 
5. ). According to the heavy metal accumulation pollution 
index (Igeo) rating criteria[10](Table 4. ), and the city of 
farmland soil heavy metal pollution degree of 
classification and evaluation .  

TABLE 4. ACCUMULATION OF POLLUTION GRADE STANDARD 

pollution index
（Igeo) 

pollution grade enrichment (pollution) 
degree 

Igeo<0 0 grade no enrichment (no 
pollution) 

0<Igeo<1 1 grade slight enrichment (slight 
pollution) 

1<Igeo<2  2 grade moderate enrichment 
(moderate pollution) 

2<Igeo<3  3 grade strong enrichment 
(moderate pollution) 

3<Igeo<4  4 grade strong enrichment (strong 
pollution) 

4<Igeo<5  5 grade stronger  enrichment 
(stronger pollution) 

5<Igeo<6  6 grade extremely strong 
enrichment (extremely 

strong pollution) 

 
In table 5, the study area of farmland soil heavy 

metals, only cadmium, chromium and copper of the very 
few evaluation unit of cumulative pollution index greater 
than zero, the pollution level 1, is a slightly enriched 
(slight pollution); all other heavy metals such as lead, zinc, 
mercury, arsenic evaluation unit each tired pollution index 
value is less than zero, the pollution level 0, belonging to 
the no enrichment (pollution-free). In the study area, 
except for the human factors, the natural diagenesis has 
little effect on the background value of heavy metals in 
soil.  

TABLE 5. CULTIVATED SOIL HEAVY ETALS ACCUMULATION POLLUTION 
INDEX STATISTICS 

element Igeo Igeo<0 0<Igeo<1 

 change range mean value ratio
（%） 

ratio（%） 
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As -1. 89—0. 15 -0. 8493 100 0 

Cd -2. 05—0. 11 -0. 8453 99. 9 0. 001 

Cr -1. 17—0. 04 -0. 7462 99. 9 0. 001 

Cu -2. 39—0. 
013 

-0. 8560 99. 9 0. 001 

Hg -7. 76—-1. 44 -4. 2416 100 0 

Pb -1. 51—0. 23 -1. 0194 100 0 

Zn -1. 46—-0. 17 -0. 6226 100 0 

3） Nemero index evaluation of farmland soil pollution 

Because of the heavy metal contamination in the 
region, the phenomenon is relatively rare[11]. In order to 
fully reflect the different pollutants on soil environmental 
quality of farmland pollution, prominent in the study area, 
the highest content of pollutants on soil environment have 
important effect, taking into account the to soil in a variety 
of heavy metal pollutants in the average value and the 
maximum value, the analysis of comprehensive study area 
soil heavy metals pollution by Nemerow index method 
(Nemerow) (equation 2), using Nemerow index grading 
standards (Table 6. ) of heavy metal pollution classification 
and evaluation[12].  

TABLE 6.  NEMEROW INDEX GRADING STANDARD 
 

comprehensive 
index 

Pcomprehensive 

Polluti
on 

 grade 

pollution 
degree 

pollution standard 

Pcomprehensive
＜0. 7 

one 
grade 

non 
pollution 

soil cleaning 

0. 7＜
Pcomprehensive 

＜1. 0 

two 
grade 

mild 
pollution 

soil cleaner 

1. 0＜
Pcomprehensive 

＜2. 0 

three 
grade 

middle 
level 

pollution 

soil pollution is over 
background, the 
crop begins to 

pollute 

2. 0＜
Pcomprehensive 

＜3. 0 

four 
grade 

moderate 
pollution 

soil and crops are 
moderately polluted 

Pcomprehensive
＜3. 0 

five 
grade 

strong 
pollution 

soil and crops have 
been seriously 

polluted.  

C. Soil ecological risk assessment of cultivated land 

According to the farmland soil of the study area in the 
sediments of seven kinds of heavy metal element 
background value, combined with the biological toxicity 
coefficient, ecological effect and preliminarily using of  

Equation (1)-(3) to calculate seven kinds of heavy 
metals in soil of farmland in the study area of potential 
ecological risk index (Eri) values (Table 8. ). The 
comprehensive ecological hazard index (RI) and the 
classification standard of individual ecological hazard 
index (Eri) were found in table 7. [13].    

 
 
 

TABLE 7.  ECOLOGICAL RISK COEFFICIENT OF HEAVY METALS ＥＲＩ

AND ITS POTENTIAL ECOLOGICAL RISK DEGREE RI 
VALUE RELATIONSHIP(HUA JUN TANG , ETC. 2004) 

Er
i potential ecological 

hazard 

RI potential 
ecological risk 

<40 light <120 light 

40-80 moderate 120-240 moderate 

80-160 strong 240-480 strong 

160-320 stronger >480 stronger 

>320 strongest   

 
The potential ecological risk index of seven kinds of 

heavy metals from big to small in the order of 
Cd>Hg>As>Pb>Cu>Cr>Zn(Table 8), the heavy metal 
cadmium (Cd) the ecological risk index is the largest, most 
regional ecological risk factor contribution [14]. The 
potential ecological hazard, the coefficient range of 11-48, 
belonging to the moderate ecological harm degree, 
potential ecological risk index of other six kinds of heavy 
metal elements Hg, As, Pb, Cu, Cr, Zn are less than 40, 
belonging to slight ecological harm degree; the other 
seven kinds of heavy metal ecological evaluation in the 
study area the unit interval hazard index for 1-48, were 
less than 80, belonging to moderate ecological risk level 
(Table 7. ).  

TABLE 8.  FARMLAND SOIL HEAVY METAL POTENTIAL 
ECOLOGICAL RISK INDEX (ERI)  

(8-1) 

heavy metal Cd Pb Cr Cu 

Er
i 11-48 3-9 1-3 1-7 

mean value 29. 5 6 2 4 

(8-2) 

heavy metal Zn Hg As 

Er
i 1-2 1-22 4-17 

mean value 1. 5 11. 5 10. 5 

 
Comprehensive ecological research in the area of each 

evaluation unit of heavy metal hazard index (RI) interval 
was 41, showing a law increases gradually from the south 
to the north of the index value, the RI of the maximum 
value appears in the northern region. But throughout the 
region of heavy metal comprehensive ecological risk 
index were less than 120, belonging to slight ecological 
risk level (Table 7), by the method of result evaluation and 
Nemerow pollution index evaluation results are consistent, 
an overall research on the area of farmland soil 
environment quality is good.  

IV.  CONCLUSIONS  

A. The content of seven kinds of heavy metal elements 
of arable soil in the study area, in addition to the three 
elements of Se, Pb and Hg, the remaining four heavy 
metal elements only very individual evaluation unit 
content value is greater than in Jiangsu Province and the 
soil element background values. But the average content 
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of these seven heavy metals is lower than the soil 
background value in Jiangsu province and the whole 
country, which shows that the soil in the region is not 
obvious.  

B. Research area soil heavy metals accumulation 
pollution index, only cadmium, chromium and copper of 
the very few evaluation unit of cumulative pollution index 
greater than zero, other values are less than zero that in the 
study area in addition to the influence of human factors, 
have little effect of diagenes is on the soil heavy metal 
background values.  

C. The single pollution index of heavy metals in soil 
from farmland in the order of Hg <Cu<Cd<Zn<Cr>As<Pb. 
The soil environmental quality of farmland in the study 
area is 0. 66-0. 69, which indicates that the soil pollution in 
the whole area is under the condition of no pollution.  

D. Region in cultivated soil of seven kinds of heavy 
metal elements of potential ecological hazard index size is 
of the order of Cd>Hg>As>Pb>Cu>Cr>Zn, which heavy 
metal cadmium (Cd) is the city soil pollution the main 
ecological risk factor. The comprehensive ecological 
hazard index (RI value) of soil heavy metals is 41-58, the 
average value is 49. 5, which is a mild ecological risk level.  

E. There is no absolute optimal method in using a 
variety of methods of heavy metal pollution in farmland 
soils were evaluated, including the single factor pollution 
index method, the cumulative index method, Nemerow 
index and potential ecological risk index method, 
regardless of what kind of methods have certain 
limitations, so of heavy metals were pollution evaluation. 
Due to the coastal plain area and major grain producing 
areas of the study area under the jurisdiction of the factors 
of human activity is the main source of heavy metal 
pollution in farmland soils, in turn to farmland soil 
contaminated by food chain effects to human health. 
Therefore, the evaluation method of the heavy metal 
pollution in the study area, the degree of heavy metal 
pollution in the study area using the potential ecological 
risk index method is more reasonable. By calculating the 
heavy metal potential ecological risk index to determine 
the region focus on pollution prevention and control object, 

the need of heavy metal cadmium (Cd) priority to develop 
the corresponding prevention and control measures.  
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