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Abstract 
In order to analyze the pollution status and sources of heavy metals in farmland soil in 
the study area, taking the Guangliji river sediment and surrounding farmland soil as the 
research object, by measuring the contents of Cd, Cu, Zn, Pb, Cr and As in river sediments 
and farmland soil, the pollution characteristics and the correlation of heavy metals 
between in river sediments and surrounding farmland soil were analyzed. The results 
showed that: (1) The six heavy metal elements of Cd, Cu, Zn, Pb, As, and Cr in the 
sediments and farmland soils of the study area all have a high degree of accumulation; 
the elements with the highest accumulation coefficient are Cd. (2) Cd in sediments and 
farmland soil in the study area exceeded the standard, the over-standard rates were 100% 
and 65.2% respectively. Cu in farmland soil and Cr in sediments also exceeded the 
standard at some sampling points, the over-standard rates were 52.2% and 58.3%, 
respectively. The average values of comprehensive pollution indexes of heavy metals in 
farmland soil and sediment were 13.56 and 20.84, respectively, which have reached the 
heavy pollution level. Cd is the heavy pollution level, Cu in farmland soil is the slight 
pollution level, Cr in sediment is the slight pollution level. The main pollution factor of 
farmland soil and sediment pollution in the study area is Cd. (3) Cu and Zn, Cd and Zn, Zn 
and As, Cu and As was significantly correlated in farmland soils of the study area, 
indicating that Cu and Zn was most likely to be affected by the same external source. The 
correlation coefficient between Cd and Cr in sediments is 0.649, which belongs to 
medium correlation, and the correlation between other heavy metal elements is not 
obvious. The correlation coefficient between Cd in farmland soil and Cd in the sediments 
of Guangliji river is 0.935, which has a significant correlation, indicating that the content 
of Cd in farmland soil is affected by Cd in river sediments. 
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1. Introduction 

The quality of farmland soil environment has a great impact on food security, and heavy metals in 
soil affect the quality and safety of soil environment to a large extent due to their accumulation, 
potential and harmfulness [1,2,3], Heavy metals in soil will enter the human body with the absorption 
of crops and the transfer of food chain, which will endanger human health [4]. Some studies have 
pointed out that the area of farmland soil exceeding the standard accounts for about 19.4% of the total 
area of cultivated land in China. The main pollution factors causing farmland soil pollution are heavy 
metals such as Cd, Cu, as and Pb. The content of heavy metals in farmland soil is usually affected by 
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the surrounding environment [5,6], The pollution of heavy metals in river sediments will not only 
cause pollution to river water bodies, but also affect the surrounding farmland soil by irrigation [7,8,9]. 
Studies have found that Cd is the primary pollution factor in farmland soil and river sediment in 
sewage irrigation area. Sewage irrigation is the main cause of heavy metal pollution in farmland soil 
in sewage irrigation area [10,11,12]. The research showed that there was a correlation between the 
Cd content in farmlands around Linshui River and the content of river sediments [13], The research 
of Wang et al. showed that the heavy metal elements in the sediments of Liangshui River exceeded 
the background value and had an impact on the surrounding farmland soil [14]. 

The existing data show that the heavy metals in the soil around the Jiaozuo section of the Guangliji 
River exceed the standard, and the heavy metals in the sediments can affect the surrounding farmland 
with the irrigation process or the river dredging process. There is no report on the pollution status of 
heavy metals in the river sediments and the surrounding farmland soil of the Jiaozuo section of the 
Guangliji River. In order to further analyze the pollution characteristics and correlation of heavy 
metals in the river sediments and the surrounding farmland soil of the Jiaozuo section of the Guangliji 
River, this paper selects the sediments and the surrounding farmland soil of the Guangliji River in 
Jiaozuo City as the research object. The pollution status of Cd, Cu, Zn, Pb, Cr and As in river 
sediments and farmland soil were analyzed, and the correlation between river sediments and heavy 
metals in surrounding farmland soil was analyzed, in order to provide scientific basis for the 
traceability and prevention of heavy metal pollution in farmland soil. 

2. Materials and Methods 

2.1 Study Area 

Jiaozuo City(112°32′-113°38′E,34°48′-35°30′N) is located in the northwest of Henan Province in 
China. There are two major water systems in the territory, including the Yellow River water system 
including Qin River, Dan River, Mang River, the territory of 2100 square kilometers; Haihe River 
system includes Dasha River, its tributaries and communist canals, with an area of 1901 square 
kilometers. The Guangliji River originates from Wulongkou Town, Jiyuan City, and leads Qin River 
water. It passes through Qinyang, Wenxian and Wuzhi, then passes through Qin River and finally 
enters the Yellow River. The main purpose is farmland irrigation. The crops in the irrigation area are 
mainly winter wheat and maize. The terrain of the study area is flat and the climate belongs to 
temperate monsoon climate. The annual average precipitation is about 644.3 mm and the annual 
average temperature is about 14.4 °C. 

2.2 Sample Collection and Preparation 

The river section of Guangliji River that may cause pollutant deposition was selected as the river 
sediment sampling point. About 1 kg sediment mixed samples on both sides of the river section and 
the middle line of the river were taken and put into the incubator to be tested in the laboratory. The 
farmland soil sampling points were selected from 500 m farmland plots near the sediment sampling 
points of the Guangliji River. The ‘plum blossom’ sampling method was adopted, and the sampling 
depth was 0-20 cm. The mixed soil samples were taken from each plot, about 1 kg, and then put into 
a self-sealing bag and sent back to the laboratory for testing. A total of 10 sediment sampling points 
A01-A10 and 23 farmland soil sampling points B01-B10 and C01-C13 were arranged along the flow 
direction of the Guangliji River. The spatial distribution of farmland soil and river sediment sampling 
points is shown in Fig. 1. 

2.3 Experimental Equipment and Reagents 

Nitric acid ( high purity reagent, 65%-68% ), Hydrofluoric acid ( high purity reagent, 40% ), 
Hydrogen peroxide ( high purity reagent, 30% ); 60 mesh nylon sieve, 100 mesh nylon sieve, 
Digestion tank, 0.45 μm filter membrane; Microwave Digestion Instrument, Inductively Coupled 
Plasma Mass Spectrometry(ICP-MS,Varian-820). 
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Figure 1. Location of study area and distribution of sampling points 

2.4 Experimental Method 

Soil and sediment samples of 0.20 g (accurate to 0.0002g), which were naturally dried and sieved 
(100 mesh nylon sieve) under the condition of avoiding direct sunlight, were placed in a digestion 
tank and wetted with a small amount of deionized water. Add 6 ml nitric acid (high-purity reagent, 
65%), 2 ml hydrofluoric acid (high-purity reagent, 40%) and 2 ml hydrogen peroxide (high-grade 
pure reagent, 30%) successively to fully mix the soil sample and the digestion solution, cover and 
tighten it, and then put the digestion tank into the microwave digestion instrument. Cool after 
digestion, when the temperature of the digestion tank drops to room temperature, remove the 
digestion tank in the acidproof fume hood, release pressure and release gas, open the cover of the 
digestion tank. The digestion tank is placed on the acid removal rack at 130℃ for acid removal. When 
the liquid becomes sticky, a small amount of nitric acid was used to wash the inner wall of the 
digestion tank, and the residue was dissolved by the temperature. Then the residue was transferred 
into a 50 mL volumetric flask, and the volume was fixed to the standard line. The mixture was mixed 
and clarified overnight. After passing the 0.45 μm filter membrane, the heavy metal content was 
determined by ICP-MS. 

2.5 Evaluation Method 

In this paper, single factor pollution index method and Nemerow comprehensive pollution index 
method were used to evaluate the pollution status of heavy metals in farmland soil and sediments of 
the Guangliji River in the study area. The evaluation method is shown in Table 1. Evaluation standard 
value (Si) takes the risk screening value given in China 's Soil Environmental Quality (GB 15618-
2018). The evaluation classification criteria are shown in Table 2. 
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Table 1. Evaluation method of heavy metal pollution 

 Single factor pollution index Nemerow comprehensive pollution index 

Formula 𝑃 = 𝐶 /𝑆  𝑃 =
(𝑃) + (𝑃 )

2
 

Annotation 

𝑃  represents the single pollution 
index of heavy metal i; 𝐶  
represents the measured content of 
heavy metal i in the collected soil; 
𝑆  represents the evaluation standard 
value of pollutant i. 

𝑃  represents the comprehensive pollution index of 
heavy metals in soil; 𝑃𝑖 represents the average value 
of single factor pollution index of various heavy 
metal elements; 𝑃  represents the maximum 
single factor pollution index of different heavy 
metals. 

 

Table 2. Evaluation and classification standard of heavy metal pollution 
Single factor pollution 
index /(Pi) 

Pollution levels 
Nemerow comprehensive pollution 
index /(Ps) 

Pollution levels 

[0,1) Uncontaminated [0,0.7) Uncontaminated 
[1,2) Slightly [0.7,1) Still clean 
[2,3) Moderately [1,2) Slightly 
[3,+∞) Heavy [2,3) Moderately 

  [3,+∞) Heavy 

3. Results and Discussion 

3.1 Heavy Metal Content and Accumulation Characteristics 

The statistical results of heavy metals contents between agricultural soils in the study area and 
sediments in the Guangliji River are shown in Table 3. The contents of heavy metals varied greatly 
in different sampling sites. The variation degree of heavy metals in farmland soil was 
Cd>Cu>Pb>Zn>Cr>As, The spatial variation coefficient of Cd in farmland soil was the largest 
(232.3%), while that of Cu, Pb, Zn, Cr and As was relatively small (43.1%, 24.9%, 23.8%, 20.6% 
and 18.4 %, respectively), it indicated that Cd in farmland soil in the study area was mainly affected 
by point source pollution, and the spatial distribution of Cu, Pb, Zn, Cr and As was similar on the 
whole, which was mainly affected by non-point source pollution. The variation degree of heavy 
metals in sediments was Cd>Cr>Cu>Pb>As>Zn, the spatial variation coefficients of Cd, Cr, Cu and 
Pb in sediments were large, which were 118.8%, 66.7%, 58.2% and 48.2%, respectively. This 
indicated that Cd, Cr, Cu and Pb in the sediments of the study area were mainly affected by point 
source pollution. The coefficients of variation of As and Zn were low, their spatial distribution had 
little difference on the whole, which was mainly affected by non-point source pollution. On the study 
of Cd pollution in river sediments, Fu et al. also found that the main reason for continuous Cd 
pollution in Qinhe River sediments was point source pollution [7]. 

The heavy metal contents in farmland soil and river sediments were compared with the background 
values of heavy metals in soil of Henan Province, China. The percentage of Cd, Cu, Zn and Pb 
exceeding background value in farmland soil in the study area was 100%, the percentage of As and 
Cr higher than the background value was 91.3% and 82.6% respectively. This indicates that 6 heavy 
metals in farmland soil in the research area accumulate to a high degree. The accumulation of Cd, Cu, 
Zn and Pb was the highest, followed by As and Cr. The heavy metals in farmland soil in the study 
area were affected by exogenous factors on the whole. The proportion of Cd and Zn in sediments 
exceeding soil background value was 100% in the study area, and the proportion of other 4 heavy 
metal elements exceeding soil background value was close to 100%. There was a high degree of 
accumulation of Cd, Cr and Cu in sediments, followed by Zn, Pb and As. 
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Compared with the screening values in the environmental quality standard of farmland soil, Cd in 
farmland soil and sediment in the study area exceeded the standard with the exceeding rates of 65.2% 
and 100% respectively, and the maximum exceeding multiple of 107.52 and 103.26. In addition, some 
sampling points of Cu and Cr in sediments also exceeded the standard, with the exceeding rates of 
52.2% and 58.3% respectively, and the maximum exceeding multiples of 0.91 and 2.25. The other 3 
heavy metal elements were only individually site overrepresented or not. Compared with the control 
value of agricultural soil, Cd in farmland soil and sediment in the study area exceeded the standard 
with the exceeding rates of 17.4% and 38.5%, the maximum exceeding multiples of 9.85 and 9.43 
respectively, and the other 5 heavy metal elements did not exceed the standard. 

 

Table 3. Statistics of heavy metal contents in farmland soil and sediment in the study area 

 
Soil heavy metals Sediment heavy metals 

Cd Cu Zn Pb Cr As Cd Cu Zn Pb Cr As 

Min/(mg·kg-1) 0.21  55.23  102.36  20.16  50.36  8.12  0.616  18.97  114.19  9.23  57.88  7.77  

Median/(mg·kg-1) 0.32 110.25  156.98  25.03  71.02  15.42  2.315  64.68  177.92  41.64  249.58  12.67  

Max/(mg·kg-1) 32.5  191.23  232.01  45.66  116.89  20.23  31.27  147.71  231.70  78.96  650.30  19.64  

Mean/(mg·kg-1) 4.02  118.85  163.32  26.36  74.97  15.14  8.353  61.00  175.86  44.55  306.43  13.07  

Standard deviation 9.34  51.20  38.84  6.56  15.47  2.78  9.91  35.19  37.36  21.19  202.62  2.85  

Coefficient of variation /% 232.3 43.1  23.8  24.9  20.6  18.4  118.8  58.2  21.2 48.2  66.7 22.3  

Over background value /% 100 100 100 100 82.6 91.3 100 91.7 100 83.3 91.7 83.3 

Over screening values /% 65.2 52.2 0 0 0 0 100 8.3 0 0 58.3 0 

Over control value/% 17.4 0 0 0 0 0 38.5 0 0 0 0 0 

Accumulation coefficient 54.32  6.03  2.72  1.34  1.18  1.33  112.88  3.10  2.93  2.27  4.80  1.15  

Background values 0.074 19.7 60.1 19.6 63.8 11.4 0.074 19.7 60.1 19.6 63.8 11.4 

Screening values 0.3 100 250 120 200 30 0.3 100 250 120 200 30 

Control value 3 — — 700 1000 120 3 — — 700 1000 120 

Soil background values for heavy metals in Henan Province of China. 

3.2 Evaluation of Farmland Soil and Sediment Pollution 

The calculation results of heavy metal pollution index of farmland soil and sediment in the study area 
are shown in Table 4. The average comprehensive pollution index of farmland soil and sediment in 
the study area was 9.67 and 20.84, respectively, which reached the level of heavy pollution. From the 
single factor pollution index, Cd average pollution index in farmland soil was 13.40, reaching the 
level of heavy pollution, Cu was slight pollution, and other heavy metal elements were clean. The 
average pollution index of each heavy metal element was Cd>Cu>Zn>As>Cr>Pb in turn. The average 
pollution index of Cd in sediments was 28. 96, which reached the level of heavy pollution. The content 
of Cr was slight pollution, and the content of other heavy metals was clean. The average pollution 
index of each heavy metal element was Cd>Cr>Zn>Cu>As>Pb. This indicated that Cd was the main 
pollution factor causing severe pollution of farmland soil and sediment, and the Cd pollution in 
sediment was higher than that in farmland soil. Cd generally comes from soil parent material, 
chemical industry, electroplating, smelting, dye, electronic products processing and other industries 
[15]. The high pollution index of Cd in sediments and soil in the study area may be due to the scattered 
distribution of some township enterprises in the upper reaches of the Guangliji River and along the 
two sides of the line in history, involving metal manufacturing, mechanical processing, leather 
manufacturing, battery, metallurgy, chemical industry, rubber and other industries. These enterprises 
have the characteristics of wide distribution, poor technical equipment and low management level, 
which may be one of the reasons for the accumulation of heavy metals in sediments in the study area. 
Heavy metals deposited in sediments will affect the surrounding farmland soil with irrigation and 
river dredging. 
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Table 4. Heavy metal pollution index of farmland soil and river sediment 

Object  
Single factor pollution index /(Pi) 

Nemerow comprehensive pollution index 
/(Ps) Cd Cu Zn Pb Cr As 

Soil 

Min 0.70  0.55  0.41  0.17  0.25  0.27  0.62  

Max 108.52  1.91  0.93  0.38  0.58  0.67  77.87  

Mean 13.40  1.19  0.65  0.22  0.37  0.50  9.67  

Sediment 

Min 2.05 0.24 0.49 0.08 0.29 0.38 1.53 

Max 104.26 1.48 0.93 0.66 3.25 0.65 74.85 

Mean 28.96 0.69 0.74 0.39 1.41 0.46 20.84 

3.3 Correlation Analysis between Heavy Metals 

Correlation analysis can effectively identify the relationship between heavy metals and help to 
analyze their sources. The correlation analysis between heavy metals in farmland soil and heavy 
metals in sediments in the study area is shown in Table 5. The correlation coefficient between Cd and 
Zn in farmland soil was 0.790, the correlation coefficients between Cu and Zn, Cu and As were 0.809 
and 0.774, respectively, and the correlation coefficient between Zn and As was 0.787, with significant 
correlation (P < 0.01). The correlation coefficient between Zn and Cr was 0.643, which was 
moderately correlated (P < 0.05). The correlation between other heavy metals was not obvious. It 
indicates that in the farmland soil, the most likely exogenous effects were on Zn and Cu, followed by 
Cd and Zn, Zn and As, Cu and As. The correlation coefficient between Cd and Cr in sediments was 
0.649, belonging to moderate correlation (P < 0.05). The correlation between other heavy metals was 
not obvious, and Cd and Cr in sediments were most likely to be affected by the same exogenous effect. 

 

Table 5. Pearson correlation coefficient of heavy metals in farmland soil and River sediment 

 
Farmland soil River sediment 
Cd Cu Zn Pb Cr As Cd Cu Zn Pb Cr As 

Cd 1      1      
Cu 0.550 1     0.525 1     
Zn 0.790** 0.809** 1    0.610 0.409 1    
Pb -0.248 0.165 -0.105 1   -0.231 -0.435 0.186 1   
Cr 0.516 0.297 0.643* -0.298 1  0.649* 0.129 0.180 -0.133 1  
As 0.366 0.774** 0.787** -0.151 0.424 1 -0.361 -0.284 -0.534 0.243 0.349 1 

**Significantly correlated at the 0.01 level (two-tailed), *Significantly correlated at the 0.05 level 
(two-tailed). 

3.4 Correlation Analysis between Soil Heavy Metals and Sediment Heavy Metals 

The correlation analysis of heavy metal in the sampling points of Series B (B01~ B10) of farmland 
soil sampling and the corresponding sampling points of sediments is shown in Figure 2. It can be seen 
from the figure that the linear correlation coefficients between the heavy metals Cd, Cu, Zn, Pb, Cr 
and As in farmland soil and the corresponding heavy metals in river sediments are 0.935, 0.511, 0.430, 
0.256, 0.198 and 0.298, respectively. It indicates that there was a very high correlation between Cd 
in farmland soil and Cd in river sediments(0.8≤|r|<1), but no significant or no correlation between 
other elements. This indicated that Cd in farmland soil in the study area had the same source or was 
affected by the same external factors as Cd in the sediments of the Guangliji River, or the change of 
Cd content in farmland soil was affected by Cd in river sediments. 

 



International Core Journal of Engineering Volume 8 Issue 7, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202207_8(7).0044

 

337 

 

 

 
Figure 2. Correlation Analysis of heavy Metals in farmland soil and sediment of Guangliji River 

4. Conclusion 

The coefficient of variation of heavy metals in farmland soil in the study area were 
Cd>Cu>Pb>Zn>Cr>As from large to small. The spatial variation and distribution of Cd in farmland 
soil are large and uneven, which was mainly affected by point source pollution. The spatial 
distribution of Cu, Pb, Zn, Cr and As had little difference on the whole. The coefficient of variation 
of heavy metals in sediments were Cd>Cr>Cu>Pb>As>Zn from large to small, and the coefficient of 
spatial variation of Cd, Cr, Cu and Pb in sediments are 118.8%, 66.7%, 58.2% and 48.2%, 
respectively. The coefficient of spatial variation was larger, mainly affected by point source pollution. 
The proportion of samples with Cd, Cu, Zn and Pb exceeding the background value in farmland soil 
was 100%, and the proportion of samples with As and Cr exceeding the background value was 91.3% 
and 82.6%, respectively. The six heavy metals all accumulated to a high degree, which was affected 
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by exogenous factors on the whole. Cd and Zn in sediments also accumulated to a high degree, 
followed by Cu, Pb, As and Cr. 

Cd in farmland soil and sediment exceeded the standard, with the exceeding rates of 65.2% and 100 %, 
respectively. In addition, some sampling points of Cu in farmland soil and Cr in sediment exceeded 
the standard, with the exceeding rates of 52.2% and 58.3%, respectively. Only a few other heavy 
metals exceeded the standard or did not exceed the standard. The average comprehensive pollution 
index of heavy metals in farmland soil and sediment were 13.56 and 20.84, respectively, which 
reached the level of heavy pollution. The Cd content in farmland soil and sediment reached the level 
of heavy pollution. The Cu content in farmland soil was at a slight pollution level, and the Cr content 
in sediment was at a slight pollution level. The other heavy metal elements were in a clean state. 

Cu and Zn, Cd and Zn, Zn and As in farmland soil were significantly correlated (P < 0.01), and Zn 
and Cr were moderately correlated (P < 0.05), indicating that Cu and Zn were most likely to be 
affected by the same exogenous factors. The correlation coefficient between Cd and Cr in sediments 
was 0.649, which was moderately correlated (P < 0.05). The correlation between other heavy metals 
was not obvious. The correlation coefficient between Cd content in farmland soil and Cd content in 
sediments was 0.935, which had a very significant correlation. This indicated that Cd in farmland soil 
in the study area had the same source or was affected by the same external factors as Cd in the 
sediments of the Guangliji River, or the change of Cd content in farmland soil was affected by Cd in 
river sediments. 

The Cd pollution in the sediments of the Guangliji River and the surrounding farmland soil in the 
study area should be paid attention to. It is suggested that the monitoring of heavy metal pollution in 
river sediments should be strengthened, and the sediment management during river dredging should 
be well done. 
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