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ABSTRACT
As one of the basic elements of the ecosystem and natural environment, the soil is closely related to 
human life. However, the problem of soil environment pollution is becoming more and more serious, 
which needs to be solved urgently. It will provide a reference for solving the problem of soil environment 
pollution if a suitable method can be found to evaluate the degree of soil environment pollution. The 
degree of soil environment pollution belongs to the fuzzy concept. It is a fuzzy pattern recognition 
problem to evaluate the degree of soil environment pollution according to the soil environment level 
standard value. The fuzzy pattern recognition method of soil environment pollution assessment makes 
full use of the fuzzy characteristics existing in soil environment assessment, considers the common 
influence of the weight of evaluation factors and the index value, and also considers the correlation 
between indexes and the similarity of index characteristics of different sampling points, therefore, 
the interference of some man-made certain factors is concealed. The model was applied to the soil 
sampling point in Wudi County of Shandong Province in the Yellow River basin of China. The results 
showed that the evaluation of soil environment pollution by this method accorded with the actual 
situation and can provide a basis for ensuring the stability of soil ecological environment, improving 
the quality of cultivated land, and improving regional ecological conditions. At the same time, in view 
of the current problem of soil environment pollution, the paper calls on human beings to pay attention 
to environmental protection and be responsible for their own safety and also proposes four aspects of 
treatment schemes and measures.  

INTRODUCTION

Soil is one of the basic elements of the ecosystem. It plays 
an important role in maintaining biodiversity, stabilizing and 
buffering environmental changes in terrestrial ecosystems. 
It is a component of the natural environment, connecting 
the atmosphere, hydrosphere, lithosphere, and biosphere  
(Newman et al. 2020, Mammo et al. 2019, Ren et al. 2016). 
It is an important guarantee for promoting sustainable devel-
opment of the economy and society. Soil is closely related 
to human life, and the quality of the soil environment has a 
great impact on human beings. Soil pollution refers to the 
phenomena in which various toxic and harmful chemicals 
penetrate the soil and cause changes in soil characteristics, 
which have a negative impact on plants and animals. Long-
term, irreversible, hysteresis, and concealment are all char-
acteristics of soil pollution. Toxic and harmful substances 
entering the soil environment will have a great negative 
impact on the structure, composition, and function of the 
soil, resulting in a significant decline in soil quality, poor 
soil nutrients, and soil composition necrosis, affecting food 

security, ecological security, the physical health of residents 
(Francisca & Cristina 2019), etc., which will have a great 
impact on agricultural development and seriously hinder 
economic development. At present, researches on soil en-
vironment pollution mainly focus on the spatial distribution 
of pollutants, regional pollution characteristics, present 
situation investigation, soil remediation, and evaluation, 
etc. There are many methods for soil environment pollution 
assessment, such as multi-factor comprehensive assessment, 
Nemerow pollution index assessment, principal component 
analysis, etc. Among them, the multi-factor comprehensive 
assessment has wide adaptability and simple application, 
but the standard boundary is too clear (Su et al. 2016). The 
mathematical process of the Nemero pollution index assess-
ment is simple, but it only considers pollution factors with 
the highest concentrations and excludes pollution factors 
with low concentrations but high damage. (Kong et al. 2019). 
Human factors influence the limit value of the load coeffi-
cient chosen from each eigenvector by principal component 
analysis, and the weight changes when the variables are 
categorized into various principal components, making the 
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significance test of evaluation factors impossible (Onwosi et 
al. 2020 Because the evaluation findings of each single soil 
environment factor are often incompatible, direct use of a 
relevant standard critical value to divide the level of soil 
environment pollution cannot produce an exact evaluation 
in the study of soil environment pollution assessment

The quality of the soil environment is determined by 
the factors constituting the soil environment. Before the 
evaluation of soil environment pollution, the advantages and 
disadvantages of each evaluation factor should be evaluated 
first. The evaluation factors are gradually changing between 
the advantages and disadvantages, and show the double-
sided property in the intermediate transition. In other words, 
the level of soil environment pollution is a fuzzy concept, 
and evaluating the level of soil environment pollution 
according to the standard level value of soil environment 
pollution is a fuzzy pattern recognition problem (Poomagal 
et al. 2020). Therefore, this paper explores the application 
of the principle and method of fuzzy pattern recognition in 
the assessment of soil environment pollution and expounds 
in detail the mathematical and physical significance of the 
recognition criterion with the minimum sum of squares 
of weighted distances and the corresponding iterative  
formula.

MATERIALS AND METHODS

Comprehensive Evaluation Theory and Model of Fuzzy 
Pattern Recognition

Let a sample set consist of n soil samples, and each sample 
has m evaluation indexes. Then, the measured index matrix 
Xm×n=(xij) is obtained, where i = 1,2,…, m; j = 1,2,…,n, xij is 
the measured value of index i in the sample j. The m indexes 
are evaluated according to level c soil standard, then the index 
standard matrix Y m×c = (yih) is obtained, where h = 1,2,…,c; 
yih is the level h standard value of index i.

To describe the fuzziness of soil environment pollution, 
the matrix Xm×n and Y m×c were converted into the relative 
membership degree matrix of measured indexes Rm×n = (rij) 
and the relative membership degree matrix of index stand-
ards Sm×c = (sih) by using the relative membership degree. 
It is stipulated here that: for the index i that the higher the 
measured concentration, the heavier the pollution, when 
xij≤yi1, its relative membership degree for pollution rij = 
0; when xij ≥yic, rij = 1. For the index i that the higher the 
measured concentration, the lighter the pollution, when 
xij≥yi1, its relative membership degree for pollution rij = 0; 
when xij ≤yic, rij = 1; and when xij between yi1 and yic, rij is 
determined according to the linear interpolation formula rij 
= (xij- yi1)/( yic- yi1). It can also be stipulated that the relative 
membership degree to pollution of the level 1 standard value 

of index i is 0; the relative membership degree to pollution 
of level c standard value of index i is 1. The relative mem-
bership degree sih of level h standard value of index i which 
is between level 1 and level c was determined by formula 
sih=( yih - yi1)/( yic- yi1).

Sample j is subordinate to soil environmental  
index standard of level h with relative membership degree 
uhj, then, the relative membership degree matrix Uc×n=(uhj), 
which satisfies the constraint condition
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Then, seeking the partial derivatives of equation (3) 
respectively for uhj and Lagrange multiplier l, setting the 
partial derivatives equal to 0, we get
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Where, j=1, 2,…,n；1≤aj＜bj≤c；h= aj, aj+1,…, bj. 

When p=1, 2, the relative membership degree matrix of the sample set to level h is, 1Uc×n=(1uhj) and 

2Uc×n=(2uhj) respectively. Here, the average relative membership degree matrix of the sample sets of 

two kinds of distance parameters for level h: ncU   =
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When formula (4) is used for evaluation and calculation, 
the value range of k is dynamic and should be determined 
by comparing m indexes of sample j in the matrix Rm×n and 
the matrix Sm×c. Let the value of relative membership degree 
of m indexes of sample j be rj = (r1j, r2j,,rmj)

T. Compare the 
relative membership degree of rij of index i(i = 1,2,,m) one 
by one with the relative membership degree of si=(si1, si2,…, 
sic) of criteria of index i in Sm×c. If the minimum level of 
index i falling into si interval is aj and the maximum level is 
bj, then aj and bj are the value range of k, with 1≤aj<bj≤c. 
In formula (4), the value range of h is the same as that of k, 

obviously when h<aj or h<bj, uhj = 0;
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In conclusion, the complete form of the theoretical model 
of fuzzy pattern recognition and evaluation of soil environ-
mental pollution can be expressed as follows:
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According to the level characteristic values of samples, the classification of soil environmental 

pollution was comprehensively evaluated (Chen 1998). 

RESULTS AND DISCUSSION 

Example Application 

After the soil environment is polluted, it will have a great negative impact on the structure, 

composition, and function of soil, leading to the decrease of soil nutrients and soil hardening, 

resulting in the impoverishment of soil nutrients and the necrosis of soil components. Therefore, the 

evaluation of nutrient level in soil environment can reflect the degree of soil environment pollution, 

that is, the higher the nutrient level of soil environment is, the lighter the pollution is; while the 

lower the nutrient level of soil environmental is, the more serious the pollution is. 

In this paper, partial results of soil environmental nutrient determination in the sampling point 

in reference (Lv 2018) (the sampling point is located in Wudi County, Binzhou City, Shandong 

Province, China, in the Yellow River Basin) were selected as the basic data for evaluating soil 

environment nutrient levels, as shown in Table 1. 

Table 1：Determination results of physicochemical characters of soil environment nutrient level. 

Sampling 
point number 

organic matter 

 (%) 

total nitrogen 

(%) 

available nitro

gen（mg/kg） 

available phos
phorus

（mg/kg） 

rapidly availabl
e potassium

（mg/kg） 

1 0.95 0.085 45 8.5 98 

2 1.28 0.071 76 3.9 196 

3 2.67 0.274 120 13.6 137 
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6 3.86 0.168 104 18 149 
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Table 2: Critical values of the level indexes of each evaluation factor.

level I II III IV V

organic matter (%) (>) 4.0 3.0 2.0 1.0 0.6

total nitrogen (%) (>) 0.20 0.15 0.1 0.075 0.05

available nitrogen (mg/kg) (>) 150 120 90 60 30

available phosphorus(mg/kg) (>) 40 20 10 5 3

rapidly available potassium (mg/kg) (>) 200 150 100 50 30

X5×6= 

 7 
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Since the value range of k is dynamic, aj and bj are not necessarily the same when using formula 
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When the distance parameter p = 2, the calculation pro-
cedure is as follows.

Since the value range of k is dynamic, aj and bj are 
not necessarily the same when using formula (5) to cal-
culate different sample j. Taking the sampling point j = 
1 as an example, the determination of aj and bj is briefly  
described.

When j = 1, from the matrix R5×6, rj=1 = (r11,r21, r31, r41, 
r51)

T = (0.897,0.767,0.875,0.851,0.600) T can be obtained. By 
comparing r11=0.897 in vector rj=1 with the element value in 
the first row of matrix S5×5, it can be seen that it is between 
0.882 and 1, that is, it falls between levels 4 and level 5. 
When r21 = 0.767 is compared with the element value in the 
second row of matrix S5×5, it is in the interval of 0.667 and 
0.833, that is, it falls between level 3 and level 4. Similarly, 
r31 falls between level 4 and level 5, r41 falls between level 
3 and level 4, and r51 falls between level 3 and level4. In 
summary, the upper limit value of k is bj = 5, and the lower 
limit value is aj = 3.

For j = 1, the matrix W 5×6 shows that:

wj=1=(w11,w21, w31, w41, w51)
T = (0.225,0.192,0.219,0.213, 

0.150) T.

Substitute relevant data into formula (5) to obtain: u31 = 
0.157, u41 = 0.604, u51 = 0.239.

According to the value conditions of formula (5), u11 = 
0, u21 = 0.

For j = 2, 3,…,6, the lower limit value aj and the upper 
limit value bj of k are 1 and 5,1 and 3, 1 and 5,1 and 3, 1 
and 3 respectively. Thus, when p = 2, the relative member-
ship degree matrix of 6 sampling points for each level is  
obtained.
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When the distance parameter p is 1, for j=1, 2,…, 6 similar calculations are made separately, 

the relative membership matrix of 6 sampling points for each level is obtained 
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Thus, the average relative membership degree matrix of p=1 and p=2 sample sets for each level 

is obtained 

When the distance parameter p is 1, for j=1, 2,…, 
6 similar calculations are made separately, the relative 
membership matrix of 6 sampling points for each level is  
obtained
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level 4 and level 5, r41 falls between level 3 and level 4, and r51 falls between level 3 and level4. In 

summary, the upper limit value of k is bj=5, and the lower limit value is aj=3. 

For j=1, the matrix W 5×6 shows that: 

wj=1=(w11,w21, w31, w41, w51)T=(0.225,0.192,0.219,0.213,0.150) T. 

Substitute relevant data into formula (5) to obtain: u31=0.157，u41=0.604，u51=0.239. 

According to the value conditions of formula (5), u11=0，u21=0. 

For j=2, 3,…,6, the lower limit value aj and the upper limit value bj of k are 1 and 5,1 and 3, 1 

and 5,1 and 3, 1 and 3 respectively. Thus, when p=2, the relative membership degree matrix of 6 

sampling points for each level is obtained. 

 hjuU 2652

00183.00101.0239.0
00479.00765.0604.0
107.0523.0267.0439.0113.0157.0
869.0375.0055.0531.0016.00
024.0102.0016.0030.0005.00


























 

When the distance parameter p is 1, for j=1, 2,…, 6 similar calculations are made separately, 

the relative membership matrix of 6 sampling points for each level is obtained 

 hjuU 1651

00132.00116.0193.0
00380.00755.0601.0
090.0564.0426.0290.0108.0206.0
878.0304.0048.0677.0016.00
032.0132.0014.0033.0005.00


























 

Thus, the average relative membership degree matrix of p=1 and p=2 sample sets for each level 

is obtained 

Thus, the average relative membership degree matrix 
of p=1 and p=2 sample sets for each level is obtained
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00158.00109.0216.0
00430.00760.0602.0
099.0543.0345.0365.0110.0182.0
873.0340.0052.0604.0016.00
028.0117.0015.0031.0005.00
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The level eigenvector of the six sampling points are obtained from formula (6) 

    hjuH 5,4,3,2,1 (4.034, 3.952, 2.334, 3.664, 2.426, 2.071) 

According to the level eigenvector H, it can be seen that the soil environmental nutrient levels 

of the six sampling points are: sampling point 1 level 4; sampling point 2 level 3 to 4; sampling 

point 3 levels 2 to 3; sampling point 4 levels 3 to 4; sampling point 5 level s2 to 3 and sampling 

point 6 levels 2 to 3. It can be seen that the soil environmental pollution in this batch of sampling 

sites is medium or lower, and nutrients have reached a relatively deficient level. Local relevant 

departments should pay attention to it and take positive measures to improve the soil environment 

and ensure the sustainable development of agriculture and the economy. 

CONCLUSION 

The problem of soil environment pollution needs to be solved urgently. Soil environment pollution 

not only affects the basic quality and production quality of crops, but also causes certain harm to 

air and water resources, and ultimately harms human life and health through food. Soil 

environment pollution assessment is of great significance to public health, social security, national 

food security, and ecological balance. 

The fuzzy pattern recognition method of soil environment pollution assessment makes full use 

of the fuzzy characteristics existing in soil environment assessment, considers the common 

influence of the weight of evaluation factors and the index value, and also considers the correlation 

between indexes and the similarity of index characteristics of different sampling points, therefore, 

the interference of some man-made certain factors is concealed. If conditions permit, this method 

can add other physical, chemical, and biological indexes, so that the evaluation results can reflect 

the soil environment conditions more effectively. 

The results show that this method is more rigorous in theory, more scientific and accurate in 

evaluation, and more practical in application, and can provide a basis for ensuring the stability of 

The level eigenvector of the six sampling points are 
obtained from formula (6)
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 =  
(4.034, 3.952, 2.334, 3.664, 2.426, 2.071)

According to the level eigenvector H, it can be seen 
that the soil environmental nutrient levels of the six sam-
pling points are: sampling point 1 level 4; sampling point 
2 level 3 to 4; sampling point 3 levels 2 to 3; sampling point 
4 levels 3 to 4; sampling point 5 level s2 to 3 and sampling 
point 6 levels 2 to 3. It can be seen that the soil environmental 
pollution in this batch of sampling sites is medium or lower, 
and nutrients have reached a relatively deficient level. Local 
relevant departments should pay attention to it and take pos-
itive measures to improve the soil environment and ensure 
the sustainable development of agriculture and the economy.

CONCLUSION

The problem of soil environment pollution needs to be 
solved urgently. Soil environment pollution not only 
affects the basic quality and production quality of crops, 
but also causes certain harm to air and water resources, and 
ultimately harms human life and health through food. Soil 
environment pollution assessment is of great significance 
to public health, social security, national food security, and 
ecological balance.

The fuzzy pattern recognition method of soil environment 
pollution assessment makes full use of the fuzzy character-
istics existing in soil environment assessment, considers 
the common influence of the weight of evaluation factors 
and the index value, and also considers the correlation 
between indexes and the similarity of index characteristics 
of different sampling points, therefore, the interference of 
some man-made certain factors is concealed. If conditions 
permit, this method can add other physical, chemical, and 

biological indexes, so that the evaluation results can reflect 
the soil environment conditions more effectively.

The results show that this method is more rigorous in 
theory, more scientific and accurate in evaluation, and more 
practical in application, and can provide a basis for ensuring 
the stability of soil ecological environment, improving the 
quality of cultivated land, and improving regional ecologi-
cal conditions. Compared with the membership matrix, the 
calculation process of this method is more complicated, and 
still needs to be improved.

In view of the current problems of soil environment 
pollution, the proposed treatment schemes and measures 
are as follows: (1) combined with the current situation of 
agricultural development, it is necessary to further optimize 
the input structure and production structure of agriculture. (2) 
Improve relevant laws and regulations, formulate scientific and 
reasonable prevention and control measures, and strengthen 
the supervision of soil remediation. (3) Increase the research 
on soil pollution, actively use advanced soil pollution control 
technology to improve the soil ecological environment, im-
prove the self-carrying capacity, and self-purification capacity 
of the ecological environment. (4) Strengthen environmental 
publicity, and constantly improve the people’s awareness of 
soil environment protection. In the face of environmental pro-
tection and economic development, people should pay more 
attention to the importance of environmental protection. Envi-
ronmental protection is about safeguarding ourselves and our 
environment, as well as being responsible for our own safety.
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