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ABSTRACT 
 
The heavy metal is not easily degradable, the heavy metal pollution of water is the most harmful pollution for the 
environment, so, to evaluate the pollution grade is very important for pollution controlling. The fuzzy evaluation 
method is the most important way to evaluate the degree of pollution today. But in some case, one key factor of heavy 
metal will decide the pollution level, but the classical fuzzy evaluation method cannot arrive to a correct result, and 
mislead the subsequent processing of pollution controlling. In the paper, the classical fuzzy evaluation method is 
analyzed firstly, to improve the classical fuzzy evaluation method by changing the weighting of the factors in order to 
highlight the key factors is developed then. Case studies comparing the results of the two methods, the result shows 
that the method proposed in this paper is more reasonable to the problem. 
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INTRODUCTION 
 

With the development of industry, the environment is suffering to more and more pollutions; the heavy metal, such as 
Fe, Al, Ca, Mg, Ti, Mn, Cu, Zn, Cd, Ni, Hg, Cr, As, Co, V, is one of the serious factors to pollute our environment. The 
heavy metal is not easy to be degraded, the heavy metals will accumulate continue in the environment, to pollute the 
foods of the livings, and it may cause some kinds of serious diseases for human. So, to evaluate the pollution degrees 
of the heavy metal is the most important thing for pollution controlling.  
 
Therefore, both at home and abroad, a lot of researches have focused their energies on the subject. Common methods 
such as gray system theory [1-2], fuzzy evaluation method [3-4], Clustering analysis [4], expert evaluation method 
[5-6], the analytic hierarchy process [1-3], Neural network evaluation method [4-5], the matter-element analysis 
method [6] and so on. 
 
Among them, the fuzzy evaluation method is a method of using the fuzzy mathematics theory and the evaluation of 
fuzzy Interest and numerical value, and then carries on the quantitative evaluation, then get the quantitative evaluation 
result methods. Due to its numerous indicators will unify to carry on the comprehensive evaluation, making evaluation 
price method is more scientific, more practical, and is conducive to computer programming. Therefore, the method is 
used very popular in the evaluation of water pollution in recent years [8-13], and the method produced very obvious 
economic and social benefit. Li Liu, Jianzhong Zhou proposed combined the fuzzy mathematics method and the 
information entropy theory, to establish an improved fuzzy comprehensive evaluation method for water quality 
assessment[15]; Morteza Pakdin Amiri proposed a new methodology to provide a simple approach to assess 
alternative projects and help the decision-maker to select the best one for National Iranian Oil Company by using six 
criteria of comparing investment alternatives as criteria in an AHP and fuzzy TOPSIS techniques[16]; Piotr Jaskowski, 
Slawomir Biruk and Robert Bucon suggest the application of an extended fuzzy AHP method to the process of group 
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decision making[17]; Mehmet Ekmekçioğlu, Tolga Kayaa, Cengiz Kahraman proposed a modified fuzzy TOPSIS 
methodology for the selection of appropriate disposal method and site for municipal solid waste (MSW)[18]. Anjali 
Awasthi, Satyaveer S and Chauhan, S.K. Goyal presented a fuzzy multicriteria approach for evaluating environmental 
performance of suppliers[19]; Vivien Y.C. Chen, Hui-Pang Lien and etc describes the design of a fuzzy decision 
support system in multi-criteria analysis approach for selecting the best plan alternatives or strategies in environment 
watershed[20]; Amin Afshar, Miguel A and etc addresses a method that incorporates several system 
factors/components within a general framework for providing a holistic analysis of the problems and comprehensive 
evaluation of the related mitigation/adaptation measures and policy responses[21]. Chiang Kao and Pei-Huang Lin 
treated the qualitative data as fuzzy numbers, and used the DEA multipliers associated with the decision making units 
(DMUs) being evaluated to construct the membership functions and analyzed the qualitative factors in data 
envelopment; André Lermontov, Lídia Yokoyama and etc proposed the creation of a new water quality index based on 
fuzzy logic, the fuzzy water quality index (FWQI)[23]. 
 
Those researches boost the development of the fuzzy evaluation algorithm significantly, and play a positive role for 
the establishment of environmental evaluation criteria. However, if one factor significantly affects the evaluation 
result, the fuzzy evaluation method cannot directly use to evaluate the pollution grading in the heavy metal pollution 
due to the evaluation index weight allocation problem, and it might not be able to produce relevant evaluation results, 
which mislead the work of the security management and the security treatment. Therefore, it is necessary to improve 
the fuzzy evaluation method for the special kind of evaluation problem, and should be strengthen the key evaluation 
index in order to arrive to a right evaluation results. 
 
This paper will explore the special kind of evaluation problem, the fuzzy evaluation related theory will be introduced 
in section 2; the fuzzy evaluation improved method will be proposed in section 3 through discussion and analysis the 
shortcoming of the classical fuzzy evaluation, the case study will be carried out in section 4. 
 
THE CLASSICAL FUZZY EVALUATION METHOD 
A. the elements of fuzzy evaluation 
It must be quantitative process all the fuzzy conditions by setting the boundary condition if uses fuzzy evaluation 
method for evaluation the HSE security. Specifically, you need to complete the alternative set, factor set, 
membership degree and weight vector, the clarity of the various elements such as satisfaction matrix, in order to get 
the final evaluation results. 
 
� The alternative set 
The alternative set also named the review set, is the set by using the expert experience to judge the evaluating object. 
The collection includes all possible outcomes, supposing set V has composed as n kinds of decisions, and then V 
can be represented as a set: 
 

},...,,{ 21 nVVVV =                                                                          (1)  

  ,...2,1=∀n     

 
Each element is on behalf of all the possible evaluation results, the purpose of fuzzy comprehensive evaluation is to 
take into account all factors, and form the best evaluation result. 
 
� The factors set 
The factor set is the object collections that may affect the evaluation result; set U is the set of with m kinds of 
factors, set U can expressed as follows: 
 

},...,,{ 21 mUUUU =                                                                        (2) 

 

The elements of ),...,2,1( njU j =∀  include all the factors; usually these factors have different degree of 

fuzziness. In order to judge the element evaluation index, the factor index vector may express as follows: 
 

),...,2,1(},...,,{ 21 njUUUU T
mjjjj =∀=                                                             (3) 

 

If  the (i)th  factor index of the (j)th judgment index is ijU ，it comes the factor matrix U  of m factor indexes of 

n judgment index matrix: 
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� The Membership 
To separating from a factor to judge the membership, the degree of evaluation object may belongs to R: 

1 2( , , , )j i i inR r r r= L                                                                         (5) 

 
To each single factor evaluation set according to each single factor fuzzy sets the membership function of the type 
conversion can be respectively the membership Ri j  for each single factor, to turn the matrix U  into the 
corresponding membership degree of matrix R . 
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To unite a consideration under different circumstances, the same V needs to be normalized: 
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So, Relation R can get U to V. 
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The membership matrix can be constructed by way of the table 1, where each row represents a factor, its evaluation, 
and the evaluation of structural fill in the corresponding space on the corresponding column. 

 
Table 1. The membership table (Sample) 

 

Evaluations 

Factors 

Level 1 Level2 Level3 Level4 Level5 

1v  2v  3v  4v  5v  

Factor 1 1u       

Factor 2 2u       

Factor 3 3u       

…       

Factor n nu       
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� The Weight Vectors 
In the process of comprehensive evaluation, the weight problem is very important, only reasonable weight 

distribution, to correctly carry on the comprehensive evaluation. Set  
~
A  is fuzzy subset of the U, it reflected the 

importance degree of various factors, called has coefficient vector: 
 

{ }1 2, , , mA a a a= L
% % % %

   

   ∑
=

≥=
m

j

ii aa
1

~
0,1                                                                          (9) 

 
The specific calculation method is shown in the Section 2.2. 
 
� The Satisfaction Matrix 

According to the weight set and fuzzy synthetic evaluation matrix 
~
R  and 

~
A , Fuzzy comprehensive evaluation to 

calculate the fuzzy subset 
~
B , universally, like 

~
B =

~
R ×

~
A ,as: 
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� The Final Evaluation Score [ ] [ ]T

n

T vvvvvbbbVBF 54321 ,,,,...
~2~1~~~

×=×=                                 (11) 

 
According to the maximum membership degree principle, the level of final evaluation was be determine by the 
formula (11). 
 
B. Fuzzy evaluation in weight determination method 
The influence of the factors in fuzzy evaluation is very important, therefore, this section will separately introduce the 
determination method. At home and abroad, at present more popular and mature methods including: Average 
distribution method, the antithesis method [8], the Klee method [8] and so on. 
 
� The Average Distribution Method 
The average distribution method is one of the most simple method to determine the evaluation index, the approach is 
to assign all n indexes are equally important, that is all for 1/n. 
 

Table 2. The weights in comparison method 
 

Items 
Numbers of antithesis 

sums Weight 
1 2 3 4 … 

Factor 1 1 1  0  	 Factor 1 
∑ Factor 1

∑ F  

Factor 2 0  1   	 Factor 2 
∑ Factor 2

∑ F  

Factor 3  0 0 1  	 Factor 3 
∑ Factor 3

∑ F  

Factor 4      	 Factor 4 
∑ Factor 4

∑ F  

…     … … ... 

 
� The comparison method 
The comparison method is one of the simple methods to determine evaluation index weights; the basic approach is 
that evaluation indexes of every alternative for comparison, to give higher ratings to relatively important indexes, 
according to the weight of each evaluation project jA  can be obtained. Again, according to the main body of a 
given evaluation scale for each alternative under different evaluation indexes to evaluate one by one, get the 
corresponding value, from which the weighted and get the comprehensive evaluation value. 
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According to the above ideas, the evaluation rates get by evaluation sheet for comparison, as shown in table 2.    
There: 
 
Factors of ∑ i means the sums is the result of adding all the same factor together; 
 
∑ F Means it was the sum of all ∑ i factors. 
 
So, the weight of normalized processing results is to be obtained. 
 
� The Klee method 
The Klee method is one of the most important methods to determine the weight in fuzzy evaluation, it was proposed 
first by A.I.Klee, and it is the improvements on the comparison method. 
 
The evaluation idea is shown as following steps:     
 
(1) To determine the important degree of evaluation indexes jA , as shown in table 3. 
 

Table 3 the weights in Klee method 
 

Steps Items jW  jK  jA  

1 Factor 1 a   
2 Factor 2 b   
3 Factor 3 c   
4 Factor 4 …   
… … - 1 …… 

sum    1.000 

 
In table 3, the first step is the comparing the important degrees of relationship between any factors i and j, then the 
weight is given according to its important degree of relationship, for example, the important of factor i is a times 
comparing to factor j, the cell crossing in the jW  column and factor i is a; all such pair comparison will concluded 

the jW . 

(2) Benchmark of jW  

Set a benchmark for processing thejK , to a final evaluation index as a benchmark, to its K value is 1, and K value 

of bottom-up calculation for other factors, to find out all the factors of the K value, fill in the column jK  
 
(3) The normalization processing of jK . All number of jK , respectively in addition to all the K  value, get the 

final result is the weight of each factor of jK . 
 
In actually application of the above three methods are all have certain application base, the average distribution 
method is mainly used for various evaluation factors, weight is relatively balanced situation. Using the comparison 
method and Klee method to determine weight distribution of evaluation is more practical. 
 
THE IMPROVEMENT OF FUZZY EVALUATION METHOD 
A. the discussion of the fuzzy evaluation method 
The classic fuzzy evaluation method in the evaluation process, evaluation methods on the design are very scientific, 
but does that mean the method in the industrial wastewater pollution evaluation is the best method? Before answering 
this question, look at an example about the fuzzy evaluation: 
 
the Chinese Central Television has broadcast a piece of news: a village in Hunan province, in recent years, a lot of 
people that had a strange disease, disease early limbs joint pain, a few years later, in patients with neuropathic pain, 
bone pain happens all areas of the body, to the late disease, patients with bone atrophy, limb bending deformation, 
bone, spine and shake even coughing can cause fracture, the patient lying in bed, sick is very sad. After field test by the 
researchers, found that the region no matter in the river, soil, or crops contain large amounts of cadmium, human 
intake of excessive amounts of cadmium is the root cause of these symptoms. And then find out the area of industrial 
effluent from a chemical plant is the direct cause of the cadmium pollution. If the indicators for the village water 
supply and other items provided, only the heavy metal content indicators, how about the water quality evaluation? 
The core of the problem is to choose the evaluation factors and weight problems. Evaluation factors are needed to 
evaluate the oil pollution investigation. To different evaluation objects, concentrated selection factors each have 
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emphasize particularly on, therefore, clear the characteristics of evaluation objects and evaluation aims to evaluate the 
oil pollution premise, on this basis to draw a correct evaluation. In the above calculation method, the evaluation of the 
same object even if choose the same evaluation index and the measured values, the final ensemble evaluation 
conclusion, there may be differences. If the weighted average method is adopted, each index or contribution 
accumulation method, and the parity, probably for the water quality of the village's "optimal". But if use one ticket is 
overruled make, can be immediately found the water quality for "bad". Which of these comments right? Or is there any 
way to get an objective evaluation result? 
 
In the above problem, for there is a special polluted water bodies, one ticket is overruled make is reasonable. Such as 
the high content of cadmium in water, even if all the other indexes of "optimal", also cannot affect the water quality for 
the conclusion of "bad". But "one ticket veto" made the conclusion that all the heaviest items due to contamination, 
ignore the other indicators to judged by contribution, on the issue of the indicators is not prominent cases is not 
comprehensive enough. Say so, in the weighting scheme discussed above, although in order to highlight the pollution 
index, distributing the greater weight to the pollution index of serious, have to the system of "one ticket veto" declining 
trend, but also is not "one ticket veto" system, the distribution of the weight and the weight vector and membership 
degree matrix synthesis arithmetic operator to determine the distribution of the weight. 
 
To sum up, the fuzzy evaluation method of classical cannot meet this case pollution degree weights assignment 
problem and the degree of pollution prediction, and evaluation of industrial wastewater pollution degree is the most 
common situation is the main pollutants by evaluation units have a certain understanding, emissions, proposed a 
correction method of fuzzy evaluation to solve industrial wastewater pollution degree evaluation are shown in this 
example has important significance. 
 
B. to modify evaluation set 
In order to solve the weight assignment problem is proposed above of the HSE degree, it need a new method to 
determine the important the degree of HSE, and can contribute to highlight the various factors on the dielectric 
constant of the parametric method of importance degree. Therefore, a new method is proposed in the paper based on 
the weights of the distribution vector, by a weight distribution coefficient diagonal matrix K: 
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[ ]maaa ...21=  
 
There: K is the weights of the distribution coefficient matrix, the calibration according to the measurement 
requirements, and pollution of unrelated, but to highlight the various factors on the degree of pollution contribution. 
 

Based on the weight coefficient matrix, further calculation can be obtained by satisfaction degree matrix B  right 
modified coefficient and comprehensive evaluation results of F. 
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The final evaluation scores 
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Finally, according to the value of F, combined with the principle of maximum membership degree, determine the level 
of final evaluation. 

 
CASE CALCULATION AND RESULT ANALYSIS 
Now, we turn to the state of surface water environment quality standard of China (GB3838-2002), the water quality 
standards is shown in table 4 (because many parameter lists only part of the evaluation indicators related to this case, 
the data sampling table the same). 
 
On this basis, supporting the factors of table 4 are the evaluation factors in the factor set of the water sample, after the 
relevant physical and chemical analyzing, each sample data statistics is obtained, as shown in table 5. According to the 
water quality requirements of GB3838-2002, the water quality evaluation results are recorded in the "value" column of 
table 5. 
 
In this case, according to the state of surface water environment quality standard of GB3838-2002 quality standard 
requirements (China), the weight of the above indexes is same, that is to say, the factors have the same polluting 
affections to the water.  So, the average distribution method may be used in the case. 
 

So, the weight 
~
A  is: 

 

{ }15/1,...,15/1,15/1
~

=A                                                        (15) 

 

In the case mentioned above and table 5, the pollution rate of factors may express as the matrixR : 
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From the matrixR , we can know that all the factors are meeting the degree I excepting factor C15, the test result is 
filled in the last column of table 5. 
 

Table 4 the surface water environment quality standard of China (GB3838-2002) 
 

Factors Coders Items 
Rates of pollution 

I II III IV V 
1 C1 PH 6-9 
2 C2 Dissolved Oxygen(DO) ≥ 7.5 6  5  3  2 
3 C3 Permanganate Index≤ 2 4 6 10 15 
4 C4 COD≤ 15 15 20 30 40 
5 C5 BOD5≤ 3 3 4 6 10 
6 C6 NH3-N≤ 0.15 0.5 1.0 1.5 2.0 
7 C7 TP≤ 0.02 0.1 0.3 0.3 0.4 
8 C8 TN≤ 0.2 0.5 1.0 1.5 2.0 
9 C9 Hg≤ 0.00005 0.00005 0.0001 0.001 0.001 
10 C10 Fecal Coliform / (a · L-1) ≤ 500 2000 10000 20000 40000 
11 C11 Cr(hexavalent) ≤ 0.01 0.05 0.05 0.05 0.1 
12 C12 Pb≤ 0.01 0.01 0.05 0.05 0.1 
13 C13 Volatile Phenols≤ 0.002 0.002 0.005 0.01 0.1 
14 C14 Sulfide≤ 0.05 0.1 0.2 0.5 1.0 
15 C15 Cd≤ 0.001 0.005 0.005 0.005 0.01 

 
There, I, II, III, IV, V means Excellent, good, medium, poor, bad, respectively. It may be expressed as 5, 4, 3, 2, 1, 
respectively for computing conveniently. 
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The classic fuzzy evaluation results 
According to the classic fuzzy evaluation method, the evaluation process is computed as the following steps: 
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The result shows that the sample of water quality is very good according to the classic fuzzy evaluation method. 
  

Table 5 the index statistics of the case 
 

Coders Items Statistics Evaluations 
C1 PH 7.1 I 
C2 Dissolved Oxygen(DO) ≥ 6.8 I 
C3 Permanganate Index≤ 2 I 
C4 COD≤ 15 I 
C5 BOD5≤ 3 I 
C6 NH3-N≤ 0.15 I 
C7 TP≤ 0.02 I 
C8 TN≤ 0.2 I 
C9 Hg≤ 0.00005 I 
C10 Fecal coliform / (a · L-1) ≤ 504 I 
C11 Cr(hexavalent) ≤ 0.01 I 
C12 Pb≤ 0.01 I 
C13 Volatile Phenols≤ 0.002 I 
C14 Sulfide≤ 0.05 I 
C15 Cd≤ 5.2 v 

 
The evaluation results based on improved fuzzy evaluation method  
 
The water had made some people getting strange disease, but the evaluation result shows the water didn’t been 
polluted according to the class fuzzy evaluation method, it is obviously different from the fact. So, the class fuzzy 
evaluation method arrives to a wrong result. 
 
By the content of cadmium pollution in table 4 and table 5, we can know that the sample water quality is beyond the 
content of cadmium in "V" class 52 times. It is necessary to highlight the evaluation of water quality factors. 
According to the conditions given in table 4, we might as well give a coefficient matrix K, according to the worst 
assignment, cadmium was 520, and the others have indexes to 1. So, the new results may be computed as the fellows: 
Step 1: to compute coefficient matrix K. 
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Step 2: to compute the new rate matrix of
~
A according the average distribution method. 
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Step 3: to compute the new rate matrix ofA . 
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Step 4: to compute the new rate with the evaluation results based on improved fuzzy evaluation method. 
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 Step 5: to compute the pollution of the case. 
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That is to say that the evaluation result of the case sample is bad by using the improved fuzzy evaluation method and 
the result is fit for the fact of the case. The evaluation result strongly suggests that the water is needed to be treated 
immediately. 
 
In fact, the China's drinking water hygiene standards stipulated in the cadmium content must not exceed 0.005 mg/L. 
From table 5, two kinds of computing results and the actual situation of the sample water, to use the improved fuzzy 
evaluation method may obtain a more sound evaluation results, and the result may direct us carry out the Pollution 
Prevention more effectively. 
 

CONCLUSION 
 

In this paper, the classical fuzzy evaluation method is analyzed; the results indicate that the classic fuzzy evaluation 
method in the industrial wastewater pollution evaluation has some limitations. On this basis, a novel improving fuzzy 
evaluation method by fixed its weight coefficient of pollution evaluation factors is proposed for highlight focusing on 
the method of those factors. The case study shows that the improved fuzzy evaluation method for evaluation of the 
results more accurate. The method is proposed to solve the need to focus on some factors affecting the waste water 
pollution evaluation problem has certain practical value. 
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