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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 factorsin 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 environmarguffering to more and more pollutions; the heareyal, such as
Fe, Al, Ca, Mg, Ti, Mn, Cu, Zn, Cd, Ni, Hg, Cr, ASp, V, is one of the serious factors to pollute@wironment. The
heavy metal is not easy to be degraded, the heatglsrwill accumulate continue in the environmémtpollute the
foods of the livings, and it may cause some kirfdsedous diseases for human. So, to evaluatediatipn degrees
of the heavy metal is the most important thinggfoliution controlling.

Therefore, both at home and abroad, a lot of rekearhave focused their energies on the subjeatn@m methods
such as gray system theory [1-2], fuzzy evaluatm@thod [3-4], Clustering analysis [4], expert ewdion method
[5-6], the analytic hierarchy process [1-3], Neunaktwork evaluation method [4-5], the matter-eletamalysis
method [6] and so on.

Among them, the fuzzy evaluation method is a mettfoasing the fuzzy mathematics theory and theuatain of
fuzzy Interest and numerical value, and then caoiethe quantitative evaluation, then get the tjtadive evaluation
result methods. Due to its numerous indicatorsuilfy to carry on the comprehensive evaluationkingevaluation
price method is more scientific, more practicat] @conducive to computer programming. Therefthve method is
used very popular in the evaluation of water p@luin recent years [8-13], and the method produesg obvious
economic and social benefit. Li Liu, Jianzhong Zhmoposed combined the fuzzy mathematics methodtland
information entropy theory, to establish an imprb\vazzy comprehensive evaluation method for watgality
assessment[15]; Morteza Pakdin Amiri proposed a neethodology to provide a simple approach to assess
alternative projects and help the decision-makeetect the best one for National Iranian Oil Conyply using six
criteria of comparing investment alternatives d®da in an AHP and fuzzy TOPSIS techniques[1&}tR)askowski,
Slawomir Biruk and Robert Bucon suggest the apptioaof an extended fuzzy AHP method to the procéggoup
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decision making[17]; Mehmet Ekmekga, Tolga Kayaa, Cengiz Kahraman proposed a matlfiizzy TOPSIS
methodology for the selection of appropriate dispasethod and site for municipal solid waste (MSY8][ Anjali
Awasthi, Satyaveer S and Chauhan, S.K. Goyal ptedenfuzzy multicriteria approach for evaluatimyieonmental
performance of suppliers[19]; Vivien Y.C. Chen, HRang Lien and etc describes the design of a fdexjsion
support system in multi-criteria analysis approfietselecting the best plan alternatives or stiegen environment
watershed[20]; Amin Afshar, Miguel A and etc addess a method that incorporates several system
factors/components within a general framework favgling a holistic analysis of the problems andhpoehensive
evaluation of the related mitigation/adaptation sugas and policy responses[21]. Chiang Kao ancdHBanRg Lin
treated the qualitative data as fuzzy numbersuaed the DEA multipliers associated with the decishaking units
(DMUs) being evaluated to construct the memberdhipctions and analyzed the qualitative factors atad
envelopment; André Lermontov, Lidia Yokoyama ardpebposed the creation of a new water qualityxrzEsed on
fuzzy logic, the fuzzy water quality index (FWQIZR

Those researches boost the development of the fizlyation algorithm significantly, and play a pies role for

the establishment of environmental evaluation gateHowever, if one factor significantly affectiset evaluation
result, the fuzzy evaluation method cannot direalg to evaluate the pollution grading in the heaeyal pollution
due to the evaluation index weight allocation peatnl and it might not be able to produce relevaatuation results,
which mislead the work of the security managemedtthe security treatment. Therefore, it is neagssaimprove

the fuzzy evaluation method for the special kingediluation problem, and should be strengthen éyeekaluation
index in order to arrive to a right evaluation fésu

This paper will explore the special kind of evaloatproblem, the fuzzy evaluation related theorlf k¢ introduced
in section 2; the fuzzy evaluation improved methdgdibe proposed in section 3 through discussiot analysis the
shortcoming of the classical fuzzy evaluation,dhse 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 ctiads by setting the boundary condition if useszfuevaluation
method for evaluation the HSE security. Specificajou need to complete the alternative set, factef;
membership degree and weight vector, the clarithefvarious elements such as satisfaction matriarder to get
the final evaluation results.

e Thealternative set

The alternative set also named the review seteiset by using the expert experience to judgevthtiating object.
The collection includes all possible outcomes, sgp setV has composed as kinds of decisions, and thewi
can be represented as a set:

V ={V,V,,..\V.} )
0,=12...

Each element is on behalf of all the possible et#dn results, the purpose of fuzzy comprehensiaduation is to
take into account all factors, and form the besiuation result.

e Thefactorsset
The factor set is the object collections that migca the evaluation result; sét is the set of withm kinds of
factors, setU can expressed as follows:

U={U,U,,.U.} @

The elements dej (Dj = l2,...,n) include all the factors; usually these factors enalifferent degree of
fuzziness. In order to judge the element evaluatidex, the factor index vector may express agvat

U, ={U11,U21,...,U,“-}T (0 =12,...,n) )

If the (i)th factor index of the (j)th judgmemidex is U it comes the factor matriXJ of m factor indexes of

ij >

N judgment index matrix:



Juli Dengand Guorong Chen J. Chem. Pharm. Res,, 2014, 6(5):1-11

U. Us Uz ... Un
U. Uz Uz ... Uz

U= = (4)
Um Uml Uml e Uml

e The Membership

To separating from a factor to judge the membershgdegree of evaluation object may belong&to

Rj :(ril’riz""!rin) (%)

To each single factor evaluation set accordingaithesingle factor fuzzy sets the membership funatibthe type
conversion can be respectively the memberdkip for each single factor, to turn the matrix into the
corresponding membership degree of maRix

R. u T2 ... Imn
R, fas T ... a2

R= = (6)
R. frmm o ... Im

To unite a consideration under different circumséan the same V needs to be normalized:
r,.
= —2—(i = 12,0im) (7)

j=1

n
Meeting the conditionsz ri=1
j=

So, Relation R can get U to V.
Bl ra re O t 1n

R= I?Z _ (21 (21 D]]Dtm
= gpl | 0D 00 0o

Rm rml rm2 D:[[Drrm

®)

The membership matrix can be constructed by wahefable 1, where each row represents a factoeyaluation,
and the evaluation of structural fill in the copending space on the corresponding column.

Table 1. The member ship table (Sample)

Level1| Level2| Level3| Level4 Levelb
v, v, A v, A

Evaluations
Factors
Factor1| U,

Factor 2| U,

Factor 3| U,

Factorn| U
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e TheWeight Vectors
In the process of comprehensive evaluation, theghteproblem is very important, only reasonable \wkig

distribution, to correctly carry on the compreheasévaluation. Set A is fuzzy subset of thdJ, it reflected the

importance degree of various factors, called haffictent vector:

A={a,a,, .3}
Zm:gi:la-zo 9)

j=1
The specific calculation method is shown in thetifec2.2.

e The Satisfaction Matrix
According to the weight set and fuzzy syntheticleation matrix R and A, Fuzzy comprehensive evaluation to

calculate the fuzzy subsdB , universally, like B=R X A as:

(ru 2 o T
a2 22 ... Ia

B=l|a: a. MM a.fx| "~ - - of1
rml rm2 rlm

¢ TheFinal Evaluation Score
FszVTzlb b be[Vl , V2, Vs , Vi | Vs]T (11)
~ ~1 -2 ~n

According to the maximum membership degree prieciphe level of final evaluation was be determinyette
formula (11).

B. Fuzzy evaluation in weight deter mination method

The influence of the factors in fuzzy evaluatiowésy important, therefore, this section will segdaty introduce the
determination method. At home and abroad, at pteseme popular and mature methods including: Averag
distribution method, the antithesis method [8], Khee method [8] and so on.

e The Average Distribution Method
The average distribution method is one of the mmsple method to determine the evaluation index agpproach is
to assign all n indexes are equally important, ihatl for 1/n.

Table 2. Theweightsin comparison method

Numbers of antithesig

Items 11213 al sums Weight

Factor1| 1| 1 0 Z Factor 1 | 2actor
SF

Factor2| 0 1 Z Factor 2 | 2Factor2
SF

Factor 3 o| o 1 Z Factor 3 | 21 actor3
SF

Factor 4 Z Factor 4 %

e The comparison method

The comparison method is one of the simple methodketermine evaluation index weights; the basjgregch is
that evaluation indexes of every alternative fomparison, to give higher ratings to relatively impaot indexes,
according to the weight of each evaluation projést can be obtained. Again, according to the main bafdg

given evaluation scale for each alternative undéferdnt evaluation indexes to evaluate one by aye, the
corresponding value, from which the weighted andlye comprehensive evaluation value.
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According to the above ideas, the evaluation rgéedy evaluation sheet for comparison, as showahie 2.
There:

Factors of),i means the sums is the result of adding all theedawtor together;

> F Means it was the sum of all i factors.

So, the weight of normalized processing results Ise obtained.

e TheKlee method

The Klee method is one of the most important methoddetermine the weight in fuzzy evaluation, désvproposed
first by A.l.LKlee, and it is the improvements om ttomparison method.

The evaluation idea is shown as following steps:

(1) To determine the important degree of evaluaitioiexesA , as shown in table 3.

Table 3 theweightsin Klee method

Steps ltems | W K, A

J I

1 Factor 1 a
2 Factor 2 b
3 Factor 3 [
4 Factor 4

sum 1.000

In table 3, the first step is the comparing theont@gnt degrees of relationship between any fadtarsl j, then the
weight is given according to its important degréeeatationship, for example, the important of factds a times

comparing to factor j, the cell crossing in th& column and factor i is a; all such pair compariséth concluded
theW/ .

(2) Benchmark ofW,

Set a benchmark for processing Kie to a final evaluation index as a benchmark, scitvalue is 1, and K value
of bottom-up calculation for other factors, to fiadt all the factors of the K value, fill in thelamn K;

(3) The normalization processing df;. All number ofK;, respectively in addition to all thg value, get the
final result is the weight of each factor df .

In actually application of the above three methads all have certain application base, the avedisteibution
method is mainly used for various evaluation fasteveight is relatively balanced situation. Usihg tomparison
method and Klee method to determine weight distidiouof evaluation is more practical.

THE IMPROVEMENT OF FUZZY EVALUATION METHOD

A. thediscussion of the fuzzy evaluation method

The classic fuzzy evaluation method in the evatufirocess, evaluation methods on the design ayeseentific,
but does that mean the method in the industriatemaster pollution evaluation is the best methodfdBeanswering
this question, look at an example about the fuzahmtion:

the Chinese Central Television has broadcast & méoews: a village in Hunan province, in recesdrng, a lot of
people that had a strange disease, disease enby joint pain, a few years later, in patients wigturopathic pain,
bone pain happens all areas of the body, to tieedizsease, patients with bone atrophy, limb bend&fgrmation,
bone, spine and shake even coughing can causerfattte patient lying in bed, sick is very sadeAfield test by the
researchers, found that the region no matter irritheg, soil, or crops contain large amounts ofroadn, human
intake of excessive amounts of cadmium is the caase of these symptoms. And then find out the afreaustrial
effluent from a chemical plant is the direct can$ehe cadmium pollution. If the indicators for thiélage water
supply and other items provided, only the heavyai=intent indicators, how about the water quaitgluation?
The core of the problem is to choose the evaludteotors and weight problems. Evaluation factoes meeded to
evaluate the oil pollution investigation. To di#at evaluation objects, concentrated selectiorofactach have
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emphasize particularly on, therefore, clear theattaristics of evaluation objects and evaluatiomsao evaluate the
oil pollution premise, on this basis to draw a ectrevaluation. In the above calculation methoe gbaluation of the
same object even if choose the same evaluatiorkiade the measured values, the final ensemble atvatu

conclusion, there may be differences. If the weidhtiverage method is adopted, each index or catitib

accumulation method, and the parity, probably fierwater quality of the village's "optimal”. Butie one ticket is
overruled make, can be immediately found the waguetity for "bad". Which of these comments right?€there any
way to get an objective evaluation result?

In the above problem, for there is a special petluiater bodies, one ticket is overruled makedsarable. Such as
the high content of cadmium in water, even ifladl bther indexes of "optimal”, also cannot affaetwater quality for
the conclusion of "bad". But "one ticket veto" mdtle conclusion that all the heaviest items dueotatamination,
ignore the other indicators to judged by contribnfion the issue of the indicators is not promireages is not
comprehensive enough. Say so, in the weightingnsetdiscussed above, although in order to hightighollution
index, distributing the greater weight to the ptitin index of serious, have to the system of "dcleet veto" declining
trend, but also is not "one ticket veto" systene, diistribution of the weight and the weight veaod membership
degree matrix synthesis arithmetic operator tordetes the distribution of the weight.

To sum up, the fuzzy evaluation method of class@zainot meet this case pollution degree weightg@msent

problem and the degree of pollution prediction, amdluation of industrial wastewater pollution dsgis the most
common situation is the main pollutants by evabratinits have a certain understanding, emissiomgpased a
correction method of fuzzy evaluation to solve isttial wastewater pollution degree evaluation @ in this

example has important significance.

B. to modify evaluation set

In order to solve the weight assignment problemrigposed above of the HSE degree, it need a newoehdd
determine the important the degree of HSE, andogantribute to highlight the various factors on thielectric
constant of the parametric method of importance@kedrherefore, a new method is proposed in therpgagsed on
the weights of the distribution vector, by a weidigtribution coefficient diagonal matrix K:

A= AK

k. 0 ... O

[ 0 k: ... O

=§1 ?z ?.mx (12)
0 0 K

=la a .. a]

There: K is the weights of the distribution coedfict matrix, the calibration according to the meeament
requirements, and pollution of unrelated, but ghhght the various factors on the degree of pmhutontribution.

Based on the weight coefficient matrix, furtherccddtion can be obtained by satisfaction degreeixds right
modified coefficient and comprehensive evaluatiesutts of F.

(rw re o Tul
oo Fa ... T2
B=[a1 A ... am]x -~ ~
e e 13)
Frm Irm ... Im
=[b. b. .. b]

The final evaluation scores
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F=BxV'
:[b1 b. ... bn]x[V:l Vo ... Vn]T (14)

Finally, according to the value of F, combined wiib principle of maximum membership degree, datezrine level
of final evaluation.

CASE CALCULATION AND RESULT ANALYSIS

Now, we turn to the state of surface water envirenhguality standard of China (GB3838-2002), théewguality
standards is shown in table 4 (because many pagaiists only part of the evaluation indicatorsatet to this case,
the data sampling table the same).

On this basis, supporting the factors of tableedthe evaluation factors in the factor set of tla¢ewsample, after the
relevant physical and chemical analyzing, each adgda statistics is obtained, as shown in tabkebording to the
water quality requirements of GB3838-2002, the watrlity evaluation results are recorded in thetie" column of
table 5.

In this case, according to the state of surfacematvironment quality standard of GB3838-2002 ityuatandard
requirements (China), the weight of the above iedeis same, that is to say, the factors have time s®lluting
affections to the water. So, the average distidibuinethod may be used in the case.

So, the WeightA is:
A={115 , 115 , .. , 11§ (15)

In the case mentioned above and table 5, the iluate of factors may express as the marix

Rilri 0o .. 0

R |1 0 .. 0

R.s 0 0 .. 1
- (16)

From the matridR , we can know that all the factors are meetingdibgree | excepting factor C15, the test result is
filled in the last column of table 5.

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

d Rates of pollution
Factors| Coders Items I i i [ N [V
1 Cl | PH 6-9
2 C2 Dissolved Oxygen(DQ) 7.5 6 5 3 2
3 C3 Permanganate Index 2 4 6 10 15
4 C4 | cox 15 15 20 30 40
5 C5 | BODX 3 3 4 6 10
6 C6 | NH3-N 0.15 0.5 1.0 15 2.0
7 C7 | TR 0.02 0.1 0.3 0.3 04
8 c8 | TN 0.2 0.5 1.0 15 2.0
9 C9 | Hg 0.00005| 0.0000§ 0.000L 0.001  0.0p1
10 C10 | Fecal Coliform/(a -y < | 500 2000 | 10000/ 2000p 40040
11 Cl1 | Cr(hexavaleny 0.01 0.05 0.05| 0.05 0.1
12 Cl12 | Pk 0.01 0.01 0.05| 0.05 0.1
13 C13 | Volatile Phenats 0.002 0.002 [ 0.005 0.01 0.1]
14 Cl4 | Sulfide 0.05 0.1 0.2 0.5 1.0
15 Cl5 | cd 0.001 0.005 [ 0.005 0.005 0.01
There, 1, 11, 11, IV, V means Excellent, good, niedh, poor, bad, respectively. It may be expressef, a, 3, 2, 1,

respectively for computing conveniently.



Juli Dengand Guorong Chen

J. Chem. Pharm. Res,, 2014, 6(5):1-11

The classic fuzzy evaluation results

According to the classic fuzzy evaluation methbe, évaluation process is computed as the followtags:

B=AXR
IEE ]
[ lra Ia I 2n
:§1 ?2 ?.mx ~ - -
[ml [ml [m'l
=[115 , 115 , .., 1/15
10 ..0
10 ..0
X
00 ..1
=ft4/15 , 0, 0, .., 119
F:?XVT
:[b1 b. .. bn]x[V:l V2 Vn]T
=[1415 , 0 0 , ., 1/15

x6 4,3, 2,1
= 4.6667=5

The result shows that the sample of water quaitsery good according to the classic fuzzy evatuathethod.

Table5 theindex statistics of the case

ns

Coders Items Statistics  Evaluatio
C1l PH 7.1 |
C2 Dissolved Oxygen(DQ) 6.8 [
C3 Permanganate Index 2 |
C4 COx 15 |
C5 BODX 3 |
C6 NH3-N 0.15 |
Cc7 TR 0.02 |
C8 TN 0.2 |
C9 Hos 0.00005 |
C10 | Fecal coliform/(a-H < 504 I
Cl1 Cr(hexavaleng 0.01 |
C12 Plx 0.01 [
C13 Volatile Phenots 0.002 |
C14 Sulfide 0.05 [
C15 Cek 5.2 \Y

The evaluation results based on improved fuzzyuatan method

The water had made some people getting strangas#iséut the evaluation result shows the water'tdmen
polluted according to the class fuzzy evaluatiorthwé, it is obviously different from the fact. Sbe class fuzzy
evaluation method arrives to a wrong result.

By the content of cadmium pollution in table 4 dalle 5, we can know that the sample water quiibeyond the
content of cadmium in "V" class 52 times. It is eggary to highlight the evaluation of water quafiygtors.
According to the conditions given in table 4, weghtias well give a coefficient matrix K, accorditagythe worst
assignment, cadmium was 520, and the others hdeaés to 1. So, the new results may be computttedsllows:
Step 1: to compute coefficient matrix K.
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Ku Ki .. Ku 1 0 ... O
Ka Ka ... Ko o 1 .. 0

Km Km ... Km 0 0 .. 520

Step 2: to compute the new rate matri’odiccording the average distribution method.

Al B B 3 a, :{1 1 1 1}
- | Da'D>a’'Da’ "D a| [ 5345345347 534

Step 3: to compute the new rate matrixof

A=AK
o 0
[ 0 Kk, 0
:§1 ?.2 ?.mx
10 0 .. k|
=[1/534 , 1/534 , .. , 1/534
1 0 .. 0]
:[ala2 an]xOl...O
|10 0 .. 520
=[1/534 , 1/534 , 1/534 , .. , 520/534
Step 4: to compute the new rate with the evaluagsults based on improved fuzzy evaluation method.
B=AxR
_rn M ... I’m_
s Ta ... [on
=lar az: ... amfX| "~ - -
[ml [ml [n‘n
1 0 .. 0
1 0
=[1534 , 1534 , .. , 520/534x
00 1
=[14/534 , 0 , 0 , .., 520/534

Step 5: to compute the pollution of the case.
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F=BxV’

=[o. b .. b]x[w v. .. W]
=[14/534 , 0 ,0 , .. 520/534
x6 4,3 ,2,1 ]
=1.1049

=1

That is to say that the evaluation result of treecsample is bad by using the improved fuzzy etialuanethod and
the result is fit for the fact of the case. Theleation result strongly suggests that the watereisded to be treated
immediately.

In fact, the China's drinking water hygiene staddatipulated in the cadmium content must not ex€e@05 mg/L.
From table 5, two kinds of computing results areldbtual situation of the sample water, to userntpeoved fuzzy
evaluation method may obtain a more sound evaluageults, and the result may direct us carry betRollution
Prevention more effectively.

CONCLUSION

In this paper, the classical fuzzy evaluation métlsoanalyzed; the results indicate that the atafssizy evaluation
method in the industrial wastewater pollution eaéibn has some limitations. On this basis, a noaploving fuzzy
evaluation method by fixed its weight coefficiefipollution evaluation factors is proposed for Hight focusing on
the method of those factors. The case study shieaighe improved fuzzy evaluation method for eviidueof the
results more accurate. The method is proposedive e need to focus on some factors affectingnthste water
pollution evaluation problem has certain practicdle.
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