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Application of fuzzy mathematical model in pollution evaluation of soil heavy metals

DUAN Zhibin, WANG Ji, XUAN Bin, CAI Xiongfei
(School of Geographic and Environmental Sciences, Guizhou Normal University, Guiyang 550025)

Abstract: Determining weights of heavy metal contamination is important in the soil environment quality
assessment. Used Zn, Cd, Pb, Cu, As and Hg in the pollution fac-
tors and applied the principle of minimum relative information entropy. This study employed

suburban vegetable soil of Huaxi district as
“the excessive
multiplier method” and “the double weight excessive weighting method” as a set of combined weight factors,
which was used to optimized fuzzy comprehensive evaluation model. Results showed that 31 sampling points in
the Class I and 13 sampling points in the Class Il . Compared with the traditional fuzzy comprehensive evaluation
model, the optimized fuzzy comprehensive evaluation model which integrates the heavy metals concentration and
toxicity level when calculated weight of pollution factors, and the evaluation results of optimized model are more
objective and reasonable. The space distribution of soil heavy metals pollution was analyzed by ArcGIS 9.3, the
calculated results showed that the research area soil clean ratio reached 83.87% and moderately clean ratio was
16.13%, soil pollution area not yet appeared
Key words: soil; heavy metals; fuzzy comprehensive evaluation model; GIS
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Figure 1 The location of the study area and the distribution of
sampling sites
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KEME (R SR HETFEEESE (1) fFaisH%E
e B A SER R REAT IBUE U e P S

IR R VPO AR AE R EAE AN 09 PR SRR f K S P T D 2 R 0 o
THIIREG WONGARE. BESHEIE 2. b,=RxA, B=maxip,b,, b, | (4)
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Table 1 The pH and heavy metals contents in samples from each sampling site mg-kg!

ﬁsﬁ pH Zn Cd Pb Cu As Hg ﬁsﬁ pH Zn Cd Pb Cu As Hg

S1 568 8743 0.09 62.13 5190 1l.66 023 S23 7.18 58.18 0.11 37.73 19.18 2.02 0.17

S2 554 11043 0.10 6493 64.00 11.66 025 S24 697 4042 0.09 4440 478 4.01 027

S3 554 56.02 0.18 47.17 5430 2.03 042 S25 7.02 5497 0.09 3536 1628 2.67 0.23

S4 690 7387 0.11 61.72 40.83 11.74 0.16 S26 7.88 9148 0.11 6621 2736 812 040

S5 6.90 7526 0.11 54.15 4424 227 044 S27 779 129.44  0.08 7099 4321 4.17 044

S6 723  83.76  0.07 57.84 4477 2.11 048 S28  6.83 9744 0.13 5863 6821 226 049

S7 567 7486 0.18 6458 5411 197 021 S29 673 6436 0.12 6847 4060 2.06 038

S8 797 187.53 0.09 85.03 7755 1.69 032 S30 5.64 100.00 0.04 6848 60.51 21.42 0.28

S9 6.13 106.02 0.06 67.61 41.55 234 0.03 S31 460 8037 0.02 4437 2030 3532 0.29
S10  5.10 14490 0.06 76.19 6446 536 045 S32 591 7932 0.05 8075 5567 214 0.28
S11 7.13  91.03 0.09 59.14 3576 11.26 0.36 S33 5.56 5852 0.08 7454 2392 353 037
S12 745 129.09 0.16 99.00 33.14 6.60 0.40 S34 458 5268 0.09 59.67 2591 30.83 046
S13 7.68 8120 0.16 6683 7.62 6.12 038 S35 477 5251 0.05 5538 3136 3.05 0.29
S14 534 117.63 0.07 7285 7541 341 0.03 S36 631 6054 0.07 61.12 4560 276 0.25
S15  6.66 14855 0.05 92.80 46.05 488 0.65 S37 648 80.11 0.07 68.09 3427 424 0.32
S16  7.30 101.64 0.17 7399 3999 239 050 S38 482 9443 0.02 4628 3159 727 045
S17 737 91.03 0.15 77.74 3158 244 049 S39  6.09 7255 0.09 5573 4468 11.62 0.20
S18  7.53 170.68 0.06 83.04 5329 623 0.77 S40  7.22 113.82 0.06 81.71 82.64 3.78 0.36
S19 567 8218 0.17 6795 3192 298 023 S41 728 9874 0.07 9830 6125 267 0.17
S20 490 57.64 022 5550 7.2 218 022 S42 705 6481 0.08 70.68 1348 21.86 0.26
S21 485 51.83 0.19 49.16 16.01 169 024 S43 7.10 69.16 0.08 5855 47.09 1490 0.23
S22 634 60.04 005 51.31 21.18 341 020 S44 673 6697 0.10 6142 4516 227 0.34

% 2 ITEIEREREREMREH
Table 2 The heavy metal soil environmental quality standards and toxicity level indexes mg-kg!

B [E5 1 Gbiite  HE s [R5 157 e S

Item National standard National standard of grade II National standard Toxicity level index

of grade [ pH<6.5  65<pH<7.5 pH>75 of grade III

Cu 35 50 100 100 400 4

Zn 100 200 250 300 500 6

Pb 35 250 300 350 500 4

Cd 0.2 0.3 0.3 0.6 1.0 2

Hg 0.15 0.3 0.5 1.0 1.5 1

As 15 40 30 25 40 3

2 GRE5SH

21 HERBERBESEIEMXRER
BT PIE SR 53R 2 IR B AR
#E, RAMEGE BB 25 & PR R0 AR XI5

b 338 R R 5 YA T S R AU TS S AR G R
FERFEAL . TR EROCRPE IR T RO

Bk, B 1 SRFE RS 1 5RFE L IEE
4 J& Zn.Cd.Pb.Cu.As fl Hg [ & &3 5N 87.43.
0.09. 62.13. 51.90. 11.66 f10.23 mg-kg”', Fida+
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B pH (K S5 R DA R EAAERAE, d@idfe 4,={0.1203,0.1169,0.1067,0.1443,0.1911,0.3207} .

GBI AP BT T 1 2 SRR A R R L [ aw) ) nk)]
{E, W EEE 5] | SRR SO 9 RAEFE R, . Zn1.0000 0.0000 0.0000
292 ﬁ%ii$1ﬁ¥2$%$ﬂi Cd 1.0000 0.0000 0.0000
AR (D B (), T 1 SRR AP R R =| Pb 08378 0.1262 0.0000
FAE “HBBRAE” AR EIRALE T Cu 0.0000 09946 0.0034
BUE, FHEMAR (3) | SRR A SERE T As1.0000°0.0000°0.0000
Hg 0.4539 0.5461 0.0000

MIZEEE (3R 3), R 1 5 R MR A BUEE - y

R 3 1 SRESTRIGERENNER
Table 3 Weight values for # 1 sampling site with different methods

FWHET - BEAE Wejgﬁt Ve‘llues ‘ ‘
Evaluation factor RS XU PR IRAL T LREREIE
Excessive multiplier method  Double weight excessive weighting method ~ Comprehensive weight method
Zn 0.1826 0.0714 0.1203
Cd 0.1024 0.1200 0.1169
Pb 0.1323 0.0775 0.1067
Cu 0.1788 0.1048 0.1443
As 0.2051 0.1603 0.1911
Hg 0.1988 0.4660 0.3207
x4 BRESEREERRMESITHISER
Table 4 Total membership of each sampling site and its fuzzy comprehensive evaluation results
¥ P EEY F PN &2
ﬁéS ! & HI Evali:t[io—rn iade ﬁS ! 1 i Evali:u)tli(:l g%ade
S1 0.6671 0.3321 0.0008 I S23 0.9778  0.0222  0.0000 I
S2 0.6112  0.3823  0.0065 I S24 0.8265  0.1735  0.0000 I
S3 0.3614  0.5886  0.0500 II S25 0.8875  0.1125  0.0000 |
S4 0.9686  0.0314  0.0000 I S26 0.8677  0.1323  0.0000 |
S5 0.5297  0.4703  0.0000 I S27 0.7958  0.2042  0.0000 I
S6 04317  0.5683  0.0000 II S28 0.4237  0.5763  0.0000 II
S7 0.6797  0.3184  0.0019 I S29 0.6608  0.3392  0.0000 I
S8 0.6913  0.3087  0.0000 I S30 0.4938  0.5020  0.0041 I
S9 0.8555  0.1445  0.0000 I S31 0.3074  0.6926  0.0000 I
S10 0.2900  0.6420  0.0680 1I S32 0.4156  0.5816  0.0028 II
S11 0.7336  0.2664  0.0000 I S33 0.4324  0.5344  0.0332 II
S12 0.6583  0.3417  0.0000 I S34 0.3554  0.5877  0.0569 I
S13 0.8699  0.1301 0.0000 I S35 0.5001  0.4999  0.0000 I
S14 0.6220  0.3559  0.0221 I S36 0.5871  0.4129  0.0000 I
S15 0.3508  0.5636  0.0856 1I S37 0.5080  0.4860  0.0060 [
S16 0.4739  0.5261 0.0000 1I S38 0.4127 05159  0.0714 I
S17 0.4783  0.5217  0.0000 1I S39 0.8059  0.1941 0.0000 |
S18 0.5092  0.4908  0.0000 I S40 0.5747  0.4253  0.0000 I
S19 0.7783  0.2217  0.0000 I S41 0.8580  0.1420  0.0000 I
S20 0.7505  0.2495  0.0000 I S42 0.7183  0.2817  0.0000 I
S21 0.7461 0.2539  0.0000 I S43 0.8965  0.1035  0.0000 |
S22 0.8479  0.1521 0.0000 I S44 0.7078  0.2922  0.0000 |
23 ZEIFNER ZaPCEREARNTE, HIPMSERmSEE N

BAA (D, B 1 SREESIEM SRS =R X4,=[0.6671,0.3321,0.0008], HKH 5 K F )& &
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Figure 2 Distribution map of optimized fuzzy comprehensive
evaluation
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Figure 3  Distribution map of potential ecological hazards
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Table 5 Total membership of # 1 sampling site on three models

J71%: Method [ II 1T

BB B S A PN AR R 0.6960 03031 0.0010

RBE BRI S AVPTETY 0.6310  0.3685  0.0006

HOHE RS E A PRI 0.6671 03321  0.0008
N

A

E#l (Legend)

£ FH A (Sampling point)
[ &% (Cleanliness)
I %% (Moderately cleanliness)
[ ]S (Pollution)

02255 9 135 18
km

B 4 EBAREBRMESITNSH
Figure 4 Distribution map of excessive multiplier fuzzy com-
prehensive evaluation
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