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Evaluation of soil heavy metal pollution of geological anomaly area based on improved fuzzy comprehensive
evaluation method——A case study of Guannan in Jiangsu Province, China

ZHANG Jin-ting, XIE Gui-de, SUN Hua"

(Resource Environment & Urban-rural Planning Management, Nanjing Agriculture University, Nanjing 210095, China)

Abstract: In this paper, the agricultural production area of Guannan County in Jiangsu Province was taken as the research area. Analytic hi—
erarchy process and entropy law method were used to improve the traditional fuzzy comprehensive evaluation method. The improved method
was applied to the comprehensive evaluation of heavy metals in soil of this region. Results showed that there was no serious pollution in the
collected 30 samples and the pollution level of these samples was between Class I and Class II . There had nine sample points at the level
I and the other sampling points were closed to level I . Results of comprehensive evaluation values of each sample fluctuated significantly.
Observing and analyzing the position distribution of these nine samples indicated that these samples were distributed in the vicinity of both
sides of the highway. Comparative analysis found that the Cd content of these nine samples was higher than other samples with a possible
contribution from traffic based human activities which made the exogenous heavy metals into the soil. Anthropogenic sources such as traffic
further increased concentrations of heavy metals in this geological anomaly area as indicated by pollution assessment in this study.
Keywords : geological anomaly area; heavy metals; combined weights; fuzzy comprehensive evaluation method
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Table 1 Comparison of the content of
heavy metal in the soil(mg-kg™)

BRI ATl

ERTR

s
e Average value of Average value of Background value
Heavy metal . .
study area province of province
Cr 93.01 76 77.8
Pb 31.89 26.8 26.2
Cd 0.26 0.151 0.126
As 17.89 9.4 10
Hg 0.03 0.082 0.289

Vs 2 U T 2005 AR TTHR A -+ MRk AL 2 2 R 4
AT AR F P R TR T R H) (1990)

Note: The province’s average value is derived from the land and the
geochemical survey data of Jiangsu Province in 2005; The background value
of the province comes from the background value of soil elements in China
(1990).
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Figure 1 Distribution of sampling points
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Table 2 Grading standard of heavy metals in the soil

oy I (5 5AH) I (0 A= it = M PR BT i PR A ) 2% (GB 15618—1995 rh — 2 priifk )
Heavimetal Grade I (Background value)/ Grade II (Environmental quality evaluation standards for Grade Il (The standard of level two
y mg-kg™ farmland of edible agricultural products )/mg-kg™ in GB 15618—1995)/mg-kg™

#h(Cd) 0.126 0.4 0.6

& (Hg) 0.289 0.35 1

fif (As) 10 20 25

5 (Pb) 26.2 50 350

#%(Cr) 77.8 250 350

AR S pH E ¥4k 7.52~8.55 Z (1], 3% ] pH>7.5 XL (1) 452K T 4 SR AR

Note . pH values of sample points are between 7.52 to 8.55, selection of various types of heavy metal standard that pH>7.5.
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Table 3 Traditional modified fuzzy comprehensive evaluation

results
P I %% % 2% T EE R
Number  Level 1 Level II Level I Evaluation result
1 0.541 8 0.458 2 0.0000 1.4170 i I 2%
2 0.569 7 0.430 3 0.0000 1.3633 fwln I 2%
3 0.471 4 0.528 6 0.0000 15569  fwla 02%
4 05331 0.466 9 0.0000 1.4341 fwia I 2%
5 0.658 8 0.341 2 0.0000 12115 e I 4%
6 0.545 6 0.454 4 0.0000 1.4096 i I 2%
7 0.536 2 0.463 8 0.0000 1.4280 w1 2%
8 0.464 4 0.535 6 0.0000 15708 A 4%
9 04211 0.578 9 0.0000 1.6540 A 2%
10 0.264 7 0.735 3 0.0000 1.8852 A 4%
11 0.551 8 0.448 2 0.0000 13975 MR I %%
12 03951 0.604 9 0.0000 17009 ) I 9%
13 04821 0.517 9 0.0000 15358 I 4%
14 0.476 8 0.523 2 0.0000 15464 i 4%
15 03271 0.672 9 0.0000 1.8089 il Il %
16 0.347 5 0.652 5 0.0000 17790 MR II9%
17 0.461 7 0.538 3 0.0000 15761 MR II9%
18 0.410 7 0.589 3 0.0000 1.6731 fwla 04%
19 0.342 3 0.657 7 0.0000 1.7868 I 1 4%
20 0.483 7 0.516 3 0.0000 15325 {14
21 0.348 3 0.651 7 0.0000 17778 w14
22 0.452 8 0.547 2 0.0000 15936 i 02
23 0.551 3 0.448 7 0.0000 13985 I I 2%
24 0.670 7 0.329 3 0.0000 1.1943  fwi I 2%
25 0.465 3 0.534 7 0.0000 15690 A 2%
26 0.469 2 0.530 8 0.0000 15613 A 4%
27 0.597 3 0.402 7 0.0000 13124 i I %%
28 05321 0.467 9 00000 1.4361 i I 2%
29 0.410 4 0.589 6 0.0000 1.6737  fwla 2%
30 0.495 4 0.504 6 0.0000 15092 il I4%
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Table 4 The scale values of evaluation index

J¥5 Number Cr Pb Cd As Hg
1 0.460 3 0.225 2 0.586 1 0.954 5 0.047 6
2 0.4515 0.209 8 0.612 8 0.921 8 0.043 9
3 05311 0.247 8 0.799 3 0.910 9 0.049 4
4 04063 02189 06394 09545 0.0513
5 03125 01577 04796 0.8836 0.0494
6 0.491 3 0.235 8 0.692 7 0.894 5 0.058 6
7 05311 0.225 2 0.612 8 0.938 2 0.049 4
8 05356 02618 08259 08891 0.0458
9 05046 02569 08792 09218 00421
10 0.4515 0.243 5 1.065 7 1.009 1 0.049 4
11 0.397 9 0.225 2 0.666 1 09164 00421
12 0.430 7 0.237 9 0.799 3 1.0255 0.043 9
13 04090 02168 06927 09873 0.0403
14 03908 02091 06394 10200 0.0494
15 0.399 7 02224 08792 1.069 1 0.045 8
16 0.389 1 0.229 5 0.799 3 1.0855 0.051 3
17 0.393 9 0.2119 0.692 7 1.014 5 0.049 4
18 03930 02154 07460 1.0473 0.0549
19 03961 02182 09325 1.0200 0.0494
20 03864 02048 06128 10255 0.0586
21 0.408 1 0.2274  0.799 3 1.0855 0.049 4
22 0.403 2 0.226 0 0.825 9 0.938 2 0.069 6
23 0.325 3 0.226 0 0.506 2 0.970 9 0.047 6
24 0.339 5 0.212 6 0.373 0 0.889 1 0.053 1
25 04068 02224 08259 09382 0.0641
26 0.3421 0.216 1 0.426 3 1.069 1 0.056 7
27 0.308 9 0.213 3 0.261 1 0.960 0 0.106 2
28 0.310 3 0.199 2 0.319 7 1.014 5 0.058 6
29 04559 02745 09059 09109 0.0513
30 03873 02428 05861 10036 0.060 4
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Table 5 Mutual comparison judgment matrix

Cr Pb Cd As Hg
Cr 1 de:/dmy do/deg dor/das dor/dig
Pb ep/der 1 ey /e e /O de /Ay
Cd deg/der ea/dep 1 Aeg/das ea/dig
As Oas/der s /Dy s/ 1 Qs /g
Hg O /der Qg /0y g /Ay g /0 1
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Table 6 Average random consistency index

n( B4 Order) 1 2 3 4

5 6 7 8 9 10 11

RI 0 0 0.58 0.9

112 1.24 1.32 141 1.45 1.49 151
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Table 7 Weighting coefficient by the analytic hierarchy process

J¥5 Number W Wy W W g Wiy
1 0.2024 0.099 1 0.257 8 0.419 8 0.020 9
2 0.201 6 0.093 7 0.273 6 04116 0.019 6
3 02092 0.0976 03149 03588 0.0195
4 0.179 0 0.0964 02816 04204 0.0226
5 0.166 0 0.083 7 0.254 7 0.469 3 0.026 2
6 0.2070 0.0994 02919 03770 0.0247
7 02254 0.0956 02600 03981 0.0210
8 02094 01024 03229 0.347 5 0.017 9
9 0.193 7 0.098 6 0.337 6 0.353 9 0.016 2
10 0.160 1 0.086 4 03780 0.357 9 0.017 5
11 0.177 0 0.100 2 0.296 3 0.407 7 0.018 7
12 01697 0.0938 03150 04042 0.0173
13 0.174 3 0.0924 0.2953 0.420 8 0.017 2
14 0.169 3 0.090 6 0.277 0 0.441 8 0.021 4
15 0.1528 0.0850 03361 04086 0.0175
16 0.1523 0.0898 03129 04249 0.0201
17 01667 0.0897 02932 04294 0.0209
18 0.160 0 0.087 7 0.303 7 0.426 3 0.022 3
19 0.1514 00834 0354 03899 0.018 9
20 0.168 9 0.089 5 0.267 8 0.448 2 0.025 6
21 0.158 8 0.088 5 03111 04224 0.019 2
22 01637 0.0917 0334 03809 0.0282
23 0.156 7 0.108 8 0.243 8 0.467 7 0.022 9
24 0.181 8 0.113 8 0.199 8 0.476 2 0.028 4
25 0.165 5 0.090 5 0.336 1 0.381 8 0.026 1
26 0.162 1 0.1024 0.2020 0.506 6 0.026 9
27 0.167 0 0.115 3 0.141 2 05191 0.057 4
28 0.1631 01047 01681 05333 0.0308
29 0.1754 0.1056 0.348 6 0.350 6 0.0197
30 0.169 8 0.106 5 0.257 0 0.440 1 0.026 5

QX JF AR AR X AT AR A A B 5 3E A7)0 — 1k
pijzxij/ixij (8)

Z R RV py=0 B In(py) WA = X, 7
o) Pij ATIEIE

Pi'=p;+1 (9)
A TR AR IR E AN E -

ej:(-ipu’ln pi’ )Inm (10)
w;=(1-¢,)/(n- iej) (11)
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Table 8 The weight coefficients by combination weighting method Table 10 The modified fuzzy comprehensive evaluation results
J¥%5 Number ~ Wq Wy W Was Wiy 5 I I 2% 1|23 B ﬂzmzﬁ%
1 02346 01129 02264 03707 00555 Number Level I  Level I Level I Evaluation result
2 02342 01102 02343 03666 00549 1 0511 04188 00000 13419  fily [ %
3 02380 01121 02549 03402 0.054 8 2 06086 03914 00000 12026  fhili) [ %
4 02229 01115 02383 03710 0.056 4 3 0.5095 04905 00000 14810  filt) [ %
5 02164 01052 02248 03954 00582 4 05815 04184 00000 13411 il %%
6 0239 01130 02434 03493 0057 4 5 07104 02895 00000 11424  fiiliy 1%
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Table 9 Weight coefficient comparison table by three methods

iH Item Cr Pb Cd As Hg
JZ2IR 44T Analytic hierarchy process 0.175 3 0.096 1 0.285 7 0.419 8 0.0231
J# AL Entropy weight method 0.266 8 0.126 6 0.194 9 03215 0.090 1

205 A #: Combined weight method 02211 0.1113 0.240 3 0.370 7 0.056 6
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