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Abstract With the rapid development of scale swine—farms in China, the swine waste which is brought by intensive hoggery is disposed in
farmland soils around swine farm region. Due to plentiful heavy metals in swine wastewater, heavy metals can be accumulated in soils if long—
term and large quantity swine wastewater is applied. The assessment of heavy metal pollution is an important issue in the research of heavy
metal pollution in soil. According to the graduated feature and fuzzy feature in the degree of soil heavy metals’ pollution, the fuzzy compre—
hensive assessment model was used to assess the heavy metals Zn, Cu, Pb, Cr, and As pollution in soils. 36 soil samples in the plough hori—
zon 0~20 cm  of irrigation farmland which had been applied swine wastewater of Jing’an swine—farm 8 years were collected using GPS
technology in An’ping County, Hebei Province, and the fuzzy comprehensive assessment model was used to evaluate the heavy metals pollu—
tion in soils. The results indicated that most of the samples’ soil environmental quality were belonged to cleanliness grade one , while two soil
samples were on the level of slight pollution grade three and presented the pollution tendency. After 8 years swine wastewater application,
attention should be paid to the pollution risks of heavy metal in the soil.
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Table 3 Heavy metal contents in soil mg-kg™ Table 5 Weighing of every assessment factor
7n Cu Ph Cr As in each sampling position

1 92.71 31.21 5.21 21.02 12.89 Zn Cu Pb Cr As
2 82.04 22.61 6.33 19.4 10.86 1 0.281 0.196 0.027 0.098 0.398
3 120.72 31.38 5.32 24.76 9.77 2 0.293 0.167 0.038 0.106 0.395
4 97.61 26.56 5.24 24.57 10.44 3 0.364 0.196 0.027 0.114 0.299
5 78.24 24.76 3.88 23.49 9.77 4 0.32 0.18 0.029 0.123 0.348
6 93.5 22.75 53 21.59 943 5 0.288 0.189 0.024 0.133 0.366
7 7791 19.41 0 19.14 8.43 6 0.335 0.169 0.032 0.119 0.344
8 72.87 21.88 9.8 20.73 9.03 7 0.334 0.172 0 0.126 0.367
9 117 23.23 3.5 30.17 9.22 8 0.282 0.175 0.064 0.123 0.355
10 90.79 22.94 4.55 19.99 9.28 9 0.376 0.155 0.019 0.149 0.301
11 77.3 21.64 1.1 22.33 10.13 10 0.335 0.175 0.029 0.113 0.348
12 132.31 23.07 7 26.57 10.21 11 0.296 0.172 0.007 0.131 0.394
13 135.69 2591 0 21.58 10.07 12 0.393 0.142 0.035 0.121 0.308
14 97.97 27.4 0 28.18 10.85 13 0.418 0.165 0 0.102 0.315
15 98.59 27.85 3.95 22.57 10.5 14 0.318 0.184 0 0.14 0.358
16 215.64 53.33 0.7 28.3 11.6 15 0.324 0.19 0.022 0.114 0.351
17 168.97 38.05 33.35 24.79 10.91 16 0.441 0.226 0.002 0.089 0.241
18 129.76 23.84 11.5 24.48 8.99 17 0.373 0.174 0.125 0.084 0.245
19 101.94 38.05 0 30.13 8.22 18 0.396 0.151 0.06 0.115 0.279
20 243.45 56.07 14.98 36.98 10.33 19 0.328 0.254 0 0.149 0.269
21 154.76 34.57 0 23.04 8.64 20 0.445 0.212 0.047 0.104 0.192
22 111.84 30.7 2.93 30.48 10.62 21 0.443 0.205 0 0.101 0.251
23 90.38 34.51 74 29.98 11.97 22 0.334 0.19 0.015 0.139 0.322
24 81.41 23.33 6.28 22.02 10.34 23 0.264 0.209 0.037 0.134 0.356
25 81.41 29.68 7.15 36.39 11.03 24 0.291 0.173 0.038 0.121 0.376
26 91.85 22.6 6.38 23.18 9.85 25 0.252 0.19 0.038 0.173 0.347
27 77.37 49.04 7 36.95 11.58 26 0.322 0.164 0.038 0.125 0.351
28 138.83 41.76 8.03 42.39 13.43 27 0.212 0.278 0.033 0.155 0.323

29 112.04 31.95 8.13 44.61 12.78 28 0.315 0.196 0.031 0.147 0.31
30 104.87 30.73 7.05 475 10.28 29 0.287 0.17 0.035 0.175 0.333
31 116.52 35.34 8 36.92 11.24 30 0.293 0.178 0.033 0.203 0.292
32 88.37 33.99 7.75 45.85 11.71 31 0.311 0.196 0.036 0.151 0.306
33 93.88 23.69 7.03 29.58 10.34 32 0.244 0.195 0.036 0.194 0.329
34 76.62 66.9 8.48 45.52 11.5 33 0.307 0.161 0.039 0.149 0.344
35 148.96 44.27 7.95 37.1 12.05 34 0.184 0.333 0.035 0.168 0.281
36 112.17 76.68 9.38 46.03 13.45 35 0.344 0.212 0.031 0.131 0.283
36 0.227 0.321 0.032 0.143 0.277

4 mg-kg™!
Table 4 Classification standards of soil environmental
quality mg-kg™ 6
o

Zn 83.68 11675 240 560 800 3
Cu 2837 40.63 120 280 400 30

Pd 2335 36.09 150 350 500 17.28.35 36

Cr 74.88 99.54 150 350 500 16 20

As 10 17 30 50 70 8a
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Table 6 Results of fuzzy comprehensive evaluation 30
4
1 0.713 0.287 0 0 0 2
2 0.95 0.049 0 0 0
3 0.588 0.401 0.012 0 0 o
4 0.843 0.157 0 0 0
5 1 0 0 0 0
6 0. 0.1 0 0 0
0 [1] Mireles A, Sols C, Andrade E, et al. Heavy metal accumulation in plants

7 0.999 0 0 0 0 R . . .

and soil irrigated with wastewater from mexico city[J]. Nuclear Instru—
8 0.999 0 0 0 0 . .

ments and Methods in Physics Research,2004,219-220 6 187-190.
9 0.376 0.155 0.019 0.149 0.301 2]
10 0.928 0.072 0 0 0 7. ,2006,38 4 483-488.
11 0.993 0.007 0 0 0 HUANG Shun-sheng, LIAO Qi-lin, WU Xin-min, et al. Survey and as—
12 0.597 0.353 0.05 0 0 sessment of heavy metal pollution of cropland soil in Yangzhou Area
13 0.579 0.357 0.064 0 0 Jiangsu Province[J]. Soil, 2006, 38 4 483-488.
14 0.819 0.181 0 0 0 [3] Turkdogan M K, Kilicel Karak K, Tuncer L, et al. Heavy metals in soil,
15 0.83 0.171 0 0 0 vegetables and fruits in the endemic upper gastrointestinal cancer region
16 0.277 0.332 0.39 0 0 of Turkey[J]]. Environmental Toxicology and Pharmacology, 2002 13
17 0.361 0.482 0.158 0 0 175-179.
18 0.605 0.354 0.042 0 0 [4] Alam M G M, Snow E T, Tanaka A. Arsenic and heavy metal contamina—
19 0.618 0.382 0 0 0 tion of vegetables grown in Samta village, Bangladesh[]]. The Science of
20 0.334 0.18 0.481 0.005 0 the Total Environment, 2003, 308 83-96.
21 0453 041 0.136 0 0 151 ; ;
2 0651 0349 0 0 0 — LI - 2007, 27
23 0742 0258 0 0 0 3 395-400.
2 0.981 0.018 0 0 0 ZHONG Xiao—lan, ZHOU Sheng-lu, ZHAO Qi-guo. Spatial character—
25 0.929 0.071 0 0 0 istics and potential ecological risk of soil heavy metals contamination
2% 0.92 0.08 0 0 0 in the Yangtze River Delta a case study of Taicang City[J]. Jiang—

su Province, Scientia Geographica Sinica, 2007, 27 3 395-400.
27 0.65 0.322 0.029 0 0 6
28 0.336  0.604  0.059 0 0 1l ’ ’ ’

[J]- ,2005,25 1 108-112.

29 0.572 0.428 0 0 0

GUO Ping, XIE Zhong-lei, LI Jun, et al. Specificity of heavy metal pol -
30 0.765 0.234 0 0 0

lution and the ecological hazard in urban soils of Changchun City|[J].
3 0525 0475 0 0 0 Scientia Geographica Sinica, 2005,25 1 108-112.
32 0.794 0.204 0 0 0 |7] Loska K, Wiechula D, Korus 1. Metal contamination of farming soils af—
33 0.889 0.111 0 0 0 fected by industry|J].Environment International, 2004, 30 159-165.
34 0.608 0.283 0.11 0 0 8]
35 0.362 0.539 0.1 0 0 1. L2007, 14
36 0.347 0.508 0.146 0 0

8 13-17.
PENG Jing, LI Ze—qin, HOU Jia—yu. Application of the index of geo—ac—
cumulation index and ecological risk index to assess heavy metal pollu—
tion in soils|J]. Guangdong Trace Elements Science,2007,14 8 13-17.
9] , ) . [J]-
,2006,17 4 543-548.
LI Hui-ling, WANG Xiu—gui, CUI Yuan-lai, et al. Comprehensive e—
valuation methods for irrigation district[J]. Advances Water Science,
2006, 17 4 543-548.
[10] , , )
[J]. ,2005,27 4 308-



28 3

507

310.
XU Wei-guo, ZHOU Qi, TIAN Wei-li, et al. Study on modification and
application of grey relation analysis model in evaluation of atmospheric
environmental quality[J]. Environment Pollution & Control,2005, 27 4
308-310.

[11] }

[J]- ,2001,27 1 34-36.

MENG Xian-lin, GUO Wei. The appilication of reformed AHP in the
assessment of heavy metal pollution[J]. Environmental Protection Sci—
ence,2001,27 1 34-36.

[12] . , ;

[J]- ,2007,37 8 1090-1094.

HUANG Ju-wen, LI Guang—ming, WANG Hua, et al. Analytic hierar—
chy process—based evaluation of recycling solid waste in Shanghai[J].
Journal of Tongji University Natural Science , 2007, 37 8 1090-
1094.

me . 1l

,2001,38 2 176-183.

WANG Jian—guo, YANG Lin-zhang, SHAN Yan-hong, et al, Applica—
tion of fuzzy mathematics to oil quality evaluation|]J]. Acta Pedologica
Sinica,2001,38 2 176-183.

[14] s R , .

[J]- ,2004,30 3 53-57.
ZHU Qing, ZHOU Sheng —lu, SUN Zhao —jin, et al. Application and
comparison of two fuzzy mathematical models used in the evaluation of
soil heavy metals” comprehensive pollution[J]. Environmental Protec —
tion Science, 2004,30 3 53-57.

[15] , )

[J]. ,2005,25 4 552-556.

70U Zhi-hong, SUN Jing—nan, REN Guang—ping. Study and applica—
tion on the entropy method for determination of weight of evaluating in—
dicators in fuzzy synthetic evaluation for water quality assessment|]].
Journal of Environmental Sciences,2005,25 4 552-556.

[16] ) , ,

[J]. ,2006,37 2 334-336.

SHI Xiao—cui, QIAN Yi, XIONG Jian—xin, et al. Application of fuzzy

mathematics models in the evaluation of soil heavy metal pollution[]].
Chinese Journal of Soil Science,2006,37 2 334-336.
[17] . ) ;
[J]- ,2007,38 1 101-105.
DOU Lei, ZHOU Yong—zhang, WANG Xu-ri, et al. Improvement and
application of a fuzzy mathematical model for assessment of heavy
metal pollution in soil[J]. Chinese Journal of Soil Science, 2007, 38
1 101-105.

[18] Wang H Y. Assessment and prediction of overall environmental quality
of Zhuzhou City, Hunan Province, ChinalJ]. Journal of Environmental
Management, 2002 66 329-340.

[19] Sheng Q, LU Y T, Wang M N, et al. Status and fuzzy comprehensive
assessment of combined heavy metal and organochlorini pesticide
pollution in the Taihu Lake region of ChinalJ]. Journal of Environment
Management, 2005 76 355-362.

[20] Onkal—engin G, Demir I, Hiz H. Assessment of urban air quality using
fuzzy synthetic evaluation|[]J]. Atmospheric Environment, 2004 38
3809-3815.

ey L 1l

,2007,26 4 1402-1405.
YUE Zi—ming, LI Xiao—xiu, GAO Xiao—jing. Fuzzy comprehensive as—
sessment on soil environment of Tongzhou in Beijing|J]. Journal of A -
gro—Environment Science, 2007,26 4 1402-1405.
[22] s N s Matlab-FIS

[J]- ,2007,30 10
1245-1249.
YANG Xi-fei, ZHOU Tao—fa, ZHANG Xin, et al. Fuzzy comprehensive
assessment of heavy metals in soil based on MATLAB-FIS[J]. Journal
of Hefei University of Technology Natural Science , 2007, 30 10
1245-1249.

[J]- ,2004,13 4 691-693.
GAO Huai-you, LIU Feng—zhi, ZHAO Yu-jie. The status and related
countermeasures research of the environmental standards for the agri -

cultural producing areas in ChinalJ]. Ecology and Environment, 2004,
13 4 691-693.



