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Assessment Model for Heavy Metal Pollution in Sediment Based on Trapezoidal

Fuzzy Numbers and Case Study

LI Fei'?, HUANG Jin-hui'?, ZENG Guang-ming'”, TANG Xiao-jiao'>, BAI Bing'*, CAI Qing'”*,ZHU Hui-
na'?, LIANG Jie'?

(1. College of Environmental Science and Engineering, Hunan University, Changsha 410082, China; 2. Key Laboratory of
Environmental Biology and Pollution Control ( Hunan University) , Ministry of Education, Changsha 410082, China)

Abstract: Due to the practical shortcomings of the classical deterministic pollution assessment model, the theory of trapezoidal fuzzy
numbers was introduced to the environmental assessment system. A fuzzy risk assessment model was built based on the geo-
accumulation index and biotoxicity coefficients of heavy metals. Using the fuzzy pollution risk assessment model, the risk of heavy metal
pollution was evaluated for the surface sediment of Dongting Lake. The results showed that the pollution risk in a descending order was
Hg > Cd >Pb > Cu > Cr >Zn > As, with Hg,Cd and Pb being the priority pollutants in Dongting Lake. Both the intervals of possible
values for the geoaccumulation indexes of heavy metals and their credible levels were calculated using this model. Compared with the
results of the deterministic assessment model, the fuzzy pollution risk assessment model gave a better characetriztaion of the actual
pollution status and spatial distribution difference of the heavy metals in the sediment of the studied region which is more objective and
comprehensive.

Key words: Dongting Lake ; sediment; heavy metal; trapezoidal fuzzy numbers; pollution risk assessment
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Table 1 ~ Geoaccumulation indexes and pollution levels of heavy metals
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Fig. 1  Location of the studied area and sampling sites
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Table 2 Total contents of heavy metals in the surface sediment of Dongting Lake

R LT/ mg-kg ™!

G Cr Cu Zn Pb Cd Hg As
Sl 82. 700 63. 800 114. 000 25. 698 0.329 0. 065 15. 400
2 83. 000 37. 800 143. 000 12.780 4. 050 0.433 12. 902
S3 98. 000 35.702 124. 000 9. 890 2.909 0. 150 16. 230
4 89. 600 35.798 132. 000 13.900 2.490 0. 140 19. 100
S5 87. 110 63. 400 329. 000 180. 000 12. 500 0. 144 104. 900
S6 87. 400 41.200 282. 000 66. 099 4.360 0. 461 28. 700
S7 110. 000 45.500 219. 000 41. 600 7.800 0.178 28. 600
S8 67. 130 29. 000 110. 000 70. 800 1. 630 0. 046 21. 600
S9 69. 600 42.099 180. 000 65. 900 6.410 0.072 32. 800
S10 98. 900 63. 300 292. 000 125. 000 12. 100 0.136 60. 799
S11 104. 000 79. 000 194. 000 85. 000 0. 889 0.048 8. 100
S12 82. 000 33.200 104. 000 35.200 0. 389 0.016 7. 440
S13 65. 500 21.380 133. 000 18. 400 0. 586 0. 120 6.670
YN 110. 000 79. 000 329. 000 180. 000 12. 500 0. 460 104. 900
/MA 65. 500 21.380 104. 000 9. 890 0.330 0. 020 6.670
TH41E 86. 534 45.475 181.230 57.713 4.342 0. 155 27.942
Frife 2 13.857 16.781 76. 864 50. 081 27.942 0. 139 27.283
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¢, = (21.380,37.085,53.866,79.000) mg -+ kg™’
¢p = (9.890,65.900,85.000,180.000) mg - kg™
¢ey = (0.329,0.586,4.360,12.500) mg - kg™
¢y, = (0.016,0.120,0.178,0.461) mg - kg™
¢, = (6.670,12.900,21. 600,104.900) mg - kg™
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Table 3 Concentration data of heavy metals in the surface sediment of Dongting Lake treated by a-cut set/mg-kg~

1

HEJE Cr Cu Zn

Pb Cd Hg As

B [78.20,95.12] [35.51,56.38] [122.00,161.60]

[60.30,94.50] [0.56,5.17]  [0.04,0.05]  [12.28,29.93]
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Table 4

Interval of geochemical background values of heavy metals in the sediment of Dongting Lake

EEJFEILER Cr Cu Zn

Pb Cd Hg As

B,/mg-kg™"  [39.60,48.407 [18.18,22.22]

[74.97,91.63] [20.97,25.63]

[0.297,0.363] [0.042,0.052] [11.61,14.19]
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Table 5 Interval of geo-accumulation indexes of heavy metals in the surface sediment from Dongting Lake

EEE Cr Cu Zn

Pb Cd Hg As

B [0.11,0.68] [0.09,1.05] [-0.17,0.52]

[0.65,1.59]

[0.04,3.54] [0.50,1.70] [-0.79,0.78]
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Table 6  Credibility of the pollution level classification of each heavy metal

oy ik R Bt 5 T Jid FL G R JEEG Y
0 1 2 3 4 5 6

Cr 0 1 0 0 0 0 0

Cu 0 0.950 0. 050 0 0 0 0

Zn 0.247 0.753 0 0 0 0 0

Ph 0 0.374 0. 626 0 0 0 0

Cd 0 0.274 0.286 0. 286 0.154 0 0

Hg 0 0.417 0.583 0 0 0 0

As 0. 504 0. 496 0 0 0 0 0
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Table 7 Evaluation conclusions and rankings of the pollution levels of heay metals in the surface sediment of Dongting Lake

wEE Cr Cu Zn Pb Cd Hg As
g 2/1 % 5/1 %% 1/1 % 10/2 %% 60/3 2% 80/4 2% 0/1 %
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Table 8 Evaluation results of the pollution levels of heay metals in the surface sediment of Dongting Lake by different assessment methods

EEJE Cr Cu 7Zn

Pb Cd Hg As

2k 1/1/0.29 1/1/0. 45 1/1/0.72

2/1/0. 19 3/4/14.47 4/2/0. 31 1/1/1. 11
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