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Comprehensive Risk Assessment of Soil Heavy Metals Based on Monte Carlo

Simulation and Case Study

YANG Yang'”, DAI Dan®, CAI Yi-min'?>, CHEN Wei-ping'*, HOU Yu*, YANG Feng

(1. Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China; 3. Chinese Research Academy of Environmental Sciences, Beijing 100012, China;
4. College of Tourism and Environment, Shaanxi Normal University, Xi’an 710062, China)

Abstract: Based on the stochastic theory, the Monte Carlo simulation was introduced in ecological risk assessment and health risk
assessment. Together with the multi-statistical technique, the proposed models were used for risk analysis in the Bin-Chang Coal
Chemical industry park. The results showed that high levels of Cd, Co, and Cr were found in the area with long time mining. The
comprehensive single index and comprehensive risk index showed that the ecological risk of soil metals fell into the poor level, with
probabilities of 53.2% and 55. 6% , respectively. The health risk caused by hand to mouth ingestion was significantly greater than that
by dermal exposure, and Cr was of prime concern for pollution control. Children were taking a major health risk. Their non-cancer
risks were maintained at a high level, and 5. 0-fold higher than adults under hand to mouth ingestion, and 8. 2-fold higher than adults
under dermal exposure. The cancer risk for children under these two exposure ways were both above the safety standard suggested by
USEPA.
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Fig. 1 Research area and distribution of sampling stations
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Table 1 ~ Exposure parameters for the health risk assessment models
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Table 2 Pollution level of heavy metals in soil in the Bin-Chang coal chemical industry park
4 o7 Bt /me-kg
. . P EL ZZ R oK 2
Tol o e A SRR BRRR% WATRE BRAT  RE
(brifE2) (FrifE2E)
Cd 0.04 0.49 0.20(0.10) 0.17(0.11) 0.1 50.29 1.96 1.67 0.566
Co 9.01 29.79 20.06(5.32) 19.32(5.84) 10.6 28.59 1.89 1.52 0.101
Cr 43.83 154. 81 94.65(24.28) 91.52(24.11) 62.5 25.66 1.51 1.23 0.039
Cu 14.96 41.43 24.81(5.24) 24.29(5.20) 21.4 21.10 1.16 0.93 0.093
Mn 492.76 965.98 733.68(96.28)  727.44(96.48) 557 13.12 1.32 1.06 /
Ni 15.09 61.13 38.26(11.93) 36.24(12.10) 28.8 31.17 1.33 1.08 0. 100
Pb 7.66 60.38 31.54(9.48) 30.02(9.60) 21.4 30.05 1.47 1.18 0. 100
\ 60.71 92.43 78.18(6.45) 77.91(6.46) 66.9 8.25 1.17 0.93 /
Zn 27.93 55.85 42.52(6.24) 42.04(6.26) 69.4 14.68 0.61 0.49 /
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Fig. 2 Spatial distribution of Cd, Cr, and Co in soils in the study area
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Fig. 3 Cluster analysis for the soil heavy metals in the study area
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Fig. 4 Distribution of ecological risks of soil heavy metals based on Monte Carlo simulation
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Table 3 Health risks of people with different gender and ages
F-MEA )43
s BB 5 i@ 5 &
B JLE 1IN JLE LN JLE A JL#E
Cu 9.7E-04 5.0E-03 1.1E-03 5.4E-03 6.8E-06 7.0E-05 7.0E-06 2.0E-05
Mn 2.5E-02 1.3E-01 2.8E-02 1.4E-01 2.9E-05 3.0E-04 3.0E-05 8.7E-05
Ak B0 KU T Pb 1.4E-02 7.3E-02 1.6E-02 7.9E-02 6.6E-07 6.8E-06 6.7E-07 2.0E-06
\' 1.7E-02 9.1E-02 1.9E-02 9.8E-02 4.1E-04 4.2E-03 4.2E-04 1.2E-03
Zn 2.2E-04 1.2E-03 2.5E-04 1.2E-03 1.6E-06 1.6E-05 1.6E-06 4.7E-06
Cd 8.0E-07 8.3E-07 8.9E-07 9.0E-07 9.4E-09 1.9E-08 9.6E-09 5.6E-09
Co 1.3E-06 1.4E-06 1.5E-06 1.5E-06 1.6E-07 3.2E-07 1.6E-07 9.2E-07
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Fig. 5 Distribution of health risk index in adults and children based on Monte Carlo simulation
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