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Reducing uncertainty in ecological risk assessment for heavy metal contamination based on Monte
Carlo—Hakanson model

XIONG Hong—bin, CHEN Shen—jian

(School of Resources and Environmental Engineering , Hefei University of Technology , Hefei 230009, China)

Abstract: A new analysis model is required to reduce the uncertainty in ecological risk assessment of heavy metals in soil. Based on the
content data of heavy metals such as Cr, As, Pb, Cu, and Zn in the soil of the lead storage battery site after relocation, Monte Carlo
simulation was introduced into the Hakanson ecological hazard index method to develop Monte Carlo — Hakanson model. The model
primarily samples the random variable of heavy metal content, substitutes a large number of reliable prediction values in the Hakanson
index model, and repeatedly calculates the function value in the model to obtain the ecological risk level of the site and the probability of
being in different ecological risk levels, which reduce the uncertainty in ecological risk assessment. The results of the study are as follows :
the ecological risk of the study area is at a higher level with the probability reaching 49.44%. The sensitivity of Pb is the highest, reaching
99.3%, which plays a major role in polluting the site. The application of this method can effectively reduce the uncertainty in heavy metal
ecological risk assessment of soil in similar sites and provide a new stratagem to obtain accurate results.

Keywords : Monte Carlo-Hakanson model; assessment of ecological risk; uncertainty; heavy metal
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Table 1 Grading standard of ecological hazard index

¢ 75%&&% B RI JN%ETE
Pollution level Risk level
Ci<l1 Iz E/<40 RI<150 o=
1<Cj<3 ESE S 40<E/<80  150<RI<300  th&fa
3<Ci<6 GiN} 3 80<KE<160 300<RI<600  kimifad
6<C; i H 160<E/<320  600<RI B
320<k! — v fee
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PR IEAS A RIE
2.2 RHREMESRE TR

Z: LA AN B e 0 2R B e AN e P s it (H
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Table 2 Statistical results of soil heavy metal mass fraction

i H Ttems Cr As Pb Cu Zn
K AE/ (mg-kg™") 322.5 69.8 3150.6 286.4 325.7
fe/ME/ (mg kg ™) 37.2 13.7 20.9 14.1 20.3
i/ (mg-kg™) 134.0 422 763.8 104.5 106.5
FEIE/ (mg kg ™) 145.7 40.8 906.9 110.5 119.5
HEAEY (mg-kg™) 66.5 9.0 26.6 20.4 62.0
5 5 AU % 46.9 37.4 66.3 58.0 49.7
WA AT AR Beta /- fii Beta 43 #i R A 5370 BT S ON I ERYT]
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Figure 1 Probability distribution of single pollution index of each metal
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R3 TEEEELATARFEAEESERHBE (%)
Table 3 Different probability distribution of heavy metal

contamination degree (%)

Vo YL
Po(l?uTi(jrjl:ler%'el Cr As Pb Cu Zn
®E 9.76 0 0.28 3.66 14.61
hE 68.28 21.79 0.81 14.49 72.83
W 21.96 55.43 1.99 38.61 12.56
ki 0 2278 96.92 43.24 0

BETE Y, s R CHEF 7 Ph(33.81)>Cu(5.12) >As
(4.54)>Cr(2.20)>Zn(1.93) ; HE 3G 2K HL R TS
YRR B R A Tz s YRR S, AT DUE Y SR
& )8 B 75 Y DU HE Y AN BESE S (BTN 15 51 1 25
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(2B S ELE NS K REE K
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4 )8 & B AT Monte Carlo $lFF | B il AE 7= A (1) 7] ¢
AR A (2), B EARIZE FA5 2] 0 S HE
A1, Cr.As \Pb.Cu.Zn 5 F 542 J@ A9 A= 25 XU 22 5%

F4 BREGRESKERZBAFARREERHEZE(%)
Table 4 The probability distribution of ecological risk index factor

at different risk levels for each metals(% )

KBS 254 Risk level — Cr As Ph Cu Zn
B 100.00  99.32 1.66 78.07  100.00

g 0 0.68 318  21.93 0

B 0 0 12.20 0 0

[ 0 0 35.29 0 0

Wi 0 0 47.67 0 0

x5 BREEREFARABMEZGTHESKNERZE L]
Table 5 Distribution of ecological risk factor under

different probabilities

s E;

Probability/% Cr As Ph Cu 7n
10 2.0 11.3 114.5 6.0 0.9
20 2.5 14.4 170.3 13.2 1.1
30 2.9 17.2 216.6 18.0 1.4
40 3.4 19.8 260.3 22.0 1.6
50 4.0 22.4 305.4 25.6 1.8
60 4.6 25.0 353.0 29.2 2.0
70 53 27.8 409.1 332 2.3
80 6.2 30.9 482.8 379 2.6
90 7.4 34.5 602.6 45.3 3.2
100 11.9 414 21319 119.0 9.3
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Figure 2 Distribution of ecological hazard index
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Figure 3 Sensitivity analysis of heavy metal

ecological hazard index
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