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Environmental Health Risk Assessment of Contaminated Soil Based on Monte

Carlo Method: A Case of PAHs

TONG Rui-peng, YANG Xiao-yi
(School of Resources & Safety Engineering, China University of Mining & Technology ( Beijing) , Beijing 100083, China)

Abstract: In order to obtain more reasonable health risk values and get the most significant factors, probabilistic risk models based on
Monte Carlo simulation were applied, the health risk level of 16 PAHs in soil was evaluated for a residential area in Shanghai, China.
And, sensitivity analysis was conducted for each parameter. The results showed that, the health risks caused by PAHs followed
lognormal distribution with 3.43 x 10 ™° £2. 63 x 10 ™ for carcinogenic risk, which was between 8. 10 x 10 ~7 and 2. 39 x 10 ~* and the
probabilities exceeding 10 7%, 10> and 10 ~* were 95% , 75% and less than 5% . And the value was 4. 74 x 107 £3.42 x 10> for
hazard quotient, which was between 1.38 x 10 and 2.85 x 10" and less than 1, so could be regarded negligible. As for total
carcinogenic risk (TCR), the most influential PAHs were BaP, DBA and BaA, and their contribution rates were 60.41% , 26. 84%
and 6. 56% , respectively. Among the three exposure pathways, the risk was mainly caused by oral intake with the contribution rate of
73.22% , followed by dermal contact with 26. 51% . The most influential parameters were: intake amount of soil per day, exposure
duration and exposed skin area with the sensitivity values of 58.35% , 50.21% and 20.51% , respectively. And body weight had a
negative sensitivity with — 11.66% . When it came to total hazard quotient ( THQ), Pyr, FL and PA accounted for the most with
36.56% , 33.18% and 13.18% , respectively. And the oral intake and dermal contact were also primary exposure pathways with
72.21% and 26.36% . The most significant parameters were the same with TCR with the sensitivity values of 63.52% , 53.18% ,
24.39% and -13.98% , respectively.
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Table 2 PAHs concentrations in soils in Shanghai/mg-kg~

PAHs fe/IMA IGON] SE M PAHs /M TN T
BaA 0. 004 1. 698 0.231 AcPy 0. 001 0.173 0.019
CHR 0. 008 1.548 0.252 Acp 0 0.714 0.031
BaP 0.013 1.534 0. 280 Flu 0. 003 0.227 0. 034
BkF 0.015 0.578 0.123 PA 0.013 1. 693 0.271
BbF 0.015 0.578 0.123 Ant 0. 004 0.276 0. 054
IND 0.011 0.919 0.185 FL 0. 027 5. 662 0.571
DBA 0. 002 0. 690 0. 068 Pyr 0. 021 4. 665 0. 491
Nap 0. 001 0.112 0.018 BghiP 0.012 1. 441 0.225
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Table 3  Parameter values of the model for probabilistic risk assessment of Shanghai( adult)
28 BRE X whn A PHE BUME BRRME X Sk
BW NGy kg E& 63.5 42.1 71.6 5.8
OSIR H -3ef A&t mg-d ! =S 100 20 1000 —
SAE T 8 P kR AR cm? =i 1848 797.5 19 400 —
DAIR 5 H 2O m'ed”h 16.3 6.24 14 [16,19,20]
ED e aLihi| a =1 24 7 64 —
AT, FRRN - H s [R] d ¥5] 26280 25 404 27 156 —
EFO FHMRREIRE dea”! =i 45.9 36.5 213 —
EFI NI dea™! =ffi 314.6 104 347.7 —
ABS, BRI A IR K — — 0.13 — — — [21]
AT, A BUFR - F 5 ] d — 2190 — — —
EF E S d-a”! — 350 — — —
ABS, 28 CHBE AR ¥ — — 1 — — —
SSAR Bk - HE R B R A — — 0.07 — — —
E, B H B R fih 2 A R — — 1 — — [16]
PM,, AR ARTEIOR Y & — — 0.15 — — —
PIAF WA 39 00R ) e A o s B EL A — — 0.75 — — —
fsp, FEA SR A R HPRLA T H B — — 0.5 — — —
fsp; FENES R A PR P HB — — 0.8 — — —
SAF TR T IR 275 70 i A R AL — — 0.2 — — —

RS H L 1 AN 2 M, KUK e AE SR i v b X 3R
PAHs & th B R E k. X 86PN A F2 B b
B2 M B 2 SR T S B XU L 174 L S 2 ke,
BT R KSR E . AL B AR B
Crystal Ball 11. 1 2/FEXS A WF 58 JT 6 & PAHs i
16 Fi o Ay i R DRSS B 45 400 o 1 £ R DAL FH 552
FERP 7 BB 58, 18 8 BE AL 0L 2 AR IR Bk
10 000K, E-AF K40 2 R 95% ; T s AU 141 2%
iz Jf] Origin Pro 9. 0 ZbFHAEA.
2.1 R KU

HAZ(1) ~ (14) AT 15 H % M PAHs 75 4 &
TR B A B KU, , 25 SR AN P 1 AR 4 B, %3
A S SO KUB (TCR) Al M 4 B0 IE 25 4 A, M
3.43 x107° £2.63 x107°  ft/IMH ] 8. 10 x 1077,
R 2.39 x 107, F ¥l N 3.43 x 107°.
USEPA #4719 ] 332 30 KR fH A 1.0 x 10 =, 34
FEXS A EBR R 1.0 x 10~ 5 XS AE /N T 1. 0 x
10 70 AT A7 5 KBS (B R F 1.0 x 10 7, JU 7%

AR B R, 2 A B B0 KR E AT 1.0 x 107°
HIMEZR A 95% Rt 1.0 x 10 HIHER N 75% |, %
KB KU 18 2 R AT 422 52 30 KU (8 R Y
2.39 1%, BT LA B T5 Yt R AT B B LR &R
H. Kang %> 32 FHMERBEIAT 78 T v [ I g b IX
JLEE AU AE N B8 T PAHSs AR XU , 75 )L 3%
(3098 UG R 2. 73 x 10 % ~8.04 x 10 ~°, | AE A
FR 0 XU R 2. 00 x 107 ~5.89 x 10 ~°. %f T L
AR N VE, A 76% F1 71% 7] E 25 #8 1t
10 °.

+ b PAHSs & AU E G ERT (THQ) AR 4. 74
x 1072 £3.42 x 10 > B XFEOE S0 A0, Hodse /NS
1,38 x 10 77, e KA A 2.85 x 101, S35 (H
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Z KT L TR = A k. Ao b, 5 i
T 1, UL 25 Ye i) R 2 6 A 7= A B 3 %) ke
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Table 4  Statistical values of total health risk

H ML/ %
XL TN TN I N2
U e/ MA S TNIE] FIE brifE 2 S > s e o5 9.9
TCR  8.10x1077 2.39x107* 3.43 x107° 2.63x107° 6.35x107° 1.54 x107° 2.72x1075 4.54 x107° 8.69 x10™> 1.77 x10~*
THQ  1.38x1073 2.85x107! 4.74x1072 3.42x1072 1.00x1072 2.27x1072 3.87x1072 6.32x1072 1.15x10"" 2.23x10"!

2.2 43P PAHSs (e XU
AT (1) ~ (12) AT4545Fh PAHs A9 8 5 XU

ESTUES  SIREIIPN LS Hi iDL FAN e )
Fi7.
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