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Fig.1 Locations of sample sites(A), soil layering profile(B) in the study area
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Table 1 Input parameters and values in health risk assessment with Monte Carlo simulator

2% . - N . i Values
& X Description B Unit J7 Type
Parameter A Adults JLi Children
BW SRR Average body weight kg Lognormal LN(67.48,12.60) LN(16.68,1.48)
EF FFEINE Exposure frequency d/a Point 93.75 350
ED F% 7] Exposure duration a Normal N(25,8.25) N(6,1.25)
IRoral B} H 4 1A 35 Ingestion rate mg/d Triangular TRI(4,30,52) TRI(66,103,161)
InhR i H 25 5 P 4 Inhalation rate m®/d Lognormal 1.N(16.30,2.81) LN(7.5,1.5)
SAg T8 7 AL Exposed skin area cm?’ Lognormal LLN(5 427,579) LN(1592,141)
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7)) R e (A EL , As B9 B AR R i, ik #)
6.93% , T KOBFREET N 17.33 4% s PhAUA 1MEES
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JEN B R EREEE . CuNi.Pb.Cd As Hg % & 4 )&
(23 1] 28 S v 2 9 ok 176 % . 24% . 207 % . 603 % .
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Table 2 Descriptive statistics of soil heavy metal mg/kg
) fR/ME 2N LR SFHIfE i 22 i L GRS
Heavy metal Min Max Median Mean SD Screening values Background values
Cu 2.00 768.00 14.00 20.20 35.54 18 000 32.20
Ni 4.00 85.00 26.50 26.96 6.54 900 50.10
Pb 10.00 1350.00 16.00 19.49 40.35 800 34.50
Cd 0.01 35.10 0.06 0.16 0.97 65 0.68
As 0.90 1040.00 2.38 20.50 82.20 60 15.20
Hg ND 0.80 0.02 0.028 0.061 38 0.10

12 Note : ND : &34 F K tH B None detected.
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Fig.2 The pollution indexes of contaminants in soil
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Fig.3 Correlation hot map between heavy metals and soil parameters
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Fig.4 Scatterplots of different models fitting
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Table 3 Scatterplots of different models

validating results

i H Ttem IDW OK VSM GBDT
R 0.2847 04122 0.773 7 0.9115
RMSE 73.53 64.25 39.10 25.32
MAE 22.61 15.41 13.54 10.19
MRE 3.84 3.01 2.56 2.23
RPD 1.18 1.30 2.10 3.36
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AHEFE 53 B T S B 8 PR ik S
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Fig.> Spatial distribution of As in soil at different depths using GBRT modeling
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Table 4 Human health risks of soil contaminants simulated in different models

J A Adults JL# Children
e PR ik (3 SR R PRk B PEVEAR ik SR
{250 (95% 4Hr i) ) HESH) Ry §
HUH Trem = ' GRS e (95% 4+ FRfEdR 2
Deterministic assess- Monte SD Deterministic assessment Monte Carlo simulation D
ment method (Mean Carlo simulation method (Mean (95th ’ lnt‘L; )l
parameter) (95th percentile) parameter) Vi percentiie
Cu 7.53X107* 2.70X107° 1.41x10°° 4.07X10°° 1.50x 102 7.54%103
Ni 7.37X107° 1.23X10°% 2.54X107° 1.92x10? 3.06 X102 5.83X10 %
Pb 1.56x10° 5.78X107° 3.32X107° 3.44 %107 1.36X10°! 7.90x10°?
HQ

Cd 9.27X10°° 1.06X10 2 6.20X10 2 1.53%x10 ? 5.77X10 9.20X10 2

As 2.85X10°? 1.14%10°! 1.38x10°! 4.37x10°! 1.79 3.37
Hg 2.86X10°* 1.09%x10°° 6.55X10°* 9.80x10* 3.76X10°° 2.27x10°°

HI 4.77%10°? 1.37x10° ! 1.19x10 ! 5.11x10 ! 1.89 1.72
Ni 3.34x10 1 5.78X10 1© 1.25X10 1 5.57x10 1 9.22X10 1 1.95x10 1
Pb 8.79x107" 3.23x10°° 1.87x10°® 7.71x10°8 3.06 X107 1.78x10°7

CR

Cd 2.19X10°7 2.48X10°7 1.46x10°° 5.17x10°7 1.04x10°° 3.38x10°¢
As 4.15%10°°¢ 1.66X10° 2.00X107° 1.53x107° 6.26X107° 1.18x10°*
TCR 4.38%x10°°¢ 1.69xX10° 1.66x10° 1.59%<107° 6.37X107° 5.99x107°

1 : Note: HQ: AEF0 KU f& 1 7 $5 %X Non carcinogenic risk hazard quotient index ; HI: 5 3F B KUK 16 15 77 #6 #X Total non carcinogenic
risk hazard quotient index ; CR : B gt e JXUK: 6 5% Carcinogenic health risk index ; TCR : B30 KUK #6%X Total carcinogenic risk index.
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Fig.6 Probability distribution for hazard index and total carcinogenic risk in
soil and sensitivity results for various parameters
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Accurate characterization and health risk assessment of heavy metal
pollution in soil of typical urban industrial agglomeration areas

LU Hefeng', YAN Xiulan®, LIU Siyan*’, SU Yanchao*, YANG Xiao®

1.Xingdong New Area Branch, Xingtai Ecological and Environmental Bureau, Xingtai 054001, China;
2.Institute of Geographic Sciences and Natural Resources Research ,Chinese Academy
of Sciences/ Key Laboratory of Land Surface Patterns and Simulation, Beijing 100101, China;
3.Untversity of Chinese Academy of Sciences, Beijing 100049, China;
4. Shijiazhuang Pingshan Environment Monitoring Center ,Shijiazhuang 050400, China

Abstract The heavy metals in the soil of an industrial agglomeration areas in Hebei Province were
used to conduct a comparative study on the problem of characterization accuracy in handling non-stationary
concentration and biased data with different interpolation methods including distance weighting (IDW ) , or-
dinary Kriging (OK) , support vector machine (SVM ), and gradient enhanced decision tree (GBDT) to im-
prove the accuracy of models for characterizing the soil pollution in industrial agglomeration areas. The re-
sults showed that the main pollutant in the soil of this site was arsenic, and GBDT exhibited the highest ac-
curacy in characterizing arsenic pollution in soil (R*=0.911 5). The results of GBDT visualization showed
that the concentration distribution pattern of arsenic was "patchy aggregation" and had a good vertical migra-
tion capacity. The results of correlation analysis showed that the differentiation behavior of Arsenic concen-
tration in the soil of this site was mainly related to the soil lithology and hydrogeological conditions. The re-
sults of Monte Carlo-based simulation showed that the total cancer risk index of both adults and children in
the soil of this site exceeded the guidance value, and children suffered from higher non carcinogenic and car-
cinogenic risks than adults.

Keywords soil pollution; spatial distribution; machine learning; gradient boosting decision tree;

Monte Carlo-based simulation
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