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Abstraéﬂt. To analyze the heavy metal pollution characteristics and human health risks of farmland soils and crops around metal mines, samples were collected and analyzed from
farmland soils and crops around the mining area. The soil accumulation index method, enrichment coefficient method, and comprehensive potential ecological risk index method were
used to study the pollution characteristics and comprehensive potential ecological risks of heavy metals in soil and crops. The Monte Carlo simulation method was used to assess the
health risk of heavy metals in soil and crops. The results showed that the main heavy metal pollutants in the soil of Lianggiao Village were Cd, As, and Pb, with over 100%, 100%,
and 75% of the soil samples exceeding the screening values of farmland soil (GB 15618-2018), respectively; the contents of Cd, Pb, As, Cr, and Ni in crops significantly exceeded
the national standard (GB 2762-2017). The geo-accumulation index and enrichment coefficient indicated that Cd and As pollution was serious, and the comprehensive potential
ecological risk index (RI) was generally higher than 600, indicating a high ecological risk. Cd, As, and P contributed the most, with contribution rates of 77. 8%, 14. 4%, and
3. 1%, respectively. The health risk assessment showed that residents of Liangqiao Village had a higher risk of carcinogenesis (carcinogenic risk>10) and non-carcinogenic health
risk (hazard quotient value>1) owing to the intake of edible crops and accidental ingestion of soil. Monte Carlo simulation of population health risk analysis showed that the
populations with high carcinogenic and non-carcinogenic risks under the exposure pathway of heavy metal pollution in the soil of Lianggiao Village were children and adult women,
and the risk probability of consuming agricultural products was much higher than that of the soil exposure pathway. Risk control and remediation measures should be taken in the
region to mitigate the carcinogenic risk of heavy metals in the soil. Adults and children should avoid the inhalation of soil particles and the oral ingestion of soil. For children, there
should also be a focus on the prevention of exposure pathways through skin contact with soil.

Key words: metal mining area; farmland soils and crops; heavy metal pollution; health risk assessment; Monte Carlo simulation
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Table 2 Parameter values of health risk assessment model with Monte Carlo simulation
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SL i3 EY mg-cm™ X BUE 2 0.65 il 1.2 0.49 F010.54 [35]
R, ORI R m-d™! B 8.6 19 [36 ~ 38]
ED Zk FE ) ] a g 6 24 [29]
PEF  JiURi ¥ BECHE T m’-kg! B 1.36x10° [29]
BW UNERD kg Ko B0 7% 16.68 1 1.48 57.03 f11.18 [36 ~ 38]
AT V- ¥ B 5 B i) d LS 365x ED(AEEU ), 365x70( 50 ) [29]
SAE kR FE W m’ B 0.23 0.54 [36 ~ 38]
ABF R H T TER A 0.001 (2 ), 0.01 (i) [29]
BE BE /N
) EEENH <i%% Jot fe AR H Hb A 5 g qpﬁfﬁﬁmt
1)) (GB 15618-2018) 1y G JXU 5 i 16 1B F XL
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J&

RN 4 FTR
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Table 3 Corresponding reference dose (RfD) and slope factor (SF) values of heavy metals

2 %54 (RID)/mg - (kg d)™"

RER P T (SF)/mg- (kg )’

TR LA BT IN i I A fik ZTHEA LTSN J kA2 ik ik
cd 1.00E-03 1.00E-05 1.00E-05 6.10E+00 6.30E+00 — [29]
Ph 3.50E-03 3.52E-03 5.25E-04 8.50E-03 — — [31]
As 3.00E-04 1.23E-04 1.23E-04 1.50E+00 1.51E+01 3.66E+00 [29]
Zn 3.00E-01 3.00E-01 6.00E-02 — — — [31]
Cr 3.00E-03 2.86E-05 6.00E-05 8.50E-03 4.20E+01 — [29]
Ni 2.00E-02 2.06E-02 5.40E-03 — 8.40E-01 — [31]
Cu 4.00E-02 4.02E-02 1.20E-02 — — — [29]
®4 ITEBELSESEFHITER
Table 4  Statistical results of heavy metal concentrations in soil

WiH Cd Pb As Zn Cr Ni Cu

e /ME /g kg™ 0.5 29.9 35.2 108 48.1 10.7 310
KAl /mg-kg™! 30.2 3274 1367 5066 106 42.2 3045

¥ /mg- kg 7.9 389 286 887 73.9 19.9 28.4
P K mg kg ! 5.3 173 185 301 75.8 18.8 1 040
A 5 2% 67.59 58.36 75.79 45.31 29.54 22.62 ~38. 27
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Fig. 2 Characteristics of heavy metal content in soil of Liangqiao

Village downstream of mining area
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