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Health Risk Assessment and Prlorlty Control Factors Analysis of Heavy Metals in
Agricultural Soils Based on Source- driented [¢ |\
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Absﬁ'act iTo analyze l‘ﬁe ‘iogt(e apportionment and health mk’ of heqw metal% m_agn( -ultural soils of major pl:oducmg areas' of agrlcultural products in Chongqmg a posmw m!!rf/
factonzatl(yn (PMF) model and health risk assessment; (HRA) hmdel based pn Monte Carlo simulation were us i Meanwhile;* l,oth the PMF and HRA modﬂ were comhlhed to
explQﬂe heahh rl%ki of hean “metals in agricultural soils b\ dlfferem pollutlg)ﬂ gources in order to determine the pn’ﬂntv conlrol factors." The results showed that the average ya,}ﬁg% of Cd

roncentrauon ‘ere higher ffiah its corresponding backgtoun, \alue tbé avefge values;of Crconcentration w eren'low er than its correspondmg background value ; and the average values

of Asf. Pb, cCu Ni, a‘nd Zn (’oncem'ranon were hasically congibtent mt]ﬁhelr corres 'on obackground values. Using PMF model analws natural sources, industrial sources, and

agncuhmal sq:irceﬂ'were 1denuﬁed as the determinants forthe accumulation-ofieavy metals in agricultural soils, with the contribution rates of 35%, 24%, and 41%, respectively.

Using the .H.RA model based on Monte Carlo simulation analysis, carcinogenic risks of adult and children were tolerable (1. 00E-6 < TCR < 1. 00E-4) , whereas non-carcinogenic
risks were acceptable (HI < 1). Oral ingestion was the main exposure pathway. The analysis results of the relationship among heavy metals, pollution sources, and health risks
showed that industrial pollution and As were identified as priority control factors, and agricultural pollution and Cd were identified as secondary control factors. Our findings provide
scientific support for decision makers to control soil pollution and reduce the management costs of soil pollution.

Key words: soil; heavy metals; PMF model; Monte Carlo; health risk assessment; Chongqing
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Fig. 1  Location of the study area and distribution of sampling sites
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Table 2 Corresponding reference dose and slope factor values

RfD,/mg-(kg-d)™

SF,/mg-(kg-d)™

R A e A W A SETIBEA e fe BEA WP A ik
Cd 1.00E-3 1.00E-5 1.00E-5 6.1E+0 — 6.30E+0 [15]
As 3.00E-4 1.23E-4 1.23E-4 1.5E+0 3.66E+0 1.51E+1 [15]
Pb 3.50E-3 5.25E-4 3.52E-3 8.50E-3 — — [27]
Cr 3.00E-3 6.00E-5 2.86E-5 8.50E-3 — 4.20E+1 [15]
Cu 4.00E-2 1.20E-2 4.02E-2 — — — [27]
Ni 2.00E-2 5.40E-3 2.06E-2 — — 8.4E-1 [15]
Zn 3.00E-1 6.00E-2 3.00E-1 — — — [27]
1) “—" 7 TR
Oracle Crystal Ball 11. 1. 2. 4 84 3547 809w b B, BRIK HaFEH SR TTECR (%) HQ, A n F 4 8 1Y
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Table 3 Statistical characteristics of heavy metal concentrations in soil

483t pH Cd As Pb Cr Cu Ni Zn

Fe/Mt/mg-kg ™! 4.63 0.08 2.00 11.6 24.5 5.0 16.0 20.3
KA /mg-kg™! 8.72 0.60 12.4 42.6 149 40.2 59.9 118
¥l /mg - kg™ — 0.27 5.78 26.2 63.2 23.6 32.8 71.3
A5 5t R E % — 38.1 40.6 21.9 27.8 25.5 25.7 27.5
K I S /mg - kg — 0.11 5.00 26.0 80.0 26.0 32.0 80.0
pH>17.5 0.6 25 170 250 100 190 300

CB 15618-2018 JAU i 1 (/g -k 6.5<pH<75 0.3 30 120 200 100 100 250
55<pH<6.5 0.3 40 90 150 50 70 200

pH<5.5 0.3 40 70 150 50 60 200
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Table 4 Non-carcinogenic health risk indices in soil

i A 3o KUK 8 E L) 3 309 KU 48 H Ol )

o HO, HO, HO, o HOQ, HO, HO, HOQ, o HOQ,
Cd 1.61E-3 1.60E-3 2.32E-7 9.80E-6 1.42E-4 1.36E-4 1.20E-7 6.34E-6
As 1.12E-1 1.12E-1 3.98E-7 1.68E-5 9.59E-3 9.58E-3 2.06E-7 1.09E-5
Pb 4.37E-2 4.37E-2 4.23E-7 2.67E-6 3.72E-3 3.72E-3 2.19E-7 1.72E-6
Cr 1.24E-1 1.23E-1 8.92E-6 7.92E-4 1.10E-2 1.05E-2 4.62E-6 5.11E-4
Cu 3.45E-3 3.45E-3 1.67E-8 2.11E-7 2.94E-4 2.94E-4 8.64E-9 1.36E-7
Ni 9.57E-3 9.57E-3 5.15E-8 5.71E-7 8.16E-4 8.16E-4 2.66E-8 3.69E-7
Zn 1.50E-3 1.50E-3 1.09E-8 9.23E-8 1.28E-4 1.28E-4 5.65E-9 5.96E-8
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Fig. 6 Probability distribution for carcinogenic risk in soil
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