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[bookmark: _Hlk79264653]Health risk assessment
[bookmark: _Hlk72508249][bookmark: _Hlk79688471][bookmark: _Hlk78987085][bookmark: _Hlk76046953][bookmark: _GoBack]Due to behavioral and physiological differences, the residents were divided into children and adults in this study. The main exposure pathways are dermal absorption, direct oral ingestion, and inhalation. The chemical daily intake [CDI, mg∙(kg∙day)–1] were calculated as follows1, 2:
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[bookmark: _Hlk71471887][bookmark: _Hlk79689188][bookmark: _Hlk71551548][bookmark: _Hlk79421399]where CDIder, CDIing, and CDIinh are the chemical daily intake [mg∙ (kg∙day)–1] of heavy metals by dermal absorption, ingestion, and inhalation, respectively; Ci is the measured concentration (mg kg–1) of heavy metal i collected from literature; SA is the exposed skin surface area, 4350 cm2; ABS is the dermal absorption factor, 0.001; AF is the dermal adherence factor, 0.2 mg∙(cm2∙day)–1; EF is the exposure frequency, 250 day∙year–1; ED is the exposure duration (year); CF is the conversion factor, 1×10-6 kg∙mg–1; BW is the average body weight, 60 kg; AT is the average time, 70×365 day; IRh is the daily breathing rate, 20 m3∙day–1; IRs is the soil ingestion rate, 100 mg∙day–1; PEF is the particulate emission factor, 1.36×109 m3 kg.
The potential non-carcinogenic risk is calculated using the following equation:
	

	(4)


[bookmark: _Hlk71579552][bookmark: _Hlk72747416][bookmark: _Hlk79689588][bookmark: _Hlk72508184][bookmark: _Hlk79766038][bookmark: _Hlk79192490][bookmark: _Hlk79689355][bookmark: _Hlk79690654]where HI is the comprehensive non-carcinogenic risk of heavy metals; HQi is the hazard quotient of heavy metal i; RfDing, RfDder, and RfDinh are the reference dose of the average daily intake [mg∙(kg∙day) –1] by dermal absorption, ingestion, and inhalation, respectively (Table S4). 
The potential carcinogenic risk is calculated using the following equation:
	

	(5)


[bookmark: _Hlk79064624][bookmark: _Hlk79689705][bookmark: _Hlk72750245][bookmark: _Hlk76497139][bookmark: _Hlk79689475][bookmark: _Hlk76049251][bookmark: _Hlk95407364]where TCR is the comprehensive carcinogenic risk of heavy metals; CRi is the potential carcinogenic risk of heavy metal i; SFder, SFing, and SFinh is the carcinogenic slope factor [mg∙(kg∙day) –1] through dermal absorption, ingestion, and inhalation, respectively (Table S4).

Reference
1. Han, Q. et al. Health risk assessment and bioaccessibilities of heavy metals for children in soil and dust from urban parks and schools of Jiaozuo, China. Ecotoxicol. Environ. Saf. 191, 110157 (2020).
2. Liu, H. et al. Heavy metal accumulation in the surrounding areas affected by mining in China: Spatial distribution patterns, risk assessment, and influencing factors. Sci. Total Environ. 825, 154004 (2022).




[bookmark: _Hlk80800174]Table S1 Background concentrations (mg kg–1) of HMs in top soil in each province in China1.
	[bookmark: _Hlk80800198]Province
	As
	Cd
	Cr
	Cu
	Hg
	Ni
	Pb
	Zn

	Anhui
	9
	0.1
	66.5
	20.4
	0.03
	29.8
	26.6
	62

	Beijing
	9.7
	0.07
	68.1
	23.6
	0.07
	29
	25.4
	102.6

	Fujian
	6.3
	0.07
	14
	22.8
	0.09
	18.2
	41.3
	86.1

	Gansu
	12.6
	0.12
	70.2
	24.1
	0.02
	35.2
	18.8
	68.5

	Guangdong 
	8.9
	0.06
	50.5
	17
	0.08
	14.4
	36
	47.3

	Guangxi 
	20.5
	0.27
	82.1
	27.8
	0.15
	26.6
	24
	75.6

	Guizhou 
	20
	0.66
	95.9
	32
	0.11
	39.1
	35.2
	99.5

	Hainan
	8.9
	0.06
	50.5
	17
	0.08
	14.4
	36
	47.3

	Hebei 
	13.6
	0.09
	68.3
	21.8
	0.04
	30.8
	21.5
	78.4

	Henan 
	11.4
	0.07
	63.8
	19.7
	0.03
	26.7
	19.6
	60.1

	Heilongjiang 
	7.3
	0.09
	58.6
	20
	0.04
	22.8
	24.2
	70.7

	Hubei 
	12.3
	0.17
	86
	30.7
	0.08
	37.3
	26.7
	83.6

	Hunan 
	15.7
	0.13
	71.4
	27.3
	0.12
	31.9
	29.7
	94.4

	Jilin 
	8
	0.1
	46.7
	17.1
	0.04
	21.4
	28.8
	80.4

	Jiangsu 
	10
	0.13
	77.8
	22.3
	0.29
	26.7
	26.2
	62.6

	Jiangxi 
	14.9
	0.11
	45.9
	20.3
	0.08
	18.9
	32.3
	69.4

	Liaoning 
	8.8
	0.11
	57.9
	19.8
	0.04
	25.6
	21.4
	63.5

	Inner Mongolia 
	7.5
	0.05
	41.4
	14.4
	0.04
	19.5
	17.2
	59.1

	Ningxia 
	11.9
	0.11
	60
	22.1
	0.02
	36.5
	20.6
	58.8

	Qinghai 
	14
	0.14
	70.1
	22.2
	0.02
	29.6
	20.9
	80.3

	Shandong 
	9.3
	0.08
	66
	24
	0.02
	25.8
	25.8
	63.5

	Shanxi 
	9.8
	0.13
	61.8
	26.9
	0.03
	32
	15.8
	75.5

	Shaanxi 
	11.1
	0.09
	62.5
	21.4
	0.03
	28.8
	21.4
	69.4

	Sichuan 
	10.4
	0.08
	79
	31.1
	0.06
	32.6
	30.9
	86.5

	Tibet
	19.7
	0.08
	76.6
	21.9
	0.02
	32.1
	29.1
	74

	Xinjiang
	11.2
	0.12
	49.3
	26.7
	0.02
	26.6
	19.4
	68.8

	Yunnan 
	18.4
	0.22
	65.2
	46.3
	0.06
	42.5
	40.6
	89.7

	Zhejiang 
	9.2
	0.07
	52.9
	17.6
	0.09
	24.6
	23.7
	70.6

	Chongqing 
	10.4
	0.08
	79
	31.1
	0.06
	32.6
	30.9
	86.5



Reference
1. CSEMC (Central Station of Environmental Monitoring of China). The background values of soil Elements in China (in Chinese). Environmental Science Press of China, Beijing (1990).



Table. S2. Evaluation criteria for Igeo values.
	Igeo
	Pollution level

	Igeo < 0
	None pollution

	0 ≤ Igeo < 1
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]None to moderate pollution

	[bookmark: OLE_LINK1][bookmark: OLE_LINK3]1 ≤ Igeo < 2
	Moderate pollution

	2 ≤ Igeo < 3
	Moderate to high pollution

	3 ≤ Igeo < 4
	High pollution

	4 ≤ Igeo < 5
	High to severe pollution

	Igeo ≥ 5
	Severe pollution




Table. S3. Evaluation criteria for Er and PER values.
	Er
	Ecological risk level
	PER
	Ecological risk level

	Er < 40
	Low risk
	PER < 150
	Low risk

	40 ≤ Er < 80
	Moderate risk
	150 ≤ PER < 300
	Moderate risk

	80 ≤ Er < 160
	High risk
	300 ≤ PER < 600
	High risk

	160 ≤ Er < 320
	Very high risk
	600 ≤ PER < 1200
	Very high risk

	Er ≥ 320
	Extremely high risk
	PER ≥ 1200
	Extremely high risk









[bookmark: _Hlk94302202]Table S4 The reference doses (RfD) and slope factors (SF) of HMs through different exposure pathways1, 2.
	[bookmark: _Hlk80800731]Heavy metals
	RfDder
	RfDing
	RfDinh
	SFder
	SFing
	SFinh

	As
	1.23E–04
	3.00E–04
	3.00E–04
	3.66E+00
	1.50E+00
	1.51E+01

	Cd
	1.00E–05
	1.00E–03
	1.00E–05
	6.30E+00
	6.10E+00
	6.30E+00

	Cr
	6.00E–05
	3.00E–03
	2.86E–05
	2.00E+01
	5.00E–01
	4.20E+01

	Cu
	1.20E–02
	4.00E–02
	4.02E–02
	–
	–
	–

	Co
	3.00E-04
	3.00E-04
	1.53169E-06
	9.8E+00
	–
	9.8E+00

	Ni
	5.40E–03
	2.00E–02
	9.00E–05
	4.25E+01
	1.70E+00
	8.40E-01

	Pb
	5.25E–04
	3.50E–03
	3.52E–03
	–
	8.50E–03
	–

	Zn
	6.00E–02
	3.00E–01
	3.00E–01
	–
	–
	–


RfDder, RfDing, and RfDinh represent the reference doses of HMs by dermal absorption, ingestion, and inhalation, respectively [mg (kg day)–1].
SFder, SFing, and SFinh represent the carcinogenicity slope factor of HMs by dermal absorption, ingestion, and inhalation, respectively [(kg day) mg–1].

Reference
1. Wang, F. F., Guan, Q. Y., Tian, J., Lin, J. K., Yang, Y. Y., Yang, L. Q. & Pan, N. H. Contamination characteristics, source apportionment, and health risk assessment of heavy metals in agricultural soil in the Hexi Corridor. Catena 191, 104573 (2020).
2. Zhang, R., Tao, C., Zhang, Y., Hou, Y. & Chang, Q. Health risk assessment of heavy metals in agricultural soils and identification of main influencing factors in a typical industrial park in northwest China. Chemosphere 252, 126591 (2020).


Table S5 Pearson correlation coefficients of the various heavy metals in soils along the Zhengzhou-Kaifeng intercity railway (n = 260).
	Element
	As
	Co
	Cr
	Cu 
	Zn
	Pb
	Ni
	Cd

	As
	1
	0.326**
	0.409**
	0.314**
	0.108
	0.123*
	0.338**
	0.220**

	Co 
	
	1
	0.937**
	0.901**
	0.688**
	0.279**
	0.978**
	0.415**

	Cr
	
	
	1
	0.839**
	0.689**
	0.340**
	0.938**
	0.343**

	Cu
	
	
	
	1
	0.679**
	0.252**
	0.916**
	0.465**

	Zn
	
	
	
	
	1
	0.251**
	0.708**
	0.283**

	Pb
	
	
	
	
	
	1
	0.246**
	0.270**

	Ni
	
	
	
	
	
	
	1
	0.393**

	Cd 
	
	
	
	
	
	
	
	1


Note: ** means that correlation is significant at 0.01 level (two-tailed).
* means that correlation is significant at 0.05 level (two-tailed).

Table S6 Results of principal component analysis of soil heavy metals.
	
	PC1
	PC2
	PC3

	As
	0.162
	0.087
	0.945

	Co
	0.934
	0.189
	0.196

	Cr
	0.894
	0.208
	0.253

	Cu
	0.895
	0.205
	0.193

	Zn
	0.824
	0.164
	-0.149

	Pb
	0.121
	0.892
	-0.058

	Ni
	0.949
	0.148
	0.203

	Cd
	0.274
	0.615
	0.268

	Eigenvalue (> 1)
	4.167
	1.352
	1.172

	Cumulative %
	52.09
	68.99
	83.63





Table S7 Parameters of the linear regression model based on APCS-MLR.
	
	Model
	R2
	Predicted/Measured

	As
	C = 0.762 + 0.432APCSF1 + 0.233APCSF2 + 2.5APCSF3
	0.927
	1.00

	Co
	C = −0.203 + 2.875APCSF1 + 0.584APCSF2 + 0.604APCSF3
	0.946
	1.00

	Cr
	C = 1.611 + 15.867APCSF1 + 3.704APCSF2 + 4.492APCSF3
	0.907
	1.00

	Cu
	C = −1.99 +  6.932APCSF1 + 1.59APCSF2 + 1.499APCSF3
	0.879
	1.00

	Zn
	C = 17.761 + 24.403APCSF1 + 4.864APCSF2 − 4.396APCSF3
	0.729
	1.00

	Pb
	C = 4.45 + 3.477APCSF1 + 25.634APCSF2 − 1.668APCSF3
	0.814
	1.00

	Ni
	C = −2.355 + 7.727APCSF1 + 1.214APCSF2 + 1.656APCSF3
	0.963
	1.00

	Cd
	C = −0.05 + 0.048APCSF1 + 0.109APCSF2 + 0.047APCSF3
	0.525
	1.00
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