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Table S1 Different pollution risk index and their grades

	[bookmark: _Hlk20752498]Class
	[bookmark: _Hlk20646839][bookmark: _Hlk20644018]Geo-accumulation index (Igeo)
	Pollution status
	Nemerow composite index (Ps)
	Pollution status
	[bookmark: OLE_LINK49]Ecological risk index (RI)
	Potential ecological hazard

	0
	Igeo≤0
	Uncontaminated
	Ps＜0.7
	Safety
	RI＜150
	Low

	1
	0<Igeo≤1
	Uncontaminated to moderately uncontaminated
	0.7≤Ps＜1
	Precaution
	150≤RI＜300
	Moderate

	2
	1<Igeo≤2
	Moderately contaminated
	1≤Ps＜2
	Slightly polluted
	300≤RI＜600
	High

	3
	2<Igeo≤3
	Moderately to heavily contaminated
	2≤Ps＜3
	Moderately polluted
	RI≥600
	Significantly high

	4
	3<Igeo≤4
	Heavily contaminated
	Ps≥3
	Seriously polluted
	/
	/

	5
	4<Igeo≤5
	Heavily to extremely contaminated
	/
	
	/
	/

	6
	Igeo>5
	Extremely contaminated
	/
	
	/
	/

	Reference
	(Müller, 1969)
	(Fredj et al., 2014)
	(Tian et al., 2020)




[bookmark: _Hlk41490946]Table S2 Uncertain concentrations (mg/kg) of heavy metals in urban soils of Zhengzhou city
	Heavy metals
	Probabilistic distribution
	Parameters
(mean, SD)
	Reference

	As
	Normal
	N(10.65, 0.18)
	This study

	Cd
	Lognormal
	LN(0.19, 0.01)
	This study

	Co
	Lognormal
	LN(7.92, 0.13)
	This study

	Cu
	Lognormal
	LN(15.28, 0.56)
	This study

	Mn
	Lognormal
	LN(374.51, 6.59)
	This study

	Ni
	Normal
	N(17.59, 0.28)
	This study

	Pb
	Lognormal
	LN(37.16, 1.41)
	This study

	Zn
	Lognormal
	LN(52.36, 2.31)
	This study


(Here, the software Crystal Ball (11.1.2.4, Oracle, USA) was used to fit the probabilistic distribution of the uncertain concentrations of heavy metals.)

[bookmark: _Hlk80142163]Table S3 Parameters for the exposure risk calculations of heavy metals in soil with Mote Carlo simulator
	Parameter
	Description
	Unit
	Type
	Children
	Adult
	Reference

	EF
	[bookmark: _Hlk40994469]exposure frequency
	day/year
	Triangular
	TRI (180, 345, 365)
	(Huang et al., 2021)

	Ring
	ingestion rate of soil
	mg/day
	Triangular
	TRI (66, 103, 161)
	TRI (4, 30, 52)
	(Yang et al., 2019)

	SL
	skin adherence factor
	 
	Lognormal
	LN (0.65, 1.2)
	LN (0.49, 0.54)
	(Chen et al., 2019)

	Rinh
	Inhalation rate
	
	Point
	7.5
	14.5
	(Han et al., 2020)

	ED
	exposure duration
	years
	Point
	6
	24
	(Han et al., 2020)

	PEF
	particle emission factor
	
	Point
	
	
	(Huang et al., 2021)

	BW
	average body weight
	kg
	Point
	15
	55.9
	 (Han et al., 2020)

	AT
	average time of exposure to contaminated soils
	day
	Point
	365（non-carcinogenic）
365（carcinogenic）
	(Han et al., 2020)

	SA
	exposed skin area
	
	Triangular
	TRI(0.076, 0.086, 0.382)
	TRI(0.076, 0.153, 0.382)
	(Huang et al., 2018)

	ABF
	dermal adsorption factor
	-
	-
	0.001（non-carcinogenic）
0.01（carcinogenic）
	(Huang et al., 2021)




Table S4 The reference doses (RfD) for noncarcinogenic metals and slope factors (SF) for carcinogenic metals
	Heavy metals 
	RfD (mg/kg·d)
	　
	SF (kg/d·mg)

	
	RfDing
	RfDinh
	RfDderm
	　
	SFing
	SFinh
	SFderm

	As
	3.00E-04a
	1.23E-04a
	1.23E-04a
	
	1.50E+00a
	1.51E+01a 
	3.66E+00a 

	Cd
	1.00E-03a
	1.00E-05a
	1.00E-05a
	　
	6.10E+00a 
	6.30E+00a 
	3.80E-01b 

	Co
	2.00E-02c
	1.60E-03c 
	5.71E-06c
	
	N/A
	N/A
	9.80E+00c 

	Cu
	4.00E-02a
	4.02E-02a
	1.20E-02a
	
	N/A
	N/A
	N/A

	Mn
	4.60E-01a
	1.43E-05a
	1.84E-03a
	
	N/A
	N/A
	N/A

	Ni
	2.00E-02a
	2.06E-02a
	5.40E-03a
	　
	1.70E+00d
	9.00E-01d 
	4.25E+00d 

	Pb
	3.50E-03a
	3.52E-03a
	5.25E-04a
	
	8.50E-03a
	N/A
	N/A

	Zn
	3.00E-01a
	3.00E-01a
	6.00E-02a
	　
	N/A
	N/A
	N/A


N/A, Data not available, a (Huang et al., 2021), b(Wang et al., 2017), c(Han et al., 2020), d(Tong et al., 2020)

Table S5 The mean values of health risk for heavy metals from different exposure routes of people in urban soils
	Risk
	Crowd category
	Approach
	Heavy metals

	
	
	
	As
	Cd
	Co
	Cu
	Mn
	Ni
	Pb
	Zn

	Non-carcinogenic
	Children
	Ingestion 
	2.12E-01
	1.13E-03
	2.36E-03
	2.29E-03
	4.84E-03
	5.23E-03
	6.34E-02
	1.04E-03

	
	
	Inhalation
	2.59E-05
	5.67E-06
	1.48E-06
	1.14E-07
	7.81E-03
	2.55E-07
	3.16E-06
	5.22E-08

	
	
	Dermal contact
	5.54E-07
	1.22E-07
	8.82E-06
	8.15E-09
	1.26E-06
	2.07E-08
	4.67E-07
	5.84E-09

	
	Adult
	Ingestion 
	1.48E-02
	7.91E-05
	1.64E-04
	1.59E-04
	3.39E-04
	3.68E-04
	4.38E-03
	7.27E-05

	
	
	Inhalation
	1.34E-06
	2.94E-07
	7.66E-08
	5.90E-09
	4.06E-04
	1.32E-08
	1.64E-07
	2.70E-09

	
	
	Dermal contact
	1.27E-07
	2.76E-08
	2.00E-06
	1.87E-09
	2.93E-07
	4.74E-09
	1.01E-07
	1.27E-09

	
	
	
	
	
	
	
	
	
	
	

	Carcinogenic
　
	Children
	Ingestion 
	8.17E-06
	5.90E-07
	-
	-
	-
	1.53E-05
	1.62E-07
	-

	
	
	Inhalation
	4.13E-09
	3.06E-11
	-
	-
	-
	4.05E-10
	-
	-

	
	
	Dermal contact
	2.14E-05
	3.98E-08
	4.23E-05
	-
	-
	4.07E-05
	-
	-

	
	Adult
	Ingestion 
	2.29E-06
	1.66E-07
	-
	-
	-
	4.29E-06
	4.47E-08
	-

	
	
	Inhalation
	8.56E-10
	6.35E-12
	-
	-
	-
	8.41E-11
	-
	-

	
	　
	Dermal contact
	1.95E-05
	3.60E-08
	3.84E-05
	-
	-
	3.73E-05
	-
	-












Table S6 Summary statistics for 5th, 25th, 50th, 75th and 95th percentile non-carcinogenic and carcinogenic health risk based on Monte Carlo simulation using Crystal Ball (vs. 11.1.2.4)
	Risk
	Heavy metals
	Children
	　
	Adult

	
	
	5th
	25th
	50th
	75th
	95th
	
	5th
	25th
	50th
	75th
	95th

	HQ
	As
	1.36E-01
	1.77E-01
	2.09E-01
	2.43E-01
	2.98E-01
	
	5.84E-03
	1.08E-02
	1.47E-02
	1.86E-02
	2.44E-02

	
	Cd
	7.34E-04
	9.45E-04
	1.12E-03
	1.31E-03
	1.60E-03
	
	3.18E-05
	5.79E-05
	7.88E-05
	1.00E-04
	1.31E-04

	
	Co
	1.54E-03
	1.98E-03
	2.33E-03
	2.74E-03
	3.30E-03
	
	6.79E-05
	1.23E-04
	1.66E-04
	2.10E-04
	2.74E-04

	
	Cu
	1.49E-03
	1.91E-03
	2.25E-03
	2.64E-03
	3.23E-03
	
	6.32E-05
	1.16E-04
	1.57E-04
	1.99E-04
	2.63E-04

	
	Mn
	9.23E-03
	1.13E-02
	1.29E-02
	1.42E-02
	1.58E-02
	
	5.00E-04
	6.28E-04
	7.39E-04
	8.53E-04
	1.01E-03

	
	Ni
	3.41E-03
	4.37E-03
	5.17E-03
	6.03E-03
	7.36E-03
	
	1.46E-04
	2.67E-04
	3.63E-04
	4.61E-04
	5.97E-04

	
	Pb
	4.11E-02
	5.26E-02
	6.21E-02
	7.29E-02
	8.90E-02
	
	1.81E-03
	3.14E-03
	4.33E-03
	5.53E-03
	7.25E-03

	
	Zn
	6.70E-04
	8.68E-04
	1.03E-03
	1.19E-03
	1.46E-03
	
	2.82E-05
	5.27E-05
	7.19E-05
	9.13E-05
	1.21E-04

	HI
	Total
	2.19E-01
	2.63E-01
	2.97E-01
	3.33E-01
	3.89E-01
	
	1.15E-02
	1.66E-02
	2.06E-02
	2.47E-02
	3.07E-02

	CR
	As
	8.17E-06
	1.20E-05
	1.76E-05
	3.04E-05
	8.41E-05
	
	4.56E-06
	8.67E-06
	1.45E-05
	2.59E-05
	6.22E-05

	
	Cd
	4.01E-07
	5.18E-07
	6.16E-07
	7.26E-07
	8.99E-07
	
	8.80E-08
	1.48E-07
	1.97E-07
	2.48E-07
	3.32E-07

	
	Co
	2.30E-06
	7.81E-06
	1.89E-05
	4.47E-05
	1.56E-04
	
	5.04E-06
	1.29E-05
	2.46E-05
	4.73E-05
	1.24E-04

	
	Ni
	1.54E-05
	2.27E-05
	3.33E-05
	5.82E-05
	1.63E-04
	
	8.62E-06
	1.68E-05
	2.81E-05
	4.92E-05
	1.18E-04

	
	Pb
	1.05E-07
	1.34E-07
	1.58E-07
	1.86E-07
	2.27E-07
	
	1.85E-08
	3.21E-08
	4.41E-08
	5.64E-08
	7.40E-08

	TCR
	Total
	4.14E-05
	6.39E-05
	9.37E-05
	1.47E-04
	3.26E-04
	　
	3.58E-05
	5.80E-05
	8.43E-05
	1.26E-04
	2.28E-04
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Fig. S1 The wind rose map of the mean concentration / the corresponding local average background values for eight heavy metals in the study area
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[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Fig. S2 Proportions of heavy metals exceeding background values in all sampling sites
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Fig. S3 Spatial distribution of the concentrations of soil heavy metals in study area
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Fig. S4 Fitting coefficients (r2) between soil heavy metals observed concentrations and predicted concentrations by PMF model
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[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Fig. S5 Factors profiles and source contributions of heavy metals from PMF model
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Fig. S6 Factor contributions of soil heavy metals from PMF model
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Fig. S7 Exceedance percentage of acceptable threshold (1E-06) and unacceptable threshold (1E-04) for TCR and the CR of As, Ni, Co and Cd
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