Supplementary Material

Table S1  The classification of contamination degree based on Igeo values. 
	class
	Igeo value
	contamination degree

	0
	Igeo ≤ 0
	Practically uncontaminated

	1
	0＜Igeo ≤ 1
	Uncontaminated to moderately contaminated

	2
	1＜Igeo ≤ 2
	Moderately contaminated

	3
	2＜Igeo ≤ 3
	Moderately to heavily contaminated

	4
	3＜Igeo ≤ 4
	Heavily contaminated

	5
	4＜Igeo ≤ 5
	Heavily to extremely contaminated

	6
	5＜Igeo
	Extremely contaminated


Table S2  Grading standards of PLI.    

	PLI
	pollution levels 

	PLI ＜ 1
	Unpolluted

	1 ≤ PLI＜2
	Unpolluted to moderately polluted 

	2 ≤ PLI＜3
	Moderately polluted

	3 ≤ PLI＜4
	Moderately to highly polluted 

	4 ≤ PLI＜5
	Highly polluted

	PLI ≥ 5
	Very highly polluted 


Table S3  Hakanson classification standard of Eri values.    

	Eri
	Potential ecological risk grade

	Er＜40
	Low ecological risk

	40 ≤ Er＜80
	Moderate ecological risk

	80 ≤ Er＜160
	Considerable ecological risk

	160 ≤ Er＜320
	High ecological risk

	Er ≥320
	Very high ecological risk at hand for the substance in question  


Table S4  Hakanson classification standard of RI values.
	RI
	Potential ecological risk of multiple metals

	RI＜150
	Low ecological risk

	150 ≤ RI＜300
	Moderate ecological risk

	300 ≤ RI＜600
	Considerable ecological risk

	600 ≤ RI＜1200
	Very high ecological risk

	RI ≥1200
	Extremely high ecological risk 


Table S5  Parameters and detailed description for the health risk assessment.
	Parameters
	Description
	Units
	Values
	Reference

	IRw
	Ingestion rate of water of adults
	mg/day
	100
	Connor 

et al., 2007

	ED
	Exposure duration of

adults
	year
	25
	Connor 

et al., 2007

	EF
	Exposure frequency of adults
	days/year
	250
	Connor 

et al., 2007

	BWa
	Average body weight of adults
	kg
	61.8
	HJ 25.3-2019

	ATc
	Average time for carcinogenic effect
	year
	76
	HJ 25.3-2019

	ATn
	Average time for (non-carcinogenic) effect
	year
	25
	HJ 25.3-2019

	SA
	Exposed skin area of adults
	cm2
	3160
	Connor 

et al., 2007

	PEF
	Particle emission factor (Hexigten Banner)
	(mg/m^3-air)/(mg/kg-soil)
	1.73E-09
	calculated

	PEF
	Particle emission factor (Bairin Left Banner)
	(mg/m^3-air)/(mg/kg-soil)
	1.13-09
	calculated

	IRs
	Daily oral ingestion rate of soils of adults
	mg/day
	100
	HJ 25.3-2019

	IRw
	Ingestion rate
	L/day
	1
	HJ 25.3-2019

	SSARa
	Adherence rate of soil on skin for adults
	mg*cm^-2
	0.5
	Connor

et al., 2007


Table S6  References dose (RfD, mg/kg/day) and slope factor (SF, mg/kg/day) of heavy metals through different pathways. 

	
	Cr
	As
	Pb
	Cd(soil)
	Cd(water)
	Hg

	RfD for ingestion
	1.5
	3.00E-04
	3.50E-03
	1.00E-03
	3.00E-03
	3.00E-04

	RfD for dermal absorption
	1.5
	3.00E-04
	5.25E-04
	1.00E-03
	6.00E-05
	3.00E-04

	RfD for inhalation
	1.40E-04
	1.23E-04
	3.52E-03
	1.00E-05
	2.86E-05
	3.00E-04

	SFo
	0.5
	1.5
	0.28
	0.38
	0.38
	-


Date from Connor et al., 2007; USEPA (2019). 

Table S7  Concentrations (mg/kg) of the heavy metals in topsoil and groundwater around the metal ore processing, mining and smelting factories.
	Sampling Sites
	Cr
	As
	Pb
	Cd
	Hg

	Topsoil
	Hexigten Banner
	1
	44.828
	39.203
	96.994
	0.644
	0.016

	
	
	2
	48.863
	33.731
	51.044
	0.344
	0.021

	
	
	3
	37.835
	34.097
	47.5
	0.372
	0.018

	
	
	4
	27.407
	28.563
	25.24
	0.355
	0.012

	
	
	5
	19.744
	106.307
	16.428
	0.533
	0.013

	
	
	6
	12.611
	12.438
	23.839
	0.321
	0.013

	
	
	7
	22.1
	7.097
	27.333
	0.21
	0.022

	
	
	8
	13.283
	14.491
	136.811
	3.248
	0.099

	
	
	9
	19.846
	2.527
	17.154
	0.083
	0.015

	
	
	10
	33.555
	109.876
	20.936
	0.261
	0.016

	
	
	11
	52.133
	55.170
	24.333
	0.161
	0.024

	
	
	12
	54.525
	163.59
	28.042
	0.167
	0.036

	
	
	13
	51.088
	18.261
	62.863
	0.51
	0.023

	
	
	14
	52.475
	20.474
	28.325
	0.239
	0.042

	
	
	15
	48.008
	11.682
	25.433
	0.17
	0.027

	
	
	16
	38.733
	80.15
	154.542
	1.899
	0.027

	
	
	17
	28.308
	17.292
	26.415
	0.12
	0.012

	
	
	18
	18.16
	113.728
	40.820
	0.179
	0.008

	
	
	19
	40.1
	13.393
	25.3
	0.242
	0.037

	
	
	20
	31.65
	4.697
	21.583
	0.13
	0.017

	
	Bairin Left Banner
	21
	49.325
	50.791
	208.858
	1.332
	0.019

	
	
	22
	55.3
	110.252
	258.567
	5.646
	0.023

	
	
	23
	15.172
	4.138
	17.828
	0.707
	0.039

	
	
	24
	54.65
	22.324
	564.788
	4.31
	0.033

	
	
	25
	52.9
	22.88
	972.454
	1.491
	0.028

	
	
	26
	53.592
	22.203
	542.675
	1.613
	0.021

	
	
	27
	47.308
	27.139
	1378.042
	8.157
	0.023

	
	
	28
	48
	277.073
	339.875
	2.409
	0.028

	
	
	29
	57.164
	326.779
	46.164
	0.895
	0.027

	
	
	30
	25.336
	7.89
	25.655
	0.124
	0.017

	
	
	31
	48.129
	174.061
	287.150
	3.297
	0.024

	
	
	32
	38.962
	17.459
	24.554
	0.162
	0.016

	
	
	33
	39.134
	22.942
	96.49
	1.412
	0.019

	
	
	34
	41.7
	25.091
	52.814
	0.384
	0.014

	
	
	35
	53.433
	18.78
	342.892
	2.641
	0.028

	Ground

water
	Hexigten Banner
	36
	0
	0.007
	0.123
	0.024
	0.00014

	
	
	37
	0.004
	0.0133
	0.084
	0.011
	0.00014

	
	
	38
	0.004
	0.0219
	0.056
	0.008
	0.00014

	
	
	39
	0.004
	0.0267
	0.053
	0.005
	0.00014

	
	
	40
	0.004
	0.0151
	0.033
	0.01
	0.00014

	
	
	41
	0
	0.0121
	0.018
	0.007
	0.00014

	
	
	42
	0.004
	0.0832
	0.229
	0.036
	0.00014

	
	
	43
	0.004
	0.0271
	0.011
	0.009
	0.00014

	
	
	44
	0.004
	0.0181
	0.014
	0.012
	0.00014

	
	
	45
	0.004
	0.0265
	0.023
	0.055
	0.00014

	
	
	46
	0.004
	0.0064
	0.034
	0.014
	0.00014

	
	
	47
	0.004
	0.0075
	0.023
	0.007
	0.00014

	
	
	48
	0.004
	0.0134
	0.024
	0.012
	0.00014

	
	
	49
	0
	0.0426
	0.002
	0.001
	0.00054

	
	
	50
	0.004
	0.0141
	0.002
	0.001
	0.00025

	
	
	51
	0
	0.0128
	0
	0.001
	0.00096

	
	
	52
	0
	0.0119
	0.002
	0.001
	0.00023

	
	
	53
	0
	0.014
	0.002
	0.001
	0.00022

	
	
	54
	0
	0.0045
	0.002
	0.001
	0.00024

	
	
	55
	0.043
	0.0094
	0
	0.001
	0.00014

	
	
	56
	0.004
	0.0271
	0
	0.001
	0.00014

	
	
	57
	0.004
	0.0045
	0.4
	0.001
	0.0005

	
	Bairin Left Banner
	58
	0.004
	0.0045
	0.002
	0.001
	0.00015

	
	
	59
	0.004
	0.0034
	0.002
	0.001
	0.00014

	
	
	60
	0.004
	0.0024
	0
	0.001
	0.00015

	
	
	61
	0.004
	0.0049
	0
	0
	0.00014

	
	
	62
	0.004
	0.0065
	0.002
	0.001
	0.00014

	
	
	63
	0.004
	0.0034
	0.002
	0.001
	0.00014

	
	
	64
	0
	0.0055
	0
	0
	0.00014

	
	
	65
	0.004
	0.002
	0.002
	0.001
	0.00014

	
	
	66
	0
	0.01
	0.093
	0.001
	0.00014

	
	
	67
	0.004
	0.0128
	0.123
	0.001
	0.00014

	
	
	68
	0.004
	0.0019
	0.102
	0.001
	0.00022

	
	
	69
	0.004
	0.0181
	0.061
	0.001
	0.00014

	
	
	70
	0.033
	0.0035
	0.071
	0.001
	0.00014

	
	
	71
	0
	0.0037
	0.4
	0.001
	0.00018

	
	
	72
	0.004
	0.0016
	0.043
	0.001
	0.00014

	
	
	73
	0
	0.0052
	0.032
	0.001
	0.00014


