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Supplementary Table S1 Factor distribution and source contribution acquired form PMF model for soil source apportionment model

	
	F1
	F2
	F3
	F1%
	F2%
	F3%

	Ag
	3129.6
	3779.7
	1946.4
	35.3
	42.7
	22

	Al
	6459.4
	2814.7
	3433.6
	50
	22.1
	27

	B
	85.31
	144.18
	411
	13.3
	22.5
	64.2

	Cd
	2.469
	3.311
	3.771
	25.9
	34.7
	39.5

	Co
	7.545
	9.268
	13.08
	25.2
	31
	43.8

	Cr
	9.646
	46.625
	38.6
	10.2
	49.1
	40.7

	Cu
	12.959
	8.66
	4.048
	50.6
	33.7
	15.8

	Fe
	2512.6
	2807.6
	1354.9
	37.6
	42.1
	20.3

	Mn
	39.54
	81.585
	79.837
	19.7
	40.6
	39.7

	Ni
	0
	56.36
	0
	0
	100
	0

	Pb
	11.684
	7.985
	6.637
	44.4
	30.4
	25.2

	Zn
	11.977
	13.758
	17.709
	27.6
	31.7
	40.8

	P
	142310
	885.38
	588.68
	99
	0.6
	0.4






Supplementary Table S2 Factor distribution and source contribution acquired form PMF model for groundwater source apportionment model

	
	F1
	F2
	F3
	F4
	F5
	F6
	F1%
	F2%
	F3%
	F4%
	F5%
	F6%

	Ag
	0.00005
	0.00013
	0.00005
	0
	0
	0.00322
	1.4
	3.7
	1.5
	0
	0
	93.4

	B
	0.03459
	0
	0.00148
	0.00552
	0
	0
	83.2
	0
	3.6
	13.3
	0
	0

	Cd
	0.00007
	0.00138
	0.00015
	0.00107
	0.00055
	0.0005
	1.8
	37.1
	4.2
	28.7
	14.7
	13.6

	Co
	0.00026
	0
	0.00016
	0
	0.00404
	0.0013
	4.6
	0
	2.7
	0
	70.1
	22.6

	Cr
	0.00005
	0.00078
	0.00015
	0.0018
	0.00034
	0.00093
	1.2
	19.3
	3.8
	44.3
	8.4
	23

	Cu
	0
	0
	0.00155
	0
	0
	0
	0
	0
	100
	0
	0
	0

	Fe
	0.00157
	0.00597
	0.00162
	0.01158
	0.0018
	0.00494
	5.7
	21.7
	5.9
	42.2
	6.5
	18

	Mn
	0
	0.00293
	0
	0
	0.01362
	0
	0
	17.7
	0
	0
	82.3
	0

	Pb
	0.00045
	0.00309
	0.00131
	0.00873
	0.00112
	0.00339
	2.5
	17.1
	7.2
	48.3
	6.2
	18.7

	Sr
	0.07275
	0.08171
	0
	0
	0
	0
	47.1
	52.9
	0
	0
	0
	0

	Zn
	0.00174
	0.00464
	0.01207
	0
	0
	0
	9.4
	25.2
	65.4
	0
	0
	0
































Supplementary Table S3: Exposure factors and values used in HRA model to evaluate exposure risks with Monte Carlo simulator


	Soil HRA Modelling

	Parameters
	Abbreviation
	Unit
	Children
	Adult
	Probabilistic 
Distribution
	References

	Metal Concentration
	C
	mg/kg
	Measured
	Measured
	Lognormal
	

	Body Weight
	BW
	kg
	1.96-42
	60.7-70
	Uniform
	Walpole (2012)

	Exposure Duration
	ED
	years
	1,6
	1,23
	Uniform
	USEPA (2011)

	Daily Ingestion Rate
	IR
	mg/day
	100,200
	50,200
	Uniform
	USEPA (2011)

	Exposure Skin Area
	SA
	cm2
	2493
	5938
	Fixed
	Sun et. Al. (2022)

	Absorption Efficiency
	ABS
	unitless
	0.1
	0.1
	Fixed
	USEPA (2003)

	Exposure Frequency
	EF
	day/year
	345 (180,365)
	345 (180,365)
	Triangular
	Sun et. Al. (2022)

	Average Time
	AT
	Day
	365*ED (non-carcinogenic)
365*70 (Carcinogenic)
	Uniform
	US EPA (2002)

	Adherence Factor
	AF
	mg/cm2
	0.2
	0.07
	Fixed
	USEPA (2002)

	Particle emission factor
	PEF
	m3/kg
	1.32×109
	1.32×109
	Fixed
	US EPA (1996)

	Inhalation rate
	InhR
	m3/day
	7.5-14
	14-19
	Uniform
	Huang et. al. (2020)

	Groundwater HRA Modelling

	Parameters
	Abbreviation
	Unit
	Children
	Adult
	Probabilistic 
Distribution
	References

	Metal Concentration
	C
	mg/L
	Measured
	Measured
	Lognormal
	

	Ingestion Rate
	IR
	L/day
	1,1.32
	1,3
	Uniform
	USEPA (2011)

	Exposure Skin Area
	SA
	cm2
	13300
	17000
	Fixed
	USEPA (2011)

	Skin Probability Co-efficient
	PC
	cm/h
	0.001 (Cu, Pb, Co & Cd)
Cr (0.002), Zn (0.006)
	Fixed
	USEPA (2011)

	Exposure time
	ET
	h/d
	0.18
	0.33
	Fixed
	USEPA (2011)

	Exposure Frequency
	EF
	day/year
	345 (180,365)
	345 (180,365)
	Triangular
	USEPA (2011)

	Exposure Duration
	ED
	Years
	10
	70
	Fixed
	USEPA (2000)

	Body Weight
	BW
	Kg
	1.96-42
	60.7-70
	Uniform
	USEPA (2011)

	Average Time
	AT
	Day
	12775 (Cu, Zn, Pb & Co)
25500 (Cd & Cr)
	Fixed
	USEPA (2000)

	Conversion Factor
	CF
	L/cm3
	0.001 (Cu, Zn, Co, Cd, Cr)
0.0001 (Pb)
	Fixed
	USEPA (2000)








Supplementary Table S4: Reference doses and Slope factors used in HRA model to evaluate exposure risks with Monte Carlo simulator

	Heavy metal
	RfD (mg/kg/d)
	SF (kg/d/mg)
	Reference

	
	Ingestion
	Dermal absorption
	Inhalation
	Ingestion
	Dermal absorption
	Inhalation
	

	Soil

	As
	0.0003
	0.00012
	0.00000429
	1.5
	1.5
	1.51×101
	USEPA, 2011

	Cd
	0.001
	2.5E-05
	0.00000286
	—
	—
	6.3
	USEPA, 2012

	Cr
	0.003
	0.00003
	—
	5.01×10-1
	2.0×101
	4.2×101
	USEPA, 2013

	Cu
	0.04
	0.012
	—
	—
	—
	—
	USEPA, 2014

	Ni
	0.02
	0.0054
	0.00009
	1.7
	4.25×101
	8.4×10-1
	USEPA, 2015

	Pb
	0.0014
	0.00052
	—
	8.5×10-3
	—
	4.2×10-2
	USEPA, 2016

	Zn
	0.3
	0.06
	—
	—
	—
	—
	USEPA, 2017

	Co
	0.02
	5.7E-06
	0.0000057
	
	
	
	USEPA, 2018

	Groundwater

	Heavy metal
	RfD (g/kg/d)
	SF (kg/d/mg)
	References

	
	Ingestion
	Dermal absorption
	Ingestion
	Dermal absorption
	

	Cd
	Cd
	0.0005
	6.1
	0.38
	USEPA (2011)

	Cr
	Cr
	0.003
	41
	0.5
	USEPA (2011)

	Cu
	Cu
	0.005
	
	
	USEPA (2000)

	Pb
	0.0014
	0.00042
	
	
	USEPA (2000)

	Zn
	0.3
	0.1
	
	
	USEPA (2011)

	Co
	0.0003
	0.0002
	
	
	USEPA (2011)
















	Element
	SRM 2702 Certified Value (mg/kg)
	SRM 2702 Measured Value (mg/kg)
	% 
Recovery
	Pass/Fail
	Certified Value Source

	P
	1552 ± 66
	1631
	105.090206
	Pass
	NIST

	Ag
	0.622 ± 0.078
	0.68
	109.324759
	Pass
	NIST

	Al
	84100 ± 2200
	85000
	101.070155
	Pass
	NIST

	Fe
	74000
	75861
	102.514865
	Pass
	NIST

	Mn
	1757 ± 58
	1699
	96.6989186
	Pass
	NIST

	Cu
	117.7 ± 5.6
	110.3
	93.7128292
	Pass
	NIST

	Cr
	352 ± 22
	341.6
	97.0454545
	Pass
	NIST

	Co
	27.76 ± 0.58
	26.5
	95.4610951
	Pass
	NIST

	Pb
	132.8 ± 1.1
	125
	94.126506
	Pass
	NIST

	Ni
	75.4 ± 1.5
	72.32
	95.9151194
	Pass
	NIST

	Zn
	485.3 ± 4.2
	478.76
	98.65238
	Pass
	NIST


[bookmark: _Hlk189916497]Supplementary Table S5: Elemental analytical summary of SRM-2702 for Soil

Supplementary Table S6: Elemental analytical summary of SRM-1643F for Water
	Element
	SRM 1643F
Certified Value 
(µg/L)
	SRM 1643F
 Measured Value 
(µg/L)
	% Recovery
	Pass/Fail
	Certified Value Source

	Ag
	0.9703 ± 0.0055
	1.07
	109.90%
	Pass
	NIST

	Al
	133.8 ± 1.2
	132.13
	98.75%
	Pass
	NIST

	Fe
	93.44 ± 0.78
	98.05
	104.93%
	Pass
	NIST

	Mn
	37.14 ± 0.6
	40.74
	109.69%
	Pass
	NIST

	Cu
	21.66 ± 0.71
	20.52
	94.73%
	Pass
	NIST

	Cr
	18.50 ± 0.10
	18.86
	101.94%
	Pass
	NIST

	Co
	25.30 ± 0.17
	26.44
	104.49%
	Pass
	NIST

	Pb
	18.488 ± 0.84
	17.29
	93.51%
	Pass
	NIST

	Ni
	59.80 ± 1.40
	65.53
	109.58%
	Pass
	NIST

	B
	125.30 ± 6.6
	137.62
	109.84%
	Pass
	NIST

	Zn
	74.40 ± 1.7
	68.39
	91.92%
	Pass
	NIST






