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This supplementary file contains nine tables (Tables S1–S9) documenting the exposure parameters, toxicity values, raw analytical data and the depth-resolved risk calculations that support the main text. All indices were recomputed independently from the raw analytical data set to guarantee internal consistency.
Table S1 Exposure factors used in the average daily intake (ADI) calculations
	Parameter
	Unit
	Children (1–6 years)
	Adults (exposure duration 30 years)
	Reference

	IngR (soil ingestion rate)
	mg day-1
	200
	100
	US EPA (2011)

	InhR (inhalation rate)
	m3 day-1
	7.6
	20
	US EPA (1989)

	EF (exposure frequency)
	days year-1
	350
	350
	RAIS (2017); US EPA (2002)

	ED (exposure duration)
	years
	6
	30
	US EPA (2002)

	CF (conversion factor)
	kg mg-1
	1 × 10-6
	1 × 10-6
	US EPA (1989, 1997)

	BW (body weight)
	kg
	15
	64
	US EPA (2011)

	AT (averaging time, non-carcinogenic)
	days
	2,190
	10,950
	Man et al. (2010); US EPA (2002)

	AT (averaging time, carcinogenic)
	days
	25,550
	25,550
	US EPA (1989)

	PEF (particle emission factor)
	m3 kg-1
	1.36 × 109
	1.36 × 109
	US EPA (2002)

	SA (exposed skin surface area)
	cm2 day-1
	2,800
	5,700
	US EPA (2002)

	AF (soil-to-skin adherence factor)
	mg cm-2 h-1
	0.2
	0.07
	RAIS (2017); US EPA (2002)

	ABS (dermal absorption factor) — As
	–
	0.03
	0.03
	US EPA (2004)

	ABS (dermal absorption factor) — Cd
	–
	0.001
	0.001
	US EPA (2004)

	ABS (dermal absorption factor) — all other metals
	–
	0.01
	0.01
	US EPA (2004)



Non-carcinogenic averaging time equals ED × 365 days (i.e. 2,190 days for children and 10,950 days for adults); the carcinogenic averaging time is fixed at 70 × 365 = 25,550 days for both receptors.
Table S2 Reference doses (RfD, mg kg⁻¹ day⁻¹) of the eight heavy metals by exposure pathway
	Heavy metal
	Ingestion (oral)
	Inhalation
	Dermal

	As
	3 × 10-4
	3.01 × 10-4
	1.23 × 10-4

	Cr (total)
	3 × 10-3
	2.86 × 10-5
	6 × 10-5

	Cd
	1 × 10-3
	2.4 × 10-6
	1 × 10-5

	Cu
	4 × 10-2
	4.02 × 10-2
	1.2 × 10-2

	Zn
	3 × 10-1
	3 × 10-1
	6 × 10-2

	Hg
	3 × 10-4
	3 × 10-4
	2.1 × 10-5

	Ni
	2 × 10-2
	2.06 × 10-2
	5.4 × 10-3

	Pb
	3.5 × 10-3
	3.52 × 10-3
	5.25 × 10-4



The inhalation RfD for total Cr corresponds to the Cr(VI) value, which is the most conservative assumption because Cr(VI) is the only Cr species with an established inhalation toxicity value; the resulting non-carcinogenic risk is therefore an upper bound (see also Table S7).
Table S3 Carcinogenic slope factors (SF, mg kg⁻¹ day⁻¹) of the eight heavy metals by exposure pathway
	Heavy metal
	Ingestion (oral)
	Inhalation
	Dermal

	As
	1.5
	15.1
	3.66

	Cr (total)
	–
	41
	–

	Cr(VI)
	5 × 10-1
	5.1 × 102
	–

	Cd
	6.1
	6.3
	0.014

	Ni
	1.7
	0.91
	–

	Pb
	8.5 × 10-3
	4.2 × 10-2
	–

	Cu
	NA
	NA
	NA

	Zn
	NA
	NA
	NA

	Hg
	NA
	NA
	NA



NA = not applicable; no slope factor is available and the element was not assessed carcinogenically. Because only total Cr was determined, the carcinogenic assessment of Cr was restricted to the inhalation pathway (SF = 41 mg kg-1 day-1, the Cr(VI) value); the sensitivity of the result to this assumption is quantified in Table S7.
Table S4 Raw analytical data for the soil-like material by depth interval
Table S4a Physicochemical properties
	Depth interval (m)
	pH
	TN (g kg-1)
	AN (mg kg-1)
	TP (g kg-1)
	AP (mg kg-1)
	TK (g kg-1)
	AK (mg kg-1)
	[bookmark: _GoBack]SOM (g kg-1)
	TOC (g kg-1)
	Water content (%)

	0–1
	8.11
	1.58
	474.3
	1.36
	45.96
	13.34
	978.1
	47.46
	17.31
	28.11

	1–2
	7.99
	5.07
	410.27
	1.32
	64.73
	10.45
	1031.42
	67.32
	19.46
	28.36

	2–3
	7.94
	2.08
	464.78
	3.6
	60.96
	14.22
	2541.0
	78.62
	25.62
	26.39

	3–4
	7.99
	2.68
	553.86
	3.71
	60.47
	13.53
	1381.49
	76.71
	23.33
	27.52

	4–5
	7.76
	3.87
	388.02
	3.23
	68.9
	13.96
	1819.14
	96.6
	26.43
	34.56

	Mean
	7.96
	3.06
	458.25
	2.64
	60.20
	13.10
	1550.23
	73.34
	22.43
	28.99

	SD
	0.13
	1.41
	64.57
	1.20
	8.66
	1.52
	647.86
	17.93
	3.86
	3.21

	CV
	0.02
	0.46
	0.14
	0.46
	0.14
	0.12
	0.42
	0.24
	0.17
	0.11



TN total nitrogen; AN alkaline-hydrolysable nitrogen; TP total phosphorus; AP available phosphorus; TK total potassium; AK available potassium; SOM soil organic matter; TOC total organic carbon. All results are expressed on a dry-mass basis.
Table S4b Humic substance fractionation of the bulk SLM sample (g kg⁻¹)
	Fraction
	Carbon content (g kg-1)
	Share of TOC (%)

	Total organic carbon (TOC)
	22.43
	100.0

	Humic + fulvic acid carbon
	3.97
	17.7

	Humic acid carbon (HA)
	3.31
	14.8

	Fulvic acid carbon (FA)
	0.66
	2.9

	Humin carbon (HM)
	18.47
	82.3



Derived parameters: HA/FA = 5.0; humification degree [(HA + FA)/TOC] = 17.7 %.
Table S4c Selected physical properties of the bulk SLM sample
	Property
	Unit
	Value

	pH
	–
	8.52

	Electrical conductivity (EC)
	μS cm-1
	848

	Saturated permeability
	cm min-1
	7.53–7.54

	Water-holding capacity
	g g-1
	0.75–0.77



Table S4d Heavy metal concentrations (mg kg⁻¹)
	Depth interval (m)
	As
	Cr
	Cd
	Cu
	Zn
	Hg
	Ni
	Pb

	0–1 m
	5.39
	71.56
	0.234
	11.09
	24.73
	0.346
	3.61
	7.82

	1–2 m
	8.49
	92.86
	0.462
	21.85
	33.86
	0.354
	6.69
	19.83

	2–3 m
	5.60
	143.92
	0.264
	86.89
	77.02
	0.308
	6.34
	44.94

	3–4 m
	5.00
	114.25
	0.242
	12.70
	24.93
	0.258
	3.47
	18.20

	4–5 m
	8.06
	108.51
	0.100
	12.46
	23.31
	0.236
	5.51
	14.79

	Mean
	6.51
	106.22
	0.260
	29.00
	36.77
	0.300
	5.12
	21.11

	SD
	1.63
	26.79
	0.130
	32.65
	22.89
	0.052
	1.51
	14.10

	CV
	0.25
	0.25
	0.50
	1.13
	0.62
	0.17
	0.29
	0.67

	Local soil background (Lhasa)
	20
	42
	0.12
	22
	65
	0.092
	21
	31

	GB 15618-2018 (pH > 7.5)
	25
	250
	0.6
	100
	300
	3.4
	190
	170



Background values follow Cheng et al. (2014); the regulatory values are the risk screening values for agricultural land of GB 15618-2018 for the pH > 7.5 scenario.
Table S5a Depth-resolved hazard quotients, hazard index, carcinogenic risk and total carcinogenic risk for adults
	Depth (m)
	Metal
	HQing
	HQinh
	HQder
	HQ
	CRing
	CRinh
	CRder
	CR

	0–1 m
	As
	0.027
	3.94E-06
	0.008
	0.035
	5.19E-06
	7.68E-09
	1.52E-06
	6.71E-06

	0–1 m
	Cr
	0.036
	5.51E-04
	0.071
	0.108
	0
	2.77E-07
	0
	2.77E-07

	0–1 m
	Cd
	3.51E-04
	2.15E-05
	1.40E-04
	5.12E-04
	9.17E-07
	1.39E-10
	8.39E-12
	9.17E-07

	0–1 m
	Cu
	4.15E-04
	6.08E-08
	5.52E-05
	4.71E-04
	0
	0
	0
	0

	0–1 m
	Zn
	1.23E-04
	1.82E-08
	2.46E-05
	1.48E-04
	0
	0
	0
	0

	0–1 m
	Hg
	0.002
	2.54E-07
	9.85E-04
	0.003
	0
	0
	0
	0

	0–1 m
	Ni
	2.71E-04
	3.87E-08
	4.00E-05
	3.11E-04
	3.95E-06
	3.11E-10
	3.94E-06
	7.88E-06

	0–1 m
	Pb
	0.003
	4.89E-07
	8.90E-04
	0.004
	4.27E-08
	3.10E-11
	0
	4.27E-08

	0–1 m
	HI / TCR
	[bookmark: HI / TCR_01]
	[bookmark: __DOCXFIELD_2e7ab7d7c2ea430bb3abc2aeeb0ae9e0___01]
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	0.151
	[bookmark: 0.151_01]
	[bookmark: __DOCXFIELD_513c1fc62ac54dec856436bf0c83654a___01]
	[bookmark: __DOCXFIELD_6ced950f00324faea9128ccfb5024e3f___01]
	1.58E-05

	1–2 m
	As
	0.042
	6.21E-06
	0.012
	0.055
	8.18E-06
	1.21E-08
	2.39E-06
	1.06E-05

	1–2 m
	Cr
	0.046
	7.15E-04
	0.093
	0.140
	0
	3.60E-07
	0
	3.60E-07

	1–2 m
	Cd
	6.92E-04
	4.24E-05
	2.76E-04
	0.001
	1.81E-06
	2.75E-10
	1.66E-11
	1.81E-06

	1–2 m
	Cu
	8.18E-04
	1.20E-07
	1.09E-04
	9.27E-04
	0
	0
	0
	0

	1–2 m
	Zn
	1.69E-04
	2.49E-08
	3.37E-05
	2.03E-04
	0
	0
	0
	0

	1–2 m
	Hg
	0.002
	2.60E-07
	0.001
	0.003
	0
	0
	0
	0

	1–2 m
	Ni
	5.01E-04
	7.16E-08
	7.41E-05
	5.75E-04
	7.30E-06
	5.75E-10
	7.28E-06
	1.46E-05

	1–2 m
	Pb
	0.008
	1.24E-06
	0.002
	0.011
	1.08E-07
	7.86E-11
	0
	1.08E-07

	1–2 m
	HI / TCR
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	2.74E-05

	2–3 m
	As
	0.028
	4.10E-06
	0.008
	0.036
	5.40E-06
	7.99E-09
	1.58E-06
	6.98E-06

	2–3 m
	Cr
	0.072
	0.001
	0.143
	0.216
	0
	5.57E-07
	0
	5.57E-07

	2–3 m
	Cd
	3.96E-04
	2.42E-05
	1.58E-04
	5.78E-04
	1.03E-06
	1.57E-10
	9.47E-12
	1.03E-06

	2–3 m
	Cu
	0.003
	4.76E-07
	4.33E-04
	0.004
	0
	0
	0
	0

	2–3 m
	Zn
	3.85E-04
	5.66E-08
	7.67E-05
	4.61E-04
	0
	0
	0
	0

	2–3 m
	Hg
	0.002
	2.26E-07
	8.77E-04
	0.002
	0
	0
	0
	0

	2–3 m
	Ni
	4.75E-04
	6.78E-08
	7.02E-05
	5.45E-04
	6.92E-06
	5.45E-10
	6.90E-06
	1.38E-05

	2–3 m
	Pb
	0.019
	2.81E-06
	0.005
	0.024
	2.45E-07
	1.78E-10
	0
	2.45E-07

	2–3 m
	HI / TCR
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	2.26E-05

	3–4 m
	As
	0.025
	3.66E-06
	0.007
	0.032
	4.81E-06
	7.13E-09
	1.41E-06
	6.23E-06

	3–4 m
	Cr
	0.057
	8.80E-04
	0.114
	0.172
	0
	4.42E-07
	0
	4.42E-07

	3–4 m
	Cd
	3.63E-04
	2.22E-05
	1.45E-04
	5.29E-04
	9.48E-07
	1.44E-10
	8.68E-12
	9.48E-07

	3–4 m
	Cu
	4.76E-04
	6.96E-08
	6.33E-05
	5.39E-04
	0
	0
	0
	0

	3–4 m
	Zn
	1.24E-04
	1.83E-08
	2.48E-05
	1.49E-04
	0
	0
	0
	0

	3–4 m
	Hg
	0.001
	1.89E-07
	7.34E-04
	0.002
	0
	0
	0
	0

	3–4 m
	Ni
	2.60E-04
	3.71E-08
	3.84E-05
	2.98E-04
	3.79E-06
	2.98E-10
	3.78E-06
	7.57E-06

	3–4 m
	Pb
	0.008
	1.14E-06
	0.002
	0.010
	9.93E-08
	7.22E-11
	0
	9.94E-08

	3–4 m
	HI / TCR
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	1.53E-05

	4–5 m
	As
	0.040
	5.90E-06
	0.012
	0.052
	7.76E-06
	1.15E-08
	2.27E-06
	1.00E-05

	4–5 m
	Cr
	0.054
	8.36E-04
	0.108
	0.163
	0
	4.20E-07
	0
	4.20E-07

	4–5 m
	Cd
	1.50E-04
	9.18E-06
	5.98E-05
	2.19E-04
	3.92E-07
	5.95E-11
	3.59E-12
	3.92E-07

	4–5 m
	Cu
	4.67E-04
	6.83E-08
	6.21E-05
	5.29E-04
	0
	0
	0
	0

	4–5 m
	Zn
	1.16E-04
	1.71E-08
	2.32E-05
	1.40E-04
	0
	0
	0
	0

	4–5 m
	Hg
	0.001
	1.73E-07
	6.72E-04
	0.002
	0
	0
	0
	0

	4–5 m
	Ni
	4.12E-04
	5.89E-08
	6.10E-05
	4.73E-04
	6.01E-06
	4.73E-10
	6.00E-06
	1.20E-05

	4–5 m
	Pb
	0.006
	9.26E-07
	0.002
	0.008
	8.07E-08
	5.87E-11
	0
	8.08E-08

	4–5 m
	HI / TCR
	[bookmark: HI / TCR_05]
	[bookmark: __DOCXFIELD_910989bd10ee4f2daecd2d8456349ba3___01]
	[bookmark: __DOCXFIELD_819bc39a0510496da2976bf5683973b9___01]
	0.226
	[bookmark: 0.226_01]
	[bookmark: __DOCXFIELD_5413fd24bb0b494596c8ca5f54fdc82d___01]
	[bookmark: __DOCXFIELD_387fcf9f23874e7cb101e9ad41f24d51___01]
	2.29E-05



Table S5b Depth-resolved hazard quotients, hazard index, carcinogenic risk and total carcinogenic risk for children
	DEpth (m)
	MEtal
	HQing
	HQinh
	HQder
	HQ
	CRing
	CRinh
	CRder
	CR

	0–1 m
	As
	0.230
	6.39E-06
	0.047
	0.277
	8.86E-06
	2.49E-09
	1.82E-06
	1.07E-05

	0–1 m
	Cr
	0.305
	8.94E-04
	0.427
	0.733
	0
	8.98E-08
	0
	8.98E-08

	0–1 m
	Cd
	0.003
	3.48E-05
	8.38E-04
	0.004
	1.56E-06
	4.51E-11
	1.01E-11
	1.56E-06

	0–1 m
	Cu
	0.004
	9.85E-08
	3.31E-04
	0.004
	0
	0
	0
	0

	0–1 m
	Zn
	0.001
	2.94E-08
	1.48E-04
	0.001
	0
	0
	0
	0

	0–1 m
	Hg
	0.015
	4.12E-07
	0.006
	0.021
	0
	0
	0
	0

	0–1 m
	Ni
	0.002
	6.27E-08
	2.40E-04
	0.003
	6.73E-06
	1.01E-10
	4.71E-06
	1.14E-05

	0–1 m
	Pb
	0.029
	7.93E-07
	0.005
	0.034
	7.28E-08
	1.01E-11
	0
	7.28E-08

	0–1 m
	HI / TCR
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	2.38E-05

	1–2 m
	As
	0.362
	1.01E-05
	0.074
	0.436
	1.40E-05
	3.92E-09
	2.86E-06
	1.68E-05

	1–2 m
	Cr
	0.396
	0.001
	0.554
	0.951
	0
	1.17E-07
	0
	1.17E-07

	1–2 m
	Cd
	0.006
	6.88E-05
	0.002
	0.008
	3.09E-06
	8.91E-11
	1.98E-11
	3.09E-06

	1–2 m
	Cu
	0.007
	1.94E-07
	6.52E-04
	0.008
	0
	0
	0
	0

	1–2 m
	Zn
	0.001
	4.03E-08
	2.02E-04
	0.002
	0
	0
	0
	0

	1–2 m
	Hg
	0.015
	4.22E-07
	0.006
	0.021
	0
	0
	0
	0

	1–2 m
	Ni
	0.004
	1.16E-07
	4.44E-04
	0.005
	1.25E-05
	1.86E-10
	8.72E-06
	2.12E-05

	1–2 m
	Pb
	0.072
	2.01E-06
	0.014
	0.086
	1.85E-07
	2.55E-11
	0
	1.85E-07

	1–2 m
	HI / TCR
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	4.14E-05

	2–3 m
	As
	0.239
	6.65E-06
	0.049
	0.288
	9.21E-06
	2.59E-09
	1.89E-06
	1.11E-05

	2–3 m
	Cr
	0.613
	0.002
	0.859
	1.474
	0
	1.81E-07
	0
	1.81E-07

	2–3 m
	Cd
	0.003
	3.93E-05
	9.45E-04
	0.004
	1.76E-06
	5.09E-11
	1.13E-11
	1.76E-06

	2–3 m
	Cu
	0.028
	7.72E-07
	0.003
	0.030
	0
	0
	0
	0

	2–3 m
	Zn
	0.003
	9.17E-08
	4.60E-04
	0.004
	0
	0
	0
	0

	2–3 m
	Hg
	0.013
	3.67E-07
	0.005
	0.018
	0
	0
	0
	0

	2–3 m
	Ni
	0.004
	1.10E-07
	4.20E-04
	0.004
	1.18E-05
	1.77E-10
	8.27E-06
	2.01E-05

	2–3 m
	Pb
	0.164
	4.56E-06
	0.031
	0.195
	4.19E-07
	5.78E-11
	0
	4.19E-07

	2–3 m
	HI / TCR
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	3.35E-05

	3–4 m
	As
	0.213
	5.93E-06
	0.044
	0.257
	8.22E-06
	2.31E-09
	1.68E-06
	9.90E-06

	3–4 m
	Cr
	0.487
	0.001
	0.682
	1.170
	0
	1.43E-07
	0
	1.43E-07

	3–4 m
	Cd
	0.003
	3.60E-05
	8.66E-04
	0.004
	1.62E-06
	4.67E-11
	1.04E-11
	1.62E-06

	3–4 m
	Cu
	0.004
	1.13E-07
	3.79E-04
	0.004
	0
	0
	0
	0

	3–4 m
	Zn
	0.001
	2.97E-08
	1.49E-04
	0.001
	0
	0
	0
	0

	3–4 m
	Hg
	0.011
	3.07E-07
	0.004
	0.015
	0
	0
	0
	0

	3–4 m
	Ni
	0.002
	6.02E-08
	2.30E-04
	0.002
	6.46E-06
	9.67E-11
	4.53E-06
	1.10E-05

	3–4 m
	Pb
	0.066
	1.85E-06
	0.012
	0.079
	1.69E-07
	2.34E-11
	0
	1.70E-07

	3–4 m
	HI / TCR
	
	[bookmark: __DOCXFIELD_cae68654816a4cfd88495c88e3b3bcd8___01]
	[bookmark: __DOCXFIELD_ccd6893ed0c949329293a4b0e5a1a0c2___01]
	1.533
	[bookmark: 1.533_01]
	[bookmark: __DOCXFIELD_1aa6cacb270148eaa6388336af89ffc4___01]
	[bookmark: __DOCXFIELD_2fe5379285e14974a9bf21974203c8ac___01]
	2.28E-05

	4–5 m
	As
	0.344
	9.57E-06
	0.070
	0.414
	1.32E-05
	3.73E-09
	2.72E-06
	1.60E-05

	4–5 m
	Cr
	0.462
	0.001
	0.647
	1.111
	0
	1.36E-07
	0
	1.36E-07

	4–5 m
	Cd
	0.001
	1.49E-05
	3.58E-04
	0.002
	6.68E-07
	1.93E-11
	4.30E-12
	6.69E-07

	4–5 m
	Cu
	0.004
	1.11E-07
	3.72E-04
	0.004
	0
	0
	0
	0

	4–5 m
	Zn
	9.93E-04
	2.78E-08
	1.39E-04
	0.001
	0
	0
	0
	0

	4–5 m
	Hg
	0.010
	2.81E-07
	0.004
	0.014
	0
	0
	0
	0

	4–5 m
	Ni
	0.004
	9.55E-08
	3.65E-04
	0.004
	1.03E-05
	1.53E-10
	7.18E-06
	1.74E-05

	4–5 m
	Pb
	0.054
	1.50E-06
	0.010
	0.064
	1.38E-07
	1.90E-11
	0
	1.38E-07

	4–5 m
	HI / TCR
	
	[bookmark: __DOCXFIELD_45e772cd238e4e28a46ba91aa6769b78___01]
	[bookmark: __DOCXFIELD_35992bf4ff704ca6b497772bf970858e___01]
	1.614
	[bookmark: 1.614_01]
	[bookmark: __DOCXFIELD_932578c92fbb4471904a78951043d5bd___01]
	[bookmark: __DOCXFIELD_302e0e4d8e5d4a7696347aa6c0faea6f___01]
	3.43E-05



Table S6 Pearson correlation coefficients among physicochemical properties and heavy metals (n = 5 depth-wise means)
	
	pH
	TN
	TP
	TK
	SOM
	TOC
	As
	Cr
	Cd
	Cu
	Zn
	Hg
	Ni
	Pb

	pH
	1
	-0.439
	-0.550
	-0.291
	-0.956*
	-0.846
	-0.537
	-0.482
	0.508
	-0.075
	-0.031
	0.748
	-0.430
	-0.186

	TN
	-0.439
	1
	-0.239
	-0.726
	0.381
	0.062
	0.904*
	-0.090
	0.433
	-0.281
	-0.262
	-0.011
	0.602
	-0.129

	TP
	-0.550
	-0.239
	1
	0.714
	0.735
	0.889*
	-0.349
	0.838
	-0.549
	0.387
	0.338
	-0.814
	-0.070
	0.512

	TK
	-0.291
	-0.726
	0.714
	1
	0.340
	0.586
	-0.588
	0.458
	-0.864
	0.293
	0.239
	-0.616
	-0.385
	0.236

	SOM
	-0.956*
	0.381
	0.735
	0.340
	1
	0.932*
	0.369
	0.654
	-0.462
	0.159
	0.115
	-0.827
	0.364
	0.317

	TOC
	-0.846
	0.062
	0.889*
	0.586
	0.932*
	1
	0.070
	0.838
	-0.543
	0.422
	0.372
	-0.806
	0.295
	0.540

	As
	-0.537
	0.904*
	-0.349
	-0.588
	0.369
	0.070
	1
	-0.173
	0.241
	-0.223
	-0.212
	0.036
	0.688
	-0.159

	Cr
	-0.482
	-0.090
	0.838
	0.458
	0.654
	0.838
	-0.173
	1
	-0.155
	0.780
	0.753
	-0.445
	0.401
	0.886*

	Cd
	0.508
	0.433
	-0.549
	-0.864
	-0.462
	-0.543
	0.241
	-0.155
	1
	0.129
	0.190
	0.763
	0.420
	0.170

	Cu
	-0.075
	-0.281
	0.387
	0.293
	0.159
	0.422
	-0.223
	0.780
	0.129
	1
	0.998**
	0.146
	0.543
	0.967**

	Zn
	-0.031
	-0.262
	0.338
	0.239
	0.115
	0.372
	-0.212
	0.753
	0.190
	0.998**
	1
	0.202
	0.558
	0.963**

	Hg
	0.748
	-0.011
	-0.814
	-0.616
	-0.827
	-0.806
	0.036
	-0.445
	0.763
	0.146
	0.202
	1
	0.221
	0.012

	Ni
	-0.430
	0.602
	-0.070
	-0.385
	0.364
	0.295
	0.688
	0.401
	0.420
	0.543
	0.558
	0.221
	1
	0.582

	Pb
	-0.186
	-0.129
	0.512
	0.236
	0.317
	0.540
	-0.159
	0.886*
	0.170
	0.967**
	0.963**
	0.012
	0.582
	1



* p ≤ 0.05; ** p ≤ 0.01 (two-tailed). Variables: pH, total nitrogen (TN), total phosphorus (TP), total potassium (TK), soil organic matter (SOM), total organic carbon (TOC) and eight heavy metals. Coefficients were computed on the five depth-wise mean values; with n = 5 only |r| ≥ 0.88 reaches p ≤ 0.05 (two-tailed), so the coefficients should be regarded as exploratory indicators of shared sources.
Table S7 Sensitivity of the total carcinogenic risk to the assumed Cr(VI) fraction of total Cr
	Fraction of total Cr assumed to be Cr(VI), f
	Additional TCR, adults
	Additional TCR, children
	Total adults (baseline 2.08 × 10-5)
	Total children (baseline 3.12 × 10-5)

	0.0
	0
	0
	2.08E-05
	3.12E-05

	0.05
	1.79E-06
	3.00E-06
	2.26E-05
	3.42E-05

	0.1
	3.59E-06
	6.00E-06
	2.44E-05
	3.72E-05

	0.2
	7.18E-06
	1.20E-05
	2.80E-05
	4.32E-05

	1.0
	3.59E-05
	6.00E-05
	5.67E-05
	9.12E-05



Baseline (inhalation-only) carcinogenic risk from Cr is 4.11 × 10-7 for adults and 1.33 × 10-7 for children. The additional risk is obtained by applying the oral (0.5) and dermal (0.5) slope factors of Cr(VI) to the corresponding fraction of total Cr. Even in the extreme case of f = 1.0 the total carcinogenic risk remains below the USEPA upper limit of 10-4.
Table S8 Depth-wise total carcinogenic risk for the two receptors
	Depth interval (m)
	Adults
	Children

	0–1 m
	1.58E-05
	2.38E-05

	1–2 m
	2.74E-05
	4.14E-05

	2–3 m
	2.26E-05
	3.35E-05

	3–4 m
	1.53E-05
	2.28E-05

	4–5 m
	2.29E-05
	3.43E-05

	Mean
	2.08E-05
	3.12E-05



Table S9 Monte Carlo uncertainty analysis of the total hazard index (HI) and total carcinogenic risk (TCR): probabilistic input assumptions and simulation results (20,000 iterations, Latin-hypercube sampling)
Table S9a Probabilistic input distributions
	Input variable
	Distribution
	Parameters
	Receptor

	Metal concentrations (8 metals)
	Lognormal
	Geometric mean and geometric standard deviation derived from the five depth-wise observations
	Both

	Soil ingestion rate, IngR
	Lognormal
	GSD 1.5; central value 100 (adults) and 200 mg day-1 (children)
	Both

	Exposure frequency, EF
	Uniform
	300–350 days year-1
	Both

	Body weight, BW
	Truncated normal
	64 ± 8 kg (adults); 15 ± 3 kg (children)
	Both

	Exposed skin area, SA
	Lognormal
	GSD 1.2; central value 5,700 (adults) and 2,800 cm2 (children)
	Both

	Soil-to-skin adherence factor, AF
	Lognormal
	GSD 1.5; central value 0.07 (adults) and 0.20 mg cm-2 (children)
	Both

	Reference doses, RfD (pathway-specific)
	Uniform
	Central value ± 50 %
	Both

	Carcinogenic slope factors, SF (pathway-specific)
	Uniform
	Central value ± 50 %
	Both

	Dermal absorption factor, ABS
	Uniform
	Central value ± 50 %
	Both

	Inhalation rate, InhR; particle emission factor, PEF; exposure duration, ED; averaging time, AT
	Fixed
	USEPA default values
	Both



Table S9b Simulated HI and TCR statistics
	Statistic
	HI, adults
	HI, children
	TCR, adults
	TCR, children

	Deterministic point estimate
	2.18 × 10-1
	1.55 × 100
	2.08 × 10-5
	3.12 × 10-5

	5th percentile
	1.07 × 10-1
	7.62 × 10-1
	9.76 × 10-6
	1.40 × 10-5

	Median
	2.23 × 10-1
	1.61 × 100
	1.97 × 10-5
	2.97 × 10-5

	Mean
	2.49 × 10-1
	1.82 × 100
	2.16 × 10-5
	3.32 × 10-5

	95th percentile
	4.82 × 10-1
	3.56 × 100
	3.96 × 10-5
	6.40 × 10-5

	P(threshold exceeded)
	9.0 × 10-4 (HI > 1)
	8.48 × 10-1 (HI > 1)
	1.0 × 10-4 (TCR > 10-4)
	4.5 × 10-3 (TCR > 10-4)



Table S9c Depth-resolved probability that the child total hazard index exceeds 1
	Depth interval (m)
	P(HI > 1)

	0–1
	0.610

	1–2
	0.867

	2–3
	0.964

	3–4
	0.863

	4–5
	0.896



Distributions were sampled independently for each iteration; the random seed was fixed so that the simulation is fully reproducible. Percentiles and exceedance probabilities are based on all 20,000 iterations
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the

average

daily

intake

(ADI)

calculations

Parameter

Unit

Children

(1

–

6

years)

Adults

(exposure

duration

30

years)

Reference

IngR

(soil

ingestion

rate)

mg

day-1

200

100

US

EPA

(2011)

InhR

(inhalation

rate)

m3

day-1

7.6

20

US

EPA

(1989)

EF

(exposure

frequency)

days

year-1

350

350

RAIS

(2017);

US

EPA

(2002)

ED

(exposure

duration)

years

6

30

US

EPA

(2002)

CF

(conversion

factor)

kg

mg-1

1

×

10

-6

1

×

10

-6

US

EPA

(1989,

1997)

BW

(body

weight)

kg

15

64

US

EPA

(2011)

AT

(averaging

time,

non-

carcinogenic)

days

2,190

10,950

Man

et

al.

(2010);

US

EPA

(2002)

AT

(averaging

time,

carcinogenic)

days

25,550

25,550

US

EPA

(1989)

