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Table S1. Exposure parameter values used in the human health risk assessment (children and adults).
	Parameter
	Definition
	Unit
	Children
	Adults
	Reference

	EF
	Exposure frequency
	days year⁻¹
	350
	350
	USEPA (2025)

	ED
	Exposure duration
	year
	6
	30
	USEPA (2025)

	BW
	Body weight
	kg
	15
	70
	Liu et al. (2022)

	IRⁱⁿᵍ
	Soil ingestion rate
	mg day⁻¹
	200
	100
	USEPA (2025)

	SA
	Exposed skin surface area
	cm²
	1600
	4350
	Liu et al. (2022)

	SAAF
	Skin adherence factor
	mg cm⁻²
	0.2
	0.7
	Liu et al. (2022)

	PM₁₀
	Particulate matter concentration
	mg m⁻³
	0.11
	0.11
	Liu et al. (2022)

	DAIR
	Daily air inhalation rate
	m³ day⁻¹
	7.63
	20
	Liu et al. (2022)

	PLAF
	Pulmonary alveolar fraction
	–
	0.9
	0.9
	USEPA (2025)

	FSPO
	Fraction of soil-borne particles < 10 μm
	–
	0.8
	0.8
	USEPA (2025)

	CF
	Unit conversion factor
	kg mg⁻¹
	10⁻⁶
	10⁻⁶
	USEPA (2025)

	AT (non-carcinogenic)
	Averaging time
	days
	2190
	10950
	ED × 365

	AT (carcinogenic)
	Averaging time
	days
	25550
	25550
	70 × 365

	ABS
	Dermal absorption factor (As)
	–
	0.03
	0.03
	USEPA (2025)

	ABS
	Dermal absorption factor (all other metals)
	–
	0.001
	0.001
	USEPA (2025)

	ABS
	Dermal absorption factor (Cr)
	–
	0.042
	0.042
	USEPA (2025)


Exposure parameter values after the exposure factor manual and soil guideline framework [1,2].
Table S2. Reference doses (RfD, mg kg⁻¹ day⁻¹) and cancer slope factors (SF, (mg kg⁻¹ day⁻¹)⁻¹) for the studied potentially hazardous metals.
	Metal
	RfDⁱⁿᵍ
	RfDᵈᵉʳᵐ
	RfDⁱⁿʰ
	SFⁱⁿᵍ
	SFᵈᵉʳᵐ
	SFⁱⁿʰ

	As
	3.00E–04
	1.23E–04
	3.01E–04
	1.5
	3.66
	15.1

	Cd
	1.00E–03
	1.00E–05
	1.00E–03
	6.1
	20.0
	6.3

	Cr
	3.00E–03
	6.00E–05
	2.86E–05
	0.5
	20.0
	42.0

	Cu
	4.00E–02
	1.20E–02
	1.42E–02
	–
	–
	–

	Hg
	3.00E–04
	2.10E–05
	8.60E–05
	–
	–
	–

	Ni
	2.00E–02
	5.40E–03
	2.06E–02
	1.7
	2.1
	0.84

	Pb
	3.50E–03
	5.25E–04
	3.52E–03
	8.5E–03
	8.5E–03
	–

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


“–” = not classified as carcinogenic by the USEPA. Pb inhalation slope factor unavailable. Values after the USEPA risk assessment framework [1,2].
Table S3. Contamination factor (CF) of potentially hazardous metals, contamination degree (Cdeg), modified contamination degree (mCdeg) and pollution load index (PLI) of the Zang-Tabi stream sediments.
	Sample
	As
	Cd
	Cr
	Cu
	Hg
	Ni
	Pb
	Th
	Zn
	Cdeg
	mCdeg
	PLI

	SB01
	0.096
	0.033
	6.39
	0.181
	0.18
	0.282
	0.52
	3.38
	0.5
	11.56
	1.28
	0.38

	SN02
	0.046
	1.42
	5.62
	0.346
	0.12
	0.504
	0.442
	3.65
	0.491
	12.64
	1.4
	0.567

	SZM01
	0.065
	0.006
	10.98
	0.087
	0.08
	0.162
	0.308
	3.66
	0.242
	15.58
	1.73
	0.22

	STD01
	0.073
	0.022
	7.64
	0.14
	0.14
	0.217
	0.268
	2.26
	0.343
	11.1
	1.23
	0.281

	SBA01
	0.037
	0.033
	8.2
	0.125
	0.12
	0.217
	0.439
	5.02
	0.349
	14.54
	1.62
	0.309

	SAN01
	0.054
	0.006
	4.64
	0.193
	0.14
	0.398
	0.85
	6.37
	0.543
	13.2
	1.47
	0.328

	SKB01
	0.05
	0.222
	5.45
	1.29
	0.16
	0.796
	0.518
	3.26
	1.69
	13.43
	1.49
	0.673

	SZP01
	0.044
	0.006
	4.92
	0.287
	0.12
	0.312
	1.32
	8.21
	0.59
	15.81
	1.76
	0.352

	SOM01
	0.054
	0.1
	6.67
	0.115
	0.14
	0.26
	0.621
	18
	0.648
	26.61
	2.96
	0.469

	SG01
	0.06
	0.489
	5.51
	0.532
	0.16
	0.334
	2.18
	10.81
	1.5
	21.57
	2.4
	0.818

	SN03
	0.031
	0.006
	4.99
	0.084
	0.1
	0.405
	0.446
	3.02
	0.594
	9.67
	1.07
	0.237

	SAT01
	0.071
	0.044
	13.21
	1.88
	0.08
	0.326
	3.46
	1.48
	0.203
	20.74
	2.3
	0.504

	SK01
	0.037
	0.089
	5.13
	0.857
	0.22
	0.191
	0.588
	3.47
	0.867
	11.45
	1.27
	0.469

	SN01
	0.035
	0.006
	5.98
	0.225
	0.1
	0.228
	0.709
	6.23
	0.554
	14.06
	1.56
	0.29

	SO01
	0.069
	0.044
	6.87
	0.964
	0.12
	0.485
	0.462
	9.35
	0.655
	19.02
	2.11
	0.531

	Average
	0.055
	0.169
	6.81
	0.487
	0.132
	0.341
	0.875
	5.88
	0.652
	15.4
	1.71
	0.428


Background values: UCC of Rudnick and Gao (2014) [3]. CF = Cᵢ/Cᵇ; Cdeg = ΣCF; mCdeg = Cdeg/9; PLI = (ΠCF)^(1/9).
Table S4. Enrichment factor (EF) of potentially hazardous metals in the Zang-Tabi stream sediments (Al-normalised).
	Sample
	As
	Cd
	Cr
	Cu
	Hg
	Ni
	Pb
	Th
	Zn

	SB01
	3.99
	1.39
	266
	7.54
	7.5
	11.74
	21.66
	141
	20.82

	SN02
	3.72
	115
	456
	28.07
	9.73
	40.9
	35.83
	296
	39.83

	SZM01
	1.78
	0.15
	302
	2.39
	2.2
	4.47
	8.47
	101
	6.65

	STD01
	2.44
	0.74
	256
	4.68
	4.69
	7.27
	8.99
	75.61
	11.5

	SBA01
	1.31
	1.17
	287
	4.38
	4.2
	7.6
	15.37
	176
	12.23

	SAN01
	2.69
	0.28
	231
	9.6
	6.96
	19.78
	42.25
	317
	27.01

	SKB01
	1.71
	7.61
	186
	44.03
	5.48
	27.25
	17.75
	112
	58.01

	SZP01
	1.4
	0.18
	158
	9.23
	3.85
	10.01
	42.3
	264
	18.93

	SOM01
	1.52
	2.8
	187
	3.23
	3.92
	7.27
	17.39
	504
	18.15

	SG01
	1.79
	14.49
	163
	15.77
	4.74
	9.9
	64.5
	320
	44.45

	SN03
	0.78
	0.14
	124
	2.09
	2.49
	10.07
	11.08
	75.04
	14.76

	SAT01
	2.87
	1.8
	536
	76.18
	3.24
	13.2
	140
	59.86
	8.23

	SK01
	1.2
	2.85
	165
	27.52
	7.06
	6.12
	18.88
	111
	27.84

	SN01
	1.16
	0.18
	196
	7.38
	3.28
	7.46
	23.24
	204
	18.16

	SO01
	1.51
	0.98
	151
	21.23
	2.64
	10.68
	10.17
	206
	14.42

	Average
	1.99
	10.01
	244
	17.55
	4.8
	12.91
	31.88
	197
	22.73


EF = (Cᵢ/Al)sample / (Cᵢ/Al)UCC [3,4].
Table S5. Geo-accumulation index (Igeo) of potentially hazardous metals in the Zang-Tabi stream sediments.
	Sample
	As
	Cd
	Cr
	Cu
	Hg
	Ni
	Pb
	Th
	Zn

	SB01
	-3.97
	-5.49
	2.09
	-3.05
	-3.06
	-2.41
	-1.53
	1.17
	-1.58

	SN02
	-5.03
	-0.08
	1.91
	-2.12
	-3.64
	-1.57
	-1.76
	1.28
	-1.61

	SZM01
	-4.54
	-8.08
	2.87
	-4.11
	-4.23
	-3.21
	-2.29
	1.29
	-2.63

	STD01
	-4.36
	-6.08
	2.35
	-3.42
	-3.42
	-2.79
	-2.48
	0.59
	-2.13

	SBA01
	-5.32
	-5.49
	2.45
	-3.58
	-3.64
	-2.79
	-1.77
	1.74
	-2.10

	SAN01
	-4.79
	-8.08
	1.63
	-2.96
	-3.42
	-1.92
	-0.82
	2.09
	-1.47

	SKB01
	-4.91
	-2.75
	1.86
	-0.22
	-3.23
	-0.92
	-1.53
	1.12
	0.17

	SZP01
	-5.10
	-8.08
	1.72
	-2.38
	-3.64
	-2.27
	-0.19
	2.45
	-1.35

	SOM01
	-4.79
	-3.91
	2.15
	-3.70
	-3.42
	-2.53
	-1.27
	3.58
	-1.21

	SG01
	-4.63
	-1.62
	1.88
	-1.50
	-3.23
	-2.17
	0.54
	2.85
	0.00

	SN03
	-5.58
	-8.08
	1.73
	-4.15
	-3.91
	-1.89
	-1.75
	1.01
	-1.34

	SAT01
	-4.40
	-5.08
	3.14
	0.33
	-4.23
	-2.20
	1.21
	-0.02
	-2.89

	SK01
	-5.32
	-4.08
	1.77
	-0.81
	-2.77
	-2.98
	-1.35
	1.21
	-0.79

	SN01
	-5.40
	-8.08
	2.00
	-2.74
	-3.91
	-2.72
	-1.08
	2.05
	-1.44

	SO01
	-4.45
	-5.08
	2.19
	-0.64
	-3.64
	-1.63
	-1.70
	2.64
	-1.20

	Average
	-4.84
	-5.34
	2.12
	-2.34
	-3.56
	-2.27
	-1.19
	1.67
	-1.44


Igeo = log₂[Cᵢ/(1.5 Bᵢ)] [3,5].
Table S6. Ecological risk factor (ERF) and potential ecological risk index (PERI) of the Zang-Tabi stream sediments.
	Sample
	As
	Cd
	Cr
	Cu
	Hg
	Ni
	Pb
	Th
	Zn
	PERI

	SB01
	0.96
	1
	12.78
	0.91
	7.2
	1.41
	2.6
	3.38
	0.5
	30.74

	SN02
	0.46
	42.67
	11.24
	1.73
	4.8
	2.52
	2.21
	3.65
	0.49
	69.76

	SZM01
	0.65
	0.17
	21.96
	0.43
	3.2
	0.81
	1.54
	3.66
	0.24
	32.65

	STD01
	0.73
	0.67
	15.28
	0.7
	5.6
	1.09
	1.34
	2.26
	0.34
	28

	SBA01
	0.38
	1
	16.39
	0.62
	4.8
	1.09
	2.19
	5.02
	0.35
	31.84

	SAN01
	0.54
	0.17
	9.28
	0.97
	5.6
	1.99
	4.25
	6.37
	0.54
	29.71

	SKB01
	0.5
	6.67
	10.89
	6.43
	6.4
	3.98
	2.59
	3.26
	1.69
	42.41

	SZP01
	0.44
	0.17
	9.85
	1.44
	4.8
	1.56
	6.59
	8.21
	0.59
	33.64

	SOM01
	0.54
	3
	13.35
	0.58
	5.6
	1.3
	3.1
	18
	0.65
	46.11

	SG01
	0.6
	14.67
	11.02
	2.66
	6.4
	1.67
	10.88
	10.81
	1.5
	60.22

	SN03
	0.31
	0.17
	9.98
	0.42
	4
	2.03
	2.23
	3.02
	0.59
	22.75

	SAT01
	0.71
	1.33
	26.41
	9.39
	3.2
	1.63
	17.29
	1.48
	0.2
	61.65

	SK01
	0.38
	2.67
	10.26
	4.29
	8.8
	0.95
	2.94
	3.47
	0.87
	34.62

	SN01
	0.35
	0.17
	11.96
	1.12
	4
	1.14
	3.54
	6.23
	0.55
	29.07

	SO01
	0.69
	1.33
	13.74
	4.82
	4.8
	2.43
	2.31
	9.35
	0.66
	40.12

	Average
	0.549
	5.06
	13.63
	2.43
	5.28
	1.71
	4.37
	5.88
	0.651
	39.55


ERF = Tᵣ × CF, with Tᵣ: As = 10, Cd = 30, Cr = 2, Cu = 5, Hg = 40, Ni = 5, Pb = 5, Th = 1, Zn = 1; PERI = ΣERF [6].
Table S7. Toxic risk index (TRI) of potentially hazardous metals in the Zang-Tabi stream sediments.
	Sample
	As
	Cd
	Cr
	Cu
	Hg
	Ni
	Pb
	Zn
	TRI

	SB01
	0.08
	0.01
	17.06
	0.14
	0.06
	0.82
	0.27
	0.29
	18.74

	SN02
	0.04
	0.22
	15.00
	0.28
	0.04
	1.47
	0.23
	0.29
	17.56

	SZM01
	0.06
	0.00
	29.31
	0.07
	0.02
	0.47
	0.16
	0.14
	30.24

	STD01
	0.06
	0.00
	20.40
	0.11
	0.04
	0.63
	0.14
	0.20
	21.60

	SBA01
	0.03
	0.01
	21.88
	0.10
	0.04
	0.63
	0.23
	0.20
	23.12

	SAN01
	0.05
	0.00
	12.39
	0.15
	0.04
	1.16
	0.44
	0.32
	14.56

	SKB01
	0.04
	0.03
	14.54
	1.02
	0.05
	2.32
	0.27
	0.99
	19.27

	SZP01
	0.04
	0.00
	13.15
	0.23
	0.04
	0.91
	0.69
	0.34
	15.39

	SOM01
	0.05
	0.01
	17.82
	0.09
	0.04
	0.76
	0.32
	0.38
	19.47

	SG01
	0.05
	0.07
	14.71
	0.42
	0.05
	0.97
	1.13
	0.88
	18.30

	SN03
	0.03
	0.00
	13.32
	0.07
	0.03
	1.18
	0.23
	0.35
	15.21

	SAT01
	0.06
	0.01
	35.26
	1.50
	0.02
	0.95
	1.80
	0.12
	39.72

	SK01
	0.03
	0.01
	13.70
	0.68
	0.07
	0.56
	0.31
	0.51
	15.86

	SN01
	0.03
	0.00
	15.96
	0.18
	0.03
	0.67
	0.37
	0.32
	17.56

	SO01
	0.06
	0.01
	18.34
	0.77
	0.04
	1.42
	0.24
	0.38
	21.25

	Average
	0.05
	0.03
	18.19
	0.39
	0.04
	1.00
	0.46
	0.38
	20.52


TRIᵢ = √[(Cᵢ/TELᵢ)² + (Cᵢ/PELᵢ)²]; TRI = ΣTRIᵢ [7–9]. Th excluded (no TEL/PEL).
Table S8. Toxic units (TU) of potentially hazardous metals in the Zang-Tabi stream sediments.
	Sample
	As
	Cd
	Cr
	Cu
	Hg
	Ni
	Pb
	Zn
	TU

	SB01
	0.027
	0.001
	6.533
	0.026
	0.018
	0.368
	0.097
	0.106
	7.18

	SN02
	0.013
	0.036
	5.744
	0.049
	0.012
	0.658
	0.082
	0.104
	6.70

	SZM01
	0.018
	0.000
	11.222
	0.012
	0.008
	0.212
	0.057
	0.051
	11.58

	STD01
	0.021
	0.001
	7.811
	0.020
	0.014
	0.283
	0.050
	0.073
	8.27

	SBA01
	0.011
	0.001
	8.378
	0.018
	0.012
	0.283
	0.082
	0.074
	8.86

	SAN01
	0.015
	0.000
	4.744
	0.028
	0.014
	0.519
	0.158
	0.116
	5.60

	SKB01
	0.014
	0.006
	5.567
	0.183
	0.017
	1.039
	0.097
	0.360
	7.28

	SZP01
	0.012
	0.000
	5.033
	0.041
	0.012
	0.407
	0.245
	0.125
	5.88

	SOM01
	0.015
	0.003
	6.822
	0.016
	0.014
	0.339
	0.116
	0.138
	7.46

	SG01
	0.017
	0.013
	5.633
	0.076
	0.017
	0.436
	0.405
	0.319
	6.92

	SN03
	0.009
	0.000
	5.100
	0.012
	0.010
	0.529
	0.083
	0.126
	5.87

	SAT01
	0.020
	0.001
	13.500
	0.267
	0.008
	0.425
	0.644
	0.043
	14.91

	SK01
	0.011
	0.002
	5.244
	0.122
	0.023
	0.249
	0.110
	0.184
	5.94

	SN01
	0.010
	0.000
	6.111
	0.032
	0.010
	0.297
	0.132
	0.118
	6.71

	SO01
	0.019
	0.001
	7.022
	0.137
	0.012
	0.633
	0.086
	0.139
	8.05

	Average
	0.015
	0.004
	6.964
	0.069
	0.014
	0.445
	0.163
	0.139
	7.81


TUᵢ = Cᵢ/PELᵢ; TU = ΣTUᵢ [8,9]. Th excluded (no PEL).
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Fig. S1. Comparison of potentially hazardous metal concentrations in the Zang-Tabi stream sediments with the threshold effect level (TEL) benchmark (red columns = above guideline): (a) As, (b) Cd, (c) Cr, (d) Cu, (e) Pb, (f) Zn, (g) Hg and (h) Ni. SQG values after MacDonald et al. (2000) [9].
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Fig. S2. Comparison of potentially hazardous metal concentrations in the Zang-Tabi stream sediments with the probable effect level (PEL) benchmark (red columns = above guideline): (a) As, (b) Cd, (c) Cr, (d) Cu, (e) Pb, (f) Zn, (g) Hg and (h) Ni. SQG values after MacDonald et al. (2000) [9].
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Fig. S3. Comparison of potentially hazardous metal concentrations in the Zang-Tabi stream sediments with the threshold effect concentration (TEC) benchmark (red columns = above guideline): (a) As, (b) Cd, (c) Cr, (d) Cu, (e) Pb, (f) Zn, (g) Hg and (h) Ni. SQG values after MacDonald et al. (2000) [9].
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Fig. S4. Comparison of potentially hazardous metal concentrations in the Zang-Tabi stream sediments with the probable effect concentration (PEC) benchmark (red columns = above guideline): (a) As, (b) Cd, (c) Cr, (d) Cu, (e) Pb, (f) Zn, (g) Hg and (h) Ni. SQG values after MacDonald et al. (2000) [9].
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Fig. S5. Comparison of potentially hazardous metal concentrations in the Zang-Tabi stream sediments with the effect range-low (ERL) benchmark (red columns = above guideline): (a) As, (b) Cd, (c) Cr, (d) Cu, (e) Pb, (f) Zn, (g) Hg and (h) Ni. SQG values after MacDonald et al. (2000) [9].
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Fig. S6. Comparison of potentially hazardous metal concentrations in the Zang-Tabi stream sediments with the effect range-median (ERM) benchmark (red columns = above guideline): (a) As, (b) Cd, (c) Cr, (d) Cu, (e) Pb, (f) Zn, (g) Hg and (h) Ni. SQG values after MacDonald et al. (2000) [9].
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