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Spatiotemporal simulation, source identification, and ecological health risk assessment of heavy metals in river sediments from the Jinsha River Basin, Southwest China


2.7 Human health risk assessment
Three main exposure pathways (ingestion, inhalation, and dermal contact) and two health risks (non-carcinogenic and carcinogenic) were considered, and the population was divided into two groups (children and adults) because of their physiological differences. The calculation process for the health risk value is given by Eq. 1-2, where the ADD represents the average daily intake dose, C is the observed concentration of PTEs, and THI and TCR are the total non-carcinogenic and carcinogenic health risks, respectively. The introduction and reference values of the other exposure parameters are listed in Tables S7 and S8.


When the non-carcinogenic hazard quotient (HQ) and carcinogenic hazard quotient (CR) caused by a single substance or their total risk value (THI or TCR) exceed 1.0 and 10-4, respectively. It is considered an unacceptable non-carcinogenic risk or carcinogenic risk.



Table S1 Methods and detection limits of PTEs in river sediments (mg/kg).
	HMs
	Methods
	Detect limits

	As
	ICP-MS
	0.2

	Cr
	ICP-MS
	2.0

	Cd
	ICP-MS
	0.03

	Hg
	AFS
	0.0003

	Pb
	ICP-MS
	1.0

	Cu
	ICP-MS
	0.7

	Ni
	ICP-MS
	2.0

	Zn
	ICP-MS
	5.0




Table S2 Statistical result of the geo-accumulation index.
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	Igeo
	INI

	
	As
	Cd
	Cr
	Hg
	Pb
	Cu
	Ni
	Zn
	

	mean
	-1.18
	0.90
	0.52
	-0.76
	0.44
	0.94
	-0.02
	0.67
	1.80

	min
	-3.54
	-1.71
	-1.37
	-3.44
	-2.33
	-1.90
	-1.60
	-1.73
	0.70

	max
	1.85
	4.21
	2.32
	2.52
	4.83
	2.26
	1.80
	2.78
	3.76

	<0
	71.79%
	43.59%
	17.95%
	66.67%
	58.97%
	12.82%
	41.03%
	17.95%
	-

	0~0.5
	-
	0.00%

	0.5~1
	
	20.51%

	0~1
	7.69%
	17.95%
	58.97%
	25.64%
	2.56%
	23.08%
	51.28%
	48.72%
	20.51%

	1~2
	20.51%
	10.26%
	17.95%
	5.13%
	5.13%
	58.97%
	7.69%
	12.82%
	53.85%

	2~3
	0.00%
	10.26%
	5.13%
	2.56%
	7.69%
	5.13%
	0.00%
	20.51%
	5.13%

	3~4
	0.00%
	15.38%
	0.00%
	0.00%
	10.26%
	0.00%
	0.00%
	0.00%
	20.51%

	4~5
	0.00%
	2.56%
	0.00%
	0.00%
	15.38%
	0.00%
	0.00%
	0.00%
	0.00%

	>5
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%




Table S3 Statistical result of the potential ecological risk index.
	Parameters
	Er
	PERI

	
	As
	Cd
	Cr
	Hg
	Pb
	Cu
	Ni
	Zn
	

	mean
	13.33
	169.23
	4.95
	55.19
	38.49
	16.48
	8.66
	3.20
	309.54

	min
	1.29
	13.76
	1.16
	5.52
	1.49
	2.01
	2.48
	0.45
	31.69

	max
	54.18
	833.94
	14.94
	344.83
	212.93
	35.85
	26.12
	10.32
	1214.30

	<40
	87.18%
	35.90%
	100.00%
	43.59%
	71.79%
	100.00%
	100.00%
	100.00%
	-

	40~80
	12.82%
	23.08%
	0.00%
	33.33%
	7.69%
	0.00%
	0.00%
	0.00%
	

	80~160
	0.00%
	10.26%
	0.00%
	20.51%
	17.95%
	0.00%
	0.00%
	0.00%
	

	160~320
	0.00%
	10.26%
	0.00%
	0.00%
	2.56%
	0.00%
	0.00%
	0.00%
	

	>320
	0.00%
	20.51%
	0.00%
	2.56%
	0.00%
	0.00%
	0.00%
	0.00%
	

	<150
	-
	51.28%

	150~300
	
	15.38%

	300~600
	
	12.82%

	>600
	
	20.51%
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Table S4 Statistical result of the environmental capacity index.
	Parameters
	Pi
	PI

	
	As
	Cd
	Cr
	Hg
	Pb
	Cu
	Ni
	Zn
	

	Mean
	0.30
	-4.00
	0.45
	0.99
	-1.47
	-0.98
	0.74
	-0.02
	-0.50

	Min
	-10.76
	-44.15
	-1.28
	0.87
	-14.81
	-4.32
	-0.24
	-4.22
	-7.15

	Max
	3.43
	1.31
	1.15
	1.01
	1.22
	1.52
	1.15
	1.23
	1.44

	<0
	30.77%
	41.03%
	12.82%
	0.00%
	38.46%
	79.49%
	10.26%
	30.77%
	30.77%

	0~0.3
	0.00%
	2.56%
	17.95%
	0.00%
	0.00%
	5.13%
	0.00%
	5.13%
	10.26%

	0.3~0.7
	2.56%
	15.38%
	38.46%
	0.00%
	0.00%
	2.56%
	23.08%
	28.21%
	23.08%

	0.7~1.0
	5.13%
	28.21%
	20.51%
	56.41%
	5.13%
	7.69%
	41.03%
	28.21%
	17.95%

	>1
	61.54%
	12.82%
	10.26%
	43.59%
	56.41%
	5.13%
	25.64%
	7.69%
	17.95%




Table S5 Statistical results of contribution rate of different PTEs to the THI.
	Parameters
	As
	Cd
	Cr
	Hg
	Pb
	Cu
	Ni
	Zn

	Children
	Min
	23.20%
	0.20%
	0.01%
	0.03%
	10.16%
	0.15%
	0.23%
	0.16%

	
	Mean
	40.46%
	0.70%
	0.29%
	0.20%
	43.18%
	3.91%
	10.70%
	0.57%

	
	Max
	81.90%
	1.51%
	1.08%
	1.01%
	75.73%
	18.11%
	42.47%
	1.38%

	Adults
	Min
	37.90%
	0.24%
	0.01%
	0.03%
	4.91%
	0.10%
	0.30%
	0.09%

	
	Mean
	55.74%
	1.12%
	0.55%
	0.20%
	28.67%
	2.39%
	10.98%
	0.35%

	
	Max
	88.85%
	2.36%
	2.01%
	0.82%
	58.38%
	11.74%
	42.85%
	0.85%




Table S6 Statistical results of contribution rate of different routes to the health risks.
	Parameters
	THI
	TCR

	
	Ingestion
	Dermal contact
	Inhalation
	Ingestion
	Dermal contact
	Inhalation

	Children
	Min
	72.42%
	8.68%
	0.08%
	68.33%
	31.67%
	0.00%

	
	Mean
	84.00%
	15.65%
	0.36%
	68.33%
	31.67%
	0.00%

	
	Max
	91.24%
	27.21%
	0.98%
	68.33%
	31.67%
	0.00%

	Adults
	Min
	32.79%
	33.65%
	0.40%
	28.68%
	71.31%
	0.01%

	
	Mean
	50.25%
	48.39%
	1.36%
	28.68%
	71.31%
	0.01%

	
	Max
	65.96%
	66.10%
	3.63%
	28.68%
	71.31%
	0.01%




Table S7 Reference values of exposure parameters in the health risk calculation.
	Parameter
	Description
	Unit
	Values
	Probabilistic Distribution
	Reference

	
	
	
	Children
	Adult
	
	

	IngR
	Ingestion rate
	mg/d
	103
	30
	Triangular
(66,103,161)/(4,30,52)
	(Huang et al., 2021; Yang et al., 2024)

	InhR
	Inhalation rate
	mg/d
	7.5
	14.5
	Normal
(7.5,0.75)/(14.5,0.145)
	(USEPA 1996; MEPPRC, 2014)

	EF
	Exposure frequency
	d/a
	345
	345
	Triangular
(180,315,365)
	(Shen et al., 2024; Yang et al., 2024)

	ED
	Exposure duration
	a
	6
	24
	Uniform
	(USEPA, 2011)

	BW
	Body weight
	kg
	19.2
	61.8
	Log-normal
(19.2,0.19)/(61.8,0.62)
	(MEPPRC, 2014)

	AT (nc)
	Average exposure time
	d
	365*ED
	Point
	(MEPPRC, 2014)

	AT (ca)
	
	
	365*70=25550
	
	

	SA
	Surface area of skin
	cm2
	2448
	5075
	Point
	(MEPPRC, 2014)

	SL
	Skin adherence factor
	mg/(cm2·d)
	0.65
	0.49
	Log-normal
(0.65,1.2)/(0.49,0.54)
	(Huang et al., 2021; Yang et al., 2024)

	ABF (nc)
	Dermal absorption factor
	unitless
	0.001
	Point
	(Yang et al., 2024; Zuo et al., 2022)

	ABF (ca)
	
	
	0.01
	
	

	ABF(As)
	
	
	0.03
	
	

	PEF
	Particle emission factor
	m3/kg
	1.36E+09
	Point
	(USEPA, 2011; MEEP, 2016）




Table S8 Carcinogenic slope factors and non-carcinogenic reference doses of PTEs* (mg/(kg·d)).
	PTEs
	SF
	RfD

	
	Ingestion
	Inhalation
	Dermal contact
	Ingestion
	Inhalation
	Dermal contact

	As
	1.50
	1.50
	1.50
	3.00E-4
	3.52E-6
	3.00E-4

	Cd
	-
	-
	-
	1.00E-3
	2.35E-06
	2.5E-05

	Cr
	-
	-
	-
	1.50
	-
	1.95E-2

	Hg
	-
	-
	-
	3.00E-4
	7.04E-5
	2.10E-5

	Pb
	-
	-
	-
	1.40E-3
	-
	1.40E-3

	Cu
	-
	-
	-
	4.00E-2
	-
	4.00E-2

	Ni
	-
	-
	-
	2.00E-2
	2.11E-5
	8.00E-4

	Zn
	-
	-
	-
	3.00E-1
	-
	3.00E-1


*The reference values are from the Technical guidelines for risk assessment of soil contamination of land for construction (HJ 25.3-2019)
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