Geochemical, ecological, and health risk assessment of potentially toxic elements (PTEs) in the surrounding soil of a cement plant
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Table S1 The parameters for evaluation of geochemical load index (GLI) and ecological risk ()
	Geochemical load index (GLI)
	
	
	Ecological risk ()
	
	Risk index (RI)

	GLI
	Class
	Pollution level
	
	
	 
	 of each element
	
	RI
	Comprehensive

	GLI < 0
	0
	Unpolluted
	
	
	< 40
	Low
	
	< 150
	Low

	0 ≤ GLI < 1
	1
	Unpolluted-moderately
	
	
	40-80
	Moderate
	
	150-300
	Moderate

	1 ≤ GLI < 2
	2
	Moderately
	
	
	80-160
	Considerable
	
	300-600
	High

	2 ≤ GLI < 3
	3
	Moderately-strongly
	
	
	160–320
	High
	
	≥  600
	Serious

	3 ≤ GLI < 4
	4
	Strongly
	
	
	≥ 320
	Very high
	
	
	

	4 ≤ GLI < 5
	5
	Strongly-extremely
	
	
	
	
	
	
	

	GLI > 5
	6
	Extremely
	
	
	
	
	
	
	



Table S2: Toxic-response factor (Tr) and world average elemental concentrations
	Elements
	Al
	As
	Ba
	Cd
	Co
	Cr
	Cu
	Fe
	Hg
	Mn
	Mo
	Ni
	Pb
	Sb
	Sc
	Sr
	Ti
	Se
	V
	Zn

	Tr
	-
	10
	2
	30
	5
	2
	5
	-
	40
	1
	15
	5
	5
	10
	-
	-
	1
	-
	5
	1

	Background (mg∙kg)
	8000
	13.00
	580.0
	0.30
	19.00
	90.00
	45.00
	47200
	0.4
	850. 00
	2.600
	68.00
	20.00
	1. 50
	13.00
	300
	4600
	0.6
	130.00
	95.00








     Table S3 The parameters and input assumptions for exposure assessment of elements 
	Parameters
	Meaning
	Units
	Value
	
References

	
	
	
	Non cancer
	
	cancer
	

	
	
	
	Adults
	    Children
	
	

	C
	Concentration of metals in the soil
	mg/kg
	
	
	
	

	AT
	Average time for carcinogens 
	days
	ED × 365 days
	ED × 365 days
	70 × 365 days
	USEPA, (2001)

	CF
	Conversion factor
	kg/mg
	10−6
	10−6
	
	USEPA. (2004)

	EF 
	Exposure frequency
	days/year
	365 
	365 
	
	USEPA, (2004)

	ED 
	Exposure duration
	years
	25 
	6
	70
	USEPA, (2001)

	BW  
	Body weight
	kg
	60
	15
	 
	USEPA, (2001)

	IRing
	Ingestion rate
	mg/day
	100
	200
	
	USEPA, (2001)

	IRinh
	Inhalation rate
	m3/day
	20
	10
	
	Van den Berg (1995)

	SA 
	Skin surface area
	cm2
	2800
	3300
	
	USEPA, (2001)

	SL
	Skin adherence factor 
	mg/(cm2/h)
	0.2
	0.2
	
	USEPA, (2001)

	PEF
	Particulate emission factor
	m3/kg
	1.36 x 109
	1.36 x 109
	
	USEPA, (2001)

	ABS
	Dermal absorption factor
	-
	0.001
	0.001
	0.03
	USEPA, (2002)

	ADD
	Average daily exposure dose
	(mg/kg/d)
	
	
	
	

	RfD
	Reference dose
	-
	
	
	
	

	CSF
	Cancer slope factor
	(mg/kg/d)
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Table S4 The average concentrations (kg·mg-1) of potentially toxic elements in soil samples 
	Locations
	Al
	As
	Ba
	Cd
	Co
	Cr
	Cu
	Fe
	Hg
	Mn
	Mo
	Ni
	Pb
	Sb
	Sc
	Se
	Sr
	Ti
	V
	Zn

	SS01
	368.27
	0.18
	1.99
	<0.0001
	0.000
	0.59
	1.50
	150.32
	0.05
	3.03
	0.01
	0.28
	1.72
	<0.0001
	0.04
	<0.0003
	0.86
	2.13
	0.37
	9.47

	SS02
	375.61
	0.22
	2.74
	0.01
	0.002
	0.76
	0.45
	180.82
	0.05
	2.72
	0.03
	0.43
	1.45
	0.03
	0.04
	0.18
	1.14
	2.09
	0.20
	6.14

	SS03
	512.64
	0.18
	2.06
	<0.000
	0.000
	0.07
	0.92
	217.10
	0.06
	15.37
	0.07
	0.22
	0.30
	<0.0001
	0.04
	<0.0003
	2.09
	0.80
	1.20
	0.84

	SS04
	505.87
	0.19
	1.49
	0.61
	0.000
	0.59
	1.83
	333.93
	0.06
	10.60
	0.16
	0.56
	0.80
	<0.0001
	0.04
	<0.0003
	1.98
	2.02
	0.70
	8.36

	SS05
	289.18
	<0.003
	2.02
	<0.000
	0.002
	0.20
	0.25
	138.14
	0.02
	4.29
	0.02
	0.17
	0.35
	<0.0001
	0.48
	<0.0003
	1.45
	3.25
	0.41
	2.34

	SS06
	289.38
	0.17
	1.12
	<0.000
	0.000
	0.18
	0.24
	199.70
	0.04
	2.53
	0.01
	0.05
	0.05
	<0.0001
	0.04
	<0.0003
	0.93
	1.85
	0.07
	8.19

	SS07
	413.67
	0.07
	4.12
	0.01
	0.000
	0.40
	0.35
	163.86
	0.07
	12.89
	0.01
	0.20
	0.40
	<0.0001
	0.03
	<0.0003
	2.84
	3.93
	0.61
	1.74

	SS08
	416.49
	0.39
	0.76
	<0.000
	0.001
	0.30
	0.25
	410.07
	0.39
	4.88
	<0.001
	0.26
	0.38
	<0.0001
	0.03
	0.06
	2.60
	0.92
	0.39
	2.43

	SS09
	420.84
	0.06
	1.31
	<0.000
	0.001
	0.30
	0.17
	181.65
	0.02
	2.92
	<0.001
	0.13
	1.03
	0.02
	0.27
	<0.0003
	0.71
	1.19
	0.34
	1.98

	SS10
	392.44
	0.07
	1.33
	<0.000
	0.001
	0.51
	0.47
	221.72
	0.03
	3.07
	0.74
	0.30
	0.35
	0.03
	0.22
	0.11
	1.71
	1.49
	0.13
	3.54

	CSS
	6.33
	<0.003
	0.001
	<0.000
	0.000
	0.01
	0.02
	6.73
	0.00
	0.03
	<0.001
	0.00
	0.00
	<0.0001
	0.00
	<0.0003
	0.00
	0.00
	0.00
	0.00








Table S6 Average daily dose and reference dose of potentially toxic elements in soil samples for non-carcinogenic
	Elements
	Age group
				Exposure pathways

	
	
	RfD
	Ingestion (ADD)
	RfD
	Inhalation (ADD)
	RfD
	Dermal (ADD)

	Al
	Children
	1. 00 × 10-00
	5.31 × 10-02
	1. 00 × 10-00
	1.95 × 10-07
	-
	1.15× 10-04

	
	Adults
	
	6.64 × 10-03
	
	9.77 × 10-08
	
	3.72× 10-05

	As
	Children
	3.00 × 10-04
	2.00× 10-05
	3.00 × 10-04
	7.35 × 10-11
	1.20 × 10-04
	6.60 × 10-08

	
	Adults
	
	2.50 × 10-06
	
	3.67 × 10-11
	
	1.40 × 10-08

	Ba
	Children
	7.00 × 10-01
	2.52 × 10-04
	1.43 × 10-04
	9.26 × 10-10
	4.90 × 10-03
	8.32 × 10-07

	
	Adults
	
	3.15 × 10-05
	
	4.63 × 10-10
	
	1.76 × 10-07

	Cd
	Children
	1.00 × 10-04
	9.33 × 10-06
	1.00 × 10-04
	3.43 × 10-11
	1.00 × 10-05
	3.08 × 10-08

	
	Adults
	
	1.17 × 10-06
	
	1.72 × 10-11
	
	6.53 × 10-09

	Co
	Children
	2.00 × 10-02
	1.33 × 10-07
	5.71 × 10-06
	4.90 × 10-13
	1.60 × 10-02
	4.40 × 10-10

	
	Adults
	
	1.67 × 10-08
	
	2.45 × 10-13
	
	9.33 × 10-11

	Cr
	Children
	3.00 × 10-03
	5.20 × 10-05
	2.86 × 10-05
	1.91 × 10-10
	6.00 × 10-03
	1.72 × 10-07

	
	Adults
	
	6.50 × 10-06
	
	9.56 × 10-11
	
	3.65 × 10-08

	Cu
	Children
	4.00 × 10-02
	3.14 × 10-10
	4.00 × 10-02
	3.14 × 10-10
	1.20 × 10-02
	2.82 × 10-07

	
	Adults
	
	1.57 × 10-10
	
	1.57 × 10-10
	
	5.98 × 10-08

	Fe
	Children
	7.00 × 10-01
	2.93 × 10-02
	-
	1.08× 10-07
	7.00 × 10-01
	9.67 × 10-05

	
	Adults
	
	3.67 × 10-03
	
	5.39 × 10-08
	
	2.05 × 10-05

	Hg
	Children
	3.00 × 10-03
	1.07 × 10-05
	3.00 × 10-04
	3.92 × 10-11
	2.10 × 10-05
	3.52 × 10-08

	
	Adults
	
	1.33 × 10-06
	
	1.96 × 10-11
	
	7.56 × 10-09

	Mn
	Children
	4.60 × 10-02
	8.31 × 10-04
	1.40 × 10-05
	3.05× 10-09
	2.39 × 10-03
	2.74 × 10-06

	
	Adults
	
	1.04× 10-04
	
	1.55 × 10-09
	
	5.82 × 10-07

	Mo
	Children
	5.00 × 10-03
	1.47 × 10-05
	-
	5.39 × 10-11
	5.00 × 10-03
	4.74 × 10-08

	
	Adults
	
	1.83 × 10-06
	
	2.70 × 10-11
	
	1.03 × 10-08

	Ni
	Children
	2.00 × 10-02
	3.74 × 10-05
	2.06 × 10-02
	1.27 × 10-10
	5.40 × 10-03
	1.14 × 10-07

	
	Adults
	
	4.33 × 10-06
	
	6.37 × 10-10
	
	2.43 × 10-08

	Pb
	Children
	3.50 × 10-03
	9.07× 10-05
	3.52 × 10-03
	3.33 × 10-10
	5.25 × 10-04
	2.99 × 10-07

	
	Adults
	
	1.13 × 10-05
	
	1.67 × 10-10
	
	6.35 × 10-08

	Sb
	Children
	4.00 × 10-04
	1.33 × 10-06
	6.00 × 10-05
	4.90 × 10-12
	6.00 × 10-05
	4.40 × 10-09

	
	Adults
	
	1.67 × 10-07
	
	2.45 × 10-12
	
	9.33 × 10-10

	Se
	Children
	5.00 × 10-03
	1.60 × 10-05
	2.00 × 10-02
	1.88 × 10-11
	-
	5.28 × 10-08

	
	Adults
	
	2.00 × 10-06
	
	2.94 × 10-11
	
	1.12 × 10-08

	Sr
	Children
	6.00 × 10-01
	4.00× 10-06
	-
	7.99× 10-10
	-
	7.17 × 10-07

	
	Adults
	
	5.00× 10-07
	
	3.99× 10-10
	
	1.52 × 10-07

	Zn
	Children
	3.00 × 10-03
	2.21 × 10-09
	3.00 × 10-01
	2.21 × 10-09
	6.00 × 10-02
	1.98 × 10-06

	
	Adults
	
	1.10 × 10-09
	
	1.10× 10-09
	
	4.20 × 10-07







Table S5 Average daily dose and cancer slope factor of potentially toxic element in soil samples for carcinogenic
	Elements
	Age group
				Exposure pathways

	
	
	CSF
	Ingestion (ADD)
	CSF
	Inhalation (ADD)
	CSF
	Dermal (ADD)

	As
	Children
	1.50 × 1000
	2.86 × 10-07
	4.30 × 10-03
	6.30 × 10-11
	1.50 × 1000
	1.70 × 10-07

	
	Adults
	
	3.57 × 10-08
	
	1.31 × 10-11
	
	1.50 × 10-07

	Cd
	Children
	1.50 × 10+01
	1.33 × 10-07
	6.30 × 1000
	2.94 × 10-12
	-
	7.92 × 10-03

	
	Adults
	
	1.67 × 10-08
	
	6.12 × 10-12
	
	7.00× 10-03

	Co
	Children
	
	
	
	
	
	

	
	Adults
	
	
	
	
	
	

	Cr
	Children
	5.00 × 10-01
	7.43 × 10-08
	4.20 × 10+01
	1.64 × 10-11
	2.00 × 1000
	4.41 × 10-07

	
	Adults
	
	9.29 × 10-09
	
	3.41 × 10-11
	
	3.90 × 10-07

	NI
	Children
	1.70 × 1000
	4.95 × 10-07
	8.40 × 10-01
	2.86 × 10-11
	4.24 × 10+01
	2.94 × 10-07

	
	Adults
	
	6.19 × 10-08
	
	1.43 × 10-11
	
	2.60 × 10-07

	Pb
	Children
	8.50 × 10-03
	1.30 × 10-06
	4.20 × 10-02
	2.86 × 10-11
	4.20 × 10-02
	7.70 × 10-07

	
	Adults
	
	1.62 × 10-07
	
	1.43 × 10-11
	
	6.80 × 10-07



