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Release of potentially toxic elements from an operational phosphate mine (Sebaiya East, Egypt): geochemical characterizations, environmental risks and mining sustainability

	Table S1 Classification criteria for composite pollution indices 

	Contamination Degree (Cdeg) interpretation (Hakanson, 1980; Mostafa et al., 2023)

	Class
	Cdeg value
	Contamination level

	1
	< 6
	Low degree of contamination

	2
	6-12
	Moderate degree of contamination

	3
	12-24
	Considerable degree of contamination

	4
	≥ 24
	Very high degree of contamination

	Classification of Nemerow Pollution Index (PINemerow) (Liang et al., 2013; Mostafa et al., 2023; Nemerow, 1991)

	Class
	PINemerow value
	Pollution status

	I
	≤ 0.7
	Safety domain

	II
	0.7-1
	Precaution domain (warning limit)

	III
	1-2
	Slightly polluted

	IV
	2-3
	Moderately polluted

	V
	≥ 3
	Seriously polluted (heavy pollution)

	Pollution categories of Pollution Load Index (PLI) (Mostafa et al., 2024; Tomlinson et al., 1980)

	Class
	PLI value
	Pollution status

	1
	< 1
	No metal pollution (perfect sediment quality)

	2
	1
	HM loads are close to the background (baseline level of pollution)

	3
	> 1
	Pollution exists (deterioration of sediment quality)



	Table S2 Individual Ecological Risk Factor (Er) and Overall Ecological Risk Index (RI) classification grades (Guo et al., 2010; Hakanson, 1980)

	Er
	Classification 
	RI
	Classification

	< 40
	Low risk
	< 150
	Low risk

	40-80
	Moderate risk
	150-300
	Moderate risk

	80-160
	Considerable risk
	300-600
	Considerable risk

	160-320
	High risk
	 ≥ 600
	High risk

	 ≥ 320
	Very high risk
	
	



	Table S3 Description of exposure parameters used for ADD calculations

	Symbol (unit)
	Parameter
	Value
	Reference

	
	
	Children
	Adults
	

	IRIng (mg/d)
	Ingestion rate
	200
	100
	(USEPA, 1996, 2002) 

	ED (yr)
	Exposure duration
	6
	24
	(USEPA, 2002)

	EF (d/yr)
	Exposure frequency
	350
	(USEPA, 1996)

	BW (kg)
	Average body weight
	15
	70
	(USEPA, 2002)

	AT (d)
	
	Averaging time
	365 × ED
	(Dat et al., 2021; Malakootian et al., 2021)

	IRInh (m3/d)
	Inhalation rate 
	7.63

	20
	(Ferreira-Baptista & De Miguel, 2005; USEPA, 2002; Xu et al., 2013)

	PEF (m3/kg)
	Particle emission factor
	1.36×109
	(USEPA, 1996, 2002, 2011)

	SA (cm2)
	Exposed skin surface area
	2800
	5700
	(Dat et al., 2021; USEPA, 2002)

	AF (mg/cm2/d)
	Skin-soil adherence factor
	0.2
	0.07
	(USEPA, 2002)

	DAF (unit-less)
	Dermal absorption factor
	0.001
	(USEPA, 2002)

	CF (kg/mg)
	Conversion factor
	110-6
	(USEPA, 2002)




	Table S4 Reference Doses (RfDs) and Cancer Slope Factors (CSFs) for PTEs via different exposure pathways (Adimalla, 2020; Al-Shidi et al., 2021; Dat et al., 2021; Malakootian et al., 2021; Tan et al., 2018; USEPA, 2002, 2011, 2012)


	PTEs
	RfD (mg/kg/day)
	CSF (mg/kg/day)

	
	Ingestion
	Inhalation
	Dermal contact
	

	Pb
	3.50E-03
	3.52E-03
	5.25E-04
	8.50E-03

	Cu
	4.00E-02
	4.02E-02
	1.20E-02
	-

	Zn
	3.00E-01
	3.00E-01
	6.00E-02
	-

	Ni
	2.00E-02
	2.06E-02
	5.40E-03
	8.40E-01

	Cr
	3.00E-03 
	2.86E-05
	6.00E-05
	5.00E-01

	Cd
	1.00E-03
	1.00E-03
	1.00E-05
	6.30E+00

	As
	3.00E-04
	1.23E-04 
	1.23E-04
	1.50E+00




	Table S5 Geoaccumulation Index (Igeo) values for PTEs in surface sediment samples of Sebaiya East area

	Sampling sites
	Igeo

	
	Pb
	Cu
	Zn
	Ni
	Cr
	Cd
	As

	PS1
	-2.57
	-1.17
	-0.71
	-0.45
	-0.93
	2.02
	0.52

	PS2
	-1.90
	-0.43
	-0.39
	0.01
	-0.14
	1.90
	0.88

	PS3
	-1.84
	-0.57
	-0.51
	-0.13
	-0.12
	2.04
	1.11

	PS4
	-2.05
	-0.46
	-0.65
	-0.13
	-0.05
	1.11
	0.64

	PS5
	-2.07
	-0.97
	-0.70
	-0.19
	-0.21
	2.37
	0.83

	PS6
	-1.92
	-0.24
	-0.50
	0.05
	-0.04
	0.82
	0.38

	PS7
	-1.39
	-0.79
	-0.36
	-0.04
	0.08
	3.33
	1.35

	PS8
	-1.97
	-0.88
	-0.68
	-0.38
	-0.16
	2.57
	0.90

	PS9
	-2.05
	-0.59
	-0.66
	-0.13
	0.10
	1.49
	1.40

	PS10
	-1.61
	-0.37
	-0.29
	0.10
	0.09
	2.23
	1.25

	PS11
	-1.53
	-1.09
	-0.23
	-0.31
	0.43
	4.09
	1.16

	PS12
	-1.55
	-0.87
	-0.55
	-0.45
	-0.42
	4.08
	0.77

	PS13
	-0.83
	-0.40
	-0.20
	0.30
	-0.06
	3.02
	1.10

	PS14
	-1.23
	-0.25
	-0.08
	0.22
	0.47
	2.27
	1.46

	PS15
	-0.48
	-0.38
	-0.23
	0.06
	0.20
	3.39
	1.17

	PS16
	-0.62
	-0.16
	0.00
	0.32
	0.37
	2.98
	1.82

	PS17
	-1.27
	-0.09
	-0.10
	0.41
	0.06
	3.21
	1.88

	PS18
	-1.02
	-0.46
	-0.29
	0.16
	0.67
	3.50
	1.38

	PS19
	-0.50
	-0.07
	0.11
	0.62
	0.26
	3.35
	1.46

	PS20
	-0.59
	-0.50
	-0.21
	-0.02
	0.24
	3.08
	1.54

	PS21
	-0.58
	-0.42
	-0.17
	0.02
	0.30
	1.82
	1.52

	PS22
	-1.02
	-0.59
	-0.39
	0.11
	-0.25
	2.83
	1.11

	PS23
	-1.66
	-1.01
	-0.56
	-0.59
	0.40
	1.85
	1.71

	PS24
	-1.52
	-0.87
	-0.41
	-0.43
	0.56
	3.56
	1.42

	Maximum
	-0.48
	-0.07
	0.11
	0.62
	0.67
	4.09
	1.88

	Minimum
	-2.57
	-1.17
	-0.71
	-0.59
	-0.93
	0.82
	0.38

	Mean
	-1.41
	-0.57
	-0.37
	-0.04
	0.08
	2.62
	1.20

	Standard deviation
	0.59
	0.32
	0.23
	0.30
	0.35
	0.89
	0.40







	Table S6 Overall pollution levels of PTEs in surface sediments from Sebaiya East area

	Sampling sites
	Composite pollution indices

	
	PLI
	Cdeg
	PINemerow

	PS1
	1.08
	11.97
	2.39

	PS2
	1.49
	13.88
	2.24

	PS3
	1.50
	14.65
	2.47

	PS4
	1.28
	10.80
	1.36

	PS5
	1.37
	15.08
	3.04

	PS6
	1.30
	10.36
	1.15

	PS7
	1.86
	24.58
	5.86

	PS8
	1.41
	16.35
	3.49

	PS9
	1.44
	13.47
	1.75

	PS10
	1.72
	16.71
	2.82

	PS11
	1.93
	34.59
	9.81

	PS12
	1.66
	32.52
	9.76

	PS13
	2.00
	21.91
	4.75

	PS14
	1.99
	18.51
	2.92

	PS15
	2.18
	25.90
	6.09

	PS16
	2.39
	24.79
	4.68

	PS17
	2.25
	26.44
	5.45

	PS18
	2.22
	28.00
	6.59

	PS19
	2.52
	27.64
	5.97

	PS20
	2.13
	23.62
	4.95

	PS21
	1.92
	16.43
	2.19

	PS22
	1.80
	19.71
	4.18

	PS23
	1.52
	15.52
	2.20

	PS24
	1.88
	27.46
	6.83

	Maximum
	2.52
	34.59
	9.81

	Minimum
	1.08
	10.36
	1.15

	Mean
	1.79
	20.45
	4.29

	Standard deviation
	0.38
	6.96
	2.41





	Table S7 Ecological risk assessment for PTEs in surface sediment samples of Sebaiya East area

	Sampling sites
	Er
	RI

	
	Pb
	Cu
	Zn
	Ni
	Cr
	Cd
	As
	

	PS1
	1.25
	3.35
	0.92
	5.50
	1.58
	182.40
	21.60
	216.60

	PS2
	2.00
	5.55
	1.14
	7.60
	2.72
	167.70
	27.60
	214.31

	PS3
	2.10
	5.05
	1.05
	6.85
	2.76
	185.40
	32.40
	235.61

	PS4
	1.80
	5.45
	0.96
	6.85
	2.90
	97.20
	23.30
	138.46

	PS5
	1.80
	3.85
	0.92
	6.60
	2.58
	232.50
	26.70
	274.95

	PS6
	2.00
	6.35
	1.06
	7.80
	2.92
	79.50
	19.60
	119.23

	PS7
	2.85
	4.35
	1.17
	7.30
	3.16
	453.00
	38.30
	510.13

	PS8
	1.90
	4.05
	0.94
	5.80
	2.68
	267.60
	28.00
	310.97

	PS9
	1.80
	5.00
	0.95
	6.85
	3.22
	126.60
	39.60
	184.02

	PS10
	2.45
	5.80
	1.22
	8.05
	3.18
	211.80
	35.80
	268.30

	PS11
	2.60
	3.55
	1.28
	6.05
	4.04
	764.70
	33.60
	815.82

	PS12
	2.55
	4.10
	1.02
	5.50
	2.24
	761.70
	25.60
	802.71

	PS13
	4.20
	5.65
	1.30
	9.20
	2.86
	364.80
	32.10
	420.11

	PS14
	3.20
	6.30
	1.41
	8.75
	4.14
	217.50
	41.30
	282.60

	PS15
	5.40
	5.80
	1.28
	7.85
	3.46
	470.70
	33.90
	528.39

	PS16
	4.90
	6.70
	1.50
	9.35
	3.88
	355.80
	53.00
	435.13

	PS17
	3.10
	7.05
	1.40
	10.00
	3.12
	417.60
	55.30
	497.57

	PS18
	3.70
	5.45
	1.23
	8.40
	4.78
	508.80
	39.10
	571.46

	PS19
	5.30
	7.15
	1.62
	11.55
	3.60
	458.70
	41.30
	529.22

	PS20
	5.00
	5.30
	1.30
	7.40
	3.56
	379.50
	43.50
	445.56

	PS21
	5.00
	5.60
	1.33
	7.60
	3.70
	158.70
	43.20
	225.13

	PS22
	3.70
	5.00
	1.15
	8.10
	2.52
	320.70
	32.50
	373.67

	PS23
	2.35
	3.70
	1.02
	5.00
	3.98
	161.70
	49.10
	226.85

	PS24
	2.60
	4.10
	1.13
	5.55
	4.44
	529.50
	40.10
	587.42

	Maximum
	5.40
	7.15
	1.62
	11.55
	4.78
	764.70
	55.30
	815.80

	Minimum
	1.25
	3.35
	0.92
	5.00
	1.58
	79.50
	19.60
	119.20

	Mean
	3.07
	5.18
	1.18
	7.48
	3.25
	328.10
	35.69
	383.90

	Standard deviation
	1.28
	1.11
	0.19
	1.58
	0.74
	190.60
	9.46
	193.00



	Table S8 Exposure assessment for PTEs in surface sediment samples of Sebaiya East area via different exposure pathways

	PTEs
	Average Daily Dose (ADD, [mg/(kg/day)])

	
	Children
	Adults

	
	Ingestion
	Inhalation
	Dermal contact
	Ingestion
	Inhalation
	Dermal contact

	Pb
	1.33E+02
	3.74E-09
	3.73E-01
	1.43E+01
	2.10E-09
	5.70E-02

	[bookmark: _Hlk132706530]Cu
	1.89E+02
	5.31E-09
	5.30E-01
	2.03E+01
	2.98E-09
	8.09E-02

	Zn
	7.84E+02
	2.20E-08
	2.19E+00
	8.40E+01
	1.24E-08
	3.35E-01

	Ni
	3.55E+02
	9.97E-09
	9.95E-01
	3.81E+01
	5.60E-09
	1.52E-01

	Cr
	7.27E+02
	2.04E-08
	2.04E+00
	7.79E+01
	1.15E-08
	3.11E-01

	Cd
	1.43E+01
	4.02E-10
	4.01E-02
	1.53E+00
	2.26E-10
	6.12E-03

	As
	9.12E+01
	2.56E-09
	2.55E-01
	9.77E+00
	1.44E-09
	3.90E-02
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