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Supplementary information
Table S1. Pollution indices, standard formula, and Ranking scale for sediment.
	Index
	Formula
	Ranking scale
	References

	Enrichment factor (EF)
	EF = 
	EF < 2: Minimal enrichment 
2 ≤ EF < 5: Moderate enrichment
5≤EF < 20: Significant enrichment
20≤EF< 40: Very high enrichment
EF≥40: Extremely high enrichment
	Hasan et al., 2024
Taylor, 1964

	Geoaccumulation index (Igeo)
	Igeo = 
	Igeo ≤ 0: Unpolluted
0<Igeo≤1: Unpolluted to moderately polluted
1<Igeo≤2: Moderately polluted
2<Igeo≤3: Moderately to heavily polluted
3<Igeo≤4: Heavily polluted
4<Igeo≤5: Heavily to extremely polluted
Igeo>5: Extremely polluted
	Muller, 1969
Loska et al., 2004

	Contamination factor (CF)
	CF = 
	CF < 1: Low contamination
1≤CF<3: Moderate contamination
3≤CF<6: Considerable contamination
CF ≥ 6: Very high contamination
	Hakanson, 1980
Siddique et al., 2020

	Pollution load index (PLI)
	PLI = (CF1 × CF2 × CF3……× CFn)1/n
	PLI 1: Baseline level of pollutants 
PLI < 1: No pollution (permissible level)
PLI > 1: Deterioration of site quality
	Tomlinson et al., 1980

	Nemerow integrated pollution index (NIPI)
	NIPI = 
	NIPI ≤ 0.7: Clean
0.7 < NIPI ≤ 1: Alert level
1 < NIPI ≤ 2: Slight pollution
2 < NIPI ≤ 3: Moderate pollution
NIPI > 3: Heavy pollution
	Nemerow, 1985

	Toxic unit
	TUi = 
	TU < 1: Low ecological risk 
TU ≥ 1: Potential ecological risk 
	MacDonald et al., 2000

	Ecological risk factor (ERF)
	ERF=Tr× CFi
	Eᵣ < 40: Low ecological risk
40 ≤ Eᵣ < 80: Moderate risk
80 ≤ Eᵣ < 160: Considerable risk
160 ≤ Eᵣ < 320: High risk
Eᵣ ≥ 320: Very high risk
	Hakanson, 1980


	Potential ecological risk index (PERI)
	PERI=∑ERF=∑ (Tr × CFi) 
	PERI < 150: Low ecological risk
150 ≤ PERI < 300: Moderate risk
300 ≤ PERI < 600: Considerable risk
PERI ≥ 600: Very high risk
	Hakanson, 1980




[bookmark: _GoBack]Table S2. Exposure parameters and their values were adopted from USEPA
	Parameter
	Unit
	Children
	Adults
	References

	Metal concentration (c) 
	mg/kg
	
	
	USEPA, 1989, 1991, 2004, 2020

	Body weight (BW)
	kg
	15
	70
	

	Exposure time (ET)
	h/day
	0.71
	0.54
	

	Exposure frequency (EF)
	days/year
	350
	350
	

	Exposure duration (ED)
	years
	6
	30
	

	Ingestion rate (IngR)
	mg/day
	200
	100
	

	Inhalation rate (InhR)
	m3/day
	10
	20
	

	Skin surface area (SA)
	cm2
	2100
	5800
	

	Soil adherence factor (AF)
	mg/ cm2
	0.2
	0.07
	

	Dermal absorption factor (ABS)
	—
	0.1
	0.1
	

	Particulate emission factor (PEF)
	m3/kg
	1.3 × 109
	1.3 × 109
	

	Conversion factor (CF)
	kg/mg
	10⁻6
	10⁻6
	

	Average time (AT) for carcinogens
	days
	365 × 70
	365 × 70
	

	Average time (AT) for non-carcinogens
	days
	365 × 6
	365 × 30
	



Table S3. Reference dose (RfD), Dermal coefficient (Kp) and Carcinogenic slope factor value for health risk calculation
	Metals
	Reference does value (RfD)
	Carcinogenic slope factor (CSF)
	Dermal coefficient (Kp)

	
	Ingestion
	Dermal
	Inhalation
	Ingestion
	Dermal
	Inhalation
	

	Fe
	0.7
	0.35
	-
	-
	-
	-
	0.001

	Mn
	0.14
	0.0041
	0.00005
	-
	-
	-
	0.001

	Ni
	0.02
	0.0054
	0.0001
	1.7
	0.84
	0.91
	0.0002

	Cu
	0.04
	0.0012
	0.01
	-
	-
	-
	0.001

	Zn
	0.3
	0.06
	0.005
	-
	-
	-
	0.0006

	Cr
	0.003
	0.0006
	0.0001
	0.501
	2.0
	0.42
	0.002

	Cd
	0.001
	0.0025
	0.00001
	0.38
	6.3
	6.3
	0.001

	Pb
	0.0035
	0.000525
	-
	0.0085
	0.042
	0.0000085
	0.0001

	As
	0.0003
	0.000123
	-
	1.5
	1.5
	0.0043
	0.001

	Se
	0.005
	0.0015
	-
	-
	-
	-
	0.001

	Hg
	0.0003
	0.000021
	-
	-
	-
	-
	0.001

	Co
	0.02
	0.0049
	0.000143
	-
	-
	-
	0.0004


[USEPA, 2009, 2010, 2017]
Table S4. Principal component analysis of trace element in soil from Mirsarai EPZ, Chittagong, Bangladesh
	Trace elements
	Sediment

	Principal component
	PC1
	PC2
	PC3

	As
	0.25064
	-0.38745
	-0.25744

	Se
	0.07715
	0.57783
	-0.09148

	Pb
	0.34981
	0.02394
	0.16828

	Cd
	-0.02873
	-0.29778
	0.8094

	Co
	0.35315
	0.14775
	0.04293

	Cr
	0.33038
	0.05398
	-0.23562

	Cu
	0.34797
	-0.11172
	9.90E-04

	Mn
	0.33707
	-0.132
	0.0731

	Ni
	0.33279
	0.25212
	0.0026

	Zn
	0.33743
	0.08392
	0.18191

	Hg
	-0.03522
	0.53298
	0.3752

	Fe
	0.33707
	-0.132
	0.0731

	Eigenvalue
	7.50722
	2.10569
	1.14127

	Total variance %
	62.56%
	17.55%
	9.51%

	Cumulative % of variance
	62.56%
	80.11%
	89.62%





Figure S1. Biplot of principal component (a) and K-means cluster (b) of studied sediment in Mirsarai EPZ, Bangladesh
(a)
(b)

























[bookmark: _Hlk216607004]Figure S2. The Monte Carlo simulation generates probabilistic distributions for soil in both children and adults, specifically assessing carcinogenic risks. These risks are evaluated separately for: (a) child and (b) adults
(a)
(b)
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