[bookmark: _Hlk232272141]Table S1. Mathematical formulations, parameter metrics, and weight factors (Wi) assigned to individual water quality variables for WQI determination
	Parameter
	Permissible standard (Si, WHO)
	Assigned weight (wi)
	Relative weight factor (Wi)
	Parameter sub-index formula(qi)

	pH
	6.5-8.5
	4
	0.125
	

	EC (µS cm-1)
	1000
	4
	0.125
	

	Calcium (Ca2+, mg L-1)
	75
	2
	0.0625
	

	Magnesium Mg2+, mg L-1)
	30
	2
	0.0625
	

	Sodium (Na+, mg L-1)
	200
	3
	0.09375
	

	Chloride (Cl-, mg L-1)
	250
	3
	0.09375
	

	Sulphate (SO42-, mg L-1)
	250
	4
	0.125
	

	Nitrate (NO3-, mg L-1)
	45
	5
	0.15625
	

	Phosphate (PO43-, mg L-1)
	0.1
	5
	0.15625
	

	Total
	-
	
	
	


Table S2. Standardized metric boundaries for WQI status and consumer utility classifications
	WQI Range
	Water quality status
	Consumer utility and safety verdict

	<50
	Excellent water quality
	Safe; completely clear, unpolluted baseline water table profiles

	50.1-100.0
	Good water quality
	Acceptable; slight mineral adjustments, safe for general domestic use

	100.1-200.0
	Poor water quality
	Restricted; entry of untreated municipal runoff, demands treatment

	200.1-300.0
	Very poor water quality
	High Hazard; severe degradation, strictly restricted from intake channels

	>300
	Unsuitable for consumption
		Toxic Matrix; extreme industrial loading, posing immediate health threats














Table S3. Hydrochemical parameters across sampling seasons and sites
	Season
	Site ID
	pH
	EC (µS/cm)
	Ca (mg/L)
	Mg (mg/L)
	Na (mg/L)
	K (mg/L)
	HCO₃ (mg/L)
	CO₃ (mg/L)
	Cl (mg/L)
	SO₄ (mg/L)
	NO₃ (mg/L)
	CBE (%)

	Pre-Mons
	S1
	7.14
	1575.00
	132.31
	34.05
	738.76
	11.49
	402.73
	0.00
	836.62
	206.43
	92.57
	7.49

	Post-Mons
	S1
	5.86
	2570.00
	128.26
	46.17
	92.82
	22.22
	122.00
	0.00
	320.00
	180.00
	192.59
	-9.41

	Pre-Mons
	S2
	7.23
	465.00
	71.17
	72.96
	59.91
	7.51
	386.08
	0.00
	113.44
	170.60
	132.25
	-10.37

	Post-Mons
	S2
	7.34
	374.00
	65.00
	15.00
	51.50
	3.81
	69.50
	0.00
	65.23
	109.49
	113.22
	-1.94

	Pre-Mons
	S3
	7.47
	2000.00
	104.10
	94.85
	759.23
	31.98
	866.44
	0.00
	921.70
	230.73
	81.00
	0.56

	Post-Mons
	S3
	7.94
	1154.00
	96.19
	38.88
	375.10
	24.18
	305.02
	0.00
	553.02
	184.19
	79.29
	-1.55

	Pre-Mons
	S4
	7.47
	119.90
	31.01
	80.00
	11.10
	3.01
	219.67
	0.00
	42.54
	59.47
	85.62
	7.90

	Post-Mons
	S4
	7.10
	158.10
	28.06
	29.16
	12.64
	6.56
	26.85
	0.00
	85.08
	97.35
	3.80
	-4.35

	Pre-Mons
	S5
	7.72
	693.00
	119.21
	89.98
	79.58
	53.49
	524.74
	0.00
	184.34
	196.72
	82.65
	-2.80

	Post-Mons
	S5
	7.67
	451.00
	112.22
	38.88
	55.22
	45.57
	355.27
	0.00
	141.80
	132.57
	4.51
	-1.15

	Pre-Mons
	S6
	5.74
	4450.00
	83.78
	107.01
	761.53
	5.59
	573.59
	0.00
	920.00
	548.94
	166.97
	-3.38

	Post-Mons
	S6
	5.40
	1712.00
	84.17
	38.88
	904.80
	23.62
	597.94
	0.00
	1063.50
	215.16
	85.84
	1.81

	Pre-Mons
	S7
	7.40
	611.00
	87.67
	72.96
	97.06
	70.65
	707.81
	0.00
	155.98
	3.60
	87.61
	-3.19

	Post-Mons
	S7
	8.14
	514.00
	90.17
	29.16
	71.10
	46.70
	444.38
	0.00
	170.16
	12.94
	6.60
	-5.39

	Pre-Mons
	S8
	8.81
	283.00
	39.07
	29.18
	93.15
	8.56
	390.00
	0.00
	56.72
	52.79
	75.70
	-8.93

	Post-Mons
	S8
	8.47
	291.00
	53.00
	21.87
	31.10
	0.81
	231.00
	0.00
	42.54
	61.52
	0.07
	-3.72

	Pre-Mons
	S9
	8.23
	518.00
	48.09
	58.37
	150.42
	12.12
	526.24
	0.00
	99.26
	188.82
	84.63
	-8.66

	Post-Mons
	S9
	7.84
	171.70
	64.00
	14.58
	40.13
	0.69
	227.16
	0.00
	56.72
	82.17
	7.81
	-7.54

	Pre-Mons
	S10
	8.10
	421.00
	43.01
	51.07
	104.65
	12.94
	486.20
	0.00
	56.72
	117.16
	80.66
	-8.47

	Post-Mons
	S10
	8.19
	281.00
	75.00
	29.16
	25.00
	4.19
	292.60
	0.00
	42.54
	116.17
	2.01
	-7.03

	Pre-Mons
	S11
	7.12
	2550.00
	111.23
	68.10
	1066.74
	11.42
	427.14
	0.00
	1432.18
	281.74
	106.45
	2.52

	Post-Mons
	S11
	6.61
	2420.00
	108.22
	46.17
	95.60
	21.76
	113.26
	0.00
	300.00
	190.00
	143.78
	-8.79

	Pre-Mons
	S12
	7.59
	94.80
	35.13
	24.32
	71.76
	2.27
	170.86
	0.00
	56.72
	9.07
	83.64
	7.73

	Post-Mons
	S12
	8.07
	97.00
	65.00
	12.15
	12.92
	1.23
	125.26
	0.00
	56.72
	76.70
	1.23
	-4.28

	Pre-Mons
	S13
	7.65
	98.30
	39.61
	21.89
	71.76
	3.01
	207.47
	0.00
	42.54
	63.72
	85.62
	-2.33

	Post-Mons
	S13
	7.94
	110.20
	61.00
	12.15
	6.41
	2.11
	170.86
	0.00
	28.36
	64.55
	1.07
	-6.26

	Pre-Mons
	S14
	7.53
	103.00
	31.01
	29.18
	70.61
	2.35
	170.86
	0.00
	42.54
	78.90
	86.61
	0.28

	Post-Mons
	S14
	7.96
	92.70
	71.00
	12.15
	5.73
	1.04
	183.06
	0.00
	28.36
	48.16
	0.33
	0.11

	Pre-Mons
	S15
	7.76
	102.60
	37.01
	29.18
	49.22
	2.93
	109.84
	0.00
	42.54
	91.66
	88.60
	0.98

	Post-Mons
	S15
	7.05
	146.00
	53.00
	9.72
	16.55
	1.43
	73.22
	0.00
	14.18
	71.23
	3.52
	14.46


[bookmark: _Hlk232272247][bookmark: _GoBack]
Table S4. Standard default values, exposure parameters, and toxicological reference metrics utilized for the US EPA human health risk assessment equations across variable demographic segments.
	Parameter
	Parameter definition and unit
	Demographic segment
	Assigned value
	Reference source

	CPW
	Contaminant concentration in water (mg L-1)
	All segments
	Site-specific data
	Field analysis

	IR
	Human ingestion rate (L day-1)
	Adults (Men/Women)
	2.50
	US EPA (1989; 2001)

	
	
	Children
	0.78
	

	ED
	Exposure duration (years)
	Men
	64
	This study/ Adimalla (2019)

	
	
	Women
	67
	

	
	
	Children
	12
	

	EF
	Exposure frequency (days year-1)
	All segments
	365
	US EPA (1989; 2001)

	ABW
	Average body weight (kg)
	Men
	65
	This study/ Adimalla (2019)

	
	
	Women
	55
	

	
	
	Children
	15
	

	AET
	Average exposure time (days)
	Men
	23,360
	Calculated (ED X EF)

	
	
	Women
	24,455
	

	
	
	Children
	4,380
	

	TC
	Contact Duration (hours day-1)
	All segments
	0.4
	This study/ Adimalla (2019)

	Ki
	Dermal Adsorption Parameter (cm h-1)
	All segments
	0.001
	This study/ Adimalla (2019

	EV
	Bathing Frequency (times day-1)
	All segments
	1
	This study/ Adimalla (2019

	SSA
	Skin Surface Area for Contact (cm2)
	Adults (Men/Women)
Children
	16,600
	This study/ Adimalla (2019

	
	
	
	12,000
	

	CF
	Unit Conversion Factor (dimensionless)
	All segments
	0.001
	Liu et al. (2019); Wu & Sun (2016)

	RfD
	Toxicological Reference Dose (mg kg-1 day-1)
	All segments
	1.6
	US EPA IRIS (1989)
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