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Goodness of fit of kinetic and isotherm models
Goodness of fit of all models was evaluated using the Pearson correlation coefficient (R²), the sum of squared residuals (RSS), the chi‑squared analysis (χ²) [1] and the Akaike information criterion (AIC) [2] given in formulas 7 to 10 in Table SI 1. The χ² becomes negative with negative q values, so an adjusted χ² was calculated with absolute q values in the denominator (formula 11).
Table SI 1: Calculation of different model goodness of fit descriptors
	
	Calculation
	Variables
	Formula

	AIC 
	

	k = number of estimated parameters 
= maximum value of the likelihood function in the model
qe,m = modelled loading at equilibrium (mg/g)
qe = experimental loading at equilibrium (mg/g)
 = mean of experimental loading values (mg/g)
 = absolute value of q (mg/g)
	(7)

	R²
	
	
	(8)

	RSS
	

	
	(9)

	
	

	
	(10)

	
	

	
	(11)



Table SI 2: Model and goodness of fit parameters for adsorption kinetic of HM onto Fe-WTR at pH 7 in DW. Best fit is marked in bold.
	model
	parameter
	unit
	As(III)
	Cd(II)
	Cu(II)
	Ni(II)
	Pb(II)

	PFO
	Qe,1
	mg/g
	38.53
	7.80
	71.14
	0.00
	79.96

	
	K1
	min-1
	1.78∙10-2
	1.10∙100
	2.40∙10-1
	9.56∙10-2
	1.88∙100

	
	RSS
	
	1,885.36
	260.49
	2,623.53
	557.23
	198.11

	
	R²
	
	0.82
	0.40
	0.88
	0.06
	0.99

	
	Χ² *
	
	71.96
	109.31
	56.20
	-35.13
	2.81

	
	Χ²adj *
	
	77.78
	109.31
	56.20
	91.90
	2.81

	
	AIC
	
	233.15
	175.58
	250.25
	202.19
	169.55

	PSO
	Qe,2
	mg/g
	41.64
	7.79
	72.87
	0.10
	80.59

	
	K2
	mg/g/min
	5.22∙10-4
	4.54∙10-1
	6.40∙10-3
	1.00∙10-7
	6.18∙10-2

	
	RSS
	
	1394.75
	269.99
	1287.01
	557.22
	128.88

	
	R²
	
	0.86
	0.38
	0.93
	0.06
	0.99

	
	Χ² *
	
	55.76
	123.50
	25.40
	-35.12
	1.88

	
	Χ²adj *
	
	63.96
	123.50
	25.40
	91.90
	1.88

	
	AIC
	
	223.20
	176.83
	226.03
	202.19
	154.08

	Elovich
	α
	mg/g/min
	4.15
	100,000.00
	10,197.62
	0.01
	100,000.00

	
	β
	g/mg
	0.17
	2.37
	0.19
	100.00
	0.19

	
	RSS
	
	648.90
	371.97
	516.52
	562.74
	4,158.23

	
	R²
	
	0.92
	0.34
	0.97
	0.06
	0.85

	
	Χ² *
	
	5.83
	132.37
	10.09
	-38.49
	53.82

	
	Χ²adj *
	
	67.40
	132.37
	10.09
	93.01
	53.82

	
	AIC
	
	197.95
	188.05
	194.99
	202.54
	279.14


* values q = 0 were excluded from calculation

Table SI 3: Model and goodness of fit parameters for adsorption kinetic of HM onto Mn-WTR at pH 7 in DW. Best fit is marked in bold.
	Model
	Parameter
	unit
	As(III)
	Cd(II)
	Cu(II)
	Ni(II)
	Pb(II)

	PFO
	Qe,1
	mg/g
	34.70
	46.72
	82.56
	30.21
	85.26

	
	K1
	min-1
	1.00∙10-3
	2.48∙10-3
	4.86∙10-3
	1.03∙10-3
	1.06∙10-1

	
	RSS
	
	303.31
	863.27
	2,028.03
	855.91
	1466.62

	
	R²
	
	0.95
	0.94
	0.95
	0.85
	0.95

	
	Χ²
	
	19.60
	46.97
	81.94
	-9.41
	34.73

	
	Χ²adj
	
	23.16
	46.97
	81.94
	65.60
	34.73

	
	AIC
	
	164.68
	197.10
	223.58
	196.84
	213.53

	PSO
	Qe,2
	mg/g
	41.33
	50.68
	86.67
	35.94
	87.38

	
	K2
	mg/g/min
	1.00∙10-3
	2.48∙10-3
	4.86∙10-3
	1.03∙10-3
	1.06∙10-1

	
	RSS
	
	209.45
	709.15
	1,111.00
	835.40
	481.66

	
	R²
	
	0.97
	0.94
	0.97
	0.85
	0.98

	
	Χ²
	
	13.72
	35.87
	45.70
	-9.82
	13.86

	
	Χ²adj
	
	17.37
	35.87
	45.70
	70.01
	13.86

	
	AIC
	
	153.20
	191.01
	204.92
	196.09
	179.02

	Elovich
	α
	mg/g/min
	0.08
	0.58
	3.82
	0.06
	1,480.38

	
	β
	g/mg
	0.11
	0.12
	0.08
	0.11
	0.15

	
	RSS
	
	158.91
	692.46
	1,019.06
	869.78
	1,584.67

	
	R²
	
	0.97
	0.94
	0.97
	0.85
	0.93

	
	Χ²
	
	7.72
	26.79
	17.89
	-10.03
	31.30

	
	Χ²adj
	
	11.66
	26.79
	17.89
	79.58
	31.30

	
	AIC
	
	144.64
	190.27
	202.25
	197.34
	215.93


* values q = 0 were excluded from calculation

Table SI 4: Freundlich model and goodness of fit parameters of HM adsorption onto Fe-WTR and Mn-WTR.
	WTR
	H2O
	Analyte
	pH
	1/n
	KF
	RSS
	R²
	Χ²
	Χ²adj
	AIC

	[bookmark: _Hlk193285469]Fe
	UW
	As(III)
	6
	0.47
	1.77∙100
	270.60
	0.97
	-726.44
	773.13
	123.64

	
	
	
	7
	0.45
	1.68∙100
	239.29
	0.96
	-63.16
	111.20
	120.94

	
	
	
	8
	0.29
	3.77∙100
	590.80
	0.78
	-1,075.29
	1,238.07
	140.82

	
	
	Cd(II)
	6
	11.49
	-4.27∙10-39
	477.19
	0.42
	83.92
	95.39
	136.12

	
	
	
	7
	0.27
	2.93∙100
	372.48
	0.70
	-105.60
	275.67
	130.67

	
	
	
	8
	0.20
	9.75∙100
	9,047.15
	0.24
	-3,570.12
	5,366.86
	200.85

	
	
	Cu(II)
	6
	0.28
	1.13∙10-1
	7,146.50
	0.69
	-889.78
	4,161.66
	195.67

	
	
	
	7
	0.47
	6.52∙100
	3,414.49
	0.93
	3,144.99
	10,686.80
	179.42

	
	
	
	8
	0.10
	1.52∙10-1
	23,012.65
	0.03
	-197.52
	8,296.84
	221.39

	
	
	Ni(II)
	6
	0.65
	-1.05∙10-1
	406.27
	0.68
	-32.56
	112.59
	132.58

	
	
	
	7
	0.11
	2.29∙100
	374.71
	0.05
	137.46
	253.98
	130.81

	
	
	
	8
	0.06
	7.16∙100
	8,606.07
	0.01
	567.47
	1,227.74
	199.76

	
	
	Pb(II)
	6
	0.48
	1.83∙10-1
	3,179.63
	0.98
	-33,301.50
	36,969.04
	177.85

	
	
	
	7
	0.58
	1.06∙10-1
	8,803.57
	0.92
	6,959.29
	12,876.58
	200.25

	
	
	
	8
	0.30
	1.50∙10-1
	7,382.03
	0.65
	-27,420.68
	28,282.24
	196.38

	Fe
	DW
	As(III)
	6
	0.51
	5.76∙10-1
	126.27
	0.94
	16.59
	79.36
	92.15

	
	
	
	7
	0.84
	3.73∙10-2
	34.41
	0.98
	5.05
	5.25
	68.75

	
	
	
	8
	0.63
	1.96∙10-1
	54.77
	0.96
	5.03
	15.48
	82.91

	
	
	Cd(II)
	6
	1.75
	6.43∙10-6
	96.00
	0.40
	-3.54
	24.56
	87.21

	
	
	
	7
	0.82
	2.76∙10-2
	15.87
	0.97
	6.56
	6.71
	54.82

	
	
	
	8
	0.52
	5.87∙10-1
	69.66
	0.96
	306.22
	306.22
	81.44

	
	
	Cu(II)
	6
	0.68
	4.12∙10-1
	448.06
	0.96
	29.93
	29.93
	124.94

	
	
	
	7
	0.69
	6.18∙10-1
	816.73
	0.95
	52.59
	52.59
	147.95

	
	
	
	8
	0.23
	7.78∙10-1
	4,454.56
	0.24
	1,427.37
	1,427.37
	185.27

	
	
	Ni(II)
	6
	2.33
	2.30∙10-8
	481.45
	0.03
	14.59
	62.84
	126.38

	
	
	
	7
	4.60
	7.62∙10-16
	612.02
	0.16
	-33.04
	45.57
	131.18

	
	
	
	8
	0.19
	9.78∙10-1
	457.78
	0.05
	224.15
	309.57
	125.37

	
	
	Pb(II)
	6
	0.53
	9.59∙100
	1,676.39
	0.98
	6,110.27
	9,435.79
	163.77

	
	
	
	7
	0.39
	1.64∙10-1
	5,952.33
	0.85
	9,493.83
	22,342.13
	191.64

	
	
	
	8
	0.19
	2.02∙10-1
	9,175.35
	0.31
	35,166.09
	35,166.09
	201.16

	Mn
	UW
	As(III)
	6
	0.64
	1.91∙10-1
	163.89
	0.92
	27.86
	44.72
	96.84

	
	
	
	7
	0.46
	7.74∙10-1
	177.05
	0.90
	348.79
	525.87
	106.37

	
	
	
	8
	0.31
	1.52∙100
	110.40
	0.81
	-143.89
	198.58
	103.92

	
	
	Cd(II)
	6
	0.21
	4.72∙100
	595.64
	0.62
	-668.30
	793.19
	141.00

	
	
	
	7
	0.31
	3.73∙100
	526.21
	0.87
	10,328.14
	11,466.27
	148.21

	
	
	
	8
	0.28
	6.18∙100
	383.41
	0.92
	-3,915.17
	4,075.56
	131.31

	
	
	Cu(II)
	6
	0.37
	5.72∙100
	1,229.09
	0.93
	1,575.94
	1,575.94
	156.94

	
	
	
	7
	0.49
	3.10∙100
	701.26
	0.97
	99.48
	99.48
	155.10

	
	
	
	8
	0.10
	8.59∙100
	2,728.49
	0.04
	522.86
	915.49
	174.48

	
	
	Ni(II)
	6
	0.27
	2.49∙100
	451.15
	0.60
	114.10
	114.10
	125.08

	
	
	
	7
	0.49
	5.60∙100
	432.47
	0.78
	-90.22
	129.01
	143.50

	
	
	
	8
	0.32
	3.00∙100
	104.66
	0.96
	71.00
	71.00
	102.75

	
	
	Pb(II)
	6
	0.42
	1.37∙10-1
	2,952.78
	0.97
	13,082.25
	13,082.25
	176.22

	
	
	
	7
	0.46
	1.01∙10-1
	2,473.65
	0.97
	1,100.29
	1,100.29
	185.36

	
	
	
	8
	0.27
	1.40∙10-1
	3,137.90
	0.66
	160,425.67
	160,425.67
	177.56

	Mn
	DW
	As(III)
	6
	0.47
	4.04∙10-1
	92.33
	0.86
	76.73
	84.96
	99.99

	
	
	
	7
	0.61
	1.05∙10-1
	50.42
	0.87
	5.88
	7.59
	86.68

	
	
	
	8
	0.61
	1.34∙10-1
	60.86
	0.90
	12.16
	14.86
	90.82

	
	
	Cd(II)
	6
	0.34
	9.16∙10-1
	475.37
	0.35
	-14.55
	100.02
	126.12

	
	
	
	7
	0.45
	6.67∙10-1
	181.69
	0.84
	14.85
	83.06
	106.89

	
	
	
	8
	0.58
	3.92∙10-1
	190.12
	0.91
	9.94
	22.97
	107.80

	
	
	Cu(II)
	6
	0.44
	1.95∙100
	473.64
	0.92
	54.70
	54.70
	135.96

	
	
	
	7
	0.57
	8.36∙10-1
	501.66
	0.94
	26.94
	26.94
	137.22

	
	
	
	8
	0.34
	2.82∙100
	2,372.13
	0.32
	172.78
	172.78
	171.40

	
	
	Ni(II)
	6
	0.48
	2.12∙10-1
	24.72
	0.85
	30.49
	39.18
	67.00

	
	
	
	7
	0.55
	1.73∙10-1
	18.43
	0.94
	0.24
	5.73
	61.12

	
	
	
	8
	0.71
	7.67∙10-2
	51.90
	0.92
	12.95
	16.13
	81.83

	
	
	Pb(II)
	6
	0.45
	9.43∙100
	2,314.90
	0.96
	126.05
	6,111.79
	170.87

	
	
	
	7
	0.28
	1.30∙10-1
	6,906.65
	0.62
	-2,308.35
	4,418.78
	194.92

	
	
	
	8
	0.11
	1.35∙10-1
	9,551.04
	0.04
	-4,634.43
	6,580.14
	202.05





Table SI 5: Langmuir model and goodness of fit parameters of HM adsorption onto Fe-WTR and Mn-WTR.
	WTR
	H2O
	Analyte
	pH
	qmax
	KL
	RSS
	R²
	Χ²
	Χ²adj
	AIC

	Fe
	UW
	As(III)
	6
	77.68
	1.71∙10-3
	374.76
	0.96
	15.67
	22.49
	130.81

	
	
	
	7
	60.23
	2.12∙10-3
	85.90
	0.99
	3.98
	8.49
	98.40

	
	
	
	8
	32.74
	8.69∙10-3
	214.26
	0.93
	1.84
	14.27
	118.51

	
	
	Cd(II)
	6
	-0.17
	-3.71E∙10-4
	398.12
	0.51
	55.56
	67.14
	132.14

	
	
	
	7
	21.40
	1.05∙10-2
	170.07
	0.88
	8.86
	14.05
	113.43

	
	
	
	8
	42.21
	3.03∙10-2
	6,621.84
	0.46
	51.03
	299.52
	193.99

	
	
	Cu(II)
	6
	86.68
	1.46∙10-2
	4,205.35
	0.84
	-105.53
	312.31
	184.00

	
	
	
	7
	173.63
	6.49∙10-3
	1,909.01
	0.97
	130.00
	2,364.11
	166.63

	
	
	
	8
	35.63
	1.12∙10-1
	19,609.73
	0.15
	-981.11
	2,234.55
	217.87

	
	
	Ni(II)
	6
	-30.34
	5.36∙10-4
	353.98
	0.72
	-58.08
	70.37
	129.55

	
	
	
	7
	5.71
	3.29∙10-2
	322.12
	0.18
	1.80
	136.13
	127.48

	
	
	
	8
	13.91
	4.35∙10-2
	8,115.66
	0.05
	-279.82
	552.38
	198.46

	
	
	Pb(II)
	6
	291.35
	2.24∙10-2
	2,555.10
	0.98
	-2,288.45
	2,579.64
	173.04

	
	
	
	7
	290.50
	1.48∙10-2
	10,370.56
	0.91
	4,907.88
	6,691.71
	203.86

	
	
	
	8
	76.18
	1.26∙10-1
	3,345.45
	0.83
	-5,898.99
	6,254.82
	178.97

	Fe
	DW
	As(III)
	6
	38.87
	1.59∙10-3
	80.42
	0.96
	5.98
	6.95
	84.03

	
	
	
	7
	96.23
	1.48∙10-4
	36.54
	0.98
	5.84
	5.90
	69.83

	
	
	
	8
	39.39
	7.07∙10-4
	54.10
	0.97
	3.30
	3.48
	82.66

	
	
	Cd(II)
	6
	2.80
	-1.40∙10-3
	64.12
	0.65
	16.50
	29.70
	79.95

	
	
	
	7
	54.53
	1.75∙10-4
	16.90
	0.97
	7.31
	7.36
	55.95

	
	
	
	8
	35.48
	1.91∙10-3
	40.47
	0.98
	4.51
	4.51
	71.66

	
	
	Cu(II)
	6
	127.62
	6.47∙10-4
	384.52
	0.97
	23.99
	23.99
	121.88

	
	
	
	7
	168.97
	7.65∙10-4
	747.54
	0.96
	37.24
	37.24
	146.00

	
	
	
	8
	40.23
	1.78∙10-2
	3,076.36
	0.44
	1,219.78
	1,219.78
	177.12

	
	
	Ni(II)
	6
	2545.78
	3.10∙10-7
	482.98
	0.02
	15.50
	71.35
	126.44

	
	
	
	7
	1.92
	-1.19∙10-3
	60.69
	0.91
	-28.29
	79.17
	84.96

	
	
	
	8
	3.97
	2.43∙10-2
	444.36
	0.07
	-6.89
	42.49
	124.78

	
	
	Pb(II)
	6
	286.97
	8.29∙10-3
	1,627.97
	0.99
	199.65
	606.06
	163.12

	
	
	
	7
	139.46
	4.18∙10-2
	1,739.74
	0.96
	70.53
	1,880.25
	164.58

	
	
	
	8
	57.98
	3.05E∙10-1
	4,493.27
	0.65
	6,172.35
	6,172.35
	185.46

	Mn
	UW
	As(III)
	6
	69.35
	3.03∙10-4
	201.68
	0.91
	39.67
	40.02
	100.58

	
	
	
	7
	30.44
	2.27∙10-3
	138.73
	0.93
	13.30
	14.74
	101.49

	
	
	
	8
	15.74
	6.29∙10-3
	39.45
	0.94
	2.20
	3.48
	81.28

	
	
	Cd(II)
	6
	20.81
	3.90∙10-2
	431.34
	0.76
	6.07
	38.91
	133.90

	
	
	
	7
	38.33
	6.44∙10-3
	581.83
	0.89
	78.13
	79.33
	150.62

	
	
	
	8
	42.94
	1.80∙10-2
	124.40
	0.98
	-8.62
	23.38
	106.55

	
	
	Cu(II)
	6
	91.98
	6.23∙10-3
	850.88
	0.96
	125.37
	125.37
	148.85

	
	
	
	7
	126.37
	2.88∙10-3
	747.89
	0.97
	45.13
	45.13
	156.65

	
	
	
	8
	17.16
	2.14E∙10-1
	2,101.63
	0.22
	-27.71
	430.86
	168.74

	
	
	Ni(II)
	6
	19.77
	8.76∙10-3
	357.83
	0.73
	18.46
	18.46
	120.44

	
	
	
	7
	44.99
	6.06∙10-4
	528.75
	0.79
	-21.34
	117.95
	148.33

	
	
	
	8
	30.94
	8.21∙10-3
	144.67
	0.95
	9.19
	9.19
	109.87

	
	
	Pb(II)
	6
	206.08
	1.67∙10-2
	2,787.18
	0.97
	1,935.37
	1,935.37
	174.95

	
	
	
	7
	191.01
	1.49∙10-2
	1,340.93
	0.98
	131.09
	131.09
	170.66

	
	
	
	8
	59.76
	1.40∙10-1
	656.08
	0.93
	52,004.33
	52,004.33
	143.13

	Mn
	DW
	As(III)
	6
	19.57
	1.52∙10-3
	85.06
	0.88
	10.71
	10.96
	98.19

	
	
	
	7
	21.66
	5.28∙10-4
	59.13
	0.87
	8.58
	8.87
	90.18

	
	
	
	8
	22.93
	7.73∙10-4
	47.10
	0.92
	7.29
	7.66
	85.18

	
	
	Cd(II)
	6
	8.79
	2.29∙10-2
	537.86
	0.26
	-55.11
	74.97
	128.59

	
	
	
	7
	27.50
	1.51∙10-3
	261.82
	0.81
	65.34
	65.74
	114.20

	
	
	
	8
	48.52
	9.03∙10-4
	255.35
	0.89
	26.57
	27.80
	113.70

	
	
	Cu(II)
	6
	62.32
	2.76∙10-3
	222.68
	0.97
	8.96
	8.96
	119.36

	
	
	
	7
	87.75
	1.13∙10-3
	654.36
	0.93
	35.80
	35.80
	143.07

	
	
	
	8
	32.93
	7.38∙10-3
	1,856.80
	0.45
	118.36
	118.36
	166.02

	
	
	Ni(II)
	6
	11.57
	1.24∙10-3
	34.63
	0.83
	18.85
	18.98
	73.74

	
	
	
	7
	16.91
	1.04∙10-3
	20.19
	0.94
	2.74
	3.08
	62.94

	
	
	
	8
	32.58
	5.14∙10-4
	44.91
	0.93
	13.08
	13.60
	78.94

	
	
	Pb(II)
	6
	194.07
	9.03∙10-3
	1,027.18
	0.99
	-217.47
	772.54
	152.99

	
	
	
	7
	82.00
	3.29∙10-2
	2,246.83
	0.88
	-416.11
	625.76
	170.21

	
	
	
	8
	31.42
	1.21∙10-1
	7,283.55
	0.23
	-1,289.91
	1,613.43
	196.08
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