Insights into the bioremediation potential of native Bacillus isolates and their consortia against Iron, Cadmium and Chromium at pH 5.0
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Supplementary Files


Supplementary Figure 1.
[image: ]
Supplementary Fig. S1.Profiling of bacterial growth at various pH (pH 2.0 to pH 7.0): Bacterial growth was observed from pH 5.0 to 7.0. The isolates could not grow below pH 5.0. Similar results are seen for all isolates with study repeated three times (Representative figure)

Supplementary Figure 2.
[image: ]
Supplementary Fig. S2.Development of consortia through co-culture techniques using 16isolates ofBacillus strains: (i) Co-culture on solid media:(from left to right), plate with only media serves as control (a);isolates spotted in single plate together (which grow without inhibition of one another)(b); Swabbed and spotted on top of the agar plates (c to f). Isolates grew with minimal competition for nutrients (ii)Co-culture in broth media: Growth stimulation or inhibition study through the addition of cell filtrates; Primary culture at OD0.5, addition of a mixture of 0.5 mL each of cell filtrates into primary culture, and addition of 1 mL each cell filtrates of compatible isolates to the growing cells (log phase) of primary/based isolate.Stimulation of primary isolate SK22 with extracts of KHED9, SK44 and KR5 (a) and stimulation of primary isolate KH5M11 with extracts KR7, SK18-4 and SK18-6 (b). No growth inhibition was seen.



Supplementary Figure 3.
[image: ]
Supplementary Fig. S3. Removal percentage of iron (Fe) by Bacillus isolates: By Bacillus sp. SK22 (a), Bacillus sp. KHED9 (b), Lysinibacillussp. SK18-4 (c), Bacillus sp. KH5M11 (d) and Bacillus sp. KHCL13 (e). All five isolates exhibit high degree of iron removal above 95%. Data shown as  mean ±SD, n=3


Supplementary Figure 4.
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[bookmark: _Hlk98159067][bookmark: _Hlk98159003][bookmark: _Hlk98159021]Supplementary Fig. S4. Removal percentage of chromium and cadmium by Bacillus isolates:By isolates Bacillus sp. SK22 (a), Bacillus sp. KHED9(b), Lysinibacilus sp. SK18-4 (c),Bacillus sp. KH5M11(d) and Bacillus sp. (e). All five isolates showed high degree of Cr and Cd removal. Data shown as  mean ±SD, n=3



Supplementary Figure 5. 
[image: ]
Supplementary Fig. S5. Removal percentage of iron, cadmium and chromium by Bacillus consortia.  Iron removal by Consortium-A22ED9 (a) and Consortium-B18-4M11 (b); Chromium and Cadmium removals byConsortium-A22ED9 (c)and Consortium-B18-4M11 (d)The consortia demonstrate great potential for bioremediation of all the three heavy metals of Fe, Cd and Cr. Data shown as  mean ±SD, n=3



[bookmark: _Hlk90550495]Supplementary Table S1:Samples and Sampling sites with GPS data and other parameters, samples characteristics (heavy metal, pH, TOC and TOM contents), data shown as  mean ±SD, n=3
	Sl. No.
	Sampling sites
(Code)
	AMD Samples
	GPS Data
	Odometer and Thermometer readings
	pH
	Samples temp.
	Heavy metal concentrations (mg/kg)
	TOC (%)
	TOM (%) 

	
	
	
	Latitude
	Longitude
	Elevation (m)
	Moisture %
	Temp. °C
	
	
	Fe
	Cd
	Cr
	
	

	1. 
	SK4AS
	Water
	N25°20.733ʹ
	E092°08.700ʹ
	1244±1.0
	50±1.000
	33±1.000
	3.17±0.1
	30±1.00
	1.800±0.024
	0.034±0.08
	0.011.8±0.0018
	0.268±0.057
	0.407±0.005

	2. 
	SK18AS
	Soil
	N25°20.727ʹ
	E092°08.700ʹ
	1245.666±1.528
	51.667±1.528
	32.667±0.577
	3.59±0.03
	29.66±1.53
	1.800±0.018
	0.0001±0.000
	0.011.8±0.018
	0.044±0.007
	0.069±0.006

	3. 
	KHED-1
	Water
	N25°20.439ʹ
	E092°21.488ʹ
	1125±2.000
	60±1.000
	30.667±0.577
	3.61±0.05
	31.33±1.53
	6.260.6±0.074
	ND
	0.036.5±0.012
	0.283±0.051
	0.411±0.006

	4. 
	KH5M-2
	Water
	N25°20.426ʹ
	E092°21.530ʹ
	1155.667±1.528
	61.667±1.528
	34±1.000
	1.31±0.34
	30±2.00
	5.292.8±0.034
	ND
	0.045.1±0.012
	0.24±0.037
	0.394±0.004

	5. 
	KHCL-1 Control
	Soils
	N25°20.548ʹ
	E092°21.533ʹ
	1166.667±1.528
	51.333±1.258
	33.333±1.528
	5.03±0.10
	31±1.00
	4.839.5±0.021
	ND
	0.050.4±0.018
	0.123±0.058
	0.152±0.006


Nb: SK = Shkentalang coal fields samples and KH = Khliehriat coal fields samples, ND = Not detectable.

Supplementary Table S2.Morphological properties of bacterial isolates and screening of heavy metal tolerant and multi-metal tolerant, optimal pH, gram stainingand enzyme production (catalase and oxidase)
	Sl. No.
	Characteristics/ Isolates
	SK22
	SK18-4
	KHED9
	KH5M11
	KHCL13

	1. 
	Shape
	Irregular
	Round
	Round
	Round
	Round

	2. 
	Size (mm)
	8
	4
	6
	6
	6

	3. 
	Colour
	Butter to brown
	Whitish
	Whitish
	Whitish
	Whitish

	4. 
	Elevation
	Raised
	Flat
	Raised
	Raised
	Raised

	5. 
	Texture
	Mucoid
	Mucoid
	Dry
	Dry
	Dry

	6. 
	Opacity
	Opaque
	Opaque
	Opaque
	Opaque
	Opaque

	7. 
	Pigment
	Brown
	-
	-
	-
	-

	8. 
	pH
	5
	5
	5
	5
	5

	9. 
	Fe (1 mg/L)
	Tolerant
	Tolerant
	Tolerant
	Tolerant
	Tolerant

	10. 
	Cd (1 mg/L)
	Tolerant
	Tolerant
	Tolerant
	Tolerant
	Tolerant

	11. 
	Cr (1 mg/L)
	Tolerant
	Tolerant
	Tolerant
	Tolerant
	Tolerant

	12. 
	Fe, Cd & Cr (1 mg/L)
	Tolerant
	Tolerant
	Tolerant
	Tolerant
	Tolerant

	13. 
	Gram Staining
	+
	+
	+
	+
	+

	14. 
	Catalase
	+
	+
	-
	+
	+

	15. 
	Oxidase
	+
	+
	-
	+
	+


- indicates Negative/absent, + indicates Positive results

[bookmark: _Hlk210591396]Supplementary Table S3. Optimization of growth parameters: Media (Nutrient Agar/Broth, Low Phosphate Medium,Muller Hinton Agar/Broth,Luria Bertani Agar/Broth), Temperature, and Shaking Speed through the measurement of optical density (OD) at 600 nm at 1 mg/L of metals (Fe, Cr and Cd). Experiment replicated three times, n=3
	Growth parameters
	SK22
	SK18-4
	KHED9
	KH5M11
	KHCL13

	Media

	NA/NB (Nutrient Agar/Broth)
	++
	++
	++
	++
	++

	[bookmark: _Hlk208348628]LMP/LPB (Low Phosphate Medium)
	-
	-
	-
	-
	-

	[bookmark: _Hlk208348644]MHA/MHB (Muller Hinton Agar/Broth)
	++
	++
	++
	++
	++

	LBA/LBB (Luria Bertani Agar/Broth)
	+++
	+++
	+++
	+++
	+++

	Temperature

	4°C
	+
	+
	+
	+
	+

	RT°C
	++
	++
	++
	++
	++

	30°C
	++
	++
	++
	++
	++

	37°C
	+++
	+++
	+++
	+++
	+++

	40°C
	++
	++
	++
	++
	++

	Shaking speed

	100 rpm
	+
	+
	+
	+
	+

	120 rpm
	+
	+
	+
	+
	+

	130 rpm
	+
	+
	+
	+
	+

	140 rpm
	++
	++
	++
	++
	++

	150 rpm
	+++
	+++
	+++
	+++
	+++


RT-room temperature, - indicates No growth, + indicates growth, ++ indicates good growth, +++ indicates better growth


Supplementary Table S4. Estimation of given metal (Fe) concentrations in cells free medium using ICP-OES, Data shown as mean ±SD, n=3
	Initial concentrations of given metals in cells free medium (mg/L)
	50
	100
	200
	400
	600
	800
	1000

	Concentrations of Fe, mg/L
	50±3.21
	100±4.11
	200±2.27
	400±5.70
	600±5.91
	800±6.23
	1000±6.56





Supplementary Table S5. Removal percentage (%) of metal (Fe), with corresponding cell density (OD-600 nm), and pH after 24 h of bioremediation study. Data shown as mean ±SD, n=3
	Sl. No.
	Initial conc. Fe, mg/L
	SK22
	KHED9
	SK18-4
	KH5M11

	
	
	Final concentration of Fe (mg/L)
	Removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration of Fe (mg/L)
	Removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration of Fe (mg/L)
	Removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration of Fe (mg/L)
	Removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h

	1. 
	50
	1.497±0.015
	97.02
	4
	8.56
	5.69±0.1
	94.41
	3.221
	7.95
	0.359±0.047
	99.68
	2.65
	7.8
	0.194±0.006
	99.81
	2.65
	8.04

	2. 
	100
	2.191±0.058
	97.81
	4
	7.25
	4.267±0.051
	97.87
	2.691
	7.42
	1.654±0.049
	99.18
	2.655
	7.82
	0.388±0.005
	99.81
	2.655
	7.82

	3. 
	200
	4.253±0.055
	97.88
	4
	7.12
	4.307±0.021
	98.92
	1.092
	5.97
	4.536±0.101
	98.87
	2.656
	7.81
	0.425±0.022
	99.89
	2.656
	7.81

	4. 
	400
	6.383±0.093
	98.4
	1.585
	4.23
	2.377±0.090
	99.61
	1.1
	4.22
	30.697±0.551
	94.89
	3.142
	4.16
	0.153±0.011
	99.97
	3.142
	5.16

	5. 
	600
	5.901±0.044
	99.02
	1.325
	4
	4.503±0.206
	99.43
	1.101
	4.08
	45.45±0.1
	94.32
	1.169
	3.88
	0.488±0.005
	99.93
	1.169
	4.88

	6. 
	800
	18.913±0.176
	97.63
	1.171
	3.45
	4.243±0.129
	99.58
	1.79
	4.13
	63.557±0.105
	93.64
	1.635
	3.77
	0.788±0.050
	99.92
	1.635
	3.87

	7. 
	Control (Media only)
	-0.855
	0
	4
	8.54
	-0.855
	0
	4
	8.26
	-0.855
	0
	4
	7.53
	-0.855
	0
	4
	8.03


Continue Table S5.

	Initial conc. Fe, mg/L
	KHCL13
	CONSORTIA A22ED9
	CONSORTIA B18-4M11

	
	Final concentration of Fe (mg/L)
	Removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration of Fe (mg/L)
	Removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration of Fe (mg/L)
	Removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h

	50
	0.277±0.005
	99.72
	4
	7.37
	24.34±0.1
	75.66
	3.858
	8.05
	24.637±0.095
	75.37
	2.65
	8.04

	100
	0.388±0.050
	99.8
	2.887
	6.95
	34.683±0.095
	82.66
	3.456
	7.52
	45.43±0.115
	77.28
	2.655
	7.85

	200
	0.59±0.05
	99.85
	1.03
	6.56
	10.25±0.1
	97.43
	2.235
	5.97
	40.297±0.050
	89.93
	2.656
	7.84

	400
	0.175±0.015
	99.97
	1.06
	4.18
	12.4±0.05
	97.93
	1.124
	4.52
	18.42±0.1
	96.93
	3.142
	5.26

	600
	0.289±0.01
	99.96
	1.184
	4.01
	6.543±0.105
	99.18
	1.332
	4.18
	10.55±0.085
	98.68
	1.169
	4.98

	800
	0.763±0.056
	99.92
	1.8
	3.85
	3.773±0.095
	99.62
	1.54
	4.23
	6.07±0.19
	99.39
	1.635
	3.89

	Control (Media only)
	-0.855
	0
	4
	7.65
	-0.855
	0
	4
	8.26
	-0.855
	0
	4
	8.04





Supplementary Table S6. Estimation of given metals (Cr and Cd) concentrations in cells free medium using ICP-OES, Data shown as mean ±SD, n=3
	Initial concentrations of given metals in cells free medium (mg/L)
	1
	2
	4
	8
	16
	32

	Concentrations of Cr detected, mg/L
	1±2.30
	2±1.30
	4±2.30
	8±0.90
	16±1.30
	32±0.76

	Concentrations of Cd, mg/L
	1±1.52
	2±1.62
	4±3.62
	8±4.5
	16±1.62
	32±7.45





Supplementary Table S7. Removal percentage (%) of metal (Cr), with corresponding cell density (OD-600 nm), and pH after 24 h of bioremediation study. Data shown as  mean ±SD, n=3
	Sl. No.
	Initial conc. Cr mg/L
	SK22
	KHED9
	SK18-4
	KH5M11

	
	
	Final concentration (mg/L)
	SK22 Cr removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration (mg/L)
	Cr removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration (mg/L)
	Cr removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration (mg/L)
	Cr removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h

	1. 
	1
	0.0413±0.004
	95.9
	4
	8.56
	0.055±0.009
	99.2
	3.221
	7.95
	0.045±0.007
	94.6
	2.65
	7.8
	0.050±0.002
	95
	2.65
	8.04

	2. 
	2
	0.387±0.015
	80.5
	4
	7.25
	0.55±0.046
	70.5
	2.691
	7.42
	0.363±0.049
	97.55
	2.655
	7.82
	0.437±0.047
	78.5
	2.655
	7.82

	3. 
	4
	0.851±0.030
	78.72
	4
	7.12
	0.87±0.1
	78.25
	1.092
	5.97
	0.193±0.006
	95.17
	2.656
	7.81
	0.71±0.053
	82.25
	2.656
	7.81

	4. 
	8
	2.197±0.047
	72.63
	1.585
	4.23
	2.417±0.09
	69.87
	1.1
	4.22
	2.673±0.11
	66.63
	3.142
	4.16
	2.66±0.1
	66.75
	3.142
	5.16

	5. 
	16
	5.886±0.676
	63.25
	1.325
	4
	4.837
±0.307
	69.75
	1.101
	4.08
	5.247±0.064
	67.25
	1.169
	3.88
	5.76±0.1
	64
	1.169
	4.88

	6. 
	32
	13.427±0.087
	58.03
	1.171
	3.45
	11.75±0.1
	63.28
	1.79
	4.13
	13.377±0.051
	58.22
	1.635
	3.77
	11.797±0.055
	63.15
	1.635
	3.87

	7. 
	Control (media only)
	-0.855
	0
	4
	8.54
	-0.855
	0
	4
	8.26
	-0.855
	0
	4
	7.53
	-0.855
	0
	4
	8.03


Continue Table S7
	Initial conc. Cr mg/L
	KHCL13
	CONSORTIA A22ED9
	CONSORTIA B18-4M11

	
	Final concentration (mg/L)
	Cr removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration (mg/L)
	Cr removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration (mg/L)
	Cr removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h

	1
	0.041±0.003
	95.9
	4
	7.37
	0.0055±0.001
	99.45
	3.858
	8.05
	0.005±0.004
	99.5
	2.65
	8.04

	2
	0.423±0.021
	78.5
	2.887
	6.95
	0.537±0.047
	73.5
	3.456
	7.52
	0.42±0.026
	79
	2.655
	7.85

	4
	0.823±0.051
	79.5
	1.03
	6.56
	1.163±0.076
	70.92
	2.235
	5.97
	0.823±0.056
	79.5
	2.656
	7.84

	8
	1.868±0.076
	76.75
	1.06
	4.18
	2.503±0.05
	68.75
	1.124
	4.52
	2.136±0.04
	73.37
	3.142
	5.26

	16
	5.86±0.1
	63.44
	1.184
	4.01
	4.86±0.1
	69.63
	1.332
	4.18
	4.693±0.051
	70.68
	1.169
	4.98

	32
	11.920±0.061
	62.75
	1.8
	3.85
	11.957±0.03
	62.65
	1.54
	4.23
	11.923±0.064
	62.75
	1.635
	3.89

	Control (Media only)
	-0.855
	0
	4
	7.65
	-0.855
	0
	4
	8.26
	-0.855
	0
	4
	8.04





Supplementary Table S8. Removal percentage (%) of metal (Cd), with corresponding cell density (OD-600 nm), and pH after 24 h of bioremediation study. Data shown as  mean ±SD, n=3
	Sl. No.
	Initial conc. Cd (mg/L)
	SK22
	KHED9
	SK18-4
	KH5M11

	
	
	Final concentration (mg/L)
	Cd Removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration (mg/L)
	Cd removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration (mg/L)
	Cd removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration (mg/L)
	Cd removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h

	1. 
	1
	0.0046±0.0004
	99.54
	4
	8.56
	0.0065±0.001
	99.35
	3.221
	7.95
	0.003±0.0005
	99.18
	2.65
	7.8
	0.005±0.0005
	99.5
	2.65
	8.04

	2. 
	2
	0.046±0.004
	97.7
	4
	7.25
	0.065±0.01
	96.75
	2.691
	7.42
	0.029±0.005
	98.6
	2.655
	7.82
	0.054±0.005
	97.3
	2.655
	7.82

	3. 
	4
	0.134±0.009
	96.75
	4
	7.12
	0.159±0.0118
	96.03
	1.092
	5.97
	0.160±0.004
	96
	2.656
	7.81
	0.177±0.006
	95.57
	2.656
	7.81

	4. 
	8
	0.257±0.02
	96.79
	1.585
	4.23
	0.242±0.011
	96.97
	1.1
	4.22
	0.246±0.008
	96.96
	3.142
	4.16
	0.24±0.036
	97
	3.142
	5.16

	5. 
	16
	0.877±0.015
	94.56
	1.325
	4
	0.55±0.1
	96.56
	1.101
	4.08
	0.92±0.060
	94.25
	1.169
	3.88
	0.403±0.081
	97.5
	1.169
	4.88

	6. 
	32
	3.28±0.05
	89.75
	1.171
	3.45
	0.87±0.05
	97.28
	1.79
	4.13
	3.23±0.1
	89.9
	1.635
	3.77
	0.856±0.025
	97.31
	1.635
	3.87

	7. 
	Control (Media only)
	-0.855
	0
	4
	8.54
	-0.855
	0
	4
	8.26
	-0.855
	0
	4
	7.53
	-0.855
	0
	4
	8.03


  Continue Table S8.
	Initial conc. Cd (mg/L)
	KHCL13
	CONSORTIA A22ED9
	CONSORTIA B18-4M11

	
	Final concentration (mg/L)
	Cd removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration (mg/L)
	Cd removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h
	Final concentration (mg/L)
	CD removal %
	Cells Optical density at 600 nm after 24 h
	pH after 24 h

	1
	0.004±0.001
	99.6
	4
	7.37
	0.005±0.0005
	99.5
	3.858
	8.05
	0.016±0.021
	98.4
	2.65
	8.04

	2
	0.04±0.01.
	98
	2.887
	6.95
	0.055±0.0045
	97.3
	3.456
	7.52
	0.045±0.005
	97.8
	2.655
	7.85

	4
	0.133±0.006
	96.67
	1.03
	6.56
	0.108±0.082
	97.3
	2.235
	5.97
	0.12±0.01
	97
	2.656
	7.84

	8
	0.243±0.015
	96.96
	1.06
	4.18
	0.223±0.031
	97.25
	1.124
	4.52
	0.176±0.049
	97.87
	3.142
	5.26

	16
	0.37±0.060
	97.68
	1.184
	4.01
	0.517±0.041
	96.81
	1.332
	4.18
	0.423±0.075
	97.38
	1.169
	4.98

	32
	0.84±0.066
	97.38
	1.8
	3.85
	0.845±0.022
	97.36
	1.54
	4.23
	0.773±0.050
	97.59
	1.635
	3.89

	Control (Media only)
	-0.855
	0
	4
	7.65
	-0.855
	0
	4
	8.26
	-0.855
	0
	4
	8.04






Supplementary Table S9. ANOVA of Fe removal by individual isolates, which some significance differences
	Anova: Single Factor
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Fe removal % by SK22
	6
	587.76
	97.96
	0.46772
	
	

	Fe Removal  % by KHED9
	6
	589.82
	98.30333
	4.066547
	
	

	Fe Removal  % by SK18-4
	6
	580.58
	96.76333
	7.603947
	
	

	Fe Removal  % by KH5M11
	6
	599.33
	99.88833
	0.004337
	
	

	Fe Removal  % by KHCL13
	6
	599.22
	99.87
	0.00968
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	42.80648
	4
	10.70162
	4.403151
	0.007853
	2.75871

	Within Groups
	60.76115
	25
	2.430446
	
	
	

	
	
	
	
	
	
	

	Total
	103.5676
	29
	 
	 
	 
	 





Supplementary Table S10. ANOVA of Fe removal by consortia with no significance differences in term of removal percentage
	Anova: Single Factor
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Fe Removal  % by Consortia-A22ED9
	6
	552.48
	92.08
	105.6919
	
	

	Fe Removal  % by Consortia-B18-4M11
	6
	537.58
	89.59667
	117.2807
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	18.50083
	1
	18.50083
	0.165947
	0.692323
	4.964603

	Within Groups
	1114.863
	10
	111.4863
	
	
	

	
	
	
	
	
	
	

	Total
	1133.364
	11
	 
	 
	 
	 





Supplementary Table S11. ANOVA: Cr removal by individual isolates with no significance differences in term of removal percentage
Cr vs Isolates
	Anova: Single Factor
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Cr removal % by SK22
	6
	449.03
	74.83833
	182.4804
	
	

	Cr Removal  % by KHED9
	6
	450.85
	75.14167
	161.514
	
	

	Cr Removal  % by SK18-4
	6
	479.42
	79.90333
	313.3846
	
	

	Cr Removal  % by KH5M11
	6
	449.65
	74.94167
	158.8554
	
	

	Cr Removal  % by KHCL13
	6
	456.84
	76.14
	149.6542
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	109.6538
	4
	27.41346
	0.141908
	0.964905
	2.75871

	Within Groups
	4829.443
	25
	193.1777
	
	
	

	
	
	
	
	
	
	

	Total
	4939.097
	29
	 
	 
	 
	 





Supplementary Table S12. ANOVA: Cr removal by consortia with no significance differences in term of removal percentage
	Anova: Single Factor
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Cr Removal  % by Consortia-A22ED9
	6
	444.9
	74.15
	166.5572
	
	

	Cr Removal  % by Consortia-B18-4M11
	6
	456.84
	76.14
	149.6542
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	11.8803
	1
	11.8803
	0.075142
	0.789572
	4.964603

	Within Groups
	1581.057
	10
	158.1057
	
	
	

	
	
	
	
	
	
	

	Total
	1592.937
	11
	 
	 
	 
	 





Supplementary Table S13. ANOVA: Cd removal by individual isolates with no significance differences in term of removal percentage
	Anova: Single Factor
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Cd removal % by SK22
	6
	575.09
	95.84833
	11.52126
	
	

	Cd Removal  % by KHED9
	6
	582.94
	97.15667
	1.330307
	
	

	Cd Removal  % by SK18-4
	6
	574.89
	95.815
	11.57223
	
	

	Cd Removal  % by KH5M11
	6
	584.18
	97.36333
	1.587787
	
	

	Cd Removal  % by KHCL13
	6
	586.29
	97.715
	1.08199
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	18.93365
	4
	4.733412
	0.87353
	0.493645
	2.75871

	Within Groups
	135.4679
	25
	5.418714
	
	
	

	
	
	
	
	
	
	

	Total
	154.4015
	29
	 
	 
	 
	 





Supplementary Table S14. ANOVA: Cd removal by consortia with no significance differences in term of removal percentage
	Anova: Single Factor
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Cd Removal  % by Consortia-A22ED9
	6
	585.52
	97.58667
	0.918627
	
	

	Cd Removal  % by Consortia-B18-4M11
	6
	586.04
	97.67333
	0.225827
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	0.022533
	1
	0.022533
	0.039378
	0.846677
	4.964603

	Within Groups
	5.722267
	10
	0.572227
	
	
	

	
	
	
	
	
	
	

	Total
	5.7448
	11
	 
	 
	 
	 

	
	
	
	
	
	
	





Supplementary Table S15. ANOVA: Average removal percentage in six concentration ranges (ANOVA of three metals by isolates and consortia) with no significance differences
	Anova: Single Factor

	SUMMARY
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Fe, Cr and Cd removal % by SK22
	3
	268.6467
	89.54889
	163.4151
	
	

	Fe, Cr and Cd Removal  % by KHED9
	3
	270.6017
	90.20056
	170.4063
	
	

	Fe, Cr and Cd Removal  % by SK18-4
	3
	272.4817
	90.82722
	89.72335
	
	

	Fe, Cr and Cd Removal  % by KH5M11
	3
	272.1933
	90.73111
	188.5738
	
	

	Fe, Cr and Cd Removal  % by KHCL13
	3
	273.725
	91.24167
	172.2063
	
	

	Fe, Cr and Cd Removal  % by Consortia-A22ED9
	3
	263.8167
	87.93889
	150.1809
	
	

	Fe, Cr and Cd Removal  % by Consortia-B18-4M11
	3
	264.7367
	88.24556
	103.4465
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	30.30459
	6
	5.050764
	0.034063
	0.999766
	2.847726

	Within Groups
	2075.905
	14
	148.2789
	
	
	

	
	
	
	
	
	
	

	Total
	2106.209
	20
	 
	 
	 
	 






Supplementary Table S16. Tukey’s HSD post-hoc multiple comparison analysis for cadmium (Cd) removal efficiency among individual isolates and developed consortia. Pairwise comparisons include mean differences (Meandiff), adjusted p-values (p-adj), and corresponding 95% confidence intervals (Lower–Upper). The “Reject” column indicates statistical significance (TRUE = significant difference at α = 0.05; FALSE = no significant difference).
	Group1
	Group2
	Meandiff
	p-adj
	Lower
	Upper
	Reject
	Metal
	Parameter

	CONSORTIA A22ED9
	CONSORTIA B18-4M11
	0.0867
	1
	-3.5382
	3.7115
	FALSE
	Cd
	Removal percent

	CONSORTIA A22ED9
	KH5M11
	-0.2233
	1
	-3.8482
	3.4015
	FALSE
	Cd
	Removal percent

	CONSORTIA A22ED9
	KHCL13
	0.1283
	1
	-3.4965
	3.7532
	FALSE
	Cd
	Removal percent

	CONSORTIA A22ED9
	KHED9
	-0.43
	0.9998
	-4.0548
	3.1948
	FALSE
	Cd
	Removal percent

	CONSORTIA A22ED9
	SK18-4
	-1.7717
	0.7266
	-5.3965
	1.8532
	FALSE
	Cd
	Removal percent

	CONSORTIA A22ED9
	SK22
	-1.7383
	0.7434
	-5.3632
	1.8865
	FALSE
	Cd
	Removal percent

	CONSORTIA B18-4M11
	KH5M11
	-0.31
	1
	-3.9348
	3.3148
	FALSE
	Cd
	Removal percent

	CONSORTIA B18-4M11
	KHCL13
	0.0417
	1
	-3.5832
	3.6665
	FALSE
	Cd
	Removal percent

	CONSORTIA B18-4M11
	KHED9
	-0.5167
	0.9993
	-4.1415
	3.1082
	FALSE
	Cd
	Removal percent

	CONSORTIA B18-4M11
	SK18-4
	-1.8583
	0.6816
	-5.4832
	1.7665
	FALSE
	Cd
	Removal percent

	CONSORTIA B18-4M11
	SK22
	-1.825
	0.6991
	-5.4498
	1.7998
	FALSE
	Cd
	Removal percent

	KH5M11
	KHCL13
	0.3517
	0.9999
	-3.2732
	3.9765
	FALSE
	Cd
	Removal percent

	KH5M11
	KHED9
	-0.2067
	1
	-3.8315
	3.4182
	FALSE
	Cd
	Removal percent

	KH5M11
	SK18-4
	-1.5483
	0.8307
	-5.1732
	2.0765
	FALSE
	Cd
	Removal percent

	KH5M11
	SK22
	-1.515
	0.8443
	-5.1398
	2.1098
	FALSE
	Cd
	Removal percent

	KHCL13
	KHED9
	-0.5583
	0.9989
	-4.1832
	3.0665
	FALSE
	Cd
	Removal percent

	KHCL13
	SK18-4
	-1.9
	0.6593
	-5.5248
	1.7248
	FALSE
	Cd
	Removal percent

	KHCL13
	SK22
	-1.8667
	0.6771
	-5.4915
	1.7582
	FALSE
	Cd
	Removal percent

	KHED9
	SK18-4
	-1.3417
	0.9052
	-4.9665
	2.2832
	FALSE
	Cd
	Removal percent

	KHED9
	SK22
	-1.3083
	0.9149
	-4.9332
	2.3165
	FALSE
	Cd
	Removal percent

	SK18-4
	SK22
	0.0333
	1
	-3.5915
	3.6582
	FALSE
	Cd
	Removal percent

	CONSORTIA A22ED9
	CONSORTIA B18-4M11
	0.0603
	1
	-1.8005
	1.9212
	FALSE
	Cd
	OD

	CONSORTIA A22ED9
	KH5M11
	0.0603
	1
	-1.8005
	1.9212
	FALSE
	Cd
	OD

	CONSORTIA A22ED9
	KHCL13
	-0.264
	0.9993
	-2.1248
	1.5968
	FALSE
	Cd
	OD

	CONSORTIA A22ED9
	KHED9
	-0.425
	0.9908
	-2.2858
	1.4358
	FALSE
	Cd
	OD

	CONSORTIA A22ED9
	SK18-4
	0.0603
	1
	-1.8005
	1.9212
	FALSE
	Cd
	OD

	CONSORTIA A22ED9
	SK22
	0.4227
	0.9911
	-1.4382
	2.2835
	FALSE
	Cd
	OD

	CONSORTIA B18-4M11
	KH5M11
	0
	1
	-1.8608
	1.8608
	FALSE
	Cd
	OD

	CONSORTIA B18-4M11
	KHCL13
	-0.3243
	0.9979
	-2.1852
	1.5365
	FALSE
	Cd
	OD

	CONSORTIA B18-4M11
	KHED9
	-0.4853
	0.9818
	-2.3462
	1.3755
	FALSE
	Cd
	OD

	CONSORTIA B18-4M11
	SK18-4
	0
	1
	-1.8608
	1.8608
	FALSE
	Cd
	OD

	CONSORTIA B18-4M11
	SK22
	0.3623
	0.9961
	-1.4985
	2.2232
	FALSE
	Cd
	OD

	KH5M11
	KHCL13
	-0.3243
	0.9979
	-2.1852
	1.5365
	FALSE
	Cd
	OD

	KH5M11
	KHED9
	-0.4853
	0.9818
	-2.3462
	1.3755
	FALSE
	Cd
	OD

	KH5M11
	SK18-4
	0
	1
	-1.8608
	1.8608
	FALSE
	Cd
	OD

	KH5M11
	SK22
	0.3623
	0.9961
	-1.4985
	2.2232
	FALSE
	Cd
	OD

	KHCL13
	KHED9
	-0.161
	1
	-2.0218
	1.6998
	FALSE
	Cd
	OD

	KHCL13
	SK18-4
	0.3243
	0.9979
	-1.5365
	2.1852
	FALSE
	Cd
	OD

	KHCL13
	SK22
	0.6867
	0.9064
	-1.1742
	2.5475
	FALSE
	Cd
	OD

	KHED9
	SK18-4
	0.4853
	0.9818
	-1.3755
	2.3462
	FALSE
	Cd
	OD

	KHED9
	SK22
	0.8477
	0.7854
	-1.0132
	2.7085
	FALSE
	Cd
	OD

	SK18-4
	SK22
	0.3623
	0.9961
	-1.4985
	2.2232
	FALSE
	Cd
	OD

	CONSORTIA A22ED9
	CONSORTIA B18-4M11
	0.565
	0.9983
	-2.8051
	3.9351
	FALSE
	Cd
	pH

	CONSORTIA A22ED9
	KH5M11
	0.5183
	0.999
	-2.8517
	3.8884
	FALSE
	Cd
	pH

	CONSORTIA A22ED9
	KHCL13
	-0.2583
	1
	-3.6284
	3.1117
	FALSE
	Cd
	pH

	CONSORTIA A22ED9
	KHED9
	-0.1167
	1
	-3.4867
	3.2534
	FALSE
	Cd
	pH

	CONSORTIA A22ED9
	SK18-4
	0.1283
	1
	-3.2417
	3.4984
	FALSE
	Cd
	pH

	CONSORTIA A22ED9
	SK22
	0.0233
	1
	-3.3467
	3.3934
	FALSE
	Cd
	pH

	CONSORTIA B18-4M11
	KH5M11
	-0.0467
	1
	-3.4167
	3.3234
	FALSE
	Cd
	pH

	CONSORTIA B18-4M11
	KHCL13
	-0.8233
	0.987
	-4.1934
	2.5467
	FALSE
	Cd
	pH

	CONSORTIA B18-4M11
	KHED9
	-0.6817
	0.9952
	-4.0517
	2.6884
	FALSE
	Cd
	pH

	CONSORTIA B18-4M11
	SK18-4
	-0.4367
	0.9996
	-3.8067
	2.9334
	FALSE
	Cd
	pH

	CONSORTIA B18-4M11
	SK22
	-0.5417
	0.9987
	-3.9117
	2.8284
	FALSE
	Cd
	pH

	KH5M11
	KHCL13
	-0.7767
	0.9904
	-4.1467
	2.5934
	FALSE
	Cd
	pH

	KH5M11
	KHED9
	-0.635
	0.9968
	-4.0051
	2.7351
	FALSE
	Cd
	pH

	KH5M11
	SK18-4
	-0.39
	0.9998
	-3.7601
	2.9801
	FALSE
	Cd
	pH

	KH5M11
	SK22
	-0.495
	0.9992
	-3.8651
	2.8751
	FALSE
	Cd
	pH

	KHCL13
	KHED9
	0.1417
	1
	-3.2284
	3.5117
	FALSE
	Cd
	pH

	KHCL13
	SK18-4
	0.3867
	0.9998
	-2.9834
	3.7567
	FALSE
	Cd
	pH

	KHCL13
	SK22
	0.2817
	1
	-3.0884
	3.6517
	FALSE
	Cd
	pH

	KHED9
	SK18-4
	0.245
	1
	-3.1251
	3.6151
	FALSE
	Cd
	pH

	KHED9
	SK22
	0.14
	1
	-3.2301
	3.5101
	FALSE
	Cd
	pH

	SK18-4
	SK22
	-0.105
	1
	-3.4751
	3.2651
	FALSE
	Cd
	pH

	CONSORTIA A22ED9
	CONSORTIA B18-4M11
	1.99
	1
	-22.4348
	26.4148
	FALSE
	Cr
	Removal percent

	CONSORTIA A22ED9
	KH5M11
	0.7917
	1
	-23.6331
	25.2165
	FALSE
	Cr
	Removal percent

	CONSORTIA A22ED9
	KHCL13
	1.99
	1
	-22.4348
	26.4148
	FALSE
	Cr
	Removal percent

	CONSORTIA A22ED9
	KHED9
	0.9917
	1
	-23.4331
	25.4165
	FALSE
	Cr
	Removal percent

	CONSORTIA A22ED9
	SK18-4
	5.7533
	0.9892
	-18.6715
	30.1781
	FALSE
	Cr
	Removal percent

	CONSORTIA A22ED9
	SK22
	0.6883
	1
	-23.7365
	25.1131
	FALSE
	Cr
	Removal percent

	CONSORTIA B18-4M11
	KH5M11
	-1.1983
	1
	-25.6231
	23.2265
	FALSE
	Cr
	Removal percent

	CONSORTIA B18-4M11
	KHCL13
	0
	1
	-24.4248
	24.4248
	FALSE
	Cr
	Removal percent

	CONSORTIA B18-4M11
	KHED9
	-0.9983
	1
	-25.4231
	23.4265
	FALSE
	Cr
	Removal percent

	CONSORTIA B18-4M11
	SK18-4
	3.7633
	0.9989
	-20.6615
	28.1881
	FALSE
	Cr
	Removal percent

	CONSORTIA B18-4M11
	SK22
	-1.3017
	1
	-25.7265
	23.1231
	FALSE
	Cr
	Removal percent

	KH5M11
	KHCL13
	1.1983
	1
	-23.2265
	25.6231
	FALSE
	Cr
	Removal percent

	KH5M11
	KHED9
	0.2
	1
	-24.2248
	24.6248
	FALSE
	Cr
	Removal percent

	KH5M11
	SK18-4
	4.9617
	0.9951
	-19.4631
	29.3865
	FALSE
	Cr
	Removal percent

	KH5M11
	SK22
	-0.1033
	1
	-24.5281
	24.3215
	FALSE
	Cr
	Removal percent

	KHCL13
	KHED9
	-0.9983
	1
	-25.4231
	23.4265
	FALSE
	Cr
	Removal percent

	KHCL13
	SK18-4
	3.7633
	0.9989
	-20.6615
	28.1881
	FALSE
	Cr
	Removal percent

	KHCL13
	SK22
	-1.3017
	1
	-25.7265
	23.1231
	FALSE
	Cr
	Removal percent

	KHED9
	SK18-4
	4.7617
	0.9961
	-19.6631
	29.1865
	FALSE
	Cr
	Removal percent

	KHED9
	SK22
	-0.3033
	1
	-24.7281
	24.1215
	FALSE
	Cr
	Removal percent

	SK18-4
	SK22
	-5.065
	0.9945
	-29.4898
	19.3598
	FALSE
	Cr
	Removal percent

	CONSORTIA A22ED9
	CONSORTIA B18-4M11
	0.0603
	1
	-1.8005
	1.9212
	FALSE
	Cr
	OD

	CONSORTIA A22ED9
	KH5M11
	0.0603
	1
	-1.8005
	1.9212
	FALSE
	Cr
	OD

	CONSORTIA A22ED9
	KHCL13
	-0.264
	0.9993
	-2.1248
	1.5968
	FALSE
	Cr
	OD

	CONSORTIA A22ED9
	KHED9
	-0.425
	0.9908
	-2.2858
	1.4358
	FALSE
	Cr
	OD

	CONSORTIA A22ED9
	SK18-4
	0.0603
	1
	-1.8005
	1.9212
	FALSE
	Cr
	OD

	CONSORTIA A22ED9
	SK22
	0.4227
	0.9911
	-1.4382
	2.2835
	FALSE
	Cr
	OD

	CONSORTIA B18-4M11
	KH5M11
	0
	1
	-1.8608
	1.8608
	FALSE
	Cr
	OD

	CONSORTIA B18-4M11
	KHCL13
	-0.3243
	0.9979
	-2.1852
	1.5365
	FALSE
	Cr
	OD

	CONSORTIA B18-4M11
	KHED9
	-0.4853
	0.9818
	-2.3462
	1.3755
	FALSE
	Cr
	OD

	CONSORTIA B18-4M11
	SK18-4
	0
	1
	-1.8608
	1.8608
	FALSE
	Cr
	OD

	CONSORTIA B18-4M11
	SK22
	0.3623
	0.9961
	-1.4985
	2.2232
	FALSE
	Cr
	OD

	KH5M11
	KHCL13
	-0.3243
	0.9979
	-2.1852
	1.5365
	FALSE
	Cr
	OD

	KH5M11
	KHED9
	-0.4853
	0.9818
	-2.3462
	1.3755
	FALSE
	Cr
	OD

	KH5M11
	SK18-4
	0
	1
	-1.8608
	1.8608
	FALSE
	Cr
	OD

	KH5M11
	SK22
	0.3623
	0.9961
	-1.4985
	2.2232
	FALSE
	Cr
	OD

	KHCL13
	KHED9
	-0.161
	1
	-2.0218
	1.6998
	FALSE
	Cr
	OD

	KHCL13
	SK18-4
	0.3243
	0.9979
	-1.5365
	2.1852
	FALSE
	Cr
	OD

	KHCL13
	SK22
	0.6867
	0.9064
	-1.1742
	2.5475
	FALSE
	Cr
	OD

	KHED9
	SK18-4
	0.4853
	0.9818
	-1.3755
	2.3462
	FALSE
	Cr
	OD

	KHED9
	SK22
	0.8477
	0.7854
	-1.0132
	2.7085
	FALSE
	Cr
	OD

	SK18-4
	SK22
	0.3623
	0.9961
	-1.4985
	2.2232
	FALSE
	Cr
	OD

	CONSORTIA A22ED9
	CONSORTIA B18-4M11
	0.565
	0.9983
	-2.8051
	3.9351
	FALSE
	Cr
	pH

	CONSORTIA A22ED9
	KH5M11
	0.5183
	0.999
	-2.8517
	3.8884
	FALSE
	Cr
	pH

	CONSORTIA A22ED9
	KHCL13
	-0.2583
	1
	-3.6284
	3.1117
	FALSE
	Cr
	pH

	CONSORTIA A22ED9
	KHED9
	-0.1167
	1
	-3.4867
	3.2534
	FALSE
	Cr
	pH

	CONSORTIA A22ED9
	SK18-4
	0.1283
	1
	-3.2417
	3.4984
	FALSE
	Cr
	pH

	CONSORTIA A22ED9
	SK22
	0.0233
	1
	-3.3467
	3.3934
	FALSE
	Cr
	pH

	CONSORTIA B18-4M11
	KH5M11
	-0.0467
	1
	-3.4167
	3.3234
	FALSE
	Cr
	pH

	CONSORTIA B18-4M11
	KHCL13
	-0.8233
	0.987
	-4.1934
	2.5467
	FALSE
	Cr
	pH

	CONSORTIA B18-4M11
	KHED9
	-0.6817
	0.9952
	-4.0517
	2.6884
	FALSE
	Cr
	pH

	CONSORTIA B18-4M11
	SK18-4
	-0.4367
	0.9996
	-3.8067
	2.9334
	FALSE
	Cr
	pH

	CONSORTIA B18-4M11
	SK22
	-0.5417
	0.9987
	-3.9117
	2.8284
	FALSE
	Cr
	pH

	KH5M11
	KHCL13
	-0.7767
	0.9904
	-4.1467
	2.5934
	FALSE
	Cr
	pH

	KH5M11
	KHED9
	-0.635
	0.9968
	-4.0051
	2.7351
	FALSE
	Cr
	pH

	KH5M11
	SK18-4
	-0.39
	0.9998
	-3.7601
	2.9801
	FALSE
	Cr
	pH

	KH5M11
	SK22
	-0.495
	0.9992
	-3.8651
	2.8751
	FALSE
	Cr
	pH

	KHCL13
	KHED9
	0.1417
	1
	-3.2284
	3.5117
	FALSE
	Cr
	pH

	KHCL13
	SK18-4
	0.3867
	0.9998
	-2.9834
	3.7567
	FALSE
	Cr
	pH

	KHCL13
	SK22
	0.2817
	1
	-3.0884
	3.6517
	FALSE
	Cr
	pH

	KHED9
	SK18-4
	0.245
	1
	-3.1251
	3.6151
	FALSE
	Cr
	pH

	KHED9
	SK22
	0.14
	1
	-3.2301
	3.5101
	FALSE
	Cr
	pH

	SK18-4
	SK22
	-0.105
	1
	-3.4751
	3.2651
	FALSE
	Cr
	pH

	CONSORTIA A22ED9
	CONSORTIA B18-4M11
	-2.4833
	0.9888
	-12.943
	7.9764
	FALSE
	Fe
	Removal percent

	CONSORTIA A22ED9
	KH5M11
	7.8083
	0.2573
	-2.6514
	18.268
	FALSE
	Fe
	Removal percent

	CONSORTIA A22ED9
	KHCL13
	7.79
	0.2597
	-2.6697
	18.2497
	FALSE
	Fe
	Removal percent

	CONSORTIA A22ED9
	KHED9
	6.2233
	0.5189
	-4.2364
	16.683
	FALSE
	Fe
	Removal percent

	CONSORTIA A22ED9
	SK18-4
	4.6833
	0.7983
	-5.7764
	15.143
	FALSE
	Fe
	Removal percent

	CONSORTIA A22ED9
	SK22
	5.88
	0.5841
	-4.5797
	16.3397
	FALSE
	Fe
	Removal percent

	CONSORTIA B18-4M11
	KH5M11
	10.2917
	0.0562
	-0.168
	20.7514
	FALSE
	Fe
	Removal percent

	CONSORTIA B18-4M11
	KHCL13
	10.2733
	0.057
	-0.1864
	20.733
	FALSE
	Fe
	Removal percent

	CONSORTIA B18-4M11
	KHED9
	8.7067
	0.1563
	-1.753
	19.1664
	FALSE
	Fe
	Removal percent

	CONSORTIA B18-4M11
	SK18-4
	7.1667
	0.3519
	-3.293
	17.6264
	FALSE
	Fe
	Removal percent

	CONSORTIA B18-4M11
	SK22
	8.3633
	0.1906
	-2.0964
	18.823
	FALSE
	Fe
	Removal percent

	KH5M11
	KHCL13
	-0.0183
	1
	-10.478
	10.4414
	FALSE
	Fe
	Removal percent

	KH5M11
	KHED9
	-1.585
	0.999
	-12.0447
	8.8747
	FALSE
	Fe
	Removal percent

	KH5M11
	SK18-4
	-3.125
	0.9643
	-13.5847
	7.3347
	FALSE
	Fe
	Removal percent

	KH5M11
	SK22
	-1.9283
	0.9971
	-12.388
	8.5314
	FALSE
	Fe
	Removal percent

	KHCL13
	KHED9
	-1.5667
	0.9991
	-12.0264
	8.893
	FALSE
	Fe
	Removal percent

	KHCL13
	SK18-4
	-3.1067
	0.9653
	-13.5664
	7.353
	FALSE
	Fe
	Removal percent

	KHCL13
	SK22
	-1.91
	0.9973
	-12.3697
	8.5497
	FALSE
	Fe
	Removal percent

	KHED9
	SK18-4
	-1.54
	0.9992
	-11.9997
	8.9197
	FALSE
	Fe
	Removal percent

	KHED9
	SK22
	-0.3433
	1
	-10.803
	10.1164
	FALSE
	Fe
	Removal percent

	SK18-4
	SK22
	1.1967
	0.9998
	-9.263
	11.6564
	FALSE
	Fe
	Removal percent

	CONSORTIA A22ED9
	CONSORTIA B18-4M11
	0.0603
	1
	-1.8005
	1.9212
	FALSE
	Fe
	OD

	CONSORTIA A22ED9
	KH5M11
	0.0603
	1
	-1.8005
	1.9212
	FALSE
	Fe
	OD

	CONSORTIA A22ED9
	KHCL13
	-0.264
	0.9993
	-2.1248
	1.5968
	FALSE
	Fe
	OD

	CONSORTIA A22ED9
	KHED9
	-0.425
	0.9908
	-2.2858
	1.4358
	FALSE
	Fe
	OD

	CONSORTIA A22ED9
	SK18-4
	0.0603
	1
	-1.8005
	1.9212
	FALSE
	Fe
	OD

	CONSORTIA A22ED9
	SK22
	0.4227
	0.9911
	-1.4382
	2.2835
	FALSE
	Fe
	OD

	CONSORTIA B18-4M11
	KH5M11
	0
	1
	-1.8608
	1.8608
	FALSE
	Fe
	OD

	CONSORTIA B18-4M11
	KHCL13
	-0.3243
	0.9979
	-2.1852
	1.5365
	FALSE
	Fe
	OD

	CONSORTIA B18-4M11
	KHED9
	-0.4853
	0.9818
	-2.3462
	1.3755
	FALSE
	Fe
	OD

	CONSORTIA B18-4M11
	SK18-4
	0
	1
	-1.8608
	1.8608
	FALSE
	Fe
	OD

	CONSORTIA B18-4M11
	SK22
	0.3623
	0.9961
	-1.4985
	2.2232
	FALSE
	Fe
	OD

	KH5M11
	KHCL13
	-0.3243
	0.9979
	-2.1852
	1.5365
	FALSE
	Fe
	OD

	KH5M11
	KHED9
	-0.4853
	0.9818
	-2.3462
	1.3755
	FALSE
	Fe
	OD

	KH5M11
	SK18-4
	0
	1
	-1.8608
	1.8608
	FALSE
	Fe
	OD

	KH5M11
	SK22
	0.3623
	0.9961
	-1.4985
	2.2232
	FALSE
	Fe
	OD

	KHCL13
	KHED9
	-0.161
	1
	-2.0218
	1.6998
	FALSE
	Fe
	OD

	KHCL13
	SK18-4
	0.3243
	0.9979
	-1.5365
	2.1852
	FALSE
	Fe
	OD

	KHCL13
	SK22
	0.6867
	0.9064
	-1.1742
	2.5475
	FALSE
	Fe
	OD

	KHED9
	SK18-4
	0.4853
	0.9818
	-1.3755
	2.3462
	FALSE
	Fe
	OD

	KHED9
	SK22
	0.8477
	0.7854
	-1.0132
	2.7085
	FALSE
	Fe
	OD

	SK18-4
	SK22
	0.3623
	0.9961
	-1.4985
	2.2232
	FALSE
	Fe
	OD

	CONSORTIA A22ED9
	CONSORTIA B18-4M11
	0.565
	0.9983
	-2.8051
	3.9351
	FALSE
	Fe
	pH

	CONSORTIA A22ED9
	KH5M11
	0.5183
	0.999
	-2.8517
	3.8884
	FALSE
	Fe
	pH

	CONSORTIA A22ED9
	KHCL13
	-0.2583
	1
	-3.6284
	3.1117
	FALSE
	Fe
	pH

	CONSORTIA A22ED9
	KHED9
	-0.1167
	1
	-3.4867
	3.2534
	FALSE
	Fe
	pH

	CONSORTIA A22ED9
	SK18-4
	0.1283
	1
	-3.2417
	3.4984
	FALSE
	Fe
	pH

	CONSORTIA A22ED9
	SK22
	0.0233
	1
	-3.3467
	3.3934
	FALSE
	Fe
	pH

	CONSORTIA B18-4M11
	KH5M11
	-0.0467
	1
	-3.4167
	3.3234
	FALSE
	Fe
	pH

	CONSORTIA B18-4M11
	KHCL13
	-0.8233
	0.987
	-4.1934
	2.5467
	FALSE
	Fe
	pH

	CONSORTIA B18-4M11
	KHED9
	-0.6817
	0.9952
	-4.0517
	2.6884
	FALSE
	Fe
	pH

	CONSORTIA B18-4M11
	SK18-4
	-0.4367
	0.9996
	-3.8067
	2.9334
	FALSE
	Fe
	pH

	CONSORTIA B18-4M11
	SK22
	-0.5417
	0.9987
	-3.9117
	2.8284
	FALSE
	Fe
	pH

	KH5M11
	KHCL13
	-0.7767
	0.9904
	-4.1467
	2.5934
	FALSE
	Fe
	pH

	KH5M11
	KHED9
	-0.635
	0.9968
	-4.0051
	2.7351
	FALSE
	Fe
	pH

	KH5M11
	SK18-4
	-0.39
	0.9998
	-3.7601
	2.9801
	FALSE
	Fe
	pH

	KH5M11
	SK22
	-0.495
	0.9992
	-3.8651
	2.8751
	FALSE
	Fe
	pH

	KHCL13
	KHED9
	0.1417
	1
	-3.2284
	3.5117
	FALSE
	Fe
	pH

	KHCL13
	SK18-4
	0.3867
	0.9998
	-2.9834
	3.7567
	FALSE
	Fe
	pH

	KHCL13
	SK22
	0.2817
	1
	-3.0884
	3.6517
	FALSE
	Fe
	pH

	KHED9
	SK18-4
	0.245
	1
	-3.1251
	3.6151
	FALSE
	Fe
	pH

	KHED9
	SK22
	0.14
	1
	-3.2301
	3.5101
	FALSE
	Fe
	pH

	SK18-4
	SK22
	-0.105
	1
	-3.4751
	3.2651
	FALSE
	Fe
	pH






Supplementary Table S17. FTIR analysis of cell surface functional groups responsible for metal bindings and biosorption: The shift in spectral peaks corresponded to the various functional groups present on cell surface involved in metal binding
	Wavenumber cm-1
	Control
(Wavenumber cm-1)
	200/2/2 mg/L Fe/Cr/Cd (Wavenumber cm-1)
	800/32/32 mg/L Fe/Cr/Cd (Wavenumber cm-1)
	Corresponding functional groups
	Bonds
	References

	3500-3200
	3445.77
	3416.10
	3421.28
	Alcohol/phenol stretch
	O–H
	1-3

	3300-2500
	2962.02
	2962.07
	2968.57
	Carboxylic acids
	O–H
	4-7

	2830-2100
	2363.59
	2362.65
	2359.79
	Aldehydes, Alkynes stretch
	–C≡C–H: 
C–H stretch
	

	1760-1665
	1650.35
	1649.79
	1649.77
	Amide stretch
	C=O stretch
	8-11

	1550-1000
	1453.39
	1453.33
	1403.54
	Nitro compounds
	N–O
	12-16

	1000-650
	619.33
	653.16
	617.61
	Alkenes
	=C–H bend
	17-20

	690-515
	619.40
	618.25
	536.22
	Alkylhalides
	C–Br stretch
	1, 21-23
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