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Table A. Heating protocol for gold measurement using GF-AAS
	Phase
	Temperature  
in °C
	Ramp time 
in s
	Hold time  
in s

	1
	110
	1
	20

	2
	130
	1
	5

	3
	800
	10
	20

	4 (Extinction measurement)
	1800
	0
	7

	5 (Backing-out)
	2450
	1
	3
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Table B. Gold sorption capacities and removal determined in single-component metal solutions 
The dried biomass (BMd) of P. patens, P. eurystomum and P. sphaericum was weighed into separate vials, incubated for 24 h (RT) with 2 – 3 mL 10 mM solution of HAuCl4 (pH = 5) and the concentration of gold in the supernatant (Auend) was determined via AAS measurement (n = 3 for each sample) after centrifugation (10 min, 10,000 g, RT). Sorption capacities for gold (QAu) were calculated based on equation 1. Mean sorption capacities marked with an asterisk are significantly different from each other (two-sided, independent sample t-test (Excel), p* < 0.05).
	Species 
	BMd  
in mg
	Auend 
in mM
	ΔAu  
in µmol
	QAu
in mmol g-1
	Au removal
in %
	Mean QAu 
in mmol g-1
	Mean Au removal in %

	P. patens
	7
	3.7
	11.3
	1.61
	56
	
	

	
	7.7
	3.5
	11.5
	1.49
	57
	
	

	
	8.2
	3.1
	12.6
	1.54
	63
	
	

	
	17.4
	3.8
	17.9
	1.03
	60
	
	

	
	24.2
	3.0
	20.4
	0.84
	68
	
	

	
	33.1
	2.1
	23.2
	0.70
	77
	1.2 ± 0.4*
	64 ± 7

	P. eurystomum
	6.4
	3.5
	12.5
	1.96
	63
	
	

	
	8.3
	3.7
	12.1
	1.46
	61
	
	

	
	9.7
	3.6
	12.1
	1.24
	60
	
	

	
	16.8
	5.0
	13.1
	0.78
	44
	
	

	
	26.7
	4.2
	16.6
	0.62
	55
	
	

	
	34.5
	3.6
	18.5
	0.54
	62
	1.1 ± 0.5
	57 ± 7

	P. sphaericum
	7.9
	6.2
	7.3
	0.93
	37
	
	

	
	8.0
	6.1
	7.3
	0.92
	37
	
	

	
	10.8
	6.2
	7.2
	0.67
	36
	
	

	
	13.0
	6.4
	10.2
	0.79
	34
	
	

	
	20.7
	4.4
	16.1
	0.78
	54
	
	

	
	28.8
	2.0
	23.7
	0.82
	79
	0.8 ± 0.1*
	46 ± 16









Table C. Terbium sorption capacities and removal determined in single-component metal solutions 
The dried biomass (BMd) of P. patens, P. eurystomum and P. sphaericum was weighed into separate vials, incubated for 24 h (RT) with 2 mL 10 mM solution of Tb(NO3)3 (pH = 5) and the concentration of terbium in the supernatant (Tbend) was determined via XO Assay (n = 3 for each sample) after centrifugation (10 min, 10,000 g, RT). Sorption capacities for terbium (QTb) were calculated based on equation 1. Sorption capacities obtained for two respective moss species were analyzed using two-sided, independent sample t-test (Excel). Mean sorption capacities of P. patens were significantly different from those obtained for P. eurystomum and P. sphaericum (two-sided, independent sample t-test (Excel), ***p < 0.001).
	Species 
	BMd  
in mg
	Tbend 
in mM
	ΔTb  
in µmol
	QTb
in mmol g-1
	Tb removal
in %
	Mean QTb 
in mmol g-1
	Mean Tb removal in %

	P. patens
	10.1
	10.3
	4.9
	0.49
	25
	
	

	
	22.7
	7
	11.6
	0.51
	58
	
	

	
	25.9
	3
	13.4
	0.52
	67
	
	

	
	29.4
	2
	15.6
	0.53
	78
	
	

	
	33.0
	4.3
	17.1
	0.52
	86
	
	

	
	40.7
	1.7
	16
	0.39
	80
	0.49 ± 0.05
	66 ± 20

	P. eurystomum
	13.7
	10.8
	3.6
	0.26
	18
	
	

	
	23.7
	8
	9.3
	0.39
	47
	
	

	
	25.6
	3.7
	10.6
	0.41
	53
	
	

	
	36.7
	2.6
	13
	0.35
	65
	
	

	
	36.8
	5.9
	13.3
	0.36
	67
	
	

	
	40.6
	2.3
	13.6
	0.33
	68
	0.35 ± 0.05
	53 ± 17

	P. sphaericum
	11.8
	10.8
	3.7
	0.31
	19
	
	

	
	22.1
	5.9
	7.5
	0.34
	38
	
	

	
	25.0
	5.1
	8.6
	0.34
	43
	
	

	
	25.1
	8.6
	7.5
	0.30
	38
	
	

	
	27.2
	5.5
	8.2
	0.30
	41
	
	

	
	28.7
	8.3
	8.2
	0.29
	41
	0.31 ± 0.02
	36 ± 8








Table D. Neodymium sorption capacities and removal determined in single-component metal solutions 
The dried biomass (BMd) of P. patens, P. eurystomum and P. sphaericum was weighed into separate vials, incubated for 24 h (RT) with 2 mL 10 mM solution of Nd(NO3)3 (pH = 5) and the concentration of gold in the supernatant (Ndend) was determined via XO Assay (n = 3 for each sample) after centrifugation (10 min, 10,000 g, RT). Sorption capacities for neodymium (QNd) were calculated based on equation 1. The mean sorption capacities determined for all three moss species are not significantly different from each other (two-sided, independent sample t-tests (Excel), p > 0.05). 
	Species 
	BMd  
in mg
	Ndend 
in mM
	ΔNd  
in µmol
	QNd
in mmol g-1
	Nd removal
in %
	Mean QNd 
in mmol g-1
	Mean Nd removal in %

	P. patens
	19.2
	4.6
	9.5
	0.49
	48
	
	

	
	24.2
	2.8
	13.5
	0.56
	68
	
	

	
	30.0
	4.7
	7.0
	0.23
	35
	
	

	
	30.5
	2.3
	14.5
	0.48
	73
	
	

	
	38.3
	4.5
	8.2
	0.21
	41
	
	

	
	45.7
	3.2
	10.3
	0.23
	52
	0.37 ± 0.14
	53 ± 13

	P. eurystomum
	13.4
	6.9
	5.2
	0.39
	26
	
	

	
	22.3
	5.8
	5.8
	0.26
	29
	
	

	
	25.2
	4.7
	9.6
	0.38
	48
	
	

	
	27.0
	6.2
	5.8
	0.21
	29
	
	

	
	34.7
	3.3
	12.3
	0.35
	62
	
	

	
	43.3
	4.3
	9.1
	0.21
	46
	0.30 ± 0.08
	40 ± 13

	P. sphaericum
	14.4
	7.3
	4.8
	0.33
	24
	
	

	
	16.0
	7.4
	4.0
	0.25
	20
	
	

	
	34.7
	6.1
	6.1
	0.18
	31
	
	

	
	36.7
	3.6
	11.7
	0.32
	59
	
	

	
	44.7
	3.2
	12.8
	0.29
	64
	
	

	
	60.3
	2.7
	12.4
	0.21
	62
	0.26 ± 0.06
	43 ± 19








Table E. Sorption capacities and removal determined in two-component metal solutions of gold and terbium 
The dried biomass (BMd) of P. patens, P. eurystomum and P. sphaericum was weighed into separate vials, incubated for 24 h (RT) with 2 mL of 5 mM solution (pH = 5) of each HAuCl4 and Tb(NO3)3 and the concentration of metal ions in the supernatant was determined either via XO Assay (Tb) or AAS (Au) (n = 3 for each sample) after centrifugation (10 min, 10,000 g, RT). Sorption capacities were calculated based on equation 1 and removal based on the initial and final concentration of the respective metal ions. The mean sorption capacities determined for all three moss species are not significantly different from each other (two-sided, independent sample t-tests (Excel), p > 0.05).
	Species 
	BMd  
in mg
	Auend 
in mM
	ΔAu  
in µmol
	QAu
in mmol g-1
	Au removal
in %
	Mean QAu /
Removal Au
	Tbend 
in mM
	ΔTb 
in µmol
	QTb
in mmol g-1
	Tb removal
in %
	Mean QTb /
Removal Tb

	P. patens
	9.3
	0.10
	9.8
	1.05
	98
	
	5.0
	3.5
	0.38
	35
	

	
	10.3
	0.60
	8.7
	0.84
	87
	
	0.9
	8.1
	0.79
	81
	

	
	12.1
	0.10
	9.8
	0.81
	98
	
	4.6
	4.2
	0.35
	42
	

	
	17.7
	0.02
	10.0
	0.56
	100
	
	4.1
	5.3
	0.30
	53
	

	
	22.3
	0.20
	9.6
	0.43
	96
	0.67 ± 0.26 /
	0.1
	9.8
	0.44
	98
	0.42 ± 0.17 /

	
	34.3
	0.01
	9.9
	0.29
	99
	96 ± 4
	0.1
	9.8
	0.29
	98
	68 ± 26

	P. eurystomum
	7.4
	0.6
	8.7
	1.18
	87
	
	5.0
	3.0
	0.41
	30
	

	
	14.0
	0.01
	10.0
	0.71
	100
	
	3.6
	5.7
	0.41
	57
	

	
	14.1
	1.40
	7.0
	0.50
	70
	
	2.4
	4.9
	0.35
	49
	

	
	20.5
	0.04
	9.9
	0.48
	99
	
	4.7
	2.7
	0.13
	27
	

	
	27.5
	0.30
	9.3
	0.34
	93
	0.58 ± 0.30 /
	0.4
	9.1
	0.33
	91
	0.32 ± 0.09 /

	
	34.1
	0.03
	9.9
	0.29
	99
	91 ± 11
	0.1
	9.8
	0.29
	98
	59 ± 27 

	P. sphaericum
	7.4
	1.50
	6.9
	0.93
	69
	
	5.6
	2.4
	0.32
	24
	

	
	13.5
	0.30
	9.3
	0.69
	93
	
	2.0
	5.7
	0.42
	57
	

	
	14.4
	0.03
	9.9
	0.69
	99
	
	5.3
	2.6
	0.18
	26
	

	
	21.8
	0.01
	10.0
	0.46
	100
	
	4.4
	4.1
	0.19
	41
	

	
	28.2
	0.01
	9.9
	0.35
	99
	0.56 ± 0.23 /
	0.5
	8.9
	0.32
	89
	0.28 ± 0.08 /

	
	38.8
	0.01
	9.9
	0.26
	99
	93 ± 11
	0.1
	9.8
	0.25
	98
	56 ± 29








Table F. Sorption capacities and removal determined in two-component metal solutions of gold and neodymium 
The dried biomass (BMd) of P. patens, P. eurystomum and P. sphaericum was weighed into separate vials, incubated for 24 h (RT) with 2 mL of 5 mM solution (pH = 5) of each HAuCl4 and Nd(NO3)3, and the concentration of metal ions in the supernatant was determined either via XO Assay (Nd) or AAS (Au) (n = 3 for each sample) after centrifugation (10 min, 10,000 g, RT). Sorption capacities were calculated based on equation 1 and removal based on the initial and final (Auend) concentration of the respective metal ions. The mean sorption capacities determined for all three moss species are not significantly different from each other (two-sided, independent sample t-tests (Excel), p > 0.05). 

	Species 
	BMd  
in mg
	Auend 
in mM
	ΔAu  
in µmol
	QAu
in mmol g-1
	Au removal
in %
	Mean QAu /
Removal Au
	Ndend 
in mM
	ΔNd 
in µmol
	QNd
in mmol g-1
	Nd removal
in %
	Mean QNd /
Removal Nd

	P. patens
	8.1
	0.40
	9.2
	1.14
	92
	
	2.0
	5.9
	0.73
	35
	

	
	13.8
	0.10
	9.8
	0.71
	98
	
	1.8
	6.2
	0.45
	42
	

	
	15.6
	1.0
	7.9
	0.51
	79
	
	2.0
	5.8
	0.37
	81
	

	
	20.6
	0.03
	9.9
	0.48
	99
	
	1.4
	7.1
	0.34
	53
	

	
	23.9
	0.2
	9.6
	0.40
	96
	0.59 ± 0.27 /
	0.2
	9.6
	0.40
	98
	0.43 ± 0.14 /

	
	31.1
	0.01
	9.9
	0.32
	99
	94 ± 7
	0.1
	9.8
	0.31
	98
	74 ± 16

	P. eurystomum
	8.3
	0.7
	8.5
	1.02
	85
	
	3.9
	1.7
	0.21
	30
	

	
	13.4
	2.0
	5.7
	0.43
	57
	
	2.7
	4.2
	0.31
	91
	

	
	16.9
	0.1
	9.8
	0.58
	98
	
	1.9
	5.6
	0.33
	57
	

	
	20.0
	1.1
	7.5
	0.38
	75
	
	2.0
	5.5
	0.28
	98
	

	
	30.3
	0.6
	8.7
	0.29
	87
	0.49 ± 0.26 /
	1.0
	7.8
	0.26
	49
	0.26 ± 0.06 /

	
	39.1
	n.d.
	10
	0.26
	>99
	84 ± 15
	1.4
	6.4
	0.16
	27
	52 ± 19 

	P. sphaericum
	8.5
	1.7
	6.5
	0.76
	65
	
	2.4
	5
	0.59
	24
	

	
	11.8
	2.1
	5.3
	0.45
	53
	
	2.0
	5.5
	0.47
	98
	

	
	16.4
	0.2
	9.6
	0.59
	96
	
	2.2
	5.3
	0.32
	26
	

	
	23.8
	n.d.
	10
	0.42
	>99
	
	1.9
	5.9
	0.25
	41
	

	
	26.5
	0.1
	9.8
	0.37
	98
	0.48 ± 0.15 /
	2.0
	5.7
	0.21
	57
	0.36 ± 0.13 /

	
	32.5
	0.01
	9.9
	0.30
	99
	85 ± 19
	0.2
	9.5
	0.29
	89
	61 ± 15


n.d. < limit of detection (LOD) = 0.03 µM

Table G. Gold sorption capacities by P. patens at different pH 
The dried biomass (10 – 20 mg) of P. patens was incubated for 24 h (RT) with 3 mL 10 mM solution of HAuCl4 with different pH (3 to 9.2) (n = 6). The pH of solution was adjusted by addition of NaOH/HCl. The final concentration of gold in the supernatant (Auend) was determined via AAS measurement (n = 3) for each sample after centrifugation (10 min, 10,000 g, RT) and the final pH (pHend) of the supernatant measured again at the end of the incubation. Sorption capacities for gold (QAu) were calculated based on equation 1. The mean sorption capacity obtained for the solution with pH 6 was significantly different from the values recorded for solutions with pH 4 and 5 (two-sided, independent sample t-test (Excel), p < 0.001. Other pairs were not analyzed. 
	pH
	BMd  
in mg
	Auend 
in mM
	ΔAu  
in µmol
	QAu
in mmol g-1
	pHend
	Mean QAu 
in mmol g-1
	Mean pHend

	3
	10.8
	8.88
	4.52
	0.42
	2.48
	
	

	
	9.0
	9.90
	1.62
	0.18
	2.59
	
	

	
	9.1
	10.6
	-
	0
	2.60
	
	

	
	20.0
	6.28
	12.36
	0.62
	2.24
	
	

	
	19.3
	5.89
	12.72
	0.66
	2.25
	
	

	
	19.6
	7.03
	9.93
	0.51
	2.23
	0.40 ± 0.24
	2.4 ± 0.2

	4
	9.8
	7.57
	6.5
	0.66
	2.98
	
	

	
	9.4
	6.3
	10.51
	1.12
	2.93
	
	

	
	10.3
	7.44
	6.59
	0.64
	2.74
	
	

	
	19.6
	4.21
	16.52
	0.84
	2.29
	
	

	
	20.6
	3.11
	19.96
	0.97
	2.28
	
	

	
	20.1
	4.75
	14.57
	0.72
	2.27
	0.83 ± 0.17
	2.6 ± 0.3

	5
	10.3
	6.8
	8.61
	0.84
	5.40
	
	

	
	9.9
	7.15
	7.42
	0.75
	5.35
	
	

	
	9.8
	6.89
	8.18
	0.83
	5.30
	
	

	
	20.5
	3.48
	18.39
	0.9
	4.94
	
	

	
	19.8
	4.02
	16.45
	0.83
	4.95
	
	

	
	19.9
	3.9
	16.72
	0.84
	4.85
	0.83 ± 0.05
	5.1 ± 0.2

	6
	9.9
	5.91
	12.02
	1.21
	5.51
	
	

	
	10.6
	5.34
	13.62
	1.28
	5.31
	
	

	
	9.9
	6.11
	11.43
	1.15
	5.44
	
	

	
	20.1
	3.23
	25.17
	1.25
	4.52
	
	

	
	19.9
	3.15
	25.36
	1.27
	4.50
	
	

	
	20.9
	2.83
	26.49
	1.27
	4.37
	1.24 ± 0.05
	4.9 ± 0.5

	7
	10.8
	8.22
	3.46
	0.32
	6.71
	
	

	
	10.2
	7.77
	4.86
	0.48
	6.83
	
	

	
	10.3
	7.68
	4.69
	0.46
	6.97
	
	

	
	20.2
	6.91
	6.89
	0.34
	6.68
	
	

	
	20.5
	7.44
	5.63
	0.27
	6.90
	
	

	
	19.8
	7.14
	6.54
	0.33
	6.91
	0.37 ± 0.08
	6.8 ± 0.1

	9.2
	10.5
	8.83
	1.77
	0.17
	6.69
	
	

	
	9.2
	8.32
	3.41
	0.37
	7.28
	
	

	
	9.9
	10.31
	-
	0
	7.26
	
	

	
	19.8
	8.46
	1.64
	0.08
	7.00
	
	

	
	20
	7.83
	4.17
	0.21
	7.15
	
	

	
	20.7
	7.83
	3.74
	0.18
	7.20
	0.17 ± 0.11
	7.1 ± 0.2
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Figure A. Color change observed after the incubation of the biomass of P. patens in a gold solution. 
Presented are the color changes in the supernatants after centrifugation (a.) and of the biomass (b.) observed after the incubation of the dried biomass of P. patens with 3 mL 10 mM solution of HAuCl4 (pH 6). Gold deposits inside the reaction tubes are clearly visible (c.)

















Table H. Sorption capacities and removal of gold from biolechate of an industrial recycling material. 
Mean sorption capacities (n = 6) obtained for the biomass of P. patens, P. eurystomum and P. sphaericum by incubation with bioleachate of e-waste. Dried biomass (10 - 40 mg) of the respective moss was incubated (room temperature, 24 h) with 3 mL of bioleachate solution (39.2 µM Au, pH adjusted with 1 M HCl to 5). Gold concentration after the incubation (Cf) was determined in the supernatant after centrifugation via ICP-MS and Q calculated according to equation 1. The mean sorption capacities determined for all three moss species are not significantly different from each other (two-sided, independent sample t-tests (Excel), p > 0.05).
	Species 
	BMd  
in mg
	Auend 
in µM
	ΔAu  
in nmol
	QAu
in µmol g-1
	Au removal
in %
	Mean QAu 
in µmol g-1
	Mean Au removal in %

	P. patens
	20.4
	27.1
	24.2
	1.19
	31
	
	

	
	28.5
	28.1
	22.2
	0.78
	28
	
	

	
	39.0
	24.9
	28.6
	0.73
	36
	
	

	
	12.9
	24.4
	29.6
	2.29
	38
	
	

	
	21.5
	22.0
	34.4
	1.60
	44
	
	

	
	27.0
	20.7
	37.0
	1.37
	47
	1.33 ± 0.53 
	37 ± 7

	P. eurystomum
	38.5
	24.8
	28.8
	0.75
	37
	
	

	
	25.4
	27.3
	23.8
	0.94
	30
	
	

	
	19.7
	27.6
	23.2
	1.18
	30
	
	

	
	10.9
	25.4
	27.6
	2.53
	35
	
	

	
	17.1
	25.5
	27.4
	1.60
	35
	
	

	
	26.0
	19.9
	38.6
	1.48
	49
	1.41 ± 0.58
	36 ± 7

	P. sphaericum
	19.7
	25.3
	27.8
	1.41
	35
	
	

	
	28.8
	24.5
	29.4
	1.02
	38
	
	

	
	35.6
	24.0
	30.4
	0.85
	39
	
	

	
	22.0
	22.9
	32.6
	1.48
	42
	
	

	
	10.0
	28.0
	22.4
	2.24
	29
	
	

	
	30.0
	22.1
	34.2
	1.14
	44
	1.36 ± 0.45
	38 ± 5
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