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Determination of wet: dry weight ratio for desorption kinetic experiments (Materials and methods) 

Before the desorption kinetic experiment, the wet solid remaining in the 50 ml centrifuge tube at the 

end of the adsorption experiment was transferred to an empty 500 mL Erlenmeyer flask and its wet 

weight was determined by weighing the tube before and after this transfer. The wet solid was then used 

directly for the desorption experiment and the weight of the dry solid was never measured directly. In 

order to estimate the dry weight of the solid in desorption experiments, a pre-determined wet: dry 

weight ratio was used. 

To determine this ratio, a distinct and identical experimental procedure simulating the adsorption 

kinetic experiment was conducted with all substrates in triplicate 500 mL Erlenmeyer flasks. The wet 

solids obtained at the end of the simulated adsorption phase were transferred from the 50 ml centrifuge 

tube in to 125 mL pre-weighted Erlenmeyer flasks and the water contents were determined by drying at 

temperatures of 60-110°C, until constant weight was obtained. During this simulated experiment, 

triplicate wet weight and corresponding dry weight values were measured for each substrate and the 

mean wet: dry weight ratio was used to determine the dry weight of the solid in the 500 mL Erlenmeyer 

flasks during the real desorption experiment. 

 

Determination of wet: dry weight ratio for desorption equilibration experiments (Materials and methods) 

Before the desorption equilibration experiment, the wet solid remaining in the 50 ml centrifuge tube at 

the end of the adsorption experiment was weighted and used directly in the centrifuge tube for the 

desorption experiment. The dry weight of the solid in the centrifuge tube was never measured directly 

and a pre-determined wet: dry weight ratio was used instead to determine its value.  

To determine this ratio, a distinct and identical experimental procedure simulating the adsorption 

equilibration experiment was conducted with all substrates in triplicate 50 ml centrifuge tubes. The 

water contents of the wet solids obtained at the end of the simulated adsorption phase were 

determined by drying the wet solid directly in the pre-weighted centrifuge tubes at a temperature of 60 

°C for six to seven days. The mean wet: dry weight ratio measured during the simulated experiment was 

used to determine the dry weight of the solid in the 50 ml centrifuge tube during the real desorption 

experiment. 

 



Table S1. Langmuir model parameters for nickel adsorption obtained from the literature and measured 

in this study 

Material Description pH 
qmax  

(mg g-1) 
Kads 

(L mg-1) 
Reference 

      
Brown algae 

Ascophyllum nodosum, washed (H2O) 
and ground ( 0.105-0.295 mm) 

3.5 70 1.26 Leusch et al. (1997) 

Brown algae 
Ascophyllum nodosum, washed (H2O) 
and ground 

6 136 0.56 
Holan and Volesky 
(1994) 

Brown algae 
Ascophyllum nodosum, washed (H2O) 
and ground (< 0.5 mm) 

6 43.3 0.13 Romera et al. (2007) 

Brown algae 
Ascophyllum nodosum, crushed (< 5 
mm) and washed (0.1 mol L-1 HCL) 

6.6-7.2 6.9 0.04 This study  

      
Sawdust 

Walnut sawdust, washed (H2O) and 
ground 

unadjusted 3.29 0.01 Bulut and Tez (2007) 

Sawdust Maple sawdust, untreated unadjusted 0.27 0.69 
Calculated from the 
work of Shukla et al. 
(2005) 

Sawdust Maple sawdust, untreated 6.3-7.1 3.8 0.03 This study 

      

Wood ash 
80% coniferous and 20% hardwood 
chips pyrolised (450°C), crushed (< 
2mm) 

7.4 0.46 0.14 
Calculated from the 
work of Rees et al. 
(2014) 

Wood ash 
Pyrolised wood from Kirkland Lake 
biorefinery 

7-7.1 3.9 0.04 This study 

      
Compost Pine bark compost, ground (<2mm) unadjusted 0.7 0.021 Gichangi et al. (2012) 

Compost Olive tree pruning compost 5 10.53 0.015 
Anastopoulos et al. 
(2013) 

Compost 
Municipal green waste compost 
(<5mm) 

6.7-7 8.8 0.13 This study 

      
Peat 

Commercial sphagnum peat moss 
from Great Britain (<1.18mm) 

7 9.18 4.85 Ho et al. (1995) 

Peat 
Sphagnum peat moss from New 
Zealand (0.5-0.71 mm) 

4.5 9.7 1 x 10-4 
Calculated from the 
work of Ho et al. 
(2002) 

Peat 
Mechanically excavated and refined 
peat from Poland (<0.4mm) 

5 61.27 0.015 Bartczak et al. (2018) 

Peat 
Commercial sphagnum peat moss 
from Canada (<5mm) 

6.3-7.4 22 0.15 This study 

 

 

 



  

Figure S1. Model results for an open (pCO2 = 385 ppm) 0.05M NaNO3 system with [Ni]tot = 7.0 mg L-1 or 

119 µmol L-1. Species with concentrations below 1 μmol L-1 are not presented. (A) Nickel speciation as a 

function of pH, in the absence of DOC. (B) Nickel speciation as a function of DOC concentration at 

pH=7.5. 

 

 

Figure S2. Saturation with respect to NiCO3(s) as a function of pH in an open (pCO2 = 385 ppm) 0.05M 

NaNO3 system, in the absence of DOC.  
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Figure S3 Temporal evolution of pH during the kinetic adsorption (A) and desorption (B) experiments. 
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Figure S4. Adsorbed nickel concentrations as a function of time and Elovich model fits. Empty symbols 

identify data used for model fitting. 

 

 

Figure S5. Desorbed nickel concentrations during desorption experiment with pseudo-second order 

model fit. Empty symbols identify data used for model fitting 
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Figure S6 Initial and final pH values during adsorption equilibration experiment, for (A) samples with 

initial [Ni] = 7 mg L-1 (119 µmol L-1) and (B) samples with initial [Ni] =103mg L-1 (1750 µmol L-1). 
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Figure S7. Initial (full symbols) and final (empty symbols) pH during adsorption equilibration experiments 

as a function of initial nickel concentration. 

  

6,25

6,50

6,75

7,00

7,25

7,50

0 20 40 60 80 100 120

p
H

Initial [Ni] (mg L-1)

peat Sawdust

6,25

6,50

6,75

7,00

7,25

7,50

0 20 40 60 80 100 120

p
H

Initial [Ni] (mg L-1)

Compost Algae

6,25

6,50

6,75

7,00

7,25

7,50

0 20 40 60 80 100 120

p
H

Initial [Ni] (mg L-1)

Wood ash

6,25

6,50

6,75

7,00

7,25

7,50

0 20 40 60 80 100 120

p
H

Initial [Ni] (mg L-1)

HCl-algae



References 

 

Anastopoulos I, Massas I, Ehaliotis C (2013) Composting improves biosorption of Pb2+ and Ni2+ by 
renewable lignocellulosic materials. Characteristics and mechanisms involved Chemical 
Engineering Journal 231:245-254 doi:10.1016/j.cej.2013.07.028 

Bartczak P et al. (2018) Removal of nickel(II) and lead(II) ions from aqueous solution using peat as a low-
cost adsorbent: A kinetic and equilibrium study Arabian Journal of Chemistry 11:1209-1222 
doi:10.1016/j.arabjc.2015.07.018 

Bulut Y, Tez Z (2007) Removal of heavy metals from aqueous solution by sawdust adsorption Journal of 
Environmental Sciences 19:160-166 doi:10.1016/S1001-0742(07)60026-6 

Gichangi EM, Mnkeni PNS, Muchaonyerwa P (2012) Evaluation of the heavy metal immobilization 
potential of pine bark-based composts Journal of Plant Nutrition 35:1853-1865 
doi:10.1080/01904167.2012.706681 

Ho YS, Porter JF, Mckay G (2002) Equilibrium isotherm studies for the sorption of divalent metal ions 
onto peat: Copper, nickel and lead single component systems Water Air and Soil Pollution 141:1-
33 doi:10.1023/A:1021304828010 

Ho YS, Wase DAJ, Forster CF (1995) Batch nickel removal from aqueous-solution by sphagnum moss peat 
Water Research 29:1327-1332 doi:10.1016/0043-1354(94)00236-Z 

Holan ZR, Volesky B (1994) Biosorption of lead and nickel by biomass of marine algae Biotechnology and 
Bioengineering 43:1001-1009 doi:10.1002/bit.260431102 

Leusch A, Holan ZR, Volesky B (1997) Solution and particle effects on the biosorption of heavy metals by 
seaweed biomass Applied Biochemistry and Biotechnology 61:231-249 

Rees F, Simonnot MO, Morel JL (2014) Short-term effects of biochar on soil heavy metal mobility are 
controlled by intra-particle diffusion and soil pH increase European Journal of Soil Science 
65:149-161 doi:10.1111/ejss.12107 

Romera E, Gonzalez F, Ballester A, Blazquez ML, Munoz JA (2007) Comparative study of biosorption of 
heavy metals using different types of algae Bioresource Technology 98:3344-3353 
doi:10.1016/j.biotech.2006.09.026 

Shukla SS, Yu LJ, Dorris KL, Shukla A (2005) Removal of nickel from aqueous solutions by sawdust Journal 
of Hazardous Materials 121:243-246 doi:10.1016/j.jhazmat.2004.11.025 

 


