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Julián E. López a* Juan F. Saldarriaga b 

a Faculty of Architecture and Engineering, Environment, Habitat, and Sustainability Research Group, Institución Universitaria Colegio Mayor de Antioquia, Carrera 78 # 65 – 46, 050034, Medellín, Colombia.
b Department of Civil and Environmental Engineering, Universidad de los Andes, Carrera 1Este #19A-40, 111711, Bogotá, Colombia.

*Corresponding author: 
Julián E. López. 
Email: julian.lopez@colmayor.edu.co


























Table S1. Commercial dolomite lime (DL) technical data sheet.
	Parameters 
	Value (%)

	Total calcium (CaO)
	35 ± 1

	Total magnesium (MgO)
	15.5 ± 1.5

	Humidity 
	5

	Particles retained on mesh # 20
	0 

	Particles retained on mesh # 100
	50

	Pseudo-total Cd 
	< 0.03 





























Table S2. Commercial compost (PMC) technical data sheet.
	Parameters
	Value (Unit)

	Total N
	1.23 %

	(P2O5)
	1.58 %

	Ca (CaO)
	1.30 %

	K (KCl)
	1.2 %

	Na 
	0.77 %

	OC 
	25.1 %

	pH H2O
	7.44

	EC
	0.35 dS m.1

	Ash 
	23.9 %

	CEC
	49 meq 100 g-1 suelo

	Pseudo-total Cd
	< 0.03 mg kg-1


OC: organic carbon. EC: electrical conductivity. CEC: cation exchange capacity. 














Table S3. Characteristics of corn stover derived biochar (BC). 
	Parameters
	Value 

	pH
	11.1 ± 0.5

	EC (dS m-1)
	10.2 ± 0.1

	Ash content (%)
	30.2 ± 0.2 %

	N (%)
	3.1

	C (%)
	70.2

	Surface area (m2 g-1)
	371 ± 28

	Ca (mg kg-1)
	31.7.5 

	Mg (mg kg-1)
	28.3

	K (mg kg-1)
	12.9

	Na (mg kg-1)
	90.0

	Pseudo-total Cd (mg kg-1)
	< 0.03


EC: electrical conductivity. 
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Figure. S1. Scheme of the experimental unit. 





































Supplementary description S1


Both biochar (BC) and compost (PMC) were used to perform metal adsorption tests on aqueous solutions. Thus, batch adsorption experiments were conducted to investigate the Cd immobilization of BC and PMC as function of the Cd concentration in solution. Cd solutions were prepared using cadmium nitrate (Cd(NO3)2.4H2O) dissolved in 0.01 M KCl electrolyte solution. The Cd concentrations used were 0, 25, 50, 50, 100, 200, 400, 800, and 1600 mg Cd L-1 for BC and 0, 5, 10, 20, 40, 80, 160, and 320 mg Cd L-1 for PMC. First, 0.5 g of each material was mixed with 50 ml of each solution and were shaken for 24 h at room temperature (25ºC). After, material was removed by filtration and Cd in the filtrate was quantified by ICP-OES. The excess adsorption isotherms (qe) were calculated according to López et al. (2020). To determine possible mechanisms related to Cd immobilization by BC and PMC, pH, EC, and Ca2+ and Mg2+ concentration in the filtrate were determined. The concentration of Ca and Mg in the filtrate was quantified by ICP-OES. In addition, samples of the pre- and post-adsorption materials were used to perform FTIR (Fourier transform infrared spectroscopy) analysis. Superficial functional groups were determined by FTIR using an infrared spectrometer (Thermo scientific Smart iTR Nicolet iS10), which was operating in a 4000-400 cm-1 spectral range with a resolution of 4 cm-1. The ash content was determined for the BC samples (pre- and post-adsorption). Ash content was measured as the weight of the residue after samples was heated to 700ºC in an open crucible using a muffle furnace. Only for post-adsorption BC sample, the XRD (X-ray-diffraction) analysis was used for the identification of crystalline phases. An X-ray diffractometer and the powder X-ray was recorded on an EMPYREAN Model 2012 diffractometer in 2theta range of 5–80º at a scanning rate of 0.013º min-1.

One treatment was applied to determine the presence of leachable substances supported on the surface of the BC and PMC. The material was washed in a ratio 20 ml of Mili-Q water per gram of solid during 12 h. Then, the solid was removed through filtration (0.45 µm membrane filter). The process was repeated a total of three times (López et al. 2020). After the treatment, the solid sample was identified as water-biochar (W-BC) or water-compost (W-PMC). Samples of W-BC and W-PMC were taken to measure pH and EC using a 1:10 ratio (solid:DW) as an indicator of leachable compounds. 
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Figure S2. (a) pH and (b) EC values of biochar (BC) and water-biochar (W-BC). Values represent the mean (n=3). Data were subjected to One-way ANOVA. Values of P < 0.05 were considered statistically significant. Dunnett post hoc test was applied to compute differences among W-BC with a BC. Statical significance is represented by “ * ”.





































Supplementary description S2

To investigate the possible mechanisms associated with Cd immobilization in PMC and BC, changes in pH, EC, and basic cation concentrations in the solution after Cd adsorption were measured. A reduction in the pH of the solution indicates a possible exchange mechanism between H+ and Cd2+ (López et al. 2020). Similarly, an increase in the concentration of Ca2+ and Mg2+ cations in the solution suggests that the cation exchange is associated with the sorption of Cd in PMC and BC. This explains the increase in EC, since EC is an indirect measure of ion concentrations in solution (López et al. 2020). Therefore, ion exchange seems to be an important mechanism for both materials to immobilize Cd.  Additionally, the ash content in the post-adsorption materials was determined, and XRD and FTIR analyses were performed. 

The FTIR spectrum for BC indicated the presence of surface functional groups (Coates 2006) that can potentially contribute to immobilizing Cd (López et al. 2020). The band at 870 cm-1 can be attributed to the presence of carbonates. The bands at 590, 1401, and 1601 cm-1 can be ascribed to functional groups like hydroxyl, carboxylate, and phenolic hydroxyl (O-H and C-H). The band at 1150 cm-1 is related to the presence of C-O stretch. The peak at 450 cm-1 is associated with Si-O-Ca. The peak at 476 cm-1 can be assigned to PO43-. After adsorption of Cd, the FTIR spectra for PMC shows a change in bands associated with amine and thiol groups was also observed, suggesting that these functional groups contributed to Cd sorption. The decrease in the intensity of the band associated with Si-Si or Si-O indicates the occurrence of a Cd co-precipitation mechanism (e.g., CdSiO3). However, ash content and XRD and analyses do not support the idea of the formation of new crystalline phases in this material. Therefore, co-precipitation is not suggested as a mechanism associated with the immobilization of Cd by PMC.  There were also intensity changes and shifts in the bands associated with the Thiol groups, suggesting the formation of Cd ligands with these functional groups. As well as for PMC, the FTIR spectrum for BC after Cd adsorption shows changes in certain functional groups. Sorption of Cd on BC has caused the band at 450 cm−1 to split to two peaks and the band at 870 cm-1 was shifted. Both processes suggest co-precipitation of Cd with substances (e.g., CO32-) present on the surface of BC (Lopez et al. 2020). The increase in ash content in the BC may be associated with the appearance of new crystalline phases due to the co-precipitation of Cd. This is corroborated by the results of XRD analysis, which indicate the formation of otavite, a CdCO3 precipitate. The results suggest that co-precipitation is a mechanism associated with the immobilization of Cd on BC. For both post-adsorption materials, the FTIR spectra show a decrease in band intensities of oxygen-containing functional groups and aromatic functional groups, suggesting that Cd-ligan coordination bonds and Cd2+-π interaction play a role in the Cd sorption mechanism (López et al. 2020).
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Figure S3. (a) Excess adsorption of Cd from aqueous solution. (b, c, and d) Cation ion concentration, pH, and EC of the filtrate as function of the Cd initial concentration. (e) Ash content in BC and PMC before and after Cd sorption. (f) X-ray diffraction patterns of post-sorbed BC. Dotted lines are guides to the eye.
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Figure S4. FTIR spectra of PMC and BC before (PMC and BC) and after (PMC + Cd and BC + Cd) Cd sorption.











Table S4. Pearson´s correlation analysis between CaCl2-Cd and soil pH in each depth.
	
	CaCl2-Cd (0-10 cm)
	CaCl2-Cd (10-20 cm)
	CaCl2-Cd (20-30 cm)
	CaCl2-Cd (30-40 cm)

	pH (0-10 cm)
	-0.92
	-0.81
	-0.57
	-0.39

	pH (10-20 cm)
	-0.82
	-0.80
	-0.91
	-0.79

	pH (20-30 cm)
	-0.61
	-0.67
	-0.87
	-0.87

	pH (30-40 cm)
	-0.68
	-0.78
	-0.89
	-0.88


















































Table S5. Pearson´s correlation analysis between CaCl2-Cd in each depth and RF Leaf-Cd. 
	
	RF Leaf-Cd

	CaCl2-Cd (0-10 cm)
	-0.68

	CaCl2-Cd (10-20 cm)
	-0.72

	CaCl2-Cd (20-30 cm)
	-0.86

	CaCl2-Cd (30-40 cm)
	-0.81
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