Removal of nickel from neutral mine drainage using peat-calcite, compost, and wood ash in column reactors
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Abstract
The effectiveness of compost, peat-calcite and wood ash to remove Ni from a circum-neutral contaminated mine water was tested in continuous flow experiments. Materials were compared in 4.8 L columns at hydraulic residence times (HRT) of ∼ 16.5 hours over the course of 2.5-4 months. During this period, all columns successfully treated over 400 L of synthetic contaminated neutral drainage (4.05 mg/L Ni), mainly through sorption processes. Mid-column results (HRT ∼ 9 hours) indicated that wood ash was the most effective material for Ni removal and chemical extractions revealed that retained Ni was less mobile in this spent material. The pH-increasing properties of wood ash played a major role in this material’s performance, but a pH correction would be required in the initial stages of full scale treatment to maintain the effluent within regulatory limits (6-9.5).  Scaled to full size, mid-column results indicated that treatment cell sizes, designed for the one-year treatment of a high discharge (10 m3/h) contaminated effluent (4.05 mg/L Ni), would be smallest with wood ash (< 500 m3), followed by compost (600 ± 140  m3) and peat-calcite (720 ± 50  m3).
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Introduction
Contaminated neutral drainage (CND) is a mine drainage characterized by pH values ranging between 6 and 9 and metal concentrations that exceed local regulatory discharge limits levels (Nordstrom et al. 2015). It can arise when the acidity resulting from the oxidation of sulfide minerals is buffered by the presence of carbonate or silicate minerals in the gangue rock and the resulting composition varies depending on the mineralogy of each particular mine site. CNDs are typically characterized by high concentrations of major cations (Na+, K+, Ca2+, Mg2+) as well as distinct but relatively low concentrations of potentially toxic metals. Ni is often present in CND and its ecotoxicity is mainly attributed to its free cation Ni2+ species which is predominant at circum-neutral pH (Stokes 1988).The main difficulties for CND treatment are the variable effluent compositions encountered, the remoteness of mining sites and the specific particularities of each site (e.g., topography, temperature) (Calugaru et al. 2018)    
The implementation of gravity-fed passive reactors is considered a cost-effective technology to treat mining effluents after mine site closure. Inside these reactors, low-cost reactive materials interact with the contaminated effluent and dissolved metals can be sequestered on the substrate, via sorption mechanisms, or within the voids by precipitation mechanisms such as direct precipitation, co-precipitation or sorption onto newly formed precipitates (Neculita et al. 2008). Much of the knowledge concerning passive reactors comes from the treatment of acid mine drainage (AMD) for which the two most used systems are organic substrate based reactors (ex. passive biochemical reactors), promoting sulfate reduction and metal sulfide precipitation, and alkaline substrate based reactors, promoting metal hydroxide and carbonate precipitation (Skousen et al. 2017). Passive biochemical reactors typically require voluminous treatment systems with long hydraulic residence times (HRT), on the order of days, to achieve metal sequestration by sulfide precipitation (Neculita et al. 2007). Less voluminous systems, with HRTs on the order of minutes or hours, designed to promote sorption could be an economically viable option for the treatment of the typically lower metal and sulfate concentrations of CND.
Treatment strategies based on precipitation are highly dependent on HRT as the contact time between the substrate and the influent water influences the concentration of dissolved species in the pore water, and insufficient exposure time may not activate the desired precipitation reactions. Furthermore, water velocities, which depend on the HRT and on the system’s configuration, can affect the settlement and compaction of newly formed crystals, and high water velocities resulting from the use of low HRTs can reduce the longevity of the system by creating confined cavity volumes and short-circuiting (Claveau-Mallet et al. 2012). Precipitation based treatment strategies are also highly dependent on the influent water composition as it determines the precipitation reactions and sequestering mechanisms that may be activated by the circulation of this effluent through a reactive substrate. For example, in iron and manganese rich CNDs, precipitation of Fe and Mn (oxy)hydroxides may be used to sequester Fe, Mn as well as other metals that adsorb onto these newly formed hydroxide surfaces (de Repentigny et al. 2018; Trumm and Pope 2015). While treatment by precipitation eventually leads to system failure by clogging or by depletion or passivation of the substrate (Courcelles et al. 2011; Neculita et al. 2007), less is known about sorption-based treatment strategies and how they may be influenced by HRT, water velocity and influent water composition. Sorption reactions typically have high kinetic rates (Ali and Gupta 2006; Richard et al. 2020a; Richard et al. 2013) and therefore the use of shorter HRT and higher water velocities may not affect this type of removal mechanism as strongly. Sorption reactions begin quickly when the influent water is exposed to the substrate (Malamis and Katsou 2013) and thus no minimal contact time should be necessary to activate this mechanism. Nevertheless, HRT remains an important design parameter as precipitates may still form in reactors and enhance or reduce the overall performance of the system. 
The low-cost and proximity of substrates to the mining sites have been identified as general guidelines for the selection of materials for passive reactors (Calugaru et al. 2018; Hengen et al. 2014). For mines in close proximity to certain industries such as steel mills and power stations, low cost industrial waste products such as steel slag and ash may offer potential as alkaline substrates (Calugaru et al. 2017; de Repentigny et al. 2018; Warrender et al. 2011). For remote mining sites, natural locally available materials such as peat, compost and carbonate rocks might be an efficient and cost-effective option (Richard et al. 2020b). In passive systems designed to treat contaminated water after mine site closure, the reactive materials are typically used in a single, long-term treatment cycle (years ideally) before being disposed of. Studies comparing the longevity of different reactive materials under continuous flow conditions are scarce and, to the authors’ knowledge, only one field pilot study by Warrender et al. (2011) compared low-cost materials for the treatment of a CND. Further work is required to identify the most promising low-cost substrates and designs for the treatment of CND in short-HRT systems. 
In this study, three organic materials (wood ash, compost and calcite-amended peat) were compared in short-HRT (16.5 hours) column experiments for the treatment of a Ni contaminated neutral drainage. The objectives were to (1) compare the performance of the three materials for the removal of Ni and (2) gain insight into the removal mechanisms for the different types of substrates. 

Material and methods
Organic materials characterization and preparation
The compost was produced from green waste and was provided by the City of Montreal (Québec, Canada). The wood ash (particles < 5 mm), a mixture of bottom and fly ash from a wood and gas co-generation plant, was provided by Wood Ash Industries (Kirkland Lake, Ontario). The sphagnum peat moss was purchased from a local retailer (Home Depot, Montreal, Quebec). Materials were air dried, and the compost and peat moss were sieved to less than 5 mm. All organic materials were kept at room temperature in plastic containers until use. The pH (2 g substrate: 100 mL deionized water) was measured after mixing thoroughly for 20 seconds and letting stand for 1 hour. All pH measurements were carried out with a combination glass electrode (model Orion 9156BNWP, ThermoScientific), calibrated using three NIST-traceable buffer solutions (4.01, 7.00, and 10.00 at 25 °C), and a pH meter (model Orion Star A211 benchtop, ThermoScientific). The cation exchange capacity (CEC) of each substrate was determined in 1M NaOAc at pH 8.2 as per Chapman (1965).  The total carbon (CTOT) and total organic and graphitic carbon (Corg+g) were measured by combustion at 1400 °C in an induction furnace (model CS744, LECO Corporation) according to Ma. 310-CS 1.0 (CEAEQ 2013).  Total organic and graphitic carbon (Corg+g) sample was prepared by dissolution of the solid inorganic carbon for at least one hour in a 50 % v/v HCl solution, filtering and analyzing the residual solid. Dissolved organic carbon (DOC) was analyzed on filtered (0.45 μm) extracts of slurries (20 g substrate (wet weight): 200 mL deionized water) shaken for 2 hours with a rotary agitator (150 RPM) at room temperature.  The DOC was determined as the difference between the total and inorganic carbon according to Standard Method 5310 B (APHA 2005), using a DOHRMAN model DC-190 TOC analyzer. Specific surface area (SSA) was measured with a Micromeritics Gemini III 2375 surface analyzer using method BET PE2 AM-05 (Brunauer et al. 1938). The pH, CEC, CTOT, Corg+g, DOC and SSA of fresh materials are presented along with post-column characterization results (Table 3). For wood ash only, the total organic carbon Corg was determined by titration according to MA. 405 – C 1.1 (CEAEQ 2014). The initial metal content of substrates (Table S1, SI) was measured by digesting 1 g (dry weight) of solid in HNO3, HF, and HClO4 in Teflon beakers according to method 3030 I. (APHA 1998) and analyzing filtrates at Maxaam Analytics Inc. laboratories by ICP-MS according to method MA.200-Mét. 1.2 (CEAEQ 2019).
Column reactor design, set up, operating conditions 
The experimental set-up was comprised of six vertical Plexiglass columns of 12.7 cm inner diameter by 38 cm height, filled with materials (in duplicates): wood ash (WA1, WA2), compost (C1, C2) and peat-calcite (PC1 and PC2). Each column was equipped with the following plastic components: an inlet valve on the base plate, an open outlet port on the covering plate and three intermediate sampling ports equipped with septa located at 9.0 ± 0.2 cm (P1), 18.6 ± 0.3 cm (P2) and 27.9 ± 0.3 cm (P3) (Fig. S1, SI). Perforated plastic plates and geotextiles (0.5 cm/s, Polyfelt TS 500) were used to enclose the materials within the columns, distribute the solution evenly through the base of each column (upward flow) and avoid fines washing. Prior to their insertion in the columns, materials were moistened with distilled water, and peat was mixed with calcium carbonate (ACS reagent grade) at a ratio of 0.1 g CaCO3/g (dry weight). In columns, materials were lightly compacted in successive layers of about 6 cm and water content was determined by collecting at least two samples of the humid substrates and drying them at 60 °C until constant weight was obtained. A perforated plastic tube was placed between the top and covering plates to hold materials in place. The void volume was determined by weight method using the volume of the empty columns and the mass, density and specific gravity (Gs) of the materials (Chapuis et al. 1989). Gs was determined using water pycnometer method D854-14 (ASTM 2014) and porosity was calculated as the ratio between void volume and total volume (Table 1).
Table 1 Physical properties and hydraulic parameters of low-cost organic materials used in column experiments
	
	Gs
	Porosity (%)
	Density
(g/cm3)
	Initial Ksat
(cm/s)
	Final Ksat
(cm/s)
	Qmean (mL/min)
	HRTv 
(h)
	HRTvP2
(h)

	
	
	
	
	
	
	
	
	

	Wood ash1
	2.10 ± 0.02
	88.2 ± 0.3
	0.25 ± 0.01
	0.170 ± 0.049
	0.015 ± 0.003
	3.86 ± 0.23
	16.5 ± 0.7
	9.0 ± 0.1

	
	
	
	
	
	
	
	
	

	Compost1
	2.17 ± 0.01
	69.8 ± 1.2
	0.66 ± 0.03
	0.016 ± 0.0052
	0.018 ± 0.001
	3.08 ± 0.19
	16.1 ± 1.0
	8.9 ± 0.0

	
	
	
	
	
	
	
	
	

	Peat-calcite1
	1.60 ± 0.01
	87.1 ± 0.3
	0.206 ± 0.005
	0.057 ± 0.017
	0.034 ± 0.009
	3.68 ± 0.17
	16.5 ± 0.1
	9.3 ± 0.1

	
	
	
	
	
	
	
	
	



1Results are expressed as mean ± standard deviation using n = 3 (Gs), n = 2 (porosity, density) n = 5-9 (Initial Ksat), n = 2-6 (Final Ksat), n = 66-109 (Q), n = 2 (HRTv, HRTvP2).  2 Value measured in C2 only as no gradient could be obtained in C1.
After set-up, columns were saturated by vacuuming and filling with distilled water (Chapuis et al. 1989), and gravity fed from bottom to top for a period of 3 to 7 days prior to initial hydraulic conductivity measurements (initial ksat). Water saturation time was longer with peat-calcite than with compost and wood ash due to the hydrophobic properties of peat. The initial hydraulic conductivity was evaluated with the constant-head method D2434-68 ASTM (2000) using gravity fed up-flow setup. For these measurements, open sandpipe piezometers were temporarily installed on P1 and P3 to measure the pore-water gradients within the saturated materials while flow rates were being recorded.  Results from several successive determinations under various gradients (0.003-0.05) were used to calculate the initial ksat (Table 1, Fig. S2-A, SI). Following the initial ksat measurements, the columns were fed distilled water by peristaltic pumps (model 7520-35, Masterflex) for a period of 1 to 7 days and flow rates were adjusted to obtain a void volume hydraulic retention time (HRTv) of about 16.5 hours. Additional ksat measurements were conducted under pump feed and were within two standard deviations of the initial ksat values. Overall, the water saturation step lasted 7 days for the compost columns, 8 days for the wood ash columns and 13 days for the peat-calcite columns. 
The column experiment was initiated by removing piezometers and replacing the water flow by an upward synthetic CND flow. The experiment lasted 18, 12, and 11 weeks for compost, peat-calcite and wood ash columns respectively. The columns were kept at room temperature (23.3 ± 2.3 °C) for the duration of the experiment and mean flow rates (Qmean) were used to calculate the full (HRTv) and mid-column (HRTvP2) void volume hydraulic retention times (Table 1). Towards the end of the experiment (t = 11 weeks for the wood ash and peat-calcite columns and t = 15 weeks for the compost columns), piezometers were reinstalled and final hydraulic conductivity measurements (final ksat) (Table 1, Fig. S2-B, SI) were performed as synthetic CND was pumped through the columns at the experimental flow rate. Final ksat values were within two standard deviations of initial ksat values for peat-calcite and compost and one order of magnitude lower than initial ksat for wood ash. More details about the determination of hydraulic parameters are presented in SI.
Water quality, sampling and analysis
The synthetic CND used as influent in the column experiments was based on the composition of a grab effluent sample from the Lac Tio mine, a low-iron Ni-contaminated drainage originating from the waste piles of a massive ilmenite deposit located near Havre-Saint-Pierre (Québec, Canada) (Table 2). The pH of this effluent is generally between 6.5 and 7.8 and Ni concentrations vary, occasionally exceeding the local provincial regulation (0.5 mg/L and 1 mg/L mean monthly and maximum acceptable concentrations, respectively) if not treated. The synthetic CND was prepared in a 120 L plastic barrel by dissolving salts in distilled water and its Ni concentration (4.05 mg/L), chosen as a worst-case scenario as well as to ensure analytical detection for a few months of column experiments, was much higher than field-measured Ni concentrations.

Table 2. Composition of an unfiltered field sample and of synthetic CND used in column experiments
	Component
	Unit
	Lac Tio mine field sample
	Synthetic CND1
	DL
	Source

	Ca
	mg/L
	251
	251 ± 9
	-
	CaSO4 · 2H2O

	Mg
	mg/L
	64
	64.5 ± 2.8
	-
	MgSO4 · 7H2O

	Na
	mg/L
	66
	74.7 ± 8.0
	-
	NaCl, NaNO3, Na2SO4

	K
	mg/L
	4.6
	4.68 ± 0.35
	-
	K2SO4

	Ni
	mg/L
	2.29
	4.05 ± 0.21
	0.01
	NiSO4

	Zn
	mg/L
	0.55
	0.37 ± 0.08
	0.01
	ZnSO4 · 7H2O

	Mn
	mg/L
	0.37
	0.40 ± 0.02
	0.01
	MnSO4 · H2O

	Co
	mg/L
	0.59
	0.64 ± 0.02
	0.01
	CoCl2 · 6H2O

	SO42-
	mg/L
	897
	917 ± 43
	0.2
	Ca, Mg, Na, K, Zn and Mn sulfates

	Cl-
	mg/L
	84
	85.22
	0.5
	NaCl

	NO3-
	mg/L
	1.92
	0.82
	0.2
	NaNO3

	Alkalinity
	mg/L CaCO3
	46
	10.6 ± 0.8
	-
	-

	pH
	-
	7.25
	6.90 ± 0.17
	-
	NaHCO3, CO2

	Eh
	mV
	-
	661 ± 14
	-
	-



1Results are expressed as mean ± standard deviation using n = 19 (Ni), n = 14 (other cations and SO4), n = 34 (pH), n = 29 (Eh, alkalinity).2 Cl- and NO3- concentrations were analyzed once by ion chromatography (model Thermo Scientific ICS 5000 AS-DP DIONEX).

The monitored parameters of the influent CND and of the treated water included pH, oxydo-reduction potential (ORP), alkalinity, dissolved organic carbon (DOC), and SO42-, Ni, Ca, Mg, K, Na, Zn, Co, Mn, and Fe concentrations. Samples for pH, ORP, alkalinity and Ni were taken at least bi-weekly at the inlet, mid-column (P2) and outlet ports, while samples for sulfate and other cations were taken at least every 4 weeks at the inlet and outlet ports only. At mid-column ports (HRTvP2 ∼ 9 hours), sampling was performed by inserting a needle in the septum and collecting the out-coming drip. All samples were filtered through 0.45 µm PVDF syringe filters except for pH, ORP and alkalinity determination. The ORP was measured immediately after sample collection using a double-junction Ag/AgCl electrode, (model Cole-Parmer GH-59001-77), calibrated with an ORP standard solution (Orion, ThermoScientific), and pH meter (model Hanna HI-5521). The ORP readings are reported in millivolts (mV) with respect to the Standard Hydrogen Electrode (Eh). The pH was measured within 4 hours of sample collection using a combined glass electrode (model Orion 9156BNWP, ThermoScientific), and pH meter (model Orion Star A211 benchtop, ThermoScientific). The total alkalinity (endpoint pH 4.5) was measured within 24 hours of sample collection according to standard method 2320 B (APHA 1998). Filtered samples for metal analysis were acidified with 1 % HNO3 (v/v), stored at 4 °C, and analyzed by atomic absorption spectrometry (AAS; Perkin-Elmer AAnalyst-200). Sulfates were measured within 30 hours by turbidimetry using a Lamotte (BaCl method 3665-SC, model SmartSpectro) or HACH (SulfaVer 4 method, model DR 6000) spectrophotometer. DOC samples were collected at the outlet by filling 15 mL centrifuge tubes and making sure no air was entrapped in the sample. Samples were stored at 4 °C and analyzed within 48 hours. 
Before columns were dismantled, the ORP was measured at all sampling ports (time = 11 week), along with the final dissolved Ni, Fe and sulfide concentrations (t = 11 weeks for wood ash and peat-calcite columns and at t = 17 weeks for compost columns). Sulfides were analyzed within 3 minutes of sampling using a HACH spectrophotometer (USEPA Methylene Blue Method, model DR 6000). 
Tracer test
In order to confirm the calculated HRTv, seven samples were taken at the outlet port during the initial 48 hours of the CND feed, syringe filtered through 0.45 µm PVDF filters, and analyzed for sulfates in order to obtain breakthrough curves for each column (Fig. S3, SI). Sulfates were used as a tracer because batch experiments (Richard et al. 2020b) have shown that sulfate concentrations remained constant in the presence of the solid substrates and preliminary column experiments have shown that outlet chloride and sulfate concentrations described CND breakthrough equally well. Experimental hydraulic residence times (HRTexp(48h)) were determined graphically as the time where half of the final outflow sulfate concentration was reached. The HRTv, calculated for the material filled section of the columns, did not include the time of passage (1 to 3 hours) of the CND through the empty section of the columns located between the top perforated plate and the column’s covering plate. For this reason, total void hydraulic retention times (HRTvtot(48h)) were determined for each column by combining the HRTv and the empty section HRT, using the flow rates measured during the first 48 hours of the CND experiment. Experimental HRTexp(48h) values (19.5 ± 0.8, 19.7 ± 0.5, and 18.2 ± 1.1 hours for compost, peat-calcite and wood ash respectively) were within 2 hours of the calculated HRTvtot(48h) values (18.4 ± 0.4, 17.8 ± 0.6 and 19.7 ± 0.4 hours for compost, peat-calcite and wood ash respectively).
Treatment of experimental data
Mid-column Ni breakthrough results for compost and peat-calcite columns were fit with s-shaped curves using the dimensionless parameter method of Sauty (1980). This method allows an estimation of the Peclet (Pe) number using results of continuous injection tracer experiments (Peregoedova 2013). For the continuous injection of a tracer in a unidimensional field, the dimensionless equation for the restitution of the tracer (Eq. 1) is: 
           (1)
where Cr is the normalized concentration defined as C/C0 (where C0 is the input concentration), tr is the normalized time defined as t/tHRT (where tHRT is determined graphically and corresponds to the time when Cr = 0.5), and Pe is the Peclet number. First, the method was used to estimate the Pe number of the materials using the tracer test results (Fig. S4, SI). Second, it was used to fit dimensionless-type curves to normalized mid-column Ni breakthrough results using these predetermined Pe numbers. In this model the normalized volume V/VHRT (where VHRT is determined graphically and corresponds to the volume of CND treated when Cr = 0.5) was used instead of tr.
Post-testing characterization
Columns were dismantled after 127 days (compost), 85 days (peat-calcite) and 78 days (wood ash) of operation after having successfully treated CND volumes of 530 L, 420 L and 415 L respectively. Upon dismantlement, 1.5-3.5 cm horizons of spent materials were sampled in the bottom (3-8 cm), middle (13-19 cm) and top (25-30 cm) sections of the columns. Materials were homogenized by mixing and divided into appropriate containers for different physicochemical characterization tests and stored at 4°C (if not dried or used immediately). Water contents were determined by drying 25-50 g of wet materials at 60°C until constant weight was obtained. The pH, DOC, CTOT and Corg+g were determined within one week of dismantlement using the same techniques as the ones used during the initial characterization. Spent solid mineralogy was evaluated on samples from top and bottom horizons of columns C2, PC2 and WA1 using a scanning electron microscope equipped with X-ray Energy Dispersive Spectroscopy (SEM-EDS), model JEOL JSM-7600 (20 kV, 3 nA, 15 mm). Samples used for mineralogical characterizations were dried at 40°C upon dismantlement and stored at 4 °C for 7 weeks or less.
Chemical extractions following sequestration on spent organic materials
Ni fractionation and total Ni and Fe concentrations were determined within 6 weeks of dismantlement on 1 g (dry weight) samples using, respectively, a sequential extraction procedure (SEP) and an acid digestion procedure (method 3030 I., APHA (1998)). The five-step SEP (Zagury et al. 1997) was based on a procedure devised by Tessier et al. (1979) but used a different digestion method for the residual metal fraction. Briefly, the solid was placed in a polypropylene (PPCO) centrifuge tube and the operationally-defined fractions, extraction times, temperatures and solutions were: (F1) soluble and exchangeable (1 h, 21 °C, 8 mL of 1 M MgCl2, pH 7), (F2) carbonate bound and specifically adsorbed (5 h, 21 °C, 8 mL of 1 M NaOAc, pH 5), (F3) reducible or bound to Fe-Mn oxides (6 h, 96 °C, 20 mL of 0.04 M NH2OH·HCl in 25 % (v/v) HOAc), (F4) oxidizable or bound to organic matter (5 h, 85 °C, 20 mL of H2O2-HNO3,NH4OAc, pH 2), and (F5) residual fraction (HNO3, HF, HClO4). Between each of the successive extractions, solids and liquids were separated by centrifugation. Once the supernatant solution was removed, the solid residue was rinsed twice by repeating the following procedure: 8 mL of deionized water was added, shaken manually for 30 seconds, centrifuged and removed. After centrifugation, the extracting and rinsing solutions were filtered through 0.45 µm PVDF syringe filters and analyzed by AAS for their Ni content. To determine the residual Ni fraction (F5), the solid residue was transferred to a Teflon beaker and digested according to method 3030 I. (APHA 1998).
Geochemical modeling
Equilibrium speciation calculations were performed for closed system conditions using the freeware VMINTEQ version 3.1 and the associated database (Gustafsson 2019). First, the effect of pH on Ni speciation in the synthetic CND at 23°C was modeled using the data from Table 2 (Fig. S5, SI). Second, saturation indices in the treated water at t= 0, 1, 4, 8, 11/12 and 18 weeks were calculated using the following parameters: pH, Eh, DOC, alkalinity, Ca, Mg, K, Na, Mn, Fe, SO42- and Cl-.

Results and discussion
During all column experiments, the Ni concentrations measured in the treated water remained below or very close to the detection limit in all columns for the duration of the experiment (Fig. 1-A). Mid-column (P2 port) Ni breakthrough (0.5 mg/L) was observed in the peat-calcite and compost columns and results were fit with s-shaped curves using the Sauty method (Fig. 1-B) with predetermined Pe values of 45 and 10, respectively (Fig. S4, SI). Mid-column Ni breakthrough was not reached in the wood ash columns after over 400 L of CND had been circulated. At mid-column, the performance of columns for Ni removal increased in the order peat-calcite < compost < wood ash and the volume of CND treated by the different columns at Ni breakthrough was estimated at 285 ± 20 L, 345 ± 70 L and > 450 L for the peat-calcite, compost and wood ash columns respectively. The mid-column results differed from the expected order of best performance (wood ash < peat-calcite < compost)  based on maximal sorption capacity values obtained at circum-neutral pH (Richard et al. 2020b). Figures presenting the outflow concentrations of sulfate and other cations (Ca, Mg, K, Na, Mn and Fe) can be found in the SI (Fig. S6, SI).

Figure 1 (a) Outlet dissolved Ni concentration (HRTv ∼ 16.5 hours). (b) Mid-column (P2 port) dissolved Ni concentrations with Sauty s-shaped curve fits (HRTvP2 ∼ 9 hours). Dashed line represents the mean inflowing Ni concentration. Duplicate results are presented for each type of column.
In figures presenting Eh, pH, alkalinity and DOC temporal variation (Fig. 2), values located on the origin of the x axis were measured just before the start of the CND feed and represent outflow conditions in the water-fed columns.  The first measurement in the CND-fed columns was taken when outflow sulfate concentrations had reached their inflow concentrations (t = 44 ± 2 hours). The pH of the compost and peat-calcite columns outlets, stable throughout the experiment, was identical to the inflowing CND pH for compost columns (6.96 ± 0.11) and slightly higher than the inflowing pH for peat-calcite columns (7.52 ± 0.10), due to calcite dissolution. The pH of the wood ash column was high (10.96 ± 0.04) for the first week of the experiment, exceeding the regulatoty value of 9.5 for the province of Quebec (Canada). It then decreased between t = 1 and 4 weeks (30 L and 150 L treated) and stabilised at 9.25 ± 0.12 until the end of the experiment.  In wood ash, the dissolution of reactive Ca, Na and K oxides, hydroxides and carbonates increases the pH, with highly reactive fractions dominating during the initial reaction stages and more slowly reacting fractions, such as calcite, becoming significant thereafter (Demeyer et al. 2001; Ohno 1992; Ulery et al. 1993). Higher outlet Ca concentrations (148 % of inflowing [Ca]) at t = 1 week (30L treated) and higher but decreasing outlet K concentrations (from 200 % to 136 % of inflowing [K]) between 4 and 11 weeks (150 L and 400 L treated) may be related to the dissolution of these reactive mineral phases (Fig. S6, SI). Furthermore, X-ray diffraction results on similar wood ash materials supplied by Wood Ash Industries showed that calcite was significantly present in the material (Genty et al. 2012) and thus, calcite dissolution may have played a role in maintaining a high pH in these columns. The Eh was stable throughout the compost experiment (60 ± 12 mV). In peat-calcite columns, Eh decreased slightly (≈110 mV) over a period of 6 weeks (210 L treated) before stabilizing (130 ± 15 mV). In wood ash columns, Eh was variable in the first week of experiment (37-300 mV) and stabilized as of the second week (75 L treated) at a much higher value of 640 ± 15 mV. These unexpectedly high Eh values are much higher than the ones reported (0-300 mV) for leachates of coal fly ash and soil-fly ash mixtures at similar pH values (8-11) (Komonweeraket et al. 2015). Alkalinity initially decreased in all columns over a period of 4 weeks (115-150 L treated) before stabilizing at 37 ± 5 mg/L CaCO3 in compost and peat-calcite columns and 19 ± 3 mg/L CaCO3 in wood ash columns. During the same initial 4 week period, DOC decreased slightly (up to 18 mg/L) in compost and peat-calcite columns before stabilizing around 6 ± 2 mg/L. Initial DOC values (t = 0) were higher in compost columns than in peat-calcite columns, likely due to the longer water saturation step in the peat-calcite columns. In wood ash columns, DOC remained stable and low (3 ± 1 mg/L) for the duration of the experiment. The low Corg value of wood ash (5.6 % w/w) may explain why very little organic carbon was released by these columns.

Figure 2 Variation of physicochemical parameters at column outlet port. Mean inflow parameters (when available) are represented by the straight dashed line. Duplicate results are presented for each type of column.
Column profiles
The Eh, Fe and sulfides column profiles were built using liquid samples taken from the inlet (0 cm), P1 (9 cm), P2 (18.6 cm), P3 (27.9 cm) and outlet ports (33-35 cm) and represent the inlet, pore water, and outflow conditions within the columns (Fig. 3 & 4). In these figures, the origin of the y axis represents the bottom of the columns. In compost and peat-calcite columns, important Eh decreases (400-550 mV) were observed between the entry and P1 ports in compost columns, and between P2 and P3 ports in peat-calcite columns, likely due to oxygen consumption during organic matter oxidation. For wood ash columns, pore water Eh values remained constant and similar to the entry value for the entire height of the columns. In these columns, Eh measurement was difficult as the electrode’s response would occasionally become erratic, mostly after its prolonged exposure to the wood ash pore water solution, and start to give unstable mV readings. This behavior was corrected at best by frequently recalibrating the electrode. Eh profiles indicated that pore water conditions became more reducing in the bottom of the compost columns and in the second half of the peat-calcite columns, while they remained highly oxidizing in the wood ash column.

Figure 3 Mean Eh measurements in liquid samples taken from column ports at time =11 weeks. Results are presented as the average parameter from duplicate columns with error bars representing one standard deviation from the mean.
Sulfides and Fe, absent from the synthetic CND composition (Table 2), were measured in the compost and peat-calcite column outflows (Fig. 4) but remained below detection limits in wood ash columns (data not shown). Final sulfide and Fe profiles in compost and peat-calcite columns showed an increase in these parameters with height in the columns. Low sulfide concentrations (< 110 μg/L), detected at port P1 in the compost columns and at port P3 in the peat calcite columns, were measured in samples when Eh values fell below 250 mV. In compost columns, sulfide concentrations decreased between P3 and outlet ports probably due to the precipitation of black metastable Fe-sulfides (Fig. S8, SI).  Furthermore, the Eh values measured at the P3 (73 mV) and outlet ports (50 mV) of compost columns suggested early stage sulfate-reducing conditions (Fig. 3), even though sulfate concentrations at the outlet remain relatively constant (Fig. S6, SI). Pore water Fe concentrations were much lower in peat-calcite columns due to the lower Fe content of this material (Table S1, SI), and Fe-sulfide precipitates were not observed in these columns. In compost columns, the treated water Fe concentration decreased with time (Fig. S6, SI), as reducible Fe was likely decreasing in the solid. Total Fe concentrations in the spent compost samples collected after dismantlement indicated that Fe concentrations were lower (15900 ± 200 mg/kg) in the bottom sections of the columns than in the upper sections (18900 ± 900 mg/kg), where concentrations remained similar to the initial Fe content of the compost (Table S1, SI). 
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Figure 4 Final pore water Fe and sulfides concentrations in (a) compost columns (time = 17 weeks) and (b) peat-calcite columns (time = 11 weeks)
Post-testing characterization
The fresh materials characteristics are presented along with the post-experiment characterizations for each column (Table 3). The pH of the spent solid in peat-calcite and wood ash columns was lower than the initial pH of the material by up to 1.16 pH units and 1.75 pH units, respectively. This decrease in pH was likely due to the dissolution of calcite and other pH increasing minerals during the experiment. It was more pronounced in the bottom layers of columns than in the top layers, with a larger difference in the peat-calcite columns (0.62 pH units) than in the wood ash columns (0.33 pH units). The pH of the spent compost was identical within two standard deviations to the initial compost pH in all samples except for the bottom sample in C1 in which the pH was slightly higher (0.31 pH units).  The DOC of the spent solid was lower than the initial DOC of the material in all columns which is consistent with the continuous DOC loss at the column outlet (Fig. 2). In compost and peat calcite columns, higher DOC values were measured in the top layers than in the bottom layers, while they remained constant and low in wood ash columns. The CTOT was relatively constant between the spent materials and the materials. The total inorganic C, calculated as the difference between CTOT and Corg+g, was higher in the top sections of the wood ash and peat-calcite columns than in the bottom sections, which may be related to the more pronounced dissolution of carbonates in bottom sections. Both CEC and SSA values are traditionally presented on a weight basis but for fixed volume applications, it is relevant to compare these values on a volume basis. On this basis, the CEC of the fresh material increased in the order: wood ash < peat < compost, while the SSA, better correlated to the performance of the different materials in the present study, increased in the order: peat < compost < wood ash. The rate of sorption processes on porous solids such as wood ash is determined by intra-particle diffusion and may require days to reach a steady state (Inglezakis et al. 2019; Rees et al. 2014; Richard et al. 2020b; Tran et al. 2017). Hence the CEC experimental protocol used in the present study (Chapman 1965), where substrates and solutions are equilibrated at fixed pH (8.2) over short time periods (3 x 5 min), might not be best suited to evaluate the removal potential of this type of solid.
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Table 3 Physicochemical characterization of fresh and post-treatment organic materials 
	
	
	
	pH
	Water content 
(% w/w)
	DOC - water ext. (mg/L)
	CTOT 
(% w/w)
	Corg+g
(% w/w)
	Cinorg
(% w/w)
	CEC
(meq/100g) / (meq/cm3)
	SSA
(m2/g) / (m2/cm3)

	
	
	
	
	
	
	
	
	
	
	

	Wood ash
	Fresh materials1
	10.74 ± 0.2
	-
	64.4 ± 8.0
	48.6 ± 0.6
	41.7 ± 2.0
	6.9 ± 2.5
	100 ± 5 / 0.25 ± 0.01
	94.4 / 23.4

	
	
	
	
	
	
	
	
	
	
	

	
	Post-treatment materials
	WA1 (Bottom)
WA1 (Top)
	8.99
	76.6
	4.5
	54.6
	46.4
	8.2
	-
	-

	
	
	
	9.31
	70.9
	4.7
	53.9
	37.6
	16.3
	-
	-

	
	
	WA2 (Bottom)
WA2 (Top)
	9.12
	73.7
	2.5
	-
	-
	-
	-
	-

	
	
	
	9.45
	71.0
	1.5
	-
	-
	-
	-
	-

	
	
	
	
	
	
	
	
	
	
	
	

	Compost
	Fresh materials1
	7.98 ± 0.12
	-
	71.4 ± 3.6
	16.8 ± 1.3
	13.0 ± 2.3
	3.8 ± 3.7
	64 ± 5 / 0.42 ± 0.03 
	5.88 / 3.86

	
	Post-treatment materials
	C1 (Bottom)
C1 (Top)
	8.29
	51.8
	8.2
	-
	-
	-
	-
	-

	
	
	
	8.13
	49.9
	13.1
	-
	-
	-
	-
	-

	
	
	C2 (Bottom)
C2 (Top)
	8.18
	50.1
	9.5
	18.9
	16.5
	2.4
	-
	-

	
	
	
	8.10
	47.0
	11.2
	17.3
	14.9
	2.4
	-
	-

	
	
	
	
	
	
	
	
	
	
	
	

	Peat
	Fresh materials1
	5.07 ± 0.12
	-
	251 ± 6
	50.2 ± 1.0
	50.6 ± 0.1
	0 ± 1
	195 ± 4 / 0.40 ± 0.01
	1.52 / 0.31

	
	
	
	
	
	
	
	
	
	

	Peat-calcite
	Fresh materials1
	8.41 ± 0.12
	-
	-
	-
	-
	-
	-
	-

	
	Post-treatment materials
	PC1 (Bottom)
PC1 (Top)
	7.25
	79.6
	6.5
	-
	-
	
	-
	-

	
	
	
	7.87
	76.9
	18.4
	-
	-
	
	-
	-

	
	
	PC2 (Bottom)
PC2 (Top)
	7.30
	80.8
	7.7
	50.4
	48.1
	2.3
	-
	-

	
	
	
	7.91
	77.6
	19.9
	49.6
	40.5
	9.1
	-
	-



1 Results are expressed as mean ± standard deviation using n=2 (DOC, CTOT, Corg+g, n=3 (pH, CEC).



Chemical extractions following sequestration on spent organic materials
The sum of Ni concentrations in extraction solutions following the SEP are presented along with total digestion results (Table 4). Results of these extractions indicate that more Ni was retained in the bottom sections of the columns than in the top sections, and that top section Ni concentations were only slighlty higher (20-85 mg/kg) than fresh material Ni concentrations (Table S1). Middle section Ni concentrations were higher in the order peat-calcite > compost > wood ash, as expected based on final mid-column pore-water Ni concentrations (Fig. S7, SI). Results of the SEP (Fig.5 & Table S2, SI) indicated that the fractionnation of Ni differred between the top and bottom sections of columns. The residual fraction (F5) was proportionnally lower in the bottom sections of all columns as the other fractions in this section retained most of the Ni. The Ni content of the residual fraction mainly originates from the material istself and thus, it is logical that this fraction decreased in comparison to the other fractions as it did not retain additionnal Ni. In bottom sections of wood ash columns, Ni was retained predominantly on the reducible or bound to Fe-Mn oxides fraction (F3) (in agreement with mean Eh measurements in Fig. 3). The absence of Mn in wood ash column outflows (Fig. S6, SI) suggests that Mn was retained in these columns, possibly in the form of oxides or oxyhydroxides, and may have contributed to Ni removal. In bottom sections, the proportion of Ni in the labile or mobile fraction (F1 + F2), representing the fraction that could become an environmental risk (Gosselin and Zagury 2020; Pinto and Al-Abed 2017), was lower in the wood ash (23%) columns than in the compost (37 %) and peat-calcite (36%) columns. When compared to their respective top sections, a higher percentage of Ni was associated to the mobile fraction in bottom sections of the compost (C1 and C2) and peat-calcite (PC1) columns suggesting retention mechanisms such as ion exchange and specific adsorption in compost and peat-calcite.
Table 4 Ni concentrations in extracting solutions following SEP and total digestion of spent organic materials
	
	
	Sum of [Ni] in SEP (mg/kg)1
	Total digestion [Ni] (mg/kg)1

	
	
	
	

	Wood ash
	Bottom
	3490 ± 710
	3960 ± 630

	
	Middle (WA1)
	55
	44

	
	Top
	66 ± 9
	49 ± 2

	
	
	
	

	Compost
	Bottom
	3290 ± 200
	2990 ± 170

	
	Middle (C2)
	317
	337

	
	Top
	51 ± 11
	52 ± 17

	
	
	
	

	Peat-calcite
	Bottom
	4910 ± 290
	4250 ± 140

	
	Middle (PC2)
	2270
	1980

	
	Top 
	55 ± 41
	43 ± 26



[bookmark: _Hlk37678944]1Results are expressed as mean ± standard deviation using n = 2 (duplicate columns), except for the mid-column samples for which only one column was sampled. 


Figure 5 Fractionation of Ni, according to the SEP applied to spent organic materials sampled from bottom and top sections of columns at dismantlement. 
Column performance, substrate properties and scale-up
The SSA values of compost and peat (Table 3) were lower than that of wood ash and yet, in short-term (1 day) batch experiments, under circum-neutral conditions, these materials adsorbed more Ni than wood ash because of their organic surface functional groups (Richard et al. 2020a). At higher pH (8) and longer exposure times (more than 2 days), the Ni removal efficiency of wood ash increased in batch experiments and the three materials performed equally well (Richard et al. 2020b). In the present study, pH values of wood ash effluent were 1.75 to 4 pH unit higher than those of compost and peat-calcite columns (Fig. 2), due to the higher solid: solution ratios in column experiments in comparison to batch tests. At higher pH, the net solid surface charge becomes more negative, and the sorption of cationic metals onto solids is typically increased. Hence the combination of high pH and high SSA values might explain to some extent the better performance of wood ash columns versus compost and peat-calcite columns. A high pH material (peat fly ash) was also observed to outperform compost for the removal of metal cations (Zn, Cd, Pb) in a field study by Warrender et al. (2011).
When the pH of the synthetic CND is increased above 7.79, oversaturated Ni carbonate (NiCO3(s), Ksp = 10-11.2) and hydroxide (Ni(OH)2(c), ksp = 10-10.79)  phases become dominant over the dissolved Ni species, for closed system conditions and in the absence of a solid substrate. Hence, in high pH columns, Ni could be removed via precipitation mechanisms. While ksat decreased by one order of magnitude in wood ash columns during the experiment (Table 1), newly formed precipitates were not observed upon dismantlement or during the SEM-EDS analysis. 
During the two week high pH phase at the beginning of the wood ash experiment, a small amount of white precipitate, presumably calcite, formed in the treated water upon their exposure to atmospheric conditions. During this period, calcite saturation indexes (SIcalcite) were >1.5 (Fig. S9, SI), a threshold value above which calcite precipitation in solution can be expected (Ford and Williams 2007; Riley and Mayes 2015). This is a concern with the use of alkaline materials such as wood ash as calcite precipitation in the treated water may smother benthic habitats and affect fish and invertebrate populations (Bogart et al. 2016; Hull et al. 2014; Koryak et al. 2002). In compost columns, treated water was oversaturated with respect to a suite of Fe oxides, and rust color precipitates were observed in all samples upon their aeration.
The ratios between the volumes of CND treated when mid-column Ni breakthrough was reached and the volume of material in the lower section of columns (below P2) were scaled linearly to estimate the approximate volume of each material that would be required to maintain a Ni contaminated effluent (4.05 mg/L Ni) with a flow rate of 10 m3/h below breakthrough (< 0.5 mg/L Ni) for a period of one year. The estimated volumes of materials required for compost (600 ± 140 m3) and peat-calcite (720 ± 50 m3) treatment cells were relatively close, as the low Ni breakthrough concentration (0.5 mg/L) intersects the very bottom of the S-shaped curves (Fig. 1-B). Results from the wood ash columns only allowed the prediction of an upper limit (< 500 m3) to the volume of material required for a treatment cell.

Conclusion
Compost, peat-calcite and wood ash column reactors (4.8 L) continuously treated more than 400 L of synthetic CND containing 4.05 mg/L of Ni over a period of 11 to 14 weeks at HRTv of ∼ 16.5 hours. Reducing conditions were observed in compost and peat-calcite columns with suggestion of early stages of sulfate reduction and metal sulfide precipitation, for compost columns only. At the end of columns’ operation, Ni breakthrough (0.5 mg/L Ni) was reached at mid-column (HRTvP2 ∼ 9h) in peat-calcite and compost columns while increasing Ni concentrations (up to 0.22 mg/L) were measured in wood ash columns. Column performance increased in the order peat-calcite < compost < wood ash and a sequential extraction procedure suggested that the sequestered Ni was potentially less mobile in the wood ash residue than in the other spent organic materials. Sorption is thought to be the main Ni removal mechanism in the lower, Ni-rich, sections of columns and the better performance of wood ash was attributed to the pH increasing properties of this material. Precipitation of hydroxides or carbonates may also have contributed to Ni removal in these high pH columns. The depletion of pH increasing minerals, or the precipitation of sulfides may affect Ni removal capacities in the upper section of columns (between HRTv of ∼ 9 hours and ∼ 16.5 hours), and further testing is warranted to evaluate the performance of the materials at longer HRT. Scaling the mid-column results to full-scale showed that cell sizes designed for a one-year treatment of a high discharge (10 m3/h) Ni contaminated (4.05 mg/L) neutral effluent would vary between less than 500 m3 for wood ash and 720 ± 50 m3 for peat-calcite. Further investigations are needed to assess whether cell sizes could be reduced via material compaction and whether the use of higher water velocities would affect Ni removal capacities. Moreover multi-step treatment systems might be an option worth investigating for the passive treatment of CND. These systems could take advantage of the removal capacity of wood ash as a first step and of the low pH of peat as a second step for additional adsorption and pH adjustment.
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Wood ash	0	9.7354536111111099	30.623087291666671	72.416517812500004	145.59588833333333	218.75709569444444	291.97642516666667	360.21178361111117	406.96375673611112	2.2222222222222199E-2	5.8585858585858588E-2	1.5151515151515152E-2	8.1818181818181804E-2	3.0303030303030304E-2	6.6666666666666666E-2	0.16565656565656567	0.22222222222222224	0.22222222222222224	Peat-calcite	0	9.0843499999999988	28.887544791666663	68.287471874999994	137.76210312499998	206.87542500000001	276.33285104166663	340.83517708333329	375.67572395833326	414.80036770833334	8.6868686868686859E-2	0.17373737373737372	2.0202020202020204E-2	0	2.1212121212121213E-2	3.5353535353535359E-2	0.28080808080808084	1.404040404040404	2.9777777777777779	3.2121212121212124	CEN2-P2	0	9.8507308333333334	30.746777395833334	73.273999687500009	147.19123739583333	221.23712270833332	295.33814270833335	364.47704083333338	411.78260270833334	2.1212121212121213E-2	5.8585858585858588E-2	2.0202020202020204E-2	8.6868686868686859E-2	2.9292929292929294E-2	2.4242424242424242E-2	4.9494949494949494E-2	3.0303030303030304E-2	1.0101010101010102E-2	compost	8.1619604166666662	24.037172222222221	56.469179166666663	114.34696388888888	171.31597083333332	228.37017569444447	285.79357152777777	342.81937708333334	400.20017395833332	453.36367395833332	514.45058020833335	1.2121212121212121E-2	4.0404040404040407E-2	3.5353535353535359E-2	2.222222222222222E-2	9.5908580757065612E-2	0	4.2424242424242427E-2	0.17171717171717174	0.28282828282828287	0.47070707070707074	1.0606060606060606	C2-P2	8.3697266666666668	24.590804444444448	57.906626666666661	117.11210444444445	175.67689333333334	234.0523877777778	292.92296000000005	351.4586266666667	410.31463777777782	464.83143777777781	527.66263222222221	1.0101010101010102E-2	3.0303030303030304E-2	2.9292929292929294E-2	1.3131313131313131E-2	0.12957861442709928	0.21717171717171718	0.39393939393939398	0.92929292929292939	1.4272727272727272	1.6262626262626263	2.3636363636363633	T2-P2	0	9.0415564583333321	28.929542812500003	68.334227270833324	137.56573447916668	206.59784614583336	276.1456359375	340.51945520833334	375.3277286458333	414.41613052083335	8.6868686868686859E-2	0.17373737373737372	2.0202020202020204E-2	0	2.1212121212121213E-2	5.2525252525252523E-2	1.1383838383838385	2.3434343434343434	2.3909090909090911	3.3131313131313131	Sauty model	1	25	50	75	100	125	150	175	200	225	250	275	300	325	350	375	400	425	450	475	500	525	550	575	600	625	650	675	700	725	750	775	800	825	850	875	900	925	950	975	1000	1050	1100	1150	1200	1250	1300	1350	1400	0	1.8238684564775225E-24	8.0978191908038368E-12	1.3847729811402575E-7	1.8243237691428769E-5	3.4036302731834626E-4	2.3805025893038271E-3	9.4844284919176295E-3	2.65524460975343E-2	5.8712224386382773E-2	0.11001221226746237	0.18270269289959737	0.27712868760779857	0.39201768544117799	0.52493410466103951	0.67274503540441888	0.83201707730816699	0.9993165046234509	1.1714143602058698	1.3454112770368121	1.5188005713322705	1.6894871597001146	1.8557769460853222	2.0163480011778803	2.1702118134825548	2.3166703818487311	2.4552729780105449	2.5857749725096575	2.7081000948115852	2.8223067945411611	2.9285589038245874	3.0271005047813291	3.1182347304631119	3.202306134118472	3.2796862230311246	3.3507617497310296	3.4159253714188025	3.4755683186104003	3.5300747500362983	3.5798175086471371	3.6251550306419702	3.703963926741348	3.7690168025898272	3.8225272098118745	3.8664120334473244	3.9023107729197464	3.9316120027456929	3.9554825439704193	3.9748965927929016	[Ni]	-5	2000	4.057227446882619	4.057227446882619	troube_m	1	25	50	75	100	125	150	175	200	225	250	275	300	325	350	375	400	425	450	475	500	525	550	575	600	625	650	675	700	725	750	775	800	825	850	875	900	925	950	975	1000	1050	1100	1150	1200	1250	1300	0	2.4023202415787174E-63	5.5529582389357845E-28	2.3408455762898055E-16	1.1255859744819262E-10	2.2606134723066323E-7	2.9333778536932369E-5	7.9685388793738804E-4	8.1675943322589411E-3	4.3862059686197816E-2	0.15042061984617663	0.37395546918699113	0.7340155473199107	1.2077563088522065	1.739957628809744	2.2672718734893751	2.7393936299409947	3.1284814404898325	3.4278830952595789	3.6454256406400716	3.796014114267213	3.8960405827674913	3.9601690095189692	4.0000423523007651	4.0241824145228637	4.0384602086835777	4.046733263963243	4.0514406826474643	4.0540763495185814	4.0555309477178216	4.0563234326972255	4.0567502074947619	4.0569776428214643	4.0570977029746897	4.057160537734319	4.0571931660694425	4.0572099881378101	4.0572186043450982	4.0572229910601916	4.0572252121126446	4.0572263309379464	4.0572271718961961	4.0572273800659913	4.0572274308445282	4.0572274430739164	4.0572274459866033	4.0572274466735729	[Ni]	-5	2000	0.5	0.5	BRK_peat	525	525	0	6	BRK_compost	1200	1200	0	6	Volume treated (L)

 Ni (mg/L)

Compost	0	7.7248480555555545	23.249596666666665	55.188604999999995	111.47797999999999	139.59487027777777	167.43378833333333	223.40349527777778	279.47049250000003	322.86804916666671	347.37093944444445	405.57610125000008	459.56308041666671	521.54013250000003	7.64	7.1	7.06	7.01	6.72	6.88	6.9	6.91	6.87	7.04	6.95	7	7.1	7.02	Peat-calcite	0	0	29.015307986111104	69.040032291666662	139.40607986111112	179.65762256944444	209.51041388888891	280.05093715277775	345.47932256944438	380.58383229166662	420.50387118055551	7.12	7.58	7.76	7.45	7.33	7.6	7.46	7.56	7.62	7.5	7.41	Wood ash	0	9.6816927083333333	30.575707638888883	73.285803472222227	147.45679027777774	190.24065138888886	221.94127951388887	296.25979687500001	371.0393472222222	412.97490763888885	10.93	11	10.94	10.26	9.34	9.26	9.39	9.34	9.2200000000000006	9.25	CND	0	600	6.895294117647059	6.895294117647059	C2	0	8.1627335416666664	24.567507500000001	58.31698875	117.797145	147.50785020833337	169.36211291666666	225.97641951388889	282.70319555555557	315.29121708333332	339.21909138888884	407.50313062499998	468.81818562500007	532.04338875000008	7.49	7.12	7.06	6.99	6.72	6.79	6.87	6.92	6.98	7.06	6.94	7	7.05	7.02	PC2	0	8.7788072916666664	29.140032986111105	69.336807291666673	140.00532986111111	180.42989756944445	210.4110138888889	281.25476215277774	346.96439756944443	382.43007812500002	422.31144618055555	7.2	7.58	7.59	7.45	7.33	7.61	7.49	7.56	7.55	7.46	7.46	WA	0	9.8076562500000009	30.973512499999998	74.239287500000017	149.39395625	192.71577500000001	224.82884375	300.11428125000003	375.86675000000002	418.34791250000001	10.93	11	10.91	10.3	9.2100000000000009	9.27	9.42	9.2899999999999991	9.01	9.02	C_moy	0	7.9437907986111105	23.908552083333333	56.752796875000001	114.6375625	143.55136024305557	168.39795062499999	224.68995739583335	281.08684402777783	319.07963312499999	343.29501541666662	406.5396159375	464.19063302083339	526.79176062500005	7.5649999999999995	7.1099999999999994	7.06	7	6.72	6.835	6.8849999999999998	6.915	6.9250000000000007	7.05	6.9450000000000003	7	7.0749999999999993	7.02	PC_moy	0	0	29.077670486111103	69.188419791666661	139.70570486111112	180.04376006944443	209.9607138888889	280.65284965277772	346.2218600694444	381.50695520833335	421.40765868055553	7.16	7.58	7.6749999999999998	7.45	7.33	7.6050000000000004	7.4749999999999996	7.56	7.585	7.48	7.4350000000000005	WA_moy	0	9.7446744791666671	30.774610069444442	73.762545486111122	148.42537326388887	191.47821319444444	223.38506163194444	298.18703906250005	373.45304861111111	415.6614100694444	10.93	11	10.925000000000001	10.280000000000001	9.2750000000000004	9.2650000000000006	9.4050000000000011	9.3149999999999995	9.1150000000000002	9.1349999999999998	Volume treated (L)

pH


Compost	0	7.7248480555555545	23.249596666666665	55.188604999999995	111.47797999999999	167.43378833333333	223.40349527777778	279.47049250000003	347.37093944444445	405.57610125000008	459.56308041666671	521.54013250000003	267	85.5	77.5	57.6	43.5	46.2	42.2	34.700000000000003	31.3	33	34	31.05	Peat-calcite	0	0	29.015307986111104	69.040032291666662	139.40607986111112	209.51041388888891	280.05093715277775	345.47932256944438	420.50387118055551	216.5	91.1	63.8	56.3	42.55	38.200000000000003	34.4	32.700000000000003	28.1	Wood ash	0	9.6816927083333333	30.575707638888883	73.285803472222227	147.45679027777774	221.94127951388887	296.25979687500001	371.0393472222222	412.97490763888885	140.6	79.8	76.599999999999994	38.1	14	17.55	18.149999999999999	20.65	21.25	CND	0	600	10.610344827586205	10.610344827586205	C2	0	8.1627335416666664	24.567507500000001	58.31698875	117.797145	169.36211291666666	225.97641951388889	282.70319555555557	339.21909138888884	407.50313062499998	468.81818562500007	532.04338875000008	225	80.5	77.5	58.6	37.9	43.3	41.8	43.5	30.5	33.700000000000003	33.299999999999997	33.4	PC2	0	8.7788072916666664	29.140032986111105	69.336807291666673	140.00532986111111	210.4110138888889	281.25476215277774	346.96439756944443	422.31144618055555	207.7	86.2	73.900000000000006	56.2	40	38.1	33.15	31.1	27.5	WA2	0	9.8076562500000009	30.973512499999998	74.239287500000017	149.39395625	224.82884375	300.11428125000003	375.86675000000002	418.34791250000001	132.1	80.599999999999994	73.5	38.5	14.65	17.25	18.100000000000001	21.25	22.25	C_moy	0	7.9437907986111105	23.908552083333333	56.752796875000001	114.6375625	168.39795062499999	224.68995739583335	281.08684402777783	343.29501541666662	406.5396159375	464.19063302083339	526.79176062500005	246	83	77.5	58.1	40.700000000000003	44.75	42	39.1	30.9	33.35	33.65	32.225000000000001	PC_moy	0	0	29.077670486111103	69.188419791666661	139.70570486111112	209.9607138888889	280.65284965277772	346.2218600694444	421.40765868055553	212.1	88.65	68.849999999999994	56.25	41.274999999999999	38.150000000000006	33.774999999999999	31.900000000000002	27.8	WA_moy	0	9.7446744791666671	30.774610069444442	73.762545486111122	148.42537326388887	223.38506163194444	298.18703906250005	373.45304861111111	415.6614100694444	136.35	80.199999999999989	75.05	38.299999999999997	14.324999999999999	17.399999999999999	18.125	20.95	21.75	Volume treated (L)

Alkalinity (mg/L CaCO3)

Compost	0	7.8666138888888879	23.877813888888891	111.89493833333331	203.00033416666668	347.78843875000007	521.84245958333338	85.89	28.395	20	10.66	6.4514999999999993	3.9780000000000002	3.2090000000000001	Peat-calcite	0	8.9157079861111104	29.974924305555554	139.80737395833333	245.29537881944444	420.81792743055547	62.075000000000003	17.984999999999999	10.559999999999999	9.4830000000000005	6.1749999999999998	6.3529999999999998	Wood ash	0	9.3313076388888874	31.092064583333332	147.77029270833333	254.15826458333331	365.72824722222219	5.9139999999999997	5.5049999999999999	3.9239999999999999	3.25	1.617	2.1269999999999998	C2	0	7.7635352777777769	24.554574652777781	115.04430885416666	204.1693053125	343.70761593750001	527.09713197916676	85.765000000000001	26.47	19.05	8.2870000000000008	6.6455000000000002	4.7839999999999998	3.01	PC2	0	8.9540329861111108	30.13881944444444	140.40834895833333	246.24466840277776	422.62685243055552	58.04	15.375	11.285	7.9349999999999996	5.5590000000000002	3.7970000000000002	WA2	0	9.4527125000000005	31.496587500000004	149.69285625000001	257.44630625000002	370.65841750000004	6.3440000000000003	5.2779999999999996	3.5640000000000001	4.2720000000000002	2.5244999999999997	2.19	C_moy	0	7.7635352777777769	24.554574652777781	115.04430885416666	204.1693053125	343.70761593750001	527.09713197916676	85.827500000000001	27.432499999999997	19.524999999999999	9.4735000000000014	6.5484999999999998	4.3810000000000002	3.1094999999999997	PC_moy	0	8.9348704861111106	30.056871874999999	140.10786145833333	245.7700236111111	421.72238993055549	60.057500000000005	16.68	10.922499999999999	8.7089999999999996	5.867	5.0750000000000002	WA_moy	0	9.3920100694444439	31.294326041666668	148.73157447916668	255.80228541666668	368.19333236111112	6.1289999999999996	5.3914999999999997	3.7439999999999998	3.7610000000000001	2.0707499999999999	2.1585000000000001	Volume treated (L)

DOC (mg/L)

C	0	7.7248480555555545	23.249596666666665	55.188604999999995	111.47797999999999	139.59487027777777	167.43378833333333	223.40349527777778	279.47049250000003	322.86804916666671	347.37093944444445	405.57610125000008	459.56308041666671	521.54013250000003	190	79.8	57.5	53.900000000000006	47.099999999999994	40.599999999999994	56.199999999999989	51.900000000000006	67.099999999999994	52.199999999999989	53.099999999999994	68.400000000000006	67.800000000000011	69	PC	0	0	29.015307986111104	69.040032291666662	139.40607986111112	179.65762256944444	209.51041388888891	280.05093715277775	345.47932256944438	380.58383229166662	420.50387118055551	272	234.8	229	178.5	162.6	161	125.1	145	112.9	126	125.6	WA	0	9.6816927083333333	30.575707638888883	73.285803472222227	147.45679027777774	190.24065138888886	221.94127951388887	296.25979687500001	371.0393472222222	412.97490763888885	119.35	37	296.3	607.6	638.5	622.4	644.4	643.29999999999995	644.4	638	CND	0	600	661.47586206896551	661.47586206896551	C2	0	8.1627335416666664	24.567507500000001	58.31698875	117.797145	147.50785020833337	169.36211291666666	225.97641951388889	282.70319555555557	315.29121708333332	339.21909138888884	407.50313062499998	468.81818562500007	532.04338875000008	166.5	78.2	57.5	87.5	56	36	49	51.900000000000006	64.400000000000006	46.599999999999994	55.5	71.400000000000006	71.400000000000006	64.599999999999994	PC2	0	8.7788072916666664	29.140032986111105	69.336807291666673	140.00532986111111	180.42989756944445	210.4110138888889	281.25476215277774	346.96439756944443	382.43007812500002	422.31144618055555	280	237.9	204.5	180	162.6	170.4	116.7	148.30000000000001	140.69999999999999	124.8	160	WA2	0	9.8076562500000009	30.973512499999998	74.239287500000017	149.39395625	192.71577500000001	224.82884375	300.11428125000003	375.86675000000002	205.55	190.9	214.1	611	647.29999999999995	632.5	650.1	655.7	657.5	C_moy	0	7.9437907986111105	23.908552083333333	56.752796875000001	114.6375625	143.55136024305557	168.39795062499999	224.68995739583335	281.08684402777783	319.07963312499999	343.29501541666662	406.5396159375	464.19063302083339	526.79176062500005	178.25	79	57.5	70.7	51.55	38.299999999999997	52.599999999999994	51.900000000000006	65.75	49.399999999999991	54.3	69.900000000000006	69.600000000000009	66.8	PC_moy	0	0	29.077670486111103	69.188419791666661	139.70570486111112	180.04376006944443	209.9607138888889	280.65284965277772	346.2218600694444	381.50695520833335	421.40765868055553	276	236.35000000000002	216.75	179.25	162.6	165.7	120.9	146.65	126.8	125.4	142.80000000000001	WA_moy	0	9.7446744791666671	30.774610069444442	73.762545486111122	148.42537326388887	191.47821319444444	223.38506163194444	298.18703906250005	373.45304861111111	162.44999999999999	113.95	255.2	609.29999999999995	642.9	627.45000000000005	647.25	649.5	650.95000000000005	Volume treated (L)

Eh (mV)

Compost	0	17.606958851545063	2.2627416997969543	0.84852813742384892	3.9597979746446619	0	17.606958851545063	2.2627416997969543	0.84852813742384892	3.9597979746446619	651.4	102.15	83.4	72.5	49.399999999999977	0	8.8000000000000007	18.55	27.5	33.585000000000001	ligne	800	800	0	36	P1	800	870	8.8000000000000007	8.8000000000000007	P2	800	870	18.55	18.55	P3	800	870	27.5	27.5	Peat-calcite	7	40	Wood ash	6.5	40	Eh (mV) 

height in column (cm) 

11 weeks	0	2.4041630560342457	2.4748737341529163	0.91923881554251474	0.84852813742385902	0	2.4041630560342457	2.4748737341529163	0.91923881554251474	0.84852813742385902	668.5	651.5	648.25	243.45	125.4	0	9	18.5	28	32.83	ligne	800	800	0	36	P1	800	870	8.8000000000000007	8.8000000000000007	P2	800	870	18.55	18.55	P3	800	870	27.5	27.5	Eh (mV) 

height in column (cm) 

11 weeks	0	23.051681066681468	3.8890872965260113	222.38508268316926	6.9296464556281734	0	23.051681066681468	3.8890872965260113	222.38508268316926	6.9296464556281734	659	643.45000000000005	650.4	0	18.649999999999999	35.024999999999999	ligne	800	800	0	36	P1	800	870	8.8000000000000007	8.8000000000000007	P2	800	870	18.55	18.55	P3	800	870	27.5	27.5	Eh (mV) 

height in column (cm) 

(a)
C1	0.05	0.61212121212121207	0.60505050505050506	1.303030303030303	2.8474747474747475	0	8.8000000000000007	18.100000000000001	27.5	34.22	C2	0.05	0.49090909090909091	0.49595959595959593	0.82828282828282829	2.9797979797979801	0	8.8000000000000007	19	27.5	32.950000000000003	[Fe] mg/L

height in column (cm) 

C1	1	22	54	101	55	0	8.8000000000000007	18.100000000000001	27.5	34.22	C2	1	8	23	106	51	0	8.8000000000000007	19	27.5	32.950000000000003	Ligne	200	200	0	36	P1	200	220	8.8000000000000007	8.8000000000000007	P2	200	220	18.55	18.55	P3	200	220	27.5	27.5	[sulfides] µg/L


(b)
T1	0.05	7.2727272727272724E-2	6.8686868686868699E-2	0.12121212121212122	0.15151515151515152	0	8.8000000000000007	18.5	27.8	32.78	C2	0.05	0.10404040404040403	8.4848484848484854E-2	0.11111111111111112	0.12929292929292929	0	9.1999999999999993	18.5	28.2	32.880000000000003	[Fe] mg/L

height in column (cm) 

PC1	0	0	2	16	105	0	8.8000000000000007	18.5	27.8	32.78	PC2	0	0	1	39	71	0	9.1999999999999993	18.5	28.2	32.880000000000003	ligne	200	200	0	36	P1	200	220	8.8000000000000007	8.8000000000000007	P2	200	220	18.55	18.55	P3	200	220	27.5	27.5	[sulfides] µg/L


Soluble and exchangeable (F1)	C1	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	13.651817051568397	Carbonate bound and specifically adsorbed (F2)	C1	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	24.544224273564456	Reducible or bound to Fe-Mn oxides (F3)	C1	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	34.860104083002348	Oxidizable or bound to organic matter (F4)	C1	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	24.550825732486881	Residual fraction (F5)	C1	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	2.3930288593779223	



Top
F1	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	16.927379030261797	16.165596926163239	F2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	27.58041359441301	25.458636396025057	F3	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	33.836711814222681	31.665369457858066	F4	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	1.3534684725689068	3.4839648547765596	F5	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	20.302027088533602	23.226432365177068	


Bottom
F1	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	2.070802771286361	1.8305089864438902	F2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	20.598991562959533	21.578035402172148	F3	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	62.510130047710675	60.01532659617439	F4	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	12.904575687296111	14.97174394769327	F5	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	WA1	WA2	1.9154999307473102	1.6043850675162987	


Top
F1	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	11.702127659574469	8.7067861715749046	F2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	14.184397163120568	8.5787451984635101	F3	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	13.563829787234042	16.005121638924457	F4	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	22.872340425531913	29.897567221510883	F5	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	37.677304964539005	36.81177976952624	


Bottom
F1	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	13.651817051568397	13.105755210566944	F2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	24.544224273564456	22.169568573634105	F3	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	34.860104083002348	38.281585041598767	F4	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	24.550825732486881	24.298824942104812	F5	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	C1	C2	2.3930288593779223	2.1442662320953767	


Top
F1	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	9.6860986547085197	25.613079019073577	F2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	10.134529147982063	16.076294277929158	F3	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	13.856502242152466	8.4468664850136257	F4	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	60.717488789237663	36.239782016348776	F5	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	5.6053811659192831	13.623978201634879	


Bottom
F1	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	21.157053063667849	19.941563742056559	F2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	14.514046265019029	15.832716675694028	F3	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	28.870740154786851	29.591937932455011	F4	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	33.640911617565308	33.241533989914792	F5	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	PC1	PC2	1.8172488989609614	1.3922476598796185	


(a)
Compost	0	7.9889216666666663	23.471974444444445	55.271996666666659	111.89493833333331	167.85074666666665	223.72316333333333	279.76236333333333	347.77404222222225	405.87842833333337	459.64945958333334	492.94862833333337	521.84245958333338	0	0.01	0.04	0.04	0.06	0.11111111111111112	0	1.8181818181818181E-2	3.9393939393939391E-2	3.4343434343434349E-2	0.10202020202020202	7.0707070707070718E-2	0.12121212121212122	Peat-calcite	0	9.0727361111111104	29.364259375	69.266850694444443	139.73758368055556	209.96405069444444	280.46967881944443	345.63635069444439	380.96767881944436	420.78303229166664	6.0606060606060608E-2	0.14545454545454545	3.0303030303030304E-2	0	2.7272727272727271E-2	4.9494949494949494E-2	4.4444444444444439E-2	9.5959595959595967E-2	6.1616161616161617E-2	0.11212121212121212	Wood ash	0	9.8845472222222206	31.018299305555555	73.451775347222224	147.71496875	222.03348611111107	296.38888611111116	365.72824722222219	413.19620347222224	4.9494949494949494E-2	4.9494949494949494E-2	6.0606060606060608E-2	9.5959595959595967E-2	5.9595959595959591E-2	3.5353535353535359E-2	4.5500505561172903E-2	2.0202020202020204E-2	6.0606060606060608E-2	C2	0	8.4417762500000002	24.802490833333337	58.4051075	118.31117104166667	169.7838733333333	226.29976916666666	282.98436916666662	339.76737993055553	407.7779643055556	468.90630437500005	502.87608250000005	532.35180437500003	0	0	0.04	0.03	1.6E-2	0.10505050505050505	0	1.9191919191919191E-2	2.8282828282828285E-2	3.6363636363636362E-2	8.7878787878787876E-2	5.4545454545454543E-2	0.11111111111111112	PC2	0	9.1117361111111101	29.490484375000001	69.582123263888874	140.33825868055558	210.86660069444443	281.64025868055552	347.12210069444438	382.60530381944443	422.59180729166667	8.0808080808080815E-2	0.14646464646464646	3.0303030303030304E-2	0	1.8181818181818181E-2	2.3232323232323233E-2	3.2323232323232323E-2	8.9898989898989895E-2	5.8585858585858588E-2	0.11919191919191918	WA2	0	10.01315	31.4218625	74.426100000000005	149.52472500000002	224.92224999999999	300.24505000000005	370.48655000000002	418.57208750000007	2.0202020202020204E-2	5.9595959595959591E-2	3.1313131313131314E-2	0.10303030303030303	3.0303030303030304E-2	2.1212121212121213E-2	4.343434343434343E-2	2.0202020202020204E-2	6.0606060606060608E-2	[Ni]	-5	1350	4.057227446882619	4.057227446882619	[Ni]	-5	2000	0.5	0.5	Sauty model	-5	2000	10	10	Volume treated (L)

Ni (mg/L)
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