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Determination of hydraulic parameters
During column experiment, flow rates were kept constant in order to avoid undesirable geochemical perturbations to the dynamic system, and therefore, the measurements of hydraulic parameters were limited to the use of these experimental flow rates. Measuring the hydraulic conductivity of the relatively high conductivity materials of this study using low flow rates was difficult and sometimes impossible due to the small (<0.4cm) to inexistent difference in head. During initial hydraulic conductivity measurements on the gravity fed up-flow setup, an origin-based linear correlation was observed between the flow rates and gradients measured during hydraulic conductivity tests on wood ash (R2 = 0.79) and peat-calcite (R2 = 0.68) columns, confirming the validity of these initial ksat measurements. This correlation was not present during hydraulic conductivity tests with the C2 column. Final hydraulic conductivity measurements were performed under synthetic CND feed to avoid using distilled water and perturbing the system’s geochemistry. During these measurements, the height of head in piezometers (58.7-63.6 cm) were lower than for hydraulic conductivity tests with distilled water (85.9-86.3 cm), but the difference in head between piezometers was comparable.

Table S1 Elemental composition (mg/kg) of solid organic materials.
	Parameter
	Peat
	Compost
	Wood ash

	Al
	2700
	42000
	9000

	As
	0.3
	6.5
	12.9

	Ba
	130
	490
	1100

	B
	36
	25
	110

	Be
	<DL
	0.74
	<DL

	Bi
	<DL
	2.9
	<DL

	Ca
	4900
	52000
	130000

	Cd
	0.11
	0.54
	4.4

	Co
	0.4
	6.4
	3.9

	Cr
	3
	42
	3.5

	Cu
	2
	120
	64

	Fe
	2000
	19000
	4100

	K
	930
	12000
	19000

	Mg
	3000
	10000
	10000

	Mn
	35
	420
	3800

	Mo
	0.16
	2.6
	5.9

	Na
	2000
	10000
	4500

	Ni
	1.3
	16
	14

	Pb
	1.3
	48
	12

	Sb
	<DL
	1.1
	<DL

	Se
	0.43
	1.3
	<DL

	Sn
	<DL
	7
	<DL

	Ti
	120
	1000
	380

	Zn
	31
	270
	510
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Figure S1 Setup of up flow column reactors



 
Figure S2. (A) Initial hydraulic conductivity measurements inside the gravity fed columns under varying gradients. (B) Final hydraulic conductivity measurements inside the synthetic CND fed columns as a function of flow rates.




Figure S3. Sulfate breakthrough curves measured at the outlet port during tracer test. Dashed line represents the mean inflow sulfate concentration. 

  
  
Figure S4. Normalised sulfate breakthrough curves measured during tracer test with Sauty dimensionless-type curve fits. In these curve fits, tHRT corresponds to HRTexp(48h) values. Pe number was determined graphically by manually varying this parameter until the dimensionless curve was adjusted to the experimental data.



Figure S5. Nickel speciation in synthetic CND as a function of pH under closed system conditions using data from Table 1 ([Ni]tot = 4.05 mg/L or 69 μmol/L). Species with concentrations below 1 μmol/L are not presented.


 
Figure S6. Outflow cation and sulfate concentrations during column experiments. Mean inflow cation and sulfate concentrations are represented by the straight dashed line. Iron concentrations were not analysed in the first 6 weeks of the compost experiment.


Figure S7. Final pore water nickel concentrations in columns taken at time =11 weeks for the wood ash and peat-calcite columns and at time = 17 weeks for the compost columns. The y axis represents the height of the sampling port in columns.
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Figure S8. Iron precipitates on one of the compost columns top covering plate. Pictures taken (A) the day of dismantlement and (B) two weeks after dismantlement.



Table S2 Nickel concentrations in extracting solutions following SEP of spent organic materials sampled from bottom and top sections of columns at dismantlement. An operational definition of each fraction can be found in text.
	
	
	
	Bottom
(mg/kg)1
	Middle 
(mg/kg)2
	Top 
(mg/kg)1

	
	
	
	
	
	

	Wood ash
	
	F1
	69 ± 20
	11
	11 ± 1

	
	
	F2
	768 ± 124
	18
	18 ± 1

	
	
	F3
	2150 ± 500
	19
	21 ± 2

	
	
	F4
	 444 ± 46
	< DL
	1.5 ± 1.1

	
	
	F5
	 62 ± 20 
	7
	14 ± 3

	
	
	
	
	
	

	Compost
	
	F1
	418 ± 28
	8.5
	4.8 ± 0.2

	
	
	F2
	781 ± 92
	25
	5.7 ± 1.0

	
	
	F3
	1220 ± 20
	123
	7.7 ± 2.2

	
	
	F4
	802 ± 51
	142
	14 ± 5

	
	
	F5
	76 ± 9
	19
	19 ± 3

	
	
	
	
	
	

	Peat-calcite
	
	F1
	835 ± 28
	228
	5.4 ± 0.8

	
	
	F2
	750 ± 68
	346
	6.3 ± 2.3

	
	
	F3
	1380 ± 95
	641
	6.3 ± 6.0

	
	
	F4
	1866 ± 92
	1030
	33 ± 31

	
	
	F5
	77 ± 10
	21
	3.9 ± 0.6

	
	
	
	
	
	


1Results are expressed as mean ± standard deviation of the [Ni] from n = 2 (duplicate columns). 2Results obtained with single samples from columns C2, PC2, WA1. 







Figure S9. Temporal evolution of calcite saturation indexes according to Vminteq modelling performed using the monitored parameters (pH, EH, alkalinity, DOC, Ca2+, Mg2+, K+, Na+, Mn2+, Fe2+, SO42- and Cl- ) in treated waters.
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Ni species (µmol/L)





Compost	0	23.471974444444445	111.89493833333331	223.72316333333333	347.77404222222225	521.84245958333338	50.8	280	258.89999999999998	271.26	290.30303030303025	260.50505050505046	Peat-calcite	0	29.364259375	139.73758368055556	280.46967881944443	420.78303229166664	64.343434343434353	301.01010101010104	270.90909090909088	248.4848484848485	261.61616161616161	Wood ash	0	31.018299305555555	147.71496875	296.38888611111116	413.19620347222224	52.62626262626263	372.52525252525254	269.09090909090907	255.40950455005054	263.63636363636363	CND	-5	600	250.83838383838386	250.83838383838386	C2	0	24.802490833333337	118.31117104166667	226.29976916666666	339.76737993055553	532.35180437500003	48.9	278	255.6	267.89400000000001	275.75757575757575	265.35353535353534	PC2	0	29.490484375000001	140.33825868055558	281.64025868055552	422.59180729166667	59.191919191919197	314.14141414141415	265.85858585858585	254.54545454545456	262.32323232323233	C_moy	0	24.137232638888889	115.10305468749999	225.01146625000001	343.77071107638892	527.09713197916676	49.849999999999994	279	257.25	269.577	283.030303030303	262.9292929292929	PC_moy	0	29.427371874999999	140.03792118055557	281.05496874999994	421.68741979166668	61.767676767676775	307.57575757575762	268.38383838383834	251.51515151515153	261.969696969697	cen_moy	0	31.220080902777777	148.61984687500001	298.31696805555561	415.88414548611115	50.656565656565661	370.6565656565657	268.83838383838383	255.53303510330809	270.20202020202021	WA2	0	31.4218625	149.52472500000002	300.24505000000005	418.57208750000007	48.686868686868692	368.78787878787881	268.58585858585855	255.65656565656565	276.76767676767679	Volume treated (L)

Ca (mg/L)


Compost	0	23.471974444444445	111.89493833333331	223.72316333333333	347.77404222222225	521.84245958333338	13.4	56.4	63.8	65.043000000000006	68.282828282828277	66.060606060606062	Peat-calcite	0	29.364259375	139.73758368055556	280.46967881944443	420.78303229166664	15.05050505050505	40.505050505050505	66.868686868686879	63.838383838383841	61.414141414141412	Wood ash	0	31.018299305555555	147.71496875	296.38888611111116	413.19620347222224	0.10101010101010102	1.0303030303030303	58.686868686868692	67.64408493427706	66.262626262626256	CND	-5	600	64.490331890331888	64.490331890331888	C2	0	24.802490833333337	118.31117104166667	226.29976916666666	339.76737993055553	532.35180437500003	11.5	56.8	65	63.953999999999994	67.171717171717177	63.737373737373737	PC2	0	29.490484375000001	140.33825868055558	281.64025868055552	422.59180729166667	14.343434343434343	43.333333333333336	66.464646464646464	63.737373737373737	61.515151515151516	WA2	0	31.4218625	149.52472500000002	300.24505000000005	418.57208750000007	0.11111111111111112	1.5454545454545454	58.383838383838381	66.767676767676761	68.585858585858588	C_moy	0	24.137232638888889	115.10305468749999	225.01146625000001	343.77071107638892	527.09713197916676	12.45	56.599999999999994	64.400000000000006	64.498500000000007	67.72727272727272	64.898989898989896	PC_moy	0	29.427371874999999	140.03792118055557	281.05496874999994	421.68741979166668	14.696969696969695	41.919191919191917	66.666666666666671	63.787878787878789	61.464646464646464	WA_moy	0	31.220080902777777	148.61984687500001	298.31696805555561	415.88414548611115	0.11111111111111112	1.5454545454545454	58.383838383838381	66.767676767676761	68.585858585858588	Volume treated (L)

Mg (mg/L)

Compost	0	23.471974444444445	111.89493833333331	223.72316333333333	347.77404222222225	521.84245958333338	5.28	2.6	5.75	4.9401000000000002	5.1313131313131315	5.3232323232323226	Peat-calcite	0	29.364259375	139.73758368055556	280.46967881944443	420.78303229166664	1.5454545454545454	3.9898989898989901	4.4242424242424239	4.0909090909090908	5	Wood ash	0	31.018299305555555	147.71496875	296.38888611111116	413.19620347222224	29.858585858585862	2.0808080808080809	9.7070707070707059	7.1688574317492417	6.4646464646464654	CND	-5	1350	4.6803391053391064	4.6803391053391064	C2	0	24.802490833333337	118.31117104166667	226.29976916666666	339.76737993055553	532.35180437500003	5.19	2.23	5.67	4.8292200000000003	4.9696969696969697	5.1515151515151514	PC2	0	29.490484375000001	140.33825868055558	281.64025868055552	422.59180729166667	1.5858585858585859	4.0808080808080804	4.595959595959596	4.1010101010101003	4.8787878787878789	WA2	0	31.4218625	149.52472500000002	300.24505000000005	418.57208750000007	34.267676767676768	2.0707070707070705	9.4141414141414153	7.5656565656565657	6.3030303030303036	C_moy	0	24.137232638888889	115.10305468749999	225.01146625000001	343.77071107638892	527.09713197916676	5.19	2.23	5.67	4.8292200000000003	4.9696969696969697	5.1515151515151514	PC_moy	0	29.427371874999999	140.03792118055557	281.05496874999994	421.68741979166668	1.5656565656565657	4.0353535353535355	4.5101010101010104	4.0959595959595951	4.9393939393939394	WA_moy	0	31.220080902777777	148.61984687500001	298.31696805555561	415.88414548611115	32.063131313131315	2.0757575757575757	9.5606060606060606	7.3672569987029037	6.3838383838383841	Volume treated (L)

K (mg/L)

Compost	0	23.471974444444445	111.89493833333331	223.72316333333333	347.77404222222225	521.84245958333338	20.8	59.6	86.8	75.338999999999999	92.929292929292927	74.141414141414145	Peat-calcite	0	29.364259375	139.73758368055556	280.46967881944443	420.78303229166664	2.4242424242424243	83.63636363636364	76.060606060606062	66.060606060606062	73.434343434343432	Wood ash	0	31.018299305555555	147.71496875	296.38888611111116	413.19620347222224	9.6313131313131315	80.202020202020208	70.303030303030297	78.361981799797775	81.01010101010101	CND	-5	600	74.678932178932172	74.678932178932172	C2	0	24.802490833333337	118.31117104166667	226.29976916666666	339.76737993055553	532.35180437500003	7.26	58.9	87.1	74.051999999999992	93.333333333333343	74.141414141414145	PC2	0	29.490484375000001	140.33825868055558	281.64025868055552	422.59180729166667	2.4848484848484849	88.484848484848484	76.565656565656568	66.262626262626256	75.757575757575765	WA2	0	31.4218625	149.52472500000002	300.24505000000005	418.57208750000007	8.0656565656565657	80.808080808080803	72.828282828282823	75.959595959595958	84.242424242424249	C_moy	0	24.137232638888889	115.10305468749999	225.01146625000001	343.77071107638892	527.09713197916676	14.030000000000001	59.25	86.949999999999989	74.695499999999996	93.131313131313135	74.141414141414145	PC_moy	0	29.427371874999999	140.03792118055557	281.05496874999994	421.68741979166668	2.4545454545454546	86.060606060606062	76.313131313131322	66.161616161616166	74.595959595959599	WA_moy	0	31.220080902777777	148.61984687500001	298.31696805555561	415.88414548611115	8.8484848484848477	80.505050505050505	71.565656565656553	77.160788879696867	82.62626262626263	Volume treated (L)

Na (mg/L)

Compost	167.85074666666665	223.72316333333333	347.77404222222225	405.87842833333337	521.84245958333338	6.8989898989898988	5.8212000000000002	5.9595959595959602	3.4242424242424243	3.6929292929292932	Peat-calcite	0	29.364259375	139.73758368055556	280.46967881944443	420.78303229166664	380.96767881944436	0.10808080808080808	0.12121212121212122	0.16060606060606061	0.16868686868686869	0.15151515151515152	0.21212121212121213	Wood ash	0	31.018299305555555	147.71496875	296.38888611111116	0	0	0	5.5611729019211326E-2	C2	169.7838733333333	226.29976916666666	339.76737993055553	407.7779643055556	532.35180437500003	5.7070707070707076	5.6429999999999998	5.454545454545455	3.290909090909091	3.5555555555555558	PC2	0	29.490484375000001	140.33825868055558	281.64025868055552	422.59180729166667	382.60530381944443	9.3939393939393934E-2	0.13131313131313133	0.1505050505050505	0.14646464646464646	0.12929292929292929	0.13232323232323234	WA2	0	31.4218625	149.52472500000002	224.92224999999999	224.92224999999999	300.24505000000005	4.9494949494949494E-2	4.5454545454545456E-2	1.8181818181818181E-2	9.494949494949495E-2	C_moy	168.81730999999996	225.01146625000001	343.77071107638892	406.82819631944449	527.09713197916676	6.3030303030303028	5.7321	5.7070707070707076	3.3575757575757574	3.6242424242424245	PC_moy	0	29.427371874999999	140.03792118055557	281.05496874999994	421.68741979166668	381.78649131944439	0.10101010101010101	0.12626262626262627	0.15555555555555556	0.15757575757575759	0.17222222222222222	WA_moy	0	31.220080902777777	148.61984687500001	298.31696805555561	415.88414548611115	415.88414548611115	2.4747474747474747E-2	2.2727272727272728E-2	9.0909090909090905E-3	7.5280611984353138E-2	CND	-5	600	5.1414141414141412E-2	5.1414141414141412E-2	Volume treated (L)

Fe (mg/L)

Compost	0	23.471974444444445	111.89493833333331	223.72316333333333	347.77404222222225	521.84245958333338	0.16	0.54	0.47099999999999997	0.46628999999999998	0.39797979797979799	0.32121212121212123	Peat-calcite	0	29.364259375	139.73758368055556	280.46967881944443	420.78303229166664	4.4444444444444439E-2	4.0404040404040407E-2	2.5252525252525256E-2	0.18787878787878787	0.41919191919191917	Wood ash	0	31.018299305555555	147.71496875	296.38888611111116	413.19620347222224	0	0	0	1.1122345803842264E-2	2.0202020202020204E-2	C2	0	24.802490833333337	118.31117104166667	226.29976916666666	339.76737993055553	532.35180437500003	0.14000000000000001	0.55000000000000004	0.46700000000000003	0.46529999999999999	0.40606060606060607	0.3292929292929293	PC2	0	29.490484375000001	140.33825868055558	281.64025868055552	422.59180729166667	3.2323232323232323E-2	5.0505050505050511E-2	2.9292929292929294E-2	0.20606060606060606	0.41414141414141414	WA2	0	31.4218625	149.52472500000002	300.24505000000005	418.57208750000007	0	0	0	5.0505050505050509E-3	1.0101010101010102E-2	C_moy	0	24.137232638888889	115.10305468749999	225.01146625000001	343.77071107638892	527.09713197916676	0.15000000000000002	0.54500000000000004	0.46899999999999997	0.46579499999999996	0.40202020202020206	0.32525252525252524	WA_moy	0	31.220080902777777	148.61984687500001	298.31696805555561	415.88414548611115	0	0	0	8.0864254271736571E-3	1.5151515151515152E-2	CND	-5	600	0.39661183261183258	0.39661183261183258	PC_moy	0	29.427371874999999	140.03792118055557	281.05496874999994	421.68741979166668	3.8383838383838381E-2	4.5454545454545456E-2	2.7272727272727275E-2	0.19696969696969696	0.41666666666666663	Volume treated (L)

Mn (mg/L)

Compost	7.3023302777777763	23.471974444444445	55.313692499999995	111.89493833333331	168.01752999999999	223.72316333333333	347.74524916666672	521.84245958333338	860	840	880	920	880	920	1040	920	Peat-calcite	8.671442013888889	29.364259375	69.266850694444443	139.73758368055556	280.46967881944443	420.78303229166664	920	880	960	920	960	920	Wood ash	9.3313076388888874	31.018299305555555	147.77029270833333	301.55245555555553	413.19620347222224	920	840	840	920	840	CND	-5	600	904	904	C2	7.7103906250000005	24.802490833333337	58.449166875000003	118.25242520833335	169.95257749999999	226.29976916666666	339.58461708333334	532.43992312500006	800	840	920	880	880	880	920	1040	PC2	8.7087170138888883	29.490484375000001	69.582123263888889	140.33825868055558	281.64025868055558	422.59180729166673	840	920	880	920	920	880	WA2	9.4527125000000005	31.4218625	149.69285625000001	305.47580000000005	418.57208750000007	840	920	880	920	960	C_moy	7.506360451388888	24.137232638888889	56.881429687500003	115.07368177083333	168.98505374999999	225.01146625000001	343.66493312500006	527.14119135416672	830	840	900	900	880	900	980	980	PC_moy	8.6900795138888896	29.427371874999999	69.424486979166659	140.03792118055557	281.05496875	421.68741979166668	880	900	920	920	940	900	WA_moy	9.3920100694444439	31.220080902777777	148.73157447916668	303.51412777777779	415.88414548611115	880	880	860	920	900	Volume treated (L)

SO4 (mg/L)

C1	4.0181818181818185	1.3090909090909091	0.55555555555555558	7.0707070707070718E-2	7.0707070707070718E-2	0	8.8000000000000007	18.100000000000001	27.5	34.22	C2	4.0181818181818185	1.8282828282828283	1.4636363636363636	7.0707070707070718E-2	5.4545454545454543E-2	0	8.8000000000000007	19	27.5	32.950000000000003	[Ni] mg/L

height in column (cm) 

PC1	4.0181818181818185	3.4242424242424243	2.9777777777777779	7.575757575757576E-2	6.1616161616161617E-2	0	8.8000000000000007	18.5	27.8	32.78	PC2	4.0181818181818185	3.4212121212121214	2.3909090909090911	7.6767676767676762E-2	5.8585858585858588E-2	0	9.1999999999999993	18.5	28.2	32.880000000000003	[Ni] mg/L

height in column (cm) 

WA1	4.0909090909090908	0.49494949494949497	0.26262626262626265	4.0404040404040407E-2	2.0202020202020204E-2	0	9.1	18.7	28.2	35.119999999999997	WA2	4.0909090909090908	9.0909090909090912E-2	3.0303030303030304E-2	3.0303030303030304E-2	3.0303030303030304E-2	0	9	18.600000000000001	28.1	34.93	[Ni] mg/L

height in column (cm) 

Wood ash	0	1	4	8	11	1.8440000000000001	1.5840000000000001	0.81799999999999995	0.93200000000000005	0.90900000000000003	Peat-calcite	0	1	4	8	12	-0.14399999999999999	0.245	-0.34599999999999997	-0.218	-0.38400000000000001	Compost	0	1	4	8	12	18	6.2E-2	-0.317	-0.99299999999999999	-0.71899999999999997	-0.83499999999999996	-0.73099999999999998	Weeks

SIcalcite 



A)
Peat-calcite	5.263157894736842E-3	5.263157894736842E-3	5.2631578947372913E-3	1.0526315789473833E-2	1.8421052631579397E-2	1.0526315789473833E-2	6.7524741832677579E-2	3.822885308873275E-2	4.5687816047406488E-2	4.2937457395870009E-2	T2	5.263157894736842E-3	5.263157894736842E-3	5.2631578947372913E-3	1.5789473684210378E-2	1.3157894736842105E-2	2.6315789473690195E-3	6.5974139037367985E-2	5.8784230765290241E-2	8.9645011606926575E-2	4.695701881991067E-2	Wood ash	5.235602094240838E-3	5.235602094240838E-3	5.2356020942405396E-3	1.3089005235602092E-2	7.8534031413615528E-3	2.6178010471202698E-3	2.6178010471202698E-3	0.149798458313537	0.18533423419932926	0.2316399205677569	0.2564057521233718	0.16361447323052183	C2	5.3475935828877011E-3	5.3475935828877011E-3	1.8716577540106649E-2	3.2085561497325901E-2	2.4064171122994804E-2	4.8128342245989608E-2	4.2780748663101456E-2	2.1699907999719662E-2	2.1699907999719662E-2	1.6050634996262102E-2	8.9042355964155055E-3	1.3512616976609717E-2	CEN2	5.235602094240838E-3	5.235602094240838E-3	5.2356020942405396E-3	7.8534031413615528E-3	1.5706806282722363E-2	7.8534031413615528E-3	0.15128104599747524	0.11401355190369836	0.13885995449905197	0.1147168183230402	Gradient

Hydraulic conductivity (cm/s)


B)
Peat-calcite	3.7850000000000001	3.8324999999999996	3.83	3.1425199537280561E-2	2.1213047507992723E-2	3.1798814855425239E-2	T2_pompe_fin	3.895	3.9875000000000003	3.95	3.886113747456639E-2	3.315335594348201E-2	4.9262353345487966E-2	C2_pompe fin	3.2600000000000002	3.27	1.7777487006052757E-2	1.6945871432916777E-2	Wood ash	3.9	4.0250000000000004	1.3037580616441894E-2	1.6894963168325068E-2	Compost	3.0666666666666669	3.07	1.7056475406293566E-2	1.8149155862009343E-2	Flow rate (cm3/s)
Hydraulic conductivity  (cm/s) 

Compost	0	6.65	16.916666666666668	19.066666666666666	22.3	25.200000000000003	43.783333333333331	140.73333333333335	0.29239999999999999	5.2378999999999998	360	460	560	600	860	840	C2	0	6.5333333333333332	16.95	19.05	22.283333333333331	25.3	43.75	140.73333333333335	0.62660000000000005	11.4084	300	440	580	700	800	840	Peat-calcite	0	4.4166666666666643	15.333333333333332	17.916666666666668	20.083333333333332	22.666666666666668	41.416666666666664	140.25	0	0	170	418	580	760	920	880	T2	0	4.416666666666667	15.333333333333334	17.916666666666668	20.083333333333332	22.666666666666668	41.416666666666664	350	0	0	220	520	680	720	840	920	Wood ash	0	6.75	16.5	18.416666666666668	21.333333333333332	24	44.666666666666664	0	3	190	370	600	800	920	0	CEN2	0	6.75	16.5	18.416666666666668	21.333333333333332	24	44.666666666666664	0	0	220	330	540	720	840	CND	0	50	904	904	Hours
SO4 (mg/L)
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