
APPENDIX 

Appendix 1.DOC values for the various liquid to solid ratio. 

 

 L/S 2 L/S 5 L/S 10 

WHC LC nZVI LC nZVI LC nZVI 

0% 79 215 690 612 6430 0 

30% 155 125 370 367 3693 885.7 

60% 119 72 317 252 4457 754.5 

90% 194 154 573 475 6566 358.22 

130% 126 156.03 450 506 4774 910.9 

F1  154 155.08 488 502 6152 572.7 

F2 74 68.08 271 273 4442 3837.5 



Appendix 2. Concentration values from of the various elements measured (L/S 2) 

 
  mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

  
Mn Fe Cu Zn Pb Mg Ca K Na As Cd Ba Ti Al Sr Si S 

LC 0%  16.5 93.8 1.1 74.9 23.8 14.8 76.6 169.9 6.7 1.7 0.8 2.0 0.2 28.0 0.2 32.6 60.7 

LC 30%  19.3 18.7 0.4 118.6 5.3 27.2 129.3 128.2 6.2 0.5 1.2 1.9 0.1 6.1 0.5 28.9 42.9 

LC 60%  11.6 6.3 0.3 145.1 2.1 32.5 159.8 131.5 6.7 0.0 1.4 2.0 0.0 2.0 0.5 30.9 41.0 

LC 90%  180.9 77.8 1.4 38.3 28.9 21.6 102.4 157.3 5.4 1.5 0.7 2.3 0.3 28.7 0.3 60.4 62.3 

LC 130%  101.5 133.1 1.4 50.4 43.0 15.7 74.4 99.6 6.0 2.6 0.7 2.0 0.3 32.8 0.2 57.3 62.5 

LC F1  21.8 116.6 1.2 75.4 32.7 14.6 72.7 158.1 5.9 1.7 0.9 2.1 0.2 33.4 0.2 36.7 69.9 

LC F2 9.7 8.6 0.2 141.2 2.0 32.9 161.2 151.6 8.2 0.3 1.4 2.2 0.1 4.1 0.6 34.3 48.4 

nZVI 0%  44.4 94.8 1.3 84.6 24.8 21.1 114.1 104.2 8.3 1.1 0.9 1.9 0.3 29.8 0.3 40.8 74.4 

nZVI 30%  40.1 49.3 0.6 76.5 10.9 22.0 110.1 109.1 8.6 0.6 0.8 1.5 0.2 19.0 0.3 35.8 64.9 

nZVI 60%  13.1 9.8 0.2 121.1 2.4 29.3 145.5 109.0 7.2 0.1 1.2 1.7 0.1 4.2 0.5 30.6 48.4 

nZVI 90%  150.4 21.8 0.6 4.1 3.5 20.6 86.1 150.7 7.9 0.1 0.2 1.3 0.1 4.7 0.2 68.9 28.2 

nZVI 130% 87.0 88.4 1.0 10.7 16.4 12.9 52.8 111.8 3.9 1.1 0.2 1.4 0.3 12.3 0.2 50.6 32.7 

nZVI F1  19.9 116.2 1.2 62.8 28.4 12.7 57.3 84.3 3.7 1.5 0.7 1.9 0.1 28.6 0.2 33.8 62.0 

nZVI F2  15.5 4.0 0.2 131.9 1.0 33.6 173.7 282.7 8.2 0.0 1.5 2.2 0.0 1.7 0.6 31.6 45.9 



Appendix 3. Concentration values from of the various elements measured (L/S 5) 

  

  mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

  
Mn Fe Cu Zn Pb Mg Ca K Na As Cd Ba Ti Al Si S 

LC 0%  10.60 63.19 0.83 50.89 19.11 8.23 43.41 56.39 11.37 1.00 0.52 1.60 0.09 16.19 32.88 16.48 

LC 30%  10.73 94.86 0.46 62.30 11.23 16.43 64.77 70.51 12.30 1.13 0.65 1.56 1.55 89.01 133.56 15.45 

LC 60%  10.08 114.11 0.55 80.41 14.38 20.20 76.83 66.74 12.21 1.30 0.77 1.80 1.77 105.40 156.26 17.29 

LC 90%  113.09 214.77 1.45 48.24 36.40 23.59 59.63 70.09 11.86 2.82 0.63 2.49 3.54 211.71 286.44 29.59 

LC 130%  60.61 176.93 1.19 44.21 35.39 15.06 44.84 55.99 14.20 2.70 0.54 2.12 2.15 137.46 185.56 22.64 

LC F1  16.13 206.40 1.19 60.39 28.96 17.66 44.69 65.11 11.84 2.57 0.60 2.36 2.86 175.06 238.19 20.77 

LC F2 8.12 114.21 0.48 74.40 11.94 19.65 76.63 64.89 12.67 1.26 0.74 1.67 1.95 105.73 156.23 17.19 

nZVI 0%  22.64 206.79 0.97 47.58 18.98 19.83 209.59 75.71 16.74 2.35 0.49 1.74 3.43 192.70 264.56 23.25 

nZVI 30%  25.21 127.84 0.65 58.47 17.03 18.12 68.34 70.96 12.64 1.29 0.61 1.70 1.68 105.56 155.58 16.62 

nZVI 60%  8.94 101.04 0.45 67.53 9.82 18.83 72.56 66.92 12.50 1.02 0.66 1.50 1.57 95.66 146.87 17.21 

nZVI 90%  121.59 152.49 1.12 15.34 16.53 18.74 62.16 80.82 12.34 1.50 0.25 1.70 1.87 75.13 121.45 39.59 

nZVI 130% 81.67 262.05 1.87 29.44 42.14 13.90 44.03 70.22 13.97 2.42 0.42 2.19 1.83 91.95 121.94 27.95 

nZVI F1  13.33 167.58 1.02 48.84 22.03 15.00 42.22 67.66 13.49 2.03 0.49 2.02 2.31 141.57 196.14 20.17 

nZVI F2  9.23 95.04 0.45 70.64 11.06 19.52 82.85 65.92 12.41 1.12 0.71 1.80 1.41 85.37 133.22 16.37 



Appendix 4. Concentration values from of the various elements measured (L/S 10) 

  mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

  Mn Fe Cu Zn Pb Mg Ca K Na As Cd Ba Si S 

LC 0% 10.46 75.65 1.17 50.95 16.00 10.02 42.34 175.63 22.05 0.83 0.54 1.87 50.18 25.21 

LC 30%  14.35 77.88 0.99 75.06 17.73 14.24 65.21 91.16 22.87 0.98 0.76 2.21 44.95 23.26 

LC 60%  10.48 65.50 0.81 87.31 15.70 16.85 80.87 95.56 23.29 0.70 0.87 2.31 43.11 25.35 

LC 70%  10.58 61.53 0.89 77.48 14.99 15.57 71.98 102.89 19.27 0.62 0.75 2.16 38.39 25.77 

LC 80%  89.72 83.86 1.27 35.40 27.50 11.91 45.06 78.30 20.10 1.26 0.48 2.17 48.45 34.74 

LC 90%  115.40 70.48 1.48 32.19 23.90 13.37 54.59 84.55 21.58 1.26 0.52 2.07 49.88 34.19 

LC 130%  66.51 99.22 1.36 34.31 28.88 9.32 38.38 95.99 21.30 1.70 0.42 2.03 47.07 28.33 

LC F1  11.57 79.51 1.12 46.71 18.18 8.60 37.71 101.60 20.56 1.18 0.51 1.85 42.96 25.21 

LC F2  8.99 69.25 0.53 78.13 15.85 15.20 77.25 88.25 21.74 1.17 0.80 2.27 42.48 24.25 

nZVI 0%  32.57 72.49 1.33 52.23 15.83 13.01 59.65 222.22 24.21 1.12 0.58 1.99 40.41 23.54 

nZVI 30%  27.41 84.16 0.93 63.28 18.01 14.88 69.90 118.47 23.87 1.43 0.65 2.14 48.48 25.92 

nZVI 60% 9.51 69.25 0.75 79.39 11.88 18.84 83.40 154.18 22.38 0.56 0.79 2.31 67.90 24.44 

nZVI 70%  13.09 70.43 0.59 58.72 11.98 14.41 69.67 100.48 22.77 0.56 0.58 2.08 42.49 25.89 

nZVI 80%  118.69 117.25 1.00 20.53 21.33 13.76 69.88 105.34 21.32 0.96 0.31 1.85 42.50 42.23 

nZVI 90%  74.70 57.95 0.82 7.78 9.56 9.01 26.89 79.73 21.21 0.38 0.13 1.00 22.19 21.92 

nZVI 130%  94.06 203.43 2.88 25.45 37.21 13.60 42.75 93.97 24.59 2.00 0.40 2.22 45.69 30.68 

nZVI F1  12.60 95.90 1.21 49.54 20.70 9.08 37.27 157.10 25.72 1.16 0.53 2.16 47.77 23.81 

nZVI F2  7.76 53.75 0.58 74.31 11.30 16.43 86.88 128.26 28.92 0.36 0.73 2.22 41.76 22.60 



Appendix 5. Saturated indices for selected phases modelled with PHREEQC-3 program (version 3.0) (L/S 2) 

 

  

  CONTROL nZVI 

INCUBATION CONDITION 0% 30% 60% 90% 130% F1 F2 0% 30% 60% 90% 130% F1 F2 

PHASE COMPOSITION SATURATION INDEX 

Adularia KAlSi3O8 1.32 -0.69 -1.33 2.54 2.34 1.56 -1.04 1.61 0.54 -1.17 0.76 1.49 1.45 -1.27 

Alunite KAl3(SO4)2(OH)6 9.12 6.28 4.61 7.86 8.38 9.5 5.39 9.08 8.28 5.25 4.25 5.49 9.06 3.66 

Annite KFe3AlSi3O10(OH)2 0.78 -5.11 -7.08 3.5 3.49 1.23 -5.78 2.14 -0.5 -4.59 0.02 4.96 5.1 -4.29 

Ba3(AsO4)2 Ba3(AsO4)2 7.38 5.21 - 10.9 10.68 7.38 4.78 7.36 5.22 - - 10.96 8.17 - 

Barite BaSO4 0.43 0.31 0.34 0.74 0.69 0.5 0.38 0.44 0.37 0.26 0.69 0.61 0.54 0.34 

Basaluminite Al4(OH)10SO4 9.57 5.53 3.22 9.29 9.97 9.98 3.91 9.95 8.15 3.92 4.81 6.52 10.09 1.52 

Boehmite AlOOH 3.3 2.17 1.58 3.62 3.72 3.38 1.69 3.44 2.83 1.7 2.6 3.05 3.5 1.16 

Cerrusite PbCO3 0.19 -0.78 -1.44 1.17 1.31 0.52 -1.79 0.48 -0.53 -1.78 0.31 0.99 0.66 -2.14 

CupricFerrite CuFe2O4 14.31 10.57 9.72 16.96 17.3 14.15 - 14.22 12.27 - 16.41 17.91 14.6 - 

CuprousFerrite CuFeO2 9.32 6.68 6.27 11.07 11.14 9.09 - 9.47 8.24 - 10.69 12.39 10.62 - 

Diaspore AlOOH 5.01 3.87 3.29 5.32 5.43 5.09 3.4 5.14 4.53 3.4 4.31 4.76 5.21 2.86 

Gibbsite Al(OH)3 3.78 2.64 2.05 4.09 4.2 3.86 2.17 3.91 3.3 2.17 3.08 3.53 3.98 1.63 

Goethite FeOOH 8.81 7.61 7.17 9.51 9.67 8.88 7.21 8.87 8.24 7.25 9.14 9.75 9.01 6.88 

Halloysite Al2Si2O5(OH)4 3.88 1.32 0.1 4.54 4.75 4.17 0.47 4.34 2.99 0.48 1.81 2.85 4.31 -0.65 

Hematite Fe2O3 19.62 17.23 16.35 21.03 21.35 19.77 16.42 19.74 18.49 16.5 20.29 21.5 20.02 15.78 

Laumontite CaAl2Si4O12:4H2O 2.48 -0.77 -1.94 5.05 4.92 2.87 -1.62 3.47 1.4 -1.65 2.15 3.12 3.2 -2.56 

Leonhardite Ca2Al4Si8O24:7H2O 12.79 6.3 3.96 17.94 17.68 13.57 4.59 14.78 10.63 4.54 12.15 14.08 14.24 2.72 

Maghemite Fe2O3 9.23 6.84 5.95 10.64 10.96 9.37 6.03 9.35 8.1 6.11 9.9 11.11 9.63 5.38 

Magnetite Fe3O4 18.01 14.32 12.99 19.92 20.3 18.22 13.4 18.48 16.71 13.93 18.61 21.23 19.8 13.33 

Phillipsite Na0.5K0.5AlSi3O8:H2O 0.02 -1.94 -2.56 1.22 1.15 0.26 -2.26 0.48 -0.6 -2.35 -0.47 0.07 0.17 -2.63 

Pyrophyllite Al2Si4O10(OH)2 11.97 9.11 7.86 12.66 12.87 12.39 8.37 12.61 11.15 8.38 9.23 10.4 12.42 7.21 

ZnSiO3 ZnSiO3 1 0.44 0.5 2.4 2.31 1.04 0.37 1.31 0.63 0.31 1.67 2.17 1.31 0.51 



  CONTROL nZVI 

INCUBATION CONDITION 0% 30% 60% 90% 130% F1 F2 0% 30% 60% 90% 130% F1 F2 

PHASE COMPOSITION SATURATION INDEX 

Adularia KAlSi3O8 -0.15 2.02 2.27 5.06 4.22 3.9 2.26 4.32 2.97 2.16 3.66 3.69 3.76 2.21 

Alunite KAl3(SO4)2(OH)6 - - - 5.07 5.44 7.53 5.63 7.23 5.98 - 1.72 1.95 6.94 6.47 

Annite KFe3AlSi3O10(OH)2 -0.06 1.5 1.09 6.46 6.27 5.26 3.19 5.38 2.27 1.17 6.49 8.42 6.6 3.18 

Ba3(AsO4)2 Ba3(AsO4)2 6.81 5.88 6.59 11.66 11.27 8.9 6.24 8.57 7.42 5.92 11.74 12.58 8.87 6.64 

Basaluminite Al4(OH)10SO4 - - - 10.31 10.08 11.44 8.96 11.5 9.91 - 6.53 6.9 11.06 9.44 

Boehmite AlOOH 3.1 3.56 3.63 4.51 4.33 4.32 3.63 4.44 4.01 3.6 3.76 3.85 4.32 3.68 

Cerrusite PbCO3 -0.59 -2.53 - 0.74 0.45 -0.5 - -0.26 -1.94 - 0.56 1.02 - -0.39 

CupricFerrite CuFe2O4 14.09 14.28 14.48 18.74 18.63 16.28 14.16 16.36 15.43 14.22 19.47 20.24 16.21 14.11 

CuprousFerrite CuFeO2 9.69 9.68 9.5 12.1 12.37 10.85 10.08 10.64 9.9 9.38 13.16 14.1 11.29 10.01 

Diaspore AlOOH 4.8 5.26 5.33 6.21 6.03 6.03 5.34 6.14 5.71 5.3 5.46 5.55 6.02 5.38 

Gibbsite Al(OH)3 3.57 4.03 4.1 4.98 4.8 4.8 4.11 4.91 4.48 4.07 4.23 4.32 4.79 4.15 

Goethite FeOOH 8.62 8.62 8.7 9.95 9.87 9.34 8.6 9.44 9.05 8.66 10.03 10.27 9.33 8.61 

Halloysite Al2Si2O5(OH)4 2.94 5.08 5.36 7.65 6.9 7.11 5.37 7.44 6.12 5.24 5.4 5.59 6.93 5.32 

Hematite Fe2O3 19.24 19.24 19.4 21.91 21.75 20.69 19.2 20.89 20.12 19.33 22.07 22.54 20.67 19.23 

Hxypyromorphite Pb5(PO4)3OH 11.23 7.08 9.92 17.72 18.11 14.36 9.02 13.51 12.25 17.42 19.69 13.49 10.07 -8.93 

Laumontite CaAl2Si4O12:4H2O 0.78 3.88 4.34 9.22 7.99 7 4.36 8.29 5.64 4.19 7.05 7.08 6.87 4.39 

Leonhardite Ca2Al4Si8O24:7H2O 9.39 15.59 16.51 26.28 23.82 21.84 16.55 24.42 19.12 16.22 21.94 22 21.57 16.62 

Maghemite Fe2O3 8.85 8.85 9.01 11.52 11.36 10.3 8.81 10.5 9.72 8.93 11.68 12.15 10.28 8.84 

Magnetite Fe3O4 17.84 17.63 17.57 20.94 21 19.71 18.08 19.81 18.45 17.56 21.58 22.68 20.18 18.12 

Pb3(PO4)2 Pb3(PO4)2 7.81 5.27 7.12 11.5 11.73 9.71 6.54 9.15 8.44 - 11.17 12.55 9.1 7.19 

Phillipsite Na0.5K0.5AlSi3O8:H2O -1.08 1.06 1.31 4.09 3.33 2.95 1.32 3.4 2.01 1.21 2.67 2.76 2.83 1.26 

Plumbogummite PbAl3(PO4)2(OH)5:H2O 10.51 13.86 14.28 17.09 15.97 16.4 14.28 16.81 15.03 14.1 14.1 14.28 16.04 14.1 

Pyrophyllite Al2Si4O10(OH)2 10.51 13.86 14.28 17.09 15.97 16.4 14.28 16.81 15.03 14.1 14.1 14.28 16.04 14.1 

Strengite FePO4:2H2O 5.93 5.67 6.49 6.24 6.17 6.79 6.21 6.64 6.5 - 5.58 5.93 6.34 6.31 

ZnSiO3 ZnSiO3 0.61 0.87 1.05 3.28 3.07 1.9 1.02 2.03 1.51 0.96 3.22 3.51 1.95 1.12 



Appendix 7 Saturated indices for selected phases modelled with PHREEQC-3 program (version 3.0) (L/S 10) 

  CONTROL nZVI 

INCUBATION CONDITION 0% 30% 60% 90% 130% F1 F2 0% 30% 60% 90% 130% F1 F2 

PHASE COMPOSITION SATURATION INDEX 

Adularia KAlSi3O8 -0.64 -1.12 -1.49 0.47 0.54 -0.33 -0.69 0.03 -0.13 0.79 0.21 0.31 0.4 -1.46 

Alunite KAl3(SO4)2(OH)6 6.91 6.53 6.29 5.07 4.14 6.55 4.69 8.04 6.63 7.28 4.1 5.23 6.71 - 

Ba3(AsO4)2 Ba3(AsO4)2 5.3 5.3 4.89 9 10.31 6.84 6.5 7.04 6.84 7.23 9.42 9.29 7.63 - 

Basaluminite Al4(OH)10SO4 7.58 7.39 6.74 7.41 6.56 8.18 6.92 8.77 8.18 9.02 6.25 7.5 8.57 - 

Boehmite AlOOH 2.87 2.81 2.59 3.31 3.21 3.22 3.05 3.24 3.22 3.46 3.06 3.3 3.42 2.52 

Cerrusite PbCO3 -0.25 -0.33 -0.46 0.79 0.92 0.29 0.06 0.14 0.06 -0.08 0.57 0.84 0.29 -0.68 

CupricFerrite CuFe2O4 12.28 12.64 11.99 15.87 16.94 13.87 13.52 14.99 14.8 15.05 16.27 16.51 15.81 11.85 

CuprousFerrite CuFeO2 7.34 7.55 7.2 9.82 10.52 8.16 7.86 9.42 9.35 9.7 11.3 10.67 10.43 7.35 

Diaspore AlOOH 4.58 4.52 4.29 5.01 4.91 4.92 4.76 4.95 4.92 5.17 4.77 5.01 5.12 4.22 

Gibbsite Al(OH)3 3.34 3.29 3.06 3.78 3.68 3.69 3.53 3.72 3.69 3.94 3.54 3.78 3.89 2.99 

Goethite FeOOH 8.26 8.31 8.11 9.17 9.45 8.73 8.58 8.79 8.77 8.77 9.29 9.56 9.01 8.02 

Halloysite Al2Si2O5(OH)4 2.25 2.05 1.55 3.12 2.87 2.81 2.47 2.81 2.91 3.7 2.55 3.04 3.31 1.4 

Hematite Fe2O3 18.53 18.64 18.22 20.35 20.9 19.47 19.16 19.58 19.55 19.56 20.58 21.13 20.02 18.05 

Laumontite CaAl2Si4O12:4H2O -0.64 -0.75 -1.39 2.32 2.26 0.54 0.29 0.83 0.99 2.37 1.94 1.88 1.52 -1.53 

Leonhardite Ca2Al4Si8O24:7H2O 6.55 6.34 5.06 12.48 12.35 8.91 8.42 9.49 9.82 12.57 11.72 11.59 10.89 4.78 

Maghemite Fe2O3 8.14 8.24 7.82 9.95 10.51 9.08 8.77 9.19 9.16 9.16 10.19 10.73 9.63 7.66 

Magnetite Fe3O4 15.87 15.92 15.4 18.39 19.12 16.98 16.41 17.35 17.4 17.51 19.95 20.16 18.4 15.35 

Pyrophyllite Al2Si4O10(OH)2 9.57 9.28 8.75 10.45 10.14 10 9.64 9.93 10.19 11.29 9.78 10.29 10.59 8.57 

ZnSiO3 ZnSiO3 -0.02 0.11 -0.05 1.66 2.06 0.65 0.68 0.84 0.85 1.3 1.76 1.4 1.15 -0.12 
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