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Fig. 1

Fig. 2

Fig. 3

Fig. 4

Evaluation of chemical reagents for CCA solubilisation. CCA removal yields (%)
from soil F1 after washing in Erlenmeyer shake flasks. t = 60 min, PD = 10%
(wv'), T=20°C.

Effect of operating parameters on CCA solubilisation. CCA removal yields (%)
from soil F1 after washing in Erlenmeyer shake flasks in different conditions. (a) t
=60 min, T = 60°C,/HZSO41 N. (b) T = 60°C, H;SO41 N, PD = 10% (w v'). (c) t =
60 min, H;S041 N, PD = 10% (w v). (d) t = 60 min, T = 60°C, PD = 10% (w V).

Evaluation of eight surfactants for contaminant solubilisation. PCP and CCA
removal yields (%) from soil S1 after flotation with surfactant concentration of 1g
kg™. t =60 min, T = 60°C, H,SO,= 1 N, PD = 10% (w v'").

Effect of operating parameters on contaminant solubilisation. PCP and CCA
removal yields (%) from soil S1 flotation in different conditions. (a) t = 60 min,
H,SO4 1N, PD = 10% (w v7). (b) t = 60 min, T = 60°C, PD = 10% (w v"). (c) t =
60 min, H,SO41 N, T = 60°C.
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Table 1 Particle size and standard analysed parameters of the four soils studied

Soils F1 S1 S2 S3 Criteria C*
Particle size

%>3.18 mm 53 31 38 26

3.18 <% >2mm 11 14 13 19

2<%>1mm 14 17 14 18

1<%>0.5mm 10 13 12 12

0.5 <% >0.25 mm 8

0.25 <% >0.125 mm 3

% < 0.125 mm 1

Parameters .

Humidity (% w w™) 6.15 4.82 7.23 6.63

pH in CaCl, at 25°C 72 5.7 7.6 7.0

pH in water at 25°C 8.0 6.0 8.0 7.5

Total organic carbon (g kg™) 23.0 82 8.2 13.4

Total carbon (g kg™) 54.0 10.8 21.1 18.8

Nitrogen (g kg™) 0.5 0.7 1.7 0.7

Sulfur (g kg”) 2.4 0.6 1.9 0.5

Elements (mg kg™) (Soil fraction < 2 mm)

Al 4500 780 830 759 -

As 48.5 66.6 265 84.8 50

B 12.0 <0.1 0.4 <0.1 -

Ba 22.5 1.7 3.2 3.6 2000
Ca 8.3 187 2834 620 -

cd 0.5 <0.1 <0.1 <0.1 20
Co 8.3 1.1 1.3 0.7 300
Cr 35.2 93.0 220 73.6 800
Cu 80.1 114 352 144 500
Fe 11500 1222 1975 1179 -

K 3000 19.9 53.4 39.4 -

Mn 620 53.1 48.5 32.7 2200
Ni ' 21.5 3.1 2.6 13 500
Pb 0.1 0.1 0.2 0.1 1000
Zn 31.5 3.3 13.9 46 1500
PCP (mg kg™) 6.1 14.5 13.3 25.5 5

*  Limit regulatory levels in Quebec (Canada) for a commercial or industrial soil - criteria C
(Gouvernement du Québec, 2003).
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Table 2

Metal distribution in bound fraction of the four soils studied (fraction inferior to 2 mm)

Soils F1 S1 S2 S3

As Cr Cu PCP  As Cr Cu PCP As Cr Cu PCP As Cr Cu PCP
Exchangeable 7% 6% 5% 1% 0% 3% 1% 0% 1% 1% 1% 1%
Carbonate 2% 4% 17% 3% 2% 21% 2% 3% 25% 4% 3% 20%
Oxide 0% 1% 2% 13% 9% 32% 10% 10%  32% 18%  13% 34%
Organic 5% 45% 16% 24%  29%  20% 15% 61% 29% 27%  58%  26%
Residual 86% 43% 61% 59% 60% 24% 72%  26% 12% 50% 25% 19%
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Table 3 Concentrations (mg kg™) of the contaminants in the different soil fractions of the four soils studied

Soils F1 S1 S2 S3

As Cr Cu PCP As Cr Cu PCP As Cr Cu PCP As Cr Cu PCP

>3.18 mm 133 133 19.6 0.80 589 522 794 001 163 151 314 0.1 499 405 853 240
3.18-2mm 16.0 157 224 094 136 106 187 0.01 439 420 904 001 706  66.1 118 32.7
2-1mm 279 252 482 1.09 239 181 344 0.39 62.8 51.1 104 0.96 71.5 687 116 28.0
1-0.5 mm 562 463 815 361 315 260 429 0.55 528 663 101 1.58 65.7 63.1 107 193
0.5-0.25 mm 727 655 970 106 155 138 221 3.54 66.5 67.7 115 242 592 51.8 102 70.9
0.25-0.125 mm 62.0 571 774 315 286 386 167 158 242 122 109 194

<0.125 mm 775  71.7 992 490 428 570 408 292 560 254 203 368
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Table 4 Contaminants solubilisation by flotation for the four soils with the optimised
parameters. [H,SO4] = IN, [BW] = 1% (w v?), t = 60 min, T = 60°C, PD = 10%
wv)

Soils Contaminants

As Cr Cu PCP

Before flotation (mg kg™)

F1 52.0 60.6 81.5 2.12

S1 90.6 67.2 143 8.06

S2 262 199 346 7.01

S3 91.1 83.0 148 472

After treatment (mg kg™)

F1 3.47 21.8 9.68 0.47

S1 6.59 46.3 21.8 297

S2 17.7 39.0 37.9 1.87

S3 15.1 57.5 29.5 304

Removal yield (%)

F1 93% 63% 88% 78%

S1 92% 31% 84% 63%

S2 93% 80% 90% 73%

S3 82% 30% 79% 36%
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Table 5 Metals concentration in leachate and chromium speciation

Elements Concentration (mg L'l)
Al 66.7

Ca 489

Co 0.37

Fe 444

K 41.9

Li 243

Mg 250

Mn 46.1

Na 71.7

Ni 0.72

Pb 0.38

Si 65.2

Sn 1.71

Zn 1.70

Chromium speciation Distribution (%)
Cr(III) 80

Cr(VD 20
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Table 6 Concentration of contaminants in leachate before and after chemical

precipitation
Reagents Contaminants (mg L'l)
As Cr Cu PCP
Initial concentration 4.89 4.22 8.24 0.42

Final concentration after precipitation using

Al>(SO4); 3.89+£0.33 0.15+0.01 0.32+0.01 0.23
Fey(SO4)3 0.80+0.12 0.14 £ 0.01 0.18 £ 0.01 0.22
FeCl; 1.33+0.12 0.11+0.01 0.24 + 0.01 0.22
Na,CO3 1.16 £ 0.08 0.12+0.01 2.27+0.09 0.41
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