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Washing Remediation of Clay Soil Contaminated with Hexavalent Chromium
—L aboratory Test and Substantiation by Field Test—

Toshihiko Miura  Yuji Sato Hiroshi Kubo Takuo Suzuka
Abstract

A soil washing treatment has been developed to remediate hexavalent chromium (Cr) from contaminated
clay soil. Thistreatment comprises desorption and rinse processes. The former elutes Cr from soils by desorbing
with washing liquid. The latter rinse Cr remaining in the pore water. The optimum conditions for these processes
were investigated by laboratory test. The results show that a neutral salt containing sulfate and aweak akalinity
salt are effective as desorption reagents, and rinsing with water 10 times the volume of liquid mud after
desorption in 2 stepsis suitable. In the field tests, plants capable of treating about 2m® of soil per day were used,
and the effect of this treatment was validated. The trafficability and re-soluble characteristics of Cr were also
investigated when the washing soil was used as a reclamation material. Washing remediation cannot be used to
remove Cr existing in insoluble forms, but can decrease the concentration of water-soluble Cr and hexavalent Cr
existing in soluble forms.
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Scheme of Clay Washing Remediation
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Fundamental Procedure

Table 1
Characteristics of Clay Washing Remediation

127
140mg/kg
A 8.2
3 46
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Table 2
Physico-chemical Properties of Soil Samples
A B
% 98 110
glem® 2.59 2.77
2mm % 0 0
0.075 2mm % 152 47
0.005 0.075mm % 51.4 425
0.005mm % 334 52.8
% 117.8 —
% 74.7 —
431 —
pH 6.8 6.0
EC mS/m 11 11
Cr mg/kg 145 135
Cr( ) mg/kg 8.2 282
Cr( ) 13 mg/L 0.20 0.31
Cr( ) 46 mg/L 0.29 0.37
mg/kg 35 44
Cr mg/L 0.34 0.40
Table 3
Cr( ) Quantity Removed by Desorbing Reagents
Cr( )
mol/L pH EC 1Cr( ) pH cr( )

mS/m| mg/L | mg/kg mg/L

— 20 | 66|99 | 010 | 20 | 69 | 0.05
— 40 | 70 | 64 | 006 | 24 | 74 | 003
— 80 | 69|39 |004]| 32 | 74| 002

S | 005 20 6.7 | 750 | 022 | 44 | 71 | 003
L 0.05 6.7 | 560 | 0.05 | 1.0 | 65 | 0.02
CcC | 001 89 (172 | 031 | 62 | 94 | 0.02
N 0.02 102 | 64 | 038 | 76 [100| 0.25
A 0.02 92 | 31 | 024 | 48 | 92 | 021
P | 001 65| 69 | 038 | 76 | 70 | 0.09
H 0.01 36 | 99 001 O 4.0 0.01
Table 4 ( )

Change of Desorbing Reagents Concentration
and Their Effect on Water Treatment (Granular Iron)

s c P
pH 56 11.2 46
EC mSm | 730 174 61
gL 48 06 0.95
pH 6.6 9.0 6.6
EC mSm | 695 84 50
gL 45 056 0.29
cr( ) mgL | 021 | 023 0.40
pH 83 9.0 71
EC mSm | 686 79 52
gL 45 056 0.37
mo/L 0.1 01 | 48
cr( ) mo/L 001 | 001 0.01
cr mo/L 001 | 002 0.01
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Cr( ) Quantity Removed by S and C Reagents from B Soil
Cr( )
4.1.4 2 B AR A ER
1) 4.1.2 A 20 |66]99]010]| 20 [ 69] 005
2) Table 5 B 60 | 98 | 021 | 44 | 60 | 014
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0.37mg/L  4.4mg/kg B 63 | 746 | 073 | 140 | 63 | 020
A c 89| 92 | 031 ] 61 | 94| oo1
s C B 79 | 128 | 084 | 160 | 80 | 016
B A
: E—
S
C
0.05mg/L I . ; 6
v
]
4.2 2
4.2.1 .
46
2 v
Fig.
4 .
2 Fig. 4
1 Scheme of Rinsing
4.2.2 Table 6
1 Table 6 Experimental Cases of Rinsing Soil Cake
B S C
100% 20 30 43 43
30 s 50 70 70
100 100 139 139
2 20 30 43 43
7 c 50 70 70
100 139 139
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Table 7
04
. Jj Experimental Cases of Rinsing Liquid Mud
> - O-005mol/L'S
£ \
03
—4&—0.01mol/L C
20 0 0 0
50 244 55
S 100 483 110
150 723 164
150 1002 ) | 1132 ) 13422 )
) 20 0 0 0
Fig. 5 20 109 23
Relation of Water-soluble Cr( ) quantity 50 264 55
and Dilution Rate of Rinsing Soil Cake c 100 523 109
150 783 163
pH %2 ) | 572 ) 412 )
46 292 ) | 772 ) 732 )
3) Fig.5 1002 ) | 1092 ) 139(2 )
S
05 A
5 1 g ; . 1
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30 Operation and Control Conditions of Field Plant
2
2 2 5
30
20
pH ) 46 ( ) 30 90
3) Fig. 5 151 182
s C ( ) 30
10 20
100 21 4.7mh
2 1 105 111
20ppm
4kgf/cm?
2 45 90
35 15m¥h
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Plant Scheme of Rinsing Liquid Mud

Fig. 8
Plant Scheme of Rinsing Soil Cake
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Photo 1 2
30 Agitating by Two Shaft Mixer
No.l 4 7
Photo 2
pH Agitating by Underwater Mixer
EC 13 46
19 Table 9
Experimental Cases of Field Tests
No.
4 Table 9 e P
1| 255 — — —
S 2| 22.8 @) 86 182 90
20 3 225 73 170 125
100 2 10 2 4 217 — — —
100 5| O'OZmO'/ L2209 2| s 174 o1
6 217 73 165 129
5) Table 10 Loo ) >3 — — —
8| (1:m° L 283 e 7 151 93
9 22.8 72 154 134

4.4mg/kg
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No.1 Table 10
Results of Field Tests
No.2
No. cr( ) 13 46
(mg/kg) (mg/L) | (mg/L)
1 56 031 0.37 x
2| @) 170 006 | 011 | x
S 3| 103 004 | 007 | x
4 136 013 0.23 x
EO'OSSmOVL @) 17.7 004 | o1l | x
S C 6 17.3 0.03 0.07 x
7 15.9 0.26 0.48 x
c TO'OémOVL @) 154 002 | 004 | o
9| 176 002 | 004 | o
46
19 Fig. 9 o 46 =
O m 19
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Fig. 9
No.8 1/10 Removal Quantity by Washing and Water-soluble
2mg/kg 0.5mg/kg Cr( )and Cr( ) Content in Washing Soils
Table 11
Physico-chemical Properties of Washing Soil
and Sand Soil in The Field
% 123 12
5.2 glem® 2.85 2.80
1) 2mm % 0 6.2
0.075 2mm % 55 915
0.005 0.075mm % 52.8 93
0.005mm % 417
2 % 177.3 NP
No.8 9 % 107.6 NP
69.7 NP
Table 11 % 138 14
pH 6.3 71
3) Table 12 cr( ) ( 46 ) | mgL 0.04 0.01
Photo 3 Table 12
30/70 50/50 100/0 3 Cases of Reclamation Experiment
No. /
( x x )
2 5cm 10 3070 2.5mx 2.5mx 0.3m
11 50/50 25mx 25mx 0.3m| 0 28 0 8
35cm 12 100/0 1mx 1mx 0.3m
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Relation of Exposure Time and Cone Index
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Relation of Exposure Time and Water-soluble Cr( )
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