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Electrokinetically Enhanced Persulfate Remediation of PCBs Polluted Soil

FAN Guang—ping'?, CANG Long?, LIU De-hong’, ZHOU Dong-mei*

(1.China Construction Power and Environment Engneering Co., Ltd. Nanjing 210008, China; 2.Key Laboratory of Soil Environment and Pollu—
tion Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3.GCL-Poly Energy Holdings Limited
(Power ), Suzhou 215028, China)

Abstract; Persulfate—based in situ chemical oxidation(ISCO ) is a promising technique for remediation of organic compounds contaminated
soil and groundwater. However, its application in low permeability soils is limited due to the ineffective delivery of oxidant in such soils. In
this study, remediation of PCBs polluted soil by persulfate combined with electrokinetics (EK ) was investigated in laboratory—scale experi—
ments. The effects of persulfate additions to both electrodes, electric field reversal and persulfate activation by alkaline on PCBs degradation
were also evaluated. Results showed that adding 10% of persulfate to both electrodes increased the current and electroosmotic flow, which
thus favored the delivery of persulfate and enhanced the degradation of PCBs in soil. From the distribution of PCBs residues in soil, it
showed that electroosmosis was more effective than electromigration for the transportation of persulfate. The electric field reversal did not sig—
nificantly facilitate the removal of PCBs in soil due to the depolarization occurred in cathode. The activation of persulfate by alkaline yielded
the highest PCBs removal efficiency, with 28.7% of PCBs being removed from soils. The soil heterogeneity and persulfate consumption might
be responsible for the low removal of PCBs in soils.

Keywords:: persulfate; electrokinetics; polychlorinated biphenyls(PCBs ); soil remediation
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Table 1 Physico—chemical characteristics of soils used

5% Parameter | I PCBs T5e bl R4 LI
Clean soil PCBs polluted soil ~ Mixed soil
W% 12.0 4.2 7.7
Hikil% 66.9 83.2 50.1
Kk % 21.1 12.6 422
pH 5.7 6.3 5.74
OM/g-kg™ 7.08 11.0 7.30
CEC/cmol -kg™ 20.4 20.1 20.1
Ca/mg-kg™ 9848 2259 9760
Mg/mg-kg™ 7330 3430 7238
Cu/mg- kg 47 89 46
Zn/mg-kg 159 183 160
Fe/mg-kg™ 33130 86 950 34 570
Mn/mg-kg™ 701 817 724

R 2 SHLEPCBs RE(HRRE)

Table 2 Concentrations of PCBs in polluted soils(after dilution)

FRTFAEL FZY) ¥ Concentration/ T4t

FZ N lorine number Congener mg kg’ Percent/%
1 2 PCB-8 8.02 6.92
2 3 PCB-18 30.5 26.3
3 3 PCB-28 347 29.9
4 4 PCB-52 7.44 6.42
5 4 PCB-44 8.79 7.58
6 4 PCB-66 9.52 8.21
7 4 PCB-77 445 3.84
8 5 PCB-101 236 2.04
9 5 PCB-118 175 151
10 5 PCB-126 0.30 0.26
11 5 PCB-105 1.01 0.87
12 6 PCB-153 0.43 037
13 6 PCB-138 0.69 0.59
14 6 PCB-128 0.20 0.17
15 7 PCB-187 021 0.18
16 7 PCB-180 274 236
17 7 PCB-170 0.27 0.24
18 8 PCB-195 035 030
19 9 PCB-206 1.16 1.00
20 10 PCB-209 1.08 0.93

3 PCBs 116 100
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Figure 1 A schematic diagram of electrokinetic apparatus

F 3 EINAEE

Table 3 Experimental design of electrokinetic treatments

=) FER R AR A HEL b3 i HLHEBEIE Voltage ]

No. Anolyte Catholyte Treatments Soil weight/g gradient /V-cm™ Duration time/d
Exp-01 0.01 mol L™ NaNO; 0.01 mol+L™" NaNO; n 565 1 8
Exp-02 10% Na;3,05+0.01 mol-L™" NaNO; 10% Na,S,05+0.01 mol-L" NaNO, o 575 1 8
Exp-03 10% Na,S,04+0.01 mol-L™ NaNO;  10% Na,S,0¢+0.01 mol - L NaNO; %5 4 d 24537 570 1 8
Exp-04 10% Na,S;04+0.01 mol-L™ NaNO;  10% Na,S,04+0.01 mol - L™ NaNO;  #:31 FH/BA#H% pH12.0 565 1 8
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Figure 2 Effect of Na,S,04 dosage on PCBs degradation
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Figure 3 Variation of electric current(a) and electroosmotic flow(h) in various treatments at different time
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Figure 5 Residual PCBs in soils after electrokinetic treatments
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