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In this study, problems related with pH control in electrokinetic (EK) bioremediation of phenanthrene contaminated soil were
observed, and the effects of pH control methods on the removal efficiency were investigated to search a further application
strategy. In a preliminary experiment, it was found out by flask cultivation that a certain sulfate concentration was needed to
degrade phenanthrene well using Sphingomonas sp. 3Y. However, when MgSO, was used as sulfate source in EK
bioremediation, the bacterial activity reduced seriously due to the abrupt decrease of pHs in soil and bioreactor by the
combination of magnesium and hydroxyl ions. When another strong buffering compound was used to control the pH
problem, the good maintenance of the bacterial activity and pHs could be observed, but the removal efficiency decreased
largely. When a low concentration of MgSO, was added, the removal efficiency decreased somewhat in spite of the good
maintenance of neutral pHs. With the addition of NaOH as a neutralizing agent, the removal efficiency also decreased
because of the increase of soil pH. Consequently the selection of electrolyte composition was a very important factor in EK
bioremediation and some sulfate sources suitable for both bacterial activity and contaminant degradation should be
investigated.
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Table 1. Property of model soil

Particle size disibution (%) ' Orpanic matter Soil pH
sand silt clay (%) = - (distilled water)
43 46 11 0.13 74

electrode

electrokinetic i
reactor

bioreactor i

ontaminated soil

electrolyte
reservoir

>

Figure 1. Schematic diagram of the experimental EK process.
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Table 2. Experimental condition

Electrolyte composition (g/1) Description

0.6 Nat;PO;, 1.6 Na;HPO,, 5.0 KNO;,  Low buffering capacity
1 30, MgSOs-7H0, 07 KCl, 03 & high magnesium

Na,50,, 0.002 CaCl, sulfate

4.4 KHoPO4, 72 NaHPO,, 5.0 KNOs,  High buffering capacity
2 30 MgSO;-7H0, 07 KCl, 03 & high magnesium

NaS0s4, 0.002 CaCl, sulfate

0.6 NaH;PO4, 1.6 NagHHPOy4, 5.0 KNOs,  Low buffering capacity
3 04 MgSO,-7HO, 07 KCL, 03 & Low

magnesium
Na,S04, 0.002 CaCl, sulfate
4 44 KHPO, 72 NaHPO, 50 KNO;, /& Mhering capacly
0.4 MgS0, - TH,0, 0.1 NH,CI g
sulfate
0.6 NaH,PO,, 1.6 Na;HPO,, 5.0 KNO;,  Low buffering capacity,
5 30 MgSOs-7H,0, 0.7 KCl, 03  high magnesium sulfate

NaxS804, 0.002 CaCl, & NaOH addition
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Figure 2. Change of electrical potential gradient during EK
bioremediation.
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Exp. Removal
efficiency Description
no
(%)
1 410 Despite low pH in bioreactor, neutral region of soil was
observed and good removal efficiency was obtained.
Strong phosphate buffering compounds maintained
2 42 neutral pH in soil and bioreactor, but removal
efficiency largely decreased.
A low magnesium sulfate concentration maintained
3 204 neutral pH in soil and bioreactor. Sulfate was an
important factor to degrade phenanthrene.
Another electrolyte compounds with strong buffering
4 143 capacity showed neutrality of electrolyte solution.
However, the relatively low removal efficiency was
obtained.
Addition of NaOH increased pH in bioreactor for a
5 232 short while, and also increased soil pH above 7. The

relatively high removal efficiency was obtained.
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