ABGESE  Vol. 17(1), p. 33~41, 2012

L4712} Geobacter lovieyi= 0|28t

L[FEZE>

TCE

Etod A 0f

BEH SN AT

UAF - oty - BEY
st

B - i

Kinetic Studies of Nanoscale Zero-Valent Iron and Geobacter lovieyi
for Trichloroethylene Dechlorination

Young-Ju Kim * Sang-Woo An * Jun-Won Jang - In-Hwan Yeo - Han-Suk Kim - Jae-Woo Park*
Department of Civil and Environmental Engineering, Hanyang University

ABSTRACT

Nanoscale zero-valent iron (nZVI) has recently received much attention for remediation of soil and groundwater
contaminated with trichloroethylene (TCE). But there have been many debates on the toxic or inhibitory effects of nZVI
on the environment. The objective of this study was to investigate the effects of nZVI on the activity of Geobacter lovieyi
and to determine the potent effect of combination of abiotic and biotic treatment of TCE dechlorination. TCE degradation
efficiencies of Geobacter lovleyi along with nZVI were more increased than those when nZVI was solely used. The
amount of total microbial protein was increased in the presence of nZVI and hydrogen evolved from nZVI was consumed
as electron donor by Geobacter lovleyi. In addition, dechlorination of TCE to cis-DCE by Geobacter lovieyi along with
nZVI in respiking of exogenous of TCE shows that the reactivity of Geobacter lovleyi was also maintained. These results
suggest that the application of Geobacter lovieyi along with nZVI for the dehalorination is beneficial for the enhancement
of TCE degradation rate and reactivity of Geobacter lovieyi.
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Fig. 2. TCE dechlorination and by-products formation by nZVI.
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Fig. 1. TEM image of (a) nZVI, (b) core-shell structure, (c) X-ray diffraction pattern and (d) size distribution histogram.
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Item Kinetic constant (day™) Half reaction time (1/2t, day) R?
0.038 1.373 0.505 0.950
Initial TCE i M 0.19 0.897 0.773 0.918
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Fig. 4. Dechlorination TCE to cis-DCE by Geobater lovieyi at
various TCE concentration.

2@ ACE FYEh

3.2. Geobacter lovieyi®| TCE B4 3| S

Geobacter lovieyi®] TCE A& 5L dolRr] 9
3] TCE Z71s%= Wslo] W& TCE ©43} kgl v
e IEFE AR 27 7 HE FEE protein

]—n—__i 0.136 protein pg/mLE FYsIH S, pH 7
g 2% 25°CE 7YX ARS MWsiAnt. TCES| %71

FEE 0.038mM, 0.19 mM, 038 mM, 0.76 mM=E 3}
5 AUk
Fig. 4= TCE F=W3lo WE Geobacter lovieyil

TCE €94:31= VeRH. TCE 7] U] 718
£ TCE?] A& Aasl= Aoz Yepdtt TCE &
= 71*‘ Ol8-8S 1A} HESEE A5 o83l 13}
E3AIFE ALSIAS wl, 0.038mM, 0.19mM, 0.38
mM, 076 mM S =2 Z}Z} 1373 day”!, 0.897 day!,
0.637 day™', 0.116 day™'& 1= ATH(Table 1).
Geobacter lovieyi® 713 333} ) TCE ©l§ &
A7) fJste] B AFelxe A TS A=
3h= 74834 =4l Chapman-Richards ZE@Q1 & (2)&
olg3le] Ht) TCE o8 F=2 =310t 4 (2)lA

=
==

1:1 Line

TCE degraded concentration (mM)

TCE degradation rate (mM/protein mg/day)

00 T T T T 0.0
0.0 0.2 0.4 0.6 0.8 1.0

Initial TCE concentration (mM)

Fig. 5. Maximum TCE utilizing concentration & Michaelis-
Menten plot of Geobater lovieyi. (Solid line: Michaelis-Menten
plot, dash line: Maximum TCE utilizing concentration plot).
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Table 2. Comparison of TCE biodegradation by Geobacter spp.
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Stain Organism Type of metabolism TCE degradation rate Reference
Strain SZ Type of Geobacter Anaerobic heterotrophic PCE 0.81 mM/protein mg/day ~ Sung et al. (2006)
KB-1 culture Mixed culture Anaerobic heterotrophic 0.3 £0.2 mM/day Haest et al. (2011)
KB-1 culture Mixed culture Anaerobic heterotrophic 1.56 x 107! mM/cell/day Haest et al. (2010)
PM Mixed culture Anaerobic heterotrophic 0.125 mM/protein mg/day Yu et al. (2005)
HU culture Geobacter lovleyi Anaerobic heterotrophic 0.63 mM/protein mg/day This study
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Fig. 6. Dechlorination of TCE by nZVI and nZVI with
Geobactor lovieyi.
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Fig. 7. cis-DCE production during TCE dechlorination.
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Fig. 8. Hydrogen evolution and consumption.
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