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Trichloroethylene Treatment by Zero—Valent Iron and Ferrous Iron with
Iron—Reducing Bacteria — Model Development

Bae, Yeunook - Kim, Doo-il* - Park, Jae-Woo'

Department of Civil Engineering, Hanyang University
*Center for Environmental Technology Research, Korea Institute of Science and Technology

ABSTRACT : Numerical simulation was carried out to study the trichloroethylene (TCE) degradation by permeable reactive barrier (PRB),
and revealed the effect of concentration of TCE, iron medium mass, and concentration of iron-reducing bacteria (IRB). Newly developed
model was based on axial dispersion reactor model with chemical and biological reaction terms and was implemented using MATLAB
ver R2006A for the numerical solutions of dispersion, convection, and reactions over column length and elapsed time. The reaction terms
include reactions of TCE degradation by zero-valent iron (ZVI, Fe") and ferrous iron (Fe’"). TCE concentration in the column inlet was
maintained as 10 mg/L. Equation for Fe’ degradation includes only TCE reaction term, while one for Fe’" has chemical and biological
reaction terms with TCE and IRB, respectively. Two coupled equations eventually modeled the change of TCE concentration in a
column. At Fe’ column, TCE degradation rate was found to be more than 99% from 60 hours to 235 hours, and declined to less than
1% in 1,365 hours. At the Fe’™ and IRB mixed column, TCE degradation rate was equilibrated at 85.3% after 210 hours and kept it
constant. These results imply that the ferrous iron produced by IRB has lowered the TCE degradation efficiency than ZVI but it can
have higher longevity.http://kci.go.kr/kciportal/ci/contents/ciConnReprerSearchPopup kei#
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Fig. 1. Schematic diagram of the column in this study.

Table 1. Basic values of column used in the model simula-
tion parameters

Parameter Units Values
Column length, L cm 50
Column diameter, R cm 2.5
Time step, &t hr 1
Space discretisation, %x cm 1
Ratio of sand-iron mixture to iron, r - 0.2
Rorosity of sand-iron mixture in column - 0.325
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Table 3. Variables of the model simulation parameters

Parameter Units  Initial values
CT Concentration of TCE mgL’ 10
Mpreoy Mass of Fe(0) per unit volume mg L’ 1061.1

Mpeary Mass of Fe(Il) iron per unit volume mg L 1061.1

A pH = 7 279 B AZME 97pEe 37} Astds X, Concentration of biomass mg L': 10, 100, 1,000
}\]'E]rg C]—_L 7]_ g,\l:]— g__]u]—x—] o 27]_ A}g].xJ o on }EJ'_O_E Mpeany Mass of Fe(IlI) per unit volume mgL 0
Table 2. Constants of the model simulation parameters

Parameter Units Values Ref.
D Dispersion coefficient em” hr'! 1.15x107 21
A% Velocity cm hr! 0.5 -
Kre() 2nd Reaction rate constant for Fe(0) L mg'1 hr! 7.539x107 11,23
Krearn) 2nd Reaction rate constant for Fe(II) L mg'I hr! 1.885x10° 11,23
e maximum specific rate of Fe(Il) reduction hr! 0.32 19
Kre Half iron reduction constant mg L 1619.65 19
Yre Fe(I) yield coefficient per IRB growth - 9.382 19
Yre) Fe(0) consumption coefficient per TCE reduction - 0.283 -
Yrean Fe(II) consumption coefficient per TCE reduction - 0.849 -
M 1otal Total mass of iron mg L' 1061.1 -

CHot=t 4 35te| X 30# 112, 2008 118
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Fig. 4. Production of ferrous iron at various concentrations of
IRB over time.
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