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Application of a Biostimulation Model to Trichloroethylene
Transformation in Soil Column Tests
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A transport-degradation model for trichloroethylene (TCE) with a modified competitve inhibition Monod kinetics,
product toxicity and TCE sorption in soil was developed for the simulation of TCE removal from soil columns. The
simulation results were compared with the experimental data. They show quantitatively good agreements with
experimental data of TCE removal and carbon source degradation in the soil column amended with methane or
aromatic compounds, Parameter sensitivity analysis of the model also shows that the TCE removal rate is highly
sensitive to changes in yield coefficient, carbon source concentration, TCE concentration, and transformation capacity.
However, it is relatively nonsensitive to changes in the maximum rate of TCE transformation and the half-velocity
constant. This model could be an effective tool for predicting the treatability of a biostimulation approach to an

aquifer contaminated with TCE.
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Table 1 Parameters used in the simulation for the batch-operation column test

Parameter  Input data unit Parameter  Input data unit
p 1.6 kg l! ko 1.5 d’
1 0.3 - kg 10 mgmgd’
Xay 0.000t  mg-kg' Ks 02 mg-I"
Ky 0.3 I'kg™ ke 5 mgmg'd
5 6 mg /! Ke 10 mg !’
Cy 0.5 mg+ I Y 0.4 gg
Cap 0 mg kg k k d
K, 0.04 I'kg” Te 0.05 gg'

é e
o0
T E¢
=
0 2 4 8 8
elapsed time (days)
Fig.1 Methane, TCE, Methanotroph(Xy) concentration
in the batch-operation column predicted by the
equilibrium linear-sorption model (K ,=0.04/ .kg")
8 ¢ |-« methane ———TCE ~~-—-XT| - 0.8
7 Jl ey el 07
~ 6 06
P {0538
£ 04 E @
g3 03 & F
S =
s 2 + 0.2
i SN
0 0
0 2 6 8

elapsed time (days)
Fig.2 Methane, TCE, Methanotroph({Xy) concentration in the
batch-operation column predicted by the nonequilibrium
sorption model (k ,,=1.5 d'l, K,=0.04 l-kg")
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BHRE Figd, 215077, £, &3y FRESROLIE
AKTCEBE, RO, JERFEET OB 5 ElE
TCE BEDEIBE Flgld, 4105RT, AX L OWNE, A4
VBN ORFEE RO BT L, JEATR
EFAHITIER CEEB 2R L (Figt, 2), LAHLE
WOy FHERO TCE B, W T ClIBrf I
TEEREL, BEMETLEOIRL, HFEHRES
FATRBRLIZETLE, LML, 2 BHEHUBOAA Y F
BECIRMEICIIEALEEN R, ZhiT K, & 0.04:

58—

. 13
go3 |
% 0.2 ,,.,&f =« =A= = Nonequilibrium sorption at Ka=0.4 L/kg-soil
= ~ ~fF — Nonequilibrium sorption at Ka=0.041/kg-soil
" O Equilibrium linear sorption at Ka=0.04L/kg-soil

0.6 ;
0.5 : e
-~ N
w04 GO O-O0-- OO0
Al £3 b
:H

0.1
0

0 2 4 12 14 16

6 8 10
clapsed time (days)
Fig.3 Comparison of predicted effluent TCE

concentrations between equilibrium linear sorption

and nonequilibrium sorption models.

o
)
1

ADDABANA
L aBEET

,AA

© = =A= = Nonequilibrium sorption at Ka=0.4 L/kg-soil

b
&

= =k~ - Nonequilibrium sorption at Ka=0.04L/kg-soil

=
<
w

TCE (mg-kg-soil")
<

¢ Qe Equilibrium linear sorption at Ka=0.04L/kg-soil
sRt L e BB NeRe e e e e Ny Ne Nyl

0 2 4 6 8 10 12 14 16
elapsed time (days)

Fig.4 Solid-phase TCE concentration predicted by the
nonequilibrium sorption model.
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Table2 Parameters for the baich-operation column simulation
employing  the equilibrium liner sorption model

Parameter  Input data unit

Parameter  Inputdata unit

p 1.6 kg-I' ks 8 mgemg+d’
0 03 - K 0.2 mg- /!
Xa, 000001  mgkg’ ke 3 mgemghd!
Ky 03 I'kg'- Ke 20 mg I
Sy 6/3 mg ! Y 0.4 gg’
Co 05 mg I k 0.1 d!
Cay 0.02 mgkg' Te 0.05 gy’
K, 0.04 I'kg’ - - -
o CH4 6mg/L simulation .
~ 6 © O CH4 6mgL data
?éu 4 = = o =« CH4 3mg/L simulation
~ ; A CH4 3mg/L data
E 2 : T
0 10 20 30 40

elapsed time (days)
Fig.5-A Temporal change in effluent methane
concentrations under different influent methane
concentrations in the batch-operation column tests.
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1.E+06 -~ - o o .ﬁ o )

@ BRELE P R N ESBBE RS B B oS« H

~ LE+05 f ?,_Ai‘ ;
& LE+04 S JaN J

2 1E+03 /
[
S LEH02
1.E+00 | : : : ;
0 10 20 30 40
elapsed time {days)
Fig.5-B Temporal change in effluent methanotroph
density under different influent methane
concentrations in the batch-operation column tests.
30
g A
< 20 o Q) oy r\n Q ’(%
) l— i &XL) [
g 10 e o) A
g o *is----u--25~¢A=~--u-----~-=2§3-=
S 0 A N A AA
O - &
(=4 & AL 7
<10 : : : i
0 10 20 30 40
elapsed time (days)

Fig. 8-C Temporal change in TCE removal under different
influent methane concentrations in the batch-
operation column tests.

% OREA Y CEERESL, A F 6 mg M
BRCRBROEEMN 3.6x10%cells-ml’ 1ot L, BHEEMN
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28 1.3x10%ells mi? io%h L, BHEAEAS 2.7x10%ells - mi! &
Bol, WIFRLHEENETEDTRHEN, F—4
—HNIIRSEOEE B, A X CRIMEB»SER
B ELBIRBER L EDMAECBY, EFARD
HELHBRERCIIHENRVEBAENED LR,

Vol.27 No.12(2004)

8 4 24
6 18
3 = = = =CH4 conc. E
& 4 | MR
~ TCE remov. | B
5 2 SO | %3

16 9

0 0

0 10 20 30 40
elapesed time (days)
Fig.6 Temporal change in effluent CH, concentration and
TCE removal predicted by the equilibrium sorption
model under continuous flow operation.
1 '6 -~ P SR
~ 14 & ')
B2 ¢ B
21 18
T —- o |
n : o) !
x 04 E - EON
02 - 6,, -~ _— kO]
0 .

0 0.05 0.1 0.15 0.2 0.25 0.3
column distances (m)

Fig,7 Methanotroph(Xy) density at different distances
predicted by the equilibrium sorption model under
continuous flow operation at t=30 days.
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R,

—59



808 # —Original Paper

- 30 7 30
100 - ©O-0-0 f
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I~ TCE%) T
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100 1eCOO~-..g 1
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Fig.8 Effects of parameter values to methane (circle) and TCE
(square) removal i the contimious flow column model at
=30 days.
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Fig.9 Change in TCE removal in the continuous
flow soil column tests amended with aromatic
compounds.
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Fig.10 TCE removal profiles predicted by the
continuous flow model amended with toluene.
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