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The effects of growth substrates such as toluene and phenol on cometabolic biodegradation of trichloroethylene (TCE)
by Burkholderia cepacia G4 were investigated. The dual effects of primary substrate on TCE biodegradation, stimulatory
effects of toluene and phenol at low concentrations (0.5~2 ppm & 0.1~0.5 ppm, respectively) and a competitive
inhibition at high concentration, were observed in batch experiments. These stimulatory effects of toluene and phenol
were found to be due to the increments in the amount of reducing power like NADH which could be generated during
the assimilation of toluene and phenol as the carbon and energy source. The efficiency of TCE biodegradation in
trickling biofilm reactor (TBR) could be also enhanced up to the TCE removal efficiency of 58.1% by the supply of
appropriate amounts of phenol (0.94~4.7 ppm).
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Burkholderia cepacia G4+ 7)29] pseudomanadsol] B&)
=& TCE R3&EEE JHA|D QoW Methylosinus trichosporium
OB3b Tol w3 we H¥ L Z2AHFAHEE M o)
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oA ARSI AY v ot B A} =RoAE ol
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«4—————— Mininert valve

Gas phase(39.5 mL)
¢ Air & substrate(TCE)

Liquid phase(4 mL)

 Washed cell & buffer(20 mL phosphare pH 7.0

Figure 1. A reaction vial for the measurement of TCE biodegradation.
phenol2 Aoz FF3AH

HEszo £3

A EF T spectrophotometerE ©]-83}) I 600 nmol A
Optical density(0.D.)Z}-8 &A1 AT Mg o]85te] AA
dtgon, AEe vula Lo BCA (bicinchoninic acid)
assay 3 AMESIGer], O.D.7F 1.0Y o oF 0.2590+0.0008 mg/mL
O] SATH18).

TCE Rl A

TCE Hsf4d 8ol Al8-% 40 mL amber vial & Figure 1o} 1}
eflch A8 183 AEE Fgazedr 71 F AL
A} Eppendorf microcentrifugeE ©)-8-3Fed 5E7F 12000 rpme]]
A 94 EeNT. AEAL WelT 20 mM A4 38
(pH 7.0)9] dedled 2 mLe BAL viald) F43Hch 1| mM
TCE stock 848 70~300 y ¢ 543 F A5 &ofe] Rus}
4 mioh S 3% SRR W3 B mod 3 o 5
T7F 3~20 yMo] EHEE Fgchl9). %7] toluene BET
TCE®} 28 oz Hyo] =2¢$ m 0.5~20 ppmo| =
T2 39tk 1| mM TCE stock-e 40 mL amber vial (A3 2
1= 43.5 mL)ol head space $lo} 0.1 mM HCl&<} o2 TCE
HAg 8]43je] PTFE-faced rubber sepum®.2 WEE X
vortex3tod A zFG T B qhgo] dojihs AL whA|
&t7] SleiMe 712 E AMSEE TCEE & ARES Yo
vpAIgt H718l 5, WE Hos B4 vialg o
o) ol 0T R AT TCE &3 wh8-2 30T 9} Ag
F2A 180 rpmeilA] Z 3 LY.
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TCE 3 toluene 5T 8M

TCE ¥ toluene 100 y¢ gas-tight syringes} 500 ¢
gas-tight syringe® 7Yz} 30 y 0 3 200 4 9 7] BES )
st AT AE7IECD) Ev BFo| L2 7)(FID)7} &
e vt AROEIYHE E o]43le BEXEY FYe
HP-5 capillary & AME-314a1, FHAE AFEE Aio §&
2 30 mL/min ¥t} ECDAA @B, A&7 a8]lm Z¢x9
5% 47 100T, 2007, 250T a1, FID9] #ALE 200C,
2507, 300C 9t

Phenol &2
Phenol §=#42 modified colorimetric assay{-& ©]-83}
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Figure 2. A schematic diagram of trickling biofilm reactor (TBR)
system for the treatment of TCE (1. TCE supply unit, 2. liquid recycle
& M9 medium supply unit, 3. trickling biofilm reactor, 4. effluent
liquid & gas)
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portl 2 FEHE aird] FFE WA A AL HEY
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Figure 3. Effect of the initial TCE concentration on the initial TCE
biodegradation rate (a) and Lineweaver-Burke plot for the determination
of kinetic parameters of Michellis-Menten equation (b).

A yEhd AMY 5 4M o] TCE FLRElE %7
TCE —rsﬂ*Eﬂ A TIEE RE @ & e, R
(Figure 3 (a)).

Table 1. Initial TCE biodegradation rates of Pseudomonas cepacia

G4 at various initial TCE concentrations

TCE degradation rates[nmol/(min - mg protein)]
for an initial concentration

3uM 5uM 0 10M 15 uM 20 uM

P. cepacia G4 111 2.02 1.69 1.98 2.52

Microorganisms

1

A7IA Vmw, Kod Z4Zt HAiEsEE 2 3
(saturation constants)o]Y Si= TCE FXEo|t}. £Q parameter§
Via, Ko AAF37] A3t (DH Ag o]F dF 14
(Lineweaver-Burke plot)3l (2)H 2]¢] 7]-&7]¢} yAHO 2R E



Ye, B.-D., Effects of Growth Substrates on Cometabolic TCE Biodegradation 477

25

N

LN

S 15 "~

g w

§ RN ™~

g 10x ~ AN

g |y ~ =~

F ~ ~ ™~

140

Time(min)

Figure 4 Extent of TCE biodegradation by B. cepacia G4 at various
initial TCE concentration.

Vi K& 2R3 (Figure 3 (b))
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Figure 5. Effects of initial toluene concentrations (a) and initial phenol
concentrations (b) on initial TCE biodegration rates.
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Figure 6. Effect of initial toluene concentration (a) and initial phenol

concentration (b) on extent of TCE biodegration.

HIStA7IEA 0~520l4 2& TCE % W3l AR2HH %
7] TCE ##|&=8& 8ttt (Figure 5 (a)). 3~20 ppm Aol
9] toluene & s}o|A] TCE E3J<LE+= 2k 0.1~0.45 nmol/mi
n-mg protein ZEE HPEH, ©) ke tolueneo) H7IEA
BokE wo] TCE Ral&zo vis) oF 0.5u0 A 108 A%
£ grojtk. whelbA, 3 ppm o]4HY] toluene EEoAE toluene
) % 434 Aelz Astel TCE ajsmel Zavt ol
% F 99tk 7, AFEY ohene FFRE 459
© TCE 234yt S7hse dde 458 + Aled,
& 0.5~2 ppm A}ol¢] toluene EA] A& TCE E3s=7}
¢} 1.11~3.08 nmol/min - mg protein .= toluene< %’—,—}'}X]
% oT"ﬂHA TCE R3&2E 7IF08E & uf o 154
Al 2R =L ARE Jehlch 27] toluene F Oﬂ mE
TCE &3 735_7} Figure 6(a)ol] #Al¥]o] St} 3~20 ppm A}
0]9] toluene FEANAME Ag 20oE F& TCE 2371 A
o] dojubA] gro} AF AHIE BT Y ¢ 4 U, 30
£ o]FHEE A TCE #3871 dofuyr] "l&?ﬂ?«i‘:} o],
toluene H38] AEE Zo] FAlE] Hgted, x7)d TFE
toluene-S 10~ 308 7ol 2+43) E3)5th (data not shown).
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Figure 7. Effects of n-octanol and gluconic acid on TCE biodegradation.
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Figure 8. TCE biodegradation in the TBR without phenol (a) and in the presence of 0.94 ppm phenol (b) and 4.71 ppm phenol (c).
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Figure 9. Stimulatory and inhibitory effects of primary substrates on
TCE removal efficiency in the TBR
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