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ABSTRACT

The feasibility of stimulating in situ aerobic cometabolic activity of indigenous microorganisms was investigated in a
trichloroethylene (TCE)-contaminated aquifer. A series of single-well natural drift tests (SWNDTs) was conducted by
injecting site groundwater amended with a bromide tracer and combinations of toluene, oxygen, nitrate, ethylene and TCE
into an existing monitoring well and by sampling the same well over time. Three field tests, Push-pull Transport Test, Drift
Biostimulation Test, and Drift Surrogate Activity Test, were performed in sequence. Initial rate of toluene degradation was
much faster than the rate of bromide dilution resulting from natural groundwater drift, indicating stimulation of indigenous
toluene-oxidizing microorganisms. Transformation of ethylene, a surrogate probing overall activity of TCE transformation,
was also observed, and its transformation results in the production of ethylene oxide, suggesting that some toluene-
oxidizing microorganisms stimulated may express a orthomonooxygenase enzyme. Also in situ transformation of TCE
was confirmed by greater retardation of TCE than bromide after the stimulation of toluene-oxidizing microorganisms.
These results indicate that, in this environment, toluene and oxygen additions stimulated the growth and aerobic
cometabolic activity of indigenous microorganisms expressing orthomonooxygenase enzymes. The simple, low-cost field
test method presented in this study provides an effective method for conducting rapid field assessments and pilot testing of
acrobic cometabolism, which has previously hindered application of this technology to groundwater remediation
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Fig. 1. Toluene degradation pathway (Parales et al., 2000).
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Fig. 3. Field experiment set-up (Kim et al., 2004).
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AFE= 5 mL FAPIE o838k xF3 & FEej=stie
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DSAT 432 DBT 237 sd¥YHe= F3h=|]th
T AF 719 xpo)HdL DSAT AH LR EdFE R0
g3l v|AERe- fA1RES] ojdle] ke Holo).
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579, ExlEa2ogd, ojgdl, Aksloddle FID7}
A28 Shimadzu 17-A GCE EA3I%1aL, ohksleae
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2.7, HEAIEHA D SiAf e
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o] =
BRIt E2E5E 2 (el 9six Axkeict
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3.1. PPTT &8 Ao}
ol Ae] 80} =5 Aol AL H rdE
71AES] ARl o8 2ABE] $18kd PPTT A¥

tlo

Table 1. Injected and extracted volume, and concentrations of injected solutes during the field tests

Test Injected vol. Extracted vol. Toluene Ethylene DO NO;~ Br
(D) (9] (mg/L) (mg/L) (mg/L) (mg N/L) (mg/L)

PPTT 280 570 44 0.54 31 12 77

DBT 4830 84 7.8 0 37 13 85

DSAT 890 36 8.2 6.1 37 7.4 98

Journal of KoSSGE Vol. 10, No. 3, pp. 38~45, 2005



1.0
@8@% 8 O Toluene
‘%0 A OO < Ethylene
08 | e @3{3 ¢ DO
L 4 A5 A Nitrate as N
&0 1 Bromide
]
0.6 &
* o6
& 0%
< e %
04 1 A
§2o
o
02 A 3 % 0o
0.0 -

0.0 0.5 1.0 1.5 2.0
Vol. extracted/Vol. Injected

Fig. 4. Normalized concentrations of the solutes during the
extraction phase of PPTT.

40 100
35 ¢
30 - . - 80
3 3
E" ) <& Tolvene %"
27 *D0 60 =
% 20~ Carbon dioxide §
= .
s A Nitrate (as N) B 3
7] 40 B
:E) 15 & . L K 4 ? Py 3 Bromide g
“ 10 4a * a
A P - 20
A L 2
5 AF *
[i] < eI B : ~%¢‘*~W" 0
0 2 4 6 8 10 12
Time (days)

Fig. 5. Concentrations of toluene, DO, carbon dioxide, nitrate,
and bromide during the DBT.

1200
1000
800 - 0

600 - ol

TCE (ug/L)

400 ]

Time (days)

Fig. 6. Concentrations of toluene, carbon dioxide, and TCE
during the DBT.

F AEE 53 ER|EE ZogA(Trichloroethylene) 2.8 A|8l2] A&7 H9l glbAd A+ 43

ST, Fig. 42 PPTT A3 &5 Al 7+ 7|AEe
BF TEE eI Aot FHAE ARG BiEolee]
G Al FH3) A (breakthrough curve)S B4,
gz, 85k, iAo sl 439 fARE
%S o Fa ik & dieSeAMe] nAE JIAE
9] o]Fo} FAA} FAFRE B F= Aijelrt. o] 4
FAARE HEol2o] TR ¥ APolME AH8H
F A2, DBT ool E7<l, g, g3k &
a7} TS| Fdthe AS & 5 UL

2 T Ao AHeE HEolRL &S AN 54
FAANA EA4EHR] bromateE TR AFAlE &
#HA At} (World Health Organization, 1984). w2}A]
£ Ao AMEE HEo|Ro] X3l 23 29S
& & Aok 2y Y T 3 Aseet &3] =
A ZFshe AT HEY w2t 4 4 Jdd X
oj3tE ZHAaEe] AEHA] fe Ao FAHAY BEo]
o= Qg Al 22k 24 FAE flolE AlsE

i)

e

¢

3.2. DBT &8 #xt

EFAe Eolshs BEAAES] E4) oY, E2ER
2ogde] s Ealldl 23 olFe] RS sk
#fsld DBT dde sdagit. 488t % ¥ BE
o)X TET ASkT B ool YT ST s
oF 9ol A Felle HEHA FUH (Fig 5) ol
Y Aggeto] 9o ol Agl 54 oM AY A
ol 8] RFHUES Bl F= ot A
& Fhh BEoles} AR Edos Zhasiitt 4%
4 7Y 2 F BHEole vEE F43] dashA] ask
Ot AT §EMne) FEE F43 sl HE
SR @9kt FAlel HAE £

&9 FEE 4

Ir

of\
N
5
2
ink
i
i
= °
B
O
1
&
B
off
ki

i SE7F BHEo
sk FE Ve 59 Ak ujAEo] @A 54
HAcks Aot S EF4le] DAIRE O ghd 13
He 29E B5d F40= g A5lre] 2410 JEA
71 £ A8 dFlre gle-s e

Fig. 62 EZEE2gd Fx7} Y4stA S718td
HdEE Egske As B 1 Ut} 1y Eg
EE 2 B3 AR5 sl FaMe EEE
2ogddll w9 TR FARLY] BREE v}t
Zasj,

Fig. 7:& AR & 79, 8844, 2bdda

]

EgZEd, BEole T HIE 1-C, 1-{(C-

o
o
o
B
iy
i
o
F
|
o
>

5

Journal of KoSSGE Vol. 10, No. 3, pp. 38~45, 2005



44 PR B AR e R A = o3 B2 2
12
Aﬁ A
1.0 00 O <>§ 8 &
'S
08 o ® 1
|
* 06 F Iy
&)
s O
0.4 -
02 .
0.0 @ o
—0.2 Fﬁ i 1 1 1 1
0 2 4 6 8 10 12

Time (days)

| #DO  OBromide  ANirate  OToluene [CITCE |

Fig. 7. 1-C* values for the solutes during the DBT. Note that the
initial value (1-C") for bromide is negative, since the initial value
of C for bromide is slightly greater than the average injected
concentration of bromide (Cy).

Cao)(Co—Caa)|Z WEPA 1efizolt). 27 32 hg-o]
o= 71d9 A, Y F 2lde 1-C gol dolH
(C=Cy, Cag=0), AlZto} ZAAzlol| w2} 1(C=0, Cpg=0)
of g} wiA TR Y w=UF AHeR A
3 ko] ol 71 @S, BEA)) A, W
Z7lE= FHET 33 1Rohe 2R 3helal (Cpg<<Cy,
0 '<C/Co< 1), W7t ol mt 1(C =00l HI3
o ¥R FERT FY st diFeE ZL 7)1E
(EJF2dEd) o AL, S5 =27 &+
(Cag>>Co) 32 0 olu, W7l Agol iz} |
(C=Cgo) & HIT} A7) F83F A& ESER
g4 Ryt dojks 3% 10 HZdhe 571 94
7} 16 Aoske £ERg =8 Fge Jeide R
olct.

EZqg &5k 27) 1-C" gro] 9rtt =31 1K
o} 2o g Hole AL e ERdn 8T
271 BalEINeS Hel 3 gl (Fig. 7) A8
2] FE Wghe BEol2d AR B¥e B o
2ha] AL} B 98 vt u] ok B
gt} Fig. 7004 FESof & 2y EjE2 208
o] 1-C" #E50] 1080} A}3}7] ool P BHEo]
29 1-C" FEEY Itk Aot} wEtx EF<d
LENLE AT Y A TR S AE B4
A9E EgjFgZoglo] 53 1A RallEo] EgE
22o|gal o]do] BEole Hr} X HYtk & 4
=

Journal of KoSSGE Vol. 10, No. 3, pp. 38~45, 2005

12 © Toluene =1 6
m < Ethylene
@ Bromide )
1.0 O 3 Ethylene Oxide BN g
0 2
Q. > ¥ .
8 O 4 g
g
Hos -5 13 2
I
O g
04 F 12 8
O £
< 5]
02 - EAR
M %
0.0 Q O— 8—8 0
0 2 4 6
Time (days)

Fig. 8. Normalized concentrations of toluene, ethylene, and
bromide and concentrations ethylene oxide during the DSAT.
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