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Abstract

Anaerobic reductive dechlorination of tetrachloroethylene(PCE) to ethylene was investigated by
performing laboratory experiments using semi-continuous flow two-in-series soil columns. The columns
were packed with soils obtained from TCE-contaminated site in Korea. Site ground water containing
lactate(as electron donor and/or carbon source) and PCE was pumped into the soil columns. During
the first operation with a period of 50 days, injected mass ratio of lactate and PCE was 620:1 and
incomplete reductive dechlorination of PCE to cis-DCE was observed in the columns. However,
complete dechlorination of PCE to ethylene was observed when the mass ratio increased to 5,050:1
in the second operation, suggesting that the electron donor might be limited during the first operation
period. During the degradation of cis-DCE to ethylene, the concentration of hydrogen was 22~29 mM.
These positive results indicate that the TCE-contaminated groundwater investigated in this study could
be remediated through biological anaerobic reductive dechlorination processes.

Keywords: anaerobic reductive dechlorination, biotransformation, soil column, tetrachloroethylene.

L. J&

At stol g (tetrachloroethylene, PCE), 4tgslol€ @ (trichloroethylene, TCE) 2 4tgdsloler
(1,1,1-trichloroethane, 1,1,1-TCA)5 22 URHT HaA WS €344 318 (chlorinated aliphatic
hydrocarbons; CAHs) &%, A2 Y AZFANA agl& AAH, 348F viie, v=x 59 A
ARE AL, Zepo|FEd 5 A4 fUEAZ o8 AdEok FHASA AlgHE Aol
gy BEY 4&F, RAANEREEY & ¢ XA dEg T et WA FHLIEAE &
watn gk £ EsF B HEA F7ISEES o) EAEL vAEd gF &) ojde dEMA
EZE AQA FEEAE A AR R Aty FAY o)FH 2 wE o|FHAHE Ao &
o, #gk ohvz}t gig -l BdAd EF=Z J4HI ) (Capelle, 2001). S

CAHs?9| AE3ol JoiXE dWtHo 2 F49 o] & EFJYTFFE 7|4 whgdl vis) 87
A wkgo A BajrbsAe] A JeEREd (Vogel and McCarty, 1985), o]2]3 w22 7|4 gda

- 131 -



3} 34 wh$ (anaerobic reductive dechlorination, ARD)C. 2 AojZw erAh o] FEI JrlAzAs ) .
Al Ay XE8¥ PCES} TCEx X132 cis-dichloro ethylene(cis-DCE), vinyl chloride (VC)&'
AX g (ethylene)o.Z2 @d4 3} Hrl (Maymé- Gatell ef al., 1997). 22} AwrA o2 cis-DCEY
VCe} o] gadtake] B¥& FIMIEL @42 et Za7t &oldtR] o} FHHAY T 37
4 co-metabolismo|gt= ZSEF xdtA AL 7Hed AL @AM /&Y FHARNE @A
2 F9 vAET] PCEE oEdoz ¢bd 943 F Qv AR HuFo] it (Capelle,
2001). A7A] FXEe &4 714 BEAE g o) Bug b glou, HZ dEXYY A
st & gdast kgl Jlddte vAEY EA teAS Bag AE(RHY T, 2005)7F 1o
A3 P4 BY 284 FAHE o] €% PCEY TCE ¢ EXAESY MBS B471&9 ZA
A Ad7ts S $F o ¥9F2 Uk

2 AFANE 714 2943t &9 9gS o] 8% PCEY AR 7t did 7123 2y
AHATE TYSA o8 A AA TCER 248 EYo] 538 A= 2d Y Y vh¢
25 A8 ew, PCES} 1 Zaj4e 28 AATARY AT T8 F7tetdnh

2. 28

2 AFE H8iA 26U Y AEAFE 22 AFF Y ¥H-ER(L50 cm x Dia 5.4 cm,
£3 LIL)E o]&39tt ¥gzoE FU 44 TCER 24938 AYdA AHAY EUYL FA 3lge
W, A&ty A FEE AHAA AFH3 ] A3 TE. ARDYHES A O HAFAAE €88
g Qo (Fennel et al, 1997), € ATFdXME FAELE ARD TR AFsA FAH & + U
lactateE Az}FAAE MAZHTE PCE 2811 sodium lactateE T 9] stock oz FHISIAL, 9]
E 7Y Azt 47 Y3t vAGFEHEE o]&dte WrgERE FUSIYch Table 1] HEuke}
Zol ¥ AdL A F /A SHZRPE FRHAL F, FHAEL FY AU PCEY B =
T AA @304 BFE TCEFZTTOZ MAA8ta, Phase 13} Phase 118 2t @A A 723
&7 lactate 9 PCES] &4} AFuE 427 620:1 2 5,050:10.2 WEste] AA) old FAHE
lactated] FFL ¥ FFOLE AT AL FY B9 vEHAHAA HAE F Ae 749 ALY
7 ol§ F, AARFTAAY Fa WP g 2 HPAS v FARA Mz FE3]
AE €88 F IEE 7] AFelATh

Table 1. Operating conditions of soil columns

' Flow PCE Lactate Lactate/PCE
Phase Days
, (mL/day) (mg/L) | (pmol/L)] (mg/L) (mg/mg)
1 1~50 16621 0.71£0.15| 4.28+0.90 443463 620/1
11 50~90 265+20 0.71£0.15| 4.28+0.90| 3,585+536 5,050/1

Fig. 1(@)°]A E& Hits} o] Whgx E3AF o 3d o|F ¥ ¥ PCEx Ad FAEHA oo
A A Y wEEoA TCE: ¢ 4473713 F7HAE Roln o3 FHE 348 #48 BH
o cis-DCEE 43 29458 A&H d&HE 7 Z 2% Ax ZF7hse AgE ot o 109

r
(L o
olo

73 oFRHE A ¢HE HEALE BTk F, £327] lactate & PCES] ¢ A& 620:12
<A 739 Phase M E 29 HY whgxe EE WG

Zo| A ¥L-$-& cis-DCEZIA] RyH 1 Y&
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& @ % 39 o)k PCEY ¥4 AReE ATF Tyd Tae) AT 448 Folt (Bagley
and Gossett, 1990; Sharma & McCarty, 1996). 53|, 944U PCE9 Fxd vl3] F&529 HEH
% CAHsZE o 2535%AE2 T WA Uehttd, ot wezue EFdad g F2as o
T Aotk Fig. 1(b)ollAl BE Hje} Zo] o] 7[2bEt AAFAAE FYH lactate= A EF &3
AL I BAHAEA FIH HU1A GA He we FEE BPeW, I FARL acetate 9
propionate o] 1t}

H

RS
=
A

5 2000 — —
{a}1st Column 3 (a) 18t Column Fraha a’ u s

g 81500 | —o—tactate

E g —=— Acetate Presal Il Phese
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(a) CAHs (b) Electron donor
Fig.1. CAHs and electron donor profiles

Phase Io]A] cis-DCEe| o2 243 whgo] A= ZE FAAZHY ofE £48 TF3e
Axgodd el BEog Bhkslal Phase s FUHE lactated] FE& oF 8uHE ¥ lactated}
PCEQ] ¢ A S 5050112 FAtd FAoh. 1 A Figl@oA BE vt o] FHxHY A
B 3% o 10¥0] o AFAF F F F A wgzdA VO AEH7] AFslgen, o £43F 70
47 REE dddgte] FEFoA HEHJT ¥k ol CAHs ¢ &% EokAd A HA FY
AqME FUFY oF 50%7tEe] aEn F HA RN E o 2ui7tEe] CAHs7E AEHAT ol

ggas uge APoz EYUYR F24E PCE7F A2s)7 @] APHEA F71HQA v EA
< HAA ohdr} AtR"ET. FQUH lactate:s GA] A9 E3lE o2 Yoy FEFUY RN
¥5 = Figl(b)olA s} 2o] 433 B& £33 XYL YUt & B2y F49 FEE 24

3 A7} Table 29 AHelHo] AEH|, Phase o)A olejdt FAAI AAE & 47139 F7
o WE FA "AEY AT P g8 JFT Y& F AR, Table 2004 YERd npe} o]
AZRZAA 2N 49 HAZ TFo 2 33 9o YE Aoz Avdc 2 AFPAE= v A
PAFRAA T ﬂlﬁ“—iﬂ Adol7lE AT FUoAE PCEY TCER ¢® EYA}FE B
B &Ad #rA4 89 2948 S FET F UASS BAFE T8 A T Aotk
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Table 2. H, concentrations in column reactors.

Phase Reactor Observed H; Biotransformation
(mM)
I First column 10~16.5 PCE to cis-DCE
Second 9~17 Not observed
column
11 First column 28~64 PCE to cis-DCE
Second 22-23 ¢is-DCE to VC
column
22~29 VC to ethylene

3. 48

A4 TCEZ 299 Ege] X8 AFATE 20 EF ZY we2E o839 74 84 &
F&3t &S o]8F PCEY AR 7tsAel i 7|23 AFE FSHE AATAAZ lactate
¢} PCES] A& 620:12 % ZA¢ oF 20do] AHg o]FHH cis-DCEZA @d4s} dhgo] &
ZEAT. F7HHQ 2L sge] AYEA ge AAHY ol E F4E FTHIE JAFAAY F
o2 #odty FUHE lactated] FE=E o 8MAE FAE AT F 709 o]FFEH: PCE €84
3} HFAEQ] dgdvte] fE5d AEHAT. FYH lactates FA] AL B Aoz Yehgou
FEFU F714Y T2 AZFFeE FAHI UATh cis-DCEdA] dEd oz BadAA ¢
49 FEE 2229 mME YEET B A7y olgd AU A @Y mAEY 4 F
B olUg AAFAAZAY Fa9 AT FF JE AR FEHAY. B APEAFHE uF
APATEAAN FdE AFHYA AFo)r]E AN Tl = PCEY TCER 298 EJASFE
2E AR #7148 8 29438 S FET £ S BYFE T8I AFE & Rl
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