A BEGSAENE] A Vol. 11, No. 2, pp. 68~76, 2006 KEE>

sloi% S5 20t £ HE0IMe| Alat o3 (PCE))
8714 shalzreias)

otiEx . H|NE! . Z] 2. HLod3 . HISO

A ESHE, st BT s, Tt
BARASN, PSSk, (G 1aY) 73

Anaerobic Reductive Dechlorination of Tetrachloroethylene (PCE)
in Two-in-series Semi-continuous Soil Columns

Young-Ho Ahn'* - Jeong-Dong Choi' * Young Kim® * Soo-Youl Kwon® - Hoowon Park*
!School of Civil and Environmental Engineering, Yeungnam University
’Dept. of Environmental Engineering, Korea University
*Dept. of Environmental Health, Korea National Open University
“GreenTech Environmental Consulting Co. Ltd.

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. Dechlorination
rate of PCE to cis-DCE was 0.62~1.94 umol PCE/L pore volume/d and 2.76 pumol cis-DCE/ L pore volume/d for that
for cis-DCE to ethylene, resulting that net dechlorination rate in the system was 1.43 umol PCE/L pore volume/d.
During the degradation of cis-DCE to ethylene, the concentration of hydrogen in column groundwater was 22~29 mM
and 10~64 mM for the degradation of PCE to cis-DCE. These positive results indicate that the TCE-contaminated
groundwater investigated in this study could be remediated through in-situ biological anaerobic reductive
dechlorination processes.
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2¢k BEoF Aol M 2] A1d3} odall(PCE)e] 714 SHledAs} 69
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Fig. 1. Two possible approaches for biotransformation of PCE.
(a) anaerobic reductive dechlorination to ethylene and (b)
anaerobic dechlorination to less-chlorinated ethylene, follow by
aerobic cometabolic oxidation to harmless products.
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Table 1. Pure bacteria cultures being capable of reductive dechlorination of PCE

. Dechlorination Electron
Bacteria Reference
end-product donors
Desulfitobacterium sp. strain PCE1 TCE H, Gerritse et al. (1996)
Desulfitobacterium sp. strain PCE-S cis-DCE H, Unpublished
Desulfitobacterium sp. strain Vietl TCE H, Loffler et al. (1997)
Desulfitobacterium frappieri strain TCEI cis -DCE H, Gerritse et al. (1999)
Dehalobacter restrictus strain PER-K23 cis -DCE H, Holliger et al. (1998)
Dehalobacter restrictus strain TEA cis -DCE H, Wild ez al. (1996)
Clostridium bifermentans strain DPH-1 cis -DCE H, Chang et al. (2000)
Desulfuromonas chloroethenica strain TT4B cis -DCE acetate Krumholz et al. (1996)
Desulfuromonas michiganesis strain BB1 cis -DCE acetate Sung et al. (2003)
Desulfuromonas michiganesis strain BRS1 cis -DCE acetate Sung et al. (2003)
Dehalospillum multivorans cis -DCE H, Neumann et al. (1996)
Dehalococcoides ethenogenes 195 Ethylene H, Maymo-Gatell et al. (1997)
Dehalococcoides sp. strain FL2 Ethylene H, Loftler et al. (2000)
Uncultured bacterium DCE17 Ethylene H, Gu et al. (2004)
Uncultured bacterium TCE16 Ethylene H, Gu et al. (2004)
Uncultured bacterium clone DCE5 Ethylene H, Gu et al. (2004)
Uncultured bacterium clone DCE47 Ethylene H, Gu et al. (2004)
2. Aé?:'.IxHE I:*I tél-l:él Sampling port
2.1. 2!:[- Eot EHIE:-II tlﬂ-%_;::_ Alﬁlf:é! [} Off-gas
PCES] 3714 &9 @928} WheE4e Al 9 °
o Fig. 29 0o APATR % AT BH WEEL  oae ° l
- o
50 emXD 54 cm, €4 114 L) AT PCESF oo
%]—2_ Oﬂv/;\_;ﬂ %7]%_Uﬁt EEE H]-/\éjl]. 13_]«%_}\-1 L=X¢} E.E_ donor E”""im AEti\-';ted
. . tan arpon
-5]_ —7_n._/k g 7};(];_7_ ))7] UH;,_—O] EL}%_];_O HE XHHo Syringe Pump Micro Pump
~Elolals AT AREn). Ade] At itk Fig. 2. Column supply system.
100 mesh ~THE Bo] B 2] =S WAL,
IS8 B(0ringys AR&St] HashAl g Iz vhs afo] WhEE stk AFE Askre 4°CellA W
Zolls =l 24 TCEZ o€ AdellM AFE EYF & Baslden, ARl J714 AelE wAlsk] sl
S g7 FXH(anaerobic chamberllA 71 1S A Aoz gFE/AE FolulEsl & Wiz 27

A8 78140t HEnlol=E o] 83t FH} AF

A% g 3 A 2 F

023 2 0.24°]c}.

WA Aol 2zt

AROM, AEE W B
27} 238 Tl

FIAew wAlk, Y 9 =59

AEE7] Sls At

AZA3AT}. PCES} lactate -80S

Ay B S SEiA ARRE Agkr= AA
TCEZ 3% AHol|A A==, A8l Well= 0.1
~0.28 mg/L =] TCE/} ¥3H=0] = A= 4]
Aom, VC YA ZrHEAAIA o w|gke] w37} A
EHY Fig. 204 B nle} o] AFHE Asl5<}
PCE ¥ ZAZAAZMN sodium lactate’} Tl HEL
A& (stock) B8NS FHISIAL U|AREF AlFIA] PEE o]

Journal of KoSSGE Vol. 11, No. 2, pp. 68~76, 2006

ZH3190H, viEd Hriss A9ue] 9 fale
71(0.5 LY FHsted ti7|=2 wiEsiart. gRbdo=s
PCES] ARDYME-S 918+ FAAEFAAZE H,, methanol,
ethanol, lactate, butyrate & propionate 5= 8%
O} (Fennell et al, 1997) H Ao 53

83| 4
2EUE A F 4 AEF lactates AT ZE A
A3t




kel

b
ot
ot

Table 2. Operating conditions of column reactor

2¢k BEoF Aol M 2] A1d3} odall(PCE)e] 714 SHledAs} 71

Phase Days Flowrate PCE Lactate Lactate/PCE
(mL/day) (mg/L) (umol/L) (mg/L) (mg COD/L) (mg/mg)
I 1~50 166 +21 071015  428=0.90 443 + 63 708 + 100 620/1
11 50~90 265+21 0.71 £0.15 428 £0.90 3,585 +£536 5,736 £ 857 5,050/1
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Fig. 3. Effluent CAHs concentration.
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Fig. 4. Effluent concentration of electron donor.
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Fig. 5. Hydrogen, CO,, and methane concentration in reactor
effluent (aqueous phase only).
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Fig. 6. H, level vs. Methane production (aqueous phase only).

Table 3. H, concentrations and biotransformation of chlorinated
ethylene in column reactors (aqueous phase basis)

Phase Reactor Observed H, Biotransformation
(mM)
First column 10~16.5 PCE to cis-DCE
! Second column 9~17 Not observed
First column 28~64 PCE to cis-DCE

I Second column 22~23 cis-DCE to VC
22~29 VC to ethylene

A Wkg-Zo] A 247} 11.4 mMe}t 5.1 mME B7}E]
ATk Bl olu2} Table 30 YERd nle} o] HlwH
I T Y A fRERE o e AR gy

| golgd 5 e Ao=E YeRtt ol 43t
olddle] $hgh @as)t Eaflgelr HE dAlEdA)
ZA9 4] Fa3 98 ofnd Folo)

34. MafoEl 2HSY

AA7HA] ezl PCEY] 8714 gd4as) w3llel 3lo]
A HFAEL ethylene 022 FA|H O Z+= ethane, CO,
9 CH/HAE Zgto] 7l Aoz ®arwo] gtk
(Bradley 2003). ¥ A#o|x A WA AHL PCEE
cis-DCE7HA] = AR ZAHL ¢is-DCES ethylene® & <
WA gaasiste] PCES] &SR] E8lE FRlsial
ot Zh gRzde wel BAE PgdHEske] 1 dYE
Table 4l “82J3l3ltt. FA| AlZ=glollA F Asloldrile]
51982 Phase 13} Phase 119 7% 242t 26.6%%F
68.2%= UERGoH, 23717te] Aol wet & d4s}
Wk SRYEIQITE T3 Phase 119] 739042} o] 16t
Al A S o} 29 HH WhEEoA AN
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Table 4. Column reactor performance at steady state periods (aqueous phase basis)
Phase 1 (Day 15 to 50) Phase II (Day 70 to 88)
Influent Ist Column 2nd Column Influent Ist Column 2nd Column
PCE 428 +0.90 < D.L. < D.L. 4.284+0.90 < D.L. < D.L.
TCE - 0.05+0.05 0.04 £0.05 — < D.L. < D.L.
CAHs cis-DCE — 0.92+0.15 1.09+0.25 - 1.91+£0.05 < D.L.
(umol/L) vy - < DL. 0.01+0.03 - 0.01+0.02 0.02 + 0.04
Ethylene - < D.L. < D.L. - 0.01+0.02 2.90 £ 0.09
Total 4.28+0.90 0.97+0.20 1.10+£0.33 4.28+0.90 1.90+0.10 2.92+0.13
Lactate 708 £ 100 1.73£1.95 147+1.42 5,736 £ 857 20+42 (5+5.55)
(4916+694) (12.0+13.5) (10.2£9.8) (39,831 +5,951)  (13.9+29.2) 34,72 +38.54
Acetate 3 84 +26 92 +38 578 £90.2 606 £+ 98
Elect (1,312+406)  (1,437+593) (9,028 +1,408) (9,465 + 1,530)
P . 203427 138+42 1831£101 1,59 110
onor  Propionate B 1811+241)  (1231+374 B 16343£901) (14,245 = 981
66.0 £ 8.1 113+1.5
Butyrate B < DL. <DL B (4126+506)  (706.4+9.4)
708 + 100 5,736 + 857
+ + > + +
Total 4,916+ 694) 288.7+54.9 231.5+81.4 (39,831 £ 5.951) 2,477+203.50  2,320+215
CO, - (159 +28) (117 + 50) - (1,563 + 58) (1,157 +39)
Gas CH 0.18+0.26 5.97+5.58 15.81+£6.72 20.03 £ 3.01
f _ _
(mg CODIL) (2.8+4.1) (93.3+87.2) (247 +105) (313 +47)
L B 217.6+38.4 246.4+84.8 B 976 +44.8 436.8+17.6
2 (13.6+2.4) (154 +53) (61.0+2.8) 273+1.1)

Note) DL, detection limit; ( ), wmol/L; *, mmol/L.
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