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Degradation of Tetrachloroethylene (PCE) by a Dechlorinating Enrichment
Culture Fixed in an Anaerobi¢ Reactor
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Institute for Environmental Technology and Industry, Pusan National University

ABSTRACT

A soil enrichment LYF-1 culture from a contaminated site, which could reductively dechlorinate 900 pM (ca. 150 mg/L)
of tetrachloroethylene (PCE) stoichimetrically into cis-1,2-dichlotoethylene (cis-DCE), was established and characterized.
The enrichment culture can use yeast extract, peptone, formate, acetate, lactate, pyruvate, citrate, succinate, glucose,
sucrose, and ethanol as electron donors for dechlorination of PCE. Addition of NO,™ and NO;™ as alternative electron
acceptors showed complete inhibition of PCE dechlorination, but $,0572, SO;72 and SO, had no significant effect on
PCE dechlorination. The enrichment culture was attached to ceramic media in an anaerobic fixed-bed reactor. The fixed-
bed reactor showed more than 99% of PCE degradation in the range of PCE loading rate of 0.13-0.78 umoles/L/hr. The
major end product of PCE dechlorination was cis-DCE.
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7FUX% PCE, E|EZ2d"a(TCE) A5l ¥ &
ollA HIHE] HEFUTH. ol Floedl IjrES
FEAEE B3 o] ' AeZE ERIFEeH, &
3], BEEEe|= (VO AllAl 48 fridsle 3
2 ERE Stk o]l ot ek 2 EGLE A
sPleaA gekdt E8akeH WRiEe] FeEo] o
u, HZelle AAT 58498 1Esie], vAEe] A
TEE 83k AET EWrisel FEUA AP

AETA EQViee I o9d BEY 2 XgE A
Joz Tolge] AMelshe Wi (ex-situ bioremediation)?}
@] nEe] il T8-S B J3Hbiostimulation)
A7V FE2RE FEAEE A PAES FY
(bicaugmentation)3h ZM X]5}te] @ FAA| M Heleh=
HHH (in-situ bioremediation). 2 WATH 7issicbE o
Ao FAES A= Zo] AAIFR] S
AAGYEAE HESTRE SHoA vlZlElARE, 297
Hol| AAlsl= vAES] E3lg4gdo] vy EAY U3 ¢
Fogo] 8402 BEAs U3k X A, 1
a1, Aoz o gt 927t YA o) 7l
7} v o] S H$<ll= inssitu bioremediations:
28317) TEA dch v, 2 9RV1E ARSShE ex-
situ bioremediation>- AW Z o] A1, Q@& el 3
Aol gtor HkgTIE A7 v [k dAUotE.
Al stElAE] 58 Fot B2 Aol FHHHo e
o) o] J}?.

ujABEol &3t PCEY #3ll= 37|14 Zdd= A
dRlslA] ko, Hrd 2elME GAFCE TCE, A
2-1,2-8]722 20" (¢is-DCE), VC 281 @7}z

gasiele o= guA AP, o9k 22 WA
uEA] 23t PCES] $917 2AASIEL T TF
AT ZZ2 M2 (co-metabolic process)| 23 E3l2} & F
ZZAM|2(respiratory process)°l] 23k E3|Z U & &
Za2A2ol) o8l PCEE #dfsh= mI¥=ES SEhA}
ZZAAE o83 HBEEC vls| 453 WE &£
2 PCES E3lI817, B3 PCEE E3gozs ouixlE
Qo] JsleZ, PCEL Gl 5§ Z2A20] o3
PCEZ #3lsle v]AES o|83ke Zlo] Bt A& Zo]
1:}_2,6).

29, TCE olaje] a7} He dallgal ses
< 37V 2AGMNE HsATFAdmMeEtEYol Bl
Fol Bk HI5ol3 4Isla A (nonspecific oxygenase)
o o3 FFUAE B3l gA EaollEe AR duA
TP, HZd= o] 7REHIME AtHAS=E TCES cis-
DCE®] AAEEC] w2 HE Talds o83 2943}t
Zleo] | Ag=n Ao, wEhy Fr1 A
©] PCE €84sWhea} 3713274 e] delalgdl s}
AE T3NS AES A& FrIeT] vheY) A2ES
Z83ThE, W 2491 VCE AXIA a1 PCEE &
A FAL 5 UAS Aol oA A uie} Zol,
I 27X Aol sHEe] el B3 7]
&2 T FEH1 g v IR ot ¥
73 214 PCEE ®lnZ g FHEY cis-DCEZL
A B8R o8 A= vAE v e T HIYAE
ol g5t A AT vkl Tl ol AUt vl
B3 Aot

£ dFelre dsgdl QHEYCZRE PCES
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Fig. 1. Biodegradation pathway of chlorinated ethylenes by reductive dechlorination under anaerobic condition and co-metabolic oxidation

under aerobic condition.
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cis-DCEZIA] gaslehe EFnYES T8l 3,
PCEE 583402 gisArle 713 A& vke7]
£ F=3)a1, PCEY] H38ke W3lel uE X7 588 A
E3junt.

2. M5 3 uy

2.1. PCE 25} n|Ee| 5l

YE ukde] ¢ =eolEEd IR EslEl
33k ofsl o EYS AFch A& BT
oA 20cm Zole] EYS AFBII oM, MFHE LEE
F 1.0gE 20mLe MMY®lA|(Table DE FYF 70
mL 8359 Wo| Y1, HiEEoR IHE Rg 1F 0t
AE & 5, dFu)F T AN ¥ ge
NG Ah 7IAE XS T, vR|FR FAPE o]83)
o HFESE 10mgl’} H%E PCEE FUska, 25°C,
100 pmell] wjksisith. PCES) ®3ls 3Rigt &, wld
A 1.0mLE A2E #iA] 9mLE FUF 25 mL &%)
Holl &71 &, 4719} & WhHo = wisnt. PCES]
TFUEEE FAF =9 e HFHeE 150 mg/L ©]
HES FUsH. oleh o] PCE €4St 4o &
A HjFe] URE AFHoZ = WS wE
o 22X, PCE 8943} SRS FohillA LYF- 1S
TE3ATHO,

2.2. MXZ0{H| & MX} +=-SHof 28t HE

PCE ¥948Hkg<ll LYF-10] ©]& 7F53 HAgalA|
o} HA} -8A19] FHol sl ARG MMYHIA]
ZANA citrateE: AL HFolE ERFEES o 8%
PCEERA3P} SRIFQonE guiads ngy &
Aoz ARt wixE ARSH T, vhg 2 A
AR AHEE AEZARE giAlsle] 3E(peptone), 3L
Q2 (glucose), HEA lactate), T2 L (sucrose), HIZ
AHbenzoate), oNEEE-(ethanol), MEkS-(methanol), T84

Table 1. composition of MMY Medium

Concentration

Components (per liter)
KHPO, 70 g
KH,PO, 20 g
MgSO;4 01g
(NH,),SO, 10 g
Trisodium citrate 10 g
Yeast extract 10 g

(pyruvate), S-4lAHsuccinate), ZZ 32 Hpropionate), 3
E2k(formate), OFH|EAH acetateyS 2tz HEFEEE 5 mM
7t HEg FYsg e, $AE dAEAAE 1 A
ol 7k EE 1 mLEF 45 umo)E 7K AR
% BE &3 1 Lol p-aminobenzoic acid (5.0 mg),
biotin (5.0 mg), folic acid (2.0 mg), pyridoxine-HCl
(1.0 mg), riboflavin (5.0mg), thiamine (5.0 mg), nicotinic
acid (5.0 mg), cyanocobalamine (0.2 mg), pantothenic acid
(5.0 mg), niacinamide (5.0 mg), lipoic acid (5.0 mgy’} S
o} Atk 7k 150 mg/Lel PCEY] HEHEE 1719
B S8, AAFA ol dhas) whee) FFe
7¥stsact.

ZR8Ae) tigh G3ks rkshr19tete] A0y,
oA (NO,), SRIE (S04, oA (SOy), Bl3Hid
(5,09 HFEEE7 §mMo] %8 150 mg/Le] PCES
33 MMYElRloll Zk2t H7kska, LYE-19 i3 PCES]
B3 B4 1592 2330,

2.3. 87| DA ME0a} Hi87|

718 7% AES 987 (stainless still; 2°] 300
mmX 27 100 mmPellE AEHEA (1.0 em®) Fefe] oA
Ak ddels E23A2t}. PCE €943} F3hilek 1)
AE LYF-1S 871 A AE wk-e7]d HEsio
2770 wiFgeE A Mgt wtiele] REAIZC 714
g7 o= AlE2A} ARFEE-S 3715k HiXE HRT
2900 HEE A3 o2 FYU39 T, FY PCEsES
5uMelA 40 uMZHA] AR 2 ST f714] A
B wkgv)ol g4 &1 2AL 22} Fig. 29 Table
20 AJsle] VeIt AT whg7]9) Fopd AE
A7} FENY PCE 2 E3gd S sEE 2
d HFo g 24319t

24. B gy

PCES X3t FsloldAsiRIEL 7VdAs 15uL8
A}F3}] ECD(electron capture detecter)S &gt 7k~
AZVE I Z(GC-14A, Shimadzu, Tokyo, Japan)s A}
B3l B3I WA RS Afolle AR 10mLE
HEE wplel ¢FvF F24o= Uid 70 mL 832
el Qa1 Aol JVAIR 15 uLE AFHse A8}
Aot BEgEo g AgE DC-5500E AYR feElAgR
o] A Aol: 3m, A: 3mm)S AR, B4
TE FUF 250°C, 2 100°C, AFH 250°CE AA
ATt AT FEES BAol= lonPac AS4A-
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@ Peristaltic pump

T Sampling port

Fig. 2. Schematic diagram of an anaerobic fixed bed reactor
system. No. 1, Syringe pump for PCE injection; No. 2, MMY
medium; No. 3, Influent mixing bottle; No. 4, anaerobic fixed
biofilm reactor; No. 5, Effluent tank.

Table 2. Operational Conditions of the Reactor

Items Unit Conditions
Designed reactor volume (V) cm? 2,356
Volume occupied by ceramic
media (V) ° ’ e’ 386
Biofilm volume (Vy) cm® 345
Biomass (dry weight) g 181
Void volume
Vo= V.- (Vo + Vi) cm’ 1,425
Carbon source (Citrate) mg/L 1,000
Influent flow rate UL/hr 37
Influent PCE conc. M 5-40
PCE loading rate mol/L/hr 0.13-1.04
Operating temperature °C 30 1.0
Operating pH - 7.0 02

SCZHS A3 o2 ZrkE 1#)3)(DX-300, Dionex
Co., California, USA)YS ARE3I3Tt. Algg) witiolo)
TAE vBEL 25% glutaraldehyde® 30%27F 2Y3}
a1, oeke X8G-S AN -5°ColA FAHAZJFD-
300, JEOL, Osaka, Japan)§+ ¥, FALE Az R4
(SEM, ISM-5310LV, Osaka, JapanyS A8-3te] #zs)
At

3. Zx o nE
3.1. PCE €23} U2
@3] F3her v)AE LYF-1& AEE4RS Bg

o8 s, aRFE=S JEdeE & wReIM 10-
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150 mg/L®} PCEE 24 oo BF AAHE ¢ Atk
(Fig. 3). PCE¥| 27557} 7185 PCEZ} wall=7
1=

_—

ZHY 7Pk BEe B ) 2daslERE 04
umol PCE/mg VSS/mZ Weliko, o]2)3l &443] 4
T 7)1Ee 5F ZEAl2d 28 PCEE g@dsdisie
U EE2] PCE £84:5(0.2-0.5 pmol PCE/mg VSS/hr)
o YAk ZoAqH . GF ZE A2 oJ8t PCE 2
FasEEE U ZEAIR] 3 GRS SR
o} =4 Hiellq =1l ZhgE wEr] M, LYF-19l<
TF Z2AM12d o3l PCEE #3lshe mEo] 23w
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Fig. 3. Dechlorination of different concentrations of PCE by
LYF-1 culture.
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Fig. 4. Dechlorination of high concentration of PCE (900 uM) by
LYF-1 culture and metabolites.
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LYF-19] &3t 31%%% PCE900uM; 2F 150 mg/L)Y)
e} 53| 4HE-2 Fig. 40 UERNAT:. LYF-1> PCE
£ 2aadile] 22 559 cis-DCEE A4S & +
AT e PCE B9 F wljdl| sfidshe diole
o] AEEHULH, F & olde] A7zl A ujdelA
% cis-DCE ©J&le] Ealihg-e ZAEEA] i)

3.2. HXIZ0{H0l |5t B L5t Ast

AEZSE o|9lol= LYF-1°] PCE ©¢4stol| AMSE
F 3e AATAHNE AR 23, Table 30 Ve B}
S} o] LYF-12 SFEAG, S0, Wy, ve
&< PCE 2943} whgo] o8& < il JE,
EEN, oPIER, ATk, HEAS, JFHAE, A
ESA, EFEeS, FARCS JEE T U F
ol MaksoAlE ol&ste PCEE 29431 = 33
o 53], 74v~E PCE 2948hhee] sz
o83k Ze TF Z2A20| o3 PCEE #3lish= 1)
AEoMRE AR ARdoln. Wikl o3 gy
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Table 3. Utilization of Electron Donors for PCE Dechlorination
by LYF-1 culture

713 2t kg7

Electron Donors"

Concentration

Dechlorination

Activity”
Yeat extract 1.0 g/LL +++
Peptone 1.0 g/lL ++
Formate 5 mM ++
Acetate 5 mM +
Formate + acetate 5mM + 5 mM ++
H, 1 uL +
H, + acetate 1 uL + 5 mM ++
Propionate 5 mM —
Succinate 5 mM -
Lactate 5 mM ++
Pyruvate 5 mM 4+
Citrate 5 mM T+
Glucose 5 mM +++
Sucrose 5 mM T+
Benzoate 5 mM _
Ethanol 5 mM +
Methanol 5 mM -

D

Yeat extract in the MMY medium was replaced with vitamin

mixture (see Materials and Method section), because yeast
extract could be used not only as a growth factors but also as an

electron donor.

? Dechlorination of 150 mg/L. of PCE by LYF-1 culture within 2
days (+++); within 5 days (++); within 10 days (+); no deg-
radation within 30 days incubation (-).

1o]l 23} Bl EE 2 2" A (PCE)] B3 53

Table 4. Effect of Other Electron Acceptors on PCE Dechlo-
rination

Electron acceptors” Dechlorination activity?

NOy -
NO, —
S0,? +++
S0, ++
520272 ++

D Final concentration of each alternative electron acceptors was 8
mM.

2 Dechlorination of 150 mg/L of PCE by LYF-1 culture within 2
days (+++); within 3 days (++); no degradation within 15 days
incubation (—).

Aol FA7F ARERLE Thse] derg, vedS
EolFoz sl Akl BES (2-bromoethanesulfonic
acidys LYF-1°] 37}k 23, PCE ©%¥4s} o=
Ay G vIAA| ol RIS webA, LYF-19]
PCE €343} HAE2 F4E IR oy a4
AFAAZ o] 83lal PCES AAGEAR 3l 58 =
ZA|2e of3] PCEE E3lohs A= Alsd).

3.3. ©X =8o]) 2|5t el A5} B

Iutroz ZAXdo) Faldxm) 2 Hxl 489
EAl= 58 Z2A20) o3 PCEY g@4slE A3}
t AoE 484 Utk LYF-19] 29943t 42 Table
40l VERA v} o] e Hrlell ofsiMe e 3
S WA gggkort, olgiiege] Aol osi o] &
3=, AT o AES st Aol PCE &
Qi e dohA] eigirt. ole ikl ofEitdd
o] Hrlol] ofaf ikl wie] Akl 97} PCES] B
Aslol] Hagh 2kelghdAg oldoz Eolr] wiEel
Aog FAFCH Iy 710 E 50 mg/L ofske] &
A ofEAEE Arlele] PCES] €E4slE AuiE
A}, PCE ©¢4s &40 A3 J3ke 7|1]A] &si).
wabA, JWEAR] 73-9-9) elrul] AAtE ok s
T7F 50 mg/Ls BA gerthe AHdE 7R8I, PCE
LEEA Hido ofdliiglol EAgIYSitlets,
LYF-1& 83l PCELYES Asleh &= 9lS Zo= A}
k=R (=

it

34. 87|14 MEat H37|0]| o[t PCES| 23l

taA Ak wdoldl] LYF-1E 223 8714 AE
g2 wkg7]e] R4l PCE H31FS 0.13-1.04 pmol/L/
heo] HLollA WSt 7Y, §453 LYF-14] 9%k
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Fig. 5. Scanning electron micrographs. (a) a porous ceramic
medium filled in the anaerobic fixed-bed reactor ( X 100); (b)
microorganisms formed biofilm on a ceramic medium (X 5000).
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Fig. 6. PCE dechlorination by the anaerobic fixed-bed reactor
depending on PCE loading rate. Symbols: closed circle, effluent
PCE; closed triangle, effluent TCE; closed square, effluent cis-

DCE,; solid line, PCE loading rate.
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LYF-19] ZAFdn% Aks JERNZIOH, Fig. 69=
¢ PCER-3l W& F&5 PCE ¥ €E4s}t 429
FEWEE YeRASIth PCE $-9%31#F 1.04 pmol/L/mr
91 %%(%Zd 22274 YlE 90% A%2] PCE/}F AlAE ]
FE5ol PCEF AEFUe, 0.13-0.78 umol/L/hre)
PCE -3} ol M= 99% o)) <Al PCEAA
&5 R 5 UATh PCE F3h&ol] 71 wet &
ZrU9] PCE €438} AAEQ (is-DCEY w27t &
AH o7 FrletEen, vher] &4 409 olFol= €4
2315 PCE/} B5 cis-DCEE AEEJSS & 4 U
o} &4 40Y ©o)Ae] PCE ®alza FArEwe) Ajol=
o34 wte} e SRR Aol SEEe] &
ZE 7] HEQ AR Al
Fig. 701 ¥k37] Eold PCE 2 EaiitEe %
3= JeEhligek £4 1089 7A9ols uke ]%Ol 10
emelM PCEE AEFA| giskort, vlke] TCES} U9
PCE®] ¢F 50%°] 33dhe= cis-DCE7} AEEHYeH,
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Fig. 7. Concentration Profile of PCE, TCE, and cis-DCE of the
fixed-bed reactor on (a) day 10 and (b) day 40 of operation.
Symbols: closed circle, PCE; closed triangle, TCE; closed square,
cis-DCE.
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cis-DCE?] s wkg7] Fold ule}l 234 Zvisle
S RAHFig 7a). 3 4049 A$oll=, ¥k =
°] 10 em7HA] 54 PCEQ] 98% o)do] cis-DCEE A
S S o e H, o]F- Folol| e FEHSh= v
u)g Ao g VERGTHFig. 7b). WERA, LYF-18 33
Z1 8713 1A= w71 o183k PCE 2.4 Askrz
FE PCEZ cis-DCEE 33 4= 92 e < 3l
At B APAE0] o)FolRl T4 cis-DCEES|
HRS71E Qasitd, ek E491 vy E3glo] ¢
A2 PCEY] HARIE o5 4 Ug A= 7).

4. 4 =

Bl gl LEEYCTRE Fopldd EFTAE
LYF-12 TRt 2xlgodzlg ARSsle] PCES B3lg
Ao, B3], 4] o8 H WE PCE 8943 &
T2 njRolHol TETZN2 95 PCES €943}
© MAES 36k e A= AIEHIIH LYF-1S
g Aet widelel] BaG drid 2t el
olg-ate] |&ZQ PCERSIE A=3t 23, +9 PCE
F3H 1.0 pmol/L/hrol31e] 79l 90 - 99%2] 2HY
A2l PCEAIAES FrF 4 Adrt =3 AA"
PCE9] 99%°)4to] cis-DCEE H3EQon, tfE @3}
g FFES AEAA AUt MM E AAIGH ub
9} 7o}, TCE olste] @447} AL sl sjtE
B2 371 M BB Alslasol 23 FEU)
AFE B3l A BelEe Ao deA 9on, 57
AEslel FsiMe ohdet Fele wkerE o83 24
Asprlzo] /MEEoe] Jopd. Wt B Aol 35
H 2714 AE kg7 37V cis-DCERS| w87
£ 9A3, O BA9 v &3 glo) oAl
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