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Bioremediation Effect on Key Microorganisms and
Targeted Pollutants in the Chlorinated Ethenes
Contaminated Groundwater in South Taiwan
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ABSTRACT

Chlorinated ethenes are one group of pollutants commonly found in the soil and

groundwater contaminated sites. In-situ bioremediation using anaerobic dehalogenation
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is a promising method for the treatment of chlorinated ethenes. To understand the
feasibility and efficiency of in-situ anaerobic bioremediation, a SybrGreen-qPCR method
was employed to quantify the abundances of two key microorganisms in the samples
The

results showed that in the hotspots of the site, chlorinated ethenes were reduced by 90%

collected in a chloroethenes contaminated site in south Taiwan in 2013 and 2015.

In addition, chloroethenes were found to re-distribute caused by the
The results of

within 2 years.
combined effect of groundwater flow and degradation of the chemicals.
microbial analysis showed that genus Desulfitobacterium increased from 10° ~ 10*
Copies/L groundwater detected in the first seven months after bioremediation to 10* ~ 107
Copies/L groundwater after 26 months of the treatment. Moreover, genus Dehalococcoides
abundance was observed to increase by 3 times after the treatment, with ~107 Copies/L
groundwater. The observation indicates that bioremediation could effectively enrich the
two functional microbes, and may cause the reduction of chloroethenes in the hot spot of
the contaminated site. However, when bioremediation is applied for groundwater
remediation, attention should be paid to the transformation of chloroethenes and transport

of the contaminants with groundwater flow in the site.

Keywords: Bioremediation, genus Dehalococcoides, genus Desulfitobacterium, SybrGreen-

gPCR quantification.
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B Trasedulag - BA R ~ K]
BRYE - SO R E B Sva e & &IEN R
R - Bz ER R IR ~ S HETer
HZ e B (Doherty, 2000)° FHA HEL SV B E
B JE/KHHPEHE (Dense Nonaqueous-Phase Liquids,
DNAPLs) * E{HIREHE N - S P EIEA
FEKE o ek B Y 3 Rt T ks R
(Oolman et al., 1995) - tRIBETE 2B T 24 & 1%
Bt N KBEGRFAERS RS - =& IR E R
1R RS G (Kuo et al., 2000) » H[EE 754
YIS EAAHEN - Ho R AV BEEER 5
5 |k g A AR A B SR B Y 45 2% (Futagami er
al., 2008) °

HRHA L =R L B LUTFEY &
AT T /3 i (Ensley, 1991) » [KItLIR MRS
BRI & (Anaerobic Reductive Dechlorination)f

i Ry B SR EIG T B IIRE S BRI 28 Fh i i
TR Y G B Y g A TR R S SR R B
fefit® - HHREAENERESEALmLE
Yy o WA BEYIE RTRERIRER (Vogel er al.,
1987) o I A IRBANERE L ZE @S - T
AR IZ A B 5 e -

REGE R R E R T - BEFESEME
YIR2E - BR T RiwRE AR A R S R B
FHIBAEYIZ St - BB B0 R W R
B — BB EEEM Desulfitobacterium J&
Dehalobacter J& ~ Desulfuromonas J&F1 Geobacter
J&(Gerritse et al., 1996; Sung et al., 2003) ; 55—HI|
LAREHE H AN 7] Pk s 7 s P st i DY G £ M 5 2
W[ ZE Z MY Dehalococcoides J&(Loffler et al.,
2013) °
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(Quantitative PCR, qPCR) Bs—#&5 &7 84K PCR ¥ »
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flir » SRR AWZEEE HARRL R E 7 bR SR
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Desulfitobacterium J&J 16S rRNA °

1.2 AEEH

ZRHFSEFIF SybrGreen-gPCR LK E-AL 18
[Eaf i W R SRR N K () e e
Dehalococcoides & Desulfitobacterium JBINAE
YIE B IR 2 B L R B SRR
G MR - DUE—F TS Yehh 2
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—HEAE

2.1 BARKIE
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£ 12 HNGERE IR 2 @M 5 - 2R
RREGAT B EAE | PR « V) TEEIR
i3k A (CRLHBNELIE R E) ~ B (EIERy
TR C (MRS R 1) =1 - Fyb k54
YIEER A3 RIS R TS AL 3 E 100 F1 140

IR AE /K VE R FERS (Bioscreen) © H 2013 4
1 A ~ 9 AEFT SRR SRR sl i & a4
L&Y - ERAREL 3 IR 2014 22 H ~ 11
HHETBIAEYIE B RS 3EE - BRERES | SR
Bho ZWIRHIA 2015 47 A ~ 11 AT A
YIE B RIEE A - ARIFST L ROk T
I RIFLEREE 3 x 18l 80 EF /KB LARTFHHZE
MEERYRE RS - f1 18 A/ 5 AFHRY
HR/KZKBE(2013 4EER 2015 &L HIZEST
ALMFEYERE B B e YIE 2 5 AT -

22 RCHELEYRIN

AT S IR S T AR BEAR R & 2 4%
{LEVIETNELITE ~ =8 LM ~ 1,2-— R LM
RONFE)  ZEEERENREAT  DIERRAT
ANEZ R ER AL SRR T - KRR
e RAHRE AT E A (NIEA W785.55B)HES T
G3HT -

2.3 DNA #H

AT E SR AT ER R 2 3 R AR KEREL 0.3
pum BRI AE IR AR (Advantec Grade GF75, 47
mm, Japan)Z3>FILL 50 ~ 1000 ml Y BEREHES T I HE
)& - DNA HIZLL PowerLyzer® PowerSoil®
DNA Isolation Kit (MOBIO, CA)i &M Ry KLp
FICR R TR AN IR SR » 2015) » [ERENE
B % 50 pl > FFLL Nanodrop 2000 (Thermo
Scientific, USA)/ T H BRI -

2.4 HFEJE(PCR-Cloning)
AT E et = AR R R R B

Dehalococcoides J& ~ Desulfitobacterium J&):Z 16S
rRNA FEKESTAZHE DNA fRAR A B » Hoe—:
SITFEEA PCR 70 B 0k 1 3 22 BY i 22 Il 552
(2015) = i —HHE — VL5 7RO SR B IERE Fr
% > 43 AEL pGEM®-T Easy Vertor 4 (Promega,
USA)EITEER » B ARHMTHINRS 2 - FELAESE
FEREEL TR H B RS T 1R - BERE PR (H clony
T8 R BT TEME H AR 7 BRBIAR A P R AT RS %
% » RECCAREE RIS B SR b Lt TR F B E

—44—



W TOC(2015) W Sulfate(2015)
. 150

T T

3
f=}

(=N
(=}

TOC concentration (mg/L)
B
(=)

(7/3w) uonENRUIOUOD AJJ[NS

553
(=1

1 2 3 4 5 6 7 8 9
Sampling point

B2 iRl S A R TOC) R
R R -

BEF - RFEF ok > thElER% - HHH
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2.5 BENRFE % S BB $%8H X FE (Quantitative
PCR, qPCR)

AWTFEE L 2x gPCR SYBr Mix Lo-ROX ‘Eli&
EHHMEIT qPCR [ERACHS » M8 SFERSRE By 20 l »
WAL ENE A4 HERD LightCycler® 480 Instrucment
IT (Roche, USA)EFT qPCR SHE » H S fEMRI3EZ
BRI (2015) » —HHH [F-HEAAR SRR IR
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= BREFR
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2 RyBith sk R VAR TR A BRI
RIS R ALlBY - TEREE I TTH » 2013 /Y
KEFGREUR - JUEERERE T B 3 1
AR AT 52 80 me/L - HiER 8 BLAYIEEIR
A 10 mg/L 5 TIAE 2015 5E6F - FiE R BRI
PIREZ 5 mg/L - TERREREE TR » BIGHITRIVIEE
HEE R 54.2 ~ 140 mg/L » HA 2015 FEIZEH
ZHEN YIS Bioscreen 1)EFEBVERRIH: 5 ~ 6 Al
7 o Bt FRIE K B R R R R S SRR AU
REGH A YIRESR B B -

3 BB YR ERT R IHBI G TP Y & 2 M
(PCEYFI =& Z}(TCE) R %L - 2013 1943
Wb SRR - BREEEE 3 ~ 4 ~ 5 6 BfEERRHIRIPY
AL =R LM AR 2015 SR
TEL YRS 0.01 ~ 0.12 mg/L (PCE A1 TCE /Y
HHERERS R 0.05 mg/L) o R4 - $REEES 2 il
FEFFRIERRERG I#EYPCE A TCE 43A1H
0.002 mg/L F10.029 mg/L ¥&fIZE 0.017 mg/L Al
0.19 mg/L) o FRERSHERIFs 75 WA P iR i b
ERE A RE M R KGRI EE T - e R B
SERTAAHIERS YR B ATEIHIH: - SEEREES
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4 Ry YEER TR IHB I IE 1,2-—
L (cis-1,2-DCE)FIG ZM(VO) IR E 8L -
2013 RIS HTHE SRR - BRARES 5 70 7 YIE-1,2-
TR OIHHE LIS HEERY 0.70 mg/L
F10.02 mg/L » FRAMEAES 1 FUE M EE 0.85
mg/L ° 2015 FAYRSIR AR - [RAREA SR
PREREL 1~ 517 ROEREA AR BREHE L
BRI © SRTTIERAREL 2~ 3~ 4~ 6 T 8 HIIFA 2015
R SR AIE-1,2- R B 2 -
A DUERAEEL 8 BUNE-12- R LM EE 3.68
mg/L o [l REUR - R B SR S fen
WA B AR IAR T IR RIERA - ARmalR
TR AR A e YT 4 P S S o Y v O R N 9 4
Y+ HERIRL A S FE SRR ERERES 8 711 9 HHEY PCE
J¢ TCE 2 e il sl LA v mTRE S 1Rt
TKFRIARREE) - T B R R 2~ 3
4~6 K 8 FiN_LHEEY DCE fl ve BEH4Y)
FE o B ESE I fRRE ST - DIBUA A
RIIEIZE] DCE B VC SR AT A BREEES -

SRR AW TR Yk R
TSR LIRS HIE R 0.01 ~ 3.73 mg/L - #&iR
28 il HE A stk - DA TR s e Rk
FABSEIFEBIY 44%)93550E SR i B & 2 5
ERFCR R I AT /K ERR 1.48 mg
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5 BiamRIRBIPmERIEEESE o
HIRER LIRS A -
32 5 # 15 tt B Dehalococcoides B E

Desulfitobacterium BHIEEE

AWHSELL SybrGreen-qPCR :4E 2 HE54HE
JREERT R 9 B [ & R R
(Dehalococcoides J&H1 Desulfitobacterium J& )%
ML SRS ERE 5 o S THRSIREDR - &
HE BB LEYIRERRR Desulfitobacterium
JBEEERTEE A <232 x 10" ~ 1.27 x 10
Copies/L groundwater H§IZE#IGTRIHARY 2.24 *
10°~ 1.40 x 107 Copies/L groundwater » H:A= =58
TR R AT T /KRN 2 % 10° cells (1R
PR FHHE R /K TR 1.17 x 10° Copies 1Y
AERHEER - B 1 A cell K12 6 copies 2KETH) °
MEE SR EIIRER Dehalococcoides JEHIEL
BREIGRTRIREN 10° f5 2L | HisimlsE 2.80
x 107 Copies/L groundwater » Hi4: BRK B fF4E A
ISR K ATEE N 2.8 % 10° cells (FRIBEAEFLA
FhH#i 7k 2.8 x 10° Copies F4E 585K Bl 1 1 cell

¥IEH 1 copy 2KETHE) -
SRR 0 HEGU R ERERNE

Y EsiE > MG E R (Dehalococcoides B
Desulfitobacterium &) BRI 10° 521 E -
MRS RE A RO BAE E H AR - DUF
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6 2015 FIRMFU PRBEHEREREEE
2EE -

53R » B IRBU E MM LS AT S
R SEEEFRENUR R =8 SRR
BRI ERREEIL - R FErIE
-1L2- R OHNE O R o BRI R
G B B R 3 H TR s RV -

B AR TR - bR T 5 EERIGRTER
EEAIG R I - B E S A R A
AU LL It —BHE EEAYFEAR - & 6 Ky 2015 £
375 Gt Hl R 7K A R R B R G S R R
EEE - MRS ERA SRR & E
10° ~ 10*4% » Hr Dehalococcoides TBH I AT B
FEY 0.01 ~ 0.32% FLATSR B2 Ritalahti ez al. (2006)
P8 280 » fR— i @M IR
el > Hi N7kt Dehalococcoides J@FIGHE
HHEEERY 0.03% (Ritalahti et al., 2006)
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st R KARAS R » BR TR 9 24+ HER 8 1
BHIHEELL Dehalococcoides J& Rl EF L
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1.1 ~ 23.0 % » #EBIPTREZ K Dehalococcoides &
HE AR BRI S R B MBS
Vi NIFRE R - AR — 5 (RS
W)W Desulfitobacterium J&EHFEREREES
AL EYIRIBL G o AR 9 AlZ
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7 2015 FRMISU PMIERIEET RIS
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Ll Desulfitobacterium & B 8 18 25 £ (&
Dehalococcoides J&HY 232 %) » HlEEEREIRE
FITYE ZH%(0.11 mg/L) » =& LH5(0.85 mg/L)A1
TREEES(63.5 mg/L)H R Desulfitobacterium J&H]
Al

3.3 MRE R AR E R ERERR

AT Rt —20 T B S A b B s
Pl N7k H R AR G R 7 Ry A SRS Y N
B BBE Ll EERE RAE RN E 7 - FEREUR
Desulfitobacterium & EELHEMEFE EE2E
FERBAR® = 0.486) * [l Dehalococcoides [BELHEHTE
IR R I B IR RE - HEHATREZ RIA
WF ¢ P e e 1Yy Beb ik iR R R = - AR
Desulfitobacterium [BHIAE: © Desulfitobacterium
J& R A RESE I BN » HHH strain PCE1 WI{ERK
AEEL N UEEY RE FIRHE - FRGERYE
ZIFRIERREEEE (Gerritse et al., 1996) °

A REER - DLH BRI A Tk
TTE M e RGP & R T e RO
Bpe% > HE R EE 107 Copies/L groundwater
PLE » SR H AR S A5 R KR AR TR i G B
BT 10* ~ 10° Copies/L groundwater (Lee ef al.,
2008) °
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34 FRBUPREEHHEHAIFEHERER
AYME R
ARG Qb b & 2L S0 =R
J& ~ REEH - By GRS KR O S R R AR B
TR FHR 2 725 o ARWFFETPRET IS0 Fil
FEZEM RS ES » TR =2k GG
TG -
8 RHiMy5 Gtk Dehalococcoides J&
K1 Desulfitobacterium JEEEE ZIFHEENUE L
Wi~ —R LN~ B-1,2- & LR L) /ERD)
RIRAHRRAME - AEREUR » 16 2013 FHHEEIGH)
#> Dehalococcoides J&F Desulfitobacterium JBH
R 10° ~ 10° Copies/L groundwater * AT
EHE & GEE G0 T K i E AR E
(Lee et al., 2008) ° JA 2015 £ » Dehalococcoides
JBHHEEHE IR 10* ~ 107 Copies/L groundwater 5 2%
ifii Desulfitobacterium J@HIBEHIKERFAE 10 ~ 10*
Copies/L groundwater * SRR HARRIRI A Y836
BEERUHBBARE2E Dehalococcoides & °
AE i B g 5 i B e R S A B 1 5 T
MREE 2015 FEAYEE - F T Desulfitobacterium &
FY S R M B B B I g 5 i

Dehalococcoides J& X WAEERAR T B £5 fEHH #HITY
FHEAME © van der Zaan et al. (2009) HYRFSEHER
I » Dehalococcides JBWY B B HAVA fEA HETIR
BAEESHEBME - Ik RS EEE R - #
HIPTREZ K] Dehalococcoides J&E A% A
it &YIRIaE ST - IR RRR &L EY) -

I - ¥R

AHIT S F EINRE 52 & PCR (qQPCR)FL Al 23T
il 15 18 T 5 5 e il BEVE R SR L R /K TR R
AERNEEE - RETIE SKE IR ET
FHBA AT » DIt —2 T IR H A Y B a3
TE o WFSCRERBUR - FEFRBUtS IR Y T
IERE A RO SRS MR S A - HREEIG R
BABEIIN 10° 501 E - 5% 107 Copies/L
groundwater °

TER LR T » SRR RIGH HARE
AR EEE SRR LT - — 8N
NIgi-1,2- — R BRI LR - - 2R
BN [F] By R 2 1 [ AR AR A 0 B G M RS
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BEGL - Kl - TEBOIATS Y HE AR S R -
7 R B s -

£ - 5

AT RGBT (MOST 105-2622-E-
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