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Abstract

Project Code : TRF5780121

Project Title : Enhancing and Characterization of Microorganisms to

Dechlorinate Polychlorinated Biphenyls (PCBs) by Canal

Sediment
Investigator : MS.Wichidtra Sudjarid, Sakon Nakon Rajabhat University
E-mail Address : wichidtra.s@snru.ac.th
Project Period : 2 June 2014 - 30 April 2018

Abstract:

Polychlorinated biphenyls (PCBs) are very persistent and contaminated in the
environment. The aims of this research are: 1) to determine the sustainability of
dechlorination ability of the microbes after a long-term storage; and 2) to activate and
characterize the enrichment of PCBs dechlorinating microbes by using priming
congeners. Sediment slurries were collected from several streams around Samuth
Prakarn Province of Thailand. Fresh and storage sediment slurries were tested and
compared to evaluate the dechlorination ability and microbial sustainability. Single and
simple PCB congeners were applied individually. Fresh slurries could effectively
dechlorinate the PCBs; whereas storage slurry was somehow less-active. Halogenated
priming  congeners including  methyl 4-bromobenzene, 14-dibromobezene,
4-bromobenzonitrile, 4-bromobezoic hydrazide could significantly enhance the
dechlorination of 234- and 2345-CBps in the sediments collected from both low and
heavily contaminated areas. From the 16S rRNA DGGE analysis, the bacteria
responsible for PCB dechlorination were Firmicutes and Proteobacteria. The results from

this study showed a potential in-situ cleanup for PCB contaminated areas in Thailand.

Keywords: Halogenated Primers; Remediation; Reductive Dechlorination
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4.5 Mmyanshnadaramalasuilasnsnil

e neiAstiimanouacuia A iRl Uiuds9anizanasgin US EPA
8082A method for GC/MJECD (quantification) Laz3% EPA 680 method for GC/MS
(qualification) Qmé’nwm:maa Gas chromatograph capillary column (6890N from Agilent
Technologies (USA)) equipped with a JIECD (J & W Scientific of Agilent Technologies
(USA)) and 30—-mx0.25-mm ID fused-silica capillary column chemically bonded with SE-
54 (HP-5) with 0.25-|dm film thickness

mytnsulagldiaiasiia GCMS (5730 Network from Agilent Technologies
(USA)) Electron impact ionization as ion sources and quadrupole mass analyzer and
30-mx0.25-mm ID fused-silica capillary column chemically bonded with SE-54 (DB-5MS,
J & W Scientific from Agilent Technologies (USA)) with 0.25-[dm film thickness

Feuwlalun1siesiassiralasunlansinng 2 wa3as @9l the  oven
temperature was maintained at 120°C for 2 min, raised to 225°C at 3°C/min, maintained
for 3 min, and then raised again at 5°C/min to the final temperature of 270°C, which
was held for 11 min. The temperature of the injector and the detector were set at 280°C
and 300°C, respectively. Nitrogen and helium gases were used as the makeup (20

ml/min) and carrier (1 ml/min) gases, respectively. The split ratio was kept at 10:1.

4.6 msfu'uL%ﬂgﬁ%ﬂ%ﬁﬁ‘amsﬁmunmﬁuqﬁuﬂ%ﬁ

ﬁgaﬁuﬁﬁa@ﬂaa’%ﬂumﬂauaummgﬂﬁnmLﬁww“uLLazLﬁaJﬁ‘hmuI@ﬂlﬁ‘ﬂﬂﬁﬂ
serial-transfer technique WLazLAX medium 0.5% of yeast extract (20%, V/v) %é'\‘]ﬁ]’lﬂguﬁ{‘m
N38AARETULUTANIINARDY 234- and 2345-CBps Afmaduanladifialiansuaes
EJmL§EmLﬁaﬁ,’lmﬂuL%ﬂﬁlﬁuﬂ%ﬁﬂixﬂaﬂﬂﬁaEJ #ui BP1, BP2, PWP, BPK fiiims1éiw 4-

MBZ iae 4-BN

4.7 M3WE1GUTH DNA uaz PCR-DGGE

Lﬁla%mﬁ:ﬁmjmﬁuﬂ%ﬁ AzNanAMLRAILININT 1 ua.gﬂﬁmﬂ%‘lumsaﬁ'@ DNA
mﬂauaummgﬂﬁﬂmﬁumfﬁmriauﬁwmiaﬁ‘ﬂi@] 614 UltraClean” Soil DNA kit (MOBIO
Laboratories, Inc. (USA)). The genomics DNA were further processed to increase the
sensitivity using nested PCR technique. The DNA was diluted 10 times with sterile
PCR-quality water, and 2 ng of the templates were used with 50 [IL reaction mixture for
PCR amplification with Universal Eubacteria primers EUBg; (5'-
AGAGTTTGATCCTGGCTCAG-B') and U490, (5'-GGTTACCTTGTTACGA-3')19. Within
50 ML were contained 0.1JJM of each primer and 1 U of Taq DNA polymerase (Qiagen



(Germany)). The PCR amplification program was 5 min at 95°C and then 25 cycles of
0.5 min at 95°C, 0.3 min at 55°C, 2 min at 72°C, followed by a final extension at 72 °C
for 7 min and a final hold at 4°C.

Reamplified PCR products for DGGE analysis were used primers 338¢cs (5'-
CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGGACTCCTACGGGAG
GCAGCAG-3) and 518, (5-ATTACCGCGGCTGCTGG-3)' . The amplification program
was 5 min at 95°C and then 30 cycles of 0.5 min at 95°C, 0.3 min at 60°C, 0.5 min at
72°C, followed by a final extension at 72 °C for 7 min and a final hold at 4°C. PCR

products were analyzed on 1.2% Agarose gel to collect molecular size.

4.8 N1331A3EH Denaturing gradient gel electrophoresis and nucleotide

sequencing

8138Na DNA U331a73 18 UL of reamplified PCR products with 338GC-f gnla&aa
11Ulu 7.5% acrylamide gels in 1xTris-acetate-EDTA (1xTAE). asifudainuuanens
529919 40 to 50, @9 100% denaturant UsznavliUdas 5.6 M urea and 40% (VIV)
formamide in 1xTAE. The DGGE 'ld1135289 Muyer et al. (1993) aniuilyslanld
Lﬂ%‘a\‘lﬁa DGGE-2000 system instrument (CBS Scientific Company, Del Mar, CA (USA)).
LAR electrotrophoresis gmmﬂﬁlqm%qﬁ 60°C L1981 5 °f1;’ﬂm 1% 0.5xTAE bufferﬁ 200 V.
The gel was stained with STBR Green nucleic acid stain (Molecular Probes, Eugene,
OR (USA)) for 30 min and DNA fragments were visualized on an UV transilluminator
(Biovision CN 1,000/26M, Vilber Lourmat (France)). The individual intensity DGGE
bands were collected; each band was resuspended into 20 HL Milli-Q water and stored
at 4°C overnight. The DNA were eluted from acrylamide gel, elution was used as a
template to reamplify by using the primer set without GC-clamp. The PCR products
were purified by using Gel/PCR DNA Fragments Extraction Kit (Geneaid Biotech, Ltd.,
(USA)). Sequences were initially compared to know 16S rRNA gene sequences in the
GenBank database using the BLASTn to locate nearly exact matches in the GenBank

database
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5. NMINARDIASIHAINIIOULIDDONITIN 3 LABNIINAADIAIAD LilTh
A (% a ® '3
5.1 WHWNIINAADIN 1 HAVAINITITIAaTUALAEANIINLNDS LBNITAA
a aaa
ANDIBNDL

> o

mem%ﬂﬁda@qﬂszaaﬁlﬁaﬁﬂmmmLﬂuvl,ﬂvl,@”lumiﬂ%'uﬂgaﬂsza‘n%mwmi
ANAREIUVDY 234-F0N uaz 2345-F30N lasldaladiuatfan1suines (priming
congeners) Lﬂuﬁ’m‘izifu (inducer) ﬂéj&lW’]gL&la%ﬁQﬂLﬁaﬂﬂ‘izﬂau@ﬁEl Wia 4-luluun
T (methyl 4-bromobenzene) 14-1alulanuudu (14-dibromobenzene) a-lulusiunlalu
las (4-bromobenzonitrile) LLae aluluuladnlaanlod (4-bromobenzoic hydrazide)
%amsﬂs:ﬂaummﬁmywm"]mmmm:éju@a%‘wa@maa‘%'ulumzmummmaa%u Gl
mﬂauauﬁl,ﬁu%'ﬂmmﬂlﬁqmﬁﬁmﬁu 4 o) \uszoziaan 6 ow axihldlunmsinwil
LLNuQﬁmiw@aaummlumwﬁ 1

aﬁanmm:mﬂmjwﬁ%ﬁﬁ]:m%wﬁmwmﬁuiu 1,000 §N./8. LAZRITAIGH
U531@3 50 383505 azusnidvaslUluwaasndatsunas 100 3adaas tharilwaau
TS uawn 2 un/a. man’waﬂa%Lumﬁ@]wﬁmwa%uwﬂLamwnaﬁaﬂmia:mzl
# 50,000 UN /4. Lﬁaﬁﬂﬁmﬁmﬁuiuq@ﬁmm 75 wn./a. MIaaaasIusIRgdilasnga
QG%W@%@NL@%ﬂﬂLﬁﬂﬂ’]iLﬂ%ﬂULﬁEJSIJ?Tﬂ HANWANTAAARES VININEARIDENININUADL
ol udidie o anninay gnw'lFene Madazgassdudasdaeiaswma
0.70 §afNAT (226x2) NN 9 2 FUa1r Lﬁa%mezﬁﬁ”’aﬁ%ﬁmmﬁaua:mjwaﬂa%m@

[+ [ 4 6
LAGWIINLNDTY

AZNDUAWLRET

(GNEN@28E19N 4 0)

TAIRTNAILGY
(Indigenous

Microbe)

goidn wsa 4-luly
RITN
(methyl 4-

bromobenzene)

7oidn 14-laluly
BT
(14-

dibromobenzene)

goidn 4-luluiuuls
Tulas
(@

bromobenzonitrile)

o 4-luluwules
dn'laa los
(4-bromobenzoic

hydrazide)

l:l ¥ a =3 [ 4 =) AadaaAa
NIAN 1 LNBNIITNARDINRY B\TﬂﬁisL‘Ii‘a’I’]Iﬂﬁ]Lu@]L@]@]W’]ﬁJLﬁJ aﬂumia@maamwmu

5.2 UHWNINAADIN 2 MINANWIATNAAARDINND ]

m‘mmaaﬁﬁ):@iaLﬁadmﬂmiwmaa"g@ﬁ 1 mmiwmaaﬁﬁﬁﬂ HATWINITAE

ﬂaa%unggﬂLﬁaﬂL‘ﬁa‘t‘hm@mﬁgumjuﬁm%wa@ﬂaa‘%u@ﬁUmﬂﬁﬂmmﬂuﬂuq@ Tasvin

miﬁaﬂ&jm;a%wﬁLﬁaml,é“'sﬂ%mm 10 U88897 uazlANadle 40 UaRFAT ‘lummﬂﬁma}a




Fnanwlfomanrunsandeudr lueiaendalsanes 100 §a3a0T UazFAFIHEIAT
gvsuannlfamansuaaslumsedt 1 laswaaendadatonamuasnfulilndia o
anniivag gAn bSanna @Taaamﬁ):@@éf’;mﬁwﬁ@mﬂamL?Jmm@ 0.70 UaBLUATI
(22Gx2) nn 9 1 ey anageudnonnlunisannassn lasn1nanadiies
FiwnmIvindratheiay 2 ase @T’mmﬂﬁﬂmmﬂa“q@LﬁaLﬁww“umjm;a%wa@ﬂaa’%u 9

& & o & v & = a v A ' o ¢ ' = = A
Lmammumﬂmﬂuﬁ;amwLimmwammeuqﬂqm;a%wamaamiummmam 3

A ' o a v A =S
M990 1 §usznavva mmimmuamw"hmmﬂmﬂﬂummﬂm

d13.ad AT (JN.A.)
NH,Cl 27
MgCl, 6H,0 0.1
CaCl, 2H,0 0.1
FeCl, 4H,0 0.02
K,HPO, 0.27
KH,HPO, 0.35
Yeast Extract 5.00

a

A ° a a a a < ~
5.3 WHWNITNARDIN 3 n'lsanl,mnqmmamﬂaasufwaﬂaasmmmﬂlnﬂua
ﬂﬁjuﬁ;a%wﬁﬁwmnﬂww“uuﬁamﬂLLNumsmaaaﬁ 2 ﬁ]:ﬁwmﬁmmﬂmjuqa%wim

1TnaiaPCR-DGGE Lazf1auALanta
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a 6 a 6
6. ILAIVEHLLALIDITIBHNANIINAA DS

INMIANENATIhEIIInsUwINanNIInaaadaandh 3 §auran g adh 1) N3

a a = v a Aa [+ [ 4 6
ﬂ@ﬂﬂﬂi%‘ﬂa\‘]?aﬁ‘l"lﬂaﬂﬂ% 2) ﬂ??ﬂ@ﬂﬂﬂi%(ﬂ?Elﬂ']?L@]ll‘e’[’]Iﬂ'ﬂL%@L@@WW?NLN@? Wae 3)

msaiﬁLLuﬂﬂsjm;'ﬁuw%ﬁaﬂﬂaa’%uium:n AU

6.1 ﬂ'a'mma\nsnn'ﬁamﬂaa’%umaaqa%wﬁ’mﬁu

]
o =S

NINAFAUUIZENTNINNITRAAADI B IAZNaBALLAA I UNWNNIIN1TAN W
NagauUlauNTHENLAN 234- WA 2345-CBps mimaauﬂix?m%mwmaaga%w‘tumﬂau
Gulni wazaznawawinldnagaulszanTaInlunIIannaaIunaINNINIILALUAIa8Nd
duiduszoziiaiuin laglaifinsidueinisuazansasdula 9 tlavinn1snasay

s a { o o 1 1 é 1
qmaﬂwmwaamnamummﬁmmmmsmaau WU ﬂﬁ%laagaeﬁaaWNWinLﬂuLL%ao
arsuauliyadnliluninaigidvlald dasnain COD:INP  atlutag 100:4:1 uaz
100:5:3 NaluwaznawAwlrNLIZAZNaWAKLAT LAHATIEIBAINEI LU TAMUULANAIIN
LLa:a%iluﬁaaﬁLﬁmwa@iamﬂumw‘hmmaaﬁ;a%w NANTINARDIAILRAI I UAITIIN 1
(Metcalf and Eddy, 1991)

NNMIANEUTEANTAIWANTaaAaaT U ed 234-CBp lasldaznaudulniain
& A A o ' A A ' = a & = A o &
NUNAZNBWABAIDENT 7 AWN WUINTaaAReIW AL IwaIHRAN UM NaNd (24-CBp)

'V v ' 'V & = 6 [ 6
$#8439110 8 FUAW LLaz%aamnuumsa@ﬂaasm:awyimmsﬂu 2-14 FUA% Nan1g
NARDINILFAILATITIIN 2 mnmi‘ﬂ@aaoéﬁna’nLLamlﬁLﬁudﬁQa%wé’aL@;\ﬂ%ﬂ@ﬂdﬁ'ﬁé’]

nnadugasfisdszinininnisaanaaiudige lugdranainisiuduniaaaasiu (Lag

phase) UAzN1IAAAREBIUBLNIENYTAL 91N 234-CBp —> 24-CBp lauwRadmainany
v { 1 g; o 1 ﬁ o { v
garhefiwufa 24-CBp ihiu (aannaiuludunils meta-) Tadrwruanaiuiites (1 - 2
1 1 J 1 1 U v v
azaaw) hadamIzmslugemauazaunsndesaaieldioneldaniizldaine
#aNINRToAUNUINNINUIIDATINTBUANA1991N Chen Uazamhe (2000) T9'ls
wunIaaaaaIuluaanasifuvasaznaudulnailun1sldans 234- uaz 2345-CBp Lie
nagauANNEINITAlBAITAAAaeTRluaznauAnIINLAEN ladu e Uszine
ldniu luszoziia 20 dlanvvesnmasay uradldiiuiisgalindszdrtulunuild
@ a v A = A A a )
sanInnIzdunITaaaaaiuldwia liinguianiianuninaaaaainld
A L= = { o a = a
FalunenaunwlarinninageudssanTawnisannaaInluaznonahina
18097282 M UL aue1IWIU (AZNaUELIAN) NAUWLINANaUAKLARINNARDIR?
o | = Y [ e o @ ! a
fpnadlisuiinaaaasiuldnielu 20 dlainnimasey udnduwuingadnle
a g ;:!I d‘y v a v vV < dq, dl U a Qs s
aznandunaaaIuslanna (Wundwdeunmeanatuiaslfidununsnede) naugsainnsn
a @ o & A A v & A A a oAl
aanaaIulaniolu 12 dland (17199 3) Teusasliiiniraainnanuiinaanaainlad

2 1
=y =

atilunn 9 wun Lideanduiundulendroidiniaaraldduenias WaRnmn
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2345-CBp nauwuhnAniidisanInaaaaaiuldluaniziaasemeiu niiuaadn

dq, dl @ o Cll et 1 a v v 1 = gj a Cll
Iuwumaaammgmmm"l,ummsaa@ﬂaasuvl,@mﬂﬂqm;aﬁwmmu (713749 4)

v v & & v & ' = & A o ° A
ﬁ]’mmaﬂuwumammmiﬂmu'nfgamwiuwuwﬂaam’;mnﬂﬂaa fﬂf].luLﬁil

mwmmsn‘lumia@ﬂaa%u%é’amngﬂLﬁuga%wmU‘lﬁamazﬁi’maa"ﬁmmﬁ waNINH

@ =* a a A dd doe Ao a
U\‘iLL&@GQ\"]@QW&Iﬁqwqﬁﬂlua@ﬂﬂaiuﬂla\‘i?aﬁwsluwuﬂauﬂ U\‘iﬁJﬂﬂUﬂWWluﬂ’]iﬂ@ﬂaaiu

ﬁmﬁ"jwqmauﬂ'&ﬁ aaﬁumnmsﬁﬂmwwswﬁmaﬂﬁaaﬁuﬁLﬁmwa@iammﬁumgumi

A A A ' . Al v & & A Ada A Aa
L%imL@UTaﬂTﬂﬂ%a"ﬁWﬂ@‘N heterotrophic LLazﬂ’]ﬁ]“ﬁI‘ﬁL‘ﬁ%ﬂ\‘lwu‘ﬂ‘ﬂNﬂ’]iﬂuLﬂauaﬁiﬁJﬂW3&}

aﬂ’]dfﬂd wazdathaaduszaziiainits Lﬁ@gﬂﬁd%ﬂdi@] U"l&ivl,éf%'ummaﬁmmm guan

. o IR '
R1IDINT ﬁ%ﬂLL%ﬂﬂﬂ’]gﬂﬂ%ﬁﬂﬂﬂ’]ﬂ%aﬂ Lﬂm:mnmﬁmﬁ)mﬂ%ﬂquqa%w%mmma@

Anasulaanealy

A1319N 1 qmé’nwm:m 299N UAWRAIN LT IUN1TANTN

i

Ani COD | Phosphorus | TKN sS VSS
a5 Site 1 | 9,350 50 520 152,630 | 10,800
2ARINNTI (11,034) (305) (933) | (740,760) | (17,400)
V1IN Site 2 | 12,750 100 780 125,750 | 11,650
(BP) (19,862) (540) (1,053) | (751,210) | (18,765)
T599%u8n Site 1 | 15,130 90 1,020 100,770 8,650
Fugmva9m (19,310) (241) (547) | (800,680) | (14,760)
(MF) Site 2 | 36,160 90 400 144,320 8,560

(24,828) (179) (1,107) | (858,910) | (12,985)
ARBIRIANNEY (HLP) | 23,040 320 930 94,950 14,700

(25,379) (270) (827) | (894,425) | (14,735)
TsewlWdwszuasld | 13,480 200 1,580 205,990 12,100
(PWP) (13,241) (229) (747) | (858,910) | (13,620)
ARaILNIlana 12,480 40 640 188,050 | 19,850
(BPK) (11,030) (72) 427) | (741,450) | (17,350)

NABLHG : wianltae un./a. LLazluaaLﬁuﬁaqmé’nwmwaqauﬁv‘hmsf{haaamylﬁ

aunnd 4 o eaziaa 1 3
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A15199 2 MIFAAREIUVBY 234-CBp FR8A=NauALAA 1WAl

NANAAFIINAS NAIAAAADIN

Aunfuaagg HAAA TN aayInk

(Fla¥) (dla¥i)
1AlIUIATANTINLNINA (BP) | Site 1 18 20
Site 2 20 24
T5991mugnFuguasrin (MF) Site 1 12 18
Site 2 14 24
ﬁuﬁﬂaaaﬁ";ﬁwgmo (HLP) 8 10
Tssnwlnfwszuasld (PWP) 14 20
AfaILNUaING (BPK) 10 24

a a [ 6 a 1 a
RNTULAGL LNARTINIANTUTINAIILNE 24-CBp 88131987

{ a s g v A Qs ' 1
WeRasanisguandiaidasdunes 234- uaz 2345-CBps F93naglungunoInd
INfiaNaan HIGaNIIAAARATY TIRUITFNIRNIINARAUANLATNRIaLUTZANTA N

A o a a v A A a =
u_lamumaomsa@ﬂaaiﬂquwmmu e TaSNuIRLWAUDY 2345-CBps A1U1TD
£2 1 § Q v { a &/
ANARDIWIAANI 234-CBp 813t INNIINNRINUAMNANNTauNAadn Tun1saa

ARBIUVBY 2345-CBp 813LAAMNATINAINBANNTEY (AH ;) uaz Alin RRT lun1saa
AROAYDI 2345-CBp —>235- and 245-CBp (-14.746, -14.821/ 0557, 0.525) 49dAng

41 234-CBp —>24-CBp (-14.118/ 0.514) Gafinsasunglunsansues Chen uazams,
2000

v 1 t:?dl v & K ' a A = a &
VALIDN LLN@NI%L%%ﬂdﬂ'ﬂ’]&lLL(ﬂﬂ@I’Nl%ﬂizaﬁﬁﬂ’WWﬂTﬁa@ﬂGBS‘WIJ aofgmjwm 23714

'
Aa

2 NN mmLﬁaamﬂé'ﬂwmxgﬁa'm']ﬂl,m@%auu,a:é'ﬂumznQu@a%wiuﬁaanu AUANENd
@ adada

s ﬁ 1 a v &
M Senguadnwuazanwnienmealudszinalnomuninaansaiuldanindiuazians:
AnalsluuTudnals (Chen wazAtue 2010, Sudjarid LazAtke 2012)

= ['7] a Aa [~ 6 6
6.2 N1IAAAADINAILNIILAN TN UALAANIININDS
ANNIINARDULTEANTAINNNITANARD I WL AN AUAUTIAAIRATNABNNITII9N
AT a 1 1 a o =3 - a a
nmyduitanuazaznandulni wuinaznananitsainianuliddszaniaanwluniaa
ARDIUNAIIINIRBIFNINA NN eldgntzanadn (4 o°) Wuszaziign
seon 11 smqumﬂauauﬂaaamaﬂmﬂ@ﬁwuﬁnymwiumia@ﬂaa%ua%i AINWANT
ﬂizﬁuqa%wmjuamaa’%mm:msﬁwLﬁu"lﬁﬁﬁﬁmmma@mgaﬂaLﬁmﬁasﬂs:mumi
mﬁmmﬂ@um@pﬂm&mtﬂué’ﬁuﬁL§ﬂmau%"%am‘sﬁaﬁuimLﬁaﬂs:@jum‘mmaa%u
a & { & { o ¥ = { ] ]
Lﬂu’ﬁm%mwmﬁLﬂuvl,ﬂ"l,@”lumﬁ\luwu Lﬁaamﬂmsml,%aaqauﬂ%ﬁﬁmumiumww:m

Uszgndlfifsniunlasuinazdszauanadiialunimanadluiesd Judnisndnig
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AugunIFIasaNtdueded uaziiilsausnwidanaansnlsgndgiunaaninng
Uwoueas PCBs é’aﬁfumsﬂizqﬂmﬂ%mimﬁﬁLﬂuﬁmﬁufﬁaLn@]ﬁamﬁamim:immi
A R o & g
annaaIudshunldlunmimazeuasait
mm‘sz@j’umjuaﬂmﬁlu (halogenated priming congeners) RINU1TDILATIERGE
NITUIUMINARULALINUAUMTIATIZA PCBs TI8NIAI6UAIOR1INAN9T0I8N TN I AU
ngualaaulifinadanisiienzdnimdudinnauszquainyas PCBs 017191 3
LRAIANUATWNITAAARDIUVBI 234-CBps dechlorinations naldan1izniiuazlifinig
\dnanInszgunguanlaau Ssmnszduiidsznavludan 4 saefinan @a 1) methyl 4-
bromobenzene (4-MBZ) 2) 14-dibromobezene (14-DBZ) 3) 4-bromobenzonitrile (4-BN)
Wae 4) 4-bromobezoic hydrazide (4BH)
MIAANRETHIH 234-CBp AuN1ILGY methyl 4-bromobenzene AIUEAI AN
a 1 1 s 1 d a J a
2 anwaentaanaoIniliaantdn 2 Tr9nan 9 Ao 1290 1 N1IRAARBIBLAATWARIINN
o & A a £ \ & o & a & A
6 §ai uaznmIsanseiwiinduatanysoinioly 8 dlandd luaznauduiuiive
2ARMNTINUWNG 2 Anasmadnes uaz lasiniwszuasld wazluszozi 2 wodinms
a & o ' a . '
anAaaIuinadunsle 14 UaN%R &1un13L&N 14-dibromobezene WUINNNTANARETH
a Jl ) Q 1 >
iadulugas 8 G914 dlansd wazaanInaansainatsanyIninielu 20 e lu
AxNaUAUALT 1WalI9IUARIMNTINLING 1 uaz 2 AraIRIdINNad uaz Laglwilane:
uaTld widmivaznauduluiunau 9 diasaanseiuadeliauysol (MWA 3) MILéy
. v [ 1 a A = a
4-bromobenzonitrile #1%13ANIzdUNIAAARDIU Idad1INUIEENT AN T iaaaaaaTH
a X o ) & a \ & o & o A
\aTUAAIIN 10 Fawd uazaaaaaiuadiauysniniglu 20 Flanw oniiu aznaudu
MNUALTHIUIARIANTIVLIING 1 uazulainae (nwil 4) adslsiananisiéu
4-bromobezoic hydrazide 813130NIzdUNIIaAAaaIwldlunAUNoNLTW walssnu
QARTANTINUWNG 1 UAZARBIRIEINNGY (MWA 5) nan1sAnmuaasliiAuinguaa
Fnluasasiidnnassansngnnazduliddnanindnassldnasangyidodszinsan
a o & A Ao & a Y A a
nIsaaaaInIINMIfaesluiungurndniuzszina 1 U sniulunmanasiid
4-bromobezoic hydrazide TuiudaduinanitsuaadlAiiiniagadngyiFoanumunim
nasn lldTumanaivadndaito aanunInszdunsaanaaIuislisiuddnuas
F1du wonnBaINuINNITLAN 4-bromobenzonitrile El'dmmmﬂizéjuﬁﬂﬂﬂﬂWMﬂﬁia@
a A A
anaIulunniud
1NA17197 3 wudnisaaaneIuli 234-CBp  gnIzdunIIaaAfaIwaLngil
@ o [ n:? dldl o =1 dl dq, clldl 1 a 2 ] 1l
wodaylunniunninsdns asanluiuif liimaduaminszdunguanlaanla
n X v & 4
WUNTAAARDIULNATU BNLIUAUNAREILIIUANG
= & w o . X & & A 2 o o a A A A
nnnsanmeTududatiuaasdsvungnisianasannidwdanasuaiing,
lildumanafivainnesennasananidnmisldnuduzaznauwiu mineduns

A A & A o o A & 4 a = & & a &
a@ﬂaaiunaLﬂuaammylumsw%l“amwwuﬂ nsaaaaaInluMIanEnIIanaialin
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Luaamﬂmwmmuuawaoﬂamauw‘%ﬁﬁa@ﬂaaiumami"liﬂi:'ﬁﬂ%mwma\'mﬁju
ﬁgﬂu‘ﬂiﬂ‘ﬂﬂ(ﬂﬂﬂai‘% mn@&ma@ﬂaammﬂ (dechlorinators) LLﬂzﬂﬁj&lﬁa@]ﬂﬂﬂ%%i’JﬂJ

(supporting dechlorinating groups)

14l = —=—BPI—O—BP2—A—MF1 ' |
_ —— MF2—4— HLP—%— PWP—p— BPK |
- v -
%0 1.2_
§ 10 g
£ ]
~
m 08— AVA o
(@)
Q_‘ 4 n
£ 05- S
E 044 i
©
[=) O
= 02- \ -
X }O '
0.0 ———— ——— S .

— 11—
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Incubation time (Weeks)
NINA 1. nIRaAaeIn 2345-CBp lasnguiafiwadauludiatisiiassaninuiadow

(e}

4 9, MNPIRG: ARBIRITNNET (HCB), 11ABARIMNTINLIING 1 ua 2 (BP1, BP2), lssatuun
Fugrnwadtin 1 uae 2 (MF1, MF2), Issiwszuasle (PWP), asasunstanna (BPK)

14‘O'|'|'|'|'|'|'|'|'|'|'|
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AN 2. NMIRAARBIUVBY 234-CBp luaznandnluaiatnidnaasgsn nwiIaaey 4 o

]
v

Mole fraction PCB remaining (%)
<
/

lasnsidiu methyl 4-bromobenzene
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20—\
] —m— BP1—0— BP?—A— MF1 |
—— MF2—4— HLP—¢— PWP]
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(@)
|

Mole fraction PCB remaining (%)
N
o

N
)
-

0 - T T T T T T T T T T T T T T T I T I T I T T
0 2 4 6 .8_.10 12 14 16. 18 20 22
Incubation time (wee
ANA 3. NTRAARETUUD 234-CBp luaznandnludiatnsdiaesaninuiases 4 o

lasn13L@3 14-dibromobenzene RABLAQ: ﬂaaaﬁaémma (HCB), mmq@m%mwmowﬁ 1 LA
2 (BP1, BP2), I3 uuanduaiuvadinn 1 uaz 2 (MF1, MF2), lsslWfiwszuasld (PWP), anasuns
1ana (BPK)

1104 ~ " T T T T T T T T
ﬁ100' 1
S, 90 h
QD -

& 807 -
§ 70 .
:ﬁ 60 - ]
S 504 i
§ 40 ]
E 30.] i
%) 204 —
= 104 _

0 - —71 1 r 1 1 1 °r T 1 °r 17 %f$¥ 1

0 2 4 6 8 10 12 14 16 18 20 22

Incubation time (weeks)

ANN 4. MIAAARETUVEY 234-CBp luaznandulualagnednaesaninuianey 4 o°

lasn3L@3 4-bromobenzonitrile WULLAG: ﬂaaoﬁaﬁﬂgma (HCB), mmqmm%miumdwﬁ 1 LA
2 (BP1, BP2), l33uuaunTuaiuvadinin 1 uaz 2 (MF1, MF2), lsslWifwszuasld (PWP), anasuns
1Jana (BPK)
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120 — 7T T T T 1 17 "~ T 1T T T ™ T "1
110- o ]
< 100- — ——~e =8
S 90- y
;§ 80 :
70 A ]
S cy] —O—BR2 K 1
g 4] oM ]
g | —vV— M2 |
£ 304 ——HP . 1
= 20+ —&—PWP \ .
= 101 ——BPK O i
0'....,.,..Of%>fg.§§§§ '

0 2 4 6 8 10 12 14 16 18 20 22
Incubation time (weeks)
ANA 5. NMIaAARESWYY 234-CBp luaznanauludiatnssiaasaninmasen 4 o

lasn3L&@N 4-bromobenzoic hydrazide #a18L1A9): ﬂaaaﬁaﬁwgﬂaa (HCB), LuagasNANITNUY
WA 1 w8 2 (BP1, BP2), 1599MuuanBuaiuzadiin 1 uaz 2 (MF1, MF2), I3 lWiinszuasld (PwP),
AsavuNUaINa (BPK)

HONLARDIINNINAAREIUVEY 234-CBp MINAARDIBVDY 2345-CBp NINAADIH
ANNIZGUMBNINIATWALAN BnLiu NunAsasiid1nnes (13199 4) MIEY methyl 4-
bromobenzene (mwﬁ 6), 14-dibromobezene (mwﬁ 7), 4-bromobenzonitrile (ﬂ’]‘wﬁ 8),
W8z 4-bromobenzoic hydrazide (MW 9) WuiliudssdezEniniwnniaanaaiuuadla
TuluwAun 1599 uLonTUsIn9LA1 1 Uaz 2 LLazﬂaaaﬁaﬁﬁQﬂaa LEANIILAY 4-
bromobenzoic hydrazide &9lianansanszduniianaaainveInguIainIIniuiaaena
° ~ ae & A Y 2 o A
N1ANDI TINANIIIVYWIZTAANUARIYANINUNIILAN 4-bromoacetophenone and 4-
bromosulfonated 71 lajtlszaunadiTalunisnszdunisan PCBs faudiranInszguinani
2z1% bromide 'lélgunu (Kim, A.D. and Bedard, D.L., 1999) T30 WN UL IARLAUE

1 A a d' dly v a ] a v a 1 1 dll
naugaduluaznauduislwondrsnaivedagiuazinrldiuuafivadnadaiiias
anatfianisaaadnuansalunisaanaeIuningniisiuazaunsniluynianizgu

YT ANTANARINNLANT R UALGANITULL DS Lo
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M15199 3 ANUFINNTDINNTANRAEIW 234-CBp nMuldmsdnaladiuatdanisunas

LARZTUS

a <3 6 6
'iﬂIﬂﬂ LUALAANIINLNBDT

2

A& A
WHN

JZYLLIRINILNG

a s 6 Qs [
NROAUINA (RUAA)

TULIANIAANRDINOEN

syl (Fav)

Methyl 4-bromobenzene meﬁuﬁq@m%nﬁuma 14 >20
14-dibromobezene WA 1 14 20
4-bromobenzonitrile 12 >20
4-bromobezoic hydrazide 14 >20
Un-amended primers* x x

Methyl 4-bromobenzene meﬁuﬁqmmﬂﬂﬁumo 8 18
14-dibromobezene WA 2 8 18
4-bromobenzonitrile 10 18
4-bromobezoic hydrazide 10 20
Un-amended primers* x x

Methyl 4-bromobenzene Iﬁd\‘l’mLLﬂﬂ%uud’m“U 23 12 >20
14-dibromobezene Sal 14 >20
4-bromobenzonitrile 10 20
4-bromobezoic hydrazide 10 >20
Un-amended primers* x x

Methyl 4-bromobenzene Ii\‘l\‘l’lul,mﬂ%ud’m“u N 8 >20
14-dibromobezene v 2 8 >20
4-bromobenzonitrile 10 20
4-bromobezoic hydrazide 10 20
Un-amended primers* x x

Methyl 4-bromobenzene Tssu Wi wreuasld 8 14
14-dibromobezene 8 20
4-bromobenzonitrile 12 20
4-bromobezoic hydrazide 14 20
Un-amended primers* x x

Methyl 4-bromobenzene ARaILNNUAINA 14 >20
14-dibromobezene 14 >20
4-bromobenzonitrile 12 20
4-bromobezoic hydrazide 10 20
Un-amended primers* 12 >20
Methyl 4-bromobenzene ﬂaadﬁ"séﬂn‘]ﬂad 8 14
14-dibromobezene 8 14
4-bromobenzonitrile 10 14

4-bromobezoic hydrazide

Un-amended primers*

X

X

naBwe LNanfadiina19fa 24-CBp atnaLdnn, x ldiiansaaaassuluszaziaan 20 adanyk
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a I 6 6 aa 6 & . 1
msﬂszﬂauaﬂafﬂLummewwLuaimmmgmmmﬂu bromine Laz li&IN1TD
NS ENTAIWNNIAaARaIUYad PCBs IumzﬂauauﬁgﬂLﬁu"LinwUi@"fqmﬁgﬁ@h HNLI%
mjm;a%wmﬂﬁuﬁ 19U NTURIWVAILAT 1 UaT 2 LazAREIAINNEY FITUsEnay
a = & & PN | A A o . & v v A&
aﬂm]Lummwwsmwaimmsnquﬁuﬂauqamwﬁl‘*ﬁ halobiphenyls LH#a2TUBLANATAY
. P DA @ '
(Kim, AD. and Bedard, D.L, 1999) Tam3yliiianaaaasinlugadnuisiuiaes
= g a a a ' & A , o a A ,
MIANNANAAANNLABLVIIATN "Lm’m:l,ﬂmg'amwnqwanlumm@ﬂamumaﬂqu
afmmgumsa@ﬂaa’%u nIasTY aaqa%wn@wa@ﬂaa’%ugﬂmz@mmuﬁmﬂauga%wﬁ
mumﬂﬁumﬂuﬁuﬁ
a Q 6 d' a J g: = U a 1 = d' ]
ma@mmemmsﬂma'ﬂmmuumwmmaa@ﬂaaqﬂumm"qﬂmaan&guqamwmgiu

& A o S o a .
W%‘Yll%aﬂ’l‘w LAANDN DILFUNIINIIAARIDIUNLIN 2345-CBps—)235-and/or 245-

CBps—>24- and/or 25-CBps (co-eluting peaks) Waz 235-CBps LIUNAAAMMF1TNA4

RANTNLAAUVWITNNIINORDIT

—_
N
o
]
]

=

(] N

o o
|

Mole fraction PCB remaining (%)

T T T T T J
0 2 4 6 8 10 12 14 16 18 20 22
Incubation time (weeks)
ANN 6. NIAANADIUVDY 2345-CBp luaznandnluaiat1931aaIgn INLIAREN 4 0

lasnsLay methyl 4-bromobenzene #uuLAg: ﬂaaaﬁaémmu (HCB), qum’mm‘mmowa

1 ua 2 (BP1, BP2), lsssnuuantusiuvasiin 1 uaz 2 (MF1, MF2), Tsolwiwszuasld (PWP), aaas
1791U8na (BPK)
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120 s
100
80 - —
60-| —=—BP1 i
|—O0—BP2
40— MF1
| ——MF2
—>— HLP

20_—%Z—PWP 1

0 1—>—BPK >.%\§; |
0 2 4 6 8 10 12 14 16 18 20 22
Incubation time (weeks)

Mole fraction PCB remaining (%)

AN 7. NIAANRETUVDY 2345-CBp luaznaudnludl1a819518098N I NUIAR0N 4 0

lasn3L@3 14-dibromobenzene RNBLAQ: ﬂaaaﬁaéﬂgma (HCB), meqmammmmawﬁ 1 LA
2 (BP1, BP2), 15991l anTuaiuvadiin 1 uaz 2 (MF1, MF2), IsslW#nszuasld (PWP), aaaduns
1Ja1na (BPK)

120- -
100+ |
c _

£ v

5 804 -
8 4

m 60— +BP1 a
K | —o—BP2 —

§ 4] ML

g8 " ——Mr2 — I
& s & HLP @\_\$

§: —&— PWP \% v§§

0 2 4 6 8 10 12 14 16 18 20 22
Incubation time (weeks)

MR 8. NMIRAARDIUT I 2345-CBp huaznandulualasnisnaadsninwiiagay 4 o
laan3L@3 4-bromobenzonitrile RNELAG: ﬂaaaﬁaﬁmma (HCB), meqmm%mmmawﬁ 1 LA
2 (BP1, BP2), lsg9nmuandusiunosimn 1 uas 2 (MF1, MF2), Tsslniwszuasld (PWP), aaasuns
1a1na (BPK)
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160
140

—

N

(@)
1

100

Mole fraction PCB remaining (%)

i

Incubation time (weeks)

4 6 8 10 12 14 16 18 20 22

AINN 9. NIANARDTUVDI 2345-CBp luaznanauludiat19d18a 98 WLIARaN 4 o

lasn13L@3 4-bromobenzoic hydrazide wingina: ﬂaaaﬁaﬁwgﬂaa (HCB), LuagasNANITNUY

WA 1 w8 2 (BP1, BP2), 15991uuanBuaiuzadiin 1 uaz 2 (MF1, MF2), I3 lWiinszuasld (Pwp),

AsavuNUaINa (BPK)

A15199 4 ANUFINNTDNTANARDTU 2345-CBp @288 ladLilaLAanIsuies

LANNAFRITNAN nmaﬂﬂaa%u
g ladnaLAaNITNLNaS i nAaAMWN (§10a1%) saysol HAAAMTINANITANG I
(o)
Methyl 4-bromobenzene LUA 13997% 10 >20 2,3,5-**, 2,4,5-*
14-dibromobenzene AARINNITY 10 20 2,3,5-*, 2,4,5-**, 2,4-/2,5-
4-bromobenzonitrile Y19NA site 1 | 8 >20 2,3,5-**, 2,4,5-*
4-bromobenzoic hydrazide 8 20 2,3,5-
Un-amended primers 8 20 2,3,5-
Methyl 4-bromobenzene L“IJ@II‘NGTLL 8 20 2,3,5-**, 2,4,5-*, 2,4-/2,5-
14-dibromobenzene 2ARINNIIY 8 20 2,3,5-*, 2,4,5-** 2.4-[2,5-
4-bromobenzonitrile Y9N site 2 | 6 20 2,3,5-, 2,4,5-
4-bromobenzoic hydrazide 6 18 2,3,5-**, 2,4,5-* 2,4-/2,5-
Un-amended primers 8 20 2,3,5-**, 2,4,5-*, 2,4-/2,5-
Methyl 4-bromobenzene Iidd”luLLalﬂ 8 20 2,3,5-, 2,4,5-, 2,4-/12,5-
14-dibromobenzene %uﬁhmlad 8 >20 2,3,5-*, 2,4,5-** 2.4-/2,5-
4-bromobenzonitrile LN site 1 8 20 2,3,5-**, 2,4,5-* 2,4-/2,5-
4-bromobenzoic hydrazide 8 20 2,3,5-, 2,4,5-, 2,4-/12,5-
Un-amended primers 8 >20 2,3,5-**, 2,4,5-* 2,4-/2,5-
Methyl 4-bromobenzene T390 uuen 8 20 2,3,5-, 2,4,5-, 2,4-/2,5-
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NANAAFITNAN | AIAAARDIN
aladuiatGansnaas i naaAWN (§10a1%) saysol HAAAMTINANINANG
(§Ua)
14-dibromobenzene %udaumaa 8 >20 2,3,5-*, 2,4,5-**, 2,4-/2,5-
4-bromobenzonitrile LN site 2 6 20 2,3,5-, 2,4,5-, 2,4-/2,5-
4-bromobenzoic hydrazide 8 18 2,3,5-, 2,4,5-, 2,4-/2,5-
Un-amended primers 8 >20 2,3,5-*, 2,4,5-** 2.4-[2,5-
Methyl 4-bromobenzene Tsaulndh | 8 18 2,3,5-, 2,4-12,5-
14-dibromobenzene WITUATLE 8 18 2,3,5-**, 2,4,5-*, 2,4-/2,5-
4-bromobenzonitrile 8 18 2,3,5-**, 2,4,5-* 2,4-/2,5-
4-bromobenzoic hydrazide 8 18 2,3,5-**, 2,4,5-* 2,4-/2,5-
Un-amended primers 8 18 2,3,5-**, 2,4,5-*
Methyl 4-bromobenzene ANDILNN 8 18 2,3,5-**, 2,4,5-*, 2,4-/2,5-
14-dibromobenzene dane 8 18 2,3,5-**, 2,4,5-* 2,4-/2,5-
4-bromobenzonitrile 8 18 2,3,5-**, 2,4,5-*, 2,4-/2,5-
4-bromobenzoic hydrazide 8 18 2,3,5-** 2,4,5-* 2,4-/2,5-
Un-amended primers 8 18 2,3,5-**, 2,4,5-*,2,4-/2,5-
Methyl 4-bromobenzene 6 20 2,3,5-**, 2,4,5-*, 2,4-/2,5-
14-dibromobenzene 6 14 2,4,5-, 2,4-/12,5-
4-bromobenzonitrile ﬁuﬁﬂaadﬁ"s 6 >20 2,3,5-**, 2,4,5-* 2,4-/2,5-
4-bromobenzoic hydrazide Ny x x -
Un-amended primers x x -

RNELAA6.

=2 a a 6 s =3 a s & A =
FRAUNYDY NRANUNRITNAWNARIN * RUILDY NRANTUWNRIINANIDY 2,4-/2,5 AN

A a &£ = [ = = v a & a o ' e [
(peak) mn@muiunmmmnu X ANUHTN mia@ﬂaamvl,:umwulmw:nmwmmmu (20 ﬁ'ﬂ@]’]‘ﬁ)

6.3 msﬁ"n,mnm\;u

a

Ll
(2

a6

aWNIE

ANARDIWIHAZNDWAK

g; Y o a e a J 1
ﬂﬁﬁﬂwﬂuﬂnu@lauﬁvl,@mmumwaamnm:mumm@ﬂaa%'ummua 813

A v a

ﬁ&lﬂq_lliﬂil,l,azLﬁ&lﬁ%’fﬁ?%’)%ﬂéﬂlWEW@’] ginatan1InauanLTaLINe s LL%ﬂﬂmgﬂ jogyi syl aaq%w

] ]
a

dl 1 a A v A Qo r=| =4 g; d‘y
LLazmsLﬂaﬂuLLﬂawa:mzguf-gaf*n‘wﬂuuwm‘n%m'ﬂ%aﬂlumm@ﬂaamlumwnmmm
£ & v . AR ' A A a =< A o X A °
°1i<1Lﬂmlauwndﬂquﬁ;mwwmmma@mamlumwnmu LTI TNIIWIU 15
% 1l A dl o a 6 o 1 a o 1 dl A v
Mot enNIRNLNEINANIANERLALIILUNNFUIATW mammgmaaﬂﬂs:ﬂau"lﬂmﬂ

a d%’ d' = U d' a
ALNEUFUINAUNGATINNITUL NG 2 Ty IWH sz uasle wazaaau19laine naniaw
@18 4-bromobezoic hydrazide W&z 4-bromobenzonitrile ﬂéjuﬁ;a%wgﬂami’lzﬁﬁ’s Rk
DNA fragment by PCR-DGGE-16S rRNA n1wh 10 LaAIEIBYaIILIILAY DGGE 289
ﬁ;a%wﬁmmma@ﬂaa%uvl,ﬁaﬂﬁaauyitﬁua:mumnﬁmﬁqm”ﬁmuga%wLLé’a ANTILATIER
a o A2 & =< ' A A a
ATWUINIVBILDY DGGE TILAULUUAUIAIDINGNIRTNATIUINAAARDIBUAZUAL
Lmu@“lmﬁ'umuuﬁmﬁ'mmmﬁoﬂnga%wﬁamaa‘%umjwLﬁmﬁ‘u HANNINARBINLINIA

%wmju Firmicutes Wa% Proteobacteria Lﬂuﬂ@;uga%Wﬂéwm‘?ﬂﬁmmma@ﬂaa%uvlﬁlm:
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= Xa o o =< B A o °
NMIANEHAANUFEAARBINUNITAN®IVEY Katayama and Fujie, 2000 N¥NN1353104n0
' a a a A ' = ' A &€ a A v & KR
NFUIRTHIINGL Lm‘umamamaaa;a%wnqua@ﬂaasuvmwulu@ummumuamlﬂmum
PN ' A A a v o a a A & &
rm:l,wwwﬂunqwgamwnmmma@ﬂaaiuvlwaamﬂwmsmu PCBs #3awsutuasas bl
é’aﬁfmmuaLSuLamaaﬂ@;uqa%wa@ﬂaﬁmmmLLuu%éﬁmﬂLﬁuwuuﬁ%aﬁmmﬁumﬂI@y
qa%w‘lumﬂauau
WarhnsIuuiiounMImMasaInaLiay 234- and 2345-CBps UOUVBIATNAAA
A A o ) p g ' a A A o v A
ARDIWAAMNARILARING ANINNHLINUINAZNaWAWINNNNA LTI IWHAIN Tz HATIALAN
2345-CBps WUYRTWN{N Pseudomonas putida T Tunguaainnaintsndun@and
J U 1 a 6 dqu v e 1 e =) dl
ﬂmﬂaummmiﬂiznaunguakmmnmiuau UHaNIMULIWUVBRINAIILINUINTAN
= A A A & & do a 2 A& Ada P o
RUIDANARDIU A UNARAILILAING DI TN UNS1IDIUFAIDINWNN L N1 TU WL D140
ﬁawuqa%Wﬂq’uﬁa@ﬂaa'%u"l,ﬁmuﬁ'u T3 LLamﬁomm@m 24NN ’ANTAINVBIN1TAA
¥ A ' = . A ' [
AnaTUV0IaTWIwALAR atelsfiau Chioroflexi phylum TadunguiaTwnanlunisae
Y 4 oy L y
ARBIUVEY PCBs usnunnau lainulums@nenateil (Bedard wazatue, 2007) $9812
Lﬁ(ﬂﬁnﬂmm@ynaom‘nﬁaﬂmsmﬁlumsns:ﬁummdau"l,mmaa PCR W&z N7 cloning
o A o & w A o = & & v & & ' a '
arag1sianuIndudasfanlwinanzay msﬂﬂmmauuamlﬁmumngw@amwwgaﬂa

Lﬁmmmmﬂ%’uﬂ;amiamﬂaﬁu‘lu PCBs LW

40%

— -

_
i
'
| M
1

12
e - - K N S & 9
H= ﬂ! HHL.Eﬂﬁaﬁ
-4 Y T
o4 CLT W
&l 8 J1 11
g S =

-

f . -
r— L - 1 j.qi—-—.
- ANRE SpBEE- = &

=

BP2 PWP BPK BP2 PWP BPK BP2 PWP BPKBP2 PWP BPK BP2 PWP BPK
U s A =

H_/
Originating 4Bz 4BN 4Bz 4BN
Soil 2345-CBp 2345-CBp 234-CBp 234-CBp

n i 10 lslWangduaadnananaiulasliis PCR-DGGE
Note: Methyl 4-Bromobenzene (4-MBZ); 4-Bromobenzonitrile (4-BN) Bangplee Industrial Estate Site
2 (BP2); South-Bangkok Power Plant (PWP); Bangplakod Canal (BPK)



A19191 4 N15ILAT12H Phylogenic analysis of DGGE bands
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a Accession % Phylum/
Band Closest relative
number Identity Class

1 Uncultured Anaerobranca sp. clone SRB2 DQ069229 94 Firmicutes
Uncultured gamma proteobacterium clone

2 FJ754851 90 Proteobacteria
Aerocomp_NB39 16S ribosomal
Uncultured bacterium clone AR018 16S ribosomal RNA

3 gene, PCB dechlorinating bacterial communities in river GQ860186 98 Proteobacteria
sediment

4 Uncultured bacterium partial 16S rRNA gene AJ621948 94 Fimicutes
Uncultured Firmicutes bacterium clone Z273MB13 16S

5 FJ484645 100 Firmicutes
ribosomal RNA gene
Pseudomonas putida strain c204 16S ribosomal RNA

6 gene FJ950581 83 Proteobacteria
Uncultured bacterium clone 3-2 16S ribosomal RNA

7 gene GQ324229 94 Proteobacteria
Uncultured bacterium clone Er-MS-11 16S ribosomal
RNA gene, Effects of chemical structure and

8 concentration on the pathways and microbial EUS542432 84 Fimicutes
communities during dechlorination of coplanar PCBs in
sediment slurries

9 Uncultured gamma proteobacterium clone
Aerocomp_NB39 16S ribosomal RNA gene FJ754851 94 Proteobacteria
Uncultured bacterium clone Z552 16S ribosomal RNA

10 AY979304 92 Fimicutes
gene
Uncultured bacterium clone AR062 16S ribosomal RNA

11 gene, PCB dechlorinating bacterial communities in river GQ860277 96 Proteobacteria
sediment

12 uncultured Clostridium sp. FJ609997 88 Firmicutes

WA8LA6  The DNA bands AYNUENNINNING 10
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7. a3UHANIINAADINAZIDIARDUKY

= - gl a ° , A A a a
nsdnsfiiasEI Lz i uuNNgNIaTH AT TnaAAAETHIM PCBs aznaudn
aniiumaldgaumnien @ 7)) munIndunun1IanasaTusad 234-CBp uniiugadin
U 1 ' P %] a &/ U
luunaassvrsdaina agrglsAarunisaanaaulu 2345-CBp  g9arunTatiadinle
sniiuaznauduainasamisinnas sstsznavanladiaidaniiuines sunsndiudy
UszanTninnsanaasInlu 234-CBp sntin mnauﬁu‘luﬁuﬁaaaaﬁ'ﬁmwauauﬁw

. . A v & 1 [-% 1

4-bromobenzoic hydrazide Tinan1InaaaIuaadliiiuisauuand1InUIBINgNIATN

dg‘ p.l' g; A L% 1 a I3 6 6 ‘ﬂ' U a
Twunuu 9 uaznaldenldansdsznaunguanlalmaiianifuneiinanszgunisia
ﬂﬁa@ﬂaa%uﬁmwﬁ‘mww:ﬁmLﬁaﬂlﬂﬁmmzauium‘sm:@jumia@ﬂaa%u Tunna
avInwinunaunUIN lwaznandwlniilszansninlunisanaaadulaiinatinedlu 234-

= &< X , A A a . A A4 . =

CBp NMsAnmATIRNLIRaTNATIInanasaTunIzatsagna U luiunfvinsdn
WAZNAN Firmicutes W8 Proteobacteria L‘ﬂuﬁga%wmjuﬂﬁﬂ‘lumsa@mﬁu anNINI
maaaﬁﬂ'&meﬁomm@gmaamﬂﬁawaaﬁ;‘a%wmjua@ﬂaa%umaLﬁ@l,ﬁaaﬁnﬂms"l&i"lﬁ%'u

RIUAN LD shwimﬁaaLLazmﬁumumn"ﬁaﬁ'}ﬁ'@ma FNIWULIAR DY
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8. HAaaNS9INLAIINIT

NRANTLEIITINNT

1.
2.

é’ﬂUmwmia@ﬂaa%uﬁ%ﬁmam@uqa%w‘luﬁaaﬁu WRTRANIZEIE

o o = A Ada A A a o
ﬂﬂﬂmwmsm:@;umsa@ﬂaamiuwuwmﬂs:ammwlumm@ﬂaammzl
sg3tsznavs ladiwalaanisuiues

' A Ada o A AdaA a
nqufgaﬁwmwmw'ﬂaﬂ‘lumia@ﬂaasuwsﬁu‘lumﬂau@u
msﬂs:qﬂﬁlﬁﬁamiﬂuwuamwﬁuﬁﬁﬂmﬂamhﬂmsﬂs:ﬂauﬁ‘%ﬁ%%
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Abstract

Background: Polychlorinated biphenyls (PCBs) are very persistent and contaminated in
the environment. The aims of this research were: 1) to determine the sustainability of dechlorination
ability of the microbes after a long-term storage; and 2) to activate and characterize the enrichment
of PCBs dechlorinating microbes by using priming congeners. Methodology: Sediment slurries (SS)
were collected from several streams around Samuth Prakarn Province of Thailand. Fresh and
storage SS were tested and compared to evaluate the dechlorination ability and microbial
sustainability. 234- and 2345-CBps were applied individually. Conclusions: Fresh SS could
effectively dechlorinate 234-CBp; whereas storage SS was somehow less-active. Halogenated
priming congeners including methyl 4-bromobenzene, 14-dibromobezene, 4-bromobenzonitrile, 4-
bromobezoic hydrazide could significantly enhance the dechlorination of 234-CBp but did not
accelerated dechlorination in 2345-CBp. From the 16S rRNA DGGE analysis, the bacteria
responsible for PCB dechlorination were Firmicutes and Proteobacteria. The results from this study

showed a potential in-situ cleanup for PCB contaminated areas in Thailand.

Keywords: Remediation; Reductive Dechlorination Polychlorinated Biphenyls, Halogenated priming

Introduction

Bioremediation technique has long been investigated and experimented to clean up
Polychlorinated biphenyls (PCBs) contaminated sites. There are two major bioremediation
techniques: 1) biostimulation (adding the limiting nutrient or external carbon sources to support
growth of microorganisms); and 2) bioaugmentation (adding microorganisms to initiative the
dechlorination). Nevertheless, these techniques alone are still insufficient to remediate PCBs
contaminated sites. To illustrate this point, the bioaugmentation in actual contaminated site is
ineffective when the environment is not suitable, e.g., temperature, moisture, pH, etc. There are
some cases where a large quantity of dechlorinating microbes for support microorganisms growth
are required1’2’3. In the meantime, the biostimulation technique cannot be accomplished when there
is no existence or inactive of dechlorinators in that site. As such, it is essential to study an
alternative technique to initiate the dechlorination by adding environmental friendly chemicals such
as halogenated primers.

PCBs are a class of compounds in which the aromatic biphenyls carbon skeleton carries
between 1 to 10 chlorine atoms. These PCBs are very persistent in the environment. As a result,
they are classified as one of the 12 persistent organic pollutants (POPs). It continuing released into
an environment as primarily enters though water, soil, air and aquatic lives for several decades.
PCBs are difficult to be oxidized and reduced. Two major properties of PCBs including of low water
solubility and highly lipophilicity make PCBs easy to adsorb onto sediments. The lipophilic and

persistent nature of PCBs also contribute to high bioaccumulation potential and biomagnifications of



PCBs in higher tropic levels of the food chain4’5. PCBs could be dechlorinated both in aerobic and
anaerobic conditions; highly chlorinated congeners could be reductively dechlorinated under
anaerobic; whereas, less chlorinated congeners could be oxidatively degraded. Dechlorination rates
under anaerobic environment are commonly slower than aerobic conditiona. In Thailand,
hexachlorobenzene could be effectively dechlorinated in the sediments of several natural streams
without any culture enrichment or nutrient supplementm. In this case, these stream sediments could
be effective for simple PCBs congeners degradation as wellg.

From their molecular structures, 234-and 2345-CBps seem to be susceptible to
dechlorination since both of them have chlorine atoms in only one phenyl ringg. Dechlorination rates
of PCBs could be enhanced by adding two electron properties: 1) electron donors, e.g., volatile fatty
acids and organic solventsm'11 and 2) electron acceptors, e.g., haloprimers, sulfate and nitrateu'13
The use of brominated biphenyls to initiate the reductive dechlorination of Aroclor 1260 in
Housatonic River sediments has been significantly evidenced14. In addition, halogenated benzoates
and other halogenated aromatic compounds could also extend the efficiency of PCBs
dechlorination . Hence, these compounds were used in terms of “priming congeners” in several
studies to support the dechlorination of microcosms. These compounds could initiate biphenyls
catabolic enzyme as cometabolism of PCBs degradation.

The occurrence of PCBs dechlorination has been demonstrated under various conditions,
e.g., methanogenic, sulfate reductive, and denitrifyingw. Complex patterns of dechlorination among
various CBp congeners have also been verified''. A number of PCB dechlorinators have been
identified under different conditions, environmental factors, stressors as well as enrichment cultures.
PCB dechlorinators identified from St. Lawrence River comprised both Eubacteria including
Esherichid coli, Lactoshaera pasteurii, Clostridium thermocellum, and Dehalobacter restrictus and
Archaeal such as Methanosarcina barkeri18. Besides, there are some experimental results that the
Dehalococcoides spp.w'zo, Chloroflexi phylums21 and Dehalococcoides mccan‘yl22 also play an
important role in PCB dechlorination.

Based on the review of several studies conducted under various conditions, significant
differences in PCBs dechlorinators were found under different conditions and microbial sources. The
aims of this research are: 1) to determine the sustainability of dechlorination ability of the microbes
after cold-climate simulated condition; and 2) to activate and characterize the enrichment of PCBs

dechlorinating microbes by using priming congeners.

Materials and Methods

Charaterization of sampling sites

Sediments and stream waters were collected from several natural water resources around industrial
areas and their vicinity in Samuthprakarn Province of Thailand. Five PCBs contaminated areas were
investigated including: 1) Hum Lum Poo Canal (HCB) which receives treated and untreated
discharge from the Bangpoo Industrial Estate and nearby factories its indigenous sediment

microbes could effectively dechlorinate 234-CBps in fresh sedimentg; 2) a canal receiving effluent



discharge from the center wastewater treatment plant of the Bangplee Industrial Estate (BP1, BP2)
where several electronic-related factories which possibly using dielectric fluids are located; 3) a canal
receiving discharge from small material recovery facilities (MF1, MF2) which possibly received PCBs
leakage during waste separation and cleaning; 4) a canal nearby the South-Bangkok Power Plant
(PWP) where certain amount of used transformers and capacitors were stored; and 5) the
Bangpakod Canal (BPK) which has high water quality and is a habitat for many aquatic lives; hence,
served as a control for less-PCBs contaminated site. Sediments used to determine the
dechlorination activity in this study were based on fresh and stored processes. The fresh sediments

were instantly experimented after they had been collected. The stored sediments were kept in plastic

bag under 4 OC to simulate the cold tempered climate approximately a year.
Chemicals

All chemicals used in this research were reagent grade. They were ordered from different
locations. For example, 234-CBp and 2345-CBp were purchased from AccuStandard, Inc. (USA).
Methyl 4-Bromobenzene (4-MBZ), 14-Dibromobezene (14-DBZ), 4-Bromobenzonitrile (4-BN), 4-
Bromobezoic Hydrazide (4-BH) were purchased from Sigma Aldrich, Inc. (USA). Stock and standard
solutions were prepared in acetone. The solutions were transferred into several 1.5 ml-vials, and
sealed with butyl rubber stoppers and alumina-caps, and kept refrigerated until being used. All

solvents used were GC grade.
Sediment Slurry preparation and incubation

Sediment slurry (SS) was prepared in two sets; fresh sediment was prepared by following
Sudjarid et al.9 ; whereas stored sediment was prepared by mixing fresh canal water to stored
sediment at the ratio of 1:1(v/v). Then, the mixed stored sediment was sieved to remove the
particles larger than 0.7 mm using a 100-mL glass syringe with a 22GX2 hypodermic needle (0.7
mm opening). The sieved sediment was required to be kept in a 100-ml alumina-capped serum
bottle as recommended by Chen et al.s.

Then, 0.1 ml of each target PCB congener stock-solution at 1,000 mg/l was spiked into the
serum bottle to make an initial concentration of 2 mg/l. Halogenated priming congeners were
separately amended from the stock solution prepared at 50,000 mg/l to provide the final
concentration of 75 mg/l. Total final acetone portion in the prepared sediment slurry was lower than
0.5 % (v/v) to prevent any toxicity or potential impact on dechlorination by the solvent amended. The
serum bottles were incubated in the dark at room temperature. Non-primer and sterile control sets

were also prepared and monitored for comparison.



PCBs extraction and analytical procedures

All samples were extracted by the solvent and ultrasonic extraction (EPA 3550). Two ml of

aliquot sample was withdrawn from the serum bottle by a glass syringe with a 22GX2 hypodermic
needle and injected into an extraction tube containing 0.2 ml of 6 N NaOH. The aliquot was
extracted three times by n-hexane as described in Chen et al.8 A small amount of anhydrous
sodium sulfate was added into the extract for moisture removal before GC analysis. The

concentrations were calculated by using an internal standard as mg/I weight on volume basis (v/v).

Gas chromatography analysis

Application of GC analysis followed the US EPA 8082A method for GC/MJECD
(quantification) and the EPA 680 method for GC/MS (qualification). Gas chromatograph capillary
column (6890N from Agilent Technologies (USA)) equipped with a JJECD (J & W Scientific of Agilent
Technologies (USA)) and 30—mx0.25-mm |ID fused-silica capillary column chemically bonded with
SE-54 (HP-5) with 0.25-[dm film thickness was used to analyze PCBs and their intermediates. Al
intermediate products were confirmed by the GC/MS (5730 Network from Agilent Technologies
(USA)). Electron impact ionization as ion sources and quadrupole mass analyzer and 30-mx0.25-mm
ID fused-silica capillary column chemically bonded with SE-54 (DB-5MS, J & W Scientific from
Agilent Technologies (USA)) with 0.25-lhIm film thickness. Both GCs were operated under the
following conditions: the oven temperature was maintained at 120°C for 2 min, raised to 225°C at
3°C/min, maintained for 3 min, and then raised again at 5°C/min to the final temperature of 270°C,
which was held for 11 min. The temperature of the injector and the detector were set at 280°C and
300°C, respectively. Nitrogen and helium gases were used as the makeup (20 ml/min) and carrier

(1 ml/min) gases, respectively. The split ratio was kept at 10:1.

Inoculating cultures for microbial characteristic

To verify dominating microorganisms, dechlorinating microcosms in sediment slurries were
enriched and enumerated using a serial-transfer technique with proper medium with 0.5% of yeast
extract (20%, v/v). At the end of the dechlorination sessions of 234- and 2345-CBps by amending
halogenated primers, those sediment slurries with prominent degradation capability, including
Bangplee Industrial Estate site number 2 (BP2) and South-Bangkok Power Plant (PWP) and
Bangpakod Canal (BPK), with separately amended with Methyl 4-bromobenzene and 4-

Bromobenzonitrile were chosen.
PCR-DGGE and DNA Sequencing

To study the microbial communities, one gram of SS was used for DNA extraction. The SS

®
was prepared by centrifugation method prior to DNA extraction. They were used UltraClean Soil
DNA kit (MOBIO Laboratories, Inc. (USA)), and followed the manufacture’s protocols. The genomics

DNA were further processed to increase the sensitivity using nested PCR technique. The DNA was



diluted 10 times with sterile PCR-quality water, and 2 ng of the templates were used with 50 [L
reaction mixture for PCR amplification with Universal Eubacteria primers EUBg (5'-
AGAGTTTGATCCTGGCTCAG-3') and U 495, (5'-GGTTACCTTGTTACGA-3')22. Within 50 L were
contained 0.1IM of each primer and 1 U of Tag DNA polymerase (Qiagen (Germany)). The PCR
amplification program was 5 min at 95°C and then 25 cycles of 0.5 min at 95°C, 0.3 min at 55°C, 2
min at 72°C, followed by a final extension at 72 °C for 7 min and a final hold at 4°C.

Reamplified PCR products for DGGE analysis were used primers 3384 (5-
CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGGACTCCTACGGGAGGCAGCAG-
3’) and 518, (5‘-ATTACCGCGGCTGCTGG-S’)23. The amplification program was 5 min at 95°C and
then 30 cycles of 0.5 min at 95°C, 0.3 min at 60°C, 0.5 min at 72°C, followed by a final extension at
72 °C for 7 min and a final hold at 4°C. PCR products were analyzed on 1.2% Agarose gel to

collect molecular size.

Denaturing gradient gel electrophoresis and nucleotide sequencing analysis

Eighteen LUl of reamplified PCR products with 338GC-f were loaded onto 7.5% acrylamide
gels in 1xTris-acetate-EDTA (1xTAE). The percent denaturant were ranged from 40 to 50, which
100% denaturant contains 5.6 M urea and 40% (v/v) formamide in 1XTAE. The DGGE was
performed with some modifications from the protocol of Muyer et al. (1993)23 by using a DGGE-2000
system instrument (CBS Scientific Company, Del Mar, CA (USA)). The electrotrophoresis was
carried out at 60°C for 5 hours in 0.5xTAE buffer at a constant voltage of 200 V. The gel was
stained with STBR Green nucleic acid stain (Molecular Probes, Eugene, OR (USA)) for 30 min and
DNA fragments were visualized on an UV transilluminator (Biovision CN 1,000/26M, Vilber Lourmat
(France)). The individual intensity DGGE bands were collected; each band was resuspended into 20
ML Milli-Q water and stored at 4°C overnight. The DNA were eluted from acrylamide gel, elution was
used as a template to reamplify by using the primer set without GC-clamp. The PCR products were
purified by using Gel/PCR DNA Fragments Extraction Kit (Geneaid Biotech, Ltd., (USA)). Sequences
were initially compared to know 16S rRNA gene sequences in the GenBank database using the

BLASTN to locate nearly exact matches in the GenBank database24.
Results and Discussion

Dechlorination ability by indigenous microbes

Dechlorination ability of the sediment slurries from all sites have been tested by separately
spiked with 234- and 2345-CBps. The microbial capabilities of both fresh and stored sediment
slurries were investigated if their dechlorination abilities could be sustained after long-time storage
(one year) without any substrate or nutrient supplement. Physical and chemical properties of
sediment slurries were assessed and shown in Table 1. The COD:N:P ratios were 100:4:1 and

100:5:3 for fresh and stored slurries, respectively. The results showed insignificant differences



between fresh and stored sediment slurries implying that existing nutrients were sufficient for
microbial activities25. Based on the investigation of 234-CBp dechlorination by using fresh SS along
Hua Lam Poo Canal, the initiative dechlorination occurred after 8 weeks. When intermediate
products began the dechlorination could be completed within 2 -14th week (Table 2). The
experimental result also showed that HLP appeared to provide the best performance. Only 24-CBps
was found as a reductive product which is less chlorinated PCB congeners. These less chlorination
components are widely perceived as less toxic but persistent in the anaerobic condition. They are
likely to volatile and aerobic degradable. Unfortunately, 234-CBp dechlorination cannot initiate under
stored SS by untamed microbes but indigenous microbes from Bangplakod site still active (Table 3).
This would be implied to the consequence of simulated tempered climate in sediment could retard
the degradation of 234-CBp; even though, fresh canal water could not be revived. These results
represented that the dechlorinating microbes were prevalent no matter high or low polluted sites.
Moreover, some noticeable that the indigenous microbes from HLP site after long-term period of
receiving xenobiotic pollutants totally lost their degradation abilities. This indicates that the
dechlorination ability in the fresh SS was more effective than that of the stored SS despite
insignificant differences of the basic parameters. The results also implied that the dechlorination
activity of PCB-dechlorinating might be less if they did not receive external xenobiotic compounds,
carbon or nutrient sources continuously.

In term of 2345-CBps, all sites other than HLP sediment slurry sets are still feasible to be
dechlorinated (Figure 1). The dechlorination could occur after 8 — 20th weeks but it could be
monitored initiative dechlorination postponed in sediment from small material recovery facilities site.

The initiative dechlorination was the key succeed of dechlorination. The results showed that 2345-
CBp was easily to be degraded than 234-CBp. It might be due to the reaction heat (AH ¢) and/or

Aln RRT of 2345-CBp to 235- and 245-CBp (-14.746, -14.821/ 0.557, 0.525) were higher than 234-
CBp to 24-CBp (-14.118/ 0.514)26. The results were significantly different from those in
Chen, et al.27, who found 234- and 2345-CBps did not dechlorinate by indigenous microbes of Ho-
Tsin River, Kaohsiung, Taiwan within 20 weeks inoculation. The tropical climate and native microbes
were hypothesized as two key factors causing the different results.

This study also evidences that the environmental conditions and/or native microorganisms in
Thailand were potentially to be degraded HCB7'8 or simple PCB congeners by using fresh

sediments9 and compound has sufficiently energy release.
PCBs dechlorination by amending halogenated primers

The PCBs dechlorination ability could not be sustained after long-term stored sediment from
previously scenario. However, there are some plausible applications to stimulate PCB dechlorinating
microbes and therefore accelerate the production of dehalogenating enzymes. This might be
preceded by introducing alternative halogenated electron acceptors/co-substrates to the
dechlorination test. While the application of isolated microorganisms was mostly accomplished in

laboratory scale, only few cases reached contaminated sites. Therefore, a chemical was applied to



promote the dechlorination and initiative of dechlorination ability in this study. The degradation of
halogenated priming congeners can easily be measured. During the extraction of PCB congeners,
the halogenated primering congeners were also extracted. As such, qualification primings were not
interfered with any PCB congeners.

Methane gas production was also observed; whereas, reductive dechlorination of PCBs
could occur by direct (sulfate reducing and methanogenesis bacteria) and indirect (acidogenesis, iron
reducing bacteria) dechlorinators in ecosystem metabolism. The results suggested that PCB
dechlorination was not related to the production of methane gas. Hence, the occurrence of methane
could be detected before the intermediates have been discovered. In this sense, methanogenesis
was not the main dechlorinator in this experiment. However, it was noticeable that halogenated
primers might degrade under methanogenesis condition, since methanogenesis plays a vital role in
HCB dechlorination'.

Four kinds of primering congeners were separately applied, including methyl 4-
bromobenzene (4-MBZ), 14-dibromobezene (14-DBZ), 4-bromobenzonitrile (4-BN), and 4-
bromobenzoic hydrazide (4BH). Dechlorination of 234-CBp by amending methyl 4-bromobenzene as
shown in Figure 2. The dechlorination could begin in the first stage after 6th week and dechlorination
could complete within the 8th week in BP2, HLP and PWP sites and a second stage after the 14th
week. The dechlorination of application of 14-dibromobezene has also found from 8 to 14 weeks
and could be completed within the 20th week in BP1 and 2, HLP, and PWP but other sites still
remained (Figure 3). Amendment of 4-bromobenzonitrile could effectively enhance dechlorination
begin after the 10th week and completed within the 20th week, excluding BP1 and BPK sediments
(Figure 4). However, the amending of 4-bromobenzoic hydrazide could be activated at all sites of
SS, except BP1 and HLP sites (Figure 5). These results revealed that the consortium from HLP site
could be effectively initiated and dechlorinated again after lost their capability, except amendment
with 4-bromobenzoic hydrazide. This confirms that the microbes lost ability after non-receiving
pollutants and selected the initiative congeners is required. This study suggests that the amendment
of 4-bromobenzonitrile was favourable in all investigation sites.

The results implied that the dechlorination could significantly improve by the application of
primering congeners regardless of sample site areas. In contrast, the dechlorination initiation was not
observable in non-primering amended set (Table 3), excluding Bangplakod site. This finding of this
study suggested that the abandon contaminated area which did not continuously receive aromatic
and/or xenobiotic compounds after have been banned for long period of time; the initiation
dechlorination might be required. It makes information of supporting and dechlorinating bacteria were
involved and important of keys to initiate PCBs dechlorination. Another remarkable point was
established in site of Bangplakod Canal refers as less-contaminating area but the dechlorination
efficacy was not less and seems powerfulness in comparable rates to other sites. This result
represented that the initiative of microorganism capability is an alternative and plausible technique to
clean up a long-term PCBs contaminated site with low energy released compounds.

In contrast to 234-CBp dechlorination, the degradation of 2345-CBp could be activated by

using indigenous microbes, excluding HLP (Table 4). The amendment of methyl 4-bromobenzene



(Figure 6), 14-dibromobezene (Figure 7), 4-bromobenzonitrile (Figure 8), and 4-bromobenzoic
hydrazide (Figure 9) significantly improved the dechlorination of MF1 and 2 and HLP sites, but not 4-
bromobezoic hydrazide, which was not favorable to HLP sediments. It seems likely to results of used
4-bromoacetophenone and 4-bromosulfonated were failed to stimulate PCBs dechlorination even
though it could give the bromide substituent as well"”. This finding suggest that the sediment which
has been heavily and continuously receiving the pollutants might lose their degradation capability
after took off and it could be recovered by using chemical stimulation. The priming compounds could
reductively to bromine substituent and could not accelerate the dechlorination of PCBs in the storage
sediments, except MF1, MF2 and HLP site. While primering could enrich microorganisms utilizing
halobiphenyls as electron acceptors15, the absence of dechlorination discovered in this article might
be driven by inactive microorganisms, i.e., dechlorinators or, supporting groups. Inactive PCBs
dechlorinators were initiated instead of adding enrich microorganism in these sites.

The dechlorination intermediate products were varies which depending to the prevalence of

co-existing consortia under natural condition. The dechlorination pathway was found as 2345-

CBps—>235-and/or 245-CBps—>»24- and/or 25-CBps (co-eluting peaks) and 235-CBps was a

majority intermediate.

Abundance of PCB dechlorinators and its characterization

This session began after the dechlorination process had completed and enrichment cultures
by using serially transfer technique to characterize and identify the dynamic PCBs dechlorinators in
these study sites. It could be evidenced the PCBs dechlorinating microbes in this study.

Fifteen effective inoculating cultures were selected and identified the PCBs dechlorinating
microbes. The sampling sites and priming congeners were selected including sites from Bangplee
Industrial Estate Site 2, South-Bangkok Power Plant and Bangplakod Canal separately amended
with 4-bromobezoic hydrazide and 4-bromobenzonitrile from PCBs dechlorination by amending
halogenated primers session. The microbial community was analyzed the DNA fragment by PCR-
DGGE analysis of partial 16S rRNA genes of bacteria. Fig. 10 shows the fragment DGGE bands
pattern of the PCB-dechlorinating microbes after dechlorination completed and enrichment cultures.
The phylogenic analysis of DGGE bands, the intensity bands were indicated the PCB-dechlorinating
microbes and the same lines of the band were indicated the same dechlorinating groups. The results
suggested that Firmicutes and Proteobacteria were mainly reductively dechlorinating microbes and
this finding was supported by Katayama and Fujie * DNA bands of dechlorinating microbes were
not detected in the originating sediments; it revealed that the dechlorinators were increased after
enriched cultures by spiked the PCBs and/or amended primers. So DNA bands of dechlorinating
microbes were bulk after enriched or acclimatized sediment cultures. Comparing between treatments
of 234- and 2345-CBps, band of dechlorinators were trended to be similarly as same group of PCB
congeners spiking rather than sampling sites or priming congeners. Moreover, South Bangkok Power
plant sediment treated with 2345-CBps could be found the Pseudomonas putida which diverse
metabolism exploited for bioremediation of aromatic compounds in contaminated soil. The notice

point has been finding of PCBs dechlorinating microbes in Bangplakod Canal, which represented as



less-contaminating sediment could observe PCBs dechlorinaing microbes. It might be reasonable of
effectiveness dechlorination. However, the Chlorofiexi phylum, which well known to contain PCB-
dechlorinating strain, were not detected in this studyzo. It is imply that the specificity-primers to
increase the sensitivity of PCR and cloning samples were required. Finally, it suggested that the
halogenating consortiums could improve dechlorination of polychlorinated biphenyls as well.

Conclusions

This article was enhanced and characterized the PCBs dechlorinating bacteria. The stored
sediment under cold climate tempered criteria could retard the dechlorination of 234-CBp excluding
of Bangplakod site; while 2345-CBp still could be active, except HLP site. The priming congeners
could significantly improve the dechlorination capability of 234-CBps in stored sediment; except HLP
amended with 4-bromobenzoic hydrazide. It refers to suitable halogenated primers were evaluated
have to be selected. In contrast 234-CBp could effectively dechlorinate in fresh sediment. Finally,
this study was firmly that the dechlorinators were widespread and Firmicutes and Proteobacteria
were mainly dechlorinators. These results were implied a promising effects to inactive consortia
which might be re-activated again after non-receiving pollutants, disturbance in order to limitation of

natural resources.
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Figure 1. 2345-CBp dechlorination profiles by indigenous microbes in stored samples
Note: Hum Lum Poo Canal (HCB), Bangplee Industrial Estate (BP1, BP2), Material recovery facilities
(MF1, MF2), South-Bangkok Power Plant (PWP), Bangpakod Canal (BPK)
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Figure 2. 234-CBp dechlorination profiles in stored sediment slurry amending with methyl 4-
bromobenzene

Note: Hum Lum Poo Canal (HCB), Bangplee Industrial Estate (BP1, BP2), Material recovery facilities
(MF1, MF2), South-Bangkok Power Plant (PWP), Bangpakod Canal (BPK)
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Figure 3. 234-CBp dechlorination profiles in stored sediment slurry amending with 14-
dibromobenzene

Note: Hum Lum Poo Canal (HCB), Bangplee Industrial Estate (BP1, BP2), Material recovery facilities
(MF1, MF2), South-Bangkok Power Plant (PWP), Bangpakod Canal (BPK)
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Figure 4. 234-CBp dechlorination profiles in stored sediment slurry amending with 4-

Mole fraction PCB remaining (%)

bromobenzonitrile
Note: Hum Lum Poo Canal (HCB), Bangplee Industrial Estate (BP1, BP2), Material recovery facilities
(MF1, MF2), South-Bangkok Power Plant (PWP), Bangpakod Canal (BPK)
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Figure 5. 234-CBp dechlorination profiles in stored sediment slurry amending with 4-bromobenzoic

hydrazide.

Note: Hum Lum Poo Canal (HCB), Bangplee Industrial Estate (BP1, BP2), Material recovery facilities
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Figure 7. 2345-CBp dechlorination profiles in stored sediment slurry amending with 14-
dibromobenzene

Note: Hum Lum Poo Canal (HCB), Bangplee Industrial Estate (BP1, BP2), Material recovery facilities
(MF1, MF2), South-Bangkok Power Plant (PWP), Bangpakod Canal (BPK)

120- .
100+ 1
E ]

5 80- .

o

m 60— +BP1 |

K | —o—BP2 -—m

IS 0 2 MF1

g 01 MR . i

< ] —&—HLP @\ —s ]

S 209 s&—pup . o Uy ]

= {—p—BPK N BV
0 — T ' T ' T ' T ' T '™ T ° |f T ‘
0 2 4 6 8 10 12 14 16 18 20 22

Incubation time (weeks)

Figure 8. 2345-CBp dechlorination profiles in stored sediment slurry amending with 4-
bromobenzonitrile

Note: Hum Lum Poo Canal (HCB), Bangplee Industrial Estate (BP1, BP2), Material recovery facilities
(MF1, MF2), South-Bangkok Power Plant (PWP), Bangpakod Canal (BPK)
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Figure 9. 2345-CBp dechlorination profiles in stored sediment slurry amending with 4-bromobenzoic
hydrazide

Note: Hum Lum Poo Canal (HCB), Bangplee Industrial Estate (BP1, BP2), Material recovery facilities
(MF1, MF2), South-Bangkok Power Plant (PWP), Bangpakod Canal (BPK)
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Figure 10. The PCR-DGGE profiling of PCB dechlorinating cultures
Note: Methyl 4-Bromobenzene (4-MBZ); 4-Bromobenzonitrile (4-BN) Bangplee Industrial Estate Site
2 (BP2); South-Bangkok Power Plant (PWP); Bangplakod Canal (BPK)



Tables

Table 1 Sediment slurry characterizations

Sampling Sites coD Phosphorus TKN SS VSS
Bangplee Industrial | Site 1 9,350 50 520 152,630 10,800
Estate (11,034) (305) (933) (740,760) (17,400)
Site 2 12,750 100 780 125,750 11,650
(19,862) (540) (1,053) (751,210) (18,765)
Small Material | Site 1 15,130 0 1,020 100,770 8,650
Recovery Facilities (19,310) (241) (547) (800,680) (14,760)
Site 2 | 36,160 90 400 144,320 8,560
(24,828) (179) (1,107) (858,910) (12,985)
Hua Lum Poo Canal 23,040 320 930 94,950 14,700
(25,379) (270) (827) (894,425) (14,735)
South-Bangkok Power Plant 13,480 200 1,580 205,990 12,100
(13,241) (229) (747) (858,910) (13,620)
Bangplakod Canal 12,480 40 640 188,050 19,850
(11,030) (72) (427) (741,450) (17,350)

Note: all units are mg/l; in parenthesis were storage condition

Table 2 234-CBp dechlorination in fresh sediment slurry by using untamed microbes

Sampling sites Occurrences Dechlorination
time of completion time
intermediates (weeks) (weeks)

Bangplee Industrial Estate Site 1 18 20

Site 2 20 >24

Material Recovery Facility Site 1 12 18

Site 2 14 24

Hua Lum Poo Canal 8 10

South-Bangkok Power Plant 14 20

Bangplakod Canal 10 24

Note: 24-CBp was found only sole intermediate product.




Table 3 234-CBp dechlorination ability of various halogenated priming congeners amended

4-bromobezoic hydrazide

X

Occurrences Dechlorination
Priming congeners Locations time of completion time

intermediates (weeks)

(weeks)
Methyl 4-bromobenzene Bangplee 14 >20
14-dibromobezene Industrial 14 20
4-bromobenzonitrile Estate Site 1 12 >20
4-bromobezoic hydrazide 14 >20
Un-amended primers* x x
Methyl 4-bromobenzene Bangplee 8 18
14-dibromobezene Industrial 8 18
4-bromobenzonitrile Estate 10 18
4-bromobezoic hydrazide Site 2 10 20
Un-amended primers* x x
Methyl 4-bromobenzene Material 12 >20
14-dibromobezene Recovery 14 >20
4-bromobenzonitrile Facility Site 1 | 10 20
4-bromobezoic hydrazide 10 >20
Un-amended primers* x x
Methyl 4-bromobenzene Material 8 >20
14-dibromobezene Recovery 8 >20
4-bromobenzonitrile Facility Site 2 | 10 20
4-bromobezoic hydrazide 10 20
Un-amended primers* x x
Methyl 4-bromobenzene South- 8 14
14-dibromobezene Bangkok 8 20
4-bromobenzonitrile Power Plant 12 20
4-bromobezoic hydrazide 14 20
Un-amended primers* x x
Methyl 4-bromobenzene Bangplakod 14 >20
14-dibromobezene Canal 14 >20
4-bromobenzonitrile 12 20
4-bromobezoic hydrazide 10 20
Un-amended primers* 12 >20
Methyl 4-bromobenzene Hua Lum Poo | 8 14
14-dibromobezene Canal 8 14
4-bromobenzonitrile 10 14




Priming congeners

Locations

Occurrences
time of
intermediates

(weeks)

Dechlorination
completion time

(weeks)

Un-amended primers*

X

Note:

24-CBp was detected as only sole its intermediate

x : the dechlorination was not occurred within incubation time (20 weeks)

* : the dechlorination by using indigenous microbes

Table 4 2345-CBp dechlorination ability of various halogenated priming congeners amended

Occurrences Dechlorination
Priming Congeners Locations time of completion time Intermediate

intermediates (weeks) Products

(weeks)
Methyl 4-bromobenzene Bangplee 10 >20 2,3,5-** 2,4,5-*
14-dibromobezene Industrial 10 20 2,3,5-*, 2,4,5-** 2.4-/2,5-
4-bromobenzonitrile Estate 8 >20 2,3,5-** 2,4,5-*
4-bromobezoic hydrazide Site 1 8 20 2,3,5-
Un-amended primers* 8 20 2,3,5-
Methyl 4-bromobenzene Bangplee 8 20 2,3,5-**, 2,4,5-*, 2,4-[2,5-
14-dibromobezene Industrial 8 20 2,3,5-*, 2,4,5-** 2,4-/2,5-
4-bromobenzonitrile Estate 6 20 2,3,5-, 2,4,5-
4-bromobezoic hydrazide Site 2 6 18 2,3,5-**, 2,4,5-*, 2,4-/2,5-
Un-amended primers* 8 20 2,3,5-** 2,4,5-* 2,4-/2,5-
Methyl 4-bromobenzene Material 8 20 2,3,5-, 2,4,5-, 2,4-/2,5-
14-dibromobezene Recovery 8 >20 2,3,5-*, 2,4,5-**, 2,4-/2,5-
4-bromobenzonitrile Facility Site | 8 20 2,3,5-** 2,4,5-* 24-/2,5-
4-bromobezoic hydrazide 1 8 20 2,3,5-, 2,4,5-, 2,4-/2,5-
Un-amended primers* 8 >20 2,3,5-** 2,4,5-* 2,4-/2,5-
Methyl 4-bromobenzene Material 8 20 2,3,5-, 2,4,5-, 2,4-/2,5-
14-dibromobezene Recovery 8 >20 2,3,5-*, 2,4,5-**, 2,4-/2,5-
4-bromobenzonitrile Facility Site | 6 20 2,3,5-, 2,4,5-, 2,4-/2,5-
4-bromobezoic hydrazide 2 8 18 2,3,5-, 2,4,5-, 2,4-/2,5-
Un-amended primers* 8 >20 2,3,5-*, 2,4,5-**, 2,4-[2,5-
Methyl 4-bromobenzene South- 8 18 2,3,5-, 2,4-/2,5-
14-dibromobezene Bangkok 8 18 2,3,5-** 2,4,5-* 24-/2,5-
4-bromobenzonitrile Power Plant | 8 18 2,3,5-**, 2,4,5-*, 2,4-/2,5-
4-bromobezoic hydrazide 8 18 2,3,5-**, 2,4,5-*, 2,4-/2,5-
Un-amended primers* 8 18 2,3,5-**, 2,4,5-*




Occurrences Dechlorination
Priming Congeners Locations time of completion time Intermediate

intermediates (weeks) Products

(weeks)
Methyl 4-bromobenzene Bangplakod | 8 18 2,3,5-** 2,4,5-* 2,4-/2,5-
14-dibromobezene Canal 8 18 2,3,5-** 2,4,5-* 24-/2,5-
4-bromobenzonitrile 8 18 2,3,5-**, 2,4,5-*, 2,4-/2,5-2,3,5-
4-bromobezoic hydrazide 8 18 ** 2,4,5-% 2,4-/2,5-
Un-amended primers* 8 18 2,3,5-**, 2,4,5-* 2,4-/2,5-
Methyl 4-bromobenzene Hua Lum | 6 20 2,3,5-**, 2,4,5-*, 2,4-/2,5-
14-dibromobezene Poo Canal 6 14 2,4,5-, 2,4-/2,5-
4-bromobenzonitrile 6 >20 2,3,5-** 2,4,5-* 2.4-/2,5-
4-bromobezoic hydrazide x x -
Un-amended primers* X x -

Note: **Majority occurred

*Minority occurred

x: Dechlorination was not occurred during incubation period (20 weeks)

2,4-/2,5 were co-eluting peaks

Table 5 Phylogenic analysis of DGGE bands quoted from Bangplee Industrail Estate

Site 2, South-Bangkok Power Plant and Bangplakod Canal primed with 4-bromobezoic hydrazide

and 4-bromobenzonitrile

. Accession Phylum/
Band Closest relative % ldentity
number Class
1 Uncultured Anaerobranca sp. clone SRB2 DQ069229 94 Firmicutes
Uncultured gamma proteobacterium clone Aerocomp_NB39
2 FJ754851 90 Proteobacteria
16S ribosomal
Uncultured bacterium clone AR018 16S ribosomal RNA gene,
3 GQ860186 98 Proteobacteria
PCB dechlorinating bacterial communities in river sediment
4 Uncultured bacterium partial 16S rRNA gene AJ621948 94 Fimicutes
Uncultured Firmicutes bacterium clone Z273MB13 16S
5 FJ484645 100 Firmicutes
ribosomal RNA gene
6 Pseudomonas putida strain c204 16S ribosomal RNA gene FJ950581 83 Proteobacteria
7 Uncultured bacterium clone 3-2 16S ribosomal RNA gene GQ324229 94 Proteobacteria
Uncultured bacterium clone Er-MS-11 16S ribosomal RNA
gene, Effects of chemical structure and concentration on the
8 EU542432 84 Fimicutes
pathways and microbial communities during dechlorination of
coplanar PCBs in sediment slurries




. Accession Phylum/
Band Closest relative % ldentity
number Class

9 Uncultured gamma proteobacterium clone Aerocomp_NB39

16S ribosomal RNA gene FJ754851 94 Proteobacteria
10 Uncultured bacterium clone Z552 16S ribosomal RNA gene AY979304 92 Fimicutes

Uncultured bacterium clone AR062 16S ribosomal RNA gene,
11 GQ860277 96 Proteobacteria

PCB dechlorinating bacterial communities in river sediment
12 uncultured Clostridium sp. FJ609997 88 Firmicutes

Note: *: The DNA bands were separated in Figure 10
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