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In this study, a well-designed experimental framework was established to integrate
electrochemistry and biostimulation for effectively exploring the degradation efficiency of
chlorinated organic compounds. The experimental setup encompasses the following key
components: (1) Ecological Niche Exploration in Trichloroethylene (TCE) Degradation
Process: A comprehensive investigation was conducted into the ecological niche associated
with the TCE degradation process. This involved a combination of microplate medium
utilization and an analysis of projected microbiota metabolism. Insights into the ecological
conditions conducive to TCE degradation were gained through the analysis of microbiota
metabolic activity. (2) Microbial Degradation Rate Assessment: The overall rates of TCE
degradation enhancement were quantified through controlled manipulation of electron donor
and acceptor supply rates. The metabolic functionalities within mud volcano samples reveal
various mechanisms, with chemolithotrophy and anaerobic sulfide oxidation reactions
emerging as the most prevalent. Furthermore, the presence of genes relevant to methane
oxidation and sulfur metabolism in the mud volcano samples is confirmed through our analysis
of specific genes associated with these processes, utilizing the KEGG database. The mud
volcano samples with lower rates of glucose degradation exhibit a comparatively higher
abundance of microbial communities associated with metabolic functions related to methane
oxidation. The Ecoplate analysis findings provide a practical foundation for the introduction of
carbon sources to the samples. A strong positive relationship between a multitude of sulfur-
reducing bacteria and genes responsible for methane oxidation (pmoA, pmoB, and pmoC) is
demonstrated by the Spearman correlation analysis. Additionally, methane-oxidizing bacteria
are observed to function more efficiently under conditions of higher pH and ORP. Within our
Microbial Fuel Cell (MFC) module experiments, the colonization of the MFC cathode by

Dehalococcoides mccartyi and Dehalobacter accelerates the reductive dechlorination of TCE.
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Upon the incorporation of mud volcano samples into the MFC configuration, a noticeable
increase in methane oxidation and the methylotrophic metabolic pathways is observed. Both of
these pathways contribute positively to the dechlorination of TCE, underscoring their potential
for environmental applications. Among the three distinct types of MFC modules tested, the
solid-liquid phase MFC module containing mud volcanic ash emerges as the most efficient in

TCE metabolism.

Keywords: Microbial Fuel Cell (MFC), Biostimulation, Mud Volcanoes, Microbiota,

Trichloroethylene (TCE)
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(4) 264 MFC v 3 RSERER 2 % (F 7) -
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B 7TMFC 232X B F2TRER

(z)# * § 48 & 7 ¥ 3# &k (Gas Chromatography Mass Spectrometry, GC-MS);t {7 i § 4%
s 17

PTOREFNREZ T F FBPREREGERET A A 2R ﬁﬁﬁﬁi*ﬁﬁ*i a7
ER el ﬂ‘ﬁ‘h&iiﬁ‘};i—@iﬁ'ﬁﬁ?lﬁ:é}‘b"\%\i?\:iﬂ‘lﬁ\ib-{ﬁ \}_;"L%f; ~
% ¢ % VOCs 12 NIEA W785.55B -k ¥ T4 H 5 81 & H 4R ip]> 2 — o f F#F 40 K
WEHRZEFRR o 2 EBRAPHET MIS5.01C/MT711.03C 24 3 2275 4~ 4p B
feipl > P aEod A A AN L B FAGHE Y ST AT 22 BTG
P2z R p BERKF LR G FREETRFFY N FETUNE FEERF
AR F MRS G- RFRERENFHEY 0 FRF A B g BT
FieRE o RE P OFERHR&E S ARG R > 2 TE S F AR TR E LY o I B
AR RS - FRC LA YRl FRHRAGRIES R B L P
HAFHE2 L FIRFFTHARREEY OFRF > LU EFRFE P RE T &3
g R 2 AT 2 ik B AR T E FRY o § 40 A 17 & ¢ Agilent Technologies 7890A

Network GC system » & 7 ¥ 1L : Agilent 122-1364 » DB-624 : 60 m x0.25 mm p /& > 1.4
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pm % > p %6 % Cyanopropyl-phenyl » 94 % Dimethyl polysiloxane /%t ¥ &+ & 1

B R A F -20 ~ 260°C & I s o Fi# &k © Agilent Technologies 5973 Network MSD /
5975VLMSD » 3% % iF 4a §= F140 ~350 amu » # 45 i# 5°4.58 Scans/sec > § /L » 25 ng GC/MS
REBERERE S 454 F (BFB) o i A4 2 &2 £z BFB Ha o 3315 Ak
PRIz iz d BRI FANTBRPRLAFTERETE BF 447
(&4 )Emrﬂ"-s:yz 4L BRI A E MFCs S #f# it £ 7

¢ * Biolog EcoPlate™ (Hayward, CA,USA) % % 1 & R * chjpicd $ 33 4 120
7o FBHAERERES FA T 3] BRRT BB AL BEET AT - KL B MFC
Jo ket iR A ¢ A 47 TCE ApRE Ac2 43 7% s i {1 * #5538 o @& * Biolog EcoPlate™
(Hayward, CA,USA) #£ % 2 R s R FI* e 2 HHZ 2 B A5 5 B 2 46 5 ¥
* i 31 FEART B BB AL EREE A o 2 150pm s 1 X 2 S 14
SENTEE S SRR i nl S EETE 107 % R S PAJER B 150l R SHAET] S
- i# Biolog EcoPlate 3* jF # > 30°C # %3 % o B{s > 232 %0~24-32-48-72 4v 96
| PFiplE EcoPlate ehsk R fico 73 ApM o e L2 weaFT g ¢ R (Koner
et al., 2022; Koner et al., 2021) o
AFE R S FFE R 7 A 47 4R PacBio ®E #4492 4 35 916S IRNA > B

7l o 1% gDNA # P~ # NucleoSpin® Soil (Macherey-Nagel GmbH & Co., Diiren,
Germany)i& {7 MFC %% 03 3o K 5 B~/ A FI4 DNA > £ £ Nanodrop 1000
/> % & B 3+ (Thermo Fisher Scientific » Waltham » MA » USA)frit % B~ DNA ﬁ’i%ﬁri'frj%
B oo 3w pE g-DNA FH R duz = » ¢ @ * i PacBio & StB~{7 2 & 16S-rRNA R 7|
PONE R wmFEE E S e ¥ R 0 27F-1492R 315 ¥ ¢ ¥ ¥ PacBio FALEHEf- LA
(27F : AGGRGTTYGATYMTGGCTCAG 4r 1492R : RGYTACCTTGTTACGACTT) - &
i+ PacBio 16S 2> & R4s-#3 + & 71i5 > € @ * QIIME 2 pipeline » 7% i MFC #p
Minmp s g R ot WA AERH* gPCR BREFTH sl AFIRE I BFAEf2
o fEo gt ohy A2 4]+ PICRUSH2 pipeline (http://picrust.github.io/picrust/) 3 i#|£2 TCE
28 LA &S MFC chit s i B Bsfe o £ & > 2473 ¢ & * Kyoto Encyclopedia of
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Genes and Genomes (KEGG) 9 % 4 #c ¥ B * % 2 47 ' fF 0 # it F i

(https://www.genome.jp/kegg/) o % {4 > % i ¢ * Pearson £ Spearman i3t edp B 23 A

5 3R] P B A BB e 24 AR BE TS o
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I~B¥REHw
(-) PL#EL2EP
Ay RpAyT %20 2023 # 1% 1 p 4 43t Environmental Research (IF:8.431) »
[® 8(A)) 48P 5 Systematic assessment of mineral distribution and diversity of microbial
communities and its interactions in the Taiwan subduction zone of mud volcanoes > = & p %
§F A LEEFER DL LTEALL T RN L RAPELL S Ay 2T AR
BAL G [ R RIR s S GRCRGE Vs B R N LS SR ARG e R L
POREA G R SETE ARG eng SV L s B R N L o B Bk LT R L
LY kL S R ERRR A RYFM L] A B A - B
Ao ? BEA TSR/ SRR S P E/hE ? o WA 2 o H0 T A
ek P MR R CHUTEARSE A LSRR EEE Y ¥ LE T
Methylobacter - Methylomicrobium - Methylomonas 1+ 2 Methylosoma - J- * Lk B ¥ § 2
17 =y LR A R F R F)UT 2 2 iF % Methane Monooxygenase (MMO ) it #-
Py AT AR B F LU BN D F LR A EBREE MMO TR iRz
FOFBAELG o F o AR Nd YR P RES SR VLAFTIFL R TCE =
hehd fer Tk A Pl 0 2 S AE LA R KRR & AP BES RS T
M2 Ffa gt > F A LR OE L P R TS T R e R R DL Ry -
AP 12 # 10 B ERFESEHLVLRAEFAH FETR SR FR S &K
B ABFTCE 54350 ApMAAT £ % BB 5T 5 142 %~ Underpinning

the ecological response of mixed chlorinated volatile organic compounds (CVOCs) associated
with contaminated and bioremediated groundwaters: A potential nexus of microbial community
structure and function for strategizing efficient bioremediation | » I & 3% 2023 & 9 # 4 £ *%
Environmental Pollution (IF:8.9) [ B 8(B)) - ##~ % B ¢ ¥ & ;’%E{ N R A T D
B Pl N c A3 2 EEERELE I6SIRNARIRZ > 1 f27 & L0 i
L $ (CVOCS)i5 A Hrht chjic? F fBAF B A F s B 10 o d F S5 BRI 545
B384 7 FF (40 %) # " (Proteobacteria) ek 1+ ] ® (Acidobacteriota) ] ih% g » # AR & &
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AP R BB FE o oA # CVOCs at X Ma A E [ sl 40§ 8 B/

(Campilobacterota)] B ti7 A Fatk A PEHEFRAES o AMBMELITHT - ik

=

K& 0 CVOCs 75 Z# 4 ¢ > £ % 83 % 37 b (Sulfurospirillum) ~ Azospira ~ = & & 2k 7 ¥
(Trichlorobacter) ~ fi& 1% ) & (Acidiphilium)fezz #2847 % ) b (Magnetospririllum) » % 381

o

88

=)

24 Gt A pHE§F P BRT iR AR HE ER AT RAL f 6 BB

<k

oy

¥ #2 7]/ (Dechloromonas) ~ i 1% ] b (Thiobacillus) ~ ¥ & i 7 (Pseudarcicella) -
% % i [f/% (Hydrogenophaga)fr#r m 7 f (Sulfuritalea)2? CVOCs i3 4k & X f 49 B

RE T P4 CVOCs i3 4 g b 1 o

Follihch

: ;: Environmental Research 5 Enwmnmeljt?l E’ollutlc_an ﬂ
b Volurme 216, Part 2, 1 January 2023, 114536 H T T e T

Underpinning the ecological response of mixed

Systematic assessment of mineral distribution chlorinated volatile organic compounds

and diversity of microbial communities and its (CVOCs) associated with contaminated and
interactions in the Taiwan subduction zone of bioremediated groundwaters: A potential
mud volcanoes nexus of microbial community structure and

function for strategizing efficient
bioremediation +

Bashir Hussain® °, Jung-Gheng Chen % Shi- Wi Hugog ?* *, 1-Gen Taai *© Jagat Bathed ¥,

Bing:=Mu Hsu* 2 &

B 8 = 1 & %% % #P (A) Environmental Research (B) Environmental pollution

(=) AR VLR EERERP 2 ST RE

RBLHFET S5 AFFEBEY 12# 10 5 p o Ages 5 5tk pe
R LR AR WEEE 4 AR VLB 92 1,2,3, 4 HEE A% MV -
MV2 > MV3 ~ MV4) - ¢ § 2 A of 3 4 (MVIL 2 MV2) > eedi § 3R i f % - 2
Ay A(L 2 B4 T MVI-1 > MVI2 > MV2-1 > MV2-2) > A& ¢ ek L L)
T E 1 BEA(TMV3-1 2 MVA-1)o H @ 5ok | £ asd§ i s mE ik &8
B2 ARIS MVI-L & MVI2 (R 10) Bof 5 0 ¥ <8R 6 42°Co Bt 4 5

35°C ) A TAT G AL R AR 2 -

35



LigpER 2023487 29p T =

mbﬁ%é&&%%ﬁﬁm

1. Biolog EcoPlate™ 4= MicroResp™ sikf|* 247 % %

~# 7 i€ * Biolog EcoPlate™2% MicroResp™#L k1| * & 47i% » A 47k L Ltk & 4
B 3 S o B 11(A)RE T 7 Biolog EcoPlate™ 7332 % 24-168 -] pF#) >
MV4-1 # & 2 SR & 3850 B B d > & A £ MV2-2 ~ MV1-1 ~ MV2-1 ~ MV3-1 ~ MV1-2 -
B A% 168 | Y F 3l s ihz K ET P F FAE 1B)? > 4hr 1R Ltk g d
PEEZHIEARN* T LR o Tween 80 5 f1* 3 &5 3 cplih > H & ik > 4 D-5
WD E IR At SHE LAY 4 ARIAPHRE T F o F - S 5
Yo LT fafe B-T A-D-F FREH o AT AT SRR Y o g

FHRBC MBI #% = AT RN AR A 17> S5 B 7 MV4-1 23

S F B B BRI A B N B 4 MVA-D 2R Scd Bl g AR S Fpk
FOE b RO AL A BB 1S L MV220 Bl UL 2 R A qp e B "ﬁ"

HfE A d fed S R 2 AT A B 4 R e d e BRI AT
FER R L L AR R AR R RS § AR o A MV2-1 2 MVA-L AR BT
s vl - BEF ARSI R 27 g FAHRS > RT Y L ERR
L SRR M st ot eh > B 11(D)AE T cn% % B 7 7 MicroResp™ ek
W% o2 UEE BT AR ERA VLR AR o F LA S
T H 8 3 R A > MV2-2 03 4R A & MicroResp™ eha 47 ¢ B 5 £ F ok T ehjicd
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Pyruvic acid methyl exter-

Tween 40~

Tween 80+
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D=Cellobiose -
QA=D=Loctose -
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W11 #5% 4 PR L Lk A2 BRI * S84 17(A)Biolog EcoPlate™ 5 #858 if 41 * 4
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AR 16s mEFp2EAFEFRA|SIT(5Z N EA LA FrBET KA 4
BARPREDO6 BRE N LAY BFEGApM DwE S Rl ARTR PR L LA
® 27 20 B & mE P (phyla) o B P 30960 A AE R BTG HEAI AP 3G (W]
12(A) e ¢ ¢+ 1596 P » &= 1B 3 % chik X L% & 8 SPI(MV1)~SP2(MV2)4r SP3(MV3)
2 B E_ £ them SP2(MV2)fe SP3(MV3)2 B enf > 1 M £ % 5 109 @ SP3(MV3)
fr SPAMV4)2 [ e § O efnt GIAp L o 954 & 0 LR BEY o B — 310 BRI PP inikc
BARSHIIS SRR AP BSOS KA G T M R E TR L B R R
LA APPSR A PR ADLREM B R FT AR L LDEE R AR R a2
FlEEEHRA S FE TP kG Pkt ples B 12B)E AR A ITESE BT TR
NLHEAY AR R ORHER B MV2-1 B AY PANE YR ES L H T
MV3-1- Bl 12(C)Ag 7 & $ & 2 * & 55 %] 2 jic 2 47 12 %2 7 " (Proteobacteria) & #75 # &
¢ ofkd #p > @ Bdellovibrionota & MV3-1 k& ¢ £ 2 % = o gt “} » Campilobacterota

- MVI1-1 e MV2-1 ¥ % % = =ikt > @ Desulfobacterota & MV2-1 ~ MV3-1 fr MV4-1

SR TR ER T R

Priteobacteria ‘m

gl Bdellovibrionola= =« » o @ @

Groap 2 Groap ' :
Deferribacterota B sPi Caldairibacieriola- @ o o ¢ o o

: e Firmicules- ¢ o © o o o
Campilobacierota W ses irmicules
Chrysivgenelota o EESM Desulfobacterola- ¢ ¢ @ ¢ @ @ Relative abundance (%)
Planctomycetota Nitrospiroia= ¢ o o o o O 75
Biellovibrionow: - Bacteroidota- ¢ o © o © © 50
Spirochactota Campilobacterota- @ o @ o o O i
Proteobacteria Actinobacteriota- » ¢ o o o o > I
© Svald8s i
s Sumerlaeota- = o e o o @
Acidobacteriota i
Bacternidota Fusobacteriota- o o 2 o o o Relative abundance (%)
B Desulfobacterot Deferribacterota- & o s o o @

& {Lles a

TANG Planctomycetota- @ e e o o o 75
Verrueomicrahiota Spirochactota- ¢ o & s o o 50
Nitrospirota SvilME5- s o o o o o 25
Caldatribucteriota Chrysiogenetota- @ ¢ e ¢ @ 0
Firmicutes Chloroflesi- = ¢ ¢ o o o

Fusobacteriota Verrucomicrobiota- ¢ ¢ e & o o
Chloroflexi

Acidobacieriola= » o o o o o

I Sumerlagola TADG- @ o o o o
L Actinobacterota v 4
N N My N
2 Exz=zEx NN
AV Y T4
PiEEe SR
o o= = = = SP17 SP2 “SP3'SP4
(8) (©

W 12 7% -+ @k L bfk & F#F2 P 94 45(A) Venn diagram 4 45 ~ (B) Heatmap 4
T (ORAFEMBR AL 7
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3.0k N Lk FE B A PR

AR 16s w2 EATFIEFAIIA(H Z AR KR FABRT R AT
FAGPE L 4 B FEREEZ 6 B R AR L LR AP 2 (Genus) B & AR B ehim [
BRI o B ATE S BPR N kR o B 1I3(A)EF £ F 101 BAE wER > H
21.8% /B B ¥t A~ ¢ £ 4 1o SP2MV2)$et & & cnib i B (22.8% ) # % &
SP4(MV4) (9.9% ) > SP3(MV3)fr SPI(MV 1) b4 BB i 0 A 5] % 6.9%F 5.99 -
B 13(B)2 # WA 47— Hahm ik VL AP AR e S e R R R o B R
T MV2-1 AR H B R VLA BEARFOEF R EXAMVAL AP 520
BoFARET A E ARERRE A BHRETFFL T RE AR 130T )
SATE LV LTRE S G BT S e T R e EeEd o B9 B %

B e

(Pseudomonas spp.) #_s ¥

k
af%

"% 2 0 H = Ek % #* F(Hydrogenophaga)frit
#= p 7] (Desulfomicrobium) » i = @ BBl < 5 dctk A F 3y MR e @ T A dcd
(Methylomicrobium)f= ® 2 4 {r gFj(Methylophaga) iz $% 9 ® = § it ' F R & & MV2-2 ~

MV3-1 fo MV4-1 4% & # 3 3. o

Dechloromonas- e "

Delftia= ¢« ¢ & & s

Desulfatiglans- °

2 Group Desulfatitalea- o Relative abundance (%)

l W se Desulfitibacter- ¢ ¢ & & & @ 25
' B Desulfobulbus=—o—— #4854 0
p HSM Desulfomicrohium- ¢ ¢ e & o @ 15
Diesulfotignum o 0
I 5 Desulfovermiculis= ¢ ¢ o+ o o PN
Desulfovibrio- ¢ o e o g

Desulfurispinillum= = o+ + @ Relative abundance (%)

Desulfurivibrios ¢ ¢ o & o o
TI° Os

Desulfuromonadoceac- ¢ o @
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Desuliuromusa=- @ e @ e o
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/ / \ \ /\
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Bl 14(A) = FAPROTAX s s Rl 8% » P #ME LV LmFEEFET I 5
TR FE G o B9 5 A MVI-1 4o MV2-1 2 B3 8 7 Sop B e F % S 4] 20
g 2 ¥ (Chemoheterotrophy 14 % Aerobic Chemoheterotrophy) » & &£ MVI1-2 ~ MV2-2 -
MV3-1 fv MV4-1 tp b cnd § Ll F 380 it a5 ¥ i & g (Dark sulfide
Oxidation 2 2 Dark Oxidation of Sulfur Compound) o #* #F » &2 H & 4% A 4pt > MV3-1 v
MV4-1 ¥ Srs 5% 2 %3 i RE o 2 B4Rk > MV3-1 o MVA-1 A B 7 A M 7 42 5
CARR R BEE ode P A T AR Ve ® A g o4 {3 ¥ F 5 & Biolog EcoPlate™
3 MicroResp™a 4752 % » § F ARG E 2R oy L LA > H P2 g L 4p i (3 R
SFF A $HE 1@ Ecoplate & 47 5 % 7 i 5 4k & hpUR i 4c i 45(b14e MV3-1 fo MV4-
1)

B 14(B)7 41 * >t KEGG #cdy & e PICRUSK2 » (782 ¥ 22 § okt i dHip b o

AfFaF T ATt o BER AT ocysl AFR LG AN FHE VLA o HY

MVI-1 » MV1-2 ~ MV2-1 4o MV3-1 ¥ #3 © I $ > cysD v cysNC & MV2-1 4 4 ¢
LR #B Ak F] 0 @ sat ~ met3 ~ soxA fr SoxX & FIR| & &2 MV4-1 - MV2-1 ~ MV2-2
FeMV3-1 75 ¥ R B caprA frapB A FI3 975 2305 AP R R - 8- 9 447
FI o FE P2z g g T %] 4o pmoA ~ pmoB fr pmoC > & & MV2-2 ~ MV3-1 v
MV4-1 A& @ AR F R o JI* R L L2 fg ke g i FAT 7 2 iF % Methane
Monooxygenase (MMO ) e & 2 5 B 2 = & o % frdk2 e chad B i34 4 - ik L
FERL BT REREY G *3:‘2%"%5 FLHARFELL Pl e B> @ G- RIFTR

z
\lpo
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> v o o~
- P g AP AR 4
3 AR AV
& &8 g8 & Vb W
(A} SP1 SP2  “SP3- SP4 (B:l SP1 SP2 TSP37SP4

Bl 14 #7% %8k X Lk & F{EH N S BHFER A $7(A) FAPROTAX & #3884 47 ~ (B)
PICRUSt2  #13g B4 47
SRV LBEFFEBALDE CHFEPRF TR PHZ EARLF AR IELS 4T
ARG B & (Spearman)ip B 12 4 TR B g TC R TEfRE - T R 1 R
FrB A v PR N R ATl o v £GFE S B R B ML
B iR JIY EA S BGER A B A RO > Bk Ao Bl 15(A) T o
Methylophaga {- Methylomicrobium i&#g® *=% * FAE R &7 A F * 2 4p bl cdd T 3L 7
(4= pmoA ~pmoB frpmoC) 2. B F g F & ApRE > £ P v i ik L L4 g kAP i
AT L RIR o REFT T mF oo b SR R pF 0 ¢ 45 Desulfatitalea -
Desulbobolus - Desulfomicrobium - Desulfovermiculus §= Desulfurivibrio > ¥ 7 s % i& {7 v
BT opnit S et (T R BEF 0 ApRE o Sulfurospirillum R £ gres e 08 % {ofn ( Frfc
etz (T% 2 P R A ¥ 1 4p M o Desulbobolus &2 &; #ifis Bk ex (£ % 2 Y% R BEE AP
Mo ¥ b o 3F 5 £iiR R de 0 4c Desulfatitalea -~ Desulfobolus - Desulfovermiculus -
Desulfurivibrio £ ¢ = 5 it fo4p & 4 F] pmoA ~ pmoB fr pmoC % & ¥ i+ 4p B o
BEBTIANLA G AT EA A BRI RF LR RBP4
A Y R T L AR A 7 (Canonical Correlation Analysis, CCA) @ 3% 7 ;2 & 1| *
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FEREHZF MM RRE B L #P#ﬂxﬁ“miﬁﬁﬁ#ﬂﬁ?r}m AR IE S
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Specific gencra

1. Dechloromeonas 2. Delftia
[—"—| ‘ o 3. Desulfatiglans 4. Desulfaritalea
: [l - 5. Desulftbacter 6. Desulfobulbus
7. Desulfomicrobinm 8. Desulforig

9. Desulfovermiculus 10, Desulfovibrio
V1. Deswlfurispivillum 12, Desulfurivibrio

w§
g% 13, Desulft laceae 14, Desul)
E g 15, Desulft sa 16. Hvdrogenophag
?:} 2 £l 17. Pseudomenas 18. .5pf|lurgo!u’mrr

id S A @ 33 19. Spiri 20,5 spirillum
Il  methanotrophy 21. Mmdrmu.-mh:mu 22 Methvlophaga

metnanal_oxdation

metnylotrophy

sultate_respiration

spiration

spiration

ate_respiration

-5 I respIration_of_sultur_compounas
[l oark_sulfide_oxidation

Specific functions

23. Methanotrophy 24. Methanol oxidation
25, methvlotrophy 26. Sulfate respiration
‘| 27. Sulfur respi 28, Sulfite respi
29, Thiosulfare respiration

30. Respiration of sulfur ¢

31. Dark sulfide oxidation

32, Dark sulfur oxidation

33, Dark oxidation of sulfur compounds
34, Fermentation

35. Acrobic chemoheterotrophy

36. Aromatic compound degradation

37. Aliphatic non-methane hydrocarbon
dc.gmd.:lwn

38, Hyd t I

39. Chtl’llﬂhch.l’(!tl’l!ph\

-'!'II"!_’U“' II'_(‘()"T N
L [l cark_oxidation_of_sulfur_compounds
(=] | B fermantation
BPM'JI'_FP\PI'"DHP'.RIG'.(".[\H)'
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hydrocarbon_degradation
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pmoA (K10944)
pmol (K10545)
pmoL: (K10945)

cyaN (KON956)
cysC (KOD860)
MM cysNC (K0DS55)
cystl (KDU39U)
cysJ (KDO280) (B}
cysl (KOO331)

SAT ML (KU0HSH)

FISATERAPENVLEAZBRFLEERFTwAFEE 2 A2 0 2 B OB BEL17(A)
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B2 P ToRERE 2 W Sz TCE M 2 Mg kdrd 2 90 o 2877 BT
FHEE 6 K R AE L 2R R A VOC ERA Y P L B PID kA B R & 3
Fie 7 TCE ML &4 R > 2478 %40k 39757 o

KEE G P ESEE B

Ji
:5\#}

LA F LR RRE DL RS E ORI L 2 0
(7 3 16s RNA A F1% = % @/ A 45 145 f2 3 TCE 4p B ' f2 A3 B 2 b ] o
R BRALIEERE B TR A R BN S MFC 9 %2> 7 f2 TCE 3
Ao A LR AR R AT P B RT & 9 TCE A f2F# 2 TCE 4 f3
prd e AP A TCE ERRB 2= BHRERT 2FH 2 FIFEAK
~2 TCE Mot it 8 = &2 22 TCE "% j2 ¥ 2 A 47> 2 7 j2L TCE F1€ 4 Flg o T #H &

AT 0 ¥ A FIRR G EES R

# 1TCE 3 %33k 6 ik RI2 P2 2 A KR AL THRRBRFPID)RIE B %
R A A
BE > FR(m) |[PE 2L (em) [T T (%) PID(ppmV) .
2R
0.07-1.07 36 36% 11
S0l 1.07-2.07 30 30% 93 v
2.07-3.07 32 32% 7.2
3.07-3.57 26 26% 4.7
0.08-1.08 36 36% 7.1
1.08-2.08 28 28% 5.8
S02  |2.08-3.08 20 20% 4.8
3.08-4.08 70 70% 4.1
4.08-5.08 82 82% 7.9 4
0.06-1.06 42 42% 5.7
S03
1.06-2.06 34 34% 6.1
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2.06-3.06 22 22% 14
3.06-3.36 20 20% 13 v
0.09-1.09 46 46% 6.1

S04 1.09-2.09 16 16% 5.8
2.09-3.09 32 32% 30 v
3.09-4.09 46 46% 51
0.09-1.09 22 22% 4.6
1.09-2.09 16 16% 100 v

S05  (2.09-3.09 23 23% 105
3.09-4.09 48 48% 44
4.09-5.09 38 38% 39
0.06-1.06 46 46% 17
1.06-2.06 23 23% 1863 4

S06  [2.06-3.06 36 36% 3911
3.06-4.06 60 60% 298
4.06-5.06 70 70% 16

# 2TCE & %35 9 A B2 ¥ T k2 K 582 TCE ML &3 RRI% %

L GMO3 GM14 | RW30 | RW32 | GM23 |N00430| GM24 GM18 | GMO02
Fikp # ym/d | 111/7/22 |111/7/22| 111/7/22 (111/7/22| 111/7/22 |111/7/22| 111/7/22 | 111/7/22 |111/7/22
FHRFR m 11 9 11 11 11 7 11 11 11
ki m 3.720 4.130 4.340 4.010 3.680 3.990 3.515 4.025 4.220
pH 7.28 7.01 6.67 7.05 7.16 6.94 7.39 7.08 7.25
EC pmho/cm| 1075 1133 1119 1007 1054 863 829 1296 873
DO mg/L 0.92 1.44 0.68 0.52 0.81 0.72 1.7 0.84 1.15
ORP mV -103 -105 -13 -151 -112 -90 79 -109 -130
EE R mg/L 0.0307 | 0.0228 | 0.0315 [<0.0100| 0.0257 |0.00243 ND 0.00381 | 0.0798
"-12-2 & ¢ % | mg/L 0.648 0.0470 | 0.0421 | 0.0292 | 0.0554 | 0.0219 | 0.00308 0.015 0.683
LL1-= & ¢ % | mg/L 0.0721 |<0.0100| 0.00343 [<0.0100| <0.0100 |0.00268 ND <0.001 | 0.0240
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1,1-= % ¢ *%=| mg/L 0.0506 |<0.0100| 0.00390 |<0.0100| <0.0100 [0.00179 ND 0.0102 | 0.0571
Fe ’fﬁ mg/L 0.0465 0.130 | 0.0234 | 0.0174 | 0.109 | 0.0219 | <0.001 0.0323 | 0.0542
TOC mg/L 13.9 1.9 1.6 38.5 2.9 1.1 1.3 1.9 5.2
23 53T oI EIE 2 FHCEFRASY (H i mg/l)
# 8L F-12-= |"8-1,2-= 12-- % |22 (12-2%| =% | = % 13- |12-= | ¢ |- ®
| ey 0 e ¥
HnFe ER A s PR AR | Y| e FF & F | F E3
S01 |ND [<0.005| ND 021 |ND| ND |[ND| ND | 0.16 | 0.24 |[ND | ND | ND | 0.02 | ND
S02 [ND| ND ND 001 |ND| ND [ND| ND | ND | ND |[ND| ND | ND | ND |ND
S03 [ND| ND ND 0.14 |[ND| ND |ND| ND ND | ND |[ND| ND | ND | 0.02 | ND
S04 (ND| ND ND 046 |ND| ND [ND| ND | ND | ND |[ND| ND | ND | 0.08 | ND
SO05 |ND| ND ND 0.09 |ND| ND |[ND| ND 0.27 | 0.14 |[ND | ND | ND | ND |ND
S06 [ND| 0.01 ND 044 |ND| ND |[ND| ND | 0.17 | 105 |0.01| ND | ND | ND |ND
(2) 2 F 2RI A MFC)HCee 2 ¥375% & % TCE 4 f2c4
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i % TCE *# %2 §1 4~ (Stimulation) » #3538 3 MFC § /4 tit&® 7 TCE " j3 2 4 &4 ¥
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(SS) » @ - A4p(LL) A & J B (X 608 338 5 o

KA BREERT o A PR TS (MFC) chf Bke? » Biairiiimz B ihf it
BRT(ORP) S ABMFAR - "EFL AP+« ORP E L B AR E > £ 2 &
SEBEPY > PRI P SRS AP  EERABT UL RRF K
deo ptth s AT BERIEES pH B IAERK > 2 BRES AT LRy
2 AL o F 2 hlimfinc 3 F AT L4 (OH-) end 2 R pH ERE o a3 o
Bia{riitez RELED O pH £ 8 » 4P &7 FHBEREEEZ TR F 2 F 7 b apid

PrEER BRARSERFE BEBRARZ T F Lt Lo
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Voltage (mV)
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Incubation time (days)

WI6MFC F5%# e 2 X TR 55 LL-C: R-ZpHEBELL-T: R-%4p
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TCE * i3 5 % 4 -
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