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Benzene, toluene, ethylbenzene and xylenes isomers (BTEX) exist widely in the
groundwater contaminated by gasoline and are spread by the groundwater flow.
Traditional remediation methods of physical (Pump and treat) or chemical (chemical
oxidation) techniques are generally costly. Biological approaches for treating BTEX in
the contaminated groundwater appear to be economical and environmental friendly
processes, but supply of final electron acceptors for the microbe efficiently is still a

strict problem.



In our previous study, it was revealed that an electrode at a given potential could be
the final electron acceptor for benzene biodegradation under anaerobic conditions.
Further, the soil columns (reaction zone were 15 cm) were constructed to study the
biodegradations of BTEX with carbon fiber electrode as the sole electron acceptor. The
degradations of BTEX were more than 95%. This result is useful for the development of
bioelectrochemical permeable reactive barrier. In order to promote this useful barrier to
the on-site application in the near future, some useful parameters, such as the suitable
value of applied potential for the electrode, hydraulic retention time, the efficiencies of
BTEX biodegradation, and the microbial communities within the carbon fiber electrode
will be organized in this pilot scale study on bioelectrochemical permeable reactive
barrier.

I

7% (benzene) ~ EH 7 (toluene) ~ /.7 (ethylbenzene) i3 — FH 7 (xylene) (F§F% BTEX)
W RFAE DT N oK T - ELREE T T KRS - SR Bt ok -
Ham H T FRERET N B M s E S0t A SR DAL E
Z &84t BEITEP VIR T AN R e 8B E - Hrp Y S EG Y
FIZERG (T AR iR - (BEEVE (RS E TR - —RBER)VIEFEZE
it IRNE VIS ER A B IR R B T R RAVISH - RIS HAFT R - DI
R BT  AEMENVIREE T UEY A IR T AN R L E - B
SERA B —E BN TENE - RE S EASEEEE N - AT ERET
H = IR e E R B B IR IR R I (Pilot study)Bgse - BRESAEA [FE &I
[ ~ NIE NN EEERBLA [F S e T~ SYVE R - TR EY) 2 AE SR e
VI AR ©

W prs
PRIETERE DREEERSIN > REGETHAFZFEE - SRR &
SEACAH B T B BEIEH > 3B — S ERE R Pilot study (] > It /KA FE (L

EEYIN RS SR 4 AR & AR S B R 16 /e » BRaR RS
WASCEATRINUKE - RIEHSAIR 5 AoksrERKE » H{EREKEENKH
BTEX BHIHIE - sFEEFRSCR - R E R TR0 S0 - Hhim Bk



BRI - N e AR - I SRR R ELR - (e B A
VIS G S > SRRt EEE T AP e (Bio-anode) - fiE S G AT 2 FE T
F[u]aE FF2 1 (Cathode) (M1 8 Fyr e f88) » ALV R MRS EL A A AT 2 - DLoRIE pAd
IR - TR BB IEs s, - RS G/KEER - AR B
ZEHRME

& R
PE VIR R S S — B A R - REMHRAFSRE R B E (R
PEPIR R ~ EHFUKERISE - SRIETS P BRI - R
RERTBATE o BN AIE S MR R (E MRS o By T e _E AR > BRI LT
HEEMHEENII - AR E R E AR e SR E RS - R
{BER S M A ER 3 ] RE B EAY Al BEARDLIN AT AT B AR - (s LA e 5 H FEF 2
HIF5HSGUE » ) BTEX JSAYEA TR - sHEFepcia T

[ e 14 B R - (AR 2R

DIGERR Ryt BT 28 s B LB MAEYIN e - BRI 54
L AT RS HEY - RS E BE ALY S ER R R T - sl EES
B IR A MEVIRE A5 » DB Ry e BT RE2E - R
BAEEALREE - I RCERBRNIEN T - BB ERELR - BSR
SISl = e G X 7 = I ) a7t DNE ke S50 1 IDAND Tebe e e ==
FEFAES TG > & 35 mg HYZEIIAMLREE i > AN B A 3 4 - B
EEERFR T > A ERNERE(L > HOMEUERAE T2 EZ
PEYATRENEIEESS - N E AR ZEAINI(EY 5 K) > ZAM &S R BRI
BiFEts - B TINASER T HIRHE - n LRSI EERALZ] T - BURX
B EYE MR BRE - EERRAN Z R (Y5 500 ppm) - FREAHBRZE
PHERRIERAIEI T - TR -

Ry T HE— SRR YRR E AR AR E MY R EL - I H R
(EIRIFEREE > (ERARKEIREN Z2% » ERFEESHER T - ET A FEEE
et N Z BRI EE S o SRR - B ER A REE AR - BURE
VIR EE A RIS AR B N A o R Fr AR - T L E SE BB = 2-0.4 V BLE



R BRI - I HESEBER e A > NIEERUNED BT EEEER-0.1V
PLERS > B ETIE V- - SEGEREAHEERNESR - EWERKE M
AW RS B R A - MRV EEER S = h-0.1 V BLERTA] » AR
MEZERIVAEIR - BLRE RN A T -
(e EHLEE R AT LIGAT > AR m] DA AP o e AR BRI - 3% N ARV EE—2F T

FRANE RO BRIIETE - iRBHER - & —EFE T 528 LE CO, & - Maw £r]

LIFSE] 30 e T - fEIIAGK R (& 2 BRI BT R RE (B - PRIE A BT R
TREAE BT BN HESE AR TS SIHVAREE B (Q=IXT, Q ~ | M1 T S jllFR & ~ IR

BRI ) - SOSNEBRSE R AA R P ARSI DI R AT 04 - IR AT I nhsiz
B EPRESR - GRBURE T EICR S 78% - 135% 2 fi](n=4) > HEAR SRR
s a [ HHETT - (BRI HIE e Y R LR N R B R VR IR 5 2 E () 52
FLEMEEHT CO,

l]]

E

ll

i

[ I E A ER]
g B ERGE R - BUR TP AV E TEY) - A DURF I R AR E £y

CRmiseayis %E’Jﬁﬁiﬂ’ﬁﬁﬁ PRI — 2R AR A H A T IR B B - ol
DL BTEX k& MTBE Ry BVE » SRR 7 USSR T ZKOKARM » iR
Ry 10 cm/day 1R R (ERS FEIYEDHI1% - BLER R EE TR BTEX $52E %] 99% 2
EHIERAR - ASB B EAREBIIECR - B ABEREHRTK BTEXEEAE 100 IDIDb
LR > 1 B BREHAR/K BTEX R ARIER E E1ET ppb - N EREET -
REVB AN ZHEH]  iRIZDL FEERHEN] - £ B B MEYIEZ 2 T A%
BN ZRGFIEEAIR - FrDAEAESERZ EIRS] - 1 A BERR T & fEwsh
AR T BT Ry B TR B TIRR AR - BT AR5 L B B AR -
FEpsE EA A IHE] A &y TIC (total inorganic carbon)& &L B &% 2.4
ppm - EIEE T A BT BTEX WymifaftE: - [FRFg20#E BTEX 488 (LEAEY)
[ R 2 g Y 44 EE W) Ry CO2

LS sta]
AERON BTN R E R S SRR E A - T — e -
R ERE N EREREERN 0 MRS E S e BIRE - MR AST



GBI IREE © 0B SFR - SRS e LI THZ6 - R IEE SR
HROKALE - RSB AEBEERIE » AU TR (E ARG - JefTREE 1% - H
T OKIEFHR - 2% - REA TS5 > BE TAR(E 30 S #EPEEE - i
SEAE R NEASAE A IBORIY > REFE SR - SRERMESEN - [EEA 5 ¢ Rl R EASIER]
B > SEDAAN TG =UaHE - PR IERERVER BT » 1R PLIRGH & 78 o 2 SIARRE L
TEANERIED -

Ry /KA R s - (5] HR 0 S MG ] i o B A8 /K JEE - A [ B ARy %
BEFHSRECHD O - RE A AR ECHD I itk - PR IR Ao [B[3E Rl SRS 2
R > LTI R MG PN 8 & AL B SR BOKE - T3 ELMR#ErT BTEX MHEYIE
ZIEFHIRDL © HATRZARES (A ThE 7K B SR 2 S Ii e A, -



BT ERRHCEE H HY

1 HRER

H TR sessE - AFIAEKERS » (1505 - HREAYEE I RORBIHE - R
BEREUT - GEMERRE L/ \FEANH Rk - EFZERITHEEEAE 2608 [H]
(EOBE IR m) - 6 AR HE A 4 Bt N OB (G R - BT e T EEH
B CA — B2 RITEEERRE) » AlEteHE v o Mgt N S B4R
B > S PR P AR AT I B I S A A R - A T /K2 FK0E
VEBEMEYYERYSA - BKERNL SN 2E R - HRERRERHE L EL
BRI o M N KPS A ETRE S » FE A D& AR 53 Btk s
F) - Hh AT A1) 2 0] DU 57 7K AH (Aqueous Phase) 8251 7KAH (Non-Aqueous
Phase) - ZKAEISENIAIRBUK ] DL 7AS - B AR MBS - 85 55
VIS 2 WU E ) oo i e R - JEZKAHRAG (Non-Agueous Phase Liquid,
NAPL) B BRI A TIRHS - RES R b - NAPL (REGAIZKHY# R (%
A4 - i /KR E FE B LNAPL (Light Non-Aqueous Phase Liquid) > #57K 25 374 A
DNAPL (Dense Non-Aqueous Phase Liquid) °

1.1 BTEX fotaBdisi:

7K (benzene) ~ FH 7K (toluene) ~ 2. 7K (ethylbenzene) ~ — FH 7K (xylene) (VU & & &
BTEX) & Ul i THAVFS R (LEY) - FEE T B Hr A RE LT
JRE » HACHEAED BRI SRR AR A — P e BB - BTEX RyiEHA ~ S
SRR EURES  BTEX €1 100 g/mole 7745 » {55 1% A IR e A AT » BTEX
ZEARFFIEAFR R - BTEX A0 AT G AYRS R 5 73 LR 1%CR) F] 10%(—H
R[] > HILERHRIRELO TR - ELYEREE RS N 554950 - ¥
TR Y EAL R Sy - BTEX M B s 7K » HafgE#AE 150 mg/L DLE - P
5448 A T KE% - BTEX gi@bEsth T /KRAR BN - EAH 544 @
1%

F— BTEX ZAAKHE[L,2]




PAN 78.1 92.1 106.2 106.2
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Benzene, toluene, ethylbenzene and xylenes isomers (BTEX) exist widely in the
groundwater contaminated by gasoline and are spread by the groundwater flow.
Traditional remediation methods of physical (Pump and treat) or chemical (chemical
oxidation) techniques are generally costly. Biological approaches for treating BTEX in
the contaminated groundwater appear to be economical and environmental friendly
processes, but supply of final electron acceptors for the microbe efficiently is still a
strict problem.

In our previous study, it was revealed that an electrode at a given potential could be
the final electron acceptor for benzene biodegradation under anaerobic conditions.
Further, the soil columns (reaction zone were 15 cm) were constructed to study the
biodegradations of BTEX with carbon fiber electrode as the sole electron acceptor. The
degradations of BTEX were more than 95%. This result is useful for the development of
bioelectrochemical permeable reactive barrier. In order to promote this useful barrier to
the on-site application in the near future, some useful parameters, such as the suitable
value of applied potential for the electrode, hydraulic retention time, the efficiencies of
BTEX biodegradation, and the microbial communities within the carbon fiber electrode
will be organized in this pilot scale study on bioelectrochemical permeable reactive

barrier.





