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Laboratory-scale Microcosm Studies in Assessing
Enhanced Bioremediation Potential of BTEX and MTBE
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Accidental release of petroleum products from underground storage tank(USTs) is one of the most
common causes of groundwater contamination. BTEX is the major components of fuel oils, which are
hazardous substances regulated by many nations. In addition to BTEX, other gasoline consituents such
as MTBE(methyl-t-buthyl ether), anphthalene are also toxic to humans. Natual attenuation processes
include physic, chemical, and biological trasformation. Aerobic and anaerobic biodegradation are
believed to be the major processes that account for both containment of the petroleum-hydrocarbon
plum and reduction of the contaminant concentrations. Aerobic bioremediation has been highly
effective in the remediation of many fuel releases. However, Bioremediation of aromatic hydrocarbons
in groundwater and sediments is ofen limited by the inability to provide sufficient oxygen to the
contaminated zones due to the low water solubility of oxygen. Anaerobic processes refer to a variety
of biodegradation mechanisms that use nitrate, ferric iron, sulfate, and carbon dioxide as terminal
electron acceptors. The objectives of this study was to conduct laboratory-scale microcosm studies in
assessing enhanced bioremediation potential of BTEX and MTBE under various electron
acceptors(aerobic, nitrate, ferric iron, sulfate) in contaminated Soil. these results suggest that, presents
evidence and a variety pattern of the biological removal of aromatic compounds under enhanced
nitrate-, Fe(II)-, sulfate-reducing conditions.
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Eded U fFEdEs vl 3 2 AEEAAEN o]8-E= MTBE(Methyl tert-Butyl
Ether)?} 3if2o F8 FAALEA FAlo et T2 2 ietEAd 2 w|a S A (US. EPA)lA]
= $AAeE AMHejEelol & 8 29EAZ §FE = BTEX(Benzene, Toluene, Ethylbenzene, o-,
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Ae Atae] HAlz AEs7E ALY A NOs, Fe, SO% CO, 22 AR44A(EA; Electron
Acceptor)7} wlAEo] 23] o]8= v, Methanogenic Conditionellx]e] u}skE  eb3laA(aromatic
compounds) AR 7ledo]l Bx Hu ok webd £ drelAe APA 2o 384 AYe
3t 314 2 714 Al oeFt AL AE 0]-87 BTEXSE MTBE®] AJd-slsel ¥
HAZxZ Yot g, 4 A4 =4S AEs= st
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£ A7dAE 72 299 39T L95A G 1G] EckEAM o9¥ Bk 2RV
2L Aoz o]43lr] slel B AxEA 4L U4 AHE 1= ol ARHE = AL F
Aartrz G2\AA 27|55 A9H o2 sl Qi Axeg-Ae AaulE FHAY A
ol4¥ RE ZAF+ 121T, 208 5 BEE, AF F ARA vIAE vk wAEr] A8
120mL%] amber serum bottleg o]-&3}¢ith 120mL amber serum bottleo]] EoF 10g wioke] 50ml,
gz JHxE 2718 A& F teflon-silicon septa®} aluminum crimp capo & wotch 28]a 74
Z7A¢ WEAF7] 98 @F7IAE headspaceE 208 FoF A ALE AAsIE(DO<
0.2mg/L) 7] 2¥9%¥%+ BTEX+E 77}t 100uM, MTBE+= 50uMZ Z43}gc}t. BTEXe} MTBES] &
718}l 7103t AApGER K NOs,, Fe”, SO.2 )& 33t k24 FA ) wat A4bste] bottled] 4]
g F, oF 297 FAA 2A0lA 25TelA 150rpmoE Aek7|oA wiefsiiA A 717 el BTEX
¢} MTBE®] &3&& #alslgict pHE 73032 FA3tgdch =3 77k KNO;, Na;SOs, Fe(OH):E ARS-
sto] A, 44, DY FEE Asg e, deekEd IAT ol&A4 AAd 87E Eue
7t o] F& FEE s Ay Al4slgich BTEX, MTBES| #sjAH2 wikd EvAES
HZE g oA 71E v FY A Adsdn 449 Adze wet Aad Fest
LE2A4FEE FEjste] Agsigch AT EAE SAH] e YT bottled] PIFEY BFE
W sle Q3b-&(HeCl) 500mg/LE ¥ vl A Y-S Alshatict.

BTEXS$} MTBE £41-& 2%o]237%7|(FID)2} HP-5 ## o] A3tEl gas chromatography (HPS8 90
0)E ol&slsict 10040 gas-tight syringe(Hamilton)Z 50u09] A|2E MF3sle] GColl F<3iich
GCY $+AZAL E, F¥, 1elx 7E7]e 2=+ 80T, 250TC, 250C 24 $22o2 +4384l
t}. MTBE, benzene, toluene, ethylbenzene, p-xylene®] w|FE-EA|7k2 2tz 4.00, 4.77, 6.40, 9.30, 9.70
min oglch. =3 EoFststEAe] oAl ®F F NOy,, Fe(ll), SO°& ¥4 st Ad ¥= &
-2 HACH DR/4000U SpectrophotometerZ ©]-4-3}od optical de nsity(OD)E 550nmol|A] 23} stsich
83l 344+ YSI 58 Portable DO Meterg AH8-313ict.
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Alggel] o188 75 29 EoF ¥ 9= & B9 i} kR ZA3 % BTEXS MTBES] 7]
29 %S Table Lol Aol it 4x9 2R 2ok A Fibd EJolsleH, CAAH EFE Al
g vh=x Eoolx BTEXSH MTBES] £3& #1¥ 4 glalch 4% =9k %% N0y, SO77F 2.9
=] ¢4 CA Ao vls) #A3] Yz Fe(IDY F5rt 7 Hebd ZAoZ vjFe] ABDAA A EAD|A
Bol oJ&k f7ed AEr) 2us] AL & 4 gl Fig. 1.~Fig. 5.+ Iron-reducing 27104
4x199] 2w gl 23 BTEXe} MTBES] MEallE 779 A2 Jehd Aol
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Table1. Laboratory analytical results for four soit samples.

site A B C D
pH 5.91 5.31 4.90 5.57
NO;, (mg/L) 1.8 2.6 9.6 24
SOs* (mg/L) 12 22 69 11.6
Iron(II)(mg/L) 48 22 0.8 32

Fig.1.-& Iron-reducing ZZ o)A benzened] AE-3S HFc) 13 el &2 32 244 A, B, C, D
Age] 0.047, 0.17, 0.025, 0.026d"'2Z ARAY =oke] Rsigo] 7 EA Jehdch Fig2.e
Iron-reducing ZZ |4 toluened] AE-3|S BojFEth 13 E&89 32 77 A, B, C, DA|Ho]
0.021, 0.021, 0.85, 0.038d" & BAY EoFe] Balgo] 71 Eoton, Aoz ofE Eoforje 2
&2 JA vepytel Fig3.& Iron-reducing 274 ethylbenzened] AEHE HoET) 13 E3&
g} & 77 A, B, C, DAR]9e] 0.025, 0.022, 0.07, 0.046d" = CAlY xc¢ko] Rggo] 71A =4
ehydch. Fig.42 Iron-reducing Z71el|A] p-xylene®] AE3E nAFEc) 13 Ea)&9 32 Zb7 A, B,
C, Dx]9e] 0.013, 0.013, 0.016, 0.018d" 2 RE Eokoji] HAlgt A%s 7Hse Bch Figss
Iron-reducing 7oA MTBES] A¥3]& BolFEc) 1z Fa-89 g2 747 A, B, C, DX|¥¢] 0.016,
0.002, 0.005, 0.006d-1 & AX|d Ecofe] E&go] /P4 =9 Z=2 v)Fo] E u, MTBE 3] u}e)
glote} I} ofE Al vl & AR Ak MTBE: BTEXHtE AE& o] A5S &
4 ALtk AR olA MTBES] F% Ztiel abE djEA-Qd F4HEQd TBAY AL st Z3ct

Fig.6.«= 278 A|AollA] BTEX$ MTBEE A&3| 3t= 53 Fe(llDS o] 8o g3t A4
Fe(ID9] s=37le AR $A4F Jepdch 27] Fe(l)®] F=Atols 2dxHel| Fe(ll2] o]-§o
71918 Aot Fe(IDQ 4n] 4% A>B,C>DE Jelyc)
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Fig.1. Biodegradation of benzene under iron-reducing [Fig.2. Biodegradation of toluene under iron-reducing

conditions for four sites. conditions for four sites.

iron-reducing conditions for four sites.

conditions for four sites.

Ethylbanzene p-Xylene
c _ 120 [
° s 100 L > :
s T eo \’JT\*\ : c
c E 60 ._—:y‘i;‘"— > s D
1) s 490
c e
o o 20
(4] (& 0
10 20 30 40 V) 10 20 30 a0
Time(Days) Time(Days)
Fig.3. Biodegradation of ethylbenzene under Fig.4. Biodegradation of p-xylene under iron-reducing
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Fig.5. Biodegradation of MTBE under iron-reducing Fig.6. Effect of Ferric iron on BTEX and MTBE
conditions for four sites. degradation under iron-reducing conditions for
four sites.

Fig. 1.~Fig. 6.2 2%¥€] Iron-reducing ZA3%}el|4] LFEAe] wlE F&-8S toluene>ethylbenzene>
benzene>p-xylene>MTBE 2.2 o]gl o, toluenes} ethylbenzenes= C,DX|Y EoFo|A] E3Eo] ¥
9k, benzeneZ MTBEE: AR Eofolla] Halgo] &4 ekt

ol2e] AFE AEdH, AA, LAEST v|LY EdA FEY AAFLAY EAle FRLEE
A ARsS F7HIA 4 AdS dokoh E4, BTEXe| vls] MTBES] #3j7} w9 =3& &l
shoich. AE2Hog {5l s 29% diF-Ee Fr1A EoFlA ookt AAegAY Exle B
g A3 AEHE F7HTe UL R o]8d F Sl5S TAHASE ¥ 4 sl
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