Bioremediation of Water Contaminated with
BTEX, TPH, and TCE

by

Ma, WeiEmma)

A thesis submitted for partial fulfillment of the requirements for the

degree of

Master of Science in Civil Engineering

Faculty of Science and Technology
University of Macau



CONTENT

VT A ettt e e e es s eaass s aane b maaee et seaeeeaaaeseaeaeeas n et atsanneranaeeaasaameannasaeenaans i
ABSTRACT oo, eeee et e e e s eeta et eer e s e ee s e ee st st ea iii
LIST OF TABLES ..o vvevtvttecoritimieessssrereesssssesssssesasssstsssssess sesssesssssssnsssassssnss sesamesmssmenanes v
-

LIST OF FIGURES. ...t oottt vt e sisstsesstttasssasssssesssemtmeseasbsssnee e e stemsesmeennssneenns vi
LIST OF ABBREVIATIONS . ..ottt eseereeeessvessessessansssssssttesssssssontantesessersssssnees viii
ACKNOWLEDGEMENTS ..ottt teeeseeeeeaseaeesssasseesesseseassesstsesssassssnssseresessasssssess ix
Chapter 11 INtroduetion..........cociieiirrcreeeeeeetece e e e recesie e e besaeessboseesboseennensennsnsans 1
Chapter 2: Literature REVIEW ..........cccoieeiviieiciene et cesessese st e essessssnssssssessas 3
Chapter 3: Bio-Removal of BTEX, TPH, and/or TCE.............c.ocvviiniiiiiiiriiinnn 7
3.1 Bio-Removal of BTEX 10 MK URE: «.oeeiinie ettt et e e e e e eees 7
3.1.1 Materials and Methods:. ....ovur ittt e e e et e e e rea e es 7
3.1.2 Results and DISCUSSION ....uicieiiiireessmiirentsenresiressesssssssnssasssssssnaressassses sressosssssssssossssmasterssssssssasse sase 15

3L 3 CONCIUSION 11 veisieeiecssriresstis e e e s snes s nsssbessres sensaseasesssis et sasne saassassama sbastatssesbasbanesems bemesmeenerenraes 16

3.2 Bio-RemoOval Of TPH .....covuviiciniiniiiciieer e eetsetemeeeeeeaeaaaneesseaaenessassessnsnessansnessnes 17
3.2.1 Materials and MEthods: ... rieeeeereersessssssssssssssssssssssessssessssessssaressasssssnsssssesnsesentosnesesseesessesrsmses 17

3.2.2 ReSUIS AN DHSCUSSION .viirereeiriiceereireeressisressmrsenesesssssestonssssssssrsssassasesessssaseases sssssnt sessessnstrasan 18

32 3 OMIC IS 0N tees vt sreerer e r e e sae e sbe s s e ea bbb e sbs st s e s e84 50800t 8 8 14 m b et 14 50mbdhe e e make et Samamed o s nesmeee 19

3.3 Bio-Removal of Mixture of BTEX and TPH:..vecivviviiiiesinriiinisericssssosesrsnssnsesssssens 20
3.3.1 Materials and Methods: e iirinireisesissssssieesnses st esmrasssses srabessiasssoss sraseasssssssssin soss sesmmenns 20

3.3.2 ReSUMS AN0 DiSCUSSION cuvretesiiriisiesieiessssisasisae seaseeessts sessessssin sosssssses sesss sbssmassamsinsbbssmmtinsentesnnsssane 21

3.3.3 CONCIUSION: ... e ceectetietiesiesi et ieti st e e evreesessenssasrseaeresssesnsssesnnssssnsnsrssressesanensenssnssassrssereeresssassrens 22

3.4 Bio-Removal of Mixture of BTEX and TCE:...uuuiiiiiiieiceiicreienrereesssssseesasessssnans 22
34,1 Materials and MEtROAS: ...t s rre s s ras s eessanssbee s resstsnessinr sssessarsrensesmisnsesassnanes 23

3.4.2 ReSults And DiSCUSSION: iirietieiieteeieeeecseeerersrrsereereessrssrsssasnssntssnessressrsssssssomebrstinsressastsssenrrstessonsan 24

Ji.3 COMCIISION .. eevcrerrerieiensssnre s s ararsnse s smran s satesassssessesssnesnassnres suessnsssnssrsssnssarsnsssessansnsnrassssnnsessnsosare 28

3.5 Bio-Removal of Mixture of BTEX, TPH, and TCE:........vvvvionvieircrrreremrcrrensrneenses 29
3.5.1 Materials and Methogs: it ecercrvreesnrsameaecarsreesssesare e smssenmssssasesesssnbin b et tastmnssastnstarsnen 29

3.5.2 ReSUILS G110 DIiSCUSSION: ..vvvievireresrrieisnreseissseessscossereasssessnstessasensssastesssestorsssassssnsesssssarsrnessasesseraren 30
Chapter 4: Grand Conclusion ..............ccoivrnrniiiienn e e sreseerseeensaees 33
Chapter 5: Suggestion for Future Research ............ccccooveveieiii s enceersenns 34
BibLOBIAPhY covvieriiiinieiiiii ittt e rent st s st es e n e e erann e 35



