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University of Macau

ABSTRACT

Bioremediation of Water Contaminated with BTEX, TPH, and TCE under Different
Environmental Conditions

by
Lei, Cheng Keng (Elena)

Thesis Supervisor: Prof. Hojae Shim

Master of Science in Civil Engineering

Many sites are polluted by a large number of mixed contaminants. As mixed
wastes, such petroleum/gasoline compounds as benzene, toluene, ethylbenzene, and three
isomers of xylene (BTEX) and such chlorinated compounds as trichloroethylene (TCE)
are among the most frequently found subsurface contaminants. Although many
technologies have been developed for the remediation of contaminated sites, only a few
of these technologies are applicable for mixed contaminated sites. Furthermore, even
though lots of studies have been done with the removal of BTEX (singly and in mixtures),
total petroleum hydrocarbons (TPH), or TCE (singly and in mixtures with other
chlorinated aliphatic compounds; using such substrates as toluene) individually,
unfortunately almost no study seems dealing with the interaction (stimulatory or
inhibitory to each other’s removal) among BTEX, TPH, and TCE when they exist in such
mixtures as BTEX/TPH and BTEX/TPH/TCE, especially under different environmental
conditions. Even for the BTEX compounds alone, when BTEX were present in mixtures,

the interaction results have been shown contradictory.



Since knowing their detailed fates / behaviours during removal process is
essential even before the remediation technology can be applied on site for the successful
remediation of contaminated environment, BTEX and TPH as the representative
petroleum hydrocarbons and TCE as the representative chlorinated hydrocarbon were
tested in lab-scale under different conditions for concentration, pH and temperature in
this study, to further elucidate the exact interaction during their bio-removal process

when they co-exist in mixtures.

vi



LIST OF FIGURES

Figure 3.1: Soil contaminated with gasoline compounds. ...........c.cceevveeerieeeiieeeiieeeiieeee, 7
Figure 3.2: pH meter (IN0Lab). .....c..ooeuiiiiiiieeieeee e 11
Figure 3.3: Autoclave (HIRAYAMA) ...ttt s 11
Figure 3.4a: Orbital shaker (IKA, KS 260 basic).. ....ccccceeveeeriiieiiieeiie e 11
Figure 3.4b: Orbital shaker (MAXQ 4450) .....oioiiiieeieeeiie et 10
Figure 3.5: Spectrophotometer (Spectronic, GENESYS 2). ...cccvvveerveeerveeeiereeeirieeereeesveeens 14
Figure 3.6: Gas chromatograph (Agilent, 6890N). .......cccoiieviiiiiiie e 16
Figure 3.7: Ion chromatograph (Dionex ICS 2500)..........ccciiiiiiiiiiiiii i 16
Fig A.1.1: Cell growth for microorganism 1 on mixture of BTEoX (350 mg/L) / TPH
(1,000 mg/L) / TCE (15 mg/L) in MSM at pH 5/25°C....ceoiiiiiiiiiiie e, 50
Fig A.1.2: Cell growth for microorganism 1 on mixture of BTEmX (350 mg/L) / TPH
(1,000 mg/L)/ TCE (15 mg/L) in MSM at pH 5/ 25°C......coiiiiiiiii e, 50
Fig A.1.3: Cell growth for microorganism 1 on mixture of BTEpX (350 mg/L) / TPH
(1,000 mg/L)/ TCE (15 mg/L) in MSM at pH 5/ 25°C........coiiiiiiiiiiiii e, 51
Fig A.1.4: Cell growth for microorganism 1 on mixture of BTEoX (350 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 7/25°C.........oiiieiiiiiiiei e, 51
Fig A.1.5: Cell growth for microorganism 1 on mixture of BTEmX (350 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 7/ 25°C.......coiiiiiiiiiiiiiieieee 52
Fig A.1.6: Cell growth for microorganism 1 on mixture of BTEpX (350 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 7/ 25°C........cccoiiiiiiiiiiiiiee e 52
Fig A.1.7: Cell growth for microorganism 1 on mixture of BTEoX (350 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 9/25°C.......ccoiiiiiiiiiiee e 53
Fig A.1.8: Cell growth for microorganism 1 on mixture of BTEmX (350 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 9/ 25°C.....ccoiiiiiiiiiiiiiiieiee, 53
Fig A.1.9: Cell growth for microorganism 1 on mixture of BTEpX (350 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 9/ 25°C........c.coiiiiiiiiiiiiiiieee, 54
Fig A.1.10: Cell growth for microorganism 1 on mixture of BTEoX (350 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 5/35°......oiiiiiiii e, 54
Fig A.1.11: Cell growth for microorganism 1 on mixture of BTEmX (350 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 5/35°C......coiiiiiiiiiiiiiie e, 55
Fig A.1.12: Cell growth for microorganism 1 on mixture of BTEpX (350 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 5/35°C.....coociiiiiiiiiiieiee e, 55
Fig A.1.13: Cell growth for microorganism 1 on mixture of BTEoX (350 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 5/35°C.....ccoiiiiiiiiiiiiieiee e, 56
Fig A.1.14: Cell growth for microorganism 1 on mixture of BTEmX (350 mg/L)/ TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 5/35°C... : .56
Fig A.1.15: Cell growth for microorganism 1 on m1xture of BTEpX (3 50 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 5/35°C......oiiiiiiiiiiiiie e, 57
Fig A.1.16: Cell growth for microorganism 1 on mixture of BTEoX (350 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 5/35°C.......ooiiiiiiiiiiiiiii e, 57

vil



Fig A.1.17: Cell growth for microorganism 1 on mixture of BTEmX (350 mg/L)/ TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 5/35°... .58
Fig A.1.18: Cell growth for microorganism 1 on mlxture of BTEpX (350 mg/L) / TPH
(1,000 mg/L), TCE (15 mg/L) in MSM at pH 5/35°C......ccoiiiiiiiiiiiiiiiiiee e 58
Fig A.1.19: Cell growth for microorganism 1 on mixture of BTEoX (350 mg/L) / TPH
(1,000 mg/L) in MSM at pH 5/25°C.. ....59
Fig A.1.20: Cell growth for mlcroorgamsm 1 on mlxture of BTEmX (350 mg/L)/ TPH
(1,000 mg/L) in MSM at pH 5/25°C.. .. .59
Fig A.1.21: Cell growth for mlcroorgamsm 1 on mlxture of BTEpX (3 50 mg/L) / TPH
(1,000 mg/L) in MSM at pH 5/25°%C.... .o e 60
Fig A.1.22: Cell growth for microorganism 1 on mixture of BTEoX (350 mg/L) / TPH
(1,000 mg/L) in MSM at pH 5/25°%C. .. cuinniene i 60
Fig A.1.23: Cell growth for microorganism 1 on mixture of BTEmX (350 mg/L)/ TPH
(1,000 mg/L) in MSM at pH 5/25°C.. .. .61
Fig A.1.24: Cell growth for mlcroorgamsm 1 on mlxture of BTEpX (3 50 mg/L) / TPH
(1,000 mg/L) in MSM at pH 5/25°%C. .. iiiniiiiiee it 61
Fig A.1.25: Cell growth for microorganism 1 on mixture of BTEoX (350 mg/L) / TPH
(1,000 mg/L) in MSM at pH 5/25°C.. ....62
Fig A.1.26: Cell growth for mlcroorgamsm 1 on mlxture of BTEmX (350 mg/L)/ TPH
(1,000 mg/L) in MSM at pH 5/25°C.. .62
Fig A.1.27: Cell growth for mlcroorgamsm 1 on mlxture of BTEpX (350 mg/L) / TPH
(1,000 mg/L) in MSM at pH 5/25°C.. ....63
Fig A.1.28: Cell growth for mlcroorgamsm 1 on mlxture of BTEOX (350 mg/L) / TPH
(1,000 mg/L) in MSM at pH 5/35%C ... i 63
Fig A.1.29: Cell growth for microorganism 1 on mixture of BTEmX (350 mg/L)/ TPH
(1,000 mg/L) in MSM at pH 5/35%C. ..ot 64
Fig A.1.30: Cell growth for microorganism 1 on mixture of BTEpX (350 mg/L) / TPH
(1,000 mg/L) in MSM at pH 5/35°C.. ....64
Fig A.1.31: Cell growth for mlcroorganlsm 1 on mlxture of BTEOX (350 mg/L) / TPH
(1,000 mg/L) in MSM at pH 5/35°%C . iu i 65
Fig A.1.32: Cell growth for microorganism 1 on mixture of BTEmX (350 mg/L)/ TPH
(1,000 mg/L) in MSM at pH 5/35°C.. .. ...65
Fig A.1.33: Cell growth for mlcroorgamsm 1 on mlxture of BTEpX (3 50 mg/L) / TPH
(1,000 mg/L) in MSM at pH 5/35°%C...nuiniiii e 66
Fig A.1.34: Cell growth for microorganism 1 on mixture of BTEoX (350 mg/L) / TPH
(1,000 mg/L) in MSM at pH 5/35°%C...uiniii e, 66
Fig A.1.35: Cell growth for microorganism 1 on mixture of BTEmX (350 mg/L)/ TPH
(1,000 mg/L) in MSM at pH 5/35°C.. .. .67
Fig A.1.36: Cell growth for mlcroorgamsm 1 on mlxture of BTEpX (350 mg/L) / TPH
(1,000 mg/L) in MSM at pH 5/35°%C. .. i e 67
Fig A.2.1: Removal efficiencies of microorganism 1 for benzene, toluene, ethylbenzene,
ortho-xylene, TCE, and TPH in mixtures of BTEoX/TPH/TCE after 144 hours of
incubation in MSM with conditions of pH 5/7/9 and 25°C........c.ccccoveeviiiiiiieeieeeeee 68

viil



Fig A.2.2: Removal efficiencies of microorganism 1 for benzene, toluene, ethylbenzene,
ortho-xylene, TCE, and TPH in mixtures of BTEoX/TPH/TCE after 144 hours of
incubation in MSM with conditions of pH 5/7/9 and 35°C........ccccccoviiviiiiiiieeieeeeeeee 68

Fig A.2.3: Removal efficiencies of microorganism 1 for benzene, toluene, ethylbenzene,
meta-xylene, TCE, and TPH in mixtures of BTEmX/TPH/TCE after 144 hours of
incubation in MSM with conditions of pH 5/7/9 and 25°C..........ccccovveeviiiiiiieeieeeieeee 69

Fig A.2.4: Removal efficiencies of microorganism 1 for benzene, toluene, ethylbenzene,
meta-xylene, TCE, and TPH in mixtures of BTEmX/TPH/TCE after 144 hours of
incubation in MSM with conditions of pH 5/7/9 and 35°C........cccccooviiviiiiiiieiiieeeeee 69

Fig A.2.5: Removal efficiencies of microorganism 1 for benzene, toluene, ethylbenzene,
para-xylene, TCE, and TPH in mixtures of BTEpX/TPH/TCE after 144 hours of
incubation in MSM with conditions of pH 5/7/9 and 25°C............ccoveeviiiiiieeicieeeieeee 70
Fig A.2.6: Removal efficiencies of microorganism 1 for benzene, toluene, ethylbenzene,
para-xylene, TCE, and TPH in mixtures of BTEpX/TPH/TCE after 144 hours of
incubation in MSM with conditions of pH 5/7/9 and 35°C...........ccoveeviiiiviieecieeeieeee 70
Fig A.2.7: Removal efficiencies of microorganism 1 for benzene, toluene, ethylbenzene,
ortho-xylene, and TPH in mixtures of BTEoX/TPH after 144 hours of incubation in
MSM with conditions of pH 5/7/9 and 25°C........c.coooviieiiiiiieie et 71

Fig A.2.8: Removal efficiencies of microorganism 1 for benzene, toluene, ethylbenzene,
ortho-xylene, and TPH in mixtures of BTEoX/TPH after 144 hours of incubation in
MSM with conditions of pH 5/7/9 and 35°C......cccooiiiiiieeeee e 71

Fig A.2.9: Removal efficiencies of microorganism 1 for benzene, toluene, ethylbenzene,
meta-xylene, and TPH in mixtures of BTEmX/TPH after 144 hours of incubation in
MSM with conditions of pH 5/7/9 and 25°C...........coovieeiiiiiieee et 72

Fig A.2.10: Removal efficiencies of microorganism 1 for benzene, toluene, ethylbenzene,
meta-xylene, and TPH in mixtures of BTEmX/TPH after 144 hours of incubation in
MSM with conditions of pH 5/7/9 and 35°C..........ooiiiiiiiieeeeeee e 72

Fig A.2.11: Removal efficiencies of microorganism 1 for benzene, toluene, ethylbenzene,
para-xylene, and TPH in mixtures of BTEpX/TPH after 144 hours of incubation in MSM
with conditions of pH 5/7/9 and 25°%C.........cccciiuiiiiiiiiiiiice et 73

Fig A.2.12: Removal efficiencies of microorganism 1 for benzene, toluene, ethylbenzene,
para-xylene, and TPH in mixtures of BTEpX/TPH after 144 hours of incubation in MSM
with conditions of pH 5/7/9 and 35°C.........oooiiioiiieeeeee e 73

Fig A.2.13: Removal efficiencies of microorganism 2 for benzene, toluene, ethylbenzene,
ortho-xylene, TCE, and TPH in mixtures of BTEoX/TPH/TCE after 144 hours of
incubation in MSM with conditions of pH 5/7/9 and 25°C........ccccccoviivciiiciiiecieeeeeee 74
Fig A.2.14: Removal efficiencies of microorganism 2 for benzene, toluene, ethylbenzene,
ortho-xylene, TCE, and TPH in mixtures of BTEoX/TPH/TCE after 144 hours of
incubation in MSM with conditions of pH 5/7/9 and 35°C........cccccoeviiviiiiicieiieeeeee 74
Fig A.2.15: Removal efficiencies of microorganism 2 for benzene, toluene, ethylbenzene,
meta-xylene, TCE, and TPH in mixtures of BTEmX/TPH/TCE after 144 hours of
incubation in MSM with conditions of pH 5/7/9 and 25°C........cccccoviiviiiiniieiieeeiee e 75

X



Fig A.2.16: Removal efficiencies of microorganism 2 for benzene, toluene, ethylbenzene,
meta-xylene, TCE, and TPH in mixtures of BTEmX/TPH/TCE after 144 hours of
incubation in MSM with conditions of pH 5/7/9 and 35°C........cccccoovieviiiiiiieiieeeieee 75
Fig A.2.17: Removal efficiencies of microorganism 2 for benzene, toluene, ethylbenzene,
para-xylene, TCE, and TPH in mixtures of BTEpX/TPH/TCE after 144 hours of
incubation in MSM with conditions of pH 5/7/9 and 25°C..........ccccovveeviiiiiiieeieeeieeee 76
Fig A.2.18: Removal efficiencies of microorganism 2 for benzene, toluene, ethylbenzene,
para-xylene, TCE, and TPH in mixtures of BTEpX/TPH/TCE after 144 hours of
incubation in MSM with conditions of pH 5/7/9 and 35°C........cccccooviviiiiiiiieeiieeeeee 76
Fig A.2.19: Removal efficiencies of microorganism 2 for benzene, toluene, ethylbenzene,
ortho-xylene, and TPH in mixtures of BTEoX/TPH after 144 hours of incubation in
MSM with conditions of pH 5/7/9 and 25°C........oooeiiiiiiiieiieeee et 77
Fig A.2.20: Removal efficiencies of microorganism 2 for benzene, toluene, ethylbenzene,
ortho-xylene, and TPH in mixtures of BTEoX/TPH after 144 hours of incubation in
MSM with conditions of pH 5/7/9 and 35°C.....cccieoniiiiiiiiiiiieecie e 77
Fig A.2.21: Removal efficiencies of microorganism 2 for benzene, toluene, ethylbenzene,
meta-xylene, and TPH in mixtures of BTEmX/TPH after 144 hours of incubation in
MSM with conditions of pH 5/7/9 and 25°C.........ccooviieiiiiiieiie e 78
Fig A.2.22: Removal efficiencies of microorganism 2 for benzene, toluene, ethylbenzene,
meta-xylene, and TPH in mixtures of BTEmX/TPH after 144 hours of incubation in
MSM with conditions of pH 5/7/9 and 35°C......cccoomiiiiiiieee et 78
Fig A.2.23: Removal efficiencies of microorganism 2 for benzene, toluene, ethylbenzene,
para-xylene, and TPH in mixtures of BTEpX/TPH after 144 hours of incubation in MSM
with conditions of pH 5/7/9 and 25°C....c.cuuiiriieiiiiiiieeeeeeee et 79
Fig A.2.24: Removal efficiencies of microorganism 2 for benzene, toluene, ethylbenzene,
para-xylene, and TPH in mixtures of BTEpX/TPH after 144 hours of incubation in MSM
with conditions of pH 5/7/9 and 35°C.....ccu.ciiiiiiiiii e 79



LIST OF TABLES

Table A.1: Composition of crude oil and refined products (LUST, 1988).......ccccceeuve.e 38

Table 4.1.1: Removal efficiencies (%; average of replicates) of Microorganism 1 (Macao)
for BTEX (350 mg/L) and TPH 1000 mg/L mixtures at different temperatures and pHs..
.......................................................................................................................................... 39

Table 4.1.1a  Removal efficiencies (%; average of replicates) of Microorganism 1
(Macau) for BTEompX 417 mg/L and TPH 1000 mg/LL mixtures at 25/35°C and pH

Table 4.2.1: Removal efficiencies (%; average of replicates) of Microorganism 2
(Xiamen) for BTEX 350 mg/L and TPH 1000 mg/L mixtures at different temperatures
and pHS. ... 0.7 0 ... el . ... 5 Y e oo, 40

Table 4.1.2: Removal efficiencies (%; average of replicates) of Microorganism 1 (Macau)
for BTEX 350 mg/L, TPH 1000 mg/L and TCE 15 mg/L mixtures at 25°C and pH 5/7/9
along with generated chloride concentrations (In ME/L). ....cccveveviviiiniieeiiieeiee e 41

Table 4.1.3: Removal efficiencies (%; average of replicates) of Microorganism 1 (Macau)
for BTEX 350 mg/L, TPH 1000 mg/L and TCE 15 mg/L mixtures at 35°C and pH 5/7/9
along with generated chloride concentrations (in m@/L)...........c.ooeiiiiiiiiiiiiinnnnnn.. 42

Table 4.1.3a  Removal efficiencies (%; average of replicates) of Microorganism 1
(Macau) for BTEompX 417 mg/L, TPH 1000 mg/LL and TCE 15 mg/L mixtures at
25/35°C and pH 5/7/9 along with generated chloride concentrations (in mg/L)............ 43

Table 4.2.2: Removal efficiencies (%; average of replicates) of Microorganism 2
(Xiamen) for BTEX 350 mg/L, TPH 1000 mg/L and TCE 15 mg/L mixtures at 25°C and
pH 5/7/9 along with generated chloride concentrations (in mg/L).. ....c.ccccvvveveieercrreennnenn. 44

Table 4.2.3: Removal efficiencies (%; average of replicates) of Microorganism 2
(Xiamen) for BTEX 350 mg/L, TPH 1000 mg/L and TCE 15 mg/L mixtures at 35°C and
pH 5/7/9 along with generated chloride concentrations (in mg/L)............ccccc.ooeeean... 45

Table 4.3.1: Dissolved oxygen difference (%; average of replicates) of MO 1 (Macao)
and MO 2 (Xiamen) for BTEX 350 mg/L, TPH 1000 mg/L and TCE 15 mg/L mixtures
at different temperatures and PHS. ... ... 46

x1



Table 4.3.2: Dissolved oxygen difference (%; average of replicates) of MO 1 (Macao)
and MO 2 (Xiamen) for BTEX 350 mg/L - 417 mg/L and TPH 1000 mg/L mixtures at
different temperatures and pHS...........oiiii i e 47

Table 4.3.3: pH difference (%; average of replicates) of MO 1 (Macao) and MO 2
(Xiamen) for BTEX 350 mg/L, TPH 1000 mg/L and TCE 15 mg/L mixtures at different
temperatures and PHS. ...t e 48

Table 4.3.4: pH difference (%; average of replicates) of MO 1 (Macao) and MO 2

(Xiamen) for BTEX 350 mg/L - 417 mg/L and TPH 1000 mg/L mixtures at different
temperatures and PHS. ... 49

xii



BH medium
BTEX
DO
D.W.
EPA
GC

IC

pL
mL
mol
MSM
MOs
mX
NB
OD
ORE
oX

pX

TPH

LIST OF ABBREVIATIONS

Bushnell-Haas medium

Benzene, Toluene, Ethylbenzene, and Xylenes
Dissolved Oxygen

Distilled Water

Environmental Protection Agency
Gas Chromatography

Ion Chromatography

Microliter

Milliliter

Molarity

Mineral Salts Medium
Microorganisms

meta-Xylene

Nutrient Broth

Optical Density

Overall Removal Efficiency
ortho-Xylene

para-Xylene

Revolutions Per Minute

Total Petroleum Hydrocarbons

xiil



UST Underground Storage Tank

uv Ultra Violet
viv Volume / Volume
w/wW Weight / Weight

Xiv



ACKNOWLEDGEMENTS

There are many people who helped and spent time and effort in assisting me to
finish my master thesis. I would like to express my sincerest thanks to all of my

preceptors and friends.

I wish to express my great appreciation to my supervisor, Professor Hojae Shim,
who patiently guided me in my research. Professor Hojae Shim is not only an advisor on
my research, but also a mentor to my working attitude. He sets a good example with his
own conduct as well as his working attitude on both academic work and daily life. The
author would like to give special thanks to Professor Shim for his teaching during these

years.

Professor Zhi Shi Wang. His sincerity to act as the chairman in the examination
committee is highly appreciated. His proficiency in examining this thesis helps to

improve the quality of this thesis considerably.

Dr. Andy Ip. His sincere kindness of being the examiner in the exam is highly
appreciated. His kind advice and guidance helps me to improve. His genuineness to let
me utilize the equipments and instruments in the Chemistry Laboratory made this project

to proceed more smoothly and efficiently.

Professor Shek-Kiu Chan. His help solidifies the content of this thesis
considerably. His sincerity to allow me to use the resources in the Chemistry Laboratory

enabled the experiments to be carried out successfully.

XV



I have had the privilege of working with many kind graduate students. They not
only have aided my research, but many have also become good friends. 1 truly
appreciated Miss Shan Shan Dong (Emily), Miss Yi Qin Chen (Celery), and Mr. Sai Wa
Nip (Edward) for their help to my research work.

Mr. Seng Fai Choi (Derek) and Mr. Kin Pong Iu (Dickon), their kind guidance
and help for the basic experimental technology are highly appreciated.

I have enjoyed the privilege of working alongside Mr. Jun Hui Li (Tim). Tim was
integral in the setup and analysis of my research work, and his kindness encouragement

gave me the strength when I had problems.

Thanks University of Macau Research Committee & Macau Science &

Technology Development Fund (FDCT) for their financial support.

Last but not the least, special thanks are due to my family and friends who helped

me transition through my time in graduate school with their love and encouragement.

I wish them all the best as they continue in both their research endeavors and

future works.

xvi



Chapter 1: Introduction

In recent decades, the rapid industrialization and urbanization increased the usage
of organic compounds, and the accidental spillage and leaking of these compounds as
environmental contaminants is unavoidable. Major causes of crude oil-contaminated soil
include leaking storage tanks and pipelines, land disposal of petroleum waste, and
accidental or intentional spills. Those sites are usually polluted by a large number of
mixed contaminants, for examples. Such petroleum/gasoline compounds as benzene,
toluene, ethylbenzene, and three isomers of xylene (ortho-, meta-, and para-), known as
BTEX, and such chlorinated compounds as trichloroethylene (TCE) are among the most

frequently found subsurface contaminants.

Among all those remediation technologies available to remove contaminants from
water and soil, bioremediation is considered one of the most economical and
environmentally sound sustainable treatments. Bioremediation is using indigenous
microorganism to degrade the contamination in the environment and the microbes under

applicable environmental conditions will clean up the pollutants.

Although many studies have been developed for the remediation of contaminated
sites, only a few of these studies are applicable for mixed contaminated sites, which is
more practical to the real situation of environmental contamination. Furthermore, even
though lots of studies have been done with the removal of BTEX (singly and in mixtures),
Total Petroleum Hydrocarbons (TPH), or TCE (singly and in mixtures with other
chlorinated aliphatic compounds; using toluene as substrates) individually, almost no
study seems dealing with the interaction (stimulatory or inhibitory to each other’s
removal) among BTEX, TPH, and TCE when they exist in mixtures, especially under
different environmental conditions. It is very important and necessary to know the
detailed behaviors during removal process, which will help for applying the remediation

technology on site for the successful remediation of contaminated environment.



