
LITERATURE REVIEWS
2.1 Fluorene, fluoranthene, pyrene and other polycyclic aromatic 
hydrocarbons (PAHs)

Fluorene, fluoranthene and pyrene are m em bers o f  p o lycyc lic  aromatic 
hydrocarbons (PA H s), w hich  generally arrange with tw o or m ore fused aromatic rings 
in linear, angular or clustered shape. PA H s are hydrophobic substances and their 
persistence in the environm ent is ch iefly  because o f  their low  water so lub ility  (C em iglia , 
1992, and Juhasz and N aidu, 2000).

2.1.1 Chemical structure

C H A P T E R  2

Fluorene, fluoranthene and pyrene con sists o f  three or m ore fused benzene  
rings as show n Figure 2.1.

Fluorene Fluoranthene Pyrene

Figure 2.1 C hem ical structures o f  fluorene, fluoranthene and pyrene

16 PA H  including naphthalene, acenaphthylene, acenaphthene, 
phenanthrene, anthracene, fluorene, fluoranthene, chrysene, pyrene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, in d e n o (l,2 ,3 ,๗ ) pyrene, 
dibenzo(a,h)anthracene and benzo(g-,/z,z')perylene com pounds w ere c la ssified  by the บ .ร . 
Environm ental Protection A g en cy  ( บ .ร . EPA) as the priority pollutants to be rem oved  
from environm ents. The structures o f  those PA H s w ere show n in Figure 2.2.
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Figure 2.2 C hem ical structures o f  16 PA H s o f  บ .ร . EPA  priority pollutants
(Fleurat-Lessard e t a l., 1999)

2.1.2 Source of PAHs

P A H s, including fluorene, fluoranthene and pyrene can be formed  
naturally, for instance, during thermal geo lo g ic  reactions associated  w ith fossil fuel and 
mineral production, and/or during burning o f  forest (Blum er, 1976, W ilson  and Jones, 
1993). H ow ever, hum an activities, w hich lead to generate and distribute significant 
quantities o f  P A H -contain ing materials, are sum m arized in Table 2.1 .



Table 2.1 Human activ ities associated w ith the PAH  productions 
(C em ig lia , 1992 and W ilson and Jones, 1993)
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Anthropogenic activities

A sphalt production  
Carbon-black production  
Coal-tar/coal-tar-pitch production  
C oke production
F uel/o il storage, transportation, processing
G asification/liquefaction o f  fossil fuels
Heat and pow er generation by using fossil fuels
Incineration
L andfill/w aste dumps
Open burning (tires/refuse/coal etc.)
R efin ing/d istillation  o f  crude oil and crude o il derived products 
W ood-preservative (e.g . creosote) production  
W ood-treatm ent processes

2.1.3 Occurrence of PAHs

P A H s can be found w id ely  in the diverse environm ents such as air (Lim e t 
a l., 1999), so il (B ogan  e t  a l ., 1999), and water (K analy and H arayama, 2000). PAH s 
have been detected in the aquatic organism s (D eshpande e t a l . ,  2 0 0 2 , and W hite and 
Triplett, 20 0 2 ), and vegetab les and fruits (W agrow ski and Hitrs, 1997 and Camargo and 
T oledo, 20 03 ). PA H s w ere contam inated into aquatic environm ents through industrial 
discharges, petroleum  sp ills, autom obile exhausts, urban ru n off and atm ospheric fall out 
(N eff, 1979, H offm an e t a l ., 1984, Latimer, e t a l ., 1990 and Sim ck, e t  a l ., 1996). Various 
PA H s can b e detected in lake and river sedim ents from m any countries as show n in Table
2 .2 .



Table 2.2 PA H  concentrations (ng/g , dry w eight) from  surface sedim ents from various international locations

Locations Acenapthylene Acenaphthene Fluorene Phenanthrene Fluoranthene Pyrene Benzo(k)
fluoranthene

Benzo(a)
pyrene

Benzo(g,h,i)
perylene References

Australia
Brisbane river 110-1490 340 -2340 320-2260 80-350 170-1060 170-680 Kayal and 

Connell, 1989.
Europe
Tamar Estuary 10-710 40-2260 60-2050 60-2330 60-1230 30-820 Readman et
(UK) a l , 1986.

Jamesanvessi <5-1740 <5 -16780 190-33780 2610-188840 2320-29530 <5 <5 —490 <5 -20000 Hyôtylainen
Lake (Finland) and Oikari,

1998.
Irish sea 2-28 4-123 4-156 3 -117 3-113 Charlesworth

et a l , 2002.

USA
San Joaquin 0.1-0.2 0.1-0.5 0.2-1.2 0.5-29 0.4-100 0.3-91 0.1-36 0.4-76 0.4-61 Pereira et a l ,
River 1996.
(California)
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In Thailand, several researches also revealed that P A H s can be found  
contam inated in various environm ents as described in Table 2.3

Table 2.3 P A H s in various environm ents o f  Thailand

P A H s
A ir3

(dusts, pg/g)
S o ilb

(pg /k g)
S ed im en ts0

(m g/kg)
N aphthalene 16.5
A cenaphthylene 1.0

A cenaphthene 1.0

Fluorene 1.2

Phenanthrene 2.3 10.3
Anthracene 1.2

Fluoranthene 131.2 10.3
Chrysene 8.5
Pyrene 61.3 10.6

B enzo(a)pyrene 24.9 5.5 20 -8 9 .6
B enzo(e)pyrene 8.2

Benzo(a)anthracene 5.0
Perylene 14.3
Dibenz(a,h)anthracene 1.3
B enzo(k)fluoranthene 15-66.1
Benzo(b,j,k)fluoranthene 14.2
B en zo(g ,h ,i)pery len e 11 .8 100-282.5
Indeno 8.4

a K arlsson and Frejd, 2003  
b W ilcke, e t  ท/., 1999  

c Patarasiriwong and B oon yoy , 2002
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O w ing to their lo w  solubility and high octanol/w ater partition coefficient 
(Kow), contam inated P A H s tend to associate w ith particular m aterial. T hey therefore 
accum ulated in bottom  sedim ents, which can be a long-term  reservoir o f  hydrophobic 
pollutants (Prahl and Carpenter, 1979, Lee, 1980 and B ixian e t  a l . ,  2001). These 
accum ulated pollutants cou ld  be transferred into the food  chain through the 
bioaccum ulation and b iom agnification  effects (A dam o e t a l ., 1997, Brunson e t  a t., 1998)

2.1.4 Exposure routes

T oxica l Profile Information Sheet (A gen cy  for T o xic  Substance and 
D isease R egistry [A T S D R ], 1995) reported that human can be exp osed  to PAH s with 
various w ays as fo llow in g; breathing contam inated air containing sm ok e from fireplaces, 
w ood  stoves, furnaces burning coal or oil and from food preparation, eating sm oked or 
charbroiled m eat and fish , sm oking tobacco products, inhaling veh ic le  exhaust, inhaling 
fum es from w orking w ith  coal tar and asphalt, and w orking near charbroiling and high  
temperature frying equipm ent. A lthough the direct exposure o f  PA H s contaminated  
sedim ent has less  opportunity, it can alternately com e to contact w ith  human via the diet 
in food chain as p reviou sly  described.

2.1.5 Toxicological properties

The contam ination o f  PAH s is a great concern due to the fact that m any low  
m olecular w eigh t com pounds; one-, tw o-, and three-ring, are acutely tox ic  (S im s and 
O vercash, 1983), w h ile  higher m olecular w eight PA H s as w ell as fluoranthene and 
pyrene are considered  to be potential carcinogen (M ersch-Sunderm ann e t a l ., 1992 and 
N ylund e t  a l ., 1992). Therefore, บ .ร . EPA has studied and reported the toxicological 
characteristic o f  P A H s, particularly fluorene and fluoranthene and pyrene as follow ing  
(บ .ร . Environm ental Protection A gency's Integrated R isk Information System  [IRIS],
2000)
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Fluorene is associated w ith dose-related decreased erythrocyte, 
hematocrit, and h em oglob in  values; increased liver and sp leen  w eigh ts and increased  
kidney w eights; dose-related  increased total cholesterol and total bilirulin  and decreased  
blood urea nitrogen level; decreased in sperm atozoa based on m ice study. Furthermore, 
fluorene acts as a tum or initiator in dermal application studies w ith  m ice.

Fluoranthene is reported that irritate to the dermal and respiration with 
cough and bronchitis. It is  a potent co-carcinogen, w h ich  enhances the chem ical's 
carcinogenicity w ith  another carcinogenic chem ical presence. A  m etabolite o f  
fluoranthene, trans-2,3-dihydrodihydroxy fluoranthene w as an ultim ate m utagen for 
human lym phoblasts (Irwin e t  a l ,  1997).

Pyrene is  cause o f  irritation to exposed  skin and ey es , excitem ent and 
contraction, k id n ey  w eigh t decrease in m ice w hen inhalation or d igestion . H ow ever, 
pyrene is reported as an experim ental mutagen on m ice.

2.1.6 Laws and regulations

2 .1.6.1 United State (W ilson  and Jones, 1993)

U nited States has established the national standards associated with  
PAH s, w hich  regulates the PAH  concentrations in drinking water, effluents for point 
sources and the brow n field s in order to protect the quality o f  environm ent and humam  
health. There are several regulations that m etion to PA H s. C lean water A ct has lim ited  
fluoranthene concentration at 42 pg/1 for the protection o f  hum an health through 
ingestion water and contam inated aquatic organism s. U nder Com prehensive  
Environm ental R esp onse Com pensation and Liability A ct (C ER C LA ) บ .ร . EPA  was 
granted authority to clean  up the contaminated sites. T he Superfund A m endm ents and 
Reauthorisation A ct (S A R A ), saction 121, Clean Up Stantandards, provides rules and 
specific  approaches for rem ediation.
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C ERC LA has identified the fluorene, fluoranthene, pyrene and 
other PA H s containing materials as hazardous w aste, w hich  required to notify the 
N ational R esp onse Center (N R C ) im m ediately, when there is  a release o f  this designated  
hazardous substance. R esource Conservation R ecovery A ct (R C R A ) has also listed the 
fluorene, fluoranthene, pyrene and other PA H s as the hazardous w aste w hen they are 
discarded com m ercial chem ical products, off-specification  sp ecies, container residues, 
and spill residues. O ccupational Safety and Health Adm inistration (O SH A ) regulates the 
benzene solub le fraction o f  coal tar pitch vo latiles and mineral oil m ist, w hich contain 
several o f  the PA H  com pounds.

Furthermore, m any states have established their ow n uniform  
standards or gu idance lev el, for instance, clean up standard and groundwater quality 
guideline, nam ely , A rizona, Kansas, M aine, M inesota, N ew  Jersey, N ew  Hampshire, 
N ew  M axico and N e w  York.

2.1.6.2 Canada (Canada Council of Ministry of the Environment,
CCME, 1999)

P A H s are controlled under various law s, regulations and 
agreem ents d esigned  to protect the environm ent and human health under the Canadian 
Environm ental Protection A ct (CEPA ). The standard values o f  P A H s in any m edia have  
not been set. H ow ever, P A H s were judged to be toxic to the environm ent based, in part, 
on observed effec ts  on  aquatic life  at several sites in Canada including industrialized  
harbors. P A H s are included in ocean dum ping provisions o f  C E PA , w hich regulates 
allow able lev e ls  o f  contam inants in materials d isposed o f  at sea. In addition, 
Environm ental Canadian administrative Section 36 o f  the F isheries A ct, w hich prohibits 
depositing harmful substances, such as PA H s, in waters used b y  fish. Other federal 
legislation , w hich  deals w ith  the regulation o f  PAH s, includes the Pest Control Products 
A ct, the Transportation o f  Dangerous G oods A ct and the Food and Drug A ct. Finally, 
CCM E has published technical guidelines for the safe design  and operation o f  w ood  
preservation facilities, w hich  use creosote-based pesticides.
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2.1.6.3 Thailand (PCD, 1992)

Thailand has not established the standard value or the regulation o f  
PAH  in order to conserve any m edia. A lthough Thailand d oes not lim it the PAH  
concentrations, th ey  are regulated as w ell as hydrocarbon. The Enhancem ent and 
Conservation o f  N ational Environm ental Q uality A ct B .E .2535  section  78 has been  
prom ulgated that all k inds o f  hydrocarbon shall be prevented and controlled  o f  pollution  
both in and on land. Furthermore, section  79 in vo lves the proper and technical 
m anagem ent, treatm ent and disposal o f  the hazardous w astes that generated from  
production and usage o f  chem ical in the industries.

2.1.7 Decontamination of PAHs

There are various m ethods to decontam inate P A H s containing materials as 
fo llow ing; (L od olo , 20 0 3 )

C hem ical process ะ the chem ical structure o f  pollutants is  changed b y  m eans 
o f  chem ical reaction to produce less toxic substances such as solvent 
extraction.
P hysical process : the phase transfer o f  contam inant is induced by the physical 
m echanism  w ithout chem ical structure m odification  for instance solid ification  
or stabilization.
P h ysico-ch em ical process ะ the physical and/or chem ical properties o f  
contam inants or o f  the contam inated m edium  are u tilized  to destroy (i.e., 
ch em ica lly  convert), separate or contain the contam ination.
Therm al process ะ the contam inants are increased on the volatility , burned, 
d ecom p osed , or destroyed by using the heat, for exam ple thermal desorption  
or p yrolysis. This treatment needs high budget due to h igh energy, excavation  
and transportation the contam inated material to facility.
B iorem ediation  : the living organism s, such as bacteria or plants are utilized to 
clean up contam ination. Bacteria generally break dow n the contam ination  
into le ss  harmful com ponents, such as carbon d iox id e and water.
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B iorem ediation can be used to clean  up so il, sedim ent or water. The 
contam ination can be treated in p lace (in  s itu ) or the m aterial can be excavated  
and treated above ground in a different location (e x  s itu ) .

2.2 Bioremediation

B iorem ediation is a process in w hich organism s (i.e ., bacteria, fungi or plant) 
m etabolize contam inants. Under favourable conditions, m icrobes can degrade organic 
contam inants com p lete ly  into non-toxic by products such as carbon d iox id e and water or 
organic acids and m ethane. On fundamental process, m icroorganism s gain energy and 
build new  cell from the transformation o f  the contam inants in order to survive. In 
addition the biorem ediation has the fo llow ing advantages (R ockne and Reddy, 2003):

- It m ay result in com plete degradation o f  organic com pounds to nontoxic  
by products.

- There are m inim um  m echanical equipm ent requirem ents.
- It can b e im plem ented as in s itu  or ex  s itu  process. In s itu  b iorem ediation is 

safer sin ce it does not require excavation o f  contam inated sites. A lso , it does 
not disturb the natural surrounding o f  the site.

- L ow  cost com pared to other rem ediation technologies.

2.2.1 Biodegradation by microorganisms

T he persistence o f  PAH s in the environm ent depends on  the physical and 
chem ical characteristics o f  PAH. PAH s are degraded via photooxidation  and chem ical 
oxidation (Shiaris and Jam bard-Sweet, 1986). N evertheless, b io log ica l transformation is 
probably the prevailing route o f  PAH s lo ss (M ueller e t a l . , 1990b). The microbial 
degradation o f  P A H s m ay be accom plished b y  com plete m ineralization and com etabolic  
degradation (M ahro e t  a l ,  1994). C om plete m ineralization is the total breakdown o f  
organic com pounds to water and carbon d ioxide. In terms o f  com etabolic degradation, a 
recalcitrant com pound is degraded in the presence o f  an analogous com pound (Rathbone 
e t a l . , 1998). B iodegradation in the presence o f  air or oxygen  is called aerobic
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biodegradation, w hich  is typ ica lly  quicker than under anaerobic degradation (Rockne and 
Reddy, 20 0 3 ). N um erous genera o f  m icroorganism s capable o f  degrading low - and high- 
m olecular w eigh t P A H s including bacteria and fungi as show n in T able 2.4 and 2.5, 
respectively.



15

Table 2.4 List o f bacteria capable o f fluorene, fluoranthene and pyrene degradation

S u b s t a n c e s M i c r o o r g a n i s m s R e f e r e n c e s

Fluorene M ycobacterium  sp. Boldrin et a l ,  1993
Pseudomonas  sp. Grifoll et a l ,  1994
Arthobacter  sp. Grifoll é ta l ,  1992

Fluoranthene Alcaligenes denitrificans W eissenfels et a i ,  1991
M ycobacterium  sp. Kelly and Cemiglia, 1991, Kelly 

et al., 1993, Sepic et al., 1998, 
and Churchill et al., 1999

Sphingomonas paucimobilis Mueller et al., 1990a, 1990b, Ye 
et al., 1996 and Shuttleworth and 
Cemiglia, 1996

Burkholderia cepacia Juhasz et al., 1997
Rhodococcus  sp. Walter et al. 1991
Pseudomonas  sp. Foght and Westlake, 1988
Stenotrophomonas maltophilia Juhasz, 1998 and Boonchan, 1998
Acinetobacter alcoaceticus Lal and and Khanna, 1996
Pseudomonas saccharophilia Chen and Aitken, 1999

Pyrene Alcaligenes denitrificans W eissenfels et al., 1991
M ycobacterium  sp. Heitkamp et al., 1988, Jimenez 

and Bartha, 1996, Schneider et 
al., 1996, and Churchill et al., 
1999

Rhodococcus  sp. Walter et a l ,  1991
Sphingomonas paucimobilis Y e  et a l ,  1996
Stenotrophomonas maltophilia Boonchan, 1998 and Juhasz, 

1998,
Acinetobacter alcoaceticus Lal and and Khanna, 1996
Burkholderia cepacia Juhasz é t a l ,  1997
Pseudomonas saccharophilia Chen and Aitken, 1999
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T a b l e  2 . 5  List o f  fungi capable o f  fluoranthene and pyrene degradation

S u b s t a n c e s M i c r o o r g a n i s m s R e f e r e n c e s

Fluoranthene Cunninghamella elegan Pothuluri et a l ,  1990 and 1992
Bjerkandera adjusta, Pleurotus ostreatus, Salicis e ta l.,  1999 and
Sporormiella australis, Crytococcus 
albidus, Cininobolus cesatii, 
c. blackesleeana, c. echinulata 
Pestalotia palmarum, Beauveria alba, 
Aspergillus terreus, Mortierella 
ramaniana.Rhizopus arrhizus

Schutzendubel et a l ,  1999

Pénicillium  sp. Sack and Gunther, 1993

Pyrene Cunninghamella elegan Cemiglia e ta l ,  1986
Phanerochaete chrysosporium, Hammel et a l ,  1986
N em a to lom a  fro w a rd ii Sack et a l ,  1997a
Kuehneromyces mutabilis, Laetiporus 
su lphureus, Agrocybe aegerita

Sack et a l ,  1997b

p . janthinellum Boonchan, 1998 and Stanley et 
a l ,  1999

Pleurotus ostreatus Bezelel e ta l ,  1996
Syncephalastrum racemosum, Launen e ta l ,  1995
Bjerkandera adjusta, Pleurotus ostrea tu s Schutzendubel et a l ,  1999
Pleurotus sp. Lang e ta l ,  1996
M ucor racemosus, M. racemosus var 
sphaerosporus, Gliocladium Virens, 
Pénicillium simplicissimum, 
Phialophora alba, p. hoffmannii, 
Trichoderma harzianum, 
Scopulariopsis brumptii, 
Coniothyrium fuckelii

Ravelet et a l ,  2000
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2.2.2 Biodegradation by the isolated bacteria from the contaminated 
sediments

In a few  decades, several high potential o f  P A H s degrading bacteria were 
isolated and characterized from contam inated aquatic environm ents. The PAH  
biodegradation o f  the strains isolated from the hydrocarbon-contam inated environm ents 
were higher than those originating from non-contam inated sed im ents. The certain 
bacteria could  have been acclim atizing and adapting to contam inated environm ents 
(Chaineau e t a l ,  1999). T hese attempts have achieved  to gain a great diversity o f  
bacteria capable o f  P A H s degradation. Heitkam p et al. (1 9 8 8 ) reported the isolation o f  
pyrene degrading bacterium  from petrogenic chem ical contam inated sedim ents by the 
m odified  P A H -solu tion  spray m ethod. This bacterium , w hich  w as identified as a 
M ycobacteriu m  sp., cou ld  m ineralize pyrene and other P A H s containing four aromatic 
rings w hen  grow n in a mineral salt m edium  supplem ented w ith  yeast extract, peptone and 
soluble starch. Furthermore, this strain could  also m ineralize other P A H s and alkyl- and 
nitro-substituted P A H s including naphthylene, phenanthrene, fluoranthene, 3- 
m ethylcholanthrene, 1 -nitrocholanthrene, and 6-nitrochrysene.

M ycobacteriu m  fla vescen s  isolated from the creosote-pollu ted  sedim ent o f  
Grand Calum et R iver could  utilize pyrene as a so le  source o f  carbon and energy. In 
addition to pyrene, this strain could  m ineralize phenanthrene and fluoranthene (D ean- 
R oss and C em iglia , 1996).

M ycobacteriu m  sp. strain C H I, w hich  w as iso lated  from PAH s 
contam inated freshwater sedim ents by enrichment culture, cou ld  m ineralize fluoranthene, 
phenanthrene and pyrene. The m ineralization o f  pyrene sh ow ed  a lag phase for at least 3 
days, h ow ever the lag phase dim inished when phenanthrene w as added in culture. 
M oreover, strain CH I w as also capable o f  utilizing a broad range o f  branched alkanes 
and n-alkanes as a so le  carbon and energy source (Churchill e t a l ,  1999). Another 
researcher, M olina (199 9) reported that M ycobacteriu m  sp. strain M R 1, w hich was
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isolated from P A H s contam inated river sedim ents, could  utilize pyrene as a so le  carbon 
and energy.

A  group o f  bacteria capable o f  degrading arom atics in m arine environment 
is the m em ber o f  the genus C ycloclasticu s. T hese bacteria have been isolated from  
several locations including sedim ents in the G u lf o f  M ex ico  b y  using a m odified  m ost- 
probable-num ber technique. The specific substrate utilization experim ent presented that 
these iso lates utilized  naphthalene, phenanthrene, anthracene, acenaphthene and fluorene, 
whereas pyrene and fluoranthene could co-m etabolize w ith  phenanthrene (G eiselbrecht et 
a l ,  1998). A nother strain o f  genus C ycloclasticu s  w as iso lated  from  K am aishi B ay in 
Japan by enrichm ent w ith 2-m ethylnaphthalene, phenanthrene, or anthracene as a carbon 
and energy source. This strain could grow on crude oil and degraded P A H s com ponents 
o f  crude o il n am ely  unsubstituted and substituted naphthalene, d ibenzothiophenes, 
phenanthrene, and fluorene (Kasai et a l ,  2002).

Phenanthrene degrading bacteria and yeast w ere obtained from a stream 
heavily  contam inated w ith hydrocarbon. R h odotoru la  g lu tin is  and P seu dom onas  
aeru g in osa  could  u tilize phenanthrene at the concentration o f  100  m g/1 to remain at 0.518  
and 0 .198  mg/1, respectively , w ithin 31 days o f  incubation (R om ero e t a l ,  1998).

T w o bacterial strains, N A G -2 N -1 13 and N A G -2 N -1 2 6  w ere isolated from  
the creosote contam inated marine sedim ent based on their ability to u tilize vapor phase o f  
naphthalene as a so le  carbon and energy source. Each strain degraded 1- 
m ethylnaphthalene and 2-m ethylnaphthalene. In addition, the strain N A G -2 N -113  can 
also degrade 2,6-dim ethylnaphthalene and phenanthrene. The co-m etabolism  o f  
acenaphthylene occurred w hen both strains w ere incubated w ith  one o f  the fo llow ing  
PAHs; 1-m ethylnaphthalene, 2-m ethylnaphthalene, b iphenyl, naphthalene, fluorene, 
phenanthrene and 2,6-dim ethylnaphthalene. 16S rD N A -based  p h ylogen etic  analysis was 
used to identify  these strains, m ost c lo se ly  related to m em ber o f  G enus O ceanospirillium . 
B ecause o f  som e m orphologic, p h ysio log ic  and genotypic d ifferences from  
O cean ospirilliu m ;  the iso late w ere identified as a n ovel gen u s and species, 
N eptunom onas n aphth ovaran s  (N A G -2N -126) (H edlund e t a l ,  1999).
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Several bacilli capable o f  degrading fuel-related com pounds w ere isolated  
from subsurface sed im ents contam inated with petroleum  hydrocarbons. T hese isolates 
w ere obtained using a vapor-plate enrichm ent technique w ith  the vo latile  aromatic 
hydrocarbons including toluene, ethylbenzene, ^ -xy len e, naphthalene, and JP-4 jet fuel. 
B ased on 16S rD N A  sequence analysis, the iso lates w ere p h ylogen etica lly  sim ilar to 
com m on so il organism s, including m em bers o f  the genera P seu dom o n a s, R alstonia, 
B urkholderia , S ph ingom onas, F lavobacteriu m  and B acillu s  (Stapleton e t a l.,  2000).

Pyrene degrader M ycobacteriu m  sp. and fluoranthene degrading bacteria 
Sphingom onas  sp. w ere isolated from diesel fuel contam inated sed im ent o f  Port Newark, 
N ew  Jersey, U S A  b y  m odified  spray plate technique. Pyrene degrader produced clear 
zone on a broad range o f  substrates include fluorene, phenanthrene, fluoranthene, 
anthracene, benzo(b)fluorene, and benzo(a)anthracene. M oreover, this bacterial strain 
could u tilize anthracene, benzo(b)fluorene fo llow in g  preexposure to phenanthrene. The 
fluoranthene degrader could  utilize fluorene and benzo(a)anthracene in 6 w eeks, and 
could  co-m etab olize  anthracene, benzo(b)fluorene, benzo(a)anthracene and 
benzo(a)pyrene w hen  preexposed with pyrene (H o e t a l., 2000).

T w o phenanthrene degrading bacteria w ere iso lated  from burrow wall 
sedim ent o f  m arine m acro fauna. 16S rD N A  sequence analysis indicated that one strain 
belongs to C ycloc la sticu s sp irillensu s  and the other one represents Lutibacterium  
an u lo edera n s . B oth strains could utilize tw o and three rings P A H s as so le  source o f  
carbon and energy for growth. O nly L. an u loederans  presented sign ifican t phenanthrene 
uptake in 35 days o f  incubation and enhanced phenanthrene degradation in high  
concentration o f  contam inants in sedim ent (Chung and K ing, 2001).

B acillu s  sp. strain M N -003 was isolated as the naphthylene-degrading  
m icroorganism  b y  enrichm ent from oil contam inated tropical m arine sedim ents with  
naphthylene. In addition, this strain w as able to use benzene, toluene, xy len e isom ers, 
and d iesel oil as so le  carbon source, although growth on phenanthrene and anthracene
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P A H s degrading bacteria associated w ith the rhizosphere o f  the salt marsh 
plants w ere iso lated  from the contam inated estuarine sedim ent and the salt marsh 
rhizosphere b y  enrichm ent using o f  either naphthalene, phenanthrene, or biphenyl as the 
so le  source o f  carbon and energy. Identification o f  the iso lates based on their fatty acid  
profiles and partial 16S rR N A  gene sequence analysis assigned  them  to three main 
bacterial groups: G ram -negative pseudom onads; G ram -positive, non-spore-form ing  
nocardioform s; and the G ram -positive, spore-form ing group, P a e n ib a c i l lu s  (Daane e t a l ,
2001).

R ecently , bacterium  in genus R h o d o c o c c u s  cou ld  also isolated from PAH s 
contam inated in sedim ent. R h o d o c o c c u s  sp. was isolated from the contam inated creosote  
Grand C alum et R iver sedim ents. This strain w as capable o f  utilizing anthracene, 
phenanthrene, pyrene, and fluoranthene as so le source o f  carbon and energy (D ean-R oss  
e t  a l ,  2002).

was not detected. Based on taxonomic and 16S rDNA data, strain MN-003 was
designated as B a c illu s  n a p h th o vo ra n s  (Zhuang e t a l., 2001).
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