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ARTICLE INFO ABSTRACT

Polycyclic aromatic hydrocarbons (PAHs) represent a bunch of priority environmental
pollutants. PAHs are aromatic hydrocarbons with two or more fused benzene rings with
natural as well as anthropogenic sources. They either occur naturally in fossil fuel products
(e.g., coal and oil), or among the effluents of combustion processes (heating, incineration,
and electric power generation) and by-products of industrial processes such as coal
gasification, production of aluminum/iron/steel and petroleum refining, component of wood
preservatives, smoke houses and wood stoves. Examples of poly cyclic aromatic
hydrocarbons are Acenaphthene, Acenaphtylene, Anthracene, Benzolene, Perylene,
Fluorene, Phenanthrene, and Pyrene. Some PAHs have been shown to be cancer causing:
Chronic Bronchitis, Skin Problems, Allergies, Growth retardation, Low birth weight, Small
head circumference, Low IQ, Damage DNA, Disrupt endocrine systems, such as estrogen,
thyroid, and steroids problems. Some physical processes such as volatilization, leaching,
chemical and photo oxidation are effective in reducing the environmental level of PAHs.
Biodegradation using microorganisms is usually the preferred and major route of PAH
removal from contaminated environments because of its cost effectiveness and complete
clean-up. Some microorganisms, mainly from the genera Pseudomonas and Mycobacterium,
Thalassospira xiamenensis, Thalassospira tepidiphila sp. were found to be capable of
transforming and degrading PAHs. Methods for the determination of PAHs in the
environment include gas chromatography with flame ionization detection (GC/FID) and
high-performance liquid chromatography (HPLC) with ultraviolet or fluorescence detection.

INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are an all-pervading
group of hydrophobic organic compounds consisting of two or
more combined benzene rings in linear, angular or cluster
arrangements (Ri-He Peng.et al., 2008;Annweiler E, et al.,
2000).The Polycyclic Aromatic Hydrocarbons (PAHs) are
prevalent in the environment (J.W.Hodgeson.1990). A Short for
polycyclic aromatic hydrocarbon, PAHs describe chemicals that
are often found together in groups of two or more. PAHs are
found naturally in the environment but they can also be man-
made. In their purest form, PAHs are solid and range in
appearance from colorless to white or pale yellow green (Atlanta,
GA, 1990). The Polycyclic aromatic hydrocarbons (PAHs)
represent a bunch of priority environmental pollutants that are
ubiquitous contaminants in soils and sediments and are of
environmental concern due to their toxic, mutagenic and/or
carcinogenic effects (Marston C.P.2001; Xue W. &Warshawsky
D. 2005; MastrangeloG, et al., 1996). Polycyclic aromatic
hydrocarbons (PAH) represent an oversized and numerous
categories of organic compounds consisting of 3 or a lot off used
aromatic rings in numerous structural configurations. Increase in
aromatic rings, structural angularity, and hydrophobicity build
PAH recalcitrant to degradation. In recent years, the
biodegradation of PAHs has received considerable attention and a

range of micro-organisms are reported to play necessary roles
within the method (Pothuluri J. V. et al., 1994;Shuttleworth K. L.
et al.,1995; Kanaly R. A.et al., 2000;Tortella G. R.et al., 2005).
Polycyclic aromatic hydrocarbons (PAHs) are important
pollutants found in air, soil and sediments the use of
microorganisms for bioremediation of PAH-contaminated
environments seems to be an attractive technology for restoration
of polluted sites(A.Mrozik.et al., 2002;Fawell J.K et al.,
1988).PAHs have also been found to bioaccumulations in aquatic
organisms. Although PAHs are persistent, mainly due to their
high hydrophobicity, a variety of microorganisms (bacteria and
fungi) can degrade certain PAHs (L. L. Daane.et al., 2001;
Lotufo, G. R. 1998). The fate of PAHs and other organic
contaminants in the environment is associated with both a biotic
and biotic processes, including volatilization, photo oxidation,
chemical oxidation, bioaccumulation, and microbial
transformation(Cerniglia, C. E. 1993;Sutherland, J. B.et al.,
1995).

Chemical and Physical Properties

Chemical structures polycyclic aromatic hydrocarbons are
chemical compounds that consist of fused aromatic rings and do
not contain heteroatom’s or carry substituent’s Polycyclic
aromatic hydrocarbons (PAHs) are a group of compounds
containing carbon and hydrogen, composed of two or more fused
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aromatic rings in linear, angular, and cluster arrangements, which
is the most aromatic double bond with high electron density. Low-
molecular weight (LMW) PAHs (two or three rings) are relatively
volatile, soluble and more degradable than are the higher
molecular weight compounds. High molecular weight (HMW)
PAHs (four or more rings) sorbs strongly to soils and sediments
and are more resistant to microbial degradation (A.Mrozik.et al.,
2002; Fawell J.K et al., 1988).

Polycyclic Aromatic Hydrocarbon Structure Index

 The identification of the chemical structures of
polycyclic aromatic hydrocarbons (PAHs). The
Structure Index consists of two parts:

 A cross index of named PAHs listed in alphabetical
order.

 A chemical structures including ring numbering,
name(s), Chemical Abstract Service (CAS) Registry
numbers, chemical formulas, molecular weights, and
length-to-breadth ratios (L/B) and shape descriptors of
PAHs listed in order of increasing molecular weight
(Lane C.et al., 1997; Loening. Ket al., 1990; Pergamon
Press.1979)

Names are based on the largest fragment with a trivial name. A
list of recognized compounds specified by IUPAC convention.
When a choice exists, the fragment lowest in the list (i.e., with the
largest number) should be used. The simplest attachments are then
selected for naming. Structures are typically oriented such that 1)
the greatest number of rings in a row is aligned horizontally, 2)
the maximum number of rings is positioned in the upper right
quadrant, and 3) the least number of rings are positioned in the
lower left quadrant. Numbering begins with the uppermost ring
the furthest to the right, with the most counter clockwise carbon
atom not involved with ring fusion. The numbering proceeds
clockwise around the structure with hydrogenated carbon atoms.
The numbering of anthracene and Phenanthrene are “retained
exceptions” to this rule(Lane C.et al., 1997; Loening. Ket al.,
1990; Pergamon Press.1979).

Sources of Polycyclic Aromatic Hydrocarbons

PAHs are produced in all processes of incomplete combustion of
organic substances; their production is favored by oxygen
deficient, flame, temperatures in the range of 650-900°C and fuels
which are not highly oxidized. (B.Maliszewska Kordybach.
1999;Bodzek Det al.,1993;Lenicek Jet al., 1997;Masclet P et al.,
1988;Ramdahl T et al., 1983;Sims r.Cet al.1983;Wild S.R. et al.,
1995). Natural sources of pyrogenic PAH such as volcanic
activity and forest fires do not significantly contribute - for the
present - to overall PAH emission (Bodzek Det al., 1993;
Ramdahl T et al., 1983; Wild S.R. et al., 1995)

Anthropogenic sources can be devised into two categories

(Bodzek Det al., 1993; Masclet P et al., 1988; Wild S.R. et al.,
1995)

1. The combustion of materials for energy supply (e.g.
coal, oil, gas, wood, etc.) and combustion for waste
minimization (e.g. waste incineration).

2. The first category includes stationary sources like
industry (mainly coke and carbon production, petroleum
processing, aluminiumsintering, etc.), residential heating
(furnaces, fireplaces and stoves, gas and oil burners),
power and heatgeneration(coal, oil, wood and peat
power plants) and mobile sources like cars, lorries,

trains, airplanes and sea traffic(gasoline and Diesel
engines).

3. The second category covers incineration of municipal
and industrial wastes. Other miscellaneous sources
contain unregulated fires such as agricultural burning,
recreational fires, crematoria, etc., cigarette smoking as
well as volatilization from soils, vegetation and other
surfaces.

There are five major emission source components

 Domestic,
 Mobile,
 Industrial,
 Agricultural,
 Natural.

Industrial Sources

In general industrial sources are comparatively well understood
and are increasingly being regulated at European level (e.g. by
council directive96/61/EC - IPPC). Currently these include:
 Primary aluminium production (in particular plants

using Soderberg technology)
 Coke production (e.g. as part of the iron and steel

production)
 Creosote and wood preservation
 Waste incineration
 Cement manufacture petro chemical and related

industries
 Bitumen and asphalt industries
 Rubber tyre manufacturing
 Commercial heat and power

Domestic Sources

 The domestic sources of PAH which can influence
ambient air quality are, in the main, heating and cooking.

 Domestic heating based on the combustion of fuels
varies within Europe from the use of natural gas or
liquefied petroleum gas (LPG) through paraffin and
heating oils to wood, 0coal, peat, and brown coal.

 Domestic sources of PAH are geographically
widespread, and the PAH emissions are largely
unregulated.

 Modern gas and oil burners, used for circulatory heating
systems and hot water systems, have relatively low PAH
emissions. Similarly, solid fuel systems (wood, coal,
peat), which are automatically controlled and fed, are
thermally more efficient (and have lower PAH
emissions) than those which are hand fed.

 PAH emissions due to the domestic combustion of solid
fuels make a significant contribution to the total PAH
emission.

 In urban areas where coal, wood and peat burning is
predominant, a high proportion of the PAH ambient air
concentration is associated with these sources.

 The burning of wood, coal and peat in open fireplaces is
often for the decorative effect in addition to the heating
provided.

Mobile Sources

 Mobile sources are modes of transport reliant on a
combustion engine. This includes aircraft, shipping,
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railways, automobiles and other motor vehicles
including off-road vehicles and machinery.

 Motor Vehicles (automobiles, Lorries, motorcycles):
Motor vehicle internal combustion engines are generally
fuelled by gasoline (petrol) or diesel fuels.

 There is a relatively small proportion of vehicles which
run on LPG or LNG.

 PAH emissions are distributed between the vapors and
the particle phase.

 Diesel fuelled vehicles have higher particulate emissions
than gasoline fuelled vehicles.

 Off-road vehicles and equipment: There have been few
studies carried out on PAH emissions from off-road
vehicles. These include a wide range of vehicle types,
from garden/agricultural engines to military vehicles

 Railways: The main source of PAH emissions in rail
transportation is the use of diesel and diesel-electric
locomotives.

 Aircraft: There have been very few studies carried out
on PAH emissions of aircraft, and of those carried out,
most have been for military aircraft.

 The results show that PAH emissions are dependent on
fuel composition (volatility).

 Shipping: the PAH emissions from an onboard marine
diesel engine (6600kW, maximum continuous rating)
burning marine diesel fuel with a sulphur content of 1.9
% (w/w).

 Emissions of PAH. The combustion emissions related to
transportation there are additional emissions of PAH due
to abrasion of rubber tyres, asphalt road surfaces and
brake linings.

Agricultural sources include the following activities

 Stubble burning
 Open burning of moorland heather for regeneration

purposes
 Open burning of brushwood, straw, etc.

Natural Sources

Experimental

 The laboratory spectra were obtained using the
technique of matrix isolation spectroscopy (MIS). This
technique Natural sources of PAH include the accidental
burning of forests, woodland, moorland etc. due to
lightning strikes etc.

 Meteorological conditions (such as wind, temperature,
humidity) and fuel type (moisture content, green vs.
seasoned wood, etc.) may play an important role in the
degree of PAH production.

 Another natural source of PAH are volcanic eruption

Determination of Polycyclic aromatic Hydrocarbons

Methods for the determination of PAHs in the environment
include gas chromatography with flame ionization detection
(GC/FID) and high-performance liquid chromatography (HPLC)
with ultraviolet or fluorescence detection. While GC/FID is the
more sensitive technique, it is subject to background interferences
from other carbonaceous sources. HPLC is the preferred method
of analysis, because it provides the necessary sensitivity in
combination with higher specificity (T. M. Halasinski. et al.,
2005).

Polycyclic aromatic hydrocarbons hydrogenated investigation of
the ultraviolet, visible and near infra-red absorption

The formation and the presence of PAHs containing excess H
atoms, or hydrogenated PAHs (Hn-PAHs) in interstellar clouds.
The Hn-PAHs contribute to the IR emission bands and that they
might be among the molecular precursors of the carbon particles
that cause the interstellar UVextinctioncurve.UV, visible, and
near-IR absorption spectra of a series of Hn-PAHs and their
photoproducts formed by vacuum UV irradiation. PAHs are
considered good candidates because they are stable against UV
photo dissociation, a requirement to maintain the concentration
necessary in the interstellar medium (ISM), where materials are
exposed to harsh far-UVradiation fields.

1. Paraxial-mates the known (or expected) environmental
conditions of the diffuse interstellar medium in the
laboratory (Salama, F. 1996).

2. UV/visible/near-IR spectrometer equipped with its own
dedicated sample vacuum chamber and matrix
deposition source(Salama, F., & Allamandola, L. J.
1991; Salama, F, Joblin, C, & Allamandola, L. J. 1994).

3. The laboratory spectra measured in the near-UV to near-
IR range (180–1000 nm) the clarity purposes, the spectra
have been arranged according to their respective
aromatic chromophore (i.e., regular PAH)Salama, F., &
Allamandola, L. J. 1991; Salama, F, Joblin, C, &
Allamandola, L. J. 1994).

4. PAH ions are expected to exhibit spectral transitions in
boththe visible and the UV region (Chillier et al. 1999).
In matrixisolation experiments, the ionization yield are
generally low (5%–10%), and the UV absorption bands
of the neutral precursormolecules strongly obscure the
much weaker absorptions associated with the ions. We
therefore only examine the PAH ion absorptions in the
visible region (Chillier, X. D. F.et al., 1999).

HPLC Analysis

 Analytical chromatography was performed with a flow
rate of 0.8 mL, min −1 at 25°C. The injection volume was
20 µL. The column was stabilized at 25°C for 1 h before
chromatography.

 The mobile phase was a gradient prepared from water
(component A) and acetonitrile (component B).

 The output signal from the fluorescence detector was
displayed continuously on the computer.

 Optimum wavelengths were obtained from stop-flow
three-dimensional fluorescence spectra (the signal was
plotted against excitation and emission wavelengths).

 Measurements were repeated three times for each
sample and the results were averaged and expressed
relative to the average result for the blank control,
containing no PAH. Results were compared by use of
Stu-dent’s test for

Analytical method for polycyclic aromatic hydrocarbons, using
rp-hplc with fluorescence detection:

 An HPLC method with fluorescence detection has been
developed for determination of eight polycyclic aromatic
hydrocarbons (PAH) with four to six condensed
aromatic carbon rings in edible oils and smoked
products (E. Węgrzyn.etal.,2006)
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 The method employs preparative size-exclusion
chromatography for efficient one-step lipid removal
without saponification; benzo[b]chrysene is used as
internal standard for quantification (E. Węgrzyn.et al.,
2006)

 Two other methods (liquid–liquid extraction and solid-
phase extraction) were tested for one-step clean-up and
sample enrichment but it was found that one-step
procedures did not remove lipids completely(E.
Węgrzyn.et al., 2006)

 Independent variables. Significance was set at P< 0.05
(M.J. Nieva-Canoet al., 2001; A. Barranco et al., 2003;
A.Dissanayake et al., 2004; K. Kaczmarski et al., 2005).

The determination of polycyclic aromatic hydrocarbons in soil
by using gas chromatography

 Standard solutions of PAHs are determined by gas
chromatography with mass spectrometric detection
before samples are analyzed in order to assign retention
times to individual PAHs, to calculate relative response
factors, and for constructing calibration graphs.
Response factors are calculated using appropriate
deuterated PAH internal standards.

 Sample: Sample containers should be carefully cleaned
before use and contamination of lids with dirty soil
residues should be avoided. Containers can be rinsed out
and washed, manually, in hot water with detergents, or
in an automatic glass washer. After an optional dilute
acetic acid wash, containers should be thoroughly rinsed
in deionized water. After draining, they can be heated
slowly in an oven to 500oC, maintained at that
temperature for 1 hour and carefully cooled.
Alternatively, containers can be rinsed with
dichloromethane.

 Column: 30 m x 0.32 mm internal diameter, 0.1 µm film
thickness, DB-5MS. Equivalent columns may also be
used. A gas chromatography maintained 3000c
temperature, and helium carrier gas (Dr D Westwood
Secretary.2003).

Effects of Polycyclic Aromatic Hydrocarbons on Animals

PAHs disrupt the sex hormones and possess reproductive and
developmental toxicity

 Reproductive problems and problems in unborn babies’
development have occurred in laboratory animals that
were exposed to benzo (a) pyrene. Other PAHs have not
been studied enough to determine whether they cause
reproductive problems (Thomas P. 1990;Tran D Q et al.,
1996;Potter D et al., 1994).

PAHs affect immune competence

 More work is needed to establish the relationship
between pollutants and disease susceptibility. However,
studies

PAHs can affect the skin of animals

Skin exposure to PAHs may also result in an increased risk of
developing skin cancer, particularly where there is also exposure
to sunlight and other effects also include sebaceous gland
destruction, skin ulcerations, and alterations in epidermal cell
growth (Chaloupka K et al.1992; Coles J A et al. 1994).

Effectsrecorded in wildlife

 In the wild, most disease states can only be linked to
general pollution, rather than one particular pollutant.
Regarding PAHS,

PAHs cause cancer

Several PAHs

 Benz(a) anthracene; Benzo(a) pyrene (BaP); Benzo(b)
fluoranthene;

 Benzo(j) fluoranthene;
 benzo(k) fluoranthene;
 chrysene;
 Dibenz (ah) anthracene; have caused tumours in

laboratory animals by inhalation, by oral ingestion or by
skin contact. Furthermore, an increase in mammary
tumours in rats has been caused by both a single dose of
BaP (of 100mg/kg) and from eight weekly doses
(of12.5mg/kg) (Chaloupka K et al.1992; Coles J A et al.
1994).

 Animal studies suggest effects on sperm quality, but
females may be at increased risk of reproductive
dysfunction because oocyte and follicular destruction
can occur as a result of exposure. Since the testes and
ovaries contain rapidly proliferating cells, they are
probably particularly susceptible to damage by PAHs

(Thomas P. 1990; Tran D Q et al., 1996; Potter D et al., 1994).
Suggest that PAHs can affect the immune competence of wildlife
and humans. Certainly, at high doses BaP has been shown
markedly to inhibit the immune system (Chaloupka K et al.1992;
Coles J A et al. 1994)
 In the North Sea, an increased frequency of fish liver

tumours, reduced scope for growth in mussels, and
induction of the EROD enzyme (7ethoxyresorufin–
diethyl’s) in flatfish liver have been attributed to raised
levels of PAHs in some sediments.

 Numerous species may therefore be at risk from PAHs
in the aquatic environment.

 Some researchers consider that high levels of pollutants,
such as organ chlorines, heavy metals and BaP, might be
linked with tumours found in beluga whales living in the
polluted St Lawrence River (Thomas P. 1990; Tran D Q
et al., 1996; Potter D et al., 1994)

Pahs in Humans

 One of the most common ways PAHs can enter the body
is through breathing contaminated air 14 PAHs may
arise in foods through environmental contamination.
Contamination during processing and due to certain
PAHs being naturally present (Thomas P. 1990; Tran D
Q et al., 1996; Potter D et al., 1994).

 PAHs in raw foods often arise from atmospheric
deposition; whereas the levels in cooked food soften
depend on the method of preparation such as grilling,
barbecuing, smoking or pickling. PAHs have also been
found in breast and bottled babies milk (Thomas P.
1990; Tran D Q et al., 1996; Potter D et al., 1994).

 There is no information available from studies on
humans to tell what effects can result from being
exposed to individual PAHs at certain levels. However,
breathing PAHs and skin contact seem to be associated
with cancer in humans
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Aerobic and anaerobic degradation

Microorganisms will either degrade or manufacture hydrocarbons
(Ehrlich and Dekker, 1995), looking on the presence of sure
metabolic pathways, specific to every operate within the
environmental

Microbial degradation of polycyclic aromatic hydrocarbons

Bacteria are the class of microorganisms actively involved in the
degradation of organic pollutants from contaminated sites (C.E.
Cerniglia.1992). A number of bacterial species are known to
degrade PAHs. Most of them, representing biodegradation
efficiency, are isolated from contaminated soil or sediments.
Long-term petrochemical waste discharge harbours bacteria
capable of degrading PAH to a considerable extent. The
organisms were identified as at least three species of
Pseudomonas, as well as Agro bacterium, Bacillus, Burkholderia
and Sphingomonas species. BaP has been reported to be degraded
by other bacteria including Rhodococcussp. Mycobacterium, and
mixed culture of Pseudomonas and Flavobacterium species(A.K.
Haritash.et al., 2009;M.D. Aitken.et al., 1998;D. Trzesicka-
Mlynarz, O.P. Ward.1995;M.A. Heitkamp.et al., 1988;M.C.
Romero.et al., 1998;K.

Degradation of Pahs

Polycyclic aromatic hydrocarbons (PAHs) are necessary
pollutants found in air, soil and Sediments. The biodegradation of
PAHs are often thought-about on one hand to be a part of the
traditional processes of the carbon cycle, and on the opposite
because the removal of artificial pollutants from the surroundings.
The utilization of microorganisms for bioremediation of PAH-
contaminated environments appears to be a beautiful technology
for restoration of polluted sites. Polycyclic aromatic hydrocarbons
(PAHs) are a bunch of compounds containing carbon and
hydrogen, composed of 2 or additional fused aromatic rings in
linear, angular, and cluster arranging pattern. 4 PAHs are taken
into thought like Pyrene, phenanthrene, naphthalene and
Anthracene. (Fawell J.K, Hunt S. 1988;Weis L.M et al.,
1998;Meador J.P.et al., 1995). conditions. Various
microorganisms, like bacteria, cyan bacteria, green algae, and
fungi, are capable of degrading completely different parts of
petroleum underneath different environmental conditions
(Bumpus J.A.1989; Novotny C et al., 2004; Bezalel L et al.,
1996).

Bacterial degradation and transformation of selected polycyclic
aromatic hydrocarbons

Rehmann.et al., 1998;S.Y.Yuan.et al 2002;D. Dean-Ross.et al.,
2002)

Proposed pathway for microbial catabolism of polycyclic
aromatic hydrocarbons
(A.mrozik.et al., 2002)

Napthalene

 Naphthalene biodegradation is the best studied of the
PAHs because it is the simplest and most soluble PAH,
and naphthalene-degrading microorganismsare relatively
easy to isolate (Cernigla C.E.1984; Annweiler E.et al.,
2000).

 Bacterial strains that are able to degrade aromatic
hydrocarbons have been repeatedly isolated, mainly

from soil. These are usually gram-negative bacteria;
most of them belong to the genus Pseudomonas. The
biodegradative pathways have also been reported in
bacteria from the genera Mycobacterium,
Corynebacterium, Aero monas, Rhodococcus, and
Bacillus (Cernigla C.E.1984; Annweiler E.et al., 2000)

 The biochemical sequence and enzymatic reactions
leading to the degradation of naphthalene were first
presented by Evans (Evans, 1964). Initially bacteria
oxidize naphthalene by incorporating both atoms of
molecular oxygen into the aromatic molecule to form
cis-1, 2-dihydroxy-1, 2- dihydronaphthalene (Davies
J.I.et al., 1964).

 Naphthalene dioxygenases from Pseudomonas sp. NCIB
9816 and Pseudomonas putida ATCC 17 484 act as
multicomponent enzyme systems which are responsible
for naphthalene cis-dihydrodiol formation (Cernigla
C.E.1984; Jeffery A.M.et al., 1975).

 A naphthalene is the conversion of cis-1,2-dihydroxy-
1,2-dihydro naphthalene to 1,2-dihydroxynaphthalene.
This reaction is catalyzed by naphthalene (+)-cis-
dihydrodiol dehydrogenase and requires NAD+ as an
electron acceptor (Gibson D.T.et al., 1984; Yen
K.M.,Gunsalus I.C.1982)

Proposed pathway for naphthalene oxidation by some bacteria
from the genus Pseudomonas
(Gibson D.T.1984;Yen K.M.,Gunsalus I.C.1982)

Naphthalene

Cis-1, 2-dihydroxy-1,2-dihydronaphthalene

1, 2-dihydroxynaphthalene

Cis-o-hydroxy benzal pyruvic acid

Salicylaldehyde

Salicylic acid

Catechol Gentisic acid

Ring cleavage Ring cleavage

Anthracene and Phenanthrene

 These tricyclic aromatic hydrocarbons are widely
distributed throughout the environment.

 They have been used as model substrates in studies on
the environmental degradation of polycyclic aromatic
compounds; because each structure are contain
carcinogenic PAHs such as benzo[a]pyrene and
benz[a]anthracene.

 Pure cultures and mixed cultures of bacteria isolated
from fresh-water and marine environments have the
ability to metabolize anthracene and phenanthrene as the
sole source of carbon. Anthracene can be completely
mineralized by Pseudomonas, Sphingomonas, Nocardia,
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Beijerinckia, Rhodococcus and Mycobacterium with the
initial oxygenated intermediate being a dihydriol (Evans
et al., 1965).

 Apart from Mycobacterium, these species oxidize
anthracene in the 1, 2 positions to form cis-1, 2-
dihydroxy- 1,2-dihydroanthracene and then convert it to
1,2- dihydroxy anthracene via NAD+- dependent
dihydrodioldehydrogenase. These bacteria oxidize 1, 2-
dihydroxyanthracene to the ring fission product cis-4-(2-
hydroxynaphth-3-yl)-2-oxobut-enoic acid with
subsequent conversion to 2-hydroxynaphthoic acid.

 The ring fission product is metabolized to salicylate and
catechol through 2,3-dihydroxynaphthalene. Catechol is
degraded to simple aliphatic compounds by a similar
pathway to catechol conversion in the naphthalene
degrading pathway.

 Various Mycobacterium species metabolize
phenanthrene at different sites of the molecule,
presumably via both dioxygenase and monooxygenase
attack on the aromatic nucleus.

 The resulting anthracenecis-1, 2-dihydrodiol is
dehydrogenated to 1,2-dihydroxyanthracene.

 The accumulation of 1-methoxy-2-hydroxyanthracene
provides further evidence for the dioxygenation of
Anthracene.(Cerniglia C.E.1984;Kiyoharah.et al.,
1978;Nomi R.et al., 1976;Pinyakong O.et al.,
2000;Houghton J.E.,Shanley M.S.1994).

The proposed pathway for the degradation of anthracene by
Mycobacterium sp. Strain
(Moody J.D.et al., 2001).

Anthracene

Anthracene-9, 10-anthracene cis-1,2-
dihydrodiol dihydrodiol

9,10-dihydroxy 1,2-dihydroxy-anthraceneanthracene
1-methoxy-3 hydroxy

anthracene

9,10-anthra-

3-(2-carboxyvinyl)
-naphthyloxobu3-enoic acid

4-(3-hydroxy2naphtha-2-oxobut-3-enoic acid)

6,7-benzo
coumarin

Ring cleavage

The proposed pathways for phenanthrene metabolism by
Brevibacteriumsp, HL4 and Pseudomonas sp

(Samanta S.K., ChakrabortiA.K. Jain R.K.1999)
Phenanthrene

Cis-3,4-dihydroxy-3,4-dihydrophenenthrene

l- hydroxy-2-naphthoic acid

L-naphtha

Brevibacterium sps Pseudomonas sps

3, 4-dihydroxy-3,4- 4-hydroxy-l-tetralone
Dihydronaphthelene

Salicylic acid o-phalic acid
Catechol protochatechuic acid

The proposed pathways for the metabolism of benzo[a]pyrene by
Mycobacterium sp. RJGII-135

Benzyo pyrene

Cis 4,5Bap – Cis 9,10Bap    Cis 7,8Bap
dihydrodioldihydrodioldihydrodiol

4, 5 chrysene cis,4-(7 hydroxy
-di carboxylic pyrene -8-yl)2oxo
Acid but-3-conic acid

cis-4(hydroxy pyrene-7-yl)
-2-oxobut-3-enoic acid.

7,8, dihydro-pyrene 7,8-dihyro pyrene
-7-eroboxylicacid       8-carboxylic acid

Biodegradation of Polycyclic Aromatic Hydrocarbons by Soil
Fungi

 The white rot fungi, such as Phanerochaete
chrysosporium, are wood decomposing basidiomycetes
that can degrade not only lignin but also a broad
spectrum of recalcitrant environmental organo
pollutants, including PAHs, which are not readily
degraded by other microorganisms.

 This degradative activity is due to the lignin-degrading
systems of these fungi, which is composed by enzymes
such as lignin peroxidase, manganese peroxidase. (The
objective of this study was to determine whether non-
basidiomycetelignin lytic soil fungi can degrade PAHs
and to evaluate the production of the ligninolityc
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enzymes during growth of the fungi in these
hydrocarbons.

 The fungal strains were inoculated (1 cm 2) in liquid
medium.

 The strains causing the greatest degradation of PAHs
were selected, inoculated

 In the medium, and incubated for 15 days. Naphthalene
or phenanthrene solution

 Was used per flask, and added together with the
inoculum.

 The final pH of the culture media was 5.0. Following
inoculation all cultures were incubated under stationary
conditions at 30ºC

 Some lignin lytic activity and degradation after growth
in the PAHs, which varied with the time of growth and
also with the carbon source. (T.J. Cutright.1995;T.
Cajthaml, V.et al., 2001;M. Hofrichter, K. et al., 1998;
B.R.M. Vyas, S.et al., 1994;A.R. Clemente, T.A.et al.,
2001;I.S. Silva, M.Grossman, L.R.2009)

 The soil fungi have been studied regarding their ability
to degrade Polycyclic Aromatic Hydrocarbons
(PAHs)and produce lignin lytic enzymes under micro
aerobic and very low-oxygen conditions. Low-
molecular-weight PAHs (2–3rings) were found to be
degraded most extensively by Aspergillus sp,
Trichocladiumcanadense, and Fusariumoxysporum. For
high molecular-weight PAHs (4–7 rings), maximum
degradation has been observed by T. canadense,
Aspergillus sp.Verticillium sp, and Achremonium sp.
(I.S. Silva, M.Grossman, L.R.2009).

Fungal degradation pathway of Phenanthrene using
Irpexlacteus

(T. Cajthaml, M. Moder, P. Kacer, V. Sasek, P. )

Biodegradation of Polycyclic Aromatic Hydrocarbons by Algae

 Degradation of PAHs requires a consortium of
microorganisms and algae is no exception. Prokaryotic
and eukaryotic photoautotrophic marine algae (i.e.
cyanobacteria, green algae, and diatoms) are known to
metabolize naphthalene to a series of metabolites,
though there are indications that cishydroxylation of
naphthalene by cyanobacteria,
OscillatoriaandAgmenellumsp. Involve pathways

similar to fungus. (C.E. Cerniglia, D.T.et al.,
1979;Baalen, D.T. Gibson.et al., 1980;C.E. Cerniglia,
D.T.et al., 1980;M.L. Narro.et al., 1992;C.E. Cerniglia,
C.V.et al., 1992).

 BaP is known to be transformed to diols and quinones
by marine algae in a period of 5–6 days. (D.
Warshawsky.et al., 1995;M. Radike, K.etal.,19880

 A green algae almost completely metabolized BaP to
dihydrodiols, whereas yellow algae and blue green
algae failed in metabolizing the PAH. (X. Borde.et al.,
2003).

 The potential of algal–bacterial microcosms for the
biodegradation of salicylate, phenol and phenanthrene
was studied. Pseudomonas migulae and
Sphingomonasyanoikuyaewere studied for
phenanthrene degradation. (A.P. Lei, Z.L.et al., 2007).

 The green alga Chlorellasorokinianawas cultivated in
the presence of the pollutants at different
concentrations, showing increasing inhibitory effects in
the order salicylate < phenol <phenanthrene.
Cyanobacteria (blue-green algae) and eukaryotic
microalgae were capable of bio transforming
naphthalene to four major metabolite’s, 1-naphthol, 4-
hydrox-4-tetralone, cis-naphtha-lenedihydrodiol and
trans-naphthalene dihydrodiolat concentrations which
were non-toxic. (R. Ueno.et al., 2006; R. Ueno et al.,
2008).
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