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ABSTRACT

Release of wide range of compounds as a conse-
quence of industrial development is now a serious
environmental problem. Numerous hazardous waste
sites have been generated worldwide resulting from
the accumulation of xenobiotics in soil and water.
Aromatic compounds constitute a large and diverse
group of chemicals that are responsible for causing
widespread environmental pollution. Among them
halogenated aromatic hydrocarbons are very stable
to undergo degradation due to resonance energy and
inertness of carbon-halogen, carbon-hydrogen and
carbon-carbon covalent bonds. The physico-chemical
remedial strategies to clean up sites contaminated by
these compounds are inadequate and economically
inefficient. Therefore, research is increasingly being
focused on development of biological approaches for
their remediation. The hunt for the microorganisms
degrading halogenated aromatic pollutants has been
successful in discovering a diverse range of aerobic,
anaerobic and phototrophic bacteria. The bacteria
mineralize the toxic halogenated pollutants into harm-
less products thereby contributing towards conserva-
tion of the environment quality.
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1. INTRODUCTION

1.1. Halogenated Aromatic Pollutants
Chlorinated Aromatic Pollutants

Chlorinated aromatic compounds are major environ-
mental pollutants because they are often released in sub-
stantial quantities, are toxic and resistant to degradation,
and accumulate in sediment and biota. Although some
compounds are degraded only slowly by soil and
aquatic microorganisms, others are metabolized rela-
tively quickly.

Some of the chlorinated aromatic compounds include

chlorotoluene, chlorobenzenes chlorobenzoates, chloro-
phenols, 4-chlorophenylacetate and chloropheno-
xyacetates [1]. Chlorobenzenes are used extensively as
solvents, fumigants, and intermediates in the production
of pesticides, dyes, disinfectants, room deodorants and
moth control agents [2]. Chlorinated phenols are used as
wood preservatives, herbicides, fungicides, and general
biocides are a large group of toxic xenobiotics that are
serious environmental pollutants [3-5].

Chlorinated derivatives of phenoxyacetates, such as
Dichlorophenoxy acetic acid (2, 4-D) and 2,4,5-trichlo-
rophenoxyacetic acid (2, 4, 5-T), have been released into
the environment as herbicides over the past 40 years [6].
Unlike many of the recalcitrant synthetic compounds, 2,
4-D is rapidly degraded by soil microorganisms [7].

1.2. Brominated Aromatic Compounds

Brominated aromatic compounds have found use as
flame retardants. Fluorinated and iodinated aromatic
compounds are components of pharmaceutical agents.
The chemical inertness and hydrophobicity of many of
these compounds has resulted in them becoming widely
distributed in the environment; in particular accumulat-
ing in many terrestrial and aquatic organisms [8]. This
coupled with their toxicity has given rise to concern
about their fate in the environment. Some of the bromi-
nated persistent pollutants are 6-bromo-2,4,5-trichloro
phenol (BrTriCIP), pentabromophenol (PBP), 3,3',5,5'
tetrabromobisphenol A(TBBPA), bromophenol (BP) and
bromo benzoic acid (BBA). Brominated diphenyl ethers
(BDEs), are environmentally persistent class of organic
pollutants, in “biosolids” from four different regions of
the United States. These compounds are widely used as
flame retardants, and their presence suggests that the
environmental consequences of land application of bio-
solids need further investigation. BDEs have been fre-
quently detected in wild-caught fish, indicating another
pathway for human exposure [4,9].

A diversity of natural aromatic brominated organic
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compounds can be found in a variety of biota, mostly
aquatic species such as algae and sponges [10]. The
Aplysina aerophoba is an example of a marine sponge in
which such compounds can be found [11]. Two exam-
ples of natural aromatic brominated compounds are
shown in Figure 1. These brominated compounds may
function as a chemical defence against predators and
biofouling (unwanted accretion of biota on the outside of
a-wet-organism).

1.3. Fluorinated Pollutants

Hazardous chemicals that have entered the environment
because they have leaked out from products during use
and waste treatment include chlorinated compounds and
brominated flame-retardants (BFRs). Now the alarm is
being sounded for a completely new group of problem-
atic micropollutants—the fluorinated hazardous sub-
stances [12]. They are used in many types of products to
achieve a smooth surface that is preferably stain- and
water-repellent. The fluorinated chemicals can be found
in certain cleaning agents, paint and varnish, wax, floor
polishing agents, impregnation agents for textiles, car-
pets, paper, furniture and shoes, fire-extinguishing lig-
uids and photo paper.

In the following section, the phototrophic bacterial
degradation of some halogenated aromatic compounds is
discussed.

2. PHOTOBIODEGRADATION

Utilization of light energy by organisms for growth and
survival is called phototrophy. The function of the
anoxygenic photosynthetic apparatus is the transforma-
tion of light energy into an electrochemical gradient of
protons across the photosynthetic membrane, which can
be used for ATP production, active transport, motility,
and other energy-consuming processes.

Aromatic compounds, whether from natural or syn-
thetic sources are ubiquitous in most ecosystems. Purple-
non sulphur photosynthetic bacteria are capable of de-
grading a wide variety of structurally diverse aromatic

compounds anaerobically in the presence of light [13,14].

Among them Rhodopseudomonas palustris is perhaps
the most nutritionally versatile. Members of Photosyn
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Figure 1. Examples of natural aromatic brominated organic
compounds. The left compound is isolated from the red alga

Rytiphlea tinctoria, the right one is isolated from the sponge
Tedania ignis [10].

Br
0

0 Br
OH

Copyright © 2010 SciRes.

thetic anoxygenic bacteria include purple sulfur bacteria
and green and purple nonsulfur bacteria. Anaerobic soil
environments would provide favorable conditions for the
proliferation of these bacteria [15]. In addition to
cyanobacteria, these may contribute to the productivity
through carbon fixation [16].

2.1. Photobiodegradation of Halogenated
Aromatic Compounds

Among all the halogenated aromatic pollutants the
photobiodegradation of chlorobenzoates are well studied.
However the reports on the photobiodegradation of other
halogenated aromatic compounds are scanty.

The degradation of chlorobenzoates by soil microor-
ganisms have been reported by many researchers [1] and
also the photobiodegradation of chlorobenzoates have
been extensively studied in the phototrophic bacteria like
Rhodopseudomonas polustris. During the metabolic
study of 3-chlorobenzoate by a mixed phototrophic cul-
ture in the presence of benzoate, Rhodopseudomonas
palustris WS17 was the dominant phototroph [17]. The
anoxygenic photoheterotroph Rhodopseudomonas pal-
ustris DCP3, isolated by Van der Woude ef al. [18] is the
first example of an R. palustris strain that can use
3-chlorobenzoate (3CBA) as sole source of carbon under
anoxic conditions in the presence of light. A unique
property of this bacterium is that it does not need a co-
substrate for growth on the chlorinated compound,
which is in contrast to previously described anaerobic
phototrophic bacteria [17,19]. In an another degradation
study, 3-chlorobenzoate was shown to be metabolized by
Rhodopseudomonas palustris DCP3 under low-oxygen
and phototropic conditions [20]. The phototrophic bacte-
ria while metabolizing 3-chloro benzoate used the
dechlorination pathway. In this the substrate 3-chloro-
benzoate was dechlorinated to benzoate. If R. palustris
grown on 3-chlorobenzoate, it can also use 2-chloro-
benzoate, 4-chlorobenzoate or 3,5-dichlorobenzoate.

2.2. Dehalogenation in Phototrophic Bacteria

A few examples that phototrophic bacteria, including
Rhodospirillum and Rhodopseudomonas sp., can grow
phototrophically under anaerobic conditions using halo-
carboxylic acids or 3-chlorobenzoate have been reported
[3]. We are currently investigating the possible role of
Pseudomonas stutzeri in metabolizing 2-chlorophenol
and 4-chlorophenol under phototropic and denitrification
conditions.

3. CONCLUSIONS

Purple-non sulphur photosynthetic bacteria are capable
of degrading a wide variety of structurally diverse aro-
matic compounds anaerobically in the presence of light.
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Anaerobic soil environments would provide favorable
conditions for the proliferation of these bacteria. An-
aerobic processes are beneficial for eliminating pollut-
ants from contaminated sites, in which oxygen is often
unavailable due to its quick depletion with easily utiliz-
able substrates, low solubility in water and low rate of
transportation in saturated porous matrices such as soils
and sediments. The metabolism of haloaromatics by an-
aerobic phototrophic bacteria is made possible by dis-
lodging carbon-halogen bond by dechlorination or halore-
piration, denitrifying conditions or under meth-anogenic
environments. It is hoped that anaerobic and phototropic
microorganisms are better suited than aerobes for the
remediation of natural halogenated aromatics and pol-
lutants arising from industrial applications and effluents.

REFERENCES

[1] Chaudhry, GR. and Chapalamadugu, S. (1991) Biodeg-
radation of Halogenated Organic Compounds. Micro-
biological Reviews, 55(1), 59-79.

[2] Bhatt, P., Kumar, M.S., Mudliar, S. and Chakrabarti, T.
(2007) Biodegradation of chlorinated compounds—A re-
view. Critical Reviews in Environmental Science and
Technology, 37(2), 165-198.

[3] Thakur, I.S. (2007) Environmental microbiology xenobi-
otics: Pollutants and their degradation-methane, benzene,
pesticides, bioabsorption of metals. http://hdl.handle.net/
123456789/664

[4] Stanlake, GJ. and Finn, R.K. (1982) Isolation and char-
acterization of a pentachlorophenol-degrading bacterium.
Applied and Environmental Microbiology, 44(6), 1421-
1427.

[5] Steiert, J.G. and Crawford, R.L. (1985) Microbial degra-
dation of chlorinated phenols. Trends in Biotechnology,
3(12), 300-305.

[6] Karns,J.S., Kilbane, J.J., Duttagupta, S. and Chakrabarty,
AM. (1983) Metabolism of halophenols by 2.4,5-tri-
chlorophenoxyacetic acid-degrading Pseudomonas cepa-
cia. Applied and Environmental Microbiology, 46(5),
1176-1181.

[7] Kilpi, S., Backstrom, V. and Korhola, M. (1980) Degra-
dation of 2-methyl-4 chlorophenoxyacetic acid (MCPA),
2,4-dichlorophenoxyacetic acid (2,4-D), benzoic acid and
salicylic acid by Pseudomonas sp. HV3. FEMS Microbi-
ology Letters, 8, 177-182.

[8] Commandeur, L.C.M. and Parsons, J.R. (1990) Degrada-
tion of halogenated aromatic compounds. Biodegrada-

Copyright © 2010 SciRes.

[12]

[13]

[14]

(18]

(20]

tion, 1(2-3), 207-220.

Hale, R.C., La Guardia, M.J., Harvey, E.P., Gaylor, M.O.,
Mainor, T.M. and Duff, W.H. (2001) Flame retardants:
Persistent pollutants in land-applied sludges. Nature,
412(6843), 140-141.

Gribble, GW. (1999) The diversity of naturally occurring
organobromine compounds. Chemical Society Reviews,
28(5), 335-346.

Ahn, Y.B., et al. (2003) Reductive dehalogenation of
brominated phenolic compounds by microorganisms as-
sociated with the marine sponge Aplysina aerophoba.
Applied and Environmental Microbiology, 69(7), 4159-
4166.

(2006) Fluorinated pollutants in all-weather clothing.
Friends of the Earth Norway - Report 2.

Sikdar, S.K. and Irvine, R.L. (1997) Biodegradation
technology developments (Bioremediation Vol 2. prince-
ples and practice). Technomic Publ. Co, Lancaster.
Gottschal, J.C. (1994) Anaerobic degradation of halo-
genated benzoic acids by photoheterotrophic bacteria.
FEMS Microbiology Letters, 119(1-2), 199-208.

Bashan, Y. and Holguin, G. (2002) Plant growth-pro-
moting bacteria: A potential tool for arid mangrove re-
forestation Trees. Trees—Structure and Function, 16(2-3),
159-166.

Day, J.W., Jr., Hall, C.A.S., Kemp, W.M., Yanez-Aranci-
bia, A. and Christian, R.R. (Eds.) (1989) Microbial ecol-
ogy and organic detritus in estuaries. Estuarine Ecology,
Wiley, New York, 257-308.

Kamal, V.S. and Wyndham, R.C. (1990) Anaerobic
phototrophic metabolism of 3-chlorobenzoate by Rhodo-
pseudomonas palustris WS17. Applied and Environmen-
tal Microbiology, 56(12), 3871-3873.

Van der Woude, B.J., De Boer, M., Van der Put, N.M.,
Van der Geld, J.FM., Prins, R.A. and Gottschal, J.C.
(1994) Anaerobic degradation of halogenated benzoic
acids by photoheterotrophic bacteria. FEMS Microbiol-
ogy Letters, 119(1-2), 199-208.

Blasco, R. and Castillo, F. (1992) Light-dependent deg-
radation of nitrophenols by the phototrophic bacterium
Rhodobacter capsulatus E1F1. Applied Environmental
Microbiology, 58, 690-695.

Krooneman, J., Akker, S.V.D., Pedro Gomes, T.M.,
Forney, L.J. and Gottschal, J.C. (1999) Degradation of
3-chlorobenzoate under low-oxygen conditions in pure
and mixed cultures of the anoxygenic photoheterotroph
Rhodopseudomonas palustris DCP3 and an Aerobic Al-
caligenes species. Applied and Environmental Microbi-
ology, 65(1), 131-137.

ABB


http://hdl.handle.net/�


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


