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ABSTRACT

The producing oil and gas countries are keen, eager and anxious to look at the impact of the industrial wastewater
(IWW) spilled during the production and processing on various aspects of life including the public health, economy,
agriculture and wild life. Arab Gulf Sates, including Qatar, have enacted laws and regulations by which
Environmental Impact Assessment (EIA) should be implemented for any plan to conduct projects by oil and gas
companies that might change the natural habitats. This review aimed to clarify the objectives and principles that
should be considered and implemented for any future studies concerning the use of IWW in various aspects of
agriculture after removing the contaminants. Therefore, any investigations, studies and researches in the Sate of
Qatar concerning the impact of VW in soils and waters should cover the following aspects. (1) recognize the native
plants and the associated microbes, like bacteria and fungi, that prove efficient in phytoremediation and
bioremediation, (2) analyze IWW periodically to monitor the changes in its chemical contents (organic and
inorganic) such as petroleum hydrocarbons, nutrient elements, heavy metals as well as other compounds that
might be added during the extraction and processing, (3) set up systems of soil, sand and water cultures suitable for
the local plants in Qatar to conduct successful experiments about the phytoremediation techniques, (4) study the
physiological and biochemical parametersthat might be affected in plants proved efficient in phytoremediation. The
outcomes of such studies can be used latter on in more advanced investigations, and (5) implement ambitious
advanced plans to use modern technology to develop genetically modified plants that are efficiently remove,
degrade, metabolize various types of pollutants.

Key Words: Bioremediation, Phytoremediation, Industrial Wastter, Native Plants, Microorganisms, Heavy
metals, Petroleum Hydrocarbons

INTRODUCTION

The Problem

The value of life on Earth is closely associatethwle quality of the environment, as the environtig clean and
free of contaminants; that would encourage humaeldpment, creativity and production optimizatidimere is no
doubt that mankind is facing serious problems ahdllenges concerning the food and health secuttitgse
problems can be summarized as follows: (1) the jadipn of the world is increasing steadily; or"'¥ctober 2011
the population of the world became 7 billion. Theitdd Nations (UN), Food and Agriculture Organiaat{FAO)

estimate the population on the Earth in the fodehade of the current century to be 12 Billion peof?) global

food production reached plateau, (3) 70 % of thréase of earth is covered with salt water, and 48f%he land is
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arid or semi-arid lands, and half of these landsgsly saline soil [1, 2]. FAO data have estimatieat at least 40%
of the world is affected by salinization [3], (4)igation of crops in those regions faces serichalenges because
of limited water supply of good quality suitable faigation, especially in areas where agricultiselependent on
surface irrigation, (5) increasing pollution prafble in the environment including water, soil andasra result of
industrial development and human activities. Thauawlation of petroleum products and heavy metakoils and
water started with the beginning of production dfamd gas, causing a lot of threats in many sscbéreconomy;
agriculture, health and wild life, (6) lack of fimeial support for the applied research in the fiefdagriculture,
especially in the poor and developing countrie} ttfé pattern of distribution of food and the eamimpolicies of
rich nations are additional problems facing mankind

The Produced Water during the Extraction of Gas andOil:

During the extraction and processing of natural@asrude oil, the trapped water in the undergroisrroduced in
huge volume and brought to the surface, such vadten considered as waste, however there are sodieations
that such water may be useful and can be consider@dtential profit stream [4]. Billions of basealf wastewater
are produced annually from the oil and gas fietdthe producing countries around the world. In repof [5] and
the American Petroleum Institute (API) about 18idml barrels, bbl (bbl = 42 U.S. gallons) of proddovater was
generated by U. S. onshore operations in 19954, additional large volume was generated at WffShore
wells. Moreover, it was estimated that an averadg2l® million bbl of water was produced each dayldwide.
The produced water is separated from gas duringptbduction process, other components are prodiiked
monocyclic aromatics such as benzene, toluenel bdnzene, and xylene (BTEX), and these are modie than
the produced waters from oil production. Studiefidate that the produced waters discharged fronftgadensate
platforms are about 10 times more toxic than thedpced waters discharged from oil platforms [5, The
management of the produced water presents greli¢mipas and costs to the companies and the praglgoinntries
[5]. Some authors [4] have suggested five options faragimg the produced water: (1) avoid productionvafer
onto the surface, and this can be done by usingmi gels that prevent the leakage of water fromatéres or
using some agents to separate water from oil asdsggeams and re-inject water into suitable foomat(2) inject
the produced water, and this can be done eithéravitvithout treatment, (3) discharge the produsatkr, and this
can be done by treating water to meet the intesnalistandards and regulations, (4) reuse in adlgas operations
after treatment to meet the quality required falidg, stimulation, and work over operations, af consume in
beneficial use. Wastewater may need some treatmentseet the required standards of irrigation, edagd
restoration, livestock consumption and drinkingevat

In fact, such wastewater may contain various coraptmof hydrocarbons, and these are of two majmesty(1)
aliphatics which include alkanes (e.g., methankaret, propane), alkenes, alkynes and cycloalkaares,these
compounds contain chains of carbon atoms strungthtieg, and (2) aromatics which include mono-arocsate.g.
benzene, toluene, ethylbenzene, and xylene, cetdgtknown as BTEX) and polycyclic aromatic hydaobons
(PAHs; e.g., naphthalene, phenanthrene, anthratemepe-pyrene), and these compounds contain one or more
benzene rings bonded together [8]. Aromatic comgsware more toxic and dangerous than aliphatic, @irese the
former especially PAHs are carcinogenic [9].

Also, wastewater may contain considerable amourttase metals such as Cd, Cr, Cu, Hg, Pb, Zn ang bea
others, and these may be toxic to plants, animiads kumans. Thus, pollution that has resulted frarious

industrial activities including mining and smelting metalliferous ores, electroplating, gas exhaaisérgy and fuel
production, fertilizer and pesticide applicationdageneration of municipal represent a great chgéeo the local
authorities [10]. In fact, the accumulation of pé&uum hydrocarbons and heavy metals in soils aridra/as a result
of industrial activities of the extraction and puation gas and oil may cause serious threats toyreaators of
human’s life including health, agriculture and eaay.

Effect of wastewater on growth and development oflants:

The inorganic components of industrial wastewatetuide mainly inorganic heavy metals. Some of thesavy
metals are essential or being considered as ealstmtiplant life, while others are not essentifl][ Crude oil is
rich of heavy metals like Ni, V, Cu, Cd, and Pb][2&hile some other heavy metals associated witidemgas like
Hg and As as well as other elements and compountsiaing sulfur, halogen compounds (containingghke and
fluorine), nitrogen compounds like amines, ammaaia nitrogen oxides [13]. Their impact on the gtowand
development has been studied extensively in matiyenplants. Authors like [14] have stated that tlegative
impact of those heavy metals is reflected primanlynumerous changes at different levels of biaabisystem
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organizations. They are exerted their toxic effécteelatively low concentrations, and they areegatized as very
dangerous environmental pollutants. Increased ctrat®ons of heavy metals in waters and sedimesis harmful
effects to plants and animals due to their toxmpprties, and they are also affect humans throogth €hain. [15].
On the other hand, many reports have discusseinibect of spills of petroleum hydrocarbons durinigamd gas
production and processing in the soil and wateplants and the associated microbes (bacteria)eXample, [16]
have conducted pilot experiments to analyse thecetif different environmental factors on the rinezoediation of
petroleum contaminated soil using different plgedes (cotton, ryegrass, tall fescue and alfaHa@h TPH (Total
Petroleum Hydrocarbormontent inhibited the bioremediation process likeécause of the toxicity of TPH to the
plant and bacteria. Some plants are sensitive fwotiution, and plant growth may be greatly redige a high-TPH
soil. [17] have found that 5 % TPH content gavelibst degradation in soil planted with ryegrass, they come to
the conclusion that plants differ in their effeetiess in the process phytoremediation; tall feggtestuca
arundinacea) > ryegrass L(olium perenne L.) > alfalfa (Medicago sativa ) > cotton Gossypium hirsutum Linn). A
high TPH content is toxic to plant growth and intsbthe degradation of petroleum hydrocarbons, tre
degradation rate of TPH increased with increasetitiad of fertilizer. [18] have discussed the impaé organic
pollutant on plant metabolism which could have giggact on plant growth and development, thesepmmds
cause great influence on the uptake of nutrientspanrssibly other chemical components across plaserabranes
since they are lipophilic and covalently boundhe soil components. These compounds either limsitughtake or
cause accumulation in the partly suberized rootegorBefore the pollutant is translocated by thenspiration
stream in the xylem into other tissues, it entées symplast of the root endodermis where detoxioaand
metabolism occur [19]. [203oncluded that TPH content of 1.5% is considered estical value for plant growth
and living of earthworm and 0.5% will affect thetigity of luminescent bacteria. They found that, TBéllution in
the soil inhibited seed germination in some crampd like wheat and maize when the concentratiopetrioleum
was higher than 0.1%. [21] have found that the g@mmtion rate was significantly reduced ig&chinus
terebinthifolius Raddi, in soil affected by diesel oil at a rate9@4 ml per Kg, and the toxic effect contaminant
decreased over time. [22] have found that addibibail field wastewater to the soil increased baatgpopulations
in the wastewater — contaminated soils above thbHee uncontaminated soils.

PHYTOREMEDIATION

The current attention is being paid and concerdreaaemove pollutants of various kinds from wassi|, and air

to make the environment clean and healthy. Manyhoust have been used, the conventional methods of
remediation in the soil include digging through ttantaminated soil and remove the contaminants arecélly
and transfer the pollutants to another sites. Thesthods have some drawbacks including the finhnost and the
ethic commitment and potential liability [23], aade not guaranteed success and pollution can heféraed to
other sites. Moreover, the traditional methods mestroy the ecosystem at the site [9, 24]. On therdhand, new
modern approaches have been adopted which incloplete degradation of the pollutants or transiemnt to
innocuous substances. In this regard, bioremediatiethods have been used worldwide using microsgento
degrade the environmental contaminants mainly acgamastes in to less toxic concentrations [23, 25].
Bioremediation seemed a good alternative to conwealt technologies in many countries across thdduMoecause

it is cheap and easy to implement. It was firstoemtrated on the degradation of the most toxic renmental
pollutants into less toxic forms and to levels bekhe concentration limits established by locakhatties. In the
modern era, the process of bioremediation was dévis the 1960’'s by George M. Robinson and notiagpintil
1972 when fuel holding tanks were cleaned up, amckghen it has become a main method of cleaningpills of
gasoline, diesel, heavy metals and other easilyadiegl petroleum products [26]. However, these nusttaze not
applicable to heavy metals, since heavy metals atabe degraded and many of them are toxic at high
concentrations. Therefore, phytoremediation teamsghave been developed and seemed as good chditeee
the potential as effective techniques to clean-ifs and water contaminated with toxic compoundsne plants
can be used especially those proved efficient aidelwused to remove heavy metals or petroleum doahbons
from soil and water [8, 10, 27, 28]. Phytorena¢idin has been considered as innovative bioremediptocesses,
non-destructive and clean in situ technology ttsssugreen plants and the associated microbes twvegrmansfer,
stabilize, metabolize, degrade, or volatilize camiteants in soil and ground water for environmemtabnup [29].
Green plants were used to mitigate contaminantsadbus types, organic and inorganic, without themd to
excavate and dispose them elsewhere, and this itgehnvas described as phytoremediation. The term
phytoremediation was derived from two syllable9: Aacient Greek, Phyto means plant, and (b) Latimedium
means restoring balance or remediation. Plants udsedphytoremediation should be appropriate for the
environmental conditions and have the ability ttertate stress imposed by contaminants [30, 31]] [B&e
confirmed in their report on; Phytoremediation oftleum-Contaminated Soils in the Tropics, that
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phytoremediation is a non-destructive and econdetbnology that uses plants to clean up soil anttmfaom
contaminants. Moreover, plants may stimulate son@aines to degrade petroleum products in the rpizese.
Also, aquatic plants, algae, fungi and lichens banused to clean soil and wastewater from varigpest of
pollutants and is widely used in many countrieosgrthe world [33]. There are many techniques usargus
types of living organisms and have been used ssftdBsto remove contaminants from the soil andexd®, 34,
35]: (1) Rhizosphere biodegradation:in this process natural substances (exudatesasedeby plant roots to
supply nutrients to the microorganisms at the spbhere area to enhance their ability to degradaniecgpollutants,
(2) Phyto-stabilization: in this process the substances released by the mlats immobilize the contaminants
mainly heavy metals. Roots of plants may prevertewarosion and immobilize the pollutants by adsorpor
precipitation and at the end stabilize them. Moegpstabilization can be achieved by addition agheachemicals
like organic matter, phosphates, alkalizing agents$ bio-solids to the soi{3) Phyto-accumulation,and also called
Phyto-extraction: in this process, plant roots adsorb the contansnarutrients and water. Then, the plant absorbs
these contaminants and accumulates them in the,ndotomes, stalks, and leaves. This method id osanly to
remove heavy metals from soil and water. At the efnthe season, plant parts are harvested and sithelted for
potential metal recycling or can be disposed aazafdous waste. As far as bioavailability of metslsoncerned,
there are three types of metals: (a) readily bidabke metals which include: Cd, Ni, Zn, As, Se aad, (b)
moderately bioavailable metals which include: Ca) &hd Fe, and (c) not very bioavailable metals twiiclude
Pb, Cr and U. Pb can be made available by additioohelating agents to the soil, while ammoniunraté
enhances the availability of uraniufd) Rhizo-filtration: this method is similar to the phyto-accumulatioetinod,
but the plants used to cleanup wastewater are ggowither in hydroponic system or in sand cultuFbe
groundwater containing contaminants is pumped &dirface to irrigate plants growing in water cdtusand
culture, or in any artificial soil media like pedior vermiculite. When the roots of plants areuissied with
contaminants, they can be harvested and disposed tife accumulated metals in various parts ofplhat can be
extracted and utilized in industrgs) Phyto-volatilization: in this method some plants can be utilized to dbso
organic contaminants which are water soluble amy&d or modify them to volatilized components aetbased
them into the air through stomata of their leaveshay transpire the water. Many examples of plglatilization
can be reported in various plants. During the dastade, researchers have been working on varidive mdants or
genetically modified plants that are able to absmime contaminants, organic or metals, from theasal convert
them to gaseous species within the plant, and geléhem into the atmosphere. This method has beed u
successfully in case of Hg and As ions and selerj2@n 36, 37, 38]. Moreover, some plants provedcigft in
metabolizing selenium into volatile forms to cleda contaminated environments [3d) Phyto-degradation or
Phyto-transformation: in this method plants absorb organic contaminants metabolize and destroy them within
the plant tissues, or such degradation could bentaace externally, i.e. Ex plants metabolic psses hydrolyze
organic compounds into smaller units that can tsodded by the plant. Plant exudates may breakdagan
contaminants into small units, and when absorbeg become part of the plant metabolism as it grang at the
end they become incorporated into the plant tissared(7) Hydraulic Control: in this method trees are used and
act as natural pumps and their roots reach dowartdsvthe water table. Roots of trees establishnaedenass to
take large quantities of water by which the movernanground water and soil water is controlled. $hwater
infiltration or leaching may be contained, reducedgrevented, and on the other hand, water upwavd fhay be
induced. There are some examples of the magnitoidester uptake reported by [34] by which this noethwas
adopted using some trees like polar tree, willae talfalfa, tamarisk and eucalyptus.

HISTORICAL BACKGROUND

It is believed that bioremediation was first usediny Roman’s era (about 600 BC) to treat wasteewdiowever,
phytoremediation as a bioremediation process ieam@w technique to remove heavy metals or orgaoitgpounds
from wastewater or contaminated soil. About 300ryea@go some plants lik€hlaspi caerulescens and Viola
calaminaria were reported to accumulate high concentratiorteeafry metals [10, 40, 41]. In the twentieth century
these efforts continued to add more plants thae lthg potential in removing toxic metals and orga@mpounds
from soil and water. For example, [42] reported thetragalus accumulated considerable amount of Se in the top of
plant, [43] found thatlyssum bertolonii Desv. accumulated about 1 % Ni in the shoot sysfé#], reported that
Thlaspi caerulescens proved tolerant to high concentrations of Zn. Kinkarge number of publications in the last
decade of the twentieth century and the first decafdlthe current century increased the list of {gahat are
efficient in removing toxic elements and organicmpmunds from the environment, and improving the
phytoremediation techniques. [45] working with 3@ species, using water culture technique, fotlvad some
Brassica species accumulated substantial amounts of ZrCand he list of plants now includes hundreds oftcgge
as metal hyperaccumulators of various plant grobipg/ever,Thlaspi, Brassica, Sedum alfredii H., andArabidopsis
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species have proved efficient in removing heavyatsdtom soil and water [25, 46, 47]. [48] reportzme tropical
plants that have the ability to accumulate heaviatadike Co, Cu, Pb, Ni and Se. [49] reportedhieit review that
some trees such as willola{ix spp.) can be used for the phytoremediation of heastal-contaminated land. [50]
working with hydroponic system found thiakersia hexandra accumulated Cr in all plant parts. [51] analyzed t
evolutionary origin of Ni accumulation in some sigscof Sackhousia. Only S. tryonii accumulated Ni above the
hyperaccumulation threshold (1000 ppm), contairfiegween 2500 and 41000 ppm by dry weight. [14] have
concluded that macrophytes (aquatic plants) suchlygba latifolia, Phragmites communis, Nuphar Iutea,
Ceratophyllum demersum, Salvinia natans and Hydrocharis morsus-ranaeare good indicators of heavy metal
pollution (like Cd, Zn, Cu, Pb, Fe, Mn and Ni) amight have remedying properties. On the other hand,
phytoremediation techniques have also been usegetooleum contaminated soils. [8] have listed sphaats that
are efficient in phytoremediation of soil pollutedth petroleum compounds. These plants includedesavitd
plants likePanicum virgatum, Medicago sativa L. andPhragmites australis, and many crop plants. In a study from
Nigeria [31], the problem of contamination emergeith the continued production of oil since theiéf of last
century, the petroleum products were accumulatederagricultural lands and fishing waters whidh tieose lands
unsuitable for agriculture and water free of fistlResearchers using the soya be@hyd@ine max L.), which
succeeded in ridding the soil of the toxicity otmpéeum products. [16] found thMirabilis jalapa L. was tolerant
to petroleum contaminated soil and effectively potendegradation of total petroleum hydrocarbonsHI)P [52]
used Phragmites australis as a phytoremediating species to test how petml@ontamination affects the
ecophysiological parameters, the availability cfezgtial elements and microbe biology. The outcoafdkis study
proved that this species was excellent choice éakmfown petroleum compounds. Moreover, useful métion
was obtained about the effect of petroleum pollutmn the plant-microbe interaction and the roletludse
interactions in the phytoremediation of petroleustiyged soil.

In Qatar, there are no reports about the accuroulatf trace metals in wild plants and crops neardi and gas
fields; however, some studies in other parts ofaQhtive shown that the concentrations of theseegitarwere at
acceptable range recommended for normal plant gr¢s8&, 54]. Fe was found at higher concentratiansnost
plant species and locations, followed by Ni, Cu, Zn, Co and Cd. Such topic should be addresséabtoat the
accumulation of heavy metals in the native planiadg around the gas and oil fields.

List of Plants Involved in Phytoremediation:

During the last three centuries the number of glaéinat have been recognized as active and effigiergmoving,
degrading, metabolizing or immobilizing contamirsr{brganic and inorganic) increased tremendoushe T
literature have listed many native plants or cribiad can be used in phytoremediation. For exani@]érave listed
some plants that have been used in the phytoretiwdiaf hydrocarbonsAgropyron smithii, Andropogon gerardi,
Bouteloua curtipendula, Bouteloua gracilis, Buchloe dactyloides, Buchloe dactyloides var. Prairie, Chloris gayana,
Cynodon dactylon L., Daucus carota, Elymus canadensis, Festuca arundinacea Schreb., Festuca rubra var.
Arctared, Glycine max Lemna gibba, Lolium multiflorum, Lolium perenne L., Medicago sativa L., Panicum
coloratum var. Verde,Panicum virgatum, Phaseolus vulgaris L., Populus deltoides x nigra, Secale cereale L.,
Schizachyrium scoparius, Sorghastrum nutans, Sorghum bicolor, andZoysia japonica var. Meyer. [29] have found
that four aquatic plantsTypha domingensis, Lemna obscura, Hydrilla verticillata, and Crinum americanum are
active in removing Se from aqueous solutions. [3®}e studied the physiological and biochemical etspef Cd
toxicity in two aquatic plantBhragmites australis andTypha latifolia. [56] have found that seven subspecies of the
genusAmaranthus are able to accumulate heavy metals in their argf8v] have discovered th&teris vittata
proved efficient as arsenic hyper-accumulating tpkamd this plant uses two phytoremediation methodsyely
phytoextraction and phytovolatilization. [31] usBt/cine max as a phytoremediator plant in soil contaminateith wi
crude oil. The ability ofs. max to reduce the level of crude oil in oil pollutediszan help to restore polluted soils
back for agricultural use. The high acceptabilify@® max due to its high nutritional value, high adaptapignd
ease of propagation will make it an easy tool fmediation of soil contaminated with crude oil. Hwer, this
study has not shown the accumulation of heavy métahis plant during its growth in such so[s4] have studied
the accumulation of many heavy metals (Cd, Zn, Ry, Fe, Mn and Ni) in some aquatic macrophytesjimtc
ecosystems in the Republic of Serbia, these plactade: Typha latifolia, Phragmites communis, Nuphar |utea,
Ceratophyllum demersum, Salvinia natans and Hydrocharis morsus-ranae. [28] have studied the Mn accumulation
and tolerance in six specieBhytolacca Americana L., Poa annua L., Comnyza canadensis L., Cynodon dactylon
L., Polygonum hydropiper L., andPolygonum perfoliatum L. They found that these species have differeilitiab

to accumulate Mn in different plant organs. [57yéaiscussed the phytoremediation of heavy methlited soils
using various plant species. Heavy metals includdtiis study are: As, Cd, Co, Cu, Ni, Zn, Pb and &d over
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400 hyperaccumulator plants have been reported iantilde members of the Asteraceae, Brassicaceae,
Caryophyllaceae, Cyperaceae, Cunouniaceae, FabaE&mmurtiaceae, Lamiaceae, Poaceae, Violaceag, an
Euphobiaceae. In Egypt, [58] us&gpha domingensis in the phytoremediation of industrial wastewatengs in
El-Sadat city.

Bioremediation and the Role of Soil Microorganisms:

Bioremediation has been considered as cost eféectaan-up technique using microorganisms to aehpewtial or
complete degradation of organic contaminants; wittle long-term damage to the environment. Some
microorganisms can degrade or immobilize these arnimants apart of the intervention of living plaf§.
However, such activities might be accelerated wlhh presence of plants, since the secretion of suhstances
including enzymes and / or readily degradable suttts by plant roots may facilitate co-metabobms$formation
of hazardous petroleum hydrocarbons. Moreovess itdcessary that bacteria and the contaminants a@ntact
with each other, this is not easy to take placeesmicrobes and contaminants are not uniformlyapie the soil.
However, some bacteria are mobile and exhibit s&méd of chemical affinity toward the contaminanfsso,
mobilization of the contaminants can be acceleratdg some surfactants like sodium dodecyl sufpbatbring
bacteria and contaminants together [23]. The liteeahave listed large number of microorganismsctviaire active
in the degradation petroleum hydrocarbons. Theseomiganisms included bacteria, fungi, protozoaagde. The
following is a brief review of the general rolesroicroorganisms in the degradation of petroleumrbgdrbons and
the mechanisms of such degradation. [59] have oded that bioremediation takes place by synergéttion of
microbial community rather than a single speci28] has discussed all possible bioremediation teldyies using
various types of microorganisms including: (1) &écdacteria, there are some examples include thoibee in the
degradation of aliphatic and aromatic hydrocarb{2sanaerobic bacteria, these are not frequersiy uand these
microorganisms can be used for bioremediation dfghdorinated biphenyl (PCBs), dechlorination o€ tholvent
trichloroethylene (TCE) and chloroform, (3) lignigtic fungi, these include white rot funguRhanaerochaete
chrysosporium which has the ability to degrade extreme toxicytalhts, (4) methylotrphs, these are aerobic bacteri
that are able to grow utilizing methane for carlaon energy. These microorganisms have some enzlkees
methane monooxygenase. These microorganisms ave against a wide range of compounds includinghadiic
trichloroethylene and 1,2 dichloroethane, [60] hesacluded that the rate of diesel degradation vedier with the
present bacterial consortium rather than individwaalteria, and present bacterial consortium cavelter choice for
faster and complete remediation of contaminatedrdoatbon soils, [61] has stated some importantessu
concerning the role of microorganisms: (1) typesnaéroorganisms involved in phytoremediation, (@xsons for
microbial degradation, (3) differences in the degteon by various microorganisms, (4) charactesstif microbial
communities involved in the degradation, (5) roleracroorganisms in reducing phytotoxicity to planf62] have
discussed in their review the degradation of petnol hydrocarbons contaminants, the microorganismsiied
and the enzymes catalyzing the reactions. Theyrregpahe main types of petroleum hydrocarbons dred t
microorganisms involved in their degradation. Fraraple, they listed six microorganisms namelsthrobacter,
Burkholderina, Mycobacterium, Pseudomonas, Sphingomonas and Rhodococcus were found to be involved for
alkylaromatic degradation. A study from Nigeria [6@&vealed and isolated some bacterial strains femifs
contaminated with crude oil. These bacteria inclieseudomonas, P. aeruginosa, Bacillus subtilis, Bacillus sp.,
Alcaligenes sp., Acinetobacter lowffi, Flavobacterium sp., Micrococcus roseus, and Corynebacterium sp. Another
study [64] identified some tropical aerobic hydndiman degrading microorganisms from petroleum comatad
soil. These bacteria includingGordonia, Brevibacterium, Aeromicrobium, Dietzia, Burkholderia, and
Mycobacterium, however,Sphingomonas were found active in sites contaminated with padyaatic hydrocarbons
[65]. Fungi genera were found in considerable nunitgetroleum hydrocarbons contaminated soil. &@ample,
[66] and[67] have listed 31 genera of hydrocarbon degrafilingi which were isolated from marine environments.
In the last decade, some fungal genera were isblfaten petroleum contaminated soil namefmorphoteca,
Neosartorya, Talaromyces, Graphium, Aspergillus, Cephalosporium and Pencillium [64, 68]. Yeast genera were
also isolated from the similar sites, and theseegeincluded:Candida, C. lipolytica, Rhodotorula mucilaginosa,
Geotrichum sp, Trichsporon mucoides, Yarrowia, andPichia [62, 69].

Algae and protozoa have also been reported to rieweeghd degrade petroleum hydrocarbons. Howetraties are
scanty regarding their involvement in the biodegtamh of petroleum hydrocarbons [62}.0] isolated an alga,
Prototheca zopfi which is capable to degrade various types of hyahtmons of crude oil; aliphatic and aromatic
compounds. [71] have shown that many autotrophigokd organisms are capable of oxidizing naphthalend
these organisms include nine cyanobacteria, fieemgralgae, one red algae, one brown algae, andiatams. [72]
have reported large number of enzymes from micrnasgns like bacteria and fungi, and higher greamtglto be
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involved in the bioremediation of toxic organic lptdnts. The main microbial enzymes in bioremediatielong to
the main groups, these are oxidoreductases andolhgds. The oxidoreductases include: microbial
oxidoreductases, microbial oxygenases, microbmgnooxygenases, dioxygenases, laccases, and microb
peroxidases. The latter group includes many seegndeoups like microbial lignin peroxidases, miciab
manganese peroxidases and microbial versatile gErex On the other hand, hydrolases include ténggmes:
lipase, cellulase and protease.

Soil microorganisms are adapted to a wide rangenefronmental conditions of salinity, drought, tesrgture,
oxygen, and various levels of petroleum hydrocasbamd hazardous compounds. Plants are normallyizeld by
various types of microorganisms like bacteria, fuaégae or protozoa, and these plants offer a wligersity of
habitats including (a) phyllosphere (aerial partb),rhizosphere (the zone of root system andltsounding), (c)
endosphere (internal transport system). Such oelships may be detrimental or beneficial for eittibe
microorganisms or the plant, and can be class#gedeutralism, commensalism, synergism, mutuabsngnsalism
(a symbiotic relationship between organisms in Whioe species is harmed or inhibited and the apecies is
unaffected), competition or parasitism [73, 74]owéver, a great deal of attention has been palhéteria, fungi,
and algae in the degradation of petroleum hydramabin soils and waters in many countries. These
microorganisms can destroy or immobilize organiotaminants by a bioremediation process. The listheke
microorganisms includes at least 25 bacterial genacidovorax, Alcaligenes, Arthrobacter, Mycobacterium,
Pseudomonas, Rhodococcus, Sphingomonas, Xanthomonas, Achromobacter, Micrococcus, Acinetobacter,
Norcardia, Bacillus, Proteus, Brevibacterium, Sarcina, Chromobacterium, Serratia, Corynebacterium, Spirillum,
Cytophaga, Streptomyces, Erwinia, Vibrio, and Flavobacterium [8]. The fungi include at least 38 genera:
Cunninghamella, Fusarium, Penicillium, Phanerochaete, Acremonium, Monilia, Aspergillus, Mortierella,
Aureobasidium, Paecilomyces, Beauveria, Phoma, Botrytis, Rhodotorula, Candida, Saccharamyces,
Chrysosporium, Scolerobasidium, Cladosporium, Sporobolomyces, Cochliobolus, Sprotrichum, Cylindrocarpon,
Spicaria, Debaryomyces, Syncephalastrum, Geotrichum, Tolypocladium, Gliocladium, Torulopsis, Graphium,
Trichoderma, Humicola, andVerticillum [61]. Some of these genera are found among tha #bQatari soils [75,
76, 77, 78, 79]. Moreover, algae can be used ampyediators to clean contaminated waters witlouartypes of
heavy metals and petroleum hydrocarbons in vanauts of the world including oceans and lakes 8O 82]. In
fact, algae have been recognized as importantgligmoups to control metal concentration in lakemds, rivers,
oceans as well as wetland habitaGhlorella is a good example of an alga capable of accunmgldteavy metals
[83]. In fact, algae play an important role in aofitng metal concentrations and possibly orgardotaminants in
lakes, ponds ... etc. For example, [84] have invagtid the ability of algae to remediate As and Bame springs
from Sang-E- Noghreh area, Iran. The results shomedy living organisms from four major divisiongkdi
chlorophyta, cyanophyta, euglenophyta and hetettoldiyta can be used to remediate these metalseetfic It is
believed that algal flora have absorbed and accatedithese elements from their environment into thadies.

Evaluation of Phytoremediation:

Any remediation method of any adverse factor ccide advantages and disadvantages during the tigtiga
processes. Phytoremediation process is not excepfithis rule. Looking at the available literatuhe following
are the advantages of phytoremediation: (1) it ima#ural process, less invasive and destructive, areap
technology, (2) the bio-degraded products are eithenobilized in the soil or metabolized in the @laThus, the
dangerous compounds especially the organic onedramsformed to harmless products, avoiding anwréut
contamination, (3) the complete destruction of aontants is possible, (4) it promotes biodiversityd helps
accelerate the restoration of processes, (5) liropnove the aesthetics of the contaminated sitelsnaay promote
better air or water quality of the contaminatee,s{b) the growing plants in the phytoremediatiiia smay reduce
erosion, and these plants may provide shade tdibgiand serve as a carbon sink to help sequessteor emitted
from other sources, and (7) it avoids the dramiatimiscape disruption and preserve the ecosysterhO[923].
However, there are some possible disadvantagesytdremediation which have been reported in tlegdiure [23,
35]: (1) not all compounds can be degraded andrbbdacompletely or substantially, (2) some degrgoediucts
are more toxic than the original compounds, (3)lloelegradation by microorganisms is a specificpsses, and
not all sites have the appropriate bacteria or iffmgcomplete degradation of petroleum hydrocashd@ome sites
might not have appropriate levels of growth comditior active microbial metabolism, (4) some bia@dekgtion
processes of plants and the associated microbés@etow and take very long time for complete degtion [35].
In fact, there is a limited knowledge of the bagmedial methods that are used by a particular gla@cies [10],
(5) plants used for the remediation process in s@wiés should be selected carefully, some plantgeha
morphological and structural characteristics ndiable for all sites [35], (6) determination ottfinal endpoints of
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phytoremediation treatments is another concermgtigeno acceptable performance, (7) it is diffi¢ol extrapolate
all the outcomes of academic experiments to the.fi€8) the biomass of the harvested plants mightanother
problem of pollution. Contaminants may enter thedfechain through animals that eat the harvesteahdss unless
it is disposed properly or finding suitable indydis extract the accumulated chemicals especialvi metals and
(9) In the field, the interaction between soil, @minants, microbes and plants is a complex oris;dffected by a
variety of climatic and soil factors. It is diffituto make a generalization of the outcomes of @dah it is a site-
specific as far as the phytoremediation practicecancerned [10].

NATIVE PLANTS IN QATAR

Concerning the plant species inhabiting the landsscthe State of Qatar that have been used in stadjes of
phytoremediation of pollutants from soils and watelsewhere of the world includgd) Typha domingensis Pers.:
this plant has been used in phytoremediation ssudieemove heavy metals from industrial wastewaier solution
cultures [29, 58]. In a previous study, [55] hav®wn thatTypha latifolia L was capable to accumulate and
translocate cadmium ion (€9l from roots to shoots and their defense mechanistheed by CH at the levels of
thiol metabolism and antioxidant enzyme activi(®) Phragmites australis. this species has been used in the
phytoremediation of petroleum-polluted soils in @hi8, 52]. Also, this plant has been tested asa ghoice to
accumulate Cd in various organs with the defense mechanism ieduy Cd" at the levels of thiol metabolism
and antioxidant enzyme activity [55]. They conclddbat such wetland species were useful for thanihg of
eutrophic lakes and waste waters, as well as contded soils. The above plants and other wetlaadt@pecies
like Typha latifolia, Phragmites communis, Nuphar lutea, Ceratophyllum demersum, Salvinia natans and
Hydrocharis morsus-ranae that grow in some fish ponds proved efficient iwulating heavy metals including
Cd, Zn, Cu, Pb, Fe, Mn and Ni [14Dther aquatic plants (Cattailypha domingensis, duckweediemna obscura,
hydrilla: Hydrilla verticillata Royle, and swamp lilyCrinum americanum) were used to remove Se from agueous
solutions. Some authors [8] have listed various plant spetles are able to tolerate high concentrations of
petroleum hydrocarbons and those that are usebercleaning oil-contaminated soils. Among thesentglare
species belong to the genera Dfpha and Phragmites. In 2011 Typha domingensis was used to remediate
contaminants of heavy metals from industrial wastew soil and sediments from ponds, El-Sadat Eitypt [58].

In this study, the ability oTypha domingensis to absorb heavy metals (aluminum, iron, zinc ard)eas well as its
potential application for phytoremediation was ased. This plant proved capable of accumulatingetle@ements

in different plant organs especially in roots and leaves. Rhizofiltration mechanism was found &the best
method to explain the capability diypha domingensis in phytoremediation. Such plant seemed to have two
secondary avoidance mechanisms to deal with higiterdrations of heavy metals. The first one is afeg
between root system and shoot system, while thensemechanism is operating in the shoot systems @as are
excluded to the old leaves to avoid any disturbameehe plant metabolism in the active sites efshoot system.
Such plant might shed of old salt-saturated ledavesvoid the damage caused by extra salt accuronl§b]. In
another study, [52] have examined how plant ecaplogical traits, soil nutrients and microbial afties were
influenced by petroleum pollution in a phytoremeidig species ofPhragmites australis. The outcomes of this
study can be summarized as follows: (a) petroleaftution reduced plant performance especially & darly
stages of plant growth; (b) petroleum compoundsreghtive effects on the net accumulation of inoigaitrogen
from its organic forms by decreasing the inorganitrogen available to the plants; (¢) quantificatiof
hydrocarbon-degrading bacterial traits based oir taabolic genes, and it was found that the paability of
phytoremediating different components of petrolédwmrocarbons might vary during the plant life cydlaerefore,
they have come to the conclusion that phytoremiediatas most effective during the vegetative grosttiges as
greater abundances of hydrocarbon-degrading badateritaining genes that code some traits for segnadation.
Also, the effects of wastewater; which was ricmittogen and have high levels of salinity-alkalnitvere studied
on some photosynthetic parametersPofagmites australis [86]. These parameters included photosynthesis rate,
chlorophyll fluorescence characteristics, and apbwyll content were reduced in this plant undes¢heonditions.
They concluded that such agricultural wastewatey beahelpful in restoration d®hragmites-dominated salinized
wetland,(3) Chloris gayana (Poaceae) is known by its common name as Rhodes.gt is native plant and can be
cultivated in many parts of the world including tWéldle East as livestock feed and ground coveetluce erosion
and to re-cultivate denuded soil. Browsing the lawéde literature, little information has been reedr concerning
the phytoremediation of soil contaminated with pletam hydrocarbons using this grass. However, ldst can
tolerate moderately saline and alkaline soils amaldc be efficient in removing toxic elements frowils; it was
used to remove some heavy metals from contamirsagdespecially As, Pb, and Zn [87]. Rhodes grassqu
efficient in the metalliferous mined land re-vegdita program in many parts of the world especiaflythe
subtropical and tropical areas. However, [88] usiygiroponic system showed clearly that Rhodes gvess
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sensitive to Cu which caused some damages to pbat$ at a concentration of <M, (4) Medicago spp.
(Fabaceae): legumes have an advantage over otrdrgrbups in phytoremediation because of thelitaho fix
nitrogen under condition of oil-contaminated sdiss 89]. In fact, the interaction between the rgen fixing
bacteria such as rhizobia and the legume plants asidedicago spp. forms a symbiotic association called nodules,
which are able to fix atmospheric nitrogen as ammoand after a few reactions in the plant tissa@smonia
enters the metabolic pathways that end in amindsaand proteins. Such association has proved sfateés
remediating PHCs (Petroleum Hydrocarbons) and heastal contaminated soils [90]. In the flora of &atwo
main species nameMedicago laciniata andmedicago polymorpha are native plants, and can be tested as option in
the phytoremediation, howevdyledicago sativa has been cultivated and used as fodder in the Staf@atar and
this species has been proved efficient in the pbyediation of soil polluted with petroleum compdari8]. The
study of [91] on twenty genotypes Mifedicago sativa showed that the overall agronomic performancedsiced in
soil contaminated with crude oil, but variabilityigts among these genotypes in their growth andopbgnediation
capabilities of contaminated soils. Another stu@ig][on three plant species namely: alfalfdegicago sativa),
switch grass Fanicum virgatum), and little bluestem grasSohizachyrium scoparium), to assess the potential of
phytoremediation of soil of manufactured gas ptamtaminated with PAHs (Polynuclear Aromatic Hydndmons).
The study of [93] showed th&tedicago sativa could be used as effective and low-cost remediatjtion for TNT
(Trinitrotoluene) and PCBs (Polychlorinated Biphlsiiycontaminated soil of low organic matter contgt]
conducted a study using alfalfa to remediate smit@minated with heavy metals like Cd, Ni, and &g providing
nutrients like Mg, Fe, Zn, Mn and Cu, vermicompasts added to support the remediation processeallyfithe
study of [95] showed clearly thd¥ledicago sativa was efficient to remediate soil contaminated WREBs
(Polychlorinated Biphenyls) especially when RAMERapdomly Methylated Beta-cyclodextrins) mixture was
added. RAMEB is a complex compound enhances aerbinidegradation of PCBs by increasing pollutant
bioavailability in soil microcosms(5) Barley plant Hordeum vulgare) is a crop plant; tolerant to salinity and
drought [96, 97, 98, 99, 100, 101], and provedcgdffit in removing salts from soils and might be dy@ption in
phytoremediation programs [102]. The data of [25¢wged clearly that this plant could be used to neansome
heavy metals from soil. In fact, the success oftpéxtraction as a mechanism of phytoremediationezaiout by
crop plants depends on four main characterist@sthe ability of plants to produce large amounbiofmass, (b) the
tolerance mechanism of plants to heavy metalghégfficiency of plants to translocate metals fribw@ root system
to the shoot system, and (d) the metal speciestarsite in the cell organelles [103]. Many cropmk including
sweet sorghum, oat, barley, maize, and sunfloweveat efficient in accumulating toxic meta(§) Brassicaceae:
members of this family are very good choice in phginediation of heavy metals [25, 45, 104]. Thedwilustards
(Snapis arvensis L.) was used as a test plant in soil contaminatiedl twxic metals [105](7) Juncus rigidus Desf.
members of the family Juncaceae might be used ytopgmediation [106](8) Tamarix spp., species of this genus
had been used to produce wood by growing them ieh lands and irrigated them with salty effluent rfro
desalinization plants or with recycled sewage [1(®)]Prosopis Juliflora: this tree can be used in phytoremediation
of heavy metals [108, 109], afti0) Glycine max has been successfully used in removing toxic f@tm products
from the contaminated soil [31].

Most of the above plants have been found in poridsastewaters in Doha like Abu Nakhla wetland, thand
contains some aquatic plants liRberagmites australis, Typha domingensis, Rumex dentatis, Sporobolus arabicus
and Juncus rigidus. Moreover, Tamarix ramosissima and Tetraena qgatarense as terrestrial plant species can be
found in such wetland area as well [75, 110].

METABOLISM OF PETROLEUM HYDROCARBONS

As a result of the great industrial and human &is;, and urbanization in many parts of the wadgecially in the
oil and gas producing countries, organic contanmatcumulate causing a lot of disturbances andadamto
many sectors of life including economy, health agdiculture [8, 18, 23, 31, 61, 93, 111]. The as@lf data
during the last two decades revealed the essertlal of living organisms in cleaning the contameétht
environment. [112] has stated that phytotechnokgi® now offering efficient tools and environmédgt&iendly
solutions for the cleanup of soils and water comated by organic pollutants. In addition to thewulation of
heavy metals, plants are able to carry out degmadatrocesses leading to complete or partial decmitipn of
organic contaminantsn fact, it is very essential to understand hownfdacan accumulate, detoxify and metabolize
organic contaminants [111] Thus, from the technsqoé phytoremediation discussed in the introducidrthis
report, there are at least four methods can be mggpthnts and the associated microorganisms tedate soil and
wastewater contaminated with petroleum hydrocarb(ijsphyto-degradation or phyto-transformation), gayto-
extraction, (3) phyto-volatilization, and (4) rhigghere biodegradation [113, 114]:
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(1) Phyto-degradation (phyto-transformation): it ie threakdown of organic pollutants by external anditernal
metabolic processes driven by plaris.planta metabolic processes hydrolyze organic compourtdssimall units
that can be absorbed by the plant. Such activitesbe controlled and catalyzed by extracellulaysres and / or
membrane bound enzymes. Extracellular enzymesearetsd by root cells to the outside of cells; ¢hae used for
degrading large molecules into small ones [115k0Alsome organic contaminants may be absorbed rakerb
down by the internal enzymes. The penetration dfopeum hydrocarbons into roots occurs mainly bye
diffusion through unsuberized cell walls, and e that there are no specific transporters faelt®mpounds in
the plasma membranes, thus the movement of thesgwamds depends largely on their physicochemical
properties. The absorbed substances diffuse ifréleespaces of the root, some of which adsorbéldeadpoplastic
system, such substances may be excreted to thidewofsthe cell [114]. However, the main substanttes enter
the cells distribute and accumulate in the tisstsdification of these compounds takes place thhosgries of
reactions like oxidation, reduction and / or hygsi$ followed by conjugation with some cellular qguonents such
as glutathione (GSH), sugars or organic acids [136¢h reactions and activities may end in decreabimgoxicity
of these organic components and / or contributmthe metabolism what is called Green Liver Moddl7, 116].
Thus, the organic small units resulted from thevabactivities can be used as metabolites by thet jgis it grows
and are incorporated into plant cells and tissa&g][ The phytotransformation of organic contamts&ollowing
their uptake by plant cells can be categorized ditierent fates and phases. [118] have reportegktiphases: (a)
phase 1 is the conversion of these compounds bymsiic transformation including oxidation, reductjo
hydrolysis, ... etc., (b) phase 2 is the conjugatidncompounds produced from phase 1 with some iraport
biological molecules like glutathione, sugars, amatids, ... etc., and (c) phase 3 is the comparttientof the
conjugates and / or the molecules that are prodfroed further conjugation in the vacuoles or bouodell wall
components [115]. However, some other workers l@ertified different fates of organic contaminafadowing
their uptake by plant roots [9, 61,111, 116]: (fgnslocation to other plant tissues and may betiliaéd, (2)
undergo partial or complete degradation, (3) tramsétion of toxic organic components into less ¢caémpounds
and bound in plant tissues to non available fofh&4] have discussed the different processes ékatd place in
plants to deal with these organic contaminants.e&organic pollutants are excreted outside the melhivhen they
are not undergoing any transformation, such sexrds rather rare, and if it happens, it does seeay high
concentrations and of highly mobile compounds. Hawe according to Sandermann’s green liver concept,
substantial amounts of contaminants undergo enzgrmahsformations [117] which can be summarizetbsws:
(a) functionalization:it is the addition of functional groups like hydsdx carboxyl, or amino, to the organic
contaminants, thereby increasing their affinityetzymes and become liable of transformation, (b)ugation: this
might take place either on parent organic contamgand / or on the functionalized organic contamis. These
compounds can be conjugated with some cell comgsrieciuding proteins, peptides, amino acids, oigawids,
mono-, oligo-polysaccharides, lignin, ... etc by dewt bonds like peptide, ether, ester, thioethergtc. Many
enzymes are involved in the conjugation processetuding: transferases: Glutathione S-transferdS8T,
glucuronozyl-O-transferase, malonyl-O-transferagecosyl-O-transferase, ... etc. (c) comparmentatthare are
two main cell organelles can accommodate the camfuy compounds; vacuoles and cell wall components.
Normally soluble conjugates toxic compounds carstoeed in vacuoles avoiding the active metaboliessof the
cell; cytoplasm and other cell organelles, while thsoluble compounds can be coupled with cell wathponents
to be excreted outside the cell by exocytosis m@isha[114]. Such system is almost analogous to fiatd in
mammalian liver; then such system in plants wasi¢er Green Liver Model [117], (d) deep oxidationh#s been
considered as the most advantageous pathway ohiorgantaminants transformation in plants. Ther many
enzymes involved in the deep oxidation like: cytache P450-containing monooxygenese, peroxidase and
phenoloxidase. With the presence of atmospherigenxy super oxide anion radical {{and hydroxyl radical
(.OH) are formed and with further oxidation reactiobenzene and phenolic compounds are produced lasisve
water and carbon dioxide [114],

(2) Phyto-extraction (Phyto-accumulation): it is thentainment method that plants can bind or neutaliz
contaminants, and thus organic components areeuassarily degraded when they enter the planf&H]ll instead
may be sequestered in the vacuole,

(3) Phyto-volatilization: many plants have the ability volatilize organic contaminants that have b&sken up
through its roots as a natural air-stripping purygtesm [61,119], and

(4) Rhizosphere biodegradation: the direct or indirete of plants to degrade the organic compounitisewd to
simple components, less harmful and less persisitentalcohol, acids, carbon dioxide and water [6Although
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little information are available about the direetgdadation of petroleum hydrocarbons, Fig-1 shthwespossible
pathway has been found in some plants like cordlisggs, tea and poplar shoots [120].

1-2]KAN e Sy PIIMATY A1CONOLS ey 11 201 Sy a1yl — COA

N various compounds

P450BM-3
CH3CH;j (Ethane) — e CH3;CH>OH (Ethanol)

Alcohol Dehydrogenase

B CH;CHO ( Acetaldehyde)

Aldehyde Dehydrogenase
CH3COOH (Acetic Acid)
ACSS2
=0 (AcetylCo A)

Fig: 1, Possible direct pathway of the degradationf petroleum hydrocarbons (Diagram, A ) and (Reactins, B) inside plant tissues
leading to acetyl Co A.
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Thus, the degradation of aliphatic hydrocarbons feag to the biosynthesis of many key compounds®tentral
intermediary metabolism. For example, acetyl Cas A iprecursor for many key metabolites of Krebdecgad the
biosynthesis of fatty acids [11]. Also, aromaticdhycarbons can be degraded which leads to the famaf
phenolic compounds like catechol and muconic aaidi further reactions may lead to fumaric acid {Rpand
other tricarboxylic acid cycle intermediates [624]L1

Benzene ee— Pheno] s— Catecho] se—) O-Quinone

(Phenoloxidases)
Hydroxylation & Oxidation

(Ring Cleavage) Cis-cis-Muconic

Inter mediates of tricarboxylic acid cycle  @uummm—  Fumaric acid

Amino acids
Fig: 2, Degradation of aromatic hydrocarbons insidehe plant tissues may lead to fumaric acid and ottt metabolites.

Indirect degradation, on the other hand, has gaingetat deal of attention and there have been imfigenation in
the literature about the different methods thah{dand their root system can use to degrade argamnponents.
For example, root exudates can be considered iak ddtween plants and their associated microosgasi which
might enhance co-metabolic degradation. Co-metsimols a process that a compound can be modifieldl tivét
presence of another growth supporting substrateekample, plant exudates were served as co-mégsbduring
the biodegradation of{C) pyrene in the rhizosphere of crested wheat dfe&K. Another indirect role of plants,
the root associated enzymes may help transforrnargmllutants; many enzymes are possible catalyaigents
like: dehalogenase, nitroreductase, peroxidaseatscand nitrilase. Moreover, soil conditions mhgnge as a
result of physical and chemical effects of plantsl d&heir root system [122, 61]. Moreover, the rofemicro-
organisms should be considered here apart of tbls in the absence of plants. Many aspects am¢ern
including the types of micro-organisms and theimoaunities, the aim of degradation and the diffepathways to
achieve it, and the roles they play in reducingtptoxicity to plants [8, 61]. [123] have shown thatal petroleum
hydrocarbon (TPH) disappeared from rhizosphere itg winter wheat faster than the non-rhizosplsaie It
seems that such plant promoted the degradatioatoflpum components by microorganisms which wesecated
with increased catalase activity at the rhizosphere

HEAVY METAL ACCUMULATION IN PLANTS

Industrial wastewater could have negative impactamous sectors of human life; not only becaustheir content
of organic pollutants but its content of inorgami@mponents mainly heavy metals may cause greatptige
influence on the biological systems as well asudishg the environment and ecosystem [49, 55, 84].1.ooking
at the heavy metals, as mentioned above, somesé theavy metals are essential for plant lifefi&geMn, Zn, Cu,
Mo and Ni, while others either are not essentiahsas Cd, Al, V, Cr, Pb and Hg, or are being cargd as
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essential like Co and Se [11]. Most plants are sibkccumulate heavy metals from soil and waterthese heavy
metals become toxic when their concentrations ekcegtain limits [10, 125]. Remediation of inorgamlements
from soil, water and air is impossible because @@yunlike organic pollutants cannot be degradéds, the best
way to remediate soil or water contaminated withvyametals is to use algae or plants that aretabddsorb them
by phytoremediation; this process is called metaphlly as phytomining [126, 127, 128]. Crude il rich of
heavy metals like Ni, V, Cu, Cd, and Pb [12], whilame other heavy metals associated with cruddéilgablg, As
and possibly other elements and compounds conggisirifur, halogen compounds (containing chloring an
fluorine), nitrogen compounds like amines, ammama nitrogen oxides [13]. Looking at the availaliierature,
the following are some results, conclusions, plantelved, and the pattern of heavy metal accunmrdatin
different plant organs. [29] were trying to assissability of some aquatic plants like Cattdiygha domingensis),
duckweed ltemna obscura), hydrilla (Hydrilla verticillata Royle), and swamp lilyGrinum americanum) to remove
Se from aqueous solutions. The potential of thémetp as phytoremediating agents depends uporotieentration
of Se in solution media. At concentrations of 1@dnpor less, these plants proved good to exceltergmoving this
element, about 65 to 100% of the total Se was remhodepending on the plant species. Exposure tcectrations
greater than 100 ppm had an inhibitory effect acanpligrowth. Willow Galix spp.) was tested to remediate soil
contaminated with heavy metals that are normalgpeisted with crude oil and gas [49]. These re$eascfound
that heavy metals have different patterns of belraamd mobility within the trees. Pb, Cr and Cudtém be held in
the root system, while Cd, Ni and Zn are transledab the shoot system. [3Bund thatPetris vittata was effective
in volatilizing As, since it removed about 90 %tbé total uptake of As from soil. [124] used uniglkedr green alga
Dunaliella salina to remediate Lake Mariut, Alexandria, Egypt, froomee heavy metals including Cu, Co, Cd and
Zn. This organism showed high tendency to accuraatfollowed by Cu and Co, the lowest tendency fesa<d.
[129] has concluded that modification of the rhjgimsre environment may improve the bioavailabilityollutants,
and increasing the mobilization of metals, therebfiancing their uptake, sequestration and / or boétan. [14]
working on some aquatic plants likaragmites communis growing in Ecka fish pond in the republic of Sexkthey
found that most heavy metals accumulated in tteorhes and stalks. [13@hve stated thabxic elements such as
Hg, As, Cd, Pb, Cu, and Zn, are not involved inkaichemical reactions; thereby remain in the eminent
causing a lot of disturbances to the biologicateays The heavy metals remain in various ecosysteawd seep
into surface water, groundwater or even channel tiéé¢ food chain by crops growing on such a sdiese heavy
metals may adversely affect many aspects of huifatike agricultural product, and water quality asll as the
human health [131].

GENETIC APPROACH

Genetic engineering techniques have been considased promising approach to improve the growth and
development of many crops under various severea@mwiental conditions like drought, salinity, andré@sponse to
biotic factors that causing diseases including tslaanimals, bacteria, fungi... etc [132, 133, 1®ijch modern
techniques have covered other aspects of planfdifeexample the process of phytoremediation amiproved by
manipulation and analysis of biochemical processes gene regulations of desired plants [130]. ko, fthese
techniques to transfer genes into plants to imptbheeremediation potential have been suggesteddmnyrauthors.
Genetic engineering approach can facilitate theratiton of the biological functions of plants thgbumodification

in the main metabolism activities and by adding newenotypic and genotypic characters to plantsnjgrove the
phytoremediation properties [135].

Various plant groups including legumes, grassed vamious families such as Poaceae, Cyperaceaeackee, and
Typhaceae are very important natural remediatorersironmental contaminants, and could be consiae
possible experimental material to deal with gerghrielogy. The genetic improvement has been coreides
important effort since the introduction of some kggnes to plants can improve the remediation pialerior
example, [106] have shown that the transfer of §ieyes for Hg phytoremediation ingpartina alterniflora and
may beother plants living in various habitats is possibMhich could improve the capability of that plaot
remediate Hg contaminated wetland in spite of #ut fhat transferring many genes to a plant to déhl one trait
is not easy task. [27] have suggested that breegiagts having high biomass could lead to superior
phytoremediation potential in these plants. Howetrez difficulty of achieving such goal is that theductivity is
not controlled by one gene. [136] used chloroplesstsformation to enhance the capacity of tobgétootiana
tabacum) plant for Hg phytoremediation. [13fjve concluded that transgenic plants and assddiateteria bring
hope for a broader and more efficient applicatibplytoremediation for the treatment of organic paonds like
polychlorinated biophenyls (PCBs). Thus genetic fiwation of plants may improve some phytoremediati
mechanisms like phytoextraction, phytotransfornmgticetc, and also improve the bacterial efficiengy i
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biodegradation of those organic compounds (rhizediation). The application of gene manipulation #reluse of
native plants that are metal tolerant and /or igfficin absorption and degradation of organic commgis should be
accelerated and transferred from the experimeenal to the field [57].

OBJECTIVES AND CURRENT STATUS

During the last three decades, the environmentanynoil and gas producing countries become hegalluted by

various contaminants, organic and inorganic, wiiohild cause a great deal of danger for many lifeects

including general health of plant, animals and hosnagriculture, economy, and wild life. In Qatéwe University
of Qatar (QU) has signed contracts with some eneygy and oil companies to deal with industrial texsaster, for
example in October 2012 and in December 2013 Qhesigontracts with Exxonmobil Research Qatar andrba
Oil Qatar respectively to address the industriadteaater extracted in the production of oil and Jd®se projects
aim either to use native plants and the associatietiobes or using new technologies for water clegiréand

purification [138, 139]. The application of phytarediation processes could save the ecosystem fuothef

deterioration and can be considered as first stefige restoration programs of endangered halitdfs Therefore,
the main objective of any future project in Qat®ta recognize native plants and the associatedolrés which
have the ability to absorb and degrade the contamisn In fact, if these contaminants involved i@ thetabolism of
these plants, this would solve the problem of tbesfble future pollution of soil, water and airtire whole region
of Arabian Gulf. To begin with there are some stelpsuld be taken to achieve the above objectivergeam mind

that such research efforts have not been doneédifdhe State of Qatar. The following executivgeobves should
be considered: (1) Set up an appropriate systeaulbfre techniques using wastewater from oil ansl fggds, (2)

Identify wild or cultivated plants that are effioiein removing metals and organic compounds frootugtrial

wastewater and soils, (3) Analyze organic and ianig components in different plant organs of vasiqlant

species and areas around Qatar especially thoseghgegas and oil fields, and (4) Identify some nomdzganisms
that can play active role in the bioremediationcesses.

So far, a Joint project between some energy corepaamd Qatar University is being carried out tesiigate the
abilities of native and/or cultivated plant specisl the associated microbes to improve the quafitjndustrial

wastewater (IWW) produced during the production prmtessing of oil and gas through phytoremediat8ome
Qatari plants including native aquatic plants likattail (Typha domingensis) Pers common reedPliragmites

australis) and alfalfa ledicago laciniata and medicago polymorpha) and cultivated onedViedicago sativa) are

tested using this process especially those proffedeat and worldwide used to remove heavy metais/or to
degrade, remove and metabolize petroleum hydrooarbbhere are some good signs that at least sortleesé
plants are able to cope with soil contaminated WthV, and these plants included: common releldrdgmites

australis), and possibly others are able to cope with smik@minated with petroleum hydrocarbons or othganic

pollutants that are normally added during the psettey of gas and oil production [140].
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