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SUMMARY

Two bacterial strains isolated from hydmboen contaminated sites in Skikda, in addition to
a consortium isolated from hydrocarbon contaminaiezlin Alexandria (Egypt) were tested for
their capacity to degrade crude oil in a marine ionad The two local straindP§eudomonas sp.
S andRhodococcus sp. S.) and the consortium compose®adillus sp. S, Acinetobacter sp. S
and Aerobacter sp. Swere able to degrade 81-90% of 1% of crude odrelf6 days of incubation

The use of local urea as nitrogen sourdh {gcal phosphorus fertiliser slightly stimulated
oil biodegradation byRhodococcus sp. S andPseudomonas sp. S and slightly inhibited oil
degradation by consortium M. By adding chemicalfatiants the percentage of crude oil
degradation reached 88.5-96.5% with the testechses.

The concentration of oil was elevated from 16t®6 in presence of Triton X-100. The
microorganisms were able to degrade about 87-9092%f of crude oil after 15 days of
incubation. The immobilisation of bacterial strams wheat straw and in alginate reduced the
incubation time to 12 and 9 days respectively.

Because the lab experiments in flasks do efieat the field conditions, the organisms
Rhodococcus sp. S, consortium M andseudomonas sp. S were selected to test their ability to
bioremediate crude oil contaminated sea watereB#fit treatments including bioaugmentation,
biostimulation and attenuation were tested. Ammioniitrate was used as nitrogen source.
Dissodium hydrogen phosphate and sodium dihydrqgessphate were used as phosphorus
sources. After six weeks crude oil degradation waesveen 70.5 and 95% except in the
attenuation treatment (55.5%). When we used looah wvith local phosphorus fertilizer the
degradation percentage ranged between 77.5 and &% six weeks. The wheat straw
immobilized cells enhanced crude oil degradatiorcamparison with free cells. Maximum
cumulative percent of degradation in case of fredscwas 69.25% whereas in case of
immobilized cells it reached 79.08%. Dehydrogenastvity (Index of the total oxidative
activity) was higher in immobilized cells in comsam with free cells. The temperature range
(22-26C°) enhanced the activity of both immobilizedl free cells in comparison with the range
(18-20C°). The immobilized cells &hodococcus sp. S and consortium M could degrade 88 and
91% respectively from 3 % of crude oil in presenté@riton X-100 after four weeks. In absence
of Triton X-100 they could degrade 89.5 and 90%peesvely. The scale-up of lab microcosms
revealed that the best results were obtained iaugimentation with immobilizedells of consortium
M. The increase in biodegradation of crude oil wasetated with an increase in dehydrogenase activity.

The effect of crude oil toxicity was evaied using marine algae native to Ben Mhidi Beach
(Skikda). The results revealed that bioremediatedveater had less toxicity in comparison with uatied
one.

Key words Biodegradation of crude olseudomonas sp. S Rhodococcus sp. S Bacterialconsortium,

Immobilisation, Marine medium, Bioremediation



RESUME

L'objectif de ce travail est I'étude de la biodédmtion du pétrole par des souches
bactériennes dans un milieu marin. Deux Souche®f@cnes sont ainsi isolées dans des zones
marines polluées par les hydrocarbures de la rédgoSkikda et un consortium bactérien a été
ramené d’'Alexandrie(Egypte) et dont leur effet @ té&sté dans un milieu marin artificiel. Apres
15 jours de traitement, les souches bactérienmadel® Pseudomonas sp. et Rhodococcus sp.) et
le consortium bactérien composé principalement Baeillus sp.S, Acinetobacter spS et
Aerobacter sp.S ont dégradé de 81 a 90% du pétrole brut.

L'utilisation de I'urée comme source d’azete association avec un fertilisant phosphorique
(qui constitue la source de phosphore) a augmentéapacité dd’seudomonas sp.S et de
Rhodococcus spS a dégrader, mais n’a point amélioré I'efficadté consortium bactérien. A
des conditions de 10/1 du rapport azote/phospiRiw@ococcus sp. S et le consortium bactérien
donnent leurs meilleurs résultats. Ces bactériesamives a pH: 6, 7 et 8 et le sont moins a pH
acide (pH 4) et basique (pH 9). En ajoutant defastants les bactéries ont pu dégrader de 88,5
a 96,5% du pétrole. L'ajout du Triton X-100 a pesrdiaugmenter la concentration du pétrole de
1 a 6%, ou ces souches bactériennes ont pu dégla@a 90% de 2% du pétrole apres 15 jours
de contact. Enfin, en fixant ou immobilisant lestéaies sur les téguments ou les pailles du blé
dur et sur les alginates, la durée de dégradatéié eeduite a 12 et a 9 jours respectivement.

Les expérimentations au laboratoire ne refieaucunement les conditions du terrain, d’ou
I'utilité de tester la capacité des souches baaté@es sur la dégradation du pétrole dans le milieu
marin pollué. Différents traitements ont été tesfédioaugmentation, biostimulation et
attenuation). NENO3 a été utilisé comme source de nitrogéne ,HR®D, et NabhPO, ont été
utilisés comme sources de phosphore. Apres 6 sesydandéegradation du pétrole varie de 70,5
a 95% contre 55,5% pour l'atténuation. L'utilisatiole 'urée locale en association avec un
fertilisant phosphorique local a donné des tauxawmarentre 77,5 et 94% aprés 6 semaines. Les
bactéries immobilisées sur les téguments (pailtks)blé ont donné de meilleurs résultats
(79,08%) par rapport aux bactéries libres (69,23¢&m, I'activité de la déshydrogénase (index
de l'activité oxydative totale) était plus élevégez les bactéries immobilisées par rapport aux
bactéries libres. Ces effets sont plus appare®2 a26°C pour les deux types de bactéries.
Rhodococcus spS et le consortium bactérien immobilisés ont une capacité de dégmadat
respective de 88 et 91%(de 3% du pétrole) en pcésdun Triton X-100. En son absence, on
obtient 89,5 et 90%. L’agrandissement des microess®tait meilleur pour le consortium
immobilisé. La dégradation varie proportionnelletavec I'activité des déshydrogénases.

La toxicité du pétrole a été testée suralgae native de la plage de Ben Mhidi (Skikda). La

bioremédiation des eaux marines polluées diminusaité par rapport les eaux non-traitées.

Mots clés: Biodégradation du pétrolePseudomonas sp. S Rhodococcus sp. § Consortium bactérien,

Immobilisation, Milieu marin, Biorémediation
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Preface and Objectives

In the last few decades there was a renoiun the petroleum and petrochemical
industries in Algeria. This led to many serious iemvmental problems due to the
hazardous use of many petrochemical substancasdition to the accidental spillage and
disposal of crude oil and oily wastes. Skikda isratustrial town located in the North East
of Algeria. It is dot of an important petrochemigatlustrial complex, which constitutes
the principal source of hydrocarbons pollutionfaet the town of Skikda knows serious
pollution problems which affect the quality of aivater and mainly sea water. It is one of
the most oil spills polluted towns.

Bioremediation is being used or proposed reatment option at many hydrocarbon-
contaminated sites. The effectiveness of biorentiedias often a function of the microbial
population or consortium and how it can be enriciiedl maintained in an environment.

The aim of this work is to investigate thiiciency of oil biodegradation by some
microorganisms in marine medium to be used in tbesmediation of oil polluted sea in
Skikda, the North-east of Algeria, in case of ah spill. The optimisation of some
parameters which affect the utilisation of oil hetselected strains of bacteria was also
done. This work consisted of two experimental ta3ke first part was performed in the
laboratory using a) marine medium with crude oilsake carbon source in shaked flasks
and b) bioremediation of crude oil contaminatedvgater in lab-scale microcosms.

The objectives of the laboratory study were
1. Test the potential of crude oil degradation in @ifieial marine medium and in
sea water
2. Evaluate the effects of co-substrates, nutrientd, gurfactants, crude oil
concentration and immobilized cells on the bioddgt@n rates in marine medium.
3. Evaluate the effects of bacterial population, mumi$, temperature, immobilized
cells on the degradation of crude oil in contanmedatea water, and
4. Evaluate the microbial activities by dehydrogeraseyme.
The second part involved the scale-up eflab-microcosm on a site in the

garden of the environmental direction oik8k&.
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|. INTRODUCTION

The quality of life on Earth is linkedeixtricably to the overall quality of the environmen
In early times, we believed that we had an unlichiddundance of land and resources; today,
however, the resources in the world show, in greatelesser degree, our carelessness and
negligence in using them. The problems associatéd wontaminated sites now assume
increasing prominence in many countries. Contarathdands generally result from past
industrial activities (Fig.1) when awareness of liealth and environment effects connected with
the production, use, and disposal of hazardoustautess were less well recognized than today
(Vidali, 2001). The problem is worldwide, and th&imated number of contaminated sites is
significant (Cairney, 1993). It is now widely recoged that contaminated land is a potential
threat to human health, and its continual discowvergr recent years has led to international
efforts to remedy many of these sites, either assponse to the risk of adverse health or
environmental effects caused by contamination @nigble the site to be redeveloped for use.

Large amounts of spills and leaks ofrgdettm hydrocarbons such as gasoline, diesel,
kerosene, and similar materials have been refinddhandled on land every year, and despite
careful handling and containment there is the dggi that some may enter the soil
environment. The penetration of hydrocarbons fromtbp of soil into subsoil presents a direct
risk of ground water contamination (Morgan and Wea&n, 1989; Margesin and Schinner,
1997a). Although a significant proportion of thempounds in crude oil are relatively
innocuous, a number, especially the lower molecwksight compounds are toxic or mutagenic
and require remedial action to restrict environraktamage following a spill (Greer et al.,
2003).

Petroleum hydrocarbons including polyayearomatic hydrocarbons have been categorized
as priority pollutants by US Environmental ProtectiAgency (USEPA), Quebec Ministry of
Environment (QMENV) and many other environment drehlth organizations in the world
(Yerushalmi et al., 2003).

Over 3 billion tons of crude oil are extied annually, and about 0.1% of this finds its way
into the sea during the extraction, transportatimel consumption of crude oil and petroleum
products (Munn, 2004). Most of these contaminaitss sare the result of leaking underground
storage tanks particularly hydrocarbon storage (@wgham et al.,, 2000). Due to systematic
accident spills an annual release of oil into thei®nment in Russia accounts for 205 million
tons according to estimation of green peace (Zhahost al., 1995). In 1996 th®ea Empress
tanker accident led to the release of 72,000 tbrsudle oil off the coast of Wales, and 85,000



tons of oil spilt in 1993 as a result to tBeear tanker accident ofthe Shetland Isles (Munn,
2004).

Water of the Mediterranean Sea is among tbst mxposed to hydrocarbons pollution. It is
under great pressure because of industrial devedopr8ignificant quantities of industrial water
loaded with thousands of tons of toxic chemicaigl(bcarbons, organics and bio accumulative
toxic heavy metals, phosphates, detergents, ete.yedeased annually in the Mediterranean
marine ecosystem either directly or through riweithout treatment. (Boudelaa and Medjeram,
2011).

Industrial Military Agricultural
activities facilities practices
Chlorophenols Chloroanilines

PAHs \ Pesticides
N Air Water

Biopolymers ur—- | €mmn Plastics
a— o,

PCBs

Heavy metals Munition wastes

Dwes

Bleach plant effluents

Fig.1: Pollution of the environment Ioprganic and organic compounds
(After Gianfreda and Rao, 2004
1.1. History of hydrocarbons degradation
Miyoshi (1895) published one of the eatliereports concerning the utilization of
hydrocarbons. He observed that the funBasytis cinerea could attack paraffin. Perrier (1913)
made the first reference to a yeast utilizing hgdrbons. He described the oxidation of aromatic
compounds by moulds, among which he also classlioedla sp.

Bioremediation of petroleum contaminatedssbias been investigated since the late 1940s
(Margesin and Schinner, 1997b; Jackson and Parif@88). The idea of stimulated oil
biodegradation is not new, and Atlas and Barth&3)$reviously reviewed early work in this
area. Furthermore, this topic received more extenseatment in a current review (Atlas,1977).
Interest in the field did not become widespreadil uthie Exxon Valdez oil spill in 1989;
consequently, there has been a number of studrekicted and bioremediation has almost always
been found to be an effective treatment of hydtmmar contaminated sites (Huesemann and
Moore, 1993; Li Y. et al., 1995; Zhou and Crawfat895; Lieberg and Cutright, 1999).



The degradation of aliphatic hydrocarbonstbgroorganisms has been previously reviewed
especially by Klug and Markovetz (1971) and Einsmbtel Fiechter (1971) also the sources and
behavior of oil pollutants have been reviewed blagtand Bartha (1973) and by the National
Academy of Sciences (1975).

Mueller et al. (1989) demonstrated for thestfitime that the utilization of polyaromatic
hydrocarbons (PAH) containing four or more aromaitigs as sole source of carbon and energy
by bacteria is possible; they showed that a sevemimer bacterial community isolated from
creosote-contaminated soil was capable of utiliZiagroethene. In addition, the community was
capable of biotransforming other PAH in a concditrarange of 0.3-2.3 mg/l when grown on
fluoroethene.

During the ensuing decade, a diverse numbebsérvations regarding the biodegradation of
PAH by bacteria were published (Kanaly and Haraya@@00). Over the past 15 years,
biodegradation of high-molecular-weight PAH hasrbegensively studied (Kim et al., 2005). A
diverse number of microorganisms, including alghegi, cyanobacteria and heterotrophic
bacteria, play a role in PAH degradation (Atlas91;9Brennan and Nikaido, 1995; Pothuluri and
Cerniglia, 1994; Sutherland et al., 1995).

The clean-up after thExxon Valdez in 1989 allowed the first large-scale evaluatidn o
bioremediation and the lessons learnt from thatasin have provided a sound basis for future
use of the technology (Munn, 2004).

The intrinsic in situ bioremediation relies e intrinsic (i.e., naturally occurring) suppliek
electron acceptors, nutrients, and other necessatgrials to develop a biologically active zone
and prevent the migration of contaminants away fribke source. It can be used alone or in
convert with an engineered bioremediation or oteehnology (Rittmann and McCarty, 2001).

Engineered in situ bioremediation is usedatmelerate biologically driven removal of
contaminants trapped in the solid phase; its sgcaepends upon being able to achieve
substantially increased inputs of stimulating mater(Rittmann and McCarty, 2001).

In ex situ bioremediation contaminated sods be excavated and treated in aboveground or
ex situ, treatment systems. It is most applicabtesfall, heavily contaminated sources and when
a rapid site clean is desired (Rittmann and McCa@@1).

Bioslurry process is a system that consista ofixture of soil in water maintained in a stirred
reactor. The reduction of contaminant concentraiiorsoil is considerably higher with that
observed in solid- phase reactors because of theased solid- liquid mass transfer (Yerushalmi
et al., 2003).

The predominant ground water remediationtegsain the USA and Europe has been the

application of the so-called “pump —and —treat'htedogy. This approach uses mainly physico-
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chemical techniques to remove the pollutants inatb@veground treatment units, via for example
air stripping and activated carbon while biologioséctors are used in fewer than 10 % of cases.
To date , probably most experience with full scabe situ and in situ applications of
bioremediation has been acquired for the biodeg@daf hydrocarbons comprising straight and
branched chain, saturated, unsaturated and cytpbatic to mono-, di- and polyaromatic
hydrocarbons. Recently, however, new types of bicier designs have been developed that
eliminate polyaromatic solvents and aromatics dt(Weandevivere and Verstraete, 2001).

Immobilization of hydrocarbon-degrading micromngsms or nutrients in hydrocarbon-
adsorbing materials such as granular clay and exgsénd (Omar and Rehm, 1988), alginate (Li
et al.,, 1994 & 1995), wax (Resnick, 1998), and arauapsule system (Murakami et al., 1985) has
been developed. Oh et al., (2000), tested the upelyurethane foam (PUF) as a bioremediation
technique that can minimize the dilution of applieecroorganisms and nutrients in open-water
systems.

The use of oleophilic compounds, which stigkaad/ or release nutrients slowly (Munn, 2004)
is a strategy used in the bioremediation of oil lgget marines. Inipd! EPA22 is a
microemulsion of urea in brine, encapsulated ineaternal phase of oleic acid and lauryl
phosphate, co-solubilized by butoxy-ethanol. In theremediation of theExxon Valdez the
Inipol™ EAP22 was combined with a slow-release fertili@@astomblem™) which consists of
ammonium nitrate, calcium phosphate and ammoniumsydiiate encapsulated in a coating
polymerized linseed oil ( Munn, 2004).

Genetically engineered microorganisms are gmaaeh for providing the enzymatic capability
to create microorganisms with the capacity to di#gra wide range of compounds. A
hydrocarbon-degrading pseudomonad engineered bir&lyeaty was the first organism that the
Supreme Court of the United States ruled, in a lawadk decision could be patented (Atlas and
Unterman, 1999).

1.2. Origin of petroleum hydrocarbons

The generation of the light hydrocarb@ses, methane (7 ethane (,propane (¢) and
the butanes (§ occurs in three main stages: diagene {€j0 catagenesis (50-280) and
metamorphism (>20@) in which only dry gas and ultimately graphite &armed (Jones lll et al.,
1999). During the first stage bacteria acting un@elucing conditions on organic substrates in
sediments form predominantly methane. Accordinguat (1979), about 82% of the methane and
practically all the heavier hydrocarbon gases amenéd in the next catagenic stage. Ethane,
propane and butanes are formed in the temperaturgerfrom 70C and 150C with peak

generation occurring around TZD In addition to time, the quantity of gaseous rbgdrbons
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formed varies with the type of organic source, maltewhich can be broadly classified as
sapropelic (marine) or humic (terrestrial) (Joriestlal., 1999).
1.3. Petroleum composition
Petroleum is a complex mixture of hydrbdcers and other organic compounds, including
some organometallo constituents, most notably cexnpy vanadium and nickel. Petroleum
recovered from different reservoirs varies widalycompositional and physical properties (Van
Hamme, 2003). Petroleum refinery wastewaters amenu@ of many different chemicals, which
include oil and greases, phenols (cresols and miggnsulphides, ammonia, suspended solids,
cyanides, nitrogen compounds and heavy metals tkeomium, iron, nickel, copper,
molybdenum, selenium, vanadium and zinc. Oil cdasi five types of components, saturates,
non-cyclic hydrocarbons (paraffins), olefinic hydaobons (alkenes), aromatics and non-
hydrocarbons (sulphur compounds, nitrogen-oxygenpmunds and heavy metals) (Cote, 1976).
1.4. The sources of hydrocarbon contamination
Petroleum contamination results from legkatove ground and underground storage tanks,

pipelines, spillage during transport of petroleumducts , abandoned manufactures gasoline sites,
other unplanned releases and current industriadgsses (Gallegot et al.,, 2001; Sarkar et al.,
2005).
1.4.1. Tanker operations

The world production of crude oil iboait 3bt/year. During unloading of the cargo, a
certain amount of oil remains clinging to the walllsthe compartment this may amount to as
much as 800t in 2000000t tanker. Fortunately, aeme years, greater use of double-hulled tankers
has reduced the amount of oil spilt in this way ((Mu2004).
1.4.2. Marine terminals

Accidents through human error and pigefailure are an inevitable accompaniment to
loading oil on to tankers and discharging it atteirininals. The small size of this reflects theecar
taken to reduce such accidents to a minimum.
1.4.3. Tanker accidents

Oil pollution has many sources. Patint by oil tankers attracts the greatest public
concern (Munn, 2004). The wrecks of the tankampico Maru near Baja, California, th€orrey
Canyon southwest of England, th®@cean Eagle in San Juan (Puerto Rico) harbor..., all have
brought to public attention the ecologic conseqasraf oil pollution (Bartha and Atlas, 1977).

In spite of the high visibility of the spillages, it is estimated that such accidens f
only a small percentage of the annual input ofgdetrm pollutants into the biosphere (Bartha and
Atlas, 1977).



1.4.4. Non-tanker accidents

When a ship is in an accident, its fo#lmay be lost to the sea. Some cargo ships,
particularly bulk carriers, are now very large arary as much fuel as a 1960 crude oil tanker
carrier, so this source of oil contamination is negligible.
1.4.5. Off shore oil production

The oil that is extracted from the sshlnvariably contains some water which must be
extracted before the oil is transported to thenexfi. This is done by oil separators on the platfor
and the oil concentration in water that is disckdrgn usually less than 40 parts per million
(p.p-m), but in aggregate this amounts to a corsinde quantity.
1.4.6. Atmosphere

The incomplete combustion of petrol diesel in motor vehicles results in petroleum
hydrocarbon being released into the atmospherey @feewashed out in rain either directly into
the sea or indirectly by contributing to river raff:
1.4.7. Municipal and industrial wastes

Domestic wastes and sewage contamsaatity of oil and greases and depending on the
nature of the industry, its wastes may containresicierable quantity of petroleum hydrocarbons.
In coastal areas, these wastes are often dischargethe sea, even if subjected to treatment; the
sewage sludge may retain hydrocarbons, which aredischarged to the sea.
1.4.8. Coastal oil refineries

Refineries require a large volume @ftev and total discharge of oil is not negligible,
especially as it is continuously discharged ineoghme body of water.
1.4.9. Urban and river run —off

Every time it rains, iridescence caubgdil and petrol can be seen on the roads. Bhis i
washed down drains and into water courses and @algntreaches the sea. Garage forecourts
sustain a large amount of spilled oil, which is nesinto the drains.
1.4.10. Licensed dumping at sea

Shipping channels in estuaries and pmtsmonly need regular dredging. The dredging
spoil, which is usually dumped at sea, is contatechavith oil. Various kinds of solid municipal
and industrial wastes that are dumped at sea rmaycahtain petroleum hydrocarbons.
1.4.11. Natural sources
Oil deposits to the earth’s surfaeep out and have done so for millennia. The pitch

lakes of Trinidad are the product of natural seepagd coastal oil seeps occur in many parts of

the world.



1.4.12. Biosynthesis

Oil deposits are produced by plant rneshdahat have become fossilized under marine
conditions. Recent and fossil hydrocarbons haviergifit constituents and may well have different
effects on marine ecosystems but the dominatingténpf hydrocarbons from plants need to be
borne in mind when assessing the effect of petroleydrocarbons.
1.5. Effects of hydrocarbons
1.5.1. Public health risk from oil pollution

Some petroleum hydrocarbons are toxibumans and there are few cases on record of
children being made seriously ill or even dyingeafinadvertently swallowing kerosene. As
petroleum contains hazardous chemicals such asebenzoluene, ethyl benzene, xylene and
naphthalene. This contamination can be hazardotsettealth of plants, animals, and humans
(Lieberg and Cutright, 1999; Vasudevan and Rajar2®01; Zhou and Crawford, 1995). These
chemicals pose serious health and ecological prabldue to their toxicity and mutagenicity
(Yerushalmi et al., 2003), some of which are kna@ncinogens. In 1970s there was a fear that
(PAH) beheaded in much the same way as chlorinayedocarbons like DDT that they were
resistant to bacterial attack. These compounds tmigimcentrate in the tissues of marine
organisms with the concentration increasing upht food chain to reach the highest levels in
carnivorous fish. Human consumers of these fishhinigerefore be exposed to relatively large
amounts of these carcinogens even in the abseraepbil pollution.
1.5.2. Effect on water

It is well known that oil film contamitian can cause serious damage to aquatic lifelas oi
films retard the penetration of oxygen into wat@il. washed onto beaches also destroys foreshore
marine life. If the oil is not collected and remdweithin a certain time after the spill, evaporatio
of volatiles contained in the oil will enhance ttencentration of non-volatiles and thus increase
the density and viscosity of the oil causing itsiok. It will then associate irreversibly with
sediments including those, which support populatioheconomy or ecological significance (Oh
et al., 2000).
1.5.3. Effect on soil structure

Hydrocarbons tend to accumulate in theepobetween soil particles (Morgan and
Watkinson, 1989). The sorption of chemicals int@ thoil is strongly dependent on the
hydrophobic/hydrophilic properties of the chemieal well as on its concentration in the water
phase (Verstraete and Devliegher, 1996). This t®sual reduced © and water permeability
through the soil. Viscous hydrocarbon mixtures nwmat the surface of soil particles and
significantly alter the binding properties of th&y minerals present and the water-holding

capacity of the soil (Morgan and Watkinson, 1989).
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1.5.4. Effect on soil biology

Major inputs of petroleum may limit ptagrowth and animal activity and this may in turn
affect microorganisms: the penetration of soil lgnproots, earth worms, and burrowing animals
may also transport organic material to the biolallyc more active surface layers of soil
(bioturbation) (Morgan and Watkinson, 1989).
1.5.5. Effect on soil microbiology

Direct effects of hydrocarbons on soitrmabiology have been widely studied (Morgan and

Watkinson, 1989). There is normally rapid increas¢he size of the hydrocarbon-metabolizing
portion of the community and an increase in the lmemof microorganisms capable of utilizing
metabolites produced by the hydrocarbon —utilizmgrroorganisms (Bartha and Atlas, 1977,
Lode, 1986; Sextone and Atlas, 1977a).This effedar more marked for the bacterial than the
fungal population. Indeed, an equivalent rapid ease in fungal numbers is frequently not
observed and although longer term population grawdty occur, a short term increase biomass,
rather than in individuals may be the result of Hogdrbon contamination (Loynachan, 1978;
Pfaender and Buckley, 1984; Sextone and Atlas, 1977
1.5.6. Effect on phytoplanktons and algae

There are few studies that look at eéffects of refinery effluents or its components on
algae. Saha and Konar (1985) used 90 days toxestg on phytoplanktons. It was found that the
highest concentration tested (5.48% refinery efftfuelecreased the phytoplankton's growth. The
refinery effluent inhibited the growth of the alg&alarolstron apricorntum and the duckweed
Lemma gibba. It also reduced the germination limctuca seed by 15%. Reduced productivity of
phytoplankton and/ or algae will have a knock dedfto the other organisms in the environment
such agCrustaceans and fish (Wake, 2005).
1.5.7. Effect on the invertebrates

Many studies have used freshwaterraadne invertebrates as test organisms to observe
the effects of refinery effluent and its individuebmponentsCrustaceans seem to be more
sensitive than other aquatic organisms. Sublethatity tests on invertebrates have concentrated
on the changes in reproductive success (Wake, 20@spert-King and Mount (1986) observed
that Ceriodaphnia in diluted refinery wastewater produced fewer ypuer female than the
controls.
1.5.8. Effect on fish

Fish have been used for the toxicity testing of reiinery effluent in many different
studies, most of which have looked at sub lethigces. Many different species of fish have been
tested over the years (Wake, 2005). Irwin (19659duacute toxicity tests to determine the

sensitivity of 57 species of fish to refinery wastger. It was discovered that there was a variation
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both within and between species. The gupppestes reticulates) was the most resistant of the 57
species that were tested.
1.6. Methods of sea water remediation
In recent years, oil remediation technmeghave gained considerable development.

Bioremediation has appeared to be promising bechusemore effective and economic with
lesser undue damages to environment in comparisorsevveral physical and chemical
approaches. Bioremediation uses microorganismgttgate or eliminate environmental hazards
and attempts to accelerate the natural biodegmadatites by modifying environmental factors.
Generally, the degradation of hydrocarbon polligadgpends on the composition of the oil, on
the nature of the microbial consortium, and on emmental factors that influence microbial
activities (Si-Zhong et al.,2009 )
1.6.1. Bioremediation

Bioremediation is a pollution treatmésthnology that uses biological systems to catalyz
the destruction or transformation of various chesi¢o less harmful forms (Atlas and Unterman,
1999; Hamman, 2004). As such, it uses relatively-¢ost, low-technology techniques, which
generally have a high public acceptance and candie carried out on site. Bioremediation
methods have focused on the addition of microosgasior nutrients (Oh et al., 2000). There are
different techniques of bioremediation.
1.6.1.1. In situ bioremediation

These techniques are generally the most desirgitiens due to lower cost and less
disturbance since they provide the treatment irceplavoiding excavation and transport of
contaminants (Gruiz and Kriston, 1995).
1.6.1.2. Ex situ bioremediation

Bioremediation may be appliezk situ after contaminants and/or accompanying soils,
sediments, or waters are removed from the contdedrsites (Si-Zhong et al., 2009).
1.6.1.3. Intrinsic bioremediation

It is a process whereby the natural microflonal @nvironmental conditions exist for
natural attenuation of pollutants to safe levelthimi an acceptable period. This is generally the
first choice for biological treatment because uiees no engineered measures to increase the
supply rates of oxygen, nutrients, or other stimidgAtlas and Unterman, 1999).
1.6.1.4. Engineered bioremediation

This technique involves the introdantof engineered modified processes such as adding
microorganisms and supplying nutrients. The prilecipf engineered remediation is to change

environmental conditions for accelerating microoiges’ activity.



1.6.1.4.1. Biostimulation

Often natural microbial communitiesll not be able to carry out biodegradation
processes at a desired rate due to limiting phlysraautritional factors (Prescott et al., 2002).

Most of the early efforts to stimatd the degradative activities of microorganisms
involved the modification of oxygen, temperaturenatrients (Korda et al., 1997; Prescott et al.,
2002) in the form of organic and/ or inorganic ifeaérs into the contaminated site (Pankrantz,
2001), now called engineered bioremediation. Oftems found that the addition of easily
metabolized organic matter such as glucose incselamelegradation of recalcitrant compounds
that are usually not used as carbon and energyedirescott et al.,, 2002). Urea, sawdust,
compost, manure and biosolids have been used stifoalation (Cho et al., 1997; Namkoong et
al., 2002; Rosenberg et al., 1992; Walworth andnBlels, 1995; Williams et al., 1999).
1.6.1.4.2. Bioaugmentation

Both laboratory and field studiead®e to speed up existing microbiological processes
by adding known active microorganisms to soils,ergtand other complex systems, in addition
to stimulating indigenous microbial populationsdegrade the contaminants. The microbes used
in these experiments have been isolated from cantded sites, taken from culture collections
that have been previously proven to degrade hydoooa or derived from uncharacterized
enrichment cultures (Prescott et al., 2002; Samaral., 2005). For specific applications,
bioaugmentation can be carried out with geneticatigineered microorganisms (Vandevivere and
Verstraete, 2001).

1.6.2. Laboratory studies

Laboratory studies are necessary for assessinigiddegradation potential of a site prior to
initiating the process at full-scale. Laboratorydsés are conducted in various ways. Generally,
three kinds of tests are used: (1) pan studies¢hwkiimulate solid-phase bioactivity; (2) flask
studies that perform liquid-phase and slurry-phaiséogical process; (3) column studies which
represent in situ bioremediation (Nelson et al94)9

Laboratory tests can be used to selgtimal conditions for bioremediation. Several
conditions are usually tested including unmodifigdicroorganisms, nutrient amended
microorganisms, and biologically inhibited conditgo These tests can measure the rate of change
on the microbial populations. They provide data tbe rate and extent of conversion of
contaminants (Britto et al., 1994).
1.6.3. Factors affecting bioremediation

Bioremediation normally takes place ia Httive layer, which is on the top of permafrost;
therefore, the bioremediation effectiveness mail@gends on some limitations (Si -Zhong et al.,

2009).
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1.6.3.1. Hydrocarbon variety and concentration

Hydrocarbon variety and concentration are factohat t affect biodegradation.
Hydrocarbons with low molecular weight are relayveeasy to biodegrade. Branched
hydrocarbons degrade more slowly than the correipgrstraight-chain hydrocarbons (Baker and
Herson, 1994). The concentration of hydrocarbon aféect the bioactivity and be toxic to the
microorganisms (US. Environmental Protection Agend®85). High concentration of
hydrocarbons can be inhibitory to microorganisrhastslowing down the remediation rate.
1.6.3.2. Temperature

Temperature has a profound influentéhe rate of all biochemical processes, and afect
the biodegradation of hydrocarbons directly as vasllindirect ways (Atlas, 1991; Bartha and
Atlas, 1977). The optimal temperature for biodegtemh of petroleum has generally been found
to be 30-40C (Morgan and Watkinson, 1989). However, local smvinental conditions may
select for a population with a lower optimal tengiare (Morgan and Watkinson, 1989, Margesin
and Schinner, 1997a). Zobell (1973) reported mingitadegradation at temperatures below 0°C
in low- temperature marine environment.
1.6.3.3. Oxygen

The availability of molecular oxygemsha profound effect on the biodegradation of
various compounds. Oxygen is the most troublesammielgm facing the in situ bioremediation for
hydrocarbons and other pollutants that are biodizipie aerobically (Atlas and Unterman, 1999).
Metabolism of both aliphatic and aromatic hydrocad normally requires the presence of
molecular oxygen since the initial biochemical stepxygenase-catalysed reaction to produce
alcohol or phenol (Morgan and Watkinson, 1989). deim et al. (1990) reported that the
requirement of oxygen to degrade hydrocarbon iggfloxygen for 1.0 g of hydrocarbon.
1.6.3.4. pH value

It has been shown that mineralizabbhydrocarbons proceeds most rapidly at pH values
between 6.5 and 8.0. (Dibble and Bartha, 1979; slenal., 1970). According to Munro (1970)
many microbes have an optimum pH for growth arodnednd most preferring the pH range 5-8
although there are many exceptions of these trends.
1.6.3.5. Bioavailability

Bioavailability is the tendency of individual oillomponents to be taken up by

microorganisms. As for the microbial aspects, diffiies in bioavailability result from the
obstacles for hydrocarbons transferring into cellslenzymes and from limitations in energy for
maintaining degradation (Si-Zhong et al., 2009).
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1.6.3.6. Inorganic nutrients

Biodegradation rates can be limitedthiy available concentrations of various nutrients.
Since microorganisms require nitrogen and phosghdan incorporation into biomass, the
availability of these nutrients within the sameaai@s the hydrocarbons is critical (Atlas and
Unterman, 1999). Consequently, it is necessaryotik linto the environment in which the
biodegradation takes place to provide the otheuired nutrients (Bartha and Atlas, 1977).
Commercial inorganic nitrogen-phosphorus fertilzand defined inorganic mixtures have been
employed and have been generally found to enhargeadation of spilled oils (Bossert and
Bartha, 1984; Nawar, 1997; Raymond et al., 1976¢sWike et al. (1978) examined the in situ
degradation of oil in a soil of the boreal regidrCanada, where fertilizer containing nitrogen and
phosphorus was applied to the soil; there was @l rmgrease in bacterial numbers. This was
followed by a rapid disappearance in  n-alkaregeiaoprenoids.
1.6.3.7. Microbial metabolic versatility

Many microorganisms are able to degnaetroleum hydrocarbons. They are present in
contaminated soil and water; most of them are aemiganisms and can make use of organic
contaminants for their growth. Metabolic activitydaadaptability may range from almost zero to
highly active (Morgan and Watkinson, 1989). Metabbimitations may result from the enzyme-
substrate interaction and the energy needed teaéetmetabolism. If the proper enzyme already
exists, the degradation rate may then be determbyespecific interactions of the compound
with the enzyme (Schwarzenbagtal., 1993). Generally, the enzymatic limitations tefwm
substrate recognition and steric hindrance of satesbecause the recognition and approach are
required for enzymatic catalyzing. The larger tbenpound size, the bigger the steric hindrance,
and the more difficult the compound interactionhatihe active center of the enzyme (Bressler
and Gray, 2003).
1.7. Metabolism of hydrocarbons

Many different microbes (at least 160 gaheapable of degrading petroleum hydrocarbons
have been isolated; most of the hydrocarbon-deggaidblates are heterotrophs belonging to the
Proteobacteria (eg. Pseudomonas, Acinetobacter, Cycloclasticus and Alcanivorax). Yeasts,
filamentous fungi and some alga suchOalromonas and Cyanobacteria have also been linked to
hydrocarbon degradation (Munn, 2004).

The metabolism of hydrocarbons presentargety of fermentation problems. Among these
are the solubility of hydrocarbons in agueous systediffusion of hydrocarbons in media, how to
achieve proper mixing and emulsification and comipyeof hydrocarbons (Einsele and Fiechter,
1971; Zaijic, 1964).
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The degradation of hydrocarbons by micranrgms occurs quite specifically. Zobell (1946)
tried to formulate this specificity by four means:

1. Aliphatic compounds are more readily ctéa by microorganisms than aromatic
compounds.

2. Long chains are degraded preferentialgampared with short chains.

3. Unsaturated compounds are degraded read#ly than straight chains.

4. Branched chains are degraded more retddity straight chains.
1.7.1. Degradation of aliphatic hydrocarbons
1.7.1.1. Oxidation of alkanes

The n-alkanes are generally considéoelde the most readily degraded compounds in a

petroleum mixture. Biodegradation of n-alkanes witiolecular weight up to £ has been
demonstrated (Haines and Alexander, 1974; OmarRatun, 1988; Omar et al., 1990; Nawar,
1997). Three steps are involved in degradationliphatic hydrocarbons (Gaudy Jr. and Gaudy,
1980; Fukui and Tanaka, 1981; Einsele, 1983). Thieal step is an oxidation reaction that
involves molecular oxygen, and oxidation is catatyby an enzyme (mono-oxygenase) and leads
to the formation of alcohol. The terminal methybgp is first oxidized to a primary alcohol. The
alcohol then undergoes successive oxidation to fmmnaldehyde which is then converted to fatty
acid (Fig.2). The oxidation of hydrocarbons by rols, like other types of organic oxidation
under aerobic conditions, is linked to the electiramsport system of the cell. The enzymes of the
electron transport system (ETS) include a numbeteblydrogenases, thus dehydrogenase activity

can be used as an overall measure of activityarcéimtaminated environment.

0
enzyme enzyme i
R— CHz — CH; 7"—> R— CHZ— CHgOH —» R— CHI— C—H
0,
Alkane Alcohol Aldehyde
enzyme ,/0
———— R—(H{,~C—OH —» B-oxidation
Acid
Fig.2. Degradation of aliphatic hydrocarbon @fGGaudy Jr. and Gaudy,

1980)
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1.7.1.2 p-oxidation

B-oxidation (Fig.3) is an oxidized process in whible beta carbon (second carbon from
the carboxyl carbon) is oxidized. The first steaived in thep-oxidation reaction is the
conversion of fatty acid into acyl-CoA with an enmy catalyzing the reaction. The acyl-CoA is
converted into an unsaturated acyl-CoA by the emzyithe unsaturated acyl-CoA is then
converted intop-hydroxyacyl-CoA and then t@-ketoacyl-CoA with the mediation of the
enzymes. The product is now cleaved into acetyl-@GoW fatty acid acyl-CoA by the enzyme
thiolase. The fatty acid acyl-CoA, which is shortkan the original fatty acid by two carbon
atoms, now goes through the same series of reatbiosing the next two carbon atoms as acetyl-
CoA. Repetition of this reaction sequence convartfatty acid with an even number of carbon
atoms totally to acetyl-CoA which enters the trhmatylic cycle acid (TCA) (Gaudy Jr. and
Gaudy, 1980; Omar and Rehm, 1980; Munn, 2004).

/P enzyme ,P enzyme ;P
CH}(CH‘_))HC - —— CH}(CHz)nC —SCoA = R—CH=CH—-C—SCoA

Faty acid Acyl-CoA B-unsaturated acyl-CoA

/ knzyme

PP em pp e g

CHy;~C—~SCoA + R—C—5§CoA *— R—CCH,C~SCoA *— R—CHCH;C~SCoA
Acetyl-CoA Acyl-CoA B-ketoacyl-CoA B-hydroxyacyl-CoA

Fig.3: Degradation of fatty acid pyoxidation (After Gaudy Jr. and
Gaudy, 1980)

1.7.2. The metabolism of polycyclic aromatic hydraarbons

Microbial degradation of (PAH) and otlidrophobic substrates is believed to be limited
by the amounts dissolved in the water phase (Badrah, 1997; Harms and Bosma, 1997; Ogram
et al., 1985; Rijnaarts et al., 1990; Volkeringakt 1992). Since bacteria initiate PAH degradation
by the action of intracellular dioxygenases, theHPAwust be taken up by the cells before
degradation can take place (Johnsen et al., 2@05)understood that the initial step in the a&rob
catabolism of a PAH molecule by bacteria occursoxi@ation of the PAH to dihydroxydiol by a
multi component enzyme system (Kanaly and Haraya@@)0). These dihydroxylated
intermediates may then be processed through estherrtho cleavage type pathway or a meta
cleavage type pathway by the enzyme dehydrogehesding to central intermediates such as
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protocatechuates and catecols, which are furthevested to TCA (Fig.4) (Van der Meer et al.,
1992).
The degradation of PAH can serve three diffehenctions:
1. Assimilative biodegradation that yields carbon anérgy for the degrading organism and
goes along with the mineralization of the compoangart of it.
2. Intracellular detoxification processes whitie purpose is to make the PAH
water soluble as a pre-requisite for exaneof the compounds.
2. Co-metabolism, which is the degradation of PAH withgeneration of

energy and carbon (Johnsen et al., 2005).

0
enzyme oy Shayme oy °cnzyme 2 g—OH
/ OH ©:OH ; Q —OH
0, % Yo
Benzene Dihydroxy- Catechol cis.cis-Muconic
dihydrobenzene acid

0
enzyme (/:/_ ol
—> —> R OH —» —» Acetyl-CoA + Succinic acid
A\
0 !
B-Ketoadipic acid TCA TCA

Fig.4: Degradation of typical aromatic hycarbon (After Gaudy Jr. and
Gaudy, 1980)

1.8. Effects of surfactants on petroleum hydrocarbas biodegradation

Surfactants can affect hydrocarbon solubilizatind enobilization, and influence the success
of bioremediation, since the physical state of arbgarbon can determine its rate of
biodegradation. Surfactants can increase the biahiudy and improve microbial utilization
rates.

Surfactants may be added in order to fatditthe mass transfer of poorly soluble
hydrocarbons into the water phase where the migesasms live (Vandevivere and Verstraete,

2001).
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Surfactants can be chemical surfactants osubfactants, which are produced by some
microorganisms when grown on a specific substi#ttese particular microorganisms enhance the
bioavailability of both organic and inorganic comupds through producing biosurfactants

(Champion et al., 1995).

1.9. Successful cases

A well-known example of bioremediation, which higjtited the usefulness of this treatment
strategy and accelerated its development, wasibitiiogical cleanup in the large accidental oil
spill by the tankeExxon Valdez in Alaska in March 1989(Si-Zhong et al., 2009). Heeident
spilled approximately 41 000 m3 of crude oil anataminated about 2 000 km of coastline.
Bioremediation was extensively used. Nutrient additwas used in coastal environments
including beaches and marshes (Bragg et al., 19@dght et al., 1997). Fertilizers were
typically applied on the surfaces of sand and sedimcontaminated with oil, but the application
was not feasible for large areas of contaminaterabse it required huge quantities of nutrients.
The study of using fertilizers in one shorelineddwling theValdez spill resulted in a five fold
increase in oil degradation (Bragg et al., 1994¢cddt Alaskan bioaugmentation projects
suggest that commercially available fertilizers @a® or more effective than commercial
bioproducts (Braddock et al., 1997).
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Il. MATERIALS AND METHODS

2.1. Materials
2.1.1. Microorganisms

The microorganisms used in this researate wsslated from hydrocarbon contaminated
sites in Skikda: fuel station, Stora beach, Stavdt, Ben Mhidi beach (post 3) and from
wastes of the refinery complex (Sonatrach) in aaoldito a consortium of bacteria and a
bacterial strain isolated from hydrocarbon contated sites in Alexandria (Egypt).

2.1.2. Chemicals
2.1.2.1. Crude oil

Crude oil was provided by the surveitlanstation; of the environmental agency
(Skikda). Its source is Hassi Messaoud Petroleurmpilex. Sea water was collected from
Ben Mhidi beach.
2.1.2.2. Fertilisers

Urea 46% was obtained from Abou Quitilisers and chemical industries Company,
Alexandria, Egypt. Super Phosphate 15.5% was daddairom Suez Company, Egypt. Local
nitrogen and phosphorus fertilisers (local calciammonium nitrate 27%N and local super
phosphate 20% P) in addition to local urea 32% Kevebtained from ASMIDAL Company,
Algeria.
2.1.2.3. Surfactants

Ilgepal was purchased from biomediddC.|Tergitol from Sigma Company, Triton
X-100 from BDH laboratory supplies, whereas Twe8ma2d Tween 80 were obtained from
Acros Organic Company.
2.2. Methods
2.2.1. Isolation and enrichment of microorganisms

For the isolation and culture of crudé aegrading microorganisms the mineral
medium of Moran et al. (2000) was prepared. It tad of a filtered sea water supplemented
with the following (per litter of sea water): NNOgs, 1g ; yeast extract, 0.2g ; and 4 ml of a
phosphate solution containing (g/l) RO, 25 ; NaHPQO,, 3.6.

For enrichment, 0.1% of glucose was addetié@above described medium. The medium
was inoculated with 1g or 1ml from the hydrocarlmamtaminated samples, collected from
different sites in Skikda and Alexandria (Egyptdahen incubated under shaked conditions
at 120 rpm and 3. One ml from each flask was transferred weeklg@onl fresh medium

with 1% (v/v) crude oil as the sole carbon souilde process was repeated for one month. At
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the end of the enrichment period, serial dilutisrese made for each sample, then spread on
the surface of nutrient agar plates and incubat86°&.
2.2.2. Maintenance of stock cultures

The isolated bacteria were subcultured on nutrdgyar slants. The subcultures were
incubated at 3T for 48 hours, then maintained in a refrigeratod® and subcultured
monthly.
2.2.3. The inoculum

Inocula were prepared by adding 5ml of 1% kesaline solutioio the bacterial
cultures.
2.2.4. Cultivation

The organisms under test were cultivated in 5@fnthe sterile medium (2.2.1.) with
1% (v/v) crude oil as the sole carbon source. Whih aid of a sterile pipette, 1 ml of the
inoculum (2.2.3.) was transferred to each flask.alhthe experiments, the flasks were
incubated on a rotary shaker at'@0and 120 rpm for the desired time mentioned fahea
experiment.
2.2.5. ldentification of microorganisms

The bacterial strains able to degraddeil in a marine medium were tested for Gram
reaction by Gram stain. Different standard morpbial, physiological and biochemical tests
were performed using API 20 kits.
2.2.6. Determination of residual crude oil in liqud medium

The residual crude oil was extracted fritva flasks using the acetone- hexane (1:1)
solvent (Dionex, 2004) according to the standarthogkfor the determination of oils, grease
and hydrocarbons in water as described by the AaeiSociety for Testing and Materials (D
3921-96) (1996) as follows: Ten ml of the solverdswadded to 50 ml sample in 250 ml
capacity capped Erlenmeyer flask, and shaked Gomg then allowed to stand until the
contents settle and the bubbles disappear. Thefdhge flask was opened carefully to release
any pressure build up and the contents were imreddi&ransferred to a clean separating
funnel and let to settle. The flask was washeti W@ ml of the solvent; the bottom layer was
transferred into a clean 100 ml volumetric flasktaining about 2g of sodium sulfate on a
filter paper to absorb water. The extract was amlyby injecting microliter volumest
extracted crude ointo a split/splitless injector of a 8000 gas chavograph fitted with a rubber
septa silver aluminum capillary column and equippét a Flame lonization Detector (FID).
The oven temperature was kept initially at 280for 5 min, followed by an increase to 300
°C at a rate of 16C /min for 20 minutes. Injector and detector terapgnes were 356C.
The carrier gas was nitrogen.
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The degradation percent was determinedguthe following formula according to
Bento et al., (2005).
% degradation TO control — TO treatment) / TO contjok100.
Where TO control = mineral medium withaewil and without inoculation.
TO treatment = total crude oil after d&tation.
2.2.7. Determination of cell dry matter (CDM)
The cells pellets were separated from the mediuraeogrifugation at 14,000 rpm for
15 min, washed with hot distilled water severalggnand finally dried in an oven at°@
over night. The CDM was then determined gravimatiyc
2.2.8. Determination of bacterial growth
The bacterial growth in crude oil contaminated marimedium under different
conditions was determined using two approaches:
a. measuring bacterial density as increase in aptiensity at 600nm using a UV mini 1240,
Shimadzu spectrophotometer
b. determination of protein content
2.2.9. Determination of protein content
Cells pellets were suspended in 300 ml & NaOH. The mixture was centrifuged at
14,000 rpm for 10 min. 100 pl of the supernatantewesed for protein determination
according to Lowry et al. (1951) using the follogireagents:
Lowry A: 20 g N@0O; and 0.55 g Na-tartarate in 900 ml
distilleavater + 100 ml (1M NaOH)
Lowry B: 0.1 % Cu%6 H,0
Lowry C: 9 ml Lowry A + 1lrhowry B

Lowry D: 1:2 folin reagentdistilled water

Procedure:

100ul of the sample was mixed with ml of Lowry (C) for
10 min at 30C. 100ul of Lowry (D) were added and incubated 30r min at the same
temperature. The absorbance of the reaction wasurezhat 690 nm. The concentration of
protein in the sample was determined from the slopea standard curve, which was
previously estimated using bovine serum albumin.
2.2.10. Determination of nitrogen and phosphorus coent of manure:

The nitrogen and phosphorus content afiune was determined at the laboratory of

the surveillance station, the direction of envir@min(Skikda) according to Rodier (1996).
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2.2.11. Chemical composition of sea water

The chemical composition of sea water was detemhime the laboratory of the
surveillance station, the direction of environmaatording to Rodier (1996).
2.2.12. Microbiological characteristics of sea wate

The total heterotrophic microorganisms exisiimgea water were enumerated by the
spread plate method. This procedure can be cortllgtgoreparing a serial dilution of sea
water and spreading an aliquot of dilution on th&ace of marine agar plates. Agar plates
were incubated at 30°C for a week and the numbariofoorganisms present was expressed
as (CFU/ml). On the other hand the total degradmgroorganisms were enumerated by
spreading an aliquot of dilutions on the surfacenafine agar containing crude oil as the sole
carbon source.

2.2.13. Bioremediation treatments of crude oil comiminated sea water:

Three treatments were carried out to evaluateftiemcy of crude oil degradation in
sea water, using sterilized sea water as contiw. ffeatments were: 1) natural attenuation
(sea water natural ability to degrade the contamjnd) biostimulation (adding nutrients to
improve the natural biodegradation rate) and 3)adgmnentation (addition of a specific
bacterial strain isolated from hydrocarbon contat@d site plus nutrients).

2.2.14. Microcosm description

The experiment was performed in plastitsp(23 cm x 17cm x 12 cm). Each pot
containing 1 L of filtered sea water was suppleraéntith 10 ml of crude oil. (Fig.5).

The bacterial isolateBseudomonas sp. S andRhodococcus sp.S and consortium M
which had the ability to degrade crude oil in marmedium were tested. These organisms
were cultivated in the marine medium with 10 glase as carbon source and incubated for
24h under shaked conditions at 30°C and 120 rpmthAtend of incubation period, the
cultures were centrifuged at 1400 rpm for 10 misaute

For bioaugmentation treatments the pogsipusly described received 80 xCkIl/ml
of bacterial cells. A consortium of the bacteriglls was also prepared. Each pot was
supplemented with ammonium nitrate, disodium hydroghosphate and sodium dihydrogen
phosphate as the following: NNO3, 1g; and 4 ml of a phosphate solution containm® (
NaHPQ,, 25 ; NaHPQ,, 3.6. N/P ratio was adjusted to 10/1.

For biostimulation test, pots containihd. contaminated sea water with natural flora
were supplemented with nitrogen and phosphoruscesuas the following (per litter of sea
water): NHNO;s, 1g; and 4 ml of a phosphate solution containigd) (NaeHPO,, 25 ;
NaH,POy, 3.6. The N/P ratio was adjusted to 10/1.
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For attenuation of the natural flora, potsitaining 1 L of sea water supplemented with
10 ml of crude oil were only aerated.

Sterile crude oil contaminated sea wateto@aved at 121°C for 30 min) was performed
to test the abiotic effect on crude oil degradatiamich served as control. In all the
treatments the pots were continuously aeratedawaige sufficient oxygen.

Sampled were taken after 1, 2, 3, 4, 5 and 6 wezkseasure the residual crude oil, pH,
temperature, the total heterotrophic bacteria beddtal crude oil degrading bacteria.

Fig. 5: Microcosms containing 1 L of sea water & (v/v) of criude oil
1) Bioaugmentation byRhodococcus sp. S; 2) Bioaugmentation by consortium M ;

3)Bioaugmentation bgseudomonas sp. S; 4) Biostimulation; 5) Attenuation; 6) Canitr

2.2.15. Immobilisation of cells on wheat straw:

Immobilised cells on wheat straw werepgared according to the method of Gouda et
al. (2007a&b) with some modifications. Wheat stri@y 20 and 200g) cut into small pieces
(2 cm) and nutrient broth (50, 500 and 1000ml) wstezilized at 120°C for 20 min and then
inoculated with 5, 50 and 100 ml of 24 h old seettuce (cultivated on nutrient broth
medium). The flasks were incubated for 48h. Atehd of incubation time, the nutrient broth
was decanted and the straw immobilized cells washea with sterile distilled water 2-3
times. The wheat straw immobilised cells (2 g inheflask) were then used to inoculate 50
ml of marine medium containing 2% (v/v) of crudéand 1% of the surfactant Triton X-100
and incubated for different incubation periodsg39, 12 and 15 days). Control uninoculated
flasks were also prepared to test the probabilitycrmde oil adsorption on straw. For
microcosms experiment 20 g of rice straw with imitioed cells were mixed with 1L of
crude oil contaminated sea water. The scale- Upbomicrocosms was performed using 200
g of rice straw with immobilized cells.

2.2.16. Immobilisation of cells by entrapment in @inate

3% of alginate was prepared by dissoh8ggsodium alginate in 85 ml distilled water
and sterilised at 100-140 for 10 minutes. After cooling at room temperatdre ml bacterial
suspension was added to the sterilized alginatatisn] mix well. 10 ml of the alginate -
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bacterial suspension was added dropwise to 100msienilized calcium chloride. The beads
were left for 1 hour in calcium chloride solutiaien filtered and the alginate beads were
washed by sterilized distilled water several timidse alginate beads of each flask were added
to the marine medium, which contain 2% of crudeamitl 1% of Triton X-100. The flasks
were incubated at different incubation periods 63,9, 12 and 15 days). A control
uninoculated flask was also prepared.

2.2.17. Determination of dehydrogenase activity

To determine dehydrogenase activitgeaa water samples the method of Admaski et
al. (2000) was used with some modifications: 10afkrude oil contaminated sea water
samples were incubated with TTC (1.5 g/100 ml bupieosphate, pH 7.5, 0.2 M) for 24 h.
After incubation the sea water samples with TTC ewveentrifuged. The supernatant
containing the red triphenyl formazan was decantefihe samples containing the red
triphenyl formazen were suspended in ethanol taekthe red triphenyl formazen (Alef and
Nannipieri, 1995). The sea water was centrifugetitae supernatant added to the previously
decanted supernatant containing the red triphenyhdizan and measured at 546 nm using a
UV mini 1240, Shimadzu spectrophotometer.

2.2.18. Scale-up of lab microcosms

The scale-up of the lab microcosms wardopmed in the garden of the surveillance
station, the direction of environment (Fig.6). Bimed contaminated sea water without any
addition was used as control and four treatmente weepared in pots of 40 cm of diameter
as follows:

1) Bioaugmentation with immobilized setif Rhodococcus sp. S, 2) bioaugmentation
with immobilized cells of the consortium M, 3) bimsulation and 4) attenuation. Local urea
and local phosphorus fertilizer were used as nénognd phosphorus sources, N/P ratio was
adjusted to 10/1. Each treatment was performed W@h of contaminated sea water
supplemented with 300 ml of crude oil (3% V/V).
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Fig.6: Scale-up of lab microcosms.
1) Control, 2) Bioaugmentation hodococcus sp. S, 3) Bioaugmentation by consortium
M, 4) Biostimulation, 5) Attenuation
2.2.19. Cultivation ofAlgaein crude oil contaminated and bioremediated

sea water for determination of crude btoxicity

The experiment was performed over @penf seven days in the surveillance station
at the environmental agency. A local algae growimgen Mehidi beach at Sikkda was
collected, washed with distilled water and put ofiltar paper to absorb water. About ten
grams of the algae was cultivated in each of th& foeots containing 1L of crude oil
contaminated sea water; after treatment for fiveksgin addition to a pot with untreated sea
water. A control sample was also prepared by aititig ten grams of the same algae in a pot
containing the algae’s native source seawater. fdis were continuously aerated and
exposed to sun light. The growth of the algae axaduated by dry weight determination at
the end of the experiment.
2.2.20. Statistical analysis of data

Experiments were conducted using two independgiiceses. Data were subjected to

analysis of variance (ANOVA) at x 0.01 according to Steel and Torrie (1980)
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Partflasks study

3.1. Isolation of crude oil degrading microorganisra

Thirty microorganisms were isolated fraiifferent hydrocarbon contaminated sites in
Skikda (2.1.1.). Twenty eight were bacteria (B)d @wo fungi (F) in addition to a natural
consortium (M) and a bacterial strain (VA) isolatedm hydrocarbon contaminated site in
Alexandria (Egypt).
3.2. Selection of the best crude oil degrading orgsms

To select the best organisms, which have thiktyato degrade crude oil in marine

medium, all isolates, were cultivated in 50 ml dffeial marine medium supplemented with
1 (v/v) crude oil in Erlenmeyer flasks (250 ml ceipg. The cultures were incubated afG0
for 15 days. From all isolates, three bacteriaR@Gnd V) were able to grow in the presence
of crude oil, in addition to the consortium (M)dathe bacterial strain (VA) isolated from
Alexandria. The four isolates, in addition to comison M and a new prepared consortium C
(consisted of isolates R, O and V) were recultwedhe same medium with 1% (v/v) crude
oil for 7 and 15 days. The results presented inlefdband Fig.7 showed that the highest
degradation was recorded for consortium M, follovegdsolate O, then isolate V and finally
consortium C after 15 days. Moderate degradatiosn atdained in the presence of organisms
R and VA after the same time. It was also obsetiiatithe degradation rate decreased with
increasing the time of incubation from 7 to 15 dalyshe isolates.

Fig. 8 presents the chromatographic patesh crude oil biodegradation in a marine
medium by the tested organisms. The sharp peaksnshothe crude oil (Fig. 8) representing
the n-alkanes and the peaks between them compaseaphthenes and aromatics having similar
molecular weight to the adjacent n-alkanes. It nated that the chromatographic profiles of n-
alkanes had a different degradation pattern dfedays in comparison with the zero time and
after 7 days of incubation. The fraction C4- C13apidly degraded by all organisms. Above
C13 the degradation pattern differs according ® dlhganisms under test. The consortium M
showed the highest degradation pattern of theifractbove C13, where as the lowest one was
recorded in case of the organism R. In generalobserved that the degradation pattern
envisaged that n-alkanes are easily degraded laghigte than both naphthenes and aromatics.
In addition, the lighter part of crude oil was afeoind to be degraded faster than the heavier
one.

The growth of the tested organisms wasuatad in terms of optical density (OD) and

intracellular protein content. The results preserite Table 2 showed that the highest optical
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density was recorded for consortium M after 15 dafysncubation (0.57) whereas the lowest
value was measured for consortium C after 7 daysoofbation (0.24). It was also observed that
the OD values increased by increasing the incubaimoe.

The results presented in Table 3 showed tmatconsortium M had the highest protein
content after 15 days of incubation (2.55mg). lasieg the incubation time increased the
protein content of the tested organisms, excepisimate R which showed the lowest protein
(0.90 mg) content after the same incubation time.

Generally, it was noted that the percendefradation after 15 days of incubation was

correlated with the total protein content with sdilaetuations for isolate R (Fig. 9).
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Table 1: Effect of incubation periods on crudeb@degradation using different organisms

Incubation time 7 days 15 days
Organism % crude oil degradation
45.00% + 1.0@ 60.00% + 2.0&
VA (6.43) (4.00)
35.00% + 1.0 53.50% + 0.5B
R (5) 3.7
50.00% + 1.0 86.75% + 1.2BB
(@) (7.14) (5.78)
60.75% + 1.25A 90.00% + 1.08
Consortium M (8.68) (6.00)
48.25% + 0.5C 81.00% + 0.5GD
V (6.89) (5.40)
46.25% + 0.78CD 79.50% + 0.7BC
Consortium C (6.61) (5.30)

Same capital letters are statistically not diffé@mong treatments at p<0.01+ standard error (n=2)
*The degradation rate = % degradation / time ofibation

100
90
80
70~
60
50
40
30~
20+
10

% Degradation

o7D W 15D

VA R (0] ConsortiumM V ConsortiumC

Organisms

Fig.7. Effect of incubation periods on crude oil biodegtoh using different organisms
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Table 2: Effect of incubation periods on the gito@OD) of the different organisms

Incubgtion 7 days 15 days
time
oD oD

Organism

VA 0.255 0.326

R 0.263 0.328
0 0.345 0.565
Consortium M 0.368 0.572
\Y 0.345 0.488
Consortium C 0.238 0.314

Table 3 Effect of incubation periods on the protein contnthe different organisms

Incubation 7 days 15 days
time Protein Total Protein Total protein

content protein contenfl| content content (mg) *
(mg/ml) (mg)* (mg / ml)

Organism

VA 0.23 1.1 0.24 1.20

R 0.24 1.2 0.18 0.90

(6] 0.26 1.3 0.42 2.10

Consortium M 0.25 1.2 0.51 2.55

V 0.28 1.4 0.36 1.80

Consortium C 0.27 1. 0.43 2.15

*Protein content of the total dry weight resultednfi the growth of the organism in 50 ml mediumtearing 1%
(v/v) of crude oil.
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Fig. 9. Relation between the degradation rate hagtotein content of the tested organisms afférdnt
incubation periods.

Two microorganisms (O and V) in additionth@ consortium M were selected to complete
this research. The selected isolates (O and V) vdematified using gram staining and API 20
kits asRhodococcus sp. S andP’seudomonas sp. S. The consortium is composedatillus sp.

S Acinetobacter sp. Sand Aerobacter sp. S(Table 4).
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Table 4: Morphological, physiological and biocheaticharacteristics of the selected isolates

Isolates Pseudomonas Rhodococcus Consortium M
sp.S sp. S
V) (@)

characteristics Bacillussp. S Acinetobacter ~ Aerobacter sp. S
sp.S

Morphology Rods Coccobacilli Rods Rods Rods
Colony Green Orange White White Creamy
Gram - + + - -
Urea - + - - -
Indol - - - - -
TDA - - - - -
Mannitol - + - - -
Nitrite - + + - -
Glucose - + - + +
Lactose - + - - -
Saccharose - + - - -
H,S - + - - -
Gas - - - - -
Citrate + - - + +
RM - - + - -
VP - - - - -
LDC - - - - -
oDC - - + - -
Oxydase + - - - -
Catalase + + + + +
Gelatine + - - - -
ONPG - - - - -
ADH + - - - -
Mobility + - + - -

+ : a positive reaction

-: a negative reaction
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3.3. Optimization of the factors affecting crude didegradation in marine
liquid medium
3.3.1. Effect of co-substrates:

The effect of addition of 0.5% of different co-striages such as molasses glucose, wheat
bran, yeast extract, and peptone on crude oil dagjom in marine medium was investigated,
using the basal medium described under (2.2.1h ®46 crude oil.The results demonstrated in
Table 5 and Fig. 10 showed that the glucose hauhgly inhibitory effect on crude oll
biodegradation by all tested microorganisms withaimum inhibition in case d®hodococcus
sp. S (15.5% in comparison with its absence; 86)73¥%e yeast extract had no significant effect
on all organisms, while the addition of peptone haslight stimulating effect oRseudomonas
sp. S and an inhibitory effect dthodococcus sp. S and consortium M. It was also observed that
the supplementation of wheat bran stimulated tlogldmradation of crude oil by all tested
microorganisms. On the other hand, molasses glighthibited the biodegradation by
Rhodococcus sp. S and inhibit the biodegradation by consort{ih and Pseudomonas sp. S by
about 19 and 16% respectively.

The results mentioned in Table 6 dertrated that the addition of glucose, peptone and
molasses decreased the OD values of all microsgenunder test with the maximum inhibitory
effect onRhodococcus sp. S cultivated in presence of glucose (0.12 mpmarison with 0.49 in
its absence). On the other hand, the supplementatiovheat bran increased the OD values for
Rhodococcus sp. S andPseudomonas sp. S and had no effect on consortium M. Yeastek
had no effect on the OD dhodococcus sp. S and showed a slight stimulating effect in OD
values of consortium M, while negative effect ire tOD values ofPseudomonas sp. S was
observed.

According to the results presented ibl@& it was found that the addition of glucose to
the marine medium decreased the protein contettteofelected microorganisms. Wheat bran
highly increased the total protein content of alited organisms by about 43, 30 and 35% for
Rhodococcus, consortium M andPseudomonas respectively. These results were followed by
addition of peptone, which increased the total @rotontent by about 33, 12 and 16% in the
same order. The use of yeast extract or molassas-sighstrate in the basal medium had more or
less the same effect on the total protein contgnthb tested bacterial isolates and resulted in
slight increase in the protein contentRifodococcus, while no significant effect in the case of

consortium andPseudomonas.
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The results mentioned in Fig. 11 showed that tlogepr content of the organisms under test is
correlated with the percentage of degradation witime exceptions. Maximum protein contents
(2.55, 3 and 2.45mg) were recorded when the deggoadeate reached its maximum (6.5, 6.3
and 6.2 respectively) whereas the lowest valuerf@pwas obtained when the degradation rate
was only 1.03 (Table 5).

Table 5: Effect of co-substrates on crude oil bgrddation by the selected bacterial isolates dfterdays of

incubation
Co- Basal mediurhl|  Glucosé Yeast extract Peptoné Wheat braf
Substrate Molasse$
Organism
% degradation
86.75%= 1.25§| 15.50%= 1.00f] 87.00%=+ 1.00)f 75.00%= 2.00 82.50%= 0.5 95.25%=+
Rhodococcus
sp b C H C E CD 0.75A
' (5.78) (1.03) (5.8) (5.00) (5.50) (6.5)
0,
90.00%:2 1.00]| 61.75%: 1.75)| 92.75%: 0.75)| 84.00%+ 2.00 73'0%’*1'50 94.00%:2
Consortium M B I AB B (4.87) 1.00A
(6.00) (4.17) (6.18) (5.60) : (6.27)
93.50%+
81.00%= 0.50f| 70.50%=+ 1.00)] 83.25%= 2.25§| 84.75%=+ 1.75 ||| 68.25%%=+ 0.7
Pseudomonas 1.00
sp b D F CDh CD G A
: (5.40) (4.70) (5.55) (5.65) (4.55) (6.23)

! Without addition of co-substrate.

2 Co-substrates were added at 0.5%.
Incubation time = 15 days.

% Degradation rate
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Table 6: Effect of co-substrates on the growth (0DXthe selected bacterial isolates after 15 déyscubation

Co-
substrat .
Basal medium J Glucose Yeast extract Peptone Molasses [ Wheat
bran
Organisms oD
Rhodococcus
sp. S 0.49 0.12 0.49 0.34 Of 0.53
Consortium M 0.52 0.31 0.54 0.47 07 0.52
Pseudomonas
sp. S 0.36 0.30 0.31 0.33 0. 0.40

* without co-substrate
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Table 7: Effect of co-substrates on the proteirteotnof the selected bacterial isolates

o-substrates

Basal medium*

Glucose Yeast extract Peptone Molasses Wheat bran
Protein | Total Protein Total Protein Total Protein Total Protein Total Protein Total
content | protein content Protein J| content Protein content Protein content Protein content Protein
(mg/ml) | content (mg/ml) content Jf (mg/ml) content (mg/ml) content (mg/ml) content (mg/ml) content
Organism (mg) (mg) (mg) (mg) (mg) (mg)
Rhodococcus sp.S 0.29 1.45 0.12 0.6 0.38 1.90 0.43 2.1 0.38 9 051 2.55
Consortium M 0.42 2.10 0.20 1 0.41 2.05 0.48 2.4 420 2.1 0.6 3
Pseudomonas sp. S 0.32 1.60 0.16 0.80 0.34 1.70 0.38 1.9 0.34 .7 0.49 2.45

* without co-substrates.
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3.3.2. Effect of nitrogen sources

To study the effect of different nitrogsources on the degradation of crude oil in marine
medium, ammonium sulfate, sodium nitrate, urea 48%al urea, local nitrogen fertilizer and
manure were used. Ammonium nitrate in the basaliumedvas substituted with the above
mentioned nitrogen sources on equal nitrogen b&discken manure, which contain (0.175
g/100 ml nitrogen and 0.03 g/100 ml phosphorus} added at a concentration of 5% (w/v). 1%
of crude oil was used as the sole carbon source flakks were incubated for 15 days at 30°C
and 120 rpm.

The results presented in Table 8 and ER shows that ammonium sulfate had an
inhibitory effect on crude oil biodegradation by bhcterial isolates, while the addition of
manure gave the maximum biodegradation (94-97%# U$e of urea 46% had no effect on
crude oil biodegradation by the consortium andhslygincreased the degradation rate by
Rhodococcus sp. Sand Pseudomonas sp. S. The use of local urea instead of ammoniuratai
had no significant effect oRhodococcus sp. S and slightly increased the biodegradation by
consortium M andPseudomonas sp. S. The results also show that the substittffammonium
nitrate in the basal medium by sodium nitrate desed the degradation of crude oil by
Rhodococcus sp. S and consortium and slightly increased gggatiation byPseudomonas sp.

S. The local nitrogen fertilizer decreased theraéagtion of crude oil biRhodococcus sp. S and
Pseudomonas sp. S whereas it had a stimulating effect on digran by consortium.

From the results mentioned in Table 9, usamgmonium sulphate as nitrogen source
decreased the OD values of all tested organismide Vatal urea had a stimulating effect on the
OD of the selected bacterial isolates. The usered 46% decreased the OD of the consortium
M, increased the OD oPseudomonas sp. S and it had no significant effect on the OD of
Rhodococcus sp. S. Sodium nitrate had a decreasing effecher®D ofRhodococcus sp. S and
the consortium, while it had no effect on the giowt Pseudomonas sp. S. The substitution of
ammonium nitrate in the basal medium by a localogegn fertilizer slightly stimulated the
growth of the consortium (0.55 in comparison witBin the basal medium).

According to the results showed in Tableit@vas observed that the use of ammonium
sulphate as nitrogen source decreased the praieterd of all bacteria under test in comparison
with ammonium nitrate in the basal medium. On thieeohand, urea 46%, local urea, sodium
nitrate, and the local nitrogen fertilizer incredsehe protein content of the tested
microorganisms with a maximum value in the caséhefconsortium cultivated in presence of
local urea as nitrogen source (2.80 mg).

Fig. 13 revealed that the increase in aidgfion was correlated with the protein content of
the tested bacterial isolates with some fluctuatidrne maximum protein content (2.8 mg) was
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obtained when the degradation reached its maximwiuev (94.5%), while the lowest
degradation (68.25%) was recorded at the loweseproontent (1.05 mg).

The local urea was used as nitrogen sourt¢he subsequent experiments due to its low
cost and its good results wiRhodococcus sp. S, consortium M arféseudomonas sp. S. Manure

was not applied, in spite of its excellent degraatatate of crude oil due to hygiene purposes.

Table 8: Effect of some nitrogen sources on crubleiedegradation by the selected
bacterial isolates after 15saf/incubation

Nitrogen Basal Urea 46% Local ured Sodium Nitrogen | manure
source mediunt | Ammonium nitrate fertiliser
sulfate
Organism
% Degradation

86.75% =+ 75.00% + | 88.25% + | 85.50% =+ 79.75% +| 77.75% + 95.00%
Rhodococcus | 1,25AB 1.00D 0.75ABC 0.50ABC 1.25CD 1.25CD +1.00B
sp. s° (5.78)? (5.00) (5.88) (5.70) (5.32) (5.18) (6.33)
Consortium
Vis 90.00% =+ 78.50% + | 90.00% + | 94.50% + | 85.75% + | 93.75% + | 94.25%=00.

1.00ABC 1.50CD 1.00AB 1.50AB 1.00ABC | 0.75AB 75AB

(6.00) (5.23) (6.00) (6.30) (5.72) (6.25) (6.28)

81.00% *| 68.25% + | 86.75% + 84.00% + | 83.00% + | 79.00% +| 97.00% =+
Pseudomonas 0,5C 1.25E 1.25ABC 1.00ABC 2.00C 1.00CD 1.00A
sp. S (5.40) (4.55) (5.78) (5.60) (5.33) (5.27) (6.47)

LAmmonium nitrate was used as nitrogen source

2 Degradation rate (% degradation/ incubation time)

Same capital letters are not statistically différ@mong nitrogen sources at p<0.01+ standard énei)
Same small letters are not statistically differ@miong organisms at p<0.01+ standard error (n=2)
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Table 9: Effect of different nitrogen sources on 6he selected bacterial isolates after 15 daysonibation

Manure

Nitrogen

Local Sodium
urea fertiliser

Urea 46%

nitrate

oD

ND*

ND

ND

0.42

0.55

0.33

0.46

0.49

0.36

0.5

0.57

0.38

0.49

0.5

0.38

Ammonium

sulfate

0.43

0.44

0.32

medium

0.49

0.52

0.36

Nitrogen source| Basal

Organism

Rhodococcus

sp. S

Consortium M

Pseudomonas

sp. S

ND*: not determined due to high turbidity of manure

40



Table 10 : Effect of some nitrogen sources on tlséein content of selected bacterial isolates

itrogen source

Basal medium Ammonium Urea 46% Local urea Sodium nitrate Local nitrogen
sulfate fertilizer
Protein Total Protein Total Protein Total Protein Total Protein Total Protein Total
content protein content protein content protein content protein content protein content protein
(mg /ml) | content (mg/ml) | content J| (mg/ml) | content (mg/ml) content (mg/ml) content (mg /ml) | content
Organism (mg) (mg) (mg) (mg) (mg) (mg)
Rhodococcus sp.S 0.29 1.45 0.25 1.25 0.48 2.40 0.47 23 0.34 1. .380 1.90
Consortium M 0.42 2.10 0.27 1.35 0.50 25 0.56 02.8 0.52 2.6 0.53 2.65
gse”domonass'o' 0.32 1.60 0.21 1.05 0.45 2.25 0.38 1.9 0.4 041 052

Note: In case of manure, the cells cannot beraggghfrom the manure therefore the protein cortanhot be calculated.
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3.3.3. Effect of phosphorus sources

In this experiment, NdPO, and NaHPO, used in the basal medium were substituted
with super phosphate 15.5%, (WHPO, and a local phosphorus fertilizene at a time. When
(NH4).PO, was used as phosphate source, the nitrogen caftémt medium was optimized to
give the same ratio in the basal medium by subtigqdhe amount of nitrogen in ammonium
phosphate from the amount of urea which was useditasgen source. The cultures were
incubated for 15 days.

The results are shown in Table 11 and Fig. 14. ddeof super phosphate 15.5% had a
stimulating effect onRhodococcus sp. S and consortium (91.75% and 97% respectivaly)
comparison with the basal medium (85.5% and 94.ré&8pectively). On the other hand, it had
no effect on crude oil degradation Bgeudomonas sp. S Local phosphorus fertilizer slightly
stimulated crude oil degradation Byyodococcus sp .S andPseudomonas sp. S by about 2 and
4% respectively. On the other hand, the additionanfmonium phosphate increased the
degradation byRhodococcus sp. S by about 8% and decreased it by consortimeh a
Pseudomonas sp. S by about 7 and 14 % respectively. The chiagnam pattern of crude oil
degradation using different phosphorus sourceeesgmted in Fig. 15

From the results presented in Table 12, using sppesphate 15.5% as phosphorus
source increased the OD values of all tested batteplates. The local phosphorus fertilizer
decreased the OD dR®hodococcus sp. S and consortium M, while it increased the @D
Pseudomonas sp. S. On the other hand, the use of ammonium plads@as phosphorus source
decreased the OD of all tested bacteria with a mamxi reduction (0.3) foPseudomonase sp. S
in comparison with (0.38) with the basal medium.

The results presented in Table 13 shothad the use of super phosphate 15.5% as
phosphorus source increased the protein conteRhadococcus sp. S and the consortium M,
which gave the highest protein content (3.95 mdjilevit decreased the protein content of
Pseudomonas sp. S. The local phosphorus fertilizer had a dmtmg effect on the protein
content of all organisms. The results revealed #mtmonium phosphate increased only the
protein contenbf Rhodococcus sp. S, while it decreased the protein content efdbnsortium
and Pseudomonas sp. S.

According to the results demonstratedig E6 it was observed that the protein content of
the bacterial isolates under test is correlatedh whe biodegradation of crude oil degradation
with some fluctuations.

The subsequent experiments were performed usingota phosphorus fertilizer as

phosphorus source due its low cost and availatabtiocal commercial fertilizer.
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Table 11: Effect of some phosphorus sources orecoildbiodegradation by the selected

bacterial isolates after 15 diagsibation

Phosphorus source

Super phosphate

Basal mediunt 15,502 Local p_h_osghorus Ammonium
. fertilise phosphafe
organism
% Degradation
Eg(gjaobcoccus 85.50% + 0.5BC | 91.75% + 1.50AB | 87.00% +1.00ABC | 93.00% + 1.00AB

(5.70%

(6.12)

(5.8)

(6.20)

Consortium M

94.50% + 1.5AB

97.00% * 1.00A

90.00% * 2.0

87.25% £ 0.75

(6.30) (6.47) (6.00) ABC (5.82)
Pseudomonas 84.00% + 1.0@C 84.50% + 1.5@C 88.25% +1.25 | 70.25% + 0.7D
sp. S (5.60) (5.63) ABC (5.88) (4.68)

! Local urea was used as nitrogen source
2 Phosphorus sources in the basal medium were 8iibstby the sources mentioned in table 3
% Degradation rate
Same capital letters are not statistically différ@mong phosphorus sources at p<0.01+ standard(err)
Same small letters are not statistically differmiong microorganisms at p<0.01+ standard error)(n=2

B Ammonium phosphate
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Fig. 14. Effect of some phosphorus sources on coildbiodegradation by the selected bacterial t&ssla
after 15 days incubation
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Table 12:Effect of some phosphorus sources on Obeo$elected bacterial isolates

Phosphorus source| Basal medium Super phosphate
15.5% Local phosphorus Ammonium
organism fertilise phosphate
oD

Rhodococcus
sp.S 0,5 0.56 0.47 0.5

0.57 0.6 0.49 0.46
Consortium M
Pseudomonas 0.38 0.40 0.41 0.3
sp. S

Table 13: Effect of some phosphorus sources oprbiein content of the selected bacterial isolates

hosphorus sourc

U

Basal medium*

Super phosphate

Local phosphorus

Ammonium phosphate

15.5% fertilizer

Protein Total Protein Total protein Total protein Total

content protein content Protein }| content Protein content Protein

(mg/ml) content (mg/ml) content J (mg/ml) content (mg/ml) content
Organism (mg) (mg) (mg) (mg)
Rhodococcus sp.S 0.47 2.35 0.57 2.85 0.60 3.00 0.56 2.8
Consortium M 0.56 2.80 0.79 3.95 0.64 3.2 0.49 452.
gse”domonas SP-: 0.38 1.9 0.35 1.75 0.58 2.90 0.34 1.7

* Local urea was used as nitrogen source
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Fig. 16. Relation between the degradation and tbiem content of the selected organisms usingfft
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3.3.4. Effect of nitrogen/phosphorus (N/P) ratios

To study the effect of different nitrogen/phosplsoratios on the degradation of crude oil,
the ratios 1/1, 3/1, 7/1, 10/1, and 20/1, wereetkstocal urea and local phosphorus fertilizer
were used as nitrogen and phosphorus sources. diwegdo the results shown Table 14 and Fig.
17 it was found that the ratios 1/1, 3/1 and 2@Huced the activity of all the bacteria isolates
under test by about 2-20% with a maximum inhibitiorcase ofPseudomonas sp. S at the ratio
1/1 (68.25%). Although the ratio 7/1 had no sigrafit effect on consortium M, it decreased the
activity of Rhodococcus sp. S andPseudomonas sp. S by about 11 and 8% respectively . The
ratio 10/1 stimulated the activity é&thodococcus sp. S and consortium M by about 7and 3%
respectively whereas it had no significant effecPseudomonas sp. S.

The effect of different N/P ratios on the Ofxlee tested bacterial isolates is demonstrated in
Table 15. It was observed that the ratios 1/1 dfidrRi 20/1 decreased the OD of all the tested
organisms. The minimum OD was recorded in cadesefidomonas sp. S cultivated at the N/P
ratio 1/1 (0.26). The ratios 7/1 and 10/1 stimuatBe OD ofRhodococcus sp. S and the
consortium M while they decreased the ODPséudomonas sp. S

The results presented in Table 16 show thatratios 1/1 , 3/1 and 20/1 decreased the
protein content of all the bacterial isolates vitile maximum inhibitory effect on Pseudomonas
sp. S cultivated at the N/P ratio 1/1. The ratidlst¥ad more or the same results. The ratio 10/1
increased the protein content of all bacterialated with the highest value in case of consortium
M at the ratio 10/1 (4.45mg).

According to Fig. 18 it was found that the pintcontent more or less correlated with the

crude oil biodegradation with some fluctuations.
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Table 14: Effect of N/P ratios on crude oil biodedgtion by the selected bacterial isolates aftetdys of

incubation
N/P ratio Basal
medium * N/P=1/1 N/P=3/1 N/P=7/1 N/P=10/1 N/P=20/1
Organism )
% Degradatio
87.00%z= | 85.00%*0.50| 76.50%+ 75.50%z= 1.50 | 94.00%+A | 84.25%zC
Rhodococcus sp. 1.00BC C 2.00 E E 2.00 0.75
s (5.8)" (5.67) (5.1) (5.03) (6.27) (5.62)
90.00%z= | 78.75%= 1.00| 82,25%+ 90.75%+ 0.75| 93.25%z 88.25%z
The consortium 2.00A DE 1,25A A 1.25A 0.75B
M@ (6.00) (5.25) (5,48) (6.25) (6.22) (5.88)
88.25%+B | 68.25%= 0.75| 80.00%+D | 80.25%=* 0.25| 87.50%=* 77.00%z=
Pseudomonas sp. 1.25 F 1.00 AB 1.50BC E1.00
sP (5.88) (4.55) (5.33) (5.35) (5.83) (5.13)

*Local Urea and local phosphorus fertilizer weredigas nitrogen and phosphorus

sources

Incubation time = 15 days,

! Degradation rate

Same capital letters are not statistically diffé@mong N/P ratios atg0.01.
Same small letters are not statistically differ@mong organisms akp.01,
+ Standard error (n=2).
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Fig. 17 : Effect of N/P ratios on crude oil biodadation by the selected bacterial isolates aftedays of
incubation

Table 15: Effect of the N/P ratios on OD of thiested bacterial isolates

N/P rati Basal
ratio | medjum * N/P=1/1 N/P=3/1 N/P=7/1 N/P=10/1 N/P=20/1
OD
Rhodococcus sp.S 0.47 0.46 0.35 0.52 0.52 0.43
The consortium M 0.49 0.36 0.46 0.55 0.58 0.46
Pseudomonas sp. 0.41 0.26 0.3 0.35 0.36 0.28
S
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Tablel6: Effect of different N/P ratios on the fgin content of the selected bacterial isolates

N/P
ratio Basal medium N/P=1/1 N/P=3/1 N/P=7/1 N/P=10/1 N/P=20/1
Protein Total Protein Total Protein Total protein Protein Total Protein Total Protein Total
Organis content protein [ content protein content content (mg) content | protein content | protein content protein
(mg/ml) content f| (mg/ml) content (mg/ml) (mg/ml) | content J (mg/ml) | content (mg/ml) | content
(mg) (mg) (mg) (mg) (mg)
Rhodococcus 0.6 3.00 0.50 2.50 0.42 2.1 0.60 3.00 0.73 3.65 0.48 2.40
sp. S
The consortium|  0.64 3.2 0.41 2.05 0.61 3.05 0.83 4.15 0.89 4.45 0.60 3.00
M
Pseudomonas 0.58 2.90 0.25 1.25 0.53 2.65 0.58 2.90 0.62 3.1 0.52 2.6
sp. S
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Fig.18. Relation between the degradation rate hedptotein content of the tested bacterial isolatd8vated at
different N/P ratios.
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3.3.5. Effect of pH

In this experiment different pH values §4,7, 8 and 9) were used for the cultivation of the
organisms under test. 1% crude oil was added dsowasource and the experiment was
performed under the cultivation conditions mentwioeder 2.2.1. for 15 days. It was observed
that the acidic and alkaline pH (4 and 9) redudeel activity of the two bacteria and the
consortium by about 6-27%. pH 6, 7 and 8 gavebdst biodegradation results, which ranged
between (86.5-95%) as shown in Tablel7 and FigT®e growth of the tested organisms was
evaluated as OD. The results presented in Tabled#aled that the maximum growth of all
tested bacterial isolates was recorded at neutrabigh the best growth fotonsortium (0.58).

The growth of the organisms was also evathageintracellular protein content. The results
are demonstrated in Table 19. It was found thatimmam protein content was obtained in
neutral pH (4.45 mg in case of the consortium).silicadecrease in protein content was observed
at pH 4 and pH 9.

Generally, it was observed that the biodegradadf crude oil at different pH values was
correlated with the protein content of the testeghnisms (Fig.20). Maximum protein content
(4.45 mg) was obtained at the maximum degrada®3®26%) by consortium at pH 7. On the
other hand, maximum protein content (4.20 mg) aadimum degradation (95%) was recorded
by Pseudomonas at slightly alkaline pH (pH 8).
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Table 17: Effect of the medium pH on crude oil detation by the tested bacterial isolates

H
P pH 4 pH 6 pH 7 pH 8 pH 9
Organism % Degradation
Rhodococcus 67.00%=+ 89.00%=+ 94.00%= 83.00%= 79.00%= 1.00
sp. <P 2.00E 1.0BC 2.00AB 1.5C CD
P (4.47} (5.93) (6.27) (5.53) (5.23)
74.00%=+ 90.00%=+ 93.25%=+ 91.00%= 87.00%= 1.00
Consortium M 1.50D 2.00B 1.25AB 1.00AB BC
(4.93) (6.00) (6.22) (6.07) (5.80)
65.00%=+ 92.00%= 87.50+ 1.50 95.00%=+ o
Zseuggm”as 2.50E 2.00AB BC 2.00A 75'5(();’33%'503
P (4.33) (6.13) (5.77) (6.33) :
Incubation time= 15 days
! degradation rate
O PH 4 OPHG6 RPH7 BPHS @PH9
100+
90 - —I—§ = i
PR sl " -
80 : \ 1
c 70~ ol § § e
S \ \
g 60 \ \
S 50 \ \
S 30+ : \ \
> N \
10 - \ \
0 ':}:f& : &ﬁ
Rhodococcus sp. S ConsortiumM Pseudormonas sp. S
Organisms

Fig. 19: Effect of the medium pH on crude oil detaon by the tested bacterial isolates
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Table 18: Effect of the medium pH ob ©f the tested bacterial isolates

pH
pH 4 pH 6 pH 7 pH 8 pH 9
Organism oD
Rhodococcus 0.35 0.42 0.52 0.49 0.42
sp. S
Consortium M 0.42 0.51 0.58 0.53 0.31
Zf”gomonas 0.22 0.36 0.36 0.33 0.29
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Table 19: Effect of the medium pH on the proteintent tested bacterial isolates

pH
pH 4 pH 6 pH 7 pH 8 pH9
Protein Total Protein Total Protein Total protein | protein Total Protein Total
content protein content protein content content content protein content protein
(mg/ml) content (mg/ml) | content (mg/ml) (mg) (mg/ml) content J| (mg/ml) | content
m m
Organism (mg) (mg) (mg) (mg)
Rhodococcus 0.24 12 0.55 2.75 0.73 3.65 0.40 2.00 0.23 1.15
sp. S
Consortium M
0.40 2.00 0.76 3.80 0.89 4.45 0.75 3.75 0.49 2.45
Pseudomonas
sp. S 0.29 1.45 0.57 2.85 0.62 3.10 0.84 4.20 0.25 1.25
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3.3.6. Effect of surfactants
Different surfactants (Igepal, Tergitol, ot X-100, Tween 20 and Tween80) were used to

increase the emulsification of crude oil with thedium. Each surfactant was added at 1% and
the pH of the medium was adjusted to 7. The cudtwere incubated for 15 days. The addition
of Tergitol decreased the biodegradation of crudiéy Rhodococcus sp. S by about 5%. The
results presented in Table 20 and demonstratedgin2E revealed that the addition of Igepal
and Tween 80 increased the biodegradation of aoudey all tested organisms. Although Triton
X-100 and Tween 20 showed no significant effectaude oil biodegradation bighodococcus
and consortium M, it had a stimulating effect oa tregradation bf?seudomonas. Triton X-100
was selected to complete the rest of the expersroure to its low cost.

Statistical analysis showed that there was no fsogmit difference between the surfactants except in
case ofRhodococcus sp. Scultivated in presence of Tergitol ( Table 20).

Table 21 showed the effect of the addition of sueats on the OD of the tested
organisms. It was observed that the use of diftesemfactants stimulated the OD of all the
organisms except in the case of the consortium Mrevthe OD slightly decreased form 0.58 in
absence of the surfactants to 0.56 in presenceitoinTX-100 and 0.54 in presence of Tween 80
(Table 21).

It was found that the effect of the surfactantstbe protein content depends on the
organism under test. Maximum values of the protemtent (4.85 and 4.7 mg) were obtained by
Pseudomonas sp. S cultivated in presence of Tween 20 and Tv8&emnespectively, while the
maximum protein content (4.1 mg) was recordedRbgdococcus sp.S in presence of Triton X-
100 as surfactant (Table 22).

The results demonstrated in Fig. 22 rewketiat the protein content more or less correlated
with the crude oil biodegradation with some flug¢ioas. It was observed that in most cases the
increase in protein content is correlated withraamteéase in the biodegradation.
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Table 20: Effect of surfactants on crude oil bia@eigtion by the tested bacterial isolates

Basa_ll laepal* Teraitol** Triton X- Tween Tween
Surfactant | medium * gep 9 100 ** 20%** 80**
% Degradation
Organism
94.00%6 | 95.00%+2.00| 88.50%=* | 94.25%z=* 92.00%z+ | 95.50%z=
Rhodococcus 2.00AB AB 2.50ABC 1.75AB 2.00AB 1.50AB
sp. S (6.27) (6.33) (5.9) (6.28) (6.13) (6.37)
93.25%¢ 96.50%=* 92.25%z+ | 95.00%z= 93.50%z* | 96.00%z=*
1.25AB 2.50A 0.75AB 2.50AB 2.50AB 2.50A
Consortium M (6.22) (6.43) (6.15) (6.33) (6.23) (6.4)
87.50 90.50%z=* 92.25%z+ | 95.00%z=* 93.50%z+ | 96.00%z=*
1.50C 2.50AB 0.25AB 2.00AB 2.50AB 2.00A
Pseudomonas sp. g (5.77) (6.03) (6.15) (6.33) (6.23) (6.4)

The basal medium without addition of surfactantd aith local urea and local phosphorus

** Surfactants were added to the medium at 1%

! Degradation rate

Incubation time = 15 days
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Pseudomonas sp. S
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Fig. 21:Effect of surfactants on crude oil biodegradatigrilie tested bacterial isolates
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Table 21:Effect of surfactants on OD of the tested bactasiahtes

Basal . Triton X-
Surfactant | medium Igepal Tergitol 100 Tween 20 | Tween 80
oD
Organism
Rhodococcus 0.52 0.56 0.54 0.53 0.55 0.56
sp. S
Consortium M 0.58 0.61 0.57 0.56 0.57 0.54
Pseudomonas sp. S 0.36 0.54 0.55 0.54 0.56 0.55
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Table 22: Effect of different surfactants on thetpin content of the tested bacterial isolates

urfactant
Basal medium * Igepal Tergitol Triton X-100 Tween 20 Tween 80
Protein Total Protein Protein || protein Total protein Total Protein Total Protein Total
content protein content content J content protein content protein content protein content protein
(mg/ml) content (mg/ml) (mg) (mg/ml) content (mg/ml) content (mg/ml) content (mg/ml) content
Organism (mg) (mg) (mg) (mg) (mg)
Rhodococcus sp.S 073 365 0.77 3.85 0.67 3.35 0.82 4.1 0.73 3.6 0.71 35
Consortium M 0.89 4.45 0.7 3.5 0.73 3.65 0.90 4.5 0.77 3.85 0.8 4
Pseudomonas sp.
S 0.62 3.10 0.64 3.2 0.79 3.95 0.6 3 0.97 4.85 0.94 4.7

* The basal medium without addition of surfactaatsl with local urea and local phosphorus fertilag phosphorus source
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3.3.7. Effect of crude oil concentration

The concentration of oil was elevated from 1¥®%%. Triton X-100 was added at 1%. The
results presented in Table 23 and demonstratedyireB showed thaRhodococcus sp .S could
degrade 94% from 1% crude oil, while the degradasibility was reduced by about 30% at 5%
crude oil. The degradation ability of the consartiandPseudomonas sp. S was also reduced by
about 22 and 40% respectively at 5% in comparisith the degradation at 1%. Increasing the
crude oil concentration decreased the degradatitenbry all tested organisms with the maximum
reduction at 6%.

The OD valuesat different crude oil concentration are presembed@iable 24. It was observed
that the maximum OD values were obtained at 1%rwdle oil concentration .The OD values
decreased by increasing the concentration of coildexcept in the case of the consortium M
where the OD slightly increased from 0.56 at 1% 16 at 2% . The lowest OD values were
observed at 6% crude oil.

The results of total protein content are preseirtetiable 25. It was found that the protein
content ofRhodococcus sp. S, consortium M arféiseudomonas sp. S slightly increased at 2% in
comparison with 1%. Increasing the crude oil coheion above 2% decreased the protein
content of the tested bacteria with a minimum vdu& mg) forRhodococcus sp.S growing at
6%.

It was also observed that the decrease iné¢lgeadation ability of the tested organisms was
correlated with a decrease in protein content (E#). The lowest degradation value (43.5%)

was obtained at the lowest protein content (0.7. mg)
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Table 23: Effect of crude oil concentration on tiiedegradation by the tested bacterial isolates

Crude oil 1% 2% 3% 4% 5% 6%
concentratiop i
% Degradation
Organism
94.25%z+ 89.00%=+ 74.50%=* 75.50%=* 66.75%z= | 43.50%z+
Rhodococcus sp. S 1.75A 1.75AB 2.50D 1.00CD 0.75DE 2.00G
(6.28) (5.93) (4.97) (5.03) (4.45) (2.90)
95.00%z=+ 90.50%z=+ 83.25%z+ 81.50%z= 73.50%z= | 45.75%+
Consortium M 2.50A 1.50AB 1.25BC 1.50C 1.50D 1.751
(6.33) (6.03) (5.55) (5.43) (4.90) (3.05)
95.00%z=+ 87.50%z 84.75%+ 63.25%=* 55.25% | 48.00%z
Pseudomonas sp. s 2.00AB 2.00B 2.25BC 1.75E 1.25F 2.00H
(6.33) (5.83) (5.65) (4.22) (3.68) (3.2)
O 1% m 2% B 3% B8 4% B8 5% B8 6%
100
T T TH
90 +
80 - =
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Fig.23: Effect of crude oil concentration twe tbiodegradation by the tested bacterial isolates
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Table 24: Effect of crude oil contration on OD of the tested bacterial isolates

Crude oil 1% 2% 3% 4% 5% 6%
oncentration
oD
Organism
Rhodococcus sp. S 0.53 0.52 0.48 0.45 0.35 0.23
Consortium M 0.56 0.57 0.56 0.54 0.45 0.37
Pseudomonas sp. S 0.54 0.54 0.53 0.42 0.4 0.21
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Table25: Effect of crude oil concentration on the biodetation by the selected bacterial isolates

rude oil
concentration 1% 2% 3% 4% 5% 6%
Protein Total Protein Protein |} protein Total protein Total Protein Total Protein Total
content protein content content Jf content protein content protein content protein content protein
(mg/ml) content (mg/ml) (mg) (mg/ml) content (mg/ml) content (mg/ml) content (mg/ml) content
(mg) (mg) (mg) (mg) (mg)
Organism
Rhodococcus sp.S 0.82 4.1 0.9 4.5 0.45 2.25 0.23 1.15 0.32 1. 0.1 0.7
Consortium M 0.9 4.5 0.95 4.75 0.67 3.35 0,54 2. 50 25 0.28 14
gse”domonass'o' 0.6 3 0.63 3.15 0.52 2.6 0,25 1.25 0.21 1.0 019 .950
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3.3.8. Effect of free and immobilized cells on crueloil degradation in marine medium

Crude oil biodegradation using free and irbitiged cells on wheat straw and entrapment in
alginate was performed in liquid medium containlogal urea as nitrogen source and local
phosphorus source as phosphorus source. The sunfattiton X-100 was supplied at 1%
(Fig.25). The experiment was realised in preseri@eof crude oil. The results demonstrated
in Table 26 and Fig. 26 revealed that the minimuoddgradation values were recorded after 3
days of incubation in all treatments, which did eateed 51.5% by the cells immobilised on
wheat straw. After 6 days, incubation the degragatas increased in all treatments to reach
83.5% by consortium cells immobilised on wheatwtrafter 9 days, the results showed that the
immobilised cells by entrapment in alginate stinedaoil biodegradation in comparison with
free cells and immobilised cells on wheat strawe Thmobilised cells by entrapment in alginate
could degrade 87.75-92% from the 2% crude oil d&tdays, while immobilised cells on wheat
straw had the capacity to degrade 88-90% of a@rdff days. It was also found that wheat straw
absorbed about 8-10% of crude oil.

Py

c b
Immobilized cells in alginate

Fig.25: Biodegradation of crude oil using immolelizcells
a) Control; b) Immobilized cells oRhodococcus sp. S after 15 days; ¢) Immobilized cells of catiamn M after 15
days; d) Immobilized cells d?seudomonas sp. S after 15 days

69



Table 26: Effect of free and immobilised bactedells on crude oil biodegradation in marine medaftar different incubation periods

Immobilized cells on whe

Immobilized cells by entrapment in

Time Free cells straw alginate
(Days)
3 6 9 12 15 § 3 6 9 12 15 3 6 9 12 15
Organism
% Degradation % Degradation % Degradation

Rhodococcus sp. S 4250 | 51.25| 78.23 80.5( 89.00f 40.00 | 61.25| 77.50 89.75| 88.004 35.00 | 67.25| 87.75| 92.75| 92.5(

: 47.00| 60.50{ 70.5Q0 84.7{ 90.50f 51.50| 83.50| 92.50 90.00 | 93.004 45.50 | 80.00| 92.00 | 94.50| 95.0¢
Consortium M
Pseudomonas sp. S 33.75| 65.00f 80.00 83.5( 87.50Q 36.75| 60.00, 74.00 88.00 | 90.504 47.25| 56.75| 89.25 | 93.00| 90.0d
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Fig.26. Effect of free and immobilised bacterial celisaude oil biodegradation in marine medium

after different incubation periods
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Il
RESULTS
PART I1; LAB MICROCOSMS



Part Il. Lab microcosms

3.4. Bioremediation of crude oil contaminated sea ater under different

conditions
Bioremediation of sea water contaminated with croiflevas tested using different nitrogen,
phosphorus sources at different temperatures. ditiad, the effect of immobilization and free
cells was also examined. Table 27 illustratesctiemical analysis of sea water collected from
Ben Mhidi beach (post 3).
The number of the heterotrophic bacteriagmem sea water, presented as Log CFU/mI, was
6.7- 6.9 while the number of crude oil degradingtbaa was 1.3-1.49 Log CFU/ml
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Table 27: Chemical compositidrsea water collected from Ben Mhidi beach (p9st 3

Total
Salinity SO MI | ca kK |4 Fer Cu NH, NO;, | PO,
(mg/l) (mgll) | (mgh) (mgl) | (mg) | (mgly | (mgn)y | (mgn) hydrocarbong
m m m m m m m m
9 (mg/) | (mg/l) 9 Y1 (man) 9 g 9 g g (ma/)
36.5 2600 1325 420 405 traces traces trace 0.0020.003 0.005 0.1
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3.4.1. Bioremediation of crude oil contaminated seaater in lab- scale
microcosms at room temperature

The organism&hodococcus sp.S andPseudomonas sp. S and the consortium M which
showed high degradation rate in marine medium wsaiected to test their ability to
bioremediate the crude oil contaminated sea wgigrd7).

In this experiment the effect of bioaugmebotatof the tested organisms (alone or in
consortium), was tested. Attenuation of the nattiomh or its biostimulation was also tested.
A control sample was made by sterilizing 1L crudecontaminated sea water at 120°C for 30
min. The results obtained were illustrated in Tab& and Fig. 28. It was found that the
degradation dependent on the time and the typeeatmhent. After one week the degradation
rate ranged between 25.5 to 55% with the highdskeva presence of consortium M (55%) .
After 6 weeks the degradation rate was about 55%-%vith the lowest value in case of
attenuation (55.5%) and the highest value in cdseoasortium M (95%). The use of
consortium C, which consisted of a mixture of testéd organisms did not have a significant
effect on crude oil biodegradation in comparisothvihe use of the organisms one at a time.
The results also show that the crude oil degradaty consortium C reached 88% after 6
weeks in comparison with 93% IRhodococcus sp. S, 95% by consortium M and 89.5 % by
Pseudomonas sp. S.

The biostimulated treatments gave maximurgratiation (70.5%) after 6 weeks of
incubation. The sterilized sample (control) showedchange in its crude oil content after 6
weeks.

The effect of the bioremediation treatmeamshe cumulative percent of degradation was
calculated and presented in Table 28 . After sigkgeof incubation, the highest percentage of
degradation (76.5%) was observed when the sea mwagie bioaugmented with the
consortium (M) The lowest percentage of degradation was foundh umadural attenuation of
the contaminated sea water (43.2%). For the otbatrhents (biostimulation, bioaugmentation
with Rhodococcus sp. S or withPseudomonas sp. S), the cumulative percentage of degradation
was between 59.33-70.33%. Fig. 29 shows the chomreghic patterns of crude oll

biodegradation in sea water.

The number of total aerobic heterotrophictéa@a and crude oil degrading bacteria
present in the crude oil contaminated sea watem ugh@ bioremediation treatments is
presented in Table 29 and illustrated in Fig. Bfe results showed that there was an increase

in the aerobic heterotrophic bacterial populatidterathe first week. It was found that the
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population of heterotrophic bacteria at zero tinras\8.9 CFU/ml which increased to reach the
value between 7.2 — 8.79 Log CFU/mI after the finsdek in the different treatments.
Increasing the incubation time, increased the mamr density with some fluctuations in
some treatments to reach its maximum value (9.4 GédJ/ml sea water) in case of
bioaugmentation using consortium M. The lowest nenvisas recorded in case of attenuation
treatment (8.01 Log CFU/mI after six weeks)

The increase of heterotrophic bacteria wasrapanied with an increase in the number of
crude oil degrading bacteria. The results showed the number of crude oil degrading
bacteria was very low at zero time (1.49 Log CFY/and increased after the first week to
reach 2.5-3.73 Log CFU/mI. The population densftgrade oil degrading bacteria increased
with increasing the time with some fluctuationssome cases. It reached 5.1 Log CFU/ml in
bioaugmentation treatment by consortium M afterwseeks of incubation, while the lowest
number was obtained in attenuation treatment #itesame period (3.85 Log CFU/ml)

From the results demonstrated in Fig. 28 andit3Was found that the increase in the
degradation rate was correlated with an increasikeémumber of crude oil degrading bacteria
with some fluctuations. The highest degradatiorc@aiages (93 and 95%) were accompanied

with the highest number of crude oil degrading eaat(5.11 and 5.02 respectively)
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Fig.27. Bioremediation of crude oil contamathsea water in lab- microcosms after six
weeks. 1)Control; 2)Bioagmentation Riyodococcus sp. S; 3) Bioaugmentation by
consortium M; 4) Bioaugmentation Pgeudomonas sp. S; 5) Biostimulation 6) Attenuation
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Table 28: Bioremediation of crude oil contaminased water

Time 1 2 3 4 5 6 Cumulative % of
(week) degradation*
% Degradation
Treatment
48 52 62 775 89.5 93 70.33
Rhodococcus sp.S
. 55 61.5 75.5 83.5 88.5 95 76.5
Consortium M
Pseudomonas p. 35 50.5 65 76.5 81 89.5 66.25
S
. 38 49.5 54.5 73 715 88 62.42
Consortium C
L . 40.5 455 57 72.5 70 70.5 59.33
Biostimulation
25.5 35 415 48 66 55.5 43.2
Attenuation

pH: 7.4- 7.6

Temperature: 20-24 °C

* Cumulative % = % of degradation / time
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Fig. 28. Bioremediation of crude oil contaated sea water
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Table29. The total number of aerobic heterotroplaicteria and crude oil bacteria during the
bioremediation experiments

Treatment | Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
H [c [H Jc |[H [c |H [c [H [c [n [cC
Time (Week
SQ_‘?OCOCC“S 8.57 | 3.73| 8.89| 4.2 | 8.96| 46 | 8.91| 45| 9 |475|9.22| 5.1
Consortium M | 8.79] 3.71] 9.2 | 397 9.01| 4.62| 9.08| 46 | 9.3 | 48 | 9.4 | 5.02
Es_eusdom"”as 8.67 | 3.7 | 8.75| 4.35| 8.88| 4.45| 9.06| 45| 9.1 | 465| 9.2 | 4.75

Consortium C 8.5 | 3.54]867| 45] 8.71| 4.58] 8.89| 4.49] 9.06| 4.66] 9.05| 4.85

Biostimulation | 7.47| 3.3 | 8.65| 443| 8.81| 4.38] 8.75| 4.6 ] 8.89| 44 ] 8.81]| 4.55

Attenuation 72 |25 )| 787 342)7.85| 35772 3.4 789 35] 8.01] 3.85

H: The number of aerobic heterotrophic bacteriag(Cé-U/ml)

C: The number of crude oil degraing bacteria (LédJGnI)

At zero time the number of heterotrophic bacterss 6.9 and the number of crude oil
degradaing bacteria was 1.49
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Fig.30. The total number of aerobic heterotroplaicteria and crude oil bacteria during the bioremsah experiments
At zero time the number of heterotrophic bactergs w.9 (Log CFU/ml) and the number of crude oilrddging bacteria was 1.49 Log

(CFU/mI)
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3.4.2. Effect of different nitrogen sources on cruel oil biodegradation in

contaminated sea water

To test the effect of nitrogen sources, the amnmniitrate which was the sole nitrogen
source in the last experiment (3.4.1) was repldgeldcal, ammonium sulfate , sodium nitrate ,
local nitrogen fertilizer (calcium ammonium nitrgtecal urea, urea 46% (Egyptian commercial
fertilizer) on equal nitrogen basis. Manure wa® alsed as nitrogen source at a concentration of
5% (w/v). Samples were taken each week for detextioin of the residual crude oil and the
bacterial density.

The results presented in Table 30 and Fgevealed that using commercial fertilizers as
nitrogen sources stimulated crude oil degradatiocomparison with chemical nitrogen sources.
It was found that the lowest degradation valueghan first week were obtained with the pure
chemical nitrogen sources (ammonium sulfate andiusodnitrate) except in case of
bioaugmentation witliRhodococcus sp. S and consortium M with ammonium sulfate. dasing
the time increased the degradation of crude oifterAfive weeks, the results show that the
maximum biodegradation was obtained with localagién fertilizer (95.5, 94.5 and 92.5 for
Rhodococcus sp. S, consortium M anBseudomonas sp. S respectively) with the exception for
biostimulation in which the maximum biodegradati®&3%) was obtained with local urea. On
the other hand, after six weeks local urea gavehibleest degradation with consortium M and
Pseudomonas sp. S. It was observed that the addition of mastineulated the biodegradation of
crude oil.

The highest cumulative percent was obtainedimaugmentation byRhodococcus sp.S with
manure as nitrogen source (79.5%), while the lowestulative percent was recorded in case of
biostimulation with ammonium sulfate (51.42%).

The number of total aerobic heterotrophicté@a and crude oil degrading bacteria is
demonstrated in Table 31 and Fig.32 . The reshlisved that the bacterial density increased in
time with fluctuations in some cases. The hetepdtio bacterial density at zero time was low
(6.9 Log CFU/ml), and it increased with increasitigne to reach 8.3-9.47 Log CFU/ml after six
weeks. The lowest bacterial densities were obtaimedhe presence of chemical nitrogen
sources. The highest densities were observed idecail contaminated sea water treated by
consortium M in presence of urea 46 % and locah @® nitrogen sources (9.47 and 9. 44 Log
CFU/ml respectively). This was followed Bhodococcus sp.S with the urea 46%, local urea
and local nitrogen fertilizer nitrogen (9.3; 9.38da9. 36 Log CFU/mI respectively). The lowest
density was obtained in biostimulation treatmerthwbdium nitrate as nitrogen source (8.3%).
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The results also revealed that the increasthe total heterotrophic bacterial density is
accompanied with an increase in the number of caoiddegrading bacteria. It was found that
the number of crude oil degrading bacteria at ziene was 1.49 Log CFU/ml and reached its
maximum (5.35 Log CFU/ml) in the microcosm treatdth the consortium M and urea 46% as
nitrogen source after six weeks. On the other h#mal lowest number of crude oil degrading
bacteria was obtained in the biostimulated microtasing ammonium phosphate as nitrogen
source.

From the results demonstrated in Fig. 31 2&dit was observed that the biodegradation of
crude oil more or less correlated with the numberade oil degrading bacteria. Local urea was

selected to complete this part of the present reBgdue to its availability and inexpensive cost.
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Table 30: Effect of some nitrogen sources on caibéegradation in contaminated sea water

Time (Week) Cumulative

Treatment week 1 | week2 week3 week4 weekb  week6 %
% Degradation

Rhodococcus sp. S+ ammonium
sulfate 43.5 67.5 73.5 715 83 85.5 70{75
Rhodococcus sp. S+ sodium nitrate 34 62|5 5 85.5 8[L.5 85.5 .6770
Rhodococcus sp. S+ urea 46% 55.6 63|5 88.5 71.5 90.5 94 76.75
Rhodococcus sp. S+ local urea 46.5 53|5 85 73.5 8D.5 92 78.33
Rhodococcus sp. S+ N fertilizer 40.5 59.5 735 93.5 95.5 98.5 74.83
Rhodococcus sp. S+ manure 60 775 63.5 89 95.5 91.5 79.5
Consortium M+ ammonium sulfate 415 57 75.5 78.5 4.58 90.5 71.25
Consortium M+ sodium nitrate 40/5 48.5 73.5 65.5 7.58 92.5 68.00
Consortium M+ urea 46% 475 555 78.5 8Y7.5 95 93.5 76.25
Consortium M+ local urea 376 55(5 71.5 938.5 86 94  74.00
Consortium M+ N fertilizer 55.5 71 68.6 85 94.5 92, 77.83
Consortium M + manure 50 635 15 70.5 90.5 90 53.2
Pseudomonas sp. S+ ammonium
sulfate 25.5 45.5 65.5 60 7815 67.5 57|08
Pseudomonas sp. S+ sodium nitrate 40)5 35.5 51 58.5 79.5 175 57.92
Pseudomonas sp. S+urea 46% 63 4315 67.5 b5 78 84.4 65.23
Pseudomonas sp. S+ local urea 50.b 47\5 57 88 74.5 91.5 68.17
Pseudomonas sp. S+ N fertilizer 47 .4 68 745 88\5 92.5 87.5 6.42
Pseudomonas sp. S + manure 53.b 65 87 858.5 91 88.5 78.42
Biostimulation+ ammonium sulfate 35|5 43.5 61.5 5. 555 67 51.42
Biostimulation + sodium nitrate 25,5 45(5 51.5 48 1.57 83.5 54.25
Biostimulation + urea 46% 52.b 63 47.5 59.5 70 78.5 61.83
Biostimulation + local urea 50 46)5 55 68.5 83 57B. 63.58
Biostimulation + local N fertilizer 5] 62.5 76 78|15 67 81 69.17
Biostimulation + manure 56.5 705 81.5 68 74 75.5 17

pH: 7.4- 7.6
Temperature: 19- 22

* Cumulative % = % of degradation / time
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Table 31:Effect of different nitrogen sources oa tlumber of heterotrophic bacteria and
crude oil degrading bacte

ime (Week)| Weekl Week2 Week3 Week4 Week5 Week6

Treatment H C H C H C H C H C H C

Rhodococcus sp. S+
Ammonium sulfate | 7.81 351 | 8.06 | 4.1 8.3 4.3 8.6 4.45 8.88 4.55 9.07 | 4.88

Rhodococcus sp. S+

Sodium nitrate 8.35 335 | 855 | 35 8.74 | 3.48 9 4.01 8.85 422 9.01 4.7
Rhodococcus sp. S+

Urea 46% 8.75| 435 | 8.6 425 | 8.95| 4.6 9.11 4.7 9.17 4.85 9.3 4.75
Rhodococcus sp. S+

Local urea 8.88| 4.41 | 8.9 455 | 9.01| 4.65 9.07 4.88 9.18 5.1 9.35 5.15
Rhodococcus sp.

S+Local N fer

tilizer 82 | 357 | 835 | 385 | 865| 4.3 9.03 4.25 9.19 4.6 9.36 5.11
Rhodococcus sp. S+

Manure 85| 4.1 8.75| 438 | 9.05| 4.45 8.94 5.15 9.11 5.06 9.26 5.02

Consortium M+
Ammonium sulfate 8 3.22 | 8.08 | 3.54 8.22 | 4.01 8.55 4.02 8.77 4.3 9.06 4.44

Consortium M+
Sodium nitrate 7.87 3.3 8.29 4,15 8.3 4.49 8.88 4.66 8.71 4.96 9.03 4.64

Consortium M+
Urea 46% 8.67| 428 | 8.81 | 4.49 9.23 4.6 9.22 4.83 9.17 5.06 9.47 5.35

Consortium M+
Local urea 8.77| 436 | 8.85 | 4.48 9.14 4.6 9.35 4.44 9.03 5.22 9.44 5.15

Consortium M+
Local N fertilizer 871 | 428 | 8.88 4.48 9.02 | 4.72 8.88 4.81 9.03 4.93 9.23 5

Consortium M +
Manure
8.47 | 4.41 8.6 4.48 9.11 4.6 9.35 5.06 9.26 511 9.11 5.04

Pseudomonassp. S+ | 7.89 | 314 | 7.9 3.2 8.04 | 3.32 8.18 3.38 8.47 4.07 8.91 5.1
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Ammoniumsulfate

Pseudomonas sp. 3.17

S+ Sodium nitrate | 7.96 8.06 | 3.34 8 3.27 8.55 4.32 8.3 4.3 8.94 4.38
Pseudomonas sp.

S+Urea 46% 8.43 | 397 | 8.39 | 4.13 855 | 4.11 8.95 4.48 9.11 473 9.22 4,94
Pseudomonas sp.

S+ Local urea 8.24| 3.85| 854 | 4.05 8.8 4.25 9,03 4.68 9.17 4.83 9.07 5.18
Pseudomonas sp.

S+ Local N

fertilizer 8.13| 3.96 8.6 3.99 8.88 | 4.36 8.98 4.67 8.88 4,58 9.23 4.48
Pseudomonas sp. S

+ Manure 8.34 3.9 8.22 | 4.06 8.69 | 4.38 8.9 4.72 9.01 4.87 9.22 4.7
Biostimulation+

Ammonium sulfate 7.79 3.07| 7.92| 3.32 8.13 | 3.18 7.99 3.58 8.3 3.51 8.43 4.15
Biostimulation +

Sodium nitrate g 3.06 | 8.47| 3.62 8.39 | 4.07 8.47 4.06 8.55 4.32 8.3 4.22
Biostimulation +

Urea 46% 8.39| 35 8.43 | 3.22 859 | 4.14 8.71 4.38 8.88 4,22 8.79 4.75
Biostimulation +

Local urea 8.0 3.2 8.39 | 3.48 8.50 | 4.08 8.55 4.3 8.6 4.1 8.88 4.85
Biostimulation +

Local N fertilizer 7.81| 3.16 8.3 3.39 8.47 | 3.62 8.71 4.49 8.69 4.45 8.95 4.7
Biostimulation +

Manure 8.3| 3.48| 8.28| 3.35 8.77 | 4.32 8.75 4.61 9 4.7 9.01 4.88

H: The number of aerobic heterotrophic bacteriag(Cé-U/ml)
C: The number of crude oil degraing bacteria (L&dgJGnl)
At zero time the number of heterotrophic bactergs w.9 and the number of crude oil degradaing bacias 1.49
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Fig.32: Effect of different nitrogen sources on thenber of heterotrophic bacteria and crude oitaéigg bacteria
At zero time the number of heterotrophic bacter@s %.9 (Log CFU/ml) and the number of crude oilrddging bacteria was 1.49 (Log CFU/m).
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3.4.3. Effect of different phosphorus sources on ade oil biodegradation in

contaminated sea water

The disodium hydrogen phosphate and soddihydrogen phosphate used as
phosphorus sources in the last experiment (3.4v2re substituted, on equal phosphorus
basis, with super phosphate 15.5% (commercial spuesanmonium phosphate and a local
phosphorus fertilizer. Local urea was used as getncsource. Samples were taken each week
for determination, the residual crude oil and thetbrial density.

The results are illustrated in Table 32 &higd. 33. It was found that using super
phosphate 15.5% and the local phosphorus fertiizgghosphorus sources increased the rate
of crude oil degradation in comparison with ammamiphosphate. After one week, the crude
oil degradation was ranged between 40-57% in treatsnwith phosphorus fertilizers, except
in bioaugmentation withiPseudomonas sp. S and super phosphate 15.5%. Maximum value
(57%) was obtained witRhodococcus sp. S in presence of super phosphate 15.5% &atter t
same period. The rate of crude oil degradationes®ed with increasing the time to reach
95% in the microcosm bioaugmented with consortiumudihg super phosphate 15.5% as
phosphorus source after 5 weeks. On the other hasidg local phosphorus fertilizer
maximum degradation (92%) was obtained with consortM, followed by Rhodococcus
sp.S (90.5%), then biostimulation treatment (84.5&0) finally by Pseudomonas sp. S
(71.5%) after the same time.

The cumulative percent of degradation 7 3fas recorded in contaminated sea water
treated with consortium M using super phosphat®&%5as phosphorus source. The lowest
cumulative percent (56.67%) of degradation was inbth in contaminated sea water

biostimulated with ammonium sulfate as phosphoousce.

The variation in the number of heterotrophécteria and crude oil degrading bacteria is
presented in Table 33 and Fig.34. The density térb&ophic bacteria increased with time.
The results revealed that the number of heterotcdpdcteria at zero time was 6.7 and ranged
between 8-8.94 Log CFU/ml after the first week.

The results showed that the development imthaber of heterotrophic bacteria was high
in treatments with phosphorus fertilizer in compan with ammonium phosphate. It reached
9.03 Log CFU/mI after two weeks in the treatmenits \®®hodococcus sp.S and consortium M
using the local phosphorus fertilizer. The highedtie of heterotrophic bacteria was obtained
in the treatment with consortium M amthodococcus sp.S using super phosphate 15.5% and

local phosphorus fertilizer respectively (9.6 LoglWml).
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On the other hand, it was found that the ireeeia the number of heterotrophic bacteria
was correlated with an increase in crude oil dagbacteria for each treatment. Increasing
time had a stimulating effect on the number of erod degrading bacteria. The results show
that the highest bacterial densities were obtawmigd the consortium M in presence of super
phosphate 15.15% (5.18 Log CFU/ml), followedRhodococcus sp.S (5.11 Log CFU/ ml) in
presence of the same phosphorus source.

From the results demonstrated in RB§. and 34, it was observed that the
biodegradation of crude oil correlated with the temof crude oil degrading bacteria. The
increase in the number of crude oil degrading becteas accompanied with an increase in
the degradation rate with some fluctuations.. Lga@osphorus fertilizer was selected to

complete this part of the present research, dite tvailability and inexpensive cost.
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Table 32: Effect of different phosphorus sourcesmule oil degradation in contaminated sea water

Time 1 2 3
(week)

Cumulative % of
degradation*

Treatment

% Degradation

Rhodococcus
sSp.S+ Super
phosphate 15.5% 5¢ q7 63.5

78.

0.5

93

1.75

Rhodococcus
sp.S+Local
phosphorus
fertilizer 43 58 70.5

86.%

90.

88

72.

Rhodococcus sp.
S+ Ammonium
phosphate 37.% 50 4115

64.

82.

87

0.5

Consortium M+
Super phosphate
15.5% 45 60.5 71.5

89.5

A\"Al

75.9

)2

Consortium M+
Local phosphorus
fertilizer 50.5 58.5 68

77.

72.

Consortium M+
Ammonium
phosphate 41.% 69.b 755

7

88

69.

75

Pseudomonas sp.
S+ Super
phosphate 15.5% 38.5 50 67

85.5

91.

69.4

)2

Pseudomonas
sp.S+ Local
phosphorus
fertilizer 48.5 46.5 66.5

71,

89,

67.

Pseudomonas
sp.S+ Ammonium
phosphate 38.5 53.5 47.5

75.%

o)

79

60.

Biostimulation+
Super phosphate
15.5% 45.5 4(Q 65.5

Biostimulation +
Phosphorus
fertilizer P,Os 40 40.5 58.5

69.%

84.

63.

Biostimulation+
Ammonium
phosphate 37.5 32.5 54.5

6(

77

56.6

pH: 7.5-7.8
Temperature: 23-2&
* Cumulative % = % of degradation / time
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Table 33: Effect of different phosphorus sourceshennumber of heterotrophic bacteria and cruddegirading
bacteria

Time Week1l Week2 Week3 Week4 Week5 Week6

(Wee H C H C H C H C H C H C
Treatment

Rhodococcus
sp.S+ Super
phosphate
15.5% 8.34|396| 871 41 | 888| 425 | 9.19 | 465 | 944| 51 | 932 | 511

Rhodococcus
sp.S+Local
phosphorus
fertilizer 8.74|13.85| 9.03| 449 | 9.11| 46 | 9.44 | 483 | 9.26| 504 | 9.6 | 5.06

Rhodococcus
sp.

S+ Ammonium
phosphate 8.06 | 3.54| 8.32| 371 | 855 | 397 | 875 | 462 | 8.69 | 485 | 9.01 | 4.9

Consortium M+
Super
phosphate
15.5% 8.94| 4.25| 8.67| 455 | 9.07| 47 | 936 | 4.85| 9.47 | 515 | 9.6 | 5.18

Consortium
M+ Local
phosphorus
fertilizer 8.67 | 4.15| 9.03| 436 | 9.19| 481 | 922 | 493| 935 | 5.04 | 9.41 | 5.06

Consortium M+
Ammonium
phosphate 8.55 4.13| 8.71| 397 | 8.88| 4.72| 8,69 | 4.66| 9 483 | 8.94 | 5.02

Pseudomonas
sp. S+ Super
phosphate

15.5% 8.26 | 3.95| 8.55| 428 | 8.43 | 4.49| 8.26 | 4.85| 8.8 475 | 9.09 | 4.9

Pseudomonas
sp.S+ Local
phosphorus
fertilizer 8.24| 42 | 8.69| 43 | 888 | 465 | 9.17 | 4.45| 8.94 5 9.14 | 51

Pseudomonas
sp.S+

Ammonium
phosphate 8.32|3.85| 8.47| 401 | 855| 43 | 897 | 455| 914 | 47 | 9.19 | 488

Biostimulation+
Super
phosphate
15.5% 8.11| 3.32| 8.34| 406 | 8.28 | 438 | 9.03 | 4.25| 9.09 | 438 | 894 | 4.75

Biostimulation
+ Phosphorus
fertilizer P,Os 8.13|3.22| 8.43| 395 | 85 | 435 | 8.6 4.47| 89 4.72 9 4.75

Biostimulation+
Ammonium
phosphate 8 | 3.14 8| 42 | 83 | 385 | 855 | 435 | 86 | 445 | 8.8 | 4.25

H: The number of aerobic heterotrophic bacteriag(Cé-U/ml)

C: The number of crude oil degraing bacteria (L&dgJGnl)

At zero time the number of heterotrophic bactergs w.7 and the number of crude oll
degradaing bacteria was 1.3
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Fig. 34: Effect of different phosphorus sourcest@number of heterotrophic bacteria and cruddegirading bacteria
At zero time the number of heterotrophic baetevas 6.7 (Log CFU/ml) and the number of crudele@radaing bacteria was 1.3(Log CFU/ml).
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3.4.4. Crude oil biodegradation in contaminated sewater using free and

immobilized cells at the temperature rang 18-20°C

The effect of free and wheat straw immobdizeells on crude oil degradation in
contaminated sea water was tested (Fig.35). Thitsemre demonstrated in Table 34 and Fig.
36. It was found that the immobilized cells stimathcrude oil degradation than free cells in
all treatments. The results after four weeks shimat the immobilized cells degraded crude
oil faster than the free cells by about 20, 13 46% for Rhodococcus sp. S, consortium M
and Pseudomonas sp. S respectively and decreased with increasing tomeach about 9, 11
and 15% in the same order. The data of cumulgigreent of degradation also revealed that
immobilized cells enhanced the degradation of gilabout 18, 13 and 21% than the free
cells. It was also noted that the time needed rfode oil degradation was reduced from six
weeks to four weeks in case of immobilized cell§joh ranged from 88to 92%. Fig. 37
shows the chromatographic analysis of crude odrafieatment with free and immobilized
cells of the tested organisms.

Dehydrogenase activity in sea water duringiloeemediation process has been used to
monitor the microbial activity. Table 35 and Fig8 3how the results obtained for
dehydrogenase activity measured as increase inabpkensity (OD) at 546 nm. It was found
that the activity depends on the incubation timerdmediation treatments and the state of the
cells (free or immobilized).

Increasing the incubation time increasexvialue of dehydrogenase (increase in OD) in
both treatments (free and immobilized) with a dlijrctuation in some cases. Maximum OD
(0.305) was obtained with immobilized cells of coriim M after five weeks. On the other
hand, minimum value (0.055) was obtained in bioaemgiation treatment witRseudomonas
sp. S after one week. Generally, the dehydrogenateity was higher in treatment with

immobilized cells than in free cells.
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Fig. 35. Biodegradation of crude oil using immat®lil cells on wheat straw after six weeks
1) Control; 2)Rhodococcus sp. S,3) Consortium M; Hseudomonas sp.S
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Table 34: Biodegradation of crude oil in sea watng free and immobilized cells at temperatargge 18-20°C

Time Free cells Immobilized cells on wheat straw
(weeks)
Cumulative Cumulative
1 2 3 4 5 6 % of degra-| 1 2 3 4 5 6 % of degra-
_ dation dation
Organism
% Degradation % Degradation
Rhodococcus sp. S 32 44.5 65 71 | 68.75| 80 60.22 41.5 65 71 88 88 87 73.42
. 40.25 56.25 | 70.25 81| 85 | 8275 69.25 47.25| 68.5 82 | 92.75 92 92 79.08
Consortium M
Pseudomonassp. S| 25.5 37 56 72.75 70 77 56.38 38 45 77.25/ 86.5 | 91.25 90.5 71.42
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Fig.36: Biodegradation of crude oil in sea waténgdree and immobilized cells at temperature rahg0C
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Table 35 : Dehydrogenase activity in contaminatsdwgater treated by free and immobilized cells easured by the increase in optical density at
546 nm at temperatanmege 18-20°C

Time Free cells Immobilized cells
(Days)

1 2 3 4 5 6 1 2 3 4 6

Organism
OD at 546 nm OD at 546 nm

Rhodococcus sp. DM

0.06 0.141 0.134 0.21 0.189 0.1y6 0.11 0.237 0.304 0.25f7 0,245 0.287
Consortium M 008| 0152 0167 0.7 0301 044 012| 0226 0275 0308 0305 0.284
Pseudomonas sp. S j j ) )

0.055 0.111 0;123 0.11 0.121 0.7 0.098 0.23 0.202 0.21p 0.235 0.2p8
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Fig.38. Dehydrogenase activity in contaminatedvseter treated by free and immobilized cells as measby
the increase in optical density at 546 nm.
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3.4.5. Effect of temperature on crude oil degradatin by free cells

The treatment of oil contaminated sea watgng local urea and local phosphorus
fertilizer as nitrogen and phosphorus sources wafopned at two different temperature
ranges namely 18-20°C and 22-26°C. The resultslemgonstrated in Table 36 and Fig. 39.
The results revealed that the degradation of croilevas enhanced by increasing the
temperatures range from 18 -°20to 22 - 26C in all treatments with some fluctuations,
especially in biostimulation treatment.

It was also observed that after six weeksdgradation of crude oil was ranged from 68-
82.75 at the temperature range 18@2Q0vhereas at the temperature range 22-26C it was
ranged between 70.25-92.5%. The highest cumulgtimeent (76.04) was obtained in
bioaugmentation with consortium M at the tempemtange 22-28C whereas the lowest
one (54.17) was obtained in the biostimulationttresnt at the temperature range 18*Q0

The percentage of crude oil degradingdy@a in contaminated sea water treated by
free cells at the two different temperature rant@-20°C) and (22-26°C), is presented in
Table 37 and Fig.40. High temperature slightly éased the percentage of crude oll
degrading bacteria comparing with low temperatéitethe temperature range 18-20°C the
percentage of crude oil degrading bacteria wasegrigpm about 41-52% after six weeks,

while it ranged from about 44-55% at temperaturgyea22-26°C after the same time.
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Table 36: Effect of temperature on crude oil degtimah in sea water at different temperature rangay free cells

18-20°C 22-26°C
Time
eeks) Iaii:\lljerg/l:-of Cumu-
1 2 3 4 5 6 1 2 3 4 5 6 lative% of
degra- d .
dati egra-dation
ation
Organism . .
% Degradation % Degradation
Rhodococcus sp. S 32 44.5 65 71 | 68.75| 80 60.21 42.25 40 65| 75.75| 83.25 85 65.22
. 40.25 56.25 | 70.25 81| 85 | 82.75 69.25 51.5| 61.28 84.2} 78.75 88 92.5 76.04
Consortium
Pseudomonassp. S| 25.5 37 56 72.79 70 77 56.38 37.25| 545| 60.5 83 77.25 85 66.25
Biostimulation 30.5 49.5 41.2 65| 70.25 68 54.17 35.5 51.5| 50.5 68 75.75( 70.29 58.58
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Table 37: Effect of temperature on the petage of crude oil degrading bacteria ( using &rells)

Time 18-20°C 22-26C
(weeks)

1 2 3 4 5 1 2 3 4

Organism
% of crude oil degrading bacteria % of crude odrdeling bacteria

Rhodococcus sp. DM

40.24 38.04 47.56 52.6) 51.96 4889 48.56 46.03 50.07 54.8 53|6 b2
Consortium M 455| 4123 4855  52.8 4980 514 52.43| 5094 5239 534 54.84 5581
Pseudomonas sp. S I i

38.07 43.81 40.44 48.4 46.58 473 47.45 49.75 47.5 49.0 51|2 52.34
Biostimulation

32.42 37.83 36.54 38.1 40.67 499 40.53 42.76 40.5¢ 43.0 42.88 4439
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Fig.40: Effect ofriperature on the percentage of crude oil degrautieteria (using free cells)
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3.4.6. Effect of temperature on crude oil degradatin by immobilized cells

The experiment was performed with wheaavetimmobilized cells at two different
temperature ranges namely 18-20°C and 22-26°C.r@sdts are demonstrated in Table 38
and Fig.41. The temperature range, 22-26°C hadtterbeffect on crude oil degradation
compared with 18-20°C. After three weeks, the ddafian was increased at the temperature
range (22-26°C) by about 9, 8 and 7% fimodococcus sp. S, the consortiumM and
Pseudomonas sp. S, respectively in comparison with the degradaabriemperature range
(18-22°C).
The highest value of cumulative percent at tempega{18-22°C) was 79.08% using the
consortium M, while it increases to reach 82.17%eatperature range (22-26°C) by the same

treatment.
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Table 38: Effect of temperature on crudelegradation using immobilized cells

18-20°C 22-26°C
Time
eeks) Cumu- Cumu-
iveo ivao
1 9 3 4 5 6 lative% 2 3 4 5 6 lative% of
of degra- degra-
dation dation
Organism , i
% degradation % Degradation
Rhodococcussp. S| 41.5 65 71 88 88 87 73.42 4225 | 67.5| 77.75 915 | 92.25| 905 76.96
. 47.25 68.5 82 | 92.75| 92 92 79.08 50.5 | 73.25| 88.75| 94 92.5 94 82.17
Consortium M

Pseudomonas sp. S 38 45 77.25| 86.5 | 91.25| 90.5 71.42 46.75 | 67.25 8.3 | 89.25 | 88.25| 93.25 77.96
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3-4-7.Effect of crude oil concentrations on the degradan using
immobilized cells:
In this experiment wheat straw immobilized cellsRbbdococcus sp.S, the consortium M

and Pseudomonas sp. S were used. Crude oil concentration was tdvisom 1 to 6%.The
experiment was performed without surfactants angr@sence of 1% of Triton X-100. Local
urea and local phosphorus fertilizer were used #@sgen and phosphorus sources
respectively. N/P ratio was adjusted at 10/1. Tdmaperature range was 25-31°C. Samples
were taken after 4 weeks to determine the resictuale oil and the bacterial density.

The results mentioned in Table 39 and Figed2aled that the addition of 1% Triton X-
100 at lower crude oil concentration had no sigatiit effect on degradation of oil in sea
water bioaugmented by the tested organisms, wisiladdition at higher oil concentration had
stimulating effect on degradation, which decreabgdincreasing oil concentration. The
results show that at 3% oil concentration, the tmldiof surfactant had no significant effect
on degradation byRhodococcus sp. S and consortium M, while it enhanced the aldafion
by Pseudomonas sp. S by about 20%. It was also found that trdbtiadh of surfactant at 4%
oil concentration enhanced the degradation by abéutl5 and 17% biRhodococcus sp. S,
consortium M andPseudomonas sp. S respectively. On the other hand, the additb
surfactant at oil concentration 5 and 6% had a tiegaffect on degradation B3hodococcus
sp. S, consortium M in comparison with its absemddle slightly enhanced the degradation
by Pseudomonas sp. S at the same oil concentration (5 and 6%).

Generally, the results revealed that the addibbsurfactant had no significant effect
on oil degradation byRhodococcus sp. S, consortium M and slightly enhanced the
degradation byPseudomonas sp. S. ThereforeRhodococcus sp. S, consortium M was

selected to scale-up the Lab microcosms withoudastant.
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Table 39: Effect of crude oil concentration on tlegrradation using wheat straw immobilized cellpriesence and absence of 1%TritonX-100

With 1% of Triton X-100

Without Triton X-100

Crude oil
concentration 3
1 2 3 4 5 1 2 4 5 6
Organism
% Degradation % Degradation

Rhodococcus sp. S
90.5 92.5 88 77.5 62 5 92 90.5 89.5 65 65.5 50.5
Consortium 95 94 91.5 87.5 61 65F o4 92.5 90.5 74.5 75.5 70.5

Pseudomonas sp. S
92 90 90 73 54 5 91.5 88.75 72 60.5 45.5 40
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Fig.42. Effect of crude oil concentration on tregradation using wheat straw immobilized
cells in presence and absence ofrit®siX-100
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3.5. Scale-up of Lab microcosms
The scale-up of Lab microcosms was performed by foeatments; bioaugmentation by

wheat straw immobilized cells oRhodococcus sp. Sand consortium M; biostimulation and
attenuation. A control microcosm was also prepdrgdterilizing the contaminated sea water
(Fig.43). The results are presented in Table 40 derdonstrated in Fig. 44. The results show
that the degradation began after the first weeklimyut 41.5, 45, 40 and 33.Bhodococcus sp.
S, consortium M, biostimulation and attenuatiospeztively. Increasing the time increased the
biodegradation in all treatments to reach the marinvalues after five weeks. On the other
hand, the maximum degradation in attenuation waemed after three weeks, and then begins
to decrease to reach the minimum value (55.5%j) &fte weeks. It was also observed that the
loss in crude oil concentration in control was begith 16% after the first week and reached its
maximum (22.5%). The results also revealed thatethgas no significant differences in
cumulative percent of degradation betwe&modococcus sp. S, consortium M and
biostimulation. Fig. 45 shows the chromatographialysis of crude oil after treatment.
Dehydrogenase activity was measured asaseren OD at 546 nm (Table 41 and Fig.46).
Low dehydrogenase activity was observed after its¢ Week in all treatments. Increasing the
time increased the dehydrogenase activity with sdioetuations. Maximum value of
dehydrogenase activity was obtained in case of awtinoem M after five weeks (0.149).

Dehydrogenase activity in the control pilot was atixero.

114



4

Fig43. Bioremediation of crude oil contaminated sea wiatescaled up- lab microcosms

1)Control; 2) Bioaugmentation by immobilized cedfsRhodococcus sp. S; 3)
Bioaugmentation by immobilized cells of consariiiyl; 4) Biostimulation; 5) Attenuation
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Table 40:Scale-up process of lab microcosms

Time Cumulative %
weeks) 1 2 3 4 5 of degra-
dation
Treatment
%Degradation
Rhodococcus sp.S
(Immobilized cells) 41.5 51 68.25 75.25 90,5 653
Consortium M
(Immobilized cells) 45 51,5 65.75 88.75  92.25 68.65
Biostimulation
40 57.5 66.5 73 78.75 63.15
Attenuation
335 41.25 64.74 50.b 55/5 49.1
Control
16 10.5 14.75 2( 22.b 16.75
100 - B1Week H2Weeks @3Weeks [H4Weeks B5Weeks
90
c 80 ~
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S s
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Fig.44. Scale-up process of lab microcosms
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Table 41 : Dehydrogenase activity in segdeprocess of lab microcosms measured
as increase in OD at 546 nm.

0,16 - Attenuation
0,14
0,12

oD

0,06
0,04
0,02

—— Control

A
%z

Time (Week)

ime
weeks) 1 2 3 4 5
Treatment
oD
Rhodococcus sp.S 0.05 0.045 0.067 0.071 0.127
(Immobilized cells)
Consortium M 0.068 | 0.121 0.075 0.134 0.144
(Immobilized cells)
Biostimulation 0.021 0.034 0.122 0.097 0.10
Attenuation 0.03 0.04 0.052 0.11 096
Control 0.01 0.01 0.002 0.012 0.004
—&— Rhodococcus sp. S —— Consortium M Biostimulation

Fig.46 Dehydrogenase activity in scale-up process of laisanosms measured as

increase in O.D. at 546 nm.
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3.6. Growth of Algae in crude oil contaminated andioremediated sea
Water
An experiment was designed to grow an algdaiméd from Ben Mhidi beach in the treated

sea water (after five weeks) to evaluate the biediation process of crude oil contaminated sea
water (Fig.47). The results are shown in Table®®# growth was monitored for seven days .
The highest percentage of algae growth was recordethe control pot (86.91%). The
percentage of growth in the bioaugmented pots Imng@dium Msp. S andRhodococcus sp. S
reached 83.81 % and 83.44% respectively followed76y4% in the biostimulated pot . A
moderate growth was obtained in the attenuated§®¥74%). The untreated seawater had an

inhibitory effect on the growth of the algae, trexgentage of growth was (-39.60%).
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7days

Fig.47. Growth of algae in bioremediated seater
a)Control; b) Attenuation; c) Biostimulatia) Bioaugmentation by immobilized cells Rfiodococcus

sp. S; e) Bioaugmentation by immobiizells of Consortium M
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Table 42: Percentage of algae growth irbibeemediated sea water after seven days

Jreatment Control | Rhodococcus Consortium | Biostimu | Attenuation Untreated
sp.S M lation sea water
86.91 83.44 83.81 76.74 67.74 -39.60
Growth(%)
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IV Discussion

Petroleum-based products are the major soafcenergy for industry and daily life.
Petroleum is also the raw material for many chempraducts, such as plastics, paints and
cosmetics. The transport of petroleum across thédvi® frequent and the amounts of petroleum
stocks in developed countries are enormous. Coesdlgu the potential for oil spills is
significant. The volume of spills usually exceed® tinherent remediation for any given
environment, resulting in a significant ecologirapact (Chekroud, 2006).

The elimination of hydrocarbons from marineiemnments needs the intervention of many
biotic and abiotic factors. Among these factors use of microorganisms and in particular the
bacteria in biodegradation. Bacteria are considasethe most important natural process in the
depollution of marine environments. Accordingly,ethmechanisms of oil hydrocarbons
degradation by bacteria and the parameters, wtoakddnfluence the degradation, have been
largely studied (Soltani, 2004).

Skikda, which is a port city, is doted of drpehemical industrial platform, which constitutes
the principal source of hydrocarbons pollution (Bbiba et al., 2009). Sea water in Skikda is
under great pressure because of industrial deveop(Boudelaa and Medjram, 2011) and the
release of hydrocarbon pollutants in the sea, whashaffected the quality of life in sea water.

This work simulates a possible crude oil spillsea water of Skikda and the possibility to
bioremediate the crude oil contaminated sea watgubacterial strains. From the 30 isolates
three bacteria (O, R and V) were able to grow m phesence of crude oil, in addition to the
consortium (M) and the bacterial strain (VA) iselht from Alexandria (Egypt). The
microorganisms O, M and V were selected to completeesearch. The bacterial strain VA was
identified by physiological and biochemical methods Pseudomonas sp. CK (DSMZ,
Braunschweig, Germany). The selected isolates @@\nwere identified using gram staining
and API 20 kits ag&hodococcus sp. S andPseudomonas sp. S. The consortium is composed of
Bacillus sp. S Acinetobacter sp. Sand Aerobacter sp. S The results of flask experiments in the
present work revealed thBhodococcus sp. S could degrade 86.75% of crude oil after 15sday
of incubation, the consortium M degraded 90% ofderwil andPseudomonas sp. S 81% of
crude oil after the same period. The capacity cfdréa, especially?. aeruginosa, to metabolize
aerobically heavy oil or aliphatic hydrocarbonsvisll known since a long time (Chaerun et al.,
2004). Nine non-sporulating Actinomycetes belongiagRhodococcus, Noccardia, Gordonia
and Dietzia genera were investigated for their hydrocarborraitigg abilities. The studied
strains showed affinity with kerosene, pentadecahexadecane, 2,6,10,14-tetramethyl
pentadecane (peristane), phenyldecane and gashadiréz, 2003). Gentili et al. (2006) reported
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that Rhodococcusorynebacterioides could degrade hydrocarbons in sea water. The rahadv
n- alkanes or branched alkanes in sea wateRliiydococcus erythropolis was also tested by Liu
et al. (2009). Gargouri et al. (2011) isolated mmist of Rhodococcus sp. able to degrade
hydrocarbons in contaminated water

The chromatographic analysis of crude oil urtdet before and after degradation shows that
n-alkane fractions are easily degraded than aronfaictions. It was also observed that the
lighter part of crude oil was degraded much fasitan the heavier one. These results are in
agreement with the results obtained with many astfiDiaz et al., 2002; Gouda et al., 2007a;
Nocentini et al., 2000; Wang et al., 1998). Thectitm C4- C16 was rapidly degraded by all
tested organisms. Above C16 the degradation patlidfers according to the organisms under
test. Xu (2010) demonstrated that the fraction C28- of oil was more degradable in some
treatments, whereas there was a greater extennstimption of C19-C23 in other treatments.

The bioremediation effectiveness mainly aejseon some limitations (Si-Zhong et al.,
2009). Most microbes that degrade hydrocarbonsinegoxygen, water, suitable pH and
nutrients such as nitrogen and phosphorus (Xu apliafd, 2003; Baszczyc-Maleszak et al.,
2006). In order to enhance the biodegradation wderil in marine medium, different cultural
conditions were tested in the present work.

To test the effect of co-substrates on crodl@egradation by the three tested organisms,
glucose, molasses, peptone, wheat bran and yetattewere added at 0.5% as co-substrate.
Table 5and Fig. 10 demonstrate that glucose hauhtahitory effect on the tested organisms
with a maximum inhibition in case oRhodococcus sp. S. On the other hand, the
supplementation of yeast extract had no signifiediieict on all organisms. It was also found that
wheat bran stimulated crude oil degradation byradlroorganisms under test. Molasses slightly
inhibited the biodegradation Bhodococcus sp. S and inhibit the biodegradation by consortium
(M) and Pseudomonas sp. S. Peptone slightly stimulated the effecPsdudomonas sp. S and
inhibited the effect oRhodococcus sp. S and consortium M.

These results are in partial agreement viiéhresults described by Chekroud (2006), who
found that the addition of glucose had an inhilyit@ffect on kerosene degradation by
Pseudomonas sp. CK,Pseudomonas sp. AP andsordonia sp. DM while the supplementation of
molasses, yeast extract and peptone had no smgmifeffect on kerosene degradation by the
same organism. Chekroud (2006) also reported thaatwbran stimulated kerosene degradation
by Pseudomonas strains only. On the other hand, the results of phmesent study are
contradictory to that obtained by Kim et al. (2008ho reported that the degradation of
phenanthrene was enhanced 1.5 times in presengkiadse, yeast extract or peptone as co-
substrates. Beahm and Perry (1973) also found ttieatrelative abundance of cycloalkanes
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utilizers and the capacity for oxidation of cyckehes to homologous alkanine strongly suggest
that co-metabolism does play a role in the degraabf these compounds in nature. The
capacity ofRhodococcus erythropolisto degrade hexane in sea water was 1100ppmv ienees

of nutrient broth and 850ppmv without nutrient brefiter 140 days of incubation. Kageyama et
al. (2005) isolated two organisms that degradéltroethylene (TCE) without addition of co-
substrate; the two species were classifieRahkstonia sp. Some other organisms belonging to the
generaPseudomonas andBurkholdria can degrade TCE without co-substrate (Leahy e1896;
McClay et al., 1995).

The nutrient status of a sea water direatigacts microbial activity and biodegradation. A
group of nutrient elements or organic compound®dgired as a source of carbon or electron
donor/acceptor. Inorganic nutrients including exadeable cations, nitrates, and phosphates are
important for bioremediation (Si-Zhong et al., 2R0% this study, the effect of different
nitrogen and phosphorus sources and some comm#gstibzers on the degradation capacity of
the tested organisms was evaluated. The resulisnebitin Table 8and Fig. 12 demonstrated that
ammonium sulfate had an inhibitory effect on crudé biodegradation by all tested
microorganisms in comparison with ammonium nitragsed in the basal medium. Urea 46%
slightly enhanced oil degradation Bodococcus sp. S andPseudomonas sp. S and it had no
significant effect on consortium M. Local urea Blg stimulated oil biodegradation by
consortium M andPseudomonas sp. S and it had no significant effect dhodococcus sp.S.
The nitrogen fertilizer had a negative effectRseudomonas sp.S andRhodococcus sp. S while
it had a stimulating effect on oil biodegradation the consortium. Although inorganic salts
(NaNG; and KNQ) were used in some laboratory and field experisi@nth conflicting results
(Wrenn et al., 1994; Mearns et al., 1995), the tamtdiof reduced nitrogen was more successful
and usually supplied in commercial fertilizers as@onium salts (i.e NHNO3; or NH,CI) or as
urea (NH).,CO ( Wrabel and Peckol, 2000) . The availability aafded nutrients and their
stimulating effects seem to be linked to their cloainspeciation and their ability to stay at the
remediation site (Pelletier et al., 2004). Someanrg fertilizers containing fishbone meal were
also used in experimental plots with limited susc@se et al., 1995). The authors observed an
increase of the toxicity following periodic additi® of the fish compost which was attributed to
anoxia and also to the formation of toxic metaleslifrom a too rapid degradation of the
fertilizer itself instead of the treated oil. Inrtoast, Santas et al. (2001) reported a successful
bioremediation of crude oil by a fish compost insmesm assays simulating Mediterranean
winter conditions with 70% alkane degradation in &dys. In the present work, the use of
manure as nitrogen source gave the maximum degvadat crude oil (94.25-97%) for the
tested organisms, but it was not selected to camphes work due to hygiene purposes. Local
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urea was selected to complete the work due tooits dost and availability as commercial
fertilizer.

The results presented in Table 11 andLBighow that the use of super phosphate 15.5%
and local urea increased the oil biodegradatioRHmgococcus sp. S and consortium M while it
had no significant effect oRseudomonas sp.S. The local phosphorus fertiliser slightlyibited
oil biodegradation by the consortium, while the asnmm phosphate increased the activity of
Rhodococcus sp. S., and slightly inhibited the effectsRseudomonas sp. S and consortium.

Sharma and Pant (2000) isolated a speci&hafococcus, which degraded up to 50% of
the aliphatic fraction of Assam crude oil in seavaupplemented with 35 mM nitrogen as urea
and 0.1 mM phosphorus as dipotassium hydrogen minthgphate after 72 h at 30°C. Nawar
(1997) in his study on the biodegradation of hydrbons reported that using WEl as nitrogen
source and N&#lPO, and KHPQO, as phosphorus sources enhanced solar biodegmadatio
comparison with local fertilizers (urea and Abu tdéar phosphate mixture) which decreased
degradation by about 14.19% to 71.26%.

For economic reasons commercial fertilizg@ogal urea and local phosphorus fertilizer)
were used as nitrogen and phosphorus sources prékent study.

The effect of different nitrogen phosphomasios (1/1, 3/1, 7/1, 10/1 and 20/1) on oil
biodegradation was also tested. Local urea and pdeasphorus fertiliser were used as nitrogen
and phosphorus sources respectively. The ratios3111and 20/1 decreased the activity of all the
bacterial isolates under test, While the ratiodétreased crude oil degradationRwdococcus
sp. S andP’seudomonas sp. S. The ratio10/1 stimulated oil biodegradabgmhodococcus sp. S
and consortium and it had it had no significaneetfffon the activity oPseudomonas sp. S. It
was reported that the ratios carbon/ nitrogen/ phosis varied to some extent in the different
literatures (Gouda et al., 2007a). Some ratiosrtedan the literatures are 100 :15:3, 33:5:1
(Zitrides, 1983; Riser-Roberts, 1998). Gouda anavodkers (2007) observed that the N/P ratio
had no effect on kerosene biodegradation. Filled.e2006) reported that when nutrients are not
limited, the desired ratio of C, N, P, is 100:15:1.

The effect of pH on oil biodegradation wésodested in this study. It was observed that the
best results of oil degradation were obtained abpkand 8 , while the pH 4 and 9 inhibited oil
degradation by all tested microorganisms. Kim et(2003) found that maximum degradation
was observed at pH 7 and was better under wealcamdditions (pH 5-7) than under alkaline
conditions. The results obtained in this study warg@artial agreement with that reported by
Baszczyk-Maleszak et al. (2006), who found tha76®s reduction in oil content was observed
at pH 5 and 80 - 90% at pH 7 and 9 after 21 daywulifvation.

125



According to Munro (1970) many microbes haweoptimum pH for the growth around 7
and most prefer the pH range 5-8, although thexeramy exceptions to these trends. Shin et al.
(2004) reported that the pH did not have a draneffect on cells growing in the presence of
phenanthrene as carbon source. Arafa (2003) instudy on the biodegradation of some
aromatic hydrocarbons, benzene, toluene, ethyllmenzand xylene, (BTEXs) isolated a
consortium of bacteria from a polluted site in Safuhbia, which was affected by the pH. He
found that the biodegradation rate was superipHaf than at pH 6 and pH 8.

As reported by Gouda et al. (2007a), the aischemical surfactants may accelerate the
degradation rate. The biodegradation proceeds mapidly when the oil is emulsified into small
droplets (Munn, 2004). In the present study, fiberical surfactants (Tergitol, Triton X-100,
Igepal, Tween 20 and Tween 80) were tested. Usieget surfactants, crude oil degradation
reached (90.5-96%) with the tested organisms exnegse oRhodococcus sp. S with Tergitol
(88.5%). These results are in agreement with tht&dimed by Allen et al. (1999) who reported
that Triton X-100 increased the biotransformatidnnaphthalene and phenanthrene by two
oxygenase expressing bacteHseudomonas sp. strain 9816/11 anfiphingomonas yanoikyae
B8/39. Triton X-100 was selected to complete thiglg, due to its low price compared to the
other surfactants. Chemical surfactants have tlidyato emulsify or pseudomobilize water-
soluble compounds thus potentially improving tregcessibility to microorganisms. Willumsen
and co-workers (1998) found that Tween 80 had wriz teffect on biodegradation of fluranthene
by two strains oMycobacterium and two strains ofphingomonas. Boonchan et al. (1998) in
their examination of surfactant-amended biodegradadf higher molecular weight PAHs by
Senotrophomonas maltophlia VUN 10,010 reported that anionic and cationic actidnts were
seen to be highly toxic to this strain, while Twesaries of surfactants were used as growth
substrate. Igepal CA-630 inhibited pyrene degradatind microbial growth. The addition of
Tergitol NP-10 to VUN 10,010 cultures substantialimproved degradation of PAHs
individually as in mixtures (Boonchan et al., 199B)veen 20 is relatively non-toxic surfactant,
it appeared least inhibitory to the microbial maderation of phenanthrene (Bramwell and Laha,
2000). Lee et al. (2006) tested the effect of ashga@cid surfactant on the biodegradation of
diesel oil by a newly identifie@®hodococcus baikonurensis EN3. They found that the synthetic
mycolic acid has potential for the remediation etrpleum-contaminated sites from both an
economic and applied perspective as it can stimdaidegradation at low concentrations. The
concentration of surfactants used is an importadtof affecting the biodegradation of
hydrocarbons.

The effect of oil concentrations was invgated in this work. The results revealed that the
microorganisms under test were able to degrade-8Y.5% of 2% of crude oil in comparison
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with 94-95% in presence of 1% of oil. The surfattaincrease the contact between the
microorganism and the contaminant (Yerushalmi e28l03). The results are in agreement with
those found by Okuda and co-workers (2007) who ntedothat the use of Triton X- 100
enhanced the dodecane degradation. According tal&and co-workers (2007a) the addition of
Triton X-100 increased the kerosene biodegraddijoRseudomonas sp. AP,Pseudomonas sp.
CK andGordonia sp. DM.

The time needed for oil biodegradation was deszd from 15 days to 12 days when
immobilised cells on wheat straw were used anddticed to 9 days in presence of immobilised
cells by entrapment in alginate. The immobilisedlscen wheat straw had the capacity to
degrade 88-90% of oil after 12 days, whereas thadhilised cells by entrapment in alginate
could degrade 87.75-92% from 2% of oil after 9 daysese results are in agreement with those
found by Diaz and co-workers (200Who reported that the bacterial consortium showsdgo
stability in immobilised systems. Apparently thereased stability of intracellular activities can
be attributed to the protective effect of the bBofagainst physicochemical stress. The use of
alginate as a carrier accelerated the degradafioil m comparison with the wheat straw; this
might be due to the high immobilisation efficienafythe cells on the immobilisation material
and the high affinity between the hydrophobic imifisation material and the substrate (Quek
et al., 2005), which makes the substrate more ablailfor the bacterial cells. The findings
obtained in this study indicate that immobilisetiscen showed faster and better oil degradation
than free cells. This is due to immobilisation mialethat protects the bacterial cells from the
contaminants (Gouda et al., 2007b) On the othedhtre oil —absorbing capacity of wheat
straw (8-10%) can be used to prevent migrationladting petroleum products from an oil to
spill to beaches and shorelines.

In all previously mentioned experiments, thevgh of the tested organisms was calculated in
terms of intracellular proteins and as increas®Iih at 600nm. It was observed in most cases
that there was a correlation between the degradpgocent and the total amount of intracellular
proteins which indicates that the bacterial straiibzed crude petroleum oil as sole source of
carbon and energy which was evident from the as®en cells density and protein content as
reported by Das and Mukherjee, (2007) .

However flask experiments do not refle@di conditions, the selected organisms were
tested for their ability to bioremediate crudeamhtaminated sea water in lab-scale microcosms.
In biological treatments, it is necessary to perfdaboratory feasibility tests to determine the
microbial potential to degrade the pollutants arttetuer nutrients are required to increase the
degradation rate (Bomlen and Kossan, 1995). Intttesis the effect of bioaugmentation of the

tested organisms (alone or in consortium), biod@tmn of indigenous sea water flora or its
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attenuation on bioremediation of crude oil conteated sea water. The bioremediation was done
in pots (23 x 17 x 12 cm) containing 1L of crudkecmntaminated sea water.

At the end of the experiment (after 6 weekslde oil degradation was about 70.5-95%
whereas it was only 55.5% in attenuation treatmgftér the first week, the highest degradation
(55%) was observed upon bioaugmentation of searwatie consortium M this was followed
by theRhodococcus sp.S (48%). After the same time (one week) the sdwlegradation (25.5%)
was obtained in attenuated sea water. Moderateadaipon (38 and 35%) was observed upon
bioaugmentation of sea water with consortium (Cy &seudomonas sp. S respectively.
Laboratory microcosms were conducted by Chaerual.e{2004), they studied the role of
hydrocarbon degrading bacteria in bioremediati@mc@ssing of heavy oil since 1997 until 2001.
According to some authors bioaugmentation is mdfecttve when the environment is not
nutrient deficient, but the indigenous microbialpptation lacks the required activity or
metabolic capability (Yerushalmi et al., 2003) dnem contaminants have a toxic effect on the
indigenous microorganisms (Margesin and Schinr@974a).

Biostimulation of sea water microorganisms nuplee addition of nutrients (basal medium)
resulted in 40.5% % degradation after the firstkvath gradual increase until the end of the
experiment, which reached 70.5%. Many researchestuthve demonstrated the feasibility and
efficacy of fertilization with nitrogen and phosphe to combat oil spills in marine
environments (Nikolopoulou and Kalogerakis, 2008he addition of inorganic nutrients
increased significantly hydrocarbon removal, coniirg previous laboratory and field
experiments, which stated that nutrient availapilg a key limiting factor for the efficient
removal of hydrocarbons by microbes in contamingediments (Swannell et al., 1996; Roling
et al., 2004, Xu et al., 2005).

It was also observed that the greatest cuialgercent of degradation was obtained in
bioaugmented sea water with consortitvh followed by Rhodococcus sp. S. The results
presented in Table 28 and Fig. 28 revealed thathbilbaugmentation of sea water with
consortium (C) of the tested organisms decrealsedctmulative percent of degradation to
62.42% .

Natural attenuation of the indigenouscnmorganisms of sea water gave the lowest
degradation (55.5%) and the lowest cumulative per@e3.5%) by the end of the experiment (6
weeks). These results are better than that obtdoge®eolchini et al. (2010), who reported that
hydrocarbon removal due to natural attenuation ggses was very low since only <5% of the
HMW aliphatic and aromatic compounds were removiger dive weeks of incubations. These
results are contradictory to that observed by Begit@l. (2005), who reported that natural
attenuation resulted in the highest degradationtha light fraction of total petroleum

128



hydrocarbons (TPH). Sarkar et al. (2005) also tegothat 93.8% reduction in TPH was
observed in natural attenuation after 8 weeks. iIGeeal. (2003) reported that natural attenuation
pilots did not show any significant hexadecane mailweation indicating that biostimulation had
a significant influence on the alkane mineralizatiavhich was in agreement with the results
obtained in this study. In the present study, thve degradation capacity upon natural attenuation
could be due to the nutrient deficiency in the ddssea water hence microorganisms need
nutrients to grow (Chekroud, 2006), or due to tloev Idensity of crude oil degrading
microorganisms (1.3- 1.49 Log CFU/ml). Forsyth &t (4995) reported that biodegradation
would not occur at a significant rate if populatiohindigenous microorganisms is less than 10
CFU/qg.

The number of heterotrophic bacteria in segemaithout any addition wes.9 Log CFU/ml/.
This number increased to (7.2-8.79 Log CFU/mI) raftee week by addition of nutrients
(biostimulation) and microorganisms (bioaugmentgticAfter six weeks, it ranged between
8.01-9.4 Log CFU/ml (Table 29 & Fig. 30). The numbég&crude oil degrading bacteria was 1.49
Log CFU/ml, it increased after one week to the eaBdp-3.73 Log CFU/mI while it reached the
values (3.85-5.18 Log CFU/ml) after six weeks. Timgease in heterotrophic bacterial number
was correlated with an increase of crude oil dagathacteria. Pellitier et al. (2004) reported
that the number of hydrocarbon degrading bactesiaend in hydrocarbon polluted interdial
sediments before treatment did not exceed 1% ofata¢ saprophytic abundance but it reached
to 45-50% of the total between 177-208 days. Chmaetual. (2004) during his study on
bioremediation of a oil spill polluted sea in Jagaund that the number of crude oil degrading
bacteria was about PO 10° at the beginning of the experiments and reachet 10 ° cells/ml
after five years of bioremediation. The resultsvebthat there were no great differences in the
number of crude oil degrading bacteria betweerbdwnning and the end of the experiment

Generally, it was observed that there was aelaiion between the CFU/ml and the
percentage of degradation, crude oil degradingeliactised carbon from crude olil to proliferate
(Pellitier et al., 2004). On the other hand, Chainet al. (2005) reported that the biodegradation
of crude oil was not concurrent with the heterotiopbacterial population. Other authors
experimenting with nutrient-supplemented hydrocarlsontaminated soils (Ting et al., 1999;
Vasudevan and Rajaram, 2001) have reported dramiagiecges in microbial populations. The
microbial population in the nutrient system studted Ting et al. (1999) decreased after the
increase and, then increased again. These chamgedendue to interactions between various
microbial populations and the resulting changeh¢oenvironment (Sarkar et al., 2005). It could
be also due to the byproducts of crude oil degradatwhich may induce or inhibit the

indigenous flora.
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The acceleration of natural hydrocarbon biodédgtion processes through the addition of
nitrogen and phosphorus containing fertilizers bhasn tested in both marine and terrestrial
ecosystems during the last two decades (Gentilalg¢2006).Thus, when bioremediation is
conducted suitable nitrogen and phosphorus ardlysymplied to the contaminated environment
to stimulate biodegradation (Prince, 1993). Varioiiogen sources such as inorganic fertilizers,
urea, saw dust, compost, manure and biosolids heee used in biostimulation (Cho et al.,
1997; Namkoong et al., 2002; Rosenberg et al., 19&dworth and Reynolds, 1995; Williams
et al., 1999). In this study, the effect of nitragend phosphorus sources on bioremediation of
crude oil contaminated sea water.

In the present study, the bioremediation afder oil contaminated sea water was also
evaluated in Lab-microcosm. Urea 46%, local uredjwn nitrate, ammonium sulfate and local
nitrogen fertilizer were used as nitrogen sourgesddition to the organic source (manure). The
results obtained in Table 30 demonstrated thatitiggadation of crude oil was dependent on the
type of treatment and the nitrogen source usedvals about 67.5-94% after 6 weeks of
treatment. It was also found that in presence cdllarea as nitrogen source, the degradation of
crude oil reached more than 90% in all treatmertgjgt in case of biostimulation (78.5%). The
results also proved that the addition of manurengtated the biodegradation of crude oil in
biostimulation or bioaugmentation withodococcus sp. S andPseudomonas s. S treatments in
comparison with local urea as nitrogen source. s@dan and Mbagwu (2008) added organic
wastes from animal droppings as bioremediationrredtere for soils spiked with waste-
lubricating oil (spent oil). The total hydrocarboontents (THC) with time of sampling were
markedly reduced with addition of cow dung (CD)ujy manure (PM) and pig wastes (PW).
The general trend in the first year indicated ¥t stimulated the highest net percentage loss in
THC for soils polluted with 5000 mg/ kg (0.5%SP)das0,000 mg /kg (5% SP) oil levels.
Poultry manure induced the highest reduction itsgmlluted with medium, i.e. 2.5%SP (25,000
mg kg_1) oil concentration.

———The use of urea with different phosphorus sources(@anium phosphate, super phosphate
15.5% and local phosphorus fertilizer) resultec idegradation percentage between 77.5- 94%
(Table 32). When local phosphorus fertilizer wasdusas phosphorus source crude oll
degradation was 87-90% compared with 77.5-88% wiensed ammonium phosphate. It was
concluded that different organisms have differesguirements for N and P and provision of
these nutrients at different concentrations willestentiate that the organisms most able to utilize
the nutrients at levels provided in the oiled hab{t Chekroud, 2006). Mryyan and Battikhi
(2005) reported that addition of Nah®ad beneficial effects on hydrocarbon degradation,

which is in agreement with some treatments in shusly (like bioaugmentation with consortium
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M; 92.5% after six weeks). Rojas-Avelizapa et al. @QBsed urea and,KIPQO, as nitrogen and
phosphorous sources in order to achieve a C/NIB o&at100/3/0.5 for the bioremediation of
drilling mud polluted site. McCarty et al. (20043ad urea 46% as nitrogen source and mono-
ammonium phosphate as phosphorus source to stembiatiegradation of hydrocarbons in a
hydrocarbon contaminated site. The addition oféHestilizers enhanced biodegradation even at
low temperatures. An oleophilic fertilizer InipolAP 22 which is a microemulsion containing
urea as a nitrogen source, lauryl phosphate(agppbogs source) was applied by Nikolopoulou
and Kalogerakis (2008) to enhance bioremediatiocrde oil. Nitroammophosqua (potassium,
nitrogen and phosphorus content is 16% each) srarercial fertilizer used by Murygina et al.
(2000) for the bioremediation of diesel oil polldtaquatic systems and soils. Ruiz et al.(2006)
used NHNO; and KHPO, in concentrations to keep a C:N:P ratio of 10Q1éor the
bioremediation of sea water polluted with weathenedle oil by a salt tolerant consortium.

Adding nutrients enhanced the number oétodtophic and crude oil degrading bacteria in
contaminated sea water (Fig.32 & 34) in all treattaeindicating that sea water had high
microbial population natively and updated hydrbcar degrading population which are
stimulated by nutrients supplementation. Chaineall €2005) and Sarkar et al. (2005) obtained
similar results.

To evaluate the effect of immobilized calls crude oil degradation in sea water, the tested
organisms were immobilized on rice straw. The fssaoientioned in Table 34 indicated that
immobilized cells showed faster and better crudled@gradation than free cells. The time needed
for crude oil removal was reduced from six weekgase of bioaugmentation by free cells to
four weeks when contaminated sea water was bioaugeheby immobilized cells. The
cumulative percent of degradation in the treatmeuitis immobilized cells was higher than free
cells (56.38-69.25% in comparison with 71.42-79.0&%pectively) . This could be explained
that immobilization protect the cells from the amminants. There have been several studies
reporting similar results (Diaz et al., 2002; Nakt 2000; Manohar et al., 2001). The better and
faster degradation rate observed was most likedytduhe high immobilization efficiency of the
cells onto the immobilization material. Diaz et 002) used fibers made from 100%
polypropylene material with oleophilic and hydropi® properties to immobilize bacterial
consortium. They found that when the salinity loé tmedium exceeded 20 g/l, hydrocarbon
removal by immobilized cells was higher than fredscbut at low salinity (0-20 g/l) there was
no difference between the effect of free and imdmdad cells. For the treatment of oil field
wastewater, Zhao et al. (2006) used immobilizets @ a carrier called FPUFS and found that
the immobilized cells are effective in treatingldievastewater that is high in salinity, lacks
nitrogen and phosphorus and contains PAHs. Onttier band, Quek et al. (2005) reported that
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the degradation extent of total n- alkanes in Aaabight crude (ALC) byrRhodococcus sp. F 92
immobilized on D14 polyuthrene foam (D14 PUF) wasilar to those of free cells. Tay et al.
(2005) to overcome the inhibitory difficulties asmded with high strength phenolic wastewaters
used aerobic acetate granules, which are self imimeth aggregates of microorganisms and
organic and inorganic matter held together by arimatf extracellular polymers. Gentili et
al.(2006) used a strain & corynebacteriorides immobilised on chitin and chitosan flakes to
bioremediate a crude oil polluted sea water. Tloemd that 60% of hydrocarbons in the hexanic
extract were removed compared with 30% in caseks without carrier.

The petroleum adsorbed products may be theraded in-situ or ex-situ (Quek et al.2005).
The wheat straw immobilised cells could be easilfected from marine waters and can keep
their capacity to degrade oil for a certain periddis finding can be applied to the polluted sea
waters of the industrial zone of skikda, Algeridhere the Mediterranean waters suffer from the
petroleum refinery activities.

Dehydrogenase activity has been correlated twtirocarbon degradation (Margesin et al.,
2000; Marin et al., 2005). Increasing the incubatione increased the value of dehydrogenase
(increase in O.D.) in both treatments (free and ahbitized) with some fluctuation in some
cases. Maximum O.D. (0.305) was obtained with imifizsal cells of the consortium after five
weeks. Lee et al. (2008) reported that dehydrogeraastivity increased after 15 days of
treatment, then decreased to background levels ranthined unchanged. Generally, the
dehydrogenase activity was higher in treatment wviittmobilized cells than in free cells.
Dehydrogenase activity can be considered as ancatuti for aerobic biodegradation
(Chekroud,2006). It was found that dehydrogenasegityccorrelated with the degradation rate
of crude oil. These results are in agreement viatisé found by Lee et al. (2008). They reported
that dehydrogenase activity was significantly negéy correlated with total extracted matter
(TEM) concentrations. This suggests that there aasncrease in microbial growth with a
consequent increase in enzyme activity (Reddy azdd; 1989; Perucci, 1993)

=It was also reported that the ambient temperatingence the physical nature and
chemical composition of oil, rate of hydrocarborg@elation, and composition of microbial
communities (Atlas, 1981; Hoff, 1993). The effedt temperature on the rate of crude oll
biodegradation in sea water under test was evauatdree and immobilized cells of the tested
organisms at different temperature ranges. In adst&ee cells, the cumulative percent of
degradation was better by about 5-10% at temperatange 22-26°C than at 18-20°C.
Biostimulation of the indigenous flora at temperatuange 22—-26°C increased the degradation
of crude oil in sea water by about 4% in compariaah the temperature range 18-20°C (Table
36). It was also found that temperature affectsatuele oil degradation by immobilized cells
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(Table 38). An increase of 3-6.5% in the cumutafpercent of degradation was observed by
immobilized cells at temperature 22-26°C than aRQ@8C. As the results indicate, temperature
has a marked effect on the rate of crude oil degiawl in sea water. At low temperatures, the
biodegradation of crude oil was reduced. It is ®stgd to carry out remediation of crude oll
contaminated sea water at temperatu@0°C. Therefore, in situ remediation of sea watgir

be more efficient in warm seasons. The resultsraagreement with the results of Seklemova et
al. (2001), who reported that when the bioremealiatperations commence during the warm
season, the biodegradation process will be fasteshita et al. (2004) isolated Bacillus
licheniformis strain, which was able to degrade the metal lubtied 37°C and faster at 42°C.
The biotransformation and mineralization of two (), anthracene and pyrene, by an
enrichment culture were investigated at two tempees, 10°C and 25°C (Sartoros et al., 2005).
At 25°C, the overall mineralization of anthraceneswt8% and that of pyrene was 66.1%, while
at 10°C, there was a decrease in the mineralizaticanthracene and pyrene (18.5 and 61.5%
respectively).

The effect of temperature on bioremediatiordépendent on the type of microorganisms
involved in bioremediation. The percentage of crodelegrading bacteria in contaminated sea
water slightly increased at the temperature rary2@°C in comparison with the range 18-
20°C. Leahy and Colwell (1990) and Olivera et (4997) reported that the percentage of
degradation decreased with decreasing temperatinieh seems to be primarily related to the
decrease in enzymatic activity, whereas higher &aipres increased the rate of hydrocarbon
metabolism to the maximum.

The effect of bioaugmentation by immobilized I€ebn the degradation of elevated
concentrations of crude oil was testes in lab-ntiosons. The experiment was performed in
presence and in absence of Triton X-100. It wasdathat at 3% of crude oil , bioaugmentation
by Rhodococcus sp. S and the consortium was not affected by iserece of Triton X-100. This
is may be due to the high hydrophobicity of thelscadince cells exhibiting the highest
hydrophobicities were among the fastest hydrocardegraders (Zhang and Miller, 1994).
Therefore, isolates with high hydrophobicity akesly to be more efficient degraders (Cameotra
and Singh, 2008). Cell hydrophobicity is also adigation of biosurfactant production (Pruthi
and Cameotra, 1997).

Many microbes have hydrophobic surfacesaatigere to small droplets of oil and many also
produce extracellular compounds which dispersedihéMunn, 2004). Bonilla et al. (2005)
isolated a strain ofPseudomonas putida ML2 that was able to produce a bioemulsifier

polysaccharide.
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In this part of the present study fotgatments were prepared for scale-up of lab
microcosms (40 cm of diameter); attenuation of ratuflora, biostimulation and
bioaugmentation with wheat straw immobilized ceifsRhodococcus sp S and consortium M
A control without any treatment was performed. Tésults in Table 40 demonstrated that the
best treatment was in bioaugmentation with consortM (cumulative percent of degradation
68.65%) in comparison with the other treatment® (J006) used the bacterial consortium
isolated from wastewater contaminated with crudeasiseed onto oil-impacted environment,
which is a more environmentally friendly approachhbioremediation rather than the use of
exotic bacterial strains. In the present studystimoulation of the cude oil contaminated sea
water resulted in 78.5% degradation after five kgewhile only 55.5% was obtained in
attenuation of the natural flora after the sameetifrhese results are in agreement with Réling et
al. (2004) who reported that the treatment of ploastaminated with buried oil by adding
nutrients was faster than the attenuated plothdrcontrol seawater, the degradation of crude oil
due to abiotic effect (evaporation) was low (22.8%er five weeks) in comparison with the
biological treatments. In this study, the degramtatf crude oil due to abiotic effect in the scale-
up process was higher than that in lab microcosimgas almost zero in lab microcosms), this
may be due to the climatic factors (like tempemtamnd air) of the scale-up microcosms. Rdéling
et al. (2004) found differences between laboratang field experiments. These differences
indicate that great care should be taken whenteesiillaboratory experiments are extrapolated
to field situations (Swannell et al., 1995).

Dehydrogenase activity in the scale up expent was increased with time in biological
treatments (Table 40 and Fig. 43, this increase beague to the microbial activity. The low
values of dehydrogenase activity in control sesew@®D was 0.005 after five weeksylicates
that the loss in crude oil concentration was duabiotic effects.

Algae are often used in toxicity testing (®f@y and Smrchek, 2005). To test toxicity of
crude oil contaminated sea water, an algae natveBdén Mhidi beach was grown in
contaminated sea water before and after treatnfieet Weeks). The growth of the algae was
better in treated sea water by immobilized cell&laddococcus sp. S and Consortium M. The
untreated sea water inhibited the algal growthsTheans that treated sea water showed less
toxicity in comparison with untreated one. Bruna &klund (2003) applied an inhibition test ,
with two filamentous algagCeramium stricum and Ceramium tenuicorne in phenol
contaminated sea water. Han and Choi (2005) alsd thee green macro algbdva pertusa as a

test toxicity of heavy metals in sea water.
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V.
CONCLUSION



V.Conclusion

This work was done to understand the role of migganisms in the bioremediation of crude
oil polluted sea in Skikda, since Skikda is on¢hef most oil spills polluted towns.We concluded
that
- Bioremediation using bacterial strains is an @fie technique for the decontamination of oil
polluted marine media,

- Local fertilisers (local phosphorus fertiliserdatocal urea) may be used as phosphorus and
nitrogen sources,

- The use of wheat straw immobilised cells is & edfective technique, it accelerates the rate of
oil biodegradation and could be employed as a paldechnology for oil biodegradation in oil
polluted sea ,

-The use of bacterial strains able to produce bfastants instead of adding chemical surfactants
is cost effective and helps in accelerating the chtdegradation,

- The lab microcosm, can be scaled up successfitlysmall differences and

-It is recommended to perform the bioremediatioacpss in warm seasons to accelerate the

biodegradation of crude oil.
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