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Abstract. By means of the cnrichment culture (echnigue, two types of microorganisms were isolaled from oil
contaminated soil samples gathered from coastal area of Saudi Arabia on the Arghtan Guolf. One bacterial
isolate has proved its ability to degrade Atub crude oil added to aqueous phases (salts seiulion, sterile and
nonsterile Gulf water) while the other failed to adapl itself in salis solution. The active species wus wentified
as Pseudomonas sp.  About 80% of Arab erude vil added to salts solution and naenaterile Gulf water had
disappeared within 10 days of incubution by this active isclate. Nonsterile Gulf water yielded lugher
degradation per cent than sterile Guif waler because of the activation of the indigenous Nura and the
sufficiency of organic and inorganic nuirienls. The bacteria proved optimum degradation per venl al 25 C
and 2.5 mgiml  Arab cmde oil  concentration.  Adding nutrients activated the degradation process and
phosphotus  has proved the best rate wnong other nutrients. Increasing the fnoculum size vl bactsria in the
presence of sufficient nutrients directly allected the biodegradation per cent of Arab oil added Lo an aquecus
phase.

Introduction

Studies on the abilily of microorganisms to  degrade hydrocarbon of varied
structure existing in petroleum has been starled after the wreck of Torry Canyon n the
mid 1960's [1;2], where certain number of crude oils of varied composition has been
examined. Later researches showed that the ability (o degrade petroleum hydrocarbon
is not restricted to specific genus, different species of bacteria and fungi were indicated
having the ability to degrade hydrocatban. Bartha and Atlas [3] listed 20 genera of
bacteria, one algal genus, and 14 genera of fungi which utilize hydrocarbon. These
microorganisms are  widely distributed in marine, fresh water and soil habitat. In
polluted water ecosystems, bacteria, ycast, and filamentous fungi all appear tobe
imporiant as hydrocarbon degrader [4].
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The biodegradation of crude oil was found to be highly dependent on their
composition and envirommental conditions. Atas and Bartha [5] found that the
biodegradation rate of heavier crude oil wag significantly lower thun for the lighter
ones.  The biodegradation rate was also affected by lemperature and toxic components
of the crude. Atlas described in his publication [6] that the degradation started after 2
to 4 days lag period and reached iis maximum within two weeks. At that time up to
G0% of the crude oil and 75% of model hydrocarbon mixure were degraded. Bartha ef
al. [3] listed that nature of the spilled oil, teinperature, pressure, oxygen, and mineral
nutrients are ihe environmental constrains that affect hydrocarbon depradation. Bartha
reported also that the microbial degradation of oil pollutanis is a complex process and
the environmental factors have a great influence on the fate of spilled oil, but with an
understanding and studying this process in the environment, it is possible Lo develop
strategies for utilizing microbial hydrocarbon degradation activities for the removal of
o1l spilla from contaminated areas. Also, it was reported that the bioremediation was
approved to clean weathered and tar like oil which had become impossible to blast from
rocky beaches |7). In Arabian Gulf area, the threat of major oil spill has been
recognized by industry and govermments of the region in early 1970%s, where the Tarry
Cayon catastrophe first drawn an international attention on the scope of the response
required [8]. However, ail spill was reported in the Arahian Gulf thereafter, like that
was reported on August 25, 1985, on the coast of Rahrain. A most major one was that
which was reported during the Gulf war in 1991. The spill have greatly alfected marine
life and created a big problem of vil contamination in general and Saudi coastal arsas i
special,

From this point of view the biodegradation has been suggested as a method for
cleaning crude oil conlamination, Our laboratory work has been conducted to (ind out a
mictobial strain in the Saudi soils that is able to degrade crude il under natural
conditions. The work was directad to isolate oil degrading bacteria from water and soil
satnples contaminated with crude oil from Arabian Gulf and its coastal areas.

This paper presents the bacteria isolated from Arabian Gulf coast soils in Saudi
Arabia, and investigates the growth rate and the biodegradation per cent ol Arab crude
oil in sterile and nonsterile Gulf water using bacterial isolate. [ specifics also the
factors affecting this biodepradation such as temperature, crude oil concentration,
nuirients and inoculim size.

Materials and Methods

Oil used in this study represents Arah hes vy crude oil that was provided by
Suudi Aramco. The oil posses 28° APl and 17.0 cp viscosity. The oil was weuathered
and sterilized by heating to 115° C and kept in store for 30 minutes at this temperalure.
Water used as aqueous phase for the experimental program was specially collected from
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Arabian Guif. The sanples were kept in sterilized plastic containers till they were used.
For microorganism(s) isolation, oil contaminated soil samples were gathered from
different places on the coastal area of Saudi Arabia. The soil was taken from the
ground surface by removing 2 inches depth of the surface and collecting about 100
grams from the third inch depth, The samples were kept at 4°C until they were used.

{solation of microorganisms were obtained by enrichment cutiure lechnique from
soil samples contaminated with oil over a period of time. Enrichment were carried out
in a media composed of (g of distilled water) 0.1 KH,PO, 0.2 KHPO, 0.1
(NH,),PO4, 0.1 Mgs0,, 0.1 CaCl, and 2H,0. Oxoid and Difco agars were used in
identification of the microorganisms [9]. Soil samples (10 g) was tncubated with 100
ml sadls solulion amended with crude oil in 250 ml Erlenmyer Mask, The Mask was kept
incubated at 30°C  with shaking for one weck. Subcuitures were done and
microorganisms were isolated. DBacterial isolate was tested for oil utilization by
transferring purified colonies mio salts solubion  amended with oil as a sole source of
carbon. Growth was remarked by turbidity ot the salts solution and monitored by plate
count technique.

Experiments were conducted using Erlenmeyer flasks of 250 ml capacity. Flasks were
sterilized by autoclaving at 121°C for 15 minutes. Aqueous phase which was salts solution,
sterile and nonsterile Gulf water was added in a volume of S0 ml {0 the flasks. Arab crude oil
was added to flasks to give a final concentration of 0.5%. Bacterial isolate was added to
[tasks lo a [mal cell density of 10° cf'ml. Experiments were carried oul for the three squeous
phases and devoted to study the time, temperature, oil concentration, nutrients, and cell
density as factors affecting biodegradation.

The flasks were removed from incubation at predetermined mtervals of {ime and
the watcr phase was acidificd to pH of 4.0 with concentrated HCl. Two twenty- five ml
of methylene chloride were added to each flask. The methylene chloride phase was
washed wilth acidified distilled water of 4.0 pH value. After phase separation, the
organic cxiracts were combined, dried through anhydrous Na,50,, and mcthylene
chloride evaporated to dryness through aspiration at 40°C. After extraction, the residual
il was ranslerred in w small volume of carbon disulfide (0.001 ml residual o1l was
addcd 1o 0.6 ml carbon disulfide) to capillary column gas chromatography.

The gas chromatography model is GC 3400xc eguipped with flame fonization
deleclor  and 0.53 mm inside diameler, 30 meter long capillury columm. The operaling
parameters were: injection port 230°, detector temperature 300°C, carrier gas (helium)
velocity 20.3 cmv/sec, hydrogen 30 co/min, and injection volume 0.001 ml. The oven
temperature  was kept at 37°C for 12 minutes following injection and was then
programmed at the ratc of 5°C/min. to 250°C and held constant for 60 minutes.
Individual hydrocarbon were quantified by integration of the corresponding peak area.
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Results and Discussions
Microorganisms

Twa baclenial isolates were tecovered from oil contaminated slug by enrichment
culture technique. By testing the degradative capacity of lhese isolates in salts solution
amended with crude oil as a sole source of carbon and cnergy, one proved its ahility to
degrade crude oil efficiently, while the other was nnable to adupt itselt when it was
transferred to the new media. The active isolate has been classificd as Pseudomonas sp.
This isolate suffered a little decay in the new cnvironment then started to grow
logarithmically to a level of 107 cfu/ml, (Fig. 1)

Log cfufml

8] 1 3 5 7 10
Time, days
Fig. 1. Growth and survival of bacteria in sterite Gulf water in the presence of spilled oil.

Biodegradation of Arab crude qil in aqueous phasc

The biodegradation of crude oil spilled in aqueous phase is shown in Fig. 2.
Experiments were conducted for the salts solution, sterile and nonsterile Gulf water.
The results showed (hat the biodegradation was detected quickly in the (hiee aqueons



Bacterial Isolate from Arabian Gulf Coast... . . 255

phases but at different values where about 40% of oil added to salts solution was
degraded. Sterile Gulf water resulted in a biodcgradation per cent lower than salts
solution at the early days and offered a higher extent at the cnd of the experiment.
Biodcgradation in nonsterile Gulf water shuwed the highest degrading capacity after 7
days with an amount equals to that which happened with salts solution after 15 days.
Such capacity in nonsterile Gulf water can be attributed to the activation of indigenous
flora and the lack of competilion for the nutrients at the level of bacterial isolate. The
high extent of biodegradation in nonsteriic Gulf water is due (o the presence of organic
motrjenss in the Gulf water which activate the bacierial growth and allow high
degradation per cent and the activation of indigenous flora. The figure also shows that
the extent of biodegradation rcmains constant after 10 duys of incubation. This is due
{o the survival period of the bacterial isolate where a high decay rate begins after 10
days incubation time and due to the lack of the carbon source in the medium since 80%
of the carbon source is already used up. The results obtained encouraged studying the
lactors affecting biodegradation using sterile Gulf watcr to avoid the effect of
indigenous flora.

M saits Solution [Z]Nonsterite Gult Water [ Sterile Gulf Water
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Fig. 2. Biodegradation of Arab crude oil added to aqueaus phase.
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Effect of added oil concentration on biodegradation

This pail of experiments used uninoculated samples as a reference for comparison
with inoculated samples at different concentration. Figure 3 shows this comparison at
cencenirations ranging from 2.5 mg/ml to 15 mg/ml. The results shows that increasing
oil concentration adversely affccts the biodegradation per cent.  This is due to the
increase of scveral components in oil such as tolucne and ethylbenzene which have been
proved to show inhibition at high concentration, This inhibition may be a reason of low
degradation [10). Another reason may be due to the amount of hacleria which was kept
constant at about 10° cf/ml and the amount of nutrient found in the aqueous phase. The
uninoculated samples sullered a certain amount of hiodegradation which can be
altnbuted to the oxidation of crude vil itself which is dependent on the amount of
oxygen available in (he samplc. Therefore, increasing Arab crude oil concentration
reduces lhe extent of biodegradation as welt us oxidation in sample.
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Fig. 3. Effect of Arab crude vil concentration on biodegradation by Pseudomonas sp. in Gull water.
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Effeet of temperatore on biodegradation

Survey of temperature variation in the eastern part of Saudi Arabia showed that the
seasonal lemperature changes between 25°C and 45°C [11]. Experiments were
conducted at 25°C, 35°C and 45°C. The results are plotted in Fig. 4 for inoculated and
uninoculated samples. It shows that the highest degradation was achieved at 25°C,
where aboul 46% ol Arak crude oil was disappeared after 5 days. This might be the
result of optimum temperature of bacterial growth and decreasing the metabolic activity
of hacteria at high temperature. This decrease is due to the increase in toxicity of oil at
high temperature [10]. The degradation obtained from uninoculated sample could be
atiributed to oil evaporation at higher temperatures as well as oil oxidation. Tn actual
case,  sea water has enough nutrients and increasing the inoculum size will increase the
degradation per cent. This results have heen confermed by Ludzack[12]. Ile reported
that oil degradation was found to be highly dependent on the composition and on
incubation temperature. He also mentioned that Pseudomonas sp is able to degrade oii
effictently - over a wide range of temperature {20 to 44°C}).
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Fig. 4. Effect of temperature on biodegration of 5 mg/ml Arab crude nil by Pscudomonas sp. in Gulf
water.



258 Abdel-Alim H. Al-Sayed and M.5. Al-Blehed
Eifect of nutrients en hindegradation

Reishold ez al. [13] found thal adding a mixture of phosphorus and nitrogen at
a certain concentralion enhances the biodegradation activity. Therefore, three
types ol nutrients were chosen: one organic (casamino acid), and two minerals
(phosphorus and nitrogen). The urganic nuirient was added in concentration of 0.05
mg/ml, while the emineral nutrients were added in 100 mg/ml concentration. Lhe
result is plotted in Fig. 5 in comparison to unsupplemented sample. It shows that
nutrients added fertilize the agueous phase and activate the biodegradation. The best
result was obtained by adding phosphorus to the aqueous phase.
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Fig. 5. Effect of added nutrients on bindegradation of 5 mg/mt Arah crude oil by Pseudomonas sp. in
Gulf water.

Lffect of inoculum size of degrading bacteria

The effect of noculum size was tested at four levels, i.e. unsupplemented, 10°
cfiyml, 10° cfw/ml and 10° cfu/ml. The rcsults are plotted in (Fig. 6), Itis clear that
increasing the inoculim size directly affects the degradation of added oil. Howgver,
this result is valid when there is sufficient nutrients in the aqueous phase which is
necessary for hacterial growth. In case of nutrient lacking the hacterial isolate will not
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completely survive the new enviromment and wilk suffer low growth rate resulting in
low degradation per cent.
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Fig. 6. Effect of inoculum size of psendomonas sp. on hiadegradation of 5 mg of Arab crude oil per ml
ot Gulf water.

Conclusions

Dased on the cxperimental results and the previous analysis and discussions, the
fellowing conclusions are obtained:

1. DBy mcans of cnrichment culture lechmique, one bacterial species was isolated
from Arabian Gulf coast soil in Saudi Arabia which proved its ability to use Arab crude
oil as a sole source of energy.

2. The bacterial isolate was identified as Pscudomonas sp. I adapted the new
environment quickly and started to grow logarithmically after 2 days incubation time.
It proved its ability to degrade Arab crude oil added (o salts solution, sterile Gulf water,
and nonsterile Gulf water.
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3. About 80% of Arab crude oil added to both salts solution and sterile Gull water
has disappeared within 19 days incubation time.

4. Nonsterile Gulf water yielded higher biodegradation per cent than that of sterile
Arahian Gulf water because of activation of indigenous flora and the organic and
inorganic nutrients found in the water.

5. Increasing the Arab crude oil concentration reduces the extent of bivdegradation.

6. Temperature variations affecls the biodegradation per cent, Biodegradation at 25°C
was higher than at 35°C and 45°C, which fs considered as the optimum temperature of
bacterial growth and metabolic activity.

7. Adding mutrients activated the biodegradation, Phosphorns has praved the best one
among, the nutrients used.

8. Increasing the inoculum size of degrading bacteria when there is sulficient
nutrients in the aqucous phase directly affects the degradation of added Arab crude oil.
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