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Abstract:

      Eighteen petroleum polluted soil samples were tested for hydrocarbon degrading bacterial species .The isolates were purified and identified according cultural properties and biochemical tests . The results showed that the isolated strains belonged to eight bacterial species . Five of them gram positive which were Staphylococcus aureus ,Streptococcus epidermis ,Cryptococcus sp., Actinomycetes sp ,Bacillus sp. and three gram negative species Escherichia coli, Pseudomonas aeruginosa , Serratia marcescens. The efficiency of these isolates to degrade three types of hydrocarbons 10%gasoline, 2%hydrocarbon mixture and 10% used engine oil were evaluated using three parameters: Colony Forming Unit count (CFU/ml) , surface tension reduction and production of biosurfactant .The high viable count during 20 days at 37˚C in rotary shaker (12rpm). Significant increase in cell densities observed with concomitant decrease in surface tension values. The higher specific growth rate showed in Cryptococcus sp. which reach to 2.8 × 108  CFU\ml when used gasoline 10% and hydrocarbon mixture2% as a sole carbon source while Actinomycetes sp. give the same value of CFU/ml when used MSM supplement with engine oil as carbon source. The most reduction in surface tension values was35 dyns/cm forming by Pseudomonas aeruginosa and the more biosurfactant production was 27 g/L produced by S.marcescens and Stre.epidermis .  
الخلاصة
        جمعت 18 عينة تربة ملوثة بالمشتقات النفطية للتحري عن اللانواع البكتيرية المحللة للهيدروكاربونات . تم تنقية العزلات وتشخيصها تبعا للصفات المزرعية والاختبارات الكيموحيوية . بينت النتائج ان الأنواع المعزولة تعود الى ثمانية أجناس بكتيرية خمسة منها موجبة لصبغة غرام وهي Staphylococcus aureus ,Streptococcus epidermis ,Cryptococcus sp., Actinomycetes sp ,Bacillus sp. وثلاثة اجناس سالبة لصبغة غرام وهي Escherichia coli, Pseudomonas aeruginosa , Serratia marcescens.  . تم دراسة فعالية العزلات على النمو على الهيدروكاربونات (كازولين 10 % , خليط من الهيدروكاربونات 2 % , زيت المحركات 10%) باستعمال ثلاثة مقاييس : العدد البكتيري الحي والشد السطحي و انتاج المستحلب الحياتي . لقد لوحظ ان الزيادة في العدد البكتريا الكلي يقابلة النقصان في الشد السطحي . ان اعلى قيمة لعدد البكتريا الكلي هي 2,8 × 10 8 لجنس Cryptococcus sp. النانمية بوجود الكازولين والخليط الهيدروكاربوني كمصدر للهيدروكاربون و Actinomycetes sp.   النامية بوجود زيت المحركات كمصدر للهيدروكاربون. أما اقل قيمة للشد السطحي فهي35 داين /سم للجنس Pseudomonas aeruginosa . و أعلى قيمة لتكوين المستحلب الحياتي27 غرام /لتر للجنسين  S.marcescens و  Stre.epidermis 
Introduction 
    Contamination of soil by crude oil in Iraq is a major concern considering the hug network of oil pipelines that transport crude oil to and from various refineries .Crude oil spills occur due to leakage from joints of the crude oil piplines ,accidents of oil tankers during transportation of crude oil , anthropogenic and pilferage activities (AL-Taher et al .,2008) . 

 Oily sludge (hazardous hydrocarbon waste generated by petroleum refineries) contamination is also a major environmental concern since many of its constituents are highly toxic , carcinogenic and are poorly biodegradable in nature .Petroleum hydrocarbons in environment are degraded by diverse group of microorganisms , which are capable of utilizing hydrocarbons as a sole source of carbon and energy . Documentation of bacterial diversity of a hydrocarbon-contaminated site is essential because it helps in isolation and identification of a novel bacterial strains having capability to degrade recalcitrant of crude oil and oily sludge. the fat of hydrocarbon compounds in nature is of great environmental concern due to their toxic , mutagenic and carcinogenic properties(Bhattacharya et al.,2003) . 

       A major decomposition process of these compounds in the environments is microbial degradation .In soil environments , degradation of hydrocarbon is strongly affected by the low bioavailability  of the compounds ,as they have only limited water solubility and tent to sorbs strongly to particularly organic matter (Ito et al .,2001).             
         On the other hand recent studies suggest that specific physiological properties of the microorganisms involved in the degradation of hydrophobic compounds might enhance the availability of the compound (Adebusoye et al .,2007) . These mechanisms promoting the transfer of hydrophobic substrate include (i) production of biosurfactants or the use of specific cell surface components with emulsifying properties (Hickey et al ., 2007) (ii) uptake system with high substrate affinity , which efficiently reduce concentrations of the diffusive substrate flux; and (iii) reduction of the distance between cells and substrate by means of cell surface structures which promote adhesion to hydrophobic surfaces. (Kademi et al.,2003) .

    However , in the laboratory , enrichment of bacteria able to utilize hydrocarbons as the carbon mostly been done in shaken liquid media . As this method favors bacteria able to grow well in suspension (Sarin et al.,2011).

    Oil pollution has been one of the most important environmental problems in the last 60 years . Explosion of oil tanks by rockets or other war equipments , using old tankers of oil transport, damaging of oil pipes and other catastrophic events could together lead to disastrous oil distribution into natural environment (Abed et al ., 2002).

    This inevitably has hazardous effects on human life and safety . Many studies have been planed to either prevent the contamination or clean up the polluted sites after the polluted site after the contamination (Cameotra& Makkar,2004).

Material & Methods

Soil sample collection 
Eighteen petroleum polluted soil samples from five top layer (5-10 cm) soil samples were collected aseptically from oil polluted sites in different regions of Hilla city , including , three petrol station and waste water of AL-Najaf Refinery treatment plant .

Isolation of degrading bacteria :

       Environmental samples were cultured for searching of degrading bacteria . A mineral salts medium ((NH4)2SO4 . 1g , K2HPO4 . 1g , KH2PO4 .1g , MgSO4 . 7H2O  1g , CaCl2 . 0.01g , FeCl3 . 0.0001 , Distilled water 1L ) has been chosen and supplemented with different hydrocarbon compounds ( medium A : Mineral medium + gasoline , medium B : Mineral medium + hydrocarbon powder mixture ,  medium C : Mineral medium + used engine oil one g of each soil sample and 2 ml of water sample were incubated in 5 parallels into the different media and incubated for 20 days at  37˚ C .

Biodegradation capacity of strains :

      Threes  kinds of  hydrocarbonic  compounds (gasoline , hydrocarbon mixture powder and used oil engine) were selected as representation of hydrocarbons and to check whether the isolated strains are able to grow on hydrocarbon compounds . Mineral salts  medium (MSM) was used and supplemented with filter sterilized petroleum derivatives to give a final concentration of 10% , 2% and 10% respectively (Mashreghi & Marialigeti,2005). 

 Identification of bacterial isolates :
    Several basic morphological and biochemical tests were performed including : colony morphology , cell shape, Gram reaction , motility tests ,glucose , oxidation and fermentation , acid and gas production from glucose, oxidative activity and catalase test were carried out according to MacFaddin (2000)  in order to identify the isolated strains.

Biosurfactant concentration measurements:

     Bacterial cells were removed from surfactant containing broth by centrifugation of 10000 rpm for 15 min at room temperature . The cell-free supernatant was subjected To extraction three times with equal volumes of chloroform – methanol (1:1,V:V) mixture .The pooled extracts were evaporated to dryness over a water path at 45-50˚C.The residues was washed with distilled water and re extracted after which the solvent was evaporated (Anyanwu et al .,2011) .

Surface tension calculation :

     Surface tension of the culture broth was determined by the ring method using ring tensiometer (Kruss , Germany) at room temperature (Gerson and Zajic,1979).

Results and Discussion :

         The results of morphological characterization and biochemical tests of selected strains were belonged to eight species which were five gram positive bacteria Staphylococcus aureus ,Streptococcus epidermis ,Cryptococcus sp., Actinomycetes sp ,Bacillus sp. and three gram negative species Escherichia coli, Pseudomonas aeruginosa , Serratia marcescens.
 Table -1- the biochemical characteristic of bacterial speceise
	
	Cryptococcus sp.
	Actinomycetes sp.
	Bacillus sp.
	S.aureus
	P.aeruginosa
	E.coli
	Str.epidermis
	S.marcescens

	Gram stain
	+
	+
	+
	+
	-
	-
	+
	-

	Oxidase
	+
	+
	-
	-
	+
	-
	
	-

	Catalase
	+
	-
	+
	-
	+
	-
	+
	-

	Indol
	-
	-
	-
	-
	-
	+
	-
	-

	MR
	-
	-
	-
	-
	-
	+
	+
	-

	VP
	+
	-
	-
	-
	-
	-
	+
	+

	Lactose
	+
	-
	-
	-
	-
	+
	+
	+

	Citrate
	+
	+
	-
	+
	+
	-
	+
	-

	Ureas
	+
	-
	-
	-
	-
	-
	+
	+

	Gelatinase
	+
	+
	+
	-
	+
	-
	+
	+

	Lecithinase
	+
	-
	-
	+
	-
	-
	
	-

	Motility
	-
	-
	+
	-
	+
	+
	+
	-

	Blood heamolysis
	α
	α
	β
	α
	α
	β
	α
	α

	Maltos
	-
	+
	+
	+
	-
	+
	+
	+

	Sucrose
	-
	+
	-
	-
	-
	+
	+
	-

	Fructose
	+
	+
	+
	+
	+
	-
	+
	-

	Galactose
	+
	-
	-
	-
	+
	+
	-
	-

	Coagulase
	+
	-
	-
	+
	+
	-
	-
	-


Biodegradation ability of isolated strains:
Three parameters were selected to evaluate the biodegradation efficiently of isolated strains : Colony Forming Unite/ml , Biosurfactant production and Surface tension reduction. The experimental period was 20 days at 37 ˚C in shaker incubater 120 rpm (Gallekamp, Germany). [image: image1.wmf]0
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Fig.1.colony forming unit /ml for bacterial isolate grown on MSM with 10% gasoline as carbon source[image: image28.wmf]0
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Figure.2.colony forming unit /ml for bacterial isolate grown on MSM with10% used engine oil as carbon source
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Fig.3.colony forming unit /ml for bacterial isolate grown on MSM with2% Hydrocarbon mixture as carbon source
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Fig.4.Surfase tension values of broth MSM contain 10% of gasoline on inoculated by isolated bacterial species
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Figure.5.Surfase tension values of broth MSM contain 10% of used engine oil  on inoculated by isolated bacterial species

[image: image125.wmf]0

5

10

15

20

25

30

4

8

12

16

20

Str.epidermis

[image: image126.wmf]0

5

10

15

20

25

30

4

8

12

16

20

P.aeruginosa

[image: image127.wmf]0

5

10

15

20

25

30

4

8

12

16

20

Actinomycetes sp

[image: image128.wmf]0

5

10

15

20

25

30

4

8

12

16

20

Bacillus sp

[image: image129.wmf]0

5

10

15

20

25

30

4

8

12

16

20

S.aureus

[image: image130.wmf]0

5

10

15

20

25

30

4

8

12

16

20

P.aeroginosa

[image: image131.wmf]0

5

10

15

20

25

30

4

8

12

16

20

E.coli

[image: image132.wmf]0

5

10

15

20

25

30

4

8

12

16

20

Actinomycetes sp.

[image: image133.wmf]0

5

10

15

20

25

30

4

8

12

16

20

S,aureu

s

[image: image134.wmf]0

5

10

15

20

25

30

4

8

12

16

20

Bacillus sp.

[image: image135.wmf]0

5

10

15

20

25

30

4

8

12

16

20

P.aeruginosa

[image: image136.wmf]0

5

10

15

20

25

30

4

8

12

16

20

Cryptococcus sp.

[image: image137.wmf]0

5

10

15

20

25

30

4

8

12

16

20

E.coli

[image: image138.wmf]0

5

10

15

20

25

30

4

8

12

16

20

Bacillus sp.

[image: image139.wmf]0

5

10

15

20

25

30

4

8

12

16

20

Actinomycetes sp.

[image: image140.wmf]0

5

10

15

20

25

30

4

8

12

16

20

E.coli

[image: image141.wmf]0

5

10

15

20

25

30

4

8

12

16

20

S.aureus

[image: image142.wmf]0

10

20

30

40

50

60

70

80

4

8

12

16

20

S.marcescens

control

[image: image143.wmf]0

10

20

30

40

50

60

70

80

4

8

12

16

20

E.coli

control


Fig.6.Surfase tension values of broth MSM contain 2% of Hydrocarbon mixture  on inoculated by isolated bacterial species


Fig .7.Biosurfactant concentration produced by bacterial  isolates grown on MSM with 10% gasoline as carbon source












Fig . 8.Biosurfactant concentration produced by bacterial  isolates grown on MSM with 10% used engine oil as carbon source












Fig.9.Biosurfactant concentration produced by bacterial  isolates grown on MSM  with 2% Hydrocarbon mixture as carbon source
  Microbiological analysis of soil samples revealed that contaminated  sites with organic wasts contain high bacterial count . For total viable count , the soil samples were diluted up to 10-6 in normal saline and plate in Nutrient agar (Sarin et al .,2011) . After incubation at 37˚C for 24 hr the colonies were counted and the results were tabled . The bacterial count varied from 1.7  ×107 to 2.8×  108 . The results showed that when the cell growth indicating by colony forming unit/ml (CFU/ml) ,  Maximum cell count of 2.8 ×  109 CFU/ml was for bacterial species Cryptococcus sp. from an initial 1× 107 CFU/ml when used gasoline 10% and hydrocarbon mixture2% as a sole carbon source while Actinomycetes sp. give the same value of CFU/ml when used MSM supplemented with 10% of engine oil as carbon source (Figures 1,2 and 3).

Studies on the effect of surface tension demonstrated that the isolated strains were capable of forming stable emulsions with several hydrocarbon compounds tested, but no stable emulsions were observed with water as control samples  . Little variations found in surface tension values within the activity of different isolates tested in this investigation. There was reduction in surface tension values of the broth culture medium (Figures 4,5and 6). The minimum surface tension value of  35 dyns/cm of the culture filtrate were achieved after incubation period (20 days) by the bacterial species P.aeruginosa. 

The biosurfactant was isolated from the cell free culture supernatant of the bacterial isolated Figures(7,8,9) shows the biosurfactant production by the eight isolates grown on mineral salt medium containing 10%of gasoline , 2% of hydrocarbon mixture and 10% of used engine oil , respectively , at different time intervals. The results exhibited increasing in biosurfactant concentration proportionally with culture course time . The final high amount of biosurfactant produced by S.marcescens and Stre.epidermis . which gave 27 g/L with hydrocarbon mixture 2% and used oil 10% . This values were mean of triplicate records.

The majority of known biosurfactant are synthesized from water – immiscible hydrocarbons ( Nitschke & Pastore ,2006 ) . Mostly , the growth of microorganisms on hydrocarbons is accompanied by the emulsification of insoluble carbon sources in the culture medium , and in most cases , this has been attributed to the production of emulsifying agents in the presence of substrates (Mohan et al .,2006 ) .

The ability of biosurfactant of hydrocarbon–degrading bacteria such as P.aeruginosa to emulsify and hydrocarbon oils is of great advantage .The emulsions formed between water and these oils in the absence of the biosurfactant rapidly separated in less than 10 min . However , the addition of the isolated biosurfactant to emulsions stabilized them for over 24 h. period . The ability of biosurfactants to emulsify hydrocarbon-water mixtures has been demonstrated to increase hydrocarbon degradation significantly and is thus potentially useful in oil spill management and enhanced oil recovery (Neto et al.,2008). The ability of biosurfactant to form stable emulsions with oils and fats suggest potential application as cleaning and emulsifying agents in the petroleum industry (Anyanwa et al .,2008) . 
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