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Abstract: Soil and sludge samples polluted with petroleum waste from Cairo Oil Refining Company Mostorod,
Qalyubia, Egypt for more than 41 years were used for isolation of indigenous microbial communities. These
communities were grown on seven polycyclic aromatic hydrocarbon compounds (naphthalene- (Naph.),
phenanthrene (Phen.), anthracene (Anth.), fluorancene (Flu.), acenaphthene (Acen.), pyrene (Pyr.) and benzo-a-
anthracene (B-a-Anth.)) as a sole carbon and energy source. The growth of the seven different bacterial
communities on the seven different PAHs had been investigated by recording their growth (O.D) and secretion
of extracellular protein at zero time (initial) and after 7, 15, 21 and 28 days incubation. The growth of community
(1) on 50 mg/L Naph was 5.0, 10.0, 9.5 and 8.6 times the initial after 7, 15, 21 and 28 days, respectively. The same,
community (1) gave the best growth on 250 mg/L Phen. (2.8, 2.7, 4.6 and 6.4 times the initial) after 7, 15, 21 and
28 days, respectively. The ability of community (1) to grow on 50.0, 100, 10.0 mg/L of Anth. Acen. and Flu.
respectively and 100 µg/L for both of Pyr. and B-a-Anth. have been recorded also. The results revealed that
community (1) gave the best growth and extracellular protein secretion followed by community (2). Count of
these seven communities after 28 days incubation revealed an increase in bacterial count ranging from 0.8-1.0
; 0.9-1.3 ; 0.9- 1.2 ;0.7 -1.0 ; 0.9-1.2 ; 0.9-1.3 and 0.6-1.2 log cycles on Naph. Phen. Anth. Flu. Acen. Pyr. And B-a-
Anth. respectively. The highest total bacterial count at zero time (initial) was 1.6 x 10 CFU/ml for community (4),7

while the highest hydrocarbon degrading bacterial (HDB) count was 3.0 x 10 CFU/ml for community (3). Six5

isolates (MAM-26, 29, 43, 62, 68, 78) were able to grow on different concentrations of five chosen PAHs (Naph.
Phen. Anth. Pyr. and B-a-Anth). The most promising bacterial strain MAM-62 has been exposed to different
doses of gamma radiation. As the dose of - radiation increased, the viable count of MAM-62decreased. Dose
of 15 KGy reduced the viable count by 7.25 log cycles.
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INTRODUCTION sediments, tobacco smoke and food [3]. PAHs often

Polycyclic aromatic hydrocarbons (PAHs) are sites [4]. Sewage sludge addition to soils resulted in an
ubiquitous environmental contaminants found in all increase  in  the  content  of  PAHs in these soils [5].
environmental compartments. Sources of PAHs vary Pizzul et al. [6] indicated that PAHs are often found in
widely from natural to anthropogenic [1]. The incomplete contaminated soils and there is the need of developing
combustion results in a clear increase in PAH emission techniques that can be applied in the remediation of these
compared with other combustion methods; this is sites, where PAHs, especially those with high molecular
attributed to the formation of species with two and three weight, pose health and environmental risks. The United
benzene rings, such as naphthalene, acenaphthylene and States Environmental Protection Agency (EPA) lists 16
acenaphthene. Benzo[a] pyrene, dibenz [a, h] anthracene kinds of PAHs as priority pollutants which must be
and benz [a]anthracene make a large contribution to the disposed [7]. Samanta et al. [8] indicated that the
toxicity equivalent value (TEQ) [2]. These compounds are existence of PAHs in nature is of great environmental
known for their presence in the atmosphere, water, concern owing to their toxic, mutagenic and carcinogenic

found in high residual soil concentrations at industrial
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properties. Soil massively contaminated with PAHs
represents considerable public health hazards. Pyrene is
a toxic, recalcitrant, four fused ring PAH commonly found
in soil [9], its quinone-based metabolites are mutagenic
and more toxic than the parent compound [10].
Anthracene is a three-ring PAH with relatively serious
toxicity. Onceanthracene enters the body, it appears to
target the skin, stomach, intestines and the lymphatic
system and it is a probable inducer of tumors [11].
Naphthalene binds covalently to molecules in liver,
kidney and lung tissues, thereby enhancing its toxicity; it Fig.1: Sampling site map.
is also an inhibitor of mitochondrial respiration [12]. Acute
naphthalene poisoning in humans can lead to on ice and stored at 4°C to be used within 4 hours. Water
haemolyticanaemia and nephrotoxicity. In addition, dermal samples were collected in 250 ml screw capped sterile
and ophthalmological changes have been observed in glass bottles, transported on ice. 
workers occupationally exposed to naphthalene.
Phenanthrene is known to be a photosensitizer of human Culture Conditions and Media: Soil samples and sludge
skin, a mild allergen and mutagenic to bacterial systems (25g) or (25 ml) of water samples were added to (100 ml) of
under specific conditions [13]. Due to their carcinogenic Basal Salt Medium (BSM) [16].This medium consists of
activity, PAHs have been included in the European Union the following ingredients (g/L): (NH )  SO , 1.1, K HPO ,
(EU) and the Environmental Protection Agency (EPA) 2.2, K H  PO 0.9, MgSO . 7 H O, 0.1, MnSO . 7 H O, 0.1,
priority pollutant lists. Human exposure to PAHs occurs Mn SO . 6 H O, 0.025, Fe SO . 7 H O, 0.005 and L-Ascorbic
in three ways, inhalation, dermal contact and consumption acid, 0.005, For using the following supplements were
of contaminated foods, which account for 88-98% of such added to 1 liter of the cooled basal medium, 1ml of trace
contamination; in other words, diet is the major source of element and 0.1 ml of vitamin solution.
human exposure to these contaminants [3, 14, 15]
indicated that PAHs can enter human bodies through Trace Element (mg/L): H  BO 0.3, Co SO 0.4, Zn SO . 7
inhalation, ingestion and skin contact. Exposures to PAHs H O 0.1, MnCl . 4 H O 0.03, NaMo O . 2 H O,0.03, Ni SO .
have been linked to skin, lung, liver, intestine and 6 H O 0.02, CuSO . 5 H O0.01, HCl 50ml and deionized
pancreas cancers. water 950.0 ml.

The aim of this study to get and determine the ability
of different bacterial communities of different soils and Vitamin Solution (mg/L): Biotine 2.0, Folic acid 2.0,
sludge polluted with petroleum oil to degrade the most Pyridoxal hydrochloride  10.0, Riboflavine 5.0,Thiamine
serious, mutagenic and  carcinogenic   PAHs.   Also to 5.0, Nicotonic acid 5.0, Ca-panthothenate 5.0,
isolate and identify the most potent strain from these Cyanocobalamine 5.0, P-aminobenzoic acid 5.0 and
communities to be use later on in bioremediation deionized water,1000.0 ml and incubated overnight in
technology to get rid from these pollutants. shaking incubator at 30°C with 150 rpm for adaptation of

MATERIALS AND METHODS Then the solid particles were allowed to sediment, to be

Sampling Sites: Soil and sludge samples were collected
from deposits of petroleum field which are either chronic Growth of Different Microbial Communities on Different
or recent from the Cairo Oil Refining Company, Qalyubia, PolycyclicAromatic Hydrocarbon Compounds: From the
Egypt as indicated in Fig. 1. preadapted microbial communities, 10.0 ml was used to

Sampling: Soil samples and sludge of waste water were (Phen.), 50 mg/L anthracene (Anth.), 100 mg/L
collected from 5 to 30 cm below the surface with sterilized acenaphthene (Ace.), 10 mg/L fluoranthene (Flu.), 100
soil cores and the top 5 cm of the samples were discarded. µg/L pyrene  (Pyr.)  and  100 µg/L Benzo (a) anthracene
The soil cores were placed in sterile plastic bags,  shipped (B-a-anth.). Three replicates were used for each treatment.
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the microbial communities (Indigenous mixed bacteria).

used for inoculation [17].

inoculate  100.0  ml  of BSM. The BSM was amended by
50 mg/L naphthalene (Naph.) 250 mg/L phenanthrene
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Growth and extracellular protein were determined by with dose rate 1 kGy/15 min. at National Center for
measuring optical density (O.D) at 600 nm and 720 nm for Radiation Research and Technology (NCRRT), Nasr City,
protein, respectively at zero time (initial), 7, 15, 21 and 28 Cairo, Egypt. Three replicates were used for each dose.
days using spectrophotometer (LW-V-200 RS UV/VIS Survival of these bacterial strains was determined (Dose
Germany). For protein determination [18], Bovin serum response Curve) on L.B agar plates. 
albumin (BSA), product of Sigma, USA was used as
standard. Also, the bacterial count (CFU/ml) by spreading RESULTS AND DISCUSSION
the serially appropriate diluted cultures on (Luria-Bertani)
L.B agar  medium  [19]  at  the  beginning  (Io)  and after The soil and sludge samples collected from Cairo Oil
28 days incubation (I) have been determined. The Refining company and agriculture soil near this company
inoculated plates were incubated at 37°C for 48 hours. have been used to isolate their microbial communities

Determination of Total Bacterial Count and grow and degrade the chosen polycyclic aromatic
Hydrocarbone Degrading Bacterial (HDB) Count: The hydrocarbons  [Naph.  Phen.  Anth.  Ace.   Flu.Pyr.  and
pre adapted microbial communities of the different B-a-Anth.] as a sole carbon and energy source. The seven
sources were serially diluted and the appropriate three different indigenous microbial (bacterial) communities as
successive dilutions were plated on L.B agar plates and indicated in Table 1 were isolated from recent and chronic
BSM agar plates amended with 1.0% crude petroleum oil. soils contaminated with petroleum wastes at different
The inoculated plates were incubated at 37°C for 48 hours depths and distances. The chronic soil had a 41 years
for L.B plates and for 7 days for the hydrocarbon exposure history for deposition of petroleum wastes.
degrading bacterial (HDB) plates. The bacterial count was While the agriculture soil had in addition to contamination
determined. of with petroleum hydrocarbons a history of exposure to

Isolation of Different Bacterial Strains Capable of best  growth  on  50 mg/L Naph. As indicated in Fig. 2.
Growing on Hydrocarbons: The well grown bacterial The growth of this community was 5.0 times the initial
colonies on L.B. amended with crude petroleum oil were after 7 days incubation this growth continued its increase
picked up as separated single colonies. These colonies to be 10.0 times the initial after 15 days incubation, then
were called HDB. They stored on slants of L.B medium for began to decrease at 21 and 28 days to be 9.5 and 8.6
further investigation at 4°C. times, respectively. The extracellular protein of community

Screening for the most Promising Indigenous Polycyclic incubation. This represents the highest extracellular
Aromatic Hydrocarbon Degrading Bacterial Isolates: protein secreted by this community. As, the incubation
The well grown HDB isolates which are forty four strains, period of community (1) increased more, the secreted
were streaked on BSM agar plates amended with 500 mg/L protein decreased as indicated in Fig. 3.
Naph.  100  mg/L  Anth. 500 mg/L Phen. 250 mg/L Acen. Community (2) was the second in growth, as the
20 mg/L Flu. 150 µg/L B-a-Anth. and 150 µg/L Pyr. Three incubation period increased from 7 days to 15 days, the
replicates were used for each strain on each compound. growth increased from 4.1 to 6.8 times the initial. However,
The plates were incubated at 37°C. The growth was community (2) was the most extracellular protein producer
shacked every day for 15 days. in all communities. Its increase was 11.0 times of the initial

Effect of Gamma Irradiation on the Viability of the (1) to growth on 250 mg/L. Phen. was 2.8, 2.7, 4.6 and 6.4
Selected Isolated Bacterial Strain: The most promising times the initial after 7, 15, 21 and 28 days, respectively as
selected isolated bacterial strain (MAM-62) was grown in indicated in Fig. 4. This means that community (1) needs
L.B broth medium for 24 hours at 37°C in shaking more time to continue its growth increase. The same
incubator (200 rpm). Bacterial cells were harvested by behavior was recorded for community (2), but with less
centrifugation at 8000 rpm for 10 minutes, washed with growth to reach 3.8 times the initial at the end of
sterile saline and resuspended in the sterile saline. Cells incubation period. The maximum extracellular protein
suspended in saline were distributed into 5 ml aliquots in secreted by community (1) was at 7 days incubation and
sterile screw capped test tubes and then exposed to decline as the incubation period increased as shown in
different doses of gamma irradiation (Indian cell - Co) Fig.  5.  Ability  of community  (1)  to  growth  on 50 mg/L60

(Indigenous mixed bacteria) to investigate their ability to

pesticides. Growth of bacterial community (1) was  the

(1) increased to be 2.7 times the initial after 7 days

after 7 days incubation period. The ability to community
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Table 1: Sampling Sites represented different sources of indigenous microbial communities
Distance from History

Sample No. Type of soil Depth theorigin deposit of exposure PH Site in Egypt
1 Soil contaminated with oil surface Zero m * Chronic soil 4.99 Cairo Oil Refining
2 Soil contaminated with oil surface Zero m * Recent soil 4.74 Company-Mostorod
3 Soil contaminated with oil 30cm Zero m * Chronic soil 5.40 Al-Qalyubiyah
4 From drainage of waste petroleum 30 cm 200 m * Chronic sludge 4.90
5 Soil contaminated with oil 30 cm 300 m * Recent soil 5.40
6 Soil contaminated with oil surface 200 m * Chronic soil 5.11
7 Agriculture soil Surface 400 m * Chronic soil 5.49 --
*m   = meter, cm = centimeter

Fig. 2: Growth of different indigenous bacterial Fig.  5: Concentration of extracellular protein of different
communities on 50mg/l naphthalene. indigenous bacterial communities on 250mg/l

Fig. 3: Concentration of extracellular protein of different Fig. 6: Growth of different indigenous bacterial
bacterial communities on 50mg/l naphthalene. communities on 50mg/l anthracene.

Fig. 4: Growth of different indigenous bacterial  indigenous bacterial communities on 50mg/l
communities on 250mg/l phenanthren. Anthracene.

phenanthrenecene.

Fig. 7: Concentration of extracellular protein of different
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Fig. 8: Growth of different indigenous bacterial 2.4 times the initial for communities (2) and (7),
communities on 100mg/l acenaphthene. respectively were recorded after 28 days. The best

Fig. 9: Concentration of extracellular protein of different at the end of incubation period to be 4.1 and 3.1 times the
indigenous bacterial communities on 100mg/l initial, respectively. The maximum extracellular protein
acenaphthene. secreted by communities (1) and (2) when grown on Pyr.

Fig. 10: Growth of different indigenous bacterial incubation period 2.33 and 3.67 times the initial,
communities on 10mg/l fluoranthene. respectively as indicated in Fig. 15.

Anth. have been indicated in Fig. 6. As in case of Naph. No.1 of contaminated soil at the surface with chronic
and Phen. growth of community (1)  was  the  best  after exposure to pollution with crude oil at the same place of
7 and 15 days, but as the incubation period increased contamination (zero meter) followed by community (2)
more (21 and 28 days) community (2) was found to be with the same characters as community (1) but differ in
superior. Community (1) secreted extracellular protein 3.0 recent exposure for contamination having the highest
times  the  initial after 7 days incubation as indicated in abilities to grow and utilize PAHs as a sole carbon and
Fig. 7. energy source. Community (1) and (2) can degrade the low

The growth behavior of community (1) revealed that
this community continues increase in growth as the
incubation period increased on 100 mg/L Acen. as
indicated in Fig. 8. The Same behavior had been recorded
for community (2) but with less growth a long all the
incubation period. The best community in secreting
extracellular protein  was  community  (1)  as  shown in
Fig. 9. The increase in protein was 5.1 and 5.5 times the
initial after 7 and 15 days incubation, respectively.
However, the best communities in growth on 10.0 mg/L
Flu. a log all the incubation period was communities (2)
and (7) as indicated in Fig. 10. The highest growth 2.9 and

community in secreting extracellular protein was
community (4). Secretion of protein was 7.1 and 8.2 times
the initial after 7 and 15 days respectively.  The  same
trend  have  been  recorded  but in  less  protein  secretion
in  case  of  community   (2). The highest extracellular
protein (5.8 times) was founding in case of community (7)
after 7 days incubation as shown in Fig. 11. Growth of
communities (1) and (2) on 100µg/L Pyr. was the best a
long  the whole  of  incubation  period  as indicated in
Fig. 12. The results revealed that both growth of
communities (1) and (2) continue the increase as the
incubation period increased to reach the highest growth

was 2.25 and 1.8 times the initial after 7 days incubation,
then began to decrease as the incubation increased as
indicated in Fig. 13. Growth behavior of communities (1)
and (2) on 100 µg/L B-a-Anth. revealed that, as the
incubation period increased, the growth increased to
reach the maximum growth 3.0 and 4.0 times the initial after
28 days, respectively as indicated in Fig. 14. Surprisingly,
community (7) reached the maximum growth (1.5 times) in
a shorter incubation period (15 days) and began to
decrease. The maximum extracellular protein for
communities (1) and (2) had been recorded after 7 days

From the previous results it was clear that community
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Fig. 11: Concentration of different indigenous bacterial Fig.14: Growth of different indigenous bacterial
communities on 10mg/l fluoranthene. communities on 100 µg /l benzo-a-anthracene.

Fig. 12: Growth of different microbial communities on Fig.15: Concentration of extracellular protein of different
100ug/l pyrene. indigenous bacterial communities on 100 µg/ l

Fig. 13: Concentration of extra cellular protein of different During active contaminant biodegradation, microbes
indigenous bacterial communities on 100 µg/l that use the contaminants as carbon and energy sources
pyrene. increase in number [23]. This increase in the amount of

contaminant-degrading microbes can be studied by
molecular weight (LMW) and high molecular weight quantifying the amount of catabolic genes carried by
(HMW) of PAHs. These two communities can utilize these microbes. Because the change in the amount of the
Naph. Phen. Anth. Ace. Flu. Pyr. and B-a-Anth. as sole functional marker genes is relational to the change in cell
carbon  and  energy source. These PAHs represent numbers [24]. The two possible reasons for the different
LMW-PAHs   (Naph.  Phen. Anth.) and HMW- PAHs persistence of LMW and HMW PAHs: The PAH
(Pyr and  B-a-Anth.).  The   above    results    have   been degrading bacteria in polluted environment degrade LMW

benzo-a-anthracene.

confirmed with the results of other investigators as the
following: Biodegradation of polycyclic aromatic
hydrocarbons (PAHs) in soil is mainly performed by
bacteria [20]. In situ horizontal transfer of PAH
metabolizing genes (nah Ac and phn Ac) has been
reported between phylogenetically distinct bacteria and
this may also explain the PAH degradative capacity of
communities with no known exposure to PAHs [21].
Previous exposure of a microbial community to one PAH
has frequently been reported to reduce the acclimation
period for degradation of other PAHs [22].
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PAHs faster; (2) LMW and HMW PAHs are degraded by
different bacterial groups in the environment and the
abundance and activity of the two bacterial groups affect
the biodegradation[25]. Towell et al. [26] indicated that
hydrocarbon mineralization by the indigenous microbial
community was monitored over 23 day. It was found that
the higher the PAH concentration, the lower the biomass
[27]. The extent of crude oil degradation varied over a
wide range (1-87%) among the isolates. Isolates were
predominantly Gram-positive bacteria (79% of total
isolates) belonging to the genera Bacillus (93%) and
Paenibacillus (7%) [28]. However, they varied widely in
their ability to degrade crude oil (10-88%) as the sole Fig. 16: Count of different indigenous bacterial
carbon and energy source, also B. ceresus degraded the communities on different polycyclic aromatic
highest amount (72.8%) as the sole carbon and energy hydrocarbons (PAHs) after 28 days incubation.
source, members of Bacillus spp. constituted the
dominant group. The high percentage of Bacillus strains
characterized in our work (66.6%) should be related with
the property of these microorganisms to colonize
environments contaminated with hydrocarbons [29].
Biodegradation of polycyclic aromatic hydrocarbons
(PAH) in soil is mainly performed by endogenous bacteria
[20].

Fifteen bacterial strains isolated from solid waste oil
samples were selected due to their capacity of growing in
the presence of hydrocarbons. The isolates were
identified by PCR of the 16S rDNA gene using fD1 and
rD1 primers. The majority of the strains belonged to Fig. 17: Count of different indigenous bacterial
general Bacillus, Bacillus pumilus (eight strains) and communities on different media.
Bacillus subtilis (two strains). Besides, there strains were
identified as Micrococcus luteus, one as Alcaligenes mineralization and resulted in lower extents of
faecalis and one strain as Enterobacter sp. Growth of the mineralization. In general, the rates and extents of
above-mentioned strains in mineral liquid media amended mineralization will be dependent upon treatment type,
with naphthalene, phenanthrene, fluoranthene or pyrene nature of the contamination and adaptation of the
as sole carbon source was studied and our results ingenious microbial community.
showed that these strains can tolerate and remove The count of growth at the end of incubation period
different polycyclic aromatic hydrocarbons that may be (28 days) as indicated in Fig. 16 revealed that the best
toxic in the environment polluted with hydrocarbons. community in growth on the seven PAHs was community
Finally, the capacity of certain strains to emulsify octane, (1). The initial count of community (1) was 6.0 x10
xilene, toluene, mineral oil and crude oil and  its   ability  to CFU/ml. the highest count of community (1), 3.4 x10
remove hydrocarbons, look promising for its application CFU/ml was recorded on Pyrene. Also, the count of
in bioremediation technologies [30]. Towell et al. [26] community (1) on Anth. Ace. Phen. increased than that of
indicated that hydrocarbon mineralization enhancement initial count to be 1.2x 10 , 7.0x10  and 4.0x10  CFU/ml,
by nutrient amendment (Biostimulation), hydrocarbon respectively. The results also revealed that, communities
degrader addition (Bioaugmentation) and combined (1) and (2) and (3) were the best communities growing on
nutrient and degrader amendment was also explored. phen. and Anth. as a sole carbon and energy source even
Generally, addition of nutrients or degraders increased the at the end of incubation period when the growth began to
rates and extents of mineralization  of  14C- hydrocarbons. decline. From all the above results, it is clear that
However, the addition of nutrients and degraders in communities (1) and (2) were the most efficient
combination had a negative effect upon  14C-octacosane communities  in growing on different PAHs. Growth of the

5

7

7 6 6
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Table 2: The ability of indigenous isolated strains to grown on different PAHs at different concentrations.
Comp.
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Naphthalene Anthracene Phenanthrene Acenaphthene Fluoranthene B-a-anthracene Pyrene

Isolate code 500 mg/l 100 mg/l 500 mg/l 250 mg/l 20 mg/l 150 µg /l 150 µg /l
MAM -1 + + + + + + ++
MAM -2 + + + -ve ++ + +
MAM -3 + + + + + + +
MAM-5 ++ -ve ++ + + + +
MAM-14 ++++ ++ ++ + ++ +++ +
MAM-15 ++ ++ ++ ++ ++ + ++
MAM-16 + + + -ve + + -ve
MAM-17 + ++ +++ -ve ++ + +
MAM-18 ++ +++ ++ ++ + + ++
MAM-20 + -ve -ve + -ve -ve -ve
MAM-21 ++ ++ + ++ +++ +++ +++
MAM-22 -ve -ve -ve -ve + -ve +
MAM-23 + + ++ + ++ + +
MAM-25 ++ +++ ++ + ++ ++ ++
MAM-26 ++++ +++ +++ ++++ +++ ++++ ++++
MAM-27 + +++ + + +++ +++ +++
MAM-28 +++ +++ ++ +++ +++ ++ +++
MAM-29 +++ ++++ +++ ++++ ++++ +++ ++++
MAM-30 -ve + ++ ++ + + +
MAM-31 + + ++ ++ +++ +++ ++
MAM-32 + ++ + + + + -ve
MAM-34 + -ve + -ve + + +
MAM-35 +++ ++ + ++ ++ ++ +++
MAM-37 +++ ++ + + +++ +++ ++
MAM-38 ++ ++ +++ ++ ++ +++ +++
MAM-40 ++ +++ ++ + +++ +++ ++
MAM-41 + ++ +++ -ve +++ ++++ +++
MAM-43 ++++ ++++ ++++ +++ ++++ +++ ++++
MAM-44 +++ + ++ + ++ +++ +
MAM-47 +++ +++ + +++ ++++ +++ +++
MAM-49 ++ ++ + ++ +++ + ++
MAM-50 +++ -ve + -ve -ve ++ -ve
MAM-52 ++ +++ +++ ++ +++ ++ +++
MAM-53 ++ ++ + + ++ ++ +
MAM-54 +++ +++ ++ +++ +++ +++ +++
MAM-57 ++ +++ ++ +++ +++ +++ ++
MAM-58 + -ve -ve + -ve -ve -ve
MAM-59 ++ ++ ++ ++ ++ ++ +++
MAM-62 ++++ +++ ++++ +++ ++++ ++++ ++++
MAM-64 +++ ++ ++ +++ +++ ++ ++
MAM-66 + -ve -ve + + + -ve
MAM-68 ++++ ++++ ++++ ++++ ++++ ++++ ++++
MAM-69 + -ve + ++++ + + -ve
MAM-78 ++++ ++++ +++ ++++ +++++ ++++ ++++

seven different communities at the beginning on L.B bacteria (HDB) as indicated in Fig. 17. Although, the best
medium to give the total bacterial count and BSM counting HDB were in communities (3) and (6),
amended with 1% crude oil to determined the count of communities (1), (2) were the best in growing on different
hydrocarbon degrading bacteria (HDB) revealed that PAHs. This may be explained on the bases that this count
community (4) was the highest growth (1.6x10  CFU/ml) as was on the whole crude oil not on specific PAHs as a7

total bacterial count, while communities (3) were the substrate. The second reason for these results may be the
highest (3.0x10 CFU/ml) as hydrocarbon degrading efficiency of the individual strain in the community not on5



World Appl. Sci. J., 23 (4): 554-564, 2013

562

their count as a number. The ability of different
indigenous isolated stains to grow on different
concentrations of PAHs had been indicated in Table 2.
From the results of Table 2, it is clear that isolates of code
MAM-26, MAM-29, MAM-43, MAM-62, MAM-68 and
MAM-78 are the best isolates having the abilities to grow
on different PAHs as a sole carbon and energy source.
These six most potent strains were used for further
studies by using each isolate with different
concentrations of different PAHs and determining their
degradative abilities. The above results were in agreement
with results of other investigators. Bioremediation of
areas contaminated with crude fuel or other hydrocarbon
compounds is feasible due to their biodegradability and Fig. 18: Dose response curve of gamma irradiation of
the diversity of degrading microorganisms present in isolate MAM-62.
these sites. Hydrocarbon degrading bacteria are widely
spread in polluted soil and water and research has shown may result from exposure to PAHs from natural
that application of hydrocarbon increases the number of sources such as biogenic synthesis [35], atomospheric
bacteria [31]. Biodegradation of polycyclic aromatic deposition of PAHs from contaminated sites, or the
hydrocarbons (PAH) in soil is mainly performed by presence of microorganisms that produce broad
endogenous bacteria [20]. specificity enzymes such as laccases. Among the few

Enterobacter sp. able to grow on mineral liquid media gram negative isolates were from the genera Acintobacter,
amended with naphthalene, phenanthrene, fluoranthene Alcaligenes, Klebsiella, Burkholderia, Pseudomonas and
or pyrene as sole carbon and energy source. Fifteen Williamsia [28], all the 46 isolates obtained from the
bacterial strains isolated from solid waste oil samples were primary screening on mineral salts agar also degraded
selected due to their capacity of growing in the presence crude oil in liquid culture. Anastasi et al. [36] evaluated
of hydrocarbons, Growth of some strains in mineral liquid the potential of a consortium of three basidiomycetes
media amended with naphthalene, phenanthrene, isolated from compost for pyrene degradation in sterile
fluoranthene or pyrene as sole carbon source was studied soil mirocosms, the basidiomycetes were able to
and our results showed that these strains can tolerate and efficiently colonize soil and remove about 56% of the
remove different polycyclic aromatic hydrocarbons that pyrene in 28 days.
may be toxic in the environment polluted with The six potent strains (MAM-26, 29, 43, 62, 68 and 78)
hydrocarbons [30]. Following an initial 3-5 h log phase the were examined under light microscope. The most potent
mixed culture completely degraded the phananthrene in a strain MAM-62 was gram positive, spore forming and
5 mg/l solution within 28 h. A plate count of cell numbers long chain Bacillus sp. In this study, isolateMAM-62 was
revealed a range from 2:2* 10  to 8:4 * 10 , indicating the chosen to be exposed to different doses of gamma6 8

strain’s  ability  to  utilize phenanthrene as a carbon radiation as a best degrader for PAHs degrading bacteria.
source [32]. Ho et al. [33] isolated fluoranthene and The dose response curve of -radiation revealed that as
pyrene-degrading  strains  by liquid culture enrichment; the dose increased the count of MAM-62 decreased as
19 of 21  pyrene-degrading  strains were gram positive indicated in Fig. 18. The results also revealed that rapid
and  7    of    these    were     Mycobacteria.     A     total   of decreased  had  been  reported  till 4.0 kGy. Exposure to
28 fluroanthene-degrading strains were all grams negative 4.0 kGy reduced the viable count by 5.25 Log cycles.
and 4  of   them  belonged to  the  genus  Sphingomonas. Increasing the doses of -radiation more and more to
In this context, several investigators reported that reach 15.0 kGy decreased the viable count but with
Bacillus species were the predominant microorganisms in decreasing   rates.    Exposure    of    MAM-62    to   more
highly polluted soil samples [29]. Johnsen and Karlson -radiation (4-15 kGy) reduced the viable count by 2.0 log
[34] revealed that the rate of 14C-labeled pyrene and cycles as in Fig. 18. This phenomena may be explained on
phenanthrene mineralization was inversely proportional to the basis that rapid decrease at the first part of the curve
the PAH content of 13 different soils PAH degradation in was for the vegetative cells of MAM-62 while the
environments with no history of previous  contamination decreased  decline in count for the higher doses exposure
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 was  for the spores of MAM-62 like other strains of 11. Das,   P., S.  Mukherjee  and  R.  Sen,  2008.
bacilli which was highly resistant to gamma radiation.
These results were in a good agreement with that reported
by  Abo-State  [37-39],  Abo-State  and Khalil [40] and
Abo-State et al. [41, 42]. Colonies resulted from exposure
of the parent strain MAM-62 to different doses of gamma
irradiation, that having morphological changes on L.B
agar medium were picked up as separated single colonies
for further investigations.
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