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Abstract: Soil and sludge samples polluted with petroleum waste from Cairo Oil Refining Company, Mostorod,
Al-Qalyubia, Egypt for more than 41 years were used for isolation  of  indigenous  microbial  communities.
These  communities   were  grow   on   four   chloroaromatic   compounds    [3-chlorobenzoic  acid  (3-CBA);
2,4-dichlorophenol  (2,4-DCP);  2,6-dichlorophenol  indole  phenol   (2,6-DCPP)  and 1,2,4-trichlorobenzene
(1,2,4-TCB)] as a sole carbon and energy source. The abilities of the eight different communities to grow and
degrade these chlorinated compounds had been investigated by recording their growth (OD) and secretion of
extracellular protein at zero time (initial), 7, 15 and 28 days of incubation period. Count of these communities was
determined after 28 days incubation. The increase in bacterial count of the eight  communities  was  ranging
from 0.2 to 1.5 log cycles on 3-CBA, 1.0 to 2.3 log cycles on 2,4-DCP, 0.6 to 1.7 log cycles on 2,6-DCPP and 0.4
to 2.7 log cycles on 1,2,4-TCB. The highest total bacterial count (zero time) was 3.0×10  CFU/ml and6

chloroaromatic degrading bacterial (CDB) count was 2.0×10  CFU/ml of community (3). The results cleared that4

66% of bacterial count of community (3) was CDB. Only eighteen isolates were able to grow on one or more of
the chloroaromatic compounds. Isolate MAM-24 have the ability to grow well on the three concentrations of
3-CBA, 2, 4-DCP, 1, 2, 4-TCB and the two concentrations of 2, 6-DCPP. The most promising bacterial isolate
MAM-24 that have the ability to degrade the four compounds, was identified by comparative sequence analysis
for its 16S-rRNA coding genes as member of the genus Bacillus. The 16S-rRNA of isolate MAM-24 showed
similarity of 100% to Bacillus mucilaginosus (GQ866855) and it was identified as Bacillus mucilaginosus
HQ013329. The dose response curve of this B. mucilaginosus indicated that as the dose of -radiation
increased the viable count decreased exponentially. Dose of 10 KGy reduced the viable count by 3.5 log cycles.
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INTRODUCTION of activity may alter and impact soil microbial

A large number of chlorinated compounds have been processes   responsible    for    herbicide   degradation.
manufactured by the chemical industry during last several This may change herbicide efficacy and environmental fat
decades and released into the environment in the form of characteristics [4, 5]. Chlorobenzenes (CBs) are a priority
herbicides, pesticides, solvents, refrigerants lubricants environmental pollutant listed by US environmental
and hydraulic fluid resulting in massive pollution protection agency (USEPA) and are used mainly as
problems [1-3]. Pesticides are typically applied as mixtures intermediates in the synthesis of pesticides, dyes,
and or sequentially to soil and plants during crop pharmaceuticals, disinfectants, rubbers, plastics and
production. A common scenario is herbicide application electric goods [6-8]. 1, 2, 4-Trichlorobenzene (1, 2, 4-TCB)
at planting followed by sequential fungicide applications is  one  of   the   most   widely   used   chlorobenzenes.
post emergence. Fungicides depending on their spectrum Due   to   its   use   as  dye   carrier,  pesticide intermediate,

communities. Thus there is potential to impact soil
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heat transfer medium, dielectric fluid in transformers, MATERIALS AND METHODS
degreaser, lubricant and solvent in chemical
manufacturing it has become ubiquitous environmental Sampling Sites: Soil and sludge samples were collected
pollutant [9]. 2, 4-Dichlorophenol (2, 4-DCP) is used for from deposits of petroleum  field  which  are  either
the production of germicide and soil sterilizants and also chronic or recent from the Cairo Oil Refining Company,
in the manufacture of methylated chlorophenols, that are Al-Qalyubia, Egypt as indicated in Fig.1. And from
used in antiseptics and disinfectants. USEPA includes 2, agricultural regions around the company as indicated in
4-DCP together with other chlorophenols (2, 6-DCPP) Table 1. The agricultural soils have a history of pesticide
among 129 priority pollutants in 65 classes [10, 11]. exposure.
Unfortunately, chlorophenols are highly toxic and tend to
persist in the environment [12, 13]. The contamination of Sampling: Soil samples and sludge of waste water were
soil with aromatic compounds is of particular collected from 5 to 30 cm below the surface with sterilized
environmental concert as they exhibit carcinogenic and soil cores and the top 5cm of the sample was discarded.
mutagenic properties [14]. Toxic petroleum hydrocarbons The soil cores were placed in sterile plastic bags, shipped
are hazardous for soil flora and funa as well as for humans on ice and stored at 4°C to be used within 4 hours. Water
[15]. Crude oil is physically, chemically and biologically samples were collected in 250 ml screw capped sterile
harmful to the soil because it contains many toxic glass bottles and transported on ice.
compounds (polycyclic aromatic hydrocarbons,
polychloroniated aromatic compounds, benzenes and Culture Conditions and Media: Soil samples and sludge
cycloalkane rings) [16-18]. So this work aimed to isolate (25 grams) or (25ml) of waste water samples were added to
and identify a potent chloroaromatic degrading bacterial 100ml of low chloride mineral medium [19]. This medium
strains and investigating their ability to degrade different consists of the following ingredients (g/L): Na HPO .
chloroaromatic compounds. 2H O  1.4,  KH PO  0.7, NH Cl 0.3, MgSO . 7H 0 0.1, CaCl .

2 4

2 2 4 4 4 2 2

Fig. 1: Sampling site map.

Table 1: Sampling sites represented different sources of indigenous microbial communities. 
Sample (No.) Location of ample Type of soil Distance far from deposit Depth of sample pH Site in Egypt
1 Depository of petroleum field Chronic soil Zero meter Surface 4.99 Cairo Oil Refining Company-

Mostorod- AL-Qalyubiyah
2 Depository of petroleum field Recent soil Zero meter Surface 4.76
3 Depository of petroleum field Chronic soil Zero meter 30 cm depth 5.40
4 Drainage of waste solar Chronic sludge 200 meter 30 cm depth 4.90
5 Depository of petroleum field Recent soil 300 meter 30 cm depth5.40
6 Depository of petroleum field Chronic soil 200 meter Surface 5.11
7 Agriculture soil Chronic soil 400 meter Surface 5.49
8 Agriculture soil Chronic soil 400 meter 30 cm depth 5.54
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2H O 10 mg, NaNO  1.0, yeast extract 2.5 mg, For use, the on L.B agar plates and BSM agar plates amended with a2 3

following supplements were added to 1 liter of the cooled mixture of chloroaromatic compounds (330µM for each of
basal medium: 1 ml of trace element and 0.1 ml of vitamin 3-CBA, 2, 4-DCP and 2, 6-DCPP plus 10µM of 1, 2, 4-TCB).
solution. Trace element (mg/L): H BO  0.3, CoSO  0.4, The inoculated plates were incubated at 37°C for 48 hours3 3 4

ZnSO . 7H O 0.1, MnCl .4H O 0.03, NaMoO .2H O 0.03, for L.B plates and for 7 days for the chloroaromatic4 2 2 2 4 2

NiSO .6H O0.02, CuSO .5H O 0.01, HCl 50 ml, deionized degrading bacterial (CDB) plates. The bacterial count was4 2 4 2

water  950  ml.  Vitamin  solution   (mg/L):  Biotine 2.0, determined.
Folic  acid 2.0, Pyridoxal hydrochloride 10.0, Riboflavin
5.0, Thiamine 5.0, Nicotonic acid 5.0, Ca-Panthothenate Isolation of Different Bacterial Strain Capable of
5.0, Cyanocobalamine 5.0, P-aminobenzoic acid 5.0, Growing on Chloroaromatic Compounds: The well grown
deionized water 1000 ml and incubated overnight in bacterial colonies on BSM amended with mixture of
shaking incubator at 30°C with 150 rpm for adaptation of chloroaromatic compounds were picked up as a separated
the microbial communities (indigenous mixed bacteria). single colony. These colonies were called CDB. They
Then the solid particles were allowed to sediment to be stored on slants of L.B medium for further investigation at
used for inoculation of BSM [20]. Basal salt medium 4°C.
(BSM) [21]. This medium consists of the following
ingredients (g/L): (NH ) SO  1.1, K HPO  2.2, KH PO  0.9, Screening for the Most Promising Indigenous4 2 4 2 4 2 4

MgSO .7H O 0.1, MnSO .6H O 0.025, FeSO .7H O 0.005, Chloroaromatic Degrading Bacterial Isolates: The well4 2 4 2 4 2

L-ascorbic acid 0.005, deionized water 1000 ml. For use, grown CDB isolates, which are thirty-four strains, were
the following supplements were added to 1 liter of the streaked on BSM agar plates amended with one of the
cooled basal medium: 1 ml of trace elements and 0.1 ml of four different chloroaromatic  compounds.  The  plates
vitamin solution. was  amended  with  three  concentrations (2,3,5mM)  of

Growth  of  Different  Indigenous  Microbial 75µM) of 1,2,4-TCB. Three plates were used for each
Communities  on   Different  Chloroaromatic concentration  of  each  compound   for   each  isolate.
Compounds: 3-Chlorobernzoic acid, 2, 4-dichlorophenol, The plates were incubated at 37°C. The growth was
1, 2, 4-trichlorobenzene were obtained from Aldrich, shaked every day for 15 days.
Germany. 2, 6-dichlorophenol indole phenol (Dye) was
obtained from El-Gomhoria Company, Egypt. From the Identification of the Most Promising Isolated Strain
pre-adapted microbial communities, 10 ml was used to Phenotypic Characterization of Chloroaromatic
inoculate 100 ml of BSM, which was free from  any Degrading Bacterial Strain: Colony morphology of the
chloride ions.  The  BSM  was   amended   by   1mM   of most potent isolated chloroaromatic degrading strain
3-CBA, 2, 4-DCP or 2, 6-DCPP as a sole carbon and energy (MAM-24) was assessed by monitoring their growth on
source. In case of 1, 2, 4-TCB, BSM was amended by L.B agar plates. Cellular morphology was examined by
15µM. Three replicates were used for each treatment. light microscope Leica, LEITZ, LABOR LUXS, Germany.
Growth and extracellular protein was determined by
measuring Optical Density (O.D) at 600 nm and at 720 nm DNA Extraction: Genomic DNA was extracted from pure
respectively at zero time (initial), 7, 15 and 28 days. Protein bacterial culture; 24 h. grown in L.B broth media at 37°C,
was determined by Lowry et al. [22] using centrifuged for 2 min. Bacterial lysis was performed
spectrophotometer (LW-V-200-RS  UV/VIS,  Germany). according  to   the  manufacturer's  instructions  using.
For  protein   determination  Bovine  serum  albumin The GeneJET   genomic  DNA  purification  kit
(BSA), product of sigma, USA was used as standard. (Fermentas life sciences, EU). The obtained purified DNA
Also bacterial count (CFU/ml) was determined by was re-suspended in 100 µl of TE buffer [24].
spreading the serially appropriate  diluted  cultures on
L.B agar plates [23]  after  28  days  incubation  period. PCR Amplification of Bacterial 16S-rRNA:
The plates were incubated at 37°C for 48 hours. Oligonucleotide primers were used to amplify 16S-rRNA.

Determination of Total Bacterial and Chloroaromatic AGAGTTTGATCCTGGCTCAG and PH reverse:
Degrading Bacterial Count: The pre-adapted microbial AAGGAGGTGATCCAGCCGCA (synthesized in Korea)
communities of the different sources were serially diluted were used to amplify the 16S-rRNA. 16S-rRNA was
and the appropriate three successive dilutions were plated amplified  from  the obtained DNA in a reaction mixture of

3-CBA or 2,4-DCP, (1,2mM) of 2,6-DCPP and (25, 50,

TM

The universal primers: PA forward:
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PCR conditions were as follows: 10xTaq buffer, 1.25 U used for each dose. Survival curve of these bacterial
AmpliTaq Gold DNA Polymerase (Fermentas, EU), 2mM strains was determined (Dose Response Curve) on L.B
dNTP mixture, 25mM MgCl , 0.7 µg DNA, double-distilled agar plates.2

water mixed in a final volume of 50µl. The program for PCR
was as follows: the initial denaturation at 95°C for 5 min, RESULTS AND DISCUSSION
followed by 30 cycles of 95°C for 1 min, annealing at 55°C
for 1 min and 72°C for 2 min and final extension at 72°C for The soil and sludge samples collected from Cairo Oil
7 min [25]. Amplification was done using Perkin Elmer Refining Company and agriculture soils near this
GeneAmp PCR system 2400 (Germany). Analysis of the company have been used to isolate their microbial
PCR products was performed by  electrophoresis  on 1% communities (Indigenous mixed bacteria). And to
agarose gels using standard conditions according to investigate their ability to grow on the chosen
Sambrook and Russel [24]. chloroaromatic compounds 3-CBA, 2, 4-DCP, 2, 6-DCPP

Cloning and Sequencing: 16S-rRNA PCR product was source. The eight different indigenous bacterial
extracted from gel using gel extraction kit QIAquick communities as indicated in Table 1 were isolated from
Qiagen (Promega, USA). DNA sequencing was conducted recent and chronic soils at different distances and
using ABI Prism Big Dye  Terminator Cycle Sequencing different depths. The chronic soil had a 41 years exposureTM

Ready Reaction Kit (Applied Biosystems, USA) according history for deposition of petroleum wastes. While the
to manufacturer's instructions. ABI Prism  3730/3730XL agriculture soils had in addition to contamination withTM

DNA Sequencer (AME Biosciences, USA). petroleum hydrocarbons a history to exposure of

Phylogenetic Analysis: The 16S-rRNA DNA sequence best  growth  on  1mM of 3-CBA as indicated in Fig. 2.
was submitted to the National Center for Biotechnology The growth of this bacterial community was 4.7 times the
Information (NCBI) database and the sequence was initial after 7 days incubation. This growth increased and
compared to other available 16S-rRNA sequences using the incubation period increase to be 5 times of the initial
an automatic alignment tool (Blastn). The construction of after 15 days.
the phylogenetic tree was generated by PhyML and the As the incubation period increased more the growth
visualization of the tree by TreeDyn using the online decreased to be 3.9 times. Also the extracellular protein
program www.phylogeny.fr. The bootstrap values were determinations revealed that communities 1 and 2 still
obtained by drawing a tree using netwick generated file expressed the protein in high concentrations even  after
using the molecular evolutionary genetics analysis MEGA 28 days incubation, while the other communities secreted
5 program [26]. the highest extracellular protein at 7 days incubation and

Nucleotide Accession Number: The 16S-rRNA sequence The ability  of  community  (1)  to  grow  on  1mM of
was deposited in the NCBI Gene Bankit nucleotide 2, 4-DCP was 2.6 times of the initial after 7 days increased
sequence database under accession number HQ013329. to 2.8 after 15 days and continue its increase to be 3.2

Effect of Gamma Radiation on the Viability of the Selected 2, 4-DCP as indicated in Fig. 4. Community (2) was the
Isolated Bacterial Strain: The most promising selected second in growth, as the incubation period increased from
isolated  bacterial  strain  was   grown  in L.B broth 7 to 15 days, the growth increased from 2.0 to 2.2 times of
medium  for  24  hours  at  37°C  in   shaking  incubator the initial. However this community continues the
(200 rpm). The well grown bacterial cells were harvested secretion of extracellular protein till 28 days as indicated
by centrifugation at 8000 rpm for 10  minutes,  washed in Fig. 5. The growth of community (3) increased as the
with sterile saline and re-suspended in the sterile saline. incubation period increased to reach 2.5 times of the initial
Cells suspended in saline were distributed into 5ml at 28 days. The other communities also increased as the
aliquots in sterile screw capped test tubes and then incubation period increased. Growth of different bacterial
exposed  to  different  doses  of  gamma  irradiation communities on 2, 6-DCPP had an exceptional behavior
(Indian cell - Co) with dose rate 1KGy/15 min., in because the interference between growth and color of the60

National Center for Radiation Research and Technology chlorinated compound (blue color). As the growth
(NCRRT), Nasr City, Cairo, Egypt. Three replicates were increased, the color of the compound as a sole carbon and

and  1,   2, 4-TCB  as  a  sole  carbon  and  energy

pesticides.  Growth of bacterial community (1) was the

decline had been notice after that as indicated in Fig. 3.

after 28 days. This community was the best in growth on
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Table 2: Determination of the ability of the indigenous isolated strains to grow on different chloroaromatic compounds at different concentrations

2,6-Dichloro-phenol
3-Chlorobenzoic Acid 2,4-Dichlorophenol indolphenol 1,2,4-Tri-chlorobenzene
--------------------------------------------- ----------------------------------------------- ------------------------------ ------------------------------------------------

MAM-3 2mM 3mM 5mM 2mM 3mM 5mM 1mM 2mM 25µM 50µM 75µM

MAM-3 +++ +++ +++ ++ + + +++++ +++ ++ + -ve
+++ +++ ++ ++ + + +++++ +++ ++ + -ve

MAM-8 -ve -ve -ve -ve -ve -ve + -ve + -ve -ve
-ve -ve -ve -ve -ve -ve + -ve + -ve -ve

MAM-14 -ve -ve + -ve -ve -ve ++ + ++ ++ +
-ve -ve -ve -ve -ve -ve + + ++ ++ +

MAM-16 -ve -ve -ve -ve -ve -ve +++ + + -ve -ve
-ve -ve -ve -ve -ve -ve + + + -ve -ve

MAM-17 -ve -ve -ve -ve -ve -ve + + -ve -ve -ve
-ve -ve -ve -ve -ve -ve + + -ve -ve -ve

MAM-18 ++ + -ve -ve -ve -ve +++ ++ ++++ +++ ++
++ + -ve -ve -ve -ve +++ ++ ++++ +++ ++

MAM-20 + + + + + + ++++ +++ +++ ++ +++
+ + + + + + +++ +++ ++ ++ ++

MAM-21 + -ve -ve ++ + -ve +++ +++ +++ ++ ++
+ -ve -ve ++ + -ve +++ +++ ++ ++ +

MAM-22 ++ ++ + + + -ve ++++ +++ ++ ++ +
++ ++ + + + -ve ++++ ++ ++ ++ +

MAM-24 +++++ ++++ ++ +++ ++ + ++++ +++ ++++ ++++ ++++
++++ ++++ ++ +++ ++ + ++++ +++ +++ +++ ++

MAM-25 +++ +++ ++ +++ ++ + ++++ +++ ++ ++ ++
+++ +++ ++ +++ ++ + +++ +++ ++ ++ ++

MAM-27 +++ ++ ++ + + + +++++ ++++ +++ ++ +
+++ ++ ++ + + + +++++ ++++ +++ ++ +

MAM-28 +++ ++ + + -ve -ve +++ +++ ++ + -ve
++ ++ + + -ve -ve ++ ++ ++ + -ve

MAM-29 + -ve -ve + + -ve +++ +++ +++ ++++ +++
+ -ve -ve + + -ve +++ +++ +++ +++ +++

MAM-30 -ve -ve -ve -ve -ve -ve + -ve + + -ve
-ve -ve -ve -ve -ve -ve + -ve + + -ve

MAM-32 ++ + -ve -ve -ve -ve +++ ++ ++++ +++ +
++ + -ve -ve -ve -ve +++ ++ ++++ +++ +

MAM-33 + + -ve + + -ve +++++ ++++ + + -ve
+ + -ve + + -ve +++++ ++++ + + -ve

MAM-34 + -ve -ve ++ + -ve +++ + +++ +++ ++
+ -ve -ve ++ + -ve +++ + +++ +++ ++

B. cereus -ve -ve -ve ++ + -ve ++ + +++ ++ ++
-ve -ve -ve ++ + -ve ++ + +++ ++ ++

P. rettegri MAM-4 -ve -ve -ve +++++ ++++ +++ +++ ++ ++++ ++++ +++
-ve -ve -ve +++++ ++++ +++ +++ ++ +++ +++ +++

E. cloaceae MAM-4 +++ +++ -ve ++++ +++ ++ +++ + +++++ ++++ ++++
+++ ++ -ve ++++ +++ ++ +++ + +++++ ++++ ++++

-ve = no growth + = v. weak growth ++ = weak growth
+++ = moderate growth ++++ = good growth +++++ = v. good growth 

Fig. 2: Growth of     different     bacterial   communities Fig. 3: Concentration of extracellular protein of different
on      1mM      of          3-chlorobenzoic     acid bacterial communities on 1mM of 3-chlorobenzoic
(3-CBA). acid (3-CBA).
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Fig. 4: Growth of different bacterial communities on 1mM Fig. 8: Growth of different bacterial communities on
of 2,4-dichlorophenol (2,4-DCP). 15µM of 1,2,4-trichlorobenzene (1,2,4-TCB).

Fig. 5: Concentration of extracellular protein of different Fig. 9: Concentration  of  extracellular  protein of
bacterial communities on 1mM of 2,4- different  bacterial  communities  on  15µM of
dichlorophenol (2,4-DCP). 1,2,4-trichlorobenzene (1,2,4-TCB).

Fig. 6: Growth of different bacterial communities on 1mM that the best growing community was community (1).
of 2,6-dichlorophenol indole phenol (2,6-DCPP). After 7 days the growth was 3.9 times of the  initial  after

Fig. 7: Concentration  of  extracellular  protein of it's clear that community (1) was the best community in
different  bacterial   communities   on   1mM  of the growth on different chloroaromatic compounds used
2,6-dichlorophenol indole phenol (2,6-DCPP). in  this  study.  Also  community  (1) secretes the highest

energy source decreased. So the reading of the O.D was
the submission of turbidity increase and color
disappearance due to degradation of the compound as
indicated in Fig. 6. However, the extracellular protein of
communities (1, 2 and 3) increased till 28 days incubation
period indicated activity of these communities along this
period as indicated in Fig. 7.

Growth   of   different    bacterial    communities  on
1, 2, 4-TCB was indicated in Fig. 8. The results revealed

14  and  28  days  the  growth  was  3.8  and  3.2 times.
This   indicated    that    growth    of    community  (1) on
1, 2, 4-TCB reached its maximum growth after 7 days, as
the incubation period increased, the growth decreased.
On the other hand community (3 and 4) the growths
continue increased as the incubation period increased to
reach 3.5 and 2.0 times of the initial at 28 days
respectively. The results of extracellular protein revealed
that communities (1 and 2) secreted the highest protein till
28 days as indicated in Fig. 9. From the previous results,
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extracellular protein on the four compounds till the end of allowed ZTN-NB to be identified as Acinetobacter sp. and
incubation period (28 days) indicating activity of the the other three stains as Pseudomonas sp. Among the
community along this period. Also the same phenomena four isolates, ZTN-NB was most effective in degrading
had been noticed for communities (2, 3) for expressing crude oil: in 1 d, it degraded 95% of the crude oil in the
protein even after 28 days incubation. This may be culture medium (5%, v/v) [31].
attributed to the distance from deposition of petroleum The axenic cultures of the isolates utilize chlorinated
wastes, the three communities were results of compounds for growth up to 1 gram substrate/L and
contaminated soils at zero meter (at the same place of growth were enhanced in the mixed cultures of the
deposition). However, communities (1 and 3) were chronic isolates. The dehalogenase specific activity observed in
soil samples, while community (2) was resulted from the cell-free extracts of the mixed cultures of the isolates
recent contaminated soil samples. On the other hand, was significantly higher than those of their respective
communities (1 and 2) were from surface soil samples, monocultures [32]. Hickey et al. [33] found that lateral
while community (3) was from soil samples at 30cm depth. gene transfer between bacteria can potentially affect a
So, it is clear that the corner stone in contamination with variety of processes in soil including the biodegradation
petroleum wastes was the distance from deposition. of organic pollutants. Acquisition of catabolic genes can

Many investigators deals with soil contaminated with enhance contamination biodegradation by increasing the
chlorinated compounds and the abilities of their diversity of organisms able to effect at least partial
indigenous communities to degrade these contaminating transformation of compound or expanding on existing
compounds. The degradation was faster in slurries of pathways so that degradation is more extensive or
garden soil containing 8% organic carbon than in soil with complete. Under aerobic conditions 1, 2, 4-TCB was only
lower content of 2.6%. The indigenous soil populations degrading in low amounts by the indigenous
brought about the degradation of monochlorobenzene microorganism originated from contaminated aquifer [34].
when incubated at 27°C in slurries with 29% (w/w) Growth pattern of bacterial community in minimal salt
suspended solids. In contrast, the other chlorobenzenes medium with PCP (100 mg/L) as a sole carbon source
persisted  during  an incubation period of 1month [27]. indicated that O.D increased from 0.1 to reach 0.3 after 5
The ability to mineralize 3-CBA was common property of days incubation, then decreased to less than 0.2 at 20
the microbial communities of undisturbed, pristine soils. days incubation, after that the increase in O.D continued
And the mineralization of 3-CBA by the soil differed with to reach the maximum (0.55) after 280 days [35].
respect to lag phase and overall rates in many of the soil The broader definition of xenobiotics includes all
samples. The organisms that carried out the mineralization compounds that are released in any compartment of the
of 3-CBA had different spatial distribution and environment by the action of man and thereby occur in a
culturability characteristics [28]. It is reasonable to concentration that is higher than natural. Retrospective
assume that organic substrates that leach into soils will studies clearly indicate that mobile genetic elements
have a major impact on the species composition and (MGEs) play a major role in the in situ and even de novo
capabilities of the bacterial community [29]. Pavlu et al. construction of catabolic pathways in bacteria, allowing
[30] screened two polychlorinated biphenyl contaminated bacterial communities to rapidly adapt to new xenobiotics.
sites in Czech Republic, a soil at Zamberk and sediment The construction of novel pathways seems to occur by
sludge at Milevsko for the presence of chlorobenzoate an assembly process that involves horizontal gene
degraders. Sixteen different chlorobenzoate degraders transfer [36]. The distribution of hydrocarbon-utilizing
were isolated from the soil compared with only three microorganisms is also related to the historical exposure
strains isolated from the sediment. From these strains, of the environment to hydrocarbons. Those environments
only four soil degraders and one strain isolated from the with a recent or chronic oil contamination will have a
sediment, respectively, were shown to possess a complete higher percentage of hydrocarbon degraders than
chlorobenzoate (CB) pathway. Bacteria isolated from the unpolluted areas. In ‘‘pristine’’ ecosystems, hydrocarbon
soil have expressed more flexibility for CB degradation, utilizes may make up less than 0.1% of the microbial
namely in the case of ortho-chlorinated benzoates. Four community; and in oil-polluted environments, they can
petroleum-degrading bacterial strains, ZTN-NB, 6TBX-CL, constitute  up  to  100%  of  the  viable microorganisms
MVK2-5   and     XCK     were     isolated    from  various [37, 38]. The degradation capacity of 1, 2, 4-TCB in soil
oil-contaminated sites in Vietnam. Determination of the from contaminated site was very high rate up to 62% of
nucleotide sequence of the gene encoding 16S-rRNA the  initially  applied amount of 1, 2, 4-TCB within 23 days
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[9]. Swelam et al. [39] investigated those indigenous procedure are potential degraders of PCBs. Baggi et al.
microbial communities of soil samples were superior in [46] investigated the degradation properties towards
growing   on    chloroaromatic   compounds   than  that  of chlorobenzoates by a 2-chlorobenzoate-degrading mixed
water samples communities. Indigenous microbial culture (2MC). 2MC was constituted of three prominent
communities were capable of growing on 1, 3 and  5mM of species; Stenotrophomonas maltophilia, Cupriaridus
1, 4-dichlorobenzene or 4-chloroaniline as a best sole necator and Flavobacterium sp. Chlorinated benzenes
carbon and energy source. They also capable of growing including chlorobenzene (CB) and 1, 2-dichlorobenzene
on the other chloroaromatic compounds but at a  less rate. (DCB). Laboratory shake flask trials confirmed that the
Kolar et al. [40] isolated the aerobic bacteria enriched from soils in the pilot scale treatment contained a microbial
marine sediments, using SMS medium supplemented with consortium capable of mineralizing CB and DCB [8].
polychlorinated biphenyl. Marine sediment samples were Onneby et al. [47] examined whether adding pesticide
collected at urban areas of the Croation Adriatic coast and degrading microorganisms simultaneously with pesticide
the addition of biphenyl as the only carbon source had at application could significantly reduced diffuse
been used in shaked cultures in seawater mineral salt contamination from pesticide use in agriculture soil and
(SMS) medium. All enriched mixed cultures demonstrated sand soil with low degradation potential (poor in microbial
the capability to use biphenyl. activity). Also they showed that > 80%-99% degradation

The efficiency of Bacillus subtilis DM-04 and of 2, 4-D and 4-cloro-2-methylphenoxy acetate  (MCPA)
Pseudomonas aeruginosa M and NM strains isolated in soil within 1 day and > 99% within 3 days after
from  a   petroleum  contaminated  soil  sample  from inoculation with 10 -10  herbicide- degrading bacteria/g
North-East India was compared for the biodegradation of soil. The count of indigenous bacterial communities at the
crude petroleum-oil hydrocarbons in soil and shake flask end of incubation period revealed an increase in all
study. These bacterial strains could utilize crude communities count after 28 days incubation than the
petroleum-oil hydrocarbons as sole source of carbon and initial count on the four chloroaromatic compounds as
energy. The results showed that B.  subtilis  DM-04  and indicated in Fig. 10. The increase in bacterial count of the
P. aeruginosa M and NM strains could be effective for in eight communities was ranging from 0.2 to 1.5 log cycles
situ bioremediation [41]. Also Wang et al. [42] isolated on 3-CBA. The lowest increase (0.2 log cycles) was from
bacteria from a soil which has been polluted with 6.5 x 10 CFU/ml to 1.0 x 10 CFU/ml, while the highest
chlorinated benzene for more than 25 years and adapted. increase (1.5 log cycles) was from 1.0 x 10  CFU/ml to
A microbial community was enriched from this soil and 3.3x10  CFU/ml.
acclimated in liquid culture under aerobic condition using The increase in count of bacterial communities on 2,
1, 2, 4-TCB as sole available  carbon  source. Grundmann 4-DCP after 28 days incubation was ranging from 1.0 to 2.3
et al. [43] used an active, isoproturon degrading microbial log cycles i.e. from 1.1 x 10  to 1.1 x 10  CFU/ml and 1.0 x
community to successfully enhance pesticide 10  to 2.2 x 10  CFU/ml, respectively. The increase in case
mineralization in various soils under laboratory and of growth on 2, 6-DCPP was ranging from 0.6 to 1.7 log
outdoor conditions. The microbes, extracted from soil cycles. The increase was from 2.3 x 10 to 1.1 x 10  CFU/ml
having high native ability to mineralize were established and from 1.0  x 10   to  4.5  x  10   CFU/ml  respectively.
on expanded clay particles and distributed to various soils The increase in bacterial count of the eight communities
in the form of microbial "hot spots". PCBs are not easily grown on 1, 2, 4-TCB were ranging from 0.4 to 2.7 log
separated from petroleum oil because the physical and cycles. This increase was from 8.0 x 10 to 2.0 x 10  CFU/ml
chemical characteristics of PCPs are very similar to those and from 1.0 x 10  to 5.0 x10  CFU/ml, respectively.
of mineral oil. The components of oil based liquid wastes Surprisingly, the above results revealed that the highest
co-elute with the PCBs [44]. Dercova et al. [45] isolated community in growth on the four chloroaromatic
and identified polychlorinated biphenyl degrading compounds used was community (7). This community
microorganisms from sediments of Strazsky canal and increased by 1.5, 2.3, 1.7 and 2.7 log cycles on 3-CBA, 2,
Zemplinska Strava water reservoir. Microorganisms that 4-DCP, 2,6-DCPP and 1,2,4-TCB respectively. However,
grow on minimal medium with biphenyl as the sole carbon community (8) increased by 1.1, 1.2, 1.0 and 1.1 log cycle
source were isolated from samples of the sediments. on 3-CBA, 2, 4-DCP, 2, 6-DCPP and 1, 2, 4-TCB
Biphenyl is an inducer of the biphenyl operon and its respectively. Communities (7 and 8) were the results of
presence causes induction of the so-called PCB "upper" agriculture soil contaminated with petroleum wastes at a
degradation pathway. Microorganisms isolated by this distance  400  meter away from the deposition with record
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Fig. 10: Count after incubation period for 28 days of different indigenous mixed bacteria on different chloroaromatic
compounds

Fig. 11: Count of different indigenous bacterial microorganisms. Baggi et al. [51] found that the count of
communities on different types of media. two soils of different contamination history was ranging

of pesticide exposure. This agriculture soils were Liakopoulou-Kyriakides [11] mentioned that cell growth
cultivated with plants. So, the two soil were similar in rate constitutes indication for the degradation efficiency
everything, the only difference between them was that of strains, as it is closely associated to the size of bacterial
community (7) was surface soil while community (8) was population (higher number of available degrading
at 30cm depth. This may be explained the difference in enzymes). It is known that the cell growth rate is referred
count. The above notice revealed that, the surface soil to increment to cell numbers or biomass weight in a given
had a higher bacterial count than that at depth in case of period of time. The count of the eight indigenous bacterial
growing on chloroaromatic compounds as sole carbon communities of the pre-adapted culture at zero time was
and energy source. The biological in situ remediation of determined on L.B agar plates (Total Bacterial Count) and
a former pesticide production site, highly contaminated on BSM agar plates amended with 1mM mixture of the
with chlorobenzenes, chlorophenols and four chloroaromatic compounds (chloroaromatic
hexachlorocyclohexanes (HCH) was studied for a period degrading bacteria). The highest  total  bacterial  count
of one year. Dependent on the measurements, elimination (3.0 x10  CFU/ml) and chloroaromatic degrading bacterial
of ~70% the pollutants was attributed to microbial (CDB) count (2.0 x 10  CFU/ml) had been recorded for
degradation. The latter fact is supported by oxygen community (3). The results as shown in Fig. 11 cleared
consumption data, by increase in microbial counts and by that 66% of the bacterial count of community (3) was
changes in the distribution of the pollutants. In all CDB. This means that chronic soils contaminated with
samples, the bacterial counts on R2A agar plates were petroleum wastes at the same place of deposition but at
between 10  and 10  CFU/ml [48]. Brunsbach and Reineke 30cm depth having the higher CDB count.3 5

[49] found that about 70% of the organic bound chlorine Similar studies, Feidieker et al. [48] determined the
was eliminated after 28 days from soil when 2-3 x10 cell/g. colony counts as colony forming units (CFU) on different5

soil of each the strains were added to the slurries. media  (nutrient  agar;  R2A  agar   and   wort   agar).  In all

The count of soil sample was 6.1 x 10  cells/g and 8.55

x 10  cells/g in sediment of the Czech Republic [29].4

However, the ground water contained from 10  to 104 7

microscopically counted cells/ml and up to 10  CFU/ml5

heterotrophic bacteria cultivable at 8 and 20°C [50].
Olaniran et al. [32] mentioned that the mixed cultures
utilized most of the substrates better than the respective
monocultures. A similar observation has been reported by
other studies which suggest that the biodegradation
process could be facilitated by consortium of

from 4x10  to 4x 107 CFU/g dry soils. Ziagova and6

6

4
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Fig. 12: Agarose gel of DNA of isolated strain MAM-24 Gram-positive degrading cluster was found containing
chloroaromatic degrading bacteria. seven actinobacteria [49]. Also, Olaniran et al. [32]

samples, bacterial counts on R2A agar and nutrient agar oxidation pound using enrichment culture technique and
were between 10  and 10  CFU/ml. In general, more the bacterial isolates were identified to belong to the two3 5

colonies could be counted on R2A agar. Count of genera Bacillus and Corynebacterium. While, Kolar et al.
dechlorinating species amount to at least 6x10  cells/ml at [40] found that biphenyl-utilizing bacteria isolated from5

total cell number 2 x 10  cell/ml [52]. Mannisto et al. [50] the most active PCB-degrading mixed cultures showed6

found that, the number of culturable bacteria ranged from little taxonomic diversity (six out of seven isolates
1x10  to 2 x 10  and from < 50 to 1.9 x 10  CFU/ml on PYGV belonged to the genus Rhodococcus and one to the2 5 5

agar at 20 and 8°C, respectively. Slightly higher counts genus Sphingomonas).
were generally obtained on R2A agar than PYGV agar. From the previous results, we select isolate MAM-24
While, Baggi et al. [51] recorded a count for two soils one as a representative for chloroaromatic degrading bacteria
of them Landfill soil and the other soil treated with (CDB). This isolate was characterized as Gram- positive
prochloraz. The count was 4 x 10  and 4 x 10  CFU/g dry spore-forming Bacillus, creamy, large, irregular margin,6 7

weight on plate agar medium and 7 x 10  and 5 x 10  CFU/g flat, when grown on L.B agar plates. The isolate MAM-243 5

on the two soils respectively. The separated single was identified by the molecular techniques. DNA
colonies, which grown well on BSM amended  with extracted from isolate MAM-24 was amplified by PCR.
mixture of chloroaromatic compounds (CDB) were picked The product of PCR  was  electrophoresed  by  agarose
up. To determine their abilities to grow on different gel electrophoresis shown in Fig. 12 DNA was 1500 kbp.
concentrations of each of the four chloroaromatic The nucleotide sequences of the 16S-rRNA from the
compounds, to chose the most potent strains. A isolated strain MAM-24 was determined comprising 841
screening had been made for the  thirty-four  isolates. nucleotides and deposited in the NCBI Gene Bankit
Only eighteen isolates in addition to three standard sequence databases under accession number (HQ013329)
strains shown a degree of growth on one or more of the as shown in Fig. 13. A phylogenetic tree constructed on
tested chloroaromatic compounds as indicated in Table 2. the obtained 16S-rDNA coding gene sequences of the
From the results, it is clear that isolated strain MAM-24 isolate MAM-24 and the nearest relatives was shown in
have the ability to grow well on the three concentrations Fig. 14. The 16S-rRNA of isolate MAM-24 showed a
of 3-CBA, 2, 4-DCP and 1, 2, 4-TCB and also on the two similarity  of  100% to Bacillus mucilaginosus (GQ866855)

concentrations of 2, 6-DCPP. Five isolates and standard
strain, having to some extent a degree of growing on
different chloroaromatic compounds at different
concentrations have been chosen to further
investigations.

The chosen isolates were MAM-24, MAM-27,
MAM-29, MAM-33 and MAM-3 and Enterobacter
cloaceae MAM-4 isolated from heavy metal waste water.
The most five chosen isolates, that have the ability to
grow on chloroaromatic compounds have been
characterized by their morphological character and Gram
stain. Isolates MAM-24, 27, 29 and 33 were Gram-positive
spore  former   Bacilli   while   isolate   MAM-3  was
Gram- negative short rods Pseudomonas with
pigmentation olive green. The standard strain E. cloaceae
MAM-4 was Gram-negative also. Of, the  102  pure
culture, of which 86% Gram-negative, from  the  pluma
area  (10.000 µg of chlorophenols/L), 57% degraded
2,3,4,6-tetrachlorophenol (TeCP); 17% also degraded
pentachlorphenol (PCP). The degraders were scattered
among 16 different clusters of Gram-negatives. Only one

isolated four bacterial species from soil and a sewage
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1 gagatgcgcg aaccgggtat ttgtgtggtt tatgaagttg cctatggatc acctacttag
61 ttccgaaagg agcgctaata ccgcatacgt cctacgggag aaagcagggg accttcgggc
121 cttgcgctaa tagatgagcc taagtcggat tagctagttg gtagggtaaa ggcctaccaa
181 ggcgacgatc tgtagcgggt ctgagaggat gatccgccac actgggactg agacacggcc
241 cagactccta cgggaggcag cagtggggaa tattggacaa tggggggaac cctgatccag
301 ccatgccgcg tgtgtgaaga aggccttttg gttgtaaagc actttaagcg aggaggaggc
361 tacctagatt aatactttag gatagtggac gttactcgca gaataagcac cggctaactc
421 tgtgccagca gccgcggtaa tacagagggt gcgagcgtta atcggattta ctgggcgtaa
481 agcgtgcgta ggcggccaat taagtcaaat gtgaaatccc cgagcttaac ttgggaattg
541 cattcgatac tggttggcta gagtatggga gaggatggta gaattccagg tgtagcggtg
601 aaatgcgtag agatctggag gaataccgat ggcgaaggca gccatctggg cctaatactg
661 acgctgaggt acgaaagcat ggggagcaaa caggattaga tacctggtag tccatgccgt
721 aaacgatgtc tactagccgt tggggccctt gaggctttag tggcncagct ncgcgataag
781 tagaccgcct gggagtacgn ngcagactac aactcaatga ttgacggggc ccgcacagcg
841 gtgagcatgt gtttat -- -- -- --

Fig. 13: DNA sequencing of isolate MAM-24

Fig. 14: Phylogenetic tree representing the relationships of 16SrRNA gene sequence analysis of isolated MAM-24
chloroaromatic degrading bacteria and Bacillus sequences from GenBank (NCBI). The tree was constructed
using molecular evolutionary genetic analysis MEGA 5 program based on the examination of 841 16S rRNA
gene nucleotide positions.

and had a close match to the described species, Bacillus Z56  and  Z57  showed   highest   sequence  similarity
sp. (FJ607057) with homology of 84%. So, the isolate (99% and 98% respectively) to R. ruber M2 isolated from
MAM-24 was identified as Bacillus mucilaginosus industrial waste water [40]. The CDB, Bacillus
HQ013329. Wang et al. [42] isolated two strains and mucilaginosus (HQ013329) was exposed to different
identified them by comparative sequence analysis of their doses of -irradiation to determine the dose response
16S-rRNA coding genes as members of the genus curve of this newly isolated strain of Bacillus
Bordetella with Bordetella sp. QJ2-5 as the highest mucilaginosus that having the ability to degrade different
homological strain and with Bordetella petrii as the chloroaromatic compounds at different concentrations
closest related described species. The 16S-rRNA of the and select a mutant having the ability to degrade
two isolated strains showed a similarity of 100%. chloroaromatic compounds more than the  parent  strain

The isolates R2, D3-1, D3-2 and D14 revealed the B. mucilaginosus. The dose response curve of B.
highest sequence similarity (99%) to Rhodococcus mucilaginosus indicated that as the dose of -radiation
erythropolis DCL14 isolated from fresh-water sediment, to increased the viable count decreased exponentially as
Rhodococcus erythropolis OUCZ211 isolated from a PCB indicated in Fig. 15. Dose of 10 KGy (1.0 Mega) reduced
contaminated soil and to Rhodococcus sp. X309 isolated the viable count by 3.5 log cycles; However, dose 15 KGy
from marine sediment. On the other  hand,  the  isolates (1.5   Mega)   reduced   the   viability    by   4.8  log cycles.
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Fig. 15: Effect of gamma-radiation doses on the viable Molecular Biology, 360: 788-799.
count of isolated strain (24). 4. Nawab, A., A. Aleem and A. Malik, 2003.

This means that B. mucilaginosus like other strains of agricultural soil with special reference to c-HCH
Bacilli  was   highly  resistant  to  gamma  radiation. degradation by Pseudomonas strains. Bioresource
These results   are   in  agreement  with  those  reported Technology, 88: 41-46.
by  Abo-State   [53-57]   and   Abo-State   et   al. [58]. 5. White, P.M., T.L. Potter and A.K. Culbreath, 2010.
Also, Abo-State et al. [58] found that 10 KGy reduced the Fungicide dissipation and impact on metachlor
viability of the isolated Bacillus MAM-96 by 2.5 log aerobic soil degradation and soil microbial dynamics.
cycles. Abo-State [53] found that 10 KGy reduced the Science Total Environmental, 408: 1393-1402.
viable count of B. cereus by 5.8 log cycles. Abo-State [54] 6. Rapp, P., 2001. Multiphasic kinetics of
indicated that Bacillus cereus NRRL569 when exposed to transformation of 1, 2, 4-trichlorobenzene at nano and
10 KGy the viability was reduced by 1.97 log cycles and micromolar concentrations by Burkholderia sp.
15 KGy reduced the viability by 3.77 log cycles. strain PS14. Applied Environmental Microbiology,
Meanwhile, Abo-State and Khalil [57] indicated that the 67: 3496-3500.
count of B. cereus strains NRRL569 and ATCC11778 were 7. Zhang, J., W. Zhao, J. Pan, L. Qiu and Y. Zhu, 2005.
reduced by 5.5 and 2.7 log cycles after exposure to 10 KGy Tissue-dependent distribution and accumulation of
respectively. This means that B. cereus ATCC11778 is chlorobenzenes by vegetables in urban area.
more resistant than B. cereus NRRL569. This high Environmental International, 31: 855-860.
resistance of Bacillus strains to gamma radiation may be 8. Guerin, T.F., 2008. Ex-situ bioremediation of
attributed to increased sulphur content and efficient repair chlorobenzenes in soil. Journal of Hazard Material,
mechanisms. Also, it may be attributed to presence of 154: 9-20.
spores, which highly resistant to unfavorable conditions 9. Schroll, R., F. Brahushi, U. Dorfler, S. Kuhn, J. Fekete
[54]. The lethal effect of gamma radiation may be explained and J.C. Munch, 2004. Biomineralisation of 1, 2, 4-
on the basis that -radiation induces DNA  damage, trichlorobenzene in soils by an adapted microbial
single  or  double  strain  breaks   and  disrupter of population. Environmental Pollution, 127: 395-401.
protein-DNA  complex,  so  affecting  gene  expression 10. Vroumsia,  T.,    R.   Steiman,   F.   Seigle-Murandi
[59, 60]. Colonies resulted from exposure of the parent and J.L. Benoit-Guyod, 2005. Fungal bioconversion
strain B. mucilaginosus to different doses of gamma of  2,   4-dichlorophenoxyacetic    acid   (2,  4-D) and
irradiation, that having morphological changes on L.B 2,  4   dichlorophenol    (2,   4-DCP).  Chemosphere,
agar medium were picked up as separated single colonies 60: 1471-1480.
for further investigations. 11. Ziagova, M. and M. Liakopoulou-Kyriakides, 2007.
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