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Abstract:

Fifty two wastewater samples from wastewater treatment plant of Al-Dora refinery
were collected at period from February 2012 to January 2013. 154 bacterial isolates
were isolated from wastewater samples using liquid and solid BH medium with 1%
crude oil as a carbon source. Primary screen were done using solid BH- medium with
1% crude oil, the bacterial isolates were inoculated and incubated at 30°C for five
days. Results shown that 45 isolates were appeared the highest growth ability.
Secondary screen were done for bacterial isolates selected from primary screen using
clear zone and redox indicator ( DCPIP) techniques . Results shown that B.T.23,
B.T.27 and A.T.90 isolates have the best ability for crude oil degradation .The three
isolates were characterized based on morphological , cultural and biochemical tests ,
subsequently was identified and designated as Pseudomonas aeruginosa , Bacillus

cereusand Bacillus subtilis respectively.

Key words: Biodegradation, crude oil, Al-Dora refinery, clear zone, 2,6- (DCPIP).
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Introduction:

Waste water released from the
refineries are characterized by the
presence of large quantity of crude oil
products, polycyclic and aromatic

hydrocarbon, phenols, metal
derivatives, surface active substances
,sulfides, naphthalene acids and other
chemicals (1).

As a result of ineffectiveness of
purification systems, waste water may
become seriously dangerous, leading to
the accumulation of toxic products in
the receiving waster bodies with
potentially serious consequences on
the ecosystem(2, 3).

There are so many bacterial strains
that can degrade or transform the
components of crude oil products to
the hazardous,

non-toxic,  non-

biodegradable and environmentally
friendly compounds such as CO,,H,0
and biomass This action is known as a
biodegradation.( 4).

Rate of this action is critically
depending on different factors include
microbial composition, contaminant
type, geology of polluted site and
the

chemical conditions at

contaminated site(5).
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The principle of enrichment culture
IS to provide growth conditions that are
very favorable for the organisms of
interest and as unfavorable as possible
for competing organisms. Hence, the
microbes of interest are selected and
enriched ( 6).

In this study bacteria which degrade
petroleum hydrocarbons (crude oil)
were isolated from  wastewater
treatment plant and screened for their
hydrocarbon degradation efficiency
which was carried out using growth
ability , formation of clear zone (7 )
and DCPIP method ( 10, 8) ,they were
further characterized by

morphological, cultural and

biochemical techniques.

Materials and Methods:
Samples collection:

Wastewater samples were taken

from wastewater treatment

plants(physical chemical treatment
unit, biological treatment unit and final
discharge unit) of AL-Dora refinery
for biological studies, one sample per
season with two replicates for each
sample for a year from February 2012

to January 2013.
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Wastewater samples were collected
from surface water of each unit (30-40
cm depth) except the final discharge
unit samples which were taken from
site of subtraction of water using
conical flasks. All the samples were
then carefully transferred to laboratory
and stored at 4°Chefore analysis.

Enrichment and isolation:

Selective enrichment technique was
used for isolation of hydrocarbon
degrading bacteria from wastewater
samples. Bushnell-Hass broth was used

in this technique.

About 25 ml of Bushnell-

medium

Hass
which compose of

(9/1):MgSO, 0.2, CaCl_ 0.02, KH PO,
1, (NHy)3PO4 1, KNO, 1and Fe CL,

0.05. Was dispensed in 100 ml
Erlenmeyer flasks ,pH adjusted at 7.0
and supplemented with 1% crude oil as
a substrate .Flasks were sterilized by
autoclave at 121°C ,15 psi for 15 min.
After sterilization 1 ml from each
wastewater samples was inoculated to
25 ml Erlenmeyer flask ( triplicate for
each waste water sample )  with
control ( flasks were inoculated with

1ml of sterile distill water) (11,25) .
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All flasks were incubated in shaker
incubator at 30 °C for 7 days at 150
rpm. After a week of incubation 0.1
ml from each flasks ( test and control)
were subjected to appropriate dilution
using 0.1% sterilized peptone broth
(pH 7.0) from (102 - 10° ), 0.1 ml
from each dilutions were spread on L-
agar composed of (g / I): tryptone 15 ,
yeast extract 5.0 , NaCl 5 , glucose 1.0
and 2% (v/v) agar - agar, pH adjusted
at 7.0.All plates were incubated with
three replicate for each wastewater
samples as well as control plates at 30
°C for 48-72 hour( 9 ,12).

After incubation colonies with
different morphologies (in shapes , size
and color) were purified by streaking
method on L- agar plates, this method
was repeated until pure isolated
colonies were obtained and stored on
slants at 4 °C for further
experiment(13, 14).

Screening of bacterial isolates:
1-primary screening

Solid BH- medium supplemented
with 1% of crude oil was used to
express bacterial crude oil degrading
ability .The medium were inoculated
with

loopfull from each bacterial
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isolates in the middle of the agar plate,
all plates were incubated at 30°C for5
days. The growth ability of bacterial
isolates and the diameter of bacterial
colonies was graded as strong (+++),
moderate (++) and weak (+), and the
most active bacterial isolates were
selected for further experiment by

secondary screening( 11).
2-Secodery screening
It was assessed by two methods:
1- Formation of clear zone

An ethereal solution of crude oil
(10% v/v) was uniformly sprayed over
the surface of BH-medium agar plates,
the ether immediately vaporized and a
thin layer of oil remained on the entire

surface.

Pure bacterial isolates obtained were
cultured by spreading technique over a
1 cm area on the middle of BHM agar
plates ( a triplicate for each bacterial
isolate),then the plates were incubated
at 30°C for ( 24 - 144 ) hours. The
bacterial isolates that formed clear
zone around colonies were considered
as crude oil degraders( 15). The most

active bacterial isolates were selected
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for further screening of biodegradation

rates by colorimetric method.
2- Using 2,6-DCPIP indicator
in liquid culture

8, 10 used DCPIP as

indicator ,in this method consisted of

redox
addition to the medium an electron
acceptor dye such as( 2,6-DCPIP ) to
test the ability of bacterial isolates to
utilize the substrate by observing the

color change of the indicator from

blue ( oxidized ) to colorless (
reduced).
Inoculums' of  bacterial isolates

were prepared by transferring a loop
full from stored L-agar slant medium
to a test tube containing 10 ml of
sterile BH-medium broth .Tubes were
incubated at 30°C for 24 hours at 150
rpm ,after incubation 0.5 ml from each
bacterial cultures were inoculated into
test tubes containing 10 ml of BH-
medium ,all tubes were supplemented
with 1% (v/v) of crude oil and (2mg/
ml) of 2,6-DCPIP indicator. (17, 16).
BH-medium broth contains 1% of
crude oil and (2mg/ml) of 2,6-DCPIP
indicator without inoculum was used
as control ,the tubes were incubated at
30°C for (24-144 ) hours at 150 rpm.
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Identification of selected

isolates:

Each isolate was examined for its
cell morphology, arrangement and
Gram reaction as described in Bergey’s
Manual of Determinative Bacteriology
(14).

include, production of catalase, indole,

Biochemical properties tested

oxidase , methyl red  test,
VogesProskauer test , starch utilization
test , gelatin utilization test, nitrate
reduction test, citrate utilization |,
sugars fermentation tests ,pyoceyanin
pigment production and motility test (

11, 14).

Results and Discussion:
Isolation of crude oil degrading

bacteria:

In this study wastewater samples
from Al-Dora refineries considered
important source for native bacterial

capability of mineralize crude oil
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hydrocarbons in oil contaminated sites
was confirmed before

scientists ( 5, 18 ). 154 bacterial

by many

isolates isolated from 52 wastewater
samples from ( physical chemical
treatment unit , biological treatment
unit and final discharge unit ) of AL-
Dora refinery wastewater plant
.Results in table (1) shown variation in
isolates number obtained depending on
the place and the period of sample
collection, results shown that the
highest number of isolates were from

biological treatment tank, 89 isolates.

(19) isolated113 crude oil degrading

isolates from different crude oil
contaminated environment. While (20)
isolated 20 bacterial isolates capable of
degrading crude oil. According to the
above result, there is a compatibility
about the wastewater is a good source
of bacterial isolates capable of utilized

crude oil.
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Table (1): Bacterial isolates isolated from wastewater samples obtained from AL-
Dora refinery, using solid BH-medium with 1% of crude oil as a substrate. Plates
were incubated for 3 days at 30°C.

Sequence | Type of samples collected and | Samples Samples collecting Number of bacterial isolates that
sites number date we obtained
1 Water - Physico-chemical Five samples 15 /4/2012 5
treatment tank
2 Water - Biological treatment Three samples 15/4/2012 32
tank
3 Water - Final discharge tank Five samples 15/4/2012 18
4 Water - Physico-chemical Five samples 29/4/2012 3
treatment tank
5 Water- Biological treatment Three samples 29/4/2012 18
tank
6 Water - Final discharge tank Five samples 29/4/2012 13
7 Water - Physico-chemical Five samples 5/6/2012 4
treatment tank
8 Water - Biological treatment Three samples 5/6/2012 25
tank
9 Water - Final discharge tank Five samples 5/6/2012 10
10 Water - Physico-chemical Five samples 26/11/2012 3
treatment tank
11 Water - Biological treatment Three samples 26/11/2012 14
tank
12 Water - Final discharge tank Five samples 26/11/2012 9

* Total sum of bacterial isolates that we obtained = 154 isolate.

Where:

- Number of isolate from physico-chemical treatment tank = 15 isolate.

- Number of isolate from biological treatment tank = 89 isolate.

- Number of isolate from final discharge tank = 50 isolate.

Primary screening

45 isolates from154 hydrocarbon
degraders were found to maintain its
crude oil degrading ability, which was
established by the isolates growing on
BH-medium with 1% of crude oil. The
efficiency to degrade was recorded
depending on the diameter of bacterial

colonies developing. (19). Results in
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table ( 9, 2) shown that most of those
isolates shows strong growth ability
with a diameter from 1.0 - 2.0 cm.

(21) mention that the ability of
bacterial isolates to utilize crude oil
was estimated by growth and that
results ranging from strong to weak

growth.
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Table (2): Primary screening of crude oil degrading bacteria using solid BH-medium
supplemented with 1% crude oil incubated at30 °C for 5 days.

Sequence Number of bacterial isolates Growth Ability of bacterial isolates
Strong Moderate Weak
1 45 +++
77 ++
3 32 +

*the ability of bacterial isolates were measure depending on the diameter of bacterial colonies
developing as the following:

- Strong = +++ were the diameter of developing colonies 1.0 - 2.0 cm .
- Moderate = ++ were the diameter of developing colonies 0.5-1.0cm.
- Weak =+ were the diameter of developing colonies 0.0 - 0.5cm .

*depending on diameter of developing bacterial colonies we select 45 bacterial isolates that
characterized by their strong development on solid BH-medium.

Secondary screening:

1- Formation of clear zone

The efficiency to degrade which degradation amount from(2.0 - 3.5 cm)
was recorded by the zone of clearance as shown in figure(1) were estimated.
formed by the degraders on BH- (22) mentioned that clearing of
medium plates (19). Results in table crude oil in the medium showed the
(3) shown that 15 from 45 bacterial bacterial growth and indicate the
isolates have the maximum degradation which may be due to

production of emulsifiers , surfactant.
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Table(3) : Secondary screening for the most active 45 bacterial isolates from
primary screening by formation of clear zone around the colonies on solid BH-
medium sprayed with an ethereal solution of crude oil( 10%) over the surface of the
agar plate, then incubation at 30 °C for 6 days.

Degradation amount Clear zone size Number of bacterial isolates
Maximum 20-35cm 15
Medium 15-20cm 5
Minimum 1.0-15cm 25

*clearing of crude oil in the medium showed the bacterial growth and it indicates the degradation
according to clearing zone size.

*among the 45 isolates , 15 formed maximum clearing zone on BH-medium , those 15 isolates were
selected for further screening of biodegradation rates by color metric method.

Figure (1): formation of clear zone on solid BH-medium with ethereal solution of
crude oil (10% v/v) for 24 - 144 hours.

2- Using 2,6-DCPIP indicator in liquid culture

A rapid screening technique using a completely discolored the indicator
redox indicator 2.6- DCPIP used for within less than 24 h . as shown in
further screening of bacterial isolates table (4), while the other 12 isolates
obtained from clear zone experiment discolored the indicator after a period
(8). of 48 - 144 hours, which indicate slow
The 15 bacterial isolates were tested, response to biological oxidation, as
and only three isolatesB.T.23, B.T.27 shown in figure (2).

and A.T.90 were selected because they

94



AL-Qadisiyah Journal of pure Science

Vol.23 No.3 Year 2018

(9) mentioned that color change of
DCPIP was observed visually till 144
h. and they found that six isolates
decolorize the dye in about 120 h.

Table(4):Secondary screening of the most active 15 bacterial

liquid BH-medium incubation at 30 °C for (24 - 144) hours at 150 rpm .

While (16) mentioned that time taken

for decolonization differ according to

the

biodegradability

isolates.

of

bacterial

isolates for
biodegradability of crude oil using redox indicator2,6- Dichlorophenol Indophenol in

Seq. Isolate Sampling site isolates biodegradability of crude oil by using redox indicator (2,6-DCPIP) .
METATIS Decolourisation time (in hrs)in liquid BHM .
24 hrs. 48 hrs. 72 hrs. 96 hrs. 120 hrs. 144 hrs.
1 B.T.3 Biological treat.tank +
2 B.T.4 Biological treat.tank +
& B.T.6 Biological treat.tank
4 B.T.16 Biological treat. tank
5 B.T.21 | Biological treat.tank +
6 B.T.23 | Biological treat.tank
7 B.T.27 | Biological treat. tank
8 B.T.31 | Biological treat.tank
9 B.T.32 | Biological treat.tank
10 B.T.33 Biological treat.tank
11 B.T.43 | Biological treat. tank
12 B.T.45 | Biological treat.tank
13 A.T.90 | Final discharge tank
14 P.C.145 | Physico-chemical treat.
tank
15 P.C.147 | Physico-chemical treat.
tank

* According to the secondary screening of the most active 15 bacterial isolates biodegradability of

crude oil by using redox indicator (2,6-DCPIP) in liquid BHM , we select the most active 3 bacterial
isolates which have the ability of decolonization of blue DCPIP indicator to colorless in liquid BH-

medium .
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Figure(2): The ability of decolonization of blue DCPIP indicator to discolor in liquid

BH-medium.

Characterization of selected isolates:

Morphological and  microscopic
observations appeared that the three
bacterial isolates were rod shape, one
of them was Gram negative, motile and
non spore former while others were
Gram positive, motile and  spore
former. Biochemical tests shown in
table (5),

isolates as Pseudomonas aeruginosa

results suggested these
,Bacillus cereus and Bacillus subtilis
according to Bergey’s Manual of
Determinative Bacteriology (14).

Both Pseudomonas aeruginosa and

Bacillus subtilis bacterial isolate were
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isolated from crude oil contaminated
sites and identified as biodegraded
bacteria (22). Also Bacillus cereus was
isolated from petroleum hydrocarbon
contaminated soil and water around oil
refinery and show the best oil degrader
compared to other isolates belonging to
Micrococcus varians ,P. aeruginosa |,
Vibrio sp.and Alcaligenes sp.(24).
Bacillus species are more tolerant to
high levels of hydrocarbons due to
their resistant end spores ( 23) .
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Table (5): Morphological and biochemical characteristics of bacterial isolates.

Biochemical test name

Code number of bacterial isolates

B.T.23 B.T.27 A.T.90
Shape and arrangement of the cells | Rods in chains Rods in chains Swarming
Gram reaction + +
Spore staining and location Sub terminal Central
Motility test + + +
Gelatin hydrolysis + + +
Starch hydrolysis + +
Catalase test + +

Oxidase test

Indol test

Nitrate reduction + + I
Citrate utilization + + +
Voges — Proskauer test + + +
Methyl red +

Glucose fermentation + + +
Lactose

Maltose + T
Manitol +

Arabinose + T

Pyoceyan pigment production

+ positive reactions , - negative reactions
Conclusions:

According to results from this
research, the following conclusions
have been reached:

1- One hundred and forty five
bacterial isolates were isolated
from fifty two

Al-Dora  refinery  wastewater

samples, which collected at
different period. All bacterial
isolates showed ability to degrade
crude oil.
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2-This study has demonstrated a
very good biodegradation
capability of crude oil
hydrocarbons as a source of carbon
when use B.T.23, B.T.27 and
A.T.90 isolates, which
subsequently was identified and
designated as Pseudomonas
aeruginosa ,Bacillus cereus and
Bacillus subtilis respectively.

Vol.23 No.3 Year 2018



AL-Qadisiyah Journal of pure Science

References:

1- Suleimanov, A. Y. (1995).
Conditions of waste fluid accumulation
at petrochemical and processing
enterprise prevention of their harm to
water  bodies .Meditsina  Truda
Promyswe Nnaia Ekologila, Vol. 12,
pp. 31-36.

2- Aghalino, S. O. ;Eyinla, B.,( 2009).
Oil exploration and marine pollution:
Evidence from the Niger Delta,
Nigeria . Journal of Human Ecology,
Vol. 28 (3), pp. 177-82.

3- Beg, M. U.; Saeed, T.; Al-Muzaini,
S.; Beg, K. R. ; Al-Bahloul, M.,(
2003).  Distribution  ofpetroleum
hydrocarbon in sediment from coastal
area receiving industrial effluents in
Kuwait.Ecological Environ Saf, Vol.
54, pp. 47-54.

4- Barathi, S.;Vasudevan, N. , (2001).
Utilization of petroleum hydrocarbons
by Pseudomonas fluorescens isolated
from petroleum contaminated soil.
Environ. Intl. 26: 413-416.

5- Sepahi, A.;Dejban, G. I.;Emami, M.
;Nakhoda, A. M. , (2008). Isolation
and characterization of crude oil
degrading Bacillus Sp. Iranian Journal
of Environmental Health Science &
Engineering,Vol. 5 (3); 149-154.

6- Huy, N. ; Jin, S.; Amada, K. ,
(1999). Characterization of petroleum-
degrading bacteria from oil
contaminated sites in Vietnam. J
Biosci Bioeng.;88(1):100-102.

7- Trupti, K . V. and Dave, B.P. (
2006) Effect of

concentrations, temperature and pH on

crude oil

98

growth and degradation of crude oil by
marine bacteria. Indian journal of
marine sciences .Vol.36 (1),March

2007, pp.76-85.

8- Hanson, K. G.; Desai, D.; Desai, A.

J., (1993), A rapid and simple
screening technique for potential crude
oil degrading microorganisms.

Biotechnol. Techn., 7,745-748.

9- Varjani S. J.;Rana Dolly P.;Bateja
S. and UpasaniVivek N., (2013).
Isolation and screening for
hydrocarbon utilizing bacteria
(HUB)from petroleum
samples.Int.J.Curr.Microbiol. App.Sci2
(4): 48-60.

10- Bidoia, E. D., R. N.; Montagnolli
and Lopes, P.R.M. ,(2010). Microbial

biodegradation potential
ofhydrocarbons evaluated
bycolorimetric technique: a case study,
pp. 1277-1288. In A. Mendez-
Vilas(ed.), Appl. mic. and

Biotrechnol. MATEX, Spain.

11- Santhini, M.; Sajani and Usharani,
(2009).Screening of Micrococcus sp
from oil contaminated soil with
reference to bioremediation, Botany
Research International 2 (4): 248-252.

12-  Aparna, A. ;Srinike than,
G;Hegde,S. , (2011). Effect of addition
of  biosurfactant  produced by
pseudomonas sps. on biodegradation of
crude oil 2nd  International
Conference on Environmental Science
and Technology IPCBEE vol.6.

Vol.23 No.3 Year 2018



AL-Qadisiyah Journal of pure Science

13- Cowan, S.T. ,(1974). Cowan and
Steel’s manual for the identification of
medical bacteria, Second edition,
Cambridge University press.

14- Holt, J.G. ; Krieg, N.R. ; Sneath,
P.HA. ; Staley, J.T. ; Williams,
S.T.,(1994) .Bergey’s Manual of
Determinative Bacteriology. 9th Edn.,
Williams and Wilkins.

15- Kiyohara H.; Takizawa N.; Nagao
K., (1992). Natural distribution of
bacteria metabolizing many kinds of
polyaromatic hydrocarbons. J.Ferment.
Bioeng. 74: 49-51.

16-Bhuvaneswar, C. ;Swathi , G . ;
Bhaskar . B.V. ;Munichandrababu , T.
;Rajendra , W.,( 2012) . Effective
synergetic biodegradation of diesel oil
by bacteria .Universal Research
Publications ISSN 2277-386X.

17-Nishanthi R;Kumaran S;Palani P;
Chellaram C, Premanand T; Kannan
V., (2010). Screening of biosurfactants
from hydrocarbon degrading bacteria.
J. of biotechnology, 2/5: 47-53.

18- TeliNikhil;VermaDeepa :
Gavankar Rohan .;Bhalerao Satish,(
2013). Isolation, characterization and
identification of diesel engine oil
degrading bacteria from garage soil
and comparison of their
bioremediation potential. Int. Res. J.
Environment Sci.ISSN  2319-1414
\Vol. 2(2), 48-52, February.

19- Subathra, M. K.; Immanuel, G. ;
Suresh, A.H.,( 2013). Isolation and

99

Identification of hydrocarbon
degrading bacteria from Ennore creek
Bioinformation  ISSN  0973-2063
(online). vol. 9(3):150-157.

20- Mittal A & Singh P., (2009).
Isolation of hydrocarbon degrading
bacteria from soils contaminated with
crude oil spills. India J Exp Biol. 47:
760 [PMID:19957890].

21- Afuwale , C. and H. A. Modi .,
(2012). Study of bacterial diversity of
crude oil degrading bacteria isolated
from crude oil contaminated sites. Life
sciences Leaflets 6: 13-23,2012. ISSN
2277-4297 .

22- Latha, R. and Kalaivani, R.,
(2012).Bacterial degradation of crude
oil by gravimetric analysis. Advances
in Applied Science Research, 3, 2789-
2795.

23- KebriaD.Y.,;Khodadadi, A. ;
Ganjidoust , H. ; Badkoubi , A. ;
Amoozegar , M. A.,(2009) . Isolation
and characterization of a novel native
Bacillus strain capable of degrading
diesel fuel. Int. J. Environ. Sci. Tech.,
6 (3), 435-442 . ISSN: 1735-1472.

24- ljah, U. J. J; Antai, S. P., (2003).
Removal of nigerian light crude oil in
soil over a 12-month period. Int.
Biodeter. Biodegrad.,51, 93-99 .

25-Panda, S. K.; Kar, R. N; Panda ,C. R
.,(2013). Isolation and identification of
petroleum  hydrocarbon  degrading
microorganisms from oil contaminated
environment. International J. Environ.
Scie, Volume 3, No 5. ISSN 0976 —
4402.

Vol.23 No.3 Year 2018



