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This paper focused on efficiency of selective locally isolated beneficial microorganisms (LIBeM)
consortia in bioaugmentation of oil sludge contaminated soil on a laboratory scale. Five different
selective microbial consortia LIBeM were obtained from Environmental Microbiology
Laboratory, Universiti Malaysia Sabah. The arrangement of aerated static pile (ASP)-bioreactor
made up of acrylic materials was developed act as continuous aeration to the soil. Six different
sets of treatment containing 10 kg of soil mixed with 20% (v/v) oil sludge with five bacterial
strains and natural attenuation consisted of indigenous microbial in the soil as a control plot was
utilized. The rates of biodegradation of oil sludge were studied for a period of three months and
periodic sampling of soil from each bioreactor was carried out at 7 days of interval. Analysis of
Total Petroleum Hydrocarbon (TPH) was done along with physiochemical parameters such as
pH, moisture content and microbial population (CFUs) in the soil. The results obtained revealed
biodegradation of oil sludge contaminated soil in all set treatments were much higher than
Natural attenuation by 12.1 fold. The bioreactor augmented with Consortia 4 proved to be a
better performance with 94% of TPH degradation followed by Consortia 2 (91.6%), Consortia 5
(90.1%), Consortia 1 (90%), Consortia 3 (87.5%) and Natural attenuation (27.4%) respectively.
The variations of physiochemical parameters that influence the reduction of oil sludge in the soil
were also discussed in this paper. High degradation of long chain alkanes was observed between
consortia treatment as compared to natural attenuation plots suggested that bioaugmentation
using consortia LIBeM decrease the level of oil sludge in contaminated soil. It was noted that,
the continuous supplied of oxygen from aerated static pile (ASP)-system into the soil showed a
good prospect in bioremediation of oil sludge.

INTRODUCTION

alternative for cleaning up hydrocarbon contaminated soil. Due
to its cost effectiveness, efficient Technology and

Oil sludge is a complex mixture of oil, water and solids that
generate from crude oil exploration, transportation and refining
activities from petroleum industries. Oily sludge is categorized
as hazardous waste under Environmental Protection Act and
Hazardous Waste Handling Rules. It contains a high
concentration of petroleum hydrocarbon and other recalcitrant
compounds [1]. Due to its hazardous characteristics, the
improper disposal of this waste into the environment has
attracted widespread attention around the world.

The release of oil sludge from anthropogenic activities in
to the environment causes severe damage to ecosystems and
accumulation of these pollutants in animal and plant tissues can
cause serious genetic mutation [2,3]. Nowadays conventional
techniques such as bioremediation are becoming an attractive

environmentally sound treatment, this method has been chosen
by researcher in remediation soil hydrocarbon pollutant. One of
the best options of bioremediation is bioaugmentation, the
addition of selective oil degrading microorganisms that can
degrade a wide range of target constituents present in the oil
sludge.

This process simply transfers a complex hydrocarbon into
a simpler compound that are slightly or non-pollutant into the
environment [4]. The process begins with the transformation of
complex hydrocarbon into the simple compound (primary
degradation) and when the process is complete (mineralization)
the hydrocarbon is decomposed into inorganic compound or
cellular constituents [5,6].
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Numerous researchers have studied that bioaugmentation
involve the use of microbial consortium consisting of many
hydrocarbon  degrading microorganisms showed great
performances in removal of recalcitrant toxic substances from
the soil. [7] reported that mixed cultures were able to transform
chlorinated benzoates and able to degrade chlorocatechols in
soil microcosm. Other study by [8], evaluated that capacity of
microbial consortium of Mycobacterium fortuitum, Bacillus
polyisoprenivorans,  Microbacteriaceae  bacterium  and
Fusarium oxysporum to degrade and mineralize anthracene,
phenanthere and pyerene in soil. The results showed 96% to
99% degradation rates from (250, 500 and 1000 mgkg™') within
70 days treatment as compared to non-bioaugmented soil.

The key observation was that microbial consortium was
more effective in comparison with bacterial and fungal isolates
inoculated separately to the soil. Similarly, the high efficacy of
PAH degradation in artificially contaminated sediments by
consortium has been reported [9]. They studied the
biodegradation of a mixture of fluorene, phenanthrene and
pyrene by a bacterial consortium made up of three strains
of Rhodococcus sp., Acinetobacter sp. and Pseudomonas sp.
The results showed that the addition of this consortium into soil
significantly enhanced the efficiency of fluorene and
phenanthrene biodegradation. However, few studied focused on
supplement of aeration into the soil to enhance the
biodegradation rates.

A common method like regularly tillage has been applied
as aeration in to the soil. In this paper, we focused on
effectiveness of five different consortium of LIBeM namely
Candida tropicalis-RETL-Crl, Chromobacterium violaceum-
MAB-Crl, Pseudomonas aeruginosa-BAS-Crl, Sphingomonas
paucimobilis-ReTOS-Crl and Stenotrophomonas maltophilia-
RAS-Crl in bioaugmentation of oil sludge contaminated soil.
This study was enhanced with aerated static pile (ASP) as a
continuous aeration into the soil.

MATERIAL AND METHODS
Bioreactor Design

An aerated static pile ASP- bioreactor system made up of
acrylic material with 3 silicone tubing’s at the side of the reactor
connected to air pump (Model RESUN LP100 Low Noise Air
Pump) (Fig. 1b). Aecrated static piles (ASP) was used by
forming composting into piles and aerated with blowers or
vacuum pumps. The bioreactor divided into 3 parts where the
base is filled with gravel-sized (1-1.5 cm) followed by sand and
soil on the surface (Fig. 1a). The soil used in the study was
mixed thoroughly with oil sludge after being put in the
treatment plot. The effluent collected in the universal bottle
located on the bottom of the reactor.

Soil + 20% oil sludge (v/v)

}
Sand } 3 em
}

Gravel Sized (1- 1.5cm)

v ’

Effluent Qut Effluent Qut

Model
Resun LP100
Low Noise
Air Pump

Acration
via 3 tubing’s
(ASP)

(b)
Fig. 1. Bioreactor supplied with aerated static pile for bioaugmentation of
oil sludge contaminated soil, (a) front view, (b) top view.

Sources of Microorganisms

LIBeM strains were obtained from the Environmental
Microbiology Laboratory, Faculty of Sci & Natural Resources,
Universiti Malaysia Sabah. The cultures were maintained on
Nutrient agar (NA) and slant at 4°C for prior used. These strains
have capability to degrade oil and phenol based on the previous
research done by [10,11]. The colony of these microorganisms is
shown in Fig. 2.

(@ (b) © (d) (©

Fig. 2. Colony morphology of LIBeM (a) Candida tropicalis-RETL-Crl1,
(b) Chromobacterium violaceum -MAB-Crl, (c) Pseudomonas
aeruginosa -BAS-Crl, (d) Sphingomonas paucimobilis -ReTOS-Crl (e)
Stenotrophomonas  maltophilia -RAS-Crl observed under stereo
microscope at magnification x20.



JEMAT, 2019, Vol 7, No 2, 7-13

Culture Medium

Ramsay broth was used as the culture medium to supply
nutrients for the microbial growth. All the components and
constituents listed in Table 1 were mixed with 1.0 L of sterile
distilled water. The liquid medium was transferred to Scott
bottle and autoclaved for 15 minutes at 121°C.

Table 1. Ingredients for the preparation of Ramsay broth [12].

. C i
Ingredients omposition

@n
Ammonium nitrate (NHsNO3) 2.0
Monopotassium phosphate (KH2PO4) 0.5
Dipotassium phosphate (K2HPOx) 1.0
Potassium chloride (KCI) 0.1
Calcium chloride dihydrate (CaCl2.2H20) 0.01
Yeast extraction 0.06
Glucose 20
Magnesium sulfate heptahydrate MgSO4.7H20 0.5

Standard Inoculum Preparation

One loop of each strain of LIBeM was harvested from the
overnight sub-cultured using streak plate method [13]. The
inoculation of LIBeM into the oil sludge contaminated soil was
conducted in liquid form. Microbial consortia LIBeM was
inoculated into Ramsay broth at 30°C for 24 hours in an orbital
shaker at 200 rpm. A total of 10% of the cultured (1x107) with
OD 0.5 and above at 600 nm was used as inoculum. Then 10%
(v/v) inoculants of microbial consortia LIBeM were added into
the contaminated soil with 20% (v/v) of oil sludge for
bioaugmentation studies. The inoculation of microbial consortia
LIBeM in the ASP- bioreactor was conducted for every 2 weeks
[14].

Soil Preparation

10 kg soil was sieved through 0.20 mm sieve size to remove
stone and dust particle. The physical analysis of soil (pH, &
moisture content) was determined according to [15]. 2 liters
(20% v/v) oil sludge was sprinkled over the soil and allowed to
get adsorbed for 30 minutes for further bioremediation studies
[16].

Experiments Set-up

The bioaugmentation studied of oil sludge in contaminated soil
was evaluated by setting different plots in the bioreactors as
shown in Table 1. The experimental set-up includes one
controlled plot and five different microbial consortia treatments.
Experiments for each ASP-bioreactor will be carried out for 90
days at open and air-ventilated environment. The soil samples
were treated with microbial consortiua LIBeM, which are
denoted as Consortia 1, 2, 3, 4, 5 and Natural attenuation
(control plot) by following treatment combination:

Table 1. Bioaugmentation study set-up of oil sludge in contaminated

soil.
Treatment Content
Consortia 1 : Soil + oil sludge + (ReTOS-Crl+ BAS-Cr + RAS-Crl)
Consortia 2 : Soil + oil sludge + (RETL-Crl+ MAB-Cr1+RAS-Crl)
Consortia 3 : Soil + oil sludge + (RETL-Crl+ RAS-Crl1+BAS-Crl)
Consortia4 : Soil + oil sludge + (RETL-Crl+ MAB-Cr1+BAS-Crl)
Consortia 5 : Soil + oil sludge + (ReTOS-Crl+ BAS-Cr + RAS-Crl+

RETL-Crl+MAB-Crl)
NA (Control plot): Soil + oil sludge + non-augmented

Technical Procedures Protocol

For each of the experimental unit the soils were tillage daily and
watering with distilled water at an interval 2 days to maintain
the water holding capacity of soil. The inoculation of microbial
consortia LIBeM into each plot was done for every 2 weeks
during 60 days treatment periods. Initial readings were taken
immediately after the inoculation of the bacterial culture and
further. The soil samples were drawn after every 7% day from
the respective experimental unit. The experiment was lasted 90
days under the ambient temperature. Oily sludge in natural
attenuation plot was not subjected to any treatment.

Physiochemical Analysis of Soil

pH

Analysis pH was carried out as according to [17]. 20 g of soil
was weighed and mixed in a beaker containing 40 ml of
distilled water. Analysis was done by taking three reading and
average for accuracy using the pH meter.

Soil Moisture Content

The soil moisture was analyzed by using gravimetric method as
mentioned by [18]. An empty crucible was weighed and record
as (M1) before putting the soil sample. Then, 10 g of soil
sample was grained with mortar and pestle and recorded as
(M2). The soil sample was dried at 110 °C for 24 hours in an
oven. The soil was cooled in desiccator and weighed the
crucible as (M3). The soil moisture content was measured by
using the formula:

(M2 — M3)

100
(M2 — M1)

Uy Moisture content =

Where;
M1 = Weight of empty crucible (g)
M2 = Wet of crucible + wet soil in (g)
M3 = Weight of crucible + dry soil in (g)

Soil Microbial Population

Biological microbial population was determined by the
serial dilution method [14]. 10 g of soil sample was mixed
with 100 ml sterile distilled water in conical flask. 1 ml of
soil sample mixture was diluted with 9 ml of sterile
distilled water. The dilution series (103 to 10) were used
to calculate the microbial population. 0.1 ml of three
dilutions (10~ to 107) was spreader on a nutrient agar plate
and incubated under 30 °C for 24 hours. The bacterial
colonies in each plate were counted as the number of
colony-forming units (CFU) per gram of dry soil by using
the formula below:

CFU per plate x dilution factor
volume of sample taken (ml)

CFU fml =

Total Petroleum Hydrocarbon (TPH) Analysis

Total petroleum hydrocarbon was carried out based on
gravimetric method (Soxhlet extraction) (USEPA 3540C) [19].
20 g of soil sample was grained and placed in thimble and
extracted with dichloromethane (DCM). The thimble was
placed in soxhlet extractor. 175 ml of dichloromethane was
added into round bottomed flask (RBC). The cooling
temperature and mantel heater were set at 17 °C and 4 °C
respectively. The extraction process took place for less than 24
hours.
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Then the content was cooled, and the DCM was flown to the
round bottomed flask from the extractor. The total solvent was
cleared completely with the vacuum evaporator at 40°C to 50°C.
By using the rotary pump, DCM was left as the extracted
sample. The RBC together with the extract was dried in oven at
60°C for 24 hours. The RBC then was cooled in desiccator for
30 minutes. The RBC was measured until constant weights
were obtained for 3 readings. The percentage of total petroleum
hydrocarbon (TPH) was calculated using the formula below:

Minextract weightin RBC

Y% TPH = » 100

Weight of semple

RESULTS & DISCUSSION

Biodegradation of Oil Sludge

The effect of microbial consortia of LIBeM in preparation for
bioaugmentation of oil sludge at 20% (v/v) contaminated soil is
shown in Fig. 3. The total petroleum hydrocarbon (TPH)
decreased by 31% to 94% in soil treated with microbial
consortia LIBeM respectively. At the same time activation of
natural attenuation (non-augmented soil) with indigenous
microbial decreased the TPH by 6.5%-27.4% within 90 days
incubation periods. The fact that the living indigenous
microorganism also can degrade oily sludge in the soil can be
observed with small reduction of TPH degraded in the natural
attenuation plot.

The oil sludge degradation increased almost 12-fold higher
than the control plot when augmented consortia LIBeM were
applied. Therefore, the obtained data are consistent with a
previous comparative study [20]. which demonstrated that
bioaugmentation was more effective than natural attenuation on
the degradation of the TPH. The result also showed that
significant degradation of TPH occurs most rapid during first
month of the experiment and the rate declined with time.

It is reported that the initial attack is generally occur when
microbial consortia LIBeM have been introduced into the oil
sludge contaminated soil. This process achieved through
various mechanism such as the attachment of microbial cells to
the substrates, the production of biosurfactant and bioemulsifier
and production of gases and acids [21]. At this stage, the
sufficient of aeration supplied with aerated static pile was most
helpful in order to complete the process. Bioreactor augmented
with Consortia 4 denoted by strains C. tropicalis-RETL-Crl1, C.
violaceum -MAB-Crland P. aeruginosa -BAS-Cr has showed
great potential with 94% TPH degradation as compared to other
treatment. At the 3 months observation, the highest degradation
of TPH can be shown in Consortia 4 (94%) followed by
Consortia 2 (91.6%), Consortia 5 (90.1%), Consortia 1 (90%),
Consortia 3 (87.5%) and Natural attenuation (27.4%)
respectively.

The results also demonstrated that after 56 days treatment,
there was no significant difference in TPH reduction in all
augmented reactor. The physical changes can be seen through
the light color of the soil indicated that TPH degradation almost
complete to mineralization process [22].
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Fig. 3. Degradation of TPH by biaugmentataion of oil sludge
contaminated soil during there months experiment (C1= ReTOS-Crl+
BAS-Cr + RAS-Crl, C2= RETL-Crl+ MAB-Cr1+RAS-Crl, C3 =
RETL-Crl+ RAS-Crl+BAS-Crl, C4= RETL-Crl+ MAB-Crl+BAS-
Crl, C5= ReTOS-Cr1+ BAS-Cr + RAS-Crl+ RETL-Cr1+ MAB-Cr1 and
NA = Control plot)

It can be hypothesized that the increase in TPH removal
when soil inoculated was performed due to different species of
hydrocarbon degrading ability present in the soil. The
combination of Consortia 4 consists of strains P. aeruginosa, C.
tropicalis and C. violecum showed a great performance in TPH
degradation as these three strains plays an important role in
petroleum degradation [23]. As well-known on their individual
performance, the combination of these strains attributed the
synergistic effect through the reduction of TPH in the soil. This
fact suggested that intermediates of a catabolic pathway of one
strain may be further degraded by other strains possessing
suitable catabolic pathway [24]. Thus our finding suggested that
bioaugmentation with microbial consortia (C. tropicalis-RETL-
Crl, C. violaceum -MAB-Crl, P. aeruginosa -BAS-Crl, S.
paucimobilis -ReTOS-Crl, S. maltophilia -RAS-Crl) assisted
by aerated static pile (ASP) was much better as compared to
[25] and [26] in terms of the duration (short time) needed to
degrade the hydrocarbon in contaminated soil.

Degradation of Hydrocarbon Content in Oil Sludge by
GCMS

The eight types of hydrocarbon aliphatic components, namely
heptadecane (C17Css), octadecane (CisHzs), nonadecane (CioHuo),
eicosane (C20H42), heneicosane (C21Has4), docosane (C22Hus),
tricosane (C23Has) and tetracosane (Ca4Hso) are identified through
the GC-MS analysis. It was clearly observed that the percentage
reduction of each individual hydrocarbon compounds by
consortia LIBeM was nearly 100% except for compounds
nonadecane, heneicosone, tricosane and tetracosane. The results
demonstrated that both microbial consortia LIBeM C3 and C4
exhibited good performance in degrading n-alkanes
hydrocarbons with more than 95% reduction in all compounds
(Fig. 4).
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Fig. 4. Reduction of selected hydrocarbons compounds presented in the
contaminated oil sludge studied
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The decrease in the peak heights of hydrocarbons and areas
implies that selected LIBeM used to degrade oil sludge in this
study have the ability to exploit and degrade the hydrocarbon as
sole carbon source [27]. As the height and area of the peaks
decrease, the potency of consortia LIBeM to act as a petroleum
hydrocarbon degrader is greater. By comparing the reduction
percentage between consortia LIBeM and natural attenuation
plots, there was small reduction of hydrocarbon compounds
recorded with range of 36-68% in all compounds. Heneicosane
experienced highest degradation (99.53%) in C4 while
docosane was degraded the least with (36.0%) in natural
attenuation plot. This can be explained that docosane composed
of long chain aliphatic hydrocarbon as compared to
heneicosane. Thus, form the results obtained, it was recognized
that consortia LIBeM C4 (RETL-Crl+ MAB-Cr1+BAS-Crl)
has greater degradation capability as compared to others.

Enumeration of Microorganism in Soil

The data on soil microbial growth in the oil sludge contaminated
soil during bioremediation process are shown in Table 2. At the
initial time, the total viable cells in all set treatment were range
from 1.0 x 10* to 5.4 x 10° CFU/g. The viable cell counts
increase approximately 10 to 100 times for the first 2 weeks at all
treatments except in natural attenuation plot. Treatment with
Consortia 4 recorded the highest cell counts with 4.6 x 10°
CFU/g during 14 days of experiment. Then the viable cells
decreased slightly and remained almost unchanged after 56 days
of experiment.

The addition of microbial consortia LIBeM and nutrient
medium (Ramsay broth) in the soil increased the number of
indigenous microorganism and inoculant augmented in the
treatment plot. Amendment of nutrients every 2 weeks was
needed for stimulating the growth of microbial consortia
LIBeM and assisting the degradation of residual hydrocarbon in
the soil. Treatment natural attenuation however was used as
biotic control in which the loss of residual hydrocarbon was not
significant and could be neglected. Thus, these findings
indicated that the viable cell counts in the augmented soil with
microbial consortia LIBeM are higher than natural attenuation
plot.

Table 2. Microbial activity monitoring in the soil and control plot
during bioremediation study.
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Environmental Parameters Monitoring During
Bioaugmentation of Oil Sludge

Soil pH is one of the most important factors in biodegradation
of oil sludge. The relative acidity or alkalinity of soil will
influence the metabolism activity of microorganisms and the
availability of essential nutrients in the soil. Fig. 5(a) showed
the results of pH monitoring within 3 months the experimental
studies. During the first two weeks of treatment period, the pH
of soil was recorded in between 6.1 — 6.6. However, after 40
days treatment, pH in bioreactor augmented with microbial
consortia C1- C5 showed slightly increased to range 7.0 - 8.0.
This is possible that after prolonged time of soil contamination,
the microbial activity has changed the ideal ratio of inorganic to

organic essential nutrients into the soil [28]. In this study, the
growth of microbial consortia LIBeM augmented in the soil was
observed highly in the first two weeks of the experiment in
which the range of pH 6.1-6.6 respectively. This data suggested
that our microbial consortia LIBeM are capable in tolerate with
acidic condition in the presence of oily sludge. This finding was
supported by [29], reported that the optimal pH range for the
degradation of hydrocarbons in soil is between 6.0 - 8.0 [30].
On the contrary, the pH value in natural attenuation plots was
remained slightly acidic in range 5.8 — 6.3 respectively. In
attempt to accelerate the biodegradation process, the range of
pH in the soil must be added with lime for not pronounce the
acidic value. As pH is one of the key factors for microbial
metabolism, the pH value must be monitored weekly in order to
avoid the degradation drop evidently. The results also showed
that the fluctuation of pH on weekly basis was synchronized
with the time of the microbe’s preparation addition into the soil.
This suggested that the inoculation of microbial consortia
LIBeM into the soil had an effect on decontamination of oily
sludge.
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Fig. 5. Variation of (a) pH and (b) soil moisture content during 90 days
bioaugmentation of oil sludge by microbial consortia of LIBeM

Soil moisture is one of the most required factors for all
biological processes in order to transport nutrients, foods and
waste product in and out of the microorganisms. The optimum
ratio of moisture content will depend on the climate and soil type
used. For biodegradation to be successful, the optimum range of
soil moisture is required in between 20%-60% [31]. Failure to
achieve this fact would lead to maintenance of excessive or
moderate water levels in soil and concomitant reduction in
oxygen availability [32]. Fig. 5(b) showed the variation of soil
moisture content (%) in soil augmented with microbial consortia
LIBeM and natural attenuation plot. In the first two weeks of

o1 -
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experiments, the soil moisture content was ranged between 15-
25%. The soil moisture content continued to remain unchanged
in between 13-20% along the bioremediation period. During the
experimental studies, the soil was tillage daily and watering in
interval 2 days to maintain 20%-60% of water holding capacity
and to avoid dehydration in the soil. Tillage can redistribute
carbon, nitrogen, water and also reduces spatial distribution
within the soil [33]. According to [34], soil moisture content
lower than 10% (v/v) of the holding capacity will affect the
microbial activity in the soil. The loss of moisture content in the
soil may due to several reasons such as evaporation due to hot
weather, uptake of water for microbial activity and insufficient
frequency of watering into the soil [35]. However, if water
content in soil is oversaturated, oxygen transfer to the
microorganisms will be resisted by the soil and the rate of
degradation of hydrocarbon will decrease. Our finding suggested
that treated soil need to be watering every day in order to achieve
the optimum soil moisture content for favorable in hydrocarbon
degradation process.

CONCLUSION

This study revealed that bioaugmentation of oil sludge using
selective microbial consortia LIBeM achieved a great
performance with more than 87% degradation of TPH within 90
days experimental set up. The assistance of aerated static pile
(ASP) as continuous aeration into the soil system much helps in
accelerating the microbial activity in the soil. The experiments
proved that the microbial consortia C4 (C. tropicalis-RETL-
Crl, C. violaceum -MAB-Crland P. aeruginosa -BAS-Crl) was
the most effective consortia in treated oil sludge contaminated
soil. The study demonstrated the potential of this consortia in
hydrocarbon degradation with further research in different
delivery technique such powder or capsule form. Their
effectiveness can be improved by monitoring the
bioremediation parameters such as pH, soil moisture content,
microbial population and substrate concentration.
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