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Abstract

concentration of 1.5 to 22 g/I.

can degrade high concentration oils.
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Background: Discharging the oily wastewater in the environment causes serious problems, because of the oil
compounds and organic materials presence. Applying biological methods using the lipase enzyme producer
microorganisms can be an appropriate choice for treatment of these wastewaters. The aim of this study is to treat
those oil wastewaters having high concentration of oil by applying lipase enzyme producer bacteria.

Materials and methods: Oil concentration measurement was conducted using the standard method of
gravimetric and the wastewater under study was synthetically made and contained olive, canola and sunflower oil.
The strain used in this study was Pseudomonas strain isolated from compost fertilizer. The oil under study had

Results: The oil removal amount in concentrations lower than 8.4 g/l was over 95 + 1.5%. Increase of the ail's
concentration to 22 g/l decreases the amount of removal in retention time of 44 hours to 85 = 2.5%. The best yield
of removing this strain in retention time of 44 hours and temperature of 30°C was achieved using Ammonium
Nitrate as the nitrogen resource which yield was about 95 percent.

Conclusion: The findings of the research showed that Pseudomonas bacteria isolated from the compost fertilizer

Background

Oily wastewaters produced in oil factories provide various
environmental problems, because of having different pol-
lutant compounds [1,2]. Reduction of the surface water's
oxygen and its effect on the aquatic organism strains
are among the problems [3]. Various physical, chemical
and biological methods have been used to remove such
compounds [4,5]. Cheryan and Rajagopalan show that
the conventional treatments such as gravity separation,
air flotation, coagulation are not efficient to solve this
problem, especially when the oil droplets diameters are
less than 20 p. Fischer et al. worked on a combination
of gravity separation and a downstream microfiltration.
Sarakulski et al. proposed to treat oily wastewater by a
combination of ultrafiltration and reverse osmosis pro-
cesses. However, for real wastewaters is observed a
membrane fouling or a high regeneration frequency [6].
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In biological methods, the microorganisms with high
enzyme activities can degrade oil. Lipase is an enzyme
which can degrade fats into glyceride and fatty acids [7].
Many microorganisms including fungi, yeast and bacteria
are able to produce lipase enzyme. They have been studied
in many researches. Penicillium, Yarrowia, Geotrichum,
Bacillus, Acinetobacter and Serratia are samples of these
microorganisms, among which bacteria are more applied
in oily wastewaters treatment [8-10]. Dongzhi et al,
worked on construction of a whole-cell catalyst displaying
a fungal lipase for effective treatment of oily wastewa-
ters. They declared that 96% of oil (5 mg/l oil) and 97%
of COD were removed [11]. Lan et al. investigated bio-
degradation of oil wastewater by free and immobilized
Yarrowia lipolytica. Their results showed that immobilized
Y. lipolytica might be applicable to a wastewater treatment
system for the removal of oil [12]. Bacteria which are able
to produce lipase can be found in various places, including
dairy industries and oil wastes, hot springs and soils con-
taminated with oils [13,14]. Hasanuzzaman et al. separated
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a novel, oil-degrading bacterium from a hot spring in
Japan. The 16S rRNA gene sequence analysis revealed it
as a new strain of Pseudomonas [15]. Selva et al., examined
isolation of lipase-producing Bacillus strains from the soil
sample of coconut oil industry. Results indicated that the
lipase activity was maximum (2.2U/ml) for Bacillus sp. in
1.5% concentration [16]. Adding lipase-producer bacteria
into the biological treatment units can increase the yield
of oily wastewater treatment systems [17]. In fact, these
bacteria speed up the treatment process through fat deg-
radation. In this study, strains were isolated from compost
fertilizer obtained from a solid waste disposal plant.
Various researches have shown that compost fertilizer is
suitable for isolating the resistant bacteria with a high
ability to decompose organic compounds. Anna et al.
(1998) showed that methanotrophic bacteria isolated
from compost successfully converts CFCs into simpler
products [18]. In other experiments, Ghazifard et al.
(2001) reported the isolation of heat resistant microorgan-
isms from a composting mass [19]. Since the compost
fertilizer is suitable for the growth of various microorgan-
isms which are able to degrade resistant compositions and
since the related bacteria have been in contact with
various oil combinations (edible and industrial) and on
the other hand, there has not been any similar research
on degrading the oil combinations by the lipase-
producer bacteria isolated from compost fertilizer, we
decided to conduct such an experiment. In this re-
search a Pseudomonas strain was applied to treat oily
wastewater whose removing oil capability was much
more than that in other researches. Particularly interesting
is the residual oil that oily wastewater contains in variable
quantities, thus making this waste a potentially suitable
growth culture for lipolytic bacteria. The interest of this
study is to show that isolated Pseudomonas sp can be a
strong and appropriate strain for bioaugmentation of
aerobic treatment of oily wastewaters with high oil levels.
In addition, optimal conditions of the degradation process
were identified and proposed.

Materials and methods

Isolation and Inoculums preparation

Oil degrading bacteria were isolated from different loca-
tions included (1) hot spring, (2) oil wastewater treatment
system, (3) refinery and (4) compost fertilizer. A 10-mL
sample of the oily wastewater (or supernatant derived
from 5 gr compost fertilizer) was added to an Erlenmeyer
flask containing 100 mL of olive oil 2% and KH,PO, 0.2%
and ammonium chloride 0.4% (OPY), at 35°C and shaked
(100 rpm) for 48 h. Samples were serially diluted, plated
onto tween 80 agar and incubated at 35°C for 72 h. Its lip-
ase activity was distinguished in Tween 80 culture [17],
which composed of peptone (1%), Tween 80 (1%), sodium
chloride (0.5%), calcium chloride (0.1%), sodium chloride
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(0.5%), calcium chloride (0.1%) and agar (1.5%). The bac-
teria had a white halo around the colony. The strain was
distinguished using biochemical tests and the bacteria's
morphological characteristics [20]. The bacteria were kept
on the YPA culture (peptone, 0.5%, yeast extract, 0.3% and
agar 1.5%) at 4°C temperature.

Enzyme assay

The bacteria's lipase activity was measured using polyvinyl
alcohol and olive oil emulsion as substrate at 35°C. Cells
were separated from the cultivation medium by centrifu-
gation at 6000 rpm for 30 min and the supernatant was
used as the source of extracellular lipase. Oil emulsion
prepared by mixing 25 ml of olive oil and 75 ml of poly
vinyl alcohol 2% solution in homogenizer for 3 min at
5000 rpm. The reaction mixture containing 5 ml of olive
oil emulsion, 4 ml of 0.1 mol Tris buffer (pH =8), 1 ml
of 0.1 mol CaCl, and 1 ml of the culture supernatant
was incubated at 37°C for 20 min through orbital shaking.
The emulsion was immediately disrupted after incubation
by the addition of 15 ml of acetone—ethanol mixture
(1:1 v/v), and the liberated free fatty acids were ti-
trated with 0.05N NaOH. One unit of lipase activity
was defined as the amount of enzyme required to re-
lease one micromole of fatty acid per minute under
the test conditions [21].

Biomass concentration

The cell mass was calculated through measuring the
amount of culture's absorbance in wavelength of 600 nm
(ODggo) by the spectrophotometer. Then it was calcu-
lated based on g/l by the cell mass and the absorbance
amount [22]. Cell concentration was equal 0.48 ODgq.
Three factors indicated the survival the Pseudomonas in
synthetic and real wastewater: 1) Survival of Pseudomonas
was investigated using re-culture (subculture) of samples
after 44 hours. 2) Also, no bacteria growth was observed
in the control sample (without Pseudomonas). 3) The
medium color changes from clear to milky color indicated
the viability of the Pseudomonas.

Synthetic and real wastewater

The wastewater under study was synthetically produced
and contained distilled water, ammonium nitrate (4 g/l),
sodium chloride (0.5 g/l) and KH,PO, (2 g/l). Olive oil
with various concentrations (1.5-22 g/l) was added too.
PYA-slant cultures were used as the inoculums for pre-
cultures. Incubations were carried out at 30°C for 24 h
under shaking (100 rpm) in Erlenmeyer flasks (250 ml)
containing 100 ml of PY medium. Then as much as five
percent of the pre-cultures contained Pseudomonas sp.
were added to the synthetic wastewater and the amount
of oil removal was measured at 30°C and in the shaker at
the speed of 100 rpm in various times. All experiments
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were repeated. The effect of temperature on oil degrad-
ation by bacteria was studied. Strains degraded initial con-
centration of 8.4 g/l oil wastewater with pH 7.0, 100 rpm/
min for 44 h at a temperature range from 15 to 40°C. Also,
the real wastewater used in this study was prepared by
Behshahr Oil Factory-Tehran. To assure prevention from
activity of the other intervening biological agents, the real
wastewater of the factory was sterilized using autoclave.
Table 1 shows its characteristics.

Oil concentration measurement

Oil concentration measurement was conducted using the
standard method of gravimetric, during which the oil was
extracted three times using the Hexane and transferred to
a distilling flask with a specified weight. Then the Hexane
was evaporated at 85°C temperature, and then the flask
was reweighted. The oil concentration (g/l) was calculated
through dividing the first and the second weight difference
by the sample volume [23].

Results and discussion

The ability of 3 strains, which presented the highest lipo-
Iytic activity or predominated to growth and degrade an
oily wastewater medium, was studied. The selected strains
were identified as belonging to the Flavobacterium (oily
wastewater), Pseudomonas (compost), and Acinetobacter
(refinery) genera. The bacteria originating from compost
showed highest removal of oil. Oil removal efficiencies were
30, 47 and 95% by Flavobacterium, Acinetobacter and
Pseudomonas, respectively. The strain which belonged to
a special kind of Pseudomonas sp. was applied for the next
stages. Lipase activity of the strain was obtained 1.7-2.2 +
0.1 U/ml in medium supplemented with 2% olive oil and
in 21-68 hours after inoculation. All the Erlenmeyer flasks
were incubated at 30°C temperature and oil removal rate
was monitored in 24 to140 hours. The effect of different
nitrogen resources is among the parameters which must
be studied for degrading oil biological combinations. This
has been usually ignored in similar studies. Seven mate-
rials (each sample was 4 g/1) were used as the nitrogen re-
source in the synthetic wastewater.

Table 1 Characteristics of oily wastewater supported
from Behshahr factory

Concentration (g/l) Parameter
26000 + 500 CcoD

20+5 Ammoniac
300+ 10 Phosphate
5500+ 100 Oil and grease
8.6 pH

30°C Temperature
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As you see in the Figure 1, the maximum removal
yield was achieved in the retention time of 44 hours and
with the olive oil's concentration of 8.5 g/I; while ammo-
nium nitrate and urea were used as nitrogen resources
and the minimum yield achieved with ammonium car-
bonate. The removal measured amounts for ammonium
nitrate and urea were 95+ 3 and 93 + 2.5 percent, re-
spectively. The important point is the amount of the
treated wastewater's pH which reduces from 7 to 5 after
68 hours. This reduction may be the result of the fatty
acid production through the oil decomposition or the
sulfuric acid production. Oily wastewater is usually in
need for adding nitrogen during the biological treatment.
They face nitrogen shortage, because of containing high
amounts of carbon. Therefore, it is necessary to select an
appropriate nitrogen resource for their treatment. Of
course, a mineral resource is preferable, because the or-
ganic nitrogen itself increases the wastewater's organic
materials. Therefore, ammonium nitrate is a proper nitro-
gen resource for the wastewater treatment. In fact, the
interactions between pH and nitrogen source showed that
the increase of the pH increased oil degradation. In the
same study by Brozzoli et al. Oily wastewater supplemen-
tation with 2.4 g/l NH4Cl led to an enzyme activity of
about 10 U/ml. The addition of malt extract and supple-
ments containing organic N (e.g., peptone, yeast extract)
did not affect the enzyme production [24]. Vanot et al.
suggested that pH 5.5 was suitable for lipase production
by Penicillium. The lipase activity was positively affected
by the high concentration of (NH4),SO,. Similar results
were observed concerning the role of ammonium nitrate
on lipase production with Geotrichum [22]. By contrast,
Annibale et al. found that the same enzyme activity of
Penicillium was highest when the fungus was cultivated
on Oily wastewater characterized by high organic loads.
Goncalves et al. (2009) applied ammonium chloride as a
nitrogen resource in this regard and reported the max-
imum COD removal through using some kind of yeast
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Figure 1 Oil removal percent (8.5 g/l) in 44 hours using various
materials as nitrogen resource.
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60% [25]. Asses et al. (2009) also used ammonium sulfate
as a nitrogen resource [22]. Moreover, ammonia con-
sumption and the sulfuric acid production out of ammo-
nium sulfate can reduce pH. Reduction of pH may hinder
and reduce the bacteria’s oil degradation activity. At these
studies the effect of other nitrogen resources was not
considered.

In oil producing factories, the process temperature is
usually selected as 40°C to prevent the oil from changing
into solid; therefore the wastewater temperature is about
30-35°C. As a result, it is necessary to use the bacteria
which are active at this range. The temperature ranges
were considered for the possible variations of temperature
in different seasons. This method can also be used for
wastewater treatment of other industries (e.g. dairy waste-
water at 15-25°C temperatures) with lower temperature.
Figure 2 shows the growth of the Pseudomonas strain at
15-40°C temperatures. Since the bacteria had appropriate
performance at concentration of 8.5 g/l (Figure 1), the
concentration increased to 12.5 g/l aiming at considering
the bacteria activity at higher concentrations. The results
showed that temperature significantly affected oil degrad-
ation by Pseudomonas sp. The oil removal amount was
40-88 percent in 24 hours retention time. The maximum
removal yield for the oil with 12.5 g/l concentration was
88 + 2 percent achieved at 25-30°C. The findings revealed
that this strain growth is at the range of mesophilic. The
cell growth (gl™") also demonstrates that the increase of
temperature is directly related to cell growth. The max-
imum growth would be achieved at 30°C and then at over
30°C the growth decrease in 24 hours retention time. This
result is confirmed by the oil removal yield. Wu et al.
(2009) suggested that the maximum oil removal is
achieved using the Yarovia yeast at 30°C temperature
while at higher temperatures the removal decreases to
40 [16]. In the study of Selva et al., the influence of
temperature showed that the lipase production by the
bacillus was higher at 37°C when compared to those at
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Figure 2 Temperature effect on the oil removal and biomass
production with concentration of 12.5 g/l and 24 hours
after inoculation.
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27 and 47°C. Walavalkar and Bapat have reported that,
the lipase activity of staphylococcus was maximum at
37°C [14].

Figure 3 shows the oil removal in different times. The
primary oil concentration was 12.5 g/l and incubation
temperature was 30°C. The oil concentration was con-
sidered for 6-92 hours. The oil degradation rate by
strain was significantly different. The highest yield was
achieved in 24 hours retention time. Also, lipase activity
was 2.2 + 0.1U/ml in 24 hours which was the highest lip-
ase activity. Oil removal amount was low in 12 primary
hours i.e. the cell mass growth is low. However, increase
of the cell mass growth increased the amount of the oil
removal up to 58+2 and 88 +2.5 percent in 17 and
24 hours retention time, respectively. The findings of the
Lyliam et al. (2009) showed that applying Acinetobacter
and Bacillus strains provide us with 75% oil removal
yield after 50 hours [9]. Moreover, Huiting et al. (2011)
achieved 97% yield of the 5 g/l concentration oil removal
after 72 hours. They used recombinant yeast which led
to 87% oil removal in the early 24 hours [11]. However,
we got the higher oil removal in less retention time.

Wastewater treatment yield containing various con-
centrations is shown in Figure 4. In this case and in re-
tention time of 44 hours, the output oil increases with
the primary oil concentration increase, while in higher
concentration oils, the retention time must be increased.
The oil removal amount in concentrations lower than
8.4 g/l was over 95 + 1.5%. Of course, increase of the oil's
concentration to 22 g/l decreases the amount of removal
in retention time of 44 hours to 85+ 2.5%. Moreover,
increase of the retention time to 68 hours raised the oil
removal to 95 +2.5% in 22 g/l concentrations. Wu et al.
(2009) studied the fixed Yarovia yeast in calcium alginate
and found out that increase of the oil concentration
from 3 to 5 gl™! leads to oil removal amount reduction
from 80% to 45% [14]. However, in our research, the
considered Pseudomonas strain could remove various
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Figure 3 Removal percent of oil with 12.5 g/l concentration in
various times and 30°C temperature.
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Figure 4 Various oil concentrations effect on the biological

decomposition by pseudomonas sp. at 44 hours and 30°C
temperature.

concentrations of oil with a high yield and increase of
oil concentration to 22 g/l did not change the yield
considerably.

Then at the next stage, we studied the oil removal
amounts in the real wastewater of an oil factory. The
amount of COD in this wastewater was about 27 g/l, so
it was attenuated using distilled water (1:1). The oil re-
moval percent was considered at various times from 44
to 140 hours. The amount of oil removal was 95 + 2%
in retention times of 140 hours (Figure 5). The results
showed that the treatment of the real wastewater re-
quires more retention time because of the bacteria
adapt to the wastewater conditions. These findings
were similar with those in the previous publications
(Orapin et al., 2002); although they had reported the
amount of oil removal in real wastewater as 95% after
168 hours where the bacillus and Pseudomonas strains
were applied [26]. Olive-mill wastewater was also investi-
gated for its suitability to serve as a culture for enzyme
production by Candida. In this study, Brozzoli et al
showed that OMW might be upgraded as a basis of a
medium for the microbial production of an enzyme of
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Figure 5 Removal efficiency of oil by pseudomonas sp. in real
wastewater (Behshahr), various times and 30°C temperature.
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commercial interest such as lipase [24]. Although, More
work needs to be done to study the selected strains and
their use in wastewater treatment process, such as persist-
ence and competence of the inoculated strains with the
other microorganisms.

Finally olive, canola and sunflower oils as well as a
mixture of them were added to the synthetic wastewater
and the strain's reaction was studied to assure the cap-
ability of this strain in removing all kinds of oil. Figure 6
demonstrated the various oils removal with concentra-
tion of 8.5 g/l at about 90-95 + 2%. Removal percent for
the mixed oil which contains olive, canola and sunflower
oils in 44 retention time was about 90 + 1.5 percent. This
amount was 95+ 2% for olive, 90 + 1.5% for sunflower
and 93% * 2 for canola. Lipase activity was also propor-
tionate to the oil type, 2.2+0.1, 1.1 £0.05 and 1.25 +
0.05, respectively. It means that olive oil is a better
stimulator in producing lipase enzyme, as a carbon re-
source. This finding is in conformity with the other
studies in this regard [11]. The study shows that oily
wastewaters might be upgraded as a basis of a growth
medium for the bacterial production of a lipase enzyme.
In fact, significant amounts of this enzyme can be pro-
duced on nitrogen-supplemented oily wastewaters based
media by Pseudomonas sp, thereby enhancing the rates of
oil degradation and wastewater treatment.

Conclusions

The findings of the research revealed that Pseudomonas
sp. which was isolated from the compost fertilizer can
degrade the high concentration of oil. The Pseudomonas
sp. as a lipase producer is able to remove such oils at
mesophilic temperature range in a short retention time;
and the increase of the oil concentration and the oil type
do not affect the yield. Therefore, this strain may develop
the biological treatment in processes of the oily wastewa-
ter treatment.
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Figure 6 Removal efficiency of different oils with concentration
of 12.5 g/l, 44 hours time and 30°C temperature.
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