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BIOLOGICAL PROCESSES FOR REMOVAL
OF OIL FROM WASTEWATER – A REVIEW
Asha Srinivasan and Thiruvenkatachari Viraraghavan
Faculty of Engineering, University of Regina, Regina, Saskatchewan, Canada.

SUMMARY
Wastewater from oil extraction industries such as palm
oil and olive oil mills contain high levels of oil. Oil containing wastewater is of great concern as it creates problems such as foaming, growth of filamentous bacteria and
floc formation in the treatment system. Physico-chemical
methods such as flotation, adsorption and skimming are employed to remove oil. Biological processes are also commonly used because most oils are biodegradable. Biological processes such as aerobic and anaerobic treatment systems and biodegradation methods using microorganisms
and enzymes have been used for reducing the oil content.
Aerobic systems such as activated sludge process using both
acclimatized and non-acclimatized sludge are common.
Among the biodegradation methods, the use of microorganisms and enzymes, either alone or in various combinations have been reported. Bacteria such as Acinetobacter
sp., Pseudomonas sp., fungus such as Aspergillus sp., Mucor sp. and photosynthetic bacteria were found to remove
oil. Microorganisms that produce hydrolytic enzymes include fungi such as Penicillium restrictum and Candida
rugosa. Anaerobic systems involve use of reactors such
as upflow anaerobic sludge blanket reactors, upflow anaerobic sludge fixed film bioreactor and modified anaerobic bioreactors. The review shows that vegetable oils present in wastewater can be readily removed by biological
treatment methods.

KEYWORDS:
oily wastewater, biological treatment, biodegradation, enzymes.

INTRODUCTION
Plant and animal oils are handled in industries such as
olive oil and palm oil mills, butter, paints, polishes, detergent and soap manufacturing units [1]. Industries such as
slaughter houses, dairy, meat packing and food processing
operations are also known for producing oily wastewaters.
Further, oil constitutes one of the major types of organic
matter found in municipal wastewater [2, 3].

Oils are essentially triglycerides consisting of straight
chain fatty acids attached, as esters, to glycerol [4]. The
component fatty acids of edible oil vary considerably. They
can differ in chain length, may be saturated or unsaturated,
and may contain an odd or even number of carbon atoms.
Palm oil has a fatty acid profile including palmitic, linoleic,
oleic and steric acids while olive oil has palmitoleic, palmitic, linoleic and oleic acids [5].
Oil can be characterized in three ways: by polarity,
biodegradability and physical characteristics. Polar oils
normally are derived from animal and vegetable material,
such as wastes from food processing operations. It is generally acknowledged that polar oils are biodegradable and
therefore become part of the organic load that must be handled in a biological treatment process. Non-polar oils are
usually derived from petroleum or mineral sources and generally are considered to be poorly biodegradable. By physical characteristics, oils are usually designated as being nonfloatable or dispersed (emulsified) and non-dispersed [6].
The amount of oil-containing wastewater increases
every year due to urbanization and industrial development.
The real concern is with dispersed oil. Some of the dispersed oils can be removed from wastewater by primary
sedimentation or by skimming or by adsorption to settleable solids. Nevertheless, chemically or physically stabilized oil-water emulsions should be managed in an appropriate manner. This is necessary because oils that pass
through physico-chemical processes contribute to the levels
of biological oxygen demand (BOD) and chemical oxygen
demand (COD) in the effluents [7-9]. Thus biological treatment processes are commonly used to remove emulsified
oils from wastewater.
In the biological treatment process, biodegradable oil
becomes part of the BOD load acted upon by the microorganisms and is decomposed along with other organic materials. Non-polar oils transported to a biological treatment
process are incorporated to a large extent into the biological floc. These adsorbed oils are then removed with the
waste sludge stream. Oil remaining in effluent from secondary processes are residual non-polar materials not removed by physical processes or with waste biological
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sludge, polar oils not oxidized by microorganisms, and
natural oils occurring as a normal component of bacterial
cells. The polar fraction of the effluent grease and oil
would be expected to degrade further along with other biodegradable materials in effluent streams. The non-polar
fraction would be more persistent and would continue to
exert its effects on the quality of the receiving water [6].
This review provides an overview of biological systems
adopted in the removal of vegetable oils from wastewater.
AEROBIC TREATMENT OF OILY WASTEWATER

In aerobic wastewater treatment systems, oils are generally believed to be biodegradable and therefore considered as part of the organic load that is treated [6]. However,
oils have detrimental effects on oxygen transfer. They
reduce the rates at which oxygen is transferred to biofilms,
thereby depriving the microorganisms of oxygen [8].
Young [6] reported that oxygen demand of influent dispersed polar oil should be considered as part of the normal
BOD load to the treatment plant so that effluent BOD
measurements would include the oxygen demand of biodegradable oil in the effluent samples.
Moreover, the amount of oil present in an activated
sludge system has been shown to be related to the occurrence of the filamentous actinomycete Narcodia amarae
known to be involved in the formation of scum and stable
foams [10].
Treatment of oily wastewater in the activated sludge process

Young [6] carried out studies by mixing biological solids with vegetable oil and correlated the effluent BOD characteristics with the amount of oil added. It was observed that
removal of oil by mixed microbial population was equal to
or better than BOD removal suggesting that not only biodegradation occurred, but also adsorption took place.
A batch study was conducted by Hsu et al. [11] for
olive oil degradation by acclimated activated sludge. The
results showed that the maximum removal rate of olive oil
was in the order of 0.1 g/L/h. Hsu et al. [11] found that adsorption of oil contributed to their removal from
wastewater. However, Choa and Yang [8] reported that
adsorption of oils caused a decrease in specific gravity as
well as the ability of the sludge to settle, resulting in process failure. These results suggest that oil adsorption may
influence the performance of aerobic processes such as
the activated sludge process (ASP).
In a study carried out by Jung et al. [12], an activated
sludge process treating oil at concentrations of 400 and
600 mg/L, achieved COD removal efficiencies of 86 and
75 %, respectively. However, at 800 mg/L of oil in the
feed, the COD removal efficiency of the bioreactor dropped
markedly. Liu et al. [13] achieved a 90% COD removal efficiency at a high oil concentration of 660 mg/L on a batch
activated sludge system under mesophilic conditions with
a temperature as low as 21o C. Also, at 13,500 mg/L of oil
concentration, activated sludge still achieved removals in

the range of 63.7-76.2%. These results contradicted those
of Jung et al. [12], who studied dairy wastewater and it was
postulated that the nature of oil in the pet food wastewater
studied by Liu et al. [13] was predominantly of animal
origin than mineral, which was not only non-inhibitory but
also biodegradable. Also it was suggested that mechanisms
such as coating the biological floc and hindering oxygen
transfer by oil had adverse impacts on the biological system.
A study by Wakelin and Forster [4] showed that acclimatized activated sludge exhibited higher performance than
a non-acclimatized one even though the microbial growth
pattern and removal of oil were similar. Since activated
sludge is a mixture of different microorganisms, which can
be dominated by different species, their respective domination can be dictated by the type and concentration of the
substrate [14]. Therefore, the results reported by Wakelin
and Forster [4] suggest that the differences in overall performances of various microbial cultures could be due to differences in enzyme systems. This further suggests that the
use of mixed microbial cultures such as activated sludge,
particularly when it has been acclimatized to oil can offer
the best option for the treatment of oily wastewaters.
The efficiency of a laboratory scale activated sludge
treatment process for edible oil refining industry effluent
was evaluated by Mkhize et al. [15]. Treatability studies
were conducted using an anaerobic/aerobic sequencing
batch reactor (SBR). The results showed 75% influent COD
reduction and more than 90% removal of oils and suspended solids. A continuous laboratory-scale nutrient removal system was designed. COD and phosphate reductions of 44% and a 36%, respectively, were achieved at an
organic loading rate of 0.5 kg COD / kg MLSS / d.
Aerobic degradation and detoxification of wastewater
from olive oil industry was investigated by Fadil et al. [16].
It was observed that olive oil mill wastewater (OMW) did
not generally contain sufficient nitrogen and phosphorus
for an adequate aerobic purification process. Furthermore,
substrate containing OMW, nitrogen, phosphorus and sulphate achieved the highest COD removal value. This observation indicated the increased performance of aerobic
culture supplied with nutrients. The performance of separate aeroic, anaerobic and a combined anaerobic - aerobic
process for biological treatment of green olive debittering
wastewater was evaluated by Aggelis et al. [17]. The aerobic treatment resulted in a degradation efficiency of 71.6
– 75.9% but required pH correction and hardly affected
the polyphenolic compounds. However, the combined anaerobic – aerobic treatment achieved a COD and polyphenol
reduction by 74% and 19.6%, respectively.
Treatment of oily wastewater in the attached growth process

A continuous bench scale rotating biological contactor (RBC) was studied by Najafpour et al. [18] to treat palm
oil mill effluents (POME) using S. cerevisiae as biomass.
In the study about 88% COD was removed with the low-
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est flow rate of 1.1 L/h of POME. When the flow rate was
increased to 3.6 L/h the reduction of COD decreased to
57%. It was found that the initial biomass loading and
fixing biofilm of S. cerevisiae on the surface of RBC
significantly improved the treatability of POME and after
5 days of operation the population of S. cerevisiae gradually decreased while other dominant bacteria were replaced.
In a study carried out by El-Masry et al. [19], a sand
biofilm filter system with bacterial strains of Pseudomonas
sp. and P. diminuta was used for removal of vegetable oil.
Results showed that the biofilm system reduced oily
wastewaters. Even in cases of a high degree of pollution, oil removal at 100% efficiency, BOD at 95.9% and
COD at 96%, at a 50 mL/h flow rate using one unit of
biofilm system was achieved. On using two units in sequence, a complete removal of oil, BOD and COD with an
efficiency of 100% at a flow rate 100mL/h was achieved.
Treatment of oily wastewater in
combined suspended and attached growth system

To enhance biodegradation of oils, Keenan and Sabelnikov [9] proposed the use of a combination of suspended and attached growth treatment systems using selected bacterial strains capable of degrading oils. The authors found that the oil content in the effluent could not be
reduced to values below 0.3 g/L from 1.512 g/L by using
a suspended growth treatment system, whereas adding a
biofilter to the suspended growth system substantially reduced the oil content in the wastewater to 0.028 g/L. The
increase in the efficiency of the system was the result of an
increased concentration of bacterial cells, which was accompanied by increased microbial activity, growth and
maintenance of microbial populations that was associated
with attached growth systems. However the treatment system reported by Keenan and Sabelnikov [9] sporadically
failed and the content of oil in wastewater increased to
0.386 g/L. The authors attributed this failure to malfunction
of the pH adjustment system.
BIODEGRADATION OF OILS

Various microorganisms have the ability to produce
extra-cellular lipases that hydrolyse triglycerides to fatty
acids and glycerol [4, 20, 21]. Examples are the bacteria
Pseudomonas fluorescens, Chromobacterium vinosum and
the fungi Aspergillus niger, Humicola lanuginose [22] and
Rhizopus delemar [23]. Oils in this case are used as substrates for microbial growth, resulting in an increase in the
concentration of microorganisms in the treatment system.
The current practice to improve the biodegradation of organic compounds is bioaugmentation, which is the addition
of microorganisms or enzyme preparations for treatment
of wastewater. Two approaches are in use related to biodegradation of oils in wastewater [9]: use of enzyme preparations and use of viable microorganisms.
Microbial degradation of oils

Generally, microbial oil degradation is considered to
occur as a result of hydrolysis of oil by secretion of lipase,
an oil degrading enzyme, which catalyses the degradation
of oil to organic acids and volatile fatty acids (VFA) via
beta oxidation, a fatty acid degradation pathway. Finally,
oil is decomposed to CO2 and H2O [24].
Keenan and Sabelnikov [9] studied the biodegradation of corn, olive, sunflower and waste oils by a variety
of bacterial strains such as Acinetobacter sp., Rhodococcus sp. and Caseobacter sp. that were isolated from different environments based on their ability to grow on vegetable and waste oils and by commercial bacterial preparations specifically designed for oil degradation. They found
that for all bacterial strains and preparations corn oil and
waste oils supported microbial growth more efficiently than
either olive or sunflower oil. Moreover, the Caseobacter
strain and one commercial preparation could not grow on
olive oil at all. Wakelin and Forster [4] reported similar
results on Acinetobacter strain which was found to grow
efficiently on oils among other bacterial species tested,
including Rhodococcus rubra, Nocardia amarae, and Microthrix parvicella. However, even Acinetobacter sp. could
not reduce the content of lipids in wastewater to values
lower than 0.1g/L. From the initial oil content of 1.5 g/L,
the lowest values achieved using Acinetobacter sp. were
0.35 g/L for corn oil and 0.267 g/L for waste oil. Keenan
and Sabelnikov [9] also reported that microbial growth was
better on unrefined than on refined oils; this was likely
because the former contained nutrients, which were removed while making refined oil.
In a study carried out by El-Bestawy et al. [25], eight
bacterial species were isolated from vegetable oil contaminated industrial wastewater, four of which were found to
have the ability to degrade oil in the contaminated
wastewater. These isolates were identified as Pseudomonas sp., P. diminuta, P. Pseudoalcaligenes and Escherichia
sp. Results showed that all the tested bacteria were able to
degrade the palm oil completely and utilized the free fatty
acids as a carbon source. The combination, Pseudomonas
sp. and P. diminuta, produced the highest degradative activity fol-lowed by combination, Pseudomonas sp., P.
diminuta and P. Pseudoalcaligenes. Also the combination,
Pseudomonas sp. and P. diminuta, produced the highest
activity in re-ducing COD by 93% and BOD by 100%.
An inoculum containing a mixed culture of fifteen bacterial isolates from various fatty wastewater samples was
developed by Tano-Debrah et al. [26] to degrade oils. The
inoculum was effective in wastewaters with pH ranging
from 4.5 to 9.5 and the optimum treatment temperature was
20-25oC. It was observed that the optimum oil degradation
occurred in the alkaline pH range. Microorganisms generally live at the oil-water interfaces from where they attack
the oil molecules and microbial oxidation is rapid when the
hydrocarbon molecule is in intimate contact with water
which requires adequate mixing or dispersion of the water
and oil. Adequate mixing occurs in emulsion formation. In
acidic media, emulsion formation is generally poor, com-
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pared to that in alkaline media. The observed better activities in the alkaline medium might have been due to better
emulsification. Biodegradative tests with the inoculum
developed by Tano-Debrah et al. [26] on samples of eight
different oils showed that the organisms in the culture
could degrade several oils of plant and animal origin.
Takeno et al. [24] studied removal of cooking oil from
domestic wastewater. A continuous treatment of oil containing wastewater was carried out with agar-immobilized Rhodobacter Shaeroide S, a photosynthetic bacterium, at a fixed
dilution rate of 0.4/day. The results indicated that 96% of
the oil was removed from the wastewater, and the maximum
removal rate of oil reached approximately 3.83 kg oil/m3/
day. The study showed that immobilized photosynthetic
bacteria directly decomposed one part of the oil contained
in wastewater, while oil-decomposing bacteria (naturally
growing Pseudomonas and Bacillus) decomposed another
part of the oil degrading it to organic fatty acids such as
propionic and acetic acid. Photosynthetic bacteria consumed
these acids. As a result, oil degradation was promoted by
the addition of photosynthetic bacteria and the combination
showed significant decomposition of oil from wastewater.
Bioseparation of suspended solid and oil from POME
was investigated by Prasertasan et al. [27]. Two thermotolerant lipase producing fungal isolates, ST4 and ST29
were observed to remove 98.9% and 88.9% of oil, respectively. The high treatment efficiency was found to be the
consequence of the entrapment of most suspended solids
and residual oil of POME in the polymer excreted from
these strains. Secondary treatment of the culture filtrates
conducted using a photosynthetic bacterium, Rhodocyclus
gelatinosus R7 under optimal conditions resulted in 71%
COD removal.
Lipases are widely produced in fungi and their production and activity in organisms, such as Rhizopus, Mucor and Aspergillus have been well studied [28-30]. In a
study conducted by Gopinath et al. [31] on thirty-four wild
fungal species associated with edible oil mill wastes, the
species Absidia corymbifera, Aspergillus fumigatus, Aspergillus japonicus, Aspergillus nidulans, Aspergillus
terreus, Cunninghamella verticillata, Curvularia pallescens, Fusarium oxysporum, Geotrichum candidum,
Mucor ra-cemosus, Penicillium citrinum, Penicillium
frequentans, Rhizopus stolonifer, and Trichoderma viride
were found to exhibit the maximum lipase activity. It is
known from literature that lipase-producing fungi can
utilize oil as a main carbon source, which has approximately twice the energy value of glucose, and are capable
of reducing COD of the oil effluent [32, 33]. When fungi
are confronted with fats and oils in a growth medium, triacylglycerol is hydrolyzed by fungal lipases to yield diacylglycerol, monoacylglycerols, free fatty acids and
glycerol.
A study was conducted to determine the ability of
Mucoralean fungi to treat edible - oil - containing industrial
effluent [34]. Fifty-eight fungal strains were isolated, of

which Cunninghamella echunulata reduced COD by 98.2%
and Emirisella nidulans was observed to produce maximum gamma-linoleic acid (GLA) as a by-product. A laboratory based sunflower oil waste was found to be effectively
degraded by Mucor circinelloides [35]. The fungus was
found to exhibit a preference for the utilization of unsaturated fatty acids in the presence of acetate. The study suggested that fungi could be used in oil waste removal while
at the same time biomass rich in essential fatty acids such
as linoleic acid and GLA can also be produced. Bioconversions of sunflower oil and rapeseed oil in fed-batch cultures
fermented with Candida tropicalis were studied by Fabritius
et al. [36]. Cofermentations with palmitic acid resulted in
successful transformations to different 3- hydroxydioic
acids.
The ability of Aspergillus fumigatus Fres. and Aspergillus nidulans (Eidam) wint from Nigerian palm produce
to degrade vegetable oils was examined [37]. Both the
species were readily found to hydrolyze palm oil and palm
kernel oil and good growth was recorded on triglycerides
used as a source of carbon. Extracellular lipases were detected and found to be active at a pH of 5.6. The growth
of Aspergillus oryzae on palm oil effluent was investigated
by Barker and Worgan [38]. The fungus grew in a batch
culture indicating utilization of principal substrate components, with a period of protein assimilation followed by
lipid and carbohydrate utilization. Supplementation with an
inorganic nitrogen source was found to be necessary and
BOD reductions of 75% and COD reductions of 75% to
80% in batch cultures were observed.
Aspergillus niger was observed to posses extracellular
enzymes that hydrolyze pectins, polyphenols and tannins. It
degrades many phenolic compounds and can be used for
pretreatment of olive black water [39]. The organic fraction of olive oil mill waste includes sugars, tannins, polyphenols, polyalcohols, pectins and lipids [40]. Hamdi et al.
[39] observed a reduction in COD of 52.5 % using A. niger
in aerobic conditions. Average COD removals of 55%,
52.5% and 62.8% in olive mill wastewater fermented with
Geotrichium sp, Aspergillus sp, Candida tropicalis, respectively, were observed by Fadil et al. [16]. Under optimum
conditions, 63% and 70% COD were found to be removed
by C. versicolor and F. trogii, respectively [41]. Addition
of sulphate, glucose and nitrogen had no effect on biodegradation and high yields were obtained by fungi immobilized in calcium alginate gels. In a study conducted by
Yesilada et al. [42] treating OMW aerobically with fungi,
it was found that Coriolus versicolor, Funalia trogii and
Pleurotus sarorcaju showed high reductions in COD. The
ability of Phanerochaete chrysosporium to degrade the
phenolic compounds of olive oil mill wastewater and to
decrease the COD using cells immobilized on loofah was
examined by Ahmadi et al. [43]. The fungus did not grow
on the concentrated wastewater and a reduction of 50% in
COD was observed. Pleurotus ostreatus grown in bioreactor batch cultures in a model OMW (diluted and sterilized) was observed to cause significant phenolic removal
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[44]. Laccase, the sole ligninolytic enzyme detected in the
growth environment, was found to be produced during
primary metabolic growth. The toxicity of OMW against
the seeds of Lepidium sativum and the marine Branchiopoda
Artemia sp. was observed to decrease after biotreatment.
Pleurotus ostreatus was able to reduce phenolic content and
toxicity of sterilized OMW, in bioreactor cultures. However, it was concluded by Aggelis et al. [44] that high OMW
dilutions should be used, and/or additional treatment should
be applied before use of the OMW in the environment.
In a study carried out by Zheng et al. [45] on treatment
of salad oil manufacturing wastewater using yeast isolates,
a large loss of biomass was observed which subsequently
reduced the treatment efficiency. Of the five yeast species
used in the study, only Candida tropicalis remained in the
aeration tank possibly because it had better settleability.
Addition of nitrogen to the final effluent stimulated the activity of this yeast, which resulted in treatment efficiency
similar to that of the mixed yeast system. Lanciotti et
al.. examined the ability of different Yarrowia lipolytica
yeast strains to grow in OMW and to reduce its COD
level [46]. Results showed that some Yarrowia lipolytica
strains are good candidates for the reduction of the pollution potential of OMW and for the production of enzymes
and metabolites such as lipase and citric acid. In another
study conducted on Yarrowia lipolytica, it was observed
that the yeast reduced the COD level of OMW by 80%
and produced useful biomass and enzyme lipase [47].
Biodegradation of oil under thermophilic conditions

At temperatures above 50oC, the oil aggregates melt,
and stable emulsions of substrates with a large surface area
are formed during agitation. Under such conditions, the bioavailability of such hydrophobic substrates for enzymes and
microorganisms is significantly increased. From a technological point of view, high temperatures are desirable, because the viscosity of the streams decreases, and thus diffusion and mass transfer are accelerated [10]. Biological treatment of oils under thermophilic conditions, i.e., above 60oC,
is expected to be advantageous due to favorable changes in
physical properties of these hydrophobic compounds with
increasing temperature.
Becker et al. [10] studied the aerobic thermophilic degradation of olive oil using a pure culture of bacterial strain,
Bacillus thermoleovorans IHI-91, in a continuously operated stirred tank reactor. It was observed that an oil removal of more than 90% of the initial oil concentration of
2 g/L was obtained at a residence time of 2 h. A relatively
high maximum biomass yield of 1.05 g dry cell per g olive
oil consumed was measured in the study. A severe growth
inhibition was observed when the feed olive oil concentration was increased to more than 4 g/L. Compared with
data from mesophilic processes the oil degradation rates
obtained under thermophilic conditions were extremely
high. Lapara and Alleman [48] attributed this difference to
the fact that nitrifying bacteria, floc-forming organisms and
higher organisms those aid flocculations were not present,

which affected sludge sedimentation. In subsequent experiments, Becker et al. [10] treated wool-scouring wastewater
and results showed that aerobic thermophilic treatment of
wool scouring wastewater using Bacillus thermoleovorans
IHI-91 was possible.
Markossian et al. [49] carried out a study on the same
strain, Bacillus thermoleovorans IHI-91 and observed that
the aerobic bacterium grew optimally at 65oC and pH 6.0
and secreted a high level of lipase. The strain was observed
to utilize several oils such as olive oil, sunflower oil, soya
oil, and fish oil as sole carbon and energy source without an
additional supply of growth factors. A degradation of about
93% of triolein, which is present in olive oil, was observed
after only 7 h of fermentation at a maximal growth rate of
1.0 h-1. Because of its production of high concentrations of
thermoactive lipases and esterases, the bacterium was found
capable of degrading a wide range of oils at high temperatures.
Enzymes for treatment of oily wastewaters

Lipases are enzymes or biocatalysts, which have the
ability to catalyze cleavage of carboxyl ester bonds in tri-,
di-, and monoacylglycerols [50]. Lipases cleave ester bonds
of triacylglycerols with the consumption of water molecules
(hydrolysis). There are several research studies available on
the treatment of oily wastes using lipase [4, 51]. Most of
these studies focused on pre-treatment of wastewater from
dairies and slaughterhouses. There is a wide range of scientific studies investigating enzymatic hydrolysis processes to
precede traditional biological treatment. These enzymes catalyze the hydrolysis of complex organic compounds, transforming them into substances that can be readily biodegraded by the microbial consortium present in subsequent
biological treatment [52].
Use of enzyme preparations is not attractive because it
is only used for hydrolysis of oils to fatty acids and glycerol [53, 54]. The fatty acids liberated can form colloidal
particles that aggregate and precipitate from solutions during changes in environmental conditions in the treatment
system causing clogging and process failure [8]. Therefore,
this approach provides only a partial solution to the problem. Process stability may also depend on the state of the
added enzyme preparations. If added in solution, enzymes
would be lost from the system. It is also difficult to recover
them from reactor effluent at the end of the catalytic process, which is an even more expensive exercise. In contrast,
immobilized enzymes would be retained within the system
and most likely would have improved stability in relation to
environmental conditions [53]. Immobilized enzymes have
the advantages of multiple usage, controlled reactions, and
mechanical stability [55]. Despite these advantages, the use
of immobilized enzymes in wastewater treatment has been
limited by several factors, mainly the high cost of the enzymes connected with immobilization procedure. Also, loss
of enzyme activity during the immobilization procedure
and during the reaction is the main hurdle for widespread
commercialization [55].

306

© by PSP Volume 16 – No 12a. 2007

Fresenius Environmental Bulletin

In a study conducted by Jeganathan et al. [56], the hydrolysis of oil originated from pet food industrial
wastewater was evaluated. Lipase from Candida rugosa
was immobilized and applied in the hydrolysis experiment.
Lipase from Candida rugosa is a microbial enzyme produced by fermentation of yeasts. It was extensively used
for oil hydrolysis [55, 57, 58] because it is one of the
commercially available lipases that have the ability to
liberate all types of acyl chains. Results of the study conducted by Jeganathan et al. [56] showed that approximately 50% of the oil was hydrolyzed due to the enzyme activity. A significant increment in COD and VFA production
was also observed. During the 3-day experiment, approximately 65% of the beads was recovered and after the hydrolysis, approximately 70% of the enzyme activity remained in the beads. The study showed that the immobilized lipase could be used up to 4 cycles with a 55% activity recovery. However, after 4 cycles, the activity loss was
critical probably due to lipase leakage from the beads
and/or blockage of substrate/ product. The study showed
the potential of immobilized lipase as a pre-treatment step
in biological treatment of pet food manufacturing
wastewater.
Jung et al. [12] treated dairy wastewater in a batch activated sludge system with and without an enzymatic prehydrolysis stage. Fermented babassu cake containing Penicillium restrictum lipase was used in the pre-hydrolysis
stage. The efficiency of the pre-hydrolysis was monitored
through the formation of free acids. During the study, a
marked difference between the concentration of free acids
before and after the hydrolysis was observed indicating a
modification in composition of wastewater even when a
small quantity of fermented cake (0.2%) was utilized. After
enzymatic hydrolysis the COD values were observed to rise
due to the presence of organic compounds in the enzymatic
cake besides microorganisms and proteins. Even being fed
with high COD concentrations, the hydrolyzed bioreactor
maintained COD removal efficiencies in the range of 82%
to 93% indicating that products of enzymatic hydrolysis
were easily metabolized by the microbial consortium present in the activated sludge. Also growth of biomass was
observed to be more intense in the hydrolyzed bioreactor.
A study on biological treatment of dairy wastewater
containing high levels of oil was conducted by Leal et al.
[59]. The study used two identical upflow anaerobic sludge
blanket (UASB) reactors, one fed with wastewater from
an upstream enzymatic hydrolysis step and the other with
raw wastewater. The hydrolysis was carried out at 35oC for
14 h using an enzyme preparation obtained through solidstate fermentation, presenting pronounced lipase activity.
The UASB reactor fed with the hydrolyzed wastewater assimilated the increase of oil content in the influent and
showed stable COD removal even when the oil concentration was raised to 1000 mg/L.
Dharmshiti and Kuhasuntisuk [60] investigated the effect of addition of lipase to a biological system treating restaurant wastewater. These authors reported that the oil con-

tent was totally removed after 48 h incubation of the wastewater with the enzyme. However, the amount of enzyme
preparation used by these authors was appreciably high.
Cammarota et al. [52] first proposed hydrolysis of oil in
dairy wastewater by a solid preparation of lipase. The results of the work showed that a pre-treatment with enzymatic hydrolysis improved the treatment of dairy
wastewater in a bench scale UASB reactor. A similar
work was carried out by Leal et al. [61], using a liquid
preparation of enzymes and batch operated anaerobic reactors. The highest level of oil investigated by these authors
was 1200 mg/L and the removal attained in reactors fed
with the hydrolyzed stream was significantly higher than
that reached in the control reactor without pre-treatment.
Therefore, enzymatic pre-treatment is found to improve the
performance of anaerobic reactors treating industrial
wastewaters containing high oil concentrations. Gombert
et al. [62] studied lipase production by Penicillium restrictum in solid-state fermentation using babassu oil
cake as a substrate. The highest lipase activity was observed after 24 h of cultivation with 2% olive oil enrichment. Mendes et al. [63] used a com-mercially available
pancreatic lipase to pre-treat oil rich wastewater from
dairy industries. The results confirmed in-creased levels of
biogas production and higher COD and color removal. The
pretreatment was optimized for 12 h hy-drolysis time, enabling high-biogas formation and organic matter removal
(78.2%).
ANAEROBIC TREATMENT OF OILY WASTEWATERS

During anaerobic treatment of oily wastewater, biotransformation of oil takes place in the following steps [64]:
• Hydrolysis to unsaturated long chain fatty acids (LCFA);
• Saturation of unsaturated LCFAs; and
• β- oxidation of saturated LCFA to volatile fatty acids.
β- Oxidation Pathway

In an anaerobic environment, lipids are first hydrolyzed
to glycerol and free LCFAs. This process is catalyzed by
extracellular lipases that are excreted by the acidogenic
bacteria. Further conversion of the hydrolysis products
takes place in the bacterial cells. Glycerol is converted to
acetate by acidogenesis, while the LCFAs are converted to
acetate and hydrogen through β-oxidation pathway. β-oxidation is considered a limiting step in the anaerobic degradation of complex organic substrates [65-67], because
LCFA oxidizing bacteria are slow growers (growth rate 0.10.3 per day) [68]. As syntropic substrates, their anaerobic
microbial degradation is limited by high hydrogen partial
pressure [68, 69]. Hydrogen is produced in several steps in
the anaerobic degradation of complex organic substrates and
removed from the process mainly by hydrogen consuming
methanogens and some acetogenic bacteria [69].
Anaerobic treatment

In anaerobic treatment processes, the characteristics of
oily wastewater lead to many challenges. Sludges with
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diverse characteristics with poor activity can develop and
have foam on the surface of the water. This may also affect
the biomass losses with an effluent, decreasing biomass
quantity within the reactor and hence the efficiency of the
treatment system. In addition, oil can be adsorbed on the
surface of the anaerobic sludge, which may limit the
transport of soluble substrate to the biomass. At a lower
temperature, oils may solidify and create operational problems such as clogging and producing unpleasant odours
[52].
Problems with anaerobic treatment of wastewater containing oil result from two phenomena: (1) adsorption of a
light oil layer around biomass particles causing biomass
flotation and washout and (2) acute toxicity of LCFA, especially unsaturated LCFA, to both methanogens and acetogens, the two main trophic groups involved in LCFA degradation [66]. The conversion of LCFA to acetate in anaerobic process is limiting for gas production and removal of
COD [70]. The design of anaerobic systems to treat
wastewaters containing vegetable oils must account for
slow degradation of LCFA and potential inhibition by
LCFA. The breakdown of LCFA is often the rate-limiting
step in the degradation of a complex substrate [71].
Experimental work carried out by Beccari et al. [72] on
anaerobic treatment of OMW showed that the inhibition
of methane production was mainly caused by the presence
of lipids in the OMW. The experimental work was carried
out in a semi continuous two-reactor system fed with diluted OMW. Saturation of unsaturated LCFA was identified
as the key factor to prevent inhibition of methanogenesis. It
was concluded that presence of a modest hydrogenotrophic
activity in the first reactor was sufficient to obtain an
almost quantitative conversion of unsaturated LCFAs to
palmitic acid, thus drastically lowering inhibition on methanogenesis in the second reactor. However, degradation of
saturated LCFAs did not continue beyond the formation
of palmitic acid. Concentration of hydrogenotrophic bacteria within the acidogenic reactor was not high enough to
allow the progression of the β- oxidation down to VFAs.
Another study was carried out by Beccari et al. [73] on
OMW to investigate the interaction between the acidogenesis and methanogenesis occurring in anaerobic digestion. It
was observed that most of the lipids in OMW were degraded in both the stages. A low methanogenic activity,
established in acidogenic conditions due to the partial degradation of the chemical inhibitor, was observed to be the
key factor in determining lipid degradation even in acidogenesis. The results of the study suggested that two-phase
anaerobic digestion might be adopted as a suitable process
for optimizing OMW degradation.
Saacti et al. [70] investigated treatment of wastewater
from a sunflower oil industry in a pilot-scale mesophilic
UASB reactor. The removal efficiencies of total lipids and
fatty acids were observed to be above 70% at organic loading rates between 1.6 and 7.8 kg COD/ m3 d and at optimum retention times of 2.0 and 2.8 days. The conversion

rate of removed COD to methane was between 0.16 and
0.354 m3 CH4 / kg COD. Hanaki et al. [74] anaerobically
treated cafeteria wastewater containing about 30% of oil on
a COD basis in a single-phase system and two-phase systems. The two-phase system achieved approximately 85%
of methane conversion from removed COD, while the single-phase achieved only about 70% on average. The difference between systems was reflected by the oil content
of the wastewaters on a COD basis. Therefore, the results
showed that oil was degraded only in the two-phase system, and little degradation of oil took place in a single-phase
system.
POME treatability in an anaerobic hybrid digester studied by Borja et al. [75] showed that at an organic loading
rate (OLR) of 16.2 g/L day and HRT of 3.5 days, COD
removal efficiency and methane yield of 92.3% and 0.335
m3/ kg were achieved, respectively.
Najafpour et al. [76] studied anaerobic digestion of
POME in an upflow anaerobic sludge-fixed film (UASFF)
bioreactor. The study revealed that that the use of UASFF
reactor was a good strategy to accelerate anaerobic granulation and to achieve high COD removal efficiency in a short
period of time. The reactor was found to be very efficient in
the treatment of diluted and high strength POME at a high
OLR and a short HRT. High COD removals of 89 and 97%
at an HRT of 1.5 and 3 days were achieved, respectively.
Also, it showed that the use of packing media in the middle portion reduced channeling problem and loss of biomass due to flotation associated with poorly performing
UASB reactors.
Faisal and Unno [77] studied the treatability of POME
using a modified anaerobic bioreactor (MABR). It was observed that removal of COD and oil varied from 87.4 to
95.3% and from 44.1 to 91.3%, respectively. The total
volatile fatty acid production was 1450 mg/L at an HRT of
3 days and gradually decreased to 608 mg/L at an HRT of
10 days.
Anaerobic digestion of OMW was studied on a laboratory scale through chemical-physical processes followed
by biological treatment by Filidei et al. [78]. Anaerobic
digestion was observed to reduce organic load by 78-89%
and phytotoxocity tests carried out on Lepidium sativum
seeds showed that the anaerobic treatment considerably
reduced the phytotoxic character of OMW. Anaerobic digestion of chemically pretreated OMW was observed to
reduce COD in the range of 0.77-0.65 g of COD degraded
per g of COD fed to the reactor by Banitez et al. [79].
Wahaab and El-Awady [80] studied treatment of meat
processing wastewater containing oil and grease in a UASB
reactor followed by a RBC. A removal efficiency of only
58% was achieved for oil by using the UASB and when a
RBC followed it, an overall efficiency of 91% was achieved
with the oil concentration of 10 mg/L in the final effluent.
Nakhla et al. [81] evaluated the use of a new biosurfactant derived from cactus for treatment of oily wastewater
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anaerobically. The addition of biosurfactant to high oil
wastewater produced a 164-238% increase in the total COD
biodegradation rate coefficient and a 164-247% increase in
particulate COD rate coefficient. Results from a full-scale
mesophilic anaerobic digestion system indicated that the
addition of the biosurfactant at doses of 130-200 mg/L decreased oil concentrations from 66,300 to 10,200 mg/L
over a two-month period. Del Nery et al. [82] evaluated the
performance of poultry slaughterhouse wastewater using a
treatment system consisting of two UASB reactors along
with a dissolved air floatation system. The UASB showed
total chemical oxygen demand and soluble chemical oxygen
demand removal efficiencies of 67% and 85%, respectively.
The organic matter removal efficiency of the treatment plant
was observed to reach about 90%.

SUMMARY COMMENTS

Biological processes for removal of oil from
wastewater comprise of both aerobic and anaerobic processes and involve microorganisms to degrade them (Table 1 and 2). ASP is the most commonly used aerobic
treatment process for oily wastewater. Various studies on
ASP report on the use of both acclimatized and nonacclimatized activated sludge. Also, researchers have
reported on the use of a combined suspended and attached
growth process for degrading oil. The most common anaerobic treatment technique in-

TABLE 1 - Biological treatment.
S. No.

Biological treatment

Source of oil

Efficiency/ Remarks

Reference

1
2
3
4

Acclimated ASP
ASP
Batch ASP
Anaerobic/ aerobic SBR

OMW
Dairy wastewater
Pet food wastewater
Edible oil industrial effluent

[11]
[12]
[13]
[15]

5

Aerobic treatment
Combined anaerobic-aerobic treatment
RBC
Sand biofilm filter

OMW

Bakery wastewater
OMW
Sunflower oil industrial effluent
Cafeteria wastewater
POME
POME
POME

81.7% total lipids removal
70% removal efficiency of total lipids
85% of CH4 converted from removed COD

[72]
[70]
[74]
[75]
[76]
[77]

15

Combined suspended
and attached growth
Two-reactor anaerobic system
UASB
Anaerobic treatment (2- phase system)
2-stage UASB
Anaerobic hybrid digester
Upflow anaerobic sludge
fixed film bioreactor
Modified anaerobic bioreactor

Maximum removal rate 0.1 g/L/h
86% COD removal
90% COD removal
90% oil removal
75% COD reduction
71.6-75.9% COD reduction
74% COD reduction
88% COD removal
100% oil removal
96% COD reduction
Reduction in oil content from 0.3 g/L to 0.028 g/L

POME

16
17
18

Anaerobic digestion
Anaerobic digestion
UASB followed by RBC

OMW
OMW
Meat processing wastewater

87.4-95.3% COD removal
44.1-91.3% oil removal
78-89% reduction in organic load
0.77-0.65 g COD degraded / g COD fed
91% oil removal

6
7
8
9
10
11
12
13
14

POME
Vegetable oil

92.3% COD removal
89-97% COD removal

[17]
[18]
[19]
[9]

[78]
[79]
[80]
[81]

TABLE 2 - Microbial degradation.
S No.

Microorganism

Source

Efficiency/ Remarks

Reference

1

Acinetobacter sp.
Rhodococcus sp.
Caseobacter sp.
Acinetobacter sp.

Corn, olive, sunflower and
waste oils

Corn and waste oil supported all bacterial strains
than olive and sunflower oil

[9]

Corn and waste oil

[4]

Pseudomonas sp.
P. diminuta
P. pseudoalcaligens
Escherichia sp.
Rhodobacter shaeroide S
Cunninghamella echinulata
Mucor circinelloides

Vegetable oil

Reduce lipid content from 1.5 g/L to 0.35 g/L for
corn and to 0.267 g/L for waste oil.
Pseudomonas sp. and
P. diminuta combined, reduced COD by 93% and
BOD by 100%

[24]
[34]
[35]

Aspergillus fumigatus
Aspergillus nidulans
Aspergillus oryzae
Aspergillus niger
C. versicolor
F. trogii

Vegetable oils

96% oil removal
98.2 % COD reduction
Presence of acetate enhanced sunflower oil utilization
Hydrolyze palm and palm kernel oil
75-80% COD reduction
52.5% COD reduction
63% COD reduction
70% COD reduction

[38]
[39]
[41]

2
3

4
5
6
7
8
9
10

Domestic wastewater
Edible oil effluent
Sunflower oil waste

POME
OMW
OMW
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[25]

[37]
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C. versicolor
F. trogii
P. sarorcaju
Phanerochaete chrysosporium
Yarrowia lipolytica
Bacillus thermoleovorans IHI-91

12
13
14
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OMW

High COD reduction

[42]

OMW
OMW
OMW, wool scouring
wastewater

50% COD reduction
80% COD reduction
90% oil removal,
93% triolein

[43]
[46], [47]
[10], [49]

TABLE 3 - Use of enzymes.
S No.
1
2
3

Lipase
Lipase from Candida rugosa
Lipase from Pencillium restrictum
Lipase from Pseudomonas aeruginosa

Oil
Pet food industrial wastewater
Dairy wastewater, OMW
Restaurant wastewater

volves the use of USAB reactors. Studies have been conducted on the use of a two-stage reactor system, especially
for treatment of OMW. Research has also been made on use
of hybrid bioreactors such as two-stage UASB, UASFF
bioreactor and MABR for treatment of POME. Such hybrid
reactors are found to be efficient in degrading oil and are
gaining importance.
Biodegradation of oils in wastewater involve the use of
microorganisms and use of enzyme preparations. Numerous bacterial strains such as Pseudomonas sp., Acinetobacter sp. have been found to degrade oils such as corn and
sunflower. Use of photosynthetic bacteria for treating oil
containing wastewater is being investigated. Fungal species such as Cunninghamella echinulata, Coriolus versicolor and Funalia trogii were found to be effective in degrading vegetable oil effluents. Biodegradation of oil under
thermophilic conditions is also being investigated to degrade OMW.
Researchers have studied the effects of adding enzymes to biological systems treating oil. Lipases from Candida rugosa and Penicillium restrictum are reported for pretreating oily wastewater. Treatment of oily wastewater using
lipase mainly focuses on pre-treatment. Numerous studies
have investigated enzymatic hydrolysis as a pre-treatment
technique for traditional biological processes (Table 3). Enzymatic preparations produced through solid state fermentation are gaining importance in treating wastewater with
high oil and grease contents.
Although the conventional biological processes are
quite effective in the removal of oil from wastewater, the
use of microorganisms and enzymes show an excellent
promise in oil removal. Further research on the use of fungi
and enzymes in oil removal is necessary before these could
be adopted.

Efficiency/ Remarks
50% of oil hydrolyzed
82- 93% COD removal
Total oil removal

Reference
[56]
[12], [59], [62]
[60]

[3]

Raunkjaer, K., Hvitved-Jacobsen, T. and Nielsen, P.H.
(1994) Measurement of pools of protein, carbohydrate and lipid in domestic wastewater. Water Research, 28(2), 251–262.

[4]

Wakelin, N.G. and Forster, C.F. (1997) An investigation into
microbial removal of fats, oils and greases. Bioresource
Technology, 59(1), 37–43.

[5]

Ayorinde, F.O., Garvin, K. and saeed, K. (2000) Determination of the fatty acid composition of saponified vegetable oils
using matrix-assisted laser desorption/ionization time-of-flight
mass spectroscopy. Rapid Communications in Mass Spectroscopy, 14(7), 60-615.

[6]

Young, J.C. (1979) Removal of grease and oil by biological
treatment processes. Journal Water Pollution Control Federation, 51(8), 2071– 2087.

[7]

Chang, I.S., Chung, C.M. and Han, S.H. (2001) Treatment of
oily wastewater by ultrafiltration and ozone. Desalination,
133(3), 139–144.

[8]

Chao, A.C. and Yang, W. (1981) Treatment of wool scouring
wastewater. Journal Water Pollution Control Federation, 53(3),
311–317.

[9]

Keenan, D. and Sabelnikov, A. (2000) Biological augmentation eliminates grease and oil in bakery wastewater. Water
Environment Research, 72(2), 141–146.

[10] Becker, P. Koster, D., Popov, M. N., Markossian, S., Antranikian, G. and Markl H. (1999) The biodegradation of olive
oil and the treatment of lipid-rich wool scouring wastewater
under aerobic thermophilic conditions. Water Research, 33(3),
653-660.
[11] Hsu, T.C., Hanaki, K. and Matsumoto, J. (1983) Kinetics of
hydrolysis, oxidation and adsorption during olive oil degradation by activated sludge. Biotechnology and Bioengineering, 25(7), 1829–1839.
[12] Jung, F., Cammarota, M.C. and Freire, D.M.G. (2002) Impact
of enzymatic pre-hydrolysis on batch activated sludge systems dealing with oily wastewaters. Biotechnology Letters,
24(21), 1797–1802.
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