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Abstract

This review is set to answer the question about current and alternative treatment methods
available for treating Bitumen000. 12021Polluted Water (BPW). Bitumen is a complex form
of hydrocarbon with a higher viscosity than crude oil preventing it from flowing under
natural conditions. BPW is formed due to bitumen seepage from underground reservoirs
causing contamination of land and waterbodies in areas where the deposit is untapped.
Another wastewater from bitumen is the Bitumen Wastewater (BWW) which is formed
from bitumen extraction and processing, though this review centered on bitumen-polluted
water BPW, studies revealed that BWW exhibits similar characteristics of floatable solids,
high levels of salt and taste, colour, hardness of water, high Biochemical Oxygen Demand
(BOD) and Chemical Oxygen Demand (COD) levels, toxic metals: lead, cadmium and
dissolved petroleum hydrocarbons: Benzene, Toluene, Ethylbenzene, Xylene (BTEX). It has
been reported that these pollutants were recalcitrant, persistent in biodegradation, and
required many years to denature. This review summarized treatment methods for bitumen
polluted water and by extension BWW from five aspects, which contain flotation, filtration,
coagulation, biological treatment, and combined technology. Further, it addressed
modifying the existing Bitumen Polluted Water Treatment System (BPWTS) with the
possibility of scaling it up to treat more volume of BPW to meet water treatment demand
in the bitumen-rich areas.
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1.0 INTRODUCTION

Bitumen is a complex form of hydrocarbon with a higher
viscosity than crude oil and does not flow under natural
conditions [1]. Bitumen exhibited similar chemical properties
to crude oil along with some differences. Bitumen deposits
have been discovered in large quantities in many countries,
for example, in Canada, Venezuela, Trinidad and Tobago, and
Nigeria (Agbabu) among others [2]. In countries where
bitumen exploitation is ongoing, the process requires large
volumes of water and produces a lot of bitumen refinery
wastewater that is stored in tailing ponds. However, in some
countries where the resources are untapped, the quality of
the water bodies surrounding the deposit area had been
reported to be negatively impaired as bitumen seeped out
periodically from the underground reservoir, polluting the
surface and groundwater. Flora and fauna present in the area
are also affected similar to the cases of the Exxon Valdez spill
in Alaska (1989), the Prestige oil spill in Spain (2002), the spill
into the Mediterranean from a Lebanon power plant (2006),
and the BP oil spill in the Gulf of Mexico (2010). It has been
reported that other sources of oily substances in waterbodies

included spent oil from workshops and garages, grease and
ball bearing manufacturing units, leachates, oil spillage and
collapse wastewater containment structures [3], [4]. Bitumen
Polluted Water (BPW) is characterized by floatable oily solids,
high levels of salt, taste, and colour, hardness of water, high
Biochemical Oxygen Demand (BOD) and Chemical Oxygen
Demand (COD) level, toxic metals such as lead, cadmium,
chromium and dissolved petroleum hydrocarbons, Benzene,
Toluene, Ethylbenzene, Xylene (BTEX) [5]. These
contaminants were not only recalcitrant and persistent but
also took many years to denature. One of the best treatment
methods to remove oil from oily contaminated surfaces (soil
and water) is bioremediation [6]. This practice centered on
using selected microbes to clean crude oil spills in the ocean
and in the restoration of crude oil-polluted soils by eating up
hydrocarbons in oil and converting them to harmless form
[71,[8],[9]. Noteworthy though, little attention has been given
to the treatment of bitumen-polluted water perhaps due to its
localized nature, or that it happened in a freshwater
environment and generated little public outcry. Part of this
review highlights the suitability of bioremediation for BPW
treatment singly and in combination with other treatment
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methods such as the filtration process with different filter
media. In general, the current treatment method of treating
petroleum-polluted water could be any of the Conventional
Treatment (CT): mixing, flocculation, sedimentation, filtration,
and chlorination but the question is if this method is suitable
for treating BPW partly because of its unique characteristics,
few isolated cases in the freshwater environment and being
stickier than crude petroleum. This review summarized the
treatment methods for bitumen-polluted water from five (5)
aspects, flotation, filtration, coagulation and flocculation,
biological treatment, and combined technology along with the
prediction of the best method for its future treatment.

2.0 TREATMENT METHODS OF BITUMEN
POLLUTED WATER

2.1 Floation Treatment Method

Water and oil in bitumen-polluted water are two immiscible
liquids because of their differences in densities. The bitumen
floats on the water as bitumen tar balls. Flotation methods

can be used to remove bitumen tar balls from the surface of
bitumen-polluted water by just scooping them from the
surface leaving the water behind. It has been reported [10]
that the floatation method led to the formation of a scum
layer which can be easily removed by the process of skimming.
Types of flotation and their treatment effects on oily removal
are presented in Table 1. The flotation method has been used
in the petroleum industry in the oil-water separators which
were designed to remove oil, grease, light petroleum
products, and oily-coated solids from a variety of wastewaters
and final effluent checked with the Environmental Protection
Agency (EPA) standard. The oil-water separator is most
applicable for industrial purposes; however, the principle can
be adopted for bitumen-polluted water. Floatable solids from
bitumen can be scooped from the surface of BPW after a few
minutes of the sedimentation process in the settling tank.

Table 1. Flotation methods and their effects on oily wastewater

Flotation type Treatment performances References
Flotation Oil removal is more than 90% [10]
Peeling flotation Oil removal is 81.4 % [10]
Dissolved floatation Oil removal is 90 % [10]

2.2 Coagulation and Flocculation Treatment Methods

Coagulation and flocculation methods are separate treatment
units for treating oily wastewater such as BPW. Though most
treatment methods studies conducted by [11], and [12], were
on petroleum-polluted water, some of their findings can be
adaptable to treat bitumen-polluted water because of their
similar characteristics. Coagulation involves using chemical
agents called coagulants to destabilize suspended solids that
are static-charge carriers and thus neutralize them. This step
is closely followed by flocculation which makes use of
flocculants to bind the destabilized solids to form larger
particles referred to as flocs. Flocs due to their weight settled

out quickly in the wastewater. This method is still being used
though it is known that oily particles stay afloat in polluted
water due to its lower density compared to water. Some
setbacks have been reported by [13] on coagulation and
flocculation treatment methods though they have many
advantages, coagulants are expensive, and potential
secondary pollution can be created if the flocs and the spent
coagulants are not properly disposed of. Some example of
coagulants/flocculants and their effects on oily wastewater
treatment is presented in Table 2. The way forward is that
more research work is needed to produce cheap and
environmentally friendly coagulants.

Table 2: Some examples of coagulants/flocculants and their treatment effects on oily wastewater

Type Treatment effect References
CAX above 98% oil removal [14]

Zinc silicate and anionic polyacrylamide 99% oil removal

Polyaluminium zinc silicate chloride 71.8% COD removal [15]

2.3 Filtration Treatment Methods

The filtration method separates solids from the liquid mixture
so it is suitable to decontaminate bitumen polluted water.
Filtration involved the removal of solid particles when filter
media trapped solids and retained them on their surfaces but
allowed the liquid to pass through as filtrate to the next stage
of treatment. The filtration method is one of the cost-effective
methods to remove bitumen tar balls present in bitumen-
polluted water [5]. The removal of the solid particles in BPW
has been evaluated in a continuous batch treatment system

of a set of rectangular columns with low-cost agricultural
waste material (ground Chicken Feather (CF) and African
walnut shell) placed in a column as filter media as BPW was
run over them. For BPW, CF was placed in the first column to
reduce the bitumen load present in BPW because of its
oleophilic properties which give the next treatment unit a light
work to handle. The filter media in this work were low-cost
materials are regarded as wastes but their ability as adsorbent
cannot be underestimated. Filter materials are cheap and
readily available. Besides CF, cotton wool, kenaf, African
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walnut shell, and cowpea nutshell have been reportedly used
to treat different wastewaters [5].

2.4 Biological Treatment Method

Bitumen Polluted Water is also treatable through biological
means because of its high organic content that is
biodegradable in the presence of bitumen-eating microbes
[16]. The biological treatment method involved the use of
indigenous and non-indigenous microorganisms to break

down pollutants found in BPW in a confined column thereby
converting them into non-harmful form before disposal. Types
of biological treatment methods and their effect on oily
wastewater are presented in Table 3. Several studies
conducted by [17],[18],[19],[20],[21] have demonstrated the
potential of some microorganisms to eat up pollutants in BPW
such as, suspended solids, heavy metals, and hydrocarbons,
Benzene, Toluene, Ethylbenzene, Xylene (BTEX).

Table 3: Biological treatment method on oily wastes and their effects

Type of Biological treatment Treatment performances References
Anaerobic Sludge Blanket Reactor (UASB) COD removal is 74 % [22]
Biological aerated reactor COD removal is 94% [23]
Yarrowia lipolytica COD removal is 80-82 % [24]
Anaerobic suspension growth reactor Oil and grease is 46.43-78.38%; COD removal is 34.3-60.5% [25]

2.5 Bioremediation Treatment Method

Bioremediation utilizes Indigenous and exogenous
microorganisms to break down pollutants found in BPW into
non-harmful forms. Although bioremediation has been used
extensively in cleaning crude oil spills in oceans, the same
method has been used to treat bitumen-polluted water.
Bioremediation occurs when nutrients are introduced to
stimulate the growth of bacteria. Oil-degrading bacteria feed
on hydrocarbons in oil droplets resulting in their breakdown.
Bacterium such as Alcanivorax borkumensis, produce
surfactants that first solubilize the oil, whereas other bacteria
such as Pseudomonas spp. that are present in the oily
contaminated waterbodies further degrade the oil into
harmless form to produce carbon dioxide. Bioremediation is a
natural process, however, some oil-eating bacteria have been
selected and engineered to increase their efficacy and the
spectrum of hydrocarbon compounds that they can degrade.
Either in the tailing pond for bitumen refinery wastewater or
in a continuous batch system called the Bitumen Polluted
Water Treatment System (BPWTS). The potential of Bitumen
Utilizing Microbes BUMs has been demonstrated on a pilot
scale for bioremediation of BPW[20]. Bioremediation which
can be divided into bioaugmentation and biostimulation has
been proven to effective treatment method for BPW and
BWW. Bioaugmentation is done to enhance the
bioremediation of pollutants by the introduction of cultured
microorganisms into a contaminated environment while
biostimulation, involves modification through enrichment of
the environment to energize existing bacteria that were
capable of biodegradation [26],[27],[28],[29],[30]. Four
Bitumen Utilizing Microbes (BUM) eat up bitumen in BPW for
their metabolic activities in at different rates [20]. The BUM is
presented in Table 4. The BUMs were cultured and dispensed
into a known volume of BPW sample and were monitored for
their removal effects for 30 days. Bitumen’s degradation was
determined using a supplemented enrichment medium on
samples of the BPW, and the growth was monitored by taking
temperature readings, pH values, the optical density at 600
nm, and the total viable count on days 7, 14, 21, and 28
respectively. The efficiency of the BUM was conducted based
on sampling test results on selected water quality indicators
monitored: temperature, time, pH value, turbidity, microbial
population counts, and Total Petroleum Hydrocarbon (TPH)
along with an enumeration of the colonies of BUMs using the

Heterotrophic Counting Method. Bitumen degradation rate
varied with the time of the incubation until after the third
week at a time when the lack of nutrients supposedly set in
and toxic metabolites started building up and this slowed
down biodegradation. The BUMs were identified as Bacillus
firmus, Bacillus lentus, Pseudomonas aeruginosa, and Bacillus
alvei. The Bitumen removal effect was that Pseudomonas
aeruginosa was greater than Bacillus firmus greater than
Bacillus lentus greater than Bacillus alvei and control had the
least. The BUM with the highest bitumen removal was the
Pseudomonas aeruginosa strain found at an average growth
rate of 1.2 x 105 to 5.2 x 1012 CFU/mL Bioremediation of BPW
was conducted on a pilot scale however the method was a
potent treatment method and pave way for future treatment
BPW.

2.5.1 Bioremediation Experiment For Bitumen-Polluted Soil

The bioremediation potential of 3 BUMs: Acinetobacter,
Bacillus, and Pseudomonas species has been tested on
bitumen-spiked soil[31]. 1 kg of soil sample was artificially
contaminated with bitumen to a level of 40 g kg-1 for a 21-day
bioremediation experiment. The mixture was aerated
manually every 72 hours using a glass stirring rod and soil
samples to determine residual bitumen were taken at 7 days
intervals, 7, 14, and 21 days, for TPH and total heterotrophic
bacteria analysis. Results indicated that the degradation of
petroleum hydrocarbon began during the first week of
remediation time and slowly continued up to the third week.
The % TPH degradation in the first week of remediation was
16.2, 23.6, and 25.6% for soil amended with 1.63 g,2.10 g, and
2.56 g of NPK fertilizer, respectively. At the end of day 21,
there was an increase of 53.2%, 57%, and 60.8% TPH
degradation in soil amended with 1.63 g, 2.10 g, and 2.56 g of
Nitrogen Phosphorus and Potassium(NPK) fertilizer whereas
10.8% TPH degradation was recorded in non-amended soil.
This result agreed with similar bioremediation experiments
[20]. The result indicated higher degradation in nutrients soil
than soil without nutrients, nitrogenous nutrient enhances
the biodegradation of hydrocarbon-polluted soil [32], [33].
There was also a longer reaction time for the BUM to degrade
the residual bitumen as nutrients are not lacking and there
was no building up of toxic elements that could hinder
biodegradation.
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Table 4: The BUM used for bioremediation of BPW and other oil-degrading microbes

Type of bacteria Influent COD/0il removal References

Pseudomonas aeruginosa BPW 50.41t021.70% [20]

Baccilus firmus BPW 41.24 to 33.81% [20]

Baccilus lentus BPW 24.41 t0 21.70% [20]

Baccilus alvei BPW 25.41t0 21.70% [20]

Yarrowia lipolytica Oily wastewater - [10]

Bacteria Crude oil - [20],[30], [34]
Table 5: Characteristics of some wastewater from petroleum industries

Wastewaters pH cob BOD Oil and grease TSS References

oil refinery 6.7 373 165 291 461 [35]

Petrochemical 13 5360-12820 - - 530-4146 [35]

2.6 Tailing Pond /Waste Stabilization Pond

A large volume of Bitumen Wastewater(BWW) is produced
during bitumen/oil sand extraction and processing [36]. and
is stored in a tailing pond for treatment. A tailing pond is a
containment structure built to contain bitumen wastewater
synonymously referred to as a waste stabilization pond [37].
This is built to reduce the organic load in BWW through
sedimentation and to remove pathogens from wastewater
before disposal [38],[39],[401,[41],[42]. Tailings contain water,
sand, clay, salts, metals, residual bitumen, and one or more
diluents [43],[44],[45],[46],[47]. However, storage of tailings
in tailings ponds has created serious issues for the oil
sands/bitumen industry[48],[49],[50],[51], and some of the
problems of treating bitumen wastewater in tailing ponds
have been reported[52],[53],[54],[55],[56],[57],[58].

(a)Polluted stream

f Final water after discolouration

e. Final water before discolouration

Figure 1: Step by step treatment method of BPW using the|
BPWTS

b. Sample collected €. Sedmestaticnmpfiiration ™ bioremediation™ Filrabor

Findings revealed that there is the possibility of residual
bitumen in tailings leading to the accumulation of organic
compounds within the tailings itself, slow rate of
sedimentation, and consolidation of fine tailings as tailings
required a long settling time, some pollutants were found
recalcitrant taking many years to denature, tailings pond
required large area of land for construction, dewatering is
needed as high volumes of entrapped water in the pond might
not be recovered, use of coagulants and flocculants for
treating tailings rendered this method expensive and there is
the possibility of groundwater pollution by leachates to
surrounding water bodies. Some characteristics of petroleum
industries' wastewater are presented in Table 5.

Figure 2: Bitumen trapped on filter media ground chicken feather at

column 1 of the BPWTS
. l} " ~

Figure 3: Bitumen trapped on filter media African walnut shell at
column 3 of the BWTS
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2.7 Combined Treatment Methods for Treating BPW- The
Way To The Future

One of the unit treatment methods with high removal
efficiencies to decontaminate BPW was a combined treatment
method. This is sedimentation followed by filtration and
bioremediation found in the developed BPWTS [5]. BPWTS has
an advantage over the conventional treatment method in
handling the uniqueness of bitumen-polluted water, its
simplicity in design, effectiveness, and environmentally
friendly in terms of disposal of spent adsorbents after
treatment. The BPWTS deployed a multi-stage treatment
approach (filtration and bioremediation) to tackle the
complex nature of bitumen and its related pollutant found in
BPW from sources of water in the bitumen-rich areas.
Filtration process using the specific volume of two readily
available and low-cost biosorbents(chicken (Gallus gallus
domesticus) feather and African walnut (Plukenetia
Conophora) seed shells) as single and dual filter reduced
suspended materials found in bitumen-polluted water.
Bioremediation using a specific volume ( of aliquot
Pseudomonas aeruginosa strains that are native to the area
reduced toxic metals and dissolved petroleum pollutants
present. The combination of filtration media along with

Water pollution caused
by bitumen

bioremediation in a single treatment process is a unique
technique and found to completely decontaminate BPW. The
treatment stages of BPWTS from the BPW to the final treated
water are shown in Figure 1 (a to f) while spent filter media
after the treatment is shown in Figures 2 and 3 This method is
simple, effective, and serves as synergy between physical and
biological sciences to proffer solution to water problems in the
future. Bitumen-polluted Water samples were run through
the BPWTS and Removal Efficiencies (RE) were determined.
The miniature BPWTS has been tested with good results, so it
can be scaled up to treat large volumes of bitumen-polluted
water. The operation parameter of the BPWTS is presented in
Table 6. The removal efficiency of the BPWTS is presented in
Table 7. Findings indicated that suspended solids were at 95
%, benzene at 70 %, followed by 65 % for both o-xylene and p-
xylene, 62 % for lead and 59 % for chromium, and the least
was cadmium at 58 %, Zinc at 82 %, followed by Manganese
and Iron tallied at 79 % and Nickel the least at 47%. Pollution
indices among the water quality indicators were water
significantly different. The trend for RE of the BPWTS was
suspended solids > zinc > iron > benzene > o-xylene > p-xylene
> lead >chromium > cadmium. The current and available
treatment methods for BPW and BWW are shown in Figure 4.

Conventional treatment
system

Bitumen Polluted
Water Treatment

Bioremediation System (BPWTS)

Bioaugumentation
Bioremediation

Biostimulation

Tailing pond

Figure 4: Some available treatment methods for Bitumen Polluted Water

Table 6. Operations of the BPWTS

S/N Operational parameters BPWTS

1 Wastewater/polluted water Bitumen-polluted water taken from bitumen area

2 Influent Bitumen polluted water

3 Characteristic of the influent Hydrocarbon, floatable solids, dissolved petroleum hydrocarbon

4 Pretreatment Sedimentation removes floatable bitumen,

5 Unit treatment Filtration followed by bioremediation and filtration

6 Biological treatment Isolated microorganisms were inoculated into the sampled bitumen-polluted
water

7 Recirculation No

8 biosorbent materials/Filter media Chicken feather, isolated bitumen-eating bacteria, African walnut shells, and
activated charcoal and disinfection

9 Flow type Gravity

10 Physicochemical tests Samples of treated water were taken at intervals for analysis

11 Removal Efficiency High for the examined contaminants
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Table 7: Removal Efficiency(RE) for BPWTS

Parameters BPWTS RE % Remark
Manganese 0.0094 - 0.0106 95 High
Zinc 0.039-0.041 82 High
Iron 6.48 - 6.72 79 High
Benzene 0.35 -5.85 70 High
o-xylene 2.018 - 2.1082 65 High
p-xylene 2.0614 - 2.1386 65 High
Lead 0.019-0.0212 62 High
Chromium 1.072 - 1.088 59 low
Cadmium 0.25-0.31 58 low
Nickel 3.80-392 47 low

3.0 CONCLUSION

The review covered treatment methods for bitumen polluted
water and by extension bitumen refinery wastewater due to
some of their similar characteristics. This includes: flotation,
filtration, coagulation and flocculation, biological treatment,
and combined treatment methods A combined treatment
approach is suggested for future treatment methods of BPW,
when more treatment units are combined the Removal
Efficiency (RE) is found better. The RE of the BPWTS had an
advantage being a combined treatment method over the
single treatment method. For example, results obtained from
BPWTS showed that the REs of suspended solids were at 95 %,
benzene at 70 %, followed by 65 % for both o-xylene and p-
xylene, 62 % for lead and 59 % for chromium, and the least
was cadmium at 58 %, Zinc 82 %, followed by Manganese and
Iron tallied at 79 % and Nickel the least at 47%. Pollution
indices among the water quality indicators were water
significantly different. The trend for RE of the BPWTS was
suspended solids > zinc > iron > benzene > o-xylene > p-xylene
> lead >chromium > cadmium. The BWTS may be scaled up to
meet the water treatment demand and more research to be
conducted to produce some better low-cost sorbents along
with incorporation of automation of its operations.
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