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ABSTRACT

The National Electricity Office of Mohammedia (Morocco) is an electricity production plant with
the aid of boiler cells using coal and fuel oil as energy source. The operation of this process con-
sumes a large quantity of water for washing the fuel oils to feed and heat the boilers, which could
have a significant production of pollutant-laden wastewater. Wastewater must be treated before dis-
charge into the marine environment. In this study, the process of biodegradation of organic mate-
rials by continuous or discontinuous aeration was carried out. The fuel oil washing wastewater is
too loaded with pollutants with a chemical oxygen demand (COD) of 7.5 kg/m® and biochemical
oxygen demand (BOD,) around 4 kg/m>. After 9 d of operation, the continuous and discontinuous
aeration resulted in an elimination of 96%, 97% and 86% respectively for turbidity, BOD, and COD.
In addition, both treatment methods showed removal rates of pollutants such as phenol, nitrate, total
phosphorus and total Kjeldahl nitrogen, 82%, 86%, 83% and 47% respectively. No significant differ-
ence was observed between continuous and discontinuous aeration. This shows that discontinuous
or continuous aeration could be very interesting for the decontamination of fuel oil washing water.

Keywords: Wastewater; Biological treatment; Fuel wastewater; Continuous aeration; Discontinuous
aeration

1. Introduction

Economic development has contributed to the increase
in the amount of water used and therefore the amount of
wastewater generated. Thus, in recent years, the prob-
lem of water and wastewater management has become
a very important issue for both developed and develop-
ing countries. The priority issues for local governments

* Corresponding author.

are those linked to ecology, and therefore to the quality of
wastewater discharged into the environment [1,2].

The water and wastewater treatment industry has
experienced significant progress over the past decades
[3,4]. However, there is no doubt that water contamination
has also increased sharply due to uncontrolled industrial
development [5,6]. As a result, the available water resources
have been contaminated with a wide range of contaminants
generating various health problems [7,8].
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The production technology of electricity by the National
Office of Mohammedia, is based on boilers using fuel oil as
an energy source after washing to remove impurities such
as suspended matter and catalysts with a high production
of wastewater, since the thermal power station operates
24/7. Wastewater washing is generally laden with vari-
ous contaminants and must be treated before it is released
into the environment. Thus, the study on the treatment
of wastewater from fuel washing is very important and
requires special attention.

The power station is located on the coast and the waste-
water produced should not be discharged into the marine
environment without treatment. Indeed, Moroccan regu-
lations require treatment of the effluent before discharge.
This fuel wash water can have a considerable impact on
the environment especially on the marine environment, as
it can contain large amounts of organic contaminants high
concentrations of heavy metals and inorganic salts and
inorganic compounds. Hydrocarbons are the main con-
stituents of fuel oil wash water. Pollutants can be thought
of as a mixture of several acidic, basic and neutral com-
pounds. Acidic components include acids and phenols,
basic components include nitrogen compounds, and neu-
tral components include polyaromatic compounds. The
main component of inorganic residues is ammonia and
low concentrations of H,S and chlorides. Considering the
high content of biodegradable organic compounds, pollut-
ant-laden wastewater (FWW) appears to be a very prom-
ising raw material for microbial degradation. However,
biological treatment of wastewater from fuel plants is dif-
ficult because its composition is not suitable for microbial
growth due to the high concentrations of hydrocarbons.
Wastewater has a high pH and is poor in nutrients neces-
sary for microbial growth and changes over time except
for the carbon source (residual oil, methanol and glycerol),
therefore minimum amounts of important nutrients should
be added. Methanol is a good substrate for microorganisms
because of the high concentrations in wastewater, which
promotes rapid microbial growth [9]. This can be useful in
a biological treatment of FWW containing slowly degrad-
able residual oils. If not treated and safely disposed of,
FWW could be a potential source of contamination of sea-
water, surface water and groundwater, as it could percolate
through soils and basements, causing thus pollution. FWW
treatment would be required prior to discharge to the sea.
Due to changes in the composition of drinking water over
time, wastewater control systems would have to adapt to
these changes. FWW treatment is necessary to remove all
contaminating components from FWW and bring it to a
standard that allows it to be released into the marine envi-
ronment. Thus, the wastewater generated must be treated
and/or regenerated in the most economical and ecological
way possible to save both energy and the environment [10].

Recently, some countries in the Near East region (TNS)
have limited the discharge of effluents laden with pollut-
ants into the marine environment. The efficiently treated
wastewater is directly used in the irrigation of green
spaces. Several treatment techniques have been used, such
as chemical and biological treatments, to reduce the pol-
luting nature of the effluents of several wastewaters have
been used. Studies [11,12] show that biological treatments

are effective methods for the degradation of organic pollut-
ants in wastewater with high concentrations of pollutants
[13]. Aerobic systems, such as aerated lagoons or activated
sludge units, are frequently used to remove pollutants from
hydrocarbon-rich industrial wastewater, despite the gener-
ation of large amounts of sludge that must be treated and
disposed of. Anaerobic digestion represents a less expen-
sive alternative in terms of energy consumption for the
treatment of sludge, which makes it possible to produce
biogas (methane) which could cover part of the energy
required by the plant [14].

However, anaerobic digestion has certain drawbacks
in the case of sludge waste rich in pollutant which is diffi-
cult to biodegrade, such as the presence of phenolic com-
pounds toxic for methanogenic bacteria and inhibiting the
efficiency of this anaerobic process.

The physical, chemical, physico-chemical, electro-
chemical, biological and integrated treatment processes of
wastewater rich in toxic compounds and the performance
of biological processes are improved by the pretreatment
of wastewater [15]. In addition, many physical and chem-
ical separation processes such as coagulation [16], acidifi-
cation [17] and membrane processes [18] physico-chemical
[19,20], physical, chemical, electrochemical treatment, bio-
logical [11,21], anaerobic digestion [22] had been used for
the reduction of toxic pollution of wastewater laden with
hydrocarbons and heavy metals. Various technologies of
wastewater treatment by biological means have recently
been adopted for depollution of discharges loaded with
hydrocarbons remains ineffective [22]. In addition, among
the most effective treatment methods is adsorption which
has been proposed as the most reliable technology com-
pared to other methods [23,24]. Activated carbons (ACs)
have been widely used as adsorbents due to their surface
properties such as extended area, porosity, and favorable
surface characteristics [25]. These processes alone do not
produce treated water that meets oil refinery discharge
standards [26,27]. The proper method which gives the best
permeate requires a series of pre- and post-treatment oper-
ations to remove various contaminants [28]. Pretreatment
involves separation techniques such as removal of oil,
grease, suspended solids, microfiltration, ultrafiltra-
tion, direct osmosis, etc. The post-treatment focuses on the
elimination of organic compounds by electro flocculation,
adsorption, and bioreactors [28]. The objective of this work
is to simulate the reduction of pollution linked to hydro-
carbons by biological means by the efficiency of continuous
and discontinuous aeration processes in order to reduce
turbidity, total suspended solids (TSS), biochemical oxygen
demand (BOD,), chemical oxygen demand (COD), phenol,
nitrate, total Kjeldahl nitrogen (TKN) ammoniac nitrogen,
total phosphorus (TP) and surfactant, and compare the
efficiency between continuous and discontinuous aeration.
In addition, the operating conditions of this inexpensive
technique are optimized to effectively reduce pollution.

2. Materials and methods
2.1. Presentation of the National Electricity Office

The Mohammedia Thermal Power station (TPP) is the
second largest electricity production unit at the national level
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after that of Jorf Lasfar. The TPP consists of four 150 MW
units for each unit, two of which run on coal and two more
on fuel (oil). The plant produces 3,000 GWh, of which
46% compared to ONE production, and 15% compared
to national production.

2.2. Sample collection and experimental procedure

The wastewater used for the study was collected for 48 h
at a rate of 2 L/h. Several sampling campaigns were carried
out during a year. The samples were stored in a cold room
at 4°C before being analyzed. To examine the aerobic pro-
cess, the FWW was placed in two 10 L glass reactors labeled
R1 and R2 (Fig. 1). A magnetic stirrer was then placed
under each reactor. The samples were stirred continuously
until the end of the experiment.

The FWW in reactor R1 was aerated continuously, while
the FWW in reactor R2 was aerated batch wise (30 min
aeration per hour) using a time controller. Aeration was
carried out using air pumps with diffusers, with a flow
rate of 160 L air/h. Samples were taken for microbiological
enumeration and analysis of the various physicochemical
parameters such as dissolved oxygen (DO), turbidity, COD
elimination, TSS elimination, BOD, elimination, ammoniacal
nitrogen, nitrate, phenol, TP, pH and conductivity.

2.3. Analysis methods

The pH was measured using a pH meter OHAUS
STARTER 3100. Turbidity was measured using a HACH
2100N Turbidimeter. BOD, was determined by incubat-
ing the samples in the dark for 5 d at 20°C using a Velp
Scientifica sensor system according to the APHA stan-
dard [29]. The COD was determined by the potassium
dichromate method according to the AFNOR standard NF
T90-101. The determination of TSS was conducted by the
centrifugation method according to the AFNOR standard
NF T 90-105-2. The phenolic compounds were analyzed
using the Folin-Ciocalteu assay, after leaving the sam-
ple for an hour in the dark the absorption was measured
at 725 nm by a UV-visible spectrophotometer [30]. The
nitrate ion (NO;) was determined with sodium salicylate
by quantifying the formation of yellow sodium parani-
trosalicylate which was analyzed at 415 nm by UV-visible
spectrophotometry [31]. The concentration of ammonium

Fig. 1. Experimental setup.

(NH;) was measured by a spectrophotometric method
with blue indophenols according to AFNOR NF T 90-015-2.
The oil and grease were determined according to standard
method 1164, EPA. The anionic surfactant concentration
was analyzed by using solvent extraction and spectrophoto-
metric quantitative determination with ethyl violet method.
The removal efficiency of pollutant concentrations was
calculated accordingly using the formula given below [32]:

Removal% = [1 - CC] 1)

0

where C, and C are concentrations of wastewater before
and after coagulation—flocculation in NTU or mg/L.

3. Results and discussions
3.1. Physico-chemical characterization of the effluent

The characterization of the FWW is shown in Table 1.

The results of the characteristics showed that the FWW
is highly loaded with pollutants, in particular COD, BOD,,
TSS, etc. which had values of 7200, 3821 and 535 mg/L
respectively. It should be mentioned that FWW has a
pH value varying around 8.17, compatible with the bio-
degradability of organic materials since the BOD,/COD
ratio > 0.53 (Table 1).

In addition, the concentration of phenol and surfactant
show values of 83.3 and 188.5 mg/L respectively, which
could pose enormous problems for the marine environ-
ment, knowing that the wastewater at the level of the TPP
of the company is released into the marine environment
without any prior treatment. In addition, the NH; con-
centration value varies around 107.6 mg/L while the total
phosphate shows a concentration of 102 mg/L. This could
have a considerable impact on the marine environment.

Table 1
Physicochemical characteristics of fuel wastewater

Physico-chemical parameters Literature data""*

Turbidity (NTU) 4,000.00  17.36-98.00
Conductivity (uS/cm) 628.00 1,680¢
Temperature (°C) 19.80 -

pH 8.20 9.20-7.60""
BOD, (mg/L) 3,821.20  270.00-4,047.00"
COD (mg/L) 7,200.00  550.00-8,100.00*
BOD,/COD >0.5 -

TSS (mg/L) 535.00 19.50-231.50
Phenol (mg/L) 83.30 2.44-238.09
Surfactant (mg/L) 188.50 -

Ammoniacal nitrogen (mg/L)  107.60 9.80-15.00%¢
Nitrate (mg/L) 7.40 -

Total phosphorus (mg/L) 102.07 8.00

TKN (mg/L) 202.50 40.00

OD (mg/L) 1.04 -

“[16]; *[33]; [34]; “[35].
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3.2. Variation of pH, T°C, conductivity and O,

In this study, the pH of the FWW is mainly in the 8.17.
However, during aeration the pH decreases in some cases
up to 7.7 (Fig. 2a). The effect of the initial wastewater pH
on the pollutant removal was evaluated over a pH of 7.7
using the continuous and discontinuous aeration, time
of 15 d. As clearly seen in (Fig. 2a), the aeration capacity
changed significantly as a function of initial pH of waste-
water, indicating that the pollutants in fuel wastewater
were significantly removed in either acid or basic envi-
ronments. Degradation in biological systems can be sig-
nificantly affected by temperature fluctuations and micro-
bial metabolism may even be altered if temperatures
exceed 39°C. Optimum temperature for microbial growth
is therefore between 15°C and 39°C [36]. On the contrary,
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Prachand stipulated that anaerobic treatment systems can
operate at temperatures ranging between 10 and 60°C [37].
However, there are two main types of microorganisms (i.e.,
acidogens and methanogens) present during wastewater
treatment. In addition, the pH of the wastewater solution
affects not only the treatment biological of the aeration but
also the chemistry of the pollutants in the fuel wastewater
[38]. The optimum pH for methanogenesis (i.e., produc-
tion of methane by methanogenic bacteria) is between
7.8 and 8.2, while the optimum pH for acidogenesis (i.e.,
production of acid by acidogenic bacteria) is between
55 and 6.5. The optimum pH for the co-existence of
methanogens and acidogens is between 6.8 and 7.4 [38].
The explanation of this is that, under acidic envi-
ronment, the hydrogen atom (H') in the solution could
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Fig. 2. Variation of (a) pH, (b) oxygen concentration, (c) temperature and (d) conductivity in the effluent during operating period.
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protonate the amine groups (-NH,) of chitosan (Eq. (2)),
resulting to the increase of pH [39].
R'_NH, +H" ->R'_NH; 2)

In addition, these effluents are rich minerals, the elec-
trical conductivity that reflects ionic concentration of
around 628 uS/cm (Table 1) and reach 391 uS/cm (Fig. 2d).
These important values of conductivity are due to the use
of large quantities of salts for the manufacturing process.
These high levels are due, in particular, to the presence of
the heavy metals in the effluent.

The variation of oxygen (O,) concentration for contin-
uous and discontinuous aeration is illustrated in Fig. 2b.
The oxygen concentration varies between 3.8 and 2.4 mg/L.

This variation is accompanied by the biomass devel-
opment, which varies between 5.7 and 2.3 log,, CFU/ml
in both cases (Fig. 9). This change is accompanied by the
growth of microorganisms that are naturally found in the
FWW; these microorganisms consume O, necessary for their
growth. The degradation of the organic matter present in
the wastewater is carried out by heterotrophic bacteria.

The variation of temperature during the period of study
is given in Fig. 2c.

The temperature during continuous and discontinuous
aeration varies from 19.5°C to 21.8°C. The temperature can
strongly influence the development of biomass and subse-
quently the biodegradation of organic pollutants, whereby
the metabolic activity of organisms (heterotrophic bacteria)
accelerates when the temperature of the FWW increases.

During the 15 d follow-up, the highest values of con-
ductivity were observed at the beginning and at the end of
aeration (768.1 uS/cm in the case of continuous aeration and
720.9 uS/cm in the case of discontinuous aeration). While
between 4 day and 9th day of aeration, it was observed
that the conductivity decreased to 390.3 uS/cm (Fig. 2d).
These values may imply that the decrease in conductivity
is influenced by the presence of microorganisms naturally
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present in the FWW of the biomass, indicating a strong
correlation between electrical conductivity and biomass.

3.3. Variation of turbidity removal

Continuous and discontinuous aeration were used as
design factors for search of the optimum via statistical design
of experiments. Turbidity was selected as optimization
parameters.

The separator constructed for this purpose proved
to be suitable for fast and reliable investigation of mul-
tivariable systems and for search of the optimum via
statistical design of experiments. It is deduced that the
turbidity depends strongly on time of aeration.

With regards to turbidity, the results obtained showed
that continuous and discontinuous aeration resulted in a
decrease in turbidity 85% on day 1 (Fig. 3b), changing from
initial characterization the fuel 4,000 to 577 and 160 NTU
(Fig. 3a) after treatment by continuous and discontinu-
ous aeration, and 88% after 5 d. This shows that aeration
has an effect on the reduction of the average particle size
by degradation of organic. The aeration appears to be the
most important factor in the removal of turbidity. The
results obtained showed that the time plays an interest-
ing role in the reduction of turbidity (96%) for the both
aeration process on day 15 corresponding a decreases of
concentration to 154 and 160 NTU by continuous and dis-
continuous aeration, respectively. However, in other study
of tannery wastewater the initial turbidity (332 NTU) was
reduced by 97% [40].

3.4. Removal of COD, BOD, and TSS

Biological treatment is the one of the good solution
important advanced process have recently using for several
organic pollutants in wastewater [41,42].

The results of COD are illustrated in (Figs. 4a and b).
It can be observed that the value of COD decreases from
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Fig. 3. Variation of (a) turbidity concentration and (b) turbidity removal, in the effluent during operating period.
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7,200 to 960 mg/L (Fig. 4a), with a removal efficiency of 86%
(Fig. 4b) on day 8. The high COD removal is explained by
high levels of biodegradable organics in the reject water.
However, the percentage removal of the COD in the case
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was just 20%, explaining this reasonable is because the
Knarrdalstrand wastewater treatment plant (KWWTP)’s
anaerobic digestion (AD) reactors utilize most of the BOD
for biogas production [43].

The results of removal of BOD, by continuous and dis-
continuous aeration are illustrated in (Figs. 4c and d). It is
observed that the value of BOD, changes from 3821.2 to
105.6 mg/L on day 7 until the end of treatment (Fig. 4c),
with a removal efficiency of 97% (Fig. 4d). The percentage
of removal of BOD, in case of continuous aeration is the
same as for discontinuous aeration.

Aeration has allowed the introduction of oxygen
into the FWW, facilitating the intensification of bacteria
activity.

However, in other study of malt whisky wastewater,
the batch aerobic reactors were operated for 15 d. Effluent
COD was measured on days 0, 1, 2, 6, 15, and BOD, was
measured on days 0, 10, 15. On day 15, the effluent COD
concentrations were 649 mg/L, as opposed to the influ-
ent 1,476 mg/L. The BOD, effluent concentrations were
90 mg/L at this day vs. 323 mg/L on day 1. The experi-
mental results by electrochemical-oxydation of the reactor
for 16 d show that the integrated treatment process could
reduce COD and BOD, levels by 79% and 71%, respec-
tively [44]. Such a quick removal of easily biodegradable
substrates in the reactor due to storage of polymers in
microbial cells or absorption of organics on granules in
the feeding phase favors stable granulation [45].

This enables the degradation of the biodegradable
organic material present in the FWW, which results in
decreased values of BOD, (Fig. 4c).

It is important to note that after 8 d of aeration, the
redox potential is reduced (reduction of the bacterial
environment), thus constituting a limiting factor of the
bacterial activity. It then becomes increasingly difficult
to transform the organic biodegradable material; there-
fore, the BOD, value is stabilized. As shown in (Fig. 9),
the bacterium bounces and begins a new cycle of DO
consumption, resulting in the degradation of remaining
organic matter (decreased BOD, values).
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The results of the removal of TSS in FWW are as pre-
sented in (Figs. 4e and f). The results showed that both
continuous and discontinuous aeration process provides
removal more effective with time. Percentage removal of
TSS is 53% of continuous aeration and 61% of discontinuous
aeration (Fig. 4f) after 4 d. Results showed that the removal
increased until 5 d and reached an optimum value, the
removal started to decrease.

3.5. Remouval of total phosphorus

Large differences in the TP removal of the FWW were
observed between continuous aeration water in reactor
R1 and discontinuous aeration in reactor R2.

Figs. 5a and b represent the TP concentration in the
FWW obtained during the operating period. The TP con-
centration decreased from initial concentration 40.83 to
6.6 mg/L (Fig. 5a) on day 6 corresponding to 83% removal
in the case of continuous aeration (Fig. 5b). In the case
of discontinuous aeration the concentration decreased
from initial total phosphorus 40.83 to 7.53 mg/L on day 7
(Fig. 5a) corresponding to 64% (Fig. 5b) of total phospho-
rus removal. Consequently, the removal efficiency of the
continuous aeration is 19% higher than the discontinuous
one.

A higher removal for phosphorus it is essential to attain
almost complete removal of nitrate by aeration. It could
be concluded that the TP removal mainly depended on
biological assimilation in this period.

Other study by screening microalgae native to Quebec
for wastewater treatment and biodiesel production,
most of the strains removed only around 20%-30% of the
phosphate [46].

The efficiency of the reactor in phosphorus removal
was evaluated in cold and warm seasons in order to
assess the effects of environmental conditions (i.e., tem-
perature as the most important parameter) between
10 and 50% in the warm season with a mean temperature
of 21°C-28°C and the highest efficiency was reported for
21°C [44].
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Fig. 5. Variation of (a) total phosphorus concentration and (b) total phosphorus removal, in the effluent during operating period.
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3.6. Removal of nitrate and TKN

The results of the removal of nitrates and TKN from
FWW are given in (Figs. 7a and b).

By nitrification, ammonium ions are transformed into
nitrites and then into nitrates, which makes it possible
to increase the concentration of nitrates in the wastewa-
ter. In fact, nitrates in turn transform into N2, a gas that
escapes into the air according to the following reactions [43].

Figs.7a and b show the evolution of the nitrate concentra-
tion and the percentage of elimination over time. The results
obtained show that the nitrate concentration decreases from
5 to 0.5 mg/L with an elimination percentage of almost
100%. Moreover, the TKN goes from 200 to 100 mg/L with
a yield of 50% reduction after 7 d of operation to increase
again in the medium. This can be due to the transfor-
mation of nitrogenous organic compounds into nitrates.

Based on the observation of various parameters during
the Continuous and discontinuous aeration treatment,
the TKN removal mechanism is proposed in the following

-
o
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routes: (1) cleavage of R-NH, bond in organic nitrogen by
aeration hydroxylation (Eq. (5)), (2) oxidation of NH, by
‘OH and subsequent dehydration reaction (Eq. (6)) and/
or (3) oxidation of NH, by hydroxyl radical (*OH) formed
during the photocatalytic process (Eq. (7)).

Denitrification

A
( g |

-3 +3 +5 +3 +2 +1 o
NH} — NO3 — NO3 — NO3 — NO — N,0O — N,

“-“ ..

Shortcut

Mitrification

-3 +3 +2 +1 o
NHI — NO3 — NO — N0 — N2

Fig. 6. Nitrification, denitrification, and the shortcut mechanism
illustrated with oxidation states of nitrate [43].
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RNH,+H,0—MI'» R—OH + NH, 3)
NH, < NH, < NH < N 4)
OF OF - oE ,
NH: < HONH, < NO, < NO, (5)
H+ h’+ H+

3.7. Removal of phenol

The results of the removal of phenol from FWW are
given in Figs. 8a and b. Phenol is a highly toxic product
for the environment, elimination of wastewater before
discharge into the receiving environment is necessary

The result indicates that the percentage of phenol
removal varied from day to day during continuous and
discontinuous aeration.

The aeration could have a considerable impact on
the degradation by chemical oxidation and by biological
means by an active biomass capable of degrading the phe-
nolic compounds. The biodegradation of the latter is func-
tion of the biomass and the concentration of phenolic com-
pounds. During continuous and discontinuous aeration
tests, it is observed that the biodegradation varies over time.
During the 10th day, the elimination yield is zero and sub-
sequently increases from 11 d. This floctuation is due to the
biomass and can be inhibited by the phenol of the medium.

3.8. Bacteriological analysis

The study of the sequential evolution of the hetero-
trophic bacteria of the FWW of reactor R1 (continuous
aeration) and of reactor R2 (discontinuous aeration) is
mentioned in Fig. 9.

When the aeration pumps were implemented, the DO
in the FWW was consumed (aerobic decomposition) by
heterotrophic bacteria. This shows that the activity of strict

Phenol mg/1
N N w
) x o

=
[O,]

10

Discontinuous Aeration

=@ Continuous Aeration

123456 7 8 9101112131415

(a)

day

153

aerobic bacteria which degrades organic matter develops
efficiently.

Aeration allows the multiplication of microorganisms
up to 5.70 logl0 CFU/ml, while the count for discontinu-
ous aeration is 4.89 log10 CFU/ml between 7-9 d, and thus
explains the importance of the presence of oxygen by aer-
ation in the development of microorganisms necessary
for the degradation of the load of organic matter (Fig. 9).

3.9. Comparison literature data with obtained results

Due to the high amount of wastewater (containing high
COD, BOD, and TSS, etc) produced from FWW during
water washing fuel, FWW should be treated effectively.
Although the continuous and discontinuous aeration pro-
cess is one of the attractive and efficient treatment methods,
there is only one study which investigated the treatment of

Log,, CFU/ml
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Fig. 9. Sequential evolution during operating period of hetero-
trophic bacteria.
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Fig. 8. Variation of (a) phenol concentration and (b) phenol removal, in the effluent during operating period.
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fuel wastewater from petroleum refineries and few studies
of petroleum refineries as biodiesel wastewater and petro-
leum refinery wastewater, etc by the biological treatment
so far. Richard and Luthy investigated the biological treat-
ment process by air activated sludge for the synthetic fuel
wastewater treatment. The authors that ammonia stripped
wastewater could be processed reliably at 33% strength
at substrate removal rates less than approximately 0.6 mg
COD removed/mg MLVSS-day. The wastewater when
diluted to 33% strength contained highest reported concen-
tration of organic contaminants in coal conversion effluents
processed successfully by air activated sludge [47].

On the other hand, Grobbelaar examined the treat-
ment of biodiesel wastewater by the biological treatment
process using a hybrid anaerobic baffled reactor micro-
bial fuel cell (ABR-MFC) system. The authors combined
the conventional anaerobic baffle reactor (ABR) system
with microbial fuel cell (MFC) technology, which resulted
in an innovative technology used to treat high strength
industrial biodiesel wastewater under conditions ambi-
ent. Numerous studies have reported effective treatment
of biodiesel wastewater. ABR-MFC has been successful
in reducing COD and TSS by 64.55% and 98.55% [38] of
wastewater from petroleum refineries, respectively.

Other studies using a membrane bioreactor have
shown efficiency of COD (78%-98%), BOD, (96%-99%), SS
(749%-99%) and turbidity (99%-100%) of refinery wastewater
of petroleum [48].

These biological treatment results can be compared to
other methods of physical and chemical treatment of waste-
water from petroleum refining which have been carried
out using different methods (electrocoagulation (63% COD
removal) [49], electrochemical oxidation (92% for COD
removal and low salinity of 84 uS/cm) [50] and dissolved
air flotation (BOD and COD removal efficiency 76%-94%
and 72%-92.5% respectively) [51].

4. Conclusion

In this study, biological treatment was proposed as an
alternative technology for the treatment of oil washing
wastewater by continuous and discontinuous aeration.
During treatment; a significant reduction in organic pollut-
ants was obtained at pH 7.7 caused by continuous and dis-
continuous aeration. The results show that the pollutants
are biodegradable since the BOD,/COD ratio varies around
0.5 which made it possible to achieve good elimination of
the COD.

The percentage of pollutant removal varies around
96%, 97% and 86% for turbidity, BOD, and COD, respec-
tively, after 9 d of continuous and discontinuous aeration. In
addition, both treatment processes showed higher pollutant
removal rates in fresh FWWs with 82%, 86%, 83% and 47%
of phenol, nitrate, TP and TKN, respectively by continuous
aeration, and 82%, 86% 64% and 47% of phenol, nitrate,
TP and TKN, respectively by intermittent aeration for an
aeration time of 3-6 d. This study aims to compare con-
tinuous and discontinuous aeration, establishing whether
there is an optimal regimen that will increase the efficiency
of FWW treatment while minimizing energy require-
ments. These results revealed that continuous aeration and

discontinuous aeration were beneficial for the degradation
of organic matter in the FWW effluent. However, the batch
aeration process represents an efficient and energy efficient
way to reduce organic matter and nitrate concentration and,
in fact, for the general improvement of wastewater quality
on fully aerated and non-aerated systems.
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