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Abstract 

The objective of this study is to summarize studies and 
investigations and show a brief details of different 
technologies used for the treatment of petroleum 
wastewater. The wastewater from Petroleum industries 
and refineries mainly contains oil, organic matter and other 
compounds. The treatment of this wastewater can be 
carried out by physical, chemical and biological treatment 
processes. Treatment of petroleum wastewater has two 
stages, firstly, pre-treatment stage to reduce grease, oil 
and suspended materials. Secondly, an advanced 
treatment stage to degrade and decrease the pollutants to 
acceptable discharge values. Most studies are focused on 
degradation of some pollutants found in the petroleum 
wastewater such as organic materials, phenols, sulphides 
and ammonia.  

Keywords: Petroleum wastewater treatment; Physical 
treatment processes; Chemical treatment processes; 
Biological treatment processes. 

1. Introduction 

The increasing global energy demand,which expected to be 
44% over the next two decades (Doggett and Rascoe, 
2009), makes the processing of petroleum, which is a 
complex mixture of organic liquids called crude oil and 
natural gas, and the generation of petroleum wastewater 
important issues. Industrial wastewater treatment is 
important study area in environmental engineering. The 
treatment of petroleum and petrochemical wastewater is 
widely studies area of research. These streams are difficult 
to treat due to large concentrations of oil. 

The composition of effluent in refinery wastewater 
depends on the crude quality. It varies with the operating 
conditions (Benyahia et al., 2006). In the refinery, non-
hydrocarbon substances are removed and the oil is broken 
down into its various components and blended into useful 
products. So, petroleum refineries produce large volumes 
of wastewater including oil well produced water brought to 
the surface during oil drilling, which often contain a 
recalcitrant compounds and rich in organic pollutants 
therefore cannot be treated easily and difficult to be 

treated biologically (Vendramel S. et al., 2015; Rasheed et 
al., 2011; Asatekin A. et al., 2009). Removal of pollutants 
produced by industrial plants is requirement for reuse of 
water and obtains to environmental standards 
(Farajnezhad and Gharbani, 2012). Petroleum wastewater 
are a major source of aquatic environmental pollution and 
are wastewater originating from industries primarily 
engaged in refining crude oil, manufacturing fuels and 
lubricants (Wake et al., 2005) and petrochemical 
intermediates (Harry et al., 1995). Coelho et al., (2006) 
reported that the volume of petroleum wastewater 
generated during processing is 0.4–1.6 times the amount 
of the crude oil processed. If the petroleum wastewater, 
which contained high organic matter, discharged into the 
aquatic environment, which required 2 mg L-1 from 
dissolved oxygen for normal life, results in decreased 
dissolved oxygen by the bacteria (Attiogbe et al., 2007). In 
anaerobic systems, the products of chemical and 
biochemical reactions produce displeasing colors and 
odors in water. So, the oxygen availability is important in 
water to reduce that (Attiogbe et al., 2007). 

These effluents are composed of grease and petroleum 
compounds which consists of three main hydrocarbon 
groups; Paraffin [very few carbon atoms (C1 to C4) such as 
Methane (CH4), Ethane (C2H6) and Propane (C3H8)], 
Naphthene [such as Cyclohexane (C6H12) and Dimethyl 
Cyclopentane (C7H14)] and Aromatics [The more carbon 
atoms a hydrocarbon molecule such as Benzene (C6H6), 
Toluene (C7H8) and Xylene (C8H10) (Wang B., 2015). In 
addition, Naphthenic acids (NAs) which are one class of 
compounds in wastewaters from petroleum industries that 
are known to cause toxic effects, and their removal from 
oilfield wastewater is an important challenge for 
remediation of large volumes of petrochemical effluents 
(Wang B., 2015). When a crude oil contains appreciable 
quantities of Sulphur, it is called sour crude. So, Sour water 
is a specific stream of petroleum refineries, which contains 
slowly biodegradable compounds and toxic substances 
(Coelho et al., 2006). Petroleum wastewater can vary 
greatly depending on the plant configuration, operation 
procedures and type of oil being processed (Saien and 
Nejati, 2007).  
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The methods of petroleum wastewater treatment need to 
other steps to remove the organic matter, because they 
transfer of contaminants from one medium to another 
which include Chemical oxidation (Hu G et al., 2015), 
Biological techniques (Wang Y. et al., 2015), Coagulation 
(Abu hassan M.A., 2009; Farajnezhad and Gharbani, 2012; 
El-Naas et al., 2009) and Adsorption (Al Hashemi W., 2015). 
In addition, new technologies have also been reported such 
as Microwave-assisted catalytic wet air oxidation (Sun 
et al., 2008) and Membranes (Shariati et al., 2011; Yuliwati 
E. et al., 2011). 

Diyauddeen et al., (2011) reviewed treatment technologies 
for petroleum refinery effluents (PRE) and showed that the 
petroleum refinery effluents treatment consisted of two 
main steps, which were pre-treatment and advanced 
treatment. The Biodegradation, Photo catalytic 
degradation, adsorption and other have been investigated 
with promising results. The important parameters in these 
treatment techniques were chemical oxygen demand 
(COD), biological oxygen demand (BOD), total petroleum 
hydrocarbon (TPH), oil and grease, sulphate and phenols. 
Because these methods have some disadvantages, the 
advanced oxidation processes (AOPs), in recent years, get 
more attention due to their capability of rapid degradation 
of recalcitrant pollutants in the aquatic environment by 
hydroxyl radical (.OH) (Aljuboury et al., 2015a; Kim J.L. 
et al., 2012), which has a high oxidation potential 
(estimated to be +2.8 V) relative to other oxidants (Al-
Rasheed et al., 2005) and they have high efficiencies and 
less generation of sludge. In addition, they operate within 
a wide pH range. This review study focuses on studies and 
investigation on petroleum wastewater treatment. 

2. Wastewater and petroleum wastewater 

The refineries were classified into either hydro-skimming 
unit, which include a crude distillation unit, a de-
sulphurising unit and a reforming unit, or a complex unit, 
which include a catalytic cracking unit with the hydro-
skimming refinery (Al Zarooni and Elshorbagy, 2006). In 
addition, Petrochemical plants were sometimes 
incorporated within the refinery complex (Wake et al., 
2005). In general, the pollutants in wastewater can be 
divided into organic matter, inorganic matters which 
include nitrogen, phosphorus, ammonia and iron chlorides 
as well as heavy metals (Tengrui et al., 2007). The organic 
compounds and ammonia nitrogen considered the 
principal chemical characteristics of environmental 
concern in wastewater. The chemical oxygen demand 
(COD) and 5-day biochemical oxygen demand (BOD5) are 
used as parameters to describe organic matter in 
wastewater. 

3. Petroleum wastewater generation in refineries 

Transforming crude oil into useful products such as 
Gasoline and kerosene was achieved by the numerous 
refinery configurations. During these processes, the 
petroleum wastewater was generated in the units such as 
Hydro-cracking, Hydro-cracker flare, Hydro-skimming, 
Hydro-skimmer flare, sourwater, Condensate, Condensate 
flare and the desalter. In addition,  the main sources of total 

phenols in the received waste streams at the refinery 
wastewater treatment plant were the neutralized spent 
caustic (average 234 mg/l) waste streams, the tank water 
drain (average 11.8 mg/l) and the desalter effluent 
(average 1.4 mg/l) (Al Hashemi W. et al., 2015). Other units 
not directly involved with processing; Sanitary, crude tank 
and laboratory water (Al Zarooni and Elshorbagy, 2006). 
The dominant pollutants in order of magnitude in 
petrochemical wastewater were normal-alkanes (C10-C21), 
aromatics, and polycyclic hydrocarbons (Shokrollahzadeh 
et al., 2008). 

4. Petroleum wastewater characteristics 

The different types of organic materials typically found in 
the petroleum as shown in Table 1. Due to the petroleum 
wastewater contented high polycyclic aromatics, which 
were very toxic as well as a wide range of contaminants at 
varied concentrations, it was considered hazardous 
pollutants on the environment (Mrayyana and Battikhi, 
2005; Wake et al., 2005). The identification of the organic 
pollutants in petroleum refinery wastewater in some 
refineries showed that the major compounds were 
different fractions of petroleum aliphatic hydrocarbons (up 
to C10) and the well-known aromatic compounds such as 
benzene, toluene and ethyl-benzene (Saien et al., 2007). 
Seif et al., (2001) showed that the maximum removal for 
COD and BOD were around 1400-1500 mg/l and 25-30 
mg/l, respectively from different sources of petrochemical 
wastewater by using physical treatment and concluded 
that separation and individual treatment for each source 
was a good alternative against treatment full quantity after 
mixing of different sources. 

The petroleum wastewater are complex matrices of 
organic pollutants as shown in Table 1 and the most of 
them contented Oil and grease, which clog drain pipes and 
causing unpleasant odors and corroding as well as are 
sticky (Chen et al., 1999; Xu and Zhu, 2004), phenolic 
compounds, which threat the environment due to their 
extreme toxicity and ability to remain for long periods 
(Kavitha and Palanivelu, 2004; Abdelwahab et al., 2009; 
Lathasree et al., 2004; Pardeshi and Patil, 2008; Yang et al., 
2008), and the nitrogen and sulphur components, which 
are represented in the form of ammonia and hydrogen 
sulphide (H2S), respectively (Altas and Buyukgungor, 2008). 
In addition, Naphthenic acids (NAs) are one class of 
compounds in wastewaters from petroleum industries that 
are known to cause toxic effects, and their removal from 
oilfield wastewater is an important challenge for 
remediation of large volumes of petrochemical effluents 
(Wang B. et al., 2015). Wang B. et al. (2015) reported that 
the percentage of aromatic naphthenic acids (NAs) in total 
naphthenic acids (NAs) was estimated to be 2.1-8.8% in a 
refinery wastewater treatment plant.



 

 

Table 1. Characteristics of petroleum wastewater reported by various researchers: 

The parameters 

The reference 

Vendrame 
et al., 
(2015) 

Aljuboury et 
al., (2014b) 

Saber 
et al., 
(2014) 

Gasim 
et al., 
(2012) 

Tony 
et al., 
(2012) 

Hasan 
et al., 
(2012) 

Farajnezhed 
et al., 
(2012) 

Abdelwahab 
et al., 
(2009) 

El-Nass 
et al., 
(2009) 

Atlas et 
al., (2008) 

Dincer 
et al., 
(2008) 

Zenga et al., 
(2007) 

Demicrci 
et al., 
(1998) 

pH 8.3 6.5-9.5 6.7 8.48 7.6 7.0 7.5 8 9.5 7.19-9.22 2.5 6.5-6.8 6.5-8.5 

COD (mg/L) 1250 550-1600 450 7896 364 1343 1120 80-120 4050 220 21000 500-1000 800 

BOD (mg/L) -  174 3378  846 - 40.25 -  8000  350 

TSS(mg/L) 150  150 - 105 74 110 22.8 80  2580 90-300 100 

Ammonia(mg/L) -   13.5   - - -  69   

Phenols (mg/L) -   -   - 13 -   10-20 8 

Sulphides(mg/L) -   -   - - 1222 20  15-30 17 

Turbidity(NTU)     42 83      150-350  

Oil & grease (mg/L)   870  946 240     1140 400-1000 3000 

TDS (mg/L)  1200-1500         37000 3000-5000  

TOC (mg/L)  220-265 119   398        
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The following general conclusions can be drawn from these 
Characteristics of petroleum wastewater reported by 
various researchers as shown in Table 1: 

 The composition of effluent in petroleum 
wastewater depends on the crude quality, the 
operating conditions and the sources of 
wastewater pollutants. So, the big difference was 
shown in specification of wastewater among the 
investigated studies and a wide variety of 
pollutants at varying concentrations. 

 The most compounds in petroleum wastewater 
were dissolved and dispersed oil, which are a 
mixture of hydrocarbons (benzene, ethylbenzene, 
xylenes, toluene, polyaromatic, phenol and 
hydrocarbons (PAH)). In addition, the dissolved 
formation minerals are inorganic compounds, 
which include heavy metals.  

 The average sulphide concentration was about 20 
mg/L, But it high concentration in sour water 
stream (SWS), which has complex chemical 
compositions such as oil, phenols, sulphides, 
mercaptans, ammonia, cyanides and other micro-
pollutants. So, El-Naas et al., (2009) reported that 
the sulphide concentration was 1222 mg/L. 

Various environmental protection agencies set maximum 
limits of discharge for each component of the waste as 
shown in Table 2 to protect environment from the 
hazardous composition in petroleum wastewater. The fuel 
additives, which were carcinogenic such as dichloroethane 
(DCE), Dichloromethane (DCM) and t-butyl methyl ether 
(tBME), were considered the most of un-degraded total 
petroleum hydrocarbon (Diya’uddeen, B. H., 2011; 
Squillance et al., 1996). 

 

Table 2. Minimum standard discharge limits for refinery effluents 

pH 
Composition (mg/L) 

Ref. 
COD BOD TDS SS TOC Ammonia Phenols Sulphides 

6-9 100 10-15 - 70  15 - - Ma et al., (2009) 

6-9 150 30 - 30  - - 1.0 
Environmental 
Health Safety 

Guidelines (2009) 

6-9 
150-
200 

 
1500-
2000 

 50-75    
Aljuboury et al., 

(2015a) 

5. Current petroleum wastewater treatment 
techniques 

The petroleum wastewater treatments are classified into 
three types; physical, chemical and biological. However, 
the treatment required a typical application of the 
integrated system due to the complexity of characteristics 
of petroleum wastewater. Thus, the conventional 
treatment methods need multistage process treatment. 
The first stage consisted of pre-treatment, which includes 
mechanical and physicochemical treatments followed by 
the second stage which is the advanced treatment of the 
pretreated wastewater. Based on the literature review 
conducted, the techniques and methods for petroleum 
wastewater treatment included physical, chemical, 
biological treatment processing.  

5.1. Physical treatment  

Physical treatment methods include processes where no 
gross chemical or biological changes are carried out and 
strictly physical phenomena are used to improve or treat 
the wastewater. Examples would be coarse screening to 
remove larger entrained objects and sedimentation. The 
presence of sulphide and salts could inhibit biological 
operation in excess of 20 mg L-1  (Altaş and Büyükgüngör, 
2008). Thus, the physical treatment system is a primary 
treatment step, which is essential to remove or separate 
suspended solids (SS), immiscible liquids, solid particles, 
suspended substances (Renault et al., 2009) from 
petroleum wastewater by using sedimentation, 
coagulation and flocculation and prolonged use of the 

secondary treatment unit. Most physical treatment 
techniques are considered as conventional methods.  

Nowadays, physical technologies such as sedimentation 
are used prior to biological treatment in order to remove 
suspended solids. The sedimentation treatment, which is 
used to separate oil from water, is mechanically achieved 
by gravity in API separators or separation tanks. 
Coagulation process was used to remove turbidity and 
organic load abatement. However, physical processes were 
relatively ineffective for the treatment of petroleum 
wastewater because of its complexity and therefore, other 
processes might be used for pretreatment.  

As shown in Table 3,  Wang et al. (2015) reported that the 
maximum reductions for total naphthenic acids (NAs) and 
aromatic naphthenic acids by the physicochemical 
processes were 16% and 24%, respectively in a refinery 
wastewater while they were 65 % and 86%, respectively, by 
the biological processes. 

5.2. Membrane  

Membranes could be generally classified into biological 
membranes (Malamis et al., 2015; Razavi and Miri, 2015) 
and synthetic membranes. Membrane technologies such 
as electrodialysis and ultra-filtration are being applied 
increasingly. Membrane separation was found useful in 
treating organic matter and more acceptable and economic 
than other physical treatment techniques (Jyoti et al., 
2013; Kulkarni and Goswami, 2014).  
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Table 3. Overview of work done in the area of physicochemical treatment applications to treat the petroleum wastewater 
reported by various researchers 

No. The method applied 
The 

wastewater 
type 

Removed pollutants 
Max. Removal 
efficiency (%) 

Ref. 

1 The physicochemical processes  
A refinery 

wastewater 

Total naphthenic acids 
(NAs)  

16 
Wang et al., (2015) 

Aromatic naphthenic 
acids 

24 

2 
An immersed membrane 

process  

Petroleum 
refinery 

wastewater 
wastewater oil content 69 Al-Malack (2016) 

3 Membrane bioreactor (MBR)  
Petrochemical 

wastewater 

Heavy metals  70 
Malamis et al., (2015) 

Iron  75 

4 

Nanocomposite membrane 
with the multi-walled carbon 

nanotube (MWCNT) 
incorporated in Polyvinylidene 

fluoride (PVDF) matrix  

refinery 
wastewater 

Oil   
Moslehyani et al., 

(2015) 

5 
A cross-flow membrane 

bioreactor (CF-MBR)  
Petroleum 

wastewater 
COD 93 

Rahman and Al-Malack 
(2006) 

6 
The hollow-fiber membrane 

bioreactor (HF-MBR)   

Real petroleum 
refinery 

wastewater 

COD  82 

Razavi and Miri (2015) 

BOD5 89 

TSS 98 

VSS 99 

Turbidity  98 

7 
Membrane sequencing batch 

reactor 

A synthetic 
petroleum 

wastewater 
Hydrocarbon pollutants 97 Shariati et al., (2011) 

8 Ultra-filtration (UF) membranes  
Refinery 

wastewater 
COD 44 

Asatekin and Mayes 
(2009) 

9 
Poly aluminum chloride and 

ferric chloride for coagulation 
treatment  

Petroleum 
wastewater 

COD 58 
Farajnezhad & 

Gharbani (2012) 

10 

Poly-zinc silicate (PZSS) and 
anion polyacrylamide (A-PAM) 
for coagulation /flocculation 

treatment. 

Heavy oil 
wastewater 

Oil  99 Zeng et al. (2007) 

11 Subsequent coagulation/H2O2 
Petroleum 

refinery 
wastewater 

COD 58 
Wagner and Nicell 

(2001) BOD5 78 

12 
Coagulation by alum 

petrochemical 
wastewater. 

COD 61 
Altaher et al., (2011) Coagulation by ferric chloride 

(FeCl3) 
COD 52 

13 Electro-coagulation  
Petrochemical 

wastewater 
Phenol  100 

El-Ashtoukhy et al., 
(2013) 

14 

A cell with horizontally oriented 
aluminum cathode and a 

horizontal aluminum screen 
anode at high current density 

Oil refinery 
waste effluent 

Phenol 97 
Abdelwahab et al., 

(2009) 

15 Electro-coagulation 
Petroleum 

wastewater 
Phenol 51 

Jafarzadeh et al., 
(2011) 

16 adsorption by organoclay  
Petroleum 

wastewater 
organic substances 62 

Cavalcanti et al., 
(2012) 

17 An activated carbon adsorption 
Petroleum 

wastewater 
COD 60 El-Naas et al., (2009) 

18 
A microwave-assisted catalytic 

wet air oxidation process. 
Petroleum 

wastewater 
COD 90 Sun et al., (2008)  

19 The O3/UV/TiO2 process. 
Petroleum 

wastewater 

Phenol  99.9  

Corrêa et al., (2010) 
Sulfide  97.2 

 COD 89.2 

Oil  98.2 

20 
Partial precipitant [FeCl3·6H2O 

and FeSO4·7H2O] and coagulant 
aids [Ca(OH)2 and CaCO3]  

Petroleum 
refinery 

wastewater 

COD 75 
Altaş and Büyükgüngör 

(2008) Sulfide  99 
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Depending on the pore size, they can be classified as 
ultrafiltration (UF) (Asatekin & Mayes, 2009), 
microfiltration (MF) (Zhong et al., 2003), nanofiltration (NF) 
(Moslehyani et al., 2015), and reverse osmosis (RO) 
membranes (Li et al., 2009). Al-Malack (2016) reported that 
an application of immersed membrane process was 
dramatically affected by wastewater oil content and 
permeate flux values in treating petroleum refinery 
wastewater. The maximum allowable trans-membrane 
pressure (TMP) reached a value of 9 Pascal with the 
increase in permeate flux and oil content, which result in 
more backwashing and cleaning cycles. Trans-membrane 
pressure (TMP) is pressure difference between feed and 
permeate stream. 

As shown in Table 3, Malamis et al., (2015) showed that 
membrane bioreactor (MBR) removed heavy metals from 
petrochemical wastewater in different removal 
percentages, which range from 40% to 70%, and only iron 
removal was the maximum removal in this process, being 
higher than 70%. Moslehyani et al., (2015) indicated that 
the best nanocomposite membrane was nanocomposite 
membrane with the multi-walled carbon nanotube 
(MWCNT) incorporated in Polyvinylidene fluoride (PVDF) 
matrix for the filtration purposes because it removed all 
pollutants from refinery wastewater and it was the 
excellent anti-fouling property. 

The principles of cross-flow filtration were used in 
nanofiltration, ultrafiltration, microfiltration and reverse 
osmosis. Rahman and Al-Malack, (2006) reported that the 
using of a cross-flow membrane bioreactor (CF–MBR) to 
treat the petroleum wastewater achieved a COD removal 
efficiency of more than 93% at mixed liquor suspended 
solids (MLSS) concentrations of 5000 and 3000 mg L-1. 

Razavi and Miri, (2015) showed that the average removal 
efficiencies of COD, BOD5, TSS, VSS, and turbidity from real 
petroleum refinery wastewater by using the hollow-fiber 
membrane bioreactor (HF-MBR)  were attained 82%, 89%, 
98%, 99%, and 98%, respectively. Yuliwati et al., (2011) 
proved that interactions between the membrane surface 
and suspended solid constituents in refinery wastewater 
strongly influenced the membrane fouling in 
polyvinylidene fluoride (PVDF) hollow fiber membranes. 

Shariati et al., (2011) reported that removal efficiencies 
higher than 97% were found for the three model 
hydrocarbon pollutants by using membrane sequencing 
batch reactors at 8, 16, and 24 h for the treatment of a 
synthetic petroleum wastewater. Particle size distribution 
(PSD) and microscopic analysis showed the reduction in the 
protozoan populations in the activated sludge with 
decreasing the time. The rate of membrane fouling was 
found to increase with decreasing hydraulic retention 
times (HRT). Ultrafiltration (UF) is very promising for their 
treatment to remove oil, but has been limited by economic 
obstacles due to severe membrane fouling (Asatekin and 
Mayes, 2009). Asatekin and Mayes (2009) reported that 
the COD removal values were substantially lower, between 
41 and 44%, by using Ultra-filtration (UF) membranes for 
refinery wastewater treatment due to higher contents of 
dissolved organics. Hua et al., (2007) reported that the 

accumulation volume of permeation was significantly 
affected by the trans-membrane pressure, indicating the 
model was reliable. 

Membrane technologies, particularly reverse osmosis (RO), 
are relatively new processes that seem to be a more 
effective alternative than conventional methods for 
petroleum wastewater treatment. The process involves 
separating two solutions at different concentrations by a 
semipermeable membrane. Naturally, water would flow 
from the less concentrated solution to the more 
concentrated solution. However, the membrane processes 
have some major disadvantages such as; the generation of 
a great amount of residual concentrate and membrane 
fouling. Membrane fouling needs chemical cleaning of 
membranes or wide pretreatment and leads to a little 
lifetime of the membranes and decreases efficiency of the 
process (Li et al., 2009). 

5.3. Coagulation/Flocculation  

Chemical coagulation process is an important and 
conventional method for wastewater treatment to reduce 
or remove turbidity, color, COD and TSS (Farajnezhad and 
Gharbani, 2012). It is an efficient pretreatment process 
when used before biological or membrane treatment 
process or used as a final polishing treatment in order to 
reduce or eliminate non-biodegradable organic matter in 
petroleum wastewater (Farajnezhad and Gharbani, 2012). 
Coagulation or flocculation process was conducted for the 
treatment of a petroleum wastewater to achieve maximum 
removal of COD, TP, and TSS.  

However, the coagulation is considered inappropriate for a 
full treatment of wastewater because of its limited 
efficiency to remove the organic matter (Hassan et al., 
2009). Farajnezhad and Gharbani, (2012) used poly 
aluminum chloride and ferric chloride for coagulation 
treatment of wastewater in the petroleum industry. They 
observed that poly aluminum chloride was more effective. 
The variation of pH has an insignificant effect on the color 
removal of petroleum wastewater. The efficiency of COD 
removal from petroleum wastewater depended on 
petroleum wastewater characteristics and coagulant 
species, which can be usually inorganic metal salts such as 
aluminum sulfate (alum), ferrous sulfate, ferric chloride 
and ferric chloro-sulfate, and coagulant dosage.  

Altaş and Büyükgüngör, (2008) showed that the COD 
removal efficiencies from petroleum refinery wastewater 
varied between 45–75% by using partial precipitant 
[FeCl3·6H2O and FeSO4·7H2O] and coagulant aids [Ca(OH)2 
and CaCO3] at different pH values and removal efficiencies 
of sulfide were 96–99%. The COD removal efficiencies of 
Fe3+ and Fe2+ ions together with coagulant aids [Ca(OH)2], 
were 50-80 and 32-50%, respectively. 

Several investigations stated that coagulation favored 
removal of organic compounds in petroleum wastewater. 
Zeng et al., (2007) showed that more than 99% of the oil 
was removed from heavy oil wastewater at 40 min and pH 
6.5-9.5 by the using Poly-zinc silicate (PZSS) and anion 
polyacrylamide (A-PAM) for coagulation /flocculation of oil 
and suspended solids. The Poly-zinc silicate (PZSS) was 
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more efficient than poly-ferric sulfate (PFS) and poly-
aluminum chloride (PAC) (Zeng et al., 2007). Another work 
by Demirci et al., (1998) indicated that the coagulant aids, 
coagulants and Turkish clay was used to treat the 
petroleum wastewater. The efficiency of Turkish clay was 
less than that obtained with polymeric materials. In 
addition, Dialynas et al., (2008) reported that ferric chloride 
increased floc size and decreased sedimentation time more 
than alum. Thus, ferric chloride was more efficient than 
alum and iron salts were more efficient than aluminum or 
lime addition in removing organic compounds of 
wastewater. Wagner and Nicell (2001) revealed that 
subsequent coagulation/H2O2 removed 58% of COD and 
78% of BOD5 from petroleum refinery wastewater. Altaher 
et al., (2011) used coagulation for pre-treatment of 
petroleum and petrochemical wastewater. Their results 
indicated that the alum was more removal efficiency of 
COD than ferric chloride (FeCl3) and promoted turbidity 
removal when the pH increased from an acidic range to an 
alkaline range. However, the disadvantage of alum was its 
hazardous nature. They also reported that ferric chloride 
had superior efficiency compared with other coagulants 
with an efficient dose of 800 mg L-1. 

5.4. Electro-Coagulation    

The treatment process is found to be largely affected by the 
current density, the type of anode and cathode, and the 
initial composition of the wastewater. The rate of electro-
coagulation improved with the increasing number of 
screens per array and with reducing the concentration of 
phenol (Abdelwahab et al., 2009). El-Ashtoukhy et al., 
(2013) obtained 100% removal of phenol in 2 hours from 
petrochemical wastewater by electrocoagulation using a 
fixed bed electrochemical reactor. 

The type of anode and cathode has an important role in this 
process, for example. Farajnezhad and Gharbani (2012) 
indicated that the using poly aluminum chloride was more 
removal efficiency than the using ferric chloride in 
petrochemical wastewater treatment. Another work by El-
Naas et al., (2009) showed that the utilization of aluminum, 
as anode and cathode, in batch electrocoagulation 
experiments was by far the most efficient arrangement 
comparing with stainless steel and iron in the reduction of 
COD and sulfate from petroleum wastewater. In addition, 
Abdelwahab et al., (2009) reported that remarkable 
removal of 97% of phenol from the oil refinery waste 
effluent after 2 h was achieved by using a cell with 
horizontally oriented aluminum cathode and a horizontal 
aluminum screen anode at high current density and 
solution pH 7 while Yavuz et al., (2010) indicated that the 
electrocoagulation was found to be ineffective in the 
treatment of petroleum refinery wastewater due to the 
high amount of soluble organic pollutants and low amount 
of suspended solids contained in PRW.  

Jafarzadeh et al., (2011) carried out an investigation on the 
electrocoagulation method for treatment of petroleum 
effluent and obtained the phenol removal efficiency of 51% 
was obtained at 75 min operating time. 

5.5. Adsorption  

Advantages of adsorption were low cost, simplicity, and 
adaptability (Kulkarni & Goswami, 2013, 2014). A recent 
work by Cavalcanti et al. (2012) reviewed investigations on 
adsorption by organoclay for removal of effluent from the 
petroleum wastewater. They observed that organophilic 
clays were effective as adsorbents for the removal of 
organic substances with high toxicity, such as phenols and 
BTEX compounds.  

Adsorption technology mainly refers to activated carbon 
adsorption. It is commonly utilized for organic compounds, 
ammonium and toxicity characteristics in treatment of 
petroleum wastewater (Lorenc and Gryglewicz, 2007). An 
addition of sorbent and coupling the activated sludge to 
form a biologically activated carbon system improve the 
treatment through adsorption.  

An activated carbon adsorption is effective in removing 
organic compounds residual after biological treatment. In 
addition, low molecular weight pollutants are specially 
adsorbed (Lorenc and Gryglewicz, 2007). This method is 
limited by high consumption of activated carbon or the 
requirement for frequent regeneration of columns (Renou 
et al., 2008). El-Naas et al. (2009) achieved 30% COD 
reduction at the ambient temperature, whereas at 60 °C 
53% COD reduction was reached. 

5.6. Physical-chemical treatment 

The Physical-chemical treatment process combines 
physical treatment techniques (such as absorption and 
filtration) and chemical treatment techniques (such as 
oxidation and ozonation) to treat industrial and 
commercial wastewater (El-Naas et al., 2009). After the 
mechanical step, the physiochemical step agglomerates 
small-sized suspended solids into large-sized particles to 
ease removal by filtration, floatation, and sedimentation 
(El-Naas et al., 2009). 

AOPs are defined as the methods that produce hydroxyl 
radicals in adequate amounts to be capable of degrading 
majority of the recalcitrant contaminants existing in the 
discharge water (De Morais and Zamora, 2005). Treatment 
of petroleum wastewater has been conducted by a wide 
range of technologies and approaches.  

In recent years, the strict discharge standards in most 
countries are set to fully reduce impacts on the 
environment. Many conventional technologies are not 
used for some recalcitrant and persistent compounds 
because of the poor performance of these processes with 
these compounds. The combination of suitable treatment 
processes can provide effective treatment for these 
compounds in the petroleum wastewater. Among chemical 
methods, AOPs present the greatest solution (Gogate and 
Pandit, 2004) and are outstanding alternative for the 
treatment of petroleum wastewater due to their enormous 
potential to reduce a substantial COD, improve 
biodegradability and degrade a wide variety of refractory 
compounds from petroleum wastewater (Hermosilla et al., 
2009). In addition, AOPs can also achieve a considerably 
high efficiency of the removal of organic compounds based 
on the high oxidative power of the hydroxyl radicals 
(Gogate and Pandit, 2004) and convert them to carbon 

http://www.businessdictionary.com/definition/absorption.html
http://www.businessdictionary.com/definition/technique.html
http://www.businessdictionary.com/definition/oxidation.html
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dioxide and water or to other byproducts (Hermosilla et al., 
2009). This advantage is considered the main advantage of 
the AOPs because they destroy the pollutants by hydroxyl 
radicals and convert them into CO2 and water rather than 
transferring them from one phase to another.  

However, most limits of application of AOPs in wastewater 
treatment plants in refineries are a high energy 
consumption and the possibility of producing critical 
intermediates (Gogate and Pandit, 2004).  

5.7. Chemical treatment 

Chemical treatment consists of using some chemical 
reaction or reactions to improve the water quality. A 
chemical process commonly used in many industrial 
wastewater treatment operations is neutralization. 
Neutralization consists of the addition of acid or base to 
adjust pH levels back to neutrality. Since lime is a base it is 
sometimes used in the neutralization of acid wastes.      

As shown in Table 3, a previous work by Sun et al. (2008) 
reported that using a microwave-assisted catalytic wet air 
oxidation process achieved more than 90% of COD removal 
and increase BOD5/COD ratio from 0.04 to 0.47 at 30 min 
to treat petroleum wastewater at 150 ◦C with 0.8 MPa 

pressure. Although high efficiency was reached, a 150 ◦C is 
not promising due to the high energy cost. 

5.8. Biological treatment 

Use microorganisms, mostly bacteria, in the biochemical 
decomposition of wastewaters to stable end products. 
More microorganisms, or sludges, are formed and a 
portion of the waste is converted to carbon dioxide, water 
and other end products (Zhao et al., 2006). The petroleum 
wastewater was treated by various biological methods 
successfully (Manyuchi and Ketiwa, 2013; Melamane et al., 
2007; Pal and Vimala, 2012) such as activated sludge 
reactors or biofilm-based reactor to remove the organic 
pollutants. The biological oxidation processes depend on 
the compositions of the petroleum wastewater. However, 
these processes have some disadvantages such as the 
extreme sludge production, and low capacity to COD 
removals (Jou and Huang, 2003). Generally, biological 
treatment methods can be divided into aerobic and 
anaerobic methods, based on availability of dissolved 
oxygen (Zhao et al., 2006). In anaerobic systems, the 
products of chemical and biochemical reactions produce 
displeasing colors and odors in water. Thus, the oxygen 
availability was important in water to reduce displeasing 
colors and odors (Attiogbe et al., 2007).

Table 4. Overview of work done in the area of Biological treatment applications to treat the petroleum wastewater 
reported by various researchers: 

No. The method applied 
The wastewater 

type 
Removed 
pollutants 

Max. Removal 
efficiency (%) 

Reference 

1 
The reactor immobilized 

with microorganisms 

Petroleum 
refinery 

wastewater 

TOC 78 
Zhao et al., (2006) 

Oil 94 

2 
The aerobic biological 

process  
Petroleum 

wastewater 
COD 86 

Satyawali and 
Balakrishnan (2008) 

3 
The anaerobic treatment 
process (a UASB reactor) 

Petroleum 
refinery 

wastewater 
COD 82 Gasim et al., (2013) 

4 
The up-flow anaerobic 

sludge bed (UASB) reactor 
Heavy oil refinery 

wastewater 
COD 70 

Wang et al., (2006) 
oil 72 

5 

The up-flow anaerobic 
sludge blanket (UASB) 

reactor and a two-stage 
biological aerated filter 

(BAF) system 

Heavy oil 
wastewater 

NH3-N 90.2 

Zou, (2015) 
COD 90.8 

oil 86.5 

6 
A combined UASB and 
anaerobic packed-bed 

biofilm reactor 

Petroleum 
wastewater 

COD 81.07 Nasirpour et al., (2015) 

7 
The activated sludge 

system 
Petroleum 

wastewater 
Naphthenic 
Acids (NAs) 

73 Wang et al., (2015) 

8 
The sequencing batch 

reactor system 
Petroleum 

wastewater 
Phenols 98 Al Hashemi et al., (2015) 

9 
Anaerobic submerged 

fixed-bed reactor (ASFBR) 
Petroleum 

wastewater 

COD 91 
(Vendramel et al., 2015) 

TSS 92 

5.9. Aerobic biological processes  

The aerobic biological process converts the organic 
compounds and recalcitrant components in wastewater 

into CO2 and water and solid biological products. As shown 
in Table 4, Zhao et al,. (2006) showed that the reactor 
immobilized with microorganisms achieved degradation 
efficiencies of 78% TOC removal and 94% oil removal from 
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petroleum refinery wastewater. The aerobic biological 
process has shown improved COD removal by Satyawali 
and Balakrishnan, (2008). In addition, they reported it had 
a higher tolerance to toxic and organic shock loads and 
lower biomass loss. 

5.10 Anaerobic biological process 

Anaerobic biological treatment has an excellent organic 
removal efficiency and an economical cost. Organic matter 
is converted into CO2 and CH4, and sludge during anaerobic 
biological treatment. 

Anaerobic biological technology has been widely applied 
due to its highly-efficient (Lettinga et al. 2001). Recently, an 
interest in utilizing up-flow anaerobic sludge bed (UASB) 
reactors for the treatment of petroleum wastewater has 
grown because they have a simple design and an easy 
construction and maintenance (Rastegar et al., 2011). As 
shown in Table 4,   Gasim et al. (2013) indicated that the 
petroleum refinery wastewater could be successfully 
treated by the anaerobic treatment process (a UASB 
reactor) because the highest COD removal of 82 % was 
observed and more than half of organic compounds could 
be biodegraded into biogas. In a study performed by Wang 
et al. (2006) stated that 70% removal efficiency for COD 
and 72% for total oil were obtained by using the up-flow 
anaerobic sludge bed (UASB) reactor for treatment of 
heavy oil refinery wastewater containing large amounts of 
polar organics and demonstrated the potential of this 
method as an alternative for high-efficiency anaerobic 
treatment of petroleum wastewater. However, the UASB 
reactor should be operated under low an organic loading 
rate and long time during treating petroleum wastewater 
(Wang et al., 2006). Zou (2015) showed that the ammonia 
nitrogen (NH3-N), COD and oil in the heavy oil wastewater 
were removed by 90.2%, 90.8%, and 86.5%, respectively 
after using the up-flow anaerobic sludge blanket (UASB) 
reactor and a two-stage biological aerated filter (BAF) 
system. Nasirpour et al. (2015) used a combined UASB and 
anaerobic packed-bed biofilm reactor to treat petroleum 
refinery effluents and found the COD removal efficiency of 
the system was 81.07%. 

5.11 Aerated lagoons 

The biological processes to treat the petroleum 
wastewater are usually conducted in activated sludge 
reactors or in aerated lagoons (Ma et al., 2009; Tellez et al., 
2002). Sometimes Aerated lagoons did not achieve the 
discharge requirements in a treated effluent. They need to 
huge areas due to their little biomass concentrations (Ma 
et al., 2009). 

5.12. The activated sludge process 

The activated sludge process is more compact but needs to 
considerable areas for the building of aeration tanks and 
construction of sludge settlers. Wang et al., (2015) 
reported that biotransformation of total naphthenic acids 
(NAs) by the activated sludge system was largely affected 
by temperature. The average removal efficiency of total 
naphthenic acids (NAs) in summer (73%) was higher than 
this in winter (53%) due to the relatively high microbial 

biotransformation activities in the activated sludge system 
in summer. However, this method has too many 
disadvantages compared with other technologies such as 
excess sludge production, the need for longer aeration 
times and high-energy demand (Renou et al., 2008).  

5.13 Biofilm-based reactor 

Biofilm-based reactor systems have high removal 
efficiencies of suspended solids (Rodgers et al., 2003; 
Vendramel et al., 2015), flexible and steady operation, 
ability to endure recalcitrant contaminants, and organic 
shock loads (Ibrahim et al., 2012; Rodgers et al., 2003)  as 
well as high biomass retention (Gálvez et al., 2003). 
(Vendramel et al., 2015) showed that the maximum 
removal of COD and TSS removals were achieved 91% and 
92%, respectively by using anaerobic submerged fixed-bed 
reactor (ASFBR), which contains corrugated PVC for biofilm 
attachment. This reactor showed good stability, and its 
efficiency increased when the organic load of petroleum 
wastewater increased. The amount of biofilm 
quantification and important biofilm constituents need 
more investigation in the reactor operation (Vendramel et 
al., 2015). Al Hashemi et al. (2015) reported that an 
average removal efficiency of phenols from the petroleum 
wastewater was about 98% by using the sequencing batch 
reactor system. 

6. Conclusions 

 The petroleum wastewater was treated by 
different processes such as physical, chemical and 
biological treatment processes.  

 The wastewater from Petroleum industries and 
refineries mainly contains oil, organic matter and 
other compounds. 

 The petroleum refinery wastewater has 
hazardous compounds, which adversely affects 
the ecosystem if they were discharged into the 
environment. 

 Treatment of petroleum wastewater has two 
stages, firstly, pre-treatment stage to reduce 
grease, oil and suspended materials. Secondly, an 
advanced treatment stage to degrade and 
decrease the pollutants to acceptable discharge 
values. 

 In recent years, many changes in technological 
approaches for advanced treatment as well as 
pre-treatment were done except the physical 
separation due to its efficiency in petroleum 
wastewater. 

 Many different bioreactor designs have been used 
in treatment of refinery wastewater including 
batch reactors, fluidized beds and membrane 
systems.  

 Selection among alternative processes is based on 
capital and operating cost, land availability, 
operational complexity and standard discharge 
limits. 

 Many technologies aren't used for some 
recalcitrant and persistent compounds, which 
aren't adequately eliminated by the biological 
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method, because of the poor performance of 
these processes with these compounds. So, the 
search for more viable alternatives is very 
important to solve this problem. Combination of 
suitable treatment processes can provide 
effective treatment for these compounds in the 
petroleum and industrial wastewater. 
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