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      SUMMARY IN SWEDISH 
 

Avloppsvatten återanvändning är en av de bästa metoderna för att identifiera 
ett nytt vatten resurs för den ökande efterfrågan på vatten både i torra och halv-
torra länder. Det är också bästa ekonomiska sättet att hitta standard avloppsvat-
ten urladdning. Forskare har utvecklat många reningsverk metoder som kan an-
vändas för att återvinna både kommersiella och industriella avloppsvatten. 
Dessa behandlings metoder är convectional och avancerade avloppsvatten be-
handlings metoder. De flesta convectional avloppsvatten behandlingsmetoder 
misslyckats med att ta bort motvilliga organiska föreningar som finns i textilt 
avloppsvatten utflöden. Motvilliga organiska föreningar som kännetecknas av 
rika färger, hög mängd färgämnen med komplex kemisk struktur, höga halter av 
suspenderade ämnen och låg nedbrytbarhet. Denna avhandling recensioner 
några av de avancerade avloppsvatten behandlings metoder som kan ta bort el-
ler minska motvilliga organiskt avfall som finns i industriella eller textilt av-
loppsvatten. Avancerade avloppsvatten behandlings metoder granskade i denna 
avhandling är adsorption process, membran bioreaktor (MBR) och avancerade 
oxidationsprocesser (AOPs). Dessa tre avancerade avloppsvatten behandlings-
metoder ta bort eller minska motvilliga organiskt avfall som finns i textilt av-
loppsvatten utflöden. Färgämnen som finns i textilt avloppsvatten utflöden är 
svåra att avlägsna från convectional avloppsvatten behandlings metoder och det 
är på grund av deras komplexa kemiska struktur. Men avancerade avloppsvat-
ten behandlings metoder försämra komplexa kemiska strukturen av textilt av-
loppsvatten till koldioxid och vatten eller åtminstone till dess säkra skede. Till 
exempel avancerad oxidationsprocessen nedbryta komplexa organiska före-
ningar genom att generera hydroxylradikalerna och dessa är mycket reaktiva 
och icke-selektiva substanser som kan brytas ned toxiska eller svårnedbrytbara 
organiska avfall som finns i utflödet. På samma sätt, membran bioreaktor avläg-
snar också eller minskar färg och COD av textilt avloppsvatten. Färg, högt pH 
och COD är några av de största problemen med textilavfall. i allmänhet, ad-
sorption, membran bioreaktor och avancerade oxidationsprocesser minskar 
färg, pH och COD av de textilier avloppsvatten. 
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SUMMARY  
 

Wastewater reuse is one of the best methods used to identify a new water re-
source for the increasing demand of water both in arid and semi-arid countries. 
It is also the best economical way of finding standard effluent discharge. Scien-
tists have developed many wastewater treatment methods that can used to re-
claim both commercial and industrial wastewaters. These treatment methods 
are convectional and advanced wastewater treatment methods. Most convec-
tional wastewater treatment methods failed to remove non-biodegradable or-
ganic compounds present in textile wastewater effluents. Reluctant organic 
compounds characterized by rich color, high amount of dyestuffs with complex 
chemical structure, high amount of suspended solids and low biodegradability. 
This thesis reviews some of the advanced wastewater treatment methods that 
can remove or reduce non-biodegradable organic wastes present in industrial or 
textile wastewaters. Advanced wastewater treatment methods reviewed in this 
thesis are adsorption process, membrane bioreactor (MBR) and advanced oxi-
dation processes (AOPs).These three advanced wastewater treatment methods 
remove or reduce non-biodegradable organic wastes present in textile 
wastewater effluents. Dyes present in textile wastewater effluents are difficult to 
remove by convectional wastewater treatment methods and this is because of 
their complex chemical structure. However advanced wastewater treatment 
methods degrade the complex chemical structure of textile effluents into car-
bon dioxide and water or at least into its safe stage. For example advance oxida-
tion process degrade complex organic compounds by generating hydroxyl radi-
cals and these are highly reactive and non-selective substances which can 
degrade toxic or persistent organic wastes present in the effluent. Similarly, 
membrane bioreactor also removes or reduces color and COD of textile 
wastewater effluents. Color, high pH and COD are some of the main problems 
of textile wastes. Generally, adsorption, membrane bioreactor and advanced ox-
idation processes reduce color, pH and COD of the textile wastewaters. 
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ABSTRACT 
Wastewater reuse is very important in water resource management for both environmental and econom-
ic reasons. Unfortunately, wastewater from textile industries is difficult to treat by convectional 
wastewater treatment technologies. Now days, polluted water due to color from textile dyeing and fin-
ishing industries is burning issue for researchers. Textile or industrial wastewaters contain non-
biodegradable organic compounds, which cannot be easily biodegraded because of their complex chemi-
cal structure. Dye wastewater discharged from textile wastewaters is one example of non-biodegradable 
organic compounds and it is difficult to remove dye effluent by convectional wastewater treatment 
methods. Therefore, this thesis deals about a review of advanced treatment technologies, which can de-
colorize and remove non-biodegradable organic compounds from textile wastewater effluents. In addi-
tion to this, the potential and limitation of these advanced treatment methods are reviewed. Advanced 
treatment technologies reviewed in this paper are; Adsorption process, Membrane bioreactor (MBR) and 
advanced oxidation process (AOPs). 

Key words:  Adsorption process, Membrane bioreactor (MBR), Advanced oxidation process 
(AOPs), Reuse. 

1 INTRODUCTION 
As all know, environmental pollution is one of 
the biggest worldwide problems. The increase of 
environmental pollution is mainly caused by the 
increase of industrialization and other develop-
mental processes. Due to this reason, huge 
amounts of wastewaters are generated from 
different industrial productions and large 
amount of these wastes are released to the water 
flows, which can damage the ecosystem and 
disturb human health. In addition to this, the 
increases of industrial productions increase the 
consumption of water. It is clear that huge 
amount of water is consumed by industries 
during their processing and because of this; 
water scarcity could be another huge problem in 
future years. According to many wastewater 
professionals, reuse of water is an essential 
alternative to save water and create a new water 
resource. 
However, most of the environmental pollutants 
such as synthetic dyes, pesticides, synthetic 
polymers, aromatic hydrocarbons, pharmaceuti-
cals and surfactants are difficult to be removed. 
For example, most synthetic dyes are toxic and 
highly resistant to degradation because of their 
complex chemical structures.  
Generally, multiple organic compounds such as 
pharmaceuticals, synthetic dyes and other aro-
matic hydrocarbon cannot be removed by con-
vectional wastewater treatment methods and 
some of them are persistent in the environment. 
In order to remove reluctant organic com-
pounds, scientists have developed advanced 
wastewater treatment methods. Activated carbon 

adsorption process, membrane bioreactor and 
advanced oxidation methods are some of the 
advanced wastewater treatment methods that 
can remove persistent organic compounds 
present in the textile wastewater effluents. These 
advanced treatment methods can remove color, 
COD and other suspended solids present in the 
effluents of the wastewater.  

2 WASTEWATER REUSE OPTIONS 
As all know, the increasing demand of water 
which is caused by the population growth and 
economic development is resulting water scarcity 
problems. This is happening both in arid and 
semi-arid areas. Water scarcity can be defined as 
the shortage of adequate quantity of water for 
human and environmental use. Water scarcity 
issues which affect the quality of life, the envi-
ronment and economics of development of one 
nation is the major problem in many parts of the 
world. The causes for water scarcity could be 
natural cause such as aridity and drought. It 
could also be manmade causes such as desertifi-
cation and water shortage (Pereira et al., 2002).  
Drought for example is the natural environment 
imbalance in the water availability, which is 
caused by the low precipitation.  Water shortage, 
which is the main manmade cause of water 
scarcity is caused by the inappropriate or misuse 
of the available water resources. Inappropriate 
treatment domestic and industrial wastes and 
unsafe discharge of solid waste could be reasons 
for water shortage. In addition to this, the mis-
used or inappropriate use of abstracted water for 
different purposes could be causes for the dete-
rioration water quality and quantity. The conse-
quence of the water quality and quantity is also 
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no doubt a very serious issue both on the envi-
ronment and on human health. For example, 
discharged industrial or domestic wastewater 
may be toxic and can cause a substantial health 
hazard to biological lives in the environment and 
chronic effect to the ecosystem. Hameteeman 
(2013) documented that around 700 million 
people of 43 countries are suffering today from 
water scarcity. Furthermore Hameteeman (2013) 
stated that the poor water and sanitation facili-
ties in developing countries is the source of 
health problems and many people die every year 
due to water related diseases. In addition to this, 
UN-Water & FAO (2007) forecasted that by 
2025 1.8 to 2.8 billion people would face an 
absolute water scarcity. Therefore, in order to 
overcome or reduce the consequences of water 
scarcity both on the environment and on human 
health, wastewater professionals provide differ-
ent options. One of the options, which can solve 
the water scarcity problem, is reuse of reclaimed 
wastewater. In order to formulate a sustainable 
water policy, reuse of reclaimed wastewater is 
the most reliable source of water that one must 
take it in to consideration. Here, before going to 
the details of wastewater reuse it is important to 
know the terminologies of wastewater reuse and 
wastewater reclamation. Asano (2001) defined 
both terminologies as follows. Wastewater rec-
lamation is the process of treating wastewater to 
make it reusable and wastewater reuse is the 
beneficial use of treated water.  
Asano (2001), Wahaab & Omar (2003) and 
Mckenzie (2005) described the following reasons 
for establishing a wastewater reuse program.  

•  addressing the needs for water pollution 
control,  

• identify an alternative water source for 
increased water demand 

• Find economical ways of discharge standards.  
• Reduction of cost  and complicated 

wastewater treatment processes 
• Reduction of risks  both to human health  

and environmental problems 
• Increasing of water shortage 
• Drought 
Treated wastewater by appropriate treatment 
technologies can apply for agriculture, industry, 
ground water recharge, urban usage including 
landscape irrigation and fire protection etc. 
(fig.1). However, the wastewater reuse has to 
fulfill the water quality objectives and the poten-
tial for public health risk has to be minimized or 
reduced before applied. A detailed explanation 
of the application of wastewater reuse reviewed 
by Aoki et al. (2005) is as follows. 

2.1 Waste water reuse for Agriculture 
It is clear that treated or untreated waste water is 
used for agriculture because of its high source of 
nutrients and the availability of moisture which 
is necessary for crop growth and it also reduces 
the need for chemical fertilizer which can result 
in net cost savings to farmers ( Hussain, et al., 
2002). However using untreated wastewater for 
irrigation is dangerous to the human health.  In 
addition to this large scale irrigation projects can 
accelerate the disappearance of water bodies 

 Fig . 1 Applications of wastewater reuse (Aoki et al., 2005) 
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(Aoki et al., 2005). Treated wastewater is used 
for agricultural irrigation in a two different ways, 
which are direct, and indirect (Madi & Al-Sa’ed, 
2004). Direct reuse is taking the effluent of the 
treated wastewater to the irrigation site (fig. 2) 
and the indirect reuse is discharging the treated 
effluent to the surface waters or ground water 
aquifers. Therefore, appropriate use of agricul-
tural water by reusing wastewater is the most 
essential method for sustainable water manage-
ment. According to Aoki et al. (2005), was-
tewater reuse for agriculture has the following 
potential benefits 
• Avoidance of surface water pollution 
• Soil conservation  and prevention of land 

erosion 
• Contribution to better nutrition and food 

security 

2.2 Wastewater reuse for industry 
Industrial reuse of a treated wastewater is second 
largest user after irrigation both in developed 
and in developing countries (Misheloff, 2010). 
Treated wastewater is very important for many 
industries, which do not require a high quality of 
water. According to Misheloff (2010) reclaimed 
wastewater is useful for cooling water make up, 
boiler feed water and for processing textile 
wastewaters.  
Both reclaimed industrial wastewater and do-
mestic wastewater can be used for industrial 
purposes and it can also use for   toilets, laundry 
and construction wash down water. In addition 
to this, heat recovery and potential reduction in 
costs associated with wastewater treatment and 

discharge are some other potential benefits of 
industrial water reuse (Aoki et al., 2005). 

2.3 Environmental and Recreational 
reuse 

Another option of wastewater reuse is to apply 
for environmental enhancement such as wetland 
enhancement and restoration, creation of wet-
lands, which can serve as wildlife habitat and 
refuges (fig. 3). In addition to this treated 
wastewater can be used for recreational purposes 
such as landscape impoundments, incidental 
contact (fishing and boating and for swimming 
and wading (EPA, 1999). According Aoki et al. 
(2005) the key benefits of wastewater reuse for 
environmental enhancement is to increase the 
availability and quality of water resource.                             

2.4 Advantages and disadvantages of 
wastewater reuse 

 Mckenzie (2005) documented the following 
advantages and disadvantages of wastewater 
reuse. 

2.4.1 Advantages 
• Reduce demand on potable sources of fresh 

water 
• Diminished the volume of water discharged 

which results in a beneficial impact on the 
aquatic environment. 

• Reduce pollution of rivers and ground 
waters.  

According to Mckenzie (2005), health problems 
such as water borne diseases and skin irritations 
are some of disadvantage of wastewater reuse. In 
general, wastewater reuse is a promising solution 
for water scarcity. Especially, for water scarce 
countries is very important. Both municipal and 
industrial wastewaters can be recycled. However, 
the industrial wastewater effluents are difficult to 
remove by convectional wastewater treatment 
methods. It rather requires advanced wastewater 
treatment methods such as adsorption process, 

  Fig . 3. Rice farming with treated wastewater 
(Aoki et al., 2005). 

Fig . 2. Wastewater reuse for Environmental 
enhancement (Aoki et al., 2005). 
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membrane bioreactor and advanced oxidation 
methods. 

3 TREATMENT OF INDUSTRIAL 
WASTEWATER EFFLUENTS  

3.1 Introduction: 
According to current statics, textile-dyeing in-
dustries are the leading industries in many coun-
tries such as UK and USA (Yonar, 2011). Now a 
days the there is a continuous increasing world-
wide concern for the development of textile 
dyeing industries.  Due to this reason, quite large 
amount of dyes generated and used for different 
industries, such as the textiles, cosmetic, paper, 
leather, pharmaceutical and food industries. 
Many researchers stated that textile-processing 
operations are very important for industrial 
sectors all over the world. However, textile-
dyeing industries use large amount of water and 
chemicals in every steps for finishing and dying 
process. It is stated in many studies that the 
textile wastewater consist different types of dyes 
and other chemical additions, which are the 
main sources for environmental pollution. Waste 
water from dyeing is rich in color and also con-
tains high amount of dyestuffs, compounds with 
complex structure , high pH and chemical oxy-
gen demand (COD), high amount of suspended 
solids (SSs) and low biodegradability and these 
are difficult to biodegrade due to their complex 
chemical structures. Therefore, it is clear that 
untreated colored wastewater in to the ecosys-
tem can be damaging to the receiving water 
bodies. Therefore, complete removal of dyes 
from wastewater before discharging to water 
bodies is important. The treated effluent is 
useful for industrial process and this is the best 
solution for water scarcity problems. Textile 
dyeing industries need large volume of water for 
processing. So treating textile wastewaters is not 
only for the green environment but for also 
solving the water scarcity problems in countries, 
which have water shortage. 
Because of the characteristics of dyes used in 
textile dyeing process, dyeing effluents are not 
decolorized by convectional waste water treat-
ment methods .Due to the increasing of textile 
dyeing industries and their impact on the envi-
ronment make search for an appropriate tech-
nologies.  
As far as textile dyeing wastewater treatment for 
industrial and other reuse is concerned, color 
removal, reduction of total suspended solids, 
total organic carbon (TOC), COD and BOD are 
the main problems. So in order to remove or 

reduce these problems, MBR, Adsorption pro-
cess and advanced oxidation methods are the 
best treatment methods.   

3.2 Adsorption 
Many reports have shown that, industrial 
wastewaters contain toxic or hazardous sub-
stances that are difficult to remove by convec-
tional secondary treatment methods. Because of 
this advanced treatment, methods are nowadays 
play important role in removing or reducing 
toxic non-biodegradable organic wastes. One of 
these advanced treatment methods is Adsorp-
tion process.  
According to Richards (2000) adsorption pro-
cess has used since the 1950s for high efficiency 
removal of many different organic and inorganic 
gases. This treatment method is mostly applica-
ble in industrial wastewater treatments in order 
to remove toxic or recalcitrant organic pollu-
tants. According to Cheremisinoff (2001) ad-
sorption is the process in which molecules are 
concentrated on the surface of the activated 
carbon. Furthermore, Cheremisinoff (2001) 
classified adsorption processes in to two parts. 
These are physisorption and chemisorption.  
According to the author, physisorption is type of 
adsorption in which the adsorbate adheres to the 
surface by weak vanderwaals forces. This meth-
od is effective and can quickly lower the concen-
tration of dissolved contaminants such as dyes in 
an effluent. Nhatasha & Jaafar (2006) pointed 
out the following characteristics of physisorp-
tion. 
• Low temperature 
• Low activation energy 
• Low enthalpy : ∆H < 20KJ/ mol 
• It forms multi molecular layer 
• Increase with increasing pressure 
• Weak van der Vaal’s force 

Chemisorption is also defined as a type of ad-
sorption in which molecules adheres to a surface 
through the formation of a chemical bond. 
Nhatasha & Jaafar (2006) also characterize 
chemisorption as follows. 
• High temperature 
• High enthalpy: ΔH =400 KJ/mol 
• High activation energy 
• Strong force of attraction with adsorbent 
• Forms unimolecular layer 
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3.2.1 Common adsorbents  
Among the many types of the adsorbents, Acti-
vated carbon is the most popular and widely 
used adsorbent material in wastewater treatment.   
According to Pradhan (2011), carbonaceous 
materials like peat, wood charcoal and petroleum 
pitch produce activated carbon. The carbona-
ceous material changed to activated carbon by 
using chemical or gas activation method.  
Activated carbon is the most adsorbent material 
because of its high capacity for the adsorption of 
organic and inorganic species and it has been 
widely used in the world. However, activated 
carbon is expensive because of the involvement 
of regeneration and its difficulty during produc-
tion. Activated carbon is also an excellent adsor-
bent for removal of color, odor taste and other 
organic and inorganic industrial and pharmaceu-
tical effluents (Bansal & Goyal, 2005). For more 
understanding, adsorbent and adsorbate are the 
two components of the adsorption system. 
Adsorbent is a bed or layer of highly porous 
material in which the gas stream can pass and 
adsorbate is the compound that removed after it 
diffused to the surface of the adsorbent and 
retained because of its weak attractive forces 
(Richards, 2000). 
Granular activated carbon (GAC) and powdered 
activated carbon (PAC) are the two main forms 
of activated carbon (Pradhan, 2011). According 
to Pradhan (2011), granular activated carbon is 
characterized by high surface area to volume 
ratio and due to this reason; it is a good adsor-
bent medium.  Large surface area of the activat-
ed carbon can provide accumulation of large 
number of contaminant molecules. The size of 
GAC is ranging from 0.425 mm to 2.36 mm 
whereas the size of PAC is smaller than 
0.025mm (Sufanarski, 1999). Sufanarski (1999) 
characterize GAC small pores and large internal 
surface area whereas PAC characterized by large 
pore diameters and small internal surface area. 
Due to the contact of large mass of carbon with 
a relatively small volume of water, Granular 

activated carbon removes all adsorbed materials. 
However, due to reactivation and reuse purpose, 
granular activated carbon is more expensive than 
powdered activated carbon. So powdered acti-
vated carbon is more commonly used than 
granular activated carbon in removing taste, 
color and odor causing organisms (Tennant, 
2004).Furthermore, Tennant (2004) added that 
the popularity of the powdered activated carbon 
is because of its low capital, maintenance costs 
and its adaptability of treatment.  

3.2.2 Application of Adsorption and its Mech-
anism Steps 

According to many report materials, activated 
carbon adsorption is widely applied in industrial 
wastewater treatment and one reason for this 
could be the refractory organics, which are 
difficult to remove through biological treatments 
(Munter, 2001). Adsorption process can remove 
non-biodegradable organic compounds on the 
activated carbon. Adsorption process can also 
apply after physicochemical steps such as coagu-
lation or clarification and it can apply prior to 
biological treatment processes. This can help in 
removing compounds, which are toxic to biolog-
ical systems. However, the activated carbon 
adsorption mostly adopted to use as a tertiary or 
advanced treatment level in order to remove 
persistent organic compounds present in indus-
trial wastewater effluents. Generally, activated 
carbon adsorption has a wide application for 
treatment of textile or industrial wastewater. 
According to Richards (2000), the three series 
steps during adsorption process are as follows 
(fig. 4). 
• Transformation of contaminant from the 

bulk gas stream to the external surface of 
the adsorbent material. 

• Diffusion process of the contaminant from 
small area of the external surface to the ad-
sorbent material). 

• adsorption of contaminant molecule to the 
surface in the pores 
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As far as the removal efficiency is considered, 
removal efficiency of adsorption process de-
pends on different factors. For example, initial 
concentration, time, and temperature. It also 
depends on the type of adsorbent. There are 
many types of adsorbents like activated carbon, 
clay and the like. 
Ahmad & Hameed (2009) did an experiment in 
order to evaluate the efficacy of activated carbon 
for COD and color reduction of a real textile 
mill effluent. The authors obtained a maximum 
reduction of color 91.84% and COD 75.21%. 
Similarly, Farhan et al. (2013) did an experiment 
in order to evaluate the removal efficiency of 
activated carbon for reduction of color and 
COD of a real paper industry effluent by using a 
batch model. According to Farhan, et al. (2013), 
the removal efficiency of activated carbon was 
found 93% COD reduction and 100% color 
removal.  
In addition to this, Syafalni et al. (2012) evaluat-
ed the removal efficiency of granular activated 
carbon and zeolite for removal of color and 
COD reduction of dye wastewater. In order to 
evaluate the removal efficiency of the adsorption 
process different factors like surface loading 
rates, type of adsorbent and contact time were 
also considered (Syafalni et al., 2012).  

According to this authors, a combination of the 
two adsorbents  gives better removal efficiency  
which is  59.46 % and  58.4% COD  and color 
reduction respectively. Therefore, it is clear that 
the removal efficiency of adsorption process is 
dependent on the type of the adsorbent and 
other factors, which affect the adsorption pro-
cess.  

3.2.3 Factors Affecting Adsorption Process 
There are many factors, which can affect the 
adsorption capacity. The following are few of 
the factors, which affects the adsorption process. 
Surface area of the adsorbent: According to 
Mangun  et al. (1998) the higher surface area of 
the activated carbon results to a higher adsorp-
tion capacity. Therefore, if there is a large pore 
size there will be an increment of the volume of 
the material and finally the large surface area will 
have a higher adsorption capacity.  
Solubility: Nhatasha & Jaafar (2006) stated that 
slight water-soluble substances would be more 
easily removed comparing to substances, which 
have higher solubility in water. Therefore, the 
relationship between solubility and adsorption 
capacity is inversely proportional. This means 
when solubility decrease the adsorption capacity 
will increase. 
Temperature: Temperature is also another 
factor for the adsorption process. According to 
Nhatasha & Jaafar(2006), the dependence of 

Fig . 4. Adsorption mechanism steps after (Richards, 2000). 
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temperature on adsorption reaction gives infor-
mation about the enthalpy and entropy changes 
during the adsorption. Therefore, it is usual that 
adsorption increase when temperature is lower 
but there is also a case in which adsorption 
increase when temperature increases. Spiff & 
Horsfall (2005) stated that the decreasing viscos-
ity and increasing molecular motion with higher 
temperature would allow easy uptake of mole-
cules to the pores, which can cause increasing of 
both adsorption capacity and temperature. 
Ionization: Al-degs et al. (2008)concluded that 
adsorption capacity increased in acidic solution 
and decreased in basic solution. This means 
when the pH of a given solution is decreased 
removal efficiency of adsorption process is 
decreased. Similarly when pH of a given solution 
is increased performance of adsorption process 
is increased. Richards (2000) and Crini (2006) 
have pointed out the following advantages and 
disadvantages of the adsorption process. 

3.2.4 Advantages of adsorption  
• It is a proven, reliable  technology for in-

dustrial waste waters 
• Space requirement is  low 
• Can be easily incorporated  into an exist-

ing waste water treatment facility (e.g 
GAC) 

• Low capital and installation costs available  
• Simple technology and stable operation 

available  
• Easy to implement and  commercially 

available  
• Systems are reliable from a process stand 

point if regenerated 
• Reduce solid waste handling problems 

caused by the disposal of spent carbon if 
regenerated  

• Most effective adsorbent great  capacity 
and produce  high quality treated effluent  

• Effective at removing color from waste 
streams. 

• Efficient  for removing non polar organic 
chemicals from water 

3.2.5 Disadvantages of Adsorption 
• Formation of hydrogen sulfide from bac-

terial growth by granular carbon beds 
which can create odors and corrosion 
problems. 

• Land disposal problem if not regenerated 

• Requires pretreated wastewater with flow 
suspended solids concentration. 

• Variations in PH., temperature and flow rate 
may affect the GAC adsorption 

• The process is subjected to more mechanical 
failures than the waste water treatment if re-
generated 

• Not efficient for removing disperse and vat 
dyes, the generation is expensive and results 
in loss of the adsorbent.  

3.3 Membrane bioreactor 
Cicek (2002) stated that membrane bioreactors 
are systems that integrate biological degradation 
of waste products with membrane filtration. 
According to Radjenovic et al. (2007), Dorr-
Oliver Inc. introduced the first membrane biore-
actor in 1960s as soon as the commercial scale 
ultrafiltration and microfiltration membranes 
were available According to the author the first 
installed MBR was not gain much interest in 
North America but got much interest in Japan in 
the 1970s and 1980s. When the submerged 
membranes introduced by Yamamoto et al, the 
installed membrane bioreactors were used for 
treatment of highly loaded industrial effluents 
and landfill leachate (Schouppe, 2010). Accord-
ing to Schouppe (2010), the installed MBRs 
during 1970s and 1980s were based on cross – 
flow membranes installed in units and placed 
outside the activated sludge tank and equipped 
with high flow circulation pumps. This requires 
high energy in order to generate sufficient feed 
velocities across the membrane surface, which is 
uneconomical for the treatment of municipal 
wastewaters. After that immersed systems that 
emerged in the activated sludge has come into 
effect. Immersed systems are less cost to install 
and operate because of their capability of work-
ing at low transmembrane pressure difference.  

3.3.1 Membrane Bioreactor for Treatment of 
Textile Wastewaters 

According to different research projects, some 
of the characteristics of textile wastewaters are; 
high amount of COD, BOD, TDS and Non-
biodegradable nature of organic dyestuffs pre-
sent in the effluent. Therefore, membrane biore-
actor is effective for the treatment of both in-
dustrial and municipal wastewaters and this is 
because of its distinct advantages over conven-
tional technologies. The primary treatments of 
textile wastewaters are removal of color, reduc-
tion of suspended solids, BOD and COD reduc-
tion. It is clear that convectional biological 
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treatments are an alternative technique for 
treatment of textile wastewaters. However, 
Eswaramoorthi et al. (2008) stated the following 
problems of convectional biological treatments.  
• Most of the dyestuffs are reluctant and 

renders the convectional biological treatment 
in effective or less efficient. 

• Presence of toxic heavy metals can prevent 
biological growth. Microorganisms are able 
to grow in textile wastewaters but there is 
limitation of growth of microorganisms by 
the concentration of heavy metals. Therefore, 
the presence of heavy metals in the textile 
wastewater is one problem for the convec-
tional biological treatments 

• In convectional biological treatment, the 
MLSS concentration is less (do not exceed 
4000mg/l). Therefore, the biological activity 
is less. This results in a large aeration tank 
size, low BOD throughput, and higher deten-
tion time and increased the operating costs. 

Therefore, membrane bioreactor is a solution 
for treatment of textile wastewater effluents. 
According to Eswaramoorthi, et al. (2008) 
membrane bioreactor is advancement over the 
convectional activated sludge process with the 
use of ultra-filtration and microfiltration mem-
branes, which can help in maintaining higher 
levels of mixed liquor suspended solids (MLSS) 
concentration and produce better effluent quali-
ty. Furthermore, Eswaramoorthi et al. (2008) 
stated that utilization of membrane filtration 
results in the retention of active microorganisms, 
extracellular enzymes that can degrade the or-
ganics present in the effluent. 
It is stated in many books that the organics 
resulting from cell-lysis and other heavy molecu-
lar weight organics are typical effluent of textiles. 

Under convectional biological treatment, micro-
organisms might escape from the aeration tank 
but in the MBR, these organisms are retained 
and better treatment is achieved (Eswaramoorthi 
et al., 2008). Other important aspect of mem-
brane bioreactor technology is retention of 
active enzymes secreted by microorganisms. 
Therefore, the maintenance of higher concentra-
tion of active enzymes can degrade complex 
organic molecules present in the textile 
wastewater. After that, overall efficiency of 
BOD, COD and color removal is improved.   

3.3.2 Membrane Bioreactor Configuration 
Based on the location of membrane component, 
Melind et al. (2005) divided membrane bioreac-
tor systems in to two major categories (fig. 5). 
These categories are external and internal mem-
brane bioreactor configurations.   
Another term that can replace external mem-
brane bioreactor is cross flow or side stream 
membrane bioreactor. Membrane module of the 
external MBR configuration is located outside 
the reactor basin and the mixed liquor from the 
reactor pumped into the external membrane 
module. According to Radjenovic et al. (2007) 
both configurations of side-stream MBR and 
submerged MBR need shear over the membrane 
surface in order to prevent membrane fouling 
with the constituents of mixed liquor. In the 
side-stream MBR the shear is providing by 
pumping and because of this the energy, con-
sumption is higher comparing to submerged 
MBR. Due to higher energy consumption side-
stream MBR, configurations are not common in 
treatment of textile wastewaters. Submerged 
MBR are more common for treatment of textile 
wastewaters. 
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The installation of membrane module in the 
submerged membrane bioreactor is directly on 
the activated sludge reactor (Viswanathan, 2007). 
According to this author, the effluent is sucked 
out of the membrane module by permeate pump 
and the suspended solids fail back to the basin. 
Submerged MBR is suitable or popular for the 
treatment of textile wastewaters. One reason for 
this is their low energy consumption. The energy 
consumption of submerged MBR is less than the 
side-stream MBR. Other reason for the popu-
larity of submerged MBR for textile wastewaters 
is its design criteria. Comparisons of both sub-
merged and side-stream membrane bioreactors 
are clearly stated in appendix I (Clech, et al., 
2005; Viswanathan, 2007). 
According to Eswaramoorthi et al. (2008), sub-
merged MBR is designed to incorporate two 
zones. These are anoxic and aerobic. According 
to the author, bacteria growing under anoxic 
conditions have the capability to breakdown 
non-biodegradable macromolecules, which are 
digested by the aerobic bacterial population 
persisting in the aerobic zone. Therefore, the 
dyestuffs and other organics can be broken 
down and oxidized.  
Regarding the removal efficiency of MBR, dif-
ferent researchers document different removal 
efficiency of MBR. For example, Spagni et al. 
(2012) did an evaluation for azo dyes by sub-
merged anaerobic membrane bioreactor. Sub-
merged membrane bioreactor is more suitable 
for industrial wastewater treatment. This is due 

to the involvement of two zones, which are 
aerobic and anaerobic. So according to the 
analysis of Spagni et al. (2012), submerged an-
aerobic membrane bioreactor can achieve color 
removal of higher than 99%.  
Similarly Niren & Jigisha (2011) did an experi-
ment on a synthetic textile wastewater which 
Contain disperse red dye in order to investigate 
the performance of submerged aerobic mem-
brane bioreactor system. According to these 
authors, an average removal rate of 92.33%, 
93.69% and 91.36% COD and BOD and color 
were recorded respectively.   
Zheng & Liu (2006) also did an experiment for 
treatment dyeing and printing wastewater from a 
wool mill by membrane bioreactor with gravity 
drain. As it is documented by these authors, the 
MBR was operated for continuous permeate 
with gravity drain without chemical cleaning for 
135 days. Finally, they get an excellent effluent 
quality, which is an average rate removal of 
COD, BOD of 80.30% and 95% respectively. 

3.3.3 Membrane Fouling 
It is stated by many wastewater professionals 
that membrane bioreactor is the promising 
treatment technology for wastewater treatments 
of both commercial and industrial wastewater 
effluents. This advanced treatment technology 
has been playing an important role in reducing 
pollutant levels from municipal, textile and 
pharmaceutical wastewaters. However, different 
factors are affecting the performance of mem-
brane bioreactors. 

        Fig .5. Types of membrane configura-tions (Sutton, 2006).  
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Fouling is one of the main constraints of mem-
brane bioreactor‘s performance. Fouling is a 
process, which decreases the performance of 
membrane by accumulating substances within 
the pores of the membrane. The complex physi-
cal and chemical interactions between fouling 
constituents in the feed and the membrane 
surface causes membrane fouling ( Guo  et al., 
2012).Membrane systems are operated in either 
in constant permeate flux with variable trans 
membrane pressure (TMP) or with constant 
TMP with variable permeate flux. So if the 
system is operated at constant pressure, there 
will be an occurrence of membrane fouling 
during the increase of trans membrane (TMP) or 
decrease of the permeate flux (Guo et al., 2012). 
Clech et al. (2006) documented that the constant 
flux operation avoids the excessive fouling of 
membranes and cost for submerged membrane 
operations. In contrast to this Clech et al. (2006) 
stated that operating under constant flux fol-
lowed by constant TMP causes severe mem-
brane fouling. Operating Constant TMP fol-
lowed by very low constant flux has a chance to 
reduce the surface fouling by reducing the con-
vective force towards the membrane. 
Tiranuntakul (2012) classified fouling in to four 
groups. These are crystalline fouling, organic 
fouling, particle and colloidal fouling and bio 
fouling. According to the author the crystalline 
fouling is happened due to salt precipitation and 
this affects the membrane application in ground 
water treatment, whereas, the organic and bio 
fouling causes membrane fouling in waste water 
treatment. Similarly, the particle and colloidal 
fouling causes membrane fouling during surface 
water treatment. 
Clech et al. (2006) and Guo et al.(2012) pointed 
out the following consequences of membrane 
fouling. 
• Changing the pore size and pore size distri-

bution by deposition of layer to the mem-
brane surface or blockage of the pores.  

• decrease of  hydraulic performance,  
• increase of concentration polarization,  
• Increase the membrane maintenance and 

operation costs due to membrane cleaning  
• Reducing  permeate flux 
• Increase feed pressure 
• Increase system downtime  
• It decreases the lifespan of the membrane 

modules. 

3.3.4 Factors Affecting MBR Fouling 
According to Kornboonraksa et al. (2009), there 
are a number of factors that affect membrane 
fouling (fig. 6) and some of these are; mixed 
liquor suspended solids (MLSS), extra cellular 
polymeric substance (EPS). Sludge viscosity and 
Sludge floc size. From these, MLSS, EPS and 
floc size are the main factors, which can influ-
ence the membrane fouling.  
Fouling caused by MLSS:   
Guo et al. (2012) reviewed that at high concen-
tration of MLSS, there is more membrane foul-
ing. Furthermore, Guo et al. (2012) added that, 
when the MLSS concentration increase, the 
fraction of EPS both the proteins and carbohy-
drates are increased. Similarly, when the concen-
tration of MLSS is increased, the distribution of 
the particle size will shift towards the smaller 
size and consequently the particle size will be 
decreased (Guo et al., 2012). 
Fouling caused by EPS:  
The extra cellular polymeric substances are high 
molecular compounds that contain various 
organic substances such as polysaccharides and 
proteins. The concentration of EPS is influenced 
by factors like the sludge age, MLSS concentra-
tion, type of the wastewater and microbial 
growth.   
Drewsa et al. (2006) documented that high 
concentration of bound EPS can increase the 
floc size and caused to sludge dewaterability.  
Tiranuntakul (2012) also stated that EPS plays 
an important role in flocculation, settling and 

 Fig. 1. Factors affecting fouling (In-
Soung et al., 2002). 
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dewatering the activated sludge. In addition to 
this, the increase of EPS can cause a flux decline.  

3.3.5 Mechanisms of Fouling 
The fouling mechanism was reviewed by Cornel-
issen (1968) and Field (2010) and based on these 
authors; the active area of the membrane is the 
pores. So depending on the diameter of the 
solute and the diameter of the membrane pores 
the following four types of fouling mechanism 
can be observed (fig 7). 
• Complete pore blocking(a) 
• Internal pore blocking(b) 
• Partial pore blocking and(c) 
• Cake filtration (d).  

The four types of fouling mechanisms are illustrat-
ed in fig.7. If the pore diameter is the same with 
diameter of the solute, a complete or partial pore 
blocking will be occurred. Similarly if the diameter 
of the pores is smaller than the diameter of the 
solute a cake filtration will be formed. So accord-
ing to Cornelissen (1968) the cake layer can create 
an extra resistance to mass transport on the top of 
membrane phase, which leads to flux change and 
influence the membrane retention. 

3.3.6 Controlling MBR Fouling 
Membrane bioreactor fouling is the main factor 
for reducing membrane bioreactor performance. 
In order to reduce MBR fouling, different meth-
ods has already been mentioned by many re-
searchers.  
The MBR fouling can be classified as reversible 
fouling and irreversible fouling but both reversi-
ble fouling and irreversible fouling can be re-
duced or removed. Two examples for this can 
be cake layer and internal fouling (adsorbed 
proteins) respectively. In general the prevention 
or control of MBR fouling can be divided in two 
three categories (Cornelissen, 1968). These three 
categories are process conditions, feed proper-
ties and membrane properties 

Process conditions 
Backwashing:  
Backwashing or back flushing technique is a 
simple effective technique in removing both the 
foulants inside the membrane pores and in the 
membrane surface (Tiranuntakul, 2012). How-
ever according to Cornelissen (1968), the re-
moval of fouling by backwashing is not more 
effective if the solutes accumulation is takes 
place on the membrane surface rather than on 
the membrane pores. A typical example for this 
is strongly adsorbed proteins are not easily 
removed by backwashing. Therefore, backwash-
ing for several minutes in every few seconds can 
be effective technique for removing fouling in 
submerged membrane bioreactor. In contrary to 
this the energy consumption and the loss of 
permeate are the disadvantage of backwashing. 
Similar to backwashing air scouring can also 
improve the performance of MBR. The increase 
of aeration can remove the cake fouling on the 
surface of the membrane. 
Turbulent Flow 
The decline of flux results in membrane fouling 
and the easy way to improve this flux decline is 
increasing the cross flow velocity by changing 
the flow field from laminar flow to turbulent 
flow. In addition to this, the concentration 
polarization, which can cause flux decline, can 
be controlled by increasing the cross flow veloci-
ty. For more understanding concentration, 
polarization is defined as a phenomenon, which 
causes flux to decline due to solute retention, by 
the membrane and solvent passing by the mem-
brane (Franken, 2009). Therefore, the increase 
of cross flow velocity can increase the mass 
transfer coefficient near the membrane surface 
and at the same time, the concentration polariza-
tion effects will be diminished to the increase of 
mass transfer. Therefore, this way the flux can 
be improved and fouling can be reduced. 
Feed properties 
The feed solutions during the treatment of 
wastewater in MBR are multicomponent mix-
tures, which contains a wide range of molecular 
weights. So the complete or partial pore block-
ing is caused by the larger molecular weights of 
the compounds during the mixture. The block 
of larger membrane pore leads to the flux de-
cline. Therefore, the best way to remove or 
reduce this problem is pretreatment by filtration 
of the feed solution (Cornelissen, 1968) and 
(Field, 2010). 

 Fig.2. Types of fouling mechanisms (Field, 
2010). 
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Membrane Properties: 
One way of membrane fouling is because of the 
interaction of the solute with membrane materi-
al. Therefore, a proper membrane selection is an 
important way to reduce fouling. For example, it 
is documented in many literatures that the hy-
drophobic materials have strong interaction with 
most solutes comparing with the hydrophilic 
materials. Preparation of more hydrophilic 
membranes can reduce the problem of fouling.  

3.3.7 Membrane Cleaning; 
There are two main types of membrane cleaning 
methods. These are chemical and mechanical 
cleaning. A regular cleaning of membrane by 
both chemical and mechanical methods can 
remove the membrane fouling and keep the 
membrane permeability with in a given range. 
Removal of solids from the membrane material 
is involved in mechanical cleaning. 
Cornel & Krause (2008) documented that there 
are two chemical cleaning procedures (fig. 8). 
Chemically enhanced back flush or maintenance cleaning 
(in situ): back flushing with help of chemicals 
such as acids or oxidizing agents can clean the 
inside parts of the membrane and thereby re-
moving the internal fouling. 
Intensive cleaning outside the MBR (ex situ): this 
method is used for membrane recovery and it 
can be done by removing the submerged mem-
brane from the aeration tank and cleaned out-
side.  

4 ADVANCED OXIDATION 
PROCESS 

Advanced oxidation process first coined by glaze 
et al. in 1987 is a chemical treatment procedure, 
which designed to remove organic and inorganic 
wastes by oxidation (Montano, 2007).This 
treatment method is widely used for the removal 
or degradation of recalcitrant organic wastes 
produced from industrial or municipal 
wastewaters. Therefore, in this sense it is possi-
ble to say that the AOPs treatment method is a 
promising method for treatment of wastewaters, 
which contain non-biodegradable or hardily 
biodegradable organic compounds with high 
toxicity such as pharmaceuticals, pesticides, 
surfactants and coloring matters. 
Convectional oxidation process fails to remove 
color and COD of   non-biodegradable wastes 
like dye effluents from textile industries and 
other complex structure of organic compounds. 
Therefore, development of advanced oxidation 

methods can overcome the low efficiency of 
both color and COD removal of the convec-
tional chemical oxidation methods. Advanced 
oxidation methods can define as; aqueous phase 
oxidation methods that utilize high hydroxyl 
radicals, which enable to destruct the targeted 
pollutant (Comninellis et al., 2008). One can also 
defined advanced oxidation processes are tech-
nologies which involves the generation of hy-
droxyl radicals which are highly reactive and 
non-selective substance used to remove toxic 
organic substance or non-biodegradable wastes 
present in waste waters.  
The reaction mechanism of the hydroxyl radical 
is dependent on the nature of the organic species 
but basically there are two ways of reaction 
mechanisms (Montano, 2007).These reaction 
mechanisms are by means of abstracting  hydro-
gen atom from water and adding itself by means 
of electrophilic addition to unsaturated bonds, 
aromatic rings and olefins (Montano, 2007).  
According to different literature reviews, ad-
vanced oxidation methods have both advantage 
and disadvantages.  Some of the advantages of 
advanced oxidation methods are the overall 
reduction of COD, destruction of specific pollu-
tants, sludge treatment, increasing the biodegra-
dability of non-biodegradable compounds and 
reduction of color and odor. Similarly, the main 
disadvantage of advanced oxidation methods are 
the opertional costs associated with their high 
electrical energy impute and involvement of 
expensive chemical demand such as ozone and 
hydrogen peroxide (Montano, 2007). 
There are many types of advanced oxidation 
process methods which are responsible for 
generation of hydroxyl radicals but in this thesis 

Fig .8. Membrane cleaning strategies for 
submerged modules. 
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the types of advanced oxidation methods men-
tioned are classified in to photochemical and 
non-photochemical processes (Gomes, 2009) 
(Fig. 9). 
Non-photochemical processes are methods that 
do not use radiation whereas the photochemical 
processes are methods, which use radiation. 
Types of advanced oxidation methods grouped 
in to non-photochemical process are; 
• Ozonation at high pH 
• Combined method of ozone and hydrogen 

peroxide( O3/H2O2) 
• Combined method of Fenton reaction and 

hydrogen peroxide (Fe2+/H2O2). 
Similarly advanced oxidation processes catego-
rized under the photochemical process are;  
• Combined method of Hydrogen peroxide  

ultraviolet radiation (H2O2/UV) 
• Combined method of ozone and ultraviolet 

radiation (O3/UV) 
• Photo Fenton. 

4.1 Ozonation  
Ozone is produced on-site from dry air or pure 
oxygen (eguation.1) through high voltage corona 
discharge (Zhou & Smith, 2002).  In fact, there 
are many ozone generator methods such as UV 
ozone generator, vacuum ultraviolet ozone 
generator (VUV), plasma fire glass tube and 
corona discharge tube ozone generator. Out of 
the many ozone generation methods corona 

discharge tube ozone generator is the most 
common. Therefore, when once ozone is pro-
duced and dissolved into wastewater a self-
decomposition and oxidation reaction is taking 
place.  
3O2 + energy →2O3……………...……eq (1) 

Different researches have documented that 
ozone has two main applications. These are 
ozone as a powerful disinfection and ozone as a 
strong oxidant to remove color and odor, re-
moving any toxic synthetic organic compounds 
and removing persistent organic compounds by 
reducing the biodegradability index(table 3) of 
(BOD5/COD) of wastes present in textile waste 
waters(Kalra et al., 2011). Many reports have 
also shown that Ozone is a well-known strong 
oxidizing agent, which has been widely used for 
the treatment of both water and wastewater. 
Ozone is more effective at high PH levels. At 

Table 1.Reactive oxidation power of some 
oxidizing species (Saritha, 2012). 

Oxidizing species Relative oxidation Power 

Fluorine 3.03 

Hydroxyl radical  2.8 

Atomic oxygen 2.42 

ozone 2.07 

Hydrogen peroxid 1.78 

permanganate 1.68 

Chlorine dioxide 1.57 

Hypochorous acid 1.57 

Fig. 9. Classification of advanced oxidation methods (Sharma et al., 2011). 
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pH of greater than 11, ozone reacts with all 
organic and inorganic compounds present in the 
reacting medium (Yonar, 2011).  
When pH of the aqueous solution increases, the 
decomposition rate of ozone which generate the 
super oxide anion radical O▪2 and hydroperoxyl 
radical HO▪2 is increased (Munter, 2001).The 
simplified general reaction mechanism of ozone 
at high pH is described as follows (Yonar, 2011).  
3O3+H2O→2HO▪ +4O2 ….......................eq (2) 

Ozone can selectively destroy the conjugated 
double bonds associated with color (Solmaz et 
al., 2006). Example for this can be the presence 
of dyes in aqueous solution can be degraded by 
employing ozonation to the solution. This is 
because of the high and effective oxidizing agent 
of ozone which reacts with compounds which 
have multiple bonds (C=C, N=N). Therefore, it 
is very effective and fast at decolorizing the dye 
effluents in textile wastewaters by breaking 
down the double bonds present in most of the 
dyes. Generally, ozonation improves the biodeg-
radability of effluents, which contain high frac-
tion of non-biodegradable and toxic compo-
nents by converting non-degradable pollutants 
in to more easily biodegradable intermediates 
(Heponiemi & Lassi, 2012).  
According Teng & Low (2012), when ozone 
dissolved in water it reacts with different num-
ber of organic compounds in two different ways. 
These are by direct oxidation as molecular ozone 
and by indirect reaction through the formation 
of secondary oxidants like hydroxyl radicals. 
Kdasi et al. (2004) also stated that ozone can 
decolorize all dyes except non-soluble disperse 
and vat dyes that can react slowly and take long-
er time. For clear understanding dyes are soluble 
or insoluble colored substance, which can apply 
mainly to textile materials from solution in water 
and have complex structure and these are exam-
ples of non-biodegradable substance. 
Kdasi et al. (2004) has also documented that the 
color removal by ozonation in textile wastewater 
is dependent on the dye concentration. Accord-
ing to the authors, more ozone consumption is 
caused by the higher initial dye concentration of 
textile wastewater. Furthermore, the authors 
added that, increasing the ozone concentration 
could enhance mass transfer, which can increase 
the concentration of ozone in liquid phase. This 
can also increase the color removal. 
According to Kdasi et al. (2004)’s review report  
a 40- 60 min  bio treated ozonation  can yield  
up to 99% color removal efficiency .  In addition 

to this at least 60%, COD reduction of dye 
concentration can be obtained by ozonation 
process (Tapalad, et al., 2008).However there are 
many factors, which can affect the color and 
COD removal efficiency of ozonation process. 

4.1.1 Factors Affecting Ozonation Process 
The main operational parameters that can affect 
the ozonation process are temperature, COD 
and pH. Therefore, the removal efficiency of 
ozonation treatment process is dependent on 
pH, COD and temperature. 
According to Yasar et al. (2007) and Tapalad et 
al. (2008), the removal efficiency of ozonation is 
increased when the pH levels rises.  For example  
Tapalad  et al. (2008)performed an experiment in 
order to  investigate the degradation of azo dye 
on a synthetic waste water by ozonation  and 
according to the experimental results  a color 
removal  of 65%, 70% and 90% at PH levels of  
4, 7 and 10 was achieved respectively. However, 
Kalra et al. (2011) and Kdasi et al. (2004) docu-
mented that the reaction of pH has to be at least 
7 in order to enhance and produce high color 
removal. Furthermore, the authors documented 
that pH ranging from 8 up to 10 is most favora-
ble for oxidation of organic molecules. Since the 
hydroxyl radicals are formed from ozone de-
composition at high pH levels, it is easy for one 
to say that the positive influence of pH on ozo-
nation can also attributed to the reactive radicals. 
Similarly Inaloo et al. (2011) and Kalra et al. 
(2011) concluded that the effect of COD on 
color removal is also significant. When the initial 
COD concentration is increased, the color 
removal is decreased. According to these authors 
about 99 % and 95% color removal is achieved 
from bio treated wastewater when the initial 
COD was 160 and 203 mg/l respectively.  
Removal efficiency of ozonation is also affected 
by temperature and according to many review 
reports removal efficiency of ozonation increas-
es with increasing temperature. Other remaining 
factor that affects ozonation is the contact time 
during the treatment process. 

4.1.2 Advantage of Ozonation Process 
 Montano (2007) pointed out the following 
advantages and disadvantages of ozonation 
process. 
• No chemical sludge left in treated effluent 
• Space requirement is small and is easily 

installed onsite. 
• Less harmful than other oxidative processes 
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In contrast to this ozonation, process requires 
large amounts of chemical reagents and electrical 
energy, which are not economically suitable. In 
addition to this, the low solubility of ozone in 
aqueous solution is also another drawback of the 
ozonation process. 
Different chemical and physical agents can 
increase the efficiency of ozonation. Of these, 
the most common chemical agents that can 
increase the efficiency of ozone are catalysts, 
combining ozone with hydrogen peroxide and 
combining ozone with ultraviolet radiation (UV). 
These methods can increase the decomposition 
of ozone and produce high concentration of 
hydroxyl radicals.  
Ozone and Hydrogen Peroxide (O3/H 2O2):    
I t has been said by many researchers that gener-
ation of ozone is at high cost. So in order to 
make this process economically feasible, combi-
nation of hydrogen peroxide with ozone is most 
important. Because hydrogen peroxide com-
pared with ozone is less expensive and readily 
available chemical oxidant. So according to EPA 
(1999) and Yonar (2011), the addition of hydro-
gen peroxide (H2O2) to ozone can accelerate the 
decomposition of ozone, which then enhances 
the formation of hydroxyl radicals. Therefore, 
the involvement or addition of hydrogen perox-
ide and ozone in to wastewater enhances the 
capability of ozone to oxidize different pollu-
tants on different bonds due to the generation of 
highly reactive hydroxyl radicals (OH). 
Therefore, hydroxyl radicals, which are an ex-
traordinary reactive species, can attack most 
organic molecules during the process 
(Rodríguez, 2003).The general mechanism of 
hydrogen peroxide is given as follows. 
H2O2+2O3→2OH▪ 3O2……………….…eq (3) 

Considering equation 3, the addition of H2O2 to 
aqueous O3 solution at high pH conditions 
results a higher production rate of hydroxyl 
radicals (Yonar, 2011). Generally, the main 
purpose of adding hydrogen peroxide to ozone 
is in order to act as a catalyst in accelerating the 
decomposition of ozone and producing the 
hydroxyl radicals. By using this process, rapid 
and total decolourisation of textile effluent can 
be achieved.  
According to Acar (2004), the oxidation of 
peroxone occurs due to two reactions. For clear 
understanding, peroxone is the process of add-
ing hydrogen peroxide in to ozone. Therefore, 
the two possible reactions for the oxidation of 
peroxone are direct oxidation of compounds by 

aqueous O3 and oxidation of compounds by 
hydroxyl radical produced by ozone decomposi-
tion. 
Acar (2004) also noted that the key difference of 
ozone and peroxone. According to this author, 
ozone relies on the direct oxidation of aqueous 
ozone whereas peroxone relies on the oxidation 
of hydroxyl radicals. Furthermore, the added 
peroxide, which greatly accelerates the decom-
position of ozone, the residual ozone, is short 
lived.  
Mokrini et al. (1997) did an investigation on the 
oxidation of on aromatic compounds with UV 
radiation/ozone and hydrogen peroxide. Ac-
cording to their analysis, 16g O3/ L with a 40 
min contact time removes 88% of o-
chloronitrobenzene but with the application of 
ozone / hydrogen peroxide with a dosage of 
2.67 with only 20 min, contact time allows a 
removal of 99% benzenic compounds.  Both 
benzenic o-nitrobenzene compounds are types 
of aromatic compounds and these aromatic 
compounds are characterized by high toxicity 
and low degradability (Mokrini et al., 1997). 
Catalytic Ozonation: 
The addition of catalysts to ozanation process 
can reduce the ozone consumption and acceler-
ates the oxidation reaction of ozone with organic 
compounds. Similarly, it can reduce chemical 
oxygen demand (COD) and total organic carbon 
(TOC).  Therefore, the importance of catalysts 
are increasing the removal efficiency and reduc-
ing cost efficiency. Examples of catalysts that 
can reduce ozone consumption and can acceler-
ate the ozone oxidation are CaSO4 and FeSO4. 
 Ozone with Ultraviolet (UV): 
Convectional ozone or hydrogen peroxide oxi-
dation of organic compounds do not produce 
complete oxidation of H2O and CO2 and be-
cause of this the remaining oxidation products in 
the solution can be toxic (Munter, 2001). So in 
order to reduce the toxic products remained in 
solution, UV radiation has also its own contribu-
tion by combining with ozone and hydrogen per 
oxide. UV radiation accelerates the decomposi-
tion of ozone and hydrogen peroxide. In addi-
tion to this, some organic compounds absorb 
UV energy and decompose due to direct photol-
ysis. Therefore, in this way the removal efficien-
cy of ozonation can be increased by combining 
ozone and UV radiation.   
According to Vogelphol & Kim (2004) and 
Munter (2001) UV radiation could be adsorbed 
by ozone at 254 nm wavelength and extinction 
coefficient of 3300M-1 cm-1 which is about 20 
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Fig . 3. Wastewater treatment system using Fenton reaction (Buhta, 2012). 

times faster than the formation of hydroxyl 
radicals from hydrogen peroxide (table 4). So 
maximum 254-output radiation of UV lamp is 
efficient for ozone photolysis. 
 Thanh et al. (2011) and Kdasi et al. (2004) 
documented that even though UV light is highly 
adsorbed by dyes, O3/UV treatment method is 
recorded the most effective treatment for decol-
orize of dyes comparing to ozone alone and it is 
most effective method in terms of color and 
COD removal. Similarly Pieter et al.(2009 )also 
studied the effect of O3/UV on decoloralization 
and biodegradability of industrial wastewater and 
as of these authors, the combination of ozone 
and UV radiation  could significantly enhanced 
the oxidation  power of  the system for organic 
pollutant degradation. Furthermore, these au-
thors stated in their experimental results that the 
combination of ozone and UV could achieve a 
complete deolorization of industrial wastewaters 
and with 0.3mg of COD and UV contact time of 
30 min, 37% of biodegradability (COD/BOD 
ratio) is achieved.  In addition to this, Munter 
(2001) also documented that a complete mineral-

ization of organic compounds can be achieved 
by O3/UV process. However, factors like pH, 
contact time, turbidity, ultraviolet intensity, 
pollutant type and temperature affect the re-
moval efficiency of O3/UV. These variables 
affect the formation of free radicals (Buhta, 
2012). 
Crittenden et al. (2012) reviewed some of the 
Advantages and disadvantages of O3/UV. Ac-
cording to the authors, the following are the 
advantages and disadvantages of O3/UV 
• Commercially available process that utlize the 

technology 
• More efficient at generating hydroxyl free 

radicals comparing to H2O2/UV process for 
equal  oxidant concentration (table 3) 

Similarly O3/ UV have also many limitation and 
few of them are described as follows; 
• Special reactors designed for UV illimunation 

are required. 
• Volatile compounds will be stripped from the 

process 
• Ozone in the off gas must be removed 
Hydrogen Peroxide with Ultraviolet   
(H 2O2/UV): 
The photolytic decomposition of H2O2 also 
produced two hydroxyl free radicals by using 
UV radiation. The general chemical reaction of 
this process is; 
H2O2 +hv → 2HO▪…………..…eq (4) 

Table 2. Formation of OH ▪ from photol-
ysis of ozone and hydrogen peroxide. 

Oxi-

dant 

Extinction coefficient  

(M-1cm-1) 

OH▪ formed per  

incident photon 

H2O2 20 0.09 

O3 3300 2.00 

Source: (Munter, 2001) 
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Since the formed hydroxyl free radicals have 
higher oxidation potential than hydrogen perox-
ide, the H2O2/ UV process is capable to destroy 
the total complex structure of dyes present in 
the effluent. PH, dose of H2O2, contact time and 
initial concentration of the effluent also affects 
H2O2/UV process. Of these, pH plays major 
role (Upadhye & Joshi, 2012). The H2O2/UV is 
more effective in acidic medium since H2O2 by 
its nature is acidic. Therefore, the pH value will 
affect the overall removal efficiency of the sys-
tem. Kalra et al. (2011) demonstrated that the 
increasing of PH from 7.29 to 11.11 cause to 
decrease the removal efficiency of H2O2/UV 
from 100% to 86.96%. In addition to this initial 
concentration of the influent and H2O2/UV is 
inversely proportional (Upadhye & Joshi, 2012). 
For example increased dye concentration in-
creases dye molecules but decreased UV perme-
ability. Therefore, the overall removal efficiency 
of H2O2/UV is decreased and the reason for this 
is the photolytic decomposition and formations 
of hydroxyl free radicals are dependent on UV 
radiation. According to many literatures, the 
decomposition rate of dye increases with in-
creasing the UV light intensity. Kalra et al. 
(2011) demonstrate that, under optimal condi-
tions removal efficiency of dye increased from 
90.69% to 100% due to increasing the UV pow-
er from 18W to 54W. 
According to, Kalra et al. (2011) and Crittenden 
et al. (2012) H2O2/UV method has both ad-
vantages and disadvantages. 
Advantages of this process are: 

• H2O2 is quite stable and can be stored onsite 
for long period before use 

• Disadvantage of this process 
• H2O2 has poor UV absorption characteris-

tics. 
• Residual H2O2  must be addressed. 
• An expensive method because of its cost for 

necessary devices and energy requirements. 
• Interferences of turbidity with UV light 

penetration. 

4.2 Fenton process 
According to Barbusinski (2009), the oxidation 
of organic substrate by iron (F2+) and hydrogen 
peroxide is called the Fenton chemistry. Accord-
ing to the author, Fenton reagent is discovered 
by H.J.H Fenton in 1894.  
As Barbusinski (2009) documented, Fenton 
reagent which is a mixture of hydrogen peroxide 

and ferrous ion was known for  more than a 
century but it was not used for destroying haz-
ardous organic pollutants until the late 1960s.  
After this time Fenton reagent became an effec-
tive method for treating different industrial 
wastewater components including aromatic 
amines wide variety of dyes, pesticides and 
surfactants. 
Fenton’s system uses ferrous ions to react with 
hydrogen peroxide and this generates the hy-
droxyl radicals (OH*) which have a very power-
ful oxidizing ability to remove toxic and non-
degradable wastes. 
For example, dye effluents from textiles. This 
process performs best with high initial concen-
trations and with low initial pH values (Teng & 
Low, 2012).  According to these authors, Fen-
ton’s process is also dependent on the final floc 
formation and settling quality. When the floc is 
very poor and does not settle well, the Fenton 
sludge recycling can solve this problem. In the 
Fenton process, Fenton sludge system is already 
developed which can remove the Fe 3+ sludge 
deposition (Fig. 11) and equation (6). 
Fenton process involves ferrous ions and hydro-
gen peroxide under acidic pH conditions. A 
reaction is below is written in order to modify 
the application of Fenton’s process. 
Fe+2+H2O2→Fe3++OH-+OH* ………..eq (5)  
▪OH+Fe2+→Fe3++OH………………….eq (6) 

According to equation (5) powerful oxidants of 
hydroxyl, radicals with oxidation potential of 
2.8V are formed and the ferrous ions are oxi-

Fig .11. Reaction paths of fenton process 
(Vogelphol & Kim , 2004). 
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dized to ferric ions, which are both coagulants. 
So from this equation it is possible to say that 
the Fenton process has dual function of oxida-
tion and coagulation in waste water treatment 
processes (Kang et al., 2000). The formed pow-
erful hydroxyl radicals (equation 8) attack dyes 
and other pollutants by either abstracting a 
hydrogen atom or by adding itself to double 
bonds. 
As far as the advantage of this process is con-
cerned, it has the ability to remove color and 
reduce COD and other toxicity of non- de-
gradable contaminants in wastewater. Further-
more the advantage of the Fenton process is that 
no energy input is needed to activate hydrogen 
peroxide so it is cost effective, easy to apply (Fig. 
10) and effective process for the degradation of 
organic compounds (Yonar, 2011).  
The removal efficiency of Fenton process is 
dependent up on the concentration of H2O2, 
Fe2+/H2O2 ratio, reaction time, pH and temper-
ature. All these factors can affect the removal 
efficiency of Fenton’s process (Barbusinski, 
2009). 
4.2.1 PH: The performance of the Fenton’s 
system is a function of pH. PH significantly 
influences the decomposition of organic com-
pounds. In other words, the values of pH influ-
ences the generation of hydroxyl radicals and 
enhances the oxidation efficiency. 
According to different literature reviews, the 
Fenton’s system performance is efficient at an 
optimum pH of 3.0. Habib et al. (2012) studied 
parameters that affect Fenton process for the 
decolorization and mineralization of azo dyes.  
According to the analysis of the author, a maxi-
mum decolorization of 99% in 20 minutes was 
observed in Fenton’s process at pH of 3.0 how-
ever at pH values higher than 4.0 the ferrous 
ions easily form ferric ions which have a tenden-
cy to produce ferric hydroxo complexes (Yonar, 
2011). Therefore, at pH values greater than 4.0, 
the decomposition rate is decreased due to the 
precipitation of Fe (OH) and the decrease in 
composition rate leads to decrease to the remov-
al efficiency of Fenton process. 
4.2.2 Hydrogen peroxide (H2O2) dose: the 
hydrogen peroxide is an important parameter for 
influencing the efficiency of the process.  In-
creasing the initial concentration of H2O2 leads 
to more production of hydroxyl free radicals and 
this increases the percentage of decolorization of 
pollutants. However, Saritha (2012) documented 
that the addition of excess H2O2 above the 
optimum limit do not improve the degradation 

efficiency. It rather might attribute to auto de-
composition of H2O2 to oxygen and water and 
recombination of OH▪ radicals.Saritha (2012) 
further added that higher concentration of H2O2 
could act as a free radical scavenger, which can 
decrease the concentration of hydroxyl radicals 
thereby, decrease the removal efficiency of the 
system. 
4.2.3 Dose of Fe2+    
 Ferrous ion is also another important factor that 
influences the removal efficiency of Fenton 
process. The increase in concentration of Fe2+ 
increase the efficiency of the process but if the 
concentration of ferrous ion is above an optimal 
dosage do not affect the degradation of the 
pollutant ( Habib et al., 2012). It is known that 
the Fe2+ is a catalyst for H2O2. Therefore, when 
the concentration of Fe2+ is increased the cata-
lytic effect is also increased. When it becomes 
higher and higher a significant amount of ferric 
ion is formed which undergoes a reaction with 
hydroxyl ions and form Fe (OH) 2+ as shown in 
below equation (Habib et al., 2012). 

Fe2++H2O2→Fe3++HO-+HO▪ ….……eq (7) 

Fe3++HO-→Fe (OH)2++Fe2++HO▪ ..….eq (8) 

Generally, when the concentration of ferrous ion 
becomes increasing and increasing the decolori-
zation of the pollutant become decreased. The 
reason for this is the hydroxyl radicals formed 
from the decomposition of H2O2 are consumed 
by the side reaction before they are utilized for 
the removal of pollutant(Saritha, 2012).Similar to 
the dose of Fe2+ temperature also affect the 
removal efficiency of Fenton process. Increasing 
temperature increases the removal efficiency of 
the system however increase of the temperature 
above the optimum level will also decrease the 

Fig . 12. Treatment of textile wastewater (a) 
before and (b) after treatment using photo 
Fenton process (Sahunin et al., 2006). 
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removal efficiency of the system due to the 
scavenging effect of hydroxyl radicals (Kiran et 
al., 2012). 

4.3 Photo Fenton  
Photo Fenton is a combination of Fenton pro-
cess with UV. Photo Fenton enhances the effi-
ciency of Fenton process. The addition of UV 
light at wavelength greater than 300nm not only 
enhances the reaction but also allows the regen-
eration of Fe2+ from the photolysis of Fe3+ 
complexes (equation 9) and also the photo 
Fenton process reduces sludge produced by 
Fenton reaction. According to different litera-
ture review reports, photo Fenton treatment 
method is a promising method for removal non-
biodegradable pollutants present in textile 
wastewater (Fig.12). 

Fe3++H2O2+hv→Fe2++HO▪+H+ ……eq (9) 

Fe (OH)2++hv→Fe2++▪OH …….…….eq(10) 

Similar to the Fenton reaction, temperature, pH, 
UV light and the dose of Fe3+ also affects photo 
Fenton process. In addition to this like any other 
advanced oxidation methods (AOPs), the Fen-

ton process and photo Fenton process have 
advantages and disadvantages (appendices III 
and IV). 

5 CONCLUSION  
According to different research studies, one of 
the best options to reduce or remove water 
scarcity due to the increasing demand of textile 
industries and environmental pollution is reuse 
of wastewater. However, there is no wastewater 
treatment method, which can guarantee a maxi-
mum removal of non-biodegradable organic 
compounds. This is because of the nature of 
pollutants generated from industrial or textile 
wastewaters. At least it is not in economical way. 
In addition to this every single treatment, meth-
od has its own advantages and disadvantages. In 
fact, advanced oxidation methods are the most 
promising methods to remove or reduce non- 
biodegradable organic wastes but they are very 
expensive and one solution for this can be com-
bining with other methods. This can increase the 
removal efficiency. 
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APPENDIX I- COMPARISON OF SUBMERGED AND SIDE-STREAM 
BIOREACTORS  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 Submerged MBR Side-stream MBR 

Suitability 
Low strength wastewater with 

good filterability 

High strength wastewater with poor 

filterability 

Membrane flux 

Lower membrane flux or lower 

permeate per unit area of mem-

brane 

Higher membrane flux or higher perme-

ate per area of membrane 

Transmembrane pressure Lower TMP is required Higher TMP is required 

Power Requirement 
Less power is required per m3 of 

waste water treated 

More power is required per m3 of 

wastewater treated 

Sensitivity 

Less sensitive to variations in 

waste water characteristics and 

flow fluctuations 

More  sensitive to variations  in 

wastewater characteristics and flow 

fluctuations  

Membrane area require-

ment  
More area  is required       Less area is required 

economics 
Less expensive at lower  waste 

water influent rate 

More expensive at lower waste water 

influent rate 

Membrane backwashing 

and cleaning 

More frequent backwashing and 

cleaning required 

Less frequent backwashing and cleaning 

is required 

operation Less operational flexibility 
More operational flexibility with control 

parameters like SRT, HRT and MLVSS  
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 II 

APPENDIX II- ADVANTAGES AND DISADVANTAGES OF MBR 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Advantages of MBR  Disadvantages of MBR References 

Slower growing organisms  and complex organic 

compounds  can be readily maintained in MBR 

High capital costs  due to extensive 

membrane units 

(Sutton, 2006) and 

(Cicek, 2002) 

Removal of nutrients and biodegradation resistant 

substances can be improved 

High energy cost due to the need for 

pressure gradient 

( Viswanathan, 2007) 

and (Cicek, 2002) 

Stable and excellent effluent quality which can lends 

to opportunities of reclamation and recycling of 

waste water  

Frequent cleaning due to concentra-

tion polarization and fouling prob-

lems 

( Viswanathan, 2007) 

and  (Cicek, 2002) 

Eliminate process difficulties and problems associat-

ed with settling which is the most troublesome of 

WWT due to total removal of suspended solids. 

Activated sludge disposal problems 

due to complete retention of sus-

pended solids and soluble organic 

matter. 

(Cicek, 2002) 

Lower  HRT(8-10hr) comparing to convectional bio-

logical treatment  process( 15-28hr)                  

Possible accumulation of  non-

filterable inorganic compounds due 

to operation of high SRT 

(Eswaramoorthi, et al., 

2008 and Cicek, 2002) 

MBR is operated with long sludge age , high SRT 

and  low F/M ratio and hence produce less sludge 

production 

Membrane channel clogging and 

process complexity 

(Eswaramoorthi, et al., 

2008) 

High possible biomass concentration due to opera-

tion at high Sludge age( 10- 25 MLSS/ L) 

Pretreatment and membrane moni-

toring are required 

(Cicek, 2002) and 

(Johansson, 2012) 
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 III 

APPENDIX III- ADVANTAGE AND DISADVANTAGE OF FENTON REACTION 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Advantage of Fenton reaction Disadvantage of Fenton reac-
tion 

Reference 

Easier handling technologies  without complex 

experimental apparatus  

Effective with narrow pH range of 

3 -5 
 (Haia, et al., 2007) 

Effective at decolorization of both soluble and 

insoluble dyes 
Involves sludge generation (Haia, et al., 2007) 

Applicable with high concentration of  sus-

pended solids 
Comparably longer reaction time (Haia, et al., 2007) 

Simple equipment and easy implementation 

with easy handling of reagents 

Iron extraction system is needed 

to remove residual iron from 

treated waste water which can 

increase cost of the system 

(Haia, et al., 2007); (Saritha, 

2012) 

Reduction of COD( except reactive dyes) is 

possible 

pH adjustment before and after 

the treatment is required. Be-

cause  a very low pH(<4) is nec-

essary to keep iron in solution 

(Haia, et al., 2007);(Saritha, 

2012) 

Cost effective  
(Haia, et al., 2007);  (Yonar, 

2011) 

Produce no vapor emissions and require no off 

gas treatment or air permits 
 (Saritha, 2012) 

No mass transfer limitations since reaction is 

takes places in homogenous phase 
 (Saritha, 2012) 

No energy input is necessary to activate hy-

drogen peroxide 
 (Haia, et al., 2007) 
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 IV 

APPENDIX IV- ADVANTAGE AND DISADVANTAGE OF PHOTO FENTON 

 

Advantages of photo Fenton Disadvantages of Photo Fenton Reference 

No sludge production Fouling catalysts (Haia, et al., 2007) 

Considerable COD reduction Light penetration limitation (Haia, et al., 2007) 

Complete mineralization of pollu-

tants 

Iron extraction system is needed to 

remove residual iron from treated waste 

water which can increase cost of the 

system 

 (Haia, et al., 2007);  (Saritha, 2012) 

Potential of  solar light utilization 

pH adjustment before and after the 

treatment is required. Because  a very 

low pH(<4) is necessary to keep iron in 

solution 

(Haia, et al., 2007);  (Saritha, 2012) 

Easier handling technologies with-

out complex experimental appa-

ratus 

 (Haia, et al., 2007) 

Produce no vapor emissions and 

require no off gas treatment or air 

permits 

 (Saritha, 2012) 

No mass transfer limitations since 

reaction is takes places in homog-

enous phase 

 (Saritha, 2012) 

Iron is highly abundant and non-

toxic element. So the photo Fen-

ton process can use  photons 

within a broader wavelength range 

comparing to heterogeneous pho-

to catalysts 

 (Saritha, 2012) 
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