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1. Introduction 

The last decades have shown a reevaluation of the issue of environmental pollution, under 
all aspects, both at regional and at international level. The progressive accumulation of more 
and more organic compounds in natural waters is mostly due to the development and 
extension of chemical technologies for organic synthesis and processing. 

Population explosion, expansion of urban areas increased adverse impacts on water 
resources, particularly in regions in which natural resources are still limited. Currently, 
water use and reuse has become a major concern. Population growth leads to significant 
increases in default volumes of waste water, which makes it an urgent imperative to 
develop effective and affordable technologies for wastewater treatment. 

The physico-chemical processes common treatment (coagulation and flocculation) using 
various chemical reagents (aluminum chloride or ferric chloride, polyelectrolytes, etc.) and 
generates large amounts of sludge. Increasing demands for water quality indicators and 
drastic change regulations on wastewater disposal require the emergence and development 
of processes more efficient and more effective (ion exchange, ultrafiltration, reverse osmosis 
and chemical precipitation, electrochemical technologies). Each of these treatment methods 
has advantages and disadvantages. 

Water resources management exercises ever more pressing demands on wastewater 
treatment technologies to reduce industrial negative impact on natural water sources. Thus, 
the new regulations and emission limits are imposed and industrial activities are required to 
seek new methods and technologies capable of effective removal of heavy metal pollution 
loads and reduction of wastewater volume, closing the water cycle, or by reusing and 
recycling water waste. 

Advanced technologies for wastewater treatment are required to eliminate pollution and 
may also increase pollutant destruction or separation processes, such as advanced oxidation 
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methods (catalytic and photocatalytic oxidation), chemical precipitation, adsorption on 
various media, etc.. These technologies can be applied successfully to remove pollutants that 
are partially removed by conventional methods, e.g. biodegradable organic compounds, 
suspended solids, colloidal substances, phosphorus and nitrogen compounds, heavy 
metals, dissolved compounds, microorganisms that thus enabling recycling of residual 
water. (Zhou, 2002) Special attention was paid to electrochemical technologies, because 
they have advantages: versatility, safety, selectivity, possibility of automation, 
environmentally friendly and requires low investment costs (Chen, 2004; Hansen et. al., 
2007). 

The technologies for treating wastewater containing organic compounds fall within one of 
the following categories: 

- Non-destructive procedures – based on physical processes of adsorption, removal, 
stripping etc. 

- Biological destructive procedures – based on biological processes using active mud. 
- Oxidative destructive processes – based on oxidative chemical processes which, in their 

turn, can fall within one of the following categories:  
 Incineration; 
 WO - "Wet Oxidation", operating in conditions of high temperature and pressure, 

with the versions: 
- WAO - "Wet Air Oxidation" (wet oxidation with O2 air oxidative agent); 
- CWAO - "Catalytic Wet Air Oxidation" (catalytic wet oxidation with O2 air 

oxidative agent); 
- SWA - "Supercritical Water Oxidation" (oxidation with O2 air oxidative agent 

in supercritical conditions). 
 Liquid oxidation: AOPs - “Advanced Oxidation Processes", operating in conditions 

of temperature and pressure and use as oxidative agents O3, H2O2 and even O2, 
catalysts and/ or UV radiations. 

2. Advanced oxidation processes 

Advanced oxidation processes (AOPs) are widely used for the removal of recalcitrant 
organic constituents from industrial and municipal wastewater. In this sense, AOP type 
procedures can become very promising technologies for treating wastewater containing 
non-biodegradable or hardly biodegradable organic compounds with high toxicity. These 
procedures are based on generating highly oxidative HO radicals in the reaction medium. 

 H2O2  

H2O2 + UV (direct photolysis) 

H2O2 + Fe2+/3+ (classic, homogeneous Fenton) 

H2O2 + Fe/support (heterogeneous Fenton) 

H2O2 + Fe2+/3+ + UV (VIS) (Photo-Fenton) 
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 O3 

O3 (direct ozone feeding) 

O3 + UV (photo-ozone feeding) 

O3 + catalysts (catalytic ozone feeding) 

 H2O2 + O3 

TiO2 (heterogeneous catalysis) 

TiO2 + UV (photo-catalysis) 

The preferential use of H2O2 as oxidative agent and HO radicals generator is justified by the 
fact that the hydrogen peroxide is easy to store, transported and used, and the procedure is 
safe and efficient. 

The technologies developed so far indicate the use of zeolites, active coal, structured clay, 
silica textures, Nafion membranes or Fe under the form of goethit (-FeOOH), as support 
materials for the catalytic component.  

The AOPs (Advanced Oxidation Processes) can be successfully used in wastewater 
treatment to degrade the persistent organic pollutants, the oxidation process being 
determined by the very high oxidative potential of the HO. radicals generated into the 
reaction medium by different mechanisms (Pera-Titus et al., 2004).  

AOPs can be applied to fully or partially oxidize pollutants, usually using a combination of 
oxidants. Photo-chemical and photocatalytic advanced oxidation processes including 
UV/H2O2, UV/O3, UV/H2O2/O3, UV/H2O2/Fe2+(Fe3+), UV/TiO2 and UV/H2O2/TiO2 can be 
used for oxidative degradation of organic contaminants. A complete mineralization of the 
organic pollutants is not necessary, being more worthwhile to transform them into 
biodegradable aliphatic carboxylic acids followed by a biological process (Wang and Wang, 

2007).  

The oxidation process is determined by the very high oxidative potential of the HO. radicals 
generated into reaction medium by different mechanisms. In the case of the AOPs Fenton-
type procedure (hydrogen peroxide and Fe2+ as catalyst), the generation of hydroxyl radicals 
takes place through a catalytic mechanism in which the iron ions play a very important role 
(Andreozzi et al., 1999; Esplugas, et al., 2002) the main reactions involved being presented in 
equations (1) – (4): 

 Fe2+ + H2O2  Fe3+ + HO- + HO (1) 

 Fe3+ + H2O2  H+ + [Fe(OOH)]2+ (2) 

  [Fe(OOH)]2+  Fe2+ + HO2.  (3) 

  HO2. + Fe3+  Fe2+ + H+ + O2  (4) 
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In the presence of UV radiations (photo-Fenton process), an additional number of HO. radicals 
are produced both through direct H2O2 photolysis and through UV radiations interaction with 
the iron species in aqueous solutions (eq. 5-7) (Spacek et al., 1995; Pignatello, J.J., 1992):  

   H2O2 + UV  2HO (5) 

  Fe3+ + H2O + UV  Fe2+ + H+ + HO∙  (6) 

 [Fe(OH)]2+ + UV  Fe2+ + HO∙   (7)  

The main parameters which determine the efficiency of the oxidation process are: the 
structure of the organic compounds, the hydrogen peroxide and the catalyst concentrations, 
the wave length and intensity of UV radiations, the initial solution ph and the reaction 
contact time. 

As recalcitrant organic pollutants continue to increase in air and wastewater streams, 
environmental laws and regulations become more stringent (Gayaa et al, 2008). The main 
causes of surface and groundwater contamination are industrial effluents (even in small 
amounts), excessive use of pesticides, fertilizers (agrochemicals) and domestic waste 
landfills. Wastewater treatment is usually based on physical and biological processes. After 
elimination of particles in suspension, the usual process is biological treatment (natural 
decontamination), but unfortunately, some organic pollutants, classified as bio-recalcitrant, 
are not biodegradable. In this way advanced oxidation processes (AOPs) may become the 
most widely used water treatment technologies for organic pollutants not treatable by 
conventional techniques due to their high chemical stability and/or low biodegradability 
(Munoz et al.2005). Advanced oxidation processes are indicated for removal of organic 
contaminants such as halogenated hydrocarbons (trichloroethane, trichlorethylene), aromatics 
(benzene, toluene, and xylene), pentachlorophenol (PCP), nitrophenol, detergents, pesticides, 
etc. These processes can also be applied to oxidation of inorganic contaminants such as 
cyanides, sulfides and nitrites (Munter, 2001). A general classification of advanced oxidation 
processes based on source allowing radicals. This classification is presented in Figure 1. 

Heterogeneous photocatalysis has proved to be of real interest as efficient tool for degrading 
both aquatic and atmospheric organic contaminants because this technique involved the 
acceleration of photoreaction in presence of semiconductor photocatalyst (Guillard, 1999). 
Thus these processes can be classified in: advanced oxidation processes based on ozone 
based advanced oxidation processes H2O2, photocatalysis, POA "hot" technologies based on 
ultrasound, electrochemical oxidation process, oxidation processes with electron beam. 
These processes involve generation and subsequent reaction of hydroxyl radicals (_OH), 
which are one of the most powerful oxidizing species. Photocatalytic reaction is initiated 
when a photoexcited electron is promoted from the filled valence band of semiconductor 
photocatalyst to the empty conduction band as the absorbed photon energy, h_, equals or 
exceeds the band gap of the semiconductor photocatalyst leaving behind a hole in the 
valence band. Thus in concert, electron and hole pair (e−–h+) is generated (Horvath, 2003). 
An ideal photocatalyst for photocatalytic oxidation is characterized by the following 
attributes: photo-stability, chemically and biologically inert nature, availability and low cost 
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(Carp et. al., 2004). Many semiconductors such as TiO2 (Lazau, 2011), ZnO (Daneshvar et al., 
2007), ZrO2 (Lopez et al. 2007), CdS (Yingchun, 2011), MoS2 (Kun Hong, 2011), Fe2O3 (Seiji, 
2009) and WO3 (Yuji, 2011) have been examined and used as photocatalysts for the 
degradation of organic contaminants. TiO2 is most preferred one due to its chemical and 
biological inertness, high photocatalytic activity, photodurability, mechanical robustness 
and cheapness. Thus, these materials were used in the degradation of phenol, 1,4-
dichlorobenzene (Papp et al., 1993),methanol (Nobuaki et. al., 2007), azo dye (Daneshvar, 
2003), trichloromethane, hexachloro cyclohexane (Byrappa et. al., 2002 ), trichloroethylene 
and dichloropropionic acid (Nikola, 2001). To avoid the problem of filtration, many methods 
were proposed to immobilize the photocatalysts, but in these conditions the photocatalyst is 
expected to be used for a relatively long time, especially for industrial applications (Venkata, 
2004). Various substrates have been used as a catalyst support for the photocatalytic 
degradation of polluted water. For example glass materials: glass mesh, glass fabric, glass 
wool, glass beads and glass reactors were very commonly used as a support for titania. 
Other uncommon materials such as microporous cellulosic membranes, alumina clays, 
ceramic membranes, monoliths , zeolites , and even stainless steel were also experimented 
as a support for TiO2 (Gianluca, 2008). 
 

 
Figure 1. Classification of advanced oxidation processes 
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Advanced oxidation processes (AOPs) and electrochemical oxidation is based on the in-situ 
generation of OH radicals, which allow its non-selective reaction with organics allowing 
organics mineralization by its conversion into CO2. The electrochemical methods are very 
promising alternatives for organics degradation because of their environmental 
compatibility, versatility, simplicity, and easy possibility of automation. The electrochemical 
oxidation performance depends strongly on the electrode material. To generate OH radicals 
by electrooxidation, several types of anodes with high overpotential for oxygen potential are 
suitable, i.e., DSA-type, PbO2, boron-doped diamond (BDD) electrodes etc. Recently, 
electrochemical oxidation with a boron-doped diamond electrode is one of the most 
promising technologies in the treatment of the industrial effluents containing organics. BDD 
electrode exhibited a very good chemical stability and its application in the electrooxidation 
of organics led to complete mineralization into CO2 in relation with applied potential or 
current density. A major drawback of the electrochemical oxidation consists of the high 
energy consumption to the mineralization. The presence of a catalyst in the electrical field or 
combined and direct photoelectrochemical application can enhance the treatment efficiency 
with lower energy consumption (Ratiu et. al., 2010). 

Electrochemical and photochemical technologies may offer an efficient means of controlling 
pollution. Their effectiveness is based on the generation of highly reactive and non-selective 
hydroxyl radicals, which are able to degrade many organic pollutants. Electrolysis, 
heterogeneous photocatalysis, or photo-assisted electrolysis may be regarded as advanced 
oxidation processes (AOPs) and used in the supplementary treatment of wastewaters. The 
efficiency of the electrochemical oxidation depends on the anode material and the operating 
conditions, e.g., current density or potential. In general, in most applications of 
photoelectrocatalysis in the degradation of organics, the applied anodic bias potential is 
lower than the oxidation potential of organics on the electrode, due to direct electro-
oxidation does not complicate the photocatalytic mechanism (Ratiu et. al.,2011). 

The efficiency of photoelectrochemical degradation for organic pollutants depends not only 
on the selection of a suitable supporting electrolyte and pH values, but also on the electrode 
potential and preparation conditions of the semiconductors involved. In a 
photoelectrochemical system, photoelectrons and photoholes can be separated under the 
influence of an applied electric field. The problem of the separation of semiconductor 
particles from the treated solution, so persistent in heterogeneous photolysis, is not an issue 
in photoelectrochemical systems. There are numerous semiconductors which can be used as 
photoelectrocatalytic materials, such as TiO2, WO3, SnO2, ZnO, CdS, diamond, and others 
(Hepel 2005). 

2.1. Particular aspects 

In the case of the chlorinated phenols, the number and the position on aromatic ring of the 
chlorine atoms modifies the oxidation efficiency (Pera-Titus et al., 2004). 

The oxidation rate constant decreases linearly with increasing number of chlorine content on 
the aromatic ring. Also, the increase of chlorine content will block some favorable positions 
susceptible to hydroxyl radical attack. 
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The oxidation process is also controlled by the presence of another species in reaction 
medium (intermediate products) in the sense that they interact with the catalyst component 
in a different manner. The species of reductive character accelerate the oxidation process 
because they reduce Fe3+ (inactive) to Fe2+ (active) and thus the generation of OH. radicals 
intensifies (Du et al. 2006; Riga, A., et al, 2007). The acid type species lower the pH of the 
reaction medium and can form stable complexes with Fe3+ or Fe2+ ions, strongly slowing 
the oxidation process. The presence into reaction medium of the inorganic ionic species 
(Cl-, ClO4-, NO3-, HCO3-, CO32-, SO42-, H2PO4-) modifies the rate of the oxidation of the 
organic compounds as function of their nature and concentration. The inorganic anions 
can change the overall efficiency of the system by different ways. The influence of ClO4- 
and NO3- ions is less pronounced than another anions because they do not form 
complexes with Fe(II) and Fe(III) and do not react with HO. (Lu et al., 1997; Siedlecka, E. M., 

2007). Cl-, SO42- and H2PO4- anions decrease the rate of decomposition of H2O2 by forming 
ferric unreactive complexes and react with hydroxyl radicals forming Cl2.-, SO4.- and 
H2PO4. radicals who are less or much less reactive than HO. (Siedlecka, E. M., 2007; De Laat 

et al., 2004). The influence of Cl- is in correlation with the solution pH and its 
concentration, being insignificant at low concentration (<5 mM) but becomes very 
important at higher concentration values (>28 mM) (Kwon et al., 1999). As function of  
the nature of the inorganic anions, at higher concentration of 0.1 M, the inhibition order of 
the oxidation rate is the following: H2PO4- > Cl- > HCO3- > CO32- > SO42- > NO3- (Riga, A., et 

al., 2007). 

The presence of the inorganic species inside the reaction medium influences the rate of the 
oxidation process as function of their nature and concentration. The inorganic anionic 
species reduce the 4-CP oxidation efficiency by Fe(II) and Fe(III) complexes forming, HO. 
radicals scavenging or iron precipitate forming. 

NO3- induces a small influence on 4-CP oxidation efficiency. This may be explained by the 
absence of the interactions between NO3- and the catalyst (Fe2+/3+) and hydroxyl radicals. The 
anions Cl-, SO42- and PO43- modify drastically the 4-CP oxidation efficiency, especially at high 
concentration into reaction medium. They interact with Fe2+ and Fe3+ forming chloro-, 
sulfato- and phosphate-iron complexes which are inactive in HO. generation mechanism. 
Also, Cl-, SO42- and H2PO4- anions interact with hydroxyl radicals (scavenging process), 
forming less reactive species (Cl2.-, SO4.- and H2PO4.) into reaction medium. 

The decrease of the 4-CP oxidation degree by the photo-Fenton procedure is correlated with 
the nature of the anions as following: Cl- > PO43- > SO42- >> NO3- (Orbeci et al., 2008). 

The presence of the insoluble inorganic species (bentonite) modifies the 4-CP oxidation 
efficiency in different manner. Into reaction medium, 4-CP can be adsorbed by the bentonite 
substratum or can be destruct by oxidation, both processes increasing the 4-CP removal 
degree from the solution. The presence of the insoluble inorganic species (bentonite) 
modifies the oxidation efficiency by additional 4-CP and UV sorption processes, especially 
at high solution turbidity values (Orbeci et al., 2008). 
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The efficiency of the various AOPs depends both on the rate of generating the free radicals 
and the extent of contact between the radicals and the organic compound. Also, the pH has 
a significant role in determining the efficiency of Fenton and photo-Fenton oxidation 
processes (Gogate and Pandit, 2004). Limitations due to the use of homogeneous catalysts, 
such as limited pH range, production of Fe containing sludge, and deactivation could be 
overcome by heterogeneous catalysts. 

The optimum pH range in the case of homogeneous photo-Fenton process is 2.5-4, a 
correction of solution pH being necessary. Also, at the end of the oxidation process, iron 
precipitation and catalyst separation and recovery are necessary. These disadvantages can 
be avoided using the heterogeneous photo-Fenton procedure by immobilization of active 
iron species on small particulate solid supports. In this case, different iron-containing 
catalysts can be used, such as the iron bulk catalysts (iron oxy-hydroxyl compounds: 
hematite, goethite, magnetite) or iron supported catalysts (zeolites, clays, bentonite, glass, 
active carbon, polymers etc.) (Duarte and Madeira, 2010; Feng et al., 2005; He et al., 2005; Leland 

and Bard, 1987; Nie et al., 2008; Ortiz de la Plata et al., 2010; Vinita et al. 2010).  

The use of the heterogeneous photo-Fenton procedure in the catalytic component version 
(Fe in various oxidation states) precipitated on solid support presents several drawbacks:  

 catalyst’s relatively high cost – associated with the cost of the so-called support, with 
the cost of the Fe compounds and with the operations necessary for Fe compounds to 
fix on the support; 

 decrease in the efficiency of the UV radiations due to their partial adoption on the solid 
support; 

 progressive solubility of the catalytic component (Fe) during oxidative processes and as 
a result of a progressive loss of catalytic activity. 

In the case of the heterogeneous photo-Fenton process, a relevant fraction of the incident UV 
radiation can be lost via scattering, due to particulate solid support suspended into the 
reaction medium. As a consequence, the photo-Fenton process may be seriously affected 
(Herney-Ramirez et al., 2010). Also, the solution pH affects the iron leaching from the support, 
at pH values less than 3 a higher amount of iron being released into the solution (Duarte and 

Madeira, 2010). By using a zero-valent iron with iron oxide composite catalysts, the oxidation 
process proceeds via hydroxyl radicals generated from Fe2+(surf) species and H2O2 in a 
Fenton like mechanism. The Fe2+(surf) species are formed by electron transfer from Fe0 to 
Fe3+ at the interface metal/oxide (Moura et al., 2005, 2006). The experimental data (Nie et al., 

2008) indicate that the hydrogen peroxide provides a driving force in the electron transfer 
from Fe2+ to Fe3+, while the degradation of organic pollutants increases the electron transfer 
at the interface of Fe0/iron oxide due to their reaction with hydroxyl radicals.  

The degradation of organic pollutants using photo-Fenton processes occurs by intermediate 
oxidation products formation. In the case of phenol oxidation by Fenton reagent, a series of 
intermediates were identified, corresponding mainly to ring compounds and short-chain 
organic acids (Zazo et al., 2005). Most significant among the former were catechol, 
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hydroquinone, and p-benzoquinone; the main organic acids were maleic, acetic, oxalic, and 
formic, with substantially lower amounts of muconic, fumaric, and malonic acids. Oxalic 
and acetic acid appeared to be fairly refractory to the Fenton oxidation process. In the 
Fenton process, carboxylic acids like acetic and oxalic acid may be formed as end products 
during the degradation of phenol while in photo-Fenton process, both these acids were 
identified during the early stages of phenol degradation and were oxidized almost 
completely at the end of the process (Kavitha and Palanivelu, 2004). The chlorophenols are 
common persistent organic contaminants, which show low biodegradability, posing serious 
risks to the environment once discharged into natural water (Du et al., 2006). 

Studying the degradation of 4-chlorophenol by an electrochemical advanced oxidation 
process, several authors (Wang and Wang, 2007) have proposed the following possible 
pathways: (a) 4-chlorophenol dechlorination to phenol; (b) hydroxylation of phenol to 
hydroquinone; (c) dehydrogenation of hydroquinone to benzoquinone; (d) oxidation of 
benzoquinone (with aromatic ring cleavage) to aliphatic carboxylic acids such as maleic 
acid, fumaric acid, malonic acid; (e) oxidation of maleic and fumaric acids to oxalic acid, 
formic acid and finally, to carbon dioxide and water.  

The main intermediate products detected by HPLC analyses were chlorocatechol and 
benzoquinone after 60 min reaction time and aliphatic carboxylic acids after 120 min 
reaction time. Benzoquinone and hydroquinone-like intermediates such as catechol, 
hydroquinone and 4-chlorocatechol can reduce the ferric ion to ferrous ion and the 
oxidation process becomes faster (Du et al., 2006). It is not necessary to degrade 4-
chlorophenol to the final products of CO2 and H2O, being more worthwhile to treat to the 
biodegradable stage-aliphatic carboxylic acids followed by a biological process (Wang and 

Wang, 2007). The photocatalytic processes may be used as a pre-treatment of toxic chemicals, 
including chlorophenols, in order to convert them into fully biodegradable compounds.  

Recently, a series of pharmaceuticals such as analgesics, antibiotics, steroids etc. have been 
detected in the water feeding systems of several countries in Europe, the USA and Australia 

(Bound and Voulvoulis, 2004; Kaniou et al., 2005). Unless antibiotics are removed from 
wastewaters through specific purification processes, they can affect the microbial 
communities in filtering systems using active sludge and, in general, the bacteria found in 
water, and, as a result, they can disturb the natural elementary cycles. The accumulation of 
antibiotics in surface waters represents a potential danger in the case in which they are used 
as sources of drinking water. Photocatalytic oxidation of antibiotics in aqueous solution is 
based on the oxidative potential of the HO radicals. (2.80 V) generated in the reaction 
medium though photocatalytic mechanisms, in the presence of H2O2 and UV radiations. 
Through the photo-Fenton procedure, the efficiency of the oxidation is controlled by the 
nature and the structure of the organic substrate, the initial pH of the solution, the 
concentration of H2O2 and of the catalytic component (Fe2+) as well as by the time the 
reaction medium stands in the area where UV radiations act.  

The kinetic assessment of the oxidative degradation process applied to antibiotics of the 
type amoxicillin, ampicillin and streptomycin (pseudo 1st degree Lagergren kinetic model) 
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suggests that the oxidative process occurs in two successive steps, with the formation of 
reaction intermediates. The ratio of the 1st degree kinetic constant values corresponding to 
the two oxidation stages depends on the structure of the antibiotics and indicates a marked 
decrease in the oxidation rate in the second stage. This decrease can be attributed to the 
formation of reaction intermediates such as inferior organic acids with a high stability in 
regard to oxidation and/or blocking active catalytic centers through the formation of 
compounds of the Fe2+/3+ species with the reaction intermediates, compounds which are 
inactive in the process of generating HO.radicals (Orbeci et al., 2010). 

Advanced oxidation processes of Fenton and photo-Fenton type can be used for antibiotics 
degradation from wastewater (Orbeci et al., 2010) or for increasing their biodegradability in 
biological wastewater treatment (Elmolla and Chaudhuri, 2009). Unlike complete amoxicillin 
degradation, the mineralization of the organic compounds from solution is not complete in 
the Fenton oxidation process due to formation of refractory intermediates (Ay and Kargi, 

2010).  

The photo-Fenton process degradation of amoxicillin by using iron species as catalyst 
(FeSO4 and potassium ferrioxalate complex) and solar radiation reduces the bactericide 
effect of amoxicillin but the toxicity may persist due to intermediates formed during the 
oxidation process. The toxicity decreases significantly when these intermediates are 
converted into short chain carboxylic acids, allowing further conventional treatment (Trovó 

et al., 2011). The homogeneous photo-Fenton process is limited by the narrow working pH 
range (2.5-4) and requires the correction of solution pH for iron precipitation and catalyst 
separation and recovery. Otherwise, high amounts of metal-containing sludge can be 
formed and the catalytic metals are lost in these sludge. Because of these disadvantages, 
several attempts have been made to develop heterogeneous photo-Fenton procedure by 
immobilization of active iron species on solid supports. Since iron is relatively inexpensive 
and nontoxic, it has been widely used in different environmental treatment processes 
(Herney-Ramirez et al., 2010; Nie et al., 2008). In the heterogeneous photo-Fenton process, 
different iron-containing catalysts can be used, such as the iron bulk catalysts (iron oxy-
hydroxyl compounds: hematite, goethite, magnetite) or iron supported catalysts (zeolites, 
clays, bentonite, glass, active carbon, polymers etc.) (Feng et al., 2005; He et al., 2005; Leland 

and Bard, 1987; Nie et al., 2008; Ortiz de la Plata et al., 2010; Vinita et al. 2010).  

Antibiotics can be more or less extensively metabolized by humans and animals. Depending 
on the quantities used and their rate of excretion, they are released in effluents and reach 
sewage treatment plants (Alexy et al., 2004; Bound and Voulvoulis, 2004; Kümmerer, 2009).  

Available data on antibiotics (ampicillin, erythromycin, tetracycline and penicilloyl groups) 
indicate their capability to exert toxic effects to living organisms (bacteria, algae etc.), even at 
very low concentration. These antibiotics are practically non-biodegradable having the 
potential to survive sewage treatment, leading to a persistence of these compounds in the 
environment and a potential for bio-accumulation (Arslan-Alaton et al., 2004). The presence 
of antibiotics in the environment has favored the emergence of antibiotic-resistant bacteria, 
increasing the likelihood of infections as well as the need to find new and more powerful 
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antibiotics. As expected, antibiotic-contaminated water is incompatible with conventional 
biological water treatment technologies (Rozas et al., 2010). Antibiotics have the potential to 
affect the microbial community in sewage systems and can affect bacteria in the 
environment and thus disturb natural elementary cycles (Kümmerer, 2009). If they are not 
eliminated during the purification process, they pass through the sewage system and may 
end up in the environment, mainly in the surface water.  

This is of special importance, since surface water is a possible source of drinking water 
(Kaniou et al., 2005). The antibiotics degradation by advanced oxidation processes has proven 
to be reasonably suited and quite feasible for application as a pre-treatment method by 
combining with biological treatment (Arslan-Alaton et al., 2004). The pre-treatment of 
penicillin formulation effluent by advanced oxidation processes based on O3 and H2O2/O3 

did not completely remove the toxicity of procaine penicillin G from the effluents, leading to 
serious inhibition of the treatment of activated sludge (Arslan-Alaton et al., 2006). One of the 
novel technologies for treating polluted sources of industrial wastewater and drinking water 
is the photo-Fenton process by which hydroxyl radicals are generated in the presence of 
H2O2, Fe2+ catalyst and UV radiation.  

The advanced oxidation processes or even the hybrid methods may not be useful in 
degrading large quantity of the effluent with economic efficiency and hence it is advisable to 
use these methods for reducing the toxicity of the pollutant stream to a certain level beyond 
which biological oxidation can ensure the complete mineralization of the biodegradable 
products (Gogate and Pandit, 2004).  

Removal of organic compounds in wastewater is a very important subject of research in the 
field of environmental chemistry. In this sense, photocatalysis is a handy promising 
technology, very attractive for wastewater treatment and water potabilization (Nikolaki et al., 

2006; Lim et al., 2009). Using titanium dioxide for water splitting after UV irradiation, it has 
been shown that this can encompass a wide range of reactions, especially the oxidation of 
organic compounds. The study of the photodegradation for a large series of substances such 
as halogenated hydrocarbons, aromatics, nitrogenated heterocycles, hydrogen sulfide, 
surfactants and herbicides, and toxic metallicions, among others has clearly shown that the 
majority of organic pollutants present in waters can be mineralized or at least partially 
destroyed. The photocatalytic treatment of many organic compounds has been successfully 
achieved. The photocatalytic activity is dependent on the surface and structural properties 
of the semiconductor such as crystal composition, surface area, particle size distribution, 
porosity, band gap and surface hydroxyl density (Ahmed et al., 2010). 

A variety of semiconductor powders (oxides, sulfides etc.) acting as photocatalysts have 
been used. Most attention has been given to TiO2 because of its high photocatalytic activity 
having a maximum quantum yields, its resistance to photo-corrosion, its biological 
immunity and low cost. There are two types of reactors: reactors with TiO2 suspended in the 
reaction medium and reactors with TiO2 fixed on a carrier material (Lim et al.; 2009, Mozia, 

2010; Li et al., 2009). A very promising method for solving problems concerning the 
separation of the photocatalyst from the reaction medium is the application of 
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photocatalytic membrane reactors (PMRs), having other advantages such as the realization 
of a continuous process and the control of a residence time of molecules in the reactor 
(Mozia, 2010). In case of polymer membranes, there is a danger for the membrane structure 
to be destroyed by UV light or hydroxyl radicals. The investigations described (Chin et al., 

2006; Molinari et al., 2000) show that the lowest resistance exhibit membranes prepared from 
polypropylene, polyacrylonitrile, cellulose acetate and polyethersulfone, UV light leading to 
a breakage in the chemical bonds of the methyl group. The least effect of the UV/oxidative 
environment on the membrane stability was observed in case of polytetrafluoroethylene and 
polyvinylidene fluoride membranes (Chin et al., 2006). 

The self-assembly of TiO2 nanoparticles was established through coordinance bonds with –
OH functional groups on the membrane surface, improving reversible deposition, 
hydrophilicity and flow and diminishing the irreversible fouling (Mansourpanah et al., 
2009). TiO2-functionalized membranes may be obtained by several methods, but the sol-gel 
process is ubiquitous because it has many advantages such as purity, homogeneity, control 
over the microstructure, ease of processing, low temperature and low cost (Alphonse et al., 
2010). 

The advanced oxidation processes based on the photo-activity of semiconductor-type 
materials can be successfully used in wastewater treatment for destroying the persistent 
organic pollutants, resistant to biological degradation processes. TiO2 is the most attractive 
semiconductor because of its higher photocatalytic activity and can be used suspended into 
the reaction medium (slurry reactors) or immobilized as a film on solid material. A very 
promising method for solving problems concerning the photocatalyst separation from the 
reaction medium is to use the photocatalytic reactors in which TiO2 is immobilized on 
support. The immobilization of TiO2 onto various supporting materials has largely been 
carried out via physical or chemical route. 

The application of photocatalysis in water and wastewater treatment has been well 
established, particularly in the degradation of organic compounds into simple mineral acids, 
carbon dioxide and water (Pera-Titus et al., 2004; Cassano and Alfano, 2000). Titanium dioxide 
(TiO2), particularly in the anatase form is a photocatalyst under ultraviolet (UV) light.  A 
reactor refers to TiO2 powder which is suspended in the water to be treated, while the 
immobilized catalyst reactor has TiO2 powder attached to a substrate which is immersed in 
the water to be treated. Immobilised TiO2 has become more popular due to the 
complications in the TiO2 suspension systems (Hoffmann et al., 1995).  

The TiO2 immobilisation procedure developed not long ago can be used in determining a 
suitable immobilization procedure, particularly if economical and simple equipment is 
necessary. The overall performance of the TiO2 coating can be affected by various factors 
depending on the coating methods. In addition, it is also difficult to evaluate the 
photocatalytic efficiency of the coatings through photocatalytic activity (Augugliaro et al., 

2008). Invariably, the TiO2 was immobilized using the sol–gel technique (Addamo et al., 2008). 
In this case, some problems are noted: decrease of surface area; potential loss of TiO2; 
decreased adsorption of organic substances on the TiO2 surface; mass transfer limitations. 
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No polymeric support was considered to immobilise TiO2 since the polymeric material can 
undergo photo-oxidative degradation by illuminated TiO2 (Cassano and Alfano, 2000; 

Augugliaro et al., 2008).  

Researchers have used photocatalytic oxidation to remove and destroy many types of 
organic pollutants. After photocatalysis was recognized to be a great oxidation mechanism, 
researchers began testing it on many different compounds, and in many different processes 
(Cassano and Alfano, 2000; Hoffmann et al., 1995; Addamo et al., 2008).  

Phenolic compounds, a kind of priority pollutants, often occur in the aqueous environment 
due to their widespread use in many industrial processes such as the manufacture of 
plastics, dyes, drugs, antioxidants, and pesticides. Phenols, even at concentrations below 1 
lg/L, can affect the taste and odor of the water (Pera-Titus et al., 2004). Therefore, the 
identification and monitoring of these compounds at trace level in drinking water and 
surface waters are imperative. Chlorophenols represent an important class of very common 
water pollutants. 4-chlorophenol is a toxic and non-biodegradable organic compound and 
can often be found in high quantity in the waste waters from various industrial sectors 
(Pera-Titus et al., 2004; Augugliaro et al., 2006). A severe toxicity of 4-chlorophenol requires 
the development of a simple, sensitive and reliable analytical method.  

Among the advanced oxidation processes investigated in thelast decades, photocatalysis in 
the presence of an irradiated semiconductor has proven to be very effective in the field of 
environment remediation.The use of irradiation to initiate chemical reactions is the principle 
on which heterogeneous photocatalysis is based; infact, when a semiconductor oxide is 
irradiated with suitable light, excited electron–hole pairs result that can be applied in 
chemical processes to modify specific compounds.The main advantage of heterogeneous 
photocatalysis, when compared with the chemical methods, is that in most cases it is 
possible to obtain a complete mineralization of the toxic substrate even in the absence of 
added reagents.The radical mechanism of photocatalytic reactions, which involve fast 
attacks of strongly oxidant hydroxyl radicals, determines their un selective features. 

Environmental applications of photocatalysis using TiO2 have attracted an enormous 
amount of research interest over the last three decades (Hoffmann et al., 1995; Linsebigler et al., 

1995; Mills and Le Hunte, 1997; Stafford et al., 1996). It is well established that slurries of TiO2 
illuminated with UV light can degrade to the point of mineralization almost any dissolved 
organic pollutant. Nevertheless, photocatalysis, particularly in aqueous media, has still not 
found widespread commercial implementation for environmental remediation. The main 
hurdle appears to be the cost, which is high enough to prevent the displacement of existing 
and competing technologies by photocatalysis. TiO2 research has progressed on multiple 
tiers, whereby the study of fundamental processes promotes material development, 
allowing no repeated uses that promise to play a larger and larger role in engineering 
sustainable technologies. 

TiO2 is the most used semiconductor because of its higher photocatalytic activity, resistance 
to the photocorrosion process, absence of toxicity, biological immunity and the relatively 
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low cost (Nikolaki et al., 2006; Han et al., 2009). TiO2 crystalline powder can be used 
suspended into a reaction medium (slurry reactors) or immobilized as a film on a carrier 
material. The anatase form of TiO2 is reported to give the best combination of photoactivity 
and photostability. An ideal photocatalyst for oxidation is characterized by the following 
attributes: photostability; chemically and biologically inert nature; availability and low cost; 
capability to adsorb reactants under efficient photonic activation (Bideau et al., 1995, Pozzo et 

al., 1997, Balasubramanian et al., 2004, Gaya and Abdullah, 2008, Siew-Teng Ong et al., 2009, 

Hanel et al., 2010).The support must have the following characteristics: (a) transparent to 
irradiation; (b) strong surface bonding with the TiO2 catalyst without negatively affecting 
the reactivity; (c) high specific surface area; (d) good absorption capability for organic 
compounds; (e) separability; (f) facilitating mass transfer processes and (g) chemically inert 
(Pozzo et al., 1997). As solid support, different materials were investigated: natural or 
synthetic fabrics, polymer membranes, activated carbon, quartz, glass, glass fiber, optical 
fibers, pumice stone, zeolites, aluminum, stainless steel, titanium metal or alloy, ceramics 
(including alumina, silica, zirconia, titania), red brick, white cement etc. (Bideau et al., 1995, 

Rachel et al., 2002, Balasubramanian et al., 2004, Kemmitt et al. 2004, Gunlazuardi and Lindu, 

2005, Hunoh et al. 2005, Chen et al., 2006, Medina-Valtierra et al., 2006, Gaya and Abdullah, 2008, 

Lim et al., 2009, Siew-Teng Ong et al., 2009, Hanel et al., 2010, Zita et al., 2011). 

The immobilization of TiO2 on different supporting materials has largely been carried out 
via a physical or chemical route: dip coating, porous material impregnation, sol-gel method, 
reactive thermal deposition, chemical vapor deposition, electron beam evaporation, spray 
pyrolysis, electrophoresis, electro-deposition (Rachel et al., 2002, Gunlazuardi and Lindu, 2005, 

Medina-Valtierra et al., 2006, Hanel et al., 2010, Zita et al., 2011). 

The methods most commonly used for deposition of TiO2 on supports are sputtering and 
sol-gel dip-coating or spin-coating. Often the fixation of TiO2 on solid supports reduces its 
efficiency due to various reasons such as reduction of the active surface, a more difficult 
exchange with solution, introduction of ionic species etc. A degree of 60–70% reduction in 
performance is reported in aqueous systems for immobilized TiO2 as compared to the 
unsupported catalyst (Gaya and Abdullah, 2008), the best results being obtained by the 
immobilization of TiO2 on glass fiber (Rachel et al., 2002, Lim et al., 2009). The separation 
and/or removal technologies based on membrane and photocatalytic processes have a great 
potential for application in advanced wastewater treatment. Separation membranes have 
become essential parts of the human life because of their growing industrial applications in 
high technology such as biotechnology, nanotechnology and membrane based separation 
and purification processes. Available technologies to deal with chlorophenolic compounds 
include the advanced oxidation processes (AOPs) based on the formation of hydroxyl 
radicals with high oxidation potential. 

The hybrid method consists in a photocatalytic procedure using a reactor equipped with 
TiO2-functionalized membrane (cylindrical shape) and high pressure mercury lamp for UV 
radiations generation, centrally and coaxially positioned. The TiO2-functionalized 
membranes have been obtained by sol-gel method synthesis of TiO2 (from 
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tetrabutylortotitanate) as nanoparticles, formed directly in porous membrane regenerated 
cellulose type. Solutions of methyl, ethyl and propyl alcohols have been used as reaction 
medium. The experiments were performed at 30±20C using synthetic solutions of 4-CP 
(analytical grade reagent). The amount of hydrogen peroxide (30% w/w) used was 
calculated at 1.5 time H2O2/4-CP stoichiometric ratio. The degradation process was studied 
by monitoring the organic substrate concentration changes function of reaction time using 
chemical oxygen demand analysis (COD). 

The experimental data show the catalytic role of TiO2-functionalized membranes in the 
oxidation process. The oxidation is preceded by an adsorption process and the transfer of 4-
chlorophenol from the solution to the photocatalytic reaction zone through the 
functionalized membrane. Titanium dioxide, deposited on the membrane, acts as a 
photocatalyst in the presence of UV radiations leading to a higher efficiency of the oxidation 
process in a short reaction time. The catalytic activity of TiO2-functionalized membranes is 
influenced by the nature of the alcohol used in obtaining them. This can be explained by the 
crystallite size of TiO2 and their dispersion on membrane. However, at a higher reaction 
time, the determined solution COD values tend to increase, indicating that the TiO2-
functionalized membranes become unstable. This can be attributed to a partial solubilization 
process of membrane into reaction medium with a strong oxidizing potential. 

The presence of phenol and phenolic derivatives in water induces toxicity, persistence and 
bioaccumulation in plant and animal organisms and is a risk factor for human health. The 
technologies of separation and/or removal of phenolic derivatives based on membrane and 
photocatalytic processes play an important role. 

Available technologies to deal with phenolic compounds include the advanced oxidation 
processes, based on the formation of very active hydroxyl radicals, which react quickly with the 
organic contaminant. Among the AOPs, the photocatalytic process is one of the most attractive 
methods because the reagent components are easy to handle and environmentally benign.  

3. Wastewater decontamination by processes of absorption 

Rapid development of industry and society led to serious environmental problems such as 
contamination of groundwater and surface chemical treatment with organic compounds 
coming from agriculture (pesticides, herbicides, other.) or inorganic compounds in industry 
(pigments, heavy metals, etc.) 

A method used for the wastewater decontamination is the contaminants absorption on the 
catalyst surface. The most known adsorbent substances cleansing practice are: activated 
carbon, silica gel, discolored soils, molecular sieves, cotton fibers etc. 

After the manner in which the contact is realized between wastewater and adsorbent is 
distinguished static and dynamic adsorption. In the first case finely adsorbent divided is 
stirred with water and after a time it’s separated by decantation or filtration. In the dynamic 
adsorption case, wastewater passes through a fixed, mobile or a fluidized absorbent layer 
with a continuous flow. 
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Another alternative to the wastewater treatment is the use of technologies based on 
magnetic nanomaterials AB2O4 type (A = Co, Ni, Cu, Zn, B = Fe3+) used as catalysts for 
degradation of organic compounds or absorbents to retain the surface pollutants heavy 
metals (mercury, arsenic, lead and others). Their importance and complexity led to research 
programs development on magnetic materials, with new or improved properties in last 
decades. These properties are dependent on chemical composition and microstructural 
characteristics, which can be controlled in the fabrication and synthesis processes. 

These materials must have a relatively high surface area, a smaller particle size, and porous 
structure. In particular, the magnetic properties of the powders makes them to be easily 
recovered by magnetic separation technology after adsorption or regeneration, which 
overcomes the disadvantage of separation difficulty of common powdered adsorbents (Qu, 
et.al, 2008). 

Challenges in synthesis of nanostructured catalysts are that many reactions employ mixed 
catalysts consisting of different oxide metals, and that the function of active centers is not 
only determined by the constituent atoms but also by the surrounding crystal or surface 
structures; it is thus necessary to accurately control the synthesis of nanostructured catalysts 
(Rickerby, et.al, 2007). 

Magnetite nanoparticles have highest saturation magnetization of 90 emu/g among iron 
oxides. Therefore, magnetite nanoparticles can be used to adsorb arsenic ions followed by 
magnetic decantation. Other iron oxides and hydroxides have been reported to have arsenic 
ability (Hai, et. al, 2009). Oxidation resistance is an important factor for arsenic removal 
under atmospheric conditions. 

By diverse synthesis methods (hydrothermal, ultrasonic hydrothermal, sol-gel, 
coprecipitation and other), was obtained ferrite nanomaterials derived from magnetite (FeO, 
Fe2O3) substituting the Fe2+ ion in different concentrations (0.5, 0.8, 1, 1.2, 1.5) with Co2+, Cu2+, 
Ni2+, Zn2+ ions (Vlazan, 2010; Fannin, et.al, 2011). 

4. Membrane oxidative processes in water treatment 

This topic gives an overview of the hybrid photocatalysis-membrane processes and their 
possible applications in water and wastewater treatment. Different configurations of 
photocatalytic membrane reactors (PMRs) are described and characterized. They include 
PMRs with photocatalyst immobilized on/in the membrane and reactors with catalyst in 
suspension. The advantages and disadvantages of the hybrid photocatalysis-membrane 
processes in terms of permeate flow, membrane fouling and permeate quality are discussed. 
Moreover, a short introduction to the heterogeneous photocatalysis and membrane 
processes as unit operations is given. 

The detailed mechanism of the photocatalytic oxidation of organic compounds in water has 
been discussed widely in the literature and will be presented here in brief only. The overall 
process can be divided into the following steps. 
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1. Diffusion of reactants from the bulk liquid through a boundary layer to the solution-
catalyst interface (external mass transfer). 

2. Inter-and/or intra-particle diffusion of reactants to the active surface sites of the catalyst 
(internal mass transfer). 

3. Adsorption of at least one of the reactants. 
4. Reactions in the adsorbed phase. 
5. Desorption of the product(s). 
6. Removal of the products from the interface of the bulk solution. 

A photocatalyst should be characterized by: (I) high activity, (II) resistance to poisoning and 
stability in prolonged at elevated temperatures, (III) mechanical stability and resistance to 
attrition, (IV) non-selectivity in most cases, and (V) physical and chemical stability under 
various conditions. Moreover, it is desirable for the photocatalyst to be able to use not only 
UV, but also visible light and to be inexpensive. Different semiconducting materials, such as 
oxides (TiO2, ZnO, CeO2, ZrO2, WO3, V2O5, Fe2O3, etc.) and sulfides (CdS, ZnS, etc.) have 
been used as photocatalysts.  

Recently, numerous investigations have been focused on different modifications of TiO2 in 
order to improve its activity under UV irradiation or to reduce the band gap energy so that 
it is able to utilize the visible light. The best photocatalytic performances with maximum 
quantum yields have been always obtained with TiO2. Anatase is the most active allotropic 
form of TiO2 among the various ones available. Unfortunately, due to a wide band gap 
(about 3.2 eV), TiO2 is inactive under visible light. 

The most important operating parameters which affect the efficiency of the photocatalytic 
oxidation process can be summarized as follows: reactor design; light wavelength and 
intensity; loading of the photocatalyst; initial concentration of the reactant; temperature; pH 
of reaction medium; oxygen content; the presence of inorganic ions (Mozia, 2005; Gogate and 

Pandit, 2004; Herrmann, 2006).The photocatalytic reactors can be divided into two main 
groups:  

i. Reactors with TiO2 suspended in the reaction mixture: in the case of reactors with TiO2 

suspended in the reaction mixture (I), the photocatalyst particles have to be separated 
from the treated water after the oxidation process.  

ii. Reactors with TiO2 fixed on a carrier material (glass, quartz, stainless steel, pumice 
stone, titanium metal, zeolites, pillared clays, membranes etc.). 

A very promising method for solving problems concerning separation of the photocatalyst 
as well as products and by-products of photo-oxidation process from the reaction mixture is 
application of photocatalytic membrane reactors (PMRs). PMRs are hybrid reactors in which 
photo-catalysis is coupled with a membrane process. The membrane would play both the 
role of a simple barrier for the photocatalyst and of a selective barrier for the molecules to be 
degraded. Membrane processes are separation techniques which are widely applied in 
various sectors of industry including food, chemical and petrochemical, pharmaceutical, 
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cosmetics and electronic industries, water desalination, water and wastewater treatment and 
many others. The main advantages of membrane processes are: low energy consumption; 
low chemicals consumption; production of water of stable quality almost independent on 
the quality of the treated water; automatic control and steady operation allowing 
performance of a continuous operation; low maintenance costs; easy scale up by simple 
connecting of additional membrane modules 

Synthetic membranes may be: organic or inorganic materials; homogeneous or 
heterogeneous; symmetrical or asymmetrical; porous or dense; electrically neutral or 
charged. 

In this sense, the driving forces are: pressure difference; concentration difference; partial 
pressure difference or electrical potential difference. 

Most of the PMRs described in the literature combine photo-catalysis with pressure driven 
membrane processes such as: 
 

 Micro-Filtration (MF) 
 Ultra-Filtration (UF) 
 Nano-Filtration (NF) 
 Dialysis  
 Pervaporation (PV)  
 Direct Contact Membrane Distillation (DCMD)  

Hybrid photocatalysis-membrane processes are conducted in the installations often called 
“photocatalytic membrane reactors”. However, in the literature, other names for these 
configuration scan be also found, including “membrane chemical reactor” (MCR), 
“membrane reactor”, “membrane photoreactor”, or, more specific, “submerged membrane 
photocatalysis reactor” and “photocatalysis–ultrafiltration reactor”(PUR). For the 
hybridization of photocatalysis with membrane process it will be useful to apply a general 
term of “photocatalytic membrane reactor”. 

Photocatalytic membrane reactors design show in figure 2 (a, b). 

Photocatalytic membranes for the PMRs can be prepared from different materials and 
indifferent ways. Figure 3 presents two possible types of asymmetric photocatalytic 
membranes (Bosc et al., 2005). In the first case, photoactive separation layer is deposited on a 
non-photoactive porous support (Fig. 3a) the photoactive layer, being also the separation 
layer (skin) is formed on a porous non-photoactive support. In the second case, a non-
photoactive separation layer is deposited on a photoactive porous support (Fig. 3b) the 
separation layer is non-photoactive and is deposited on a porous active support. 

The main advantage of PMRs with photocatalytic membranes is that this configuration 
allows one to minimize the mass transfer resistances between the bulk of the fluid and the 
semiconductor surface.  
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(b) 
 

Figure 2. a. PMR utilizing photo-catalyst in suspension: irradiation of the membrane module (Mozia S., 

2010), b. PMR utilizing photo-catalyst in suspension: irradiation of the feed tank (Mozia S., 2010)  
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Figure 3. Asymmetric photocatalytic membranes (Bosc et al., 2005) 

5. Conclusion 

Choosing the most suitable method of wastewater treatment studies require both increasing 
the effectiveness and economic efficiency (operating and investment costs). 

Advanced oxidation processes (AOPs) are good alternatives for removal the toxic compunds 
from wastewater. The AOPs can be successfully used in wastewater treatment to degrade 
the persistent organic pollutants, the oxidation process being determined by the very high 
oxidative potential of the HO. radicals generated into the reaction medium by different 
mechanisms. AOPs can be applied to fully or partially oxidize pollutants, usually using a 
combination of oxidants. Photo-chemical and photo-catalytic advanced oxidation processes 
including UV/H2O2, UV/O3, UV/H2O2/O3, UV/H2O2/Fe2+(Fe3+), UV/TiO2 and UV/H2O2/TiO2 
can be used for oxidative degradation of organic contaminants. A complete mineralization 
of the organic pollutants is not necessary, being more worthwhile to transform them into 
biodegradable aliphatic carboxylic acids followed by a biological process. The efficiency of 
the various AOPs depend both on the rate of generation of the free radicals and the extent of 
contact between the radicals and the organic compound. 

Photocatalytic oxidation in water treatment has proved its efficiency at many pilot-scale 
applications. However, wide marketing of commercially available solar detoxification 
systems is obstructed by the general market situation: a new water treatment procedure has 
an opportunity to be implemented only when its cost is at least two-fold lower than the cost 
of a procedure currently in use. Photocatalysis, also called the "green" technology, 
represents one of the main challenges in the field of treatment and decontamination 
systems, especially for water and air. Its operating principle is based on the simultaneous 
action of the light and a catalyst (semi-conductor), which allows for pollutant molecules to 
be destroyed without damaging the surrounding environment. 

In recent years, applications to environmental remediation have been one of the most active 
subjects in photocatalysis.  
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