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 Pollution from industrial effluents is more diverse and complex than municipal 
wastewater due to the use of thousands of new chemical compounds in industry 
every year. Subsequent introduction of small quantities of these compounds into 
water streams through industrial effluents has complicated water pollution problems 
and posed many challenges in removing contaminants from water. The purpose of 
the present study was to remove phenol contaminants from the effluent of 
petrochemical wastewater treatment plants using advanced photochemical 
oxidation method (ultraviolet/hydrogen peroxide/ozone) in a laboratory scale. The 
experiments were performed using UVC light, 30 % H2O2 as oxidizer and phenol 
(100 mg/L). The effective parameters studied in phenol removal included pH, H2O2 
concentration, solution temperature and UVC irradiation time. The experimental 
results showed an increase in phenol removal efficiency with increasing H2O2 
concentration up to 400 mg/L while decreasing with increasing oxidizer 
concentration to 500 mg/L, thus suggesting a concentration of 400 mg/L as the 
optimal value. Using a flow rate of 200 mg/L of ozone for 80 min, by optimizing other 
conditions, increased the phenol removal efficiency by 98 %. The phenol removal 
efficiency was much higher at acidic conditions than at alkaline and neutral ones. 
The phenol content decreased significantly with increasing contact time. In other 
words, prolonged contact time increased the phenol removal efficiency in the tested 
sample. The highest phenol removal efficiency (75.7 %) occurred at the pH value 
of 4 and the phenol removal efficiency in the sample decreased with increasing pH 
value. Prolonged contact time caused more phenol concentration to be removed 
from the test sample, so that 69.8 % of the phenol concentration in the sample was 
reduced. The results of this study showed that advanced oxidation reduced the 
phenol content in the analyzed sample. To conclude, the advanced oxidation 
methods can be useful in the process of treating petrochemical wastewater and 
effluent of units containing toxic aromatic compounds such as phenol.  
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1. Introduction 

 
Wastewater is one of the leading sources of environmental pollution 

that must be collected, treated and returned to the water cycle in nature 

through hygienic methods (Gooran Ourimi & Nezhadnaderi. 2020: 
Mohammadi Aloucheh et al. 2019). Groundwater contamination due to 
fuels and other petroleum hydrocarbon derivatives released from oil 
storage tanks is a common and serious environmental concern 
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(Muhibbu-din and Ayodele, 2021; Nikpour et al. 2021). These 
compounds often contain Benzene, Phenol, Toluene, Ethylbenzene, 
and Xylene isomers, as well as whole petroleum hydrocarbons, which 
have been shown to be highly hazardous with high toxicity and 
bioaccumulation potential (Huntleya et al. 2002; Pinheiro et al. 2017). 

The oil industry is developing rapidly and is projected to grow even 
faster in the coming years. Recent environmental activities and global 
requirements for cleaner methods have led oil refineries to use green 
techniques and industrial wastewater treatment. Petroleum industry 
effluents contain a wide variety of pollutants such as petroleum 
hydrocarbons, oils and greases, Phenols, Ammonia, Sulfides and other 
organic composites, all of which are present in petroleum industry 
effluents in a very complex form with harmful effects on the environment 
(Raza et al. 2019; Mahmoodi et al. 2022). 

Phenol, or Hydroxybenzene, is a toxic aromatic compound that is 
resistant to biological treatment (Azizah and Widiasa. 2018; Hazrati et 
al., 2019). Most organic compounds are resistant to conventional 
chemical and biological treatments. Therefore, other alternative 
methods are being consideration. Several methods are available for the 
treatment of phenol-containing wastewater. Chemical oxidation is one 
of the techniques used for wastewater treatment, which can be 
classified into two types of conventional chemical treatment and 
advanced oxidation processes (AOPs) (Almomani et al. 2016; Shaykhi 
Mehrabadi. 2016; Habibi et al. 2017). The conventional systems for the 
treatment of wastewater from petroleum industries have major 
disadvantages such as low efficiency and high capital and operating 
costs. The AOP is one of the methods used for the treatment of 
wastewater in oil industries (Karimipour et al. 2021). 

Ozone (O3) alone is incapable of a complete oxidation of some 
organic compounds and has a low reaction rate (Rekhate et al. 2020). 
Thus, the AOPs are one or a combination of multiple processes such 
as O3, hydrogen peroxide (H2O2), ultraviolet (UV) radiation, Titanium 
oxide (TiO2) as a photocatalyst, Fenton process, as well as several 
other processes capable of producing hydroxyl radicals (Gottschalk et 
al. 2010). Shokohi et al. (2009) and Yang et al. (2009) reported that the 
H2O2 alone, as an oxidizer, has little removal efficiency. The combined 
use of UV radiation and a suitable oxidizer such as H2O2 is one of the 
most effective AOPs, especially in the removal of organic pollutants 
resistant to biodegradation (Jamshidi et al. 2009). This method is based 
on the oxidation of pollutants by the in situ formation of hydroxyl radical 
(ºOH), as a strong oxidizer (E0 = 2.8 V) (Laine et al. 2007). Various 
oxidants such as O3 and H2O2 are able to generate hydroxyl radicals in 
water. These radicals are able to eliminate organic pollutants in water 
and wastewater (Stasinakis. 2008). The generation of hydroxyl radicals 
can be facilitated by UV irradiation, the addition of some metal ions, and 
so on. Consequently, many efforts have been made to study various 
combinations of oxidants and stimulants such as UV/H2O2, O3/H2O2, 
O3/UV, O3/H2O2/UV. 

In the UV/H2O2 advanced oxidation processes, the mechanism of 
action of UV is based on the introduction of energy into chemical 
compounds, which is absorbed by reactive molecules and is able to 
pass through excited sites, leading to the progression of reactions over 
a sufficient period of time (Bustillo-Lecompte et al. 2018). During the 
AOP, this photon is adsorbed by H2O2 and the photon absorption by the 
molecule separates it into two hydroxyl radicals (Movahedian & Rezaei. 
2006). Hydroxyl radicals have a short life span, high oxidizing power 
and are prone to oxidation of organic compounds mainly through 
hydrogen capture. This process leads to the generation of organic 
radicals that react with oxygen to form peroxyl radicals (ROOº). This 
intermediate initiates a series of chain reactions, eventually producing 
CO2 and H2O and mineral salts. The advantages of the UV/H2O2 
process include commercial accessibility, no sludge production and 
high capacity in degradation of biodegradable compounds (Lapertot et 
al. 2006). Borjani et al. (2010) investigated the performance of 
advanced oxidation in the removal of phenol from the effluents of oil 
depots and refineries using UV/H2O2 via 15-W ow pressure mercury 
lamp with a concentration of 20 mg/L). They showed that phenol 
contaminant had the highest removal efficiency, but due to the use of 
UV alone, the degradation and removal efficiency of the contaminant 
could be neglected. Poulopoulos et al. (2006) investigated the efficacy 
of AOPs versus alkylphenols in groundwater samples. Their results 
revealed that direct photolysis of phenol and its oxidation by H2O2 
(without UV light) was negligible, but the combination of UV and H2O2 
was very effective in phenol degradation. Azizah and Widiasa (2018) 
employed two methods of H2O2/UV and H2O2/UV/O3 in the study of 
AOPs for refinery wastewater treatment containing high concentrations 
of phenol. Better phenol removal result was obtained using H2O2/UV/O3 
process with H2O2 concentration of 1000 mg/L, so that the phenol 
concentration was 37.5 mg/L with a Phenol degradation rate of 93.75 
% after 120 min. 

Sharma et al. (2015) investigated the degradation and 
mineralization of Bisphenol A (BPA) in aqueous solution using AOPs of 
UV/H2O2 and UV/S2O82-oxidation systems. The BPA at a concentration 
of 0.22 mM in aqueous solution using inorganic oxidants (H2O2 and 
sodium persulfate) under UV irradiation at 254 nm with a power of 40 
W at the natural pH and at 29 ± 3 °C and an optimal persulfate 
concentration of 1.26 mM showed that the process led to the removal 
of about 95 % BPA after 240-min irradiation. The optimal removal of 
BPA was about 85 % with H2O2 concentration of 11.76 mM. At greater 
concentrations, each of the oxidants had an adverse impact due to the 
quenching of hydroxyl or sulfate radicals in the BPA solution. 

Almasi et al. (2016) investigated the removal of phenol from 
aqueous solutions contaminated with phenolic compounds using H2O2, 
persulfate and periodate activated by ultrasound with a frequency of 40 
kHz. Their study variables were molar concentrations of H2O2 (0.004-
0.1 M.L-1), persulfate (0.001-0.005 M.L-1) and periodate (0.001-0.005 
M.L-1) in different contact times at various pH values (3, 7 and 10) and 
the effect of changes in the ionic strength in the contact times. They 
showed that increasing the concentration of oxidizer significantly 
elevates the removal efficiency and then a downward trend in phenol 
removal. The optimized concentration of H2O2, persulfate and periodate 
were selected as 0.1 M.L-1, 0.003 M and 0.004 M respectively. Analysis 
of different pH values indicated that all three processes had the highest 
removal efficiency at the pH value of 3 and the ionic strength decreased 
the ultrasound/persulfate process efficiency and had no influenec on 
the other processes. 

Shokoohi et al. (2009) compared advanced oxidation processes for 
phenol degradation in the laboratory scale using a 125-W UV lamp with 
an ozone content of 1 g.h-1. Their results revealed that phenol could be 
degraded by ozonation at the pH value of 11 and UV radiation at the 
pH value of 5. The phenol degradation using UVC lamp after one hour 
of contact time was 32.4 %, while during the same period and using 
ozonation method reached 93.6 %. 

Movahedyan et al. (2009) compared the effect of two advanced 
oxidation methods of UV/H2O2 and microvave/H2O2 on the phenol 
removal from aqueous solution, and found that the oxidation rate 
depended on factors such as pH, H2O2 concentration and irradiation 
time. 

Ghaly et al. (2001) found that the degradation rate of phenol was 
significantly accelerated by the photochemical oxidation process. They 
reported that the UV/H2O2 process had the highest degradation and 
photochemical removal rate of phenol compared to other advanced 
oxidation processes. Examination and comparison of the application of 
AOPs in phenol removal from wastewater clarified that the phenol 
removal rate depends on factors such as pH, H2O2 concentration and 
contact time. In this study, UV/H2O2 and US/Fenton methods were 
proposed as desirable processes with high efficiency in phenol removal 
from wastewater of chemical and petrochemical industries. In a study, 
the effect of using UV/H2O2 advanced oxidation method in phenol 
removal revealed that this method can remove phenol with 100 % 
efficiency at alkaline pH (Kidak & Ince. 2007). The findings revealed 
that the phenol degradation reaction is improved in alkaline 
environment (Yang et al. 2009). This can be attributed to the presence 
of more hydroxyl ions in the aqueous solution, which generate more 
hydroxyl radicals (Ta et al. 2006). 

The Olefin Unit of Tabriz Petrochemical Company, which is located 
in the northwest of Iran, is the parent unit of this company. This unit is 
the main source of phenol introduction to petrochemical wastewater. 
Phenol is formed in the water sources of Olefin Unit in such a way that 
sour water is obtained from DLS condensation, which is used to 
produce DLS vapor again after the stripping stage. To prepare water 
vapor diluent, sour water is taken from the bottom of stripper tower 154 
and sent to vessel 152. The blowdown flow (concentrated sour water) 
of vessel 152 of the Olefin Unit is called phenolic water, which contains 
phenol and other hydrocarbons. Therefore, due to the presence of high 
quantities of phenol in petrochemical effluents, the present study aimed 
to determine the optimal conditions to achieve the highest efficiency of 
phenol removal from petrochemical industry effluents via advanced 
oxidation processes using H2O2 and UV irradiation. 

 
2. Materials and methods 
2.1. Chemicals and equipment 
 

The current experimental study was conducted in Winter 2022 in 
the Chemistry Laboratory of Islamic Azad University, Ardabil Branch, 
Iran. The materials used in this research as following: Phenol, HCl, 
NaCl and H2O2 30 % (all material are from Merck).  Also devices and 
equipment used in this study to remove phenol and measure phenol 
content before and after removal processes are listed as following: pH 
meter (Metrohm), Jar test (SETA), UV lamp (125-W UV lamp by Philips, 
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Netherlands), Spectrophotometry (PG Instruments) and Ozonizer 
(Ozoneab Company). The preparation method of materials and 
reagents using phenol and chlorine-free distilled water was as follows: 
1- Ammonium 0.5 N hydroxide: 35 mL of ammonium hydroxide was 
taken and reached a final volume of one liter. 2- Phosphate buffer 
solution: 104.5 g of K2HPO4 and 72.3 g of KH2PO4 were dissolved in 
distilled water and reached the final volume of one liter (pH of this 
solution should be 6.8). 3-4-aminoantipyrine solution: 2 g of 4-
aminoantipyrine was dissolved in distilled water and reached a final 
volume of 100 CC. 4- Potassium Ferricyanide solution: 8 g of K3Fe(CN)6 
was dissolved in distilled water and reached a final volume of 100 CC.  
 
2.3. Experimental 
 

This study evaluated the effect of advanced oxidation of 
UV/H2O2/O3 on the concentration of phenol spiked in demineralised 
(DM) water (100 mg/L). The experiments were designed to reduce the 
phenol content by considering factors including H2O2 concentration, pH, 
contact time, UV irradiation time and ozone injection dose. First, the 
optimal concentration of H2O2 in phenol reduction was identified, so that 
sampling was done from different pre-prepared concentrations of H2O2, 
and then the phenol content was obtained by spectrophotometry. In the 
presence of the optimized concentration of H2O2 (as a constant 
variable), the levels of the other two factors (random variables) were 
applied to the sample in triplicate, followed by measuring different levels 
of pH and contact time.  

The optimum H2O2 concentration was determined using a jar test 
apparatus in which a UVC lamp was used instead of a conventional 
lamp. Thus, the sample was poured into the beakers of the Jar test 
apparatus and the H2O2 concentrations of 50, 100, 200, 300, 400 and 
500 mg/L were calculated and spiked into the beakers, followed by UV 
lamp irradiation for one hour. This test was repeated three times and 
phenol reduction values were measured.  

After determining the optimal concentration of H2O2, two liters of the 
sample was poured into each of the laboratory beakers (n=9) and the 
optimized H2O2 concentration was applied to each beaker. Then, 
different pH values were adjusted in beakers using NaOH 1N and HCl 
0.5N solutions. After adjusting the pH, the beakers were placed under 
a hood measuring 150 × 100 cm and a UVC lamp was positioned at a 
distance of 10 cm from the beakers. The hood was covered via 
aluminum foil to prevent the UVC rays from coming out and returning, 
which means optimal operation of the lamps. During the experiment, 
the solution inside the beakers was stirred by an electric stirrer at a 
uniform speed. After optimizing all the mentioned parameters, the 
ozone injection dose was evaluated and sampling of beakers was 
performed at the specified contact times. 

The Ozone generator used in this research could be operated in 
two modes of ambient air inlet and oxygen capsule. In this study, the 
ambient air inlet protocol was implemented to produce ozone so that 
the production rate was 10 to 80 g.h-1 with an inlet pressure of 1 bar. By 
installing a flowmeter in the ozone generator, the amount of ozone input 
to the analyzed sample was reduced by 200 mg/L. According to the 
mentioned operating conditions, in which the effective parameters were 
optimally installed, the tube related to the ozonation device was placed 
inside the contents of the beakers in such a way that the whole volume 
of material was ozonated. The ozone generator set, the relevant fittings 
and the test cylinder were placed under the hood with laboratory 

conditions (22-25 °C) in to perform ozone depletion and emissions 
according to safety recommendations. Then, the ozone generator was 
turned on and ozonation started. The ozonation was performed for 
similar samples for 20, 40, 60, 80 and 120 min. At the end of the time 
allotted to each of the beakers, sampling was performed and the 
amount of phenol remaining in the samples was measured. 

The method of measuring phenol reduction in spectrophotometry 
was that 100 mL of the sample was taken and poured into a 250-mL 
flask. In another flask, 100 mL of distilled water was poured as a control, 
and any operation performed on the sample was repeated for the 
control. Then, 2.5 mL of NH4OH 0.5 N was added to the solution and 
the next step was performed immediately. Immediately, the pH value 
was adjusted to 7.9 ± 0.1 with phosphate buffer, followed by adding 1 
mL of 4-Aminoantipyrine reagent and mixing thoroughly. One mL of 
Potassium Ferricyanide was added and stirred. After 15 min, the optical 
density (OD) was read by UV / Vis Spectrometer at 500 nm versus the 
control. 
 
3. Results and discussion 
3.1. Determining the optimal conditions for phenol removal using 
H2O2 

 Table 1 presents the results of the effect of different concentrations 
of H2O2 to determine the optimal conditions for phenol removal after 
one hour of exposure to this oxidizer. By increasing the oxidizer 
concentration to 400 mg/L, the reaction rate and the removal efficiency 
of phenol increased so that this concentration decreased the phenol 
content from the initial 100 mg/L to 43 mg/L. However, increasing the 
H2O2 concentration to 500 mg/L decreased the phenol removal 
efficiency. Therefore, the H2O2 concentration of 400 mg/L was 
considered as the optimal condition for the phenol removal. 

Table 1. Mean Phenol concentration under different H2O2 
concentrations within one hour 

H2O2 concentrations, 
mg/L 

Mean phenol concentration, 
mg/L 

0 100 
50 88 

100 75 
200 63 
300 52 
400 43 
500 50 

It seems that the increase in phenol removal efficiency with 
increasing H2O2 concentration up to 400 mg/L was due to the better 
effect of UV waves on the oxidizer at this concentration and the 
production of hydroxyl radicals, which play an important role in the 
oxidation of organic matter. In other words, increasing the H2O2 
concentration to 400 mg/L had increased the production of hydroxyl 
radicals in the same proportion, which is itself a factor for further 
oxidation of organic matter. The reason for phenol removal rate 
deceleration at concentrations greater than 400 mg/L can be attributed 
to the inverse effect of the oxidizer at high concentrations on the 
removal rate of organic matter. In other words, H2O2 acts as a free 
radical scavenger at high concentrations and reduces the free radical 
concentration (Jamshidi et al. 2009). Fig.1 shows the trend of changes 
in phenol removal efficiency by applying different H2O2 concentrations. 

 
Fig.  1. Phenol removal efficiency in different H2O2 concentrations. 
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3.2. The effect of pH and contact time  

The injection of 400 mg/L of H2O2 at different times and pH 
demonstrated a significant effect of pH and contact time on phenol 
concentration. The rate of chemical reactions depends on the pH of the 
environment, and pH directly and indirectly affects the oxidation of 
materials. In the chemical oxidation reactions, pH also influences the 

oxidation efficiency by affecting the production of hydroxyl radicals 
(Rahmani et al. 2015; Asgari et al. 2013).  

The results of this experiment revealed that the highest (49.2 mg/L) 

and the lowest (24.3 mg/L) phenol concentrations belonged to pH 
values of 10 and 4, respectively, the results of which are shown in Table 
2 and its schematic in Fig. 2. 

 
Fig.  2. Phenol removal efficiency at the H2O2 concentration of 400 mg/L at different pH values. 

 
 In other words, the removal efficiency of organic matter is relatively 

higher at acidic pHs than at alkaline and neutral ones (Yang et al. 2009; 
Shokohi et al. 2009). This increase in phenol removal efficiency in acidic 
pH medium can be attributed to the possibility of better absorption of 
UV waves by phenol in these conditions. The efficiency of the UV/H2O2 
chemical oxidation process decreases under the influence of reducing 
compounds such as carbonates under alkaline conditions. At acidic pH, 
the invasive effect of H+ on OH° is much greater than OH on OH°. In 
addition, at acidic pHs, CO2 is released as a gas from the water 
environment, while the formation of factors such as carbonates in an 
alkaline environment causes the destruction of hydroxyl radicals 
(Azizah and Widiasa. 2018). Appropriate reaction time is one of the 
effective factors in performing AOPs. Over time, the amount of 
intermediate products due to H2O2 degradation increases and 
eventually the production of hydroxyl radicals in the environment 
increases and thus the efficiency of the process increases. In this 
experiment, prolonging the contact time significantly reduces the 
phenol concentration in the effluent, the results of which are shown in 

Table 3 and Fig. 3, so that the lowest concentration of phenol (30.2 
mg/L) belonged to two hours of contact time and the highest 
concentration of phenol (48.7 mg/L) was obtained under 30 min of 
contact time. In other words, prolonging the contact time increases the 
removal efficiency of phenol in the effluent. Stepnowski et al. (2002) 
investigated the photo-degradation of 1, 2-Dichloroethene (1,2-DCE) at 
concentrations of about 200 g.L-1 of petroleum refinery wastewater and 
found that a very long contact time of 3-24 h is required to remove all 
contaminants. Moreover, the combination of UV radiation with H2O2 
improved the 1,2-DCE degradation compared to H2O2 alone. 

Table 2. Effect of pH on phenol removal efficiency under H2O2 
concentration of 400 mg/L 

Phenol concentration (mg/L) pH 

24.3 4 
45 7 

49.2 10 

 
Fig. 3. Phenol removal efficiency at the H2O2 concentration of 400 mg/L at different contact times. 

 
3.3. The effect of ozone injection on phenol removal 
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maximum phenol removal efficiency. Table 4 presents the optimal dose 
of ozone injection and Fig.4 shows the trend of changes in phenol 
concentration due to changes in ozone injection time. According to Table 
4 and Fig. 4 which shows the maximum phenol removal efficiency using 

Ozonation to the test sample, it can be said that the Ozone injection dose 
with a flow rate of 200 mg/L for 80 min removed almost all the phenol in 
the sample. Based on the findings of these experiments, which reveal 
the optimal state of materials and tests, the advanced oxidation method 
of UV/H2O2/O3 is the most suitable approach for removing Phenol from 
water and wastewater. This is because the simultaneous use of ozone 
and UV irradiation increases the production rate of hydroxyl radicals 
(Stasinakis. 2008). Zaribafan et al. (2017) investigated the effectiveness 
of three AOP methods including Fe2+/H2O2/UV (Photo-Fenton), O3/UV 
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and O3/UV/H2O2 to remove alkyl phenols from groundwater sources 
under optimized conditions. The O3/UV method with the removal 
efficiency of 84.16 % showed the best results. Miklos et al. (2018) 
observed that ozonation produced the best removal results against alkyl 
phenols in contaminated drinking water. However, it is important to note 
that the inherent differences between real samples require the 
achievement of optimization in the form of pilot studies prior to large-
scale implementation (Krishnan et al. 2016). 

Table 3. Effect of contact time on phenol removal efficiency under H2O2 
concentration of 400 mg/L. 

Phenol concentration, mg/L Contact time, h 

48.7 0.5 
43 1 

30.2 2 

Table 4. Effect of ozone injection time on phenol removal efficiency 
under optimal operating conditions. 

Phenol 
concentration, mg/L 

Ozone injection time, 
min 

16 20 
10 40 
4 60 
2 80 
2 120 

 
Fig. 4.  Phenol removal efficiency at different Ozone concentrations. 

 
3.4. The phenol removal efficiency 

Table 5. presents the effects of solution pH, contact time, H2O2 
concentration and O3 injection dose on phenol removal efficiency within 
the UV/H2O2/O3 processes. It should be noted that the initial 
concentration of phenol prepared was 100 mg/L. The highest phenol 
removal efficiency (75.7 %) occurred at the pH value of 4 and the phenol 
removal efficiency in the sample decreased with increasing pH value. 

Table 5. Removal efficiency of phenol tested under different 
experimental conditions 

Experimental 
conditions 

Test levels 
Phenol removal 

percentage 

pH 

4 75.7 

7 55 

10 51.8 

Contact time 

0.5 51.3 

1 57 

2 69.8 

H2O2 concentration 

100 25 

300 48 

400 57 

O3 concentration 

40 90 

60 96 

80 98 

Prolonged contact time caused more phenol concentration to be 
removed from the test sample, so that 69.8 % of the phenol 
concentration in the sample was reduced at the contact time of 2 hours. 
Shokouhi et al. (2009) also found that the removal efficiency increased 
with prolonging the time of the advanced oxidation process using O3 and 
elevating the exposure time in the UV irradiation method; in the 
advanced oxidation method using O3, the best removal efficiency (93.6 
%) was obtained at alkaline pH of 11, contact time of one hour and 
phenol concentration of 50 mg/L. In addition, the highest removal 
efficiency by UV irradiation method (32.4 %) was obtained under acidic 

conditions (pH=5) during one hour of exposure and phenol concentration 
of 50 mg/L. 

The highest phenol removal efficiency in the use of H2O2 was related 
to the H2O2 concentration of 400 mg/L, which was the most optimal 
condition and exhibited a removal efficiency of 57 %. The O3 also 
eliminated 98 % of the phenol in the sample in the best possible case. 

Mokrini et al. (1998) attempted to decompose phenol in aqueous 
solutions using advanced oxidation by O3/H2O2 mechanism. They were 
able to remove 70 % of phenol by applying the contact time of 60 
minutes, the pH value of 4.9, the H2O2 concentration of 0.319 mol.L-1 and 
the O3 injection dose of 0.2-0.3 g.h-1. Compared to the results of 
experiments performed in this study (98 % removal of phenol), while 
having a lower removal efficiency, it also used H2O2 simultaneously. 

Splugas et al. (2002) succeeded in removing 100 % phenol in a 
batch reactor using advanced oxidation with O3 mechanism and 
considering the flow rate of 2.5 L, the initial phenol concentration in the 
range of 93 to 105 mg/L, the contact time of 80 min and the pH value 9. 
Compared to the results obtained in the present study, their protocol is 
more efficient but requires more contact time. Using UV irradiation, the 
initial phenol concentration in the range of 93 to 105 mg/L, the contact 
time of 80 min and the pH value of 4, they managed to remove 24.2 % 
of phenol. Compared to the results obtained in this study (75.7 % phenol 
removal), while spending more contact time, they achieved lower 
removal efficiency. 

 
4. Conclusions 
 

Biological wastewater treatment systems may be disrupted for a 
variety of reasons such as toxic compounds, hydraulic activity, organic 
shock loads, operational interruptions and holidays, in which case 
achieving proper efficiency is time consuming and will result in economic 
losses. In biological treatment ponds, phenol acts as a toxin for 
microorganisms, which imposes shock and disrupts the biological 
treatment of wastewater. Due to the destructive and toxic effects of 
phenol on the activity of microorganisms in biological ponds and 
inhibiting their growth and spread, it is necessary to provide a suitable 
method to reduce the concentration of phenol and total hydrocarbons, 
indeed a preliminary pretreatment in wastewater treatment, one of the 
best of these methods is advanced oxidation processes. The use of 
ultraviolet (UV) irradiation and a suitable oxidizer such as hydrogen 
peroxide (H2O2) and ozone (O3) can be an effective approach to the 
removal of persistent organic pollutants (POPs) such as phenol. 
Therefore, the present study tried to remove phenol from petroleum 
refinery wastewater of Tabriz Petrochemical Company (Iran) through 
advanced oxidation process using UV/H2O2/O3. The research results 
confirmed the high efficiency of using this advanced oxidation process 
in removing phenol from laboratory scale samples. The advanced 
oxidation using ozone was more efficient than ultraviolet irradiation in 
phenol degradation. The use of ozone increased the phenol removal 
efficiency by 98 %. However, phenol removal efficiency increased in both 
methods by prolonging the contact time. Therefore, the results of this 
research can be performed as a pilot experiment in petrochemical 
refineries. 
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