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Introduction 

    Phenol, which has a sweet taste and tar-like 
odor, is one of the hydroxy compounds of 
aromatic hydrocarbons. Its molecular weight is 
94.11 g/mol and it is soluble in organic solvents 
[1,2]. Phenol is one of the most common organic 
pollutants and can range from one to several 
hundred mg [1,3]. Various industries generate 
phenol, including petroleum refineries, chemical 
and petrochemical plants, coke ovens, foundry 
operations, pulp and paper plants, and 
pharmaceutical manufacturers [4,5]. 
    Phenols are also present in domestic 
wastewater discharges [6]. Therefore, wastewaters 
containing phenolic compounds can cause serious 
water pollution owing to their ecological aspects, 
poor biodegradability, and high toxicity [3]. The 
maximum permissible concentration of this 
pollutant in potable water is 0.002 mg/L. 
According to the Environmental Protection 
Agency (EPA), the maximum permissible 
concentration of phenol in wastewaters must be 

less than 1 mg/L [3]. 
     Various methods have been widely applied for 
removing phenol and phenolic compounds from 

wastewaters, such as chemical oxidation, 
physicochemical reaction, adsorption, and 
biological treatment [1,3]. Biological treatment is a 
practical and low-cost solution for treating 
phenolic compounds compared with chemical 
methods; in biological treatments, various 
populations of microorganisms in the activated 
sludge are able to degrade the phenol [7]. Waste 
stabilization ponds (WSPs) are a cost-efficient 
method for both industrial and municipal 
wastewater treatment, especially in developing 
countries [8]. Nowadays, WSPs have been used in 
many parts of the world as a series of anaerobic, 
facultative, and maturation ponds [9–11]. Anaerobic 
ponds are the smallest units in the series that 
operate without the presence of dissolved oxygen. 
Under anaerobic conditions, the major products 
are CO2 and CH4 [12]. They are sized according to 
their volumetric organic loading, which may 
receive volumetric organic loadings in the range 
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ABSTRACT 
 

Phenol is toxic, carcinogenic, and carcinogenic, and a teratogenic. Therefore, 
remove phenol from oil refinery wastewater before it is discharged. The main 
objective of the present investigation was to evaluate the effect of temperature 
and phenol concentration on anaerobic waste stabilization pond (WSP) efficiency 
for the treatment of oil refinery wastewater. In this study, phenol concentrations 
of 100, 200, 300, and 400 mg/L and a temperature range of 10°C–13°C were 
surveyed. Parameters such as phenol, COD, and BOD pH were investigated. Out of 
these parameters, phenol concentration and temperature were found to affect 
WSP efficiency. The efficiency of the anaerobic WSP increased when the phenol 
concentration decreased. Results also showed that the efficiency of the anaerobic 
WSP in low temperatures decreased. Hence, the efficiency of anaerobic ponds for 
the the removal of phenol from oil refinery wastewater is improved when 
temperatures are high and phenol concentrations are low. 
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100 to 350 g BOD5/m3. day, depending on the 
design temperature. Anaerobic ponds are 
designed to have a depth of 2–5 m, a hydraulic 
retention time (HRT) of 2–5 days, and an optimum 
pH of less than 6.2 [13,14]. The main aim of the 
present study was to design an anaerobic pond at 
pilot scale for treatment of the Kermanshah oil 
refinery’s wastewater. 

Materials and Methods 

    This experimental study was carried out at pilot 
scale (Fig. 1).  The WSP had a volume of 200 liters 
and was made of fiberglass plating. Experiments 
were performed at ambient air temperatures 
ranging from 10°C to 13°C. The average 
temperature of the pond was kept at 11±2°C. In 

this study, the HRT of the anaerobic pond was 5 
days and the hydraulic load of the system was 40 
L/day. The anaerobic pond’s inlet was positioned 
30 cm below the pond’s surface. The pond was 
loaded daily with the wastewater output from the 
oil and grease separator unit at the Kermanshah 
oil refinery. The Kermanshah oil refinery’s raw 
wastewater contained a COD = 622 mg/L, a BOD5 
= 204 mg/L, and a pH = 7.9. Before the launch of 
the system, it underwent seeding and inoculation 
measures. A seeded sludge was prepared by 
adding 1.5 liters of sewage sludge and a liter of 
previously prepared sludge from the oil refinery 
plant to the system’s input before loading the 
system with wastewater. The WSP was ready for 
launching after 3 months of seeding. To adjust the 
anaerobic pond’s loading within the defined 

ranges and increasing the amount of phenol, 
molasses was used. The pond’s loading was 
adjusted proportionally to the specified amount 
for each stage simultaneous with the increase in 
amounts of phenol and molasses. In this study, 
phenol was added to the pilot’s input in various 
concentrations (100, 200, 300, and 400 mg/L). 
Then, phenol was measured for each sample using 
a Varian spectrophotometer (model UV-120-20) 
at wavelengths of 500 nm. Also the COD, BOD, and 

pH were measured for each sample. The chemicals 
were purchased from Merck Co., Germany. To 
clarify the phenol volatility theory, the pond's 
surface was isolated with a layer of paraffin and 
plastic cover and the system’s performance was 
evaluated. 

 

Figure 1. Schematic diagram of pilot anaerobic 
stabilization pond system 

      Five consecutive samples showed that the 
performance rate of the anaerobic pond is almost 
equal in both open and closed conditions. After 
selected parameters were determined, the 
removal percentage of the pollutants under study 
was calculated for each run. In this study, 2400 
samples were measured. Descriptive statistics 
used for presenting data and analytical statistics 
(e.g., t-test and ANOVA) were applied for 
comparison of the WSP’s efficiency in the removal 
of different phenol concentrations using SPSS ver. 
12. All sampling procedures and parameter 
analyses were carried out according to standard 
methods [15]. Operational conditions of the 
anaerobic pond system are based on experiments 
by Almasi and Pescod [16].  

Results 

Table 1 shows the Kermanshah oil refinery’s 
wastewater characteristics of the anaerobic WSPs’ 
influent and effluent at low temperatures for 
treatment. 

The anaerobic conditions during the process 
were confirmed by oxidation-reduction potential 
(ORP-246). Regarding the system’s loading 
volume at cold temperatures, the concentrations 
were 100, 118.55, 131.74, and 143.48 
grBOD5/m3.day, respectively. The standard 
loading volume of anaerobic ponds is 100–400 
grBOD5/m3.day. 

Results indicated that the studied parameters 
including phenol concentration dramatically 
affected the WSP’s efficiency in oil refinery 
wastewater treatment (Fig. 2).  

Specifically, the system’s the system’s efficiency
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Table 1. Wastewater characteristics of influent and effluent of anaerobic stabilization pond in different concentrations 

of phenol 
Parameter Phenol concentrations (mg/l) 

100 200 300 400 
 Effluent influent Effluent influent Effluent influent Effluent influent 

pH 7.07±0.3 7.9±0.5 7.1±0.3 7.95±0.3 7.1±0.2 7.9±0.3 7.18±0.3 7.95±0.3 

BOD5 292±26 521±25 365±29 607±29 427±23 680±23 529±38 740±60 

COD 
850±121 1613±203 1091±105 1902±71 1316±57 2085±64 1691±194 2406±254 

Phenol (mg/l) 
95±12 176±12 174±10. 272±9 262±15 373±14 367.3±1 466.6±15 

Volumetric 
Loading rate 
(grBOD5/m3.d) 

- 104.2 - 121.54 - 136.01 - 148.12 

TCOD/TBOD 2.92 3.09 2.98 3.13 3.08 3.06 3.19 3.25 

 

 
Figure 2. Efficiency of anaerobic pond of Kermanshah 

oil refinery in different concentrations of phenol 

Discussion  

    The current study’s results showed that the 
removal of BOD5 and COD from urban sewage by 
an anaerobic WSP had efficiencies of 45% and 
50%, respectively. In Papadopoulos study, the 
COD/BOD ratio in the system’s input and output 
were 2.07 and 2.05, respectively [17]. In our study, 
the increase of COD removal compared with BOD  
removal can be attributed to the multiphase state 
of the oil wastewater, in which layers have settled 
along the surface and are potentially volatile. 
Moreover, some of the layers are separated from 
the liquid owing to their hydrophobic property 
and precipitate in the water column of the reactor 
or remain suspended in the liquid column. 
Another advantage of this system is the 
biodegradation of resistant materials. Owing to 
bacterial hydrolysis, these compounds are 

converted into catechol, aldehydes, and acids, and 
they can be degraded by a WSP. For this reason, 
besides the higher removal of COD in the reactor 
effluent compared with BOD5, the COD/BOD5 
ratios were identical in both the input and the 
output of the anaerobic bioreactor. These results 
are consistent with the study by Papadopoulos et 
al. [17]. The closeness of our study’s results in BOD5 
and COD removal in relation to the results of other 
authors like Mara [18] and Azbar [19] is evident. 
Almasi and Pescod have shown that the rate of 
BOD5 and COD removal under cold conditions 
were 62.3% and 48.95%, respectively [16]. The 
results of the study conducted by Gao et al. 
showed that in domestic wastewater, the COD 
removal efficiency decreased with decreasing 
temperature [20]. 
     In recent years, research on various methods of 
biological treatment, including the biodegradation 
of oil refinery effluents in a pilot-scale rotating 
biological contactor (RBC), has been performed. 
Results indicated that the TCOD removal 
efficiency by this system was 99% [20]. Also, results 
of the study by Alemzadeh et al. showed that 
phenol removal efficiency from oil refinery 
effluent using a laboratory-scale RBC system was 
99.9% [21]. On the other hand, the results of the 
study by Rahmani et al. showed that the highest 
efficiency of phenol removal with a 50 mg/L initial 
concentration was obtained using a UV/TiO2 
process (80%) [22]. It is worth mentioning that the 
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technology used in the abovementioned study is 
expensive and requires specialized experts, 
whereas our study utilized the simplest and most 
flexible environmental technology. In a study by 
Ramos et al. using a laboratory-scale facultative 
stabilization pond in which wastewater with high 
phenol content was used to remove different 
concentrations of phenol, the results showed that 
the highest and lowest rates of phenol removal 
relates to 1000 mg/L (92%) and 4000 (22%) 
mg/L concentrations, respectively [23]; for the use 
of anaerobic ponds for phenol removal, however, 
no independent study was found. The optimal 
conditions resulting from this study were 
evaluated considering the performance of 
anaerobic ponds in oil wastewater treatment and 
the decrease in the output’s phenol concentration. 
The highest efficiency of phenol removal in this 
study was obtained from a phenol concentration 
of 100 mg/L (93.58%) after 5 days. 
    According to the results, we can conclude that 
increases in phenol concentration reduce an 
anaerobic stabilization pond’s system 
performance owing to the increased toxicity of the 
phenol on bacteria when treating oil refinery 
wastewater. 
    The results showed that in cold conditions, the 
efficiency of an anaerobic pond in oil wastewater 
treatment with different concentrations of phenol 
is relatively low. This can be related to the low 
growth activity of microorganisms and the slow 
reaction rate of the decomposition of dissolved 
materials by them. Besides, phenol as part of 
organic compounds forming BOD5 and COD is 
dissolved into solution and lacks the potential of 
sedimentation in anaerobic ponds; this finding is 
consistent with the study by Saqqar and Pescod 
[23]. On the whole, it can be concluded that 
anaerobic stabilization ponds, if properly 
operated, show favorable performance in 
removing organic compounds at different phenol 
concentrations in warm temperatures. 

Conclusion 

     Considering the advantages of WSP systems, 
such as flexibility, simplicity of operation, and 
relatively high efficiency, it is evident that they can 
provide a better alternative when compared with 
expensive and complex systems. Since the WSP’s 

efficiency for removing phenol and phenolic 
compounds was better in comparison with the 
conventional biological treatment method, it can 
be concluded that anaerobic pond systems, which 
are a cost-effective option, can be employed for 
the treatment of petrochemicals and oil refinery 
wastewaters containing phenol. 
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