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ABSTRACT 

Phenols are among the most common organic pollu-
tants because of their toxicity even at low concentrations. 
The effects of the retention time and the phenol concen-
tration on the stabilization pond efficiency in the treat-
ment of oil refinery wastewater were the purpose of this 
study, and hence the input of a pilot unit was varied in 
terms of phenol concentrations and retention time. The 
following parameters have been examined, NH4

+, PO4
3-, 

phenol, TCOD, SCOD, TBOD, SBOD and pH. The re-
sults showed that the average efficiency in the stabiliza-
tion ponds varied in the ranges 71.9 – 91.2%, 76.4 – 
93.3%, 68.4 – 91.7%, 75.9 – 93.7% and 77.6 – 98.0% for 
the removal of SCOD, TCOD, SBOD, TBOD and phenol, 
respectively. These results indicated that the phenol con-
centration and the retention time affected dramatically the 
anaerobic and facultative ponds performance, so that the 
system performance was significantly increased by decreas-
ing the phenol concentration and increasing the retention 
time. It can be concluded that stabilization ponds show fa-
vorable performance in removing organic compounds at 
various phenol concentrations and high retention times; this 
system can be therefore used to replace rather expensive 
and complex systems such as active sludge. 
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1. INTRODUCTION 

Phenol (C6H5OH) is a toxic aromatic hydrocarbon. 
Solid phenol is white but is mostly colored due to the 
presence of impurities [1]. At room temperature, phenol is 
a translucent, colorless, crystalline, white powder or syrupy 
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liquid on mixing with water. Phenol has a sweet tar like 
odor and is soluble in alcohol, glycerol, petroleum and also 
but to a lesser extent in water [2]. Phenol and its derivatives 
are among the most common organic pollutants because of 
their toxicity even at low concentrations [1, 3]; they can 
be found in wastewater of many chemical plants such as 
paper and pulp, pesticides, dyes, and chemical manufac-
turing industries. Besides, wastewater originating from 
other industries such as resin manufacturing, gas and coke 
manufacturing, tanning, textile, plastic, rubber, pharmaceu-
tical, oil refineries, ceramic, steel, coal conversion process-
es, phenolic resin industries and petroleum also contains 
various types of phenols [3-5]. Phenols are also present in 
domestic effluents and vegetation decay [5]. Therefore, 
wastewaters containing phenolic compounds present a seri-
ous discharge problem due to their poor biodegradability, 
high toxicity and ecological aspects [3].  
 

Phenol shows also significant health effects for hu-
mans. The manufacture and transportation of phenol as 
well as its many uses may lead workers to a high exposure 
to this substance through inhalation, ingestion, eye or skin 
contact, and absorption through the skin. Phenol is rapidly 
absorbed through the skin and can cause skin and eye burns 
upon contact. Comas, convulsions, protein degeneration, 
tissue erosion, paralysis of the central nervous system, 
cyanosis and death can result from an overexposure. Inter-
nally, phenol affects the liver, kidneys, lungs, and vascular 
system. The ingestion of 1 g of phenol is deadly for human 
[1, 6]. Therefore, they are considered as priority pollutants 
since they are harmful to organisms even at low concentra-
tions and many of them have been classified as hazardous 
pollutants because of their potential harm to human health 
[6]. According to the World Health Organization regula-
tion, 0.002 mg/l is the permissible limit for phenol con-
centration in potable water and the regulation by the Envi-
ronmental Protection Agency (EPA), call for lowering phe-
nol content in wastewater less than 1 mg/l [3]. Consequently, 
wastewater containing phenols and other toxic com-
pounds must be treated before discharge into the aquatic 
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environment to avoid legal problems [7]. Biological pro-
cesses, physical–chemical processes, adsorption process-
es, solvent extraction, chemical oxidation, membrane 
processes, reverse osmosis, ion exchange and electro-
chemical methods are the most widely used methods for 
removing phenol and phenolic compounds from waste-
water [1, 3]. Some problems, such as high cost, low effi-
ciency, formation of toxic by-products and applicability to 
a limited con-centration range are associated with the 
above methods. Contrarily, biological methods have little 
or no harmful effects on the environment, because these 
techniques do not involve the use of harmful reagents [8].  

Among the natural biological treatment systems avail-
able, stabilization ponds are one of the simplest natural 
biological processes [9]. Waste stabilization ponds or la-
goons offer the simplest solution for the treatment of indus-
trial and municipal wastewaters and are widely used in 
developing countries especially in rural areas [10]. Stabi-
lization ponds provide a cheap and attractive alternative to 
conventional processes, in case adequate land is available 
[11]. Nowadays, many wastewater stabilization ponds are 
efficiently used in different countries such as Ghana, Egypt, 
Portugal, Iran, Mexican, England, Nigeria and other coun-
tries for domestic and industrial wastewater treatment [12-
15]. Wastewater stabilization ponds have been used as a 
series of anaerobic and facultative maturation ponds in 
most parts of the world. In these systems, pollutants are 
removed from streams through settling operation or bio-
logical and chemical convert processes [10, 16]. Anaero-
bic ponds are the smallest units in the series. They are 
sized according to their volumetric organic loading, which  

are in the range of 100 to 350 g BOD5/m3 day, depending 
on the design temperature [17].The depth of anaerobic 
ponds is in the range 2−5 m and the Hydraulic Retention 
Time is usually between 2 and 5 days [17]. Anaerobic 
ponds work extremely well in warm climates: for example, 
a properly designed pond will achieve around 60 percent 
BOD5 removal at 20°C and over 70 percent at 25°C and 
above [11-13, 17]. 

Literature survey shows that there is no comprehen-
sive research on phenol removal from oil refinery 
wastewater by anaerobic stabilization pond system. There-
fore, the main purpose of the present study was to build an 
anaerobic pond at pilot scale and operating in continuous 
flow to understand the effect of retention time and phenol 
concentration on the anaerobic pond efficiency in the 
treatment of Kermanshah oil refinery wastewater. 

 
 
2. MATERIALS AND METHODS 

This study was undertaken using a laboratory scale 
stabilization pond consisting of anaerobic (0.2×1×1m) 
and facultative (0.2×1×1m) ponds of 400 L capacity and 
made of 6 mm fiberglass plate. The temperature of the 
ambient air was in the range of 25 to 42°C. The average 
temperature of ponds was kept to 21±2ºC. The considered 
hydraulic retention times of the anaerobic pond were 2 
and 5 days and hydraulic loads of this system were 40 and 
95 L/day. The hydraulic retention times of the facultative 
pond were 5 and 10 days, while the surface overflow of 
this pond was varied according to Table 1. Inlet of stabili- 

 
 
 

TABLE 1 - The surface overflow rates of the facultative pond according to the retention time and for various phenol concentrations  

Parameter 
Retention time 

(day) 
Phenol concentration (mg/l) 

0-28 30-70 90-130 150-200 100-140 200-260 
surface overflow 
(kgBOD/ha.day) 

5 66.97 89.97 37.89 51.83 63.11 80.58 
10 67.44 99.46 123 185.88 70.64 74.61 

 
  
 
 
 
 
 

 

 
 
  
 
 
 
 
 
 

FIGURE 1 - Schematic diagram of the system: anaerobic and facultative stabilization pond pilots 
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zation pond was placed 30 cm under the level of ponds' 
liquid. Full characteristics of the pilot ponds used are shown 
in Figure 1. The pond was daily loaded by the wastewater 
output of oil and grease separator unit of Kermanshah Oil 
Refinery. Results of initial tests to determine the quality 
of this wastewater are given in Table 2. For seeding and 
inoculation before the launch of the system, it was loaded 
with wastewater; 1.5 liters of sewage sludge and one liter 
of previously prepared sludge from the oil refinery plant 
was added to the system input after mixing and homoge-
nization. After 3 months of seeding, the stabilization pond 
system was ready for launching. To adjust the stabiliza-
tion pond loading within the defined ranges, in addition to 
increasing the amount of phenol, molasses was used so 
that the pond loading was adjusted to reach the specified 
amount for each stage simultaneous with the increase in 
the amount of phenol and molasses. To provide the re-
quired light for the facultative pond used, a 690 lux fluo-
rescent lamps were used which were turned on during 
12 hours per day, and the required aeration was supplied 
by an electric blower. Phenol was added to the input of 
the pilot at various concentrations (100, 200, 300, and 
400 mg/L), while both high (above 20ºC) and cold (lower 
than 10ºC) temperatures were considered. On each sam-
ple, NH4

+, PO4
3- and phenol were measured by means of a 

Varian spectrophotometer UV-120-20 model at 425, 690 
and 500 nm wavelengths, respectively. TCOD, SCOD, 
TBOD, SBOD and pH were also measured on each sam-
ple according to standard methods for the examination of 
water and wastewater [18]. 

 
TABLE 2 - Determined parameters of the output raw wastewater 
from the Kermanshah Oil Refinery 

Amount Parameter 
622 mg/l TCOD 
495 mg/l SCOD 
204 mg/l TBOD 
126 mg/l SBOD 
56 mg/l TSS 
44 mg/l VSS 
13.1 mg/l N-NH3 
69.6 mg/l Phenol 
7.9 pH 

 
Oxidation and reduction potential of pond were moni-

tored to maintain and provide anaerobic conditions. This 
parameter was determined using a Kent ORP meter (7020 
model with the Eil sensors). The phenol used was of ana-
lytical grade and was obtained from Merck (Germany). 
To check for possible phenol volatility, the pond's surface 
was isolated with a layer of paraffin and plastic cover and 
the system performance was then evaluated. Five consec-
utive samples showed that the performance rate of the 
anaerobic pond was almost the same in both open and 
closed conditions. After selected parameters were exam-
ined, the removal percentage (R %) of pollutants was 
calculated for each run by using Eq. (1): 

100% 



 


Ci

CeCi
R   (1) 

Where Ci and Ce were the initial and final concentra-
tions of pollutants in the solution, respectively. 

In this study, in total 5040 samples were measured for 
two retention times and 4 phenol concentrations. Descrip-
tive statistics were used for presenting data and analytical 
statistics (e.g. t-test, and ANOVA) were applied for com-
parison of the efficiency of the anaerobic stabilization 
pond for phenol removal for the various concentrations 
tested using SPSS ver.12 software. All sampling proce-
dures and parameters analysis were done according to 
standard methods for the examination of water and 
wastewater [18]. Operating conditions of the anaerobic 
pond system are based on Almasi and Pescod experiments 
[19]. 

  
 
3. RESULTS AND DISCUSSION 

Qualitative results of tests done on influents and ef-
fluents of anaerobic and facultative stabilization ponds are 
listed in Tables 3-6 and Figures 2 and 3. Tables 3 and 4 
show the wastewater characteristics of influent and efflu-
ent of anaerobic and facultative stabilization ponds for 
different retention times and different phenol concentra-
tions. Average removal efficiencies of the measured pa-
rameters for various phenol concentrations and various 
retention times of effluent from anaerobic and facultative 
stabilization ponds of Kermanshah oil refinery are dis-
played in Tables 5 and 6.  

It should be mentioned that during the study, pH val-
ues in influent of stabilization pond, effluent of anaerobic 
pond, and effluent of facultative pond were in the ranges 
7.5-8, 6.5-7.5, and 7.5-8.5 respectively. The dissolved oxy-
gen amount in the facultative pond was about 2-4 mg/l 
which led to excessive breeding of insects larva especially 
mosquitoes at the pond surface. The only alga in the fac-
ultative pond was Phormidium which is able to grow at 
high sulfur concentrations. It can be observed that the 
smell of oil which was detected in the raw wastewater and 
the anaerobic pond was removed in the effluent system. 
Furthermore, the average ORP value of the anaerobic 
pond (ORP <- 246) proved the anaerobic conditions for 
the four different concentrations of phenol at the two 
retention times, 2 and 5 days, in the anaerobic pond. 

Statistical analysis of the data was indicative of the 
fact that the independent parameters (phenol concentra-
tion and retention time) have dramatically affected the 
anaerobic and facultative ponds performance in oil refin-
ery wastewater treatment, so that the system performance 
was significantly increased by decreasing the phenol 
concentration and increasing the retention time (P<0.001). 
The results showed that the average efficiency in the 
stabilization ponds for the removal of SCOD, TCOD, 
SBOD, TBOD and phenol were the highest for 5 days 
retention time in the anaerobic pond, 10 days in the facul-
tative pond and 100 mg/L phenol concentration leading to 
91.2, 93.3, 91.7, 93.7, 98.0% removal, and the lowest for 
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2 days retention time in the anaerobic pond, 5 days in the 
facultative pond and 400 mg/L phenol concentration, 

leading to71.9, 76.4, 68.4, 75.9, 77.6% removal, respec-
tively (Figures 2 and 3, Table 5 and 6). 

 
 
TABLE 3 - Wastewater characteristics of the influent and the effluent of the anaerobic and the facultative stabilization ponds for various 
phenol amounts and retention times of 2 and 5 days for anaerobic and facultative ponds 

phenol )mg/l(  4PO 

)mg/l(  
3NH 

(mg/l)  

COD (mg/l)   
 

BOD5 (mg/l)  
influent 

concentrations 
of phenol 

)mg /l( 

Parameter  
SCOD  TCOD  SBOD TBOD 

170.22±20.81 1.72±0.82 13.7±5.16 510.95±78.65 651.007±79.85 131.24±26.73 210.63±31.26 100 

in
fl

ue
nt

 

261.71±12.41 2.22±0.61 18.61±2.87 639.25±63.78 773.72±55.88 178.56.26.27 249.59±21.86 200 

363.8±16.85 2.54±0.34 17.38±3.76 703.35±98.65 857.35±98.65 198.86±31.91 277.36±31.91  300  

464.18±17.99 2.62±0.39 18.38±3.76 804.2±84.88 966.1±84.88 218.65±17.66 302.06±17.66  400  

17.34±8.78 0.61±0.33 5.69±3.03 136.17±73.36 162.76±91.72 40.8±16.04 59.83±20.31  100 

E
ff

lu
en

t o
f 

an
ae

ro
bi

c 
po

nd
 

76.9±13.37 0.9±0.26 10.6±2.6 214.59±45.06 239.59±43.77 60.64±13.58 81.84±15.67  200 

132.63±16.75 1.36±0.24 10.54±2.22 301.62±54.41 319.36±55.79 79.45±17.22 105.74±13.4 300 

205.15±25.4 1.52±0.27 12.25±2.24 407.08±56.41 429.24±57.26 110.51±22.84 140.82±22.84 400  

9.11±4.63 0.53±0.28 1.98±0.91 69.74±37.79 79.83±44.91 23.06±8.95 28.86±9.89  100 

E
ff

lu
en

t o
f 

fa
cu

lt
at

iv
e 

po
nd

 

62.29±16.74 0.76±0.23 3.07±0.82 108.08±24.39 111.88±30.06 39.05±9.83 38.52±8.03  200 
104.09±16.74 1.11±0.24 7.19±2.22 161.65±54.4 168.22±55.95 35.02±17.22 54.87±13.4 300 
104.09±25.42 1.23±0.27 8.95±2.2 226.55±56.41 227.52±57.27 68.97±21.72 72.82±2.84 400 

 
 
 
 
TABLE 4 - Wastewater characteristics of the influent and the effluent of the anaerobic and the facultative stabilization ponds for various 
phenol amounts and 5 and days retention times in the anaerobic and the facultative ponds 

 )mg/l(Phenol 
PO4 

 )mg/l(  
NH3 

(mg/l)  

COD (mg/l)   
 

BOD5 (mg/l)  
influent 

concentrations of 
phenol 

)mg /l(  

Parameter  
SCOD  TCOD  SBOD TBOD 

171.71±12.39 2.46±0.47 16.38±2.18 1435.46±199.66 1586.06±199.66 418.67±34.8 500.07±34.81 100 

in
fl

ue
nt

 

266.44±9.65 2.64±0.46 20.7±3.01 1608.49±69.18 1873.49±69.18 494.88±20.21 418.67±34.8 200 
369.38±14.3 2.74±0.4 20.19±4.4 1780.35±63.26 2061.85±63.26 513.74±20.21 658.74±20.21  300 

464.42±15.44 2.78±0.41 19.33±3.83 2171.2±245.73 2378.56±255.26 630.6±65.61 717.36±65.61  400 
11.01±1.8 0.73±0.17 6.39±1.06 303.62±56.82 316.32±69.42 96.92±10.69 106.48±16.98  100 

E
ff

lu
en

t o
f 

an
ae

ro
bi

c 
po

nd
 

48.9±13.37 0.9±.025 9.04±2.01 424.88±43.74 440.38±43.74 138.94±15.67 157.84±15.67  200 
113.05±11.17 1.27±0.21 10.08±2.24 554.3±15.41 567.3±15.41 170.4±15.42 194.3±15.43 300 

180.5±10.5 1.38±0.2 11.45±2.14 897.14±119.97 900.67±124.8 271.6±33.72 293.5±33.72 400 
3.45±1.53 0.66±0.16 1.94±1.05 125.5±46.92 106.06±55.95 34.81±11.43 31.66±10.99  100 

E
ff

lu
en

t o
f 

fa
cu

lt
at

iv
e 

po
nd

 

14.44±7.6 0.78±0.26 2.81±1.52 159.88±48.73 159.74±48.95 44.76±17.46 39.84±5.30  200 
36.05±11.17 1.21±0.21 4.08±2.04 215.3±15.41 205.3±10.23 58.4±15.41 57.40±13.72 300 
91.5±10.5 1.26±0.2 5.18±1.4 450.14±119.97 478.67±123.76 120.6±53.13 129.5±33.72 400  

 
 
 
TABLE 5 - Mean removal efficiency of the measured parameters in the effluent of the stabilization pond of Kermanshah oil refinery (reten-
tion times of 5 and 10 days for the anaerobic and the facultative ponds) 

Parameter  

phenol concentration of 
100 mg/l 

phenol concentration of 
200 mg/l 

phenol concentration of 
300 mg/l 

phenol concentration of 
400 mg/l 

P-value 
Anaerobic 

pond 
facultative 

pond 
Anaerobic 

pond 
facultative 

pond
Anaerobic 

pond 
facultative 

pond 
Anaerobic 

pond 
facultative 

pond 

BOD (%) 
TBOD 78.7 70.26 73.32 74.76 70.52 70.45 59.13 55.87 <0.001 
SBOD 76.84 64.08 71.84 67.78 66.85 65.72 56.96 55.59 <0.001 

COD (%) 
TCOD 80.18 66.47 76.44 63.72 72.47 63.81 62.12 46.85 <0.001 
SCOD 78.89 58.66 73.51 62.37 68.84 61.15 58.67 49.82 <0.001 

NH3 (%) 61.08 69.64 56.22 68.91 49.12 59.52 40.21 54.76 <0.001 
PO4 (%) 70.09 9.59 65.19 13.33 53.16 4.72 49.73 8.69 <0.001 

Phenol (%) 93.58 68.66 81.63 70.47 69.38 68.11 61.12 49.3 <0.001 
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TABLE 6 - Mean removal efficiency of the measured parameters in the effluent of the stabilization pond of Kermanshah oil refinery (reten-
tion times of 2 and 5 days for the anaerobic and the facultative ponds) 

Parameter  

phenol concentration of 
100 mg/l 

phenol concentration of 
200 mg/l 

phenol concentration of 
300 mg/l 

phenol concentration of 
400 mg/l 

P-value 
Anaerobic 

pond 
facultative 

pond 
Anaerobic 

pond 
facultative 

pond
Anaerobic 

pond 
facultative 

pond 
Anaerobic 

pond 
facultative 

pond 

BOD (%) 
TBOD 71.75 51.76 67.02 52.93 61.69 48.11 53.5 48.28 <0.001 
SBOD 68.95 43.48 65.3 35.6 59.83 55.92 49.67 37.59 <0.001 

COD (%) 
TCOD 74.99 50.95 68.95 53.3 62.83 47.32 55.63 46.99 <0.001 
SCOD 73.34 48.78 66.26 49.63 57.14 46.4 49.41 44.35 <0.001 

NH3 (%) 59.91 69.95 43.39 71.03 39.03 38.78 32.54 26.93 <0.001 
PO4 (%) 64.34 13.11 58.23 15.55 46.41 18.38 41.15 19.07 <0.001 

Phenol (%) 89.82 47.46 70.53 47.71 63.47 49.2 55.86 49.26 <0.001 
 
 
 
 

 
FIGURE 2 - Mean removal efficiency of the measured parameters for 5 days retention time and various phenol amounts in the stabilization 
pond treating the effluent from the Kermanshah oil refinery 
 
 
 

 
FIGURE 3 - Mean removal efficiency of measured parameters in different concentrations of phenol and retention time of 10 day in stabiliza-
tion pond effluent of Kermanshah oil refinery 
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The results showed that the independent parameters 
have affected the stabilization ponds performance in oil 
refinery wastewater treatment. It seemed that the main 
reason of decreasing phenol removal from the stabiliza-
tion pond for increasing phenol amounts was most likely 
due to toxic effects of phenol for algal species and phe-
nol-degrading bacteria. Domestic wastewater and oil 
refinery wastewater were combined in this work, and 
consequently several kinds of algae were found in the 
facultative pond which was due to the reduction of sulfur 
content in the influent. The wastewater of oil refinery was 
then discharged to the facultative pond separately; hence 
and despite the perfect conditions for algal growth in the 
facultative pond, only Phormidium alga species was ob-
served which was due to its resistance to high sulfur con-
centrations in the influent. 

If compared to other findings, such as those of Ma-
hassen and Azza [20], the anaerobic stabilization pond 
showed a higher efficiency, since COD, BOD5 and PO4

3- 
removal efficiency by the anaerobic and the facultative 
ponds were 28.9, 22.2, 16.9% and 48.9, 50.6, 47.8% re-
spectively. According to these results, it can be inferred 
that biochemical reactions in the anaerobic pond can 
convert significant amount of recalcitrant COD, particu-
larly cyclic hydrocarbons such as phenol, to biodegrada-
ble organic compounds. Indeed, in such process the  
possibility of increasing the BOD is provided. Therefore, 
the BOD values increased in the system and thus it 
seemed that the BOD removal efficiency in anaerobic 
ponds was low. In other words, removal of BOD in  
facultative and aerobic ponds was higher than in anaero-
bic ponds. 

Moussavi et al. [21] proved that the removal effi-
ciency of COD and Phenol by using biological methods 
was equal to 34.7 and 28.1%, respectively, which is simi-
lar to the proportion of COD removed in the facultative 
pond of the present study for a retention time of 5 days. 
Vazquez et al. [22] used aerobic biodegradation system 
for phenol removal and their results showed that the re-
moval efficiency of COD, phenol and Ammonia-N were 
75%, 98%, and 71%, respectively. Also, Uygur et al. [23] 
showed that increasing the phenol concentration, the 
performance of SBR system for COD, Ammonia-N and 
phenol removal decreased, so that the maximum removal 
yields of COD, Ammonia-N and phenol were 95%, 90% 
and 90 % respectively, which were observed at low phe-
nol concentration, in agreement with the present results. 
Indeed, the highest removal yields for COD and phenol 
were 93.3% and 88.2% in the anaerobic pond and 73.2 
and 98.0 % in the facultative pond for 5 and 10 days re-
tention time respectively and 100 mg/l initial phenol 
amount. Naddafi et al. investigated on the performance of 
aerated lagoons for industrial wastewater treatment and 
showed that the removal of BOD5 and COD was equal to 
73.5% and 89.95 %, respectively [24]. Mohammadyari 
and Balador (2008) studied the efficiency of mobiling bed 
biofilm reactor for the treatment of combined industrial 

and municipal wastewater at various retention times and 
several pollution loads [25]. About 76 % of COD was 
removed in the worst conditions and the high efficiency 
of the system for COD removal was attributed to the 
combination of industrial and municipal wastewater 
which limited adverse shocks to the treatment system 
[25]. Abdelwahab et al. [26] obtained 94.5 % of phenol 
removal from oil refinery wastewater by using an electro-
coagulation method. Moussavi et al. [27] proved that 
application of moving-bed sequential continuous-inflow 
reactor (MSCR) can remove 99% and 96 % of phenol and 
COD, respectively. Khan et al. [28] showed that the re-
moval rate of COD and phenol by using aerobic granular 
technology was equal to 94% and 95 % respectively, 
which appeared similar to the results of the present study 
at low phenol concentration. Gheisari et al. [29] obtained 
35% and 61% COD and BOD5 removal in anaerobic 
lagoon and activated sludge process section during the 
treatment of wastewater from the dairy industry, and the 
total removal for the whole system was approximately 96 
%. Although the total removal was greater than the facul-
tative pond of the present study, it was nearly similar to 
the global efficiency of the whole system considered in 
this study. In recent years, research on various methods of 
biological treatment including biodegradation of oil refin-
ery effluents in a rotating biological contactor (RBC) pilot 
was performed. Results indicated that the TCOD removal 
efficiency by this system was 99% [30]. Moussavi et al. 
[31] used an aerobic granular sludge batch reactor system 
(AGSBR) for the removal of phenol from wastewater and 
showed more than 99 % removal of phenol and COD. It 
was also shown that emulsion liquid membrane system 
(ELM) can remove 97 % of phenol from wastewater [32]. 

Alemzadeh et al. [33] showed that phenol removal ef-
ficiency from oil refinery effluent using a laboratory-scale 
RBC system was 99.9%. Rahmani’s et al. study [34] 
showed that the highest efficiency of phenol removal (50 
mg/l initial concentration) was obtained using the 
UV/TiO2 process (80%); however, this technology used is 
expensive and requires some technical proficiency; con-
trarily to the technology used in this study, which is the 
simplest and the most flexible environmental technology. 
Using a laboratory-scale facultative stabilization pond to 
treat high phenol content wastewaters, the highest and 
lowest removal rates were related to 1000 (92%) and 
4000 (22%) mg/l concentrations, respectively [35], but no 
independent result was found regarding phenol removal in 
an anaerobic pond. Nahid et al. showed that increasing the 
phenol concentration within the range 0-200 mg/l, the 
COD removal rate is reduced due to a toxic effect of phe-
nol on the microbial activity [36]. Gonzalo et al. [37] 
showed that the phenol removal efficiency from synthetic 
wastewater in anaerobic continuous fluidized-bed biore-
actor (6 h retention times) was in the range of 85 to 96 %. 
Avelar et al. [38] showed that increasing the concentra-
tion of phenol in influent wastewater reduced the removal 
efficiency of the pond. 
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Optimal conditions resulting from this study was eval-
uated considering the performance of anaerobic and facul-
tative ponds in oil wastewater treatment and the decrease 
in the phenol concentration in the output. The highest effi-
ciency of phenol removal in this study was obtained for 
phenol concentration of 100 mg/l (98.0%) for 10 days 
retention time, which was above UV/TiO2 and ELM pro-
cesses, while less than RBC and AGSBR biological sys-
tems. The remarkable level of efficiency achieved should 
however be noted, since in the stabilization pond phenol 
was removed up to permissible standards of discharge 
into the environment for all considered phenol amounts. 

The DOW chemical company (Midland, Michigan) has 
shown that phenol can be used as nutrient by bacteria 
(without having toxic effects on bacteria up to 500 mg /l 
concentration). Studies with this compound and also with 
formaldehyde have already determined the toxicity thresh-
old limit for the mentioned bacteria. Below the toxicity 
threshold, bacteria use phenols as nutrient, while above 
the toxicity threshold level, phenol entails extremely toxic 
effect on them and hence adapted microorganisms should 
be used [39]. It can be therefore concluded that with the 
increase in phenol concentration, the anaerobic stabiliza-
tion pond system performance is reduced due to the in-
creased toxicity of phenol. 

In brief, it can be concluded that, if properly operated, 
stabilization ponds show favorable performances in re-
moving phenol in a wide range of concentrations and a 
wide range of retention times. 

 
 
4. CONCLUSIONS 

Considering the good characteristics of this system, 
such as flexibility, ease of performance, simplicity of opera-
tion and relatively good efficiency, this system can be 
used as a replacement for rather expensive and complex 
systems such as active sludge, etc. Finally, apart from the 
decrease in the efficiency of stabilization ponds in remov-
ing organic carbon materials and consequently reducing 
the amount of phenol (for low initial amounts, 400 mg/l), 
the stabilization pond system appears an option with proper 
cost-effectiveness and can be therefore employed for 
wastewater treatment of petrochemicals and oil refinery 
wastewaters containing phenol.  
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