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Phenol removal from oil refinery wastewater using anaerobic stabilization pond
modeling and process optimization using response surface methodology (RSM)
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ABSTRACT

Oil refinery process releases toxic pollutants into aqueous environment. Phenol and its derivations as
the most important pollutants pose severe environmental concern. In this study, the rectangle anaer-
obic stabilization pond (ASP) consisting of feed tank with workload of 60 Lit (1 x 0.2 x 1) meter of
phenol was used. This study evaluated the interactive effect of phenol concentration (200-400 mg/1),
temperature (8-24°C) and Hydraulic retention time of (HRT) (2-5 d) on the efficiency of anaerobic
stabilization pond for oil refinery wastewater treatment. In this study, experiments were carried out
based on central composite design (CCD) and analyzed and modeled by response surface method-
ology (RSM) aimed at demonstrating the operating variables and also the interactive effect of three
independent variables on 7 responses. The maximum removal efficiency of SCOD, TCOD, SBOD and
TBOD were 66.26, 68.95, 65.3 and 67.02%, respectively, at phenol concentration of 200 mg/L, HRT of
2 d, and temperature of 24°C. Generally, the ratio of N/P varied between 6.69-9.12 and 7.04-12.93,
respectively, in influent and effluent of anaerobic stabilization pond. The maximum phenol removal
efficiency reached 70.53% and 81.63% at phenol concentration of 200 mg/L, temperature of 24°C with
HRT (2 and 5 d), respectively. The phenol removal efficiency was significantly influenced by increas-
ing the temperature compared to decreasing the phenol concentration. The result indicated that the
anaerobic stabilization pond was a capable biological treatment process that could achieve the mod-
erate removal of oil refinery wastewater.
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1. Introduction

Crude oil refinery plants are considered among the envi-
ronmental polluting industries that discharge annually large
volume of effluent from various processing units into waste-
water treatment plants [1]. In Petroleum refinery, crude oil
is processed and transformed into 2500 more useful refined
products including, diesel fuel, gas oil, gasoline, kerosene,
petroleum oils, etc [2]. The quantity and characteristics of

*Corresponding author.

generated wastewater in oil refinery plant depends on the
type of processing unit that regularly contains the pollut-
ants such as phenol, benzene, heavy metal, nutrient , etc [3].
Industrial effluent contains toxic pollutants that are intro-
duced into aqueous environment and wastewater treatment
plant, repeatedly [4]. So far water pollution through organic
and inorganic substances as a result of industrial activities
in oil refinery has posed severe difficulties and challenges
for public health [5]. Among these pollutants, phenol is of
great importance, given that phenol and its derivations
have been considered as serious environmental concern that
causes extreme toxicity impact to human beings, air and
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soil ecology as well [6]. Phenol inhibited the synthesis and
replication of DNA in cell, and additionally as noted in the
studies, it prevented from the reparation of DNA in diploid
human fibroblast [5]. Phenol has been placed in the list of
the most important pollutants according to Environmental
Protection Agency (EPA) and European Agency (EU) due to
its high toxicity, persistence, bio accumulative and improper
organoleptic characteristics [7]. Such a practical and environ-
mental-friendly technology should be considered for phe-
nol removal before discharging to the environment due to
actually numerous threats of phenol compounds to human
health and environment [8]. Currently, petrochemical refin-
ery industry emphasizes techniques particularly cost-effec-
tive and high-efficiency wastewater treatment technology
[9]. It should be taken into account that toxicity of residual
petroleum products, significant quantities of industrial efflu-
ent, poor biodegradability of oil compounds and leaching
base on environmental standard have created the major con-
cern [10]. The result of various studies revealed that micro-
organisms in biological systems are developed as bacterial
community against the environmental destructive effects,
like biomass against the wastewater toxicity [11].

Stabilization pond has been regarded as one of the
most efficient biological treatment processes, it is especially
appropriate in tropical and subtropical regions [12]. Gen-
erally, the efficiency of stabilization ponds depends on the
environmental condition such as ample sunlight and tem-
perature as the key factors and precipitation, evaporation
and presence of toxic pollutants as well [13]. Optimization
of the process variables is necessary to attain the optimal
removal efficiency. The usual experimental design needs
a large number of experiments resulting in some time and
economical problems. Therefore, it can be administered
using the statistical experiments design that minimizes the
number of experiments [14]. The objective was to optimize
the responses which were affected by independent vari-
ables and their interaction, given the experimental design.
In this study, the experiment was designed based on cen-
tral composite design (CCD) and was analyzed by response
surface methodology (RSM), that provided proper statisti-
cal tools aimed at designing and analyzing experiments for
process optimization [15].

Present study, modeled and analyzed oil refinery waste-
water treatment by anaerobic stabilization pond using RSM,
that analyses the simultaneous effect of three independent
variables (phenol concentration, HRT and temperature) on
7 parameters as responses (SCOD, TCOD, SBOD,, TBOD,
N-NH,, P-PO, and Phenol.

2. Method and materials
2.1. Chemicals

All chemicals and reagents were prepared with purity
of 99.99% purchased from (Merck Co. Germany). It should
be noted that deionized water which was procured in lab-
oratory was used to prepare the desired standard solution.

2.2. Type of wastewater

Wastewater was procured from separator unit effluent
in oil refinery process plant, Kermanshah, Iran.

2.3. Start up and operation of anaerobic stabilization pond

A pilot scale of anaerobic stabilization pond was used
in this study, composed of feed tank with V workload of
60 L and equipped with valve disk aiming at flow adjust-
ment. The rectangle stabilization pond with dimensions of
1 x 0.2 x 1 m, was completely sealed to prevent from oxy-
gen entrance. The wastewater was fed into stabilization
pond with HRT (2 and 5 d), based on 95 and 40 L/d of
influent, respectively. The stabilization pond was seeded
with 1.5 L of sludge seed taken from municipal wastewa-
ter plant that had been equalized and mixed. The micro-
organism acclimation to achieve the steady state of system
was lasted for about 90 d. The stabilization pond was fed
in bath process by combination of molasses and refinery
oil wastewater aimed at regulating the organic load rate
of system. The molasses wastewater was provided by
sugar production factory, Kermanshah, Iran. The molas-
ses wastewater contains the COD and BOD,; levels of 2400
mg/L and 1680 mg/L, respectively.

2.4. Chemical analysis

In present study, composite sampling was done every
2 h, which was immediately transferred to laboratory and
was kept in refrigerator (2-4°C). Analytical laboratory test
was done on collected samples. Chemical oxygen demand
(COD) was measured based on closed reflex method (Jen-
way, Hach USA DR 5000), (Method 5220C). Biological oxy-
gen demand (BOD,) was measured for five days according
to titrimetric method (Method 5210B). pH was analyzed
using pH meter (Digimed model DM-20, Digicron Analiti-
caLtda, Sdo Paulo, Brazil). N-NH, was analyzed by direct
Nesslerization (Method 4500 C), Colorimetric method was
used to determine phosphate (Method 4500 P), and photo-
metric method was used for phenol analysis (Method 5530
C). Nitrate, phosphate and phenol were determined by
spectrophotometer (Varian UV-120-02 California, USA). UV
probe software was used to control the system and obtain
results of experiment. It should be noted that sample col-
lection, transfer and all chemical analysis were performed
according to standard method for water and wastewater
examination [16].

2.5. Experimental design

Central composite design, Box-Behnken design,
Hybrid design and three level factorial design are the
different classes of response surface design. RSM design
is the most frequently used Central composite design
(CCD). Aimed at analyzing the data, RSM was used as a
technique for collecting mathematical and statistical data
in order to evaluate three independent variables, that
is, phenol concentration (A), temperature (B) and HRT
(C), surrounded by phenol concentration of (200-400
mg/L), temperature (8—24°C), and HRT (2, 5 d) to assess
the 7 different responses; removal efficiency of TCOD
(total chemical oxygen demand), SCOD (soluble chem-
ical oxygen demand), TBOD, (total biochemical oxygen
demand), SBOD; (soluble biochemical oxygen demand),
N-NH,, P-PO, and phenol). Accordingly, 13 experiments
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were designed. The design consisted of (4 variable points,
4 axial points, 1 central point and 4 repetition points in
center). The result obtained based on CCD, was analyzed
using ANOVA variable analysis software, and multiple
regression analysis. Also the result can be demonstrated
by 3-D plot regarding the simultaneous effect of indepen-
dent variables on the responses. In this study, the rela-
tionships among response, input and quadratic equation
model were determined to predict the optimal variables
identified:

Y =B+ BX+ B],X],+ B X2+ Bj],X]?+ B,-,-X,-X,-*' (1)
Y, i, j, b, X are process response, linear coefficient, quadratic
coefficient, regression coefficient and coded independent
variables, respectively.

3. Result and discussion
3.1. Statistical analysis

Central composite design (CCD) was selected to explore
the correlations between variables and responses. The
experimental data obtained from the 7 responses (Y,-Y,)
are demonstrated in (Tables 1 and 2). Based on experimen-
tal design (Tables 1 and 2), the response surface analysis
was fitted properly to the experimental result. Factor coded
models as well as analysis of variance (ANOVA) are rep-
resented for all responses in (Tables 3 and 4). The different
degree polynomial models are used for data fitting. Fitting
the experimental data was conducted by higher degree
polynomial equation i.e Quadratic vs 2FI and linear. The
final model terms were obtained after removing insignif-
icant variables and their interaction. The significance of

Table 1

Experimental conditions and results (HRT: 2 days)
Run Temp, Phenol. Rem. Rem. Rem. Rem. Rem. Rem. Rem. N/P

°C Conc. mg/l  SCOD, %  TCOD, % SBOD5,% TBODS5,% N-NH, % P-PO,, % Phenol, %  out

1 24 400 4941 55.63 49.67 53.5 33.66 41.15 55.86 8.71
2 16 200 50.6 51.83 49.87 50.36 274 36.17 4796 12.5
3 24 300 5714 62.8 59.83 61.69 39.03 46.41 63.47 8
4 16 300 41.3 45.1 43.22 42.69 23.1 29.15 41.19 8.75
5 16 300 39.2 4779 45.52 4499 24.8 3145 44.89 8.65
6 16 300 431 4217 4491 40.2 21.2 27.05 36.98 8.51
7 16 300 37.6 45 46.87 39.29 23 28.11 40.89 8.36
8 8 200 3771 38.72 35.18 36.94 1592 1792 31.39 12.16
9 8 300 29.14 3141 28.6 29.7 13.13 159 24.39 9.12
10 16 300 41.8 471 41.87 4498 199 30.02 4298 8.37
11 24 200 66.26 68.95 65.3 67.02 43.39 58.23 70.53 12.93
12 8 400 21.4 24.21 20.83 22.83 8.43 10.88 18.22 7.04
13 16 400 344 3841 33.81 36.61 19.3 23.01 34.04 7.68

Table 2

Experimental conditions and results (HRT: 5 days)
Run  Temp, Phenol. Rem. Rem. Rem. Rem. Rem. Rem. Rem. N/P

°C Conc. mg/l  SCOD, % TCOD, %  SBOD5,% TBODS5,% N-NH, % P-PO,%  Phenol, % out

1 24 400 58.67 62.12 56.96 59.13 40.21 49.73 61.12 8.71
2 16 200 54 57.54 54.3 53.95 36.4 41.38 54.77 9.2
3 24 300 68.84 7247 66.85 70.52 49.12 53.16 69.38 8.15
4 16 300 51.66 52.67 50.36 51.06 30.1 35.24 45.61 8.75
5 16 300 49.16 54.17 52.66 53.16 323 37.34 44.31 8.53
6 16 300 54.16 51.1 49.63 48.86 27.8 32.84 46.98 8.39
7 16 300 51.6 521 52.33 51 31.3 35.12 44.8 8.74
8 8 200 40.22 42.65 38.54 39.86 21.64 25.57 35.92 75
9 8 300 34.49 36.87 33.87 35.61 16.89 21.65 29.82 9.12
10 16 300 52 53.6 48.2 53.2 29.1 32.51 46.61 8.58
11 24. 200 73.51 76.44 71.84 73.32 56.22 65.19 81.63 10.8
12 8 400 27.36 26.63 26.61 28.38 12.66 16.74 21.24 7.06
13 16 400 4298 434 40.87 41.57 24.3 3112 39.18 79
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Table 3
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ANOVA results for the equations of the Design Expert 6.0.6 for studied responses, HRT= 2 day

Response, % Modified equationsin  Type of Fvalue Adeq R? Adj. Pred. SD. CV PRESS Probability
terms of code factors model precision R? R? for lack of fit
Rem.SCOD Y, =+409-823A +13.59 Quadratic 17493  46.02 0983 0977 0974 171 4.07 4459 0.8911
B +2.4A?
Rem. TCOD Y,=+46.09 - 6.88A Linear 303.83  55.28 0983 098 0976 1.69 3.66 40.65 0.8992
+1551 B
Rem. SBOD5 Y,= +44.39 - 7.67A + Linear 275.55  56.73 0989 0985 0982 144 332 30.2 09684
15.03 B — 1.95A%
Rem. TBOD5 Y, = +42.40 — 6.90A + Quadratic 207.66  48.14 0985 0981 0978 1.67 3.83 38.32 09535
15.46 + 2.88B*
Rem.N-NH, Y,=+22.67-4.22A + Quadratic 19782  44.58 0985 098 0975 14 583 2928 09508
13.10B + 2.92B*
Rem.P-PO, Y, =+29.28-6.21A +16.85 Quadratic 189.6 46.03 0989 0984 096 162 531 7819  0.5785
B +247B2-2.51 AB
Rem. Phenol Y, = +41.28 - 6.96A + Quadratic 215.88  47.72 0986 0981 098 198 4.67 50.1 0.9996
19.31 B +2.70B?
Table 4
ANOVA results for the equations of the Design Expert 6.0.6 for studied responses, HRT = 5 day
Response, % Modified equationsin ~ Typeof  Fvalue Adeq R? Adj. Pred. SD. CV PRESS Probability
terms of code factors model precision R? R? for lack of fit
Rem. SCOD Y, =+50.67 — 6.45A + Linear 256.08  49.83 098 0977 0969 192 3.78 5882 04247
16.49 B
Rem. TCOD Y,=+52.79 - 741A + Quadratic 588.75 344 0996 0994 0993 096 1.84 153 0.8905
17.48B — 2.48A? + 1.72B*
Rem. SBOD5 Y,=+50.56 - 6.71A + Quadratic 31076 58.47 099 0987 0982 141 2.84 3224 09370
16.10 B - 2.37A
Rem. TBOD5 Y, = +51.92-6.34A + Quadratic 196.28  45.89 0984 0979 0968 1.8 3.54 6143  0.5223
16.52 B —2.55A?
Rem. N-NH, Y,=+30.19-6.18A + Quadratic 263.05 54.82 0992 0988 0987 129 411 21.64 09915
15.73 B + 2.60B>- 1.76 AB
Rem.P-PO, Y,=+34.65-576A + Quadratic 12129  35.03 0975 0967 0942 238 6.51 122.07 0.4011
17.35 B + 4.02B>
Rem. Phenol Y,= +45.89 — 8.46A + Quadratic 499.8 75.94 0996 0994 0985 1.25 261 4593  0.2571

20.86 B + 3.96B*— 1.46 AB

each model was identified using P value and F value. The
smaller amount of (P-values < 0.05) and great amount of
F-value show the greater significance of corresponding
model [19]. The statistical analysis showed the significance
of each model (P-value < 0.0001) for all responses at HRT of
(2, 5 days) that indicated the significance of the correspond-
ing model.

As it is shown in Tables 3 and 4, the F-values were
215.88, 189.6, 197.82, 207.66, 275.55, 303.83 and 174.93 at
HRT of 2 d, and 499.8, 121.29, 263.05, 196.28, 310.76, 588.75
and 256.08, respectively, at HRT of 5 d, for 7 responses (Y —
Y,). Lack of fit (LOF) indicated the variation of data around
the fitted models, based on the result. In this study, the
LOF was not significant for all the models. It represents a
proper model predicted. Furthermore, the fitting of model
verified by Pred R-Squared, adjusted R*and R? between
the experimental and the model predicted values. In this
study Pred R-Squared, Adjusted R*and R* are very close to

each other and nearly 1. The R?in all models was remark-
ably more than (R*> 0.98), in other words, about 0.98 of
variation for TBOD,, SBOD5, TCOD, SCOD, N-NH,, P-PO,
and phenol removal was explained by independent vari-
ables appropriately. The validity and reliability of anal-
ysis identified through the adequate values of 4 or more
[14]), were generally based on the result and the p-value
for all responses were significantly over 4 and between
44.58-56.73 and 34.4-75.94, respectively at HRT (2, 5 d). It
showed the proper value for analysis validated. Moreover,
the low amount of standard deviation at HRT (2, 5 d) were
3.32-5.83 and 1.84-6.51, respectively, and also coefficient
of variation (CV) were 1.4-1.98 and 0.96-2.37 at HRT (2,
5 d), respectively, representing the considerable reliability
and proper precision of the experiments [17]. It should be
mentioned that the coefficient and mathematical symbol
(+/-) of resulted equation showed the most effective vari-
able in anaerobic stabilization pond performance.



3.2. Process performance

Oxidation reduction potential (ORP) was monitored con-
tinuously in anaerobic stabilization pond in order to ensure
the anaerobic condition in this study. The average of (ORP <
—246) confirmed the anaerobic condition in stabilization pond.

3.2.1. Carbon removal

Effects of different phenol concentrations and tempera-
tures of stabilization pond at different HRT (2, 5) days on
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responses (TBOD5, TCOD, SBOD,, and SCOD removal) are
presented in Tables 3 and 4. The removal efficiency trend
of SBOD,, SCOD changed when the phenol concentration
rose from 200 to 400 mg/L, and also the temperature from
8 to 24°C, at HRT of 5 d (Figs. 1 and 2). The removal effi-
ciency of SBOD,, SCOD increased considerably by raising
temperature and declining phenol concentration. The result
showed that temperature was a more effective factor in
terms of carbon removal in stabilization pond compared
to phenol concentration. It must be mentioned that varia-
tion of removal efficiency was more apparent at high sys-
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Fig. 1. 3D Surface plots for a: TCOD removal , b: TBOD5 removal, c: Nitrate removal, d: Phosphate removal and e: Phenol removal

in HRT: 2 days.
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Fig. 2. 3D Surface plots for a: TCOD removal , b: TBOD5 removal, c: Nitrate removal, d: Phosphate removal and e: phenol removal

in HRT: 5 days.

tem temperatures. It was found that SCOD, TCOD, TBOD,
and SBOD, removal efficiency increased 28.55, 13.32, 30.08
and 30.12%, respectively, when temperature increased from
8 to 24°C at HRT of 2 d. However, the removal efficiency
of SCOD, TCOD, TBOD and SBOD grew 16.85, 30.23, 13.52
and 15.63%, respectively, when phenol concentration went
down from 400 to 200 mg/L. The maximum removal effi-
ciency of SCOD, TCOD, SBOD and TBOD reached 66.26,
68.95, 65.3 and 67.02%, respectively (HRT of 2 d, tem-
perature of 24°C and phenol concentration of 200 mg/L).

It was observed that removal efficiency of SCOD, TCOD,
SBOD and TBOD reached 27.36, 26.63, 26.61 and 28.38%,
respectively (HRT of 5 d, temperature of 8°C and phenol
concentration of 400 mg/L). It should be mentioned that
volumetric loading of stabilization pond in phenol concen-
tration of 200, 300 and 400 mg/1, were 118.55, 131.74 and
143.48 g/BOD,/m?*d, respectively, at temperature of 24°C
and 121.54, 136.01 and 148.12 g/BOD,/m*d, respectively,
at temperature of 8°C that leads to low efficiency of pond
by raising phenol concentration and lowering system tem-
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perature. When HRT rose from 2 to 5 d, the removal effi-
ciency of SCOD, TCOD, SBOD, and TBOD went up 11.7,
9.67,7.02 and 8.83%, respectively (at 24°C and phenol con-
centration of 400 mg/L), although this removal efficiency
was not significant. Less removal efficiency was observed at
lower temperature of anaerobic stabilization pond. It can be
attributed to lower microorganism growth and slower deg-
radation rate of dissolved substance. Although vast major-
ity of biodegradable substances are removed by hydrolysis
in anaerobic digestion, most suspended organic solids are
converted into soluble intermediate compounds with
poor biodegradability by hydrolysis in anaerobic stabiliza-
tion pond [18]. The anaerobic stabilization pond achieved
higher COD removal efficiency than BOD, removal which
is not used for municipal and industrial wastewater. It may
be attributed to multi-phase process of oil refinery waste
due to volatile characteristics of upper layer, and also sepa-
ration of some layers owing to hydrophobic characteristics
of oily wastewater that stays or precipitates in the column
inside the reactor. Another notable reason for degradation
of non-biodegradable compounds converted into biode-
gradable fragments such as Catechol, aldehydes and acidic
materials and is higher COD removal efficiency compared
to BOD,. It was in contrast with the study carried out by
[19]. As result of surplus dissolving of the biodegradable
compound (SCOD) in the depth of anaerobic stabilization
pond, the overall decline of TCOD was observed. Also the
anaerobic stabilization pond was found to be more capa-
ble for the treatment of oil refinery wastewater contain-
ing different concentrations of phenol compared with the
study conducted by Mahssen et al. It showed that removal
efficiency of COD and BOD, reached 28.89% and 22.21%,
respectively [20]. Effect of temperature on biological reac-
tion rate is completely obvious. Several studies have proved
the appropriate performance of stabilization pond in warm
weather [21].

3.2.2. Nutrient removal

Almost since the mid-1970, the use of algae to mitigate
the nutrients N and P in wastewater treatment has been
considered for combatting the Eutrophication [22]. Microal-
gae are a very diverse group of photosynthetic organisms
that absorb N and P during their growth, then the gener-
ated biomass can be converted into energy or more raw
materials depending on appropriate processing. Microalgae
are able to adjust the nutrient based on surrounding con-
centration [23]. However, N concentration in microalgae
depends on P concentration. Accordingly, present work
evaluated the ratio of N/P. Generally, the ratio of N/P
varied between 6.69-9.12 and 7.04-12.93, respectively, in
influent and effluent that are presented in Tables 1 and 2.
In general, the investigation showed that P removal was
higher than N removal, leading to increase in N/P ratio in
effluent than influent of stabilization pond, (Tables 1, 2). it
was in contrast with Whitton et al., study that evaluated the
influence of microalgae’s N and P composition on waste-
water nutrient remediation, and the result showed that the
N/P ratio ranged from 2.03 to 15 from the third to tenth
day [24]. According, the ratio of N/P declined from 12.16
to 7.04 in influent of system while phenol concentration
increased from 200 to 400 mg/L, in HRT of 2 d and tem-

perature of 24°C. The maximum and minimum ratio of N/P
were observed at temperature of 8 and 24°C, respectively
and HRT of 2 d. In other words, the lowest phenol concen-
tration was observed at low system temperature ; therefore,
increase in temperature resulted in improvement in the P
removal efficiency. It can be attributed to mesophilic micro-
organisms and algae that provide the optimum condition
for their growth [24].

Phosphate removal efficiency ranged from 2% to
14.48% and from 4.08% to 8.97%, respectively by HRT of
2,5 d that was in contrast with Whitton el al. study. There-
fore, N concentration is considered as a limiting agent
in terms of raising the removal efficiency of stabilization
pond. Overall, the phosphate removal is associated with N
removal in cellular metabolism [25]. Mostly, in microalgae,
N integrated into protein for ribosome production and
ribosomal RNA (rRNA) while most P uptook is stored in
rRNA. Therefore,enough N is needed to ensure no limita-
tion for synthesis of protein. Based on studies carried out,
in low N environment, the P uptake into biomass remains
low, regardless of the P concentration in the biomass [26].
In another study, it was revealed that the uptake rate is
associated with the ability of microalgae to store available
phosphate via luxurious uptake pathway which accumu-
lates the polyphosphate within the cell [1]. In general,
based on the results of experiments a similar trend was
observed in terms of N and P removal efficiency at HRT
2, 5 d. Hence, increasing phenol concentration and lower-
ing temperature led to decrease in the removal efficiency
trend. As it is seen in Table 3, the coefficient of (A, B) in N
removal were 4.22 and 13.1, respectively, this means that
temperature has more positive effect than phenol concen-
tration, and the same trend for phenol removal efficiency
was observed. It should be taken into account that the dif-
ferent effects of microalgae in terms of nutrient removal
depends on the type of wastewater, wastewater treatment
technology, temperature and the condition of operation
system [27]. Orumieh et al. [27] indicated that maximum
removal efficiency of N and P were 33% and 25%, respec-
tively in stabilization pond. But the nutrient removal
efficiency was more satisfying in this study compared to
Orumieh’s study result. Generally, the experiment result
revealed that temperature variation was a more effective
factor in terms of nutrient removal in stabilization pond.
N concentration decreased due to cellular uptake at high
system temperature [27].

3.2.3. Phenol removal

In regard with transforming the waste into simple end
product, the use of biological treatment is increasing now-
adays [5]. The surface plot for phenol removal in anaerobic
stabilization pond is depicted in (Figs. 1 and 2), indicat-
ing the interaction effect of phenol concentration and
temperature. As it can be seen, raising temperature and
lowering phenol concentration enhanced phenol removal
efficiency. For instance, removal efficiency decreased from
20.51% to 14.67% and phenol concentration rose from 200
to 400 mg/L, at the same temperature of 24°C at HRT 2,
5 d, respectively. The result showed that phenol removal
efficiency varied between 18.22-70.53% and 21.24-81.63%,
respectively, at HRT 2 and 5 d. The maximum removal
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efficiency of phenol concentration was observed in phe-
nol concentration of 200 mg/1 and temperature of 24°C.
It was found that the lowest removal efficiency was
observed in maximum phenol concentration and lowest
system temperature. It was evident that phenol removal
efficiency was more affected by temperature than phenol
concentration. In consequence, the anaerobic digestion of
organic compounds such as phenol, produced the nutrient
rich sludge which can be used as fertilizer in agricultural
soil with low level of pathogen. Azbar et al. studied the
phenol removal in anaerobic hybrid reactor. The result
revealed that phenol removal efficiency ranged from 39
to 80% under different conditions that is consistent with
the study by [28]. Shabita et al. evaluated the microbial
degradation of various phenols and their derivations. In
this condition 4-n- propylphenol and phenol are degraded
[29]. In the first stepwise of anaerobic pathway, phenol is
carboxylated in the para position to 4-hydroxybenzonate,
the enzyme involved was the 4-hydrobenzonate carbox-
ylase [5]. This study represented that removal efficiency
increased slightly when HRT went up. The maximum
removal efficiency were 70.53% and 81.63 (at phenol con-
centration of 200 mg/L, temperature of 24°C and HRT of
2 and 5 d, respectively. The phenol removal efficiency was
more significantly influenced by high temperature than
decrease in the phenol concentration. According to Table 2,
it was found that the phenol removal efficiency enhanced
39.14% (Runs 8, 11) when temperature increased from 8 to
24°C, and phenol concentration declined from 400 to 200
mg/L at HRT of 2 d. And also phenol removal efficiency
increased 14.67%, (runs 1, 11). The effect of increase in tem-
perature and decrease in phenol concentration at HRT of 5
days was significantly apparent (Table 2).

3.3. Process optimization and verification

The experiment was carried out based on CCD to attain
process optimization. In this study, 3 independent variables
of phenol concentration, temperature and HRT were eval-
uated aiming at processing the optimization of the anaer-
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obic stabilization pond. Graphical optimization produces
an overlay plot expressing the feasibility response value in
the factor space. Overlay plot represents the region which
meets the proposed criteria. The optimum area relative to 7
responses was determined (Fig. 3). The yellow area shows
the region that satisfies the responses. And the shaded
region is related to variables of space. According to the
response, the optimum region in terms of carbon, nutrient
and phenol removal were identified 60%, 40% and 70%,
respectively at HRT of 2 d and in terms of total carbon, sol-
uble carbon, nitrate, phosphate and phenol removal were
70%, 60%, 50%, 60% and 80%, respectively, at HRT of 5 d.
Aimed at confirming the adequacy and reliability of the
model, a point among optimum area was selected which
is depicted in Fig. 3 and the actual and predicted values of
model were compared. Table 5 shows the results of exper-
iments within the optimum region. The accuracy of opti-
mum condition was determined for each response from the
DOE experiments that was tested through applying stan-
dard deviation. The results revealed that experimental find-
ings were very close to predicted values by the model.

4. Conclusion

The results of experiment revealed raising phenol con-
centration led to decrease in the performance of anaerobic
stabilization pond due to increasing the phenol toxicity on
purifying bacteria in oil refinery wastewater treatment.
In order to analyze the resulting data, RSM was used to
demonstrate the effect of operating variables and interaction
effect on the response as well. The results demonstrated the
significant effect of HRT, temperature and phenol concen-
tration on anaerobic stabilization pond efficiency in pilot
scale. Temperature was more effective on Phenol removal
efficiency compared with phenol concentration. In general,
anaerobic stabilization pond was found to be a success-
ful biological treatment process for moderate removal of
organic and inorganic compounds using appropriate oper-
ations. The applicable properties of pond stabilization such
as flexibility, simplicity, performance and also operation
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Fig. 3. Overlay plots for the optimal region, a: HRT: 2 days, b: HRT: 5 days.
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Table 5
Verification experiments at optimum conditions
HRT, Conditions Responses, %
d TCOD SCOD TBOD5 SBOD5 N-NH, P-PO, Phenol
removal removal removal removal removal removal removal
2 Experimental Phenol 46.0862 42.2354 43.8938 43.4838 22.6317 30.4192 42.5223
values concentration:
Model 300 mg/1 45.04 40.95 4247 4242 2113 29.09 41.02
response with ~ Temperature,
C195% Error 16°C
Standard 1.75 2.15 2.40 1.78 1.66 2.20 2.52
deviation
5 Experimental ~ Phenol 52.7903 50.6654 51.3452 494631 30.1962 34.5738 45.791
values concentration:
Model 300 mg/1 51.83 4948 49.85 48.29 28.84 32.74 4458
response with ~ Temperature,
C195% Error 16°C
Standard 1.06 1.99 1.65 1.97 1.49 2.03 1.34
deviation
led to applying stabilization pond rather than complex and  [11] A. Almasi, A. Dargahi, M.H. Ahagh, H. janjani, M. Moham-

expensive wastewater treatment technology such as acti-
vated sludge, etc.
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