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Abstract
Phenol is a toxic hydrocarbon that has been found in the wastewater of several industries, including the petroleum and petrochemical industries. The discharge of untreated wastewater from these industries causes environmental pollution, especially in water.
The aim of this study was to evaluate the efficiency of phenol removal from wastewater using a biofiltration system. In this experimental study, a cylindrical plexiglass biofilter reactor with an effective volume of 12 liters was used. A total of 30 pcs of plastic grid
discs were placed inside the reactor by plastic pipes to maintain the biofilm media in the reactor. The microorganisms used in this
study were obtained from the biological sludge of a municipal wastewater treatment plant. The reproduction and adaptation of
the microorganisms to 500 mg/L of phenol lasted three months. The effects of pH, phenol, nitrogen, phosphorus, glucose concentration, and hydraulic retention time on the biofilter system’s performance was evaluated. The results of this study showed that in
optimal conditions, this system can reduce the phenol concentration from 500 mg/L to zero within about 4 hr. Maximum efficiency
occurred in pH = 7, and the proper COD/N/P ratio was 100/10/2, respectively. In general, this biofilter system is capable of removing
500 mg/L of phenol concentrations and an organic load of 4 - 4.5 kg COD/m3 .d within 4 - 5 hr. with high efficiency.
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1. Introduction
Phenol (C6 H5 OH) is a toxic aromatic hydrocarbon with
molecular a weight of 94.11 g/mol that is colorless or white
solid in its pure form (1). This material and its derivatives
have been used in several industries, such as in oil refineries; in the manufacture of resins, colors, pesticides, and
pharmaceuticals; and in the petrochemical, coal mining,
and steel and aluminum industries (2, 3). Phenolic compounds are obtained from raw oil degradation and thermal cracking or catalytic in oil refinery industries (4). Due
to the extensive use of phenol in industrial processes, this
pollutant enters the environment in different ways. Phenolic compounds have high solubility in water, and as a result, their existence possibility in water resources is high.
Due to phenol’s properties, such as its solubility in water
and stability in the environment, this compound remains
in the environment for a long time and can be transferred
over long distances through water.
Due to their specific properties, such as toxicity,
changes in the taste and odor of water, and adverse effects
on human health and living organisms, phenolic compounds are classified as priority pollutants by the US en-

vironmental protection agency (5). Priority pollutants are
organic or inorganic compounds with known effects that
are suspected of having carcinogenic, mutagenic, teratogenic effects or that have high toxicity (6). Therefore, detecting and determining the level of phenolic compounds
in the environment, particularly in water resources, and
subsequently monitoring these levels are highly important for controlling the emission of this material and reducing its effect on the environment.
Various methods have been considered for treating
wastewater that contains phenol, such as chemical oxidation, adsorption, and biological treatment (7, 8). Of these
methods, biological systems have been used most often
due to their advantages over other methods. One of these
advantages is compatibility with the environment (9). Additionally, this method does not employ harmful chemical
compounds, so the effluent and sludge disposal produced
by this process has lower adverse effects on acceptor resources in comparison with chemical processes (10).
One biological method for removing pollutants from
wastewater is biofiltration. Using a biofilter for the emission control of volatile organic compounds is considered
to be a new technique. Wastewater that has low biodegrad-
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able compounds is stable enough for biofiltration. Biofilters are reactors that have media with microorganisms
growing on them that enable the treatment process (11). A
biofilter has a chamber with media inside it that promotes
microorganism stabilization. These microorganisms produce a thin layer called biocoating (12). Generally, pollutants passing through these porous biological media are
separated from water and are treated.
The ability of biofiltration to remove hydrocarbons has
been investigated in a few studies (13-15). Neves et al. (2006)
(14) showed that biofiltration can be used to remove phenol present in liquids or gaseous effluents through the use
of aerobic microorganisms that are immobilized on solid
or porous supports. Khalil and Singh (2012) (16) demonstrated that the parameters of surface area, rate constant,
biofilm thickness, porosity, effective diffusivity, gas flow
rate, and initial phenol concentration are important for
phenol removal through biofiltration. In a mixed-culture
environment with both biodegradable materials and materials that are resistant to biodegradation, the microorganisms in a biofilter could overcome the biodegradationresistant molecules and degrade the toxic materials.
These components have been used as an auxiliary substrate in various reactors, such as an up flow anaerobic
blanket for the removal of phenol and chlorophenol (17,
18). According to some studies, volatile fatty acids, sucrose
(19), glucose (20-22), acetate (23), and other similar compounds can be biologically degraded. These compounds
have been used by microorganisms as stable substrates of
carbon and can be introduced to accelerate the act and to
reduce the set-up time and preparation of reactors to degrade persistent material effectively. These methods could
reduce the hydraulic retention time (HRT) of reactors by a
significant degree.
The present study evaluated phenol removal in an aerobic condition and in the presence of various concentrations of glucose, which has high biological degradation efficiency. According to these resources, the present study
has evaluated the effects of phenol and glucose concentration on a biofiltration system’s efficiency when removing
phenol from wastewater.
2. Materials and Methods
This study employed a cylindrical biofilter reactor
made from Plexiglas with an effective volume of 12 liter. A
total of 30 plastic reticulated discs were placed inside the
cylinder by the plastic tubes as biofilm media. The biofilter’s schematic is shown in Figure 1.
The air required for biological reactors was provided by
a refrigerator compressor with a power level of 1 hp. The
hydraulic flow in the studied system was continuous, and
2

the type of distribution in the water was upward. For this
reason, the entrance of the initial solution into the system
was at the bottom, and the exit of the effluent treatment
was at the end of each of the reactor’s entrances.
Two double diaphragm pumps were used to inject the
considered solution into the system. The irrigation capacity of the pumps was regulated between 0.1 - 2 mL/s.
The sedimentation basin and clarifier consisted of a
basin with a dimension of 20 × 30 cm and height of 90 cm.
To evaluate any phenol that may have been emitted because of aeration from the top of the biological reactor, a
vacuum pump passed all the output vapors and gasses of
the reactors through an impinger, which contained 0.1 normal sodium hydroxide solution.
This act continued for 14 hr. in accordance with the
vacuum pump batteries’ capacity. In order to ensure the
accuracy of the results, the sampling was repeated three
times. To adapt the microorganisms in the filter to phenol, phenol with a concentration of 0.1 mg/L and powdered
milk were initially injected into the system, and the phenol concentration was gradually increased while the powdered milk concentration was decreased. Over the course
of one month, the phenol concentration was increased to
500 mg/L. Phenol, as a source of carbon and energy for the
microorganisms, and nitrogen and phosphorus, as nutrients, were injected into the system in the form of the primary product. To evaluate the effects of the nitrogen and
phosphorus concentrations at the beginning of the study,
the COD/N/P ratio was initially 100/5/1, respectively, and the
concentrations of these substances changed over time. To
determine the effects of N and P on phenol removal efficiency in the studied system, N was added to the phenol
solution at 30, 40, 50, 60 and 80 mg/L, and P was added to
the phenol solution at 6, 8, 10, 12 and 16 mg/L, and the efficiency of each was evaluated.
All chemicals used were analytical reagent grade and
were used without any further purification. The chemicals
were purchased from Merck (Germany). In addition, the
measurement of the efficiency parameters of the bioreactor was carried out according to the standard methods of
water and wastewater analysis (24). For the COD and phenol, a colorimetric technique with a closed reflux and photometric methods were developed, respectively. A spectrophotometer (DR 5000, Hach, Jenway, USA) using wavelengths of 600 nm and 500 nm was used to measure the
absorbance of the COD and phenol samples.
The analysis of the results was done using SPSS version 21. The correlation coefficient level was analyzed between the variables using Pearson’s correlation, Kendall’s
tau, and Spearman’s rank correlation coefficient.
Avicenna J Environ Health Eng. 2016; 3(1):e7449.
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Figure 1. Schematic of the Studied Biofilter System

3. Results and Discussion
To evaluate the effect of glucose as a competitive substance on phenol removal efficiency in the studied system, while the phenol concentration in the input solution
into the system was held at 500 mg/L, glucose was added
to the phenol solution in concentrations of 50, 250, and
500 mg/L. After fixing the situation’s and system’s performance, the phenol removal efficiency in the biofilter system was evaluated.
The results showed that the 50 mg/L concentration of
glucose caused the phenol removal efficiency to increase,
but with higher concentrations of glucose, there was an
efficiency reduction. This result is consistent with the results of Dargahi et al.’s (2014) (25, 26) and Shokoohi et al.’s
(2005) (27) studies. The evaluation of the correlation between these two variables showed that the Pearson’s correlation coefficient for these two variables was -0.419 (P
< 0.042). Table 1 shows the system’s phenol removal efficiency with various glucose concentrations. In Pishgar et
al.’s study (2012) (20), glucose concentrations of 500 - 3000
mg/L had a positive effect on the biological degradation
of phenol. The results of that study aligned with those of
the present study (with HRT < 6.5 hr.). With an increase
in time, glucose had a negative effect on bioreactor efficiency. With an increase in glucose concentration, phenol
removal decreased (20).
Avicenna J Environ Health Eng. 2016; 3(1):e7449.

Changes in glucose concentration produced different
microbial species in the system. In the absence of glucose,
Pseudomonas aeruginosa, Moraxella, Brevundimonas, Pseudomonas alcaligenes, and Acetinobacter were recognized in
the presence of glucose. With increases in glucose concentration, Escherichia coli was identified and gradually dominated at 250 and 500 mg/L. Additionally, as the glucose concentration increased, no Acetinobacter was recognized. At
250 and 500 mg/L glucose, Brevundimonas and P. alcaligenes
were also removed from the system. Finally, at 500 mg/L of
glucose, Neisseria weaveri was not found.
Table 1. Phenol Removal in 500 mg/L Phenol, 50 mg/L Nitrogen, and 10 mg/L Phosphorous With Various Glucose Concentrations

Glucose, mg/L

Phenol Removal (%)

0

23.9 ± 2.59

50

54.92 ± 19.6

250

28.75 ± 10.1

500

22.76 ± 1.8

In order to detect the correlation between the MLSS
concentration of biofilter reactors and phenol removal efficiency, the samples were evaluated with various MLSS
concentrations and a constant phenol condition of 100
mg/L (Figure 2 shows the results of this evaluation). The
3
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Phenol Removal, %

correlation test results of these two variables showed that
Pearson’s correlation coefficient for these two variables
was 0.68 (P < 0.001).
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Figure 2. Phenol Removal Efficiency at Different MLSS Concentrations

In order to determine the relationship between phenol concentration and phenol removal efficiency in biofilter reactors, phenol concentrations of 100, 250, 400, and
500 mg/L were entered into the system and the biofilter efficiency was evaluated. In this stage, the effective condition
of the system was stable. The results showed that when the
input phenol concentration in the system increased, the
phenol removal efficiency declined (Figure 3).

Phenol Removal, %

100
99
98
97
96
95

100

250

400

500

Phenol, mg/l
Figure 3. The Studied System’s Phenol Removal Efficiency at Various Phenol Concentrations

Based on these results, the studied system could remove almost 100% of the input phenol of system with an
organic load of 4 - 4.5 kg COD/m3 .d. Notably, biofilter reactors could remove phenol with 90.8% efficiency with an
organic load of 8 - 9 kg COD/m3 .d.
This high efficiency could have various causes. One
of these potential causes is the high microbial variety in
the system. Different microorganisms have different phenol degradation capabilities. Therefore, by increasing the
number and variety of microorganisms in biological treatment systems, treatment efficiency increases.
4

Another potential cause of the high efficiency of this
system is that the high organic load, the physical situation
of the system, and the type of hydraulic flow may have all
contributed to the high efficiency of the studied system.
This system was designed to provide a specific surface for
the attachment of microorganisms, which resulted in low
probabilities of drainage clogging and air in the system.
For this reason, there was a high probability for the microorganisms in the system to access and attach to foodstuffs, nutrients, and oxygen in various parts of the system.
Yoong et al. (2001) (28) evaluated the SBR biological system’s capability for phenolic wastewater treatment with a
concentration of 1300 mg/L. The highest phenol removal
efficiency in their study was 97% with an organic load of
3.12 kg BOD/m3 .d, which was consistent with results of the
present study.
Determining the relation between the pH of the input
solution and phenol removal efficiency in the evaluated
system was one of the primary aims of this study. Usually, the most suitable pH for bacteria growth is 7. However, some bacteria, such as Thiobacillus and solphpluboos, grow in pH < 2. Fungus prefers a pH of 5 or lower. In
contrast, Cyanobacteria grow in pH > 7. Usually, bacteria’s
growth is reduced because of the production of metabolic
acid products, such as organic acids and sulfuric acid. However, in some cases, like denitrifies and algae, growth increases with higher pH levels. Microbial enzyme activity
and chemical ionization reactions are affected by pH. As a
result, it is effective for transferring nutrients and toxic materials into cells (29).
Liu et al. (2016) (30) evaluated the phenol removal capability of Acinetobacter calcoaceticus in various pH levels. The
results of their study showed that the maximum phenol removal occurred with a pH of 8 and a temperature of 30°C,
which is consistent with the results of the present study.
The present study evaluated the relation between pH and
phenol removal efficiency and determined the suitable pH
for accessing maximum phenol removal efficiency in the
studied system. The system’s efficiency was evaluated in
pH ranging from 6.5 to 8 (intervals of 0.25). The effect of pH
on phenol removal efficiency was not constant. Therefore,
a Pearson’s correlation coefficient of 6.5 - 7 was used for the
evaluation. Based on these results, the Pearson’s correlation coefficients between the pH variables of 6.5 - 7 and 7 8 were 0.936 and -0.936, respectively (P < 0.05). These values showed that there was a direct relationship between
the pH of the input solution and phenol removal efficiency
in biofilter system with a pH of 6.5 - 7, and with a pH of 7 - 8,
there was an inverse relationship between these two variables.
Therefore, the best pH for accessing the maximum phenol removal efficiency in the studied system was 7. By
Avicenna J Environ Health Eng. 2016; 3(1):e7449.
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changing the pH, the efficiency rate was significantly reduced. Notably, the level of pH changes that affected the
system’s efficiency are related to the ranges that are tolerable for most microorganisms. Out of this range, the effect
could be increased, which would eventually threaten the
microorganisms’ lives and the system’s overall efficiency.
Figure 4 shows how the system’s phenol removal rate was
affected by changes in pH.

mg/L.
The results of this study showed that the Pearson’s correlation coefficient between HRT and phenol removal efficiency for the biofilter system was 0.643. These results
showed that there was a correlation or direct relationship between HRT and phenol removal efficiency. The results of this study showed that under some circumstances,
the phenol concentration of biofilter reactors could be reduced from 500 to 0 mg/L within 4 hr.
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Figure 4. Phenol Removal Efficiency at various pH Values With a Constant Phenol
Concentration of 500 mg/L

Figure 5. Phenol Removal Efficiency at Various Hydraulic Retention Times With a
Constant Phenol Concentration of 100 mg/L

The concentration of treated substances is one of the
most important factors in the performance and efficiency
of various treatment systems, including biological systems. In this study, in order to evaluate the relationship
between the input phenol concentration and the system’s
phenol removal efficiency, phenol was added into the system in concentrations of 100, 250, 400, and 500 mg/L. The
results showed that there was an inverse relationship between the input phenol concentration and the removal efficiency of system, which was consistent with the results
of Almasi et al.’s (2012) (31, 32) and Nakhli et al.’s (2014) (33)
studies. In Nakhli et al.’s (2014) study, phenol concentrations of 200 - 1200mg/L were evaluated, and the maximum
level of phenol removal was related to the 200 mg/L concentration of phenol. The Pearson’s correlation coefficient
between the removal efficiency and input phenol concentration variables was -0.446 (P < 0.001). Raikar et al. (2015)
(34) studied the degradation of phenol in a biological system in India. Their study showed that the maximum phenol removal efficiency was 97% for 200 ppm of initial phenol concentration under 25 hr. of HRT. The HRT in Raikar
et al.’s study was higher than the HRT in this study, and the
phenol concentration was lower. In the present study, the
HRT required to access a suitable efficiency for treatment
or phenol removal in 100 mg/L concentration was a 4.4hr. retention time with more than 99% efficiency. Figure 5
shows the changes in phenol removal efficiency with various HRT values and a constant phenol concentration of 100

In order to evaluate the effects of nitrogen and phosphorous on phenol removal efficiency in the studied system, nitrogen with a concentration of 30, 40, 50, 60, 80
mg/L and phosphorous with a concentration of 6, 8, 10, 12,
16 mg/L were added to the phenol solution with a constant
phenol concentration of 500 mg/L. An increase in the nitrogen concentration in the system to 50 mg/L caused an increase in efficiency, but any further change in nitrogen concentration (increase or decrease) reduced phenol removal
efficiency.
The Pearson’s correlation coefficient for nitrogen and
phenol removal efficiency with a nitrogen concentration
of 30 - 50 mg/L was 0.883 (P < 0.002), and with a nitrogen
concentration of 60 - 80 mg/L, the Pearson’s correlation coefficient was -0.894 (P < 0.003). Since the phosphorous
concentration changes occurred at the same time as the nitrogen concentration changes, the correlation coefficients
for phosphorous concentrations and phenol removal efficiency are the same.
According to the obtained results, the phenol degradation in the studied system was based on second-grade kinetic reactions. By increasing phenol concentration, phenol degradation speed was progressively reduced. The results of this stage in the research showed there was a serious correlation that between the phenol concentration
and degradation speed and removal efficiency, and because the P value in all these tests was zero, the correlation
between these two variables was 100% significant.

Avicenna J Environ Health Eng. 2016; 3(1):e7449.
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The reduction in the speed of phenol degradation
due to increased phenol concentration could have several causes. One of the most important potential causes
is that increases in phenol concentration caused an increase in the mortality of bacteria, resulting in the death
of microorganisms that had a lower tolerance and resistance against phenol toxicity. In addition, the bacteria
showed greater sensitivity to the increased phenol concentration. By slightly increasing the phenol concentration,
the bacteria’s mortality rate increased by a disproportionate amount. Of course, different bacteria had a different
reaction to increases in phenol concentration. For example, Pseudomonas was placed in a higher level for the mentioned index in comparison with other microorganisms
and showed greater resistance against increased phenol
concentrations. Therefore, they were able to tolerate and
degrade high concentrations of these substances (32).
In a study by Bandyopadhyay et al. (1998) (35), the phenol degradation capability of Pseudomonas putida (MTCC
1194) was in phenol concentrations of 100 - 1000mg/L. In
phenol concentrations higher than 500 mg/L, P. putida
dominated the phenol degradation process, which is consistent with this study’s results.
4. Conclusion
In the present study, a biofilter system was developed
for the removal of phenol from wastewater. The results of
this study revealed that the biofilter provided improved
phenol efficiency and complete phenol removal. The reactor can demonstrably handle a high capacity of phenol.
The optimum HRT, MLSS, and phenol concentration for the
biofilter are 4.5 hr., 2000 mg/L, and 100 mg/L, respectively,
which produced 100% phenol removal. Additionally, inlet phenol concentrations up to 500 mg/L did not significantly affect the performance of the biofilter, with phenol
removal efficiency remaining above 95% at a phenol concentration of 500 mg/L. This biofilter system could remove
phenol with a concentration of 500 mg/L and an organic
load of 4 - 4.5 kg COD/m3 .d in 4 - 5 hr. after three months
with high-efficiency microorganism adaption. The reactor demonstrated a high capacity for phenol removal compared with the reactors reported in the literature.
Acknowledgments
The authors appreciated the chemistry and microbiology laboratory’s expert of environmental health engineering department in the Hamadan University of Medical Sciences.

6

References
1. Prashant P, Duong ThiThuy N, Kai-Chee L. Biodegradation of phenol from saline wastewater using forward osmotic hollow fiber
membrane bioreactor coupled chemostat. Biochem Engineering J.
2015;94:125–33. doi: 10.1016/j.bej.2014.11.014.
2. Regnery J, Barringer J, Wing AD, Hoppe-Jones C, Teerlink J, Drewes
JE. Start-up performance of a full-scale riverbank filtration site regarding removal of DOC, nutrients, and trace organic chemicals.
Chemosphere. 2015;127:136–42. doi: 10.1016/j.chemosphere.2014.12.076.
[PubMed: 25679362].
3. Xu C, Han H, Jia S, Zhao Q. Influence of phenol on ammonia removal in an intermittent aeration bioreactor treating biologically
pretreated coal gasification wastewater. J Environ Sci. 2015;43:99–105.
doi: 10.1016/j.jes.2015.08.013.
4. Reis MT, Freitas OM, Agarwal S, Ferreira LM, Ismael MR, Machado
R, et al. Removal of phenols from aqueous solutions by emulsion liquid membranes. J Hazard Mater. 2011;192(3):986–94. doi:
10.1016/j.jhazmat.2011.05.092. [PubMed: 21703759].
5. Hu R, Dai S, Shao D, Alsaedi A, Ahmad B, Wang X. Efficient removal
of phenol and aniline from aqueous solutions using graphene oxide/polypyrrole composites. J Molecul Liquids. 2015;203:80–9. doi:
10.1016/j.molliq.2014.12.046.
6. Bazrafshan E, KordMostafapour F, Jafari Mansourian H. Phenolic Compounds: Health Effects and Its Removal From Aqueous Environments by Low Cost Adsorbents. Health Scope. 2013;2(2):65–6. doi:
10.17795/jhealthscope-12993.
7. Chion T, Lau SY, Khor EH, Danquah MK. Enzymatic approach to
phenol removal from wastewater using peroxidases. OA Biotechnol.
2014;3(1):9–14.
8. Saratale RG, Noh HS, Song JY, Kim DS. Influence of parameters on
the photocatalytic degradation of phenolic contaminants in wastewater using TiO2/UV system. J Environ Sci Health A Tox Hazard Subst
Environ Eng. 2014;49(13):1542–52. doi: 10.1080/10934529.2014.938532.
[PubMed: 25137542].
9. Pradeep NV, Anupama S, Navya K, Shalini HN, Idris M, Hampannavar
US. Biological removal of phenol from wastewaters: a mini review. Applied Water Sci. 2015;2:105–12. doi: 10.1007/s13201-014-0176-8.
10. Leven L, Nyberg K, Schnurer A. Conversion of phenols during
anaerobic digestion of organic solid waste–a review of important
microorganisms and impact of temperature. J Environ Manage.
2012;95 Suppl:99–103. doi: 10.1016/j.jenvman.2010.10.021. [PubMed:
21050654].
11. Omri I, Aouidi F, Bouallagui H, Godon JJ, Hamdi M. Performance study
of biofilter developed to treat H2S from wastewater odour. Saudi J
Biol Sci. 2013;20(2):169–76. doi: 10.1016/j.sjbs.2013.01.005. [PubMed:
23961233].
12. Srivastava NK, Majumder CB. Novel biofiltration methods for the
treatment of heavy metals from industrial wastewater. J Hazard
Mater. 2008;151(1):1–8. doi: 10.1016/j.jhazmat.2007.09.101. [PubMed:
17997034].
13. Halecky M, Rousova J, Paca J, Kozliak E, Seames W, Jones K. Biofiltration
of gasoline and diesel aliphatic hydrocarbons. J Air Waste Manag Assoc. 2015;65(2):133–44. doi: 10.1080/10962247.2014.980016. [PubMed:
25947049].
14. Neves LC, Miyamura TT, Moraes DA, Penna TC, Converti A. Biofiltration
methods for the removal of phenolic residues. Appl Biochem Biotechnol. 2006;129-132:130–52. [PubMed: 16915636].
15. Mathur AK, Majumder CB, Chatterjee S. Combined removal of BTEX
in air stream by using mixture of sugar cane bagasse, compost
and GAC as biofilter media. J Hazard Mater. 2007;148(1-2):64–74. doi:
10.1016/j.jhazmat.2007.02.030. [PubMed: 17397996].
16. Khalil MJ, Singh N. Mathematical model and parameter analysis
of phenol degradation in biofilter. Inte J Sci, Environment Technol.
2012;1:341–57.

Avicenna J Environ Health Eng. 2016; 3(1):e7449.

Shokoohi R et al.

17. Zhouyang Z, Guoqiang J, Shengyang J, Fuxin D. Integrated anaerobic/aerobic biodegradation in an internal airlift loop reactor for phenol wastewater treatment. Korean J Chem Eng. 2009;26(6):1662–7. doi:
10.1007/s11814-009-0242-3.
18. Fang HH, Liang DW, Zhang T, Liu Y. Anaerobic treatment of phenol in wastewater under thermophilic condition. Water Res.
2006;40(3):427–34. doi:
10.1016/j.watres.2005.11.025. [PubMed:
16406477].
19. McKeown RM, Hughes D, Collins G, Mahony T, O’Flaherty V. Lowtemperature anaerobic digestion for wastewater treatment. Curr
Opin Biotechnol. 2012;23(3):444–51. doi: 10.1016/j.copbio.2011.11.025.
[PubMed: 22176749].
20. Pishgar RGD, Najafpour N, Mousavi Z, Bakhshi M, Khorrami M. Phenol
Biodegradation Kinetics in the Presence of Supplimentary Substrate.
Int J Engineering. 2012;25(3):181–91.
21. Ma G, Pei H, Hu W, Xu X, Ma C, Pei R. Effects of glucose on
microcystin-LR removal and the bacterial community composition through anoxic biodegradation in drinking water sludge. Environ Technol. 2016;37(1):64–73. doi: 10.1080/09593330.2015.1063705.
[PubMed: 26086866].
22. Raikar R, Patil P, Virupakshi A. Degradation of phenol using sequential batch reactor. Int J Res Engineering Technol. 2015;4:542–6. doi:
10.15623/ijret.2015.0404093.
23. Damjanovic L, Rakic V, Rac V, Stosic D, Auroux A. The investigation of phenol removal from aqueous solutions by zeolites
as solid adsorbents. J Hazard Mater. 2010;184(1-3):477–84. doi:
10.1016/j.jhazmat.2010.08.059. [PubMed: 20855165].
24. American Public Health Association . Standard method for the examination of water and wastewater. 19 ed. Washington, D.C: American
Public Health Association; 2008.
25. Dargahi A, Almasi A, Soltanian M, Zarei P, Hashemian AH, Golestanifar
H. Effect of Molasses on Phenol Removal Rate Using Pilot-Scale Anaerobic Reactors. J Water Wastewater. 2014;25(4):2–12.
26. Dargahi A, Sharafi K, Almasi A, Asadi F. Effect of biodegradable organic matter concentration on phenol removal rate from oil refinery
wastewater using anaerobic pond system. J Kermanshah Uni Med Sci.
2015;18(12):678–89.

Avicenna J Environ Health Eng. 2016; 3(1):e7449.

27. Shokoohi R, Movahedian H, Parvaresh M, Hajia M, Jafari AJ. Evaluating the effect of glucose on phenol removal efficiency and
changing the dominant microorganisms in a serial combined
biological system. Pakistan J Biologic Sci. 2005;8(11):1491–4. doi:
10.3923/pjbs.2005.1491.1494.
28. Yoong ET, Lant PA. Biodegradation of high strength phenolic wastewater using SBR. Water Sci Technol. 2001;43(3):299–306. [PubMed:
11381920].
29. Dehghani MH, Mostofi M, Mohammadi MA, McKay G, Yetilmezsoy K,
Albadarin AB, et al. High-performance removal of toxic phenol by
single-walled and multi-walled carbon nanotubes: Kinetics, adsorption, mechanism and optimization studies. J Indust Engineering Chem.
2016;35:63–74. doi: 10.1016/j.jiec.2015.12.010.
30. Liu Z, Xie W, Li D, Peng Y, Li Z, Liu S. Biodegradation of Phenol by
Bacteria Strain Acinetobacter Calcoaceticus PA Isolated from Phenolic Wastewater. Int J Environ Res Public Health. 2016;13(3) doi:
10.3390/ijerph13030300. [PubMed: 27005648].
31. Almasi A, Dargahi A, Pirsaheb M. The Effect of Different Concentrations of Phenol on Anaerobic Stabilization Pond Performance
in Treating Petroleum Refinery Wastewater. J Water Wastewater.
2013;24:61–8.
32. Almasi A, Dargahi A, Amrane A, Fazlzadeh M, Mahmoudi M,
Hashemian AH. Effect of the retention time and the phenol concentration on the stabilization pond efficiency inthe treatment of oil
refinery wastewater. Fresenius Environment Bulletin. 2014;23(10):2541–
8.
33. Nakhli AA, Ahmadizadeh K, Fereshtehnejad M, Rostami MH, Safari M,
Borghei SM. Biological removal of phenol from saline wastewater using a moving bed biofilm reactor containing acclimated mixed consortia. Springer Plus. 2014.
34. Raikar RV, Patil R, Virupakshi A. Degradation of phenol using sequential batch reactor. Int J Engineering Technol. 2015;4(4):542–6. doi:
10.15623/ijret.2015.0404093.
35. Bandyopadhyay K, Das D, Maitik BR. Kinetics of phenol degradation
using Pseudomonas putida MTCC 1194. Bioprocess Biosystems Engineering. 1998;18(5):373–7.

7

