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ABSTRACT: Phenol and its homologues are aromatics containing hydroxyl, methyl, amide and sulphonic
groups attached to the benzene ring. These molecules are both anthropogenic and xenobiotics. Phenols are
environmental pollutants discharged through wastewaters from various industries. Phenols are toxic to several
biochemical reactions. However biological transformation of phenols to non-toxic entities exists in specialized
microbes, owing to enzymatic potential involving enzymes of aromatic catabolic pathways. In this study, a
series of experiments were performed to examine the effects of the mineral medium composition and the pH
on phenol removal. In this purpose, phenol biodegradation was carried out in a batch reactor containing mixed
bacteria; the temperature (30°C), the stirring velocity (200 r /min) and the phenol concentration (125 mg/L)
were kept constants. The initial pH was varied in the range 5 – 9 and the mineral components were tested in
the following concentration ranges: 0 – 2 g/L for NH4Cl, 0 – 4 g/L for KH2PO4, 0 – 4 g/L for NaH2PO4 and 0
– 0.2 g/L for MgSO4. Their effects on phenol biodegradation and specific growth rate were examined. All
experiments were carried out at a given initial bacterial concentration of 0.08 g/L (based on optical density
determination, 0.079). The shorter biodegradation time of phenol was 20.6 h for NaH2PO4, KH2PO4 and
MgSO4 concentrations of 2 – 4, 3 and 0.2 g/L respectively. Maximum specific growth rate (0.65 h-1) and total
phenol removal (99.99 %) were recorded for an optimal pH value of 8 and the following mineral medium
concentrations (g/L): 1, 4, 3 and 0.1 for NH4Cl, KH2PO4, NaH2PO4 and MgSO4 respectively.
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INTRODUCTION
Phenol is a very toxic and hazardous chemical com-

pound. Indeed, many phenol-based substances are
confirmed or suspected human carcinogens (Gupta et
al., 1998; Dabhade et al., 2009 ; Onwurah, 2007). World-
wide, phenols are present at different concentrations
(0.002 – 2.6 mg/L) caused by the development of indus-
trialization, more and more industrial wastewater con-
taining phenolic compounds are discharged from in-
dustrial processes such as oil refineries, chemical plants
and coke ovens (Nemerow, 1978; Patterson, 1985;
Berkowitz, 1988; Sittig, 1997; Sa & Boaventura, 2001;
Ho et al., 2009; Abduli et al., 2007; Hassani et al.,
2009).

A variety of techniques have been used for the
remediation of phenol. Conventional methods of
treatment are largely chemical or physical, but these
processes lead to secondary effluent problems which
increase the global cost of the process in a non negli-
gible way. Besides, biological treatment is an
effective method which shows an increasing number
of industrial applications, since a wide range of micro-
organisms can assimilate phenol as the sole source of
carbon (Shawabkeh et al., 2007).

Bacteria are a class of microorganisms actively
involved in the degradation of organic pollutants from
contaminated sites. A number of bacterial species are
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known to degrade phenolic compounds. Most of them,
showing high biodegradation efficiency, are isolated
from contaminated soil or sediments (Haritash et al.,
2009). The identified organisms belonged to several
genera, like Pseudomonas, as well as Agrobacterium,
Bacillus (Gurujeyalakshmi & Oriel,  1989),
Burkholderia, Sphingomonas (Berkowitz, 1988),
Rhodococcus (Margesin et al., 2005) species and mixed
culture.

The main goal of this paper was to investigate the
biodegradation of phenol by mixed bacteria; the effect
of pH and the mineral medium composition were opti-
mized to determine the best conditions for phenol
removal, especially the mineral salts supplementation
and the optimal mineral nitrogen (ammonium chloride)
concentration.

MATERIALS & METHODS
The mixed bacteria used in this work were

obtained from activated sludge from the hazardous
wastewater plant of Boumerdès (Algeria). The stock
cultures were stored at 4 °C. The mixed bacteria were
activated for 24 h at 30 °C in the nutrient medium (NB)
containing (g/ L): peptone, 15, yeast extract, 3, sodium
chloride, 6, and (D+)-glucose, 1.

After 24 h, when cells were grown, the biomass
was harvested by centrifugation. The microorganisms
collected after centrifugation (3000 r/min) for 30 min
were suspended in NaCl 0.5 % and re-centrifuged. Af-
ter the third washing, The microorganisms collected
after centrifugation were re-suspended in NaCl 0.5 %
to determine the concentration of the mixed bacteria.
This solution (mixed bacteria and NaCl 0.5%) was ana-
lyzed by measuring OD at 600 nm using a Vis spectro-
photometer (HACH DR2800); the OD value was then
converted to dry cell mass using a dry weight calibra-
tion curve. The dry cell mass density (g/ L) was found
to follow the following regression equation x (g/L) =
1.044 × OD600.

Specific growth rate was determined in the expo-
nential growth phase (Dagley & Gibson, 1965; Stanier
et al., 1966; Chiam & Harris, 1982; Worden &
Donaldson, 1987). For each flask, the specific growth
value was determined from linear semi logarithmic plot
of cell concentration versus time during the exponen-
tial growth phase, namely when specific growth rate
became nearly constant (D’Adamo et al., 1984).

As the OD value of adapted cells reached 2.7 –
2.9, an aliquot of the culture was centrifuged at 3000
rpm for 30 min. To wash the biomass, it was re-sus-
pended in NaCl 0.5% and centrifuged. The cells (1 ml)
were then transferred and inoculated in Erlenmeyer
flasks (250 mL) to yield an initial OD of 0.078, and con-

taining 100 mL of medium containing nitrogen source
(NH4Cl) and the following mineral salt supplementa-
tion (MSS), namely NaH2PO4, KH2PO4 and MgSO4 at
the required concentrations, and 125 mg/ L of phenol.
The cells were cultivated at 30 °C and 200 rpm. Samples
were withdrawn at suitable time-intervals and the con-
centration of cells was deduced from optical density
measurement and phenol was measured as described
below.

Phenol was colorimetrically estimated using a Vis
spectrophotometer (HACH DR2800) according to the
method previously described by Yang & Humphrey
(1975) and based on rapid condensation with 4-
aminoantipyrine followed by oxidation with alkaline
potassium ferricyanide and absorbance read at 510 nm.

RESULTS & DISCUSSION
The effect of mineral salt supplementation of cul-

ture medium on phenol degradation was shown for
instance for NaH2PO4 (Fig.1). The lag phase was at
least 10 h, and in the range of NaH2PO4 concentrations
tested, total phenol removal (125 mg/L) was recorded
in less than 22.5 h.

For NaH2PO4 concentrations in the range 2 – 4 g/ L,
no really effect of this component was recorded and
total phenol removal was observed in about 20.6 h.The
similar evolution of cell concentration and residual
phenol concentration as function of time for the con-
centration of KH2PO4, the concentration of MgSO4,
the concentration of NH4Cl and initial pH solution were
observed, complete phenol degradation (125 mg/L) by
the mixed cultures was achieved in a range of time of
20.6 to 33.2 h.

Fig. 2 shows the effect of culture medium compo-
nents on specific growth rate. Maximum specific growth
rate was 0.34 h-1 recorded for 3 g/L NaH2PO4 (Fig.2a).
This amount was in agreement with the mineral supple-
mentation considered by other workers, since Luo et
al. (2009) and Nakano et al. (1999) supplemented with
2.544 and 1 g/L NaH2PO4 to biodegrade phenol, re-
spectively; while 4 g/L was used by Zilouei et al. (2006)
to biodegrade chlorophenols (2-chlorophenol, 4-chlo-
rophenol, 2, 4-dichlorophenol and 2, 4, 6-
trichlorophenol).

The highest maximum specific growth rate was 0.58
h-1 recorded for 4 g/L KH2PO4 (Fig.2b) concentration,
in agreement with other findings (dos Santos et al.,
2009) used 4.3 g/L of KH2PO4 in mineral salt medium to
biodegrade phenol by Aureobasidium pullulans FE13
isolated from industrial effluents.

At 30°C and pH 7, the evolution of specific growth
rate versus MgSO4 concentration (Fig.2c) shows maxi-
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Fig. 1. Time-courses of the residual phenol and biomass concentrations for different initial NaH2PO4 concen-
tration. Medium composition and physico-chemical parameter values were [NH4Cl] = 1 g/L, [KH2PO4] = 3 g/L,

[MgSO4] = 0.1 g/L, [Phenol] = 125 mg/L, Temperature = 30 °C, stirring velocity = 200 r/min and pH = 7
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Fig. 2. Specific growth rate as function of initial NaH2PO4 (a), KH2PO4 (b), MgSO4 (c), NH4Cl (d) concentra-
tions and pH (e). Except the considered culture medium component or physico-chemical parameter, the other
medium parameter values were [Phenol] = 125 mg/L, [NH4Cl] = 1 g/L, [MgSO4] = 0.1 g/L, [NaH2PO4] = 3 g/L,

[KH2PO4] = 4 g/L, temperature = 30 °C, stirring velocity = 200 r/min and pH = 7 (Continues)
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Fig. 2. Specific growth rate as function of initial NaH2PO4 (a), KH2PO4 (b), MgSO4 (c), NH4Cl (d) concentra-
tions and pH (e). Except the considered culture medium component or physico-chemical parameter, the other
medium parameter values were [Phenol] = 125 mg/L, [NH4Cl] = 1 g/L, [MgSO4] = 0.1 g/L, [NaH2PO4] = 3 g/L,

[KH2PO4] = 4 g/L, temperature = 30 °C, stirring velocity = 200 r/min and pH = 7 (Continuation)
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mum value of 0.58 h-1 when MgSO4 for 0.1 g/L MgSO4,
in agreement with Zhao et al. (2009) during their stud-
ies on phenol biodegradation.

Fig.2d shows that the optimal value of specific
growth rate was 0.58 h-1, recorded for 1 g/L NH4Cl
supplementation. The effect of pH on µmax shows an
optimum (0.65 h-1) for pH 8 (Fig.2e). Other workers in
the field obtained the same optimal pH during phenol
and p-nitrophenol degradation (Wang et al., 2007; Ho
et al., 2009; Qiu et al., 2009).The optimal values of spe-
cific growth rate are in the same order of magnitude
than the values reported by other authors for mixed
cultures, namely in the range 0.13 to 0.6 h-1 (Pawlowsky
& Howell, 1973; Hill & Robinson, 1975; Yang &
Humphrey, 1975; D’Adamo et al., 1984; Rozich &
Colvin, 1986; Sokol, 1987; Allsop et al., 1993; Goswami
et al., 2005).

CONCLUSION
Growth kinetics of the used microbial consortium

and its potential for phenol assimilation were investi-
gated leading to high biodegradation activity of the
considered mixed culture, with an optimal maximum
specific growth rate of 0.65 h-1 for a total phenol bio-
degradation time of 24.2 h. Irrespective of the culture
conditions, total phenol biodegradation (125 mg/L) was
achieved during times ranging from 20.6 to 33.2 h. The
optimal mineral medium concentrations (g/L) were 1, 4,
3 and 0.1 for NH4Cl, KH2PO4, NaH2PO4 and MgSO4
respectively, and the optimal pH value were 8.
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