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ABSTRACT

Phenols are toxic to several biochemical reactions. However, biological transformation of
phenols to nontoxic 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
p-cresol removal. In this purpose, p-cresol biodegradation was carried out in a batch reactor
containing mixed bacteria; the temperature (30˚C), the stirring velocity (200 rpm), the
KH2PO4 concentration (1.5 g/L), the K2HPO4 concentration (2 g/L), and p-cresol concentra-
tion (100mg/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 Nitrogen
sources (NH4Cl, KNO3, and NH4NO3), 0–0.5 g/L for NaCl, and 0–0.2 g/L for MgSO4. Their
effects on p-cresol biodegradation and specific growth rate were examined. The shorter
biodegradation time of p-cresol was 30.5 h for NH4Cl, NaCl, and MgSO4 concentrations of
1, 0.3, and 0.1 g/L, respectively. Maximum specific growth rate (0.34 h−1) and total p-cresol
removal were recorded for an optimal pH value of 8.
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1. Introduction

With the development of industrialization, more
and more industrial wastewater containing phenolic
compounds are discharged from industrial processes
such as oil refineries, chemical plants, and coke ovens
[1–5]. A number of these industrial processes produce
phenolic effluents in which phenol may be present at
a level as high as several grams per liter. Because of

their toxicity and persistence, inadequate handling
of the effluents will lead to serious pollution problem
[6–10]. Biological treatment of industrial effluents and
bioremediation of the contaminated environment
by exploiting the capability and potential of micro-
organisms have been considered the most promising
methods [11–17].

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 optimized to determine the best conditions for*Corresponding author.
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phenol removal, especially the mineral salts supple-
mentation and the optimal mineral nitrogen concen-
tration.

2. Materials and methods

2.1. Micro-organisms cultivation

The mixed bacteria of Pseudomonas genus (Pseudo-
monas aeruginosa, Pseudomonas putida, Pseudomonas fluo-
rescens) used in this work were obtained from
activated sludge from the hazardous wastewater sta-
tion 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 micro-organisms collected after centrifugation
(3,000 rpm) for 30min were suspended in NaCl 0.5%
and re-centrifuged. After the third washing, The
micro-organisms collected after centrifugation were
re-suspended in NaCl 0.5% to determine the concen-
tration of the mixed bacteria. This solution (mixed
bacteria and NaCl 0.5%) was analyzed by measuring
OD at 600 nm using a Vis spectrophotometer (HACH
DR2800); the OD value was then converted to dry cell
mass using a dry weight calibration curve. The dry
cell mass density (g/L) was found to follow the fol-
lowing regression equation x (g/L) = 1.044 ×OD600.
Specific growth rate was determined in the exponen-
tial growth phase. For each flask, the specific growth
value was determined from linear semi-logarithmic
plot of cell concentration vs. time during the exponen-
tial growth phase, i.e. when specific growth rate
became nearly constant [18].

2.2. Biodegradation experiments

As the OD value of adapted cells reached 2.7–2.9,
an aliquot of the culture was centrifuged at 3,000 rpm
for 30min. To wash the biomass, it was re-suspended
in NaCl 0.5% and centrifuged. The cells (1 mL) were
then transferred and inoculated in Erlenmeyer flasks
(250mL) to yield an initial OD of 0.078, and contain-
ing 100mL of medium containing nitrogen source
(NH4Cl) and the following mineral salt supplementa-
tion (MSS), namely KH2PO4, KH2PO4, and MgSO4 at
the required concentrations, and 125mg/L of p-cresol.
The cells were cultivated at 30˚C and 200 rpm. Sam-
ples were withdrawn at suitable time intervals and
the concentration of cells was deduced from optical
density measurement and p-cresol was measured as
described below.

2.3 Residual p-cresol determination

p-Cresol was colorimetrically estimated using a Vis
spectrophotometer (HACH DR5000), absorbance read
at 288 nm.

3. Results and discussion

3.1. Optimal salt concentrations

At pH 7, the effect of mineral salt supplementation
of culture medium on p-cresol degradation was
shown for instance for NaCl (Fig. 1).

Fig. 1 shows that the residual p-cresol concentra-
tion decreases vs. the time; on the other side, the evo-
lution of biomass concentration increases vs. the time.

The lag phase was at least 20 h, and in the range of
NaCl concentrations tested, total p-cresol removal
(100mg/L) was recorded in less than 33.5 h. The
shorter time of biodegradation of p-cresol is equal to
30.5 when NaCl concentration is equal to 0.1 g/L.

Table 1 shows the effect of culture medium compo-
nents on specific growth rate. Table 1 shows that the
specific growth rate increases with the increase in
NaCl concentration, reaching a maximum and then
decreases; this decrease indicates that bacterial growth
is slowed down beyond this inhibitory concentration.
Maximum specific growth rate was 0.21 h−1 recorded
for 0.1 g/L NaCl.

This amount was in agreement with the mineral
supplementation considered by other workers, since
Luo et al. [19] and Nakano et al. [20] supplemented
with 0.1 and 0.21 g/L NaCl to biodegrade phenol,
while 0.4 g/L was used to biodegrade chlorophenols
(2-chlorophenol, 4-chlorophenol, 2,4-dichlorophenol,
and 2,4,6-trichlorophenol) [21].
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Fig. 1. Time courses of the residual p-cresol and biomass
concentrations for different initial NaCl concentration.
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At 30˚C and pH 7, a series of degradation batch
test at different MgSO4 concentration were conducted
with mixed culture. The effect of MgSO4 concentration
on p-cresol degradation was observed on Fig. 2.

Fig. 2 shows that a mixed bacterium degrades a
100mg/L of p-cresol within 35.25 h; the shorter time
is equal to 30.58 h when MgSO4 concentration is equal
to 0.1 g/L. The evolution of cell concentration (Fig. 2)
shows that a lag phase is equal to 20 h.

The evolution of specific growth rate vs. MgSO4

concentration (Table 1) shows that the maximum
value is equal to 0.21 h−1 when MgSO4 concentration
is equal to 0.1 g/L.

Table 1 shows that the specific growth rate
increases with the increase in MgSO4 concentration,
reaching a maximum and then decreases; this decrease
indicates that bacterial growth is slowed down beyond
this inhibitory concentration.

The same concentration of MgSO4 in mineral salt
medium was used by Hamitouche et al. [11,12],
Qui et al. [22] to biodegrade phenol and p-cresol,
respectively.

3.2. Optimal nitrogen source concentration

A series of degradation batch test at different
nitrogen concentration sources were conducted with
Pseudomonas spp. culture to see the effect of the three
nitrogen sources selected on biodegradation of
p-cresol. The results were regrouped in Figs. 3–5.

Figs. 3–5 clearly indicate the affinity of Pseudomo-
nas spp. to the three nitrogen sources in p-cresol deg-
radation process. A 100mg/L of p-cresol was entirely
degraded within 48.5 h; the time shorter for p-cresol
biodegradation is equal to 30.58 h when the optimal
concentration is equal to 1 g/L. The evolution of cell

Table 1
Effect of culture medium components and pH on the specific growth rate

Parameters (g/L) Value of parameters Specific growth rate (h−1)

[NaCl] 0 0.093
0.05 0.11
0.1 0.21
0.2 0.18
0.3 0.158
0.4 0.128
0.5 0.1

[MgSO4] 0.05 0.149
0.1 0.21
0.15 0.157
0.2 0.127
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Fig. 2. Time courses of the residual p-cresol and biomass
concentrations for different initial MgSO4 concentrations.
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Fig. 3. Time courses of the residual p-cresol and biomass
concentrations for different initial NH4Cl concentrations.

A. Hamitouche et al. / Desalination and Water Treatment 57 (2016) 3059–3064 3061



concentration shows that the time for lag phase is
between 20 and 32 h for different nitrogen sources
concentration.

Table 2 shows that the effect of evolution of nitro-
gen sources concentration on specific growth rate, and
the specific growth rate increases with the increase in
nitrogen concentration, reaching a maximum and then
decreases; this decrease indicates that bacterial growth
is slowed down beyond this inhibitory concentration.

The maximum value of specific growth rate is
equal to 0.21, 0.203, and 0.194 h−1 when the concentra-
tion of NH4Cl, KNO3, and NH4NO3, respectively, is
equal to 1 g/L.

The same optimal concentration of nitrogen
sources was obtained by Hamitouche et al. [11–13] to
biodegrade phenol and p-cresol, with another mixed
culture composed of four bacteria with different
genus.

3.3. Optimal pH

Batch cultures of mixed bacteria of Pseudomonas
genus were conducted in an optimal condition of salt
and nitrogen concentration with initial p-cresol
concentration of 100mg/L and initial pH ranging
from 5 to 9. The evolution of residual p-cresol concen-
tration and cell concentration vs. the time for different
value of initial pH were represented in Figs. 6–8.

A p-cresol (100mg/L) was entirely degraded
within 45.25 h; the shorter time for p-cresol biodegra-
dation is equal to 30.58 h when pH is equal to 7. The
evolution of cell concentration shows that a lag phase
is equal to 20 h to 32 h for different pH value. Fig. 9
shows the effect of pH on specific growth rate. The
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Fig. 4. Time courses of the residual p-cresol and biomass
concentrations for different initial KNO3 concentrations.
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Fig. 5. Time courses of the residual p-cresol and biomass
concentrations for different initial NH4Cl concentrations.

Table 2
Effect of nitrogen sources on the specific growth rate

Parameters (g/L) Value of parameters Specific growth rate (h−1) Time of lag phase (h)

[NH4Cl] 0.25 0.156 32
0.5 0.18 32
1 0.21 20
1.5 0.178 28
2 0.146 30

[KNO3] 0.25 0.151 32
0.5 0.201 32
1 0.203 20
1.5 0.188 27
2 0.171 27

[NH4NO3] 0.25 0.161 32
0.5 0.181 32
1 0.194 20
1.5 0.18 28
2 0.16 28
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maximum value of specific growth rate is equal to
0.344, 0.304, and 0.313 h−1 for NH4Cl, KNO3, and
NH4NO3, respectively, when pH is equal to 8. The
study of Ho et al. [1], Qiu et al. [22], and Ying et al.
[23] obtained the same optimal pH with a phenol and
p-nitrophenol. The optimal values of specific growth
rate are much higher than those found in the litera-
tures, whereas the specific growth rate of mixed cul-
ture obtained has been reported to be in the range of
0.13–0.36 h−1 [1,18–23].

4. Conclusion

Growth kinetics of mixed bacteria and their degra-
dation nature for p-cresol were investigated.

The following conclusions were drawn:

(1) As the mixed culture has a high biodegrada-
tion activity, specific growth rate raises until
0.34 h−1, with the time of biodegradation equal
to 32.67 h.

(2) A 100mg/L of p-cresol is completely
degraded for each batch experience and for
different parameter studied, whereas time of
biodegradation range is 20–32 h.

(3) The optimal mineral medium concentrations
(g/L) are 0.1, 0.1, and 1 for NaCl, MgSO4, and
nitrogen sources, respectively.

(4) The optimal value of pH is equal to 8.
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