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Abstract

The present work attempts to solve pollution problems in watery surroundings by aromatic compounds such
as the phenol and the benzoic acid. Several ways of elimination of these compounds were the object of dif-
ferent research among which is the use of bacteria. In this framework, Pseudomonas aeruginosa bacterium is
used to eliminate phenol and the benzoic acid. This made it possible to isolate the Pseudomonas aeruginosa
bacterium directly on the nourishing environment containing phenol and benzoic acid as source of energy
then the bacteria is incubated at 37°C during a minimal duration of four days. Furthermore, we studied the
influence of the Pseudomonas aeruginosa bacterium on the deterioration of an area exposed to a phenol and
the benzoic acid concentration. Results obtained at the time of the different experimentations clearly show
that phenol and the benzoic acid were eliminated by the Pseudomonas aeruginosa bacterium. However, it
was noted that during the various investigations the bacterium Pseudomonas aeruginosa develops better in a

phenol milieu and therefore degrades phenol more than benzoic acid.
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1. Introduction

E Phenol and phenolic compounds are important for
many industries, which are involved in pesticide, tincture,
bakelite, and medicine extensively. Therefore, a large
amount of phenol and phenolic compounds are effused
into stream and soil, and have badly polluted the envi-
ronment [1]. Phenol is toxic to most microorganisms and
potentially carcinogenic to humans [2]. Phenols are pre-
sent in wastewater of various industries, such as refiner-
ies (6-500 mg/l), coking operations (28-3900 mg/1), coal
processing (9-6800 mg/l), and manufacture of petro-
chemicals (2.8-1220 mg/1) [3].

Benzoic acid is a common additive for preserving
foods, fats, fruit juices, alkaloid solutions, and curing
tobacco. A major source of benzoic acid and its deriva-
tives released into the aquatic environments are from the
effluents of coal refining, paper and pulp mills, and in
agricultural runoff [4]. Moreover, the wastewater dis-
charged from processes of manufacture and application
can pollute water, soil and atmosphere. The concentra-
tion of benzoic acid was found to range from 10 to 27500
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pg/L in the groundwater [5].

Different treatment methods are available for reduc-
tion of phenol content in wastewater. The technologies
for the treatment of wastewater containing phenol in-
clude chlorination, ozonation, adsorption, solvent extrac-
tion, membrane process, coagulation, flocculation and
biological treatment [6] and compared with physico-
chemical methods, the biodegradation methods of phenol
reduction is universally preferred, because of lower costs
and the possibility of complete mineralization [7] The
use of microorganisms to degrade aromatic pollutants is
an interesting low-cost approach for the treatment of
industrial sewage disposal, contaminated sediments, soil
and groundwater. Typically, biodegradation is practiced
by providing favorable environmental conditions in order
to stimulate the removal of pollutants [8].

Many aerobic phenol-degrading microorganisms were
isolated and the pathways for the aerobic degradation of
phenol are now definitely well established. The first step
consists of oxygenation of phenol by phenol hydroxylase
enzymes to form catechol, followed by ring cleavage
adjacent to, or in between, the two hydroxyl groups of
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catechol. Phenol hydroxylases ranging from simple
flavoprotein monooxygenases to multi component hy-
droxylases, as well as the genes coding for these en-
zymes, were described for few aerobic phenol-degrading
microorganisms [9].

In this study, we report the biodegradation of benzoic
acid and phenol at high initial concentrations. The bio-
degradation of these compounds was investigated indi-
vidually using Pseudomonas aeroginosa. One of the
purposes of this study was to biodegrade benzoic acid
and phenol in short times and to obtain more information
on interactions among aromatics during the biodegrada-
tion at high initial concentrations.

2. Materials and Methods
2.1. Microorganism and Growth Medium

Isolation has been realized directly on the King A and
King B medium from urban wastewaters. Incubation is
done at 37°C during 4 days.

After blue colony apparition in the King A medium
and the red colony In the King B medium, Pseudomonas
aeruginosa bacterium were added to the polluted water
that contains the necessary mineral salts to the growth of
the bacterium: KH,PO, = 1.7 g/l, K,HPO, = 4.3 g/,
(NH4),SO4= 2.69 g/, CaCl,= 0.03 g/l, MgS04 = 0.2 g/l
(Table 1), phenol and the benzoic acid have been used as
the only source of carbon and energy. The solution ster-
ilized to the autoclave and the incubation is done at 37°C,
the reading is done after 24 h.

2.2. Cell Density Measurement

Bacterial growth was measured spectrophotometrically
by optical density at 600 nm (ODgy) [11].The transfor-
mation of DO into UFC / ml is made by the relation:
DO=07— 5 10°UFC/mI[12].

2.3. Chemicals

Benzoic acid and phenol were used as the carbon sources,
and all the solutions/media were made in double distilled

Table 1. Composition of the synthetic medium [10].

Compound Concentration g/1
Phenol and benzoic acid Variable
KH,PO4 1.7
K,HPO4 43
(NH4),SO4 2.69
CaCl, 0.03
MgSO, 0.2
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water.

2.4. Effect of pH on Phenol and Benzoic Acid
Biodegradation

To value the effect of the pH on the biodegradation of
the two pollutants by Pseudomonas aeruginosa we pre-
pared phenol and benzoic acid of the same 20 mg/l con-
centration in addition to necessary mineral salts to the
growth of Pseudomonas aeruginosa. The pH was fixed
to the different values 5.6, 7 and 8, and every solution
was put in contact with a number of Pseudomonas
aeruginosa of 0.047.10° UFC/ml and submitted to agita-
tion then incubated to 37°C.

After 24 hours, the mixture of every solution was cen-
trifuged at 4000 g for 15 min; the degraded quantity of
the compound was determined by the equation obtained
by standardization curves.

2.5. The Effect of Initial Concentration on
Phenol and Benzoic Acid Biodegradation

To study the effect of the concentration of the two com-
pounds on the biodegradation by Pseudomonas aerugi-
nosa, we prepared phenol solutions and benzoic acid to
different concentrations of 10, 50, 70, 80 mg/l. After that,
volume of every solution was 50 ml, which we mixed
with 0.047.10° UFC/ml of Pseudomonas aeruginosa and
submitted to agitation and incubation for 24 h.

3. Results and Discussions

After the biodegradation of 10, 50, 70 and 80 mg/l phe-
nol 10, 50, 70 and 80 mg/l benzoic acid were conducted,
the results obtained for phenol and benzoic acid biodeg-
radation experiments are shown in Figures 1,2 respec-
tively. These substrates were completely biodegraded
except 80 mg/l (87.22%) phenol and 80 mg/l (81.25%)
benzoic acid. Growth was apparent after a lag period and
was exactly mirrored by phenol or benzoic acid con-
sumption. The results showed that the lag period, the
biodegradation time, and the number of microorganism
increased on increasing the substrate concentrations.
Also, the biodegradation time of benzoic acid was lower
than the biodegradation time of phenol. It became obvi-
ous that microorganism used phenol as sole carbon and
energy source better than benzoic acid.

The biodegradation times were first increased then de-
creased by increasing the concentration of phenol and
benzoic acid. At low substrate concentrations, the bio-
degradation times of these compounds were, for example,
10 and 50 mg/l phenol were biodegraded in 96 h, 120 h
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Figure 1. The biodegradation of 10 (m), 50 (A), 70 (e) and
80 (¢) mg/l phenol, and the bacteria number for 10 (I'1), 50
(A), 70 (o) and 80 (0) mg/1 phenol.
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Figure 2. The biodegradation of 10 (m), 50 (A), 70 (e) and
80 (¢#) mg/1 benzoic acid and the bacteria number for 10 (),
50 (A), 70 (o) and 80 (¢) mg/1 benzoic acid.

respectively and 10, 50 mg/l benzoic acid were biode-
graded in 120 h, 140 h respectively.

In addition, the microorganism number obtained in-
creased by increasing the concentration of the com-
pounds, but there was no important increase in the mi-
croorganism number at the high substrate concentration
of phenol and benzoic acid. For example 0.11.10°
UFC/ml as obtained from the biodegradation of 80 mg/l
phenol and 0.9.10° UFC/ml from the biodegradation of
10 mg/1 (Figure 1) and because of that, the biodegrada-
tion was decreased at the high concentrations of these
compounds. These results show that the microorganism
was inhibited by the presence of the high substrate con-
centrations.

The results for effect of pH on phenol and benzoic
acid biodegradation experiments are shown in Figures
3,4 respectively.

The degradation time of phenol for pH 5.6, 8 and 7
was 96 h, 120 h, 72 h respectively.

Results show that phenol degradation is faster at pH 7
because it is the appropriate pH for the growth of Pseu-
domonas aeruginosa.
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Figure 3. The effect of pH on phenol biodegradation.

13000000
12000000
11000000
10000000

10

@

9000000
—=— C, at pH=5.6 8000000

—o— N, at pH=5.6| 7000000
6000000

CBA atpH=7 5000000

Ny at pH=T | 4500000
—e— C,,at pH=8 | 3000000

o NBat pH=8 2000000
1000000

N

oY

wnpoleq

CBenzoic Acid(mg/l)
N

(w/540)

0

20 40 60 80 100 120 140 160 180

Figure 4. The effect of pH on benzoic acid biodegradation.

Finally, the degradation time for benzoic acid for pH
5.6, 8 and 7 was 120 h, 96 h, and 120 h respectively. We
notice that Pseudomonas aeruginosa totally destroyed
the phenol and benzoic acid quantity in a short degrada-
tion time at PH=17.

4. Conclusions

Pseudomonas aeruginosa bacterium developed better in
a phenolic medium and therefore damaged the phenol
more than the benzoic acid did because the presence of
COOH grouping functional on the benzene cycle had an
influence on the bacterium degradation capacity.

Phenol and benzoic acid degradation is faster at PH =
7 because it is the appropriate pH for the growth of the
Pseudomonas aeruginosa bacterium.

However, Pseudomonas aeroginosa isolated in this
study could not degrade very high concentrations of phe-
nol and benzoic acid completely (> 80 mg/l).
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