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Chlorinated phenols, widely used in industries, are of growing concern owing to their high toxicity,
carcinogenicity and wide distribution in industrial wastes. In the present study, one Pseudomonas
isolate, identified as Pseudomonas fluorescens, was obtained using the enrichment process with 2,4,6-
trichlorophenol (2,4,6-TCP) as a sole carbon source. This isolate was found to be able to degrade
various highly chlorinated phenolic compounds such as pentachlorophenol, 2,4,5-TCP, 2,4,6-TCP as
well as phenol, 2,4-dibromophenol and 2,4-dichlorophenol (2,4-DCP). The ability of P. fluorescens
isolate to remove phenol from a resin producing industrial effluent was tested by scanning the
spectrum with a UV-VIS spectrophotometer. The results indicated that this isolate metabolized phenol
in the meta-pathway. The optimal phenol degradation conditions of P. fluorescens isolate were at pH 7
and 30°C. At the 480 mg/l of phenol concentration, the highest specific degradation rate of was
observed. Further increases in phenol concentration slowed down the degradation ability of the isolate.
However, P. fluorescens isolate still has the ability of degrading phenol at the concentration of 3.2 g/L.
The supplementation of 1% glucose stimulated the growth of P. fluorescens isolate and enhanced the
ability to utilize phenol from the effluent sample. GC-MS results show that 85.4% of phenol in the
effluent sample was metabolized after 40 days. In conclusion, P. fluorescens isolated in this study has
the ability of utilizing various chlorophenolic compounds and demonstrates its potentials of degrading
high concentration of phenol in industrial effluents.
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INTRODUCTION

Chlorinated phenols are important chemicals widely used
in industries for the manufacture of products such as
dyes, insecticides, disinfectants, wood preservatives, as
chemical products in building, agriculture and hospital
(Hoos, 1978; Haggblom, 1992; Agostini et al., 2003) and
in effluents from pulp and paper mills (Watanabe et al.,
1996). Because of its broad application in industrial and
medical settings, it has become one of environmental
contaminants especially in the underground water
(Radchaus and Schmidt, 1992; Breining et al., 2000).
Chlorophenols stick to soil and to sediments at the
bottom of lakes, rivers, or streams and rapidly enter the
body through the skin and the gastrointestinal tract
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(Exon, 1984). Owing to their high toxicity, carcinogenicity
and wide distribution in industrial wastes leading to great
harm to human being and marine organisms (Exon,
1984; Ping et al., 2003), they are of growing concern
(Alexander, 1981; Sittig, 1981).

Although there have been many studies regarding the
environment fate of chlorinated phenols, including
photochemical degradation and sequential aerobic and
anaerobic degradation. The bioremediation means have
been generally accepted by the public because they lead
innocuous tailings, are non-invasive to environments and
are cost-efficient compared physiochemical approaches
(Gallizia et al., 2003). Biodegradation is defined as the
biologically catalyzed reduction in complexity of chemical
compounds. The organic pollutants are used as sole
source of carbon and energy. Growth process results in a
complete degradation (mineralization) of organic
pollutants. Generally chlorinated phenols are transformed



via oxidative dechlorination (aerobic biodegradation)
(Steinle et al., 1998), while in anaerobic conditions via
reductive dechlorination (Annachhatre and Gheewala,
1996).

In the present study, we report the characteristics of
Pseudomonas fluorescens isolate capable of degrading
various chlorophenolic compounds and the potentials to
remove the phenolic compounds from a local resin
producing industrial effluent.

MATERIALS AND METHODS

Isolation and identification

Soil samples were collected from Botany nursery (garden) at the
Westville campus of the University of KwaZulu Natal. 10g of garden
soil was added into 100 ml of Bushnell Haas (BH) medium, pH7.2,
containing NH4sNOs; (1 g/L), KoHPO4 (1 g/L), KH:PO4 (1 g/L),
CaCl,.2H,0O (0.02 g/L), MgS04.7H.O (0.2 g/L), FeCl; (0.0 5g/L)
(Atlas, 1994). 200 uM of 2,4,6-trichlorophenol (2,4,6-TCP) was
used as sole carbon source. These flasks were shaken at 30°C and
160 rpm for four weeks with 1 ml of enriched media transferred into
freshly prepared enrichment media each week. Serial dilutions
(1/10) of final enriched media were spread-plated on BH agar
supplemented with 2,4,6-TCP incubated at 30°C. The single colo-
nies were streaked onto nutrient agar plates, incubated at 30°C
overnight and the pure isolates were stored at 4°C until further use.

The isolate that was capable of degrading chlorophenolic com-
pounds were identified by Gram stain, biochemical tests (Garrity et
al., 2005) and confirmed by 16S rDNA sequencing (Marchesl et al.,
1998). For long—term preservation, the bacterial isolate was stored
in 40% glycerol at -70°C.

Substrate preferences for P. fluorescens isolate

The substrate preference of the isolate was studied by using
various chlorophenolic compounds as carbon sources (Table 1) at
30°C and 160 rpm. The cell growth was measured by the optical
density at 600 nm.

Degradation of phenolic compounds in an industrial effluent

One industrial effluent containing phenolic compounds from a local
resin producing plant was used as the sole carbon source to test
the degradation potentials of the bacterial isolate. During the course
of the study, phenol (32 g/l) was identified as the main component
in the effluent using GC-MS and colorimetric analyses.

The bacterial isolate was grown overnight in nutrient broth and
the grown bacteria were centrifuged for 15 min at 3000 rpm. Cells
were re-suspended on BH broth. Cell number of each isolate was
normalized to optical density (ODego) of 1.

Preliminary degradation studies were carried out with the addition
of 1 ml normalized inocula into 100 ml of BH broth containing 160
mg/I of phenol from the industrial effluent. Flasks were shaken at
30°C and 160 rpm. The reactions containing all components but
devoid of bacterial inoculums were used as the controls. Optimal
conditions for the substrate degradation by bacterial isolate were
determined using different pHs (pH 6.0, 7.2 and 9.0), temperatures
and different concentrations of substrate. In order to enhance the
phenol-degradation ability of bacterial isolate at the high phenol
concentration, additional 1% glucose was supplemented in the
growth media.

The phenol concentration was determined using a UV-VIS spec-
trophotometer (Varian Cary 50) at low phenol concentration and
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Table 1. The substrate preference of P. fluorescens isolate
using various halo-phenolic compounds as the sole carbon
source in BH media at pH7.2, 30°C and 160 rpm for 4 days.

Substrate P. fluorescens
Phenol (200 pM) +++
2,4-dibromophenol (200 pM) ++++
2,4-dichlorophenol (200 uM) ++++
4-chloro-3-nitrophenol (200 uM) ++++
2,6-dichlorophenol (200 pM) +++++
2,4,6-trichlorophenol (200 uM) +++++
2,4,5-trichlorophenol (200 M) + +
Pentachlorophenol (200 uM) + +

+ 4+ + +: OD 400 > 0.700.

+ 4 +: 0.700> OD g9 >0.400.
+ +: 0.400> OD gq0 > 0.200.
+: 0D 600 <0.200.

using TLC and the colorimetric methods, while the phenol concen-
tration was high, as described below. The cell growth was also
monitored by optical density at 600 nm (ODggo).

Determination of phenol concentration

1 ml of supernatant after centrifugation at given time point was
assayed by scanning its spectrum at 200-400 nm with a Cary 50 UV
spectrophotometer (Varian Inc.). The concentration of phenol was
determined by ODyes with the absorbance coefficient of 2169 (EI-
Sayed et al., 2003).

Thin Layer chromatography (TLC)

The aliquots of treated effluents were spotted on a TLC plate
(Merck Silica gel 60 F254). The solvent system was toluene, acetyl
acetate and acetic acid in 7:2:1 ratio (Harborne, 1986). The pheno-
lic compound was visualized using Syngene Genius gel documen-
tation system. The concentrations of phenolic compound was
measured based on the total integrated area of the designated spot
compared with the control (Rf value of 0.57).

Colorimetric assay of phenolic compounds

The residual amounts of phenolic compounds present in the
effluents at different incubation period were also measured by
colorimetric assay (Klibanov et al., 1980). In brief, aliquots (5 ml) of
sample were reacted with 0.025 ml of 4-aminoantipyrine (2%
aqueous solution), 0.025 ml of 6.0 M NH40OH and 0.05 ml potas-
sium ferricyanide (8% w/v). After 5 min, the dye formed was
extracted with 2.5 ml of chloroform. The absorbance of the extract
was determined at 510 nm.

Gas chromatography- mass spectrometry (GC-MS)
The samples during bacterial treatment were analyzed using GC-

MS. Agilent 6890 GC/5973 MS with J and W HP5-MS column (300
x 2.5 mm) was used.

Calculation of specific degradation rate

The specific phenol degradation rate of P. fluorescens isolate under
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Figure 1. Phenol biodegradation measured by scanning the spectrum with a UV-VIS spectrophotometer at
different time intervals in the absence (A) and the presence (B) of P. fluorescens isolate.

specific conditions was calculated as the following: 8[phenol]/dt per
CFU, where d[phenol] was the difference of phenol concentrations
between two sampling times (mg/L) and &t was time difference in
hours (Murialdo et al., 2003).

RESULTS

A cream-white Gram-negative rod was obtained using
2,4,6-TCP as the sole carbon source using the enrich-
ment process. The bacteria isolate was identified as P.
fluorescens respectively using biochemical tests and
confirmed by 16S rRNA identification.

The bacterial isolate was tested for the abilities to
utilize various chlorophenolic compounds as the sole
carbon source (Table 1). The results show that P. fluore-
scens was capable of degrading several highly halo
substituted phenolic compounds such as pentachloro-
phenol, 2,4,5-TCP and 2,4,6-TCP and 2,6-dichlorophenol
(2,6-DCP) as well as phenol, 2,4-dibromophenol or 2,4-
DCP. The isolate utilized 2,4,6-TCP and 2,6-DCP more
effectively. The optimal growth of P. fluorescens using
2,4,6-TCP as the energy source was at 30°C and pH 7-9.
When the substrate concentration was higher than 200
UM, the higher the substrate concentration was, the
slower the bacterial growth rate. No growth was observed
in the case of P. fluorescens while the concentration of
2,4,6-TCP was reached 600 uyM (Data not shown).

In order to explore the industrial potentials to remove
the toxic phenolic compounds from the industrial
effluents, one industrial effluent from a local resin pro-
ducing company was obtained. The effluent was found to
contain high concentration of phenol (32 g/L) measured
by the colorimetric assay. Figure 1 shows biodegradation
of phenol (160 mg/L; 1.7 mM) from an industrial effluent
by P. fluorescens isolate by scanning the spectrum with a

UV-VIS spectrophotometer. In the absence of the
bacterial isolate, the phenol concentration remained
unchanged throughout the incubation period. The respec-
tive decrease and increase in absorption at 268 and 375
nm in the spectra demonstrate the breakdown of the ring
of phenol resulting in the formation of 2-hydro-xymuco-
nate semialdehyde (2-HMS). Decrease in the shaking
speed stimulated the accumulation of the peak at 375 nm
along with the intensity of the yellow color in the solution.
These results indicate that this P. fluorescens isolate
metabolized phenol in the meta-pathway through aerobic
process. The highest specific degradation rate of 4.29 x
10™'° mg/h/cfu was observed when the phenol concentra-
tion was at 480 mg/L compared to 1.27x10"® mg/h/cfu at
640 mg/L and 4.76 x 10" mg/h/cfu at 320 mg/L. Similar
to the case of 2,4,6-TCP as the substrate, high phenol
concentration had a negative impact on the degradation
ability of bacterial isolate.

P. fluorescens isolate failed to grow in the media when
one part of industrial effluent was mixed with one part of
double strength BH media (final phenol concentration of
16 g/L). When the phenol concentration was reduced to
3.2 g/L at the neutral pH, the cell number of P.
fluorescens isolate was able to increase slowly up to 0.07
(ODgoo nm) at days 3 and deceased thereafter in the
standard degradation conditions. The addition of 1%
glucose as the supplement allowed P. fluorescens isolate
to sustain a steady growth to 0.6 (ODgyo nm) at day 10
(data not shown). The degradation of phenolic compound
in the diluted effluent sample was monitored over a
period of 40 days using TLC and colorimetric assays.
Figure 2 shows the residual phenolic compounds deter-
mined by colorimetric assay in the presence of 1%
glucose over a 40-day period as well as a TLC at 0 and
25 day (Figure 2 inlet). The results demonstrated that P.
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Figure 2. Percentage of phenol remaining (colorimetric analyses) by P. fluorescens isolate in
the presence of 1% glucose at 3.2 g/L phenol, pH 7.2, 30°C and 160 rpm over a 40-day
period. (inlet) TLC results at day 0 (A) and day 25 (B).

fluorescens was able to utilize the phenolic compounds
as the carbon source at high substrate concentration.
There were 52.3 and 21.5% of residual phenolic com-
pounds remaining at 25 days and at 40 days, respectively
using colorimetric assays. Similar value of 56.08%
residual remaining at day 25 calculated from TLC was
obtained.

GC-MS analyses (Figure 3A) showed that there were
two phenolic compounds in the industrial effluent. The
major compound was identified as phenol with the elution
time at 6.10 min and a minor peak at 7.73 min was found
to be 4H-1,3-benzodioxin. At the day 40, 4H-1,3-
benzodioxin was completely degraded and only 14.6% of
phenol were remained in the effluent sample (Figure 3B),
that was corresponding to the value of 21.5% obtained by
the colorimetric assay.

DISCUSSION

Pseudomons species are regarded as one of the most
common species of bacteria degrading phenolic com-
pounds isolated from contaminated sites (Hinteregger et
al., 1992; Fava et al., 1995; Hughes and Cooper, 1996;

Whiteney et al., 2001; Van Hamme et al., 2003; Collins et
al., 2004). Several Pseudomonas species demonstrated
their ability of degrading 2.4.6-TCP, 2,4-DCP and
pentachlorophenol (Kiyohara et al., 1992; Tomasi et al.,
1995; Lee et al., 1998; Farrell and Quilty 2002a,b; Wolski
et al., 2006). In the present study, P. fluorescens isolate
was capable of utilizing a wide range of phenolic
compounds with different levels of halo-substitution as
the carbon sources. P. fluorescens isolate possessed a
better ability of utilizing 2,4,6-TCP and 2,6-DCP as the
substrate based on the growth rate (Table 1). Increasing
substrate concentrations enhanced the growth of P.
fluorescens isolate, but further increases in the concen-
tration retarded the cell growths of the same isolate.
Several reports have shown that microbial growth and
concomitant biodegradation of phenol are hindered by
the toxicity exerted by high concentration of substrate
itself (Kargi and Eker, 2005). High concentrations of
chlorophenols/phenol are usually inhibitory to the growth
of microorganisms. Antizar-Ladislao and Galil (2004)
reported that the degree of ionization of phenol/chloroph-
enol and the surface properties of the biomass were
affected by the pH that an increase in pH values led to a
lower electrostatic attraction between the substrate and
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Figure 3. GC-MS analyses of phenol degradation by P. fluorescens isolate in the presence of 1% glucose at 3.2
g/L phenol, pH 7.2, 30°C and 160 rpm at day 0 (A) and day 40 (B).

the binding sites of biomass surface. Phenolic com-
pounds have the abilities to partition into membranes,
disrupted membrane functions and caused cell death.
Pseudomonas sp. grew better at pH values within a
range of 6 to 9 as observed in this study and others (Tsuiji
et al., 1982; Wolski et al., 2006). Whiteney and coworkers
(2001) found that the P. fluorescens and P. putida
isolates were effectively insensitive to phenol and show-
ed virtually no decrease in the respiratory response over
the phenol concentration up to 400 mg/L. Our results also
demonstrate that P. fluorescens isolate achieved the
highest specific degradation rate per cell when the phenol
concentration reached 480 mg/L. However, further
increases in the substrate concentration suppressed the
degradation rate. The concentration of phenol seems to
play a crucial role of degradation as observed in this
study and others (Baker and Mayfield, 1980; Ursin, 1985;
Hwang et al., 1989).

The respective decrease and increase in absorption at
268 and 375 nm in the UV-VIS spectra (Figure 1) suggest
the cleavage of the extradiol ring of phenol resulting in
the formation of 2-hydroxymuconate semialdehyde (2-
HMS) as demonstrated by El-Sayed et al. (2003). In the
metabolism of phenol degradation under aerobic condi-
tion, two different pathways, either the meta- or the ortho-
pathway, have been identified. Decrease in the shaking
speed stimulating the accumulation of 2-HMS at 375 nm

demonstrated that the degradation process of P. fluore-
scens isolate favors aerobic process and this isolate
metabolized phenol using the meta-pathway.

As demonstrated above, the concentration of industrial
effluent has an impact on the cell growth. Although P.
fluorescens isolated in this study failed to replicate in the
extreme high phenol concentration (16 g/L), this isolate
could still be classified as highly phenol-tolerant strain as
described by El-Sayed et al. (2003). P. aeruginosa AT2
and B. cepacia PW3 isolated by El-Sayed and the
coworkers could grow aerobically on phenol as a carbon
source at 3 g/L. The addition of 1% glucose as nutrient
supplement stimulated the growth of P. fluorescens
isolate and enhanced the bacterial ability to utilize phenol
and other compound(s) (Figures 2 and 3). Several
studies have reported the effects of additional organic
compound on phenol biodegradation either enhancement
(Hess et al., 1993; Zaidi and Mehta, 1995; Annachhatre
and Gheewala, 1996; Zaidi and Imam, 1996; Loh and
Wang, 1997; Ambujom, 2001) or inhibition (Rozich and
Colvin, 1986). Similar enhanced degradation of p-
nitrophenol by the addition of glucose was observed with
a system inoculated with Pseudomonas sp. Strain K
(Zaidi and Imam, 1996). The results of TLC, colorimetric
assays and GC analyses indicate that the enzyme(s)
produced by P. fluorescens isolate in this study were able
to steadily remove phenol and other compounds in the



effluent. Even though high concentrations of chlorophe-
nols are usually inhibitory to microorganisms, if however
the microorganisms are adapted to chlorophenols, they
improve the biodegradative ability and alleviate the
inhibitory effects of chlorophenol to some extent
(Singleton, 2004).

In conclusion, Pseudomonas isolate in this study
demonstrates the potential for the industrial effluent
treatments based ob the abilities to utilize various sub-
strates and to sustain in a high substrate concentration.
The contribution of bacteria to the overall rate of
degradation may be affected by a number of factors such
as phenol concentration (Baker and Mayfield, 1980;
Ursin, 1985; Hwang et al., 1989), temperature (Baker and
Mayfield, 1980; Bak and Widdel, 1986; Hwang et al.,
1986; Thornton-Manning et al., 1987; Gurujeyalashmi
and Oriel, 1989). The presence of other nutrients such as
glucose stimulated bacterial growth (Rubin and
Alexander, 1983; Fedorak and Hrudey, 1986; Colvin and
Rozich, 1986; Thorton-Manning et al., 1987) and thus
enhanced the phenol degradation ability.
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