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Abstract: Etfluent samples collected from tanneries of Kasur and paper industry Lahore
were spread on agar plates containing glucose deficient M9 media in which the
pentachlorophenol (PCP) was added as the only carbon source. Four bacterial strains
CB17 to CB20 were isolated and on the basis of physical and biochemical
characterization identified. as belong to genus Listeria sp., Lactobacillus sp.,
Pseudomonas sp. and Xanthomonas sp., tespectively. The pure cultures of these
isolates were prepared and their tolerance for PCP was determined upto 12 ug/ml. The
minimum inhibitory concentration (MIC) for CB17 was 10 ug/ml, for CB18 it was 11
pg/ml, for CB19 and CB20 it was 12 pg/ml., Optimum growth conditions of these
isolates were determined. The optimum temperature for the growth of all these isolates
was 37°C. The optimum pH for CB17 strain was 6.0, for CB18 and CB19, 5.5 and for
CB20 it was 7.0. Growth curves for these isolates were prepared. They showed log and
stationary phases. The span of log phase was 8, 8, 12 and 24 hours in 4 strains,
respectively. The bacterial isolates were also tested for resistance against some heavy
metals i.e., Cut2, Cr*©and Pb+2 The MIC for Cut? was 175, 350, 400 and 275
ug/ml, for Pb*2 it was 100, 200, 500 and 250 pg/ml and for Crt 200, 275, 175 and
225 pg/ml respectively for these strains. All isolates showed resistance to antibiotics
such as urixin, erythromycin, cefazolin and SXT. The MICs of these isolates against
PCP proved that these insectjcide degrading bacteria although, can be used for the
purpose of environmental cleanup but they showed relatively, moderate potential for
degradation of PCP. :

Key words: Decontamination, - bioremediation, biodegradation, polychlorophenols,
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INTRODUCTION

uge amount of chemicals are being used in the form of insecticides,
herbicides, bactericides, rodenticides, dyes' food additives, cosmetic
products, pharmaceuticals and fertilizers (Winter and Street, 1992; Carrara et
al., 1993; Conning, 1993; Francis, 1994; Lin and Ho, 1994; Timbrell,
1995). The most dangerous pollutants are pesticides and industrial compounds such as
halogenated aliphatics, polychlorinated biphenyls, chlorinated phenols and polycyclic
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aromatic hydrocarbons (Nichols et al., 1995; Orser, 1996; Chauhan er al., 1998;
Livingston et al., 1998; Rawlings ef al., 1998).

The three main groups of insecticides, which are being used these days, are
organophosphorous (OP), organochlorine (OC) and pyrethroids which are extremely
toxic to non-target animals in both acute and chronic studies (Shakoori et al., 1982,
1992; Shakoori and Haq, 1987; Ali er al., 1988, 1997; Ahmad et al., 1995; Ali and
Shakoori, 1996, 1998, 1999; Ali and Mir, 1998). Organochlorine compounds are
serious pollutants in the environment. They become concentrated, instead of dispersal,
in food chain. They are not easily degraded into their metabolites (Focardi ef al., 1986;
Masud and Hasan, 1992; Winter and Street, 1992; Redetzke and Applegate, 1993).
Their toxicity is being increasingly reported in terrestrial, marine and freshwater animals
including fish, birds, dairy animals and other mammals. After entering into the system,
variable quantity of these pesticides and thus metabolites are ultimately accumulated in
various tissues of animals including man.

Pentachlorophenol (PCP) is one such compound used as wood preservative
fungicide, bactericide, molluscicide, herbicide and insecticide etc. During last several
decades large quantities of PCP have found their way into the environment, resulting in
significant environmental contamination at many wood processing sites (McGinnis et
al., 1994; Hryhoxzuk er al., 1998). It is very stable compound with high cummulative
potential in animals, plants and food chains. Significant amounts of this compound have
been reported in human serum, adipose tissue and urine (Feit ef al., 1998; Osman et al.,
1998; Petroske er al., 1998). PCP is even found in people not occupationally exposed to
it or not living in PCP treated log houses (Jorens er al., 1991). The acute
pentachlorophenol intoxication is dangerous for the life. Chronic PCP exposure may
increase the incidence of several diseases e.g., immunodeficiency, blood disorders,
reproductive abnormalities, tissue lesions, mutagenicity and malignancies (Vasarhelyi et
al., 1993; Gichner er al., 1998; Hryhorczuk et al., 1998; Gerhard er al., 1999;
Umemura ef al., 1999). Acute and chronic poisoning may occur by dermal absorption,
inhalation or moesnon Chronic poisoning occurs mainly in saw mill workers or people
living in log houses treated with PCP - contammg wood protection formulations. PCP
poisoning may be classified systematically into effects on the skin metabolism, the
haematopoietic tissues, the respiratory systems, central and peripheral nervous systems,
the kidney and gastrointestinal tract (Jorens and Schepens, 1993). -

Increasing public concern over the contamination of the environment with
industrial wastes has elicited considerable research into methods of removing them from
soil and water (Kirk er al., 1995; Karamanev ef al., 1998). Microbial degradation is of
considerable interest. In such experiments mvestigation generally follow the
disappearance of polychlorinated organic compounds by dehalogenation, oxidation,
reduction, hydrolysis, ring cleavage by. condensation or conjugate formation
(Nakatsugawa and Morelli, 1976; Gibson and Skett, 1993; Parkinson; 1996).
Microorganisms are the scavengers in nature, responsible for recycling most natural and
synthetic waste materials: into harmless or non-toxic compounds, when faced with an
increasing array of synthetic compounds such as various compounds manufactured by
chemical industries for common use. Thus such xenobiotic compounds tend to
accumulate in the nature exerting their toxic effects on animals and humans upon their
entry into the body, mostly as the part of food chain.
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In présent study an attempt is being made to isolate and characterise some
indigenous bacteria which may prove beneficial for degradation of highly persistent
chlorinated compound, the pentachlorophenol from contaminated soil and water.

MATERIALS AND METHODS
Collection of samples and bacterial isolation

The waste water samples to isolate useful bacteria were collected in sterilized
bottles from waste effluents of paper industry, Lahore, and tanneries in Kasur.

Media used for bacterial = ¢ening

Three type of media were used for bacterial isolation i.e., M9 Agar medium, LB
(Luria Bertani) Agar medium and LB broth medium (Maniatis et al., 1982).

Pollutant used and its preparation

The technical grade insecticide, fungicide i.e., pentachlorophenol (PCP) was used
for these studies. The stock solution was prepared by dissolving 10 mg PCP/ml acetone.
This stock solution was added @ 50 ul (=0.5 mg) per 100 ml of M9 medium.

Screening of PCP resistant bacteria

Waste effluent samples (50 ul) were spread on the plates containing M9 medium in
which PCP was added as the only carbon source. Two types of control media were used.
First with glucose only and second without glucose and insecticide. Four bacterial types
successfully grew at plates containing M9 media in which the toxicant PCP was added as
the only carbon source @ 5 pg/ml. For pure culture single colony was picked and
streaked on LB agar plates. These strains were stored as glycerol stocks.

Study of PCP resistance of isolates

The recovered bacterial strains were further tested for determination of minimum
inhibitory concentration (MIC). The PCP concentrations used for this purpose were 6,
8, 10 and 12 pg/ml of medium.

ldentification and characterization of isolates

Various physical, morphological and biochemical tests were performed to
determine the major biochemical activities of the isolates, which are later on used for
their identification. They were also characterized for their optimum growth conditions.
All these strains were cultured in different media with the determination of optimum
conditions of temperature, pH, inoculum size etc. They were also checked for resistance
against some heavy metals and antibiotics.
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Study of optimum growth conditions of isolates

For detcrmination of optimum growth conditions, for each isolate, two parameters
Le., temperature and pH were considered. Following procedure was adopted to find out
the opitmum temperature at which the strains showed maximum growth.

For each isolate 12 LB broth culture tubes were prepared for each temperature.
These tubes were autoclaved and after cooling incubated at 37°C for checking
contamination. Fresh culture (50 ul) of each isolated strain was inoculated in each tube
and incubated at 25°C, 30°C, 37°C and 42°C for 8 hours. The light absorbance which
is a measure of growth was noted at 600 nm wavelength using Hitachi 2000 double
beam spectrophotometer. The values were plotted in graphical form and the peak of
graph indicated the optimum temperature of strain.

Determination of optimum pH of isolates

To study the optimum pH for maximum growth of bacterial strains, following
procedure was adopted. )
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Fig. 1: Graph showing the optimum temperature for growth of four bacterial isolates.
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LB broth (5 ml), taken in triplicate, each with'9 tubes was used for each isolate.
The pH in each set was adjusted at 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5 and 9.0 of 1M
HCI and 1M NaOH solutions. All test tubes were autoclaved cooled and inoculated with
fresh pure culture of isolates, followed by incubation in shaking water bath for 8 hours
at 37°C to check the growth of each bacterial isolated. The pH showing highest optical
density was considered as the optimum pH of that isolate.

Preparation of growth curves of isolates

To determine the growth curves of each isolate, 39 test tubes with 5 ml LB broth in
each, were used. These were adjusted at their optimum pH, and were autoclaved and
incubated at 37°C overnight. Fresh bacterial culture (50 ml) was inoculated in each tube
and incubated in shaking water bath at 37°C for 10 hours consecutively and then after
12, 24 and 36 hours. Their light absorbance was measured and graph was plotted.

Antibiotic and heavy metal resistance of isolates

The resistance of all isolates was also checked against toxic heavy metals like
Cu*2, Cr*6 and Pb*2. The starting minimum concentration was 300 ug/ml, 1 mg/ml
and 100 pg/ml of LB broth. These concentrations were successively increased or
decreased to determine MIC depending upon the results obtained with each isolate.

For checking antibiotic resistance, sensitivity discs of four antibiotics (urixin,
erythromycin, SXT and cefazolin) were placed separately in 4 LB agar plates, which
were inoculated previously with 4 different bacterial isolates. These were incubated
overnight. Clear area around the antibiotic discs indicated the sensitivity of isolates for
that particular antibiotic. While the growth of isolates around antibiotic disc indicated its
resistance. :

RESULTS

The four PCP tolerant isolates, recovered from industrial waste samples were tested
for various characteristics. These include the evaluation of minimum inhibitory
concentration (MIC), heavy metal resistance and antibiotic resistance. Their optimum
growth and growth conditions were determined. The isolates were also characterized
physically, morphologically and biochemically for their identification. Four bacterial
isolates which grew successfully in PCP containing M9 agar media were designated as
CB-17, CB-18, CB-19 and CB-20.

Minimum inhibitory concentration (MIC) of isolates

The four bacterial isolates slightly differ in MIC against PCP which was 10 pug for
the MIC of PCP for CB-17 was 10 ug/ml, for CB-18 it was 11 ug/ml and for CB-19 and
CB-20, 12 pg/ml. The MIC values indicated that these four isolates have almost similar
potential as far as PCP degradation is concerned. : ‘
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Characterization of isolates

Different physical and morphological characteristics shown by the four isolates
have been shown in Table I, while biochemical characterization is mentioned in Table II.
On the basis of these tests, the isolates CB-17 to CB-20 were identified as Listeria sp.,
Lactobacillus sp., Pseudomonas sp. and Xanthomonas sp., respectively.

Absorbance at 600 nm
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Fig. 2: Graph showing the optimum pH range for growth of four bacterial isolates.

Optimum growth conditions and growth curves

For the 'study of optimum growth conditions, these isolates were cultured at
different temperatures and pH. The mean optimum temperature for the growth. of all
four isolates was 37°C (Fig.1), while the optimum pH for CB-17 bacterial isolate was
6.0, for CB-18 and CB-19, 5.5 and for CB-20 it was 7.0 (Fig.2). The growth curves,
using light absorbance of the media, for CB-17 to CB-20 were prepared. They clearly
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showed log phases (Fig.3).
Cross heavy metal resistance of isolates

The resistance of above four bacterial strains were checked a\gainst different heavy
metals i.e., Cut2, Cr*6 and Pb*2 The MIC shown by CB-17 was 175 pg/ml for
copper, 200 pg/ml for chromium and 100 ug/ml for lead. The MIC for CB-18 was
higher i.e., 350 pg/ml for copper, 275 ug/ml for chromium and 200 pg/ml for lead.
CB-19 showed 400 pug/ml MIC for copper, it was 175 pg/ml for chromium and 500
pg/ml for lead. CB-20 showed highest MIC 275 pg/ml for copper, 225 ug/ml for
chromium and 250 pg/ml for lead.
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Fig. 3: Graph showing the normal growth curves for isolated four bacterial strains
under optimum conditions of temperature and pH.
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Resistance against antibiotics

The bacterial isolates were tested for resistance against different antibiotics i.e.,
"erythromycin, cefazolin, urixin and SXT. CB-17 showed sensitivity for erythromycin,
urixin and SXT while it was resistant to cefazolin. CB-18 and CB-19 were resistant to
all four antibiotics and CB-20 showed resistance against urixin and cefazolin while
sensitive to erythromycin and SXT.

 DISCUSSION

Chlorinated hydrocarbons are notorious for their ability to induce genotoxicity,
mutagenicity and carcinogenicity (Saracci ef al., 1991; NTP working group, 1993; Pitol
and Dragan, 1996; Umemura ef al., 1999). In fact persistence and long stability of their
molecules in the ecosystem is responsible for this behaviour. The remedy from the
destruction of these chemical pollutants is their biodegradation by microorganisms
having specific potentials, especially in the soil and water. Bacteria and fungi have been
proposed as bioremediation agents, which can transform the toxic pollutants into non-
toxic products by their metabolic machinery, utilizing these chemicals for their own
metabolic needs (Lee er al., 1998; Stahl and Aust, 1998; Fahr et al., 1999; Tayal et al.,
1999). The studies on biodegradation of insecticides has already been reported from this
laboratory (Ali et al., 1997, 1999; Shakoori ez al., 1999).

In the present study, the biodegradation potential of some bacterial isolates against
pentachlorophenol has been studied, which were isolated from industrial waste of
tanneries and paper industry. The four types of bacterial colonies appeared/ survived in
the media containing 5 pg/ml initial concentration of PCP as the only carbon source.
The isolates were, later on, characterized for their optimum growth conditions along
with their identification. On the basis of morphological and biochemical characterization
they were identified as Listeria sp., Lactobacillus sp., Pseudomonas sp. and
Xanthomonas sp. All strains were rod shaped i.e., bacilli. The first two isolates (Listeria
sp. and Lactobacillus sp.) were Gram-positive rods while last two (Pseudomonas sp. and
Xanthomonas sp.) were Gram-negative rods. Farah er al. (1999) isolated 4 endosulfan
(an OC insecticide) degrading bacteria which belonged to genera Planococcus sp.,
Marinococcus sp., and Acetobacter sp. Out of these, last one was Gram-negative, while
other two were Gram-positive. Other reports showed strains of Pseudomonas,
Flavobacterium, Sphingomonas were involved in biodegradation of insecticides (Orser,
1996; Pfender, 1996; Pfender et al., 1997; Saboo and Gealt, 1998; Lo e al., 1998;
.Schmidt et al., 1999). Lee er al. (1998) collected a novel PCP degrading strain from
PCP contaminated soil from Pusan, Korea which can tolerate 1 mg PCP/ml and
identified as Pseudomonas sp. In the present studies, the Listeria sp., showed the growth
up to 10 mg/l, Lactobacillus sp., up to 11 mg/l, while Pseudomonas sp. and
Xanthomonas sp. grow up to the 12 mg/l concentration of PCP as the ohly carbon
source in the medium. Mannisto et al. (1999) reported various chlorophenol degrading
bacteria from a long term polluted groundwater. Polychlorophenol degrading capacity
has been found in isolates of Nocardioides, Pseudomonas, Ralstonia, Flavobacterium
and Caulobacter previously not known to degrade these compounds. According to this
study a Gram-positive isolate was sensitive to PCP with tolerance level of 5 mg/l.
Isolates belonging to Cytophaga/ Flexibacter Bacteroides phylum shown to tolerate 25-
63 mg/l concentrations of chlorophenols. The various strains of Sphingomonas sp., were
also reported to degrade chlorinated phenols (Rutgers et al., 1998; Mannisto et al.,
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1999). Buitron e al. (1996) isolated and characterized the microorganisms responsible
for degradation of a mixture of phénol, 4-chlorophenol, 2,4-dichlorophenol and 2,4,6-
trichlorophenol in terms of their degradation rate which, according to this study, was
sequential with phenol and 4-chlorophenol degraded first followed by 2,4-
dichlorophenol and then 2,4,6-trichlorophenol. It has also been reported that presence of
highly chlorinated compounds in the mixture, increase the degradation of less
chlorinated compounds significantly (Lu ez al., 1993).

The optimum temperature for growth of all four isolates was 37°C. It has been
observed that at 45°C the first PCP dechlorination steps were very rapid but later
dechlorination occurred with difficulty. Below 15°C the dechlorination was very slow
(Juteau et al., 1995). These findings were also true for our studies in the present
experiment in which less growth was observed below 15°C. The pH of the media has
also profound effect on the biodegradation potential of the microorganisms. The Listeria
sp., in the present study showed successful growth at pH 6, Lactobacillus sp., and
Pseudomonas sp., at pH 5.5, while Xanthombonas sp., at pH 7. According to Sloff et al.
(1991) the mobility of the chlorophenols in soil is dependent on the characteristics of the
compound and those of the soil. It can vary from extremely mobile to almost mobile.
Whether ‘a chlorophenol occur in a water phase as neutral hydrophobic compound or as a
soluble phenolate anion, depends on the pka of the chlorophenol concerned as well as
pH of its aquatic environment. In environmentally relevant pH ranges between 6-8, the
solubility increases sharply. The Pseudomonas sp. and Xanthomonas sp., showed almost
stable growth zone in pH range 5.5-7.0. The Lactobacillus sp., also behaved almost
similarly in the above range. Rutgers et al. (1998) reported that PCP exhibited stronger
toxicity at low pH working with Sphingomonas sp., strain P-5. The reults suggest that
increase in environmental pH, may reduce the risk of chlorophenol toxicity. It has been
observed that for successful biodegradation system, a suitable combination of physical
and chemical factors is required for each organism under which that can work’
efficiently. The growth curves of the isolates prepared using optimum growth
conditions, showed log and stationary phases. No lag phase appeared because the
isolates have already passed this during 24 hours pre-inoculation incubation at 37°C. It
has also been reported that lag phase prior to PCP biotransformation increase with
decrease in temperature. The log phase of 72 hours was observed at 31°C (Cole et al.,
1996). In this study, under present set of conditions Listeria and Lactobacillus showed
12 hours log phase while Pseudomonas sp. and Xanthomonas sp., showed 24 and 30
hours log phase respectively. Similar studies by other workers indicated variable
response of isolated bacteria against PCP (Lee er al., 1998; Stuart and Woods, 1998;
Schmidt ez al., 1999).

Keeping in view the MIC of PCP and various heavy metals against these isolates, it
can be concluded that these isolates can be used for the purpose of environmental clean-
up. As far as comparative biodegradation potential is concerned these isolates showed
moderate capacity to degrade PCP. There is a need to extend these studies for screening
of microorganisms having better biodegradation potential.
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