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ABSTRACT: Plastics are composed of petroleum based materials that are resistant to biodegradation. The
widespread applications of plastics are not only due to their favourable mechanical and thermal properties but also
mainly due to the stability and durability. The most commonly used non-degradable solid waste is polythene
which is a linear hydrocarbon polymers consisting of long chains of the ethylene monomers. Most shopping bags
are made from polyethylene a chemically inert compound consisting of carbon and hydrogen. Burning of this
plastic waste and burying of the plastics releases harmful toxic material which is a major pollutant in
environment. Degradation of waste plastics through microorganism use represents one of the alternatives to deal
with such problems. The present study aims to investigate the biodegrading potentials of bacteria isolated from oil
contaminated soil. The extents of biodegradability of the untreated low density polyethylene film by the isolated
bacterial strains were assessed in vitro in the medium containing polyethylene film as the sole carbon source.
After 30 days of incubation period, the biodegradation of the polyethylene film was measured in terms of weight
loss and physicochemical analysis by scanning electron microscopy and fourier transform infra red spectroscopy.
The hydrophobicity of the bacterial isolates was evaluated by BATH test. The results depict that both the isolates
were hydrophobic and were able to grow in a medium containing untreated polyethylene as a sole carbon source.
Incubation of untreated polyethylene with bacterial isolate 1 and 2 (30 days, 37° c¢) reduces its mass by 1.29% and
1.3 % respectively. The smooth surface of the untreated polyethylene film became eroded as a result of
biodegradation. The FTIR spectra showed changes in the chemical properties of the polyethylene film due to the
biodegradation by the bacterial isolates.
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INTRODUCTION

Polyethylene is known for being a remarkably resistant polymer to degradation. Its chemical and biological
inertness has fostered its application into various products from plastic bags and piping to the construction of fuel
storage tanks. From an ecological point of view, the accumulation of plastic debris in the environment is a
growing concern, as the rate of plastics manufacture goes over 25 million tons per year [16]. The use of
polyethylene growing worldwide at a rate of 12% per year and about 140 million tons of synthetic polymers are
produced worldwide each year [25]. In recent years there has been growing public concern over environmental
deterioration associated with the disposal of conventional plastics. Biodegradation on the disposal site appears to
be the best approach when compared to recycling, land filling and incineration (14). Biodegradation is the safest
method of breakdown that possibly leaves behind less toxic residue and shows potentials of bio-geo chemical
cycling of the substrate [18].

Polyethylene is highly hydrophobic and chemically inert, and microbes on the earth surface have not yet been
fully evolved to digest the artificially made plastics. A lot of research has been carried out to alleviate the
environmental burden by improving degradability of the waste polyethylene. Abiotic pre-treatment such as
weathering, UV irradiation and thermal treatment was employed to raise the hydrophilicity of polyethylene by
introducing polar groups such as carbonyl groups to the polyethylene backbone chain and thus facilitates the
microbes to metabolize the unwieldy plastics [4].
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It has also been known that microbes from various sources are responsible for the degradation of polythene. But
efficient polythene degrading microbe is still need to be screened from all the sources. In-vitro biodegradation of
plastic waste through microbial strains could offer a solution to this problem [8]. In the present study two bacterial
strains capable of degrading low density polyethylene (LDPE) were isolated from a soil chronically contaminated
with petroleum oil since plastics are mostly made from fossil resources such as petroleum, coal, and natural gas.
In vitro Biodegradation assay of LDPE was performed with the isolated bacterial strains. After the period of
incubation with bacterial strain weight reduction in LDPE was determined. Physicochemical analysis of treated
LDPE was done by Scanning electron Microscopy (SEM) & Fourier Transform Infrared Spectroscopy (FTIR).

MATERIALS AND METHODS

Sample collection

The soil samples were collected from a chronically oil contaminated site located in Coimbatore, Tamilnadu. Soil
was collected from a depth of 3-5cm, and sealed in plastic bags immediately after sampling, then transported in an
ice chest and used for the isolation of bacteria.

Polyethylene Film

The LDPE films used for this study were obtained from local market where it is sold as 20 micron thick carry
bags. LDPE films were cut into (3X3 cm) strips and then washed with 70% ethanol for 30 min, washed with
distilled water, and air dried for 15 minutes in Laminar air flow chamber and was added to the medium.

Isolation of Polyethylene Degrading Bacteria

Isolation of the low density polythene (LDPE) degrading Bacterial strains were performed according to the
method proposed by Hadad (10). The medium used for the isolation of LDPE degrading bacterial strains was
composed of the following: NH4NO; : 1.0g; MgS0,4.7H,0 : 0.2g; K,HPO, : 1 .0g; CaCl,.2H,0 : 0.1g; KCI :
0.15g;yeast extract : 0.1g; and 1.0 mg micro-elements: FeSO,4.6H,0 : 1.0 mg, ZnSO,.7H,0 : 1.0 mg and MnSOy :
1.0 mg; in 1000 ml distilled water. To the flask containing 100 ml SM medium, 1g of soil sample was added as
inoculum source and the untreated low density polyethylene films were cut into small pieces (about 3x3 cm each),
weighed at a concentration of 300 mg/100ml, disinfected in 70 % ethanol and air dried for 15 minutes in Laminar
air flow chamber and was added to the medium. The medium was then incubated at 37°C for 7 days in a rotary
shaker (150 rpm). Once for every 7 days, subcultures were done up to 35 days.

After the subcultures, the enriched culture broth was spread on the agar plates supplemented with 1 ml/l of
emulsified hexadecane and incubated at 37°C for 1 week. Polyethylene degrading bacteria were selected based on
the growth of the organism on the agar plates. The emulsified agar plate for the selection of the polyethylene
degrading strains was prepared by adding 1 ml of hexadecane (Sigma) into 1L of the enrichment medium. LDPE
degrading bacterial strains were selected based on the size of the clear zone.

Identification of Polyethylene degrading bacteria

The identification of isolated bacterial strains was performed on the basis of macroscopic and microscopic
examination. The bacterial isolates were identified macroscopically by examining colony morphology- surface
pigment, shape, size, margin, surface on nutrient agar plates and microscopic examination- Gram staining, to
study the staining behaviour, shape and cell arrangement.

In-vitro biodegradation assay

LDPE degrading ability of the bacterial isolates was studied in the in-vitro biodegradable assay. Bacterial isolates
were maintained on nutrient broth or nutrient agar media. Liquid cultures 50 ml were incubated in flasks (250 ml)
on a rotary shaker (150 rpm) at 30° C for 30 days. The synthetic medium used for assaying biodegradation of
polyethylene contained the following elements in 1000ml distilled water: NH4NO; : 1.0g; MgSO,4.7H,0 : 0.2g;
K,HPO, : 1 .0g; CaCl,.2H,0 : 0.1g; KCI : 0.15g; and yeast extract : 0.1g; and 1.0 mg; micro-elements:
FeS0,4.6H,0 : 1.0 mg, ZnSO4.7H,0 : 1.0 mg and MnSOy : 1.0 mg.

Bacterial isolates were grown overnight in nutrient broth until the cultures attained log phase (absorbance of 0.6 at
600 nm). 10 % of this log phase culture was inoculated in 250 ml Erlenemeyer flask containing 50 ml of Synthetic
medium and polyethylene films. Prior to transfer to liquid culture media, polyethylene films were cut into pieces
(3x3 cm), weighed (300mg/100ml) disinfected (30 min in 70 % ethanol), air dried for 15 minutes in Laminar air
flow chamber and added to flask. Biodegradation test were performed in triplicates. As for control, un-inoculated
minimal broth supplemented with untreated LDPE films were maintained under similar conditions. The tests were
performed in triplicate for each strain of bacteria. At several intervals (day 0, 3, 7, 10, 14, 17, 21, 24, 28 and 30)
the culture broth were subjected to spectrophotometric analysis.
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Determination of dry weight of residual polyethylene

To facilitate accurate measurement of residual polyethylene weight, bacterial biofilms were washed off the
polyethylene surface with 2% (v/v) sodium dodecyl sulfate (SDS) overnight, followed by rinsing with distilled
water (10).

Weight loss % = Initial weight-Final weight x 100
Initial weight

Evaluation of bacterial hydrophobicity

Bacterial cell-surface hydrophobicity was estimated by the bacterial adhesion to hydrocarbon (BATH) test
proposed by Rosenberg (22) which is based on the affinity of bacterial cells for an organic hydrocarbon such as
hexadecane. The more hydrophobic the bacterial cells, the greater their affinity for the hydrocarbon, resulting in
transfer of cells from the aqueous suspension to the organic phase and a consequent reduction in the turbidity of
the culture. For the BATH test, bacteria were cultured in NB medium until the mid- exponential phase,
centrifuged and washed twice with phosphate—urea—magnesium (PUM) buffer containing (g I'"): K,HPO,, 17;
KH,PO,, 7.26; urea, 1.8 and MgS0,4.7H,0, 0.2. The washed cells were resuspended in PUM buffer to an O.D.
(400 nm) value of 1.0-1.2. Aliquots (1.2 ml each) of this suspension were transferred to a set of test tubes, to
which increasing volumes (ranging: 0-0.2 ml) of hexadecane were added. The test tubes were shaken for 10 min
and then allowed to stand for 2 min to facilitate phase separation. The turbidity of the aqueous suspensions was
measured at O.D. 400 nm. Cell-free buffer served as the blank.

Fourier Transform Infrared Spectroscopy of polyethylene

Changes in the polyethylene structure after incubation with bacterial isolates in the medium containing untreated
polyethylene as a sole carbon source were analysed by Fourier Transform Infrared Spectroscopy (Shimadzu).
Scanning Electron Microscopy of Polyethylene

The surface morphology of the PE film was analyzed through Scanning Electron Microscopy to check for any
structural changes on the film. A piece of film was placed on the sample holder and was scanned at a
magnification of 2500x, 5000x, 7500x and 10000x [13].

RESULTS

Low density Polyethylene degrading bacterial strains were isolated from oil contaminated soil. These isolates
were capable of growing on a carbon free synthetic medium containing polyethylene films as sole carbon source
which was seen by subsequent sub-culturing followed by plating on synthetic medium supplemented with
hexadecane. These bacterial strains were designated as Isolate 1 and Isolate 2. Both the isolated bacterial strains
were identified on the basis of their colony morphology, and Gram staining character is summarized in Table 1.
From the results it can be inferred that Isolate 1 was rod shaped gram positive bacterium and Isolate 2 was Gram
positive coccus.

Table .1 Characteristics of Low Density Polyethylene Degrading Bacterial Isolates

Characteristics Bacterial Isolate 1 Bacterial Isolate 2
Shape Irregular Rhizoid
Size Small Large
Color White White
Surface Rough shiny Smooth shiny
Margin Undulate Filamentous
Gram stain Gram +ve rod Gm +ve cocci
Cell arrangement Single rod Cocci in pairs

In-vitro biodegradation assay

Biodegradation of polyethylene by the bacterial isolates was assessed in the medium containing untreated LDPE
as the sole carbon source. When inoculated into the medium, the bacterial isolates were able to colonize on the
surface within few days. The growth of the bacterial isolates in liquid synthetic media containing polyethylene as
sole carbon source was monitored throughout the incubation period. At several intervals (days 0, 3, 7, 10, 14, 17,
21, 24, 28, 30) the broth culture was subjected to spectrometric analysis. Figure 1 shows the growth profile of the
bacterial isolates during the in-vitro biodegradation assay.
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Fig 1 Growth curve of bacterial isolates during biodegradation assay
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Determination of dry weight of residual polyethylene
After 30 days of incubation period, the percentage of weight reduction was estimated and it is shown in table 2.
Low density polyethylene films incubated with bacterial Isolate 1 and isolate 2 showed weight loss of 1.29% and
1.31% respectively which was found to be greater than the weight loss obtained in control. Therefore, the
observed percentage weight loss of polyethylene strips incubated on bacterial Isolates was not as result of
chemicals in the mineral salt medium but because of a biological process.

Table.2 Mass of the low density polyethylene film after 30 days of incubation with bacterial isolates

- Initial mass of Final mass of % Reduction in
Bacterial isolates . .
film(g) film(g) mass
Control 0.15060 0.15040 0.13
Isolate 1 0.15040 0.14845 1.29
Isolate 2 0.15026 0.14830 1.31

Each data point represents the mean of three replicates.

Evaluation of bacterial hydrophobicity

The BATH assay (fig 2) clearly shows the higher hydrophobicity of Isolate 1 compared with that of Isolate 2. For
Isolate 1, the adhesion of bacterial cells to hexadecane was evident even at the lowest concentration of the
hydrocarbon, resulting in a reduction of more than 33% in the turbidity of the culture.
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Fig. 2. Hydrophobicity of bacterial isolates determined by the bacterial adhesion to
hydrocarbon test (BATH)
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Fourier transforms infrared spectroscopy of polyethylene

In the present study the changes in the polyethylene structure with subsequent bacterial inoculation were analyzed
by Fourier Transform Infrared Spectroscopy (Shimadzu) in the frequency range of 4000 — 800 cm™. The FT-IR
spectra of the untreated LDPE film and LDPE film incubated with Bacterial Isolates 1 and 2 for 30 days in liquid
SM media containing polyethylene as sole carbon source are shown in Figure 3, 4 and 5 respectively.

Scanning Electron Microscopy of Polyethylene

The surface morphology of the treated low density polyethylene film was analyzed through Scanning Electron
Microscopy to check for any structural changes on the low density polyethylene film. Figures 6 & 7 show the
micrographs of the Scanning Electron Microscopy of low density polyethylene film before and after incubation
with bacterial isolates 1 and 2 respectively. From this the structural changes and erosions on the surface of the
polyethylene films were observed. Cavities were also observed on the polyethylene surface.
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Fig.5 FTIR spectra of low density polyethylene after 30 days incubation with Bacterial isolate 2
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Fig .6 (a), (c), (e) and (g) untreated low density polyethylene at x2500, x5000, x7500 and x10000
respectively; (b), (d), (f) and (h) — low density polyethylene after 30 days incubation with Bacterial isolate 1
at x2500, x5000, x7500 and x10000 respectively.
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Fig.7 (a), (c), (e) and (g) untreated low density polyethylene at x2500, x5000, x7500 and x10000 respectively;
(b), (d), (f) and (h) — low density polyethylene after 30 days incubation with Bacterial isolate 2 at x2500,
x5000, x7500 and x10000 respectively.

DISCUSSION

Exhausting natural resources (raw materials) and generating a large amount of waste are the important
environmental problems. Plastic packaging is a symbol of these problems, also regarding its high weight to
volume relationship. Production of plastic packaging, which is quite difficult for degradation or biodegradation
results in the exhaustion of non renewable resources. Moreover, the small energetic and material recovery of
polymers causes that more and more areas are occupied for landfill sites [17]. Degradation of LDPE by
microorganism had been known for several years. the degradation capacity of bacterial and fungal consortium
under natural conditions was reported previously by several authors.
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In the present study two bacterial strains were isolated from chronically oil contaminated soil since plastics are
mostly made from fossil resources such as petroleum, coal and natural gas. It has been observed that the soils and
sediments contaminated with hydrocarbon are teemed with hydrocarbon- degrading microorganism [5]. An
enhanced number of hydrocarbon degraders were reported in hydrocarbon contaminated soils from Scott Base,
Marble Point and Wright Valley in Antarctica and in oil-polluted Antarctic seawater [2]. In the present study
reports that the low density polythene degrading ability of the isolated bacterial strains were assessed in vitro in
the synthetic medium containing untreated LDPE film as the sole carbon source for 30 days. After 30 days of
incubation period, the biodegradation of the LDPE film was measured in terms of weight loss. Changes in the
chemical and physical properties of LDPE film was assessed by FT- IR spectroscopy and SEM respectively. To
measure the physical changes of the polythene after the microbial attack various parameters are usually used to
determine the weight loss, percentage of elongation and change in tensile strength [20].

The growth profile of the bacterial isolates showed that both isolates were able to grow in liquid synthetic
medium containing untreated polyethylene as sole carbon source. A sudden decrease in transmittance that is
increase in absorbance can be observed during day 0 to day 7 which coincides with the logarithmic increase in the
number of bacterial cells during the same period. This serves as an indication that more LDPE was utilized due to
increase in the number of cells. Similar results were reported by Rajandas [21] and Huang [12]. To measure the
physical changes of the polythene after the microbial attack various parameters are usually used to determine the
weight loss, percentage of elongation and change in tensile strength were measured [20]. After 30 days of
incubation period, Low density polyethylene films incubated with Isolate land isolate 2 showed weight loss of
1.29% and 1.31% respectively. This biodegradation level is in agreement with the earlier reports ranging from
3.5% to 8.4% for polyethylene incubated in soil for 10 years (3). Weight reduction in low density polyethylene
films after 30 days incubation with marine bacteria was 1 + 0.033%, 1.5 £ 0.038% and 1.75 + .06% for K.
palustris M16, B. pumilus M27 and B. Subtilis H1584, respectively [11].

The ability of a microorganism to utilize any substrate depends on its growth and adherence to that substrate.
Bacterial adhesion to either a hydrophilic or hydrophobic substrate is governed by many factors, including the
forces by which the bacterium attaches to the surface and the properties of the substrate and micro- organism.
Generally, a hydrophobic bacterium prefers a hydrophobic surface for attachment, whereas the opposite is true for
bacteria with hydrophilic properties. As the polyethylene surface is hydrophobic in nature, it has been suggested
that the more hydrophobic the bacterial cell surface, the higher the interaction with polyethylene [9]. The BATH
assay clearly shows the hydrophobic nature of the bacterial isolates even at low concentration of hexadecane
(0.04%). The micro destruction of the small samples is widely analyzed by an important tool such as Fourier
Transform Infrared spectroscopy (FT-IR), and due to the recent up-gradation of this instrument the map of the
identified compounds on the surface of the sample can be documented via collection of large number of FT-IR
spectra (19). In the present study the changes in the polyethylene structure with subsequent bacterial inoculation
were analyzed by Fourier Transform Infrared Spectroscopy (Shimadzu) spectra in the frequency range of 4000 —
800 cm™. (Figure 3, 4 and 5). Monitoring the formation and disappearance of carbonyl and double bond bands
using FT-IR is necessary to elucidate the mechanism of the biodegradation process. The carbonyl absorption
bands can be observed in the range of 1,710—1,750 cm ' because of the formation of ketone or aldehyde C = O
groups by the action of the selected microorganisms [6]. In the present study the FT-IR spectra showed the band
in the range of 1,710-1,750 cm ' which indicates the formation of ketone or aldehyde groups by the action of
bacterial isolates 1 and 2. The formation of new C-O stretching frequency at 1,710—1,750 cm 'and a broad
absorption peak assigned to stretching vibration of —OH also indicated polymer biodegradation. (1). Additionally,
new absorption bands between 3800 - 3100 cm ' and 1900 - 1500 cm ' of the spectra were observed in the
bacterial isolates treated low density polyethylene and this is possibly due to the formation of hydroxylated
compounds and carboxylated compounds respectively. In addition, the bands at 1500-1600 cm 'also appeared
which can be ascribed to unsaturated hydrocarbons. In both the treated LDPE film the new band at 948"
appeared, this indicated the formation of new vinyl groups. Also disappearance of peaks was observed at 1041 cm
' for both the samples which indicated effective biodegradation. Similar results were observed in the bands at
1500-1600 cm ™" after biodegradation of modified LDPE in different soils under laboratory conditions [15].

In the present study, any changes or either new peak formation or disappearance of a peak or else change in the
peak range was accounted as monitoring parameter and regarded as the change occurred on the surface of
polyethylene due to action of bacterial isolate. The native band at 2846cm ~' was increased to 2854 in the FT-IR
spectra of LDPE film inoculated with bacterial isolate 2. This was in accordance with the Das et al [7]. Also, the
FT-IR spectra of LDPE film inoculated with bacterial isolate 2 showed broadening of the band were observed in
the range of 2916 cm 'and 2854 cm ~'which indicates that the presence of more than one oxidation products [24].
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Formation of bands at 1620 — 1640 cm-1 and 840-880 cm-1 was attributed to oxidation of polyethylene [26]. A
band was formed at 856 cm™ in the FT-IR spectra of LDPE film inoculated with bacterial Isolate 2. Thus, the
FTIR spectra of LDPE biodegraded by Isolate 1 and 2 gave conclusive evidence of the oxidation of polyethylene
with the addition of carbonyl group and presence of more than one oxidation products in their spectra.

The level of polythene degradation can be determined by the various methods. At topographical level, the
Scanning Electron Microscopy (SEM) is being used to see the level of scission and attachment of the microbes on
the surface of the polythene before and after the microbial attack [23]. SEM micrograph of the LDPE film
incubated with bacterial isolate 1 and 2 are shown in figure 6 and 7. The biodegradation of polyethylene was
evidenced through formation of cavities on the surface of polyethylene and structural changes like erosion on the
surface of LDPE film were observed. SEM micrograph of the LDPE film incubated with bacterial isolate 2 shows
more degradation than the bacterial isolate 1.

CONCLUSION

In the present study, two bacterial strains were isolated from chronically oil contaminated soil since plastics are
mostly made from fossil resources such as petroleum, coal and natural gas. Both the isolates were able to grow in
a medium containing untreated LDPE as sole carbon source. The results of the BATH test demonstrated that both
the isolates were hydrophobic and formed biofilm on the surface of untreated LDPE. It indicated that there is a
great possibility of finding microorganisms from the oil contaminated soil also that can degrade synthetic plastic.
Further studies are underway for the identification of the bacterial isolates and the mechanism responsible for the
biodegradation of polyethylene.
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