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ABSTRACT
Polyethylene has achieved an inseparable place in our life due to its recalcitrant nature, durability and
cost, especially as a packaging material. Attributable to its inactive nature and degradation resistant
property, its collection in nature has turned out to be tremendous. In the present study, polyethylene
degrading bacterium was isolated from the garbage soil from Kolhapur and screened under in vitro
condition. Through the 16S ribosomal RNA gene partial sequence, the isolated bacterium was identified
as Bacillus weihenstephanensis. Polyethylene sheets, only source of carbon, along with synthetic
media were incubated on a rotary shaker at 30°C and 110 rpm for 6 months. The biodegraded samples
of LDPE and HDPE exhibited weight loss (7.02% and 7.08%, respectively). The biodegradation of LDPE
and HDPE sheets was further investigated through FTIR spectroscopy which has confirmed the
weakening and breaking of existing bonds and also the formation of new functional carbonyl group
(C-O) at 1262 cm-1, 1745 cm-1 and 799 cm-1 which is a result of microbial activity.
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INTRODUCTION

Polyethylene is a thermoplastic polymer which consists of
elongated hydrocarbon chains and forms a base of polymer
(Kumari et al. 2009). Polyethylene has been the most essen-
tial element of today’s era due to its wide application in-
cluding food cling wraps, grocery bags, detergent bottles,
automobile fuel tanks, few to list, thus making it more popu-
lar worldwide. This is due to enhanced physical and chemi-
cal characteristics of polyethylene such as strength, light
weight, resistance to water, low-price, light weight, robust,
durable, non-rust material and high thermal and electrical
insulation characteristics. Plastic waste thus generated in-
duces its disposal problem leading to ecological disturbance.
The durability, lightness and processability of polyethylene
causes it to remain persistent in nature for hundreds of years
and finally sent to dumping grounds and/or natural aquatic
bodies (Jang et al. 2002). Hydrophobic property, high mo-
lecular weight and three-dimensional structure make the
polyethylene recalcitrant in nature and thus they are not
easily available to microorganisms (Hadad et al. 2005, Shah
et al. 2009). Wide studies have been conducted for biodeg-
radation of polyethylene blended with starch. However, if
the biofilm is formed on the surface of polymer and utilized
it as a nutrient or carbon source, the degradation would be
more efficient (Albertsson et al. 1993, Shah et al. 2009).

The rate of degradation of polyethylene is quite slow if
it is subjected to natural conditions and this has caused an

immense threat to environment (Premraj & Dobley 2005). If
the right microbial strain is isolated, polyethylene, consid-
ered to be inert, can be biodegraded (Pramila & Vijaya 2011).
It is found that some of the microbes are potential to de-
grade polyethylene. They are Acinetobacter baumannii,
Brevibacillus parabrevis, Pseudomonas citronellolis, Mu-
cor circenollides (Pramila & Vijaya 2011), Streptomyces
sp., Bacillus sp. and Aspergillus sp. (Usha et al. 2011). It was
also found that polyethylene blended with starch was de-
graded fast by some fungi like Streptomyces sp. and
Phanerochaete chrysosporium (Premraj & Dobley 2005).

In the present study low density polyethylene (LDPE)
and high density polyethylene (HDPE) were used as they
have wide applications in our daily life.

MATERIALS AND METHODS

Polyethylene: LDPE and HDPE were provided by Laxman
Udyog Samuh, Plastics and Allied Industries, Gokul Shirgaon
MIDC, Kolhapur in the form of pellets. They were later con-
verted into thin sheets by melting and pressing in the labo-
ratory. The prepared sheets were sterilized by dipping in
alcohol for few minutes, and air dried. Proper precautions
were taken so as to avoid contamination. During these pro-
cedures no physical changes were observed.

Before subjecting to degradation, initial parameters of
LDPE and HDPE sheets were recorded. Initial thickness of
LDPE and HDPE sheets was measured by using a microm-
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eter screw gauge while the initial diameter was measured by
a Vernier calliper. Also, initial weight of sheets was taken
on a weighing balance.

Soil samples: The site was selected where garbage contain-
ing plastic waste has been dumped since years. Soil sample
was collected from Kasba Bawda site of Kolhapur city where
large amount of municipal solid waste is dumped with large
amount of plastic waste. Land was dug at about 5 cm and
soil was collected from the trapped plastic material and
stored in the air-lock bags and later air dried at room tem-
perature for further studies.

Isolation of microorganisms from soil: Enrichment tech-
nique was followed for the isolation of microorganisms from
the garbage soil. The rationale behind the enrichment
method was to make strong selective conditions utilizing
powdered PE as the main source of carbon. The synthetic
medium (Hadad et al. 2005) served as a growth medium for
isolation of strains capable of growing on polyethylene as
the sole carbon source. Composition of synthetic medium
(SM) contains distilled water (dw): 1000 mL, NH

4
NO

3
: 1.0

g, MgSO
4
.7H

2
O: 0.2 g, K

2
HPO

4
: 1.0 g, CaCl

2
.2H

2
O: 0.1 g,

KCl: 0.15 g, Yeast extract (Difco): 0.1 g, FeSO
4
.6H

2
O: 1.0

mg, ZnSO
4
.7H

2
O: 1.0 mg, MnSO

4
: 1.0 mg. This medium was

autoclaved at 121°C for 20 minutes. One gram of soil sam-
ple was added into sterilized 100 mL of synthetic medium
into 500 mL flask. The enrichment medium was prepared
by adding 0.1 g PE powder (LDPE and HDPE powder, sepa-
rately) to 100 mL of growth medium. The flasks were kept
for incubation at RT on shaker at 120 rpm for 6 weeks.

The initial isolation of microorganisms was performed
in solid media (synthetic mineral medium-agar) containing
PE powder as the sole source of carbon, FECs were sub-
jected to serial dilutions (1:2, 1:5, 1:10) and plating out on
culture media in which sole source of carbon was PE pow-
der. Culture medium was autoclaved at 121°C for 15 min-
utes. After sterilization, medium was allowed to cool and
poured in sterilized Petri plates. On solidification of plates,
0.2 mL of suspension from each dilution was streaked out
on culture medium. These plates were incubated at 37°C for
1 week. After a week, the isolated colonies, colony number
and colony characteristics were observed (Burd 2008).

Depending on the difference in morphology and colony
characteristics, the isolates were purified by streaking sin-
gle colony on solid medium. Thus, 3 bacterial and 1 fungal
strains were obtained on purification and screening of avail-
able isolates. Among all, Isolate-2 was used for further analy-
sis. It was sent to Agharkar Research Institute, Pune for mo-
lecular identification.

Submerged cultivation procedure: LDPE and HDPE sheets
were exposed to submerged cultivation process for

investigating the biodegradation of PE. Microbial
degradation was performed in Erlenmeyer flasks in shaking
condition. Each flask contained sheets of LDPE and HDPE
and 100 mL of the synthetic medium.

Aliquots (100 mL) of synthetic medium were transferred
into 500 mL Erlenmeyer flask and sterilized in an autoclave
for 20 min at 121°C. On cooling, the medium was inocu-
lated with a wire loop of Isolate-2. The fermentation broth
was incubated at room temperature on a rotary shaker at 110
rpm. Set was incubated for 6 months for assessment of bio-
degradation of PE. PE sheets, which were the sole source of
carbon in the medium. The control was maintained without
inoculating any microbial strain. The set was maintained in
triplicate.

Each month, LDPE and HDPE sheets were taken out
from the flasks, washed with absolute alcohol followed by
distilled water and air dried. On labelling, LDPE and HDPE
sheets were subjected to measuring for final parameters like
weight, thickness and diameter. After 6 months of incuba-
tion, sheets were sent for analysis of additional parameter
FTIR (Fourier Transform Infrared Spectroscopy) at Com-
mon facility Centre (CFC), Shivaji University, Kolhapur.
Finally, all the analysed parameters of LDPE and HDPE
sheets were compared with the control.

RESULTS  AND DISCUSSION

Identification of isolated microorganisms: Isolate-2 was
identified by 16S rRNA gene sequencing technique at
Agharkar Research Institute of MACS, Pune. Identification
report of Isolate-2 by 16SrRNA gene sequencing approach
shows closest phylogenetic affiliation to Bacillus
weihenstephanensis (T) 16S ribosomal RNA gene partial
sequence with 100% maximum identification in the
phylogenetic tree of Bacillus sp. The bacterial strain was
deposited with Gene Bank accession number CP000903.
Satlewal et al. (2008) isolated bacterial strains from waste
disposal sites and identified them as Bacillus cereus, Bacil-
lus pumilus and Arthrobacter species by 16S rRNA
sequencing technology. Soni et al. (2009) also identified
the isolates as Bacterium Te68R, Bacillus cereus,
Proteobacterium sp. and Arthrobacter luteolus on the basis
of 16S rDNA sequences. Pramila et al. (2012) isolated bac-
terial strains from the soil which was collected from the
municipal solid waste landfill area and by using 16S rRNA
gene sequencing technique. They were identified as
Brevibacillus parabrevis, Acinetobacter baumannii and
Pseudomonas citronellolis. Mahalaxmi (2013) identified
the bacterial and fungal isolates having potential to de-
grade PE. Confirmation of bacterial isolates was carried out
based on 16s rDNA analysis and were identified as Bacillus
megaterium and Pseudomonas mediterranea while the fun-
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gal strains were identified as Rhizopus arrhizus, Penicil-
lium species and the Aspergillus species.

Weight loss (%) of LDPE and HDPE sheets incubated with
Bacillus weihenstephanensis: PE sheets treated with Bacil-
lus weihenstephanensis showed reduction in weight. The
maximum weight reduction was observed in 6th month of
incubation i.e., 7.02% and 7.08% for LDPE and HDPE re-
spectively (Fig. 1). Vijaya & Reddy (2008) noticed the
weight loss of LDPE and HDPE as 11.01% and 3.68%, re-
spectively after 12 months of incubation. Chonde et al.
(2012b) have observed similar pattern of weight loss of ny-
lon 6 sheets on incubating it with fungus Phanerochaete
chrysosporium NCIM 1073 and recorded the weight loss of
nylon 6 sheets from 0.013 g to 0.006 g after 75 days.
Mukherjee & Chatterjee (2014) revealed 32.61% and
35.64% weight loss on treatment with Bacillus
weihenstephanensis for thick and thin plastic, respectively
after 6 months.

Seneviratane et al. (2006) have reported that Bacillus
sp. is able to produce extracellular enzyme viz.
oxidoreductase to adapt itself in the nutrient deficient

environment. The presence of extracellular enzymes such
as oxidoreductase could be the key variable for the
biodegradation of LDPE and HDPE  along with H

2
O and

CO
2
, shorter hydrocarbons, alcohols, organic acids, ketones,

aldehydes, etc. are also formed (Albertsson & Karlsson 1990).
But reduction in the weight can be attributed to the usage of
PE as a only way of obtaining carbon and energy. Hence, it
may be expected that when the basal supplements from the
medium were totally used by the microbes, polyethylene
acted as the prompt source of carbon and energy (Nanda &
Sahu 2010). Hadad et al. (2005) have also stated that carbon
deficiency stimulates use of PE as a only carbon source
leading to weight loss of PE strips.

Thickness reduction (%) of LDPE and HDPE sheets incu-
bated with Bacillus weihenstephanensis: PE sheets treated
with Bacillus weihenstephanensis also showed reduction
in thickness. Both the LDPE and HDPE showed similar
thickness loss. The percent thickness reduction for LDPE
was 5.83% and 5.93% for HDPE in 6th month and is shown
in Fig. 2. Chonde et al. (2013) have recorded reduction in
thickness for nylon 6 and nylon 6, 6 as 46% and 49% re-

Fig. 1: Weight loss (%) on treatment with Bacillus weihenstephanensis.

Fig. 2: Thickness reduction (%) on treatment with Bacillus
weihenstephanensis.

Fig. 3: Diameter reduction (%) on treatment with Bacillus
weihenstephanensis.

Fig 4: Average degradation of LDPE and HDPE on incubation
with Bacillus weihenstephanensis for 6 months.
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Fig. 5: FTIR spectrum of LDPE control and treated with Bacillus weihenstephanensis for the range 4000-560 cm-1.

Fig. 7:  FTIR spectrum of HDPE control and treated with Bacillus weihenstephanensis for the range 4000-560 cm-1.
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Fig. 6: FTIR spectrum of LDPE control and treated with Bacillus weihenstephanensis for the range 2000-560 cm-1.
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spectively on treating it with Pseudomonas aeruginosa
NCIM 2242 for 6 months. Chonde et al. (2012a) have ob-
served similar thickness loss for nylon 6 on treating it with
fungus Trametes versicolor NCIM 1086 after 75 days.

Diameter reduction (%) of LDPE and HDPE sheets incu-
bated with Bacillus weihenstephanensis: PE sheets treated
with Bacillus weihenstephanensis showed reduction in di-
ameter. The maximum diameter reduction for LDPE was
observed in 6th month i.e., 7.03% and 4.17% for HDPE. The
results are shown in Fig. 3.

Thus, on an average the weight loss for LDPE was 4.17%,
and for HDPE 3.36% after 6 months of incubation. The thick-
ness reduction recorded for LDPE was 3.58%, and for HDPE
3.62% while the diameter reduction for LDPE was observed
as 4.32%, and for HDPE 2.62% when incubated with Bacil-
lus weihenstephanensis for 6 months. The comparative deg-
radation is depicted in Fig. 4.

Fourier transform infrared spectroscopy (FTIR) of
polyethylene sheets incubated with isolated bacterial and
fungal strains: Fourier transform infrared spectroscopy
(FTIR) investigation is an important tool to define the de-
velopment of new or disappearance of functional groups
(Sudhakara et al. 2008). Along with it, the reduction of na-
tive bonds observed in the FTIR-ATR spectrum of
polyethylene proves that the polymer has been fragmented
to shorter chains (Soni et al. 2009).

The biodegradation of polyethylene was initially started
by abiotic process. Oxidation of polymer chain took place
because of the presence of oxygen in the air which leads to
the development of carbonyl groups. Later, the carbonyl
groups form the carboxylic groups, undergo -oxidation

and lastly move in the citric acid cycle ultimately forming
CO

2
 and H

2
O (Albertsson et al. 1987).

In the observations made by Gulmine et al. (2002), dis-
tinct peaks were observed at wave numbers 2919, 2851,
1473, 1377 and 720 cm-1 on FTIR analysis of pure LDPE.
These peaks correspond to the native bonds present in the
polymer. In the current study, FTIR analysis of undegraded/
pure LDPE (control) showed absorbance at 2913 cm-1, 2846
cm-1, 1462 cm-1, 1376 cm-1 and 719 cm-1. Absorbance at
2850 to 3000 cm-1 region corresponds to the alkyl groups
(CH

3
CH

2
, CH). Band at 2914 cm-1 and 2847 cm-1 corre-

sponds to CH
2
 group with strong intensity and possess asym-

metric and symmetric stretching respectively. The strong
band at about 1462 cm-1 in polyethylene is due mainly to
bending mode of the CH

2 
group (Gulmine et al. 2002). Ab-

sorbance at 1376 cm-1 corresponds to CH
3
 symmetric de-

formation with weak intensity (Krimm et al. 1956). 719 cm-

1 is assigned to rocking deformation mode of CH
2
 group

with medium intensity (Gulmine et al. 2002, Krimm et al.
1956).

In the spectra of LDPE and HDPE treated with Bacillus
weihenstephanensis i.e., Isolate-2, a noticeable reduction in
the percentage transmittance was observed on incubation for
6 months. Native bands remained intact. Following additional
peaks were observed in the spectrum of LDPE treated with B.
weihenstephanensis and are showed in Fig. 5 as 1262 cm-1,
1046 cm-1, 1017 cm-1 and 799 cm-1. To understand the chemi-
cal changes in the fingerprint region, the FTIR spectrum for
range 2000-560 cm-1 is elaborated in Fig. 6.

On the spectrum of HDPE treated with B. weihenste-
phanensis following additional peaks were observed:  2361
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Fig. 8: FTIR spectrum of HDPE control and treated with Bacillus weihenstephanensis for the range 2000-560 cm-1.
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cm-1, 2336 cm-1, 1745 cm-1, 1262 cm-1, 1048 cm-1, 1017 cm-1

and 797 cm-1 which are shown in Fig. 7. To understand the
chemical changes in the fingerprint region, the FTIR spec-
trum for range 2000-560 cm-1 is elaborated in Fig. 8. The
peaks at 2361 cm-1, 2336 cm-1, 1262 cm-1 and 1017 cm-1 are
assigned for C-O stretch. A peak at 1048 cm-1 correlates to
C-O stretching modes in alkanoate ester and alkoxy ether.
FTIR peak at 799 cm-1 corresponds to alkenes. These results
obtained are similar to the study conducted by Agamuthu
et al. (2005) who revealed the formation of carbonyl bond
and carbonyl compounds comprising esters, aldehydes and
carboxylic acids on FTIR analysis.

CONCLUSION

The present investigation highlights the potentiality of mi-
crobes from environment in the degradation of polyethylene.
LDPE and HDPE can be biodegraded if the right microorgan-
isms are isolated and inoculated for degradation. The study
explores the potential of PE degradation by Bacillus
weihenstephanensis isolated from waste dumping site which
utilizes PE as a source of carbon and energy. Rate of degrada-
tion of HDPE is slower than LDPE because the main chains of
HDPE have no accessible hydrolysable groups. The oxida-
tion or hydrolysis by microbial enzymes is the primary activ-
ity for the biodegradation of high molecular weight polymer
to form functional groups which can readily improve its
hydrophilicity. Therefore, the principal chains of polymer
are degraded forming the polymer of low molecular weight
and weak mechanical characteristics, thus, making it more
available to facilitate microbial absorption further.

The FTIR technique serves as an indication of PE bio-
degradation as it quantifies the reduction of transmittance
of the native bonds present in LDPE and HDPE. It is evident
that the Bacillus spp. release extracellular enzymes to de-
grade the PE, but the detailed characterization is still needed
to be carried out.

For commercial and eco-friendly degradation of PE,
many more optimized laboratory studies with PE degrading
microbes are needed to explore. Further, attention should
be provided for biodegradation of PE without any pretreat-
ment or addition of chemicals so as to cope up with the
problem of commercially available plastic.
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