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ABSTRACT

The plastics of various forms such as nylon, polycarbonate, polyethylene
terephthalate, polyethylene, polypropylene, polystyrene, polytetraflouro ethylene,
polyurethane and polyvinyl chloride are being continuously used in our day to day
life. Polythene bags are made of polyethylene. Polythene constitutes 64% of the
total synthetic plastic as it is being used in huge quantity for the manufacture of
bottles, carry bags, disposable articles, garbage containers, margarine tubs, milk
jugs and water pipes. Most of the plastic materials are generating as one of the
major source of environmental pollution. Therefore, this research was conducted
with an objective to find the screening of plastic degrading Pseudomonas spp.
isolated from the different soil samples at different temperature. From the four
sentinel sites Sisdol, Teku, Balkhu and Sanothimi, total of 60 soil samples were
collected. The samples were processed in the Microbiology Laboratory form
April to September 2017 at Central Department of Microbiology, Tribhuvan
University, Kathmandu for the isolation and identification of the Pseudomonas
spp. The organisms were identified by the conventional microbiological methods
and biochemical reactions. The Pseudomonas spp., potency of degradation of
plastic was screened. It was found that, the Pseudomonas spp. degraded 7.6% and
8.2% of plastic at 30°C and 37°C temperature during one month. Out of the total
24 isolates, P. aeruginosa degraded 7.3% and 8.5%, the P. fluorescence degraded
7.8% and 7.9% of the polythene at 30°C and 37°C temperature respectively
during one month. This research shows the indigenous strain of Pseudomonas
spp. has the potency of degradation of polythene and supportive for the way of

municipality solid waste management.

Key words: Degradation, plastic, Pseudomonas aeruginosa, Pseudomonas

fluorescence
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CHAPTER |

INTRODUCTION AND OBJECTIVES

1.1 Background

The word plastic comes from the Greek word “plastikos” which means able in
molded into varied shapes (Joel 1995). Plastics are made of linking of monomers
together by chemical bonds. Polyethene comprises of 645 of total plastic, which is
a linear hydrocarbon polymers consisting of long chain of ethylene monomers
(Sangale et ad 2012). Plastic is the most useful synthetic ‘manmade’ substance
made up of elements extracted from the fossil fuel resources. It has made possible
most of the industrial and technological revolutions of the 19th and 20th
centuries. The widely used packaging plastic mainly polythene constitutes about
10% of the total municipal waste generated around the globe (Barnes et a 2009).

The plastics of various forms such as nylon, polycarbonate, low density
polyethylene, medium density polyethylene, high density polyethylene, linear low
density polyethylene, polypropylene, polystyrene, polyurethane and polyvinyl
chloride are being continuously used in our daily life (Begum et a 2015).
Polythene bags are made of polyethylene. Polythene constitutes 64% of the total
synthetic plastic finds a wide range of applications in human daily use because of
its easy processing for various products used for carrying food articles, packaging
textiles, manufacturing laboratory instruments and automotive components
(Arutchelvi et al 2009).

With continuous growth for more than 50 years, global production in 2013 has
increased to 299 million tons, meaning 3.9% increase in compared to 2012.
Europe packaging applications are the largest application sector for the plastics
industry and represent 39.6% of the total plastics demand. Electrica and
electronic applications represent 5.6% of the plastics demand and are closely
followed by agricultural applications which have a share of 4.3%. Other

14



application sectors such as appliances, household and consumer products,
furniture and medical products comprise atotal of 21.7% of the European plastics
demand. In 2012, 25.2 million tones of post consumer plastics waste ended up in
the waste upstream. 62% was recovered through recycling and energy recovery
processes while 38% still went to landfill (Plastics Europe 2014/15).

The global use of plastic is growing at a rate of 12% per year and around 0.15
billion tones of synthetic polymers are produced worldwide every year (Premrg
and Doble 2005). The synthetic plastics that constitute about 80% of total global
plastic usage are polyethylene (PE), polypropylene (PP), polyvinyl chloride
(PVCO), polystyrene (PS), polyurethane (PU) and polyethylene terephthal ate (PET)
(Wilkes and Aristilde 2017). Accumulation rate of plastic waste in the
environment is 25 million tons per year and is consequently considered a serious

environmental danger (Kaseem et al 2012).

Rapid and uncontrolled urbanization, lack of public awareness and poor
management by municipalities have intensified environmental problems in towns
in Nepa including unsanitary waste management and disposal. The analysis of
household, institutional and commercial waste composition indicated that the
66%, 22%, 43% organic waste, 12%, 21%, 22% plastic and 9%, 45%, 23% paper
and paper products respectively. Municipality solid waste is composed of 56%
organic waste, 16% plastics and 16% paper and paper products. From total solid
waste in Kathmandu Metropolitan city, the Composition of plastic waste from
household, institutional and commercial field is found 15.9%, 24.5% and 24.2%
respectively. In aggregate, the composition of the plastic waste is 21.6% from the
total solid waste in Kathmandu Metropolitan city (Banskota 2015).

In order to manage the utility of these polymers in the nature, there are two ways:
one isto exploit the microorganisms in degrading polyethylene and the other isto
develop artificia polymers susceptible to biodegradation. Subsequently, to gain
large scale acceptance these manmade biodegradable polyethylene should retain
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all the essential properties of utility by the consumer and when discarded in the
environment should demonstrate their degradability more rapidly than the
conventional ones (El-Shafel et al 1998).

Unlike most polymers, biodegradable polymers when disposed favorably in the
environment e.g. compost, soil and waste water are acted upon and utilized by the
indigenous microorganisms as sources of carbon and energy, thus are degraded
(Starnecker and Menner 1996). As new biodegradable polymers and their
packaging applications are emerging, there is a need to address ther
environmental performance particularly the time required for their complete
disintegration in nature (Kale et a 2007). Less often it happens that the polymer
may be safe before biodegradation but may turn toxic during degradation (Delgi-
Innocenti et a 2001).

There is a growing interest in the development of biodegradable plastics that
would enhance the degradability of other plastic products in landfills and
composts under natural conditions (Pometto et al 1992). Chemical degradation is
caused using certain chemicals like acids and alkalis etc. Usage of certain
microorganisms and enzymes to degrade polymers are classified as the
biodegradation method of polymers (Premrg and Doble 2005). The microbial
species are associated with the degrading materials. Microbial degradation of
plastics is caused by certain enzymatic activities that lead to a chain cleavage of
the polymer into oligomers and monomers. These water soluble enzymatically
cleaved products are further absorbed by the microbia cells where they are
metabolized. Aerobic metabolism results in carbon dioxide and water (Starnecker
and Menner 1996) and anaerobic metabolism results in the production of carbon
dioxide, water and methane and are caled end products (Gu et a 2003). The
degradation leads to breaking down of polymers to monomers creating an ease of
accumulation by the microbial cells for further degradation (Swift 1997).

Waste plastics lay enormous burden on the environment because their

recal citrance to degradation accel erates the accumulation in nature. Waste plastics
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buried in soil cause the water clogging phenomena and devastate soil for agricultural
cultivation. Many animals die of waste plastics either by being caught in the waste
plastics trap or by swallowing the waste plastics debris to exert ruinous effects on the
ecosystem (Usha et a 2011). The enzymatic degradation is most widely used
methods for plastics waste treatment. This method of biodegradation by microbial
enzymes increases the rate of degradation of plastics without causing any harm to the
environment (Singh et a 2016).

The use of polythene is increasing every day and its degradation is becoming a great
challenge. Plastic causes pollution and global warming not only because of increase
in the problem of waste disposal and land filling but also release CO, and dioxins due
to burning (Ali et a 2009). The burning of waste plastic materia produces toxic
gases posing health hazard by causing lung diseases and cancer after inhalation
(Pramila and Vijaya 2011). For aguatic biota like mammals, sea turtles and seabirds,
polythene waste is considered as a main risk that causes intestinal blockage when
ingested unintentionally (Denuncio et a 2011). It also affects soil fertility, preventing
degradation of other normal substances, which poses threat to whole world. The
biodegradabl e polymers are designed to degrade quickly by the microbes due to their
ability to degrade the organic and inorganic materials including lignin, starch,
cellulose and hemicelluloses (Kumar et al 2013).

The problem of waste can be solved to some extent by using biodegradable plastics
consequently there is growing attention in degradable plastics. Starch based
degradable plastics is most commonly suggested for uses in composting of lawn,
garden and shrub litter which could lessen the volume of materia entering the
landfills by up to 20% (Lee et al 1991). Attention in using biodegradable plastics for
packaging, medical, agricultural and fisheries applications has increased in last
decades (Orhan et a 2004). However, none of biodegradable of plastics was
efficiently biodegradable in landfills. Therefore, none of the products has gained
extensve use (Kathiresan 2003).

The Pseudomonas spp. was isolated and identified from the soil for the degradation
of polyethene. The Pesudomonas spp. that can degrade the polythene is helpful for
the reduction of the plastic waste.
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1.2 Objectives

General objective:
To isolate and identify the plastic degrading Pseudomonas spp. from the soil.

Specific objective:

a) To screen the plastic degrading Pseudomonas spp.

b) To analyze the degradation of plastic by different Pseudomonas spp.

c) To compare the degradation of plastic by Pseudomonas spp. a different

temperature.
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CHAPTERIII
LITERATURE REVIEW

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. Plastic
waste is a global issue, rapidly escalating with approximately 311 million tons of
plastic produced worldwide in 2014 (Neufeld et al 2016; Plastics Europe 2015).
Polyethylene is a polymer made of long chain of monomers of ethylene.
Polyethylene is highly hydrophobic, 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 (Kavitha et a 2014).

The bacteria caused the biodegradation ranging from 2.1% to 20.5% for polythene
and from 0.5% to 8.1% for plastics. Polythene and plastic degraded to various
extents by Pseudomonas spp. (37.1% and 28.4%), Streptomyces spp. (46.2% and
35.7%) and Aspergillus spp. (20.9% and 16.8%) in six months period in liquid
(shaker) culture (Usha et al 2011). Degradation of plastic cups and polythene bags
studied using bacteria and fungi for one month period. Among which bacteria
Pseudomonas spp. degraded 20.5% of polythene and 8.1% of plastics while
funga species A. glaucus degraded 28.8% of polythene and 7.2% of plastics
(Kathiresan 2003).

The soil bacteria were isolated from plastic contaminated soil sample. The
bacterial isolates such as Desulfotomaculum nigrificans and P. alcaligenes were
identified by morphological and biochemical characterization. The biodegradation
efficacy of D. nigrificans and P. alcaligenes by using polythene bag were studied.
The P. alcaligenes was found to be more effective than D. nigrificans in
degradation of polythene bag at 30 days. An increase in incubation period there is
adramatic increase in weight loss of polythene bag (Begum et al 2015).
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P. fluorescence was the most active of the tested microorganisms degrading
approximately 18% and 16% of polythene at 9 and 12 months period respectively
and 3.8% of plastics in twelve month period under field condition. Also 8% and
5.6% of polythene and plastics were respectively degraded in a month under
laboratory condition. The biodegradation of the polythene material was relatively
faster and earlier than that of the plastics with the polythene degrading for up to
12.9%, 16% and 15% at 9 months of analysis while only 2%, 3.8% and 4.8% of
the plastic materials were degraded at 12 month by each of Saphylococcus

aureus, P. fluorescence and A. niger respectively (Thomas 2015).

Pseudomonas spp. from sewage sSludge dump (P1l) was found to degrade
polyethylene efficiently with 46.2% for natural and 29.1% for synthetic
polyethylene. In contrast, Pseudomonas spp. from household garbage dump (P2)
gave the lowest biodegradability of 31.4% and 16.3% for natural and synthetic
polyethylene respectively. However, Pseudomonas spp. isolated from textile
effluents drainage site gave biodegradability of 39.7% and 19.6% for natural and
synthetic polyethylene respectively (Nanda 2010).

Maximum Degradation percentage was observed during 20 days intervals in case
of isolate P1A (Saphylococcus spp.) which shows no degradation in 10 micron
whereas 10% for 40 micron polythene and in case of isolate P1C (Bacillus spp.),
degradation percentage for 10 micron polythene was 13.3% and 5% for 40 micron
respectively and minimum degradation was shown by isolate P1C (Bacillus spp.)
and P1B (Pseudomonas spp.) (Singh et al 2016).

The isolation of most efficient microorganisms using different soil samples were
taken from three waste disposal sites such as industrial plastic waste dump area,
leather industry waste and domestic waste dump area. The various
microorganisms were isolated from the soil samples grown in an inorganic media
(M9 media). There are some microorganisms that have the capacity to degrade

plastic waste up to 51.5%. This result was achieved due to addition of starch as
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additive in M9 media. This study reveals that Pseudomonas spp. posses greater
potential to degrade polyethylene (Agrawal and singh 2016).

The biodegradation of plastic material was analyzed one month of incubation in
liquid culture method. The microbial species found associated with the degrading
materials were identified as three Gram positive and two Gram negative bacteria.
The microbial species associated with the polythene materials were identified as
B. amylolyticus, B. firmus, P. putida, P. fluorescence and B. subtilis. The efficacy
of microbes in the degradation of plastics were analyzed in liquid (shaker) culture
method, among the bacteria P. putida degrades plastic more in one month (30%
weight loss'/month) period compared to others and lowest degradation rate was
observed in case of B. subtilis (22% weight losss/month). This work reveals that P.
putida posses greater potential to degrade plastics when compared with other
bacteria (Jumaah 2017).

P. putida S3A that has ability to degrade nylon6 film, crude nylon 6 and nylon 66
as sole source of nitrogen and carbon isolated from soil contaminated with plastic
waste was included. This study was determined the ability of this isolate to
degrade polyethylene as sole source of carbon. Some optimum conditions for
degradation of polyethylene by this bacterium were studied. It was found that
these conditions are growing P. putida S3A in mineral salt medium (pH 6.5)
containing 0.5% of polyethylene and incubated with shaking (180 rpm) at 37°C
for seven days. In addition, it has been found that this bacterium was able to
survive with up to 0.9% of polyethylene. In order to ensure that this bacterium
was found capable to degraded polyethylene. Results indicated that polyethylene
was degraded by P. putida S3A, which used the (O-H, C-O and C-H) groups as
carbon source (Jailawi et al 2015).

Microorganisms can degrade plastic over 90 genera from bacteria and fungi,
among them B. megaterium, Pseudomonas spp., Azotobacter, Ralstonia eutropha,
Halomonas spp., etc. (Chee et a 2010). Plastic degradation by microbes due to

the activity of certain enzymes that cause cleavage of the polymer chains into
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monomers and oligomers. Plastic that has been enzymatically broken down
further absorbed by the microbial cells to be metabolized. Aerobic metabolism
produces carbon dioxide and water. Instead of anaerobic metabolism produces
carbon dioxide, water and methane as end products (Usha et a 2011).

Biodegradation resulting from the utilization of polyethylene as nutrient may be
more efficient if the degrading microorganism forms a biofilm on the
polyethylene surface (Shah et a 2009). The microbia species are associated with
the degrading materials were identified as bacteria (Pseudomonas, Streptococcus,
Saphylococcus, Micrococcus and Moraxella) fungi (A. niger and A. glaucus),

Actinomycetes spp. and genus Saccharomonospora (Chee et a 2010; Swift 1997).

The term biodegradable plastics normally refer to an attack by microorganism on
non water soluble polymer based materials. Plastics are resistant to the microbial
attack because their short time of presence in nature evolution could not design
new enzyme structures capable of degrading synthetic polymers. The term is often
used in relation to ecology, waste management and environmental remediation
and to plastic materials due to their long life span. Plastics can be classified by the
chemical process that is used in their synthesis. Pure plastics generally have low
toxicity due to their insolubility in water and relative chemical inertness (Vignesh
2016).

2.1 Factor s affecting plastic Degradation

Environmental parameters such as humidity, temperature, pH, salinity, the
presence or absence of oxygen, sunlight, water, stress and culture conditions not
only affect the polymer degradation but also have a crucia influence on the
microbia population and enzyme activity (Gu 2003). Maximum CO, evolution
and optimal lignolytic activity occurred when fungi grow at lowest pH (Glass and
Swift 1990).
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The chemical and physical properties of polyester have a strong influence on its
biodegradability. Molecular weight is one of the factors determining the
biodegradation of plastics. Low molecular weight is favorable for biodegradation.
The rate of enzymatic hydrolysis of polycaprolactone diol by Rhizopus delemar
lipase was faster at the smaller molecular weight (Tokiwa and Suzuki 1977). The
melting temperature (Tm) of a polymer has a great effect on enzymatic
degradability. Generally, the higher the melting point of polyester, the lower the
biodegradability tends to be. The enzymatic degradability decreases with
increasing time. The higher order structure properties like crystallinity, modulus
of easticity and suppressed the polymer degradability (Tokiwa and Calabia
2004).

Additives, antioxidants and stabilizers used in manufacturing of polymer can slow
down the rate of degradation and may be toxic to microorganisms. Besides all
above mentioned factor structura (linearity and branching in polymer, type of
bond like c-c, amide and ester), molecular composition and physical form of
polymer like powder, films, pellets and fibres may aso influences the
biodegradability polymer. Ultimately the way and rate of polymer degradation
depends on the mechanism of degradation and acceleration of process (Arutchelvi
et al 2008).

2.2 Relevance of Pseudomonas spp. to plastic biodegradation
Polyethylene is the most widely produced synthetic plastic used in plastic bags,
water and milk bottles, food packaging and toys (Shah et a 2016). A long chain
polymer saturated with ethylene bonds. When polyethylene has branching chains
that prevent tight packing into a crystalline structure, it is characterized as LDPE.
On the other hand, when there is little to no branching and the molecules can
stack and form strong intermolecular forces, PE is considered a HDPE. From the
fifteen HDPE degrading bacteria species isolated from a marine ecosystem,
Pseudomonas spp. was found to be the most efficient followed by Arthrobacter
spp. (Balasubramanian et a 2010).
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The addition of pro-oxidant additives was shown to increase the hydrophilicity of
the long chain polymer of PE resulting in chain scission of the polymer and the
generation of carbonyl functional groups and low molecular weight (MW)
components (Chidllini et a 2006). After pretreatment with nitric acid, P.
aeruginosa was able to degrade 0.25 gram of LDPE by 50.5% in 2 months
(Rajandas et al 2012). However, no chemica pretreatment was needed for
Pseudomonas spp. AKS2 to degrade LDPE films, abeit only 5% of the total mass
of 300 mg was degraded within 45 days (Tribedi and Sil 2013c). Also without any
pretreatment, an uncharacterized Pseudomonas spp. was found to degrade 28.6%
of low MW PE (MW=1700 Da) in a sterilized compost condition after 40 days
(Yoon et a 2012).

Therefore, the extent to which polyethylene (PE) and related plastics are
biodegraded depends both on the structural arrangement of the plastic polymer
and the type of Pseudomonas strains exposed to the polymer. Of particular
interest to bioremediation strategies of PE are the mechanisms through which
these strains can degrade PE containing plastics without pretreatment. Plastics
with similar structures to PE but with more hydrolysable functiona groups
include PVA, PES and PEG. PVA has similar carbon-carbon linkages to PE,
which is more water soluble than PE because of the presence of the hydroxyl

functional group (Shimao 2001).

As a result, polyvinyl acohol (PVA) was more easily degraded than PE. Since
Pseudomonas spp. O3 was reported to degrade PVA (Suzuki et a 1973). The
majority of reported PVA degrading bacteria belong to the Pseudomonas genus
(Shimao 2001). Similar to PE in structure but with added hydrolysable ester
bonds, PES is a plastic polymer that is considered more amenable to
biodegradation. PES was typically found in shopping bags and agricultura films
(Tribedi and Sil 20133).
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Pseudomonas spp. AKS2 can maximally degrade PES at arate of 1.65 mg per day
(Tribedi et a 2012). Furthermore, bio-augmentation of soil microcosms with
Pseudomonas spp. AKS2 resulted in enhanced PES biodegradation (Tribedi and
Sil 2013a). In addition to PVA and PES, PEG was more biodegradable than PE
due to the presence of ether bonds and a hydroxyl end group. Complete
biodegradation of PEG using P. stutzeri JA1001 has been demonstrated with PEG
molecular weight up to 14000 Da in concentrations of 0.2% (w/v) after 30 hours
(Obradors and Aguilar 1991). While PEG is not as commonly used as PE, it is
still a pervasive plastic that is found in products such as pharmaceuticals,
lubricants, cosmetics and inks (Gu 2003). Polystyrene is both light weight and
stiff serves as an effective thermal insulation in disposable cups, packaging
materials and laboratory equipment (Shah et a 2008).

The polystyrene structure is characterized by phenyl functional groups aong the
hydrocarbon chain. Although reports of PS biodegradation are scarce, the PS
polymer can be eventually broken down to compounds such as styrene, toluene
and benzene that are metabolizable in Pseudomonas spp. (Devi et a 2016).
Additionally, it was shown that Pseudomonas spp. NCIM 2220 was able to
degrade a heteropolymer made of PS with malefic anhydride anchored with
minute amounts of lactose, sucrose and glucose (Galgali et a 2002).

Moreover, a high impact PS composed of a mixture of PS and polybutadiene can
be degraded by an unclassified Pseudomonas spp., but there was only a 10%
weight loss to the 200mg high-impact PS film (Mohan et al 2016). Polyurethanes
are characterized by urethane bonds formed from the condensation of
polyisocyanate and polyol, which have varied structures (aromatic, aliphatic,
polycaprolactone, polyether and polyester type polyurathane) depending on their
usage (Cregut et a 2013; Shah et a 2008). They were found in tires, sponges,
refrigerator insulation, furniture cushions, gaskets, bumpers and paints (Shah et al
2008).
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The presence of carbamate bonds in polyurethane (PU) renders it insoluble in
common solvents including water, acetone and ethanol. Additionally, the durable
properties of PU, which mediate its role as a flame retardant and antimicrobial
reduce the degradation effects of temperature, pH, chemical agents and
microorganisms (Biffinger et a 2015; Cregut et al 2013).

Despite these PU characteristics that are adverse to biodegradation, severa
Pseudomonas species including P. fluorescens, P. aeruginosa, P. cepacia, P.
protegens and P. chlororaphis have been identified as PU degraders (Cregut et al
2013). It was reported that P. aeruginosa AKS9 can utilize both PU diol and
Impranil DLNTM, a commercial variety of polyester PU as a sole carbon source
(Mukherjee et al 2011). In addition, P. aeruginosa strain MZA-85 was found to
degrade and metabolize polyester PU (Shah et al 2013). Extensive degradation of
Impranil DLN was also accomplished by P. protegens Pf-5 and other P. protegens
strains (Hung et a 2016).

The polymers with the least amount of reported biodegradation by Pseudomonas
species were polypropylene, PVC and PET. Polypropyleneis found in bottle caps,
medicine bottles, car seats and disposable syringes and is the second most
produced plastic after PE. Polyvinyl chloride is the third highest produced plastic
and is commonly found in shower curtains, raincoats, bottles, garden hoses and
shoe soles (PlasticsEurope 2015; Shah et a 2008).

Polyethylene terephthalate is aso both thermally and chemically stable which has
a structure amenable for use in water and soda bottles, electronics, automotive
parts and textile fibers. The globa production of PET is increasing and is
approximated to be 50% of synthetic plastic products (Webb et a 2013). Both
with and without chemical pretreatments, PP is difficult to be biodegraded.
Following pretreatment with ultraviolet radiation, P. azotoformans and P. stutzeri
were able to survive on PP as a sole carbon source but only minimal weight loss
of the plastic polymer resulted after one year (Arkatkar et a 2009, 2010).
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The polyvinyl chloride monomer and vinyl chloride was able to serve as a sole
carbon source to support the growth of P. putida strain AJ (Danko et a 2004).
Pseudomonas species have not been very effective for PET biodegradation. A
lipase isolated from an unspecified Pseudomonas spp. was unable to catalyse PET
degradation (Meuller et a 2005).

Likewise, an extracellular lipase from an unspecified Pseudomonas spp. was not
effective at degrading a mixture with polycaprolactone and less than 50% PET
(Jun et a 1994). However, a cutinase from P. mendocina had high affinity to low
crystalline PET and reduced the weight of the film by 5%. The aforementioned
studies highlight the diverse capabilities of Pseudomonas species to degrade and
metabolize the different synthetic plastic polymers (Ronkvist et a 2009).

2.3 Importance of biofilmsto biodegradation

The ability of bacterial cells to attach to and degrade plastic polymers is
dependent on the structure of the polymer surface (Donlan 2002). The addition of
hydrophilic functional groups to plastic polymersis often required to promote cell
surface attachment due to the typical hydrophilic nature of cell surfaces which
impair attraction to the hydrophobic polymers. Thus, greater surface roughness
and hydrophilicity of the polymer was shown to facilitate both enhanced
attachment of bacterial colonies and accessibility of secreted extracellular
enzymes to polymer surface (Nauendorf et a 2016; Sanin et a 2003; Tribedi and
Sil 2013c).

In cases of plastic polymers including PE have high hydrophobicity and
molecular weight. The formation of a biofilm either requires the polymer to be
altered by oxidation reactions or supplemented with chemicals in order to increase
the surface interactions with bacterial cells (Shah et al 2008; Sivan 2011). Biofilm
forming bacterial species with relatively high hydrophobic cell surfaces have
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improved cell surface attachment to unmodified plastic polymers (Devi et a
2016; Gilan et a 2004; Tribedi and Sil 2013b).

Accordingly, biofilm adapted Pseudomonas spp. AKS2 cells were found to have
greater cell surface hydrophobicity and LDPE-degrading ability than planktonic
cells (Tribedi et al 2015). Furthermore, it was determined that the cellsin biofilms
secreted exopolysaccharides that aid in attachment to the plastic polymer (Tribedi
and Sil 2013c). Although it was evident that the Pseudomonas spp. AKS2 has
ability to form biofilms promoted the degradation of LDPE (Tribedi and Sil
2013c).

The ability to degrade LDPE may not be transferrable to other plastic polymers
due to structural differences. Furthermore, the nutritional environment of the
growth media may influence the extent of the biofilm formation (Sivan 2011).

The composition of extracellular polymer matrices can change depending on the
growth conditions and can play an important role in the attachment properties of
bacteria (McEldowney and Fletcher 1986; Sanin et a 2003). Cell surface
hydrophobicity was found to be correlated positively with cell attachment, biofilm
formation and PES weight loss (Tribedi and Sil 2013b).

In addition, low glucose content and high ammonium sulphate concentrations
resulted in the greatest cell surface hydrophobicity for Pseudomonas spp. AKS2
grown on PES (Tribedi and Sil 2013b). In the presence of organic carbon rich
marine sediments, biofilm formation was diminished and there was minimal to no
degradation of PE (Nauendorf et al 2016). Therefore, environmental and
nutritional conditions that favour the genesis of biofilms on plastic polymers are

important stimuli for the degradation of synthetic plastics by Pseudomonas spp.
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2.4 Plastic degradation by extracellular and intracellular enzymes
In general, enzymatic degradation involves two important processes that can be
measured by weight loss and additions of functional groups. The reduction in
molecular weight of the polymer enables the catalytic effects of enzymes that can
only operate on smaller molecules and facilitates the transport of smaller
molecules through the cell membrane (Shah et al 2008). Chemical or biological
oxidation reactions are often necessary to increase the hydrophilicity of the
polymer by providing a functional group such as alcohol or carbonyl groups that
can enhance bacteria attachment and degradation (Albertsson et a 1995;
Arkatkar et a 2010; Lucas et a 2008). Degradative products with carbonyl
functional groups can be metabolized inside the cell through beta-oxidation and
the TCA cycle (Restrepo-Florez et a 2014; Shah et al 2008).

Extracellular enzymes such as depolymerases and hydrolases act on large plastic
polymers to break them down into smaller molecules (Shah et a 2008).
Hydrolytic cleavage can occur either at the polymer chain terminus (exo-attack)
or somewhere along the polymer chain (endo-attack). The two different modes of
attack create different products. Exo-attack results in small oligomers or
monomers that the bacteria can assimilate into the cell. On the other hand, endo-
attack primarily reduces the molecular weight of the polymer, whereby the
resulting products are not likely to be assailable without further degradation (Lenz
1993). An extracellular depolymerase from a Pseudomonas spp. was effective in
breaking down a brominated high-impact polystyrene (Mohan et al 2016).

Degradation of PEG by P. stutzeri JA1001 involved a single intracellular PEG
dehydrogenase that produced glyoxylic acid (Obradors and Aguilar 1991). Alkane
hydroxylases from the AlkB family in Pseudomonas spp. E4 were involved in the
degradation of PE with MW up to 27 000 Da (Y oon et a 2012). Furthermore, the
extracellular PVA oxidase found in a number of Pseudomonas spp., including
Pseudomonas spp. O-3, P. vesicularis PD and Pseudomonas spp. VM15C can
oxidize PVA into adiketone structure (Kawai and Hu 2009).
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Esterases, lipases and cutinases are hydrolases that are instrumental in plastic
degradation (Mohan et al 2016; Novotny et a 2015; Ruiz et al 1999; Sangale et al
2012). Hydrolases are important for enzymatic polymer cleavage wherein ester
bonds are broken through a nucleophilic attack on carbonyl carbon atoms (Devi et
al 2016). The degradation of PES by Pseudomonas spp. AKS2 in a biocaugmented
soil was facilitated by hydrolase and dehydrogenase activity as determined by
enzyme assays (Tribedi and Sil 2013a).

Esterases can hydrolyse esters either already present in the polymer or produced
through oxidation reactions into alcohols, phenols and acids. For instance, an
esterase from Pseudomonas spp. AKS2 was able to break the ester bonds in PES
to generate succinic acid, a TCA cycle metabolite (Tribedi et a 2012). Following
the activity of a PVA oxidase introduced acetyl groupsin the PVA. P. vesicularis
was able to assimilate the altered PVA into the cell and hydrolyse it further with

an intracellular esterase (Kawai and Hu 2009).

Polyurethane degrading enzymes are thought to be primarily extracellular
esterases or proteases that are either membrane bound or secreted extracellularly
(Cregut et a 2013; Mukherjee et a 2011; Shah et a 2013). The term
polyurethanase is often used to describe enzymes responsible for the degradation
of PU (Ruiz et a 1999; Stern and Howard 2000). However, this term is used
without definitive confirmation of the hydrolysis of the carbamate bond.
Therefore, it is recommended that polyurethanase should be reported as
hydrolases or esterases. To this point, an extracelular enzyme from P.
chlororaphis with esterase and protease activities was shown to degrade
successfully polyester PU. This enzyme was also classified as a serine hydrolase
because it could be inhibited by phenylmethane sulfonyl fluoride (Ruiz et d
1999). Polyurethane was degraded significantly by Pseudomonas spp. lipase but
only partially degraded by a recombinant esterase from P. fluorescens (Biffinger
et a 2014, 2015).
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The production of high amounts of extracellular esterases and lipases in P.
aeruginosa was reported to facilitate the degradation of aromatic, aliphatic
polyesters and polyesteramides (Novotny et a 2015). An extracellular cutinase
from P. mendocina acting on a PET film with 7% crystallinity caused a 5%
weight loss of the film after 96 hours and produced TPA and EG as the sole
products. These products can subsequently be incorporated into intracellular
metabolism. However, much remains unknown regarding what happens
intracellular to assailable plastic oligomers or monomers after they are transported
across the bacterial cellular membrane (Ronkvist et al 2009).

2.5 Environmental degradation of plastic

In nature biotic and abiotic factors exist together. Therefore, the whole
degradation mechanism of a certain material can be referred as “environmental
degradation”. The environmental degradation process of plastic was affected by
its material properties such as molecular weight, optical purity, crystalinity,
melting temperature and by environmental factors such as humidity, temperature
and catalytic species (pH and the presence of enzymes or microorganisms)
(Nishida and Tokiwa 1992; Tsuji 2010). When the molecular weight is low,
plastic is brittle, cloudy and opague while at higher molecular weights, plastic is
stronger, more transparent and less susceptible to degradation (Ho et al 1999).

Crystalline regions within plastic hydrolyze much more slowly than the
amorphous regions as water diffuses more readily into the less organized
amorphous regions compared to the more ordered crystalline regions, causing
greater rates of hydrolysis and increased susceptibility to biodegradation. In semi
crystalline plastic degradation occurs first in the amorphous regions and more
sowly in the crystalline regions. Therefore, the proportion of the crystalline
regions within the plastic increases and the rate of degradation decrease with time
(Henton et a 2005; Hoglund et a 2012). Increasing concentrations of D-units in
plastic lowers optical purity and regularity leading to greater water diffusion
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through the polymer matrix in the amorphous regions and accelerating hydrolysis
(Hoglund et al 2012; Saha and Tsuji 2006).

The rate of plastic degradation is much greater above the glass transition
temperature (Tg 55-62°C) as polymer chains become more flexible and water
absorption increases accelerating both hydrolysis and microbia attachment (
Henton et a 2005; Kale et a 2007). Temperatures at or above Tg (55-62°C) and
at high relative humidity (>60%), plastic hydrolysis is rapid. In its molten state,
plastic can also undergo thermal denaturation (Lim et a 2008) as hydrolysis can
occur in the presence of small traces of water or in the absence of water, plastic
undergoes zipper like depolymerization, oxidative random chain scission,
intramolecular transesterification to monomers and oligomers (Sodergard et a
2002).

Plastic degradation is generally accepted to be a two step mechanism involving
first abiotic factors then biotic factors. The abiotic process is the chemica
hydrolysis of plastic in the presence of water at elevated temperatures followed by
biotic degradation in which microorganisms decompose polymer breakdown
products generating carbon dioxide, water and biomass under aerobic conditions
and methane, hydrocarbons and biomass under anaerobic conditions (Agarwal et
al 1998; Copinet et a 2009; Henton et a 2005; Itavaara et a 2002; Kale et a
2007; Saadi 2012). While some studies have reported that microorganisms do not
enhance plastic degradation (Agarwal et a 1998). Other studies have suggested
that microbial enzymes exist that are capable of directly degrading high molecular
weight plastic (Jarerat and Tokiwa 2001; Masaki et a 2005; Watanabe et a
2007).
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CHAPTER I11
MATERIALSAND METHODS

3.1 Materials

The materials, equipments and various reagents used in different stages of this
research are listed in Appendix A.

3.2 M ethodology

The research was conducted at Central Department of Microbiology, Tribhuvan
University, Kirtipur from April to Sep 2017 to determine the degradation of
polythene by Pseudomonas spp. isolated from soil.

3.2.1 Sample selection and Sample size

The soil sample surrounding the plastic waste from different place was selected.
The plastic sample i.e. polythene bag was selected. Sixty different soil samples
were collected (10 gram each) from different areas of the dumping site. The
polythene bag of 13 micron thickness size was selected for this study.

3.2.2 Samples collection and transportation

3.2.2.1 Sample collection site

The soil sample was collected from the plastic waste dumped sites such as Sisdol
dumping site, Teku dumping site, Balkhu dumping site and Sanothimi Bhaktapur
household garbage dumped site. Polythene sample was purchased from local

market.

3.2.2.2 Sample collection
The soil sample was collected from the soil surrounding the plastic waste by using
sterile spatula and was put in sterile container. The plastic sample i.e. polythene

bags was collected and transported in the laboratory.
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3.2.3 Sample processing

3.2.3.1 Serial dilution of soil

One gram of the soil sample was added in 9 ml distilled water to make 1:10
dilution and 1 ml of 1:10 dilution into 9 ml distilled water to make 1:100 dilutions
and so on. The diluted sample was inoculated on Pseudomonas Agar and

Cetrimide Agar for the isolation and identification of Pseudomonas spp.

3.2.3.2 Pre-treatment of polyethylene

The polyethylene bags were cut in small strips and were transferred to a beaker
with distilled water and stirred for 1 hour. Further, they were aseptically placed to
ethanol solution 70% v/v for 30 minutes. Ethanol was used to disinfect the
polyethylene and remove any organic matter adhering to its surface. Then, the
polyethylene strips were transferred to a sterile Petri dish (El-Shafei et al 1998).

Finally, the plastic strips were air dried and were weighted in fix mass,

3.2.4. | dentification of the isolates

Identification of the isolates was performed according to their morphological,
staining reaction, cultural and various biochemical characteristics by following
Bergey’s Mannual of Systematic Bacteriology (Kandler and Weiss 1986). |solated
colonies from the pure culture with oxidase positive were identified by
performing the standard conventional biochemical tests. Furthermore, the isolates
were subcultured on Cetrimide Agar (CA), a selective media for the isolation of
P. aeruginosa and the plates were observed for bacterial growth after aerobic
incubation in 37°C for 24 hours.

3.2.4.1 I dentification with Gram staining
Gram staining was performed for the presumptive identification of the bacteria
according to standard technique. Pseudomonas spp. was identified as gram

negative rod.
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3.2.4.2 Identification with Biochemical Tests

Typical colonies of bacterial isolates were subcultured on Nutrient agar and incubated
at 37°C for 24 hours. After incubation, fresh culture of test organism was inoculated
into different biochemical media P. aeruginosa and P. fluorescence were
characterized and identified using a combination of colony morphology, Gram stain
characteristics and different biochemical tests. Catalase test, Oxidase test, Indole test,
Methyl red test, Voges Proskauer test, Citrate utilization test, Oxidative/Fermentative
test, Urease test, Gelatin hydrolysis test, Xylose and Glucose fermentation test,
growth at 4°C temperature and Growth on 7% NaCl tests were performed for the
identification of P. aeruginosa and P. fluorescence. Result interpretation was done
based on the identifying characteristic of the isolates (Forbes et al 2007).

3.2.5 Inoculation of Pseudomonas spp. in Nutrient agar plate

The Pseudomonas spp. was inoculated by carpet culture method onto Nutrient agar
plates containing polythene strips and incubated at 30°C and 37°C separately for one
month. During one month, potency of degradation i.e. decrease in the weight of the
plastic samples was determined. Negative control was maintained by adding the same
quantity of plastic strips in the Nutrient agar plate without inoculation of the bacteria
and incubated together with test at the same temperature.

3.2.6 Dry weight deter mination of recovered polyethylene

The residua polyethylene strips were recovered from the culture plates. The dry
weights of recovered polyethylene from the culture media were taken in one month
for accounting the rate of biodegradation. The bacterial cell mass adhering to the
polyethylene surface was washed by a 2% (v/v) agueous sodium dodecyl sulphate
solution for 2 hours and finally with distilled water (Hadad et a 2005). The washed
polyethylene particles were air-dried and weighed. The weight loss of the plastics

was calculated by using the following formula.

Initial weight - Final weight
Percentage of weight loss = x 100
Initial weight

3.3 Data analysis
All the results were entered in the worksheet of Microsoft Office Excel. The datawas
calculated and analyzed by using above formula.
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CHAPTER IV
RESULTS

During six months period, total of 60 soil samples were collected and processed in
the Microbiology Laboratory of Central Department of Microbiology. The soil
samples were around the plastic waste from Sisdol, Sanothimi, Teku and Balkhu
included and processed. The 24 isolates were isolated and identified as P.
aeruginosa and P. fluorescence by the general microbiologica techniques and

biochemical reactions.

The average degradation of polythene by using Pseudomonas spp. was found to
be 7.9% during one month. The Pseudomonas spp. was found to be degraded
7.6% and 8.2% of the polythene at 30°C and 37°C temperature respectively. The
identified isolates i.e. P. aeruginosa was able to degrade 7.3% and 8.5%, the P.
fluorescence degraded 7.8% and 7.9% of the polythene at 30°C and 37°C
temperature respectively during one month.

8.60% - 8.5%
8.40% -
8.2%
8.20% -

8.00% - 7.9%
7.8%

780% |

7.60% - = At 30°
7.40% - 7.3% AL37° C
7.20% -

7.00% -

6.80% -

6.60%

Pseudomonas spp. P. aeruginosa P, fluorescence

Degradation %

Figure 1. Polythene degradation by Pseudomonas spp.
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4.1 Degradation based on surface changein plastic sample
The surface change of the plastic samples was observed after incubation with soil
isolates. The surface of the plastic samples was turned from smooth to rough with

cracking after one month represents the degradation of the polythene strips by
Pseudomonas spp.

Control plate

Photograph 2:




4.2 Polythene degradation based on temperature

4.2.1 Degradation at 30°C

The polythene degraded by the Pseudomonas spp. isolated from the Sisdol
dumping site soil was found to be 7.8%. From the same site, The P. aeruginosa
and P. fluorescence were degraded 6.1% and 9.7% of polythene respectively at
30°C temperature during one month. The polythene degraded by the
Pseudomonas spp. isolated from the Sanothimi household garbage site soil was
found to be 8.9%. The P. aeruginosa and P. fluorescence isolated from same site
soil were degraded 8.8% and 8.9% of polythene respectively.

At the same temperature and time duration, the Pseudomonas spp. isolated from
the Balkhu dumping site soil was found to degrade 6.8% of polythene. The P.
aeruginosa and P. fluorescence were able to degrade 8.0% and 5.7% of polythene
from same site. The Pseudomonas spp. isolated from the Teku dumping site soil
was found to degrade 6.3% of polythene. From the same site, the P. aeruginosa
and P. fluorescence were able to degrade 6.2% and 6.6% of polythene
respectively.

Table 1. Degradation of polythene by Pseudomonas spp. at 30°C

Soil from - Sisdol Sanothimi Bakhu Teku
Microorganism|

Pseudomonas spp. 7.8% 8.9% 6.8% 6.3%
P. aeruginosa 6.1% 8.8% 8.0% 6.2%
P. fluorescence 9.7% 8.9% 5.7% 6.6%

4.2.2 Degradation at 37°C
The polythene degraded by the Pseudomonas spp. isolated from the Sisdol
dumping site soil, was found to be 7.5%. From the same site, the P. aeruginosa

and P. fluorescence were degraded 8.1% and 6.9% of polythene respectively at
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37°C temperature during one month. The polythene degraded by the
Pseudomonas spp. isolated from the Sanothimi household garbage site soil was
found to be 9.0%. The P. aeruginosa and P. fluorescence isolated from same site
soil degraded 9.2% and 8.8% of polythene respectively after one month of

incubation.

At the same temperature and time duration, the Peudomonas spp. isolated from
the Balkhu dumping site soil was found to degrade 8.2% of polythene. The P.
aeruginosa and P. fluorescence were able to degrade 8.9% and 7.6% of polythene
from same site. The Pseudomonas spp. isolated from the Teku dumping site soil
was found to be degraded 8.1% of polythene. From the same site, the P.
aeruginosa and P. fluorescence were able to degrade 8.0% and 8.1% of

polythene.

Table 2: Degradation of polythene by Pseudomonas spp. at 37° ¢

Place—- Sisdol Sanothimi Balkhu Teku
Microorganism|

Pseudomonas spp. 7.5% 9.0% 8.2% 8.1%
P. aeruginosa 8.1% 9.2% 8.9% 8.0%
P. fluorescence 6.9% 8.8% 7.6% 8.1%

4.3 Plastic degradation based on isolates isolated from different

places of sail

4.3.1 I solates from Sisdol dumping site sail

The polythene degraded by the Pseudomonas spp. isolated from the Sisdol
dumping site soil was found to be 7.8% and 7.5%. The P. aeruginosa isolated
from Sisdol dumping soil degraded 6.1% and 8.1% of polythene. The P.
fluorescence isolated from the same site soil degraded 9.7% and 6.9% of the
polythene at 30°C and 37°C temperature respectively during one month.
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Figure 2: Polythene degradation by isolates from Sisdol dumping site soil

4.3.2 | solates from Sanothimi household gar bage site soil

The polythene degraded by Pseudomonas spp. isolated from the Sanothimi
household garbage site soil was found 8.9% and 9.0% at 30°C and 37°C
temperature. The P. aeruginosa isolated from same site soil degraded the 8.8%
and 9.2% of polythene. And the P. fluorescence isolated from the same site soil
degraded 8.9% and 8.8% of the polythene at 30°C and 37°C temperature during
one month.
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Figure 3. Polythene degradation by isolates from Sanothimi household

gar bage site soil

4.3.3 I solates from Balkhu dumping site soil

The polythene degraded by the Pseudomonas spp. isolated from the Balkhu
dumping site soil was found 6.8% and 8.2% at 30°C and 37°C temperature. The
P. aeruginosa isolated from same site soil degraded 8.0% and 8.8% of polythene.
The P. fluorescence isolated from the same site soil degraded the 5.7% and 7.6%
of the polythene at 30°C and 37°C temperature respectively during one month.
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Figure 4: Polythene degradation by isolates from Balkhu dumping site sail

4.3.4 | solatesfrom Teku dumping site soil

The polythene degraded by the Pseudomonas spp. isolated from the Teku
dumping site soil was found 6.3% and 8.0% at 30°C and 37°C temperature. The
P. aeruginosa isolated from same site soil degraded 6.1% and 8.0% of polythene.
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The P. fluorescence isolated from same site soil degraded 6.6% and 8.1%

polythene at 30°C and 37°C temperature during one month.
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Figure5: Polythene degradation by isolates from Teku dumping site soil
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CHAPTER V
DISCUSSION

Solid waste is the global issue. Plastic waste is the major component of solid
waste and source of environmental pollution of the world. The solid waste pollute
the water, soil and air which has direct impact on human health, forest, animals
and the fertile land. So, the solid waste management is necessary for the
developing countries for the reduction of risk due to solid waste. In this research,
the Pseudomonas spp. was isolated and identified and used for the screening of

polythene degradation.

Polyethene bags are made of polyethylene. The worldwide utility of polyethylene
is a rate of 12%, an approximately 140 million tones of synthetic polymers are
produced worldwide each year. Accumulation rate of plastic waste in the
environment is 25 million tons/year (El-Shafel et al 1998). With such huge
amount of polyethylene getting accumulated in the environment and their disposal
evokes a big ecological issue. It takes long time for their efficient degradation.
Therefore, this research may supportive to the way of reduction of the polythene
through biodegradation. The main dumping sites of Nepal are Sisdol, Pokhara and
Karaute Dada Sanitary landfill sites. The composition of the wastes of these
landfill sites are plastic, paper, glass, rubber, leather, metal, construction
demolition waste, organic and other waste. Among them, the amount of plastic is
high as an inorganic solid waste. Thus, the biodegradation of the plastic wastes in
those landfill sites will help in the reduction of waste volume and area covered by

inorganic wastes in the landfill sites (Thapa 2011).

In this research, the isolated Pseudomonas spp. was aseptically placed over the
surface of the plastic strips containing Nutrient agar plate for the aerobic
degradation. The growth and accumulation of the microbial cell on the surface of
the plastic strips shows the rough and cracking of the plastic strips. It means the
Pseudomonas spp. has the potency of the polythene degradation.
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The soil bacteria were isolated from plastic contaminated soil sample. The
bacterial isolates such as D. nigrificans and P. alcaligenes were identified by
morphological and biochemical characterization. The biodegradation efficacy of
D. nigrificans and P. alcaligenes by using polythene bag were studied. The P.
alcaligenes was found to be more effective than D. nigrificans in degradation of
polythene bag at 30 days. An increase in incubation period there is a dramatic
increase in weight loss of polythene bag (Begum et a 2015). The bacteria caused
the biodegradation ranging from 2.1% to 20.5% for polythene and from 0.5% to
8.1% for plastics. Polythene and plastic degraded to various extents by
Pseudomonas spp. (37.1% and 28.4%) Streptomyces spp. (46.1% and 35.7%) and
Aspergillus spp. (20.9% and 16.8%) in 6 month period in liquid (shaker) culture
(Ushaet a 2011).

In present study, the Pseudomonas spp. isolated from the different dumping sites
of Kathmandu valley and Sisdol dumping site was degraded 7.6% and 8.2% of the
polythene at 30°C and 37°C temperature during one month. This is due to the
accumulation of microbia cell and production of enzymes by microorganism
during the degradation process acted on the surface of polythene. The enzyme
produced by the microorganism breakdowns the carbon, hydrogen bond of the
polymer into monomer is easily utilizes the microbia cells (El-Shafel et al 1998).

Hadad et a (2005) reported the D. nigrificans degrade 10.2%, 13.2% and 16.2 %
of polythene bag at 10, 20 and 30 days incubation respectively. At the same time,
P. alcaligenes degraded 10.5%, 14.7% and 16.2 % of polythene bag at 10, 20 and
30 days incubation respectively. An increase in incubation period there is a
dramatic increase in weight loss of polythene bag. Among the two isolates tested,
P. alcaligenes was found to be more effective in degradation of polythene bag at
30 days. Previously, (Norman et al 2002; Tadros et a 1999) have reported on the
biodegradability potential of P. fluorescens and P. aeruginosa on synthetic
plastics.
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In this study, the P. aeruginosa able to degrade 7.3% and 8.5%, the P.
fluorescence able to degrade 7.8% and 7.9% of the polythene at 30°C and 37°C
temperature respectively during one month. Among the two isolates tested, P.
aeruginosa and P. fluorescence was found to be more effective in degradation of

polythene bag at 37°C and 30°C temperature during one month respectively.

Degradation of plastic cups and polythene bags studied using bacteria and fungi
for one month period, among which bacteria, Pseudomonas spp. degraded 20.5%
of polythene and 8.1% of plastics, while fungal species, A. glaucus degraded
28.8% of polythene and 7.2% of plastics (Kathiresan 2003).

After pretreatment with nitric acid, P. aeruginosa was able to degrade 0.25 gram
of LDPE by 50.5% in 2 months (Rgandas et al 2012). However, no chemical
pretreatment was needed for Pseudomonas spp. AKS2 to degrade LDPE films,
albeit only 5% of the total mass of 300 mg was degraded within 45 days (Tribedi
and Sil 2013c). Also without any pretreatment, an uncharacterized Pseudomonas
spp. was found to degrade 28.6% of low MW PE (MW 1700 Da) in a sterilized
compost condition after 40 days (Y oon et a 2012).

In this study, after pretreatment with 70 % ethanol, the plastic degraded by the
Pseudomonas spp. isolated from the Sisdol dumping site soil was found 7.8% and
7.5% at 30°C and 37°C temperature. Among the two isolates tested isolated from
the Sisdol dumping soil, P. aeruginosa able to degrade 6.1% , 8.1% and P.
fluorescence degraded the 9.7% , 6.9% of the plastic at 30°C and 37°C

temperature during one month.

The useful bacteriaidentified for the degradation of plastic are Pseudomonas spp.,
Streptococcus spp., Saphylococcus spp., Micrococcus spp. and Moraxella spp.,
B. subtilis, B. amylolyticus and Arthobacter defluvii. B. amylolyticus has more
potential and B. subtilis has less potential to degrade plastic as compared to other
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bacteria (Sharma 2013). There are no significant change in mass and appearance
after 180 days of inoculation (Dey et al 2012).

In this research, the Pseudomonas spp. isolated from the Sanothimi household
garbage site soil was found to be degrade 8.9% and 9.0% of polythene. Among
them, the P. aeruginosa and P. fluorescence was able to degrade (8.8% , 9.2%)
and (8.9% , 8.8%) of plastic at 30°C and 37°C temperature respectively during
one month. The Pseudomonas spp. isolated from the Balkhu dumping site soil
was found to degrade 6.8% and 8.2% of polythene. From there, the P. aeruginosa
and P. fluorescence were found able to degrade (8.0%, 8.8%) and (5.7%, 7.6%) of
plastic respectively. The polythene degraded by the Pseudomonas spp. isolated
from the Teku dumping site soil was found to be 6.3% and 8.0%. The P.
aeruginosa degraded the 6.1% and 8.0% of polythene. From the same site, the P.
fluorescence degraded the 6.6% and 8.1% of the plastic a 30°C and 37°C
temperature respectively during one month. Comparison among these isolates of
al four sentinel sites, the highest amount of polythene was degraded by P.
fluorescence at 30°C isolated from Sisdol landfill site soil and by P. aeruginosa at
37°C temperature isolated from Sanothimi household garbage site soil.

Pseudomonas spp. from sewage sludge dump (P1) from Tamil Nadu was found to
degrade polyethylene efficiently with 46.2% for natural and 29.1% for synthetic
polyethylene. In contrast, Pseudomonas spp. from household garbage dump (P2)
gave the lowest biodegradability of 31.4% and 16.3% for natural and synthetic
polyethylene, respectively. However, Pseudomonas spp. isolated from Tamil
Nadu textile effluents drainage site gave an intermediate biodegradability of
39.7% and 19.6% for natural and synthetic polyethylene respectively (Nanda et a
2010).

P. fluorescence was the most active of the tested microorganisms degrading
approximately 18% and 16% of polythene at 9 and 12 months period respectively
and 3.8% of plasticsin twelve month period under field condition. Also, 8.0% and
5.6% of polythene and plastics were respectively degraded in a month under
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laboratory condition. The biodegradation of the polythene material was relatively
faster and earlier than that of the plastics with the polythene degrading for up to
12.9%, 16% and 15% at 9 months of analysis while only 2%, 3.8% and 4.8% of
the plastic materials were degraded at 12 month by each of S aureus, P.
fluorescens and A. niger respectively (Thomas et al 2015).

The isolation of most efficient microorganism using different soil samples were
taken from three waste disposal sites such as industrial plastic waste dump area,
leather industry waste and domestic waste dump area. The various
microorganisms were isolated from the soil samples grown in an inorganic media
(M9 media). There are some microorganisms that have the capacity to degrade
plastic waste up to 51.5%. This result is achieved due to addition of starch as
additive in M9 media. This study reveals that Pseudomonas spp. posses greater
potential to degrade polyethylene (Agrawal and Singh 2016).

The biodegradation of plastic material was analyzed one month of incubation in
liquid culture method. The microbial species found associated with the degrading
materials were identified as three Gram positive and two Gram negative bacteria.
The microbial species associated with the polythene materials were identified as
B. amylolyticus, B. firmus, P. putida, P. fluroscence and B. subtilis. The efficacy
of microbes in the degradation of plastics were analyzed in liquid (shaker) culture
method among the bacteria P. putida degrades plastic more in one month (30%
weight loss/month) period compared to others and lowest degradation rate was
observed in case of B. subtilis (22% weight losss/month). This work reveals that P.
putida posses greater potential to degrade plastics when compared with other
bacteria (Jumaah 2017).

P. putida S3A that has ability to degrade nylon 6 film, crude nylon 6 and nylon 66
as sole source of nitrogen and carbon isolated from soil contaminated with plastic
waste was included. It was found that these conditions are growing P. putida S3A

in mineral salt medium (pH 6.5) containing 0.5% of polyethylene and incubated
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with shaking (180 rpm) at 37°C for seven days. In addition, it has been found that
this bacterium was able to survive with up to 0.9% of polyethylene. In order to
ensure that this bacterium was capable to degrade polyethylene, the Fourier
Transformer Infrared Red Spectroscopy (FTIR) was used. Results indicated that
polyethylene was degraded by P. putida S3A used the O-H, C-O and C-H groups

as carbon source (Jailawi et al 2015).

Microbia degradation of plastics is caused by certain enzymatic activities that
lead to a chain cleavage of the polymer into oligomers and monomers. These
water soluble enzymatically cleaved products are further absorbed by the
microbial cells where they are metabolized. The degradation leads to breaking
down of polymers to monomers creating an ease of accumulation by the microbial
cellsfor further degradation (El-Shafel et al 1998).

Degradation of PEG by P. stutzeri JA1001 involved a single intracellular PEG
dehydrogenase that produced glyoxylic acid (Obradors and Aguilar 1991).
Alkane hydroxylases from the AIkB family in Pseudomonas spp. E4 were
involved in the degradation of PE with MW up to 27 000 Da (Yoon et a 2012).
Furthermore, the extracellular PVA oxidase found in a number of Pseudomonas
spp., including Pseudomonas spp. O-3, P. vesicularis PD and Pseudomonas spp.
VM15C can oxidize PVA into adiketone structure (Kawai and Hu 2009).

Different types of enzymes such as esterases, lipases and cutinases are hydrolases
that are instrumental in plastic degradation (Mohan et al 2016; Novotny et al
2015; Ruiz et a 1999; Sangale et al 2012). Hydrolases are important for
enzymatic polymer cleavage wherein ester bonds are broken through a
nucleophilic attack on carbonyl carbon atoms (Devi et al 2016). For instance, an
esterase from Pseudomonas spp. AKS2 was able to break the ester bonds in PES
to generate succinic acid, a TCA cycle metabolite (Tribedi et a 2012).
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Polyurethane degrading enzymes are thought to be primarily extracellular
esterases or proteases that are either membrane-bound or secreted extracellularly
(Cregut et ad 2013; Mukherjee et a 2011; Shah et ad 2013). The term
polyurethanase is often used to describe enzymes responsible for the degradation
of PU (Ruiz et a 1999; Stern and Howard 2000). However, this term is used
without definitive confirmation of the hydrolysis of the carbamate bond.
Therefore, it is recommended that polyurethanase should be reported as
hydrolases or esterases (Biffinger et al 2014). To this point, an extracellular
enzyme from P. chlororaphis with esterase and protease activities was shown to
degrade successfully polyester PU. This enzyme was also classified as a serine
hydrolase because it could be inhibited by phenylmethane sulfonyl fluoride (Ruiz
et a 1999). Polyurethane was degraded significantly by Pseudomonas spp. lipase
but only partially degraded by a recombinant esterase from P. fluorescens
(Biffinger et a 2015).

The increase in production and lack of biodegradability of commercial polymers
mainly commodity plastics used in packaging, industry and agriculture, has
focused public attention on a potentially huge environmental accumulation and
pollution problem that could persist for centuries (Albertsson et a 1987). Plastic
waste is disposed off through the process such as land filling, incineration and
recycling. Several communities are now more sensitive to the impact of discarded
plastic on the environment because of their persistence in our environment,
including deleterious effects on wildlife and on the aesthetic qualities of cities and
forests. In addition to this, the burning of PVC plastics produces persistent
organic pollutants (POPs) known as furans and dioxins. Many polymers like PVC
and other halogen and nitrogen-containing polymers can form corrosive and toxic
substances upon burning and can cause health hazards or pollute the environment.
Also, the manufacturing of plastics often creates large quantities of chemical
pollutants. Non-biodegradable polymers also have the capacity to act as disease
foci because they persist in the environment for a very long period of time

enabling organisms to accumulate (Jayasekara et a 2005).
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In Nepal, Municipality Solid Waste is composed of 56% organic waste, 16%
plastics and 16% paper and paper products. From total solid waste in Kathmandu
Metropolitan city, the Composition of plastic waste from Household, Institutional
and Commercial field is found 15.9%, 24.5%, 24.2% respectively. In aggregate,
the composition of the plastic waste is 21.6% from the total solid waste in
Kathmandu Metropolitan city. This is due to the rapid and uncontrolled
urbanization, lack of public awareness and poor management by municipalities
has intensified environmental problems in towns in Nepal including unsanitary

waste management and disposal (Banskota 2015).

The problem of waste can be solved to some extent by using biodegradable
plastics. Starch based degradable plastics is most commonly suggested for uses in
composting of lawn, garden and shrub litter which could lessen the volume of
materia entering the landfills by up to 20% (Lee et a 1991). Attention in using
biodegradable plastics for packaging, medical and agricultural applications has
increased in last decades (Lgja and Lewandowicz 2010; Orhan et a 2004).
However, none of biodegradable of plastics was efficiently biodegradable in
landfills. Therefore none of the products has gained extensive use (Kathiresan
2003).

The degradation of most synthetic plastics in nature is a very slow process that
involves environmental factors which follows the action of wild microorganisms.
The oxidation or hydrolysis by enzyme to create functional groups that improves
the hydrophylicity of polymer is the primary mechanism for the biodegradation of
high molecular weight polymer. Consequently, the main chain of polymer is
degraded resulting in polymer of low molecular weight and having feeble
mechanical properties which makes it more accessible for further microbial
assimilation (Albertsson et a 1987).

Because a microbia environment is required in the process of degradation,
therefore PHA is not affected by moisture aone and is indefinitely stable in air.
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PHAs have attracted the industrial attention for long use in the production of
biodegradable and biocompatible thermoplastics. Sturm test has been used by
many researchers to study the biodegradation of biodegradable polymers and the
aliphatic and aromatic compounds (Kim and Rhee 2001).

Pseudomonas species, which have been touted historically for contaminant
remediation due to their ability to degrade oil contaminants, aso have the
potential to degrade and metabolize plastic wastes. Biodegradation of structurally
different plastics and their associated byproducts is species dependent due to the
required set of enzymes. A comprehensive understanding of the enzymes
involved in the degradation of different plastics as well as the identification of
their extracellular versus intracellular localization will inform bioengineering
approaches for optimizing plastic biodegradation. For instance, the hydrocarbon
degradation genotype of P. putida was used to transform a native marine
bacterium in order to confer capabilities to degrade hydrocarbons (Latha and
Lalithakumari 2001).

Plastic polymers can be broken down to varying degrees both physically and
biologically with minimal generation of compounds amenable to metabolism
inside the cells. Intermediate products produced from the first steps of
biodegradation can interfere with future steps needed for uptake and subsequent
intracellular metabolism (Barth et al 2016; Kolvenbach et al 2014).
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CHAPTER VI
CONCLUSION AND RECOMMENDATION

6.1 Conclusion

Plastic waste is the magor problem of the environmental pollution. The
degradation rate of polythene is slow process. This study showed that the
degradation of plastic by Pseudomonas spp. during one month differs by

temperature and isolates from different places.

The rate of degradation of polythene by Pseudomonas spp. isolated from
Sanothimi household garbage site soil showed higher than isolates from the Sisdol
dumping site and Balkhu and Teku dumping site soil. The P. fluorescence and P.
aeruginosa isolated from Sisdol landfill site and Sanothimi household garbage
site soil isolates were found to degrade 9.7% and 9.2% of polythene at 30°C and
37°C temperature respectively. These percentages of polythene degradation were
found higher amount than other isolates of them from same site and from different
sites soil isolates during one month. Therefore, the Pseudomonas spp., the

degradation of polythene was found to be different potential.

In this study, the degradation of the polythene by Pseudomonas spp. is
comparable to the other Asian and Indian research journal regarding degradation
of polythene. This research showed degradation rate of polythene is higher during
one month. The degradation of polythene by Pseudomonas spp. was found to be
significantly potential during one month. In this way this study helps the
supportive guideline for the plastic waste management and has future research
needs.
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6.2 Recommendations

1)

2)

3)

4)

Pseudomonas spp. was found to be potential of degradation of polythene of 13

micron size plastic can be useful for genera purpose.

Continuous degradation of the polythene by Pseudomonas spp. should be

donein order to reduce, manage and control the solid waste.

Enzymatic degradation of plastic also can be done by following this study.

The degradation of ploythene can be done by using Pseudomonas spp. at

different time range.

53



REFERENCE

Agarwal M, Koelling KW and Chalmer JJ (1998). Characterization of the
degradation of polylactic acid polymer in a solid substrate environment. Biotech
Progress 14: 517-526.

Agrawal P and Singh RK (2016). Breaking down of polyethylene by
Pseudomonas species. IJSER 7: 2229-5518. http://www.ijser.org

Albertsson A, Andersson SO and Karlsson S (1987). The mechanism of
biodegradation of polyethylene. Polym Degrad Stab 18: 73-87.

Albertsson A, Barenstedt C, Karlsson S and Lindberg T (1995). Degradation
morphology differentiate degradable product pattern and changes as means to
abiotically and biotically polyethylene. Polymer 36: 3075-3083.

Ali MI, Ahmed S, Robson G, Javed | and Hameed A (2009). Isolation and
molecular characterization of polyvinyl chloride (PVC) plastic degrading fungal
isolates. J Basic Microbiol 54:18-27

Arkatkar A, Arutchelvi J, Bhaduri S, Uppara PV and Doble M (2009).
Degradation of unpretreated and thermally pretreated polypropylene by soil
consortia. Int J Biodeterior Biodegrad 63: 106-111.

Arkatkar A, Juwarkar AA, Bhaduri S, Uppara PV and Doble M (2010). Growth of
Pseudomonas and Bacillus biofilms on pretreated polypropylene surface. Int
Biodeterior Biodegrad 64: 530-536.

Arutchelvi J, Arkatkar A, Uppara S, Doble M and Sudhakar M. (2009)

Degradation of unpretreated and thermally pretreated polypropylene by soil
consortia. Int JBiodeterior Biodegrad 63: 106-111.

54



Balasubramanian V, Natargan K, Hemambika B, Sumathi CS, Kottamuthu R
and Kannan RV (2010). High density polyethylene degrading potential bacteria
from marine ecosystem of Gulf of Mannar and India. Lett Appl Microbiol 51:
205-211.

Banskota AP (2015). Effective management of plastic waste and other solid waste
in Nepal, a case study of Kathmandu valley. Degree thesis (13382) pp 21-34.

Barnes DA, Galgani F, Thompson RC and Barlaz M (2009). Accumulation and
fragmentation of plastic debrisin global environments. Biol Sci 364: 1985-1998.

Barth M, Honak A, Oeser T, Wel R, Belis ario-Ferrari MR and Schmidt JT
(2016). A dual enzyme system composed of a polyester hydrolase and a
carboxylesterase enhances the biocatalytic degradation of polyethylene
terephthalate films. Biotechnol J 11: 1082-1087.

Begum MA, Varadakshmi B and Umamageswori K (2015). Biodegradation of
Polythene Bag using Bacteria Isolated from Soil. ISSN 2319-7706 Int J Curr
Microbiol App Sci 4: 674-680.

Biffinger JC, Barlow DE, Pirlo RK, Babson DM, Fitzgerald LA, Zingarelli S,
Nadeau LJ and Crookes Goodson WJ (2014). A direct quantitative agarplate
based assay for analysis of Pseudomonas protegens Pf-5 degradation of
polyurethane films. Int J Biodeterior Biodegrad 95: 311-319.

Biffinger JC, Barlow DE, Cockrell AL, Cusick KD, Hervey WJ, Fitzgerald LA,

Nadeau LJ and Hung CS (2015). The applicability of Impranil DLN for gauging
the biodegradation of polyurethanes. Polym Degrad Stab 120: 178-185.

55



Chidlini E, Corti A, D Antone S and Baciu R (2006). Oxo-biodegradable carbon
backbone polymers- oxidative degradation of polyethylene under accelerated test
conditions. Polym Degrad Stab 91: 2739-2747.

Copinet A, Legin-Copinet E and Erre D (2009). Compostability of co-extruded
starch/poly(Lactic acid) polymeric material degradation in an activated inert solid
medium. Materials 2: 749-764.

Cregut M, Bedas M, Durand MJ and Thouand G (2013). New insights into
polyurethane biodegradation andredlistic prospects for the development of a
sustainable waste recycling process. Biotechnol Adv 31: 1634-3647.

Danko AS, Luo M, Bagwell CE, Brigmon RL and Freedman DL (2004).
Involvement of linear plasmids inaerobic biodegradation of vinyl chloride. Appl
Environ Microbiol 70: 6092-6097.

Delgi-Innocenti F, Bellia G, Tosin M, Kapanen A and Itdvaara M (2001).
Detection of toxicity released by biodegradable plastics after composting in
activated vermiculite. Polym Degrad Stab 73: 101-106.

Devi RS, Kannan VR, Natargan K, Nivas D, Kannan K, Chandru S and Antony
AR (2016). The role of microbes in plastic degradation. In Environ Waste

Manage ed. CRC Press United States CR pp 341-370.

Dey U, Monda NK, Das K and Dutta S (2012). An approach to polymer
degradation through microbes. IOSR Journal of Pharmacy 2: 385-388.

Donlan RM (2002). Biofilms: microbial life on surfaces. Emerg Infect Dis 8: 881-
890.

56



Denuncio P, Bastida R, Dassis M, Giardino G and Gerpe M (2011). Plastic
ingestion in Franciscana dolphins, Pontoporia blainvillei from Argentina. Mar
Pollut Bull 3:1844.

El-Shafel HA, El-Nasser NHA, Kansoh AL and Ali AM (1998). Biodegradation
of disposable polyethylene by fungi and Streptomyces species. Polym Degrad
Stab 62: 361-365.

Forbes BA, Sahm DF and Weissfeld AS (2007). Bailey and Scott’s Diagnostic
Microbiology. 12" edition Mosby Elsevier Publication USA pp 150-187.

Galgai P, Varma AJ, Puntambekar US, Gokhale DV, Tokiwa Y, Fan H, Hiraguri
Y and Kurane R (2002). Towards biodegradable polyolefins. strategy of
anchoring minute quantities of monosaccharides and disaccharides onto
functionalized polystyrene and their effect on facilitating polymer biodegradation.
Chem Commun 33: 2884-2885.

Glass JE and Swift G (1990). Agricultural and synthetic polymers biodegradation
and utilization. ACS Washington pp 323-433.

Gilan I, Hadar Y and Sivan A (2004). Colonization, biofilm formation and
biodegradation of polyethylene by a strain of Rhodococcus ruber. Appl Microbiol

Biotechnol 65:; 97-104.

Gu JD (2003). Microbiological deterioration and degradation of synthetic
polymeric materials recent research advances. Int J Biodeter Biodegrad 52: 69-91.

Hadad D, Geresh S and Sivan A (2005). Biodegradation of polyethylene by the
thermophilic bacterium Brevibacillus borstelensis. JAM 98: 1093-1100.

57



Henton D, Gruber P, Lunt J, and Randall J (2005). Polylactic acid technology:
Natural fibers, biopolymers and biocomposites. Boca Raton FL. CRC Press USA
pp 527-577.

Ho KG and Pometto AL (1999). Effects of electron-beam irradiation and
ultraviolet light (365 nm) on polylactic acid plastic films. JEPD 7: 93-100.

Hoglund A, Odelius K and Albertsson AC (2012). Crucial differences in the
hydrolytic degradation between industrial polylactide and laboratory-scale
poly(Llactide). ACS Applied Materials and Interfaces 4(5): 2788-93.

Huang CY, Deng X, Ying-Hual, Liao X, Hong M and Wang Y (2005). Aerobic
and anaerobic biodegradation of polyethylene glycols using sludge microbes. Pro
Biochem 40: 207-211.

Huang Y, Roan ML, Cuo MC and Lu WL (2005). Effect of compatibilizer on the
biodegradation and mechanical properties on high content starch /low density
polyethylene. Polym degrad stab 90: 95-105.

Hung CS, Zingarelli S, Nadeau LJ, Biffinger JC, Drake CA, Crouch AL, Barlow
DE and Russell JN (2016). Carbon catabolite repression and impranil
polyurethane degradation in Pseudomonas protegens strain Pf-5. Appl Environ
Microbiol 82: 6080-6090.

ltavaara M, Karjomaa S and Selin JF (2002). Biodegradation of polylactide in
aerobic and anaerobic thermophilic conditions. Chemosphere 46(6): 879-85.

Jailawi MH, Ameen RS and Sraf AA (2015). Polyethylene degradation by
Pseudomonas putida S3A. | JAd ResBiol Sci 2(1): 2348-8069 www.ijarbs.com

Jarerat A and Tokiwa Y (2001). Degradation of poly(l-lactide) by a fungus.

Macromolecular Bioscience 1(4): 136-140.

58



Jayasekara R, Harding |, Bowater | and Lornergan G (2005). Biodegradability of
selected range of polymers and polymer blends and standard methods for
assessment of biodegradation. J Polym Environ 13: 231-251.

Joel FR (1995). Polymer science and technology: Introduction to polymer science.
3 edn Prentice Hall Upper Saddle River pp 4-9.

Jumaah OS (2017). Screening of plastic degrading bacteria from dumped soil
area. IOSR JESTFT 11(5): 93-98. www.iosrjournals.org

Jun HS, Kim BO, Kim YC, Chang HN and Woo S| (1994). Synthesis of
copolyesters containing polyethylene terephthalate and poly(e-caprolactone) units
and their susceptibility to Pseudomonas spp. lipase. J Env Polym Degrad 2: 9-18.

Kale G, Auras R and Singh SP (2007). Comparison of the degradability of poly
lactide packages in composting and ambient exposure conditions and science.
Packaging Technology and Science 20: 49-70.

Kandler O and Weiss N (1986). Regular non-sporing Gram positive rods. In
Bergey’s Manual of Systematic Bacteriology. pp 1209-1234.

Kaseem M, Hamad K and Deri F (2012). Thermoplastic starch blends: A review
of recent works. Polym Sci Ser A Chem Mat Sci 54: 165-176.

Kathiresan K (2003). Polythene and Plastics-degrading microbes from the
mangrove soil. Rev Biol Trop 51(3): 629-634.

Kavitha R, Mohanan Ak and Bhuvaneswari V (2014). Biodegradation of low

density polyethylene by bacteria isolated from oil contaminated soil. Int J Plant
Animal Env Sci 4(3): 601-610.

59



Kawai F and Hu X (2009). Biochemistry of microbia polyvinyl alcohol
degradation. Appl Microbiol Biotechnol 84: 227-237.

Kim DY and Rhee HY (2001). Biodegradation of microbial and synthetic
polyesters by fungi. Appl Microbiol Biotechnol 61: 300-308.

Kolvenbach BA, Helbling DE, Kohler HE and Corvini PF (2014). Emerging
chemicals and the evolution of biodegradation capacities and pathways in
bacteria. Curr Opin Biotechnol 27: 8-14.

Kumar S, Das PM, Rebecca LJ and Sharmila S (2013). Isolation and
identification of LDPE degrading fungi from municipa solid waste. J Chem
Pharmaceu Res 5(3): 78-81.

Latha K and Lalithakumari D (2001). Transfer and expression of a hydrocarbon-
degrading plasmid pHCL from Pseudomonas putida to marine bacteria. World J
Microbiol Biotechnol 17: 523-528.

Lee B, Pometto AL, Fratzke A and Baley TB (1991). Biodegradation of
degradable plastic polyethylene by Phanerochaete and Streptomyces species.

Appl Environ Microbiol 57: 678-685.

Lega K and Lewandowicz G (2010). Polymer biodegradation and biodegradable.
Pol J Environ Stud 19(2): 255-66.

Lenz RW (1993). Biodegradable polymers. Biopolymers 107: 1-40.

Lim LT, Auras R and Rubino M (2008). Processing technologies for polylactic
acid. Progress in Polymer Science 33(8): 820-852.

60



Lucas N, Bienaime C, Belloy C, Queneudec M, Silvestre F and Nava-Saucedo JE
(2008). Polymer biodegradation: mechanisms and estimation techniques. A
review Chemosphere 73: 429-442.

Masaki K, Kamini NR, Ikeda H and lefuji H (2005). Cutinase like enzyme from
the yeast Cryptococcus spp . strain S-2 hydrolyzes polylactic acid and other
biodegradable plastics. App Environ Microbiol 71(11): 7548-7550.

McEldowney S and Fletcher M (1986). Effect of growth conditions and surface
characteristics of aquatic bacteria on their attachment to solid surface. J Gen
Microbiol 132: 513-523.

Mohan AJ, Sekhar VC, Bhaskar T and Nampoothiri KM (2016). Microbial
assisted shigh impact polystyrene (HIPS) degradation. Bioresour Technol 213:
204-207.

Meuller RJ, Schrader H, Profe J, Dresler K and Deckwer WD (2005). Enzymatic
degradation of polyethylene terephthalate rapid hydrolyse using a hydrolase from
T. fusca. Macromol Rapid Commun 26: 1400-1405.

Mukherjee K, Tribedi P, Chowdhury A, Ray T, Joardar A, Giri S and Sil AK
(2011). Isolation of a Pseudomonas aeruginosa strain from soil that can degrade
polyurethane diol. J Biodegrad 22: 377-388.

Nanda S, Sahu SS and Abraham J (2010). Studies on the biodegradation of
natural and synthetic polyethylene by Pseudomonas spp. J Appl Sci Environ
Manage 14(2): 57-60. www.bioline.org.br/ja

Nauendorf A, Krause S, Bigake NK, Gorb EV, Gorb SN, Haeckel M, Wahl M
and Treude T (2016). Microbial colonization and degradation of polyethylene and
biodegradable plastic bags in temperate fine-grained organic-rich marine
sediments. Mar Pollut Bull 103: 168-178.

61



Neufeld L, Stassen F, Sheppard R and Gilman T (2016). The new plastics
economy: rethinking the future of plastics in World Economic Forum. The New
Plastics Economy.pdf http://www3.weforum. org/docsWEF

Nishida H and Tokiwa Y (1993). | Effects of higher-order structure of poly (3-
hydroxybutyrate) on its biodegradation. Il. Effects of crysta structure on
microbia degradation. J Polym Environ 1(1): 65-80.

Norman RS, Frontera-Suau R and Morris PJ (2002). Variability in Pseudomonas
aeruginosa lipopolysaccharide expression during crude oil degradation. Appl
Environ Microbiol 68(10): 5096-5103.

Novotny YE, Erbanov P, Sezimov H, Malachov KR, Rybkov Z, Malinov L,
Prokopov | and Brozek J (2015). Biodegradation of aromatic-aliphatic
copolyesters and polyesteramides by esterase activity-producing microorganisms.
Int J Biodeterior Biodegrad 97: 25-30.

Obradors N and Aguilar J (1991). Efficient biodegradation of high-molecular-
weight polyethylene glycols by pure cultures of Pseudomonas stutzeri. Appl
Environ Microbiol 57: 2383-2388.

Orhan Y, Hrenovic J and Buyukgungor H (2004). Biodegradation of plastic
compost bags under controlled soil condition. Acta Chim Slov 51: 579-588.

Plastics Europe (2014/15). Plastics The Facts: An analysis of European plastics
production, demand and waste data. Available at:
http://www.plasti cseurope.org/Document/pl asti cs-the-facts-2015.aspx.

62



Pometto AL, Lee B and Johnson KE (1992). Production of an extracellular
polyethylene degrading enzymes by Streptomyces Species. Appl Environ
Microbiol 58 (2): 731-733.

Pramila R and Vijaya RK (2011). Biodegradation of low density polyethylene
(LDPE) by fungi isolated from municipa landfill area. J Microbiol Biotech Res
1(4): 131-136.

Premrg R and Doble M (2005). Biodegradation of polymers. Indian J Biotechnol
4: 186-193.

Raandas H, Parimannan S, Sathasivam K, Ravichandran M and Su Yin L (2012).
A novel FTIR-ATR spectroscopy based technique for the estimation of
lowdensity polyethylene biodegradation. Polym Test 31: 1094-1099.

Restrepo-Florez JM, Bassi A and Thompson MR (2014). Microbial degradation
and deterioration of polyethylene. Review. Int J Biodeterior Biodegrad 88: 83-90.
Ronkvist AM, Xie W, Lu W and Gross RA (2009). Cutinase-catalyzed hydrolysis
of polyethylene terephthalate. Acromolecules 42: 5128-5138.

Ruiz C, Main T, Hillias]d NP and Howard GT (1999). Purification and
characterization of two polyurethanase enzymes from Pseudomonas chlororaphis.
Int J Biodeterior Biodegrad 43: 43-47.

Saadi Z, Rasmont A, Cesar G, Bewa H and Benguigui L (2011). Fungal
degradation of poly(l-lactide) in soil and in compost. J Polym Environ 20(2): 273-
282.

Saha SK and Tsuji H (2006). Effects of molecular weight and small amounts of
D-lactide units on hydrolytic degradation of poly (I-lactic acid). Polym Degrad
Stab 91(8): 1665-1673.

63



Sangale MK, Shahnawaz M and Ade AB (2012). A review on biodegradation of
polythene: the microbial approach. J Bioremed Biodegrad 3: 1-9.

Sanin SL, Sanin FD and Bryers JD (2003). Effect of starvation on the adhesive
properties of xenobiotic degrading bacteria. Process Biochem 38: 909-914.

Shah Z, Hasan F, Krumholz L, Atkas D and Shah AA (2013). Degradation of
polyester polyurethane by newly isolated Pseudomonas aeruginosa strain MZA-
85 and analysis of degradation products by GC-MS. Int J Biodeterior Biodegrad
77.114-122.

Shah AA, Hasan F, Hameed A and Ahmed S (2008). Biological degradation of
plastics: a comprehensive review. Biotechnol Adv 26: 246-265.

Shah Z, Gulzar M, Hasan F and Shah AA (2016). Degradation of polyester
polyurethane by an indigenously developed consortium of Pseudomonas and
Bacillus speciesisolated from soil. Polym Degrad Stab 134: 349-356.

Sharma P, Bhattacharyya S, Verma V, Kalyan RK, Kumar V, Pandey KN and
Singh M (2013). Studies on isolation and identification of active microorganisms
during degradation of polyethylene/ starch film. IRJES 2(9): 83-85.

Shimao M (2001). Biodegradation of plastics. Curr Opin Biotechnol 12: 242- 247.

Singh G, Singh AK and Bhatt K (2016). Biodegradation of polythenes by bacteria
isolated from soil. IIRDPLS 5(2): 2056-2062 http//www.ijrdpl.com

Sivan A (2011). New perspectives in plastic biodegradation. Curr Opin
Biotechnol 22: 422-426.

64



Sodergard A and Stolt M (2002). Properties of lactic acid based polymers and
their correlation with composition. Progress in Polymer Science 27(6): 1123-
1163.

Starnecker A and Menner M (1996). Assessment of biodegradability of plastics
under stimulated composting conditions in a laboratory test system. Int J
Biodeterior Biodegrad 22: 85-92.

Stern RV and Howard GT (2000). The polyester polyurethanase gene (pueA)
from Pseudomonas chlororaphis encodes a lipase. FEMS Microbiol Lett 185:
163-168.

Suzuki T, Ichihara 'Y, Yamada M and Tonomura K (1973). Some characteristics
of Pseudomonas O-3 which utilizes polyvinyl acohol. Agric Biol Chem 37: 747-
756.

Swift G (1997). Non-medical biodegradable polymers. environmentaly
degradable polymers. Handbook of biodegradable polymers. Hardwood
Acedemic, Amsterdam. 473-511.

Tadros RM, Noureddini H and Timm DC (1999). Biodegradation of
thermoplastic and thermosetting polyesters from Z-protected glutamic acid. J
Appl Polym Sci 74(14): 3513-3521.

Thapa B (2011). Solid wastes management at landfill sites of Nepal. Indian J Sci
Tech 4(3): 1-312.

Thomas BT, Kehinde DSK, Popoola OD and James ES (2015). Degradation of

plastic and polythene materials by some selected microorganisms isolated from
soil. World App Scie J 33 (12): 1888-1891.

65



Tokiwa Y, Caabia BP (2004). Degradation of microbial polyesters. Degradation
and metabolism of synthetic plastics and associated products by Pseudomonas
spp. capabilities and chalenges. J App Microbiol 27: 1364-5072.

TokiwaY and Suzuki T (1977). Hydrolysis of polyesters by lipases. Riley-Robb
Hall Cornell University Ithaca NY 14850 USA. J App Microbiol Biotechnol 26:
1181-1189.

Tribedi P and Sil AK (2013a). Bioaugmentation of polyethylene succinate-
contaminated soil with Pseudomonas spp. AKS2 results in increased microbial
activity and better polymer degradation. Env Sci Pollut Res 20: 1318-1326.

Tribedi P and Sil AK (2013b). Cell surface hydrophobicity: a key component in
the degradation of polyethylene succinate by Pseudomonas spp. AKS2. J Appl
Microbiol 116: 295-303.

Tribedi P and Sil AK (2013c). Low-density polyethylene degradation by
Pseudomonas spp. AKS2 biofilm. Env Sci Pollut Res 20: 4146-4153.

Tribedi P, Sarkar S, Mukherjee K and Sil AK (2012). Isolation of a novel
Pseudomonas spp. from soil that can efficiently degrade polyethylene succinate.
Env Sci Pollut Res 19: 2115-2124.

Tribedi P, Gupta DA and Sil AK (2015). Adaptation of Pseudomonas spp. AKS2
in biofilm on low-density polyethylene surface: an effective strategy for efficient
survival and polymer degradation. Bioresour Bioprocess 2: 1-10.

Tsuji H (2010). Hydrolytic degradation. In Auras R Lim LT and Tsuji H (Eds)

Polylactic acid synthesis, structures, properties, processing and applications. New
Jersey USA John Wiley and Sons Inc pp 345-382.

66



Usha R, Sangeetha T and Palaniswamy M (2011). Screening of polyethylene
degrading microorganisms from garbage soil. Libyan Agri Res Cent J Inte 2(4):
200-204.

Vignesh R, Deepika RC, Manigandan P and Janani R (2016). Screening of plastic
degrading microbes from various dumped soil samples. IRJET 3(4): 2395-0072

Www.irjet.net

Watanabe M, Kawai F, Tsuboi S, Nakatsu S and Ohara H (2007). Study on
enzymatic hydrolysis of polylactic acid by endogenous depolymerization model.
Macromol Theor Simul 16(6): 619-626.

Webb HK, Arnott J, Crawford RJ and Ivanova EP (2013). Plastic degradations
and its environmental implications with specia references to polyethylene
terepththalate. 1 JPolym 5: 1-18.

Wilkes RA and Aristilde L (2017). Degradation and metabolism of synthetic
plastics and associated products by Pseudomonas spp. capabilities and challenges.
JApp Microbiol 65: 1364-5072.

Yoon MG, Jeon HJ and Kim MN (2012). Biodegradation of polyethylene by a

soil bacterium and AlkB cloned recombinant cell. J Bioremed Biodegrad 3(4): 1-
8.

67



APPENDIX A

LIST OF EQUIPMENTSAND MATERIALS

A. Equipments

Autoclave, Incubator, Hot air oven, Microscope, Refrigerators, Weighing

machine, Bunsen burner and inoculating loops.

B. Glasswares
Beakers, Conical flask, Glass rods, Measuring cylinder and Petri-dishes.

C. Microbiological media
All the mediawas used Himedia Laboratories.

Nutrient Agar Nutrient Brooth

Pseudomonas Agar Cetrimide Agar

MRVP Broth Simmons Citrate Agar

Urea Agar Base Sulphur Indole Motility Media

Triple Sugar Iron Agar

D. Chemical reagents

Ethanol, Catalase reagents (3% H,0,), Oxidase reagents (1% tetramethyl p-
phenylenediaminedihydrochloride), Kovac’s reagent, Barritt’s reagent (40%
KOH, 5% &- napthol in aratio of 1:3) Conc. H,SO,, 7% NaCl, Glycerol, Gram’s

reagents, glucose and xylose.
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APPENDIX B

COMPOSITION AND PREPARATION OF
DIFFERENT CULTURE MEDIA

A. Composition and preparation of different culture media

a. Pseudomonas Agar

Ingredients Gms/ Litre
Peptic Digest of Animal Tissue 20.0
Magnesium Chloride 14
Potassium Sulphate 10.0

Agar 15.0

Final pH (at 25°C) 7.0£0.2

Directions. 46.4 grams of the Pesudomonas Agar was suspended in 1000 ml
distilled water containing 10 ml glycerol. The medium was dissolved completely
and sterilized by autoclaving at 15 Ibs pressure (121°C) for 15 minutes. The
medium was aseptically poured into the sterile Petri plates.

b. Cetrimide Agar (HIMEDIA)

Ingredients Gms/ Litre
Pancreatic digest of gelatin 20.0
Magnesium chloride 14
Potassium sulphate 10.0
Cetrimide 0.3

Agar 15.0

Fina pH (at 25°C) 7.2£0.2

Directions: 46.7 grams of medium was Suspended in 1000 ml distilled water
containing 10 ml glycerol. The medium was heated, to boiling, to dissolve the

medium completely. The medium was sterilized by autoclaving at 15 Ibs pressure
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(121°C) for 15 minutes. If desired, rehydrated contents of 1 vial of Nalidixic
Selective Supplement (FD130) may be added aseptically to 1000 ml medium. The

medium was mixed well and poured into sterile Petri plates.

c. Nutrient Agar (HIMEDIA)

Ingredients Gms/ Litre
Peptic digest of animal tissue 5.0

Sodium chloride 5.0

Beef extract 15

Y east extract 15

Agar 15.0

Fina pH (at 25°C) 7.4+0.2

Directions: 28 grams of medium was suspended in 1000 ml distilled water. The
medium was heated to dissolve the medium completely. It was sterilized by
autoclaving at 15 lbs pressure (121°C) for 15 minutes. Then the medium was

mixed well before pouring and dispensed into the Petri plates.

B. Composition and reparation of different biochemical tests media
a. MR-VP Medium (HIMEDIA)

Ingredients Gms/ Litre
Buffered peptone 7.0
Dextrose 5.0
Dipotassium phosphate 5.0

Fina pH (at 25°C) 6.9+0.2

Directions: 17 gram of medium was suspended in 1000 ml of distilled water and
heated to dissolve the medium completely. The medium was distributed in test
tubes in 10 ml amounts and sterilized by autoclaving at 15 Ibs pressure (121°C)

for 15 minutes.
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b. SimmonsCitrate Agar (HIMEDIA)

Ingredients Gms/ Litre
M agnesium sul phate 0.2
Ammonium dihydrogen phosphate 1.0
Dipotassium phosphate 1.0

Sodium citrate 2.0

Sodium chloride 5.0
Bromothymol blue 0.8

Agar 15.0

Fina pH (at 25°C) 6.8+0.2

Directions: 24.28 grams of medium was suspended in 1000 ml distilled water and
boiled to dissolve the medium completely. The medium was mixed well and
distributed in tubes or flasks. The media was sterilized by autoclaving at 15 lbs
pressure (121°C) for 15 minutes. After then the tubes containing medium were
tilted to form dant.

c. SIM (Sulphur Indole Matility) Agar

Ingredients Gms/ Litre
Beef extract 3.0

Peptic digest of animal tissue 30.0
Peptonized iron 0.2

Sodium thiosul phate 0.025

Agar 3.0

Fina pH (at 25°C) 7.310.2

Directions: 36.23 grams of media was suspended in 1000 ml distilled water. The

media was boiled to dissolve the medium completely and dispensed into tubes.
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The media was sterilized by autoclaving at 15 |bs pressure (121°C) for 15

minutes. Then the medium was allowed the tubes to cool in an upright position.

d. UreaAgar Base (HIMEDIA)

Ingredients Gms/ Litre
Dextrose 10

Peptic digest of animal tissue 15

Sodium chloride 5.0

M onopotassium phosphate 2.0

Phenol red 0.012

Agar 15.0

Fina pH (at 25°C) 6.8+0.2

Directions: 24.51 grams of media was suspended in 950 ml distilled water. The
media was heated to boil to dissolve the medium completely. The media was
sterilized by autoclaving at 15 Ibs pressure (121°C) for 15 minutes. The media
was cooled to 50°C and aseptically added 50 ml of sterile 40% Urea Solution and
mixed well. The 5 ml media was dispensed into sterile tubes and allowed to set in

the slanting position.

C. Composition and preparation of different staining and test reagents
For Gram stain
a. Crystal Violet Solution

Crystal Violet 20.0g
Ammonium Oxalate 9.0¢g
Ethanol or Methanol 95.0 ml

Direction: In aclean piece of paper, 20 gram of crystal violet was weighted and
transferred to a clean brown bottle. Then, 95 ml of ethanol was added and mixed
until the dye was completely dissolved. To the mixture, 9 gm of ammonium
oxalate dissolved in 200 ml of D/W was added. Final volume was made 1000 ml
by adding D/W.
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b. Lugol’s lodine

Potassium lodide 2009
lodine 10.0g
Distilled Water 1000 ml

Directions: The 250 ml of D/W, 20 gm of potassium iodide was dissolved. Then
10 gm of iodine was mixed to it until it was dissolved completely. Final volume
was made 1000 ml by adding D/W.

c. Acetone- Alcohol Decolorizer

Acetone 500 mi
Ethanol (Absolute) 475 ml
Distilled Water 25.0ml

Direction: The 25 ml of D/W, 475 ml of absolute alcohol was added, mixed and
transferred into a clean bottle. Then immediately, 500 ml acetone was added to
the bottle and mixed well.

d. Safranin (Counter stain)
Safranin 10.0g
Distilled Water 1000 ml

Direction: In a clean piece of paper, 10 gm of safranin was weighted and
transferred to a clean bottle. Then 1000 ml D/W was added to the bottle and
mixed well until safranin dissolved completely.

D. Composition and preparation of biochemical test reagents
a. Catalase Reagent (For Catalase Test)

Hydrogen Peroxide 3.0ml
Distilled Water 97.0 ml
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Direction: The 97 ml of D/W, 3 ml of hydrogen peroxide was added and mixed
well.
b. Oxidase Reagent (impregnated in a Whatman’s No.1 filter paper) (For

Oxidase Test)
Tetramethyl p-phenylenediaminedihydrochloride (TPD) 109
Distilled Water 100 ml

Direction: This reagent solution was made by dissolving 1 gm of TPD in 100 ml
D/W. To that solution strips of Whatman’s No.1 filter paper were soaked and
drained for about 30 seconds. These strips were freeze dried and stored in a dark
bottle tightly sealed with a screw cap.

c. Kovac’s Indole Reagent ( For Indole Test)

Isoamyl alcohol 30 ml
p- dimethyl aminobenzal dehyde 20g
Conc. Hydrochloric acid 10.0 mi

Direction: In 30 ml of isoamyl acohol, 2 grams of p-dimethyl
aminobenzaldehyde was dissolved and transferred to a clean brown bottle. Then
to that, 10 ml of conc. HCI was added and mixed well.

d. Methyl red solution ( For Methyl Red Test)

Methyl red 0.05¢g
Ethyl alcohol (absolute) 28.0ml
Distilled Water 22.0ml

Direction: To 28 ml ethanol, 0.05 g of the methyl red was dissolved and
transferred to a clean brown bottle. Then 22 ml D/W was added to that bottle and
mixed well.
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e. Barritt’s Reagents ( For Voges- Proskauer Test)

Solution A
G—napthol 509
Ethyl acohol (absolute) 100 ml

Direction: The 25 ml ethanol, 5 g of a—napthol was dissolved and transferred into
aclean brown bottle. The final volume was made 100 ml by adding D/W.

Solution B
Potassium hydroxide 40.09
Distilled Water 1000 ml

Direction: The 25 ml D/W, 40 gm of the KOH was dissolved and transferred into
aclean bottle. The final volume was made 100 ml by adding D/W.
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APPENDIX C

P.

IDENTIFICATION OF P. aeruginosa AND
fluorescence

Characters P. aeruginosa P. fluorescence
Indole Negative Negative
Methyl Red Negative Negative
Oxidative/Fermentative  Oxidative Oxidative
Citrate Positive Positive

Triple Sugar Iron Agar  Alk/no change Alk/no change
Catalase Positive Positive
Oxidase Positive Negative
Urease Negative Positive
Motility Positive Positive
Morphology Rod Rod

Glucose Fermentation Positive Positive
Xylose Fermentation Negative Negative
Growth at 4°C Negative Positive
Growth on 7% NaCl Negative Positive
Gelatin Hydrolysis Positive Positive
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