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ABSTRACT

Biodegradation of polymers is a promising method for solving various environmental issues.
Present study illustrates the biodegradation of linear low density polyethylene (LLDPE) and its
blends using municipal solid waste compost under controlled composting conditions according
to modified ASTM D 5338 (2003). Composting of samples was carried out for a period of 45
days and the resulting samples were checked for the biodegradation by weight loss,
spectroscopic analysis as well as by the protein concentration estimation. Percent weight loss of
samples after degradation was found to be as high as 5.72%. Microbial biomass present on the
polymer films revea ed increases in protein concentration which proves the formation of biofilm
on the samples. Spectroscopic analysis was carried out by Fourier Transform Infrared
Spectroscopy which revealed the formation of as well as disappearance of various functional
groups clearly showing the extent of biodegradation caused by various microorganisms present
in the compost. The possible reason of observed changes was also discussed. All these
observations confirmed that significant degradation of polyethylene and its blends occurred by
composting method.
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Chapter 1

INTRODUCTION

Plastics are man-made long chain polymeric molecules (Zheng et al., 2005). More than a half
century ago polymers started to substitute natural materials in almost all areas and now plastics
have become an indispensable part of our life. With time, stability and durability of these
compounds have improved continuously. These are extensively used in packaging of food
products, pharmaceuticals, cosmetics etc. They have replaced paper and other cellulose based
products for packaging because of their better physical and chemical properties. Production of

these polymer compounds has shown dramatic increase during past few years.

Polymeric materials are complex molecular structures constituted by large chains containing
thousands of little units called monomers. These are chemical compounds with high molecular
weight consisting of a number of structural units linked together by covaent bonds (Kyrikou et
al., 2007). In most cases they are organic compounds based on carbon, although there are others

based on inorganic substances.

Though, there are severa types of polymers, they are classified under two maor categories

namely:

Natural polymers. Polymers are widely found in nature. Carbohydrates are naturally
occurring organic compounds that are related to simple sugars (Baistoli, 2005). Cellulose,

another natural polymer, is the main structural component of plants.

Synthetic polymers. Synthetic polymers are often referred to as "plastics’. However, most of

them can be classified in at least two main categories: thermoplastics and thermosets.

» Thermoplastics: Most polymers are formed into the desired shapes after softening or
melting by heating. In thermoplastics, the atoms and molecules are joined end-to-end
into a series of long, sole carbon chains. These long carbon chains are independent of
the others (Allen et al., 1999).

» Thermosets: Polymers which lose their structural integrity upon melting by heating are
called thermosets. Distinguished from the linear structure of thermoplastics, thermoset



plastics have a highly crosslinked structure (Alauddin et al., Scott, 1999). Examples
include Bakelite and vulcanized rubber (Zheng et a., 2005).

Synthetic polymers are used extensively in various fields due to their durability and stability.
During the past 3-decades, plastic materials have been increasingly used in food, clothing,
shelter, transportation, construction, medical and recreation industries. Plastics are advantageous
as they are strong, light-weight, inexpensive, easily processable, and durable. However, they are
disadvantageous as they are resistant to biodegradation, leading to pollution, harmful to the
natural environment. Fluorinated polymers have become a great danger in the environment and
are thought to cause cancer in man. Their ubiquitous presence is seen in microwave popcorn
bags, stain-free carpets, fast-food wrappers, windshield washer fluid. Because of their durability
and visibility in liter, plastics (polymers) have attracted more public and media attention than any
other component of the solid waste stream. The plastic waste stream emerges from domestic,
industrial and municipa refuse (Jayasekara et al, 2005). Thus, improperly disposed plastic
materials are a significant source of environmental pollution, potentially harming life.

The three main strategies available for the management of plastic waste are incineration,
recycling and landfill (Ammas et a., 1998). These strategies are not optimal and remain the

subject of much controversy and discussion among both scientists and the public.

Degradation of plastics refers to any physical or chemical change in the polymers as a result of
environmenta factors, such as light, heat, moisture, chemica conditions or biological activity.
Severa methods of degradation have been developed during past few years to convert the
polymeric long chain molecules into simpler ones so that their disposal is environment friendly
and safe. Moreover, degraded polymers are helpful for recycling. Various methods of
degradation areillustrated briefly in figure 1.1.
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Fig 1.1 Overview of the methods of degradation of polymers

Indeed, biodegradation is an efficient and rapid way for eliminating some plastic wastes under
composting and landfilling conditions [Massardier-Nageotte et al, 2006]. It is likely that
biodegradabl e plastics may simply become part of anatural cycle.

Biodegradation is the ability of microorganisms to influence abiotic degradation through
physical, chemical or enzymatic action (Chilleni et a., 2003). The term is often used in relation
to ecology, waste management, environmental remediation and to plastic materials, due to their
long life span (Shah et a., 2008).

Polymeric materials are not easily biodegraded. Efforts have been directed to develop mild
physiochemical processes which includes therma and radiation pretreatments to enhance
biodegradation process (Sudhakar et al., 2007).

Microorganisms such as bacteria and fungi are involved in the degradation of both natural and
synthetic plastics. The biotic mechanism reported for degradation of high molecular weight
polymers are due to extra cellular enzymes produced by microorganisms which degrade the main
polymeric chain and results in intermediates of lower molecular wt. with modified mechanical
properties, making it more accessible to microbial degradation. Two categories of enzymes are
actively involved in biological degradation of polymers. extracelular and intracellular

depolymerases. During degradation, exoenzymes from microorganisms breakdown complex



polymers yielding smaller molecules of short chain, e.g. oligomers, dimers, and monomers, that
are small enough to pass the semi-permeable membrane, and then can be utilized as carbon and
energy sources. The process is called depolymerisation. When the end products are CO,, H,0,
CH,, the degradation is called mineralization. Small portion of polymer isincorporated inside the
microbial biomass, humus and other natural products, so the polymer degradation rarely reaches
100%. General mechanism of plastic biodegradation is depicted in figure 1.2
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Fig. 1.2 Genera mechanism of polymer biodegradation

Biodegradation of plastics proceed actively under different soil conditions according to their
properties, because the microorganisms responsible for the degradation differ from each other
and they have their optimal growth conditions in the soil. Due to similar material properties as
conventional plastics, the biodegradable plastics have been developed successfully over past few
years (Zheng et a., 2005).

Biodegradable plastics, as novel materials claim to be environmentally friendly. The number of
different environments in which the plastic may be degraded have made necessary the
establishment of a complex and extensive battery of test methods and evaluation criteria for these
materials.

The development of environmentally degradable polymers (EDPs) was initiated among several
other attempts in the early 1980s to address an emerging global plastic waste problem, following
decades of fast development and explosive growth of plastic utilization (Scott, 1999).



Environmentally degradable polymeric materials and plastics (EDPs) comprise new kinds of
plastic items, which are designed to exhibit a significant degradation resulting in
environmentally compatible end products, namely CO,, water, and cell biomass within an
acceptable time frame [Krzan et al., 2006].

The successful production and marketing of biodegradable plastics will help alleviate the
problem of environmental pollution. In the past 10 years, severa biodegradable plastics have
been introduced into the market. However, none of them is efficiently biodegradable in landfills.
For this reason, none of the products has gained widespread use (Anonymous 1999). Hence, there
is an urgent need to develop biodegradable polymers and efficient microbial system to solve this
global issue.



Chapter 2

LITERATURE REVIEW

With the advances in technology and the increagkearglobal population, polymers have found
wide applications in every aspect of life and irtdes (Tokiwaet al., 2009). According to recent
investigation on discarded plastics approximate&§ plastic bags are discarded per person per
year. Polypropylene (PP) and polyethylene (PE)yesged as ., are the most widely used
linear hydrocarbon polymers. The versatility ofdbgolymers arises from the fact that they are
made from cheap petrochemical feed stocks throtifgtieat catalytic polymerization process
and ease of processing to various products. Thgerari their applications includes food
packaging, textiles, lab equipment, and automatoraponents (Arutchehat al., 2008).

In recent years, considerable attention has beenséd on biodegradability of polymeric
materials. Such materials need to be resistanegpadation both prior to and during use and
should be capable of being degraded, if discardied ase, without causing any environmental
problems (Upreti and Srivastava, 2003). Possipj@a@ach to reduce the ‘vices of polymeric
materials’ is to identify potential microorganisigsd develop protocol to effectively biodegrade

the polymeric materials (Kawai, 1995).

Biodegradation is the result of the utilization pblymer as a carbon source by the
microorganisms. This process is facilitated if thieroorganism initially forms a biofilm over
the polymer surface (Hadat al., 2005). Attempts to facilitate colonization oflyethylene by
adding nonionic surfactants to the culture mediuonmted the biodegradation of polyethylene
(Albertssonet al. 1993; Eharaet al. 2000). Albertsson and Karlsson (1990) found that
polyethylene subjected to 26 days of artificial Wkadiation before being buried in soil evolved
less than 0.5% carbon (as g§®y weight after 10 years. Without prior irradaatj less than
0.2% carbon dioxide was produced. Earlier repoagehshown that no signs of deterioration
could be observed in polyethylene sheet incubatadaist soil for 12 years (Potts and Jelinek,
1978), and only partial degradation was observed polyethylene film buried in soil for 32
years (Otakeet al., 1995). Nevertheless, several studies have ddnaved partial



biodegradation of polyethylene after UV irradiati@ornell et al., 1984), thermal treatment
(Huanget al., 1990; Kwpp and Jewell, 1992) or oxidation wititrin acid (Mochizukiet al.,
1999). It is reported that there is a synergidiieat between photo-oxidation and biodegradation
of polyethylene (Albertssod al., 1987). An increase in the biodegradation of ptilylene was

observed with increase in the time of exposureVo(Hadadet al., 2005)

Biodegradation is aerobic in nature and can beezhout both by using mixed culture and pure
cultures. The first report demonstrating bactedagradation of the oxidized polyethylene in
pure culture was described by Let al. (1991). The known lignin-degrading bacteria
Streptomyces viridosporus T7A, S badius 252, andS. setonii 75Vi2 and fungu$’hanerochaete

chryosporium were used. They described the pure culture system evaluating the

biodegradability of degradable plastic films coniag pro-oxidant and 6% starch.
Biodegradability was evaluated by weight loss, itenstrength loss, changes in percent

elongation, and changes in polyethylene molecukaght distribution.

Biodegradation of starch blended and modified PHhwarotein hydrolysate has also been
studied (El-Shafeet al., 1998). Studies carried out by Mezzanotte et al042Qvere on three
materials. The first one was a biodegradable polypneduced by Novamont (Italy), based on
plastified starch complexed with a biodegradablglsstic polyester and commercially known as
Mater-Bi NFO1U. The second one was pelgaprolactone) (PCL) produced by Dow (USA) and
commercially designed as “Tone”. Third materialcracrystalline cellulose is generally used as
positive control in biodegradation tests. Thesedhsamples were tested using an innocula of
activated sludges of three different types. Acaogdio their considerations they denoted three
sludges as Sludge 1, Sludge 2 and Sludge 3. Studgel Sludge 2 were drawn from municipal
wastewater treatment plants both of which receingéded sewage (domestic and industrial).
Sludge 3 was obtained from an industrial membraoeeactor treating waste water from a
chemical-pharmaceutical site and thus had diffelgological and acclimation characteristics.
Assessment of biodegradability was performed falhgahe standard test method ISO 14851
which was based on the measurement of oxygen cqgrtgeamcaused by the respiration of the

test material. This study confirmed that the origihinnoculum is an important source of



variability which can affect the evaluation of tiegree of mineralization. The results indicated
that variability was lower for cellulose than faher two materials.

Study carried out by Wang et al. (2005) was onreonamposites of polymer (PHBV) and clay
(OMMT). Polymer/ OMMT nanocomposites have beenaating great interest because of their
improved properties such as increased moduli amslléeproperties. Biodegradation was carried
out by them in the soil suspension. Soil sampleseweellected from the top soil of the farm
field. After carrying out these experiments, sigraht changes in physical and chemical nature
of the polymer PHBV were noticed. The results sbdvhat the biodegradability of PHBV/
OMMT in soil suspension decreased with increasmgunt of OMMT, which was in agreement
with the results of the biodegradability for alipicgolyester/ OMMT in activated soil

An experiment carried out by Pseja et al. (200@)Isd&vith the blends composed of polyvinyl
alcohol (PVA) and biopolymers. PVA does not beldogbiologically inert plastics but its
degradation rate is low. Degradation of PVA wagl&td in an aqueous anaerobic environment
employing inoculation with digested activated sledgom municipal waste water treatment
plant. The degree of degradation after modificatiaih native or plasticized biopolymer such as
starch increases in a strikingly manner at a stien#l as low as 5 wt. %.

Kumar et al. (2006) performed experiments with caroial samples of isotactic polypropylene
and heterophasic ethylene propylene copolymers.cbhgost was prepared from all the waste
materials in suitable compositions, which includevaung, saw dust, newspaper and computer
paper, white bread, shredded leaves, food wasteuggalwith proper moisture content. There
was a significant loss of weight, and fungal cataion was seen on the surface of samples. It
was observed that photo-oxidative ageing direatlya@ced the biodegradability of composites

as the increase in fungal growth rate and decrieaseight during composting were found.

Du et al. (2006) studied the degradability of thephastic starch and thermoplastic dialdehyde
starch under controlled composting conditions. Gbhalmmodification of starch can have a
major impact on the biodegradation rate and finatiégradation percentage. Mature compost

was obtained from a composting plant in Beijing.STRegraded faster than TPDAS under



controlled composting conditions. Degrading micgamisms for the starch tested were also

isolated and screened from the compost.

Chiellini et al. (2003) carried out their work omdegraded and thermally fragmented low
density polyethylene film samples containing tgtalegradable plastic additives pro-oxidants.
Biodegradation tests were carried out in a cylicalriglass vessel containing a multilayer
substrate in which defined amounts of forest sasdy or mature compost was placed.
Biodegradation extent of each test material wasutailed as a percentage of overall theoretical
CO, production on the basis of the determined carlmnent of the samples. Results revealed
that LDPE-TDPA formulations are effective in promgt the oxidation and subsequent

biodegradation of polyethylene in soil environments

The biodegradability of polyvinyl alcohol (PVA) wasvestigated by Solaro et al. (1998) under
different conditions by respirometric determinaipiodometric analysis, and molecular weight
evaluation. Microbial inocula derived from the seeasludge of municipal and paper mill
wastewater treatment plants were used. A rathéreaPtVA-degrading bacterial mixed culture
was obtained from the paper mill sewage sludgenifizggnt biodegradation levels within quite
short incubation times were obtained in liquid etds in the presence of acclimated microbial
populations. The influence of some polymer propsrgsuch as molecular weight and degree of
hydrolysis on the biodegradation rate and exterd imgestigated in the presence of either the
acclimated mixed bacterial culture or its steriliggte. The molecular weight appeared to be not
a limiting factor of microbial attack. Comparisohtbe degradation process in the presence of
either bacterial cells or their culture filtrateghlighted the ability of some microbial strains to

utilize polymer chains having 5-10 kD molecular gii

Sasek et al. (2006) conducted experiments on comoly and aromatic and aliphatic
copolyesters. Composting was run under controledlitions in a thermal insulated composting
chamber using a standard mixture of raw maters&dufor cultivation of white mushroom
obtained from a local mushroom compost-producingmany. Specimens of polymeric foils in

small stainless steel containers were buried inctmpost pile for different time periods. After



the completion of the experiments changes werectgten copolyester filaments through SEM

which showed positive results because polymer baoklvas cleaved.

Kleeberg et al. (1998) studied the biodegradatibncapolyesters made of 1,4-butanediol,
terephthalic acid, and adipic acid. They also €ddli in mixed culture conditions aerobically by
the use of compost made from green waste. Stud@sezl a significant change in the properties
denoting the degradation of polyester films.

Tadros et al. (1999) carried out their studies barmoplastic as well as on thermosetting
copolyesters and studied their degradation behabppreparing a mixed cultures of spores and

bacteria prepared from separate cultures.

Rudeekit et al. (2003) compared degradation of dgoadable plastics by aerobic
microorganisms by employing various standard meth@@sting soil was used to perform the
biodegradation of various plastics obtained fronmposting of organic agricultural waste.
Plastic samples used were filter paper as posistendard, LDPE as negative standard,
LDPE/starch blends and starch foam. This work vaalacted to compare the biodegradation of
biodegradable plastics. The results show that ibéelgradation of cellulose as positive control
was 4.06%. The LDPE/starch blends were degradetd3aimes of filter paper respectively.
Whereas, the biodegradation of filter paper was/8%. These data show that polymers
degraded significantly using mixed culture and shpwsitive results.

Yang et al. (2004) tested biodegradation of plastin compost with animal fodder.
Polypropylene (PP) was chosen as non-degradabigldoly(L-lactic acid) (PLLA) and
poly(butylene succinate) (PBS) were chosen as gldetjrading plastics while polycaprolactone
(PCL)and poly(butylenes succinate-co-adipate) (PBS#%re chosen as easily degradable
plastics. The composition of fat, fibre and proten animal fodder was same as that of food
garbage. This experiment was performed taking séwtrapes of polymers and evaluating the
effect of biodegradability on different shapes ofymers.

Jakubowicz (2002) tested the polyethylene filmstaming a pro-oxidant Mn-stearate, and were

thermally oxidized before undergoing the real bgrdelation process in mixed cultures or under

10



composting conditions. The thermally oxidized mialsr were called as pre-aged materials.
Precise amount of the test materials was mixed mittrobial activated soil, composed of 90%
plant substrate and 10% mature compost. Mature esimponsisted of a large number of
different microorganisms that normally occur in @ampost and which are able to degrade
different types of biodegradable compounds. Theestigation showed that degree of

bioassimilation was increasing continuously.

Four commercialized biopolymers were used by Rdasal.¢2002) for degradation tests in a
model waste landfill reactors. Plastic materialsdusiere: PHBV, PCL, SPVA and CA plastic.
Mixed culture used by them was synthesized wasiehaontained equivalent weights of yard
waste, kitchen garbage, paper waste, dry dog-fdedatered sludge and soil. Plastic film was
placed in the middle of this heap. This experimems performed both aerobically and
anaerobically. The results indicated the existesfche great variations in the degradability of

BPs in aerobic and anaerobic environment of lalsdfil

Roy et al. (2008) studied the degradation of atédif aged LDPE films containing a pro-
oxidant by bacterial consortium. The films weretially subjected to an abiotic treatment
comprising UV-irradiation, and subsequently inotedbwith bacterial strains. The spectroscopic
investigation revealed that the strains preferpt@nsumed the oxygenated products leading

to decrease in the carbonyl index.

Nanda et al. (2009) conducted their experimentsuopretreated (PP-UT) and thermally
pretreated (at 80 °C for 10 days) polypropylene-THP films of 0.05 mm thickness were
subjected tan vitro biodegradation in minimal medium with mixed sailtare for 12 months.
The results indicated that the ester carbonyl indeRP-TT increased up to 9 months and later
decreased indicating abiotic followed by biotic gges. No such changes were observed with
PP-UT. Methyl group index decreased in both theesaadicating oxidation at the primary
carbon. These results showed significant degraalaifopolypropylene films in mixed culture

environments.

Reddy et al. (2009) studied that montmorillonitaychas been reported to promote the growth of

microbes on polyethylene by keeping the pH of theirenment at levels conducive to growth.
11



In an attempt to improve the overall oxo-biodegtmaa of polyethylene, montmorillonite

nanoclay was used in the study along with a prolam. Film samples of oxo-biodegradable
polyethylene (OPE) and oxo-biodegradable polyetig/lenanocomposite (OPENac) were
subjected to abiotic oxidation followed by micrdbidegradation using microorganism
Pseudomonas aeruginosa. FTIR results show that the abiotic oxidation aflyethylene was

influenced significantly by the pro-oxidant but fm¢ nanoclaylt indicates that nanoclay, by
providing a favourable environment, helps in thewgh of the microorganism and its utilisation

of the polymer surface and the bulk of the polyreume.

Singh et al. (2010) carried out their experimentstioe blends of polyethylene samples with
polylactide (PLLA). Melt blending of linear low dsity polyethylene (LLDPE) and polylactide
(PLLA) was performed in an extrusion mixer with pegtrusion blown film attachment with
and without compatibilizer-grafted low density petlyylene maleic anhydride. The blend
compositions were optimized for tensile properi@ssper ASTM D 882-91. Based on this,
LLDPE 80 (80 wt% LLDPE & 20 wt% PLLA) and M-g-L 80(80 wt% LLDPE, 20 wt% PLLA
and 4 parts compatibilizer per hundred parts dhjesere found to be an optimum composition.
FTIR reveals that the presence of compatibilizeftsicarbonyl peak hence some increase in
interaction between LLDPE and PLLA.

Based on the literature one could conclude thatgated polymers degrade more easily than the
untreated polymers and degradation leads to dexr@asnolecular weight, tensile strength,

viscosity and formation of new functional groupsisas carbonyl, hydroxyl, etc.

This course of work focuses on the degradationiesuof linear low density polyethylene and its
blends by using compost as the source of mixedumultCompost consists of several
microorganisms which consume the polymer after awstipg as their sole carbon source.
Chapters to follow reveals the materials used f@lysis, methods adopted for the degradation

and the analytical procedures applied for configrtime degradation of samples.
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Chapter 3

MATERIALS & METHODS

3.1 Materials

3.1.1 Plastic films

In the present investigation, pure linear low dgnpolyethylene (LLDPE 100), LLDPE 80 (80
wt % LLDPE & 20 wt % poly(l-lactic acid) (PLLA), LDPE 80/4 (80 wt % LLDPE, 20 wt %
PLLA and 4 parts compatibilizer (grafted low dewpspolyethylene maleic anhydride) per
hundred parts of resin) films of size 825 mm with thickness 0.125 mm were made by melt
blending of LLDPE and PLLAN an extrusion mixer with post extrusion blowmfihttachment
with and without a compatibilizer which were regatof our earlier work (Singét al., 2010)
The market available biodegradable polymer filmsiaé 80x 25 mm with thickness 0.11 mm
were kindly provided by M/s Balson Industries, PuneMaharashtra, India

(www.balsonindustries.com

3.1.2. Compost

The mature compost (municipal solid waste) wasinbthfrom a compost plant, New Delhi
Municipal Council, Okhla, New Delhi, India. The cpost inoculum which came from the
organic fraction of municipal solid waste was creinto fine powder and sieved on a screen of
< 10 mm. The compost inoculum was made free frorgelainert materials (glass, stones,
metals, etc.) as much as possible. These items reareved manually as much as possible to
produce a homogenous compost inoculum. The contakthe following basic properties: total
solids (TS) 81%; volatile solids at 5%D(VS)18%:; pH 7.2; C/N ratio 15.3. This was usedthe
composting of the samples.
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3.2 M ethodology

3.2.1 Pretreatment of polymers

The polymer films were cut into small pieces (6 86 cm) and were weighed, disinfected in
70% ethanol for 30 minutes and air-dried for 15 uteéxs in laminar air flow chamber. Ethanol
was used to remove any organic matter adherinigetgurface. Then the films in duplicates were

buried in trays, each having 600 g of compost.

3.2.2. ASTM D5338 (2003) standard for aerobic treatment using municipal solid waste

compost

The plastic films, market available biodegradatdg/mer, LLDPE 100 & its blends (LLDPE 80,
LLDPE 80/4) were treated under controlled compgstoonditions according to Modified
ASTM standard D5338-98. Four composting vessels {@ank, one positive, one negative and
one test sample) of 3 L capacity were used forstaey. Each composting vessels contained
600g of compost, three samples of 2 g each andfldistilled water. For C@trapping, three
5000-mL bottles fitted with gas sparging and caritey Ba(OH) solution were used. The
composting vessels were incubated for a periocbadays. Initially, the incubation temperature
was maintained at 86 (+ 2’C) for a period of one day to stimulate a mesopltsiart-up phase.
Subsequently, the temperature was raised 1€ %8 2C) and maintained for a period of four
days. After this sanitizing period, the temperatws reduced to 8Q (+ 2C) for optimum
composting conditions and maintained until day P&mperature was then reduced t6G3%+
2°C) for the remainder of the test period to simukat@esophilic curing phase. The incubation
time of 45 days may be extended until no significa®, production in excess of the inoculum is

recorded for a period of one week.
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3.2.3. Controlled Composting (M odified ASTM 5338(2003)

The compost inoculum was crushed well-aerated @aenvkd on a screen of < 10 mm. The
compost inoculum was free from larger inert matser(glass, stones, metals, etc.) as possible.
The plastic films, market available biodegradatwgymer, LLDPE 100 & its blends (LLDPE 80,
LLDPE 80/4) were embedded in the compost and irteaban incubator Model NSW-152 of
Narang Scientific Works Pvt. Ltd., India for a metiof 45 days, initially kept at 3¢ for a
period of one day to stimulate a mesophilic starphase. Subsequently, the temperature was
raised to 58C for a period of four days for optimum compostiognditions. Then the
temperature was reduced to’@7for the remainder of the test period to stimukatemesophilic
start up phase. Moisture conditions and aerobiditions were maintained manually as much as

possible for controlled composting.

3.3 Analytical/ Testing procedures

3.3.1 Deter mination of dry weight of residual polymer

A simple and quick way to measure the biodegradaifqolymers is by determining the weight
loss. Microorganisms that grow within the polymead to an increase in weight due to
accumulation, whereas a loss of polymer integeigds to weight loss. Multiple samples were

weighed with an accurate four-digit balance andaye values were reported.

To facilitate accurate measurement of the weighthef residual polyethylene, the bacterial
biofilm was washed off the polymer surface with% 2v/v) aqueous sodium dodecyl sulphate
solution for 4 h and then with distilled water. TWwashed polymer film was placed on a filter
paper and dried overnight at %D before weighing. The initial weights of the preibated

polyethylene samples were also measured followirgsame procedure as mentioned above.

15



3.3.2. Fourier transform infrared (FTIR) and attenuated total reflectance (ATR)

Spectr oscopy

In infrared spectroscopy, IR radiation is pas$edugh a sample. Some of the infrared radiation
is absorbed by the sample and some of it is paksedgh (transmitted). The resulting spectrum
represents the molecular absorption and transmissi@ating a molecular fingerprint of the
sample. Like a fingerprint no two unique moleculdructures produce the same infrared
spectrum. Infrared spectroscopy has been a workhexhnique for materials analysis in the
laboratory for over several years. An infrared spew represents a fingerprint of a sample with
absorption peaks which correspond to the frequenafevibrations between the bonds of the
atoms making up the material. Because each diffenaterial is a unique combination of atoms,
no two compounds produce the exact same infrarectrspn. Therefore, infrared spectroscopy
can result in a positive identification (qualitaianalysis) of different kinds of material. In
addition, the size of the peaks in the spectrum @rect indication of the amount of material
present. With modern software algorithms, infragedn excellent tool for quantitative analysis. .
So degradation products, chemical moieties incatedr into the polymer molecules such as
branches, co-monomers, unsaturation and presenegldifives such as antioxidants can be
determined by this technique. Fourier transforreratated total reflectance (FT-ATR) infrared
spectroscopic studies were carried out on film dasusing a Thermo Scientific FT-IR
spectrophotometer (Model Nicolet i1 the horizontalATR mode, using a zinc-selenide
crystal. A total of 32 scans were taken with a hefmn of 4 cn. It was used to detect the
degradation on the basis of changes in the furatigroups. A spectrum was taken at 400 to

4000 cm' wave numbers for each sample.
3.3.3 Estimation of micraobial biomass colonizing the polymers

As the microbial cells were strongly attached te ftolymer surfaces, it was impossible to
estimate the population density by standard tecl@sgsuch as direct cell counting or plating.
Therefore, the population density of the biofilm the polyethylene surface was estimated by
determining the concentration of extractable prot€olonized polymer samples taken from the
compost were washed briefly with water and thetebidior 30 min in 5 ml of 0.5 N NaOH. The

suspension was centrifuged at 10,000 rpm, 4°C %omin, and the supernatant was kept aside
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and the pellet was subjected to the same procesluwce again. The two supernatants were
combined and the protein concentration was deteuneccording to Folin-Lowry method as

described by Lowry et al. (1951) using bovine sealibumin (BSA) as a standard.
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Chapter 4

RESULTS AND DISCUSSION

This chapter deal s with the results obtained after composting of polyethylene samples and its
blends. The results of weight loss, FTIR analysis and protein estimation have been given and

discussed for the significant changes.

4.1 Percentage Weight Loss

Changes due to bacterial degradation were assessed qualitatively by measuring weight loss of
polymer. The weight loss of polymer after incubation may be purely because of microbial

activity.

Our standard biodegradation assay for LLDPE and its blends lasts for 45 days. During this
period, the microbes utilized the carbonyl residues and reduce their concentration. After the

incubation period, the polyethylene samples were washed, dried and weighed.

A maximum weight loss of approximately 18% was observed with market available
biodegradable polymer under controlled composting conditions within 45days. Weight loss of
5.5% with LLDPE 80/4, 5.3% with LLDPE 80/20 and 0.83% with LLDPE under compost was
observed. Karlsson and Albertsson (1998) have also reported that the total weight loss during
degradation was 16 % and in addition to H,O and CO,, shorter hydrocarbons, acohols, organic
acids, ketones, aldehydes, etc. are also formed.
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Table 4.1.Percentage weight loss of plastic films under compost

Sample Weight of polymers | weight of polymers Weight loss (%)
before composting after composting
) (9

LLDPE 100 0.1438 0.1426 0.83
LLDPE 80/20 0.2017 0.1910 5.30
LLDPE 80/4 0.1892 0.1788 5.49
Biodegradable 0.0518 0.0426 17.76

polymer

Weight Loss (%)

20 ~
18 -
16 -
14 -
12 -

oN PO
1

LLDPE 100 LLDPE 80/20 LLDPE 80/4 Biodegradable
polymer

LLDPE & its blends

Fig 4.1.Percentage weight loss after composting
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4.2 Protein estimation

Biofilm formation on polymer surfaces was monitored by quantifying the total proteins
extracted from the biofilm. The readings were taken after the interval of 15, 30 and 45 days at

660 nm. The OD was compared with the OD of the known sample i.e. bovine serum albumin

(BSA) was taken as standard in this case.

Table 4.2.Estimation of protein concentration

Incubation Protein concentration (pug/ml)
time (days) | LLDPE films | LLDPE 80/20 films | LLDPE 80/4 films | Biodegradable
Polymer
0 0.02 0.04 0.045 0.03
15 3.2 5.7 5.9 8.2
30 18 2.6 2.3 5.6
45 0.7 0.5 0.6 1.0
l_.] -
— 8 i
g 7 -
g 6 | —4—LLDPE100
e == JPESQ/20
O 4
g 3
2 LLDPESO/4
S 2
=9
1 - - ;-a —=—EBiodegredeble
0o F T : Falymer

20

30 a0

Incubation T'ime (days)

50

Fig 4.2. Comparison of protein conc. in LLDPE and its blends
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Fig. 4.2. shows a biphasic pattern of biofilm formation on the polymer surfaces. The first phase
was characterized by a steep increase in protein content during the first 13-17 days of incubation,
reflecting an increase in the biofilm biomass. This phase was followed by a second period in
which the protein content came to a low level and after some time their concentration remained
constant. Fig. 4.2. also represents the comparison of the concentration of protein extracted from

LLDPE and its various blends taken in the form of films.

4.3 Fourier transform infra-red (FTIR) spectroscopy

Fourier transform infrared spectroscopy (FTIR) analysis is a useful tool to determine the
formation of new or disappearance of functional groups. So degradation products, chemical
moi eties incorporated into the polymer molecules such as branches, co-monomers, unsaturation

and presence of additives such as antioxidants can be determined by this technique.

FTIR spectroscopy was performed to check the biodegradation of polymer films by the action of
microorganisms present in municipa solid waste compost. FTIR analysis of pure polyethylene
films and that of its blends before and after composting were compared and the results are
evaluated by the formation of new peaks or their disappearence in the studied range. The graph is
plotted between the % transmittance on Y - axis and wavelength in cm™ on X-axis. Peaks present
at 2865-2845 cm™ are due to methylene C-H symmetric stretch. FTIR analysis of polymer films
showed decrease in peak from wavel ength 2926.42 cm™ to 2924.43 cm™ (as shown in fig. 4.3
4.4). The decrease indicated the cleavage of C-H bonds. Peaks appearing in the range of 1485-
1445 cm™ are due to methylene C-H bend. After analysisit was found out that peaks are also
emerging at the wavelength of 1134 cm™ aswell as at 1050 cm™ and were found out to be dueto
tertiary alcohol C-O and primary alcohol C-O stretch respectively. The appearance of some new
peaks at 1400-1600 indicated the formation of new intermediate functional groups
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Composting of LLDPE 80/20, LLDPE 80/4 showed a marked reduction in the amount of
carbonyl residues. These results confirmed the degradation of polymer films by composting to
much extent because as the polymer is degraded then this degradation results in the
disintegeration of few bonds between various atoms thus resulting in the formation of simpler
molecul es such as monomers oligomers and dimers etc. as well as formation of some new bonds
between various atoms. As the bonds are lost or disappeared, the functional group based on that
bond is now no longer present in that compound. This disappearance of functional groups is
represented by the spectra and thus in this way the analysisis performed
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Chapter 5
CONCLUSIONS AND FUTURE PROSPECTS

5.1 Conclusions

Polyethylene is widely used as a packaging material. Traditionally, the polyethylene was non-
biodegradable.

Biodegradation of LLDPE and its blends in municipal solid waste compost was very fast. The
film was assimilated by the microorganisms upto some extent over the period of 45 days. The
obtained results indicate that LLDPE and its blends were very sensitive to enzymatic attack of

microorganismsin living environment.

Various testing methods were applied to the films under compost and each method revea ed

positive results for biodegradation.

Weight loss of the polymer films was obtained as high as 6% approximately showing a
significant decrease in the weight of polymer and thus significant biodegradation of the polymer

films.

FTIR spectra also confirms the biodegradation of polymer as some chemical changes are seen

by polymers when results of before and after composting were compared.

This study demonstrates that polymers, considered to be inert, can be biodegraded if the right
conditions for their biodegaradation is used. Controlled composting conditions were effective for
enhancing the capabilities of a microbes capable of utilizing LLDPE and its blends as the sole

carbon and energy sources.
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5.2 Future prospects

v

Composting according to ASTM D5338 needs more detailed study to know the fate of
these organic polymers in the environment and the time required for their total
mineralization to CO; have yet to be fully understood.

Composting under controlled conditions gave appreciablly very good resultsin avery
short duration ie. 28 days. May beif the timeinterval for composting conditionsis
increased it could produce better results.

Modification of the type of polymer used for degradation by composting can result in the
aleviation of pollution problems caused by various polymers other than LLDPE to the
environment.

Modification of blends of polymers and thus comaparative study resulting in the type of
blend which makes the polymer more biodegradable

Source of mixed cultures can be varied and comparative study revealing the typein

which maximum biodegradation occurs can be carried out
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