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ABSTRACT

The most common polymer in plastics is polyethy{BE8, which is made from ethylene monomers (CH22Chh

natural form it is not biodegradable. To enhance tiodegradation of polyethylene, pretreatmenttetyies were
followed. Three different pretreatment strategiesevemployed for the present study. In the fir&, films were
thermally treated at 100°c in an atmosphere offair 30 days to induce oxidation and in the secdmalytwere
subjected to UV light (UV-C,>300nm wavelength) I6rdays. Thirdly, they were suspended in concesdrattric

acid to enhance percent elongation for 10 dayssétmetreated samples along with the untreatedilPts fwere
used as the sole carbon source for isolation ofdlegrading strains. Submerged cultures with PE assthle carbon
source were inoculated with the isolated fungahisis and assessed for polymer biodegradation byghtdoss,
estimation of total carbohydrates and total protiirthe culture supernatant.

Key words: Fungal degradation of plastics, physicochemicaéated polyethylene.

INTRODUCTION

Each year more than 140 million tones of plastiespgoduced worldwide. In many countries, plaséies disposed
off through open, uncontrolled burning and landinfij. Open burning releases pollutants into thetlaat could

cause various health problems. In addition, thenibgr of polyvinylchloride (PVC) plastics producesrgistent
organic pollutants and has been associated withnaber of adverse effects in humans, including imenand

enzyme disorders and chloracne, and they are fitabais possible human carcinogens. Health mayfbeted by

the polymer itself, by chemicals added to the piasi make it more flexible, stable or flame retnt or by

colouring agents. These substances may be reléasieel air when the plastics are heated. Wheniptaate heated
to form final products, monomers, additives andrddgtion products can be released. Small amouriteesé may
also be present in the resins before heating, theyaffect the health of workers who use, cleamaintain the
processing equipment [14].

Degradation of plastics:
Degradation of plastics is defined as any physicathemical change in the polymer as a result sfrenmental
factors, such as light, heat, moisture, chemicadimns or biological activity. Processes inducidganges in
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polymer properties (deterioration of functionalitiye to chemical, physical or biological reactioesulting in bond
scission and subsequent chemical transformati@mmétion of structural in homogeneities) have bestegorized
as polymer degradation. Degradation has been tefleio changes of material properties such as nmécdla
optical or electrical characteristics, in crazitgacking, erosion, discoloration, phase separadiodelamination.
The changes include bond scission, chemical tramsfiton and formation of new functional groups [19]

Sensitivity of polymers to photo degradation isatetl to the ability to absorb the harmful parttef tropospheric
solar radiation. This includes the UV-B terrestrialdiation (~295-3-5 nm) and UV-A radiation (~3180}

responsible for the direct photo degradation (plysts, initiated photo oxidation. Visible part airdight (400-760
nm) accelerates polymeric degradation by heatimfgadred radiation (760-2500 nm) accelerates theoxigation

[11];[19].

Thermal degradation of polymers is ‘molecular detation as a result of overheating’. At high temgtere the
components of the long chain backbone of the pofyeaa begin to separate (molecular scission) aack rgith one
another to change the properties of the polymer.

The chemical reactions involved in thermal degriadaiead to physical and optical property changdative to the
initially specified properties. Thermal degradatigenerally involves changes in the molecular weidrd

molecular weight distribution) of the polymer angpital property changes include reduced ductilityd a
embrittlement, chalking, color changes and gerrediction in most other desirable properties [18].

Biodegradation of plastics

Microorganisms such as bacteria, fungi and actircat®s are involved in the degradation of both rétand

synthetic plastics [10]. The biodegradation of titasproceeds actively under different soil cormi according to
their properties, because the microorganisms resiplenfor the degradation differ from each othed dmey have
their own optimal growth conditions [8].

Fungi are widely used in bioremediation due torthebust nature and for their great source of digegnzymes.
One of the widely reported fungPhanerochaete chrysosporiyrommonly known as white-rot fungus, is able to
degrade broad range of persistent pollutants andbietics under nutrient limited conditions becao§és robust
enzyme machinery. While not many reports are abtgilaon fungal mediated degradation of polycarbanate
Geotrichumlike fungus isolated from a biodeteriorated contighsk made of polycarbonate was able to degrade it
components.[20]. The biodegradation of bisphenatpaomer of PC, by fungi has also been reportes]. [1

MATERIALSAND METHODS

Materials: High density polyethylene (HDPE) and Ldensity polyethylene (LDPE) which is the major sawf

environmental pollution were used for the study. HDis used in the manufacture of milk jugs, buttess,

detergent bottles, motor oil bottles, etc., LDPRised in the manufacture of dispensable bottlestacwers, wash
bottles and various molded lab equipments. Polyetieyfilms (PE) were cut into 60x10mm strips foe tihvitro

studies.

Physicochemical Treatment:

To enhance the biodegradation of polyethylene,rgaéinent strategies were reported [13],[12]. Thi#erent
pretreatment strategies were employed for the ptesgedy. In the first, PE films were thermallyated at 100°c in
an atmosphere of air for 30 days to induce oxidaaod in the second they were subjected to UV l{ght-
C,>300nm wavelength) for 10 days. Thirdly, they @vsuspended in concentrated nitric acid to enhaeceent
elongation for 10 days. These pretreated samptegyalith the untreated PE films were used as tihe carbon
source for isolation of PE degrading strains. [B][4
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Enrichment of PE degrading microorganisms

Soil samples were collected from a plastic dumpegale Madras Christian college campus, Chennaat&l of 1g
of the soil sample was suspended in 10ml of stéilé-Q water and vortexed for 15 minutes. Neafl§0 pl of
suspension was used as inoculums. Erlenmeyer ftaskaining 100 ml of mineral salt medium, strifsuntreated
polyethylene, 0.01 %( w/v) glucose and 1 ml of moens were used for maintaining the first precdturhe later
subcultures did not contain glucose but only thdéymer as the sole carbon source. After three ssoges
subculture, in which microorganisms were grownri@esgnce of PE and without glucose pure, cultures vgelated
on potato dextrose agar plates containing 50 mghtdframphenicol to avoid bacterial contamination fiangal
isolation.[2][3].

a)l dentification and Characterization of PE degrading fungal Strains
Fungal strains were identified by the morphologiéehtures of their colony and conidia using micopsc
examination.

Submerged Culturewith Polyethylene as Sole Carbon Source

A mineral salt medium (100ml) was prepared, stadi and to this pretreated PE films were suspef#jderesh

mycelium of the previously grown fungus on potaéxttose agar plates was scraped from the platesaspkended
in 10ml of sterile water and vortexed. Around 1rthos suspension was inoculated into the flasks$ianubated at
30° and at 200rpm on an orbital shaker and wenmgtored for 6 months. Sampling was done every 2 thgrin

which the PE films were taken out under asepticditioms, washed in sterile water and air-dried beffurther

analysis.

a)Total Biomass

About 1ml of the culture was transferred into amil.Bnicro centrifuge tube and pelleted down at 12p60at 4°c
for 25 minutes. The pellet was dried overnight @tc5and dry weight of the resulting biomass wasutated.
Sampling was done in triplicates.

b)Total Protein and Reducing Sugarsin the Culture Super natant

The total protein concentration in the supernateast determined by the method reported by Bradf6fdBovine
serum albumin solutions were used as standardsabedrbance was measured with a spectrophotometer at
595nm.The total carbohydrates were analyzed acuptdi the method suggested by Dubois [6]. Glucoae used

as the standard and the absorbance was measu4@san.

¢) Physical analysis:
The polymer degradation was analyzed physicallynegsuring the weight loss

RESULTS

Characterization of the isolates: Based on colomypimology and lactophenol cotton blue staining ftvegal
isolates were identified &hizopus arrhizugfigure 1) andPenicilliumsp.(figure 2)
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Figure: 1 Rhizopusarrhizus

Figure: 2 Penicillium sp.
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Physicochemically treated PE films were found teeffectively degraded by the fungal isolates thatreated films
(figure 3)

Figure: 3

Untreated PE films showitegradation  Pretreated PE films showing déggian

Total Biomass
Fungal biomass is a direct measure of the growtthefculture in the medium utilizing PE as a Carlsonrce.
Chart shows the variation in biomass during 2,4 &ntbnths respectively.(chart 1)

5
41

Biomass Dry 3]
Weight mg/ml o]
) :[I cﬂ

UT UVT TT NT UT UVT TT NT
Rhizopus  Penicllium
‘D 2 Months @ 4 Months 00 6 Months

UT — Untreated, UVT — Ultraviolet treated TT — Theally treated, NT — Nitric acid treated

Total Carbohydratesin the culture supernatant :-
The amount of total carbohydrates in terms of redusugars (glucose in the present study) prodbgedo fungal
strains during 6 months of exposure of PE was detexd. (chart2)
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8
Total 6
Carbohydrates 4
(mgml™) ]
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UT UVT TT NT UT UVT TT NT
Rhizopus  Penicllium
O 2 Months B 4 Months O 6 Months

UT — Untreated, UVT — Ultraviolet treated TT — Theally treated, NT — Nitric acid treated

Total Proteinsin the culture supernatant :-
Total proteins in the supernatant of cell — frekura was summarized in chart 3

80

601
Total Protein 40
(ug ml™)
20
0- ‘

UT UVT TT NT UT UVT TT NT
Rhizopus  Penicllium
O 2 Months B 4 Months O 6 Months

UT — Untreated, UVT — Ultraviolet treated TT — Theally treated, NT — Nitric acid treated

Physical analysis.-
Weight loss:-
Weight loss of pretreated & untreated PE over thdysperiod of 6 months was shown in chart. 4.

4

3,
% Weight loss 21
'dl d

UT UVT TT NT UT UVT TT NT
Rhizopus  Penicllium
‘D 2 Months B 4 Months O 6 Months
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UT — Untreated, UVT — Ultraviolet treated TT — Theally treated, NT — Nitric acid treated
DISCUSSION

Physicochemically treated PE films were found teffectively degraded by the fungal isolates thatreated films
.The hypothesis is that physicochemical treatmehthe polymer leads to its oxidation and subsetjbezakdown
assisting in the easy assimilation by the funguk Aence, can be effectively used as a pretreatsteategy before
subjecting the polymer to biodegradation.[1]. Th&idized polymer helps in adhesion of microorganiqichse to
probable changes in the hydrophobicity of the pa&ymsurface), which is a prerequisite for
biodegradation.[3].Similarly in the present studyhigher biomass was observed on the pretreateplesinBecause
carbohydrates in the medium constitute the mainggnsource for their growth and metabolism durihg hon-
availability of readily assimilating carbon souramjcroorganisms adhere to the polymeric surfacanduthe
formation of the biofilm, which is essential foritiging about degradation. [9].The use of PE asrlarasource was
well revealed in this study by the production ofremamount of reducing sugars.

Microorganisms are unable to transport the polymeraterial directly into the cell due to the ladkte solubility in
water & its size. They excrete extra cellular enggmvhich aid in the degradation of polymers outsfde cells
[21].Hence extracellular proteins were producethaore amounts by pretreated PE samples.

The superficial growth of hyphae on the polymerfate was a function of the oxidation levels of teeasample
was observed [17]. Therefore pretreated sampleseshgreater weight loss than untreated samples.
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