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Abstract: Plastics either natural or synthetic representcthss of polymeric substance having variant and
excessive use in all the sectors of the industatibn. The high accumulation of disposed pladiegls a
serious threat to environment. Hence some biodagtaglastics have been developed in responsetarcs

for waste-free plastic products. Biodegradabletjgagan be degraded by microorganism or enzymesdans

of cutting down the molecular chains. Low densityypthylene (LDPE) is one of the polymers that aypetill
date nearly impossible to be degraded fully ineflagtay. In present findings, five fungal strainsrevesolated
from soil buried LDPE films and showed attachmeithwt. Out of five, four were identified a&spergillus sp.
and the rest one wdausarium sp. Efficacy of the microbes in polymer degradatieas analyzed by weight
reduction, change in pH, G@volution test over a period of 60 d at 33@G The fungal colonization was
visualized by scanning electron microscope (SEMgnehs the surface chemical changes were confirmed b
Fourier transform infrared spectroscopy (FTIR). #kthe isolated fungi showed promising biodegremat
results, these strains can be used for bioremediatithis line.
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Introduction and Experimental

Plastic is a macromolecule, comprised of smallgpetitive smaller units. Such polymer molecules rhay
linear, branched, have a network structure, etes&ifferent molecular geometries influence troperties of
the given polymer very significantly Plastics due to their versatility become the misskeingredients to
provide a quality to life. These are now rival niefa breadth of use and in severity of applicatibecause of
their flexibility, toughness, excellent barrier gpldysical properties and ease of fabricatforThe worldwide
utility of polyethylene is expanding at a rate &% per annum and approximately 140 million tonnés o
synthetic polymers are produced worldwide each YeRiastics are composed of petroleum based material
called resins (e.g., polythene and polypropylenajemials that are resistant to biodegradation. Buéhis
resistance, plastics that are disposed in landfdlsain in their original form in perpetuityAs a result,
accumulation of plastics in the environment hamlreeognized as a big issue. To enhance the emvaotal
degradation of polyethylene a number of differeppraaches are used, such as copolymerization or
compounding with additives susceptible to the emvinental factors
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Polyethylene (PE) is a thermoplastic polymer cdimgjsof long chains produced by combining the ingzat
monomer ethylene. The most important polyethyleraelgs are HDPE, LLDPE and LDPE. LDPE is defined
by a density range of 0.910-0.940 gfcrhDPE has low density because it has more bragthihDPE
accounts for 60 % of the total plastic productiord dhe most commonly found solid waste is the non-
degradable polythene bdg3hey are extremely hazardous particularly tha tulor ones. They release toxic
chemicals which contaminate food itéfnghe limitations of this polythene can be overcdmgetaking some
alternative approaches, such as biodegradablegylbistremediation of plastic waste.

Biodegradation of polythene is a natural processresimicroorganisms utilizing this organic completymer

as carbon and energy source and biologically toamshg to simpler one. As the microorganisms passes
different characteristics, so the degradation gafflem one microorganism to anoth&r This microbial
degradation is most widely accepted one becaugs efficiency. Recently several microorganismsehbeen
reported for degradation of plastics. The bactesjgcies identified from the polythene bags testede
Bacillus sp., Staphylococcus sp., Streptococcus sp., Diplococcus sp., Micrococcus sp., Pseudomonas sp. and
Moraxella sp. Among the fungal species identifiédpergillus niger, A. ornatus, A. nidulans, A. cremeus, A.
flavus, A. candidus and A. glaucus were the predominant speciesn most studies, fungi were considered
favorable for the degradation of LDPE due to tladaility to form hydrophobic proteins that can altdo the
polymer surfack’® the faster growth of fungal biomass comparedatctdrid®, their generation of degrading
enzymes that are well matched to the insoluble LIAFEhzymatic degradation process is most simplega®c
where microbes will secrete the extracellular ereynThe microbes will attach to the inert surfagehzymes
and grow on this film by utilizing it as nutriendwwce. So the polymer is depolymerized and theatkgion is
done by mineralization processes where carbon déofCQ), water (HO) or methane (CH is produced as
end product$. Figure 1 shows the mechanism of enzymatic detjoadaf polymer'’.

The aim of this study was to isolate potent low gilgnpolyethylene (LDPE) degrading fungal strainsni
plastic waste, and subsequently study the degoadadith various supporting parameters.

Aicroorganisms
Secretion of extracellolar enrvmes

{

Adherence of enrymes to the polvmer sarface
nl
W

Cleavage of polvmer chamns
b
Biodegradation and biomineralization

¢

End products like COuH2O/CH+ are produced

Figure 1. Mechanism of enzymatic degradation of plastic

Preparation of L DPE powder

The LDPE films were cut into small pieces and wdigped in xylene and heated, when the plastic gets
dissolved it was cooled to palm bearable heat aal avushed to fine particles. Later it was keptvtaporate
the xylene and was washed with ethanol to remoleneyresidues. Then it was dried in hot air oveBC&C

for overnight.

I solation and screening of L DPE utilizing fungi

The soil samples were collected from municipaldseliaste as it is rich in plastics and serially @ith The
LDPE degrading fungi were screened by spread @atmique using mineral salt medium supplementéial 3vi
% LDPE powder. The composition of mineral salt raedias as follows: (g/l: ¥§1PO, 1.0, KH,PO, 0.2, NaCl
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1.0, CaC}.2H,0 0.002, HBO;0.005, NH (SOy), 1.0, MgSQ.7H,0 0.5, CuS@5H,0 0.001, ZnSQH,0O 0.001,
MnSGO,.H,O 0.001, Fg(SOy)s.6H,0 0.01, Agar 15) with pH 7.0Fhe plates were incubated at 37 for 7 d.
The developed fungal mats were subcultured on Sabits dextrose agar to get pure culture and preddrv
slant at 4 °C.

I dentification of polyethylene degrading fungi

The identification of fungi was performed on thesisaof macroscopic and microscopic examination. flingi
were identified after staining them with cottonély following the keys of Raper and Fenngll

Biodegradation analysis

The pre-weighted strip of LDPE films (1.5x1.5 crsgptically transferred into the conical flask camitag 300
ml of mineral salt medium and then inoculated witbntified polythene degrading microorganisms. @ant
was maintained with LDPE films in the microbe freedium and left in a rotary shaker at 33.3°C, X80 for
60 d. After the period of shaking the strips wesected, washed thoroughly using distilled wasttade dried
and further analyzed the biodeterioration. Eachwes consisted of three replicates.

M easurement of biodegradation

Weight reduction: A simple way to measure the biodegradation of pekgis by determining the weight loss.
To facilitate accurate measurement of the dry wieigtihe residual polyethylene, the fungal coloticzawas
washed off from the polymer surface by dippingfinagi-treated films with 2 % (v/v) aqueous sodiuoddcyl
sulphate solution for 4 h and then with distilledter. The washed polymer film was placed on arfiigper
and dried overnight at 6C before weighing.

Change in pH: The variation in the pH level in the culture megassibly occurred due to the microbial
activity was measured at an interval of 10 d duthregstudy.

CO; evolution test: Biodegradation of polymer chain leads to productdearbon dioxide. This C{evolved
due to LDPE biodegradation was determined by Stest?’ which was self modified.

SEM analysis: The fungal attachment of surface films and difféi@hanges on surfaces such as micro-cracks,
pits on LDPE film by the growing fungi were visuadd by SEM.

FTIR analysis: Fourier transform infrared (FTIR) measurementsea@rried out for identification of surface
structural changes on polymer.

Results And Discussion

To determine the efficiency of different fungalletes for degrading the low density polyethylenBPE film
was used as only carbon and energy source andretdiffqparameters were checked, which supports
biodegradation of LDPE.

Screening and identification of L DPE degrading fungi

After inoculation of soil samples in the mineraltsaedium supplemented with 3 % LDPE powder, five
different fungal isolates were screened which dilizel the LDPE as carbon source. All the fungi v@ure
cultured (Figure 2) and identified. Out of five lis@s four were identified a&spergillus sp. (FSM-3, 5, 6, 8)
and the rest one waBusarium sp. (FSM-10) based on the microscopic examinatiot @orphological
characteristics.
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Figure 2. Pure culture of identified fungal isolates

Microbial degradation of L DPE by identified fungi

In the laboratory conditions, LDPE was degradedHh®y most potent five fungal strains using brothuel
method for a period of 60 d. After the incubatiaripd various parameters were determined.

Determination of weight reduction: The most convenient method to determine the detjadis to measure
the weight loss. During the degradation time, ysems were maintained as undisturbed with no iadditnd
removal of medium which indicates that the micramigms used the LDPE film as carbon source. The
microbial enzymes catalyzed the depolymerizatiod #mus there was weight reduction of polyethylene.
Among the fungi strains, FSM-10 (9 %) and FSM-3vebd maximum (8 %), both FSM-6, 8 exhibited
moderate (7 %) and FSM-5 showed less (5 %) LDPEheeduction and thus degradation (Figure 3).

Changein pH: As the polymer was degraded, there will be charigeHoof the media due to the presence of
different monomer products. The pH of individualtete broth with LDPE film was measured before,idigr
and after degradation (Figure 4). For all fungaitbrculture, initial pH was 7.0. But after the ibation period,
pH values were lower than the initial one that nsetie media became acidic for all the cases. Thareu
broth containing FSM-5,6,8 were more acidic thaiMFS 10 after the degradation.

Evolution of CO, during degradation: The most common end products of polyethylene dedi@d were
CO,, CH, and/or HO. Mineralization is the evolution of G@uring depolymerization. Thus the level of CO
was calculated from the control and reaction chanalfier 60 d study. Theoretical carbon dioxide 3o%6
LDPE was calculated to be 11 g and the percenthganeralization level of LDPE through evolved canb
dioxide from reaction chambers was determined @dBl As degradation of LDPE films by FSM-10,3 were
maximum thus they produced large amount of C@npared to other strains.

SEM analysis of LDPE films: SEM analysis is used for the analysis of LDPE dilafter the degradation
period. These microorganisms utilize polythene fisa sole source of carbon by colonizing on thtase of
the polyethylene films. These results the formabbiiofilm. Cell surface hydrophobicity of theseganisms
was found to be an important factor in the fornmmamd biofilm on the polythene surface, which consagly
enhanced biodegradation of the polym&tsThe microbial colonization of a polymer surfacethe first
requirement for its biodegradatiéh Scanning electron micrograph showed the attachofefungi on LDPE
surface and formation of various holes and irremfigs whereas the control film was appeared witiogth
surface having no any pits, cracks or any partiateeched on its surface (Figure 5).

FTIR analysis: Polymer degradation has been reflected in chanfbsra scission, chemical transformation
and formation of new functional groups The FTIR spectroscopy analysis exhibited seveltahges on the
surfaces after the degradation of 60 d with différfengal isolates (Figure 6). The increase in 16@8 and
2418 cnl band due to formation of<D and G-H stretch were observed. The peak at 2920 wms distorted
after the treatment with fungal isolates. The fikvere more effected by FSM-10,3,6 than the others.
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17.93
17.84
19.38

20.26
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Fungal strains
Figure4.Changein pH of the different fungal culture medium

17.53
16.87
16.83

18.17

Carbon dioxide evolution (g/L)
19.13

Control

Fungal isolates

FSM-3
FSM-5
FSM-6
FSM-8
FSM-10

Table 1. CO; evolved level during biodegradation of L DPE using fungi
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Figure 5. Scanning electron micrograph of untreated and treated sample of polymer sheet
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Figure 6. FTIR spectra of LDPE film after 60 d of incubation with (FSM-3,5,6,8,10) and without
(Control) fungal strains

Conclusion

4000

This article reveals that the biodeterioration oivldensity polyethylene by fungal strains isolafeam
municipal solid waste. These microbial isolatesemasponsible for the decreasing weight of LDPEdilby
adhering on this inert surface and also utilizingd the only carbon and energy source which walkeet/by
increase in the fungal growth. This knowledge carubed as a valuable application to solve theiplastste
problems using a microbial tool.
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