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Abstract: 

Plastic is of great use, but at same time has lots of disadvantages as well, pollution of which is 

one of the major cause including both soil and air pollution.  Burning plastic releases lots of toxic 

chemicals that are really harmful to health, so to resolve this issue microorganisms can be used. 

The enzymes secreted by microbes are of great use and thus play an important role in 

degradation of plastics.  With this motive, the aim of the study was to isolate microorganism with 

capability to degrade the plastic.  5 different fungi were isolated form soil and were further used 

in the plastic degradation studies. 2 different plastics, that is, LDPE and polystyrene were used in 

the study for the degradation. Out of 5 isolated fungi one showed maximum LDPE as well as 

polystyrene degradation. Upon partial identification of the fungi, it was identified a species 

belonging to Rhizopus genus. This species showed 20.17% of degradation of LDPE film in 50 

days whereas 16.34% degradation of the polystyrene film in 30 days upon determination of 

weight loss before and after treatment with the fungi. Also, FTIR analysis of the films was done 

so as to confirm the change in the surface properties of the plastic. Thus, using microbes as an 

alternative solution for degradation of plastic can be of great use with minimal harm to mankind 

and offers a ecofriendly process. 
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Chapter 1 

 Introduction: 

From the past few years, materials of plastics have gained a great attention due to their use in 

food, shelter, transportation, cloth, construction and various other industries. The word plastic 

comes from the Greek word plastikos, which means ‘able to be molded into varied shapes’ [1]. 

Plastic, in simple language can be defined as a polymer which on heating becomes mobile and 

thus accordingly can be cast into the moulds [2]. Polyethene constitutes of at least 64% of total 

constituent of a plastic. It is a linear polymer that comprises monomeric units of ethylene (C2H4) 

[3]. Increasing demand of plastics in day to day life has also increased the risk of pollution and 

other health related hazards. 

 Plastic, becoming as the most adaptable synthetic and manmade substance is being used for 

various purposes. Having lot of advantages, degradation of plastic has become a major issue as it 

has number of harmful affects due to its accumulation in the soil and thus leading to soil 

pollution [4].Plastics that are used by us are generally made from, some of the organic and 

inorganic raw material including carbon, nitrogen, silicon, chloride , oxygen and hydrogen. The 

material required for making the plastic are obtained from oil, coal and natural gas [2]. The most 

conventionally used plastics include polystyrene, polypropylene, polyvinyl chloride, and 

polyethylene terephthalate and polyethylene [5]. Plastic accumulation in the terrestrial habitats 

has led to its ingestion by the endangered California condor, Gymnogyps californianus and 

caused a further decline of its population [6]. Polythene can even lead to blockage in the intestine 

of fish, marine mammals and birds [7]. 

 

 Plastic can be classified into two major types; Thermoplastics and Thermosetting plastics. 

Thermoplastic is a type of plastic which upon heating softens and upon cooling gets hard. When 

heated again and again thermoplastics can be molded into any shape and also they do not even 

undergo any change in the chemical composition. Example of thermosetting process includes 

Rubber Vulcanization.  There are three types of thermoplastics including, crystalline, amorphous 

and semi-crystalline type [8, 9]. On the other hand, thermosetting plastics are those, which upon 

heating becomes insoluble and infusible materials.  These polymers have permanent irreversible 
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polymerization. The first step in this type of polymerization includes polymer formation having 

linear chains whereas the second step includes cross linking between the structures formed. The 

end product formed can be either rigid or it may be flexible [10]. Examples of thermoplastics are 

ABS (acrylonitrile butadiene styrene), polyester and PMMA (acrylic). Polystyrene can be either 

thermoplastic or thermoset.  

Other types of plastics include: Natural and Synthetic plastics.  

Natural plastics are those, which are obtained naturally and thus can be extracted from plants, 

algae etc. Natural plastics are generally biodegradable. Whereas, Synthetic plastics are those 

which are formed as a result of a number of chemical reactions which thus leads to 

polymerization of the monomers, thus formation of plastic occurs [11]. Plastic contains additives 

such as plasticizer which can cause higher extent of toxicity. Plasticizers are those substances 

includes either low-melting solids or high-boiling organic liquids. Upon their addition to hard 

plastics, the flexibility and durability of the plastics get improved. It has been reported that plant 

death has been caused by the use of a plasticizer known as di butyl phthalate [12]. A number of 

experiments has also been to identify the potential toxicity of plasticizers especially phthalate 

plasticizers on human health. The results of several experiments showed a number of severe 

implications such as hepatic peroxisome proliferation, hormonal disorders, inducing allergic 

symptoms in children, reproductive toxicity, and carcinogenicity [13]. The three main ways to 

handle the plastics after its use include incineration, land filling, and recycling each of which has 

its own drawback. Land fill occupies wide space of field that can be efficiently used for other 

means like agriculture [14]. This method also consumes large amount of time, due to low oxygen 

concentrations during landfill thus leading to anaerobic conditions [15]. Incineration requires use 

of heat to bury the plastic. This process leads to accumulation of toxic materials in the 

environment therefore enhancing the chances of health related problems [14]. Chemical and 

mechanical processing of PET (polyethylene terephthalate) helps in PET recycling [16]. 

Chemolysis of PET results in depolymerization of plastic. Hydrolysis, methanolysis, glycolysis 

or aminolysis can lead to depolymerization reaction. Mechanolysis includes various properties to 

be changed like Flake size Melting temperature ,Viscosity (η), Water content ,Dye content, PVC 

content, Polyolefin content, Metal content, Yellowing index [16, 17]. 
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Other type of plastic is the biodegradable plastic, that include starch based and bacteria based 

plastics. Starch based plastics are generally derived for sources like wheat, potatoes, corn and 

rice. Starch is transformed into an altered polymer so as to solve the issue of starch deformation. 

The process results in conversion of lactic acid monomer to a polymer known as polylacitide 

(PLA). PLA and PGA are example of starch based polymers. Bacteria based plastics include 

PHA (poly hydroxyl acetone) that is polymer of PHB (poly hydroxyl butyrate) and PHV (poly 

hydroxyvulerate). Polyhydroxyalkanoates (PHA), a family of diverse bio-polyesters, used as 

biodegradable plastics [18]. 

Any physical or chemical change in a polymer occurs due to environmental factors such as light, 

heat, moisture, chemical conditions and biological activity. This change leads to loss of 

properties in the polymer and is referred as degradation. Photo degradation of plastic happens in 

presence of light. Thermal degradation happens due to heat whereas Biodegradation of plastics 

means degradation of plastic using micro organism when provided appropriate conditions 

[19].There are various factors that influence the biodegradability of the plastics. Environmental 

factors such as humidity, temperature, pH, salinity, water, stress the presence or absence of 

oxygen, sunlight and culture conditions not only affect the polymer degradation, but also have a 

great influence on the microbial population and enzyme activity [20]. 

To overcome the problem of soil pollution, biodegradation of plastic can be achieved using 

consortium of microorganism that widely include filamentous fungi and bacteria. Microbial act 

on plastic can be either directly or indirectly that consequently leads to deterioration and 

discoloration of the plastic. Plastic itself serve as carbon or nitrogen source for the effective 

growth of the microorganisms. Fungi and bacteria have been widely used for degradation of 

plastics. Degradation of plastics by microorganism is achieved with help of enzymes secreted by 

the microbe. These enzymes tend to cleave the chains of polymer into monomeric units, thus 

leading to effective degradation of the plastic. The increasing rate at which the plastic is 

accumulating in the environment has lead to increase in pollution and therefore is major concern 

to the scientists [21]. 
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1.1 GENERAL MECHANISM OF BIODEGRADATION: 
 

                                        Specific microorganism. 

                                                              

                      Adherence of micro organism to the surface of plastic. 

                                                          

 Plastic now serves as the sole carbon source for the microorganism, thus biofilm formed on       

the surface of the plastic and colonization start to happen.  

            

Release of extracellular enzyme, and its attachment to the plastic surface. 

                                                                              . 

 

 Cleavage of the polymer chains and its change to monomer units by the specific action of the      

enzyme.   

                                                    

 Assimilation, that is, integration of the various molecules transported to cytoplasm of microbe 

during microbial metabolism. 

                                                                    Release of carbon dioxide, water etc. 

 Complete degradation of plastic and excretion of various metabolites. 

 

The purpose of the study is to isolate micro organism from soil and screen it for the potential to 

secrete various enzymes such that it is capable to degrade the plastics. 
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Chapter 2 

REVIEW OF LITERATURE: 

Plastics are long chain of monomer units, thus resulting in formation of a polymeric chain. From 

the last few years there is uncontrolled use of plastics for various purposes including packaging, 

transport, building and construction, transport, agriculture, furniture, toys and sports etc.  Plastics 

are widely used not only due to the reason that they have good mechanical and thermal 

properties but also due to their high stability and durability [22]. While no authentic figures are 

available on total accumulation of plastic waste in India, it is evaluated to be approximately 5.6 

million tonnes per annum (TPA), which means it is about 15,342 tonnes per day (TPD).   

 Figure no.1 Sectoral consumption of plastic 

80 percent of the total plastic waste generated in India is contributed by thermoplastics or 

recyclable plastics, while remaining 20 per cent is accounted by the thermoset plastics or non-

recyclable plastics. The food packaging industry comprises mostly use polyethylene 

terephthalate (PET), high-density polyethylene (HDPE), polyvinyl chloride (PVC), low-density 

polyethylene (LDPE), polypropylene (PP), and polystyrene (PS) as the main components of 

common food packaging plastics 

Sectoral consumption of plastic

Packaging

Building and construction

Electrical and electronics

Furniture and housewares

Transport

Agriculture
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Table no. 1 The Society of the Plastics Industry (SPI) established a plastic classification 

system in for identification of plastics by consumers. 

Serial 

number 

Type of plastic Uses  

1. Polyethylene Terephthalate 

(PET) 

Beverage, medicine jars, rope, clothing, bottles, 

and carpet fiber. 

2. High Density Polyethylene 

(HDPE) 

Containers of milk, motor oil, soap bottles, 

detergents, shampoos and conditioners, and 

bleaches 

3. Poly Vinyl Chloride 

 (PVC) 

Used for all kinds of pipes and tiles. 

4. Low Density Polyethylene  

(LDPE) 

Cling-film, squeezable bottles, sandwich bags and 

plastic grocery bags. 

5. Polypropylene 

(PP) 

Lunch boxes, margarine containers, yogurt pots, 

syrup bottles, prescription bottles. 

6. Polystyrene 

(PS) 

Disposable coffee cups, plastic food boxes, plastic 

cutlery and packing foam 

7. Polycarbonate and Polylactide Baby bottles, compact discs, and medical storage 

containers 
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Table no. 2 Type of plastics, examples and their code designations. 

 

Type of plastic Code designations 

 

Code 1 

(PET) 

Eg. Bottles 

 

Code 2  

( HDPE) 

Eg. Milk containers 

 

Code 3  

(PVC) 

Eg. Plumber pipes 

 

Code 4 

(LDPE) 

Eg. Plastic bags 

 

Code 5 

(PP) 

Eg. Lunch box 

 

Code 6 

(PS)  

Eg. Coffee cups 

 

Code7 

(Miscellaneous types) 

Eg. CDs 

The Society of the Plastics Industry (SPI) established a plastic classification system in for 

identification of the plastics by the consumers. These include; 
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High plastic accumulation has occurred in the natural environment and in landfills. Around 10% 

by weight of the city  waste is plastic. Plastic that is discarded as such contaminates many natural 

terrestrial, freshwater and marine habitats [23]. A portion of the polymers have higher level of 

lightness( 46%, US EPA 2006), and subsequent things of plastic trash, for example, plasticizers 

like adipates and phthalates which are added most usually to weal the plastic cases of which 

incorporate polyvinyl chloride, in order to make the item sufficiently bendable. Hints of these 

mixes can exit out of the item. This intensifies that filter from polystyrene nourishment 

compartments have been anticipated to meddle with hormone works and should have cancer 

causing impact [24]. 

The plastic debris has a deleterious effect on the aquatic life. The polymers despite of having 

buoyant nature get folded with the marine life and this cause them to sink at the seabed [25]. 

Accumulation of plastic debris also causes major issues related to aesthetic problems, and 

eventually represents a hazard to maritime activities such as fishing and tourism [26]. Use of 

huge amount of different chemicals for the manufacture of plastics is reported to be toxic.  

 

Bisphenol A (BPA) may leech into the contents/liquids that the plastic container is holding. BPA 

acts as basic monomer of polycarbonate plastics, some of those that are used includes for bottled 

water, food packaging and other items. It has also been reported as an endocrine disrupting 

chemical which interferes with normal hormonal function [27, 28, 29]. 

 

 PVC is used in various products in the home including water pipe, may contain phthalates, BPA, 

flame retardants such as PBDEs or TBBPA, cadmium, lead and organotins, all of which have 

been shown in animal studies to result in obesity. Large amount of phthalates and BPA, as well 

as other plastic additives, are present in the human population [28]. 

Phthalates are that class of chemicals which are used for softening of plastics, for example, PVC 

(Polyvinyl Chloride), it tie the aromas in items, and go about  as solvents or fixatives, like the 

event of nail shines. People get presented to it in various courses, like, Inhalation i.e., taking in 

exhaust or scents from the solvents and fixatives, Ingestion that happens during biting on a 

plastic toy subsequently makes little openings in the plastic, giving a space to draining of 

chemicals from the toy into the baby’s mouth, Absorption that happens because of utilization of 
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salve, scents, and antiperspirants. Antagonistic wellbeing impacts, for example hormone 

interruption, formative and regenerative issues, asthma, low sperm count, undescended testicles, 

genital distortions, untimely puberty, and advancement of few tumors {29].Inappropriate 

discarding of  plastic play a major role in causing harm to life by increasing rate of 

environmental pollution. Also, burning of plastics such as polyvinylchloride (PVC) release 

persistent organic pollutants (POPs) called furans and dioxin [30]. Having almost similar 

material properties as compared with conventional plastics, polyhydroxyalkanoates (PHA), 

polycaprolactone, polylactides, polysaccharides and copolymer like biodegradable plastics such 

as polyesters or blend of these have been rapidly developed over the last few years.   

Different types of plastics get degraded in a different way depending on the type of polymer it is. 

Plastic can be either thermoset or thermoplastic [9], or it can be either natural or synthetic. Thus 

degradability is also affected by type of polymer. Various micro organisms have been associated 

with plastic degradation, which happens as a result of secretion of specific enzymes that act upon 

the polymeric plastic thus leading to it degradation. Plastic biodegradation begins actively under 

different soil conditions according to their physical and chemical properties, as the degrading 

source that is the microorganism differ from each other and also they have their own optimal 

growth conditions in the soil. Plastics generally act as potential substrates for microorganisms 

that are heterotrophic in nature that is they can use plastic as both its carbon and energy source 

[31].  

Both fungi and bacteria have been reported for the purpose of microbial degradation of plastics. 

Examples of these include, Sreptomyces, Aspergillus niger, Pseudomonas, Aspergillus flavus,  

Aspergillus japonicas, Pestalotiopis microspora, Pseudomonans putida, Penicillium 

simplicissium, Gloephyllum trabeum, Micrococcus luteus, Masoniella species, Bacillus mycoids, 

Bacillus subtilis, etc. Micro organisms living in the gut of bacteria also leads to plastic 

degradation as reported recently. All of these are associated with plastic degradation and that too 

with the specific type of plastic.  

Due to diverse forms of enzymes secreted by the fungi it has been dominating over bacteria in 

the bioremediation processes. One of such fungi reported is Phanerochaete chrysosporium, 

which is also known as white rot fungus is able produce wide range of enzymes of great 

importance in concern to plastic biodegradation. 
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Table no. 3 Some of the literature reports conducted, on Biodegradation of plastic using 

various microorganisms including bacteria and fungi. 

Sr. 

No. 

Micro organism used Plastic used Year  Reference 

number 

1. Aspergillus niger, Aspergillus 

japonicas 

LDPE (Low density 

polyethylene)  

2012  [32] 

2. Pseudomonas,  Streptomyces 

species 

Polythene, Plastic 2011 [33] 

3. Pestalotiopis microspora PUR( Poly 

urethane) 

2011 [34] 

4. Pseudomonas , Aspergillus 

glaucus 

Polythene, Plastic 2002 [35] 

5. Gloephyllum trabeum Polystyrene 

sulfonate 

2015 [36] 

6. Phanerochaete 

chrysosporium 

Starch based 

plastic polymer 

2003 [37] 

7. Bacillus mycoids, Bacillus 

subtilis 

LDPE and 

HDPE 

2013 [38] 

8. Penicillium  Polyethylene 2000 [39] 

9. Micrococcus Luteus, 

Masoniella Sp 

Plastic cups 2014   [40] 

10. Pseudomonans putida Polythene bags, 

plastic cups & 

bags, milk cover 

2014 [41] 

11. Pleurotus ostreatus 

 

Oxo-

Degradable-

Polyethylene and 

Polylactic Acid 

Films 

2014 [42] 
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Sr. 

No. 

Micro organism used Plastic used Year  Reference 

number 

12. Sreptomyces, Aspergillus 

niger, Pseudomonas, 

Aspergillus flavus 

Low density 

polyethylene 

(LDPE) 

2015 [43] 

13. Pseudomonas, Aspergillus, 

Bacillus, Penicillium  species 

 

Polyethylene 2012 [44] 

14. Mealworms gut- bacteria 

 

Polystyrene 2015 [45] 

15. Pseudomonas Synthetic 

Polyethylene 

2010 [46] 

16. Aspergillus and Fusarium 

species 

LDPE  2014 [04] 

17. Trichoderma harzianum Polyethylene 2014 [47] 

18. Bacillus amyloliquefaciens LDPE 2015 [48] 

19. Aspergillus clavatus JASK 1 LDPE 2016 [49] 

20. Bacillus weihenstephanensis, 

Burkholderia cepacia, 

Escherichia coli Aspergillus 

niger 

Plastic carry bag 2014 [50] 

 

Biodegradation reactions of plastic follow two types of pathways, aerobic reaction and anaerobic 

reaction. Both of this leads to a release different end products depending on the pathway the 

process follows. In presence of oxygen aerobic biodegradation occurs and production end 

product like carbon dioxide takes place. On the other hand anaerobic biodegradation involves 

absence of oxygen and release of end products like carbon dioxide and methane. [51] 
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                                        POLYMER  

                                                       (Depolymerization) 

                            Oligomer, Monomer, Dimer 

 

         Aerobic biodegradation      Anaerobic biodegradation 

 

               End products CO2, H2O      End products CO2, H2O CH4 

Due to plastic accumulation at a very high rate, the degradation of this plastic waste has become 

issue of concern. Degradation of plastic can be achieved with help of energetically, chemically, 

and biologically. Energetically it can be either thermal or radiant type of energy. Radiant energy 

types include UV rays, gamma rays, or ion beams. Chemical degradation is done with help of 

various chemicals such as acids or alkali. Micro organism can be used to degrade biodegradable 

plastics, which serves as biological means of degradation [51]. 

                                               Biodegradation of plastic    

              

    Bio-deterioration    Bio-fragmentation    Assimilation     Mineralization 

The main steps that are involved in the biodegradation of plastic includes; Bio-deterioration 

(involves attack of microbial consortia on the plastic which leads in physical and chemical 

changes in plastic), Bio-fragmentation (leads to the breakdown of oligomer units to dimer and 

monomer units), Assimilation (transportation of integrated molecules to the cytoplasm), 

Mineralization (complete degradation and release of end products) [51, 52]. 
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Figure no.2. Action of microorganism on polymeric chain of plastic and its breakdown into 

monomer subunits with the specific action of enzymes secreted by microorganism. 

Degradable plastics are those that can undergo chemical changes under specific environmental 

conditions (as described by the ASTM, American Society of Testing Materials and ISO, Indian 

standard Organization).  

Plastic degradation occurs only when appropriate conditions are provides. The process of 

biodegradation generally happens as a result of release of enzyme by the microorganism and 

their direct action on the plastic thus leading to its breakdown. 

Enzymes are biological catalysts that enhance the rate of chemical reaction that is, the 

conversion of particular substrates into specific products by providing favorable conditions that 

further decrease the activation energy of the chemical reaction. Enzyme may be either a protein 

or a glycoprotein. Enzymes have active sites; these sites are directly involved in the reaction. An 

enzyme may also have one or more extra groups that are covalently or non-covalently bonded to 

the active sites are essential for catalytic activity; the protein or glycoprotein moiety in such type 

of enzyme is known as apoenzyme, while the nonprotein moiety is known as the prosthetic 

group. The combination of the apoenzyme with the prosthetic group results into holoenzyme 

[53]. 
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Microbial enzymes are generally involved in the process of biodegradation. These enzymes 

include laccase, cutinase, hydrolase, esterase, protease and urease. Laccases are polyphenol 

oxidases. These enzymes are involved in the catalysis and the oxidation of phenolic and aromatic 

compounds), with reduction of oxygen to water. Laccase enzymes are found among various 

plants, fungi and bacteria, and are involved in many biological functions, such as breakdown of 

complex polymers (lignin, humic acid) into simple monomers, lignifications reactions, 

detoxification, morphogenesis, sporulation, etc. [53, 54]. Proteases enzymes are those that lead to 

the breakdown of protein molecule by hydrolyzing the peptide bond. Proteases are majorly 

divided into two categories , exopeptidases and endopeptidases [53].  

Peroxidases are those enzymes that catalyze the lignin oxidation and other phenolic compounds. 

Peroxidases are extensively classifies into lignin peroxidase (LiP), manganese-dependant 

peroxidase (MnP), and versatile peroxidase (VP) and have been studied frequently due to their 

ability to degrade toxic wastes in environment [53, 54]. Ureases are those enzymes that 

hydrolyze urea and librate ammonia. Esterases are those group of enzyme that catalyze cleavage 

and ester bond formation.  Esterases are involved in hydrolysis of carboxyl ester. Another group 

of enzymes lipases are also involved in plastic degradation and are highly involved in 

hydrocarbon elimination from soil. Lipases catalyze the hydrolysis of triacylglycerols to glycerol 

and free-fatty acids [55]. 

There are various factors that directly are involved in the biodegradation of the polymers. The 

characteristic properties of plastics influence the rate of biodegradability. Chemical and physical 

properties of plastic affect the process of degradation, some of these properties include, surface 

conditions plastic such as surface area, hydrophilicity and hydrophobicity of the plastic, the first 

order structures of plastic which include chemical structure and molecular weight of the plastic 

and the high order structures involving glass transition temperature, melting temperature, 

elasticity and crystallinity of plastics [56]. 

Crystallinity of a polymer affects drastically the rate of degradation. Microbial enzymes 

generally attack on the amorphous regions of polymers. Therefore, more region of crystallinity 

will directly affect the rate of degradation leading to decrease in degradation. Smaller plastic 

debris is degradable at higher rate as compared to larger plastic particles. Biodegradation is also 

enhanced by abiotic hydrolysis, photo-oxidation and physical disintegration. These processes 
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increase the surface area of the polymer and thus reduce the overall molecular weight of the 

polymer; leading to microbial degradation. Temperature, pH, oxygen availability and plastic 

concentration also influence the plastic degradation rates [5, 57]. 
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Chapter 3 

      SCOPE OF STUDY 

 This experimental study is related to degradation of plastic with the beneficial use of 

microorganisms.  

 The chemical methods available for degradation of plastic generally release toxic fumes 

and gases in the atmosphere, therefore degradation by the use of microorganisms will 

minimize this risk. 

 The present research work can isolate some microbial species that has the ability to 

degrade plastic and is of industrial applicability.  
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Chapter 4 

     OBJECTIVES OF STUDY 

 Isolation of microbial species from plastic disposed soil. 

 Partial identification of the isolated microbial species with potential of plastic 

degradation. 

 Physical and Chemical analysis of microbial degradation of plastic and change in various 

characteristics after degradation.  
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Chapter 5 

          Materials and Methods: 

          6.1 Collection of the sample 

Soil sample were collected in lock zip seal plastic bags from the village Pharala, near 

Behram, from 2 different sites with maximum plastic disposed garbage and 1 soil sample 

was collected from Ludhiana as well. 1 soil sample was specifically collected from the 

soil where plastic bags and as well as polystyrene plates were dumped in soil nearly 4-5 

cm in depth. 

 

Isolation of microorganisms was done from the soil sample collected from the sites where 

maximum amount of plastic was disposed off. Soil samples were collected from different 

sites.  The collected soil sample was subjected to serial dilution, and then dilutions were 

made 1:10 (10 ̄̄̄̄ 1), 1:100 (10 ̄ 2), 1:1000 (10 ̄ 3) and so on. 0.85% NaCl was used for making 

dilutions. From each dilution, 100 µl of sample was taken and spreading was performed in 

order to isolate the microbial species. Yeast Potato Dextrose Agar (pH 5.4) was used was 

used for isolation of fungal species. 

 

 Incubation of fungal plates were done at 25°C ± 2°C for 5-7 days and then growth was 

observed and further steps were performed. 

 

6.2 Sub culturing of fungal species for purification of single type of species. 

Fungal species were obtained after 5-7 days of spreading on YPD agar. In order to obtain 

a pure culture the fungal mycelia was further inoculated onto YPD agar plates. 

 

6.3 Pretreatment of plastic and polystyrene. 

Both plastic bag as well as polystyrene plates was cut into very small pieces and were then 

were grinded to get a fine powder with help of grinding machine separately [48]. 
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6.4 Screening of the purified isolates, with potential to degrade plastic and 

polystyrene. 

The purified isolates were further screened for their ability to degrade plastic. For 

screening the purified fungi were inoculated on 2% agar containing 1% powdered plastic 

and some low concentration of salts including, (NH4)2SO4 (0.6g/l), KH2PO4  (1.3g/l),  (Na 

3PO 4)2H 2O (0.12g/l), MgSO 4.7H 2O (0.3g/l), KCl (0.3g/l). 

The polystyrene and plastic powder was exposed to UV light for 20 minutes and then 

mixed with autoclaved 2% agar, finally poured to plates and inoculated with the fungal 

cultures. These plates were then incubated at 25°C ± 2°C for 5-7 days. 

 

Further screening of the isolates to degrade plastic film was carried out on YPD agar plate 

containing the plastic film inoculated with the purified fungal culture. Similarly plates 

were then incubated at 25°C ± 2°C for 37 days so as to check the weight loss in plastic 

film after degradation [35, 41]. Also the fungus that was showing fastest growth was 

inoculated in YPD broth along with plastic film in 4 different flasks and incubated at 25°C 

± 2°C. With certain intervals the plastic was weighed after 12, 22, 36 and 50 days 

respectively to check if loss in plastic film has taken place. 

 

Polystyrene films similarly were cut and put in YPD broth along with different purified 

cultures. These flasks were also then incubated at 25°C ± 2°C for 30 days. As described 

earlier weight was checked later. 

 

6.5 Washing of the plastic and polystyrene films after the incubation period along 

with the fungus. 

The plastic and polystyrene films were carefully taken out with forceps in laminar air flow 

from the plates after their respective incubations along with the fungus. These films were 

then washed with 70% ethanol and then incubated in shaker in 70% ethanol at room 

temperature for 2 hours. After 2 hours the films were then washed with distilled water and 

put on filter paper and dried overnight [48]. Next day each plastic film was weighed 

carefully and the films were further stored in zip lock plastic bag for further analysis each 

of which were labeled respectively.  
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6.6 Analysis of the change in properties of the plastic surface. 

The chemical changes in the surface of the plastic were further determined by the FTIR 

technique that tells us about the change in surface properties of plastic. These changes 

may include change in functional groups of a polymer, or a stretch in the carbon-carbon 

double bond. 
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Chapter 6 

RESULTS AND DISCUSSION: 
Isolation of the microorganisms was done from then soil with maximum disposed plastic. 

After 6-7 days of incubation fungal colonies were isolated and each dilution had different 

colonies, these colonies were then purified, to obtain a single type of fungus.  

 

 

        

 Figure. 3.a. Isolated fungal colonies after spreading of the serially diluted sample from soil 

sample 1. (From top left dilution 10 ̄ 2, 10 ̄ 3, 10 ̄ 4,   10 ̄ 5). 
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Figure.3.b. Isolated fungal colony from soil sample 2 (dilution 10 ̄̄ 2, rest all the 

plates were bacteria contaminated). 

 

  

 +  

 

Figure.3c. Isolated fungal colony from soil sample 3(dilution 10 ̄ 2, 10 ̄ 3, 

 10 ̄ 4,  10 ̄ 5). 
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Figure.3d. Isolated fungal colony from soil sample 4 (dilution 10 ̄ 2, 10 ̄ 3, 

 10 ̄ 4, 10 ̄ 5 , 10 ̄6). 
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Table no. 4. Morphological characteristics (Colony morphology of the fungal isolates) 

 

Serial 

number 

Soil 

Sample 

Color of colony Colony Characteristics 

1. Sample 1  White colored colony Raised , Cottony 

2. Sample 1 Whitish - brown colored 

colony 

Flat, Cottony 

3. Sample 1 Green colored colony  Powdered, Flat 

4. Sample 2  White colored colony Raised, Cottony 

5. Sample 3 Black colored colony Powdered, Flat 

6. Sample 4  Green colored colony White margin  

7. Sample 4 White colored colony Raised , sticky texture 

 

From the soil sample 1, 2, 3 and 4 different fungal colonies were obtained. From sample 1, three 

colonies, whereas form sample 2 and sample 3 only single type of fungal colony was obtained. 

From soil sample 4 that was isolated specifically from plastic and polystyrene dumped soil, 2 

colonies were obtained. Morphological characteristics of these colonies were carefully observed, 

like, the texture of colony, the elevation of colony, the color of colony etc.  
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Figure no.4. Purified fungal colonies obtained from the 4 different soil samples, which were 

used in the plastic degradation study (RR, WG, ASN, GG, and WW). 
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Table no.5 Microscopic identification of the fungus (LPCB staining) 

RR (Presence of 

rhizoids) 

  
GW (Presence of 

brush-like 

structure and 

septate hyphae) 

  
ASN (Presence of 

hyphae and 

spores) 

 
 

GG (Presence of 

spores and 

hyphae) 

  
WW 
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 Figure no.5. Both polystyrene and plastic (LDPE) were powdered using grinder for 

primary plastic degradation studies. 

 

Inoculation of the 5 purified cultures in 2% agar containing some salts in very low concentration 

such that the salt acts as the nitrogen source and the plastic powder acting as the only carbon 

source. This formulated media acted as a media that contained both nitrogen (use of salts) as well 

as carbon source (plastic powder and polystyrene powder). The control plates that contained only 

2% agar and fungus were also used such that growth pattern between the plates for a single 

species can be observed. In the plates containing plastic powder, low concentration of salts and 

2% agar dense growth was observed as compared to plates containing only 2% agar and low 

concentration of salts. From this observations it was interpreted that plastic was acting as carbon 

source in the plates were the plastic powder along with some salts was prepared, thus this acts as 

a media for the fungus which will allow the fungus to degrade the plastic by utilizing it. 

 

 

 

 

 

 

  

Polystyrene powder Plastic (LDPE) powder 
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Table no. 6: Comparison of growth for 5 different species inoculated in 2% agar containing 

1% plastic powder and polystyrene powder (acting as carbon source) and low 

concentration of salts (acting as nitrogen source), 2% agar, and the control plates 

containing only 2% agar and low concentration of salts. 

Fungu

s 

(AGAR + LDPE 

Powder + FUNGUS) 

(AGAR + POLYSTYRENE 

Powder + FUNGUS) 

(AGAR + FUNGUS) 

RR 

 

 

 GG 

 

ASN 
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Fungu

s 

(AGAR + LDPE 

Powder + FUNGUS) 

(AGAR + POLYSTYRENE 

Powder + FUNGUS) 

(AGAR + FUNGUS) 

WW 

 

 
 

GW 

 
 

 

Dense growth was observed in those plates where both carbon and nitrogen source was used as 

compared to the plates containing only nitrogen source. Polystyrene and plastic powder were 

acting as carbon source, whereas low concentration of salts were acting as nitrogen source. Thus 

indicating that the plastic and polystyrene along with the nitrogen source were utilized by the 

fungi. 
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WW (YPD agar+ Plastic film) RR (YPD agar + Plastic film)  GW (YPD agar + Plastic film) 

  

                                             

                        ASN (YPD agar+ Plastic film)        GG (YPD agar+ Plastic film) 

 

Figure no.6. The next step was to check the degradation of the plastic films inoculated in 

YPD agar medium and weight reduction after the treatment of plastic with fungus for 37 

days.  
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Figure no.7. Plastic films from the YPD agar plates were taken out with help of forceps and 

dipped in 50ml of 70% ethanol in different flasks and incubated in shaking incubator for 2 

hours. 

 

 

Figure no.8. Plastic films allowed to dry overnight on filter paper and then were weighed 

and compared with the weight of untreated plastic. 
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Table no. 7 Degradation of plastic using fungal species: 

Serial 

number 

Plastic sample Weight of plastic (in grams) 

1. Control (Untreated, UT) 0.0570 

2. Treated plastic films  

2a. GG, from soil sample 1 (Treated)  0.0479 

2b. RR, from soil sample 2(Treated) 0.0477 

2c. ASN, from soil sample 3(Treated) 0.0511 

2d. WG, from soil sample 4 (Treated) 0.0505 

2e. WW3, from soil sample 4 (Treated) 0.0513 

Percentage weight loss in plastic film 

Formula  

 

Table no. 8 Calculation of percentage weight loss after degradation studies of plastic by 

fungal species. 

Fungus Formula for calculation Percentage weight loss  

GG 0.0570 – 0.0479/ 0.0570*100 15.96% 

RR 0.0570 – 0.0477/0.0570*100 16.31% 

ASN 0.0570 – 0.0511/0.0570*100 10.35% 

WG 0.0570 – 0.0505/0.0570*100 11.40% 

WW3 0.0570 – 0.0513/0.0570*100 10% 
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Figure no.9. Percentage weight loss in plastic film by 5 different fungal species 

 

Plastic film degradation by RR fungi after 12, 22 and 36 days. 
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Table no. 9 Degradation of plastic film for RR fungi for 50 days  

Time period  Total number of days Weight of plastic film (in 

grams) 

6 Feb – 18 Feb  12 days 0.0525g 

6 Feb – 28 Feb 22 days  0.0506g  

6 Feb – 14 March 36 days 0.0473g 

6 Feb – 28 March 50 days 0.0455g 

 

Table no.10 Calculation of percentage weight loss of plastic film by RR fungi in 50 days. 

Fungus RR (Total 

days) 

Calculation  Percentage weight loss 

12days  0.0570 – 0.0525/0.0570*100 7.89% 

22 days 0.0570 – 0.0506/0.0570*100 11.22% 

36 days 0.0570 – 0.0473/0.0570*100 17.01% 

50 days 0.0570 – 0.0455/0.0570*100 20.17% 
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 Figure no.10. Percentage weight loss of plastic by RR fungi in 50 days. 

 

FTIR Analysis of Plastic film (LDPE): 

The spectral data of original LDPE molecule was compared with that degraded by fungus after 

50 days by the RR species, revealed a visible change in molecule. In untreated plastic apart from 

larger peaks there were less peaks in the range of 1500-2000 cm-1, whereas in the treated plastic 

small peaks of 1829.54, 1737.92,1650.16 and 1541.8 cm-1  appeared, which shows a drastic 

change in the polymeric molecule to the monomeric unit or less molecular weight compounds.  

Studies shown by Ojha et al, also showed similar kind of peaks and change in the peaks after 

treatment with the fungi Penicillium. This was done for LDPE film as well as HDPE film in the 

study performed by them [58]. 

 

 

7.89%

11.22%

17.01%

20.17%

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

12 days 22 days 36 days 50 days 

Pe
rc

en
ta

ge
 w

ei
gh

t l
os

s

Number of days

Percentage weight loss by RR 
species



45 | P a g e  
 

FTIR analysis of the plastic film (LDPE): 

 

Figure no.11. FTIR analysis of untreated plastic film (LDPE). 

 

Figure no.12 FTIR analysis of treated plastic film (LDPE) by RR fungi in 50 days. 
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ASN ( PS+ YPD broth)                GW( PS+ YPD broth)             GG ( PS+ YPD broth)               

 

 

                      

                RR (PS+ YPD broth)                                    WW ( PS+ YPD broth)             

Figure no.13. Degradation of polystyrene films by fungal species for 30 days. 
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Table no. 11 Degradation of polystyrene films for 30 days in duplicates by 5 species. 

Serial no. Polystyrene sample  Weight of Polystyrene film 

(in grams) 

1. Untreated 0.0220 gm 

2. Treated polystyrene samples D1 D2 
 

2a. GG, from soil sample 1 (Treated)  0.0211 0.0214 
 

2b. RR, from soil sample 2(Treated) 0.0175 0.0193 
 

2c. ASN, from soil sample 3(Treated) 0.0206 0.0213 
 

2d. WG, from soil sample 4 (Treated) 0.0212 0.0210 
 

2e. WW3, from soil sample 4 (Treated) 0.0218 0.0219 
 

 

Table no. 12 Calculation of percentage weight loss of polystyrene film by the fungal species. 

Fungus Calculation Percentage weight loss 

GG 0.0220 – 0.0212/0.0220 * 100 3.4% 

RR 0.0220 – 0.0184/0.0220 * 100 16.34% 

ASN 0.0220 – 0.0209/0.0220 * 100 5% 

WG 0.0220 – 0.0211/0.0220 * 100 4.09% 

WW3 0.0220 – 0.0218/0.0220 * 100 0.60% 
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Figure no.14. Percentage weight loss of polystyrene film by 5 fungal species. 

 

FTIR analysis of polystyrene film: 

The spectral data of original Polystyrene molecule was compared with that degraded by fungus 

after 50days reveals a visible change in molecule. In the treated polystyrene as compared to the 

untreated, the peaks of 1743.71 cm-1 were missing, similarly another peak of 905.61 cm-1 is 

found in the treated polystyrene. Also in range of 2000-1500, the peaks observed in untreated 

plastic were then found missing in the treated plastic. 

Studies have also shown that photoxidative degradation of polystyrene shows a FTIR spectra that 

shows a change in the peak before and after treatment at different time intervals. These studies 

also showed stretch in the bond after treatment with UV [59]. 
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FTIR analysis of polystyrene film: 

 

Figure no.15. FTIR analysis of untreated polystyrene film. 

 

Figure no.16. FTIR analysis of treated polystyrene film for 30 days by RR. 
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Discussion: 

 Fungal species showed enormous potential to degrade the plastic and polystyrene films. Species 

belonging to Rhizopus genus out of all the 5 different fungi showed maximal degradation of both 

plastic and polystyrene film. The analysis for weight loss was done by determining the weight 

loss of plastic film before and after treatment.  Out of the 5 species 3 of these were identified 

partially on the basis of their macroscopic and microscopic characteristics. These 3 were 

belonging to genus Rhizopus, Aspergillus, Penicillium. In comparison to other studies done by 

various researchers, Rhizopus species showed 20.17% degradation for plastic films in 50 days 

whereas 16.34% degradation for polystyrene films in 30 days as compared to plastic degradation 

shown by Aspergillus glacus and Aspergillus niger, being 7.26% and 5.54% in 30days [35]. 

Studies shown by Raaman et al, concluded that Aspergillus niger and Aspergillus japonicus 

show degradation of plastic as 5.8% and 11.11% in 1 month [32].  

On the other hand not much work has been done on degradation of polystyrene so as the use of 

polystyrene plates increases day by day for daily needs, degradation of these types of plastic is 

becoming greater issue. Thus, fungus belonging to Rhizopus genus shows a higher potential to be 

used for the degradation purposes being an ecofriendly step towards degradation. 
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Chapter 7 

          SUMMARY AND CONCLUSION: 

Plastic disposal is becoming the great issue nowadays and is of great concern as it is the 

major cause to increase the pollution. Not only human beings get affected by this but 

animals even get affected by this. Therefore to deal with this problem, some of the 

conventional methods include land filling, incineration and recycling. Out of these, land 

filling and incineration both lead to soil pollution, if not disposed properly, as well as air 

pollution hence causing a number of health related issues. Recycling is one of the best 

method and leading to minimizing various risks and health related issues.  

Microorganisms are the most effective ones to deal with this problem. Due to huge 

diversity of microorganisms they have been use widely in bioremediation specifically 

fungi. Similarly, for plastic degradation even microorganism can be used and hence being 

a ecofriendly process this will surely reduce the problem of plastic disposal and hence 

proper disposal and degrading of plastic. 

Therefore, making proper procedures for plastic disposal and use of various fungal 

consortia can really solve these major problems. Although this may take a little larger 

time but can be very promising for future prospective if proper plans are made. 
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