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Abstract 

The polluted soil samples were collected from five 

different locations in Thirukalukundram, Aruna 

Matriculation Higher Secondary School, Annai 

Theresa Arts & Science, College, Soap Company, 

Government Hospital and Garbage Dumping Yard. 

Microbes were isolated by serial dilution and spread 

plate method from five different locations. 

Characterization and identification of microbes was 

done by Gram staining, catalase, oxidase and 

motility. Bacillus sp., Staphylococcus sp., 

Corynebacterium sp., Clostridium sp., and 

Actinomycetes sp. was identified from the collected 

samples. The biodegradation potential of microbes 

on different kinds of Plastics like10, 20 and 40 

microns thickness was studied about 40 days period 

of time interval. The degradation potential of 

microbes on Polyethenes was calculated once in a 

ten days. Biodegradation potential was characterized 

by FTIR analysis. Among the isolated microbes, 

Bacillus sp showed the high potential on degradation 

activity on Polyethenes. The current research proves 

that Bacillus sp could be effectively used to degrade 

Polyethene interrestrial environments. Utilization of 

the Bacillus sp may be the best solution to solve the 

land pollution by Polyethene and also to conserve the 

natural environment. 

 

Keywords: Actinomycetes sp, Bacillus sp, 

Clostridium sp, Corynebacterium sp, Staphylococcus 

sp and Polyethenes. 

1. Introduction: 

Plastics can be said as building materials as they are 

being used for several purposes in our everyday life 
[1]

. On the opposite they are responsible for the 

environmental pollution by getting amass in the 

environment this takes place since its constant 

character 
[2]

. Plastic is an artificial polymer. It 

consists of carbon, nitrogen, oxygen, silicon, 

hydrogen and chloride. It is derived from various 

sources such as coal, oil and natural gas. Plastics are 

widely used since its firmness and robustness. They 

are many types such as Polyethene (PE), nylons, 

Polystyrene (PS), Poly Ethylene Terephthalate 

(PET), Polyurethane (PUR) and Polyvinyl Chloride 

(PVC)
[3]

. Due to the deficiency of proficient methods 

for protected clearance of these artificial polymers, 

they often end up dumped in the environment, 

pretentiousness rising environmental threat to 

vegetation and animals 
[4]

. 

Plastic deprivation by microorganisms due to the 

action of certain enzymes that breaks the polymer 

chains into monomers and oligomers. Plastic that has 

been enzymatically busted down further fascinated 

by the microbial cells to be metabolized. Aerobic 

metabolism forms CO2 and H2O. Anaerobic 

metabolism produces carbon dioxide, water, and 

methane as end products 
[5]

. 

In the normal circumstance degradable or 

nondegradable organic materials are considered as 

the main environmental problem, e.g. plastics.  The 

accretion of these plastic wastes created severe 

hazard to environment and wild life 
[6]

. The 

environmental concerns include water, soil and air 

pollution. The dispersion of rural, urban and 

industrial effluents pollutes the soil. The soil 

contaminations are mainly formed by 

anthropological actions 
[7]

. Environmental pollution 

is caused by synthetic polymers, such as water-

soluble synthetic polymers and wastes of plastic in 

wastewater 
[8]

. Being an adaptable, lightweight, 

sturdy and potentially translucent substance, Plastics 

are finest matched for a diversity of applications. 
[9]

.  
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More than a couple of decades, plastic materials have 

increased prevalent use as they have been 

progressively more in shelter, clothing, construction,  

food, transportation, therapeutic and relaxation 

industries 
[10]

. The stability, light heaviness and 

process capacity of these polymers causes them to 

longer in the environment for several years and end 

up in landfills and natural water resources producing 

a cruel hazard to the environment and  its ecosystems 
[11]

.   

As the microbes have diverse character, so the 

deprivation diverges from one microorganism to 

another. Microorganisms degrade the polymers like 

Polyethene, polyurethane by using it as a substrate 

for their growth. A variety of factors which are 

accountable for biodegradation are the type of 

treatment required, organism characteristics and type 

of polymers
 [12, 13]

. Biosurfactant, an extracellular 

surfactant concealed by microbes, enhances the 

biodegradation progression 
[14]

. Microorganisms can 

degrade plastic over 90 genera, from bacteria and 

fungi, among them; Pseudomonas sp., Bacillus 

megaterium, Ralstonia eutropha, Azotobacter, 

Halomonas sp., etc. 
[15]

. 

There are too poisonous monomers, which have been 

associated to tumor and reproductive troubles. Due 

to consciousness of wastes complexity among public 

and its collision on the environment has awakened 

new interest in the area of degradable polymers. 
[16]

. 

Moreover, these artificial polymers are usually non-

biodegradable until they are degraded into little 

molecular mass fragments that can be incorporated 

by microorganisms 
[17]

.  

In addition, eco-friendly plastics recommend set of 

reward such as low gathering of massive synthetic 

resources in the environment (which invariably 

minimize injuries to wild animals) increased soil 

fertility and reduction in the cost of waste 

management 
[18]

. Hence the present manuscript aims 

to isolate and investigate on the different microbial 

species that are capable to degrade polymer bags. 

Recent years, environmental problem related to 

nonbiodegradable thermoplastics and research to 

modify them to biodegradable materials is of great 

interest 
[19]

. As per a research study, plastic played a 

role about 8% of the entire solid waste generated 
[20]

. 

From early 20
th
  century, the environmental concern 

regarding to its slow degradation started as it takes 

thousands of years for its efficient degradation. To 

prevent accumulation of plastic it should be properly 

disposed. Abundant plastic wastes have often been 

found during deep-sea investigation using research 

submersibles 
[21]

. From the foregoing accounts and 

also on the literature surveys there are controversial 

reports on the degradation of plastics, hence the 

present investigation has been undertaken to present 

an authenticated report. 

 

2. Materials and Methods: 

2.1 Sample collection 
Samples were collected from different soil polluted 

areas of Thirukkalukundram,              located 52 kms 

away from Kanchipuram, Aruna Matriculation 

Higher Secondary School, Annai Theresa Arts & 

Science College, Soap Company, Government 

Hospital and Garbage dumping yard. The sample 

was brought to the laboratory in sterile condition and 

kept in laboratory condition for further use.  

Polyethene bags of different densities such as 10 

micron, 20 micron and 40 micron were purchased 

from local market of Thirukkalukundram. 

 

2.2 Serial dilution method  
1 gm of soil sample was transferred into a clean 

conical flask having 10ml of sterile distilled water. 

The combination was mixed and serially diluted 
[22]

. 

 

2.3 Spread plate method  
The isolation of microbes was carried out by 

scattering the dilution and the Polyethene pieces of 

4×4 cm were cut and located on the nutrient agar 

plates. Later than the incubation the growth of 

microorganisms were seen on the Polyethene strips 
[23]

. 

 

2.4 Screening of Polyethene degrading 

microorganisms 
This was performed  by zone of clearance technique 

where the 0.5 concentrations of Poly Ethylene 

Glycol was used in minimal media having salts of 

ammonium and potassium and the zone of clearance 

around the colonies were observed by staining with 

Coomassiee blue this indicate its capacity to utilize 

Polyethene as C-source and degrade Polyethene 
[24]

.. 

 

2.5 Characterization and identification of 

microorganisms      
Subsequent to screening the isolates were 

characterized by different morphological and 

biochemical analysis, according to Bergey’s manual 

determinative bacteriology 
[25]

. 

 

2.6 Pre-treatment of Polyethene  
The Polyethene covers were incise into the tiny strips 

then transferred to a clean solution having 70ml 

Tween 80, 10ml bleach, and 984ml distilled water 

and mixing for 40 to 60 minutes 
[26]

. Then the strips 

were taken onto a beaker with distilled water and 

mixed for 1 hour. Additional, they were aseptically 

kept in the ethanol solution 70% 
[23]

. 

 

2.7 Degradation of Pre-treated Polyethene  
At first weighed strips of 4×4-cm size of 10, 20 and 

40 micron Polyethene were aseptically taken to the 

conical flask having 50 ml of nutrient broth medium 

and loaded with bacteria (0.5ml). Control was kept 
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with plastic discs in the germ-free medium. Various 

flasks were placed in a shaker for 10, 20 and 40 days 

respectively. After the respective duration of 

shaking, the Polyethene strips were taken, washed 

carefully using distilled water, shade-dried and then 

weighed for final weight and percentage of weight 

loss were calculated using following formula 
[5]

. 
 
Formula for calculating the degradation activity of 

microbes:  

 

                                     Final weight 

 % of Biodegradation = ------------------------x 100 

                                            Initial Weight 

 

2.8 FTIR: 
Fourier Transform Infrared analysis (FTIR) 

spectroscopy was carried out by using the degraded 

Polyethene mixture with Bacillus sp.  Fourier 

Transform Infrared spectrophotometer was used to 

determine the chemical nature of the degraded 

compound after 40 days of treatment. 

3. Results: 

 

Note* The left side plate is in the concentration of 

10
-3 

          The centre plate is in the concentration of 10
-5 

          The right side plate is in the concentration of 

10
-7 

Plate. 1 Colony morphology of isolated organisms 

from different locations 

 

3.1 Colony Morphology 
The sample collected from the Aruna Matriculation 

Higher Secondary School showed the colony 

morphology on the plates were pale-white, circular, 

flat, opaque, round, medium and the white-dull, 

entire, pulvinate or umbonate, opaque, irregular, 

large In the case of Annai Theresa Arts & Science 

College was observed as white, entire, convex, 

opaque or translucent, circular, medium and the 

white-dull, entire, pulvinate or umbonate, opaque, 

irregular, large colonies were observed. Whereas in 

Soap Company colonies were seen like creamish-

white, entire, raised, translucent, irregular, large and 

the white-dull, entire, pulvinate or umbonate, 

opaque, irregular, large. The sample collected from 

the Government Hospital showed the colony 

morphology on the plate was observed as white, 

circular, raised, opaque, round, large and the white-

dull, entire, pulvinate or umbonate, opaque, irregular, 

large. Whereas in Garbage Dumping Yard showed 

white-dull, wavy, umbonate, opaque, irregular, large, 

motile and the white-dull, entire, pulvinate or 

umbonate, opaque, irregular, large colonies (Plate. 

1). 

 

3.2 Preliminary tests 
As for as the gram staining is concerned the 

organisms isolated from Aruna Matriculation Higher 

Secondary School, Soap Company, Government 

Hospital and Garbage Dumping Yard showed gram-

positive rods. Whereas in Annai Theresa Arts & 

Science College showed gram-positive coccus. 

Whereas in motility the organisms isolated from 

Aruna Matriculation Higher Secondary School, Soap 

Company and Government Hospital showed motile 

results. Annai Theresa Arts & Science College and 

Garbage Dumping Yardnon-motile organisms were 

found. Soap Company showed negative results for 

catalase rest of the locations showed appearance of 

gas bubbles and resulted as positive results. As for 

the Oxidase test was concerned all the locations 

showed negative results except Aruna Matriculation 

Higher Secondary School (Table. 1). 

 

3.3 Degradation of Polyethene 
           The degradation activity of microbes on the 

Polyethenes in Aruna Matriculation Higher 

Secondary School showed the moderate. Annai 

Theresa Arts & Science College showed the lower 

rate of degradation. The efficient activity was 

observed in Soap Company. The moderate activity 

was observed in Government Hospital, whereas in 

Garbage Dumping Yard it showed the higher 

degradation activity (Plate. 2). 

The isolated microbial strains have shown 

degradation potential on Polyethene. The Bacillus sp 

showed interesting facts in the degradation activity. 

The initial weight of the 10 micron Polyethene was 

1.2 mg, 20 micron 2.4 mg and 40 micron 4.5 mg 

respectively. At the end of the 60
th
 day the weight of 

the 10 micron was decreased into 0.5 mg (0.41%), 20 

micron into 1.8 (0.75%) and 40 micron into 3.9 mg 

(0.86%). On 60
th
 day the Staphylococcus sp showed 

the 10 micron was decreased into 0.7 mg (0.58%), 20 

micron into 2mg (0.83%) and 40 micron into 4.1 mg 

(0.91%). Whereas Corynebacterium sp showed the 

10 micron was decreased into 0.8 mg (0.66%), 20 

micron into 2.1 mg (0.87%) and 40 micron into 4.1 
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mg (0.91%). Clostridium sp degraded the 10 micron 

Polyethene cover into 0.6 mg (0.50%), 20 micron 

into 1.9 mg (0.79%) and 40 micron into 4 mg 

(0.88%). Actinomycetes degraded the 10, 20, and 40 

microns Polyethene covers into 1 mg (0.83%), 2.2 

mg (0.91%) and 4.2 mg (0.93%) respectively (Fig. 1, 

2,3,4,5 and Table. 2). 

4. Discussion: 

Biodegradation based on the polymer characteristics, 

organism category and nature of pretreatment 
[16]

. 

The pre-treatment of polyethene is extremely 

important for its biodegradation. Physical breaking 

of the polyethene and chemical cleaning by ethanol 

might have added advantage to its degradability. To 

sustain this, Volke-Sepulveda 
[27] 

showed that 

addition of ethanol to fungal cultures containing 

Polyethene improved the biodegradation rate of the 

polymer. In this current research, only the 

Polyethene degrading microorganisms are screened 

and used to observe their potential of degradation of 

Polyethenes. The impact of the weight loss of the 

Polyethenes is measured within the particular time 

interval of period. 

 

 

Table. 1 Colony morphology of the microbial strain on the basis of serial dilution from different locations 
 

S.No 
Colony Morphology & 

Preliminary Tests 
Isolate 1 

Bacillus sp 

Isolate 2 

Staphylococcus sp 

Isolate 3 

Corynebacterium sp 

Isolate 4 

Clostridium sp 

Isolate 5 

Actinomycetes sp 

1 Colony colour Pale-white White Creamish-White White White-dull 

2 Margin Circular Entire Entire Circular Wavy 

3 Elevation Flat Convex Raised Raised Umbonate 

4 Opaque / Translucent Opaque 
Opaque / 

Translucent 
Translucent Opaque Opaque 

5 Shape Round Circular Irregular Round Irregular 

6 Size Medium Medium Large Large Large 

7 Motility Non-Motile Non-Motile Motile Motile Non-Motile 

8 Gram Staining 
Gram-

positive rods 

Gram-Positive 

coccus 
Gram-Positive rods 

Gram-negative 

rods 

Gram-Positive 

Rods 

9 Catalase Positive Positive Positive Positive Positive 

10 Oxidase Positive Negative Negative Positive Positive 

 

Table. 2 Potential of biodegradation by isolated microbial strains on Polyethene covers 

 

S.No 

Density of the 

Polyethene 

Covers 
10 Microns 20 Microns 40 Microns 

Name of the 

isolated Bacteria In
it

ia
l 

w
t 

 

F
in

al
 w

t 
 

D
if

fe
re

n
ce

 

W
ei

g
h
t 

L
o
ss

/m
o
n
th

 

In
it

ia
l 

w
t 

 

F
in

al
 w

t 
 

D
if

fe
re

n
ce

 

W
ei

g
h
t 

L
o
ss

/m
o
n
th

 

In
it

ia
l 

w
t 

 

F
in

al
 w

t 
 

D
if

fe
re

n
ce

 

W
ei

g
h
t 

L
o
ss

/m
o
n
th

 

(m
g ) 

(m
g ) 

 (
in

 

%
) 

(m
g ) 

(m
g ) 

 (
in

 

%
) 

(m
g ) 

(m
g ) 

 (
in

 

%
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1 Bacillus sp 1.2 0.5 0.7 0.41% 2.4 1.8 0.6 0.75% 4.5 3.9 0.6 0.86% 

2 
Staphylococcus 

sp 
1.2 0.7 0.58 0.58% 2.4 2 0.4 0.83% 4.5 4.1 0.4 0.91% 

3 
Corynebacterium 

sp 
1.2 0.8 0.4 0.66% 2.4 2.1 0.3 0.87% 4.5 4.1 0.4 0.91% 

4 Clostridium sp 1.2 0.6 0.6 0.50% 2.4 1.9 0.5 0.79% 4.5 4 0.5 0.88% 

5 Actinomycetes sp 1.2 1 0.2 0.83% 2.4 2.2 0.2 0.91% 4.5 4.2 0.3 0.93% 
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Biological degradability of polymers by microbes 

reduce with enhance in the molecular weight of the 

polymer. With raise in molecular weight, there is 

decline in polymer solubility which makes it adverse 

for microbial assault as the polymer needs to be 

incorporated into the bacterial cell covering and 

busted down by cellular enzymes. Replicating units 

of polymers like monomers, dimers and oligomers 

are simply tainted and mineralized 
[16]

. 

Biodegradation is improved by abiotic hydrolysis, 

photo-oxidation and physical disintegration. These 

processes increase the exterior region of the polymer 

and lessen its molecular weight; assisting microbial 

degradation 
[28]

. 
 

 
Note* The left side conical flask contains 10 micron 

Polyethene cover strips 

           The centre conical flask contains 20 micron 

Polyethene cover strips   

           The right side conical flask contains 40 

micron Polyethene cover strips  

Plate. 2 Biodegradation of Polyethene covers by 

isolated organisms  

Considerable number of researches supports such 

degradation capacity of micro-organisms. 

Pseudomonas sp can be degrading the Polystyrene; 

no toxic pre-treatment was not given to these 

polystyrene samples. Pseudomonas sp was isolated 

from the areas which were polluted with polyolefin’s 

and then sub cultured on artificial media in the lab 
[29]

.  

A. niger and Rhodococcus fascians biodegrade PS at 

a quicker rate as compared to B. subtilis, 

Pseudomonas aeruginosa and Micrococcus luteus. 

Umamaheswari and Murali, 
[30]

, discovered that PET 

and PS bubbles obscured in soil, cow-dung, and 

sewage can be degraded by fungi breaking bonds of 

PET and PS foam polymer and these putrefaction 

can be confirmed by FTIR spectroscopy which 

showed stretching between the constituent bonds like 

C=C, CH, OH, C-O, and C=O of polymer. Studies 

also support the degradation of other plastics by 

various soil microorganisms 
[31, 32]

. 
 

 
 

Fig. 1 Biodegradation of Polyethene by Bacillus sp 

 

 
Fig. 2 Biodegradation of Polyethene by 

Staphylococcus sp 
 

After one week to ensure the capability of loaded 

microbe to humiliate the LDPE strips were taken out, 

a greasy development on the outside of Polyethene 

was reported; it is a type of biofilm creation.  Study 

of biofilm produced by Penicillium created by 

Penicillium frequentans and Bacillus mycoides 

showed that Penicillium frequentans had Polyethene 

(DPE-chemical or photo initiator added Polyethene) 

deprivation capability and since it can colonize on 

Polyethene 
[33]

.  

Microbes capable of Polyethene degradation are 

native to many sites like Mangrove forests 
[34] 

Polyethene dumped garbage soil 
[35] 

and garden soil 
[36]

.On sequencing, the isolate was found to be 

Staphylococcus arlettae. This organism showed vast 

changes in the intensity of absorption by Polyethene 

films representing the degradation of the 

Polyethene.The researchers screened Polyethene 

degrading microorganism from garbage soil which 
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revealed greater potential of Streptomyces sp when 

compared to other bacteria and fungi 
[27]

.  

Similarly, gram positive non-sporing rods from 

landfills were found to degrade Polyethene 

efficiently 
[37]

. The present study shows result is in 

accordance with 
[34]

, where Staphylococcus sp was 

found to degrade plastic effectively on the basis of 

weight loss of upto 52%. Other studies were also 

conducted to isolate fungi with ability to degrade 

Polyethene. Study by Singh and Gupta 
[28]

; 

Saminathan 
[35]

 showed common soil fungi like 

Aspergillus, Mucor, Penicillium, Fusarium etc., has 

the ability to degrade LDPE upto 36% (Aspergillus).  

 

 
Fig. 3 Biodegradation of Polyethene by 

Corynebacterium sp 

 
Fig. 4 Biodegradation of Polyethene by Clostridium 

sp 

 

Fig. 5 Biodegradation of Polyethene by 

Actinomycetes sp 

FTIR: 

 
Fourier transform infrared spectroscopy was 

performed to illuminate the chemical constitution of 

degraded Polyethene covers by Bacillus sp to 

identify the type of functional groups. The infrared 

absorption bands confirm the biodegradation of 

Polyethene as some chemical changes were seen in 

surface of the polymer (Fig. 6). Since the Bacillus sp 

showed better degradation hence the FTIR 

performed for this species alone.   

 

 
 

Fig. 6 FTIR Analysis shows the frequency peaks of 

degraded sample by Bacillus sp 

 

Previous study has explored that the isolated 

Staphylococcus arlettae strain is capable of 

degrading Polyethene films effectively and the 

change in intensities of alkane group was observed 

through FTIR analysis 
[38]

. During the incubation 

period, the system was maintained undisturbed with 

no supplementation of exogenous nutrients into the 

medium. Hence, it may be recognized that after the 

mineral nutrients from the media were totally utilized 

by the bacteria, Polyethene served as the carbon and 

energy source 
[39]

.  

In present study, the isolated microbes from different 

locations show the sufficient activity of degradation 

of Polyethenes. Since, the Bacillus sp, shows the 

high level degradation amount of Polyethenes which 

has been isolated from the garbage dumping yard. 

Though it has wide variety of organisms, the growth 

of the Bacillus sp would be high in the cultured plate. 

It proves that the dumping yard contains the high 

amount of Bacillus sp where it can degrade the 

Polyethenes in some sort of time interval. 

 

5. Conclusion: 

 
Polyethene bags are used world-wide, since it is easy 

to carry out and easy to dispose everywhere. But the 

degradation of those Polyethene bags was so hard 

now-a-days. It creates soil pollution and the nutrient 

amount present in the soil. Also these Polyethene 
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covers are making a thick layer over the earth 

surface; due to this the percolation of rain water in 

the underground is disturbed. The microbial flora in 

the soil also gets disturbed. The current research will 

help to degrade the Polyethene bags and also without 

forming any harmful activities to the environment. 

Based on the potential of the microbes may be used 

in the degradation process. This research work 

reduces the time requirement for the degradation of 

Polyethene bags and also does not affect the human 

health. Burning plastics releases the toxic substance 

called diaxin, which causes in born error in human 

beings. The large scale production of the culture and 

it may be spread over on the Dumping yard may 

show the high degradation activity on the 

degradation of Polyethenes. 
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