
Vol.:(0123456789)1 3

Archives of Microbiology (2022) 204:497 
https://doi.org/10.1007/s00203-022-03081-8

ORIGINAL PAPER

Biodegradation study of Polyethylene and PVC using naturally 
occurring plastic degrading microbes

Saira Saeed1   · Atia Iqbal1 · Farah Deeba2

Received: 1 July 2021 / Revised: 11 June 2022 / Accepted: 15 June 2022 / Published online: 18 July 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
One of the most serious man-made concerns today is the ever-increasing amount of plastic waste overwhelming the planet. 
The worldwide interest in using polymers consistently expanded over the years. Because of the plastic wastes thrown into 
the environment, outrageously the plastic pollution is increasing. In the present study, degradation of PVC and polyethylene-
derived synthetic polymers has been carried out. The fungi and bacteria were isolated from the soil of the plastic waste 
environment and were used for the biodegradation of plastic films. Successful bacterial candidates for biodegradation 
were identified after screening. The bacterial strain Sb1 was identified as Bacillus licheniformis and Sb2 as Achromobacter 
xylosoxidans. The fungal strains Sf.1 and Sf.2 were identified as Aspergillus niger and Aspergillus glaucus, respectively. The 
degraded polymeric films were critically assessed by following the characterization methods like weight loss, FTIR and SEM. 
The results indicate that the polymers of polyethylene sample showed 32.2% degradation using bacterial strains and 40% 
using fungal strains in a time duration of just 4 weeks. PVC samples degraded 17 and 32% by fungal strains after 4 weeks. 
The changes in surface topography was confirmed by scanning electron microscopy and the changes in functional groups 
intensity was observed using the FTIR. Different parameters, varying temperature, pH, and inoculum concentration, were 
also evaluated, which implied that plastic waste treated by fungal and bacterial strains gives significant (p < 0.05) result in 
polymer degradation. As a result, the current research gave a scientific justification that bacteria and fungus could be further 
developed as promising candidates for plastic bioremediation.
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Introduction

The term "plastic" refers to a wide spectrum of high molecu-
lar weight polymers, the commercial plastics used in soci-
ety, such as food and drink containers, textile fibers, and 
building materials, are limited to a few varieties. Every year, 
about 320 million tons of plastic are manufactured, which is 
expected to threefold by 2034 (Ritchie 2018; European Par-
liament 2020). As a result, around eight million metric tons 
of plastic garbage are deposited each year into either landfills 

or the ocean, causing environmental destruction. (Alvarez-
Barragan et al. 2016). Apart from direct exposure, poor plas-
tic waste management has been linked to substantial health 
consequences and increased mortality in low- and middle-
income nations because of open burning and obstruction of 
rivers, resulting in higher rates of respiratory and waterborne 
infections, respectively (Williams et al. 2019).

Synthetic plastics account for about 80 percent of overall 
plastic use worldwide. Polyethylene, polypropylene, poly-
styrene, polyester polyurethane (PU), polyvinylchloride 
(PVC), polyethylene terephthalate (PET), polytetrafluoro-
ethylene (PTFE), nylon and polycarbonate are some of the 
most commonly used synthetic plastics (Alvarez-Barragan 
et al. 2016). In many respects, plastic has helped the human 
being and with the population outburst and economic pros-
perity, it is the use increased. These plastics are used in the 
aeronautics, building and construction industries, packaging, 
electronics, transport and refrigerator insulation (Khan et al. 
2017). Ethylene long-chain polymers such as low-density 
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polyethylene and high-density polyethylene have been used 
commercially in packaging. In the packaging industry, these 
long-chain polymers are seeking attention because of their 
low weight (Begum et al. 2015). Despite that, Plastics have 
many benefits, but they also pose significant environmental 
threats (Awasthi et al. 2017).

Pakistan is a developing country with a long history of 
dealing with plastic trash issues. Plastic waste mostly found 
in the form of plastic bags, which are commonly utilized 
for everyday activities. According to the Environmental 
Protection Agency, Pakistan consumes about 55 billion dis-
posable plastic bags per year. This plastic waste has built 
up in water reservoirs and canals, obstructing wastewater 
treatment systems (Mansoor 2019). The huge plastic waste 
needs to be reduced by the locally isolated bacteria and 
fungi in a cost-effective and environment-friendly manner. 
The microbial degradation of plastic waste is gaining more 
attention in current scenario. Biodegradation is the natural 
and cost-effective process by which microorganisms trans-
form the complex polymers into the simple monomers by 
releasing the intracellular or extracellular enzymes (Chaud-
hary and Vijayakumar 2019). Microorganisms were used to 
evaluate the biodegradability of polymers, which included 
both natural and synthetic polymers (Tamnou et al. 2021). 
In many studies, it was reported that bacteria and fungi like 
Penicillium sp. Vibrio sp. Bacillus sp. and Aspergillus sp. 
Streptomyces sp. and Pseudomonas sp. could degrade plastic 
waste (Odusanya et al. 2013; Sarkhel et al. 2020). The fun-
gus species Aspergillus flavus, Aspergillus versicolor, and 
Fusarium solani were reported as potential candidates in 
biodegradation of plastics (Nanda et al. 2010; Sowmya et al. 
2014; Das et al. 2018).

The goal of this research was to isolate and identify bac-
teria and fungi that can degrade PVC and polyethylene. 
Weight loss, FTIR, and findings of SEM analysis were used 
as proof of biodegradation, confirming that bacteria are 
capable of degradation.

Material and methods

Isolation and primary screening

The soil samples were collected from the plastic waste 
dumping sites of Multan, Pakistan and the depth was 
approximately 5 cm. Each sample was labeled and taken to 
the laboratory under sterile conditions. Then all the infor-
mation including the sampling date, location, and site was 
recorded. The collected samples were processed directly to 
the isolate the plastic-degrading bacteria and fungi. Isola-
tion of fungal and bacterial strains was obtained using the 
serial dilution methods. Each sample was spread onto nutri-
ent agar (Sigma Aldrich, USA) plates and potato dextrose 

agar (Sigma Aldrich, USA) supplemented with the different 
types of fine polymeric powders PVC (Poly vinyl chloride) 
and Polyethylene (PE) (Sigma Aldrich, USA). Plates were 
incubated at 37 °C for one week. The streak plate method 
was used to further purify the fungal and bacterial strains 
that showed halo zones of activity. The primary screening 
of microbial isolates was based on the clearance zone; these 
isolates were selected to further check their biodegradation 
potential (Sarkhel et al. 2020).

Molecular characterization of microbial isolates 
by ribotyping

The bacterial and fungal isolates, which showed maximum 
biodegradation properties, were subjected to 16S and 18S 
ribosomal RNA sequencing. The obtained sequences were 
subjected to a BLAST search for retrieving the best homol-
ogous sequences. Finally, the phylogenetic tree was con-
structed using the aligned sequences of the 16S rRNA gene 
using Neighbor-joining method on MEGA7.0 software.

In vitro study of degradation potential 
of microorganisms

Plastic deterioration in the liquid medium

To study the biodegradation potential of fungal and bacte-
rial isolates 50 ml of Minimal salt media (MSM) (Sigma 
Aldrich, USA) was used just to provide the carbon-free 
medium. The polymer films/strips used were purchased from 
commercial manufacturers and plastic waste dumping sites. 
The isolates of bacteria and fungi in minimal media (Sigma 
Aldrich, USA) supplemented with Polymer films/strips were 
incubated in an incubator shaker at 150 rpm for one month. 
The initial weight of all polymeric films (2 × 2 cm) were 
recorded. These PVC films and Polyethylene strips were sur-
faces sterilized using the 70% ethyl alcohol and then oven 
dry for 24 h. The control comprising of minimal salt medium 
and polymeric films/strips without microbial isolates were 
used (Sarkhel et al. 2020).

Plastic deterioration test in soil

The PVC and Polyethylene films were buried in autoclaved 
soil pots with bacterial and fungal inoculum then incubated 
for two months in dark settings. The control comprising 
of autoclaved soil pots and polymeric films/strips without 
microbial inoculum was used.

After two months of incubation films/strips of plastics 
(PVC and Polyethylene) washed with 70% ethyl alcohol, 
followed by oven dry and then weigh for the weight loss 
measurement. Scanning electron microscopy carried out the 
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morphological analysis of these polymer samples (Jain et al. 
2021).

Biodegradation end products analysis

Determination of degradation by weight loss method

The rate of biodegradation was determined by the reduction 
in weight, recorded after one month of incubation using the 
method of weight loss. The plastic films/strips were washed 
in 70% ethyl alcohol, oven-dried, and weighed then the 
weight loss percentage computed using the formula (Sarkhel 
et al. 2020).

The formula for weight loss percentage is:

Scanning electron microscopy

After 1-month incubation of the bacterial and fungal cul-
tures, the plastic samples were washed with 70% ethanol 
and then with distilled water to clean their surface. The mor-
phological analysis of these polymeric samples was carried 
out by scanning electron microscope (VEGA3 – TESCAN 
Czech Republic). The Scanning electron microscopy reveals 
the structural changes in control and treated films with the 
microbial isolates. A sample was adhered to SEM holder 
stub using carbon tape and gold sputtering was carried out 
before the analysis (Chaudhary and Vijayakumar 2019).

Fourier‑transform infrared (FTIR) analysis

The polymer films of PVC and polyethylene were incubated 
with the Microbial isolates for 30 days in MSM broth. The 
plastic sheets were removed from1 the medium after 30 days 
washed with the distilled water and 70% Ethyl alcohol. The 
polymer sheets were then oven-dried and analyzed by FTIR 
(Bruker, Germany) to confirm degradation (Kumari et al. 
2014).

Impact of different parameters on plastic 
degradation

The degradation of polymeric films were performed at dif-
ferent pH and temperature levels.

Effect of temperature

The polymer films of both PVC and polyethylene with the 
bacterial and fungal inoculum were kept under an incubation 
period of 4 weeks at varying temperatures: 25, 37 and 45 ℃.
The various temperatures ranges were used to analyze the 

Weight loss % =
[

(Initial weight − Final weight)∕Initial weight
]

× 100

best-optimized temperature condition suitable for the growth 
of these microorganisms.

Effect of pH

The polymer films of PVC and polyethylene with the fungal 
and bacterial strains after keeping at an incubation period 
of 4 weeks were studied for different pH: 5, 7, and 9 for 
evaluating the growth of microorganisms at best-optimized 
pH condition (Khan et al. 2017).

Effect of inoculum concentration

The polymeric films were inoculated with various bacterial 

and fungal strains then incubated for 4 weeks. The different 
inoculum concentrations used of 3 ml/100 ml, 5 ml/100 ml, 
and 7 ml/100 ml and 10 ml/100 ml respectively. Different 
concentrations of inoculum was used to achieve the optimal 
concentration of inoculum dosage for best microbial growth 
and their effect on the polymer surfaces (Sarkhel et al. 2020).

Statistical analysis

The experiments were done in triplicate with the results pre-
sented as a mean value with standard deviation (Mean ± SD). 
The data were analyzed using analysis of variance, and the 
significant difference between the means was compared 
using T test at a significance level at p < 0.050. The Graph-
Pad Prism 9.1.0 was used for statistical analysis.

Results and discussion

Molecular identification

The four microbial isolates (2 bacterial strains and 2 fungal 
strains) shown the growth with the wide clear zone around 
them after 5–7 days of incubation in primary screening. 
These microbial strains were selected in this preliminary 
screening and further used for biodegradation assays. The 
molecular identification of the fungal species based on the 
18S rRNA sequencing and 16S rRNA sequencing methods 
made bacterial identification. The bacterial strain Sb1 and 
Sb2 were identified as Bacillus licheniformis (Accession 
number NR_118996.1) and Achromobacter xylosoxidans 
(Accession number NR_118403.1). The fungal strains Sf1 
and Sf2 were identified as Aspergillus niger (Accession 
number NG_065763.1) and Aspergillus glaucus (Accession 
number NG_063391.1). The phylogenetic analysis was made 



	 Archives of Microbiology (2022) 204:497

1 3

497  Page 4 of 14

Fig. 1   Representation of Phylo-
genetic tree for bacterial strains 
SB1 (A) and SB2 (B), fungal 
strains Sf.1 (C) and Sf.2 (D) 
by Neighbor-joining Method 
on MEGA 7 along with the 
type strains retrieved from the 
gene bank NCBI. The percent-
age of replicate trees in which 
the associated taxa clustered 
together in the bootstrap test 
(500 replicates) are shown next 
to the branches
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by Neighbor-joining method on MEGA7 using the bootstrap 
value of 500 replicates (Fig. 1). The potential fungal and 
bacterial strains were selected for the experimental study 
based on biodegradation screening results.

Biodegradation study in liquid medium by fungus 
and bacteria

For the assessment of deterioration of plastics by these 
microbial isolates, weight, loss percentage was calculated. 
The degradation efficacy of PVC and PE films was assessed 
by comparing dry weight loss percentages. The bacterial 
strain Sb.1 and Sb.2 indicated the weight loss percentage 
32.2 ± 3.3% and 30 ± 3.3%, respectively for polyethylene. 
For PVC films, weight loss percentage of Sb.1 and Sb.2 
is 15 ± 3.3% and 17 ± 3.3%, respectively. The fungal iso-
lates Sf.1 and Sf.2 indicated the weight loss percentage of 
40 ± 3.3% and 25 ± 3.3%, respectively for polyethylene. The 

weight loss percentage of PVC for fungal strains Sf.1 and 
Sf. 2 was 10 ± 3.3% and 32 ± 3.3%, respectively (Fig. 2). 
Reduced weight loss indicated that bacterial and fungal 
strains used polymers PVC and polyethylene were used by 
bacterial and fungal strains as a sole carbon source. The 
weight reduction and surface erosion process involved in the 
degradation of plastic products is most likely due to bacterial 
and fungal enzymatic reactions (Skariyachan et al. 2016). 
The use of weight loss as a metric of polymer biodegrada-
tion has been extensively acknowledged and employed by 
numerous studies (Muhonja et al. 2018).

Biodegradation study in soil

Biodegradation assessment in soil burial experiment

The degradation efficiency of microbial isolates in asepti-
cally sterilized soil determined by weight loss percentage. 
The bacterial isolate Sb.1 and Sb.2 exhibited the deteriora-
tion of PVC with 43 ± 3.3% and 32.1 ± 3.3% weight loss per-
centage, respectively. The degradation efficiency of fungal 
isolates Sf.1 and Sf.2 for PVC with reference to weight loss 
percentage was 31 ± 3.3% and 32 ± 3.3%, respectively. The 
bacterial isolates Sb.1 and Sb.2 revealed the deterioration of 
polyethylene polymers with 20 ± 3.3% and 13 ± 3.3% weight 
loss percentage, respectively. The degradation efficiency of 
fungal isolates Sf.1 and Sf.2 for polyethylene in terms of 
weight loss percentage was 12 ± 3.3% & 15 ± 3.3%, respec-
tively. In a previous study (Hikmah et al. 2018) weight, loss 
percentage for polyethylene was 7.5 ± 3.3% in 35 days. In 
current research fungal treatment, increase the percentage 
by 10–12% in 28 days (Fig. 2). The fungal and bacteria deg-
radation results are in accordance to the study conducted 
by (Muhonja et al. 2018) who reported the degradation of 
virgin Polyethylene.

Scanning electron microscopy

The SEM analysis used to provide all the structural changes 
observed on the plastics triggered by the microbial isolates. 
With the application of scanning electron microscopy, the 
initial biodegradation tests were further confirmed. Corro-
sion of the surface morphology of the plastic film after treat-
ment with the purified microbial isolate was observed. SEM 
analysis revealed major changes in the physical structure of 
the PVC film and polyethylene when they exposed to fungal 
filtrate and bacterial culture. (Figs. 3, 4, 5, 6). The presence 
of multiple holes/cracks and changes in the plastic film sur-
face structure was observed to help the biodegradation of 

Fig. 2   The degradation profile of polymers in terms of weight loss 
percentage. A Fungal and bacterial isolates were grown in a mini-
mal salt medium with the sole carbon  source in lab. B Degradation 
potential of fungal and bacterial isolates in Soil burial test in terms 
of weight loss percentage. The results shown are the average of three 
independent experiments. Error bars indicate standard deviation 
(± SD). *p < 0.05
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Fig. 3   SEM analysis for the 
evaluation of morphological 
changes on surface of the PVC 
and Polyethylene triggered by 
bacterial strain Sb.1. A Control 
PVC film B Bacterial treated 
PVC film C Polyethylene 
control D Bacterial treated 
Polyethylene



Archives of Microbiology (2022) 204:497	

1 3

Page 7 of 14  497

Fig. 3   (continued)
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these plastics due to the treatment of microbial enzymes. 
The surface of polymer films was smooth and shiny before 
the treatment with microbial isolates. After the degradation 
assay, PVC and polyethylene film surface lost their smooth-
ness and SEM analysis confirmed that. The variations like 
erosion, pits, and cracks were observed on the polymer's 
surface area due to attachment of fungal and bacterial cells 
by the formation of biofilms. Many studies reported that 
variation is may be due to the activity of intercellular or 
extracellular enzymes of microbes (Skariyachan et al. 2016, 
2017). Microbial strains used these polymers as the only 
carbon source, which was indicated by the morphological 
changes on the surface of polymer films.   

The Study by (Bhatia et al. 2014) documented that the 
surface erosion process involved in the deterioration of 
plastic products is most likely due to bacteria and fungus 
enzymatic reaction. Anwar et al. (2016) also reported the 
progressive surface degradation of PVC by bacterial strains 
using the SEM analysis.

Fourier‑transform infrared spectroscopy (FTIR)

Changes in bond breaking, chemical transfer and the 
development and absence of the areas of interest that allow 
us to assess the degree of biodegradation of polymers with 

the help of FTIR are the latest functional groups. When 
the rate of degradation increases over time, as many mono-
meric and oxidative forms of polyethylene and PVC are 
obtained and the peaks becomes wider (Bonhomme et al. 
2003).

The FTIR spectrum of polyethylene film treated with the 
sample Sb.1 revealed some structural changes. A new peak 
emerged in the peak region 1025 cm−1 corresponds to the 
stretching of C–N (amine) bond. A shift in peaks can be seen 
in the region 1470–1461 cm−1 indicated the C–H methyl 
group) bending. The Sb1 treated PVC film spectra that a new 
peak emerged in the 600–700 cm-1 corresponds to the C–H 
bond's bending. The PVC spectra also revealed the forma-
tion of a few new peaks in the region of 900–1500 cm−1, 
which indicates C=C bending and O–H bending. The peaks 
removal observed at the region of 1900–2200 cm−1 in the 
treated PVC film, which was present in the virgin (untreated) 
film. These results are in accordance with the study con-
ducted by (Sarkhel et al. 2020) and showed many similar 
peaks.

The new functional groups that are not observed in the 
virgin PE film indicate biodegradation by the bacterial strain 
Sb.2. It was revealed by many structural variations between 
the peaks region 700–1500 cm−1 compared with the control. 
The new functional groups appeared which are not observed 

Fig. 4   SEM analysis for the 
evaluation of morphological 
changes on surface of the PVC 
and Polyethylene triggered by 
bacterial strain Sb.2. A Control 
Polyethylene B Bacterial treated 
Polyethylene C control PVC 
film D Bacterial treated PVC 
film
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Fig. 5   SEM analysis for the 
evaluation of morphological 
changes on surface of the PVC 
and Polyethylene triggered by 
fungal strains. A Control Poly-
ethylene B Fungal strain Sf.1 
treated Polyethylene C control 
PVC film D Fungal strain Sf.1 
treated PVC film

Fig. 6   SEM analysis for the 
evaluation of morphological 
changes on surface of the PVC 
and Polyethylene triggered by 
fungal strains. A Control Poly-
ethylene B Fungal strain Sf.2 
treated Polyethylene C control 
PVC film D Fungal strain Sf.2 
treated PVC film
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in the virgin PE film is the indication of biodegradation by 
the bacterial strains. The new peaks indicated the strong 
C=C bending, C–O (aromatic ester) stretching and O–H 
(carboxylic acid) bending. The FTIR spectra of bacterial 
treated PVC film indicating the degradation evidence. The 
new peaks observed in the region 1022 and 1639 cm−1 indi-
cating the O–H bending and N–H (amine) bending. In addi-
tion, the appearance of new peaks in the spectra of fungal-
treated PVC sheets revealed a chemical shift of peaks caused 
by microbial biodegradation activity (Ali et al. 2014).

The analysis of FTIR spectrum of PE film treated with 
the fungal strain Sf.1 indicated the shift of peak from the 
regions 717.45 cm−1 to 718.10 cm−1 and 1470.99 cm-1 to 
1461.86 cm−1 respectively. The new functional group can 
be observable in the peak region 1031.94 cm−1 in the treated 
film that cannot be observed in the virgin PE film. The new 
peak at 1461.86 and 1031 cm−1 indicated the C–H bending 
and S=O (sulfoxide) stretching respectively (See Table.1).

The FTIR spectra of Sf1 treated PVC film demonstrated 
the functional groups removal in the peak region from 700 
to 750 cm−1 compared with the control. The new peak 
appeared at the region of 900–1450 cm−1 indicating the 
C=C (alkene) and O–H bending. Another shift of peaks 
can be observed in the region of 1900–2100 cm−1 r and 
2900–3000 cm−1 revealing the N=C=S (isothiocyanate) 
stretching. The similar kind of variations in wavenumbers 
were also reported by (El-Sayed et al. 2021) using the 
microbial species in PVC degradation.

The FTIR spectrum of Sf.2 treated PE film clearly 
shows new peaks' formation and shift at different regions. 
The shift of peak can be seen from 717.45 to 717.73 cm−1 
and another shift is at the region of 1470.99–1461.61 cm−1 
in the treated PE film compared with the untreated film. 
The formation of new functional groups can be seen in 
the region 1076.88 cm-1 that is not present in the virgin 
PE film. The new groups appeared in the region of 1076 
and 1461 cm−1 reveled the C-H bending and C=C bending 

Table 1   Peaks corresponding to vibrational modes and functional groups of PE sample treated with bacterial and Fungi

Treated 
polymer 
samples

FTIR peaks

SB1 PE Peak Number 1 2 3 4 5 6 7
Frequency 

(cm–1)
718.27 1025.88 1461.77 2846.50 2913.76 – –

Vibrational 
mood & 
Functional 
Group

C–H bending Bending C–H C–H scissor-
ing

C–H stretch C–H stretch – –

SB2 PE Peak Number 1 2 3 4 5 6 7
Frequency 

(cm–1)
686.64 957.24 1092.82 1252.37 1332.32 1425.81 2908.61

Vibrational 
mood & 
Functional 
Group

C–Cl Stretch-
ing

Bending C–H Bending C–H 
bonds

Methylene 
C–H2

C–N Stretch-
ing

Stretching 
C=C

Stretching 
C=H

O–H Stretching

SF1 PE Peak Number 1 2 3 4 5 6 7
Frequency 

(cm–1)
718.10 1031.94 1461.86 2846.80 2914.28 – –

Vibrational 
mood & 
Functional 
Group

C–H bending  =C–H bend-
ing

C–H bend or 
scissoring

O–H Stretch-
ing

Stretching 
N–H

– –

SF2 PE Peak Number 1 2 3 4 5 6 7
Frequency 

(cm–1)
717.73 1076.88 1461.61 2846.78 2914.10 – –

Vibrational 
mood & 
Functional 
Group

C–H rock C–F Stretch-
ing

C=C Stretch-
ing

O–H Stretch-
ing

Stretching 
N–H

– –
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respectively. The occurrence of new peaks and degrada-
tion of some peaks confirmed the biodegradation of PE by 
fungal mediated enzymes and a study conducted by (Das 
et al. 2018) reported similar results.

The fungal-treated PVC film’s spectrum shown the for-
mation of three new peaks at the region between 900 cm−1 
and 1500 cm−1. The first new peak emerge in the region 
956 cm−1 indicated the C=C bending in the treated PVC 
film. The new peaks in the region 1251 and 1426  cm−1 
indicated the C–O (aromatic ester) stretching O–H bend-
ing respectively. The major structural changes C–H bond 
bending, C–O stretching, ester ethylene and C–H stretching 
are the clear indications of degradation in compared to the 
control (Roy et al. 2021) (See Table. 2) (Figures in supple-
mentary data).

Effect of different growth conditions 
on the degradation of plastics

Temperature plays a critical role in degradation as it can 
affect microbial growth. The rate of deterioration was 

analyzed using a range of temperatures from 25 to 45 °C. 
The better results in terms of weight loss percentage were 
obtained at 37 °C after 4 weeks of incubation of bacterial 
and fungus in the presence of polymeric films (Fig. 7). The 
reason may be that, at this temperature the microbial growth 
was higher than the other temperatures, which results the 
higher degradation rate (Muhonja et al. 2018). The pH also 
plays a very important role in the growth of microorganisms 
(Fig. 8). The study also evaluated the effect of pH on the rate 
of degradation of plastics. The best degradation rate was 
observed at alkaline pH. The microbial growth was low at 
the acidic pH, that was may be the reason for lower degrada-
tion which was also reported by (Skariyachan et al. 2017). 
The current study found that the isolates could be effectively 
grown at pH 8.5, implying that vast plastic waste dumps 
raise soil pH, allowing bacteria to adapt to such conditions. 
The degradation rate was also evaluated at different dose of 
inoculum concentration. The amount of inoculum concen-
tration plays a significant role in the biodegradation system. 

Table 2   Peaks corresponding to vibrational modes and functional groups of PVC sample treated with bacterial and Fungi

Treated 
Polymer 
Samples

FTIR Peaks

SB1 PVC Peak Number 1 2 3 4 5 6 7
Frequency 

(cm–1)
956.34 1092.74 1252.18 1329.48 1425.73 2918.28 2974.48

Vibrational 
mood & 
Functional 
Group

C–H Bending C–F Stretch-
ing

C–N Stretch-
ing

N–O Stretch-
ing

C=C Stretch-
ing

Stretching 
N–H

C–H Stretching

SB2 PVC Peak Number 1 2 3 4 5 6 7
Frequency 

(cm–1)
717.92 1022.89 1471.44 1639.69 2846.83 2914.08 –

Vibrational 
mood & 
Functional 
Group

C–H rock =C–H 
Stretching

C–H Scissor-
ing

C=C Stretch-
ing

O–H Stretch-
ing

N–H Stretch-
ing

–

SF1 PVC Peak Number 1 2 3 4 5 6 k 7
Frequency 

(cm–1)
957.48 1251.90 1331.07 1425.76 1989.72 2037.98 2972.42

Vibrational 
mood & 
Functional 
Group

C–H Bending C–N Stretch-
ing

N–O Stretch-
ing

C=C Stretch-
ing

C=C=C 
Stretching

N=C=S 
Stretching

O–H Stretching

SF2 PVC Peak Number 1 2 3 4 5 6 7
Frequency 

(cm–1)
956.66 1251.65 1425.15 2056.40 2912.64 2966.85 –

Vibrational 
mood & 
Functional 
Group

C–H Bending C–N Stretch-
ing

C=C Stretch-
ing

N=C=S 
Stretching

O–H Stretch-
ing

N–H Stretch-
ing

–
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In some cases, a small dose of inoculum is insufficient to 
degrade the polymers. The inoculum doses that; are too 
high may result in poor degradation of the material (poly-
mer). Thus, the right amount of inoculum is important for 
the setup of degradation systems. The degradation showed 
an increasing trend as inoculum dose increased (Fig. 9). 
The results are in accordance with the study conducted by 
(Sarkhel et al. 2020) the increase in inoculum concentration 
signified the rate of degradation.  

Conclusion

Bacterial and fungal strains have the potential to be used in 
the management of plastic waste. The current study deals 
with the influence of microbial strains on the degrada-
tion of polymer films obtained from PVC and polyethyl-
ene plastics. When microbial treated samples were com-
pared to control samples, polymers' mechanical strength 

and stabilityk both reduced. The degradation was further 
confirmed by scanning electron microscopy and Fourier-
transform infrared spectroscopy (FTIR). The present study 
evaluated the potential of the fungal and bacterial strains 
in the degradation of plastic in in-vitro and in soil burial 
methods. These findings suggest that bacteria and fungus 
could be utilized to generate inocula for biodegradation 
trials to improve PVC and PE decomposition under aerobic 
circumstances. The findings of this study could be useful 
for removing polyethylene and PVC safely in the presence 
of microorganisms and could be a viable solution to the 
society's plastic waste issue.

Fig. 7   A The PVC degradation profile in terms of weight loss per-
centage by bacterial and fungal strains at various temperatures (25, 37 
and 45). B PE degradation in terms of weight loss percentage at vari-
ous temperatures (25, 37 and 45). The results represent the average of 
three independent experiments. The error bar indicates the standard 
deviation (± SD). *p < 0.005

Fig. 8   A The PVC degradation profile in terms of weight loss per-
centage by bacterial and fungal strains at various pH (5, 7 and 9). B 
Polyethylene (PE) degradation in terms of weight loss percentage at 
various pH (5, 7 and 9). The results represent the average of three 
independent experiments. The error bar indicates the standard devia-
tion (± SD). *p < 0.005
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