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ABSTRACT

The modern world in the present era made life miserable due to extensive usage of plastic. Low-density 
polyethylene (LDPE) is widely consumed in every part of the world starting from baby products to garbage 
bags. Humans and animals are affected due to the usage and disposal of LDPE in the environment. To 
safeguard the environment from deleterious effects, biodegradation of LDPE was studied by isolating 
a potent Streptomyces werraensis SDJM strain from garbage soil. The degradation assessment was 
performed to identify the LDPE degraded compounds such as octane, decane, tetracosane, hexacosane, 
dotriacontene, tetratiacontene, tridecone, tetracontane, and pentacosane, using a sophisticated technique 
- liquid chromatography-mass spectroscopy (LCMS). The end product of LDPE biodegradation, carbon 
dioxide was measured by the GCMS-SPME technique. Field trials in garbage soil for a period of three 
months reveal 71.26% weight loss compared to laboratory test results where the weight loss was 60.05%. 
The morphological changes and structural changes of the polymer in fields were assessed by SEM 
analysis and FTIR analysis after one month of incubation. The test results in field trials were promising 
and convincing to overcome the LDPE pollution in presence of S.werraensis SDJM strain. 

INTRODUCTION

Low-density polyethylene is a synthetic polymer that plays 
a vital role in every facet of human life, primarily for pack-
aging food (milk, cereals, pulses, and vegetables), computer 
components, dispensing bottles, laboratory equipment, 
garbage bags, etc. Amongst synthetic plastics, one of the 
most problematic plastics in this regard is polyethylene (PE). 
Polyethylene or PE is the most common plastic and about 80 
million tons of polyethylene is produced worldwide (Piringer 
& Baner 2008). LDPE, a polyolefin is produced from ole-
fin (alkene) monomers because olefins contain a reactive 
double bond. LDPE was first introduced through radical 
polymerization under high pressure by Imperial Chemical 
Industries (ICI) in 1933 (Dennis 2010).

Disposal of LDPE through landfills and incineration 
creates huge environmental pollution (Einas & Hago 2014, 
Ingavale & Raut 2018). Polyethylene waste disposed into 
oceans disperse all over the water due to buoyancy and 
is considered as hazardous waste killing aquatic habitat. 
Incineration of polyethylene waste such as trash bags, grain 
storage bags, and shopping bags under an open atmosphere at 
low to high temperatures release toxic fumes such as methane 
and carbon monoxides that pollute the environment and cause 
significant health hazards. Some of the significant VOCs 
released at the time of incineration are polycyclic aromatic 
hydrocarbons (PAHs), polychlorinated dibenzofurans 

(PCDFs,) and dioxins which are major carcinogenic hazards 
to humans  (Environment Pollution Board 433 2012).

Physical and chemical methods of degradation tech-
niques are employed to safeguard our ecosystem from toxic 
carcinogens but none of the methods are really effective to 
overcome pollution. Low-density polyethylene degradation 
is enhanced by exposing the polymer to abiotic conditions 
using UV, chemicals, and high temperature before subjecting 
to biotic degradation (Gajendiran et al. 2016). Among all the 
methods of degradation, biodegradation is one of the project-
ing ways in recent research to reduce environmental pollution 
and health hazards. The biodegradation of low-density poly-
ethylene can be carried out under aerobic environment and 
anaerobic environment. Aerobic microbes in the presence of 
oxygen form thick biomass around the polymer and degrade 
slowly by releasing carbon dioxide and water as end products 
whereas, under anoxic conditions, anaerobes release carbon 
dioxide, methane, hydrogen sulfide, and water (Muthukumar 
& Veerappapillai 2015).

There are various analytical techniques to determine 
the biodegradation of low-density polyethylene. These 
techniques were used to identify structural changes of the 
polymer which include physical or morphological changes, 
chemical changes, and further confirmation through analysis 
of degraded products. The physical and morphological changes 
of the low-density polyethylene can be determined visually 
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through biofilm formation but further confirmation can be 
done based on a scanning electron microscope (SEM). SEM 
technique undoubtedly identifies the changes on the surface of 
any material as it reveals the details of abrasions and incisions 
created by the microorganism (Shalini & Sasikumar 2015).

The chemical changes of the polymer or chemical proper-
ties are determined based on the formation or disappearance 
of functional groups. Functional groups of the polymers 
were analyzed by Fourier transform infrared spectroscopy 
(FTIR). The polymer was oxidized through the β-oxidation 
process forming carbon dioxide and water as end products 
(Nupur et al. 2017). The degradation products of low-
density polyethylene can be determined either by using 
gas chromatography-mass spectroscopy (GCMS) or liquid 
chromatography-mass spectroscopy (LCMS) techniques. 
Polyethylene samples treated with microorganisms were 
tested by performing GCMS analysis and the spectra reveal 
that the linear polymer chain was broken into different 
compounds confirming that microbes play a key role in the 
degradation of polyethylene. 

Soil burial methods or field trails were employed by 
using a potent microbial strain to reduce pollution. Weight 
loss, SEM analysis, and thermogravimetric analysis were 
performed to identify the changes of the PE, true graft of 
PE-g starch, and the composite of PE-g starch samples 
through soil burial method using garden soil (Neena & 
Inderjeet 2013). The field trials were compared with lab-
oratory conditions using synthetic media through weight 
loss analysis and it was observed that the soil burial method 
with compost is more efficient in degrading polyethylene. 
This confirms that microorganisms in soil play a predom-
inant role to degrade low-density polyethylene (Okoh & 
Atuanya 2014).

This study aims to investigate the role of microorganisms 
from garbage soil to degrade low-density polyethylene under 
both laboratory and field conditions.

MATERIALS AND METHODS

 1. Low-density polyethylene powder (LDPE) from Sigma 
Aldrich Chemical Co (Product of USA) was used for 
degradation studies. LDPE size is 53-75µm and its 
density was 0.94g.ml-1 at 25°C.

 2. Low-density polyethylene film from Pack Worth Pol-
ymers (Hyderabad, India) was used for degradation 
studies

 3. Mineral salts medium (MSM g.L-1): KH2PO4, 0.2; 
K2HPO4,1.6; (NH4)2SO4, 1.0; MgSO4.7H2O, 0.2;  
CaCl2.2H2O, 0.02; FeSO4.7H2O, 0.01; NaCl, 0.1; pH, 
7.2 ± 0.2

LCMS (Liquid Chromatography-Mass Spectroscopy) 
Analysis to Identify the LDPE Degrading Compounds

Mineral salt broth with LDPE at a concentration of 1%w/v 
was prepared and inoculated with Streptomyces werraensis 
SDJM. Control was maintained without organism to check 
the parent polymer peak. Liquid phase mass spectroscopy 
was performed to identify the degraded products of low-den-
sity polyethylene after one month of incubation along with a 
control sample. Sample and control were injected into triple 
quadrupole LCMS sample port. 

LCMS was performed using a thermo scientific in-
strument with LC-ultimate 3000 which was coupled with 
TSQ-Endure MS with a trace finder data system. The 
fragmented ions were detected with an electron multiplier 
detector to develop a chromatogram. The chromatogram 
obtained was compared with the NIST library to identify 
the degraded products of low-density polyethylene (Samuel 
et al. 2009).

GCMS Analysis (Gas Chromatography-Mass 
Spectroscopy) by SPME Method (Solid Phase Micro 
Extraction) for Identification of LDPE Degraded 
Products

Gas chromatography-mass spectroscopy-solid phase mi-
croextraction technique was used to extract the degraded 
products of low-density polyethylene after one month of 
incubation with S. werraensis SDJM. The fiber was exposed 
to the medium for 15 min and retracted slowly into the pro-
tective sheet. Then it was inserted into the injector to desorb 
and GCMS was started simultaneously. 

Gas chromatography Mass spectroscopy (GCMS) was 
performed using Agilent instruments. In this instrument, 
GC-7890A was coupled with 5975C-MS with a chemstation 
data system. The chromatogram of the degraded products 
was compared with NIST 2014 spectra library.

Field Tests

Field tests were performed to determine the capability of 
isolated strain S.werraensis SDJM to degrade low-density 
polyethylene in garbage soil. LDPE bags’ initial weight was 
noted and buried in garbage soil at a depth of 5-30cm and 
10% S.werraensis SDJM inoculum was incorporated along 
with 1000 mL of mineral salt broth for a period of three 
months. A control sample was buried without organisms 
at a different location for comparative studies. After one 
month of incubation, both control and inoculated LDPE 
samples were washed with distilled water and air-dried, and 
weight was recorded. SEM analysis was performed for both 
control and sample to observe the morphological changes, 
and structural changes of the polymer were determined 
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by FTIR analysis. The weight loss data is recorded for 
three months and correlated with laboratory experiments 
(Kathiresan 2003).  

RESULTS AND DISCUSSION

The end products of degradation of low-density polyethylene 
by S.werraensis SDJM were assessed by liquid chroma-
tography mass spectroscopy. The degraded products were 
determined by LCMS analysis through the fragmentation 
pattern and m/z values. These unknown compounds formed 
were evaluated comparing with known compounds through 
the national institute standard and technology (NIST).

Low-density polyethylene is a linear polymer made up of 

monomers. The LCMS data reveals that the polymer parent 
peak was formed at 17.69 RT with 1064 molecular weight. 
In the treated sample, parent polymer was degraded into 
small linear aliphatic compounds such as octane, decane, 
tetracosane, hexacosane, dotriacontene, tetratiacontene, tri-
decone, tetracontane, and pentacosane. The LCMS spectra 
and molecular weight of the unknown compounds are rep-
resented in Table 1. This data reveals that the S.werraensis 
SDJM breaks the polymer and forms aliphatic straight chains 
of alkenes and alkanes (Figs. 1 & 2).

GCMS Analysis of LDPE

GCMS analysis was performed through solid-phase mi-
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croextraction method using GC-7890A and 5975C-MS to 
identify the volatile compounds of the degraded low-density 
polyethylene after a period of one month along with control. 
The SPME fiber was inserted into the sample and kept for 
15 min to adsorb the degraded compounds. Then the fiber 
was removed and inserted into the sample inlet of GCMS to 
desorb and analyzed the compounds. 

The compound detected was identified as carbon dioxide 
through the NIST library as the peak formation was identified 
at 3.365 min. In control, peaks were absent indicating the 
absence of organism and degradation (Figs. 3 & 4).

Field Tests for Assessment of LDPE Degradation in 
Garbage Soil Using Streptomyces werraensis SDJM

Table 1: Degradation products of LDPE.

S.NO Retention time(min) Molecular weight IUPAC name of the 
compound

Structure

1 4.02 114.232 Octane(C8H18)
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Field tests were performed to check the efficiency of LDPE 
degradation using S.werraensis SDJM in garbage soil. The 
results were correlated with control by burying LDPE at 
a different location without organism for a period of one 
month. The changes in the polymer were determined by 
weight loss, morphological changes by SEM analysis, and 
structural changes by performing FTIR analysis.   

Weight Loss of LDPE

The initial weight of the LDPE film was measured and 
buried in garbage soil. After one month, biofilm formation 
with crack and pits was observed on the surface of LDPE in 
both control and sample. Yellowing of the film was more in 
the sample compared to the control sample (Fig. 5). It has 
been observed the weight loss of the sample buried with 
S.werraensis SDJM is 60.01% and the weight loss of the 
control is 13.97% in one month (Fig. 6). The weight loss 
results of field trials were compared with laboratory weight 
loss results for a period of three months and it was observed 
that S.werraensis SDJM reduces more weight of the polymer 

in garbage soil up to 71.26% by associating with other 
microbes under natural conditions compared to laboratory 
conditions i.e 60.05% (Fig. 7).

Scanning Electron Microscopy (Sem) Analysis for 
Buried LDPE 

Morphological changes on the surface of both control and 
sample were analyzed using SEM analysis. Biofilm forma-
tion, cracks, pits, and abrasions were observed in both control 
and sample but more cracks were identified in the sample 
compared to control (Fig. 8).

FTIR Analysis of Buried LDPE Samples

FTIR analysis was performed for both LDPE control and 
sample buried in garbage soil for a period of one month and 
it was observed that both exhibit structural change due to 
shift in absorbance and formation of new functional groups. 

FTIR spectrum of control LDPE was buried without or-
ganism degradation due to soil inhabitants and form peaks at 
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Fig. 7: Comparative studies between laboratory and field conditions through weight loss. 
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Morphological changes on the surface of both control and sample were analyzed using SEM 

analysis. Biofilm formation, cracks, pits, and abrasions were observed in both control and 

sample but more cracks were identified in the sample compared to control (Fig. 8). 
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The initial weight of the LDPE film was measured and buried in garbage soil. After one month, 

biofilm formation with crack and pits was observed on the surface of LDPE in both control and 

sample. Yellowing of the film was more in the sample compared to the control sample (Fig. 

5). It has been observed the weight loss of the sample buried with S.werraensis SDJM is 

60.01% and the weight loss of the control is 13.97% in one month (Fig. 6). The weight loss 

results of field trials were compared with laboratory weight loss results for a period of three 

months and it was observed that S.werraensis SDJM reduces more weight of the polymer in 

garbage soil up to 71.26% by associating with other microbes under natural conditions 

compared to laboratory conditions i.e 60.05% (Fig. 7). 
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2663.63 cm−1,1721.81 cm−1,1031.23 cm−1 and 912.92 cm−1. 
In the treated sample, new peaks were formed at 2663.63 
cm−1,1722.63 cm−1, 1081.28 cm−1, and 966.12 cm−1. These 
peaks represent the formation of carbonyls and carboxylic 
acid in both control and sample by oxidizing the alkane and 
alkene bonds (Fig. 9 & 10). The changes in the control are 
due to microbes present in the garbage soil.

DISCUSSION

There are wide ranges of plastics that can be molded into 
desired shapes. For three decades’ plastics have been exten-
sively used as they are light in weight, strong and persistent 
for a long time without any damage (Kathiresan 2003). 
Low-density polyethylene was the first polyethylene derived 

through the polymerization of ethylene monomers. The 
hydrocarbon chain of low-density polyethylene is straight, 
crystalline, and tough to degrade after throwing away under 
normal environmental conditions. Disposal of low-density 
polyethylene is unmanageable in society and creates nu-
merous deleterious effects polluting the environment and 
causing various health hazards. In the present research, the 
potent S.werraensis SDJM strain was isolated from LDPE 
dumped garbage sites, screened, and the effectiveness of 
biodegradation was assessed in both laboratory conditions 
and at garbage sites to control various anomalies created by 
LDPE pollution.

In the present research, LDPE degraded compounds were 
analyzed after 30 days of incubation by S.werraensis SDJM. 

FTIR analysis was performed for both LDPE control and sample buried in garbage soil for a 

period of one month and it was observed that both exhibit structural change due to shift in 

absorbance and formation of new functional groups.  

        FTIR spectrum of control LDPE was buried without organism degradation due to soil 

inhabitants and form peaks at 2663.63 cm−1,1721.81 cm−1,1031.23 cm−1 and 912.92 cm−1. In 

the treated sample, new peaks were formed at 2663.63 cm−1,1722.63 cm−1, 1081.28 cm−1, and 

966.12 cm−1. These peaks represent the formation of carbonyls and carboxylic acid in both 

control and sample by oxidizing the alkane and alkene bonds (Fig. 9 & 10). The changes in the 

control are due to microbes present in the garbage soil. 

Fig. 9: FTIR spectrum of control without culture in garbage soil. 

 

 

 

             Fig. 10: FTIR spectrum with Streptomyces werraensis SDJMin garbage soil. 
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Compounds like octane, decane, tetracosane, hexacosane, 
dotriacontene, tetratiacontene, tridecone, tetracontane, and 
pentacosane were detected in the treated sample through 
LCMS analysis whereas they were absent in control. Car-
bon dioxide released due to β-oxidation and TCA cycle 
was confirmed by GCMS using solid phase microextraction 
technique. These two sophisticated techniques prove that 
S.werraensis SDJM has the capacity to degrade LDPE in a 
short period of time. 

The analysis data obtained was correlated with other 
researchers and found that GCMS analysis of LDPE treated 
with Acinetobacter baumannii revealed the formation of 
new peaks such as 2-butene, 2-methyl at 7.646 RT, acetone 
at 8.250 RT, and ethene at 17.288 RT. Acetone presence 
confirms A.baumannii degrade polymer and form carbonyl 
compound (Pramila & Vijaya 2015). LDPE treated with 
Pseudomonas aeruginosa PAO1 for 120 days were analyzed 
through GCMS and identified alkanes, fatty acids (hexadeca-
noic acid, octanoic acid), hydrocarbons, oxygenated chemical 
compounds (aldehydes, ketones, esters, ether groups), and 
aromatic compounds formation (Bhone et al. 2012). The 
degraded products of LDPE were analyzed using HPLC 
and it was observed that the peak at 14.13 disappeared in 
treated samples of 40% and 50% of starch blend compared 
to the control sample. This confirms LDPE can be degraded 
by microorganisms (Veethahavyaa et al. 2016).

Microorganisms isolated from compost soil were tested 
for polyethylene degradation. Degraded products in the 
culture supernatant were collected, extracted using distilled 
ether, and analyzed by GCMS. The polyethylene degraded 
products were identified as octadecadienoic acid, octade-
catrienoic acid, benzene dicarboxylic acid, and cyclopro-
panebutanoic acid (Mahalakshmi et al. 2012). Streptomyces 
species was isolated from East Azerbaijan, Iran soil, and the 
efficiency of HDPE degradation was tested through GCMS 
analysis. The degradation compounds were identified as tet-
radecanoic acid, eicosane, heneicosane, docosane, tricosane, 
tetracosane, hexacosane and benzoic acid (Ali et al. 2017). 
Aldehydes, ketones, and carboxylic acids were identified 
during the LDPE extrusion coating process. Biodegradation 
of polyethylene releases Ergosta-5, 22-dien-3-ol, acetate 
(3, 22 E), 1-monanalinoeoglycerol trimethylsilyl ether, 
betamethasone acetate, azafrin, 9, 12, 15-octadecatrienoic 
acid, 2, 3-bis [(trimetylsilyl) oxy] propyl ester, and (Z, Z, 
Z)-C27H52O4Si2) (Pranita 2010). The degraded products 
of low-density polyethylene by Achromobacter denitrificans 
was analyzed through GCMS and it was observed that octa-
decadienoic acid, octadecatrienoic acid, benzene dicarbox-
ylic acid, and cyclopropanebutanoic acid were produced in 
60 days of incubation (Ambikadevi et al. 2015).

Field trials were performed under natural garbage soil 
conditions and the obtained data was compared with labo-
ratory trials. Garbage soil is a rich source of polyethylene 
degrading microorganisms as the soil is enriched with various 
waste materials along with plastic bags and the available 
nutrients in garbage endures them to grow for a long life by 
harboring the natural habitats. In the present study, LDPE 
was dumped in garbage soil with S.werraensis SDJM, and 
control without organism was kept in another location for 
comparative studies. 

In one month, the weight loss of the sample is 60.01% 
and control is 13.92%. SEM analysis and FTIR analysis 
were performed to identify the morphological and structural 
changes before and after degradation. It has been observed 
that degradation was more prominent in the sample com-
pared to control. Finally, the results of weight loss in three 
months conducted in fields were compared with laboratory 
test results and found that S.werraensis SDJM could degrade 
LDPE by more than 10% by associating with soil microbes 
compared to laboratory conditions. 

The above experimental data was compared with a field 
trial conducted to degrade the polymer and it was found that 
the soil burial method for degradation of polyethylene was 
determined by weight loss and SEM analysis. It has been no-
ticed that the weight loss of composite sample (PE-g-starch) 
and true graft (PE) was about 88% and 84% respectively. 
Degradation of PE and PE-g starch was further confirmed 
by scanning electron microscopy (SEM analysis). This 
helps to identify the topographical changes of the polymer 
created by soil microorganisms due to degradation (Neena 
& Inderjeet 2013).

Fourier transform infrared spectroscopy (FTIR) and SEM 
analysis were performed to identify the structural and surface 
changes of the degraded low-density polyethylene using 
bacterial consortium in enriched soil. The results obtained in 
the presence and absence of the consortium were compared 
with the untreated LDPE control sample. LDPE buried in 
soil exhibits CH/CH2 stretching, bending, deformation 
and results in the formation of C-O at 1,218.6 cm-1 and 
1,031.6 cm-1. FTIR spectrum of LDPE treated with consor-
tium reveals that there is the disappearance of CH3 bending 
and complete change was noticed between 1,300 cm-1 and 
950 cm-1. A peak at 1628.4–1628.7 cm-1 was observed in 
both treated and untreated samples. SEM analysis was 
performed to LDPE control, untreated sample, and sample 
treated with consortia. In both the treated and untreated 
samples there is a noticeable change when compared with 
control. The reason behind the changes in the untreated 
sample is mainly due to natural habitants present in the 
soil (Shahbaz et al. 2013).
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Low-density polyethylene was subjected to environ-
mental degradation by burying the sample in soil under 
natural conditions. To test the efficiency of degradation by 
soil microbes the samples were removed periodically from 
soil and tested using FTIR analysis. This helps us to identify 
structural changes of the polymer due to biodegradation and 
major absorption at 1400-1800 cm-1 indicating the presence 
of carbonyl peaks was found (Tabassum et al. 2010).
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