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Abstract 

The persistence of low density polyethylene (LDPE) in municipal dumping sites represents a major environmental concern due 

to its non-biodegradable nature. The present investigation aimed to isolate, characterize, and genetically identify indigenous 

LDPE-degrading bacteria from the municipal dumping site of Himmatnagar, District Sabarkantha, Gujarat, India. Soil samples 

collected from plastic-contaminated zones were subjected to enrichment techniques using LDPE as the sole carbon source. 

Efficient bacterial isolates were screened based on growth performance and percentage weight loss of LDPE films. 

Morphological, biochemical, and physiological characterization was carried out to evaluate the biodegradation potential of the 

isolates. Structural and chemical modifications in LDPE films following bacterial treatment were analyzed using Scanning 

Electron Microscopy (SEM) and Fourier Transform Infrared Spectroscopy (FTIR). SEM analysis revealed surface alterations 

such as cracks, pits, and erosion on LDPE films, indicating microbial action, while FTIR spectra showed significant changes in 

functional groups, including the appearance of carbonyl and hydroxyl peaks, confirming polymer oxidation and degradation. 

Molecular identification of potent isolates was performed through 16S rRNA gene sequencing and phylogenetic analysis. The 

study demonstrates that indigenous bacterial strains from municipal dumping sites possess substantial LDPE-degrading 

capability and highlights their potential application in sustainable bioremediation and plastic waste management strategies. 
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1. Introduction 

Low density polyethylene (LDPE) is one of the most widely 

produced and consumed synthetic polymers across the globe 

due to its extensive use in packaging materials, carry bags, ag-

ricultural mulch films, and disposable products. Global plastic 

production has exceeded 390 million tones annually, with pol-

yethylene accounting for a major share of this volume (Geyer 

et al., 2017). The widespread use and improper disposal of 

LDPE have resulted in its massive accumulation in terrestrial 

and aquatic environments, posing severe ecological and health 
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risks. Low-density polyethylene (LDPE) is a widely used 

plastic that significantly contributes to environmental pollu-

tion, and its biodegradation remains challenging. [1]. Thus the 

rapid biodegradation of plastics has been a subject of interest 

as the disposal strategies are critical and need attention as it 

makes up to 40% of total municipal waste [2]. The major en-

vironmental concern associated with LDPE arises from its 

high resistance to biodegradation. LDPE consists of long-

chain hydrocarbons with strong carbon–carbon bonds, making 

it highly stable and persistent in natural environments [3]. 

Once discarded, LDPE can remain in soil and water bodies for 

several hundred years. In municipal dumping sites, LDPE 

waste alters soil structure, reduces soil fertility, and interferes 

with water percolation and gas exchange, thereby negatively 

affecting soil microbial diversity and plant growth [4]. LDPE 

pollution poses a significant threat to wildlife and aquatic or-

ganisms. Large plastic debris can entangle animals, while 

fragmented LDPE particles form micro plastics that are easily 

ingested by birds, fish, and mammals. Ingestion of micro plas-

tics can cause physical injury, intestinal blockage, reduced 

feeding efficiency, and mortality [5]. 

Low density polyethylene (LDPE) is highly resistant to nat-

ural degradation, and therefore several physical, chemical, and 

biological methods have been explored for its degradation. 

Physical methods include thermal degradation (pyrolysis), 

photo-degradation, and mechanical fragmentation; pyrolysis 

breaks LDPE into fuels and gases at high temperatures, while 

UV radiation induces photo-oxidation and chain scission, 

leading to surface cracking and increased brittleness [6]. 

Chemical degradation involves oxidative processes using 

agents such as hydrogen peroxide, ozone, or Fenton’s reagent, 

as well as catalytic degradation with metal catalysts, which 

introduce functional groups like carbonyl and hydroxyl 

groups, enhancing polymer breakdown and susceptibility to 

further degradation [7]. Among these, biological degradation 

is considered the most eco-friendly approach, where bacteria 

and fungi such as Pseudomonas, Bacillus, Rhodococcus, As-

pergillus, and Penicillium colonize LDPE surfaces, formbio-

films, and secrete oxidative enzymes that cause surface ero-

sion, weight loss, and chemical modification of the polymer, 

as confirmed by SEM and FTIR analyses [8]. Recent studies 

suggest that integrated approaches, combining physical or 

chemical pre-treatment with microbial degradation, signifi-

cantly enhance LDPE degradation efficiency, offering a prom-

ising and sustainable strategy for plastic waste management. 

Different methods are used for the degradation of LDPE in-

cluding physical, chemical and biological methods. The phys-

ical and chemical methods are expensive, producing toxic 

wastes which in turn pollute the environment. On the other 

hand, biodegradation by microorganisms have become the fo-

cus of interest for eco-friendly disposal of plastics. Biodegra-

dation is the result of utilization of a polymer as a carbon 

source by the microorganisms. These microorganisms pro-

duce extracellular enzymes which lead to chain cleavage of 

polymer into small monomers and oligomers. These are taken 

up by microbial cells and are metabolized into water and car-

bon dioxide [9, 10]. 

The biodegradation of low density polyethylene (LDPE) by 

microorganisms has gained significant attention as an eco-

friendly approach to mitigate plastic pollution. Although 

LDPE is highly resistant to degradation due to its hydrophobic 

nature and stable carbon–carbon backbone, several microor-

ganisms have been reported to possess the ability to initiate 

and enhance its breakdown under specific environmental con-

ditions. These microorganisms are commonly isolated from 

plastic-contaminated environments such as municipal dump-

ing sites, landfills, compost soils, and marine ecosystems, 

where prolonged exposure to plastic waste promotes micro-

bial adaptation. 

Among bacteria, species belonging to the genera Pseudo-

monas and Bacillus are the most extensively studied LDPE 

degraders. Pseudomonas aeruginosa and Pseudomonas 

putida have been shown to degrade LDPE by forming bio-

films on polymer surfaces and secreting oxidative enzymes 

that initiate polymer chain scission [11]. Similarly, Bacillus 

subtilis, Bacillus cereus, and Bacillus megaterium have 

demonstrated significant LDPE degradation, evidenced by 

weight loss, surface erosion, and formation of carbonyl groups 

detected through FTIR analysis [12]. 

Other bacterial genera such as Rhodococcus, Stenotropho-

monas, Acinetobacter, Enterobacter, and Micrococcus have 

also been reported to degrade LDPE. Rhodococcus ruber is 

particularly notable for its strong biofilm-forming ability and 

extracellular enzyme production, which enhance polyethylene 

degradation [13]. Stenotrophomonas maltophilia and Acineto-

bacter baumannii have been isolated from landfill soils and 

shown to cause surface cracks and pits on LDPE films, as ob-

served through scanning electron microscopy (SEM) [14]. 

Actinomycetes, particularly species of Streptomyces and 

Nocardia, have also been reported to contribute to LDPE deg-

radation. These microorganisms possess diverse metabolic 

pathways and produce oxidative enzymes such as laccases, 

peroxidases, and oxygenases, which facilitate the initial oxi-

dation of polyethylene chains [15]. The synergistic action of 

microbial consortia, involving bacteria, fungi, and actinomy-

cetes, often results in higher degradation efficiency compared 

to individual strains. 

2. MaterialsandMethods 

2.1. Sample Collection and Processing 

LDPE and Culture Medium LDPE (CH2CH2) served as the 

carbon source for microorganism cultivation, used as both pow-

der and bag fragments. LDPE powder (samrat polymers, 

Dhandha, Himmatnagar) had a melting point range of104°C–

138°C and a specific gravity of 0.945 g/cm3. It was sterilized by 

1-h exposure to ultraviolet light (254nm) [16] LDPE bags frag-

ments (50 ×10 mm, 20 μm thick), obtained from a shopping 
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center, were disinfected by 1-h immersion in a 1% bleach solu-

tion (10 mL bleach, 7 mL Tween 80, 983 mL distilled water). 

This was followed by rinsing with sterilized distilled water, ster-

ilization with 70% ethanol, and 12 h of drying at 45°C [17]. 

 
Figure 1. 9 Low-density polyethylenes (LDPE) powder and LDPE 

strips (3 cm × 3 cm) were procured from Samrat Polymers, Dhandha, 

Himmatnagar, Gujarat, India, andusedasthesubstrate for biodegra-

dation experiments. 

Minimal salts medium (MSM) was the culture medium for 

microorganism isolation, containing; K2HPO4 (1 g), KH2PO4 

(0.2g), NaCl (1g), CaCl2·2H2O (0.002g), H3BO3 (0.005g), 

(NH4)2SO4 (1g), MgSO4·7H2O(0.5g), CuSO4·5H2O(0.001g), 

ZnSO4·7H2O (0.001g), MnSO4·7H2O(0.001g), and 

FeSO4·7H2O(0.01g). 

Additionally, 1 g of LDPE powder and 1 mL·L−1of Tween 

80 were added as a biosurfactant to facilitate polymer particles 

suspension [18]. 

2.2. Soil Sample Collection, Isolation of 

Bacterial Strains and Screening of LDPE 

Degrading Bacteria 

Soil samples were collected from the dump yard rich in 

plastic content, from Himmatnagar Municipal dumping yard, 

Gandhinagar Municipal dumping yard, Pirana Dumping site, 

Mansa dumping site collecting soil sample at a depth of about 

01 feet in zipper plastic bags. The collected soil sample was 

diluted to 10−8 and was inoculated on a nutrient agar plate and 

incubated for 24 hours at 35°C [19]. K. Rana and N. Rana, 

Isolation and screening. The resulting bacterial colonies were 

then subjected to pure culturing and screening for their LDPE 

degradation ability by inoculating them in modified nutrient 

agar plates (peptone=5g, NaCl=5g, Agar–Agar=15gand 

LDPE powder = 3 g) by the streak plate method and incuba-

tion at 35°C for 24 hours. 

 
Figure 2. Geographical locations of the municipal dumping sites selected for soil sample collection, including Himmatnagar Municipal Dump-

ing Yard, Gandhinagar Municipal Dumping Yard, Pirana Dumping Site, and Mansa Dumping Site, Gujarat, India. 
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2.3. Enrichment, Isolation, and Screening of 

LDPE Biodegrading Bacteria 

Enrichment of LDPE-Degrading Bacteria 

Enrichment was carried out using Minimal Salt Medium 

(MSM) containing (g/L): LDPE strips were added as the sole 

carbon source. 

Approximately 5 g of each environmental sample was in-

oculated into 100 mL MSM containing LDPE strips and incu-

batedat30±2°C under shaking conditions (150rpm) for 30 days. 

Subculturing was performed every 15 days by transferring 10 

mL of culture into fresh MSM containing LDPE to selectively 

enrich LDPE-utilizing bacteria. [20-22] After enrichment, cul-

tures were serially diluted and spread on nutrientagarplates. 

The plates were incubated at 30°C for 24–48h. Distinctcolo-

nies were selected based on morphological differences and pu-

rified by repeated streaking. Pure isolates were maintained on 

nutrient agar slants at 4°C for further studies. 

 
Figure 3. Enrichment of soil microbial communities in 100 mL Min-

eral Salt Medium (MSM) containing LDPE powder as the sole car-

bon source for the isolation of potential LDPE-degrading bacteria. 

 
Figure 4. RepresentativecolonymorphologyofpotentialLDPE-de-

grading bacterial isolates recovered from municipal dumping site 

soil samples. 

 
Figure 5. Preservation of pure bacterial isolates on nutrient agar 

slants at 4°C for subsequent characterization and biodegradation 

studies. 

2.4. Pot Study for Weight Analysis 

A pot experiment was conducted to evaluate the biodegra-

dation of low-density polyethylene (LDPE) under soil condi-

tions. Sterilized soil was filled into pots, and pretreated LDPE 

strips were buried at a depth of 5 cm. Selected LDPE-degrad-

ing bacterial isolates (108 CFU mL⁻1) were inoculated near the 

LDPE pieces, while uninoculated pots served as controls. The 

pots were incubated at 28–30°C for 90 days with moisture 

maintained at 60% water-holding capacity. [23, 24] After in-

cubation, LDPE strips were recovered, cleaned, dried, andana-

lyzedforweightlossand surface degradation to assess biodeg-

radation efficiency [25]. 

  

Figure 6. ExperimentalsetupofthepotstudyshowingLDPEstrips incu-

bated with Bacillus rugosus RB3 at 28–30°C for 90 days to evaluate 

LDPE biodegradation efficiency. 

2.5. SEM Analysis of Bacterial LDPE 

Degradation 

Scanning Electron Microscopy (SEM) was employed to in-

vestigate surface morphological changes in low-density poly-

ethylene (LDPE) films after bacterial treatment. Untreated 

LDPE exhibited a smooth, uniform, and intact surface, indi-

cating resistance to degradation [26, 27]. In contrast, bacteria-
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treated LDPE showed significant surface deterioration, in-

cluding roughness, cracks, pits, and erosion patterns. SEM ob-

servations provide clear visual evidence of LDPE biodegrada-

tion and support the role of bacterial activity in polyethylene 

degradation [28]. 

2.6. Molecular Identification and Phylogeny of 

Indigenous LDPE-Degrading Bacteria 

The bacterial isolate RB3 was molecularly identified as Ba-

cillus rugosus through nucleotide sequence analysis. The 

query length of 1401 base pairs showed a perfect alignment 

with the reference sequence, yielding a maximum and total 

score of 2586. The query coverage was100%, with an E-value 

of 0, indicating a highly significant match. The percent iden-

tity was 100%, confirming that RB3 is genetically identical to 

Bacillus rugosus (Accession No. NR_181236.1). The accurate 

identification of this strain provides a foundation for under-

standing its role in LDPE degradation and further exploring 

its biodegradation potential in environmental applications [29]. 

3. Results 

The graphical representation illustrates the variation in the 

measured soil parameter across different sample locations 

(AB, 1B, YB, BB, 2B, ZB, CB, and 3B) under control condi-

tions and after 30, 60, and 90 days of exposure to municipal 

solid waste dumping activities. Under control 

Conditions, all sampling sites showed comparatively higher 

values of the measured parameter, indicating relatively stable 

soil quality before prolonged exposure to dumping activities. 

Among the sites, 1B, ZB, and 3B exhibited the highest values, 

suggesting better initial soil characteristics. After 30 days, a 

noticeable decline in values was observed across most loca-

tions. This reduction can be attributed to the initial impact of 

waste decompose it ion and leachate percolation, which alters 

soil chemical balance. The decrease was more pronounced at 

sites such as YB and ZB, indicating higher sensitivity to 

waste-induced contamination. At 60 days, the declining trend 

continued, with further reduction in the measured parameter 

at all dump yard locations. This stage reflects the cumulative 

effect of prolonged exposure to municipal waste, where in-

creased microbial activity, leachate formation, and heavy 

metal migration significantly influence soil properties. Sites 

2B and 3B showed a sharper decline, indicating higher con-

tamination stress. After 90 days, the lowest values were rec-

orded for almost all sampling points. This significant reduc-

tion highlights severe degradation of soil quality due to con-

tinuous dumping and prolonged interaction between soil and 

waste materials. The most affected sites were ZB and3B, sug-

gesting advanced contamination levels, while AB and BB 

showed comparatively lesser reduction, possibly due to differ-

ences in waste composition or soil buffering capacity. Overall, 

the results demonstrate progressive deterioration of soil qual-

ity with increasing exposure duration, confirming that munic-

ipal dump yards exert a substantial negative impact on sur-

rounding soil environments. The trend Control > 30 Days > 60 

Days > 90 Days clearly indicates time-dependent soil degra-

dation. These findings are consistent with previous studies re-

porting that long-term waste dumping leads to altered soil 

physicochemical properties and increased environmental risk. 

 
Figure 7. Weight loss analysis of RB3. 

 
Figure 8. Weight loss analysis of RP1. 

 

 
Figure 9. Comparative SEM micrographs illustrating surface mor-

phological changes and degradation of LDPE films following treat-

mentwithindividualbacterialisolatesandbacterialconsortia. 

http://www.sciencepg.com/journal/fem


Frontiers in Environmental Microbiology http://www.sciencepg.com/journal/fem 

 

28 

Figure shows the variation in the selected soil parameter at 

different sampling locations under control conditions and after 

30, 60, and 90 days of exposure to municipal solid waste 

dumping. The results indicate a clear influence of dumping 

duration on soil quality. Under control conditions, all soil sam-

ples recorded comparatively higher values, indicating normal 

soil characteristics prior to prolonged waste exposure. Loca-

tions such as CB and 3B exhibited the highest values, suggest-

ing better baseline nutrient status or physicochemical stability. 

In contrast, sites like ZB and 2B showed relatively lower con-

trol values, possibly due to pre-existing anthropogenic influ-

ence. After 30days, as light reduction was observed in most 

samples. This decline may be attributed to the early stages of 

waste decomposition and leachate generation, which alters 

soil chemical composition. However, some locations showed 

minimal change, indicating short-term buffering capacity of 

the soil. At 60 days, a more pronounced decrease was evident 

across nearly all sampling points. This trend suggests cumula-

tive effects of continuous waste deposition, enhanced micro-

bial activity, and leachate infiltration. The reduction was par-

ticularly significant at ZB and 2B, highlighting increased sus-

ceptibility of these sites to contamination stress. After 90 days, 

the lowest values were recorded for most samples, indicating 

substantial deterioration of soil quality due to prolonged ex-

posure to municipal waste. The consistent decline from con-

trol to 90 days demonstrates a time-dependent negative impact 

of dump yard activities on soil health. Sites closer to active 

dumping zones showed greater reductions, while locations 

with relatively compactor stabilized waste exhibited moderate 

changes. Overall, the observed trend (Control > 30 days > 60 

days > 90 days) confirms that prolonged dumping signifi-

cantly alters soil properties. The results align with earlier stud-

ies reporting that continuous solid waste disposal leads to deg-

radation of soil quality through leachate migration and accu-

mulation of contaminants. 

 
Figure 10. Neighbor-joining phylogenetic tree based on 16SrRNA gene sequences showing the evolutionary relationship of Bacillus ragouts 

with closely related members of the family Bacillaceae. 

Molecular identification of the potent LDPE-degrading bacte-

rial isolate RB3 was carried out using 16S rRNA gene sequenc-

ing. The amplified nucleotide sequence of RB3 showed a query 

length of 1401 bp. BLAST analysis against the NCBI GenBank 

database revealed a maximum score of 2586 with 100% query 

coverage and 100% sequence identity, confirming the reliability 

of the obtained sequence. The isolate RB3 was identified as Ba-

http://www.sciencepg.com/journal/fem


Frontiers in Environmental Microbiology http://www.sciencepg.com/journal/fem 

 

29 

cillus rugosus, with the closest match corresponding to the acces-

sion number NR_181236.1. The E-value of zero further indicated 

a highly significant alignment, ruling out random similarity. Phy-

logenetic analysis was performed to determine the evolutionary 

relationship of isolate RB3 with related bacterial species. The 

phylogenetic tree clustered RB3 closely with reference strains of 

Bacillus rugosus, forming a distinct and well-supported clade. 

This clustering confirmed the taxonomic position of RB3 within 

the genus Bacillus and validated the molecular identification re-

sults. The close evolutionary relationship suggests shared genetic 

traits that may contribute to its LDPE-degrading capability. Over-

all, the molecular and phylogenetic analyses confirmed that iso-

late RB3 is a well-characterized indigenous strain with significant 

potential for LDPE biodegradation, supporting its selection for 

further degradation and application studies. 

4. Discusion 

The present study demonstrates the successful isolation, 

characterization, and genetic identification of indigenous bac-

terial strains with the potential to degrade low-density poly-

ethylene (LDPE) from a municipal dumping site of Himat-

nagar, Sabarkantha. Weight loss analysis revealed a significant 

reduction in LDPE mass in samples treated with bacterial iso-

lates compared to the control, indicating effective biodegrada-

tion activity. Among the isolates, strains RP1 and RB3 showed 

comparatively higher degradation efficiency, suggesting their 

strong adaptability and metabolic capability to utilize LDPE 

as a carbon source. 

SEM analysis further supported these findings by revealing 

surface alterations on LDPE films, such as cracks, pits, and 

erosion, confirming microbial colonization and enzymatic ac-

tion on the polymer surface. These structural changes are in-

dicative of polymer chain scission and surface oxidation, 

which are key steps in polyethylene biodegradation. The ge-

netic identification of the potent isolates highlights the role of 

indigenous microbial diversity in plastic degradation under 

natural environmental conditions. 

5. Conclusion 

In conclusion, the study emphasizes the potential applica-

tion of native LDPE-degrading bacteria as eco-friendly 

agents for plastic waste management. The findings contribute 

valuable insights into microbial plastic biodegradation and 

suggest that further optimization and large-scale studies 

could enhance their applicability in sustainable environmen-

tal remediation strategies. 
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