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Abstract: This study focused on isolation and identification of potential polyethylene degrading bacteria from
plastic dumping region. In preliminary screening, the bacterial isolates had produced clear zones in the polymer
emulsion containing mineral medium indicating their polymer degrading ability. Inoculation of the isolates into
liquid mineral media containing polyethylene as the only carbon source resulted in weight loss of polyethylene
film resulted by the biological activity of bacteria. The percentage weight loss of polyethylene sheets by the
isolates were in the range of 12.7-58.5%. The potential polyethylene degrading isolate was identified as
Zymomonas mobilis through morphological and biochemical characterization with optimum growth pH and
temperature of 7 and 40°C respectively. Effect of isolated bacteria on wheat growth indicated that there was no
adverse effect on crop development. The results suggest that isolated microorganism can be used in laboratory
conditions as well as in situ for degradation of polyethylene.
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INTRODUCTION by sunlight into smaller toxic parts  contaminating  soil

Synthetic polymers are commonly used because of Biodegradation of plastics involves microorganisms
their low cost, reproducibility and resistance to physical like fungi and bacteria by using plastic as a substrate for
aging and biological attack. However, extensive use of their growth [11]. Various factors which are responsible
polymeric materials has made plastic pollution as for biodegradation are type of polymer, organism
significant environmental issue [1] and  represents a characteristics and the type of treatment required [12, 13].
major threat to ecological systems [2]. The accumulation Biodegradation of plastic waste and the use of
of the  plastic  is  responsible for the most unique and microorganisms to degrade the polymers have gained
long-lasting changes to the  environment [3].  Mostly notable importance because of the inefficiency of the
used plastics are polyethylene (36.3%), polyethylene chemical and physical disposal methods used for these
terephthalate,  polybutylene   terephthalate,   nylons, pollutants and the environmental problems they cause.
poly-propylene (21%), polystyrene (7.6%), polyvinyl The objective of this study was to isolate potential
chloride (11.8%) and polyurethane [4-6]. Polythene polyethylene degrading bacteria from plastic dumping
comprises of 64% of total plastic, which is a linear region. Plastic degradation by the isolate was determined
hydrocarbon polymers consisting of long chains of the by calculating percentage loss of polyethylene film by the
ethylene monomers [7]. Polyethylene either low density or isolates.
high density is a thermoplastic polymer made by
monomers of ethylene, used mostly as thin films and MATERIALS AND METHODS
packaging sheets [8]. Environmental factors such as light,
heat, moisture, chemical conditions and biological activity Sample Collection: Soil sample were collected from
are involved in  plastic degradation. The burning of waste different plastic dumping regions in and around Jalgaon,
plastic material produces toxic gases [9]. Plastic degraded Maharashtra (21°0’18.5905” N, 75°33’50.1912”E).

and water [10].
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Fig. 1: Sample collection site from Jalgaon, Maharashtra

Isolation of Microorganisms: One g of soil sample was days and the polyethylene-degrading microorganisms
transferred to a flask containing 50 ml of sterile 0.85% were identified by zone of clearance method.
physiological saline. The soil solution was shaken for 1 h Colonies forming clear zones were selected and
on a rotary shaker at 37°C. The culture (100 µl) was then further analyzed for polyethylene degradation.
spread on Luria Bertani agar plates to isolate Polyethylene films were cut into small squares (1 cm × 1
microorganisms. The  plates  were  incubated  at  28°C for cm) and were sterilized using 70% ethanol and UV
5-7 days in a bacteriological incubator. The developed radiation (5 min). Approximately 0.1 g of polyethylene
colonies were isolated and sub-cultured repeatedly to films was aseptically transferred into the conical flask
obtain the pure cultures and then preserved in agar plates containing 100 ml of sterile mineral medium. Then medium
at 4°C. was inoculated with the selected strain incubated in rotary

Mineral Medium: A mineral medium (0.2g NaH PO , 0.05g was maintained with films in a bacteria-free medium.2 4

MgSO •7H O, 0.02g KH PO , 0.1g yeast extract) was At the end of the process, polyethylene films were4 2 2 4

prepared (100 ml) for isolation and examination of plastic collected, washed thoroughly using distilled water and
degrading microorganisms. PBSA emulsion (0.1%) was shade dried. Degradation was determined by measuring
added as the only source of carbon for the growth of the residual weight of the polymers. The percentage
bacteria in the mineral medium [14]. weight change was calculated by comparing the dry

Preparation of Polymer Emulsion: Polymer emulsions films [16] using the formula [17].
were prepared by following the procedure described by
Uchida et al. [15]. 0.5% PBSA [poly (butylene succinate-
co-butylene adipate)] emulsion was prepared by
dissolving about 2 g PBSA pellet in 40-60 ml of
dichloromethane. This was followed by addition of 100 ml
distilled water and 2 ml of 2% sodium lauroyl sarcosinate. Identification  of  Polyethylene Degrading Isolate:
The mixture was sonicated for 10 min and the Bacterial growth resulted in highest weight loss of
dichloromethane was evaporated by  stirring  at 80°C for polyethylene sheet was further identified by
2 h in a draft chamber. The emulsion was filled up to 400 morphological and biochemical tests.
ml  with  distilled  water  and  the pH was adjusted to 7
with KOH. Growth Optimizationof Polyethylene Degrading Isolate:

Bacterial Degradation of Polyethylene: The microbial polyethylene degrading isolate, varying pH and
colonies cultivated on LB agar plates were tested on temperature were tested. Minimal media with pH 3, 4, 5, 6,
mineral  agar  plates  containing 0.1% emulsified PBSA. 7 and 9 were prepared and  inoculated  with  the  isolate.
The mineral agar plates were incubated at 37°C for 2-3 To determine the optimal growth temperature, the

shaker at 37°C, 220 rpm for a 1-month period. The control

weight of residual films with the original weight of the

In order to determine the optimal growth conditions of the
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inoculated flasks were incubated at 25°C, 30°C, 35°C, 40°C sheets by the isolates were in the range of 12.7 -58.5%.
and 45°C. Growth of the isolate was determined by Loss of weight in the control flask was tested and weight
calculating the OD values at the end of log phase. loss was higher in all the experimental flasks indicating

Bacterial Activities on Soil and Crops: After the medium but because of biological process by the isolates.
degradation experiments, bacterial suspension (10  cells Among the isolates, S1 had produced greater weight loss6

/ ml) was added into soil and sowed with wheat grains to of 58.5% followed by S4 (49.2%). The isolate was further
determine the effect of isolated bacteria on germination identified as Zymomonas mobilis based on Bergey’s
and crop development. Wheat seedlings were observed manual (Fig-3).
after 10 days for their growth characteristics and The isolate, Z. mobilis was further tested to optimize
compared with control plants. the growth conditions under varying pH and temperature.

RESULTS AND DISCUSSION pH 6 and 7 with the readings 0.014 and 0.029 respectively.

Bacterial colonies grown in LB agar plates were and 0.048 of the isolate. Germination experiment involving
inoculated into mineral agar medium containing polymer the effect of polyethylene degrading isolate on wheat
emulsion. A total of 8 colonies were observed with clear indicated there was no negative effect on the crop (Fig-4).
zone around their growth indicating their polymer Polythene is the most commonly found non-
degradation ability. The colonies were purified and the degradable solid waste that has been recognized as a
isolates (S1, S2, S3, S4, S5, S6, S7 and S8) were further major threat to terrestrial and marine life. Several studies
characterized through morphological and biochemical conducted on landfills and other terrestrial sites focused
tests (Table-1, 2 and 3). on the isolation and characterization of polyethylene

The isolates were grown in liquid mineral media degrading strains [18-20]. Polythene degradation by
inoculated with polyethylene sheets for the loss of Pseduomonas and Moraxella sp were reported by
residual weight at the end of 1 month incubation period Kathiresan [21]. Bacteria belong to the genera
(Fig-2).  The   percentage   weight   loss   of   polyethylene Pseudomonas,  Comamonas    and   Bacillus   have  been

that percent weight loss was not due to chemicals in the

Highest optical density of the  isolate  was  recorded at

Both 35°C and 40°C resulted in highest OD value of 0.041

Table 1: Colony characteristics of plastic degrading isolates
Isolates Shape Configuration Margin Elevation Surface Pigment Opacity
S1 Round Circular Filamentous Convex Smooth White Shiny
S2 Round Circular Punciform Convex Smooth Buttery Translucent
S3 Round Circular Punciform Convex Smooth Pink Opaque
S4 Round Circular Filamentous Convex Smooth Buttery Opaque
S5 Round Circular Undulate Flat Smooth Buttery Opaque
S6 Round Circular Entire Convex Smooth Buttery Opaque
S7 Round Circular Punciform Convex Smooth White Opaque
S8 Round Circular Entire Convex Smooth Blackish Opaque

Table 2: Biochemical characteristics of plastic degrading isolates
Test S1 S2 S3 S4 S5 S6 S7 S8
Amylase + + + + + + + +
Catalase + + + + + + + +
Citrate + + + + + + + +
Endospore + - - - - - - -
Gram’s reaction - + - - - - - +
H S production - - - - - - - -2

Indole - - - - - - - -
Methyl red + + + + + + + +
Oxidase + + + + + + + +
Urease + + + + + + + +
Voges-Proskauer + + + + + + + +
(+) positive; (-) negative
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Table 3: Carbohydrate fermentation by the plastic degrading isolates
Carbohydrate fermentation S1 S2 S3 S4 S5 S6 S7 S8
Glucose Acid - + + - - - - +

Gas - - - - - - - -
Maltose Acid - - + - - - - -

Gas - - - - - - - -
Sucrose Acid - - - - - - - +

Gas - - - - - - - -
Cellulose Acid - - - - - - - -

Gas - - - - - - - -
Starch Acid + + + + + + + +

Gas - - - - - - - -

Fig. 2: Biodegradation experiments of polyethylene film

Fig. 3: Microscopic appearance of S1 isolate (Zymomonas mobilis)

Fig. 4:  Effect of Z. mobilis on wheat plant growth
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found to utilize polyester and polyurethane as sole carbon 2. Shah, A.A., S.  Kato,  N.  Shintani,  N.R. Kamini and
source [22, 23]. Incubation of Brevibacillus borstelensis
with polyethylene revealed the reduction in molecular
weight of polyethylene by 30% [24]. The ability of
Bacillus species and Lysinibacillus xylanilyticus to
utilize polyethylene was evaluated earlier [25, 26].

Microbial degradation of plastics is caused by
enzymatic activities which lead to a chain cleavage of the
polymer into oligomers and monomers. These water
soluble enzymatically cleaved products are further
absorbed by the microbial cells where they are
metabolized. In this study, the degradation of
polyethylene sheets by the  isolates  was  confirmed by
the weight loss of polyethylene after one month
incubation  period.   The  results  were  in  accordance
with  the  preliminary  screening  findings   of  this study
in  which  clear  zones  were produced by the isolates in
the polymer emulsion containing mineral medium.
Treatment of soil with the isolate to cultivate wheat plants
indicated the isolate has no negative effect on crop
development.

CONCLUSION

Microorganisms isolated from specific environments
have developed many unique features which help them to
survive under unfavorable conditions. For this reason, we
focused on the plastic waste dumping sites to isolate
microorganisms which are able to rapidly decompose
polyethylene materials. In the present study, we sought
to isolate, test and identify polyethylene degrading
microorganisms which possess high ability for
biodegradability of plastics. A total of 8 isolates were
isolated and the bacteria with highest degradation ability
were identified as Zymomonas mirabilis. The results
suggest that isolated microorganism can be used in
laboratory conditions as well as in situ for degradation of
polyethylene. Further optimization of growth conditions
might significantly accelerate the process of
decomposition of plastics. To clarify the degradation
mechanism in more detail, research on the produced
enzymes should be conducted.
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