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ABSTRACT

Polythene and plastic waste accumulating in theirenment are posing an ever increasing ecologidakat.
Biodegradable plastics are environment friendlyeythhave an expanding range of potential applicatmad are
driven by the growing use of plastics in packagilmgthis study, soil sample were collected fromygine and
plastic dumped site waste in the area of Muthupahddove. The physico-chemical parameters of theveeie
studied. The isolated microbial strains were idiéeti based on their cultural morphological and biemical study.
Degradation of polythene bag and plastic cup wenalgzed 35, 45 and 55days of incubation in liquidture

method. Pot culture of Vigna radiata was perform&de morphological parameters such as Germinatibijtg,

root length, shoot length and chlorophyll conterrevanalyzed. Waste management was the importanegs to
protect the environment from pollution. Polythensd gplastic cup waste materials cause serious enwient
problems, so the waste materials removed by usiagrticroorganism. This method was cheap and aféecto
that it can be used widely for the treatment ofy/fw@ne and plastic cup.
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INTRODUCTION

Biodegradation is defined as decomposition or destm of contaminant molecules by the action &f ¢mzymatic
machinery of biological system. Biodegradatiorthe process by which organic substances are bro@am by
living organisms. The term is often used in notatio ecology waste management and environmentadtion.
A term related to biodegradation is biomineralisati in which organic matter is converted into maier
Biosurfactant, an extracellular surfactant secrétechicroorganisms, enhances the biodegradatioregso[1].

Microorganisms have a naturally occurring in migablzatabolic diversity to degrade, transform ocuaoulate a
huge range of compounds including hydrocarbons Apharmaceutical substances and metals. Théititya
light weight and process ability of these polymeasises them to longer in the nature for centunesead up in
landfills and natural water resources creatingvargethreat to the environment and its ecosysi{gns

Biodegradable polymers are designed to degrade digmosal by the action of living organisms, biode@able

polymers generally decompose in various mediunuimemvironment. The depolymerisation results duearious
physical and biological forces. The physical ferseich as temperature, moisture, pressure et déhl causing
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mechanical damage to the polymer. The microbiatibgradation was widely accepted and still underfeayts
enhanced efficiency. Recently, several microorgiasi have been reported to produce polyester degradi
enzymes. The microbial species are associated thith degrading materials were identified as baateri
(Pseudomonas, Streptococcus, Staphylococcus, Mimrasoand Moraxella),fungi (Aspergillus niger and
Aspergillus glaucus), Actinomycetes apdSaccharomonospormgenus.

Hence the present study was carried out with thieatmn of soil sample from Muthupet mangrove. Msis of
physico-chemical properties of the solil, isolatal adentify the organisms ieS.aureus, P.aeruginosa, A.niger,
Rhizopus spndStreptomycetes pom two different soil sample, viz., polythenedgplastic degrading soil samples
and study the toxicity level of the biodegradedyiw@ne and plastic products.

EXPERIMENTAL SECTION

Collection of test sample
Polythene bag and plastic cup were collected frooall market in Thiruthuraipoondi, Thiruvarur Distti Tamil
Nadu and India and used for degradation studies.

Soil Sample Collection
The soil sample was collected from polythene aladtig accumulated site of Muthupet Mangrove,rivérur
District, Tamil Nadu, South India.

Physico - chemical properties of soil

Samples were also taken from the site and analffzedghysico-chemical parameters such as pH, textper
phosphorus, potassium, calcium, magnesium, sodiitneagen and trace elements like copper, iron, raaege and
zinc.

Isolation and identification of microbes from soilsample

The collected 1gm of sample was taken and seridillyted using sterile distilled water upto A @lilutions in
bacteria (10), fungi (10%) and actinomyctes (1} specific medium. All the plates were incubate@ZtC and 28°C
for 24 to 48 hrs. The identification of bacteria svperformed on the basis of microscopic examinatod
biochemical test according to Bergey’s manual ¢térieinative bacteriology [3]. The fungal speciegeviglentified
after staining them with lactophenol cotton blug. [fhe phenotypic and chemotaxonomic characteristithe
actinomycetes was determined by the method destchip¢5].

Screening of polythene and plastic degrading micraganisms by clear zone method [6]

Polythene and plastic powder were added in mirsaidlmedium at a final concentration of 0.1% (wkgpectively
and the mixtures were sonicated for 1 hour at 320 in shaker. After sonication, the medium wereilszted at
121° and pressure for 15 Lbs/iidbr 20 minutes. About 15 ml of sterilized mediwas poured before cooling in
each plate. The isolated organisms were inoculategolymer containing agar plates and then inadat 22-
30°C for 2-4 weeks. The organisms producing zafeslearance around the colonies were selectedufther
analysis.

Microbial degradation of polythene and plastics

The degradation of polythene and plastics by miganisms were studied by following the method [Fhe

collected polythene bag and plastic cups were rtiot small pieces. The pieces were cleaned withwaigr (to
remove dust particles) and sterilized with ethaamad again washed with distilled water. They weegghed about
1lcm each, used for both test and control. The iplgséces were carefully removed from the cultusg (sing

forceps) after different days of incubation. Tlolexted pieces were washed thoroughly with tapewathanol and
then with distilled water. The pieces were shadeddand weighed for final weight. The data wereorded. The
same procedure was also repeated for 35, 45 addysbof treated samples.

Effect of the biodegraded polythene and plastic pructs
Biodegraded polythene and plastic products toxieffgct was studied by the planting method [8].

Percentage of germination [9]
The percentage of germinating ability was calcudldite each treatment by the following formula
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Total no. of seed germinate
Percentage of germinating ability = x100
Total no. of seed shown

Morphological parameter
Following morphological parameters were studieche Teight of the plant (in cm), number of leavesr (plant),
shoot length (in cm), root length (in cm)

Phytochemical analysis
Chlorophyll Estimation [10]
“+The chlorophyll contents were calculated by usigférmula.

\Y
mg of total chlorophyll/g tissue = 20.2 {4 + 8.02 (Asga) X
1000x W
Where,
A = absorbance at specific wave lengths.
V= final volume of chlorophyll extract ir08 acetone
W =  fresh weight of tissue extracted

Statistical analysis
Random sampling was used for the entire test. déta of all values were statistically analyzed arpgressed as
Mean + Standard Deviation by using the formula giteg[11].

Mean = X =3 X
N
Where,
> X = Sum of all values of variable
N = Number of observation.

[ _ Y2
Standard deviatior Z(XTX)

Where,
Z(X-X) %= The sum of the square of the deviations of eatie from the mean.
N=Number of observation.

RESULTS AND DISCUSSION

Sample collection

The present study deals with polythene bag andtiplasip degradation by usin@taphylococcus aureus,
Pseudomonas aerugingsAspergillus niger, Rhizopus spd Streptomyces swiere isolated from the Muthupet
mangrove soil, Thiruvarur (Dt), Tamil Nadu, Soutidia.

Physico - chemical characteristics

The physico- chemical characteristics of polythemel plastic degrading soil sample such as pH, teatyre,
calcium, magnesium, nitrogen, phosphorus, phospiiatietrace elements like copper, manganese, ziddran
were analyzed in standard methods [12] in table-1.

Isolation and identification of organism

Serial dilution and plating method used for is@atiand characterization of the organisms. Henceisthiated
organisms were confirmed & aureus, P. aeruginosA. niger, Rhizopus sand Streptomyces spThe bacterial
and actinomycetes colonies were compared with Bé&sddanual of systematic Bacteriology. The fungalony
were confirmed according to manual of soil fund@]f1
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Screening of polythene and plastic degrading micraganisms by clear zone method

The polythene and plastic containing mineral sgéirgplates were inoculated with the isolated bagtéungi and
actinomycetes. All the isolated bacteria, fungi aninomycetes were screened for their degradassay. On this
screening of polythene and plastic degrading migraoisms such &. aureus, P. aeruginosa,A. niger, Rhizopus sp
andStreptomyces spere noted in ¥ week, & week and % week of incubation (Table -2). [14] Reported tht
extracellular hydrolyzing enzymes secreted by #ngdt organism hydrolyse the suspended polyestetwiturbid
agar medium into water soluble products therebgipeing zones of clearance around the colony.

Degradation of polythene bag and plastic cup b$. aureus and P. aeruginosa

The degradation of Plastics by bacteria was assdsssed on the percent weight loss of plasticsndureatment.
The results of polythene and plastic cup degraddiioS. aureusandP. aeruginorawere shown in [Table-3]. The
weight loss of polythene in 35 days incubationSofaureus andP. aeruginosavere found to be 6.610t042 and
9.340.02. And the weight loss of plastic $1 aureusandP. aeruginosanoted that 8.163.65 and 8.38.01. In 45
days of incubation, the weight loss of polythen&iraureus and P. aeruginofaund to 8.21 .61 and 1.2 8.09.
And the weight loss of plastic B aureusandP. aeruginosashowed to 10.163:91 and 12.1 6.25. After 55 days of
incubation, the weight loss of polytheneSnaureusandP. aeruginosavere recorded as 16.®43 and 17.36-04.
And plastic weight losses in both bacteria weredah 15.2 9.01 and 19.16.35. From this data, it was very clear
that polythene and plastic cup degradation was mmauxi in sample subjected to long time of incubation.

Degradation of Polythene bag and plastic cup bg. niger and Rhizopus sp

The results of degradation of polythene and pldstié. nigerand Rhizopussp were presented in the table-3. The
weight loss of polythene in 35 days incubatioiimiger andRhizopus spvere found us 6.26%27 and 7.078.27.
And the weight loss of plastic iA. nigerandRhizopussp were noted that 4.30t01 and 4.018.02. In 45 days of
incubation, above mentioned fungi in weight lospofythene were noted that 8.20.42 and 7.0 8.29 and the
weight loss of plastic in both fungal species wienend to be 6.018-26 and 5.03 8.26. Similarly the weight loss
of polythene inA. nigerandRhizopussp subjected to 55 days of incubation was found td b€1 6.5 and 7.09
+0.31. And is the plastic weight loss treatedAimiger and Rhizopus spvere recorded that 10.10-86 and 7.04
+0.86.

Degradation of Polythene bag and Plastic cup b$treptomyces sp

The results of degradation of polythene and pladbigStreptomyces swere presented in [Table-3]. The weight
loss of polythene and plastics in 35 days treatedptes was found to be 7.030+431 and 7.07 ©.02. The weight
loss of polythene and plastic I8treptomyces spubjected to 45 and 55 days was found to be 8.0835%, 9.06 +
0.31 and 11.01 ©.41, 12.04 4.33. The data from the studies showed that maxirdagradation had occurred on
samples incubated for longer time.

In case ofS. aureus, P. aeruginosa, A. niger, RhizopndStreptomyces sposs of weight were recorded after 2, 4
and 6 month of incubation period when the size ofril The highest degradation of polythene andiplasp in 6
months. The results were similar to polythene pladtic — degrading microbes from polythene andtjda—
degrading microbes from the Muthupet mangrove [48i]. Once the organisms get attached to the seyfastarts
growing by using the polymer as the carbon sourc@rimary degradation, the main chain cleavedilgato the
formation of low-molecular weight fragments (oligers), dimmers or monomers[16].

Effect of the biodegraded polythene and plastic prducts

The toxicity level of the biodegraded polythene atabtic products used for the planting methodreHke effect of
biodegradable polythene and plastic product weedyaad inVigna radiatafor their growth.[17] Pointed out that
apart from nutrient availability, addition of orgammanure also increased porosity and moistureecrtf soil that
enhances root growth and water intake of the plaotvever, addition of polythene granules reducebpswes size,
which may have negative effect on the nutrientkatay the root of plant.

Morphological parameter

Morphological parameters such as height of thetptarmber of leaves, shoot length, chlorophyll gsialwere also
determined (Table 4 and 5).
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Table — 1.The physico - chemical analysis of mangre soil

S. No Soil Analysis Polythene degrading soil  Plastdegrading soil
1 pH 7 7
2 Temperature °C 27°C 29°C
3 Calcium (mg) 12 14
4 Magnesium (m¢ 36 35
5 Nitrogen (mg) 6.5 7.5
6 Phosphorus (mg) 14.61 12.18
7 Phosphate (mg) 4.8 5.6
8 Copper (ppm) 1.351 1.353
9 Manganese (ppm| 1.243 1.240
1C Zinc (ppm 3.11 3.4z
11 Iron (ppm’ 12.3¢ 11.5¢

Table — 2. Comparative analysis in screening of pgthene and plastic degrading microorganisms

Microbial degradation of weight loss
S. ) Name of 29 week 37 week 4" week
Organisms ) - - -
No Microbes Polythene Plastic Polythene Plastic Polythene Plastic
(mm) (mm) (mm) (mm) (mm) (mm)
1 | Bacteria S. aureu 3.61+0.01 2.21+6.12 6.31+0.0¢ 4.08:+0.0¢ 17.8¢+0.0€ 16.12+0.11
P. aeruginosa 9.67+0.14 6.456.16 25.808€.02 20.009.10 37.096.01 28.426.11
2 | Fungi A. niger 4.21410 3.226.02 6.450.27 8.426.06 12.636.05 11.296.05
Rhizopus sp 8.06+0.14 7.360.26 16.126.05 11.576.19 20.966.15 16.846.12
3 Actinomycetes| Streptomyces sp| 22.5840.03 10.526.31 35.486.01 21.056.23 46.1690.01 35.786.25

Values are triplicate mean +standard deviation

Table — 3.Degradation of polythene and plastics imbated with two bacterial species in  shaker culres under laboratory condition

Microbial degradation
S. No Organisms Days of Treatment (weight loss f19))
Polythene Plastics
35 days 6.618.042 | 8.16+4.65
1 S. aureus 45 days 8.218.61 10.160.91
55 day: 16.3¢+0.1% | 15.2+0.01
35 days 9.30.02 8.340.03
2 P. aeruginosa 45 days 11.26.09 12.10.25
55 days 17.30.14 19.16.35
35 days 6.268.27 4.3140.01
3 A. niger 45 days 8.210.42 6.010.26
55 days 11.016.51 | 10.1+0.86
35 days 7.070.27 | 4.0140.02
4 Rhizopus sp 45 days 7.00.29 5.036.26
55 days 7.0990.31 7.040.86
35 days 7.038.31 7.0740.02
5 Streptomyces s 45 days 8.068.35 9.066.31
55 days 11.010.41 | 12.04+0.33

Values are triplicate mean +standard deviation

Table — 4.Effect of the biodegraded polythene oviigna radiata growth

. Treatment
S.No | Morphometric parameters I T T v v Vi

1 Germinating ability (%) 78 38 54 72 40 68
2 Height of plant(cm) 10.%67 | 11.16.37| 10.30.27 12.62.57 | 11.66.57| 9.016.11
3 No. of leaves/ plant 11.2426 | 12.16.01 | 15.20.01 1456.02 | 13.16.01 | 11.116.1
4 Shoot length (cm) 9.06+21 | 10.36.02 | 11.016.03 | 13.016.01 | 12.0161 | 14.01402
5 Root length (cm) 9.0+11 | 10.96.01| 11.16.03 13.16.3 12.06.1 | 14.016.03
6 Chlorophyll (mg/g) 0.121 0.016 0.018 0.158 0.29 0.190

Values are triplicate mean +standard deviation

I. Treatment — | (sterile soil + seeds)
Treatment — |l (sterile soil + seedsS+aureuglegraded polythene)
Treatment — Il (sterile soil + seed$>+aeruginosadegraded polythene)
Treatment — IV (sterile soil + seed#+nigerdegraded polythene)
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Treatment — V (sterile soil + seedfRhizopudegraded polythene)
Treatment — VI (sterile soil + seeds tre&ptomycesp degraded polythene)

Table — 5 .Effect of the biodegraded plastic oXigna radiata growth

. Treatment
S. No | Morphometric parameters | T i V] v Vi
1 Germinating ability (%) 68 48 64 82 40 68
2 Height of plant(cm) 11.15:02 136.2 126.01 14.140.3 8.90.1 15.26.03
3 No. of levels plant 12.0¢1 | 16.29.01 | 13.16.02 | 11.26.01 | 15.16.03 | 14.16.02
4 Shoot length (cm) 1Dt3 129.08 159€.06 1490.07 136.06 | 16.1€.02
5 Root length (cm) 116:4 129.09 1596.03 1490.04 136.06 | 16.16.06
6 Chlorophyll (mg/g) 0.012 0.016 0.167 0.189 0.019 0.099

Values are triplicate mean +standard deviation

Il. Treatment — | (sterile soil + seeds)

Treatment — |l (sterile soil + seedsS+aureuglegraded plastic)
Treatment — Il (sterile soil + seedsPt+aeruginosadegraded plastic)
Treatment — |V (sterile soil + seed$A+nigerdegraded plastic)
Treatment — V (sterile soil + seedfRhizopuglegraded plastic)
Treatment — VI (sterile soil + seeds treéptomycesp degraded plastic

CONCLUSION

The results from this study, it was concluded ®aaureus, P. aeruginosa, A. niger, RhizopuargpStreptomyces
sp, degrade the polythene and plastic materials effelgti Thus theP. aeruginosahave efficient to degrade the
polythene and plastic material. The seedlin¥igia radiatawere transplanted in 12 pots of equal size, whiehe
noted as Treatment | — VI (Polythene) and | — Rlaétic). The morphological parameters such asigeting
ability, root length, shoot length and chloroplogntent were analyzed. Polythene and plasticveagte materials
cause serious environment problems, so the waderiaia removed by using the microorganism. Thethad was
cheap and effective, so that it can be used wiftelthe treatment of polythene and plastic cup.
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