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ABSTRACT

Thermoplastics, poly vinyl chloride and low-dengitylyethylene were treated in the presence of smbgsly
developed bacterial consortium in laboratory andumal conditions. The consortium was developed gi$our
bacteria, selected on the basis of utilization &QPas primary carbon source, nameély otitidis, B. aerius, B.
cereusand A. pedisisolated from the plastic waste disposal sites mrthern India. The comparativa-vitro
treatment studies as revealed by the spectral &edntal data, illustrated the relatively better bamtadation
potential of developed consortium for PVC than tHePE. Further, the progressive treatments of bdile t
thermoplastics were conducted for three months umdgural conditions. For this purpose, bioformutat of
consortium was prepared and characterized for tiadility up to 70 days of storage at 25€L The consortium
treated polymer samples were monitored through St FT-IR spectroscopy. Analytical data revealed th
biodeterioration potential of the developed consont for PVC and LDPE, which could help in dispositg
plastic waste.
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INTRODUCTION recalcitrant  polymers, biodeterioration and
biodegradation offer a mild means for their
Nowadays, wider applications of thermoplasticgecycling and disposal (Wypych 2008; Arutchelvi
with particular emphasis on poly vinyl chloride et al. 2008; Yoon et al. 2012; Sharon and Sharon
(PVC) and low-density polyethylene (LDPE) in2012). Although, biodegradation is necessary for
domestic, scientific and technological applicationdoth water-soluble and water-immiscible polymers
have raised serious issue of waste disposal, lgadihecause they eventually enter the streams, which
to pollution (Kawai 2010). Over the past fewcan neither be recycled nor incinerated (Barnes et
years, stabilization and degradation of suckl. 2009). Several microorganismsuch as
recalcitrant thermoplastic-based materials an&seudomonas aeruginosa, Aureobasidium
issues related to their applications, health, gafefpullalans, ~ Rhodotorula  aurantiaca and
and environmental impact have been of immensluyveromycesp. have been reported to cause
academic and technological interest. In thisitu colonization and substratum deterioration of
context, among various strategies of degradinglasticized PVC (Booth and Robb 2007). Further,
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the colonization of A. pullulans displays a temperature (Z&). The powdered form was
significant substratum damage of the plasticizeduccessively washed with 70% ethanol and dried
PVC, followed by R. aurantiaca and at 50+PC for 1 h and used as a primary carbon
Kluyveromyces sp., suggesting that microbial source forin vitro studies. The above processing
succession occurs during the colonization processas done in order to increase the surface area of
and thatA. pullulans has beencritical to the polymer for better interaction with the bacteria in
establishment of a microbial community on thethe liquid medium. Further, commercially
polymers (Webb et al. 2000). The plasticizeravailable PVC and LDPE films were also used for
content of PVC has been reported to degrade in thiee in situ studies. Thealc, which was used as a
presence ofP. fluorescens(Zeng et al. 2002), carrier for bioformulation preparation was
Coryneform bacteriumand Mycobacteriumsp. purchased from HiMedia Lab Pvt. Ltd, Mumbai,
(Nakamiya et al. 2005). The blend ofindia. It was composed of talcum steatite, tale fin
PVC/polycaprolactone has also been reported feowder and hydrous magnesium silicate. Nutrient
degrade in the presence ©firvularia sp., Trogia broth (HiMedia, India) was taken as medium for
buccinalis and Phanerochaete chrysosporiumthe bacterial growth and Minimal broth Davis
(Sandra et al. 2010). without (w/0) dextrose (HiMedia, India) as the
Similarly, polyethylene’s has been reported tamedium for then vitro studies.
degrade in the presence oPseudomonas
Streptococcus,  Staphylococcus,  MicrococcuBacterial Consortium
(Kathiresan 2003, Yoon et al. 2012) A total of four bacterial cultures were retrieved
Xanthomonas, Flavobacterium, Agrobacteriunfrom the departmental culture collection of
and Bacillus sps (Gupta et al. 2010). However,Microbiology, CBSH, G. B. Pant University of
degradation of thermoplastic in natural conditiorAgriculture and Technology, Pantnagar, India
is a global challenge of this time (Nowak et al(Table 1). These cultures were selected on the
2011). Hence, there is an urgent need to develdasis of their pre-identified potential to act upon
efficient consortia and their products to solve thé?VC (Anwar 2011) and LDPE (Kapri et al. 2010).
burning issue, i.e., plastic waste management ifhe cultures were revived on nutrient broth and
nature. Thus, the present study focused onirthe maintained on nutrient agar at optimum initial pH
vitro andin situ treatment of two thermoplastics in (7.0+0.2) and temperature (&). A single colony
the presence of potential bacterial strains ani theof each bacterial culture was inoculated into 50
bioformulation, respectively. mL flask containing 10 mL of nutrient broth and
active cultures were prepared by incubating the
flask for 16 h with continuous shaking at 120 rpm.

MATERIALS AND METHODS The calculated amount (cfu M) of each strain
' ' was mixed for the development of consortium.
Starting Materials The compatibility of the used strains for the

PVC and LDPE beads were procured from Sigmapreparation of the consortium was tested and
Aldrich Inc., St. LOUiS, MO, U.S.A. and Convertedreported earlier (Sat|ewa| et al. 2008; Neg| et al.
into powdered form by boiling with xylene, 2009; Soni et al. 2009; Goel et al. 2010; Kapri et
followed by solvent evaporation at rooma|. 2010; Anwar 2011; Goel et al. 2011).

Table 1 -Bacterial strains used in the study.

Bacterial strains Accession no.
Pseudomonas otitidistrain SPT1 GU598256
Bacillus aeriusstrain SPT2 GU598257
Acanthopleuribacter pedistrain SPT3 GU598258
Bacillus cereustrain SPK1 GU598261

Laboratory Scale Treatment of Thermoplastics five 250 mL Erlenmeyer flasks. One flask
For thein vitro studies, 100 mL Minimal broth containing 300 pl of active consortium in the
Davis w/o dextrose (pH 7.0 + 0.2) was taken irabsence of any polymer was taken as positive
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control. Two flasks containing PVC and LDPEinch?) were surface sterilized with ethanol (70%)
powder (added separately) at a concentration d6r 10 min and subsequently mounted vertically
5.0 mg/mL without the consortium were taken asnside the soil at varying depths. The soil of the
negative control. The remaining two inoculatedrespective treatments was inoculated with the
with above said amount of consortium and botlpioformulation and incubated in natural condition.
the polymers separately were taken as th&he moisture and aeration in the experimental
experimental flasks. All the flasks were incubatedsinks were taken care by adding autoclaved
at 37C with continuous shaking (120 rpm). Thedistilled water and shovelling the soil at regular
shift in A-max in the treatments and negativeintervals of two weeks. The PVC and LDPE film
controls was determined after the regular intervalsoupons incubated in the soil devoid of bacterial
of 24 h during the incubation period, till the consortium were taken as control. Both the film
consortium attained the stationary phase. Theoupons were kept in soil for three months,
treated samples were recovered from the brottnereafter recovered and then sterilized with
through the filtration of flask content and thewe th ethanol (70%) for 10 min and dried in a desiccator
filtrate as well as the residue was collectedor 24 h under vacuum.
separately. The filtrate was centrifuged at 5000
rom for 15 min to remove the bacterial biomas#nalysis of Treated Polymer Samples
and the supernatant was kept in an oven &€ 50 The changes in the polymer samples treated were
for overnight to evaporate the water and thegreliminary determined by measuring thenax
residual samples was recovered and analyzed. shift in comparison to negative control through
Perkin Elmer UV-Vis Spectrophotometer. In order

Treatment in Natural Condition to eliminate the discrepancy between the
Preparation and viability determination of talc- consortium-treated polymer samples and their
based bioformulation untreated controls, the thermal properties were

Prepared active consortium (200 mL) was spun atudied through simultaneous thermogravimetric
5000 rpm for 15 min to remove the bacterial cells(TG)-differential  thermogravimetric  (DTG)-
Then, 10 g talc was weighed and added to thdifferential thermal analysis (DTA) over Perkin
pellets under sterile conditions and mixedElmer (Pyris Diamond) thermal analyzer under
properly. The mixture was then kept at roormmitrogen atmosphere (200 mL rifjnfrom 50 to
temperature (28°C) aseptically for drying. The 1000C with heating rate of °&8 min® on a
viability of bacterial isolates in the bioformulati  platinum pan. The weight loss (%) of the samples
was ascertained by serial dilution plating methodwas evaluated as a function of temperature through
For this purpose, 1.0 g of talc-based formulatiom GA. The temperature with the maximum weight
was mixed in 1.0 mL of sterile distilled water. Theloss was illustrated as DTG peak temperature and
suspension was further mixed with 9.0 mL ofthe heat of degradationAl) involved in the
sterilized distilled water. Likewise, the dilution thermal behaviour of the samples representing the
plating was done in nutrient agar medium. Thexotherm and endotherm was estimated through
plates were incubated at 3?€land the cfu mt  DTA.

counts were checked initially after 2 and 4 daysThe chemical changes in the residuals and the
Thereafter, the viability was determined afterecovered polymer films obtained after the
regular interval of 7 days for subsequent thre&reatment were determined through Perkin Elmer
weeks, followed by 15 days interval. The abovd-ourier transform infrared (FT-IR)
pattern was followed keeping in view the rapiditySpectrophotometer and the spectra were recorded
of changes in viable counts during the storage. Then KBr disc, taking pure PVC and LDPE as the
plate counts were carried out in triplicates aral threferences. The change in the morphology of the
average of the three respective readings wemecovered polymer films were ascertained through

taken. the microscopy studies. For this purpose, the
samples were metallized with gold particles (three
In-situ treatment discharges of 40 mA/50s in argon atmosphere) in a

Top-soil was dug from a barren land at Pantnagahigh vacuum metalizator (Bal-Tec SCD 005) and
India, autoclaved at 12€ for 25 minutes and then analyzed by scanning electron microscopy (SEM)
filled into 45x34 cm sinks. The PVC and LDPE (Leo, 435VF, U.K.) at 15.00 kV EHT under three
film coupons of dimensions 2.5 x 2.5 Tifl.0 successive magnifications (1.5, 3.0 and 5.0 KX).
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RESULTS AND DISCUSSION subsequently attained a value of 218.84, 218.15
and 217.13 nm after a successive period of
Comparative Growth Profiling of Consortium incubation, i.e., 8, 4" and %' day, respectively
The growth profile of the used consortium,(Fig. 1A). However, shift i, max of LDPE (from
compared in the absence and presence of ti22.1 nm to 209.5 nm) was observed afférday
polymers (PVC and LDPE) revealed that both thand subsequently up to"4days of incubation
polymers didn’t affect the growth pattern of the(Figure 1B). These findings suggested that the
consortium as stationary phase was achievedicrobial action on PVC could be fast in
within two days, as in case of control (Table 2)comparison to the LDPE. Further, the results
However, in the presence of polymers, thendicated that both the polymers were used by the
consortium showed reduction of lag phase by 24 hacterial consortium for their survival as the
earlier onset of log phase and more biomasgrowth medium was not containing any other
(revealed by the Ofg), which indicated the carbon source. Also, higher bacterial biomass and
sustained growth of consortium as compared to thehanges in the polymer structure were achieved
control (Figures 1 A, B). Further, a prominent shif during the incubation period as reported by Kapri
in L max of PVC (from 206.3 nm to 218.84 nm)et al. (2010) and Sah et al. (2010).

was observed within 24 h of incubation and

Table 2 Growth profile of bacterial consortium grown retpresence of PVC and LDPE as sole carbon somrce i
liquid medium during incubation.

Treatment Days ODygevalues in triplicate A max
Consortium 0 0.001 0.001 0.001 -
Consortium 1 0.016 0.015 0.014 -
Consortium 2 0.13 0.12 0.14 -
Consortium 3 0.11 0.11 0.12 -
Consortium 4 0.08 0.09 0.08 -
Consortium 5 0.114 0.115 0.116 -
Consortium + PVC 0 0.001 0.001 0.001 203
Consortium + PVC 1 0.196 0.195 0.192 204
Consortium + PVC 2 0.17 0.18 0.18 206
Consortium + PVC 3 0.17 0.16 0.17 207
Consortium + PVC 4 0.162 0.161 0.16 208
Consortium + PVC 5 0.163 0.162 0.161 209
Consortium + LDPE 0 0.001 0.001 0.001 207
Consortium + LDPE 1 0.134 0.135 0.133 216
Consortium + LDPE 2 0.156 0.155 0.156 218
Consortium + LDPE 3 0.153 0.152 0.154 219
Consortium + LDPE 4 0.135 0.136 0.135 217
Consortium + LDPE 5 0.182 0.183 0.182 216
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Figure 1 - Growth profile of bacterial consortium grown in theesence of PVC (A) and LDPE (B) as
sole carbon source in liquid medium.

Braz. Arch. Biol. Technol. v.56 n.3: pp. 475-484aWlune 2013



Biodeterioration of Thermoplastics in Nature UsBacterial Consortium 479

Shelf Life of Bioformulation PGPR bioinoculants was also conducted by Arora
The viability of the consortium was maintained inet al. (2008), wherein sawdust was used as the
the talc-based bioformulation for a period of 70carrier. The clay-based formulation  of
days at ambient temperature (Table 3). Pseudomonads for degrading the petrol has been
These observations suggested that the consortiumported by Ting et al. (2010). The talc as carrier
was viable in the developed carrier-basedhas also been reported for PGPR strains for
formulation. The consortium in the form of management of various plant pathogens
powdered bioformulation was further used for th§Shanmugam et al. 2011).

pilot-scale experiments. The viability test for

Table 3 -Shelf life of bioformulation under ambient storggenperature.

Cfu/ml* (x10°) at subsequent time intervals (days)
2 4" 11" 18" 25" 4d" 55" 70"
223+2 21612 210+2 176+2 171+2 902 7612 3612
*Mean of three replicates.

Analysis of Treated Polymers pair of DTA exotherm at 408 (115 uV) and
Simultaneous TG-DTG-DTA 476°C (104 uV) with heat of decompositionH
The thermal data of PVC and LDPE treated by thémJ/mg), 138 (Fig. 2A). In case of control LDPE,
consortium with reference to control, are shown irthe thermal degradation started at uDith 4.5%
Table 4. WL and it was terminated at 4%B with weight
The thermogram of control polymers showedesidue of 0.6% as reported by Tajeddin et al.
single step decomposition. The thermal(2009). The single step thermal decomposition was
degradation of control PVC started at 3DWwith  observed with a DTG profile at 4%1 and the rate
weight loss (WL) of 3.1% and was terminated abf decomposition was 1.79 mg/min. A pair of
500°C with complete decomposition. The TG dataDTA endotherm has been reported at *007-3
was further supported by a DTG profile. A tripletpV) and 457C (-31.4 uV) with AH, 129.0 and
was observed in DTG profile at temperaturés3.0 mJd/mg, respectively. Along with this
ranging 400-46% with highest rate of temperature, a weak exotherm was also observed
decomposition (0.111 mg/min). It also showed at 476C (104uV) with AH -14.6 mJ/mg (Fig. 2B).

Table 4 -Thermal analysis of consortium treated PVC and LpB®der with reference to respective control.

Thermoplastic DTG Peak Temperature DTA Exotherm DTAEndotherm
°C Decomposition Rate jg/min) °C  AH(MJmg) °C  AH (mJ/mg)
PVC Control 400 101 403,476 6.28 132 138
436 111
469 930
LDPE Control 451 1790 467 14.6 107 129
457 53
Treated PVC 57 161.7 - - 62 925
117 76.4 122,156 76.6
154 158.0 225 147
222 101.3 572,591 99.4
Treated LDPE 148 710 - - 149 155
218 150 224 92.2
576 83.4

The consortium treated PVC was undergoes thre@07°C and final step at 280 with 4.6, 5.4 and

step decomposition with an early onset of thermal1.9% WL, respectively. The three steps
decomposition temperature. The first step oflecomposition was verified through three DTG
decomposition occurred at 5 second step at profile with the highest rate of decomposition
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(0.161 mg/min) at 5C. The TG data was further (-13.6 pV) with AH, 155 and 92.2 mJ/mg,
supported by DTA endotherm at temperatureespectively (Fig. 2D). However, the similar
ranging 62C (-11.0pv) to 225C (-15.86uV) with  significant changes in the thermal profiles of
AH, 92 to 147 mJ/mg, respectively (Fig. 2C).biodegraded samples of polycarbonate (Goel et al.
However, for LDPE, two steps thermal2008) and LDPE (Sah et al. 2010) have been
decomposition was observed by the treated witheported showing the biodegradation potential of
consortium. The TG data revealed the first steghe used consortium for PVC and LDPE. Thus, the
decomposition at 12C with 3.6% WL and second consortium was responsible for multiple step
step decomposition at 22 with 16.8% WL. TG decomposition, changes in the thermal profile and
data was further verified through two DTG profileincreased weight loss of the treated polymer.
with the highest rate of decomposition (0.71Further, the comparative analysis of the change in
mg/min) at 148C. These data were further the thermal profiling suggested that the consortium
supported by a pair of DTA endotherm atcould better use PVC as sole carbon source in
temperature ranging 12© (-17.7uV) and 224C  comparison to the LDPE.
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Figure 2 - Comparative TG -DTG-DTA thermogram of treated PVC) @nd LDPE (D) with
reference to their control (A) and (B), respectvel
FT-IR spectra characteristic wave numbers (¢mat 2962.8-

The potential of consortium towards the2363.0 ¢ CH,,), 1469.6-1463.05(CH,), 1376.3-
biodegradation of PVC and LDPE powder wasl371.8 § CH), 1084.7-1073.2v( C-O-C), and
also reflected through the shift in the waver45.9-721.5« C-Cl) as reported by Mekki and
numbers (cr) in comparison to the untreated oneBelbechir (2007) for vinyl chloride—vinyl ether
(Fig. 3). The changes in the polymers incubated inopolymers.  Additional characteristic peaks
the presence of consortium were monitored in theeported at (cff) 3455.9 ¢ OH), 1631.2 § OH),
range of 4000 to 450 c¢h The control PVC 535.6 § C-C-C) (Fig. 3A) and at 1726.3 C=0),
powder (Fig. 3A) and film (Fig. 3B) showed 1280.8 { CH), 1127.6 § C-C), 652.5 { C-C-C)
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(Fig. 3B) represented to PVC powder and film,1352.6 crit. The introduction of 1218.24 C-O-
respectively. Similar characteristic peaks were alsC) and 1071.6 W C-O-C) frequencies was
reported by Ramesh and Yi (2008) in theobserved in the treated polymer due to the
plasticized PVC. inclusion of O atoms into the hydrocarbon
The PVC powder treated in the presence obolymer backbone through the microbial action
consortium in the laboratory-scale showedFig. 3C). The LDPE film treated in the presence
characteristic wave number (éncorresponding of consortium also showed the absorptions
to 3417.0 ¢ OH), 1663.0§ OH), 1476.3§ CH,),  corresponding to 3427.% OH), 2919.1 ,s CH,),
1094.9 ¢ C-O-C), 530.8 C-C-C), respectively. 2852.8 {s CH,), 1601.1 § OH), 1443.6 §.s CH,)
However, the biodeterioration of PVC wasand 770.2 @ CH,), respectively.However, the
ascertained through the introduction of thantroduction of the additional wave numbers
additional wave numbers at 985.4 and 863.17 cmcorresponding to 1217.9. C-O-C), 1066.7+( C-
corresponding top CH, and [0 ® CH, 0O-C)and 3021.2v{s CHs;) and removal of 2342.2
respectively. The consortium imparted(p CH,), 1351.6 §s CH;) frequencies illustrated
simultaneous absence of wave numbev@CH, the deterioration of LDPE film sample after three
group and increase in the transmittance of the Gnonths in the soil (Fig. 3D). The variations in the
O-C group over control PVC. The removaho€- wave numbers in the polymers spectra revealed
Cl at 721.5 ci depicted the removal of somethat both the polymer were used as sole carbon
chlorine atom from the treated sample (Fig.3A). source during the incubation period. The relative
The PVC film treated in natural conditions usingpotential of the consortium was reflected through
the bioformulation showed wave number (Om the comparative FT-IR study of the treated PVC
corresponding to 3450.% OH), 2924.5 to 2854.5 and LDPE in the whole spectral range‘crithe

(v CHp), 1463.8 § CH,), 1216.4 ¢ CH), 1080.7« shift in the wave numbers of the various functional
C-0-C), 763.5 { C-Cl) and 673.0 ( C-C-C), groups and changes in the backbone of P¥C-(
respectively (Fig. 3B). The consortium introducedC-C) indicated that the consortium was more
the absorption corresponding to the formation oéffective towards the degradation of PVC.
hydroxyl group on the macromolecular chain of

the PVC as well as the absence of wave numbegtanning electron microscopy

corresponding t® C-C. The simultaneous shift in The morphological changes on the surface of PVC
the wave numbers of various groups indicated thand LDPE film due to the action of consortium
microbial action on the polymeric structure. were analyzed after incubation period of three
The control LDPE powder (Fig. 3C) and the filmmonths in natural condition (Fig.4). The control
(Fig. 3D) showed characteristic wave number®VC revealed smooth and homogeneous
(cm™) absorptions corresponding to 3435.6-3426.0norphology (Fig.4A). But in the case of LDPE
(v OH), 3030.8¥as CHs), 2930.5-2919.9v(s CH,),  film, some wrinkled structures in a diagonal
2850.6-2848.2  CH,), 2368.0-2342.2p( CH,), fashion were observed, probably due to the
2151.8 § CH,), 1595.1-1594.2( OH), 1465.5- pressure of soil burial (Fig. 4B). The exposure of
1461.5 §.s CHy), 1352.6-1351.6 & CH;) and both the film to consortium imparted
768.4-720.2 ¢ CH,), respectively (Kapri et al. heterogeneous morphology with widened fissure,
2010).The FT-IR spectra of LDPE powder treatedieading to the formation of cavities with wrinkles
by the consortium in the laboratory renderedand white globular areas. The SEM micrograph
spectral absorptions corresponding to 3494.9 (revealed that the formation of cavities with
OH), 2923.4 \as CHy), 2365.2 f CH,), 1570.5§ wrinkles and white globular areas were more
OH), 1465.8 §s CH,), and 720.2 { CH,), widened and prominent in the PVC (Fig.4C) as
respectively. However, this sample showed theomparison to LDPE film (Fig. 4D). Thus, the
absence of various absorptions corresponding wbservations suggested the considerable surfacial
methyl and methylene groups as observed in th#eterioration of polymer by the virtue of
control LDPE at 3030.8, 2850.6, 2151.8 anctonsortium action.
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Figure 3 - Comparative FT-IR spectra of consortium treated RXCand LDPE (C) powdein vitro
and consortium treated PVC (B) and LDPE (D) filmatural conditions with reference to
their controls.

1 prm, 300KX R0 g, 300N
I ——
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Figure 4 - SEM micrograph of consortium treated PVC (C) andPEDX(D) film in natural condition
with references to their controls (A) and (B), resjvely.
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CONCLUSIONS Barnes DAK, Galgani F, Thompson, RC, Barlaz, M.
Accumulation and fragmentation of plastic debris in
global environmentPhil. Trans. R. Soc. B2009;

This study explored the potential of indigenously 364: 1985.1098

developed _bact(_erlal consortium to degrade tV.V%ooth GH, Robb JA. Bacterial degradation of
thermoplastlcs_, €., .PVC a”‘?' LDPE powder in plasticised PVC-effect on some physical properties.
broth and their fllm in the soil. Results revealed |, 5 Appl. Chem2007; 18: 194-197.

that the consortium was capable to act upon thgpel R, zaidi MGH, Soni R, Lata K, Shouche YS.
PVC more efficiently than the LDPE. This could |mplication ofArthrobacterandEnterobacterspecies
have been due to the higher bacterial colonizationfor polycarbonate degradationintern. Biodet.
on the plasticizer content of the PVC. The Biodeg.2008; 61: 167-172.

bioformulation showed prolonged shelf-life andGoel R, Kapri A, Satlewal A, Negi H, Zaidi MGH.
the biodeterioration efficacy of the polymers. Formu!ation of_bacterial consortium for degrada_tion
Thus, the consortium could be considered for ©f I_h|g_h-densny |/ool>|//ethylene. DBT,  India,
plastic-waste management strategies. This stuc%/épp ication No. 1290/Del/2010.

| tablished | d ith el R, Sah A, Negi H, Kapri A. Preparation of talc
also established a scale-up procedureé with gooly, g6y formulation of LDPE biodegrading consortia

reproducibility of plastic deterioration and ¢y field application. DBT, India, Application No.
degradation by using the bioformulations at the 213/pEL/2011.
waste disposal site. This might enhance thupta SB, Ghosh A, Chowdhury T. Isolation and
capabilities of potential bacterial isolates to act selection of stress tolerant plastic loving baeleri
upon, degrade and mineralize the thermoplasticisolates from old plastic wasted/orld J. Agric. Sci.
waste on site. 2010; 6: 138-140.
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