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ABSTRACI

Porwinyl ch oride (PVC) is lhe mod widely used and is U.e mosl

envircnment6lly damaging plaslic. The Poltainyl chbnde Mecycle (G

poduclion, use and di5po6.l) Buhs in lhe rel€se of toxic, cilonne based

ciemi€ls These toxins ae building up in waler, airand the food chain which

EsulG n severe health problems, incLlding encor, birth det€cts genetc

chanqes, ch.dic bEnchilE, ule6, skih di$as, deatness. visim railure,

indigesion, and liver dystuncton irmure sldem damage, and homone

The Arns of the pr6sml study Ee kr |lolata polyliny1 ct odde deg6ding

fiicroorqanism lron indigenous souEes and to establish their biodegEdation

abliues. For lhe isolalon ot microo€anism lhin flms ol plest6 (PVc

plasncized PVC wilh diocv phfElai. (OOP) and dio.tt adip.la (DOA)| and

PVC st .dr blends) were budi:d in soil in pols ior l0 months in rabo.atory

@ndtons Microorganisms coloniz€d and adh6.€d to lhe surtace or the

plaslic fi lms were isolated and p udf€d on agar med ia They inclod e bacter a

aclinomyc€tes and ditlerent tungal shairE Four tungal sbains havinq qood

ability lo grow and adhere to tt€ surhce of the plastic film 1^iee selecled bv

growing the solales on mireEisalt agar medium wilh plastcnlms as ca6on

soLr@, The selected tungal s!.ins $€re t€n idenlifed on fle basis or

mo.pholooi€l and nbosomal RM (58S, 18S 28S) seqEnc€ analvss as

Phane.ochaete dwsospotiun Pv1, Lenlinus tignnus Pv2 AspeQltt6 niqer

PV3 a.d Asp€rq,?/rs sYdow,i PV4.

Eiodegddability ol the tungal stains ior lhe iour kinds ol polwlny' chlo'jde

flms PVC pPVC (DOP and DOA) end PVC starch blends was lesied bolh n

soir and louid brolh. Analvsis of blodegEdalon was moniiof€d bv groMh

(biomass) on plastjc flms as ele carbon sooe in mimral eh brclh under

shaking condition. changes in tt€ strucbre of tE polym*s were rccorded by

scannn! slectron m cmcopic (sEM) analvsis Fouier translorm infrared

speclroscopy (FIIR) and Nucle magnelic 6onan@ {NMR) beloE and aner

lrearrnent vilh tu.gal sbains, botl in sil budal ( for !10 months) and shake



frask fealment (for 3-6 mond,ls). Fuiher Gel pemeaUon chromatog€phy

(GPC) ana ysis was used to me.slre ihe moLecular weighi of lhe polymer

after tealrnent Anolher paEmets ior blodeg€dabilily lestng ,as g€vLmelnc

co, measurement aier lreatmit with €specliv. tungal stains tor tour

Biomass olanlifielion in 6e ol Dure Pvc indicaled that lhe srrain

Phanercchaele chrysospotiun PV1 wlu the b€6t 9(M haung biomass or

025 mg/hl The appeadne of hexagonal dngs in l€ated samples was

ob*ned l. scanning €lecLon microscopy due to llngal aclivitv i. PVC lim

buned in $il wilh Pnrneocha€ae chysosronnn PV1 lor 10 monihs lhe

measuEment of CO, erclved dunng btsak doM of polvmer in stlm iest

showed that fiore amolni of Co2was produed in lesi (8 319/l) lhaf In the

control (4.90g/l) when PVC tilns rcte lreat€d. A decreaso in molecllar weighl

ol rhe Pvc after lu.gal degEdaton Es ob6€Md bv gel pehealon

chromarog€phy o78,292 Da) in iesi treaied for six months as compared to

the conlrol (202.530 Da).

The cha.les in the strwtuEl prop€.tios of pu€ Pvc flm detemined bv FIIR

bv p€aks shortening and almost disapPea.ane at w.ve lengths o12930'2910

cm' corr€sponding to slkylgroupand aPp€arance ol new pealc aI2380_2340

m ' €prcsenting hydroxvl groups Fudh€r tle biodsgEddtion ol lhe PVc was

@n6med wih 13oNMR wnici showed inc€a* in signals ol the lreai€d sample

in the renge 29-4? ppm. Ihe inlegBtjon ol the treated Gample also decreased

to43.07 compared to conlrol(€.81) inrH NMR spectra indicalrngd69'adaton

Similady lhe tungal golth % also ols€n€d on the plasticiud PVC nhs wilh

oOP and DoA. The increa* in th€ biomass was also obserued in lhe trealed

samDle than contol as n case oi th€ pPVC (DOP) th€ strains 4spe'g'l/!s i'ger

Pv3 showsd maxinum biomas (o 2890 mg/mD ai6' s€ven wek ot incubation

and the increase in lhe biohass w.3 .lso obsaNed in pPvC (OoA) abod

O 2910 nghl b/ ,sp€iq/us niq€. P\,3 1.€ s€nnng elecvon mrcrcs'opv o!

the pPVC (DOP) ihs after microbial iEatments showed pits exlensve

spotting and cha.ges n oolymer sudae liere w6s erosron aro edensive



roughening ot fie sudace of tungEl degEded pPVC {OOA) lilm and also lungar

adherene was obseNed by SEM. The Esuits of the Sturm [est showed fnore

co, prcduclion (29 79 g/l) rhan rhat in lhe conlrol(9.07 9/D i. pPVc (DoP)and

(32.79 g/l). in test thai lhatin c6tol(13.07 gn)ofpPVC (DOA) Theslgnficanl

dedease in mol*ular weights {,e€ obseded in pFVC(EDP) (81,028 Da) as

compared io 6nt ol (84.300 Da), and in c@ of t1. pPVC (C|OA) lower

moLecllarweighl in tesi (81,830 Da) wa3 obsotoed lMn in control(88,000 Da)

The anayses of SEM and FTIR indic.led p€lensd degradalion with DOP as

Th€ deqEdation ot lhe PVC stdrch blsnds Ms also ch€cked by ielaled tungal

strains Good growlh and adher€nce was obseNed on lhs PVC starch ble.ded

fihs. A maximum incEase in the biomass (0.297 mghl) @s obseryed in the

starch blended film bry Prarerccr€ete chry$spqiun W1 There was crear

s,udace erosions .nd breakdwn of ttP eme pallE ol the flm due lo

Phana&haete chtysospodun PVI d€gradalive aclivily in sc€nnhg electron

mcrogEph€ aitsr shake flask expe m6nts. The stum test shMd amount of

CO, evolved in test (3379 g/) was mo€ as compaEd lo lhe contro wthoul

polrmer {16.34 9,4) The de@* in lhe mol4dar sEight ol th€ polvme. was

observed by gel pemeafon ctom.tog6Phy in bst (77.011&) bv

Phanercchaete chtysospoiun PV, lhan control (80,275 oa)

h case ot tung.l lrealed PVc atarch blgnded flm th€ FTIR esulF showed

lmalion of sme nw Patc in tE €gion 3077 ani (@responding ro

alk€ne9 and also decrease in th€ abobanceofthe p€aks at265t2529 cfi
n indieling degradation. In '3CNMR analysis chem cal shifring and

aDDeanne of the new p€aks 29.85 4158, and 46.05 ppm and aso

sgnrhcanl h*rs. In me inEns y ol Manc€s in H NMR speclE

Overall ii is concluded ihat polyvinyl chlodde deg6ding tlngal slBins lsolated

from the soil h.d g€al pol€ ial to b€ used ior t eatnent of solid waste



'.INIRODUCTION

The development of synlh.tic polyn€dc m.lsnaLs b€gan in the mid-nineleenth

entui .s .. efion to tud an{naltv.. io mbnal tEt ce 6ihd rery

erpensiE or ln short suppt. odglnally, plasti.s wer€ mimicring and r€pracing

natural products (lacqu€r, shellac, amb$ horns tu3k3, tortoise she D and the

eady syrthelic mabrials str chemi€l modifielioB of naturally o@!r.ing

.ellurisic polyreB Th€ d€vebrrent of tully syndElic polymeB dij ml @!r
until the 6a y rwentieli century, w h tully clN]ink.d lhemo sel mabnas

Thoughoul the lwentielh @ntury, tir€ p.e ol inno!€tjon dwdopsd 6lon9 wilh

the grcwth of lhe pelro.hemiel industry, .nd scienlsls .leveloped many rew

plasltcs (table 1.1; Dylingowski and Hamel, 20O5i Asecialion ol Plastc

Manulactur€ls Eurcpe {APME), 1999).

Table 1.1 Tlmeline ior syntleiic potyrn€r developmed (Dti4owsfi and Hamel

2005)

1860
1889
1910

1931
1931
1933
1937
1937
1938
1934
1939
1943
1948
1956
1957
1958

Polyvinyl chldide, Polyvinyl acelate @polymer

Celiulose ac€bie butrale
Pdy bt'a ffuco sf'r4* ( Teron )

Pcrylonitil€.buladier'+styl€n6

Plastics afe rhe product ot the 2oi cenlury but loday, they afe largely

synthelic maierals made irom an erl€mely inexpeisive bul nonrenewabe

MictobhL de$oddtbn.J Polyrint:l chhriZ. (IVC) Pldtia



1.2. Plaslica and tnear U33r

Plastics are man made long chain Polymedc moleul6 (S@fl, 1999)They

are widely used ednomiel matenaB, characteriEd by qc€llenl alLbund

properlies easy molding and manufaol!.ing. Tradltionally pldlics are very

stable and not readily deqEded in lhe ambienl envibnftenl As . result,

envionFental pollllion from sFth.tic plasliG has bee. e.osnized as a

laEe ioblem For iN!.ne, slat$tj6 publish€d by the United slal6

Envirc.menlal Protection fuency (US EPA) in 2003 indicated lhat belo€

recyc in! €pproxim.tely 236 miltion ton6 of municlpal solid waste (Msw) was

gene.ated in lne united slrbs in that y€ar ol wnich 11.3% was @mposed or

plastie Only a sma[ nadion of this pLslic w*ie (mGUy &ft drink and olher

bodes) was .ecvcled (US EPA 2005).

Commodity plastrcs are us€d in p.ckaging, disposalle diaper backing fish ng

nels. and agdcrlltuhl film Oable 1.2). They include pdvm€E slch as

polyethylene, polyp.opylene, polFlyr.n., polwinyl ohlonde, polyurethane,

poly (et'ylene tercphihalale), and nylon.

The most widely Lrsed plasliG Bed In gacl<,ging ae Polve$ylen€ (LDPE

MDPE. HDPE and LLDPE), Polypbpyl€ne (PP), Polystv€ne (PS) Po l,vinvl

diodde {PVC), Polyu€tEne (PUR), Poly {elh}'le.E tarephtt'alale) (PET),

Polybuttene tsephthalale {PBT), and n9os The {id6p€ad applielios oi

plaslics are not only due to thek favorable mechani€l and lhemar proped€s

bul also mainly du€ to lhe stability and durability (Rivald €t al, 1995)

MLra\tat a,etadonan oI Pattat^tl 'hktd. (PVCI PLtks



Iable 1 .2 Us of Synthetc Plasti6 (Vona o, at, 1965)

{PET)

Plasric bag3, milk and wa€r bottles, food packag.g lilm, roys

idgabon and dEin.gepipes, motor oil bottles

Disposable cup3, packaging maEnab, laboEtory ware cerlaif

Ics, gaskeb, blhp€rs, in €tigerato. insulalion sponges,

tumitu€ *hionang. a.d liie jackets.

Aotomoule seat cov.rs, shorer tultaire, .ain@ats, bo$es.

visoB, sho€ sols€, gad€n hos, and eledn.iv pipes

Bo$e €pq d.inklng itlaws, m€dicino botlles, car s€sts, car

bafteries, bumpels, dlsposable synnges caeet backlngs.

Used for c..bon.[ed 6on dnnk botlles, pro.essed meat

packaoes p6and blnq ja6 pillow dnd sl€epino bag fillinq

Pd!€midB or Nylon are used in small beanngs, speedomeler

gea6. windshi€ld aip€F, waier h@ no?zles, lootball helFels,

ra@hoBe shoe3, ink3, clolhing palachute labn6, 6ituea.,

Used tor maklng nozles on paper making machinery street

lightng, saf€ty vlso|s, 6ar lights of €rs baby botlee and for

hoose ware lt E also u*d in sky.lighE and the .oofs of

g'enhouss, sunroons and veEndahs oh€ hponanl use €

to nake t'. lsns an glass.
PTFE is used in vsdous i.dustnal applicatons such speoalized

chemi€l plant, eleclronics and beadngs. ll is met wtn in lhe

households as a coaling on non-slick kilchen ulensils slch as

saucepans rnd lrying Pans.

Mttubat tuztozond ol Poltaq :1 dldtZ. erc) Pbttu



'1,3. Pl.siic IndGlry in P.kittan

Th. plastc indBtry in Pakistan 6 growing al an av€rag€ snnual growlh rate

of 15%. There arE about 6!0-700 fi€diun sized plastic proc€ssng onft

s@tEred a|| over Paklsi.n. Abod 6096 0f lhe units a€ localed in and arcu.d

Lahore and tE remaining al(ar.chi, flatlar, Gadmn, tdisalabad, Mullan and

Quelta. Raw mal€i.l is imPon€d fron JaFn, KoEa, ltaly, TaiMn, Hono

Kon! EngLand, China and C€nany (Sabi., 2004)

t.3,t. solidwa6ia in PatFi.n

solld wasie in Pakidan i6 g€n6|ally @mposed ot plastic and tubbe. 6etal

paper and cardboad, tenile wsle, glass, iood wasle, animalvaste. le.ves

grass, strass and iodder, bones, wood. stones and fnes lo vadous enen$

The eslimated 6gu€ ot plastc wasb gene€tion aco35 lhe @untry Ls 1 32

million tons per annum (Tabie 1 ,3). Tnis consideEbl€ corn6nt of plastic in the

solid waste gene.al€d in Pahstan b ol great @ncem. Plaslic @6le E

€leased dunng all stages of produclon and p6t consumplion every pLastc

product is a r!st€. 8of| t\e qu.nli9 and qualily of dstc Mste @u*

enviro.menlal probLems

Table 1.3 Plaslic Wasle GeneEtiorc in Difre€nt Cilie5 or Pakistan [GOP'

,t996t

1500

1200

7000

1200

800

600

4t.2

412.6

35.1

29.9

310

13320

123€o

123840

10530

8970

9300
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l,a. Pl.sticw*t Oi.p@auu.n.g.n.nt

The main dlificully of solid wasle management is iound in lhe vaiabllty ol

maledals and sourc€s. Synlhelic polyme.k pactaging is the argesl

@mponent follored closely by paps packaging Usad paclaging is geneally

non-loxc but can have consideEble impacl as litls and is a signilicanl

conlibutor to landllll c6ls and a b.l.ned aoorodch lo wasre minimzarion

and waste management has been sugg€siad (Stiqes, 2000) The hazard ol

dis€ding waste plastic, so€lled '\Nhite polluiion' is be@ning mde and

moE seE The plaslic *aste slrean emerges nbm domestq indusrriar and

nlnlcipal €tuse (Jaya*kaE er a/., 2005) The plasric wasle is disposed ofi

though and fi l19. incineElion and r6cyclng.

1.4.1. tandfllin9

MllLions of tons of pl.stic wasre, including €fuse sacks, erier bags aod

packaginq are buned n landlill sit€3 arcund the world €ach year China

qeneEts about 16 Fillion tons, l.dia 4.5 nillion tons and the uK 1 million

ions, ol wh'ch mo€ $an 800.000 !4u is wasie pdyelhylene conventronal

poly€rhylene prodlcls €n take longer lhan 100 yea6 lo degrade, laking up

vallab e landfi ll space (Sylvia, 1995)

In the United Stltes, sy.thetc polyn€ls ae *timated lo be appoxinalely

20% ot t€ vollme ol municipal solid waste, dump€d as landfill. They aE

estimated to ac@unt lor 8% of thB lolal weighl (Glflsr 1993i Alexande.

1994), a similar lgurc to Gemany, In Alstralia, fiosl 0r saste trom

households and busi.ess ends up in municipal landflll silcs and packagin! is

estmaled to be 25% of ttE total *as!e by weight (common weath of

Alstalia, 1996) lccon ing to a shldy in Pakistan, h€ estmated lig!@ ot

plaslic waste g€.€ratlon ac.oss the counlry is 1 24 mllliof, loN per annum

(GOP,1996). There is no proper land lilllng of plasiic waste ln Pakistan most

ol it is dump€d as open garbage.

Mtuah dt desodanan af Palratatt ctL,tl. lP VC) P btrd



Incine€uon or buln ns ol plastiG s€€ms to b€ simplea.d slr.ighl ioMard bul

i1 is also nol free ot problens Many polymels like polyvinyl chloride, poLv

(vinylidine choide) poly (uclhane) and other halogen and nilrogen_

@nlaining polymers can iom @r6ive and |onc subsranes upon bommg

and €n caLrse h6allh hazards or pollule the e.vircnmenl Bumirg ol PVc

prodles tu6ns and dioxins which are ercinogenic.nd @uses diseases or

skin afd resPir.|ory nact F'VC als. prcduc€s hydrod onc acid $al euses

prob ems in munlcipal ncireEtoB. Thus, incineralion has had a bad name ln

$e envnonmental community as a result ol the p.oduc|on ol ioxic llmes and

Measures lo deal wlh ihe groMh ol packaging wast€ also incrode rcuse

ecycling. Recycling channels div.Ea matedai lEm usl6 slreams lo a

epro@ssing !trea6. Reuse is u* of lh6 poducl in its onginaliom wrhout

od'a proc€ssi.g olt€r than cbaning. R€cvcling ofieE economic and

envionmental benelib if he costs ot |€sou@s used inctuding @lleclim

soiring. cleanin! and €p@ssing, ars nol great€r than the rssou.es saved

The oualitv ot moBl malerials d€teiorates wiih Prcc*Eing Recvcling or

household wEste plas e is dlltlcllt wh€n thev are @ntaminated w h

bioloqiel residu* or $t€n they €.ntain e mixture of diferent piasli6. Oi.ecl

ecycling is appli@ble lo Mst* of lh€ Plastjc Produclion P@ss. Indiel

recycling has good tutuE prcpsct3 il polyftB can b6 sepa€ted and

@ove€d. The cosl of ecovery 1s very high it limits Ecvcling .ctivities rhe

other I nriting faclor b thal the mater a lo be reused must maintain the or g nal

qualrty and be .o gEaier in cost thsn t!6 viqin Ew mate'ial Recvcling and

.euse have linit€d val@ in solving sests managem€nl Poblefis (Stuqes

2000)

Recycling inevitab y leads to a redlclion ol desked pht€ical propert es Pas|c

€cyclng is becom ng morc and more impona invariouB ndustrialsectoB lt

tidabiot dqtadahan afPobatt c ota. evc) Pland



is topic of hiqh pio.ity due lo laEe consumplion of plaslica Manv polvnels

possess excellent properues aner d,leir nEt uBe and can be utiliz.d ror hany

difiorent appllcatons aier that us6. Wasl€ manag€menl stetegy has slressed

re.ycrinq of plastic waste{packagi.g m.t6dals that h.v€ a smail combust on

value and $hich. at tne eme lime, .E ieasible ld €ctcling. Other oplions

soch as lrevenuo. .e!* and @very ol energy can oller ecological and

€conomic advantages over recycling aocoding to ths apPlication area Thus

rhe growlir oi ecycli.g indoslry is nol a nec€ssaily desnabl. policy tarqel but

it must lertom at it5 oDtmufi ab, botl lrom an @nomD and an

envnonnentar point ot vi* (tlatla 61 ,1, 1998).

1.5. BlodegEdatlon ol Plasfc.

Microorganisms seh as b.cbena, tungi .nd actinonyc€les a€ invol€d i.lhe

d€g.adalion ol both n6tu6l and syntholic plastcs (Gu €l at, 2000a) Th.

biodegradation ol plaslics poce€ds actvely under difierenl soil @.drons

ac.ording to iheir prop€rtres, becaB€ the microorganisms r€sponsible fofthe

degradalion difier lfom eacn olher and they have ther own opnmal grcwlh

@ndilims in lhe s<il (Glas and Seitt. 1989).

Plastics (polymel!) 5r€ poternial subslrales ior heterolrophrc mErcoQanrsms

incud ng bacG.ia and lungi PoLynef biodegradabitilv d.pends on molecular

weight ciyslallinig .nd phFical foms (Gu el 6r, 2000b) Generallv an

inc€as in nolecular reight resLrlls in a dedine of polrm€r degradabihtv by

microoaanisms ln co.tEst, monom€c, dimeE €nd oligomeB of a po vme/s

rcpeating unils 5r€ mlrch easily d€grgd€d and mineElized High moeclrar

weight €suli in a sharp de@ase in solubilig making lh€m lnfavomble lor

micmbEl attack be.alse bacleia requke the substsle be assio lated

throlqh lhe csllular membrane and then turttEr d€gEded bv @llulsr

en4mes. Horevef it should be poinlsd out lhat concurent abiological and

biolog ical proce s s m ay lacilitate ihe d6€ rad ation ol polvmers

Mioabnt desadaiia, ol Patyntt chLorice (Pvc) Pkstht



The hiqh nolecular $€ight and generally non-soluble polymeE cannot be

t.ken up inlo ihe microbial cell TheElor€ polymerdegrading hvdroases are

exfeied by lhe p.oducing mic.obial cell inlo the surdnding milieu to allow

the diect @nlact $th 
'le 

polyhonc subsiEie Tr€ polymd cnains arc then

cleavea untl sho.l-chained watersolubls producls are produ@d $iich can be

lranspofied lhough the cell membEne. Inside lhe cell, lh€se degradarjon

Droducls are intacellulady mgtabolized i.lo w.ter, co, and biomass and

otheF (Gu et a/ , 2000b)

Dom nant grolps of mi@organisms .nd degadatve patnwavs sssooated

with poymef degradatron a.e oft€n d€termined by lhe environmenlal

@ndilions. When o, is availabls, eeobic micr@rgani6ms are mosllv

rospoNible ior desltlclion ot @mplex macnab, rilh midobial bjomass CO2

.nd H,O as final products In 6nt'a31, under anonc condilions anaerobrc

consodia ot mifooryanhms aE €lponsible tor poly'n€r detenoraiion Th€

prmary producb wil b6 microbial biomass, cor, cH. and H?o lnder

methanogenic @ndilions (Bade 6t sl.,19'ga, b; Gu ot .t 2001: Gu and

Milc+Ell. 2oo1) or H2s, coz and H2o under sulfidogenic @ndilions Both

rerobic and shctly an.erobic niffiorgadss are anvolted in the deg€datlon

or pdymeG (G!,2003).

1.6. Polyvinyl Chlorld. (PVC)

Polyainyl chbnds (Pvc) is arguably lh. host veetl€ ot all lhe plaslie (noG

correclly lemed polymeB). ll is r6blani to conosion and reathenng a

soped elednc.L insulaior, lmpact and scEtdl .Bistant' tends nol lo crack,

@n be made igld or ilenble, .nd u.def manv cifcumst nces it does not

c€tch fr€ readilv. Pvc is also cheap to P.oduce and can $de its designed

tunclion for de6des. Due lo its high chlqine cont€nl {57 wf% in virgin Pvc)

PVC 15 inherently noe energy coneryative (l$s f63il c56on is uliized)

@mpared to its poymer allsmaiivos However' when €n€rgv consumpton

du.ing manuhcture is ifcluded PVC is on Padt wit| the olher nalof plast cs

rus,A 1999)

Miobiot de4radatih al Patytn t chtotil. erc) Pt^txs



Polyvnyr chrodde was a@idenirlly dbcovered on at l€ast l$o ditrerenl

occasiore in the 19th entury, filst in 1435 by Henn Mclor Regnault and in

1872 by Eugen 83omann. on boih o@asions, 31e polymer appeaed as a

white solid inside flasks of vinyl chloride thal had been lef( exposed lo

sunlLght In 1926, Waldo Semon a.d lh6 B.F. G@drich com Pa ny developed a

mothod to plasticlzs Pvc by blending it wi$ €doB additives The esu I was

a mo€ nexible and mqe easilyf@sed mateial that soon achieEd

widespead commercid use {s@11 1999).

Polyvi.yl chbnde is one of the three mo3l hponanr PolymeB curent v lseo

|roddwide. This is because PVC is one oi the clEapest pdyme6 to make 8nd

has a la|ge 6nge ol propeni6 $ €n be lsed io make hundreds ol plodlcls

PVC ls tomed by the polymenzatun otvinyl* onde (chlorcethane) monomer

unils (Fg. 1.1) PVC consists of polar moleclles which are attracted lo each

other by dlpole-dipole inleraclions due to eleclrGtatic altracllom oi a chlo ne

alom in one mole.ole to a hldiogon aiom in another alom These

@nsid;rable jntemorecLrlar atlraclioB belE€n polytr€r chains make Fvc a

Polyvinyl chloide hffiopolymer is a 3.mi-crysiallire polvmer aith a elat ve v

high menjng lempeEture about 212'C wlth €nsile st engh 5G80 mpe.

depending on lormLrlailon thal c€n be lo$€€d bv plastcinng entl'es to

produce sem -ngid and flenue items. The densitv is about 1380 kg/m3 (Tabl€

Mi.rcbat 'r.sraaaion 
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Flgurgl 1 sructuro oltha Pollainyl chlodde

Table i.4 ProFrrbs of Fryc (hq //6n.wldFdia.sg^v tprc)

Erongalion @ bl€il

waFl abloalion (.dm)

1380 kgh3

290G330o mpa

5O€O mpa

201V*

E7'C

0.9 kY(ks k)

212'C

0.01t-0.4

MEtabol d.andonar oI Patw,rl chlqtd. llvc) Pl"n6



't.6.2. APPlletion. of tryc

Polylinyl chlo.ide with a rcdGwide had€t s€cond only lo low_densitv

polyelhylene (Falvarque, 1996), has be.n oxlensively used fo. a broad .ange

of applicalions due to its safely, eft€cliv€n66s, manufactuang iechnorogv and

cosl The bu lding products sector includ.s pipes (s4€rage and Potable

wat60, cab!6 and winns covers, €l€cldel Bwitches and conduit, membranes,

lnsulalon, fooring, tim, and wind(M lram6. Consumer houehold lses

indude to'6, blinds, wallpap€r, tumitur., shower cuttains, erect!61 @srngs,

in{alio. l€lher, and surhc. fnjsh€s (Fig. 12) Packaging a.d nedical

disDosabl6s a€ also oinor but impodait ,pplicatons (U&4, 1999).

In commercial terms @mpoundlng F4/C lnvolws adding suffcient modit'g

oomponents to lhe Ew polym4 to prcduce a homogeneous minuE s!tabe

tor pro€ssing and requi€d perbrm.ne at lhe lNesl possibl€ price The

Apdr€rcn ol Pvc (sourca, Medaniel €crdng of Fryc

Msrs, study ld DG xl, January 2000).
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lormlialion s also detedined

ModifieB tor polyme6 may be

by th€ poce$ing l*hnique

classifed into diff.€nt qroups (Table 1.5)

Table1.5 Modifiers for PVc polymer

(HCr)

Sou@ ot dala fribw, 1984 and Bryd8.n, 1999)

modifi.r for PVC ionnulations in lems of

l5 .nd 5o%) and. berelore, havs tne grealest
PlastozeB are tne malor

Pe@nlag€ @ight {b€lwen

Dla.llclz.r boften PVC Fdue

lubrlc.nl prsveniadh$ionol

lmD.ct I€d@ brilten6s

Miiobht d.Eto.lano aJPowrlt .hldilt. (Pvc) PIKtid t2



lniuence on ihe properlies and beh.vior ot the @mpounded PVc A

plasticze. is a maledai in@aoEted i o a polymer or polymer mrxtu.e lo

inqease ns worrabilty and irs ndibilily or elongalion Wlson, 1995)

Plasdci@E are es$nti.lly mn-vol.tile solwnts, wilh solubilitv paramele6

close lo lhal ol lh€ polymer Non-polyme c plasliclzeB are lypicallv h4h

boiling, oiy organc lquids, usually esb.B Addiiion of plasUcizer to a PVc

polymerhas two mein tunctions; to dssist in ihe pr@ssng slage bv redlchg

the viscosity a.d melting lenperatr.e, and to modilv the fnal Prodlct bv

Th€ majoity ol indlsltiaLly produed plaslicizeB are used to manuractlre

plasriclzed PVc (pPVc) Ihsse plasliciErs lEnslom un-plaslicized Pvc

{uPvC) into solter and more nexible form of lhe plasdc. Primary Plasliozers

have the highest degE ol compattility vih the PvC resin and ae gouped

i.to lwo dass- monome.ic o. polymEdc Modem monomenc plaslici2e6 are

Eynlhelic orgaric chemiels wilh an es€r base, 3uch as adipale and

The mo6t common moiorredc plaslicizeG include ooP (DEHP) bis_(2_

elhylheryl phlhalate) OIOP (diisodFyl phthalab), DINP (diisononylphlharale)

DOA (DEHA) bis-(26rhylhexyl adipat6) and ToTM (lri_octvl iri_mellltale).

(Robeds and oavid3on, 1986rwhiiney, 1s96; Gumargali€va etal 1999) The

polymedc plasuciz€rs include vadous molecular weight plasticizeB

poltdenzed lrom adipic and gldanc acids in c.mbination sih vanous olvcors

The end groups can also vary and include al@hols est4 .nd acids'

1.7, Haz.rd. of PvC

The health a.d envnonmenbt efl€cb ot PVC and its additives have been lhe

subject ol incose debate (Hansen, 1999) The locus or this debate was

i.irially concemed wifl the manutacluE of Pvc bd hd now shifred to ihe use

and disposal ol lh€ material. The Probl6ms lhat a€ mosl otten assocated

wth the use of PVC in blilding and olher producl sectoB arbe film a number

of f:cio6, namely the €lea* or.xtacton of the heavv nelal based
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stabiizers u.ceda nt sufounding lhe heallh impli€tons ot tho phthalate

plasucizeE and other addilivB, the iomalion of dioxins and hvdroge.

diodde gas and other subsran@3 dunng building fi€s and incineralion. me

rong-rem @nseq@nces of land flled Pvc, and the poor ec-yding ecod ol

PvC waste ( US EPA, 2O0o)

Oioxin has no commercial value and i6 enrsmely tonc, bngrlled and

ubiouitous Ln both the envnonnont and our bodies lt ls hormonallv acive in

@neniralions as low as 5 pais per tilllon (ppt) The EPA has labe ed drox n

a kn n c€rcnogen (US EPA 2000) ll is also unarcidable when PVc s

incireat€d o. heated. Polwinyl chloride i5 he larg6t conhblto. ol lhe

wodd s diorin burden and it is highly p€rsislsni in lhe envibnmm( ttaveling

up lhe food chain, and admulaling in body lat

The commonly empLoyed phthalate pla3llciz€B generally have l@ water

solubiity (athoogh the val!6 ciled al€ vadable). Phihalales are susceptible

lo a nlnbar of deg.adalion PalhMys including htdolysis phok'chem ca,

and biod6gEdalion (stapl6 el st, 1997.). Acidic and alkaline hvdrolysis of

Dhthar.t€s liBdv affords the mono4ter and an al@hol moi.tv rolrded bv

iomation ot phlhalic acid and . se@nd al@hol moietv. This palh*av 6 most

rolevant to hlgher animals where inge6tion ol phthalates Esuts n rapd

lomsho_ or lhe morogte' rr lh€ 3!om.cr' Phthalats also urdeSo tapd

aerobic and 3low anaerobic biod€gradatlon. Phthalates aPpear to pers st in

sediments where anaerobic condilions 6xist (VRoM, 1998). Aeording lo the

EPA. incineration of muniooal and m.dical waste, vhich is heavly Loaded

aith PVC, is lhe largesl sou@ of dioxinoid plasticiEF (tls EPA 2000)

1.8, D€gdd.rion ot Polyvinyl Chlorid€

a known th€.mal a.d pholo unstable polymer, de!.ades

ef a/,. 199Si V€roneLll si s, 1999).

Themal decomp6ition of PVC .esul6 in an inlense discolordlion ol lhe

Dorvner, which is a result ot the iomato of 1d19 conjugat€d polvene
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seqlen@s that absorb i. the visible €gion (wnkler 1959r Ma*s ei al 1967

end Bacaloglu er al. 1995). lt is gensrally acc€pted lhat dunng degGdaton

FCl moiecules ae eliminaled in su@ssion alon! the polymorchain vieldLng

these coniugated polyenes.

Phoro degadalion is @nsideed to o4r accordinq to a radical mechanism

hibalion or deg€dalion o@uF by erdstio. ol the polFer bv imdialion or

fE mabnd with ultEviolet (Uv) light €liminating a chlodne aton which €n
iniliale dehvdrochbnnaton at othe. polymer chains {Abbas and soryik 1973)

The pholo and lhemal degradation raleases bvdr@hbnc gas

(dehydrochlorination) thal leads to lhe lomalion ol 6njugate povene

sequ€nce ({H-CH) ln the polym€r cEins glving lhe PVC a reddrsh b.own

color(Hollandeand Lalreni l99TiVeroneLlialal. 1999)

'1.8.!. Blodeg..datlon ol Polyvlnyl chlorld.

Plast6 a€ biodeqraded aeobic€lly in wiH naturs anaerobicallv in sediments

and ian<lfills and partly aeobielly and pardv anaercbi@llv in @nposts and

soil Ca6on dioide 6nd waier are prcduc€d dunng aeobic biodeg.adalion

and dlbon djoxide, sate. and m€h.ne ara produced dunng anaerobic

biodegEdalion. Biodeg€daton B d€fn.d as arry physi€l or ch€miel change

in a male al eused by biologicEl actrvitv Mi ooEanisms such as baclena

tu.g and aciinomyceres are involved i. tie degradalion of both naturar afd

svnthel c p asric (G! et 3t, 2000a)

Biodeg6datjon ol the PVC and pPVC would compds€ a *ies 0r processes

ior decompGition oi the polymer lormula $ten exposed to condnons

favorable ior gro{th of micrmrganisns able to colonize PVC and pPVC PVc

is a slrong p asiic that rcslsts abrssim and chemicals and has lw noisture

absorplion. There ae m3ny stjdis aboul themal and photo degradanon ot

PVC (Braun and Bazdade!, 1986r Owen, 1984) bll there onlv few repo'ts

available on PVc biodegradalion PVC having lN mol4ular reiqhl @n be

exposed to biodeqradalon by the use of white rot fungi (Ki6as ea al 1999)
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Plasricized PVc (pPVc) is highly suscePlible to microbial attack Ln manv

ditferent enlnonmental situalions. Biodetedo€lion of pPVC is now known to

@r in a wide €nge of industrial, commercial, and stuctursl applicatons

(Fremminq, 1998: Gaylalde 6l at, 1999 and Gnffn ,t al, 1984) The

suseptibitity of pPvC 6dts ftm the Pr€.ene ot glasliciaF, cmmody

orsanic acid esleB such 6 dioclyl pNnalate {ooP) and dioctvl adip.le

(DOA), added lo moddy physic€l or m6chani.al Prcpenies of lhe polvmet

Eoli bacteda (Boolh €r al., 1968 .nd Ealon €r al., 1982) and tungi can

deg.ade esteFbased piasticircrs. Log3 ol plaslicizeB from pPVc due lo

microbial degradation results in b lUensls, .hrinkage, and uilimalelv tuilue ot

t e pPVc in its intended applicslion (Belk €l 41, 1957 and Robens €r ar'

1986)

Mhesion eprsent the tirsl stag€ ot th€ colonizalion pocess (chistensen el

at.1995). Several faclors contibute lowads su@stul binding among which

fte m6t imporiant ec the mn{pe.iic phFiochemi€l rol€ sudr as

hyd@phobic inleEct.ns and elelr6tatc attracton. Adhesion or

Aureob5idiutu puluhns has b€€r' shdn to b€ dependetn on t|e cheml@l

@Bposition of the Pvc and m@ prcci!€ly on tlle pese@ of plasliozeB

such as OOA and OOP (We'bb d sr, 1999).

Ihe majoity oI @loniation studiB havo loc6ed on potuethare (Nakajima_

Kambe et at, 1999) By conlrast h6r. heve be€n ierer sludies on the

deqradation ol pF /c i, si!. studies have b€en caried oui on the microbraL

coloniaton and d€terioration ol pPVc bv bactgria (Booth et al, 1966) and

fongi (webb ei al, 2ooo). DsspLt€ th€ lact th.l lhe backbone slructure or PVc

is co.sidered to be inkinsically €sbbnt (AndEdv el a/, 1994), lhere aE

sludies reporling on padlal degadauon of PVC by white rol tungL under

elevated orygen levels (Kebas ol €i, 1999) Howder' he pPvC additNes

a€ moE readily degrad€d .nd uiilitslion ol lh€m as a ca6on sour@ @us4

brildeness, loss ol plaslicity .nd fr.gm6nt tion (Roberb and Davidsm 1986)

The p.asence of different typ€s ot e3tets of adiphic and plllnalic aods are

consd*ed as imponant tactors ior tp insessed s6eplibilitv ol pPvc to
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tungal coloni4tion (whihey, 1996 Sbinbuchel, 1996). The ma,s.ity of

€pods on phihalals degradation hav. b€ei by bact€ia {Yu end ward, 1995i

samsonova slar, 199s vali€nl€ €t al, 1s98; zeng €l al.,2002; Mvad et al.,

2007) and the mod€ or bad€nd dogtadalion of OOP i5 knoM, cons siinq or

inirial de4stenficalion, iomelion ot 9rotoElehuic 5cid, odhccl€vage and

entry inlo lhe lricarboxrlic acid rICA) cycle {KaDagam and lalilhakum.ri,

1999). Only a tew studies hweve. haw r€Poded on phihalab degradaton by

yeasts (Gadsho€ ea ar, 2003).

1.1. Ah. and Objetives

Biodeg.adalion ol PVC by indig€nous midooEsnisms Ms t]e specilic arfi

whlch was tuinlled by the following spedfied obl€ctves.

2.

3.

1. lsolalion of microo.ganisms from plestic waste @ntaminaled soir and

se{age slldge wilh the abilr9 !o deEade synlhelic pldtics

charccredalion of Pvc d€grading micoo€anFns

DegEdation ol PvC phstica in solid and liquid nEdia usirc elect€d

Analysis ot biodegradalion ol 3ynthelic polymer bv measunnq the

evoldion of CO, by ths hakdown ot polym€rs thrcugh Slum lesl bv

FTIR. SEM. NMR and GPC.
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2. LITERATURE REVIEW

2,1, Producilon or Pl.stic.

sine rhe di3covery ol haFnade polymeB contnuous 6nd syst€manc etrorts

have ben made to Fake pdymeB moe stable, m6hanically sltonld and

chenierry and environmentally duBble. Rol-esisiane and rust poof a.e lie
two impodant faclors for th€ laqe4cale popula.jly and d€mand of synlhelic

polym€ls. Now lhe use of synth€lic polymeF, due to thelr low pri€ .eady

avallabilily, wld€ speclrum coloEbilily, and €a* oi fabi@lion In any desired

shape has bee. ac@le.ated to sudr lhat lhe disposal oi the wed producls

has becme indsasingly diffidlt(hnp://udw6nvitcpe.@m)

Ihe industdalized counties oI we.tqn Eurole, Austia, Gsmanv Frane

and Denmarkhad about 90% share oJ plastrc pbduclion in 1973 In 1993 the

total wodd dem.nd for plastica was ovs 107 million ton€s a.d d was

estimated aboul 146 million lon6s in 2000. Ai plent lh€ Produclion grorl,th

of plastica is almost sland$lill in tlE indus$alized coi)ntri$ bul lor the

developing nations lhe annul go$ih Etes ar€ srill in oRl€. of 10_40% per

2.2, Hatafd. of Pla.tlca

Modemiuaton and prog6 has had iB sha€ of disadv..nagcs and one oI

uE main asp€cb ot conem is lhe pollulion it is 66ing !o the eailh _ be n

bnd, an, snd Mter The dhposal ol Plasiic waste is a gt<Ming pottem adoss

ihe country. Mosl of lodays dasics and svnthetic Polvmers are Foou@o

lrom petrochemicas. As conv6ntional plaslics aE persistent in lhe

envionm€nl lmp.opery disposed pla3lic mabnab ar€ a signilicanl solrce or

erMronmental pollulion, polentially-haming lite (Nk e13t 1993). The plasnc

has both environmenlal and healh hazanls TheE is a ned ot rechni@l

guidelines ior potectng human health and th€ snvironm€d nDm the rmp'oper

managedont and disposal or Pl.Blic waBtss (Sturges 2000)'
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Eadr ye.r more lh.n 140 million lon€s ol plastiG are prcduced wondwide.ln

many counries, plasijG a€ dispGed ofi th.ough oPen, ln@ntrclled buhing

and land flling Open burning €leas€s pollutants inlo the 6ir that could cause

vadous health probl.ms h addilion, he burning of PVC Plsslics produ@s

pe6iste.l oQanic po lutanb (pops) knoM as turans and dioxins These

pollotants circulate globally and have be€n a$6iat6d w n a nuobef ot

adve6e effects in humans, includiE ihmune and enzyme di$rdec and lhey

are classifred as possible human €rcinogens. Health may be atfecied by lhe

poymer tserf, by chemiels addod ro th6 plasl'c to mako il more flexibl€,

stable orflaFe €lafdant, or by colo ng ag€nls Ths€ sub3la.c€s may aso

be released to lhe air when U'E plaslica are heated. \ryhen plasb6 are heaied

io iom fnalprcd@ts, monomel!, additiG and degEdalion p.oducls €n be

€leasdd. Small amounts ol lh6s€ may also b€ pesenl in lhe esins beiore

healing Th€y can atf€ct lhe healh of wolke6 who lse cl€an or maintain lhe

proessing equipmenl (Jayaseka6 6lal, 2005).

2.22. Envircnmont l h@nts

Discaded, non-degmdable pdymeE show sve6l undesn.ble envnonmental

problems These polymeB cEate 6 thre.l io dlver* ailmalpopulations They

have a direct impacl on mann€ ecosystems and aE believed to be

rcsponsible lor lhe dealh of a wry latge number of tids by ingeslpn or

stangulation (scott 1990). Pdyhe6 6ud in the @an htve a dnsiderable

€ffect on madne liie and il ing€sted @u.€ int6tinal bloc*ages in sma I nsh or

3ullocarion ofolher ma neaninab (dolphiis aM lunbs). The amountol iter

at *a seens to bs inc€asing d*plG @ntd measur€s lt is 6lifrated thal

one million tones ot pldtics a€ dump€d in ttE sea annutlly Ltier is also a

dange. to lerestial wildliie (wnihey et a/, 1993) bv tangling or by blocklng

diqeslion pathwayE. Enianglement can ,€adilv @@r in natorials wilh holes

or p asric bags. Non-biodegradable pdymeB also have the capacitv lo act as

d,sease rocr becaJse !1ey pe6iBl in lne envronmel u a very lo_g oenod o'

tjme enabling organisms to accuriirlale (Jayekara el al , 2005)
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2,3, Ha.rds ot Polyvlnyl chlorid.

PolyMnyl chbnde Produclion involv$ tls €r€ation ot many bnc chemicals

as 6 stocks, as .ddilives o.6 by-prducls. Dionls, inclldino 2, 3 4 7

&t€rtnachlorcdibenzo d oxin OCDD), one of lt€ m6t toxic synhelrc

chEriicals known (Natonal Toxicolosy Programne, 19t1), and turais ae

inescapable by-produols ol th€ prodoclio. of the ba.lc ieedstock of

mo.omer ol PVC (lclChemieEA Povhss Ltd,1994) There is@ndusive

eviden@ that dioxin (Tcoo) caus6 .ance, in aninals (NTP us 1991)

Epidemiology studies have also shosr lh.t exPosu€ to dioons is stronglv

a*ociated wlth an incr€a* in monal9 of all caneB @nBide€d together

(zobe eral, 1990: Manz el at, 1991).

The epld*iology slldies on dioxim have b€en re$e|/ed bv ihe us EPA

1994. The review suggests lhal epid.midogical evidence is consElent with

experimental siudlss, and indi€tes lhat dioxjns have lh6 Potenlia lo cause

many differenl types of can@r Although the evidene was not @.sldecn

susaent to confm l,\at dionn 6uses incrsased canc€r incidene lhe EPA

c.nduded lhat dionn GCDD) prcbably i@s€. 6@r nortalilv of seve€l

types In Februsry 1997, 25 scientlts lrom 11 collntries mel unde' lhe

alsplces ol lh€ lntehational agencv lor l@aEh on can@r lo €v|ew tne

evidence on ih€ cafcinogeniclty of dioxin6. Thev dscided io re_classitv ToDD

as a k.oM human carchogen.

2. 3. 4, 7, 8-Tetachlorodiben@ dionn is also a known hornone di$udrng

chemiel. TCDO dloxin and oli€r dioxift have b€€n shdn to have adve60

€fiecls on the r.ie reproduclive 3ysi€m ln animals and hufians Expe ments

on laboratory animals ha€ shM hal e&oslE kr dionn €3ults in cnanges lo

the male €prcductle sysiems rhich lnclude €dued levels of tesio6leore'

deqeased sp€m produclion, decrea$d ledtllty and r€duced testdlar weighl

(PsleBon el ar, 1993) A single, v€ry small dos€ of dioxln gdminlstercd lo 6ts

on the fitleenth day of pregnancy (a qitcal lime for th€ devE opment 0l serua

differenliauon in the El fetus) Blsed nale offspring lo prcduce between rony
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and fny-slx per cent less spem than those whose motheE had not been

expos€d to dioxin (Mably eral, 1991)

concem over plastic zer rngration ttom pPvC products has m.de phlhalat6

rhe locus or co.sideEble l@nl att€nlion (Fiala €a er , 2000i saie, 1999) The

scientifc @mmitie on bndty, Eoloti:ity and lhe eNionmenl (CSTEE) has

established standard prolocols for th€ 6xtaction of phthalater ftm plastcized

PVC toys (csTEE 2000). In 1909 tE Eurog€an @mmission banEd the use

ol o(2€rh'4hexyDphrhalate (DEHP) In PVC toys and olts easilv mouihed

items inlended icr children undd 3 yeaB of age as a preulion against lhe

unerrain impacr of phlhalalss on young childr€n (Ec 1999) Manotacbre6 or

PVc tots have also volunbnly wjthdrrvn lha use ot DEHP in many colntnes

The poteniial heallh eirets ol phthalat* have beer the subject of much

debare in he scientinc commlniiy, oEHP and some ofier phihalates @use

liv€r cancer in rodenls ,a a mechanEm knsn as Peonsomal p.olireraton

(Latrufie 6l at. 1995: Pamar ..d s6b. 1997; Oa et al 2000) H4*t lh s

fiedanism is not @nsidered relevsnl to humaB because of the dilterene in

the wav thal the huinan liver rBponds lo phlhalalB compa€d to lhe rodenl

liver. Goll er al, (1 999) found no psroi{$mal p,olife6tion 6r huhan hver @lls

ir d studies. In an 
'n 

vivo study on m.mos6ts {Kurata er a| 1998)

conducled bv no peroxisomo prolll€lstion was detected afier admrnstenng

D€HP. Doullelal. (1999) conclud€d that "lh6 hepalo€rcinogoric respoNe ol

odents to oEHP is not Flevant lo hunan @ncer isk at anv anticipated

exposue level'. Based on studi* ofDEHP on cvnomolgus monkeys Puqh 6'

ar, (2OOO) @ncluded lh.i'... phh.lale 6steB do nol appear to pr00!e

hepatic efi4ls asociated wi$ peloxsome prolile6ton and hepatic

caronogeniciiy in humans'. An exFrl panel @nvened bv lhe Amen@n

council of scien@ and healh (Koop ot rt, 1999) conduded lhat ' the€ is

no convincing evidence to dab that 6adv childhood can@6 at€ €Geo Dv

exogenous agenls'. such as phlhalales on th€ basis of med'anislic stldes

involving pe.oxisomai p.oliferation, the sodd health oQanlzalLon's
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intematonal agency lor r*arch on ca.€r has r€cla*ified OEHP as 'not

dassifiable as lo cacrno$.icity lo hum6ns_ Intem.tonal Agencv ror

ReeaBh o. Cancer (IARC 2000).

Some phthalates have been shown to hav€ ettecls on lhe teslrs or labo.atory

aninals {sj6ebe@ et al, 1985i P.mar et 61, 1987i Mylcheesl €l41 1998)

and are thLrs suspected of contnbuting to lh6 indic€lions of reduced male

GnilityobsoNedinsorepoPulations(Li6tal, 1998; shaPe, 1998)

A. ncreasingly ir portanl a€a ol concern €garding phlhalates and the malor

€ason for the intense debal€, is th€ll tmplication as possible endocrne

disrupling cheni€ls (Helne and Adaru 1997i La.ger and Sang1997) The

eftecls of endocnne disrupting chsmlels on wldlile and lhe ennpolaton or

these obseNations to pciu€ human healh poblems h.ve been debated

enensivelv in the scientific liteEtut€ Much of lhe esd€n@ lor endocnne

disrlplion ol wildlite populatons comeE Lom sites with hea!'y envircnmenlal

potlulion cr9er el ar 1998; Vos d ,r 2000).

2,4, O.g6drdoh of Polyvlnyl Chlo.ld.

Pr@ses inducing chang€€ i. polymer propenjs (decnoElon of

tunclionalit) due to ch€miel physicll or |toloqical eactions 6unng h

bond scission and sobsequent ch€mica! tr.nsiomations (iomalion or

stlctrral in honoqeneilies) haw been €tegoized as polymer degradalion

Degradalion has been .eiect€d In changas ol mal€.ial pop€njes such as

me<fianical, opiical or elelfical chalacierFtics, in crdng cEckhg eroson

discoloraiion, phase separatlon or d€_srninalon lhe changes nclude bond

sclss on, chem cal tarslormalion and ior.nalion of new tunctonal groups

(Pospisll and Nesplrek, 1997)

sensitiviiy oi polym€rs to photodegEdation is relaled to lt€ abrlLty to abso'b

the hamtul pan of the tropospheric aol.r radiation This includes the uv'b

teresinal Edial6. (_29!315nm) and IJV-a radiaiion {_315400nm)

responsible for the dket Photodegradaton (phololvsis inLtrated
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photooxidalion). Visible pan of sunligtn (40G760 nm) accglerales porvheic

dogradation by hedfng Infia-red radlaijon (76G2500 nm) a@lerates lhermal

oxidaiion (Guqumos 1990; Pcpisiland Nosp!€k 1997)

2,4-1. lh.m.t dogEd.tion of PVC

Them;l decomPosilion (Baeloglu and Fiscir, 1995) or wc esolls in an

iniense di3@loralion or lhe polym€r, which is a r€sult ol the lomalion or onq

conjugaied polyene sequenes lh.i ab6ob in lhe vsibl€ region ltis genefallv

a@pled rhai during degradaliof Hcl molecules are etiminated in slcess on

along he polymd dain yrelding lh6se @jugated polvenes The

dehydrehlodn.ton po@$ invotues thr.€ su@ive sleps ll 6bns wilir 3

elalive std iniliation ol HCI lG, which is foll@ed by a 6pid zipper like

eliminanon of HCI and lhus the tonnation ol polyenes, which is finallv

lerm nal€d. O€hydrcchbnnation is iniliated mainlv bv 8truct!.al detecls (e g

allylc and t€rdary chbnne) at th6 golym€r backbone Alt€r the fBt ellminaton

of HCl, allylic chbnne has been fffmod, which is a very sclive moielv

supporting the fast npper-like eliminaton of HO The nain i$ue is Uie 9pe

of medEnism by which he ci€.all deMochbnntton D@€6s lakes plae.

studies on some small aliphatic nodet compounG ior Pvc have been

inconclu! vo. V3.ious s.t€m6 h.v6 b€en proposed, shich .an be classified

as inlolvLng unl-molecular elininalion€, ionlc, fee radi€l ch.in or polaro.

2,4,2. Phoroi.g6d.tion ol Pvc

Photolegradalion (Gibb et st, 1974) is conside.ed lo 6u. accordrna lo a

radlcal mechanism. Inlialion ol degradalion o6urs by excilalion of he

polymer by inadialion oi lhe materialqith llv lighl eliminating s chloineatom.

whlch can nitiat€ dehvdo.hlonnation al olher polymd chains The exlent ot

deqradation depends pdmatily m the Prese.ce of phoiosenstve

dnmophores in the polymer chai. as inegular structu.es a'd impontA e q

hydropeoxLdes, €lbony' goups, unsatur6tion and metal salts oiien presenl

in pro@3s€d Polyheic maienais (X! €lrl, 1989) Whalever the nat$e o

Mrrobot d,sadanan ol Pat \trrt ehtoa& erc) Pb:nd ll



chromophoEs inltially absorbing UV light in lhe o gnal mat€da polye.e

siructures, which rapidly a@mul.r€ i. photolyred PVC, b€come lhe

pEdominant absodino chrcmophorea d@ to their laEe exinclion

Some tunqi, such as Phanerocha.le chrysosponrft and Aspe4qr,/us

nrD&alus aG knoM lor thei abilit to deg.ade sore rccalcilr.nt pollulants

slch as synthetic polyme6. The iormer is @lled vhle rol tungls and

deqrades lignin and synth€tic poLymerc ruanins €t aL, 2002i Thomas ot €t,

h tile pr6ence of orygen bolh lhemal. and pholodegradaton are enhan@d

There are va ous inteDEtalions ol lhe mechanism ol lhe lhemo and

pholooxidaUve deg€dalion of F'VC. lt e, how€ver, almost geneElly acepted

that in the pesene of oxtlen, €dical chein eaclions play an impodant role

(8nun. 1971), lhe dehydrochbnnaton in orygen is much lasrd rha. i.
.iirogen (abbas and Soru k 1973). This b probably duo to lhe supeFostion of

orygen-iniliaied radiel poc€csas on l\e d€hydrochbnnabn r€actjons. which

is sopponed by rhe ob*Barion tiat rhe high Ele ol HCI eliminaton in themo-

oxidahon is redu@d by ando(dants. Also lhe degEdation ol PVc conlaloing

p6.oxide golps fmed due b lhe pctence of oxyg€n dunng polymenzadon

(Braun and Wolf, 1978) ms iolnd 1o pl@€d fasler compaEd with lhe

degEdauon ot F /c, prepared in 5n in6n alm6phere.

2.:1.3. Biod.!6daton ot Polwi., cnbride pl..dc!

The poymer 3ldace deterioraton ls .n intedacial process ll can involve

microorganisms lhat can colonize lhe polymer suria@s as blofihs These

biofilms @nsist ot ells emb€dded in a polyne. malrix of trei. oM ongin,

conrairing polysaccnarid€s 6nd prclBi.s {Fle.ining, 1998i costerlon et a/,

1987) Some ol the major waF ihrolgh which microoEanisms deteriorate

synthetc pdymeB a€r iolling, wlich b an uMnied deposilion and growth or

mic.ooEanisms on surlaces degr.dalion of leaching componenls; @ros on

including hydralion, penetElion, and color chanqe due to biofrlms whch can

conlain orsanisms hal !.oduce Pigment! (Flemming, 1998).
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l9S2 lymar et at, 1995) and the tatter has ben described as an efective
degradd or pr6ricj4d Fl/c and dichtob{iDhenyt,richtorethane (ooT)

Plasiciz€n potylinyt chtodd€ is highty 3us@ptibte to midobiat degEdarion.
esp€cially by tungi PbsticizeB dre add6d to pvc to improve its ie(bltilv.
proceBB abilrry and extensibttity, but they ere also potentEt Bubstfates for
mrcrobrar growth (alonq wilh oth$ additiv€s). hen@ contriblrting ro porymef

degEdauon (Glmargatieva et al, 1999 webb er al, 1999, 2o0o) a.d,
potenrially, laiture in rhe ptasijG aDoti@tjon.

Plasfici2ed PVc is highty su$eptibto to ni@biat atract in n6nv ditferent

€nvtonnenlar siluations. The probtem saB f6r idernjfi€d jn u.s. qovehoenl
rcports or lhe deterio€bon of mi[tary €quipm€nr (8roM j946iWetknan a.d
Mccallan 1945), and sub66quent raports descnbed detacement and

d€tenoEnon of @mmercat pPVC prcducls (cirad and Kods 1959, Zabe
and T€.facha, 1979) godeienoratjon of ppVC is n@
wide range of indusfial, dnrn€rci.t, aod structuEt apptiedons (Ftemminq.

1998: Gayla.de, 1999: Giifn and unb€, 1984).

Th€ biodogr.dation of pPVC was r€pon.d by Sabev et al, (2006) in a recent

shrdy. Aner 10 mor{hs of soil budrt oeeiments the physicat popenies of the

pPVC were allered; changss in siift€$ v!€re the m6t signifi@nl tor he6vty
coonlzed g.assland-buried pPVC sa'nptes, wheeas in forest soi the

enensibility of Iile pPVC was aftected mor6 than the stiftBs. These resutts

sugg€ri€d that tungi are impdiant cotonizeB ot pPVC bui€d in soit and thar

ennchment of soil tungi capable ot cbadng OOA odB dudng cotonizauon or
the plaslic aorfa@ The Bulb itso d€nonsrtaied lnat incorporaled biocides

have a ma*ed impact on the ichn.6s of spe.ie coloni2ing the ppVC

Compele mneralizalion of phlhatate in th€ envronment s €slricled io
microbiologielly mediated pro@sse! slth the biod€raduon pfocess

eported ro torr.w a seri* ot stages comnon lo al phthatate 6ters (slaptes

eaal, 1997 a, band Ribbons el rl, 1984), Phhatate has the basic structure of
r,trobtot d.soda.n oI PotF.l chtttd. (Pyc) ptdhc' 25



an esrenfed benzene dlcarboxy ic acd with bro elkyl chai.s, and pamary

biodesEdauon involves lh6 $qlenlial hydolysis ol the 6sler hnkege between

each alkyl chan and lhe aromalic ring, foming the monoester and

slbseqlenty phthaLic acid (PA) (Johnson 6l a/, 1984). This process s

@mmon lo both aerobic and anaercbl. d€0€dation.nd has been repo.ted in

ar easi 10 bacteralgen€ra (Eaton, 1982). Secondary blod.gfadstbn reslrts

in minerallzdtion ot lhe PA by a numbd of pathways (Pujar and Rlbbois

1985 Eldef and Kelly 1994). W|l di€fiyl phlhalat€ (DEP). he rormation or

both lhe nronoesters (mmo6lhy phlha .l€ (|VEP) and PA) has been obseryed

lolLowinq the biodeqradaton ot OEP in aqueous solltion as lhe sole carbon

sou.@ by Mrcrc@ccus sp and aur.obact6tiun saperdae NRRL B 14840

(J€cksm ei al 1996) The app€.ranc€ and 3ubsequ€nl deqEdaton or PA

dunns |he degEdarion ot oEP, also in aqueous solulion, has ben €ported

zhang and Reardon (1990) .hhdgh no monoe.ter was delected No oiher

aDnatrc meiabolites have bsn 6@rd€d dunng th6 pnm.ry degEdalion ot a

The de@mposidon ol phhalsl€. by some badena has b€en epoded izeng

el at, 2oo2) Murcd €r al., (2007) €poi€d lie bactenal d€gEdation oI

phthalic acid A bactenal isol6te, Psaudonoras qp. P1 , was lound to degEde

phthalic acid. The higf€st perc€nlia96 ol degradalion of phlhalic acid was

found al37 'C and oH 8. i.e. 59% and 64% espectrvelv, afid 48 hou6

The taie and behaeor of phlhalic acid esiers du.i.g .merobic conditons in

municip.l solid wrste landflls was i.vesligated in laboBtory scale bl0reacto6

hd4 condilrons of anaerobic dig€6iion by Bauer (1997) Dimeihvl phthalate

(DMP), beig very watd soluble could b€ biologlcally ban6fomed dunng the

anaerobic deqradaton s€qu.nc. of fle municiP.l waste regadl*s ol lhe

Length of incubaiion. A primary degEdatjon of DEHP duling 1'1e hvdrclvtc and

acldogenic phases oi anaeroblc digestion colld not b€ PrecLuded Flowever'

the€ eas no ev denc€ ol a lransfo.mailon ol DBP and Butv benzylPhrhalate

(BBP). Dunig melha.ogeiesls all lhe phthsllc.cid €Ei€rs except Dl',lP turned

olt to be peBistent. Di (2-elhy hexy ) phthalal€ coud nol be decomposed

abiot ca lv at pH L n was cofclld€d ihat in lhe biochemi€l e.vifonme.ts ot
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municipal andills, shorl chain poLyary€ne elhe6 (PAE) can be degraded bv

ba* catalyzed hydrolysis d by microorganisms which €nzvmicallv splll the

side chans. H wer, there was rc cleavage ol the aomatjc .ing long charn

PAE ike di (2€thylhexy ) phlhalale.

ln a rccent studv the lrve drfleent biclurry roacloc wt€ ope'aled Lndet

diferenl @.d6ons to study the degradalion ol O€HP (1 mg gi' soiD in eil.

The proess perfomane was assessed by noniloring DEHP con@nlralion

periodically lsing high pertomance llquid chromalogBphv More than 90%

degradalion was obseryed *ithin 12 daF oJ llE cvcle pe.iod in lr'e

augmented reactoG Metabolites fom6d dunng the degradalion ol oEHP in

the slufiv rhase Eactor $€re identiied and the path$v was also

estab ished The degradauon pr@sE was bund lo fo low zerGodef k nellc

model(shailaja er al., 2008)

Lee 6l al, (2007) rcpo.ted a ehile rct tungus Polypods btunalis ror dibltv!

ohlhalat€ (DBP) deg|adation. Th. d€gradation polenlial and resulling

prcdlcls re.e evaloaled wilh HPLC and GC/MS d€ DBP mnentanon

inceased lo 25o. 750, and 1,2aO nM, be iryelial growih of P bdD6/ls was

inhrbiied. Bo@ver, growlh Ms sur ob3sded in th6 1 250 mM con@ntralon

DBP was neadv ellminated lrom culture medium of P bruDal's withn 12

davs. wilh 50% ol OBP adsoded bv $6 myetum

Polveste6 are polent allv biodegrad.ble due to OE hydolvssble ester bonds

Poy caoroactone rPCLr 4xedwS PVC ahere is oropelres sLchacnqh

impact behavior, heat resistane tempeEtr€ and lechnologiel proc*slng

t€L was €ported to be a lery effedive plasticizer fo' Pvc (Kattl el al'

1997). In some cases, themal and Photo prebeatmed c'n facilllaG lhe

attack of micrcorganisns on the polymer surfac€ (velonelli et al 1ss9)

Madn-F€nchetti et .l, (2007) siudi€d lhe PVC blend wiih (PcL) d€gEdat0n

in soil using aeobic biodegradation TtE moQhdogy tnd stuctud chanqes

of the bLends s€re studied by FTIR scanning eleclron microscopy differe'lial

scanni.g ca onmetry a.d contacl angls measur€menis The rcsulls showed

lhal PCL tilms degbde faster llan PVC/PCL and PVC flN
11
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The biodesradation oI the pPVC and iis ble.ds ailh ellulose was reporred by

Kaczmaek and sai€r (2006) the .nalt€is ks done by FTIR, sEM and ror

mo eular welghl est mation GPc was used They iound thal biodeg.adat on

in soil occls in pPVC and lhis pro@sB s dcceleEl€d in the composto. of

pPvc wlh cglluose The bio docomp@iuon yield ol pPVC /ellulose blends

(calcu ared as rei.live pe@ntaqe w€ighl165) Ls seddozen limes hrqher

rhan that of pPvc stdies on biodegBdarion ol Pvc/cellulose omposites

wih ellulose pan 25, 50 or 75 wt.% showed lnal biodegradaton of

Pvc/@llulose comPos tes dependgd on polysacchande conlenl and was

nofe efiectlve rhan Pvc i6elf while dehydrochlorinauon, characterstc rof

PVC was inhibit€d in lhe pr*nc€ ot.alural polyma. (Kaczmarek and Baler.

2008).

h a €cenl sildy the blends ol PVC and biodegEdabls aliphalic aromalic

copouener (AAC) re.e preper6d, and their phy8lcal lhemar and

mechanical pope.Ues we€ studied. Biodegradalion in lhe presence oi the

lipases of Rh,$pus €tlr,sus or Cardida ctlindrac€ was moniloEd as wel

The physiel prop€des of the bl6!ds, slch as density and sofiening

lem@6tuc. re.e betwen lho* ot dch conponent ottlbenlial senning

€lo.imetry measurement-s showed that the blend @mponents werc

comllelelv amorphou3 and fiisclbl6. Obviolsly, PVC suppressed the

crystallizalion of the padally dysLllino copolvesle. Mc was t€ ulemal|v

more siable @nponent and it s€€med to improw lhe lhem@xidaiive

stiabillty ol PVC in the blends. 
-Ih€ lip.es ot R anitsls and c dld€cea no

doubt @talyzed the estef hydrolysis of AAC although the PVC mafix Imiled

lhe Eie and €xtent ol the hydrolysis (Andicic el ar, 2008)

toss ot plaslicizec liom pPVc du€ to micnbial deg.adation resulls in

bnseness. shnnkaqe, and uhmat€ly bilure of the pPvc in iis intended

aDDlication Colonialon poes6 occuning on pPVC in tE environment

have received oomparalivelv iihle stten|on Nothing is known aboui tre

remDodrseauerce of m cobial colonizalion ot pPVc in situ. Existing studes

have eremin€d fhgal defacem6nt ol pPVc in lropi€l or slbltoplcal dinat6

Mrrobbt dqroadw ot Potwhll .hlottd. lPrct Plana 23



(Hamhon, 1983 Upshef and Rosebl.de, 1984). ln both studies tungal gro$'ih

was evaluared wilh a subleclive. visu.l assessment of defa@ment of tle

DPVC Neither studv enmired tn. role ol baclsja in *E @lonization prcess.

Peni. m ianthine unwaslound lo b€ sn impo.tant @lo.izer ol pFryc and

was one of lhe revv sbains recovel€d tom pPvc @nlaining u@ide 10. 10'_

ory bis-phercry a6ine (oBP ). P.nicilirn Mpupueun was atso

€coveed nequenty $hile Pod,cil,ird Eresct s was rsvered only dlnng

the laier stages. The high trequency ol €coveEd P€riclrnm spp pfobaby

€nEls thetrwldespread and sbunda.t dbtr bltion in iemperate 60 ls (Domsh

€l al, 1980a b); ihey were amongsl lh€ most commonly isolaled lom the

surfae of a number of Polym€ric malerials €xpo*d lo tire environment a.d

irom soiLbuned polvurethane (Bafialt 6l a/., 2003). While many oI lhe

€coveied fungi we€ shown to b€ r'€comyceteB, a small number of

Zygomy@tes ahd basidiomy@16 re€ slso .ecov6€d, manv of which were

poody sporuiatng or nonsporulaling and may have be€n lndeFrep€senle.

on the isolalion Dlat* onoar€d lo lhe more abundantv spotulatjnq

ascomyetes (webb el al.2000) Mo€ov6r, n is rell knom tnat cultu€ based

re@€ry techniques do not neessrrily Enect either tr@ dNe6rtv or

abundane (sometun & Hanin, 2000) and lhal th€ maioitv of tuhgal speoes

mav b€ diff4h to r@ver in the laboEtory due lo heir tasddlous not ient

€ouiremenrs Horever. desDile lh6e lifiitaiions, . total of 92 species we.e

recovered alttlough only lh6e dpabl€ of clearing plaslicizer agar and

ecov€red in high n!mb€6 or ft'.qu6nuy during lh€ @uEe of the trla were

Eubjected to loNA sequencing ior idenlifrcation purposes Whrle manv or lhe

iungi .€.overed trom the surtace of lho pPVC w€re capable of clear ng DoA

tew isolates were capable ol cl€anng OOP (Webb el ai, 2000). rwo

Doratomy@s isolates were ihe mosl abundant Ecovgred OoP-dsnng tungi

Phthalale elasbcize6 have previoGlv b6n shoM lo be far less s6@pbbe

lo midobial hydolysis @mpared to adipate pla3iicize6 (Beft el al. 1957:

Eaton & Ribbons, 1982: F€nkland et al, 1990: Nalli et a1 2002) and lhere

have lo our knowiedge ben no p.evioB repoG ol phthalate esier cbanng bv

tungi. As rhe majonv oi ooA4€anng tungi e€re unable !o ded DoP lhe

No olasbczeE musl be hvd@lvgld bv *parate enzymic syslems

n"-nt a"p.a"t- .fpayal,t t6ric. (P/c) Phtn*



l. order to del.y misobial colontaton and biodegEd.ton of pPvc dudng a

poducrs lil€span, a vaiety of biocidB are oll€n IncoDoEted lnto the

polyme. blend (Jores et al., 1996) or immobilized on lhe maleial surta€

(Jan6 A Jayaknshnan, 2003). HMver, wt'en d'€ d.sli6 are disposed ol
ihese iiocides could have a negaitue efEct by r€dlonq coloniaion and

degEdalion ot plastciz6|s. Soil is 3 dch micobi.l .nvironmenl and nallral

habitat fq tu.gi. where thsy play a majo. ole in lhs d€@mposilion ol dead

olant and anim3l materiab (Thon, 1997). Fungi play. naior Dre rn nre

biodeg6daton of oQanic hatenab dus lo lheir ab lity to secEle a vanetv or

enracellula. enzymes, 5nd hsy activsly inv€de and @lonize slbslrales or

dif.hent ongins {Bennen & F.ison, 1997).

Hjedbeq and G€ved (1995) did not obseRe anv sign or desradalion ot the

PVC poLymer in PVC samd6 aner 25 vears ol applicalon in 3oil In a

heoretel siudy on the d€gr.dalion ol PVc, rhev assumed that rioid PVc will

nol degrade ai e p€cllcally relovant Ele, and plasliciEd Pvc wil degrade

slowly wilh the PVC cha n enaining iniact This @figsPonds to obseruat ons

onlhe PVC polymer €ported bv (Pl.te 1997:Yabannsvar 1993 and 1s94

Hienbee and GGveft (1995) identilied . Loss of plasllcizets lrom ebes afler

25 yea6 ol underground applicaton. Th! measurod @nlent of plaslreer was

2 in rhe inner layer ad '17% in lt€ oller lavcr of the 6ble a lvpiel

pLasliozer content for cable insula on would mean 26_ 23oZ' The obvious

conclusion w;s lhal the plasticizer migEles out lrom $e nrabnal That was

dnfmed bv iE ob*tuanon that lle conlent ol Plastozer is lower i' lhe

oller Laver compared to ihe intedor and lhe innd l'vels The r€lease ol

dilfe€nl pLasticize6 ol PVc under soil buied lest condidons snd afier ono_

tem underground applicati@ Ms also €poried in a number ol shd s bul

withoui deteminalion ol tE quanttes ol los*-s (Plale 1994

Richard el 41, (2007) €porled lhe an.erobic landfll decmposiion ot

prasricized polyvin, chlonde. Bv lhe addition ol lhe dmbinalon of tn

€rboxylate heat slabiLize. and a dimethvlaminopropvl 
"elh'crylam|de'
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rlanate adduct i. PVc throuqh . n6hanr5n

above combinat on di€cts d€conpo6ilion under

scislion, ihos lowenng molecular welght lo

2.5. Blodegr.drblllty Tdtl.g

when tesling he deg.adation phenomsna ot

there is a general problem coneming lhe tlPe

c.nclusions whi.h en b€ drawn In pnnciple

2.5.1- L.borlloryt srs

as yet not lndeBlood, lhe

anaeobic conditions to chaln

the point of v'llne6b lb/ lo

plaslie in lh6 envronment

ot l€sls !o b€ applied, .nd the

iests €n b€ 3ubdMded Into

The mosi rcDroduclble liod€gEdaiion tests a€ lhe laboraiory tests where

defined media are used (in most ca36 synthelic media) and in@lated wth

either a mixed microbial populanon (eg. frcn wasb @t€r) or indildual

microbiaL slrains, which mav hale b€.n €specially sc€ened ior a parliculsr

polymer. ln soch iesls, which mav be odimized lcr tP acliw of the panicular

micr@rganiEms used PolyneF offen .xhibit a much higher degadation lale

lhan *ould oe obsetoed under naurtl condoons Ths en b€ €$rded as an

advanbqe enen stdving the bdic mschanisms of polmer biodegradaton

but in Labodiory lesls rt is only P6sibl€ !o deNe limited conclusions on the

aDsolJle oeg€datroa Ele of plaslcs In a hatuEl e^vfonm6'l however' lor

many systematc invesngttons the€€ tssb a€ widely us'd tMaden 2000)

A move idards no.e €p,od@ibl6 and conlroll€d d€gEdanoh tBB nvo ves

th€ ue ol systems anee onlv iho6e ext?cellular enzvtt€s known !o

deooLvmense a PartcuLar groop ol Polymers are used This melhod cannor

b€ used io prcve bodegEdaton in teins of metabolrsm bv a mrdooEali3f

but the srslem is varoabrs wh"h qqlg-::!:raggrgs!gg9r1

-",aa 
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€xample on ihe corelalion ot Polyme. 3lruclu.e and biodegEdabilry fiok wa

end suzlki, 1977i vikman et at, 1995: waher ar al, 1995i Manen 2000)

Besides €Drcducibiltv, ihe shoacning of Gst duratlon and mlnim zal on of the

mabnal ne€ded are cndal poinE vrEn perioming ertended svslematic

inves|galions, or she. usir€ biodegradation testlng as a tool tor indlstiaL

marena,s dsve opFgnl Amorgh degradaton exF€nmenG n @mposl or so I

may take up lo one tear to compleie, and tesls rith sp€ciallv screened

o.ganisms may take only a lew we€ks enzymalic d69radanon can be

penomed sthin hou6 to d.F Reent apprcaches htve been aimed al

using very small polymer padcl* (nanopa.tcles) for eEvmatic tesls in ordef

to incease lie surlace a€a available !o lhe degrading €nzvmes usnq this

rech.loue, enzvmatc degradaton tesb with polyesteF can be p€rlomed

wilhinseconds(6an6la/. 1999rWddel41,2002)'

The ana vtica! tools used b monitor lh6 d€gradalion process depend on tne

aim or he investjgalion and lhe test envi'onment ussd SdeEl diiferent

..alyti€l methods have ben u*d to bst biodcgEdabiliv 'nich 
includes

v6ua' obsefr€bo., cl^ange6 '. neonan €l prcpen es and mo'ar nass 'eol't
bss measurement (deierninatio. oi tesidual polvmer) co2 evolution/o'?

conslmptor det6hnabon ol b'€'6 60'0 labelng and crea' zol€

Vbu6 obetoano.s

The evalation of vis ble changes in Plastics can be peromed in 8lmosl a|l

lest5 Eflects us€d lo descdbe deg'adaton include roogh€ning of lhe suda@

forrat'o. of holes or cracts d+lrago6ntaton ch'nge€ 
'n 

@ld or lomaton

of biciilms on the surlae These cnang€s do noi prove lhe presence ot a

biodeg.adation Drocess in lems of nrsttbolism but the pa'ametet of visu'l

changes can be used a6 a frst indication of anv miqobial attack' To obbn

infomatjon about lt€ degradaton mocha'ism mo€ sophBnca€d

obseryations @n be made usi.g ei$er sEM or atomic lorce ftlcroscopv

(AFIM) (lkada, 1999) Aiter an iriiial degradation c'vslalllne spherolles

appear on the sudacel ltal @n be erplained by a pEie'e'tal deg6dat-o-n ol

iiii"-u"*e-a',o.tpav'*t'htoad'(?vctpkak'
l:



lhe amoQhous polymer lEclion, etching lhe dowr{egEding crysi.lline

pa.ls out oi the malendl. In anolh€r invostigalion, KikkaM el al (2002) lsed

AFIV microg.aphs ot e.zymaticaLly degEded PHB 6lms lo investgate lhe

mechanism ol sutface erosion

As wrt|l visual obetuatiffi, danges in maiehal popert€s @nnoi be prded

dircctLy due to neiabollsfi ot the polyner maledal. How€ver' changes '
me.hani@l oropenies are olten ced *hen only minor chang€ in the mass or

rhe test sDecimen ae obs6tu€d Popeni6 such a5 tensile str€ngth afe very

*nsilive to chanqes in lne ndd h6s ol pdym6E which is also otlen teken

di€cty as an indiqtor oI deqradaton (Eiand$on er aI 1997) Whilst for an

enzyme-indu@d de-polvmeialion th€ mabnal prop€ni€s onlv change f a

signifient loss ol mass is obseNed, for abiolc deghdation prccelss (rhich

otten take pLace in lhe enlire mat€ al and include lhe hvdrolys s of polvesle's

or oxidalion ol polyethyleE) lhe m6hani@l piop€'tes m'v cna'ge

signticanuy, tholgh almost no loss of mass due 10 solubllizalion or

deg.adabon ntennd'ats clc€rrls al uri! sl'g6 as a consequsn@ itlis ryoe

of measureme.t is often u$d lor naG'jal6 wh€re abionc pro@$es are

€spohsible lor the fi61 deg€.Llio. 3tep e g chefri@l hvdrclFis ror poLv

(laclic acid) of oridauon ld modined polyelhvl€nes (Breslh 1993l Tsuli and

Suzuyoshi, 2002)

The mass bss of test sp4im€ns such a6 nlms or l6t btr6 is wid€ly app ied in

degradahon tests (esP€cially in neb- and snnubton te6l5) abowh aqarn no

dned proof of biodegnda on ls obtained Problems c'n ans€ wih corect

deaninq ol lhe sp€cimen or it lhe mabrial disint€gEtss excsssivolY' In ue

rend case, the samples dn be plac€d into smalt n6i3 io facilitate Ecovery:

tis melhod was used in $e tull'scale composling Prcc'due ol din !M54900

A sleving analysis of the matrix surrounding ihe plastcs sanples allows a

betier quantrative detemination of ihe disintegradon characterislica For

-u,eouar 
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finely djdnbuted polymer samples (eq. powde6) t'e decease in €sidual

Dolymer €n be detemin€d by an adequale sep.€fm or enEdion

technique (polymer EepaEled from biom.ss, or polymer enr.ded nom so lor

conpost) By combin ng a sttuclural analFis of l'|e Esidual mabnal and lhe

low molecul.. reighl inismediatB, detailed iniomation egardmg lie

dsgradalion process en be obta n€d €sPeciallv il a d6fned svn$enc test

medum is used (wit el ar, 2oo1).

CO, evoLulio.Voa @nswolion

und6r aerobic condilions. nicobes uss orygen to oxidize ca60n and iord

ca.bon dioxide as one major meiabolic end prcduct Cons€qu€nllv lhe

consumption ol oxygen (Puchner el al, 1995i Hoflmann el al 1997) ot lhe

lon alion ol @lbon dioxide (st!m isst) a€ good indi@io6 for potvmer

degadalio. and aethe m6l oti€n used methdstonsasue biod€l€dation

in labo@iory tests. Due to lh€ nomally low amount ol otEr €6on sources

or*nt in .dditon to tt€ polymer itsetl ehen Using synthelic mineEl media'

only a rel.tively low background €sPi6lion must b€ ld€niiti€d and the

a@uGcr ol uE t*t5 is Gually good. B€ides conventonal traPpin! ol co'? n

Ba (oH)? solutron fo lowed by manual lilralion inftared and paramagrelic o'.

derecioc can also be used lo rnditot O, and CO2 @n@ntalioB i' ine a I

stre6m. Allhough lhe .lbmated and continuos

advantages, UEy also havs dEadvantags Fo' o€mpl€ the exac! air aow

mo b€ measured, lhe signals of the deteclors must b€ sLble lor bng

penods oI lme 3nd il s ow degEdailm processes are to be detemrned the

CO, con@nlration or rall in 02 conc.'taton to be d'l€cled is vav sman

therebv increasinq l,he lil(6lih@d of sysiematic edoF Under these

circunstances, other conepb (€.9 , tapping CO': in a btsic solulron approx

oH 115) with @.tinlous lt6tion or deiection of $e dissolved norsanrc

cadon (Pagga et a/, 2oO1) may b€ useful allehaliv6s oiher aitempc lo

o@@me poblems wilh cq deb'lion are based on nol@ntnlousry

aerateo closed syslems H6c e nel a sanplrng €chnrqLe h corbiartion

with an inlrared€as analyzet (Caho'r e! at 2oo0 or a htralion svsten

(M@Lrer leee) w6.-aqerieq .{n9th?l,gf:-9..-:vstem 
wif' a dFodilYos

-u,c-t'ou,e,oao*" 
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titralion meliod has been dessib€d by Solaro el ,1, (1998). T6is usins small

clos€d boltles as deq6daiion eactor3 and an.lyzing the CO, n lhe

headsDae (llavaaE 6nd Mkman, 1995) or bv the &..ease in dissolved

oxygen (closed-bottle tesl) (Richlerich €t sl, 1998) aE simple and relaliverv

Insens'trve lo leakages bul may @us€ pobleds due lo he l@ amoJ4ts o'

matenal and inoculums used.

Athough used odginatly in aqus6 t$t svstems ior polvmer deg6darron

co, analysis was also adapted lor tes6 in solld maMces s!6h as compGt

(Pagga ei at, 1935), .nd this method has nry b6en standa'diEd under the

name. controlL€d composting l€st (Amenoan Sociev for T.sling and Mabnals

ASTMD 5338 9€e1: Din V 54S0Oi ISO 14a55i JIS k 6953) h lacl lhe

@nholled composri.g t:st wa6 not 6 method simulating a compostng

o|@ss, e@use mallre composl $€s usad Ether lhan b|ow4le as a maf t

Brosasle. which @ntains a laEs amoult ol easrly degradtble c!6on *olld

€LEe loo h'oh a oaclgrdnd co: evoluton ior acdraE measu€menl ard

so pedegraded biowaste (E.tuG @mpos0 rs ued For polvner degradauo'

in sor co, oerecton d-plrcaled ha' n 
'orposl

be@use ol slower dsghdalion 6ies th.t l€d nol dlv io long t8t durarons

(Jp ro 2 y€ats)bJt also low co, evolut|on @nptr6d wth lnat lror $e @lbo'

pres€nt in soil. one mees ol werco'ning plobleds u/ith backoound cor

evolution trcfi lhe naiuEl matries compo6t or 6oil is to @ an inen cabon_

f€e and lo.ous nalrix retted wilh a syntheiic m€dium and ineulaled wrth a

mixed microbial popllalion This method prw€d practEble for smulatns

compost conditions (degEdalion al _6dc) (Bellina ei a' 1999 2000) bd nas

not y€l ben optmi4d fo. soilconditoB

oeteminalion or b@as

compared with lhe tomalion ol co, in the PEssrce ol oxygen anaerobic

micDoiganbms pfdue pBdofiinanty. mixtug ol cG tnd meltr'ne (calred

blogas) as one enrscellolrr pbducl of lb€lr metab'lic reactions The

heoeti@l anount .nd @mposition ol the biogas can be @lculated rroF lhe

ch€mlcal materia composllion with ths so-call€d busw€l| €quauon (Buswell

-^,tdrcbat 
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a.d Mlller, 1952). DeSBdation ot plas!6 under anaerobic @nd[ons 6

mainly monito€d via biogas prcducton (Garliser et tt, 1998; Reischwilz 6t

al, 1998r Alou-zeid,2001), and sLndard. Mlualing |he anaerobE

biodegradatio. are also based on slch measu€menls 0SO/OIS 15985'

ASTMO 5210, and ASTMD 55lt ir.asuement ol g6 volume can be

perfomsd uslng manometry or EimPl€ water displacem€nt and the

@mp6idon of ilE gas p.odlced can be analyEd (eg by gas

chromalography) (Bldwlll et al, 1996). As wilh co, elolulion the hasc

p.oblem is biogas evolubon from anaerobic sludge wh ich are !' uallv taken as

envnonmern. Atl€mprs b €duce backgound biogas slolution weE made bv

Abou-zeid (2001) !ry dilutng lhe anaerobic aludge eith a svntelic mmeral

Radiolabelino

f ihe ca6on of the polymer is tadiolsbeled (usuallv with ilo) many or lh€

ab@e menlion€d poblems in tesing blodogddation En be avoidsd For

instanc€, very low @ncenlEtions of rlco, @n be det€{*ed €ven il co'z lom

oUE ca.bon $u@s (e g biowasls) is ercl!€d Thus Ediolabeling is used

€specially when slowly degradtble mabnab are to b6 investqai€d in a mav x

containing €don soures oths than $e Pl6tics (Ab€d$on 197aiTuomel'

6rer.,2O;1). The disadv.ntags ol this hothod a€ pbblems in poducl's the

bbebd maiedal and md{ng vilr radioactiw 3ubstances lrom an

exper mental point of Mew

Clearzone lomaton

A very 3 mple semi{uantjtalive method is the so-called clear-zone lest Th s

is an .gar plate tes in wnic$ the polyner is dbpeB€d as verv nne patucles

withi. the synth€tic n edium agari his reults in the agar havns an opaqle

appearan@ Afi€r inoculaton uth miqoorga'isms ltE r'dation ot a cLear

hab arNnd lhe colony indicaies |hal lhe organisms ad at leasl abe to

depolymedze the polymer' wlrich is h€ firs| slep ol biodegradaton This

mebod is us@lrv aepLcd tl:9::i-o.i9?ni::l:-bat en desEde a c-ela '
iiii.we.a'^"" .t p.t'".vt 
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polymer (Nish da and Tokiwa, 1993iAbou-zeid,

!o obrain semi{uanlilatire r6ult3 by analyzing

2001), bulitcan also be used

the groslh of the clear zones

As an altenatv€ to feld lests, v.rious limulation tosts in the raboratory have

been used to Foaswe the biodegad.lion of plastcs. He€, lhe degEdal'on

might take plae in @hpost, $il or s€awater daed ln a &hitdlled reactor n

a laborato.y Although the envkonment is still very close to the neE'tesl

sil@bon. lhe €xiernal PaEm€bc (teBpe.elure pH humiditv) €n be

controlled and adiusted, and t'ls analtliel tools available a€ bener sran

would be use.t lor neld tests (e.q., lor an.tsis of €sid6 and intemediates

detemination of CO, evolulion or O, oorcumplion) Examples or such lests

include tne $i bunal test {Panl(e and seal l99o) lt€ sccell€! cDntrolled

compostinq lest (Pagga el./ 19951To€in etal, 1996;Degli_inn@enn erar

1998: bhbki ol al., 1998i Tuomiren rl al, 2002) lcst slmulanng landnlB

(l,,lccadin 6t€i., 1990iSftith €tat 19SOiMccadhv 6iat 1992) or aqueous

aquanum t€sts (Puchner er al 1935) On oc€sion in dder to €d(e |ne

lime tak6n to conduct lhe l6ls, nulienb aE added lo indetse ihe mlcrobral

aclvity and accelerale degradal's.

Alrholgh field tesls, such as burving plaslics $mples in soil' 9laong t In a

lake or ver, or pedoming a tul|€calo composting p@cess wth the

biodegEdable ptastc, eprss€nt $o id'al p€clical €neMmental c'ndinons

here are severaL senous dis.dvantagss associated with these tvpes ol l€st

one prcblem is that enviro.menlal conditons such as ternperanrE pn or

huFidiry cannot be rell @ntrolled; 3€ctndlv' tP analvlcal opporlunrtEs ro

monitor he degradation proc€$ a€ limited' In m6t cases it i6 onlv pGeble

to evallraie visible changes on th3 polymer sp'dmen or pefhaps to

detem ne disinleg€uon bv measunng weighi loss The latie' approach G

eodemaric horewr.rj rh-e TaPiar.bf3!:-i.llo,-:marr 
rEsmsrs ti'd m!-si be
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qufitt tlvaly r€cow€d trom tr !oll, conpoat or wrbr. lh! analylis of

|Illh6 .rd hlnrdbb . co|ip0L.d !y tE cdnd.( rd lttd.fit€d

olMlonlmit Sln . tl. Pu.B lfrysicil dblnLlraiion ol ! dasic l! .tot

r.g8r€d r bioc.gEddm h !x .dl|. of no.t .||lto (G &.crb.d
.!rlLr). !l.|s t$ts .LrE .$ napr ptw. rndEl . mrbtul it
bhd€drdde. o. nd (ItE fi.(d-,2@).
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3. MATERIALS AND METHODS

3.1. .t rial3/chmical3

The low nol€4lar weight pollainyl chloride (PVc), plaslci2€6 droclvl

thlhalate (ooP), dioclyr adiFr€ (ooA), Eotueit telrahydrotudn (lHF) a.d al

olhe6 compounds used were ol analylical g€d€ from sigma_adnch Gmbh

Steinha n G6many and Oxoid ttd, Basingsloke, Hampshng, England

3.2. M.dia for Cultav.tion and Ooorad.tion E4erlments

Malt exttaci agar (MEAi oxoid, Basrngstoke Hampshir€ E.gland) and

sabor.ud's aga. (Si9ma-Alddch, GmbH, steinheim G€manv) werc used ror

the detechon, isolation and maintenanc€ ol the tungal stains Nufienl Agar

was used ior isolation of badedal isol.t s and ttr€ basal filneral salt media

(MSM Table 3.1) w.s !3€d ior debrinlnins the dete ogenio Prcperlies orlhe

conpcition ol lhe slner.l B.n fl.dia orss)

NaCl

cacl22Hzo

(NHr,So.

MgSO..7H,O

CoSO.

znsoa.TH,o

1.0

o_2

1.0

0.002

0.005

10

o.s9

0.001

0.01

0.001

001

20.0

Media sienlizalion G Peturmed by aulodaving at 121'C

pressure ior 20 minutes. The pH of medla was adlusl€d (pH

*enlization with O 1 M sodium hydoxid€ or hydro'hloric acid

ffin,"6bt d"s,oaod- oJ PotPktt 
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3.3. S:npleColl*tion

sampes weE colected irom he plstlca wasre coniarinated a.ea .ear
Ouaid- -Azam UniveBily, lslam.bad, Pakistan snd aclive sewage studge was

collecled fron a sewage teahront p ant ln lst6m6bad, Pakisran. This sewaqe

sludge was mixed wilh gaden soil colbcled fm difieent places of Qla d-i-

Azam Unive6rty, lslamabad, PakBran. This soil mixtu€ Ms us€d lo. rhe

Bolauon or polymeB PVC and PPVC degEd'ng mr@organisms.

3.4, Polyvinyl Chlodd. Fllm Pr€p.rloon

Polyvinyl ch odde h3ving low molecular $slght was used fd the proparalion ol

tilrd by dissolving the pdd€r€d PVC in, let.hydrctuEn (THF) (99% Merck)

aE a solvenl ard sonicating for one hour, The minu€ ms polred nto pelr

pl.les and lefr ior ove. night in oven lo dry. Plasticized films rere also

pr€pared by mxing rhe brsd ol PVc and praslic,izff (DoP and DoA) and

starch in both 1]1 and 1:2 ratos ot PvC and das&i?er The PVC and pPVC

flms (64.5 cm) re€ steilizod by dipping it inlo 70% ehanol ior 15Fio (calil

or €1, 2006)

3.5. l.ola{oo ofPlatc D.grdhg f,lcreoE.nl.m
The plaslc d€gEding mi@organisns vtel€ isol.ted ton soil by si bu al

3,5.1. Aoll Burlal ExPeriment

Pieces of PVc and pPVC flms were washed and buried in soil {garden soi

mixed w h plastics w?ste conlaminat€d 3ewage sludge) at .oom iemperat!.e

(30'C) lor a p€nod ot 1o nontl3. Soilr.s lak€n in a latle pot amended wilh

mineGlsolulion to maint in the availabilit ol mineral slts and mdsturc Atlef

lO mdths pieces ol PVC dd pPVC ree bken fiom eil, nnsed wtn

sbnlz€d disliiled watei and pl.c€d on nulrient agar plal€s at 30 'c lor 2

weeks to obserye lhe m crobialgrowih

&'oabdt d,sraaonan oj Patrvi^)t.htadn. evc) pt6 4



3.5.2, Enriclrnenr.nd sc|l6hg ol Ph.tlc d€gradhg mlcrcbc

The rungal isolales fiom soil we€ cullured in 250m1 Pyrex n.sk containing

100mL m neralsalt media {MsM), wilh PVc and pPVc nhs as a 5oe caoon

source, ln shaker al 155 rpm at 30 'c and pH 4.5 Tho biomass quanlifeton

was done on $€ekly base and the b€6t gwing snains \,er6 selected and

tuiher tosted lor biodegradatron th€ el€ct€d tunqal svairu wors nahed as

PVl, PV2, PV3 .nd PV4.

3.6. ldontltlcatlon oflhe Solect d lung.l hol.tes

The fungal sraiB isol.ted trom 6.al (garden so mned *ith plasuc Mste

onlamimld s€wage sludge), altsch€d on PVC and PI'VC nlm piecA and

rere punfied on SaboraLrd agar Plat€t. The tungal str.ins wsre idenbned bv

microscoP c examinatjons at Microbiology Research lab oladi_Azam

Universily blamabad, Patjslan. MacrGcopic id€ntf@tion was done bv

lisualizlng s!.la@ pigment and €v6M piqment on Saboraod agar and

mic@pic chaEcted3lion indld63 3hape, @lor 6nd structure ol @nidia'

hyphae, @nidiopho6 and onidial h€ad

3.6.1. ltlolecular ldentificatlon ol fung|| bolates

Fungalisolates rerc idedned bv PCR.mplifetron end parialsequencinq ot

lhe intemally lranscnbed spaer (TS).egions 5eS 
'RNA 'nd 

28S rRNA

usinq the tulEal Univ*al pnme6 ITS-1 6_TCCGTAGGTGAACCTGCGG_3

and ITS-4 5TTCCTooGCTTATTGATATGG3 as prdiously descnbed (webb

et al . 2ooo). Delailed methodology is t6 iollovs:

3.6.1.1.lsolatLon ot oenomic oNA

FBh rnyelia weE hatuested in d€iorlssd vaier frm owmig Plate cu|nl€s

grcM on MEA The biomass w.s s6Paraled by @nhtugeton at 8 000 lpm

using MsE Mist.l centituge, UK tor 10 min, and the supematanl was

disca.ded. The pelet was trozen by Placng the centtituge lube nlo iqld

Mdbat d.g.ca.ru olPotrwt cht't td, Orc) Pb!^a



nirrogen, and tubes werc then slor€d .t -80 'c unlil the pellet was ground In a

mortar under ljquid N,. DM wa3 enEcied a@rding to the melhod ol

4.6.1.2. DNA Efaclion Proto@l

Filier rMvered spore susp6Bion lhough 2 x mGlln or j_cloth were

added to liquid nitrogen in . cooled pesde and tno.Lr and ground n lo

a nne poldst ensudng @Nlallt lre€2ing Thev w€e lhe. i.ansrered

io '12m1 cenrituge tubes on ie
a 5mlof 65 'C ext actron blffel (07 M Nacl, 0.1 M Na,SO3 0005 M

Tnv Hcl (DH= 7,5), O.OO5 M EDTA, 1%, SDS) lor the lsolaton of lhe

DNA was add€d (se app€ndit tor consttuenG) and nixed well bv

2.

5.

l. Mixtue w.s inclbated at 65 'C for 20 nin A 5 ml ol chlorolom:

isoamyl alcohoL (24:1) w.s add€d voriexed and placed on i@ for 30

cenrritugalion was dore in MsE MislEl c.nlritugglor 30 min (4 "c ai

3OOO Am). Upper phas€ w.s €mded ard kepl a'd tudher tanslened

to a clean l2mltJbe Equ.l rclume ol isoprcpanol (prcpan_2_ol) *as

added afd mixed genuv. MixtuG sas leit at room lsmperalle (30 'c)

Centdugalion for 10 min was dore at 4'C at 3000 an and

sup€manlant sas disrded. To lhis 2 ml ol st€rile dislilled waler was

added .nd leff al .@m bmper.ure to B6pend

1mlor? 5il NHdc was addd Mix€d gentlv and Pleced on l@ for rh

cenlirused ror 30 min (4'C at 3000 tpm)

7. supematanl was removed and lEmfered to tnolher t$e And 0 54

rclumes ol isop.opanolM3 sdded (appox 1 62mD and nted genllv'

The Ol'lA was visible .s shhe slrands This was l€ii al r@n remp ror

8. cenhtuged lor lsmin (4'C at 3ooo lpm and car€llllv €moved and

discarded ihe supenatant P6llet was washed with 2ml 70% elhano

if,aa a"e.'anu ol p"rv"., ,ttot'd'. (Pvc) Pbtts



3.6.1,3, PCR Anolifi caton

Polyne€se chai. eacrion (PcR) wl used by lsing lTSl and lTs4 for he

ampilication of tunqal 5 8S, 1& and 2& iRNA. The univellal Pnme6 we.e

osed ior the ide.tificalion of lhe tungalllralns. The V3 vanable r€gion al lhe 5

end orlhe 58 S 18s and 28S rRNA wore 6mplll5ed wilh hs tungaL un versal

pnme6 V3-1 (5 GCATATCMTMGCGGAGGAAMG) and V3 2 (5

GGTCCGTGTTTCMGACGG) {Fell, 1993). PcR eagent ocenlratons re€
0.2 !M ol DnmeB v}1 and v3-2, 2.5 mM of MgCl2, 200 pM ior each ol the

four deoxynucleoside bphosphal$, .nd 1.25 U of Iag DNA pdyfrebse

(Roche OiagnosucB Ltd, Lwes, Unltod Kingdom) per 50{l reaclion mirlue

Ampif€tion was periormed ior 30 cycbs with denaturalion at 94 'C to. 1

min, annealing al 60'C ior 1 min, and extension at 72 'c lor 1 min ITS

€gions sE amplified using tungai untelsal Prire€ lTsr (5'

TCCGTAGGIGMCCTGCGG) ANd ITS.4 {5,TCCTCCGCTTATTGATATGC)

(Mite et al,19SO). PCR €lgent coEntrslioN reF as ior V91 and V32

silh the €xception of @ncenlrationB ot 0 25 !M lor pdme6 ITS-1 and iTS_4

and 1 5 mtM lor Mqcl,. Amplificalion was perto.h€d fd 35 cycles wnh

denatuErion al94 'c lor 1 min, anneallng at 56 'c ior 1 nin' and exiens@n at

3.6.1.l'. Aoa@ Gel Eleclrooho6is

cenfituged fo. 5 min (4 'c at 3000 Dm) and ihe supematant was

removed and allowed the oellel b an drv

9 The p€ll€t wss resuspend6d in 50qJl slenl€ oislilled wate. a.d 1!l

RNasewas added and slored sl -20 "C.

DM was observed foLlowing eleclroPhoresis using 1% agafose in 1X TAE

b!ffer) and slaining with eihidium brcmlde (1 Pg mf in TAE buft€r' Webb el

ar,1sd9).

Misabiatd.sadandaJPot in l chlord. (PvC) pl^ti6



3.6.1.5. Punfeton

Anplifed poducts were pulined using the QlA4uick PCR pudfr@tion kil

(qiaoen Ltd., Crawley, United Kingdofi).

3.6,1,5. Seuencino

PcR producls (0.8 Kb fragmenb) 1r€re sequenced lronr lhe sequencing

lacilides of Faculty of Lile Sc€nc, University ol Mancheste,, UK.

Miferai salt m€dilm (1oo ml) conhining piocss or Pure PVC, pPVc (DOP

ooA) and starch bends of PVC ree us€d for biodegFdabililv lesting ot

Both slrands ol the amplified prcducb wsle sequened using the ASI Bigoye

Did6xy Tedinator Cyde s€q!€ncing tit (applied Bi6yslems Inc,

Waninglon, Unned Kngdoh). Cycle.seqrencing @ndibonsrere denaturalion

at 96 'C io. 10 s, anreahg at 50'c tor 5 s, and extension at 60 'c br 4 mi.

ior 25 cycres winl a final en€mion ai 60'c for 4 min. The snnealn!

temperatLrre was inc€ased lo 55 'c for sequencing reactions using Ihe V3_1

pimsr, FoMad and €verse sequlnc€s w€re aligred using ABi Aulo_

assembler sollware (Appli6d aiBy.lems Inc.), and ihe ovenapping

conseN6 3eque@ was conpared with 3oquene in lhe Ncal datab.sE

cang FASTA 3 seq@ne lbmology s€arch€'

3.7. Biod€gr.d.tio. studi€i

3,7.1. Soll burial

Low molecurEr reight polyvinylchlorld. PVc fihs were buied i. s0Itor 10

months and pPVC (DOP DOA) 5nd bl€n& with starch flms @re b!.ed in

soil for 6 monlhs. ai rcom tenpe6tur3 G&€5 'C), in a large pol amended

wilh mineral saft media (Msil) to nsinbin ths aEilabililv of min€ral salts and

moislure and i@ulated aith the .elsct€d tungal isolales Stuctural change in

he polyner $€s analyzed after 30 bunal.

3.7-2. Sh.k. fl.sk exPerim. !

Ll.tobtot d.s&ronar of PolFryt chtotttL lPvC) ptltn r



*lecled nrgd isolat*. spoE suspeBions of tungd isolat€s were used a3

inoculum Experiments re€ run lor 6 months unier shaking @nditions at 30

'C exept PVc Etarch blends whlch was teated tor 3 monlhs Biomass

ooanlilieilon was done on reeklv b€3is. The FryC film3 were amlyzed for

slruct!.al changes by SEM, G€l pem.alion chomalog€phy (GPC), NMR

and FTIR at the end ot expenments

3.7.2.1 . €flect ol UV orelrealment on biod€orad.tion ol PVc

The PVC 6lm pieces $€re er+@d to w light (254 nm swlength) ior about

10 hours and then used in 3hake ft.t expennent wiltr PV1 as inocullm

Plaslics flm was analyzed.

carbon dioxide evolotion as a €sull of PVc, pFryC (troP, Doa) and starch

PVC biodesradation was d€lennin€d by Sturm Tesl (Mullef d 3r' 1992) (F g

3,1) The pieces of polymer flrns \l!€e .dded to lhe cultu€ botle flest botlle)

@nt.ining 3OO ml ot m neral sahs m€dium tr/rihod anv other erbon so!r@

Soore suspensions ol tungal isolai8 r€E prelaed in stedlizei saline and

sec used to inocllale he test a.d th€ control bofiles' @ntaining mineral sslt

medium lo studv the degradation of PVC and pPVc conlrol bottle was

silhout anv plastic. Stedli2€d air w.s suPPli€d !o kee p conditions ae'ob ic The

t*t and @nlrol botiles ree slin€d continuoBlv by Placing them on $e

magnetic stiner The tesl Ms perfotmed al @m lempeEtufe (30 'c) for 4

woek. Aier 4 we.ks of culbnng the change in bioma$ and lhe amount or

carbof dDnd6 prcduced was caloulatgd in the i€st and @nnol bonEs

gravimel'lcally. Evolution ol COr, as a €sult of degradtlion of polvnenc chaLn

vllas trapped in ln6 absorpto. bodes conliining KoH (1i') Badun ohloide

solutlon (0.1M) Ms added to the cO, containing KOH boides and as a rcsult

DrcciDitat€s of bdlium carb.nala (lslng co2 releaB€d from bEakdown of

polymer) rere tormed. co2 prc<luced c€n be ca!tulabd qravimelri€lLv bv

rnersunng amount (rcigH) of p€cipilales evolved bv addilioo of Bacl,

Change in both lssl a.d control Ms c,66€fl€d

Mkrchht d.eadd,@ aJ Pa\.ryt.htatd. lPvc) pt'it$



STURM TEST

Flgurc 3.1 Bq€.imenlal set up of slum TeEt for moa3uBmonl or cado.

dioxide gvoloton d!n.g b.eak down ot plastic (PVC) male.ia a: CO,

abso.ttng chamb€.s. b: prelrealrneni chambe€, c culture vessel d

0.2 !m air nlter, e: press{rre .ir p{mp, T: T€! c: conlrol

3.8. analytcrl €thodg

3.8.t. lightMicres@PY

The pi€c* ol PVc .nd pPvC bud€d in sewag€ 6lodg€ ree taken The

plastic film5 were washsd wilh sledliz€d distill€d Mte. and exanin€d throuqh

micrcs@pe lo obsefte the micrcbial adhe€ne and atlachm€ni lo PVc and

3.8.2. aim..! q0. ll|catlon

This method is conside€d as a .€lalivelv simPle and oselul tor dnedlv

quantting lhe nlmber ol midooEanlsms attached to lh€ polvmer surrace

(Chnsbn*n et al, 1995) lt is lsed to 4.luate the abilrtv or chosen test

Miercbbl desadahan ol PatPvtt .htotia. erc) ptxnd 46



micrco.sanrsns to grcw and ulilize component Lom the polym€r blend as sole

carbon source. The quanrii€rion was done ior lhe screning ol isolates from

degradaUon exp€rih€nt by gxamlning u]e prclil€ralron and growlh of

mlcroorganisms on lhe plaslrc lnatEial The tungal isolales fom soi wee

cuhured n 250m1 Pyrer frask ontaining 100mL mineEl salt m€di. (r'/tsM),

{iih PVC.nd oPVC fihs as a sole carbon source, in sh.ker at 155 lpm ar 30

'c and pH 4 5, lie tungal biohass was qu..nfd on w€€kly basis. Sepa6te

nasks wE s€t lor every reek sample. The whol€ contonls ol the nask

conta ning tungal coltu€ were lilt6r€d through whatha. #1 pre_weighed f Lter

paper Biomass on L're filld paper wes di€d ln ov6n al 50 !c io @.slant

weighr The nller paper was weighed lo get lhe dry biomass sobt actng the

3.8,3, Sc.nnlng Elect on l$ic@copy (SE[)

The surlace morphology of the PVC and pPVC iilms was analyzed throuqh

s@nnng el€ctron micro$opy. Speclm€ns ree atiach6d to Btubs usLns

Electrodag 915 (Ach6on Induslries, Rsading, Uniled Kingdom) and sputte.

@ted (model s15o devnq 8OC Edwards) $t' gold beioe being qamined

using a SisEos€n 360 scanning €lsclrcn mi6oscope {Cambndqe

Instumenb, cafibndge. united Kingdom).Ihe images of th€ test samples

wee conoared with ihose €colded on lhe o.igin3l untreated sanpes

3,8,4, G6l P.fr€.tlon chrematogrphy {GPc)

The nlmber and reight€verage motec1ll reighls Mn. Mw ot PVC and

pPVC re€ determined using the Gel Pemealion Chrcmak€Gph (GPc)

made by v scotek oPc max vE 2oo1o6xas) equipped with th6 rcfEctomebc

(Shoedex R!71) and viscomeiric (VbcoteD lvodel T50A) d€iecloG rwo

connected columns (GMHHR-MS typ3, TSK'GEL) re€ lsed Column fow

6ie was l.muminlte. High€r plat€ 4nF en be obt ined ai lowd linear

velocbes. 1o0ul sample was iniecled tt 35 'C detector tempe€|\lre 8nd 30 'c
elumn lefrpeature. The calibraud w.s made lslng lhe polvslvrene

M.,abol a.S'ddarcn oI Pat||ntt .htaad. tPrc) plosrct



standards (Ardrich). TeirahydrctuEn was used as solvent The sa.iipre

m€asufehent lime was 30 mid $mpl€.

3.8.5. Fou.ie. T.aGform Infta R.d (FIIR) gp€cttolcoPy

Folrier TEnslom lntared secrrooholofteFr FTX 3000 Mx Bio Rad Ex-

cliburr' Fr-lR sei€s, USA Ms u5€d tor analysB ot P /C and pPVc aner

degEdalion expenm€nis Ihs pdym$ dec re€ rnlx€d with KBr and made

into a lablet, whichwas fxed to tho FTIR sample plale spectEweretaken n

tiplicate ar 4oo to ,looo wave-numbeE cfi'' for each sample

3,8,6, Nqcl€ar iaagn.tlc R€on.no (NfR)

Nuclear Magnetic Resonance (NMR) sp€dtos@pv B one of lhe p.i.cipal

t6hniques used to oblain physical, ciemical, €leclronic and struchrral

infornalion aboLt md€d6 due 10 th. chemi.6l shifr and Zeeman Etlbcl on

th€ resonanl llequsncies of lhe nucl€i. lt is a powErlul lechniq!€ that can

Fovide d€lailed iniorm.lion on th€ topology, dv.ani6 a^d lh€ddrmens ona

strlctu€ ot mddles in sdid@ and tle elid siate Both r3ca.bon NMR aod

Probn NMR spec-toscoFc snalyes E€ used {li Chlorctom ttoor as

The lilms ol PVC and pPVC re€ digsolved in the solv.ni (Chloroiom Coch)

and th.n lhey were an.ltzed in lh€ B.llker 400{vlHZ NMR soeclrophotomeier

Lltubat d2sadahd ol Polrvhvl.tl'nZ. (PVC) PL'B 43



4. RESULTS

a.l. bol.lion or Pvc d.gradiog mlcroorganbm.

Soil sampl€s, collecled trcm plasric wsgle coniaminaled siles with heap of

elid wasre drebns nom Qu3ii.i-azam univeBity, lslanabad, Pakistan and lie
seMge sludge colle.ted from the s€mge -Ieatmgnl Plant, Rawalpifdi,

Paklstan. rerc wed a3 d soulce lor lsolaling microorganisms havng the

abilit to degEde PVC plaslic.

A number ot baclerial actinomyceles and fungal stains w€re lsolat€d These

mi@bes rere iesled ior having the ability lo adh€r6, gbw and degrade Pvc

F@r tungalsl6iF Pv1, P\r2, PV3 a.d Fr'4 we€ fnallv s€l&ted on the basis

of thelr good growth adheE@ and degEdaton poientar ol FryC plasliG

The adherence and anachmenl of th. lungai slrains was obseryed in dl

polymerlilhs, pure Pvc frh, pF r'c flm and Pvc atarch blen& (Fig41)

4.2. ldentltlc.don or rtrnqal Isol.t !

For the id€.ti6@{ion of th€ tungal isolalt , $e molphologv ol t€ tungi on the

malt extract media was studied. The colonies ot F\r'l were white color with

semted edg€s, the nal fruiting body appEar like a crust on the plat€ surfa@

colonies wre small, initlallv €lanvely 3fiooth sudac€d but late' devebped a

rett ol aenal mt@lium. The @lor ot mtue sporulaied aenal mvcexum @s

plnkish whlle. (Fig 42 a).

Colo.ies ol th€ st'ain P\2 weE light color€d smooh and iat on rhe sufae

otihe agar plate ihe colonv surtaces hav€ sporous aPp€arance wiih smoorh

sudae, wh€reas coloni6s ot.uain Pv3 on Mall etl'acl agar wer€ iniliallv lLght

black, quiclo becoming bl.ck rih conidial ptoduction The @lor of lhe

matu€ sporulaled mvcelium w blacldsh. R*rs€ B pale vellow and grcwrh

may prodlce radiaLfssu€s inlhe ag$(Fig.42 b c)

Mt.ab'"t d.Eronanan oI Patwntl chlond. (PvCl plzsn's



Initially the growrh Ete of ihe colonis of Pv4 were slou llr€ color was oft

white bul quickly iomed lo gre€nish shade having inegular $+ le colo€d

.d96, on matunly oi my@lium lhe app€.6ne oi light brM @lo.ob*ryed

n €ntre ol @lony. the gowlh textuE waB powd.ry FIO 4.2 d).

{3, Mol@ul.r ld.nlitrc.ton ollung.l l.ohr6

The PCR oroduct ol0I kb size ofallofihe Bolated strains we€ visualzed on

1% agaGe ger wilh 1x TAE bufftr (Fig 4.3).

The iour selected isolates re€ iden0tied bv 5.8S, 18s 28s iRNA and

inlemaL t'an3dbed spac.r (lTs) rcqion. The 0.81b nucleolide lragment qas

olseNed in Agaose Gal EletupnoE3ls Thee nucl€olrde s€quences ( ee
Appendix) @€ compared wilh knom s€quen@s ih Nanonal cenire ror

biolechnology infomalion (NCBI) using last allgnment sequences toor alr

llAsTA). The slrains w€ts identifed on lhe basb ol tEn bomologv as

Phanettchaele cryso.pdiun rr'1, Lanlinus tjqlnus W2 Aspegiltus nigel

PV3 and Aspsrg,lus sydooi PV4 Oabl6 4 1) Th€ s€q'isne werc depos ted

in NcBl Genbank and gol the acc€ssion nlmber as EU5439901

EU5439S9.1, EUa{3987.1 , EU54398a 1 for PVl F/2 PV3 and PV4

Mahbtal d.gad.nan oI Potwntt chlo.ttt. l?vc) Pl'snc' 50



FunEal adn.€trc€ and .b.hmont on Polymd flns d'ed in

MsM .gF dib. 3fte. b,o dionht InoDdim si 30 oc (') pure

Frr'c lilm (b) PPVC (Don nlm (c) F/C tiad bhntts'

-Ntda 

aq,&dd alPov'in db& (lvo Pbtu' l1



Morynobly of .olo.*tc or tung'l lsolab' on lhlt sxlttci

asar plab6. (a) PVI (b) Pv2 (c) P!3 and (d) Pv4

-naoaian"p,,*daof 

potv'*tvtcu*iaterctptaa't 5t



M 23456789

Figur6. 4 3 G€l eleclrophoegb of isolal6d

11, HyPl: lk! olLA mafid (lrMt gd)

L2: Pv2, !4i PV1, !5: PV3,L5| PV4

DNA on .garos6 gel eleclrophoresB

ffi"-tau,e,oa"n* d p.U'ittl dto'ld. erc) phkt 5l
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4.4. Bio.l.gEdationofPvc

SiodegEdability was fiBt l€31€d or plasijc fitm k€pt wilh 10 monlhs wilh

micobes Fono{ing budal ior 10 monlhs. tlP suita@ of the PVC was heavilv

colonised and discolored and sme hyphal grcslh was visibl€ to lhe naked

eye at the 3urtace ot lhe films (Fig.1l.4).

FurfEr plastic flfts u/ere i@bated on mineral salt ag medium wilh

in@ulated tungi. Potyviny' chloide fih shw€d onlv the qro$lh or

Phanetuchaeb chrraosponun Pv1 (Fig 4 5)

:1,4.1. Gtuwth ot tung.l Lol.t ton PVCpl6d€

The Biomas quadnc.bn gs done ior he degradabilitv sildi)s of isol6tes

The isolates ,,!€r€ grown in MSM m€dia having pur€ PVc onder shaking

conddon The bioma$ quanlifcsiion was done on w€€*ly basis' For ihe ple

PVC the sliin PnarerE trele crt vsnsPonun 7"11 sho$'d na'imum dry

weight about 2 57mg/ml follow€d by asperg"us nigor PVg after 7 weeks

r@babon tn MSM nEdr. m shake nask dp€nmem al 30oC Tt€e @3

gEdual inc€ase in dry cell m.ss from 3d @ek !o 7s w€'k' Howewr no or

dw c-hange in gfowlh M3 ob6eNed in m6dia in@l't€d wiih Le"nls

lrgrhus PV2 and Aspe€irus sydoM Fir'4 (Fig 4 6)

4.a.2. Atr.ly3b bv ac$nlng El'Gtron flcGcopv (sEtt)

Pue PVC film rle6 buried ln soil ino.rlaied s'lth individual lungal sirains lor

10 months see exsmined under SEM: Thse wEs a notable change on the

suface oi tealed PVC fih after miffobial lreahent d{h Pl'anarochaer€

cnrlsospotun PV1 showing inibal patam of d€g'adalion ol the Pvc fLm The

.DDeahnc€ of h6xagonal dt€s in t€ated samples nd Present in @nEol

indic€ting tie change in lh€ sudac€ ol lhe polvmer 
'ft$ 

soil budal due lo

tungal adhe€n@ Phat€,ochs€l€ chrysosponium PVI Al hrgh€r magnili€bon

these hexago.al ings were more promine and they were on the surface ol

iiiiild,z.* "t 
potv'.tt 

"*tonde 
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the PVc fhs (Fr9.4.7). TheE re€ less/not gignin€nl changes in sEM

analyses ot lil.ns lreat€d wilh oher thrc€ tungal strains, PV2, PV3 and PV4

4.4.3. Analyll! by sfum !e.t

BiodegEdallon of plast6 wa3 studieE in liquid bolh wilh tungal isolales

Phanetochaele chqsospdiufi PV1 , L€n,nus tiwus PV2 The brekdoqn ol

Dolvmer results ln the prcduclion ot €lbon dioxide The catbon dDxde

evolved wa3 detmin€d owin6tic€lly by slum t.st

Afier indbaiion ior 4 !!€€ks, ll Ms found lhEt in case ol Test (with Pvc

ieces) whe. lreated sih Pnanerccna6b chrysosponirD PV1 the lot'l

amount of co, prcduc€d was 8 3lgn whe€as ln conlrol (no PVC pie'es) il

Ms 4.9ogl, horevs when trcaied tNitb le"tus 
'grlr'ls 

Fry2 tE tola!

amoont or co, produccd {.s 6 o3gr'I, wheea6, in @nlrol {no PVC Piec6) it

was 3.Osgr'l) The drv cell ma3a ol Phanarcchae73 chrvs'Epttun PVl in lest

was hgrs (O OO9 mg/nt) 01an h @n!d {0053 mg/FD al'o fE nc.ease ir

dry ell mass ol Ldtlinus lonnus PV2 w's ob66ded in test (0 087 mg/ml)

The cnang€ in $e etbon dioede and dry c€ll ma$ produced bv c'mpailg

sith conlrol @nfimed hal moe actility of biod€gradalion sEs shown io rhs

test having PVC pie.es treabd wilh tungsl isolat$ than lhe conlrol However

Phanercchaeb cnrysoqoliuh fryl shot"ed b€ner biodegrtdalion abilitv lhan

4,4.4. AnatFi! by G.t P.rm.dion chr'mttogr'pny

G€l pemealion chbmatoEaPtry (GPC) was us€d lo analvE the stuctllal

changes ot Purc Polvlinvl chlodde (PVc) ailer teatnent with funsal isolat€s

in shake nask The GPC rs3utls sho*ed |hd tne ueight-avenge mo|6uEr

werghl ([,r4 ol PVC decreased witt onger expo€uE lo the m|croolqanisn

The lnibal nd@lar weight ol he pu€ PVC was 202'530 Da howewr afier 6

iiifr i z, a -i r. t""*t, *t qd, c ta:' p tatna



monbs shake llask expedment ded6€ in molecular weight Ms obseryed,

\he Phfleachaete chrysosootuD PV1 showBd no€ cbange in the PVC

mole@Lar relght as deq€sed up to 178,292 lhan th€ resl of b@ tungal

Due to tungal degradalion ihe noldlar dispeclry (Mn) was slso changed

AsFergiLtus higd PV3 shored m@ change in iE molecllar dispeGtv

(l 545) iollow€d by Phsneocna€te dhrrosponua Pv1 (1 572) as compared

ro rh€ control2.07 (lable.4.3)

4,4.5. Analyrb by Fourior TEsfom Inlr.red sp€t.o.copv (FTIR)

Fourier TEBlorm l.tr€d Sp€clrcs.oPv (FIIR) analvsis ot @nlrol ol

Polylinyl chloride film Pi@ and FTIR .nal!5is of Polvvnyl chloride nlm p e'e'

which re€ buried in 3oit show€d h€ .pp€aEnc€ of new peaks and shiltLnE ot

the Deaks at 2370-2350 cm n (@nesgonding to o'H) r€ion indicaiins t'e

chang€ in lhe structuF ol the PVc also decreas€ in peak height at 2277_2250

sn 'r shoqins signiicant chang. dle to miqobial degBdaton (Fig'4 8)'

The PVc fih initallv tstt6d rith W a'd th€n expos€d to P'anffiha€le

.hrysosponuD Pv1 for lour months in shake na* sp€nment 6iosed nore

obvious deg..dalion In PvC nlm not only shifting ot 
'1€ 

peaks bul 
'Lso

@mplete change in lhe structure of tho Polym€r chains by p€aks shonen ng

and alncl di$pp6a€d at 298tr2910{'n-r (@n€'ponding to alkyl segmenq

also n* peal6 appEared at 23sG234O d 'r (c'cponding !o Gq The

esults show€d lhat some oi lhe double bond3 0f PVC wer6 deaveo Dv

mrcrcbral stEh, indrcstng that W vettnent enhaned the brmegtadaton ol

the polymer (Fig 4 9).

4.4.6. Analytb bv Nucloai m.gn'tic ro€onanco (NIlrlR)

lnlicNi,tR Gpectra of tho control sample the signal at 1426 ppm was

athbuted to CH, shib fle signal at 3203 Ppm w5s assigEd lo CH-CI

erbon. whie l. addition bhese signelssome more signals appeared in tne

n*-ta a"e..a'n^ .lpobnl 
"ttude 

Prc) PL^ti6 57



range 29-47 ppm in t ated film of PVC in shake fla3k €rpenment ror ex

monihs w h Phanerlctaele ch.ta.spor,urn Pv1 . The inc€ase in number of

signals indicat6d hat sone ch€mlcal changdshifling rer€ laken place in the

polymedc matsdat. Fudhsr th€ aPPeaEnc. of new peat€ in the tungal tealed

PVc lih speoLa indical€d th€ chemical shiit of peaks due !o biodegEdaiior

acttily ol lhe micrcb* (Fig.4.lo)

The rlcNMR sgecba ol he PVc fh lnen lreated sith the r€n,nus l'g'us

PV2 in shake nask abo shovEd new Peaks appeara.oe in range of 20'40

ppm, ihe p€aks at 23.16 ppm,3o.15ppm' 44 24?Pm 44 57ppm and 46

41 ppm {€present OCTH2CHOO) re€ tie lw peaks *nioh rers rcl pr*nl
in th€ conlrol PVc n|m (Fig 4 10) Th.t shded thec wa3 notabb cnange |n

the strlctlre of the polvmer flm dE to microbial atachmst

Prcton magElic .e6o.ane .Fcta of tlF Pvc flm snow'd the 
'igndl 

reg'on

for aliDhatic prutons ('cH-cH'CD $€s aDund 1 5 pPm tnd ior ('CH2_oH_CL)

Ms 3.0-4.0 ppm. The ldd iniaq€don ol th€ tBgion ior lh€ 6nbd edd6 0 3

31 Dom wa6 438r (F|g411) wh.lor lhe Phanorcchaete chryesPaiu4

PV1 lteated sample the irn€g€td was d€croased lo 4307 in ihe sane

The !H speclra ol t€ Pu€ P\/c bod'd sih Lan|lhis hgtnus Pv2 also

showld ded6ase in inEgr.lo' to 43 52 in th€ sari€ €glon Thel dedease n

integGtion cl€adv indicales that dudng th6 pro"ss some of tle pEtons have

b€en exhausied (Fig.4 11)

idiiii, z, 
"a",t 
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FiguE 4.4, Fungal adh.tsic. .r(| ao.clrment on th€ lutbe ol P\rc flm

(indicaH by €not$) afr$ 10 montll soil budal exp.nm€nt

Grow$ ol ftngal l,ohi. F'jhsretocfiroat d'tysosPortutt Pv1 d

fl"Mta,c,odoti-olp"b,"",a*bd'(Pf c'pt!'tfl ct
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Figu€ 4 7. Sendn€ Elocton Mi&oglsph. ol t|€ pul. Pvc flms Untrealed

lilm conhol la)i att$ 10 month3 soll bud.l gxp€nnent wilh

Fir'anarcchaete chrysoqotlun PV1(81,100xand 82 500l )

Mictubiat desdatta of ?o|r|ryl.hbri. erc) d6tt6



Teble 4.2. Dry c€ll ma.! and glavlm8lic en.lytl! ol Co? €volulion du ng

bGakdown ol pul6 PVC by Prar€,lcn€.b dtffospodun PVl and

l€rtlrus t'!fh!€ PV2 d.!.mi.€d lhfough Stum i..t tt!6r 4 w€€k6 ol

teatn.nt (contoli wilho( PVC pi€c€t)

(dl) (rnsh0

4.90 E.31 0.053 0.099

3.06 6.03 0.063 0.087

Mlcbbi.l d.ronanM ol?ol,h,I chLtd. IPVC) Pl"ro



Tabl. 4.3. G€l pemeaiion ctrcm.tottlPhy rn:$b or t'e pul6 PvC

tunsal degGdato.l {afi.r lir monh)

17e,292

|rw (D.)

202,530

195,320

163r3n

flw, n)

r90J53

2.On

1.572

1.685

t.545

207f

friotn *saoa* olp.rnt 
"Add. 

(?fC) tlfttbt
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Founer bansiom inrG lld .poct_a ol po[ainy' cnbido frlm

pl.c6l contd, untEobd (a)i Alt€. oaodll io 3ol budal

r!.tn€nt br 10 mdt0u (B).
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(B)

Figure 4.s. Founs tlrndom Infff.d tPoctr. of pdyvlnvlchlodde Coilrcl

Uv |r3atad wlth li|ms P. cnrysosportua PV1 altsr loff monlhs {B)

(A);

^&tubt'I 
d.tea {Pol,n'!,.rdL Erc) Pb&. 65
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(a)

'.i, '\u)iv1

G)

wffii i

Figue 4-10. $c NMR

(c)

.p.ct! md p..k .!.ignm.nb of Pvc nlm, A) @lroi,

Phalt€,ldtsf/F .,ry3F€ponun Fr'l, C) teabd t4:th

,6aobr'I a'sen6 4 P.tt*tt c on ?rc)pl8b 6
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(a)

.-i_r-

4 contol, B) teated wilh

c) t€rt d wf' Loilirus

(B)

*_-r-
(c)

Figur64.11. rH NMR sp€clra of P\r'C fllm,

PtAnarccha.te ahly&sqonun PVl,

ti.qrhus PV2 altr sit mondB.
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4.5. BiodegEdationof Pl..licladPVC

Polyvinyl chloride films were made in ths P6sen@ of plasticizeB DoP and

DOA. Both of the plastics v!€rs hsn lesled for biodeg€dalion.

The plaslici4d PVC nlrns were indbated on mineEl salt aqar medium and

inocutaled with tungi. Both the plastidz€d (DOP and OOA) flms shMd only

rhs goMh of rerft'us fgrtnus Pv2 (Fi9.4.12).

4.5.1 . G.owth of tung.l bol.to. on PVC Pllst*

The biomass quantificalion attd growth in MsM with fungal isolales shored

maximuBdry w€ight2.89 mg/mlaft€|7 we6ks incubation by Aspergiltus niger

PV3 in shake flask e)@eriments wilh pPVC (DOP) Phanercchaele

cr,Tsospor-um PVl showed inilially inc€ase in growth lill sti reek there ailer

no incease was obseNed. while l-,ntinus tigtkus Pv2 and Aspe4g'7rs

sydo ii PV4 did nol show signifrcanl glbwth (F€.4.13).

A gradu.l indease in glowlh of Asp€rg,ilus nige. PV3 was observed lvilh

maximom ot {2.8 mgr'mD wilh PPVC (OOA) afier 7 w€ks incubalion in shake

Itask €xpedment, however a indeas€ in cell fiass also obs€rved in flasks

inoculated with PVl from 3E to 5s w.6k. lhe €3t of the two slrains aarrhus

lignnus W2 
^nd 

Aspergints sydowi PV4 did nol shN signiii@nt inclease n

grcwth (Fis.4.14).

4.5.2. An.ly.ls by sc.nning Ellcton lvllcroscoPv {SEtl)

Plaslicrzed polyvinYl chlorile (DOP and OOA) lilms w€re incubated wilh

isolated tungal srains in mineral s5n m6dia in shake nask e&€dment for 6

months wete eEmined under SEM| the €sults sho$i€d that lhele was not

onlv clear adhercn@ of fungus on th€ surtace ol pPVC (OOP and OOA) blt

also vlsible change in sudaco Elruotu€ ol the Polvmer film after micrubral

M'oobtal d.s,odznon oI Polrin t citqd. (PvC) Plttict 63



The desEdalion patlem was more obviols in pPVC (DOP) afler iu.sal

(Asp6tgi us niget PV3) alt€ck showing complste change in lhe sudac€

slructure ol rhe tEat6d ilm. Ihe app@Ene of crac*s and holes indicaled

that fungal slrain utilizing pPvC as sole @lbon sourc€ in shake nask

expedmenl wilh mineral elt media alt€r 6 monlhs. Th€ atachment and th€

adherence of lhe Aspergi//us niger PV3 was also shown on tho suda@ ol the

polymer leading !o biodeg€dalion potlgnlial of the l6petgilus naer PV3

(Fi9.4.15).

Suface analysas of pPvC (DOA) lih tttEr nicmbial lt€atn€nt wilh Ispe.sills

sydowii PV3 in sh€k€ flask expedmentfor6 monhs show€d clear changes in

th6 film structur€. The.e was srosion and 6xiensiv€ roughening of t'e sufa@

of tungal degrad€d pPVC (OOA) flm .Tho appeannc€ ol tungal gro$t on th€

sudae of pPVC (0OA) film was abo indication of t'e adheren@ and

deqhdation of ths pPVC lilm (Fi9.4.1€).

Other 3 tungalslrains PV1, P\42 and PV4 did not show significant struclural

changes in elechon microscopic analys€s.

4.5.3. An.lysb by atrum t*t

The carbon dioxide evolved was detetmined g€vimelric.lly by Stum tesl in

.eaction nasks conlaining PvC wilh DOP. Afrer incubalion fc'r 4 we€ks, il w€s

found that in c€se of iest pPVC(OOP) film pi6c€!. whon Leated wilh

Phanerccheete ctuvsospdiuD PVl lh€ lolal amounl ol CO, Prcdu@d was

29.799/1, whereas, in conirol wrs 9.079/1, how€v€r when lealed with

Lentinus dgdnus PV2 lne lolal anrounl of co2 ptodu6d was 20.759r'1,

s,hereas. in control it lvas E.13s/l (tabl€ 4 4). The increas€ in cell mass or

manarochaete chrysospoium PV1 (0116 mg/ml) and c€ll mass of

Aspetgitus sydowii Pv4 (0.9E mg/ml) lhan in conlrols (Table 4 4)

Urhen biodegEdability of phslidzed PVC with DOA w€5 i€sted bv strum tesl

using Pnanerocnrete crrysospori/m PV1 the total amouht of CO, prcduced

Mhrcbnt degod''ion ol Polran l .hlon L (PvC) Ptdtvt 69



was 32.79s/1, whe€as, in conlrolilr|as 13.07 g/l, hore€r when tEated with

Aspe4t//us ,,?ar PV3 hs tolal amounl ol cO, prcduced was 27.67 gl, as

compared to @nlrol 11.37 s/l.The cell biomass w:s increasd in

manatochaeto chrysosponun coniaining l*t flask {0.106 ms/nl) as

conpared !o contrcl (0 050 mg/ml) and sare inc€.se ms obsered in shain

Aspe4gill]s |)19€r PV3 {0.0E9 mg/ml) Oable.4.s).

4.5r. An.ly.i. by Gel P.rm.alio! chrcmatognphy (GPCI

The chango in the mol€cular reighl was 6tudied by analysis ol pPVc films

with gel pemeaiid d'EmatogEphy, lhe €sults show€d lhat lhe molecular

reight (Mw) ol polyinsl was decreaaed due to biodeg@dalion. TheG was

sisnifi€nt dEc@ase in lhe molecular v!€ight ot PPVC (DOP) wilh

Phene.ochaele chrysosponun PV1 (81,028) as cohpa€d to initial moledlar

w6ig of the 84,300 follow€d bt Lentinus Wdnus ?V2 (E1,928).

An increase in the molecular dispelsity *as observed in he pPVc (ooP) by

trealtng with fungal strains that confiming tle change in l||e polyme. Th6

more increase was obs€rved in mana,nchaeta chrysospotiun PV1 \1.759)

compared to rest of rhe rungal srrains (Table-4.6).

A decrease in the molecllar weighl (tfw) of pPVC {DOA) waa obseryed due

lo fungat degradaton, all of he four tungAl slrains showed signiricant

degradalion l€suns. The rnoE drange in molecular Beight was observed by

Aspergilus sydowii PV4 (81,830) as cohpared tc' other funga stlains

(Table.4.7).

The increase in the molocular dispeBity ofhe pPVC (DOA) was shown by all

the tunga slrains. 4spsrgii/us sydowii PV4 showed maximum inctease in lhe

moledlar dispe.siry (1.807) foltowed by Lentinus funnus Pvz 11681)

howe\q Phan'rcchaata chrysosporiun PV1 show€d less i.crease as

cohpared lo other shaiffi (1.5S1) ( Tabb a-7).

Mrrcbtal d.etuddar ol Polrrhrl .hlatd. lPv() pl6tk! 1A



4.5.5. AnalFis by Fourier Tr.n.lom lnlrerad Sp.circ.copy (FrlR)

Aiter r€afnenr of pPVc (ooP) wirh L€nlii,ls tgnnrs PV2 and Aspeeilus

sydowii PV4lhe stuctulal changes in lhe porymer re€ detemined by FTIR.

The appearance of new peaks at 2,100-2200 m' and at 830{80 cm'
(corespondng to -{=C-) and p€rks shodening at l71O-l?15 cm'

{@respondins to €bonyl @mpound) @nfmed the slructu€l danses in

th€ polymor. The rcsults shor€d ihal som€ ol |t'e double bonds ol pPVC

(DoP)re€ cleaved by tungalsilairc (Fi9.4.17).

The FTIR spectra oi lbe pPVC (DOA) show€d cnange in lhe structure or lhe

polymer tilm by Phanerochaete chrysosponun PVI as comparsd 10 the

co.]lrol Th€re was shiffhg of pe3ks 3pp6a€d at 1000-g0ocm hdcanng the

changB in the plastic lilm (coff€spondlng to C€) and appearance ot n€w

pe6k at 69ocmr also onfi|red t|s bEekdown of lhe Polymer due to tungal

atrsd (Fi9.4.1 8).

a.5.6. Anilysis by Nuclo.t m|gn.dc r..onenca lN R)

The Proton NMR spech ol pPVC (DOA) shored th€ signal egion to.

alphatic protons GCH2{H-CI) and ior CCH2-CH-C|) $,as 0_3 0 PPm The lotal

inlegBlion of the region lor the conlrol sample was 43 26ppm, while tor the

tealed samplei the intes€tion was incroased to 43.39 in lhe saFe region

rhat indease in integEtion cb.rly indicaled thal dudng the Prcess, some ot

the prclons have be€n e'drausH. Thsrefor€, it is suggested that lhir

deo.ease in integEtion in the polyrpr is due to tungal activitv that bdng

chanses an he polymer sltuctuto (Fig.,{-19).

Mictobiot desarLtihof PobDit l cvoride (Pvc) pt@ks 1l



(B)

Figurc 4.12. Grcwth offungal laolale Letrials i,grlus PV2 on pPVC( DoP)

rilm (A) and pPVC ( OOA)rilm (B)
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Flgore 4.1 3. The grcwth of fungal isol6t93 In min€tal salt medium with P PVC

(ooP) as sol€ ca6on soufco

3.00

2.80

210

2.60

2.40

2/0
2N
2A

Tin|. otlnct]bdon (w.C(3)

E Z7o

;260

6 2,4o

2.20

35
IiF. olliq$.16{r..t l

Figuc ,1.14. The growh 6f tungal isol€t63 in mineElsalt nEdium wilh p PVC

(DOA) as sol€ carbon €ource
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FiguG ,t.'15. Scaf,ning Eleclron MidogEPhs of the pPVC lilm {DOP)

A) UntBat€d tlm; 81) aner 0 months shake flask exPenm€nt

with Aqp€rpiitls n,get PV3 (Bl) 250 x (82) adheBnce or

Asporg,irus r8€r PV3 on flm sutfae 5O0x

l^-ottal d.srtuttu oJ Polpirl cttdd. tPrc) pl8tas



FiguE 4 10. Scanning El€ct on MicrogtaPhs of th€ PPVC nh (OOA) A)

Unlreal€d flmi Bl) att€r 6 month shak€ fiask €tPenm€nl wilh

Phanercchaele chrysospotiun PVl 250 x (82) 500x

-."btl 

d"s..dtu 
"lP"ly'r,yl 

cttdid. (Pvc) PlatE 15



Dry c€ll ma€8 and g6vim6lric analysis ol CO, evolulion dLiring

brcakdown of pPVC( DOP) by Phan€rccha't€ chyEespotiun

Pv1 and Lenlkus tignnus PV2 detbmin€d lhrough Stum tesl

afier 4 re6t3 of lr6stn6nt {Conlrcl; wilhout pPVC piees).

g/l

contol T.!t

P. chrytospodun W1 9.07

8.13

29.79

20.75

0.063

0.061

0.116

0.0s8

Table4.5 Dry c€ll mass and gravim6tic analFis ol CO, €volulion dunng

breakdo{n ol FVC +0OA by Ph eto.'aate chrysosponun

Pvt and Asporgi[t/! nirs| PV3 d6t6minad trough Stum lest

aner 4 rv€€k3 ol l'3atnsnl (Cont ol *ilhout pPVC piG)

COr PEdoc.d

g/l mg,Iml

P. chtysospodun Pl1 '13.07

11.37

32.79

27.67

0.056

0.05E

0.106

0.08s

M@obiot ttesaadid ofPoltaint| chldid. erc) platt B 16



Tabb 4.6 G6l pem€albn .firomabgEplry sntl$'3 of th. pP\/c (DOP)

tungal d€€radation (atur dr monhs)

Sir.ln Iobcu|.i
nhhrlw (D)

IoLcuLr
dbt |trq
(Iwrxn)

contol 84,300

81,928

1.660

1.715

1.759

't.703

1.84i,

81,02E

82,153

8iI,0a6

ffii a,aaa-dp*'"*tt ct@. l?vc) ttati4' n



Tabl€ 4.7 Gel p€nnealbn drorbtogrphy analylt:r of 0re pPvc (DoA)

tung€l d€gadalion (.ft.r .h montE)

A'|tn fohqil.r Xol.cul.r dllP.|llty
vrdgm t', (D) (rllwliln)

88,000 1.400qodrol

L.WiNtsPu2 84,810 1.6E1

P. cttyro.*?odun U,O1: 1.891

A. ri.rorPv3 62,000 1.640

A..f&vfrFl4 81,E30 t.W

ffiia*saoa-.tpari,'trcdtd.eqPlstk' 7E



(A)

(B)

Fouftr t|.mfo.m inll'|€d sP€dE

l€aled bY L.ntinus tlminu8 PVz, B)

of PvC (ooP), 4 aner

afi.r tettsd bY r{speryr,rs

t

-i*b'ot 
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(A)
(B)

Figur€ 4.1s. Foulirr t'.nstum infrE €d lpe'ts of ryC (DOA)' A) contDl B)

sfr6r t€3t d bv P,t'neructaste chrysospotm PV1

-tdd,s,&d-.lPol*irr"N-td,erc)Pt*do

80
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(B)

Proion Nucl€at magnetc r!€onenco 
rH NMR sPectE' A) conlrol'

B) teat€d pPVC (OOA) filn treaild wilh Piercrodna€it

drysospotirn PVI for .& tnonths in liquiJ m€dia

E

Figure 4.19.

@uot'aa,goz^^ofpa*,"vtcl't'1d.erc)pl^ttct
8l



4.6. Abdegrrda0on ofPolyvint Chlorldo Strrch Blendr

Polwinyl chlo de starch bl€nd€d nlms re€ incubated on mine|al sart agar

medium in@ulated wnh tungal strains. Polyvinyl chlodde fih snored onlv lhe

srcwth of Aspe/gilus nbe' PV3 (Fis.4.20).

4.6.1. Ch.ng4 to ths surf.c. of PVC.t rch blonds

The surfae of lhe Pvc starch blend ih lolally changad as compared lo

contEt aner six monlhs soil bud6l elqe,itnent The samples were discolouEd

and some hyphal grcwh was visible to tne naked eve on th€ sud'ce ol ihe

lilms however som€ qacts and flB ercsion was also visible (Fig 4 21 )

4.6.2. Growlh ot fungil ltoht ! on platdca

The Biomass quanlification was done for lhs sfleening of isolates ror

degBdation exp€ menis The isolat€s were grown in MSM m€dia havins

Fl/C starch blends The biomass quanffication was done on w€€klv basis

Duing 7 weeks ihcubation in shake ibsk eperiments ihe m€ximum srowm

was sholvn bv Prrne,ocnaele chrysosPotum PV1 lhat was about 2 g7mghl

lotloe€d by Aspe.gi/,us n&€r PV3' the Lentinus tisrinus and Asp€rgirius

svdowiiPV (Ft9122).

4.6.3. An.lFi3 byScannlng El€ct on Mlcro3co9v (SEM)

Suftc€ analvsis ol PVC sttrch blends aner mic'obi'l tr€aihenl shos€d

change€ in the st uctu€ ol th€ lilm. h lhe iEaled sample lhe'e was eroson

ano extensNe roughening ol lhe surla€€ There was a nolabl€ change on ll'e

surfacs o' lead PVC slarch blenil affer microbial t€arnenl showing

aoDearance of hol€s on lhe polymer sudace here was clea'su'face e'osion

and b€akdown ol the sofie pan ol |he nlm due lo Phane'ochaete

chNsoslotiun Pv1activilv in shake nask exp€rimeni an€t 3 months The

tungalgo$'th was al€o ohsrved on th€ Polym€t sudace (Fig 423) There

tnuob-a dcs,oaa@ oI eolruart chlatid'? tPrc) pltrct 82



rerc also detodalion clearly obs€rvod

other lunsal isolales (obs€ryed !y lighl

€lectron micogEphs were noi taken.

4.6.4, Analysb by Strum toll

in PvC alarch 6lms indbaled wnh

micrcscopy, Gsulls not shown) but

Polyvinyl chloide witi starch blends was trcated with fung.l ielates for 4

weeks in strurh l€st. Carbon dioxids analvsis showed th.l in case ot

Phanen$Eete chrysopiun PVi th€ total amounl of CO, pmduced was

33.79g/lin !est, stsr€as, in cont olitttas 16 Agl1, horeEr when tEaled wilh

Aspergillus sydowi PV4 th€ total amount of CO, produced was 39 309/l

wh6,eas. in onltot (no PVC pbces) n was 21.079X fiable 12) \ /hen the

biodegadston potenlial of the two slrah€ lested was comoared

Phanerochaete chrysospoiu, PV1 tian ispe€i/ius svdow'i PV4 (Table 4 6)

The dry cell mass of Pnanoroclaete dttvsaspoiun PV1 in test w:s higher

(0.136 mg/ml) than in mntrol(0.056 mghD also lh€ indeaso in dry cellrnass

ot Asp'tgi us sydowii PV1 \tas observed in lest (0 118m9/ml) than cont|ol

{0.058 mg/ml) (Table 4 2)

4.6.5. Analysl. ot by G.l P€meador Chromatogr'Phv (GPcl

To confim the change in tho PVC starch blends aftsr fungal tEatmeni rhe

polymer nlms were analyzad by get Pemealion chromatog€phv The lesulls

hdicated rhat smong the lou tungal $raiN Pn'n€oclaete chrysosponum

PV1 show€d maximum d€c€as€ in lhe molecular w€ight ot FVC slarch

bbnds 47,011) than the contrcl {80,275) iollow€d bv tenbnus tigtulus PW

(79 3691The noleculd dEPeGity was decreas€d as compatd lo @nvol

molecular dispelgitv. Aspatgilus niger PV3 showed maximum decrease

(1.5?2) of mol€cll diepsrsity Oable 4.9)

Th€ decEas€ in fie morec{lar

dispeBit of PvC (PVC + starch)

w€isht (Mw) and dedease in moecuar

in shake flask e)(Penment after ttea|ment

V'uota *s,.dd { pa*^r'l .htond. evc) ptdtkt 8l



wnn fungal stlains confims that activity of biodegradaton and chanses i. ti'e
struclure ol lhe oolvmer lilm.

4.6.6. An.lysis of by Foud.r TErsfonn Inlrar.d Specbo.co9y (FTIR)

Polwinyl chlodde starch bl€nd€d nlm rcated under shaking condition bv

tungal isolale for 3 montns was .nalyzEd lhlough FIIR, tll€ resllis show€d

that in csse of trealed samples now p€aks $/o.€ appear€d aI 3077 cmr

(@rcspondng to alkenes), also the absobanc€ oI Peks al2o5s-2s29 cm I

dec€ased, a new shaP P€ak aPpeared at 1587 m -1 .These chang4

confirmed the modification in he struclu€ of tle polvmet filmE due to fungal

degBdation aclivity (Fig. 4 24).

4.6.7. An.lFis by Nucl6.r lr.gn.tic R.son.nc. (NMR)

By compaing the CT3NMR sp€cila of ths c.nircl sample of lhe PvC slarch

blend film and treated sampl€ of the PVC starch blend witn Phanerochaote

chr,sosporium PV1 cleart shoued a ch.micd snifttng and tpp€aEn@ of lhe

new peaks 29.85, 4156, and 46.05 pPm also signilicant inctease In the

int€nsily or rc$nanc€s c€nt€.€d obs€rv€d- That €fiect was morc Prcnounced

in tle trsated starch nlm (Fig 4. 25)

The Prcton NMR spectta of PVC stiarch blsnds also show€d he chanse In ll'e

Dolvmer stJucluro due !o biodegradation The sig'al region for aliphatc

orclons GcH.cH-Cl) iot (-CH24H-CI) was 1 o'5 0 PPm The loial inlegratDn

of he €gion lor the control samPle 0-3-3 1 PPm was 40 69 pPm wnib tu he

t€at€d sanplei inlegraiion was increassd lo 42 89 in the same Egion Thal

inc€ase In integration also connmed lhe changs due to tungal degradation

(Fig 4 26).

ffitbu,sar'on*I pa.fut c^lotid. lPvc) pl6ti" 84



Figure 4.20. Grovih of ningal bolats Aqp€r!ffus ttber F'\A on F'VC suach

bl€nd€d llln

Figu€ 4.21 . Fungal tdhe|€nc. .nd sthd rcnt on ths tuiLc€ of PVC d'rci

blends fflm afret slx monthr soil buti'l o9€riment

ii t@"b""Er'htq i't' e rc) d6ttc' 85
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2.n

t35i
n6..orlN6.don t .dd

Figure a.22.lhe gro*lh offungdllsolsbs h mln |€l!'tt medium wth Pvc

ltarch bl.nds a3 loL cafton soutl€

GEA d,s"a"r-" d P"Iv",,rt . &n2 ero dan4 86



Figurc 4.23. Scanning Flectrcn MicrcgraPhs oi lhe PVC aNarch blends film Al

81) after 3 months shake flask erperment with

chrysosPotum PVI 250 )(, (82) 500x

fi-toob-l d?g,andi- aI Palpkvt t llonde I P vct ptttkl 87



Table 4.8 Dry celt mass and gravimetic analyeis of coz evolulion dudng

b€akdown of PVC atarcn bbnd. by Phanebchaata chrysownun

PV1 and Asperg,?us srdolol PV3 detsmined through stJm test aiier

4 weeks of lFatrnent (contrcli lvithout PVCi Slarch pi€ces)

P. chrysospodun Fll 16.34

21.07

32.79

39.30

0.056

0.058

0.136

0.118

Table 4 9 Gel pemeaton chrooatogtsPhv amlysis or 6rs PvC starcn

blends fungal dsgradaton (aier slx monlhs)

sfain
fw (D)

l'oleculir dilp.r:itY
(lirfl/iln)

80,275 1_991

79,3€9 1.902

1.73177,011

?8,866 1.572

79,233 1.759
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Figure ,{.24. Fourid lransfom inlrar.d sp€ctr! of Polvvinylcilotjd€ siarch

bl€nds, A) conttol, B) affer leah€nt rviti Aspsgii'us sdo ii PV4 iot 3
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Dtscusslo

The List oi pollutanis whlch poss envnonmental and health hazard and are

tough for biodegradation, is long one and includes solvents wood

pGseflative chemicals, Plasticiz€rs, roftigerants, @al lar wast€s' peshcides

biphenyls, polychbnnaEd and polybbminated biphenvls synthetic libe6

plasiics, polyvinyl chlo de, polvstv€ne' detergenls like alkvl_benzene

The objectives ol lhe P€s€nl studv wete lhs isolation of Polvvinvl chloide

degrading miqooBanisms from the soilinoculated wnh sewage sludge and

lo study the degradalion Potential of ihs microbes in laboratory The detailed

investigation of ihe micrcbial sdherene .nd degEdtiion ol lhe PVC and

pPVC conlaining DoP, ooA a.d starch blsnd was @m6d oul

Most biodeqGdation of plastica has b€€n focused on polvu€tnanes (B€nlham

et al. 1987; Kav el at, 1991i Bamt et sl 2003) bactedal polvesies

(Merga€dels/., 1996) and nvlon (Deguchi€t€/, 1997) Bv contrast lhe'€ are

only fewer studies cpoding the pFryC degGdation in snu (Upshe' 1984;

webb €l at,2ooo)The€ are some siudios eporting on padial deg€dation of

PVC bv whie rcl tungus under elevated oxygen level (Kbas €t al'1999)

Th€ PVC and pPVC thin films we€ buried in sewage sludg€ soil ror ten

honths ror isolation ol PVC and pPVC degEding midob€ Otalc elal'(1995)

examined several polvn€ts that had b€€n budad under soillor more than 32

yeaE. lt was found lhat a €ma ibl6 degradation Ms indicated tor lovF

densily polyethvlene hin films' which w€€ in direct conlad wnh sewage

sludge. Soil burial has be€n €ported previouslv lor PVC and pPVC bv a

numier or rosearctrea (oomb et tl, 1997i Hamid' 2oooi colin 6l al' 1981;

Seal & Panlke 1988). The soilbunal expedmsntwere pefomed ior isolation

ot nicroorgan'sms and !o check h€n degEdanon pot€n al also 'or other

plastics (Pa99a el al'1995i Tosin €l ar''1996i Desli'lnnocenti et ai1998;

ohlaki ei aL,1998; Tuorninen at al, 2002) Th€ isolaled microoaanisms we€

mostly tungi that sho$ed maximum adhsrenc€ and biodesEdation of the PVC

ana revc. rrre resuns or cr1a11gy391133599a11-999311
i; 
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(2003i In our oxpenmonts aiter 10 monlhs soil burial the suface or the PVC

was heavily colonized and some hyphal groMh was visible to lhe naked €ve

at the surface of the nhs (Fig.4.3). The physiel prop€dies or lhe PPVC w€re

signilicantly alte€d due to Plasticizq ulilization (S€bev etsl,2006)

Fungiplay imPortant role in biodegradation studies du€ lo i|3 abilily lo secEte

extE@llular enzvmes (Bennetl and Faison. 1997) Th€ tunsal growth on

oolvmer surfae is not necessadlv in ac@rdance {nh o|her assessment

mebods for quantitative analvsis or PolvnEr biodetedoration because lungal

qroMh on polymet surtse can b€ even or invisible (Sehenov ol 6r' 2003)'

Degradalion oi Plastic matedal did not related with colonizaiion of lilms bv

microo.ganisms (Whitney, 1996) The Plasttc sufae *de as a source or

energyforadhe ng micrcorganisms GdfiinandUribe (1984) rePoned pPVC

as a cabon soure iot $e mr.loorga'Fms The tungal Bolatos rete usins

the plaslicas cabon and energv in lh€ present sludv when ihe isolates weE

in6olated on min€tal salts agar and lkluid modia @ntaining Plaslic film as

Th€ change in th€ color of hs PVC flm was obs€Nsd in our soil bunal

exp€riment (Fig. 4.3) Visual obseflali'on showsd thal due io soil burial and

shake nask epenment thee was change in color and appearance or the PVc

and pPVC tilms sudace also the iungal hvphal grcMh was obs€rved on tne

fhs affet so bunal exlenments Changes in flm and fungal growlh o' tne

Pvc.p/celu os€ sample w€E visible will^ ths naksd sve {Kaczmater and

Baier 2007) lt vas found that 6n unaided visual obsewation of modil€d

polyethyl€ne tilm incubaled *ith A 
'igot 

€waled nresular vellow and brown

spos on tle surrace ol ttre samPles (Labuzek d ar' 2003) Coulthwafie el ar'

(2005) tePorted flat baclerial and fungal grcwth on th€ polvmsr Gurface ctn

;dng the discolomtion pPVc samples du6 to mictobial spoilage The

oolvester discoloration dudng 3oil budal sxPenment {Dale and squinel 1 990)

was due it lungal aclivilv (Psthilana 3nd s€al 1985) Fungalcolonizallof and

discoloralon of ngid Pvci{ood_flour composi[e sas ob*Ned 
'lter 

4 teks

of ,ncubation Au.eobas/ditlm pulu/ans lvas one of th€ pEdominall rungi

causing the PPVC biodegradation (Beniamin et 61 20O4i Webb 6t sl' 2000)'
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Many microbes produc€ pigmenb lhal oan diftus€ lnlo PorymenB and caus€

undesnabb pemanent slaining (KnEIe, 2002). Hoa€vsr some baclenal spp

was isolated aner e bu al exFriment bul ih€y did nol shcM good adhesion

and degBdation of Pvc and pPVc. Badenal grcwth might bs inhibiled bv

desiccation or in-s/u acidificalion of PPVC (Hollande & Lau€nt, 19971

Madinez et al., 1996).

In our study lhe four lungal st6ins weE isolated on th€ basis of ther

adhesion and degEdation Polential fiom soil blnal e)Qennent and werc

fudher tested tor their d€gkdatlon pot€ntial Th€ isolaled fungi belonsed to

white rct spp and Asp€Eillus spp and idsnlifid as Phanemckaete

chrysospoiun PVl, forthus [grkus PV2 AsPeryi us nigor PV3 and

Asperyllus sydowii PV1. Fitam€ntc'us tungi are geneElt capable or atlaching

to the hvd.ophobic sudac€s through ths lomalion of hvdrcphobic proteins

(Kechaw and Talbol, 1998) Ihe whito_rol tungi arc capable of enensiverv

d€g€dinglignin (a heterogeneous polvphenolic polvmed w nin lignocellulosic

subslrate€ (Aghoury sl at, 2006; Eaton and Hal6 1993) signilicant

depolyme zation was obseNed in f'VC und€r ligninolvtic culture @nditions

when seven $trite rct lungal sPeci€s werc evalual€d for then abilitv lo

deoolvm€ ze polyvinvlchloride (Klbas €l al , 1 999)

Fungal groitdi was nomallv idonlified wih basic moPhological lechnques

only to genus l€vel Howev6r funher identitication was done bv rDNA

s€quencing (Guaro el at' 1999; KuIEn6n and Robnett 1998) ldentiiicatjon

was done on the basis oi 58s 18S, 28s 6nd Int'mal transcribed llTs)

€gions (Ku@man and Robnett' 1998) '

ln he .as€ of PVc, it B knolvn that soms of its PlasticizeE and slabilizers €n

be attacked by mictooqanismsi most Pleslicizs|s can be utiliz€d bvfungiand

bactena as a source of ca6on some phstcizec such as phlhalales'

€dp.leE. and seDacatos re's found to suppon growtn of a larqe lLmDe'o'

microoqanisms (Wlhelm et al, 2003i Jlneson et al" 2002: MuEd et a'

2007).
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In our study pPVC (DOP, DOA) and slatch blsnds of PVC ahored better

micrcbial adh€sion and dsgradalion tnan the pure PVC Glmargalieva 6t ar 
'

(1 999) showed thal tho loss of a dialkyl Phlhalats (not sp€cified) plasticizet ror

PVC underlhe influenco ol surfae biodeg€dation bv lhe micrcscopic funqus

isperyi/us 
'|b€r 

was nuch faster than he los wnhout tungal o€rsrowth

Eolh bacteria (Booth el 41,1968 and Eaton et €t,1982) and tungi (Lee er

al.20o7; Beft et ar,1957 and Flobeds et a1,1986) can degEde ester-bas€d

plasticiz€E and phthalic acid esters (Chon olal,l99T Peciullto , l S97l Wang

et a1.,1997i Eilettsson el 41,19961 Inman el €1,1S84; O'Connor et ai'1989)

Rhodococcus eihtopolis Ms Bpoded ior degrada$on of dibutvl phthalate

and bis (2+thylhexyl) phthalate (Anon 1994; Cheng el t1 1986) The fungus

effectiv€ly removss plasticizor from the surface of the material bv

biod€gEdatjon {Gumaryalieva 6rdt, 1999)

lvticrobial colonization ol svnlhotio Plastic lilms is nomallv slow' which afiecls

the total penod ol biodegBdaton ff€dma€k and Baier 2008) ln our sludv

rhe pPVC (OOP) show€d betrsr degradaiion potential ftan (DOAI Loss ol

plasticizers ftom pPVC due io micEbial d€gEdation resuls in bdnbness'

shnnkage, and ultimaielv tailul€ of lie pPVC in its intended applrcalon

Pdipale plasticize6 1116€ shown to be more susc€piible to midobial

hydlolysis than phlhalate plasttoz€B (Kaczna€k 3nd Bajer 2006i

Yabannavaf and Barha, 1994i Bs 1S57i Nallistal' 2002)

ln our studv the PPVC and starch blends or PVC show€d more adhesDn or

the micfoorganisms on the polvmer slfsc€ han lhe pu€ PVC lhat was more

rigid and consist of lhe catbon-c€bon main chain that is hadlv biodegGdable

(;hand€ and Rustisi' Kawai lgg5iTu€jiand suzuvoshi 2002) Plasticiz€d

PVC inc€ases lhe suscePtlbililv of th€ Polymer for microbial deqmdaton

(Richard 6l al., 2o0Ti Booih at€1,19681Eaton & Ribbons 1982)

ln lhe otesenl srudv Scanning Eledron MicroscoPv demonstraied

ohvsical struclure of lhe PVC and PPVC (DOP) when |hev w€re

rhe tungal strains in soil budal and shaks flask exP€nmenls

frf,iFEddiii"t ntv,',,t cu*d. (Pvct pt*Iks



notablo chanses on the slrtace ol ltsaH PVC nh aiter midobial reetment

showing initial patiem of degbdation of the PVC lilm (Fig46) After

biodesradalion, the appearanc€ of numerc$ holes and change in s!.race

structure ot p-Pvc and Pvc-starch blend w€rc obsefled @nliming, lhe

biodeghdalion of lhe plastrcizer and slarch P€Bent in lhe PVC sample A

number of @cks and blnd holes {ste also rsPorted on rh€ 6rod€d film

sudace $lough sc€nning eleclton micrcscopv bv KaczmaEk €nd Bajer

12007) Madin d ar, (2007) and Zhao €l al , (2005)

The pPVC degradation was mo€ obvrous in PPVC (OOP) Phihalate

plasticize6 have fd less susceptibl€ t, microbial hvdtolvsis comp'Ed to

adiDate Dlasticizels ,s previously reporied (Shailaja er at' 2008i Be* et al'

1957i Eaton & Ribbons,1982i F.ankla.d slal, 1990;Nalli atal' 2002) Doe

to lungal (. sPs/y1tls ,4?e4 adhe€nc6 cohplete cha'se in lhe s!da@

slruclu.e of th€ reat€d (OOP) fih was obs€Ned as the ePPesrance or cracks

and holes indicsling that tungal stEin was utiEng PPVo as sore €tuon

sourc€ in shal€ Rask etpsdment wfih minenl san media aftel 6 months' The

results are in accodance with (sab€v at 'r' 
2006) Scanning Electrcn

MicroscoDv studies demonstrated that A p'l/u/ans colonized pPVc in lhe

absence ol other microoEanisms and tli€refore ac'ts as t pnmary colonizer ol

pPVC A. purlrans was increas|ngll/ tecogn|z€d as $e malor caus€lNe agent

of detacement or lanous divsBe mat6dals, such as Painted sudac's (Cooke

1959 and WinteB al €1,1976) and wood (Kaa k' 1974)' in addition to pPVC

eeosed to tlopical condrtions {Htmillon 1983 and UPsns et al' 19E4)'

l. our sruoy rn lhe t€ated samplo of {PVC+ Starch) thete was ercsror and

extensive rcughening ol lhe sutlac€, due k' Phanetocl''ee chrysospotiun '

PVl trealrnent appea€nce of holes and cracks on th€ polvm€r suface we€

obserued (frg 7 30' lncoDo€t'on ol sbrch nlo ola6tcs not onv shoo€d

influence on its mechanic:l prop€njes blt also increas6d the suscepllbilitv ol

plastics to micoo€anism (Fania ef al, 1992i lmam elal' 19931 shog€n el

at, 1992i Sung & Nikolov' 1992)- Som6 ohanges on the sudac€ of the slarch

\\€rc €ported aner 60 davs biodegudalion studv (&eElo 6i ar' 1996)
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Vikman 6l a/, (1995) €poded the enzymatic degradation or the slarch base

polymer. The gfowlh of tungi was obseryed on both PVC-P and Pvc-

P/cellulose samples (Kacdnaek and Bajer, 2006).

Sllm test (ASTM 05209-91) was commonly omployed for evaluation oi the

biodegGdability ol polymer malerials (Mullq el rr, 1992i Oomb el al. 1997i

Hamid 2000 Calmon,2000t Shah elal.,2008). In the presenl study this

technique was used to check lhe biod€gradatron of PVC and pPVC The

results showed a difisrenc€ in lhe amounl of cabon dioxide plodu@d in lest

and contrcl bottles indicaling gEaGl teakdown ol the polvme. in the test

than the @ntrol. Increased amount of CO2 produed dunng the

biodeg€dation ofPPVCwas also Fpoded by (Yabannavarand Banha' 1994;

Marlin ol sl., 2007).

ll has be€n repoded ihat th€ degradation ot PVC bv tho chaln scisslon

€action usually rcsuhs in a decrea$ ia weight€verage molecular werght

(Mw) with a possible increase in nunber av€rage mol€oular weisht (Mn)

wner€s the degradaton by th€ cross hnking of macomol€cules €sJlls n an

inc€ass in Mw with a dec.e.36 in M, Fonkai and Has€ga$a, 19ss) h our

stldy change in $eight-average mol€ollar reight (Mw) and (Mn) number

areGse moleculat r€ight was obs€Red The avetage molecular weight (Mw)

of the pure PVC wa3 docGased bul dsctease in molecular reisht was moE

obvious in pPVC (ln case of DOA and OOP) however starch blend€d PVc

also shosed dec€ase in mddlar s€ighl and incBase in mde@Er

disDelsitv. SombatsompoP 6l al., (2003) €pod6d that addition ot LDPE

initiallv incEased the Mw ot PVC however he Mw decreas€d on latler slages'

bd no increase on Mn of the PVC bv addilion ol LDPE' The GPC Gsulls

confimed lhe exFten@ ol a Bndom_tvpe degEdation pathw:v of PVc as

reDorted bv Andrca el al, (2002) fot PVA Fast deqeas€s in Mn Elues ol the

poLy butylsne adipate wet€ obssrved aft€r 25 days of biodog|adalion (zhao el

al. 2oo5r 'Ihe numb€r aveBge moledlar !€ight lMn) was decreaseo and

€versge moecular weqhl (Mwl insessed also ln' Incrcage n molecLla'

disD€Fitv was observed during 3-6 monlhs soil composiling ol pl6stLczed

polyvinyl chloride (pPVC) {Kaemarek and Baier' 2006) Studies wilh t'e

F,ottat a"e,od"io, olpolrbl .hlotid. erc) Platkt



same resuhs of thenal or photochemi€€l degradation of PVC wele €po.ted

(Ftabek, 1996 and Starnes,2002)

The index of molecular motion measuEd bv a dvnamic mechanlca iesl a.d

by pulse NMR is applicable for evalualion ofd€gEdalion (Miruno €l a/ 1991;

Fukumon el al, 1992). In our study IrCNMR sP6clra of lhe @ntlol sample lhe

signal at 14.26 ppm was anriblted lo cH, whil€ the signal at 32.03 ppm was

assigned to cH-cl calbon. while In addiuon to ti'es€ signals some more

signals have appeared in l,he iange 2947 ppm in treated film ofPvC in shake

flask expedmsnt for six months wilh Phnetochaeta cn.vsosPotum The

incEase in number of signals Indicated thal some ch€mical chanse/shiiling

w€re took plac€ in lhe Potyrngnc matodal (Fig 4.9) Sombatsompop er a'

(2003) revealed that th€ changd chemical slruclljrcs of PVC in LDPE/PVC

bt€nds dunng helt blending bv!3c NMR (sombatsompoP 6tal, The changes

in rhe slruclur€ of the polvmel during biodegEdation of Polv (vinv! alcohol)

lhe chemidlshifts w€te ob*rved bv IHNMR spectra (Andea elal'2002:

Chiellini ei aL,2002).

fhe C13NMR spectra of teal6d PVC + slarch film cleary sho{ed a chemi€l

shifting and apPearanc€ of lhe n€w pe.ks at 42' 55 44 19 46 05pPm and also

significant inc€ase in the inGnsity of lBsonances centered obse'v€d at 42 55

and 43.88ppm This effecl was mo€ pbnounc€d in lhe lrealed staroh lilm

(FE 4.2O The loss ol starch frcm polvelhvlene dudng biodegndalion brcught

changes in lhe structure of lhe Polvmot indicated by ch€miel shnins or lhe

pears by 13c NMR sPedla (Dave €lal 1997ich€ng€t41 1986)

The increase in integBtion from 4328 to '{3 39 in'H- NMR speclra ot

PPVC(DoA) tleated witn P. Chrysospoiun Pv1 (Fig 4 19) cbanv indicated

that duinq ttle ptocess some of tne protons have b€€n sxhausbd Therero€'

E sJggest€d thal d€creas€ h int€g€tron in lhe peeks was due to tunsal

activit that bnng changes in lie polvmer slructuB rH NMR analvss or

plasticize6 adipate and suclinate showed hal the rclative content of adrpale

units in lhe polvmer chain dedeas€d after biodegndalion' while that or

i6ii6g,"d^IPa-"'r1 .hto de (Pvc) ptblks



succinate units increa$d. Indi€ting that the adiPato units werc no.e easrlv

attac.k€d by. spe|gi/ls ve6,colo/lhan sE strccinate unils (zhao el,i, 2005)

In o$ study the FTIR sPeclrcscopy Ms also used !o observs changes in ihe

moLecular structure ol th6 polyvinyl chlorids and pPVC (DoP OOA) 6id

starch blended PVC as rcponod bv othels (Martin-FEnchetli el 41 2007;

Santorc & Koestler, 1991) FTIR sPectroscopv was used to examine lhe

structural chanses in the m€h blends ot PVC {SombatsonpoP et at' 2004)

The clear change an the spectra was ob€€rved in our €sulis th€ aPpearan@

of new peaks at2370-2350 cm-r (con€spondinglo O-H) r€gion indicating the

change in fhe stucurs oI he PvC also p€aks shotl6n e12277-225o cn'

showins signlticant change due to micrcbial degEdation (Fig48)

EiodegEdation of pPVC btoughl some slructural changes in tne FTIR speclra

of the polymer (KaemaEk and Baier 2006) ln the PVC sp€clrum' the bands

vpcal for c'H strctching and d€iomation vibGtions werc Prcsent in 2800-

3000 6nd 1500-1300 crn-l Eng€s, r€sPeclivoly The bands dus lo skeletal

vib€tons below 1300 cm_i w€€ atso presenl Thr€e othef baids (at 693

636. and 610 cm ) !v€€ attf,buled to lhe cadon+hlonde slrebhinq

lrequencres, and th€v w€r€ useful in monibnng the p'ocess of PVC

dehvdrochlo nation The FTIR sPec'tta of PoV Mnvl alcohol) show€d a shaa

dec€ase in the bands and Peats ot tho polvms (Atnanda 6t al 2001 ; OkaYa

and lkai,1992)

Th€ photo-oxidalivs degradation of Polvmsrs did not alwavs hcilitaie

progrossive attack bv mbooqanismE' becaus€ the olisomer mcr'ons

prcduced duing photo-oxida0on mav support microbialotowth' bul polvmels

with a high molecultr w€ighl €sulted in nb or no gtowth ln ou study o\e

changss in FTIR analvsis wel€ more obvious in PVC lilm iniiiallv treated wnh

uV. UV treatment bEakdown the backbone of the potmer and broughl

change in the polvmer structuro' tne psaks 3hotun and almost disappea' at

2980-2910 cm 
I (corGsponding to Alt<yl 3sgmsnt) also new peaks tppeareo ar

2380-2340 cm (con€sponding !o O-H) mdicaijon rhe b€tter biodesraoalion

activ y in UV trcated films. The r6sults show€d that som€ ol lhe double bonds

or Pvc w€re cr€aved.bv TigloqiirjJl3ill..qig 
4e) rhe res'rrts wee I
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accordanc€ wifh |n€ Volke€epulveda el a1., 2OO2 and Malsunaga and

whitnoy, 2000). Anolher study repord hat the biodsgradation of inert

matei.l such as PE, FVC lakes mota than 10 ysaF and thai of degradable

marerial containing W s€nsilize6 lak6s 2 yea.s or les {Albedsson and

Seve€l attempls lo induc. some natJrally o..uring poryreE of hicrobial

or plant o.igin, such as starch, Kiatkamjornmng €l al, (1999) snd c€lluloso,

Daneault and Kokta {1986) into a synhetic polymer slructure hare b€en

rcpoded. The resulting prcducts have shown appeciabl€ biodeg€dabililv of

the naturally occurring r€citon of tle plastic mixturs (Milsl€in 6l €1, 1992)

ln our study PVC+ slarcn flm aner $r€€ riontns shake nask expenment wilh

AsperEl//us sydowil shou€d cl€ar changs in the structur€ of lhe polvmer lilms

he new pears appeared at 3077 cm_r (c.rcsponding to alkenes). also the

absodance ol p€aks at 2055-2529 snn decr€ased a ne$ sharp peak

aoo€aEd at 1587 c.'n 1 Th€ sp€ctE of biodegraded slarch showod onlv a

smalldiffe€nce from the sp€c1rum of tt€ original siarch: a small inc€ase in

O-H stGtching due to the enzvmatic deg€dalion producls or stafch Ms

obse ed (Mo€no-chutim et ,1, 2003i suresh €ta/,1999) oave eral (1997)

r€poded FTIR sPectra ol hs loss ol sraah from polvehvlene dudng

biodogadaton bting changeB in lhe back bone slructure oJ lhe polvmer bv

shod6ning orthe peaks. A€valo elar (18s6) r€Podsd drange in the spedra

ol biodegaded siarch, as he bload strElching of o-H and mino' slretchrnq

band ol C'H at 2921 crn-l

Gi'ii6i^i dpay"n'vt ctt*id. (PtE) pt8tics
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coNcLUstoNs

lhe p€sent study il Ms concluded that:

Soil and seMge sbdge contain mjcrooEanisms fungi thal are able lo

bins about 3ome deg€dalion ol 3ynlheii,c polyme.s.

2- The fungal isolates showng AdhsEnce and grcwth on the surlac€ or

Pol!ryinyl chloride frlms indicaled their ability lo utltze Potyvinyl chlodde

as s sourc€ of nulri€nt.

3- The inc€ass is be biomass ol he tunqal strains incubaled wilh the

polymer (PVC, pPVC and starch blended PVC) in minelal salt media

indicared lhe utilizalon ofthe plaslics as a carbon source.

Prcduction ot €aDon dioxid€ duing hs Stum tgst indieled posilive

d€gEdabihly !s8t for lhe Polyvinyl chloid€ nlm.

The iour isolated lungal sl|ain3 Pnsneocna.b chrysosPanun PV1'

Lantinus lbtkus PUz, AsPeryLlus niget PW and Aspolgl/l,us Vdown

showed good degEdation potentialof Polymer (PVC and pPVC alarch

blended PVC), hodevet Phanenchaete chtvsospoiuh PV1 sh ed

b€tter degEdation pobntal then olhe€

5-

6' The changes in lie Peals of lhe FIIR spectra of lhe tesl samples as

compared lo control i6 an indication ol breakdown of Plastie (PVc'

pPvc and starch blended PVc) as a result of lungal ir3annent

7- scanning Electrcn MicroscoPy

teated fihs or Plasli.s (PVC,

funsald396dalion in soil b'rrial

indicsted tie chang$ in sudace of lhe

pPVC and siarch blended PVc) aner

.nd siake flask expenments

M@hkt d.s.ada.on of P.t, nrt chlond. (Pv€) pk\tics l0l
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Gel P€mealion ChromaioEaphy indicated lhe ddea€e in the

moleular weight of the t@bd flms of the plastics (PVC, PPVC and

srarch blended PVC due to tungald€gradation. The decr€ase in lh€

molecular reighi could be eith€r degEdation by m3s linking or

degadation by chain sission Gaclion lhat brings change in the

molecularweignt and molecular dllpeEity of ihe plastiG

rhs change in the integEtion 3nd apParanc6 of some n* peaks in

'3CNMR and 'HNMR spe{tta corififll|€d |tle ohange in polvmq (PVc,

PPVC and starch blondsd PVC afrer nicrcbia! degradalion.

10- The puE PVC show€d slow ute of degEdation as @mpal€d to pPVc

and starch blend€d PVC due to tigid natu€ of pu€ PVC.

It en also be @ncluded i.om oot studies lhat extensive rdsearcn and

@mplete undetstanding is €quired to find lhe befier solulion ot

degEding plastios Th€ degradation potanlial ol lhe icolated runsal

stains can b€ enhanced to g€t bettd d€g€daton €sults or lhe

ii.t'nu,sd.t- 4 p"tv"',,/ chthid. (Pttc) p16M t02



FUTURE PROSPECIS

. n. .nzymatic d6glad.do. of ih. Pl*u€s (F /c, pP1/C ..td 3bttt' bl.n.!.d

. I€ d.vdop.Et of fl p.oc€es€3 6. PrDddion ol d€grada!. synttelic

plasri6, biophst6 ind mtulal pltltca ad m.tFdr to be 6.d tor rheir

bod€g6d.lion Bqur€ htsnsry€ €laerch .nd l.196 csprtal dp€r3ls and

mud b. latled-Q to b. €co.'omic.lly cohPelilva

r The .pplicsljd of tl€ .nzyrne in naurd condlton codd b€ dgokod

utoabi.r d.tt&ti' 4lbttntl ct@ Prc) PIatiB 10.,
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Nucl6otid. sequ3nc. of i.olai.d frng:l strrhs

Phar.ncDr.t .trFq9oduD PVI

lTSl panial 5.8S, lfs2 and 28s p4l& 589

TTAACGAGTAACTGAACAGCTTGTAGCTGGCCTCTCGGGCCATGTGCACGCCTGCCT
CATCCACTCTTCA.ACCTCTGTGCAC1 f G?TGTACC'TCGGIAGAAGAGCCAECATCCT
CTGATGCTTTGCTTGCAAGCCT?CCTATGTTTTACTACANICGCTICACTTTAACA^
TGTCTACCTCCCTAT'ACGCATCTATATAC}ACTTTCAGCMCCGATCTC!f GGCTC

TCGCATCGATGAAGMCCCAGCGA}ATGCGATAACTAATGTGAATTCCAGMTTCAG
TGAA1CATCGAATCTITGAACft ACCf TGCCCTCCCTGGTATTCCCCGAGCATGCC
TGTTTGACTGTCATGGTATCCTCAICCTICATAACTTf ITCTTATCGAXGGCTTGGA

CTTGGAGGTTGTGCTGGCT1CTACTCGAGTCGGCTCC1CTTATTTGTATTAGCG1GA
GTGTA-\CGGATCGCTTCGGTGTGATAATTATCTGCCCCGTGGTCGTGMGTAACATA
ACCTT@ETICTAACCGTCCTTCAGTTGCACAACTTACTTIGACA'TCTGACCTCAA
ATCAGGTAGGAC'TACCCCG

Asp$ginB sytlow P\n2

fls1, 5.6s, lTs2 Al{D 28s Ddi.l

CIGAGTECGG@TGCCTCCGGGCGCCCTACCTCCCACCCGTGAAT'CCTAACACTGT
IGCTTCCGCGGCCAGCTCCCTCGGCCGCGAGCCGCCCCGGACTACTGAACTTCATCC
CTGAGAGTGATGCAGTCIGAGTCTGAATATAi.AITCA TCAAAACT'TTCAACAATGG

AT€TCTTGGTTCCGECATCGATCAAGAACGCAGCGAACTGCGATAAGTAA1GTGAAT
TGCAGMTTCAGIGAAICATCGAGTCTTTGAACC'CACATTGCGCCCCCTGGCATTCC
6G@GGCATGCCTGf CCGTGCGTCATTGCTGCCCATCAAGCCCGGCTTGTCTGTTGG

GTCGTCETCCCCCCCGGGGCACGGCCCCCT.AAGGCAGCGGCGGCACCCTCTCCGG1C
CTCGACCGTATGGCCC1 TTATCACCCGCTCGACTAGGGCCCGCC6GCCCCAGCCGA

CGTCTCCNACCAITTTTCT1CAGCTTCACCTCGGATCAGGTACGGATACCCGCTOAA
CTTAAGCATATCAATAAGCCGAGGA

5 85, lTS2 dd 28S Padjal

CCGATGCGGGTCCTT?6GCCCAACCTCCCATCCGIIG1 CTATTGTACCC?GTTGCTT

iiiCinncc"occccttetcec"cccccccccccccccrcrGccccccccccccGrc

"iicccececrcccceroccscAcrctcrcAAAcccrccaclcrcAcrrGArrca
^iii^ 

tcro*rlll*crrr."rcAi\TccATcrcrrccTTccc'ArccAlcMGr,l
i iirilir,qerecc errec rlrrcrc^lrrccAGAArrcAGrGo^ r cArccAc rc rr
iiuiccecerrcccccc.crc,crATrccccc{6ccattrcrcrcccAcccrcarrc

"itliiiiloiicc.o. 
trcrctcrrcGGtcGcccrcccccrcrccGccGG6'qccGo

iiii"eaiCcae"nnceo".cceccrcccArccrccacc.'Arc'cccc'rrrGrcAca
iicrlrCir.iinrrccccccccccrcccGAcclrrrccmccArrcrrrccAGGrrG
ACCTCGATCAGTAGGGATACCCGCT

ili7t'"ta"g,,a.,w d pa'nryt a'd.t erc) pt6 4
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Final las p.nial, lTSl, 5.8S, lTS2 and zas pa.ii.l

TTCCGTAG TGAACCTGCGGAAGGATCAMATCGAGTTTIGA.AACGGGTTGTAGCTG
ECCTTCCGAGCCATGTGCACGCCC1 GCTCAf CCACTCTACACCTGTGCACTTACTGT
GGGTTTCAGGAGCTTCAAGGGCGI?TCTTACGCCGGAG?TG'GAC?GGGCCTACCTI
TACTACAIACTCTTACAIGTATCAGIATGTGTATTGCGATdTTACGCATCTCTATAC
iACTTTCAGCAACGGATCICTTGGCTCTCGCATCGA?GAAGA.ACGCAGCGAAATGCG
ATAAGTAATGTGAATTGCAGI'TTCAGTGAATCATCGAAICTTTG}ICGCACCTTCC
GCTCCT1GGIIATTCCGAGGAGCNI@STGITTCAETGTCTTGEEETTCTCEECCTIE
CCGGTTCf TMCGGGACTTGCTTAGGCTTGGACTTGGACGCTCTTGTCCGCTTGCTT
TCCTCAAG?CGGCICC?CIC}AAIGCATIAGCTTGGTTCTTTGCGGATCCGGCTCAC
GGTGTGAf AAr:lGTCIACGCCGCGACCSITGTAGCGTTTTAATG@ACTA6ClTCTA
ACCGTCTCCTCGCGAGACAGCA1 TCATCGA}CTCTGACCTCA}.AICAGGTAGGACTA

trioobar d.satdl6 ol Pobu'rt dttond. erc) darta.


