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ABSTRACT

This study investigated the biodegradation of béefildhs of poly(vinyl alcohol)/poly(vinyl chloridépVA/PVC) and
poly(vinyl alcohol)/poly(caprolactone) (PVA/PCL)eblds films prepared with dimethylformamide undeasgety of

conditions by respirometry, spectrophotometry (FTHRanning electron microscopy (SEM), and contaxfle. The
films were buried in the garden soil and in thel soixed with the landfill leachate for 120 days2&°C. Significant
levels of biodegradation were achieved in fairlpghncubation times in the soil. The results iraded that PVA was
the most biodegradable film in the soil and in $od with the leachate.

Key words: synthetic polymers, biodegradable polymers, gmly(vinyl alcohol), poly(caprolactone), poly(viny
chloride)

INTRODUCTION production and use of biodegradable polymers
(César et al., 2009; Wu et al., 2003). Among the
The volume of plastic waste worldwide continuebiodegradable synthetic polymers, the aliphatic
to grow at alarming rates every year and the tin@lymers, including the poly{caprolactone) (PCL)
required for its biodegradation is often unknowand a blend of poly(vinyl alcohol) with starch, are
(Rosa et al., 2002; Takasu et al., 2002; César,et aonsidered promising materials (Darwis et al.,
2009). Polymers and synthetic blends are largel99). The advantage of blending the polymers is
inert and resistant to environmental degradatiothat the properties of commercially available
Successful improvements of these materials pplymers can be modified by an inexpensive route
terms of protective properties and low-cosfAmass et al., 1998; Pospisil et al., 1999; Katal e
packaging devices have resulted in an enormoak, 1997).
increase in the use of the polymer and in ifSiodegradation generally allows for cheaper final
contribution to waste (20 to 30% of total wastejisposal of plastic waste through composting and
(Huang et al., 1995; Rosa et al., 2002; Darwid.et aeturns the polymer into the natural carbon cycle.
1999). It has been estimated that the plastics mdkg definition, biodegradable polymers are those
up 14 million tons of municipal solid waste/yeathat are degraded into carbon dioxide, water, and
and 100,000 tons/year in the ocean (Reddy et dlipmass as a result of the action of living
2003). Hence, to reduce the dependence on tiganisms or enzymes. The rate of degradation
landfills, interest has increasingly focused on thand polymer crystallinity are important factors
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affecting the biodegradability, with degradationstrength, heat resistance and processability (Karal
taking place preferentially in the polymeretal., 1997).

amorphous domains (Klun et al., 2003). It is important to mix (blend) the polymers to
Some of these useful biodegradable polymers aabtain a matrix with good mechanical properties
poly(vinyl alcohol) (PVA) and poly(caprolactone) and which is suitable for disposal in the
(PCL), which can be blended with a syntheticenvironment (Amass et al., 1998). Some of the
polymer such as poly(vinyl chloride) (PVC) to factors that affect the biodegradation process are
facilitate their biodegradation in the environment. the nature of the polymer, the interactions among
Poly (vinyl alcohol) (PVA), a water soluble the blend’'s components; its crystallinity; and
synthetic polymer prepared by the hydrolysis oenvironmental conditions (light, temperature; O
polyvinyl acetate, is widely used in adhesivesconcentrations; and humidity) (Lucas et al., 2008).
paper-coating, textiles, wood and furniture,Therefore, the aim of this study was to investigate
tannery, paints, agro-industries and inthe biodegradation of PVA/PVC and PVA/PCL
biodegradable polymer products. It is ablend films in the landfill leachate by
semicrystalline polymer whose crystallinity indexrespirometry, contact angle measurements,
depends on the synthesis process and on physicglectrophotometric analyses and scanning electron
aging. Hydrogen bonds bind the polymer chainsnicroscopy (SEM).

together, even in the amorphous phase, and the

glass transition and melting temperature of PVA

are 85 and 240 °C, respectively (Chandra et aMATERIALS AND METHODS

1998; Dibbern-Brunelli et al., 1998). The

molecular weight of PVA is its most important Preparation of films

feature, affecting its crystallinity, adhesion,pva (Hanil Brasil — Polinol- P-05, &: 70,000-
mechanical properties and diffusion (Kesel et al.100,000g/mol; Tg: 85 °C, degree of hydrolysis
1999). The basic properties of these materials ags.1%), PVC (Sigma-P-9401, dvl 73,491g/mol)
strongly ~ dependent on the degree ohng pCL (Solvay-K6800, I 85,000 g/mol) were
polymerization and hydrolysis, the distribution of ;seq for this work. Homopolymer films were

hydroxyl groups, and_the stereoregularity angyepared by dissolving the predetermined weights
crystallinity of PVA. Thus, the evaluation of ot each polymer (0.2 g) in 8.0 mL of N-N-
relationships  between  the  pOlymers gimethyiformamide (DMF) at 80°C for 1h and
biodegradability and structure is also of the utmosacyum evaporating the final solutions at 65°C and
importance (Solaro et al., 1998). 500 mmHg in stainless steel dishes. The films
PCL, a semicrystalline linear aliphatic polyester, were then vacuum-dried for two days at room
known  for its  biocompatibility  and temperature.

in resorbable sutures, drug delivery systems, anghiymers (0.2g in total, PVA/PCL 4:1, wiw) at
more recently in bone graft substitutes (Pefia.et agsoc  and  vacuum evaporating the solvent

2006). Moreover, PCL — one of the moOstf|owing the same procedure as the homopolymer
hydrophobic ~ of  commercially  available fjys.

biodegradable polymers — has good mechanicgya/pvC blend films (1:1, w/w) were obtained as
properties and is compatible with many types opya/pPCL films, but were solubilized separately in
polymers  (blends, blocks), which broadens it§ne first 15 minutes, after which the solutions ever
range of applications (Amass et al., 1998; Pefia @ljxed and shaken for 30 minutes to prevent the
al., 2006; Albertsson et al., 1996). phase separation. This mixture was then

PVC as well as three other major plastics, i-eevaporated at 65°C and 100 mmHg to produce the
polyethylene (PE), polypropylene (PP) andyeng film. The concentration and quantity of the

polystyrene (PS), are used worldwide (Kamo €Ly tion were adjusted to obtain 90-14@ films.
al., 2003). PVC is applied predominantly in the

construction sector, and its products are, theeeforSO” preparation

highly durable (Mersiowsky et al., 2001). Severa;j \yas taken from a garden near the Department
polymers are currently mixed with PVC to alter ot gjochemistry and Microbiology (UNESP at Rio
the latter's properties, such as its high impacg|qaro Sp, Brazil) and was sifted through a 2-mm
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mesh sieve. Water was mixed into the soil to reacleachate and PVA were mixed in a ratio of 1% by
its maximum water-holding capacity, 60%. Half ofweight to 100 mL of a mineral medium (MM) and
the wet soil was wused directly in theshaken for 30 min. The cultures were then
biodegradation experiments and the other half waacubated at 28 °C for seven days. After one week,
distributed in respirometer flasks in 50 g aliguotsa 2.0 mL sample of the culture with PVA was
To this, 1.0 mL leachate, taken from the garbagw#ansferred into fresh MM and incubated at 28 °C
landfill of Piracicaba city (SP, Brazil), was added for 120 days.

The soil and the soil plus with landfill leachateThe PVA concentration in the MM was
(soil/ leachate) were left unsterilized in order todetermined quantitatively by the
use live microorganisms for the biodegradatiorspectrophotometric analysis, after the addition of
(Campos et al., 2007). The landfill leachate ha®.0mL of boric acid and 2.0mL of-Kl, according

pH 7.0, and, given its origin, contained a diversit to the procedure described by Finley (1961) to
of microbes and heavy metals, but these were n@OmL of medium containing the solution of PVA
identified by the qualitative analysis. and microorganisms. The determination of the
The soil was subjected to a chemical analysiBVA concentration was based on a standard curve
following the standard methods of the IACobtained by measuring the PVA solutions of
(Campinas Institute of Agronomy) (Van Raij et al.,known concentrations (0.1-10 mg/mL) after
2001).The soil contained 227% of organic matterincubation.

and the mineral particles were 39% sand, 45% silt

and 16% clay, with a pH of 5.9. PVA Hydrolysis Test
This analysis was applied to PVA, which was
Respirometric tests dissolved in the agueous medium, thus making it

PVA, PCL, PVC, PVA/PCL 4:1 and PVA/PVC difficult to quantify by other techniques. Aftesit
1:1 films, about 10Qum of thickness and 0.2 g in microbial treatment in a liquid medium, the
mass, were buried in the non-sterile garden sodoncentration of PVA was determined
and in the soil with landfill leachate, inside thequantitatively as described before. The PVA films
respirometer (triplicate tests) at’ZBfor 120 days were placed in a tube containing 8.0 mL of
The accumulation of CO was monitored, phosphate buffer, pH 5.6 (the same pH as soil) and
following the Brazilian technical standard (ABNT incubated at 28 °C for six days. The phosphate
- NBR 14283, 1999). The tests of biodegradatiotuffer was prepared with sterilized tubes and
by the respirometry are described in an earlieMilli-Q water.
paper in Campos and co-workers (2007), which
gives details of the Brazilian standard (ABNT -Characterization
NBR 14283, 1999). The analysis of the PVA filmsFourier transform infra-red analysis (FTIR)
in the liquid medium was difficult due its The infrared spectra of the polymers and
solubility, thus to know its concentration afteeth polymeric blends were obtained at room
biodegradation process, it was necessary to applgmperature, using a Shimadzu FTIR-8300
the same test made to the PVA hydrolysisspectrophotometer with 4 ¢mresolution. The
spectrophotometric measurement described BRVA/PVC (1:1, w/w) blend films could not be
Finley (1961). analyzed by the FTIR due to surface heterogeneity
of film.
Determination of PVA concentration after
microbial degradation Contact Angle Measurements
The landfill leachate and the soil microorganismd’he samples of pre- and post-biotreatment films
were used as microbial inocula. This leachate wasere placed on plain glass plates, on which a drop
obtained from a landfill in Piracicaba, SP, Brazil(20 um) of distilled water was deposited. This
and stored at 8 °C, a selection factor fodrop was illuminated and its image was magnified
psychrophilic  microorganisms  (reproduction and projected onto a white screen where the
temperature of 0 to 20 °C). The species includedontact angle was measured. The procedure was
Enterobacter cloacaeYersinia enterocoliticeand repeated three times and the mean deviation was
Hafnia alvei (Franca-Filho et al., 2006). A calculated from these measurements (Campos et
common enrichment procedure was adopted tal., 2007).
obtain the acclimated inocula. Soil, landfill
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Scanning Electron Microscopy (SEM) bacterial attachment and formation of extracellular
The surfaces of the samples were coated with thmaterial on their internal surfaces after 8 weeks
gold using a Balzers MED 010 sputter coater, aftefVess et al., 1993). The total degradation of a
which they were mounted onto a sample holdegpolymer chain in the presence of aerobic
and their morphology was examined under @rganisms causes oxidation in the chain, producing
scanning electron microscope (Zeiss DSM 940-A)CO, and HO (mineralization) (Martins-Franchetti

5 kV. et al., 2006).
The biodegradation of the films was analyzed
Differential Scanning Calorimetry (DSC) based on the evolution of GOFTIR, DSC and

The melting behavior of the samples (eacltontact angle measurements. Figures 1-A and 1-B
weighing approximately 6 mg) was examinedshow the evolution of C£n the soil and soil with
using a TA Instruments DSC2910 differentialleachate, respectively. It was observed that PVA
calorimeter (at IFSC-USP), from 25 to 250 °C at avas more susceptible to the attack of soil
heating rate of 10 °C/min, in a nitrogenmicroorganisms than the PVC. In the soil, the
atmosphere and at 50 mL.ilinThe calorimeter behavior of the blends differed from that of the
was properly calibrated using the indium standar®VA, showing less respiration than the PVA and
(Tf = 159.11°C;AH = 30.66 J/g). The degree of similar to that of the soil. This finding suggested
crystallinity of the blends was calculated based othe occurrence of intermolecular interactions
AH values of 136 J/g (Kesel et al., 1999) for 100%etween the two polymer chains, which protected
crystalline PCL and 152 J/g (Martins-Franchetti ethe PVA (interactions between the acetate groups
al., 2008) for 100% crystalline PVA, using theof the PVA and the HC-CI of PVC). These
follow equation (Quental et al., 2005). interactions occurred at the interface of the two
polymers in the amorphous phase, corroborating
the findings reported by Kaczmarek (1996). The
same tendency was observed in the evolution of
CG;in the soil with leachate (Fig. 1-B).
Among the homopolymers (Fig. 2-A and 2-B), the
RESULTS AND DISCUSSION PVA proved to be more biodegradable than the
PCL. The CQ concentration released in the
PVA buried in the soil and in the soil with landifil PVA/PCL (4:1) blend was similar to that of the
leachate showed significant degrees oPCL and lower than PVA, although the PVA
biodegradation in relatively short incubation timesconcentration in the blend was higher. PCL
In view of this finding, an investigation was madeinhibited the biodegradation of PVA, suggesting
on the influence of PVA polymer properties, suctSPecific_interactions between the two polymer
as its degree of hydrolysis, on the rate and exteffains. Therefore, despite the low concentration of
of biodegradation in the presence of acclimatefl®¢ PCL in the blend, its presence played a
mixed bacterial culture in the liquid medium andsignificant role in protecting the blend, as repdrt
sterile phosphate buffer for the PVA solution. Thedy Arcana and co-workers (2008). This protection
biodegradation of PVA followed the usualWas confirmed by the FTIR measurements of the
mechanism of polyesters, i.e., hydrolysis of the/irgin films (Fig. 3), which indicated the changes
acetate groups of the PVA chain and oxidation b{n the band at 3350 chassigned to the vibrations
enzymatic action (Chiellini et al., 2003). ThisOf OH groups in the PVA, and at 1245 tin the
reaction also occurs in PCL chains. PVA/PCL (4:1) blend, assigned to C=0(O)
PVC is a strong plastic that resists abrasion angbrations in the PVA/PCL in relation to the

chemicals and has low moisture absorption. Manfomopolymer spectra. o
studies have focused on the thermal andhe curves for the soil containing the leachate

photodegradation of PVC, but few reports ardFig. 2-B) showed the same tendency as the soil
available on PVC biodegradation (Shah et alWwithout leachate (Fig. 2-A), but the GO
2008). According to Kirbas and co-workersconcentration released was lower, suggesting that
(1999), low molecular weight PVC can be exposedh€ microorganisms in the leachate inhibited the
to biodegradation by white-rot fungi. PVC pipesPVA biodegradation.

exposed to water microorganisms have shown

1,

. ¥100

100%
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Figure 1 - Biodegradation of PVA, PVC and PVA/PVC (1:1) blermsthe evolution of C® A-
biodegradation in soil; B- biodegradation in soithiteachate.
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Figure 2 - Biodegradation of PVA, PCL and PVA/PCL (4:1) bleraisthe evolution of C® A-
biodegradation in soil; B- biodegradation in soilhweachate.
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Figure 3 - FTIR spectra of the virgin PVA, PCL and PVA/PCLIHilms.
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This protective effect was also suggested by th@najor composition) in the amorphous phase
DSC curves, which showed a decrease in thateracted with the C=0O of the PCL (minor
crystalline fraction of PVA in the blend and acomposition) (Fig. 4 and Table 1).

significant increase in the fraction of crystallineSome PCL chains underwent reorganization,
PCL in the blend, indicating possible interactionsncreasing its crystalline fraction, while others
of the OH group of PVA and the C=0 of PCL inretained the PVA in the amorphous phase. This
the amorphous phase, in agreement with Zhou arRVVA phase showed preferential biodegradation, as
co-workers (2004). indicated by the evolution of GQFig. 2).

The DSC curves of the PVA film showed twolin the PVA/PVC blend, the interactions between
peaks, the first indicating the loss of water dmel t the OH groups of the PVA and the H-C-CI of the
second indicating the melting of the PVA (Fig. 4PVC caused the PVA crystalline fraction to
and 5). increase (Table 2). The PVC did not reach the
The PVA/PCL blend showed a decrease in thenelting point due to its predominantly amorphous
PVA and an increase in the PCL crystallinitycharacter.

(Table 1), suggesting that the OH groups of PVA

PVA

PVA/PCL 4:1

PCL

Heat flow (w/g)

T T T T
0 50 100 150 200 250

Temperature (°C)

Figure 4 - DSC curves of the virgin PVA, PVA/PCL and PCL films

27 J/ig
192°C

Heat flow (w/g)

PVA/PVC 1:1

T T T T
0 50 100 150 200

Temperature (°C)

Figure 5—DSC curves of the virgin PVA and PVA/PVC films.
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Table 1 - Melting point (T,,), melting enthalpy4H,.) and percent of crystallinity (%)) of PVA, PCL and
PVA/PCL films.

Films Tm°C AH,, (J/9) Xpsc(%)

Virgin PVA 196 44 29

Virgin PCL 60 69 50
60 25 5 (a)

Virgin PVA/PCL 4:1
Note: (a) PCL, (b) PVA.

191 25 20 (b)

Table 2 - Glass transition temperature (Tg), melting poing)(Tnelting enthalpyZH,,) and percent of crystallinity
(Xpsd(%)) of PVC, PVA and PVA/PVC films.

Films Tg°C Tm C AHp, (J/9) Xpsc (%)
PVC (o) 60 e e e
PVC in soil (s) 69 - e e
PVC in soil+leachate A
PVA (o) 96 196 44 29
PVA/PVC (0) 124 192 27 9

The second peak in the PVA/PVC blend shifted t®etermination of the PVA concentration
a lower temperature, indicating a reduction of thefter biodegradation

PVA crystallite size (Fig. 5). In this case, thepyA degradation was measured based on the PVA
interaction in the amorphous phase of the tw@oncentration after it had undergone the action of
polymers caused the PVA chains to reorganiz@he soil microorganisms, leachate microorganisms
thereby decreasing the amorphous phas@nd the soil with leachate microorganisms in the
Nevertheless, the biodegradation occurreghineral medium (MM). The PVA-iodine

preferentially in the PVA phase rather than in theomplexes showed interesting properties that
PVC phase, whose chain contained the ClI grOUQfepended on the degree of po|ymerization'
that hindered its biodegradation. It was als&aponification and stereoselectivity (Yoshinaga et
observed that Tg of the blend was higher than thg. 2004). The PVA concentrations were evaluated

homopolymers, indicating the interaction betweemy the spectrophotometric analysis at 550 nm. The
both. The crystalline fractions of the PVA/PCL 4:1pvA-iodine complex in Figure 6 revealed a

and PVA/PVC 1:1 blends were standardized fOﬂecrease in the absorbance of the PVA

the purposes of comparison, considering th@oncentration in the presence of acclimated mixed
composition of each polymer in the blend (Tablegulture of the soil, leachate and the soil with

1 and 2). leachate.
1,84
1,6 4 e —m— soil microrganisms
= —e— |eachate microrganisms
’_,E‘ 144 A\A\A —A— soil + leachate microrganisms
g <:\\Ax
T 124
.5 \-\-
T <o
= ]
2 10+ \\
2
o
© 0,84
<
>
o -
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\d
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0,4 T T T T T
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Figure 6 - Variation of PVA concentration recorded in the grese of acclimated mixed culture.
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The considerable degradation of the PVA in thdlends with higher crystallinity, the presence of
presence of the mixed culture clearly demonstratefdinctional groups was more important than the
that the soil/leachate mixture caused significantrystallinity, due to the hydrolysis of ester greup
degradation, as indicated in a comparison of thehich triggered the biological degradation in the
two separate treatments, i.e., PVA with the soiamorphous phase. It is known that the
microorganisms and PVA with the leachatebiodegradation is determined by the chemical
microorganisms in the MM. Therefore, thestructure and physicochemical properties and not
mixture of the soil and leachate microorganismby their origins, whether natural or artificial
exerted a synergistic effect on the PVA film.(Kawai, 2010).
According to Kawai (2010), microbial consortia
must contribute to the degradation processes in tl@ontact angle measurements
environment, rather than individual The surface properties of the blends were
microorganisms, due to metabolic processeinvestigated by contact angle measurements. Table
ecological cycles and biological communities. 3 showed the results, which were reproducible at +
2°C in most cases.
PVA Hydrolysis The PCL films biotreated in the soil showed a
The PVA in phosphate buffer at pH 5.6 showed ndecrease in the contact angle, with no apparent
chemical hydrolysis after six days (in the PVAdifference when leachate was added. In contrast,
hydrolysis test) (Pezzin et al., 2002). It couldthe contact angle of PVC films treated in the soll
therefore, be stated that the changes were resultatth leachate showed a clearer decrease than in the
from the treatment in the soil, which caused th&oil without leachate. The PVA, PCL, PVA/PCL
biological hydrolysis through the action of and PVA/PVC were absent from the soil after the
microorganisms. biotreatment, indicating they had decomposed.
The structure of PVA facilitated the The decrease in the contact angle of the treated
microbiological degradation, as indicated by thdilms due to the presence of erosion and pits,
evolution of CQ in the PVA/PCL and PVA/PVC indicated the adhesion of the microorganisms and
blends, despite the limitations of the respironsetri probably changes in the roughness after the
technique. It was found that even in the case dfeatment in the soil.

Table 3 - Water contact angle measurements of PVC, PCL, FXA4/PVC and PVA/PCL.

Films Contact angle Standard Deviation
PVC virgin (0) 72.3° +0.58
PVC soail (s) (120 days) 49.5° +0.7
PVC soil + landfill leachate (120 days) 44 .5° Z0.
PCL (0) 59.5° +0.57
PCL (s) (60 days) 4350 +0.7
PCL soil + leachate (60 days) 43.5° +0.7
Scanning electron microscopy (SEM) (Martins-Franchetti et al., 2002). The PVC in the

Figure 7-A shows a SEM image of the surface o$oil (Fig. 7-B) showed some cavities and cracks,
the PVC plastic film before the degradation testwhile the PVC film in the soil with the leachate
Before the tests, the surface of the film displayedhowed microbial structures similar to the fungal
interconnected domains resembling the gehyphae adhering to its surface (Fig. 8-C).
structures, indicating the release of solvent
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L

Figure 7 - SEM micrographs of PVC films: A-virgin, B-biotreatén soil for 120 days, and C-
biotreated in soil with leachate for 120 days.

The molecules fragments could be metabolized bgolonization is one of important factors for the
the fungi and the craters and erosions on thiereaking the polymers chains and the
material surface were the result of microorganismbiodegradation.

activity. Since the microorganisms use thdt is known that the enzymatic hydrolysis of
polymeric surface components and products of iteiodegradable polyesters proceeds mainly through
own metabolism, they release organic acids a®he mechanisms of surface erosion. The depth and
metabolites aggressive and esterases, growinlge extent depend on the composition of the
deeply in the material, resulting in enlarging themicropores of the polymer (TAO et al., 2009).
damaged area and thus accentuating thehe PVA film before the biodegradation test is
degradation (El-Aghoury et al., 2006). The PCLshown in the Figure 9. It had smooth surface with
film (Fig. 8-A) presented a rough surface. Aftersome domains that suggested undissolved crystals
the biotreatment in the soil (Fig. 8-B), the film (arrows). The PVA/PVC films before the
showed pits and microbial structures adhering ttreatment showed the surface with phase
its surface. The polymer film biotreated in thel soiseparation and domains indicating the release of
with the leachate (Fig. 8-C) displayed pits andsolvent (Fig. 10). The treatment caused the
microbial structures adhering to its surface. Theseamples of PVA and PVA/PVC films to degrade
morphological changes caused by the microbiand disappear in the soil.
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Figure 8 - SEM micrographs of PCL films: A-virgin, B-biotreakén soil for 60 days, and C-
biotreated in soil with landfill leachate for 60yda

6um

Figure 9 - SEM micrographs of virgin PVA films.

Figure 10- SEM micrographs of virgin PVA/PVC films.
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biodegradation than the PCL and PVC. However, differing texturesPolymer Testing28, 680-687.

. . . Chandra, R., Rustgi, R. (1998), Biodegradable
in the soil, the PVA/PVC blend showed higher PolymersProgressPolym. Sci23, 1273-1335.

biodegradation than the other polymers. The SEM:hiellini, E., Corti, A., D'Antone, S., Solaro, R003),

the soil contributed toward surface changes in the materials Progress. Polym. S¢i68, 963-1014.

films, causing pits and erosion, but inhibited theDarwis, D., Mitomo, H., Yoshii, F. (1999),
evolution of CQ (biodegradation by the oxidation Degradability of radiation crosslinked PCL in the
of the polymer chains). The decrease in the contactsupercooled state under various environments.
angle of the treated films due to the presence of Polym.Degrad. Stabil65, 279-285.

erosion and pits was corroborated by the SENpibbern-Brunelli D., Atars, T.D.Z., Joekes, L.,
analysis. The presence of ester groups in the pcLBaroosa, V.C. (1998), Mapping phases of poly(vinyl
and  PVA  chains was crucial for the alcohol) and poly(vinyl acetate) blends by FTIR

. . . . . .~ microspectroscopy and  optical fluorescence
microbiological action, i.e., for the enzymatic microscopy J. Appl. Polym. Sgi69, 645-655.

hydrolysis of the ester groups. The respirometryz|-aghoury,  A., Vasudeva, R.K., Banu, D.,
SEM and contact angle techniques indicated thatElektorowicz, M., Feldman, D. (2006), Contribution
the PVA significantly improved the to the study of fungal attack on some plasticizieglv
biodegradation of the blends in the soil, and that formulations. J. Polym. Environ 14, 135-147.
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