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Abstract

The escalating environmental threat caused by the accumulation of recalcitrant synthetic plastics
necessitates the development of effective bioremediation strategies. This study investigates the
biodegradation potential of Pseudomonas fluorescens on two distinct substrates: two-dimensional PET
(Poly Ethylene Terephthalate) sheets and three-dimensional PS (Poly Styrene) blocks. The influence of
UV pretreatment on microbial degradation efficiency was also evaluated. A sequential batch culture
method was employed for four weeks at 30°C. Degradation was monitored via gravimetric analysis,
Scanning Electron Microscopy (SEM) and Fourier-Transform Infrared Spectroscopy (FTIR). UV
pretreatment significantly enhanced biodegradation efficiencies, resulting in higher percentage weight
losses by the fourth week, for both PET (7.11% for UV pretreated vs. 5.33% for untreated samples) and
PS (41.42% for UV pretreated vs. 32.5% for untreated samples). SEM analysis revealed progressive
structural deterioration; PET samples displayed severe fracturing and flaking, while PS blocks exhibited
major hollow cavity formations in the structure causing the loss of structural integrity. The PET samples
also showed significant changes in the FTIR peaks in the third and fourth weeks in the wave number
regions 1000 cm™ ' to 1700 cm™ ', indicating the loss of integrity in the polymer structure, leading to
significant fragmentation. FTIR of PS suggested that the accelerated onset of biodegradation was driven
by early and prominent formation of hydroxy/hydroperoxide groups evident from the broadening of the
peak at 3400 cm™ . This study suggests that P. fluorescens effectively destabilizes polymer integrity by
inducing both surface erosion and molecular cleavage, highlighting its promise for sustainable plastic
waste mitigation.

1. Introduction

As global population growth accelerates industrial expansion, our reliance on synthetic polymers has
driven an unprecedented surge in plastic production [1]. Plastic resists biodegradation and remains in
the ecosystem for centuries, progressively fragmenting into microplastics (MPs) and nano plastics that
endanger wildlife and human health [2-4]. Traditional solid waste management approaches are
inadequate because plastics are highly recalcitrant in landfills, causing physical, chemical and biological
harm to ecosystem [5]. Although mechanical and chemical recycling methods are available, including
incineration and recycling, they are retarded by significant drawbacks such as elevated energy demands,
often leading to poor performance with mixed or contaminated plastic feedstock, considerable costs
and risk of secondary pollution like emission of toxic byproducts [6, 7]. While the durability of plastics
promotes their usage, the persistent accumulation across all ecosystems in the long term is dangerous
[8-10].

In the terrestrial ecosystem, soil health is under mounting pressure from plastic particulates, which
profoundly disrupt it by altering soil physiochemical properties and microbial communities [11].
Microscopic fragments of plastics present in the soil, termed MPs, enter via diverse routes, including
fertilizers from biowaste processing plants and breakdown of discarded material such as plastic mulch
films [12, 13]. Moreover, a multitude of MPs fragments and fibers found in sewage and sludge pose a
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risk to the ecosystem and human health. Reports document plastic particulate accumulation across the
globe, particularly at the shores and coastlines [14]. Infrequent aerator cleaning can also drive higher MP
contamination in the drinking water system [15]. In a recent spatial assessment of a 0.92 km? coast in
Tamil Nadu, researchers found an abundance of filamentous and fragmented MPs predominantly
concentrated in wet sand. SEM and FTIR analysis identified majority of MPs as PS, Polypropylene (PP),
Polyethylene (PE) and Poly Amide (PA) [16]. In Bihar, the majority of plastic contamination in agricultural
soil is influenced by plastic mulching, and poor management of PE-based mulch films. The study was
conducted across 22 sites in 6 districts where mean MPs ranged from 150-1460 particles kg™ soil [17].
MPs were detected in paddy field soil samples from Goa and Udupi, with Goa showing the higher overall
contamination [18].

The behavior of PE majorly depends on physiochemical properties like density and crystallinity [19].
Studies from Eastern India show that PP and PE fibers and fragments pile up mainly in surface soil, while
the finer particles move deeper in the vadose zone. Using Microplastic Pollution Load Index (MPPLI),
researchers located pollution hotspots and linked these contaminants to the changes occurring in the
soil organic matter and electrical conductivity [20]. The accumulation of plastics in the vadose zone soil
layers poses a threat to the food chain [21, 22]. As plant roots interact with different types and
concentrations of plastic particulates, understanding plastic biodegradation is important for waste
management and the development of sustainable strategies.

Microbial communities were recently investigated to understand the biodegradation potential of MPs. In
this regard, members of the genus Pseudomonas, which are ecologically widespread, possess a diverse
metabolic capability enabling them to colonise a vast spectrum of ecological niches, including the
complex interface of soil and rhizosphere [23]. P. fluorescens is not a single species but a member of
highly adaptable strains, which are known for their ability to grow in impacted sites. It comprises eight
distinct groups (including P. fluorescens, P. gessardii, P. fragi, P mandelii, P. koreensis, P. jessenii, P
corrugata and P, chlororaphis), that occupy various ecological niches [24]. There are several studies
reported on the implications of bacterial assisted biodegradation, such as Priestia aryabhattai VT 3.12,
Bacillus pumilus VT 3.16 and Bacillus pseudomycoides VT 3.15, which facilitate enhanced PET
degradation [25]. Notably, Gordonia polyisoprenivorans B253 can efficiently degrade PP and PS [26],
whereas Enterobacter hormaechei has been identified as a potential agent capable of achieving
significant mass reduction in PET [27]. However, most of these studies explore specific strains, whose
availability in the vadose zone may be limited. Investigating plastic biodegradation using a readily
available bacterial strain from the soil layers, which interacts with the rhizosphere, can provide a multi-
faceted solution strategy where, the bacteria can degrade the plastics and simultaneously improve soil
health. In this study, we investigate the biocatalytic ability of P. fluorescens, a plant growth promoting
rhizobacterium (PGPR), which is also known to enhance nutrient availability and acts as a biocontrol
agent.

The current research explores two distinct structural formats of plastic types, (1) two-dimensional (2D)
PET sheets, which represent high surface area for microbial interaction, and (2) three-dimensional (3D)
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PS blocks, which represent complex, high volume rigid matrices. Most of the plastic particulates on the
soil surfaces are constantly exposed to UV-A and UV-B rays. To understand the role of UV exposure in
plastic biodegradation, we have also considered the effects of UV pretreatment on PS and PET samples.
The comparison of biodegradation on UV pretreated and untreated plastic samples is critical for
understanding how photo oxidative weathering, a natural environmental process, alters polymer
crystallinity and surface hydrophobicity. By evaluating these diverse physical states and pretreatment
conditions, this research aims to provide a comprehensive framework for the sustainable valorization of
plastic particulates.

2. Methodology

In this study, the bacterial strain P. fluorescens was obtained from the Microbial Type Culture Collection
(MTCC) and Gene Bank, from CSIR- Institute of Microbial Technology, Chandigarh, India. The bacterial
sample was cultured in the nutrient media. The cultures were kept in conditions that were carefully
regulated, at a temperature of 30°C and a pH of 7+ 0.2.

Two plastic types were used for the study; (1) PET sheets of areal size 1 cm? and (2) PS blocks of
volume 1 cm?. Plastic samples were surface sterilized by immersion in 70% isopropyl alcohol for 10
minutes, followed by thorough rinsing with sterile distilled water. The plastic samples considered for the
UV treatment were placed under a UV source for 100 hours. All the samples were stored aseptically and
protected from light until their introduction into the microbial cultures.

The biodegradation experiments were conducted by aseptically adding four samples each of UV
pretreated and untreated samples of PET and PS to the culture flasks containing P, fluorescens. Abiotic
control flasks without P. fluorescens, containing only the sterilized media, along with PET and PS
samples, were also considered for comparison, which served as the control samples. The incubation
time of P. fluorescens is approximately one week. The experimental conditions were controlled through
weekly serial incubations in new culture media flasks for four weeks in a shaker incubator at 30°C and
150 rpm. One sample of each PET and PS was withdrawn from the culture medium using forceps every
week. The other samples are aseptically introduced into new culture medium flasks to assess further
biodegradation. The weekly withdrawal process of samples for the four consecutive weeks is labelled as
week-1, week-Il, week-11l, and week-1V, respectively. To remove the surface bacterial biomass of the
isolated samples from the culture flasks, they were cleaned using 2% SDS solution [28], followed by
extensive washing with 70% ethanol and sterile distilled water, to remove loosely attached cells and
media residues. The samples are then dried at 50°C to a constant weight before further analysis [29]. To
evaluate the microstructural alterations and chemical depolymerization characteristics of P. fluorescens
during the four-week biodegradation, the samples were analyzed using SEM and FT-IR, in addition to
gravimetric analysis.

3. Results and Discussions
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3.1 Weight loss of PET and PS upon treatment with P,
fluorescens

The gravimetric analysis evaluates the percentage weight loss for each sample. The percentage weight
loss for each sample is evaluated using Eq. (1).

I/I/vim'tial - Wfinal )
WL = 100
( Winitial

.

where, WL is the degradation percentage evaluated based on, W;,,;t;a1, Which is the initial weight of the
plastic sample before biodegradation, and Wy, the final weight of plastic sample after
biodegradation.

The initial weight of the PET sheet (1 cm?) was 0.09 gm, which remained consistent across all the
samples. The initial weight of the PS block was 0.02 gm for the untreated sample, and for the UV
pretreated samples, it was 0.014 gm. The percentages of weight loss reported in this study are evaluated
using Eq. (1), as shown in Table 1. The UV pretreated PET sheet biodegraded to a final weight loss of
7.11% by week-1V, whereas, at the end of week-IV, the untreated PET sheet had a weight loss of only
5.33%, which is 1.78% less than that of UV pretreated sample. It could be observed from Table 1 that the
untreated PET sample WL was similar to the WL of UV pretreated samples from the previous week, i.e.,
the WL of PET for UV pretreated samples in week-, Il, lll are similar to the WL of untreated samples in
week-l, Ill, 1V, respectively. This indicates that the gravimetric biodegradation was approximately
accelerated by one week’s time due to UV pretreatment. This also suggests that in natural environments,
the PET samples in the top layers of soil are exposed to UV rays, and the degradation timescales shorten
as compared to those buried underneath.
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Table 1
Biodegradation of PET and PS by P. fluorescens

Polymer Sample Week wise degradation (WL in %)
I I 11 \Y
PET sheet (1cm?)  Untreated control 0 0 0 0
UV treated control PET 0 0 0 0
Untreated PET 0 1.22 3 5.33
UV treated PET 111 333 544 7.11
PS block (1cmd) Untreated control 0 0 0 0
UV treated control PS 0 0 0 0
Untreated PS 1.5 7.5 15.5 32.5
UV treated PS 285 785 2557 41.42

Similarly, for the PS samples, from Table 1, the UV treated samples showed a degradation of 41.42% by
the end of week-IV, whereas the untreated PS sample degradation, by the end of week-1V is 32.5%. The
UV pretreated PS sample showed an additional 8.92% more degradation than the untreated sample. It
could also be observed from Table 1 that, during the first two weeks, the UV pretreated samples showed
only a slightly higher WL than the untreated samples, indicating that the early time degradation in UV
pretreated and untreated samples remains similar. However, during weeks-Ill and IV, the WL of UV
pretreated samples showed a sharp increase in WL. This indicates that, UV exposure affects the sample
biodegradability in the long run, indicating that the top soil layers’ PS samples might seem unaffected
initially, in the longer durations are more susceptible to attack by P. fluorescens.

The data in Table 1 is graphically represented in Fig. 1. For PET sheet, we see from Fig. 1 that, the WL is
consistently higher for UV pretreated sample from week-I, through the weeks- I, Il and IV. For PS
samples the WL did not significantly change during the first two-weeks. In week-Ill and IV, the
degradation of UV treated PS block increases sharply, as compared to that of untreated samples. It
could also be inferred from Fig. 1 that, the cumulative WL for PS block is significantly more that the PET
sheet, indicating that the biodegradation by P. fluorescens is much faster in PS samples.

This higher weight loss in UV pretreated PET and PS samples could be due to the UV light triggering the
breakdown of the polymeric backbone through a process called photolysis, making it easier for the
sample material to degrade.

3.2 Surface morphological changes of PS and PET treated
with P. fluorescens
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The biodegraded samples were investigated by SEM, and micrographs of PET and PS samples are
shown in Figs. 2 and 3, respectively, for both the untreated and UV pretreated scenarios.

SEM analysis of the PET sheets in Fig. 2(a), shows a continuous, non-porous surface for the control
sample, which was placed in the sterilized media without bacteria. For the PET samples placed in the
inoculum, localized curls and abrasions were observed by the end of week-Il, as shown in Fig. 2(b). By
the end of week-1V, these features evolved into prominent longitudinal cracks and visible surface flaking,
evident from Fig. 2(c). The fragmentation of PET samples by the end of week-1V is evident from Fig. 2(c).
These results were in concurrence with the PET degradation study in the marine environment, where
similar observations were made [30]. The surfaces are now more amorphous than they were prior to
bacterial treatment, similar to that observed in a study where S. maltophilia BK1 and Enterococcus sp.
BK3 potentially degraded low density polyethylene [31].

The Fig. 2(d), (e), (f) show SEM images for UV pretreated samples, for control, week-Il, and week-1V
scenarios, respectively. We observed from the gravimetric analysis that the UV pretreated samples
demonstrated a higher biodegradability as compared to that of the untreated samples. The control
sample for UV pretreated PET shown in Fig. 2(d), is similar to the UV untreated sample shown in

Fig. 2(a). The UV pretreated sample has displayed a weathered texture, with localized abrasions,
grooves, pitting and striations, by the end of week-Il, as shown in Fig. 2(e). By the end of week-1V, the UV
pretreated PET sample shows a significant surface roughness and layer peeling, and even cracking, with
significant morphological changes, as shown in Fig. 2(f). Fragments of the sample material adhering to
the sample backbone could also be observed from Fig. 2(f), indicating the fragmentation of the material.
The untreated PET sample shows a visibly higher fragmentation in the SEM image (Fig. 2c), as
compared to the UV pretreated sample (Fig. 2(f)); which could be due to the higher number of fragments
dissociating from the backbone of the PET for the UV pretreated sample. We can see from the untreated
PET sample that (Fig. 2(b)), a large smooth groove is formed during week-Il, followed by deepening of
the groove and fragmentation by week-I1V. For the UV pretreated PET sample, we see that multiple
surface flaking incisions have formed by week-Il (Fig. 2(e)), which develop into deep grooves with
fragmented features. Although the SEM images could not clearly represent the biodegradation
phenomena, this could be inferred from the gravimetric analysis shown in Table 1 and Fig. 1 for
untreated and UV pretreated PET samples. Literature studies indicate that the cracks in PET
biodegradation are expected to act as essential anchoring points for P. fluorescens, increasing the
available surface area for colonization [32, 33]. The multiple incisions during week-II for UV retreated
sample (Fig. 2(e)) indicate that more bacterial colonization could be supported, as compared to the
untreated sample. Bacteriological action is also known to facilitate the surface for an increase in crack
formation [34]. The morphological evidence confirms a synergistic degradation mechanism in which an
initial UV pretreatment enhances bacterial breakdown of plastic.

The SEM micrographs of the PS blocks illustrate a clear progression of bacterial erosion for both the
untreated and UV pretreated samples. The control sample shown in Fig. 3(a), displays a homogenous,
smooth surface, indicating the absence of biodegradation and the absence of pits and grooves in the
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material. The smooth, layered surfaces in Fig. 3(a) indicate the undisturbed integrity of the PS material.
By the end of week-Il, the signs of biodegradation appear as localized cavities, pits and microgrooves,
with lateral dimensions of the irregular cavities measured at 75.838 um, 82.562 pm and 105.825 um,
using image J software. Figure 3(c) shows that by the end of week-IV, the morphological surface
degradation transitions into deep pits where the PS polymer has eroded from beneath the top surface,
thereby indicating significant material loss, similar to the phenomena reported in the literature [28].

In the UV pretreated samples, the control sample shown in Fig. 3(d), exhibits microfractures from
photooxidation phenomena. This indicates that PS can photodegrade even in the absence of bacteria,
with irregular sized cavity formations, an unsystematic layer arrangement and a significant
morphological change in PS surface is observed. The biodegradation at the end of week-Il, as shown in
Fig. 3(e) indicates that the morphological transition appears to be relatively smooth as compared to the
untreated PS sample (in Fig. 3(b)). This could be due to biofragmentation, where the uneven top layers
detach from the main structure due to the prior photooxidation, facilitating the biodegradation, which
supports the gravimetric analysis from Table 1. In Fig. 3(f), we see a highly rugged, mulched topological
feature indicating massive structural disintegration by the end of week-IV.

The distinct degradation patterns such as cavitation and pitting in PET versus delamination and
hollowing phenomena in PS are a result of the polymers’ physical densities. The porous nature of PS
blocks allows for volumetric erosion, while the crystalline structure of PET sheets limits microbial
activity to surface level etching. The progression from a smooth control to the degraded week-1V
samples, visually validates the biodegradation occurring at the plastic biodegradation assisted by P
fluorescens.

3.3 FTIR analysis

To elucidate the mechanism of degradation of P. fluorescens, Attenuated Total Reflectance-FTIR (ATR-
FTIR) spectra were measured for the control and four-week test samples. Significant spectral
modifications were observed between wave numbers 4000 cm™ ' and 500 cm™ ', reflecting dynamic
changes in vibrational phenomena of the polymers during biodegradation.

Figure 4 shows the FTIR plot of untreated PET, which has not changed significantly during week-l and II,
indicated by the characteristic band of PET, exhibiting an intact matrix during the initial days of
incubation. However, by the end of week- Il and IV, we observe a severe drop in transmittance across the

entire 1500 - 400 cm™" wave number region and the peak at 1715 cm™.

The aliphatic C-H stretching in the regions between 2916 cm™' and 2848 cm™ observed at weeks- and |I
in Fig. 4, diminishes significantly as the biodegradation reaches week-Ill and IV. As bacterial activity
alters the PET surface, the spatial orientation of the backbone responsible for the sharp C-H stretching
peaks gradually disappears over longer durations, i.e., beyond two weeks, causing the signals to
smoothen towards the baseline. This also indicates the systematic loss of methylene groups due to

Page 9/22



biodegradation. The observed shift in the carbonyl (C = 0) peak at 1715 cm-1 is accompanied by a
significant decrease in transmittance. This indicates possible chain scission of the PET backbone.

The major shifts in peaks in the wave numbers range 1800 cm™ and 500 cm™ in Fig. 4 indicate that
major structural changes have occurred during weeks-lll and IV. These include C = C stretching and -CH,

bending peaks at 1500 - 1400 cm™ ', suggesting strong vibrational modes in the backbone benzene ring
of the polymer. This indicates that the biodegradation begins to affect the structural integrity of PET. The
new sharp peaks at 1340 cm™ ' and 1240 cm™ in Fig. 4 indicate strong transmittance signals from 0-CH,
vibrations, which might further affect ester bonds in the PET backbone. From Fig. 4, we see that the
wave numbers ranging from 1250 - 1000 cm™' contain peaks deviating significantly from the baseline in
weeks-lll and 1V, indicating structural changes to the polymer backbone due to C-O-C asymmetric
stretching and C-O ester stretching. These peaks indicate events such as ester bond cleavage, hydrolysis
and further biodegradation of PET polymer, which is in accordance with the SEM image shown in

Fig. 2(c), where the polymer structure begins to degrade by flaking. An analysis of the FTIR spectra in
Fig. 4 also indicates a major and a minor peak between the wave numbers 900 - 700 cm™', which
resulted from aromatic C-H out of plane bending vibrations. This shows that the terephthalate aromatic
ring is affected due to biodegradation, which is an integral part of the polymer backbone, thus resulting
in structural disassociation. Another short transmittance peak developed during week-Ill and IV in the
wave numbers ranging from 500 cm™ to 400 cm™ indicates the skeletal ring deformations, which also
affect the PET backbone. The lower wave numbers indicate progressive changes in the PET sample that
cause loss of structural integrity beyond two weeks of biodegradation using P, fluorescens.

In Fig. 5, we show the FTIR spectra of the UV pretreated PET sample subjected to biodegradation.
Similar to the FTIR spectra of the untreated PET sample shown in Fig. 4, we observe the diminishing

peaks in the wavenumber region 2950 cm™ and 2850 cm™, during weeks-ll, Il and IV. This indicates the
reduced transmittance due to C-H stretching from week-Il in UV pretreated samples, which could only be
observed after week-lll in the untreated samples (Fig. 4). Other significant peaks at 1715 cm™ (carbonyl
bond peak (C = 0)), between 1500 - 1400 cm™" (C = C stretching and -CH, bending peaks), between 1340

- 1240 cm™ (0-CH, vibrations), and between 1250 - 1000 cm™ (C-0-C asymmetric stretching, C-O ester
stretching) in Fig. 5 for UV pretreated PET samples are similar to that of untreated PET samples shown
in Fig. 4. However, in Fig. 4, the peaks are less prominent, whereas in the UV pretreated sample, these
peaks are significant and are visible after week-Il (in Fig. 5). This data is in also in concurrence with the
gravimetric analysis shown in Table 1. A comparison of the FTIR spectra in Figs. 4 and 5 shows lower
transmittance values in the UV pretreated samples than in the untreated samples for the peaks between
1800 and 500 cm™'. The gravimetric analysis from Table 1 shows a significant reduction in weight of the
UV pretreated samples, indicating that the bond vibrations responsible for the peaks could have
dissociated due to possible fragmentation, and byproducts formation could have occurred due to photo
assisted oxidation. Therefore, although the peaks between 1800 cm~" and 500 cm~" are pronounced in
the untreated samples, indicating stronger bond vibrations, the UV pretreated samples likely show
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reduced transmittance or heightened vibration peaks than the untreated samples. This could result from
an accelerated bond dissociation and increased fragmentation, which would explain the greater weight
loss observed for the UV-pretreated samples in Table 1.

For the PS polymer, from Fig. 6, we see that the control sample and early weeks-I and Il samples
maintained the characteristic bands of the original PS polymer. It can be observed in the aromatic C-H
stretching region near 3000 cm™ ' and the fingerprint region between 1600-1700 cm™ ', that the polymer
structure remained largely intact during the initial stages of incubation with P. fluorescens. As the
degradation period progressed, the spectra began to show subtle, but noticeable broadening and
intensity changes, suggesting an alteration in the aromatic ring environment. These changes were
evident by week-IIl in Fig. 6, and more pronounced by week-1V, where, the lower wavenumber region is
relatively irregular, as compared to the control. A distinct sharp peak is evident from Fig. 6, for weeks-llI
and 1V, in the wave number region ~ 700 cm™. For PS samples, the peaks in this wave number region
indicate out of plane bending vibrations of the aromatic C-H bonds. This peak is not prominent in the
control sample or for the samples from weeks-I and Il. However, as the biodegradation progresses, more
C-H aromatic vibrations are present, indicated by the sharp transmittance peak in week-IIl. In week-1V,
this peak has slightly shortened, indicating that some of the C-H bonds could be cleaved, which is
consistent with the gravimetric analysis shown in Table 1. The slight broadening around 3400 cm™
wavenumber indicates the presence of an increase in hydroxyl (-OH) groups from week-I through week-
IV, consistently. This indicates that more hydroxy or hydroperoxide bonds are formed, which is another
indicator of the PS sample structure deterioration. The slight increase in the peaks around ~ 1500 cm™
indicates that the aromatic C = C stretching vibrations are increasing over the weeks-I through IV. The
weakening of C = C bonds in the aromatic rings indicates the gradual degradation of the PS samples
through biodegradation. The evident broadening at around 3000 cm™ ! aligns with PS degradation study
using Gordonia sp. and Novosphingobium sp [35].

The UV pretreated PS samples shown in Fig. 7 from weeks-I to IV showed increase in the absorbed IR
radiation (indicated by a decrease in transmittance) in the wavenumber region 400-800 cm™, as
compared to the UV untreated PS samples. This indicates that more C-H aromatic out of plane vibrations
are present in UV pretreated samples, which will result in faster biodegradation, which is in concurrence
with the gravimetric analysis shown in Table 1. The absorption of IR radiation in the region 1400-1800
cm’, in Fig. 7, indicates that the aromatic C = C bond weakening is more than the UV untreated samples
shown in Fig. 6. Similarly, in Fig. 7, the peak around 3400 cm is much broader than the untreated PS
sample shown in Fig. 6, which indicates that the hydroxyl or hydroperoxide bond vibrations are
significantly higher than the control sample for UV pretreated samples, than that for the untreated
samples.

Therefore, it could be concluded from FTIR analysis that, for PS samples, the cleaving of hydroxide/
hydroperoxide bonds could be the significant contributing factor for the additional biodegradation of UV
pretreated samples, followed by the C = C bond and C-H bond cleavage.
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Conclusion

In this study, the biodegradation of two different polymers (1) PS and (2) PET samples by P. fluorescens
are investigated over a four-week period. Two different polymer conditions are considered, namely (a)
untreated polymers, and (b) UV pretreated polymers for 100 hours. The samples showed progressive
biodegradation, as evaluated by gravimetric analysis, SEM micrographs, and FTIR transmittance plots,
using the vadose zone bacteria. The gravimetric analysis confirmed accelerated biodegradation of UV
pretreated samples, for both PET and PS. For PET, the UV pretreated samples showed a weight loss of
7.11% over a four-week period (vs. 5.33% for untreated PET). Further, it was observed that the UV
pretreatment resulted in an accelerated biodegradation of the sample by a week as compared to the
untreated sample. For PS sample, the UV pretreatment resulted in 41.43% loss in the sample weight (vs.
32.5% for untreated PS) by the end of four weeks. SEM micrographs revealed bacteria mediated surface
pitting to extensive fracturing and rugged topography in both the untreated and UV pretreated PET
samples, while in PS samples, hollowing out of the layers and cavity formation was observed. The PS
samples have shown more pronounced photooxidation due to UV pretreatment. A volumetric cavitation
and material loss due to its porosity was observed in PS, while PET showed surface delamination and
intense grooving. UV treatment accelerated cracking, which could be due to enhanced P, fluorescens
attachment and colonization, leading to accelerated depolymerization. FTIR studies revealed that UV
pretreated PET samples degradation was pronounced in the weeks-ll, lll and IV as compared to the
biodegradation of untreated samples which progressed only during weeks-lll and IV. The significant shift
in the peaks in the higher wave numbers (~ 3000 cm™) towards the baseline showed a decrease in the
systemic loss of methylene groups due to biodegradation. Major peak changes in transmittance were
observed for both UV pretreated and untreated samples between wave numbers 1800 - 500 cm””
indicating a multitude of changes in molecular vibration, which affect the backbone of the sample and
result in fragmentation. Similarly, for the PS samples, the biodegradation proceeded through continuous
surface alteration via hydroxyl/hydroperoxide accumulation (3400 cm™), followed by out of plane
bending C-H linkages during the third and the fourth weeks, which are the major phenomena resulting in
depolymerization. Gravimetric analysis provided evidence for the molecular phenomena observed using
the FTIR spectra, while SEM images confirmed the micrographic evidence of the biodegradation
processes. These findings reveal an integrative molecular and micrographic approach to biocatalytically
driven depolymerization of PET and PS matrices using P. fluorescens, a plant growth promoting
rhizobacterium. This shows successful biodegradation possibilities using naturally occurring bacterial
strain in the vadose zone which will have implications in sustainable plastic waste valorization across
various geospatial conditions, such as agriculture, Municipal Solid Waste Landfill and in improving soil
health.
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Figure 1

Weight loss in the samples over four weeks due to biodegradation
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Figure 2

Scanning electron micrographs of PET - (a) Untreated control PET, (b) week-Il untreated PET, (c) week-I1V
untreated PET, (d) UV pretreated control PET, (e) week-Il UV pretreated PET, (f) week-IV UV pretreated
PET
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Figure 3

Scanning electron micrographs of PS. After pretreatment, the surface morphology of PS changed
significantly. (a) Untreated control PS, (b) week-Il untreated PS exhibiting localized cavities and
microgrooves with lateral dimensions measured at 75.838 ym, 82.562 ym, and 105.825 pm, (c) week-IV
untreated PS, (d) UV pretreated control PS, (e) week-1l UV pretreated PS, (f) week-1V UV pretreated PS
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Figure 4

ATR-FTIR analysis of untreated PET biodegradation pattern by P. fluorescens. The control sample is
indicated as PET C, and the PET biodegraded samples from week-|, I, Ill, IV are represented as PET 1,

PET 2, PET 3, PET 4, respectively. A comparison with the PET sample placed in air for four weeks is also
presented, labelled as PET
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ATR-FTIR analysis of UV pretreated PET biodegradation pattern by P. fluorescens. The control sample is
indicated as UV PET C, and the PET biodegraded samples from week-|, Il, llI, IV are represented as UV
PET 1, UV PET 2, UV PET 3, UV PET 4, respectively. Additionally, comparisons with a PET sample (PET)
and a UV pretreated PET sample (UV PET), both placed in air for four weeks, are presented

100

90

80

70

Transmittance %

60

-——=--P54

50
3900 3400 2900 2400 1800 1400 900 400

Wavelength (cm~')
Figure 6
ATR-FTIR analysis of untreated PS biodegradation pattern by P. fluorescens. The control sample is

indicated as PS C, and the PS biodegraded samples from week-|, Il, lll, IV are represented as PS 1, PS 2,

PS 3, PS 4, respectively. A comparison with a PS sample placed in air for four weeks is also presented,
labelled as PS
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Figure 7

ATR-FTIR analysis of UV treated PS biodegradation pattern by P. fluorescens. The control sample is
indicated as UV PS C, and the PS biodegraded samples from week-|, Il, lll, IV are represented as UV PS 1,
UV PS 2, UV PS 3, UV PS 4, respectively. Additionally, comparisons with a PS sample (PS) and a UV
pretreated PS sample (UV PS), both placed in air for four weeks, are presented
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