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Abstract

Several studies have shown that certain microbes, mainly bacteria may have the
ability to digest plastic wastes. The goal of this study was to see how well Bacillus
subtilis, Staphylococcus lentus, Aeromonas hydrophila, Sphingomonas paucimobilis
and Kocuria paedia degrade three kinds of oil-based plastics: low-density
polyethylene (LDPE), polystyrene (PS) and polyvinylchloride (PVC) polymer
sheets. The experiment was conducted for 30 days under laboratory conditions with
occasional shaking at 180 rpm and 32°C. Biodegradation was measured in terms of
weight loss.. Accordingto IR Spectroscopy, the C-H stretch band at 2920cm-1
improved as a result of bacterial degradation of polyethylene. The most affected
polymers were LDPE and PVC films. While PS films were the least affected
polymers. B. subtilis was shown to be the most successful of the five bacterial
species, whereas K. paedia was determined to be the least effective.

Keywords: Polymers waste, Environmental pollution, Polyvinylchloride,
polystyrene, Polyethylene, Degradation of plastics
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1. Introduction
Ease of plastics utility and applicability has made them an essential part of daily life.
Plastics are widely used in the household as well as for industrial purposes. Plastics are
widely accepted because of their cost-effectiveness, superior barrier qualities, bio-inertness
and them being lightweight. Over the previous half-century, plastics industry has risen
exponentially, reaching a production of 322 million tons in 2015 worldwide [1].

Approximately 350 to 400 million tons of synthetic polymers are manufactured worldwide
each year.

A number of cost-effective choices for plastic manufacture include polyethylene
terephthalate (PET), polyvinyl chloride (PVC) and polyethylene terephthalate (PP) [2]. The
problem is that these polymer products are typically made up of non-biodegradable plastics.
Due to unmanaged garbage disposal, a substantial amount of plastic has entered the
ecosystem, and its widespread usehas put the environment in danger. A lack of adequate
plastic waste management and not well-informed public approach to a proper management of
this waste stream are the key reasons behind this problem [3]. Oil-based plastics have the
disadvantage of degrading more slowly due to abiotic environmental conditions (such as
ultraviolet light, high temperatures and physical stress). During biodegradation, plastic trash is
not entirely broken down by microbes or digested by other organisms (biotic factors). Some
of the driving factors behind the lack of a suitable functional group are high molecular weight
(MW), hydrophobicity and crystallinity. Certain microorganisms can help with plastic waste
material fragmentation through the enzymatic activity of microbes and breaking of chemical
bonds [4].

Several bacteria, particularly from the genus Bacillus [5-6] and fungi like Aspergillus spp.
[7], have been observed to exhibit promising results for biodegradation of oil-based plastics.
In one of the previous approaches, [6] the biosurfactant production ability of B. subtilis (B30)
to enhance oil recovery was evaluated. However, employing microbially synthesized
biosurfactants for polymer degradation has not yet been adequately studied. Therefore, the
present study aimed to showcase the ability of selected local bacterial isolates to degrade oil-
based plastic wastes and to provide an eco-friendly approach towards removing these toxic
waste materials.

2. Material and Method
2.1 Polymer Sample Collection
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Study samples were exposed to low-density polyethylene (LDPE), PS and PVC films, all
of which were made up of three different polymers (derived from waste). They were all made
in the 2cm x 2cm format and were then exposed to UV light for 72 hours [8]. The
experiments were carried out in marine bacteriology lab, Marine Science Centre , University
of Basra, Basra, Iraqg.

2.2. Bacteria and growth conditions

In this study, Bacillus subtilis, Staphylococcus lentus, Aeromonium hydrophilic,
Sphingomonas paucimobilis and Kocuria paedia were all included as possible study subjects.
These bacteria were isolated from fish breeding tanks in Marine Science Centre, Basra
University, Basra, Iraq. They were identified through VITEK® 2 BCL card (bioMérieux,
France) [9-10]. At 32°C, bacterial species were incubated for 24 hours in a nutrient broth [11].

2.3. Biosurfactant Output

The production of biosurfactants verification was done using Vipulanandan and Ren's
method [12]. Each bacterial species was injected with a fresh nutrient medium and cultured at
32°C for 24 hours to create biosurfactants. Olive oil, 30 ml/L, was added to water to promote
bacterial growth. For three and seven days, conical flasks were placed in a shaking incubator
at 180 rpm and 32°C (measurements were made after three and seven days).

2.4. Estimation of Biosurfactants

The estimation of biosurfactants was carried out through a screening test [13]. In an oil-
spreading experiment, a thin oil layer was created in a petri dish using 10 L of crude oil and
40 ml of distilled water. Ten liters of crop culture or crop culture supernatant were deposited
gently in the middle of the oil sheet. Because of the biosurfactant, oil moved to a more open
area.

2.5. Quantification of Biosurfactants

Biosurfactant generated by various bacterial species was quantified using Biuret test [14].
Reagent kits: Bacterial biosurfactant was estimated using a total protein measurement kit from
the manufacturer: BIOLABO SAS, Les Hautes Rives 02160, Maizy, France. The colorimetric
kit for total protein assay was purchased from commercial laboratories. In order to determine
the total protein content, we used the following equation [8]:

. le ab b
Total protein = ——22TTZ_ y 60

standard absorbance

2.6. Biosurfactant Extraction

Biosurfactants were extracted using the acid precipitation method [15]. The cultures were
centrifuged at 4000 rpm for 30 minutes at room temperature. The pH of the supernatant was
changed to 2 by adding 1 M H,SO4 to it (acid was added until the pH reached 2). It was
diluted with chloroform and ethanol in a 2:1 ratio. These combinations were agitated
vigorously and were left to dry overnight to ensure adequate mixing.

2.7. Setting Up an Experiment

3.5L of the mineral salt medium which contained 1litre of NaNO3 (2 gram), MgSO, (0.5
gram), KH,PO, (0.14 grams), K;HPO, (1 kilogram), yeast extract (0.02 grams) and water was
placed in 20 conical flasks, which were then shaken for 30 days. Tests were conducted to
determine the initial weight of polymer films. Proportionate combinations of polymer film,
microorganisms and biosurfactants were used to inoculate the conical flasks. For 30 days, the
experiments were incubated at room temperature with 180 rpm shaking at 32°C [16].
Combinations formulated were: UP + B1; UP + B1 + BS; TP + B1; TP + B1 + BS
where,
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UP=Untreated PE film;
TP= Treated Polymer film;
B1= Bacterial species;
BS= Biosurfactant.

2.8. Scanning Electron Microscope with Field Emission (FESEM)

Field emission scanning electron microscopy (FESEM) was used to observe the structural
morphology of these three polymers [Mod. T did the scan]. On display at the Beam Star
Laboratories in Iran were Mirall (made in the Czech Republic). According to Dang et al.’s
recommendations [17], a thin layer of platinum was applied to their surface to aid in electrical
conductivity.

3. Results and Discussion

Many environmental issues, such as high and low-density polyethylene, are associated
with the most prevalent synthetic plastics. Bacteria, fungi and other microorganisms play an
essential part in the breakdown of synthetic polymers in their natural habitats.

3.1. Pretreatment with UV

Following the UV treatment, the films were subjected to gravimetric analysis. Table |
summarizes the findings. The weight reduction, examined after pretreatment, was not
determined to be necessary, as can be seen in the table.
Weight loss = (Polymer film weight before UV-Polymer film weight after UV).

Table I: Gravimetric analysis of the films

Table I: Gravimetric analysis of the films

Polymer type Before UV (g) AUET U el foss )

0.0058 0.0056 0.0002

0.0058 0.0057 0.0001

LDPE (P1) 0.0056 0.0055 0.0001
0.0057 0.0056 0.0001

0.0056 0.0054 0.0002

0.078 0.077 0.001

0.076 0.076 0.000

PVC (P2) 0.077 0.077 0.000
0.078 0.078 0.000

0.078 0.078 0.000

0.097 0.097 0.000

0.096 0.096 0.000

PS (P3) 0.097 0.097 0.000
0.096 0.096 0.000

0.097 0.097 0.000

3.2. Estimation of Biosurfactants

The presence of biosurfactants was confirmed by adding the produced supernatant to an
oil layer spread over water. The results are shown in Figure 1. These results were in
agreement with [18] who proved that the degree of polymer degradation is proportional to the
amount of UV light irradiation time. As well as these results were in agreement with
Montazer et al. [19] who stated that a combination of photo-oxidation generated by UV
exposure and biodegradation with new bacteria, could increase plastic disintegration in a
natural and feasible way with no negative environmental consequences.
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3.3. Biosurfactants Quantification

Table 2 represents the estimation of biosurfactants after three days of incubation by
different bacteria employed in the study. It can be seen that among five used bacterial species,
B. subtilis was the largest total protein producer (133.38 pg/l) followed by S. lentus (115.80
pg/l). Whereas Sphingomonas paucimobilis was found to be the least total protein producer
(49.25 pg/l). More or less, a similar pattern was observed after seven days of incubation as
represented in Table 3. The only difference found this time was that K. paedia was found to
be the least total protein producer (72.88 ug/l) instead of Sphingomonas paucimobilis. These
results were in agreement with Al-Wahaibia et al. [6] who pointed out that B. subtilis
developed a powerful biosurfactant (lipopep-tide comparable to Surfactin) that is quite stable
under hard conditions and provides stable emulsions with a wide range of hydrocarbons.

Table 2: Biosurfactant estimation after 3 days of incubation
Bacterial species Absorbance Total proteins pg/ |
Blank: 0.133

Standard : 0.843
B. subtilis 1.874 133. 38
S. lentus 1.627 115.80
K.paedia 0.692 65.83
A. hydrophila 0.732 52.09
0.925 49.25

Table 3: Biosurfactant estimation after 7 days of incubation
Bacterial species Absorbance Total proteins pg/ I.

Blank: 0.133
Standard : 0.843
B. subtilis 2.213 157.50
S. lentus 1.823 129.75
K.paedia 1.024 72.88
A. hydrophila 0.732 93.80
1.554 110.60
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3.4. Analysis of Polymer Film by Gravimetric Method
Polymer films were weighed after 30 days of incubation. The gravimetric analysis findings
are shown in Table 4.

Table 4: Gravimetric analysis of olymer films after 30 days of incubation
Bacterial Species Polymer Type

B. subtilis
B. subtilis + BS
S. lentus
S. lentus + BS

K.paedia
K.paedia + BS
A. hydrophila

A. hydrophila + BS

+ BS

e P1* P2* and P3* referred to the weight of the three polymers after 30 days of incubation
e The initial weights of the three polymers were 0.0058, 0.078, 0.097g, respectively

The treated polymers had a more significant weight loss than the untreated polymers. Due
to UV light role in polymer oxidation, bacteria were found to have an easier time breaking
down the material. It has also been observed that degradation aids in the adhesion of
microorganisms to polymer films by supporting the degradation process. That is precisely
what Moore [16] found: polymers become brittle and finally break apart due to the hydrolytic
qualities of seawater, oxidative conditions in the atmosphere and ultraviolet (UVB) radiation.
Consistent with Danso et al. [2], microorganisms biodegradation performance is related to
crucial parameters like molecular weight and polymer crystallinity.

Outside of the cell, exo-enzymes (the enzymes that break down polymers) have a wide
range of reactions, from oxidative to hydrolytic and are found in abundance. Exo-enzymes
can break down many polymers into simpler building blocks which the microbial cell can
then use to carry out the degradation process. Polymer reaction to a depolymerization agent is
called depolymerization. Following Dang et al. [17], this study found that Bacillus subtilis
was the most affected bacterial species.

3.5. Scanning Electron Microscopy.

Distorted structures of the treated polymers were discovered using FESEM. At magnification
ranging from 50 to 200 kx. FESEM pictures of polymers treated with B. subtilis
(biosurfactant or not) were taken. Despite this, images with a 200kx magnification were
selected (Figure 2 a-f).

The surface degradation of polymers treated with Bacillus subtilis, with or without
biosurfactant, was more significant with holes, cracks and disintegration. The biosurfactant
interaction with the polymers reduced polymer dimensions, thus accelerating their natural
breakdown. Bacillus subtilis was seen to break down the polymers into smaller molecules. As
Raaman and et al. [20] discovered that the plastic breakdown began only after Bacillus
colonized polymers as the sole carbon source that lead to their degradation. According to
Patnaik [21], the biosurfactants produced by bacteria can be further tailored to aid in the
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bioremediation of highly contaminated industrial effluents containing aliphatic and
polyaromatic hydrocarbons to improve solubilization and degradation.

D3 =38.89 nm

D1 = a5 88 nm

D3 =35 58 nm

....... o | TS e |

192 65 nm

3= 33.77 nm

Bacillus subtilis and biosurfactant, (c) treated PVC with Bacillus subtilis, (d) treated PVC
with Bacillus subtilis and biosurfactant, (e) treated PS with Bacillus subtilis, (f) treated PS
with Bacillus subtilis and biosurfactant

3.6. Fourier Transform InfraRed (FTIR) Spectroscopic Analysis of Polymers Films

These polymeric films were treated with biosurfactants, as seen in FTIR spectroscopy in
Figures 3, 4 and 5. (PE, PVC, and PS). Figures 3a, 4a and 5a show that the films, without the
addition of biosurfactants PE, PVC and PS, displayed more considerable intensity peaks than
the films with the addition of biosurfactants (Figures 5a, 3b, 4b and 5b). The greater the peak
intensity, the greater was the relationship. For example, central band C-H stretch of 2920 cm-
1 was visible (Table 5). Polyethylene's C-H stretch band at 2920cm-1 grew significantly due
to bacterial deterioration, as demonstrated by IR spectroscopy (Figure 3c).
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Figure 3: FTIR spectrum of PE (a) without addition of biosurfactant (b) with the addition of
biosurfactant (c) virgin PE
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Figure 4: FTIR spectrum of PVC (a) without addition of biosurfactant (b) with the addition
of biosurfactant (c) virgin PVC
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Figure 5: FTIR spectrum of PS (a) without addition of biosurfactant (b) with the addition of
biosurfactant (c) virgin PS
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Table 4: The important characterization peaks in FTIR
IR Peak

No. Wave Number (cm™) Bond Functional Group
1 3200-3500 O-H Stretch Alcohols, Carboxylic acid
2 3050-3150 -C-H Stretch Aromatic
3 3000-2850 -C-H Stretch Alkanes
4 2830-2700 H-C=0: C-H stretch aldehydes
5 1710-1650 -C=0 Stretch Ketones, Aldehydes
6 1470-1450 -C-H Bend alkanes
7 1200-1000 -C-0O Stretch Alcohols, Carboxylic acid, ester, ethers
8 850-600 =C-H Bend alkenes

The biodegradation of all polymeric films provided ketone, aldehyde, carboxylic acids and
alcohols due to FTIR. After biodegradation, the carbonyl absorption band at (3200-3500) cm-
1 of all polymers rose dramatically due to the oxidation of polyethylene moieties during UV
treatment. The above results were identical to many previous studies dealing with the
biodegradation of the polymers [22-24].

4. Conclusion

This research studied the biodegradation of three polymeric films by five different
bacterial species. The physical pretreatment method of UV irradiation was chosen because of
its ability to boost microorganisms ability to ingest polymer films. Biosurfactant amphiphilic
design was responsible for the microbes that attached to hydrophobic surfaces. As a result,
bacteria could use polymer as a carbon source at a faster rate when biosurfactants were added
to polymer films. Researchers have discovered that bacteria may obtain energy from polymer.
The thinner the polymer coating, the faster is its degradation, hence resulting in a more
significant weight loss. This study showed bacteria isolated from Iraqgi environment,
especially B. subtilis, can be used as eco-friendly tool to decompose the harmful plastic
wastes instead of the accumulating huge quantities of these wastes. This research also
revealed that bacteria and enzymes in the micro-ecosystem break down plastics in composted
trash. Biodegradable plastic polymers can produce eco-friendly materials, but there is a
difference between the three kinds of biodegradable polymers.

References

[1] C. Muhonja, H. Makonde, G. Magoma and M. Imbuga, “Biodegradability of polyethylene by
bacteria and fungi from Dandora dumpsite Nairobi-Kenya”, PloS one, vol. 13, no. 7, 2018.

[2] D. Danso, J. Chow and W. R. Streit, “Plastics: Environmental and biotechnological perspectives
on microbial degradation”, Appl. Environ. Microbiol, vol 85, no. 19, 2019.

[3] J. A. Glaser, “Biological degradation of polymers in the environment Plastics in the
environment”, Alessio Gomiero, IntechOpen, 2019.
Available:https://www.intechopen.com/books/plastics-in-the-environment/biological degradation-
of-polymers-in-the-environment

[4] A. K. Urbanek, W. Rymowicz and A. M. Miroficzuk, “Degradation of plastics and plastic-
degrading bacteria in cold marine habitats”, Appl. Microbiol. Biotechnol., vol. 102, no. 18, pp.
7669-7678, 2018.

[5] H. V. Sowmya, M. K. Ramalingappa and B. Thippeswamy, “Biodegradation of polyethylene by
Bacillus cereus”, Adv. Poly. Sci. Technol: An Int. J., vol. 4, no. 2, pp. 28-32, 2014.

[6] Y. Al-Wahaibi, S. Joshi, S. Al-Bahry, A. Elshafie, A. Al-Bemani and B. Shibulal, “Biosurfactant
production by Bacillus subtilis B30 and its application in enhancing oil recovery”, Colloids
Surfaces B: Biointerfaces, vol. 114, pp. 324-333, 2014.

[7] V.Mahalakshmi, and S. N. Andrew, “Assessment of Physicochemically treated plastic by fungi”,
Annals Biological Research, vol. 3, no. 9, pp. 4374-4381, 2012.

523


https://www.intechopen.com/books/plastics-in-the-environment/biological%20degradation-of-polymers-in-the-environment
https://www.intechopen.com/books/plastics-in-the-environment/biological%20degradation-of-polymers-in-the-environment

Al-Imara et al. Iragi Journal of Science, 2023, Vol. 64, No. 2, pp: 513-524

[8] P. Vimala and L. Mathew, “Biodegradation of polyethylene using Bacillus subtilis”, Procedia
Technol., vol. 24, pp. 232-239, 2016.

[9] E. Al-Imarah, “Distribution of some aerobic bacteria in an infected Cyprinus carpio L. fish farm
in Basrah and its resistance to antibiotics”, J. Kerbala University, vol. 6, no. 4, pp, 209-215, 2008.

[10]E. Al-Imara and G. Al-Gazzawy, “The study of purified secondary metabolites extracts of
Bacillus subtilis and its chemotaxis effect on biofilm-forming bacteria”, DYSONA-Life Sci., vol.
1, pp. 1-13, 2020.

[11]M. Abouseoud, R. Maachi and A. Amrane, “Biosurfactant production from olive oil by
Pseudomonas fluorescens”, Communicating Current Research and Educational Topics and
Trends in Applied Microbiology, Méndez-Vilas, vol. 1, pp. 340-347, 2007.

[12]C. Vipulanandan and X. Ren, “Enhanced solubility and biodegradation of naphthalene with
biosurfactant”, J Envi Engi, vol. 126, no. 7, pp. 629-634, 2000.

[13] M. Morikawa, Y. Hirata and T. Imanaka, “A study on the structure-function relationship of the
lipopeptide biosurfactants”, Biochim. Biophys. Acta, vol. 1488, no. 3, pp. 211-218, 2000.

[14]P. Jamal, WM. Nawawi and MZ. Alam, “Optimum medium components for biosurfactant
production by Klebsiella pneumoniae WMFO02 utilizing sludge palm oil as a substrate”,
Australian Journal of Basic and Applied Sciences, vol.6, no. 1, p.p 100-108, 2012.

[15] M. Kannahi and M. Sherley, “Biosurfactant production by pseudomonas putida and Aspergillus
niger from the oil-contaminated site”, Int. J. Chem. Pharma. Sci., vol. 3, no, 4, pp. 37-42, 2012.

[16]C. J. Moore, “Synthetic polymers in the marine environment: A rapidly increasing long-term
threat”, Envi. Res., vol. 108, no. 2, pp. 131-139, 2008.

[17]T. C. Dang, D. T. Nguyen, H. Thai, T. C. Nguyen, T. T. Hien Tran, V. H. Le, V. H. Nguyen, X.
B. Tran, T. P. Thao Pham, T. G. Nguyen and Q. T. Nguyen, “Plastic degradation by thermophilic
Bacillus sp. BCBT21 isolated from composting agricultural residual in Vietnam”, Adv. Natural
Sci. Nanosci. Nanotechnol, vol.9, no. 1, 2018.

[18] G. Zhang, Y. Xiao, J. Yan, N. Xie, R. Liu and Y. Zhang, “Ultraviolet Light-degradation Behavior
and Antibacterial Activity of Polypropylene/ZnO Nanoparticles Fibers”, Polymers (Basel).
Vol.11(11), p1841, 2019.

[19] Z. Montazer, H. Najafi, B. Mohammad M. Mohebbi and A. Oromiehei, “Microbial Degradation
of UV-Pretreated Low-Density Polyethylene Films by Novel Polyethylene-Degrading Bacteria
Isolated from Plastic-Dump Soil”, Journal of Polymers and the Environment. 26(9), p.p 3613-
3625, 2018.

[20]N. Raaman, N. Rajitha, A. Jayshree and R. Jegadeesh, “Biodegradation of plastic by Aspergillus
spp. isolated from polythene polluted sites around Chennai”, J. Acad. Indus. Res., vol. 1, no. 6,
pp. 313-316, 2012.

[21]N. Patnaik, “Biosurfactant mediated degradation of phenanthrene”, M.Sc. Thesis. National
Institute of Technology, Department of Life Science, Odisha India, pp. 59. 2015.

[22]S. D. Khandare, D. R. Chaudhary and B. Jha, “Marine bacterial biodegradation of low-density
polyethylene (LDPE) plastic”, Biodegradation, vol. 32, no. 2, p.p 127-143, 2021.

[23]M. S. Anwar, H. Negi, , M. G. H. Zaidi, , S. Gupta, and R. Goel, “Biodeterioration studies of
thermoplastics in nature using indigenous bacterial consortium”, Brazilian Archives of Biology
and Technology, vol. 56, no. 3, p.p 475-484, 2013.

[24]1. Naz, S. A. Batool, N. Ali, N. Khatoon, N. Atig, A. Hameed and S. Ahmed, “Monitoring of
growth and physiological activities of biofilm during succession on polystyrene from activated
sludge under aerobic and anaerobic conditions ”, Environmental Monitoring and Assessment, Vol.
185, no. 8, p.p 6881-6892, 2013.

524



