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Abstract

Biodegradation of polypropylene (PP) by bacteria isolated from internal organs of mullet, Liza grandisquamis were
assessed using gravimetric (weight loss) and Fourier transform infrared (FTIR) spectroscopy analyses. Bacterial
isolates; Staphylococcus epidermidis (AE015931), Pseudomonas xiamenensis (MH734834), Bacillus licheniformis
(AF478085), Kiebsiella pneumoniae (MH021669), Bacillus lentus (AB021189) and Escherichia coli (KX609714) were
screened for capacity to degrade PP, respectively. From the data obtained the degradation of PP occurred in the
following order; Bacillus lentus > B. licheniformis > Staphylococcus epidermidis > Klebsiella pneumoniae > Escherichia coli
overtime. However, further research would be needed to understand clearly the mechanism of biodegradation of PP
and the applicability of these bacteria on related synthetic polymers. The standardized protocols for the biodegradation

of PP are also required.
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1. Introduction

The plastic debris at the sea surface consist of mainly polyethylene (PE), polypropylene (PP) and polystyrene (PS)
because of their high surface-to-volume ratios [1, 2]. The sorbent property, oleophilic, hydrophobic and high buoyancy
of PP, also have resulted in wide scale application for oil spill remediation programmes [3,4]. The occurrence of the five
most abundant polymers in the environments have been reported to followed this order PE > PP > PVC > PET > PS due
to global plastic demand and polymer density [5,6, 7].

The demand for PP alone was high with an estimated 25% global consumption in 2012, and has broad range of
applications such as in polymer blending processes, food, medical, beverage and automobile industries [8-11].
According to Proshad et al.[11] no harmful substances are found in foodstuffs packaged in PP containers and are
therefore, considered safe for humans. Conversely, the use of PP has been shown to have different but harmful effects
on various cell lines, based on the size and different concentrations in use, and that the interaction of microplastics with
humans have capacity to produce different pathological conditions such as cytotoxicity, hypersensitivity, unwanted
immune responses, and acute responses like haemolysis, thus representing a potential risk to human health [12,13].

Even though PP is a polyolefin/saturated polymer which is prone to oxidative degradation as PE, it differs from it by
possessing a methyl substituent which makes it more resistant to microbial degradation. However, reports on
degradability of PP by microbes focused exclusively on those derived from soil [14,15] whereas majority of investigators
concentrated on biodegraders of polymers from soil and sea/water sources exclusive of PP [8,16,17]. Such biodegrading
bacteria of synthetic polymers have been reported to belong to several genera; Bacillus, Pseudomonas, Staphyolococcus,
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Acinetobacter, Brevibacillus, Comamonas, Microbacterium, Alcaligenes, etc., [8,17,18,19] whereas Pseudomonas and
Vibrio were reported for PP [14,20].

Little or no research is focused on the degradation of PP by bacteria isolated from vertebrate sources such as fish. In
spite of the massive accumulation of PP in the environment and putative human health problems there is paucity of
literature on its biodegradation. Therefore, this study investigates the biodegradation of polypropylene by bacterial
isolates from the organs of a fish, Liza grandisquamis harvested from Ohiakwu estuary in Rivers State, Nigeria.

2. Material and methods

2.1. Source of bacteria

The bacteria used for this work was obtained from those identified molecularly as part of a research project carried out
at the Department of Microbiology, Rivers State University, Nkpolu-Oroworukwo, Port Harcourt.

2.2. Identification of polypropylene (PP) and confirmation

PP particles were sorted under a dissection microscope fitted with ocular lens and finally identified under a light
microscope. The PP sample used was washed and left to dry at ambient temperature. It was confirmed using Fourier
transform infrared (FTIR) spectroscopy with a single-element MCT detector. Cary 620-670 FTIR microscope, equipped
with a GeATR crystal (Agilent Technologies) was used for the analysis and recorded directly with a spectral resolution
of 8cm1, in the 4000-650 cm~1 spectral range.

2.3. Biodegradation of PP by gravimetric (weight loss) analysis

Microplastics isolated from the organic matter of the fish were weighed and aseptically transferred to nutrient broth
medium and inoculated with isolates (hydrocarbon utilizing bacteria from Mullet) to determine biodegradability of
plastic fragments. Control were maintained with plastic discs in the microbe-free medium. The removal of bacteria from
the plastic surfaces was confirmed by microscopic examination. Different flasks were kept in a shaker for 30 days at
room temperature. Then, the PP particles were collected, washed thoroughly using distilled water, shaded-dry and then
weighed for final weight. The percentage degradation was determined by measurement of gravimetric weight loss using
the formula:

Weight loss (%) = (Initial weight - Final weight) x 100

Initial weight

2.4. Statistical analysis

All the experiments were carried out in duplicates (n = 2) and the results are presented in mean value with standard
deviation (Mean * SD). Duncan multiple test, two-way ANOVA and SPSS version 22 were used.

3. Results and discussion

Bacterial growth was initiated over a period of 5 days, attaching to the surface of polymer pellet, extended around it
overtime. Some of the degradation effects are visible such as discolouration, loss of gloss and brittleness compared to
the uninoculated whereas other chemical changes, such as bond scission and the formation of new functional groups
were detected only with specific analyses. Previous exposure to the internal fish microcosm and size would have also
contributed to enhancement of degradation [2,14,21] Furthermore, surface irregularities (increased ridges) on PP sheet
depicted in Figure 1, after 2weeks of incubation suggests bacterial attack. Similar findings had been reported in
literatures [22-25]. The deterioration/degradation was possible due to chain cleavage, leading to the formation of low-
molecular weight fragments (oligomers), dimers or monomers [26]. The degradation is due to the extra cellular
enzymes secreted by the organism. These low molecular weight compounds are further utilised by the microbes as
carbon and energy sources. Small oligomers may also diffuse into the organism and get assimilated.
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Figure 1 FTIR spectroscopy photograph of PP at storage/incubation.

After 5 days of incubation, biofilm was observed over the surface of polypropylene pellet and when the gravimetric
(weight loss) analysis was done there was slight increase in weight. Then, the samples were kept for an extended
incubation period until a significant difference in weight compared to initial weight was recorded. According to Cacciari
etal. [14], PPs incubated with adapted communities of microbes under limited aerobiosis without preliminary chemical
or physical treatment undergoes biodegradation [14]. The results indicated that B. lentus had the highest percentage
weight loss, (i.e., colonized and utilized more PP as carbon source than others) followed by B. licheniformis and
Staphylococcus epidermidis, Figure 2.
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Figure 2 Gravimetric (weight loss) of PP due to bacterial degradation.

The FTIR spectrum of fraction (Fig. 3) showed -C-H stretch at 3000-2800cm ! (Alkane), -C-H bend at 1470cm-! (Alkane)
and -CH3 (Methyl) confirmed the hydrocarbon structure. In addition, both spectra (Fig. 4) at 1800-1665cm™! (Ketone)
and at 1200-1000cm-! (Alcohol, ester) validates that certain limited oxyfunctionalization of carbon chain has occurred
[14,17,27].
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Figure 3 Fourier transform infrared (FTIR) spectra of Polypropylene overtime.
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Figure 4 Screen capture of the referenced polypropylene spectrum (Blue) overlaid with an identified polypropylene
spectrum (Orange).

From the data presented above, it becomes apparent that bacterial species with various catabolic potentials can act in
vitro to degrade PP. The evidence emanates from contemporary weight loss of samples together with spectral analyses
which indicate that the extraction products had substantial quantity of hydrocarbons as such metabolites were absent
from uninoculated or cultures grown without PP. Other workers have also revealed that the formation of carbonyl and
hydroxyl groups indicated intrinsic viscosity and chain scissors in PP which makes it more susceptible to biodegradation
overtime [14,21,27-30]. It therefore, confirmed that bacterial attack occurred and the major bacteria involved were
Bacillus lentus, B. licheniformis and Staphylococcus epidermidis. However, these organisms are different from
Pseudomonas and Vibrio previously reported [14, 20] and such differences may arise due to geographical location and
ecology of the plastisphere.
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4., Conclusion

The study has revealed that bacterial isolates from the internal organs (gill, intestine and tissue) of wild mullet (Liza
grandisquamis) had the capacity to degrade polypropylene (PP) plastic. The order of degradation was Bacillus lentus >
B. licheniformis > Staphylococcus epidermidis > Klebsiella pneumoniae > Escherichia coli. However, further research
would be needed to understand the mechanism of biodegradation of PP and the applicability of these bacteria on related
synthetic polymers.
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