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Chapter - 5 

Polymer Degrading Microbial Association of Microplastics 
in Mangrove Ecosystem 
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Abstract 

Global increase of plastic production occurred since the 1950s including 
polymer with additives and filters. Nowadays plastics are integrated into our 
everyday lives. Uncontrolled use of plastics results in threats to the ocean, 
wildlife and even human health. Environmental degradation increases as the 
fragmentation of large plastics into microplastics lead to microplastic 
pollution. Mangroves a biodiversity-rich ecosystems. They also act as sinks 
for diverse contaminants. Microplastic pollution in the mangrove ecosystem 
causes a serious threat to diversity. Some microorganisms of the mangrove 
ecosystem can degrade polymer materials through their metabolic activities. 
Hence this chapter deals with polymer degrading microbial association in the 
mangrove ecosystem. 

Keywords: Microplastics, mangrove ecosystem, microorganisms, 
biodegradation 

Introduction 

Plastics are synthetic polymers, made up of carbon, hydrogen, oxygen, 
silicon, chloride and nitrogen. The main sources of synthetic polymers are 
oil, coal and natural gas [1]. The wide accessibility of plastic is not only due 
to its thermal and mechanical properties but also due to its high stability and 
durability [2]. In the environment, the degradation process of plastics is very 
difficult due to their resilient properties. The physical-chemical and 
biochemical process that take place in the surroundings leads to the 
degradation of the macroplastic into smaller molecules called microplastics 
[3]. Microplastics are less than 5 mm in size [4]. The pollution due to 
microplastic badly effects on the ecosystem, food chain and even human 
wellbeing. Transport of microplastics occurs through stormwater overspill, 
wind movement and atmospheric discharges and waste from the water 
treatment plants. It may enter into the water resources such as brooks, rivers, 
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mangrove ecosystems, seas and oceans [5]. The major impact of microplastic 
pollution is that can be taken by many marine organisms into their body by 
different processes [6]. Ingestion of microplastic leads to the transport of 
pollutants, monomers and additives of plastics to different levels of 
organisms which cause different consequences for their health. Microplastic 
has the capacity to accumulate in higher species, including the human body 
[7]. Microplastics can absorb hydrophobic pollutants like heavy metals and 
could carry them to the food chain [8]. Microplastic is a good carrier of 
various pollutants in water because of its properties like small size, large 
specific surface area and strong hydrophobicity [9]. Mangrove ecosystems are 
a diverse ecosystem given that foods and habitats for different terrestrial and 
ocean organisms [10]. Mangrove ecosystems also transports carbon and 
nutrients to the nearest coastal zone or ocean [11]. The presence of 
microplastic in the mangrove ecosystem was detected by various researchers. 
Surface current and waves are the main driving force for microplastic into 
mangrove ecosystem from the oceans [12]. Some of the polymers like 
polyethylene, polyurethane, etc. can be degraded by the microorganisms, 
they use it as an energy source for their growth [13]. The metabolic activities 
of microorganisms (bacteria, fungi and algae) could degrade polymer 
materials [14].  

Plastics 

Plastics are synthetic long-chain polymeric molecules [15]. In the 
manufacturing process of synthetic polymer, there are two main processes. 
The first process in the manufacturing of polymer is breaking the double 
bond to form a carbon- carbon single bond. The second process is the 
condensation process, elimination of water occurs between alcohol and 
carboxylic acid or amine to form polyamide or polyester. Polyurethane is 
also made by this general reaction [15]. Plastic is two types thermoplastic and 
thermoset plastic. Thermoplastics are made by monomers by breaking the 
double bond in the alkenes by additional polymerization. Through the 
heating and cooling process, the thermoplastics can be repeatedly softened 
and hardened. Thermoplastics form long carbon chains. Thermoset plastics 
are formed by condensation polymerization. They are obtained by 
irreversible hardening a soft solid or the liquid state [16]. Some of the 
thermoplastics are low density polyethylene (LLDPE), high-density 
polyethylene (HDPE), polyvinyl chloride (PVC), low polyethylene (LDPE), 
polypropylene (PP), polystyrene (PS), etc. The thermosetting plastics include 
polyester, polyethylene terephthalate (PET) and polyurethane (PUR) [17]. 
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Microplastics 

Microplastics are polymer chains of carbon and hydrogen atoms. 
Phthalates, Polybrominated diphenyl ethers (PBDEs) and 
tetrabromobisphenol A (TBBPA), are the other compound found in 
microplastics. Several of these chemical additives leach out of the plastics 
after entering the environment [18]. Microplastics are differing in their 
composition, shape and size, the toxicity of the material is also linked to 
their properties [19]. Depending on the monomer microplastics can be 
classified into polyethylene (PE), polypropylene (PP), polystyrene (PS), 
polyvinyl chloride (PVC) and polyamides (PA) [20]. Degradation of plastic 
materials and the small plastics used in cleaning and cosmetics items are the 
main sources of microplastics [21]. The microplastics formed through the 
fragmentation of macroplastics are called secondary microplastics and small 
plastics used in the cleaning and other products are called primary 
microplastics. Primary microplastics are plastics with microscopic sizes. 
They are used in various industries like cosmetics [22]. Primary microplastics 
have also been developed for air-blasting applications [23]. Microplastics used 
as scrubbers in machine and engines to remove paint and rust [24]. 

Secondary microplastics are formed by the fragmentation of 
macroplastics through the different processes [25]. The Physical, chemical and 
biological processes are involved in the production of microplastics [26]. 

Microplastic pollution 

Now a day’s microplastic pollution occurs in every even in remote area 
there is no human activity [27]. With increasing environmental microplastic 
concentrations there is a higher chance of negative impacts in the ecosystem. 
Microplastics have the capacity to alter the normal stability of the biota [28]. 
Ingested, microplastics can cause blockages in the digestive system and 
starvation in the organisms [29]. Plastics transport through the ecosystem also 
causes the introduction of non-native species and disease- causing organisms 
attached with it [30]. Plastic can enter the body of the organisms directly or 
indirectly. The presence of microplastics ranges from detritivores to 
predators [31]. Decomposition and nutrient cycling are negatively affected by 
microplastic pollution [32]. Ingestion of microplastics observed in the 
laboratory conditions in three terrestrial species, the earthworms Lumbricus 
terrestris [33] and Eisenia Andrei [34] and the nematode Caenorhabditis 
elegans [35]. 

Microplastics in the mangrove ecosystem 

Mangrove forests are dynamic ecosystems. Mangroves are the regions 
between tropical and subtropical coastlines. The major advantage of 
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mangroves is they minimize the impacts of natural disasters like hurricanes 
and tsunamis [36]. Due to the unique feature mangroves are a sink for the 
contaminants from the land and marine ecosystem [10]. Now a day’s plastic 
Pollution is the main threat to the mangrove ecosystem [37]. Mangrove trees 
occupy the intertidal area. The special root system of mangroves emerged 
root system, pneumatophores and prop roots create a filter system that helps 
to decrease wave energy and turbulence and it also helps to trap the plastics 
[38]. Surface currents and waves are the main forces giving ocean- based 
plastic materials to the mangrove ecosystem [39]. Urbanization, industrial 
activities, tourism, sewage discharges, etc., are the anthropogenic activities 
that distribute microplastics into ocean, mangroves and other ecosystems [40]. 
Microplastic intake by organisms are a major impact on the mangrove 
ecosystem [41]. The main sources of microplastics into the mangrove 
ecosystem are sewage treatment plants, tourism, fishing activities, 
agricultural activities, shipping, etc [41]. The microplastic pollution in the 
sediments of the mangrove ecosystem is mainly due to the domestic sewage 
from the surrounding population [42]. The Sewage effluents entered into the 
mangroves through the river or drainage retained for a long period in the 
ecosystem. [43]. 

Microbial degradation of microplastics 

Microorganisms are organisms that have the ability to adapt to almost 
every environment [44]. Nowadays it discover that microorganisms have the 
capacity to transform different compounds including plastics. They can 
metabolize substances even in the presence of pollutants. In some situation, 
microorganisms increase the degradation and biotransformation [45]. The 
usage of microbes in the degradation of microplastics can limit the negative 
impact on the environment [46]. Microbial degradation of plastics is a 
bioremediation method that makes a good solution for plastic pollution [47]. 
Bioprospecting of polymer degrading microbial association of microplastics 
is essential. Biodegradation of microplastics is a physicochemical and 
biological process [48]. In microplastic degradation, the microorganisms get a 
new ecosystem for colonization, growth and a get carbon source for energy 
through attaching to the surface of microplastics [49]. Various 
microorganisms are involved in the degradation process. 

Bacteria 

 Bacteria are the main group of microorganisms. They are adapted to 
live everywhere on the earth. Bacteria can live in soil, water and the 
atmosphere. Many of the bacterial species are adapted to degrade the 
pollutants [50]. Now a day’s some of the bacterial species are identified, that 
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have the ability to degrade microplastics. A recent study on microplastic 
degradation has shown that two pure bacterial cultures are able to degrade 
PP Microplastics [51]. It is identified that Waxworms are capable of eating PE 
films [52]. Studies have shown that bacteria can change the outlook of 
microplastics and also can change the properties of microplastics. The 
activities of bacterias are isolated bacteria from the environment adhering 
colonizing and damaging the microplastics [49]. Bacillus cereus and Bacillus 
gottheilii, can degrade diverse types of microplastics [51]. The studies on the 
bacterial degradation of microplastics are progressing the number of bacteria 
selected for screening is still small, with typically isolated taxa including 
Bacillus, Pseudomonas, Chelatococcus and Lysinibacillus fusiformis [49].  

Fungai 

 Fungi can involve in the biodegradation of microplastics. They can 
form a different chemical bonds in the microplastics like carbonyl, carboxyl 
and ester functional groups, these activities decrease their hydrophobicity. 
Fungi show different varieties they show the wide distribution and high 
reproductive ability [53]. Penicillium simplicissimum YK have the capacity to 
degrade PE [54]. Fungi can change the morphology and internal properties of 
microplastics [49]. In a study by Volke-Sepúlveda [55], thermo-oxidized at 80 
°C, 15 days, lowdensity polyethylene (TO-LDPE) mineralization mediated 
by Aspergillus niger and Penicillium pinophilum was also evaluated. Fungi 
can also degrade hydrolyzable plastics [49]. 

Bacterial consortium 

The bacterial consortium is very effective in microplastic degradation. A 
combination of different bacteria can eliminate the effect of toxic 
metabolites formed during bacterial microplastic degradation Compared with 
pure bacterial cultures. This is due to the toxic metabolite produced by one 
microorganism being used by the other one as a substrate [56]. In the study of 
Park and Kim, 2019, the degradation of PE microplastics by a mesophilic 
bacterial consortium was obtained. The two types of bacterial species 
Bacillus sp. and Paenibacillus sp. combained to form a consortium effective 
for the degradation of microplastics [58]. The earthworm Lumbricus terrestris 
has the capacity to degrade the microplastic LDPE. The earthworm decreases 
its particle size by decaying MPs in the gut of the worm [33]. Microbes 
isolated from the gut of the larvae of Plodia interpunctella (mealmoth) can 
partially biodegrade PE [52].  

Biofilm 

The colonization of the microorganism forms biofilms. Biofilm contains 
microorganisms, organic, inorganic particles, cell secretions, etc [59]. 
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Biofilms can damage the structure and function of MPs in diverse ways. 
Some of the activities by the biofilms are it mask surface properties, 
improving degrading additives, secreting degrading enzymes and releasing 
metabolic byproducts [60]. MIcroplstics can immobilize the biofilms that are 
effective for the MPs degradation [61]. 

Degradation 

There are many factors that affect the biodegradation of polymers. What 
is the type of organisms involve in the degradation process, characteristics of 
polymer and nature of pretreatment involved in the degradation. Mobility of 
polymer, groups arrangement in polymers, crystallinity, molecular weight, 
the type of functional groups present and substituents present in its structure 
and are the polymer characteristics that influence its degradation [62]. The 
first step involved in the degradation process is the breakdown in to small 
monomers. Small- sized monomers can only enter into the cellular 
membranes so there is a need for depolymerazation. If it is small monomers 
only can enter into cell for microbial degradation within the cell. In 
microbial degradation depolymerization of microplastics occurs by the 
microorganisms and enzymes, it involves hydrolysis. Hydrolysis is a very 
important reaction in the degradation of microorganisms. Microplastic 
hydrolysis is the opposite to oxidative degradation. In the hydrolysis process, 
the enzymes first bind into the microplastics and catalyze the hydrolytic 
cleavage. Microplastic degradation can be intracellular or extracellular. In 
the intracellular degradation hydrolysis of endogenous carbon occurs. In 
extracellular degradation use of exogenous carbon source occurs. 
Extracellular enzymes break down the microplastics into small monomers. 
The process is called depolymerization. After depolymerization 
mineralization occurs, the monomers are mineralized into CO2, H2O or CH4 
and these are further used as energy sources [63]. 

Conclusion 

Mangroves create unique ecological environments. It is the most 
productive ecosystem. Due to the anthropogenic activities, mangrove 
ecosystems are in threat. Mangroves are such an ecosystem that favors the 
growth of lots of microorganisms like bacteria, fungi and microalgae, etc. 
Mangrove ecosystem is the main attraction for contaminants like 
microplastics (MPs). The conservation of mangrove ecosystem is essential 
for total equilibrium. Many studies show that microbial degradation of 
microplastic. Mangroves favors the microbial degradation of microplastics. 
It will result in toxic- free removal of MPs from the environment.  
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