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Abstract—We are living in a period of time where gaining access to clean 
water, food and even air is almost impossible. Everything on the planet Earth is 
contaminated in one form or another. Not only humans but all the creatures of 
the planet are under constant threat from atleast one of the forms of pollution. 
Like other forms of pollution, plastic pollution is also a huge and mounting 
problem and it demands a similarly ambitious and influential solution. As ‘hu-
man-caused climate change’ received so much attention, this issue also needs 
the same consideration and it should be approached in the same way. Plastic 
pollution is killing our planet! It’s choking our oceans by making plastic gyres, 
entangling marine animals, poisoning our food and water supply, and ultimately 
inflicting havoc on the health and well-being of humans and wildlife globally. 
With the exception of small amount that has been incinerate, virtually every 
piece of plastic that was ever made in the past still exists in one form or another. 
And since most of the plastics don’t biodegrade in any meaningful sense, all 
that plastic waste could exist for hundreds or even thousands of years. If plastic 
production isn’t circumscribed, plastic pollution will be disastrous and will 
eventually outweigh fish in oceans. It’s time to think about the plastics, banning 
the single use plastics, thinking about the recycling and going towards the zero-
waste concept. This paper covers the reviews about current research on the plas-
tic disasters by plastic industry and biodegradation of the conventional synthetic 
plastics by different microorganisms and major concerns related to ocean plastic 
pollution. 
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1 Introduction 

Plastics are man-made, polymeric molecules which are arranged in long chains [1]. 
The importance of plastics can be seen in everyday life as it has become a very crucial 
part of our living systems. It is not more than a half a century ago, when synthetic 
polymer started to substitute natural materials in almost every area. With the passage 
of time, the strength and durability of plastics have been upgraded uninterruptedly, 
and it resulted in improved quality of plastic which are resistant to many ecological 
influences. Hence this group of materials is now considered as a synonym for those 
materials which are inert and resistant to different environmental conditions. The 
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word plastic is from the Greek word “plastikos”, meaning ‘ability to be shaped or 
molded into different forms/shapes’ [2]. The plastics we use in everyday life are made 
from inorganic and organic raw materials, such as carbon, silicon, hydrogen, nitrogen, 
oxygen and chloride. Coal, natural gas and oil are used for the extraction of basic 
materials used for making plastics [3]. Nowadays, an extensive variety of petroleum-
based synthetic polymers are produced worldwide to fulfill the needs of growing 
population. Approximately 140 million tons of plastics are made per year and remark-
able amounts of these polymers find their way in the ecosystem as industrial waste 
products. A very great deal of plastics is used for packaging which comprises around 
30% of the total plastics produced. This utilization is expanding at a rate of 12% per 
annum which is quite a high rate. Synthetic plastics are commonly used in packaging 
of products like food, drugs, cosmetics, chemicals and detergents. They have replaced 
paper and other cellulose-based products for packaging because of their better physi-
cal and chemical properties. Their resistance, light weight, non-degradable nature and 
strength makes them a better choice. Polyethylene (LDPE, MDPE, HDPE and 
LLDPE), polypropylene (PP), polystyrene (PS), polyvinyl chloride (PVC), polyure-
thane (PUR), polyethylene terephthalate (PET), poly butylene terephthalate (PBT) 
and nylons are the most widely used plastics for packaging. The widespread applica-
tions of plastics are not only due to their favorable mechanical and thermal properties 
but also mainly due to the stability and durability which are the vital factors to be 
considered. Major reason why plastics have attained more public and media attention 
is because of their robustness, durability and clear visibility in the litter as compared 
to other component of the solid waste stream.  

In recent years it has been observed that the demand for resources increased tre-
mendously with the increase in population and urbanization. In 1993, the global de-
mand for plastics was over 107 million tones, which increased to around 146 million 
tons in 2000 [4]. Plastic is one of the dangerous elements among waste. Plastic and 
polymeric products are now being a part of our life and living without them is almost 
beyond thoughts. Plastic products got propagated and widely being accepted because 
of many reasons like light weight, attaining different shape/form, color diversity, non-
corrosive in nature, saves the use of plant woods for house hold furniture and much 
more. 

The applications of plastic are rapidly snowballing all over the world. Glance of 
their usages pattern in daily life indicates that we are approximately surrounded by 
70-80% of plastics ranging from packaging materials, kitchenware, automobiles and 
children toys to the components of the designed products, the biomedical devices or 
aircrafts. Production of plastic has increased from 0.5 million tons in 1950 to 260 
million tons in 2007. This increase in usage, especially throwaway items of packag-
ing, makes 37% of all the products of plastic [5].  

Plastics are used in a variety of other consumer and industrial products viz. fibers, 
textile, packaging, automobiles, paints, alternate building materials etc. Due to their 
multipurpose properties, plastics are also used in the electronics such as television, 
refrigerators, air conditioners, agricultures etc. The use of plastic medical devices in 
hospitals for the storage and transfusion of life saving fluids, syringes, blood bags, 
biomedical implantations, tubing and heart valves for the cardiac patients is of utmost 
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importance. In the present scenario, 33% of plastic is being used for the packaging 
purpose, building construction constitutes about 20%, 7% in automobiles, electrical 
and electronic items make 10%, agriculture and other sectors constitutes 5% and 25% 
respectively. Plastic use is dominated by single use which has a very short life span, 
and at the same time most plastics are extremely persistent in the environment thus 
intensifying the situation [6].  

2 Disasters by Plastic Waste 

Plastics are one of the most persistent forms of pollutant that takes hundreds of 
years to degrade. Scientists around the world are increasingly discovering wildlife that 
has been killed after feasting on plastics or becoming entangled in plastic and choked 
to death. The literature on marine debris leaves no hesitation that plastics make-up 
most of the marine litter worldwide [7]. Approximately 90% of the birds have been 
found to have plastic in their stomachs. And the problem is only getting worse. These 
plastics will not only kill more wildlife; they’ll also decimate coral reefs and will 
severely effect the marine ecosystem. Plastic effects on human health is another major 
concern that need utmost attention as microplastics enter the food chain, contaminates 
it and finds its way to human body. If production and use of plastics keeps increasing 
at this rate, it will soon create more and bigger dead zones where nothing would live, 
will harm biodiversity, and will change ecosystems. There will likely be other, un-
known impacts; as researchers have only been studying ocean plastics for less than 
two decades. 

The first ever report on marine environment pollution by plastics was documented 
about 50 years ago, less than two decades after the rise of marketable plastics produc-
tion, when less than 50 million metric tons were produced annually. In all major ma-
rine habitats, plastic debris has been detected ranging from microns to meters. In re-
sponse, concerns about risks to marine wildlife upon exposure to the varied forms of 
plastic debris have augmented and resulted in stimulating new research and conse-
quences of plastics contamination in the marine environment. Despite remaining 
knowledge gaps in mass budgeting and challenges in investigating ecological impacts, 
the increasing evidence of the ubiquity of plastics contamination in the marine envi-
ronment, the continued rapid growth in plastics production, and the indication—albeit 
limited—of demonstrated influences to marine wildlife support immediate execution 
of source-reducing measures to decrease the potential risks of plastics in the marine 
ecosystem [8]. 

The quantity of plastic waste from household have increased remarkably in recent 
decades [9]. Plastic waste treatment is becoming a global mission for the entire na-
tions of the world due to its adverse effects on environment as well as marine life [10, 
11]. In past, plastic waste has been degraded by concerned authorities within other 
waste in landfill which emerged an expensive method [12, 13]. Its effects on envi-
ronment are countless and are of serious concerns but following are of utmost im-
portance to consider and resolve. 
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There is still less information about the impact of plastics on marine ecosystem as 
it is the primary concern of plastic pollution [14, 15]. However, with the passage of 
time there is increasing knowledge on harmful effects of plastic pollution on marine 
ecosystem [16). Since the use of plastic pollution has been increased with the invest-
ment of global population with the passage of time, that’s why its threats to marine 
life also been increasing on same ratio([17]. A study in the North Pacific Ocean re-
vealed that plastic particles has been found in stomachs of 8 out of 11 sea birds [18]. 

Plastic has adverse effects on marine organisms, especially microplastic having 
size less than 5mm, has been assessed. It has been concluded that microplastic may 
transferred toward the circulatory system [19]. Due to this, other organisms which 
rely on the marine life for food are also affected hence creating a primary effect on 
food chain [20, 21]. Studies on marine mammals show that plastic particles shift to-
wards food chain by consuming plastic effected fish [22]. Similarly, accumulation of 
larger plastic particles has been observed in ocean gyres, on beaches and in sediments 
throughout the world which effects marine life as well humans [23]. 

According to BBC, with the growth of world population, most of the marine spe-
cies are threatened day-by-day due to the emergence of larger amount of plastic waste 
on bank of oceans and freshwater. Wildlife especially marine animals are on high 
risks as they become tangled in plastic or ingest it. One plastic bag can kill many 
species and it will still remain the same. Many evidences have come across showing 
the death of marine animals due to plastic. A whale was found dead in the coast of 
Philippine due to ingestion of 40 kgs of plastic, which was found in his stomach [24]. 

There are many evidences regarding the death of marine animals in the oceans. Sea 
birds like gulls along with sea mammals such as seals, turtles, dolphins and whales get 
trapped in plastic bags and choked routinely. Fish ingest plastic bags and other micro 
plastic particles which are further consumed by human and other animals, have dan-
gerous carcinogenic effect and hence effecting the food chain and environment con-
stantly [25]. 

According to United Nation, 80% of oceanic pollution comes from land and it con-
stitutes 8 million tons of plastic waste each year, and causes death to more than 1 
million and 0.1 million of sea birds and sea mammals annually. Plastic pollution, 
apart from other dangerous pollutions, is damaging major part of marine resources of 
water world. Major increases in the fishing and tourism industry has been associated 
with the continuous disturbance of the marine species like turtles and birds, whales 
and dolphins, and finally entering to remote areas of the world and especially occupy-
ing the food chain.  

In the ocean, where plastic cannot be easily removed, it gets accumulated in organ-
isms and sediments, and persists much longer than on land. New evidence indicates a 
complex toxicology of plastic micro- and nanoparticles on marine life, resulting in 
food chain poisoning and ultimately effecting humans on land [26].  

While turning towards the impact of plastic on human health there is a growing lit-
erature on its potential health risks [27]. A wide variety of chemicals that are used in 
manufacturing process of plastic are extensively harmful to human and may cause 
serious health threats i.e. reproductive abnormalities [28, 29]. Besides this, exposure 
to these chemicals may cause endocrine disruption and other damages to molecular 
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system of the body [30]. It mainly exposes to human body through ingestion, inhala-
tion and dermal contact [31, 32]. 

Report published in Guardian on October 22nd 2018, states that microplastics of 9 
different types were found in stool sample of size ranging from 50-550 micrometers. 
Polypropylene and polyethylene terephthalate are mostly found plastics. Rough esti-
mation by author indicates that more than 50% of the world population might have 
microplastics in their stools, though they stressed the need for larger-scale experi-
ments to confirm this. “The smallest microplastic particles are capable of entering the 
bloodstream, the lymphatic system, and may even reach the liver,” said Schwabl, who 
will further report on the study. As first evidence of microplastics presence inside 
humans are confirmed, we need further research to understand what this actually 
means for human health and future.  

3 Plastic Degradation 

In last few years a remarkable pressure on disposal of plastic waste has been ob-
served on authorities. Some technological advancement has been made in biodegrada-
tion disposal of plastic as it is shown by many researchers that some type of plastic 
such as thermoplastic which is derived from polyolefins are biodegradable through 
photo degradation [33]. 

Any change, either physical or chemical can occur in polymer as a result of envi-
ronmental influences, such as light, heat, moisture, chemical conditions or biological 
action. Polymer degradation can be defined as processes that induces changes in the 
physical, chemical or biological reactions resulting in breaking of bonds and subse-
quently results in chemical transformations. Degradation has been reflected in chang-
es of material properties such as mechanical, optical or electrical characteristics, in 
crazing, cracking, erosion, discoloration, phase separation or delamination. The 
changes include bond scission, chemical alteration/transformations and formation of 
new functional groups [34].  

As our environment and especially oceans are heavily polluted by plastics, so there 
emerges a need for its degradation. Conventional methods of polyethylene degrada-
tion includes incineration, landfill and chemical treatment.  All such techniques are 
lethal to the neighboring environment by causing hazardous effects on living organ-
isms. Incineration effect on the environment are more hazardous in a way that differ-
ent gases are released into the atmosphere thus causing severe health concerns. Incin-
eration involves heating plastic waste at a high temperature and thus degrading it. 
Approximately 11% of the plastic has been incinerated till date. This is a very small 
fraction as remaining huge portion still persists in the environment in one form or 
another.  

3.1 Plastic biodegradation 

Different polymers with high molecular weight combine to form a broad term 
named as plastic and it can be degraded by many processes but microbial degradation 
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of plastic seems to be most effective process due to bioavailability and abundance of 
microorganisms and enzymes in the environment. For plastics, being utilized by mi-
croorganisms as their substrate doesn’t require only chemical properties of plastic but 
also its physical characteristics like melting point, gas transition temperature, crystal-
linity and modulus etc. [35].  

Many researchers showed their keen interest in the microbial degradation of plastic 
as many organic and inorganic materials like lignin, starch cellulose and hemicellu-
lose are biodegraded by microbes. Some bacteria present in soil consume polyester 
polyurethane as solitary source of carbon and nitrogen. Similarly, recent research 
revealed that many microbes present in mangrove soil culture are capable of biodeg-
radation of plastic in efficient way but at a slow rate [36]. Likewise, bacteria many 
fungi are also able to degrade plastic by penetrating in the polymer solids. Biodegra-
dation of plasticized polyvinyl plastic in in-situ and ex-situ has been observed through 
fungal colonization [37]. Microorganisms discharge many enzymes into soil water 
which start the breakdown of polymers. Microbes secrete Intracellular and extracellu-
lar polymerases enzymes which breakdown the complex polymers and results into 
monomers which are minor and can easily be penetrated into cell wall hence used as 
the source of carbon and energy and the process is called depolymerization. Further-
more, this process when ends up on the products like carbon dioxide, water or me-
thane then it is known as mineralization [38].  

Like many other microbes’ bacteria are also a major blessing of nature as they help 
mankind in many ways specially to get rid from waste. There are almost thirty-nine 
different soil bacterium species which are capable of degrading the plastic [39]. Plas-
tic is degraded aerobically in wild nature or open environment while anaerobically in 
landfill and sediments but it is also degraded partly aerobically and partly anaerobical-
ly in compost and soil. Carbon dioxide and water are produced in aerobic degradation 
of plastic while methane is also released in anerobic degradation of plastic [40]. 

A better solution for the complete degradation of plastics has not yet been formu-
lated. However, to solve this global issue biological mode of polyethylene degrada-
tion may be evaluated and developed in the upcoming future. Many microbes hold 
biodegradation capabilities and can be utilized for the purpose. 

In 1991 B. Lee [41] and his team investigated the ability of lignin-degrading mi-
croorganisms to attack degradable plastics in pure shake flask culture studies. The 
degradable plastic used in this study was formed commercially by using the Archer-
Daniels-Midland POLYCLEAN masterbatch and contained 6% starch and pro-
oxidant.  The known lignin-degrading bacteria Streptomyces viridosporus T7A, S. 
badius 252, and S. setonii 75Vi2 and fungus Phanerochaete chrysosporium were used 
in the study. Pro-oxidant activity was enhanced by placing a sheet of plastic into a 
drying oven at 70°C under atmospheric pressure and air for 0, 4, 8, 12, 16, or 20 days. 
For almost every 70°C heat-treated film, the Streptomyces spp. demonstrated a further 
reduction in percent elongation and polyethylene molecular weight average when 
compared with the corresponding uninoculated control. All the bacteria showed great-
er potential for biodegradation but no degradation by the fungus was observed. It was 
first report which explained bacterial degradation of these oxidized polyethylene in 
pure culture. 
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Microalgae can also take part in the process of plastic degradation. In one of the 
studies by R V Kumar [42] in 2017, Green algae, blue-green algae and diatoms were 
isolated from the domestic polyethylene bags. These bags were dumped in the subur-
ban water bodies and studied for its potential on deteriorating or degradating polyeth-
ylene. Waste polyethylene bags which were previously dumped were collected from 
three different sites of (Maduravoyal, Vanagaram and Poonamallee) Chennai, Tamil 
Nadu, India. Colonized mat of microalgae was isolated from the polyethylene sheets 
and the most dominant three different groups of microalgae were selected for the 
biological treatment of LD (low density) and HD (high density) polyethylene sheets. 
The most leading microalgae were Scenedesmus dimorphus (Green microalga), Ana-
baena spiroides (blue-green alga) and Navicula pupula (Diatom). The biological 
treatment of the selected microalgae on the LD and HD polyethylene sheets with their 
respective culture media showed that the microalgae proliferation was more on the 
LD than the HD polyethylene sheets followed by the highest percentage (8.18%) of 
degradation, obtained from Anabaena spiroides treatment [42].  

Study conducted in 2005 revealed that a thermophilic bacterium Brevibaccillus 
borstelensis strain 707, which was isolated from soil, was found to degrade the 
branched low-density polyethylene and used it as a sole carbon source. Incubation of 
polyethylene with B. borstelensis (30 days, 50°C) compacted its gravimetric and 
molecular weights by 11 and 30% respectively. Brevibaccillus borstelensis also de-
graded polyethylene in the presence of mannitol [43].  

A far easier and less hazardous as well as economical solution to the plastic prob-
lem could be found in bacteria, however. After all, it seems you can find bacteria that 
will eat almost anything. And indeed last year a team of Japanese scientists identified 
a bacterium existing in the wild that can feed on another common plastic, polyeth-
ylene terephthalate, used in the making  of soft drinks and water bottles (The Guardi-
an, 2017).  

In one of the reports, published in The Guardian, 2017, it was stated that the 
larvae of greater wax moth (Galleria mellonella) can degrade polyethylene by 
chewing it off. In an experiment by Bertocchini and her colleagues Paolo Bombelli 
and Christopher Howe [44], of the University of Cambridge, UK, in 2017 observed 
what 100 wax moth larvae could do to a typical shopping bag in a 40 minutes ex-
periment. The caterpillars chewed holes through it at the rate of two holes per 
worm an hour. In a time span of 12 hours, they reduced the mass of plastic by 92 
milligrams, the fastest plastic degradation process known so far. Another wax-
eater, the Indian mealmoth, was found in 2014 to house bacteria in its digestive 
tract that can break down polyethylene. Galleria might have such gut bacteria as 
well or may have secreted enzymes for the degradation function. Those bacteria 
could help to make an ideal solution. They could be brewed up in fermentation 
vats that would allow the plastics to get dissolved without anyone having to expect 
for planning breeding the wax moth colonies on larger scale. Alternatively, it 
might be possible to extract the particular enzymes from the insect gut and put 
them to work on their own – a kind of concentrate of gastric juices. Those bacteria 
could provide the ideal solution 
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4 Conclusion 

This review has covered the major concerns about the plastics, their uses, and de-
gradability. It has looked at the disasters caused by the plastic industry in the last few 
decades. It covers major concerns about ocean plastic pollution and its detrimental 
effects on the aquatic life and humans. Plastics being persistent pollutant in the envi-
ronment is mainly due to its molecule’s rigidity. Ordinary soil microorganisms don’t 
have the resources for degrading such stubborn pollutant type. These plastics are built 
up from the hydrocarbon molecules in oil, and ideally, it should return to the oil after 
we had used them, restoring a valuable substance rather than losing it as a left-over. 
Chemists around the world have been working long and hard to do that, using special 
catalysts to induce the chemical reactions and thus degrading polymer chains. But it’s 
tough, and only very recently have they started to see progress. Screening of organ-
isms which degrade polymers, or produce enzymes or enzyme systems that degrade 
polymers, may prove as ecologically profitable solution in the 21st century. More 
research is needed for such organisms and enzymes that hold greater potential for 
plastics degradation. Moreover, recently insects’ larvae have been shown to partici-
pate as well in polymer degradation. Emphasis should be on an economical and eco-
friendly approach in order to get rid of millions of tons of plastic that lies in the envi-
ronment unaffected.  

Keeping in view the current crisis of accumulating plastic pollution, there should 
be a Global Convention on Plastic Pollution that incentivizes collaboration between 
managements, manufacturers, scientists, and citizens. If plastic production isn’t cir-
cumscribed, plastic pollution will be disastrous and will eventually outweigh fish in 
oceans. Its impact on the humans is another serious issue which must be addressed 
and resolved before it’s too late. It’s time to think about the plastics, banning the sin-
gle use plastics especially, working on awareness programs, thinking about the recy-
cling and going towards the zero-waste concept.  
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